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SECTI ON 01 33 29

SUSTAI NABI LI TY REQUI REMENTS AND REPORTI NG
02/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

COUNCI L ON ENVI RONMENTAL QUALI TY ( CEQ)  ( WHI TE HOUSE)

HPSB Gui di ng Pr i nci pl es ( 2016)  Gui di ng Pr i nci pl es f or  Sust ai nabl e 
Feder al  Bui l di ngs and Det er mi ni ng 
Compl i ance wi t h t he Gui di ng Pr i nci pl es f or  
Sust ai nabl e Feder al  Bui l di ngs

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I gCC ( 2018)  I nt er nat i onal  Gr een Const r uct i on 
Code

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

FSRI A 9002 Far m Secur i t y and Rur al  I nvest ment  Act  
Sect i on 9002 ( USDA Bi oPr ef er r ed Pr ogr am)

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 1- 200- 02 ( 2020;  wi t h Change 1,  2020;  Change 2,  
2022)  Hi gh Per f or mance and Sust ai nabl e 
Bui l di ng Requi r ement s

UFC 3- 600- 01 ( 2016;  wi t h Change 6,  2021)  Fi r e 
Pr ot ect i on Engi neer i ng f or  Faci l i t i es

U. S.  DEPARTMENT OF ENERGY ( DOE)

Ener gy St ar ( 1992;  R 2006)  Ener gy St ar  Ener gy 
Ef f i c i ency Label i ng Syst em ( FEMP)

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 247 Compr ehensi ve Pr ocur ement  Gui del i ne f or  
Pr oduct s Cont ai ni ng Recover ed Mat er i al s

1. 2   SUMMARY

Thi s sect i on i ncl udes r equi r ement s f or  Sust ai nabi l i t y  document at i on and 
r epor t i ng submi t t al s per  t he f eder al l y mandat ed Hi gh Per f or mance and 
Sust ai nabl e Bui l di ng ( HPSB)  or  HPSB " Gui di ng Pr i nci pl es"  ( GP) ,  and Thi r d 
Par t y Cer t i f i cat i on ( TPC)  r equi r ement s,  i n accor dance wi t h UFC 1- 200- 02 
Hi gh Per f or mance and Sust ai nabl e Bui l di ng Requi r ement s,  and ot her  
i dent i f i ed r equi r ement s.
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1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Pr el i mi nar y Hi gh Per f or mance and Sust ai nabl e Bui l di ng Checkl i st ;  G

Sust ai nabi l i t y  Act i on Pl an;  G

Pr el i mi nar y Sust ai nabi l i t y  eNot ebook;  G

SD- 06 Test  Repor t s

Thi r d Par t y Cer t i f i cat i on Desi gn Compl i ance Repor t ;  G

SD- 11 Cl oseout  Submi t t al s

Fi nal  Hi gh Per f or mance and Sust ai nabl e Bui l di ng Checkl i st ;  G

Fi nal  Sust ai nabi l i t y  eNot ebook;  G

Amended Fi nal  Sust ai nabi l i t y  eNot ebook;  G

Amended Fi nal  Hi gh Per f or mance and Sust ai nabl e Bui l di ng Checkl i st ;  
G

Thi r d Par t y Cer t i f i cat i on Cer t i f i cat e,  Assessment ,  or  Val i dat i on 
and Compl i ance Repor t ;  G

1. 4   GUI DI NG PRI NCI PLES VALI DATI ON ( GPV)

Pr ovi de t he f ol l owi ng sust ai nabi l i t y  act i v i t i es and document at i on t o 
ver i f y achi evement  of  HPSB Gui di ng Pr i nci pl es Val i dat i on ( GPV) :

a.   Anal ysi s of  each Gui di ng Pr i nci pl e Requi r ement  and how pr oj ect  
compl i es.   I ncl ude f i nal  gover nment  appr oved nar r at i ve( s)  i n t he HPSB 
Checkl i st  submi t t al .   Mul t i pl e checkl i st s i ndi cat e mul t i pl e bui l di ngs 
t hat  r equi r e i ndi v i dual  HPSB Checkl i st  t r acki ng.

b.   No changes t o t he HPSB Checkl i st  ar e al l owed wi t hout  appr oval  f r om t he 
Cont r act i ng Of f i cer ,  i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
REQUI REMENTS.   I mmedi at el y br i ng t o t he at t ent i on of  t he Cont r act i ng 
Of f i cer  any pr oj ect  changes t hat  i mpact  meet i ng t he appr oved 
HPSB Gui di ng Pr i nci pl es Requi r ement s f or  t hi s pr oj ect .   Demonst r at e 
t he change wi l l  not  i ncr ease t he l i f e- cycl e cost  and mai nt ai ns or  
i mpr oves t he bui l di ng per f or mance.

c.   Document at i on of  al l  wor k r equi r ed t o i ncor por at e t he appl i cabl e 
HPSB Gui di ng Pr i nci pl es r equi r ement s i ndi cat ed on t he HPSB Checkl i st  
and i n t hi s cont r act ,  i ncl udi ng al l  " S"  submi t t al s.

d.   Sust ai nabi l i t y  Act i on Pl an.

( 1)  HPSB Checkl i st ( s)
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( 2)  Sust ai nabi l i t y  Act i on Pl an

( 3)  Document at i on i l l ust r at i ng HPSB Gui di ng Pr i nci pl es Requi r ement s 
compl i ance,  i ncl udi ng " S"  submi t t al s

1. 4. 1   Sust ai nabi l i t y  Act i on Pl an

I ncl ude t he f ol l owi ng i nf or mat i on i n t he Sust ai nabi l i t y  Act i on Pl an:

a.   Anal ysi s of  each HPSB Gui di ng Pr i nci pl es Requi r ement  and how pr oj ect  
wi l l  compl y.   Fi nal  gover nment  appr oved nar r at i ve( s)  must  be i ncl uded 
i n t he HPSB Checkl i st  submi t t al .

b.   Name and cont act  i nf or mat i on f or :  Cont r act or ' s Poi nt  of  Cont act  ( POC)  
ensur i ng sust ai nabi l i t y  goal s ar e accompl i shed and document at i on i s 
assembl ed.   For  TPC t hat  i ncl ude on- si t e v i s i t  by t hi r d par t y 
r epr esent at i ve,  pr ovi de l i s t  of  r equi r ed at t endees.

c.   I ndoor  Ai r  Qual i t y pl an.

1. 4. 2   Cal cul at i ons

1. 5   SUSTAI NABI LI TY SUBMI TTALS

Pr ovi de HPSB Checkl i st  and ot her  document at i on i n t he Sust ai nabi l i t y  
eNot ebook t o i ndi cat e compl i ance wi t h t he sust ai nabi l i t y  r equi r ement s of  
t he pr oj ect .

1. 5. 1   Hi gh Per f or mance Sust ai nabl e Bui l di ng ( HPSB)  Checkl i st

Pr ovi de const r uct i on document at i on t hat  pr ovi des pr oof  of ,  and suppor t s 
compl i ance wi t h,  t he compl et ed HPSB Checkl i st .

1. 5. 1. 1   HPSB Checkl i st  Submi t t al s

Submi t  updat ed HPSB Checkl i st  wi t h each Sust ai nabi l i t y  eNot ebook 
submi t t al .   I ncl ude t he f i nal  HPSB Checkl i st ( s)  wi t h t he i nt er i m DD1354 
Real  Pr oper t y Recor d Submi t t al .

1. 5. 2   " S"  Submi t t al s f or  Sust ai nabi l i t y  Document at i on

" S"  submi t t al s ar e t he sust ai nabi l i t y  document at i on r equi r ement s c i t ed i n 
t he var i ous sect i ons of  t hi s cont r act .   Submi t  t he GPV and TPC 
sust ai nabi l i t y  document at i on r equi r ed i n t hi s sect i on as " S"  submi t t al s i n 
al l  af f ect ed UFGS Sect i ons.

a.   Hi ghl i ght  GPV and TPC compl i ance dat a i n " S"  submi t t al .

b.   Add " S"  submi t t al s t o t he Sust ai nabi l i t y  eNot ebook onl y af t er  
submi t t al  appr oval ,  and bookmar k t hem as r equi r ed i n par agr aph 
SUSTAI NABI LI TY ENOTEBOOK bel ow.

c.   Ensur e al l  appr oved " S"  submi t t al s ar e i ncl uded i n each Sust ai nabi l i t y  
eNot ebook submi t t al .

1. 5. 3   Sust ai nabi l i t y  eNot ebook

The Sust ai nabi l i t y  eNot ebook i s an el ect r oni c or gani zat i onal  f i l e t hat  
ser ves as a r eposi t or y f or  al l  r equi r ed sust ai nabi l i t y  submi t t al s.   To 
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suppor t  document at i on of  compl i ance wi t h an appr oved HPSB and TPC 
checkl i st ,  pr ovi de and mai nt ai n a compr ehensi ve and cur r ent  Sust ai nabi l i t y  
eNot ebook.   I ncl ude al l  r equi r ed dat a i n Sust ai nabi l i t y  eNot ebook,  t o 
suppor t  f ul l  compl i ance wi t h t he HPSB Gui di ng Pr i nci pl es Requi r ement s,  
i ncl udi ng:

a.   HPSB checkl i st

b.   Sust ai nabi l i t y  Act i on Pl an

c.   Cal cul at i ons

d.   Label s

e.   " S"  submi t t al s

f .   Cer t i f i cat i ons,  assessment s,  or  val i dat i ons and compl i ance r epor t

g.   TPC document at i on r equi r ed i n par agr aph THI RD PARTY CERTI FI CATI ON 
( TPC) .

1. 5. 3. 1   Sust ai nabi l i t y  eNot ebook For mat

Pr ovi de Sust ai nabi l i t y  eNot ebook i n t he f or m of  an Adobe PDF f i l e;  
bookmar k each HPSB Gui di ng Pr i nci pl es Requi r ement ,  TPC r equi r ement ,  and 
sub- bookmar k at  each document .   Mat ch f or mat  t o HPSB Gui di ng Pr i nci pl es 
number i ng syst em i ndi cat ed her ei n.   Mai nt ai n up- t o- dat e i nf or mat i on,  such 
as spr eadsheet s,  t empl at es,  wi t h each cur r ent  submi t t al s.   For  TPC 
pr oj ect s,  pr ovi de a second Tabl e of  Cont ent s usi ng TPC number i ng syst em,  
f or  mai nt ai ni ng document at i on uni que t o TPC.

Cont r act i ng Of f i cer  may deduct  f r om t he mont hl y pr ogr ess payment  
accor di ngl y i f  Sust ai nabi l i t y  eNot ebook i nf or mat i on i s not  cur r ent  and on 
t r ack per  pr oj ect  goal s.

1. 5. 3. 2   Sust ai nabi l i t y  eNot ebook Submi t t al  Schedul e

Pr ovi de Sust ai nabi l i t y  eNot ebook Submi t t al s at  t he f ol l owi ng mi l est ones of  
t he pr oj ect :

a.   Pr el i mi nar y Sust ai nabi l i t y  eNot ebook

    Submi t  pr el i mi nar y Sust ai nabi l i t y  eNot ebook wi t h updat ed Pr el i mi nar y 
Hi gh Per f or mance and Sust ai nabl e Bui l di ng Checkl i st  and TPC checkl i st  
at  t he f i r st  post  awar d meet i ng i n accor dance wi t h Sect i on 01 30 00 
ADMI NI STRATI VE REQUI REMENTS.

d.   Thi r d Par t y Cer t i f i cat i on Desi gn Compl i ance Repor t

    Obt ai n Thi r d Par t y Cer t i f i cat i on Desi gn Compl i ance Repor t  af t er  f i nal  
desi gn submi t t al  i s  appr oved.   Submi t t al  must  i ndi cat e 100 per cent  
compl i ance wi t h appl i cabl e desi gn r equi r ement s.   Fi l e appr oved 
submi t t al  i n t he Sust ai nabi l i t y  eNot ebook.

e.   Const r uct i on Qual i t y Cont r ol  Meet i ngs.

    Pr ovi de up- t o- dat e GP and TPC document at i on i n t he Sust ai nabi l i t y  
eNot ebook and TPC Onl i ne t ool  f or  each meet i ng.
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f .   Fi nal  Sust ai nabi l i t y  eNot ebook

    Submi t  updat ed Sust ai nabi l i t y  eNot ebook wi t h updat ed Fi nal  Hi gh 
Per f or mance and Sust ai nabl e Bui l di ng Checkl i st  wi t h TPC Checkl i st  at  
Benef i c i al  Occupancy Dat e ( BOD) .   Fi nal  pr ogr ess payment  r et ai nage may 
be hel d by Cont r act i ng Of f i cer  unt i l  Fi nal  Sust ai nabi l i t y  const r uct i on 
phase document at i on i s compl et e.

g.   Amended Fi nal  Sust ai nabi l i t y  eNot ebook

    Amend and r esubmi t  t he Amended Fi nal  Sust ai nabi l i t y  eNot ebook wi t h 
Amended Fi nal  Hi gh Per f or mance and Sust ai nabl e Bui l di ng Checkl i st  and 
amended TPC Checkl i st ,  t o i ncl ude post - occupancy cor r ect i ons,  updat es,  
and r equi r ement s.   Fi nal  pr ogr ess payment  r et ai nage may be hel d by 
Cont r act i ng Of f i cer  unt i l  amended f i nal  sust ai nabi l i t y  document at i on 
i s compl et e.   Submi t  t he Amended Fi nal  Sust ai nabi l i t y  eNot ebook 
Submi t t al  on DVDs t o t he Cont r act i ng Of f i cer  no l at er  t han 30 days 
af t er  f i nal  GP,  TPC det er mi nat i on.

1. 6   DOCUMENTATI ON REQUI REMENTS

a.   I ncor por at e each of  t he f ol l owi ng HPSB Gui di ng Pr i nci pl es r equi r ement s 
i nt o pr oj ect  and pr ovi de document at i on t hat  pr oves compl i ance wi t h 
each l i s t ed r equi r ement .   I t ems bel ow ar e or gani zed by 
HPSB Gui di ng Pr i nci pl es.   For  l i f e- cycl e cost  anal ysi s r equi r ement s,  
one document  wi t h al l  anal yses i s accept abl e,  wi t h Cont r act i ng Of f i cer  
appr oval .

b.   For  each of  t he f ol l owi ng par agr aphs t hat  r equi r e t he use of  pr oduct s 
l i s t ed on Gover nment - r equi r ed websi t es,  pr ovi de document at i on of  t he 
pr ocess used t o sel ect  pr oduct s,  or  pr ocess used t o det er mi ne why 
l i s t ed pr oduct s do not  meet  pr oj ect  per f or mance r equi r ement s.

1. 6. 1   Commi ssi oni ng ( Cx)

Devel op and i ncor por at e Commi ssi oni ng r equi r ement s i nt o t he document s,  i n 
accor dance wi t h Sect i on 01 91 00. 15 BUI LDI NG COMMI SSI ONI NG.

1. 6. 2   Ener gy Ef f i c i ent  Pr oduct s

Pr ovi de onl y ener gy- usi ng pr oduct s t hat  ar e Ener gy St ar  r at ed or  have 
Feder al  Ener gy Management  Pr ogr am ( FEMP)  r ecommended ef f i c i ency.   Wher e 
Ener gy St ar  or  FEMP r ecommendat i ons have not  been est abl i shed,  pr ovi de 
most  ef f i c i ent  pr oduct s t hat  ar e l i f e- cycl e cost - ef f ect i ve.   Pr ovi de onl y 
ener gy usi ng pr oduct s t hat  meet  FEMP r equi r ement s f or  l ow st andby power  
consumpt i on.   Ener gy ef f i c i ent  pr oduct s can be f ound at :  
ht t ps: / / www. ener gy. gov/ eer e/ f emp/ f eder al - ener gy- management - pr ogr am and 
ht t p: / / www. ener gyst ar . gov/ .

For  const r uct i on submi t t al  document at i on,  pr ovi de pr oof  t hat  pr oduct  i s 
l abel ed ener gy ef f i c i ent  and compl i es wi t h t he c i t ed r equi r ement s.

1. 6. 3   Bui l di ng- l evel  Power  Met er i ng

Pr ovi de bui l di ng- l evel  met er s f or  el ect r i c i t y,  nat ur al  gas,  and st eam 
wher e appl i cabl e.
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1. 6. 3. 1   Const r uct i on Submi t t al  Document at i on

Pr ovi de manuf act ur er ' s dat a val i dat i ng compat i bi l i t y  wi t h base- wi de syst em 
and component  advanced met er  r equi r ement s.

1. 6. 4   I ndoor  Wat er  Use

Pr ovi de Const r uct i on Document at i on pr oof  t hat  f i x t ur es ar e l abel ed EPA 
Wat er Sense,  f or  pr oduct s avai l abl e wi t h EPA Wat er Sense l abel i ng;  f or  al l  
ot her  f i x t ur es,  pr oof  t hey compl y wi t h EPA Wat er Sense ef f i c i ency 
r equi r ement s.

1. 6. 5   I ndoor  Wat er  Met er i ng

Pr ovi de bui l di ng- l evel  met er s f or  pot abl e wat er  use.   Pr ovi de t he 
r equi r ement s c i t ed i n t he f ol l owi ng par agr aphs:

1. 6. 5. 1   Const r uct i on Submi t t al  Document at i on

Pr ovi de manuf act ur er ' s dat a val i dat i ng compat i bi l i t y  wi t h base- wi de syst em 
and component  advanced met er  r equi r ement s.

1. 6. 6   Out door  Wat er  Use

Wher e new i r r i gat i on i s r equi r ed,  pr ovi de onl y non- pot abl e sour ces.   
Pr ovi de t he r equi r ement s c i t ed i n t he f ol l owi ng par agr aphs:

1. 6. 6. 1   Const r uct i on Submi t t al  Document at i on

Pr ovi de manuf act ur er ' s dat a val i dat i ng compat i bi l i t y  wi t h base- wi de syst em 
and component  advanced met er  r equi r ement s.

1. 6. 7   Out door  Wat er  Met er s

Pr ovi de met er s f or  out door  syst ems t hat  use pot abl e wat er .   Pr ovi de t he 
r equi r ement s c i t ed i n t he f ol l owi ng par agr aphs:

1. 6. 7. 1   Const r uct i on Submi t t al  Document at i on

Pr ovi de manuf act ur er ' s dat a val i dat i ng compat i bi l i t y  wi t h base- wi de syst em 
and component  advanced met er  r equi r ement s.

1. 6. 8   Moi st ur e Cont r ol

Pr ovi de t he f ol l owi ng:  

1. 6. 8. 1   Const r uct i on Submi t t al  Document at i on

Ensur e const r uct i on mat er i al s ar e separ at ed and pr ot ect ed i n accor dance 
wi t h ot her  sect i ons i n t hi s cont r act  document ,  wi t h adequat e humi di t y 
cont r ol s dur i ng const r uct i on.   I n accor dance wi t h Sect i on 01 78 23 
OPERATI ON AND MAI NTENANCE DATA,  i ncl udes pl an f or  ongoi ng bui l di ng 
moi st ur e cont r ol .

Coor di nat e wi t h t he moi st ur e cont r ol  r equi r ement s of  Sect i on 01 45 00 
QUALI TY CONTROL.

SECTI ON 01 33 29  Page 6



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

1. 6. 9   Reduce Vol at i l e Or gani c Compounds ( VOC)  ( Low- Emi t t i ng Mat er i al s)

Meet  t he r equi r ement s of  Tabl e 3- 1 at  t he end of  t hi s speci f i cat i on.

For  Const r uct i on submi t t al  document at i on,  pr ovi de cer t i f i cat i ons or  l abel s 
t hat  demonst r at e compl i ance wi t h c i t ed r equi r ement s,  based on t he at t ached 
TABLE 3- 1.

1. 6. 10   I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on

Pr i or  t o const r uct i on,  cr eat e i ndoor  ai r  qual i t y pl an.   Devel op and 
i mpl ement  an I AQ const r uct i on management  pl an dur i ng const r uct i on and 
f l ush bui l di ng ai r  bef or e occupancy.

For  new const r uct i on and f or  r enovat i on of  unoccupi ed exi st i ng bui l di ngs,  
meet  t he r equi r ement s of  I CC I gCC 1001. 3. 1. 5 ( 10. 3. 1. 4)  I ndoor  Ai r  Qual i t y 
( I AQ)  Const r uct i on Management .  

Pr ovi de document at i on showi ng t hat  af t er  const r uct i on ends and pr i or  t o 
occupancy,  HVAC f i l t er s wer e r epl aced and bui l di ng ai r  was f l ushed out  i n 
accor dance wi t h t he c i t ed st andar d.

1. 6. 11   Recycl ed Cont ent

Compl y wi t h 40 CFR 247.   Ref er  t o:  
ht t ps: / / www. epa. gov/ smm/ compr ehensi ve- pr ocur ement - gui del i ne- cpg- pr ogr am 
f or  assi st ance i dent i f y i ng pr oduct s c i t ed i n 40 CFR 247.   Sel ect ed 
pr oduct s must  compl y wi t h non- pr opr i et ar y r equi r ement s of  t he Feder al  
Acqui s i t i on Regul at i on and must  meet  per f or mance r equi r ement s.

1. 6. 11. 1   Const r uct i on Submi t t al  Document at i on

a.   Pr ovi de manuf act ur er s '  document s st at i ng t he r ecycl ed cont ent  by 
mat er i al ,  or  wr i t t en j ust i f i cat i on f or  c l ai mi ng one of  t he except i ons 
al l owed on t he ci t ed websi t e.

b.   Subst i t ut i ons:  Submi t  f or  Gover nment  appr oval  f or  pr oposed al t er nat i ve 
pr oduct s or  syst ems t hat  pr ovi de equi val ent  per f or mance and appear ance 
and have gr eat er  cont r i but i on t o pr oj ect  r ecycl ed cont ent  
r equi r ement s.   For  al l  such pr oposed subst i t ut i ons,  submi t  wi t h t he 
Sust ai nabi l i t y  Act i on Pl an accompani ed by pr oduct  dat a demonst r at i ng 
equi val ence.

c.   I n or der  t o compl et e compl i ance wi t h FAR 52. 223- 9 Est i mat e of  
Per cent age of  Recover ed Mat er i al  Cont ent  f or  EPA Desi gnat ed I t ems,  
r ef er  t o submi t t al  r equi r ement  f or  r ecycl ed/ r ecover ed mat er i al  cont ent  
i n Sect i on 01 78 00 CLOSEOUT SUBMI TTALS.

1. 6. 12   Bi o- Based Pr oduct s

Pr ovi de pr oduct s and mat er i al s composed of  t he hi ghest  per cent age of  
bi o- based mat er i al s ( i ncl udi ng r api dl y r enewabl e r esour ces and cer t i f i ed 
sust ai nabl y har vest ed pr oduct s) ,  consi st ent  wi t h FSRI A 9002 USDA 
Bi oPr ef er r ed Pr ogr am,  t o t he maxi mum ext ent  possi bl e wi t hout  j eopar di z i ng 
t he i nt ended end use or  det r act i ng f r om t he over al l  qual i t y del i ver ed t o 
t he end user  and when avai l abl e at  a r easonabl e cost .   Use onl y suppl i es 
and mat er i al s of  a t ype and qual i t y t hat  conf or m t o appl i cabl e 
speci f i cat i ons and st andar ds.
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Compl y wi t h FSRI A 9002 USDA Bi oPr ef er r ed Pr ogr am.   Ref er  t o 
www. bi opr ef er r ed. gov f or  t he pr oduct  cat egor i es and Bi oPr ef er r ed Cat al og.   
Sel ect ed pr oduct s must  compl y wi t h non- pr opr i et ar y r equi r ement s of  t he 
Feder al  Acqui s i t i on Regul at i on and must  meet  per f or mance r equi r ement s.   
Pr ovi de t he f ol l owi ng document at i on:

a.   USDA Bi oPr ef er r ed l abel  f or  each pr oduct ;  f or  bi o- based pr oduct s used 
on pr oj ect  but  not  l i s t ed wi t h Bi oPr ef er r ed pr ogr am,  pr ovi de bi o- based 
cont ent  and per cent age.

b.   I n or der  t o compl et e compl i ance wi t h FAR 52. 223- 1 Bi obased Pr oduct  
Cer t i f i cat i on,  r ef er  t o submi t t al  r equi r ement  f or  bi obased pr oduct s i n 
Sect i on 01 78 00 CLOSEOUT SUBMI TTALS,  par agr aphs CERTI FI CATI ON OF EPA 
DESI GNATED I TEMS and CERTI FI CATI ON OF USDA DESI GNATED I TEMS.

1. 6. 13   Wast e Mat er i al  Management  ( Recycl i ng – Const r uct i on)

Di ver t  demol i t i on and const r uct i on debr i s i n accor dance wi t h Sect i on 
01 74 19 CONSTRUCTI ON WASTE MANAGEMENT AND DI SPOSAL.

1. 6. 14   Addi t i onal  Sust ai nabi l i t y  Requi r ement s

Pr ovi de t he addi t i onal  sust ai nabi l i t y  r equi r ement s c i t ed i n t hi s par agr aph.

1. 6. 15   Addi t i onal  Sust ai nabi l i t y  Requi r ement s

The f ol l owi ng r equi r ement s ar e i ncl uded,  as r equi r ed by t he pr oj ect  scope 
or  t he appl i ed sust ai nabi l i t y  Thi r d Par t y Cer t i f i cat i on pr ogr am:

PART 2   PRODUCTS

Not  used.

PART 3   EXECUTI ON

3. 1   SUSTAI NABI LI TY COORDI NATI ON

Pr ovi de sust ai nabi l i t y  f ocus and coor di nat i on at  al l  meet i ngs t o achi eve 
sust ai nabi l i t y  goal s.   Coor di nat e meet i ng r equi r ement s wi t h ot her  UFGS 
Sect i ons meet i ng r equi r ement s i n t hi s pr oj ect .   Ensur e t he desi gnat ed TPC 
accr edi t ed sust ai nabi l i t y  pr of essi onal  r esponsi bl e f or  GP and TPC 
document at i on par t i c i pat es i n t hese meet i ngs t o coor di nat e document at i on 
compl et i on.   Revi ew GP and TPC sust ai nabi l i t y  r equi r ement s,  HPSB Checkl i st  
and TPC document at i on,  Sust ai nabi l i t y  Act i on Pl an,  and compl et eness st at us 
of  Sust ai nabi l i t y  eNot ebook,  and TPC st at us at  t he f ol l owi ng meet i ngs:

a.   Pr e- Const r uct i on Conf er ence

b.   Const r uct i on Qual i t y Cont r ol  Meet i ngs

f .  TPC On- si t e Vi s i t

    Execut e,  coor di nat e,  and f aci l i t at e on- si t e v i s i t  by t hi r d par t y 
r epr esent at i ve no l at er  t han 60 days bef or e f i nal  t ur nover ,  or  as 
r equi r ed by TPC or gani zat i on,  whi chever  i s gr eat er .

g.  Faci l i t y  Tur nover  Meet i ngs

    Conduct  r evi ew no l at er  t han 60 days bef or e f i nal  t ur nover  and 
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i dent i f y any out st andi ng i ssues t hat  af f ect  cor r ect  compl et i on of  al l  
document at i on and f i nal  TPC cer t i f i cat i on,  assessment  or  val i dat i on,  
and act i ons t hat  wi l l  achi eve r equi r ement s.  Conduct  cor r ect i ve act i ons 
pr i or  t o t ur nover ,  t o ensur e al l  r equi r ement s ar e achi eved.

3. 2   THI RD PARTY CERTI FI CATI ON CERTI FI CATE,  ASSESSMENT,  OR VALI DATI ON AND 
COMPLI ANCE REPORT

Fi nal i ze t he pr ocess r equi r ement s and obt ai n t he TPC Cer t i f i cat e,  
assessment ,  or  val i dat i on,  and compl i ance r epor t ,  i ndi cat i ng compl et i on of  
t he pr oj ect ' s sust ai nabi l i t y  goal s.   I ncl ude TPC compl i ance r epor t  wi t h 
f i nal  TPC scor esheet  as appl i cabl e.

Del i ver  one or i gi nal  cer t i f i cat e,  assessment ,  or  val i dat i on,  and 
compl i ance r epor t  t o Cont r act or  Of f i cer ,  unl ess ot her wi se i nst r uct ed.
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3. 3   TABLE 3- 1 VOLATI LE ORGANI C COMPOUNDS ( VOC)  ( LOW EMI TTI NG MATERI ALS)  
REQUI REMENTS

TABLE 3- 1  Vol at i l e Or gani c Compounds ( VOC)  ( Low Emi t t i ng Mat er i al s)  Requi r ement s

Sour ce:  I CC I gCC Chapt er  8 ( Mat er i al s)  ( I nt er i or  Appl i cat i ons Onl y)

MATERI AL CATEGORY EMI SSI ONS 
REQUI REMENT

MATERI ALS WI TH 
ADDED VOC 
REQUI REMENT

EMI SSI ONS 
REQUI REMENTS

Adhesi ves and 
Seal ant s

CDPH/ EHLB/ St andar d 
met hod V1. 1 
( Cal i f or ni a Sect i on 
01350)
( Use " of f i ce"  or  
" c l assr oom"  space 
l i mi t s f or  al l  
appl i cat i ons)

or Adhesi ves
( car pet ,  
r esi l i ent ,  wood 
f l oor i ng;  base 
cove;  cer ami c 
t i l e;  dr ywal l  and 
panel ;  pr i mer s)
Seal ant s
( acoust i cal ;  
f i r est op;  HVAC Ai r  
duct ;  pr i mer s)
Caul ks

SCAQMD Rul e 1168
( Use " ot her "  
cat egor y f or  HVAC 
duct  seal ant )
( f or  f i r est op 
adhesi ve,  
UFC 3- 600- 01 
over r i des 
conf l i ct i ng 
r equi r ement s)

Aer osol  adhesi ves Sect i on 3 of  Gr een 
Seal  St andar d 
GS- 36
( except :  
c l eaner s,  sol vent  
cement s,  and 
pr i mer s used wi t h 
pl ast i c pi pi ng and 
condui t  i n 
pl umbi ng,  f i r e 
suppr essi on,  and 
el ect r i cal  
syst ems;  HVAC ai r  
duct  seal ant s 
when t he 
appl i cat i on space 
ai r  t emp i s l ess 
t han 40 F ( 4. 5 C) .
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TABLE 3- 1  Vol at i l e Or gani c Compounds ( VOC)  ( Low Emi t t i ng Mat er i al s)  Requi r ement s

Sour ce:  I CC I gCC Chapt er  8 ( Mat er i al s)  ( I nt er i or  Appl i cat i ons Onl y)

MATERI AL CATEGORY EMI SSI ONS 
REQUI REMENT

MATERI ALS WI TH 
ADDED VOC 
REQUI REMENT

EMI SSI ONS 
REQUI REMENTS

Pai nt s and Coat i ngs CDPH/ EHLB/ St andar d 
met hod V1. 1 
( Cal i f or ni a Sect i on 
01350)
( Use " of f i ce"  or  
" c l assr oom"  space 
l i mi t s f or  al l  
appl i cat i ons)

or Fl at  and nonf l at ,  
nonf l at  
hi gh- gl oss,  
speci al t y,  
basement  
speci al t y,  
f i r e- r esi st i ve,  
f l oor ,  l ow- sol i ds,  
r ust  pr event at i ve,  
wood,  r ef l ect i ve 
wal l  coat i ngs;  
concr et e/ masonr y 
seal er s;  pr i mer s;  
seal er s;  
under coat er s;  
shel l acs ( cl ear  
and opaque) ;  
st ai ns;  var ni shes;  
conj ugat ed oi l  
var ni sh;  l acquer ;  
c l ear  br ushi ng 
l acquer

Gr een Seal  
St andar d GS- 11
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TABLE 3- 1  Vol at i l e Or gani c Compounds ( VOC)  ( Low Emi t t i ng Mat er i al s)  Requi r ement s

Sour ce:  I CC I gCC Chapt er  8 ( Mat er i al s)  ( I nt er i or  Appl i cat i ons Onl y)

MATERI AL CATEGORY EMI SSI ONS 
REQUI REMENT

MATERI ALS WI TH 
ADDED VOC 
REQUI REMENT

EMI SSI ONS 
REQUI REMENTS

Pai nt s and Coat i ngs CDPH/ EHLB/ St andar d 
met hod V1. 1 
( Cal i f or ni a Sect i on 
01350)
( Use " of f i ce"  or  
" c l assr oom"  space 
l i mi t s f or  al l  
appl i cat i ons)

or Concr et e cur i ng 
compounds;  dr y 
f og,  f aux 
f i ni shi ng,  gr aphi c 
ar t s ( s i gn 
pai nt s) ,  
i ndust r i al  
mai nt enance,  
mast i c t ext ur e,  
met al l i c 
pi gment ed,  
mul t i col or ,  
r ecycl ed coat i ngs;  
pr et r eat ment  wash 
pr i mer s,  r eact i ve 
penet r at i ng 
seal er s;  speci al t y 
pr i mer s,  wood 
pr eser vat i ves,  and 
zi nc pr i mer s

Cal i f or ni a Ai r  
Resour ces Boar d 
( CARB)  Suggest ed 
Cont r ol  Measur e 
f or  Ar chi t ect ur al  
Coat i ngs
or
SCAQMD Rul e 1113r

Pai nt s and Coat i ngs CDPH/ EHLB/ St andar d 
met hod V1. 1 
( Cal i f or ni a Sect i on 
01350)
( Use " of f i ce"  or  
" c l assr oom"  space 
l i mi t s f or  al l  
appl i cat i ons)

or Hi gh- t emper at ur e 
coat i ngs;  st one 
consol i dant s;  
swi mmi ng- pool  
coat i ngs;  t ub-  and 
t i l e- r ef i ni ng 
coat i ngs;  and 
wat er pr oof i ng 
membr anes

Cal i f or ni a Ai r  
Resour ces Boar d 
( CARB)  Suggest ed 
Cont r ol  Measur e 
f or  Ar chi t ect ur al  
Coat i ngs
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TABLE 3- 1  Vol at i l e Or gani c Compounds ( VOC)  ( Low Emi t t i ng Mat er i al s)  Requi r ement s

Sour ce:  I CC I gCC Chapt er  8 ( Mat er i al s)  ( I nt er i or  Appl i cat i ons Onl y)

MATERI AL CATEGORY EMI SSI ONS 
REQUI REMENT

MATERI ALS WI TH 
ADDED VOC 
REQUI REMENT

EMI SSI ONS 
REQUI REMENTS

Fl oor  Cover i ng 
Mat er i al s

For  car pet ,  al l  
l ocat i ons:
CDPH/ EHLB/ St andar d 
Met hod V1. 1 
( Cal i f or ni a Sect i on 
01350)
or
l abel  f or  Sect i on 9 
of  
CDPH/ EHLB/ St andar d 
Met hod V1. 1 
( Cal i f or ni a Sect i on 
01350)

none none

I nsul at i on CDPH/ EHLB/ St andar d 
met hod V1. 1 
( Cal i f or ni a Sect i on 
01350)
( Use " of f i ce"  or  
" c l assr oom"  space 
l i mi t s f or  al l  
appl i cat i ons)

none none
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TABLE 3- 1  Vol at i l e Or gani c Compounds ( VOC)  ( Low Emi t t i ng Mat er i al s)  Requi r ement s

Sour ce:  I CC I gCC Chapt er  8 ( Mat er i al s)  ( I nt er i or  Appl i cat i ons Onl y)

MATERI AL CATEGORY EMI SSI ONS 
REQUI REMENT

MATERI ALS WI TH 
ADDED VOC 
REQUI REMENT

EMI SSI ONS 
REQUI REMENTS

Composi t e Wood,  
Wood St r uct ur al  
Panel ,  and 
Agr i f i ber  Pr oduct s ,  
no added ur ea-  
f or mal dehyde r esi ns
i ncl udi ng 
l ami nat i ng 
adhesi ves f or  
composi t e wood and 
agr i f i ber  
assembl i es -
par t i c l eboar d,
medi um densi t y 
f i ber boar d ( MDF) ,
wheat boar d,
st r awboar d,
panel  subst r at es,
door  cor es

Thi r d- par t y 
cer t i f i cat i on 
( appr oved by CARB)  
of  Cal i f or ni a Ai r  
Resour ce Boar d' s 
( CARB)  r egul at i on,  
Ai r bor ne Toxi c 
Cont r ol  Measur e t o 
Reduce For mal dehyde 
Emi ssi ons f r om 
Composi t e Wood 
Pr oduct s

or none CDPH/ EHLB/ St andar d 
met hod V1. 1 
( Cal i f or ni a 
Sect i on 01350)
( Use " of f i ce"  or  
" c l assr oom"  space 
l i mi t s f or  al l  
appl i cat i ons)
( except :  
St r uct ur al  panel  
component s such 
as pl ywood,  
par t i c l e boar d,  
waf er  boar d,  and 
or i ent ed st r and 
boar d i dent i f i ed 
as " EXPOSURE 1, "  
" EXTERI OR, "  or  
" HUD- APPROVED"  
ar e consi der ed 
accept abl e f or  
i nt er i or  use. )

Of f i ce Fur ni t ur e 
Syst ems and Seat i ng
i nst al l ed pr i or  t o 
occupancy

ANSI / BI FMA X7. 1
ANSI / BI FMA X7. 1:
( 95- per cent  of  
i nst al l ed of f i ce 
f ur ni t ur e syst em 
wor kst at i ons and 
seat i ng uni t s)

Sect i on 7. 6. 2 of  
ANSI / BI FMA e3
( 50- per cent  of  
of f i ce f ur ni t ur e 
syst em wor kst at i ons 
and seat i ng uni t s)

none none
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TABLE 3- 1  Vol at i l e Or gani c Compounds ( VOC)  ( Low Emi t t i ng Mat er i al s)  Requi r ement s

Sour ce:  I CC I gCC Chapt er  8 ( Mat er i al s)  ( I nt er i or  Appl i cat i ons Onl y)

MATERI AL CATEGORY EMI SSI ONS 
REQUI REMENT

MATERI ALS WI TH 
ADDED VOC 
REQUI REMENT

EMI SSI ONS 
REQUI REMENTS

Cei l i ng and Wal l  
assembl i es and 
syst ems i ncl udi ng:  
acoust i cal  
t r eat ment s;  
cei l i ng panel s and 
t i l es;  t ackabl e 
wal l  panel s and 
cover i ngs;  wal l  
cover i ngs;  wal l  
and cei l i ng 
panel i ng and 
pl anki ng

CDPH/ EHLB/ St andar d 
met hod V1. 1 
( Cal i f or ni a Sect i on 
01350)
( Use " of f i ce"  or  
" c l assr oom"  space 
l i mi t s f or  al l  
appl i cat i ons)

none none

        - -  End of  Sect i on - -
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SECTI ON 01 45 35

SPECI AL I NSPECTI ONS
11/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2021)  I nt er nat i onal  Bui l di ng Code

1. 2   GENERAL REQUI REMENTS

Per f or m Speci al  I nspect i ons i n accor dance wi t h t he St at ement  of  Speci al  
I nspect i ons,  Schedul e of  Speci al  I nspect i ons and Chapt er  17 of  I CC I BC.   
The St at ement  of  Speci al  I nspect i ons and Schedul e of  Speci al  I nspect i ons 
ar e i ncl uded as an at t achment  t o t hi s speci f i cat i on.   Speci al  I nspect i ons 
ar e t o be per f or med by an i ndependent  t hi r d par t y and ar e i nt ended t o 
ensur e t hat  t he wor k of  t he Pr i me Cont r act or  i s i n accor dance wi t h t he 
Cont r act  Document s and appl i cabl e bui l di ng codes.   Speci al  i nspect i ons do 
not  t ake t he pl ace of  t he t hr ee phases of  cont r ol  i nspect i ons per f or med by 
t he Cont r act or ' s QC Manager  or  any t est i ng and i nspect i ons r equi r ed by 
ot her  sect i ons of  t he speci f i cat i ons.

St r uct ur al  obser vat i ons wi l l  be per f or med .   The Cont r act or  must  pr ovi de 
not i f i cat i on t o t he  14 days pr i or  t o t he f ol l owi ng poi nt s of  const r uct i on 
t o al l ow f or  st r uct ur al  obser vat i on:

a.   I nst al l at i on of  t he deep f oundat i ons.

b.   Pr i or  t o cast i ng gr ade beams.

c.   St r uct ur al  st eel  er ect i on.

  d.   Masonr y wal l  const r uct i on.

  e.   Mi scel l aneous st eel  i nst al l at i on.

1. 3   DEFI NI TI ONS

1. 3. 1   Cont i nuous Speci al  I nspect i ons

Cont i nuous Speci al  I nspect i ons i s t he const ant  moni t or i ng of  speci f i c  
t asks by a speci al  i nspect or .   These i nspect i ons must  be car r i ed out  
cont i nuousl y over  t he dur at i on of  t he par t i cul ar  t asks.

1. 3. 2   Per f or m

Per f or m t hese Speci al  I nspect i ons t asks f or  each wel ded j oi nt  or  member .
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1. 3. 3   Obser ve

Obser ve t hese Speci al  I nspect i ons i t ems on a per i odi c dai l y basi s.   
Oper at i ons need not  be del ayed pendi ng t hese i nspect i ons.

1. 3. 4   Speci al  I nspect or  ( SI )

A qual i f i ed per son r et ai ned by t he Cont r act or  and appr oved by t he 
Cont r act i ng Of f i cer  as havi ng t he compet ence necessar y t o i nspect  a 
par t i cul ar  t ype of  const r uct i on r equi r i ng Speci al  I nspect i ons.   The SI  
must  be an i ndependent  t hi r d par t y hi r ed di r ect l y by t he Pr i me Cont r act or .

1. 3. 5   Associ at e Speci al  I nspect or  ( ASI )

A qual i f i ed per son who assi st s t he SI  i n per f or mi ng Speci al  I nspect i ons 
but  must  per f or m i nspect i on under  t he di r ect  super vi s i on of  t he SI  and 
cannot  per f or m i nspect i ons wi t hout  t he SI  on si t e.

1. 3. 6   Thi r d Par t y

A Speci al  i nspect or  must  not  be an empl oyee of  t he Cont r act or  or  of  any 
Sub- Cont r act or  per f or mi ng t he wor k t o be i nspect ed.

1. 3. 7   Cont r act i ng Of f i cer

The Gover nment  of f i c i al  havi ng over al l  aut hor i t y f or  admi ni st r at i ve 
cont r act i ng act i ons.  Cer t ai n cont r act i ng act i ons may be del egat ed t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve ( COR) .

1. 3. 8   Cont r act or ' s Qual i t y Cont r ol  ( QC)  Manager

An i ndi v i dual  r et ai ned by t he Pr i me Cont r act or  and qual i f i ed i n accor dance 
wi t h t he Sect i on 01 45 00 QUALI TY CONTROL havi ng t he over al l  
r esponsi bi l i t y  f or  t he Cont r act or ' s QC or gani zat i on.

1. 3. 9   St r uct ur al  Engi neer  of  Recor d ( SER)

A r egi st er ed desi gn pr of essi onal   r esponsi bl e f or  t he over al l  desi gn and 
r evi ew of  submi t t al  document s pr epar ed by ot her s.   The SER i s r egi st er ed 
or  l i censed t o pr act i ce t hei r  r espect i ve desi gn pr of essi on as def i ned by 
t he st at ut or y r equi r ement s of  t he pr of essi onal  r egi st r at i on l aws i n t he 
st at e i n whi ch t he desi gn pr of essi onal  wor ks.   The SER i s al so r ef er r ed t o 
as t he Engi neer  of  Recor d ( EOR)  i n desi gn code document s.

1. 3. 10   St at ement  of  Speci al  I nspect i ons ( SSI )

A document  devel oped by t he SER i dent i f y i ng t he mat er i al ,  syst ems,  
component s and wor k r equi r ed t o have Speci al  I nspect i ons.   Thi s st at ement  
i s i ncl uded at  t he end of  t hi s speci f i cat i on.

1. 3. 11   Schedul e of  Speci al  I nspect i ons ( SSI )

A schedul e whi ch l i s t s each of  t he r equi r ed Speci al  I nspect i ons,  t he 
ext ent  t o whi ch each Speci al  I nspect i on i s t o be per f or med,  and t he 
r equi r ed f r equency f or  each i n accor dance wi t h I CC I BC Chapt er  17.   Thi s 
schedul e i s i ncl uded at  t he end of  t hi s speci f i cat i on.
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1. 3. 12   Def i nabl e Feat ur e of  Wor k ( DFOW)

An i nspect i on gr oup t hat  i s separ at e and di st i nct  f r om ot her  i nspect i on 
gr oups,  havi ng i nspect i on r equi r ement s or  i nspect or s t hat  ar e uni que.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Speci al  I nspect i ons Agency' s Wr i t t en NDT Pr act i ces wi t h met hod and 
evi dence of  r egul ar  equi pment  cal i br at i on wher e appl i cabl e

SD- 06 Test  Repor t s

Speci al  I nspect i ons Dai l y Repor t s

Speci al  I nspect i ons Bi weekl y Repor t s

SD- 07 Cer t i f i cat es

AI SC Cer t i f i ed St eel  Fabr i cat or

St eel  Joi st  I nst i t ut e Member shi p

Cer t i f i cat e of  Compl i ance

Speci al  I nspect or  Qual i f i cat i ons;  G,  RO

Qual i f i cat i on Recor ds f or  NDT t echni c i ans

SD- 11 Cl oseout  Submi t t al s

I nt er i m Repor t  of  Speci al  I nspect i ons f or  Each DFOW;  G,  RO

Compr ehensi ve Fi nal  Repor t  of  Speci al  I nspect i ons;  G,  RO

1. 5   SPECI AL I NSPECTOR QUALI FI CATI ONS

Submi t  qual i f i cat i ons f or  each speci al  i nspect or .

1. 5. 1   St eel  Const r uct i on and Hi gh St r engt h Bol t i ng

1. 5. 1. 1   Speci al  I nspect or

a.   I CC St r uct ur al  St eel  and Bol t i ng Speci al  I nspect or  cer t i f i cat e wi t h 
one year  of  r el at ed exper i ence,  or

b.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s of  r el at ed exper i ence

1. 5. 1. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence.
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1. 5. 2   Wel di ng St r uct ur al  St eel

1. 5. 2. 1   Speci al  I nspect or

a.   I CC St r uct ur al  Wel di ng Speci al  I nspect or  cer t i f i cat e wi t h one year  of  
r el at ed exper i ence,  or

b.   AWS Cer t i f i ed Wel di ng I nspect or

1. 5. 2. 2   Associ at e Speci al  I nspect or

AWS Cer t i f i ed Associ at e Wel di ng I nspect or

1. 5. 3   Nondest r uct i ve Test i ng of  Wel ds

1. 5. 3. 1   Speci al  I nspect or

NDT Level  I I I  Cer t i f i cat e

1. 5. 3. 2   Associ at e Speci al  I nspect or

NDT Level  I I  Cer t i f i cat e pl us one year  of  r el at ed exper i ence

1. 5. 4   Col d For med St eel  Fr ami ng

1. 5. 4. 1   Speci al  I nspect or

a.   I CC St r uct ur al  St eel  and Bol t i ng Speci al  I nspect or  cer t i f i cat e wi t h 
one year  of  r el at ed exper i ence,  or

b.   I CC Commer ci al  Bui l di ng I nspect or  wi t h one year  of  exper i ence,  or

c.   I CC Resi dent i al  Bui l di ng I nspect or  wi t h one year  of  exper i ence,  or

d.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s r el at ed exper i ence

1. 5. 4. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence.

1. 5. 5   Concr et e Const r uct i on

1. 5. 5. 1   Speci al  I nspect or

a.   I CC Rei nf or ced Concr et e Speci al  I nspect or  Cer t i f i cat e wi t h one year  of  
r el at ed exper i ence,  or

b.   ACI  Concr et e Const r uct i on Speci al  I nspect or ,  or

c.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s of  r el at ed exper i ence

1. 5. 5. 2   Associ at e Speci al  I nspect or

a.   ACI  Concr et e Const r uct i on Speci al  I nspect or  i n Tr ai ni ng,  or

b.   Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence
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1. 5. 6   Pr est r essed Concr et e Const r uct i on

1. 5. 6. 1   Speci al  I nspect or

a.   I CC Pr e- st r essed Speci al  I nspect or  Cer t i f i cat e wi t h one year  of  
r el at ed exper i ence,  or

b.   PCI  Qual i t y Cont r ol  Techni c i an/  I nspect or  Level  I I  Cer t i f i cat e wi t h 
one year  of  r el at ed exper i ence,  or

c.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s of  r el at ed exper i ence

1. 5. 6. 2   Associ at e Speci al  I nspect or

a.   PCI  Qual i t y Cont r ol  Techni c i an/  I nspect or  Level  I  Cer t i f i cat e wi t h one 
year  of  r el at ed exper i ence,  or

b.   Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence

1. 5. 7   Post - t ensi oned Concr et e Const r uct i on

1. 5. 7. 1   Speci al  I nspect or

a.   PTI  Level  2 Unbonded PT I nspect or  Cer t i f i cat e,  or

b.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s of  r el at ed exper i ence

1. 5. 7. 2   Associ at e Speci al  I nspect or

a.   PTI  Level  1 Unbonded PT I nspect or  Cer t i f i cat e wi t h one year  of  r el at ed 
exper i ence,  or

b.   Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence

1. 5. 8   Masonr y Const r uct i on

1. 5. 8. 1   Speci al  I nspect or

a.   I CC St r uct ur al  Masonr y Speci al  I nspect or  Cer t i f i cat e wi t h one year  of  
r el at ed exper i ence,  or

b.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s of  r el at ed exper i ence

1. 5. 8. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence.

1. 5. 9   Wood

1. 5. 9. 1   Speci al  I nspect or

a.   I CC Commer ci al  Bui l di ng I nspect or  Cer t i f i cat e wi t h one year  of  r el at ed 
exper i ence,  or

b.   I CC Resi dent i al  Bui l di ng I nspect or  wi t h on year  of  exper i ence,  or

c.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s of  r el at ed exper i ence
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1. 5. 9. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence.

1. 5. 10   Ver i f i cat i on of  Si t e Soi l  Condi t i on,  Fi l l  Pl acement  and 
Load- Bear i ng Requi r ement s

1. 5. 10. 1   Speci al  I nspect or

a.   I CC Soi l s Speci al  I nspect or  Cer t i f i cat e wi t h one year  of  r el at ed 
exper i ence,  or

b.   NI CET Soi l s Techni c i an Level  I I  Cer t i f i cat e i n Const r uct i on Mat er i al  
Test i ng,  or

c.   Geol ogi st - I n- Tr ai ni ng wi t h t hr ee year s of  r el at ed exper i ence,  or

d.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s of  r el at ed exper i ence

1. 5. 10. 2   Associ at e Speci al  I nspect or

a.   NI CET Soi l s Techni c i an Level  I  Cer t i f i cat e i n Const r uct i on Mat er i al  
Test i ng wi t h one year  of  r el at ed exper i ence,  or

b.   Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence

1. 5. 11   Deep Foundat i ons

1. 5. 11. 1   Speci al  I nspect or

a.   NI CET Soi l s Techni c i an Level  I I  Cer t i f i cat e i n Const r uct i on Mat er i al  
Test i ng,  or

b.   Geol ogi st - I n- Tr ai ni ng wi t h t hr ee year s of  r el at ed exper i ence,  or

c.   Regi st er ed Pr of essi onal  Engi neer  wi t h t hr ee year s of  r el at ed exper i ence

1. 5. 11. 2   Associ at e Speci al  I nspect or

a.   NI CET Soi l s Techni c i an Level  I  Cer t i f i cat e i n Const r uct i on Mat er i al  
Test i ng wi t h one year  of  r el at ed exper i ence,  or

b.   NI CET Geot echni cal  Engi neer i ng Techni c i an Level  I  Const r uct i on or  
Gener al i st  Cer t i f i cat e wi t h one year  of  r el at ed exper i ence,  or

c.   Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence

1. 5. 12   Spr ayed Fi r e Resi st ant  Mat er i al

1. 5. 12. 1   Speci al  I nspect or

a.   I CC Spr ay- appl i ed Fi r epr oof i ng Speci al  I nspect or  Cer t i f i cat e,  or

b.   I CC Fi r e I nspect or  I  Cer t i f i cat e wi t h one year  of  r el at ed exper i ence,  
or

c.   Regi st er ed Pr of essi onal  Engi neer  or  Ar chi t ect  wi t h r el at ed exper i ence
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1. 5. 12. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence

1. 5. 13   Mast i c and I nt umescent  Fi r e Resi st ant  Coat i ngs

1. 5. 13. 1   Speci al  I nspect or

a.   I CC Spr ay- appl i ed Fi r epr oof i ng Speci al  I nspect or  Cer t i f i cat e,  or

b.   I CC Fi r e I nspect or  I  Cer t i f i cat e wi t h one year  of  r el at ed exper i ence,  
or

c.   Regi st er ed Pr of essi onal  Engi neer  or  Ar chi t ect  wi t h r el at ed exper i ence

1. 5. 13. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence.

1. 5. 14   Ext er i or  I nsul at i on and Fi ni sh Syst em ( EI FS)

1. 5. 14. 1   Speci al  I nspect or

a.   AWCI  EI FS I nspect or  Cer t i f i cat e,  or

b.   Ext er i or  Desi gn I nst i t ut e Cer t i f i cat e,  or

c.   Regi st er ed Pr of essi onal  Engi neer  or  Ar chi t ect  wi t h r el at ed exper i ence

1. 5. 14. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence.

1. 5. 15   Fi r e- Resi st ant  Penet r at i ons and Joi nt s

1. 5. 15. 1   Speci al  I nspect or

a.   Passed t he UL Fi r est op Exam wi t h one year  of  r el at ed exper i ence,  or

b.   Passed t he FM Fi r est op Exam wi t h one year  of  r el at ed exper i ence,  or

c.   Regi st er ed Pr of essi onal  Engi neer  wi t h r el at ed exper i ence

1. 5. 15. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence.

1. 5. 16   Smoke Cont r ol

1. 5. 16. 1   Speci al  I nspect or

a.   AABC Techni c i an Cer t i f i cat i on wi t h one year  of  r el at ed exper i ence,  or

b.   Regi st er ed Pr of essi onal  Engi neer  wi t h r el at ed exper i ence

1. 5. 16. 2   Associ at e Speci al  I nspect or

Engi neer - I n- Tr ai ni ng wi t h one year  of  r el at ed exper i ence.
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PART 2   PRODUCTS

2. 1   FABRI CATOR SPECI AL I NSPECTI ONS

Speci al  I nspect i ons of  f abr i cat or ' s wor k per f or med i n t he f abr i cat or ' s 
shop i s r equi r ed t o be i nspect ed i n accor dance wi t h t he St at ement  of  
Speci al  I nspect i ons and t he Schedul e of  Speci al  I nspect i ons unl ess t he 
f abr i cat or  i s cer t i f i ed by t he appr oved agency t o per f or m such wor k 
wi t hout  Speci al  I nspect i ons.   Submi t  t he f ol l owi ng cer t i f i cat i ons  t o t he 
Cont r act i ng Of f i cer  f or  i nf or mat i on t o al l ow wor k per f or med i n t he 
f abr i cat or ' s shop t o not  be subj ect ed t o Speci al  I nspect i ons.

AI SC Cer t i f i ed St eel  Fabr i cat or .

St eel  Joi st  I nst i t ut e Member shi p

At  t he compl et i on of  f abr i cat i on,  submi t  a cer t i f i cat e of  compl i ance,  t o 
be i ncl uded wi t h t he compr ehensi ve f i nal  r epor t  of  Speci al  I nspect i ons,  
st at i ng t hat  t he mat er i al s suppl i ed and wor k per f or med by t he f abr i cat or  
ar e i n accor dance wi t h t he const r uct i on document s.

PART 3   EXECUTI ON

3. 1   RESPONSI BI LI TI ES

3. 1. 1   Qual i t y Cont r ol  Manager

a.   Super vi se al l  Speci al  I nspect or s r equi r ed by t he Cont r act  Document s 
and t he I BC.

b.   Ver i f y t he qual i f i cat i ons of  al l  of  t he Speci al  I nspect or s.

c.   Ver i f y t he qual i f i cat i ons of  f abr i cat or s.

d.   Mai nt ai n a 3- r i ng bi nder  f or  t he Speci al  I nspect or ' s dai l y and 
bi weekl y r epor t s.   Thi s f i l e must  be l ocat ed i n a conspi cuous pl ace i n 
t he pr oj ect  t r ai l er / of f i ce t o al l ow r evi ew by t he Cont r act i ng Of f i cer  
and t he SER.

 Mai nt ai n a r ewor k i t ems l i s t  t hat  i ncl udes di scr epanci es not ed on t he 
Speci al  I nspect or s dai l y r epor t .

3. 1. 2   Speci al  I nspect or s

a.   I nspect  al l  el ement s of  t he pr oj ect  f or  whi ch t he speci al  i nspect or  i s 
qual i f i ed t o i nspect  and ar e i dent i f i ed i n t he Schedul e of  Speci al  
I nspect i ons.

b.   At t end pr epar at or y phase meet i ngs r el at ed t o t he Def i nabl e Feat ur e of  
Wor k ( DFOW)  f or  whi ch t he speci al  i nspect or  i s qual i f i ed t o i nspect .

c.   Submi t  Speci al  I nspect i ons agency' s wr i t t en NDT pr act i ces f or  t he 
moni t or i ng and cont r ol  of  t he agency' s oper at i ons t o i ncl ude t he 
f ol l owi ng:

( 1)  The agency' s pr ocedur es f or  t he sel ect i on and admi ni st r at i on of  
i nspect i on per sonnel ,  descr i bi ng t he t r ai ni ng,  exper i ence and 
exami nat i on r equi r ement s f or  qual i f i cat i ons and cer t i f i cat i on of  
i nspect i on per sonnel .
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( 2)  The agency' s i nspect i on pr ocedur es,  i ncl udi ng gener al  i nspect i on,  
mat er i al  cont r ol s,  and vi sual  wel di ng i nspect i on.

d.   Submi t  qual i f i cat i on r ecor ds f or  nondest r uct i ve t est i ng ( NDT)  
t echni c i ans desi gnat ed f or  t he pr oj ect .

e.   Submi t  NDT pr ocedur es and equi pment  cal i br at i on r ecor ds f or  NDT t o be 
per f or med and equi pment  t o be used f or  t he pr oj ect .

f .   Submi t  a copy of  t he dai l y r epor t s t o t he QC Manager .

g.   Repor t  di scr epanci es t hat  ar e obser ved dur i ng Speci al  I nspect i ons t o 
t he QC Manager  f or  cor r ect i on.   I f  di scr epanci es ar e not  cor r ect ed 
bef or e t he speci al  i nspect or  l eaves t he si t e t he obser ved 
di scr epanci es must  be document ed i n t he dai l y r epor t .

h.   Submi t  a bi weekl y Speci al  I nspect i on Repor t  unt i l  al l  i nspect i ons ar e 
compl et e.  A r epor t  i s  r equi r ed f or  each bi weekl y per i od i n whi ch 
Speci al  I nspect i ons act i v i t y occur s,  and must  i ncl ude t he f ol l owi ng:

( 1)  A br i ef  summar y of  t he wor k per f or med dur i ng t he r epor t i ng t i me 
f r ame.

( 2)  Changes and di scr epanci es wi t h t he dr awi ngs,  speci f i cat i ons t hat  
wer e obser ved dur i ng t he r epor t i ng per i od.

( 3)  Di scr epanci es whi ch wer e r esol ved or  cor r ect ed.

( 4)  A l i s t  of  nonconf or mi ng i t ems r equi r i ng r esol ut i on.

( 5)  Al l  appl i cabl e t est  r esul t  i ncl udi ng nondest r uct i ve t est i ng 
r epor t s.

i .   At  t he compl et i on of  each DFOW r equi r i ng Speci al  I nspect i ons,  submi t  
an i nt er i m r epor t  of  Speci al  I nspect i ons t hat  document s t he Speci al  
I nspect i ons compl et ed f or  t hat  DFOW.   I dent i f y t he i nspect or  
r esponsi bl e f or  each i t em i nspect ed and cor r ect i ons of  al l  
di scr epanci es not ed i n t he dai l y r epor t s.   The i nt er i m r epor t  of  
Speci al  I nspect i ons must  be si gned,  dat ed and i ndi cat e t he 
cer t i f i cat i on of  t he speci al  i nspect or  qual i f y i ng t hem t o conduct  t he 
i nspect i on.

j .   At  t he compl et i on of  t he pr oj ect  submi t  a compr ehensi ve f i nal  r epor t  
of  Speci al  I nspect i ons t hat  document s t he Speci al  I nspect i ons 
compl et ed f or  t he pr oj ect  and cor r ect i ons of  al l  di scr epanci es not ed 
i n t he dai l y r epor t s.   The compr ehensi ve f i nal  r epor t  of  Speci al  
I nspect i ons must  be si gned,  dat ed and i ndi cat e t he cer t i f i cat i on of  
t he speci al  i nspect or  qual i f y i ng t hem t o conduct  t he i nspect i on.

3. 2   DEFECTI VE WORK

Check wor k as i t  pr ogr esses,  but  f ai l ur e t o det ect  any def ect i ve wor k or  
mat er i al s must  i n no way pr event  l at er  r ej ect i on i f  def ect i ve wor k or  
mat er i al s ar e di scover ed,  nor  obl i gat e t he Cont r act i ng Of f i cer  t o accept  
such wor k.

        - -  End of  Sect i on - -
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SECTI ON 02 41 00

DEMOLI TI ON AND DECONSTRUCTI ON
08/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  Gui del i ne K ( 2009)  Gui del i ne f or  Cont ai ner s f or  
Recover ed Non- Fl ammabl e Fl uor ocar bon 
Ref r i ger ant s

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO M 145 ( 1991;  R 2012)  St andar d Speci f i cat i on f or  
Cl assi f i cat i on of  Soi l s and Soi l - Aggr egat e 
Mi xt ur es f or  Hi ghway Const r uct i on Pur poses

AASHTO T 180 ( 2017)  St andar d Met hod of  Test  f or  
Moi st ur e- Densi t y Rel at i ons of  Soi l s Usi ng 
a 4. 54- kg ( 10- l b)  Rammer  and a 457- mm 
( 18- i n. )  Dr op

AMERI CAN SOCI ETY OF SAFETY PROFESSI ONALS ( ASSP)

ASSP A10. 6 ( 2006)  Saf et y & Heal t h Pr ogr am 
Requi r ement s f or  Demol i t i on Oper at i ons -  
Amer i can Nat i onal  St andar d f or  
Const r uct i on and Demol i t i on Oper at i ons

ASTM I NTERNATI ONAL ( ASTM)

ASTM D2487 ( 2017;  E 2020)  St andar d Pr act i ce f or  
Cl assi f i cat i on of  Soi l s f or  Engi neer i ng 
Pur poses ( Uni f i ed Soi l  Cl assi f i cat i on 
Syst em)

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

EM 385- 1- 1 ( 2014)  Saf et y - -  Saf et y and Heal t h 
Requi r ement s Manual

U. S.  DEFENSE LOGI STI CS AGENCY ( DLA)

DLA 4145. 25 ( Jun 2000;  Reaf f i r med Oct  2010)  St or age 
and Handl i ng of  Li quef i ed and Gaseous 
Compr essed Gases and Thei r  Ful l  and Empt y 
Cyl i nder s;  
ht t ps: / / www. dl a. mi l / Por t al s/ 104/ Document s/ Di sposi t i onSer vi ces 
/ ddsr / docs/ cyl i nder j oi nt pub. pdf
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U. S.  DEPARTMENT OF DEFENSE ( DOD)

DOD 4000. 25- 1- M ( 2006)  MI LSTRI P -  Mi l i t ar y St andar d 
Requi si t i oni ng and I ssue Pr ocedur es

MI L- STD- 129 ( 2014;  Rev R;  Change 1 2018;  Change 2 
2019)  Mi l i t ar y Mar ki ng f or  Shi pment  and 
St or age

U. S.  FEDERAL AVI ATI ON ADMI NI STRATI ON ( FAA)

FAA AC 70/ 7460- 1 ( 2016;  Rev L;  Change 2)  Obst r uct i on 
Mar ki ng and Li ght i ng

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 61 Nat i onal  Emi ssi on St andar ds f or  Hazar dous 
Ai r  Pol l ut ant s

40 CFR 82 Pr ot ect i on of  St r at ospher i c Ozone

49 CFR 173. 301 Shi pment  of  Compr essed Gases i n Cyl i nder s 
and Spher i cal  Pr essur e Vessel s

1. 2   PROJECT DESCRI PTI ON

1. 2. 1   Def i ni t i ons

1. 2. 1. 1   Demol i t i on

Demol i t i on i s t he pr ocess of  t ear i ng apar t  and r emovi ng any f eat ur e of  a 
f aci l i t y  t oget her  wi t h any r el at ed handl i ng and di sposal  oper at i ons.

1. 2. 1. 2   Deconst r uct i on

Deconst r uct i on i s t he pr ocess of  t aki ng apar t  a f aci l i t y  wi t h t he pr i mar y 
goal  of  pr eser vi ng t he val ue of  al l  usef ul  bui l di ng mat er i al s.

1. 2. 1. 3   Demol i t i on Pl an

Demol i t i on Pl an i s t he pl anned st eps and pr ocesses f or  managi ng demol i t i on 
act i v i t i es and i dent i f y i ng t he r equi r ed sequenci ng act i v i t i es and di sposal  
mechani sms.

1. 2. 1. 4   Deconst r uct i on Pl an

Deconst r uct i on Pl an i s t he pl anned st eps and pr ocesses f or  di smant l i ng al l  
or  por t i ons of  a st r uct ur e or  assembl y,  t o i ncl ude managi ng sequenci ng 
act i v i t i es,  st or age,  r e- i nst al l at i on act i v i t i es,  sal vage and di sposal  
mechani sms.

1. 2. 2   Demol i t i on/ Deconst r uct i on Pl an

Pr epar e a Deconst r uct i on Pl an and submi t  pr oposed sal vage,  demol i t i on,  
deconst r uct i on,  and r emoval  pr ocedur es f or  appr oval  bef or e wor k i s 
st ar t ed.   I ncl ude i n t he pl an pr ocedur es f or  car ef ul  r emoval  and 
di sposi t i on of  mat er i al s speci f i ed t o be sal vaged,  coor di nat i on wi t h ot her  
wor k i n pr ogr ess,  a di sconnect i on schedul e of  ut i l i t y  ser vi ces,  and a 
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det ai l ed descr i pt i on of  met hods and equi pment  t o be used f or  each 
oper at i on and of  t he sequence of  oper at i ons.   Coor di nat e wi t h Wast e 
Management  Pl an i n accor dance wi t h Sect i on 01 74 19 CONSTRUCTI ON WASTE 
MANAGEMENT AND DI SPOSAL.   I ncl ude st at ement s af f i r mi ng Cont r act or  
i nspect i on of  t he exi st i ng r oof  deck and i t s sui t abi l i t y  t o per f or m as a 
saf e wor ki ng pl at f or m or  i f  i nspect i on r eveal s a saf et y hazar d t o wor ker s,  
st at e pr ovi s i ons f or  secur i ng t he saf et y of  t he wor ker s t hr oughout  t he 
per f or mance of  t he wor k.   Pr ovi de pr ocedur es f or  saf e conduct  of  t he wor k 
i n accor dance wi t h EM 385- 1- 1.   Pl an must  be appr oved by Cont r act i ng 
Of f i cer ' s Repr esent at i ve pr i or  t o wor k begi nni ng.

1. 2. 3   Gener al  Requi r ement s

Do not  begi n demol i t i on or  deconst r uct i on unt i l  aut hor i zat i on i s r ecei ved 
f r om t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   The wor k i ncl udes 
demol i t i on,  deconst r uct i on,  sal vage of  i dent i f i ed i t ems and mat er i al s,  and 
r emoval  of  r esul t i ng r ubbi sh and debr i s.   Remove r ubbi sh and debr i s f r om 
Gover nment  pr oper t y dai l y,  unl ess ot her wi se di r ect ed.   St or e mat er i al s 
t hat  cannot  be r emoved dai l y i n ar eas speci f i ed by t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve.   I n t he i nt er est  of  occupat i onal  saf et y and 
heal t h,  per f or m t he wor k i n accor dance wi t h EM 385- 1- 1,  Sect i on 23,  
Demol i t i on,  and ot her  appl i cabl e Sect i ons.

1. 3   I TEMS TO REMAI N I N PLACE

Compl y wi t h FAR 52. 236- 9 t o pr ot ect  exi st i ng veget at i on,  st r uct ur es,  
equi pment ,  ut i l i t i es,  and i mpr ovement s.   Coor di nat e t he wor k of  t hi s 
sect i on wi t h al l  ot her  wor k i ndi cat ed.   Const r uct  and mai nt ai n shor i ng,  
br aci ng,  and suppor t s as r equi r ed.   Ensur e t hat  st r uct ur al  el ement s ar e 
not  over l oaded.   I ncr ease st r uct ur al  suppor t s or  add new suppor t s as may 
be r equi r ed as a r esul t  of  any cut t i ng,  r emoval ,  deconst r uct i on,  or  
demol i t i on wor k per f or med under  t hi s cont r act .   Do not  over l oad st r uct ur al  
el ement s .   Pr ovi de new suppor t s and r ei nf or cement  f or  exi st i ng 
const r uct i on weakened by demol i t i on,  deconst r uct i on,  or  r emoval  wor k.   
Repai r s,  r ei nf or cement ,  or  st r uct ur al  r epl acement  r equi r e appr oval  by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve pr i or  t o per f or mi ng such wor k.

1. 3. 1   Exi st i ng Const r uct i on Li mi t s and Pr ot ect i on

Do not  di st ur b exi st i ng const r uct i on beyond t he ext ent  i ndi cat ed or  
necessar y f or  i nst al l at i on of  new const r uct i on.   Pr ovi de t empor ar y shor i ng 
and br aci ng f or  suppor t  of  bui l di ng component s t o pr event  set t l ement  or  
ot her  movement .   Pr ovi de pr ot ect i ve measur es t o cont r ol  accumul at i on and 
mi gr at i on of  dust  and di r t  i n al l  wor k ar eas.   Remove dust ,  di r t ,  and 
debr i s f r om wor k ar eas dai l y.

1. 3. 2   Weat her  Pr ot ect i on

For  por t i ons of  t he bui l di ng t o r emai n,  pr ot ect  bui l di ng i nt er i or  and 
mat er i al s and equi pment  f r om t he weat her  at  al l  t i mes.   Wher e r emoval  of  
exi st i ng r oof i ng i s necessar y t o accompl i sh wor k,  have mat er i al s and 
wor kmen r eady t o pr ovi de adequat e and t empor ar y cover i ng of  exposed ar eas.

1. 3. 3   Tr ees

Pr ot ect  t r ees wi t hi n t he pr oj ect  s i t e whi ch mi ght  be damaged dur i ng 
demol i t i on or  deconst r uct i on,  and whi ch ar e i ndi cat ed t o be l ef t  i n pl ace,  
by a 6 f oot  hi gh f ence.   Er ect  and secur e f ence a mi ni mum of  5 f eet  f r om 
t he t r unk of  i ndi v i dual  t r ees or  f ol l ow t he out er  per i met er  of  br anches or  
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cl umps of  t r ees.   Repl ace any t r ee desi gnat ed t o r emai n t hat  i s damaged 
dur i ng t he wor k under  t hi s cont r act  wi t h l i ke- ki nd or  as appr oved by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.

1. 3. 4   Ut i l i t y  Ser vi ce

Mai nt ai n exi st i ng ut i l i t i es i ndi cat ed t o st ay i n ser vi ce and pr ot ect  
agai nst  damage dur i ng demol i t i on and deconst r uct i on oper at i ons.   Pr i or  t o 
st ar t  of  wor k,  ut i l i t i es ser vi ng each ar ea of  al t er at i on or  r emoval  wi l l  
be shut  of f  by t he ut i l i t y  pr ovi der  and di sconnect ed and seal ed by t he 
Cont r act or  .

1. 3. 5   Faci l i t i es

Pr ot ect  el ect r i cal  and mechani cal  ser vi ces and ut i l i t i es.   Wher e r emoval  
of  exi st i ng ut i l i t i es and pavement  i s speci f i ed or  i ndi cat ed,  pr ovi de 
appr oved bar r i cades,  t empor ar y cover i ng of  exposed ar eas,  and t empor ar y 
ser vi ces or  connect i ons f or  el ect r i cal  and mechani cal  ut i l i t i es.   Fl oor s,  
r oof s,  wal l s,  col umns,  pi l ast er s,  and ot her  st r uct ur al  component s t hat  ar e 
desi gned and const r uct ed t o st and wi t hout  l at er al  suppor t  or  shor i ng,  and 
ar e det er mi ned t o be i n st abl e condi t i on,  must  r emai n st andi ng wi t hout  
addi t i onal  br aci ng,  shor i ng,  or  l at er al  suppor t  unt i l  demol i shed or  
deconst r uct ed,  unl ess di r ect ed ot her wi se by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.   Ensur e t hat  no el ement s det er mi ned t o be unst abl e ar e 
l ef t  unsuppor t ed and pl ace and secur e br aci ng,  shor i ng,  or  l at er al  
suppor t s as may be r equi r ed as a r esul t  of  any cut t i ng,  r emoval ,  
deconst r uct i on,  or  demol i t i on wor k per f or med under  t hi s cont r act .

1. 4   BURNI NG

The use of  bur ni ng at  t he pr oj ect  s i t e f or  t he di sposal  of  r ef use and 
debr i s wi l l  not  be per mi t t ed .   Wher e bur ni ng i s per mi t t ed,  adher e t o 
f eder al ,  st at e,  and l ocal  r egul at i ons.

1. 5   AVAI LABI LI TY OF WORK AREAS

Ar eas i n whi ch t he wor k i s t o be accompl i shed wi l l  be avai l abl e at  
cont r act  awar d.  

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Deconst r uct i on Pl an;  G,  OC

Exi st i ng Condi t i ons

SD- 07 Cer t i f i cat es

Not i f i cat i on;  G,  OC

SD- 11 Cl oseout  Submi t t al s
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Recei pt s

1. 7   QUALI TY ASSURANCE

Submi t  t i mel y not i f i cat i on of  demol i t i on deconst r uct i on and r enovat i on 
pr oj ect s t o Feder al ,  St at e,  r egi onal ,  and l ocal  aut hor i t i es i n accor dance 
wi t h 40 CFR 61,  Subpar t  M.   Not i f y t he Regi onal  Of f i ce of  t he Uni t ed 
St at es Envi r onment al  Pr ot ect i on Agency ( USEPA)  and t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve i n wr i t i ng 10 wor ki ng days pr i or  t o t he 
commencement  of  wor k i n accor dance wi t h 40 CFR 61,  Subpar t  M.   Compl y wi t h 
f eder al ,  st at e,  and l ocal  haul i ng and di sposal  r egul at i ons.   I n addi t i on 
t o t he r equi r ement s of  t he " Cont r act  Cl auses, "  conf or m t o t he saf et y 
r equi r ement s cont ai ned i n ASSP A10. 6.   Compl y wi t h t he Envi r onment al  
Pr ot ect i on Agency r equi r ement s speci f i ed.   Use of  expl osi ves wi l l  not  be 
per mi t t ed.

1. 7. 1   Dust  and Debr i s Cont r ol

Pr event  t he spr ead of  dust  and debr i s on ai r f i el d pavement s and avoi d t he 
cr eat i on of  a nui sance or  hazar d i n t he sur r oundi ng ar ea.   Do not  use 
wat er  i f  i t  r esul t s i n hazar dous or  obj ect i onabl e condi t i ons such as,  but  
not  l i mi t ed t o,  i ce,  f l oodi ng,  or  pol l ut i on.   Vacuum and dust  t he wor k 
ar ea dai l y .  Sweep pavement s as of t en as necessar y t o cont r ol  t he spr ead 
of  debr i s t hat  may r esul t  i n f or ei gn obj ect  damage pot ent i al  t o ai r cr af t .

1. 8   PROTECTI ON

1. 8. 1   Tr af f i c  Cont r ol  Si gns

a.   Wher e pedest r i an,  dr i ver  and/ or  ai r cr af t  saf et y i s endanger ed i n 
t he ar ea of  r emoval  wor k,  use t r af f i c  bar r i cades wi t h f l ashi ng 
l i ght s.   Anchor  bar r i cades i n a manner  t o pr event  di spl acement  by 
wi nd,  j et  or  pr op bl ast .  Not i f y t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve pr i or  t o begi nni ng such wor k.

Pr ovi de a mi ni mum of  2 FAA t ype L- 810 st eady bur ni ng r ed obst r uct i on 
l i ght s on t empor ar y st r uct ur es ( i ncl udi ng cr anes)  over  100 f eet ,  but  
l ess t han  200 f t ,  above gr ound l evel .   The use of  LED based 
obst r uct i on l i ght s ar e not  per mi t t ed.   For  t empor ar y st r uct ur es 
( i ncl udi ng cr anes)  over   200 f t  above gr ound l evel  pr ovi de obst r uct i on 
l i ght i ng i n accor dance wi t h FAA AC 70/ 7460- 1.   Per f or m l i ght  
const r uct i on and i nst al l at i on i n compl i ance wi t h FAA AC 70/ 7460- 1.   
Li ght s must  be oper at i onal  dur i ng per i ods of  r educed vi s i bi l i t y ,  
dar kness,  and as di r ect ed by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   
Mai nt ai n t he t empor ar y ser vi ces dur i ng t he per i od of  const r uct i on and 
r emove onl y af t er  per manent  ser vi ces have been i nst al l ed and t est ed 
and ar e i n oper at i on.

1. 8. 2   Pr ot ect i on of  Per sonnel

Bef or e,  dur i ng and af t er  t he demol i t i on and deconst r uct i on wor k 
cont i nuousl y eval uat e t he condi t i on of  t he st r uct ur e bei ng demol i shed and 
deconst r uct ed and t ake i mmedi at e act i on t o pr ot ect  al l  per sonnel  wor ki ng 
i n and ar ound t he pr oj ect  s i t e.   No ar ea,  sect i on,  or  component  of  f l oor s,  
r oof s,  wal l s,  col umns,  pi l ast er s,  or  ot her  st r uct ur al  el ement  wi l l  be 
al l owed t o be l ef t  st andi ng wi t hout  suf f i c i ent  br aci ng,  shor i ng,  or  
l at er al  suppor t  t o pr event  col l apse or  f ai l ur e whi l e wor kmen r emove debr i s 
or  per f or m ot her  wor k i n t he i mmedi at e ar ea.

SECTI ON 02 41 00  Page 5



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

1. 9   FOREI GN OBJECT DAMAGE ( FOD)

Ai r cr af t  and ai r cr af t  engi nes ar e subj ect  t o FOD f r om debr i s and wast e 
mat er i al  l y i ng on ai r f i el d pavement s.   Remove al l  such mat er i al s t hat  may 
appear  on oper at i onal  ai r cr af t  pavement s due t o t he Cont r act or ' s 
oper at i ons.   I f  necessar y,  t he Cont r act i ng Of f i cer ' s Repr esent at i ve may 
r equi r e t he Cont r act or  t o i nst al l  a t empor ar y bar r i cade at  t he 
Cont r act or ' s expense t o cont r ol  t he spr ead of  FOD pot ent i al  debr i s.   
Pr ovi de a bar r i cade consi st i ng of  a f ence cover ed wi t h a f abr i c desi gned 
t o st op t he spr ead of  debr i s.   Anchor  t he f ence and f abr i c t o pr event  
di spl acement  by wi nds or  j et / pr op bl ast s.   Remove bar r i cade when no l onger  
r equi r ed.

1. 10   RELOCATI ONS

Per f or m t he r emoval  and r ei nst al l at i on of  r el ocat ed i t ems as i ndi cat ed 
wi t h wor kmen ski l l ed i n t he t r ades i nvol ved.   Repai r  or  r epl ace i t ems t o 
be r el ocat ed whi ch ar e damaged by t he Cont r act or   wi t h new undamaged i t ems 
as appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

1. 11   EXI STI NG CONDI TI ONS

Bef or e begi nni ng any demol i t i on or  deconst r uct i on wor k,  sur vey t he si t e 
and exami ne t he dr awi ngs and speci f i cat i ons t o det er mi ne t he ext ent  of  t he 
wor k.   Recor d exi st i ng condi t i ons i n t he pr esence of  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve' s 
Repr esent at i ve showi ng t he condi t i on of  st r uct ur es and ot her  f aci l i t i es 
adj acent  t o ar eas of  al t er at i on or  r emoval .   Phot ogr aphs or  el ect r oni c 
i mages wi t h a mi ni mum r esol ut i on of  3072 x 2304 pi xel s,  capabl e of  a pr i nt  
r esol ut i on of  300 dpi ,  wi l l  be accept abl e as a r ecor d of  exi st i ng 
condi t i ons.   I ncl ude i n t he r ecor d t he el evat i on of  t he t op of  f oundat i on 
wal l s,  f i ni sh f l oor  el evat i ons,  possi bl e conf l i c t i ng el ect r i cal  condui t s,  
pl umbi ng l i nes,  al ar ms syst ems,  t he l ocat i on and ext ent  of  exi st i ng cr acks 
and ot her  damage and descr i pt i on of  sur f ace condi t i ons t hat  exi st  pr i or  t o 
st ar t i ng wor k.   I t  i s  t he Cont r act or ' s r esponsi bi l i t y  t o ver i f y and 
document  al l  r equi r ed out ages whi ch wi l l  be r equi r ed dur i ng t he cour se of  
wor k,  and t o not e t hese out ages on t he r ecor d document .   Submi t  sur vey 
r esul t s t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve or  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve' s Repr esent at i ve.

PART 2   PRODUCTS

2. 1   FI LL MATERI AL

a.   Compl y wi t h excavat i ng,  backf i l l i ng,  and compact i ng pr ocedur es f or  
soi l s used as backf i l l  mat er i al  t o f i l l  basement s,  voi ds,  depr essi ons 
or  excavat i ons r esul t i ng f r om demol i t i on or  deconst r uct i on of  
st r uct ur es.

b.   Pr ovi de f i l l  mat er i al  conf or mi ng t o t he def i ni t i on of  sat i sf act or y 
soi l  mat er i al  as def i ned i n ASTM D2487 .   I n addi t i on,  f i l l  mat er i al  
must  be f r ee f r om r oot s and ot her  or gani c mat t er ,  t r ash,  debr i s,  
f r ozen mat er i al s,  and st ones l ar ger  t han 2 i nches i n any di mensi on.

c.   Pr oposed f i l l  mat er i al  must  be sampl ed and t est ed by an appr oved soi l  
t est i ng l abor at or y,  as f ol l ows:
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Soi l  c l assi f i cat i on AASHTO M 145

Moi st ur e- densi t y r el at i ons AASHTO T 180,  Met hod B or  D

PART 3   EXECUTI ON

3. 1   EXI STI NG FACI LI TI ES TO BE REMOVED

I nspect  and eval uat e exi st i ng st r uct ur es onsi t e f or  r euse.   Di sassembl e 
exi st i ng const r uct i on schedul ed t o be r emoved f or  r euse.   Di smant l ed and 
r emoved mat er i al s ar e t o be separ at ed,  set  asi de,  and pr epar ed as 
speci f i ed,  and st or ed or  del i ver ed t o a col l ect i on poi nt  f or  r euse,  
r emanuf act ur e,  r ecycl i ng,  or  ot her  di sposal ,  as speci f i ed.   Desi gnat e 
mat er i al s f or  r euse onsi t e whenever  possi bl e.

3. 1. 1   St r uct ur es

a.   Remove si dewal ks,  cur bs,  gut t er s and st r eet  l i ght  bases as i ndi cat ed.

b.   Deconst r uct  st r uct ur es i n a syst emat i c manner  f r om t he t op of  t he 
st r uct ur e t o t he gr ound.   Compl et e demol i t i on wor k above each t i er  or  
f l oor  bef or e t he suppor t i ng member s on t he l ower  l evel  ar e di st ur bed.   
Remove st r uct ur al  f r ami ng member s and l ower  t o gr ound by means of  
der r i cks,  pl at f or ms hoi st s,  or  ot her  sui t abl e met hods as appr oved by 
t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

c.   Locat e demol i t i on and deconst r uct i on equi pment  t hr oughout  t he 
st r uct ur e and r emove mat er i al s so as t o not  i mpose excessi ve l oads t o 
suppor t i ng wal l s,  f l oor s,  or  f r ami ng.

3. 1. 2   Ut i l i t i es and Rel at ed Equi pment

3. 1. 2. 1   Gener al  Requi r ement s

Do not  i nt er r upt  exi st i ng ut i l i t i es ser vi ng occupi ed or  used f aci l i t i es,  
except  when aut hor i zed i n wr i t i ng by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.   Do not  i nt er r upt  exi st i ng ut i l i t i es ser vi ng f aci l i t i es 
occupi ed and used by t he Gover nment  except  when appr oved i n wr i t i ng and 
t hen onl y af t er  t empor ar y ut i l i t y  ser vi ces have been appr oved and 
pr ovi ded.   Do not  begi n demol i t i on or  deconst r uct i on wor k unt i l  al l  
ut i l i t y  di sconnect i ons have been made.   Shut  of f  and cap ut i l i t i es f or  
f ut ur e use,  as i ndi cat ed.

3. 1. 2. 2   Di sconnect i ng Exi st i ng Ut i l i t i es

Remove exi st i ng ut i l i t i es ,  as i ndi cat ed and t er mi nat e i n a manner  
conf or mi ng t o t he nat i onal l y r ecogni zed code cover i ng t he speci f i c  ut i l i t y  
and appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   When ut i l i t y  
l i nes ar e encount er ed but  ar e not  i ndi cat ed on t he dr awi ngs,  not i f y t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve pr i or  t o f ur t her  wor k i n t hat  ar ea.   
Remove met er s and r el at ed equi pment  and del i ver  t o a l ocat i on  i n 
accor dance wi t h i nst r uct i ons of  t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 1. 3   Chai n Li nk Fenci ng

Remove chai n l i nk f enci ng,  gat es and ot her  r el at ed sal vaged i t ems 
schedul ed f or  r emoval  and t r anspor t  t o desi gnat ed ar eas.   Remove gat es as 
whol e uni t s.   Cut  chai n l i nk f abr i c t o  25 f oot  l engt hs and st or e i n r ol l s 
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of f  t he gr ound.

3. 1. 4   Pavi ng and Sl abs

  Move,  gr i nd and st or e pavement  and sl abs desi gnat ed t o be r ecycl ed and 
ut i l i zed i n t hi s pr oj ect  as di r ect ed by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.   Remove pavement  and sl abs not  t o be used i n t hi s pr oj ect  
f r om t he i nst al l at i on at  Cont r act or ' s expense.

3. 1. 5   Roof i ng

 Sequence wor k t o mi ni mi ze bui l di ng exposur e bet ween demol i t i on or  
deconst r uct i on and new r oof  mat er i al s i nst al l at i on.

3. 1. 6   Concr et e

Saw concr et e al ong st r ai ght  l i nes t o a dept h of  a mi ni mum 2 i nch.   Make 
each cut  i n wal l s per pendi cul ar  t o t he f ace and i n al i gnment  wi t h t he cut  
i n t he opposi t e f ace.   Br eak out  t he r emai nder  of  t he concr et e pr ovi ded 
t hat  t he br oken ar ea i s conceal ed i n t he f i ni shed wor k,  and t he r emai ni ng 
concr et e i s sound.   At  l ocat i ons wher e t he br oken f ace cannot  be 
conceal ed,  gr i nd smoot h or  saw cut  ent i r el y t hr ough t he concr et e.   Sawcut s 
i n exi st i ng concr et e s i dewal k,   r oads,   concr et e pads,  and  par ki ng ar eas 
must  be at  t he near est  exi st i ng expansi on j oi nt  or  weakened pl ane j oi nt  
and at  f ul l  dept h.

3. 1. 7   St r uct ur al  St eel

Di smant l e st r uct ur al  st eel  at  f i el d connect i ons and i n a manner  t hat  wi l l  
pr event  bendi ng or  damage.   Sal vage f or  r ecycl e st r uct ur al  st eel ,  st eel  
j oi st s,  gi r der s,  angl es,  pl at es,  col umns and shapes.   Fl ame- cut t i ng 
t or ches ar e per mi t t ed when ot her  met hods of  di smant l i ng ar e not  pr act i cal .   
Tr anspor t  st eel  j oi st s and gi r der s as whol e uni t s and not  di smant l ed.   
Tr anspor t  st r uct ur al  st eel  shapes t o a desi gnat ed r ecycl i ng f aci l i t y  ,  
st acked accor di ng t o s i ze,  t ype of  member  and l engt h,  and st or ed of f  t he 
gr ound,  pr ot ect ed f r om t he weat her .

3. 1. 8   Mi scel l aneous Met al

Sal vage shop- f abr i cat ed i t ems such as access door s and f r ames,  st eel  
gr at i ngs,  met al  l adder s,  wi r e mesh par t i t i ons,  met al  r ai l i ngs,  met al  
wi ndows and si mi l ar  i t ems as whol e uni t s.   Sal vage l i ght - gage and 
col d- f or med met al  f r ami ng,  such as st eel  st uds,  st eel  t r usses,  met al  
gut t er s,  r oof i ng and si di ng,  met al  t oi l et  par t i t i ons,  t oi l et  accessor i es 
and si mi l ar  i t ems.   Scr ap met al  i s  t he Cont r act or ' s pr oper t y.   Recycl e 
scr ap met al  as par t  of  demol i t i on and deconst r uct i on oper at i ons.   Pr ovi de 
separ at e cont ai ner s t o col l ect  scr ap met al  and t r anspor t  t o a scr ap met al  
col l ect i on or  r ecycl i ng f aci l i t y ,  i n accor dance wi t h t he Wast e Management  
Pl an.

3. 1. 9   Acoust i c Cei l i ng Ti l e

Remove,  neat l y st ack,  and r ecycl e acoust i c cei l i ng t i l es.   Recycl i ng may 
be avai l abl e wi t h manuf act ur er .   Ot her wi se,  gi ve pr i or i t y t o a l ocal  
r ecycl i ng or gani zat i on.   Recycl i ng i s not  r equi r ed i f  t he t i l es cont ai n or  
may have been exposed t o asbest os mat er i al .

SECTI ON 02 41 00  Page 8



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

3. 1. 10   Pat chi ng

Wher e r emoval s l eave hol es and damaged sur f aces exposed i n t he f i ni shed 
wor k,  pat ch and r epai r  t hese hol es and damaged sur f aces t o mat ch adj acent  
f i ni shed sur f aces,  usi ng on- si t e mat er i al s when avai l abl e.   Wher e new wor k 
i s t o be appl i ed t o exi st i ng sur f aces,  per f or m r emoval s and pat chi ng i n a 
manner  t o pr oduce sur f aces sui t abl e f or  r ecei v i ng new wor k.   Make f i ni shed 
sur f aces of  pat ched ar ea f l ush wi t h t he adj acent  exi st i ng sur f ace and 
mat ch t he exi st i ng adj acent  sur f ace as c l osel y as possi bl e t o t ext ur e and 
f i ni sh.   Pr ovi de pat chi ng as speci f i ed and i ndi cat ed.

3. 1. 11   Ai r  Condi t i oni ng Equi pment

Remove ai r  condi t i oni ng,  r ef r i ger at i on,  and ot her  equi pment  cont ai ni ng 
r ef r i ger ant s wi t hout  r el easi ng chl or of l uor ocar bon r ef r i ger ant s t o t he 
at mospher e i n accor dance wi t h t he Cl ean Ai r  Act  Amendment  of  1990.  Recover  
al l  r ef r i ger ant s pr i or  t o r emovi ng ai r  condi t i oni ng,  r ef r i ger at i on,  and 
ot her   equi pment  cont ai ni ng r ef r i ger ant s and di spose of  i n accor dance wi t h 
t he par agr aph ent i t l ed " Di sposal  of  Ozone Depl et i ng Subst ance ( ODS) . "  

3. 1. 12   Lockset s on Swi ngi ng Door s

Remove al l  l ockset s f r om al l  swi ngi ng door s i ndi cat ed t o be r emoved and 
di sposed of .   Del i ver  t he l ockset s and r el at ed i t ems t o a desi gnat ed 
l ocat i on f or  r ecei pt  by t he Cont r act i ng Of f i cer ' s Repr esent at i ve af t er  
r emoval .

3. 1. 13   Mechani cal  Equi pment  and Fi xt ur es

Di sconnect  mechani cal  har dwar e at  t he near est  connect i on t o exi st i ng 
ser vi ces t o r emai n,  unl ess ot her wi se not ed.   Di sconnect  mechani cal  
equi pment  and f i xt ur es at  f i t t i ngs.   Remove ser vi ce val ves at t ached t o t he 
uni t .   Sal vage each i t em of  equi pment  and f i xt ur es as a whol e uni t ;  
l i s t ed,  i ndexed,  t agged,  and st or ed.   Sal vage each uni t  wi t h i t s nor mal  
oper at i ng auxi l i ar y equi pment .   Tr anspor t  sal vaged equi pment  and f i xt ur es,  
i ncl udi ng mot or s and machi nes,  t o a desi gnat ed  st or age ar ea as di r ect ed 
by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   Do not  r emove equi pment  
unt i l  appr oved.   Do not  of f er  l ow- ef f i c i ency equi pment  f or  r euse.

3. 1. 13. 1   Pr epar at i on f or  St or age

Remove wat er ,  di r t ,  dust ,  and f or ei gn mat t er  f r om uni t s;  dr ai n t anks,  
pi pi ng and f i xt ur es;  i f  pr evi ousl y used t o st or e f l ammabl e,  expl osi ve,  or  
ot her  danger ous l i qui ds,  st eam cl ean i nt er i or s.   Seal  openi ngs wi t h caps,  
pl at es,  or  pl ugs.   Secur e mot or s at t ached by f l exi bl e connect i ons t o t he 
uni t .   Change l ubr i cat i ng syst ems wi t h t he pr oper  oi l  or  gr ease.

3. 1. 13. 2   Pi pi ng

Di sconnect  pi pi ng at  uni ons,  f l anges and val ves,  and f i t t i ngs as r equi r ed 
t o r educe t he pi pe i nt o st r ai ght  l engt hs f or  pr act i cal  st or age.   St or e 
sal vaged pi pi ng accor di ng t o s i ze and t ype.   I f  t he pi pi ng t hat  r emai ns 
can become pr essur i zed due t o upst r eam val ve f ai l ur e,  at t ach end caps,  
bl i nd f l anges,  or  ot her  t ypes of  pl ugs or  f i t t i ngs wi t h a pr essur e gage 
and bl eed val ve t o t he open end of  t he pi pe t o ensur e posi t i ve l eak 
cont r ol .   Car ef ul l y di smant l e pi pi ng t hat  pr evi ousl y cont ai ned gas,  
gasol i ne,  oi l ,  or  ot her  danger ous f l ui ds,  wi t h pr ecaut i ons t aken t o 
pr event  i nj ur y t o per sons and pr oper t y.   St or e pi pi ng out door s unt i l  al l  
f umes and r esi dues ar e r emoved.   Box pr ef abr i cat ed suppor t s,  hanger s,  
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pl at es,  val ves,  and speci al t y i t ems accor di ng t o s i ze and t ype.   Wr ap 
spr i nkl er  heads i ndi v i dual l y i n pl ast i c bags bef or e boxi ng.   Cl assi f y 
pi pi ng not  desi gnat ed f or  sal vage,  or  not  r eusabl e,  as scr ap met al .

3. 1. 13. 3   Duct s

Cl assi f y r emoved duct  wor k as scr ap met al .

3. 1. 13. 4   Fi xt ur es,  Mot or s and Machi nes

Remove and sal vage f i xt ur es,  mot or s and machi nes associ at ed wi t h pl umbi ng,  
heat i ng,  ai r  condi t i oni ng,  r ef r i ger at i on,  and ot her  mechani cal  syst em 
i nst al l at i ons.   Sal vage,  box and st or e auxi l i ar y uni t s and accessor i es 
wi t h t he mai n mot or  and machi nes.   Tag sal vaged i t ems f or  i dent i f i cat i on,  
st or age,  and pr ot ect i on f r om damage.   Cl assi f y non- por cel ai n br oken,  
damaged,  or  ot her wi se unser vi ceabl e uni t s and not  caused t o be br oken,  
damaged,  or  ot her wi se unser vi ceabl e as debr i s t o be di sposed of  by t he 
Cont r act or .   

3. 1. 14   El ect r i cal  Equi pment  and Fi xt ur es

Sal vage mot or s,  mot or  cont r ol l er s,  and oper at i ng and cont r ol  equi pment  
t hat  ar e at t ached t o t he dr i ven equi pment .   Sal vage wi r i ng syst ems and 
component s.   Box l oose i t ems and t ag f or  i dent i f i cat i on.   Di sconnect  
pr i mar y,  secondar y,  cont r ol ,  communi cat i on,  and si gnal  c i r cui t s at  t he 
poi nt  of  at t achment  t o t hei r  di st r i but i on syst em.

3. 1. 14. 1   Fi xt ur es

Remove and sal vage el ect r i cal  f i x t ur es.   Sal vage unpr ot ect ed gl asswar e 
f r om t he f i xt ur e and sal vage separ at el y.   Sal vage i ncandescent ,  
mer cur y- vapor ,  and f l uor escent  l amps and f l uor escent  bal l ast s manuf act ur ed 
pr i or  t o 1978,  boxed and t agged f or  i dent i f i cat i on,  and pr ot ect ed f r om 
br eakage.

3. 1. 14. 2   El ect r i cal  Devi ces

Remove and sal vage swi t ches,  swi t chgear ,  t r ansf or mer s,  conduct or s 
i ncl udi ng wi r e and nonmet al l i c  sheat hed and f l exi bl e ar mor ed cabl e,  
r egul at or s,  met er s,  i nst r ument s,  pl at es,  c i r cui t  br eaker s,  panel boar ds,  
out l et  boxes,  and si mi l ar  i t ems.   Box and t ag t hese i t ems f or  
i dent i f i cat i on accor di ng t o t ype and si ze.

3. 1. 14. 3   Wi r i ng Duct s or  Tr oughs

Remove and sal vage wi r i ng duct s or  t r oughs.   Di smant l e pl ug- i n duct s and 
wi r i ng t r oughs i nt o uni t  l engt hs.   Remove pl ug- i n or  di sconnect i ng devi ces 
f r om t he busway and st or e separ at el y.

3. 1. 14. 4   Condui t  and Mi scel l aneous I t ems

Sal vage condui t  except  wher e embedded i n concr et e or  masonr y.   Consi der  
cor r oded,  bent ,  or  damaged condui t  as scr ap met al .   Sor t  st r ai ght  and 
undamaged l engt hs of  condui t  accor di ng t o s i ze and t ype.   Cl assi f y 
suppor t s,  knobs,  t ubes,  c l eat s,  and st r aps as debr i s t o be r emoved and 
di sposed.
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3. 1. 15   El evat or s and Hoi st s

Remove el evat or s,  hoi st s,  and si mi l ar  conveyi ng equi pment  and sal vage as 
whol e uni t s,  t o t he most  pr act i cal  ext ent .   Remove and pr epar e i t ems f or  
sal vage wi t hout  damage t o any of  t he var i ous par t s.   Sal vage and st or e 
r ai l s f or  st r uct ur al  st eel  wi t h t he equi pment  as an i nt egr al  par t  of  t he 
uni t .

3. 2   CONCURRENT EARTH- MOVI NG OPERATI ONS

Do not  begi n excavat i on,  f i l l i ng,  and ot her  ear t h- movi ng oper at i ons t hat  
ar e sequent i al  t o demol i t i on or  deconst r uct i on wor k i n ar eas occupi ed by 
st r uct ur es t o be demol i shed or  deconst r uct ed unt i l  al l  demol i t i on and 
deconst r uct i on i n t he ar ea has been compl et ed and debr i s r emoved.   Fi l l  
hol es,  open basement s and ot her  hazar dous openi ngs.

3. 3   DI SPOSI TI ON OF MATERI AL

3. 3. 1   Ti t l e t o Mat er i al s

Except  f or  sal vaged i t ems speci f i ed i n r el at ed Sect i ons,  and f or  mat er i al s 
or  equi pment  schedul ed f or  sal vage,  al l  mat er i al s and equi pment  r emoved 
and not  r eused or  sal vaged,   become t he pr oper t y of  t he Cont r act or  and 
must  be r emoved f r om Gover nment  pr oper t y.   Mat er i al s appr oved f or  st or age 
by t he Cont r act i ng Of f i cer ' s Repr esent at i ve must  be r emoved bef or e 
compl et i on of  t he cont r act .   Ti t l e t o mat er i al s r esul t i ng f r om demol i t i on 
and deconst r uct i on,  and mat er i al s and equi pment  t o be r emoved,  i s vest ed 
i n t he Cont r act or  upon appr oval  by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   
The Gover nment  wi l l  not  be r esponsi bl e f or  t he condi t i on or  l oss of ,  or  
damage t o,  such pr oper t y af t er  cont r act  awar d.   Showi ng f or  sal e or  
sel l i ng mat er i al s and equi pment  on si t e i s pr ohi bi t ed.

3. 3. 2   Di sposal  of  Ozone Depl et i ng Subst ance ( ODS)

Cl ass I  and Cl ass I I  ODS ar e def i ned i n Sect i on,  602( a)  and ( b) ,  of  The 
Cl ean Ai r  Act .   Pr event  di schar ge of  Cl ass I  and Cl ass I I  ODS t o t he 
at mospher e.   Pl ace r ecover ed ODS i n cyl i nder s meet i ng AHRI  Gui del i ne K 
sui t abl e f or  t he t ype ODS ( f i l l ed t o no mor e t han 80 per cent  capaci t y)  and 
pr ovi de appr opr i at e l abel i ng.   Recover ed ODS must  be Remove r ecover ed ODS 
f r om Gover nment  pr oper t y and di spose of  i n accor dance wi t h 40 CFR 82.   
Di spose pr oduct s,  equi pment  and appl i ances cont ai ni ng ODS i n a seal ed,  
sel f - cont ai ned syst em ( e. g.  r esi dent i al  r ef r i ger at or s and wi ndow ai r  
condi t i oner s)  i n accor dance wi t h 40 CFR 82.   Submi t  Recei pt s or  bi l l s  of  
l adi ng,  as speci f i ed.   Submi t  a shi ppi ng r ecei pt  or  bi l l  of  l adi ng f or  al l  
cont ai ner s of  ozone depl et i ng subst ance ( ODS)  shi pped t o t he Def ense 
Depot ,  Ri chmond,  Vi r gi ni a.

3. 3. 2. 1   Speci al  I nst r uct i ons

No mor e t han one t ype of  ODS i s per mi t t ed i n each cont ai ner .   Appl y a 
war ni ng/ hazar dous l abel  t o t he cont ai ner s i n accor dance wi t h Depar t ment  of  
Tr anspor t at i on r egul at i ons.   Pr ovi de a t ag wi t h t he f ol l owi ng i nf or mat i on 
on al l  cyl i nder s i ncl udi ng but  not  l i mi t ed t o f i r e ext i ngui sher s,  spher es,  
or  cani st er s cont ai ni ng an ODS:

a.   Act i v i t y name and uni t  i dent i f i cat i on code

b.   Act i v i t y poi nt  of  cont act  and phone number
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c.   Type of  ODS and pounds of  ODS cont ai ned

d.   Dat e of  shi pment

e.   Nat i onal  st ock number  ( f or  i nf or mat i on,  cal l  ( 804)  279- 4525) .

3. 3. 2. 2   Fi r e Suppr essi on Cont ai ner s

Deact i vat e f i r e suppr essi on syst em cyl i nder s and cani st er s wi t h el ect r i cal  
char ges or  i ni t i at or s pr i or  t o shi pment .   Al so,  saf et y caps must  be used 
t o cover  exposed act uat i on mechani sms and di schar ge por t s on t hese speci al  
cyl i nder s.

3. 3. 3   Tr anspor t at i on Gui dance

Shi p al l  ODS cont ai ner s i n accor dance wi t h MI L- STD- 129,  DLA 4145. 25 ( al so 
r ef er enced one of  t he f ol l owi ng:   Ar my Regul at i on 700- 68,  Naval  Suppl y 
I nst r uct i on 4440. 128C,  Mar i ne Cor ps Or der  10330. 2C,  and Ai r  For ce 
Regul at i on 67- 12) ,  49 CFR 173. 301,  and DOD 4000. 25- 1- M.

3. 4   CLEANUP

Remove debr i s and r ubbi sh f r om pr oj ect  s i t e and si mi l ar  excavat i ons.   
Remove and t r anspor t  t he debr i s i n a manner  t hat  pr event s spi l l age on 
st r eet s or  adj acent  ar eas.   Appl y l ocal  r egul at i ons r egar di ng haul i ng and 
di sposal .

3. 5   DI SPOSAL OF REMOVED MATERI ALS

3. 5. 1   Regul at i on of  Removed Mat er i al s

Di spose of  debr i s,  r ubbi sh,  scr ap,  and ot her  nonsal vageabl e mat er i al s 
r esul t i ng f r om r emoval  oper at i ons wi t h al l  appl i cabl e f eder al ,  st at e and 
l ocal  r egul at i ons as cont r act ual l y speci f i ed i n t he Wast e Management  Pl an .   
St or age of  r emoved mat er i al s on t he pr oj ect  s i t e i s pr ohi bi t ed.

3. 5. 2   Bur ni ng on Gover nment  Pr oper t y

Bur ni ng of  mat er i al s r emoved f r om demol i shed and deconst r uct ed st r uct ur es 
wi l l  not  be per mi t t ed on Gover nment  pr oper t y .

3. 5. 3   Removal  t o Spoi l  Ar eas on Gover nment  Pr oper t y

Tr anspor t  noncombust i bl e mat er i al s r emoved f r om demol i t i on and 
deconst r uct i on st r uct ur es t o desi gnat ed spoi l  ar eas on Gover nment  pr oper t y.

3. 5. 4   Removal  f r om Gover nment  Pr oper t y

Tr anspor t  wast e mat er i al s r emoved f r om demol i shed and deconst r uct ed 
st r uct ur es,  except  wast e soi l ,  f r om Gover nment  pr oper t y f or  l egal  
di sposal .   Di spose of  wast e soi l  as di r ect ed .

3. 6   REUSE OF SALVAGED I TEMS

Recondi t i on sal vaged mat er i al s and equi pment  desi gnat ed f or  r euse bef or e 
i nst al l at i on.   Repl ace i t ems damaged dur i ng r emoval  and sal vage oper at i ons 
or  r est or e t hem as necessar y t o usabl e condi t i on.

       - -  End of  Sect i on - -
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SECTI ON 02 82 00

ASBESTOS REMEDI ATI ON
11/ 18,  CHG 1:  11/ 19

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN SOCI ETY OF SAFETY PROFESSI ONALS ( ASSP)

ASSP Z9. 2 ( 2018)  Fundament al s Gover ni ng t he Desi gn 
and Oper at i on of  Local  Exhaust  Vent i l at i on 
Syst ems

ASTM I NTERNATI ONAL ( ASTM)

ASTM D4397 ( 2016)  St andar d Speci f i cat i on f or  
Pol yet hyl ene Sheet i ng f or  Const r uct i on,  
I ndust r i al ,  and Agr i cul t ur al  Appl i cat i ons

ASTM E1368 ( 2014)  Vi sual  I nspect i on of  Asbest os 
Abat ement  Pr oj ect s

COMPRESSED GAS ASSOCI ATI ON ( CGA)

CGA G- 7 ( 2014)  Compr essed Ai r  f or  Human 
Respi r at i on;  6t h Edi t i on

I NTERNATI ONAL SAFETY EQUI PMENT ASSOCI ATI ON ( I SEA)

ANSI / I SEA Z87. 1 ( 2020)  Occupat i onal  and Educat i onal  
Per sonal  Eye and Face Pr ot ect i on Devi ces

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 701 ( 2023;  ERTA 1 2023)  St andar d Met hods of  
Fi r e Test s f or  Fl ame Pr opagat i on of  
Text i l es and Fi l ms

NATI ONAL I NSTI TUTE FOR OCCUPATI ONAL SAFETY AND HEALTH ( NI OSH)

NI OSH NMAM ( 2016;  5t h Ed)  NI OSH Manual  of  Anal yt i cal  
Met hods

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

EM 385- 1- 1 ( 2014)  Saf et y - -  Saf et y and Heal t h 
Requi r ement s Manual

U. S.  ENVI RONMENTAL PROTECTI ON AGENCY ( EPA)

EPA 340/ 1- 90/ 018 ( 1990)  Asbest os/ NESHAP Regul at ed Asbest os 
Cont ai ni ng Mat er i al s Gui dance
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U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 147 The Cont r ol  of  Hazar dous Ener gy ( Lock 
Out / Tag Out )

29 CFR 1926. 51 Sani t at i on

29 CFR 1926. 59 Hazar d Communi cat i on

29 CFR 1926. 103 Respi r at or y Pr ot ect i on

29 CFR 1926. 200 Acci dent  Pr event i on Si gns and Tags

29 CFR 1926. 1101 Asbest os

40 CFR 61- SUBPART A Gener al  Pr ovi s i ons

40 CFR 61- SUBPART M Nat i onal  Emi ssi on St andar d f or  Asbest os

40 CFR 763 Asbest os

42 CFR 84 Appr oval  of  Respi r at or y Pr ot ect i ve Devi ces

49 CFR 107 Hazar dous Mat er i al s Pr ogr am Pr ocedur es

49 CFR 171 Gener al  I nf or mat i on,  Regul at i ons,  and 
Def i ni t i ons

49 CFR 172 Hazar dous Mat er i al s Tabl e,  Speci al  
Pr ovi s i ons,  Hazar dous Mat er i al s 
Communi cat i ons,  Emer gency Response 
I nf or mat i on,  and Tr ai ni ng Requi r ement s

49 CFR 173 Shi pper s -  Gener al  Requi r ement s f or  
Shi pment s and Packagi ngs

U. S.  NAVAL FACI LI TI ES ENGI NEERI NG SYSTEMS COMMAND ( NAVFAC)

ND OPNAVI NST 5100. 23 ( 2005;  Rev G)  Navy Occupat i onal  Saf et y and 
Heal t h ( NAVOSH)  Pr ogr am Manual

UNDERWRI TERS LABORATORI ES ( UL)

UL 586 ( 2009;  Repr i nt  Sep 2022)  UL St andar d f or  
Saf et y Hi gh- Ef f i c i ency Par t i cul at e,  Ai r  
Fi l t er  Uni t s

1. 2   DEFI NI TI ONS

1. 2. 1   ACM

Asbest os Cont ai ni ng Mat er i al s.

1. 2. 2   Amended Wat er

Wat er  cont ai ni ng a wet t i ng agent  or  sur f act ant  wi t h a maxi mum sur f ace 
t ensi on of  0. 00042 psi .
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1. 2. 3   Ar ea Sampl i ng

Sampl i ng of  asbest os f i ber  concent r at i ons whi ch appr oxi mat es t he 
concent r at i ons of  asbest os i n t he t heor et i cal  br eat hi ng zone but  i s not  
act ual l y col l ect ed i n t he br eat hi ng zone of  an empl oyee.

1. 2. 4   Asbest os

The t er m asbest os i ncl udes chr ysot i l e,  amosi t e,  cr oci dol i t e,  t r emol i t e 
asbest os,  ant hophyl l i t e asbest os,  and act i nol i t e asbest os and any of  t hese 
mi ner al s t hat  has been chemi cal l y t r eat ed or  al t er ed.   Mat er i al s ar e 
consi der ed t o cont ai n asbest os i f  t he asbest os cont ent  of  t he mat er i al  i s  
det er mi ned t o be at  l east  one per cent .

1. 2. 5   Asbest os Cont r ol  Ar ea

That  ar ea wher e asbest os r emoval  oper at i ons ar e per f or med whi ch i s 
i sol at ed by physi cal  boundar i es whi ch assi st  i n t he pr event i on of  t he 
uncont r ol l ed r el ease of  asbest os dust ,  f i ber s,  or  debr i s.

1. 2. 6   Asbest os Fi ber s

Those f i ber s havi ng an aspect  r at i o of  at  l east  3: 1 and l onger  t han 5 
mi cr omet er s as det er mi ned by Nat i onal  I nst i t ut e f or  Occupat i onal  Saf et y 
and Heal t h ( NI OSH)  Met hod 7400.

1. 2. 7   Asbest os Per mi ssi bl e Exposur e Li mi t

0. 1 f i ber s per  cubi c cent i met er  of  ai r  as an 8- hour  t i me wei ght ed aver age 
measur ed i n t he br eat hi ng zone as def i ned by 29 CFR 1926. 1101 or  ot her  
Feder al  l egi s l at i on havi ng l egal  j ur i sdi ct i on f or  t he pr ot ect i on of  
wor ker s heal t h.

1. 2. 8   Aut hor i zed Per son

Any per son aut hor i zed by t he Cont r act or  and r equi r ed by wor k dut i es t o be 
pr esent  i n t he r egul at ed ar eas.

1. 2. 9   Backgr ound

The ambi ent  ai r bor ne asbest os concent r at i on i n an uncont ami nat ed ar ea as 
measur ed pr i or  t o any asbest os hazar d abat ement  ef f or t s.   Backgr ound 
concent r at i ons f or  ot her  ( cont ami nat ed)  ar eas ar e measur ed i n s i mi l ar  but  
asbest os f r ee l ocat i ons.

1. 2. 10   Compet ent  Per son ( CP)

A per son meet i ng t he r equi r ement s f or  compet ent  per son as speci f i ed i n 
29 CFR 1926. 1101 i ncl udi ng a per son capabl e of  i dent i f y i ng exi st i ng 
asbest os hazar ds i n t he wor kpl ace and sel ect i ng t he appr opr i at e cont r ol  
st r at egy f or  asbest os exposur e,  who has t he aut hor i t y t o t ake pr ompt  
cor r ect i ve measur es t o el i mi nat e t hem,  and i s speci f i cal l y t r ai ned i n a 
t r ai ni ng cour se whi ch meet  t he cr i t er i a of  EPA' s Model  Accr edi t at i on Pl an (
40 CFR 763)  f or  pr oj ect  desi gner  or  super vi sor ,  or  i t s  equi val ent .   The 
compet ent  per son must  have a cur r ent  St at e of  Mi ssi ssi ppi  asbest os 
cont r act or s or  super vi sor s l i cense.
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1. 2. 11   Cont r act or

The Cont r act or  i s t hat  i ndi v i dual ,  or  ent i t y under  cont r act  t o per f or m t he 
her ei n l i s t ed wor k.

1. 2. 12   Di sposal  Bag

A 6 mi l  t hi ck,  l eak- t i ght  pl ast i c bag,  pr e- l abel ed i n accor dance wi t h 
29 CFR 1926. 1101,  used f or  t r anspor t i ng asbest os wast e f r om cont ai nment  t o 
di sposal  s i t e.

1. 2. 13   Di st ur bance

Act i v i t i es t hat  di sr upt  t he mat r i x of  ACM,  cr umbl e or  pul ver i ze ACM,  or  
gener at e v i s i bl e debr i s f r om ACM.   Di st ur bance i ncl udes cut t i ng away smal l  
amount s of  ACM,  no gr eat er  t han t he amount  whi ch can be cont ai ned i n one 
st andar d s i zed gl ovebag or  wast e bag,  not  l ar ger  t han 60 i nches i n l engt h 
and wi dt h i n or der  t o access a bui l di ng component .

1. 2. 14   Encapsul at i on

The abat ement  of  an asbest os hazar d t hr ough t he appr opr i at e use of  
chemi cal  encapsul ant s.

1. 2. 15   Encapsul ant s

Speci f i c  mat er i al s i n var i ous f or ms used t o chemi cal l y or  physi cal l y 
ent r ap asbest os f i ber s i n var i ous conf i gur at i ons t o pr event  t hese f i ber s 
f r om becomi ng ai r bor ne.   Ther e ar e f our  t ypes of  encapsul ant s as f ol l ows 
whi ch must  compl y wi t h per f or mance r equi r ement s as speci f i ed her ei n.

a.   Removal  Encapsul ant  ( can be used as a wet t i ng agent )

b.   Br i dgi ng Encapsul ant  ( used t o pr ovi de a t ough,  dur abl e sur f ace coat i ng 
t o asbest os cont ai ni ng mat er i al )

c.   Penet r at i ng Encapsul ant  ( used t o penet r at e t he asbest os cont ai ni ng 
mat er i al  encapsul at i ng al l  asbest os f i ber s and pr event i ng f i ber  
r el ease due t o r out i ne mechani cal  damage)

d.   Lock- Down Encapsul ant  ( used t o seal  of f  or  " l ock- down"  mi nut e asbest os 
f i ber s l ef t  on sur f aces f r om whi ch asbest os cont ai ni ng mat er i al  has 
been r emoved) .

1. 2. 16   Fr i abl e Asbest os Mat er i al

A t er m def i ned i n 40 CFR 61- SUBPART M and EPA 340/ 1- 90/ 018 meani ng any 
mat er i al  whi ch cont ai ns mor e t han 1 per cent  asbest os,  as det er mi ned usi ng 
t he met hod speci f i ed i n 40 CFR 763,  Pol ar i zed Li ght  Mi cr oscopy ( PLM) ,  t hat  
when dr y,  can be cr umbl ed,  pul ver i zed,  or  r educed t o powder  by hand 
pr essur e.

1. 2. 17   Gl ovebag Techni que

Those asbest os r emoval  and cont r ol  t echni ques put  f or t h i n 29 CFR 1926. 1101.

1. 2. 18   Gover nment  Consul t ant  ( GC)

That  qual i f i ed per son empl oyed di r ect l y by t he Gover nment  t o moni t or ,  
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sampl e,  i nspect  t he wor k or  i n some ot her  way advi se t he Cont r act i ng 
Of f i cer .   The GC i s nor mal l y a pr i vat e consul t ant ,  but  can be an empl oyee 
of  t he Gover nment .

1. 2. 19   HEPA Fi l t er  Equi pment

Hi gh ef f i c i ency par t i cul at e ai r  ( HEPA)  f i l t er ed vacuum and exhaust  
vent i l at i on equi pment  wi t h a f i l t er  syst em capabl e of  col l ect i ng and 
r et ai ni ng asbest os f i ber s.   Fi l t er s must  r et ai n 99. 97 per cent  of  par t i c l es 
0. 3 mi cr ons or  l ar ger  as i ndi cat ed i n UL 586.

1. 2. 20   Model  Accr edi t at i on Pl an ( MAP)

USEPA t r ai ni ng accr edi t at i on r equi r ement s f or  per sons who wor k wi t h 
asbest os as speci f i ed i n 40 CFR 763.

1. 2. 21   Negat i ve Pr essur e Encl osur e ( NPE)

That  engi neer i ng cont r ol  t echni que descr i bed as a negat i ve pr essur e 
encl osur e i n 29 CFR 1926. 1101.

1. 2. 22   NESHAP

Nat i onal  Emi ssi on St andar ds f or  Hazar dous Ai r  Pol l ut ant s.   The USEPA 
NESHAP r egul at i on f or  asbest os i s at  40 CFR 61- SUBPART M.

1. 2. 23   Nonf r i abl e Asbest os Mat er i al

Mat er i al  t hat  cont ai ns asbest os i n whi ch t he f i ber s have been i mmobi l i zed 
by a bondi ng agent ,  coat i ng,  bi nder ,  or  ot her  mat er i al  so t hat  t he 
asbest os i s wel l  bound and wi l l  not  nor mal l y r el ease asbest os f i ber s 
dur i ng any appr opr i at e use,  handl i ng,  st or age or  t r anspor t at i on.   I t  i s  
under st ood t hat  asbest os f i ber s may be r el eased under  ot her  condi t i ons 
such as demol i t i on,  r emoval ,  or  mi shap.

1. 2. 24   Per mi ssi bl e Exposur e Li mi t s ( PELs)

1. 2. 24. 1   PEL- Ti me Wei ght ed Aver age( TWA)

Concent r at i on of  asbest os not  i n excess of  0. 1 f i ber s per  cubi c cent i met er  
of  ai r  ( f / cc)  as an 8- hour  t i me wei ght ed aver age ( TWA) .

1. 2. 24. 2   PEL- Excur si on Li mi t

An ai r bor ne concent r at i on of  asbest os not  i n excess of  1. 0 f / cc of  ai r  as 
aver aged over  a sampl i ng per i od of  30 mi nut es.

1. 2. 25   Per sonal  Sampl i ng

Ai r  sampl i ng whi ch i s per f or med t o det er mi ne asbest os f i ber  concent r at i ons 
wi t hi n t he br eat hi ng zone of  a speci f i c  empl oyee,  as per f or med i n 
accor dance wi t h 29 CFR 1926. 1101.

1. 2. 26   Pr i vat e Qual i f i ed Per son ( PQP)

That  qual i f i ed per son hi r ed by t he Cont r act or  t o per f or m t he her ei n l i s t ed 
t asks.
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1. 2. 27   Qual i f i ed Per son ( QP)

A Regi st er ed Ar chi t ect ,  Pr of essi onal  Engi neer ,  Cer t i f i ed I ndust r i al  
Hygi eni st ,  consul t ant  or  ot her  qual i f i ed per son who has successf ul l y 
compl et ed t r ai ni ng and i s t her ef or e accr edi t ed under  a l egi t i mat e St at e 
Model  Accr edi t at i on Pl an as descr i bed i n 40 CFR 763 as a Bui l di ng 
I nspect or ,  Cont r act or / Super vi sor  Abat ement  Wor ker ,  and Asbest os Pr oj ect  
Desi gner ;  and has successf ul l y compl et ed t he Nat i onal  I nst i t ut e of  
Occupat i onal  Saf et y and Heal t h ( NI OSH)  582 cour se " Sampl i ng and Eval uat i ng 
Ai r bor ne Asbest os Dust "  or  equi val ent .   The QP must  be qual i f i ed t o 
per f or m vi sual  i nspect i ons as i ndi cat ed i n ASTM E1368.   The QP must  be 
appr opr i at el y l i censed i n t he St at e of  Mi ssi ssi ppi .

1. 2. 28   TEM

Ref er s t o Tr ansmi ssi on El ect r on Mi cr oscopy.

1. 2. 29   Ti me Wei ght ed Aver age ( TWA)

The TWA i s an 8- hour  t i me wei ght ed aver age ai r bor ne concent r at i on of  
asbest os f i ber s.

1. 2. 30   Tr ansi t e

A gener i c name f or  asbest os cement  wal l boar d and pi pe.

1. 2. 31   Wet t i ng Agent

A chemi cal  added t o wat er  t o r educe t he wat er ' s sur f ace t ensi on t her eby 
i ncr easi ng t he wat er ' s abi l i t y  t o soak i nt o t he mat er i al  t o whi ch i t  i s  
appl i ed.   An equi val ent  wet t i ng agent  must  have a sur f ace t ensi on of  at  
most  0. 00042 psi .

1. 2. 32   Wor ker

I ndi v i dual  ( not  desi gnat ed as t he Compet ent  Per son or  a super vi sor )  who 
per f or ms asbest os wor k and has compl et ed asbest os wor ker  t r ai ni ng r equi r ed 
by 29 CFR 1926. 1101,  t o i ncl ude EPA Model  Accr edi t at i on Pl an ( MAP)  
" Wor ker "  t r ai ni ng;  accr edi t at i on,  i f  r equi r ed by t he OSHA Cl ass of  wor k t o 
be per f or med or  by t he st at e wher e t he wor k i s t o be per f or med.   The 
wor ker  must  be appr opr i at el y l i censed i n t he St at e of  Mi ssi ssi ppi .

1. 3   REQUI REMENTS

1. 3. 1   Descr i pt i on of  Wor k

The wor k cover ed by t hi s sect i on i ncl udes t he handl i ng and cont r ol  of  
asbest os cont ai ni ng mat er i al s and descr i bes some of  t he r esul t ant  
pr ocedur es and equi pment  r equi r ed t o pr ot ect  wor ker s,  t he envi r onment  and 
occupant s of  t he bui l di ng or  ar ea,  or  bot h,  f r om cont act  wi t h ai r bor ne 
asbest os f i ber s.   The wor k al so i ncl udes t he di sposal  of  any asbest os 
cont ai ni ng mat er i al s gener at ed by t he wor k.   Mor e speci f i c  oper at i onal  
pr ocedur es must  be out l i ned i n t he Asbest os Hazar d Abat ement  Pl an cal l ed 
f or  el sewher e i n t hi s speci f i cat i on.   The asbest os wor k i ncl udes t he 
demol i t i on and r emoval  of  t he bot t om l ayer  of  v i nyl  composi t e t i l e and 
mast i c f or  f l oor i ng l ocat ed i n t he of f i ce space of  Bui l di ng 452 as wel l  as 
t he ent i r e r oof  of  t he bui l di ng.  Pr ovi de t ypi cal  t echni ques as out l i ned i n 
t hi s speci f i cat i on.   The bui l di ng wi l l  be evacuat ed dur i ng t he asbest os 
abat ement  wor k.    A compet ent  per son must  super vi se asbest os r emoval  wor k 
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as speci f i ed her ei n.

1. 3. 1. 1   Wal l boar d/ Joi nt  Compound

Bot h composi t e sampl es of  t he wal l boar d and di scr et e sampl es of  t he 
component s ( wal l boar d and j oi nt  compound)  have been t est ed and r esul t s ar e 
at t ached.

1. 3. 2   Unexpect ed Di scover y of  Asbest os

Not i f y t he Cont r act i ng Of f i cer  i f  any pr evi ousl y unt est ed bui l di ng 
component s suspect ed t o cont ai n asbest os ar e i mpact ed by t he wor k.

1. 3. 3   Medi cal  Requi r ement s

Pr ovi de medi cal  r equi r ement s i ncl udi ng but  not  l i mi t ed t o medi cal  
sur vei l l ance and medi cal  r ecor d keepi ng as l i s t ed i n 29 CFR 1926. 1101.

1. 3. 3. 1   Medi cal  Exami nat i ons

Bef or e exposur e t o ai r bor ne asbest os f i ber s,  pr ovi de wor ker s wi t h a 
compr ehensi ve medi cal  exami nat i on as r equi r ed by 29 CFR 1926. 1101 or  ot her  
per t i nent  St at e or  l ocal  di r ect i ves.   Thi s r equi r ement  must  have been 
sat i sf i ed wi t hi n t he 12 mont hs pr i or  t o t he st ar t  of  wor k on t hi s 
cont r act .   The same medi cal  exami nat i on must  be gi ven on an annual  basi s 
t o empl oyees engaged i n an occupat i on i nvol v i ng asbest os and wi t hi n 30 
cal endar  days bef or e or  af t er  t he t er mi nat i on of  empl oyment  i n such 
occupat i on.   Speci f i cal l y i dent i f y x- r ay f i l ms of  asbest os wor ker s t o t he 
consul t i ng r adi ol ogi st  and mar k medi cal  r ecor d j acket s wi t h t he wor d 
" ASBESTOS. "

1. 3. 3. 2   Medi cal  Recor ds

Mai nt ai n compl et e and accur at e r ecor ds of  empl oyees'  medi cal  exami nat i ons,  
medi cal  r ecor ds,  and exposur e dat a f or  a per i od of  50 year s af t er  
t er mi nat i on of  empl oyment  and make r ecor ds of  t he r equi r ed medi cal  
exami nat i ons and exposur e dat a avai l abl e f or  i nspect i on and copyi ng t o:   
The Assi st ant  Secr et ar y of  Labor  f or  Occupat i onal  Saf et y and Heal t h 
( OSHA) ,  or  aut hor i zed r epr esent at i ves of  t hem,  and an empl oyee' s physi c i an 
upon t he r equest  of  t he empl oyee or  f or mer  empl oyee.

1. 3. 4   Empl oyee Tr ai ni ng

Submi t  cer t i f i cat es,  pr i or  t o t he st ar t  of  wor k but  af t er  t he mai n 
abat ement  submi t t al ,  s i gned by each empl oyee i ndi cat i ng t hat  t he empl oyee 
has r ecei ved t r ai ni ng i n t he pr oper  handl i ng of  mat er i al s and wast es t hat  
cont ai n asbest os i n accor dance wi t h 40 CFR 763;  under st ands t he heal t h 
i mpl i cat i ons and r i sks i nvol ved,  i ncl udi ng t he i l l nesses possi bl e f r om 
exposur e t o ai r bor ne asbest os f i ber s;  under st ands t he use and l i mi t s of  
t he r espi r at or y equi pment  t o be used;  and under st ands t he r esul t s of  
moni t or i ng of  ai r bor ne quant i t i es of  asbest os as r el at ed t o heal t h and 
r espi r at or y equi pment  as i ndi cat ed i n 29 CFR 1926. 1101 on an i ni t i al  and 
annual  basi s.   Or gani ze cer t i f i cat es by i ndi v i dual  wor ker ,  not  gr ouped by 
t ype of  cer t i f i cat i on.  Post  appr opr i at e evi dence of  compl i ance wi t h t he 
t r ai ni ng r equi r ement s of  40 CFR 763.  Tr ai n per sonnel  i nvol ved i n t he 
asbest os cont r ol  wor k i n accor dance wi t h Uni t ed St at es Envi r onment al  
Pr ot ect i on Agency ( USEPA)  Asbest os Hazar d Emer gency Response Act  ( AHERA)  
t r ai ni ng cr i t er i a or  St at e t r ai ni ng cr i t er i a whi chever  i s mor e st r i ngent .   
Document  t he t r ai ni ng by pr ovi di ng:   dat es of  t r ai ni ng,  t r ai ni ng ent i t y,  

SECTI ON 02 82 00  Page 7



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

cour se out l i ne,  names of  i nst r uct or s,  and qual i f i cat i ons of  i nst r uct or s 
upon r equest  by t he Cont r act i ng Of f i cer .   Fur ni sh each empl oyee wi t h 
r espi r at or  t r ai ni ng and f i t  t est i ng admi ni st er ed by t he PQP as r equi r ed by 
29 CFR 1926. 1101 and 29 CFR 1926. 103.   Ful l y cover  engi neer i ng and ot her  
hazar d cont r ol  t echni ques and pr ocedur es.   Asbest os wor ker s must  have a 
cur r ent  St at e of  Mi ssi ssi ppi  asbest os wor ker ' s l i cense.

1. 3. 5   Per mi t s,  Li censes,  and Not i f i cat i ons

Pr i or  t o t he st ar t  of  wor k,  obt ai n necessar y per mi t s and l i censes i n 
conj unct i on wi t h asbest os r emoval ,  encapsul at i on,  haul i ng,  and 
di sposi t i on,  and f ur ni sh not i f i cat i on of  such act i ons r equi r ed by Feder al ,  
St at e,  r egi onal ,  and l ocal  aut hor i t i es.   Not i f y t he Mi ssi ssi ppi  Depar t ment  
of  Envi r onment al  Qual i t y and/ or  l ocal  ai r  pol l ut i on cont r ol  di st r i ct / agency
 and t he Cont r act i ng Of f i cer  i n wr i t i ng 10 wor ki ng days pr i or  t o 
commencement  of  wor k i n accor dance wi t h 40 CFR 61- SUBPART M and t he St at e 
of  Mi ssi ssi ppi  asbest os abat ement  not i f i cat i on r equi r ement s.   Not i f y t he 
Cont r act i ng Of f i cer  and ot her  appr opr i at e Gover nment  agenci es i n wr i t i ng 
20 wor ki ng days pr i or  t o t he st ar t  of  asbest os wor k as i ndi cat ed i n 
appl i cabl e l aws,  or di nances,  cr i t er i a,  r ul es,  and r egul at i ons.   Submi t  
copi es of  al l  Not i f i cat i ons t o t he Cont r act i ng Of f i cer .

1. 3. 6   Envi r onment ,  Saf et y and Heal t h Compl i ance

I n addi t i on t o det ai l ed r equi r ement s of  t hi s speci f i cat i on,  compl y wi t h 
t hose appl i cabl e l aws,  or di nances,  cr i t er i a,  r ul es,  and r egul at i ons of  
Feder al ,  St at e,  r egi onal ,  and l ocal  aut hor i t i es r egar di ng handl i ng,  
st or i ng,  t r anspor t i ng,  and di sposi ng of  asbest os wast e mat er i al s.   Compl y 
wi t h t he appl i cabl e r equi r ement s of  t he cur r ent  i ssue of  EM 385- 1- 1,  
29 CFR 1926. 1101,  40 CFR 61- SUBPART A,  40 CFR 61- SUBPART M,  40 CFR 763 and 
ND OPNAVI NST 5100. 23.   Submi t  mat t er s of  i nt er pr et at i on of  st andar ds t o 
t he appr opr i at e admi ni st r at i ve agency f or  r esol ut i on bef or e st ar t i ng t he 
wor k.   Wher e t he r equi r ement s of  t hi s speci f i cat i on,  appl i cabl e l aws,  
r ul es,  cr i t er i a,  or di nances,  r egul at i ons,  and r ef er enced document s var y,  
t he most  st r i ngent  r equi r ement  as def i ned by t he Gover nment  appl y.   The 
f ol l owi ng l aws,  or di nances,  cr i t er i a,  r ul es and r egul at i ons r egar di ng 
r emoval ,  handl i ng,  st or i ng,  t r anspor t i ng and di sposi ng of  asbest os 
mat er i al s appl y:

a.   40 CFR Sect i on 61. 140 t hr ough 61. 160.

1. 3. 7   Respi r at or y Pr ot ect i on Pr ogr am

Est abl i sh and i mpl ement  a r espi r at or  pr ogr am as r equi r ed by 
29 CFR 1926. 1101,  and 29 CFR 1926. 103.   Submi t  a wr i t t en descr i pt i on of  
t he pr ogr am t o t he Cont r act i ng Of f i cer .   Submi t  a wr i t t en pr ogr am manual  
or  oper at i ng pr ocedur e i ncl udi ng met hods of  compl i ance wi t h r egul at or y 
st at ut es.

1. 3. 7. 1   Respi r at or  Pr ogr am Recor ds

Submi t  r ecor ds of  t he r espi r at or  pr ogr am as r equi r ed by 29 CFR 1926. 103,  
and 29 CFR 1926. 1101.

1. 3. 7. 2   Respi r at or  Fi t  Test i ng

The Cont r act or ' s PQP  must  conduct  a qual i t at i ve or  quant i t at i ve f i t  t est  
conf or mi ng t o 29 CFR 1926. 103 f or  each wor ker  r equi r ed t o wear  a 
r espi r at or ,  and any aut hor i zed vi s i t or s who ent er  a r egul at ed ar ea wher e 
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r espi r at or s ar e r equi r ed t o be wor n.   A r espi r at or  f i t  t est  must  be 
per f or med pr i or  t o i ni t i al l y  wear i ng a r espi r at or  and ever y 12 mont hs 
t her eaf t er .   I f  physi cal  changes devel op t hat  wi l l  af f ect  t he f i t ,  a new 
f i t  t est  must  be per f or med.   Funct i onal  f i t  checks must  be per f or med each 
t i me a r espi r at or  i s put  on and i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i on.

1. 3. 7. 3   Respi r at or  Sel ect i on and Use Requi r ement s

Pr ovi de r espi r at or s,  and ensur e t hat  t hey ar e used as r equi r ed by 
29 CFR 1926. 1101 and i n accor dance wi t h CGA G- 7 and t he manuf act ur er ' s 
r ecommendat i ons.   Respi r at or s must  be appr oved by t he Nat i onal  I nst i t ut e 
f or  Occupat i onal  Saf et y and Heal t h NI OSH,  under  t he pr ovi s i ons of  42 CFR 84,  
f or  use i n envi r onment s cont ai ni ng ai r bor ne asbest os f i ber s.   For  
ai r - pur i f y i ng r espi r at or s,  t he par t i cul at e f i l t er  must  be hi gh- ef f i c i ency 
par t i cul at e ai r  ( HEPA) / ( N- , R- , P- 100) .   The i ni t i al  r espi r at or  sel ect i on 
and t he deci s i ons r egar di ng t he upgr adi ng or  downgr adi ng of  r espi r at or  
t ype must  be made by t he Cont r act or ' s Desi gnat ed I H based on t he measur ed 
or  ant i c i pat ed ai r bor ne asbest os f i ber  concent r at i ons t o be encount er ed.

1. 3. 8   Asbest os Hazar d Cont r ol  Super vi sor

The Cont r act or  must  be r epr esent ed on si t e by a super vi sor ,  t r ai ned usi ng 
t he model  Cont r act or  accr edi t at i on pl an as i ndi cat ed i n t he Feder al  
st at ut es f or  al l  por t i ons of  t he her ei n l i s t ed wor k.

1. 3. 9   Hazar d Communi cat i on

Adher e t o al l  par t s of  29 CFR 1926. 59 and pr ovi de t he Cont r act i ng Of f i cer  
wi t h a copy of  t he Saf et y Dat a Sheet s ( SDS)  f or  al l  mat er i al s br ought  t o 
t he s i t e.

1. 3. 10   Asbest os Hazar d Abat ement  Pl an

Submi t  a det ai l ed pl an of  t he saf et y pr ecaut i ons such as l ockout ,  t agout ,  
t r yout ,  f al l  pr ot ect i on,  and conf i ned space ent r y pr ocedur es and equi pment  
and wor k pr ocedur es t o be used i n t he r emoval  and demol i t i on of  mat er i al s 
cont ai ni ng asbest os.   The pl an,  not  t o be combi ned wi t h ot her  hazar d 
abat ement  pl ans,  must  be pr epar ed,  s i gned,  and seal ed by t he PQP.   Pr ovi de 
a Tabl e of  Cont ent s f or  each abat ement  submi t t al ,  whi ch f ol l ows t he 
sequence of  r equi r ement s i n t he cont r act .   The pl an must  i ncl ude but  not  
be l i mi t ed t o t he pr eci se per sonal  pr ot ect i ve equi pment  t o be used 
i ncl udi ng,  but  not  l i mi t ed t o,  r espi r at or y pr ot ect i on,  t ype of  whol e- body 
pr ot ect i on and i f  r eusabl e cover al l s ar e t o be empl oyed decont ami nat i on 
met hods ( oper at i ons and qual i t y cont r ol  pl an) ,  t he l ocat i on of  asbest os 
cont r ol  ar eas i ncl udi ng cl ean and di r t y ar eas,  buf f er  zones,  shower s,  
st or age ar eas,  change r ooms,  r emoval  met hod,  i nt er f ace of  t r ades i nvol ved 
i n t he const r uct i on,  sequenci ng of  asbest os r el at ed wor k,  di sposal  pl an,  
t ype of  wet t i ng agent  and asbest os seal er  t o be used,  l ocat i ons of  l ocal  
exhaust  equi pment ,  pl anned ai r  moni t or i ng st r at egi es,  and a det ai l ed 
descr i pt i on of  t he met hod t o be empl oyed i n or der  t o cont r ol  envi r onment al  
pol l ut i on.   The pl an must  al so i ncl ude ( bot h f i r e and medi cal  emer gency)  
r esponse pl ans and an Act i v i t y Hazar d Anal yses ( AHAs)  i n accor dance wi t h 
EM 385- 1- 1.   The Asbest os Hazar d Abat ement  Pl an must  be appr oved i n 
wr i t i ng pr i or  t o st ar t i ng any asbest os wor k.   The Cont r act or ,  Asbest os 
Hazar d Cont r ol  Super vi sor , ,  CP and PQP must  meet  wi t h t he Cont r act i ng 
Of f i cer  pr i or  t o begi nni ng wor k,  t o di scuss i n det ai l  t he Asbest os Hazar d 
Abat ement  Pl an,  i ncl udi ng wor k pr ocedur es and saf et y pr ecaut i ons.   Once 
appr oved by t he Cont r act i ng Of f i cer ,  t he pl an wi l l  be enf or ced as i f  an 
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addi t i on t o t he speci f i cat i on.   Any changes r equi r ed i n t he speci f i cat i on 
as a r esul t  of  t he pl an must  be i dent i f i ed speci f i cal l y i n t he pl an t o 
al l ow f or  f r ee di scussi on and appr oval  by t he Cont r act i ng Of f i cer  pr i or  t o 
st ar t i ng wor k.

1. 3. 11   Test i ng Labor at or y

Submi t  t he name,  addr ess,  and t el ephone number  of  each t est i ng l abor at or y 
sel ect ed f or  t he anal ysi s and r epor t i ng of  ai r bor ne concent r at i ons of  
asbest os f i ber s al ong wi t h cer t i f i cat i on t hat  each l abor at or y i s Amer i can 
I ndust r i al  Hygi ene Associ at i on ( AI HA)  accr edi t ed and t hat  per sons count i ng 
t he sampl es have been j udged pr of i c i ent  by cur r ent  i ncl usi on on t he AI HA 
Asbest os Anal ysi s Regi st r y ( AAR)  and successf ul  par t i c i pat i on of  t he 
l abor at or y i n t he Pr of i c i ency Anal yt i cal  Test i ng ( PAT)  Pr ogr am.   Wher e 
anal ysi s t o det er mi ne asbest os cont ent  i n bul k mat er i al s or  t r ansmi ssi on 
el ect r on mi cr oscopy i s r equi r ed,  submi t  evi dence t hat  t he l abor at or y i s 
accr edi t ed by t he Nat i onal  I nst i t ut e of  Sci ence and Technol ogy ( NI ST)  
under  Nat i onal  Vol unt ar y Labor at or y Accr edi t at i on Pr ogr am ( NVLAP)  f or  
asbest os anal ysi s.   The t est i ng l abor at or y f i r m must  be i ndependent  of  t he 
asbest os cont r act or  and must  have no empl oyee or  empl oyer  r el at i onshi p 
whi ch coul d const i t ut e a conf l i c t  of  i nt er est .

1. 3. 12   Landf i l l  Appr oval

Submi t  wr i t t en evi dence t hat  t he l andf i l l  i s  appr oved f or  asbest os 
di sposal  by t he U. S.  Envi r onment al  Pr ot ect i on Agency,  Regi on 4,  Ai r  
Enf or cement  Sect i on ,  and l ocal  r egul at or y agenci es.   Wi t hi n t hr ee wor ki ng 
days af t er  del i ver y,  submi t  det ai l ed del i ver y t i cket s,  pr epar ed,  s i gned,  
and dat ed by an agent  of  t he l andf i l l ,  cer t i f y i ng t he amount  of  asbest os 
mat er i al s del i ver ed t o t he l andf i l l .   Submi t  a copy of  t he wast e shi pment  
r ecor ds wi t hi n one day of  t he shi pment  l eavi ng t he pr oj ect  s i t e.

1. 3. 13   Tr anspor t er  Cer t i f i cat i on

Submi t  wr i t t en evi dence t hat  t he t r anspor t er  i s appr oved t o t r anspor t  
asbest os wast e i n accor dance wi t h t he DOT r equi r ement s of  49 CFR 171,  
49 CFR 172 and 49 CFR 173 as wel l  as r egi st r at i on r equi r ement s of  
49 CFR 107 and al l  ot her  St at e and l ocal  r egul at or y agency r equi r ement s.

1. 3. 14   Medi cal  Cer t i f i cat i on

Pr ovi de a wr i t t en cer t i f i cat i on f or  each wor ker  and super vi sor ,  s i gned by 
a l i censed physi c i an i ndi cat i ng t hat  t he wor ker  and super vi sor  has met  or  
exceeded al l  of  t he medi cal  pr er equi s i t es l i s t ed her ei n and i n 
29 CFR 1926. 1101 and 29 CFR 1926. 103 as pr escr i bed by l aw.   Submi t  
cer t i f i cat es pr i or  t o t he st ar t  of  wor k but  af t er  t he mai n abat ement  
submi t t al .

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a
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Amended Wat er ;  G

Saf et y Dat a Sheet s ( SDS)  f or  Al l  Mat er i al s;  G

Respi r at or s;  G

Vacuums;  G

Gl ovebags;  G

SD- 06 Test  Repor t s

Ai r  Sampl i ng Resul t s;  G

Cl ear ance Sampl i ng;  G

Asbest os Di sposal  Quant i t y Repor t ;  G

SD- 07 Cer t i f i cat es

Empl oyee Tr ai ni ng;  G

Not i f i cat i ons;  G

Respi r at or y Pr ot ect i on Pr ogr am;  G

Asbest os Hazar d Abat ement  Pl an;  G

Test i ng Labor at or y;  G

Landf i l l  Appr oval ;  G

Del i ver y Ti cket s;  G

Wast e Shi pment  Recor ds;  G

Tr anspor t er  Cer t i f i cat i on;  G

Medi cal  Cer t i f i cat i on;  G

Pr i vat e Qual i f i ed Per son Document at i on;  G

Desi gnat ed Compet ent  Per son;  G

Wor ker ' s Li cense;  G

Cont r act or ' s Li cense;  G

Feder al ,  St at e or  Local  Ci t at i ons on Pr evi ous Pr oj ect s;  G

Equi pment  Used t o Cont ai n Ai r bor ne Asbest os Fi ber s;  G

Wat er  Fi l t r at i on Equi pment ;  G

Vacuums;  G
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Vent i l at i on Syst ems;  G

SD- 11 Cl oseout  Submi t t al s

Per mi t s and Li censes;  G

Not i f i cat i ons;  G

Respi r at or  Pr ogr am Recor ds;  G

Pr ot ect i ve Cl ot hi ng Decont ami nat i on Qual i t y Cont r ol  Recor ds;  G

Pr ot ect i ve Cl ot hi ng Decont ami nat i on Faci l i t y  Not i f i cat i on;  G

Rent al  Equi pment ;  G

1. 5   QUALI TY ASSURANCE

1. 5. 1   Pr i vat e Qual i f i ed Per son Document at i on
Submi t  t he name,  addr ess,  and t el ephone number  of  t he Pr i vat e Qual i f i ed 
Per son ( PQP)  sel ect ed t o pr epar e t he Asbest os Hazar d Abat ement  Pl an,  
di r ect  moni t or i ng and t r ai ni ng,  and document ed evi dence t hat  t he PQP has 
successf ul l y compl et ed t r ai ni ng i n and i s accr edi t ed and wher e r equi r ed i s 
cer t i f i ed as,  a Bui l di ng I nspect or ,  Cont r act or / Super vi sor  Abat ement  
Wor ker ,  and Asbest os Pr oj ect  Desi gner  as descr i bed by 40 CFR 763 and has 
successf ul l y compl et ed t he Nat i onal  I nst i t ut e of  Occupat i onal  Saf et y and 
Heal t h ( NI OSH)  582 cour se " Sampl i ng and Eval uat i ng Ai r bor ne Asbest os Dust "  
or  equi val ent .   The PQP must  be appr opr i at el y l i censed i n t he St at e of  
Mi ssi ssi ppi  as a Pr oj ect  Moni t or .   The PQP and t he asbest os cont r act or  
must  not  have an empl oyee/ empl oyer  r el at i onshi p or  f i nanci al  r el at i onshi p 
whi ch coul d const i t ut e a conf l i c t  of  i nt er est .   The PQP must  be a f i r st  
t i er  subcont r act or .

1. 5. 2   Desi gnat ed Compet ent  Per son Document at i on

The Desi gnat ed Compet ent  Per son must  be exper i enced i n t he admi ni st r at i on 
and super vi s i on of  asbest os abat ement  pr oj ect s i ncl udi ng exposur e 
assessment  and moni t or i ng,  wor k pr act i ces,  abat ement  met hods,  pr ot ect i ve 
measur es f or  per sonnel ,  set t i ng up and i nspect i ng asbest os abat ement  wor k 
ar eas,  eval uat i ng t he i nt egr i t y of  cont ai nment  bar r i er s,  pl acement  and 
oper at i on of  l ocal  exhaust  syst ems,  ACM gener at ed wast e cont ai nment  and 
di sposal  pr ocedur es,  decont ami nat i on uni t s i nst al l at i on and mai nt enance 
r equi r ement s,  s i t e saf et y and heal t h r equi r ement s,  not i f i cat i on of  ot her  
empl oyees onsi t e.   The Desi gnat ed Compet ent  Per son must  be on- si t e at  al l  
t i mes when asbest os abat ement  act i v i t i es ar e under way. Submi t  t r ai ni ng 
cer t i f i cat i on and a cur r ent  St at e of  Mi ssi ssi ppi  Asbest os Cont r act or ' s and 
Super vi sor ' s Li cense.   Submi t  evi dence t hat  t he Desi gnat ed Compet ent  
Per son has a mi ni mum of  2 year s of  on- t he- j ob asbest os abat ement  
exper i ence r el evant  t o OSHA desi gnat ed compet ent  per son r equi r ement s.   The 
Desi gnat ed Compet ent  Per son must  be a f i r st  t i er  subcont r act or .

1. 5. 3   Wor ker ' s Li cense

Submi t  document at i on t hat  wor ker s meet  t he r equi r ement s of  29 CFR 1926. 1101,  
40 CFR 61- SUBPART M and have a cur r ent  St at e of  Mi ssi ssi ppi  Asbest os 
Wor ker s Li cense.
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1. 5. 4   Cont r act or ' s Li cense

Submi t  a copy of  t he asbest os cont r act or ' s l i cense i ssued by t he St at e of  
Mi ssi ssi ppi .   Submi t  t he f ol l owi ng cer t i f i cat i on al ong wi t h t he l i cense:  
" I  cer t i f y t hat  t he per sonnel  I  am r esponsi bl e f or  dur i ng t he cour se of  
t hi s pr oj ect  f ul l y  under st and t he cont ent s of  29 CFR 1926. 1101,  
40 CFR 61- SUBPART MEM 385- 1- 1,  and t he Feder al ,  St at e and l ocal  
r equi r ement s f or  t hose asbest os abat ement  act i v i t i es t hat  t hey wi l l  be 
i nvol ved i n. "   Thi s cer t i f i cat i on st at ement  must  be si gned by t he 
Company' s Pr esi dent  or  Chi ef  Execut i ve.

1. 5. 5   Ai r  Sampl i ng Resul t s

Compl et e f i ber  count i ng and pr ovi de r esul t s t o t he PQP and GC f or  r evi ew 
wi t hi n 16 hour s of  t he " t i me of f "  of  t he sampl e pump.   Not i f y t he 
Cont r act i ng Of f i cer  i mmedi at el y of  any ai r bor ne l evel s of  asbest os f i ber s 
i n excess of  t he accept abl e l i mi t s.   Submi t  sampl i ng r esul t s t o t he 
Cont r act i ng Of f i cer  and t he af f ect ed Cont r act or  empl oyees wher e r equi r ed 
by l aw wi t hi n t hr ee wor ki ng days,  s i gned by t he t est i ng l abor at or y 
empl oyee per f or mi ng ai r  sampl i ng,  t he empl oyee t hat  anal yzed t he sampl e,  
and t he PQP and GC.   Not i f y t he Cont r act or  and t he Cont r act i ng Of f i cer  
i mmedi at el y of  any var i ance i n t he pr essur e di f f er ent i al  whi ch coul d cause 
adj acent  unseal ed ar eas t o have asbest os f i ber  concent r at i ons i n excess of  
0. 01 f i ber s per  cubi c cent i met er  or  backgr ound whi chever  i s hi gher .   I n no 
ci r cumst ance must  l evel s exceed 0. 1 f i ber s per  cubi c cent i met er .

1. 5. 6   Pr ot ect i ve Cl ot hi ng Decont ami nat i on Qual i t y Cont r ol  Recor ds

Pr ovi de al l  r ecor ds t hat  document  qual i t y cont r ol  f or  t he decont ami nat i on 
of  r eusabl e out er  pr ot ect i ve c l ot hi ng.

1. 5. 7   Pr ot ect i ve Cl ot hi ng Decont ami nat i on Faci l i t y  Not i f i cat i on

Submi t  wr i t t en evi dence t hat  per sons who decont ami nat e,  st or e,  or  
t r anspor t  asbest os cont ami nat ed cl ot hi ng used i n t he per f or mance of  t hi s 
cont r act  wer e dul y not i f i ed i n accor dance wi t h 29 CFR 1926. 1101.

1. 5. 8   Feder al ,  St at e or  Local  Ci t at i ons on Pr evi ous Pr oj ect s

Submi t  a st at ement ,  s i gned by an of f i cer  of  t he company,  cont ai ni ng a 
r ecor d of  any c i t at i ons i ssued by Feder al ,  St at e or  l ocal  r egul at or y 
agenci es r el at i ng t o asbest os act i v i t i es wi t hi n t he l ast  5 year s 
( i ncl udi ng pr oj ect s,  dat es,  and r esol ut i ons) ;  a l i s t  of  penal t i es i ncur r ed 
t hr ough non- compl i ance wi t h asbest os pr oj ect  speci f i cat i ons,  i ncl udi ng 
l i qui dat ed damages,  over r uns i n schedul ed t i me l i mi t at i ons and 
r esol ut i ons;  and si t uat i ons i n whi ch an asbest os- r el at ed cont r act  has been 
t er mi nat ed ( i ncl udi ng pr oj ect s,  dat es,  and r easons f or  t er mi nat i ons) .   I f  
t her e ar e none,  a negat i ve decl ar at i on s i gned by an of f i cer  of  t he company 
must  be pr ovi ded.

1. 5. 9   Pr econst r uct i on Conf er ence

Conduct  a saf et y pr econst r uct i on conf er ence t o di scuss t he det ai l s of  t he 
Asbest os Hazar d Abat ement  Pl an,  Acci dent  Pr event i on Pl an ( APP)  i ncl udi ng 
t he AHAs r equi r ed i n speci f i cat i on Sect i on 01 35 26 GOVERNMENTAL SAFETY 
REQUI REMENTS.   The saf et y pr econst r uct i on conf er ence must  i ncl ude t he 
Cont r act or  and t hei r  Desi gnat ed Compet ent  Per son,  Desi gnat ed I H and 
Pr oj ect  Super vi sor  and t he Cont r act i ng Of f i cer .   Def i c i enci es i n t he APP 
wi l l  be di scussed.   Onsi t e wor k must  not  begi n unt i l  t he APP has been 
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accept ed.   

1. 6   SECURI TY

A l og book must  be kept  document i ng ent r y i nt o and out  of  t he r egul at ed 
ar ea.   Ent r y i nt o r egul at ed ar eas must  onl y be by per sonnel  aut hor i zed by 
t he Cont r act or  and t he Cont r act i ng Of f i cer .   Per sonnel  aut hor i zed t o ent er  
r egul at ed ar eas must  be t r ai ned,  medi cal l y eval uat ed,  and wear  t he 
r equi r ed per sonal  pr ot ect i ve equi pment .

1. 7   EQUI PMENT

1. 7. 1   Rent al  Equi pment

Pr ovi de a copy of  t he wr i t t en not i f i cat i on t o t he r ent al  company 
concer ni ng t he i nt ended use of  t he equi pment  and t he possi bi l i t y  of  
asbest os cont ami nat i on of  t he equi pment .

PART 2   PRODUCTS

2. 1   ENCASEMENT PRODUCTS

Encasement  must  consi st  of  pr i mar y cel l ul ar  pol ymer  coat ,  pol ymer  f i ni sh 
coat ,  and any ot her  f i ni sh coat  as appr oved by t he Cont r act i ng Of f i cer .

2. 2   DUCT TAPE

I ndust r i al  gr ade duct  t ape of  appr opr i at e wi dt hs sui t abl e f or  bondi ng 
sheet  pl ast i c and di sposal  cont ai ner .

2. 3   DI SPOSAL CONTAI NERS

Leak- t i ght  ( def i ned as sol i ds,  l i qui ds,  or  dust  t hat  cannot  escape or  
spi l l  out )  di sposal  cont ai ner s must  be pr ovi ded f or  ACM wast es as r equi r ed 
by 29 CFR 1926. 1101.   Di sposal  cont ai ner s can be i n t he f or m of :

a.   Di sposal  Bags

b.   Fi ber boar d Dr ums

c.   Car dboar d Boxes

2. 4   SHEET PLASTI C

Sheet  pl ast i c must  be pol yet hyl ene of  6 mi l  mi ni mum t hi ckness and must  be 
pr ovi ded i n t he l ar gest  sheet  s i ze necessar y t o mi ni mi ze seams.   Fi l m must  
be cl ear ,  f r ost ed,  or  bl ack and conf or m t o ASTM D4397,  except  as speci f i ed 
bel ow

2. 4. 1   Fl ame Resi st ant

Wher e a pot ent i al  f or  f i r e exi st s,  f l ame- r esi st ant  sheet s must  be 
pr ovi ded.   Fi l m must  be f r ost ed or  bl ack and must  conf or m t o t he 
r equi r ement s of  NFPA 701.

2. 4. 2   Rei nf or ced

Rei nf or ced sheet s must  be pr ovi ded wher e hi gh ski n st r engt h i s r equi r ed,  
such as wher e i t  const i t ut es t he onl y bar r i er  bet ween t he r egul at ed ar ea 
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and t he out door  envi r onment .   The sheet  st ock must  consi st  of  t r ansl ucent ,  
nyl on- r ei nf or ced or  woven- pol yet hyl ene t hr ead l ami nat ed bet ween 2 l ayer s 
of  pol yet hyl ene f i l m.   Fi l m must  meet  f l ame r esi st ant  st andar ds of  NFPA 701.

2. 5   MASTI C REMOVI NG SOLVENT

Mast i c r emovi ng sol vent  must  be nonf l ammabl e and must  not  cont ai n 
met hyl ene chl or i de,  gl ycol  et her ,  or  hal ogenat ed hydr ocar bons.   Sol vent s 
used onsi t e must  have a f l ash poi nt  gr eat er  t han 140 degr ees F.

2. 6   LEAK- TI GHT WRAPPI NG

Two l ayer s of  6 mi l  mi ni mum t hi ck pol yet hyl ene sheet  st ock must  be used 
f or  t he cont ai nment  of  r emoved asbest os- cont ai ni ng component s or  mat er i al s 
such as l ar ge t anks,  boi l er s,  i nsul at ed pi pe segment s and ot her  
mat er i al s.   Upon pl acement  of  t he ACM component  or  mat er i al ,  each l ayer  
must  be i ndi v i dual l y l eak- t i ght  seal ed wi t h duct  t ape.

2. 7   VI EWI NG I NSPECTI ON WI NDOW

Wher e f easi bl e,  a mi ni mum of  one cl ear ,  1/ 8 i nch t hi ck,  acr yl i c sheet ,  18 
by 24 i nches,  must  be i nst al l ed as a v i ewi ng i nspect i on wi ndow at  eye 
l evel  on a wal l  i n each cont ai nment  encl osur e.   The wi ndows must  be seal ed 
l eak- t i ght  wi t h i ndust r i al  gr ade duct  t ape.

2. 8   WETTI NG AGENTS

Removal  encapsul ant  ( a penet r at i ng encapsul ant )  must  be pr ovi ded when 
conduct i ng r emoval  abat ement  act i v i t i es t hat  r equi r e a l onger  r emoval  t i me 
or  ar e subj ect  t o r api d evapor at i on of  amended wat er .   The r emoval  
encapsul ant  must  be capabl e of  wet t i ng t he ACM and r et ar di ng f i ber  r el ease 
dur i ng di st ur bance of  t he ACM gr eat er  t han or  equal  t o t hat  pr ovi ded by 
amended wat er .   Per f or mance r equi r ement s f or  penet r at i ng encapsul ant s ar e 
speci f i ed i n par agr aph ENCAPSULANTS above.

PART 3   EXECUTI ON

3. 1   EQUI PMENT

Pr ovi de t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  wi t h at  l east  t wo compl et e set s of  per sonal  pr ot ect i ve 
equi pment  i ncl udi ng decont ami nat i ng r eusabl e cover al l s as r equi r ed f or  
ent r y t o and i nspect i on of  t he asbest os cont r ol  ar ea.   Pr ovi de equi val ent  
t r ai ni ng t o t he Cont r act i ng Of f i cer  or  a desi gnat ed r epr esent at i ve as 
pr ovi ded t o Cont r act or  empl oyees i n t he use of  t he r equi r ed per sonal  
pr ot ect i ve equi pment .   Pr ovi de manuf act ur er ' s cer t i f i cat e of  compl i ance 
f or  al l  equi pment  used t o cont ai n ai r bor ne asbest os f i ber s.

3. 1. 1   Ai r  Moni t or i ng Equi pment

The Cont r act or ' s PQP must  appr ove ai r  moni t or i ng equi pment .   The equi pment  
must  i ncl ude,  but  must  not  be l i mi t ed t o:

a.   Hi gh- vol ume sampl i ng pumps t hat  can be cal i br at ed and oper at ed at  a 
const ant  ai r f l ow up t o 16 l i t er s per  mi nut e.

b.   Low- vol ume,  bat t er y power ed,  body- at t achabl e,  por t abl e per sonal  pumps 
t hat  can be cal i br at ed t o a const ant  ai r f l ow up t o appr oxi mat el y 3. 5 
l i t er s per  mi nut e,  and a sel f - cont ai ned r echar geabl e power  pack 
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capabl e of  sust ai ni ng t he cal i br at ed f l ow r at e f or  a mi ni mum of  10 
hour s.   The pumps must  al so be equi pped wi t h an aut omat i c f l ow cont r ol  
uni t  whi ch must  mai nt ai n a const ant  f l ow,  even as f i l t er  r esi st ance 
i ncr eases due t o accumul at i on of  f i ber  and debr i s on t he f i l t er  
sur f ace.

c.   Si ngl e use st andar d 25 mm di amet er  casset t e,  open f ace,  0. 8 mi cr on 
por e s i ze,  mi xed cel l ul ose est er  membr ane f i l t er s and casset t es wi t h 
50 mm el ect r i cal l y conduct i ve ext ensi on cowl ,  and shr i nk bands f or  
per sonal  ai r  sampl i ng.

3. 1. 2   Respi r at or s

Sel ect  r espi r at or s f r om t hose appr oved by t he Nat i onal  I nst i t ut e f or  
Occupat i onal  Saf et y and Heal t h ( NI OSH) ,  Depar t ment  of  Heal t h and Human 
Ser vi ces.

3. 1. 2. 1   Respi r at or s f or  Handl i ng Asbest os

Pr ovi de per sonnel  engaged i n pr e- cl eani ng,  c l eanup,  handl i ng,  r emoval  and  
or  demol i t i on of  asbest os mat er i al s wi t h r espi r at or y pr ot ect i on as 
i ndi cat ed i n 29 CFR 1926. 1101 and 29 CFR 1926. 103.  Br eat hi ng ai r  must  
compl y wi t h CGA G- 7.

3. 1. 3   Ext er i or  Whol e Body Pr ot ect i on

3. 1. 3. 1   Out er  Pr ot ect i ve Cl ot hi ng

Pr ovi de per sonnel  exposed t o asbest os wi t h di sposabl e " non- br eat habl e, "  or  
r eusabl e " non- br eat habl e"  whol e body out er  pr ot ect i ve c l ot hi ng,  head 
cover i ngs,  gl oves,  and f oot  cover i ngs.   Pr ovi de di sposabl e pl ast i c or  
r ubber  gl oves t o pr ot ect  hands.   Cl ot h gl oves may be wor n i nsi de t he 
pl ast i c or  r ubber  gl oves f or  comf or t ,  but  must  not  be used al one.   Make 
sl eeves secur e at  t he wr i st s,  make f oot  cover i ngs secur e at  t he ankl es,  
and make cl ot hi ng secur e at  t he neck by t he use of  t ape.   Reusabl e whol e 
body out er  pr ot ect i ve c l ot hi ng must  be ei t her  di sposed of  as asbest os 
cont ami nat ed wast e upon exi t i ng f r om t he asbest os r egul at ed wor k ar ea or  
be pr oper l y decont ami nat ed.

3. 1. 3. 2   Wor k Cl ot hi ng

Pr ovi de cl ot h wor k c l ot hes f or  wear  under  t he out er  pr ot ect i ve c l ot hi ng 
and f oot  cover i ngs and ei t her  di spose of  or  pr oper l y decont ami nat e t hem as 
r ecommended by t he PQP af t er  each use.

3. 1. 3. 3   Per sonal  Decont ami nat i on Uni t

Pr ovi de a t empor ar y,  negat i ve pr essur e uni t  wi t h a separ at e 
decont ami nat i on l ocker  r oom and cl ean l ocker  r oom wi t h a shower  t hat  
compl i es wi t h 29 CFR 1926. 51( f ) ( 4) ( i i )  t hr ough ( V)  i n bet ween f or  
per sonnel  r equi r ed t o wear  whol e body pr ot ect i ve c l ot hi ng.   Pr ovi de t wo 
separ at e l ocker s f or  each asbest os wor ker ,  one i n each l ocker  r oom.   Keep 
st r eet  c l ot hi ng and st r eet  shoes i n t he c l ean l ocker .   HEPA vacuum and 
r emove asbest os cont ami nat ed di sposabl e pr ot ect i ve c l ot hi ng whi l e st i l l  
wear i ng r espi r at or s at  t he boundar y of  t he asbest os wor k ar ea and seal  i n 
i mper meabl e bags or  cont ai ner s f or  di sposal .  Do not  wear  wor k c l ot hi ng 
bet ween home and wor k.   Locat e shower s bet ween t he decont ami nat i on l ocker  
r oom and t he cl ean l ocker  r oom and r equi r e t hat  al l  empl oyees shower  
bef or e changi ng i nt o st r eet  c l ot hes.   Col l ect  used shower  wat er  and f i l t er  
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wi t h appr oved wat er  f i l t r at i on equi pment  t o r emove asbest os 
cont ami nat i on.   Wast ewat er  f i l t er s must  be i nst al l ed i n ser i es wi t h t he 
f i r st  st age por e s i ze 20 mi cr ons and t he second st age por e s i ze of  5 
mi cr ons.   Di spose of  f i l t er s and r esi due as asbest os wast e.   Di schar ge 
cl ean wat er  t o t he sani t ar y syst em.   Di spose of  asbest os cont ami nat ed wor k 
c l ot hi ng as asbest os cont ami nat ed wast e or  pr oper l y decont ami nat e as 
speci f i ed i n t he Cont r act or ' s Asbest os Hazar d Abat ement  Pl an.   Keep t he 
f l oor  of  t he decont ami nat i on uni t ' s  c l ean r oom dr y and cl ean at  al l  
t i mes.   Pr oper  housekeepi ng and hygi ene r equi r ement s must  be mai nt ai ned.   
Pr ovi de soap and t owel s f or  shower i ng,  washi ng and dr yi ng.   Cl ot h t owel s 
pr ovi ded must  be di sposed of  as ACM wast e or  must  be l aunder ed i n 
accor dance wi t h 29 CFR 1926. 1101.   Physi cal l y at t ach t he decont ami nat i on 
uni t s t o t he asbest os cont r ol  ar ea.   Const r uct  bot h a per sonnel  
decont ami nat i on uni t  and an equi pment  decont ami nat i on uni t  ont o and 
i nt egr al  wi t h each asbest os cont r ol  ar ea.

3. 1. 3. 4   Decont ami nat i on of  Reusabl e Out er  Pr ot ect i ve Cl ot hi ng

When r eusabl e out er  pr ot ect i ve c l ot hi ng i s used,  t r anspor t  t he doubl e 
bagged cl ot hi ng t o a pr evi ousl y not i f i ed commer ci al / i ndust r i al  
decont ami nat i on f aci l i t y  f or  decont ami nat i on.   Per f or m non- dest r uct i ve 
t est i ng t o det er mi ne t he ef f ect i veness of  asbest os decont ami nat i on.   I f  
r epr esent at i ve sampl i ng i s used,  ensur e t he st at i st i cal  val i di t y of  t he 
sampl i ng r esul t s.   I f  r epr esent at i ve sampl i ng i s used,  r ej ect  any ent i r e 
bat ch i n whi ch any of  t he pi eces exceed 40 f i ber s per  squar e mi l l i met er .   
I nspect  r eusabl e pr ot ect i ve c l ot hi ng pr i or  t o use t o ensur e t hat  i t  wi l l  
pr ovi de adequat e pr ot ect i on and i s not  or  i s not  about  t o become r i pped,  
t or n,  det er i or at ed,  or  damaged,  and t hat  i t  i s  not  v i s i bl y cont ami nat ed.   
Not i f y,  i n wr i t i ng,  al l  per sonnel  i nvol ved i n t he decont ami nat i on of  
r eusabl e out er  pr ot ect i ve c l ot hi ng as i ndi cat ed i n 29 CFR 1926. 1101.

3. 1. 3. 5   Eye Pr ot ect i on

Pr ovi de eye pr ot ect i on t hat  compl i es wi t h ANSI / I SEA Z87. 1 when oper at i ons 
pr esent  a pot ent i al  eye i nj ur y hazar d.   Pr ovi de goggl es t o per sonnel  
engaged i n asbest os abat ement  oper at i ons when t he use of  a f ul l  f ace 
r espi r at or  i s not  r equi r ed.

3. 1. 4   Regul at ed Ar eas

Al l  Cl ass I ,  I I ,  and I I I  asbest os wor k must  be conduct ed wi t hi n r egul at ed 
ar eas.   The r egul at ed ar ea must  be demar cat ed t o mi ni mi ze t he number  of  
per sons wi t hi n t he ar ea and t o pr ot ect  per sons out si de t he ar ea f r om 
exposur e t o ai r bor ne asbest os.   Cont r ol  access t o r egul at ed ar eas,  ensur e 
t hat  onl y aut hor i zed per sonnel  ent er ,  and ver i f y t hat  Cont r act or  r equi r ed 
medi cal  sur vei l l ance,  t r ai ni ng and r espi r at or y pr ot ect i on pr ogr am 
r equi r ement s ar e met  pr i or  t o al l owi ng ent r ance.

3. 1. 5   Load- out  Uni t

Pr ovi de a t empor ar y l oad- out  uni t  t hat  i s  adj acent  and connect ed t o t he 
r egul at ed ar ea.   At t ach t he l oad- out  uni t  i n a l eak- t i ght  manner  t o each 
r egul at ed ar ea.

3. 1. 6   War ni ng Si gns and Label s

Pr ovi de war ni ng si gns at  al l  appr oaches t o asbest os cont r ol  ar eas.   Locat e 
s i gns at  such a di st ance t hat  per sonnel  may r ead t he si gn and t ake t he 
necessar y pr ot ect i ve st eps r equi r ed bef or e ent er i ng t he ar ea.   Pr ovi de 
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l abel s and af f i x  t o al l  asbest os mat er i al s,  scr ap,  wast e,  debr i s,  and 
ot her  pr oduct s cont ami nat ed wi t h asbest os.   Cont ai ner s wi t h pr epr i nt ed 
war ni ng l abel s conf or mi ng t o t he r equi r ement s ar e accept abl e

3. 1. 6. 1   War ni ng Si gn

Pr ovi de ver t i cal  f or mat  conf or mi ng t o 29 CFR 1926. 200,  and 29 CFR 1926. 1101
 mi ni mum 20 by 14 i nches di spl ayi ng t he f ol l owi ng l egend i n t he l ower  
panel :

Legend Not at i on

DANGER  one i nch Sans Ser i f  Got hi c or  Bl ock

ASBESTOS  one i nch Sans Ser i f  Got hi c or  Bl ock

MAY CAUSE CANCER  one i nch Sans Ser i f  Got hi c or  Bl ock

CAUSES DAMAGE TO LUNGS  1/ 4 i nch Sans Ser i f  Got hi c or  Bl ock

AUTHORI ZED PERSONNEL ONLY  1/ 4 i nch Sans Ser i f  Got hi c or  Bl ock

WEAR RESPI RATORY PROTECTI ON AND PROTECTI VE 
CLOTHI NG I N THI S AREA

 1/ 4 i nch Sans Ser i f  Got hi c or  Bl ock

Spaci ng bet ween l i nes must  be at  l east  equal  t o t he hei ght  of  t he upper  of  
any t wo l i nes.

3. 1. 6. 2   War ni ng Label s

Pr ovi de l abel s conf or mi ng t o 29 CFR 1926. 1101 of  suf f i c i ent  s i ze t o be 
cl ear l y l egi bl e,  di spl ayi ng t he f ol l owi ng l egend:

DANGER

CONTAI NS ASBESTOS FI BERS

MAY CAUSE CANCER

CAUSES DAMAGE TO LUNGS

DO NOT BREATHE DUST AVOI D CREATI NG DUST

3. 1. 7   Tool s

Vacuums must  be l eak pr oof  t o t he f i l t er  and equi pped wi t h HEPA f i l t er s.   
Fi l t er s on vacuums must  conf or m t o ASSP Z9. 2 and UL 586.   Do not  use power  
t ool s t o r emove asbest os cont ai ni ng mat er i al s unl ess t he t ool  i s  equi pped 
wi t h ef f ect i ve,  i nt egr al  HEPA f i l t er ed exhaust  vent i l at i on syst ems.   
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Remove al l  r esi dual  asbest os f r om r eusabl e t ool s pr i or  t o st or age or  
r euse.   Reusabl e t ool s must  be t hor oughl y decont ami nat ed pr i or  t o bei ng 
r emoved f r om t he r egul at ed ar eas.

3. 1. 8   Rent al  Equi pment

I f  r ent al  equi pment  i s t o be used,  f ur ni sh wr i t t en not i f i cat i on t o t he 
r ent al  agency concer ni ng t he i nt ended use of  t he equi pment  and t he 
possi bi l i t y  of  asbest os cont ami nat i on of  t he equi pment .

3. 1. 9   Gl ovebags

Submi t  wr i t t en manuf act ur er s pr oof  t hat  gl ovebags wi l l  not  br eak down 
under  expect ed t emper at ur es and condi t i ons.

3. 1. 10   Si ngl e St age Decont ami nat i on Ar ea

A decont ami nat i on ar ea ( equi pment  r oom/ ar ea)  must  be pr ovi ded f or  Cl ass I  
wor k i nvol v i ng l ess t han 25 f eet  or  10 squar e f eet  of  TSI  or  sur f aci ng 
ACM,  and f or  Cl ass I I  and Cl ass I I I  asbest os wor k oper at i ons wher e 
exposur es exceed t he PELs or  wher e t her e i s no negat i ve exposur e 
assessment .   The equi pment  r oom or  ar ea must  be adj acent  t o t he r egul at ed 
ar ea f or  t he decont ami nat i on of  empl oyees,  mat er i al ,  and t hei r  equi pment  
whi ch coul d be cont ami nat ed wi t h asbest os.   The ar ea must  be cover ed by an 
i mper meabl e dr op cl ot h on t he f l oor  or  hor i zont al  wor ki ng sur f ace.   The 
ar ea must  be of  suf f i c i ent  s i ze t o accommodat e c l eani ng of  equi pment  and 
r emovi ng per sonal  pr ot ect i ve equi pment  wi t hout  spr eadi ng cont ami nat i on 
beyond t he ar ea.

3. 1. 11   Decont ami nat i on Ar ea Exi t  Pr ocedur es

Ensur e t hat  t he f ol l owi ng pr ocedur es ar e f ol l owed:

a.   Bef or e l eavi ng t he r egul at ed ar ea,  r emove al l  gr oss cont ami nat i on and 
debr i s f r om wor k c l ot hi ng usi ng a HEPA vacuum.

b.   Empl oyees must  r emove t hei r  pr ot ect i ve c l ot hi ng i n t he equi pment  r oom 
and deposi t  t he c l ot hi ng i n l abel ed i mper meabl e bags or  cont ai ner s f or  
di sposal  or  l aunder i ng.

c.   Empl oyees must  not  r emove t hei r  r espi r at or s unt i l  shower i ng.

d.   Empl oyees must  shower  pr i or  t o ent er i ng t he cl ean r oom.   I f  a shower  
has not  been l ocat ed bet ween t he equi pment  r oom and t he cl ean r oom or  
t he wor k i s per f or med out door s,  ensur e t hat  empl oyees engaged i n Cl ass 
I  asbest os j obs:   a)  Remove asbest os cont ami nat i on f r om t hei r  wor k 
sui t s i n t he equi pment  r oom or  decont ami nat i on ar ea usi ng a HEPA 
vacuum bef or e pr oceedi ng t o a shower  t hat  i s  not  adj acent  t o t he wor k 
ar ea;  or  b)  Remove t hei r  cont ami nat ed wor k sui t s i n t he equi pment  
r oom,  wi t hout  c l eani ng wor ksui t s,  and pr oceed t o a shower  t hat  i s  not  
adj acent  t o t he wor k ar ea.

3. 2   WORK PROCEDURE

Per f or m asbest os r el at ed wor k i n accor dance wi t h 29 CFR 1926. 1101,  
40 CFR 61- SUBPART M,  and as speci f i ed her ei n.   Use wet  or  i f  gi ven pr i or  
EPA appr oval ,  dr y r emoval  pr ocedur es and t echni ques.   Wear  and ut i l i ze 
pr ot ect i ve c l ot hi ng and equi pment  as speci f i ed her ei n.   No eat i ng,  
smoki ng,  dr i nki ng,  chewi ng gum,  t obacco,  or  appl y i ng cosmet i csi s per mi t t ed 
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i n t he asbest os wor k or  cont r ol  ar eas.   Per sonnel  of  ot her  t r ades not  
engaged i n t he r emoval  and demol i t i on of  asbest os cont ai ni ng mat er i al  must  
not  be exposed at  any t i me t o ai r bor ne concent r at i ons of  asbest os unl ess 
al l  t he per sonnel  pr ot ect i on and t r ai ni ng pr ovi s i ons of  t hi s speci f i cat i on 
ar e compl i ed wi t h by t he t r ade per sonnel .   Shut  down t he bui l di ng heat i ng,  
vent i l at i ng,  and ai r  condi t i oni ng syst em,  cap t he openi ngs t o t he syst em,  
and pr ovi de t empor ar y vent i l at i on,  pr i or  t o t he commencement  of  asbest os 
wor k.   Power  t o t he r egul at ed ar ea must  be l ocked- out  and t agged i n 
accor dance wi t h 29 CFR 1910. 147.   Al l  el ect r i cal  wor k must  be per f or med by 
a l i censed el ect r i c i an.   St op abat ement  wor k i n t he r egul at ed ar ea 
i mmedi at el y when t he ai r bor ne t ot al  f i ber  concent r at i on:   ( 1)  equal s or  
exceeds 0. 01 f / cc,  or  t he pr e- abat ement  concent r at i on,  whi chever  i s 
gr eat er ,  out s i de t he r egul at ed ar ea;  or  ( 2)  equal s or  exceeds 1. 0 f / cc 
i nsi de t he r egul at ed ar ea.   Cor r ect  t he condi t i on t o t he sat i sf act i on of  
t he Cont r act i ng Of f i cer ,  i ncl udi ng vi sual  i nspect i on and ai r  sampl i ng.   
Wor k must  r esume onl y upon not i f i cat i on by t he Cont r act i ng Of f i cer .   
Cor r ect i ve act i ons must  be document ed.   I f  an asbest os f i ber  r el ease or  
spi l l  occur s out si de of  t he asbest os cont r ol  ar ea,  st op wor k i mmedi at el y,  
cor r ect  t he condi t i on t o t he sat i sf act i on of  t he Cont r act i ng Of f i cer  
i ncl udi ng cl ear ance sampl i ng,  pr i or  t o r esumpt i on of  wor k.

3. 2. 1   Bui l di ng Vent i l at i on Syst em and Cr i t i cal  Bar r i er s

Bui l di ng vent i l at i on syst em suppl y and r et ur n ai r  duct s i n a r egul at ed 
ar ea must  be shut  down and i sol at ed by l ockabl e swi t ch or  ot her  posi t i ve 
means i n accor dance wi t h 29 CFR 1910. 147.

a.   A Compet ent  Per son must  super vi se t he wor k.

b.   For  i ndoor  wor k,  cr i t i cal  bar r i er s must  be pl aced over  al l  openi ngs t o 
t he r egul at ed ar ea.

c.   I mper meabl e dr opcl ot hs must  be pl aced on sur f aces beneat h al l  r emoval  
act i v i t y.

3. 2. 2   Fur ni shi ngs

Fur ni t ur e  and equi pment  wi l l  be r emoved f r om t he ar ea of  wor k by t he 
Gover nment  bef or e asbest os wor k begi ns.

3. 2. 3   Asbest os Cont r ol  Ar ea Requi r ement s

3. 2. 3. 1   Regul at ed Ar ea f or  Cl ass I I  Removal

Removal  of  asbest os cont ai ni ng f l oor  t i l e/ mast i c,  car pet / mast i c,   ar e 
Cl ass I I  r emoval  act i v i t i es.  Est abl i sh desi gnat ed l i mi t s f or  t he asbest os 
r egul at ed wor k ar ea wi t h t he use of  r ed bar r i er  t ape;  i nst al l  cr i t i cal  
bar r i er s,  spl ash guar ds and si gns,  and mai nt ai n al l  ot her  r equi r ement s f or  
asbest os cont r ol  ar ea except  l ocal  exhaust .   Pl ace i mper meabl e dr opcl ot hs 
on sur f aces beneat h r emoval  act i v i t y ext endi ng out  3 f eet  i n al l  
di r ect i ons.   A det ached decont ami nat i on syst em may be used.   Conduct  ar ea 
moni t or i ng of  ai r bor ne f i ber s dur i ng t he wor k shi f t  at  t he desi gnat ed 
l i mi t s of  t he asbest os wor k ar ea and conduct  per sonal  sampl es of  each 
wor ker  engaged i n t he wor k.   I f  wor ker s t he ai r bor ne f i ber  concent r at i on 
of  t he wor ker s or  desi gnat ed l i mi t s at  any t i me exceeds backgr ound or  0. 01 
f i ber s per  cubi c cent i met er ,  whi chever  i s gr eat er ,  st op wor k i mmedi at el y 
and cor r ect  t he s i t uat i on.
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3. 2. 4   Removal  Pr ocedur es

Wet  asbest os mat er i al  wi t h a f i ne spr ay of  amended wat er  or  a speci f i c  
wet t i ng agent  such as l i ght  oi l  dur i ng r emoval ,  cut t i ng,  or  ot her  handl i ng 
so as t o r educe t he emi ssi on of  ai r bor ne f i ber s.   Remove mat er i al  and 
i mmedi at el y pl ace i n 6 mi l  pl ast i c di sposal  bags.   Remove asbest os 
cont ai ni ng mat er i al  i n a gr adual  manner ,  wi t h cont i nuous appl i cat i on of  
t he amended wat er  or  wet t i ng agent  i n such a manner  t hat  no asbest os 
mat er i al  i s  di st ur bed pr i or  t o bei ng adequat el y wet t ed.   Wher e unusual  
c i r cumst ances pr ohi bi t  t he use of  6 mi l  pl ast i c bags,  submi t  an al t er nat e 
pr oposal  f or  cont ai nment  of  asbest os f i ber s t o t he Cont r act i ng Of f i cer  f or  
appr oval .   For  exampl e,  i n t he case wher e bot h pi pi ng and i nsul at i on ar e 
t o be r emoved,  t he Cont r act or  may el ect  t o wet  t he i nsul at i on,  wr ap t he 
pi pes and i nsul at i on i n pl ast i c and r emove t he pi pe by sect i ons.   
Cont ai ner i ze asbest os cont ai ni ng mat er i al  whi l e wet .   Do not  al l ow 
asbest os mat er i al  t o accumul at e or  become dr y.   Lower  and ot her wi se handl e 
asbest os cont ai ni ng mat er i al  as i ndi cat ed i n 40 CFR 61- SUBPART M.

3. 2. 4. 1   Seal i ng Cont ami nat ed I t ems Desi gnat ed f or  Di sposal

Remove cont ami nat ed ar chi t ect ur al ,  mechani cal ,  and el ect r i cal  
appur t enances such as venet i an bl i nds,  f ul l - hei ght  par t i t i ons,  car pet i ng,  
duct  wor k,  pi pes and f i t t i ngs,  r adi at or s,  l i ght  f i x t ur es,  condui t ,  panel s,  
and ot her  cont ami nat ed i t ems desi gnat ed f or  r emoval  by compl et el y coat i ng 
t he i t ems wi t h an asbest os l ock- down encapsul ant  at  t he demol i t i on s i t e 
bef or e r emovi ng t he i t ems f r om t he asbest os cont r ol  ar ea.   These i t ems 
need not  be vacuumed.   The asbest os l ock- down encapsul ant  must  be t i nt ed a 
cont r ast i ng col or  and spr ay- appl i ed by ai r l ess met hod.   Thor oughness of  
seal i ng oper at i on must  be vi sual l y gauged by t he ext ent  of  col or ed coat i ng 
on exposed sur f aces.   Lock- down encapsul ant s must  compl y wi t h t he 
per f or mance r equi r ement s speci f i ed her ei n.

3. 2. 4. 2   Exposed Pi pe I nsul at i on Edges

Cont ai n edges of  asbest os i nsul at i on t o r emai n t hat  ar e exposed by a 
r emoval  oper at i on.   Wet  and cut  t he r ough ends t r ue and squar e wi t h shar p 
t ool s and t hen encapsul at e t he edges wi t h a 1/ 4 i nch t hi ck l ayer  of  
non- asbest os cont ai ni ng i nsul at i ng cement  t r owel ed t o a smoot h har d 
f i ni sh.   When cement  i s dr y,  l ag t he end wi t h a l ayer  of  non- asbest os 
l aggi ng cl ot h,  over l appi ng t he exi st i ng ends by at  l east  4 i nches.   When 
i nsul at i ng cement  and cl ot h i s an i mpr act i cal  met hod of  seal i ng a r aw edge 
of  asbest os,  t ake appr opr i at e st eps t o seal  t he r aw edges as appr oved by 
t he Cont r act i ng Of f i cer .

3. 2. 5   Met hods of  Compl i ance

3. 2. 5. 1   Mandat ed Pr act i ces

The speci f i c  abat ement  t echni ques and i t ems i dent i f i ed must  be det ai l ed i n 
t he Cont r act or ' s AHAP.   Use t he f ol l owi ng engi neer i ng cont r ol s and wor k 
pr act i ces i n al l  oper at i ons,  r egar dl ess of  t he l evel s of  exposur e:

a.   Vacuum cl eaner s equi pped wi t h HEPA f i l t er s.

b.   Wet  met hods or  wet t i ng agent s except  wher e i t  can be demonst r at ed t hat  
t he use of  wet  met hods i s unf easi bl e due t o t he cr eat i on of  el ect r i cal  
hazar ds,  equi pment  mal f unct i on,  and i n r oof i ng.

c.   Pr ompt  c l ean- up and di sposal .
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d.   I nspect i on and r epai r  of  pol yet hyl ene.

e.   Cl eani ng of  equi pment  and sur f aces of  cont ai ner s pr i or  t o r emovi ng 
t hem f r om t he equi pment  r oom or  ar ea.

3. 2. 5. 2   Cont r ol  Met hods

Use t he f ol l owi ng cont r ol  met hods:

a.   Local  exhaust  vent i l at i on equi pped wi t h HEPA f i l t er ;

b.   Encl osur e or  i sol at i on of  pr ocesses pr oduci ng asbest os dust ;

c.   Wher e t he f easi bl e engi neer i ng and wor k pr act i ce cont r ol s ar e not  
suf f i c i ent  t o r educe empl oyee exposur e t o or  bel ow t he PELs,  use t hem 
t o r educe empl oyee exposur e t o t he l owest  l evel s at t ai nabl e and must  
suppl ement  t hem by t he use of  r espi r at or y pr ot ect i on.

3. 2. 5. 3   Unaccept abl e Pr act i ces

The f ol l owi ng wor k pr act i ces must  not  be used:

a.   Hi gh- speed abr asi ve di sc saws t hat  ar e not  equi pped wi t h poi nt  of  cut  
vent i l at or  or  encl osur es wi t h HEPA f i l t er ed exhaust  ai r .

b.   Compr essed ai r  used t o r emove asbest os cont ai ni ng mat er i al s,  unl ess 
t he compr essed ai r  i s  used i n conj unct i on wi t h an encl osed vent i l at i on 
syst em desi gned t o capt ur e t he dust  c l oud cr eat ed by t he compr essed 
ai r .

c.   Dr y sweepi ng,  shovel i ng,  or  ot her  dr y c l ean up.

d.   Empl oyee r ot at i on as a means of  r educi ng empl oyee exposur e t o asbest os.

3. 2. 6   Cl ass I  Wor k Pr ocedur es

I n addi t i on t o r equi r ement s of  par agr aphs MANDATED PRACTI CES and CONTROL 
METHODS,  t he f ol l owi ng engi neer i ng cont r ol s and wor k pr act i ces must  be 
used:

a.   A Compet ent  Per son must  super vi se t he i nst al l at i on and oper at i on of  
t he cont r ol  met hods.

b.   For  j obs i nvol v i ng t he r emoval  of  mor e t han 25 f eet  or  10 squar e f eet  
of  TSI  or  sur f aci ng mat er i al ,  pl ace cr i t i cal  bar r i er s over  al l  
openi ngs t o t he r egul at ed ar ea.

c.   HVAC syst ems must  be i sol at ed i n t he r egul at ed ar ea by seal i ng wi t h a 
doubl e l ayer  of  pl ast i c or  ai r - t i ght  r i gi d cover s.

d.   I mper meabl e dr opcl ot hs ( 6 mi l  or  gr eat er  t hi ckness)  must  be pl aced on 
sur f aces beneat h al l  r emoval  act i v i t y.

e.   Wher e a negat i ve exposur e assessment  has not  been pr ovi ded or  wher e 
exposur e moni t or i ng shows t he PEL was exceeded,  t he r egul at ed ar ea 
must  be vent i l at ed wi t h a HEPA uni t  and empl oyees must  use PPE.
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3. 2. 7   Speci f i c  Cont r ol  Met hods f or  Cl ass I  Wor k

Use Cl ass I  wor k pr ocedur es,  cont r ol  met hods and r emoval  met hods f or  t he 
f ol l owi ng ACM:

a.   Spr ay Appl i ed Fi r epr oof i ng

b.   Gypsum Wal l boar d and Joi nt  Compound

c.   Ther mal  Syst em I nsul at i on and Mudded Pi pe Fi t t i ngs

d.   Pl ast er  and Text ur ed Cei l i ngs and Wal l s

e.   Ver mi cul i t e

3. 2. 8   Cl ass I I  Wor k Pr ocedur es

I n addi t i on t o t he r equi r ement s of  par agr aphs MANDATED PRACTI CES and 
CONTROL METHODS,  t he f ol l owi ng engi neer i ng cont r ol s and wor k pr act i ces 
must  be used:

a.   A Compet ent  Per son must  super vi se t he wor k.

b.   For  i ndoor  wor k,  cr i t i cal  bar r i er s must  be pl aced over  al l  openi ngs t o 
t he r egul at ed ar ea.

c.   I mper meabl e dr opcl ot hs must  be pl aced on sur f aces beneat h al l  r emoval  
act i v i t y.

3. 2. 9   Speci f i c  Cont r ol  Met hods f or  Cl ass I I  Wor k

3. 2. 9. 1   Vi nyl  and Asphal t i c  Fl oor i ng Mat er i al s

Est abl i sh desi gnat ed l i mi t s f or  t he asbest os r egul at ed wor k ar ea wi t h t he 
use of  r ed bar r i er  t ape,  cr i t i cal  bar r i er s,  s i gns,  and mai nt ai n al l  ot her  
r equi r ement s f or  asbest os cont r ol  ar ea except  l ocal  exhaust .   A det ached 
decont ami nat i on syst em may be used.   When r emovi ng vi nyl  f l oor  t i l e and 
mast i c whi ch cont ai ns ACM,  use t he f ol l owi ng pr act i ces.   Remove f l oor  t i l e 
and mast i c usi ng adequat el y wet  met hods.   Remove f l oor  t i l es i nt act  ( i f  
possi bl e) .   Wet t i ng i s not  r equi r ed when f l oor  t i l es ar e heat ed and 
r emoved i nt act .   Do not  sand f l oor i ng or  i t s backi ng.   Scr ape r esi dual  
adhesi ve and backi ng usi ng wet  met hods.   Mechani cal  chi ppi ng i s pr ohi bi t ed 
unl ess per f or med i n a negat i ve pr essur e encl osur e.   Dr y sweepi ng i s 
pr ohi bi t ed.   Use vacuums equi pped wi t h HEPA f i l t er ,  di sposabl e dust  bag,  
and met al  f l oor  t ool  ( no br ush)  t o c l ean f l oor s.   Pl ace debr i s i nt o a 6- mi l
 mi ni mum t hi ckness di sposal  bag or  ot her  appr oved cont ai ner .   Once t he 
mat er i al  i s  i n t he di sposal  bag,  appl y addi t i onal  wat er  as needed t o 
achi eve " adequat el y wet "  condi t i ons f or  NESHAP compl i ance.   Pl ace bagged 
asbest os wast e under  negat i ve pr essur e wi t h t he use of  a HEPA vacuum,  
goose neck and duck t ape t o seal  t he bag,  wash t o r emove any vi s i bl e 
cont ami nat i on and pl ace i nt o a second 6- mi l  mi ni mum t hi ckness di sposal  
bag.   Cont ai ner i ze asbest os cont ai ni ng wast e whi l e wet .   Lower  and 
ot her wi se handl e asbest os cont ai ni ng mat er i al s as i ndi cat ed i n 
40 CFR 61- SUBPART M.   Conduct  ar ea moni t or i ng of  ai r bor ne f i ber s dur i ng 
t he wor k shi f t  at  t he desi gnat ed l i mi t s of  t he asbest os wor k ar ea and 
conduct  per sonal  sampl es of  each wor ker  engaged i n t he wor k.   I f  wor ker s 
t he ai r bor ne f i ber  concent r at i on of  t he wor ker s or  desi gnat ed l i mi t s at  
any t i me exceeds backgr ound or  0. 01 f i ber s per  cubi c cent i met er ,  whi chever  
i s gr eat er ,  st op wor k i mmedi at el y and cor r ect  t he s i t uat i on.

SECTI ON 02 82 00  Page 23



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

3. 2. 9. 2   Seal ant s and Mast i c

Est abl i sh desi gnat ed l i mi t s f or  t he asbest os r egul at ed wor k ar ea wi t h t he 
use of  r ed bar r i er  t ape,  cr i t i cal  bar r i er s and si gns,  and mai nt ai n al l  
ot her  r equi r ement s f or  asbest os cont r ol  ar ea except  l ocal  exhaust .   Spr ead 
6- mi l  pl ast i c sheet i ng on t he gr ound ar ound t he per i met er  of  t he wor k ar ea 
ext endi ng out  i n al l  di r ect i ons.   Usi ng adequat el y wet  met hods,  car ef ul l y 
r emove t he ACM seal ant s and mast i cs usi ng a scr aper  of  kni f e bl ade.   As i t  
i s  r emoved pl ace t he mat er i al  i nt o a di sposal  bag.   Make ever y ef f or t  t o 
keep t he asbest os mat er i al  f r om f al l i ng t o t he gr ound or  wor k ar ea f l oor  
bel ow.   Dr y sweepi ng i s pr ohi bi t ed.   Use vacuums equi pped wi t h HEPA f i l t er  
and di sposabl e dust  bag.   Pl ace debr i s i nt o a 6- mi l  mi ni mum t hi ckness 
di sposal  bag or  ot her  appr oved cont ai ner .   Once t he mat er i al  i s  i n t he 
di sposal  bag,  appl y addi t i onal  wat er  as needed t o achi eve " adequat el y wet "  
condi t i ons f or  NESHAP compl i ance.   Pl ace bagged asbest os wast e under  
negat i ve pr essur e wi t h t he use of  a HEPA vacuum,  goose neck and duck t ape 
t o seal  t he bag,  wash t o r emove any vi s i bl e cont ami nat i on and pl ace i nt o a 
second 6- mi l  mi ni mum t hi ckness di sposal  bag.   Cont ai ner i ze asbest os 
cont ai ni ng wast e whi l e wet .   Lower  and ot her wi se handl e asbest os 
cont ai ni ng mat er i al s as i ndi cat ed i n 40 CFR 61- SUBPART M.   Conduct  ar ea 
moni t or i ng of  ai r bor ne f i ber s dur i ng t he wor k shi f t  at  t he desi gnat ed 
l i mi t s of  t he asbest os wor k ar ea and conduct  per sonal  sampl es of  each 
wor ker  engaged i n t he wor k.   I f  t he ai r bor ne f i ber  concent r at i on of  t he 
wor ker s or  at  desi gnat ed l i mi t s at  any t i me exceeds backgr ound or  0. 01 
f i ber s per  cubi c cent i met er ,  whi chever  i s gr eat er ,  st op wor k i mmedi at el y 
and cor r ect  t he s i t uat i on.

3. 2. 9. 3   Roof i ng Mat er i al s

Est abl i sh desi gnat ed l i mi t s f or  t he asbest os r egul at ed wor k ar ea wi t h t he 
use of  r ed bar r i er  t ape,  cr i t i cal  bar r i er s,  s i gns,  and mai nt ai n al l  ot her  
r equi r ement s f or  asbest os cont r ol  ar ea except  l ocal  exhaust .   When 
r emovi ng r oof i ng mat er i al s whi ch cont ai n ACM as descr i bed i n 
29 CFR 1926. 1101( g) ( 8) ( i i ) ,  use t he f ol l owi ng pr act i ces.   Roof i ng mat er i al  
must  be r emoved i n an i nt act  st at e.   Wet  met hods must  be used t o r emove 
r oof i ng mat er i al s t hat  ar e not  i nt act ,  or  t hat  wi l l  be r ender ed not  i nt act  
dur i ng r emoval ,  unl ess such wet  met hods ar e not  f easi bl e or  wi l l  cr eat e 
saf et y hazar ds.   When r emovi ng bui l t - up r oof s,  wi t h asbest os- cont ai ni ng 
r oof i ng f el t s and an aggr egat e sur f ace,  usi ng a power  r oof  cut t er ,  al l  
dust  r esul t i ng f r om t he cut t i ng oper at i ons must  be col l ect ed by a HEPA 
dust  col l ect or ,  or  must  be HEPA vacuumed by vacuumi ng al ong t he cut  l i ne.   
Asbest os- cont ai ni ng r oof i ng mat er i al  must  not  be dr opped or  t hr own t o t he 
gr ound,  but  must  be l ower ed t o t he gr ound vi a cover ed,  dust - t i ght  chut e,  
cr ane,  hoi st  or  ot her  met hod appr oved by t he Cont r act i ng Of f i cer .   Any ACM 
t hat  i s not  i nt act  must  be l ower ed t o t he gr ound as soon as pr act i cabl e,  
but  not  l at er  t han t he end of  t he wor k shi f t .   Whi l e t he mat er i al  r emai ns 
on t he r oof  i t  must  be kept  wet  or  pl aced i n an i mper meabl e wast e bag or  
wr apped i n pl ast i c sheet i ng.   I nt act  ACM must  be l ower ed t o t he gr ound as 
soon as pr act i cabl e,  but  not  l at er  t han t he end of  t he wor k shi f t .   
Unwr apped mat er i al  must  be t r ansf er r ed t o a c l osed r ecept acl e.   Cr i t i cal  
bar r i er s must  be pl aced over  r oof  l evel  heat i ng and vent i l at i on ai r  
i nt akes.   Conduct  ar ea moni t or i ng of  ai r bor ne f i ber s dur i ng t he wor k shi f t  
at  t he desi gnat ed l i mi t s of  t he asbest os wor k ar ea and conduct  per sonal  
sampl es of  each wor ker  engaged i n t he wor k.   I f  t he ai r bor ne f i ber  
concent r at i on of  t he wor ker s or  desi gnat ed l i mi t s at  any t i me exceeds 
backgr ound or  0. 01 f i ber s per  cubi c cent i met er ,  whi chever  i s gr eat er ,  st op 
wor k i mmedi at el y and cor r ect  t he s i t uat i on.
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3. 2. 9. 4   Gasket s

Est abl i sh desi gnat ed l i mi t s f or  t he asbest os r egul at ed wor k ar ea wi t h t he 
use of  r ed bar r i er  t ape,  cr i t i cal  bar r i er s,  s i gns,  and mai nt ai n al l  ot her  
r equi r ement s f or  asbest os cont r ol  ar ea except  l ocal  exhaust .   Gasket s must  
be t hor oughl y wet t ed wi t h amended wat er  pr i or  t o r emoval  and i mmedi at el y 
pl aced i n a di sposal  cont ai ner .   I f  a gasket  i s v i s i bl y det er i or at ed and 
unl i kel y t o be r emoved i nt act ,  r emoval  must  be under t aken wi t hi n a 
gl ovebag.   Any scr api ng t o r emove r esi due must  be per f or med wet .   Pl ace 
debr i s i nt o a 6- mi l  mi ni mum t hi ckness di sposal  bag or  ot her  appr oved 
cont ai ner .   Once t he mat er i al  i s  i n t he di sposal  bag,  appl y addi t i onal  
wat er  as needed t o achi eve " adequat el y wet "  condi t i ons f or  NESHAP 
compl i ance.   Pl ace bagged asbest os wast e under  negat i ve pr essur e wi t h t he 
use of  a HEPA vacuum,  goose neck and duck t ape t o seal  t he bag,  wash t o 
r emove any vi s i bl e cont ami nat i on and pl ace i nt o a second 6- mi l  mi ni mum 
t hi ckness di sposal  bag.   Cont ai ner i ze asbest os cont ai ni ng wast e whi l e 
wet .   Conduct  ar ea moni t or i ng of  ai r bor ne f i ber s dur i ng t he wor k shi f t  at  
t he desi gnat ed l i mi t s of  t he asbest os wor k ar ea and conduct  per sonal  
sampl es of  each wor ker  engaged i n t he wor k.   I f  t he ai r bor ne f i ber  
concent r at i on of  t he wor ker s or  desi gnat ed l i mi t s at  any t i me exceeds 
backgr ound or  0. 01 f i ber s per  cubi c cent i met er ,  whi chever  i s gr eat er ,  st op 
wor k i mmedi at el y and cor r ect  t he s i t uat i on.

3. 2. 10   Ai r  Sampl i ng

Per f or m sampl i ng of  ai r bor ne concent r at i ons of  asbest os f i ber s i n 
accor dance wi t h 29 CFR 1926. 1101,  t he Cont r act or ' s ai r  moni t or i ng pl an and 
as speci f i ed her ei n.   Sampl i ng per f or med i n accor dance wi t h 
29 CFR 1926. 1101 must  be per f or med by t he PQP.  Sampl i ng per f or med f or  
envi r onment al  and qual i t y cont r ol  r easons must  be per f or med by t he PQP.   
Unl ess ot her wi se speci f i ed,  use NI OSH Met hod 7400 f or  sampl i ng and 
anal ysi s.   Moni t or i ng may be dupl i cat ed by t he Gover nment  at  t he 
di scr et i on of  t he Cont r act i ng Of f i cer .   I f  t he ai r  sampl i ng r esul t s 
obt ai ned by t he Gover nment  di f f er  f r om t hose r esul t s obt ai ned by t he 
Cont r act or ,  t he Gover nment  wi l l  det er mi ne whi ch r esul t s pr edomi nat e.   
Resul t s of  br eat hi ng zone sampl es must  be post ed at  t he j ob s i t e and made 
avai l abl e t o t he Cont r act i ng Of f i cer .   Submi t  al l  document at i on r egar di ng 
i ni t i al  exposur e assessment s,  negat i ve exposur e assessment s,  and 
ai r - moni t or i ng r esul t s.

3. 2. 10. 1   Sampl i ng Pr i or  t o Asbest os Wor k

Pr ovi de ar ea ai r  sampl i ng and est abl i sh t he basel i ne one day pr i or  t o t he 
maski ng and seal i ng oper at i ons f or  each demol i t i on and r emoval  s i t e.   
Est abl i sh t he backgr ound by per f or mi ng ar ea sampl i ng i n s i mi l ar  but  
uncont ami nat ed si t es i n t he bui l di ng.

3. 2. 10. 2   Sampl i ng Dur i ng Asbest os Wor k

The PQP must  pr ovi de per sonal  and ar ea sampl i ng as i ndi cat ed i n 
29 CFR 1926. 1101 and gover ni ng envi r onment al  r egul at i ons.   Br eat hi ng zone 
sampl es must  be t aken f or  at  l east  25 per cent  of  t he wor ker s i n each 
shi f t ,  or  a mi ni mum of  t wo,  whi chever  i s gr eat er .   Ai r  sampl e f i ber  
count i ng must  be compl et ed and r esul t s pr ovi ded wi t hi n 24- hour s ( br eat hi ng 
zone sampl es) ,  and 24 hour s ( envi r onment al / c l ear ance moni t or i ng)  af t er  
compl et i on of  a sampl i ng per i od.   I n addi t i on,  pr ovi ded t he same t ype of  
wor k i s bei ng per f or med,  pr ovi de ar ea sampl i ng at  l east  once ever y wor k 
shi f t  c l ose t o t he wor k i nsi de t he encl osur e,  out s i de t he cl ean r oom 
ent r ance t o t he encl osur e,  and at  t he exhaust  openi ng of  t he l ocal  exhaust  
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syst em.   I f  sampl i ng out si de t he encl osur e shows ai r bor ne l evel s have 
exceeded backgr ound or  0. 01 f i ber s per  cubi c cent i met er ,  whi chever  i s 
gr eat er ,  st op al l  wor k,  cor r ect  t he condi t i on( s)  causi ng t he i ncr ease,  and 
not i f y t he Cont r act i ng Of f i cer  i mmedi at el y.   Wher e al t er nat e met hods ar e 
used,  per f or m per sonal  and ar ea ai r  sampl i ng at  l ocat i ons and f r equenci es 
t hat  wi l l  accur at el y char act er i ze t he evol v i ng ai r bor ne asbest os l evel s.   
The wr i t t en r esul t s must  be si gned by t est i ng l abor at or y anal yst ,  t est i ng 
l abor at or y pr i nci pal  and t he Cont r act or ' s PQP.   The ai r  sampl i ng r esul t s 
must  be document ed on a Cont r act or ' s dai l y ai r  moni t or i ng l og.

3. 2. 10. 3   Fi nal  Cl ear ance Requi r ement s,  NI OSH PCM Met hod

For  PCM sampl i ng and anal ysi s usi ng NI OSH NMAM Met hod 7400,  t he f i ber  
concent r at i on i nsi de t he abat ed r egul at ed ar ea,  f or  each ai r bor ne sampl e,  
must  be l ess t han 0. 01 f / cc.   The abat ement  i nsi de t he r egul at ed ar ea i s 
consi der ed compl et e when ever y PCM f i nal  c l ear ance sampl e i s bel ow t he 
cl ear ance l i mi t .   I f  any sampl e r esul t  i s  gr eat er  t han 0. 01 t ot al  f / cc,  
t he asbest os f i ber  concent r at i on ( asbest os f / cc)  must  be conf i r med f r om 
t hat  same f i l t er  usi ng NI OSH NMAM Met hod 7402 ( TEM)  at  Cont r act or ' s 
expense.   I f  any conf i r mat i on sampl e r esul t  i s  gr eat er  t han 0. 01 asbest os 
f / cc,  abat ement  i s i ncompl et e and cl eani ng must  be r epeat ed at  t he 
Cont r act or ' s expense.   Upon compl et i on of  any r equi r ed r ecl eani ng,  
r esampl i ng wi t h r esul t s t o meet  t he above cl ear ance cr i t er i a must  be done 
at  t he Cont r act or ' s expense.

3. 2. 10. 4   Fi nal  Cl ear ance Requi r ement s,  EPA TEM Met hod

For  EPA TEM sampl i ng and anal ysi s,  usi ng t he EPA Met hod speci f i ed i n 
40 CFR 763,  abat ement  i nsi de t he r egul at ed ar ea i s consi der ed compl et e 
when t he ar i t hmet i c mean asbest os concent r at i on of  t he f i ve i nsi de sampl es 
i s l ess t han or  equal  t o 70 st r uct ur es per  squar e mi l l i met er  ( 70 S/ mm) .   
When t he ar i t hmet i c mean i s gr eat er  t han 70 S/ mm,  t he t hr ee bl ank sampl es 
must  be anal yzed.   I f  t he t hr ee bl ank sampl es ar e gr eat er  t han 70 S/ mm,  
r esampl i ng must  be done.   I f  l ess t han 70 S/ mm,  t he f i ve out si de sampl es 
must  be anal yzed and a Z- t est  anal ysi s per f or med.   When t he Z- t est  r esul t s 
ar e l ess t han 1. 65,  t he decont ami nat i on must  be consi der ed compl et e.   I f  
t he Z- t est  r esul t s ar e mor e t han 1. 65,  t he abat ement  i s i ncompl et e and 
cl eani ng must  be r epeat ed.   Upon compl et i on of  any r equi r ed r ecl eani ng,  
r esampl i ng wi t h r esul t s t o meet  t he above cl ear ance cr i t er i a must  be done 
at  t he Cont r act or ' s expense.

3. 2. 10. 5   Sampl i ng Af t er  Fi nal  Cl ean- Up ( Cl ear ance Sampl i ng)

Pr ovi de ar ea sampl i ng of  asbest os f i ber s and est abl i sh an ai r bor ne 
asbest os concent r at i on of  l ess t han 0. 01 f i ber s per  cubi c cent i met er  af t er  
f i nal  c l ean- up but  bef or e r emoval  of  t he encl osur e or  t he asbest os wor k 
cont r ol  ar ea.   Af t er  f i nal  c l eanup and t he asbest os cont r ol  ar ea i s dr y 
but  pr i or  t o c l ear ance sampl i ng,  t he PQP must  per f or m a vi sual  i nspect i on 
i n accor dance wi t h ASTM E1368 t o ensur e t hat  t he asbest os cont r ol  and wor k 
ar ea i s f r ee of  any accumul at i ons of  di r t ,  dust ,  or  debr i s.   Pr epar e a 
wr i t t en r epor t  s i gned and dat ed by t he PQP document i ng t hat  t he asbest os 
cont r ol  ar ea i s f r ee of  dust ,  di r t ,  and debr i s and al l  wast e has been 
r emoved.   The asbest os f i ber  count s f r om t hese sampl es must  be l ess t han 
0. 01 f i ber s per  cubi c cent i met er  or  be not  gr eat er  t han t he backgr ound,  
whi chever  i s gr eat er .   Shoul d any of  t he f i nal  sampl es i ndi cat e a hi gher  
val ue t ake appr opr i at e act i ons t o r e- cl ean t he ar ea and r epeat  t he 
sampl i ng  anal ysi s at  t he Cont r act or ' s expense.
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3. 2. 10. 6   Ai r  Cl ear ance Fai l ur e

I f  c l ear ance sampl i ng r esul t s f ai l  t o meet  t he f i nal  c l ear ance 
r equi r ement s,  pay al l  cost s associ at ed wi t h t he r equi r ed r ecl eani ng,  
r esampl i ng,  and anal ysi s,  unt i l  f i nal  c l ear ance r equi r ement s ar e met .

3. 2. 11   Lock- Down

Pr i or  t o r emoval  of  pl ast i c bar r i er s and af t er  pr e- cl ear ance cl ean up of  
gr oss cont ami nat i on,  t he PQP must  conduct  a v i sual  i nspect i on of  al l  ar eas 
af f ect ed by t he r emoval  i n accor dance wi t h ASTM E1368.   I nspect  f or  any 
v i s i bl e f i ber s.

3. 2. 12   Si t e I nspect i on

Whi l e per f or mi ng asbest os engi neer i ng cont r ol  wor k,  t he Cont r act or  must  be 
subj ect  t o on- si t e i nspect i on by t he Cont r act i ng Of f i cer  who may be 
assi st ed by or  r epr esent ed by saf et y or  i ndust r i al  hygi ene per sonnel .   I f  
t he wor k i s f ound t o be i n v i ol at i on of  t hi s speci f i cat i on,  t he 
Cont r act i ng Of f i cer  or  hi s r epr esent at i ve wi l l  i ssue a st op wor k or der  t o 
be i n ef f ect  i mmedi at el y and unt i l  t he v i ol at i on i s r esol ved.   Al l  r el at ed 
cost s i ncl udi ng st andby t i me r equi r ed t o r esol ve t he vi ol at i on must  be at  
t he Cont r act or ' s expense.

3. 3   CLEAN- UP AND DI SPOSAL

3. 3. 1   Housekeepi ng

Essent i al  par t s of  asbest os dust  cont r ol  ar e housekeepi ng and cl ean- up 
pr ocedur es.   Mai nt ai n sur f aces of  t he asbest os cont r ol  ar ea f r ee of  
accumul at i ons of  asbest os f i ber s.   Gi ve met i cul ous at t ent i on t o 
r est r i ct i ng t he spr ead of  dust  and debr i s;  keep wast e f r om bei ng 
di st r i but ed over  t he gener al  ar ea.   Use HEPA f i l t er ed vacuum cl eaner s.   DO 
NOT BLOW DOWN THE SPACE WI TH COMPRESSED AI R.   When asbest os r emoval  i s  
compl et e,  al l  asbest os wast e i s r emoved f r om t he wor k- si t e,  and f i nal  
c l ean- up i s compl et ed,  t he Cont r act i ng Of f i cer  wi l l  at t est  t hat  t he ar ea 
i s saf e bef or e t he s i gns can be r emoved.   Af t er  f i nal  c l ean- up and 
accept abl e ai r bor ne concent r at i ons ar e at t ai ned but  bef or e t he HEPA uni t  
i s  t ur ned of f  and t he encl osur e r emoved,  r emove al l  pr e- f i l t er s on t he 
bui l di ng HVAC syst em and pr ovi de new pr e- f i l t er s.   Di spose of  f i l t er s as 
asbest os cont ami nat ed mat er i al s.   Reest abl i sh HVAC mechani cal ,  and 
el ect r i cal  syst ems i n pr oper  wor ki ng or der .   The Cont r act i ng Of f i cer  wi l l  
v i sual l y i nspect  al l  sur f aces wi t hi n t he encl osur e f or  r esi dual  mat er i al  
or  accumul at ed dust  or  debr i s.   The Cont r act or  must  r e- cl ean al l  ar eas 
showi ng dust  or  r esi dual  mat er i al s.   I f  r e- c l eani ng i s r equi r ed,  ai r  
sampl e and est abl i sh an accept abl e asbest os ai r bor ne concent r at i on af t er  
r e- c l eani ng.   The Cont r act i ng Of f i cer  must  agr ee t hat  t he ar ea i s saf e i n 
wr i t i ng bef or e unr est r i ct ed ent r y wi l l  be per mi t t ed.   The Gover nment  must  
have t he opt i on t o per f or m moni t or i ng t o det er mi ne i f  t he ar eas ar e saf e 
bef or e ent r y i s per mi t t ed.

3. 3. 2   Ti t l e t o Mat er i al s

Al l  wast e mat er i al s,  except  as speci f i ed ot her wi se,  become t he pr oper t y of  
t he Cont r act or  and must  be di sposed of  as speci f i ed i n appl i cabl e l ocal ,  
St at e,  and Feder al  r egul at i ons and her ei n.
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3. 3. 3   Di sposal  of  Asbest os

3. 3. 3. 1   Pr ocedur e f or  Di sposal

 Coor di nat e al l  wast e di sposal  mani f est s wi t h t he Cont r act i ng Of f i cer .   
Col l ect  asbest os wast e,  cont ami nat ed wast e wat er  f i l t er s,  asbest os 
cont ami nat ed wat er ,  scr ap,  debr i s,  bags,  cont ai ner s,  equi pment ,  and 
asbest os cont ami nat ed cl ot hi ng whi ch may pr oduce ai r bor ne concent r at i ons 
of  asbest os f i ber s and pl ace i n seal ed f i ber - pr oof ,  wat er pr oof ,  
non- r et ur nabl e cont ai ner s ( e. g.  doubl e pl ast i c bags 6 mi l s t hi ck,  car t ons,  
dr ums or  cans) .   Wast es wi t hi n t he cont ai ner s must  be adequat el y wet  i n 
accor dance wi t h 40 CFR 61- SUBPART M.   Af f i x  a war ni ng and Depar t ment  of  
Tr anspor t at i on ( DOT)  l abel  t o each cont ai ner  i ncl udi ng t he bags or  use at  
l east  6 mi l s t hi ck bags wi t h t he appr oved war ni ngs and DOT l abel i ng 
pr epr i nt ed on t he bag.   Cl ear l y i ndi cat e on t he out si de of  each cont ai ner  
t he name of  t he wast e gener at or  and t he l ocat i on at  whi ch t he wast e was 
gener at ed.   Pr event  cont ami nat i on of  t he t r anspor t  vehi c l e ( especi al l y i f  
t he t r anspor t  vehi c l e i s a r ent ed t r uck l i kel y t o be used i n t he f ut ur e 
f or  non- asbest os pur poses) .   These pr ecaut i ons i ncl ude l i ni ng t he vehi c l e 
car go ar ea wi t h pl ast i c sheet i ng ( s i mi l ar  t o wor k ar ea encl osur e)  and 
t hor ough cl eani ng of  t he car go ar ea af t er  t r anspor t  and unl oadi ng of  
asbest os debr i s i s compl et e.   Di spose of  wast e asbest os mat er i al  at  an 
Envi r onment al  Pr ot ect i on Agency ( EPA)  or  St at e- appr oved asbest os l andf i l l  
of f  Gover nment  pr oper t y.   For  t empor ar y st or age,  st or e seal ed i mper meabl e 
bags i n asbest os wast e dr ums or  ski ds.   An ar ea f or  i nt er i m st or age of  
asbest os wast e- cont ai ni ng dr ums or  ski ds wi l l  be assi gned by t he 
Cont r act i ng Of f i cer  or  hi s aut hor i zed r epr esent at i ve.   Compl y wi t h 
40 CFR 61- SUBPART M,  St at e,  r egi onal ,  and l ocal  st andar ds f or  haul i ng and 
di sposal .   Seal ed pl ast i c bags may be dumped f r om dr ums i nt o t he bur i al  
s i t e unl ess t he bags have been br oken or  damaged.   Damaged bags must  
r emai n i n t he dr um and t he ent i r e cont ami nat ed dr um must  be bur i ed.   
Uncont ami nat ed dr ums may be r ecycl ed.   Wor ker s unl oadi ng t he seal ed dr ums 
must  wear  appr opr i at e r espi r at or s and per sonal  pr ot ect i ve equi pment  when 
handl i ng asbest os mat er i al s at  t he di sposal  s i t e.

3. 3. 3. 2   Asbest os Di sposal  Quant i t y Repor t

Di r ect  t he PQP t o r ecor d and r epor t ,  t o t he Cont r act i ng Of f i cer ,  t he 
amount  of  asbest os cont ai ni ng mat er i al  r emoved and r el eased f or  di sposal .   
Del i ver  t he r epor t  f or  t he pr evi ous day at  t he begi nni ng of  each day shi f t  
wi t h amount s of  mat er i al  r emoved dur i ng t he pr evi ous day r epor t ed i n 
l i near  f eet  or  squar e f eet  as descr i bed i ni t i al l y  i n t hi s speci f i cat i on 
and i n cubi c f eet  f or  t he amount  of  asbest os cont ai ni ng mat er i al  r el eased 
f or  di sposal .

        - -  End of  Sect i on - -
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SECTI ON 03 01 00

REHABI LI TATI ON OF CONCRETE
02/ 18

PART 1   GENERAL

1. 1   SCOPE

Thi s speci f i cat i on gover ns t he r ehabi l i t at i on of  st r uct ur al  concr et e.

1. 2   DEFI NI TI ONS

1. 2. 1   Br aci ng

Tempor ar y suppl ement al  member s used t o avoi d l ocal  or  gl obal  i nst abi l i t y  
dur i ng const r uct i on,  eval uat i on,  or  r epai r  t hat  ar e i nt ended t o be r emoved 
af t er  compl et i on of  const r uct i on.

1. 2. 2   Del ami nat i on

A pl anar  separ at i on i n a mat er i al  t hat  i s  r oughl y par al l el  t o t he sur f ace 
of  t he mat er i al .

1. 2. 3   Rehabi l i t at i on

Repai r i ng or  modi f y i ng an exi st i ng st r uct ur e t o a desi r ed usef ul  condi t i on.

1. 2. 4   Repai r

The r econst r uct i on or  r enewal  of  concr et e par t s of  an exi st i ng st r uct ur e 
f or  i t s  mai nt enance or  t o cor r ect  det er i or at i on,  damage,  or  f aul t y 
const r uct i on of  member s or  syst ems of  a st r uct ur e.

1. 2. 5   Shor i ng

Pr ops or  post s of  t i mber  or  ot her  mat er i al  i n compr essi on used f or  t he 
t empor ar y suppor t  of  excavat i ons,  f or mwor k,  or  unsaf e st r uct ur es;  t he 
pr ocess of  er ect i ng shor es.

1. 2. 6   Ter mi nat i on Joi nt

The i nt er f ace wher e a pl acement  of  r epai r  mat er i al  meet s exi st i ng 
concr et e,  t he edge of  an expansi on j oi nt ,  or  ot her  exi st i ng sur f aces.

1. 2. 7   Unsound Concr et e

Concr et e t hat  i s  f r act ur ed,  del ami nat ed,  spal l ed,  det er i or at ed,  def ect i ve,  
cont ami nat ed or  ot her wi se damaged.  

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.
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AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  117 ( 2010;  Er r at a 2011)  Speci f i cat i ons f or  
Tol er ances f or  Concr et e Const r uct i on and 
Mat er i al s and Comment ar y

ACI  503. 2- 503. 4 ( 2010,  R 2003)  Thr ee Epoxy Speci f i cat i ons

ACI  503. 3 ( 2010)  Speci f i cat i on f or  Pr oduci ng a 
Ski d- Resi st ant  Sur f ace on Concr et e by t he 
Use of  Epoxy and Aggr egat e

ACI  503. 7 ( 2007)  Speci f i cat i on f or  Cr ack Repai r  by 
Epoxy I nj ect i on

ACI  548. 4 ( 2011)  St andar d Speci f i cat i on f or  
Lat ex- Modi f i ed Concr et e ( LMC)  Over l ays

ACI  548. 8 ( 2007)  Speci f i cat i on f or  Type EM ( Epoxy 
Mul t i - Layer )  Pol ymer  Over l ay f or  Br i dge 
and Par ki ng Gar age Decks

ACI  548. 10 ( 2010)  Speci f i cat i on f or  Type MMS ( Met hyl  
Met hacr yl at e Sl ur r y)  Pol ymer  Over l ays f or  
Br i dge and Par ki ng Gar age Decks

ACI  548. 12 ( 2012)  Speci f i cat i on f or  Bondi ng Har dened 
Concr et e and St eel  t o Har dened Concr et e 
wi t h an Epoxy Adhesi ve

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE/ SEI  37 ( 2015)  Desi gn Loads on St r uct ur es Dur i ng 
Const r uct i on

ASTM I NTERNATI ONAL ( ASTM)

ASTM C33/ C33M ( 2018)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es

ASTM C42/ C42M ( 2020)  St andar d Test  Met hod f or  Obt ai ni ng 
and Test i ng Dr i l l ed Cor es and Sawed Beams 
of  Concr et e

ASTM C387/ C387M ( 2017)  St andar d Speci f i cat i on f or  
Packaged,  Dr y,  Combi ned Mat er i al s f or  
Concr et e and Hi gh St r engt h Mor t ar

ASTM C496/ C496M ( 2017)  St andar d Test  Met hod f or  Spl i t t i ng 
Tensi l e St r engt h of  Cyl i ndr i cal  Concr et e 
Speci mens

ASTM C881/ C881M ( 2020a)  St andar d Speci f i cat i on f or  
Epoxy- Resi n- Base Bondi ng Syst ems f or  
Concr et e

ASTM C882/ C882M ( 2020)  Bond St r engt h of  Epoxy- Resi n 
Syst ems Used wi t h Concr et e by Sl ant  Shear
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ASTM C928/ C928M ( 2020a)  St andar d Speci f i cat i on f or  
Packaged,  Dr y,  Rapi d- Har deni ng 
Cement i t i ous Mat er i al s f or  Concr et e Repai r s

ASTM C1059/ C1059M ( 2021)  St andar d Speci f i cat i on f or  Lat ex 
Agent s f or  Bondi ng Fr esh t o Har dened 
Concr et e

ASTM C1077 ( 2017)  St andar d Pr act i ce f or  Agenci es 
Test i ng Concr et e and Concr et e Aggr egat es 
f or  Use i n Const r uct i on and Cr i t er i a f or  
Test i ng Agency Eval uat i on

ASTM C1438 ( 2013;  R 2017)  St andar d Speci f i cat i on f or  
Lat ex and Powder  Pol ymer  Modi f i er s f or  use 
i n Hydr aul i c Cement  Concr et e and Mor t ar

ASTM C1583/ C1583M ( 2013)  St andar d Test  Met hod f or  Tensi l e 
St r engt h of  Concr et e Sur f aces and t he Bond 
St r engt h or  Tensi l e St r engt h of  Concr et e 
Repai r  and Over l ay Mat er i al s by Di r ect  
Tensi on ( Pul l - of f  Met hod)

ASTM C1600/ C1600M ( 2017)  St andar d Speci f i cat i on f or  Rapi d 
Har deni ng Hydr aul i c Cement

ASTM C1602/ C1602M ( 2022)  St andar d Speci f i cat i on f or  Mi xi ng 
Wat er  Used i n Pr oduct i on of  Hydr aul i c 
Cement  Concr et e

ASTM D93 ( 2019)  St andar d Test  Met hods f or  
Fl ash- Poi nt  by Pensky- Mar t ens Cl osed Cup 
Test er

ASTM D323 ( 2015a)  Vapor  Pr essur e of  Pet r ol eum 
Pr oduct s ( Rei d Met hod)

ASTM D542 ( 2014)  I ndex of  Ref r act i on of  Tr anspar ent  
Or gani c Pl ast i cs

ASTM D1078 ( 2011)  St andar d Test  Met hod f or  
Di st i l l at i on Range of  Vol at i l e Or gani c 
Li qui ds

ASTM D2103 ( 2015)  St andar d Speci f i cat i on f or  
Pol yet hyl ene Fi l m and Sheet i ng

ASTM D2822/ D2822M ( 2005;  R 2011;  E 2011)  St andar d 
Speci f i cat i on f or  Asphal t  Roof  Cement ,  
Asbest os- Cont ai ni ng

ASTM D3418 ( 2015)  Tr ansi t i on Temper at ur es of  Pol ymer s 
by Di f f er ent i al  Scanni ng Cal or i met r y

ASTM D4016 ( 2014)  Vi scosi t y of  Chemi cal  Gr out s by 
Br ook f i el d Vi scomet er  ( Labor at or y Met hod)

ASTM D4580/ D4580M ( 2012)  St andar d Pr act i ce f or  Measur i ng 
Del ami nat i ons i n Concr et e Br i dge Decks by 
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Soundi ng

ASTM E329 ( 2021)  St andar d Speci f i cat i on f or  Agenci es 
Engaged i n Const r uct i on I nspect i on,  
Test i ng,  or  Speci al  I nspect i on

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:  

SD- 01 Pr econst r uct i on Submi t t al s

Qual i f i cat i ons;  G,  RO

Wor k Pl an;  G,  RO

Qual i t y Cont r ol  Pl an;  G,  RO

SD- 03 Pr oduct  Dat a

Convent i onal  Concr et e

Pol ymer s

Mi scel l aneous Mat er i al s And Equi pment

SD- 04 Sampl es

Rei nf or cement  And Rei nf or cement  Suppor t s

Pol ymer s

Mi scel l aneous Mat er i al s And Equi pment

SD- 05 Desi gn Dat a

Repai r  Pr ocedur es;  G,  RO

Mi xt ur e Pr opor t i oni ng;  G,  RO

SD- 06 Test  Repor t s

Mi xt ur e Pr opor t i oni ng

Qual i t y Cont r ol

Tol er ence Repor t

Convent i onal  Concr et e

Pol ymer s

Mi scel l aneous Mat er i al s And Equi pment
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SD- 07 Cer t i f i cat es

Qual i f i cat i ons

Rei nf or cement  And Rei nf or cement  Suppor t s

Convent i onal  Concr et e

Pol ymer s

SD- 08 Manuf act ur er ' s I nst r uct i ons

Equi pment  For  Concr et e Pr epar at i on

Convent i onal  Concr et e

Pol ymer s

Mi scel l aneous Mat er i al s And Equi pment

1. 5   QUALI TY ASSURANCE

1. 5. 1   Gener al  Requi r ement s

a.   Fol l ow t he r equi r ement s of  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE f or  
Wor k i nvol v i ng por t l and cement  concr et e.

b.   To pr ot ect  per sonnel  f r om over exposur e t o t oxi c mat er i al s,  conf or m t o 
t he appl i cabl e manuf act ur er ' s Saf et y dat a sheet s or  l ocal  r egul at i ons.  
Submi t  manuf act ur er ' s Saf et y Dat a Sheet s f or  al l  pol ymer s as wel l  as 
ot her  pot ent i al l y  hazar dous mat er i al s.

c.   Submi t  t he r epai r  pr ocedur es f or  execut i ng t he wor k as wel l  as t he 
t est  dat a and document at i on on mat er i al s used f or  r epai r .  Submi t t al  
must  i ncl ude component  mat er i al s,  mi xt ur e pr opor t i ons,  and suppl i er ' s 
qual i t y cont r ol  pr ogr am.  

d.   I nspect i on and t est i ng of  sur f ace pr epar at i on as wel l  as pl acement  of  
r ei nf or ci ng st eel  must  be i n accor dance wi t h pr ovi s i ons i ncl uded 
her ei n and t he Cont r act  Document .  

e.   Sampl i ng and t est i ng of  mat er i al s,  as wel l  as i nspect i on and t est i ng 
of  wor k,  must  be i n accor dance wi t h est abl i shed pr ocedur es,  
manuf act ur er ' s i nst r uct i ons,  speci f i c  i nst r uct i ons f r om t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve i f  gi ven,  or  r ecommended 
pr act i ces as r ef er enced her ei n and t he Cont r act  Document s.

f .   Tr i al  bat ches and t est i ng r equi r ement s f or  var i ous r epai r  mat er i al s 
speci f i ed ar e t he r esponsi bi l i t y  of  t he Cont r act or .

g.   The t est i ng agency must  i nspect ,  sampl e,  and t est  r epai r  mat er i al s and 
concr et e pr oduct i on as r equi r ed.  When i t  appear s t hat  mat er i al  
f ur ni shed or  wor k per f or med by Cont r act or  f ai l s  t o conf or m t o Cont r act  
Document s t he t est i ng agency wi l l  i mmedi at el y r epor t  such def i c i ency.  

1. 5. 2   Qual i t y Cont r ol  Pl an

Submi t  a qual i t y cont r ol  pl an as speci f i ed i n Sect i ons 01 45 00. 00 10 
QUALI TY CONTROL and 03 30 00 CAST- I N- PLACE CONCRETE.
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1. 5. 3   Qual i f i cat i ons

The submi t t al s must  wher e appl i cabl e,  i dent i f y agenci es and i ndi v i dual s 
who wi l l  be wor ki ng on t hi s cont r act  and t hei r  r el evant  exper i ence.  Do not  
make changes i n appr oved agenci es or  per sonnel  wi t hout  pr i or  appr oval  of  
t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

1. 5. 3. 1   Test i ng Agenci es

I n addi t i on t o t he r equi r ement s of  Sect i on 01 45 00. 00 10 QUALI TY CONTROL,  
agenci es t hat  t est  concr et e mat er i al s must  meet  t he r equi r ement s of  
ASTM C1077.  Test i ng agenci es t hat  t est  or  i nspect  pl acement  of  r ei nf or ci ng 
st eel  must  meet  t he r equi r ement  of  ASTM E329.  Submi t  dat a on 
qual i f i cat i ons of  Cont r act or ' s pr oposed t est i ng agency f or  accept ance.

1. 5. 3. 2   Qual i t y Cont r ol  Per sonnel

Fi el d t est s of  r epai r  mat er i al s r equi r ed must  be made by an I CRI  Concr et e 
Sur f ace Repai r  Techni c i an Ti er  2.  Submi t  r esumes,  per t i nent  i nf or mat i on,  
past  exper i ence,  t r ai ni ng and educat i on of  al l  oper at or s of  speci al i zed 
demol i t i on equi pment  i f  needed f or  t hi s and t he t hr ee par agr aphs above.

1. 5. 3. 3   Cont r act or  Qual i f i cat i ons

The cont r act or  per f or mi ng t he r epai r  wor k must  have been i nvol ved i n a 
mi ni mum of  t hr ee concr et e r epai r  pr oj ect s s i mi l ar  i n s i ze and scope t o 
t hi s pr oj ect  f or  at  l east  f i ve year s.  Submi t  i nf or mat i on,  i ncl udi ng name,  
dol l ar  val ue,  dat e,  and poi nt - of - cont act  f or  s i mi l ar  pr oj ect s whi ch 
demonst r at es t he r equi r ed exper i ence and/ or  t r ai ni ng.

1. 5. 3. 4   Wor ker  Qual i f i cat i ons

a.   Each wor ker  engaged i n t he use of  speci al i zed r emoval  or  appl i cat i on 
equi pment ,  must  have sat i sf act or i l y  compl et ed an i nst r uct i on pr ogr am 
and t hr ee year s of  exper i ence i n t he oper at i on of  t he equi pment .  The 
wor ker  must  have act i ve exper i ence wi t h t he equi pment  wi t hi n f i ve 
year s of  t he pr oj ect .

b.   Wor ker s i nst al l i ng adhesi ve anchor s must  be ACI  Adhesi ve Anchor  
I nst al l er  cer t i f i ed or  equi val ent .

1. 5. 3. 5   Regul at or y Requi r ement s

Per f or m al l  wor k i n accor dance wi t h appl i cabl e Feder al ,  St at e,  and l ocal  
saf et y,  heal t h,  and envi r onment al  r equi r ement s.  The Cont r act or  i s 
r esponsi bl e f or  obt ai ni ng al l  per mi t s r equi r ed by Feder al ,  St at e,  and 
l ocal  agenci es f or  t he per f or mance of  t he wor k.

1. 5. 4   Pr e- Const r uct i on Conf er ence

Conduct  a pr e- const r uct i on conf er ence t o di scuss r epai r  mat er i al s 
per f or mance r equi r ement s,  cont r ol  pr ovi s i ons,  and r ol es and 
r esponsi bi l i t i es f or  t he Wor k t o ensur e t hat  t he Cont r act or ' s per sonnel  
under st and al l  aspect s of  t he r epai r  mat er i al ,  i t s  pr oper t i es and 
appl i cat i on pr ocedur es.  The conf er ence must  i ncl ude t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve or  aut hor i zed r epr esent at i ve,  t he Cont r act or ' s 
f i el d super i nt endent  and f or eman,  and a compet ent  Techni cal  Repr esent at i ve 
of  t he mat er i al  manuf act ur er ,  and ot her  i nvol ved t r ades or  suppl i er  
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r epr esent at i ves.  The Techni cal  Repr esent at i ve must  be f ul l y qual i f i ed t o 
per f or m t he wor k.

1. 5. 5   Wor k Pl an

Pr epar e a wor k pl an descr i bi ng t he met hods of  concr et e r emoval  and r epai r ,  
i ncl udi ng met hods,  equi pment  and mat er i al s t o be used f or  each f eat ur e.  
Submi t  t he wor k pl an f or  appr oval  at  l east  30 days pr i or  t o t he st ar t  of  
t he wor k.  The pl an must  i ncl ude,  but  not  be l i mi t ed t o,  r epai r  mat er i al s 
t o be used wi t h speci f i c  i nf or mat i on on pr oduct s and/ or  const i t uent s,  and 
r equi r ement s f or  handl i ng,  st or age,  et c. ,  equi pment  t o be used,  sur f ace 
pr epar at i on,  and r equi r ement s f or  pl acement ,  f i ni shi ng,  cur i ng and 
pr ot ect i on speci f i c  t o t he mat er i al s used.  I ncl ude a descr i pt i on of  f i el d 
demonst r at i ons i n t he wor k pl an.  Do not  commence wor k unt i l  t he wor k pl an 
and f i el d demonst r at i on r epr esent at i ve of  t he t ype of  wor k ar e appr oved.

1. 6   ACCEPTANCE OF REHABI LI TATI ON WORK

1. 6. 1   Gener al  Requi r ement s 

a.   Compl et ed concr et e r ehabi l i t at i on wor k must  conf or m t o appl i cabl e 
r equi r ement s of  Cont r act  Document  and t hi s speci f i cat i on.  The 
Cont r act or  i s r esponsi bl e t o br i ng Wor k i nt o compl i ance wi t h 
r equi r ement s of  Cont r act  Document s i f  t he Concr et e r epai r  wor k f ai l s  
t o meet  one or  mor e r equi r ement s of  Cont r act  Document s.

b.   Cor r ect  r ej ect ed r epai r  wor k by r emovi ng and r epl aci ng or  by 
st r engt heni ng wi t h addi t i onal  const r uct i on accept abl e t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.  Use r epai r  met hods t hat  meet  
appl i cabl e r equi r ement s f or  f unct i on,  dur abi l i t y ,  di mensi onal  
t ol er ances,  and appear ance.

c.   Submi t  pr oposed wor k pl an,  r epai r  met hods,  mat er i al s,  and 
modi f i cat i ons t o t he Wor k needed t o cor r ect  r ej ect ed r epai r  wor k t o 
meet  t he r equi r ement s of  Cont r act  Document s.

1. 6. 2   Tol er ances

a.   Const r uct i on t ol er ances f or  r epai r s must  conf or m t o ACI  117.  Wher e 
exi st i ng condi t i ons do not  al l ow t ol er ances t o conf or m t o ACI  117,  use 
t he det ai l s and mat er i al s f or  such condi t i ons as i ndi cat ed i n t he 
Cont r act  Document s.  For  condi t i ons not  shown or  t hat  ar e di f f er ent  
t han i ndi cat ed i n t he Cont r act  Document s,  not i f y t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve bef or e pr oceedi ng wi t h t he wor k at  t hose 
l ocat i ons. Pr ovi de a t ol er ence r epor t  as r equi r ed by Sect i on 03 30 00 
CAST- I N- PLACE CONCRETE.

b.   I naccur at el y f or med concr et e sur f aces r esul t i ng i n concr et e member s 
wi t h di mensi ons t hat  exceed ACI  117 t ol er ances ar e subj ect  t o 
r ej ect i on.

1. 6. 3   Appear ance

Concr et e sur f aces not  meet i ng t he r equi r ement s of  t he Cont r act  Document s 
must  be br ought  i nt o compl i ance.

1. 7   PROTECTI ON OF COMPLETED REHABI LI TATI ON WORK

a.   Do not  al l ow const r uct i on l oads t o exceed t he l oads t hat  a st r uct ur al  
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member  or  st r uct ur e i s saf el y capabl e of  suppor t i ng wi t hout  damage.  
Pr ovi de suppl ement al  suppor t  i f  const r uct i on l oads ar e expect ed t o 
exceed saf e l oad capaci t y.

b.   Pr ot ect  r epai r ed and adj acent  ar eas f r om damage by const r uct i on 
t r af f i c ,  equi pment ,  and mat er i al s.  Dur i ng t he cur i ng per i od,  pr ot ect  
r epai r  mat er i al s f r om damage by mechani cal  di st ur bances,  i ncl udi ng 
l oad- i nduced st r esses,  shock,  and vi br at i on.

c.   Pr ot ect  r epai r  mat er i al s f r om envi r onment al  damage by weat her  event s 
dur i ng t he l engt h of  t he cur i ng per i od.

PART 2   PRODUCTS

Pr oduct s or  mat er i al s used must  conf or m t o t he r equi r ement s i ncl uded 
her ei n as wel l  as t he Cont r act  Document s.  The usage of  ot her  pr oduct s or  
mat er i al s not  cover ed by t hi s r equi r ement  or  speci f i ed i n t he Cont r act  
Document s ar e per mi t t ed upon appr oval  by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.  Addi t i onal  i nf or mat i on and submi t t al s f or  pr oduct s and 
mat er i al s not  i ncl uded i n t hi s document  i ncl udi ng pr oduct  dat a,  sampl es,  
desi gn dat a,  t est  r epor t s,  cer t i f i cat es,  manuf act ur er ' s i nst r uct i ons,  and 
f i el d r epor t s must  be submi t t ed as r equest ed by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

2. 1   MATERI ALS FOR SHORI NG AND BRACI NG

2. 1. 1   Shor i ng and Br aci ng Syst ems

Use commer ci al l y manuf act ur ed and engi neer ed shor i ng and br aci ng syst ems 
and component s,  except  wher e cust om bui l t  assembl i es of  l umber  or  ot her  
sui t abl e mat er i al s ar e per mi t t ed by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

2. 1. 2   Desi gn Requi r ement s

The desi gn of  t he br aci ng and shor i ng must  be based on ASCE/ SEI  37.

a.   Non- manuf act ur ed shor i ng and br aci ng syst ems must  have cal cul at i ons 
s i gned and seal ed by a Li censed Desi gn Pr of essi onal .

b.   Member s of  non- manuf act ur ed shor i ng syst ems,  must  be desi gned i n 
accor dance wi t h t he pr ovi s i ons of  t he gover ni ng bui l di ng code f or  t he 
speci f i c  mat er i al  of  t he member .

c.   Member s of  manuf act ur ed shor i ng syst ems,  consi st i ng of  pr e- engi neer ed 
component s desi gned and pr oduced speci f i cal l y f or  st r uct ur al  shor i ng,  
must  be used i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.

2. 2   EQUI PMENT FOR CONCRETE PREPARATI ON

Means and met hods used f or  concr et e r emoval  and sur f ace pr epar at i on must  
be sel ect ed and used such as t o mi ni mi ze damage t o t he st r uct ur e and t o 
t he concr et e subst r at e t hat  r emai ns.

2. 2. 1   Equi pment  f or  Concr et e Removal

Removal  equi pment  and t echni ques must  be sui t abl e t o pr oduce concr et e 
sur f ace pr of i l es and l evel  of  c l eanl i ness i n desi gnat ed ar eas as r equi r ed 
by t hi s speci f i cat i on and t he cont r act  Document s.
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2. 2. 1. 1   Cut t i ng Equi pment

a.   The f ol l owi ng cut t i ng equi pment  ar e per mi t t ed:  Hi gh- pr essur e wat er  j et  
wi t hout  abr asi vesSaw cut t i ng.

b.   Cut t i ng,  l i f t i ng,  and t r anspor t i ng equi pment  must  be adequat e t o cut ,  
suppor t ,  and t r anspor t  concr et e sect i ons wi t hout  i ncur r i ng any damage 
t o t he exi st i ng st r uct ur e.

2. 2. 1. 2   Concr et e Br eaker s

a.   Pr ovi de shar p t i ps on br eaker  equi pment  t o mi ni mi ze mi cr ocr acki ng 
damage i n par t i al  dept h r emoval .

b.   The use of  t he f ol l owi ng i mpact  equi pment  and met hods i s per mi t t ed:  
Hand- hel d br eaker sBoom- mount ed br eaker sScabbl er sNeedl e scal er s
Scar i f i er s.  

c.   The maxi mum br eaker  s i ze i s 30 l bs. .

2. 2. 2   Sur f ace pr epar at i on and cl eani ng equi pment

2. 2. 2. 1   Ot her  Cl eani ng Equi pment

Use equi pment  t hat  del i ver s oi l  f r ee ai r  capabl e of  c l eani ng l oose 
mat er i al  and debr i s f r om r epai r  ar eas.  I f  necessar y t o dr y t he concr et e 
sur f ace,  gas- f i r ed t or ches or  c l ean,  dr y,  compr essed ai r  may be used.  
Al so,  use vacuums capabl e of  r emovi ng l oose mat er i al  and debr i s.

2. 3   MATERI ALS FOR FORMWORK AND EMBEDDED I TEMS

a.   For mwor k and embedded i t ems must  meet  t he r equi r ement s speci f i ed i n 
Sect i on 03 30 00 CAST- I N- PLACE CONCRETE .

b.   I nst al l  and r emove f or mwor k wi t hout  damagi ng or  st ai ni ng t he exi st i ng 
st r uct ur e or  r epai r  mat er i al .

c.   For ms used f or  pol ymer  concr et e/ mor t ar s must  be t i ght  enough t o hol d 
t he mat er i al  t hat  i s  used wi t hout  l eaki ng.  Al l  sur f aces wher e bond i s 
not  desi r ed,  but  whi ch ar e exposed t o t he monomer  or  r esi n,  must  be 
t r eat ed wi t h a f or m r el ease agent .

2. 4   REI NFORCEMENT AND REI NFORCEMENT SUPPORTS

2. 4. 1   St eel  Bar s,  Wi r es,  and Fi ber - r ei nf or ced Concr et e

a.   Rei nf or cement  and r ei nf or cement  suppor t  must  meet  t he r equi r ement s 
speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE .  

b.   Repai r  coat i ng damage i ncur r ed dur i ng shi pment ,  st or age,  handl i ng,  and 
pl aci ng of  r ei nf or ci ng bar s i n accor dance wi t h t he appr opr i at e ASTM 
st andar d pr act i ces f or  r epai r  of  damaged r ei nf or cement .  Damaged ar eas 
must  not  exceed 2 per cent  of  sur f ace ar ea i n each l i near  f oot  of  each 
bar .

c.   Mechani cal  spl i ces f or  coat ed r ei nf or cement  must  have compat i bl e 
coat i ngs,  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.  Spl i ces f or  
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gal vani zed r ei nf or cement  must  be gal vani zed or  coat ed wi t h di el ect r i c 
mat er i al .  Spl i ces used wi t h epoxy- coat ed or  dual - coat ed r ei nf or cement  
must  be coat ed wi t h di el ect r i c mat er i al .

d.   Submi t  mi l l  cer t i f i cat es and shop dr awi ngs as r equi r ement  by Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE .

2. 5   CONVENTI ONAL CONCRETE

a.   Por t l and cement  concr et e mat er i al s must  meet  t he r equi r ement s 
speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE .

b.   Use cement i t i ous mat er i al s of  t he same br and and t ype f r om t he same 
manuf act ur i ng pl ant  as t he cement i t i ous mat er i al s used i n t he concr et e 
r epr esent ed by t he submi t t ed f i el d t est  r ecor ds or  used i n t r i al  
mi xt ur es.

c.   Aggr egat es used i n concr et e must  be obt ai ned f r om t he same sour ces and 
have t he same si ze r ange as aggr egat es used i n t he concr et e 
r epr esent ed by submi t t ed hi st or i cal  dat a or  used i n t r i al  mi xt ur es.

d.   Ref er  t o Sect i on 03 30 00 CAST- I N- PLACE CONCRETE f or  det ai l s on 
submi t t al s i nvol v i ng convent i onal  concr et e.

2. 6   POLYMERS

a.   The r equi r ement s f or  t he pr oper t i es of  pol ymer s and aggr egat es used i n 
pol ymer s must  meet  t he r equi r ement s speci f i ed i n t hi s par agr aph as 
wel l  as t he pr oper t i es speci f i ed i n t he r ef er enced speci f i cat i ons and 
t he Cont r act  Document s.

b.   Pol ymer s used must  be compat i bl e wi t h ot her  pol ymer s and mat er i al s 
used on t he pr oj ect .  Unl ess r epai r  mat er i al s ar e speci f i ed i n t he 
cont r act  document s,  t he Cont r act or  i s r esponsi bl e f or  ver i f y i ng 
mat er i al  compat i bi l i t i es.

c.   Submi t  pr oduct  dat a,  manuf act ur er ' s Saf et y Dat a Sheet s, sampl es,  desi gn 
dat a,  t est  r epor t s,  cer t i f i cat es,  manuf act ur er ' s i nst r uct i ons,  and 
f i el d r epor t s f or  mat er i al s as r equi r ed by t hi s document  as wel l  as 
t he r ef er enced speci f i cat i ons and t he Cont r act  Document s.

2. 6. 1   Epoxi es

a.   Epoxy mor t ar s and epoxy compounds must  conf or m t o ASTM C881/ C881M.

b.   Epoxy mor t ar s used f or  r epai r i ng def ect s i n har dened por t l and cement  
concr et e must  meet  t he r equi r ement s of  ACI  503. 2- 503. 4.

c.   Epoxy used f or  cr ack r epai r  must  meet  t he r equi r ement s of  ACI  503. 7.

d.   Epoxy used t o pr oduce a ski d- r esi st ant  sur f ace on har dened concr et e 
must  meet  t he r equi r ement s of  ACI  503. 3.

e.   Epoxy used f or  over l ays must  meet  t he r equi r ement s of  ACI  548. 8.

f .   Epoxy used f or  bondi ng f r eshl y mi xed concr et e and har dened concr et e 
must  meet  t he r equi r ement s of  ASTM C881/ C881M,  Type I I ,  Gr ade 2,  Cl ass 
B or  C based upon condi t i ons.
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g.   Epoxy used f or  bondi ng har dened concr et e and st eel  t o har dened 
concr et e must  meet  t he r equi r ement s of  ACI  548. 12.

2. 6. 2   Lat exes

a.   Lat ex used i n pol ymer  modi f i ed por t l and cement  concr et e/ mor t ar  must  
meet  t he r equi r ement s of  ASTM C1438.

b.   Lat ex used i n pol ymer  modi f i ed por t l and cement  concr et e over l ays must  
meet  t he r equi r ement s of  ACI  548. 4.

c.   Lat ex used f or  bondi ng f r eshl y mi xed concr et e and har dened concr et e 
must  meet  t he r equi r ement s of  ASTM C1059/ C1059M,  Type I I .

2. 6. 3   Met hacr yl at es

a.   Met hyl  met hacr yl at e s l ur r y ( MMS)  used f or  over l ays must  meet  t he 
r equi r ement s of  ACI  548. 10.

b.   Hi gh mol ecul ar  wei ght  met hacr yl at e ( HMWM)  must  be a 2- component ,  r api d 
cur i ng,  and sol vent - f r ee syst em.

c.   HMWM monomer s must  be a hi gh mol ecul ar  wei ght  or  subst i t ut ed 
met hacr yl at e t hat  conf or ms t he f ol l owi ng pr oper t i es:

Physi cal  Pr oper t i es of  HMWM Monomer

Pr oper t y Test  Met hod Cr i t er i a

Vapor  Pr essur e Fl ash 
Poi nt  Densi t y

ASTM D323
ASTM D93 Less t han 0. 02 psi  at  77 degr ees F

Gr eat er  t han 200 degr ees F
Gr eat er  t han 8. 4 l bs.  per  gal .  at  77 
degr ees F

Vi scosi t y 
I ndex of  Ref r act i on 
Boi l i ng poi nt  @  
0. 02 psi  
Shr i nkage on cur e

ASTM D4016
ASTM D542

ASTM D1078
12 + 4 cps at  73 degr ees F
1. 470 + 0. 002 
158 degr ees F
Less t han 11  per cent

Gl ass Tr ansi t i on 
Temper at ur e ( DSC)

ASTM D3418
158 degr ees F

Cur i ng Ti me
( 100 g mass)

ASTM D3418
Gr eat er  t han 40 mi nut es at  73 degr ees 
F,  wi t h 4 per cent  cuemene
hydr oper oxi de
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Physi cal  Pr oper t i es of  HMWM Monomer

Bond St r engt h ASTM C882/ C882M
Gr eat er  t han 1, 500 psi  

d.   The i ni t i at or / pr omot er  syst em f or  HMWM must  be capabl e of  pr ovi di ng a 
sur f ace cur e t i me of  not  l ess t han 40 mi nut es nor  mor e t han 3 hour s at  
t he sur f ace t emper at ur e of  t he concr et e dur i ng appl i cat i on.  The 
i ni t i at or / pr omot er  syst em must  be such t hat  t he gel  t i me may be 
adj ust ed t o compensat e f or  changes i n t emper at ur e t hat  may occur  
t hr oughout  t he t r eat ment  appl i cat i on.  

e.   The i ni t i at or / pr omot er  syst em f or  HMWM must  meet  t he f ol l owi ng 
cr i t er i a:

I ni t i at or  Cuemene Hydr oper oxi de 78 per cent

Pr omot er  Cobal t  Napt henat e 6 per cent

2. 6. 4   Ot her  Pol ymer s

The use of  ur et hanes i s per mi t t ed.

Submi t  pr oduct  dat a,  sampl es,  desi gn dat a,  t est  r epor t s,  cer t i f i cat es,  
manuf act ur er ' s i nst r uct i ons f or  accept ance by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

2. 6. 5   Aggr egat e

a.   Unl ess ot her wi se speci f i ed or  r ecommended by t he pol ymer  mat er i al  
manuf act ur er ,  aggr egat e used wi t h pol ymer s must  meet  ASTM C33/ C33M 
r equi r ement s.

b.   Aggr egat e pr oper t i es and pr opor t i ons used wi t h pol ymer s must  meet  t he 
r equi r ement s of  t he pol ymer  mat er i al  manuf act ur er ,  t he r equi r ement s of  
t he r ef er enced pol ymer  st andar d,  and t he Cont r act  Document s.

c.   Aggr egat e used wi t h pol ymer s must  be dr y and f r ee of  di r t ,  asphal t ,  
and ot her  or gani c mat er i al s.  Aggr egat e moi st ur e cont ent  must  be l ess 
t han 1 per cent  by wei ght .

d.   For  pat ch r epai r s,  t he maxi mum- si zed aggr egat e must  not  be gr eat er  
t han one t hi r d t he dept h of  t he pat ch ar ea.

2. 7   MI SCELLANEOUS MATERI ALS AND EQUI PMENT

2. 7. 1   Packaged and pr opr i et ar y mat er i al s

The r equi r ed pr oper t i es f or  t he mat er i al s l i s t ed i n t hi s par agr aph must  
meet  t he pr oper t i es speci f i ed i n t he Cont r act  Document s.  Submi t  Pr oduct  
dat a,  sampl es,  desi gn dat a,  t est  r epor t s,  cer t i f i cat es,  manuf act ur er ' s 
i nst r uct i ons,  and f i el d r epor t s as r equi r ed by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve and t he Cont r act  Document s.

a.   Packaged,  r api d har deni ng concr et e r epai r  mat er i al s must  conf or m t o 
ASTM C928/ C928M.
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b.   Packaged,  mor t ar  and concr et e must  conf or m ASTM C387/ C387M.

c.   Rapi d har deni ng cement  must  conf or m t o ASTM C1600/ C1600M.

Wat er  used wi t h packaged and pr opr i et ar y mat er i al s must  meet  
ASTM C1602/ C1602M r equi r ement s.  Aggr egat es must  meet  t he r epai r  mat er i al  
manuf act ur er ' s r equi r ement s i f  avai l abl e and ASTM C33/ C33M i f  such 
r equi r ement s ar e not  speci f i ed.

2. 7. 2   Bond Br eaker s

a.   Bond br eaker  mat er i al s must  meet  t he r equi r ement s of  ASTM D2822/ D2822M,  ,  ,
 ASTM D2103,  and must  have a mi ni mum t hi ckness of  0. 010 i n. ,  ,  .

b.   Bond br eaker  mat er i al s used must  not  have det r i ment al  ef f ect s on 
por t l and cement  concr et e and r ei nf or cement .

2. 7. 3   Concr et e Accessor i es

Al l  concr et e accessor i es not  i ncl uded i n t hi s document  must  meet  t he 
r equi r ement s speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE .

2. 7. 4   Mi scel l aneous Equi pment

a.   Equi pment  desi gned speci f i cal l y f or  t he appl i cat i on of  r epai r  
mat er i al s must  be used as r equi r ed by t he r epai r  mat er i al  manuf act ur er  
and t he r ef er enced speci f i cat i on.

b.   Equi pment  not  l i s t ed i n t hi s speci f i cat i on but  r ef er enced or  used f or  
r epai r s must  be cl ean and i n good oper at i ng condi t i on.

c.   Al l  suppl i es and equi pment  must  be avai l abl e i n suf f i c i ent  quant i t i es 
t o al l ow cont i nui t y i n t he i nst al l at i on pr oj ect  and qual i t y assur ance.

2. 8   MI XTURE PROPORTI ONI NG

a.   Por t l and cement - based concr et e mi xt ur es must  be i n accor dance wi t h t he 
r equi r ement s of  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE .  

b.   Pol ymer  concr et e/ mor t ar / r esi n/ monomer  pr opor t i oni ng,  handl i ng,  and 
mi xi ng pr ocedur es as wel l  as equi pment  used f or  mi xi ng t hese mat er i al s 
must  conf or m t o t he r equi r ement s of  t he r ef er enced mat er i al  
speci f i cat i ons and t he r epai r  mat er i al  manuf act ur er ' s di r ect i ons.

c.   Pol ymer - modi f i ed por t l and cement  concr et e pr opor t i oni ng,  handl i ng,  and 
mi xi ng pr ocedur es as wel l  as equi pment  used f or  mi xi ng t hese mat er i al s 
must  conf or m t o t he r equi r ement s pr ovi ded by t he r epai r  mat er i al  
manuf act ur er  as wel l  as ACI  548. 4 when such mat er i al s ar e used f or  
over l ays.

d.   Pr opor t i oni ng and mi xi ng mat er i al s not  speci f i ed above must  f ol l ow t he 
r equi r ement s pr ovi ded by t he r epai r  mat er i al  manuf act ur er .
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PART 3   EXECUTI ON

3. 1   GENERAL REQUI REMENTS

3. 1. 1   Exami nat i on

Locat e ar ea of  unsound concr et e or  del ami nat i on usi ng hammer  soundi ng or  
chai n dr ag sound met hods i n accor dance t o ASTM D4580/ D4580M.  Denot e and 
mar k per i met er  boundar i es and not i f y t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve t o appr ove t he unsound concr et e l ayout  boundar i es.  

3. 1. 2   Pr ot ect i on

Pr ot ect  pedest r i ans,  mot or i zed t r af f i c ,  mechani cal ,  el ect r i cal ,  and 
pl umbi ng equi pment ,  sur r oundi ng const r uct i on,  pr oj ect  s i t e,  l andscapi ng,  
and sur r oundi ng bui l di ngs f r om damage or  i nj ur y r esul t i ng f r om concr et e 
r ehabi l i t at i on wor k.

a.   Const r uct  dust  and debr i s bar r i er s sur r oundi ng r epai r  wor k per i met er  
t o cont r ol  dust  and t o pr ot ect  and cont r ol  const r uct i on t r af f i c .

b.   Di spose of  r unof f  f r om wet  demol i t i on or  sur f ace pr epar at i on 
oper at i ons i n accor dance wi t h al l  l ocal  or di nances.  Di sposal  met hods 
must  avoi d soi l  er osi on,  avoi d under mi ni ng pavement s and f oundat i ons,  
damage t o l andscapi ng and veget at i on,  and mi ni mi ze wat er  penet r at i on 
t hr ough ot her  par t s of  bui l di ngs.

c.   Col l ect  and neut r al i ze al kal i ne wast es and aci d wast es and di spose i n 
accor dance wi t h l ocal ,  st at e,  and f eder al  r egul at i ons.

d.   Compl y wi t h l ocal  noi se or di nances dur i ng demol i t i on oper at i ons.

e.   Per f or m demol i t i on wor k and sur f ace pr epar at i on wor k i n a manner  t hat  
mi ni mi zes di st ur bances of  oper at i ons.  Coor di nat e wor k wi t h t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.  

f .   Submi t  a pr oposed pr ot ect i on pl an f or  appr oval  by owner  r epr esent at i ve 
and Li censed Desi gn Pr of essi onal .

3. 1. 3   For mwor k and Shor i ng

Execut i on of  f or mwor k and shor i ng must  meet  t he r equi r ement s speci f i ed i n 
Sect i on 03 30 00 CAST- I N- PLACE CONCRETE .

3. 1. 3. 1   For mwor k

a.   Const r uct  f or ms t o s i zes,  shapes,  l i nes,  and di mensi ons t o mat ch 
exi st i ng adj acent  sur f aces and t ext ur es.  Pr ovi de f or ms t hat  mat ch 
openi ngs,  of f set s,  chamf er s,  anchor ages,  i nser t s and ot her  f eat ur es as 
descr i bed on Cont r act  Document s.  Const r uct  f or ms t o accommodat e 
i nst al l at i on of  pr oduct s by ot her  t r ades.  Pr ovi de f or ms f or  easy 
r emoval  t o mi ni mi ze damage t o concr et e sur f aces and adj acent  sur f aces.  
Appl y f or m r el ease coat i ng over  f or mwor k sur f aces pr i or  t o each 
concr et e pl acement .  For m r el ease agent s must  not  be appl i ed t o or  come 
i n cont act  wi t h t he r epai r  ar ea concr et e subst r at e or  r ei nf or cement .

b.   Do not  damage r epai r  mat er i al  dur i ng r emoval  of  f or mwor k f or  col umns,  
wal l s,  s i des of  beams,  and ot her  par t s not  suppor t i ng wei ght  of  
concr et e or  r epai r  mat er i al .  Per f or m needed r epai r  and t r eat ment  
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r equi r ed on ver t i cal  sur f aces at  once and f ol l ow i mmedi at el y wi t h 
speci f i ed cur i ng.  Remove al l  f or mwor k anchor s embedded i n exi st i ng 
concr et e.  Fi l l  anchor  hol es and r epai r  al l  damage t o exi st i ng concr et e 
at  anchor  hol es.

3. 1. 3. 2   Shor i ng

a.   Pr ovi de shor i ng i n accor dance wi t h t he shor i ng dr awi ngs pr i or  t o 
per f or mi ng wor k t o br ace t he subst r at e st r uct ur e t empor ar i l y  whi l e 
r epai r  wor k i s pr oceedi ng.  Shor i ng must  be desi gned,  document ed,  and 
st amped by a Li censed Desi gn Pr of essi onal .  Shor i ng desi gns must  be 
submi t t ed t o and appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve 
pr i or  t o wor k commenci ng.

b.   Leave f or mwor k and shor i ng i n pl ace t o suppor t  exi st i ng l oads,  
const r uct i on l oads and wei ght  of  r epai r  mat er i al  i n beams,  s l abs,  and 
ot her  st r uct ur al  member s unt i l  i n- pl ace st r engt h of  r epai r  mat er i al  
det er mi ned i n accor dance wi t h t he Cont r act  Document s.   For  
post - t ensi oned const r uct i on,  l eave f or mwor k and shor i ng i n pl ace unt i l  
s t r essi ng i s compl et e.  When shor es and ot her  suppor t s ar e ar r anged t o 
al l ow r emoval  of  f or m- f aci ng mat er i al  wi t hout  al l owi ng st r uct ur al  s l ab 
or  member  t o def l ect ,  f or m- f aci ng mat er i al  and i t s hor i zont al  
suppor t i ng member s may be r emoved at  an ear l i er  age.

3. 1. 4   Concr et e pr epar at i on

a.   Remove concr et e as needed per  t he r emoval  r equi r ement s of  t hi s 
sect i on.  Li mi t s on r emoval  equi pment  ar e speci f i ed i n t he par agr aph 
t i t l ed EQUI PMENT FOR CONCRETE PREPARATI ON.

b.   Remove f or ei gn mat er i al ,  such as di r t ,  oi l ,  gr ease,  or  ot her  
chemi cal s,  f r om t he cr acks bef or e i nj ect i on usi ng compr essed ai r ,  
l ow- pr essur e wat er ,  or  vacuumi ng.  Al l ow wet  sur f aces t o dr y at  l east  
24 hour s.

c.   I mmedi at el y bef or e pl aci ng t he r epai r  mat er i al  or  i nst al l i ng f or mwor k,  
make t he r epai r  ar ea avai l abl e f or  i nspect i on by t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve.  Obt ai n accept ance by t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve of  sur f ace pr epar at i on bef or e pr oceedi ng wi t h 
Wor k.  I f  t he Wor k i s r ej ect ed,  per f or m addi t i onal  oper at i ons t o t he 
sat i sf act i on of  Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 1. 5   Qual i t y Cont r ol

3. 1. 5. 1   Qual i t y cont r ol  of  sur f ace pr epar at i on

Eval uat i on of  pr epar ed subst r at e must  be cont i nuousl y moni t or ed t o assur e 
t hat  t he pr epar ed subst r at e sur f ace meet s pr oj ect  r equi r ement s.

3. 1. 5. 2   Qual i t y cont r ol  of  r epai r  over l ays

Al l  component s of  over l ay PPCC mat er i al s must  be cer t i f i ed by t he mat er i al  
manuf act ur er  or  aggr egat e suppl i er  t o meet  al l  pr oj ect  t est i ng 
r equi r ement s.  Dur i ng t he PPCC over l ay,  t ake mi xed sampl es and check t hat  
t he mat er i al s ar e mi xed pr oper l y.  Conf i r m t hat  t he r i ght  PC over l ay 
t hi ckness was appl i ed by r ecor di ng t he vol ume of  PC over l ay mat er i al s and 
t he subst r at e sur f ace ar ea cover ed by t he over l ay.
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3. 1. 6   Cur i ng

a.   For  por t l and cement  concr et e Wor k,  f ol l ow t he r equi r ement s i ndi cat ed 
i n 03 30 00 CAST- I N- PLACE CONCRETE.

b.   For  pol ymer  concr et e/ mor t ar  Wor k,  f ol l ow manuf act ur er ' s r equi r ement s 
f or  cur i ng

c.   For  pol ymer  modi f i ed por t l and cement  concr et e Wor k f ol l ow 
manuf act ur er ' s r equi r ement s f or  cur i ng.

3. 1. 7   Cl ean up

a.   Cl ean and r emove al l  spi l l s  and l eaks of  i nj ect i on adhesi ve and st ai ns 
caused by t he i nj ect i on adhesi ves.

b.   Di spose wast ewat er  used f or  cut t i ng and cl eani ng wi t hout  st ai ni ng or  
damagi ng t he exi st i ng sur f aces of  t he st r uct ur e or  t he envi r onment  of  
t he pr oj ect  ar ea.  The met hod of  di sposal  must  meet  al l  t he 
r equi r ement s of  Sect i on 01 57 19 TEMPORARY ENVI RONMENTAL CONTROLS.

3. 1. 8   Saf et y

a.   Pr ovi de Mat er i al  Saf et y Dat a Sheet s ( MSDS)  f or  pr oduct s on si t e 
r evi ewi ng t hem bef or e wor k begi ns.

b.   Pr ovi de saf et y guar ds,  mai nt enance,  and war ni ngs f or  al l  machi ner y and 
equi pment .

c.   Have per sonal  pr ot ect i on equi pment  pr act i ce i n pl ace -  eye pr ot ect i on 
and f ace guar ds.

d.   Have al l  wor ker s i n cont act  wi t h wet  cement i t i ous mat er i al  wear  
pr ot ect i ve gl oves and cl ot hi ng.

e.   Pr ovi de eyewash f aci l i t i es on- si t e wi t h l ocat i on s i gnage.

f .   Pr ovi de dust  masks f or  wor ker s oper at i ng mi xer s.

g.   Have conf i ned space pr ocedur es i n pl ace i ncl udi ng adequat e vent i l at i on 
i n c l osed spaces bef or e oper at i ng equi pment  or  usi ng pr oduct s t hat  
emi t  pot ent i al l y  danger ous or  t oxi c exhaust ,  f umes,  or  dust .

h.   Pr ovi de secur ed st or age avai l abl e f or  al l  hazar dous or  f l ammabl e 
mat er i al s.

i .   Conduct  saf et y meet i ngs pr i or  t o begi nni ng r epai r  oper at i ons.

3. 2   CRACK REPAI R

3. 2. 1   Pr epar at i on

3. 2. 1. 1   Gener al  Requi r ement s

a.   Cl ean al l  cr acks i n accor dance wi t h t he par agr aph t i t l ed Concr et e 
Pr epar at i on.

b.   Do not  r epai r  cr acks when t he t emper at ur e of  t he concr et e i s bel ow 
f r eezi ng and moi st ur e condi t i ons i ndi cat e t he possi bi l i t y  of  i ce on 
t he i nt er nal  sur f aces of  t he cr ack.
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c.   Do not  appl y adhesi ve i f  t he t emper at ur e of  t he concr et e i s not  wi t hi n 
t he r ange of  appl i cat i on t emper at ur es r ecommended by t he manuf act ur er  
of  t he adhesi ve.

3. 2. 1. 2   Cr ack r out i ng

I nspect  sur f aces adj acent  t o cr ack t o r ecei ve r epai r  mat er i al .  I f  
det er i or at ed,  r out e a V- gr oove sect i on at  t he cr ack f ace unt i l  sound 
concr et e i s r eached.

3. 2. 1. 3   Seal i ng

a.   For  epoxy i nj ect i on,  appl y a sur f ace seal  over  al l  ext er i or  f aces of  
t he cr ack t hat  can be r eached t o cont ai n t he i nj ect i on adhesi ve i n t he 
cr ack.

b.   For  gr avi t y f i l l  r epai r s,  appl y a sur f ace seal  al ong t he bot t om 
sur f ace of  t he el ement  t hat  can be r eached t o cont ai n t he r epai r  
mat er i al  i n t he cr ack.

3. 2. 2   Appl i cat i on

3. 2. 2. 1   Epoxy I nj ect i on

a.   I nst al l  t he i nj ect i on ent r y and vent i ng por t s usi ng f l ush mount ed or  
dr i l l ed f i t t i ngs per  pr opr i et ar y manuf act ur er ' s i nst r uct i ons.

b.   Space t he por t s at  a di st ance equal  t o t he t hi ckness of  t he member  .

c.   I nj ect  t he epoxy usi ng mat er i al  manuf act ur er ' s r ecommended equi pment .

d.   Appl y r ecommended manuf act ur er ' s i nj ect i on pr essur e.

e.   For  ver t i cal  or  i ncl i ned cr acks,  appl y i nj ect i on by pumpi ng epoxy i nt o 
ent r y por t s at  t he l owest  el evat i on,  cap,  and move upwar d.

f .   For  hor i zont al  cr acks,  appl y i nj ect i on by pr oceedi ng f r om one end of  
t he cr ack t o t he ot her  unt i l  t he cr ack i s f ul l y  seal ed.

g.   Af t er  10 mi n. ,  r epeat  i nj ect i on pr ocedur e unt i l  al l  por t s r ef use 
i nj ect i on.

h.   Remove por t s and r emove t he sur f ace seal  by heat ,  chi ppi ng,  or  
gr i ndi ng or  ot her  accept abl e means af t er  t he i nj ect ed epoxy has cur ed.

3. 2. 2. 2   Gr avi t y f i l l

a.   Mi x r esi n or  monomer  per  mat er i al  manuf act ur er ' s i nst r uct i ons.

b.   Pr e- f i l l  cr acks at  l east  0. 125 i n.  wi de wi t h aggr egat e.

c.   Pour  r esi n or  monomer  ont o t he sur f ace,  over  t he cr acks and spr ead 
wi t h br ooms,  r ol l er s,  or  squeegees.

d.   Wor k mat er i al  back and f or t h over  t he cr acks t o maxi mi ze f i l l  i n cr ack.

e.   Al l ow at  l east  20 mi nut es f or  mat er i al  t o penet r at e cr acks.
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f .   Remove excess mat er i al  once cr acks have been f i l l ed t o r ef usal .

g.   Al l ow mat er i al  t o cur e per  mat er i al  manuf act ur er ' s r ecommendat i ons.

h.   Remove seal ant  and gr i nd smoot h.

3. 2. 3   Qual i t y Cont r ol

a.   Conduct  qual i t y and cont r ol  t est s f or  met er i ng accur acy and mi xi ng 
ef f ect i veness of  t he cont i nuous mi xi ng pump i n accor dance wi t h 
ACI  503. 7.

b.   Qual i f y t he t est  i nj ect i on pr ocedur es i n accor dance wi t h ACI  503. 7.

3. 2. 4   Accept ance Cr i t er i a

3. 2. 4. 1   Cor e Sampl i ng

a.   Obt ai n cor e sampl es i n accor dance wi t h ASTM C42/ C42M.

b.   Al l ow 24 hour s af t er  i nj ect i on bef or e cor i ng.

c.   Obt ai n cor es i n a manner  t hat  i ncl udes as much of  t he bond l i ne of  t he 
r epai r ed concr et e as possi bl e.  Repl ace cor es t hat  do not  i nt er sect  t he 
cr ack f or  at  l east  75 per cent  of  t he l engt h of  t he cor e.  

d.   Obt ai n t hr ee di amet er  cor e f r om f i r st  100 f t .  and one cor e f or  each 
100 f t .  t her eaf t er .

e.   I f  cor es woul d sever  r ei nf or ci ng st eel  or  ot her  embedded i t ems,  do not  
cor e,  and not i f y t he Cont r act i ng Of f i cer ' s Repr esent at i ve so t hat  an 
al t er nat i ve l ocat i on can be chosen.

f .   Obt ai n cor es at  l east  2 i n.  i n di amet er  f or  v i sual  i nspect i ons and at  
l east  4 i n.  i n di amet er  f or  t he spl i t t i ng t ensi l e t est .  Per f or m a 
spl i t t i ng t ensi l e t est  on one cor e f r om t he f i r st  100 f t .  and one cor e 
f or  each 250 f t .  t her eaf t er .

g.   Fi l l  cor e hol es wi t h non- shr i nk gr out .

3. 2. 4. 2   Cor e Test i ng

a.   Test  a por t i on of  t he cor e sampl es f or  t he spl i t t i ng t ensi l e st r engt h 
i n accor dance wi t h ASTM C496/ C496M.

b.   Al l ow 72 hour s af t er  i nj ect i on bef or e begi nni ng spl i t t i ng t ensi l e t est s

c.   Pr epar e cor e sampl e per  ASTM C42/ C42M.

d.   Al i gn t he cor e so t hat  t he cr ack i s i n a pl ane as c l ose t o ver t i cal  as 
possi bl e.

3. 2. 4. 3   Accept ance

Wor k i s accept abl e i f  at  l east  90 per cent  of  t he dept h of  t he cr ack i n 
each cor e i s f i l l ed wi t h adhesi ve and a or  b i s met .

a.   The spl i t t i ng t ensi l e st r engt h of  t he cor e i s at  l east  90 per cent  of  
t he spl i t t i ng t ensi l e st r engt h of  a cor e t aken f r om an uncr acked ar ea 
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wi t hi n 12 i n.  of  t he r epai r ed cr ack.

b.   A spl i t t i ng t ensi l e t est  of  t he cor e i ndi cat es t hat  no mor e t han 10 
per cent  of  t he bonded ar ea of  t he cr ack i n each cor e exhi bi t s combi ned 
ar eas of  separ at i on of  t he adhesi ve f r om t he concr et e or  cohesi ve 
f ai l ur e wi t hi n t he adhesi ve.

3. 3   CORROSI ON AND SURFACE REPAI R

3. 3. 1   Pr epar at i on

3. 3. 1. 1   I dent i f i cat i on of  Ext ent  of  Concr et e Removal

a.   Conf i gur e geomet r y of  r emoval  ar ea t o maxi mi ze t he use of  r i ght - angl e 
geomet r y,  avoi di ng r eent r ant  cor ner s,  and t o obt ai n uni f or mi t y of  
dept h.  Det er mi ne t he dept h,  l ocat i on,  and si ze of  r ei nf or ci ng bar s 
pr i or  t o r emoval  of  concr et e.

b.   Per f or m vi sual  i nspect i on and hammer  t appi ng,  chai n dr ag soundi ng,  or  
ot her  met hods accept abl e by t he Cont r act i ng Of f i cer ' s Repr esent at i ve 
t o i dent i f y cr acked,  del ami nat ed,  spal l ed,  di s i nt egr at ed,  and 
ot her wi se unsound concr et e f or  r emoval .  Mar k boundar i es of  r epai r  ar ea 
bef or e concr et e r emoval .  

c.   I nspect  t he mar ked boundar i es wi t h t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve pr i or  t o commenci ng wi t h t he concr et e r emoval .  Revi se 
t he r epai r  ar ea boundar i es as i nst r uct ed by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.  

3. 3. 1. 2   Shor i ng and For mwor k

a.   Pr ovi de shor i ng and f or mwor k per  t he par agr aph t i t l ed For mwor k and 
Shor i ng.

b.   For  post - t ensi oned concr et e,  det ensi on st r ands and wi r es as r equi r ed 
by Cont r act  Document s pr i or  t o r epai r .

3. 3. 1. 3   Concr et e Removal

a.   Remove concr et e f r om r epai r  ar eas t o i ndi cat ed dept h and pr of i l e.   
Not i f y Cont r act i ng Of f i cer ' s Repr esent at i ve i f  addi t i onal  del ami nat ed,  
f r act ur ed,  or  unsound concr et e i s pr esent .

b.   Do not  damage embedded r ei nf or ci ng and adj acent  concr et e.  The r emoval  
met hods must  pr oduce mi ni mal  mi cr ocr acki ng ( br ui s i ng)  of  t he pr epar ed 
subst r at e sur f aces.  Avoi d di r ect l y st r i k i ng r ei nf or ci ng st eel  wi t h 
i mpact  t ool s used f or  concr et e r emoval .

c.   Pr ovi de per pendi cul ar  edges at  per i met er  of  r epai r  ar ea.  The per i met er  
of  t he r epai r  ar eas must  be saw cut  t o a dept h of  0. 50 t o 0. 75 i n. .   
Do not  cut  or  damage embedded r ei nf or cement  or  ot her  embedded i t ems.  
I f  embedded r ei nf or ci ng st eel  or  ot her  embedded i t ems ar e t oo c l ose t o 
t he sur f ace t o pr ovi de t he per pendi cul ar  edge cut ,  not i f y t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve f or  di r ect i on bef or e pr oceedi ng.

d.   Ext end concr et e r emoval  al ong t he cor r oded r ei nf or ci ng st eel  t o a 
poi nt  wher e t her e i s no f ur t her  del ami nat i on,  concr et e cr acki ng,  or  
r ei nf or ci ng st eel  cor r osi on,  and wher e t he r ei nf or cement  i s bonded t o 
t he sur r oundi ng concr et e.
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e.   Remove concr et e ar ound t he exposed l ayer  of  r ei nf or cement  t o a uni f or m 
dept h beyond wi t hi n t he r epai r  ar eas t o pr ovi de a mi ni mum cl ear ance 
bet ween exposed r ei nf or ci ng st eel  and sur r oundi ng concr et e of  0. 75 i n.  ,  
or  at  l east  0. 25 i n.  l ar ger  t han t he maxi mum nomi nal  s i ze of  t he 
coar se aggr egat e i n t he r epai r  mat er i al .   

3. 3. 1. 4   Pr epar at i on of  Concr et e Subst r at e Sur f ace

a.   Conf i r m per pendi cul ar  edges at  r epai r  ar ea per i met er ,  and r ei nst at e i f  
damaged by concr et e r emoval  pr ocess.  Remove l oosel y bonded concr et e,  
br ui sed or  f r act ur ed concr et e,  and bond- i nhi bi t i ng mat er i al s such as 
di r t ,  concr et e s l ur r y,  or  any ot her  det r i ment al  mat er i al s f r om t he 
concr et e subst r at e usi ng appr oved met hods.  Wher e concr et e has been 
r emoved by i mpact  met hods,  abr asi ve bl ast i ng must  be used t o pr epar e 
t he sur f ace and r emove br ui sed concr et e.

b.   Pr ovi de subst r at e sur f ace pr of i l es as speci f i ed i n t he Cont r act  
Document s.

c.   Vi sual l y i nspect  and sound subst r at e sur f ace t o conf i r m t hat  no 
f ur t her  del ami nat i ons or  ot her wi se unsound concr et e r emai ns.  I f  
encount er ed,  not i f y t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

d.   Cl ean t he subst r at e per  t he par agr aph t i t l ed Concr et e pr epar at i on.

3. 3. 2   Appl i cat i on

3. 3. 2. 1   Pl acement  of  New Rei nf or cement

Pl acement  of  new r ei nf or cement

a.   Pl acement  of  new r ei nf or cement  t o r epl ace or  st r engt hen exi st i ng 
r ei nf or cement  i s l i ke new const r uct i on.  Pl acement ,  spl i c i ng,  and 
handl i ng of  new r ei nf or cement  must  meet  t he r equi r ement s speci f i ed i n 
Sect i on 03 30 00 CAST- I N- PLACE CONCRETE .

b.   Rei nf or cement  must  be f r ee of  mat er i al s del et er i ous t o bond.  New 
r ei nf or cement  wi t h r ust ,  mi l l  scal e,  or  a combi nat i on of  bot h wi l l  be 
consi der ed sat i sf act or y,  pr ovi ded mi ni mum nomi nal  di mensi ons,  nomi nal  
wei ght ,  and mi ni mum aver age hei ght  of  def or mat i ons of  a 
hand- wi r e- br ushed t est  speci men ar e not  l ess t han appl i cabl e ASTM 
speci f i cat i on r equi r ement s.

3. 3. 2. 2   Pl acement  of  Concr et e

a.   I f  por t l and cement  concr et e i s used as t he r epai r  mat er i al ,  f ol l ow t he 
r equi r ement s i ndi cat ed i n 03 30 00 CAST- I N- PLACE CONCRETE as wel l  t he 
Cont r act  Document  f or  pr opor t i oni ng,  mi xi ng,  and pl aci ng concr et e.  For  
al l  ot her  mat er i al s,  f ol l ow mat er i al  manuf act ur er ' s r ecommendat i ons.

b.   Br i st l e br oom a t hi n coat  of  t he r epai r  mat er i al  i nt o t he sat ur at ed 
sur f ace dr y subst r at e f i l l i ng r oughened sur f ace por es bef or e pl aci ng 
t he r epai r  mat er i al  i n t he r epai r  ar ea.  Do not  al l ow t hi n coat  t o dr y 
bef or e pl aci ng r epai r  mat er i al .

c.   Consol i dat e t he r epai r  mat er i al  af t er  pl acement  wi t h a v i br at i ng 
scr eed or  i nt er nal  v i br at or .
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d.   Fi ni sh t he sur f ace t o mat ch sur f ace f i ni sh and t ext ur e r equi r ement s 
i ndi cat ed i n t he Cont r act  Document .  Scr eed,  f l oat  and t r owel  t he 
r epai r  mat er i al  or  br oom t he sur f ace f or  non- sl i p t ext ur e.  Fol l ow t he 
r equi r ement s of  03 30 00 CAST- I N- PLACE CONCRETE.

3. 3. 2. 3   Pl acement  of  Ot her  Repai r  Mat er i al s

a.   Equi l i br at e r epai r  mat er i al ( s)  and subst r at e t o t he t emper at ur e,  
c l eanl i ness of  subst r at e and r ei nf or cement ,  and moi st ur e r equi r ement s 
of  t he r epai r  mat er i al  manuf act ur er ' s r equi r ement s.

b.   Compl y wi t h t he r epai r  mat er i al  manuf act ur er ' s r equi r ement s f or  
bat chi ng,  mi xi ng,  pl aci ng and cur i ng r epai r  mat er i al s.

c.   Revi ew consi st ency of  t he mi xed r epai r  mat er i al ( s)  r el at i ve t o t he 
par amet er s document ed i n t he r epai r  mat er i al  manuf act ur er  pr oduct  dat a 
sheet .  I f  non- conf or mi ng,  adj ust  consi st ency i n compl i ance wi t h t he 
r epai r  mat er i al  manuf act ur er ' s r equi r ement s.

d.   Appl y or  i nst al l  r epai r  mat er i al ( s)  wi t hi n t he appl i cat i on t i me f r ame 
( pot  l i f e)  r equi r ement s of  t he r epai r  mat er i al  manuf act ur er ' s 
r equi r ement s,  and pl ace and consol i dat e t o pr ovi de wel l - compact ed 
r epai r .

e.   Fi ni sh and t ool  r epai r  mat er i al s,  f i ni shed i n accor dance wi t h t he 
r epai r  mat er i al  manuf act ur er ' s wr i t t en i nst r uct i ons and as i ndi cat ed 
i n Cont r act  Document s.

f .   Pr ot ect  i nst al l ed r epai r  mat er i al ( s)  f r om damage,  exposur e t o 
envi r onment al  condi t i ons t hat  ar e det r i ment al  t o t he uncur ed or  cur ed 
pr oper t i es of  t he mat er i al .  Cur e i n accor dance wi t h t he r equi r ement s 
of  t he r epai r  mat er i al  manuf act ur er ' s r equi r ement s.

3. 3. 3   Qual i t y Cont r ol

a.   Pr ot ect  concr et e sur f aces,  beyond l i mi t s of  sur f aces r ecei v i ng bondi ng 
agent  adhesi ve,  agai nst  spi l l age.  I mmedi at el y r emove any bondi ng agent  
adhesi ve t hat  has spi l l ed beyond desi r ed ar ea.  Per f or m cl eanup wi t h 
mat er i al  desi gnat ed by bondi ng agent  adhesi ve manuf act ur er .  Avoi d 
cont ami nat i on of  wor k ar ea.

b.   The bond st r engt h bet ween t he exi st i ng concr et e and t he r epai r  
mat er i al  must  be a mi ni mum of  250 psi  per  ASTM C1583/ C1583M.  Test  a 
mi ni mum of  3 speci mens at  l ocat i ons no gr eat er  t han 500 squar e yar ds 
of  pr epar ed sur f ace.

3. 4   OVERLAYS

3. 4. 1   Pr epar at i on

3. 4. 1. 1   Bonded Over l ays

a.   Pr ovi de sur f ace pr epar at i on as r equi r ed i n t hi s Sect i on.

b.   Repai r  cr acks and pat ch det er i or at ed concr et e pr i or  t o f i nal  sur f ace 
pr epar at i on.

c.   Appl y addi t i onal  pr epar at i on r equi r ement s speci f i ed by t he over l ay 
mat er i al  manuf act ur er
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3. 4. 1. 2   Unbonded Over l ays

a.   Repai r  di st r esses t hat  cause a maj or  l oss of  st r uct ur al  i nt egr i t y when 
pr esent .

b.   Cl ean t he exi st i ng s l ab and r emove any l oose mat er i al s.  

c.   I nst al l  t he separ at or  l ayer  as r equi r ed by t he Cont r act  Document s and 
r ecommended by t he mat er i al  manuf act ur er .

3. 4. 2   Appl i cat i on

3. 4. 2. 1   Por t l and Cement  Concr et e

a.   Appl y t he speci f i ed bondi ng agent .  Fol l ow t he r equi r ement s of  3. 4. 2. 4.

b.   Fol l ow t he r equi r ement s of  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE and 
t he Cont r act  Document s f or  i nst al l i ng f or ms,  pl aci ng r ei nf or cement ,  
pl aci ng and consol i dat i ng concr et e,  and f i ni shi ng concr et e.

3. 4. 2. 2   Pol ymer - modi f i ed Por t l and Cement  Concr et e

For  pol ymer  modi f i ed por t l and cement  concr et e over l ays f ol l ow 
manuf act ur er ' s r equi r ement s f or  pl aci ng and f i ni shi ng t he over l ay.

3. 4. 2. 3   Pol ymer  Concr et e/ Mor t ar

For  pol ymer  concr et e over l ays,  f ol l ow manuf act ur er ' s r equi r ement s f or  
pl aci ng and f i ni shi ng t he over l ay.

3. 4. 2. 4   Bondi ng Agent s

a.   Use a epoxy bondi ng agent  t o i mpr ove t he bondi ng bet ween t he over l ay 
and t he exi st i ng concr et e.

b.   Fol l ow mat er i al  manuf act ur er ' s i nst r uct i ons f or  mi xi ng,  pr epar i ng,  and 
appl y i ng bondi ng agent .  Do not  exceed t he manuf act ur er ’ s t hi ckness 
r ecommendat i ons.

c.   Condi t i on mat er i al s and t he exi st i ng concr et e sur f ace t o a t emper at ur e 
consi st ent  wi t h manuf act ur er ’ s r ecommendat i ons at  t he t i me of  
i nst al l at i on.

d.   Do not  al l ow bond agent s t o dr y bef or e pl acement  of  r epai r  mat er i al .

3. 4. 3   Qual i t y Cont r ol

a.   Concr et e over l ays must  meet  al l  t he st r engt h and dur abi l i t y  
r equi r ement s of  03 30 00 CAST- I N- PLACE CONCRETE.

b.   The bond st r engt h bet ween t he exi st i ng concr et e and t he over l ay must  
be a mi ni mum of  250 psi  per  ASTM C1583/ C1583M.  Test  a mi ni mum of  3 
speci mens at  l ocat i ons no gr eat er  t han 500 squar e yar ds of  pr epar ed 
sur f ace.
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3. 4. 4   Joi nt s

a.   Pl ace j oi nt s as i ndi cat ed i n 03 30 00 CAST- I N- PLACE CONCRETE .

b.   Const r uct  expansi on and cont r act i on j oi nt s i n concr et e over l ay at  t he 
l ocat i ons shown.  Mai nt ai n al i gnment  of  cont r ol  j oi nt s wi t hi n 1/ 4 i n. ,  
t o ei t her  s i de,  of  t he r equi r ed j oi nt  al i gnment .

c.   Const r uct  expansi on and cont r act i on j oi nt s at  t he l ocat i ons shown and 
i n accor dance wi t h Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

d.   Const r uct  expansi on j oi nt s i n t he over l ay at  exi st i ng j oi nt  l ocat i ons 
i n t he base sl ab whi l e mai nt ai ni ng j oi nt  wi dt h and t ype,  and ext endi ng 
t he f ul l  dept h of  t he over l ay.

e.   Const r uct  cont r ol  j oi nt s by t ool i ng t he pl ast i c concr et e,  t hen 
sawcut t i ng at  t he appr opr i at e t i me.  Saw cont r ol  j oi nt s t o a mi ni mum of  
25 per cent  of  t he t hi ckness of  t he s l ab.  Mai nt ai n an ampl e suppl y of  
saw bl ades on t he j ob bef or e concr et e pl acement  i s st ar t ed,  and have 
at  l east  one st andby sawi ng uni t  i n good wor ki ng or der  avai l abl e at  
t he j obsi t e at  al l  t i mes dur i ng t he sawi ng oper at i ons.  Begi n 
sawcut t i ng as soon as i t  i s  possi bl e t o saw t he concr et e wi t hout  
damagi ng adj acent  concr et e.

f .   I nspect  t he f aces of  j oi nt s dur i ng sawcut t i ng f or  under cut t i ng or  
washi ng of  t he concr et e due t o ear l y sawi ng.  Compl et e sawcut t i ng 
wi t hi n 16 hour s of  concr et e pl acement .  Cont i nue sawcut t i ng r egar dl ess 
of  weat her  condi t i ons.  Del ay sawi ng i f  under cut t i ng i s suf f i c i ent l y 
deep t o cause st r uct ur al  weakness or  excessi ve r oughness i n t he j oi nt  
or  chi ppi ng,  t ear i ng,  or  spal l i ng of  t he concr et e occur s at  t he 
sur f ace.  Di scont i nue sawi ng when a cr ack devel ops ahead of  t he saw cut .

g.   I mmedi at el y af t er  t he j oi nt  i s  sawed,  f l ush t he saw cut  and adj acent  
concr et e sur f ace t hor oughl y wi t h wat er  unt i l  al l  r esi due f r om sawi ng 
i s r emoved f r om t he j oi nt .   Cont r ol  and di spose of  wast e wat er  f r om 
sawcut t i ng and cl eanup i n accor dance wi t h Sect i on 01 57 19 TEMPORARY 
ENVI RONMENTAL CONTROLS.

3. 5   CONCRETE STRENGTHENI NG

a.   For  enl ar gement  of  s l abs usi ng over l ays see t he par agr aph t i t l ed 
OVERLAYS.

b.   For  al l  ot her  t ypes of  st r engt heni ng f ol l ow t he r equi r ement s cont ai ned 
i n t hi s par agr aph.

3. 5. 1   Pr epar at i on

a.   Use equi pment  and met hods speci f i ed i n t he par agr aph t i t l ed  EQUI PMENT 
FOR CONCRETE PREPARATI ON and t he Cont r act  Document s t o pr oduce a 
sound,  r ough,  open- por e sur f ace at  l ocat i ons wher e bondi ng bet ween 
exi st i ng and new concr et e i s r equi r ed.

b.   Round member s of  exi st i ng concr et e wi t h cor ner s t o mi ni mum ½ i n.  
r adi us.  Roughened cor ner s must  be smoot hed wi t h put t y

c.   Cl ean al l  sur f aces f r om cont ami nant  and r emove unsound concr et e usi ng 
t he pr escr i bed cl eani ng equi pment  and met hods i n t he par agr aphs t i t l ed 
PRODUCTS.  Al l  l ai t ance,  dust ,  di r t ,  oi l ,  cur i ng compound,  exi st i ng 
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coat i ngs,  and any ot her  mat t er  t hat  coul d i nt er f er e wi t h bondi ng 
concr et e t o t he r epai r  mat er i al  must  be r emoved.

d.   Fol l ow t he pr ocedur es of  t he par agr aphs t i t l ed CRACK REPAI R and 
CORROSI ON AND SURFACE REPAI R.  The concr et e sur f ace must  be i n good 
condi t i on and al l  cr acki ng,  sur f ace r epai r ,  and cor r osi on r el at ed 
pr obl ems must  be adequat el y addr essed pr i or  t o pr oceedi ng wi t h 
concr et e st r engt heni ng pr ocedur es.

e.   I nsur e t hat  mat er i al s used f or  r epai r s ar e compat i bl e wi t h mat er i al s 
used f or  st r engt heni ng.  Consul t  wi t h t he r epai r  mat er i al  manuf act ur er s 
f or  i nf or mat i on concer ni ng mat er i al  compat i bi l i t y .

f .   Sur f aces not  i nt ended t o be st r engt hened must  be cover ed as needed t o 
pr ot ect  agai nst  cont ami nat i on and spi l l s .

g.   Sur f aces i nt ended t o be st r engt hened must  be pr ot ect ed bef or e 
appl i cat i on so t hat  no mat er i al s t hat  can i nt er f er e wi t h bond ar e 
r edeposi t ed on t he sur f ace.

3. 5. 2   Appl i cat i on

3. 5. 2. 1   Sect i on enl ar gement

a.   I nst al l  dowel  r ei nf or cement  as r equi r ed by t he Cont r act  Document s.  
Fol l ow t he adhesi ve manuf act ur er ' s pr ocedur es f or  i nst al l i ng dowel s.

b.   I nst al l  f or mwor k and shor i ng f ol l owi ng t he r equi r ement s of  t hi s 
sect i on.

c.   I nst al l  r ei nf or cement  and r ei nf or cement  suppor t s.  Fol l ow t he 
r equi r ement s speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE .

d.   Fol l ow t he r equi r ement s of  Sect i on 03 30 00 CAST- I N- PLACE CONCRETE t o 
pl ace,  consol i dat e,  and f i ni sh concr et e.

3. 5. 2. 2   Ext er nal l y bonded syst ems

3. 5. 2. 2. 1   St eel  Pl at es

a.   Bond st eel  pl at es t o concr et e usi ng t he met hods and mat er i al s 
speci f i ed i n t he Cont r act  Document s.  

b.   For  bondi ng st eel  pl at es t o concr et e usi ng an epoxy r esi n f ol l ow t he 
r equi r ement s and pr ocedur es of  ACI  548. 12.

c.   For  bondi ng st eel  pl at es t o concr et e usi ng mechani cal  or  adhesi ve 
anchor s,  f ol l ow t he pr ocedur es pr ovi ded by t he mat er i al  manuf act ur er .

3. 5. 2. 2. 2   Fi ber - r ei nf or ced Pol ymer  Lami nat es

The f ol l owi ng pr ocedur es ar e gener al  pr ocedur es used f or  t he i nst al l at i on 
of  FRP l ami nat es.  I f  t he FRP syst em used r equi r es conf l i c t i ng pr ocedur es,  
consul t  wi t h t he Cont r act i ng Of f i cer ' s Repr esent at i ve bef or e pr oceedi ng.

a.   I nsur e t hat  al l  sur f aces t hat  wi l l  r ecei ve FRP ar e c l ean,  dr y,  and 
f r ee of  cont ami nant s.

b.   I nsur e t hat  t he wor kpl ace i s wel l  vent i l at ed and t hat  t he r epai r  
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mat er i al  i s  appl i ed at  a t i me when t he ai r  t emper at ur e,  concr et e 
sur f ace t emper at ur e,  and t he r el at i ve humi di t y ar e as r equi r ed by t he 
r epai r  mat er i al  manuf act ur er .

c.   Tempor ar y pr ot ect i on of  t he Wor k ar ea i s r equi r ed dur i ng i nst al l at i on 
and unt i l  t he r esi ns have cur ed.  I f  t empor ar y shor i ng i s r equi r ed,  t he 
FRP syst em must  be f ul l y cur ed bef or e r emovi ng t he shor i ng and 
al l owi ng t he st r uct ur al  member  t o car r y t he desi gn l oads.

d.   I f  a pr i mer  i s r equi r ed,  t he pr i mer  must  be appl i ed uni f or ml y t o al l  
ar eas on t he concr et e sur f ace wher e t he FRP syst em i s t o be pl aced at  
t he manuf act ur er ’ s speci f i ed r at e of  cover age.  Pr ot ect  t he pr i mer  f r om 
dust ,  moi st ur e,  and ot her  cont ami nant s bef or e appl y i ng t he FRP syst em

e.   Put t y must  be used i n an appr opr i at e t hi ckness and sequence wi t h t he 
pr i mer  as r ecommended by t he FRP manuf act ur er .  The syst em- compat i bl e 
put t y must  be used onl y t o f i l l  voi ds and smoot h sur f ace 
di scont i nui t i es bef or e t he appl i cat i on of  ot her  mat er i al s.  Rough edges 
or  t r owel  l i nes of  cur ed put t y must  be gr ound smoot h bef or e cont i nui ng 
t he i nst al l at i on.  Al l ow t he put t y t o cur e as speci f i ed by t he FRP 
syst em manuf act ur er  bef or e pr oceedi ng.

f .   Pr opor t i on,  mi x,  and appl y r esi ns component s i n accor dance wi t h t he 
FRP syst em manuf act ur er ’ s r ecommended pr ocedur es.

g.   I nst al l  and cur e t he FRP syst em per  t he manuf act ur er ' s 
r ecommendat i ons.  

h.   Dur i ng i nst al l at i on of  wet  l ayup FRP syst ems,  ent r apped ai r  bet ween 
l ayer s must  be r el eased or  r ol l ed out  bef or e t he r esi n set s.  
Suf f i c i ent  sat ur at i ng r esi n must  be appl i ed t o achi eve f ul l  sat ur at i on 
of  t he f i ber s.  Fur t her mor e,  successi ve l ayer s of  sat ur at i ng r esi n and 
f i ber  mat er i al s must  be pl aced bef or e t he compl et e cur e of  t he 
pr evi ous l ayer  of  r esi n.  I f  pr evi ous l ayer s ar e cur ed,  i nt er l ayer  
sur f ace pr epar at i on,  such as l i ght  sandi ng or  sol vent  appl i cat i on as 
r ecommended by t he syst em manuf act ur er ,  i s  r equi r ed.

i .   Fol l ow t he FRP mat er i al  manuf act ur er ' s r ecommendat i ons f or  t he 
appl i cat i on of  pr ot ect i ve coat i ngs.  Do not  c l ean t he i nst al l ed FRP 
wi t h a sol vent  bef or e a pr ot ect i ve coat i ng i s i nst al l ed.

3. 5. 3   Qual i t y Cont r ol

The cur ed FRP syst em must  be eval uat ed f or  del ami nat i ons or  ai r  voi ds 
bet ween mul t i pl e pl i es or  bet ween t he FRP syst em and t he concr et e.  Met hods 
such as acoust i c soundi ng ( hammer  soundi ng) ,  ul t r asoni cs,  and t her mogr aphy 
can be used t o det ect  del ami nat i ons.  The f ol l owi ng r equi r ement s appl y t o 
wet  l ayup syst ems:

a.   Smal l  del ami nat i ons l ess t han 2 squar e i nch  each ar e per mi ssi bl e as 
l ong as t he del ami nat ed ar ea i s l ess t han 5 per cent  of  t he t ot al  
l ami nat e ar ea and t her e ar e no mor e t han 10 such del ami nat i ons per  10 
squar e f eet

b.   Lar ge del ami nat i ons,  gr eat er  t han 25 squar e i nch,  can af f ect  t he 
per f or mance of  t he i nst al l ed FRP and must  be r epai r ed by sel ect i vel y 
cut t i ng away t he af f ect ed sheet  and appl y i ng an over l appi ng sheet  
pat ch of  equi val ent  pl i es.
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c.   Del ami nat i ons l ess t han 25 squar e i nch must  be r epai r ed by r esi n 
i nj ect i on or  pl y r epl acement .

For  ot her  FRP syst ems,  del ami nat i on must  be eval uat ed and r epai r ed i n 
accor dance wi t h t he mat er i al  manuf act ur er  di r ect i on.  Upon compl et i on of  
t he Wor k,  t he l ami nat e must  be r ei nspect ed t o ver i f y t hat  t he r epai r  was 
pr oper l y accompl i shed.

        - -  End of  Sect i on - -
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SECTI ON 03 30 00

CAST- I N- PLACE CONCRETE
02/ 19,  CHG 4:  08/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  117 ( 2010;  Er r at a 2011)  Speci f i cat i ons f or  
Tol er ances f or  Concr et e Const r uct i on and 
Mat er i al s and Comment ar y

ACI  121R ( 2008)  Gui de f or  Concr et e Const r uct i on 
Qual i t y Syst ems i n Conf or mance wi t h I SO 
9001

ACI  301 ( 2016)  Speci f i cat i ons f or  St r uct ur al  
Concr et e

ACI  302. 1R ( 2015)  Gui de f or  Concr et e Fl oor  and Sl ab 
Const r uct i on

ACI  304R ( 2000;  R 2009)  Gui de f or  Measur i ng,  
Mi xi ng,  Tr anspor t i ng,  and Pl aci ng Concr et e

ACI  305R ( 2020)  Gui de t o Hot  Weat her  Concr et i ng

ACI  306R ( 2016)  Gui de t o Col d Weat her  Concr et i ng

ACI  308. 1 ( 2011)  Speci f i cat i on f or  Cur i ng Concr et e

ACI  SP- 2 ( 2007;  Abst r act :  10t h Edi t i on)  ACI  Manual  
of  Concr et e I nspect i on

ACI  SP- 15 ( 2011)  Fi el d Ref er ence Manual :   St andar d 
Speci f i cat i ons f or  St r uct ur al  Concr et e ACI  
301- 05 wi t h Sel ect ed ACI  Ref er ences

AMERI CAN HARDBOARD ASSOCI ATI ON ( AHA)

AHA A135. 4 ( 1995;  R 2004)  Basi c Har dboar d

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 4/ D1. 4M ( 2011)  St r uct ur al  Wel di ng Code -  
Rei nf or ci ng St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  

SECTI ON 03 30 00  Page 1



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

Wel ded and Seaml ess

ASTM A615/ A615M ( 2022)  St andar d Speci f i cat i on f or  Def or med 
and Pl ai n Car bon- St eel  Bar s f or  Concr et e 
Rei nf or cement

ASTM A706/ A706M ( 2022)  St andar d Speci f i cat i on f or  
Low- Al l oy St eel  Def or med and Pl ai n Bar s 
f or  Concr et e Rei nf or cement

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs

ASTM A884/ A884M ( 2019)  St andar d Speci f i cat i on f or  
Epoxy- Coat ed St eel  Wi r e and Wel ded Wi r e 
Rei nf or cement

ASTM A934/ A934M ( 2022)  St andar d Speci f i cat i on f or  
Epoxy- Coat ed Pr ef abr i cat ed St eel  
Rei nf or ci ng Bar s

ASTM A996/ A996M ( 2016)  St andar d Speci f i cat i on f or  
Rai l - St eel  and Axl e- St eel  Def or med Bar s 
f or  Concr et e Rei nf or cement

ASTM A1022/ A1022M ( 2016b)  St andar d Speci f i cat i on f or  
Def or med and Pl ai n St ai nl ess St eel  Wi r e 
and Wel ded Wi r e f or  Concr et e Rei nf or cement

ASTM A1060/ A1060M ( 2016b)  St andar d Speci f i cat i on f or  
Zi nc- Coat ed ( Gal vani zed)  St eel  Wel ded Wi r e 
Rei nf or cement ,  Pl ai n and Def or med,  f or  
Concr et e

ASTM A1064/ A1064M ( 2022)  St andar d Speci f i cat i on f or  
Car bon- St eel  Wi r e and Wel ded Wi r e 
Rei nf or cement ,  Pl ai n and Def or med,  f or  
Concr et e

ASTM C31/ C31M ( 2022)  St andar d Pr act i ce f or  Maki ng and 
Cur i ng Concr et e Test  Speci mens i n t he Fi el d

ASTM C33/ C33M ( 2018)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es

ASTM C39/ C39M ( 2021)  St andar d Test  Met hod f or  
Compr essi ve St r engt h of  Cyl i ndr i cal  
Concr et e Speci mens

ASTM C42/ C42M ( 2020)  St andar d Test  Met hod f or  Obt ai ni ng 
and Test i ng Dr i l l ed Cor es and Sawed Beams 
of  Concr et e

ASTM C78/ C78M ( 2022)  St andar d Test  Met hod f or  Fl exur al  
St r engt h of  Concr et e ( Usi ng Si mpl e Beam 
wi t h Thi r d- Poi nt  Loadi ng)

ASTM C94/ C94M ( 2022a)  St andar d Speci f i cat i on f or  
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Ready- Mi xed Concr et e

ASTM C136/ C136M ( 2019)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM C143/ C143M ( 2020)  St andar d Test  Met hod f or  Sl ump of  
Hydr aul i c- Cement  Concr et e

ASTM C150/ C150M ( 2022)  St andar d Speci f i cat i on f or  Por t l and 
Cement

ASTM C172/ C172M ( 2017)  St andar d Pr act i ce f or  Sampl i ng 
Fr eshl y Mi xed Concr et e

ASTM C173/ C173M ( 2016)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Vol umet r i c Met hod

ASTM C231/ C231M ( 2022)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C260/ C260M ( 2010a;  R 2016)  St andar d Speci f i cat i on f or  
Ai r - Ent r ai ni ng Admi xt ur es f or  Concr et e

ASTM C311/ C311M ( 2022)  St andar d Test  Met hods f or  Sampl i ng 
and Test i ng Fl y Ash or  Nat ur al  Pozzol ans 
f or  Use i n Por t l and- Cement  Concr et e

ASTM C330/ C330M ( 2017a)  St andar d Speci f i cat i on f or  
Li ght wei ght  Aggr egat es f or  St r uct ur al  
Concr et e

ASTM C494/ C494M ( 2019;  E 2022)  St andar d Speci f i cat i on f or  
Chemi cal  Admi xt ur es f or  Concr et e

ASTM C595/ C595M ( 2021)  St andar d Speci f i cat i on f or  Bl ended 
Hydr aul i c Cement s

ASTM C618 ( 2022)  St andar d Speci f i cat i on f or  Coal  Fl y 
Ash and Raw or  Cal c i ned Nat ur al  Pozzol an 
f or  Use i n Concr et e

ASTM C803/ C803M ( 2018)  St andar d Test  Met hod f or  
Penet r at i on Resi st ance of  Har dened Concr et e

ASTM C873/ C873M ( 2015)  St andar d Test  Met hod f or  
Compr essi ve St r engt h of  Concr et e Cyl i nder s 
Cast  i n Pl ace i n Cyl i ndr i cal  Mol ds

ASTM C900 ( 2015)  St andar d Test  Met hod f or  Pul l out  
St r engt h of  Har dened Concr et e

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM C989/ C989M ( 2022)  St andar d Speci f i cat i on f or  Sl ag 
Cement  f or  Use i n Concr et e and Mor t ar s
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ASTM C1012/ C1012M ( 2018b)  St andar d Test  Met hod f or  Lengt h 
Change of  Hydr aul i c- Cement  Mor t ar s Exposed 
t o a Sul f at e Sol ut i on

ASTM C1017/ C1017M ( 2013;  E 2015)  St andar d Speci f i cat i on f or  
Chemi cal  Admi xt ur es f or  Use i n Pr oduci ng 
Fl owi ng Concr et e

ASTM C1074 ( 2019)  St andar d Pr act i ce f or  Est i mat i ng 
Concr et e St r engt h by t he Mat ur i t y Met hod

ASTM C1077 ( 2017)  St andar d Pr act i ce f or  Agenci es 
Test i ng Concr et e and Concr et e Aggr egat es 
f or  Use i n Const r uct i on and Cr i t er i a f or  
Test i ng Agency Eval uat i on

ASTM C1107/ C1107M ( 2020)  St andar d Speci f i cat i on f or  Packaged 
Dr y,  Hydr aul i c- Cement  Gr out  ( Nonshr i nk)

ASTM C1157/ C1157M ( 2020a)  St andar d Per f or mance Speci f i cat i on 
f or  Hydr aul i c Cement

ASTM C1218/ C1218M ( 2020c)  St andar d Test  Met hod f or  
Wat er - Sol ubl e Chl or i de i n Mor t ar  and 
Concr et e

ASTM C1240 ( 2020)  St andar d Speci f i cat i on f or  Si l i ca 
Fume Used i n Cement i t i ous Mi xt ur es

ASTM C1260 ( 2021)  St andar d Test  Met hod f or  Pot ent i al  
Al kal i  React i v i t y of  Aggr egat es 
( Mor t ar - Bar  Met hod)

ASTM C1293 ( 2008;  R 2015)  St andar d Test  Met hod f or  
Det er mi nat i on of  Lengt h Change of  Concr et e 
Due t o Al kal i - Si l i ca React i on

ASTM C1567 ( 2022)  St andar d Test  Met hod f or  Pot ent i al  
Al kal i - Si l i ca React i v i t y of  Combi nat i ons 
of  Cement i t i ous Mat er i al s and Aggr egat e 
( Accel er at ed Mor t ar - Bar  Met hod)

ASTM C1602/ C1602M ( 2022)  St andar d Speci f i cat i on f or  Mi xi ng 
Wat er  Used i n Pr oduct i on of  Hydr aul i c 
Cement  Concr et e

ASTM C1778 ( 2016)  St andar d Gui de f or  Reduci ng t he 
Ri sk of  Del et er i ous Al kal i - Aggr egat e 
React i on i n Concr et e

ASTM D412 ( 2016)  St andar d Test  Met hods f or  
Vul cani zed Rubber  and Ther mopl ast i c 
El ast omer s -  Tensi on

ASTM D471 ( 2016a)  St andar d Test  Met hod f or  Rubber  
Pr oper t y -  Ef f ect  of  Li qui ds

ASTM D1751 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Expansi on Joi nt  Fi l l er  f or  
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Concr et e Pavi ng and St r uct ur al  
Const r uct i on ( Nonext r udi ng and Resi l i ent  
Bi t umi nous Types)

ASTM D1752 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Sponge Rubber ,  Cor k and Recycl ed 
PVC Expansi on Joi nt  Fi l l er s f or  Concr et e 
Pavi ng and St r uct ur al  Const r uct i on

ASTM D2628 ( 1991;  R 2016)  St andar d Speci f i cat i on f or  
Pr ef or med Pol ychl or opr ene El ast omer i c 
Joi nt  Seal s f or  Concr et e Pavement s

ASTM D2835 ( 1989;  R 2017)  St andar d Speci f i cat i on f or  
Lubr i cant  f or  I nst al l at i on of  Pr ef or med 
Compr essi on Seal s i n Concr et e Pavement s

ASTM D5759 ( 2012;  R 2020)  Char act er i zat i on of  Coal  
Fl y Ash and Cl ean Coal  Combust i on Fl y Ash 
f or  Pot ent i al  Uses

ASTM D6690 ( 2015)  St andar d Speci f i cat i on f or  Joi nt  
and Cr ack Seal ant s,  Hot  Appl i ed,  f or  
Concr et e and Asphal t  Pavement s

ASTM E96/ E96M ( 2022a)  St andar d Test  Met hods f or  
Gr avi met r i c Det er mi nat i on of Wat er  Vapor  
Tr ansmi ssi on Rat e of  Mat er i al s

ASTM E329 ( 2021)  St andar d Speci f i cat i on f or  Agenci es 
Engaged i n Const r uct i on I nspect i on,  
Test i ng,  or  Speci al  I nspect i on

ASTM E1643 ( 2018a)  St andar d Pr act i ce f or  Sel ect i on,  
Desi gn,  I nst al l at i on,  and I nspect i on of  
Wat er  Vapor  Ret ar der s Used i n Cont act  wi t h 
Ear t h or  Gr anul ar  Fi l l  Under  Concr et e Sl abs

ASTM E1745 ( 2017)  St andar d Speci f i cat i on f or  Wat er  
Vapor  Ret ar der s Used i n Cont act  wi t h Soi l  
or  Gr anul ar  Fi l l  under  Concr et e Sl abs

ASTM E1993/ E1993M ( 1998;  R 2020)  St andar d Speci f i cat i on f or  
Bi t umi nous Wat er  Vapor  Ret ar der s Used i n 
Cont act  wi t h Soi l  or  Gr anul ar  Fi l l  Under  
Concr et e Sl abs

CONCRETE REI NFORCI NG STEEL I NSTI TUTE ( CRSI )

CRSI  10MSP ( 2018)  Manual  of  St andar d Pr act i ce

CRSI  RB4. 1 ( 2016)  Suppor t s f or  Rei nf or cement  Used i n 
Concr et e

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST PS 1 ( 2009)  DOC Vol unt ar y Pr oduct  St andar d PS 
1- 07,  St r uct ur al  Pl ywood
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U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

COE CRD- C 104 ( 1980)  Met hod of  Cal cul at i on of  t he 
Fi neness Modul us of  Aggr egat e

COE CRD- C 513 ( 1974)  Cor ps of  Engi neer s Speci f i cat i ons 
f or  Rubber  Wat er st ops

COE CRD- C 572 ( 1974)  Cor ps of  Engi neer s Speci f i cat i ons 
f or  Pol yvi nyl chl or i de Wat er st ops

U. S.  GREEN BUI LDI NG COUNCI L ( USGBC)

LEED NC ( 2013)  Leader shi p i n Ener gy and 
Envi r onment al  Desi gn( t m)  New Const r uct i on 
Rat i ng Syst em

1. 2   DEFI NI TI ONS

a.   " Cement i t i ous mat er i al "  as used her ei n must  i ncl ude al l  por t l and 
cement ,  pozzol an,  f l y  ash,  s l ag cement ,  and .

b.   " Exposed t o publ i c v i ew"  means si t uat ed so t hat  i t  can be seen f r om 
eye l evel  f r om a publ i c l ocat i on af t er  compl et i on of  t he bui l di ng.   A 
publ i c l ocat i on i s accessi bl e t o per sons not  r esponsi bl e f or  oper at i on 
or  mai nt enance of  t he bui l di ng.

c.   " Chemi cal  admi xt ur es"  ar e mat er i al s i n t he f or m of  powder  or  f l ui ds 
t hat  ar e added t o t he concr et e t o gi ve i t  cer t ai n char act er i st i cs not  
obt ai nabl e wi t h pl ai n concr et e mi xes.

d.   " Suppl ement ar y cement i ng mat er i al s"  ( SCM)  i ncl ude coal  f l y  ash,  s i l i ca 
f ume,  s l ag cement ,  nat ur al  or  cal c i ned pozzol ans,  and ul t r a- f i ne coal  
ash when used i n such pr opor t i ons t o r epl ace t he por t l and cement  t hat  
r esul t  i n i mpr ovement  t o sust ai nabi l i t y  and dur abi l i t y  and r educed 
cost .

e.   " Desi gn st r engt h"  ( f ' c)  i s  t he speci f i ed compr essi ve st r engt h of  
concr et e at  t i me( s)  speci f i ed i n t hi s sect i on t o meet  st r uct ur al  
desi gn cr i t er i a.

f .   " Mass Concr et e"  i s any concr et e syst em t hat  appr oaches a maxi mum 
t emper at ur e of  158 degr ees F wi t hi n t he f i r st  72 hour s of  pl acement .   
I n addi t i on,  i t  i ncl udes al l  concr et e el ement s wi t h a sect i on 
t hi ckness of  3 f eet  or  mor e r egar dl ess of  t emper at ur e.

g.   " Mi xt ur e pr opor t i oni ng"  i s t he pr ocess of  desi gni ng concr et e mi xt ur e 
pr opor t i ons t o enabl e i t  t o meet  t he st r engt h,  ser vi ce l i f e and 
const r uct abi l i t y  r equi r ement s of  t he pr oj ect  whi l e mi ni mi zi ng t he 
i ni t i al  and l i f e- cycl e cost .

h.   " Mi xt ur e pr opor t i ons"  ar e t he masses or  vol umes of  i ndi v i dual  
i ngr edi ent s used t o make a uni t  measur e ( cubi c met er  or  cubi c yar d)  of  
concr et e.

i .   " Pozzol an"  i s a s i l i ceous or  s i l i ceous and al umi nous mat er i al ,  whi ch 
i n i t sel f  possesses l i t t l e or  no cement i t i ous val ue but  wi l l ,  i n 
f i nel y di v i ded f or m and i n t he pr esence of  moi st ur e,  chemi cal l y r eact  
wi t h cal c i um hydr oxi de at  or di nar y t emper at ur es t o f or m compounds 
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possessi ng cement i t i ous pr oper t i es.

j .   " Wor kabi l i t y  ( or  consi st ence) "  i s t he abi l i t y  of  a f r esh ( pl ast i c)  
concr et e mi x t o f i l l  t he f or m/ moul d pr oper l y wi t h t he desi r ed wor k 
( v i br at i on)  and wi t hout  r educi ng t he concr et e' s qual i t y.   Wor kabi l i t y  
depends on wat er  cont ent ,  chemi cal  admi xt ur es,  aggr egat e ( shape and 
si ze di st r i but i on) ,  cement i t i ous cont ent  and age ( l evel  of  hydr at i on) .

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Qual i t y Cont r ol  Pl an;  G,  RO

Qual i t y Cont r ol  Per sonnel  Cer t i f i cat i ons;  G,  RO

Qual i t y Cont r ol  Or gani zat i onal  Char t

Labor at or y Accr edi t at i on;  G,  RO

For m Removal  Schedul e;  G,  RO

Mat ur i t y Met hod Dat a

SD- 02 Shop Dr awi ngs

For mwor k

Rei nf or ci ng St eel ;  G,  RO

SD- 03 Pr oduct  Dat a

Joi nt  Seal ant s;  ( LEED NC)

Joi nt  Fi l l er ;  ( LEED NC)

For mwor k Mat er i al s

Cement i t i ous Mat er i al s;  ( LEED NC)

Vapor  Ret ar der  and Vapor  Bar r i er

Concr et e Cur i ng Mat er i al s

Rei nf or cement ;  ( LEED NC)

Li qui d Chemi cal  Fl oor  Har dener s and Seal er s

Admi xt ur es

Wat er st ops
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Bi odegr adabl e For m Rel ease Agent

Nonshr i nk Gr out

SD- 04 Sampl es

SD- 05 Desi gn Dat a

Concr et e Mi x Desi gn;  G,  RO

SD- 06 Test  Repor t s

Concr et e Mi x Desi gn;  G,  RO

Fl y Ash

Pozzol an

Sl ag Cement

Aggr egat es

Compr essi ve St r engt h Test s;  G,  RO

Sl ump Test s

Wat er

SD- 07 Cer t i f i cat es

Rei nf or ci ng Bar s

Wel der  Qual i f i cat i ons

Fi el d Test i ng Techni c i an and Test i ng Agency

SD- 08 Manuf act ur er ' s I nst r uct i ons

Li qui d Chemi cal  Fl oor  Har dener s and Seal er s

Joi nt  Seal ant s;  ( LEED NC)

Cur i ng Compound

1. 4   MODI FI CATI ON OF REFERENCES

Accompl i sh wor k i n accor dance wi t h ACI  publ i cat i ons except  as modi f i ed 
her ei n.   Consi der  t he advi sor y or  r ecommended pr ovi s i ons t o be mandat or y.   
I nt er pr et  r ef er ence t o t he " Bui l di ng Of f i c i al , "  t he " St r uct ur al  Engi neer , "  
and t he " Ar chi t ect / Engi neer "  t o mean t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Fol l ow ACI  301,  ACI  304R and ASTM A934/ A934M r equi r ement s and 
r ecommendat i ons.   Do not  del i ver  concr et e unt i l  vapor  r et ar der ,  vapor  
bar r i er ,  f or ms,  r ei nf or cement ,  embedded i t ems,  and chamf er  st r i ps ar e i n 
pl ace and r eady f or  concr et e pl acement .   Do not  st or e concr et e cur i ng 
compounds or  seal er s wi t h mat er i al s t hat  have a hi gh capaci t y t o adsor b 
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vol at i l e or gani c compound ( VOC)  emi ssi ons,  i ncl udi ng acoust i cal  cei l i mg 
panel s and gypsum boar d.   Do not  st or e concr et e cur i ng compounds or  
seal er s i n occupi ed spaces.

1. 5. 1   Rei nf or cement

St or e r ei nf or cement  of  di f f er ent  s i zes and shapes i n separ at e pi l es or  
r acks r ai sed above t he gr ound t o avoi d excessi ve r ust i ng.   Pr ot ect  f r om 
cont ami nant s such as gr ease,  oi l ,  and di r t .   Ensur e bar  s i zes can be 
accur at el y i dent i f i ed af t er  bundl es ar e br oken and t ags r emoved.

1. 6   QUALI TY ASSURANCE

1. 6. 1   Desi gn Dat a

1. 6. 1. 1   Concr et e Mi x Desi gn

Si xt y days mi ni mum pr i or  t o concr et e pl acement ,  submi t  a mi x desi gn f or  
each st r engt h and t ype of  concr et e.   Submi t  a compl et e l i s t  of  mat er i al s 
i ncl udi ng t ype;  br and;  sour ce and amount  of  cement ,  suppl ement ar y 
cement i t i ous mat er i al s,  f i ber s,  and admi xt ur es;  and appl i cabl e r ef er ence 
speci f i cat i ons.   Submi t  mi l l  t est  and al l  ot her  t est  f or  cement ,  
suppl ement ar y cement i t i ous mat er i al s,  aggr egat es,  and admi xt ur es.   Pr ovi de 
document at i on of  maxi mum nomi nal  aggr egat e s i ze,  gr adat i on anal ysi s,  
per cent age r et ai ned and passi ng si eve,  and a gr aph of  per cent age r et ai ned 
ver ses si eve si ze.   Pr ovi de mi x pr opor t i on dat a usi ng at  l east  t hr ee 
di f f er ent  wat er - cement i t i ous mat er i al  r at i os f or  each t ype of  mi xt ur e,  
whi ch pr oduce a r ange of  st r engt h encompassi ng t hose r equi r ed f or  each 
t ype of  concr et e r equi r ed.   I f  sour ce mat er i al  changes,  r esubmi t  mi x 
pr opor t i on dat a usi ng r evi sed sour ce mat er i al .   Pr ovi de onl y mat er i al s 
t hat  have been pr oven by t r i al  mi x st udi es t o meet  t he r equi r ement s of  
t hi s speci f i cat i on,  unl ess ot her wi se appr oved i n wr i t i ng by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   I ndi cat e c l ear l y i n t he submi t t al  
wher e each mi x desi gn i s used when mor e t han one mi x desi gn i s submi t t ed.   
Resubmi t  dat a on concr et e component s i f  t he qual i t i es or  sour ce of  
component s changes.   Requi r ed aver age st r engt h can be document ed by f i el d 
exper i ence i f  f i el d st r engt h t est  dat a ar e avai l abl e and r epr esent  a 
s i ngl e gr oup of  at  l east  10 consecut i ve st r engt h t est s f or  one mi xt ur e,  
usi ng mat er i al s and condi t i ons s i mi l ar  t o t hose expect ed f or  wor k,  and 
encompassi ng a per i od of  not  l ess t han 45 days.   The aver age of  f i el d 
st r engt h t est s shal l  equal  or  exceed f cr ' .   Changes i n mat er i al s,  
condi t i ons,  and pr opor t i ons wi t hi n t he t est  r ecor d shal l  not  have been 
mor e cl osel y r est r i ct ed t han t hose f or  t he pr oposed wor k.   Test  r ecor ds 
shal l  not  be mor e t han 24 mont hs ol d.   Obt ai n mi x desi gn appr oval  f r om t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve pr i or  t o concr et e pl acement .

1. 6. 2   Shop Dr awi ngs

1. 6. 2. 1   For mwor k

Dr awi ngs showi ng det ai l s of  f or mwor k i ncl udi ng,  but  not  l i mi t ed t o;  
j oi nt s,  suppor t s,  st uddi ng and shor i ng,  and sequence of  f or m and shor i ng 
r emoval .   I ndi cat e pl acement  schedul e,  const r uct i on,  l ocat i on and met hod 
of  f or mi ng cont r ol  j oi nt s.  I ncl ude l ocat i ons of  i nser t s,  condui t ,  s l eeves 
and ot her  embedded i t ems.   Repr oduct i ons of  cont r act  dr awi ngs ar e 
unaccept abl e.   Submi t  f or m r emoval  schedul e i ndi cat i ng el ement  and mi ni mum 
l engt h of  t i me f or  f or m r emoval .

Desi gn,  f abr i cat e,  er ect ,  suppor t ,  br ace,  and mai nt ai n f or mwor k so t hat  i t  
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i s abl e t o suppor t ,  wi t hout  f ai l ur e,  al l  ver t i cal  and l at er al  l oads t hat  
may r easonabl y be ant i c i pat ed t o be appl i ed t o t he f or mwor k.

1. 6. 2. 2   Rei nf or ci ng St eel

I ndi cat e bendi ng di agr ams,  assembl y di agr ams,  spl i c i ng and l aps of  bar s,  
shapes,  di mensi ons,  and det ai l s of  bar  r ei nf or ci ng,  accessor i es,  and 
concr et e cover .   Do not  scal e di mensi ons f r om st r uct ur al  dr awi ngs t o 
det er mi ne l engt hs of  r ei nf or ci ng bar s.   Repr oduct i ons of  cont r act  dr awi ngs 
ar e unaccept abl e.

1. 6. 3   Test  Repor t s

1. 6. 3. 1   Fl y Ash and Pozzol an

Submi t  t est  r esul t s i n accor dance wi t h ASTM C618 f or  f l y  ash and 
pozzol an.   Submi t  t est  r esul t s per f or med wi t hi n 6 mont hs of  submi t t al  dat e.

1. 6. 3. 2   Sl ag Cement

Submi t  t est  r esul t s i n accor dance wi t h ASTM C989/ C989M f or  s l ag cement .   
Submi t  t est  r esul t s per f or med wi t hi n 6 mont hs of  submi t t al  dat e.

1. 6. 3. 3   Aggr egat es

Submi t  t est  r esul t s i n accor dance wi t h ASTM C33/ C33M,  or  ASTM C330/ C330M 
f or  l i ght wei ght  aggr egat e,  and ASTM C1293 or  ASTM C1567 as r equi r ed i n t he 
par agr aph t i t l ed ALKALI - AGGREGATE REACTI ON.

1. 6. 4   Fi el d Sampl es

1. 6. 5   Qual i t y Cont r ol  Pl an

Devel op and submi t  f or  appr oval  a concr et e qual i t y cont r ol  pr ogr am i n 
accor dance wi t h t he gui del i nes of  ACI  121R and as speci f i ed her ei n.   The 
pl an must  i ncl ude appr oved l abor at or i es.   Pr ovi de di r ect  over si ght  f or  t he 
concr et e qual i f i cat i on pr ogr am i ncl usi ve of  associ at ed sampl i ng and 
t est i ng.   Al l  qual i t y cont r ol  r epor t s must  be pr ovi ded t o t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve,  Qual i t y Manager  and Concr et e Suppl i er .   Mai nt ai n 
a copy of  ACI  SP- 15 and CRSI  10MSP at  pr oj ect  s i t e.

1. 6. 6   Qual i t y Cont r ol  Per sonnel  Cer t i f i cat i ons

The Cont r act or  must  submi t  f or  appr oval  t he r esponsi bi l i t i es of  t he 
var i ous qual i t y cont r ol  per sonnel ,  i ncl udi ng t he names and qual i f i cat i ons 
of  t he i ndi v i dual s i n t hose posi t i ons and a qual i t y cont r ol  or gani zat i onal  
char t  def i ni ng t he qual i t y cont r ol  hi er ar chy and t he r esponsi bi l i t y  of  t he 
var i ous posi t i ons.   Qual i t y cont r ol  per sonnel  must  be empl oyed by t he 
Cont r act or .

Submi t  Amer i can Concr et e I nst i t ut e cer t i f i cat i on f or  t he f ol l owi ng:

a.   CQC per sonnel  r esponsi bl e f or  i nspect i on of  concr et e oper at i ons.

b.   Lead For eman or  Jour neyman of  t he Concr et e Pl aci ng,  Fi ni shi ng,  and 
Cur i ng Cr ews.

c.   Fi el d Test i ng Techni c i ans:  ACI  Concr et e Fi el d Test i ng Techni c i an,  
Gr ade I .
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1. 6. 6. 1   Qual i t y Manager  Qual i f i cat i ons

The qual i t y manager  must  hol d a cur r ent  l i cense as a pr of essi onal  engi neer  
i n a U. S.  st at e or  t er r i t or y wi t h exper i ence on at  l east  f i ve s i mi l ar  
pr oj ect s.   Evi dence of  ext r aor di nar y pr oven exper i ence may be consi der ed 
by t he Cont r act i ng Of f i cer ' s Repr esent at i ve as suf f i c i ent  t o act  as t he 
Qual i t y Manager .

1. 6. 6. 2   Fi el d Test i ng Techni c i an and Test i ng Agency

Submi t  dat a on qual i f i cat i ons of  pr oposed t est i ng agency and t echni c i ans 
f or  appr oval  by t he Cont r act i ng Of f i cer ' s Repr esent at i ve pr i or  t o 
per f or mi ng t est i ng on concr et e.

a.   Wor k on concr et e under  t hi s cont r act  must  be per f or med by an ACI  
Concr et e Fi el d Test i ng Techni c i an Gr ade 1 qual i f i ed i n accor dance wi t h 
ACI  SP- 2 or  equi val ent .   Equi val ent  cer t i f i cat i on pr ogr ams must  
i ncl ude r equi r ement s f or  wr i t t en and per f or mance exami nat i ons as 
st i pul at ed i n ACI  SP- 2.

b.   Test i ng agenci es t hat  per f or m t est i ng ser vi ces on r ei nf or ci ng st eel  
must  meet  t he r equi r ement s of  ASTM E329.

c.   Test i ng agenci es t hat  per f or m t est i ng ser vi ces on concr et e mat er i al s 
must  meet  t he r equi r ement s of  ASTM C1077.

1. 6. 7   Labor at or y Qual i f i cat i ons f or  Concr et e Qual i f i cat i on Test i ng

The concr et e t est i ng l abor at or y must  have t he necessar y equi pment  and 
exper i ence t o accompl i sh r equi r ed t est i ng.   The l abor at or y must  meet  t he 
r equi r ement s of  ASTM C1077 and be Cement  and Concr et e Ref er ence Labor at or y 
( CCRL)  i nspect ed.

1. 6. 8   Labor at or y Accr edi t at i on

Labor at or y and t est i ng f aci l i t i es must  be pr ovi ded by and at  t he expense 
of  t he Cont r act or .   The l abor at or i es per f or mi ng t he t est s must  be 
accr edi t ed i n accor dance wi t h ASTM C1077,  i ncl udi ng ASTM C78/ C78M and 
ASTM C1260.   The accr edi t at i on must  be cur r ent  and must  i ncl ude t he 
r equi r ed t est  met hods,  as speci f i ed.   Fur t her mor e,  t he t est i ng must  compl y 
wi t h t he f ol l owi ng r equi r ement s:

a.   Aggr egat e Test i ng and Mi x Pr opor t i oni ng:  Aggr egat e t est i ng and mi xt ur e 
pr opor t i oni ng st udi es must  be per f or med by an accr edi t ed l abor at or y 
and under  t he di r ect i on of  a r egi st er ed pr of essi onal  engi neer  i n a 
U. S.  st at e or  t er r i t or y compet ent  i n concr et e mat er i al s who i s 
compet ent  i n concr et e mat er i al s and must  s i gn al l  r epor t s and desi gns.

b.   Accept ance Test i ng:  Fur ni sh al l  mat er i al s,  l abor ,  and f aci l i t i es 
r equi r ed f or  mol di ng,  cur i ng,  t est i ng,  and pr ot ect i ng t est  speci mens 
at  t he s i t e and i n t he l abor at or y.   Fur ni sh and mai nt ai n boxes or  
ot her  f aci l i t i es sui t abl e f or  st or i ng and cur i ng t he speci mens at  t he 
s i t e whi l e i n t he mol d wi t hi n t he t emper at ur e r ange st i pul at ed by 
ASTM C31/ C31M.

c.   Cont r act or  Qual i t y Cont r ol :  Al l  sampl i ng and t est i ng must  be per f or med 
by an appr oved,  onsi t e,  i ndependent ,  accr edi t ed l abor at or y.
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1. 7   ENVI RONMENTAL REQUI REMENTS

Pr ovi de space vent i l at i on accor di ng t o mat er i al  manuf act ur er  
r ecommendat i ons,  at  a mi ni mum,  dur i ng and f ol l owi ng i nst al l at i on of  
concr et e cur i ng compound and seal er .  Mai nt ai n one of  t he f ol l owi ng 
vent i l at i on condi t i ons dur i ng t he cur i ng per i od or  f or  72 hour s af t er  
i nst al l at i on:

a.   Suppl y 100 per cent  out si de ai r  24 hour s a day.

b.   Suppl y ai r f l ow at  a r at e of  6 ai r  changes per  hour ,  when out si de 
t emper at ur es ar e bet ween 55 degr ees F and 84 degr ees F and humi di t y i s 
bet ween 30 per cent  and 60 per cent .

c.   Suppl y ai r f l ow at  a r at e of  1. 5 ai r  changes per  hour ,  when out si de ai r  
condi t i ons ar e not  wi t hi n t he r ange st i pul at ed above.

1. 7. 1   Submi t t al s f or  Envi r onment al  Per f or mance

a.   Pr ovi de dat a i ndi cat i on t he per cent age of  post - i ndust r i al  pozzol an 
( f l y  ash,  s l ag cement )  cement  subst i t ut i on as a per cent age of  t he f ul l  
pr oduct  composi t e by wei ght .

b.   Pr ovi de dat a i ndi cat i ng t he per cent age of  post - i ndust r i al  and 
post - consumer  r ecycl ed cont ent  aggr egat e.

c.   Pr ovi de pr oduct  dat a i ndi cat i ng t he per cent age of  post - consumer  
r ecycl ed st eel  cont ent  i n each t ype of  st eel  r ei nf or cement  as a 
per cent age of  t he f ul l  pr oduct  composi t e by wei ght .

d.   Pr ovi de pr oduct  dat a st at i ng t he l ocat i on wher e al l  pr oduct s wer e 
manuf act ur ed 

e.   For  pr oj ect s usi ng FSC cer t i f i ed f or mwor k,  pr ovi de chai n- of - cust ody 
document at i on f or  al l  cer t i f i ed wood pr oduct s.

f .   For  pr oj ect s usi ng r eusabl e f or mwor k,  pr ovi de dat a showi ng how 
f or mwor k i s r eused.

g.   Pr ovi de SDS pr oduct  i nf or mat i on dat a showi ng t hat  f or m r el ease agent s 
meet  any envi r onment al  per f or mance goal s such as usi ng veget abl e and 
soy based pr oduct s.

h.   Pr ovi de SDS pr oduct  i nf or mat i on dat a showi ng t hat  concr et e adhesi ves 
meet  any envi r onment al  per f or mance goal s i ncl udi ng l ow emi t t i ng,  l ow 
vol at i l e or gani c compound pr oduct s.

1. 8   QUALI FI CATI ONS FOR WELDI NG WORK

Wel di ng pr ocedur es must  be i n accor dance wi t h AWS D1. 4/ D1. 4M.

Ver i f y t hat  Wel der  qual i f i cat i ons ar e i n accor dance wi t h AWS D1. 4/ D1. 4M 
f or  wel di ng of  r ei nf or cement  or  under  an equi val ent  qual i f i cat i on t est  
appr oved i n advance.   Wel der s ar e per mi t t ed t o do onl y t he t ype of  wel di ng 
f or  whi ch each i s speci f i cal l y qual i f i ed.
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PART 2   PRODUCTS

2. 1   FORMWORK MATERI ALS

a.   For m- f aci ng mat er i al  i n cont act  wi t h concr et e must  be l umber ,  pl ywood,  
t emper ed concr et e- f or m- gr ade har dboar d,  met al ,  pl ast i c,  or  t r eat ed 
paper  t hat  cr eat es speci f i ed appear ance and t ext ur e of  concr et e sur f ace.   
Submi t  pr oduct  i nf or mat i on on pr oposed f or m- f aci ng mat er i al s i f  
di f f er ent  f r om t hat  speci f i ed her ei n.

b.   Desi gn f or mwor k,  shor es,  r eshor es,  and backshor es t o suppor t  l oads 
t r ansmi t t ed t o t hem and t o compl y wi t h appl i cabl e bui l di ng code 
r equi r ement s.  

c.   Desi gn f or mwor k and shor i ng f or  l oad r edi st r i but i on r esul t i ng f r om 
st r essi ng of  post - t ensi oned r ei nf or cement .   Ensur e t hat  f or mwor k 
al l ows movement  r esul t i ng f r om appl i cat i on of  pr est r essi ng f or ce.

d.   Desi gn f or mwor k t o wi t hst and pr essur e r esul t i ng f r om pl acement  and 
vi br at i on of  concr et e and t o mai nt ai n speci f i ed t ol er ances.

e.   Desi gn f or mwor k t o accommodat e wat er st op mat er i al s i n j oi nt s at  
l ocat i ons i ndi cat ed i n Cont r act  Document s.

f .   Pr ovi de t empor ar y openi ngs i n f or mwor k i f  needed t o f aci l i t at e 
c l eani ng and i nspect i on.

g.   Desi gn f or mwor k j oi nt s t o i nhi bi t  l eakage of  mor t ar .

h.   Li mi t  def l ect i on of  f aci ng mat er i al s f or  concr et e sur f aces exposed t o 
v i ew t o 1/ 240 of  cent er - t o- cent er  spaci ng of  f aci ng suppor t s.

j .   Submi t  pr oduct  i nf or mat i on on pr oposed f or m- f aci ng mat er i al s i f  
di f f er ent  f r om t hat  speci f i ed her ei n.

k.   Submi t  pr ocedur e f or  r eshor i ng and backshor i ng,  i ncl udi ng dr awi ngs 
si gned and seal ed by a l i censed desi gn engi neer .   I ncl ude on shop 
dr awi ngs t he f or mwor k r emoval  pr ocedur e and magni t ude of  const r uct i on 
l oads used f or  desi gn of  r eshor i ng or  backshor i ng syst em.   I ndi cat e i n 
pr ocedur e t he magni t ude of  l i ve and dead l oads assumed f or  r equi r ed 
capaci t y of  t he st r uct ur e at  t i me of  r eshor i ng or  backshor i ng.

l .   Submi t  manuf act ur er ' s pr oduct  dat a on f or m l i ner  pr oposed f or  use wi t h 
each f or med sur f ace.

2. 1. 1   Wood For ms

Use l umber  as speci f i ed i n Sect i on 06 10 00 ROUGH CARPENTRY and as 
f ol l ows.   Pr ovi de l umber  t hat  i s  squar e edged or  t ongue- and- gr oove boar ds,  
f r ee of  r ai sed gr ai n,  knot hol es,  or  ot her  sur f ace def ect s.   Pr ovi de 
pl ywood t hat  compl i es wi t h NI ST PS 1,  B- B concr et e f or m panel s or  bet t er  
or  AHA A135. 4,  har dboar d f or  smoot h f or m l i ni ng.

2. 1. 1. 1   Concr et e For m Pl ywood ( St andar d Rough)

Pr ovi de pl ywood t hat  conf or ms t o NI ST PS 1,  B- B,  concr et e f or m,  not  l ess 
t han 5/ 8- i nch t hi ck.
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2. 1. 1. 2   Over l ai d Concr et e For m Pl ywood ( St andar d Smoot h)

Pr ovi de pl ywood t hat  conf or ms t o NI ST PS 1,  B- B,  hi gh densi t y f or m 
over l ay,  not  l ess t han 5/ 8- i nch t hi ck.

2. 1. 2   Pl ast i c For ms

Pl ast i c l umber  as speci f i ed i n Sect i on 06 10 00 ROUGH CARPENTRY.   Pr ovi de 
pl ast i c f or ms t hat  cont ai n a mi ni mum of  50 per cent  post - consumer  r ecycl ed 
cont ent ,  or  a mi ni mum of  50 per cent  post - i ndust r i al  r ecycl ed cont ent .

2. 1. 3   Car t on For ms

Moi st ur e r esi st ant  t r eat ed paper  f aces,  bi odegr adabl e,  st r uct ur al l y 
suf f i c i ent  t o suppor t  wei ght  of  wet  concr et e unt i l  i ni t i al  set .   Pr ovi de 
car t on f or ms t hat  cont ai n a mi ni mum of  5 per cent  post - consumer  r ecycl ed 
cont ent ,  or  a mi ni mum of  20 per cent  post - i ndust r i al  r ecycl ed cont ent .

2. 1. 4   St eel  For ms

Pr ovi de st eel  f or m sur f aces t hat  do not  cont ai n i r r egul ar i t i es,  dent s,  or  
sags.

2. 2   FORMWORK ACCESSORI ES

a.   Use commer ci al l y manuf act ur ed f or mwor k accessor i es,  i ncl udi ng t i es and 
hanger s.

b.   For m t i es and accessor i es must  not  r educe t he ef f ect i ve cover  of  t he 
r ei nf or cement .

2. 2. 1   Wat er st ops

Submi t  manuf act ur er ' s dat a sheet  on wat er st op mat er i al s and spl i ces.

2. 2. 1. 1   PVC Wat er st op

Pol yvi nyl chl or i de wat er st ops must  conf or m t o COE CRD- C 572.

2. 2. 1. 2   Rubber  Wat er st op

Rubber  wat er st ops must  conf or m t o COE CRD- C 513.

2. 2. 1. 3   Ther mopl ast i c El ast omer i c Rubber  Wat er st op

Ther mopl ast i c el ast omer i c r ubber  wat er st ops must  conf or m t o ASTM D471.

2. 2. 1. 4   Hydr ophi l i c  Wat er st op

Swel l abl e st r i p t ype compound of  pol ymer  modi f i ed chl or opr ene r ubber  t hat  
swel l s upon cont act  wi t h wat er  must  conf or m t o t he f ol l owi ng r equi r ement s 
when t est ed i n accor dance t o ASTM D412:   Tensi l e st r engt h 420 psi  mi ni mum;  
ul t i mat e el ongat i on 600 per cent  mi ni mum.   Har dness must  be 50 mi ni mum on 
t he t ype A dur omet er  and t he vol umet r i c expansi on r at i o i n di st i l l ed wat er  
at  70 degr ees F must  be 3 t o 1 mi ni mum.

2. 2. 2   Bi odegr adabl e For m Rel ease Agent

a.   Pr ovi de f or m r el ease agent  t hat  i s  col or l ess,  bi odegr adabl e,  and 
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r apeseed oi l - based,  soy oi l - based,  or   wat er - based,  wi t h a l ow 
( maxi mum of  55 gr ams/ l i t er  ( g/ l ) )  VOC cont ent .

b.   Pr ovi de pr oduct  t hat  does not  bond wi t h,  st ai n,  or  adver sel y af f ect  
concr et e sur f aces and does not  i mpai r  subsequent  t r eat ment s of  
concr et e sur f aces.

c.   Pr ovi de f or m r el ease agent  t hat  r educes f or mwor k moi st ur e absor pt i on,   
and does not  cont ai n di esel  f uel ,  pet r ol eum- based l ubr i cat i ng oi l s,  
waxes,  or  ker osene.   Submi t  document at i on i ndi cat i ng t ype of  bi obased 
mat er i al  i n pr oduct  and bi obased cont ent .   I ndi cat e r el at i ve dol l ar  
val ue of  bi obased cont ent  pr oduct s t o t ot al  dol l ar  val ue of  pr oduct s 
i ncl uded i n pr oj ect .

d.   Submi t  manuf act ur er ' s pr oduct  dat a on f or mwor k r el ease agent  f or  use 
on each f or m- f aci ng mat er i al .

2. 2. 3   Chamf er  Mat er i al s

Use l umber  mat er i al s wi t h di mensi ons of  3/ 4 x 3/ 4 i n.

2. 2. 4   Const r uct i on and movement  j oi nt s

a.   Submi t  det ai l s and l ocat i ons of  const r uct i on j oi nt s i n accor dance wi t h 
t he r equi r ement s her ei n.

b.   Locat e const r uct i on j oi nt s wi t hi n mi ddl e one- t hi r d of  spans of  s l abs,  
beams,  and gi r der s.   I f  a beam i nt er sect s a gi r der  wi t hi n t he mi ddl e 
one- t hi r d of  gi r der  span,  t he di st ance bet ween t he const r uct i on j oi nt  
i n t he gi r der  and t he edge of  t he beam must  be at  l east  t wi ce t he 
wi dt h of  t he l ar ger  member .

c.   For  member s wi t h post - t ensi oni ng t endons,  l ocat e const r uct i on j oi nt s 
wher e t endons pass t hr ough cent r oi d of  concr et e sect i on.

d.   Locat e const r uct i on j oi nt s i n wal l s and col umns at  under si de of  s l abs,  
beams,  or  gi r der s and at  t ops of  f oot i ngs or  s l abs.

e.   Make const r uct i on j oi nt s per pendi cul ar  t o mai n r ei nf or cement .

f .   Pr ovi de movement  j oi nt s wher e i ndi cat ed i n Cont r act  Document s or  i n 
accept ed al t er nat e l ocat i ons.

g.   Submi t  l ocat i on and det ai l  of  movement  j oi nt s i f  di f f er ent  f r om t hose 
i ndi cat ed i n Cont r act  Document s.

h.   Submi t  manuf act ur er ' s dat a sheet  on expansi on j oi nt  mat er i al s.

i .   Pr ovi de keyways wher e i ndi cat ed i n Cont r act  Document s.   Longi t udi nal  
keyways i ndi cat ed i n Cont r act  Document s must  be at  l east  1- 1/ 2 i n.  
deep,  measur ed per pendi cul ar  t o t he pl ane of  t he j oi nt .

2. 2. 5   Ot her  Embedded i t ems

Use sl eeves,  i nser t s,  anchor s,  and ot her  embedded i t ems of  mat er i al  and 
desi gn i ndi cat ed i n Cont r act  Document s.
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2. 3   CONCRETE MATERI ALS

2. 3. 1   Cement i t i ous Mat er i al s

2. 3. 1. 1   Por t l and Cement

a.   Unl ess ot her wi se speci f i ed,  pr ovi de cement  t hat  conf or ms t o 
ASTM C150/ C150M Type I  .

b.   Use one br and and t ype of  cement  f or  f or med concr et e havi ng 
exposed- t o- vi ew f i ni shed sur f aces.

c.   Suppl i er  must  cer t i f y t hat  t he hazar dous wast e i s neut r al i zed by t he 
manuf act ur i ng pr ocess and t hat  no addi t i onal  pol l ut ant s ar e di schar ged.

d.   Submi t  i nf or mat i on al ong wi t h evi dence demonst r at i ng compl i ance wi t h 
r ef er enced st andar ds.   Submi t t al s must  i ncl ude t ypes of  cement i t i ous 
mat er i al s,  manuf act ur i ng l ocat i ons,  shi ppi ng l ocat i ons,  and 
cer t i f i cat es showi ng compl i ance.

e.   Cement i t i ous mat er i al s must  be st or ed and kept  dr y and f r ee f r om 
cont ami nant s.

2. 3. 1. 2   Bl ended Cement s

a.   Bl ended cement s must  conf or m t o ASTM C595/ C595M Type I P or   I S or  
ASTM C1157/ C1157M Type GU  .

b.   Sl ag cement  added t o t he Type I S bl end must  meet  ASTM C989/ C989M.

c.   The pozzol an added t o t he Type I S bl end must  meet  ASTM C618 Cl ass F,  
and must  be i nt er gr ound wi t h t he cement  c l i nker .   The manuf act ur er  
must  st at e i n wr i t i ng t hat  t he amount  of  pozzol an i n t he f i ni shed 
cement  wi l l  not  var y mor e t han pl us or  mi nus 5 mass per cent  of  t he 
f i ni shed cement  f r om l ot - t o- l ot  or  wi t hi n a l ot .   The per cent age and 
t ype of  pozzol an used i n t he bl end must  not  change f r om t hat  submi t t ed 
f or  t he aggr egat e eval uat i on and mi xt ur e pr opor t i oni ng.

2. 3. 1. 3   Fl y Ash

a.   ASTM C618,  Cl ass F ,  except  t hat  t he maxi mum al l owabl e l oss on 
i gni t i on must  not  exceed 3 per cent .

b.   I f  f l y  ash i s used i t  shal l  r ange f r om 15 t o 35 per cent  by wei ght  of  
cement i t i ous mat er i al ,  pr ovi ded t he f l y ash does not  r educe t he amount  
of  cement  i n t he concr et e mi x bel ow t he mi ni mum r equi r ement s of  l ocal  
bui l di ng codes.   Wher e t he use of  f l y  ash cannot  meet  t he mi ni mum 
l evel , i t  shal l  not  be used.   Repor t  t he chemi cal  anal ysi s of  t he f l y  
ash i n accor dance wi t h ASTM C311/ C311M.   Eval uat e and cl assi f y f l y  ash 
i n accor dance wi t h ASTM D5759.

2. 3. 1. 4   Sl ag Cement

ASTM C989/ C989M,  Gr ade 100 .

2. 3. 1. 5   Si l i ca Fume

Si l i ca f ume must  conf or m t o ASTM C1240,  i ncl udi ng t he opt i onal  l i mi t s on 
r eact i v i t y wi t h cement  al kal i s.   Si l i ca f ume may be f ur ni shed as a dr y,  
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densi f i ed mat er i al  or  as s l ur r y.   Pr oper  mi xi ng i s essent i al  t o accompl i sh 
pr oper  di st r i but i on of  t he s i l i ca f ume and avoi d aggl omer at ed si l i ca f ume 
whi ch can r eact  wi t h t he al kal i  i n t he cement  r esul t i ng i n pr emat ur e and 
ext ensi ve concr et e damage.   Super vi s i on at  t he bat ch pl ant ,  f i ni shi ng,  and 
cur i ng i s essent i al .   Pr ovi de at  t he Cont r act or ' s expense t he ser vi ces of  
a manuf act ur er ' s t echni cal  r epr esent at i ve,  exper i enced i n mi xi ng,  
pr opor t i oni ng,  pl acement  pr ocedur es,  and cur i ng of  concr et e cont ai ni ng 
si l i ca f ume.   Thi s r epr esent at i ve must  be pr esent  on t he pr oj ect  pr i or  t o 
and dur i ng at  l east  t he f i r st  4 days of  concr et e pr oduct i on and pl acement  
usi ng si l i ca f ume.   A Hi gh Range Wat er  Reduci ng admi xt ur e ( HRWRA)  must  be 
used wi t h s i l i ca f ume.

2. 3. 1. 6   Ot her  Suppl ement ar y Cement i t i ous Mat er i al s

Nat ur al  pozzol an must  be r aw or  cal c i ned and conf or m t o ASTM C618,  Cl ass 
N,  i ncl udi ng t he opt i onal  r equi r ement  f or  uni f or mi t y.

Ul t r a Fi ne Fl y Ash ( UFFA)  and Ul t r a Fi ne Pozzol an ( UFP)  must  conf or m t o 
ASTM C618,  Cl ass F or  N,  and t he f ol l owi ng addi t i onal  r equi r ement s:

a.   The st r engt h act i v i t y i ndex at  28 days of  age must  be at  l east  95 
per cent  of  t he cont r ol  speci mens.

b.   The aver age par t i c l e s i ze must  not  exceed 6 mi cr ons.

c.   The sum of  Si O2 + Al 2O3 + Fe2O3 must  be gr eat er  t han 77 per cent .

2. 3. 2   Wat er

a.   Wat er  or  i ce must  compl y wi t h t he r equi r ement s of  ASTM C1602/ C1602M.

b.   Mi ni mi ze t he amount  of  wat er  i n t he mi x.   I mpr ove wor kabi l i t y  by 
adj ust i ng t he gr adi ng of  t he aggr egat e and usi ng admi xt ur e r at her  t han 
by addi ng wat er .

c.   Wat er  must  be pot abl e ;  f r ee f r om i nj ur i ous amount s of  oi l s ,  aci ds,  
al kal i s,  sal t s,  or gani c mat er i al s,  or  ot her  subst ances del et er i ous t o 
concr et e.

d.   Pr ot ect  mi xi ng wat er  and i ce f r om cont ami nat i on dur i ng st or age and 
del i ver y.

e.   Submi t  t est  r epor t  showi ng wat er  compl i es wi t h ASTM C1602/ C1602M.

2. 3. 3   Aggr egat e

2. 3. 3. 1   Nor mal - Wei ght  Aggr egat e

a.   Aggr egat es must  conf or m t o ASTM C33/ C33M .

b.   Aggr egat es used i n concr et e must  be obt ai ned f r om t he same sour ces and 
have t he same si ze r ange as aggr egat es used i n concr et e r epr esent ed by 
submi t t ed f i el d t est  r ecor ds or  used i n t r i al  mi xt ur es.

c.   Pr ovi de sand t hat  i s at  l east  50 per cent  nat ur al  sand.

d.   St or e and handl e aggr egat e i n a manner  t hat  wi l l  avoi d segr egat i on and 
pr event s cont ami nat i on by ot her  mat er i al s or  ot her  s i zes of  
aggr egat es.  St or e aggr egat es i n l ocat i ons t hat  wi l l  per mi t  t hem t o 
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dr ai n f r eel y.   Do not  use aggr egat es t hat  cont ai n f r ozen l umps.

e.   Submi t  t ypes,  pi t  or  quar r y l ocat i ons,  pr oducer s '  names,  aggr egat e 
suppl i er  st at ement  of  compl i ance wi t h ASTM C33/ C33M,  and ASTM C1293 
expansi on dat a not  mor e t han 18 mont hs ol d.

2. 3. 3. 2   Li ght wei ght  Aggr egat e

Li ght wei ght  aggr egat e i n accor dance wi t h ASTM C330/ C330M.

2. 3. 4   Admi xt ur es

a.   Chemi cal  admi xt ur es must  conf or m t o ASTM C494/ C494M.

b.   Ai r - ent r ai ni ng admi xt ur es must  conf or m t o ASTM C260/ C260M.

c.   Chemi cal  admi xt ur es f or  use i n pr oduci ng f l owi ng concr et e must  conf or m 
t o ASTM C1017/ C1017M.

d.   Do not  use cal c i um chl or i de admi xt ur es

e.   Admi xt ur es used i n concr et e must  be t he same as t hose used i n t he 
concr et e r epr esent ed by submi t t ed f i el d t est  r ecor ds or  used i n t r i al  
mi xt ur es.

f .   Pr ot ect  st or ed admi xt ur es agai nst  cont ami nat i on,  evapor at i on,  or  
damage.

g.   To ensur e uni f or m di st r i but i on of  const i t uent s,  pr ovi de agi t at i ng 
equi pment  f or  admi xt ur es used i n t he f or m of  suspensi ons or  unst abl e 
sol ut i ons.   Pr ot ect  l i qui d admi xt ur es f r om f r eezi ng and f r om 
t emper at ur e changes t hat  woul d adver sel y af f ect  t hei r  char act er i st i cs.

h.   Submi t  t ypes,  br and names,  pr oducer s '  names,  manuf act ur er ' s t echni cal  
dat a sheet s,  and cer t i f i cat es showi ng compl i ance wi t h st andar ds 
r equi r ed her ei n.

2. 4   MI SCELLANEOUS MATERI ALS

2. 4. 1   Concr et e Cur i ng Mat er i al s

Pr ovi de concr et e cur i ng mat er i al  i n accor dance wi t h ACI  301 Sect i on 5 and 
ACI  308. 1 Sect i on 2.   Submi t  pr oduct  dat a f or  concr et e cur i ng compounds.   
Submi t  manuf act ur es i nst r uct i ons f or  pl acement  of  cur i ng compound.

2. 4. 2   Nonshr i nk Gr out

Nonshr i nk gr out  i n accor dance wi t h ASTM C1107/ C1107M.

2. 4. 3   Fl oor  Fi ni sh Mat er i al s

2. 4. 3. 1   Li qui d Chemi cal  Fl oor  Har dener s and Seal er s

a.   Har dener  must  be a col or l ess aqueous sol ut i on cont ai ni ng a bl end of  
i nor gani c s i l i cat e or  s i l i conat e mat er i al  and pr opr i et ar y component s 
combi ned wi t h a wet t i ng agent ;  t hat  penet r at es,  har dens,  and densi f i es 
concr et e sur f aces.   Submi t  manuf act ur es i nst r uct i ons f or  pl acement  of  
l i qui d chemi cal  f l oor  har dener .
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b.   Use concr et e penet r at i ng seal er s wi t h a l ow ( maxi mum 100 gr ams/ l i t er ,  
l ess wat er  and l ess exempt  compounds)  VOC cont ent .   Submi t  
manuf act ur es i nst r uct i ons f or  pl acement  of  seal er s.

2. 4. 4   Expansi on/ Cont r act i on Joi nt  Fi l l er

ASTM D1751 or  ASTM D1752 Type I  .   Mat er i al  must  be 1/ 2 i nch t hi ck,  unl ess 
ot her wi se i ndi cat ed.

2. 4. 5   Joi nt  Seal ant s

2. 4. 5. 1   Hor i zont al  Sur f aces,  3 Per cent  Sl ope,  Maxi mum

ASTM D6690 or  ASTM C920,  Type M,  Cl ass 25,  Use T.

2. 4. 5. 2   Ver t i cal  Sur f aces Gr eat er  Than 3 Per cent  Sl ope

ASTM C920,  Type M,  Gr ade NS,  Cl ass 25,  Use T NT. .

2. 4. 5. 3   Pr ef or med Pol ychl or opr ene El ast omer i c Type

ASTM D2628.

2. 4. 5. 4   Lubr i cant  f or  Pr ef or med Compr essi on Seal s

ASTM D2835.

2. 4. 6   Vapor  Ret ar der  and Vapor  Bar r i er

ASTM E1745 Cl ass C  pol yet hyl ene sheet i ng,  mi ni mum 15 mi l t hi ckness or  
ASTM E1993/ E1993M bi t umi nous membr ane or  ot her  equi val ent  mat er i al  wi t h a 
maxi mum per meance r at i ng of  0. 01 per ms per  ASTM E96/ E96M.

Consi der  pl ast i c vapor  r et ar der s and adhesi ves wi t h a hi gh r ecycl ed 
cont ent ,  l ow t oxi c i t y l ow VOC ( Vol at i l e Or gani c Compounds)  l evel s.

2. 5   CONCRETE MI X DESI GN

2. 5. 1   Pr oper t i es and Requi r ement s

a.   Use mat er i al s and mat er i al  combi nat i ons l i s t ed i n t hi s sect i on and t he 
cont r act  document s.

b.   Cement i t i ous mat er i al  cont ent  must  be adequat e f or  concr et e t o sat i sf y 
t he speci f i ed r equi r ement s f or  st r engt h,  w/ cm,  dur abi l i t y ,  and 
f i ni shabi l i t y  descr i bed i n t hi s sect i on and t he cont r act  document s.

    The mi ni mum cement i t i ous mat er i al  cont ent  f or  concr et e used i n f l oor s 
must  meet  t he f ol l owi ng r equi r ement s:

Nomi nal  maxi mum si ze of
aggr egat e,  i n.

Mi ni mum cement i t i ous mat er i al
cont ent ,  pounds per  cubi c yar d

 1- 1/ 2  470
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Nomi nal  maxi mum si ze of
aggr egat e,  i n.

Mi ni mum cement i t i ous mat er i al
cont ent ,  pounds per  cubi c yar d

 1  520

 3/ 4  540

 3/ 8  610

c.   Sel ect ed t ar get  s l ump must  meet  t he r equi r ement s t hi s sect i on,  t he 
cont r act  document s,  and must  not  exceed 9 i n.   Concr et e must  not  show 
vi s i bl e s i gns of  segr egat i on.

d.   The t ar get  s l ump must  be enf or ced f or  t he dur at i on of  t he pr oj ect .   
Det er mi ne t he sl ump by ASTM C143/ C143M.   Sl ump t ol er ances must  meet  
t he r equi r ement s of  ACI  117.

e.   The nomi nal  maxi mum si ze of  coar se aggr egat e f or  a mi xt ur e must  not  
exceed t hr ee- f our t hs of  t he mi ni mum cl ear  spaci ng bet ween 
r ei nf or cement ,  one- f i f t h of  t he nar r owest  di mensi on bet ween si des of  
f or ms,  or  one- t hi r d of  t he t hi ckness of  s l abs or  t oppi ngs.

f .   Concr et e must  be ai r  ent r ai ned f or  member s assi gned t o Exposur e Cl ass 
F1,  F2,  or  F3.   The t ot al  ai r  cont ent  must  be i n accor dance wi t h t he 
r equi r ement s of  t he par agr aph t i t l ed DURABI LI TY.

g.   Measur e ai r  cont ent  at  t he poi nt  of  del i ver y i n accor dance wi t h 
ASTM C173/ C173M or  ASTM C231/ C231M.

h.   Concr et e f or  s l abs t o r ecei ve a har d- t r owel ed f i ni sh must  not  cont ai n 
an ai r - ent r ai ni ng admi xt ur e or  have a t ot al  ai r  cont ent  gr eat er  t han 3 
per cent .

i .   Concr et e pr oper t i es and r equi r ement s f or  each por t i on of  t he st r uct ur e 
ar e speci f i ed i n t he t abl e bel ow.   Ref er  t o t he par agr aph t i t l ed 
DURABI LI TY f or  mor e det ai l s on exposur e cat egor i es and t hei r  
r equi r ement s.

Mi ni mum f'c psi Exposur e
Cat egor i es^

Mi scel l aneous Requi r ement s

Foot i ngs

3000
 at  28  days

S0 ;
C1 ;
W0 ;
F0 

Max.  s l ump:  4 i n.  

Nomi nal  maxi mum aggr egat e si ze 
must  be 3/ 4 i n.  
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Mi ni mum f'c psi Exposur e
Cat egor i es^

Mi scel l aneous Requi r ement s

Sl abs- on- gr ound

3000
 at  28  days

S0 ;
C1 ;
W0 ;
F1 

2. 5. 2   Dur abi l i t y

2. 5. 2. 1   Al kal i - Aggr egat e React i on

Do not  use any aggr egat e suscept i bl e t o al kal i - car bonat e r eact i on ( ACR) .   
Use one of  t he t hr ee opt i ons bel ow f or  qual i f y i ng concr et e mi xt ur es t o 
r educe t he pot ent i al  of  al kal i - s i l i ca r eact i on ( ASR) :

a.   For  each aggr egat e used i n concr et e,  t he expansi on r esul t  det er mi ned 
i n accor dance wi t h ASTM C1293 must  not  exceed 0. 04 per cent  at  one year .

b.   For  each aggr egat e used i n concr et e,  t he expansi on r esul t  of  t he 
aggr egat e and cement i t i ous mat er i al s combi nat i on det er mi ned i n 
accor dance wi t h ASTM C1567 must  not  exceed 0. 10 per cent  at  an age of  
16 days.

c.   Al kal i  cont ent  i n concr et e ( LBA)  must  not  exceed 4 pounds per  cubi c 
yar d f or  moder at el y r eact i ve aggr egat e or  3 pounds per  cubi c yar d f or  
hi ghl y r eact i ve aggr egat e.   React i v i t y must  be det er mi ned by t est i ng 
i n accor dance wi t h ASTM C1293 and cat egor i zed i n accor dance wi t h 
ASTM C1778.   Al kal i  cont ent  i s cal cul at ed as f ol l ows:  
LBA = ( cement  cont ent ,  pounds per  cubi c yar d)  × ( equi val ent  al kal i  
cont ent  of  por t l and cement  i n per cent / 100 per cent )

2. 5. 2. 2   Cor r osi on and Chl or i de Cont ent

a.   Pr ovi de concr et e meet i ng t he r equi r ement s of  t he f ol l owi ng t abl e based 
on t he exposur e c l ass assi gned t o member s r equi r i ng pr ot ect i on agai nst  
r ei nf or cement  cor r osi on i n Cont r act  Document s.

b.   Submi t  document at i on ver i f y i ng compl i ance wi t h speci f i ed r equi r ement s.

c.   Wat er - sol ubl e chl or i de i on cont ent  cont r i but ed f r om const i t uent s 
i ncl udi ng wat er ,  aggr egat es,  cement i t i ous mat er i al s,  and admi xt ur es 
must  be det er mi ned f or  t he concr et e mi xt ur e by ASTM C1218/ C1218M at  
age bet ween 28 and 42 days.

d.   The maxi mum wat er - sol ubl e chl or i de i on ( Cl - )  cont ent  i n concr et e,  
per cent  by mass of  cement  i s as f ol l ows:
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Exposur e
cl ass

Maxi mum
w/cm*

Mi ni mum
f ' c,  psi

Maxi mum wat er - sol ubl e
chl or i de i on ( CL- )

cont ent  i n concr et e,
per cent  by mass of

cement

Rei nf or ced concr et e

C0 N/ A  2500 1. 00

C1 N/ A  2500 0. 30

C2 0. 4  5000 0. 15

Pr est r essed concr et e

C0 N/ A  2500 0. 06

C1 N/ A  2500 0. 06

C2 0. 4  5000 0. 06

* The maxi mum w/ cm l i mi t s do not  appl y t o l i ght wei ght  concr et e.

2. 5. 2. 3   Sul f at e Resi st ance

a.   Pr ovi de concr et e meet i ng t he r equi r ement s of  t he f ol l owi ng t abl e based 
on t he exposur e c l ass assi gned t o member s f or  sul f at e exposur e.

Exposur e
cl ass

Maxi mum
w/ cm

Mi ni mum
f ' c,
 psi

Requi r ed cement i t i ous mat er i al s- t ypes Cal ci um
chl or i de

admi xt ur e
ASTM

C150/ C150M
ASTM

C595/ C595M
ASTM

C1157/ C1157M

S0 N/ A  2500 N/ A N/ A N/ A No
r est r i ct i ons

S1 0. 50  4000 I I * ^ Types wi t h
( MS)

desi gnat i on

MS No
r est r i ct i ons

S2 0. 45  4500 V^ Types wi t h
( HS)

desi gnat i on

HS Not
per mi t t ed

S3 0. 45  4500 V + pozzol an
or  s l ag
cement * *

Types wi t h
( HS)

desi gnat i on
pl us

pozzol an or
sl ag cement * *

HS +
pozzol an or

sl ag cement * *

Not
per mi t t ed

S3 0. 40  5000 V* * * Types wi t h
( HS)

desi gnat i on

HS Not  per mi t t ed

*  For  seawat er  exposur e,  ot her  t ypes of  por t l and cement s wi t h 
t r i cal c i um al umi nat e ( C3A)  cont ent s up t o 10 per cent  ar e accept abl e i f  
t he w/ cm does not  exceed 0. 40.

* *  The amount  of  t he speci f i c  sour ce of  t he pozzol an or  s l ag cement  t o 
be used shal l  be at  l east  t he amount  det er mi ned by t est  or  ser vi ce 
r ecor d t o i mpr ove sul f at e r esi st ance when used i n concr et e cont ai ni ng 
Type V cement .   Al t er nat i vel y,  t he amount  of  t he speci f i c  sour ce of  
t he pozzol an or  s l ag used shal l  not  be l ess t han t he amount  t est ed i n 
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accor dance wi t h ASTM C1012/ C1012M and meet i ng t he r equi r ement s maxi mum 
expansi on r equi r ement s l i s t ed her ei n.

* * *  I f  Type V cement  i s used as t he sol e cement i t i ous mat er i al ,  t he 
opt i onal  sul f at e r equi r ement  of  0. 040 per cent  maxi mum expansi on i n 
ASTM C150/ C150M shal l  be r equi r ed.

^  Ot her  avai l abl e t ypes of  cement ,  such as Type I I I  or  Type I ,  ar e 
accept abl e i n exposur e c l asses S1 or  S2 i f  t he C3A cont ent s ar e l ess 
t han 8 or  5 per cent ,  r espect i vel y.

b.   The maxi mum w/ cm l i mi t s f or  sul f at e exposur e do not  appl y t o 
l i ght wei ght  concr et e.

c.   Al t er nat i ve combi nat i ons of  cement i t i ous mat er i al s of  t hose l i s t ed i n 
t hi s par agr aph ar e accept abl e i f  t hey meet  t he maxi mum expansi on 
r equi r ement s l i s t ed i n t he f ol l owi ng t abl e:

Exposur e cl ass Maxi mum expansi on when t est ed usi ng ASTM C1012/ C1012M

At  6 mont hs At  12 mont hs At  18 mont hs

S1 0. 10 per cent N/ A N/ A

S2 0. 05 per cent 0. 10 per cent ^ N/ A

S3 N/ A N/ A 0. 10 per cent

^The 12- mont h expansi on l i mi t  appl i es onl y when t he measur ed expansi on 
exceeds t he 6- mont h maxi mum expansi on l i mi t .

2. 5. 2. 4   Concr et e Temper at ur e

The t emper at ur e of  concr et e as del i ver ed must  not  exceed 95° F .

2. 5. 2. 5   Concr et e per meabi l i t y

a.   Pr ovi de concr et e meet i ng t he r equi r ement s of  t he f ol l owi ng t abl e based 
on exposur e c l ass assi gned t o member s r equi r i ng l ow per meabi l i t y  i n 
t he Cont r act  Document s.

Exposur e
cl ass

Maxi mum
w/cm*

Mi ni mum f ' c,
psi

Addi t i onal
mi ni mum

r equi r ement s

W0 N/ A  2500 None

W1 0. 5  4000 None

* The maxi mum w/ cm l i mi t s do not  appl y t o l i ght wei ght  concr et e.

b.   Submi t  document at i on ver i f y i ng compl i ance wi t h speci f i ed r equi r ement s.
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2. 5. 3   Tr i al  Mi xt ur es

Tr i al  mi xt ur es must  be i n accor dance t o ACI  301.

2. 5. 4   Ready- Mi x Concr et e

Pr ovi de concr et e t hat  meet s t he r equi r ement s of  ASTM C94/ C94M.

Ready- mi xed concr et e manuf act ur er  must  pr ovi de dupl i cat e del i ver y t i cket s 
wi t h each l oad of  concr et e del i ver ed.   Pr ovi de del i ver y t i cket s wi t h t he 
f ol l owi ng i nf or mat i on i n addi t i on t o t hat  r equi r ed by ASTM C94/ C94M:

a.   Type and br and cement

b.   Cement  and suppl ement ar y cement i t i ous mat er i al s cont ent  i n 94- pound 
bags per  cubi c yar d of  concr et e

c.   Maxi mum si ze of  aggr egat e

d.   Amount  and br and name of  admi xt ur es

e.   Tot al  wat er  cont ent  expr essed by wat er  cement i t i ous mat er i al  r at i o

2. 6   REI NFORCEMENT

a.   Bend r ei nf or cement  col d.   Fabr i cat e r ei nf or cement  i n accor dance wi t h 
f abr i cat i ng t ol er ances of  ACI  117.

b.   Submi t  manuf act ur er ' s cer t i f i ed t est  r epor t  f or  r ei nf or cement .

c.   Submi t  pl aci ng dr awi ngs showi ng f abr i cat i on di mensi ons and pl acement  
l ocat i ons of  r ei nf or cement  and r ei nf or cement  suppor t s.   Pl aci ng 
dr awi ngs must  i ndi cat e l ocat i ons of  spl i ces,  l engt hs of  l ap spl i ces,  
and det ai l s of  mechani cal  and wel ded spl i ces.

d.   Submi t  r equest  wi t h l ocat i ons and det ai l s of  spl i ces not  i ndi cat ed i n 
Cont r act  Document s.

e.   Submi t  r equest  t o pl ace col umn dowel s wi t hout  usi ng t empl at es.

g.   Submi t  r equest  f or  f i el d cut t i ng,  i ncl udi ng l ocat i on and t ype of  bar  
t o be cut  and r eason f i el d cut t i ng i s r equi r ed.

2. 6. 1   Rei nf or ci ng Bar s

a.   Rei nf or ci ng bar s must  be def or med,  except  spi r al s,  l oad- t r ansf er  
dowel s,  and wel ded wi r e r ei nf or cement ,  whi ch may be pl ai n.

b.   ASTM A615/ A615M wi t h t he bar s mar ked S,  Gr ade 60 ;  or  ASTM A996/ A996M 
wi t h t he bar s mar ked R,  Gr ade 60,  or  mar ked A,  Gr ade 60.

c.   Submi t  mi l l  cer t i f i cat es f or  r ei nf or ci ng bar s.

2. 6. 2   Wi r e

a.   Pr ovi de f l at  sheet s of  wel ded wi r e r ei nf or cement  f or  s l abs and 
t oppi ngs.

b.   Pl ai n or  def or med st eel  wi r e must  conf or m t o ASTM A1064/ A1064M.
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c.   St ai nl ess st eel  wi r e must  conf or m t o ASTM A1022/ A1022M.

d.   Epoxy- coat ed wi r e must  conf or m t o ASTM A884/ A884M.   Coat i ng damage 
i ncur r ed dur i ng shi pment ,  st or age,  handl i ng,  and pl aci ng of  
epoxy- coat ed wi r es must  be r epai r ed.   Repai r  damaged coat i ng ar eas 
wi t h pat chi ng mat er i al  i n accor dance wi t h mat er i al  manuf act ur er ' s 
wr i t t en r ecommendat i ons.   I f  damaged ar ea exceeds 2 per cent  of  sur f ace 
ar ea i n each l i near  f oot  of  each wi r e,  wi r e must  not  be used.   The 2 
per cent  l i mi t  on damaged coat i ng ar ea must  i ncl ude r epai r ed ar eas 
damaged bef or e shi pment  as r equi r ed by ASTM A884/ A884M.   Fadi ng of  
coat i ng col or  shal l  not  be cause f or  r ej ect i on of  epoxy- coat ed wi r e 
r ei nf or cement .

2. 6. 3   Wel ded wi r e r ei nf or cement

a.   Use wel ded wi r e r ei nf or cement  speci f i ed i n Cont r act  Document s and 
conf or mi ng t o one or  mor e of  t he speci f i cat i ons gi ven her ei n.

b.   Pl ai n wel ded wi r e r ei nf or cement  must  conf or m t o ASTM A1064/ A1064M,  
wi t h wel ded i nt er sect i ons spaced no gr eat er  t han 12 i n.  apar t  i n 
di r ect i on of  pr i nci pal  r ei nf or cement .

c.   Def or med wel ded wi r e r ei nf or cement  must  conf or m t o ASTM A1064/ A1064M,  
wi t h wel ded i nt er sect i ons spaced no gr eat er  t han 16 i n.  apar t  i n 
di r ect i on of  pr i nci pal  r ei nf or cement .

d.   Epoxy- coat ed wel ded wi r e r ei nf or cement  must  conf or m t o ASTM A884/ A884M.   
Coat i ng damage i ncur r ed dur i ng shi pment ,  st or age,  handl i ng,  and 
pl aci ng of  epoxy- coat ed wel ded wi r e r ei nf or cement  must  be r epai r ed i n 
accor dance wi t h ASTM A884/ A884M.   Repai r  damaged coat i ng ar eas wi t h 
pat chi ng mat er i al  i n accor dance wi t h mat er i al  manuf act ur er ' s wr i t t en 
r ecommendat i ons.   I f  damaged ar ea exceeds 2 per cent  of  sur f ace ar ea i n 
each l i near  f oot  of  each wi r e or  wel ded wi r e r ei nf or cement ,  t he sheet  
cont ai ni ng t he damaged ar ea must  not  be used.   The 2 per cent  l i mi t  on 
damaged coat i ng ar ea must  i ncl ude r epai r ed ar eas damaged bef or e 
shi pment  as r equi r ed by ASTM A884/ A884M.   Fadi ng of  coat i ng col or  
shal l  not  be cause f or  r ej ect i on of  epoxy- coat ed wel ded wi r e 
r ei nf or cement .

e.   St ai nl ess st eel  wel ded wi r e r ei nf or cement  must  conf or m t o 
ASTM A1022/ A1022M.

f .   Zi nc- coat ed ( gal vani zed)  wel ded wi r e r ei nf or cement  must  conf or m t o 
ASTM A1060/ A1060M.   Coat i ng damage i ncur r ed dur i ng shi pment ,  st or age,  
handl i ng,  and pl aci ng of  z i nc- coat ed ( gal vani zed)  wel ded wi r e 
r ei nf or cement  must  be r epai r ed i n accor dance wi t h ASTM A780/ A780M.   I f  
damaged ar ea exceeds 2 per cent  of  sur f ace ar ea i n each l i near  f oot  of  
each wi r e or  wel ded wi r e r ei nf or cement ,  t he sheet  cont ai ni ng t he 
damaged ar ea must  not  be used.   The 2 per cent  l i mi t  on damaged coat i ng 
ar ea shal l  i ncl ude r epai r ed ar eas damaged bef or e shi pment  as r equi r ed 
by ASTM A1060/ A1060M.

2. 6. 4   Rei nf or ci ng Bar  Suppor t s

a.   Pr ovi de r ei nf or cement  suppor t  t ypes wi t hi n st r uct ur e as r equi r ed by 
Cont r act  Document s.   Rei nf or cement  suppor t s must  conf or m t o CRSI  RB4. 1.  
Submi t  descr i pt i on of  r ei nf or cement  suppor t s and mat er i al s f or  
f ast eni ng coat ed r ei nf or cement  i f  not  i n conf or mance wi t h CRSI  RB4. 1.
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bbb.   Legs of  suppor t s i n cont act  wi t h f or mwor k must  be hot - di p gal vani zed,  
or  pl ast i c coat ed af t er  f abr i cat i on,  or  st ai nl ess- st eel  bar  suppor t s.

2. 6. 5   Dowel s f or  Load Tr ansf er  i n Fl oor s

Pr ovi de gr eased dowel s f or  l oad t r ansf er  i n f l oor s of  t he t ype,  desi gn,  
wei ght ,  and di mensi ons i ndi cat ed.   Pr ovi de dowel  bar s t hat  ar e 
pl ai n- bi l l et  st eel  conf or mi ng t o ASTM A615/ A615M,  Gr ade 40.   Pr ovi de dowel  
pi pe t hat  i s st eel  conf or mi ng t o ASTM A53/ A53M.

2. 6. 6   Wel di ng

a.   Pr ovi de wel dabl e r ei nf or ci ng bar s t hat  conf or m t o ASTM A706/ A706M and 
ASTM A615/ A615M and Suppl ement  S1,  Gr ade 60,  except  t hat  t he maxi mum 
car bon cont ent  must  be 0. 55 per cent .

b.   Compl y wi t h AWS D1. 4/ D1. 4M unl ess ot her wi se speci f i ed.   Do not  t ack 
wel d r ei nf or ci ng bar s.

c.   Wel ded assembl i es of  st eel  r ei nf or cement  pr oduced under  f act or y 
condi t i ons,  such as wel ded wi r e r ei nf or cement ,  bar  mat s,  and def or med 
bar  anchor s,  ar e al l owed.

d.   Af t er  compl et i ng wel ds on zi nc- coat ed ( gal vani zed) ,  epoxy- coat ed,  or  
z i nc and epoxy dual - coat ed r ei nf or cement ,  coat  wel ds and r epai r  
coat i ng damage as pr evi ousl y speci f i ed.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

a.   Do not  begi n i nst al l at i on unt i l  subst r at es have been pr oper l y 
const r uct ed;  ver i f y t hat  subst r at es ar e l evel .

b.   I f  subst r at e pr epar at i on i s t he r esponsi bi l i t y  of  anot her  i nst al l er ,  
not i f y Cont r act i ng Of f i cer ' s Repr esent at i ve of  unsat i sf act or y 
pr epar at i on bef or e pr ocessi ng.

c.   Check f i el d di mensi ons bef or e begi nni ng i nst al l at i on.   I f  di mensi ons 
var y t oo much f r om desi gn di mensi ons f or  pr oper  i nst al l at i on,  not i f y 
Cont r act i ng Of f i cer ' s Repr esent at i ve and wai t  f or  i nst r uct i ons bef or e 
begi nni ng i nst al l at i on.

3. 2   PREPARATI ON

Det er mi ne quant i t y of  concr et e needed and mi ni mi ze t he pr oduct i on of  
excess concr et e.  Desi gnat e l ocat i ons or  uses f or  pot ent i al  excess concr et e 
bef or e t he concr et e i s pour ed.

3. 2. 1   Gener al

a.   Sur f aces agai nst  whi ch concr et e i s t o be pl aced must  be f r ee of  
debr i s,  l oose mat er i al ,  st andi ng wat er ,  snow,  i ce,  and ot her  
del et er i ous subst ances bef or e st ar t  of  concr et e pl aci ng.

b.   Remove st andi ng wat er  wi t hout  washi ng over  f r eshl y deposi t ed concr et e.  
Di ver t  f l ow of  wat er  t hr ough si de dr ai ns pr ovi ded f or  such pur pose.
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3. 2. 2   Subgr ade Under  Foundat i ons and Foot i ngs

a.   When subgr ade mat er i al  i s  semi - por ous and dr y,  spr i nkl e subgr ade 
sur f ace wi t h wat er  as r equi r ed t o el i mi nat e suct i on at  t he t i me 
concr et e i s deposi t ed,  or  seal  subgr ade sur f ace by cover i ng sur f ace 
wi t h speci f i ed vapor  r et ar der .

b.   When subgr ade mat er i al  i s  por ous,  seal  subgr ade sur f ace by cover i ng 
sur f ace wi t h speci f i ed vapor  r et ar der .

3. 2. 3   Subgr ade Under  Sl abs on Gr ound

a.   Bef or e const r uct i on of  s l abs on gr ound,  have under gr ound wor k on pi pes 
and condui t s compl et ed and appr oved.

b.   Pr evi ousl y const r uct ed subgr ade or  f i l l  must  be cl eaned of  f or ei gn 
mat er i al s

c.   Fi ni sh sur f ace of  capi l l ar y wat er  bar r i er  under  i nt er i or  s l abs on 
gr ound must  not  show devi at i on i n excess of  1/ 4 i nch when t est ed wi t h a
 10- f oot  st r ai ght edge par al l el  wi t h and at  r i ght  angl es t o bui l di ng 
l i nes.

d.   Fi ni shed sur f ace of  subgr ade or  f i l l  under  ext er i or  s l abs on gr ound 
must  not  be mor e t han 0. 02- f oot  above or  0. 10- f oot  bel ow el evat i on 
i ndi cat ed.

3. 2. 4   Edge For ms and Scr eed St r i ps f or  Sl abs

a.   Set  edge f or ms or  bul kheads and i nt er medi at e scr eed st r i ps f or  s l abs 
t o obt ai n i ndi cat ed el evat i ons and cont our s i n f i ni shed sl ab sur f ace 
and must  be st r ong enough t o suppor t  v i br at i ng br i dge scr eeds or  
r ol l er  pi pe scr eeds i f  nat ur e of  speci f i ed s l ab f i ni sh r equi r es use of  
such equi pment .

b.   Al i gn concr et e sur f ace t o el evat i on of  scr eed st r i ps by use of  
st r i ke- of f  t empl at es or  appr oved compact i ng- t ype scr eeds.

3. 2. 5   Rei nf or cement  and Ot her  Embedded I t ems

a.   Secur e r ei nf or cement ,  j oi nt  mat er i al s,  and ot her  embedded mat er i al s i n 
posi t i on,  i nspect ed,  and appr oved bef or e st ar t  of  concr et e pl aci ng.

b.   When concr et e i s pl aced,  r ei nf or cement  must  be f r ee of  mat er i al s 
del et er i ous t o bond.   Rei nf or cement  wi t h r ust ,  mi l l  scal e,  or  a 
combi nat i on of  bot h wi l l  be consi der ed sat i sf act or y,  pr ovi ded mi ni mum 
nomi nal  di mensi ons,  nomi nal  wei ght ,  and mi ni mum aver age hei ght  of  
def or mat i ons of  a hand- wi r e- br ushed t est  speci men ar e not  l ess t han 
appl i cabl e ASTM speci f i cat i on r equi r ement s.

3. 3   FORMS

a.   Pr ovi de f or ms,  shor i ng,  and scaf f ol di ng f or  concr et e pl acement .   Set  
f or ms mor t ar - t i ght  and t r ue t o l i ne and gr ade.

b.   Chamf er  above gr ade exposed j oi nt s,  edges,  and ext er nal  cor ner s of  
concr et e 0. 75 i nch.   Pl ace chamf er  st r i ps i n cor ner s of  f or mwor k t o 
pr oduce bevel ed edges on per manent l y exposed sur f aces.   Do not  bevel  
r eent r ant  cor ner s or  edges of  f or med j oi nt s of  concr et e.

SECTI ON 03 30 00  Page 27



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

c.   Pr ovi de f or mwor k wi t h c l ean- out  openi ngs t o per mi t  i nspect i on and 
r emoval  of  debr i s.

d.   I nspect  f or mwor k and r emove f or ei gn mat er i al  bef or e concr et e i s pl aced.

e.   At  const r uct i on j oi nt s,  l ap f or m- f aci ng mat er i al s over  t he concr et e of  
pr evi ous pl acement .   Ensur e f or mwor k i s pl aced agai nst  har dened 
concr et e so of f set s at  const r uct i on j oi nt s conf or m t o speci f i ed 
t ol er ances.

f .   Pr ovi de posi t i ve means of  adj ust ment  ( such as wedges or  j acks)  of  
shor es and st r ut s.   Do not  make adj ust ment s i n f or mwor k af t er  concr et e 
has r eached i ni t i al  set t i ng.   Br ace f or mwor k t o r esi st  l at er al  
def l ect i on and l at er al  i nst abi l i t y .

g.   Fast en f or m wedges i n pl ace af t er  f i nal  adj ust ment  of  f or ms and bef or e 
concr et e pl acement .

h.   Pr ovi de anchor i ng and br aci ng t o cont r ol  upwar d and l at er al  movement  
of  f or mwor k syst em.

i .   Const r uct  f or mwor k f or  openi ngs t o f aci l i t at e r emoval  and t o pr oduce 
openi ng di mensi ons as speci f i ed and wi t hi n t ol er ances.

j .   Pr ovi de r unways f or  movi ng equi pment .   Suppor t  r unways di r ect l y on 
f or mwor k or  st r uct ur al  member s.   Do not  suppor t  r unways on 
r ei nf or cement .   Loadi ng appl i ed by r unways must  not  exceed capaci t y of  
f or mwor k or  st r uct ur al  member s.

k.   Posi t i on and suppor t  expansi on j oi nt  mat er i al s,  wat er st ops,  and ot her  
embedded i t ems t o pr event  di spl acement .   Fi l l  voi ds i n s l eeves,  
i nser t s,  and anchor  s l ot s t empor ar i l y  wi t h r emovabl e mat er i al  t o 
pr event  concr et e ent r y i nt o voi ds.

l .   Cl ean sur f aces of  f or mwor k and embedded mat er i al s of  mor t ar ,  gr out ,  
and f or ei gn mat er i al s bef or e concr et e pl acement .

3. 3. 1   Coat i ng

a.   Cover  f or mwor k sur f aces wi t h an accept abl e mat er i al  t hat  i nhi bi t s bond 
wi t h concr et e.

b.   I f  f or mwor k r el ease agent  i s used,  appl y t o f or mwor k sur f aces i n 
accor dance wi t h manuf act ur er ' s r ecommendat i ons bef or e pl aci ng 
r ei nf or cement .   Remove excess r el ease agent  on f or mwor k pr i or  t o 
concr et e pl acement .

c.   Do not  al l ow f or mwor k r el ease agent  t o cont act  r ei nf or cement  or  
har dened concr et e agai nst  whi ch f r esh concr et e i s t o be pl aced.

3. 3. 2   Reshor i ng

a.   Do not  al l ow st r uct ur al  member s t o be l oaded wi t h combi ned dead and 
const r uct i on l oads i n excess of  l oads i ndi cat ed i n t he accept ed 
pr ocedur e.

b.   I nst al l  and r emove r eshor es or  backshor es i n accor dance wi t h accept ed 
pr ocedur e.
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c.   For  f l oor s suppor t i ng shor es under  newl y pl aced concr et e,  ei t her  l eave 
or i gi nal  suppor t i ng shor es i n pl ace,  or  i nst al l  r eshor es or  
backshor es.   Shor i ng syst em and suppor t i ng s l abs must  r esi st  
ant i c i pat ed l oads.   Locat e r eshor es and backshor es di r ect l y under  a 
shor e posi t i on or  as i ndi cat ed on f or mwor k shop dr awi ngs.

d.   I n mul t i st or y bui l di ngs,  pl ace r eshor i ng or  backshor i ng over  a 
suf f i c i ent  number  of  st or i es t o di st r i but e wei ght  of  newl y pl aced 
concr et e,  f or ms,  and const r uct i on l i ve l oads.

3. 3. 3   Reuse

a.   Reuse f or ms pr ovi di ng t he st r uct ur al  i nt egr i t y of  concr et e and t he 
aest het i cs of  exposed concr et e ar e not  compr omi sed.

b.   Wood f or ms must  not  be cl ogged wi t h past e and must  be capabl e of  
absor bi ng hi gh wat er - cement i t i ous mat er i al  r at i o past e.

c.   Remove l eaked mor t ar  f r om f or mwor k j oi nt s bef or e r euse.

3. 3. 4   For ms f or  St andar d Rough For m Fi ni sh

Pr ovi de f or mwor k i n accor dance wi t h ACI  301 Sect i on 5 wi t h a sur f ace 
f i ni sh,  SF- 1. 0,  f or  f or med sur f aces t hat  ar e t o be conceal ed by ot her  
const r uct i on.

3. 3. 5   For ms f or  St andar d Smoot h For m Fi ni sh

Pr ovi de f or mwor k i n accor dance wi t h ACI  301 Sect i on 5 wi t h a sur f ace 
f i ni sh,  SF- 3. 0,  f or  f or med sur f aces t hat  ar e exposed t o v i ew.   Do not  
pr ovi de mockup of  concr et e sur f ace appear ance and t ext ur e.

3. 3. 6   Tol er ances f or  For m Const r uct i on

a.   Const r uct  f or mwor k so concr et e sur f aces conf or m t o t ol er ances i n 
ACI  117.

b.   Posi t i on and secur e s l eeves,  i nser t s,  anchor s,  and ot her  embedded 
i t ems such t hat  embedded i t ems ar e posi t i oned wi t hi n ACI  117 
t ol er ances.

c.   To mai nt ai n speci f i ed el evat i on and t hi ckness wi t hi n t ol er ances,  
i nst al l  f or mwor k t o compensat e f or  def l ect i on and ant i c i pat ed 
set t l ement  i n f or mwor k dur i ng concr et e pl acement .   Set  f or mwor k and 
i nt er medi at e scr eed st r i ps f or  s l abs t o pr oduce desi gnat ed el evat i on,  
camber ,  and cont our  of  f i ni shed sur f ace bef or e f or mwor k r emoval .   I f  
speci f i ed f i ni sh r equi r es use of  v i br at i ng scr eeds or  r ol l er  pi pe 
scr eeds,  ensur e t hat  edge f or ms and scr eed st r i ps ar e st r ong enough t o 
suppor t  such equi pment .

3. 3. 7   Removal  of  For ms and Suppor t s

a.   I f  ver t i cal  f or med sur f aces r equi r e f i ni shi ng,  r emove f or ms as soon as 
r emoval  oper at i ons wi l l  not  damage concr et e.

b.   Remove t op f or ms on sl opi ng sur f aces of  concr et e as soon as r emoval  
wi l l  not  al l ow concr et e t o sag.   Per f or m r epai r s and f i ni shi ng 
oper at i ons r equi r ed.   I f  f or ms ar e r emoved bef or e end of  speci f i ed 
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cur i ng per i od,  pr ovi de cur i ng and pr ot ect i on.

c.   Do not  damage concr et e dur i ng r emoval  of  ver t i cal  f or mwor k f or  
col umns,  wal l s,  and si des of  beams.   Per f or m needed r epai r  and 
f i ni shi ng oper at i ons r equi r ed on ver t i cal  sur f aces.   I f  f or ms ar e 
r emoved bef or e end of  speci f i ed cur i ng per i od,  pr ovi de cur i ng and 
pr ot ect i on.

d.   Leave f or mwor k and shor i ng i n pl ace t o suppor t  const r uct i on l oads and 
wei ght  of  concr et e i n beams,  s l abs,  and ot her  st r uct ur al  member s unt i l  
i n- pl ace r equi r ed st r engt h of  concr et e i s r eached.

e.   For m- f aci ng mat er i al  and hor i zont al  f aci ng suppor t  member s may be 
r emoved bef or e i n- pl ace concr et e r eaches speci f i ed compr essi ve 
st r engt h i f  shor es and ot her  suppor t s ar e desi gned t o al l ow f aci ng 
r emoval  wi t hout  def l ect i on of  suppor t ed sl ab or  member .

3. 3. 8   St r engt h of  Concr et e Requi r ed f or  Removal  of  For mwor k

I f  r emoval  of  f or mwor k,  r eshor i ng,  or  backshor i ng i s based on concr et e 
r eachi ng a speci f i ed i n- pl ace st r engt h,  mol d and f i el d- cur e cyl i nder s i n 
accor dance wi t h ASTM C31/ C31M.   Test  cyl i nder s i n accor dance wi t h 
ASTM C39/ C39M.   Al t er nat i vel y,  use one or  mor e of  t he met hods l i s t ed 
her ei n t o eval uat e i n- pl ace concr et e st r engt h f or  f or mwor k r emoval .

a.   Test s of  cast - i n- pl ace cyl i nder s i n accor dance wi t h ASTM C873/ C873M.   
Thi s opt i on i s l i mi t ed t o s l abs wi t h concr et e dept hs f r om 5 t o 12 i n.

b.   Penet r at i on r esi st ance i n accor dance wi t h ASTM C803/ C803M.

c.   Pul l out  st r engt h i n accor dance wi t h ASTM C900.

d.   Mat ur i t y met hod i n accor dance wi t h ASTM C1074.   Submi t  mat ur i t y met hod 
dat a usi ng pr oj ect  mat er i al s and concr et e mi x pr opor t i ons used on t he 
pr oj ect  t o demonst r at e t he cor r el at i on bet ween mat ur i t y and 
compr essi ve st r engt h of  l abor at or y cur ed t est  speci mens t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 4   WATERSTOP I NSTALLATI ON AND SPLI CES

a.   Pr ovi de wat er st ops i n const r uct i on j oi nt s as i ndi cat ed.

b.   I nst al l  f or mwor k t o accommodat e wat er st op mat er i al s.   Locat e 
wat er st ops i n j oi nt s wher e i ndi cat ed i n Cont r act  Document s.   Mi ni mi ze 
number  of  spl i ces i n wat er st op.   Spl i ce wat er st ops i n accor dance wi t h 
manuf act ur er ' s wr i t t en i nst r uct i ons.   I nst al l  f act or y- manuf act ur ed 
pr emol ded mi t er ed cor ner s.

c.   I nst al l  wat er st ops t o f or m a cont i nuous di aphr agm i n each j oi nt .   Make 
adequat e pr ovi s i ons t o suppor t  and pr ot ect  wat er st ops dur i ng pr ogr ess 
of  wor k.   Pr ot ect  wat er st ops pr ot r udi ng f r om j oi nt s f r om damage.

3. 4. 1   PVC Wat er st op

Make spl i ces by heat  seal i ng t he adj acent  wat er st op edges t oget her  usi ng a 
t her mopl ast i c spl i c i ng i r on ut i l i z i ng a non- st i ck sur f ace speci f i cal l y 
desi gned f or  wat er st op wel di ng.   Ref or m wat er st ops at  spl i ces wi t h a 
r emol di ng i r on wi t h r i bs or  cor r ugat i ons t o mat ch t he pat t er n of  t he 
wat er st op.   The spl i ced ar ea,  when cool ed,  must  show no si gns of  
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separ at i on,  hol es,  or  ot her  i mper f ect i ons when bent  by hand i n as shar p an 
angl e as possi bl e.

3. 4. 2   Rubber  Wat er st op

Rubber  wat er st ops must  be spl i ced usi ng col d bond adhesi ve as r ecommended 
by t he manuf act ur er .

3. 4. 3   Ther mopl ast i c El ast omer i c Rubber  Wat er st op

Fi t t i ngs must  be shop made usi ng a machi ne speci f i cal l y desi gned t o 
mechani cal l y wel d t he wat er st op.   A por t abl e power  saw must  be used t o 
mi t er  or  st r ai ght  cut  t he ends t o be j oi ned t o ensur e good al i gnment  and 
cont act  bet ween j oi ned sur f aces.   Mai nt ai n cont i nui t y of  t he 
char act er i st i c f eat ur es of  t he cr oss sect i on of  t he wat er st op ( f or  exampl e 
r i bs,  t abul ar  cent er  axi s,  and pr ot r usi ons)  acr oss t he spl i ce.

3. 4. 4   Hydr ophi l i c  Wat er st op

Mi t er  cut  ends t o be j oi ned wi t h shar p kni f e or  shear s.  The ends must  be 
adher ed wi t h adhesi ve.

3. 5   PLACI NG REI NFORCEMENT AND MI SCELLANEOUS MATERI ALS

a.   Unl ess ot her wi se speci f i ed,  pl aci ng r ei nf or cement  and mi scel l aneous 
mat er i al s must  be i n accor dance t o ACI  301.   Pr ovi de bar s,  wel ded wi r e 
r ei nf or cement ,  wi r e t i es,  suppor t s,  and ot her  devi ces necessar y t o 
i nst al l  and secur e r ei nf or cement .

b.   Rei nf or cement  must  not  have r ust ,  scal e,  oi l ,  gr ease,  c l ay,  or  f or ei gn 
subst ances t hat  woul d r educe t he bond.   Rust i ng of  r ei nf or cement  i s a 
basi s of  r ej ect i on i f  t he ef f ect i ve cr oss- sect i onal  ar ea or  t he 
nomi nal  wei ght  per  uni t  l engt h has been r educed.   Remove l oose r ust  
pr i or  t o pl aci ng st eel .  Tack wel di ng i s pr ohi bi t ed.

c.   Nonpr est r essed cast - i n- pl ace concr et e member s must  have concr et e cover  
f or  r ei nf or cement  gi ven i n t he f ol l owi ng t abl e:

Concr et e
Exposur e

Member Rei nf or cement Speci f i ed cover ,
i n.

Cast  agai nst
and per manent l y
i n cont act  wi t h

gr ound

Al l Al l  3

Exposed t o
weat her  or  i n
cont act  wi t h

gr ound

Al l No.  6 t hr ough No.  18
bar s

 2

No.  5 bar ,  W31 or  D31
wi r e,  and smal l er

 1- 1/ 2
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Concr et e
Exposur e

Member Rei nf or cement Speci f i ed cover ,
i n.

Not  exposed t o
weat her  or  i n
cont act  wi t h

gr ound

Sl abs,  j oi st s,
and wal l s

No.  14 and No.  18 bar s  1- 1/ 2

No.  11 bar  and smal l er  3/ 4

Beams,
col umns,

pedest al s,  and
t ensi on t i es

Pr i mar y r ei nf or cement ,
st i r r ups,  t i es,

spi r al s,  and hoops

 1- 1/ 2

d.   Cast - i n- pl ace pr est r essed concr et e member s must  have concr et e cover  
f or  r ei nf or cement ,  duct s,  and end f i t t i ngs gi ven i n t he f ol l owi ng 
t abl e:

 
Concr et e Member Rei nf or cement Speci f i ed

Cast  agai nst
and

per manent l y
i n cont act

wi t h gr ound

Al l Al l  3

Exposed t o
weat her  or  i n
cont act  wi t h

gr ound

Sl abs,  j oi st s,  and wal l s Al l  1

Al l  ot her Al l  1- 1/ 2

Not  exposed
t o weat her  or

i n cont act
wi t h gr ound

Sl abs,  j oi st s,  and wal l s Al l  3/ 4

Beams,  col umns,  and
t ensi on t i es

Pr i mar y
r ei nf or cement

 1- 1/ 2

St i r r ups,  t i es,
spi r al s,  and hoops

 1

e.   Pr ecast  nonpr est r essed or  pr est r essed concr et e member s manuf act ur ed 
under  pl ant  condi t i ons must  have concr et e cover  f or  r ei nf or cement ,  
duct s,  and end f i t t i ngs gi ven i n t he f ol l owi ng t abl e:
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Concr et e
Exposur e

Member Rei nf or cement Speci f i ed cover ,
i n.

Exposed t o
weat her  or  i n
cont act  wi t h

gr ound

Wal l s No.  14 and No.  18
bar s;  t endons l ar ger

t han 1- 1/ 2 i n.
di amet er

 1- 1/ 2

No.  11 bar s and
smal l er ;  W31 and D31

wi r e,  and smal l er ;
t endons and st r ands

1- 1/ 2 i n.

 3/ 4

Al l  ot her No.  14 and No.  18
bar s;  t endons l ar ger

t han 1- 1/ 2 i n.

 2

No.  6 t hr ough No.   11
bar s;  t endons and

st r ands l ar ger  t han
5/ 8 i n.  di amet er
t hr ough 1- 1/ 2 i n.

 1- 1/ 2

No.  5  bar ,  W31  or
D31  wi r e,  and

smal l er ;  t endons and
st r ands 5/ 8 i n.

di amet er  and smal l er

 1- 1/ 4
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Concr et e
Exposur e

Member Rei nf or cement Speci f i ed cover ,
i n.

Not  exposed t o
weat her  or  i n
cont act  wi t h

gr ound

Sl abs,  j oi st s,
and wal l s

No.  14 and No.  18
bar s;  t endons l ar ger

t han 1- 1/ 2 i n.
di amet er

 1- 1/ 4

Tendons and st r ands
1- 1/ 2 i n.  di amet er

and smal l er

 3/ 4

No.  11 bar ,   W31 or
D31

 5/ 8

Beams,
col umns,

pedest al s,  and
t ensi on t i es

Pr i mar y r ei nf or cement Gr eat er  of  bar
di amet er  and 5/ 8

and need not
exceed 1- 1/ 2

St i r r ups,  t i es,
spi r al s,  and hoops

 3/ 8

3. 5. 1   Gener al

Pr ovi de det ai l s of  r ei nf or cement  t hat  ar e i n accor dance wi t h t he Cont r act  
Document s.

3. 5. 2   Vapor  Ret ar der  and Vapor  Bar r i er

a.   I nst al l  i n accor dance wi t h ASTM E1643.   Pr ovi de beneat h t he on- gr ade 
concr et e f l oor  s l ab.   Use t he gr eat est  wi dt hs and l engt hs pr act i cabl e 
t o el i mi nat e j oi nt s wher ever  possi bl e.   Lap j oi nt s a mi ni mum of  12 
i nches and t ape.

b.   Remove t or n,  punct ur ed,  or  damaged vapor  r et ar der  and vapor  bar r i er  
mat er i al  and pr ovi de wi t h new vapor  r et ar der  and vapor  bar r i er  pr i or  
t o pl aci ng concr et e.   Concr et e pl acement  must  not  damage vapor  r et ar der
 and vapor  bar r i er  mat er i al .  Pl ace vapor  bar r i er  di r ect l y on 
under l y i ng subgr ade,  base cour se,  or  capi l l ar y wat er  bar r i er ,  unl ess 
i t  consi st s of  cr ushed mat er i al  or  l ar ge gr anul ar  mat er i al  whi ch coul d 
punct ur e t he vapor  bar r i er .   I n t hi s case,  a t hi n l ayer  of  
appr oxi mat el y 1/ 2 i nch of  f i ne gr aded mat er i al  shoul d be r ol l ed or  
compact ed over  t he f i l l  bef or e i nst al l at i on of  t he vapor  bar r i er  t o 
r educe t he possi bi l i t y  of  punct ur e.   Cont r ol  concr et e pl acement  so as 
t o pr event  damage t o t he vapor  bar r i er .

3. 5. 3   Rei nf or cement  Suppor t s

Pr ovi de r ei nf or cement  suppor t  i n accor dance wi t h CRSI  RB4. 1 and ACI  301 
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Sect i on 3 r equi r ement s.   Suppor t s f or  coat ed or  gal vani zed bar s must  al so 
be coat ed wi t h el ect r i cal l y compat i bl e mat er i al  f or  a di st ance of  at  l east  
2 i nches beyond t he poi nt  of  cont act  wi t h t he bar s.

3. 5. 4   Spl i c i ng

As i ndi cat ed i n t he Cont r act  Document s.   For  spl i ces not  i ndi cat ed f ol l ow 
ACI  301.   Do not  spl i ce at  poi nt s of  maxi mum st r ess.   Over l ap wel ded wi r e 
r ei nf or cement  t he spaci ng of  t he cr oss wi r es,  pl us 2 i nches.

3. 5. 5   Fut ur e Bondi ng

Pl ug exposed,  t hr eaded,  mechani cal  r ei nf or cement  bar  connect or s wi t h a 
gr eased bol t .  Pr ovi de bol t  t hr eads t hat  mat ch t he connect or .   Count er si nk 
t he connect or  i n t he concr et e.   Caul k t he depr essi on af t er  t he bol t  i s  
i nst al l ed.

3. 5. 6   Set t i ng Mi scel l aneous Mat er i al

Pl ace and secur e anchor s and bol t s,  pi pe s l eeves,  condui t s,  and ot her  such 
i t ems i n posi t i on bef or e concr et e pl acement  and suppor t  agai nst  
di spl acement .   Pl umb anchor  bol t s and check l ocat i on and el evat i on.   
Tempor ar i l y  f i l l  voi ds i n s l eeves wi t h r eadi l y r emovabl e mat er i al  t o 
pr event  t he ent r y of  concr et e.

3. 5. 7   Fabr i cat i on

Shop f abr i cat e r ei nf or ci ng bar s t o conf or m t o shapes and di mensi ons 
i ndi cat ed f or  r ei nf or cement ,  and as f ol l ows:

a.   Pr ovi de f abr i cat i on t ol er ances t hat  ar e i n accor dance wi t h ACI  117.

b.   Pr ovi de hooks and bends t hat  ar e i n accor dance wi t h t he Cont r act  
Document s.

Rei nf or cement  must  be bent  col d t o shapes as i ndi cat ed.   Bendi ng must  be 
done i n t he shop.   Rebendi ng of  a r ei nf or ci ng bar  t hat  has been bent  
i ncor r ect l y i s not  be per mi t t ed.   Bendi ng must  be i n accor dance wi t h 
st andar d appr oved pr act i ce and by appr oved machi ne met hods.

Del i ver  r ei nf or ci ng bar s bundl ed,  t agged,  and mar ked.   Tags must  be met al  
wi t h bar  s i ze,  l engt h,  mar k,  and ot her  i nf or mat i on pr essed i n by machi ne.   
Mar ks must  cor r espond wi t h t hose used on t he pl aci ng dr awi ngs.

Do not  use r ei nf or cement  t hat  has any of  t he f ol l owi ng def ect s:

a.   Bar  l engt hs,  dept hs,  and bends beyond speci f i ed f abr i cat i on t ol er ances

b.   Bends or  k i nks not  i ndi cat ed on dr awi ngs or  appr oved shop dr awi ngs

c.   Bar s wi t h r educed cr oss- sect i on due t o r ust i ng or  ot her  cause

Repl ace def ect i ve r ei nf or cement  wi t h new r ei nf or cement  havi ng r equi r ed 
shape,  f or m,  and cr oss- sect i on ar ea.

3. 5. 8   Pl aci ng Rei nf or cement

Pl ace r ei nf or cement  i n accor dance wi t h ACI  301.
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For  s l abs on gr ade ( over  ear t h or  over  capi l l ar y wat er  bar r i er )  and f or  
f oot i ng r ei nf or cement ,  suppor t  bar s or  wel ded wi r e r ei nf or cement  on 
pr ecast  concr et e bl ocks,  spaced at  i nt er val s r equi r ed by s i ze of  
r ei nf or cement ,  t o keep r ei nf or cement  t he mi ni mum hei ght  speci f i ed above 
t he under si de of  s l ab or  f oot i ng.

For  s l abs ot her  t han on gr ade,  suppor t s f or  whi ch any por t i on i s l ess t han 
1 i nch f r om concr et e sur f aces t hat  ar e exposed t o v i ew or  t o be pai nt ed 
must  be of  pr ecast  concr et e uni t s,  pl ast i c- coat ed st eel ,  or  st ai nl ess 
st eel  pr ot ect ed bar  suppor t s.   Pr ecast  concr et e uni t s must  be wedge 
shaped,  not  l ar ger  t han 3- 1/ 2 by 3- 1/ 2 i nches,  and of  t hi ckness equal  t o 
t hat  i ndi cat ed f or  concr et e pr ot ect i on of  r ei nf or cement .   Pr ovi de pr ecast  
uni t s t hat  have cast - i n gal vani zed t i e wi r e hooked f or  anchor age and bl end 
wi t h concr et e sur f aces af t er  f i ni shi ng i s compl et ed.

Pr ovi de r ei nf or cement  t hat  i s  suppor t ed and secur ed t oget her  t o pr event  
di spl acement  by const r uct i on l oads or  by pl aci ng of  wet  concr et e,  and as 
f ol l ows:

a.   Pr ovi de suppor t s f or  r ei nf or ci ng bar s t hat  ar e suf f i c i ent  i n number  
and have suf f i c i ent  st r engt h t o car r y t he r ei nf or cement  t hey suppor t ,  
and i n accor dance wi t h ACI  301 and CRSI  10MSP.   Do not  use suppor t s t o 
suppor t  r unways f or  concr et e conveyi ng equi pment  and si mi l ar  
const r uct i on l oads.

b.   Equi p suppor t s on gr ound and si mi l ar  sur f aces wi t h sand- pl at es.

c.   Suppor t  wel ded wi r e r ei nf or cement  as r equi r ed f or  r ei nf or ci ng bar s.

d.   Secur e r ei nf or cement s t o suppor t s by means of  t i e wi r e.  Wi r e must  be 
bl ack,  sof t  i r on wi r e,  not  l ess t han 16 gage.

e.   Rei nf or cement  must  be accur at el y pl aced,  secur el y t i ed at  
i nt er sect i ons,  and hel d i n posi t i on dur i ng pl aci ng of  concr et e by 
spacer s,  chai r s,  or  ot her  appr oved suppor t s.   Poi nt  wi r e- t i e ends away 
f r om t he f or m.   Unl ess ot her wi se i ndi cat ed,  number s,  t ype,  and spaci ng 
of  suppor t s must  conf or m t o t he Cont r act  Document s.

f .   Bendi ng of  r ei nf or ci ng bar s par t i al l y  embedded i n concr et e i s 
per mi t t ed onl y as speci f i ed i n t he Cont r act  Document s.

3. 5. 9   Spaci ng of  Rei nf or ci ng Bar s

a.   Spaci ng must  be as i ndi cat ed i n t he Cont r act  Document s.

b.   Rei nf or ci ng bar s may be r el ocat ed t o avoi d i nt er f er ence wi t h ot her  
r ei nf or cement ,  or  wi t h condui t ,  pi pe,  or  ot her  embedded i t ems.   I f  any 
r ei nf or ci ng bar  i s moved a di st ance exceedi ng one bar  di amet er  or  
speci f i ed pl aci ng t ol er ance,  r esul t i ng r ear r angement  of  r ei nf or cement  
i s subj ect  t o pr eappr oval  by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 5. 10   Concr et e Pr ot ect i on f or  Rei nf or cement

Addi t i onal  concr et e pr ot ect i on must  be i n accor dance wi t h t he Cont r act  
Document s.

3. 5. 11   Wel di ng

Wel di ng must  be i n accor dance wi t h AWS D1. 4/ D1. 4M.
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3. 6   BATCHI NG,  MEASURI NG,  MI XI NG,  AND TRANSPORTI NG CONCRETE

I n accor dance wi t h ASTM C94/ C94M,  ACI  301,  ACI  302. 1R and ACI  304R,  except  
as modi f i ed her ei n.   Bat chi ng equi pment  must  be such t hat  t he concr et e 
i ngr edi ent s ar e consi st ent l y measur ed wi t hi n t he f ol l owi ng t ol er ances:  1 
per cent  f or  cement  and wat er ,  2 per cent  f or  aggr egat e,  and 3 per cent  f or  
admi xt ur es.  Fur ni sh mandat or y bat ch t i cket  i nf or mat i on f or  each l oad of  
r eady mi x concr et e.

3. 6. 1   Measur i ng

Make measur ement s at  i nt er val s as speci f i ed i n par agr aphs SAMPLI NG and 
TESTI NG.

3. 6. 2   Mi xi ng

a.   Mi x concr et e i n accor dance wi t h ASTM C94/ C94M,  ACI  301 and ACI  304R.  

b.   Machi ne mi x concr et e.  Begi n mi xi ng wi t hi n 30 mi nut es af t er  t he cement  
has been added t o t he aggr egat es.   Pl ace concr et e wi t hi n 90 mi nut es of  
ei t her  addi t i on of  mi xi ng wat er  t o cement  and aggr egat es or  addi t i on 
of  cement  t o aggr egat es i f  t he concr et e t emper at ur e i s l ess t han 84 
degr ees F.

c.   Pl ace concr et e wi t hi n 60 mi nut es i f  t he concr et e t emper at ur e i s 
gr eat er  t han 84 degr ees F except  as f ol l ows:  i f  set  r et ar di ng 
admi xt ur e i s used and sl ump r equi r ement s can be met ,  l i mi t  f or  pl aci ng 
concr et e may r emai n at  90 mi nut es.   Addi t i onal  wat er  may be added,  
pr ovi ded t hat  bot h t he speci f i ed maxi mum sl ump and submi t t ed 
wat er - cement i t i ous mat er i al  r at i o ar e not  exceeded and t he r equi r ed 
concr et e st r engt h i s st i l l  met .   When addi t i onal  wat er  i s added,  an 
addi t i onal  30 r evol ut i ons of  t he mi xer  at  mi xi ng speed i s r equi r ed.

d.   Di ssol ve admi xt ur es i n t he mi xi ng wat er  and mi x i n t he dr um t o 
uni f or ml y di st r i but e t he admi xt ur e t hr oughout  t he bat ch.  Do not  
r econst i t ut e concr et e t hat  has begun t o sol i di f y.

e.   When f i ber s ar e used,  add f i ber s t oget her  wi t h t he aggr egat es and 
never  as t he f i r st  component  i n t he mi xer .   Fi ber s must  be di spensed 
i nt o t he mi xi ng syst em usi ng appr opr i at e di spensi ng equi pment  and 
pr ocedur e as r ecommended by t he manuf act ur er .

3. 6. 3   Tr anspor t i ng

Tr anspor t  concr et e f r om t he mi xer  t o t he f or ms as r api dl y as pr act i cabl e.  
Pr event  segr egat i on or  l oss of  i ngr edi ent s.   Cl ean t r anspor t i ng equi pment  
t hor oughl y bef or e each bat ch.   Do not  use al umi num pi pe or  chut es.   Remove 
concr et e whi ch has segr egat ed i n t r anspor t i ng and di spose of  as di r ect ed.

3. 7   PLACI NG CONCRETE

Pl ace concr et e i n accor dance wi t h ACI  301 Sect i on 5.   Concr et e shal l  be 
pl aced wi t hi n 15 mi nut es of  di schar ge i nt o non- agi t at i ng equi pment .

3. 7. 1   Foot i ng Pl acement

Concr et e f or  f oot i ngs may be pl aced i n excavat i ons wi t hout  f or ms upon 
i nspect i on and appr oval  by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   
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Excavat i on wi dt h must  be a mi ni mum of  4 i nches gr eat er  t han i ndi cat ed.

3. 7. 2   Col d Weat her

Col d weat her  concr et e must  meet  t he r equi r ement s of  ACI  301 unl ess 
ot her wi se speci f i ed.  Do not  al l ow concr et e t emper at ur e t o decr ease bel ow 
50 degr ees F.   Obt ai n appr oval  pr i or  t o pl aci ng concr et e when t he ambi ent  
t emper at ur e i s bel ow 40 degr ees F or  when concr et e i s l i kel y t o be 
subj ect ed t o f r eezi ng t emper at ur es wi t hi n 24 hour s.   Cover  concr et e and 
pr ovi de suf f i c i ent  heat  t o mai nt ai n 50 degr ees F mi ni mum adj acent  t o bot h 
t he f or mwor k and t he st r uct ur e whi l e cur i ng.   Li mi t  t he r at e of  cool i ng t o 
37 degr ees F i n any one hour  and 50 degr ees F per  24 hour s af t er  heat  
appl i cat i on.

3. 7. 3   Hot  Weat her

Hot  weat her  concr et e must  meet  t he r equi r ement s of  ACI  301 unl ess 
ot her wi se speci f i ed.   Mai nt ai n r equi r ed concr et e t emper at ur e usi ng Fi gur e 
4. 2 i n ACI  305R t o pr event  t he evapor at i on r at e f r om exceedi ng 0. 2 pound 
of  wat er  per  squar e f oot  of  exposed concr et e per  hour .   Cool  i ngr edi ent s 
bef or e mi xi ng or  use ot her  sui t abl e means t o cont r ol  concr et e t emper at ur e 
and pr event  r api d dr yi ng of  newl y pl aced concr et e.   Shade t he f r esh 
concr et e as soon as possi bl e af t er  pl aci ng.   St ar t  cur i ng when t he sur f ace 
of  t he f r esh concr et e i s suf f i c i ent l y har d t o per mi t  cur i ng wi t hout  
damage.   Pr ovi de wat er  hoses,  pi pes,  spr ayi ng equi pment ,  and wat er  haul i ng 
equi pment ,  wher e j ob s i t e i s r emot e t o wat er  sour ce,  t o mai nt ai n a moi st  
concr et e sur f ace t hr oughout  t he cur i ng per i od.   Pr ovi de bur l ap cover  or  
ot her  sui t abl e,  per meabl e mat er i al  wi t h f og spr ay or  cont i nuous wet t i ng of  
t he concr et e when weat her  condi t i ons pr event  t he use of  ei t her  l i qui d 
membr ane cur i ng compound or  i mper vi ous sheet s.   For  ver t i cal  sur f aces,  
pr ot ect  f or ms f r om di r ect  sunl i ght  and add wat er  t o t op of  st r uct ur e once 
concr et e i s set .

3. 7. 4   Bondi ng

Sur f aces of  set  concr et e at  j oi nt s,  must  be r oughened and cl eaned of  
l ai t ance,  coat i ngs,  l oose par t i c l es,  and f or ei gn mat t er .   Roughen sur f aces 
i n a manner  t hat  exposes t he aggr egat e uni f or ml y and does not  l eave 
l ai t ance,  l oosened par t i c l es of  aggr egat e,  nor  damaged concr et e at  t he 
sur f ace.

Obt ai n bondi ng of  f r esh concr et e t hat  has set  as f ol l ows:

a.   At  j oi nt s bet ween f oot i ngs and wal l s or  col umns,  bet ween wal l s or  
col umns and t he beams or  s l abs t hey suppor t ,  and el sewher e unl ess 
ot her wi se speci f i ed;  r oughened and cl eaned sur f ace of  set  concr et e 
must  be dampened,  but  not  sat ur at ed,  i mmedi at el y pr i or  t o pl aci ng of  
f r esh concr et e.

b.   At  j oi nt s i n exposed- t o- vi ew wor k;  at  ver t i cal  j oi nt s i n wal l s;  at  
j oi nt s near  mi dpoi nt  of  span i n gi r der s,  beams,  suppor t ed sl abs,  ot her  
st r uct ur al  member s;  i n wor k desi gned t o cont ai n l i qui ds;  t he r oughened 
and cl eaned sur f ace of  set  concr et e must  be dampened but  not  sat ur at ed 
and cover ed wi t h a cement  gr out  coat i ng.

c.   Pr ovi de cement  gr out  t hat  consi st s of  equal  par t s of  por t l and cement  
and f i ne aggr egat e by wei ght  wi t h not  mor e t han 6 gal l ons of  wat er  per  
sack of  cement .   Appl y cement  gr out  wi t h a st i f f  br oom or  br ush t o a 
mi ni mum t hi ckness of  1/ 16 i nch.   Deposi t  f r esh concr et e bef or e cement  
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gr out  has at t ai ned i t s i ni t i al  set .

3. 8   WASTE MANAGEMENT

Pr ovi de as speci f i ed i n t he Wast e Management  Pl an and as f ol l ows.

3. 8. 1   Mi xi ng Equi pment

Bef or e concr et e pour s,  desi gnat e Cont r act or - owned si t e meet i ng 
envi r onment al  st andar ds f or  c l eani ng out  concr et e mi xi ng t r ucks.  Mi ni mi ze 
wat er  used t o wash equi pment .

3. 8. 2   Har dened,  Cur ed Wast e Concr et e

Cr ush and r euse har dened,  cur ed wast e concr et e as f i l l  or  as a base cour se 
f or  pavement .   

3. 8. 3   Rei nf or ci ng St eel

Col l ect  r ei nf or ci ng st eel  and pl ace i n desi gnat ed ar ea f or  r ecycl i ng.

3. 8. 4   Ot her  Wast e

I dent i f y concr et e manuf act ur er ' s or  suppl i er ' s pol i cy f or  col l ect i on or  
r et ur n of  const r uct i on wast e,  unused mat er i al ,  deconst r uct i on wast e,  
and/ or  packagi ng mat er i al .   Ret ur n excess cement  t o suppl i er .

3. 9   SURFACE FI NI SHES EXCEPT FLOOR,  SLAB,  AND PAVEMENT FI NI SHES

3. 9. 1   Def ect s

Repai r  sur f ace def ect s i n accor dance wi t h ACI  301 Sect i on 5.

3. 9. 2   Not  Agai nst  For ms ( Top of  Wal l s)

Sur f aces not  ot her wi se speci f i ed must  be f i ni shed wi t h wood f l oat s t o even 
sur f aces.  Fi ni sh must  mat ch adj acent  f i ni shes.

3. 9. 3   For med Sur f aces

3. 9. 3. 1   Tol er ances

Tol er ances i n accor dance wi t h ACI  117 and as i ndi cat ed.

3. 9. 3. 2   As- Cast  Rough For m

Pr ovi de f or  sur f aces not  exposed t o publ i c v i ew a sur f ace f i ni sh SF- 1. 0.   
Pat ch hol es and def ect s i n accor dance wi t h ACI  301.

3. 9. 3. 3   St andar d Smoot h Fi ni sh

Pr ovi de f or  sur f aces exposed t o publ i c v i ew a sur f ace f i ni sh SF- 3. 0.  Pat ch 
hol es and def ect s i n accor dance wi t h ACI  301.

3. 10   FLOOR,  SLAB,  AND PAVEMENT FI NI SHES AND MI SCELLANEOUS CONSTRUCTI ON

I n accor dance wi t h ACI  301 and ACI  302. 1R,  unl ess ot her wi se speci f i ed.   
Sl ope f l oor s uni f or ml y t o dr ai ns wher e dr ai ns ar e pr ovi ded.   Depr ess t he 
concr et e base sl ab wher e quar r y t i l e,  cer ami c t i l e,   ar e i ndi cat ed.   St eel  
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t r owel  and f i ne- br oom f i ni sh concr et e s l abs t hat  ar e t o r ecei ve quar r y 
t i l e,  cer ami c t i l e,  or  paver  t i l e .   Wher e st r ai ght edge measur ement s ar e 
speci f i ed,  Cont r act or  must  pr ovi de st r ai ght edge.

3. 10. 1   Fi ni sh

Pl ace,  consol i dat e,  and i mmedi at el y st r i ke of f  concr et e t o obt ai n pr oper  
cont our ,  gr ade,  and el evat i on bef or e bl eedwat er  appear s.   Per mi t  concr et e 
t o at t ai n a set  suf f i c i ent  f or  f l oat i ng and suppor t i ng t he wei ght  of  t he 
f i ni sher  and equi pment .   I f  bl eedwat er  i s pr esent  pr i or  t o f l oat i ng t he 
sur f ace,  dr ag t he excess wat er  of f  or  r emove by absor pt i on wi t h por ous 
mat er i al s.  Do not  use dr y cement  t o absor b bl eedwat er .   Gr at e t amper s 
( " j i t t er bugs" )  shal l  not  be used.

3. 10. 1. 1   Scr at ched

Use f or  sur f aces i nt ended t o r ecei ve bonded appl i ed cement i t i ous 
appl i cat i ons.   Fi ni sh concr et e i n accor dance wi t h ACI  301 Sect i on 5 f or  a 
scr at ched f i ni sh.

3. 10. 1. 2   Fl oat ed

Use f or  ext er i or  s l abs wher e not  ot her wi se speci f i ed.   Fi ni sh concr et e i n 
accor dance wi t h ACI  301 Sect i on 5 f or  a f l oat ed f i ni sh.

3. 10. 1. 3   St eel  Tr owel ed

Use f or  f l oor s i nt ended as wal k i ng sur f aces,  and f or  r ecept i on of  f l oor  
cover i ngs.   Fi ni sh concr et e i n accor dance wi t h ACI  301 Sect i on 5 f or  a 
st eel  t r owel ed f i ni sh.

3. 10. 1. 4   Nonsl i p Fi ni sh

Use on sur f aces of  ext er i or  pl at f or ms,  st eps,  and l andi ngs;  and on 
ext er i or  and i nt er i or  pedest r i an r amps.   Fi ni sh concr et e i n accor dance 
wi t h ACI  301 Sect i on 5 f or  a dr y- shake f i ni sh.   Af t er  t he sel ect ed 
mat er i al  has been embedded by t he t wo f l oat i ngs,  compl et e t he oper at i on 
wi t h a br oomed f i ni sh.

3. 10. 1. 5   Br oomed

Use on sur f aces of  ext er i or  wal ks,  pl at f or ms,  pat i os,  and r amps,  unl ess 
ot her wi se i ndi cat ed.   Fi ni sh concr et e i n accor dance wi t h ACI  301 Sect i on 5 
f or  a br oomed f i ni sh.

3. 10. 1. 6   Pavement

Scr eed t he concr et e wi t h a t empl at e advanced wi t h a combi ned l ongi t udi nal  
and cr osswi se mot i on.   Mai nt ai n a s l i ght  sur pl us of  concr et e ahead of  t he 
t empl at e.   Af t er  scr eedi ng,  f l oat  t he concr et e l ongi t udi nal l y.   Use a 
st r ai ght edge t o check sl ope and f l at ness;  cor r ect  and r ef l oat  as 
necessar y.   Obt ai n f i nal  f i ni sh by bel t i ng.   Lay bel t  f l at  on t he concr et e 
sur f ace and advance wi t h a sawi ng mot i on;  cont i nue unt i l  a uni f or m but  
gr i t t y nonsl i p sur f ace i s obt ai ned.  Round edges and j oi nt s wi t h an edger  
havi ng a r adi us of  1/ 8 i nch.

3. 10. 1. 7   Concr et e Toppi ngs Pl acement

The f ol l owi ng r equi r ement s appl y t o t he pl acement  of  t oppi ngs of  concr et e 

SECTI ON 03 30 00  Page 40



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

on base sl abs t hat  ar e ei t her  f r eshl y pl aced and st i l l  pl ast i c,  or  on 
har dened base sl abs.

a.   Bondi ng t o a Har dened Base:  When t he t oppi ng i s t o be bonded t o a 
f l oat ed or  t r owel ed har dened base,  r oughen t he base by scar i f y i ng,  
gr i t - bl ast i ng,  scabbl i ng,  pl ani ng,  f l ame cl eani ng,  or  aci d- et chi ng t o 
l i ght l y expose aggr egat e and pr ovi de a bondi ng sur f ace.   Remove di r t ,  
l ai t ance,  and l oose aggr egat e by means of  a st i f f  wi r e br oom.   Keep 
t he cl ean base wet  f or  a per i od of  12 hour s pr ecedi ng t he appl i cat i on 
of  t he t oppi ng.   Remove excess wat er  and appl y a 1: 1: 1/ 2 
cement - sand- wat er  gr out ,  and br ush i nt o t he sur f ace of  t he base sl ab.   
Do not  al l ow t he cement  gr out  t o dr y,  and spr ead i t  onl y shor t  
di st ances ahead of  t he t oppi ng pl acement .   Do not  al l ow t he 
t emper at ur e di f f er ent i al  bet ween t he compl et ed base and t he t oppi ng 
mi xt ur e t o exceed 41 degr ees F at  t he t i me of  pl aci ng.   Pl ace t he 
t oppi ng and f i ni sh as i ndi cat ed.

3. 10. 1. 8   Chemi cal - Har dener  Tr eat ment

Appl y l i qui d- chemi cal  f l oor  har dener  wher e i ndi cat ed af t er  cur i ng and 
dr yi ng concr et e sur f ace.   Di l ut e l i qui d har dener  wi t h wat er  and appl y i n 
t hr ee coat s.   Fi r st  coat  must  be one- t hi r d st r engt h,  second coat  one- hal f  
st r engt h,  and t hi r d coat  t wo- t hi r ds st r engt h.   Appl y each coat  evenl y and 
al l ow t o dr y 24 hour s bet ween coat s.

Appr oved pr opr i et ar y chemi cal  har dener s must  be appl i ed i n accor dance wi t h 
manuf act ur er ' s pr i nt ed di r ect i ons.

3. 10. 2   Concr et e Wal ks

Pr ovi de 4 i nches t hi ck mi ni mum.   Pr ovi de cont r act i on j oi nt s spaced ever y 5 
l i near  f eet  unl ess ot her wi se i ndi cat ed.   Cut  cont r act i on j oi nt s 1 i nch 
deep,  or  one f our t h t he s l ab t hi ckness whi chever  i s deeper ,  wi t h a 
j oi nt i ng t ool  af t er  t he sur f ace has been f i ni shed.   Pr ovi de 0. 5 i nch t hi ck 
t r ansver se expansi on j oi nt s at  changes i n di r ect i on wher e si dewal k abut s 
cur b,  st eps,  r i gi d pavement ,  or  ot her  s i mi l ar  st r uct ur es;  space expansi on 
j oi nt s ever y 50 f eet  maxi mum.   Gi ve wal ks a br oomed f i ni sh.   Unl ess 
i ndi cat ed ot her wi se,  pr ovi de a t r ansver se sl ope of  1/ 48.   Li mi t  var i at i on 
i n cr oss sect i on t o 1/ 4 i nch i n 5 f eet .

3. 10. 3   Pi t s and Tr enches

Pl ace bot t oms and wal l s monol i t hi cal l y or  pr ovi de wat er st ops and keys.

3. 10. 4   Cur bs

Pr ovi de cont r act i on j oi nt s spaced ever y 10 f eet  maxi mum unl ess ot her wi se 
i ndi cat ed.   Cut  cont r act i on j oi nt s 3/ 4 i nch deep wi t h a j oi nt i ng t ool  
af t er  t he sur f ace has been f i ni shed.   Pr ovi de expansi on j oi nt s 1/ 2 i nch 
t hi ck and spaced ever y 100 f eet  maxi mum unl ess ot her wi se i ndi cat ed.   
Per f or m pavement  f i ni sh.

3. 10. 5   Spl ash Bl ocks

Pr ovi de at  out l et s of  downspout s empt yi ng at  gr ade.   Spl ash bl ocks may be 
pr ecast  concr et e,  and must  be 24 i nches l ong,  12 i nches wi de and 4 i nches 
t hi ck,  unl ess ot her wi se i ndi cat ed,  wi t h smoot h- f i ni shed count er sunk di shes 
sl oped t o dr ai n away f r om t he bui l di ng.
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3. 11   JOI NTS

3. 11. 1   Const r uct i on Joi nt s

Make and l ocat e j oi nt s not  i ndi cat ed so as not  t o i mpai r  st r engt h and 
appear ance of  t he st r uct ur e,  as appr oved.   Joi nt s must  be per pendi cul ar  t o 
mai n r ei nf or cement .   Rei nf or cement  must  be cont i nued and devel oped acr oss 
const r uct i on j oi nt s.  Locat e const r uct i on j oi nt s as f ol l ows:

3. 11. 1. 1   Const r uct i on Joi nt s f or  Const r uct abi l i t y  Pur poses

a.   I n wal l s,  at  t op of  f oot i ng;  at  t op of  s l abs on gr ound;  at  t op and 
bot t om of  door  and wi ndow openi ngs or  wher e r equi r ed t o conf or m t o 
ar chi t ect ur al  det ai l s;  and at  under si de of  deepest  beam or  gi r der  
f r ami ng i nt o wal l .

b.   I n col umns or  pi er s,  at  t op of  f oot i ng;  at  t op of  s l abs on gr ound;  and 
at  under si de of  deepest  beam or  gi r der  f r ami ng i nt o col umn or  pi er .

c.   Near  mi dpoi nt  of  spans f or  suppor t ed sl abs,  beams,  and gi r der s unl ess 
a beam i nt er sect s a gi r der  at  t he cent er ,  i n whi ch case const r uct i on 
j oi nt s i n gi r der  must  of f set  a di st ance equal  t o t wi ce t he wi dt h of  
t he beam.    Make t r ansf er  of  shear  t hr ough const r uct i on j oi nt  by use 
of  i ncl i ned r ei nf or cement .

Pr ovi de keyways at  l east  1- 1/ 2- i nches deep i n const r uct i on j oi nt s i n wal l s 
and sl abs and bet ween wal l s and f oot i ngs;  appr oved bul kheads may be used 
f or  s l abs.

3. 11. 2   I sol at i on Joi nt s i n Sl abs on Gr ound

a.   Pr ovi de j oi nt s at  poi nt s of  cont act  bet ween sl abs on gr ound and 
ver t i cal  sur f aces,  such as col umn pedest al s,  f oundat i on wal l s,  gr ade 
beams,  and el sewher e as i ndi cat ed.

b.   Fi l l  j oi nt s wi t h pr emol ded j oi nt  f i l l er  st r i ps 1/ 2 i nch t hi ck,  
ext endi ng f ul l  s l ab dept h.   I nst al l  f i l l er  st r i ps at  pr oper  l evel  
bel ow f i ni sh f l oor  el evat i on wi t h a s l i ght l y t aper ed,  dr ess- and- oi l ed 
wood st r i p t empor ar i l y  secur ed t o t op of  f i l l er  st r i p t o f or m a gr oove 
not  l ess t han 3/ 4 i nch i n dept h wher e j oi nt  i s  seal ed wi t h seal i ng 
compound and not  l ess t han 1/ 4 i nch i n dept h wher e j oi nt  seal i ng i s 
not  r equi r ed.   Remove wood st r i p af t er  concr et e has set .  Cont r act or  
must  c l ean gr oove of  f or ei gn mat t er  and l oose par t i c l es af t er  sur f ace 
has dr i ed.

3. 11. 3   Cont r act i on Joi nt s i n Sl abs on Gr ound

a.   Pr ovi de j oi nt s t o f or m panel s as i ndi cat ed.

b.   Under  and on exact  l i ne of  each cont r ol  j oi nt ,  cut  50 per cent  of  
wel ded wi r e r ei nf or cement  bef or e pl aci ng concr et e.

c.   Sawcut  cont r act i on j oi nt s i nt o s l ab on gr ound i n accor dance wi t h 
ACI  301 Sect i on 5.

3. 11. 4   Seal i ng Joi nt s i n Sl abs on Gr ound

a.   Cont r act i on and cont r ol  j oi nt s whi ch ar e t o r ecei ve f i ni sh f l oor i ng 
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mat er i al  must  be seal ed wi t h j oi nt  seal i ng compound af t er  concr et e 
cur i ng per i od.   Sl i ght l y under f i l l  gr oove wi t h j oi nt  seal i ng compound 
t o pr event  ext r usi on of  compound.   Remove excess mat er i al  as soon 
af t er  seal i ng as possi bl e.

b.   Seal ed gr oove must  be l ef t  r eady t o r ecei ve f i l l i ng mat er i al  t hat  i s  
pr ovi ded as par t  of  f i ni sh f l oor  cover i ng wor k.

3. 12   CURI NG AND PROTECTI ON

Cur i ng and pr ot ect i on i n accor dance wi t h ACI  301 Sect i on 5,  unl ess 
ot her wi se speci f i ed.   Begi n cur i ng i mmedi at el y f ol l owi ng f or m r emoval .   
Avoi d damage t o concr et e f r om vi br at i on cr eat ed by bl ast i ng,  pi l e dr i v i ng,  
movement  of  equi pment  i n t he v i c i ni t y,  di st ur bance of  f or mwor k or  
pr ot r udi ng r ei nf or cement ,  and any ot her  act i v i t y r esul t i ng i n gr ound 
vi br at i ons.   Pr ot ect  concr et e f r om i nj ur i ous act i on by sun,  r ai n,  f l owi ng 
wat er ,  f r ost ,  mechani cal  i nj ur y,  t i r e mar ks,  and oi l  st ai ns.   Do not  al l ow 
concr et e t o dr y out  f r om t i me of  pl acement  unt i l  t he expi r at i on of  t he 
speci f i ed cur i ng per i od.   Do not  use membr ane- f or mi ng compound on sur f aces 
wher e appear ance woul d be obj ect i onabl e,  on any sur f ace t o be pai nt ed,  
wher e cover i ngs ar e t o be bonded t o t he concr et e,  or  on concr et e t o whi ch 
ot her  concr et e i s t o be bonded.   I f  f or ms ar e r emoved pr i or  t o t he 
expi r at i on of  t he cur i ng per i od,  pr ovi de anot her  cur i ng pr ocedur e 
speci f i ed her ei n f or  t he r emai ni ng por t i on of  t he cur i ng per i od.   Pr ovi de 
moi st  cur i ng f or  t hose ar eas r ecei v i ng l i qui d chemi cal  seal er ,  har dener ,  
or  epoxy coat i ng.   Al l ow cur i ng compound/ seal er  i nst al l at i ons t o cur e 
pr i or  t o t he i nst al l at i on of  mat er i al s t hat  adsor b VOCs.

3. 12. 1   Cur i ng Per i ods

ACI  301 Sect i on 5,  except  10 days f or  r et ai ni ng wal l s,  pavement  or  
chi mneys.   Begi n cur i ng i mmedi at el y af t er  pl acement .   Pr ot ect  concr et e 
f r om pr emat ur e dr yi ng,  excessi vel y hot  t emper at ur es,  and mechani cal  
i nj ur y;  and mai nt ai n mi ni mal  moi st ur e l oss at  a r el at i vel y const ant  
t emper at ur e f or  t he per i od necessar y f or  hydr at i on of  t he cement  and 
har deni ng of  t he concr et e.  The mat er i al s and met hods of  cur i ng ar e subj ect  
t o appr oval  by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 12. 2   Cur i ng For med Sur f aces

Accompl i sh cur i ng of  f or med sur f aces,  i ncl udi ng under sur f aces of  gi r der s,  
beams,  suppor t ed sl abs,  and ot her  s i mi l ar  sur f aces by moi st  cur i ng wi t h 
f or ms i n pl ace f or  f ul l  cur i ng per i od or  unt i l  f or ms ar e r emoved.   I f  
f or ms ar e r emoved bef or e end of  cur i ng per i od,  accompl i sh f i nal  cur i ng of  
f or med sur f aces by any of  t he cur i ng met hods speci f i ed above,  as 
appl i cabl e.

3. 12. 3   Cur i ng Unf or med Sur f aces

a.   Accompl i sh i ni t i al  cur i ng of  unf or med sur f aces,  such as monol i t hi c 
s l abs,  f l oor  t oppi ng,  and ot her  f l at  sur f aces,  by membr ane cur i ng.

  b.   Accompl i sh f i nal  cur i ng of  unf or med sur f aces by any of  cur i ng 
met hods         speci f i ed,  as appl i cabl e.
  

c.   Accompl i sh f i nal  cur i ng of  concr et e sur f aces t o r ecei ve l i qui d f l oor  
har dener  of  f i ni sh f l oor i ng by moi st ur e- r et ai ni ng cover  cur i ng.
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3. 12. 4   Temper at ur e of  Concr et e Dur i ng Cur i ng

When t emper at ur e of  at mospher e i s 41 degr ees F and bel ow,  mai nt ai n 
t emper at ur e of  concr et e at  not  l ess t han 55 degr ees F t hr oughout  concr et e 
cur i ng per i od or  45 degr ees F when t he cur i ng per i od i s measur ed by 
mat ur i t y.   When necessar y,  make ar r angement s bef or e st ar t  of  concr et e 
pl aci ng f or  heat i ng,  cover i ng,  i nsul at i on,  or  housi ng as r equi r ed t o 
mai nt ai n speci f i ed t emper at ur e and moi st ur e condi t i ons f or  concr et e dur i ng 
cur i ng per i od.

When t he t emper at ur e of  at mospher e i s 80 degr ees F and above or  dur i ng 
ot her  c l i mat i c condi t i ons whi ch cause t oo r api d dr yi ng of  concr et e,  make 
ar r angement s bef or e st ar t  of  concr et e pl aci ng f or  i nst al l at i on of  wi nd 
br eaks,  of  shadi ng,  and f or  f og spr ayi ng,  wet  spr i nkl i ng,  or  
moi st ur e- r et ai ni ng cover i ng of  l i ght  col or  as r equi r ed t o pr ot ect  concr et e 
dur i ng cur i ng per i od.

Changes i n t emper at ur e of  concr et e must  be uni f or m and not  exceed 37 
degr ees F i n any one hour  nor  80 degr ees F i n any 24- hour  per i od.

3. 12. 5   Pr ot ect i on f r om Mechani cal  I nj ur y

Dur i ng cur i ng per i od,  pr ot ect  concr et e f r om damagi ng mechani cal  
di st ur bances,  par t i cul ar l y l oad st r esses,  heavy shock,  and excessi ve 
v i br at i on and f r om damage caused by r ai n or  r unni ng wat er .

3. 12. 6   Pr ot ect i on Af t er  Cur i ng

Pr ot ect  f i ni shed concr et e sur f aces f r om damage by const r uct i on oper at i ons.

3. 13   FI ELD QUALI TY CONTROL

3. 13. 1   Aggr egat e Test i ng 

3. 13. 1. 1   Fi ne Aggr egat e

At  l east  once dur i ng each shi f t  when t he concr et e pl ant  i s oper at i ng,  
t her e shal l  be one si eve anal ysi s and f i neness modul us det er mi nat i on i n 
accor dance wi t h ASTM C136/ C136M and COE CRD- C 104 f or  t he f i ne aggr egat e 
or  f or  each f i ne aggr egat e i f  i t  i s  bat ched i n mor e t han one si ze or  
c l assi f i cat i on.   The l ocat i on at  whi ch sampl es ar e t aken may be sel ect ed 
by t he Cont r act or  as t he most  advant ageous f or  cont r ol .   However ,  t he 
Cont r act or  i s r esponsi bl e f or  del i ver i ng f i ne aggr egat e t o t he mi xer  
wi t hi n speci f i cat i on l i mi t s.   When t he amount  passi ng on any si eve i s 
out si de t he speci f i cat i on l i mi t s,  t he f i ne aggr egat e shal l  be i mmedi at el y 
r esampl ed and r et est ed.   I f  t her e i s anot her  f ai l ur e on any si eve,  t he 
f act  shal l  be i mmedi at el y r epor t ed t o t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  concr et i ng shal l  be st opped,  and i mmedi at e st eps t aken t o 
cor r ect  t he gr adi ng.

3. 13. 1. 2   Coar se Aggr egat e

At  l east  once dur i ng each shi f t  i n whi ch t he concr et e pl ant  i s oper at i ng,  
t her e shal l  be a s i eve anal ysi s i n accor dance wi t h ASTM C136/ C136M f or  
each si ze of  coar se aggr egat e.   The l ocat i on at  whi ch sampl es ar e t aken 
may be sel ect ed by t he Cont r act or  as t he most  advant ageous f or  pr oduct i on 
cont r ol .   However ,  t he Cont r act or  shal l  be r esponsi bl e f or  del i ver i ng t he 
aggr egat e t o t he mi xer  wi t hi n speci f i cat i on l i mi t s.   A t est  r ecor d of  
sampl es of  aggr egat e t aken at  t he same l ocat i ons shal l  show t he r esul t s of  
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t he cur r ent  t est  as wel l  as t he aver age r esul t s of  t he f i ve most  r ecent  
t est s i ncl udi ng t he cur r ent  t est .   The Cont r act or  may adopt  l i mi t s f or  
cont r ol  coar ser  t han t he speci f i cat i on l i mi t s f or  sampl es t aken ot her  t han 
as del i ver ed t o t he mi xer  t o al l ow f or  degr adat i on dur i ng handl i ng.   When 
t he amount  passi ng any si eve i s out si de t he speci f i cat i on l i mi t s,  t he 
coar se aggr egat e shal l  be i mmedi at el y r esampl ed and r et est ed.   I f  t he 
second sampl e f ai l s  on any si eve,  t hat  f act  shal l  be r epor t ed t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   Wher e t wo consecut i ve aver ages of  5 
t est s ar e out si de speci f i cat i on l i mi t s,  t he oper at i on shal l  be consi der ed 
out  of  cont r ol  and r epor t ed t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   
Concr et i ng shal l  be st opped and i mmedi at e st eps shal l  be t aken t o cor r ect  
t he gr adi ng.

3. 13. 2   Concr et e Sampl i ng

ASTM C172/ C172M.   Col l ect  sampl es of  f r esh concr et e t o per f or m t est s 
speci f i ed.   ASTM C31/ C31M f or  maki ng t est  speci mens.

3. 13. 3   Concr et e Test i ng

3. 13. 3. 1   Sl ump Test s

ASTM C143/ C143M.   Take concr et e sampl es dur i ng concr et e 
pl acement / di schar ge.   The maxi mum sl ump may be i ncr eased as speci f i ed wi t h 
t he addi t i on of  an appr oved admi xt ur e pr ovi ded t hat  t he wat er - cement i t i ous 
mat er i al  r at i o i s not  exceeded.   Per f or m t est s at  commencement  of  concr et e 
pl acement ,  when t est  cyl i nder s ar e made,  and f or  each bat ch ( mi ni mum)  or  
ever y 20 cubi c yar ds ( maxi mum)  of  concr et e.

3. 13. 3. 2   Temper at ur e Test s

Test  t he concr et e del i ver ed and t he concr et e i n t he f or ms.   Per f or m t est s 
i n hot  or  col d weat her  condi t i ons ( bel ow 50 degr ees F and above 80 degr ees 
F)  f or  each bat ch ( mi ni mum)  or  ever y 20 cubi c yar ds ( maxi mum)  of  concr et e,  
unt i l  t he speci f i ed t emper at ur e i s obt ai ned,  and whenever  t est  cyl i nder s 
and sl ump t est s ar e made.

3. 13. 3. 3   Compr essi ve St r engt h Test s

ASTM C39/ C39M.   Make si x 6 i nch by 12 i nch  t est  cyl i nder s f or  each set  of  
t est s i n accor dance wi t h ASTM C31/ C31M,  ASTM C172/ C172M and appl i cabl e 
r equi r ement s of  ACI  305R and ACI  306R.   Take pr ecaut i ons t o pr event  
evapor at i on and l oss of  wat er  f r om t he speci men.   Test  t wo cyl i nder s at  7 
days,  t wo cyl i nder s at  28 days,   and hol d t wo cyl i nder  i n r eser ve.   Take 
sampl es f or  st r engt h t est s of  each mi x desi gn of  concr et e pl aced each day 
not  l ess t han once a day,  nor  l ess t han once f or  each 100 cubi c yar ds of  
concr et e f or  t he f i r st  500 cubi c yar ds,  t hen ever y 500 cubi c yar ds 
t her eaf t er ,  nor  l ess t han once f or  each 5400 squar e f eet  of  sur f ace ar ea 
f or  s l abs or  wal l s.   For  t he ent i r e pr oj ect ,  t ake no l ess t han f i ve set s 
of  sampl es and per f or m st r engt h t est s f or  each mi x desi gn of  concr et e 
pl aced.   Each st r engt h t est  r esul t  must  be t he aver age of  t wo cyl i nder s 
f r om t he same concr et e sampl e t est ed at  28 days.   Concr et e compr essi ve 
t est s must  meet  t he r equi r ement s of  t hi s sect i on,  t he Cont r act  Document ,  
and ACI  301.   Ret est  l ocat i ons r epr esent ed by er r at i c cor e st r engt hs.   
Wher e r et est  does not  meet  concr et e compr essi ve st r engt h r equi r ement s 
submi t  a mi t i gat i on or  r emedi at i on pl an f or  r evi ew and appr oval  by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   Repai r  cor e hol es wi t h nonshr i nk 
gr out .   Mat ch col or  and f i ni sh of  adj acent  concr et e.
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3. 13. 3. 4   St r engt h of  Concr et e St r uct ur e

The st r engt h of  t he concr et e st r uct ur e wi l l  be consi der ed t o be def i c i ent  
i f  any of  t he f ol l owi ng condi t i ons ar e i dent i f i ed:

a.   Fai l ur e t o meet  compr essi ve st r engt h t est s as eval uat ed.

b.   Rei nf or cement  not  conf or mi ng t o r equi r ement s speci f i ed.

c.   Concr et e whi ch di f f er s f r om r equi r ed di mensi ons or  l ocat i on i n such a 
manner  as t o r educe st r engt h.

d.   Concr et e cur i ng and pr ot ect i on of  concr et e agai nst  ext r emes of  
t emper at ur e dur i ng cur i ng,  not  conf or mi ng t o r equi r ement s speci f i ed.

e.   Concr et e subj ect ed t o damagi ng mechani cal  di st ur bances,  par t i cul ar l y 
l oad st r esses,  heavy shock,  and excessi ve v i br at i on.

f .   Poor  wor kmanshi p l i kel y t o r esul t  i n def i c i ent  st r engt h.

Wher e t he st r engt h of  t he concr et e st r uct ur e i s consi der ed def i c i ent  
submi t  a mi t i gat i on or  r emedi at i on pl an f or  r evi ew and appr oval  by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 13. 3. 5   Non- Conf or mi ng Mat er i al s

Fact or s t hat  i ndi cat e t hat  t her e ar e non- conf or mi ng mat er i al s i ncl ude ( but  
not  l i mi t ed t o)  excessi ve compr essi ve st r engt h,  i nadequat e compr essi ve 
st r engt h,  excessi ve s l ump,  excessi ve voi ds and honeycombi ng,  concr et e 
del i ver y r ecor ds t hat  i ndi cat e excessi ve t i me bet ween mi xi ng and 
pl acement ,  or  excessi ve wat er  was added t o t he mi xt ur e dur i ng del i ver y and 
pl acement .   Any of  t hese i ndi cat or s al one ar e suf f i c i ent  r eason f or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve t o r equest  addi t i onal  sampl i ng and 
t est i ng.

I nvest i gat i ons i nt o non- conf or mi ng mat er i al s must  be conduct ed at  t he 
Cont r act or ' s expense.   The Cont r act or  must  be r esponsi bl e f or  t he 
i nvest i gat i on and must  make wr i t t en r ecommendat i ons t o adequat el y mi t i gat e 
or  r emedi at e t he non- conf or mi ng mat er i al .   The Cont r act i ng Of f i cer ' s 
Repr esent at i ve may accept ,  accept  wi t h r educed payment ,  r equi r e 
mi t i gat i on,  or  r equi r e r emoval  and r epl acement  of  non- conf or mi ng mat er i al  
at  no addi t i onal  cost  t o t he Gover nment .

3. 13. 3. 6   Test i ng Concr et e St r uct ur e f or  St r engt h

When t her e i s evi dence t hat  st r engt h of  concr et e st r uct ur e i n pl ace does 
not  meet  speci f i cat i on r equi r ement s or  t her e ar e non- conf or mi ng mat er i al s,  
make cor es dr i l l ed f r om har dened concr et e f or  compr essi ve st r engt h 
det er mi nat i on i n accor dance wi t h ASTM C42/ C42M,  and as f ol l ows:

a.   Take at  l east  t hr ee r epr esent at i ve cor es f r om each member  or  ar ea of  
concr et e- i n- pl ace t hat  i s consi der ed pot ent i al l y  def i c i ent .   Locat i on 
of  cor es wi l l  be det er mi ned by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

b.   Test  cor es af t er  moi st ur e condi t i oni ng i n accor dance wi t h ASTM C42/ C42M
 i f  concr et e t hey r epr esent  i s mor e t han super f i c i al l y  wet  under  
ser vi ce.

c.   Ai r  dr y cor es,  ( 60 t o 80 degr ees F wi t h r el at i ve humi di t y l ess t han 60 
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per cent )  f or  7 days bef or e t est  and t est  dr y i f  concr et e t hey 
r epr esent  i s dr y under  ser vi ce condi t i ons.

d.   St r engt h of  cor es f r om each member  or  ar ea ar e consi der ed sat i sf act or y 
i f  t hei r  aver age i s equal  t o or  gr eat er  t han 85 per cent  of  t he 28- day 
desi gn compr essi ve st r engt h of  t he c l ass of  concr et e.

Fi l l  cor e hol es sol i d wi t h pat chi ng mor t ar  and f i ni shed t o mat ch adj acent  
concr et e sur f aces.

Cor r ect  concr et e wor k t hat  i s  f ound i nadequat e by cor e t est s i n a manner  
appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 14   REPAI R,  REHABI LI TATI ON AND REMOVAL

Bef or e t he Cont r act i ng Of f i cer ' s Repr esent at i ve accept s t he st r uct ur e t he 
Cont r act or  must  i nspect  t he st r uct ur e f or  cr acks,  damage and subst andar d 
concr et e pl acement s t hat  may adver sel y af f ect  t he ser vi ce l i f e of  t he 
st r uct ur e.   A r epor t  document i ng t hese def ect s must  be pr epar ed whi ch 
i ncl udes r ecommendat i ons f or  r epai r ,  r emoval  or  r emedi at i on must  be 
submi t t ed t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve f or  appr oval  bef or e 
any cor r ect i ve wor k i s accompl i shed.

3. 14. 1   Repai r  of  Weak Sur f aces

Weak sur f aces ar e def i ned as mor t ar - r i ch,  r ai n- damaged,  uncur ed,  or  
cont ai ni ng exposed voi ds or  del et er i ous mat er i al s.   Concr et e sur f aces wi t h 
weak sur f aces l ess t han 1/ 4 i nch t hi ck must  be di amond gr ound t o r emove 
t he weak sur f ace.   Sur f aces cont ai ni ng weak sur f aces gr eat er  t han 1/ 4 i nch 
t hi ck must  be r emoved and r epl aced or  mi t i gat ed i n a manner  accept abl e t o 
t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 14. 2   Fai l ur e of  Qual i t y Assur ance Test  Resul t s

Pr oposed mi t i gat i on ef f or t s by t he Cont r act or  must  be appr oved by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve pr i or  t o pr oceedi ng.

        - -  End of  Sect i on - -
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SECTI ON 04 20 00

UNI T MASONRY
11/ 15,  CHG 2:  05/ 19

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  216. 1 ( 2014)  Code Requi r ement s f or  Det er mi ni ng 
Fi r e Resi st ance of  Concr et e and Masonr y 
Const r uct i on Assembl i es

ACI  318 ( 2014;  Er r at a 1- 2 2014;  Er r at a 3- 5 2015;  
Er r at a 6 2016;  Er r at a 7- 9 2017)  Bui l di ng 
Code Requi r ement s f or  St r uct ur al  Concr et e 
( ACI  318- 14)  and Comment ar y ( ACI  318R- 14)

ACI  SP- 66 ( 2004)  ACI  Det ai l i ng Manual

ASTM I NTERNATI ONAL ( ASTM)

ASTM A153/ A153M ( 2016a)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A185/ A185M ( 2007)  St andar d Speci f i cat i on f or  St eel  
Wel ded Wi r e Rei nf or cement ,  Pl ai n,  f or  
Concr et e

ASTM A615/ A615M ( 2022)  St andar d Speci f i cat i on f or  Def or med 
and Pl ai n Car bon- St eel  Bar s f or  Concr et e 
Rei nf or cement

ASTM A641/ A641M ( 2019)  St andar d Speci f i cat i on f or  
Zi nc- Coat ed ( Gal vani zed)  Car bon St eel  Wi r e

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A951/ A951M ( 2011)  St andar d Speci f i cat i on f or  St eel  
Wi r e f or  Masonr y Joi nt  Rei nf or cement

ASTM A996/ A996M ( 2016)  St andar d Speci f i cat i on f or  
Rai l - St eel  and Axl e- St eel  Def or med Bar s 
f or  Concr et e Rei nf or cement

ASTM A1008/ A1008M ( 2021a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
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Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM A1064/ A1064M ( 2022)  St andar d Speci f i cat i on f or  
Car bon- St eel  Wi r e and Wel ded Wi r e 
Rei nf or cement ,  Pl ai n and Def or med,  f or  
Concr et e

ASTM C55 ( 2017)  St andar d Speci f i cat i on f or  Concr et e 
Bui l di ng Br i ck

ASTM C90 ( 2022)  St andar d Speci f i cat i on f or  
Loadbear i ng Concr et e Masonr y Uni t s

ASTM C129 ( 2017)  St andar d Speci f i cat i on f or  
Nonl oadbear i ng Concr et e Masonr y Uni t s

ASTM C207 ( 2018)  St andar d Speci f i cat i on f or  Hydr at ed 
Li me f or  Masonr y Pur poses

ASTM C270 ( 2019a;  E 2019)  St andar d Speci f i cat i on f or  
Mor t ar  f or  Uni t  Masonr y

ASTM C476 ( 2022)  St andar d Speci f i cat i on f or  Gr out  
f or  Masonr y

ASTM C494/ C494M ( 2019;  E 2022)  St andar d Speci f i cat i on f or  
Chemi cal  Admi xt ur es f or  Concr et e

ASTM C641 ( 2017)  St andar d Test  Met hod f or  I r on 
St ai ni ng Mat er i al s i n Li ght wei ght  Concr et e 
Aggr egat es

ASTM C780 ( 2020)  St andar d Test  Met hod f or  
Pr econst r uct i on and Const r uct i on 
Eval uat i on of  Mor t ar s f or  Pl ai n and 
Rei nf or ced Uni t  Masonr y

ASTM C1019 ( 2019)  St andar d Test  Met hod f or  Sampl i ng 
and Test i ng Gr out

ASTM C1384 ( 2012a)  St andar d Speci f i cat i on f or  
Admi xt ur es f or  Masonr y Mor t ar s

ASTM C1611/ C1611M ( 2021)  St andar d Test  Met hod f or  Sl ump Fl ow 
of  Sel f - Consol i dat i ng Concr et e

ASTM D2000 ( 2018)  St andar d Cl assi f i cat i on Syst em f or  
Rubber  Pr oduct s i n Aut omot i ve Appl i cat i ons

ASTM D2287 ( 2019)  Nonr i gi d Vi nyl  Chl or i de Pol ymer  and 
Copol ymer  Mol di ng and Ext r usi on Compounds

THE MASONRY SOCI ETY ( TMS)

TMS MSJC ( 2016)  Masonr y St andar d Joi nt  Commi t t ee' s 
( MSJC)  Book -  Bui l di ng Code Requi r ement s 
and Speci f i cat i on f or  Masonr y St r uct ur es,  
Cont ai ni ng TMS 402/ ACI  530/ ASCE 5,  TMS 
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602/ ACI  530. 1/ ASCE 6,  and Compani on 
Comment ar i es

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Cut  CMU Dr awi ngs;  G,  RO

Rei nf or cement  Det ai l  Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

Hot  Weat her  Pr ocedur es;  G,  RO

Col d Weat her  Pr ocedur es;  G,  RO

Cement i t i ous Mat er i al s;  G,  RO

SD- 04 Sampl es

Mock- Up Panel ;  G,  RO

Concr et e Masonr y Uni t s ( CMU) ;  G,  RO

Admi xt ur es f or  Masonr y Mor t ar ;  G,  RO

Anchor s,  Ti es,  and Bar  Posi t i oner s;  G,  RO

Joi nt  Rei nf or cement ;  G,  RO

SD- 05 Desi gn Dat a

Masonr y Compr essi ve St r engt h;  G,  RO

Fi r e- Rat ed Concr et e Masonr y Uni t s

Br aci ng Cal cul at i ons;  G,  RO

SD- 06 Test  Repor t s

Fi r e- Rat ed Concr et e Masonr y Uni t s

Fi el d Test i ng of  Mor t ar

Fi el d Test i ng of  Gr out

SD- 07 Cer t i f i cat es

Speci al  Masonr y I nspect or  Qual i f i cat i ons

Concr et e Masonr y Uni t s ( CMU)
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Concr et e Br i ck

Pr ecast  Concr et e Uni t s

Cement i t i ous Mat er i al s

Admi xt ur es f or  Masonr y Mor t ar

Admi xt ur es f or  Gr out

Anchor s,  Ti es,  and Bar  Posi t i oner s

Joi nt  Rei nf or cement

SD- 08 Manuf act ur er ' s I nst r uct i ons

Admi xt ur es f or  Masonr y Mor t ar

Admi xt ur es f or  Gr out

SD- 10 Oper at i on and Mai nt enance Dat a

Take- Back Pr ogr am

SD- 11 Cl oseout  Submi t t al s

Recycl ed Cont ent  of  Cement ;  S

1. 3   QUALI TY ASSURANCE

1. 3. 1   Masonr y Mock- Up Panel s

1. 3. 1. 1   Mock- Up Panel  Locat i on

Af t er  mat er i al  sampl es ar e appr oved and pr i or  t o st ar t i ng masonr y wor k,  
const r uct  a mock- up panel  f or  each t ype and col or  of  masonr y r equi r ed.   At  
l east  48 hour s pr i or  t o const r uct i ng t he panel  or  panel s,  submi t  wr i t t en 
not i f i cat i on t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   Do not  bui l d- i n 
mock- up panel s as par t  of  t he st r uct ur e;  l ocat e mock- up panel s wher e 
di r ect ed.   Const r uct  por t abl e mock- up panel s or  l ocat e i n an ar ea wher e 
t hey wi l l  not  be di sr upt ed dur i ng const r uct i on.

1. 3. 1. 2   Mock- Up Panel  Conf i gur at i on

Const r uct  mock- up panel s L- shaped or  ot her wi se conf i gur ed t o r epr esent  al l  
of  t he wal l  el ement s.   Const r uct  panel s of  t he s i ze necessar y t o 
demonst r at e t he accept abl e l evel  of  wor kmanshi p f or  each t ype of  masonr y 
r epr esent ed on t he pr oj ect .   Pr ovi de a st r ai ght  panel  or  a l eg of  an 
L- shaped panel  of  mi ni mum si ze 8 f eet  l ong by 4 f eet  hi gh.

1. 3. 1. 3   Mock- Up Panel  Composi t i on

Show f ul l  col or  r ange,  t ext ur e,  and bond pat t er n of  t he masonr y wor k.   
Demonst r at e mor t ar  j oi nt  t ool i ng;  gr out i ng of  r ei nf or ced ver t i cal  cor es,  
col l ar  j oi nt s,  bond beams,  and l i nt el s;  posi t i oni ng,  secur i ng,  and l appi ng 
of  r ei nf or ci ng st eel ;  posi t i oni ng and l appi ng of  j oi nt  r ei nf or cement  
( i ncl udi ng pr ef abr i cat ed cor ner s) ;  and cl eani ng of  masonr y wor k dur i ng t he 
const r uct i on of  t he panel s.   Al so i ncl ude i nst al l at i on or  appl i cat i on 

SECTI ON 04 20 00  Page 4



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

pr ocedur es f or  anchor s,  wal l  t i es,  CMU cont r ol  j oi nt s,    f l ashi ng,  .   
I ncl ude a a masonr y bonded cor ner  a bond beam cor ner  and par gi ng and 
i nst al l at i on of  el ect r i cal  boxes and condui t .   When t he panel  r epr esent s 
r ei nf or ced masonr y,  i ncl ude a 2 by 2 f oot  openi ng pl aced at  l east  2 f eet  
above t he panel  base and 2 f eet  away f r om al l  f r ee edges,  cor ner s,  and 
cont r ol  j oi nt s.   Pr ovi de r equi r ed r ei nf or ci ng ar ound t hi s openi ng as wel l  
as at  wal l  cor ner s and cont r ol  j oi nt s.

1. 3. 1. 4   Mock- Up Panel  Const r uct i on Met hod

Wher e anchor ed veneer  wal l s or  cavi t y wal l s ar e r equi r ed,  demonst r at e and 
r ecei ve appr oval  f or  t he met hod of  const r uct i on;  i . e. ,  ei t her  br i ng up t he 
t wo wyt hes t oget her  or  separ at el y,  wi t h t he i nsul at i on and appr opr i at e 
t i es pl aced wi t hi n t he speci f i ed t ol er ances acr oss t he cavi t y.   
Demonst r at e pr ovi s i ons t o pr ecl ude mor t ar  or  gr out  dr oppi ngs i n t he cavi t y 
and t o pr ovi de a c l ear  open ai r  space of  t he di mensi ons shown on t he 
dr awi ngs.   Wher e masonr y i s t o be gr out ed,  demonst r at e and r ecei ve 
appr oval  on t he met hod t hat  wi l l  be used t o br i ng up t he masonr y wyt hes;  
suppor t  t he r ei nf or ci ng bar s;  and gr out  cel l s,  bond beams,  l i nt el s,  and 
col l ar  j oi nt s usi ng t he r equi r ement s speci f i ed her ei n.   When 
wat er - r epel l ent  i s  speci f i ed t o be appl i ed t o t he masonr y,  appl y t he 
appr oved pr oduct  t o t he mock- up panel .   Const r uct  panel s on a pr oper l y 
desi gned concr et e f oundat i on.

1. 3. 1. 5   Mock- Up Panel  Pur pose

The compl et ed panel s i s used as t he st andar d of  wor kmanshi p f or  t he t ype 
of  masonr y r epr esent ed.   Do not  commence masonr y wor k unt i l  t he mock- up 
panel  f or  t hat  t ype of  masonr y const r uct i on has been compl et ed and 
appr oved.   Pr ot ect  panel s f r om t he weat her  and const r uct i on oper at i ons 
unt i l  t he masonr y wor k has been compl et ed and appr oved.   Per f or m cl eani ng 
pr ocedur es on t he mockup and obt ai n appr oval  of  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve pr i or  t o c l eani ng t he bui l di ng.   Af t er  compl et i on of  t he 
wor k,  compl et el y r emove t he mock- up panel s,  i ncl udi ng al l  f oundat i on 
concr et e,  f r om t he const r uct i on s i t e.

1. 3. 2   Speci al  Masonr y I nspect or  Qual i f i cat i ons

Ref er  t o Sect i on 01 45 35 SPECI AL I NSPECTI ONS f or  qual i f i cat i ons and 
r esponsi bi l i t i es of  t he masonr y speci al  i nspect or .

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver ,  st or e,  handl e,  and pr ot ect  mat er i al  t o avoi d chi ppi ng,  br eakage,  
and cont act  wi t h soi l  or  cont ami nat i ng mat er i al .   St or e and pr epar e 
mat er i al s i n al r eady di st ur bed ar eas t o mi ni mi ze pr oj ect  s i t e di st ur bance 
and si ze of  pr oj ect  s i t e.

1. 4. 1   Masonr y Uni t s

Cover  and pr ot ect  masonr y uni t s f r om pr eci pi t at i on.   Conf or m t o handl i ng 
and st or age r equi r ement s of  TMS MSJC.

a.   Mar k pr ef abr i cat ed l i nt el s on t op si des t o show ei t her  t he l i nt el  
schedul e number  or  t he number  and si ze of  t op and bot t om bar s.

1. 4. 2   Rei nf or cement ,  Anchor s,  and Ti es

St or e st eel  r ei nf or ci ng bar s,  coat ed anchor s,  t i es,  and j oi nt  
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r ei nf or cement  above t he gr ound.   Mai nt ai n st eel  r ei nf or ci ng bar s and 
uncoat ed t i es f r ee of  l oose mi l l  scal e and l oose r ust .

1. 4. 3   Cement i t i ous Mat er i al s,  Sand and Aggr egat es

Del i ver  cement i t i ous and ot her  packaged mat er i al s i n unopened cont ai ner s,  
pl ai nl y mar ked and l abel ed wi t h manuf act ur er s '  names and br ands.   St or e 
cement i t i ous mat er i al  i n dr y,  weat her t i ght  encl osur es or  compl et el y 
cover .   Handl e cement i t i ous mat er i al s i n a manner  t hat  wi l l  pr event  t he 
i ncl usi on of  f or ei gn mat er i al s and damage by wat er  or  dampness.   St or e 
sand and aggr egat es i n a manner  t o pr event  cont ami nat i on and segr egat i on.

1. 5   PROJECT/ SI TE CONDI TI ONS

Conf or m t o TMS MSJC f or  hot  and col d weat her  masonr y er ect i on.

1. 5. 1   Hot  Weat her  Pr ocedur es

When ambi ent  ai r  t emper at ur e exceeds 100 degr ees F,  or  exceeds 90 degr ees F
 and t he wi nd vel oci t y i s gr eat er  t han 8 mph,  compl y wi t h TMS MSJC Ar t i c l e 
1. 8 D f or :   pr epar at i on pr i or  t o conduct i ng masonr y wor k;  const r uct i on 
whi l e masonr y wor k i s i n pr ogr ess;  and pr ot ect i on f or  newl y compl et ed 
masonr y.

1. 5. 2   Col d Weat her  Pr ocedur es

When ambi ent  t emper at ur e i s bel ow 40 degr ees F,  compl y wi t h TMS MSJC 
Ar t i c l e 1. 8 C f or :  pr epar at i on pr i or  t o conduct i ng masonr y wor k;  
const r uct i on whi l e masonr y wor k i s i n pr ogr ess;  and pr ot ect i on f or  newl y 
compl et ed masonr y.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Desi gn -  Speci f i ed Compr essi ve St r engt h of  Masonr y

The speci f i ed compr essi ve st r engt h of  masonr y,  f ' m,  i s 2500 psi .

2. 1. 2   Per f or mance -  Ver i f y Masonr y Compr essi ve St r engt h

Ver i f y speci f i ed compr essi ve st r engt h of  masonr y usi ng t he " Uni t  St r engt h 
Met hod"  of  TMS MSJC.   Submi t  cal cul at i ons and cer t i f i cat i ons of  uni t  and 
mor t ar  st r engt h.

Ver i f y speci f i ed compr essi ve st r engt h of  masonr y usi ng t he " Pr i sm Test  
Met hod"  of  TMS MSJC when t he " Uni t  St r engt h Met hod"  cannot  be used.   
Submi t  t est  r esul t s.

2. 2   MANUFACTURED UNI TS

2. 2. 1   Gener al  Requi r ement s

Do not  change t he sour ce of  mat er i al s,  whi ch wi l l  af f ect  t he appear ance of  
t he f i ni shed wor k,  af t er  t he wor k has st ar t ed except  wi t h Cont r act i ng 
Of f i cer ' s Repr esent at i ve' s appr oval .   Submi t  t est  r epor t s f r om an appr oved 
i ndependent  l abor at or y.   Cer t i f y t est  r epor t s on a pr evi ousl y t est ed 
mat er i al  as t he same mat er i al s as t hat  pr oposed f or  use i n t hi s pr oj ect .   
Submi t  cer t i f i cat es of  compl i ance st at i ng t hat  t he mat er i al s meet  t he 
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speci f i ed r equi r ement s.

2. 2. 2   Concr et e Uni t s

2. 2. 2. 1   Aggr egat es

Test  l i ght wei ght  aggr egat es,  and bl ends of  l i ght wei ght  and heavi er  
aggr egat es i n pr opor t i ons used i n pr oduci ng t he uni t s,  f or  st ai n- pr oduci ng 
i r on compounds i n accor dance wi t h ASTM C641, vi sual  c l assi f i cat i on met hod.   
Do not  i ncor por at e aggr egat es f or  whi ch t he i r on st ai n deposi t ed on t he 
f i l t er  paper  exceeds t he " l i ght  st ai n"  c l assi f i cat i on.

2. 2. 2. 2   Concr et e Masonr y Uni t s ( CMU)

2. 2. 2. 2. 1   Recycl ed Cont ent

Uni t s may cont ai n post - consumer  or  post - i ndust r i al  r ecycl ed cont ent .

2. 2. 2. 2. 2   Si ze

Pr ovi de uni t s wi t h speci f i ed di mensi on of  nomi nal  s i ze as i ndi cat ed i nches 
wi de,  7 5/ 8"  i nches hi gh,  and 15 5/ 8"  i nches l ong.  

2. 2. 2. 2. 3   Sur f aces

 Pr ovi de uni t s wi t h exposed sur f aces t hat  ar e smoot h and of  uni f or m 
t ext ur e.

2. 2. 2. 2. 4   Weat her  Exposur e

Pr ovi de concr et e masonr y uni t s wi t h wat er - r epel l ant  admi xt ur e added dur i ng 
manuf act ur e wher e uni t s wi l l  be exposed t o weat her .

2. 2. 2. 2. 5   Uni t  Types

a.   Hol l ow Load- Bear i ng Uni t s:   ASTM C90,  l i ght wei ght  or  medi um wei ght  .   
Pr ovi de l oad- bear i ng uni t s f or  ext er i or  wal l s,  f oundat i on wal l s,  
l oad- bear i ng wal l s,  and shear  wal l s.

b.   Hol l ow Non- Load- Bear i ng Uni t s:   ASTM C129,  l i ght wei ght  or  medi um wei ght
 .   Load- bear i ng uni t s may be pr ovi ded i n l i eu of  non- l oad- bear i ng 
uni t s.

c.   Sol i d Load- Bear i ng Uni t s:   ASTM C90,  l i ght wei ght  or  medi um wei ght  
uni t s.   Pr ovi de sol i d uni t s as i ndi cat ed.

2. 2. 2. 2. 6   Jamb Uni t s

Pr ovi de j amb uni t s of  t he shapes and si zes t o conf or m wi t h wal l  uni t s.   
Sol i d uni t s may be i ncor por at ed i n t he masonr y wor k wher e necessar y t o 
f i l l  out  at  cor ner s,  gabl e s l opes,  and el sewher e as appr oved.

Pr ovi de sash j amb uni t s wi t h a 3/ 4 by 3/ 4 i nch gr oove near  t he cent er  at  
end of  each uni t .

2. 2. 2. 3   Fi r e- Rat ed Concr et e Masonr y Uni t s

For  i ndi cat ed f i r e- r at ed const r uct i on,  pr ovi de concr et e masonr y uni t s of  
mi ni mum equi val ent  t hi ckness f or  t he f i r e r at i ng i ndi cat ed and t he 
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cor r espondi ng t ype of  aggr egat es i ndi cat ed i n TABLE I .   Uni t s cont ai ni ng 
mor e t han one of  t he aggr egat es l i s t ed i n TABLE I  wi l l  be r at ed by l i near  
i nt er pol at i on based on t he per cent  by dr y- r odded vol ume of  each aggr egat e 
used i n manuf act ur i ng t he uni t s.  

TABLE I
FI RE- RATED CONCRETE MASONRY UNI TS

Aggr egat e Type Mi ni mum Equi val ent  Thi ckness f or  Fi r e- Resi st ance Rat i ng,
i nch

1/ 2 hour 3/ 4 hour 1 hour 1- 1/ 2
hour

2 hour s 3 hour s 4 hour s

Cal car eous or  s i l i ceous 
gr avel  ( ot her  t han 
l i mest one)

2. 0 2. 4 2. 8 3. 6 4. 2 5. 3 6. 2

Li mest one,  c i nder s,  or  
ai r - cool ed sl ag

1. 9 2. 3 2. 7 3. 4 4. 0 5. 0 5. 9

Expanded cl ay,  expanded 
shal e,  or  expanded sl at e

1. 8 2. 2 2. 6 3. 3 3. 6 4. 4 5. 1

Expanded sl ag or  pumi ce 1. 5 1. 9 2. 1 2. 7 3. 2 4. 0 4. 7

Det er mi ne equi val ent  t hi ckness i n accor dance wi t h ACI  216. 1.   Wher e wal l s 
ar e t o r ecei ve pl ast er  or  be f aced wi t h br i ck,  or  ot her wi se f or m an 
assembl y;  i ncl ude t he t hi ckness of  pl ast er  or  br i ck or  ot her  mat er i al  i n 
t he assembl y i n det er mi ni ng t he equi val ent  t hi ckness.   Submi t  cal cul at i on 
r esul t s.

2. 2. 2. 4   Concr et e Br i ck

2. 2. 2. 4. 1   Common Concr et e Br i ck

Pr ovi de common concr et e br i ck conf or mi ng t o ASTM C55.   Common concr et e 
br i ck may be used wher e necessar y f or  f i l l i ng out  i n concr et e masonr y uni t  
const r uct i on.

2. 2. 3   Pr ecast  Concr et e Uni t s

2. 2. 3. 1   Gener al

a.   Pr ovi de pr ecast  concr et e t r i m,  l i nt el s,  copi ngs,  spl ashbl ocks and 
si l l s  t hat  ar e f act or y- made uni t s i n a pl ant  r egul ar l y engaged i n 
pr oduci ng pr ecast  concr et e uni t s.   Unl ess ot her wi se i ndi cat ed,  pr ovi de 
pr ecast  concr et e wi t h mi ni mum 4, 000 psi  compr essi ve st r engt h,  
conf or mi ng t o Sect i on 03 30 00 CAST- I N- PLACE CONCRETE usi ng 1/ 2 i nch 
t o No.  4 nomi nal - s i ze coar se aggr egat e,  and wi t h r ei nf or cement  
r equi r ed f or  handl i ng of  t he uni t s.   Mai nt ai n mi ni mum cl ear ance of  3/ 4 
i nch bet ween r ei nf or cement  and f aces of  uni t s.

b.   Unl ess pr ecast - concr et e i t ems have been subj ect ed dur i ng manuf act ur e 
t o sat ur at ed- st eam pr essur e of  at  l east  120 psi  f or  at  l east  5 hour s,  
ei t her  damp- cur e f or  24 hour s or  st eam- cur e and t hen age under  cover  
f or  28 days or  l onger .   I n pr ecast  concr et e member s wei ghi ng over  80 
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pounds pr ovi de bui l t - i n l oops of  gal vani zed wi r e or  ot her  appr oved 
pr ovi s i ons f or  l i f t i ng and anchor i ng.

c.   Fabr i cat e uni t s wi t h beds and j oi nt s at  r i ght  angl es t o t he f ace,  wi t h 
shar p t r ue ar i ses and wi t h dr i p gr ooves on t he under si de wher e uni t s 
over hang wal l s.   For m exposed- t o- vi ew sur f aces f r ee of  sur f ace voi ds,  
spal l s,  cr acks,  and chi pped or  br oken edges and wi t h uni f or m 
appear ance and col or .   Unl ess ot her wi se speci f i ed,  pr ovi de uni t s wi t h 
a smoot h dense f i ni sh.

  
d.   Pr i or  t o i nst al l at i on,  wet  and i nspect  each uni t  f or  cr azi ng.   I t ems 

showi ng evi dence of  dust i ng,  spal l i ng,  cr azi ng,  or  havi ng sur f aces 
t r eat ed wi t h a pr ot ect i ve coat i ng wi l l  be r ej ect ed.

e.   Submi t  speci f i ed f act or y cer t i f i cat es.

2. 2. 3. 2   Pr ecast  Concr et e Li nt el s

Pr ovi de pr ecast  concr et e l i nt el s,  unl ess ot her wi se shown,  of  a t hi ckness 
equal  t o t he wal l  and r ei nf or ced wi t h mi ni mum t wo No.  4 bar s f or  t he f ul l  
l engt h.   Pr ovi de t op and bot t om bar s f or  l i nt el s over  36 i nches i n 
l engt h.   Pr ovi de at  l east  8 i nches bear i ng at  each end.   Label  t he t op of  
l i nt el s and cl ear l y mar k each l i nt el  t o show l ocat i on i n t he st r uct ur e.   
Desi gn r ei nf or ced l i nt el s i n conf or mance wi t h ACI  318 f or  f l exur al  and 
shear  st r engt h,  usi ng concr et e wi t h a mi ni mum 28 day compr essi ve st r engt h 
of  4, 000 psi .   Li mi t  l i nt el  def l ect i on due t o dead pl us l i ve l oad t o L/ 600 
or  0. 3 i nches.

2. 2. 3. 3   Pr ecast  Concr et e Si l l s  and Copi ngs

Cast  s i l l s  and copi ngs washes.   For  wi ndows havi ng mul l i ons,  cast  s i l l s  i n 
sect i ons wi t h head j oi nt s at  mul l i ons and a 1/ 4 i nch al l owance f or  mor t ar  
j oi nt s.   Roughen t he ends of  s i l l s ,  except  a 3/ 4 i nch wi de mar gi n at  
exposed sur f aces,  f or  bond.   Pr ovi de r ounded nosi ngs on t r eads of  door  
s i l l s .   Rei nf or ce si l l s  wi t h not  l ess t han t wo No.  4 bar s.

2. 3   EQUI PMENT

2. 3. 1   Vi br at or s

   Mai nt ai n at  l east  one spar e v i br at or  on si t e at  al l  t i mes.

2. 3. 2   Gr out  Pumps

Pumpi ng t hr ough al umi num t ubes i s not  per mi t t ed.

2. 4   MATERI ALS

2. 4. 1   Mor t ar  Mat er i al s

2. 4. 1. 1   Cement i t i ous Mat er i al s

Pr ovi de cement i t i ous mat er i al s t hat  conf or m t o t hose per mi t t ed by ASTM C270.

2. 4. 1. 2   Hydr at ed Li me and Al t er nat es

Pr ovi de l i me t hat  conf or ms t o one of  t he mat er i al s per mi t t ed by ASTM C207 
f or  use i n combi nat i on wi t h por t l and cement ,  hydr aul i c cement ,  and bl ended 
hydr aul i c cement .   Do not  use l i me i n combi nat i on wi t h masonr y cement  or  
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mor t ar  cement .

2. 4. 1. 3   Admi xt ur es f or  Masonr y Mor t ar

I n col d weat her ,  use a non- chl or i de based accel er at i ng admi xt ur e t hat  
conf or ms t o ASTM C1384,  unl ess Type I I I  por t l and cement  i s used i n t he 
mor t ar .

I n shower s and ki t chens,  use mor t ar  t hat  cont ai ns a wat er - r epel l ent  
admi xt ur e t hat  conf or ms t o ASTM C1384.   Pr ovi de a wat er - r epel l ent  
admi xt ur e,  conf or mi ng t o ASTM C1384 and of  t he same br and and manuf act ur er  
as t he bl ock' s i nt egr al  wat er - r epel l ent ,  i n t he mor t ar  used t o pl ace 
concr et e masonr y uni t s t hat  have an i nt egr al  wat er - r epel l ent  admi xt ur e.

2. 4. 1. 4   Aggr egat e and Wat er

Pr ovi de aggr egat e ( sand)  and wat er  t hat  conf or m t o mat er i al s per mi t t ed by 
ASTM C270.

2. 4. 2   Gr out  and Ready- Mi x Gr out  Mat er i al s

2. 4. 2. 1   Cement i t i ous Mat er i al s f or  Gr out

Pr ovi de cement i t i ous mat er i al s t hat  conf or m t o t hose per mi t t ed by ASTM C476.

2. 4. 2. 2   Admi xt ur es f or  Gr out

Wat er - r educi ng admi xt ur es t hat  conf or m t o ASTM C494/ C494M Type F or  G and 
vi scosi t y- modi f y i ng admi xt ur es t hat  conf or m t o ASTM C494/ C494M Type S ar e 
per mi t t ed f or  use i n gr out .   Ot her  admi xt ur es r equi r e appr oval  by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.

I n col d weat her ,  a non- chl or i de based accel er at i ng admi xt ur e may be used 
subj ect  t o appr oval  by t he Cont r act i ng Of f i cer ' s Repr esent at i ve;  use 
accel er at i ng admi xt ur e t hat  i s non- cor r osi ve and conf or ms t o 
ASTM C494/ C494M,  Type C.

2. 4. 2. 3   Aggr egat e and Wat er

Pr ovi de f i ne and coar se aggr egat es and wat er  t hat  conf or m t o mat er i al s 
per mi t t ed by ASTM C476.

2. 5   MORTAR AND GROUT MI XES

2. 5. 1   Mor t ar  Mi x

a.   Pr ovi de mor t ar  Type N unl ess speci f i ed ot her wi se her ei n.   Do not  use 
ai r - ent r ai nment  i n t he mor t ar .

b.    Use ASTM C270 Type S or  M cement - l i me mor t ar  or  mor t ar  cement  mor t ar  
f or  sei smi c- f or ce- r esi st i ng el ement s i ndi cat ed.

c.   Pr ovi de Type N or  S mor t ar  f or  non- l oad- bear i ng,  non- shear - wal l  
i nt er i or  masonr y.

d.   For  f i el d- bat ched mor t ar ,  measur e component  mat er i al s by vol ume.   Use 
measur i ng boxes f or  mat er i al s t hat  do not  come i n packages,  such as 
sand,  f or  consi st ent  bat chi ng.   Mi x cement i t i ous mat er i al s and 
aggr egat es bet ween 3 and 5 mi nut es i n a mechani cal  bat ch mi xer  wi t h a 
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suf f i c i ent  amount  of  wat er  t o pr oduce a wor kabl e consi st ency.   Do not  
hand mi x mor t ar  unl ess appr oved by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.   Mai nt ai n wor kabi l i t y  of  mor t ar  by r emi xi ng or  
r et emper i ng.   Di scar d mor t ar  t hat  has begun t o st i f f en or  i s not  used 
wi t hi n 2- 1/ 2 hour s af t er  i ni t i al  mi xi ng.

e.   For  pr ebl ended mor t ar ,  f ol l ow manuf act ur er ' s mi xi ng i nst r uct i ons.

2. 5. 2   Gr out  and Ready Mi x Gr out  Mi x

Use gr out  t hat  conf or ms t o ASTM C476,  coar se.    Use convent i onal  gr out  
wi t h a s l ump bet ween 8 and 11 i nches.   Use sel f - consol i dat i ng gr out  wi t h 
s l ump f l ow of  24 t o 30 i nches and a v i sual  st abi l i t y  i ndex ( VSI )  not  
gr eat er  t han 1.   Pr ovi de mi ni mum gr out  st r engt h of  3, 000 psi  i n 28 days,  
as t est ed i n accor dance wi t h ASTM C1019.   Do not  change pr opor t i ons and do 
not  use mat er i al s wi t h di f f er ent  physi cal  or  chemi cal  char act er i st i cs i n 
gr out  f or  t he wor k unl ess addi t i onal  evi dence i s f ur ni shed t hat  gr out  
meet s t he speci f i ed r equi r ement s.   Use r eady- mi xed gr out  t hat  conf or ms t o 
ASTM C476.

2. 6   ACCESSORI ES

2. 6. 1   Gr out  Bar r i er s

Gr out  bar r i er s f or  ver t i cal  cor es t hat  consi st  of  f i ne mesh wi r e,  
f i ber gl ass,  or  expanded met al .

2. 6. 2   Anchor s,  Ti es,  and Bar  Posi t i oner s

2. 6. 2. 1   Gener al

a.   Fabr i cat e anchor s and t i es wi t hout  dr i ps or  cr i mps.   Si ze anchor s and 
t i es t o pr ovi de a mi ni mum of  5/ 8 i nch mor t ar  cover  f r om each f ace of  
masonr y.   

b.   Fabr i cat e st eel  wi r e anchor s and t i es f r om wi r e conf or mi ng t o 
ASTM A1064/ A1064M and hot - di p gal vani ze i n accor dance wi t h 
ASTM A153/ A153M.

c.   Fabr i cat e j oi nt  r ei nf or cement  i n conf or mance wi t h ASTM A951/ A951M.   
Hot  di p gal vani ze j oi nt  r ei nf or cement  i n ext er i or  wal l s and i n 
i nt er i or  wal l s exposed t o moi st  envi r onment  i n conf or mance wi t h 
ASTM A153/ A153M.   Gal vani ze j oi nt  r ei nf or cement  i n ot her  i nt er i or  
wal l s i n conf or mance wi t h ASTM A641/ A641M;  coor di nat e wi t h par agr aph 
JOI NT REI NFORCEMENT bel ow.   

d.   Fabr i cat e sheet  met al  anchor s and t i es i n conf or mance wi t h 
ASTM A1008/ A1008M.   Hot  di p gal vani ze sheet  met al  anchor s and t i es i n 
ext er i or  wal l s and i n i nt er i or  wal l s exposed t o moi st  envi r onment  i n 
compl i ance wi t h ASTM A153/ A153M Cl ass B.   Gal vani ze sheet  met al  
anchor s and t i es i n ot her  i nt er i or  wal l s i n compl i ance wi t h 
ASTM A653/ A653M,  Coat i ng Desi gnat i on G60.

e.   Submi t  t wo anchor s,  t i es and bar  posi t i oner s of  each t ype used,  as 
sampl es.

2. 6. 2. 2   Wi r e Mesh Anchor s

Pr ovi de wi r e mesh anchor s of  1/ 4 i nch mesh gal vani zed har dwar e cl ot h,  
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conf or mi ng t o ASTM A185/ A185M,  wi t h l engt h not  l ess t han 12 i nches,  at  
i nt er sect i ons of  i nt er i or  non- bear i ng masonr y wal l s.

2. 6. 2. 3   Adj ust abl e Anchor s

2. 6. 2. 3. 1   Anchor age t o St r uct ur al  St eel

Pr ovi de hot - di p gal vani zed adj ust abl e anchor s f or  connect i ng masonr y wal l s 
t o t he st r uct ur al  st eel  f r ame as det ai l ed on t he dr awi ngs .   Pr ovi de 
zi nc- r i ch pai nt  f or  t ouchi ng up pai nt  af t er  wel di ng gal vani zed anchor s t o 
st r uct ur al  st eel .

2. 6. 2. 3. 2   Anchor age of  Veneer  t o Li ght  Gauge St eel  or  Concr et e Backi ng

Use one of  t he f ol l owi ng t ypes of  adj ust abl e anchor s t o connect  veneer  t o 
l i ght  gauge st eel  or  concr et e backi ng:

a.   sheet  met al  at  l east  7/ 8 i nch wi de,  0. 06 i nch t hi ck,  and wi t h 
cor r ugat i ons havi ng a wavel engt h of  0. 3 t o 0. 5 i nch and an ampl i t ude of
 0. 06 t o 0. 10 i nch or  bent ,  not ched or  punched t o pr ovi de equi val ent  
per f or mance;

b.   wi r e anchor s of  mi ni mum si ze W1. 7 wi t h ends bent  t o f or m a mi ni mum 2 
i nches ext ensi on and wi t hout  dr i ps;

c.   or  wi r e pi nt l e anchor s used i n conj unct i on wi t h j oi nt  r ei nf or cement .

Do not  exceed 1/ 16 i nch cl ear ance bet ween connect i ng par t s of  t he t i e.   
Assembl e adj ust abl e anchor s t o pr event  di sengagement .   Pr ovi de pi nt l e 
anchor s wi t h one or  mor e pi nt l e l egs of  wi r e s i ze W2. 8 and an of f set  not  
exceedi ng 1- 1/ 4 i nch.

2. 6. 2. 4   Veneer  Anchor  Scr ews

Pr ovi de scr ews f or  at t achment  of  veneer  anchor s t o col d- f or med st eel  
f r ami ng member s of  s i ze No.  12 .   Pr ovi de l engt h of  scr ews such t hat  t he 
scr ews penet r at e t he hol di ng member  by not  l ess t han 5/ 8 i nch.

2. 6. 2. 5   Bar  Posi t i oner s

Fact or y- f abr i cat e bar  posi t i oner s,  used t o pr event  di spl acement  of  
r ei nf or ci ng bar s dur i ng t he cour se of  const r uct i on,  f r om 9 gauge st eel  
wi r e or  equi val ent ,  and hot - di p gal vani zed.   Bar  posi t i oner s must  be 
sui t abl e f or  i nt ended use and be cor r osi on r esi st ant  st eel .   Bar  
posi t i oner s not  f ul l y  cont ai ned wi t hi n t he wyt he must  be hot - di p 
gal vani zed.

2. 6. 3   Joi nt  Rei nf or cement

Fact or y f abr i cat e j oi nt  r ei nf or cement  i n conf or mance wi t h ASTM A951/ A951M,  
wel ded const r uct i on.   Pr ovi de l adder  t ype j oi nt  r ei nf or cement ,  havi ng one 
l ongi t udi nal  wi r e i n t he mor t ar  bed of  each f ace shel l  f or  hol l ow uni t s 
and one wi r e f or  sol i d uni t s and wi t h al l  wi r es a mi ni mum of  9 gauge.   
Si ze j oi nt  r ei nf or cement  t o pr ovi de a mi ni mum of  5/ 8 i nch cover  f r om each 
f ace.   Space cr osswi r es not  mor e t han 16 i nches.   Pr ovi de j oi nt  
r ei nf or cement  f or  st r ai ght  r uns i n f l at  sect i ons not  l ess t han 10 f eet  
l ong.   Pr ovi de j oi nt  r ei nf or cement  wi t h f act or y f or med cor ner s and 
i nt er sect i ons.   I f  appr oved f or  use,  j oi nt  r ei nf or cement  may be f ur ni shed 
wi t h adj ust abl e wal l  t i e f eat ur es.   Submi t  one pi ece of  each t ype used,  
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i ncl udi ng cor ner  and wal l  i nt er sect i on pi eces,  showi ng at  l east  t wo cr oss 
wi r es.

2. 6. 4   Rei nf or ci ng St eel  Bar s

Pr ovi de r ei nf or ci ng st eel  bar s and r ods conf or mi ng t o ASTM A615/ A615M or  
ASTM A996/ A996M,  Gr ade 60.

2. 6. 5   Concr et e Masonr y Cont r ol  Joi nt  Keys

Pr ovi de cont r ol  j oi nt  keys of  a f act or y f abr i cat ed sol i d sect i on of  
nat ur al  or  synt het i c r ubber  ( or  combi nat i on t her eof )  conf or mi ng t o 
ASTM D2000 M2AA- 805 wi t h a mi ni mum dur omet er  har dness of  80 or  pol yvi nyl  
chl or i de conf or mi ng t o ASTM D2287 Type PVC 654- 4 wi t h a mi ni mum dur omet er  
har dness of  85.   For m t he cont r ol  j oi nt  key wi t h a sol i d shear  sect i on not  
l ess t han 5/ 8 i nch t hi ck and 3/ 8 i nch t hi ck f l anges,  wi t h a t ol er ance of  
pl us or  mi nus 1/ 16 i nch,  t o f i t  neat l y,  but  wi t hout  f or c i ng,  i n masonr y 
uni t  j amb sash gr ooves.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Pr i or  t o st ar t  of  wor k,  ver i f y t he appl i cabl e condi t i ons as set  f or t h i n 
TMS MSJC,  i nspect i on.

3. 2   PREPARATI ON

3. 2. 1   St ai ns

Pr ot ect  exposed sur f aces f r om mor t ar  and ot her  st ai ns.   When mor t ar  j oi nt s 
ar e t ool ed,  r emove mor t ar  f r om exposed sur f aces wi t h f i ber  br ushes and 
wooden paddl es.   Pr ot ect  base of  wal l s f r om spl ash st ai ns by cover i ng 
adj acent  gr ound wi t h sand,  sawdust ,  or  pol yet hyl ene.

3. 2. 2   Loads

Do not  appl y uni f or m l oads f or  at  l east  12 hour s or  concent r at ed l oads f or  
at  l east  72 hour s af t er  masonr y i s const r uct ed.   Pr ovi de t empor ar y br aci ng 
as r equi r ed.

3. 2. 3   Concr et e Sur f aces

Wher e masonr y i s t o be pl aced,  c l ean concr et e of  l ai t ance,  dust ,  di r t ,  
oi l ,  or gani c mat t er ,  or  ot her  f or ei gn mat er i al s and sl i ght l y r oughen t o 
pr ovi de a sur f ace t ext ur e wi t h a dept h of  at  l east  1/ 8 i nch.   Sandbl ast ,  
i f  necessar y,  t o r emove l ai t ance f r om por es and t o expose t he aggr egat e.

3. 2. 4   Shel f  Angl es

Adj ust  shel f  angl es as r equi r ed t o keep t he masonr y l evel  and at  t he 
pr oper  el evat i on.

3. 2. 5   Br aci ng

Pr ovi de br aci ng and scaf f ol di ng necessar y f or  masonr y wor k.   Desi gn 
br aci ng t o r esi st  wi nd pr essur e as r equi r ed by OSHA and l ocal  codes and 
submi t  br aci ng cal cul at i ons,  seal ed by a r egi st er ed pr of essi onal  
engi neer .   Do not  r emove br aci ng i n l ess t han 10 days.
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3. 3   ERECTI ON

3. 3. 1   Gener al

a.   Coor di nat e masonr y wor k wi t h t he wor k of  ot her  t r ades t o accommodat e 
bui l t - i n i t ems and t o avoi d cut t i ng and pat chi ng.   Lay masonr y uni t s 
i n r unni ng bond pat t er n.   Lay f aci ng cour ses l evel  wi t h back- up 
cour ses,  unl ess t he use of  adj ust abl e t i es has been appr oved i n whi ch 
case t he t ol er ances i s pl us or  mi nus 1/ 2 i nch.   Adj ust  each uni t  t o 
i t s f i nal  posi t i on whi l e mor t ar  i s st i l l  sof t  and has pl ast i c 
consi st ency.

b.   Remove and cl ean uni t s t hat  have been di st ur bed af t er  t he mor t ar  has 
st i f f ened,  and r el ay wi t h f r esh mor t ar .   Keep ai r  spaces,  cavi t i es,  
chases,  expansi on j oi nt s,  and spaces t o be gr out ed f r ee f r om mor t ar  
and ot her  debr i s.   Sel ect  uni t s t o be used i n exposed masonr y sur f aces 
f r om t hose havi ng t he l east  amount  of  chi pped edges or  ot her  
i mper f ect i ons det r act i ng f r om t he appear ance of  t he f i ni shed wor k.

c.   When necessar y t o t empor ar i l y  di scont i nue t he wor k,  st ep ( r ack)  back 
t he masonr y f or  j oi ni ng when wor k r esumes.   Toot hi ng may be used onl y 
when speci f i cal l y appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   
Bef or e r esumi ng wor k,  r emove l oose mor t ar  and t hor oughl y c l ean t he 
exposed j oi nt .   Cover  t he t op of  wal l s subj ect ed t o r ai n or  snow wi t h 
nonst ai ni ng wat er pr oof  cover i ng or  membr ane when wor k i s not  i n 
pr ocess.   Ext end t he cover i ng a mi ni mum of  610 mm 2 f eet  down on each 
si de of  t he wal l  and hol d secur el y i n pl ace.

d.   Ensur e t hat  uni t s bei ng l ai d and sur f aces t o r ecei ve uni t s ar e f r ee of  
wat er  f i l m and f r ost .   Lay sol i d uni t s i n a nonf ur r owed f ul l  bed of  
mor t ar .   Bevel  mor t ar  f or  veneer  wyt hes and sl ope down t owar d t he 
cavi t y s i de.   Shove uni t s i nt o pl ace so t hat  t he ver t i cal  j oi nt s ar e 
t i ght .   Compl et el y f i l l  ver t i cal  j oi nt s bet ween sol i d uni t s wi t h 
mor t ar ,  except  wher e i ndi cat ed at  cont r ol ,  expansi on,  and i sol at i on 
j oi nt s.   Pl ace hol l ow uni t s so t hat  mor t ar  ext ends t o t he dept h of  t he 
f ace shel l  at  heads and beds,  unl ess ot her wi se i ndi cat ed.   Mor t ar  wi l l  
be per mi t t ed t o pr ot r ude up t o 1/ 2 i nch i nt o t he space or  cel l s t o be 
gr out ed.   Pr ovi de means t o pr event  mor t ar  f r om dr oppi ng i nt o t he space 
bel ow or  c l ean gr out  spaces pr i or  t o gr out i ng.

e.   I n mul t i - wyt he const r uct i on wi t h col l ar  j oi nt s no mor e t han 3/ 4 i nch 
wi de,  br i ng up t he i nner  wyt he not  mor e t han 16 i nches ahead of  t he 
out er  wyt he.   Fi l l  col l ar  j oi nt s wi t h mor t ar  dur i ng t he l ayi ng of  t he 
f aci ng wyt he,  and do not  l ag t he l ayi ng of  t he f aci ng wyt he by 
back- but t er i ng each uni t  as i t  i s  l ai d.

3. 3. 1. 1   Joi nt i ng

Tool  mor t ar  j oi nt s when t he mor t ar  i s t humbpr i nt  har d.   Tool  hor i zont al  
j oi nt s af t er  t ool i ng ver t i cal  j oi nt s.   Br ush mor t ar  j oi nt s t o r emove l oose 
and excess mor t ar .

3. 3. 1. 1. 1   Tool ed Joi nt s

Tool  mor t ar  j oi nt s i n exposed ext er i or  and i nt er i or  masonr y sur f aces 
concave ,  usi ng a j oi nt er  t hat  i s  s l i ght l y l ar ger  t han t he j oi nt  wi dt h so 
t hat  compl et e cont act  i s  made al ong t he edges of  t he uni t .   Per f or m 
t ool i ng so t hat  t he mor t ar  i s compr essed and t he j oi nt  sur f ace i s seal ed.   
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Use a j oi nt er  of  suf f i c i ent  l engt h t o obt ai n a st r ai ght  and t r ue mor t ar  
j oi nt .   No ext er i or  j oi nt s ar e t o be l ef t  un- t ool ed.

3. 3. 1. 1. 2   Fl ush Joi nt s

Fl ush cut  mor t ar  j oi nt s i n conceal ed masonr y sur f aces and j oi nt s at  
el ect r i cal  out l et  boxes i n wet  ar eas.   Fi ni sh f l ush cut  j oi nt s by cut t i ng 
of f  t he mor t ar  f l ush wi t h t he f ace of  t he wal l .   Poi nt  j oi nt s i n unpar ged 
masonr y wal l s bel ow gr ade t i ght .   For  ar chi t ect ur al  uni t s,  such as f l ut ed 
uni t s,  compl et el y f i l l  bot h t he head and bed j oi nt s and f l ush cut .

3. 3. 1. 1. 3   Door  and Wi ndow Fr ame Joi nt s

On t he exposed i nt er i or  s i de of  ext er i or  f r ames,  r ake j oi nt s bet ween 
f r ames and abut t i ng masonr y wal l s t o a dept h of  3/ 8 i nch.   On t he ext er i or  
s i de of  ext er i or  f r ames, r ake  j oi nt s bet ween f r ames and abut t i ng masonr y 
wal l s t o a dept h of  3/ 8 i nch.

3. 3. 1. 1. 4   Joi nt  Wi dt hs

a.   Const r uct  br i ck masonr y wi t h mor t ar  j oi nt  wi dt hs equal  t o t he 
di f f er ence bet ween t he speci f i ed and nomi nal  di mensi ons of  t he uni t ,  
wi t hi n t ol er ances per mi t t ed by TMS MSJC.

b.   Pr ovi de 3/ 8 i nch wi de mor t ar  j oi nt s i n concr et e masonr y,  except  f or  
pr ef aced concr et e masonr y uni t s.

c.   Pr ovi de 3/ 8 i nch wi de mor t ar  j oi nt s on unf aced si de of  pr ef aced 
concr et e masonr y uni t s and not  l ess t han 3/ 16 i nch nor  mor e t han 1/ 4 
i nch wi de on pr ef aced si de.

d.   Mai nt ai n mor t ar  j oi nt  wi dt hs wi t hi n t ol er ances per mi t t ed by TMS MSJC

3. 3. 1. 2   Cut t i ng and Fi t t i ng

Use f ul l  uni t s of  t he pr oper  s i ze wher ever  possi bl e,  i n l i eu of  cut  
uni t s.   Locat e cut  uni t s wher e t hey woul d have t he l east  i mpact  on t he 
ar chi t ect ur al  aest het i c goal s of  t he f aci l i t y .   Per f or m cut t i ng and 
f i t t i ng,  i ncl udi ng t hat  r equi r ed t o accommodat e t he wor k of  ot her s,  by 
masonr y mechani cs usi ng power  masonr y saws.   Concr et e masonr y uni t s may be 
wet  or  dr y cut .   Bef or e bei ng pl aced i n t he wor k,  dr y wet - cut  uni t s t o t he 
same sur f ace- dr y appear ance as uncut  uni t s bei ng l ai d i n t he wal l .   
Pr ovi de cut  edges t hat  ar e c l ean,  t r ue and shar p.

a.   Car ef ul l y make openi ngs i n t he masonr y so t hat  wal l  pl at es,  cover  
pl at es or  escut cheons r equi r ed by t he i nst al l at i on wi l l  compl et el y 
conceal  t he openi ngs and wi l l  have bot t oms par al l el  wi t h t he masonr y 
bed j oi nt s.   Pr ovi de r ei nf or ced masonr y l i nt el s above openi ngs over  12 
i nches wi de f or  pi pes,  duct s,  cabl e t r ays,  and ot her  wal l  
penet r at i ons,  unl ess st eel  s l eeves ar e used.

b.   Do not  r educe masonr y uni t s i n s i ze by mor e t han one- t hi r d i n hei ght  
and one- hal f  i n l engt h.   Do not  l ocat e cut  pr oduct s at  ends of  wal l s,  
cor ner s,  and ot her  openi ngs.

3. 3. 1. 3   Unf i ni shed Wor k

Rack back unf i ni shed wor k f or  j oi ni ng wi t h new wor k.   Toot hi ng may be 
r esor t ed t o onl y when speci f i cal l y appr oved by t he Cont r act i ng Of f i cer ' s 
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Repr esent at i ve.   Remove l oose mor t ar  and t hor oughl y c l ean t he exposed 
j oi nt s bef or e l ayi ng new wor k.

3. 3. 1. 4   Cont r ol  Joi nt s

Pr ovi de cont r ol  j oi nt s i n concr et e masonr y as i ndi cat ed.  Const r uct  by 
r aki ng out  mor t ar  wi t hi n t he head j oi nt  i n accor dance wi t h t he det ai l s 
shown on t he Dr awi ngs.   For m a cont i nuous ver t i cal  j oi nt  at  cont r ol  j oi nt  
l ocat i ons,  i ncl udi ng t hr ough bond beams,  by ut i l i z i ng hal f  bl ocks i n 
al t er nat i ng cour ses on each si de of  t he j oi nt .   I nt er r upt  t he cont r ol  
j oi nt  key i n cour ses cont ai ni ng cont i nuous bond beam r ei nf or cement .   
I nt er r upt  t he hor i zont al  r ei nf or cement  and gr out  i n bond beams at  t he 
cont r ol  j oi nt  except  i n bond beams at  t he f l oor  and r oof  di aphr agms.

Wher e mor t ar  was pl aced i n t he j oi nt ,  r ake bot h f aces of  t he cont r ol  
j oi nt s t o a dept h of  3/ 4 i nch.   I nst al l  backer  r od and seal ant  on bot h 
f aces i n accor dance wi t h Sect i on 07 92 00 JOI NT SEALANTS.

3. 3. 2   Composi t e Wal l s

Ti e masonr y wyt hes t oget her  wi t h j oi nt  r ei nf or cement  or  wi t h uni t  wal l  
t i es.   Embed wal l  t i es at  l east  1- 1/ 2 i nch i nt o mor t ar  of  sol i d uni t s and 
at  l east  1/ 2 i nch i nt o t he mor t ar  of  t he out er  f ace shel l  of  hol l ow 
uni t s.   Pr ovi de at  l east  one t i e ever y 2. 67 squar e f eet  f or  wi r e s i ze W1. 7 
and at  l east  one t i e ever y 4. 50 squar e f eet  f or  wi r e s i ze W2. 8.   Space 
t i es at  a maxi mum of  36 i nches hor i zont al l y and 24 i nches ver t i cal l y.   Do 
not  cr oss expansi on j oi nt s or  cont r ol  j oi nt s wi t h t i es.   Fi l l  col l ar  
j oi nt s bet ween masonr y f aci ng and masonr y backup sol i dl y wi t h gr out .

3. 3. 3   Rei nf or ced,  Si ngl e Wyt he Concr et e Masonr y Uni t s Wal l s

3. 3. 3. 1   Concr et e Masonr y Uni t  Pl acement

a.   Ful l y bed uni t s used t o f or m pi er s,  pi l ast er s,  col umns,  st ar t i ng 
cour ses on f oot i ngs,  sol i d f oundat i on wal l s,  l i nt el s,  and beams,  and 
wher e cel l s ar e t o be f i l l ed wi t h gr out  i n mor t ar  under  bot h f ace 
shel l s and webs.   Pr ovi de mor t ar  beds under  bot h f ace shel l s f or  ot her  
uni t s.   Mor t ar  head j oi nt s f or  a di st ance i n f r om t he f ace of  t he uni t  
not  l ess t han t he t hi ckness of  t he f ace shel l .

b.   Sol i dl y gr out  f oundat i on wal l s bel ow gr ade.

c.   St i f f en doubl e wal l s at  wal l - mount ed pl umbi ng f i xt ur es by use of  st r ap 
anchor s,  t wo above each f i xt ur e and t wo bel ow each f i xt ur e,  l ocat ed t o 
avoi d pi pe r uns,  and ext endi ng f r om cent er  t o cent er  of  each wal l  
wi t hi n t he doubl e wal l .   Adequat el y r ei nf or ce wal l s and par t i t i ons f or  
suppor t  of  wal l - hung pl umbi ng f i xt ur es when chai r  car r i er s ar e not  
speci f i ed.

d.   Submi t  dr awi ngs showi ng el evat i ons of  wal l s exposed t o v i ew and 
i ndi cat i ng t he l ocat i on of  al l  cut  CMU pr oduct s.

3. 3. 3. 2   Pr epar at i on f or  Rei nf or cement

Lay uni t s i n such a manner  as t o pr eser ve t he unobst r uct ed ver t i cal  
cont i nui t y of  cor es t o be gr out ed.   Remove mor t ar  pr ot r usi ons ext endi ng 
1/ 2 i nch or  mor e i nt o cel l s bef or e pl aci ng gr out .   Posi t i on r ei nf or ci ng 
bar s accur at el y as i ndi cat ed bef or e pl aci ng gr out .   Wher e ver t i cal  
r ei nf or cement  occur s,  f i l l  cor es sol i d wi t h gr out  i n accor dance wi t h 
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par agr aph PLACI NG GROUT i n t hi s Sect i on.

3. 3. 4   ANCHORAGE

3. 3. 4. 1   Anchor age t o Concr et e

Anchor  masonr y t o t he f ace of  concr et e col umns,  beams,  or  wal l s wi t h 
dovet ai l  anchor s spaced not  over  16 i nches on cent er s ver t i cal l y and 24 
i nches on cent er  hor i zont al l y.

3. 3. 4. 2   Anchor age t o St r uct ur al  St eel

Anchor  masonr y t o ver t i cal  st r uct ur al  st eel  f r ami ng wi t h adj ust abl e st eel  
wi r e anchor s spaced not  over  16 i nches on cent er s ver t i cal l y,  and i f  
appl i cabl e,  not  over  24 i nches on cent er s hor i zont al l y.

3. 3. 4. 3   Anchor age at  I nt er sect i ng Wal l s

Pr ovi de wi r e mesh anchor s at  maxi mum 16 i nches spaci ng at  i nt er sect i ons of  
i nt er i or  non- bear i ng masonr y wal l s.

Anchor  st r uct ur al  masonr y wal l s wi t h hor i zont al  j oi nt  r ei nf or cement  spaced 
no mor e t han  1. 333 f eet  on cent er  over l appi ng masonr y uni t s ,  unl ess t he 
dr awi ngs i ndi cat e a movement  j oi nt  at  t he i nt er sect i on.

3. 3. 5   Li nt el s

3. 3. 5. 1   Masonr y Li nt el s

Const r uct  masonr y l i nt el s wi t h l i nt el  uni t s f i l l ed sol i d wi t h gr out  i n al l  
cour ses and r ei nf or ced wi t h a mi ni mum of  t wo No.  4 bar s i n t he bot t om 
cour se unl ess ot her wi se i ndi cat ed.   Ext end l i nt el  r ei nf or cement  beyond 
each si de of  masonr y openi ng 40 bar  di amet er s or  24 i nches,  whi chever  i s 
gr eat er .   Suppor t  r ei nf or ci ng bar s i n pl ace pr i or  t o gr out i ng and l ocat e 
1/ 2 i nch above t he bot t om i nsi de sur f ace of  t he l i nt el  uni t .

3. 3. 5. 2   Pr ecast  Concr et e and St eel  Li nt el s

Pr ovi de pr ecast  concr et e and st eel  l i nt el s as shown on t he Dr awi ngs.   Set  
l i nt el s i n a f ul l  bed of  mor t ar  wi t h f aces pl umb and t r ue.   Pr ovi de st eel  
and pr ecast  l i nt el s wi t h a mi ni mum bear i ng l engt h of  8 i nches unl ess 
ot her wi se i ndi cat ed.   I n par t i al l y  gr out ed masonr y,  pr ovi de f ul l y gr out ed 
uni t s under  t he f ul l  l i nt el  bear i ng l engt h,  unl ess ot her wi se i ndi cat ed.

3. 3. 6   Si l l s  and Copi ngs

Set  s i l l s  and copi ngs i n a f ul l  bed of  mor t ar  wi t h f aces pl umb and t r ue.   
Sl ope si l l s  and copi ngs t o dr ai n wat er .   Mechani cal l y anchor  copi ngs and 
si l l s  l onger  t han 4 f eet  as i ndi cat ed.

3. 4   I NSTALLATI ON

3. 4. 1   Bar  Rei nf or cement  I nst al l at i on

3. 4. 1. 1   Pr epar at i on

Submi t  det ai l  dr awi ngs showi ng bar  spl i ce l ocat i ons.   I dent i f y bent  bar s  
on a bendi ng di agr am and r ef er ence and l ocat e such bar s on t he dr awi ngs.   
Show wal l  di mensi ons,  bar  c l ear ances,  and wal l  openi ngs.   Ut i l i ze bendi ng 
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det ai l s t hat  conf or m t o t he r equi r ement s of  ACI  SP- 66.   No appr oval  wi l l  
be gi ven t o t he shop dr awi ngs unt i l  t he Cont r act or  cer t i f i es t hat  al l  
openi ngs,  i ncl udi ng t hose f or  mechani cal  and el ect r i cal  ser vi ce,  ar e 
shown.   I f ,  dur i ng const r uct i on,  addi t i onal  masonr y openi ngs ar e r equi r ed,  
r esubmi t  t he appr oved shop dr awi ngs wi t h t he addi t i onal  openi ngs shown 
al ong wi t h t he pr oposed changes.   Cl ear l y hi ghl i ght  l ocat i on of  t hese 
addi t i onal  openi ngs.   Pr ovi de wal l  el evat i on dr awi ngs wi t h mi ni mum scal e of
 1/ 4 i nch per  f oot .   Submi t  dr awi ngs i ncl udi ng pl ans,  el evat i ons,  and 
det ai l s of  wal l  r ei nf or cement ;  det ai l s of  r ei nf or ci ng bar s at  cor ner s and 
wal l  i nt er sect i ons;  of f set s;  t ops,  bot t oms,  and ends of  wal l s;  cont r ol  and 
expansi on j oi nt s;  l i nt el s;  and wal l  openi ngs.

Cl ean r ei nf or cement  of  l oose,  f l aky r ust ,  scal e,  gr ease,  mor t ar ,  gr out ,  
and ot her  coat i ngs t hat  mi ght  dest r oy or  r educe i t s bond pr i or  t o pl aci ng 
gr out .   Do not  use bar s wi t h k i nks or  bends not  shown on t he appr oved shop 
dr awi ngs.   Pl ace r ei nf or cement  pr i or  t o gr out i ng.   Unl ess ot her wi se 
i ndi cat ed,  ext end ver t i cal  wal l  r ei nf or cement  t o wi t hi n 2 i nches of  t ops 
of  wal l s.  

3. 4. 1. 2   Posi t i oni ng Bar s

a.   Accur at el y pl ace ver t i cal  bar s wi t hi n t he cel l s at  t he posi t i ons 
i ndi cat ed on t he dr awi ngs.   Mai nt ai n a mi ni mum cl ear ance of  1/ 2 i nch 
bet ween t he bar s and masonr y uni t s.   Pr ovi de mi ni mum cl ear ance bet ween 
par al l el  bar s of  1/ 2 i nch bet ween t he bar s and masonr y uni t s f or  
coar se gr out  and a mi ni mum cl ear ance of  1/ 4 i nch bet ween t he bar s and 
masonr y uni t s f or  f i ne gr out .   Pr ovi de mi ni mum cl ear ance bet ween 
par al l el  bar s of  1 i nch or  one di amet er  of  t he r ei nf or cement ,  
whi chever  i s gr eat er .   Ver t i cal  r ei nf or cement  may be hel d i n pl ace 
usi ng bar  posi t i oner s l ocat ed near  t he ends of  each bar  and at  
i nt er medi at e i nt er val s of  not  mor e t han 192 di amet er s of  t he 
r ei nf or cement  or  by ot her  means t o pr event  di spl acement  beyond 
per mi t t ed t ol er ances.   As masonr y wor k pr ogr esses,  secur e ver t i cal  
r ei nf or cement  t o pr event  di spl acement  beyond al l owabl e t ol er ances.

b.   Wi r e col umn and pi l ast er  l at er al  t i es i n posi t i on ar ound t he ver t i cal  
r ei nf or ci ng bar s.   Pl ace l at er al  t i es i n cont act  wi t h t he ver t i cal  
r ei nf or cement  and do not  pl ace i n hor i zont al  mor t ar  bed j oi nt s.

c.   Posi t i on hor i zont al  r ei nf or ci ng bar s as i ndi cat ed.   St agger  spl i ces i n 
adj acent  hor i zont al  bar s,  unl ess ot her wi se i ndi cat ed.

d.   For m spl i ces by l appi ng bar s as i ndi cat ed.   Do not  cut ,  bend or  
el i mi nat e r ei nf or ci ng bar s.   Foundat i on dowel  bar s may be f i el d- bent  
when per mi t t ed by TMS MSJC.

3. 4. 1. 3   Spl i ces of  Bar  Rei nf or cement

Lap spl i ce r ei nf or ci ng bar s as i ndi cat ed.   When used,  pr ovi de wel ded or  
mechani cal  connect i ons t hat  devel op at  l east  125 per cent  of  t he speci f i ed 
y i el d st r engt h of  t he r ei nf or cement .

3. 4. 2   Pl aci ng Gr out

3. 4. 2. 1   Gener al

Fi l l  cel l s cont ai ni ng r ei nf or ci ng bar s wi t h gr out .   Sol i dl y gr out  hol l ow 
masonr y uni t s i n wal l s or  par t i t i ons suppor t i ng pl umbi ng,  heat i ng,  or  
ot her  mechani cal  f i x t ur es,  voi ds at  door  and wi ndow j ambs,  and ot her  
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i ndi cat ed spaces.   Sol i dl y gr out  cel l s under  l i nt el  bear i ngs on each si de 
of  openi ngs f or  f ul l  hei ght  of  openi ngs.   Sol i dl y gr out  wal l s bel ow gr ade,  
l i nt el s,  and bond beams.   Uni t s ot her  t han open end uni t s may r equi r e 
gr out i ng each cour se t o pr ecl ude voi ds i n t he uni t s.   

Di scar d s i t e- mi xed gr out  t hat  i s  not  pl aced wi t hi n 1- 1/ 2 hour s af t er  wat er  
i s f i r st  added t o t he bat ch or  when t he speci f i ed s l ump i s not  met  wi t hout  
addi ng wat er  af t er  i ni t i al  mi xi ng.  Di scar d r eady- mi xed gr out  t hat  does not  
meet  t he speci f i ed s l ump wi t hout  addi ng wat er  ot her  t han wat er  t hat  was 
added at  t he t i me of  i ni t i al  di schar ge.   Al l ow suf f i c i ent  t i me bet ween 
gr out  l i f t s  t o pr ecl ude di spl acement  or  cr acki ng of  f ace shel l s of  masonr y 
uni t s.   Pr ovi de a gr out  shear  key bet ween l i f t s  when gr out i ng i s del ayed 
and t he l ower  l i f t  l oses pl ast i c i t y.   I f  bl owout s,  f l owout s,  mi sal i gnment ,  
or  cr acki ng of  f ace shel l s shoul d occur  dur i ng const r uct i on,  t ear  down t he 
wal l  and r ebui l d.

3. 4. 2. 2   Ver t i cal  Gr out  Bar r i er s f or  Mul t i - Wyt he Composi t e Wal l s

I n mul t i - wyt he composi t e wal l s,  pr ovi de gr out  bar r i er s i n t he col l ar  j oi n 
not  mor e t han 30 f eet  apar t ,  or  as r equi r ed,  t o l i mi t  t he hor i zont al  f l ow 
of  gr out  f or  each pour .

3. 4. 2. 3   Hor i zont al  Gr out  Bar r i er s

Embed hor i zont al  gr out  bar r i er s i n mor t ar  bel ow cel l s of  hol l ow uni t s 
r ecei v i ng gr out .

3. 4. 2. 4   Gr out  Hol es and Cl eanout s

3. 4. 2. 4. 1   Gr out  Hol es

Pr ovi de gr out i ng hol es i n s l abs,  spandr el  beams,  and ot her  i n- pl ace 
over head const r uct i on.   Locat e hol es over  ver t i cal  r ei nf or ci ng bar s or  as 
r equi r ed t o f aci l i t at e gr out  f i l l  i n bond beams.   Pr ovi de addi t i onal  
openi ngs spaced not  mor e t han 16 i nches on cent er s wher e gr out i ng of  
hol l ow uni t  masonr y i s i ndi cat ed.   Fom such openi ngs not  l ess t han 4 i nches
 i n di amet er  or  3 by 4 i nches i n hor i zont al  di mensi ons.   Upon compl et i on 
of  gr out i ng oper at i ons,  pl ug and f i ni sh gr out i ng hol es t o mat ch 
sur r oundi ng sur f aces.

3. 4. 2. 4. 2   Cl eanout s f or  Hol l ow Uni t  Masonr y Const r uct i on

For  hol l ow masonr y uni t s.  pr ovi de cl eanout  hol es at  t he bot t om of  ever y 
gr out  pour  i n cor es cont ai ni ng ver t i cal  r ei nf or cement  when t he hei ght  of  
t he gr out  pour  exceeds 5 f eet  4 i nches.   Wher e al l  cel l s ar e t o be 
gr out ed,  const r uct  c l eanout  cour ses usi ng bond beam uni t s i n an i nver t ed 
posi t i on t o per mi t  c l eani ng of  al l  cel l s.   Pr ovi de  c l eanout  hol es at  a 
maxi mum spaci ng of  32 i nches wher e al l  cel l s ar e t o be f i l l ed wi t h gr out .   

Est abl i sh a new ser i es of  c l eanout s i f   gr out i ng oper at i ons ar e st opped 
f or  mor e t han 4 hour s.   Pr ovi de cl eanout s not  l ess t han 3 by 3 i nch by 
cut t i ng openi ngs i n one f ace shel l .   Manuf act ur er ' s st andar d cut out  uni t s 
may be used at  t he Cont r act or ' s opt i on.   Do not  c l eanout  hol es unt i l  
masonr y wor k,  r ei nf or cement ,  and f i nal  c l eani ng of  t he gr out  spaces have 
been compl et ed and i nspect ed.   For  wal l s whi ch wi l l  be exposed t o v i ew,  
c l ose cl eanout  hol es i n an appr oved manner  t o mat ch sur r oundi ng masonr y.
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3. 4. 2. 5   Gr out  Pl acement

A gr out  pour  i s t he t ot al  hei ght  of  masonr y t o be gr out ed pr i or  t o 
er ect i on of  addi t i onal  masonr y.   A gr out  l i f t  i s  an i ncr ement  of  gr out  
pl acement  wi t hi n a gr out  pour .   A gr out  pour  i s f i l l ed by one or  mor e 
l i f t s  of  gr out .

a.   Lay masonr y t o t he t op of  a pour  per mi t t ed by TMS MSJC Tabl e 7,  based 
on t he si ze of  t he gr out  space and t he t ype of  gr out .   Pr i or  t o 
gr out i ng,  r emove masonr y pr ot r usi ons t hat  ext end 1/ 2 i nch or  mor e i nt o 
cel l s or  spaces t o be gr out ed.   Pr ovi de gr out  hol es and cl eanout s i n 
accor dance wi t h par agr aph GROUT HOLES AND CLEANOUTS above when t he 
gr out  pour  hei ght  exceeds 5 f eet  4 i nches.   Hol d r ei nf or cement ,  bol t s,  
and embedded connect i ons r i gi dl y i n posi t i on bef or e gr out i ng i s 
st ar t ed.  Do not  pr ewet  concr et e masonr y uni t s.

b.   Pl ace gr out  usi ng a hand bucket ,  concr et e hopper ,  or  gr out  pump t o 
f i l l  t he gr out  space wi t hout  segr egat i on of  aggr egat e.   Oper at e gr out  
pumps t o pr oduce a cont i nuous st r eam of  gr out  wi t hout  ai r  pocket s,  
segr egat i on,  or  cont ami nat i on.  

c.   I f  t he masonr y has cur ed at  l east  4 hour s,  gr out  s l ump i s mai nt ai ned 
bet ween 10 t o 11 i nches,  and no i nt er medi at e r ei nf or ced bond beams ar e 
pl aced bet ween t he t op and bot t om of  t he pour  hei ght ,  pl ace 
convent i onal  gr out  i n l i f t s  not  exceedi ng 12 f eet  8 i nches.   For  t he 
same cur i ng and sl ump condi t i ons but  wi t h i nt er medi at e bond beams,  
l i mi t  convent i onal  gr out  l i f t  t o t he bot t om of  t he l owest  bond beam 
t hat  i s mor e t han 5 f eet  4 i nches above t he bot t om of  t he l i f t ,  but  do 
not  exceed 12 f eet  8 i nches.   I f  masonr y has not  cur ed at  l east  4 
hour s or  gr out  s l ump i s not  mai nt ai ned bet ween 10 t o 11 i nches,  pl ace 
convent i onal  gr out  i n l i f t s  not  exceedi ng 5 f eet  4 i nches.

d.   Consol i dat e convent i onal  gr out  l i f t  and r econsol i dat e af t er  i ni t i al  
set t l ement  bef or e pl aci ng next  l i f t .   For  gr out  pour s t hat  ar e 12 
i nches or  l ess i n hei ght ,  consol i dat e and r econsol i dat e gr out  by 
mechani cal  v i br at i on or  puddl i ng.   For  gr out  pour s t hat  ar e gr eat er  
t han 12 i nches i n hei ght ,  consol i dat e and r econsol i dat e gr out  by 
mechani cal  v i br at i on.   Appl y v i br at or s at  uni f or ml y spaced poi nt s not  
f ur t her  apar t  t han t he vi s i bl e ef f ect i veness of  t he machi ne.   Li mi t  
dur at i on of  v i br at i on t o t i me necessar y t o pr oduce sat i sf act or y 
consol i dat i on wi t hout  causi ng segr egat i on.   I f  pr evi ous l i f t  i s  not  
per mi t t ed t o set ,  di p v i br at or  i nt o pr evi ous l i f t .   Do not  i nser t  
v i br at or s i nt o l ower  l i f t s  t hat  ar e i n a semi - sol i di f i ed st at e.   I f  
l ower  l i f t  set s pr i or  t o pl acement  of  subsequent  l i f t ,  f or m a gr out  
key by t er mi nat i ng gr out  a mi ni mum of  1- 1/ 2 i nch bel ow a mor t ar  
j oi nt .   Vi br at e each ver t i cal  cel l  cont ai ni ng r ei nf or cement  i n 
par t i al l y  gr out ed masonr y.   Do not  f or m gr out  keys wi t hi n beams.  

e.   I f  t he masonr y has cur ed 4 hour s,  pl ace sel f - consol i dat i ng gr out  ( SCG)  
i n l i f t s  not  exceedi ng t he pour  hei ght .   I f  masonr y has not  cur ed f or  
at  l east  4 hour s,  pl ace SCG i n l i f t s  not  exceedi ng 5 f eet  4 i nches.   
Do not  mechani cal l y consol i dat e sel f - consol i dat i ng gr out .   Pl ace 
sel f - consol i dat i ng gr out  i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons.   

f .   Upon compl et i on of  each day' s gr out i ng,  r emove wast e mat er i al s and 
debr i s f r om t he equi pment ,  and di spose of  out s i de t he masonr y.
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3. 4. 3   Joi nt  Rei nf or cement  I nst al l at i on

I nst al l  j oi nt  r ei nf or cement  at  16 i nches on cent er  unl ess ot her wi se 
i ndi cat ed.   Lap j oi nt  r ei nf or cement  not  l ess t han 6 i nches.   I nst al l  
pr ef abr i cat ed sect i ons at  cor ner s and wal l  i nt er sect i ons.   Pl ace t he 
l ongi t udi nal  wi r es of  j oi nt  r ei nf or cement  i n mor t ar  beds t o pr ovi de not  
l ess t han 5/ 8 i nch cover  t o ei t her  f ace of  t he uni t .

3. 4. 4   Bond Beams

Rei nf or ce and gr out  bond beams as i ndi cat ed and as descr i bed i n par agr aphs 
above.   I nst al l  gr out  bar r i er s under  bond beam uni t s t o r et ai n t he gr out  
as r equi r ed,  unl ess wal l  i s  f ul l y  gr out ed or  sol i d bot t om uni t s ar e used.   
For  hi gh l i f t  gr out i ng i n par t i al l y  gr out ed masonr y,  pr ovi de gr out  
r et ai ni ng mat er i al  on t he t op of  bond beams t o pr event  upwar d f l ow of  
gr out .   Ensur e t hat  r ei nf or cement  i s cont i nuous,  i ncl udi ng ar ound cor ner s,  
except  t hr ough cont r ol  j oi nt s or  expansi on j oi nt s,  unl ess ot her wi se 
i ndi cat ed.

3. 4. 5   Fl ashi ng and Weeps

a.   I nst al l  t hr ough- wal l  f l ashi ng at  obst r uct i ons i n t he cavi t y and wher e 
i ndi cat ed on Dr awi ngs.   Ensur e cont i nui t y of  t he f l ashi ng at  l aps and 
i nsi de and out si de cor ner s by spl i c i ng i n a manner  appr oved by t he 
f l ashi ng manuf act ur er .   Ensur e t hat  t he t op edge of  t he f l ashi ng i s 
seal ed by l appi ng a mi ni mum of  6 i nches under  t he weat her  r esi st i ve 
bar r i er  .   Ter mi nat e t he hor i zont al  l eg of  t he f l ashi ng by ext endi ng 
t he sheet  met al  1/ 2 i nch beyond t he out si de f ace of  masonr y and 
t ur ni ng downwar d wi t h a hemmed dr i p .   Pr ovi de seal ant  bel ow t he dr i p 
edge of  t hr ough- wal l  f l ashi ng.

b.   Wher ever  t hr ough- wal l  f l ashi ng occur s,  pr ovi de weep hol es t o dr ai n 
f l ashi ng t o ext er i or  at  accept abl e l ocat i ons as i ndi cat ed.   Pr ovi de 
weeps of  open head j oi nt s.   Locat e weeps not  mor e t han 24 i nches on 
cent er s i n mor t ar  j oi nt s of  t he ext er i or  wyt he di r ect l y on t he 
hor i zont al  l eg of  t hr ough- wal l  f l ashi ng over  f oundat i ons,  bond beams,  
and any ot her  hor i zont al  i nt er r upt i ons of  t he cavi t y.   Pl ace weep 
hol es per f ect l y hor i zont al  or  s l i ght l y cant ed downwar d t o encour age 
wat er  dr ai nage out war d and not  i nwar d.   Ot her  met hods may be used f or  
pr ovi di ng weeps when spaci ng i s r educed t o 16 i nches on cent er  and 
appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   Mai nt ai n weeps 
f r ee of  mor t ar  and ot her  obst r uct i ons.

3. 5   APPLI CATI ON

3. 5. 1   I nt er f ace wi t h Ot her  Pr oduct s

3. 5. 1. 1   Bui l t - I n I t ems

Fi l l  spaces ar ound bui l t - i n i t ems wi t h mor t ar .   Poi nt  openi ngs ar ound 
f l ush- mount  el ect r i cal  out l et  boxes i n wet  l ocat i ons wi t h mor t ar .   Embed 
anchor s,  t i es,  wal l  pl ugs,  accessor i es,  f l ashi ng,  pi pe sl eeves and ot her  
i t ems r equi r ed t o be bui l t - i n  as t he masonr y wor k pr ogr esses.   Ful l y 
embed anchor s,  t i es and j oi nt  r ei nf or cement  i n t he mor t ar .   Fi l l  cel l s 
r ecei v i ng anchor  bol t s and cel l s of  t he f i r st  cour se bel ow bear i ng pl at es 
wi t h gr out ,  unl ess ot her wi se i ndi cat ed.
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3. 5. 1. 2   Door  and Wi ndow Fr ame Joi nt s

On t he exposed i nt er i or  and ext er i or  s i des of  ext er i or  f r ames,  r ake j oi nt s 
bet ween f r ames and abut t i ng masonr y wal l s t o a dept h of  3/ 8 i nch.

3. 5. 1. 3   Bear i ng Pl at es

Set  bear i ng pl at es f or  beams,  j oi st s,  j oi st  gi r der s and si mi l ar  st r uct ur al  
member s t o t he pr oper  l i ne and el evat i on wi t h damp- pack beddi ng mor t ar ,  
except  wher e non- shr i nk gr out  i s i ndi cat ed.   Pr ovi de beddi ng mor t ar  and 
non- shr i nk gr out  s speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

3. 5. 2   Tol er ances

Lay masonr y pl umb,  t r ue t o l i ne,  wi t h cour ses l evel  wi t hi n t he t ol er ances 
of  TMS MSJC,  Ar t i c l e 3. 3 F.

3. 6   FI ELD QUALI TY CONTROL

3. 6. 1   Test s

3. 6. 1. 1   Fi el d Test i ng of  Mor t ar

Per f or m mor t ar  t est i ng at  t he f ol l owi ng f r equency:   3 t i mes per  day.   For  
each r equi r ed mor t ar  t est ,  pr ovi de a mi ni mum of  t hr ee mor t ar  sampl es.   
Per f or m i ni t i al  mor t ar  t est i ng pr i or  t o const r uct i on f or  compar i son 
pur poses dur i ng const r uct i on.

Pr epar e and t est  mor t ar  sampl es f or  mor t ar  aggr egat e r at i o i n accor dance 
wi t h ASTM C780 Appendi x A4.   Pr epar e and t est  mor t ar  compr essi ve st r engt h 
speci mens i n accor dance wi t h ASTM C780 Appendi x A6.

3. 6. 1. 2   Fi el d Test i ng of  Gr out

a.   Per f or m gr out  t est i ng at  t he f ol l owi ng f r equency:   3 t i mes per  day.   
For  each r equi r ed gr out  pr oper t y t o be eval uat ed,  pr ovi de a mi ni mum of  
t hr ee speci mens.

b.   Sampl e and t est  convent i onal  and sel f - consl i dat i ng gr out  f or  
compr essi ve st r engt h and t emper at ur e i n accor dance wi t h ASTM C1019.

c.   Eval uat e s l ump i n convent i onal  gr out  i n accor dance wi t h ASTM C1019.

d.   Eval uat e s l ump f l ow and vi sual  st abi l i t y  i ndex of  sel f - consol i dat i ng 
gr out  i n accor dance wi t h ASTM C1611/ C1611M.

3. 6. 2   Speci al  I nspect i on

Per f or m speci al  i nspect i ons and t est i ng i n accor dance wi t h Sect i on 01 45 35
 SPECI AL I NSPECTI ONS.

3. 7   POI NTI NG AND CLEANI NG

Af t er  mor t ar  j oi nt s have at t ai ned t hei r  i ni t i al  set ,  but  pr i or  t o 
har deni ng,  compl et el y r emove mor t ar  and gr out  daubs and spl ashi ngs f r om 
masonr y- uni t  sur f aces t hat  wi l l  be exposed or  pai nt ed.   Bef or e compl et i on 
of  t he wor k,  r ake out  def ect s i n j oi nt s of  masonr y t o be exposed or  
pai nt ed,  f i l l  wi t h mor t ar ,  and t ool  t o mat ch exi st i ng j oi nt s.   I mmedi at el y 
af t er  gr out  wor k i s compl et ed,  r emove scum and st ai ns t hat  have per col at ed 

SECTI ON 04 20 00  Page 22



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

t hr ough t he masonr y wor k usi ng a l ow pr essur e st r eam of  wat er  and a st i f f  
br i st l ed br ush.   Do not  c l ean masonr y sur f aces,  ot her  t han r emovi ng excess 
sur f ace mor t ar ,  unt i l  mor t ar  i n j oi nt s has har dened.   Leave masonr y 
sur f aces cl ean,  f r ee of  mor t ar  daubs,  di r t ,  st ai n,  and di scol or at i on,  
i ncl udi ng scum f r om cl eani ng oper at i ons,  and wi t h t i ght  mor t ar  j oi nt s 
t hr oughout .   Do not  use met al  t ool s and met al  br ushes f or  c l eani ng.

3. 7. 1   Dr y- Br ushi ng Concr et e Masonr y

Dr y br ush exposed concr et e masonr y sur f aces at  t he end of  each day' s wor k 
and af t er  any r equi r ed poi nt i ng,  usi ng st i f f - f i ber  br i st l ed br ushes.

3. 8   CLOSE- OUT TAKE- BACK PROGRAM

Col l ect  i nf or mat i on f r om manuf act ur er  f or  t ake- back pr ogr am opt i ons.   Set  
asi de masonr y uni t s,  f ul l  and par t i al  t o be r et ur ned t o manuf act ur er  f or  
r ecycl i ng i nt o new pr oduct .   When such a ser vi ce i s not  avai l abl e,  seek 
l ocal  r ecycl er s t o r ecl ai m t he mat er i al s.   Submi t  document at i on t hat  
i ncl udes cont act  i nf or mat i on,  summar y of  pr ocedur es,  and t he l i mi t at i ons 
and condi t i ons appl i cabl e t o t he pr oj ect .   I ndi cat e manuf act ur er ' s 
commi t ment  t o r ecl ai m mat er i al s f or  r ecycl i ng and/ or  r euse.

3. 9   PROTECTI ON

Pr ot ect  f aci ng mat er i al s agai nst  st ai ni ng.   Cover  t op of  wal l s wi t h 
nonst ai ni ng wat er pr oof  cover i ng or  membr ane t o pr ot ect  f r om moi st ur e 
i nt r usi on when wor k i s not  i n pr ogr ess.   Cont i nue cover i ng t he t op of  t he 
unf i ni shed wal l s unt i l  t he wal l  i s  wat er pr oof ed wi t h a compl et e r oof  or  
par apet  syst em.   Ext end cover i ng a mi ni mum of  2 f eet  down on each si de of  
t he wal l  and hol d secur el y i n pl ace.   Bef or e st ar t i ng or  r esumi ng wor k,  
c l ean t op sur f ace of  masonr y i n pl ace of  l oose mor t ar  and f or ei gn mat er i al .

        - -  End of  Sect i on - -
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SECTI ON 05 05 20

POST- I NSTALLED CONCRETE AND MASONRY ANCHORS
05/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  355. 2 ( 2007)  Qual i f i cat i on of  Post - I nst al l ed 
Mechani cal  Anchor s i n Concr et e and 
Comment ar y

ACI  355. 4 ( 2011)  Qual i f i cat i on of  Post - I nst al l ed 
Adhesi ve Anchor s i n Concr et e ( ACI  355. 4)  
and Comment ar y

ASTM I NTERNATI ONAL ( ASTM)

ASTM A153/ A153M ( 2016a)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A193/ A193M ( 2022a)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A615/ A615M ( 2022)  St andar d Speci f i cat i on f or  Def or med 
and Pl ai n Car bon- St eel  Bar s f or  Concr et e 
Rei nf or cement

ASTM E488/ E488M ( 2022)  St andar d Test  Met hods f or  St r engt h 
of  Anchor s i n Concr et e El ement s

ASTM F1554 ( 2020)  St andar d Speci f i cat i on f or  Anchor  
Bol t s,  St eel ,  36,  55,  and 105- ksi  Yi el d 
St r engt h

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2021)  I nt er nat i onal  Bui l di ng Code

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

EM 385- 1- 1 ( 2014)  Saf et y - -  Saf et y and Heal t h 
Requi r ement s Manual

1. 2   APPLI CABI LI TY

Thi s gui de speci f i cat i on cover s t he r equi r ement s f or  al l  anchor s t hat  ar e 
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post - i nst al l ed i nt o har dened concr et e,  concr et e masonr y,  or  br i ck.   Thi s 
gui de speci f i cat i on does not  cover  t hr ough bol t s,  powder  or  pneumat i c 
act uat ed nai l s,  or  cast  i n anchor s.   Ref er  t o Sect i on 05 50 13 
MI SCELLANEOUS METAL FABRI CATI ONS f or  r equi r ement s of  t hr ough bol t s,  powder  
or  pneumat i c act uat ed nai l s,  or  cast  i n anchor s.

1. 3   DEFI NI TI ONS

1. 3. 1   Anchor

" Anchor "  i ncl udes st eel  el ement s post - i nst al l ed i nt o har dened concr et e,  
concr et e masonr y,  or  br i ck and used t o t r ansmi t  appl i ed l oads.

1. 3. 2   Per i odi c Speci al  I nspect i ons

" Per i odi c Speci al  I nspect i on"  as used her ei n means t hat ,  as a mi ni mum,  t he 
Post - I nst al l ed Anchor  Speci al  I nspect or  must  per f or m i nspect i ons i n 
accor dance wi t h t hi s speci f i cat i on.

1. 3. 3   Cont i nuous Speci al  I nspect i ons

" Cont i nuous Speci al  I nspect i on"  as used her ei n means t hat  t he 
Post - I nst al l ed Anchor  Speci al  I nspect or  obser ves t he dr i l l i ng and cl eani ng 
of  hol es,  t he i nj ect i on of  adhesi ve i nt o t he hol es,  and t he i nser t i on of  
anchor s i nt o t he hol es.   When appl i cabl e f or  t he t ype of  i nst al l at i on,  or  
as i ndi cat ed i n t he pr oj ect  dr awi ngs,  " Cont i nuous Speci al  I nspect i on"  al so 
i ncl udes obser vat i on of  measur es t o secur e t he anchor  dur i ng t he adhesi ve 
cur i ng per i od.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

I nst al l er  Qual i f i cat i ons;  G,  RO

Post - I nst al l ed Anchor  Speci al  I nspect or  Qual i f i cat i ons;  G,  RO

SD- 03 Pr oduct  Dat a

Mechani cal  Anchor s i n Concr et e;  G,  RO

Adhesi ve Anchor  Syst em i n Concr et e;  G,  RO

Mechani cal  and Adhesi ve Anchor s i n Masonr y;  G,  RO

Non- Shr i nk,  Non- Met al l i c  Gr out ;  G,  RO

SD- 06 Test  Repor t s

Post - I nst al l ed Anchor  Speci al  I nspect i ons Repor t ;  G,  RO

SD- 07 Cer t i f i cat es
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Post - I nst al l ed Anchor  Cer t i f i cat i on;  G,  RO

SD- 08 Manuf act ur er ' s I nst r uct i ons

Manuf act ur er ' s Pr i nt ed I nst al l at i on I nst r uct i ons;  G,  RO

Non- Shr i nk,  Non- Met al l i c  Gr out ;  G,  RO

Manuf act ur er ' s Mat er i al  Saf et y Dat a Sheet s

1. 5   QUALI TY ASSURANCE

Per f or m al l  wor k i n accor dance wi t h EM 385- 1- 1 and al l  manuf act ur er ' s 
i nst r uct i ons and r ecommendat i ons.   To pr ot ect  per sonnel  f r om over exposur e 
t o t oxi c mat er i al s,  conf or m t o t he appl i cabl e manuf act ur er ' s Mat er i al  
Saf et y Dat a Sheet s ( MSDS)  or  l ocal  r egul at i on.   Submi t  t he MSDS f or  
epoxi es and ot her  pot ent i al l y  hazar dous mat er i al s.

1. 5. 1   Qual i f i cat i ons

The submi t t al s must  i dent i f y i ndi v i dual s who wi l l  be wor ki ng on t hi s 
cont r act  and t hei r  r el evant  exper i ence and t r ai ni ng.   Do not  make changes 
i n appr oved per sonnel  wi t hout  pr i or  appr oval  of  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

1. 5. 1. 1   I nst al l er  Qual i f i cat i ons

Each wor ker  engaged i n t he i nst al l at i on of  post - i nst al l ed anchor s must  
have sat i sf act or i l y  compl et ed an appl i cabl e cer t i f i cat i on pr ogr am or  
equi val ent  i nst r uct i on pr ogr am t hr ough t he manuf act ur er  or  manuf act ur er ' s 
r epr esent at i ve f or  al l  anchor i ng pr oduct s t hey wi l l  i nst al l .   A 
manuf act ur er ' s r epr esent at i ve must  t r ai n al l  i nst al l er s per  t he 
i nst al l at i on i nst r uct i ons as l i s t ed i n t he I CC- ES Eval uat i on Repor t  f or  
t he anchor  bei ng i nst al l ed.    Tr ai ni ng must  consi st  of  a r evi ew and 
per f or mance t est  of  t he compl et e i nst al l at i on pr ocess,  i ncl udi ng but  not  
l i mi t ed t o:

( 1)  Hol e dr i l l i ng pr ocedur e

( 2)  Hol e pr epar at i on & cl eani ng t echni que

( 3)  Adhesi ve i nj ect i on t echni que & di spenser  t r ai ni ng /  mai nt enance

( 4)  Anchor / t hr eaded r od pr epar at i on and i nst al l at i on

( 5)  Rebar  dowel  pr epar at i on and i nst al l at i on

( 7)  I nst al l at i on i n hor i zont al  and upwar d or i ent at i ons

Submi t  cer t i f i cat i on f or  each wor ker  showi ng t hat  t hey have compl et ed t he 
above t r ai ni ng wi t hi n t hr ee year s pr i or  t o onsi t e wor k.   Cer t i f i cat i on 
must  i ncl ude or gani zat i on or  manuf act ur er ' s name,  i nst r uct or ' s name and 
qual i f i cat i ons,  t r ai nee' s name,  l i s t  of  i nst r uct i on r ecei ved,  dat e of  
i nst r uct i on,  and conf i r mat i on of  successf ul  per f or mance t est s.

1. 5. 1. 2   Post - I nst al l ed Anchor  Speci al  I nspect or  Qual i f i cat i ons

The Cont r act or  must  r et ai n t he ser vi ces of  a t hi r d par t y Speci al  I nspect or  
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i ndependent  of  t he i nst al l i ng cont r act or  and manuf act ur er .   The 
i ndi v i dual ( s)  who per f or m speci al  i nspect i ons f or  post - i nst al l ed anchor s 
must  meet  al l  I nst al l er  Qual i f i cat i on r equi r ement s and have a mi ni mum of  3 
year s of  exper i ence as a Speci al  I nspect or  on pr evi ous pr oj ect s i nvol v i ng 
s i mi l ar  scope of  wor k.   Submi t  r esumes,  per t i nent  i nf or mat i on,  past  
exper i ence,  and t r ai ni ng.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

1. 6. 1   Packi ng,  Shi ppi ng,  Handl i ng,  and Unl oadi ng

Del i ver  pr oduct s t o j ob s i t e i n manuf act ur er ' s or  di st r i but or ' s or i gi nal  
packagi ng undamaged,  compl et e wi t h i nst al l at i on i nst r uct i ons.   I nspect  
mat er i al s del i ver ed t o s i t e f or  damage.   Unl oad and st or e wi t h mi ni mal  
handl i ng.

1. 6. 2   St or age

Pr ot ect ,  st or e,  and handl e mat er i al s i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons t o pr event  damage or  det er i or at i on.   Do not  al l ow chemi cal  
mat er i al s t o f r eeze.   Remove mat er i al s t hat  have not  be st or ed i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons,  i ncl udi ng expi r ed 
mat er i al s,  f r om t he j ob s i t e.

PART 2   PRODUCTS

2. 1   MATERI ALS

2. 1. 1   Post - I nst al l ed Anchor s

Pr ovi de anchor s of  t he t ype,  ef f ect i ve embedment ,  and di amet er  i ndi cat ed 
on cont r act  dr awi ngs.   Mi ni mum spaci ng and concr et e edge di st ances must   
be as shown on cont r act  dr awi ngs.  Desi gn val ues l i s t ed must  be as t est ed 
accor di ng t o ASTM E488/ E488M f or  t he subst r at e t ype,  subst r at e moi st ur e 
condi t i on,  concr et e aggr egat e t ype ( nor mal  wei ght  or  l i ght wei ght  
concr et e) ,  and concr et e/ masonr y st r engt h.   Mi ni mum al l owabl e st r engt h 
t ensi on and shear  val ues must  be as i ndi cat ed on cont r act  dr awi ngs.   I f  
mor e t han one t ype of  anchor  i s t o be used on a pr oj ect ,  c l ear l y i ndi cat e 
on t he submi t t al  wher e each t ype of  anchor  wi l l  be used.

2. 1. 1. 1   Post - I nst al l ed Anchor  Cer t i f i cat i on

Submi t  pr oduct  i nf or mat i on wi t h r ecommended desi gn val ues and physi cal  
char act er i st i cs f or  each t ype anchor  shown on t he dr awi ngs.

Pr ovi de cer t i f i ed t est  r epor t s showi ng compl i ance wi t h speci f i ed 
per f or mance char act er i st i cs and physi cal  pr oper t i es.   Anchor s must  have 
one of  t he f ol l owi ng cer t i f i cat i ons:

( 1)  I CC- ES Eval uat i on Repor t  i ndi cat i ng conf or mance wi t h cur r ent  
appl i cabl e I CC ES Accept ance Cr i t er i a

( 2)  Thi r d par t y Eval uat i on Repor t  i n conf or mance wi t h ACI  355. 2 or  
ACI  355. 4,  as appl i cabl e.   Thi r d par t y must  be accr edi t ed under  
I SO/ I EC 17025 by a r ecogni zed accr edi t at i on body conf or mi ng t o t he 
r equi r ement s of  I SO/ I EC 17011 i n accor dance wi t h ACI  355. 4. "
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2. 1. 1. 2   Manuf act ur er ' s Pr i nt ed I nst al l at i on I nst r uct i ons

Submi t  manuf act ur er ' s i nst r uct i ons f or  each anchor  t ype shown on t he 
dr awi ngs.

2. 1. 1. 3   Mechani cal  Anchor s i n Concr et e

Anchor s must  have been t est ed and qual i f i ed f or  per f or mance i n cr acked and 
uncr acked concr et e i n accor dance wi t h ACI  355. 2.

Anchor s must  be gal vani zed i n accor dance wi t h ASTM A153/ A153M or  st ai nl ess 
st eel  i n accor dance wi t h ASTM A193/ A193M unl ess ot her wi se i ndi cat ed.  

2. 1. 1. 4   Adhesi ve Anchor  Syst em i n Concr et e

Use an adhesi ve t o bond st eel  anchor s t o concr et e.   The adhesi ve must  be a 
moi st ur e i nsensi t i ve,  st r uct ur al  adhesi ve.   Anchor s must  have been t est ed 
and qual i f i ed f or  per f or mance i n cr acked and uncr acked concr et e,  
hor i zont al  and over head appl i cat i ons,  and l ong t er m cr eep i n accor dance 
wi t h ACI  355. 4.

Thr eaded r od anchor s must  meet  t he r equi r ement s of  ASTM F1554 Gr ade 36.   
Thr eaded r ods must  be gal vani zed i n accor dance wi t h ASTM A153/ A153M or  
st ai nl ess st eel  i n accor dance wi t h ASTM A193/ A193M unl ess ot her wi se 
i ndi cat ed.   Rei nf or ci ng bar s must  meet  t he r equi r ement s of  ASTM A615/ A615M 
Gr ade 60.

Adhesi ve anchor s must  have t he bel ow char act er i st i c bond st r engt hs f or  
uncr acked and cr acked concr et e i n 3, 000 psi  concr et e wi t h maxi mum shor t  
t er m t emper at ur es of  140 degr ees F and maxi mum l ong t er m t emper at ur es of  
110 degr ees F:
B

ANCHOR Tau, uncr  
( char act er i st i c bond 
st r engt h,  uncr acked 
concr et e)

Tau, cr  ( char act er i st i c 
bond st r engt h,  cr acked 
concr et e)

( psi ) ( psi )

1/ 2"  di amet er  t hr eaded r od 1, 156 572

3/ 4"  di amet er  t r eaded r od 1, 067 441

2. 1. 1. 5   Mechani cal  and Adhesi ve Anchor s i n Masonr y

Anchor s must  have been t est ed and qual i f i ed,  by a t hi r d par t y,  
speci f i cal l y f or  per f or mance i n f i l l ed concr et e masonr y t o mat ch t he 
pr oj ect ' s act ual  base mat er i al .

Adhesi ves must  be moi st ur e i nsensi t i ve,  l ow cr eep,  st r uct ur al  adhesi ve.   
Thr eaded r ods must  meet  t he r equi r ement s of  ASTM F1554 Gr ade 36.  

Anchor s must  be gal vani zed i n accor dance wi t h ASTM A153/ A153M or  st ai nl ess 
st eel  i n accor dance wi t h ASTM A193/ A193M unl ess ot her wi se i ndi cat ed.

2. 2   EQUI PMENT

Assembl e at  t he s i t e of  t he wor k,  suf f i c i ent  equi pment  t hat  i s  dependabl e,  
appr opr i at e and adequat e t o accompl i sh t he wor k speci f i ed.   Mai nt ai n t he 
equi pment  i n good wor ki ng condi t i on.
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PART 3   EXECUTI ON

3. 1   ANCHORI NG AND REI NFORCI NG

I nst al l  anchor s i n accor dance wi t h t he spaci ng and edge cl ear ances 
i ndi cat ed on t he dr awi ngs.   Anchor  capaci t y i s al so hi ghl y dependent  on 
pr oper  i nst al l at i on.   Fol l ow al l  manuf act ur er  and Eval uat i on Repor t  
i nst al l at i on i nst r uct i ons.

3. 1. 1   Dr i l l i ng and I nst al l i ng Mechani cal  Anchor s

Dr i l l  hol es f or  anchor s usi ng dr i l l i ng equi pment  and bi t s sui t abl e f or  t he 
i nt ended pur pose,  i n accor dance wi t h Manuf act ur er ' s publ i shed i nst al l at i on 
i nst r uct i ons.   Di amet er  of  hol es must  be as r ecommended by t he anchor  
manuf act ur er .   Unl ess ot her wi se shown on t he Dr awi ngs,  al l  hol es must  be 
dr i l l ed per pendi cul ar  t o t he concr et e sur f ace.   Devi at i ons mor e t han 6 
degr ees f r om per pendi cul ar  ar e not  accept abl e.   Unl ess ot her wi se 
speci f i ed,  do not  dr i l l  hol es i n concr et e or  masonr y unt i l  concr et e,  
mor t ar ,  or  gr out  has achi eved f ul l  desi gn st r engt h.   Mechani cal  anchor s 
must  not  be i nst al l ed i n concr et e t hat  i s  l ess t han 7 days ol d.

Cl ean hol es,  i nst al l  anchor s and set  anchor s i n pl ace i n accor dance wi t h 
t he manuf act ur er ' s r ecommendat i ons.   Pr ot ect  t hr eads and anchor  f r om 
damage dur i ng anchor  i nst al l at i on.   Ensur e pr oper  embedment  and pl acement  
i n accor dance wi t h cont r act  document s and al l  ot her  wor k.   Ai m wedges away 
f r om any concr et e edges t hat  ar e l ess t han 9 i nches f r om cent er l i ne of  
hol e.

Ti ght en nut s agai nst  smoot h washer s t o t he manuf act ur er ' s r ecommended 
t or que,  usi ng a cal i br at ed t or que wr ench.   Fol l owi ng at t ai nment  of  10 
per cent  of  t he speci f i ed t or que,  100 per cent  of  t he speci f i ed t or que must  
be r eached wi t hi n 7 or  l ess compl et e t ur ns of  t he nut .   I f  t he speci f i ed 
t or que i s not  achi eved wi t hi n t he r equi r ed number  of  t ur ns,  t he anchor  
must  be r emoved and r epl aced unl ess ot her wi se di r ect ed by t he Engi neer  of  
Recor d.

3. 1. 2   Dr i l l i ng and I nst al l i ng Adhesi ve Anchor s

Dr i l l  hol es f or  anchor s usi ng dr i l l i ng equi pment  and bi t s sui t abl e f or  t he 
i nt ended pur pose,  i n accor dance wi t h Manuf act ur er ' s Pr i nt ed I nst al l at i on 
I nst r uct i ons and Eval uat i on Repor t  i nst al l at i on i nst r uct i ons.   Di amet er  of  
hol es must  be as r ecommended by t he anchor  manuf act ur er .   Unl ess ot her wi se 
shown on t he dr awi ngs,  al l  hol es must  be dr i l l ed per pendi cul ar  t o t he 
concr et e sur f ace.   Devi at i ons mor e t han 10 degr ees f r om per pendi cul ar  ar e 
not  accept abl e.   Unl ess ot her wi se speci f i ed,  do not  dr i l l  hol es i n 
concr et e or  masonr y unt i l  concr et e,  mor t ar ,  or  gr out  has achi eved f ul l  
desi gn st r engt h.   Adhesi ve anchor s must  not  be i nst al l ed i n concr et e t hat  
i s  l ess t han 21 days ol d.

Cl ean hol es,  pl ace gr out ,  and i nst al l  anchor s i n accor dance wi t h anchor  
manuf act ur er ' s r ecommendat i ons.   Remove excess adhesi ve af t er  t he anchor  
has been set  i n pl ace.   Remove spi l l s  on adj acent  sur f aces.   Pr ot ect  
t hr eads and anchor  f r om damage dur i ng anchor  i nst al l at i on.   Ensur e pr oper  
embedment  and pl acement  i n accor dance wi t h cont r act  document s and al l  
ot her  wor k.   Do not  di st ur b or  l oad anchor s bef or e manuf act ur er  speci f i ed 
cur e t i me has el apsed.

Adhesi ves must  be st or ed at  t emper at ur es pr escr i bed by t he manuf act ur er  
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and must  not  be used beyond t he expi r at i on dat e.

3. 1. 3   Unused or  Repai r s t o Dr i l l ed Hol es

Any hol es made f or  anchor s t hat  ar e not  used must  be f i l l ed wi t h 
non- shr i nk,  non met al l i c  gr out  sui t abl e f or  t he or i ent at i on and si ze of  
hol e and have a mi ni mum compr essi ve st r engt h of  4000 psi .   Repai r  must  
compl et el y f i l l  hol e and be f l ush wi t h exi st i ng concr et e or  masonr y.   
Pl ace i n accor dance wi t h manuf act ur er ' s r ecommended i nst r uct i ons.   Fi nal  
anchor  posi t i ons must  not  be wi t hi n1 i nch of  r epai r  pat ches.

3. 2   EMBEDDED I TEMS

Exi st i ng r ei nf or ci ng bar s or  ot her  embedded i t ems i n t he st r uct ur e may 
conf l i c t  wi t h speci f i ed anchor  l ocat i ons.   Exi st i ng r ei nf or ci ng and 
embedded i t ems must  not  be damaged dur i ng i nst al l at i on of  post - i nst al l ed 
anchor s.

3. 3   TESTS AND I NSPECTI ONS

3. 3. 1   Adhesi ve Anchor s

For  adhesi ve anchor s,  per i odi c speci al  i nspect i on ar e r equi r ed as a 
mi ni mum.   Wher e adhesi ve anchor s ar e used t o r esi st  sust ai ned t ensi on i n 
hor i zont al  or  upwar dl y i ncl i ned or i ent at i ons,  or  wher e t he f i ndi ngs of  t he 
Eval uat i on Repor t  f or  t he adhesi ve anchor  pr oduct  r equi r e i t ,  cont i nuous 
speci al  i nspect i on i s needed.   I nspect i ons must  be i n accor dance wi t h 
I CC I BC and t he Eval uat i on Repor t .

Adhesi ve anchor s must  be i nspect ed dur i ng i nst al l at i on,  t o ver i f y anchor  
t ype,  anchor  di mensi ons,  base mat er i al  t ype,  base mat er i al  age,  dr i l l  bi t ,  
hol e di mensi ons,  hol e c l eani ng pr ocedur es,  anchor  spaci ng,  edge di st ances,  
base mat er i al  t hi ckness,  ef f ect i ve embedment ,  t i ght eni ng t or que,  adhesi ve 
mi xi ng,  f i l l i ng of  t he hol e wi t h adhesi ve,  adher ence t o t he manuf act ur er ' s 
pr i nt ed i nst al l at i on i nst r uct i ons,  and any addi t i onal  i t ems r ecommended i n 
t he Eval uat i on Repor t .

The Speci al  I nspect or  must  per f or m pr oof  l oadi ng on t he f i r st  t hr ee 
anchor s of  each t ype and si ze,  f or  each i nst al l er ,  and a mi ni mum of  5 
per cent  of  r andoml y sel ect ed anchor s.   Anchor  sel ect i on wi l l  be det er mi ned 
by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   Per f or m conf i ned t ensi on 
pr oof  l oad t est i ng i n accor dance wi t h ASTM E488/ E488M.   Use i ncr ement al  
l oadi ng f or  t ensi l e t est .   Mai nt ai n pr oof  l oad f or  a mi ni mum of  10 
seconds.   Consi der  anchor s t o have f ai l ed i f  di spl acement  exceeds 0. 1 i nch 
D/ 10,  wher e D i s t he nomi nal  anchor  di amet er ,  or  i f  any of  t he f ai l ur e 
modes l i s t ed i n ASTM E488/ E488M occur .

Adhesi ve anchor s and capsul e anchor s must  not  be t or que t est ed.

Pr oof  l oads must  be t he mi ni mum of  t he val ue shown on t he Dr awi ngs,  t he 
val ues shown i n t he t abl e bel ow,  or  50 per cent  of  t he t ensi on capaci t y of  
t he anchor :
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ANCHOR EFFECTI VE EMBEDMENT CONFI NED TENSI ON PROOF LOAD

( i nches) ( pounds)

Adhesi ve anchor ,  1/ 2"  
di amet er  r od

6" 1, 000

Adhesi ve anchor ,  3/ 4"  
di amet er  r od

8" 1, 000

3. 3. 2   Act i on Requi r ed f r om Fai l ed Test s/ I nspect i ons

I mmedi at el y r epor t  f ai l ed anchor  l ocat i ons and t est  r esul t s t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   Anchor s t hat  f ai l  t o meet  
pr oof / t or que l oad or  i nst al l at i on r equi r ement s must  be r egar ded as 
mal f unct i oni ng.   Do not  r e- use hol es unl ess speci f i cal l y al l owed by 
manuf act ur er ' s publ i shed i nst r uct i ons and appr oved by t he Post - I nst al l ed 
Anchor  Speci al  I nspect or .

I f  any of  t he t est ed anchor s f ai l  t o achi eve t he speci f i ed t or que or  pr oof  
l oad wi t hi n t he l i mi t s of  t he cont r act  document s,  t est  a mi ni mum of  t wo 
adj acent  anchor s f or  each anchor  t hat  f ai l s .

Cont i nuousl y speci al  i nspect  and pr oof  l oad/ t or que t est  any r epl acement  
anchor s.

Fi l l  unused anchor  hol es and pat ch f ai l ed anchor  l ocat i ons i n accor dance 
wi t h t hi s speci f i cat i on.   Pr i or  t o per f or mi ng t he r epai r ,  t he Cont r act or  
must  submi t  t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve f or  appr oval ,  t he 
pr oposed f i l l  and pat ch mat er i al s.

Addi t i onal  t est s,  r epai r s,  del ays,  or  modi f i cat i on of  wor k t o accommodat e 
f ai l ed t est s wi l l  be at  no cost  t o t he Gover nment .

3. 3. 3   Post - I nst al l ed Anchor  Speci al  I nspect i ons Repor t

Repor t  t he r esul t s of  al l  i nspect i ons weekl y.   Submi t  r epor t  as an 
el ect r oni c PDF f i l e t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve f or  r evi ew 
by t he Engi neer  of  Recor d.   The r epor t  must  i ncl ude t he f ol l owi ng:

( 1)  Exact  l ocat i ons of  t he i nspect ed and t est ed wor k

( 2)  I nspect or ' s name

( 3)  Dat e of  i nspect i on

( 4)  Summar y of  wor k compl et ed dur i ng t he i nspect i on per i od

( 5)  Test  r esul t s

( 6)  St at ement  by t he Speci al  I nspect or  t hat  c l ear l y i dent i f i es t he 
t est ed anchor s as bei ng accept abl e or  r ej ect ed.

( 7)  St at ement  by t he Speci al  I nspect or  conf i r mi ng t hat  t he mat er i al s 
and i nst al l at i on pr ocedur es conf or m wi t h t he appr oved cont r act  
document s and t he manuf act ur er ' s publ i shed i nst al l at i on 
i nst r uct i ons.

SECTI ON 05 05 20  Page 8



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

3. 4   DUST CONTROL

Cont r ol  dust  r esul t i ng f r om demol i t i on t o pr event  t he spr ead of  dust  and 
avoi d cr eat i on of  a nui sance i n t he sur r oundi ng ar ea.   Do not  use wat er  
when i t  wi l l  r esul t  i n,  or  cr eat e,  hazar dous or  obj ect i onabl e condi t i ons 
such as i ce,  f l oodi ng,  or  pol l ut i on.

        - -  End of  Sect i on - -
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SECTI ON 05 05 23. 16

STRUCTURAL WELDI NG
08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 360 ( 2016)  Speci f i cat i on f or  St r uct ur al  St eel  
Bui l di ngs

AMERI CAN SOCI ETY FOR NONDESTRUCTI VE TESTI NG ( ASNT)

ANSI / ASNT CP- 189 ( 2020)  ASNT St andar d f or  Qual i f i cat i on and 
Cer t i f i cat i on of  Nondest r uct i ve Test i ng 
Per sonnel

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A2. 4 ( 2012)  St andar d Symbol s f or  Wel di ng,  
Br azi ng and Nondest r uct i ve Exami nat i on

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS D1. 3/ D1. 3M ( 2018)  St r uct ur al  Wel di ng Code -  Sheet  
St eel

AWS D1. 4/ D1. 4M ( 2011)  St r uct ur al  Wel di ng Code -  
Rei nf or ci ng St eel

AWS D14. 4/ D14. 4M ( 2012)  Speci f i cat i on f or  Wel ded Joi nt s f or  
Machi ner y and Equi pment

AWS QC1 ( 2016)  Speci f i cat i on f or  AWS Cer t i f i cat i on 
of  Wel di ng I nspect or s

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM E165/ E165M ( 2018)  St andar d Pr act i ce f or  Li qui d 
Penet r ant  Exami nat i on f or  Gener al  I ndust r y

ASTM E709 ( 2021)  St andar d Gui de f or  Magnet i c 
Par t i c l e Test i ng

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
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cl assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Wel di ng Qual i t y Assur ance Pl an;  G,  OC

SD- 03 Pr oduct  Dat a

Wel di ng Pr ocedur e Qual i f i cat i ons;  G

Wel der ,  Wel di ng Oper at or ,  and Tacker  Qual i f i cat i on

Pr evi ous Qual i f i cat i ons

Pr e- Qual i f i ed Pr ocedur es;  G

Wel di ng El ect r odes and Rods

SD- 06 Test  Repor t s

Nondest r uct i ve Test i ng

Wel d I nspect i on Log

SD- 07 Cer t i f i cat es

Cer t i f i ed Wel di ng Pr ocedur e Speci f i cat i ons ( WPS)

Cer t i f i ed Br azi ng Pr ocedur e Speci f i cat i ons ( BPS)

Cer t i f i ed Pr ocedur e Qual i f i cat i on Recor ds ( PQR)

Cer t i f i ed Wel der  Per f or mance Qual i f i cat i ons ( WPQ)

Cer t i f i ed Br azer  Per f or mance Qual i f i cat i ons ( BPQ)

Cer t i f i ed Wel di ng I nspect or

Nondest r uct i ve Test i ng Per sonnel

1. 3   QUALI TY ASSURANCE

Except  f or  pr e- qual i f i ed ( i n accor dance wi t h AWS D1. 1/ D1. 1M)  and 
pr evi ousl y qual i f i ed pr ocedur es,  each Cont r act or  per f or mi ng wel di ng must  
r ecor d i n det ai l  and qual i f y t he wel di ng pr ocedur e speci f i cat i on f or  any 
wel di ng pr ocedur e f ol l owed i n t he f abr i cat i on of  wel dment s.   Conf or m 
wel di ng pr ocedur e qual i f i cat i ons t o AWS D1. 1/ D1. 1M and t o t he 
speci f i cat i ons i n t hi s sect i on.   Submi t  f or  appr oval  copi es of  t he wel di ng 
pr ocedur e speci f i cat i on and t he pr ocedur e qual i f i cat i on r ecor ds f or  each 
t ype of  wel di ng bei ng per f or med.   Submi ssi on of  t he wel der ,  wel di ng 
oper at or ,  or  t acker  qual i f i cat i on t est  r ecor ds i s al so r equi r ed.   Appr oval  
of  any pr ocedur e,  however ,  does not  r el i eve t he Cont r act or  of  t he sol e 
r esponsi bi l i t y  f or  pr oduci ng a f i ni shed st r uct ur e meet i ng al l  t he 
speci f i ed r equi r ement s.   Submi t  t hi s i nf or mat i on on t he f or ms i n Annex M 
of  AWS D1. 1/ D1. 1M.   I ndi v i dual l y i dent i f y and cl ear l y r ef er ence on t he 
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det ai l  dr awi ngs and er ect i on dr awi ngs al l  wel di ng pr ocedur e 
speci f i cat i ons,  or  sui t abl y key t hem t o t he cont r act  dr awi ngs.   I n case of  
conf l i c t  bet ween t hi s speci f i cat i on and AWS D1. 1/ D1. 1M,  t hi s speci f i cat i on 
gover ns.

1. 3. 1   Gener al  Requi r ement s

Fabr i cat e wor k i n an AI SC Cer t i f i ed Fabr i cat i on Pl ant ,  Cat egor y BU.   Er ect  
wor k by an AI SC Cer t i f i ed Er ect or ,  Cat egor y CSE.

a.   For  St r uct ur al  Pr oj ect s,  pr ovi de document at i on of  t he f ol l owi ng:

( 1)  Component  Thi ckness 1/ 8 i nch and gr eat er :   Qual i f i cat i on document s 
( WPS,  PQR,  and WPQ)  i n accor dance wi t h AWS D1. 1/ D1. 1M.

( 2)  Component  Thi ckness Less t han 1/ 8 i nch:   Qual i f i cat i on document s 
( WPS,  PQR,  and WPQ)  i n accor dance wi t h AWS D1. 3/ D1. 3M.

( 3)  Rei nf or ci ng St eel :   Qual i f i cat i on document s ( WPS,  PQR,  and WPQ)  i n 
accor dance wi t h AWS D1. 4/ D1. 4M.

b.   For  ot her  appl i cat i ons,  pr ovi de document at i on of  t he f ol l owi ng:

( 1)  Submi t  t wo copi es of  t he Cer t i f i ed Wel di ng Pr ocedur e 
Speci f i cat i ons ( WPS) ,  Cer t i f i ed Br azi ng Pr ocedur e Speci f i cat i ons 
( BPS)  and Cer t i f i ed Pr ocedur e Qual i f i cat i on Recor ds ( PQR)  t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve f or  r evi ew.

( 2)  Submi t  t wo copi es of  t he Cer t i f i ed Wel der  Per f or mance 
Qual i f i cat i ons ( WPQ) and Cer t i f i ed Br azer  Per f or mance 
Qual i f i cat i ons ( BPQ)  t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve 
f or  r evi ew wi t hi n f i f t een cal endar  days pr i or  t o any empl oyee 
wel di ng on t he pr oj ect  mat er i al .

( 3)  Machi ner y:   Qual i f i cat i on document s ( WPS,  PQR,  and WPQ)  i n 
accor dance wi t h AWS D14. 4/ D14. 4M.

1. 3. 2   Pr evi ous Qual i f i cat i ons

Wel di ng pr ocedur es pr evi ousl y qual i f i ed by t est  i n accor dance wi t h 
AWS D1. 1/ D1. 1M,  may be accept ed f or  t hi s cont r act  wi t hout  
r e- qual i f i cat i on,  upon r ecei pt  of  t he t est  r esul t s,  i f  t he f ol l owi ng 
condi t i ons ar e met :

a.   Test i ng was per f or med by an appr oved t est i ng l abor at or y,  t echni cal  
consul t ant ,  or  t he Cont r act or ' s appr oved qual i t y cont r ol  or gani zat i on.

b.   The qual i f i ed wel di ng pr ocedur e conf or ms t o t he r equi r ement s of  t hi s 
speci f i cat i on and i s appl i cabl e t o wel di ng condi t i ons encount er ed 
under  t hi s cont r act .

c.   The wel der ,  wel di ng oper at or ,  and t acker  qual i f i cat i on t est s conf or m 
t o t he r equi r ement s of  t hi s speci f i cat i on and ar e appl i cabl e t o 
wel di ng condi t i ons encount er ed under  t hi s cont r act .

1. 3. 3   Pr e- qual i f i ed Pr ocedur es

Wel di ng pr ocedur es whi ch ar e consi der ed pr e- qual i f i ed as speci f i ed i n 
AWS D1. 1/ D1. 1M wi l l  be accept ed wi t hout  f ur t her  qual i f i cat i on.   Submi t  f or  
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appr oval  a l i s t i ng or  an annot at ed dr awi ng t o i ndi cat e t he j oi nt s not  
pr e- qual i f i ed.   Pr ocedur e qual i f i cat i on i s mandat or y f or  t hese j oi nt s.  

1. 3. 4   Wel der ,  Wel di ng Oper at or ,  and Tacker  Qual i f i cat i on

Each wel der ,  wel di ng oper at or ,  and t acker  assi gned t o wor k on t hi s 
cont r act  must  be qual i f i ed i n accor dance wi t h t he appl i cabl e r equi r ement s 
of  AWS D1. 1/ D1. 1M and as speci f i ed i n t hi s sect i on.   Wel der s,  wel di ng 
oper at or s,  and t acker s who make accept abl e pr ocedur e qual i f i cat i on t est  
wel ds wi l l  be consi der ed qual i f i ed f or  t he wel di ng pr ocedur e used wi t hi n 
t he appl i cabl e essent i al  var i abl es f or  wel der  qual i f i cat i on.

1. 3. 4. 1   Pr evi ous Per sonnel  Qual i f i cat i ons

At  t he di scr et i on of  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  wel der s,  
wel di ng oper at or s,  and t acker s qual i f i ed by t est  wi t hi n t he pr evi ous 6 
mont hs may be accept ed f or  t hi s cont r act  wi t hout  r e- qual i f i cat i on i f  al l  
t he f ol l owi ng condi t i ons ar e met :

a.   Copi es of  t he wel di ng pr ocedur e speci f i cat i ons,  t he pr ocedur e 
qual i f i cat i on t est  r ecor ds,  and t he wel der ,  wel di ng oper at or ,  and 
t acker  qual i f i cat i on t est  r ecor ds ar e submi t t ed and appr oved i n 
accor dance wi t h t he speci f i ed r equi r ement s f or  det ai l  dr awi ngs.

b.   Test i ng was per f or med by an appr oved t est i ng l abor at or y,  t echni cal  
consul t ant ,  or  t he Cont r act or ' s appr oved qual i t y cont r ol  or gani zat i on.

c.   The wel der ,  wel di ng oper at or ,  and t acker  qual i f i cat i on t est s conf or m 
t o t he r equi r ement s of  t hi s speci f i cat i on and ar e appl i cabl e t o 
wel di ng condi t i ons encount er ed under  t hi s cont r act .

1. 3. 4. 2   Cer t i f i cat es

Bef or e assi gni ng any wel der ,  wel di ng oper at or ,  or  t acker  t o wor k under  
t hi s cont r act ,  submi t  t he names and cer t i f i cat i on t hat  each i ndi v i dual  i s  
qual i f i ed as speci f i ed.   St at e i n t he cer t i f i cat i on t he t ype of  wel di ng 
and posi t i ons f or  whi ch t he wel der ,  wel di ng oper at or ,  or  t acker  i s 
qual i f i ed,  t he code and pr ocedur e under  whi ch t he i ndi v i dual  i s  qual i f i ed,  
t he dat e qual i f i ed,  and t he name of  t he f i r m and per son cer t i f y i ng t he 
qual i f i cat i on t est s.   Keep t he cer t i f i cat i on cur r ent ,  on f i l e,  and f ur ni sh 
3 copi es.

1. 3. 4. 3   Renewal  of  Qual i f i cat i on

Re- qual i f i cat i on of  a wel der  or  wel di ng oper at or  i s r equi r ed under  any of  
t he f ol l owi ng condi t i ons:

a.   I t  has been mor e t han 6 mont hs s i nce t he wel der  or  wel di ng oper at or  
has used t he speci f i c  wel di ng pr ocess f or  whi ch he i s qual i f i ed.

b.   Ther e i s speci f i c  r eason t o quest i on t he wel der  or  wel di ng oper at or ' s 
abi l i t y  t o make wel ds t hat  meet  t he r equi r ement s of  t hese 
speci f i cat i ons.

c.   The wel der  or  wel di ng oper at or  was qual i f i ed by an empl oyer  ot her  t han 
t hose f i r ms per f or mi ng wor k under  t hi s cont r act ,  and a qual i f i cat i on 
t est  has not  been t aken wi t hi n t he past  12 mont hs.   Submi t  as evi dence 
of  conf or mance al l  r ecor ds showi ng per i ods of  empl oyment ,  name of  
empl oyer  wher e wel der ,  or  wel di ng oper at or ,  was l ast  empl oyed,  and t he 
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pr ocess f or  whi ch qual i f i ed.

d.   A t acker  who passes t he qual i f i cat i on t est  i s  consi der ed el i gi bl e t o 
per f or m t ack wel di ng i ndef i ni t el y i n t he posi t i ons and wi t h t he 
pr ocesses f or  whi ch he/ she i s qual i f i ed,  unl ess t her e i s some speci f i c  
r eason t o quest i on t he t acker ' s abi l i t y  or  t her e has been a gap 
gr eat er  t han 6 mont hs s i nce he/ she l ast  used t he pr ocess.   I n such a 
case,  t he t acker  i s r equi r ed t o pass t he pr escr i bed t ack wel di ng t est .

1. 3. 5   I nspect or  Qual i f i cat i on

Submi t  cer t i f i cat es i ndi cat i ng t hat  cer t i f i ed wel di ng i nspect or s meet  t he 
r equi r ement s of  AWS QC1.    Submi t  qual i f i cat i ons f or  nondest r uct i ve 
t est i ng per sonnel  i n accor dance wi t h t he r equi r ement s of  ANSI / ASNT CP- 189 
f or  Level s I  or  I I  i n t he appl i cabl e nondest r uct i ve t est i ng met hod.   Level  
I  i nspect or s must  have di r ect  super vi s i on of  a Level  I I  i nspect or .

1. 3. 6   Symbol s and Saf et y

Use symbol s i n accor dance wi t h AWS A2. 4,  unl ess ot her wi se i ndi cat ed.   
Fol l ow saf e wel di ng pr act i ces and saf et y pr ecaut i ons dur i ng wel di ng i n  
conf or mance wi t h AWS Z49. 1.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Conf or m t he desi gn of  wel ded connect i ons t o AI SC 360,  unl ess ot her wi se 
i ndi cat ed or  speci f i ed.   Mat er i al  wi t h wel ds wi l l  not  be accept ed unl ess 
t he wel di ng i s speci f i ed or  i ndi cat ed on t he dr awi ngs or  ot her wi se 
appr oved.   Per f or m wel di ng as speci f i ed i n t hi s sect i on,  except  wher e 
addi t i onal  r equi r ement s ar e shown on t he dr awi ngs or  ar e speci f i ed i n 
ot her  sect i ons.   Do not  commence wel di ng unt i l  wel di ng pr ocedur es,  
i nspect or s,  nondest r uct i ve t est i ng per sonnel ,  wel der s,  wel di ng oper at or s,  
and t acker s have been qual i f i ed and t he submi t t al s appr oved by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   Per f or m al l  t est i ng at  or  near  t he 
wor k s i t e.   Mai nt ai n r ecor ds of  t he t est  r esul t s obt ai ned i n wel di ng 
pr ocedur e,  wel der ,  wel di ng oper at or ,  and t acker  per f or mance qual i f i cat i ons.

2. 1. 1   Pr e- er ect i on Conf er ence

Hol d a pr e- er ect i on conf er ence pr i or  t o t he st ar t  of  t he f i el d wel di ng,  t o 
br i ng al l  af f ect ed par t i es t oget her  and t o gai n a nat ur al l y c l ear  
under st andi ng of  t he pr oj ect  and t he Wel di ng Pr ocedur e Speci f i cat i ons 
( WPS)  ( submi t t ed f or  al l  wel di ng,  i ncl udi ng wel di ng done usi ng 
pr e- qual i f i ed pr ocedur es) .   Mandat or y at t endance i s r equi r ed by al l  
Cont r act or ' s wel di ng pr oduct i on and i nspect i on per sonnel  and appr opr i at e 
Gover nment  per sonnel .   I ncl ude as i t ems f or  di scussi on:   r esponsi bi l i t i es 
of  var i ous par t i es;  wel di ng pr ocedur es and pr ocesses t o be f ol l owed;  
wel di ng sequence ( bot h wi t hi n a j oi nt  and j oi nt  sequence wi t hi n t he 
bui l di ng) ;  i nspect i on r equi r ement s and pr ocedur es,  bot h v i sual  and 
nondest r uct i ve t est i ng;  wel di ng schedul e;  and ot her  i t ems deemed necessar y 
by t he at t endees.

2. 2   WELDI NG EQUI PMENT AND MATERI ALS

Pr ovi de al l  wel di ng equi pment ,  wel di ng el ect r odes and r ods,  wel di ng wi r e,  
and f l uxes capabl e of  pr oduci ng sat i sf act or y wel ds when used by a 
qual i f i ed wel der  or  wel di ng oper at or .     Pr ovi de wel di ng equi pment  and 
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mat er i al s t hat  compl y wi t h t he appl i cabl e r equi r ement s of  AWS D1. 1/ D1. 1M.   
Submi t  pr oduct  dat a on wel di ng el ect r odes and r ods.

PART 3   EXECUTI ON

3. 1   WELDI NG OPERATI ONS

3. 1. 1   Requi r ement s

Conf or m wor kmanshi p and t echni ques f or  wel ded const r uct i on t o t he 
r equi r ement s of  AWS D1. 1/ D1. 1M and AI SC 360.   When AWS D1. 1/ D1. 1M and t he 
AI SC 360 speci f i cat i on conf l i c t ,  t he r equi r ement s of  AWS D1. 1/ D1. 1M gover n.

3. 1. 2   I dent i f i cat i on

I dent i f y al l  wel ds i n one of  t he f ol l owi ng ways:

a.   Submi t  wr i t t en r ecor ds t o i ndi cat e t he l ocat i on of  wel ds made by each 
wel der ,  wel di ng oper at or ,  or  t acker .

b.   I dent i f y al l  wor k per f or med by each wel der ,  wel di ng oper at or ,  or  
t acker  wi t h an assi gned number ,  l et t er ,  or  symbol  t o i dent i f y wel ds 
made by t hat  i ndi v i dual .   The Cont r act i ng Of f i cer ' s Repr esent at i ve may 
r equi r e wel der s,  wel di ng oper at or s,  and t acker s t o appl y t hei r  symbol  
next  t o t he wel d by means of  r ubber  st amp,  f el t - t i pped mar ker  wi t h 
wat er pr oof  i nk,  or  ot her  met hods t hat  do not  cause an i ndent at i on i n 
t he met al .   Pl ace t he i dent i f i cat i on mar k f or  seam wel ds adj acent  t o 
t he wel d at  3 f oot  i nt er val s.   I dent i f i cat i on wi t h di e st amps or  
el ect r i c et cher s i s not  al l owed.

3. 2   QUALI TY CONTROL

Per f or m t est i ng usi ng an appr oved i nspect i on or  t est i ng l abor at or y or  
t echni cal  consul t ant ;  or  i f  appr oved,  t he Cont r act or ' s i nspect i on and 
t est i ng per sonnel  may be used i nst ead of  t he commer ci al  i nspect i on or  
t est i ng l abor at or y or  t echni cal  consul t ant .   A Cer t i f i ed Wel di ng I nspect or  
must  per f or m vi sual  i nspect i on on 100 per cent  of  al l  wel ds.   Document  t hi s 
i nspect i on i n t he Vi sual  Wel d I nspect i on Log.    Randoml y t est  50% of  al l  
PJP and f i l l et  wel ds or  as i ndi cat ed by magnet i c par t i c l e or  dye penet r ant  
t est i ng.   Ver i f y t he wel ds conf or m t o par agr aph STANDARDS OF ACCEPTANCE.   
Conf or m pr ocedur es and t echni ques f or  i nspect i on wi t h appl i cabl e 
r equi r ement s of  AWS D1. 1/ D1. 1M,  ASTM E165/ E165M,  and ASTM E709.   Submi t  a 
Wel di ng Qual i t y Assur ance Pl an and r ecor ds of  t est s and i nspect i ons.

3. 3   STANDARDS OF ACCEPTANCE

Conf or m di mensi onal  t ol er ances f or  wel ded const r uct i on,  det ai l s of  wel ds,  
and qual i t y of  wel ds wi t h t he appl i cabl e r equi r ement s of  AWS D1. 1/ D1. 1M 
and t he cont r act  dr awi ngs.   Submi t  al l  r ecor ds of  nondest r uct i ve t est i ng.

3. 3. 1   Nondest r uct i ve Test i ng

The wel di ng i s subj ect  t o i nspect i on and t est s i n t he mi l l ,  shop,  and 
f i el d.   I nspect i on and t est s i n t he mi l l  or  shop do not  r el i eve t he 
Cont r act or  of  t he r esponsi bi l i t y  t o f ur ni sh wel dment s of  sat i sf act or y 
qual i t y.   When mat er i al s or  wor kmanshi p do not  conf or m t o t he 
speci f i cat i on r equi r ement s,  t he Gover nment  r eser ves t he r i ght  t o r ej ect  
mat er i al  or  wor kmanshi p or  bot h at  any t i me bef or e f i nal  accept ance of  t he 
st r uct ur e cont ai ni ng t he wel dment .   Any i ndi cat i on of  a def ect  i s  r egar ded 
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as a def ect ,  unl ess r e- eval uat i on by nondest r uct i ve met hods or  by sur f ace 
condi t i oni ng shows t hat  no unaccept abl e def ect  i s  pr esent .   Submi t  al l  
r ecor ds of  nondest r uct i ve t est i ng i n accor dance wi t h par agr aph STANDARDS 
OF ACCEPTANCE.

3. 3. 2   Dest r uct i ve Test s

Make al l  r epai r s when met al l ogr aphi c speci mens ar e r emoved f r om any par t  
of  a st r uct ur e.   Empl oy onl y qual i f i ed wel der s or  wel di ng oper at or s,  and 
use t he pr oper  j oi nt s and wel di ng pr ocedur es,  i ncl udi ng peeni ng or  heat  
t r eat ment  i f  r equi r ed,  t o devel op t he f ul l  st r engt h of  t he member s and 
j oi nt s cut  and t o r el i eve r esi dual  st r ess.

3. 4   GOVERNMENT I NSPECTI ON AND TESTI NG

I n addi t i on t o t he i nspect i on and t est s per f or med by t he Cont r act or  f or  
qual i t y cont r ol ,  t he Gover nment  wi l l  per f or m i nspect i on and t est i ng f or  
accept ance t o t he ext ent  det er mi ned by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.   The wor k may be per f or med by t he Gover nment ' s own f or ces 
or  under  a separ at e cont r act  f or  i nspect i on and t est i ng.   The Gover nment  
r eser ves t he r i ght  t o per f or m suppl ement al  nondest r uct i ve and dest r uct i ve 
t est s t o det er mi ne compl i ance wi t h par agr aph STANDARDS OF ACCEPTANCE.

3. 5   CORRECTI ONS AND REPAI RS

I f  i nspect i on or  t est i ng i ndi cat es def ect s i n t he wel d j oi nt s,  r epai r  
def ect i ve wel ds usi ng a qual i f i ed wel der  or  wel di ng oper at or  as 
appl i cabl e.   Conduct  cor r ect i ons i n accor dance wi t h t he r equi r ement s of  
AWS D1. 1/ D1. 1M and t he speci f i cat i ons.   Repai r  al l  def ect s i n accor dance 
wi t h t he appr oved pr ocedur es.   Repai r  def ect s di scover ed bet ween passes 
bef or e addi t i onal  wel d mat er i al  i s  deposi t ed.   Wher ever  a def ect  i s  
r emoved and r epai r  by wel di ng i s not  r equi r ed,  bl end t he af f ect ed ar ea 
i nt o t he sur r oundi ng sur f ace t o el i mi nat e shar p not ches,  cr evi ces,  or  
cor ner s.   Af t er  a def ect  i s  t hought  t o have been r emoved,  and bef or e 
r e- wel di ng,  exami ne t he ar ea by sui t abl e met hods t o ensur e t hat  t he def ect  
has been el i mi nat ed.   Repai r ed wel ds must  meet  t he i nspect i on r equi r ement s 
f or  t he or i gi nal  wel ds.

       - -  End of  Sect i on - -
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SECTI ON 05 12 00

STRUCTURAL STEEL
08/ 18,  CHG 2:  05/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 207 ( 2016;  R 2017)  Cer t i f i cat i on St andar d f or  
St eel  Fabr i cat i on and Er ect i on,  and 
Manuf act ur i ng of  Met al  Component s

AI SC 303 ( 2016)  Code of  St andar d Pr act i ce f or  St eel  
Bui l di ngs and Br i dges

AI SC 325 ( 2017)  St eel  Const r uct i on Manual

AI SC 326 ( 2009)  Det ai l i ng f or  St eel  Const r uct i on

AI SC 360 ( 2016)  Speci f i cat i on f or  St r uct ur al  St eel  
Bui l di ngs

AI SC DESI GN GUI DE 10 ( 1997)  Er ect i on Br aci ng of  Low- Ri se 
St r uct ur al  St eel  Bui l di ngs

AMERI CAN SOCI ETY FOR NONDESTRUCTI VE TESTI NG ( ASNT)

ANSI / ASNT CP- 189 ( 2020)  ASNT St andar d f or  Qual i f i cat i on and 
Cer t i f i cat i on of  Nondest r uct i ve Test i ng 
Per sonnel

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B46. 1 ( 2020)  Sur f ace Text ur e,  Sur f ace Roughness,  
Wavi ness and Lay

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A2. 4 ( 2012)  St andar d Symbol s f or  Wel di ng,  
Br azi ng and Nondest r uct i ve Exami nat i on

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS QC1 ( 2016)  Speci f i cat i on f or  AWS Cer t i f i cat i on 
of  Wel di ng I nspect or s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A6/ A6M ( 2021)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  Rol l ed St r uct ur al  St eel  
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Bar s,  Pl at es,  Shapes,  and Sheet  Pi l i ng

ASTM A29/ A29M ( 2020)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Bar s,  Car bon and 
Al l oy,  Hot - Wr ought

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A500/ A500M ( 2021a)  St andar d Speci f i cat i on f or  
Col d- For med Wel ded and Seaml ess Car bon 
St eel  St r uct ur al  Tubi ng i n Rounds and 
Shapes

ASTM A563 ( 2021;  E 2022a)  St andar d Speci f i cat i on f or  
Car bon and Al l oy St eel  Nut s

ASTM A992/ A992M ( 2022)  St andar d Speci f i cat i on f or  
St r uct ur al  St eel  Shapes

ASTM C827/ C827M ( 2016)  St andar d Test  Met hod f or  Change i n 
Hei ght  at  Ear l y Ages of  Cyl i ndr i cal  
Speci mens of  Cement i t i ous Mi xt ur es

ASTM C1107/ C1107M ( 2020)  St andar d Speci f i cat i on f or  Packaged 
Dr y,  Hydr aul i c- Cement  Gr out  ( Nonshr i nk)

ASTM F436/ F436M ( 2019)  St andar d Speci f i cat i on f or  Har dened 
St eel  Washer s I nch and Met r i c Di mensi ons

ASTM F844 ( 2019)  St andar d Speci f i cat i on f or  Washer s,  
St eel ,  Pl ai n ( Fl at ) ,  Unhar dened f or  
Gener al  Use

ASTM F959/ F959M ( 2017a)  St andar d Speci f i cat i on f or  
Compr essi bl e- Washer - Type Di r ect  Tensi on 
I ndi cat or s f or  Use wi t h St r uct ur al  
Fast ener s,  I nch and Met r i c Ser i es

ASTM F1554 ( 2020)  St andar d Speci f i cat i on f or  Anchor  
Bol t s,  St eel ,  36,  55,  and 105- ksi  Yi el d 
St r engt h

ASTM F3125/ F3125M ( 2019)  St andar d Speci f i cat i on f or  Hi gh 
St r engt h St r uct ur al  Bol t s and Assembl i es,  
St eel  and Al l oy St eel ,  Heat  Tr eat ed,  I nch 
Di mensi ons 120 ksi  and 150 ksi  Mi ni mum 
Tensi l e St r engt h,  and Met r i c Di mensi ons 
830 MPa and 1040 MPa Mi ni mum Tensi l e 
St r engt h

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC PA 1 ( 2016)  Shop,  Fi el d,  and Mai nt enance 
Coat i ng of  Met al s

SECTI ON 05 12 00  Page 2



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

SSPC Pai nt  20 ( 2019)  Zi nc- Ri ch Pr i mer s ( Type I ,  
I nor gani c,  and Type I I ,  Or gani c)

SSPC Pai nt  29 ( 2002;  E 2004)  Zi nc Dust  Sacr i f i c i al  
Pr i mer ,  Per f or mance- Based

SSPC SP 6/ NACE No. 3 ( 2007)  Commer ci al  Bl ast  Cl eani ng

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2019,  wi t h Change 1,  2022)  St r uct ur al  
Engi neer i ng

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR Par t  1926,  Subpar t  R St eel  Er ect i on

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Er ect i on and Er ect i on Br aci ng Dr awi ngs;  G,  RO

SD- 02 Shop Dr awi ngs

Fabr i cat i on Dr awi ngs I ncl udi ng Det ai l s of  Connect i ons;  G,  RO

SD- 03 Pr oduct  Dat a

Shop Pr i mer

Wel di ng El ect r odes and Rods

Non- Shr i nk Gr out

Recycl ed Cont ent  f or  St r uct ur al  St eel ;  S

Recycl ed Cont ent  f or  St r uct ur al  St eel  Tubi ng;  S

SD- 05 Desi gn Dat a

Desi gn Cal cul at i ons f or  St eel  Connect i ons;  G,  RO

Shor i ng and Tempor ar y Br aci ng;  G,  RO

SD- 06 Test  Repor t s

Cl ass B Coat i ng

Bol t s,  Nut s,  and Washer s
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Wel d I nspect i on Repor t s

Di r ect  Tensi on I ndi cat or  Washer  I nspect i on Repor t s

Bol t  Test i ng Repor t s

SD- 07 Cer t i f i cat es

St eel

Bol t s,  Nut s,  and Washer s

AI SC St r uct ur al  St eel  Fabr i cat or  Qual i t y Cer t i f i cat i on

AI SC St r uct ur al  St eel  Er ect or  Qual i t y Cer t i f i cat i on

Wel di ng Pr ocedur es and Qual i f i cat i ons

Wel di ng El ect r odes and Rods

Cer t i f i ed Wel di ng I nspect or

NDT Techni c i an

Wel di ng Pr ocedur e Speci f i cat i ons ( WPS)

1. 3   AI SC QUALI TY CERTI FI CATI ON

Wor k must  be f abr i cat ed by an AI SC Cer t i f i ed St r uct ur al  St eel  Fabr i cat or ,  
i n accor dance wi t h AI SC 207,  Cat egor y BU.   Submi t  AI SC St r uct ur al  St eel  
Fabr i cat or  qual i t y cer t i f i cat i on.

Wor k must  be er ect ed by an AI SC St r uct ur al  St eel  Cer t i f i ed Er ect or ,  i n 
accor dance wi t h AI SC 207,  Cat egor y CSE.   Submi t  AI SC St r uct ur al  St eel  
er ect or  qual i t y cer t i f i cat i on.

1. 4   QUALI TY ASSURANCE

1. 4. 1   Pr econst r uct i on Submi t t al s

1. 4. 1. 1   Er ect i on and Er ect i on Br aci ng Dr awi ngs

Submi t  f or  r ecor d pur poses.   I ndi cat e t he sequence of  er ect i on,  t empor ar y 
shor i ng and br aci ng.   The er ect i on dr awi ngs must  conf or m t o AI SC 303.   
Er ect i on dr awi ngs must  be r evi ewed,  st amped and seal ed by a r egi st er ed 
pr of essi onal  engi neer .

1. 4. 2   Fabr i cat i on Dr awi ng Requi r ement s

Submi t  f abr i cat i on dr awi ngs f or  appr oval  pr i or  t o f abr i cat i on.   Pr epar e i n 
accor dance wi t h AI SC 303,  AI SC 326 and AI SC 325.   Fabr i cat i on dr awi ngs 
must  not  be r epr oduct i ons of  cont r act  dr awi ngs.   I ncl ude compl et e 
i nf or mat i on f or  t he f abr i cat i on and er ect i on of  t he st r uct ur e' s 
component s,  i ncl udi ng t he l ocat i on,  t ype,  and si ze of  bol t s,  wel ds,  member  
s i zes and l engt hs,  connect i on det ai l s,  bl ocks,  copes,  and cut s.   Use 
AWS A2. 4 st andar d wel di ng symbol s.   Shor i ng and t empor ar y br aci ng must  be 
desi gned and seal ed by a r egi st er ed pr of essi onal  engi neer  and submi t t ed 
f or  r ecor d pur poses,  wi t h cal cul at i ons,  as par t  of  t he dr awi ngs.   Cl ear l y 
hi ghl i ght  any devi at i ons f r om t he det ai l s shown on t he cont r act  dr awi ngs 
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hi ghl i ght ed on t he f abr i cat i on dr awi ngs.   Expl ai n t he r easons f or  any 
devi at i ons f r om t he cont r act  dr awi ngs.

1. 4. 3   Del egat ed Connect i on Desi gn

Desi gn st r uct ur al  st eel  connect i on i ndi cat ed i n t he cont r act  document s per  
AI SC 303,  Opt i on 3,  usi ng t he connect i on l oads i ndi cat ed.   Submi t  desi gn 
cal cul at i ons f or  st eel  connect i ons s i gned and seal ed by a r egi st er ed 
pr of essi onal  engi neer .

1. 4. 4   Cer t i f i cat i ons

1. 4. 4. 1   Wel di ng Pr ocedur es and Qual i f i cat i ons

Pr i or  t o wel di ng,  submi t  cer t i f i cat i on f or  each wel der  st at i ng t he t ype of  
wel di ng and posi t i ons qual i f i ed f or ,  t he code and pr ocedur e qual i f i ed 
under ,  dat e qual i f i ed,  and t he f i r m and i ndi v i dual  cer t i f y i ng t he 
qual i f i cat i on t est s.   I f  t he qual i f i cat i on dat e of  t he wel der  or  wel di ng 
oper at or  i s mor e t han 6 mont hs ol d,  t he wel di ng oper at or ' s qual i f i cat i on 
cer t i f i cat e must  be accompani ed by a cur r ent  cer t i f i cat e by t he wel der  
at t est i ng t o t he f act  t hat  he has been engaged i n wel di ng si nce t he dat e 
of  cer t i f i cat i on,  wi t h no br eak i n wel di ng ser vi ce gr eat er  t han 6 mont hs.

Conf or m t o al l  r equi r ement s speci f i ed i n AWS D1. 1/ D1. 1M.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Pr ovi de t he st r uct ur al  st eel  syst em,  i ncl udi ng shop pr i mer  ,  compl et e and 
r eady f or  use.   Pr ovi de st r uct ur al  st eel  syst ems i ncl udi ng desi gn,  
mat er i al s,  i nst al l at i on,  wor kmanshi p,  f abr i cat i on,  assembl y,  er ect i on,  
i nspect i on,  qual i t y cont r ol ,  and t est i ng i n accor dance wi t h AI SC 303,  
AI SC 360,  and UFC 3- 301- 01 except  as modi f i ed i n t hi s cont r act .

2. 2   STEEL

2. 2. 1   St r uct ur al  St eel

Wi de f l ange and WT shapes,  ASTM A992/ A992M.   Angl es,  Channel s and Pl at es,  
ASTM A36/ A36M.   Pr ovi de st r uct ur al  st eel  cont ai ni ng a mi ni mum of  80 
per cent  r ecycl ed cont ent .   Submi t  dat a i dent i f y i ng per cent age of  r ecycl ed 
cont ent  f or  st r uct ur al  st eel .

2. 2. 2   St r uct ur al  St eel  Tubi ng

ASTM A500/ A500M,  Gr ade C.   Pr ovi de st r uct ur al  st eel  t ubi ng cont ai ni ng a 
mi ni mum of  25 per cent  r ecycl ed cont ent .   Submi t  dat a i dent i f y i ng 
per cent age of  r ecycl ed cont ent  f or  st r uct ur al  st eel  t ubi ng.

2. 3   BOLTS,  NUTS,  AND WASHERS

Submi t  t he cer t i f i ed manuf act ur er ' s mi l l  r epor t s whi ch c l ear l y show t he 
appl i cabl e ASTM mechani cal  and chemi cal  r equi r ement s t oget her  wi t h t he 
act ual  t est  r esul t s f or  t he suppl i ed f ast ener s.
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2. 3. 1   Common Gr ade Bol t s

2. 3. 1. 1   Bol t s

ASTM A307,  Gr ade A,  pl ai n f i ni sh hot  di pped zi nc coat i ng.   The bol t  heads 
and t he nut s of  t he suppl i ed f ast ener s must  be mar ked wi t h t he 
manuf act ur er ' s i dent i f i cat i on mar k,  t he st r engt h gr ade and t ype speci f i ed 
by ASTM speci f i cat i ons.

2. 3. 1. 2   Nut s

ASTM A563,  Gr ade A,  heavy hex st y l e.

2. 3. 1. 3   Washer s

ASTM F844.

2. 3. 2   Hi gh- St r engt h Bol t s

Hi gh st r engt h bol t s and nut s must  be shi pped t oget her  i n t he same shi ppi ng 
cont ai ner .   Fast ener s i ndi cat ed t o be gal vani zed shal l  be t est ed by t he 
suppl i er  t o show t hat  t he gal vani zed nut  wi t h t he suppl i ed l ubr i cant  
pr ovi ded may be r ot at ed f r om t he snug t i ght  condi t i on wel l  i n excess of  
t he r ot at i on r equi r ed f or  pr et ent i oned i nst al l at i on wi t hout  st r i ppi ng.   
The suppl i er  shal l  suppl y nut s t hat  have been l ubr i cat ed and t est ed wi t h 
t he suppl i ed bol t s.

2. 3. 2. 1   Bol t s

ASTM F3125/ F3125M,  Gr ade A325M A325 ,  Type 1  Heavy Hex Head St yl e,  pl ai n 
f i ni sh hot  di pped zi nc coat i ng.

2. 3. 2. 2   Nut s

 ASTM A563,  Gr ade and St yl e as speci f i ed i n t he appl i cabl e ASTM bol t  
st andar d.

2. 3. 2. 3   Washer s

ASTM F436/ F436M,  pl ai n car bon st eel .

2. 3. 3   Foundat i on Anchor age

2. 3. 3. 1   Anchor  Rods

ASTM F1554 Gr  36 ,  Cl ass 1A.

2. 3. 3. 2   Anchor  Nut s

ASTM A563,  Gr ade A,  hex st y l e.

2. 3. 3. 3   Anchor  Washer s

ASTM F844.

2. 3. 3. 4   Anchor  Pl at e Washer s

ASTM A36/ A36M.
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2. 4   STRUCTURAL STEEL ACCESSORI ES

2. 4. 1   Wel di ng El ect r odes and Rods

AWS D1. 1/ D1. 1M.   Submi t  pr oduct  dat a f or  wel di ng el ect r odes and r ods.

2. 4. 2   Non- Shr i nk Gr out

ASTM C1107/ C1107M,  wi t h no ASTM C827/ C827M shr i nkage.   Gr out  must  be 
nonmet al l i c .   Submi t  pr oduct  dat a f or  non- shr i nk gr out .

2. 4. 3   Wel ded Shear  St ud Connect or s

ASTM A29/ A29M,  Gr ades 1010 t hr ough 1020.   AWS D1. 1/ D1. 1M,  Tabl e 7. 1,  Type 
B.

2. 5   FABRI CATI ON

Fabr i cat i on must  be i n accor dance wi t h t he appl i cabl e pr ovi s i ons of  
AI SC 325.   Fabr i cat i on and assembl y must  be done i n t he shop t o t he 
gr eat est  ext ent  possi bl e.  Punch,  subpunch and r eam,  or  dr i l l  bol t  and pi n 
hol es per pendi cul ar  t o t he sur f ace of  t he member .

Compr essi on j oi nt s dependi ng on cont act  bear i ng must  have a sur f ace 
r oughness not  i n excess of  500 mi cr o i nch as det er mi ned by ASME B46. 1,  and 
ends must  be squar e wi t hi n t he t ol er ances f or  mi l l ed ends speci f i ed i n 
ASTM A6/ A6M.

Shop spl i ces of  member s bet ween f i el d spl i ces wi l l  be per mi t t ed onl y wher e 
i ndi cat ed on t he Cont r act  Dr awi ngs.   Spl i ces not  i ndi cat ed r equi r e t he 
appr oval  of  t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

Do not  spl i ce t r uss t op and bot t om chor ds except  as appr oved by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   Pr ovi de chor d spl i ces at  panel  
j oi nt s at  appr oxi mat el y t he t hi r d poi nt  of  t he span.   The cent er  of  
gr avi t y l i nes of  t r uss member s must  i nt er sect  at  panel  poi nt s unl ess 
ot her wi se appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   When t he 
cent er  of  gr avi t y l i nes do not  i nt er sect  at  a panel  poi nt ,  make pr ovi s i ons 
f or  t he st r esses due t o eccent r i c i t y.   Camber  of  t r usses must  be 1/ 8 i nch 
i n 10 f eet  unl ess ot her wi se i ndi cat ed.

2. 5. 1   Mar ki ngs

Pr i or  t o er ect i on,  i dent i f y member s by a pai nt ed er ect i on mar k.   
Connect i ng par t s assembl ed i n t he shop f or  r eami ng hol es i n f i el d 
connect i ons must  be mat ch mar ked wi t h scr at ch and not ch mar ks.   Do not  
l ocat e er ect i on mar ki ngs on ar eas t o be wel ded.   Do not  l ocat e mat ch 
mar ki ngs i n ar eas t hat  wi l l  decr ease member  st r engt h or  cause st r ess 
concent r at i ons.

2. 5. 2   Shop Pr i mer

SSPC Pai nt  20 or  SSPC Pai nt  29,  ( z i nc r i ch pr i mer ) .   Shop pr i me st r uct ur al  
st eel ,  except  as modi f i ed her ei n,  i n accor dance wi t h SSPC PA 1.   Do not  
pr i me st eel  sur f aces embedded i n concr et e,  gal vani zed sur f aces,  or  
sur f aces wi t hi n 0. 5 i nch of  t he t oe of  t he wel ds pr i or  t o wel di ng ( except  
sur f aces on whi ch met al  decki ng and shear  st uds ar e t o be wel ded) .   I f  
f l ash r ust i ng occur s,  r e- c l ean t he sur f ace pr i or  t o appl i cat i on of  
pr i mer .   Appl y pr i mer  t o a mi ni mum dr y f i l m t hi ckness of  2. 0 mi l .   Submi t  
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shop pr i mer  pr oduct  dat a.

Pr i me sl i p cr i t i cal  sur f aces wi t h a Cl ass B coat i ng i n accor dance wi t h 
AI SC 325.   Submi t  t est  r epor t  f or  Cl ass B coat i ng.   

Pr i or  t o assembl y,  pr i me sur f aces whi ch wi l l  be conceal ed or  i naccessi bl e 
af t er  assembl y.   Do not  appl y pr i mer  i n f oggy or  r ai ny weat her ;  when t he 
ambi ent  t emper at ur e i s bel ow 45 degr ees F or  over  95 degr ees F;  or  when 
t he pr i mer  may be exposed t o t emper at ur es bel ow 40 degr ees F wi t hi n 48 
hour s af t er  appl i cat i on,  unl ess appr oved ot her wi se by t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve.   Repai r  damaged pr i med sur f aces wi t h an 
addi t i onal  coat  of  pr i mer .

2. 5. 2. 1   Cl eani ng

SSPC SP 6/ NACE No. 3,  f or  al l  exi st i ng st r uct ur al  st eel ,  pur l i ns and gi r t s 
t o r emai n.   Mai nt ai n st eel  sur f aces f r ee f r om r ust ,  di r t ,  oi l ,  gr ease,  and 
ot her  cont ami nant s t hr ough f i nal  assembl y.

2. 6   DRAI NAGE HOLES

Dr i l l  adequat e dr ai nage hol es t o el i mi nat e wat er  t r aps.   Hol e di amet er  
must  be 1/ 2 i nch and l ocat i on i ndi cat ed on t he det ai l  dr awi ngs.   Hol e s i ze 
and l ocat i ons must  not  af f ect  t he st r uct ur al  i nt egr i t y.

PART 3   EXECUTI ON

3. 1   ERECTI ON

a.   Er ect i on of  st r uct ur al  st eel ,  except  as i ndi cat ed i n i t em b.  bel ow,  
must  be i n accor dance wi t h t he appl i cabl e pr ovi s i ons of  AI SC 325,  
AI SC 303 and 29 CFR Par t  1926,  Subpar t  R.

b.   For  l ow- r i se st r uct ur al  st eel  bui l di ngs (  60 f eet  t al l  or  l ess and a 
maxi mum of  2 st or i es) ,  er ect  t he st r uct ur e i n accor dance wi t h 
AI SC DESI GN GUI DE 10.

Af t er  f i nal  posi t i oni ng of  st eel  member s,  pr ovi de f ul l  bear i ng under  base 
pl at es and bear i ng pl at es usi ng nonshr i nk gr out .   Pl ace nonshr i nk gr out  i n 
accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.

3. 1. 1   STORAGE

St or e t he mat er i al  out  of  cont act  wi t h t he gr ound i n such manner  and 
l ocat i on as t o mi ni mi ze det er i or at i on.

3. 2   CONNECTI ONS

Except  as modi f i ed i n t hi s sect i on,  desi gn connect i ons i ndi cat ed i n 
accor dance wi t h AI SC 360.   Bui l d connect i ons i nt o exi st i ng wor k.   Do not  
t i ght en anchor  bol t s set  i n concr et e wi t h i mpact  t or que wr enches.   Hol es 
must  not  be cut  or  enl ar ged by bur ni ng.   Bol t s,  nut s,  and washer s must  be 
cl ean of  di r t  and r ust ,  and l ubr i cat ed i mmedi at el y pr i or  t o i nst al l at i on.

3. 2. 1   Common Gr ade Bol t s

Ti ght en ASTM A307 bol t s t o a " snug t i ght "  f i t .   " Snug t i ght "  i s  t he 
t i ght ness t hat  exi st s when pl i es i n a j oi nt  ar e i n f i r m cont act .   I f  f i r m 
cont act  of  j oi nt  pl i es cannot  be obt ai ned wi t h a f ew i mpact s of  an i mpact  
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wr ench,  or  t he f ul l  ef f or t  of  a man usi ng a spud wr ench,  cont act  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve f or  f ur t her  i nst r uct i ons.

3. 2. 2   Hi gh- St r engt h Bol t s
Pr ovi de di r ect  t ensi on i ndi cat or  washer s i n al l  ASTM F3125/ F3125M,  Gr ade  
A325 and Gr ade  A490 bol t ed connect i ons.   Bol t s must  be i nst al l ed i n 
connect i on hol es and i ni t i al l y  br ought  t o a snug t i ght  f i t .   Af t er  t he 
i ni t i al  t i ght eni ng pr ocedur e,  f ul l y  t ensi on bol t s,  pr ogr essi ng f r om t he 
most  r i gi d par t  of  a connect i on t o t he f r ee edges.

Fast ener  component s shal l  be pr ot ect ed f r om di r t  and moi st ur e i n c l osed 
cont ai ner s at  t he s i t e of  t he i nst al l at i on.   Fast ener  component s t hat  ar e 
not  i ncor por at ed i nt o t he wor k shal l  be r et ur ned t o pr ot ect ed st or age at  
t he end of  t he wor k shi f t .

3. 2. 2. 1   I nst al l at i on of  Di r ect  Tensi on I ndi cat or  Washer s ( DTI W)

Wher e possi bl e,  i nst al l  t he DTI W under  t he bol t  head and t i ght en t he nut .   
I f  t he DTI W i s i nst al l ed adj acent  t o t he t ur ned el ement ,  pr ovi de a f l at  
washer  bet ween t he DTI W and nut  when t he nut  i s t ur ned f or  t i ght eni ng,  and 
bet ween t he DTI W and bol t  head when t he bol t  head i s t ur ned f or  
t i ght eni ng.   I n addi t i on t o t he LI W,  pr ovi de f l at  washer s under  bot h t he 
bol t  head and nut  when ASTM F3125/ F3125M,  Gr ade A490 bol t s ar e used.

3. 2. 3   Tensi on Cont r ol  Bol t s

Bol t s must  be i nst al l ed i n connect i on hol es and i ni t i al l y  br ought  t o a 
snug t i ght  f i t .   Af t er  t he i ni t i al  t i ght eni ng pr ocedur e,  f ul l y  t ensi on 
bol t s,  pr ogr essi ng f r om t he most  r i gi d par t  of  a connect i on t o t he f r ee 
edges.

3. 3   GAS CUTTI NG

Use of  gas- cut t i ng t or ch i n t he f i el d f or  cor r ect i ng f abr i cat i on er r or s i s 
not  per mi t t ed on any maj or  member  i n t he st r uct ur al  f r ami ng.   Use of  a gas 
cut t i ng t or ch wi l l  be per mi t t ed on mi nor  member s not  under  st r ess onl y 
af t er  appr oval  has been obt ai ned f r om t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

3. 4   WELDI NG

Wel di ng must  be i n accor dance wi t h AWS D1. 1/ D1. 1M.   Pr ovi de AWS D1. 1/ D1. 1M 
qual i f i ed wel der s,  wel di ng oper at or s,  and t acker s.

Devel op and submi t  t he Wel di ng Pr ocedur e Speci f i cat i ons ( WPS)  f or  al l  
wel di ng,  i ncl udi ng wel di ng done usi ng pr equal i f i ed pr ocedur es.   Submi t  f or  
appr oval  al l  WPS,  whet her  pr equal i f i ed or  qual i f i ed by t est i ng.

3. 4. 1   Removal  of  Tempor ar y Wel ds,  Run- Of f  Pl at es,  and Backi ng St r i ps

Remove onl y f r om f i ni shed ar eas.   Remove backi ng st r i ps f r om bot t om f l ange 
of  moment  connect i ons,  backgouge t he r oot  pass t o sound wel d met al  and 
r ei nf or ce wi t h a 5/ 16 i nch f i l l et  wel d mi ni mum.

3. 5   SHOP PRI MER REPAI R

Repai r  shop pr i mer  i n accor dance wi t h t he pai nt  manuf act ur er ' s 
r ecommendat i on f or  sur f aces damaged by handl i ng,  t r anspor t i ng,  cut t i ng,  
wel di ng,  or  bol t i ng.
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3. 5. 1   Fi el d Pr i mi ng

Fi el d pr i me st eel  exposed t o t he weat her ,  or  l ocat ed i n bui l di ng ar eas 
wi t hout  HVAC f or  cont r ol  of  r el at i ve humi di t y.   Af t er  er ect i on,  t he f i el d 
bol t  heads and nut s,  f i el d wel ds,  and any abr asi ons i n t he shop coat  must  
be cl eaned and pr i med wi t h pai nt  of  t he same qual i t y as t hat  used f or  t he 
shop coat .

3. 6   FI ELD QUALI TY CONTROL

Per f or m f i el d t est s,  and pr ovi de l abor ,  equi pment ,  and i nci dent al s 
r equi r ed f or  t est i ng.   Not i f y t he Cont r act i ng Of f i cer ' s Repr esent at i ve i n 
wr i t i ng of  def ect i ve wel ds,  bol t s,  nut s,  and washer s wi t hi n 7 wor ki ng days 
of  t he dat e of  t he i nspect i on.

3. 6. 1   Wel ds

3. 6. 1. 1   Vi sual  I nspect i on

AWS D1. 1/ D1. 1M.   Fur ni sh t he ser vi ces of  AWS- cer t i f i ed wel di ng i nspect or s 
f or  f abr i cat i on and er ect i on i nspect i on and t est i ng and ver i f i cat i on 
i nspect i ons.   A Cer t i f i ed Wel di ng I nspect or  must  per f or m vi sual  i nspect i on 
on 100 per cent  of  al l  wel ds.   Document  t hi s i nspect i on i n t he Vi sual  Wel d 
I nspect i on Log.   Submi t  cer t i f i cat es i ndi cat i ng t hat  cer t i f i ed wel di ng 
i nspect or s meet  t he r equi r ement s of  AWS QC1.

I nspect  pr oper  pr epar at i on,  s i ze,  gagi ng l ocat i on,  and accept abi l i t y  of  
al l  wel ds;  i dent i f i cat i on mar ki ng;  oper at i on and cur r ent  char act er i st i cs 
of  wel di ng set s i n use.

3. 6. 1. 2   Nondest r uct i ve Test i ng

Nondest r uct i ve t est i ng must  be i n accor dance wi t h AWS D1. 1/ D1. 1M.   
Ul t r asoni c t est i ng must  be per f or med i n accor dance wi t h Tabl e 6. 2 of  
AWS D1. 1/ D1. 1M.   Test  l ocat i ons must  be sel ect ed by t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve.   Al l  per sonnel  per f or mi ng NDT must  be cer t i f i ed 
i n accor dance wi t h ANSI / ASNT CP- 189 i n t he met hod of  t est i ng bei ng 
per f or med.   Submi t  cer t i f i cat es showi ng compl i ance wi t h ANSI / ASNT CP- 189 
f or  al l  NDT t echni c i ans.   I f  mor e t han 20 per cent  of  wel ds made by a 
wel der  cont ai n def ect s i dent i f i ed by t est i ng,  t hen al l  gr oove wel ds made 
by t hat  wel der  must  be t est ed by ul t r asoni c t est i ng,  and al l  f i l l et  wel ds 
made by t hat  wel der  must  be i nspect ed by magnet i c par t i c l e t est i ng ( MT)  or  
dye penet r ant  t est i ng ( PT)  as appr oved by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.   When gr oove wel ds made by an i ndi v i dual  wel der  ar e 
r equi r ed t o be t est ed,  magnet i c par t i c l e or  dye penet r ant  t est i ng may be 
used onl y i n ar eas i naccessi bl e t o ul t r asoni c t est i ng.   Ret est  al l  
r epai r ed ar eas.   Submi t  wel d i nspect i on r epor t s.

Test i ng f r equency:   Pr ovi de t he f ol l owi ng t ypes and number  of  t est s:

Test  Type Number  of  Test s

Ul t r asoni c 50 per cent  of  CJP Wel ds

Magnet i c Par t i c l e 50 per cent  of  PJP and Fi l l et
Wel ds
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Test  Type Number  of  Test s

Dye Penet r ant 50 per cent  of  PJP and Fi l l et
Wel ds

3. 6. 2   Di r ect  Tensi on I ndi cat or  Washer s

3. 6. 2. 1   Di r ect  Tensi on I ndi cat or  Washer  Compr essi on

Test  di r ect  t ensi on i ndi cat or  washer s i n pl ace t o ver i f y t hat  t hey have 
been compr essed suf f i c i ent l y t o pr ovi de t he 0. 015 i nch gap,  as r equi r ed by 
ASTM F959/ F959M.   Submi t  di r ect  t ensi on i ndi cat or  washer  i nspect i on r epor t s.

3. 6. 3   Hi gh- St r engt h Bol t s

3. 6. 3. 1   Test i ng Bol t ,  Nut ,  and Washer  Assembl i es

Test  a mi ni mum of  3 bol t ,  nut ,  and washer  assembl i es f r om each mi l l  
cer t i f i cat e bat ch i n a t ensi on measur i ng devi ce at  t he j ob s i t e pr i or  t o 
t he begi nni ng of  bol t i ng st ar t - up.   Demonst r at e t hat  t he bol t s and nut s,  
when used t oget her ,  can devel op t ensi on not  l ess t han t he pr ovi s i ons 
speci f i ed i n AI SC 360,  dependi ng on bol t  s i ze and gr ade.   The bol t  t ensi on 
must  be devel oped by t i ght eni ng t he nut .   A r epr esent at i ve of  t he 
manuf act ur er  or  suppl i er  must  be pr esent  t o ensur e t hat  t he f ast ener s ar e 
pr oper l y used,  and t o demonst r at e t hat  t he f ast ener  assembl i es suppl i ed 
sat i sf y t he speci f i ed r equi r ement s.   Submi t  bol t  t est i ng r epor t s.

3. 6. 3. 2   I nspect i on

I nspect i on pr ocedur es must  be i n accor dance wi t h AI SC 360.   Conf i r m and 
r epor t  t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve t hat  t he mat er i al s meet  
t he pr oj ect  speci f i cat i on and t hat  t hey ar e pr oper l y st or ed.  Conf i r m t hat  
t he f ayi ng sur f aces have been pr oper l y pr epar ed bef or e t he connect i ons ar e 
assembl ed.   Obser ve t he speci f i ed j ob s i t e t est i ng and cal i br at i on,  and 
conf i r m t hat  t he pr ocedur e t o be used pr ovi des t he r equi r ed t ensi on.   
Moni t or  t he wor k t o ensur e t he t est i ng pr ocedur es ar e r out i nel y f ol l owed 
on j oi nt s t hat  ar e speci f i ed t o be f ul l y t ensi oned.

I nspect  cal i br at i on of  t or que wr enches f or  hi gh- st r engt h bol t s.

3. 6. 3. 3   Test i ng

The Gover nment  has t he opt i on t o per f or m nondest r uct i ve t est s on 5 per cent  
of  t he i nst al l ed bol t s t o ver i f y compl i ance wi t h pr e- l oad bol t  t ensi on 
r equi r ement s.   Pr ovi de t he r equi r ed access f or  t he Gover nment  t o per f or m 
t he t est s.   The nondest r uct i ve t est i ng wi l l  be done i n- pl ace usi ng an 
ul t r asoni c measur i ng devi ce or  any ot her  devi ce capabl e of  det er mi ni ng 
i n- pl ace pr e- l oad bol t  t ensi on.   The t est  l ocat i ons must  be sel ect ed by 
t he Cont r act i ng Of f i cer ' s Repr esent at i ve.   I f  mor e t han 10 per cent  of  t he 
bol t s t est ed cont ai n def ect s i dent i f i ed by t est i ng,  t hen al l  bol t s used 
f r om t he bat ch f r om whi ch t he t est ed bol t s wer e t aken,  must  be t est ed at  
t he Cont r act or ' s expense.   Ret est  new bol t s af t er  i nst al l at i on at  t he 
Cont r act or ' s expense.

3. 6. 4   I nspect i on and Test i ng of  St eel  St ud Wel di ng

Per f or m ver i f i cat i on i nspect i on and t est i ng of  st eel  st ud wel di ng 
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conf or mi ng t o t he r equi r ement s of  AWS D1. 1/ D1. 1M,  St ud Wel di ng Cl ause.   
The Cont r act i ng Of f i cer ' s Repr esent at i ve wi l l  ser ve as t he ver i f i cat i on 
i nspect or .   Bend t est  st uds t hat  do not  show a f ul l  360 degr ee wel d f l ash 
or  have been r epai r ed by wel di ng as r equi r ed by AWS D1. 1/ D1. 1M,  St ud 
Wel di ng Cl ause.   St uds t hat  cr ack under  t est i ng i n t he wel d,  base met al  or  
shank wi l l  be r ej ect ed and r epl aced by t he Cont r act or  at  no addi t i onal  
cost .

        - -  End of  Sect i on - -
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SECTI ON 05 21 00

STEEL JOI ST FRAMI NG
05/ 15,  CHG 1:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2021)  I nt er nat i onal  Bui l di ng Code

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC PA 1 ( 2016)  Shop,  Fi el d,  and Mai nt enance 
Coat i ng of  Met al s

SSPC Pai nt  15 ( 1999;  E 2004)  St eel  Joi st  Shop 
Pr i mer / Met al  Bui l di ng Pr i mer

SSPC SP 2 ( 2018)  Hand Tool  Cl eani ng

STEEL JOI ST I NSTI TUTE ( SJI )

SJI  LOAD TABLES ( 2020)  St andar d Speci f i cat i ons Load Tabl es 
and Wei ght  Tabl es f or  St eel  Joi st s and 
Joi st  Gi r der s -  45t h Edi t i on

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1926 Saf et y and Heal t h Regul at i ons f or  
Const r uct i on

29 CFR 1926. 757 St eel  Er ect i on;  Open Web St eel  Joi st s

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:
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SD- 01 Pr econst r uct i on Submi t t al s

Wel der  Qual i f i cat i on

SD- 02 Shop Dr awi ngs

St eel  Joi st  Fr ami ng;  G,  OC

SD- 03 Pr oduct  Dat a

Recycl ed Cont ent  Of  St eel  Pr oduct s;  S

SD- 05 Desi gn Dat a

Desi gn Cal cul at i ons;  G,  OC

SD- 06 Test  Repor t s

Er ect i on I nspect i on

Wel di ng I nspect i ons

SD- 07 Cer t i f i cat es

Cer t i f i cat i on of  Compl i ance

1. 3   QUALI TY ASSURANCE

Per f or m al l  wor k i n compl i ance wi t h t he r equi r ement s set  f or t h i n 
29 CFR 1926.

1. 3. 1   Dr awi ng Requi r ement s

Submi t  dr awi ngs of  st eel  j oi st  f r ami ng i ncl udi ng f abr i cat i on,  
speci f i cat i ons f or  shop pai nt i ng,  and i dent i f i cat i on mar ki ngs of  j oi st s .   
Show j oi st  t ype and si ze,  l ayout  i n pl an,  al l  appl i cabl e l oads,  def l ect i on 
cr i t er i a,  and er ect i on det ai l s i ncl udi ng met hods of  anchor i ng,  f r ami ng at  
openi ngs,  t ype,  s i ze,  and l ocat i on and connect i ons f or  and spaci ng of  
br i dgi ng,  r equi r ement s f or  f i el d wel di ng,  and det ai l s of  accessor i es as 
appl i cabl e.   

1. 3. 2   Cer t i f i cat i on of  Compl i ance

Pr i or  t o const r uct i on commencement ,  submi t  cer t i f i cat i on f or  wel der  
qual i f i cat i on,  i n compl i ance wi t h AWS D1. 1/ D1. 1M,  wel di ng oper at i on,  and 
t acker ,  st at i ng t he t ype of  wel di ng and posi t i ons qual i f i ed f or ,  t he code 
and pr ocedur e qual i f i ed under ,  dat e qual i f i ed,  and t he f i r m and i ndi v i dual  
cer t i f y i ng t he qual i f i cat i on t est s.   Submi t  cer t i f i cat i on of  compl i ance 
f or  t he f ol l owi ng:

a.   St eel  Joi st  I nst i t ut e Member  Fabr i cat or

b.   29 CFR 1926

c.   29 CFR 1926. 757

d.   St at ement  f r om st eel  j oi st  manuf act ur er ,  t hat  wor k was per f or med i n 
accor dance wi t h appr oved const r uct i on document s and wi t h SJI  st andar d 
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speci f i cat i ons,  i n accor dance wi t h I CC I BC Sect i on 1704. 2. 5. 2.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  t r anspor t ,  and st or e j oi st s  i n a manner  t o pr event  damage 
af f ect i ng t hei r  st r uct ur al  i nt egr i t y.   Ver i f y pi ece count  of  al l  j oi st  
pr oduct s upon del i ver y and i nspect  al l  j oi st s pr oduct s f or  damage.   Repor t  
any damage t o t he j oi st  suppl i er .   St or e al l  i t ems of f  t he gr ound i n a 
wel l  dr ai ned l ocat i on pr ot ect ed f r om t he weat her  and easi l y accessi bl e f or  
i nspect i on and handl i ng.   St or e j oi st s wi t h t op chor d down and wi t h j oi st s 
i n a ver t i cal  posi t i on.   St or e deep j oi st s hor i zont al l y i f  t hey wer e 
shi pped on t hei r  s i des.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Desi gnat e st eel  j oi st s  on t he dr awi ngs i n accor dance wi t h t he st andar d 
desi gnat i ons of  t he St eel  Joi st  I nst i t ut e.   Joi st s of  ot her  st andar d 
desi gnat i ons or  j oi st s wi t h pr oper t i es ot her  t han t hose shown may be 
subst i t ut ed f or  t he j oi st s desi gnat ed pr ovi ded t he st r uct ur al  pr oper t i es 
ar e equal  t o or  gr eat er  t han t hose of  t he j oi st s shown and pr ovi ded al l  
ot her  speci f i ed r equi r ement s ar e met .

2. 2   STEEL JOI STS 

Pr ovi de st eel  j oi st s  conf or mi ng t o SJI  LOAD TABLES.   Desi gn j oi st s 
desi gnat ed K,  KCS,  LH and DLH t o suppor t  t he l oads gi ven i n t he appl i cabl e 
st andar d l oad t abl es of  SJI  LOAD TABLES.   Submi t  desi gn cal cul at i ons f or   
net  upl i f t  l oads,  non- SJI  st andar d det ai l s,  and f i el d spl i ces.   I ncl ude 
cover  l et t er  s i gned and seal ed by t he j oi st  manuf act ur er ' s r egi st er ed 
desi gn pr of essi onal .

2. 2. 1   St eel  Joi st  Camber

Camber  j oi st s accor di ng t o SJI  LOAD TABLES.   

2. 2. 2   Speci al  St eel  Joi st s

Pr ovi de speci al  j oi st s and connect i ons capabl e of  wi t hst andi ng t he desi gn 
l oads i ndi cat ed wi t h a l i ve- l oad def l ect i on l ess t han L/ 360 f or  r oof  
j oi st s and L/ 360 f or  f l oor  j oi st s.

2. 3   RECYCLED CONTENT

Pr ovi de pr oduct s wi t h an aver age r ecycl ed cont ent  of  st eel  pr oduct s of  
post consumer  r ecycl ed cont ent  pl us one hal f  of  pr econsumer  r ecycl ed 
cont ent  not  l ess t han 25 per cent .

2. 4   ACCESSORI ES AND FI TTI NGS

2. 4. 1   Br i dgi ng

Pr ovi de br i dgi ng of  mat er i al ,  s i ze,  and t ype r equi r ed by SJI  LOAD TABLES 
f or  t ype of  j oi st ,  chor d s i ze,  spaci ng and span.   Fur ni sh addi t i onal  
er ect i on br i dgi ng i f  r equi r ed f or  st abi l i t y .
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2. 4. 2   Bear i ng Pl at es

Fabr i cat e st eel  bear i ng pl at s f r om ASTM A36/ A36M st eel  of  s i ze and 
t hi ckness i ndi cat ed.

2. 4. 3   Cei l i ng Ext ensi ons

Fur ni sh cei l i ng ext ensi ons,  ei t her  bot t om- chor d el ement s or  a separ at e 
ext ensi on uni t  of  enough st r engt h t o suppor t  cei l i ng const r uct i on.   Ext end 
ends t o wi t hi n 1/ 2 i nch of  f i ni shed wal l  sur f ace unl ess ot her wi se 
i ndi cat ed.

2. 5   SHOP PAI NTI NG

SSPC Pai nt  15.   Shop pr i me j oi st s,  except  as modi f i ed her ei n,  i n 
accor dance wi t h SSPC PA 1.   Cl ean j oi st s i n accor dance wi t h SSPC SP 2 
bef or e pr i mi ng.     I f  f l ash r ust i ng occur s,  r e- c l ean t he sur f ace pr i or  t o 
appl i cat i on of  pr i mer .   For  j oi st s  whi ch r equi r e f i ni sh pai nt i ng under  
Sect i on 09 90 00 PAI NTS AND COATI NGS,  t he pr i mer  pai nt  must  be compat i bl e 
wi t h t he f i ni sh pai nt .

PART 3   EXECUTI ON

3. 1   ERECTI ON

I nst al l  j oi st s  i n conf or mance wi t h SJI  LOAD TABLES f or  t he j oi st  ser i es 
i ndi cat ed,  and t he r equi r ement s of  29 CFR 1926 and 29 CFR 1926. 757.   
Handl e and set  j oi st s  avoi di ng damage t o t he member s.   Pl ace t he " t ag 
end"  of  j oi st s as shown on t he j oi st s pl acement  pl ans.   Ensur e t hat  
squar e- end j oi st s ar e er ect ed r i ght  s i de up.     Di st r i but e t empor ar y l oads 
so t hat  j oi st  capaci t y i s not  exceeded.   Remove damaged j oi st s  f r om t he 
si t e,  except  when f i el d r epai r  i s  appr oved and such r epai r s ar e 
sat i sf act or i l y  made i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons.   Do not  r epai r ,  f i el d modi f y,  or  al t er  any j oi st s  
wi t hout  speci f i c  wr i t t en i nst r uct i ons f r om t he Desi gner  of  Recor d and/ or  
j oi st  manuf act ur er .

I nst al l  and connect  br i dgi ng concur r ent l y wi t h j oi st  er ect i on,  bef or e 
const r uct i on l oads ar e appl i ed.   Do not  appl y l oads t o br i dgi ng.   Anchor  
ends of  br i dgi ng l i nes at  t op and bot t om chor ds i f  t er mi nat i ng at  wal l s or  
beams.   Do not  cut  away ver t i cal  l eg of  br i dgi ng wher e br i dgi ng makes an 
el evat i on t r ansi t i on;  wel d a separ at e pi ece of  br i dgi ng at  t he 
t r ansi t i on.   Per f or m al l  wel di ng i n accor dance wi t h AWS D1. 1/ D1. 1M.

3. 2   BEARI NG PLATES

Pr ovi de bear i ng pl at es t o accept  f ul l  bear i ng af t er  t he suppor t i ng member s 
have been pl umbed and pr oper l y posi t i oned,  but  pr i or  t o pl aci ng 
super i mposed l oads.   The ar ea under  t he pl at e must  be damp- packed sol i dl y 
wi t h beddi ng mor t ar ,  except  wher e nonshr i nk gr out  i s i ndi cat ed on t he 
dr awi ngs.   Pr ovi de beddi ng mor t ar  and gr out  as speci f i ed i n Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE.

3. 3   PAI NTI NG

3. 3. 1   Touch- Up Pai nt i ng

Af t er  er ect i on of  j oi st s ,  t ouch- up connect i ons and ar eas of  abr aded shop 
coat  wi t h pai nt  of  t he same t ype used f or  t he shop coat .
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3. 3. 2   Fi el d Pai nt i ng

Pai nt  j oi st s  r equi r i ng a f i ni sh coat  i n conf or mance wi t h t he r equi r ement s 
of  Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 4   VI SUAL I NSPECTI ONS

Per f or m t he f ol l owi ng vi sual  i nspect i ons:

a.    Ver i f y t hat  al l  j oi st s ar e spaced pr oper l y.

b.    Ver i f y t hat  t her e i s suf f i c i ent  j oi st  bear i ng on st eel  beams,  
concr et e,  and masonr y.

c.    Ver i f y al l  br i dgi ng l i nes ar e pr oper l y spaced and anchor ed.

d.    Ver i f y t hat  damage has not  occur r ed t o t he j oi st s  dur i ng er ect i on.

e.    Ver i f y t he j oi st s ar e al i gned ver t i cal l y and t her e i s no l at er al  
sweep i n t he j oi st s.

f .    Wher e concent r at ed l oads ar e pr esent  on t he j oi st s ver i f y t hat  t hey 
ar e l ocat ed i n accor dance wi t h t he j oi st s pl acement  pl an.

g.    Ver i f y wel di ng of  br i dgi ng and j oi st  seat s i n accor dance wi t h 
AWS D1. 1/ D1. 1M,  Sect i on 6.   Per f or m er ect i on i nspect i on and f i el d 
wel di ng i nspect i ons wi t h AWS cer t i f i ed wel di ng i nspect or s.

h.    Ver i f y pr oper  bol t i ng of  di agonal  br i dgi ng and j oi st  seat s wher e t he 
bol t s ar e snug- t i ght .

        - -  End of  Sect i on - -

SECTI ON 05 21 00  Page 5



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

SECTI ON 05 30 00

STEEL DECKS
05/ 15,  CHG 2:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN I RON AND STEEL I NSTI TUTE ( AI SI )

AI SI  D100 ( 2017)  Col d- For med St eel  Desi gn Manual

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS D1. 3/ D1. 3M ( 2018)  St r uct ur al  Wel di ng Code -  Sheet  
St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs

ASTM A792/ A792M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  55% Al umi num- Zi nc Al l oy- Coat ed by 
t he Hot - Di p Pr ocess

ASTM A1008/ A1008M ( 2021a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM D746 ( 2014)  St andar d Test  Met hod f or  
Br i t t l eness Temper at ur e of  Pl ast i cs and 
El ast omer s by I mpact

ASTM D1056 ( 2020)  St andar d Speci f i cat i on f or  Fl exi bl e 
Cel l ul ar  Mat er i al s -  Sponge or  Expanded 
Rubber

ASTM D1149 ( 2007;  R 2012)  St andar d Test  Met hod f or  
Rubber  Det er i or at i on -  Sur f ace Ozone 
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Cr acki ng i n a Chamber

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

FM DS 1- 28R ( 1998)   Dat a Sheet :   Roof  Syst ems

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC Pai nt  20 ( 2019)  Zi nc- Ri ch Pr i mer s ( Type I ,  
I nor gani c,  and Type I I ,  Or gani c)

STEEL DECK I NSTI TUTE ( SDI )

ANSI / SDI  C ( 2017)  St andar d f or  Composi t e St eel  Fl oor  
Deck -  Sl abs

ANSI / SDI  NC ( 2017)  St andar d f or  Non- Composi t e St eel  
Fl oor  Deck

ANSI / SDI  QA/ QC ( 2017)  St andar d f or  Qual i t y Cont r ol  and 
Qual i t y Assur ance f or  I nst al l at i on of  
St eel  Deck

ANSI / SDI  RD ( 2017)  St andar d f or  St eel  Roof  Deck

SDI  DDM04 ( 2015;  Er r at a 1- 3 2016;  Add 1 2015;  Add 2 
20162006)  Di aphr agm Desi gn Manual ;  4t h 
Edi t i on

SDI  DDP ( 1987;  R 2000)  Deck Damage and Penet r at i ons

SDI  MOC3 ( 2016)  Manual  of  Const r uct i on wi t h St eel  
Deck ( 3r d Edi t i on)

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2019,  wi t h Change 1,  2022)  St r uct ur al  
Engi neer i ng

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1926 Saf et y and Heal t h Regul at i ons f or  
Const r uct i on

UNDERWRI TERS LABORATORI ES ( UL)

UL 580 ( 2006;  Repr i nt  Mar  2019)  UL St andar d f or  
Saf et y Test s f or  Upl i f t  Resi st ance of  Roof  
Assembl i es

UL Fi r e Resi st ance ( 2014)  Fi r e Resi st ance Di r ect or y
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1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Fabr i cat i on Dr awi ngs;  G,  OC

SD- 03 Pr oduct  Dat a

Accessor i es

Deck Uni t s

Gal vani z i ng Repai r  Pai nt

Touch- Up Pai nt

Wel di ng Equi pment

Wel di ng Rods and Accessor i es

Recycl ed Cont ent  of  St eel  Pr oduct s;  S

SD- 04 Sampl es

Met al  Roof  Deck Uni t s

Fl exi bl e Cl osur e St r i ps

SD- 05 Desi gn Dat a

Deck Uni t s;  G,  OC

SD- 07 Cer t i f i cat es

Powder - Act uat ed Tool  Oper at or

Wel der  Qual i f i cat i ons

Wel di ng Pr ocedur es

Fi r e Saf et y

Wi nd St or m Resi st ance

Manuf act ur er ' s Cer t i f i cat e

St ud Manuf act ur e' s Cer t i f i cat i on

St ud Manuf act ur e' s Test  Repor t s
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1. 3   QUALI TY ASSURANCE

1. 3. 1   Deck Uni t s

Fur ni sh deck uni t s and accessor y pr oduct s f r om a manuf act ur er  r egul ar l y 
engaged i n manuf act ur e of  st eel  decki ng.   Pr ovi de manuf act ur er ' s 
cer t i f i cat es at t est i ng t hat  t he decki ng mat er i al  meet s t he speci f i ed 
r equi r ement s.

1. 3. 2   Cer t i f i cat i on of  Powder - Act uat ed Tool  Oper at or

Pr ovi de manuf act ur er ' s cer t i f i cat e at t est i ng t hat  t he oper at or s ar e 
aut hor i zed t o use t he l ow vel oci t y powder - act uat ed t ool .

1. 3. 3   Qual i f i cat i ons f or  Wel di ng Wor k

Fol l ow Wel di ng Pr ocedur es of  AWS D1. 3/ D1. 3M f or  sheet  st eel  and 
AWS D1. 1/ D1. 1M f or  st ud wel di ng.
Submi t  qual i f i ed Wel der  Qual i f i cat i ons i n accor dance wi t h AWS D1. 3/ D1. 3M 
f or  sheet  st eel  and AWS D1. 1/ D1. 1M f or  st ud wel di ng,  or  under  an 
equi val ent  appr oved qual i f i cat i on t est .   Per f or m t est s on t est  pi eces i n 
posi t i ons and wi t h c l ear ances equi val ent  t o t hose act ual l y encount er ed.     
I f  a t est  wel d f ai l s  t o meet  r equi r ement s,  per f or m an i mmedi at e r et est  of  
t wo t est  wel ds unt i l  each t est  wel d passes.   Fai l ur e i n t he i mmedi at e 
r et est  wi l l  r equi r e t he wel der  be r et est ed af t er  f ur t her  pr act i ce or  
t r ai ni ng,  per f or mi ng a compl et e set  of  t est  wel ds.

Submi t  manuf act ur er ' s cat al og dat a f or  Wel di ng Equi pment  and Wel di ng Rods 
and Accessor i es.

1. 3. 4   Regul at or y Requi r ement s

1. 3. 4. 1   Fi r e Saf et y

Test  r oof  deck as a par t  of  a r oof  deck const r uct i on assembl y of  t he t ype 
used f or  t hi s pr oj ect ,  l i s t i ng as f i r e c l assi f i ed i n t he UL Fi r e Resi st ance,  
or  l i s t i ng as Cl ass I  const r uct i on i n t he FM APP GUI DE,  and so l abel ed.

1. 3. 4. 2   Wi nd St or m Resi st ance

Pr ovi de r oof  const r uct i on assembl y capabl e of  wi t hst andi ng a nomi nal  
upl i f t  pr essur e as i ndi cat ed on t he desi gn dr awi ns when t est ed i n 
accor dance wi t h t he upl i f t  pr essur e t est  descr i bed i n t he FM DS 1- 28R or  
as descr i bed i n UL 580 and i n gener al  compl i ance wi t h UFC 3- 301- 01.

1. 3. 5   Fabr i cat i on Dr awi ngs

Show t ype and l ocat i on of  uni t s,  l ocat i on and sequence of  connect i ons,  
bear i ng on suppor t s,  met hods of  anchor i ng,  at t achment  of  accessor i es,  
adj ust i ng pl at e det ai l s,  cant  st r i ps,  r i dge and val l ey pl at es,  met al  
c l osur e st r i ps,  s i ze and l ocat i on of  hol es t o be cut  and r ei nf or cement  t o 
be pr ovi ded,  t he manuf act ur er ' s er ect i on i nst r uct i ons and ot her   per t i nent  
det ai l s.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  deck uni t s t o t he s i t e i n a dr y and undamaged condi t i on.   St or e 
and handl e st eel  deck i n a manner  t o pr ot ect  i t  f r om cor r osi on,  
def or mat i on,  and ot her  t ypes of  damage.   Do not  use decki ng f or  st or age or  
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as wor ki ng pl at f or m unt i l  uni t s have been f ast ened i nt o posi t i on.   
Exer ci se car e not  t o damage mat er i al  or  over l oad decki ng dur i ng 
const r uct i on.   The maxi mum uni f or m di st r i but ed st or age l oad must  not  
exceed t he desi gn l i ve l oad.  St ack decki ng on pl at f or ms or  pal l et s and 
cover  wi t h weat her t i ght  vent i l at ed cover i ng.   El evat e one end dur i ng 
st or age t o pr ovi de dr ai nage.   Mai nt ai n deck f i ni sh at  al l  t i mes t o pr event  
f or mat i on of  r ust .   Repai r  deck f i ni sh usi ng t ouch- up pai nt .   Repl ace 
damaged mat er i al .

1. 5   DESI GN REQUI REMENTS FOR ROOF DECKS

1. 5. 1   Pr oper t i es of  Sect i ons

Pr oper t i es of  met al  r oof  deck sect i ons must  compl y wi t h engi neer i ng desi gn 
wi dt h as l i mi t ed by t he pr ovi s i ons of  AI SI  D100.

1. 5. 2   Al l owabl e Loads

I ndi cat e t ot al  uni f or m dead and l i ve l oad f or  det ai l i ng pur poses.

PART 2   PRODUCTS

2. 1   DECK UNI TS

Submi t  manuf act ur er ' s desi gn cal cul at i ons,  or  appl i cabl e publ i shed 
l i t er at ur e f or  t he st r uct ur al  pr oper t i es of  t he pr oposed deck uni t s.

Pr ovi de pr oduct s wi t h an aver age r ecycl ed cont ent  of  st eel  pr oduct s so 
post consumer  r ecycl ed cont ent  pl us one hal f  of  pr econsumer  r ecycl ed 
cont ent  not  l ess t han 25 per cent .

2. 1. 1   Roof  Deck

Conf or m t o ASTM A792/ A792M or  ASTM A1008/ A1008M f or  deck used i n 
conj unct i on wi t h i nsul at i on and bui l t - up r oof i ng.   Fabr i cat e r oof  deck 
uni t s of  t he st eel  desi gn t hi ckness r equi r ed by t he desi gn dr awi ngs and 
gal vani zed .   Fur ni sh sampl e of  Met al  Roof  Deck Uni t s used t o i l l ust r at e 
act ual  cr oss sect i on di mensi ons and conf i gur at i ons.

2. 1. 2   Lengt h of  Deck Uni t s

Pr ovi de deck uni t s of  suf f i c i ent  l engt h t o span t hr ee or  mor e spaci ngs 
wher e possi bl e.

2. 1. 3   Touch- Up Pai nt

Pr ovi de a hi gh zi nc- dust  cont ent  pai nt  f or  r egal vani z i ng wel ds i n 
gal vani zed st eel  conf or mi ng t o ASTM A780/ A780M.

Pr ovi de t ouch- up pai nt  f or  shop- pai nt ed uni t s ,  and t ouch- up pai nt  f or  
z i nc- coat ed uni t s of  an appr oved gal vani z i ng r epai r  pai nt  wi t h a hi gh- zi nc 
dust  cont ent  .   Touch- up wel ds wi t h pai nt  conf or mi ng t o SSPC Pai nt  20 i n 
accor dance wi t h ASTM A780/ A780M.   Mai nt ai n f i ni sh of  deck uni t s and 
accessor i es by usi ng t ouch- up pai nt  whenever  necessar y t o pr event  t he 
f or mat i on of  r ust .

2. 2   ACCESSORI ES

Pr ovi de accessor i es of  same mat er i al  as deck,  unl ess speci f i ed ot her wi se.   
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Pr ovi de manuf act ur er ' s st andar d t ype accessor i es,  as speci f i ed.

2. 2. 1   Adj ust i ng Pl at es

Pr ovi de adj ust i ng pl at es,  or  segment s of  deck uni t s,  of  same t hi ckness and 
conf i gur at i on as deck uni t s i n l ocat i ons t oo nar r ow t o accommodat e f ul l  
s i ze uni t s.   Pr ovi de f act or y cut  pl at es of  pr edet er mi ned si ze wher e 
possi bl e.

2. 2. 2   End Cl osur es

Fabr i cat ed of  sheet  met al  by t he deck manuf act ur er .   Pr ovi de end cl osur es 
mi ni mum 0. 0295 i nch t hi ck t o c l ose open ends at  end wal l s,  eaves,  and 
openi ngs t hr ough deck.

2. 2. 3   Par t i t i on Cl osur es

Pr ovi de cl osur es f or  c l osi ng voi ds above i nt er i or  wal l s and par t i t i ons 
t hat  ar e per pendi cul ar  t o t he di r ect i on of  t he conf i gur at i ons.   Pr ovi de 
r ubber ,  pl ast i c,  or  sheet  st eel  c l osur es above t ypi cal  par t i t i ons.   
Pr ovi de sheet  st eel  c l osur es above f i r e- r esi st ant  i nt er i or  wal l s and 
par t i t i ons l ocat ed on bot h s i des of  wal l  or  par t i t i on.   

2. 2. 4   Fl exi bl e Cl osur e St r i ps f or  Roof  Decks

Pr ovi de st r i ps made of  vul cani zed,  c l osed- cel l ,  synt het i c r ubber  mat er i al  
speci f i ed and pr emol ded t o t he conf i gur at i on r equi r ed t o pr ovi de 
t i ght - f i t t i ng c l osur es at  open ends and si des of  st eel  r oof  decki ng.  

Conf or mi ng t o ASTM D1056,  Gr ade 2A1,  wi t h t he f ol l owi ng addi t i onal  
pr oper t i es:

Br i t t l eness t emper at ur e of  mi nus 40 degr ees F when t est ed i n 
accor dance wi t h ASTM D746.

Fl ammabi l i t y  r esi st ance wi t h a f l ame spr ead r at i ng of  l ess t han 25 
when t est ed i n accor dance wi t h ASTM E84.

Resi st ance t o ozone must  be " no cr acks"  af t er  exposur e of  a sampl e 
kept  under  a sur f ace t ensi l e st r ai n of  25 per cent  t o an ozone 
concent r at i on of  100 par t s per  mi l l i on of  ai r  by vol ume i n ai r  f or  100 
hour s at  104 degr ees F and t est ed i n accor dance wi t h ASTM D1149.

Pr ovi de a el ast omer i c t ype adhesi ve as r ecommended by t he manuf act ur er  
of  t he f l exi bl e c l osur e st r i ps.

2. 2. 5   Sheet  Met al  Col l ar

Wher e deck i s cut  f or  passage of  pi pes,  duct s,  col umns,  et c. ,  and deck i s 
t o r emai n exposed,  pr ovi de a neat l y cut  sheet  met al  col l ar  t o cover  edges 
of  deck.   Do not  cut  deck unt i l  af t er  i nst al l at i on of  suppl ement al  
suppor t s.

2. 2. 6   Cover  Pl at es

Sheet  met al  t o c l ose panel  edge and end condi t i ons,  and wher e panel s 
change di r ect i on or  but t .   Pol yet hyl ene- coat ed,  sel f - adhesi ve,  2 i nch wi de 
j oi nt  t ape may be pr ovi ded i n l i eu of  cover  pl at es on f l at - sur f aced 
decki ng but t  j oi nt s.
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2. 2. 7   Access Hol e Cover s

Sheet  met al ,  mi ni mum 0. 0474 i nch t hi ck.

2. 2. 8   Hanger

Pr ovi de cl i ps or  l oops f or  ut i l i t y  syst ems and suspended cei l i ngs of  one 
or  mor e of  t he f ol l owi ng t ypes:

a.   Li p t abs or  i nt egr al  t abs wher e noncel l ul ar  decki ng or  f l at  pl at e of  
cel l ul ar  sect i on i s 0. 0474 i nch t hi ck or  mor e,  and a st r uct ur al  
concr et e f i l l  i s  used over  deck.

b.   Sl ot s or  hol es punched i n decki ng f or  i nst al l at i on of  pi gt ai l s.

c.   Tabs dr i ven f r om t op si de of  decki ng and ar r anged so as not  t o pi er ce 
el ect r i cal  cel l s.

d.   Decki ng manuf act ur er ' s st andar d as appr oved by t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve.

2. 2. 9   Shear  Connect or s

Pr ovi de shear  connect or s i n accor dance wi t h AWS D1. 1/ D1. 1M headed st ud 
Type B.   Submi t  st ud manuf act ur e' s cer t i f i cat i on t hat  t he st uds del i ver ed 
conf or m t o t he mat er i al  r equi r ement s.   Submi t  st ud manuf act ur e' s t est  
r epor t s f or  t he l ast  compl et ed i n- pl ant  qual i t y cont r ol  mechani cal  t est s.

2. 2. 10   Cant  St r i ps f or  Roof  Decks

Fabr i cat e cant  st r i ps f r om t he speci f i ed commer ci al - qual i t y st eel  sheet s 
not  l ess t han nomi nal  0. 0358 i nch t hi ck bef or e gal vani z i ng.  Bend st r i ps t o 
f or m a 45- degr ee cant  not  l ess t han 5 i nch wi de,  wi t h t op and bot t om 
f l anges a mi ni mum 3 i nch wi de.   Lengt h of  st r i ps 10 f eet .

2. 2. 11   Ri dge and Val l ey Pl at es f or  Roof  Decks

Fabr i cat e pl at es f r om t he speci f i ed st r uct ur al - qual i t y st eel  sheet s,  not  
l ess t han nomi nal  0. 0358 i nch t hi ck bef or e gal vani z i ng.  Pr ovi de pl at es of  
mi ni mum 4- 1/ 2 i nch wi de and bent  t o pr ovi de t i ght  f i t t i ng c l osur es at  
r i dges and val l eys.  Pr ovi de a mi ni mum l engt h of  r i dge and val l ey pl at es of  
10 f eet .

2. 2. 12   Met al  Cl osur e St r i ps f or  Roof  Decks

Fabr i cat e st r i ps f r om t he speci f i ed commer ci al - qual i t y st eel  sheet s not  
l ess t han nomi nal  0. 0358 i nch t hi ck bef or e gal vani z i ng.  Pr ovi de st r i ps 
f r om t he conf i gur at i on r equi r ed t o pr ovi de t i ght - f i t t i ng c l osur es at  open 
ends and si des of  st eel  r oof  decki ng.

2. 2. 13   Gal vani zed St eel  Angl es f or  Roof  Decks

Pr ovi de hot - r ol l ed car bon st eel  angl es conf or mi ng t o ASTM A36/ A36M,  and 
hot - di p gal vani zed i n accor dance wi t h ASTM A123/ A123M.

2. 2. 14   Mi scel l aneous Accessor i es
Fur ni sh t he manuf act ur er ' s st andar d accessor i es t o compl et e t he deck 
i nst al l at i on.   Fur ni sh met al  accessor i es of  t he same mat er i al  as t he deck 
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and wi t h t he mi ni mum desi gn t hi ckness as f ol l ows:  saddl es,  0. 0474 i nch 
wel di ng washer s,  0. 0598 i nch ot her  met al  accessor i es,  0. 0358 i nch unl ess 
ot her wi se i ndi cat ed.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Pr i or  t o i nst al l at i on of  decki ng uni t s and accessor i es,  exami ne wor ksi t e 
t o ver i f y t hat  as- bui l t  st r uct ur e wi l l  per mi t  i nst al l at i on of  decki ng 
syst em wi t hout  modi f i cat i on.

3. 2   I NSTALLATI ON

I nst al l  st eel  deck uni t s i n accor dance wi t h 29 CFR 1926,  Subpar t  R – St eel  
Er ect i on,  ANSI / SDI  QA/ QC,  ANSI / SDI  RD and appr oved shop dr awi ngs.   Pl ace 
uni t s on st r uct ur al  suppor t s,  pr oper l y adj ust ed,  l evel ed,  and al i gned at  
r i ght  angl es t o suppor t s bef or e per manent l y secur i ng i n pl ace.   Damaged 
deck and accessor i es i ncl udi ng mat er i al  whi ch i s per manent l y st ai ned or  
cont ami nat ed,  def or med,  or  wi t h bur ned hol es shal l  not  be i nst al l ed.   
Ext end deck uni t s over  t hr ee or  mor e suppor t s unl ess absol ut el y 
i mpr act i cal .   Repor t  i naccur aci es i n al i gnment  or  l evel i ng t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve and make necessar y cor r ect i ons bef or e 
per manent l y anchor i ng deck uni t s.   Locat e deck ends over  suppor t s onl y.   
Lap 2 i nch deck ends.   Do not  use unanchor ed deck uni t s as a wor k or  
st or age pl at f or m.     Per manent l y anchor  uni t s pl aced by t he end of  each 
wor ki ng day.   Do not  suppor t  suspended cei l i ngs,  l i ght  f i x t ur es,  duct s,  
ut i l i t i es,  or  ot her  l oads by st eel  deck unl ess i ndi cat ed.   Di st r i but e 
l oads by appr opr i at e means t o pr event  damage.

3. 2. 1   At t achment

I mmedi at el y af t er  pl acement  and al i gnment ,  and af t er  cor r ect i ng 
i naccur aci es,  per manent l y f ast en st eel  deck uni t s t o st r uct ur al  suppor t s 
and t o adj acent  deck uni t s by wel di ng wi t h nor mal  5/ 8 i nchdi amet er  puddl e 
wel ds,  as i ndi cat ed on t he desi gn dr awi ngs and i n accor dance wi t h 
manuf act ur er ' s r ecommended pr ocedur e and ANSI / SDI  C,  ANSI / SDI  NC or  
ANSI / SDI  RD.   Cl amp or  wei ght  deck uni t s t o pr ovi de f i r m cont act  bet ween 
deck uni t s and st r uct ur al  suppor t s whi l e per f or mi ng wel di ng .   Anchor i ng 
t he deck t o st r uct ur al  suppor t s wi t h powder - act uat ed f ast ener s or  
pneumat i cal l y dr i ven f ast ener s i s pr ohi bi t ed.   At t achment  of  adj acent  deck 
uni t s by but t on- punchi ng i s pr ohi bi t ed.

3. 2. 1. 1   Wel di ng

Per f or m wel di ng i n accor dance wi t h AWS D1. 3/ D1. 3M usi ng met hods and 
el ect r odes r ecommended by t he manuf act ur er s of  t he base met al  al l oys bei ng 
used.   Ensur e onl y oper at or s pr evi ousl y qual i f i ed by t est s pr escr i bed i n 
AWS D1. 3/ D1. 3M make wel ds.   I mmedi at el y r ecer t i f y,  or  r epl ace qual i f i ed 
wel der s,  t hat  ar e pr oduci ng unsat i sf act or y wel di ng.   I ndi cat e f or  
l ocat i on,  s i ze,  and spaci ng of  f ast eni ng.   Do not  use wel di ng washer s at  
t he connect i ons of  t he deck t o suppor t s.   Do not  use wel di ng washer s at  
s i del aps.   Hol es and si mi l ar  def ect s wi l l  not  be accept abl e.   At t ach al l  
par t i al  or  segment s of  deck uni t s t o st r uct ur al  suppor t s i n accor dance 
wi t h Sect i on 2. 5 of  SDI  DDM04.   .   I mmedi at el y c l ean wel ds by chi ppi ng and 
wi r e br ushi ng.  Heavi l y coat  wel ds,  cut  edges and damaged por t i ons of  
coat ed f i ni sh wi t h z i nc- dust  pai nt  conf or mi ng t o ASTM A780/ A780M .
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3. 2. 1. 2   Si del ap Fast eni ng

Lock si del aps bet ween adj acent  f l oor  deck uni t s t oget her  by wel di ng or  
scr ews as i ndi cat ed.

3. 2. 2   Openi ngs

Cut  or  dr i l l  al l  hol es and openi ngs r equi r ed and be coor di nat ed wi t h t he 
dr awi ngs,  speci f i cat i ons,  and ot her  t r ades.   Fr ame and r ei nf or ce openi ngs 
t hr ough t he deck i n conf or mance wi t h SDI  DDP.   Rei nf or ce hol es and openi ngs
 6 t o 12 i nch acr oss by 0. 0474 i nch t hi ck st eel  sheet  at  l east  12 i nch 
wi der  and l onger  t han t he openi ng and be f ast ened t o t he st eel  deck at  
each cor ner  of  t he sheet  and at  a maxi mum of  6 i nch on cent er .   Rei nf or ce 
hol es and openi ngs l ar ger  t han 12 i nch by st eel  channel s or  angl es 
i nst al l ed per pendi cul ar  t o t he st eel  j oi st s and suppor t ed by t he adj acent  
st eel  j oi st s.   I nst al l  st eel  channel s or  angl es per pendi cul ar  t o t he deck 
r i bs and f ast en t o t he  channel s or  angl es per pendi cul ar  t o t he st eel  
j oi st s.   Deck manuf act ur er  shal l  appr ove hol es or  openi ngs l ar ger  t han 6 
i nch i n di amet er  pr i or  t o dr i l l i ng or  cut t i ng.   Openi ngs must  not  
i nt er f er e wi t h sei smi c member s such as chor ds and dr ag st r ut s.

3. 2. 3   Deck Damage

SDI  MOC3,  f or  r epai r  of  deck damage.

3. 2. 4   Touch- Up Pai nt

3. 2. 4. 1   Roof  Deck

Af t er  r oof  decki ng i nst al l at i on,  wi r e br ush,  c l ean,  and t ouchup pai nt  t he 
scar r ed ar eas on t op and bot t om sur f aces of  met al  r oof  decki ng.   The 
scar r ed ar eas i ncl ude wel ds,  wel d scar s,  br ui ses,  and r ust  spot s.   Touchup 
gal vani zed sur f aces wi t h gal vani z i ng r epai r  pai nt .   Touchup pai nt ed 
sur f aces wi t h r epai r  pai nt  of  pai nt ed sur f aces.

3. 2. 5   Accessor y I nst al l at i on

3. 2. 5. 1   Adj ust i ng Pl at es

Pr ovi de i n l ocat i ons t oo nar r ow t o accommodat e f ul l - s i ze deck uni t s and 
i nst al l  as shown on shop dr awi ngs.

3. 2. 5. 2   End Cl osur es

Pr ovi de end cl osur e t o c l ose open ends of  cel l s at  col umns,  wal l s,  and 
openi ngs i n deck.

3. 2. 5. 3   Cl osur es Above Par t i t i ons

Pr ovi de f or  c l osi ng voi ds bet ween cel l s over  par t i t i ons t hat  ar e 
per pendi cul ar  t o di r ect i on of  cel l s.   Pr ovi de a one- pi ece cl osur e st r i p 
f or  par t i t i ons 4 i nch nomi nal  or  l ess i n t hi ckness and t wo- pi ece cl osur e 
st r i ps f or  wi der  par t i t i ons.   Pr ovi de sheet  met al  c l osur es above 
f i r e- r at ed par t i t i ons at  bot h s i des of  par t i t i on wi t h space bet ween f i l l ed 
wi t h f i ber gl ass i nsul at i on.   

3. 2. 5. 4   Hanger s

Pr ovi de as i ndi cat ed t o suppor t  ut i l i t y  syst em and suspended cei l i ngs.   
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Space devi ces so as t o pr ovi de one devi ce per  6. 25 squar e f eet .

3. 2. 6   Pr epar at i on of  Fi r e- Pr oof ed Sur f aces

Pr ovi de deck sur f aces,  bot h composi t e and noncomposi t e,  whi ch ar e t o 
r ecei ve spr ayed- on f i r epr oof i ng,  gal vani zed and f r ee of  al l  gr ease,  mi l l  
oi l ,  par af f i n,  di r t ,  sal t ,  and ot her  cont ami nant s whi ch i mpai r  adhesi on of  
t he f i r epr oof i ng.   Compl et e any r equi r ed cl eani ng pr i or  t o st eel  deck 
i nst al l at i on usi ng a c l eani ng met hod t hat  i s compat i bl e wi t h t he 
spr ayed- on f i r epr oof i ng.

3. 3   ROOF SUMP PANS

Pl ace sump pans over  openi ngs i n r oof  decki ng and f usi on wel ded t o t op 
sur f ace of  r oof  decki ng.   Do not  exceed spaci ng of  wel ds of  12 i nch wi t h 
not  l ess t han one wel d at  each cor ner .   Fi el d cut  openi ng i n t he bot t om of  
each r oof  sump pan t o r ecei ve t he r oof  dr ai n as par t  of  t he wor k of  t hi s 
sect i on.

3. 4   CANT STRI PS FOR ROOF DECKS

Pr ovi de st r i ps t o be f usi on wel ded t o sur f ace of  r oof  decki ng,  secur ed t o 
wood nai l er s by gal vani zed scr ews or  t o st eel  f r ami ng by gal vani zed 
sel f - t appi ng scr ews or  wel ds.   Do not  exceed spaci ng of  wel ds and 
f ast ener s of  12 i nch.   Lap end j oi nt s a mi ni mum 3 i nch and secur e wi t h 
gal vani zed sheet  met al  scr ews spaced a maxi mum 4 i nch on cent er .

3. 5   RI DGE AND VALLEY PLATES FOR ROOF DECKS

Pr ovi de pl at es t o be f usi on wel ded t o t op sur f ace of  r oof  decki ng.   Lap 
end j oi nt s a mi ni mum 3 i nch.   For  val l ey pl at es,  pr ovi de endl aps t o be i n 
t he di r ect i on of  wat er  f l ow.

3. 6   CLOSURE STRI PS FOR ROOF DECKS

Pr ovi de cl osur e st r i ps at  open,  uncover ed ends and edges of  t he r oof  
decki ng and i n voi ds bet ween r oof  decki ng and t op of  wal l s and par t i t i ons 
wher e i ndi cat ed.   I nst al l  c l osur e st r i ps i n posi t i on i n a manner  t o 
pr ovi de a weat her t i ght  i nst al l at i on.

3. 7   ROOF I NSULATI ON SUPPORT FOR ROOF DECKS

Pr ovi de met al  c l osur e st r i ps f or  suppor t  of  r oof  i nsul at i on wher e r i b 
openi ngs i n t op sur f ace of  met al  r oof  decki ng occur  adj acent  t o edges and 
openi ngs.   Wel d met al  c l osur e st r i ps i n posi t i on.

3. 8   CLEANI NG AND PROTECTI ON FOR ROOF DECKS

Upon compl et i on of  t he deck,  sweep sur f aces cl ean and pr epar e f or  
i nst al l at i on of  t he r oof i ng.

3. 9   FI ELD QUALI TY CONTROL

3. 9. 1   Headed St ud I nspect i on

I n addi t i on t o v i sual  i nspect i on,  t est  and i nspect  shop- wel ded shear  
connect or s accor di ng t o r equi r ement s i n AWS D1. 1/ D1. 1M f or  st ud wel di ng 
and as f ol l ows:
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a.   Per f or m bend t est s i f  v i sual  i nspect i ons r eveal  ei t her  a 
l ess- t han- cont i nuous 360- degr ee f l ash or  wel di ng r epai r s t o any shear  
connect or .

b.   Conduct  t est s accor di ng t o r equi r ement s i n AWS D1. 1/ D1. 1M on 
addi t i onal  shear  connect or s i f  wel d f r act ur e occur s on shear  
connect or s al r eady t est ed.

3. 9. 2   Deck Wel d I nspect i on

Vi sual  i nspect  wel ds i n accor dance wi t h AWS D1. 3/ D1. 3M.

3. 9. 3   Decks Not  Recei v i ng Concr et e

I nspect  t he decki ng t op sur f ace f or  di st or t i on af t er  i nst al l at i on.   For  
r oof  decks not  r ecei v i ng concr et e,  ver i f y di st or t i on by pl aci ng a st r ai ght  
edge acr oss t hr ee adj acent  t op f l anges.   The maxi mum al l owabl e gap bet ween 
t he st r ai ght  edge and t he t op f l anges shoul d not  exceed manuf act ur i ng and 
const r uct i on t ol er ances of  suppor t i ng member s.   When gap i s mor e t han t he 
al l owabl e,  pr ovi de cor r ect i ve measur es or  r epl acement .   Rei nspect  decki ng 
af t er  per f or mi ng cor r ect i ve measur es or  r epl acement .

        - -  End of  Sect i on - -
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SECTI ON 05 40 00

COLD- FORMED METAL FRAMI NG
05/ 15,  CHG 1:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  318 ( 2014;  Er r at a 1- 2 2014;  Er r at a 3- 5 2015;  
Er r at a 6 2016;  Er r at a 7- 9 2017)  Bui l di ng 
Code Requi r ement s f or  St r uct ur al  Concr et e 
( ACI  318- 14)  and Comment ar y ( ACI  318R- 14)

AMERI CAN I RON AND STEEL I NSTI TUTE ( AI SI )

AI SI  S100 ( 2012)  Nor t h Amer i can Speci f i cat i on f or  
t he Desi gn of  Col d- For med St eel  St r uct ur al  
Member s

AI SI  S110 ( 2007;  Suppl  1;  Reaf f i r med 2012)  St andar d 
f or  Sei smi c Desi gn of  Col d- For med St eel  
St r uct ur al  Syst ems -  Speci al  Bol t ed Moment  
Fr ames

AI SI  S200 ( 2007)  Nor t h Amer i can St andar d f or  
Col d- For med St eel  Fr ami ng -  Gener al  
Pr ovi s i on

AI SI  S201 ( 2007)  Nor t h Amer i can St andar d f or  
Col d- For med St eel  Fr ami ng -  Pr oduct  Dat a

AI SI  S202 ( 2011)  Code of  St andar d Pr act i ce f or  
Col d- f or med St eel  St r uct ur al  Fr ami ng

AI SI  S211 ( 2007)  Nor t h Amer i can St andar d f or  
Col d- For med St eel  Fr ami ng -  Wal l  St ud 
Desi gn

AI SI  S212 ( 2007)  Nor t h Amer i can St andar d f or  
Col d- For med St eel  Fr ami ng -  Header  Desi gn

AI SI  S213 ( 2007;  Suppl  1 2009)  Nor t h Amer i can 
St andar d f or  Col d- For med St eel  Fr ami ng -  
Lat er al  Desi gn

AI SI  S214 ( 2012)  Nor t h Amer i can St andar d f or  
Col d- For med St eel  Fr ami ng – Tr uss Desi gn

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
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Code -  St eel

AWS D1. 3/ D1. 3M ( 2018)  St r uct ur al  Wel di ng Code -  Sheet  
St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2016a)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A370 ( 2022)  St andar d Test  Met hods and 
Def i ni t i ons f or  Mechani cal  Test i ng of  
St eel  Pr oduct s

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A1003/ A1003M ( 2015)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Car bon,  Met al l i c-  and 
Nonmet al l i c- Coat ed f or  Col d- For med Fr ami ng 
Member s

ASTM C955 ( 2017)  St andar d Speci f i cat i on f or  
Col d- For med St eel  St r uct ur al  Fr ami ng 
Member s

ASTM C1007 ( 2020)  St andar d Speci f i cat i on f or  
I nst al l at i on of  Load Bear i ng ( Tr ansver se 
and Axi al )  St eel  St uds and Rel at ed 
Accessor i es

ASTM C1513 ( 2018)  St andar d Speci f i cat i on f or  St eel  
Tappi ng Scr ews f or  Col d- For med St eel  
Fr ami ng Connect i ons

ASTM E119 ( 2022)  St andar d Test  Met hods f or  Fi r e 
Test s of  Bui l di ng Const r uct i on and 
Mat er i al s

ASTM E329 ( 2021)  St andar d Speci f i cat i on f or  Agenci es 
Engaged i n Const r uct i on I nspect i on,  
Test i ng,  or  Speci al  I nspect i on

ASTM E488/ E488M ( 2022)  St andar d Test  Met hods f or  St r engt h 
of  Anchor s i n Concr et e El ement s

ASTM F1554 ( 2020)  St andar d Speci f i cat i on f or  Anchor  
Bol t s,  St eel ,  36,  55,  and 105- ksi  Yi el d 

SECTI ON 05 40 00  Page 2



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

St r engt h

ASTM F1941 ( 2010)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs on Thr eaded 
Fast ener s ( Uni f i ed I nch Scr ew Thr eads 
( UN/ UNR) )

ASTM F2329/ F2329M ( 2015)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng,  Hot - Di p,  Requi r ement s f or  
Appl i cat i on t o Car bon and Al l oy St eel  
Bol t s,  Scr ews,  Washer s,  Nut s,  and Speci al  
Thr eaded Fast ener s

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2021)  I nt er nat i onal  Bui l di ng Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2019,  wi t h Change 1,  2022)  St r uct ur al  
Engi neer i ng

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Fr ami ng Component s;  G,  OC

SD- 03 Pr oduct  Dat a

St eel  St uds,  Joi st s,  Tr acks,  Br aci ng,  Br i dgi ng and Accessor i es

Recycl ed Cont ent  of  St eel  Pr oduct s;  S

SD- 05 Desi gn Dat a

Met al  Fr ami ng Cal cul at i ons;  G,  OC

SD- 07 Cer t i f i cat es

Load- Bear i ng Col d- For med Met al  Fr ami ng

Wel ds

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

St eel  f r ami ng and r el at ed accessor i es shal l  be st or ed and handl ed i n 
accor dance wi t h t he AI SI  S202,  " Code of  St andar d Pr act i ce f or  Col d- For med 
St eel  St r uct ur al  Fr ami ng" .
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1. 4   LOAD- BEARI NG COLD- FORMED METAL FRAMI NG

I ncl ude t op and bot t om t r acks,  br aci ng,  f ast eni ngs,  and ot her  accessor i es 
necessar y f or  compl et e i nst al l at i on.   Fr ami ng member s shal l  have t he 
st r uct ur al  pr oper t i es i ndi cat ed.   Wher e physi cal  st r uct ur al  pr oper t i es ar e 
not  i ndi cat ed,  t hey shal l  be as necessar y t o wi t hst and al l  i mposed l oads.   
Desi gn f r ami ng i n accor dance wi t h AI SI  S100.   Non- l oad- bear i ng met al  
f r ami ng,  f ur r i ng,  and cei l i ng suspensi on syst ems ar e speci f i ed i n Sect i on 
09 22 00 SUPPORTS FOR PLASTER AND GYPSUM BOARD.   Met al  suspensi on syst ems 
f or  acoust i cal  cei l i ngs ar e speci f i ed i n Sect i on 09 51 00 ACOUSTI CAL 
CEI LI NGS.

Submi t  mi l l  cer t i f i cat es or  t est  r epor t s f r om i ndependent  t est i ng agency,  
qual i f i ed i n accor dance wi t h ASTM E329,  showi ng t hat  t he st eel  sheet  used 
i n t he manuf act ur e of  each col d- f or med component  compl i es wi t h t he mi ni mum 
yi el d st r engt hs and uncoat ed st eel  t hi ckness speci f i ed.   Test  r epor t s 
shal l  be based on t he r esul t s of  t hr ee coupon t est s i n accor dance wi t h 
ASTM A370.

1. 5   MAXI MUM DEFLECTI ON

Def l ect i ons of  st r uct ur al  member s shal l  not  exceed t he mor e r est r i ct i ve of  
t he l i mi t at i ons of  I CC I BC and UFC 3- 301- 01.

1. 6   QUALI TY ASSURANCE

a.   Engi neer i ng Responsi bi l i t y :   Pr epar at i on of  Shop Dr awi ngs,  desi gn 
cal cul at i ons,  and ot her  st r uct ur al  dat a by a r egi st er ed pr of essi onal  
engi neer .

b.   Test i ng Agency Qual i f i cat i ons:   An i ndependent  t est i ng agency,  
accept abl e t o aut hor i t i es havi ng j ur i sdi ct i on,  qual i f i ed accor di ng t o 
ASTM E329 f or  t est i ng i ndi cat ed.

c.   Pr oduct  Test s:   Mi l l  cer t i f i cat es or  dat a f r om a qual i f i ed i ndependent  
t est i ng agency,  or  i n- house t est i ng wi t h cal i br at ed t est  equi pment  
i ndi cat i ng st eel  sheet  compl i es wi t h r equi r ement s,  i ncl udi ng 
base- met al  t hi ckness,  y i el d st r engt h,  t ensi l e st r engt h,  t ot al  
el ongat i on,  chemi cal  r equi r ement s,  and met al l i c- coat i ng t hi ckness.

d.   Wel di ng Qual i f i cat i ons:   Qual i f y pr ocedur es and per sonnel  accor di ng t o 
t he f ol l owi ng:

( 1)  AWS D1. 1/ D1. 1M,  " St r uct ur al  Wel di ng Code -  St eel " .

( 2)  AWS D1. 3/ D1. 3M,  " St r uct ur al  Wel di ng Code -  Sheet  St eel " .

e.   Fi r e- Test - Response Char act er i st i cs:   Wher e i ndi cat ed,  pr ovi de 
col d- f or med met al  f r ami ng i dent i cal  t o t hat  of  assembl i es t est ed f or  
f i r e r esi st ance per  ASTM E119 by,  and di spl ayi ng a c l assi f i cat i on 
l abel  f r om,  a t est i ng and i nspect i ng agency accept abl e t o aut hor i t i es 
havi ng j ur i sdi ct i on.

f .   AI SI  Speci f i cat i ons and St andar ds:  Compl y wi t h:

( 1)  AI SI  S100,  " Nor t h Amer i can Speci f i cat i on f or  t he Desi gn of  
Col d- For med St eel  St r uct ur al  Member s" .

( 2)  AI SI  S110,  " St andar d f or  Sei smi c Desi gn of  Col d- For med St eel  
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St r uct ur al  Syst ems -  Speci al  Bol t ed Moment  Fr ames" .

( 3)  AI SI  S200,  " Nor t h Amer i can St andar d f or  Col d- For med St eel  Fr ami ng 
-  Gener al  Pr ovi s i on" .

( 4)  AI SI  S201,  " Nor t h Amer i can St andar d f or  Col d- For med St eel  Fr ami ng 
-  Pr oduct  Dat a" .

( 5)  AI SI  S202,  " Code of  St andar d Pr act i ce f or  Col d- For med St eel  
St r uct ur al  Fr ami ng" .

( 6)  AI SI  S211,  " Nor t h Amer i can St andar d f or  Col d- For med St eel  Fr ami ng 
-  Wal l  St ud Desi gn" .

( 7)  AI SI  S212,  " Nor t h Amer i can St andar d f or  Col d- For med St eel  Fr ami ng 
-  Header  Desi gn" .

( 8)  AI SI  S213,  " Nor t h Amer i can St andar d f or  Col d- For med St eel  Fr ami ng 
-  Lat er al  Desi gn" .  

( 9)  AI SI  S214,  " Nor t h Amer i can St andar d f or  Col d- For med St eel  Fr ami ng 
-  Tr uss Desi gn" .

1. 6. 1   Dr awi ng Requi r ement s

Submi t  f r ami ng component s t o show si zes,  t hi cknesses,  l ayout ,  mat er i al  
desi gnat i ons,  met hods of  i nst al l at i on,  and accessor i es i ncl udi ng t he 
f ol l owi ng:

a.   Cr oss sect i ons,  pl ans,  and/ or  el evat i ons showi ng component  t ypes and 
l ocat i ons f or  each f r ami ng appl i cat i on;  i ncl udi ng shop coat i ngs and 
mat er i al  t hi cknesses f or  each f r ami ng component .

b.   Connect i on det ai l s showi ng f ast ener  t ype,  quant i t y,  l ocat i on,  and 
ot her  i nf or mat i on t o assur e pr oper  i nst al l at i on.

c.   Dr awi ngs depi ct i ng panel  conf i gur at i on,  di mensi ons,  component s,  
l ocat i ons,  and const r uct i on sequence i f  t he Cont r act or  el ect s t o 
i nst al l  pr ef abr i cat ed/ pr ef i ni shed f r ames.

Si gn and seal  f abr i cat i on dr awi ngs by a r egi st er ed pr of essi onal  engi neer .

1. 6. 2   Desi gn Dat a Requi r ed

Submi t  met al  f r ami ng cal cul at i ons wi t h desi gn cr i t er i a and st r uct ur al  
l oadi ng t o ver i f y s i zes,  t hi ckness,  and spaci ng of  member s and connect i ons 
s i gned and seal ed by a r egi st er ed pr of essi onal  engi neer .   Show met hods and 
pr act i ces used i n i nst al l at i on.

PART 2   PRODUCTS

2. 1   STEEL STUDS,  JOI STS,  TRACKS,  BRACI NG,  BRI DGI NG AND ACCESSORI ES

Fr ami ng component s shal l  compl y wi t h ASTM C955 and t he f ol l owi ng.

a.   Pr ovi de pr oduct s wi t h an aver age r ecycl ed cont ent  of  st eel  pr oduct s so 
post consumer  r ecycl ed cont ent  pl us one hal f  of  pr econsumer  r ecycl ed 
cont ent  not  l ess t han 25 per cent .
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b.   St eel  Sheet :   ASTM A1003/ A1003M,  St r uct ur al  Gr ade,  Type H,  met al l i c  
coat ed,  of  gr ade and coat i ng wei ght  as f ol l ows:

( 1)  Gr ade:   ST50H ( ST340H) .

( 2)  Coat i ng:   G60 ( Z180) ,  A60 ( ZF180) ,  AZ50 ( AZ150) ,  or  GF30 ( ZGF90) .

c.   St eel  St uds:   Manuf act ur er ' s st andar d C- shaped st eel  st uds,  of  web 
dept hs i ndi cat ed,  punched,  wi t h st i f f ened f l anges,  and as f ol l ows:

( 1)  Mi ni mum Base- Met al  Thi ckness:   0. 0428 i nch.

( 2)  Fl ange Wi dt h:   1- 5/ 8 i nches.

d.   St eel  Tr ack:   Manuf act ur er ' s st andar d U- shaped st eel  t r ack,  of  web 
dept hs i ndi cat ed,  unpunched,  wi t h st r ai ght  f l anges,  and as f ol l ows:

( 1)  Mi ni mum Base- Met al  Thi ckness:   0. 0428 i nch.

( 2)  Fl ange Wi dt h:    1- 1/ 2 i nches.

e.   Roof  Tr uss Member s:   Manuf act ur er ' s st andar d C- shaped st eel  sect i ons,  
of  web dept hs i ndi cat ed,  unpunched,  wi t h st i f f ened f l anges,  and as 
f ol l ows:

( 1)  Mi ni mum Base- Met al  Thi ckness:   0. 0428 i nch.

( 2)  Fl ange Wi dt h:    1- 5/ 8 i nches ,  mi ni mum at  t op and bot t om chor ds 
connect i ng t o sheat hi ng or  di r ect l y f ast ened const r uct i on.

2. 1. 1   St uds and Joi st s of  43 mi l s ( 0. 043 I nch)  and Li ght er

St uds and Joi st s of  43 mi l s ( 0. 043 I nch)  and Li ght er ,  Tr ack,  and 
Accessor i es ( Al l  t hi cknesses) :   Gal vani zed st eel ,  ASTM A653/ A653M and 
ASTM A1003/ A1003M,  SS,  Gr ade 33 33, 000 psi  G60.

2. 1. 2   Si zes,  Thi ckness,  Sect i on Modul us,  and Ot her  St r uct ur al  Pr oper t i es

Si ze and t hi ckness as i ndi cat ed.

2. 2   MARKI NGS

St uds and t r ack shal l  have pr oduct  mar ki ngs st amped on t he web of  t he 
sect i on.   The mar ki ngs shal l  be r epeat ed t hr oughout  t he l engt h of  t he 
member  at  a maxi mum spaci ng of  4 f eet  on cent er  and shal l  be l egi bl e and 
easi l y r ead.   The pr oduct  mar ki ng shal l  i ncl ude t he f ol l owi ng:

a.   An I CC number .

b.   Manuf act ur er ' s i dent i f i cat i on.

c.   Mi ni mum del i ver ed uncoat ed st eel  t hi ckness.

d.   Pr ot ect i ve coat i ng desi gnat or .

e.   Mi ni mum yi el d st r engt h.
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2. 3   CONNECTI ONS

2. 3. 1   St eel - To- Concr et e Connect i ons

a.   Anchor  Rods:   ASTM F1554,  Gr ade 36;  gal vani zed per  ASTM A153/ A153M.

b.   Post - I nst al l ed Concr et e Anchor s:   Adhesi ve or  expansi on anchor s 
f abr i cat ed f r om cor r osi on- r esi st ant  mat er i al s wi t h al l owabl e l oad 
capaci t i es i n accor dance wi t h I CC- ES AC193 and ACI  318 gr eat er  t han or  
equal  t o t he desi gn l oad as det er mi ned by t est i ng per  ASTM E488/ E488M 
conduct ed by a qual i f i ed t est i ng agency.

c.   Power - Act uat ed Fast ener s:   Fabr i cat ed f r om cor r osi on- r esi st ant  
mat er i al s wi t h al l owabl e l oad capaci t i es i n accor dance wi t h I CC- ES AC 
70 gr eat er  t han or  equal  t o t he desi gn l oad as det er mi ned by t est i ng 
per  ASTM E1190 conduct ed by a qual i f i ed t est i ng agency.

2. 3. 2   St eel - To- St eel  Connect i ons

a.   Scr ews:   ASTM C1513,  cor r osi on- r esi st ant - coat ed,  sel f - dr i l l i ng,  
sel f - t appi ng st eel  scr ews of  t he t ype and si ze i ndi cat ed.   Pr ovi de 
l ow- pr of i l e head beneat h sheat hi ng and manuf act ur er ' s st andar d 
el sewher e.   El ect r opl at ed t o a mi ni mum of  5 mi cr on zi nc coat i ng per  
ASTM F1941 or  hot - di pped gal vani zed per  ASTM A123/ A123M or  
ASTM A153/ A153M.

b.   Bol t s:   ASTM A307 coat ed by hot - di p pr ocess per  ASTM F2329/ F2329M or  
z i nc- coat ed by mechani cal - deposi t i on pr ocess per  ASTM B695,  Cl ass 55.

c.   Wel di ng El ect r odes:  Compl y wi t h AWS st andar ds.

2. 4   PLASTI C GROMMETS

Suppl y pl ast i c gr ommet s f or  st ud webs as r ecommended by st ud manuf act ur er ,  
t o pr ot ect  el ect r i cal  wi r es and pl umbi ng pi pi ng.   Pr event  met al - t o- met al  
cont act  bet ween wi r i ng/ pi pi ng and st uds.

2. 5   SEALER GASKET

Cl osed- cel l  neopr ene f oam,  1/ 4- i nch t hi ck,  sel ect ed f r om manuf act ur er ' s 
st andar d wi dt hs t o mat ch wi dt h of  bot t om t r ack on concr et e s l ab or  
f oundat i on.

PART 3   EXECUTI ON

3. 1   TRUSS FABRI CATI ON

a.   Fabr i cat e col d- f or med st eel  t r usses and accessor i es pl umb,  squar e,  and 
t r ue t o l i ne,  and wi t h connect i ons secur el y f ast ened,  accor di ng t o 
r ef er enced AI SI ' s speci f i cat i ons and st andar ds,  manuf act ur er ' s wr i t t en 
i nst r uct i ons,  and r equi r ement s i n t hi s Sect i on.

b.   Tr uss must  be f abr i cat ed ei t her  on si t e or  of f  s i t e pr i or  t o er ect i on.

c.   Fabr i cat e t r usses usi ng j i gs or  t empl at es.

d.   Spl i ces can onl y occur  at  j oi nt s.

e.   Cut  t r uss member s by sawi ng or  shear i ng:  do not  t or ch cut .
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f .   Fast en col d- f or med st eel  t r uss member s by wel di ng,  scr ew f ast eni ng,  
c l i nch f ast eni ng,  pneumat i c pi n f ast eni ng,  or  r i vet i ng as st andar d 
wi t h f abr i cat or .

g.   Fast en ot her  mat er i al s t o col d- f or med st eel  t r usses by wel di ng,  
bol t i ng,  pneumat i c pi n f ast eni ng,  or  scr ew f ast eni ng,  accor di ng t o 
Shop Dr awi ngs.

h.   Rei nf or ce,  st i f f en,  and br ace t r usses t o wi t hst and handl i ng,  del i ver y,  
and er ect i on st r esses.  Li f t  f abr i cat ed t r usses t o pr event  damage or  
per manent  di st or t i on.

3. 2   FASTENI NG

Fast en f r ami ng member s t oget her  by wel di ng or  by usi ng sel f - dr i l l i ng,  
sel f - t appi ng scr ews.   El ect r odes and scr ew connect i ons shal l  be as 
r equi r ed and i ndi cat ed i n t he desi gn cal cul at i ons.

3. 2. 1   Wel ds

Al l  wel di ng shal l  be per f or med i n accor dance wi t h AWS D1. 3/ D1. 3M,  as 
modi f i ed by AI SI  S100.   Al l  wel der s,  wel di ng oper at i ons,  and wel di ng 
pr ocedur es shal l  be qual i f i ed accor di ng t o AWS D1. 3/ D1. 3M.   Submi t  
cer t i f i ed copi es of  wel der  qual i f i cat i ons t est  r ecor ds showi ng 
qual i f i cat i on i n accor dance wi t h AWS D1. 3/ D1. 3M.   Al l  wel ds shal l  be 
c l eaned and coat ed wi t h r ust  i nhi bi t i ve gal vani z i ng pai nt .   Do not  f i el d 
wel d mat er i al s l i ght er  t han 43 mi l s.

3. 2. 2   Scr ews

Scr ews shal l  be of  t he sel f - dr i l l i ng sel f - t appi ng t ype,  s i ze,  and l ocat i on 
as i ndi cat ed.   Scr ew penet r at i on t hr ough j oi ned mat er i al s shal l  not  be 
l ess t han t hr ee exposed t hr eads.   Mi ni mum spaci ngs and edge di st ances f or  
scr ews shal l  be as speci f i ed i n AI SI  S100.   Scr ews cover ed by sheat hi ng 
mat er i al s shal l  have l ow pr of i l e heads.

3. 2. 3   Anchor s

Anchor s shal l  be of  t he t ype,  s i ze,  and l ocat i on as i ndi cat ed.

3. 3   I NSTALLATI ON

I nst al l  col d- f or med f r ami ng i n accor dance wi t h ASTM C1007 and AI SI  S200.

I nst al l  col d- f or med st eel  f r ami ng accor di ng t o AI SI  S202 and t o 
manuf act ur er ' s wr i t t en i nst r uct i ons unl ess mor e st r i ngent  r equi r ement s ar e 
i ndi cat ed.

3. 3. 1   Tr acks

Pr ovi de accur at el y al i gned r unner s at  t op and bot t om of  st uds.   I nst al l  
seal er  gasket  under  bot t om of  t r ack on concr et e s l ab or  f oundat i on.   
Anchor  t r acks as i ndi cat ed i n desi gn cal cul at i ons.   But t  wel d j oi nt s i n 
t r acks or  spl i ce wi t h st ud i nser t s.   Fast ener s shal l  be at  l east  3 i nches 
f r om t he edge of  concr et e s l abs.
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3. 3. 2   St uds

Cut  st uds squar e and set  wi t h f i r m bear i ng agai nst  webs of  t op and bot t om 
t r acks.   Posi t i on st uds ver t i cal l y i n t r acks and space as i ndi cat ed i n 
desi gn.   Do not  spl i ce st uds.   Pr ovi de at  l east  t wo st uds at  j ambs of  
door s and ot her  openi ngs 2 f eet  wi de or  l ar ger .   Pr ovi de j ack st uds over  
openi ngs,  as necessar y,  t o mai nt ai n i ndi cat ed st ud spaci ng.   Pr ovi de 
t r i pl ed st uds at  cor ner s,  posi t i oned t o r ecei ve i nt er i or  and ext er i or  
f i ni shes.   Fast en st uds t o t op and bot t om t r acks by wel di ng or  scr ewi ng 
bot h f l anges t o t he t r acks.   Fr amed wal l  openi ngs shal l  i ncl ude header s 
and suppor t i ng component s as shown on t he dr awi ngs.   Header s shal l  be 
i nst al l ed i n al l  openi ngs t hat  ar e l ar ger  t han t he st ud spaci ng i n a 
wal l .   I n cur t ai n wal l  const r uct i on,  pr ovi de f or  ver t i cal  movement  wher e 
st uds connect  t o t he st r uct ur al  f r ame.   Pr ovi de hor i zont al  br aci ng i n 
accor dance wi t h t he desi gn cal cul at i ons and AI SI  S100.   Br aci ng shal l  be 
not  l ess t han t he f ol l owi ng:

LOAD HEI GHT BRACI NG

Wi nd l oad onl y Up t o 10 f eet One r ow at  mi d- hei ght

Over  10 f eet Rows 5' - 0"  o. c.  maxi mum

Axi al  l oad Up t o 10 f eet Two r ows at  1/ 3 poi nt s

Over  10 f eet Rows 3' - 4"  o. c.  maxi mum

3. 3. 3   Joi st s and Tr usses

a.   Pr ovi de a st ud di r ect l y under  each j oi st  or  t r uss.   The maxi mum 
spaci ng of  st uds as i ndi cat ed shal l  be mai nt ai ned.

b.   I nst al l ,  br i dge,  and br ace col d- f or med st eel  t r usses accor di ng t o 
AI SI  S200,  AI SI  S214,  AI SI ' s " Code of  St andar d Pr act i ce f or  
Col d- For med St eel  St r uct ur al  Fr ami ng, "  and manuf act ur er ' s wr i t t en 
i nst r uct i ons unl ess mor e st r i ngent  r equi r ement s ar e i ndi cat ed.

c.   I nst al l  t empor ar y br aci ng and suppor t s.  Mai nt ai n br aces and suppor t s 
i n pl ace,  undi st ur bed,  unt i l  ent i r e i nt egr at ed suppor t i ng st r uct ur e 
has been compl et ed and per manent  connect i ons t o f r ami ng ar e secur ed.

d.   Do not  al t er ,  cut ,  or  r emove f r ami ng member s or  connect i ons of  t r usses.

3. 3. 4   Er ect i on Tol er ances

a.   Fr ami ng member s whi ch wi l l  be cover ed by f i ni shes such as wal l boar d,  
pl ast er ,  or  cer ami c t i l e set  i n a mor t ar  set t i ng bed,  shal l  be wi t hi n 
t he f ol l owi ng l i mi t s:

( 1)   Layout  of  wal l s and par t i t i ons:   1/ 4 i nch f r om i nt ended 
posi t i on;

( 2)   Pl at es and r unner s:   1/ 4 i nch i n 8 f eet  f r om a st r ai ght  l i ne;
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( 3)   St uds:   1/ 4 i nch i n 8 f eet  out  of  pl umb,  not  cumul at i ve;  and

( 4)   Face of  f r ami ng member s:   1/ 4 i nch i n 8 f eet  f r om a t r ue 
pl ane.

b.   Fr ami ng member s whi ch wi l l  be cover ed by cer ami c t i l e set  i n dr y- set  
mor t ar ,  l at ex- por t l and cement  mor t ar ,  or  or gani c adhesi ve shal l  be 
wi t hi n t he f ol l owi ng l i mi t s:

( 1)   Layout  of  wal l s and par t i t i ons:   1/ 4 i nch f r om i nt ended 
posi t i on;

( 2)   Pl at es and r unner s:   1/ 8 i nch i n 8 f eet  f r om a st r ai ght  l i ne;

( 3)   St uds:   1/ 8 i nch i n 8 f eet  out  of  pl umb,  not  cumul at i ve;  and

( 4)   Face of  f r ami ng member s:   1/ 8 i nch i n 8 f eet  f r om a t r ue 
pl ane.

        - -  End of  Sect i on - -
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SECTI ON 05 50 13

MI SCELLANEOUS METAL FABRI CATI ONS
05/ 17,  CHG 1:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ALUMI NUM ASSOCI ATI ON ( AA)

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  318 ( 2014;  Er r at a 1- 2 2014;  Er r at a 3- 5 2015;  
Er r at a 6 2016;  Er r at a 7- 9 2017)  Bui l di ng 
Code Requi r ement s f or  St r uct ur al  Concr et e 
( ACI  318- 14)  and Comment ar y ( ACI  318R- 14)

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 303 ( 2016)  Code of  St andar d Pr act i ce f or  St eel  
Bui l di ngs and Br i dges

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B18. 6. 2 ( 2020)  Squar e Head Set  Scr ews and Sl ot t ed 
Headl ess Set  Scr ews ( I nch Ser i es)

ASME B18. 6. 3 ( 2013;  R 2017)  Machi ne Scr ews,  Tappi ng 
Scr ews,  and Machi ne Dr i ve Scr ews ( I nch 
Ser i es)

ASME B18. 21. 1 ( 2009;  R 2016)  Washer s:  Hel i cal  
Spr i ng- Lock,  Toot h Lock,  and Pl ai n Washer s 
( I nch Ser i es)

ASME B18. 21. 2M ( 1999;  R 2014)  Lock Washer s ( Met r i c Ser i es)

ASME B18. 22M ( 1981;  R 2017)  Met r i c Pl ai n Washer s

AMERI CAN SOCI ETY OF SAFETY PROFESSI ONALS ( ASSP)

ASSP A10. 3 ( 2020)  Saf et y Requi r ement s f or  
Powder - Act uat ed Fast eni ng Syst ems Amer i can 

SECTI ON 05 50 13  Page 1



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

Nat i onal  St andar d f or  Const r uct i on and 
Demol i t i on Oper at i ons

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2016a)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A283/ A283M ( 2013)  St andar d Speci f i cat i on f or  Low and 
I nt er medi at e Tensi l e St r engt h Car bon St eel  
Pl at es

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A500/ A500M ( 2021a)  St andar d Speci f i cat i on f or  
Col d- For med Wel ded and Seaml ess Car bon 
St eel  St r uct ur al  Tubi ng i n Rounds and 
Shapes

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A786/ A786M ( 2015;  R 2021)  St andar d Speci f i cat i on f or  
Hot - Rol l ed Car bon,  Low- Al l oy,  
Hi gh- St r engt h Low- Al l oy,  and Al l oy St eel  
Fl oor  Pl at es

ASTM A924/ A924M ( 2022a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM B26/ B26M ( 2018;  E 2018)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Sand Cast i ngs
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ASTM B108/ B108M ( 2019)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Per manent  Mol d Cast i ngs

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B209M ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e ( Met r i c)

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM B221M ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes ( Met r i c)

ASTM C1513 ( 2018)  St andar d Speci f i cat i on f or  St eel  
Tappi ng Scr ews f or  Col d- For med St eel  
Fr ami ng Connect i ons

ASTM D1187/ D1187M ( 1997;  E 2011;  R 2011)  Asphal t - Base 
Emul si ons f or  Use as Pr ot ect i ve Coat i ngs 
f or  Met al

ASTM E488/ E488M ( 2022)  St andar d Test  Met hods f or  St r engt h 
of  Anchor s i n Concr et e El ement s

ASTM F1554 ( 2020)  St andar d Speci f i cat i on f or  Anchor  
Bol t s,  St eel ,  36,  55,  and 105- ksi  Yi el d 
St r engt h

MASTER PAI NTERS I NSTI TUTE ( MPI )

MPI  79 ( 2016)  Pr i mer ,  Al kyd,  Ant i - Cor r osi ve f or  
Met al

NATI ONAL ASSOCI ATI ON OF ARCHI TECTURAL METAL MANUFACTURERS ( NAAMM)

NAAMM MBG 531 ( 2017)  Met al  Bar  Gr at i ng Manual

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC SP 3 ( 2018)  Power  Tool  Cl eani ng

SSPC SP 6/ NACE No. 3 ( 2007)  Commer ci al  Bl ast  Cl eani ng

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

EM 385- 1- 1 ( 2014)  Saf et y - -  Saf et y and Heal t h 
Requi r ement s Manual

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
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PROCEDURES:

SD- 02 Shop Dr awi ngs

St r uct ur al  St eel  Door  Fr ames,  Fabr i cat i on Dr awi ngs;  G,  RO

Cover  Pl at es and Fr ames,  I nst al l at i on Dr awi ngs;  G,  RO

Fl oor  Gr at i ngs,  I nst al l at i on Dr awi ngs;  G,  RO

Bol l ar ds/ Pi pe Guar ds;  G,  RO

Embedded Angl es and Pl at es,  I nst al l at i on Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

Cover  Pl at es and Fr ames;  G,  RO

St r uct ur al  St eel  Door  Fr ames;  G,  RO

Recycl ed Cont ent ;  S

1. 3   QUALI FI CATI ON OF WELDERS

Qual i f y wel der s i n accor dance wi t h AWS D1. 1/ D1. 1M.   Use pr ocedur es,  
mat er i al s,  and equi pment  of  t he t ype r equi r ed f or  t he wor k.

1. 4   DELI VERY,  STORAGE,  AND PROTECTI ON

Pr ot ect  f r om cor r osi on,  def or mat i on,  and ot her  t ypes of  damage.   St or e 
i t ems i n an encl osed ar ea f r ee f r om cont act  wi t h soi l  and weat her .  Remove 
and r epl ace damaged i t ems wi t h new i t ems.

1. 5   MI SCELLANEOUS REQUI REMENTS

1. 5. 1   Fabr i cat i on Dr awi ngs

Submi t  f abr i cat i on dr awi ngs showi ng l ayout ( s) ,  connect i ons t o st r uct ur al  
syst em,  and anchor i ng det ai l s as speci f i ed i n AI SC 303.

1. 5. 2   I nst al l at i on Dr awi ngs

Submi t  t empl at es,  er ect i on,  and i nst al l at i on dr awi ngs i ndi cat i ng 
t hi ckness,  t ype,  gr ade,  c l ass of  met al ,  and di mensi ons.   Show const r uct i on 
det ai l s,  r ei nf or cement ,  anchor age,  and i nst al l at i on i n r el at i on t o t he 
bui l di ng const r uct i on.

PART 2   PRODUCTS

2. 1   RECYCLED CONTENT

Pr ovi de pr oduct s wi t h r ecycl ed cont ent .

2. 2   MATERI ALS

Pr ovi de exposed f ast eni ngs of  compat i bl e mat er i al s ( avoi d cont act  of  
di ssi mi l ar  met al s) .   Coor di nat e col or  and f i ni sh wi t h t he mat er i al  t o 
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whi ch f ast eni ngs ar e appl i ed.

2. 2. 1   St r uct ur al  Car bon St eel

Pr ovi de i n accor dance wi t h ASTM A36/ A36M.

2. 2. 2   St r uct ur al  Tubi ng

Pr ovi de i n accor dance wi t h ASTM A500/ A500M.

2. 2. 3   St eel  Pi pe

Pr ovi de i n accor dance wi t h ASTM A53/ A53M,  Type E or  S,  Gr ade B.

2. 2. 4   Fi t t i ngs f or  St eel  Pi pe

Pr ovi de st andar d mal l eabl e i r on f i t t i ngs i n accor dance wi t h ASTM A47/ A47M.

2. 2. 5   Fl oor  Pl at es,  Pat t er ned

Pr ovi de f l oor  pl at e i n accor dance wi t h ASTM A786/ A786M.   Pr ovi de st eel  
pl at e not  l ess t han 14 gage.

2. 2. 6   Anchor  Bol t s

Pr ovi de i n accor dance wi t h ASTM F1554.   Wher e exposed,  pr ovi de anchor  
bol t s of  t he same mat er i al ,  col or ,  and f i ni sh as t he met al  t o whi ch t hey 
ar e appl i ed.

2. 2. 6. 1   Expansi on Anchor s Adhesi ve Anchor s

Pr ovi de 1/ 2i n.  di amet er  expansi on anchor sadhesi ve anchor s.   Mi ni mum  
embedment  of  12i n.   Desi gn val ues l i s t ed ar e as t est ed i n accor dance wi t h 
ASTM E488/ E488M.

a.   Pr ovi de mi ni mum ul t i mat e pul l out  val ue of  5, 000l b.   Cal cul at e pul l out  
capaci t y accor di ng t o ACI  318.

b.   Pr ovi de mi ni mum ul t i mat e shear  val ue of  2, 000l b.   Cal cul at e shear  
capaci t y accor di ng t o ACI  318.

2. 2. 6. 2   Lag Scr ews and Bol t s

Pr ovi de i n accor dance wi t h ASME B18. 2. 1,  t ype and gr ade best  sui t ed f or  
t he pur pose.

2. 2. 6. 3   Toggl e Bol t s

Pr ovi de i n accor dance wi t h ASME B18. 2. 1.

2. 2. 6. 4   Bol t s,  Nut s,  St uds and Ri vet s

Pr ovi de i n accor dance wi t h ASME B18. 2. 2 or  ASTM A307.

2. 2. 6. 5   Powder  Act uat ed Fast ener s

Fol l ow saf et y pr ovi s i ons i n accor dance wi t h ASSP A10. 3.
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2. 2. 6. 6   Scr ews

Pr ovi de i n accor dance wi t h ASME B18. 2. 1,  ASME B18. 6. 2,  ASME B18. 6. 3 and 
ASTM C1513.

2. 2. 6. 7   Washer s

Pr ovi de pl ai n washer s i n accor dance wi t h ASME B18. 22M,  ASME B18. 21. 1.   
Pr ovi de bevel ed washer s f or  Amer i can St andar d beams and channel s,  squar e 
or  r ect angul ar ,  t aper ed i n t hi ckness,  and smoot h.   Pr ovi de l ock washer s i n 
accor dance wi t h ASME B18. 21. 2M,  ASME B18. 21. 1.

2. 2. 7   Al umi num Al l oy Pr oduct s

Pr ovi de i n accor dance wi t h ASTM B209M,  ASTM B209 f or  sheet  pl at e,  
ASTM B221M,  ASTM B221M,  ASTM B221 f or  ext r usi ons and ASTM B26/ B26M or  
ASTM B108/ B108M f or  cast i ngs.   Pr ovi de al umi num ext r usi ons at  l east  1/ 8 
i nch t hi ck and al umi num pl at e or  sheet  at  l east  0. 050 i nch t hi ck.

2. 3   FABRI CATI ON FI NI SHES

2. 3. 1   Gal vani z i ng

Hot - di p gal vani ze i t ems speci f i ed t o be zi nc- coat ed,  af t er  f abr i cat i on 
wher e pr act i cabl e.   Pr ovi de gal vani z i ng i n accor dance wi t h ASTM A123/ A123M,  
ASTM A153/ A153M,  ASTM A653/ A653M or  ASTM A924/ A924M,  Z275 G90.

2. 3. 2   Gal vani ze

Anchor  bol t s,  gr at i ng f ast ener s,  washer s,  and par t s or  devi ces necessar y 
f or  pr oper  i nst al l at i on,  unl ess i ndi cat ed ot her wi se.

2. 3. 3   Shop Cl eani ng and Pai nt i ng

2. 3. 3. 1   Sur f ace Pr epar at i on

Bl ast  c l ean sur f aces i n accor dance wi t h SSPC SP 6/ NACE No. 3.   Sur f aces 
t hat  wi l l  be exposed i n spaces above cei l i ng or  i n at t i c  spaces,  cr awl  
spaces,  f ur r ed spaces,  and chases may be cl eaned i n accor dance wi t h 
SSPC SP 3 i n l i eu of  bei ng bl ast  c l eaned.   Wash cl eaned sur f aces whi ch 
become cont ami nat ed wi t h r ust ,  di r t ,  oi l ,  gr ease,  or  ot her  cont ami nant s 
wi t h sol vent s unt i l  t hor oughl y c l ean.   St eel  t o be embedded i n concr et e 
must  be f r ee of  di r t  and gr ease pr i or  t o embed.   Do not  pai nt  or  gal vani ze 
bear i ng sur f aces,  i ncl udi ng cont act  sur f aces wi t hi n s l i p cr i t i cal  j oi nt s.   
Shop coat  t hese sur f aces wi t h r ust  pr event i on.

2. 3. 3. 2   Pr et r eat ment ,  Pr i mi ng and Pai nt i ng

Appl y pr e- t r eat ment ,  pr i mer ,  and pai nt  i n accor dance wi t h manuf act ur er ' s 
pr i nt ed i nst r uct i ons.   On sur f aces conceal ed i n t he f i ni shed const r uct i on 
or  not  accessi bl e f or  f i ni sh pai nt i ng,  appl y an addi t i onal  pr i me coat  t o a 
mi ni mum dr y f i l m t hi ckness of  1. 0 mi l .   Ti nt  addi t i onal  pr i me coat  wi t h a 
smal l  amount  of  t i nt i ng pi gment .

2. 3. 4   Nonf er r ous Met al  Sur f aces

Pr ot ect  by pl at i ng,  anodi c,  or  or gani c coat i ngs.
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2. 3. 5   Al umi num Sur f aces

2. 3. 5. 1   Sur f ace Condi t i on

Bef or e f i ni shes ar e appl i ed,  r emove r ol l  mar ks,  scr at ches,  r ol l ed- i n 
scr at ches,  k i nks,  st ai ns,  pi t s,  or ange peel ,  di e mar ks,  st r uct ur al  
st r eaks,  and ot her  def ect s whi ch wi l l  af f ect  uni f or m appear ance of  
f i ni shed sur f aces.

2. 3. 5. 2   Al umi num Fi ni shes

Unexposed sheet ,  pl at e and ext r usi ons may have mi l l  f i ni sh as f abr i cat ed.   
Sandbl ast  cast i ngs'  f i ni sh,  medi um,  AA DAF45.   Unl ess ot her wi se speci f i ed,  
pr ovi de al l  ot her  al umi num i t ems wi t h a anodi zed f i ni sh.   Pr ovi de a 
coat i ng t hi ckness not  l ess t han t hat  speci f i ed f or  pr ot ect i ve and 
decor at i ve t ype f i ni shes f or  i t ems used i n i nt er i or  l ocat i ons or  
ar chi t ect ur al  Cl ass I  t ype f i ni sh f or  i t ems used i n ext er i or  l ocat i ons.   
Pr ovi de i n accor dance wi t h AA DAF45.   Pr ovi de a pol i shed sat i n f i ni sh on 
i t ems t o be anodi zed.

2. 4   COVER PLATES AND FRAMES

Fabr i cat e cover  pl at es of  1/ 4 i nch t hi ck r ol l ed st eel  wei ghi ng not  mor e 
t han 100 pounds per  pl at e wi t h a s l i p- r esi st ant ,  car bon st eel  i n 
accor dance wi t h ASTM A283/ A283M.   Pr ovi de al umi num oxi de or  s i l i con 
car bi de on wear i ng sur f aces.   Pr ovi de shop pai nt ed pl at e.   Rei nf or ce t o 
sust ai n a l i ve l oad of  150 pounds per  squar e f oot .   Pr ovi de st r uct ur al  
st eel  shapes and pl at es f or  f r ames,  wi t h bent  st eel  bar s or  headed anchor s 
wel ded t o f r ame f or  anchor i ng t o concr et e.   Mi t er  and wel d al l  cor ner s.   
But t  j oi nt  st r ai ght  r uns.   Al l ow f or  expansi on on st r ai ght  r uns over  15 
f eet .   Pr ovi de hol es f or  l i f t i ng t ool s.  Remove shar p edges and bur r s f r om 
cover  pl at es and exposed edges of  f r ames.   Wel d al l  connect i ons and gr i nd 
t op sur f ace smoot h.   Wel d bar  st ops ever y s i x i nches.   Pr ovi de 1/ 8 i nch 
cl ear ance at  edges and bet ween cover  pl at es.

2. 5   FLOOR GRATI NGS 

Desi gn st eel  gr at i ng i n accor dance wi t h NAAMM MBG 531 f or  bar  t ype 
gr at i ngs,  or  i n accor dance wi t h manuf act ur er ' s char t s f or  pl ank gr at i ng.   
Gal vani ze st eel  f l oor  gr at i ngs.

a.   Desi gn f l oor  gr at i ngs t o suppor t  a st r ess l i ve l oad of  40 pounds per  
squar e f oot  f or  t he spans i ndi cat ed,  wi t h maxi mum def l ect i on of  L/ 240.

b.   NAAMM MBG 531,  band ends of  gr at i ngs wi t h bar s of  t he same or  gr eat er  
t hi ckness t han t he met al  used f or  gr at i ng.   Wel d bandi ng bar s t o 
bear i ng bar s or  channel s at  l east  ever y f our t h bar  or  channel  and i n 
ever y cor ner .   Tack wel d i nt er veni ng bar s or  channel s.   Band di agonal  
or  r ound cut s by wel di ng bar s of  t he same or  gr eat er  t hi ckness as t he 
gr at i ng and i n accor dance wi t h t he manuf act ur er ' s st andar d f or  t r i m .

c.   At t ach gr at i ngs t o st r uct ur al  member s wi t h wel ded- on anchor s.

d.   Pr ovi de sl i p r esi st ant  sur f ace f i ni shes.

2. 6   BOLLARDS/ PI PE GUARDS

Pr ovi de 8 i nch pr i me coat edst andar d wei ght  st eel  pi pe i n accor dance wi t h 
ASTM A53/ A53M.   Anchor  post s i n concr et e and f i l l  sol i dl y wi t h concr et e 
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wi t h mi ni mum compr essi ve st r engt h of  2500 psi .

2. 7   MI SCELLANEOUS PLATES AND SHAPES

Pr ovi de i t ems t hat  do not  f or m a par t  of  t he st r uct ur al  st eel  f r amewor k,  
such as l i nt el s,  s i l l  angl es,  mi scel l aneous mount i ngs and f r ames.   Pr ovi de 
l i nt el s f abr i cat ed f r om st r uct ur al  st eel  shapes over  openi ngs i n masonr y 
wal l s and par t i t i ons as i ndi cat ed and as r equi r ed t o suppor t  wal l  l oads 
over  openi ngs.   Pr ovi de wi t h connect i ons and f ast ener swel ds.   Const r uct  t o 
have at  l east  8 i n bear i ng on masonr y at  each end.

Pr ovi de angl es and pl at es i n accor dance wi t h ASTM A36/ A36M,  f or  embedment  
as i ndi cat ed.   Gal vani ze embedded i t ems exposed t o t he el ement s i n 
accor dance wi t h ASTM A123/ A123M.

2. 8   STRUCTURAL STEEL DOOR FRAMES

a.   Pr ovi de f r ames as i ndi cat ed.   Unl ess ot her wi se i ndi cat ed,  const r uct  
f r ames of  st r uct ur al  shapes,  or  shape and pl at e composi t e,  t o f or m a 
f ul l  dept h channel  shape wi t h at  l east  1- 1/ 2 i nch out st andi ng l egs.   

b.   Pr ovi de suppor t  wher e t r ack,  gui des,  hoods,  hanger s,  oper at or s,  and 
ot her  accessor i es ar e r equi r ed.

c.   Pr ovi de j amb anchor s near  t op,  bot t om,  and at  not  mor e t han 24 i nch 
i nt er val s.   Pr ovi de t he bot t om of  each j amb member  wi t h a c l i p angl e 
wel ded i n pl ace wi t h t wo 1/ 2 i nch di amet er  f l oor  bol t s f or  adj ust ment .

2. 9   CLEANOUT DOORS

Pr ovi de cast  i r on c l eanout  door s wi t h f r ames,   s i zed t o mat ch f l ues unl ess 
ot her wi se i ndi cat ed.   Pr ovi de cont i nuous f l ange and anchor s f or  secur i ng 
f r ames t o masonr y.   Pr ovi de smokepr oof ,  hi nged door s wi t h f ast eni ng 
devi ces t o hol d door s c l osed.

PART 3   EXECUTI ON

3. 1   GENERAL I NSTALLATI ON REQUI REMENTS

I nst al l  i t ems at  l ocat i ons i ndi cat ed i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.   Ver i f y al l  f i el d di mensi ons pr i or  t o f abr i cat i on.   I ncl ude 
mat er i al s and par t s necessar y t o compl et e each assembl y,  whet her  i ndi cat ed 
or  not .   Mi ss- al i gnment  and mi ss- si z i ng of  hol es f or  f ast ener s i s cause 
f or  r ej ect i on.   Conceal  f ast eni ngs wher e pr act i cabl e.   Joi nt s exposed t o 
weat her  must  be wat er t i ght .

3. 2   WORKMANSHI P

Pr ovi de mi scel l aneous met al wor k t hat  i s  t r ue and accur at e i n shape,  s i ze,  
and pr of i l e.   Make angl es and l i nes cont i nuous and st r ai ght .   Make cur ves 
consi st ent ,  smoot h and unf acet ed.   Pr ovi de cont i nuous wel di ng al ong t he 
ent i r e ar ea of  cont act  except  wher e t ack wel di ng i s per mi t t ed.   Do not  
t ack wel d exposed connect i ons.   Unl ess ot her wi se i ndi cat ed and appr oved,  
pr ovi de a smoot h f i ni sh on exposed sur f aces.   Pr ovi de count er suck r i vet s 
wher e exposed.   Pr ovi de coped and mi t er ed cor ner  j oi nt s al i gned f l ush and 
wi t hout  gaps.
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3. 3   ANCHORAGE,  FASTENI NGS,  AND CONNECTI ONS

Pr ovi de anchor age as necessar y,  whet her  i ndi cat ed or  not ,  f or  f ast eni ng 
mi scel l aneous met al  i t ems secur el y i n pl ace.   I ncl ude sl ot t ed i nser t s,  
expansi on shi el ds,  powder - dr i ven f ast ener s,  t oggl e bol t s ( when appr oved 
f or  concr et e) ,  t hr ough bol t s f or  masonr y,  headed shear  st uds,  machi ne and 
car r i age bol t s f or  st eel ,  t hr ough bol t s,  l ag bol t s,  and scr ews f or  wood.   
Do not  use wood pl ugs.   Pr ovi de non- f er r ous at t achment s f or  non- f er r ous 
met al .   Pr ovi de exposed f ast eni ngs of  compat i bl e mat er i al s ( avoi d cont act  
of  di ssi mi l ar  met al s) ,  t hat  gener al l y mat ch i n col or  and f i ni sh t he 
sur f aces t o whi ch t hey ar e appl i ed.   Conceal  f ast eni ngs wher e 
pr act i cabl e.   Pr ovi de al l  f ast ener s f l ush wi t h t he sur f aces t hey f ast en,  
unl ess i ndi cat ed ot her wi se.

3. 4   BUI LT- I N WORK

Wher e necessar y and not  ot her wi se i ndi cat ed,  f or m bui l t - i n met al  wor k f or  
anchor age wi t h concr et e or  masonr y.   Pr ovi de bui l t - i n met al  wor k i n ampl e 
t i me f or  secur i ng i n pl ace as t he wor k pr ogr esses.

3. 5   WELDI NG

Per f or m wel di ng,  wel di ng i nspect i on,  and cor r ect i ve wel di ng i n accor dance 
wi t h AWS D1. 1/ D1. 1M.   Use cont i nuous wel ds on al l  exposed connect i ons.   
Gr i nd v i s i bl e wel ds smoot h i n t he f i ni shed i nst al l at i on.   Pr ovi de wel ded 
headed shear  st uds i n accor dance wi t h AWS D1. 1/ D1. 1M,  Cl ause 7,  except  as 
ot her wi se speci f i ed.   Pr ovi de i n accor dance wi t h t he saf et y r equi r ement s 
of  EM 385- 1- 1.

3. 6   DI SSI MI LAR METALS

Wher e di ssi mi l ar  met al s ar e i n cont act ,  pr ot ect  sur f aces wi t h a coat i ng i n 
accor dance wi t h MPI  79 t o pr event  gal vani c or  cor r osi ve act i on.  Wher e 
al umi num i s i n cont act  wi t h concr et e,  pl ast er ,  mor t ar ,  masonr y,  wood,  or  
absor pt i ve mat er i al s subj ect  t o wet t i ng,  pr ot ect  i n accor dance wi t h 
ASTM D1187/ D1187M,  asphal t - base emul si on.   Cl ean sur f aces wi t h met al  
shavi ngs f r om i nst al l at i on at  t he end of  each wor k day.

3. 7   PREPARATI ON

3. 7. 1   Mat er i al  Coat i ngs and Sur f aces

Remove r ust  pr event i ve coat i ng j ust  pr i or  t o f i el d er ect i on,  usi ng a 
r emover  appr oved by t he met al  manuf act ur er .   Sur f aces,  when assembl ed,  
must  be f r ee of  r ust ,  gr ease,  di r t  and ot her  f or ei gn mat t er .

3. 7. 2   Envi r onment al  Condi t i ons

Do not  c l ean or  pai nt  sur f aces when damp or  exposed t o f oggy or  r ai ny 
weat her ,  when met al l i c  sur f ace t emper at ur e i s l ess t han mi nus 5 degr ees F 
above t he dew poi nt  of  t he sur r oundi ng ai r ,  or  when sur f ace t emper at ur e i s 
bel ow 45 degr ees F or  over  95 degr ees F,  unl ess appr oved by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   Met al  sur f aces t o be pai nt ed must  
be dr y f or  a mi ni mum of  48 hour s pr i or  t o t he appl i cat i on of  pr i mer  or  
pai nt .

3. 8   COVER PLATES AND FRAMES

Pr ovi de t ops of  cover  pl at es and f r ames f l ush wi t h f i ni shed sur f ace.   Test  
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f or  t r i p hazar ds and adj ust  f or  any encount er ed l i ppage.

3. 9   I NSTALLATI ON OF BOLLARDS/ PI PE GUARDS

Set  bol l ar ds/ pi pe guar ds ver t i cal l y i n concr et e pi er s.   Fi l l  hol l ow cor es 
wi t h concr et e havi ng a compr essi ve st r engt h of  3000 psi .

3. 10   I NSTALLATI ON OF DOWNSPOUT TERMI NATI ONS

Secur e downspout s t er mi nat i ons t o downspout s and subst r at e per  
manuf act ur er ' s i nst r uct i ons.

3. 11   STRUCTURAL STEEL DOOR FRAMES

Secur e door  f r ames t o t he f l oor  s l ab by means of  angl e c l i ps and expansi on 
bol t s.   Pr ovi de any necessar y r ei nf or cement s and dr i l l  and t ap f r ames as 
r equi r ed f or  har dwar e.   Cl ean met al  shavi ngs f r om f i ni shed sur f aces at  t he 
end of  each wor k day.

3. 12   I NSTALLATI ON MI SCELLANEOUS PLATES AND SHAPES

Pr ovi de l i nt el s f abr i cat ed f r om st r uct ur al  st eel  shapes over  openi ngs i n 
masonr y wal l s and par t i t i ons as i ndi cat ed and as r equi r ed t o suppor t  wal l  
l oads over  openi ngs.   Pr ovi de wi t h connect i ons and f ast ener s/ wel ds.   
Const r uct  t o have at  l east  8 i nches bear i ng on masonr y at  each end.

        - -  End of  Sect i on - -
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SECTI ON 05 51 33

METAL LADDERS
02/ 16,  CHG 2:  02/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ALUMI NUM ASSOCI ATI ON ( AA)

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

AMERI CAN LADDER I NSTI TUTE ( ALI )

ALI  A14. 3 ( 2008;  R 2018)  Ladder s -  Fi xed -  Saf et y 
Requi r ement s

AMERI CAN SOCI ETY OF SAFETY PROFESSI ONALS ( ASSP)

ASSP Z359. 16 ( 2016)  Saf et y Requi r ement s f or  Cl i mbi ng 
Ladder  Fal l  Ar r est  Syst ems

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2016a)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A500/ A500M ( 2021a)  St andar d Speci f i cat i on f or  
Col d- For med Wel ded and Seaml ess Car bon 
St eel  St r uct ur al  Tubi ng i n Rounds and 
Shapes
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ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs

ASTM A924/ A924M ( 2022a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM B26/ B26M ( 2018;  E 2018)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Sand Cast i ngs

ASTM B108/ B108M ( 2019)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Per manent  Mol d Cast i ngs

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM D1187/ D1187M ( 1997;  E 2011;  R 2011)  Asphal t - Base 
Emul si ons f or  Use as Pr ot ect i ve Coat i ngs 
f or  Met al

MASTER PAI NTERS I NSTI TUTE ( MPI )

MPI  79 ( 2016)  Pr i mer ,  Al kyd,  Ant i - Cor r osi ve f or  
Met al

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC SP 3 ( 2018)  Power  Tool  Cl eani ng

SSPC SP 6/ NACE No. 3 ( 2007)  Commer ci al  Bl ast  Cl eani ng

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 23 ( Nov 2016)  Ladder s

29 CFR 1910. 28 ( Nov 2016) Dut y t o Have Fal l  Pr ot ect i on and 
Fal l i ng Obj ect  Pr ot ect i on

29 CFR 1910. 29 ( Nov 2016)  Fal l  Pr ot ect i on Syst em and 
Fal l i ng Obj ect  Pr ot ect i on -  Cr i t er i a and 
Pr act i ces

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
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Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Ladder s,  I nst al l at i on Dr awi ngs

Ret r act abl e Ladder

SD- 03 Pr oduct  Dat a

Ladder s

Ret r act abl e Ladder  

Ladder  Saf et y Devi ces ( Cl i mbi ng Ladder  Fal l  Ar r est  Syst ems)

SD- 07 Cer t i f i cat es

Fabr i cat or  Cer t i f i cat i on f or  Ladder  Assembl y

1. 3   CERTI FI CATES

Pr ovi de f abr i cat or  cer t i f i cat i on f or  l adder  assembl y st at i ng t hat  t he 
l adder  and associ at ed component s have been f abr i cat ed accor di ng t o t he 
r equi r ement s of  29 CFR 1910. 23.

1. 4   QUALI FI CATI ON OF WELDERS

Qual i f y wel der s i n accor dance wi t h AWS D1. 1/ D1. 1M.   Use pr ocedur es,  
mat er i al s,  and equi pment  of  t he t ype r equi r ed f or  t he wor k.

1. 5   DELI VERY,  STORAGE,  AND PROTECTI ON

Pr ot ect  f r om cor r osi on,  def or mat i on,  and ot her  t ypes of  damage.   St or e 
i t ems i n an encl osed ar ea f r ee f r om cont act  wi t h soi l  and weat her .  Remove 
and r epl ace damaged i t ems wi t h new i t ems.

PART 2   PRODUCTS

2. 1   MATERI ALS

2. 1. 1   St r uct ur al  Car bon St eel

ASTM A36/ A36M.

2. 1. 2   St r uct ur al  Tubi ng

ASTM A500/ A500M.

2. 1. 3   St eel  Pi pe

ASTM A53/ A53M,  Type E or  S,  Gr ade B.
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2. 1. 4   Fi t t i ngs f or  St eel  Pi pe

St andar d mal l eabl e i r on f i t t i ngs ASTM A47/ A47M.

2. 1. 5   Al umi num Al l oy Pr oduct s

Conf or m t o ASTM B209 f or  sheet  pl at e,  ASTM B221 f or  ext r usi ons and 
ASTM B26/ B26M or  ASTM B108/ B108M f or  cast i ngs,  as appl i cabl e.   Pr ovi de 
al umi num ext r usi ons at  l east  1/ 8 i nch t hi ck and al umi num pl at e or  sheet  at  
l east  0. 050 i nch t hi ck.

2. 2   FABRI CATI ON FI NI SHES

2. 2. 1   Gal vani z i ng

Hot - di p gal vani ze i t ems speci f i ed t o be zi nc- coat ed,  af t er  f abr i cat i on 
wher e pr act i cabl e.   Gal vani z i ng:   ASTM A123/ A123M,  ASTM A153/ A153M,  
ASTM A653/ A653M or  ASTM A924/ A924M,  G90,  as appl i cabl e.

2. 2. 2   Gal vani ze

Anchor  bol t s,  washer s,  and par t s or  devi ces necessar y f or  pr oper  
i nst al l at i on,  unl ess i ndi cat ed ot her wi se.

2. 2. 3   Repai r  of  Zi nc- Coat ed Sur f aces

Repai r  damaged sur f aces wi t h gal vani z i ng r epai r  met hod and pai nt  
conf or mi ng t o ASTM A780/ A780M or  by appl i cat i on of  st i ck or  t hi ck past e 
mat er i al  speci f i cal l y desi gned f or  r epai r  of  gal vani z i ng,  as appr oved by 
Cont r act i ng Of f i cer .   Cl ean ar eas t o be r epai r ed and r emove sl ag f r om 
wel ds.   Heat  sur f aces t o whi ch st i ck or  past e mat er i al  i s  appl i ed,  wi t h a 
t or ch t o a t emper at ur e suf f i c i ent  t o mel t  t he met al l i cs i n st i ck or  past e;  
spr ead mol t en mat er i al  uni f or ml y over  sur f aces t o be coat ed and wi pe of f  
excess mat er i al .

2. 2. 4   Shop Cl eani ng and Pai nt i ng

2. 2. 4. 1   Sur f ace Pr epar at i on

Bl ast  c l ean sur f aces i n accor dance wi t h SSPC SP 6/ NACE No. 3.   Sur f aces 
t hat  wi l l  be exposed i n spaces above cei l i ng or  i n at t i c  spaces,  cr awl  
spaces,  f ur r ed spaces,  and chases may be cl eaned i n accor dance wi t h 
SSPC SP 3 i n l i eu of  bei ng bl ast  c l eaned.   Wash cl eaned sur f aces whi ch 
become cont ami nat ed wi t h r ust ,  di r t ,  oi l ,  gr ease,  or  ot her  cont ami nant s 
wi t h sol vent s unt i l  t hor oughl y c l ean.

2. 2. 4. 2   Pr et r eat ment ,  Pr i mi ng and Pai nt i ng

Appl y pr et r eat ment ,  pr i mer ,  and pai nt  i n accor dance wi t h manuf act ur er ' s 
pr i nt ed i nst r uct i ons.   On sur f aces conceal ed i n t he f i ni shed const r uct i on 
or  not  accessi bl e f or  f i ni sh pai nt i ng,  appl y an addi t i onal  pr i me coat  t o a 
mi ni mum dr y f i l m t hi ckness of  1. 0 mi l .   Ti nt  addi t i onal  pr i me coat  wi t h a 
smal l  amount  of  t i nt i ng pi gment .

2. 2. 5   Nonf er r ous Met al  Sur f aces

Pr ot ect  by pl at i ng,  anodi c,  or  or gani c coat i ngs.
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2. 2. 6   Al umi num Sur f aces

2. 2. 6. 1   Sur f ace Condi t i on

Bef or e f i ni shes ar e appl i ed,  r emove r ol l  mar ks,  scr at ches,  r ol l ed- i n 
scr at ches,  k i nks,  st ai ns,  pi t s,  or ange peel ,  di e mar ks,  st r uct ur al  
st r eaks,  and ot her  def ect s whi ch wi l l  af f ect  uni f or m appear ance of  
f i ni shed sur f aces.

2. 2. 6. 2   Al umi num Fi ni shes

Unexposed pl at e and ext r usi ons may have mi l l  f i ni sh as f abr i cat ed.   
Sandbl ast  cast i ngs'  f i ni sh,  medi um,  AA DAF45.   Unl ess ot her wi se speci f i ed,  
pr ovi de al l  ot her  al umi num i t ems wi t h hand sanded or  machi ne f i ni sh t o a 
240 gr i t .  Pr ovi de a coat i ng t hi ckness not  l ess t han t hat  speci f i ed f or  
pr ot ect i ve and decor at i ve t ype f i ni shes f or  i t ems used i n i nt er i or  
l ocat i ons or  ar chi t ect ur al  Cl ass I  t ype f i ni sh f or  i t ems used i n ext er i or  
l ocat i ons i n AA DAF45.

2. 3   LADDERS

Fabr i cat e ver t i cal  l adder s conf or mi ng t o 29 CFR 1910. 23 and Sect i on 5 of  
ALI  A14. 3.   Ladder s shal l  be capabl e of  suppor t i ng t hei r  maxi mum i nt ended 
l oad.   Use 2 1/ 2 by 3/ 8 i nch st eel  f l at s f or  st r i nger s and 3/ 4 i nch 
di amet er  st eel  r ods f or  r ungs.   Ladder  r ungs,  st ep and cl eat s must  be 
spaced not  l ess t han 10 i nches and not  mor e t han 16 i nches wi de ( measur ed 
bef or e i nst al l at i on of  l adder  saf et y syst em) ,  spaced no mor e t han 14 i nches
 apar t ,  pl ug wel ded or  shoul der ed and headed i nt o st r i nger s.   I nst al l  
l adder s so t hat  t he maxi mum per pendi cul ar  di st ance f r om t he cent er l i ne of  
t he st eps or  r ungs,  or  gr ab bar s,  or  bot h,  t o t he near est  per manent  obj ect  
i n t he back of  t he l adder  or  t o t he f i ni shed wal l  sur f ace wi l l  not  be l ess 
t han 7 i nches.   Pr ovi de heavy cl i p angl es r i vet ed or  bol t ed t o t he 
st r i nger  and dr i l l ed f or  not  l ess t han t wo 1/ 2 i nch di amet er  expansi on 
bol t s as i ndi cat ed.   Pr ovi de i nt er medi at e c l i p angl es not  over  48 i nches 
on cent er s.   The t op r ung of  t he l adder  must  be l evel  wi t h t he t op of  t he 
access l evel ,  par apet  or  l andi ng ser ved by t he l adder  except  f or  hat ches 
or  wel l s.   Ext end t he si de r ai l s of  t hr ough or  s i de st ep l adder s 42 i nches 
above t he access l evel .   Pr ovi de l adder  access pr ot ect i ve swi ng gat es at  
t he t op of  access/ egr ess l evel .   The dr awi ngs must  i ndi cat e l adder  
l ocat i ons and det ai l s of  cr i t i cal  di mensi ons and mat er i al s.

2. 3. 1   Phasi ng out  of  Ladder  Cages and Wel l s ( 29 CFR 1910. 28,  Nov 2016)

Conf or m t o 29 CFR 1910. 28 ( Nov 2016) .

Each newl y i nst al l ed l adder  over  20 f eet  i n l engt h shal l  onl y be equi pped 
wi t h a per sonal  f al l  ar r est  syst em or  c l i mbi ng l adder  f al l  ar r est  syst em 
( l adder  saf et y devi ce) ,  cages and wel l s ar e pr ohi bi t ed.   When a f i xed 
l adder ,  cage,  or  wel l ,  or  any por t i on of  a sect i on t her eof ,  i s  r epl aced,  a 
per sonal  f al l  ar r est  syst em or  c l i mbi ng l adder  f al l  ar r est  syst em ( l adder  
saf et y devi ce)  i s i nst al l ed i n at  l east  t hat  sect i on of  t he f i xed l adder ,  
cage,  or  wel l  wher e t he r epl acement  i s l ocat ed.   On and af t er  November  18,  
2036,  al l  f i xed l adder s shal l  onl y be equi pped wi t h a per sonal  f al l  ar r est  
syst em or  a l adder  saf et y devi ce ( c l i mbi ng l adder  Fal l  Ar r est  Syst em) .

2. 3. 2   Ladder  Saf et y Devi ces ( Cl i mbi ng Ladder  Fal l  Ar r est  Syst ems)  

Conf or m t o 29 CFR 1910. 29,  Sect i on 7 of  ALI  A14. 3 and ASSP Z359. 16.   
I nst al l  l adder  saf et y devi ces on l adder s over  20 f eet  l ong or  mor e.   The 
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l adder  saf et y syst ems must  meet  t he desi gn r equi r ement  of  t he l adder s 
whi ch t hey ser ve.   The l adder  saf et y syst em must  be capabl e of  sust ai ni ng 
a mi ni mum st at i c l oad of  1, 000 pounds.   The appl i ed l oads t r ansf er r ed t o 
t he c l i mbi ng l adder  mount i ng l ocat i ons as a r esul t  of  a f al l  shal l  be 
speci f i ed by t he manuf act ur er  of  t he c l i mbi ng l adder  f al l  ar r est  syst em.   
Each l adder  saf et y syst em must  al l ow t he wor ker  t o c l i mb up and down usi ng 
bot h hands and does not  r equi r e t he empl oyee cont i nuousl y,  hol d,  push,  or  
pul l  any par t  of  t he syst em whi l e c l i mbi ng.   The connect i on bet ween t he 
car r i er  or  l i f el i ne and t he poi nt  of  at t achment  t o t he body har ness does 
not  exceed 9 i nches.   The l adder  saf et y syst em consi st s of  a r i gi d or  
f l exi bl e car r i er .   Mount i ngs f or  t he r i gi d car r i es ar e at t ached at  each 
end of  t he car r i er ,  wi t h i nt er medi at e mount i ngs spaced as necessar y,  al ong 
t he ent i r e l engt h of  t he car r i er .   Mount i ngs f or  f l exi bl e car r i er  ar e 
at t ached at  each end of  t he car r i er  and cabl e gui des f or  f l exi bl e car r i er s 
ar e i nst al l ed at  l east  25 f eet  apar t  but  not  mor e t han 40 f eet  apar t  al ong 
t he ent i r e l engt h of  t he car r i er .   The desi gn and i nst al l at i on of  
mount i ngs and cabl e gui des does not  r educe t he desi gn st r engt h of  t he 
l adder .

2. 3. 3   Ret r act abl e Ladder

Wher e i ndi cat ed pr ovi de a r et r act abl e l adder  t hat  when cl osed r esembl es a 
met al  col umn of  3"  x 3" .  Ladder  shal l  be const r uct ed of  mat er i al s not  
subj ect  t o cor r osi on:  pr of i l es of  al umi num al l oy,  anodi zed 10 mi cr on,  
nat ur al  mat  f i ni shi ng;  f ast ener s ( bol t s,  axes,  spr i ngs and r i vet s)  of  
st ai nl ess st eel  A2- 70 DaN/ mm2;  j oi nt  washer s,  bushes,  et c.  of  pol yami de.  
The l adder  shal l  be const r uct ed f r om st andar d modul es consi st i ng of  one 
mobi l e and one f i xed upr i ght ;  t ubul ar  r ungs wi t h ant i - s l i p upper  s i de,  
wi dt h:  1' 9"  or  53 cm ( cl ear  wi dt h:  1' 5"  or  45 cm) ,  cr oss sect i on:  1- 1/ 2"  x 
7/ 8"  or  37 mm x 22. 5 mm,  spaced at  1 f t  or  30 cm.  The l owest  r ung shal l  be 
posi t i oned at  a hei ght  of  1'  9"  or  53 cm f r om t he gr ound l evel ;  openi ng 
l at ches at  t he t op and t he bot t om.  A manual  openi ng shal l  be pr ovi ded wi t h 
t he l adder  depl oyi ng over  i t s compl et e hei ght .   The l adder  shal l  be 
bal anced by st ai nl ess st eel  count er bal ance spr i ngs and shal l  open and 
cl ose wi t h mi ni mal  ef f or t .  Ladder  shal l  depl oy sof t l y .   The l adder  r ungs 
shal l  be t est ed t o car r y a char ge of  770 pounds,  and t he l adder  upr i ght s 
5510 pounds.   The wei ght  of  t he l adder  shal l  be equal  t o or  l ess t han 2. 8 
pounds/ f t .   Pr ovi de l adder  wi t h a l i f el i ne meet i ng st andar d EN353- 1.  The 
l i f el i ne wi l l  be based on a f i xed al umi num r ai l  and gui ded f al l  ar r est er ,  
whi ch bl ocks on t he r ai l  i n case of  a f al l .  .

PART 3   EXECUTI ON

3. 1   GENERAL I NSTALLATI ON REQUI REMENTS

I nst al l  i t ems at  l ocat i ons i ndi cat ed,  accor di ng t o manuf act ur er ' s 
i nst r uct i ons.   Ver i f y al l  measur ement s and t ake al l  f i el d measur ement s 
necessar y bef or e f abr i cat i on.   Pr ovi de Exposed f ast eni ngs of  compat i bl e 
mat er i al s,  gener al l y mat chi ng i n col or  and f i ni sh,  and har moni ze wi t h t he 
mat er i al  t o whi ch f ast eni ngs ar e appl i ed.   I ncl ude mat er i al s and par t s 
necessar y t o compl et e each i t em,  even t hough such wor k i s not  def i ni t el y 
shown or  speci f i ed.   Poor  mat chi ng of  hol es f or  f ast ener s wi l l  be cause 
f or  r ej ect i on.   Conceal  f ast eni ngs wher e pr act i cabl e.   Thi ckness of  met al  
and det ai l s of  assembl y and suppor t s must  pr ovi de st r engt h and st i f f ness.   
For med j oi nt s exposed t o t he weat her  t o excl ude wat er .   I t ems l i s t ed bel ow 
r equi r e addi t i onal  pr ocedur es.   I nst al l at i on of  r et r act abl e l adder  shal l  
be i n st r i ct  accor dance wi t h t he manuf act ur er ' s r equi r ement s
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3. 2   WORKMANSHI P

Met al wor k must  be wel l  f or med t o shape and si ze,  wi t h shar p l i nes and 
angl es and t r ue cur ves.   Dr i l l i ng and punchi ng must  pr oduce cl ean t r ue 
l i nes and sur f aces.   Cont i nuousl y wel d al ong t he ent i r e ar ea of  cont act .   
Do not  t ack wel d exposed connect i ons of  wor k i n pl ace.   Gr i d smoot h 
exposed wel ds.   Pr ovi de smoot h f i ni sh on exposed sur f aces of  wor k i n 
pl ace,  unl ess ot her wi se appr oved.   Wher e t i ght  f i t s  ar e r equi r ed,  mi l l  
j oi nt s.   Cope or  mi t er  cor ner  j oi nt s,  wel l  f or med,  and i n t r ue al i gnment .   
I nst al l  i n accor dance wi t h manuf act ur er ' s i nst al l at i on i nst r uct i ons and 
appr oved dr awi ngs,  cut s,  and det ai l s.

3. 3   ANCHORAGE,  FASTENI NGS,  AND CONNECTI ONS

Pr ovi de anchor age wher e necessar y f or  f ast eni ng met al  i t ems secur el y i n 
pl ace.   I ncl ude f or  anchor age not  ot her wi se speci f i ed or  i ndi cat ed sl ot t ed 
i nser t s,  expansi on anchor s,  and powder - act uat ed f ast ener s,  when appr oved 
f or  concr et e;  t oggl e bol t s and t hr ough bol t s f or  masonr y;  machi ne bol t s,  
car r i age bol t s and powder - act uat ed t hr eaded st uds f or  st eel ;  t hr ough 
bol t s,  l ag bol t s,  and scr ews f or  wood.   Do not  use wood pl ugs i n any 
mat er i al .   Pr ovi de non- f er r ous at t achment s f or  non- f er r ous met al .   Make 
exposed f ast eni ngs of  compat i bl e mat er i al s,  gener al l y mat chi ng i n col or  
and f i ni sh,  t o whi ch f ast eni ngs ar e appl i ed.   Conceal  f ast eni ngs wher e 
pr act i cabl e.

3. 4   WELDI NG

Per f or m wel di ng,  wel di ng i nspect i on,  and cor r ect i ve wel di ng,  i n accor dance 
wi t h AWS D1. 1/ D1. 1M.   Use cont i nuous wel ds on al l  exposed connect i ons.   
Gr i nd v i s i bl e wel ds smoot h i n t he f i ni shed i nst al l at i on.

3. 5   FI NI SHES

3. 5. 1   Di ssi mi l ar  Mat er i al s

Wher e di ssi mi l ar  met al s ar e i n cont act ,  pr ot ect  sur f aces wi t h a coat  
conf or mi ng t o MPI  79 t o pr event  gal vani c or  cor r osi ve act i on.  Wher e 
al umi num i s i n cont act  wi t h concr et e,  pl ast er ,  mor t ar ,  masonr y,  wood,  or  
absor pt i ve mat er i al s subj ect  t o wet t i ng,  pr ot ect  wi t h ASTM D1187/ D1187M,  
asphal t - base emul si on.

3. 5. 2   Envi r onment al  Condi t i ons

Do not  c l ean or  pai nt  sur f ace when damp or  exposed t o f oggy or  r ai ny 
weat her ,  when met al l i c  sur f ace t emper at ur e i s l ess t han 5 degr ees F above 
t he dew poi nt  of  t he sur r oundi ng ai r ,  or  when sur f ace t emper at ur e i s bel ow 
45 degr ees F or  over  95 degr ees F,  unl ess appr oved by t he Cont r act i ng 
Of f i cer .

3. 6   LADDERS

Secur e t o t he adj acent  const r uct i on wi t h t he c l i p angl es at t ached t o t he 
st r i nger .   Secur e t o masonr y or  concr et e wi t h not  l ess t han t wo 1/ 2 i nch 
di amet er  expansi on bol t s.   I nst al l  i nt er medi at e c l i p angl es not  over  48 
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i nches on cent er .   I nst al l  br acket s as r equi r ed f or  secur i ng of  l adder s 
wel ded or  bol t ed t o st r uct ur al  st eel  or  bui l t  i nt o t he masonr y or  
concr et e.   Ends of  l adder s must  not  r est  upon f l oor .

        - -  End of  Sect i on - -
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SECTI ON 06 10 00

ROUGH CARPENTRY
08/ 16,  CHG 2:  11/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN I NSTI TUTE OF TI MBER CONSTRUCTI ON ( AI TC)

ANSI / AI TC A190. 1 ( 2007)  Amer i can Nat i onal  St andar d,  
St r uct ur al  Gl ued Lami nat ed Ti mber

AMERI CAN LUMBER STANDARDS COMMI TTEE ( ALSC)

ALSC PS 20 ( 2015)  Amer i can Sof t wood Lumber  St andar d

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B18. 5. 2. 1M ( 2006;  R 2011)  Met r i c Round Head Shor t  
Squar e Neck Bol t s

ASME B18. 5. 2. 2M ( 1982;  R 2010)  Met r i c Round Head Squar e 
Neck Bol t s

ASME B18. 6. 1 ( 2016)  Wood Scr ews ( I nch Ser i es)

AMERI CAN WOOD COUNCI L ( AWC)

AWC NDS ( 2015)  Nat i onal  Desi gn Speci f i cat i on ( NDS)  
f or  Wood Const r uct i on

AWC WFCM ( 2012)  Wood Fr ame Const r uct i on Manual  f or  
One-  and Two- Fami l y Dwel l i ngs

AMERI CAN WOOD PROTECTI ON ASSOCI ATI ON ( AWPA)

AWPA M2 ( 2019)  St andar d f or  t he I nspect i on of  
Pr eser vat i ve Tr eat ed Wood Pr oduct s f or  
I ndust r i al  Use

AWPA M6 ( 2013)  Br ands Used on Pr eser vat i ve Tr eat ed 
Mat er i al s
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APA -  THE ENGI NEERED WOOD ASSOCI ATI ON ( APA)

APA E445 ( 2002)  Per f or mance St andar ds and 
Qual i f i cat i on Pol i cy f or  St r uct ur al - Use 
Panel s ( APA PRP- 108)

APA F405 ( 19)  Pr oduct  Gui de:   Per f or mance Rat ed 
Panel s

APA L870 ( 2010)  Vol unt ar y Pr oduct  St andar d,  PS 
1- 09,  St r uct ur al  Pl ywood

APA S350 ( 2014)  PS 2- 10,  Per f or mance St andar d f or  
Wood- Based St r uct ur al - Use Panel s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A153/ A153M ( 2016a)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM D2898 ( 2010;  R 2017)  St andar d Pr act i ce f or  
Accel er at ed Weat her i ng of  
Fi r e- Ret ar dant - Tr eat ed Wood f or  Fi r e 
Test i ng

ASTM F547 ( 202)  St andar d Ter mi nol ogy of  Nai l s f or  
Use wi t h Wood and Wood- Base Mat er i al s

ASTM F1667/ F1667M ( 2021a)  St andar d Speci f i cat i on f or  Dr i ven 
Fast ener s:   Nai l s,  Spi kes,  and St apl es

FM GLOBAL ( FM)

FM 4435 ( 2017)  Roof  Per i met er  Fl ashi ng

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2021)  I nt er nat i onal  Bui l di ng Code

NATI ONAL HARDWOOD LUMBER ASSOCI ATI ON ( NHLA)

NHLA Rul es ( 2015)  Rul es f or  t he Measur ement  & 
I nspect i on of  Har dwood & Cypr ess

NORTHEASTERN LUMBER MANUFACTURERS ASSOCI ATI ON ( NELMA)

NELMA Gr adi ng Rul es ( 2013)  St andar d Gr adi ng Rul es f or  
Nor t heast er n Lumber

REDWOOD I NSPECTI ON SERVI CE ( RI S)  OF THE CALI FORNI A REDWOOD 
ASSOCI ATI ON ( CRA)

RI S Gr ade Use ( 1998)  Redwood Lumber  Gr ades and Uses
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SOUTHERN CYPRESS MANUFACTURERS ASSOCI ATI ON ( SCMA)

SCMA Spec ( 1986;  Suppl e.  No.  1,  Aug 1993)  St andar d 
Speci f i cat i ons f or  Gr ades of  Sout her n 
Cypr ess

SOUTHERN PI NE I NSPECTI ON BUREAU ( SPI B)

SPI B 1003 ( 2014)  St andar d Gr adi ng Rul es f or  Sout her n 
Pi ne Lumber

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 1923 ( Rev A;  Not i ce 3)  Shi el d,  Expansi on ( Lag,  
Machi ne and Ext er nal l y Thr eaded Wedge Bol t  
Anchor s)

CI D A- A- 1924 ( Rev A;  Not i ce 3)  Shi el d,  Expansi on ( Sel f  
Dr i l l i ng Tubul ar  Expansi on Shel l  Bol t  
Anchor s

CI D A- A- 1925 ( Rev A;  Not i ce 3)  Shi el d Expansi on ( Nai l  
Anchor s)

FS UU- B- 790 ( Rev A;  Not i ce 2)  Bui l di ng Paper  Veget abl e 
Fi ber :   ( Kr af t ,  Wat er pr oof ed,  Wat er  
Repel l ent  and Fi r e Resi st ant )

UNDERWRI TERS LABORATORI ES ( UL)

UL 2818 ( 2013)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

WEST COAST LUMBER I NSPECTI ON BUREAU ( WCLI B)

WCLI B 17 ( 2015)  St andar d Gr adi ng Rul es

WESTERN WOOD PRODUCTS ASSOCI ATI ON ( WWPA)

WWPA G- 5 ( 2017)  West er n Lumber  Gr adi ng Rul es

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Nai l er s and Nai l i ng St r i ps;  G,  RO

Dr awi ngs of  f i el d er ect i on det ai l s,  i ncl udi ng mat er i al s and 
met hods of  f ast eni ng nai l er s i n conf or mance wi t h Fact or y Mut ual  
wi nd upl i f t  r at ed syst ems speci f i ed i n ot her  Sect i ons of  t hese 
speci f i cat i ons.
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SD- 03 Pr oduct  Dat a

Fi r e- r et ar dant  Tr eat ment

St r uct ur al - use and OSB Panel s

Or i ent ed St r and Boar d

SD- 06 Test  Repor t s

Pr eser vat i ve- t r eat ed Lumber  and Pl ywood

SD- 07 Cer t i f i cat es

Cer t i f i cat es of  Gr ade

Pr eser vat i ve Tr eat ment

1. 3   DELI VERY AND STORAGE

Del i ver  mat er i al s t o t he s i t e i n an undamaged condi t i on.   St or e,  pr ot ect ,  
handl e,  and i nst al l  pr ef abr i cat ed st r uct ur al  el ement s i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons and as speci f i ed.   St or e mat er i al s of f  t he 
gr ound t o pr ovi de pr oper  vent i l at i on,  wi t h dr ai nage t o avoi d st andi ng 
wat er ,  and pr ot ect i on agai nst  gr ound moi st ur e and dampness.   St or e 
mat er i al s wi t h a moi st ur e bar r i er  at  bot h t he gr ound l evel  and as a cover  
f or mi ng a wel l  vent i l at ed encl osur e.    Adher e t o r equi r ement s f or  
st acki ng,  l i f t i ng,  br aci ng,  cut t i ng,  not chi ng,  and speci al  f ast eni ng 
r equi r ement s.   Do not  use mat er i al s t hat  have vi s i bl e moi st ur e or  
bi ol ogi cal  gr owt h.   Remove def ect i ve and damaged mat er i al s and pr ovi de new 
mat er i al s.   St or e separ at ed r eusabl e wood wast e conveni ent  t o cut t i ng 
st at i on and ar ea of  wor k.

1. 4   GRADI NG AND MARKI NG

1. 4. 1   Lumber

Mar k each pi ece of  f r ami ng and boar d l umber  or  each bundl e of  smal l  pi eces 
of  l umber  wi t h t he gr ade mar k of  a r ecogni zed associ at i on or  i ndependent  
i nspect i on agency.   Such associ at i on or  agency must  be cer t i f i ed by t he 
Boar d of  Revi ew,  Amer i can Lumber  St andar ds Commi t t ee,  t o gr ade t he speci es 
used.   Sur f aces t hat  ar e t o be exposed t o v i ew must  not  bear  gr ademar ks,  
st amps,  or  any t ype of  i dent i f y i ng mar k.   Hammer  mar ki ng wi l l  be per mi t t ed 
on t i mber s when al l  sur f aces wi l l  be exposed t o v i ew.

1. 4. 2   St r uct ur al  Gl ued Lami nat ed Ti mber

Mar k each member  wi t h t he mar k of  a r ecogni zed associ at i on or  i ndependent  
i nspect i on agency t hat  mai nt ai ns cont i nui ng cont r ol  over  t he qual i t y of  
st r uct ur al  gl ued l ami nat ed t i mber  pr oduct s.   The mar ki ng must  i ndi cat e 
compl i ance wi t h ANSI / AI TC A190. 1 and must  i ncl ude al l  i dent i f i cat i on 
i nf or mat i on r equi r ed by ANSI / AI TC A190. 1.

1. 4. 3   Pl ywood

Mar k each sheet  wi t h t he mar k of  a r ecogni zed associ at i on or  i ndependent  
i nspect i on agency t hat  mai nt ai ns cont i nui ng cont r ol  over  t he qual i t y of  
t he pl ywood.   The mar k must  i dent i f y t he pl ywood by speci es gr oup or  span 
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r at i ng,  exposur e dur abi l i t y  c l assi f i cat i on,  gr ade,  and compl i ance wi t h 
APA L870.   Sur f aces t hat  ar e t o be exposed t o v i ew must  not  bear  
gr ademar ks or  ot her  t ypes of  i dent i f y i ng mar ks.

1. 4. 4   St r uct ur al - Use and OSB Panel s

Mar k each panel  wi t h t he mar k of  a r ecogni zed associ at i on or  i ndependent  
i nspect i on agency t hat  mai nt ai ns cont i nui ng cont r ol  over  t he qual i t y of  
t he panel .   The mar k must  i ndi cat e end use,  span r at i ng,  and exposur e 
dur abi l i t y  c l assi f i cat i on.   Or i ent ed St r and Boar d ( OSB) ,  APA F405.

1. 4. 5   Pr eser vat i ve- Tr eat ed Lumber  and Pl ywood

The Cont r act or  i s r esponsi bl e f or  t he qual i t y of  t r eat ed wood pr oduct s.   
Each t r eat ed pi ece must  be i nspect ed i n accor dance wi t h AWPA M2 and 
per manent l y mar ked or  br anded,  by t he pr oducer ,  i n accor dance wi t h AWPA M6.   
The Cont r act or  must  pr ovi de Cont r act i ng Of f i cer ' s Repr esent at i ve' s 
Repr esent at i ve ( COR)  wi t h t he i nspect i on r epor t  of  an appr oved i ndependent  
i nspect i on agency t hat  of f er ed pr oduct s compl y wi t h appl i cabl e AWPA 
St andar ds.   The appr opr i at e Qual i t y Mar k on each pi ece wi l l  be accept ed,  
i n l i eu of  i nspect i on r epor t s,  as evi dence of  compl i ance wi t h appl i cabl e 
AWPA t r eat ment  st andar ds.

1. 4. 6   Fi r e- Ret ar dant  Tr eat ed Lumber

Mar k each pi ece i n accor dance wi t h AWPA M6,  except  pi eces t hat  ar e t o be 
nat ur al  or  t r anspar ent  f i ni shed.   I n addi t i on,  ext er i or  f i r e- r et ar dant  
l umber  must  be di st i ngui shed by a per manent  penet r at i ng bl ue st ai n.    
Label s of  a nat i onal l y r ecogni zed i ndependent  t est i ng agency wi l l  be 
accept ed as evi dence of  conf or mance t o t he f i r e- r et ar dant  r equi r ement s of  
AWPA M6.

1. 4. 7   Har dboar d,  Gypsum Boar d,  and Fi ber boar d

Mar k each sheet  or  bundl e t o i dent i f y t he st andar d under  whi ch t he 
mat er i al  i s  pr oduced and t he pr oducer .

1. 5   SI ZES AND SURFACI NG

ALSC PS 20 f or  dr essed si zes of  yar d and st r uct ur al  l umber .   Lumber  must  
be sur f aced f our  s i des.   Si ze r ef er ences,  unl ess ot her wi se speci f i ed,  ar e 
nomi nal  s i zes,  and act ual  s i zes must  be wi t hi n manuf act ur i ng t ol er ances 
al l owed by t he st andar d under  whi ch t he pr oduct  i s pr oduced.   Ot her  
measur ement s ar e I P or  SI  st andar d.

1. 6   MOI STURE CONTENT

Ai r - dr y or  k i l n- dr y l umber .   Ki l n- dr y t r eat ed l umber  af t er  t r eat ment .  
Maxi mum moi st ur e cont ent  of  wood pr oduct s must  be as f ol l ows at  t he t i me 
of  del i ver y t o t he j ob s i t e:

a.   Fr ami ng l umber  and boar d,  19 per cent  maxi mum

b.   Ti mber s 5 i nches and t hi cker ,  25 per cent  maxi mum

c.   Mat er i al s ot her  t han l umber ;  moi st ur e cont ent  must  be i n accor dance 
wi t h st andar d under  whi ch t he pr oduct  i s pr oduced
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1. 7   PRESERVATI VE TREATMENT

a.   0. 25 pcf  i nt ended f or  above gr ound use.

b.   0. 40 pcf  i nt ended f or  gr ound cont act  and f r esh wat er  use.   0. 60 pcf  
i nt ended f or  Ammoni acal  Copper  Quat er nar y Compound ( ACQ) - t r eat ed 
f oundat i ons.   0. 80 t o 1. 00 pcf  i nt ended f or  ACQ- t r eat ed pi l i ngs.   Al l  
wood must  be ai r  or  k i l n dr i ed af t er  t r eat ment .   Speci f i c  t r eat ment s 
must  be ver i f i ed by t he r epor t  of  an appr oved i ndependent  i nspect i on 
agency,  or  t he AWPA Qual i t y Mar k on each pi ece.   Br ush coat  ar eas t hat  
ar e cut  or  dr i l l ed af t er  t r eat ment  wi t h ei t her  t he same pr eser vat i ve 
used i n t he t r eat ment  or  wi t h a 2 per cent  copper  napht henat e sol ut i on.
  Al l  l umber  and woodwor k must  be pr eser vat i ve t r eat ed.    The 
f ol l owi ng i t ems must  be pr eser vat i ve t r eat ed:

( 1)  Wood si l l s ,  sol es,  pl at es,  f ur r i ng,  and sl eeper s t hat  ar e l ess t han
 24 i nches f r om t he gr ound,  f ur r i ng and nai l er s t hat  ar e set  i nt o 
or  i n cont act  wi t h concr et e or  masonr y.

( 2)  Nai l er s,  edge st r i ps,  cr i cket s,  cur bs,  and cant s f or  r oof  decks.

1. 8   FI RE- RETARDANT TREATMENT

Fi r e- r et ar dant  t r eat ed wood must  be pr essur e t r eat ed Tr eat ment  and 
per f or mance i nspect i on must  be by an i ndependent  and qual i f i ed t est i ng 
agency t hat  est abl i shes per f or mance r at i ngs.   Each pi ece or  bundl e of  
t r eat ed mat er i al  must  bear  i dent i f i cat i on of  t he t est i ng agency t o 
i ndi cat e per f or mance i n accor dance wi t h such r at i ng.   Tr eat ed mat er i al s t o 
be exposed t o r ai n wet t i ng must  be subj ect ed t o an accel er at ed weat her i ng 
t echni que i n accor dance wi t h ASTM D2898 pr i or  t o bei ng t est ed.   Such i t ems 
whi ch wi l l  not  be i nsi de a bui l di ng,  and such i t ems whi ch wi l l  be exposed 
t o heat  or  hi gh humi di t y,  must  r ecei ve ext er i or  f i r e- r et ar dant  t r eat ment .   
Fi r e- r et ar dant - t r eat ed wood pr oduct s must  be f r ee of  hal ogens,  sul f at es,  
ammoni um phosphat e,  and f or mal dehyde.   I t ems t o be t r eat ed i ncl ude t he 
f ol l owi ng:

a.   Bl ocki ng i n f i r e r at ed wal l s. .

1. 9   CERTI FI CATI ONS

1. 9. 1   Cer t i f i ed Wood Gr ades

Pr ovi de cer t i f i cat es of  gr ade f r om t he gr adi ng agency on gr aded but  
unmar ked l umber  or  pl ywood at t est i ng t hat  mat er i al s meet  t he gr ade 
r equi r ement s speci f i ed her ei n.

1. 9. 2   I ndoor  Ai r  Qual i t y Cer t i f i cat i ons

Submi t  r equi r ed i ndoor  ai r  qual i t y cer t i f i cat i ons i n one submi t t al  package.
1. 9. 2. 1   Adhesi ves and Seal ant s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr ams t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.   Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.   When pr oduct  does 
not  have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  
ai r  qual i t y pr oduct  r equi r ement s c i t ed her ei n.
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PART 2   PRODUCTS

2. 1   MATERI ALS

2. 1. 1   Vi r gi n Lumber

Lumber  f abr i cat ed f r om ol d gr owt h t i mber  i s not  per mi t t ed.   Avoi d 
compani es who buy,  sel l ,  or  use ol d gr owt h t i mber  i n t hei r  oper at i ons,  
when possi bl e.

2. 2   LUMBER

2. 2. 1   Fr ami ng Lumber

Fr ami ng l umber  such as st uds,  pl at es,  caps,  col l ar  beams,  cant  st r i ps,  
bucks,  s l eeper s,  nai l i ng st r i ps,  and nai l er s and boar d l umber  such as 
subf l oor i ng and wal l  and r oof  sheat hi ng must  be one of  t he speci es l i s t ed 
i n t he t abl e bel ow.   Mi ni mum gr ade of  speci es must  be as l i s t ed.  

Tabl e of  Gr ades f or  Fr ami ng and Boar d Lumber

Gr adi ng Rul es Speci es Fr ami ng Boar d Lumber

WWPA G- 5 st andar d 
gr adi ng r ul es

Aspen,  Dougl as 
Fi r - Lar ch,  Dougl as 
Fi r  Sout h,  
Engel mann 
Spr uce- Lodgepol e 
Pi ne,  Engel mann 
Spr uce,  Hem- Fi r ,  
I daho Whi t e Pi ne,  
Lodgepol e Pi ne,  
Mount ai n Heml ock,  
Mount ai n 
Heml ock- Hem- Fi r ,  
Ponder osa 
Pi ne- Sugar  Pi ne,  
Ponder osa 
Pi ne- Lodgepol e 
Pi ne,  Subal pi ne 
Fi r ,  Whi t e Woods,  
West er n Woods,  
West er n Cedar s,  
West er n Heml ock

Al l  Speci es:   
St andar d Li ght  
Fr ami ng or  No.  3 
St r uct ur al  Li ght  
Fr ami ng ( St ud 
Gr ade f or  2x4 
nomi nal  s i ze,  10 
f eet  and shor t er )

Al l  Speci es:   
No.  3 Common
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Tabl e of  Gr ades f or  Fr ami ng and Boar d Lumber

Gr adi ng Rul es Speci es Fr ami ng Boar d Lumber

WCLI B 17 st andar d 
gr adi ng r ul es

Dougl as Fi r - Lar ch,  
Hem- Fi r ,  Mount ai n 
Heml ock,  Si t ka 
Spr uce,  West er n 
Cedar s,  West er n 
Heml ock

Al l  Speci es:   
St andar d Li ght  
Fr ami ng or  No.  3 
St r uct ur al  Li ght  
Fr ami ng ( St ud 
Gr ade f or  2x4 
nomi nal  s i ze,  10 
f eet  and shor t er )

Al l  Speci es:   
St andar d

SPI B 1003 st andar d 
gr adi ng r ul es

Sout her n Pi ne Al l  Speci es:   
St andar d Li ght  
Fr ami ng or  No.  3 
St r uct ur al  Li ght  
Fr ami ng ( St ud 
Gr ade f or  2x4 
nomi nal  s i ze,  10 
f eet  and shor t er )

No.  2 Boar ds

SCMA Spec  st andar d 
speci f i cat i ons

Cypr ess No.  2 Common No.  2 Common

NELMA Gr adi ng Rul es 
st andar d gr adi ng r ul es

Bal sam Fi r ,  East er n 
Heml ock- Tamar ack,  
East er n Spr uce,  
East er n Whi t e Pi ne,  
Nor t her n Pi ne,  
Nor t her n Pi ne- Cedar

Al l  Speci es:   
St andar d Li ght  
Fr ami ng or  No.  3 
St r uct ur al  Li ght  
Fr ami ng ( St ud 
Gr ade f or  2x4 
nomi nal  s i ze,  10 
f eet  and shor t er )

Al l  Speci es:   
No.  3 Common 
except  St andar d 
f or  East er n Whi t e 
and Nor t her n Pi ne
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Tabl e of  Gr ades f or  Fr ami ng and Boar d Lumber

Gr adi ng Rul es Speci es Fr ami ng Boar d Lumber

RI S Gr ade Use 
st andar d 
speci f i cat i ons

Redwood Al l  Speci es:   
St andar d Li ght  
Fr ami ng or  No.  3 
St r uct ur al  Li ght  
Fr ami ng ( St ud 
Gr ade f or  2x4 
nomi nal  s i ze,  10 
f eet  and shor t er )

Const r uct i on Hear t

NHLA Rul es  r ul es f or  
t he measur ement  and 
i nspect i on of  
har dwood and cypr ess 
l umber

Cypr ess No.  2 Di mensi on No.  2 Common

2. 3   PLYWOOD,  STRUCTURAL- USE,  AND ORI ENTED STRAND BOARD ( OSB)  PANELS

APA L870,  APA S350,  APA E445,  and APA F405 r espect i vel y.

2. 3. 1   Ot her  Uses

2. 3. 1. 1   Pl ywood

Pl ywood f or  .   C- D Gr ade,  Exposur e 1.

2. 4   OTHER MATERI ALS

2. 4. 1   Bui l di ng Paper

FS UU- B- 790,  Type I ,  Gr ade D,  St yl e 1.

2. 4. 2   Mi scel l aneous Wood Member s

2. 4. 2. 1   Bl ocki ng

Bl ocki ng must  be st andar d or  number  2 gr ade.

2. 4. 2. 2   Rough Bucks and Fr ames

Rough bucks and f r ames must  be st r ai ght  st andar d or  number  2 gr ade.

2. 5   ROUGH HARDWARE

Unl ess ot her wi se i ndi cat ed or  speci f i ed,  r ough har dwar e must  be of  t he 
t ype and si ze necessar y f or  t he pr oj ect  r equi r ement s.   Si zes,  t ypes,  and 
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spaci ng of  f ast eni ngs of  manuf act ur ed bui l di ng mat er i al s must  be as 
r ecommended by t he pr oduct  manuf act ur er  unl ess ot her wi se i ndi cat ed or  
speci f i ed.   Rough har dwar e exposed t o t he weat her  or  embedded i n or  i n 
cont act  wi t h pr eser vat i ve t r eat ed wood,  ext er i or  masonr y,  or  concr et e 
wal l s or  s l abs must  be hot - di p z i nc- coat ed i n accor dance wi t h 
ASTM A153/ A153M.

2. 5. 1   Bol t s,  Nut s,  St uds,  and Ri vet s

ASME B18. 2. 1,  ASME B18. 5. 2. 1M,  ASME B18. 5. 2. 2M and ASME B18. 2. 2.

2. 5. 2   Anchor  Bol t s

ASTM A307,  s i ze as i ndi cat ed,  compl et e wi t h nut s and washer s.

2. 5. 3   Expansi on Shi el ds

CI D A- A- 1923,  CI D A- A- 1924,  and CI D A- A- 1925.   Except  as shown ot her wi se,  
maxi mum si ze of  devi ces must  be 3/ 8 i nch.

2. 5. 4   Lag Scr ews and Lag Bol t s

ASME B18. 2. 1.

2. 5. 5   Wood Scr ews

ASME B18. 6. 1.

2. 5. 6   Nai l s 

ASTM F547,  s i ze and t ype best  sui t ed f or  pur pose.   For  sheat hi ng and 
subf l oor i ng,  l engt h of  nai l s must  be suf f i c i ent  t o ext end 1 i nch i nt o 
suppor t s.   I n gener al ,  8- penny or  l ar ger  nai l s must  be used f or  nai l i ng 
t hr ough 1 i nch t hi ck l umber  and f or  t oe nai l i ng 2 i nch t hi ck l umber ;  
16- penny or  l ar ger  nai l s must  be used f or  nai l i ng t hr ough 2 i nch t hi ck 
l umber .   Nai l s used wi t h t r eat ed l umber  and sheat hi ng must  be hot - di pped 
gal vani zed i n accor dance wi t h ASTM A153/ A153M.   Nai l i ng must  be i n 
accor dance wi t h t he r ecommended nai l i ng schedul e cont ai ned i n AWC WFCM.   
Wher e det ai l ed nai l i ng r equi r ement s ar e not  speci f i ed,  nai l  s i ze and 
spaci ng must  be suf f i c i ent  t o devel op an adequat e st r engt h f or  t he 
connect i on.   The connect i on' s st r engt h must  be ver i f i ed agai nst  t he nai l  
capaci t y t abl es i n AWC NDS.   Reasonabl e j udgment  backed by exper i ence must  
ensur e t hat  t he desi gned connect i on wi l l  not  cause t he wood t o spl i t .   I f  
a l oad si t uat i on exceeds a r easonabl e l i mi t  f or  nai l s,  a speci al i zed 
connect or  must  be used.

2. 5. 7   Wi r e Nai l s

ASTM F1667/ F1667M.

2. 5. 8   Cl i p Angl es

St eel ,  3/ 16 i nch t hi ck,  s i ze best  sui t ed f or  i nt ended use;  or  z i nc- coat ed 
st eel  or  i r on commer ci al  c l i ps desi gned f or  connect i ng wood member s.
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Do not  i nst al l  bui l di ng const r uct i on mat er i al s t hat  show vi sual  evi dence 
of  bi ol ogi cal  gr owt h.

Conf or m t o AWC WFCM unl ess ot her wi se i ndi cat ed or  speci f i ed.   Sel ect  
l umber  s i zes t o mi ni mi ze wast e.   Fi t  f r ami ng l umber  and ot her  r ough 
car pent r y,  set  accur at el y t o t he r equi r ed l i nes and l evel s,  and secur e i n 
pl ace i n a r i gi d manner .   Do not  spl i ce f r ami ng member s bet ween bear i ng 
poi nt s.   Set  j oi st s,  r af t er s,  and pur l i ns wi t h t hei r  cr own edge up.   Fr ame 
member s f or  t he passage of  pi pes,  condui t s,  and duct s.   Do not  cut  or  bor e 
st r uct ur al  member s f or  t he passage of  duct s or  pi pes wi t hout  appr oval .   
Rei nf or ce al l  member s damaged by such cut t i ng or  bor i ng by means of  
speci al l y f or med and appr oved sheet  met al  or  bar  st eel  shapes,  or  r emove 
and pr ovi de new,  as appr oved.   Pr ovi de as necessar y f or  t he pr oper  
compl et i on of  t he wor k al l  f r ami ng member s not  i ndi cat ed or  speci f i ed.  
Spi k i ng and nai l i ng not  i ndi cat ed or  speci f i ed ot her wi se must  be i n 
accor dance wi t h t he Nai l i ng Schedul e cont ai ned i n I CC I BC;  per f or m bol t i ng 
i n an appr oved manner .  Spi kes,  nai l s,  and bol t s must  be dr awn up t i ght .     
Use sl at e or  st eel  shi ms when l evel i ng j oi st s,  beams,  and gi r der s on 
masonr y or  concr et e.   Do not  use shi mmi ng on wood or  met al  bear i ngs.   When 
j oi st s,  beams,  and gi r der s ar e pl aced on masonr y or  concr et e,  a wood base 
pl at e must  be posi t i oned and l evel ed wi t h gr out .   The j oi st ,  beam,  or  
gi r der  must  t hen be pl aced on t he pl at e.   When j oi st s,  beams,  and gi r der s 
ar e set  i nt o masonr y or  concr et e,  a pocket  must  be f or med i nt o t he wal l .   
The j oi st ,  beam,  or  gi r der  must  t hen be pl aced i nt o t he pocket  and l evel ed 
wi t h a st eel  shi m.

3. 1. 1   Si l l s

Set  s i l l s  l evel  and squar e and wedge wi t h st eel  or  s l at e shi ms;  poi nt  or  
gr out  wi t h non- shr i nki ng cement  mor t ar  t o pr ovi de cont i nuous and sol i d 
bear i ng.   Anchor  s i l l s  t o t he f oundat i ons as i ndi cat ed.   Pr ovi de bol t s 
wi t h pl at e washer s and nut s.   Bol t s i n ext er i or  wal l s must  be zi nc- coat ed.

3. 1. 1. 1   Anchor s i n Masonr y

Except  wher e i ndi cat ed ot her wi se,  Embed anchor  bol t s not  l ess t han 15 
i nches i n masonr y uni t  wal l s and pr ovi de each wi t h a nut  and a 2 i nch 
di amet er  washer  at  bot t om end.   Ful l y gr out  bol t s wi t h mor t ar .

3. 1. 1. 2   Anchor s i n Concr et e

Except  wher e i ndi cat ed ot her wi se,  Embed anchor  bol t s not  l ess t han 8 i nches
 i n pour ed concr et e wal l s and pr ovi de each wi t h a nut  and a 2 i nch 
di amet er  washer  at  bot t om end.   A bent  end may be subst i t ut ed f or  t he nut  
and washer ;  bend must  be not  l ess t han 90 degr ees.   Powder - act uat ed 
f ast ener s spaced 3 f eet  o. c.  may be pr ovi ded i n l i eu of  bol t s f or  s i ngl e 
t hi ckness pl at es on concr et e.

3. 2   MI SCELLANEOUS

3. 2. 1   Wood Roof  Nai l er s,  Edge St r i ps,  Cr i cket s,  Cur bs,  and Cant s

Pr ovi de si zes and conf i gur at i ons i ndi cat ed or  speci f i ed and anchor ed 
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secur el y t o cont i nuous const r uct i on. 3. 2. 1. 1   Roof  Edge St r i ps and Nai l er s

Pr ovi de at  per i met er  of  r oof ,  ar ound openi ngs t hr ough r oof ,  and wher e 
r oof s abut  wal l s,  cur bs,  and ot her  ver t i cal  sur f aces.   Except  wher e 
i ndi cat ed ot her wi se,  nai l er s must  be 6 i nches wi de and t he same t hi ckness 
as t he i nsul at i on.   Anchor  nai l er s secur el y t o under l y i ng const r uct i on.   
Anchor  per i met er  nai l er s i n accor dance wi t h FM 4435.

3. 2. 2   Rough Wood Bucks

Si ze as i ndi cat ed .   Set  wood bucks t r ue and pl umb.   Anchor  bucks t o 
concr et e or  masonr y wi t h st eel  st r aps ext endi ng i nt o t he wal l  8 i nches 
mi ni mum.   Pl ace anchor s near  t he t op and bot t om of  t he buck and space 
uni f or ml y at  2 f oot  maxi mum i nt er val s.

3. 2. 3   Wood Bl ocki ng

Pr ovi de pr oper  s i zes and shapes at  pr oper  l ocat i ons f or  t he i nst al l at i on 
and at t achment  of  wood and ot her  f i ni sh mat er i al s,  f i x t ur es,  equi pment ,  
and i t ems i ndi cat ed or  speci f i ed.

3. 2. 4   Tempor ar y Cl osur es

Pr ovi de wi t h hi nged door s and padl ocks and i nst al l  dur i ng const r uct i on at  
ext er i or  door ways and ot her  gr ound l evel  openi ngs t hat  ar e not  ot her wi se 
cl osed.   Cover  wi ndows and ot her  unpr ot ect ed openi ngs wi t h pol yet hyl ene or  
ot her  appr oved mat er i al ,  st r et ched on wood f r ames.   Pr ovi de dust pr oof  
bar r i er  par t i t i ons t o i sol at e ar eas as di r ect ed.

3. 2. 5   Tempor ar y Cent er i ng,  Br aci ng,  and Shor i ng

Pr ovi de f or  t he suppor t  and pr ot ect i on of  masonr y wor k dur i ng const r uct i on 
as speci f i ed i n Sect i on 04 20 00.   For ms and cent er i ng f or  cast - i n- pl ace 
concr et e wor k ar e speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

3. 3   WASTE MANAGEMENT OF WOOD PRODUCTS

I n accor dance wi t h t he Wast e Management  Pl an and as speci f i ed.  Cl ear l y 
separ at e damaged wood and ot her  scr ap l umber  f or  accept abl e al t er nat i ve 
uses on si t e,  i ncl udi ng br aci ng,  bl ocki ng,  cr i ppl es,  t i es,  and shi ms.

Separ at e t r eat ed,  st ai ned,  pai nt ed,  and cont ami nat ed wood and pl ace i n 
desi gnat ed ar ea f or  hazar dous mat er i al s.    Di spose of  accor di ng t o l ocal  
r egul at i ons.   Do not  l eave any wood,  shavi ngs,  sawdust ,  or  ot her  wood 
wast e bur i ed i n f i l l  or  on t he gr ound.   Pr event  sawdust  and wood shavi ngs 
f r om ent er i ng t he st or m dr ai nage syst em.   Do not  bur n scr ap l umber  t hat  
has been pr essur e t r eat ed,  or  l umber  t hat  i s  l ess t han one year  ol d.

        - -  End of  Sect i on - -
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SECTI ON 06 20 00

FI NI SH CARPENTRY
08/ 16,  CHG 2:  11/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN HARDBOARD ASSOCI ATI ON ( AHA)

AHA A135. 4 ( 1995;  R 2004)  Basi c Har dboar d

AMERI CAN LUMBER STANDARDS COMMI TTEE ( ALSC)

ALSC PS 20 ( 2015)  Amer i can Sof t wood Lumber  St andar d

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B18. 6. 1 ( 2016)  Wood Scr ews ( I nch Ser i es)

AMERI CAN WOOD PROTECTI ON ASSOCI ATI ON ( AWPA)

AWPA M4 ( 2021)  St andar d f or  t he Car e of  
Pr eser vat i ve- Tr eat ed Wood Pr oduct s

AWPA U1 ( 2022)  Use Cat egor y Syst em:  User  
Speci f i cat i on f or  Tr eat ed Wood

APA -  THE ENGI NEERED WOOD ASSOCI ATI ON ( APA)

APA L870 ( 2010)  Vol unt ar y Pr oduct  St andar d,  PS 
1- 09,  St r uct ur al  Pl ywood

ASTM I NTERNATI ONAL ( ASTM)

ASTM F547 ( 202)  St andar d Ter mi nol ogy of  Nai l s f or  
Use wi t h Wood and Wood- Base Mat er i al s

BUI LDERS HARDWARE MANUFACTURERS ASSOCI ATI ON ( BHMA)

ANSI / BHMA A156. 9 ( 2020)  Cabi net  Har dwar e

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
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Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

GREEN SEAL ( GS)

GS- 36 ( 2013)  Adhesi ves f or  Commer ci al  Use

HARDWOOD PLYWOOD AND VENEER ASSOCI ATI ON ( HPVA)

HPVA HP- 1 ( 2016)  Amer i can Nat i onal  St andar d f or  
Har dwood and Decor at i ve Pl ywood

NATI ONAL HARDWOOD LUMBER ASSOCI ATI ON ( NHLA)

NHLA Rul es ( 2015)  Rul es f or  t he Measur ement  & 
I nspect i on of  Har dwood & Cypr ess

NORTHEASTERN LUMBER MANUFACTURERS ASSOCI ATI ON ( NELMA)

NELMA Gr adi ng Rul es ( 2013)  St andar d Gr adi ng Rul es f or  
Nor t heast er n Lumber

REDWOOD I NSPECTI ON SERVI CE ( RI S)  OF THE CALI FORNI A REDWOOD 
ASSOCI ATI ON ( CRA)

RI S Gr ade Use ( 1998)  Redwood Lumber  Gr ades and Uses

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

SOUTHERN PI NE I NSPECTI ON BUREAU ( SPI B)

SPI B 1003 ( 2014)  St andar d Gr adi ng Rul es f or  Sout her n 
Pi ne Lumber

WEST COAST LUMBER I NSPECTI ON BUREAU ( WCLI B)

WCLI B 17 ( 2015)  St andar d Gr adi ng Rul es

WESTERN WOOD PRODUCTS ASSOCI ATI ON ( WWPA)

WWPA G- 5 ( 2017)  West er n Lumber  Gr adi ng Rul es

WI NDOW AND DOOR MANUFACTURERS ASSOCI ATI ON ( WDMA)

WDMA I . S. 4 ( 2015A)  Pr eser vat i ve Tr eat ment  f or  Mi l l wor k

WOOD MOULDI NG AND MI LLWORK PRODUCERS ASSOCI ATI ON ( WMMPA)

WMMPA WM 6 ( 2007)  Qual i t y I ndust r y St andar ds Bookl et

WOODWORK I NSTI TUTE ( WI )

NAAWS 3. 1 ( 2017;  2018 Er r at a Edi t i on)  Nor t h Amer i can 
Ar chi t ect ur al  Woodwor k St andar ds
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1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs I ndi cat i ng Al l  Wood Assembl i es;  G,  RO

SD- 03 Pr oduct  Dat a

Wood Pr oduct s;  G,  RO

Count er t ops;  G,  RO

Tr eat ed Wood Pr oduct s;  G,  ROI

Fasci as and Tr i m;  G,  RO

Har dwar e and Accessor i es;  G

SD- 04 Sampl es

Sampl es;  G,  RO

SD- 07 Cer t i f i cat es

Cer t i f i cat es of  Gr ade;  G

Cer t i f i ed Sust ai nabl y Har vest ed Har dboar d;  S

I ndoor  Ai r  Qual i t y f or  Har dwood Pl ywood;  S

I ndoor  Ai r  Qual i t y f or  Non- aer osol  Adhesi ves;  S

I ndoor  Ai r  Qual i t y f or  Aer osol  Adhesi ves;  S

1. 3   DETAI L DRAWI NGS

Submi t  det ai l  dr awi ngs i ndi cat i ng al l  wood assembl i es pr oposed f or  use i n 
t he pr oj ect .   I ndi cat e mat er i al s,  speci es,  gr ade,  densi t y,  gr ai n,  f i ni sh 
det ai l s of  const r uct i on,  l ocat i on of  use i n t he pr oj ect ,  f i ni shes,  t ypes,  
met hod and ar r angement  of  f ast ener s,  and i nst al l at i on det ai l s.   Thi s 
i ncl udes al l  f abr i cat ed assembl i es.

1. 4   PRODUCT DATA

Submi t  Manuf act ur er s pr i nt ed dat a i ncl udi ng pr oposed speci es,  gr ade,  
densi t y gr ai n,  and f i ni sh as appl i cabl e;  suf f i c i ent  t o demonst r at e 
compl i ance wi t h t hi s speci f i cat i on f or  each t ype of  wood pr oduct  
speci f i ed.   For  t r eat ed wood pr oduct s al so pr ovi de document at i on of  
envi r onment al l y saf e pr eser vat i ves f or  each t ype of  wood pr oduct  speci f i ed.

Pr ovi de Manuf act ur er s pr i nt ed dat a f or  har dwar e and al l  wood accessor i es 
i ncl udi ng but  not  l i mi t ed t o edge bandi ng,  adhesi ves,  and seal er s.
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1. 5   SAMPLES

Sampl es i ndi cat i ng pr oposed speci es,  gr ade,  densi t y gr ai n,  and f i ni sh f or  
each t ype of  wood pr oduct  speci f i ed.   Pr ovi de sampl es of  suf f i c i ent  s i ze 
t o show pat t er n and col or  r anges of  pr oposed pr oduct s.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  wood pr oduct s t o t he j obsi t e i n an undamaged condi t i on.   St ack 
mat er i al s t o ensur e vent i l at i on and dr ai nage.   Pr ot ect  agai nst  dampness 
bef or e and af t er  del i ver y.   St or e mat er i al s under  cover  i n a wel l  
vent i l at ed encl osur e and pr ot ect  agai nst  ext r eme changes i n t emper at ur e 
and humi di t y.   Keep mat er i al s wr apped and separ at ed f r om of f - gassi ng 
mat er i al s ( such as dr yi ng pai nt s and adhesi ves) .   Do not  use mat er i al s 
t hat  have vi s i bl e moi st ur e or  bi ol ogi cal  gr owt h.   Do not  st or e pr oduct s i n 
bui l di ng unt i l  wet  t r ade mat er i al s ar e dr y and humi di t y of  t he space i s 
wi t hi n wood manuf act ur er ' s t ol er ance l i mi t s f or  st or age.

1. 7   QUALI TY ASSURANCE

1. 7. 1   Cer t i f i cat i ons

1. 7. 1. 1   Cer t i f i ed Wood Gr ades

Pr ovi de cer t i f i cat es of  gr ade f r om t he gr adi ng agency on gr aded but  
unmar ked l umber  or  pl ywood at t est i ng t hat  mat er i al s meet  t he gr ade 
r equi r ement s speci f i ed her ei n.

1. 7. 2   Lumber

I dent i f y each pi ece or  each bundl e of  l umber ,  mi l l wor k,  and t r i m by t he 
gr ade mar k of  a r ecogni zed associ at i on or  i ndependent  i nspect i on agency 
cer t i f i ed by t he Boar d of  Revi ew of  t he ALSC t o gr ade t he speci es.

1. 7. 3   Pl ywood

Pr ovi de each sheet  of  pl ywood wi t h t he mar k of  a r ecogni zed associ at i on or  
i ndependent  i nspect i on agency t hat  mai nt ai ns cont i nui ng cont r ol  over  t he 
qual i t y of  t he pl ywood.   Mar ks must  i dent i f y pl ywood by speci es gr oup or  
span r at i ng,  exposur e dur abi l i t y  c l assi f i cat i on,  gr ade,  and compl i ance 
wi t h APA L870.

1. 7. 4   Har dboar d 

Pr ovi de mat er i al s mar ks or  wr i t t en document at i on i dent i f y i ng t he pr oducer  
and t he appl i cabl e st andar d.

1. 7. 5   Pr essur e Tr eat ed Lumber  and Pl ywood

I nspect  each t r eat ed pi ece i n accor dance wi t h AWPA U1.

1. 7. 6   Non- Pr essur e Tr eat ed Woodwor k and Mi l l wor k

Mar k,  st amp,  or  l abel  t o i ndi cat e compl i ance wi t h WDMA I . S. 4.

1. 7. 7   Fi r e- Ret ar dant  Tr eat ed Lumber

Each pi ece must  bear  an Under wr i t er s Labor at or i es f i r e r esi st ance l abel  or  
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compar abl e l abel  of  anot her  nat i onal l y r ecogni zed i ndependent  f i r e 
r et ar dant  mat er i al s t est i ng l abor at or y.

PART 2   PRODUCTS

2. 1   WOOD PRODUCTS

2. 1. 1   Si zes and Pat t er ns of  Wood Pr oduct s

Pr ovi de yar d and boar d l umber  s i zes i n accor dance wi t h ALSC PS 20.   
Pr ovi de shaped l umber  and mi l l wor k i n t he pat t er ns i ndi cat ed and i n 
st andar d pat t er ns of  t he associ at i on cover i ng t he speci es.   Si ze 
r ef er ences,  unl ess ot her wi se speci f i ed,  ar e nomi nal  s i zes.   Pr ovi de act ual  
s i zes wi t hi n manuf act ur i ng t ol er ances al l owed by t he appl i cabl e st andar d.

2. 1. 2   Speci es and Gr ades

Pr ovi de i n accor dance wi t h AWPA U1 Use Cat egor y Syst em Tabl es unl ess 
ot her wi se speci f i ed her ei n.

2. 1. 3   Tr i m,  Fi ni sh,  and Fr ames

Pr ovi de speci es and gr ades l i s t ed i n t he t abl e bel ow f or  wood mat er i al s 
t hat  must  be pai nt ed.   For  mat er i al s t hat  must  be st ai ned,  have a nat ur al ,  
or  a t r anspar ent  f i ni sh,  pr ovi de mat er i al s one gr ade hi gher  t han t hose 
l i s t ed i n t he t abl e bel ow.   Pr ovi de t r i m,  except  wi ndow st ool s and apr ons 
wi t h hol l ow backs.

TABLE OF GRADES FOR WOOD TO RECEI VE PAI NT FI NI SH

Gr adi ng Rul es Speci es Ext er i or  and I nt er i or  Tr i m,  
Fi ni sh,  and Fr ames

WWPA G- 5 st andar d 
gr adi ng r ul es

Aspen,  Dougl as Fi r - Lar ch,  
Dougl as Fi r  Sout h,  Engel mann 
Spr uce- Lodgepol e Pi ne,  
Engel mann Spr uce,  Hem- Fi r ,  
I daho Whi t e Pi ne,  Lodgepol e 
Pi ne,  Mount ai n Heml ock,  
Mount ai n Heml ock- Hem- Fi r ,  
Ponder osa Pi ne- Sugar  Pi ne,  
( Ponder osa Pi ne- Lodgepol e 
Pi ne, )  Whi t e Woods,  ( West er n 
Woods, )  West er n Cedar s,  
West er n Heml ock

Al l  Speci es:   C & BTR.  Sel ect  
( Choi ce & BTR I daho Whi t e 
Pi ne)  or  Super i or  Fi ni sh.   
West er n Red Cedar  may be 
gr aded C & BTR.  Sel ect  or  A & 
BTR i n accor dance wi t h 
Speci al  West er n Red Cedar  
Rul es.
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TABLE OF GRADES FOR WOOD TO RECEI VE PAI NT FI NI SH

Gr adi ng Rul es Speci es Ext er i or  and I nt er i or  Tr i m,  
Fi ni sh,  and Fr ames

WCLI B 17 st andar d 
gr adi ng r ul es

Dougl as Fi r - Lar ch,  Hem- Fi r ,  
Mount ai n Heml ock,  Si t ka 
Spr uce,  West er n Cedar s,  
West er n Heml ock

Al l  Speci es:   C & BTR VG,  
except  A f or  West er n Red Cedar

SPI B 1003 st andar d 
gr adi ng r ul es

Sout her n Pi ne C & BTR

NHLA Rul es Cypr ess C- Sel ect

NELMA Gr adi ng Rul es 
st andar d gr adi ng 
r ul es * *

Bal sam Fi r ,  East er n 
Heml ock- Tamar ack,  East er n 
Spr uce,  East er n Whi t e Pi ne,  
Nor t her n Pi ne,  Nor t her n 
Pi ne,  Nor t her n Whi t e Cedar

Al l  Speci es:   C- Sel ect  except  
C & BTR f or  East er n Whi t e 
Pi ne and Nor way Pi ne

RI S Gr ade Use 
st andar d 
speci f i cat i ons

Redwood Cl ear ,  Cl ear  Al l  Hear t

NHLA Rul es Cypr ess B Fi ni sh

Red Gum,  Sof t  El m,  Bi r ch Sel ect  or  BTR ( f or  i nt er i or  
use onl y)

Not e:  * *  
ht t p: / / www. nel ma. or g/ l i br ar y/ 2013- st andar d- gr adi ng- r ul es- f or - nor t heast er n- l umber /

2. 1. 4   Sof t wood Pl ywood

Pr ovi de i n accor dance wi t h APA L870.  When l ocat ed on t he i nt er i or  of  
bui l di ngs,  pr ovi de pr oduct s wi t h no added ur ea- f or mal dehyde r esi ns.  

2. 1. 5   Har dwood Pl ywood

HPVA HP- 1,  Type I I  ( I nt er i or )  ,  Good ( 1)  Gr ade,  l umber  cor e const r uct i on,  
f ace veneer s of  bi r ch,  of  t hi ckness i ndi cat ed.  When l ocat ed on t he 
i nt er i or  of  bui l di ngs,  pr ovi de pr oduct s wi t h no added ur ea- f or mal dehyde 
r esi ns.   For  pr oduct s l ocat ed on t he i nt er i or  of  t he bui l di ng ( i nsi de of  
t he weat her pr oof i ng syst em) ,  pr ovi de cer t i f i cat i on of  i ndoor  ai r  qual i t y 
f or  har dwood pl ywood.

2. 1. 6   Har dboar d

AHA A135. 4,  st andar d t ype,  1/ 4 i nch t hi ck.   Pr ovi de cer t i f i ed sust ai nabl y 
har vest ed har dboar d.
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2. 2   FASCI AS AND TRI M

2. 2. 1   Wood

Pr ovi de speci es and gr ades f or  al l  f asci a and t r i m,  i ncl udi ng ext er i or  
door  and wi ndow casi ngs,  i n accor dance wi t h AWPA U1 Use Cat egor y Syst em 
Tabl es.   Pr ovi de si zes i ndi cat ed.   Met al  cor ner s may be pr ovi ded i n l i eu 
of  wood cor ner  boar ds f or  hor i zont al  s i di ng.   I f  met al  cor ner s ar e used,  
pr ovi de gal vani zed st eel  or  al umi num,  compl et el y coat ed wi t h pr i mer  
compat i bl e f or  t he speci f i c  met al  subst r at e.

2. 3   COUNTERTOPS

2. 3. 1   Sol i d Sur f ace

For  sol i d sur f ace count er t ops r ef er  t o Sect i on 06 61 16,  SOLI D POLYMER 
( SOLI D SURFACI NG)  FABRI CATI ONS.

2. 4   MOI STURE CONTENT OF WOOD PRODUCTS

Ai r  dr y or  k i l n dr y l umber .   Ki l n dr y t r eat ed l umber  af t er  t r eat ment .  
Maxi mum moi st ur e cont ent  of  wood pr oduct s at  t i me of  del i ver y t o t he 
j obsi t e,  and when i nst al l ed,  must  be as f ol l ows:

a.   I nt er i or  Panel i ng:   6 per cent .

b.   I nt er i or  Fi ni sh Lumber ,  Tr i m,  and Mi l l wor k:   1- 1/ 4 I nches Nomi nal  or  
Less i n Thi ckness:   6 per cent  on 85 per cent  of  t he pi eces and 8 
per cent  on r emai nder .

c.   Ext er i or  Tr eat ed and Unt r eat ed Fi ni sh Lumber  and Tr i m:   4 i nches 
Nomi nal  or  Less i n Thi ckness:   19 per cent .

d.   Ext er i or  Wood Si di ng:   15 per cent .

e.   Pr ovi de moi st ur e cont ent  of  ot her  mat er i al s i n accor dance wi t h t he 
appl i cabl e st andar ds.

2. 5   PRESERVATI VE TREATMENT OF WOOD PRODUCTS

2. 5. 1   Non- Pr essur e Tr eat ment

Tr eat  woodwor k and mi l l wor k,  such as ext er i or  t r i m,  door  t r i m,  and wi ndow 
t r i m,  i n accor dance wi t h WDMA I . S. 4,  wi t h ei t her  2 per cent  copper  
napt henat e,  3 per cent  z i nc napt henat e,  or  1. 8 per cent  
copper - 8- qui nol i nol at e.   Pr ovi de a l i ber al  br ush coat  of  pr eser vat i ve 
t r eat ment  t o f i el d cut s and hol es.

2. 5. 2   Pr essur e Tr eat ment

Tr eat  l umber  and pl ywood used on t he ext er i or  of  bui l di ngs or  i n cont act  
wi t h masonr y or  concr et e wi t h a wat er bor ne pr eser vat i ve l i s t ed i n AWPA U1 
( P ser i es i s i ncl uded t her ei n by r ef er ence)  as appl i cabl e,  and i nspect ed 
i n accor dance wi t h AWPA U1.   I dent i f y t r eat ment  on each pi ece of  mat er i al  
by t he qual i t y mar k of  an agency accr edi t ed by t he Boar d of  Revi ew of  t he 
Amer i can Lumber  St andar ds Commi t t ee.   Pr ovi de t r eat ed pl ywood t o a 
r ef l ect i on l evel  as f ol l ows:

Pr eser vat i ve t r eat  ext er i or  wood moul di ng and mi l l wor k t hat  wi l l  be wi t hi n 
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18 i nches of  soi l  or  i n cont act  wi t h wat er  or  concr et e i n accor dance wi t h 
WMMPA WM 6.   Pr ovi de a f i el d t r eat ment  i n accor dance wi t h AWPA M4 of  
exposed ar eas of  t r eat ed wood t hat  have been cut  or  dr i l l ed.   I t ems of  
al l - hear t  mat er i al  of  cedar ,  cypr ess,  or  r edwood do not  r equi r e 
pr eser vat i ve t r eat ment  except  when i n di r ect  cont act  wi t h soi l .

2. 6   HARDWARE AND ACCESSORI ES

Pr ovi de si zes,  t ypes,  and spaci ngs of  har dwar e and accessor i es as 
r ecommended i n wr i t i ng by t he wood pr oduct  manuf act ur er ,  except  as 
ot her wi se speci f i ed.

2. 6. 1   Wood Scr ews

ASME B18. 6. 1.

2. 6. 2   Bol t s,  Nut s,  Lag Scr ews,  and St uds

ASME B18. 2. 1 and ASME B18. 2. 2.

2. 6. 3   Nai l s

Use nai l s of  a s i ze and t ype best  sui t ed f or  each appl i cat i on and i n 
accor dance wi t h ASTM F547.   Use hot - di pped gal vani zed or  al umi num nai l s 
f or  ext er i or  appl i cat i ons.   For  s i di ng,  pr ovi de nai l s of  suf f i c i ent  l engt h 
t o ext end 1- 1/ 2 i nches i nt o suppor t s,  i ncl udi ng wood sheat hi ng over  
f r ami ng.   Wher e nai l i ng i s i mpr act i cal ,  pr ovi de scr ews of  a s i ze and t ype 
best  sui t ed f or  each appl i cat i on.

2. 7   FABRI CATI ON

2. 7. 1   Qual i t y St andar ds ( QS)

2. 7. 1. 1   Gr ades

The t er ms " Pr emi um, "  " Cust om, "  and " Economy"  r ef er  t o t he qual i t y gr ades 
def i ned i n NAAWS 3. 1.   Pr ovi de i t ems not  ot her wi se speci f i ed i n a speci f i c  
gr ade as " Cust om"  gr ade.

2. 7. 1. 2   Adhesi ves

Sel ect  adhesi ves f or  dur abi l i t y  and per manent  bondi ng.   Addr ess f act or s 
such as mat er i al s t hat  must  be bonded,  expansi on and cont r act i on,  bond 
st r engt h,  f i r e r at i ng,  moi st ur e r esi st ance,  and manuf act ur er ' s 
r ecommendat i ons.

Pr ovi de non- aer osol  adhesi ve pr oduct s used on t he i nt er i or  of  t he bui l di ng 
( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  meet i ng ei t her  emi ssi ons 
r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce 
or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s 
of  SCAQMD Rul e 1168.   Pr ovi de aer osol  adhesi ves used on t he i nt er i or  of  
t he bui l di ng meet i ng ei t her  emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 
( l i mi t  r equi r ement s f or  ei t her  of f i ce or  c l assr oom spaces r egar dl ess of  
space t ype)  or  VOC cont ent  r equi r ement s of  GS- 36.   Pr ovi de cer t i f i cat i on 
or  val i dat i on of  i ndoor  ai r  qual i t y f or  non- aer osol  adhesi ves appl i ed on 
t he i nt er i or  of  t he bui l di ng ( i nsi de of  t he weat her pr oof i ng syst em) .   
Pr ovi de cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  qual i t y f or  aer osol  
adhesi ves used on t he i nt er i or  of  t he bui l di ng.
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2. 7. 2   Cabi net s

Unl ess speci f i ed ot her wi se,  pr ovi de wal l  and base cabi net s of  t he same 
const r uct i on,  mat er i al s,  and f i ni shes as count er t ops.   Fabr i cat e cabi net s 
wi t h sol i d ends and f r ame f r ont s,  or  wi t h f r ames al l  ar ound.   Pr ovi de 
f r ames of  sol i d har dwood not  l ess t han 3/ 4 by 1- 1/ 2 i nches.   Pr ovi de ends,  
bot t oms,  backs,  par t i t i ons,  and door s as har dwood pl ywood.   Mor t i se and 
t enon,  dovet ai l ,  or  dowel  and gl ue j oi nt s t o pr oduce a r i gi d uni t .   Cover  
exposed edges of  pl ywood wi t h har dwood st r i ps.   Pr ovi de cabi net  door s,  
f r ames,  and sol i d exposed ends 3/ 4 i nch t hi ck mi ni mum.   Pr ovi de cabi net  
bot t oms,  par t i t i ons,  and f r amed ends t o be 1/ 2 i nch mi ni mum.   Pr ovi de 
shel ves t o be 5/ 8 i nch t hi ck mi ni mum.   Pr ovi de cabi net  backs 1/ 4 i nch 
t hi ck mi ni mum.

2. 7. 2. 1   Cabi net  Har dwar e

ANSI / BHMA A156. 9.   Pr ovi de cabi net  har dwar e i ncl udi ng t wo sel f ,  c l osi ng 
hi nges f or  each door ,  t wo si de mount ed met al  dr awer  s l i des f or  each 
dr awer ,  and pul l s f or  al l  door s and dr awer s as f ol l ows.   Pr ovi de har dwar e 
exposed t o v i ew as br ushed oi l  r ubbed br onze.   Compl y wi t h t he f ol l owi ng 
r equi r ement s f or  al l  cabi net  har dwar e:

a.   Pr ovi de f r amel ess conceal ed Eur opean st y l e,  back mount ed hi nges wi t h 
165 degr ee openi ng and a sel f  c l osi ng f eat ur e when at  l ess t han 90 
degr ees open.

b.   Pr ovi de dr awer  s l i des havi ng a st at i c r at i ng capaci t y of  100 l bs. .   
Sl i des t o have a sel f  c l osi ng/ st ay c l osed act i on,  z i nc or  epoxy coat ed 
st eel  f i ni sh,  bal l  bear i ng r ol l er s,  and posi t i ve st op wi t h l i f t  out  
desi gn.

c.   Pr ovi de dr awer  pul l s as wi r e t ype pul l s wi t h cent er - t o- cent er  
di mensi on of  not  l ess t han 3- 1/ 2 i nches and a cr oss sect i onal  di amet er  
of  5/ 16 i nch.   Pr ovi de handl e pr oj ect i ons not  l ess t han 1- 5/ 16 i nches.  
Pul l s shal l  be sol i d const r uct i on.

d.   Pr ovi de heavy dut y magnet i c dr awer  cat ches.

2. 7. 2. 2   Fi ni sh

Pr ovi de a c l ear  f act or y f i ni sh on wood sur f aces af t er  f abr i cat i on.  Pr ovi de 
f abr i cat or ' s st andar d nat ur al  f i ni sh equi val ent  t o one coat  of  seal er ,  one 
coat  of  var ni sh on al l  sur f aces and a second coat  of  var ni sh on sur f aces 
exposed t o v i ew.   Pr ovi de spar  var ni sh i n ext er i or  or  wet  ar ea 
appl i cat i ons.   Sand l i ght l y and wi pe cl ean bet ween coat s.

2. 7. 3   Casewor k wi t h Tr anspar ent  Fi ni sh ( CTF)

2. 7. 3. 1   AWI  Qual i t y Gr ade

Pr emi um gr ade.

2. 7. 3. 2   Const r uct i on

Pr ovi de f l ush over l ay desi gn det ai l s.

2. 7. 3. 3   Exposed Par t s

bi r ch speci e,  pl ai n- s l i ced,  s l i p mat ched cut .
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2. 7. 3. 4   Semi - Exposed Par t s

As speci f i ed i n t he NAAWS 3. 1 f or  t he gr ade sel ect ed.

PART 3   EXECUTI ON

Do not  i nst al l  bui l di ng const r uct i on mat er i al s t hat  show vi sual  evi dence 
of  bi ol ogi cal  gr owt h.

3. 1   FI NI SH WORK

Appl y pr i mer  t o f i ni sh wor k bef or e i nst al l i ng.   Wher e pr act i cabl e,  shop 
assembl e and f i ni sh mi l l wor k i t ems.   Const r uct  j oi nt s t i ght  and i n a 
manner  t o conceal  shr i nkage but  t o avoi d cuppi ng,  t wi st i ng and war pi ng 
af t er  i nst al l at i on.   Mi t er  t r i m and moul di ngs at  ext er i or  angl es;  cope at  
i nt er i or  angl es and at  r et ur ns.   Pr ovi de mi l l wor k and t r i m i n maxi mum 
pr act i cal  l engt hs.   Fast en f i ni sh wor k wi t h f i ni sh nai l s.   Pr ovi de bl i nd 
nai l i ng wher e pr act i cabl e.   Set  f ace nai l s f or  put t y st oppi ng.

3. 1. 1   Ext er i or  Fi ni sh Wor k

Machi ne sand exposed f l at  member s and squar e edges.   Machi ne f i ni sh 
semi - exposed sur f aces.   Const r uct  j oi nt s t o excl ude wat er .   I n addi t i on t o 
nai l i ng,  gl ue j oi nt s wi t h wat er pr oof  gl ue as necessar y f or  weat her  
r esi st ant  const r uct i on.   Evenl y di st r i but e end j oi nt s i n bui l t - up 
member s.   Pr ovi de shoul der  j oi nt s i n f l at  wor k.   Rei nf or ce backs of  
wi de- f aced mi t er s wi t h met al  r i ngs and wat er pr oof  gl ue.   Unl ess ot her wi se 
i ndi cat ed,  pr ovi de f asci a and ot her  f l at  member s 3/ 4 i nch t hi ck mi ni mum.   
Pr ovi de door  and wi ndow t r i m i n s i ngl e l engt hs.   Pr ovi de br aced,  bl ocked,  
and r i gi dl y anchor ed cor ni ces f or  suppor t  and pr ot ect i on of  ver t i cal  
j oi nt s.   Pr ovi de sof f i t s i n l ar gest  pr act i cal  s i ze.   Al i gn j oi nt s of  
pl ywood over  cent er l i nes of  suppor t s.   Fast en sof f i t s wi t h al umi num or  
st ai nl ess st eel  nai l s.   Back pr i me al l  conceal ed sur f aces of  ext er i or  t r i m.

3. 1. 2   I nt er i or  Fi ni sh Wor k

Af t er  i nst al l at i on,  sand exposed sur f aces smoot h.   Pr ovi de wi ndow and door  
t r i m i n s i ngl e l engt hs.

3. 2   MI SCELLANEOUS

3. 2. 1   Count er t ops

Conceal  f ast eni ngs wher e pr act i cabl e.   Fi t  count er s t i ght  t o adj oi ni ng 
sur f aces and scr i be wher e necessar y.   Pr ovi de scr i bed j oi nt s neat  and 
f l ush.   Pr ovi de count er  sect i ons i n l ongest  l engt hs pr act i cabl e wi t h a 
mi ni mum number  of  j oi nt s.   Wher e j oi nt s ar e necessar y,  pr ovi de t i ght  
j oi nt s dr awn up wi t h conceal ed t ype heavy pul l - up bol t s.   Gl ue j oi nt s wi t h 
wat er  r esi st ant  gl ue and make r i gi d wi t h scr ews,  bol t s,  or  ot her  appr oved 
f ast eni ngs.

3. 2. 2   Cabi net s

Pr ovi de cabi net s l evel ,  pl umb,  t r ue,  and t i ght  t o adj acent  wal l s.   Secur e 
cabi net s t o wal l s wi t h conceal ed t oggl e bol t s.   Secur e t op t o cabi net  wi t h 
conceal ed scr ews.   Make cut out s f or  f i x t ur es f r om t empl at es suppl i ed by 
f i x t ur e manuf act ur er .   Locat e cut out s f or  pi pes so t hat  edges of  hol es ar e 
cover ed by escut cheons af t er  i nst al l at i on.
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3. 3   MOULDI NG AND I NTERI OR TRI M

I nst al l  moul di ngs and i nt er i or  t r i m st r ai ght ,  pl umb,  l evel  and wi t h 
c l osel y f i t t ed j oi nt s.   Pr ovi de exposed sur f aces machi ne sanded at  t he 
shop.   Cope r et ur ns and i nt er i or  angl es at  moul ded i t ems and mi t er  
ext er nal  cor ner s.   Shoul der  i nt er sect i ons of  f l at wor k t o ease any i nher ent  
changes i n pl ane.   Pr ovi de wi ndow and door  t r i m i n s i ngl e l engt hs.   Bl i nd 
nai l  t o t he ext ent  pr act i cabl e.   Set  and st op f ace nai l i ng wi t h a 
nonst ai ni ng put t y t o mat ch t he appl i ed f i ni sh.   Use scr ews f or  at t achment  
t o met al ;  set  and st op scr ews i n accor dance wi t h t he same qual i t y 
r equi r ement s f or  nai l s.

        - -  End of  Sect i on - -
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SECTI ON 06 61 16

SOLI D SURFACI NG FABRI CATI ONS
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D570 ( 1998;  E 2010;  R 2010)  St andar d Test  
Met hod f or  Wat er  Absor pt i on of  Pl ast i cs

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D696 ( 2016)  St andar d Test  Met hod f or  
Coef f i c i ent  of  Li near  Ther mal  Expansi on of  
Pl ast i cs Bet ween - 30 degr ees C and 30 
degr ees C Wi t h a Vi t r eous Si l i ca 
Di l at omet er

ASTM D790 ( 2017)  St andar d Test  Met hods f or  Fl exur al  
Pr oper t i es of  Unr ei nf or ced and Rei nf or ced 
Pl ast i cs and El ect r i cal  I nsul at i ng 
Mat er i al s

ASTM D2583 ( 2013a)  I ndent at i on Har dness of  Ri gi d 
Pl ast i cs by Means of  a Bar col  I mpr essor

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM G21 ( 2015;  R 2021;  E 2021)  St andar d Pr act i ce 
f or  Det er mi ni ng Resi st ance of  Synt het i c 
Pol ymer i c Mat er i al s t o Fungi

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

I NTERNATI ONAL CAST POLYMER ASSOCI ATI ON ( I CPA)

I CPA SS- 1 ( 2001)  Per f or mance St andar d f or  Sol i d 
Sur f ace Mat er i al s
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA LD 3 ( 2005)  St andar d f or  Hi gh- Pr essur e 
Decor at i ve Lami nat es

NSF I NTERNATI ONAL ( NSF)

NSF/ ANSI  51 ( 2021)  Food Equi pment  Mat er i al s

1. 2   SYSTEM DESCRI PTI ON

a.   Wor k under  t hi s sect i on i ncl udes count er t ops i n Wor k Rooms,  vani t ys i n 
t oi l et  r oomd and ot her  i t ems ut i l i z i ng sol i d sur f aci ng mat er i al  
f abr i cat i ons as i ndi cat ed on t he dr awi ngs and as descr i bed i n t hi s 
speci f i cat i on.   Do not  change sour ce of  suppl y f or  mat er i al s af t er  
wor k has st ar t ed,  i f  t he appear ance of  f i ni shed wor k woul d be af f ect ed.

b.   I n most  i nst ances,  i nst al l at i on of  sol i d sur f aci ng mat er i al  f abr i cat ed 
component s and assembl i es r equi r es st r ong cor r ect l y l ocat ed st r uct ur al  
suppor t  pr ovi ded by ot her  t r ades.   To pr ovi de a st abl e,  sound,  secur e 
i nst al l at i on,  c l ose coor di nat i on i s r equi r ed bet ween t he sol i d 
sur f aci ng mat er i al  f abr i cat or / i nst al l er  and ot her  t r ades t o ensur e 
t hat  necessar y st r uct ur al  wal l  suppor t ,  cabi net  count er  t op st r uct ur al  
suppor t ,  pr oper  c l ear ances,  and ot her  suppor t i ng component s ar e 
pr ovi ded f or  t he i nst al l at i on of  wal l  panel s,  count er  t ops,  shel v i ng,  
and al l  ot her  sol i d sur f aci ng mat er i al  f abr i cat i ons t o t he degr ee and 
ext ent  r ecommended by t he sol i d sur f aci ng mat er i al  manuf act ur er .

c.   Pr ovi de appr opr i at e st agi ng ar eas f or  sol i d sur f aci ng mat er i al  
f abr i cat i ons.   Al l ow var i at i on i n component  s i ze and l ocat i on of  
openi ngs of  pl us or  mi nus 1/ 8 i nch.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Fabr i cat i on Dr awi ngs;  G,  RO

I nst al l at i on;  G,  RO

SD- 03 Pr oduct  Dat a

Sol i d Pol ymer ;  G,  RO

I ndoor  ai r  qual i t y f or  sol i d sur f ace seam and seal ant  pr oduct s;  S,  
RO

SD- 04 Sampl es

Mat er i al ;  G,  RO

Count er  Tops;  G,  RO
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SD- 06 Test  Repor t s

Test  Repor t  Resul t s

SD- 07 Cer t i f i cat es

Qual i f i cat i ons

I ndoor  Ai r  Qual i t y f or  sol i d sur f ace f abr i cat i on pr oduct s;  S,  RO

SD- 10 Oper at i on and Mai nt enance Dat a

Sol i d Pol ymer ,  Dat a Package 1;  G,  RO

1. 4   QUALI TY ASSURANCE

1. 4. 1   Qual i f i cat i ons

To ensur e war r ant y cover age,  pr ovi de manuf act ur er  cer t i f i ed sol i d 
sur f aci ng f abr i cat or s t o f abr i cat e t he sol i d sur f aci ng mat er i al  bei ng 
ut i l i zed.   Mar k al l  f abr i cat i ons wi t h t he f abr i cat or ' s cer t i f i cat i on l abel  
af f i xed i n an i nconspi cuous l ocat i on.   Mi ni mum of  5 year s of  exper i ence 
wor ki ng wi t h sol i d sur f aci ng mat er i al s i s r equi r ed of  f abr i cat or s.   Submi t  
sol i d sur f aci ng mat er i al  manuf act ur er ' s cer t i f i cat i on at t est i ng t o 
f abr i cat or  qual i f i cat i on appr oval .

1. 4. 2   Mock- ups

Submi t  Det ai l  Fabr i cat i on Dr awi ngs i ndi cat i ng l ocat i ons,  di mensi ons,  
component  s i zes,  f abr i cat i on and j oi nt  det ai l s,  at t achment  pr ovi s i ons,  
i nst al l at i on det ai l s,  and coor di nat i on r equi r ement s wi t h adj acent  wor k.   
Pr i or  t o f i nal  appr oval  of  shop dr awi ngs,  pr ovi de a f ul l - s i ze mock- up of  a 
t ypi cal  count er  t op wher e mul t i pl e uni t s ar e r equi r ed.   I ncl ude al l  sol i d 
sur f aci ng mat er i al  component s r equi r ed t o pr ovi de a compl et ed uni t .   
Ut i l i ze f i ni shes i n pat t er ns and col or s as speci f i ed i n Sect i on 09 06 00 
SCHEDULES FOR FI NI SHES.  i n t he mock- up.   Shoul d t he mock- up not  be 
appr oved,  r e- wor k or  r emake i t  unt i l  appr oval  i s  secur ed.   Remove r ej ect ed 
uni t s f r om t he j obsi t e.   Appr oved mock- up may r emai n as par t  of  t he 
f i ni shed wor k.    

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Do not  del i ver  mat er i al s t o pr oj ect  s i t e unt i l  ar eas ar e r eady f or  
i nst al l at i on.   Del i ver  component s and mat er i al s t o t he s i t e undamaged,  i n 
cont ai ner s c l ear l y mar ked and l abel ed wi t h manuf act ur er ' s name.   St or e 
mat er i al s i ndoor s and t ake adequat e pr ecaut i ons t o pr event  damage t o 
f i ni shed sur f aces.   Pr ovi de pr ot ect i ve cover i ngs t o pr event  physi cal  
damage or  st ai ni ng f ol l owi ng i nst al l at i on,  f or  dur at i on of  pr oj ect .

1. 6   WARRANTY

Pr ovi de manuf act ur er ' s war r ant y t o r epai r  or  r epl ace def ect i ve mat er i al s,  
excl udi ng damages caused by physi cal  or  chemi cal  abuse or  excessi ve heat ,  
and wor kmanshi p f or  a per i od of  10 year s f r om dat e of  f i nal  accept ance of  
t he wor k.

SECTI ON 06 61 16  Page 3



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

PART 2   PRODUCTS

2. 1   MATERI AL

Submi t  det ai l  f abr i cat i on dr awi ngs and i nst al l at i on dr awi ngs of  each sol i d 
sur f aci ng f abr i cat i on i ndi cat ed.   I ncl ude el evat i ons,  di mensi ons,  
c l ear ances,  det ai l s of  const r uct i on and anchor age,  and det ai l s of  j oi nt s 
and connect i ons.

Submi t  manuf act ur er s '  descr i pt i ve pr oduct  dat a f or  each t ype of  sol i d 
pol ymer  f abr i cat i on  i ndi cat ed.   I ncl ude manuf act ur er s '  l i t er at ur e,  
f i ni shes,  pr of i l es and t hi cknesses of  mat er i al s.

Submi t  manuf act ur er s '  oper at i ons and mai nt enance dat a f or  each t ype of  
sol i d pol ymer  f abr i cat i on  i n accor dance wi t h Sect i on 01 78 23 OPERATI ONS 
AND MAI NTENANCE DATA.

2. 1. 1   Sol i d Sur f aci ng Mat er i al

Pr ovi de sol i d pol ymer  t hat  i s  a homogeneous f i l l ed sol i d pol ymer ;  not  
coat ed,  l ami nat ed or  of  a composi t e const r uct i on,  compl yi ng wi t h I CPA SS- 1.   
Pr ovi de mat er i al  t hat  meet s or  exceeds t he mi ni mum physi cal  and 
per f or mance pr oper t i es speci f i ed.   Super f i c i al  damage t o a dept h of  0. 01 
i nch must  be r epai r abl e by sandi ng or  pol i shi ng.   Mat er i al  t hi ckness i s as 
i ndi cat ed bel ow;  r equi r ed mi ni mum t hi ckness i s 1/ 4 i nch.   Submi t  a mi ni mum 
4 i nch by 4 i nch sampl e of  each col or  and pat t er n f or  appr oval ;  i ncl ude 
f ul l  r ange of  col or  and pat t er n var i at i on.   Ret ai n appr oved sampl es as a 
st andar d f or  t hi s wor k.   Submi t  t est  r epor t  r esul t s f r om an i ndependent  
t est i ng l abor at or y at t est i ng t hat  t he submi t t ed sol i d sur f aci ng mat er i al s 
meet  or  exceed each of  t he speci f i ed per f or mance r equi r ement s.

a.   Hor i zont al  Sur f aces:  3/ 4 i nch t hi ck mat er i al

b.   Ver t i cal  Sur f aces:  1/ 2 i nch t hi ck mat er i al

c.   Pr ovi de mat er i al s t hat  meet  t he emi ssi ons r equi r ement s of  
CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce or  c l assr oom 
spaces r egar dl ess of  space t ype) .   Pr ovi de cer t i f i cat i on or  val i dat i on 
of  i ndoor  ai r  qual i t y f or  sol i d sur f ace f abr i cat i on pr oduct s.

2. 1. 2   Cast ,  100 Per cent  Acr yl i c Pol ymer  Sol i d Sur f aci ng Mat er i al

Cast ,  100 per cent  acr yl i c sol i d pol ymer  mat er i al  composed of  acr yl i c 
pol ymer ,  mi ner al  f i l l er s,  and pi gment s.   Pr ovi de acr yl i c pol ymer  t hat  
meet s or  exceeds t he f ol l owi ng mi ni mum per f or mance r equi r ement s:

PROPERTY REQUI REMENT
( mi n.  or  max. )

TEST PROCEDURE

Tensi l e St r engt h 4000 psi  ( max. ) ASTM D638

Har dness 55- Bar col  I mpr essor  ( mi n. ) ASTM D2583

Ther mal  Expansi on . 000023 i n/ i n/ F ( max. ) ASTM D696
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PROPERTY REQUI REMENT
( mi n.  or  max. )

TEST PROCEDURE

Boi l i ng Wat er  Sur f ace 
Resi st ance

No Change ANSI / NEMA LD 3- 3. 05

Hi gh Temper at ur e 
Resi st ance

No Change ANSI / NEMA LD 3- 3. 06

I mpact  Resi st ance ( Bal l  dr op) ANSI / NEMA LD 3- 303

1/ 4 i nch sheet 36- i nches,  1/ 2 l b bal l ,  no f ai l ur e

1/ 2 i nch sheet 140- i nches,  1/ 2 l b bal l ,  no 
f ai l ur e

 3/ 4 i nch sheet 200- i nches,  1/ 2 l b bal l ,  no 
f ai l ur e

Mol d & Mi l dew Gr owt h No gr owt h ASTM G21

Bact er i a Gr owt h No gr owt h ASTM G21

Li qui d Absor pt i on 
( Wei ght  i n 24 hr s. )

0. 1 per cent  max. ASTM D570

Fl ammabi l i t y ASTM E84

Fl ame Spr ead 25 max.

Smoke Devel oped 30 max.

Sani t at i on " Food Cont act "  appr oval NSF/ ANSI  51

Fl exur al  St r engt h 6, 800 psi  ( mi n. ) ASTM D790

2. 1. 3   Mat er i al  Pat t er ns and Col or s

Pr ovi de pat t er n and col or  f or  al l  sol i d sur f aci ng mat er i al  component s and 
f abr i cat i ons as speci f i ed i n Sect i on 09 06 00 SCHEDULES FOR FI NI SHES.  
Pr ovi de pr oduct s wi t h consi st ent  pat t er ned col or  t hr oughout  t hi ckness of  
t he pr oduct .

2. 1. 4   Sur f ace Fi ni sh

Pr ovi de a uni f or m appear ance on exposed f i ni shed sur f aces and edges.   
Exposed sur f ace f i ni sh i s semi gl oss;  gl oss r at i ng of  25- 50  .

2. 2   ACCESSORY PRODUCTS

Pr ovi de accessor y pr oduct s,  as speci f i ed bel ow,  as manuf act ur ed by t he 
sol i d sur f aci ng mat er i al  manuf act ur er  or  as appr oved by t he sol i d 
sur f aci ng mat er i al  manuf act ur er  f or  use wi t h t he sol i d sur f aci ng mat er i al s 
bei ng speci f i ed.
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2. 2. 1   Adhesi ves

Pr ovi de a t wo- par t  seam adhesi ve k i t  t o cr eat e per manent ,  i nconspi cuous,  
non- por ous,  har d seams and j oi nt s by chemi cal  bond bet ween sol i d sur f aci ng 
mat er i al s and component s t o cr eat e a monol i t hi c appear ance of  t he 
f abr i cat i on.   Pr ovi de adhesi ve appr oved by t he sol i d sur f aci ng mat er i al  
manuf act ur er .   Col or - mat ch adhesi ve t o t he sur f aces bei ng bonded wher e 
sol i d- col or ed,  sol i d sur f aci ng mat er i al s ar e bei ng bonded t oget her .   
Pr ovi de cl ear  or  col or  mat ched seam adhesi ve wher e par t i cul at e pat t er ned,  
sol i d sur f aci ng mat er i al s ar e bei ng bonded t oget her .

2. 2. 2   Seam and Seal ant  Emi ssi ons

Pr ovi de seam and ot her  accessor y mat er i al s t hat  meet  t he emi ssi ons 
r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce 
or  c l assr oom spaces r egar dl ess of  space t ype) .   Pr ovi de val i dat i on of  
i ndoor  ai r  qual i t y f or  sol i d sur f ace seam and seal ant  pr oduct s.

2. 2. 3   Si l i cone Seal ant

Pr ovi de si l i cone seal ant ,  mi l dew- r esi st ant ,  s i ngl e- component ,  nonsag,  pl us 
25 per cent  and mi nus 25 per cent  movement  capabi l i t y ,  aci d- cur i ng;  ASTM C920,  
Type S,  Gr ade NS,  Cl ass 25,  Use NT;  c l ear  f or mul at i on;  appr oved f or  use by 
t he sol i d sur f aci ng mat er i al  manuf act ur er .

2. 2. 4   Conduct i ve Tape

Pr ovi de manuf act ur er ' s st andar d conduct i ve f oi l  t ape,   4 mi l s t hi ck,  
appl i ed ar ound t he edges of  cut  out s cont ai ni ng hot  or  col d appl i ances.

2. 2. 5   I nsul at i ng Tape

Pr ovi de manuf act ur er ' s st andar d i nsul at i ng t ape f or  use wi t h dr op- i n f ood 
wel l s used i n commer ci al  f ood ser vi ce appl i cat i ons t o i nsul at e sol i d 
sur f aci ng mat er i al  f r om hot  or  col d appl i ances.

2. 2. 6   Heat  Ref l ect i ve Tape

Pr ovi de heat  r ef l ect i ve t ape as r ecommended by t he sol i d sur f aci ng 
mat er i al  manuf act ur er  f or  use wi t h cut out s f or  heat  sour ces.

2. 2. 7   Mount i ng Har dwar e

Pr ovi de mount i ng har dwar e,  i ncl udi ng si nk/ bowl  c l i ps,  i nser t s and 
f ast ener s f or  at t achment  of  under mount  s i nks and l avat or i es.

2. 3   FABRI CATI ONS

Pr ovi de f act or y or  shop f abr i cat e component s t o s i zes and shapes 
i ndi cat ed,  t o t he gr eat est  ext ent  pr act i cal ,  i n accor dance wi t h appr oved 
Shop Dr awi ngs and manuf act ur er ' s r equi r ement s.   Pr ovi de f act or y cut out s 
f or  s i nks,  l avat or i es,  and pl umbi ng f i xt ur es wher e i ndi cat ed on t he 
dr awi ngs.   Cont our s and r adi i  must  be r out ed t o t empl at e,  wi t h edges 
smoot h.   Def ect i ve and i naccur at e wor k wi l l  be r ej ect ed.   Submi t  pr oduct  
dat a i ndi cat i ng pr oduct  descr i pt i on,  f abr i cat i on i nf or mat i on,  and 
compl i ance wi t h speci f i ed per f or mance r equi r ement s f or  sol i d sur f aci ng 
mat er i al ,  j oi nt  adhesi ve,  seal ant s,  and heat  r ef l ect i ve t ape.
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2. 3. 1   Joi nt s and Seams

For m j oi nt s and seams bet ween sol i d sur f aci ng mat er i al  component s usi ng 
manuf act ur er ' s appr oved seam adhesi ve.   Pr ovi de i nconspi cuous j oi nt s i n 
appear ance wi t hout  voi ds t o cr eat e a monol i t hi c appear ance.

2. 3. 2   Edge Fi ni shi ng

Rout  and f i ni sh component  edges t o a smoot h,  uni f or m appear ance and 
f i ni sh.   Pr ovi de edge shapes and t r eat ment s,  i ncl udi ng any i nser t s,  as 
det ai l ed on t he dr awi ngs.   Rout  al l  cut out s,  t hen sand al l  edges smoot h.   
Repai r  or  r ej ect  def ect i ve or  i naccur at e wor k.

2. 3. 3   Count er  Top Spl ashes

Fabr i cat e backspl ashes and end spl ashes f r om  1/ 2 i nch t hi ck sol i d 
sur f aci ng mat er i al  t o be  4 i nches hi gh .   Pr ovi de backspl ashes and end 
spl ashes f or  al l  count er  t ops .   Shop f abr i cat e backspl ashes and pr ovi de 
per manent l y at t ached .

2. 3. 3. 1   Per manent l y At t ached Backspl ash

Pr ovi de per manent l y at t ached backspl ashes wi t h seam adhesi ve and t o f or m a 
r adi used coved t r ansi t i on f r om count er  t op t o backspl ash.

2. 3. 3. 2   End Spl ashes

Pr ovi de end spl ashes l oose f or  i nst al l at i on at  t he j obsi t e af t er  
hor i zont al  sur f aces t o whi ch t hey ar e t o be at t ached have been i nst al l ed.

2. 3. 4   Wi ndow St ool s

Fabr i cat e wi ndow st ool s f r om  1/ 2 i nch t hi ck sol i d sur f aci ng mat er i al ;  
di mensi ons,  edge shape,  and ot her  det ai l s equal  t o t he wi dt h of  t he wi ndow 
openi ng by a 1/ 2 i nch over hang of  t he wi ndow si l l  dept h .   Pr ovi de squar e 
edge pr of i l e.

2. 3. 5   Count er  Tops

Fabr i cat e al l  sol i d sur f aci ng mat er i al ,  count er  t op component s f r om 3/ 4 
i nch  t hi ck mat er i al .   I ndi cat e det ai l s,  di mensi ons,  l ocat i ons,  and 
quant i t i es on t he dr awi ngs.   Pr ovi de count er  t ops wi t h 4 i nch hi gh 
per manent l y at t ached wi t h coved t r ansi t i on backspl ash and l oose endspl ashes
 as i ndi cat ed.   At t ach 2 i nch wi de r ei nf or ci ng st r i p of  sol i d sur f aci ng 
mat er i al  under  each hor i zont al  count er  t op seam.   Submi t  a mi ni mum 1 f oot  
wi de by 6 i nch deep,  f ul l  s i ze sampl e f or  each t ype of  count er  t op shown 
on t he pr oj ect  dr awi ngs;  i ncl ude t he edge pr of i l e and backspl ash as 
det ai l ed on t he dr awi ngs and at  l east  one seam.   Ret ai n appr oved sampl e as 
st andar d f or  t hi s wor k.   Pr ovi de squar e edge pr of i l e.

2. 3. 5. 1   Count er  Tops wi t h Si nks

a.   Pr ovi de st ai nl ess st eel  or  v i t r eous chi na si nk;  i ncl ude cut out s t o 
t empl at e f or  count er  t ops wi t h s i nks as f ur ni shed by t he s i nk 
manuf act ur er .   Pr ovi de manuf act ur er ' s st andar d s i nk mount i ng har dwar e 
f or  r i ml ess i nst al l at i on.  Seal  bet ween si nk and count er  t op wi t h 
speci f i ed s i l i cone seal ant .   Pr ovi de si nk,  f aucet ,  and pl umbi ng 
r equi r ement s i n accor dance wi t h Sect i on 22 00 00 PLUMBI NG, GENERAL 
PURPOSE.  
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Component s

I nst al l  al l  component s and f abr i cat ed uni t s pl umb,  l evel ,  and r i gi d.   Make 
f i el d j oi nt s bet ween sol i d sur f aci ng mat er i al  component s usi ng sol i d 
sur f aci ng mat er i al  manuf act ur er ' s appr oved seam adhesi ves,  t o pr ovi de a 
monol i t hi c appear ance wi t h j oi nt s i nconspi cuous i n t he f i ni shed wor k.   
At t ach met al  or  v i t r eous chi na si nks and l avat or y bowl s t o count er  t ops 
usi ng sol i d sur f aci ng mat er i al  manuf act ur er ' s r ecommended cl ear  s i l i cone 
seal ant  and mount i ng har dwar e.   I nst al l  sol i d pol ymer  s i nks and bowl s 
usi ng a col or - mat ched seam adhesi ve.

3. 1. 2   Si l i cone Seal ant

Use speci f i ed s i l i cone seal ant  t o seal  al l  expansi on j oi nt s bet ween sol i d 
sur f aci ng mat er i al  component s and al l  j oi nt s bet ween sol i d sur f aci ng 
mat er i al  component s and ot her  adj acent  sur f aces such as wal l s,  f l oor s,  
cei l i ng,  and pl umbi ng f i xt ur es.   Pr ovi de seal ant  bead smoot h and uni f or m 
i n appear ance and mi ni mum si ze necessar y t o br i dge any gaps bet ween t he 
sol i d sur f aci ng mat er i al  and t he adj acent  sur f ace.   Pr ovi de cont i nuous 
bead and r un t he ent i r e l engt h of  t he j oi nt  bei ng seal ed.

3. 1. 3   Pl umbi ng

Make pl umbi ng connect i ons t o s i nks and l avat or i es i n accor dance wi t h 
Sect i on 22 00 00 PLUMBI NG,  GENERAL PURPOSE .

3. 2   CLEAN- UP

Component s must  be cl eaned af t er  i nst al l at i on and cover ed t o pr ot ect  
agai nst  damage dur i ng compl et i on of  t he r emai ni ng pr oj ect  i t ems.   Damaged 
component s must  be r epai r ed or  r epl aced at  t he Cont r act or ' s sol e expense.

        - -  End of  Sect i on - -
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SECTI ON 07 11 13

BI TUMI NOUS DAMPPROOFI NG
08/ 11,  CHG 1:  05/ 17

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM D41/ D41M ( 2011;  R 2016)  St andar d Speci f i cat i on f or  
Asphal t  Pr i mer  Used i n Roof i ng,  
Damppr oof i ng,  and Wat er pr oof i ng

ASTM D1227 ( 2013)  Emul si f i ed Asphal t  Used as a 
Pr ot ect i ve Coat i ng f or  Roof i ng

ASTM D4263 ( 1983;  R 2018)  St andar d Test  Met hod f or  
I ndi cat i ng Moi st ur e i n Concr et e by t he 
Pl ast i c Sheet  Met hod

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 07 Cer t i f i cat es

Mat er i al s

1. 3   DELI VERY AND STORAGE

Del i ver  mat er i al s i n seal ed cont ai ner s bear i ng manuf act ur er ' s or i gi nal  
l abel s.   Label s shal l  i ncl ude dat e of  manuf act ur e,  cont ent s of  each 
cont ai ner ,  per f or mance st andar ds t hat  appl y t o t he cont ent s and 
r ecommended shel f  l i f e.   Whi l e i n st or age,  do not  al l ow wat er  based 
bi t umi nous dampr oof i ng t o f r eeze.

PART 2   PRODUCTS

2. 1   ASPHALT PRI MER

ASTM D41/ D41M.

2. 2   EMULSI ON- BASED ASPHALT DAMPPROOFI NG

2. 2. 1   Fi br at ed Emul si on- Based Asphal t

Fi br at ed emul si on- based asphal t  damppr oof i ng shal l  be col d- appl i ed t ype 
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conf or mi ng t o ASTM D1227 Type I I ,  Cl ass 1,  asbest os- f r ee,  manuf act ur ed of  
r ef i ned asphal t ,  emul si f i er s and sel ect ed cl ay,  f i br at ed wi t h mi ner al  
f i ber s.   For  spr ay or  br ush appl i cat i on,  emul si on shal l  cont ai n a mi ni mum 
of  59 per cent  sol i ds by wei ght ,  56 per cent  sol i ds by vol ume.   For  t r owel  
appl i cat i on,  emul si on shal l  cont ai n a mi ni mum of  58 per cent  sol i ds by 
wei ght ,  55 per cent  sol i ds by vol ume.

PART 3   EXECUTI ON

3. 1   SURFACE PREPARATI ON

  Cl ean concr et e and masonr y sur f aces t o r ecei ve damppr oof i ng of  f or ei gn 
mat t er  and l oose par t i c l es.  Appl y damppr oof i ng t o c l ean dr y sur f aces.   
Moi st ur e t est  i n accor dance wi t h ASTM D4263.   I f  t est  i ndi cat es moi st ur e,  
al l ow a mi ni mum of  7 addi t i onal  days af t er  t est  compl et i on f or  cur i ng.   I f  
moi st ur e st i l l  exi st s,  r edo t est  unt i l  subst r at e i s dr y.

3. 1. 1   Met al  Sur f aces

Met al  sur f aces shal l  be dr y and be f r ee of  r ust ,  scal e,  l oose pai nt ,  oi l ,  
gr ease,  di r t ,  f r ost  and debr i s.

3. 2   Pr ot ect i on of  Sur r oundi ng Ar eas

Bef or e st ar t i ng t he damppr oof i ng wor k,  t he sur r oundi ng ar eas and sur f aces 
shal l  be pr ot ect ed f r om spi l l age and mi gr at i on of  damppr oof i ng mat er i al  
ont o ot her  wor k.

3. 3   APPLI CATI ON

 Pr i me sur f aces t o r ecei ve f i br ous asphal t i c  damppr oof i ng unl ess 
r ecommended ot her wi se by damppr oof i ng mat er i al s manuf act ur er .   Appl y 
damppr oof i ng af t er  pr i mi ng coat  i s dr y,  but  pr i or  t o any det er i or at i on of  
pr i med sur f ace,  and when ambi ent  t emper at ur e i s above 40 degr ees F.

3. 3. 1   Sur f ace Pr i mi ng

 Pr i me sur f aces t o r ecei ve f i br ous asphal t  damppr oof i ng wi t h asphal t  pr i mer .
  Appl y pr i mer  when ambi ent  t emper at ur e i s above 40 degr ees F and at  r at e 
of  appr oxi mat el y one gal l on per  100 squar e f eet ,  f ul l y  cover i ng ent i r e 
sur f ace t o be damppr oof ed.

3. 3. 2   Col d- Appl i cat i on Met hod

3. 3. 2. 1   Emul si on- Based Asphal t

Emul si on- based asphal t  damppr oof i ng wor k shal l  not  be per f or med i n 
t emper at ur es bel ow 40 degr ees F.   Emul si ons shal l  have a smoot h and 
uni f or m consi st ency at  t i me of  appl i cat i on.   Damppr oof i ng mat er i al s shal l  
be appl i ed i n accor dance wi t h manuf act ur er ' s publ i shed i nst r uct i ons t o 
pr oduce a smoot h uni f or m dr y f i l m of  not  l ess t han 12 mi l s t hi ck wi t hout  
voi ds or  def ect s.   Dul l  or  por ous spot s shal l  be r ecoat ed.   Damppr oof i ng 
mat er i al s shal l  seal  t i ght l y ar ound pi pes and ot her  i t ems pr oj ect i ng 
t hr ough damppr oof i ng.   Rat es of  appl i cat i on shal l  be as f ol l ows:

a.   Pr i mer :   1/ 2 gal l on per  100 squar e f eet ,  col d- appl i ed.

b.   Fi br at ed Damppr oof i ng:   2 gal l ons per  100 squar e f eet ,  col d- appl i ed 
wi t h spr ay,  br ush or  t r owel .
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        - -  End of  Sect i on - -
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SECTI ON 07 13 53

ELASTOMERI C SHEET WATERPROOFI NG
02/ 16,  CHG 1:  08/ 17

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C1305 ( 2008)  St andar d Test  Met hod f or  Cr ack 
Br i dgi ng Abi l i t y  of  Li qui d- Appl i ed 
Wat er pr oof i ng Membr ane

ASTM D41/ D41M ( 2011;  R 2016)  St andar d Speci f i cat i on f or  
Asphal t  Pr i mer  Used i n Roof i ng,  
Damppr oof i ng,  and Wat er pr oof i ng

ASTM D146/ D146M ( 2004;  E 2012;  R 2012)  Sampl i ng and 
Test i ng Bi t umen- Sat ur at ed Fel t s and Woven 
Fabr i cs f or  Roof i ng and Wat er pr oof i ng

ASTM D412 ( 2016)  St andar d Test  Met hods f or  
Vul cani zed Rubber  and Ther mopl ast i c 
El ast omer s -  Tensi on

ASTM D570 ( 1998;  E 2010;  R 2010)  St andar d Test  
Met hod f or  Wat er  Absor pt i on of  Pl ast i cs

ASTM D903 ( 1998;  R 2017)  St andar d Test  Met hod f or  
Peel  or  St r i ppi ng St r engt h of  Adhesi ve 
Bonds

ASTM D1876 ( 2008;  R 2015;  E 2015)  St andar d Test  
Met hod f or  Peel  Resi st ance of  Adhesi ves 
( T- Peel  Test )

ASTM D5385/ D5385M ( 1993;  R 2014;  E 2014)  St andar d Test  
Met hod f or  Hydr ost at i c Pr essur e Resi st ance 
of  Wat er pr oof i ng Membr anes

ASTM E96/ E96M ( 2022a;  E 2023)  St andar d Test  Met hods f or  
Gr avi met r i c Det er mi nat i on of Wat er  Vapor  
Tr ansmi ssi on Rat e of  Mat er i al s

ASTM E154/ E154M ( 2008a;  R 2013;  E 2013)  Wat er  Vapor  
Ret ar der s Used i n Cont act  wi t h Ear t h Under  
Concr et e Sl abs,  on Wal l s,  or  as Gr ound 
Cover

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
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cl assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Manuf act ur er ' s St andar d Det ai l s;  G,  RO

El ast omer i c Wat er pr oof i ng Sheet  Mat er i al ;  G,  RO

Pr ot ect i on Boar d;  G,  RO

Pr i mer s,  Adhesi ves,  and Mast i cs;  G,  RO

SD- 06 Test  Repor t s

El ast omer i c Wat er pr oof i ng Sheet  Mat er i al ;  G,  RO

Pr ot ect i ve Cover i ngs;  G,  RC

SD- 07 Cer t i f i cat es

El ast omer i c Wat er pr oof i ng Sheet  Mat er i al ;  G,  RO

Pr i mer s,  Adhesi ves,  and Mast i cs;  G,  RO

Dr af t  Speci al  War r ant i es;  G,  RO

Fi nal  Speci al  War r ant i es;  G,  RO

Cer t i f i cat es Of  Compl i ance;  G,  RO

SD- 08 Manuf act ur er ' s I nst r uct i ons

Pr i mer s,  Adhesi ves,  and Mast i cs;  G,  RO

SD- 11 Cl oseout  Submi t t al s

Cer t i f i cat es Of  Compl i ance wi t h sust ai nabl e r equi r ement s f or  i t ems 
l i s t ed i n SD- 07;  G,  RO

1. 3   MANUFACTURER' S DETAI LS

Submi t  manuf act ur er ' s st andar d det ai l s i ndi cat i ng met hods of  at t achment  
and spaci ng,  t r ansi t i on and t er mi nat i on det ai l s,  and i nst al l at i on 
det ai l s.   I ncl ude ver i f i cat i on of  exi st i ng condi t i ons.

1. 4   PRODUCT DATA

I ncl ude dat a f or  mat er i al  descr i pt i ons,  r ecommendat i ons f or  pr oduct  shel f  
l i f e,  r equi r ement s f or  pr ot ect i ve cover i ngs,  and manuf act ur er ' s Saf et y 
Dat a Sheet s ( SDS)  f or  pr i mer s,  adhesi ves,  and mast i cs.

1. 5   DELI VERY,  STORAGE,  HANDLI NG,  I DENTI FI CATI ON

Del i ver  and st or e mat er i al s i n accor dance wi t h manuf act ur er ' s pr i nt ed 
i nst r uct i ons,  out  of  t he weat her ,  i n manuf act ur er ' s or i gi nal  packagi ng 
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wi t h br and name and pr oduct  i dent i f i cat i on c l ear l y mar ked.   Keep mat er i al s 
wr apped and separ at ed f r om of f - gassi ng mat er i al s ( such as dr yi ng pai nt s 
and adhesi ves) .   Do not  use mat er i al s t hat  have vi s i bl e moi st ur e or  
bi ol ogi cal  gr owt h.   Do not  per mi t  uni dent i f i ed mat er i al s i n t he wor k ar ea 
or  i n t he pr oj ect .

1. 6   ENVI RONMENTAL CONDI TI ONS

Do not  appl y wat er pr oof i ng dur i ng i ncl ement  weat her  or  when t her e i s i ce,  
f r ost ,  sur f ace moi st ur e,  or  v i s i bl e dampness on t he sur f ace t o r ecei ve 
wat er pr oof i ng f or  when ambi ent  and sur f ace t emper at ur es ar e 40 degr ees F 
or  bel ow.   The r est r i ct i on on t he appl i cat i on of  wat er pr oof i ng mat er i al s 
when ambi ent  and sur f ace t emper at ur es ar e bel ow 40 degr ees F wi l l  be 
wai ved i f  t he Cont r act or  devi ses a means,  appr oved by t he Cont r act i ng 
Of f i cer  i n wr i t i ng,  of  mai nt ai ni ng t he sur f ace and ambi ent  t emper at ur es 
above 40 degr ees F.

1. 7   SPECI AL WARRANTI ES

1. 7. 1   Guar ant ee

Guar ant ee wat er pr oof i ng membr ane i nst al l at i on agai nst  f ai l ur e due t o l eaks 
f or  a per i od of  t wo year s f r om t he dat e of  Benef i c i al  Occupancy.   Submi t  
dr af t  and f i nal  guar ant ees i n accor dance wi t h Sect i ons 01 78 00 CLOSEOUT 
SUBMI TTALS .

1. 7. 2   War r ant y

Pr ovi de manuf act ur er ' s mat er i al  war r ant y f or  al l  syst em component s f or  a 
per i od of  t en year s f r om t he dat e of  Benef i c i al  Occupancy.   Submi t  dr af t  
and f i nal  war r ant i es i n accor dance wi t h Sect i ons 01 78 00 CLOSEOUT 
SUBMI TTALS .

PART 2   PRODUCTS

2. 1   SUSTAI NABI LI TY CRI TERI A

Wher e al l owed by per f or mance cr i t er i a:

2. 1. 1   Reduced Vol at i l e Or gani c Compound ( VOC)  Cont ent

Pr ovi de pr oduct s wi t h r educed VOC cont ent  and pr ovi de cer t i f i cat es of  
compl i ance i n accor dance wi t h Sect i on 01 33 29 SUSTAI NABI LI TY REQUI REMENTS 
AND REPORTI NG par agr aph REDUCE VOLATI LE ORGANI C COMPOUNDS.

2. 1. 2   Recycl ed Cont ent

Pr ovi de pr oduct s wi t h r ecycl ed cont ent  and pr ovi de cer t i f i cat es of  
compl i ance i n accor dance wi t h Sect i on 01 33 29 SUSTAI NABI LI TY REQUI REMENTS 
AND REPORTI NG par agr aph RECYCLED CONTENT.

2. 2   MATERI ALS

Pr ovi de one of  t he t ypes of  el ast omer i c wat er pr oof i ng sheet  mat er i al  and 
r el at ed pr i mer s,  adhesi ves,  and mast i cs as speci f i ed her ei n.   Ensur e 
compat i bi l i t y  of  wat er pr oof i ng mat er i al s wi t h each ot her ,  and wi t h 
mat er i al s on whi ch t hey ar e appl i ed.   Pr ovi de mat er i al s t hat  compl y wi t h 
appl i cabl e r equi r ement s c i t ed bel ow when t est ed i n accor dance wi t h t he 
r ef er enced ASTM publ i cat i ons.
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2. 3   COMPOSI TE,  SELF- ADHERI NG MEMBRANE SHEETI NG

Col d appl i ed composi t e sheet  consi st i ng of  r ubber i zed asphal t  and cr oss 
l ami nat ed,  hi gh densi t y pol yet hyl ene f i l m.  Not  l ess t han 60 mi l s mi ni mum 
t hi ckness i s r equi r ed.

2. 3. 1   Composi t e,  Sel f - Adher i ng Sheet i ng Per f or mance Requi r ement s

a.   Tensi l e St r engt h ASTM D412,  Di e C:  250 psi  mi ni mum.

b.   Ul t i mat e El ongat i on,  ASTM D412,  Di e C:  200 per cent  mi ni mum.

c.   Wat er  Vapor  Tr ansmi ssi on,  ASTM E96/ E96M 80 degr ees F Per meance,  
Pr ocedur e B:  0. 1 per m maxi mum.

d.   Pl i abi l i t y  degr ees,  ASTM D146/ D146M:  ( 180 degr ees Bend Over  1 I nch 
Mandr el ) :   No cr acks at  mi nus mi nus 25 degr ees F.

e.   Pr ovi de t est  r epor t  dat a f or  cr ack br i dgi ng abi l i t y :   Ei t her  i n 
accor dance wi t h ASTM C1305 as modi f i ed f or  a dr y f i l m t hi ckness 
speci f i ed by t he manuf act ur er  and conduct ed at  l ow t emper at ur e;  or  i n 
accor dance wi t h a cycl i ng over  cr ack t est  al so conduct ed f or  t he 
speci f i ed dr y f i l m t hi ckness at  l ow t emper at ur e.   Usi ng ei t her  t est ,  
ver i f y cr ack br i dgi ng up t o 1/ 4 i nch wi t hout  damage t o t he membr ane 
syst em.

f .   Punct ur e Resi st ance,  ASTM E154/ E154M REV A:  40 l b mi ni mum.

g.   Lap Adhesi on at  Mi ni mum Appl i cat i on Temper at ur e,  ASTM D1876 Modi f i ed,  
5 l bs/ i n. .

h.   Peel  St r engt h,  ASTM D903:  Modi f i ed 9 l bs/ i n.

i .   Resi st ance t o Hydr ost at i c Head,  ASTM D5385/ D5385M:  231 f t  of  wat er .

j .   Wat er  Absor pt i on,  ASTM D570;  0. 1 per cent  maxi mum.

2. 3. 2   Pr i mer s

Asphal t  composi t i on,  ASTM D41/ D41M,  or  synt het i c pol ymer  i n sol vent  as 
r ecommended by t he membr ane manuf act ur er .

2. 3. 3   Mast i cs

Pol ymer  modi f i ed asphal t  i n sui t abl e sol vent  of  t r owel  gr ade consi st ency 
and as r ecommended by t he membr ane manuf act ur er .

2. 4   Pr ot ect i on Boar d

Pr ovi de pr ot ect i on boar d t hat  i s compat i bl e wi t h t he wat er pr oof i ng 
membr ane.  Use a mi ni mum 1/ 2 i nch t hi ck cement i ous backer  boar d and as 
r ecommended by t he manuf act ur er .

PART 3   EXECUTI ON

3. 1   VERI FI CATI ON OF CONDI TI ONS

Bef or e st ar t i ng t he wor k,  ver i f y sur f aces t hat  must  be wat er pr oof ed ar e i n 
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sat i sf act or y condi t i on.   Not i f y t he Cont r act i ng Of f i cer  of  def ect s or  
condi t i ons ant i c i pat ed t o pr event  a sat i sf act or y appl i cat i on.   Do not  
st ar t  appl i cat i on unt i l  def ect s and condi t i ons have been cor r ect ed.

3. 2   APPLI CATI ON

3. 2. 1   Bui l di ng Envel ope Requi r ement s

Pr ovi de a cont i nuous wat er pr oof i ng syst em at  al l  mat er i al  and bui l di ng 
t r ansi t i ons.   Lap,  wr ap,  f ast en and seal  pr oduct s i n accor dance wi t h 
manuf act ur er ' s pr i nt ed i nst r uct i ons.   Envel ope assembl y var i at i ons ar e not  
per mi t t ed wi t hout  wr i t t en appr oval  f r om t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

3. 2. 2   Gener al  I nst al l at i on Requi r ement s

Pr ovi de sheet  wat er pr oof i ng i n accor dance wi t h manuf act ur er ' s pr i nt ed 
i nst al l at i on i nst r uct i ons.   Ensur e t he sur f ace t o r ecei ve membr ane i s 
c l ean,  smoot h and dr y wi t hout  sur f ace i r r egul ar i t i es;  cor r ect  def i c i enci es 
pr i or  t o i nst al l at i on.     When usi ng sol vent  wel di ng l i qui d,  avoi d 
pr ol onged cont act  wi t h ski n and br eat hi ng of  vapor  and pr ovi de adequat e 
vent i l at i on.  Car r y wat er pr oof i ng of  hor i zont al  sur f aces up abut t i ng 
ver t i cal  sur f aces and adher e sol i d t o t he subst r at e.   Avoi d wr i nkl es and 
buckl es i n appl y i ng membr ane and j oi nt  r ei nf or cement .

3. 2. 2. 1   Non- Sel f - Adher i ng Membr ane

Unr ol l  membr ane and al l ow t o r emai n f l at  f or  at  l east  one- hal f  hour  bef or e 
appl i cat i on.   Appl y an asphal t  concr et e pr i mer  pr i or  t o appl i cat i on of  
asphal t i c  adhesi ve.  Wher e sol vent  adhesi ve i s appl i ed,  al l ow maj or  por t i on 
of  sol vent  t o evapor at e so t hat  bondi ng adhesi ve does not  st i ck t o a dr y 
f i nger  t ouchi ng i t .   Appl y el ast omer i c wat er pr oof i ng membr ane i n a f ul l  
bed of  adhesi ve at  a uni f or m cover age r at e i n accor dance wi t h t he membr ane 
manuf act ur er ' s pr i nt ed i nst r uct i ons.     Pul l  membr ane t i ght  wi t hout  
st r et chi ng.   As soon as adhesi ve i s f ul l y  set  and dr y,  r echeck l ap 
spl i ces.   Wher e openi ngs or  f i shmout hs appear ,  r eseal  and r er ol l  l ap 
spl i ces.

3. 2. 2. 2   Sel f - Adher i ng Membr ane

Appl y composi t e,  sel f - adher i ng membr ane on sur f aces pr i med at  a uni f or m 
cover age r at e i n accor dance wi t h membr ane manuf act ur er ' s pr i nt ed 
i nst r uct i ons.   Remove r el ease sheet  and appl y wi t h t acky sur f ace i n 
cont act  wi t h dr i ed pr i mer .

3. 2. 2. 3   Pr ot ect i on

Pr ot ect  membr ane over  hor i zont al  sur f aces f r om t r af f i c  dur i ng 
i nst al l at i on.   Use onl y equi pment  wi t h r ubber  t i r es.   Pr ovi de wal kway 
pr ot ect i on wher e heavy t r af f i c  f r om ot her  t r ades i s expect ed.   Do not  
st or e mat er i al  on membr ane.

3. 2. 3   But yl  Rubber

Lap sheet s at  s i des and ends a mi ni mum of  6 i nches over  t he pr ecedi ng 
sheet .   Appl y l ap spl i c i ng cement  over  ent i r e 6 i nches spl i ce ar ea pr i or  
t o appl i cat i on of  seal ant .   Make seal ant  cont i nuous al ong t he ent i r e 
l engt h of  t he spl i ce.   Mai nt ai n a cont i nuous bead of  seal ant  at  al l  
membr ane spl i ces or  as r equi r ed by t he manuf act ur er .   Pr ovi de a t ongue and 
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gr oove cement ed spl i ce a mi ni mum of  6 i nches wi de wi t h f act or y made heat  
vul cani zed seam of  not  l ess t han 2 i nches or  as r equi r ed by t he 
manuf act ur er ,  when membr ane i s bel ow wat er  t abl e.

3. 2. 4   Ther mopl ast i c Membr ane ( PVC)

Consul t  wi t h membr ane manuf act ur er  pr i or  t o gr i d appl i cat i on.   I nst al l  12 
i nches wi de sub- membr ane cont ai nment  gr i d as r equi r ed by manuf act ur er .   
Pr ovi de t he cont ai nment  gr i d at  i nt er val s acr oss t he wi dt h and l engt h of  
t he subst r at e,  at  t he base of  al l  t r ansi t i ons,  wal l s,  cur bs,  penet r at i ons,  
and at  t he per i met er  of  each deck/ subst r at e sect i on.   Ful l y adher e st r i ps 
t o t he deck i n a f ul l  beddi ng of  t wo- par t  ur et hane adhesi ve.   Wel d 
adj acent  sheet s i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.   Hot - ai r  
wel d al l  s i de and end l ap j oi nt s.   Pr ovi de l ap ar ea a mi ni mum of  3 i nch 
wi de when machi ne wel di ng,  and a mi ni mum of  4 i nch wi de when hand wel di ng 
but  not  l ess t han r ecommended by t he manuf act ur er .   Or i ent  over l aps wi t h 
t he di r ect i on of  f l ow of  wat er .

3. 3   COMPOSI TE,  SELF- ADHERI NG MEMBRANE

Lap sheet s at  edges and ends a mi ni mum of  2- 1/ 2 i nches over  t he pr ecedi ng 
sheet .   Pr ovi de al l  s i de l aps a mi ni mum 2- 1/ 2 i nches and end l aps 5 i nches.   
Pr ovi de sel f - adhesi ve,  mast i c l aps i n accor dance wi t h manuf act ur er ' s 
r ecommendat i on.  Rol l  or  f i r ml y pr ess t o adher e membr ane t o subst r at e.   
Cover  cor ner s and j oi nt s wi t h t wo l ayer s of  r ei nf or cement  by f i r st  
appl y i ng a 12 i nch wi dt h of  membr ane cent er ed al ong t he axi s.   Fl ash 
dr ai ns and pr oj ect i ons wi t h a second pl y of  membr ane f or  a di st ance of  6 
i nches f r om t he dr ai n or  pr oj ect i on.   Fi ni sh exposed,  t er mi nat ed edges of  
membr ane on hor i zont al  or  ver t i cal  sur f aces wi t h a t owel ed bead of  
mast i c.   Appl y mast i c ar ound edges of  membr ane,  and dr ai ns and 
pr oj ect i ons.   Appl y mast i c at  end of  each wor k day.

3. 4   FLASHI NG

Fl ash penet r at i ons t hr ough membr ane.   Seal  al l  penet r at i ons wher e 
r ei nf or ci ng bar s penet r at e a wat er pr oof i ng membr ane wi t h t he appr opr i at e 
seal ant  or  mast i c f l ashi ng component .  Embed el ast omer i c membr ane i n a 
heavy coat  of  adhesi ve,  except  f or  sel f - adher i ng membr ane.   Posi t i on 
cont i nuous met al  r egl et s hor i zont al l y on f oot i ng and ver t i cal l y on 
i nt er sect i ng and connect i ng wal l s,  and as speci f i ed i n Sect i on 07 60 00 
FLASHI NG AND SHEET METAL.   Met al  r egl et s ar e t o r ecei ve exposed edges of  
membr ane wat er pr oof i ng.   Secur e membr ane i nt o r egl et s by l ead wedges and 
f i l l  wi t h cement  as r ecommended i n wr i t i ng by manuf act ur er  of  
wat er pr oof i ng mat er i al s.  Count er f l ash upper  edge of  membr ane wat er pr oof i ng 
and pr ot ect i ve cover i ng as speci f i ed i n Sect i on 07 60 00 FLASHI NG AND 
SHEET METAL.

        - -  End of  Sect i on - -
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SECTI ON 07 21 13

BOARD AND BLOCK I NSULATI ON
02/ 16,  CHG 2:  08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C165 ( 2023)  St andar d Test  Met hod f or  Measur i ng 
Compr essi ve Pr oper t i es of  Ther mal  
I nsul at i ons

ASTM C578 ( 2022)  St andar d Speci f i cat i on f or  Ri gi d,  
Cel l ul ar  Pol yst yr ene Ther mal  I nsul at i on

ASTM C591 ( 2022)  St andar d Speci f i cat i on f or  Unf aced 
Pr ef or med Ri gi d Cel l ul ar  Pol y i socyanur at e 
Ther mal  I nsul at i on

ASTM C612 ( 2014;  R 2019)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Bl ock and Boar d Ther mal  
I nsul at i on

ASTM C930 ( 2019)  St andar d Cl assi f i cat i on of  
Pot ent i al  Heal t h and Saf et y Concer ns 
Associ at ed wi t h Ther mal  I nsul at i on 
Mat er i al s and Accessor i es

ASTM D1621 ( 2016)  St andar d Test  Met hod f or  
Compr essi ve Pr oper t i es of  Ri gi d Cel l ul ar  
Pl ast i cs

ASTM D3833/ D3833M ( 1996;  R 2011)  Wat er  Vapor  Tr ansmi ssi on of  
Pr essur e- Sensi t i ve Tapes

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E96/ E96M ( 2022a;  E 2023)  St andar d Test  Met hods f or  
Gr avi met r i c Det er mi nat i on of Wat er  Vapor  
Tr ansmi ssi on Rat e of  Mat er i al s

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2021)  I nt er nat i onal  Bui l di ng Code

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 31 ( 2020)  St andar d f or  t he I nst al l at i on of  
Oi l - Bur ni ng Equi pment
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NFPA 54 ( 2021)  Nat i onal  Fuel  Gas Code

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 211 ( 2019)  St andar d f or  Chi mneys,  Fi r epl aces,  
Vent s,  and Sol i d Fuel - Bur ni ng Appl i ances

SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

UNDERWRI TERS LABORATORI ES ( UL)

UL 2818 ( 2013)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Manuf act ur er ' s St andar d Det ai l s;  G,  RO

Bl ock or  Boar d I nsul at i on;  G,  RO

Vapor  Ret ar der ;  G,  RO

Pr essur e Sensi t i ve Tape;  G,  RO

Pr ot ect i on Boar d or  Coat i ngs;  G,  RO

Accessor i es i ncl udi ng seal ant s;  G,  RO

Recycl ed Cont ent  f or  Bl ock or  Boar d I nsul at i on;  S

SD- 07 Cer t i f i cat es

Bl ock or  Boar d I nsul at i on;  G,  RO

Vapor  Ret ar der ;  G,  RO

Pr ot ect i on Boar d or  Coat i ng;  G,  RO

Dr af t  Speci al  War r ant i es;  G,  RO

Fi nal  Speci al  War r ant i es;  G,  RO

I ndoor  Ai r  Qual i t y For  Bl ock Or  Boar d I nsul at i on;  S

SD- 08 Manuf act ur er ' s I nst r uct i ons
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Bl ock or  Boar d I nsul at i on

Adhesi ve

1. 3   MANUFACTURER' S DETAI LS

Submi t  manuf act ur er ' s st andar d det ai l s i ndi cat i ng met hods of  at t achment  
and spaci ng,  t r ansi t i on and t er mi nat i on det ai l s,  and i nst al l at i on 
det ai l s.   I ncl ude ver i f i cat i on of  exi st i ng condi t i ons.

1. 4   PRODUCT DATA

I ncl ude dat a f or  mat er i al  descr i pt i ons,  r ecommendat i ons f or  pr oduct  shel f  
l i f e,  r equi r ement s f or  pr ot ect i on boar d or  coat i ngs,  and pr ecaut i ons f or  
f l ammabi l i t y  and t oxi c i t y.   I ncl ude dat a t o ver i f y compat i bi l i t y  of  
seal ant s wi t h i nsul at i on.

1. 5   CERTI FI CATI ONS

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on by ot her  t hi r d- par t y pr ogr ams.   Pr ovi de cur r ent  
pr oduct  cer t i f i cat i on document at i on f r om cer t i f i cat i on body.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

1. 6. 1   Del i ver y

Del i ver  mat er i al s t o t he s i t e i n or i gi nal  seal ed wr appi ng bear i ng 
manuf act ur er ' s name and br and desi gnat i on,  speci f i cat i on number ,  t ype,  
gr ade,  R- val ue,  and cl ass.   St or e and handl e t o pr ot ect  f r om damage.   Do 
not  al l ow i nsul at i on mat er i al s t o become wet ,  soi l ed,  cr ushed,  or  cover ed 
wi t h i ce or  snow.   Compl y wi t h manuf act ur er ' s r ecommendat i ons f or  
handl i ng,  st or i ng,  and pr ot ect i ng of  mat er i al s bef or e and dur i ng 
i nst al l at i on.

1. 6. 2   St or age

I nspect  mat er i al s del i ver ed t o t he s i t e f or  damage and st or e out  of  
weat her  i n manuf act ur er ' s or i gi nal  packagi ng.   St or e onl y i n dr y 
l ocat i ons,  not  subj ect  t o open f l ames or  spar ks,  and easi l y accessi bl e f or  
i nspect i on and handl i ng.   Keep mat er i al s wr apped and separ at ed f r om 
of f - gassi ng mat er i al s ( such as dr yi ng pai nt s and adhesi ves) .   Do not  use 
mat er i al s t hat  have vi s i bl e moi st ur e or  bi ol ogi cal  gr owt h.   Compl y wi t h 
manuf act ur er ' s r ecommendat i ons f or  handl i ng,  st or age,  and pr ot ect i on of  
mat er i al s bef or e and dur i ng i nst al l at i on.

1. 7   SAFETY PRECAUTI ONS

1. 7. 1   Ot her  Saf et y Consi der at i ons

Compl y wi t h t he saf et y r equi r ement s of  ASTM C930.

1. 8   SPECI AL WARRANTI ES

1. 8. 1   Guar ant ee

Guar ant ee i nsul at i on i nst al l at i on agai nst  f ai l ur e due t o ul t r avi ol et  l i ght  
exposur e f or  a per i od of  t hr ee year s f r om t he dat e of  Benef i c i al  Occupancy 
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or  Subst ant i al  Compl et i on.   Submi t  dr af t  and f i nal  guar ant ees i n 
accor dance wi t h Sect i ons 01 78 00 CLOSEOUT SUBMI TTALS .

1. 8. 2   War r ant y

Pr ovi de manuf act ur er ' s mat er i al  war r ant y f or  al l  syst em component s f or  a 
per i od of  t hr ee year s f r om t he dat e of  Benef i c i al  Occupancy or  Subst ant i al  
Compl et i on.   Submi t  dr af t  and f i nal  war r ant i es i n accor dance wi t h Sect i ons 
01 78 00 CLOSEOUT SUBMI TTALS .

PART 2   PRODUCTS

2. 1   BLOCK OR BOARD I NSULATI ON

Pr ovi de t her mal  i nsul at i ng mat er i al s as r ecommended by manuf act ur er  f or  
each t ype of  appl i cat i on i ndi cat ed.   Pr ovi de i nsul at i on wi t h t he f ol l owi ng 
physi cal  pr oper t i es and i n accor dance wi t h t he f ol l owi ng st andar ds:

c.   Mi ner al  Fi ber  Bl ock and Boar d:   ASTM C612

d.   Unf aced Pr ef or med Ri gi d Pol yur et hane and Pol y i socyanur at e Boar d:   
ASTM C591

2. 1. 1   Ther mal  Resi st ance

Unl ess ot her wi se i ndi cat ed,   Wal l  R- 8. 6.

2. 1. 2   Fi r e Pr ot ect i on Requi r ement s

a.   Fl ame spr ead i ndex of  75 or  l ess when t est ed i n accor dance wi t h 
ASTM E84.

b.   Smoke devel oped i ndex of  450 or  l ess when t est ed i n accor dance wi t h 
ASTM E84.

c.   Pr ovi de i nsul at ed assembl i es i n accor dance I CC I BC Chapt er  Fi r e and 
Smoke Pr ot ect i on Feat ur es.

2. 1. 3   Ot her  Mat er i al  Pr oper t i es

Pr ovi de t her mal  i nsul at i ng mat er i al s wi t h t he f ol l owi ng pr oper t i es:

a.   Ri gi d cel l ul ar  pl ast i cs:   Compr essi ve Resi st ance at  Yi el d:   Not  l ess 
t han 10 pounds per  squar e i nch ( psi )  when measur ed accor di ng t o 
ASTM D1621.

b.   Mi ner al  f i ber  boar d:   Compr essi ve st r engt h:   Mi ni mum l oad r equi r ed t o 
pr oduce a r educt i on i n t hi ckness of  10 per cent  pounds per  squar e f oot  
( l bf / sf ) :   25 when t est ed accor di ng t o ASTM C165.

c.   Wat er  Vapor  Per meance:   Not  mor e t han 50 Per ms or  l ess when measur ed 
accor di ng t o ASTM E96/ E96M,  desi ccant  met hod,  i n t he t hi ckness 
r equi r ed t o pr ovi de t he speci f i ed t her mal  r esi st ance,  i ncl udi ng 
f aci ngs,  i f  any.

2. 1. 4   Pr emol ded Concr et e Masonr y I nser t

Pr ovi de i n accor dance wi t h ASTM C578 REV A.   Pr ovi de i nser t s i n concr et e 
masonr y uni t s t hat  ar e i nst al l ed at  t he masonr y uni t  manuf act ur i ng pl ant .   

SECTI ON 07 21 13  Page 4



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

Pr ovi de i nser t  wi t h t hi ckness of  not  l ess t han 1 1/ 4 i nches.

2. 1. 5   Recycl ed Mat er i al s

Pr ovi de t her mal  i nsul at i on cont ai ni ng r ecycl ed mat er i al s t o t he ext ent  
pr act i cabl e,  pr ovi ded t hat  t he mat er i al  meet s al l  ot her  r equi r ement s of  
t hi s sect i on.   The mi ni mum r equi r ed r ecycl ed mat er i al  cont ent s ( by wei ght ,  
not  vol ume)  ar e:

Pol yi socyanur at e/ Pol yur et hane: 9 per cent

Phenol i c Ri gi d Foam: 5 per cent

Per l i t e Boar d: 75 per cent  post  consumer  
paper

Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  bl ock or  boar d 
i nsul at i on.

2. 1. 6   I ndoor  Ai r  Qual i t y

Pr ovi de cer t i f i cat i on of  i ndoor  ai r  qual i t y f or  bl ock or  boar d i nsul at i on.

2. 1. 7   Pr ohi bi t ed Mat er i al s

Do not  pr ovi de mat er i al s cont ai ni ng asbest os.

2. 2   VAPOR RETARDER AND DAMPPROOFI NG

2. 2. 1   Damppr oof i ng f or  Masonr y Cavi t y Wal l s

Bi t umi nous mat er i al  i s  speci f i ed i n Sect i on 07 11 13 BI TUMI NOUS 
DAMPPROOFI NG.   

2. 3   PRESSURE SENSI TI VE TAPE

As r ecommended by manuf act ur er  of  vapor  r et ar der ( s) .   Mat ch wat er  vapor  
per meance r at i ng f or  each vapor  r et ar der  speci f i ed.   Pr ovi de t ape i n 
accor dance wi t h ASTM D3833/ D3833M.

2. 4   PROTECTI ON BOARD OR COATI NG

As r ecommended by i nsul at i on manuf act ur er .

2. 5   ACCESSORI ES

2. 5. 1   Adhesi ve

As r ecommended by i nsul at i on manuf act ur er .

2. 5. 2   Mechani cal  Fast ener s

Cor r osi on r esi st ant  f ast ener s as r ecommended by t he i nsul at i on 
manuf act ur er .
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PART 3   EXECUTI ON

3. 1   EXI STI NG CONDI TI ONS

Pr i or  t o i nst al l at i on,  ensur e al l  ar eas t hat  ar e i n cont act  wi t h t he 
i nsul at i on ar e dr y and f r ee of  pr oj ect i ons t hat  coul d cause voi ds,  
compr essed i nsul at i on,  or  punct ur ed vapor  r et ar der s.   For  f oundat i on 
per i met er  or  under  s l ab appl i cat i ons,  check t hat  subsur f ace f i l l  i s  f l at ,  
smoot h,  dr y,  and wel l  t amped.   Do not  pr oceed wi t h i nst al l at i on i f  
moi st ur e or  ot her  condi t i ons ar e pr esent ,  and not i f y t he Cont r act i ng 
Of f i cer  of  such condi t i ons.   Do not  pr oceed wi t h t he wor k unt i l  condi t i ons 
have been cor r ect ed and ver i f i ed t o be dr y.

3. 2   PREPARATI ON

3. 2. 1   Bl ocki ng Ar ound Heat  Pr oduci ng Devi ces

Pr ovi de noncombust i bl e bl ocki ng at  al l  spaces bet ween heat  pr oduci ng 
devi ces and t he f l oor s,  cei l i ngs and r oof s t hr ough whi ch t hey pass.   
Pr ovi de i n accor dance wi t h I CC I BC Sect i on 2111. 12 Fi r epl ace Bl ocki ng and 
wi t h t he f ol l owi ng cl ear ances:

a.   Recessed l i ght i ng f i x t ur es,  i ncl udi ng wi r i ng compar t ment s,  bal l ast s,  
and ot her  heat  pr oduci ng devi ces,  unl ess cer t i f i ed f or  i nst al l at i on 
sur r ounded by i nsul at i on:   3 i nches f r om out si de f ace of  f i x t ur es and 
devi ces or  as r equi r ed by NFPA 70 and,  i f  i nsul at i on i s pl aced above 
f i xt ur e or  devi ce,  24 i nches above f i xt ur e.

b.   Masonr y chi mneys or  masonr y encl osi ng a f l ue:   2 i nches f r om out si de 
f ace of  masonr y.   Masonr y chi mneys f or  medi um and hi gh heat  oper at i ng 
appl i ances:   Mi ni mum cl ear ances r equi r ed by NFPA 211.

c.   Vent s and vent  connect or s used f or  vent i ng pr oduct s of  combust i on,  
f l ues,  and chi mneys ot her  t han masonr y chi mneys:   Mi ni mum cl ear ances 
as r equi r ed by NFPA 211.

d.   Gas Fi r ed Appl i ances:   Cl ear ances as r equi r ed i n NFPA 54.

e.   Oi l  Fi r ed Appl i ances:   Cl ear ances as r equi r ed i n NFPA 31.

Bl ocki ng i s not  r equi r ed i f  chi mneys or  f l ues ar e cer t i f i ed i n wr i t i ng by 
t he chi mney or  f l ue manuf act ur er  f or  use i n cont act  wi t h speci f i c  
i nsul at i ng mat er i al s.

3. 3   I NSTALLATI ON

3. 3. 1   I nst al l at i on and Handl i ng

Pr ovi de i nsul at i on i n accor dance wi t h t he manuf act ur er ' s pr i nt ed 
i nst al l at i on i nst r uct i ons.   Keep mat er i al  dr y and f r ee of  ext r aneous 
mat er i al s.

3. 3. 2   El ect r i cal  Wi r i ng

Do not  i nst al l  i nsul at i on i n a manner  t hat  woul d encl ose el ect r i cal  wi r i ng 
bet ween t wo l ayer s of  i nsul at i on.
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3. 3. 3   Cont i nui t y of  I nsul at i on

But t  t i ght l y agai nst  adj oi ni ng boar ds,  st uds,  r af t er s,  j oi st s,  s i l l  
pl at es,  header s and obst r uct i ons.   Pr ovi de cont i nui t y and i nt egr i t y of  
i nsul at i on at  cor ner s,  wal l  t o cei l i ng j oi nt ,  r oof ,  and f l oor .   Avoi d 
cr eat i ng t her mal  br i dges and voi ds.   Pr ovi de and ver i f y cont i nui t y of  
i nsul at i ve bar r i er  t hr oughout  t he bui l di ng encl osur e.

3. 3. 4   Coor di nat i on

Ver i f y f i nal  i nst al l ed i nsul at i on t hi cknesses compl y wi t h t hi cknesses 
i ndi cat ed,  R- val ues speci f i ed her ei n,  and wi t h t he appr oved i nsul at i on 
submi t t al ( s) .

3. 4   I NSTALLATI ON ON WALLS

3. 4. 1   I nst al l at i on usi ng Fur r i ng St r i ps

I nst al l  i nsul at i on on member s as r ecommended by i nsul at i on manuf act ur er .

3. 4. 2   I nst al l at i on on Masonr y Wal l s

Appl y boar d di r ect l y t o masonr y wi t h adhesi ve or  f ast ener s as r ecommended 
by t he i nsul at i on manuf act ur er .   Fi t  bet ween obst r uct i ons wi t hout  i mpal i ng 
boar d on t i es or  anchor s.   Appl y i n par al l el  cour ses wi t h j oi nt s br eaki ng 
mi dway over  cour se bel ow.   Pl ace boar ds i n moder at e cont act  wi t h adj oi ni ng 
i nsul at i on wi t hout  f or c i ng and wi t hout  gaps.   Cut  and shape as r equi r ed t o 
f i t  ar ound wal l  penet r at i ons,  pr oj ect i ons or  openi ngs t o accommodat e 
condui t  or  ot her  ut i l i t i es.   Seal  ar ound cut out s wi t h seal ant .   I nst al l  
i nsul at i on i n wal l  cavi t i es so t hat  i t  l eaves at  l east  a nomi nal  1 i nch 
ai r  space out si de of  t he i nsul at i on t o al l ow f or  cavi t y dr ai nage.

3. 4. 3   Adhesi ve At t achment  t o Concr et e and Masonr y Wal l s

Appl y adhesi ve t o wal l  and compl et el y cover  wal l  wi t h i nsul at i on.

c.   As r ecommended by t he i nsul at i on manuf act ur er .

d.   Use onl y f ul l  back met hod f or  pi eces of  1 squar e f oot  or  l ess.

e.   But t  al l  edges of  i nsul at i on and seal  edges wi t h t ape.

3. 4. 4   Mechani cal  At t achment  on Concr et e and Masonr y Wal l s

Cut  i nsul at i on t o cover  wal l s.   Appl y adhesi ve t o wal l  and set  c l i p or  
ot her  mechani cal  f ast ener  i n adhesi ve as r ecommended by manuf act ur er .   
Af t er  cur i ng of  adhesi ve,  i nst al l  i nsul at i on over  f ast ener s and bend spl i t  
pr ongs t o pr ovi de a f l ush condi t i on wi t h t he i nsul at i on.   But t  al l  edges 
of  i nsul at i on and seal  wi t h t ape.

3. 5   VAPOR RETARDER

Appl y vapor  r et ar der  cont i nuous acr oss al l  sur f aces.   Over l ap al l  j oi nt s 
at  l east  6 i nches and seal  wi t h pr essur e sensi t i ve t ape.   Seal  at  s i l l s ,  
header ,  wi ndows,  door s and ut i l i t y  penet r at i ons.   Repai r  punct ur es or  
t ear s wi t h pr essur e sensi t i ve t ape.

     - -  End of  Sect i on - -

SECTI ON 07 21 13  Page 7



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

SECTI ON 07 21 16

MI NERAL FI BER BLANKET I NSULATI ON
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C665 ( 2023)  St andar d Speci f i cat i on f or  
Mi ner al - Fi ber  Bl anket  Ther mal  I nsul at i on 
f or  Li ght  Fr ame Const r uct i on and 
Manuf act ur ed Housi ng

ASTM C930 ( 2019)  St andar d Cl assi f i cat i on of  
Pot ent i al  Heal t h and Saf et y Concer ns 
Associ at ed wi t h Ther mal  I nsul at i on 
Mat er i al s and Accessor i es

ASTM D3833/ D3833M ( 1996;  R 2019)  St andar d Test  Met hod f or  
Wat er  Vapor  Tr ansmi ssi on of  
Pr essur e- Sensi t i ve Tapes

ASTM D5359 ( 1998;  R 2021)  St andar d Speci f i cat i on f or  
Gl ass Cul l et  Recover ed f r om Wast e f or  Use 
i n Manuf act ur e of  Gl ass Fi ber

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E136 ( 2024a)  St andar d Test  Met hod f or  Assessi ng 
Combust i bi l i t y  of  Mat er i al s Usi ng a 
Ver t i cal  Tube Fur nace at  750 Degr ees C

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2017;  Ver si on 1. 2)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

GREEN SEAL ( GS)

GS- 36 ( 2013)  Adhesi ves f or  Commer ci al  Use

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 31 ( 2024;  TI A 23- 1)  St andar d f or  t he 
I nst al l at i on of  Oi l - Bur ni ng Equi pment

NFPA 54 ( 2024)  Nat i onal  Fuel  Gas Code
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NFPA 211 ( 2019)  St andar d f or  Chi mneys,  Fi r epl aces,  
Vent s,  and Sol i d Fuel - Bur ni ng Appl i ances

SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  DEPARTMENT OF ENERGY ( DOE)

Ener gy St ar ( 1992;  R 2006)  Ener gy St ar  Ener gy 
Ef f i c i ency Label i ng Syst em ( FEMP)

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 134 Respi r at or y Pr ot ect i on

UNDERWRI TERS LABORATORI ES ( UL)

UL 2818 ( 2022)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Bl anket  I nsul at i on;  G,  RO

Recycl ed Cont ent  f or  I nsul at i on Mat er i al s;  S

Ener gy St ar  Label  f or  I nsul at i on Mat er i al s;  S

Pr essur e Sensi t i ve Tape

Accessor i es

SD- 07 Cer t i f i cat es

I ndoor  Ai r  Qual i t y f or  Adhesi ves;  S

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nsul at i on

1. 3   CERTI FI CATI ONS

Submi t  r equi r ed i ndoor  ai r  qual i t y cer t i f i cat i ons and val i dat i ons i n one 
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submi t t al  package.

1. 3. 1   I nsul at i on Pr oduct s

Pr ovi de pr oduct  cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on by ot her  t hi r d- par t y pr ogr ams.   Pr ovi de cur r ent  
pr oduct  cer t i f i cat i on f r om cer t i f i cat i on body.

1. 3. 2   Adhesi ves and Seal ant s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr ams t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.  Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.  When pr oduct  does not  
have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  ai r  
qual i t y pr oduct  r equi r ement s c i t ed her ei n.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

1. 4. 1   Del i ver y

Del i ver  mat er i al s t o s i t e i n or i gi nal  seal ed wr appi ng bear i ng 
manuf act ur er ' s name and br and desi gnat i on,  speci f i cat i on number ,  t ype,  
gr ade,  R- val ue,  and cl ass.   St or e and handl e t o pr ot ect  f r om damage.   Do 
not  al l ow i nsul at i on mat er i al s t o become wet ,  soi l ed,  cr ushed,  or  cover ed 
wi t h i ce or  snow.   Compl y wi t h manuf act ur er ' s r ecommendat i ons f or  
handl i ng,  st or i ng,  and pr ot ect i ng of  mat er i al s bef or e and dur i ng 
i nst al l at i on.

1. 4. 2   St or age

I nspect  mat er i al s del i ver ed t o t he s i t e f or  damage;  unl oad and st or e out  
of  weat her  i n manuf act ur er ' s or i gi nal  packagi ng.   St or e onl y i n dr y 
l ocat i ons,  not  subj ect  t o open f l ames or  spar ks,  and easi l y accessi bl e f or  
i nspect i on and handl i ng.

1. 5   SAFETY PRECAUTI ONS

1. 5. 1   Respi r at or s

Pr ovi de i nst al l er s wi t h dust / mi st  r espi r at or s,  t r ai ni ng i n t hei r  use,  and 
pr ot ect i ve c l ot hi ng,  al l  appr oved by Nat i onal  I nst i t ut e f or  Occupat i onal  
Saf et y and Heal t h ( NI OSH) / Mi ne Saf et y and Heal t h Admi ni st r at i on ( MSHA)  i n 
accor dance wi t h 29 CFR 1910. 134.

1. 5. 2   Ot her  Saf et y Concer ns

Consi der  ot her  saf et y concer ns and measur es as out l i ned i n ASTM C930.

PART 2   PRODUCTS

2. 1   BLANKET I NSULATI ON

ASTM C665,  Type I ,  bl anket s wi t hout  membr ane cover i ngs ;  Cl ass ,  except  a 
f l ame spr ead r at i ng of  75 or  l ess and a smoke devel oped r at i ng of  150 or  
l ess when t est ed i n accor dance wi t h ASTM E84.
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Pr ovi de i nsul at i on wi t h R- 11 Val ue.  

2. 1. 1   Recycl ed Mat er i al s

Pr ovi de i nsul at i on mat er i al s cont ai ni ng t he f ol l owi ng mi ni mum per cent age 
of  r ecycl ed mat er i al  cont ent  by wei ght :

a.   Fi ber gl ass:   20 per cent  gl ass cul l et  compl yi ng wi t h ASTM D5359

b.   Mi ner al  wool :   75 per cent  r ecover ed mat er i al s cont ent  f r om sl ag

Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  i nsul at i on 
mat er i al s.

2. 1. 2   Ener gy St ar

Pr ovi de i nsul at i on mat er i al s t hat  ar e Ener gy St ar  l abel ed.   Pr ovi de dat a 
i dent i f y i ng Ener gy St ar  l abel  f or  i nsul at i on mat er i al s.

2. 1. 3   Pr ohi bi t ed Mat er i al s

Do not  pr ovi de asbest os- cont ai ni ng mat er i al s.

2. 2   BLOCKI NG

Wood,  met al ,  unf aced mi ner al  f i ber  bl anket s i n accor dance wi t h ASTM C665,  
Type I ,  or  ot her  appr oved mat er i al s.   Use onl y non- combust i bl e mat er i al s 
meet i ng t he r equi r ement s of  ASTM E136 f or  bl ocki ng ar ound chi mneys and 
heat  pr oduci ng devi ces.

2. 3   PRESSURE SENSI TI VE TAPE

As r ecommended by t he vapor  r et ar der  manuf act ur er  and havi ng a wat er  vapor  
per meance r at i ng of  one per m or  l ess when t est ed i n accor dance wi t h 
ASTM D3833/ D3833M.

2. 4   ACCESSORI ES

2. 4. 1   Adhesi ve

As r ecommended by t he i nsul at i on manuf act ur er .   Pr ovi de non- aer osol  
adhesi ve pr oduct s used on t he i nt er i or  of  t he bui l di ng ( def i ned as i nsi de 
of  t he weat her pr oof i ng syst em)  t hat  meet  ei t her  emi ssi ons r equi r ement s of  
CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce or  c l assr oom 
spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s of  
SCAQMD Rul e 1168.   Pr ovi de aer osol  adhesi ves used on t he i nt er i or  of  t he 
bui l di ng t hat  meet  ei t her  emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 
( use t he of f i ce or  c l assr oom r equi r ement s,  r egar dl ess of  space t ype)  or  
VOC cont ent  r equi r ement s of  GS- 36.   Pr ovi de cer t i f i cat i on or  val i dat i on of  
i ndoor  ai r  qual i t y f or  adhesi ves.

2. 4. 2   Mechani cal  Fast ener s

Cor r osi on r esi st ant  f ast ener s as r ecommended by t he i nsul at i on 
manuf act ur er .

2. 4. 3   Wi r e Mesh

Cor r osi on r esi st ant  and as r ecommended by t he i nsul at i on manuf act ur er .
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PART 3   EXECUTI ON

3. 1   EXI STI NG CONDI TI ONS

Bef or e i nst al l i ng i nsul at i on,  ensur e t hat  sur f aces t hat  wi l l  be i n cont act  
wi t h t he i nsul at i on ar e dr y and f r ee of  pr oj ect i ons whi ch coul d cause 
voi ds,  compr essed i nsul at i on,  or  punct ur ed vapor  r et ar der s.   I f  moi st ur e 
or  ot her  condi t i ons ar e f ound t hat  do not  al l ow t he wor kmanl i ke 
i nst al l at i on of  t he i nsul at i on,  do not  pr oceed but  not i f y Cont r act i ng 
Of f i cer  of  such condi t i ons.

3. 2   PREPARATI ON

3. 2. 1   Bl ocki ng Ar ound Heat  Pr oduci ng Devi ces

I nst al l  non- combust i bl e bl ocki ng ar ound heat  pr oduci ng devi ces t o pr ovi de 
t he f ol l owi ng cl ear ances:

c.   Vent s and vent  connect or s used f or  vent i ng t he pr oduct s of  combust i on,  
f l ues,  and chi mneys ot her  t han masonr y chi mneys:  Mi ni mum cl ear ances as 
r equi r ed by NFPA 211.

d.   Gas Fi r ed Appl i ances:   Cl ear ances as r equi r ed i n NFPA 54.

e.   Oi l  Fi r ed Appl i ances:   Cl ear ances as r equi r ed i n NFPA 31.

Bl ocki ng ar ound f l ues and chi mneys i s not  r equi r ed when i nsul at i on 
bl anket ,  i ncl udi ng any at t ached vapor  r et ar der ,  passes ASTM E136,  i n 
addi t i on t o meet i ng ot her  r equi r ement s st i pul at ed i n Par t  2.   Bl ocki ng i s 
al so not  r equi r ed i f  t he chi mneys ar e cer t i f i ed by t he manuf act ur er  f or  
use i n cont act  wi t h i nsul at i ng mat er i al s.

3. 3   I NSTALLATI ON

3. 3. 1   I nsul at i on

I nst al l  and handl e i nsul at i on i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.   Keep mat er i al  dr y and f r ee of  ext r aneous mat er i al s.   Any 
mat er i al s t hat  show vi sual  evi dence of  bi ol ogi cal  gr owt h due t o pr esence 
of  moi st ur e must  not  be i nst al l ed on t he bui l di ng pr oj ect .   Ensur e 
per sonal  pr ot ect i ve c l ot hi ng and r espi r at or y equi pment  i s used as 
r equi r ed.   Obser ve saf e wor k pr act i ces.

3. 3. 1. 1   El ect r i cal  wi r i ng

Do not  i nst al l  i nsul at i on i n a manner  t hat  woul d sandwi ch el ect r i cal  
conduct or s,  t hat  ar e not  i nst al l ed i n condui t ,  bet ween t wo l ayer s of  
i nsul at i on.

3. 3. 1. 2   Cont i nui t y of  I nsul at i on

I nst al l  bl anket  i nsul at i on t o but t  t i ght l y agai nst  adj oi ni ng bl anket s and 
t o st uds,  r af t er s,  j oi st s,  s i l l  pl at es,  header s and any obst r uct i ons.     
Pr ovi de cont i nui t y and i nt egr i t y of  i nsul at i on at  cor ner s,  wal l  t o cei l i ng 
j oi nt s,  r oof ,  and f l oor .   Avoi d cr eat i ng t her mal  br i dges.
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3. 3. 1. 3   I nst al l at i on at  Br i dgi ng and Cr oss Br aci ng

I nsul at e at  br i dgi ng and cr oss br aci ng by spl i t t i ng bl anket  ver t i cal l y at  
cent er  and packi ng one hal f  i nt o each openi ng.   But t  i nsul at i on at  
br i dgi ng and cr oss br aci ng;  f i l l  i n br i dged ar ea wi t h l oose or  scr ap 
i nsul at i on.

3. 3. 1. 4   Si z i ng of  Bl anket s

Pr ovi de onl y f ul l  wi dt h bl anket s when i nsul at i ng bet ween t r usses,  j oi st s,  
or  st uds.   Si ze wi dt h of  bl anket s f or  a snug f i t  wher e t r usses,  j oi st s or  
st uds ar e i r r egul ar l y spaced.

3. 3. 1. 5   Access Panel s and Door s

Af f i x bl anket  i nsul at i on t o access panel s gr eat er  t han one squar e f oot  and 
access door s i n i nsul at ed f l oor s and cei l i ngs.   Use i nsul at i on wi t h same 
R- Val ue as t hat  f or  f l oor  or  cei l i ng.

        - -  End of  Sect i on - -
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SECTI ON 07 42 63

FABRI CATED WALL PANEL ASSEMBLI ES
05/ 11,  CHG 4:  08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ARCHI TECTURAL MANUFACTURERS ASSOCI ATI ON ( AAMA)

AAMA 501. 1 ( 2017)  St andar d Test  Met hod f or  Wat er  
Penet r at i on of  Wi ndows,  Cur t ai n Wal l s and 
Door s Usi ng Dynami c Pr essur e

AMERI CAN I RON AND STEEL I NSTI TUTE ( AI SI )

AI SI  S100 ( 2012)  Nor t h Amer i can Speci f i cat i on f or  
t he Desi gn of  Col d- For med St eel  St r uct ur al  
Member s

AI SI  SG03- 3 ( 2002;  Suppl  2001- 2004;  R 2008)  
Col d- For med St eel  Desi gn Manual  Set

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE 7- 16 ( 2017;  Er r at a 2018;  Supp 1 2018)  Mi ni mum 
Desi gn Loads and Associ at ed Cr i t er i a f or  
Bui l di ngs and Ot her  St r uct ur es

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 1/ A5. 1M ( 2012)  Speci f i cat i on f or  Car bon St eel  
El ect r odes f or  Shi el ded Met al  Ar c Wel di ng

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS D1. 2/ D1. 2M ( 2014;  Er r at a 1 2014;  Er r at a 2 2020)  
St r uct ur al  Wel di ng Code -  Al umi num

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A463/ A463M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Al umi num- Coat ed,  by t he Hot - Di p 
Pr ocess
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ASTM A606/ A606M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet  and St r i p,  Hi gh- St r engt h,  Low- Al l oy,  
Hot - Rol l ed and Col d- Rol l ed,  wi t h I mpr oved 
At mospher i c Cor r osi on Resi st ance

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A755/ A755M ( 2018)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Met al l i c  Coat ed by t he Hot - Di p 
Pr ocess and Pr epai nt ed by t he Coi l - Coat i ng 
Pr ocess f or  Ext er i or  Exposed Bui l di ng 
Pr oduct s

ASTM A792/ A792M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  55% Al umi num- Zi nc Al l oy- Coat ed by 
t he Hot - Di p Pr ocess

ASTM A924/ A924M ( 2022a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM A1008/ A1008M ( 2023)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM C273/ C273M ( 2020)  St andar d Test  Met hod f or  Shear  
Pr oper t i es of  Sandwi ch Cor e Mat er i al s

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D522/ D522M ( 2017)  Mandr el  Bend Test  of  At t ached 
Or gani c Coat i ngs

ASTM D523 ( 2014;  R 2018)  St andar d Test  Met hod f or  
Specul ar  Gl oss

ASTM D714 ( 2002;  R 2017)  St andar d Test  Met hod f or  
Eval uat i ng Degr ee of  Bl i st er i ng of  Pai nt s

ASTM D822 ( 2013;  R 2018)  Fi l t er ed Open- Fl ame 
Car bon- Ar c Exposur es of  Pai nt  and Rel at ed 
Coat i ngs

ASTM D968 ( 2022)  St andar d Test  Met hods f or  Abr asi on 
Resi st ance of  Or gani c Coat i ngs by Fal l i ng 
Abr asi ve

ASTM D1056 ( 2020)  St andar d Speci f i cat i on f or  Fl exi bl e 
Cel l ul ar  Mat er i al s -  Sponge or  Expanded 
Rubber
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ASTM D1308 ( 2002;  R 2013)  Ef f ect  of  Househol d 
Chemi cal s on Cl ear  and Pi gment ed Or gani c 
Fi ni shes

ASTM D1621 ( 2016)  St andar d Test  Met hod f or  
Compr essi ve Pr oper t i es of  Ri gi d Cel l ul ar  
Pl ast i cs

ASTM D1622/ D1622M ( 2014)  Appar ent  Densi t y of  Ri gi d Cel l ul ar  
Pl ast i cs

ASTM D1667 ( 2022)  St andar d Speci f i cat i on f or  Fl exi bl e 
Cel l ul ar  Mat er i al s -  Pol y ( Vi nyl  Chl or i de)  
Foam ( Cl osed- Cel l )

ASTM D2244 ( 2021)  St andar d Pr act i ce f or  Cal cul at i on 
of  Col or  Tol er ances and Col or  Di f f er ences 
f r om I nst r ument al l y Measur ed Col or  
Coor di nat es

ASTM D2247 ( 2015;  R 2020)  St andar d Pr act i ce f or  
Test i ng Wat er  Resi st ance of  Coat i ngs i n 
100?Per cent  Rel at i ve Humi di t y

ASTM D2794 ( 1993;  R 2019)  St andar d Test  Met hod f or  
Resi st ance of  Or gani c Coat i ngs t o t he 
Ef f ect s of  Rapi d Def or mat i on ( I mpact )

ASTM D3363 ( 2005;  E 2011;  R 2011;  E 2012)  Fi l m 
Har dness by Penci l  Test

ASTM D4214 ( 2007;  R 2015)  St andar d Test  Met hod f or  
Eval uat i ng t he Degr ee of  Chal k i ng of  
Ext er i or  Pai nt  Fi l ms

ASTM D6226 ( 2021)  St andar d Test  Met hod f or  Open Cel l  
Cont ent  of  Ri gi d Cel l ul ar  Pl ast i cs

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E119 ( 2022)  St andar d Test  Met hods f or  Fi r e 
Test s of  Bui l di ng Const r uct i on and 
Mat er i al s

ASTM E136 ( 2022)  St andar d Test  Met hod f or  Assessi ng 
Combust i bi l i t y  of  Mat er i al s Usi ng a 
Ver t i cal  Tube Fur nace at  750 Degr ees C

ASTM E283 ( 2019)  St andar d Test  Met hod f or  
Det er mi ni ng t he Rat e of  Ai r  Leakage 
Thr ough Ext er i or  Wi ndows,  Cur t ai n Wal l s,  
and Door s Under  Speci f i ed Pr essur e 
Di f f er ences Acr oss t he Speci men

ASTM E331 ( 2000;  R 2023)  St andar d Test  Met hod f or  
Wat er  Penet r at i on of  Ext er i or  Wi ndows,  
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Skyl i ght s,  Door s,  and Cur t ai n Wal l s by 
Uni f or m St at i c Ai r  Pr essur e Di f f er ence

ASTM E1592 ( 2017)  St andar d Test  Met hod f or  St r uct ur al  
Per f or mance of  Sheet  Met al  Roof  and Si di ng 
Syst ems by Uni f or m St at i c Ai r  Pr essur e 
Di f f er ence

ASTM G152 ( 2013;  R 2021)  St andar d Pr act i ce f or  
Oper at i ng Open Fl ame Car bon Ar c Li ght  
Appar at us f or  Exposur e of  Nonmet al l i c  
Mat er i al s

ASTM G153 ( 2013;  R 2021)  St andar d Pr act i ce f or  
Oper at i ng Encl osed Car bon Ar c Li ght  
Appar at us f or  Exposur e of  Nonmet al l i c  
Mat er i al s

METAL BUI LDI NG MANUFACTURERS ASSOCI ATI ON ( MBMA)

MBMA MBSM ( 2018)  Met al  Bui l di ng Syst ems Manual

NATI ONAL ASSOCI ATI ON OF ARCHI TECTURAL METAL MANUFACTURERS ( NAAMM)

NAAMM AMP 500 ( 2006)  Met al  Fi ni shes Manual

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1793 ( 2012)  Ar chi t ect ur al  Sheet  Met al  Manual ,  
7t h Edi t i on

UNDERWRI TERS LABORATORI ES ( UL)

UL 580 ( 2006;  Repr i nt  Mar  2019)  UL St andar d f or  
Saf et y Test s f or  Upl i f t  Resi st ance of  Roof  
Assembl i es

UL Bl d Mat  Di r ( updat ed cont i nuousl y onl i ne)  Bui l di ng 
Mat er i al s Di r ect or y

1. 2   DEFI NI TI ONS

Fabr i cat ed Wal l  Panel  Assembl y:   Met al  wal l  and l i ner  panel s,  at t achment  
syst em component s,  mi scel l aneous met al  f r ami ng,  t her mal  i nsul at i on,  and 
accessor i es shop f abr i cat ed or  f i el d assembl ed f or  a compl et e 
weat her - t i ght  wal l  syst em.

1. 3   DESCRI PTI ON OF FABRI CATED WALL PANEL ASSEMBLY SYSTEM

Fact or y col or  f i ni shed,  gal val ume met al  wal l  panel  syst em wi t h conceal ed 
f ast eni ng at t achment .   Panel  pr of i l e must  be r ecessed seam l ocksmoot h f ace
l i ght l y cor r ugat ed.   I nt er i or  f i ni sh of  panel  assembl y t o be f act or y col or  
f i ni shed,  smoot h f ace.

1. 3. 1   Met al  Wal l  Panel  Gener al  Per f or mance

Compl y wi t h per f or mance r equi r ement s,  conf or mi ng t o AI SI  S100,  wi t hout  
f ai l ur e due t o def ect i ve manuf act ur e,  f abr i cat i on,  i nst al l at i on,  or  ot her  
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def ect s i n const r uct i on.   Wal l  panel s  and accessor y component s must  
conf or m t o t he f ol l owi ng st andar ds:

ASTM A1008/ A1008M
ASTM A123/ A123M
ASTM A36/ A36M
ASTM A653/ A653M
ASTM A463/ A463M f or  al umi num coat ed st eel  sheet
ASTM A606/ A606M
ASTM A755/ A755M f or  met al l i c  coat ed st eel  sheet  f or  ext er i or  coi l  
pr e- pai nt ed appl i cat i ons.
ASTM A924/ A924M f or  met al l i c  coat ed st eel  sheet
ASTM C273/ C273M
ASTM D522/ D522M f or  appl i ed coat i ngs
UL Bl d Mat  Di r

1. 3. 2   St r uct ur al  Per f or mance

  Maxi mum cal cul at ed f i ber  st r ess must  not  exceed t he al l owabl e val ue i n 
t he AI SI  or  AA manual s;  a one t hi r d over st r ess f or  wi nd i s al l owed.   
Mi dspan def l ect i on under  maxi mum desi gn l oads i s l i mi t ed t o L/ 180.   
Cont r act  dr awi ngs show t he desi gn wi nd l oads and t he ext ent  and gener al  
assembl y det ai l s of  t he met al  s i di ng.   Cont r act or  must  pr ovi de desi gn f or  
member s and connect i ons not  shown on t he dr awi ngs.   Si di ng panel s and 
accessor i es must  be t he pr oduct s of  t he same manuf act ur er .

Pr ovi de met al  wal l  panel  assembl i es compl yi ng wi t h t he l oad and st r ess 
r equi r ement s i n accor dance wi t h ASTM E1592.   Wi nd Load f or ce due t o wi nd 
act i on gover ns t he desi gn f or  panel s.

Wal l  syst ems and at t achment s ar e t o r esi st  t he wi nd l oads as det er mi ned by 
UL 580 and ASCE 7- 16 i n t he geogr aphi c ar ea wher e t he const r uct i on wi l l  
t ake pl ace,  i n pounds per  squar e f oot .   Submi t  f i ve copi es of  wi nd l oad 
t est s and sei smi c t est s t o t he Cont r act i ng Of f i cer .

1. 3. 3   Ai r  I nf i l t r at i on

Ai r  l eakage must  conf or m t o t he l i mi t s t hr ough t he wal l  assembl y ar ea when 
t est ed accor di ng t o ASTM E283.

1. 3. 4   Wat er  Penet r at i on Under  St at i c Pr essur e

No wat er  penet r at i on when t est ed accor di ng t o ASTM E331.

1. 3. 5   Wat er  Penet r at i on Under  Dynami c Pr essur e

No evi dence of  wat er  l eakage when t est ed accor di ng t o AAMA 501. 1.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s
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Qual i f i cat i on of  Manuf act ur er

Qual i f i cat i on of  I nst al l er

Qual i f i cat i ons f or  Wel di ng Wor k

SD- 02 Shop Dr awi ngs

Fabr i cat i on and I nst al l at i on dr awi ngs f or  t he f ol l owi ng i t ems ar e 
t o i ndi cat e compl et el y di mensi oned st r uct ur al  f r ame and er ect i on 
l ayout s,  openi ngs i n t he wal l ,  speci al  f r ami ng det ai l s,  and 
const r uct i on det ai l s at  cor ner s,  bui l di ng i nt er sect i ons and 
f l ashi ng,  l ocat i on and t ype of  mast i c and met al  f i l l er  st r i ps.

Wal l  Panel  Assembl i es

Fl ashi ng and Accessor i es

Anchor age Syst ems

SD- 03 Pr oduct  Dat a

  Submi t  Manuf act ur er ' s cat al og dat a f or  t he f ol l owi ng i t ems:

Fact or y Col or  Fi ni sh

Sub- gi r t s and For med Shapes

Cl osur e Mat er i al s

I nsul at i on

Pr essur e Sensi t i ve Tape

Seal ant s and Caul ki ng

Rat ed Wal l  Assembl y

Al umi ni zed St eel  Repai r  Pai nt

Accessor i es

Sust ai nabl e Acqui s i t i on

SD- 04 Sampl es

  Submi t  as r equi r ed each of  t he f ol l owi ng sampl es:

Wal l  Panel  Assembl i es,  12 i nches l ong by act ual  panel  wi dt h

Fast ener s

Met al  Cl osur e St r i ps,  10 i nches l ong of  each t ype

I nsul at i on,  appr oxi mat el y 8 by 11 i nches

  Submi t  manuf act ur er ' s col or  char t s and chi ps,  appr oxi mat el y 4 by 
4 i nches,  showi ng f ul l  r ange of  col or s,  t ext ur es and pat t er ns 
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avai l abl e f or  wal l  panel s wi t h f act or y appl i ed f i ni shes.

SD- 05 Desi gn Dat a

Wi nd Desi gn Anal ysi s

SD- 06 Test  Repor t s

  Submi t  t est  r epor t s f or  t he f ol l owi ng i n accor dance wi t h t he 
r ef er enced ar t i c l es i n t hi s sect i on.

Leakage Test s

Wi nd Load Test s

Sei smi c Test s

  Coat i ngs and base met al s of  met al  wal l  t ype of  t est  as speci f i ed 
i n par agr aphs STEEL SHEET MATERI ALS and i n var i ous r ef er enced 
st andar ds i n t hi s sect i on.

Fact or y Col or  Fi ni sh Per f or mance Requi r ement s

SD- 07 Cer t i f i cat es

  Submi t  cer t i f i cat es f or  t he f ol l owi ng i t ems showi ng conf or mance 
wi t h r ef er enced st andar ds cont ai ned i n t hi s sect i on:

Fast ener s

  Pr ovi de evi dence t hat  pr oduct s used wi t hi n t hi s speci f i cat i on 
ar e manuf act ur ed i n t he Uni t ed St at es.

  Submi t  t he wal l  syst em assembl y wi nd l oad and f i r e r at i ng 
c l assi f i cat i on l i s t i ngs.

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst al l at i on of  Wal l  Panel s

  I ncl ude det ai l ed appl i cat i on i nst r uct i ons and st andar d 
manuf act ur er  dr awi ngs al t er ed as r equi r ed by t hese speci f i cat i ons.  
Expl i c i t l y  i dent i f y i n wr i t i ng,  di f f er ences bet ween manuf act ur er ' s 
i nst r uct i ons and t he speci f i ed r equi r ement s.

SD- 11 Cl oseout  Submi t t al s

I nst r uct i ons To:

Gover nment  and/ or  Cont r act or  Per sonnel

Saf et y Dat a Sheet s

Submi t  20 year  " No- Dol l ar - Li mi t "  War r ant y f or  l abor  and mat er i al s.

20 Year  ' No- Dol l ar - Li mi t '  War r ant y
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1. 5   QUALI TY ASSURANCE

1. 5. 1   Pr e- I nst al l at i on Conf er ence

Af t er  submi t t al s ar e r ecei ved and appr oved but  bef or e wal l  panel  and 
i nsul at i on wor k,  i ncl udi ng associ at ed wor k,  i s  per f or med,  t he Cont r act i ng 
Of f i cer  wi l l  hol d a pr e- si di ng conf er ence t o r evi ew t he f ol l owi ng:

a.   The dr awi ngs,  i ncl udi ng Fabr i cat i on and I nst al l at i on dr awi ngs, showi ng 
compl et e Wal l  Panel  Assembl i es,  and speci f i cat i ons.   
I ncl ude det ai l s f or  t he f ol l owi ng f or  r evi ew:

f l ashi ng and accessor i es
anchor age syst ems
manuf act ur er ' s cat al og dat a
Fact or y Col or  Fi ni sh

Submi t  manuf act ur er ' s col or  char t s and chi ps,  appr oxi mat el y 4 by 4 
i nches,  showi ng f ul l  r ange of  col or s,  t ext ur es and pat t er ns 
avai l abl e f or  wal l  panel s wi t h f act or y appl i ed f i ni shes.

Sub- gi r t s and For med Shapes
Cl osur e Mat er i al s,  i ncl udi ng met al  c l osur e st r i ps.
I nsul at i on
Pr essur e Sensi t i ve Tape
Rat ed Wal l  Assembl y t est  dat a
Accessor i es
Fast ener s

b.   Fi nal i ze const r uct i on schedul e and ver i f y avai l abi l i t y  of  mat er i al s,  
I nst al l er ' s per sonnel ,  equi pment ,  and f aci l i t i es needed t o make 
pr ogr ess and avoi d del ays.

c.   Met hods and pr ocedur es r el at ed t o met al  wal l  panel  i nst al l at i on,  
i ncl udi ng manuf act ur er ' s wr i t t en i nst r uct i ons f or  I nst al l at i on of  Wal l  
panel s,  and ver i f i cat i on of  wal l  syst em assembl y wi nd l oad and f i r e 
r at i ng c l assi f i cat i on l i s t i ngs and sust ai nabl e acqui s i t i on.

d.   Suppor t  condi t i ons f or  compl i ance wi t h r equi r ement s,  i ncl udi ng 
al i gnment  bet ween and at t achment  t o st r uct ur al  member s.   Pr ovi de 
det ai l s of  wi nd desi gn anal ysi s i ncl udi ng wi nd speed,  exposur e 
cat egor y,  co- ef f i c i ent ,  i mpor t ance f act or ,  desi gnat es t ype of  
f aci l i t y ,  negat i ve pr essur es f or  each zone,  met hods and r equi r ement s 
of  at t achment .   Wi nd desi gn anal ysi s t o i ncl ude wal l  pl an del i neat i ng 
di mensi ons and at t achment  pat t er ns f or  each zone.   Wi nd desi gn 
anal ysi s t o be pr epar ed and seal ed by Li censed Pr oj ect  Engi neer  i n t he 
geogr aphi c ar ea wher e t he const r uct i on wi l l  t ake pl ace.

e.   Fl ashi ng,  speci al  s i di ng det ai l s,  wal l  penet r at i ons,  openi ngs,  and 
condi t i on of  ot her  const r uct i on t hat  wi l l  af f ect  met al  wal l  panel s.

f .   Gover ni ng r egul at i ons and r equi r ement s f or  i nsur ance,  cer t i f i cat es,  
t est s and i nspect i ons i f  appl i cabl e.   I ncl ude cer t i f i cat i on f or  
sust ai nabl e acqui s i t i on and wal l  syst em assembl y wi nd l oad and f i r e 
r at i ng c l assi f i cat i on.   Saf et y pl an r evi ew must  i ncl ude appl i cabl e 
Saf et y Dat a Sheet s f or  mai nt enance/ r epai r  mat er i al s.

g.   Tempor ar y pr ot ect i on r equi r ement s f or  met al  wal l  panel  assembl y dur i ng 
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and af t er  i nst al l at i on.

h.   Wal l  panel  obser vat i on and r epai r  pr ocedur es af t er  met al  wal l  panel  
i nst al l at i on.   I ncl ude r evi ew of  sampl e Al umi ni zed St eel  Repai r  Pai nt .

i .   Sampl e 20 year  " No- Dol l ar - Li mi t "  war r ant y.

1. 5. 2   Manuf act ur er ' s Techni cal  Repr esent at i ve

The r epr esent at i ve must  have aut hor i zat i on f r om manuf act ur er  t o appr ove 
f i el d changes and be t hor oughl y f ami l i ar  wi t h t he pr oduct s and 
i nst al l at i ons i n t he geogr aphi cal  ar ea wher e const r uct i on wi l l  t ake pl ace.

1. 5. 3   Qual i f i cat i on of  Manuf act ur er

Met al  wal l  panel  syst em manuf act ur er  must  have:

a.   A mi ni mum of  f i ve ( 5)  year s exper i ence i n manuf act ur i ng met al  wal l  
syst em and accessor y pr oduct s.

b.   Pr ovi de engi neer i ng ser vi ces by an aut hor i zed engi neer ;  cur r ent l y 
l i censed i n t he geogr aphi cal  ar ea wher e const r uct i on wi l l  t ake pl ace,  
havi ng a mi ni mum of  f our  ( 4)  year s exper i ence as an engi neer  
knowl edgeabl e i n wi nd l oad desi gn anal ysi s,  pr ot ocol s and pr ocedur es 
f or  t he MBMA MBSM;  ASCE 7- 16,  and ASTM E1592.

c.   Pr ovi de cer t i f i ed engi neer i ng cal cul at i ons usi ng t he pr oduct s 
submi t t ed f or :

Wi nd l oad r equi r ement s i n accor dance wi t h FM Wi nd Desi gn Gui de and 
ASCE 7- 16.

1. 5. 4   Qual i f i cat i on of  I nst al l er

The i nst al l at i on cont r act or  must  be appr oved and cer t i f i ed by t he wal l  
panel  manuf act ur er  pr i or  t o begi nni ng t he i nst al l at i on of  t he met al  wal l  
syst em.

1. 5. 4. 1   Qual i f i cat i ons f or  Wel di ng Wor k

Wel di ng pr ocedur es must  conf or m t o AWS A5. 1/ A5. 1M,  AWS D1. 1/ D1. 1M f or  
st eel  or  AWS D1. 2/ D1. 2M f or  al umi num.

1. 5. 5   Si ngl e Sour ce

Obt ai n each t ype of  met al  wal l  and l i ner  panel s,  c l i ps,  c l osur es and ot her  
accessor i es f r om t he st andar d pr oduct s of  t he s i ngl e sour ce f r om a si ngl e 
manuf act ur er  t o oper at e as a compl et e syst em f or  t he i nt ended use.

1. 5. 6   Sur f ace- Bur ni ng Char act er i st i cs

Pr ovi de met al  wal l  panel s havi ng i nsul at i on cor e mat er i al  wi t h t he 
f ol l owi ng sur f ace- bur ni ng char act er i st i cs as det er mi ned by t est i ng 
i dent i cal  pr oduct s accor di ng t o ASTM E84 by a qual i f i ed t est i ng agency.   
I dent i f y pr oduct s wi t h appr opr i at e mar ki ngs of  appl i cabl e t est i ng agency.

a.   Fl ame- Spr ead I ndex:   25 or  l ess.
b.   Smoke- Devel oped I ndex:   450 or  l ess.
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1. 5. 7   Fi r e- Resi st ance Rat i ngs

Wher e i ndi cat ed,  pr ovi de met al  wal l  panel s i dent i cal  t o t hose of  
assembl i es t est ed f or  f i r e r esi st ance per  ASTM E119 by a qual i f i ed t est i ng 
agency.   I dent i f y pr oduct s wi t h appr opr i at e mar ki ngs of  appl i cabl e t est i ng 
agency.

I ndi cat e desi gn desi gnat i ons f r om UL' s " Fi r e Resi st ance Di r ect or y"  or  f r om 
t he l i s t i ngs of  anot her  qual i f i ed t est i ng agency.
Combust i on Char act er i st i cs:   ASTM E136.

1. 5. 8   Fabr i cat i on

Fabr i cat e and f i ni sh met al  wal l  panel s and accessor i es at  t he f act or y t o 
gr eat est  ext ent  possi bl e,  by manuf act ur er ' s st andar d pr ocedur es and 
pr ocesses and as necessar y t o f ul f i l l  i ndi cat ed per f or mance r equi r ement s.   
Compl y wi t h i ndi cat ed pr of i l es and wi t h di mensi onal  and st r uct ur al  
r equi r ement s.

Pr ovi de panel  pr of i l e,  i ncl udi ng maj or  r i bs and i nt er medi at e st i f f eni ng 
r i bs,  i f  any,  f or  f ul l  l engt h of  panel .

Fabr i cat e met al  wal l  panel  s i de l aps wi t h f act or y- i nst al l ed capt i ve 
gasket s or  separ at or  st r i ps t hat  pr ovi de a t i ght  seal  and pr event  
met al - t o- met al  cont act ,  i n a manner  t hat  wi l l  seal  weat her - t i ght  and 
mi ni mi ze noi se f r om movement s wi t hi n panel  assembl y.

1. 5. 8. 1   Sheet  Met al  Accessor i es

Fabr i cat e f l ashi ng and t r i m t o compl y wi t h r ecommendat i ons i n SMACNA 1793 
t hat  appl y t o t he desi gn,  di mensi ons,  met al ,  and ot her  char act er i st i cs of  
i t em i ndi cat ed:

a.   For m exposed sheet  met al  accessor i es t hat  ar e wi t hout  excessi ve oi l  
canni ng,  buckl i ng,  and t ool  mar ks and t hat  ar e t r ue t o l i ne and l evel s 
i ndi cat ed,  wi t h exposed edges f ol ded back t o f or m hems.

b.   End Seams:   Fabr i cat e nonmovi ng seams wi t h f l at - l ock seams.   For m 
seams and seal  wi t h epoxy seam seal er .   Ri vet  j oi nt s f or  addi t i onal  
st r engt h.

c.   Seal ed Joi nt s:   For m non- expansi on but  movabl e j oi nt s i n met al  t o 
accommodat e el ast omer i c seal ant  t o compl y wi t h SMACNA st andar ds.

d.   Conceal  f ast ener s and expansi on pr ovi s i ons wher e possi bl e.   Exposed 
f ast ener s ar e not  al l owed on f aces of  accessor i es exposed t o v i ew.

e.   Fabr i cat e c l eat s and at t achment  devi ces of  s i ze and met al  t hi ckness 
r ecommended by SMACNA or  by met al  wal l  panel  manuf act ur er  f or  
appl i cat i on,  but  not  l ess t han t hi ckness of  met al  bei ng secur ed.

1. 5. 9   Fi ni shes

Compl y wi t h NAAMM AMP 500 f or  r ecommendat i ons f or  appl y i ng and desi gnat i ng 
f i ni shes.

Appear ance of  Fi ni shed Wor k:   Not i ceabl e var i at i ons i n same pi ece ar e not  
accept abl e.   Var i at i ons i n appear ance of  adj oi ni ng component s ar e 
accept abl e i f  t hey ar e wi t hi n t he r ange of  appr oved Sampl es and ar e 
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assembl ed or  i nst al l ed t o mi ni mi ze cont r ast .

1. 6   DELI VERY,  HANDLI NG,  AND STORAGE

Del i ver  and package component s,  sheet s,  met al  wal l  panel s,  and ot her  
manuf act ur ed i t ems so as not  t o be damaged or  def or med and pr ot ect ed 
dur i ng t r anspor t at i on and handl i ng.

Unl oad,  st or e,  and er ect  met al  wal l  panel s i n a manner  t o pr event  bendi ng,  
war pi ng,  t wi st i ng,  and sur f ace damage.

St ack and st or e met al  wal l  panel s hor i zont al l y on pl at f or ms or  pal l et s,  
cover ed wi t h sui t abl e weat her - t i ght  and vent i l at ed cover i ng t o ensur e 
dr yness,  wi t h posi t i ve s l ope f or  dr ai nage of  wat er .   Do not  st or e met al  
wal l  panel s i n cont act  wi t h ot her  mat er i al s t hat  mi ght  cause st ai ni ng,  
dent i ng,  or  ot her  sur f ace damage.

Ret ai n st r i ppabl e pr ot ect i ve cover i ng on met al  wal l  panel  f or  per i od of  
met al  wal l  panel  i nst al l at i on.

Pr ot ect  f oam- pl ast i c i nsul at i on as f ol l ows:

a.   Do not  expose t o sunl i ght ,  except  t o ext ent  necessar y f or  per i od of  
i nst al l at i on and conceal ment .

b.   Pr ot ect  agai nst  i gni t i on at  al l  t i mes.   Do not  del i ver  f oam- pl ast i c 
i nsul at i on mat er i al s t o Pr oj ect  s i t e bef or e i nst al l at i on t i me.

Compl et e i nst al l at i on and conceal ment  of  pl ast i c mat er i al s as r api dl y as 
possi bl e i n each ar ea of  const r uct i on.

1. 7   PROJECT CONDI TI ONS

Weat her  Li mi t at i ons:   Pr oceed wi t h i nst al l at i on pr epar at i on onl y when 
exi st i ng and f or ecast ed weat her  condi t i ons per mi t  Wor k t o pr oceed wi t hout  
wat er  ent er i ng i nt o exi st i ng wal l i ng syst em or  bui l di ng.

Fi el d Measur ement s:   Ver i f y l ocat i ons of  wal l  f r ami ng and openi ng 
di mensi ons by f i el d measur ement s bef or e met al  wal l  panel  f abr i cat i on and 
i ndi cat e measur ement s on Shop Dr awi ngs.

1. 8   WARRANTY

Fur ni sh manuf act ur er ' s no- dol l ar - l i mi t  war r ant y f or  t he met al  wal l  panel  
syst em.   The war r ant y per i od i s t o be no l ess t han t went y ( 20)  year s f r om 
t he dat e of  Gover nment  accept ance of  t he wor k.   The war r ant y i s t o be 
i ssued di r ect l y t o t he Gover nment .   The war r ant y i s t o pr ovi de t hat  i f  
wi t hi n t he war r ant y per i od t he met al  wal l  panel  syst em shows evi dence of  
cor r osi on,  per f or at i on,  r upt ur e or  excess weat her i ng due t o det er i or at i on 
of  t he wal l  panel  syst em r esul t i ng f r om def ect i ve mat er i al s and cor r ect i on 
of  t he def ect i ve wor kmanshi p i s t o be t he r esponsi bi l i t y  of  t he met al  wal l  
panel  syst em manuf act ur er .   Repai r s t hat  become necessar y because of  
def ect i ve mat er i al s and wor kmanshi p whi l e met al  wal l  panel  syst em i s under  
war r ant y ar e t o be per f or med wi t hi n 24 hour s af t er  not i f i cat i on,  unl ess 
addi t i onal  t i me i s appr oved by t he Cont r act i ng Of f i cer .   Fai l ur e t o 
per f or m r epai r s wi t hi n 24 hour s of  not i f i cat i on wi l l  const i t ut e gr ounds 
f or  havi ng emer gency r epai r s per f or med by ot her s and not  voi d t he war r ant y.
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PART 2   PRODUCTS

2. 1   PANEL MATERI ALS

2. 1. 1   St eel  Sheet

Rol l - f or m st eel  wal l  and l i ner  panel s t o t he speci f i ed pr of i l e,  wi t h f y =  
22 gauge and dept h as i ndi cat ed.   Mat er i al  must  be pl umb and t r ue,  and 
wi t hi n t he t ol er ances l i s t ed:

b.   Al umi num- Zi nc Al l oy- coat ed St eel  Sheet  conf or mi ng t o ASTM A792/ A792M 
and AI SI  SG03- 3.

c.   I ndi v i dual  panel s t o have cont i nuous l engt h t o cover  t he ent i r e l engt h 
of  any unbr oken wal l  ar ea wi t h no j oi nt s or  seams and f or med wi t hout  
war pi ng,  wavi ness,  or  r i ppl es t hat  ar e not  par t  of  t he panel  pr of i l e 
and f r ee of  damage t o t he f i ni sh coat i ng syst em.

c.   Pr ovi de panel s wi t h t her mal  expansi on and cont r act i on consi st ent  wi t h 
t he t ype of  syst em speci f i ed.

2.   Pr of i l e t o be a l ongi t udi nal  pl anks spaced at  nomi nal  4- i nches on 
cent er ,  nomi nal  1/ 8- i nch deep ,  42 i nch over al l  wi dt h wi t h 42 i nch 
cover age and exposed f ast ener s.

9.   Smoot h,  f l at  sur f ace t ext ur e.

2. 1. 2   Foam- I nsul at i on Cor e Wal l  Panel

Pr ovi de f act or y- f or med st eel  wal l  panel  assembl y f abr i cat ed f r om t wo 
sheet s of  met al  wi t h modi f i ed pol y i socyanur at e or  pol yur et hane f oam 
i nsul at i on cor e f oamed- i n- pl ace dur i ng f abr i cat i on wi t h j oi nt s bet ween 
panel s desi gned t o f or m weat her - t i ght  seal s.  I ncl ude accessor i es r equi r ed 
f or  weat her - t i ght  i nst al l at i on.

a.   Cl osed- Cel l  Cont ent :   90 per cent  when t est ed accor di ng t o ASTM D6226.

b.   Densi t y:    2. 0 t o 2. 6 l b/ cu.  f t .  when t est ed accor di ng t o 
ASTM D1622/ D1622M.

c.   Compr essi ve St r engt h:   Mi ni mum 20 psi  when t est ed accor di ng t o 
ASTM D1621.

d.   Shear  St r engt h:    26 psi  when t est ed accor di ng t o ASTM C273/ C273M.

2. 1. 3   Fi ni sh

Al l  panel s ar e t o r ecei ve a f act or y- appl i ed pol yvi nyl i dene f l uor i de f i ni sh 
consi st i ng of  a baked- on t op- coat  wi t h a manuf act ur er ' s r ecommended pr i me 
coat  conf or mi ng t o t he f ol l owi ng:

a.   Met al  Pr epar at i on:   Al l  met al  i s  t o have t he sur f aces car ef ul l y 
pr epar ed f or  pai nt i ng on a cont i nuous pr ocess coi l  coat i ng l i ne by 
al kal i  c l eani ng,  hot  wat er  r i nsi ng,  appl i cat i on of  chemi cal  conver si on 
coat i ng,  col d wat er  r i nsi ng,  seal i ng wi t h aci d r i nse,  and t hor ough 
dr yi ng.

b.   Pr i me Coat i ng:   A base coat  of  epoxy pai nt ,  speci f i cal l y f or mul at ed t o 
i nt er act  wi t h t he t op- coat ,  i s  t o be appl i ed t o t he pr epar ed sur f aces 
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by r ol l  coat i ng t o a dr y f i l m t hi ckness of  0. 20 pl us 0. 05 mi l s.  Thi s 
pr i me coat  must  be oven cur ed pr i or  t o appl i cat i on of  f i ni sh coat .

c.   Ext er i or  Fi ni sh Coat i ng:   Appl y t he f i ni sh coat i ng over  t he pr i mer  by 
r ol l  coat i ng t o dr y f i l m t hi ckness of  0. 80 pl us 5 mi l s ( 3. 80 pl us 0. 50 
mi l s f or  Vi nyl  Pl ast i sol )  f or  a t ot al  dr y f i l m t hi ckness of  1. 00 pl us 
0. 10 mi l s ( 4. 00 pl us 0. 10 mi l s f or  Vi nyl  Pl ast i sol ) .   Thi s f i ni sh coat  
must  be oven- cur ed.

d.   I nt er i or  Fi ni sh Coat i ng:   Appl y a wash- coat  on t he r ever se si de over  
t he pr i mer  by r ol l  coat i ng t o a dr y f i l m t hi ckness of  0. 30 pl us 0. 05 
mi l s f or  a t ot al  dr y f i l m t hi ckness of  0. 50 pl us 0. 10 mi l s.   The 
wash- coat  must  be oven- cur ed.

e.   Col or :   The ext er i or  f i ni sh chosen f r om t he manuf act ur er ' s st andar d 
col or  char t .

f .   Physi cal  Pr oper t i es:   Coat i ng must  conf or m t o t he i ndust r y and 
manuf act ur er ' s st andar d per f or mance cr i t er i a as l i s t ed by t he 
f ol l owi ng cer t i f i ed t est  r epor t s:

Chal ki ng: ASTM D4214

Col or  Change and Conf or mi t y: ASTM D2244

Weat her omet er : ASTM G152,  ASTM G153 and ASTM D822

Humi di t y: ASTM D2247 and ASTM D714

Sal t  Spr ay: ASTM B117

Chemi cal  Pol l ut i on: ASTM D1308

Gl oss at  60: ASTM D523

Penci l  Har dness: ASTM D3363

Rever se I mpact : ASTM D2794

Fl exi bi l i t y: ASTM D522/ D522M

Abr asi on: ASTM D968

Fl ame Spr ead: ASTM E84

2. 2   MI SCELLANEOUS METAL FRAMI NG

2. 2. 1   Gener al

Col d- f or med met al l i c- coat ed st eel  sheet  conf or mi ng t o ASTM A653/ A653M and 
speci f i ed i n Di v i s i on 05 Sect i on 05 40 00 " Col d- For med Met al  Fr ami ng"  
unl ess ot her wi se i ndi cat ed.
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2. 3   FASTENERS

2. 3. 1   Gener al

Type,  mat er i al ,  cor r osi on r esi st ance,  s i ze and suf f i c i ent  l engt h t o 
penet r at e t he suppor t i ng member  a mi ni mum of  1 i nch wi t h ot her  pr oper t i es 
r equi r ed t o f ast en mi scel l aneous met al  f r ami ng member s t o subst r at es i n 
accor dance wi t h t he wal l  panel  manuf act ur er ' s and ASCE 7- 16 r equi r ement s.

2. 3. 2   Exposed Fast ener s

Fast ener s f or  wal l  panel s t o be cor r osi on r esi st ant  coat ed st eel ,  
al umi num,  st ai nl ess st eel ,  or  nyl on capped st eel  compat i bl e wi t h t he sheet  
panel  or  f l ashi ng and of  a t ype and si ze r ecommended by t he manuf act ur er  
t o meet  t he per f or mance r equi r ement s and desi gn l oads.   Fast ener s f or  
accessor i es t o be t he manuf act ur er ' s st andar d.   Pr ovi de an i nt egr al  met al  
washer  mat chi ng t he col or  of  at t ached mat er i al  wi t h compr essi bl e seal i ng 
EPDM gasket  appr oxi mat el y 3/ 32 i nches t hi ck.

2. 3. 3   Scr ews

Scr ews t o be cor r osi on r esi st ant  coat ed st eel ,  al umi num and/ or  st ai nl ess 
st eel  bei ng t he t ype and si ze r ecommended by t he manuf act ur er  t o meet  t he 
per f or mance r equi r ement s.

2. 3. 4   Ri vet s

Ri vet s t o be cl osed- end t ype,  cor r osi on r esi st ant  coat ed st eel ,  al umi num 
or  st ai nl ess st eel  wher e wat er t i ght  connect i ons ar e r equi r ed.

2. 3. 5   At t achment  Cl i ps

Fabr i cat e c l i ps f r om st eel  hot - di pped gal vani zed i n accor dance wi t h 
ASTM A653/ A653M,  or  Ser i es 300 st ai nl ess st eel .   Si ze,  shape,  t hi ckness 
and capaci t y as r equi r ed meet i ng t he i nsul at i on t hi ckness and desi gn l oad 
cr i t er i a speci f i ed.

2. 4   ACCESSORI ES

2. 4. 1   Gener al

Al l  accessor i es t o be compat i bl e wi t h t he met al  wal l  panel s.   Sheet  met al  
f l ashi ng,  t r i m,  met al  c l osur e st r i ps,  caps and si mi l ar  met al  accessor i es 
must  not  be l ess t han t he mi ni mum t hi ckness speci f i ed f or  t he wal l  panel s.  
Exposed met al  accessor i es/ f i ni shes t o mat ch t he panel s f ur ni shed,  except  
as ot her wi se i ndi cat ed.   Mol ded f oam r i b,  r i dge and ot her  c l osur e st r i ps 
t o be non- absor bent  c l osed- cel l  or  sol i d- cel l  synt het i c r ubber  or  
pr e- mol ded neopr ene t o mat ch conf i gur at i on of  t he panel s.

2. 4. 2   Rubber  Cl osur e St r i ps

Cl osed- cel l ,  expanded cel l ul ar  r ubber  conf or mi ng t o ASTM D1056 and 
ASTM D1667;  ext r uded or  mol ded t o t he conf i gur at i on of  t he speci f i ed wal l  
panel  and i n l engt hs suppl i ed by t he wal l  panel  manuf act ur er .

2. 4. 3   Met al  Cl osur e St r i ps

Fact or y f abr i cat ed st eel  c l osur e st r i ps t o be t he same gauge,  col or ,  
f i ni sh and pr of i l e of  t he speci f i ed wal l  panel .
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2. 4. 4   Joi nt  Seal ant s

2. 4. 4. 1   Seal ant s and Caul ki ng

Seal ant s ar e t o be an appr oved gun t ype f or  use i n hand-  or  ai r - pr essur e 
caul k i ng guns at  t emper at ur es above 40 degr ees F ( or  f r ost - f r ee 
appl i cat i on at  t emper at ur es above 10 degr ees F)  wi t h mi ni mum sol i d cont ent  
of  85 per cent  of  t he t ot al  vol ume.   Seal ant  i s t o dr y wi t h a t ough,  
dur abl e sur f ace ski n whi ch per mi t s i t  t o r emai n sof t  and pl i abl e 
under neat h,  pr ovi di ng a weat her - t i ght  j oi nt .   No mi gr at or y st ai ni ng i s 
per mi t t ed on pai nt ed or  unpai nt ed met al ,  st one,  gl ass,  v i nyl ,  or  wood.

Pr i me al l  j oi nt s t o r ecei ve seal ant s wi t h a compat i bl e one- component  or  
t wo- component  pr i mer  as r ecommended by t he wal l  panel  manuf act ur er .

2. 4. 4. 2   Shop- Appl i ed

Seal ant  f or  shop- appl i ed caul k i ng must  be an appr oved gun gr ade,  non- sag 
one component  pol ysul f i de or  s i l i cone conf or mi ng t o ASTM C920,  Type I I ,  
and wi t h a cur i ng t i me t o ensur e t he seal ant ' s pl ast i c i t y at  t he t i me of  
f i el d er ect i on.

2. 4. 4. 3   Fi el d- Appl i ed

Seal ant  f or  f i el d- appl i ed caul k i ng must  be an appr oved gun gr ade,  non- sag 
one component  pol ysul f i de or  t wo- component  pol yur et hane wi t h an i ni t i al  
maxi mum Shor e A dur omet er  har dness of  25,  and conf or mi ng t o ASTM C920,  
Type I I .   Col or  t o mat ch panel  col or s.

2. 4. 4. 4   Tape Seal ant

Pr essur e sensi t i ve,  100 per cent  sol i d wi t h a r el ease paper  backi ng;  
per manent l y el ast i c,  non- saggi ng,  non- t oxi c and non- st ai ni ng as appr oved 
by t he wal l  panel  manuf act ur er .

2. 5   SHEET METAL FLASHI NG AND TRI M

2. 5. 1   Fabr i cat i on

Shop f abr i cat e sheet  met al  f l ashi ng and t r i m wher e pr act i cabl e t o compl y 
wi t h r ecommendat i ons i n SMACNA 1793 t hat  appl y t o desi gn,  di mensi ons,  
met al ,  and ot her  char act er i st i cs of  i t em i ndi cat ed.   Obt ai n f i el d 
measur ement s f or  accur at e f i t  bef or e shop f abr i cat i on.

Fabr i cat e sheet  met al  f l ashi ng and t r i m wi t hout  excessi ve oi l  canni ng,  
buckl i ng,  and t ool  mar ks and t r ue t o l i ne and l evel s i ndi cat ed,  wi t h 
exposed edges f ol ded back t o f or m hems.

2. 6   REPAI R OF FI NI SH PROTECTI ON

Repai r  pai nt  f or  col or  f i ni sh enamel ed wal l  panel  must  be compat i bl e pai nt  
of  t he same f or mul a and col or  as t he speci f i ed f i ni sh f ur ni shed by t he 
wal l  panel  manuf act ur er .
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PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

A.   Exami ne subst r at es,  ar eas,  and condi t i ons,  wi t h I nst al l er  pr esent ,  f or  
compl i ance wi t h r equi r ement s f or  i nst al l at i on t ol er ances,  met al  wal l  panel  
suppor t s,  and ot her  condi t i ons af f ect i ng per f or mance of  t he Wor k.

B.   Exami ne pr i mar y and secondar y wal l  f r ami ng t o ver i f y t hat  r af t er s,  
pur l i ns,  angl es,  channel s,  and ot her  st r uct ur al  panel  suppor t  member s and 
anchor ages have been i nst al l ed wi t hi n al i gnment  t ol er ances r equi r ed by 
met al  wal l  panel  manuf act ur er ,  UL,  ASTM,  ASCE 7- 16 and as r equi r ed f or  t he 
geogr aphi cal  ar ea wher e const r uct i on wi l l  t ake pl ace.

C.   Exami ne sol i d wal l  sheat hi ng t o ver i f y t hat  sheat hi ng j oi nt s ar e 
suppor t ed by f r ami ng or  bl ocki ng and t hat  i nst al l at i on i s wi t hi n f l at ness 
t ol er ances r equi r ed by met al  wal l  panel  manuf act ur er .

D.   Exami ne r oughi ng- i n f or  component s and syst ems penet r at i ng met al  wal l  
panel s t o ver i f y act ual  l ocat i ons of  penet r at i ons r el at i ve t o seam 
l ocat i ons of  met al  wal l  panel s bef or e met al  wal l  panel  i nst al l at i on.

E.   Submi t  t o t he Cont r act i ng Of f i cer  a wr i t t en r epor t ,  endor sed by 
I nst al l er ,  l i s t i ng condi t i ons det r i ment al  t o per f or mance of  t he Wor k.

F.   Pr oceed wi t h i nst al l at i on onl y af t er  unsat i sf act or y condi t i ons have 
been cor r ect ed.

3. 2   PREPARATI ON

A.   Cl ean subst r at es of  subst ances har mf ul  t o i nsul at i on,  i ncl udi ng 
r emovi ng pr oj ect i ons capabl e of  i nt er f er i ng wi t h i nsul at i on at t achment .

B.   Mi scel l aneous Fr ami ng:   I nst al l  sub- pur l i ns,  gi r t s,  angl es,  f ur r i ng,  
and ot her  mi scel l aneous wal l  panel  suppor t  member s and anchor age accor di ng 
t o met al  wal l  panel  manuf act ur er ' s wr i t t en i nst r uct i ons.

3. 3   WALL PANEL I NSTALLATI ON

Pr ovi de met al  wal l  panel s of  f ul l  l engt h f r om si l l  t o eave as i ndi cat ed,  
unl ess ot her wi se i ndi cat ed or  r est r i ct ed by shi ppi ng l i mi t at i ons.   Anchor  
met al  wal l  panel s and ot her  component s of  t he Wor k secur el y i n pl ace,  wi t h 
pr ovi s i ons f or  t her mal  and st r uct ur al  movement  i n accor dance wi t h MBMA 
Met al  Bui l di ng Syst ems Manual .

a.   Anchor  Cl i ps:   Anchor  met al  wal l  panel s and ot her  component s of  t he 
Wor k secur el y i n pl ace,  usi ng manuf act ur er ' s appr oved f ast ener s 
accor di ng t o manuf act ur er ' s wr i t t en i nst r uct i ons.

b.   Met al  Pr ot ect i on:   Wher e di ssi mi l ar  met al s wi l l  cont act  each ot her  or  
cor r osi ve subst r at es,  pr ot ect  agai nst  gal vani c act i on by pai nt i ng 
cont act  sur f aces wi t h bi t umi nous coat i ng,  by appl y i ng 
r ubber i zed- asphal t  under l ayment  t o each cont act  sur f ace,  or  by ot her  
per manent  separ at i on as r ecommended by met al  wal l  panel  manuf act ur er .

c.   Joi nt  Seal er s:   I nst al l  gasket s,  j oi nt  f i l l er s,  and seal ant s wher e 
i ndi cat ed and wher e r equi r ed f or  weat her pr oof  per f or mance of  met al  
wal l  panel  assembl i es.   Pr ovi de t ypes of  gasket s,  f i l l er s,  and 
seal ant s i ndi cat ed or ,  i f  not  i ndi cat ed,  t ypes r ecommended by met al  
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wal l  panel  manuf act ur er .

Er ect  wal l  panel  syst em i n accor dance wi t h t he appr oved er ect i on dr awi ngs,  
t he pr i nt ed i nst r uct i ons and saf et y pr ecaut i ons of  t he manuf act ur er .

Sheet s ar e not  t o be subj ect ed t o over l oadi ng,  abuse,  or  undue i mpact .   
Bent ,  chi pped,  or  def ect i ve sheet s shal l  not  be appl i ed.

Sheet s must  be er ect ed t r ue and pl umb and i n exact  al i gnment  wi t h t he 
hor i zont al  and ver t i cal  edges of  t he bui l di ng,  secur el y anchor ed,  and wi t h 
t he i ndi cat ed eave,  and si l l .

Wor k i s t o al l ow f or  t her mal  movement  of  t he wal l  panel ,  movement  of  t he 
bui l di ng st r uct ur e,  and t o pr ovi de per manent  f r eedom f r om noi se due t o 
wi nd pr essur e.

Fi el d cut t i ng met al  wal l  panel s by t or ch i s not  per mi t t ed.

3. 4   FASTENER I NSTALLATI ON

Anchor  met al  wal l  panel s and ot her  component s of  t he Wor k secur el y i n 
pl ace,  usi ng manuf act ur er ' s appr oved f ast ener s accor di ng t o manuf act ur er ' s 
wr i t t en i nst r uct i ons.

3. 5   FLASHI NG,  TRI M AND CLOSURE I NSTALLATI ON

3. 5. 1   Gener al  Requi r ement s

Compl y wi t h per f or mance r equi r ement s,  manuf act ur er ' s wr i t t en i nst al l at i on 
i nst r uct i ons,  and SMACNA 1793.   Pr ovi de conceal ed f ast ener s wher e 
possi bl e,  and set  uni t s t r ue t o l i ne and l evel  as i ndi cat ed.   I nst al l  wor k 
wi t h l aps,  j oi nt s,  and seams t hat  wi l l  be per manent l y wat er t i ght  and 
weat her  r esi st ant .

Sheet  met al wor k i s t o be accompl i shed t o f or m weat her - t i ght  const r uct i on 
wi t hout  waves,  war ps,  buckl es,  f ast eni ng st r esses or  di st or t i on,  and al l ow 
f or  expansi on and cont r act i on.   Cut t i ng,  f i t t i ng,  dr i l l i ng,  and ot her  
oper at i ons i n connect i on wi t h sheet  met al  r equi r ed t o accommodat e t he wor k 
of  ot her  t r ades i s t o be per f or med by sheet  met al  mechani cs.

3. 5. 2   Met al  Fl ashi ng

Exposed met al  f l ashi ng i s t o be i nst al l ed at  bui l di ng cor ner s,  s i l l s  and 
eaves,  j unct i ons bet ween met al  s i di ng and wal l i ng.

Exposed met al  f l ashi ng i s t o be t he same mat er i al ,  col or ,  and f i ni sh as 
t he speci f i ed met al  wal l  panel .

Fl ashi ng i s t o be f ast ened at  not  mor e t han 8 i nches on cent er ,  except  
wher e f l ashi ng ar e hel d i n pl ace by t he same scr ews t hat  secur e cover i ng 
sheet s.

Fl ashi ng i s t o be f ur ni shed i n at  l east  8 f oot  l engt hs.   Exposed f l ashi ng 
i s t o have 1 i nch l ocked and bl i nd- sol der ed end j oi nt s,  and expansi on 
j oi nt s at  i nt er val s of  not  mor e t han 16 f eet .

Exposed f l ashi ng and f l ashi ng subj ect  t o r ai n penet r at i on t o be bedded i n 
t he speci f i ed j oi nt  seal ant .
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Fl ashi ng whi ch i s i n cont act  wi t h di ssi mi l ar  met al s t o be i sol at ed by 
means of  t he speci f i ed asphal t  mast i c mat er i al  t o pr event  el ect r ol yt i c 
det er i or at i on.

Dr i ps t o be f or med t o t he pr of i l e i ndi cat ed,  wi t h t he edge f ol ded back  
1/ 2 i nch t o f or m a r ei nf or ced dr i p edge.

3. 5. 3   Cl osur es

I nst al l  met al  c l osur e st r i ps at  open ends of  cor r ugat ed or  r i bbed pat t er n 
wal l s,  and at  i nt er sect i on of  wal l  and wal l  unl ess open ends ar e conceal ed 
wi t h f or med eave f l ashi ng;  and i n ot her  r equi r ed ar eas.

I nst al l  mast i c c l osur e st r i ps at  i nt er sect i on of  t he wal l  wi t h met al  
wal l i ng;  t op and bot t om of  met al  s i di ng;  heads of  wal l  openi ngs;  and i n 
ot her  r equi r ed l ocat i ons.

3. 6   WORKMANSHI P

Make l i nes,  ar i ses,  and angl es shar p and t r ue.   Fr ee exposed sur f aces f r om 
vi s i bl e wave,  war p,  buckl e,  and t ool  mar ks.   Fol d back exposed edges 
neat l y t o f or m a  1/ 2 i nch hem on t he conceal ed si de.   Make sheet  met al  
exposed t o t he weat her  wat er t i ght  wi t h pr ovi s i ons f or  expansi on and 
cont r act i on.

Make sur f aces t o r ecei ve sheet  met al  pl umb and t r ue,  c l ean,  even,  smoot h,  
dr y,  and f r ee of  def ect s and pr oj ect i ons whi ch mi ght  af f ect  t he 
appl i cat i on.   For  i nst al l at i on of  i t ems not  shown i n det ai l  or  not  cover ed 
by speci f i cat i ons conf or m t o t he appl i cabl e r equi r ement s of  SMACNA 1793.   
Pr ovi de sheet  met al  f l ashi ng i n t he angl es f or med wher e r oof  decks abut  
wal l s,  cur bs,  vent i l at or s,  pi pes,  or  ot her  ver t i cal  sur f aces and wher ever  
i ndi cat ed and necessar y t o make t he wor k wat er t i ght .

3. 7   ACCEPTANCE PROVI SI ONS

3. 7. 1   Er ect i on Tol er ances

Er ect  met al  wal l  panel s st r ai ght  and t r ue wi t h pl umb ver t i cal  l i nes 
cor r ect l y l apped and secur ed i n accor dance wi t h t he manuf act ur er ' s wr i t t en 
i nst r uct i ons.   Hor i zont al  l i nes must  not  var y mor e t han  1/ 8 i nch i n 40 
f eet .

3. 7. 2   Leakage Test s

I nspect  and t est  f i ni shed appl i cat i on of  met al  wal l  panel s when di r ect ed 
t o do so by t he Cont r act i ng Of f i cer .   I nspect i on and t est s must  be 
conduct ed wi t hout  cost  t o t he Gover nment .

I nspect i on and t est i ng i s t o be made pr ompt l y af t er  er ect i on t o per mi t  
cor r ect i on of  def ect s and t he r emoval  and r epl acement  of  def ect i ve 
mat er i al s.

3. 7. 3   Repai r s t o Fi ni sh

Scr at ches,  abr asi ons,  and mi nor  sur f ace def ect s of  f i ni sh may be r epai r ed 
wi t h t he speci f i ed r epai r  mat er i al s.   Fi ni shed r epai r ed sur f aces must  be 
uni f or m and f r ee f r om var i at i ons of  col or  and sur f ace t ext ur e.

Repai r ed met al  sur f aces t hat  ar e not  accept abl e t o t he pr oj ect  
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r equi r ement s ar e t o be i mmedi at el y r emoved and r epl aced wi t h new mat er i al .

3. 7. 4   Pai nt - Fi ni sh Met al  Si di ng

Pai nt - f i ni sh met al  s i di ng wi l l  be t est ed f or  col or  st abi l i t y  by t he 
Cont r act i ng Of f i cer  dur i ng t he manuf act ur er ' s speci f i ed guar ant ee per i od.

Panel s t hat  i ndi cat e col or  changes,  f adi ng,  or  sur f ace degr adat i on,  
det er mi ned by v i sual  exami nat i on,  must  be r emoved and r epl aced wi t h new 
panel s at  no expense t o t he Gover nment .

New panel s wi l l  be subj ect  t o t he speci f i ed t est s f or  an addi t i onal  year  
f r om t he dat e of  t hei r  i nst al l at i on.

3. 8   CLEAN- UP AND DI SPOSAL

Cl ean al l  exposed sheet  met al  wor k at  compl et i on of  i nst al l at i on.   Remove 
met al  shavi ngs,  f i l i ngs,  nai l s,  bol t s,  and wi r es f r om wor k ar ea.   Remove 
gr ease and oi l  f i l ms,  excess seal ant s,  handl i ng mar ks,  cont ami nat i on f r om 
st eel  wool ,  f i t t i ngs and dr i l l i ng debr i s and scr ub t he wor k c l ean.   
Exposed met al  sur f aces t o be f r ee of  dent s,  cr eases,  waves,  scr at ch mar ks,  
sol der  or  wel d mar ks,  and damage t o t he f i ni sh coat i ng.

Col l ect  and pl ace scr ap/ wast e mat er i al s i n cont ai ner s.   Pr ompt l y di spose 
of  demol i shed mat er i al s.   Do not  al l ow demol i shed mat er i al s t o accumul at e 
on- si t e;  t r anspor t  demol i shed mat er i al s f r om gover nment  pr oper t y and 
l egal l y di spose of  t hem.

        - -  End of  Sect i on - -
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SECTI ON 07 60 00

FLASHI NG AND SHEET METAL
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 90. 1 -  I P ( 2019)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 2/ D1. 2M ( 2014;  Er r at a 1 2014;  Er r at a 2 2020)  
St r uct ur al  Wel di ng Code -  Al umi num

ASTM I NTERNATI ONAL ( ASTM)

ASTM A308/ A308M ( 2010)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Ter ne ( Lead- Ti n Al l oy)  Coat ed by 
t he Hot  Di p Pr ocess

ASTM A480/ A480M ( 2023a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  Fl at - Rol l ed St ai nl ess and 
Heat - Resi st i ng St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A792/ A792M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  55% Al umi num- Zi nc Al l oy- Coat ed by 
t he Hot - Di p Pr ocess

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B69 ( 2021)  St andar d Speci f i cat i on f or  Rol l ed 
Zi nc

ASTM B101 ( 2022)  St andar d Speci f i cat i on f or  
Lead- Coat ed Copper  Sheet  and St r i p f or  
Bui l di ng Const r uct i on

ASTM B209/ B209M ( 2021a)  St andar d Speci f i cat i on f or  
Al umi num and Al umi num- Al l oy Sheet  and Pl at e

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
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and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM B370 ( 2022)  St andar d Speci f i cat i on f or  Copper  
Sheet  and St r i p f or  Bui l di ng Const r uct i on

ASTM D41/ D41M ( 2011;  R 2016)  St andar d Speci f i cat i on f or  
Asphal t  Pr i mer  Used i n Roof i ng,  
Damppr oof i ng,  and Wat er pr oof i ng

ASTM D226/ D226M ( 2017)  St andar d Speci f i cat i on f or  
Asphal t - Sat ur at ed Or gani c Fel t  Used i n 
Roof i ng and Wat er pr oof i ng

ASTM D2244 ( 2021)  St andar d Pr act i ce f or  Cal cul at i on 
of  Col or  Tol er ances and Col or  Di f f er ences 
f r om I nst r ument al l y Measur ed Col or  
Coor di nat es

ASTM D4214 ( 2007;  R 2015)  St andar d Test  Met hod f or  
Eval uat i ng t he Degr ee of  Chal k i ng of  
Ext er i or  Pai nt  Fi l ms

ASTM D4586/ D4586M ( 2007;  R 2018)  Asphal t  Roof  Cement ,  
Asbest os- Fr ee

ASTM E1980 ( 2011;  R 2019)  St andar d Pr act i ce f or  
Cal cul at i ng Sol ar  Ref l ect ance I ndex of  
Hor i zont al  and Low- Sl oped Opaque Sur f aces

ASTM E2112 ( 2023)  St andar d Pr act i ce f or  I nst al l at i on 
of  Ext er i or  Wi ndows,  Door s and Skyl i ght s

COOL ROOF RATI NG COUNCI L ( CRRC)

ANSI / CRRC S100 ( 2016)  St andar d Test  Met hods f or  
Det er mi ni ng Radi at i ve Pr oper t i es of  
Mat er i al s

NATI ONAL ROOFI NG CONTRACTORS ASSOCI ATI ON ( NRCA)

NRCA 0429 ( 2022)  The NRCA Roof i ng Manual :   
Ar chi t ect ur al  Met al  Fl ashi ng,  Condensat i on 
and Ai r  Leakage Cont r ol  and Rer oof i ng

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1793 ( 2012)  Ar chi t ect ur al  Sheet  Met al  Manual ,  
7t h Edi t i on

SI NGLE PLY ROOFI NG I NDUSTRY ( SPRI )

ANSI / SPRI  RD- 1 ( 2019)  Per f or mance St andar d f or  Ret r of i t  
Dr ai ns

1. 2   GENERAL REQUI REMENTS

Fi ni shed sheet  met al  assembl i es must  f or m a weat her t i ght  encl osur e wi t hout  
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waves,  war ps,  buckl es,  f ast eni ng st r esses or  di st or t i on,  whi l e al l owi ng 
f or  expansi on and cont r act i on wi t hout  damage t o t he syst em.   The sheet  
met al  i nst al l er  i s  r esponsi bl e f or  cut t i ng,  f i t t i ng,  dr i l l i ng,  and ot her  
oper at i ons i n connect i on wi t h sheet  met al  modi f i cat i ons r equi r ed t o 
accommodat e t he wor k of  ot her  t r ades.   Coor di nat e i nst al l at i on of  sheet  
met al  i t ems used i n conj unct i on wi t h r oof i ng wi t h r oof i ng wor k t o per mi t  
cont i nuous,  uni nt er r upt ed r oof i ng oper at i ons.

1. 2. 1   Gener al  Mat er i al  Requi r ement s

Al l  mat er i al s speci f i ed i n t hi s Sect i on i nst al l ed i n conj unct i on wi t h t he 
r oof i ng syst em must  be pr ovi ded by t he r oof i ng syst em manuf act ur er ,  or  by 
a manuf act ur er  appr oved by t he r oof i ng syst em manuf act ur er  f or  use i n t he 
r oof i ng syst em,  and must  f or m a par t  of  t he War r ant y as r equi r ed by t he 
appl i cabl e r oof i ng syst em Sect i on.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Exposed Sheet  Met al  Cover i ngs;  G,  RO

Gut t er s;  G,  RO

Downspout s;  G,  RO

Expansi on Joi nt s;  G,  RO

Gr avel  St ops and f asci a;  G,  RO
Fl ashi ng f or  Roof  Dr ai ns;  G,  RO
Base Fl ashi ng;  G

Count er f l ashi ng;  G,  RO

Fl ashi ng at  Roof  Penet r at i ons and Equi pment  Suppor t s;  G,  RO

Open Val l ey Fl ashi ng;  G,  RO

Eave Fl ashi ng;  G,  RO

Recycl ed Cont ent ;  S

SD- 03 Pr oduct  Dat a

Cool  Roof  Dat a;  G,  RO

SD- 04 Sampl es

Fi ni sh Sampl es;  G,  RO

SD- 07 Cer t i f i cat es
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War r ant y on Fi ni shes;  G,  RO

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst r uct i ons f or  I nst al l at i on;  G,  RO

Qual i t y Cont r ol  Pl an;  G,  RO

SD- 10 Oper at i on and Mai nt enance Dat a

Cl eani ng and Mai nt enance;  G,  RO

1. 4   MI SCELLANEOUS REQUI REMENTS

1. 4. 1   Pr oduct  Dat a

I ndi cat e t hi cknesses,  di mensi ons,  f ast eni ngs,  anchor i ng met hods,  expansi on 
j oi nt s,  and ot her  pr ovi s i ons necessar y f or  t her mal  expansi on and 
cont r act i on.   Scal ed manuf act ur er ' s cat al og dat a may be submi t t ed f or  
f act or y f abr i cat ed i t ems.

1. 4. 2   Fi ni sh Sampl es 

Submi t  t wo col or  char t s and t wo f i ni sh sampl e chi ps f r om manuf act ur er ' s 
st andar d col or  and f i ni sh opt i ons f or  each t ype of  f i ni sh i ndi cat ed.

1. 4. 3   Oper at i on and Mai nt enance Dat a

Submi t  det ai l ed i nst r uct i ons f or  i nst al l at i on and qual i t y cont r ol  dur i ng 
i nst al l at i on,  c l eani ng and mai nt enance,  f or  each t ype of  assembl y 
i ndi cat ed.

1. 5   DELI VERY,  HANDLI NG,  AND STORAGE

Package and pr ot ect  mat er i al s dur i ng shi pment .   Uncr at e and i nspect  
mat er i al s f or  damage,  dampness,  and wet - st or age st ai ns upon del i ver y t o 
t he j ob s i t e.   Remove f r om t he si t e and r epl ace damaged mat er i al s t hat  
cannot  be r est or ed t o l i ke- new condi t i on.   Handl e sheet  met al  i t ems t o 
avoi d damage t o sur f aces,  edges,  and ends.   St or e mat er i al s i n dr y,  
weat her - t i ght ,  vent i l at ed ar eas unt i l  i nst al l at i on.

PART 2   PRODUCTS

2. 1   RECYCLED CONTENT

Pr ovi de pr oduct s wi t h r ecycl ed cont ent .   Pr ovi de dat a f or  each pr oduct  
wi t h r ecycl ed cont ent ,  i dent i f y i ng per cent age of  r ecycl ed cont ent .

2. 2   MATERI ALS

Use any met al  l i s t ed by NRCA 0429 or  SMACNA 1793 f or  a par t i cul ar  i t em,  
unl ess ot her wi se i ndi cat ed.   Pr ovi de mat er i al s and conf i gur at i ons i n 
accor dance wi t h NRCA 0429 or  SMACNA 1793 f or  each mat er i al ,  whi l e al so 
meet i ng t he mi ni mum t hi ckness r equi r ement s speci f i ed i n t hi s Sect i on.   
Di f f er ent  i t ems need not  be of  t he same met al ,  except  t hat  cont act  bet ween 
di ssi mi l ar  met al s must  be avoi ded.

Pr ovi de sheet  met al  i t ems i n 8 t o 10 f oot  l engt hs.   Si ngl e pi eces l ess t han
 8 f eet  l ong may be used t o connect  t o f act or y- f abr i cat ed i nsi de and 

SECTI ON 07 60 00  Page 4



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

out si de cor ner s,  and at  ends of  r uns.   Fact or y f abr i cat e cor ner  pi eces 
wi t h mi ni mum 12 i nch l egs.   Pr ovi de accessor i es and ot her  i t ems essent i al  
t o compl et e t he sheet  met al  i nst al l at i on.   Pr ovi de accessor i es made of  t he 
same or  compat i bl e mat er i al s as t he i t ems t o whi ch t hey ar e appl i ed.  
Fabr i cat e sheet  met al  i t ems of  t he mat er i al s speci f i ed bel ow and t o t he 
gage,  t hi ckness,  or  wei ght  shown i n Tabl e I  at  t he end of  t hi s sect i on.   
Pr ovi de sheet  met al  i t ems wi t h mi l l  f i ni sh unl ess speci f i ed ot her wi se.   
Wher e mor e t han one mat er i al  i s  l i s t ed f or  a par t i cul ar  i t em i n Tabl e I ,  
each i s accept abl e and may be used,  except  as f ol l ows:

2. 2. 1   Exposed Sheet  Met al  I t ems

Pr ovi de exposed sheet  met al  i t ems of  t he same mat er i al .   Consi der  t he 
f ol l owi ng as exposed sheet  met al :   gut t er s,  i ncl udi ng hanger s;  downspout s;  
gr avel  st ops and f asci a;  cap,  val l ey,  st eeped,  base,  and eave f l ashi ngs 
and r el at ed accessor i es.

2. 2. 2   Dr ai nage

Do not  use copper  f or  an exposed i t em i f  dr ai nage f r om t hat  i t em wi l l  pass 
over  exposed masonr y,  st onewor k or  ot her  met al  sur f aces.   I n addi t i on t o 
t he met al s l i s t ed i n Tabl e I ,  l ead- coat ed copper  may be used f or  such 
i t ems.

2. 2. 3   Copper ,  Sheet  and St r i p

Pr ovi de i n accor dance wi t h ASTM B370,  col d- r ol l ed t emper ,  H 00 ( st andar d) .

2. 2. 4   Lead- Coat ed Copper  Sheet

Pr ovi de i n accor dance wi t h ASTM B101.

2. 2. 5   Lead Sheet

Pr ovi de i n a mi ni mum wei ght  of  4 pounds per  squar e f oot .

2. 2. 6   St eel  Sheet ,  Zi nc- Coat ed ( Gal vani zed)

Pr ovi de i n accor dance wi t h ASTM A653/ A653M,  a mi ni mum of  24 gauge,  and a 
mi ni mum zi nc coat  wei ght i ng of  90 ounces per  squar e f eet .

2. 2. 7   Zi nc Sheet  and St r i p

Pr ovi de i n accor dance wi t h ASTM B69,  Type I ,  a mi ni mum of  0. 024 i nch t hi ck.

2. 2. 8   St eel  Sheet ,  Al umi num Zi nc- Coat ed

Pr ovi de i n accor dance wi t h ASTM A792/ A792M,  a mi ni mum of  24 gauge.

2. 2. 9   St ai nl ess St eel

Pr ovi de i n accor dance wi t h ASTM A480/ A480M,  Type 302 or  304,  2D Fi ni sh,  
f ul l y  anneal ed,  dead- sof t  t emper ,  a mi ni mum of  24 gauge.

2. 2. 10   Ter ne- Coat ed St eel

Pr ovi de i n accor dance wi t h ASTM A308/ A308M,  a mi ni mum of  14 by 20 i nch 
wi t h mi ni mum of  40 pound coat i ng per  doubl e base box.   ASTM A308/ A308M.
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2. 2. 11   Al umi num Al l oy Sheet  and Pl at e

Pr ovi de i n accor dance wi t h ASTM B209/ B209M anodi zed cl ear  f or m al l oy,  and 
t emper  appr opr i at e f or  use.   Pr ovi de mat er i al  not  l ess t han 0. 065- i n i n 
t hi ckness.

2. 2. 12   Fi ni shes

Pr ovi de exposed ext er i or  sheet  met al  and al umi num wi t h a baked on,  f act or y 
appl i ed coi l  f l uor opol ymer  col or  coat i ng or  appr oved equal  s i l i coni zed 
pol yest er  coat i ng.   Dr y f i l m t hi ckness of  coat i ngs must  be 0. 8 t o 1. 3 mi l s.   
Col or  t o be sel ect ed f r om manuf act ur er ' s f ul l  r ange of  " cool  r oof "  col or  
choi ces.   Fi el d appl i cat i ons of  col or  coat i ngs ar e pr ohi bi t ed and wi l l  be 
r ej ect ed.

2. 2. 12. 1   War r ant y on Fi ni shes

Pr ovi de a manuf act ur er ' s war r ant y t o r epai r ,  or  r epl ace,  sheet  met al  
f l ashi ng and t r i m t hat  shows evi dence of  det er i or at i on of  f act or y- appl i ed 
f i ni shes wi t hi n 20 year s f r om dat e of  pr oj ect  subst ant i al  compl et i on.   
Det er i or at i on i ncl udes t he f ol l owi ng:

a.   Col or  f adi ng mor e t han 5 Del t a E uni t s when t est ed i n accor dance wi t h 
ASTM D2244.

b.   Chal k i ng i n excess of  a No.  8 r at i ng when t est ed i n accor dance wi t h 
ASTM D4214.

c.   Cr acki ng,  checki ng,  peel i ng,  or  f ai l ur e of  pai nt  t o adher e t o bar e 
met al .

2. 2. 13   Cool  Roof  Fi ni shes

Pr ovi de r oof  f i ni shes havi ng a mi ni mum 3- year  aged sol ar  r ef l ect ance of  
0. 55,  and a mi ni mum 3- year  aged t her mal  emi t t ance of  0. 75 when t est ed i n 
accor dance wi t h ANSI / CRRC S100,  or ,  a mi ni mum 3- year  aged Sol ar  
Ref l ect ance I ndex of  64 when det er mi ned i n accor dance wi t h t he Sol ar  
Ref l ect ance I ndex met hod i n ASTM E1980 usi ng a convect i on coef f i c i ent  of  
2. 1 BTU per  h f t 2,  t o compl y wi t h  ASHRAE 90. 1 -  I P.

2. 2. 14   Al umi num Al l oy,  Ext r uded Bar s,  Rods,  Shapes,  and Tubes

ASTM B221.

2. 2. 15   Sol der

Pr ovi de i n accor dance wi t h ASTM B32,  95- 5 t i n- ant i mony.

2. 2. 16   Spl ash Pans

Pr ovi de spl ash pans wher e downspout s di schar ge ont o r oof  sur f aces and at  
l ocat i ons i ndi cat ed.   Unl ess ot her wi se i ndi cat ed,  pr ovi de pans not  l ess 
t han 24 i nches l ong by 18 i nches wi de wi t h met al  r i bs acr oss bot t oms of  
pans.   Pr ovi de si des of  pans wi t h ver t i cal  baf f l es not  l ess t han one i nch 
hi gh i n t he f r ont ,  and 4 i nches hi gh i n t he back.

2. 2. 17   Bi t umi nous Pl ast i c Cement

Pr ovi de i n accor dance wi t h ASTM D4586/ D4586M,  Type I .
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2. 2. 18   Roof i ng Fel t

Pr ovi de i n accor dance wi t h ASTM D226/ D226M Type I I .

2. 2. 19   Asphal t  Pr i mer

Pr ovi de i n accor dance wi t h ASTM D41/ D41M.

2. 2. 20   Fast ener s

Use t he same met al  as,  or  a met al  compat i bl e wi t h t he i t em f ast ened.   Use 
st ai nl ess st eel  f ast ener s t o f ast en.   Conf i r m compat i bi l i t y  of  f ast ener s 
and i t ems t o be f ast ened t o avoi d gal vani c cor r osi on due t o di ssi mi l ar  
mat er i al s.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Wor kmanshi p

Make l i nes and angl es shar p and t r ue.   Fr ee exposed sur f aces f r om vi s i bl e 
wave,  war p,  buckl e,  and t ool  mar ks.   Fol d back exposed edges neat l y t o 
f or m a 1/ 2 i nch hem on t he conceal ed si de.   Make sheet  met al  exposed t o 
t he weat her  wat er t i ght  wi t h pr ovi s i ons f or  expansi on and cont r act i on.

Make sur f aces t o r ecei ve sheet  met al  pl umb and t r ue,  c l ean,  even,  smoot h,  
dr y,  and f r ee of  def ect s and pr oj ect i ons.   For  i nst al l at i on of  i t ems not  
shown i n det ai l  or  not  cover ed by speci f i cat i ons conf or m t o t he appl i cabl e 
r equi r ement s of  SMACNA 1793,  Ar chi t ect ur al  Sheet  Met al  Manual .   Pr ovi de 
sheet  met al  f l ashi ng i n t he angl es f or med wher e r oof  decks abut  wal l s,  
cur bs,  vent i l at or s,  pi pes,  or  ot her  ver t i cal  sur f aces and wher ever  
i ndi cat ed and necessar y t o make t he wor k wat er t i ght .   Joi n sheet  met al  
i t ems t oget her  as shown i n Tabl e I I .

3. 1. 2   Nai l i ng

Conf i ne nai l i ng of  sheet  met al  gener al l y t o sheet  met al  havi ng a maxi mum 
wi dt h of  18 i nches.   Conf i ne nai l i ng of  f l ashi ng t o one edge onl y.   Space 
nai l s evenl y not  over  3 i nch on cent er  and appr oxi mat el y 1/ 2 i nch f r om 
edge unl ess ot her wi se speci f i ed or  i ndi cat ed.   Face nai l i ng i s not  
per mi t t ed.   Wher e sheet  met al  i s  appl i ed t o ot her  t han wood sur f aces,  
i ncl ude i n shop dr awi ngs,  t he l ocat i ons f or  s l eeper s and nai l i ng st r i ps 
r equi r ed t o secur e t he wor k.   Secur e f l ashi ng at  one- hal f  t he nor mal  
i nt er val  t o ensur e a wi nd- r esi st ant  i nst al l at i on.

3. 1. 3   Cl eat s

Pr ovi de cl eat s f or  sheet  met al  18 i nches and over  i n wi dt h.   Space cl eat s 
evenl y not  over  12 i nches on cent er  unl ess ot her wi se speci f i ed or  
i ndi cat ed.   Unl ess ot her wi se speci f i ed,  pr ovi de cl eat s of  2 i nches wi de by 
3 i nches l ong and of  t he same mat er i al  and t hi ckness as t he sheet  met al  
bei ng i nst al l ed.   Secur e one end of  t he c l eat  wi t h t wo nai l s and t he cl eat  
f ol ded back over  t he nai l heads.   Lock t he ot her  end i nt o t he seam.   Wher e 
t he f ast eni ng i s t o be made t o concr et e or  masonr y,  use scr ews and dr i ve 
i n expansi on shi el ds set  i n concr et e or  masonr y.   Pr e- t i n c l eat s f or  
sol der ed seams.
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3. 1. 4   Bol t s,  Ri vet s,  and Scr ews

I nst al l  bol t s,  r i vet s,  and scr ews wher e i ndi cat ed or  r equi r ed.   Pr ovi de 
compat i bl e washer s wher e r equi r ed t o pr ot ect  sur f ace of  sheet  met al  and t o 
pr ovi de a wat er t i ght  connect i on.   Pr ovi de mechani cal l y f or med j oi nt s i n 
al umi num sheet s 0. 040 i nches or  l ess i n t hi ckness.

3. 1. 5   Seams

St r ai ght  and uni f or m i n wi dt h and hei ght  wi t h no sol der  showi ng on t he 
f ace.

3. 1. 5. 1   Fl at - l ock Seams

Fi ni sh not  l ess t han 3/ 4 i nch wi de.

3. 1. 5. 2   Lap Seams

Fi ni sh sol der ed seams not  l ess t han one i nch wi de.   Over l ap seams not  
sol der ed,  not  l ess t han 3 i nches.

3. 1. 5. 3   Loose- Lock Expansi on Seams

Not  l ess t han 3 i nches wi de;  pr ovi de mi ni mum one i nch movement  wi t hi n t he 
j oi nt .   Compl et el y f i l l  t he j oi nt s wi t h t he speci f i ed seal ant ,  appl i ed at  
not  l ess t han 1/ 8 i nch t hi ck bed.

3. 1. 5. 4   St andi ng Seams

Not  l ess t han one i nch hi gh,  doubl e l ocked wi t hout  sol der .

3. 1. 5. 5   Fl at  Seams

Make seams i n t he di r ect i on of  t he f l ow.

3. 1. 6   Sol der i ng

Wher e sol der i ng i s speci f i ed,  appl y t o copper ,  t er ne- coat ed st ai nl ess 
st eel ,  z i nc- coat ed st eel ,  and st ai nl ess st eel  i t ems.   Pr e- t i n edges of  
sheet  met al  bef or e sol der i ng i s begun.   Seal  t he j oi nt s i n al umi num sheet s 
of  0. 040 i nch or  l ess i n t hi ckness wi t h speci f i ed seal ant s.   Do not  sol der  
al umi num.

3. 1. 6. 1   Edges

Scr ape or  wi r e- br ush t he edges of  l ead- coat ed mat er i al  t o be sol der ed t o 
pr oduce a br i ght  sur f ace.   Fl ux br ush t he seams i n bef or e sol der i ng.   
Tr eat  wi t h sol der i ng aci d f l ux t he edges of  st ai nl ess st eel  t o be 
pr e- t i nned.   Seal  t he j oi nt s i n al umi num sheet s of  0. 040 i nch or  l ess i n 
t hi ckness wi t h speci f i ed seal ant s.   Do not  sol der  al umi num.

3. 1. 7   Wel di ng and Mechani cal  Fast eni ng

Use wel di ng f or  al umi num of  t hi ckness gr eat er  t han 0. 040 i nch.   Al umi num 
0. 040 i nch or  l ess i n t hi ckness must  be but t ed and t he space backed wi t h 
f or med f l ashi ng pl at e;  or  l ock j oi ned,  mechani cal l y f ast ened,  and f i l l ed 
wi t h seal ant  as r ecommended by t he al umi num manuf act ur er .
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3. 1. 7. 1   Wel di ng of  Al umi num

Use wel di ng of  t he i ner t  gas,  shi el d- ar c t ype.   For  pr ocedur es,  appear ance 
and qual i t y of  wel ds,  and t he met hods used i n cor r ect i ng wel di ng wor k,  
conf or m t o AWS D1. 2/ D1. 2M.

3. 1. 7. 2   Mechani cal  Fast eni ng of  Al umi num

Use No.  12,  al umi num al l oy,  sheet  met al  scr ews or  ot her  sui t abl e al umi num 
al l oy or  st ai nl ess st eel  f ast ener s.   Dr i ve f ast ener s i n hol es made wi t h a 
No.  26 dr i l l  i n secur i ng s i de l aps,  end l aps,  and f l ashi ngs.   Space 
f ast ener s 12 i nches maxi mum on cent er .   Wher e end l ap f ast ener s ar e 
r equi r ed t o i mpr ove cl osur e,  l ocat e t he end l ap f ast ener s not  mor e t han 2 
i nches f r om t he end of  t he over l appi ng sheet .

3. 1. 8   Pr ot ect i on f r om Cont act  wi t h Di ssi mi l ar  Mat er i al s

3. 1. 8. 1   Copper  or  Copper - bear i ng Al l oys

Pai nt  wi t h heavy- bodi ed bi t umi nous pai nt  sur f aces i n cont act  wi t h 
di ssi mi l ar  met al ,  or  separ at e t he sur f aces by means of  moi st ur epr oof  
bui l di ng f el t s.

3. 1. 8. 2   Al umi num

Do not  al l ow al umi num sur f aces i n di r ect  cont act  wi t h ot her  met al s except  
st ai nl ess st eel ,  z i nc,  or  z i nc coat i ng.   Wher e al umi num cont act s anot her  
met al ,  pai nt  t he di ssi mi l ar  met al  wi t h a pr i mer  f ol l owed by t wo coat s of  
al umi num pai nt .   Wher e dr ai nage f r om a di ssi mi l ar  met al  passes over  
al umi num,  pai nt  t he di ssi mi l ar  met al  wi t h a non- l ead pi gment ed pai nt .   
Al umi num may be used over  concr et e const r uct i on,  pr ovi ded t hat  r equi r ed 
r egl et s ar e of  st ai nl ess st eel  and al umi num sur f ace i n cont act  wi t h 
concr et e or  masonr y i s coat ed wi t h bi t umi nous pai nt  or  z i nc chr omat e 
pr i mer .

3. 1. 8. 3   Met al  Sur f aces

Pai nt  sur f aces i n cont act  wi t h mor t ar ,  concr et e,  or  ot her  masonr y 
mat er i al s wi t h al kal i - r esi st ant  coat i ngs such as heavy- bodi ed bi t umi nous 
pai nt .

3. 1. 8. 4   Wood or  Ot her  Absor pt i ve Mat er i al s

Pai nt  sur f aces t hat  may become r epeat edl y wet  and i n cont act  wi t h met al  
wi t h t wo coat s of  al umi num pai nt  or  a coat  of  heavy- bodi ed bi t umi nous 
pai nt .

3. 1. 9   Expansi on and Cont r act i on

Pr ovi de expansi on and cont r act i on j oi nt s at  not  mor e t han 32 f oot  
i nt er val s f or  al umi num and at  not  mor e t han 40 f oot  i nt er val s f or  ot her  
met al s.   Pr ovi de an addi t i onal  j oi nt  wher e t he di st ance bet ween t he l ast  
expansi on j oi nt  and t he end of  t he cont i nuous r un i s mor e t han hal f  t he 
r equi r ed i nt er val .   Space j oi nt s evenl y.   Joi n ext r uded al umi num gr avel  
st ops and f asci a by expansi on and cont r act i on j oi nt s spaced not  mor e t han 
12 f eet  apar t .
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3. 1. 10   Base Fl ashi ng

Ext end up ver t i cal  sur f aces of  t he f l ashi ng not  l ess t han 8 i nches and not  
l ess t han 4 i nches under  t he r oof  cover i ng.   Wher e f i ni sh wal l  cover i ngs 
f or m a count er f l ashi ng,  ext end t he ver t i cal  l eg of  t he f l ashi ng up behi nd 
t he appl i ed wal l  cover i ng not  l ess t han 6 i nches.   Over l ap t he f l ashi ng 
st r i ps wi t h t he pr evi ousl y l ai d f l ashi ng not  l ess t han 3 i nches.   Fast en 
t he st r i ps at  t hei r  upper  edge t o t he deck.   Hor i zont al  f l ashi ng at  
ver t i cal  sur f aces must  ext end ver t i cal l y above t he r oof  sur f ace and 
f ast ened at  t hei r  upper  edge t o t he deck a mi ni mum of  6 i nches on cent er  
wi t h hex headed,  gal vani zed shi el ded scr ews a mi ni mum of  2 i nch l ap of  any 
sur f ace.   Sol der  end l aps and pr ovi de f or  expansi on and cont r act i on.   
Ext end t he met al  f l ashi ng over  cr i cket s at  t he up- sl ope si de of  ver t i cal  
sur f aces ext endi ng t hr ough sl opi ng r oof s,  t he met al  f l ashi ngs.   Ext end t he 
met al  f l ashi ngs ont o t he r oof  cover i ng not  l ess t han 4. 5 i nches at  t he 
l ower  s i de of  ver t i cal  sur f aces ext endi ng t hr ough t he r oof  decks.   I nst al l  
and f i t  t he f l ashi ngs so as t o be compl et el y weat her t i ght .   Pr ovi de 
f act or y- f abr i cat ed base f l ashi ng f or  i nt er i or  and ext er i or  cor ner s.   Do 
not  use met al  base f l ashi ng on bui l t - up r oof i ng.

3. 1. 11   Count er f l ashi ng

Except  wher e i ndi cat ed or  speci f i ed ot her wi se,  i nser t  count er f l ashi ng i n 
r egl et s l ocat ed f r om 9 t o 10 i nches above r oof  decks,  ext end down ver t i cal  
sur f aces over  upt ur ned ver t i cal  l eg of  base f l ashi ngs not  l ess t han 3 
i nches.   Fol d t he exposed edges of  count er f l ashi ngs 1/ 2 i nch.   Wher e 
st epped count er f l ashi ngs ar e r equi r ed,  t hey may be i nst al l ed i n shor t  
l engt hs a mi ni mum 8 i nches by 8 i nches or  may be of  t he pr ef or med si ngl e 
pi ece t ype.   Pr ovi de end l aps i n count er f l ashi ngs not  l ess t han 3 i nches 
and make i t  weat her t i ght  wi t h pl ast i c cement .   Do not  make l engt hs of  
met al  count er f l ashi ngs exceed 10 f eet .   For m f l ashi ngs t o t he r equi r ed 
shapes bef or e i nst al l at i on.   Fact or y f or m cor ner s not  l ess t han 12 i nches 
f r om t he angl e.   Secur e t he f l ashi ngs i n t he r egl et s wi t h l ead wedges and 
space not  mor e t han 18 i nches apar t ;  on shor t  r uns,  pl ace wedges cl oser  
t oget her .   Fi l l  caul ked- t ype r egl et s or  r aked j oi nt s whi ch r ecei ve 
count er f l ashi ng wi t h caul k i ng compound.   Tur n up t he conceal ed edge of  
count er f l ashi ngs bui l t  i nt o masonr y or  concr et e wal l s not  l ess t han 1/ 4 
i nch and ext end not  l ess t han 2 i nches i nt o t he wal l s.   I nst al l  
count er f l ashi ng t o pr ovi de a spr i ng act i on agai nst  base f l ashi ng.

3. 1. 12   Gr avel  St ops and f asci a

Pr ef abr i cat e i n t he shapes and si zes i ndi cat ed and i n l engt hs not  l ess t han
 8 f eet .   Ext end f l ange at  l east  4 i nches ont o r oof i ng.   Pr ovi de 
pr ef abr i cat ed,  mi t er ed cor ner s i nt er nal  and ext er nal  cor ner s.   I nst al l  
gr avel  st ops and f asci a af t er  al l  pl i es of  t he r oof i ng membr ane have been 
appl i ed,  but  bef or e t he f l ood coat  of  bi t umen i s appl i ed.   Pr i me r oof  
f l ange of  gr avel  st ops and f asci a on bot h s i des wi t h an asphal t  pr i mer .   
Af t er  pr i mer  has dr i ed,  set  f l ange on r oof i ng membr ane and st r i p- i n.   Nai l  
f l ange secur el y t o wood nai l er  wi t h l ar ge- head,  bar bed- shank r oof i ng nai l s 
1. 5 i nch l ong spaced not  mor e t han 3 i nches on cent er ,  i n t wo st agger ed 
r ows.

3. 1. 12. 1   Edge St r i p

Hook t he l ower  edge of  f asci a at  l east  3/ 4 i nch over  a cont i nuous st r i p of  
t he same mat er i al  bent  out war d at  an angl e not  mor e t han 45 degr ees t o 
f or m a dr i p.   Nai l  hook st r i p t o a wood nai l er  at  6 i nches maxi mum on 
cent er .   Wher e f ast eni ng i s made t o concr et e or  masonr y,  use scr ews spaced 
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12 i nches on cent er  dr i ven i n expansi on shi el ds set  i n t he concr et e or  
masonr y.   Wher e hor i zont al  wood nai l er s ar e s l ot t ed t o pr ovi de f or  
i nsul at i on vent i ng,  i nst al l  st r i ps t o pr event  obst r uct i on of  vent  s l ot s.   
Wher e necessar y,  i nst al l  st r i ps over  1/ 16 i nch t hi ck compat i bl e spacer  or  
washer s.

3. 1. 12. 2   Joi nt s

Leave open t he sect i on ends of  gr avel  st ops and f asci a 1/ 4 i nch and backed 
wi t h a f or med f l ashi ng pl at e,  mechani cal l y f ast ened i n pl ace and l appi ng 
each sect i on end a mi ni mum of  4 i nches set  l aps i n pl ast i c cement .   Face 
nai l i ng i s not  per mi t t ed.   I nst al l  pr ef abr i cat ed al umi num gr avel  st ops and 
f asci a i n accor dance wi t h t he manuf act ur er ' s pr i nt ed i nst r uct i ons and 
det ai l s.

3. 1. 13   Gut t er s

The hung t ype of  shape i ndi cat ed and suppor t ed on under si de by br acket s 
t hat  per mi t  f r ee t her mal  movement  of  t he gut t er .   Pr ovi de gut t er s i n s i zes 
i ndi cat ed compl et e wi t h mi t er ed cor ner s,  end caps,  out l et s,  br acket s,  and 
ot her  accessor i es necessar y f or  i nst al l at i on.   Bead wi t h hemmed edge or  
r ei nf or ce t he out er  edge of  gut t er  wi t h a st i f f eni ng bar  not  l ess t han 3/ 4 
by 3/ 16 i nch of  mat er i al  compat i bl e wi t h gut t er .   Fabr i cat e gut t er s i n 
sect i ons not  l ess t han 8 f eet .   Lap t he sect i ons a mi ni mum of  one i nch i n 
t he di r ect i on of  f l ow or  pr ovi de wi t h conceal ed spl i ce pl at e 6 i nches 
mi ni mum.   Joi n t he gut t er s,  ot her  t han al umi num,  by r i vet ed and sol der ed 
j oi nt s.   Joi n al umi num gut t er s wi t h r i vet ed seal ed j oi nt s.   Pr ovi de 
expansi on- t ype sl i p j oi nt s mi dway bet ween out l et s.   I nst al l  gut t er s bel ow 
sl ope l i ne of  t he r oof  so t hat  snow and i ce can sl i de c l ear .   Suppor t  
gut t er s on adj ust abl e hanger s spaced not  mor e t han 30 i nches on cent er  or  
by c l eat s spaced not  l ess t han 36 i nches apar t .   Adj ust  gut t er s t o s l ope 
uni f or ml y t o out l et s,  wi t h hi gh poi nt s occur r i ng mi dway bet ween out l et s.   
Fabr i cat e hanger s and f ast eni ngs f r om compat i bl e met al s.

3. 1. 14   Downspout s

Space suppor t s f or  downspout s accor di ng t o t he manuf act ur er ' s 
r ecommendat i on f or  t he masonr y or  st eel  subst r at e.   Types,  shapes and 
si zes ar e i ndi cat ed.   Pr ovi de compl et e i ncl udi ng el bows and of f set s.   
Pr ovi de downspout s i n appr oxi mat el y 10 f oot  l engt hs.   Pr ovi de end j oi nt s 
t o t el escope not  l ess t han 1/ 2 i nch and l ock l ongi t udi nal  j oi nt s.   Pr ovi de 
gut t er  out l et s wi t h wi r e bal l  st r ai ner s f or  each out l et .   Pr ovi de 
st r ai ner s t o f i t  t i ght l y i nt o out l et s and be of  t he same mat er i al  used f or  
gut t er s.   Keep downspout s not  l ess t han one i nch away f r om wal l s.   Fast en 
t o t he wal l s at  t op,  bot t om,  and at  an i nt er medi at e poi nt  not  t o exceed 5 
f eet  on cent er  wi t h l eader  st r aps or  conceal ed r ack- and- pi n t ype 
f ast ener s.   For m st r aps and f ast ener s of  met al  compat i bl e wi t h t he 
downspout s.

3. 1. 14. 1   Ter mi nat i ons

Neat l y f i t  i nt o t he dr ai nage connect i on t he downspout s t er mi nat i ng i n 
dr ai nage l i nes and f i l l  t he j oi nt s wi t h a por t l and cement  mor t ar  cap 
sl oped away f r om t he downspout .   Pr ovi de downspout s t er mi nat i ng i n spl ash 
bl ocks wi t h el bow- t ype f i t t i ngs.   Pr ovi de spl ash pans as speci f i ed.

3. 1. 15   Fl ashi ng f or  Roof  Dr ai ns

Pr ovi de a 30 i nches squar e sheet  i ndi cat ed.   Taper  i nsul at i on t o dr ai n f r om
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 24 i nches out .   Set  f l ashi ng on f i ni shed f el t s i n a f ul l  bed of  asphal t  
r oof  cement ,  ASTM D4586/ D4586M.   Heavi l y coat  t he dr ai n f l ashi ng r i ng wi t h 
asphal t  r oof  cement .   Cl amp t he r oof  membr ane,  f l ashi ng sheet ,  and 
st r i ppi ng f el t  i n t he dr ai n c l ampi ng r i ng.   Secur e c l amps so t hat  f el t s 
and dr ai n f l ashi ng ar e f r ee of  wr i nkl es and f ol ds.   Ret r of i t  r oof  dr ai ns 
must  conf or m t o ANSI / SPRI  RD- 1.

3. 1. 16   Open Val l ey Fl ashi ng

Pr ovi de val l ey f l ashi ng f r ee of  l ongi t udi nal  seams,  of  wi dt h suf f i c i ent  t o 
ext end not  l ess t han 6 i nches under  t he r oof  cover i ng on each si de.   
Pr ovi de a 1/ 2 i nch f ol d on each si de of  t he val l ey f l ashi ng.   Lap t he 
sheet s not  l ess t han 6 i nches i n t he di r ect i on of  f l ow and secur e t o 
r oof i ng const r uct i on wi t h c l eat s at t ached t o t he f ol d on each si de.   Nai l  
t he t ops of  sheet s t o r oof  sheat hi ng.   Space t he cl eat s not  mor e t han 12 
i nches on cent er .   Pr ovi de exposed f l ashi ng not  l ess t han 4 i nches i n 
wi dt h at  t he t op and i ncr ease one i nch i n wi dt h f or  each addi t i onal  8 f eet  
i n l engt h.   Wher e t he sl ope of  t he val l ey i s 4. 5 i nches or  l ess per  f oot ,  
or  t he i nt er sect i ng r oof s ar e on di f f er ent  s l opes,  pr ovi de an i nver t ed 
V- j oi nt ,  one i nch hi gh,  al ong t he cent er l i ne of  t he val l ey;  and ext end t he 
edge of  t he val l ey sheet s 8 i nches under  t he r oof  cover i ng on each si de.

3. 1. 17   Eave Fl ashi ng

One pi ece i n wi dt h,  appl i ed i n 8 t o 10 f oot  l engt hs wi t h expansi on j oi nt s 
spaced as speci f i ed i n par agr aph EXPANSI ON AND CONTRACTI ON.   Pr ovi de a 3/ 4 
i nch cont i nuous f ol d i n t he upper  edge of  t he sheet  t o engage cl eat s 
spaced not  mor e t han 10 i nches on cent er .   Locat e t he upper  edge of  
f l ashi ng not  l ess t han 18 i nches f r om t he out si de f ace of  t he bui l di ng,  
measur ed al ong t he r oof  s l ope.   Fol d l ower  edge of  t he f l ashi ng over  and 
l oose- l ock i nt o a cont i nuous edge st r i p on t he f asci a.   Wher e eave 
f l ashi ng i nt er sect s met al  val l ey f l ashi ng,  secur e wi t h one i nch f l at  
l ocked j oi nt s wi t h c l eat s t hat  ar e 10 i nches on cent er .

3. 1. 18   Fl ashi ng at  Wal l  Openi ngs

I nst al l  pan f l ashi ng i n t he r ough openi ng si l l  at  al l  penet r at i ons i n t he 
ext er i or  wal l  assembl i es,  such as wi ndows,  l ouver s,  st or ef r ont s and 
cur t ai n wal l s.   Pan si l l  f l ashi ng must  have end dams at  bot h j ambs a 
mi ni mum of  2 i n hi gh and a r ear  dam of  2 i n hi gh.   Fl ashi ng must  compl y 
wi t h ASTM E2112 and SMACNA 1793.

3. 1. 19   Sheet  Met al  Cover i ng on Fl at ,  Sl oped,  or  Cur ved Sur f aces

Except  as speci f i ed or  i ndi cat ed ot her wi se,  cover  and f l ash al l  mi nor  
f l at ,  s l oped,  or  cur ved sur f aces such as cr i cket s,  bul kheads,  dor mer s and 
smal l  decks wi t h met al  sheet s of  t he mat er i al  used f or  f l ashi ng;  maxi mum 
si ze of  sheet s,  16 by 18 i nches.   Fast en sheet s t o sheat hi ng wi t h met al  
c l eat s.   Lock seams and sol der .   Lock al umi num seams as r ecommended by 
al umi num manuf act ur er .   Pr ovi de an under l ayment  of  r oof i ng f el t  f or  al l  
sheet  met al  cover i ng.

3. 1. 20   Expansi on Joi nt s

Pr ovi de expansi on j oi nt s f or  r oof s,  wal l s,  and f l oor s as speci f i ed.   
Pr ovi de expansi on j oi nt s i n cont i nuous sheet  met al  at  40 f oot  i nt er val s 
f or  copper  and st ai nl ess st eel  and at  32 f oot  i nt er val s f or  al umi num,  
al umi num gr avel  st ops and f asci a whi ch must  have expansi on j oi nt s at  not  
mor e t han 12 f oot  spaci ng.   Pr ovi de evenl y spaced j oi nt s.   Pr ovi de an 
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addi t i onal  j oi nt  wher e t he di st ance bet ween t he l ast  expansi on j oi nt  and 
t he end of  t he cont i nuous r un i s mor e t han hal f  t he r equi r ed i nt er val  
spaci ng.   Conf or m t o t he r equi r ement s of  Tabl e I .

3. 1. 20. 1   Roof  Expansi on Joi nt s

Consi st  of  cur b wi t h wood nai l i ng member s on each si de of  j oi nt ,  
bi t umi nous base f l ashi ng,  met al  count er f l ashi ng,  and met al  j oi nt  cover .   
Bi t umi nous base f l ashi ng i s speci f i ed i n Roof i ng Sect i on.   Pr ovi de 
count er f l ashi ng as speci f i ed i n par agr aph COUNTERFLASHI NG,  except  as 
f ol l ows:   Pr ovi de count er f l ashi ng wi t h ver t i cal  l eg of  sui t abl e dept h t o 
enabl e f or mi ng i nt o a hor i zont al  cont i nuous cl eat .   Secur e t he i nner  edge 
t o t he nai l i ng member .   Make t he out er  edge pr oj ect i on not  l ess t han one 
i nch f or  f l ashi ng on one si de of  t he expansi on j oi nt  and be l ess t han t he 
wi dt h of  t he expansi on j oi nt  pl us one i nch f or  f l ashi ng on t he ot her  s i de 
of  t he j oi nt .   Hook t he expansi on j oi nt  cover  over  t he pr oj ect i ng out er  
edges of  count er f l ashi ng.   Pr ovi de r oof  j oi nt  wi t h a j oi nt  cover  of  t he 
wi dt h i ndi cat ed.   Hook and l ock one edge of  t he j oi nt  cover  over  t he 
shor t er  pr oj ect i ng f l ange of  t he cont i nuous cl eat ,  and t he ot her  edge 
hooked over  and l oose l ocked wi t h t he l onger  pr oj ect i ng f l ange.   Joi nt s 
ar e speci f i ed i n Tabl e I I .

3. 1. 20. 2   Fl oor  and Wal l  Expansi on Joi nt s

Pr ovi de U- shape wi t h ext ended f l anges f or  expansi on j oi nt s i n concr et e and 
masonr y wal l s and i n f l oor  s l abs.

3. 1. 21   Fl ashi ng at  Roof  Penet r at i ons and Equi pment  Suppor t s

Pr ovi de met al  f l ashi ng f or  al l  pi pes,  duct s,  and condui t s pr oj ect i ng 
t hr ough t he r oof  sur f ace and f or  equi pment  suppor t s,  guy wi r e anchor s,  and 
si mi l ar  i t ems suppor t ed by or  at t ached t o t he r oof  deck.   

3. 1. 22   Si ngl e Pi pe Vent s

See Tabl e I ,  f oot not e ( d) .   Set  f l ange of  s l eeve i n bi t umi nous pl ast i c 
cement  and nai l  3 i nches on cent er .   Bend t he t op of  s l eeve over  and 
ext end down i nt o t he vent  pi pe a mi ni mum of  2 i nches.   For  l ong r uns or  
l ong r i ses above t he deck,  wher e i t  i s  i mpr act i cal  t o cover  t he vent  pi pe 
wi t h l ead,  use a t wo- pi ece f or med met al  housi ng.   Set  met al  housi ng wi t h a 
met al  s l eeve havi ng a 4 i nches r oof  f l ange i n bi t umi nous pl ast i c cement  
and nai l ed 3 i nches on cent er .   Ext end sl eeve a mi ni mum of  8 i nches above 
t he r oof  deck and l apped a mi ni mum of  3 i nches by a met al  hood secur ed t o 
t he vent  pi pe by a dr aw band.   Seal  t he ar ea of  hood i n cont act  wi t h vent  
pi pe wi t h an appr oved seal ant .

3. 1. 23   St epped Fl ashi ng

Pr ovi de st epped f l ashi ng wher e sl opi ng r oof s sur f aced wi t h shi ngl es abut  
ver t i cal  sur f aces.   Pl ace separ at e pi eces of  base f l ashi ng i n al t er nat e 
shi ngl e cour ses.

3. 1. 24   Thr ough Wal l  Fl ashi ng

Pr ovi de t hr ough wal l  f l ashi ng as r equi r ed i n t he appl i cabl e wal l  syst em 
Sect i ons.
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3. 2   PAI NTI NG

Touch ups i n t he f i el d may be appl i ed onl y af t er  met al  subst r at es have 
been cl eaned and pr et r eat ed i n accor dance wi t h manuf act ur er ' s wr i t t en 
i nst r uct i ons and pr oduct s.

Fi el d- pai nt  di ssi mi l ar  sheet  met al s i n cont act  t o separ at e and det er  
gal vani c i nt er act i ons.

3. 2. 1   Al umi num Sur f aces

Cl ean wi t h sol vent  and appl y one coat  of  z i nc- mol ybdat e pr i mer  and one 
coat  of  al umi num pai nt .

3. 3   CLEANI NG

Cl ean exposed sheet  met al  wor k at  compl et i on of  i nst al l at i on.   Remove 
gr ease and oi l  f i l ms,  handl i ng mar ks,  cont ami nat i on f r om st eel  wool ,  
f i t t i ngs and dr i l l i ng debr i s,  and scr ub- cl ean.   Fr ee t he exposed met al  
sur f aces of  dent s,  cr eases,  waves,  scr at ch mar ks,  and sol der  or  wel d mar ks.

3. 4   REPAI RS TO FI NI SH

Scr at ches,  abr asi ons,  and mi nor  sur f ace def ect s of  f i ni sh may be r epai r ed 
i n accor dance wi t h t he manuf act ur er ' s pr i nt ed i nst r uct i ons and as 
appr oved.  Repai r  damaged sur f aces caused by scr at ches,  bl emi shes,  and 
var i at i ons of  col or  and sur f ace t ext ur e.   Repl ace i t ems whi ch cannot  be 
r epai r ed.

3. 5   FI ELD QUALI TY CONTROL

Est abl i sh and mai nt ai n a Qual i t y Cont r ol  Pl an f or  sheet  met al  used i n 
conj unct i on wi t h r oof i ng t o assur e compl i ance of  t he i nst al l ed sheet  
met al wor k wi t h t he Cont r act  r equi r ement s.   Remove wor k t hat  i s  not  i n 
compl i ance wi t h t he Cont r act  and r epl ace or  cor r ect .   I ncl ude qual i t y 
cont r ol ,  but  not  be l i mi t ed t o,  t he f ol l owi ng:

a.   Obser vat i on of  envi r onment al  condi t i ons;  number  and ski l l  l evel  of  
sheet  met al  wor ker s;  condi t i on of  subst r at e.

b.   Ver i f i cat i on t hat  speci f i ed mat er i al  i s  pr ovi ded and i nst al l ed.

c.   I nspect i on of  sheet  met al wor k,  f or  pr oper  s i ze( s)  and t hi ckness( es) ,  
f ast eni ng and j oi ni ng,  and pr oper  i nst al l at i on.

3. 5. 1   Pr ocedur e

Submi t  f or  appr oval  pr i or  t o st ar t  of  r oof i ng wor k.   I ncl ude a checkl i st  
of  poi nt s t o be obser ved.   Document  t he act ual  qual i t y cont r ol  
obser vat i ons and i nspect i ons.   Pr ovi de a copy of  t he document at i on t o t he 
Cont r act i ng Of f i cer  at  t he end of  each day.
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TABLE I .   SHEET METAL WEI GHTS,  THI CKNESSES,  AND GAGES

Sheet  Met al  I t ems Al umi num,  i nch St ai nl ess St eel ,  
i nch

Zi nc- Coat ed St eel ,  
U. S.  St d.  Gage

Cover i ng on mi nor  f l at ,  
pi t ched or  cur ved sur f aces

. 040 . 018 -

Downspout s and l eader s . 032 . 015 24

Downspout  c l i ps and anchor s . 040 cl i p
. 125 anchor

- -

Downspout  st r aps,  2- i nch . 060 . 050 -

Fl ashi ngs:

Base . 040 . 018 24

Cap ( Count er - f l ashi ng) . 032 . 015 26

Eave - . 015 24

Bond bar r i er - . 015 -

St epped . 032 . 015 -

Val l ey . 032 . 015 -

Pi pe vent  s l eave ( d)

Gr avel  st ops and f asci a:

Ext r usi ons . 075 - -

Sheet s,  smoot h . 050 . 018 24

Gut t er s:

Gut t er  sect i on . 0510 . 0313 20

Cont i nuous cl eat . 032 . 015 24

Hanger s,  di mensi ons 1 i nch by . 080 
i nch ( c)

1 i nch by . 037 
i nch

-
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TABLE I .   SHEET METAL WEI GHTS,  THI CKNESSES,  AND GAGES

Sheet  Met al  I t ems Al umi num,  i nch St ai nl ess St eel ,  
i nch

Zi nc- Coat ed St eel ,  
U. S.  St d.  Gage

Joi nt  Cover  pl at es ( See 
Tabl e I I )

. 032 . 015 24

Spl ash pans . 040 . 018 -

( a)   Br ass.

( b)   May be l ead wei ghi ng 4 pounds per  squar e f oot .

( c)   May be pol yvi nyl  chl or i de.

( d)   2. 5 pound mi ni mum l ead sl eeve wi t h 4 i nch f l ange.   Wher e l ead sl eeve i s 
i mpr act i cal ,  r ef er  t o par agr aph SI NGLE PI PE VENTS f or  opt i onal  mat er i al .

TABLE I I .   SHEET METAL JOI NTS

TYPE OF JOI NT

I t em Desi gnat i on Copper ,  Ter ne- Coat ed 
St ai nl ess St eel ,  
Zi nc- Coat ed St eel  and 
St ai nl ess St eel

Al umi num Remar ks

Joi nt  cap f or  
bui l di ng expansi on 
seam,  cl eat ed 
j oi nt  at  r oof

1. 25 i nch si ngl e 
l ock,  st andi ng seam,  
cl eat ed

1. 25 i nch si ngl e 
l ock,  st andi ng

- -

Fl ashi ngs
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TABLE I I .   SHEET METAL JOI NTS

TYPE OF JOI NT

I t em Desi gnat i on Copper ,  Ter ne- Coat ed 
St ai nl ess St eel ,  
Zi nc- Coat ed St eel  and 
St ai nl ess St eel

Al umi num Remar ks

Base One i nch
3 i nch l ap f or  
expansi on j oi nt

One i nch f l at  
l ocked,  sol der ed;  
seal ed;  3 i nch l ap 
f or  expansi on j oi nt

Al umi num 
manuf act ur er ' s 
r ecommended har d 
set t i ng seal ant  f or  
l ocked al umi num 
j oi nt s.  Fi l l  each 
met al  expansi on 
j oi nt  wi t h a j oi nt  
seal i ng compound.

Cap- i n r egl et 3 i nch l ap 3 i nch l ap Seal  gr oove wi t h 
j oi nt  seal i ng 
compound.

Regl et s But t  j oi nt - - Seal  r egl et  gr oove 
wi t h j oi nt  seal i ng 
compound.

Eave One i nch f l at  l ocked,  
c l eat ed.  One i nch 
l oose l ocked,  seal ed 
expansi on j oi nt ,  
c l eat ed.

One i nch f l at  
l ocked,  l ocked,  
c l eat ed one i nch 
l oose l ocked,  
seal ed expansi on 
j oi nt s,  c l eat ed

Same as base 
f l ashi ng.

St epped 3 i nch l ap 3 i nch l ap - -

Val l ey 6 i nch l ap cl eat ed 6 i nch l ap cl eat ed - -

Edge st r i p But t But t - -

Gr avel  st ops:

Ext r usi ons - - But t  wi t h 1/ 2 i nch 
space

Use sheet  f l ashi ng 
beneat h and a cover  
pl at e

Sheet ,  smoot h But t  wi t h 1/ 4 i nch 
space

But t  wi t h 1/ 4 i nch 
space

Use sheet  f l ashi ng 
backup pl at e.
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TABLE I I .   SHEET METAL JOI NTS

TYPE OF JOI NT

I t em Desi gnat i on Copper ,  Ter ne- Coat ed 
St ai nl ess St eel ,  
Zi nc- Coat ed St eel  and 
St ai nl ess St eel

Al umi num Remar ks

Sheet ,  cor r ugat ed But t  wi t h 1/ 4 i nch 
space

But t  wi t h 1/ 4 i nch 
space

Use sheet  f l ashi ng 
beneat h and a cover  
pl at e or  a 
combi nat i on uni t

Gut t er s 1. 5 i nch l ap,  r i vet ed 
and sol der ed

One i nch f l at  
l ocked r i vet ed and 
seal ed

Al umi num pr oducer s 
r ecommended har d 
set t i ng seal ant  f or  
l ocked al umi num 
j oi nt s.

( a)   Pr ovi de a 3 i nch l ap el ast omer i c f l ashi ng wi t h manuf act ur er ' s r ecommended 
seal ant .

( b)   Seal  Pol yvi nyl  chl or i de r egl et  wi t h manuf act ur er ' s r ecommended seal ant .

        - -  End of  Sect i on - -
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SECTI ON 07 61 14. 00 20

STEEL STANDI NG SEAM ROOFI NG
08/ 16,  CHG 1:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN I RON AND STEEL I NSTI TUTE ( AI SI )

AI SI  SG03- 3 ( 2002;  Suppl  2001- 2004;  R 2008)  
Col d- For med St eel  Desi gn Manual  Set

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A792/ A792M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  55% Al umi num- Zi nc Al l oy- Coat ed by 
t he Hot - Di p Pr ocess

ASTM A1008/ A1008M ( 2021a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM A1011/ A1011M ( 2018a)  St andar d Speci f i cat i on f or  St eel  
Sheet  and St r i p,  Hot - Rol l ed,  Car bon,  
St r uct ur al ,  Hi gh- St r engt h Low- Al l oy,  
Hi gh- St r engt h Low- Al l oy wi t h I mpr oved 
For mabi l i t y ,  and Ul t r a- Hi gh St r engt h

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM D522/ D522M ( 2017)  Mandr el  Bend Test  of  At t ached 
Or gani c Coat i ngs

ASTM D523 ( 2014;  R 2018)  St andar d Test  Met hod f or  
Specul ar  Gl oss

ASTM D714 ( 2002;  R 2017)  St andar d Test  Met hod f or  
Eval uat i ng Degr ee of  Bl i st er i ng of  Pai nt s

ASTM D968 ( 2017)  St andar d Test  Met hods f or  Abr asi on 
Resi st ance of  Or gani c Coat i ngs by Fal l i ng 
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Abr asi ve

ASTM D1654 ( 2008;  R 2016;  E 2017)  St andar d Test  
Met hod f or  Eval uat i on of  Pai nt ed or  Coat ed 
Speci mens Subj ect ed t o Cor r osi ve 
Envi r onment s

ASTM D2244 ( 2016)  St andar d Pr act i ce f or  Cal cul at i on 
of  Col or  Tol er ances and Col or  Di f f er ences 
f r om I nst r ument al l y Measur ed Col or  
Coor di nat es

ASTM D2247 ( 2015)  Test i ng Wat er  Resi st ance of  
Coat i ngs i n 100% Rel at i ve Humi di t y

ASTM D4214 ( 2007;  R 2015)  St andar d Test  Met hod f or  
Eval uat i ng t he Degr ee of  Chal k i ng of  
Ext er i or  Pai nt  Fi l ms

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E1592 ( 2017)  St andar d Test  Met hod f or  St r uct ur al  
Per f or mance of  Sheet  Met al  Roof  and Si di ng 
Syst ems by Uni f or m St at i c Ai r  Pr essur e 
Di f f er ence

ASTM G152 ( 2013;  R 2021)  St andar d Pr act i ce f or  
Oper at i ng Open Fl ame Car bon Ar c Li ght  
Appar at us f or  Exposur e of  Nonmet al l i c  
Mat er i al s

ASTM G153 ( 2013;  R 2021)  St andar d Pr act i ce f or  
Oper at i ng Encl osed Car bon Ar c Li ght  
Appar at us f or  Exposur e of  Nonmet al l i c  
Mat er i al s

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1793 ( 2012)  Ar chi t ect ur al  Sheet  Met al  Manual ,  
7t h Edi t i on

U. S.  DEPARTMENT OF ENERGY ( DOE)

Ener gy St ar ( 1992;  R 2006)  Ener gy St ar  Ener gy 
Ef f i c i ency Label i ng Syst em ( FEMP)

1. 2   DEFI NI TI ONS

1. 2. 1   Fi el d- For med Seam

Seams of  panel s so conf i gur ed t hat  when adj acent  sheet s ar e i nst al l ed t he 
seam i s seal ed ut i l i z i ng mechani cal  or  hand seamer s.   Cr i mped ( 45 degr ee 
bend) ,  r ol l  f or med ( 180 degr ee bend) ,  doubl e r ol l  f or med ( 2 -  180 degr ee 
bends) ,  and r ol l  and l ock syst ems ar e t ypes of  f i el d- f or med seam syst ems.
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1. 2. 2   Snap Toget her  Seam

Panel s so conf i gur ed t hat  t he mal e and f emal e por t i ons of  t he seam 
i nt er l ock t hr ough t he appl i cat i on of  f oot  pr essur e or  t ampi ng wi t h a 
mal l et .   Snap- on cap conf i gur at i ons ar e a t ype of  snap t oget her  syst em.

1. 2. 3   Pr e- For med

For med t o t he f i nal ,  l ess f i el d- f or med seam,  pr of i l e and conf i gur at i on i n 
t he f act or y.

1. 2. 4   Fi el d- For med

For med t o t he f i nal ,  l ess f i el d- f or med seam,  pr of i l e and conf i gur at i on at  
t he s i t e of  wor k pr i or  t o i nst al l at i on.

1. 2. 5   Roof i ng Syst em

The r oof i ng syst em i s def i ned as t he assembl y of  r oof i ng component s,  
i ncl udi ng r oof i ng panel s,  f l ashi ng,  f ast ener s,  and accessor i es whi ch,  when 
assembl ed pr oper l y r esul t  i n a wat er t i ght  i nst al l at i on.

1. 2. 6   SSMRS

St andi ng Seam Met al  Roof  Syst em ( SSMRS)  i s abbr evi at i on of  t he ent i r e r oof  
syst em speci f i ed her ei n wi t h al l  component s and par t s comi ng f r om a si ngl e 
manuf act ur er ' s syst em.

1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Desi gn Requi r ement s

a.   Panel s must  be cont i nuous l engt hs up t o manuf act ur er ' s st andar d 
l ongest  l engt hs,  wi t h no j oi nt s or  seams,  except  wher e i ndi cat ed or  
speci f i ed.   Ri bs of  adj oi ni ng sheet s must  be i n cont i nuous cont act  
f r om eave t o r i dge.   I ndi v i dual  panel s of  snap t oget her  t ype syst ems 
must  be r emovabl e f or  r epl acement  of  damaged mat er i al .

b.   Ther e must  be no exposed or  penet r at i ng f ast ener s except  wher e shown 
on appr oved shop dr awi ngs.   Fast ener s i nt o st eel  must  be st ai nl ess 
st eel ,  z i nc cast  head,  or  cadmi um pl at ed st eel  scr ews i nser t ed i nt o 
pr edr i l l ed hol es.   Ther e must  be a mi ni mum of  t wo f ast ener s per  c l i p.   
Si ngl e f ast ener s wi l l  be al l owed when suppor t i ng st r uct ur al  member s 
ar e pr epunched or  pr edr i l l ed.

c.   Snap t oget her  t ype syst ems must  have a capi l l ar y br eak and a posi t i ve 
s i de l ap l ocki ng devi ce.   Fi el d- f or med seam t ype syst ems must  be 
mechani cal l y l ocked cl osed by t he manuf act ur er ' s l ocki ng t ool .   The 
seam must  i ncl ude a cont i nuous f act or y appl i ed seal ant  when r equi r ed 
by t he manuf act ur er  t o wi t hst and t he wi nd l oads speci f i ed.

d.   Roof  panel  anchor  c l i ps must  be conceal ed and desi gned t o al l ow f or  
l ongi t udi nal  t her mal  movement  of  t he panel s,  except  wher e speci f i c  
f i xed poi nt s ar e i ndi cat ed.   Pr ovi de f or  l at er al  t her mal  movement  i n 
panel  conf i gur at i on or  wi t h c l i ps desi gned f or  l at er al  and 
l ongi t udi nal  movement .
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1. 3. 2   Desi gn Condi t i ons

Desi gn t he syst em t o r esi st  posi t i ve and negat i ve l oads speci f i ed her ei n 
i n accor dance wi t h t he AI SI  SG03- 3.   Panel s must  suppor t  wal k i ng l oads 
wi t hout  per manent  di st or t i on or  t el egr aphi ng of  t he st r uct ur al  suppor t s.

1. 3. 2. 1   Wi nd Upl i f t

Comput e and appl y t he desi gn upl i f t  pr essur es f or  t he r oof  syst em usi ng a 
basi c wi nd speed of  108 mi l es per  hour  ( mph) .   Roof  syst em and at t achment s 
must  r esi st  t he f ol l owi ng wi nd l oads,  i n pounds per  squar e f oot  ( psf ) :

Negat i ve

a.   At  eaves 40. 1

b.   At  r akes 58. 4

c.   At  r i dge 58. 4

d.   At  bui l di ng cor ner s 58. 4

e.   At  cent r al  ar eas 40. 1

The desi gn upl i f t  f or ce f or  each connect i on assembl y must  be t hat  pr essur e 
gi ven f or  t he ar ea under  consi der at i on,  mul t i pl i ed by t he t r i but ar y l oad 
ar ea of  t he connect i on assembl y,  and mul t i pl i ed by t he appr opr i at e f act or  
of  saf et y,  as f ol l ows:

a.   Si ngl e f ast ener  i n a connect i on:   3. 0

b.   Two or  mor e f ast ener s i n each connect i on:   2. 25

1. 3. 2. 2   Roof  Li ve Loads

Loads must  be appl i ed on t he hor i zont al  pr oj ect i on of  t he r oof  st r uct ur e.   
The mi ni mum r oof  desi gn l i ve l oad must  be 20 psf .

1. 3. 2. 3   Ther mal  Movement

Syst em must  be capabl e of  wi t hst andi ng t her mal  movement  based on a 
t emper at ur e r ange of  10 degr ees F bel ow 25 degr ees F and140 degr ees F.  

1. 3. 2. 4   Def l ect i on

Panel s must  be capabl e of  suppor t i ng desi gn l oads bet ween unsuppor t ed 
spans wi t h def l ect i on of  not  gr eat er  t han L/ 180 of  t he span.

1. 3. 3   St r uct ur al  Per f or mance

The st r uct ur al  per f or mance t est  met hods and r equi r ement s of  t he St andi ng 
Seam Roof i ng Syst ems ( SSRS)  must  be i n accor dance wi t h ASTM E1592.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
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i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Roof i ng;  G,  RO

SD- 03 Pr oduct  Dat a

Roof i ng Panel s;  G,  RO

Ener gy St ar  Label  f or  St eel  Roof i ng Pr oduct ;  S

Recycl ed Cont ent  f or  St eel  Roof i ng Pr oduct ;  S

Heat  I s l and Reduct i on;  S

At t achment  Cl i ps

Cl osur es

Accessor i es

Fast ener s

Seal ant s

I nsul at i on,  i ncl udi ng Joi nt  Seal i ng Measur es f or  Vapor  Bar r i er  
Faci ng

Sampl e War r ant y Cer t i f i cat e;  G,  RO

  Submi t  f or  mat er i al s t o be pr ovi ded.   Submi t  dat a suf f i c i ent  t o 
i ndi cat e conf or mance t o speci f i ed r equi r ement s.

SD- 04 Sampl es

Roof i ng Panel

  Submi t  a 12 i nch l ong by f ul l  wi dt h sect i on of  t ypi cal  panel .

  For  col or  sel ect i on,  submi t  2 by 4 i nch met al  sampl es i n col or ,  
f i ni sh and t ext ur e speci f i ed .   

Accessor i es

  Submi t  each t ype of  accessor y i t em used i n t he pr oj ect  
i ncl udi ng,  but  not  l i mi t ed t o each t ype of  anchor  c l i p,  c l osur e,  
f ast ener ,  and l eg c l amp.

Seal ant s

I nt er medi at e Suppor t  Sect i on

  Submi t  f ul l  s i ze sampl es of  each i nt er medi at e suppor t  sect i on,  
12 i nches l ong.
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SD- 05 Desi gn Dat a

Desi gn Cal cul at i ons

SD- 06 Test  Repor t s

Fi el d I nspect i on;  G

  Submi t  manuf act ur er ' s t echni cal  r epr esent at i ve' s f i el d 
i nspect i on r epor t s as speci f i ed i n par agr aph MANUFACTURER' S FI ELD 
I NSPECTI ON.

St r uct ur al  Per f or mance Test s

Fi ni sh Test s

SD- 07 Cer t i f i cat es

Manuf act ur er ' s Techni cal  Repr esent at i ve' s Qual i f i cat i ons

St at ement  of  I nst al l er ' s Qual i f i cat i ons

  Submi t  document at i on f r om r oof i ng manuf act ur er  pr ovi ng t he 
manuf act ur er ' s t echni cal  r epr esent at i ve meet s bel ow speci f i ed 
r equi r ement s.   I ncl ude name,  addr ess,  t el ephone number ,  and 
exper i ence r ecor d.

  Submi t  document at i on pr ovi ng t he i nst al l er  i s  f act or y- t r ai ned,  
has t he speci f i ed exper i ence,  and aut hor i zed by t he manuf act ur er  
t o i nst al l  t he pr oduct s speci f i ed.

Coi l  St ock Compat i bi l i t y ;  G,  RO

  Pr ovi de cer t i f i cat i on of  coi l  compat i bi l i t y  wi t h r ol l  f or mi ng 
machi ner y t o be used f or  f or mi ng panel s wi t hout  war pi ng,  wavi ness,  
and r i ppl i ng not  par t  of  panel  pr of i l e;  t o be done wi t hout  damage,  
abr asi on or  mar ki ng of  f i ni sh coat i ng.

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst al l at i on Manual ;  G,  RO

  Submi t  manuf act ur er s pr i nt ed i nst al l at i on manual ,  i nst r uct i ons,  
and st andar d det ai l s.

SD- 11 Cl oseout  Submi t t al s

I nf or mat i on Car d

  For  each r oof i ng i nst al l at i on,  submi t  a t ypewr i t t en car d or  
phot oengr aved al umi num car d cont ai ni ng t he i nf or mat i on l i s t ed on 
For m 1 l ocat ed at  t he end of  t hi s sect i on.

War r ant y

1. 5   DESI GN CALCULATI ONS

Pr ovi de desi gn cal cul at i ons pr epar ed by a pr of essi onal  engi neer  
speci al i z i ng i n st r uct ur al  engi neer i ng ver i f y i ng t hat  syst em suppl i ed and 
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any addi t i onal  f r ami ng meet s desi gn l oad cr i t er i a i ndi cat ed.   Coor di nat e 
cal cul at i ons wi t h manuf act ur er ' s t est  r esul t s.   I ncl ude cal cul at i ons f or :

    Wi nd l oad upl i f t  desi gn pr essur e at  r oof  l ocat i ons speci f i ed i n 
par agr aph WI ND UPLI FT.

    Cl i p spaci ng and al l owabl e l oad per  c l i p.

    Fast eni ng of  c l i ps t o st r uct ur e or  i nt er medi at e suppor t s.

    I nt er medi at e suppor t  spaci ng and f r ami ng and f ast eni ng t o st r uct ur e 
when r equi r ed.

    Al l owabl e panel  span at  anchor age spaci ng i ndi cat ed.

    Saf et y f act or  used i n desi gn l oadi ng.

    Gover ni ng code r equi r ement s or  cr i t er i a.

    Edge and t er mi nat i on det ai l s.

1. 6   QUALI TY ASSURANCE

1. 6. 1   Pr er oof i ng Conf er ence

Af t er  submi t t al s ar e r ecei ved and appr oved but  bef or e r oof i ng and 
i nsul at i on wor k,  i ncl udi ng associ at ed wor k,  i s  pr ef or med,  t he Cont r act i ng 
Of f i cer ' s Repr esent at i vewi l l  Cont r act or  must  hol d a pr er oof i ng conf er ence 
t o r evi ew t he f ol l owi ng:

a.   The dr awi ngs and speci f i cat i ons

b.   Pr ocedur e f or  on si t e i nspect i on and accept ance of  t he r oof i ng 
subst r at e and per t i nent  st r uct ur al  det ai l s r el at i ng t o t he r oof i ng 
syst em

c.   Cont r act or ' s pl an f or  coor di nat i on of  t he wor k of  t he var i ous t r ades 
i nvol ved i n pr ovi di ng t he r oof i ng syst em and ot her  component s secur ed 
t o t he r oof i ng

d.   Saf et y r equi r ement s

The pr er oof i ng conf er ence must  be at t ended by t he Cont r act or  and per sonnel  
di r ect l y r esponsi bl e f or  t he r oof i ng and i nsul at i on i nst al l at i on,  
mechani cal  and el ect r i cal  wor k,  and t he r oof i ng manuf act ur er ' s t echni cal  
r epr esent at i ve.   Conf l i c t s among t hose at t endi ng t he pr er oof i ng conf er ence 
must  be r esol ved and conf i r med i n wr i t i ng bef or e r oof i ng wor k,  i ncl udi ng 
associ at ed wor k,  i s  begun.  Pr epar e wr i t t en mi nut es of  t he pr er oof i ng 
conf er ence and submi t  t o t he Cont r act i ng Of f i cer .

1. 6. 2   Manuf act ur er

The SSMRS must  be t he pr oduct  of  a met al  r oof i ng i ndust r y -  r ecogni zed 
manuf act ur er  who has been i n t he pr act i ce of  manuf act ur i ng SSMRS f or  a 
per i od of  not  l ess t han 5 year s and who has been i nvol ved i n at  l east  5 
pr oj ect s s i mi l ar  i n s i ze and compl exi t y t o t hi s pr oj ect .
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1. 6. 3   Manuf act ur er ' s Techni cal  Repr esent at i ve

The r epr esent at i ve must  have aut hor i zat i on f r om manuf act ur er  t o appr ove 
f i el d changes and be t hor oughl y f ami l i ar  wi t h t he pr oduct s and wi t h 
i nst al l at i ons i n t he geogr aphi cal  ar ea wher e const r uct i on wi l l  t ake 
pl ace.   The manuf act ur er ' s r epr esent at i ve must  be an empl oyee of  t he 
manuf act ur er  wi t h at  l east  5 year s exper i ence i n i nst al l i ng t he r oof  
syst em.   The r epr esent at i ve must  be avai l abl e t o per f or m f i el d i nspect i ons 
and at t end meet i ngs as r equi r ed her ei n,  and as r equest ed by t he 
Cont r act i ng Of f i cer .

1. 6. 4   I nst al l er ' s Qual i f i cat i ons

The r oof i ng syst em i nst al l er  must  be f act or y- t r ai ned,  appr oved by t he 
st eel  r oof i ng syst em manuf act ur er  t o i nst al l  t he syst em,  and must  have a 
mi ni mum of  t hr ee year s exper i ence as an appr oved appl i cat or  wi t h t hat  
manuf act ur er .   The appl i cat or  must  have appl i ed f i ve i nst al l at i ons of  
s i mi l ar  s i ze and scope as t hi s pr oj ect  wi t hi n t he pr evi ous 3 year s.

1. 6. 5   Si ngl e Sour ce

Roof i ng panel s,  c l i ps,  c l osur es,  and ot her  accessor i es must  be st andar d 
pr oduct s of  t he same manuf act ur er ;  must  be t he l at est  desi gn by t he 
manuf act ur er ;  and must  have been desi gned by t he manuf act ur er  t o oper at e 
as a compl et e syst em f or  t he i nt ended use.

1. 6. 6   Labor at or y Test s For  Panel  Fi ni sh

The t er m " appear ance of  base met al "  r ef er s t o t he met al  coat i ng on st eel .   
Panel s must  meet  t he f ol l owi ng t est  r equi r ement s:

a.   For mabi l i t y  Test :   When subj ect ed t o a 180 degr ee bend over  a 1/ 8 i nch 
di amet er  mandr el  i n accor dance wi t h ASTM D522/ D522M,  ext er i or  coat i ng 
f i l m may show onl y s l i ght  mi cr ochecki ng and no l oss of  adhesi on.

b.   Accel er at ed Weat her i ng Test :   Wi t hst and a weat her i ng t est  f or  a 
mi ni mum of  2000 hour s i n accor dance wi t h ASTM G152 and ASTM G153,  
Met hod 1 wi t hout  cr acki ng,  peel i ng,  bl i s t er i ng,  l oss of  adhesi on of  
t he pr ot ect i ve coat i ng,  or  cor r osi on of  t he base met al .   Pr ot ect i ve 
coat i ng t hat  can be r eadi l y r emoved f r om t he base met al  wi t h a 
penkni f e bl ade or  s i mi l ar  i nst r ument  wi l l  be consi der ed t o i ndi cat e 
l oss of  adhesi on.

c.   Chal k i ng Resi st ance:   Af t er  t he 2000- hour  weat her omet er  t est ,  ext er i or  
coat i ng may not  chal k gr eat er  t han No.  8 r at i ng when measur ed i n 
accor dance wi t h ASTM D4214 t est  pr ocedur es.

d.   Col or  Change Test :

    Af t er  t he 2000 - hour  weat her omet er  t est ,  ext er i or  coat i ng col or  change 
must  not  exceed 2 NBS uni t s when measur ed i n accor dance wi t h ASTM D2244
 t est  pr ocedur e.

e.   Sal t  Spr ay Test :   Wi t hst and a sal t  spr ay t est  f or  a mi ni mum of  1000 
hour s i n accor dance wi t h ASTM B117,  i ncl udi ng t he scr i be r equi r ement  
i n t he t est .   I mmedi at el y upon r emoval  of  t he panel  f r om t he t est ,  t he 
coat i ng must  r ecei ve a r at i ng of  10,  no bl i st er s i n f i el d as 
det er mi ned by ASTM D714;  and an aver age r at i ng of  7,  1/ 16 i nch f ai l ur e 
at  scr i be,  as det er mi ned by ASTM D1654.   Rat i ng Schedul e No.  1.
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f .   Abr asi on Resi st ance Test  f or  Col or  Coat i ng:   When subj ect ed t o t he 
f al l i ng sand t est  i n accor dance wi t h ASTM D968,  coat i ng syst em must  
wi t hst and a mi ni mum of  100 l i t er s of  sand per  mi l  t hi ckness bef or e 
appear ance of  base met al .

g.   Humi di t y Test :   When subj ect ed t o a humi di t y cabi net  t est  i n 
accor dance wi t h ASTM D2247 f or  1000 hour s,  a scor ed panel  must  show no 
si gns of  bl i s t er i ng,  cr acki ng,  cr eepage,  or  cor r osi on.

h.   Gl oss Test :   The gl oss of  t he f i ni sh must  be 30 pl us or  mi nus 5 at  an 
angl e of  60 degr ees,  when measur ed i n accor dance wi t h ASTM D523.

i .   Gl ar e Resi st ance Test :

    Sur f aces of  panel s t hat  wi l l  be exposed t o t he ext er i or  must  have a 
specul ar  r ef l ect ance of  not  mor e t han 10 when measur ed i n accor dance 
wi t h ASTM D523 at  an angl e of  85 degr ees.   Specul ar  r ef l ect ance may be 
obt ai ned wi t h st r i at i ons or  embossi ng.   Requi r ement s speci f i ed under  
FORMABI LI TY TEST wi l l  be wai ved i f  necessar y t o conf or m t o t hi s 
r equi r ement .

1. 6. 7   Shop Dr awi ng Requi r ement s

Submi t  r oof i ng dr awi ngs t o suppl ement  t he i nst r uct i ons and di agr ams.   
I ncl ude desi gn and er ect i on dr awi ngs cont ai ni ng an i somet r i c v i ew of  t he 
r oof  showi ng t he desi gn upl i f t  pr essur es and di mensi ons of  edge,  r i dge and 
cor ner  zones;  and show t ypi cal  and speci al  condi t i ons i ncl udi ng f l ashi ngs,  
mat er i al s and t hi ckness,  di mensi ons,  f i x i ng l i nes,  anchor i ng met hods,  
seal ant  l ocat i ons,  seal ant  t ape l ocat i ons,  f ast ener  l ayout ,  s i zes,  and 
spaci ng,  t er mi nat i ons,  penet r at i ons,  at t achment s,  and pr ovi s i ons f or  
t her mal  movement .   Det ai l s of  i nst al l at i on must  be i n accor dance wi t h t he 
manuf act ur er ' s St andar d I nst r uct i ons and det ai l s or  t he SMACNA 1793.   
Pr i or  t o submi t t i ng shop dr awi ngs,  have dr awi ngs r evi ewed and appr oved by 
t he manuf act ur er ' s t echni cal  engi neer i ng depar t ment .

1. 7   WARRANTY

Fur ni sh manuf act ur er ' s no- dol l ar - l i mi t  mat er i al s and wor kmanshi p war r ant y 
f or  t he r oof i ng syst em.   The war r ant y per i od must  be not  l ess t han 20 
year s f r om t he dat e of  Gover nment  accept ance of  t he wor k.   The war r ant y 
must  be i ssued di r ect l y t o t he Gover nment .   The war r ant y must  pr ovi de t hat  
i f  wi t hi n t he war r ant y per i od t he met al  r oof i ng syst em becomes 
non- wat er t i ght  or  shows evi dence of  cor r osi on,  per f or at i on,  r upt ur e or  
excess weat her i ng due t o det er i or at i on of  t he r oof i ng syst em r esul t i ng 
f r om def ect i ve mat er i al s or  i nst al l ed wor kmanshi p t he r epai r  or  
r epl acement  of  t he def ect i ve mat er i al s and cor r ect i on of  t he def ect i ve 
wor kmanshi p must  be t he r esponsi bi l i t y  of  t he r oof i ng syst em 
manuf act ur er .   Repai r s t hat  become necessar y because of  def ect i ve 
mat er i al s and wor kmanshi p whi l e r oof i ng i s under  war r ant y must  be 
per f or med wi t hi n 7 days af t er  not i f i cat i on,  unl ess addi t i onal  t i me i s 
appr oved by t he Cont r act i ng Of f i cer .   Fai l ur e t o per f or m r epai r s wi t hi n 
t he speci f i ed per i od of  t i me wi l l  const i t ut e gr ounds f or  havi ng t he 
r epai r s per f or med by ot her s and t he cost  bi l l ed t o t he manuf act ur er .   I n 
addi t i on,  pr ovi de a 2 year  cont r act or  i nst al l at i on war r ant y.

1. 8   DELI VERY,  STORAGE AND HANDLI NG

Del i ver ,  st or e,  and handl e pr ef or med panel s,  bul k r oof i ng pr oduct s and 
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ot her  manuf act ur ed i t ems i n a manner  t o pr event  damage or  def or mat i on.

1. 8. 1   Del i ver y

Pr ovi de adequat e packagi ng t o pr ot ect  mat er i al s dur i ng shi pment .   Cr at ed 
mat er i al s must  not  be uncr at ed unt i l  r eady f or  use,  except  f or  i nspect i on.  
I mmedi at el y upon ar r i val  of  mat er i al s at  t he j obsi t e,  i nspect  mat er i al s 
f or  damage,  dampness,  and st ai ni ng.   Repl ace damaged or  per manent l y 
st ai ned mat er i al s t hat  cannot  be r est or ed t o l i ke- new condi t i on wi t h 
sat i sf act or y mat er i al .   I f  mat er i al s ar e wet ,  r emove t he moi st ur e and 
r e- st ack and pr ot ect  t he panel s unt i l  used.

1. 8. 2   St or age

St ack mat er i al s on pl at f or ms or  pal l et s and cover  wi t h t ar paul i ns or  ot her  
sui t abl e weat her t i ght  cover i ng whi ch pr event s wat er  t r appi ng or  
condensat i on.   St or e mat er i al s so t hat  wat er  whi ch mi ght  have accumul at ed 
dur i ng t r ansi t  or  st or age wi l l  dr ai n of f .   Do not  st or e t he panel s i n 
cont act  wi t h mat er i al s t hat  mi ght  cause st ai ni ng,  such as mud,  l i me,  
cement ,  f r esh concr et e or  chemi cal s.   Pr ot ect  st or ed panel s f r om wi nd 
damage.

1. 8. 3   Handl i ng

Handl e mat er i al  car ef ul l y t o avoi d damage t o sur f aces,  edges and ends.

PART 2   PRODUCTS

2. 1   ROOFI NG PANELS

Pr ovi de panel s wi t h i nt er l ocki ng r i bs f or  secur i ng adj acent  sheet s and 
wi t h conceal ed cl i p f ast eni ng syst em f or  secur i ng t he r oof  cover i ng t o 
st r uct ur al  f r ami ng member s.   Fast ener s must  not  penet r at e t he panel s 
except  at  t he r i dge,  eave,  r akes,  penet r at i ons,  and end l aps.   Backi ng 
pl at es and ends of  panel s at  end l aps must  be pr edr i l l ed or  pr epunched.   
Fact or y pr epar e ends of  panel s t o be l apped by t r i mmi ng par t  of  seam,  
di e- set t i ng,  or  swagi ng ends of  panel s.   I ndi v i dual  sheet s must  be 
suf f i c i ent l y l ong t o cover  t he ent i r e l engt h of  any unbr oken r oof  s l ope 
when such sl ope i s 30 f eet  or  l ess.   Pr ovi de panel s t hat  ext end over  t wo 
or  mor e spans when l engt h of  r un exceeds 30 f eet .   Obt ai n Cont r act i ng 
Of f i cer  ( KO)  appr oval  f or  sheet s l onger  t han 30 f eet  bef or e submi t t i ng 
shop dr awi ngs.   Sheet s must  pr ovi de not  l ess t han 12 i nches of  cover age 
( wi dt h)  i n pl ace.   Pr ovi de panel s wi t h a mi ni mum cor r ugat i on hei ght  of  
1. 75 i nches ( nomi nal ) .   Make pr ovi s i ons f or  expansi on and cont r act i on at  
ei t her  r i dge or  eave,  consi st ent  wi t h t he t ype of  syst em t o be used.   For m 
panel s f r om coi l  st ock wi t hout  war pi ng,  wavi ness or  r i ppl es not  par t  of  
t he panel  pr of i l e,  and f r ee of  damage t o t he f i ni sh coat i ng syst em.

Pr ovi de st eel  r oof i ng pr oduct  t hat  i s  Ener gy St ar  l abel ed.   Pr ovi de dat a 
i dent i f y i ng Ener gy St ar  l abel  f or  st eel  r oof i ng pr oduct .   Pr ovi de sol ar  
r ef l ect ance pr oduct  wi t h an i ni t i al  sol ar  r ef l ect ance gr eat er  t han or  
equal  t o 0. 25 and a sol ar  r ef l ect ance gr eat er  t han or  equal  t o 0. 15 t hr ee 
year s af t er  i nst al l at i on under  nor mal  condi t i ons.   Pr ovi de emi t t ance and 
r ef l ect ance per cent ages,  sol ar  r ef l ect ance i ndex val ues,  and sl opes ,  t o 
meet  sust ai nabl e t hi r d par t y cer t i f i cat i on r equi r ement s f or  Heat  I s l and 
Reduct i on.
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2. 1. 1   Mat er i al

Zi nc- coat ed st eel  conf or mi ng t o ASTM A653/ A653M,  G90 coat i ng desi gnat i on 
or  al umi num- zi nc al l oy coat ed st eel  conf or mi ng t o ASTM A792/ A792M,  AZ 55 
coat i ng.   Pr ovi de mat er i al  wi t h a mi ni mum t hi ckness of  0. 023 i nch t hi ck 
( 24 gage)  mi ni mum except  when mi d f i el d of  r oof  i s subj ect  t o desi gn wi nd 
upl i f t  pr essur es of  60 psf  or  gr eat er ,  ent i r e r oof  syst em must  have a 
mi ni mum t hi ckness of  0. 030 i nch ( 22 gage) .   St eel  r oof i ng mat er i al s must  
cont ai n a mi ni mum of  30 per cent  t ot al  r ecycl ed cont ent .   Pr ovi de dat a 
i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  st eel  r oof i ng pr oduct .

2. 1. 2   Text ur e

Smoot h f i ni sh.

2. 1. 3   Fi ni sh

Fact or y col or  f i ni sh.

2. 1. 3. 1   Fact or y Col or  Fi ni sh

Pr ovi de f act or y appl i ed,  t her mal l y cur ed coat i ng t o ext er i or  and i nt er i or  
of  met al  r oof  and wal l  panel s and met al  accessor i es.   Pr ovi de ext er i or  
f i ni sh t op coat  of  70 per cent  r esi n pol yvi nyl i dene f l uor i de wi t h not  l ess 
t han 0. 8 mi l  dr y f i l m t hi ckness.   Pr ovi de ext er i or  pr i mer  st andar d wi t h 
panel  manuf act ur er  wi t h not  l ess t han 0. 8 mi l  dr y f i l m t hi ckness.   
I nt er i or  f i ni sh must  consi st  of  0. 2 mi l dr y f i l m t hi ckness pr i me coat .   
Pr ovi de ext er i or  and i nt er i or  coat i ng meet i ng t est  r equi r ement s speci f i ed 
bel ow.   Test s must  have been per f or med on t he same f act or y f i ni sh and 
t hi ckness pr ovi ded.   Pr ovi de cl ear  f act or y edge coat i ng on al l  f act or y cut  
or  unf i ni shed edges.

2. 2   I NTERMEDI ATE SUPPORTS

Fabr i cat e panel  subgi r t s,  subpur l i ns,  T- bar s,  Z- bar s and t r acks f r om 
gal vani zed st eel  conf or mi ng t o ASTM A653/ A653M,  G90,  Gr ade D (  16 gage and 
heavi er ) ,  Gr ade A (  18 gage and l i ght er ) ;  or  st eel  conf or mi ng t o 
ASTM A36/ A36M,  ASTM A1011/ A1011M ,  or  ASTM A1008/ A1008M pr i me pai nt ed wi t h 
z i nc- r i ch pr i mer .   Si ze,  shape,  t hi ckness and capaci t y as r equi r ed t o meet  
t he l oad,  i nsul at i on t hi ckness and def l ect i on cr i t er i a speci f i ed.

2. 3   ATTACHMENT CLI PS

Fabr i cat e c l i ps f r om ASTM A1011/ A1011M,  or  ASTM A1008/ A1008M st eel  hot - di p 
gal vani zed i n accor dance wi t h ASTM A653/ A653M,  G 90,  or  Ser i es 300 
st ai nl ess st eel .   Si ze,  shape,  t hi ckness and capaci t y as r equi r ed t o meet  
t he l oad,  i nsul at i on t hi ckness and def l ect i on cr i t er i a speci f i ed.

2. 4   ACCESSORI ES

Sheet  met al  f l ashi ngs,  gut t er s,  downspout s,  t r i m,  mol di ngs,  c l osur e 
st r i ps,  pr e- f or med cr i cket s,  caps,  equi pment  cur bs,  and ot her  s i mi l ar  
sheet  met al  accessor i es used i n conj unct i on wi t h pr ef or med met al  panel s 
must  be of  t he same mat er i al  as used f or  t he panel s.   Pr ovi de met al  
accessor i es wi t h a f act or y col or  f i ni sh t o mat ch t he r oof i ng panel s,  
except  t hat  such i t ems whi ch wi l l  be conceal ed af t er  i nst al l at i on may be 
pr ovi ded wi t hout  t he f i ni sh i f  t hey ar e st ai nl ess st eel .   Met al  must  be of  
a t hi ckness not  l ess t han t hat  used f or  t he panel s.   Ther mal  spacer  bl ocks 
and ot her  t her mal  bar r i er s at  conceal ed cl i p f ast ener s must  be as 
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r ecommended by t he manuf act ur er  except  t hat  wood spacer  bl ocks ar e not  
al l owed.

2. 4. 1   Cl osur es

2. 4. 1. 1   Ri b Cl osur es

Cor r osi on r esi st i ng st eel ,  c l osed- cel l  or  sol i d- cel l  synt het i c r ubber ,  
neopr ene or  pol yvi nyl  chl or i de pr e- mol ded t o mat ch conf i gur at i on of  r i b 
openi ng.   Mat er i al  f or  c l osur es must  not  absor b wat er .

2. 4. 1. 2   Ri dge Cl osur es

Met al - c l ad f oam or  met al  c l osur e wi t h f oam secondar y c l osur e mat chi ng 
panel  conf i gur at i on f or  i nst al l at i on on sur f ace of  r oof  panel  bet ween 
panel  r i bs at  r i dge and headwal l  r oof  panel  f l ashi ng condi t i ons and 
t er mi nat i ons.   Foam mat er i al  must  not  absor b wat er .

2. 4. 2   Fast ener s

Zi nc- coat ed st eel ,  cor r osi on r esi st i ng st eel ,  z i nc cast  head,  or  nyl on 
capped st eel ,  t ype and si ze speci f i ed bel ow or  as ot her wi se appr oved f or  
t he appl i cabl e r equi r ement s.   Desi gn t he f ast eni ng syst em t o wi t hst and t he 
desi gn l oads speci f i ed.   Exposed f ast ener s must  be gasket ed or  have 
gasket ed washer s on t he ext er i or  s i de of  t he cover i ng t o wat er pr oof  t he 
penet r at i on.   Washer  mat er i al  must  be compat i bl e wi t h t he cover i ng;  have a 
mi ni mum di amet er  of  3/ 8 i nch f or  st r uct ur al  connect i ons;  and gasket ed 
por t i on of  f ast ener s or  washer s must  be neopr ene or  ot her  equal l y dur abl e 
el ast omer i c mat er i al  appr oxi mat el y 1/ 8 i nch t hi ck.

2. 4. 2. 1   Scr ews

Not  smal l er  t han No.  14 di amet er  i f  sel f - t appi ng t ype and not  smal l er  t han 
No.  12 di amet er  i f  sel f - dr i l l i ng and sel f - t appi ng.

2. 4. 2. 2   Bol t s

Not  smal l er  t han 1/ 4 i nch di amet er ,  shoul der ed or  pl ai n shank as r equi r ed,  
wi t h pr oper  nut s.

2. 4. 2. 3   Aut omat i c End- Wel ded St uds

Aut omat i c end- wel ded st uds must  be shoul der ed t ype wi t h a shank di amet er  
of  not  smal l er  t han 3/ 16 i nch and cap or  nut  f or  hol di ng cover i ng agai nst  
t he shoul der .

2. 4. 2. 4   Expl osi ve Dr i ven Fast ener s

Fast ener s f or  use wi t h expl osi ve act uat ed t ool s must  have a shank di amet er  
of  not  smal l er  t han 0. 145 i nch wi t h a shank l engt h of  not  smal l er  t han 1/ 2 
i nch f or  f ast eni ng t o st eel  and not  smal l er  t han 1 i nch f or  f ast eni ng t o 
concr et e.

2. 4. 2. 5   Ri vet s

Bl i nd r i vet s must  be st ai nl ess st eel  wi t h 1/ 8 i nch nomi nal  di amet er  shank.  
Ri vet s must  be t hr eaded st em t ype i f  used f or  ot her  t han t he f ast eni ng of  
t r i m.   Ri vet s wi t h hol l ow st ems must  have cl osed ends.
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2. 4. 3   Seal ant s

El ast omer i c t ype cont ai ni ng no oi l  or  asphal t .   Exposed seal ant  must  cur e 
t o a r ubber l i ke consi st ency.   Conceal ed seal ant  must  be t he non- har deni ng 
t ype.   Seam seal ant  must  be f act or y- appl i ed,  non- ski nni ng,  non- dr yi ng,  and 
must  conf or m t o t he r oof i ng manuf act ur er ' s r ecommendat i ons.   
Si l i cone- based seal ant s must  not  be used i n cont act  wi t h f i ni shed met al  
panel s and component s unl ess appr oved ot her wi se by t he Cont r act i ng Of f i cer .

2. 4. 4   GASKETS AND I NSULATI NG COMPOUNDS

Nonabsor pt i ve and sui t abl e f or  i nsul at i ng cont act  poi nt s of  i ncompat i bl e 
mat er i al s.   I nsul at i ng compounds must  be nonr unni ng af t er  dr y i ng.

2. 5   THERMAL I NSULATI ON

Fl exi bl e bl anket ,  r i gi d,  or  semi - r i gi d f aced wi t h a f l exi bl e vapor  
r et ar der .   I nsul at i on and f aci ng must  have a f l ame- spr ead r at i ng of  50 or  
l ess i n accor dance wi t h ASTM E84.   Vapor  r et ar der  f aci ng must  have a 
per meance r at i ng of  0. 05 per m or  l ess.   Pr ovi de a t her mal  r esi st ance " R"  
val ue of  30. 0 or  mor e.     Faci ngs and f i ni shes must  be f act or y- appl i ed.

2. 6   LI NER PANELS

Fabr i cat e l i ner  panel s of  t he same mat er i al  as r oof  panel s,  and f or med or  
pat t er ned t o pr event  wavi ness and di st or t i on.   Li ner  panel s must  have a 
f act or y appl i ed,  one mi l  t hi ck mi ni mum pai nt ed coat i ng on t he i nsi de f ace 
and a pr i me coat  on t he l i ner  s i de.

PART 3   EXECUTI ON

Do not  i nst al l  bui l di ng const r uct i on mat er i al s t hat  show vi s i bl e evi dence 
of  bi ol ogi cal  gr owt h.

3. 1   EXAMI NATI ON

Exami ne sur f aces t o r ecei ve st andi ng seam met al  r oof i ng and f l ashi ng.   
Ensur e t hat  sur f aces ar e pl umb and t r ue,  c l ean,  even,  smoot h,  as dr y and 
f r ee f r om def ect s and pr oj ect i ons whi ch mi ght  af f ect  t he i nst al l at i on.

3. 2   PROTECTI ON FROM CONTACT WI TH DI SSI MI LAR MATERI ALS

3. 2. 1   Cement i t i ous Mat er i al s

Pai nt  met al  sur f aces whi ch wi l l  be i n cont act  wi t h mor t ar ,  concr et e,  or  
ot her  masonr y mat er i al s wi t h one coat  of  al kal i - r esi st ant  coat i ng such as 
heavy- bodi ed bi t umi nous pai nt .

3. 2. 2   Cont act  wi t h Wood

Wher e met al  wi l l  be i n cont act  wi t h wood or  ot her  absor bent  mat er i al  
subj ect  t o wet t i ng,  seal  j oi nt s wi t h seal i ng compound and appl y one coat  
of  heavy- bodi ed bi t umi nous pai nt .

3. 3   I NSTALLATI ON

I nst al l  i n accor dance wi t h t he appr oved manuf act ur er ' s er ect i on 
i nst r uct i ons,  shop dr awi ngs,  and di agr ams.   Panel s must  be i n f ul l  and 
f i r m cont act  wi t h at t achment  c l i ps.   Wher e pr ef i ni shed panel s ar e cut  i n 
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t he f i el d,  or  wher e any of  t he f act or y appl i ed cover i ngs or  coat i ngs ar e 
abr aded or  damaged i n handl i ng or  i nst al l at i on,  t hey must ,  af t er  necessar y 
r epai r s have been made wi t h mat er i al  of  t he same col or  as t he weat her  
coat i ng,  be appr oved bef or e bei ng i nst al l ed.   Seal  compl et el y openi ngs 
t hr ough panel s.   Cor r ect  def ect s or  er r or s i n t he mat er i al s.   Repl ace 
mat er i al s whi ch cannot  be cor r ect ed i n an appr oved manner  wi t h 
nondef ect i ve mat er i al s.   Pr ovi de mol ded cl osur e st r i ps wher e i ndi cat ed and 
wher e necessar y t o pr ovi de weat her t i ght  const r uct i on.   Use shi ms as 
r equi r ed t o ensur e at t achment  c l i p l i ne i s t r ue.   Use a spaci ng gage at  
each r ow of  panel s t o ensur e t hat  panel  wi dt h i s not  st r et ched or  
shor t ened.

3. 3. 1   Roof  Panel s

Appl y r oof i ng panel s wi t h t he st andi ng seams par al l el  t o t he s l ope of  t he 
r oof .   Pr ovi de r oof i ng panel s i n l ongest  pr act i cal  l engt hs f r om r i dge t o 
eaves ( t op t o eaves on shed r oof s) ,  wi t h no t r ansver se j oi nt s except  at  
t he j unct i on of  vent i l at or s,  cur bs,  skyl i ght s,  chi mneys,  and si mi l ar  
openi ngs.   I nst al l  f l ashi ng t o assur e posi t i ve wat er  dr ai nage away f r om 
r oof  penet r at i ons.   Locat e panel  end l aps such t hat  f ast ener s do not  
engage suppor t s or  ot her wi se r est r ai n t he l ongi t udi nal  t her mal  movement  of  
panel s.   For m f i el d- f or med seam t ype syst em seams i n t he f i el d wi t h an 
aut omat i c mechani cal  seamer  appr oved by t he manuf act ur er .   At t ach panel s 
t o t he st r uct ur e wi t h conceal ed cl i ps i ncor por at ed i nt o panel  seams.   Cl i p 
at t achment  must  al l ow r oof  t o move i ndependent l y of  t he st r uct ur e,  except  
at  f i xed poi nt s as i ndi cat ed.

3. 3. 2   I nsul at i on I nst al l at i on

I nst al l  bet ween cover i ng and suppor t i ng member s t o pr esent  a neat  
appear ance.   Fol d and st apl e and t ape seams unl ess appr oved ot her wi se by 
t he Cont r act i ng Of f i cer .

3. 3. 2. 1   Ri gi d or  Semi - Ri gi d I nsul at i on

I nst al l  i n ar eas wher e i nsul at i on i s exposed t o v i ew.   Fast en secur el y 
wi t hout  l oose j oi nt s or  unsi ght l y sags.

3. 3. 3   Fl ashi ngs

Pr ovi de f l ashi ng,  r el at ed cl osur es and accessor i es as i ndi cat ed and as 
necessar y t o pr ovi de a weat her t i ght  i nst al l at i on.   I nst al l  f l ashi ng t o 
ensur e posi t i ve wat er  dr ai nage away f r om r oof  penet r at i ons.   Fl ash and 
seal  t he r oof  at  t he r i dge,  eaves and r akes,  and pr oj ect i ons t hr ough t he 
r oof .   Pl ace cl osur e st r i ps,  f l ashi ng,  and seal i ng mat er i al  i n an appr oved 
manner  t hat  wi l l  assur e compl et e weat her t i ght ness.   Det ai l s of  
i nst al l at i on whi ch ar e not  i ndi cat ed must  be i n accor dance wi t h t he 
SMACNA 1793,  panel  manuf act ur er ' s appr oved pr i nt ed i nst r uct i ons and 
det ai l s,  or  t he appr oved shop dr awi ngs.   Al l ow f or  expansi on and 
cont r act i on of  f l ashi ng.

3. 3. 4   Fl ashi ng Fast ener s

Fast ener  spaci ngs must  be i n accor dance wi t h t he panel  manuf act ur er ' s 
r ecommendat i ons and as necessar y t o wi t hst and t he desi gn l oads i ndi cat ed.   
I nst al l  f ast ener s i n r oof  val l eys as r ecommended by t he manuf act ur er  of  
t he panel s.   I nst al l  f ast ener s i n st r ai ght  l i nes wi t hi n a t ol er ance of  1/ 2 
i nch i n t he l engt h of  a bay.  Dr i ve exposed penet r at i ng t ype f ast ener s 
nor mal  t o t he sur f ace and t o a uni f or m dept h t o seat  gasket ed washer s 
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pr oper l y and dr i ve so as not  t o damage f act or y appl i ed coat i ng.   Exer ci se 
ext r eme car e i n dr i l l i ng pi l ot  hol es f or  f ast eni ngs t o keep dr i l l s  
per pendi cul ar  and cent er ed.   Do not  dr i l l  t hr ough seal ant  t ape.   Af t er  
dr i l l i ng,  r emove met al  f i l i ngs and bur r s f r om hol es pr i or  t o i nst al l i ng 
f ast ener s and washer s.   Tor que used i n appl y i ng f ast ener s must  not  exceed 
t hat  r ecommended by t he manuf act ur er .   Remove panel s def or med or  ot her wi se 
damaged by over - t or qued f ast eni ngs,  and pr ovi de new panel s.

3. 3. 5   Ri b and Ri dge Cl osur e/ Cl osur e St r i ps

Set  c l osur e/ c l osur e st r i ps i n j oi nt  seal ant  mat er i al  and appl y seal ant  t o 
mat i ng sur f aces pr i or  t o addi ng panel .

3. 4   PROTECTI ON OF APPLI ED ROOFI NG

Do not  per mi t  st or i ng,  wal k i ng,  wheel i ng,  and t r ucki ng di r ect l y on appl i ed 
r oof i ng mat er i al s.   Pr ovi de t empor ar y wal kways,  r unways,  and pl at f or ms of  
smoot h c l ean boar ds or  pl anks as necessar y t o avoi d damage t o appl i ed 
r oof i ng mat er i al s,  and t o di st r i but e wei ght  t o conf or m t o i ndi cat ed l i ve 
l oad l i mi t s of  r oof  const r uct i on.

3. 5   CLEANI NG

Cl ean exposed sheet  met al  wor k at  compl et i on of  i nst al l at i on.   Remove 
met al  shavi ngs,  f i l i ngs,  nai l s,  bol t s,  and wi r es f r om r oof s.   Remove 
gr ease and oi l  f i l ms,  excess seal ant s,  handl i ng mar ks,  cont ami nat i on f r om 
st eel  wool ,  f i t t i ngs and dr i l l i ng debr i s and scr ub t he wor k c l ean.   
Exposed met al  sur f aces must  be f r ee of  dent s,  cr eases,  waves,  scr at ch 
mar ks,  sol der  or  wel d mar ks and damage t o t he f i ni sh coat i ng.

3. 6   MANUFACTURER' S FI ELD I NSPECTI ON

Manuf act ur er ' s t echni cal  r epr esent at i ve must  v i s i t  t he s i t e as necessar y 
dur i ng t he i nst al l at i on pr ocess t o assur e panel s,  f l ashi ngs,  and ot her  
component s ar e bei ng i nst al l ed i n a sat i sf act or y manner .   Manuf act ur er ' s 
t echni cal  r epr esent at i ve must  per f or m a f i el d i nspect i on dur i ng t he f i r st  
20 squar es of  r oof  panel  i nst al l at i on and at  subst ant i al  compl et i on pr i or  
t o i ssuance of  war r ant y,  as a mi ni mum,  and as ot her wi se r equest ed by t he 
Cont r act i ng Of f i cer .   Addi t i onal  i nspect i ons must  not  exceed one f or  100 
squar es of  t ot al  r oof  ar ea wi t h t he except i on t hat  f ol l ow- up i nspect i ons 
of  pr evi ousl y not ed def i c i enci es or  appl i cat i on er r or s must  be per f or med 
as r equest ed by t he Cont r act i ng Of f i cer .   Each i nspect i on v i s i t  must  
i ncl ude a r evi ew of  t he ent i r e i nst al l at i on t o dat e.   Af t er  each 
i nspect i on,  submi t  a r epor t ,  s i gned by t he manuf act ur er ' s t echni cal  
r epr esent at i ve,  t o t he Cont r act i ng Of f i cer  not i ng t he over al l  qual i t y of  
wor k,  def i c i enci es and any ot her  concer ns,  and r ecommended cor r ect i ve 
act i ons i n det ai l .   Not i f y Cont r act i ng Of f i cer  a mi ni mum of  2 wor ki ng days 
pr i or  t o s i t e v i s i t  by manuf act ur er ' s t echni cal  r epr esent at i ve.

3. 7   COMPLETED WORK

Compl et ed wor k must  be pl umb and t r ue wi t hout  oi l  canni ng,  dent s,  r i ppl es,  
abr asi on,  r ust ,  st ai ni ng,  or  ot her  damage det r i ment al  t o t he per f or mance 
or  aest het i cs of  t he compl et ed r oof  assembl y.

3. 8   I NFORMATI ON CARD

For  each r oof ,  pr ovi de a t ypewr i t t en car d,  l ami nat ed i n pl ast i c and f r amed 
f or  i nt er i or  di spl ay or  a phot oengr aved 0. 032 i nch t hi ck al umi num car d f or  
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ext er i or  di spl ay.   Car d t o be 8 1/ 2 by 11 i nches mi ni mum and cont ai n t he 
i nf or mat i on l i s t ed on For m 1 at  end of  t hi s sect i on.   I nst al l  car d near  
poi nt  of  access t o r oof ,  or  wher e i ndi cat ed.   .

3. 9   FORM ONE
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FORM 1  -   PREFORMED STEEL STANDI NG SEAM ROOFI NG SYSTEM COMPONENTS

1.   Cont r act  Number :

2.   Bui l di ng Number  & Locat i on:

3.   NAVFAC Speci f i cat i on Number :

4.   Deck/ Subst r at e Type:

5.   Sl opes of  Deck/ Roof  St r uct ur e:

6.   I nsul at i on Type & Thi ckness:

7.   I nsul at i on Manuf act ur er :

8.   Vapor  Ret ar der :     (  ) Yes    (  ) No

9.   Vapor  Ret ar der  Type:

10.  Pr ef or med St eel  St andi ng Seam Roof i ng Descr i pt i on:

a.   Manuf act ur er  ( Name,  Addr ess,  & Phone No. ) :
b.   Pr oduct  Name:               c.   Wi dt h:             d.   Gage:
e.   Base Met al :                 f .   Met hod of  At t achment :

11.  Repai r  of  Col or  Coat i ng:

a.   Coat i ng Manuf act ur er  ( Name,  Addr ess & Phone No. ) :
b.   Pr oduct  Name:
c.   Sur f ace Pr epar at i on:
d.   Recoat i ng For mul a:
e.   Appl i cat i on Met hod:

12.  St at ement  of  Compl i ance or  Except i on: _________________________________
__________________________________________________________________________
__________________________________________________________________________

13.  Dat e Roof  Compl et ed:

14.  War r ant y Per i od:   Fr om_______________  To_______________

15.  Roof i ng Cont r act or  ( Name & Addr ess) :

16.  Pr i me Cont r act or  ( Name & Addr ess) :

Cont r act or ' s Si gnat ur e _________________________  Dat e:

I nspect or ' s Si gnat ur e  _________________________  Dat e:

        - -  End of  Sect i on - -

SECTI ON 07 61 14. 00 20  Page 17



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

SECTI ON 07 84 00

FI RESTOPPI NG
05/ 10,  CHG 1:  08/ 13

PART 1   GENERAL

1. 1   SUMMARY

Fur ni sh and i nst al l  t est ed and l i s t ed f i r est oppi ng syst ems,  combi nat i on of  
mat er i al s,  or  devi ces t o f or m an ef f ect i ve bar r i er  agai nst  t he spr ead of  
f l ame,  smoke and gases,  and mai nt ai n t he i nt egr i t y of  f i r e r esi st ance 
r at ed wal l s,  par t i t i ons,  f l oor s,  and cei l i ng- f l oor  assembl i es,  i ncl udi ng 
t hr ough- penet r at i ons and const r uct i on j oi nt s and gaps.

a.   Thr ough- penet r at i ons i ncl ude t he annul ar  space ar ound pi pes,  t ubes,  
condui t ,  wi r es,  cabl es and vent s.

b.   Const r uct i on j oi nt s i ncl ude t hose used t o accommodat e expansi on,  
cont r act i on,  wi nd,  or  sei smi c movement ;  do not  al l ow f i r est oppi ng 
mat er i al  t o i nt er f er e wi t h t he r equi r ed movement  of  t he j oi nt .

  Gaps r equi r i ng f i r est oppi ng i ncl ude gaps bet ween t he cur t ai n wal l  and 
t he f l oor  s l ab and bet ween t he t op of  t he f i r e- r at ed wal l s and t he 
r oof  or  f l oor  deck above and at  t he i nt er sect i on of  shaf t  assembl i es 
and adj oi ni ng f i r e r esi st ance r at ed assembl i es.

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E119 ( 2022)  St andar d Test  Met hods f or  Fi r e 
Test s of  Bui l di ng Const r uct i on and 
Mat er i al s

ASTM E814 ( 2023a)  St andar d Test  Met hod f or  Fi r e 
Test s of  Penet r at i on Fi r est op Syst ems

ASTM E1399/ E1399M ( 1997;  R 2022)  St andar d Test  Met hod f or  
Cycl i c Movement  and Measur i ng t he Mi ni mum 
and Maxi mum Joi nt  Wi dt hs of  Ar chi t ect ur al  
Joi nt  Syst ems

ASTM E1966 ( 2015;  R 2019)  St andar d Test  Met hod f or  
Fi r e- Resi st i ve Joi nt  Syst ems

ASTM E2174 ( 2020a)  St andar d Pr act i ce f or  On- Si t e 
I nspect i on of  I nst al l ed Fi r est op Syst ems

ASTM E2307 ( 2023b)  St andar d Test  Met hod f or  
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Det er mi ni ng Fi r e Resi st ance of  Per i met er  
Fi r e Bar r i er  Syst ems Usi ng 
I nt er medi at e- Scal e,  Mul t i - st or y Test  
Appar at us

ASTM E2393 ( 2020a)  St andar d Pr act i ce f or  On- Si t e 
I nspect i on of  I nst al l ed Fi r e Resi st i ve 
Joi nt  Syst ems and Per i met er  Fi r e Bar r i er s

FM GLOBAL ( FM)

FM 4991 ( 2013)  Appr oval  of  Fi r est op Cont r act or s

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

UNDERWRI TERS LABORATORI ES ( UL)

UL 723 ( 2020)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

UL 1479 ( 2015;  Repr i nt  May 2021)  Fi r e Test s of  
Thr ough- Penet r at i on Fi r est ops

UL 2079 ( 2015;  Repr i nt  Jul  2020)  Test s f or  Fi r e 
Resi st ance of  Bui l di ng Joi nt  Syst ems

UL Fi r e Resi st ance ( 2014)  Fi r e Resi st ance Di r ect or y

1. 3   SEQUENCI NG

Coor di nat e t he speci f i ed wor k wi t h ot her  t r ades.   Appl y f i r est oppi ng 
mat er i al s,  at  penet r at i ons of  pi pes and duct s,  pr i or  t o i nsul at i ng,  unl ess 
i nsul at i on meet s r equi r ement s speci f i ed f or  f i r est oppi ng.   Appl y 
f i r est oppi ng mat er i al s.  at  bui l di ng j oi nt s and const r uct i on gaps,  pr i or  t o 
compl et i on of  encl osi ng wal l s or  assembl i es.   Locat e cast - i n- pl ace 
f i r est op devi ces and i nst al l  i n pl ace bef or e concr et e pl acement .   I nst al l  
pi pe,  condui t  or  cabl e bundl es t hr ough cast - i n- pl ace devi ce af t er  concr et e 
pl acement  but  bef or e ar ea i s conceal ed or  made i naccessi bl e.   Fi r est op 
mat er i al  must  be i nspect ed and appr oved pr i or  t o f i nal  compl et i on and 
encl osi ng of  any assembl i es t hat  may conceal  i nst al l ed f i r est op.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Fi r est oppi ng Syst em;  G,  RO

SD- 03 Pr oduct  Dat a

Fi r est oppi ng Mat er i al s;  G,  RO
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SD- 06 Test  Repor t s

I nspect i on;  G,  RO

SD- 07 Cer t i f i cat es

I nspect or  Qual i f i cat i ons

Fi r est oppi ng Mat er i al s

I nst al l er  Qual i f i cat i ons;  G,  RO

1. 5   QUALI TY ASSURANCE

1. 5. 1   I nst al l er

Engage an exper i enced I nst al l er  who i s:

a.  FM Resear ch appr oved i n accor dance wi t h FM 4991,  oper at i ng as a UL 
Cer t i f i ed Fi r est op Cont r act or ,  or

b.  Cer t i f i ed,  l i censed,  or  ot her wi se qual i f i ed by t he f i r est oppi ng 
manuf act ur er  as havi ng t he necessar y st af f ,  t r ai ni ng,  and a mi ni mum of  
3 year s exper i ence i n t he i nst al l at i on of  manuf act ur er ' s pr oduct s i n 
accor dance wi t h speci f i ed r equi r ement s.   Submi t  document at i on of  t hi s 
exper i ence.   A manuf act ur er ' s wi l l i ngness t o sel l  i t s  f i r est oppi ng 
pr oduct s t o t he Cont r act or  or  t o an i nst al l er  engaged by t he 
Cont r act or  does not  i n i t sel f  conf er  i nst al l er  qual i f i cat i ons on t he 
buyer .   The I nst al l er  must  be a t r ai ned r epr esent at i ve of  t he 
manuf act ur er  ( not  di st r i but or  or  agent )  i n t he pr oper  sel ect i on and 
i nst al l at i on pr ocedur es.   Obt ai n and submi t  i nst al l er ' s wr i t t en 
cer t i f i cat i on of  t r ai ni ng,  and r et ai n pr oof  of  cer t i f i cat i on f or  
dur at i on of  f i r est op i nst al l at i on.

1. 5. 2   I nspect or  Qual i f i cat i ons

The i nspect or  must  have a mi ni mum of  t wo year s exper i ence i n const r uct i on 
f i el d i nspect i ons of  f i r est oppi ng syst ems,  pr oduct s,  and assembl i es.   The 
i nspect or  must  be compl et el y i ndependent  of ,  and di vest ed f r om,  t he 
i nst al l er ,  t he manuf act ur er ,  and t he suppl i er  of  any mat er i al  or  i t em 
bei ng i nspect ed.   The i nspect or  must  not  be a compet i t or  of  t he i nst al l er ,  
t he cont r act or ,  t he manuf act ur er ,  or  suppl i er  of  any mat er i al  or  i t em 
bei ng i nspect ed.   I ncl ude i n t he qual i f i cat i ons submi t t al  a not ar i zed 
st at ement  assur i ng compl i ance wi t h t he r equi r ement s st at ed her ei n.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s i n t he or i gi nal  unopened packages or  cont ai ner s showi ng 
name of  t he manuf act ur er  and t he br and name.   St or e mat er i al s of f  t he 
gr ound,  pr ot ect ed f r om damage and exposur e t o el ement s and t emper at ur es i n 
accor dance wi t h manuf act ur er  r equi r ement s.   Remove damaged or  det er i or at ed 
mat er i al s f r om t he si t e.   Use mat er i al s wi t hi n t hei r  i ndi cat ed shel f  l i f e.

PART 2   PRODUCTS

2. 1   FI RESTOPPI NG SYSTEM

Submi t  det ai l  dr awi ngs i ncl udi ng manuf act ur er ' s descr i pt i ve dat a,  t ypi cal  
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det ai l s conf or mi ng t o UL Fi r e Resi st ance or  ot her  det ai l s cer t i f i ed by 
anot her  nat i onal l y r ecogni zed t est i ng l abor at or y,  i nst al l at i on 
i nst r uct i ons or  UL l i s t i ng det ai l s f or  a f i r est oppi ng assembl y i n l i eu of  
f i r e- t est  dat a or  r epor t .   For  t hose f i r est op appl i cat i ons f or  whi ch no UL 
t est ed syst em i s avai l abl e t hr ough a manuf act ur er ,  submi t  a manuf act ur er ' s 
engi neer i ng j udgment ,  der i ved f r om si mi l ar  UL syst em desi gns or  ot her  
t est s f or  r evi ew and appr oval  pr i or  t o i nst al l at i on.   Submi t t al  must  
i ndi cat e t he f i r est oppi ng mat er i al  t o be pr ovi ded f or  each t ype of  
appl i cat i on.   When mor e t han a t ot al  of  5 penet r at i ons and/ or  const r uct i on 
j oi nt s ar e t o r ecei ve f i r est oppi ng,  pr ovi de dr awi ngs t hat  i ndi cat e 
l ocat i on,  " F"  " T"  and " L"  r at i ngs,  and t ype of  appl i cat i on.

Al so,  submi t  a wr i t t en r epor t  i ndi cat i ng l ocat i ons of  and t ypes of  
penet r at i ons and t ypes of  f i r est oppi ng used at  each l ocat i on;  r ecor d t ype 
by UL l i s t  pr i nt ed number s.

2. 2   FI RESTOPPI NG MATERI ALS

Pr ovi de f i r est oppi ng mat er i al s,  suppl i ed f r om a si ngl e domest i c 
manuf act ur er ,  consi st i ng of  commer ci al l y manuf act ur ed,  asbest os- f r ee,  
nont oxi c pr oduct s FM APP GUI DE appr oved,  or  UL l i s t ed,  f or  use wi t h 
appl i cabl e const r uct i on and penet r at i ng i t ems,  compl yi ng wi t h t he 
f ol l owi ng mi ni mum r equi r ement s:

2. 2. 1   Fi r e Hazar d Cl assi f i cat i on

Pr ovi de mat er i al  t hat  has a f l ame spr ead of  25 or  l ess,  and a smoke 
devel oped r at i ng of  50 or  l ess,  when t est ed i n accor dance wi t h ASTM E84 or  
UL 723.   Pr ovi de an appr oved f i r est oppi ng mat er i al  as l i s t ed i n 
UL Fi r e Resi st ance or  by a nat i onal l y r ecogni zed t est i ng l abor at or y.

2. 2. 2   Toxi c i t y

Pr ovi de mat er i al  t hat  i s  nont oxi c and car ci nogen f r ee t o humans at  al l  
s t ages of  appl i cat i on or  dur i ng f i r e condi t i ons and does not  cont ai n 
hazar dous chemi cal s or  r equi r e har mf ul  chemi cal s t o c l ean mat er i al  or  
equi pment .

2. 2. 3   Fi r e Resi st ance Rat i ng

Fi r est op syst ems must  be UL Fi r e Resi st ance l i s t ed or  FM APP GUI DE 
appr oved wi t h " F"  r at i ng at  l east  equal  t o f i r e- r at i ng of  f i r e wal l  or  
f l oor  i n whi ch penet r at ed openi ngs ar e t o be pr ot ect ed.   Wher e r equi r ed,  
f i r est op syst ems must  al so have " T"  r at i ng at  l east  equal  t o t he 
f i r e- r at ed f l oor  i n whi ch t he openi ngs ar e t o be pr ot ect ed.

2. 2. 3. 1   Thr ough- Penet r at i ons

Fi r est oppi ng mat er i al s f or  t hr ough- penet r at i ons,  as descr i bed i n par agr aph 
SUMMARY,  must  pr ovi de " F" ,  " T"  and " L"  f i r e r esi st ance r at i ngs i n 
accor dance wi t h ASTM E814 or  UL 1479.   Pr ovi de f i r e r esi st ance r at i ngs as 
f ol l ows:

2. 2. 3. 1. 1   Penet r at i ons of  Fi r e Resi st ance Rat ed Wal l s and Par t i t i ons

F Rat i ng = Rat i ng of  wal l  or  par t i t i on bei ng penet r at ed.
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2. 2. 3. 2   Const r uct i on Joi nt s and Gaps

Fi r e r esi st ance r at i ngs of  const r uct i on j oi nt s,  as descr i bed i n par agr aph 
SUMMARY,  and gaps such as t hose bet ween f l oor  s l abs and cur t ai n wal l s must  
be t he same as t he const r uct i on i n whi ch t hey occur .  Pr ovi de const r uct i on 
j oi nt s and gaps wi t h f i r est oppi ng mat er i al s and syst ems t hat  have been 
t est ed i n accor dance wi t h ASTM E119,  ASTM E1966 or  UL 2079 t o meet  t he 
r equi r ed f i r e r esi st ance r at i ng.   Pr ovi de cur t ai n wal l  j oi nt s wi t h 
f i r est oppi ng mat er i al s and syst ems t hat  have been t est ed i n accor dance 
wi t h ASTM E2307 t o meet  t he r equi r ed f i r e r esi st ance r at i ng.   Syst ems 
i nst al l ed at  const r uct i on j oi nt s must  meet  t he cycl i ng r equi r ement s of  
ASTM E1399/ E1399M or  UL 2079.   Pr ovi de a mi ni mum cl ass I I  movement  
capabi l i t y  f or  al l  j oi nt s at  t he i nt er sect i on of  t he t op of  a f i r e 
r esi st ance r at ed wal l  and t he under si de of  a f i r e- r at ed f l oor ,  f l oor  
cei l i ng,  or  r oof  cei l i ng assembl y.

2. 2. 4   Mat er i al  Cer t i f i cat i on

Submi t  cer t i f i cat es at t est i ng t hat  f i r est oppi ng mat er i al  compl i es wi t h t he 
speci f i ed r equi r ement s.   Pr ovi de cer t i f i cat i on of  compl i ance wi t h UL 1479 
f or  al l  i nt umescent  f i r est op mat er i al s used i n t hr ough penet r at i on syst ems.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

Ar eas t o r ecei ve f i r est oppi ng must  be f r ee of  di r t ,  gr ease,  oi l ,  or  l oose 
mat er i al s whi ch may af f ect  t he f i t t i ng or  f i r e r esi st ance of  t he 
f i r est oppi ng syst em.   For  cast - i n- pl ace f i r est op devi ces,  f or mwor k or  
met al  deck t o r ecei ve devi ce pr i or  t o concr et e pl acement  must  be sound and 
capabl e of  suppor t i ng devi ce.   Pr epar e sur f aces as r ecommended by t he 
manuf act ur er .

3. 2   I NSTALLATI ON

Compl et el y f i l l  voi d spaces wi t h f i r est oppi ng mat er i al  r egar dl ess of  
geomet r i c conf i gur at i on,  subj ect  t o t ol er ance est abl i shed by t he 
manuf act ur er .   Fi r est oppi ng syst ems f or  f i l l i ng f l oor  voi ds 4 i nches or  
mor e i n any di r ect i on must  be capabl e of  suppor t i ng t he same l oad as t he 
f l oor  i s desi gned t o suppor t  or  be pr ot ect ed by a per manent  bar r i er  t o 
pr event  l oadi ng or  t r af f i c  i n t he f i r est opped ar ea.   I nst al l  f i r est oppi ng 
i n accor dance wi t h manuf act ur er ' s wr i t t en i nst r uct i ons.   Pr ovi de t est ed 
and l i s t ed f i r est op syst ems i n t he f ol l owi ng l ocat i ons,  except  i n f l oor  
s l abs on gr ade:

a.   Penet r at i ons of  duct ,  condui t ,  t ubi ng,  cabl e and pi pe t hr ough f l oor s 
and t hr ough f i r e- r esi st ance r at ed wal l s,  par t i t i ons,  and cei l i ng- f l oor  
assembl i es.

b.   Penet r at i ons of  ver t i cal  shaf t s such as pi pe chases,  el evat or  shaf t s,  
and ut i l i t y  chut es.

c.   Gaps at  t he i nt er sect i on of  f l oor  s l abs and cur t ai n wal l s,  i ncl udi ng 
i nsi de of  hol l ow cur t ai n wal l s at  t he f l oor  s l ab.

d.   Gaps at  per i met er  of  f i r e- r esi st ance r at ed wal l s and par t i t i ons,  such 
as bet ween t he t op of  t he wal l s and t he bot t om of  r oof  decks.

e.   Const r uct i on j oi nt s i n f l oor s and f i r e r at ed wal l s and par t i t i ons.
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f .   Ot her  l ocat i ons wher e r equi r ed t o mai nt ai n f i r e r esi st ance r at i ng of  
t he const r uct i on.

3. 2. 1   I nsul at ed Pi pes and Duct s

Cut  and r emove t her mal  i nsul at i on wher e pi pes or  duct s pass t hr ough 
f i r est oppi ng,  unl ess i nsul at i on meet s r equi r ement s speci f i ed f or  
f i r est oppi ng.   Repl ace t her mal  i nsul at i on wi t h a mat er i al  havi ng equal  
t her mal  i nsul at i ng and f i r est oppi ng char act er i st i cs.

3. 2. 2   Fi r e Damper s

I nst al l  and f i r est op f i r e damper s i n accor dance wi t h Sect i on 23 30 00 HVAC 
AI R DI STRI BUTI ON.   Fi r est op i nst al l ed wi t h f i r e damper  must  be t est ed and 
appr oved f or  use i n f i r e damper  syst em.   Fi r est op i nst al l ed wi t h f i r e 
damper  must  be t est ed and appr oved f or  use i n f i r e damper  syst em.

3. 2. 3   Dat a and Communi cat i on Cabl i ng

Seal  cabl i ng f or  dat a and communi cat i on appl i cat i ons wi t h r e- ent er abl e 
f i r est oppi ng pr oduct s .

3. 2. 3. 1   Re- Seal abl e Pr oduct s

Pr ovi de f i r est oppi ng pr e- manuf act ur ed modul ar  pr oduct s,  cont ai ni ng 
sel f - seal i ng i nt umescent  i nser t s.   Al l ow f or  cabl e moves,  addi t i ons or  
changes.   Pr ovi de devi ces capabl e of  mai nt ai ni ng t he f i r e r esi st ance 
r at i ng of  t he penet r at ed membr ane at  0 per cent  t o 100 per cent  v i sual  f i l l  
of  penet r ant s.

3. 3   I NSPECTI ON

For  al l  pr oj ect s,  do not  cover  or  encl ose t he f i r est opped ar eas unt i l  
i nspect i on i s compl et e and appr oved by t he Cont r act i ng Of f i cer .   I nspect  
t he appl i cat i ons i ni t i al l y  t o ensur e adequat e pr epar at i ons ( c l ean sur f aces 
sui t abl e f or  appl i cat i on,  et c. )  and per i odi cal l y dur i ng t he wor k t o assur e 
t hat  t he compl et ed wor k has been accompl i shed accor di ng t o t he 
manuf act ur er ' s wr i t t en i nst r uct i ons and t he speci f i ed r equi r ement s.   
Submi t  wr i t t en r epor t s i ndi cat i ng l ocat i ons of  and t ypes of  penet r at i ons 
and t ypes of  f i r est oppi ng used at  each l ocat i on;  r ecor d t ype by UL l i s t ed 
pr i nt ed number s.

3. 3. 1   I nspect i on St andar ds

I nspect  al l  f i r est oppi ng i n accor dance wi t h ASTM E2393 and ASTM E2174 f or  
f i r est op i nspect i on,  and document  i nspect i on r esul t s t o be submi t t ed.

3. 3. 2   I nspect i on Repor t s

Submi t  i nspect i on r epor t  st at i ng t hat  f i r est oppi ng wor k has been i nspect ed 
and f ound t o be appl i ed accor di ng t o t he manuf act ur er ' s r ecommendat i ons 
and t he speci f i ed r equi r ement s.

       - -  End of  Sect i on - -
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SECTI ON 07 92 00

JOI NT SEALANTS
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C734 ( 2015;  R 2019)  St andar d Test  Met hod f or  
Low- Temper at ur e Fl exi bi l i t y  of  Lat ex 
Seal ant s Af t er  Ar t i f i c i al  Weat her i ng

ASTM C919 ( 2022)  St andar d Pr act i ce f or  Use of  
Seal ant s i n Acoust i cal  Appl i cat i ons

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM C1193 ( 2016)  St andar d Gui de f or  Use of  Joi nt  
Seal ant s

ASTM C1521 ( 2019;  R 2020)  St andar d Pr act i ce f or  
Eval uat i ng Adhesi on of  I nst al l ed 
Weat her pr oof i ng Seal ant  Joi nt s

ASTM D217 ( 2021a)  St andar d Test  Met hods f or  Cone 
Penet r at i on of  Lubr i cat i ng Gr ease

ASTM D1056 ( 2020)  St andar d Speci f i cat i on f or  Fl exi bl e 
Cel l ul ar  Mat er i al s -  Sponge or  Expanded 
Rubber

ASTM D2452 ( 2015;  R 2019)  St andar d Test  Met hod f or  
Ext r udabi l i t y  of  Oi l -  and Resi n- Base 
Caul ki ng Compounds

ASTM D2453 ( 2015;  R 2020;  E 2020)  St andar d Test  
Met hod f or  Shr i nkage and Tenaci t y of  Oi l -  
and Resi n- Base Caul ki ng Compounds

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2017;  Ver si on 1. 2)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s
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SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

UNDERWRI TERS LABORATORI ES ( UL)

UL 2818 ( 2022)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Seal ant s;  G,  RO

Pr i mer s;  G,  RO

Bond Br eaker s;  G,  RO

Backst ops;  G,  RO

Caul ki ng;  G,  RO

Cl eani ng Sol vent s;  G,  RO

SD- 06 Test  Repor t s

Fi el d Adhesi on;  G,  RO

SD- 07 Cer t i f i cat es

I ndoor  Ai r  Qual i t y For  I nt er i or  Seal ant s;  S

I ndoor  Ai r  Qual i t y For  I nt er i or  Fl oor  Joi nt  Seal ant s;  S

I ndoor  Ai r  Qual i t y For  I nt er i or  Acoust i cal  Seal ant s;  S

I ndoor  Ai r  Qual i t y For  I nt er i or  Caul k i ng;  S

1. 3   PRODUCT DATA

I ncl ude st or age r equi r ement s,  shel f  l i f e,  cur i ng t i me,  i nst r uct i ons f or  
mi xi ng and appl i cat i on,  and accessor i es.   Pr ovi de manuf act ur er ' s Saf et y 
Dat a Sheet s ( SDS)  f or  each sol vent ,  pr i mer  and seal ant  mat er i al  pr oposed.
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1. 4   CERTI FI CATI ONS

1. 4. 1   I ndoor  Ai r  Qual i t y Cer t i f i cat i ons

Submi t  r equi r ed i ndoor  ai r  qual i t y cer t i f i cat i ons i n one submi t t al  package.

1. 4. 1. 1   Adhesi ves and Seal ant s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr am t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.   Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.   When pr oduct  does 
not  have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  
ai r  qual i t y pr oduct  r equi r ement s c i t ed her ei n.

1. 5   ENVI RONMENTAL CONDI TI ONS

Appl y seal ant  when t he ambi ent  t emper at ur e i s bet ween 40 and 90 degr ees F.

1. 6   DELI VERY AND STORAGE

Del i ver  mat er i al s t o t he j obsi t e i n unopened manuf act ur er s '  seal ed 
shi ppi ng cont ai ner s,  wi t h br and name,  dat e of  manuf act ur e,  col or ,  and 
mat er i al  desi gnat i on c l ear l y mar ked t her eon.   Label  el ast omer i c seal ant  
cont ai ner s t o i dent i f y t ype,  c l ass,  gr ade,  and use.  Handl e and st or e 
mat er i al s i n accor dance wi t h manuf act ur er ' s pr i nt ed i nst r uct i ons.   Pr event  
exposur e t o f or ei gn mat er i al s or  subj ect i on t o sust ai ned t emper at ur es 
exceedi ng 90 degr ees F or  l ower  t han 0 degr ees F.   Keep mat er i al s and 
cont ai ner s c l osed and separ at ed f r om absor pt i ve mat er i al s such as wood and 
i nsul at i on.

1. 7   QUALI TY ASSURANCE

1. 7. 1   Compat i bi l i t y  wi t h Subst r at e

Ver i f y t hat  each seal ant  i s compat i bl e f or  use wi t h each j oi nt  subst r at e 
i n accor dance wi t h seal ant  manuf act ur er ' s pr i nt ed r ecommendat i ons f or  each 
appl i cat i on.

1. 7. 2   Joi nt  Tol er ance

Pr ovi de j oi nt  t ol er ances i n accor dance wi t h manuf act ur er ' s pr i nt ed 
i nst r uct i ons.

1. 7. 3   Mock- Up

Pr ovi de a mock- up of  each t ype of  seal ant  usi ng mat er i al s,  col or s,  and 
t echni ques appr oved f or  use on t he pr oj ect .   Appr oved mock- ups may be 
i ncor por at ed i nt o t he Wor k.

1. 7. 4   Adhesi on

Pr ovi de i n accor dance wi t h ASTM C1193 or  ASTM C1521.
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PART 2   PRODUCTS

2. 1   SEALANTS

Pr ovi de seal ant  pr oduct s t hat  have been t est ed,  f ound sui t abl e,  and 
document ed as such by t he manuf act ur er  f or  t he par t i cul ar  subst r at es t o 
whi ch t hey wi l l  be appl i ed.

2. 1. 1   I nt er i or  Seal ant s

Pr ovi de ASTM C920,  Type S or  M,  Gr ade NS,  Cl ass 12. 5,  Use NT.   Pr ovi de 
seal ant  pr oduct s used on t he i nt er i or  of  t he bui l di ng ( def i ned as i nsi de 
of  t he weat her pr oof i ng syst em)  meet i ng ei t her  emi ssi ons r equi r ement s of  
CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce or  c l assr oom 
spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s of  
SCAQMD Rul e 1168.   Pr ovi de cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  
qual i t y f or  i nt er i or  seal ant s.   Locat i on( s)  and col or ( s)  of  seal ant  f or  
t he f ol l owi ng ( Not e,  col or  " as sel ect ed"  r ef er s t o manuf act ur er ' s f ul l  
r ange of  col or  opt i ons) :

LOCATI ON COLOR

a.   Smal l  voi ds bet ween wal l s or  par t i t i ons and adj acent  l ocker s,  
casewor k,  shel vi ng,  door  f r ames,  bui l t - i n or  sur f ace mount ed 
equi pment  and f i xt ur es,  and si mi l ar  i t ems.

Whi t e 

b.   Per i met er  of  f r ames at  door s,  wi ndows,  and access panel s whi ch 
adj oi n exposed i nt er i or  concr et e and masonr y sur f aces.

Whi t e

c.   Joi nt s of  i nt er i or  masonr y wal l s and par t i t i ons whi ch adj oi n 
col umns,  pi l ast er s,  concr et e wal l s,  and ext er i or  wal l s unl ess 
ot her wi se det ai l ed.

Whi t e

d.   Joi nt s bet ween edge member s f or  acoust i cal  t i l e and adj oi ni ng 
ver t i cal  sur f aces.

Whi t e

e.   I nt er i or  l ocat i ons,  not  ot her wi se i ndi cat ed or  speci f i ed,  wher e 
smal l  voi ds exi st  bet ween mat er i al s speci f i ed t o be pai nt ed.

Whi t e

f .   Joi nt s f or med bet ween t i l e f l oor s and t i l e base cove;  j oi nt s 
bet ween t i l e and di ssi mi l ar  mat er i al s;  j oi nt s occur r i ng wher e 
subst r at es change.

Whi t e

g.   Behi nd escut cheon pl at es at  val ve pi pe penet r at i ons and 
shower heads i n shower s.

Whi t e

2. 1. 2   Ext er i or  Seal ant s

For  j oi nt s i n ver t i cal  sur f aces,  pr ovi de ASTM C920,  Type S or  M,  Gr ade NS,  
Cl ass 25,  Use NT.   For  j oi nt s i n hor i zont al  sur f aces,  pr ovi de ASTM C920,  
Type S or  M,  Gr ade P,  Cl ass 25,  Use T.   Pr ovi de l ocat i on( s)  and col or ( s)  
of  seal ant  as f ol l ows ( Not e,  col or  " as sel ect ed"  r ef er s t o manuf act ur er ' s 
f ul l  r ange of  col or  opt i ons) :
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LOCATI ON COLOR

a.   Joi nt s and r ecesses f or med wher e f r ames 
and subsi l l s of  wi ndows,  door s,  l ouver s,  and 
vent s adj oi n masonr y,  concr et e,  or  met al  
f r ames.   Use seal ant  at  bot h ext er i or  and 
i nt er i or  sur f aces of  ext er i or  wal l  
penet r at i ons.

Mat ch adj acent  
sur f ace col or  

b.   Joi nt s bet ween new and exi st i ng ext er i or  
masonr y wal l s.

Mat ch adj acent  
sur f ace col or

c.   Masonr y j oi nt s wher e shel f  angl es occur . Mat ch adj acent  
sur f ace col or

d.   Joi nt s i n wash sur f aces of  st onewor k. Mat ch adj acent  
sur f ace col or

e.   Expansi on and cont r ol  j oi nt s. Mat ch adj acent  
sur f ace col or

f .   Voi ds wher e i t ems pass t hr ough ext er i or  
wal l s.

Mat ch adj acent  
sur f ace col or

g.   Met al - t o- met al  j oi nt s wher e seal ant  i s 
i ndi cat ed or  speci f i ed.

Mat ch adj acent  
sur f ace col or

j .   Joi nt s bet ween ends of  gr avel  st ops,  
f asci a,  copi ngs,  and adj acent  wal l s.

Mat ch adj acent  
sur f ace col or

2. 1. 3   Fl oor  Joi nt  Seal ant s

ASTM C920,  Type S or  M,  Gr ade P,  Cl ass 25,  Use T.   Pr ovi de seal ant  
pr oduct s used on t he i nt er i or  of  t he bui l di ng ( def i ned as i nsi de of  t he 
weat her pr oof i ng syst em)  meet i ng ei t her  emi ssi ons r equi r ement s of  
CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce or  c l assr oom 
spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s of  
SCAQMD Rul e 1168.   Pr ovi de cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  
qual i t y f or  i nt er i or  f l oor  j oi nt  seal ant s.   Pr ovi de l ocat i on( s)  and 
col or ( s)  of  seal ant  as f ol l ows ( Not e,  col or  " as sel ect ed"  r ef er s t o 
manuf act ur er ' s f ul l  r ange of  col or  opt i ons) :

LOCATI ON COLOR

a.   Seat s of  met al  t hr eshol ds f or  ext er i or  
door s.

Gr ay 

b.   Cont r ol  and expansi on j oi nt s i n f l oor s,  
s l abs,  cer ami c t i l e,  and wal kways.

Gr ay

2. 1. 4   Acoust i cal  Seal ant s

 Rubber  or  pol ymer  based acoust i cal  seal ant  i n accor dance wi t h ASTM C919 
t o have a f l ame spr ead of  25 or  l ess and a smoke devel oped r at i ng of  50 or  
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l ess when t est ed i n accor dance wi t h ASTM E84.   Pr ovi de non- st ai ni ng 
acoust i cal  seal ant  wi t h a consi st ency of  250 t o 310 when t est ed i n 
accor dance wi t h ASTM D217.   Acoust i cal  seal ant  must  r emai n f l exi bl e and 
adhesi ve af t er  500 hour s of  accel er at ed weat her i ng as speci f i ed i n 
ASTM C734.   Pr ovi de seal ant  pr oduct s used on t he i nt er i or  of  t he bui l di ng 
( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  meet i ng ei t her  emi ssi ons 
r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce 
or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s 
of  SCAQMD Rul e 1168.   Pr ovi de cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  
qual i t y f or  i nt er i or  acoust i cal  seal ant s.

2. 2   PRI MERS

Non- st ai ni ng,  qui ck dr yi ng t ype and consi st ency as r ecommended by t he 
seal ant  manuf act ur er  f or  t he par t i cul ar  appl i cat i on.   Pr ovi de pr i mer s f or  
i nt er i or  appl i cat i ons t hat  meet  t he i ndoor  ai r  qual i t y r equi r ement s of  t he 
par agr aph I NTERI OR SEALANTS above.

2. 3   BOND BREAKERS
 

Type and consi st ency as r ecommended by t he seal ant  manuf act ur er  t o pr event  
adhesi on of  t he seal ant  t o t he backi ng or  t o t he bot t om of  t he j oi nt .   
Pr ovi de bond br eaker s f or  i nt er i or  appl i cat i ons t hat  meet  t he i ndoor  ai r  
qual i t y r equi r ement s of  t he par agr aph I NTERI OR SEALANTS above.

2. 4   BACKSTOPS

Pr ovi de gl ass f i ber  r ovi ng,  neopr ene,  but yl ,  pol yur et hane,  or  pol yet hyl ene 
f oams f r ee f r om oi l  or  ot her  st ai ni ng el ement s as r ecommended by seal ant  
manuf act ur er .   Pr ovi de 25 t o 33 per cent  over si zed backi ng f or  c l osed cel l  
and 40 t o 50 per cent  over si zed backi ng f or  open cel l  mat er i al ,  unl ess 
ot her wi se i ndi cat ed.   Pr ovi de backst op mat er i al  t hat  i s  compat i bl e wi t h 
seal ant .   Do not  use oakum or  ot her  t ypes of  absor pt i ve mat er i al s as 
backst ops.

2. 4. 1   Rubber

Pr ovi de i n accor dance wi t h ASTM D1056,  Type 2,  c l osed cel l ,  Cl ass B,   r ound
 cr oss sect i on f or   cel l ul ar  r ubber  sponge backi ng.

2. 5   CAULKI NG

For  i nt er i or  use and onl y wher e t her e i s l i t t l e or  no ant i c i pat ed j oi nt  
movement .   Pr ovi de i n accor dance wi t h ASTM D2452 and ASTM D2453,  Type I ,  
f or   oi l  and r esi n- based caul k i ng.   Pr ovi de pr oduct s used on t he i nt er i or  
of  t he bui l di ng ( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  meet i ng 
ei t her  emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s 
f or  ei t her  of f i ce or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC 
cont ent  r equi r ement s of  SCAQMD Rul e 1168.   Pr ovi de cer t i f i cat i on or  
val i dat i on of  i ndoor  ai r  qual i t y f or  i nt er i or  caul k i ng.

2. 6   CLEANI NG SOLVENTS

Pr ovi de t ype( s)  r ecommended by t he seal ant  manuf act ur er  and i n accor dance 
wi t h envi r onment al  r equi r ement s her ei n.   Pr ot ect  adj acent  al umi num and 
br onze sur f aces f r om sol vent s.   Pr ovi de sol vent s f or  i nt er i or  appl i cat i ons 
t hat  meet  t he i ndoor  ai r  qual i t y r equi r ement s of  t he par agr aph I NTERI OR 
SEALANTS above.
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PART 3   EXECUTI ON

3. 1   FI ELD QUALI TY CONTROL

Per f or m a f i el d adhesi on t est  i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons and ASTM C1193,  Met hod A or  ASTM C1521,  Met hod A,  Tai l  
Pr ocedur e.   Remove seal ant s t hat  f ai l  adhesi on t est i ng;  c l ean subst r at es,  
r eappl y seal ant s,  and r e- t est .  Test  seal ant s adj acent  t o f ai l ed seal ant s.   
Submi t  f i el d adhesi on t est  r epor t  i ndi cat i ng t est s,  l ocat i ons,  dat es,  
r esul t s,  and r emedi al  act i ons t aken.

3. 2   SURFACE PREPARATI ON

Pr epar e sur f aces accor di ng t o manuf act ur er ' s pr i nt ed i nst al l at i on 
i nst r uct i ons.   Cl ean sur f aces f r om di r t ,  f r ost ,  moi st ur e,  gr ease,  oi l ,  
wax,  l acquer ,  pai nt ,  or  ot her  f or ei gn mat t er  t hat  woul d dest r oy or  i mpai r  
adhesi on.   Remove oi l  and gr ease wi t h sol vent ;  t hor oughl y r emove sol vent s 
pr i or  t o seal ant  i nst al l at i on.   Wi pe sur f aces dr y wi t h c l ean cl ot hs.   When 
r eseal i ng an exi st i ng j oi nt ,  r emove exi st i ng caul k or  seal ant  pr i or  t o 
appl y i ng new seal ant .   For  sur f ace t ypes not  l i s t ed bel ow,  pr ovi de i n 
accor dance wi t h seal ant  manuf act ur er ' s pr i nt ed i nst r uct i ons f or  each 
speci f i c  sur f ace.

3. 2. 1   St eel  Sur f aces

Remove l oose mi l l  scal e by sandbl ast i ng or ,  i f  sandbl ast i ng i s i mpr act i cal  
or  woul d damage f i ni shed wor k,  scr api ng and wi r e br ushi ng.   Remove 
pr ot ect i ve coat i ngs by sandbl ast i ng or  usi ng a r esi due f r ee sol vent .   
Remove r esul t i ng debr i s and sol vent  r esi due pr i or  t o seal ant  i nst al l at i on.

3. 2. 2   Al umi num or  Br onze Sur f aces

Remove t empor ar y pr ot ect i ve coat i ngs f r om sur f aces t hat  wi l l  be i n cont act  
wi t h seal ant .   When maski ng t ape i s used as a pr ot ect i ve coat i ng,  r emove 
t ape and r esi dual  adhesi ve pr i or  t o seal ant  appl i cat i on.   For  r emovi ng 
pr ot ect i ve coat i ngs and f i nal  c l eani ng,  use non- st ai ni ng sol vent s 
r ecommended by t he manuf act ur er  of  t he i t em( s)  cont ai ni ng al umi num or  
br onze sur f aces.

3. 2. 3   Concr et e and Masonr y Sur f aces

Wher e sur f aces have been t r eat ed wi t h cur i ng compounds,  oi l ,  or  ot her  such 
mat er i al s,  r emove mat er i al s by sandbl ast i ng or  wi r e br ushi ng.   Remove 
l ai t ance,  ef f l or escence and l oose mor t ar  f r om t he j oi nt  cavi t y.   Remove 
r esul t i ng debr i s pr i or  t o seal ant  i nst al l at i on.

3. 2. 4   Wood Sur f aces

Ensur e wood sur f aces t hat  wi l l  be i n cont act  wi t h seal ant s ar e f r ee of  
spl i nt er s,  sawdust  and ot her  l oose par t i c l es.

3. 3   SEALANT PREPARATI ON

Do not  add l i qui ds,  sol vent s,  or  powder s t o seal ant s.   Mi x mul t i component  
el ast omer i c seal ant s i n accor dance wi t h manuf act ur er ' s pr i nt ed 
i nst r uct i ons.
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3. 4   APPLI CATI ON

3. 4. 1   Joi nt  Wi dt h- To- Dept h Rat i os

Accept abl e Rat i os:

JOI NT WI DTH JOI NT DEPTH

Mi ni mum Maxi mum

For  met al ,  gl ass,  or  ot her  nonpor ous sur f aces:

1/ 4 i nch ( mi ni mum) 1/ 4 i nch 1/ 4 i nch

over  1/ 4 i nch 1/ 2 of  wi dt h Equal  t o wi dt h

For  wood,  concr et e,  masonr y,  st one:

1/ 4 i nch ( mi ni mum) 1/ 4 i nch 1/ 4 i nch

over  1/ 4 i nch t o 1/ 2 i nch 1/ 4 i nch Equal  t o wi dt h

over  1/ 2 i nch t o 1 i nch 1/ 2 i nch 5/ 8 i nch

Over  1 i nch pr ohi bi t ed

Unaccept abl e Rat i os:   Wher e j oi nt s of  accept abl e wi dt h- t o- dept h r at i os 
have not  been pr ovi ded,  c l ean out  j oi nt s t o accept abl e dept hs and gr i nd or  
cut  t o accept abl e wi dt hs wi t hout  damage t o t he adj oi ni ng wor k.   Gr i ndi ng 
i s pr ohi bi t ed at  met al  sur f aces.

3. 4. 2   Unaccept abl e Seal ant  Use

Do not  i nst al l  seal ant s i n l i eu of  ot her  r equi r ed bui l di ng encl osur e 
weat her pr oof i ng component s such as f l ashi ng,  dr ai nage component s,  and 
j oi nt  c l osur e accessor i es,  or  t o c l ose gaps bet ween wal l s,  f l oor s,  r oof s,  
wi ndows,  and door s,  t hat  exceed accept abl e i nst al l at i on t ol er ances.   
Remove seal ant s t hat  have been used i n an unaccept abl e manner  and cor r ect  
bui l di ng encl osur e def i c i enci es t o compl y wi t h cont r act  document s 
r equi r ement s.

3. 4. 3   Maski ng Tape

Pl ace maski ng t ape on t he f i ni shed sur f ace on one or  bot h s i des of  j oi nt  
cavi t i es t o pr ot ect  adj acent  f i ni shed sur f aces f r om pr i mer  or  seal ant  
smear s.   Remove maski ng t ape wi t hi n 10 mi nut es of  j oi nt  f i l l i ng and 
t ool i ng.

3. 4. 4   Backst ops

Pr ovi de backst ops dr y and f r ee of  t ear s or  hol es.   Ti ght l y pack t he back 
or  bot t om of  j oi nt  cavi t i es wi t h backst op mat er i al  t o pr ovi de j oi nt s i n 
speci f i ed dept hs.   Pr ovi de backst ops wher e i ndi cat ed and wher e backst ops 
ar e not  i ndi cat ed but  j oi nt  cavi t i es exceed t he accept abl e maxi mum dept hs 
speci f i ed i n JOI NT WI DTH- TO- DEPTH RATI OS Tabl e.
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3. 4. 5   Pr i mer

Cl ean out  l oose par t i c l es f r om j oi nt s i mmedi at el y pr i or  t o appl i cat i on 
of .   Appl y pr i mer  t o j oi nt s i n concr et e masonr y uni t s,  wood,  and ot her  
por ous sur f aces i n accor dance wi t h seal ant  manuf act ur er ' s pr i nt ed 
i nst r uct i ons.   Do not  appl y pr i mer  t o exposed f i ni shed sur f aces.

3. 4. 6   Bond Br eaker

Pr ovi de bond br eaker s t o sur f aces not  i nt ended t o bond i n accor dance wi t h,  
seal ant  manuf act ur er ' s pr i nt ed i nst r uct i ons f or  each t ype of  sur f ace and 
seal ant  combi nat i on speci f i ed.

3. 4. 7   Seal ant s

Pr ovi de seal ant s compat i bl e wi t h t he mat er i al ( s)  t o whi ch t hey ar e 
appl i ed.  Do not  use a seal ant  t hat  has exceeded i t s shel f  l i f e or  has 
j el l ed and cannot  be di schar ged i n a cont i nuous f l ow f r om t he seal ant  
gun.   Appl y seal ant s i n accor dance wi t h t he manuf act ur er ' s pr i nt ed 
i nst r uct i ons wi t h a gun havi ng a nozzl e t hat  f i t s  t he j oi nt  wi dt h.   Wor k 
seal ant  i nt o j oi nt s so as t o f i l l  t he j oi nt s sol i dl y wi t hout  ai r  pocket s.   
Tool  seal ant  af t er  appl i cat i on t o ensur e adhesi on.   Appl y seal ant  
uni f or ml y smoot h and f r ee of  wr i nkl es.   Upon compl et i on of  seal ant  
appl i cat i on,  r oughen par t i al l y  f i l l ed or  unf i l l ed j oi nt s,  appl y addi t i onal  
seal ant ,  and t ool  smoot h as speci f i ed.   Appl y seal er  over  seal ant s i n 
accor dance wi t h t he seal ant  manuf act ur er ' s pr i nt ed i nst r uct i ons.

3. 5   PROTECTI ON AND CLEANI NG

3. 5. 1   Pr ot ect i on

Pr ot ect  ar eas adj acent  t o j oi nt s f r om seal ant  smear s.   Maski ng t ape may be 
used f or  t hi s pur pose i f  r emoved 5 t o 10 mi nut es af t er  t he j oi nt  i s  f i l l ed 
and no r esi dual  t ape mar ks r emai n.

3. 5. 2   Fi nal  Cl eani ng

Upon compl et i on of  seal ant  appl i cat i on,  r emove r emai ni ng smear s and st ai ns 
and l eave t he wor k i n a c l ean and neat  condi t i on.

a.   Masonr y and Ot her  Por ous Sur f aces:   I mmedi at el y r emove f r esh seal ant  
t hat  has been smear ed on adj acent  masonr y,  r ub c l ean wi t h a sol vent ,  
and r emove sol vent  r esi due,  i n accor dance wi t h seal ant  manuf act ur er ' s 
pr i nt ed i nst r uct i ons.   Al l ow excess seal ant  t o cur e f or  24 hour s t hen 
r emove by wi r e br ushi ng or  sandi ng.   Remove r esul t i ng debr i s.

b.   Met al  and Ot her  Non- Por ous Sur f aces:   Remove excess seal ant  wi t h a 
sol vent  moi st ened cl ot h.   Remove sol vent  r esi due i n accor dance wi t h 
sol vent  manuf act ur er ' s pr i nt ed i nst r uct i ons.

        - -  End of  Sect i on - -
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SECTI ON 08 11 13

STEEL DOORS AND FRAMES
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A879/ A879M ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
St eel  Sheet ,  z i nc Coat ed by t he 
El ect r ol yt i c Pr ocess f or  Appl i cat i ons 
Requi r i ng Desi gnat i on of  t he Coat i ng Mass 
on Each Sur f ace

ASTM A924/ A924M ( 2022a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM C578 ( 2022)  St andar d Speci f i cat i on f or  Ri gi d,  
Cel l ul ar  Pol yst yr ene Ther mal  I nsul at i on

ASTM C591 ( 2021)  St andar d Speci f i cat i on f or  Unf aced 
Pr ef or med Ri gi d Cel l ul ar  Pol y i socyanur at e 
Ther mal  I nsul at i on

ASTM C612 ( 2014;  R 2019)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Bl ock and Boar d Ther mal  
I nsul at i on

ASTM D2863 ( 2019)  St andar d Test  Met hod f or  Measur i ng 
t he Mi ni mum Oxygen Concent r at i on t o 
Suppor t  Candl e- Li ke Combust i on of  Pl ast i cs 
( Oxygen I ndex)

ASTM E1300 ( 2016)  St andar d Pr act i ce f or  Det er mi ni ng 
Load Resi st ance of  Gl ass i n Bui l di ngs

ASTM F2248 ( 2012)  St andar d Pr act i ce f or  Speci f y i ng an 
Equi val ent  3- Second Dur at i on Desi gn 
Loadi ng f or  Bl ast  Resi st ant  Gl azi ng 
Fabr i cat ed wi t h Lami nat ed Gl ass
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BUI LDERS HARDWARE MANUFACTURERS ASSOCI ATI ON ( BHMA)

ANSI / BHMA A156. 115 ( 2016)  Har dwar e Pr epar at i on i n St eel  Door s 
and St eel  Fr ames

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 80 ( 2022)  St andar d f or  Fi r e Door s and Ot her  
Openi ng Pr ot ect i ves

NFPA 252 ( 2022)  St andar d Met hods of  Fi r e Test s of  
Door  Assembl i es

STEEL DOOR I NSTI TUTE ( SDI / DOOR)

SDI / DOOR 111 ( 2009)  Recommended Det ai l s f or  St andar d 
St eel  Door s,  Fr ames,  and Accessor i es and 
Rel at ed Component s

SDI / DOOR 113 ( 2013;  R2018)  St andar d Pr act i ce f or  
Det er mi ni ng t he St eady- St at e Ther mal  
Tr ansmi t t ance of  St eel  Door  and Fr ame 
Assembl i es

SDI / DOOR A250. 6 ( 2015)  Recommended Pr act i ce f or  Har dwar e 
Rei nf or ci ng on St andar d St eel  Door s and 
Fr ames

SDI / DOOR A250. 8 ( 2017)  Speci f i cat i ons f or  St andar d St eel  
Door s and Fr ames

SDI / DOOR A250. 11 ( 2012)  Recommended Er ect i on I nst r uct i ons 
f or  St eel  Fr ames

UNDERWRI TERS LABORATORI ES ( UL)

UL 10C ( 2016;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Posi t i ve Pr essur e Fi r e Test s of  
Door  Assembl i es

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Door s;  G,  RO

Fr ames;  G,  RO

Accessor i es

Schedul e of  Door s;  G,  RO
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Schedul e of  Fr ames;  G,  RO

SD- 03 Pr oduct  Dat a

Door s;  G,  RO

Recycl ed Cont ent  f or  St eel  Door  Pr oduct ;  S

Fr ames;  G,  RO

Recycl ed Cont ent  f or  St eel  Fr ame Pr oduct ;  S

Accessor i es

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  door s,  f r ames,  and accessor i es undamaged and wi t h pr ot ect i ve 
wr appi ngs or  packagi ng.   St r ap knock- down f r ames i n bundl es.   Pr ovi de 
t empor ar y st eel  spr eader s secur el y f ast ened t o t he bot t om of  each wel ded 
f r ame.   St or e door s and f r ames on pl at f or ms under  cover  i n c l ean,  dr y,  
vent i l at ed,  and accessi bl e l ocat i ons,  wi t h 1/ 4 i nch ai r space bet ween 
door s.   Remove damp or  wet  packagi ng i mmedi at el y and wi pe af f ect ed 
sur f aces dr y.   Repl ace damaged mat er i al s wi t h new.

PART 2   PRODUCTS

2. 1   STANDARD STEEL DOORS

SDI / DOOR A250. 8,  except  as speci f i ed ot her wi se.   Pr epar e door s t o r ecei ve 
door  har dwar e as speci f i ed i n Sect i on 08 71 00 DOOR HARDWARE.   Under cut  
wher e i ndi cat ed.   Pr ovi de ext er i or  door s wi t h t op edge cl osed f l ush and 
seal ed t o pr event  wat er  i nt r usi on.   Pr ovi de door s at  1- 3/ 4 i nch t hi ck,  
unl ess ot her wi se i ndi cat ed.   Pr ovi de door  mat er i al  t hat  uses a mi ni mum of  
25 per cent  r ecycl ed cont ent .   Pr ovi de dat a i ndi cat i ng per cent age of  
r ecycl ed cont ent  f or  st eel  door  pr oduct .   Pr ovi de ext er i or  gl azi ng i n 
accor dance wi t h ASTM F2248 and ASTM E1300.

2. 1. 1   Cl assi f i cat i on -  Level ,  Per f or mance,  Model

2. 1. 1. 1   Maxi mum Dut y Door s

SDI / DOOR A250. 8,  Level  4,  physi cal  per f or mance Level  A,  Model  1 wi t h cor e 
const r uct i on as r equi r ed by t he manuf act ur er  ,  of  s i ze( s)  and desi gn( s)  
i ndi cat ed.   Wher e ver t i cal  st i f f ener  cor es ar e r equi r ed,  t he space bet ween 
t he st i f f ener s must  be f i l l ed wi t h boar d i nsul at i on.   Pr ovi de Level  4 f or  
al l  hol l ow met al  door s. .

2. 2   ACCESSORI ES

2. 2. 1   Louver s

2. 2. 2   Ast r agal s

For  pai r s of  ext er i or  st eel  door s whi ch wi l l  not  have al umi num ast r agal s 
or  r emovabl e mul l i ons,  as speci f i ed i n Sect i on 08 71 00 DOOR HARDWARE 
pr ovi de over l appi ng st eel  ast r agal s wi t h t he door s.
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2. 2. 3   Mol di ngs

Pr ovi de mol di ngs ar ound gl ass of  i nt er i or  and ext er i or  door s and l ouver s 
of  i nt er i or  door s.   Pr ovi de nonr emovabl e mol di ngs on out si de of  ext er i or  
door s and on cor r i dor  s i de of  i nt er i or  door s.   Ot her  mol di ngs may be 
st at i onar y or  r emovabl e.   Secur e i nsi de mol di ngs t o st at i onar y mol di ngs,  
or  pr ovi de snap- on mol di ngs.

2. 3   I NSULATI ON CORES

Pr ovi de i nsul at i ng cor es at  al l  ext er i or  door s,  and pr ovi de an appar ent  
U- f act or  of . 48 i n accor dance wi t h SDI / DOOR 113 and conf or mi ng t o:

a.   Ri gi d Cel l ul ar  Pol y i socyanur at e Foam:   ASTM C591,  Type I  or  I I ,  
f oamed- i n- pl ace or  i n boar d f or m,  wi t h oxygen i ndex of  not  l ess 
t han 22 per cent  when t est ed i n accor dance wi t h ASTM D2863;  or

b.   Ri gi d Pol yst yr ene Foam Boar d:   ASTM C578,  Type I  or  I I ;  or

c.   Mi ner al  boar d:   ASTM C612,  Type I .

2. 4   STANDARD STEEL FRAMES

SDI / DOOR A250. 8,  Level  4,  except  as ot her wi se speci f i ed.   For m f r ames t o 
s i zes and shapes i ndi cat ed,  wi t h wel ded cor ner s .   Pr ovi de st eel  f r ames 
f or  door s,  s i del i ght s,   mul l i ons,  cased openi ngs,  and i nt er i or  gl azed 
panel s,  unl ess ot her wi se i ndi cat ed.   Pr ovi de f r ame pr oduct  t hat  uses a 
mi ni mum of  25 per cent  r ecycl ed cont ent .   Pr ovi de dat a i ndi cat i ng 
per cent age of  r ecycl ed cont ent  f or  st eel  f r ame pr oduct .

2. 4. 1   Wel ded Fr ames

Cont i nuousl y wel d f r ame f aces at  cor ner  j oi nt s.   Mechani cal l y i nt er l ock or  
cont i nuousl y wel d st ops and r abbet s.   Gr i nd wel ds smoot h.

Wel d f r ames i n accor dance wi t h t he r ecommended pr act i ce of  t he St r uct ur al  
Wel di ng Code Sect i ons 1 t hr ough 6,  AWS D1. 1/ D1. 1M and i n accor dance wi t h 
t he pr act i ce speci f i ed by t he pr oducer  of  t he met al  bei ng wel ded.

2. 4. 2   Mul l i ons and Tr ansom Bar s

Pr ovi de mul l i ons and t r ansom bar s of  c l osed or  t ubul ar  const r uct i on wi t h 
heads and j ambs but t - wel ded t oget her  or  knock- down f or  f i el d assembl y.   
Bot t om of  door  mul l i ons must  have adj ust abl e f l oor  anchor s and spr eader  
connect i ons.

2. 4. 3   St ops and Beads

Pr ovi de f or m and l oose st ops and beads f r om 20 gage st eel .   Pr ovi de f or  
gl azed and ot her  openi ngs i n st andar d st eel  f r ames.   Secur e beads t o 
f r ames wi t h oval - head,  count er sunk Phi l l i ps sel f - t appi ng sheet  met al  
scr ews or  conceal ed cl i ps and f ast ener s.   Space f ast ener s appr oxi mat el y 12 
t o 16 i nch on cent er .   Mi t er  mol ded shapes at  cor ner s.   But t  or  mi t er  
squar e or  r ect angul ar  beads at  cor ner s.

2. 4. 4   Cased Openi ngs

Fabr i cat e f r ames f or  cased openi ngs of  same mat er i al ,  gage,  and assembl y 
as speci f i ed f or  met al  door  f r ames,  except  omi t  door  st ops and pr epar at i on 
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f or  har dwar e.

2. 4. 5   Anchor s

Pr ovi de anchor s t o secur e t he f r ame t o adj oi ni ng const r uct i on.   Pr ovi de 
st eel  anchor s,  z i nc- coat ed not  l i ght er  t han 18 gage.

2. 4. 5. 1   Wal l  Anchor s

Pr ovi de at  l east  t hr ee anchor s f or  each j amb.   For  f r ames whi ch ar e mor e 
t han 7. 5 f eet  i n hei ght ,  pr ovi de one addi t i onal  anchor  f or  each j amb f or  
each addi t i onal  2. 5 f eet  or  f r act i on t her eof .

a.   Masonr y:   Pr ovi de anchor s of  cor r ugat ed or  per f or at ed st eel  st r aps 
or  3/ 16 i nch di amet er  st eel  wi r e,  adj ust abl e or  T- shaped;

b.   St ud par t i t i ons:   Wel d or  ot her wi se secur el y f ast en anchor s t o 
backs of  f r ames.   Desi gn anchor s t o be f ast ened t o c l osed st eel  
st uds wi t h sheet  met al  scr ews,  and t o open st eel  st uds by wi r i ng 
or  wel di ng;

c.   Compl et ed openi ngs:   Secur e f r ames t o pr evi ousl y pl aced concr et e 
or  masonr y wi t h expansi on bol t s i n accor dance wi t h SDI / DOOR 111;  
and

2. 5   FI RE  DOORS AND FRAMES

Pr ovi de f i r e door s and f r ames i n accor dance wi t h NFPA 80 and t hi s 
speci f i cat i on.

2. 5. 1   Label s

Pr ovi de f i r e door s and f r ames bear i ng t he l abel  of  Under wr i t er s 
Labor at or i es ( UL) ,  Fact or y Mut ual  Engi neer i ng and Resear ch ( FM) ,  or  
War nock Her sey I nt er nat i onal  ( WHI )  at t est i ng t o t he r at i ng r equi r ed.   
Test i ng must  be i n accor dance wi t h NFPA 252 or  UL 10C.   Pr ovi de l abel s 
t hat  ar e met al  wi t h r ai sed l et t er s,  bear i ng t he name or  f i l e number  of  t he 
door  and f r ame manuf act ur er .   Label s must  be per manent l y af f i xed at  t he 
f act or y t o f r ames and t o t he hi nge edge of  t he door .   Do not  pai nt  door  
and l abel s.

2. 5. 2   Over si zed Door s

For  f i r e door s and f r ames whi ch exceed t he si ze f or  whi ch t est i ng and 
l abel i ng ar e avai l abl e,  f ur ni sh cer t i f i cat es st at i ng t hat  t he door s and 
f r ames ar e i dent i cal  i n desi gn,  mat er i al s,  and const r uct i on t o a door  
whi ch has been t est ed and meet s t he r equi r ement s f or  t he c l ass i ndi cat ed.

2. 5. 3   Ast r agal  on Fi r e  Door s

On pai r s of  l abel ed f i r e door s,  conf or m t o NFPA 80 and UL r equi r ement s.

2. 6   EXTERI OR FRAMES

Pr ovi de t her mal  i nsul at i on i n al l  ext er i or  f r ames.   Pr ovi de f r ames of  a 
mi ni mum Level  4,  wi t h f r ames of  a mi ni mum t hi ckness of  0. 067 i nch,  14 gage.
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2. 7   HARDWARE PREPARATI ON

Dr i l l  and t ap door s and f r ames t o r ecei ve f i ni sh har dwar e.   Pr epar e door s 
and f r ames f or  har dwar e i n accor dance wi t h t he appl i cabl e r equi r ement s of  
SDI / DOOR A250. 8 and SDI / DOOR A250. 6.   For  addi t i onal  r equi r ement s r ef er  t o 
ANSI / BHMA A156. 115.   Dr i l l  and t ap f or  sur f ace- appl i ed har dwar e at  t he 
pr oj ect  s i t e.   Bui l d addi t i onal  r ei nf or ci ng f or  sur f ace- appl i ed har dwar e 
i nt o t he door  at  t he f act or y.   Punch door  f r ames,  wi t h t he except i on of  
f r ames t hat  wi l l  have weat her st r i ppi ng  gasket i ng,  t o r ecei ve a mi ni mum of  
t wo r ubber  or  v i nyl  door  s i l encer s on l ock s i de of  s i ngl e door s and one 
si l encer  f or  each l eaf  at  heads of  doubl e door s.   Set  l ock st r i kes out  t o 
pr ovi de cl ear ance f or  s i l encer s.

2. 8   FI NI SHES

2. 8. 1   Fact or y- Pr i med Fi ni sh

Thor oughl y c l ean al l  sur f aces of  door s and f r ames t hen chemi cal l y t r eat  
and f act or y pr i me wi t h a r ust  i nhi bi t i ng coat i ng as speci f i ed i n 
SDI / DOOR A250. 8

2. 8. 2   Hot - Di p Zi nc- Coat ed and Fact or y- Pr i med Fi ni sh

Fabr i cat e al l  ext er i or  and schedul ed i nt er i or  door s and f r ames f r om hot  
di pped zi nc coat ed st eel ,  al l oyed t ype,  t hat  compl i es wi t h ASTM A924/ A924M 
and ASTM A653/ A653M.   The coat i ng wei ght  must  meet  or  exceed t he mi ni mum 
r equi r ement s f or  coat i ngs havi ng 0. 4 ounces per  squar e f oot ,  t ot al  bot h 
s i des,  i . e. ,  A40.   Repai r  damaged zi nc- coat ed sur f aces by t he appl i cat i on 
of  z i nc dust  pai nt .   Thor oughl y c l ean and chemi cal l y t r eat  t o i nsur e 
maxi mum pai nt  adhesi on.   Fact or y pr i me as speci f i ed i n SDI / DOOR A250. 8. .

2. 8. 3   El ect r ol yt i c Zi nc- Coat ed Anchor s and Accessor i es

Pr ovi de el ect r ol yt i cal l y deposi t ed z i nc- coat ed st eel  i n accor dance wi t h 
ASTM A879/ A879M,  Commer ci al  Qual i t y,  Coat i ng Cl ass A.   Phosphat e t r eat  and 
f act or y pr i me zi nc- coat ed sur f aces as speci f i ed i n SDI / DOOR A250. 8.

2. 9   FABRI CATI ON AND WORKMANSHI P

Pr ovi de f i ni shed door s and f r ames t hat  ar e st r ong and r i gi d,  neat  i n 
appear ance,  and f r ee f r om def ect s,  waves,  scr at ches,  cut s,  dent s,  r i dges,  
hol es,  war p,  and buckl e.   Pr ovi de mol ded member s t hat  ar e c l ean cut ,  
st r ai ght ,  and t r ue,  wi t h j oi nt s coped or  mi t er ed,  wel l  f or med,  and i n t r ue 
al i gnment .   Dr ess exposed wel ded and sol der ed j oi nt s smoot h.   Desi gn door  
f r ame sect i ons f or  use wi t h t he wal l  const r uct i on i ndi cat ed.   Cor ner  
j oi nt s must  be wel l  f or med and i n t r ue al i gnment .   Conceal  f ast eni ngs 
wher e pr act i cabl e.  On wr apar ound f r ames f or  masonr y par t i t i ons,  pr ovi de a 
t hr oat  openi ng 1/ 8 i nch l ar ger  t han t he act ual  masonr y t hi ckness.   Desi gn 
ot her  f r ames i n exposed masonr y wal l s or  par t i t i ons t o al l ow suf f i c i ent  
space bet ween t he i nsi de back of  t r i m and masonr y t o r ecei ve caul k i ng 
compound.

2. 10   PROVI SI ONS FOR GLAZI NG

Mat er i al s ar e speci f i ed i n Sect i on 08 81 00,  GLAZI NG.
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Fr ames

Set  f r ames i n accor dance wi t h SDI / DOOR A250. 11.   Pl umb,  al i gn,  and br ace 
secur el y unt i l  per manent  anchor s ar e set .   Anchor  bot t oms of  f r ames wi t h 
expansi on bol t s or  powder - act uat ed f ast ener s.   Bui l d i n or  secur e wal l  
anchor s t o adj oi ni ng const r uct i on.   Wher e f r ames r equi r e cei l i ng st r ut s or  
over head br aci ng,  anchor  f r ames t o t he st r ut s or  br aci ng.

3. 1. 2   Door s

Hang door s i n accor dance wi t h c l ear ances speci f i ed i n SDI / DOOR A250. 8.   
Af t er  er ect i on and gl azi ng,  c l ean and adj ust  har dwar e.

3. 1. 3   Fi r e  Door s and Fr ames

I nst al l  f i r e door s and f r ames,  i ncl udi ng har dwar e,  i n accor dance wi t h 
NFPA 80.

3. 2   PROTECTI ON

Pr ot ect  door s and f r ames f r om damage.   Repai r  damaged door s and f r ames 
pr i or  t o compl et i on and accept ance of  t he pr oj ect  or  r epl ace wi t h new,  as 
di r ect ed.   Wi r e br ush r ust ed f r ames unt i l  r ust  i s  r emoved.   Cl ean 
t hor oughl y.   Appl y an al l - over  coat  of  r ust - i nhi bi t i ve pai nt  of  t he same 
t ype used f or  shop coat .

3. 3   CLEANI NG

Upon compl et i on,  c l ean exposed sur f aces of  door s and f r ames t hor oughl y.   
Remove mast i c smear s and ot her  unsi ght l y mar ks.

        - -  End of  Sect i on - -
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SECTI ON 08 11 16

ALUMI NUM DOORS AND FRAMES
05/ 17,  CHG 2:  11/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ALUMI NUM ASSOCI ATI ON ( AA)

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 5 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
Er r at a 6- 8 2021;  I nt er pr et at i on 1- 4 2020;  
I nt er pr et at i on 5- 8 2021 Addenda AS- AQ 
2022)  Ener gy St andar d f or  Bui l di ngs Except  
Low- Ri se Resi dent i al  Bui l di ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B209M ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e ( Met r i c)

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM B221M ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes ( Met r i c)

ASTM E283 ( 2019)  St andar d Test  Met hod f or  
Det er mi ni ng t he Rat e of  Ai r  Leakage 
Thr ough Ext er i or  Wi ndows,  Cur t ai n Wal l s,  
and Door s Under  Speci f i ed Pr essur e 
Di f f er ences Acr oss t he Speci men

ASTM E331 ( 2000;  R 2016)  St andar d Test  Met hod f or  
Wat er  Penet r at i on of  Ext er i or  Wi ndows,  
Skyl i ght s,  Door s,  and Cur t ai n Wal l s by 
Uni f or m St at i c Ai r  Pr essur e Di f f er ence
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ASTM E1886 ( 2019)  St andar d Test  Met hod f or  
Per f or mance of  Ext er i or  Wi ndows,  Cur t ai n 
Wal l s,  Door s,  and I mpact  Pr ot ect i ve 
Syst ems I mpact ed by Mi ssi l e( s)  and Exposed 
t o Cycl i c Pr essur e Di f f er ent i al s

ASTM E1996 ( 2017)  St andar d Speci f i cat i on f or  
Per f or mance of  Ext er i or  Wi ndows,  Cur t ai n 
Wal l s,  Door s,  and I mpact  Pr ot ect i ve 
Syst ems I mpact ed by Wi ndbor ne Debr i s i n 
Hur r i canes

NATI ONAL FENESTRATI ON RATI NG COUNCI L ( NFRC)

NFRC 100 ( 2020)  Pr ocedur e f or  Det er mi ni ng 
Fenest r at i on Pr oduct  U- Fact or s

NFRC 200 ( 2020)  Pr ocedur e f or  Det er mi ni ng 
Fenest r at i on Pr oduct  Sol ar  Heat  Gai n 
Coef f i c i ent  and Vi s i bl e Tr ansmi t t ance at  
Nor mal  I nci dence

1. 2   PERFORMANCE REQUI REMENTS

1. 2. 1   Wi nd Bor ne Debr i s

    Pr ovi de i mpact  r esi st ant  door   assembl i es meet i ng t he 
Wi ndbor ne- Debr i s- I mpact  Resi st ant  Per f or mance r equi r ement s of  
ASTM E1996 and ASTM E1886 as f ol l ows:

( 1)  Pass mi ssi l e- i mpact  t est s when t est ed accor di ng t o ASTM E1886 and 
meet i ng per f or mance r equi r ement s accor di ng t o ASTM E1996 f or  
mi ssi l es A and D i n Tabl e 2.

1. 2. 2   Ai r  I nf i l t r at i on

When t est ed i n accor dance wi t h ASTM E283,  ai r  i nf i l t r at i on per  door  l eaf  
cannot  exceed 0. 6 cubi c f eet  per  mi nut e per  squar e f oot  of  f i xed ar ea at  a 
t est  pr essur e of  6. 24 pounds per  squar e f oot .

1. 2. 3   Wat er  Penet r at i on

When t est ed i n accor dance wi t h ASTM E331,  t her e can be no wat er  
penet r at i on at  a pr essur e of  2. 86 pounds per  squar e f oot  of  f i xed ar ea.

1. 2. 4   Ther mal  Tr ansmi t t ance,  Sol ar  Heat  Gai n,  Vi s i bl e Li ght  Tr ansmi t t ance

Pr ovi de pr oduct s bear i ng NFRC Pr oj ect  Label  Cer t i f i cat es f or  Fenest r at i on 
ver i f y i ng compl i ance wi t h r equi r ement s f or  each assembl y i ndi cat ed.   An 
NFRC Bi d Repor t ,  or  appr oved equal ,  f or  f i el d assembl ed ext er i or  door s may 
be submi t t ed i n l i eu of  Pr oj ect  Label  Cer t i f i cat es f or  Fenest r at i on i f  
such r epor t s ar e cr eat ed i n accor dance wi t h NFRC CAMP pr ocedur es and ar e 
pr ovi ded by t he manuf act ur er .   Such al t er nat e r epor t s may be submi t t ed 
wi t h shop dr awi ngs,  however ,  NFRC val i dat ed Pr oj ect  Label  Cer t i f i cat es f or  
Fenest r at i on ar e r equi r ed as a Cl oseout  Submi t t al .   Cont act  NFRC f or  
i nf or mat i on on NFRC 100 and NFRC 200 Compl i ance and Moni t or i ng Pr ogr am 
( CAMP)  r at i ng r equi r ement s:  
ht t p: / / www. nf r c. or g/ i ndust r y/ cer t i f i cat i on/ compl i ance- and- moni t or i ng- pr ogr am- camp/
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1. 2. 4. 1   U- Fact or

Pr ovi de ext er i or  gl azed assembl i es,  i ncl udi ng al umi num ent r ances door s 
wi t h gr eat er  t han 50 per cent  gl azed ar ea,  cer t i f i ed by t he NFRC as havi ng 
a whol e wi ndow U- f act or  of  0. 52 or  l ess as det er mi ned i n accor dance wi t h  
ASHRAE 90. 1 -  I P and as ver i f i ed i n accor dance wi t h NFRC 100.

1. 2. 4. 2   Sol ar  Heat  Gai n Coef f i c i ent  ( SHGC)

Pr ovi de ext er i or  gl azed assembl i es,  i ncl udi ng al umi num ent r ances door s 
wi t h gr eat er  t han 50 per cent  gl azed ar ea,  cer t i f i ed by t he Nat i onal  
Fenest r at i on Rat i ng Counci l  wi t h a whol e wi ndow SHGC of  0. 40 or  l ess as 
det er mi ned i n accor dance wi t h  ASHRAE 90. 1 -  I P and as ver i f i ed i n 
accor dance wi t h NFRC 200.

1. 2. 4. 3   Vi s i bl e Li ght  Tr ansmi t t ance ( VLT)

Pr ovi de ext er i or  gl azed assembl i es,  i ncl udi ng al umi num ent r ances door s 
wi t h gr eat er  t han 50 per cent  gl azed ar ea,  cer t i f i ed by t he NFRC wi t h a 
whol e wi ndow VLT of  0. 40 or  gr eat er  as det er mi ned i n accor dance wi t h  
ASHRAE 90. 1 -  I P and as ver i f i ed i n accor dance wi t h NFRC 200.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

For  Each Type of  Door  and Fr ame Assembl y;  G,  RO

SD- 03 Pr oduct  Dat a

For  Each Type of  Door  and Fr ame Assembl y;  G,  RO

Recycl ed Cont ent  of  Al umi num Mat er i al ;  S

SD- 04 Sampl es

Fi ni sh Sampl es;  G,  RO

SD- 06 Test  Repor t s

Ai r  I nf i l t r at i on;  G,  RO

Wat er  Penet r at i on;  G,  RO

SD- 07 Cer t i f i cat es

NFRC Pr oj ect  Label  Cer t i f i cat es f or  Fenest r at i on;  G,  RO

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst al l at i on of  Each Type of  Door  and Fr ame Assembl y;  G,  RO
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SD- 10 Oper at i on and Mai nt enance Dat a

Adj ust ment s,  Cl eani ng,  and Mai nt enance;  G,  RO

SD- 11 Cl oseout  Submi t t al s

NFRC Pr oj ect  Label  Cer t i f i cat es f or  Fenest r at i on;  G,  RO

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

I nspect  mat er i al s del i ver ed t o t he s i t e f or  damage.   Unl oad and st or e wi t h 
mi ni mum handl i ng.   Pr ovi de st or age space i n dr y l ocat i on wi t h adequat e 
vent i l at i on,  f r ee f r om dust  or  wat er ,  and easi l y accessi bl e f or  i nspect i on 
and handl i ng.   St ack mat er i al s on non- absor pt i ve st r i ps or  wood 
pl at f or ms.   Do not  cover  door s and f r ames wi t h t ar ps,  pol yet hyl ene f i l m,  
or  s i mi l ar  cover i ngs.   Pr ot ect  f i ni shed sur f aces dur i ng shi ppi ng and 
handl i ng usi ng manuf act ur er ' s st andar d met hod.   Do not  appl y coat i ngs or  
l acquer s t o sur f aces t o whi ch caul k i ng and gl azi ng compounds must  adher e.

1. 5   QUALI TY CONTROL

1. 5. 1   Shop Dr awi ng

I ndi cat e el evat i ons and sect i ons f or  each t ype of  door  and f r ame assembl y.   
Show si zes and det ai l s of  each assembl y,  f r ame const r uct i on, subf r ame 
at t achment ,  t hi ckness and gages of  met al ,  det ai l s of  door  and f r ame 
const r uct i on,  pr oposed met hod( s)  of  anchor age,  gl azi ng det ai l s,  pr ovi s i ons 
f or  an l ocat i on of  har dwar e,  mul l i on det ai l s,  met hod and mat er i al s f or  
f l ashi ng and weat her st r i ppi ng,  mi scel l aneous t r i m,  i nst al l at i on det ai l s,  
and ot her  r el at ed i t ems necessar y f or  a compl et e r epr esent at i on of  al l  
component s.   A qual i f i ed bl ast  engi neer  must  per f or m t est i ng or  
cal cul at i ons f or  door  syst em desi gn r esi st ance t o speci f i ed bl ast  l oads.

1. 5. 2   Fi ni sh Sampl es

Submi t  t wo col or  char t s and t wo f i ni sh sampl e chi ps f r om manuf act ur er ' s 
st andar d col or  and f i ni sh opt i ons f or  each t ype of  f i ni sh i ndi cat ed.

1. 5. 3   Oper at i on and Mai nt enance Dat a

Submi t  det ai l ed i nst r uct i ons f or  i nst al l at i on,  adj ust ment s,  c l eani ng,  and 
mai nt enance of  each t ype of  assembl y i ndi cat ed.

1. 6   QUALI TY ASSURANCE

1. 6. 1   Engi neer  Qual i f i cat i ons f or  Bl ast  Desi gn

Al l  bl ast  desi gn cal cul at i ons must  be per f or med by or  under  t he di r ect  
super vi s i on of  a r egi st er ed engi neer  wi t h a mi ni mum of  5 year s '  exper i ence 
per f or mi ng bl ast  desi gn.   The engi neer i ng f i r m per f or mi ng t he bl ast  desi gn 
must  be abl e t o demonst r at e exper i ence on si mi l ar  s i ze pr oj ect s usi ng 
si mi l ar  desi gn met hods t o meet  t he r equi r ement s out l i ned i n t hi s 
speci f i cat i on.
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PART 2   PRODUCTS

2. 1   DOORS AND FRAMES

Pr ovi de swi ng- t ype al umi num door s and f r ames of  s i ze,  desi gn,  and l ocat i on 
i ndi cat ed.   Pr ovi de door s compl et e wi t h f r ames,  f r ami ng member s,  subf r ames,  
adj oi ni ng si de l i t es,  t r i m,  and accessor i es.   Coor di nat e s i de l i t es,  
wi ndow wal l s,  adj acent  cur t ai nwal l  wi t h Sect i on 08 41 13 ALUMI NUM- FRAMED 
ENTRANCES AND STOREFRONTS

2. 2   MATERI ALS

2. 2. 1   Anchor s

St ai nl ess st eel  .

2. 2. 2   Weat her st r i ppi ng

Cont i nuous wool  pi l e,  s i l i cone t r eat ed,  or  t ype r ecommended by door  
manuf act ur er .

2. 2. 3   Al umi num Al l oy f or  Door s and Fr ames

ASTM B221M,  ASTM B221,  Al l oy 6063- T5 f or  ext r usi ons.   ASTM B209M,  ASTM B209,  
al l oy and t emper  best  sui t ed f or  al umi num sheet s and st r i ps.   Pr ovi de 
al umi num mat er i al s t hat  i ncl ude a mi ni mum of  30 per cent  r ecycl ed cont ent .   
Pr ovi de dat a i ndi cat i ng per cent age of  r ecycl ed cont ent  of  al umi num mat er i al .

2. 2. 4   Fast ener s

Har d al umi num or  st ai nl ess st eel .

2. 2. 5   St r uct ur al  St eel

ASTM A36/ A36M.

2. 2. 6   Al umi num Pai nt

Al umi num door  manuf act ur er ' s st andar d al umi num pai nt .

2. 3   FABRI CATI ON

2. 3. 1   Al umi num Fr ames

Ext r uded al umi num shapes wi t h cont our s appr oxi mat el y as i ndi cat ed.   
Pr ovi de r emovabl e gl ass st ops and gl azi ng beads f or  f r ames accommodat i ng 
f i xed gl ass.   Use count er sunk st ai nl ess st eel  Phi l l i ps scr ews f or  exposed 
f ast eni ngs,  and space not  mor e t han 12 i nches on cent er .   Mi l l  j oi nt s i n 
f r ame member s t o a hai r l i ne f i t ,  r ei nf or ce,  and secur e mechani cal l y.

2. 3. 2   Al umi num Door s

Of  t ype,  s i ze,  and desi gn i ndi cat ed and mi ni mum 1- 3/ 4 i nch t hi ck.   mi ni mum 
wal l  t hi ckness,  0. 125 i nch,  except  beads and t r i m,  0. 050 i nch.   Door  s i zes 
shown ar e nomi nal ;  i ncl ude st andar d c l ear ances as f ol l ows:   0. 093 i nch at  
hi nge and l ock st i l es,  0. 125 i nch bet ween meet i ng st i l es,  0. 125 i nch at  
t op r ai l s,  0. 187 i nch bet ween bot t om and t hr eshol d,  and 0. 687 i nch bet ween 
bot t om and f l oor .   Pr ovi de bevel  s i ngl e- act i ng door s 0. 063 or  0. 125 i nch 
at  l ock,  hi nge,  and meet i ng st i l e edges.
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2. 3. 2. 1   Ful l  Gl azed St i l e and Rai l  Door s

Pr ovi de door s wi t h medi um st i l es and r ai l s as i ndi cat ed.  Fabr i cat e f r om 
ext r uded al umi num hol l ow seaml ess t ubes or  f r om a combi nat i on of  
open- shaped member s i nt er l ocked or  wel ded t oget her .   Fast en t op and bot t om 
r ai l  t oget her  by means of  wel di ng or  by 3/ 8 or  1/ 2 i nch di amet er  
cadmi um- pl at ed t ensi oned st eel  t i e r ods.   Pr ovi de an adj ust abl e mechani sm 
of  j ack scr ews or  ot her  met hods i n t he t op r ai l  t o al l ow f or  mi nor  
c l ear ance adj ust ment s af t er  i nst al l at i on.

2. 3. 3   Wel di ng and Fast eni ng

Wher e possi bl e,  l ocat e wel ds on unexposed sur f aces.   Dr ess wel ds on 
exposed sur f aces smoot hl y.   Sel ect  wel di ng r ods,  f i l l er  wi r e,  and f l ux t o 
pr oduce a uni f or m t ext ur e and col or  i n f i ni shed wor k.   Remove f l ux and 
spat t er  f r om sur f aces i mmedi at el y af t er  wel di ng.   Exposed scr ews or  bol t s 
wi l l  be per mi t t ed onl y i n i nconspi cuous l ocat i ons,  and must  have 
count er sunk heads.   Wel d conceal ed r ei nf or cement s f or  har dwar e i n pl ace.

2. 3. 4   Weat her st r i ppi ng

Pr ovi de on st i l es and r ai l s of  ext er i or  door s.   Fi t  i nt o s l ot s whi ch ar e 
i nt egr al  wi t h door s or  f r ames.   Weat her st r i ppi ng must  be r epl aceabl e 
wi t hout  speci al  t ool s,  and adj ust abl e at  meet i ng r ai l s of  pai r s of  door s.  
Dur i ng i nst al l at i on,  ver i f y door s swi ng f r eel y and cl ose posi t i vel y.   
Ref er  t o par agr aph AI R I NFI LTRATI ON f or  ai r  l eakage r equi r ement s and 
t est i ng.

2. 3. 5   Anchor s

On t he backs of  subf r ames,  pr ovi de anchor s of  t he s i zes and shapes 
i ndi cat ed f or  secur i ng subf r ames t o adj acent  const r uct i on.   Anchor  t r ansom 
bar s at  ends and mul l i ons at  head and si l l .  Rei nf or ce and anchor  
f r eest andi ng door  f r ames t o f l oor  const r uct i on as i ndi cat ed on appr oved 
shop dr awi ngs and i n accor dance wi t h manuf act ur er ' s r ecommendat i on.   Pl ace 
anchor s near  t op and bot t om of  each j amb and at  i nt er medi at e poi nt s not  
mor e t han 25 i nch apar t .

2. 3. 6   Pr ovi s i ons f or  Har dwar e

Coor di nat e wi t h Sect i on 08 71 00 DOOR HARDWARE.   Del i ver  har dwar e 
t empl at es and har dwar e ( except  f i el d- appl i ed har dwar e)  t o t he door  
manuf act ur er  f or  use i n f abr i cat i on of  al umi num door s and f r ames.   Cut ,  
r ei nf or ce,  dr i l l ,  and t ap door s and f r ames at  t he f act or y t o r ecei ve 
t empl at e har dwar e.   Pr ovi de door s t o r ecei ve sur f ace- appl i ed har dwar e,  
except  push pl at es,  k i ck pl at es,  and mop pl at es,  wi t h r ei nf or ci ng onl y;  
dr i l l  and t ap i n t he f i el d.   Pr ovi de har dwar e r ei nf or cement s of  st ai nl ess 
st eel  or  st eel  wi t h hot - di pped gal vani zed f i ni sh,  and secur e wi t h 
st ai nl ess st eel  scr ews.

2. 3. 7   Pr ovi s i ons f or  Gl azi ng

Pr ovi de ext r uded al umi num,  t hef t - pr oof ,  snap- i n gl azi ng beads or  f i xed 
gl azi ng beads on ext er i or  or  secur i t y s i de of  door s.  Desi gn gl azi ng beads 
t o r ecei ve t hi ckness i ndi cat ed f or  each gl azed assembl y.   Coor di nat e 
r equi r ement s wi t h Sect i on 08 81 00 GLAZI NG.

SECTI ON 08 11 16  Page 6



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

2. 3. 8   Fi ni shes

Pr ovi de exposed al umi num sur f aces wi t h f act or y f i ni sh of  anodi c coat i ng or  
or gani c coat i ng.

2. 3. 8. 1   Anodi c Coat i ng

Cl ean exposed al umi num sur f aces and pr ovi de an anodi zed f i ni sh conf or mi ng 
t o AA DAF45.   Pr ovi de cl ear  ( nat ur al ) ,  desi gnat i on AA- M10- C22- A41,  
Ar chi t ect ur al  Cl ass I  0. 7 mi l  or  t hi cker )  f i ni sh. .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Pl umb,  squar e,  l evel ,  and al i gn f r ames and f r ami ng member s t o r ecei ve door s,  
adj oi ni ng si de l i t es.  Anchor  f r ames t o adj acent  const r uct i on as i ndi cat ed 
and i n accor dance wi t h manuf act ur er ' s pr i nt ed i nst r uct i ons and t he 
appr oved shop dr awi ngs.   I nst al l  anchor age t hat  compl i es wi t h appl i cabl e 
st r uct ur al  r equi r ement s.   Anchor  bot t om of  each f r ame t o r ough f l oor  
const r uct i on wi t h 3/ 32 i nch t hi ck mi ni mum st ai nl ess st eel  angl e c l i ps 
secur ed t o back of  each j amb and t o f l oor  const r uct i on;  use st ai nl ess 
st eel  bol t s and expansi on r i vet s f or  f ast eni ng cl i p anchor s.   Hang door s 
t o pr oduce cl ear ances speci f i ed i n par agr aph ALUMI NUM DOORS.   Af t er  
er ect i on and gl azi ng,  adj ust  door s and har dwar e t o oper at e pr oper l y.

3. 2   PROTECTI ON FROM DI SSI MI LAR MATERI ALS

3. 2. 1   Di ssi mi l ar  Met al s

Wher e al umi num sur f aces come i n cont act  wi t h met al s ot her  t han st ai nl ess 
st eel ,  z i nc,  or  smal l  ar eas of  whi t e br onze,  pr ot ect  f r om di r ect  cont act  
t o di ssi mi l ar  met al s.

3. 2. 1. 1   Pr ot ect i on

Pr ovi de one of  t he f ol l owi ng syst ems t o pr ot ect  sur f aces i n cont act  wi t h 
di ssi mi l ar  met al s:

a.   Pai nt  t he di ssi mi l ar  met al  wi t h one coat  of  heavy- bodi ed bi t umi nous 
pai nt .

b.   Appl y el ast omer i c seal ant  bet ween al umi num and di ssi mi l ar  met al s i n 
accor dance wi t h Sect i on 07 92 00 JOI NT SEALANTS.

c.   Pai nt  di ssi mi l ar  met al s wi t h one coat  of  pr i mer  and one coat  of  
al umi num pai nt .

d.   Use a non- absor pt i ve t ape or  gasket  i n per manent l y dr y l ocat i ons.

3. 2. 2   Dr ai nage f r om Di ssi mi l ar  Met al s

I n l ocat i ons wher e dr ai nage f r om di ssi mi l ar  met al s has di r ect  cont act  wi t h 
al umi num,  pr ovi de pr ot ect i ve pai nt  t o pr event  al umi num di scol or at i on.

3. 2. 3   Masonr y and Concr et e

Pr ovi de al umi num sur f aces i n cont act  wi t h mor t ar ,  concr et e,  or  ot her  
masonr y mat er i al s wi t h one coat  of  heavy- bodi ed bi t umi nous pai nt .
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3. 2. 4   Wood or  Ot her  Absor pt i ve Mat er i al s

Pr ovi de al umi num sur f aces i n cont act  wi t h absor pt i ve mat er i al s subj ect  t o 
f r equent  moi st ur e,  and al umi num sur f aces i n cont act  wi t h t r eat ed wood,  
wi t h t wo coat s of  al umi num pai nt  or  one coat  of  heavy- bodi ed bi t umi nous 
pai nt .   I n l i eu of  pai nt i ng al umi num,  pai nt  t he wood or  ot her  absor pt i ve 
sur f ace wi t h t wo coat s of  al umi num pai nt  and seal  j oi nt s wi t h el ast omer i c 
seal ant .

3. 3   SEALI NG AROUND ASSEMBLI ES

Seal  al l  penet r at i ons of  t he ai r  bar r i er  by seal i ng ar ound door  openi ngs 
as necessar y t o achi eve compl i ance wi t h ai r  l eakage r equi r ement s i ndi cat ed 
i n t he ai r  bar r i er  sect i ons of  t he speci f i cat i ons.   Fl ash al l  door s wi t h 
cor r osi on r esi st ant  f l ashi ng t o pr event  wat er  i nt r usi on.

3. 4   CLEANI NG

Upon compl et i on of  i nst al l at i on,  c l ean door  and f r ame sur f aces i n 
accor dance wi t h door  manuf act ur er ' s wr i t t en r ecommended pr ocedur e.   Do not  
use abr asi ve,  caust i c,  or  aci d c l eani ng agent s.

3. 5   PROTECTI ON

Pr ot ect  door s and f r ames f r om damage and f r om cont ami nat i on by ot her  
mat er i al s such as cement  mor t ar .   Pr i or  t o compl et i on and accept ance of  
t he wor k,  r est or e damaged door s and f r ames t o or i gi nal  condi t i on,  or  
r epl ace wi t h new ones.

        - -  End of  Sect i on - -
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SECTI ON 08 14 00

WOOD DOORS
08/ 16,  CHG 1:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o i n t he t ext  by t he 
basi c desi gnat i on onl y.

CALI FORNI A AI R RESOURCES BOARD ( CARB)

CARB 93120 ( 2007)  Ai r bor ne Toxi c Cont r ol  Measur e 
( ATCM)  t o Reduce For mal dehyde Emi ssi ons 
f r om Composi t e Wood Pr oduct s

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 770 For mal dehyde St andar ds f or  Composi t e Wood 
Pr oduct s

WI NDOW AND DOOR MANUFACTURERS ASSOCI ATI ON ( WDMA)

ANSI / WDMA I . S. 1A ( 2013)  I nt er i or  Ar chi t ect ur al  Wood Fl ush 
Door s

ANSI / WDMA I . S. 6A ( 2013)  I nt er i or  Ar chi t ect ur al  St i l e and 
Rai l  Door s

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Door s;  G,  RO

Submi t  dr awi ngs or  cat al og dat a showi ng each t ype of  door  uni t  .   
I ndi cat e wi t hi n dr awi ngs and dat a t he door  t ypes and const r uct i on,  
s i zes,  t hi ckness,   and gl azi ng, .

SD- 03 Pr oduct  Dat a

Door s;  G,  RO

Recycl ed Cont ent  f or  Door  Cor es;  S

Accessor i es

Wat er - r esi st ant  Seal er
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Sampl e War r ant y

SD- 04 Sampl es

Door  Fi ni sh Col or s;  G,  RO

Submi t  a mi ni mum of  t hr ee col or  sel ect i on sampl es ,  mi ni mum 3 by 5 
i nches i n s i ze r epr esent i ng wood st ai n .

SD- 06 Test  Repor t s

Cycl e- Sl am

Hi nge Loadi ng Resi st ance

Submi t  cycl e- sl am t est  r epor t  f or  door s t est ed i n accor dance wi t h 
ANSI / WDMA I . S. 1A,  and hi nge l oadi ng r esi st ance t est  r epor t  f or  
door s t est ed i n accor dance wi t h ANSI / WDMA I . S. 6A.

SD- 07 Cer t i f i cat es

I ndoor  Ai r  Qual i t y f or  Par t i c l eboar d and Agr i f i ber  Door  Cor es:  S

SD- 11 Cl oseout  Submi t t al s

War r ant y

1. 3   CERTI FI CATI ONS

1. 3. 1   I ndoor  Ai r  Qual i t y Cer t i f i cat i on

1. 3. 1. 1   Composi t e Wood,  Wood St r uct ur al  Panel  and Agr i f i ber  Pr oduct s

For  pur poses of  t hi s speci f i cat i on,  composi t e wood and agr i f i ber  pr oduct s 
i ncl ude par t i c l eboar d,  medi um densi t y f i ber boar d ( MDF) ,  wheat boar d,  
st r awboar d,  panel  subst r at es,  and door  cor es.   Pr ovi de pr oduct s cer t i f i ed 
t o meet  r equi r ement s of  bot h 40 CFR 770 and  CARB 93120.   Pr ovi de cur r ent  
pr oduct  cer t i f i cat i on document at i on f r om cer t i f i cat i on body.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  door s t o t he s i t e i n an undamaged condi t i on and pr ot ect  agai nst  
damage and dampness.   St ack door s f l at  under  cover .   Suppor t  on bl ocki ng,  
a mi ni mum of  4 i nch t hi ck,  l ocat ed at  each end and at  t he mi dpoi nt  of  t he 
door .   St or e door s i n a wel l - vent i l at ed bui l di ng so t hat  t hey wi l l  not  be 
exposed t o excessi ve moi st ur e,  heat ,  dr yness,  di r ect  sunl i ght ,  or  ext r eme 
changes of  t emper at ur e and humi di t y.   Do not  st or e i n a bui l di ng under  
const r uct i on unt i l  concr et e,  masonr y wor k,  and pl ast er  ar e dr y.   Repl ace 
def ect i ve or  damaged door s wi t h new ones.

1. 5   WARRANTY

War r ant  door s f r ee of  def ect s as set  f or t h i n t he door  manuf act ur er ' s 
st andar d door  war r ant y.
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PART 2   PRODUCTS

2. 1   DOORS

Pr ovi de door s of  t he t ypes,  s i zes,  and desi gns i ndi cat ed f r ee of  
ur ea- f or mal dehyde r esi ns.

2. 1. 1   Fl ush Door s

Conf or m t o ANSI / WDMA I . S. 1A f or  f l ush door s.   Pr ovi de hol l ow cor e door s 
wi t h l ock bl ocks and 1 i nch mi ni mum t hi ckness hi nge st i l e.   Har dwood st i l e 
edge bands of  door s r ecei ves a nat ur al  f i ni sh,  compat i bl e wi t h f ace 
veneer .  Pr ovi de mi l l  opt i on f or  st i l e edge of  door s schedul ed t o be 
pai nt ed.   No vi s i bl e f i nger  j oi nt s wi l l  be accept ed i n st i l e edge bands.   
When used,  l ocat e f i nger - j oi nt s under  har dwar e. 2. 1. 1. 1   I nt er i or  Fl ush 

Door s

Pr ovi de agr i f i ber  cor e,  Type I I  f l ush door s conf or mi ng t o ANSI / WDMA I . S. 1A 
wi t h f aces of  pr emi um gr ade nat ur al  bi r ch .   Har dwood veneer s must  be  
pl ai n s l i ced .   Door  cor es must  have a mi ni mum r ecycl ed cont ent  of  45 
per cent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  door  
cor es.   Pr oduct s must  cont ai n no added ur ea- f or mal dehyde r esi ns.   Pr ovi de 
cer t i f i cat i on of  i ndoor  ai r  qual i t y f or  par t i c l eboar d and agr i f i ber  door  
cor es.

2. 2   ACCESSORI ES2. 2. 1   Door  Li ght  Openi ngs

Pr ovi de gl azed openi ngs wi t h t he manuf act ur er ' s st andar d wood mol di ngs.   
Pr ovi de mol di ngs f or  door s t o r ecei ve nat ur al  f i ni sh of  t he same wood 
speci es and col or  as t he wood f ace veneer s.    Li p t ype mol di ngs f or  f l ush 
door s.

2. 2. 2   Addi t i onal  Har dwar e Rei nf or cement

Pr ovi de t he mi ni mum l ock bl ocks t o secur e t he speci f i ed har dwar e.   The 
measur ement  of  t op,  bot t om,  and i nt er medi at e r ai l  bl ocks ar e a mi ni mum 125 
mm 5 i nch by f ul l  cor e wi dt h.   Compl y wi t h t he manuf act ur er ' s l abel i ng 
r equi r ement s f or  r ei nf or cement  bl ocki ng,  but  not  mi ner al  mat er i al  s i mi l ar  
t o t he cor e.

2. 3   FABRI CATI ON

2. 3. 1   Qual i t y and Const r uct i on

I dent i f y t he st andar d on whi ch t he const r uct i on of  t he door  was based ,  
i dent i f y t he st andar d under  whi ch pr eser vat i ve t r eat ment  was made,  and 
i dent i f y door s havi ng a Type I  gl ue bond.

2. 3. 2   Pr eser vat i ve Tr eat ment

Tr eat  door s schedul ed f or  r est r ooms,  j ani t or  c l oset s and ot her  possi bl e 
wet  l ocat i ons i ncl udi ng ext er i or  door s wi t h a wat er - r epel l ent  pr eser vat i ve 
t r eat ment  and so mar ket ed at  t he manuf act ur er ' s pl ant .

2. 3. 3   Adhesi ves and Bonds

ANSI / WDMA I . S. 1A.   Use Type I  bond f or  ext er i or  door s and Type I I  bond f or  
i nt er i or  door s.   Pr ovi de a nonst ai ni ng adhesi ve on door s wi t h a nat ur al  
f i ni sh.
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2. 3. 4   Pr ef i t t i ng

Pr ovi de f act or y  f act or y pr ef i t t ed door s f or  t he speci f i ed har dwar e,  door  
f r ame and door - swi ng i ndi cat ed.   Machi ne and si ze door s at  t he f act or y by 
t he door  manuf act ur er  i n accor dance wi t h t he st andar ds under  whi ch t he 
door s ar e pr oduced and manuf act ur ed.   The wor k i ncl udes si z i ng,  bevel i ng 
edges,  mor t i s i ng,  and dr i l l i ng f or  har dwar e and pr ovi di ng necessar y beaded 
openi ngs f or  gl ass and l ouver s.   Pr ovi de t he door  manuf act ur er  wi t h t he 
necessar y har dwar e sampl es,  and f r ame and har dwar e schedul es t o coor di nat e 
t he wor k.

2. 3. 5   Fi ni shes

2. 3. 5. 1   Fi el d Pai nt i ng

Fact or y pr i me or  seal  door s,  and f i el d pai nt .

2. 3. 5. 2   Col or

Pr ovi de door  f i ni sh col or s i n accor dance wi t h Sect i on 09 06 00 SCHEDULES 
FOR FI NI SHES.

2. 3. 6   Wat er - Resi st ant  Seal er

Pr ovi de manuf act ur er ' s st andar d wat er - r esi st ant  seal er  compat i bl e wi t h t he 
speci f i ed f i ni sh.

2. 4   SOURCE QUALI TY CONTROL

Meet  or  exceed t he f ol l owi ng mi ni mum per f or mance cr i t er i a of  st i l es of  " B"  
and " C"  l abel  f i r e door s ut i l i z i ng st andar d mor t i se l eaf  hi nges:

a.   Cycl e- sl am:   Heavy Dut y Door s:  500, 000 cycl es wi t h no l oose hi nge 
scr ews or  ot her  v i s i bl e s i gns of  f ai l ur e when t est ed i n accor dance 
wi t h t he r equi r ement s of  ANSI / WDMA I . S. 1A .

b.   Hi nge l oadi ng r esi st ance:   Aver ages of  t en t est  sampl es not  l ess t han 
Heavy Dut y door s:  475 pounds f or ce when t est ed f or  di r ect  scr ew 
wi t hdr awal  i n accor dance wi t h ANSI / WDMA I . S. 6A usi ng a No.  12,  1- 1/ 4 
i nch l ong,  st eel ,  f ul l y  t hr eaded wood scr ew.   Dr i l l  5/ 32 i nch pi l ot  
hol e,  use 1- 1/ 2 i nch openi ng ar ound scr ew f or  bear i ng sur f ace,  and 
engage scr ew f ul l ,  except  f or  l ast  1/ 8 i nch.   Do not  use a st eel  pl at e 
t o r ei nf or ce scr ew ar ea.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Do not  i nst al l  bui l di ng const r uct i on mat er i al s t hat  show vi sual  evi dence 
of  bi ol ogi cal  gr owt h.

Bef or e i nst al l at i on,  seal  t op and bot t om edges of  door s wi t h t he appr oved 
wat er - r esi st ant  seal er .   Seal  cut s made on t he j ob i mmedi at el y af t er  
cut t i ng usi ng appr oved wat er - r esi st ant  seal er .   Fi t ,  t r i m,  and hang door s 
wi t h a 1/ 16 i nch mi ni mum,  1/ 8 i nch maxi mum cl ear ance at  s i des and t op,  and 
a 3/ 16 i nch mi ni mum,  1/ 4 i nch maxi mum cl ear ance over  t hr eshol ds.   Pr ovi de 
3/ 8 i nch mi ni mum,  7/ 16 i nch maxi mum cl ear ance at  bot t om wher e no t hr eshol d 
occur s.   Bevel  edges of  door s at  t he r at e of  1/ 8 i nch i n 2 i nch.   Door  
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war p must  not  exceed 1/ 4 i nch when measur ed i n accor dance wi t h 
ANSI / WDMA I . S. 1A.

        - -  End of  Sect i on - -
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SECTI ON 08 31 00

ACCESS DOORS AND PANELS
05/ 17,  CHG 1:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A666 ( 2015)  St andar d Speci f i cat i on f or  Anneal ed 
or  Col d- Wor ked Aust eni t i c  St ai nl ess St eel  
Sheet ,  St r i p,  Pl at e and Fl at  Bar

ASTM A1008/ A1008M ( 2021a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

MASTER PAI NTERS I NSTI TUTE ( MPI )

MPI  79 ( 2016)  Pr i mer ,  Al kyd,  Ant i - Cor r osi ve f or  
Met al

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Access Door s And Panel s;  G,  RO

SD- 03 Pr oduct  Dat a
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Access Door s And Panel s;  G,  RO

Har dwar e I ncl udi ng Locks and Keys;  G,  RO

Accessor i es;  G,  RO

Recycl ed Cont ent ;  S

SD- 04 Sampl es

Fi ni shes;  G,  RO

1. 3   MI SCELLANEOUS REQUI REMENTS

For  access door s and panel s pr ovi de t he f ol l owi ng:

1. 3. 1   Shop Dr awi ngs

For  f i el d assembl ed access door s and panel s,  pr ovi de pl ans,  el evat i ons,  
sect i ons,  and det ai l s f or  each t ype of  access door  and panel  assembl y.   
I ndi cat e f r ame,  sur f ace and edge const r uct i on,  mat er i al s,  and 
accessor i es.   I ndi cat e t ypes of  f i ni shed sur f aces and det ai l s f or  panel  
edge condi t i ons.   Pr ovi de a door  schedul e wi t h a uni que number  f or  each 
access door  and panel ,  speci f i c  l ocat i on i n t he pr oj ect ,  l ocat i on of  
hi nges and har dwar e f or  each door .

1. 3. 2   Pr oduct  Dat a

For  shop assembl ed access door s and panel s,  pr ovi de l i t er at ur e i ndi cat i ng 
s i zes,  t ypes,  f r ame and edge const r uct i on,  f i ni shes,  har dwar e,  accessor i es 
such as gasket s,  seal s and weat her st r i ppi ng,  and l ocat i on of  each door  and 
panel  i n t he pr oj ect .   I ndi cat e.   Pr ovi de det ai l s of  adj oi ni ng wor k f or  
each condi t i on i ndi cat ed.

1. 3. 3   Fi ni sh Sampl es

Submi t  t wo col or  char t s f r om manuf act ur er ' s st andar d col or  and f i ni sh 
opt i ons f or  each t ype of  f r ame and panel  assembl y f i ni sh i ndi cat ed.

1. 4   PERFORMANCE REQUI REMENTS

1. 4. 1   St r uct ur al  Requi r ement s

Pr ovi de f l oor  access assembl i es t o suppor t  l i ve l oads i ndi cat ed f or  
f l oor s.   Def l ect i on must  not  exceed 1/ 180 of  span.

1. 4. 2   Access Panel s f or  Wet  Ar eas

Pr ovi de panel  assembl i es t hat  wi l l  be l ocat ed i n wet  ar eas wi t h cor r osi on 
r esi st ant  f i ni shes and har dwar e and wat er  r esi st ant  gasket i ng.

1. 5   DELI VERY,  STORAGE,  AND PROTECTI ON

Pr ot ect  f r om cor r osi on,  def or mat i on,  and ot her  t ypes of  damage.   St or e 
i t ems i n an encl osed ar ea f r ee f r om cont act  wi t h soi l  and weat her .  Remove 
and r epl ace damaged i t ems wi t h new i t ems.
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PART 2   PRODUCTS

2. 1   RECYCLED CONTENT

Pr ovi de pr oduct s wi t h r ecycl ed cont ent .   Pr ovi de dat a f or  each pr oduct  
wi t h r ecycl ed cont ent ,  i dent i f y i ng per cent age of  r ecycl ed cont ent .

2. 2   MATERI ALS

2. 2. 1   St eel  Pl at es,  Shapes,  and Bar s

Pr ovi de i n accor dance wi t h ASTM A36/ A36M.

2. 2. 2   Sheet  St eel

Pr ovi de col d r ol l ed st eel  sheet  subst r at e i n accor dance wi t h 
ASTM A1008/ A1008M,  Commer ci al  St eel  ( CS) ,  exposed.

2. 2. 3   St ai nl ess St eel  

Pr ovi de i n accor dance wi t h ASTM A666,  t ype 302 or  304.

2. 2. 4   Met al l i c  Coat ed St eel  Sheet

Pr ovi de i n accor dance wi t h ASTM A653/ A653M,  Commer ci al  St eel  ( CS) ,  Type B;  
wi t h mi ni mum G60 ( Z180)  or  A60 ( ZF180)  met al l i c  coat i ng.

2. 2. 5   Har dwar e

Pr ovi de aut omat i c c l osi ng devi ces.   Pr ovi de l at ch r el eases oper abl e f r om 
i nsi des of  door s.

2. 2. 6   Hi nges

Pr ovi de conceal ed spr i ng hi nges,  175 degr ees of  openi ng,  wi t h r emovabl e 
hi nge pi ns t o al l ow r emoval  of  door  panel  f r om f r ame.   Pr ovi de hi nges of  
same st eel  as door  and f r ame or  i n accor dance wi t h manuf act ur er ' s wr i t t en 
r ecommendat i ons.   I f  pr ovi di ng non- cont i nuous hi nges,  pr ovi de i n number s 
r equi r ed t o mai nt ai n al i gnment  of  door  panel  wi t h f r ame.   Pr ovi de coat i ngs 
as necessar y t o per manent l y pr ot ect  di ssi mi l ar  met al s f r om cont act  wi t h 
one anot her ;  see Par t  3 her ei n f or  mor e i nf or mat i on.

2. 2. 7   Locks

Unl ess ot her wi se i ndi cat ed,  pr ovi de f l ush scr ewdr i ver  oper at ed cam l ock.   
Pr ovi de pl ast i c s l eeve or  st ai nl ess st eel  bushi ngs t o pr ot ect  hol es i n 
sur f ace f i ni shes f or  scr ewdr i ver  t o access l ock.

2. 2. 8   Accessor i es

Pr ovi de anchor s i n s i ze,  number  and l ocat i on on f our  s i des t o secur e 
access door  t o subst r at e.   Pr ovi de anchor s i n t ypes as r ecommended by 
manuf act ur er ' s wr i t t en i nst al l at i on i nst r uct i ons f or  each subst r at e 
i ndi cat ed.   Pr ovi de shi ms,  bushi ngs,  c l i ps,  gasket s,  and ot her  devi ces as 
necessar y f or  a compl et e i nst al l at i on.
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2. 3   FABRI CATI ON

2. 3. 1   Thi ckness,  Si ze,  Edges

Fabr i cat e f r ames f or  access door s of  st eel  not  l i ght er  t han 16 gage wi t h 
wel ded j oi nt s and anchor age f or  secur i ng t o adj acent  const r uct i on.   
Pr ovi de door s a mi ni mum of  24 by 24 i nches and of  not  l i ght er  t han 16 gage 
st eel ,  wi t h st i f f ened edges and wel ded at t achment s.   Pr ovi de wi t h eased 
( l i ght l y r ounded)  edges,  wi t hout  bur r s,  snags or  shar pness and exposed 
wel ds gr ound smoot h.

2. 3. 2   Wel di ng

Pr ovi de i n accor dance wi t h AWS D1. 1/ D1. 1M.

2. 4   ACCESS ASSEMBLY TYPES

Unl ess i ndi cat ed ot her wi se,  pr ovi de f l ush- f ace st eel  access door s and 
panel s wi t h st eel  f r ames and f l anges.

2. 5   FI NI SHES

 Pr ovi de st eel  f r ame and panel  sur f aces wi t h a shop appl i ed pr i me coat .   
Fi el d pai nt  f r ames and panel s t o mat ch wal l  and cei l i ng sur f aces i n whi ch 
t hey occur .  Pr ovi de exposed f ast eni ngs t hat  appr oxi mat el y mat ch t he col or  
and f i ni sh of  t he each mat er i al  t o whi ch f ast eni ngs ar e appl i ed.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

Fi el d ver i f y al l  measur ement s pr i or  t o f abr i cat i on.   Ver i f y access door  
l ocat i ons and si zes pr ovi de r equi r ed mai nt enance access t o i nst al l ed 
bui l di ng ser vi ces component s.   Pr ot ect  exi st i ng const r uct i on and compl et ed 
wor k f r om damage dur i ng i nst al l at i on.

3. 2   GENERAL I NSTALLATI ON REQUI REMENTS

I nst al l  i t ems at  l ocat i ons i ndi cat ed,  i n accor dance wi t h manuf act ur er ' s 
wr i t t en i nst r uct i ons.   I ncl ude mat er i al s and par t s as necessar y f or  a 
compl et e i nst al l at i on of  each i t em.   Conceal  f ast eni ngs wher e 
pr act i cabl e.   Poor  mat chi ng of  hol es t o f ast ener s i s cause f or  r ej ect i on 
of  t he wor k.

3. 3   ACCESS LOCATI ONS

I nst al l  r emovabl e access panel s di r ect l y bel ow each val ve,  f l ow i ndi cat or ,  
damper ,  ai r  spl i t t er  or  ot her  ut i l i t y  r equi r i ng access t hat  i s l ocat ed 
above cei l i ngs,  ot her  t han at  acoust i cal  panel  cei l i ngs,  and t hat  woul d 
ot her wi se not  be accessi bl e.   I nst al l  access door s and panel s per mi t t i ng 
access t o ser vi ce val ves,  t r aps,  damper s,  c l eanout s,  and ot her  mechani cal ,  
el ect r i cal  and conveyor  cont r ol  i t ems conceal ed i n wal l s and par t i t i ons.

3. 4   ACCESS LOCATI ONS I N WET AREAS

When possi bl e,  avoi d l ocat i ng access panel s i n wet  ar eas.   When such 
l ocat i ons cannot  be avoi ded,  pr ovi de moi st ur e r esi st ant  assembl i es as 
i ndi cat ed i n Par t  I  her ei n.
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3. 5   FI ELD PAI NTI NG

Fi el d pai nt i ng pr i med access door s i n accor dance wi t h t he r equi r ement s of  
Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 6   DI SSI MI LAR MATERI ALS

Wher e di ssi mi l ar  met al s ar e i n cont act ,  pr ot ect  sur f aces wi t h a coat i ng i n 
accor dance wi t h MPI  79 t o pr event  gal vani c or  cor r osi ve act i on.

3. 7   ADJUSTMENT

Adj ust  har dwar e so t hat  door  panel  opens f r eel y.   Adj ust  door  when cl osed 
cent er  door  panel  i n f r ame.

3. 8   ENVI RONMENTAL CONDI TI ONS

Do not  pai nt  sur f aces when damp or  exposed t o weat her ,  when sur f ace 
t emper at ur e i s bel ow 45 degr ees F or  over  95 degr ees F,  unl ess appr oved by 
t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

        - -  End of  Sect i on - -
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SECTI ON 08 33 13

COI LI NG COUNTER DOORS
05/ 09,  CHG 2:  11/ 12

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A240/ A240M ( 2022b)  St andar d Speci f i cat i on f or  
Chr omi um and Chr omi um- Ni ckel  St ai nl ess 
St eel  Pl at e,  Sheet ,  and St r i p f or  Pr essur e 
Vessel s and f or  Gener al  Appl i cat i ons

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 80 ( 2022)  St andar d f or  Fi r e Door s and Ot her  
Openi ng Pr ot ect i ves

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

War r ant y
Rol l i ng Count er  Door s
I nst al l at i on
Cl eani ng

SD- 06 Test  Repor t s

Dr op- t est

SD- 10 Oper at i on and Mai nt enance Dat a

SD- 11 Cl oseout  Submi t t al s

Fi r e- Rat ed Rol l i ng Count er  Door

1. 3   QUALI TY ASSURANCE

Submi t  Det ai l  Dr awi ngs showi ng el evat i ons of  each door  t ype,  det ai l s of  
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anchor age,  det ai l s of  const r uct i on,  l ocat i on and descr i pt i on of  har dwar e,  
shape and t hi ckness of  mat er i al s,  det ai l s of  j oi nt s and connect i ons,  and 
det ai l s of  gui des and f i t t i ngs.   I ncl ude a schedul e showi ng t he l ocat i on 
of  each count er  door  wi t h t he dr awi ngs.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  r ol l i ng count er  door s t o t he j obsi t e wr apped i n a pr ot ect i ve 
cover i ng wi t h t he br ands and names cl ear l y mar ked t her eon.   St or e r ol l i ng 
count er  door s i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons i n a dr y 
l ocat i on t hat  i s adequat el y vent i l at ed and f r ee f r om dust ,  wat er ,  or  ot her  
cont ami nant s,  and i n a manner  t hat  per mi t s easy access f or  i nspect i ng and 
handl i ng.   Handl e door s car ef ul l y t o pr event  damage.   Repl ace damaged 
i t ems t hat  cannot  be r est or ed t o l i ke- new condi t i on.

1. 5   WARRANTY

Pr ovi de manuf act ur er ' s st andar d per f or mance guar ant ees or  war r ant i es t hat  
ext end beyond a 1 year  per i od.   Submi t  no l at er  t han 30 days pr i or  t o 
f i nal  i nspect i on.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Fur ni sh r ol l i ng count er  door s of  t he t ype,  s i ze,  and desi gn i ndi cat ed on 
t he dr awi ngs.   Pr ovi de t he st andar d pr oduct  of  a manuf act ur er  r egul ar l y 
engaged i n t he pr oduct i on of  r ol l i ng count er  door s.   Pr ovi de each door  
wi t h a per manent  l abel  showi ng t he manuf act ur er ' s name and addr ess and t he 
model  number  of  t he door .   Submi t  Manuf act ur er ' s descr i pt i ve dat a and 
cat al og cut s.

2. 2   BASI C COMPONENTS

2. 2. 1   Cur t ai n

Fabr i cat e t he cur t ai n of  22 gauge st ai nl ess st eel  s l at s conf or mi ng t o 
ASTM A240/ A240M,  Type 304 or  Type 430 .   Pr ovi de t hi ckness of  s l at  
mat er i al  as r equi r ed by wi dt h of  openi ng or  as r equi r ed by speci f i ed 
f i r e- r at i ng.   Use sl at s appr oxi mat el y 1- 1/ 4 t o 1- 1/ 2 i nch wi de wi t h a 
dept h of  cr own of  1/ 2 i nch.   Fi t  al t er nat e s l at s wi t h endl ocks t o mai nt ai n 
cur t ai n al i gnment .   Pr ovi de bot t om of  cur t ai n wi t h angl e or  t ubul ar  bar  
r ei nf or cement  mat chi ng t he cur t ai n,  and f i t t ed wi t h a r esi l i ent  bot t om 
seal .

2. 2. 2   Jamb Gui des

Fur ni sh gui des of  13 gauge mi ni mum t hi ckness st ai nl ess st eel  conf or mi ng t o 
ASTM A240/ A240M,  Type 304 or  Type 430.  

2. 2. 3   Count er bal ance Shaf t  Assembl y

Fur ni sh t he cur t ai n coi l ed ar ound a st eel  t ube of  suf f i c i ent  t hi ckness and 
di amet er  t o pr event  def l ect i on exceedi ng 0. 03 i nch per  f oot .   Pr ovi de a 
bar r el  cont ai ni ng oi l  t emper ed hel i cal  st eel  t or s i on spr i ngs capabl e of  
suf f i c i ent  t or que t o count er bal ance t he wei ght  of  t he cur t ai n.   Cal cul at e 
t he spr i ngs t o pr ovi de a mi ni mum of  7, 500 oper at i ng cycl es ( one compl et e 
cycl e of  door  oper at i on wi l l  begi n wi t h t he door  i n t he c l osed posi t i on,  
move t o t he f ul l  open posi t i on and r et ur n t o t he c l osed posi t i on) .
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2. 2. 4   Br acket s

Fur ni sh br acket s of  a mi ni mum 12 gauge t hi ckness st eel  i f  f l at  pl at e,  or  
16 gauge t hi ckness i f  t her e ar e a mi ni mum of  3 r et ur ns of  3/ 4 i nch wi dt h.

2. 2. 5   Hood

Pr ovi de a hood of  24 gauge st ai nl ess st eel  conf or mi ng t o ASTM A240/ A240M,  
Type 304 or  Type 430.  

2. 2. 6   Locks

Lock t he cur t ai n at  each si de of  t he bot t om bar  by an i nt egr al  s l i de bol t  .   
Locat e l ock on t he Tool  r oom si de of  t he count er  door .   

2. 3   FI RE- RATED ROLLI NG COUNTER DOOR

Fur ni sh f i r e- r at ed r ol l i ng count er  door s,   Cl ass C ( 3/ 4 hr . )  r at ed and 
conf or mi ng t o t he r equi r ement s speci f i ed and t o NFPA 80 f or  t he c l ass 
i ndi cat ed.   Pr ovi de l abel s of  a r ecogni zed t est i ng agency f or  t he door s,  
i ndi cat i ng t he appl i cabl e f i r e r esi st ance r at i ng.   The const r uct i on 
det ai l s necessar y f or  l abel ed r ol l i ng count er  door s wi l l  t ake pr ecedence 
over  det ai l s i ndi cat ed or  speci f i ed her ei n.   Fur ni sh door  cur t ai ns,  gui des 
and hood of  st ai nl ess st eel  .   Pr ovi de f i r e- r at ed r ol l i ng count er  door s 
compl et e wi t h har dwar e,  accessor i es,  and aut omat i c c l osi ng devi ce.   
Pr ovi de r ol l i ng count er  door s,  i n exi t  cor r i dor  wal l s,  wi t h per i met er  
smoke and dr af t  cont r ol  gasket i ng.

2. 4   I NTEGRAL FRAME ROLLI NG COUNTER DOOR ( RATED OR NON- RATED)

Fur ni sh i nt egr al  f r ame r ol l i ng count er  door  of   st ai nl ess st eel  .   Cl ass C 
( 3/ 4 hr . )  ,  st ai nl ess st eel  .   Conf or m f i r e- r at ed door s t o t he 
r equi r ement s of  NFPA 80 f or  t he Cl ass i ndi cat ed and bear i ng t he l abel s of  
a r ecogni zed t est i ng agency i ndi cat i ng t he appl i cabl e f i r e r esi st ance 
r at i ng.   For m j ambs t o cr eat e gui des f or  t he cur t ai n.   Pr ovi de head and 
j ambs of  16 gauge t hi ckness.   Pr ovi de count er  of  14 gauge t hi ckness.   
Pr ovi de r ol l i ng count er  door s,  i n exi t  cor r i dor  wal l s,  wi t h per i met er  
smoke and dr af t  cont r ol  gasket i ng.

2. 5   AUTOMATI C CLOSI NG DEVI CE

Equi p f i r e- r at ed count er  door s wi t h an aut omat i c c l osi ng devi ce whi ch 
oper at es upon act i vat i on of  t he bui l di ng' s f i r e al ar m syst em .   Fur ni sh 
f i r e and smoke door s t hat  easi l y r eset  by t he f aci l i t y  user  af t er  t hey 
have been r el eased by t he det ect i on syst em.   Reset t i ng t he door  must  not  
r equi r e t he use of  speci al  t ool s.

2. 6   FI NI SH

Exposed par t s of  t he count er  door ,  i ncl udi ng t he cur t ai n,  bot t om r ai l ,  
gui des,  and hood must  be of  uni f or m f i ni sh and appear ance.   Fur ni sh 
st ai nl ess st eel  wi t h a No.  4 f i ni sh.  Gi ve al l  ot her  st eel  par t s a shop 
coat  of  pr i mer  pai nt  st andar d wi t h t he manuf act ur er .   Pr ovi de a f act or y 
coat ed col or  i n accor dance wi t h Sect i on 09 06 00 SCHEDULES FOR FI NI SHES .
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  door s i n accor dance wi t h appr oved det ai l  dr awi ngs and 
manuf act ur er ' s i nst r uct i ons.   Accur at el y l ocat e anchor s and i nser t s f or  
gui des,  br acket s,  har dwar e,  and ot her  accessor i es.   Upon compl et i on,  
war ped,  t wi st ed,  or  di st or t ed door s ar e not  accept abl e.   Lubr i cat e,  
pr oper l y adj ust ,  and demonst r at e door s t o oper at e f r eel y.   Conf or m 
f i r e- door  i nst al l at i on wi t h NFPA 80 f or  t he c l ass i ndi cat ed and t he 
manuf act ur er ' s i nst r uct i ons.

3. 2   OPERATI ON

3. 2. 1   Manual  Oper at i on

Pr ovi de cur t ai n oper at ed by means of  manual  push- up wi t h l i f t  handl es or  
cont i nuous f ul l  wi dt h l i f t  bar  .

3. 3   TESTS

Dr op- t est  t he f i r e door s i n accor dance wi t h NFPA 80 t o show pr oper  
oper at i on and f ul l  aut omat i c c l osur e and r eset  i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons.   Pr ovi de a wr i t t en r ecor d of  i ni t i al  t est  t o 
t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 4   CLEANI NG

Cl ean al umi num and st ai nl ess st eel  door s i n accor dance wi t h manuf act ur er ' s 
appr oved i nst r uct i ons.   Submi t  Manuf act ur er ' s pr epr i nt ed i nst al l at i on and 
cl eani ng i nst r uct i ons.

       - -  End of  Sect i on - -
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SECTI ON 08 33 23

OVERHEAD COI LI NG DOORS
08/ 20,  CHG 1:  02/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE 7- 16 ( 2017;  Er r at a 2018;  Supp 1 2018)  Mi ni mum 
Desi gn Loads and Associ at ed Cr i t er i a f or  
Bui l di ngs and Ot her  St r uct ur es

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE FUN I P ( 2021)  Fundament al s Handbook,  I - P Edi t i on

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B29. 400 ( 2001;  ( R 2008)  ( R 2013)  ( R 2018) )  
Combi nat i on,  " H"  Type Mi l l  Chai ns,  and 
Spr ocket s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2016a)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
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t he Hot - Di p Pr ocess

ASTM A666 ( 2015)  St andar d Speci f i cat i on f or  Anneal ed 
or  Col d- Wor ked Aust eni t i c  St ai nl ess St eel  
Sheet ,  St r i p,  Pl at e and Fl at  Bar

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs

ASTM A924/ A924M ( 2022a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E330/ E330M ( 2014;  R 2021)  St andar d Test  Met hod f or  
St r uct ur al  Per f or mance of  Ext er i or  
Wi ndows,  Door s,  Skyl i ght s and Cur t ai n 
Wal l s by Uni f or m St at i c Ai r  Pr essur e 
Di f f er ence

ASTM F568M ( 2007)  St andar d Speci f i cat i on f or  Car bon 
and Al l oy St eel  Ext er nal l y Thr eaded Met r i c 
Fast ener s

DOOR AND ACCESS SYSTEM MANUFACTURERS ASSOCI ATI ON ( DASMA)

ANSI / DASMA 108 ( 2017)  St andar d Met hod f or  Test i ng 
Sect i onal  Gar age Door s,  Rol l i ng Door s and 
Fl exi bl e Door s:   Det er mi nat i on of  
St r uct ur al  Per f or mance Under  Uni f or m 
St at i c Ai r  Pr essur e Di f f er ence

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA ST 1 ( 1988;  R 1994;  R 1997)  Speci al t y 
Tr ansf or mer s ( Except  Gener al  Pur pose Type)
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NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 80 ( 2022)  St andar d f or  Fi r e Door s and Ot her  
Openi ng Pr ot ect i ves

UNDERWRI TERS LABORATORI ES ( UL)

UL 325 ( 2017;  Repr i nt  Feb 2020)  UL St andar d f or  
Saf et y Door ,  Dr aper y,  Gat e,  Louver ,  and 
Wi ndow Oper at or s and Syst ems

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Over head Coi l i ng Door s;  G,  RO

Count er bal anci ng Mechani sm;  G,  RO

El ect r i c Door  Oper at or s;  G,  RO

Bot t om Bar s;  G,  RO

Gui des;  G,  RO

Mount i ng Br acket s;  G,  RO

Hood;  G,  RO

I nst al l at i on Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

Over head Coi l i ng Door s;  G,  RO

Har dwar e;  G,  RO

Count er bal anci ng Mechani sm;  G,  RO

El ect r i c Door  Oper at or s;  G,  RO

Fi r e- Rat ed Door  Assembl y;  G,  RO

Recycl ed cont ent  f or  st eel  cur t ai n s l at s;  S

SD- 05 Desi gn Dat a

Over head Coi l i ng Door s;  G,  RO

Har dwar e;  G,  RO
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Count er bal anci ng Mechani sm;  G,  RO

El ect r i c Door  Oper at or s;  G,  RO

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s,  Dat a Package 2;  G,  RO

SD- 11 Cl oseout  Submi t t al s

War r ant y;  G,  RO

1. 3   QUALI TY CONTROL

1. 3. 1   War r ant y

Fur ni sh a wr i t t en guar ant ee t hat  t he hel i cal  spr i ng and count er bal ance 
mechani sm ar e f r ee f r om def ect s i n mat er i al  and wor kmanshi p f or  not  l ess 
t han t wo year s af t er  compl et i on and accept ance of  t he pr oj ect .

War r ant  t hat  upon not i f i cat i on by t he Gover nment ,  any def ect s i n mat er i al ,  
wor kmanshi p,  and door  oper at i on ar e i mmedi at el y cor r ect  wi t hi n t he same 
t i me per i od cover ed by t he guar ant ee,  at  no cost  t o t he Gover nment .

1. 3. 2   Oper at i on And Mai nt enance Submi t t al s

Submi t  6 copi es of  t he oper at i on and mai nt enance manual s 30 cal endar  days 
pr i or  t o t est i ng t he Over head Coi l i ng Door  Assembl i es.   Updat e and 
r esubmi t  dat a f or  f i nal  appr oval  no l at er  t han 30 cal endar  days pr i or  t o 
cCont r act  compl et i on.

Submi t  Oper at i on and Mai nt enance Manual s f or  Over head Coi l i ng Door  
Assembl i es,  i ncl udi ng t he f ol l owi ng i t ems:

El ect r i c Door  Oper at or s

Hood

Count er bal anci ng Mechani sm

Pai nt i ng

Pr ovi de oper at i on and mai nt enance manual s whi ch ar e consi st ent  wi t h 
manuf act ur er ' s st andar d br ochur es,  schemat i cs,  pr i nt ed i nst r uct i ons,  
oper at i ng pr ocedur es,  and saf et y pr ecaut i ons.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  door s t o t he j obsi t e wr apped i n a pr ot ect i ve cover i ng wi t h t he 
br ands and names cl ear l y mar ked t her eon.   St or e door s i n an adequat el y 
vent i l at ed dr y l ocat i on t hat  i s f r ee f r om di r t  and dust ,  wat er ,  or  ot her  
cont ami nant s.   St or e i n a manner  t hat  per mi t s easy access f or  i nspect i on 
and handl i ng.   Handl e door s car ef ul l y t o pr event  damage.   Remove damaged 
i t ems t hat  cannot  be r est or ed t o l i ke- new condi t i on and pr ovi de new i t ems.
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PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Pr ovi de over head coi l i ng door s wi t h i nt er l ocki ng sl at s,  compl et e wi t h 
anchor i ng and door  har dwar e,  gui des,  hood,  and oper at i ng mechani sms,  and 
desi gned f or  use on openi ngs as i ndi cat ed.   Door s must  be spr i ng 
count er bal anced,  r ol l i ng t ype,  and desi gned f or  use on ext er i or  openi ngs,  
as i ndi cat ed.   Door s must  be oper at ed by el ect r i c- power  wi t h auxi l i ar y 
hand chai n oper at i on.   Door s t o be sur f ace- mount ed t ype wi t h gui des at  
j ambs set  back a suf f i c i ent  di st ance t o pr ovi de a c l ear  openi ng when door  
i s i n open posi t i on.   Mount  ext er i or  door s on i nt er i or  f ace of  wal l s.   

2. 1. 1   Desi gn Requi r ement s

2. 1. 1. 1   Door  Det ai l  Shop Dr awi ngs

Pr ovi de i nst al l at i on dr awi ngs f or  door  assembl i es whi ch show:   el evat i ons 
of  each door  t ype,  shape and t hi ckness of  mat er i al s,  f i ni shes,  det ai l s of  
j oi nt s and connect i ons,  det ai l s of  gui des and f i t t i ngs,  r ough openi ng 
di mensi ons,  l ocat i on and descr i pt i on of  har dwar e,  anchor age l ocat i ons,  and 
count er bal anci ng mechani sm and door  oper at or  det ai l s.   I ncl ude a schedul e 
showi ng t he l ocat i on of  each door  wi t h t he dr awi ngs.

2. 1. 2   Per f or mance Requi r ement s

2. 1. 2. 1   Wi nd Loadi ng

Desi gn and f abr i cat e door  assembl y t o wi t hst and t he wi nd l oadi ng pr essur e 
of  at  l east  28 pounds per  squar e f oot  i n accor dace wi t h ANSI / DASMA 108.   
Pr ovi de t est  dat a showi ng compl i ance wi t h ASTM E330/ E330M.   Sound 
engi neer i ng pr i nci pl es may be used t o i nt er pol at e or  ext r apol at e t est  
r esul t s t o door  s i zes not  speci f i cal l y t est ed.   Ensur e t hat  t he compl et e 
assembl y meet s or  exceeds t he r equi r ement s of  ASCE 7- 16.

2. 1. 2. 2   Oper at i onal  Cycl e Li f e

Desi gn al l  por t i ons of  t he door ,  har dwar e and oper at i ng mechani sm t hat  ar e 
subj ect  t o movement ,  wear ,  or  st r ess f at i gue t o oper at e t hr ough a mi ni mum 
number  of  10 cycl es per  day .   One compl et e cycl e of  door  oper at i on i s 
def i ned as when t he door  i s i n t he c l osed posi t i on,  moves t o t he f ul l y 
open posi t i on,  and r et ur ns t o t he c l osed posi t i on.

2. 2   COMPONENTS

2. 2. 1   Over head Coi l i ng Door s

2. 2. 1. 1   Cur t ai n Mat er i al s and Const r uct i on

Pr ovi de cur t ai n s l at s f abr i cat ed f r om Gr ade A st eel  sheet s conf or mi ng t o 
ASTM A653/ A653M,  wi t h t he addi t i onal  r equi r ement  of  a mi ni mum yi el d poi nt  
of   33, 000 psi .   Pr ovi de 20 gauge sheet s,  Gr ade 40 st eel  wi t h gal vani zed 
st eel  z i nc coat i ng i n conf or mance wi t h ASTM A653/ A653M and ASTM A924/ A924M.   
Pr ovi de st eel  cur t ai n s l at s cont ai ni ng a mi ni mum of  20 per cent  r ecycl ed 
cont ent .   Submi t  dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  st eel  
cur t ai n s l at s.

Fabr i cat e door s f r om i nt er l ocki ng col d- r ol l ed s l at s,  wi t h sect i on pr of i l es 
as speci f i ed,  desi gned t o wi t hst and t he speci f i ed wi nd l oadi ng.   Ensur e 
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t he pr ovi ded sl at s ar e cont i nuous wi t hout  spl i ces f or  t he wi dt h of  t he 
door .

Pr ovi de sl at s f i l l ed wi t h manuf act ur er ' s st andar d t her mal  i nsul at i on,  
compl yi ng wi t h t he maxi mum f l ame- spr ead and smoke- devel oped i ndexes of  75 
and 450,  r espect i vel y,  accor di ng t o ASTM E84.   Encl ose t he i nsul at i on 
compl et el y wi t hi n t he s l at  f aces on t he i nt er i or  sur f ace of  t he s l at s.

2. 2. 1. 2   I nsul at ed Cur t ai ns

For m cur t ai ns f r om manuf act ur er ' s st andar d shapes of  i nt er l ocki ng sl at s.  
Suppl y a s l at  syst em wi t h a mi ni mum R- val ue of  4 when cal cul at ed i n 
accor dance wi t h ASHRAE FUN I P.  Sl at s t o consi st  of  a ur et hane cor e not  
l ess t han 11/ 16 i nch t hi ck,  compl et el y encl osed wi t hi n met al  f aci ngs.   
Sl at  st eel  t hi ckness as r equi r ed by t he s i ze of  t he door  t o meet  speci f i ed 
per f or mance r equi r ement s.   The i nsul at ed sl at  assembl y r equi r es a f l ame 
spr ead r at i ng of  not  mor e t han 25 and a smoke devel opment  f act or  of  not  
mor e t han 50 when t est ed i n accor dance wi t h ASTM E84.

2. 2. 1. 3   Cur t ai n Bot t om Bar

I nst al l  cur t ai n bot t om bar s as pai r s of  angl es or  usi ng ext r usi ons f r om 
t he manuf act ur er ' s st andar d st eel ,  st ai nl ess and al umi num ext r usi ons not  
l ess t han 2. 0 by 2. 0 i nches by 0. 188 i nch.   Do not  use al umi num on door s 
mor e t han 16 f eet  wi de.   Ensur e st eel  ext r usi ons conf or m t o ASTM A36/ A36M.   
St ai nl ess st eel  ext r usi ons conf or mi ng t o ASTM A666,  Type 304.   Al umi num 
ext r usi ons conf or mi ng t o ASTM B221.   Gal vani ze angl es and f ast ener s i n 
accor dance wi t h ASTM A653/ A653M and ASTM A924/ A924M.   Coat  wel ds and 
abr asi ons wi t h pai nt  conf or mi ng t o ASTM A780/ A780M.

Pr ovi de t wo mi ni mum 2 i nch by 2 i nch by 1/ 8 i nch st r uct ur al  st eel  angl es.

2. 2. 1. 4   Endl ocks ( and Wi ndl ocks)

Pr ovi de endl ocks of  Gr ade B cast  st eel  conf or mi ng t o ASTM A47/ A47M,  
gal vani zed i n accor dance wi t h ASTM A153/ A153M.   Secur e l ocks at  ever y 
ot her  cur t ai n s l at .   I n addi t i on t o endl ocks,  ext er i or  door s whi ch ar e 
mor e t han 16 f eet  wi de or  whi ch have a desi gn wi nd l oad of  mor e t han 20 
pounds per  squar e f oot ,  must  have wi ndl ocks of  manuf act ur er ' s st andar d 
desi gn.   Wi ndl ocks must  pr event  cur t ai n f r om l eavi ng gui de because of  
def l ect i on f r om wi nd pr essur e or  ot her  f or ces.

2. 2. 1. 5   Weat her  St r i ppi ng

Pr ovi de a hood baf f l e i nsi de t he hood t hat  i s a mi ni mum 1/ 16 i nch t hi ck 
sheet  of  v i nyl ,  neopr ene r ubber  or  equi val ent .   Pr ovi de gui de weat her  
st r i ppi ng t hat  i s a mi ni mum 1/ 16 i nch t hi ck sheet  of  v i nyl ,  neopr ene 
r ubber ,  or  equi val ent .

Pr ovi de bot t om bar  weat her - st r i ppi ng t hat  i s a mi ni mum 1/ 16 i nch t hi ck 
sheet  of  v i nyl ,  neopr ene r ubber ,  or  equi val ent .

2. 2. 1. 6   Locki ng Devi ces

Ensur e t hat  t he s l i de bol t  engages t hr ough sl ot s i n t r acks f or  l ocki ng by 
padl ock,  l ocat ed on bot h l ef t  and r i ght  j amb si des,  oper abl e f r om coi l  
s i de.

Pr ovi de a l ocki ng devi ce assembl y whi ch i ncl udes cyl i nder  l ock,  oper at i ng 
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handl e,  cam pl at e,  and adj ust abl e l ocki ng bar s t o engage t hr ough sl ot s i n 
t r acks.

Pr ovi de a chai n l ock keeper  sui t abl e f or  a st andar d padl ock.

2. 2. 1. 7   Saf et y I nt er l ock 

Equi p power - oper at ed door s wi t h a saf et y i nt er l ock swi t ch t o di sengage 
power  suppl y when t he door  i s l ocked,  or  pr ovi de an oper at or  wi t h an 
i nt er nal  l ock sensi ng devi ce t o pr event  t he door  openi ng when t he door  i s 
l ocked.

2. 2. 2   Har dwar e

Ensur e t hat  al l  har dwar e conf or ms t o ASTM A153/ A153M,  ASTM A307,  and 
ASTM F568M.

2. 2. 2. 1   Gui des

Fabr i cat e cur t ai n j amb gui des f r om t he manuf act ur er ' s st andar d angl es or  
channel s of  same mat er i al  and f i ni sh as cur t ai n s l at s unl ess ot her wi se 
i ndi cat ed.   Pr ovi de gui des wi t h suf f i c i ent  dept h or  i ncor por at e a st eel  
l ocki ng bar  t o r et ai n t he cur t ai n i n pl ace under  t he wi nd pr essur e 
speci f i ed.   Ensur e cur t ai n oper at es smoot hl y.   Sl ot  bol t  hol es f or  t r ack 
adj ust ment .   Secur el y at t ach gui des t o adj oi ni ng const r uct i on wi t h not  
l ess t han 3/ 8 i nch di amet er  bol t s,  spaced near  each end and not  over  30 
i nches apar t .

Fabr i cat e wi t h st r uct ur al  st eel  angl es.   Pr ovi de wi ndl ock bar s of  same 
mat er i al  when wi ndl ocks ar e r equi r ed t o meet  speci f i ed wi nd l oad.   Fl ar e 
t he t op of  i nner  and out er  gui de angl es out war ds t o f or m bel l mout h f or  
smoot h ent r y of  cur t ai n i nt o gui des.   Pr ovi de r emovabl e gui de st opper s t o 
pr event  over  t r avel  of  cur t ai n and bot t om bar .

2. 2. 2. 2   Hood

Pr ovi de a hood wi t h a mi ni mum 24- gauge gal vani zed sheet  met al ,  f l anged at  
t op f or  at t achment  t o header  and f l anged at  bot t om t o pr ovi de l ongi t udi nal  
st i f f ness.   The hood encl oses t he cur t ai n coi l  and count er bal ance 
mechani sm.

Hoods f or  openi ngs mor e t han 12 f eet  i n wi dt h must  have i nt er medi at e 
suppor t  br acket s t o pr event  excessi ve sag.   Pr ovi de a weat her  baf f l e at  
t he l i nt el  or  i nsi de t he hood of  each ext er i or  door .

2. 2. 3   Count er bal anci ng Mechani sm

Count er bal ance door s by means of  manuf act ur er ' s st andar d mechani sm wi t h an 
adj ust abl e- t ensi on,  st eel  hel i cal  t or s i on spr i ng mount ed,  ar ound a st eel  
shaf t  and cont ai ned i n a spr i ng bar r el  connect ed t o t op of  cur t ai n wi t h 
bar r el  r i ngs.   Use gr ease- seal ed or  sel f - l ubr i cat i ng bear i ngs f or  r ot at i ng 
member s.

2. 2. 3. 1   Br acket s

Pr ovi de t he manuf act ur er ' s st andar d mount i ng br acket s wi t h one l ocat ed at  
each end of  t he count er bal ance bar r el  conf or mi ng t o ASTM A36/ A36M.   
Pr ovi de br acket s of  hot - r ol l ed st eel .
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Br acket s wi l l  be of  3/ 16 i nch mi ni mum t hi ck st eel  pl at es,  wi t h per manent l y 
seal ed bal l  bear i ngs.   Desi gned t o encl ose ends of  coi l  and pr ovi de 
suppor t  of  count er bal ance pi pe at  each end.

2. 2. 3. 2   Count er bal ance Bar r el s

Cur t ai n must  r ol l  up on a bar r el  suppor t ed at  head of  openi ng on br acket s 
and be bal anced by a t or s i on spr i ng syst em i n t he bar r el .   Fabr i cat e 
spr i ng bar r el  of  manuf act ur er ' s st andar d hot - f or med,  st r uct ur al - qual i t y,  
wel ded or  seaml ess car bon- st eel  pi pe,  conf or mi ng t o ASTM A53/ A53M or  
equi val ent .   Ensur e t he bar r el  i s  of  suf f i c i ent  di amet er  and wal l  
t hi ckness t o suppor t  r ol l ed- up cur t ai n wi t hout  di st or t i on of  s l at s.   Li mi t  
bar r el  def l ect i on t o not  mor e t han 0. 03 i nch per  f oot  of  span under  f ul l  
l oad.

a.   Bar r el

Pr ovi de st eel  pi pe capabl e of  suppor t i ng cur t ai n l oad wi t h maxi mum 
def l ect i on of  0. 03 i nches per  f oot  of  wi dt h.

b.   Spr i ng Bal ance

Pr ovi de an oi l - t emper ed,  heat - t r eat ed st eel  hel i cal  t or s i on spr i ng 
assembl y desi gned f or  pr oper  bal ance of  door .   Ensur e t hat  ef f or t  t o 
oper at e manual l y oper at ed uni t s does not  exceed 25 l bs.   At  l east  80 
per cent  of  t he door  wei ght  must  be count er bal anced at  any posi t i on.   
Pr ovi de wheel  f or  appl y i ng and adj ust i ng spr i ng t or que.

2. 2. 3. 3   Spr i ng Bal ance

I nst al l  one or  mor e oi l - t emper ed,  heat - t r eat ed st eel  hel i cal  t or s i on 
spr i ngs wi t hi n t he bar r el ,  capabl e of  pr oduci ng suf f i c i ent  t or que t o 
assur e easy oper at i on of  t he door  cur t ai n.   Pr ovi de and si ze spr i ngs t o 
count er bal ance wei ght  of  cur t ai n,  wi t h uni f or m adj ust ment  accessi bl e f r om 
out si de bar r el .   Secur e ends of  spr i ngs t o bar r el  and shaf t  wi t h 
cast - st eel  bar r el  pl ugs.

2. 2. 3. 4   Tor si on Rod f or  Count er  Bal ance

Fabr i cat e r od f r om t he manuf act ur er ' s st andar d col d- r ol l ed st eel ,  s i zed t o 
hol d f i xed spr i ng ends and car r y t or s i onal  l oad.

2. 2. 3. 5   Count er bal ance Shaf t  Assembl y

a.   Bar r el

Pr ovi de st eel  pi pe capabl e of  suppor t i ng t he cur t ai n l oad wi t h maxi mum 
def l ect i on of  0. 03 i nches per  f oot  of  wi dt h.

2. 2. 4   El ect r i c Door  Oper at or s

Pr ovi de el ect r i cal  wi r i ng and door  oper at i ng cont r ol s conf or mi ng t o t he 
appl i cabl e r equi r ement s of  NFPA 70 and UL 325.   The door  manuf act ur er  must  
f ur ni sh aut omat i c cont r ol  and saf et y devi ces,  i ncl udi ng ext r a f l exi bl e 
t ype SO cabl e and spr i ng- l oaded aut omat i c t akeup r eel  or  equi val ent  
devi ce,  as r equi r ed f or  pr oper  oper at i on of  t he door s.   Condui t ,  wi r i ng,  
and mount i ng of  cont r ol s ar e speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.
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El ect r i c door - oper at or  assembl i es need t o be t he si zes and capaci t i es 
r ecommended and pr ovi ded by t he door  manuf act ur er  f or  speci f i ed door s.   
Fur ni sh compl et e assembl i es wi t h el ect r i c mot or s and f act or y- pr ewi r ed 
mot or  cont r ol s,  st ar t er ,  gear  r educt i on uni t s,  sol enoi d- oper at ed br akes,  
c l ut ch,  r emot e- cont r ol  st at i ons,  manual  or  aut omat i c cont r ol  devi ces,  and 
accessor i es as r equi r ed f or  pr oper  oper at i on of  t he door s.

Desi gn t he oper at or s so t hat  mot or s may be r emoved wi t hout  di st ur bi ng t he 
l i mi t - swi t ch adj ust ment  and af f ect i ng t he emer gency auxi l i ar y oper at or s.

Pr ovi de a manual  oper at or  of  cr ank- gear  or  chai n- gear  mechani sms wi t h a 
r el ease cl ut ch t o per mi t  manual  oper at i on of  door s i n case of  power  
f ai l ur e.   Ar r ange t he emer gency manual  oper at or  so t hat  i t  may be put  i nt o 
and out  of  oper at i on f r om f l oor  l evel ,  and i t s use does not  af f ect  t he 
adj ust ment  of  t he l i mi t  swi t ches.   Pr ovi de an el ect r i cal  or  mechani cal  
devi ce t hat  aut omat i cal l y di sconnect s t he mot or  f r om t he oper at i ng 
mechani sm when t he emer gency manual  oper at i ng mechani sm i s engaged.

2. 2. 4. 1   Door - Oper at or  Types

Pr ovi de an oper at or  mount ed t o t he i nsi de f r ont  wal l  on t he l ef t  or  r i ght  
s i de of  door  and connect ed t o door  dr i ve shaf t  wi t h dr i ve chai n and 
spr ocket s.   Si de r oom i s r equi r ed f or  t hi s t ype of  mount i ng.   Wal l  mount ed 
oper at or  can al so be mount ed above or  bel ow shaf t ;  i f  above shaf t ,  
headr oom i s r equi r ed.

2. 2. 4. 2   El ect r i c Mot or s

Pr ovi de mot or s whi ch ar e t he hi gh- st ar t i ng- t or que,  r ever si bl e,  
const ant - dut y el ect r i cal  t ype wi t h over l oad pr ot ect i on of  suf f i c i ent  
t or que and hor sepower  t o move t he door  i n ei t her  di r ect i on f r om any 
posi t i on.   Ensur e t hey pr oduce a door - t r avel  speed of  not  l ess t han 8 nor  
mor e t han 12 i nches per  second wi t hout  exceedi ng t he hor sepower  r at i ng.

Pr ovi de mot or s whi ch conf or m t o NEMA MG 1 desi gnat i on,  t emper at ur e r at i ng,  
ser vi ce f act or ,  encl osur e t ype,  and ef f i c i ency t o t he r equi r ement s 
speci f i ed.   Mot or s must  be sui t abl e f or  oper at i on on cur r ent  of  t he 
char act er i st i cs i ndi cat ed.   Si ngl e- phase mot or s must  not  have commut at i on 
or  mor e t han one st ar t i ng cont act .   Mot or  encl osur es must  be t he 
dr i p- pr oof  t ype or  NEMA TEFC and TENV t ype.   I nst al l  mot or s i n appr oved 
l ocat i ons.

2. 2. 4. 3   Mot or  Bear i ngs

Sel ect  bear i ngs wi t h br onze- sl eeve or  heavy- dut y bal l  or  r ol l er  
ant i f r i c t i on t ype wi t h f ul l  pr ovi s i ons f or  t he t ype of  t hr ust  i mposed by 
t he speci f i c  dut y l oad.

Pr e- l ubr i cat e and f act or y seal  bear i ngs i n mot or s l ess t han 1/ 2 hor sepower .

Equi p mot or s coupl ed t o wor m- gear  r educt i on uni t s wi t h ei t her  bal l  or  
r ol l er  bear i ngs.

Equi p bear i ngs i n mot or s 1/ 2 hor sepower  or  l ar ger  wi t h l ubr i cat i on ser vi ce 
f i t t i ngs.   Fi t  l ubr i cat i on f i t t i ngs wi t h col or - coded pl ast i c or  met al  dust  
caps.

I n any mot or ,  bear i ngs t hat  ar e l ubr i cat ed at  t he f act or y f or  ext ended 
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dut y per i ods do not  need t o be l ubr i cat ed f or  a gi ven number  of  oper at i ng 
hour s.   Di spl ay t hi s i nf or mat i on on an appr opr i at e t ag or  l abel  on t he 
mot or  wi t h i nst r uct i ons f or  l ubr i cat i on cycl e mai nt enance.

2. 2. 4. 4   Mot or  St ar t er s,  Cont r ol s,  and Encl osur es

Pr ovi de each door  mot or  wi t h:  a f act or y- wi r ed,  unf used,  di sconnect  swi t ch;  
a r ever si ng,  acr oss- t he- l i ne magnet i c st ar t er  wi t h t her mal  over l oad 
pr ot ect i on;  24- vol t  oper at i ng coi l s wi t h a cont r ol  t r ansf or mer  l i mi t  
swi t ch;  and a saf et y i nt er l ock assembl ed i n a NEMA I CS 6 t ype encl osur e as 
speci f i ed her ei n.   Ensur e cont r ol  equi pment  conf or ms t o NEMA I CS 1 and 
NEMA I CS 2.

Pr ovi de adj ust abl e swi t ches,  el ect r i cal l y i nt er l ocked wi t h t he mot or  
cont r ol s and set  t o st op t he door  aut omat i cal l y at  t he f ul l y  open and 
f ul l y c l osed posi t i on.

2. 2. 4. 5   Cont r ol  Encl osur es

Pr ovi de cont r ol  encl osur es t hat  conf or m t o NEMA I CS 6 f or  gener al  pur pose 
NEMA Type 1.  

2. 2. 4. 6   Tr ansf or mer

Pr ovi de st ar t er s wi t h 230/ 460 t o 115 vol t  cont r ol  t r ansf or mer s wi t h one 
secondar y f use when r equi r ed t o r educe t he vol t age on cont r ol  c i r cui t s t o 
24vol t s or  l ess.   Pr ovi de a t r ansf or mer  conf or mi ng t o NEMA ST 1.

2. 2. 4. 7   Sensi ng- Edge Devi ce

Pr ovi de each door  wi t h a pneumat i c or  el ect r i c sensi ng devi ce t hat  meet s 
UL 325,  ext ends t he f ul l  wi dt h of  t he door ,  and i s l ocat ed wi t hi n a 
U- sect i on neopr ene or  r ubber  ast r agal ,  mount ed on t he bot t om r ai l  of  t he 
bot t om door  sect i on.   Devi ce needs t o i mmedi at el y st op and r ever se t he 
door  upon cont act  wi t h an obst r uct i on i n t he door  openi ng or  upon f ai l ur e 
of  t he devi ce or  any component  of  t he cont r ol  syst em and cause t he door  t o 
r et ur n t o i t s user - def i ned open posi t i on.   Any moment ar y door - c l osi ng 
ci r cui t  must  be aut omat i cal l y l ocked out  and t he door  must  be oper abl e 
manual l y or  wi t h const ant  pr essur e cont r ol s unt i l  t he f ai l ur e or  damage 
has been cor r ect ed.   A sensi ng devi ce i s not  a subst i t ut e f or  a l i mi t  
swi t ch.

Connect  sensi ng devi ce t o t he cont r ol  c i r cui t  t hr ough a r et r act i ng cor d 
and r eel .

2. 2. 4. 8   Remot e- Cont r ol  St at i ons

Remot e cont r ol  st at i ons must  be at  l east  5 f eet  above t he f l oor  l i ne,  and 
al l  swi t ches must  be l ocat ed so t hat  t he oper at or  wi l l  have compl et e 
v i s i bi l i t y  of  t he door  at  al l  t i mes.   Pr ovi de i nt er i or  r emot e cont r ol  
st at i ons t hat  ar e f ul l - guar ded,  moment ar y- cont act  t hr ee- but t on,  
heavy- dut y,  sur f ace- mount ed NEMA I CS 6 t ype encl osur es as speci f i ed.   Mar k 
but t ons " OPEN, "  " CLOSE, "  and " STOP. "   The " OPEN"  and " STOP"  but t ons must  
be of  t he t ype r equi r i ng onl y moment ar y pr essur e t o oper at e.   The " CLOSE"  
but t on must  be of  t he t ype ei t her  r equi r i ng const ant  pr essur e t o mai nt ai n 
t he c l osi ng mot i on of  t he door  or  moment ar y pr essur e when i nst al l ed wi t h a 
moni t or ed ent r apment  det ect i on devi ce whi ch,  upon f ai l ur e of  t he devi ce or  
any component  of  t he cont r ol  syst em,  cause t he door  t o r et ur n t o i t s f ul l  
open posi t i on.   When t he door  i s i n mot i on and t he " STOP"  but t on i s 
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pr essed,  ensur e t he door  st ops i nst ant l y and r emai ns i n t he st opped 
posi t i on.   Fr om t he st opped posi t i on,  t he door  may t hen be oper at ed i n 
ei t her  di r ect i on by t he " OPEN"  or  " CLOSE"  but t ons.   When t he door  i s i n 
mot i on,  and t he " CLOSE"  but t on of  t he const ant  pr essur e t ype i s r el eased,  
t he door  must  st op and r emai n i n t he st op posi t i on or  r ever se t o t he user  
set  up posi t i on;  f r om t he st op posi t i on,  t he door  may t hen be oper at ed i n 
ei t her  di r ect i on by t he " OPEN"  or  " CLOSE"  but t ons.   Cont r ol s must  be 
adj ust abl e t o aut omat i cal l y st op t he door s at  t hei r  f ul l y  open and cl osed 
posi t i ons.   Open and cl osed posi t i ons must  be r eadi l y adj ust abl e.

2. 2. 4. 9   Speed- Reduct i on Uni t s

Pr ovi de speed- r educt i on uni t s consi st i ng of  har dened- st eel  wor m and br onze 
wor m gear  assembl i es or  pl anet ar y gear  r educer s r unni ng i n oi l  or  gr ease 
and i nsi de a seal ed casi ng,  coupl ed t o t he mot or  t hr ough a f l exi bl e 
coupl i ng.   Dr i ve shaf t s need t o r ot at e on bal l -  or  r ol l er - bear i ng 
assembl i es t hat  ar e i nt egr al  wi t h t he uni t .

Pr ovi de mi ni mum r at i ngs of  speed r educt i on uni t s i n accor dance wi t h AGMA 
pr ovi s i ons f or  c l ass of  ser vi ce.

Gr ound wor m gear s t o pr ovi de accur at e t hr ead f or m;  machi ne t eet h f or  al l  
ot her  t ypes of  gear i ng.   Sur f ace har den al l  gear s.

Pr ovi de ant i f r i c t i on t ype bear i ngs equi pped wi t h oi l  seal s.

2. 2. 4. 10   Chai n Dr i ves

Pr ovi de r ol l er  chai ns t hat  ar e a power - t r ansmi ssi on ser i es st eel  r ol l er  
t ype conf or mi ng t o ASME B29. 400,  wi t h a mi ni mum saf et y f act or  of  10 t i mes 
t he desi gn l oad.

Heat - t r eat  or  ot her wi se har den r ol l er - chai n s i de bar s,  r ol l er s,  pi ns,  and 
bushi ngs.

Pr ovi de hi gh- car bon st eel  chai n spr ocket s wi t h machi ne- cut  har dened t eet h,  
f i ni shed bor e and keyseat ,  and hol l ow- head set scr ews.

2. 2. 4. 11   Br akes

Pr ovi de 360- degr ee shoe br akes or  shoe and dr um br akes.   Ensur e t he br akes 
ar e sol enoi d- oper at ed and el ect r i cal l y i nt er l ocked t o t he cont r ol  c i r cui t  
t o set  aut omat i cal l y when power  i s i nt er r upt ed.

2. 2. 4. 12   Cl ut ches

Ensur e c l ut ches ar e f r i c t i on t ype or  adj ust abl e cent r i f ugal  t ype.

2. 2. 4. 13   Weat her / Smoke Seal  Sensi ng Edge

Pr ovi de aut omat i c st op cont r ol  by an aut omat i c sensi ng swi t ch wi t hi n 
neopr ene ast r agal  ext endi ng t he f ul l  wi dt h of  door  bot t om bar .

Pr ovi de an el ect r i c sensi ng edge devi ce.   Ensur e t he door  i mmedi at el y 
st ops downwar d t r avel  when cont act  occur s bef or e door  f ul l y  c l oses.   
Pr ovi de a sel f - moni t or i ng sensi ng edge connect i on t o t he mot or  oper at or .
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2. 2. 5   Fi r e- Rat ed Door  Assembl y

Pr ovi de f i r e- r at ed door  assembl i es wi t h t he di mensi ons,  f i r e r at i ng,  and 
oper at i ng t ype i ndi cat ed wi t h el ect r i c oper at or s and assembl i es t hat  do 
not  i nt er f er e wi t h manuf act ur er ' s st andar d i nt er connect i ng f usi bl e l i nks.   
Equi p f i r e door s wi t h an aut omat i c c l osi ng mechani sm.   Door s must  be 
f or ced i nt o a c l osed posi t i on at  a r at e of  descent  of  not  mor e t han 2 f eet  
per  second and not  l ess t han 6 i nches per  second wi t hout  i mpact .   The 
cur t ai n must  be hel d agai nst  t he s i l l  unt i l  t he r el ease mechani sm has been 
r eset .   The aut omat i c c l osi ng mechani sm must  not  i nt er f er e wi t h nor mal  
oper at i on of  t he door .

Pr ovi de t he door  manuf act ur er ' s st andar d i nt er connect i ng f usi bl e l i nks f or  
door  assembl i es on bot h s i des of  t he wal l  openi ng.

2. 2. 5. 1   Fi r e Rat i ngs

Pr ovi de f i r e- r at ed door  assembl i es compl yi ng wi t h NFPA 80 St andar d f or  
Fi r e Door s and Ot her  Openi ng Pr ot ect i ves.   Fi r e door s must  be compl et e 
wi t h har dwar e,  accessor i es,  and aut omat i c c l osi ng devi ce as r equi r ed by 
NFPA 80.

2. 2. 6   Sur f ace Fi ni shi ng

Compl y wi t h NAAMM' s " Met al  Fi ni shes Manual  f or  Ar chi t ect ur al  and Met al  
Pr oduct s"  f or  r ecommendat i ons f or  appl y i ng and desi gnat i ng f i ni shes.  
Not i ceabl e var i at i ons i n t he same met al  component  ar e not  accept abl e.   
Var i at i ons i n appear ance of  adj oi ni ng component s ar e accept abl e i f  t hey 
ar e wi t hi n t he r ange of  appr oved sampl es and ar e assembl ed or  i nst al l ed t o 
mi ni mi ze cont r ast .

2. 2. 6. 1   Gal vani zed and Shop- Pr i med Fi ni sh

Sur f aces speci f i ed must  have a z i nc coat i ng,  a phosphat e t r eat ment ,  and a 
shop pr i me coat  of  r ust - i nhi bi t i ve pai nt .   The gal vani zed coat i ng must  
conf or m t o ASTM A653/ A653M,  coat i ng desi gnat i on Z275 ( G90) ,  f or  st eel  
sheet s,  except  t hat  hoods l ocat ed on i nt er i or  of  t he bui l di ng may be Z180 
( G60) ,  and ASTM A123/ A123M f or  i r on and st eel  pr oduct s.   The wei ght  of  
coat i ngs f or  pr oduct s must  be as desi gnat ed i n Tabl e I  of  ASTM A123/ A123M 
f or  t he t hi ckness of  base met al  t o be coat ed.   The pr i me coat  must  be a 
t ype especi al l y devel oped f or  mat er i al s t r eat ed by phosphat es and adapt ed 
t o appl i cat i on by di ppi ng or  spr ayi ng.   Repai r  damaged zi nc- coat ed 
sur f aces by t he mat er i al s and met hods conf or mi ng t o ASTM A780/ A780M and 
spot  pr i me.   At  t he opt i on of  t he Cont r act or ,  a t wo- par t  syst em i ncl udi ng 
bonder i z i ng,  baked- on epoxy pr i mer ,  and baked- on enamel  t op coat  may be 
appl i ed t o s l at s and hoods bef or e f or mi ng,  i n l i eu of  pr i me coat  speci f i ed.

2. 2. 6. 2   Baked- Enamel  or  Powder - Coat  Fi ni sh

Manuf act ur er ' s st andar d baked- on f i ni sh consi st i ng of  pr i me coat  and 
t her moset t i ng t opcoat .  Compl y wi t h t he coat i ng manuf act ur er ' s wr i t t en 
i nst r uct i ons f or  c l eani ng,  pr et r eat ment ,  appl i cat i on,  and mi ni mum dr y f i l m 
t hi ckness.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  over head coi l i ng door  assembl y,  anchor s and i nser t s f or  gui des,  
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br acket s,  mot or s,  swi t ches,  har dwar e,  and ot her  accessor i es i n accor dance 
wi t h appr oved det ai l  dr awi ngs and manuf act ur er ' s wr i t t en i nst r uct i ons.   
Upon compl et i on of  i nst al l at i on,  ensur e door s ar e f r ee f r om al l  di st or t i on.

I nst al l  over head coi l i ng door s,  mot or s,  hoods,  and oper at or s at  t he 
mount i ng l ocat i ons as i ndi cat ed f or  each door  i n t he Cont r act  Document s 
and as r equi r ed by t he manuf act ur er .

I nst al l  over head coi l i ng door s,  swi t ches,  and cont r ol s al ong accessi bl e 
r out es i n compl i ance wi t h r egul at or y r equi r ement s f or  accessi bi l i t y  and as 
r equi r ed by t he manuf act ur er .

3. 1. 1   Fi el d Pai nt ed Fi ni sh

Ensur e f i el d pai nt ed st eel  door s and f r ames ar e i n accor dance wi t h Sect i on 
09 90 00 PAI NTS AND COATI NGS and t he manuf act ur er ' s wr i t t en i nst r uct i ons.   
Pr ot ect  t he weat her  st r i ppi ng f r om pai nt .   Ensur e t hat  t he f i ni shes ar e 
f r ee of  scr at ches or  ot her  bl emi shes.

3. 2   ADJUSTI NG AND CLEANI NG

3. 2. 1   Accept ance Pr ovi s i ons

Af t er  i nst al l at i on,  adj ust  t he har dwar e and movi ng par t s.   Lubr i cat e 
bear i ngs and sl i di ng par t s as r ecommended by manuf act ur er  t o pr ovi de 
smoot h oper at i ng f unct i ons f or  ease movement ,  f r ee of  war pi ng,  t wi st i ng,  
or  di st or t i on of  t he door  assembl y.

Adj ust  seal s t o pr ovi de a weat her - t i ght  f i t  ar ound ent i r e per i met er .

Engage a f act or y- aut hor i zed ser vi ce r epr esent at i ve t o per f or m st ar t up 
ser vi ce and checks accor di ng t o t he manuf act ur er ' s wr i t t en i nst r uct i ons.

Test  t he door  openi ng and cl osi ng oper at i on when act i vat ed by cont r ol s or  
al ar m- connect ed f i r e- r el ease syst em.   Adj ust  cont r ol s and saf et i es.  
Repl ace damaged and mal f unct i oni ng cont r ol s and equi pment .   Reset  t he 
door - c l osi ng mechani sm af t er  a successf ul  t est .

Test  and make f i nal  adj ust ment  of  new door s at  no addi t i onal  cost  t o t he 
Gover nment .

3. 2. 1. 1   Mai nt enance and Adj ust ment

Not  mor e t han 90 cal endar  days af t er  compl et i on and accept ance of  t he 
pr oj ect ,  exami ne,  l ubr i cat e,  t est ,  and r e- adj ust  door s as r equi r ed f or  
pr oper  oper at i on.

3. 2. 1. 2   Cl eani ng

Cl ean door s i n accor dance wi t h manuf act ur er ' s appr oved i nst r uct i ons.

        - -  End of  Sect i on - -
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SECTI ON 08 34 16. 20

VERTI CAL LI FT FABRI C DOORS
08/ 21,  CHG 1:  11/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ALUMI NUM ASSOCI ATI ON ( AA)

AA ADM ( 2020)  Al umi num Desi gn Manual

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

AMERI CAN ARCHI TECTURAL MANUFACTURERS ASSOCI ATI ON ( AAMA)

AAMA 611 ( 2014)  Vol unt ar y Speci f i cat i on f or  
Anodi zed Ar chi t ect ur al  Al umi num

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 325 ( 2017)  St eel  Const r uct i on Manual

AI SC 360 ( 2016)  Speci f i cat i on f or  St r uct ur al  St eel  
Bui l di ngs

AMERI CAN SOCI ETY FOR NONDESTRUCTI VE TESTI NG ( ASNT)

ANSI / ASNT CP- 189 ( 2020)  ASNT St andar d f or  Qual i f i cat i on and 
Cer t i f i cat i on of  Nondest r uct i ve Test i ng 
Per sonnel

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 10/ A5. 10M ( 2021)  Wel di ng Consumabl es -  Wi r e 
El ect r odes,  Wi r es and Rods f or  Wel di ng of  
Al umi num and Al umi num- Al l oys -  
Cl assi f i cat i on

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS D1. 2/ D1. 2M ( 2014;  Er r at a 1 2014;  Er r at a 2 2020)  
St r uct ur al  Wel di ng Code -  Al umi num

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
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Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A992/ A992M ( 2022)  St andar d Speci f i cat i on f or  
St r uct ur al  St eel  Shapes

ASTM A1023/ A1023M ( 2021)  St andar d Speci f i cat i on f or  St r anded 
Car bon St eel  Wi r e Ropes f or  Gener al  
Pur poses

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM D751 ( 2006;  R 2011)  Coat ed Fabr i cs

ASTM D2136 ( 2002;  R 2012)  Coat ed Fabr i cs -  
Low- Temper at ur e Bend Test

ASTM E84 ( 2020)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

I NTERNATI ONAL ELECTROTECHNI CAL COMMI SSI ON ( I EC)

I EC 60204- 1 ( 2021)  Saf et y of  Machi ner y – Par t  1:  
Gener al  Requi r ement s

I EC 60269- 1 ( 2014)  Low- Vol t age Fuses – Par t  1:  Gener al  
Requi r ement s

I EC 60269- 2 ( 2016)  Low- Vol t age Fuses – Par t  2:  
Suppl ement ar y Requi r ement s f or  Fuses f or  
Use by Aut hor i zed Per sons ( Fuses Mai nl y 
f or  I ndust r i al  Appl i cat i on)  – Exampl es of  
St andar di zed Syst ems of  Fuses A t o K

I EC 60364- 1 ( 2005)  Low- vol t age El ect r i cal  
I nst al l at i ons i n Bui l di ngs -  Par t  1:  
Fundament al  Pr i nci pl es,  Assessment  of  
Gener al  Char act er i st i cs,  Def i ni t i ons

I EC 60364- 5 ( 2009)  Low- Vol t age El ect r i cal  
I nst al l at i ons -  Par t  5- 52:  Sel ect i on and 
Er ect i on of  El ect r i cal  Equi pment  -  Wi r i ng 
Syst ems

I EC 60947- 1 ( 2020)  Low- Vol t age Swi t chgear  and 
Cont r ol gear  – Par t  1:  Gener al  Rul es

I EC 60947- 2 ( 2016)  Low- Vol t age Swi t chgear  and 
Cont r ol gear  – Par t  2:  Ci r cui t - Br eaker s

I EC 60947- 3 ( 2020;  Cor r  1 2021)  Low- Vol t age Swi t chgear  
and Cont r ol gear  – Par t  3:  Swi t ches,  
Di sconnect or s,  Swi t ch- Di sconnect or s and 

SECTI ON 08 34 16. 20  Page 2



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

Fuse- Combi nat i on Uni t s

I EC 60947- 4- 1 ( 2018;  I NT 1 2020;  Cor r  2 2021)  
Low- vol t age Swi t chgear  and Cont r ol gear ,  
Par t  4- 1:  Cont act or s and Mot or  St ar t er s -  
El ect r omechani cal  Cont act or  and Mot or  
St ar t er s

NATI ONAL ASSOCI ATI ON OF ARCHI TECTURAL METAL MANUFACTURERS ( NAAMM)

NAAMM AMP 500 ( 2006)  Met al  Fi ni shes Manual

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA AB 1 ( 2002)  Mol ded- Case Ci r cui t  Br eaker s,  
Mol ded Case Swi t ches,  and Ci r cui t - Br eaker  
Encl osur es

NEMA I CS 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 5 ( 2017)  I ndust r i al  Cont r ol  and Syst ems:   
Cont r ol  Ci r cui t  and Pi l ot  Devi ces

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA KS 1 ( 2013)  Encl osed and Mi scel l aneous 
Di st r i but i on Equi pment  Swi t ches ( 600 V 
Maxi mum)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 79 ( 2015)  El ect r i cal  St andar d f or  I ndust r i al  
Machi ner y

NFPA 220 ( 2021)  St andar d on Types of  Bui l di ng 
Const r uct i on

NFPA 409 ( 2022)  St andar d on Ai r cr af t  Hangar s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 889 ( 2021;  Rev D)  Gal vani c Compat i bi l i t y  of  
El ect r i cal l y Conduct i ve Mat er i al s

UFC 1- 200- 01 ( 2022)  DoD Bui l di ng Code

UFC 3- 301- 01 ( 2019,  wi t h Change 1,  2022)  St r uct ur al  
Engi neer i ng
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UFC 4- 010- 06 ( 2016;  wi t h Change 1,  2017)  Cyber secur i t y 
of  Faci l i t y- Rel at ed Cont r ol  Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 98 ( 2016)  UL St andar d f or  Saf et y Encl osed and 
Dead- Fr ont  Swi t ches

UL 248- 1 ( 2011)  Low Vol t age Fuses -  Par t  1:  Gener al  
Requi r ement s

UL 248- 12 ( 2011;  Repr i nt  Aug 2020)  Low Vol t age Fuses 
-  Par t  12:  Cl ass R Fuses

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 508 ( 2018;  Repr i nt  Jul  2021)  UL St andar d f or  
Saf et y I ndust r i al  Cont r ol  Equi pment

UL 698A ( 2018;  Rev 2019)  UL St andar d f or  Saf et y 
I ndust r i al  Cont r ol  Panel s Rel at i ng t o 
Hazar dous ( Cl assi f i ed)  Locat i ons

UL 1449 ( 2021)  UL St andar d f or  Saf et y Sur ge 
Pr ot ect i ve Devi ces

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Manuf act ur er ' s Qual i f i cat i ons;  G,  RO

I nst al l er ' s Qual i f i cat i ons;  G,  RO

SD- 02 Shop Dr awi ngs speci f i c  t o t hi s pr oj ect ,  seal ed by t he Door  
Manuf act ur er ' s Regi st er ed Pr of essi onal  Engi neer .

Door  Desi gn;  G,  RO

SD- 03 Pr oduct  Dat a

Di agr ams,  per f or mance cur ves and char act er i st i c cur ves of  
equi pment  and syst ems.

El ect r i c Oper at or ;  G,  RO

Mot or s;  G,  RO

Door s;  G,  RO
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Cont r ol s;  G,  RO

Door  Fabr i c;  G,  RO

Sur ge Pr ot ect i on Devi ce ( SPD) ;  G,  RO

SD- 05 Desi gn Dat a

Cal cul at i ons;  G,  RO

Door  Load Di agr ams;  G,  RO

Door  Compl i ance Mat r i x;  G,  RO

SD- 06 Test  Repor t s

Saf et y Ar r est er  Oper at i on Test ;  G,  RO

Door  Fabr i c:  ASTM D2136;  G,  RO

Door  Fabr i c:  ASTM E84;  G,  RO

Door  Fabr i c Connect i on;  G,  RO

Wel d I nspect i on Repor t ;  G,  RO

SD- 07 Cer t i f i cat es

Manuf act ur er ' s Qual i f i cat i ons;  G,  RO

I nst al l er s Qual i f i cat i ons;  G,  RO

Wel di ng Pr ocedur es and Qual i f i cat i ons;  G,  RO

SD- 09 Manuf act ur er ' s Fi el d Repor t s

Accept ance Test i ng Pr ocedur e and Repor t ;  G,  RO

SD- 10 Oper at i on and Mai nt enance Dat a

Door  Oper at i on,  Dat a Package 2;  G,  RO

Emer gency and Rout i ne Pr event at i ve Mai nt enance Pl an;  G,  RO

SD- 11 Cl oseout  Submi t t al s

Accept ance Test i ng Pr ocedur e and Repor t ;  G,  RO

Manuf act ur er ' s War r ant y;  G,  RO

1. 3   DESI GN REQUI REMENTS

1. 3. 1   Door  Desi gn and Component s

The ver t i cal  l i f t  f abr i c door s and component s i ndi cat ed i n t he 
const r uct i on document s ar e r epr esent at i ve of  a commer ci al l y- avai l abl e 
door .   Desi gn and f abr i cat e t he door  t o f i t  wi t hi n t he space al l ocat ed and 
i n accor dance wi t h t he cr i t er i a speci f i ed her ei n and wi t hout  bi ndi ng,  
i nt er f er i ng,  or  damagi ng t he adj acent  st r uct ur e or  i t sel f .   Pr ovi de a door  
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wi t h a mi ni mum mai nt enance f r ee oper at i on f or  3 year s or  1, 500 cycl es,  
whi chever  occur s f i r st ,  as count ed by t he door  c l ose l i mi t  swi t ch.   
Const r uct  t he door  wi t h l i mi t ed combust i bl e const r uct i on mat er i al s i n 
accor dance wi t h NFPA 220 and NFPA 409.

I ncl ude a Door  Compl i ance Mat r i x al ong wi t h your  submi t t al  whi ch 
r ef er ences each speci f i cat i on r equi r ement  and t he cor r espondi ng document  
and page number  wher e compl i ance may be ver i f i ed by t he r evi ewer .

Shop dr awi ngs of  mot or s,  al l  el ect r i cal  cont r ol  devi ces,  and al l  
el ect r i cal  cont r ol  panel s,  i ncl udi ng schemat i c di agr ams,  di mensi onal  
dr awi ngs of  cont r ol  panel s,  det ai l s of  cont r ol  panel  i nst al l at i ons,  
i nt er nal  wi r i ng di agr ams of  cont r ol  panel s,  and wi r i ng di agr ams i ndi cat i ng 
al l  ext er nal  connect i ons bet ween cont r ol  panel s and f r om cont r ol  panel s t o 
r emot e cont r ol  devi ces.  Fur ni sh l i s t  of  mat er i al s f or  al l  cont r ol  devi ces,  
bot h i nsi de and r emot e f r om cont r ol  panel s i ncl udi ng manuf act ur er ' s model  
number ,  el ect r i cal  r at i ngs,  l ocat i on,  and quant i t y of  each i t em f ur ni shed.

Show al l  ver t i cal  l i f t  f abr i c door s and component s,  i ncl udi ng t ypes,  
s i zes,  l ocat i ons,  f abr i c,  suppor t i ng,  br aci ng and f r ami ng st eel  and 
al umi num member s,  met al  gages,  f ast ener s,  speed,  har dwar e pr ovi s i ons,  
s i gnage,  i nst al l at i on det ai l s,  and ot her  det ai l s of  const r uct i on.   I ncl ude 
suppor t i ng br acket s f or  mot or s,  l ocat i on of  mot or s,  and saf et y devi ces.   
I ncl ude per sonnel  door ,  mul l i on pi t  and cover  .   Pr ovi de det ai l s f or  t he 
c l osur e bet ween bul khead and door s.   I ncl ude det ai l s f or  suppor t i ng and 
br aci ng t he door  assembl y f r om t he st r uct ur e.  Demonst r at e t hr ough 
det ai l i ng t hat  t he i ndi cat ed super st r uct ur e' s non- dead l oad,  ser vi ce l evel  
def l ect i ons ar e accommodat ed i n bot h t he downwar d and upwar d di r ect i ons.  
I ndi cat e f i ni shes t o be used.

1. 3. 1. 1   St eel  Door  Component s

The door  manuf act ur er ' s r egi st er ed pr of essi onal  engi neer  i s r esponsi bl e 
f or  desi gni ng al l  suppor t i ng,  br aci ng and f r ami ng st eel  member s associ at ed 
wi t h t he door  syst em f or  t he speci f i ed l oads i n accor dance wi t h t he 
r equi r ement s of  AI SC 325 and AI SC 360.   Compl y wi t h t he AWS D1. 1/ D1. 1M 
St andar ds f or  al l  st eel  wel di ng.   Ref er  t o Sect i on 05 12 00 STRUCTURAL 
STEEL f or  ot her  r equi r ement s,  i ncl udi ng bol t ed connect i ons.

1. 3. 1. 2   Al umi num Door  Component s

The door  manuf act ur er ' s r egi st er ed pr of essi onal  engi neer  i s r esponsi bl e 
f or  desi gni ng al l  suppor t i ng,  br aci ng and f r ami ng al umi num member s 
associ at ed wi t h t he door  syst em f or  t he speci f i ed l oads i n accor dance wi t h 
t he r equi r ement s of  t he Al umi num Associ at i on ( AA ADM) .   Compl y wi t h t he 
AWS D1. 2/ D1. 2M St andar ds f or  al l  al umi num wel di ng.

1. 3. 1. 3   Door  Oper at i onal  Per f or mance

Pr ovi de a door  whi ch does not  bi nd,  cat ch or  become adver sel y out  of  l evel  
dur i ng door  oper at i on.   Door  oper at i on i ncl udes ( 1)  f ul l y  openi ng t hen 
cl osi ng,  ( 2)  par t i al l y  openi ng t hen cl osi ng,  and ( 3)  par t i al l y  openi ng,  
t hen f ul l y openi ng,  and t hen cl osi ng.   Par t i al l y  opened door s may occur  at  
any i nt er medi at e poi nt  and smoot h oper at i on of  t he door  i s r equi r ed wi t h 
smoot h oper at i on wi t hout  bi ndi ng.

1. 3. 2   Loads

Use t he gover ni ng desi gn l oads f or  t he desi gn of  t he door  syst em i n 
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accor dance wi t h UFC 1- 200- 01,  UFC 3- 301- 01 and al l  ot her  appl i cabl e 
cr i t er i a.

1. 3. 2. 1   Wi nd Loads

I n t he c l osed posi t i on,  desi gn t he ent i r e door  syst em t o wi t hst and t he 
component  and cl addi ng wi nd pr essur es as i ndi cat ed by t he Engi neer  of  
Recor d f or  a Par t i al l y  Encl osed bui l di ng,  based upon t he i ndi cat ed desi gn 
wi nd vel oci t y,  geomet r y and ot her  f act or s.   Desi gn al l  el ement s of  t he 
door ' s component s and cl addi ng t o wi t hst and bot h t he hi ghest  posi t i ve and 
negat i ve pr essur es based upon t he act ual  t r i but ar y ar ea f r om t he wi nd,  as 
i ndi cat ed.

I n addi t i on,  desi gn t he ent i r e door  syst em t o be bot h f ul l y  open and f ul l y 
oper at i onal  f or  wi nd vel oci t i es up t o 77 mph.   Cal cul at e t he appl i cabl e 
component  and cl addi ng wi nd pr essur es,  i ncl udi ng i mpor t ance f act or ,  and 
ut i l i ze t he cont r ol l i ng wi nd pr essur es or  a posi t i ve and negat i ve wi nd 
pr essur e of  15 psf  on t he sur f ace of  t he door ,  whi chever  i s gr eat er .   
Desi gn door  mul l i ons and j ambs f or  t he unbal anced posi t i ve or  negat i ve 
pr essur e on t he sur f ace of  a c l osed adj acent  door  wi t h t he ot her  adj acent  
door  bei ng open.

Submi t  compl et e cal cul at i ons f or  al l  component s seal ed by t he door  
manuf act ur er ' s r egi st er ed pr of essi onal  engi neer  f or  r evi ew.   I ncl ude 
cal cul at i ons wi t h anal ysi s of  t he i nt er medi at e and bot t om beams usi ng t he 
above appl i ed wi nd condi t i ons and door  posi t i ons.   Do not  desi gn 
i nt er medi at e or  bot t om beams t o r el y upon st abi l i zat i on or  br aci ng f r om 
t he f abr i c when t he door  i s not  i n t he c l osed posi t i on.   I n bot h t he open 
and cl osed posi t i on,  desi gn al l  i nt er medi at e beams f or  t he maxi mum 
pot ent i al  r ot at i on per mi t t ed by manuf act ur er  det ai l i ng such t hat  appl i ed 
wi nd l oads ar e not  assumed t o act  i n onl y t he st r ong axi s.

1. 3. 2. 2   Ot her  Loads

Pr ovi de door  mul l i ons and j ambs of  adequat e st r engt h t o t r ansmi t  t he 
f or ces f r om desi gn wi nd l oads,  i n addi t i on t o t he ot her  l oads r esul t i ng 
f r om door  oper at i ons or  t he door ' s act i on as a t r i but ar y el ement ,  wi t h no 
det r i ment al  ef f ect  on t he oper at i on of  t he door .   Submi t  t he ver t i cal  and 
hor i zont al  l oads i mposed upon t he bui l di ng st r uct ur e by t he ver t i cal  l i f t  
f abr i c door  syst em.

1. 3. 3   Door  Speed

Pr ovi de f or  each door  l eaf  t o open f ul l y wi t h a mi ni mum speed of  6 i nches 
per  second under  al l  desi gn condi t i ons.   Pr ovi de door  mul l i on( s) ,  when 
r equi r ed by t he cont r act  document s,  t o r ot at e wi t h a mi ni mum wi r e r ope 
r et r act i on speed of  6 i nches per  second.

1. 3. 4   Door  Wei ght

Submi t  door  l oad di agr ams of  t he door  i n t he c l osed and gover ni ng open 
posi t i on( s) .   Pr ovi de det ai l s showi ng cl ear ance and at t achment  
r equi r ement s f or  coor di nat i on wi t h t he st r uct ur al  st eel ,  mi scel l aneous 
st eel ,  s l ab/ f oundat i on,  and demonst r at i on t hat  super st r uct ur e' s unf act or ed 
def l ect i ons ar e accommodat ed by t he desi gn of  t he mul l i ons,  pi t s and door  
l eaves.

SECTI ON 08 34 16. 20  Page 7



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

1. 3. 5   Cyber secur i t y

Desi gn al l  cont r ol  syst ems ( i ncl udi ng syst ems separ at e f r om a ut i l i t y  
moni t or i ng and cont r ol  syst em)  i n accor dance wi t h UFC 4- 010- 06 and as 
r equi r ed by Sect i on 25 05 11  CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL 
SYSTEMS .   I mpl ement  cyber secur i t y r equi r ement s t o mi t i gat e 
vul ner abi l i t i es t o al l  f aci l i t y- r el at ed cont r ol  syst ems.

1. 4   QUALI TY ASSURANCE

1. 4. 1   Manuf act ur er ' s Qual i f i cat i ons

Use a ver t i cal  l i f t  f abr i c door  pr oduct  f r om a manuf act ur er  who i s 
r egul ar l y engaged i n t he desi gn,  f abr i cat i on,  er ect i on,  and ser vi ce of  
ver t i cal  l i f t  f abr i c door s of  t ype and si ze r equi r ed f or  t hi s pr oj ect .   
The manuf act ur er  must  have at  l east  5 year s of  s i mi l ar  ver t i cal  l i f t  
f abr i c door  desi gn exper i ence.   Si mi l ar  door s must  have compar abl e 
f unct i on and desi gn i ncl udi ng si ze,  conf i gur at i on,  t ype of  use,  
r et r act abl e or  movi ng el ement s,  saf et y f eat ur es,  cont r ol s,  and ot her  key 
engi neer i ng el ement s as t he door  bei ng speci f i ed.   I t  i s  accept abl e t o 
show t hat  a ser i es of  s i mi l ar  door s col l ect i vel y meet  al l  compar abl e 
el ement s t o t he door  bei ng speci f i ed,  al t hough not  necessar i l y  
i ndi v i dual l y.   Submi t   wr i t t en manuf act ur er  evi dence on si mi l ar  past  door  
desi gns and i nst al l at i ons l i s t i ng t he name,  l ocat i on,  cont act  i nf or mat i on 
of  owner s,  i nst al l at i on dat es,  over al l  s i zes,  f eat ur es,  and ot her  r el evant  
i nf or mat i on f or  exper i ence and qual i f i cat i ons eval uat i on.   Onl y 
manuf act ur er s who can submi t  t hi s evi dence of  act ual  i nst al l at i ons wher e 
t he pr oduct s have pr oven pr act i cal ,  dur abl e,  and r equi r e a mi ni mum of  
mai nt enance,  wi l l  be qual i f i ed under  t hi s speci f i cat i on.

1. 4. 2   I nst al l er ' s Qual i f i cat i ons

A manuf act ur er ' s r epr esent at i ve,  ski l l ed and exper i enced i n t he er ect i on 
of  ver t i cal  l i f t  f abr i c door s of  t he t ype speci f i ed her ei n,  i s  r equi r ed t o 
super vi se i nst al l at i on of  t he door  syst em( s)  i n accor dance wi t h appr oved 
shop dr awi ngs.   For  each I nst al l er ,  submi t  wr i t t en evi dence of  s i mi l ar  
past  door  i nst al l at i ons l i s t i ng t he name,  l ocat i ons,  cont act s i nf or mat i on 
of  owner s,  i nst al l at i on dat es,  over al l  s i zes,  f eat ur es,  and ot her  r el evant  
i nf or mat i on f or  exper i ence and qual i f i cat i ons eval uat i on.

1. 4. 3   War r ant y

Pr ovi de a t hr ee- year  war r ant y f or  al l  mechani cal  and el ect r i cal  component s 
agai nst  def ect s i n mat er i al  and wor kmanshi p begi nni ng on t he dat e of  
Pr oj ect   Accept ance.   Manuf act ur er  i s r esponsi bl e f or  i t ems r equi r i ng 
adj ust ment ,  r epai r  or  r epl acement  f or  t he t hr ee- year  mai nt enance- f r ee 
war r ant y per i od,  or  1500 door  cycl es,  whi chever  occur s f i r st .   Pr ovi de a 
t en year  war r ant y f or  def ect s i n t he f abr i c mat er i al .

1. 4. 3. 1   Mai nt enance and Repai r  Act i on Pl an

Pr ovi de an Emer gency and Rout i ne Pr event at i ve Mai nt enance Pl an.   I n Dat a 
Package SD- 10 " Oper at i on and Mai nt enance Dat a" ,  i ncl ude a l i s t  of  phone 
number s and per sonnel  cont act sand pr ovi de a l i s t  of  suggest ed spar e par t s 
mat er i al s and t ool s t o be pur chased by t he Cont r act i ng Of f i cer .   I ncl ude a 
l i s t  of  annual  v i sual  saf et y i nspect i ons t o be per f or med or  cont r act ed by 
t he gover nment  and pr ovi de a door  desi gn whi ch accommodat es each of  t he 
v i sual  i nspect i on i t ems wi t h r emovabl e panel s or  v i ewi ng por t s wher e 
i nspect i on i t ems ar e not  di r ect l y v i ewabl e.   A Pr event at i ve Mai nt enance 

SECTI ON 08 34 16. 20  Page 8



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

Pl an whi ch r equi r es adj ust ment  or  mai nt enance i nt er val s l ess t han 3 year s 
or  1, 500 cycl es i s not  per mi t t ed.

Submi t  ver t i cal  l i f t  f abr i c door  manual s i n accor dance wi t h Sect i on 
01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 4. 4   Del i ver y,  St or age and Handl i ng

Pr ovi de shi pment  of  al l  mat er i al s r equi r ed f or  door  i nst al l at i on i n 
pr ot ect i ve packagi ng.   Pr ot ect  door  and accessor i es f r om damage dur i ng 
del i ver y,  st or age,  and handl i ng.   Mar k al l  packagi ng cl ear l y wi t h 
manuf act ur er ' s br and name,  door  model  and j ob s i t e l ocat i on.   St or e i n dr y 
l ocat i on wi t h adequat e vent i l at i on,  and f r ee f r om dust  and wat er .   St or age 
must  per mi t  easy access f or  i nspect i on and handl i ng.   Remove damaged i t ems 
t hat  cannot  be r est or ed t o l i ke new condi t i on or  pr ovi de new i t ems.

1. 5   WELDI NG PROCEDURES AND QUALI FI CATI ONS

Pr i or  t o wel di ng,  submi t  cer t i f i cat i on f or  each wel der  st at i ng t he t ype of  
wel di ng and posi t i ons qual i f i ed f or ,  t he code and pr ocedur e qual i f i ed 
under ,  dat e qual i f i ed,  and t he f i r m and i ndi v i dual  cer t i f y i ng t he 
qual i f i cat i on t est s.   I f  t he qual i f i cat i on dat e of  t he wel der  or  wel di ng 
oper at or  i s mor e t han 6 mont hs ol d,  t he wel di ng oper at or ' s qual i f i cat i on 
cer t i f i cat e must  be accompani ed by a cur r ent  cer t i f i cat e by t he wel der  
at t est i ng t o t he f act  t hat  he has been engaged i n wel di ng si nce t he dat e 
of  cer t i f i cat i on,  wi t h no br eak i n wel di ng ser vi ce gr eat er  t han 6 mont hs.

Compl y wi t h appl i cabl e pr ovi s i ons of  AWS D1. 1/ D1. 1M f or  St eel .

Compl y wi t h appl i cabl e pr ovi s i ons of  AWS D1. 2/ D1. 2M f or  Al umi num.

PART 2   PRODUCTS

2. 1   MATERI ALS

Sel ect  mat er i al s based on dur abi l i t y ,  l ow mai nt enance,  weat her  r esi st ance 
and st r engt h ( per manent  def or mat i on f r om l oadi ng i s not  per mi t t ed) .   
Compl y wi t h ASTM E84 f or  l i mi t ed combust i bl e const r uct i on f or  al l  door  
syst em mat er i al s.

2. 1. 1   St eel  Pl at e and Bar s

ASTM A36/ A36M

2. 1. 2   St eel  Sheet

ASTM A653/ A653M

2. 1. 3   St eel  Shapes

ASTM A992/ A992M

2. 1. 4   Al umi num Ext r usi ons

ASTM B221,  Al l oy 6063- T6,  Al l oy 6005- T5 or  6000 Ser i es Al umi num

2. 1. 5   Al umi num Sheet s and St r i ps

ASTM B209,  al l oy and t emper  best  sui t ed f or  t he pur pose.
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2. 1. 6   Al umi num Wel di ng Rods and Bar e El ect r odes

AWS A5. 10/ A5. 10M.

2. 1. 7   Door  Fabr i c

Pr ovi de f abr i c mat er i al  t hat  i s  a heavy- dut y,  r i p st op,  v i nyl  coat ed 
pol yest er  f abr i c wei ghi ng not  l ess t han 19 oz/ squar e yar d,  capabl e of  
car r y i ng 250 l b/ i n per  panel .   Pr ovi de f abr i c t hat  i s  i mper vi ous and 
r esi st ant  t o sol vent s,  f uel ,  l ubr i cant s,  and ot her  s i mi l ar  f l ui ds commonl y 
f ound i n ai r cr af t  mai nt enance hangar s.   Pr ovi de f abr i c t hat  i s  ul t r avi ol et  
( UV)  st abi l i zed,  sel f - ext i ngui shi ng ( 0- 75 f l ame spr ead) ,  and sui t abl e t o 
wi t hst and t emper at ur es bet ween pl us 158 t o mi nus 31 degr ees F i n 
compl i ance wi t h ASTM D2136.   Use a t r ansl ucent  f abr i c mat er i al  as shown i n 
t he dr awi ngs t o al l ow dayl i ght i ng of  t he hangar  ai r cr af t  ser vi c i ng ar ea.   
Pr ovi de t r ansl ucent  f abr i c mat er i al  t hat  meet s t he same r equi r ement s and 
l oadi ngs as t he st andar d door  f abr i c.   Fabr i c col or  wi l l  be sel ect ed by 
t he Gover nment  f r om t he manuf act ur er ' s st andar d col or s.   Const r uct  door  
syst em such t hat  f abr i c i s t i ght  bet ween t he i nt er medi at e beams when t he 
door  i s c l osed and t he wi nd l ocks engaged.   Test  t he f abr i c t o meet  t he 
cr i t er i a of  ASTM E84 ( f l ame spr ead -  Cl ass A i nt er i or  wal l  and cei l i ng 
f i ni sh) ,  ASTM D2136 ( col d cr acki ng,  br i t t l eness and t emper at ur e) ,  and 
ASTM D751 ( t ensi l e and t ear  st r engt h) .   Pr ovi de a mi ni mum 4: 1 f act or  of  
saf et y on t he f abr i c desi gn whi l e account i ng f or  degr adat i on due t o UV and 
t emper at ur e ef f ect s.

Submi t  door  f abr i c panel  sampl es f or  wei ght ,  st r engt h,  and col or  appr oval .

2. 1. 8   Wi r e Rope

ASTM A1023/ A1023M.

2. 2   DOORS

Door  syst em consi st s of  i ndi v i dual  hoi st - up f abr i c door  l eaves wi t h 
i nt er medi at e al umi num beams or  t r usses.  Maxi mum wi nd l oad def l ect i on of  
st eel  st r uct ur al  door  member s i s not  t o exceed t he member  l engt h di v i ded 
by 120.   Maxi mum wi nd l oad def l ect i on of  ext r uded al umi num door  member s i s 
not  t o exceed t he member  l engt h di v i ded by 30.   Desi gn and i nst al l  t he 
door  syst em t o accommodat e t he ant i c i pat ed downwar d def l ect i on due t o sel f  
wei ght  of  t he door  syst em af t er  al l  t he bui l di ng dead l oad has been 
appl i ed.   Then pr ovi de a door  syst em whi ch accommodat es t he st at ed 
unf act or ed downwar d and upwar d def l ect i ons of  t he super st r uct ur e t o whi ch 
i t  i s  bei ng at t ached.

2. 2. 1   Fabr i c Door  Leaves

When one- pi ece f abr i c const r uct i on i s ut i l i zed,  l oop f abr i c over  t he 
upper most  beam and at t ach t he f abr i c t o bot h f l anges of  t he i nt er medi at e 
beams,  t op beam,  and bot t om beam wi t h sel f - t appi ng scr ews t hr ough 
cor r osi on r esi st ant  anodi zed or  coat ed al umi num bat t en st r i p.   Pr ovi de 
i ndependent ,  t hi r d par t y l abor at or y t est i ng t o demonst r at e door  f abr i c 
connect i on has a mi ni mum 2: 1 f act or  of  saf et y above t he r equi r ed 
connect i on f or ces whi l e account i ng f or  f abr i c degr adat i on due t o UV and 
t emper at ur e ef f ect s.

Al t er nat i vel y,  when f abr i c panel  const r uct i on i s ut i l i zed,  at t ach t he 
f abr i c at  al l  beams usi ng a keder  t ype connect i on.  Pr ovi de i ndependent ,  
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t hi r d par t y l abor at or y t est i ng t o demonst r at e connect i ons ar e st r onger  
t han t he f abr i c.

2. 2. 2   I nt er medi at e Door  Beams

Pr ovi de cor r osi on r esi st ant ,  ext r uded al umi num i nt er medi at e beams of  a 
sui t abl e dept h dependent  on t he door  wi dt h and t he wi nd l oad r equi r ement s 
wi t h a spaci ng not  t o exceed 6 f eet .   Pr ovi de,  at  each end of  t he beams,  a 
gui de bl ock of  sel f - l ubr i cat i ng mat er i al  or  r ol l er s t hat  r un al ong t he 
gui des.   Bui l t - up member s meet i ng t hese r equi r ement s ar e accept abl e.   
Desi gn t he i nt er medi at e door  beams and gui de bl ock or  r ol l er s t o car r y t he 
f ul l  desi gn wi nd l oad wi t hout  f ai l ur e and wi t hout  bei ng pul l ed f r om t he 
door  gui des.   Gui de bl ock or  r ol l er  desi gn cannot  put  t he i nt er medi at e 
beam i nt o t ensi on under  desi gn wi nd l oad whi ch woul d cause pul l i ng f or ces 
on door  j ambs.   Pr ovi de gui de bl ock mat er i al  of  nyl on,  pol yoxymet hyl ene 
( POM) ,  or  Ul t r a Hi gh Mol ecul ar  Wei ght  ( UHMW)  pol yet hyl ene.   Pr ovi de 
r ol l er s t hat  ar e gal vani zed st eel  wi t h mai nt enance f r ee,  l i f et i me seal ed 
bal l - bear i ngs i n case- har dened st eel  r aces.   Mi dspan spl i ces ar e 
pr ohi bi t ed i n i nt er medi at e beams.

2. 2. 3   Door  Gui des

The ver t i cal  door  gui des ar e an i nt egr al  par t  of  t he door ,  made of  
ext r uded al umi num wi t h a sui t abl e dept h and wi dt h dependent  on t he si ze of  
t he i nt er medi at e beams and wi nd l oad r equi r ement s.   Pr ovi de gui de r ai l s 
wi t h a T- shaped cent er  gui de desi gned t o pr event  gui de bl ocks f r om 
escapi ng t he gui des and desi gned t o pr event  pl aci ng t he i nt er medi at e beam 
i n t ensi on under  desi gn wi nds l oads ( cat enar y ef f ect ) .   Desi gn t he gui des 
t o pr ovi de weat her  seal i ng on t he i nsi de and out si de f aces.   Pr ovi de 
adequat e space i nsi de t he gui des,  or  wi t hi n t he door ,  f or  al l  r equi r ed 
component s such as t he nyl on bel t ,  pol yest er  bel t ,  or  wi r e r ope of  t he 
dr i ve uni t ,  wi ndl ocks and saf et y ar r est er s.   Pr ovi de r emovabl e door  gui des 
wi t h anchor age t o t he mul l i on and j ambs,  as appl i cabl e,  of  t he s i ze and 
t ype r equi r ed t o car r y t he f ul l  desi gn wi nd l oad wi t hout  f ai l ur e and 
wi t hout  per manent  def or mat i on.   Removabl e door  gui des wi l l  be mechani cal l y 
f ast ened t o per mi t  t he gui de r ai l  t o be r eadi l y r emoved wi t h st andar d 
t ool s.   Pr ovi de gui de bl ocks or  r ol l er ,  i nsi de t he gui des,  suf f i c i ent  t o 
pr event  scr api ng or  damage t o t he gui de r ai l  dur i ng nor mal  door  oper at i on.

2. 3   ELECTRI C OPERATORS

2. 3. 1   Dr i ve Uni t s

Pr ovi de each door  l eaf  wi t h a mot or  dr i ve syst em wi t h hor sepower  s i zed as 
appr opr i at e f or  t he wei ght  of  t he door  l eaf  pl us door  f r i c t i on t o account  
f or  oper at i onal  wi nd speeds and cor r espondi ng pr essur es.   Equi p t he gear  
mot or  wi t h a dr um on whi ch t he nyl on bel t ,  pol yest er  bel t ,  or  wi r e r opes 
ar e wound,  i ncl udi ng r equi r ed saf et y wr aps and connect i ons.   For  dead ends 
on wi r e r opes,  pr ovi de a mi ni mum of  t wo uncl amped dead wr aps on t he wi r e 
r ope dr um wi t h t he dead end anchor ed on t he dr um bar r el  by c l amps or  by 
i nser t i ng end f i t t i ng i nt o r ei nf or ced pocket s.   For  hoi st s usi ng synt het i c 
bel t s,  pr ovi de a mi ni mum of  f i ve dead wr aps and bel t  anchor age t o t he dr um.

I f  a s i ngl e mot or  dr i ve i s used,  wi nd t he bel t s and wi r e r opes on t he same 
dr um.   When usi ng wi r e r opes,  pr ovi de a gr ooved dr um.   At t ach t he bel t s 
and wi r e r opes t o t he bot t om beam vi a t he saf et y ar r est er s.   Pr ovi de a 
hand cr ank devi ce or  ot her  manual  means on t he mot or  f or  manual  oper at i on 
of  t he door  i n t he event  of  a power  f ai l ur e.   Pr ovi de a gear  mot or  t hat  i s  
r emovabl e wi t hout  di st ur bi ng l i mi t  swi t ch adj ust ment .   Coor di nat e t he 
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dr i ve uni t s wi t h t he l ocat i on of  ai r cr af t  such t hat  t he dr i ve uni t s ar e 
accessi bl e whi l e ai r cr af t  ar e i n t he hangar .

Submi t  dr i ve uni t  syst em hor sepower ,  bel t  t ype,  and l ocat i ons.   Saf et y 
ar r est or  t ype,  t est  r epor t s,  and br ake syst em det ai l s.

2. 3. 2   Bel t / Wi r e Rope Syst em

Pr oper l y sel ect  and ut i l i ze bel t s and/ or  wi r e r opes t o t r ansmi t  mot i ve 
f or ce t o each door  l eaf .   I nst al l  bel t s/ wi r e r opes f r ee of  any k i nks and 
desi gn t he syst em and sheave di amet er  t o pr event  t he occur r ence of  any 
k i nks,  and abnor mal  st r ess i n t he oper at i ng bel t s/ wi r e r opes.   Wher e 
bel t s/ wi r e r opes pass t hr ough openi ngs of  t he bui l di ng st r uct ur e,  
const r uct  t he openi ngs t o pr event  abr asi on,  wear ,  or  damage t o t he 
bel t s/ wi r e r opes.   Desi gn bel t s,  wi r e r opes,  and t hei r  connect i ons t o have 
a mi ni mum 6: 1 f act or  of  saf et y,  i ncl udi ng i mpact  l oads.

Do not  use bel t  syst ems wher e i ndi v i dual  l i f t ed door  wei ght  exceeds 6, 200 
Lbs.   I ncl ude edge wear  i ndi cat or s on bel t s and pr oper l y t er mi nat e at  al l  
connect i ons.   Pr ovi de f ul l y st i t ched f l at  eye bel t  t er mi nat i ons whi ch ar e 
per manent  and do not  r equi r e r out i ne adj ust ment  or  mai nt enance.

Pr oper l y swage wi r e r ope ends and i ncl ude t hi mbl e l oops t o pr event  wi r e 
r ope abr asi on at  end connect i ons.   Pr ovi de wi r e r ope end connect i ons whi ch 
ar e per manent  and do not  r equi r e r out i ne adj ust ment  or  mai nt enance.

Mi ni mi ze t he quant i t y of  mot or s,  sheaves and dr ums used t o gui de t he bel t s 
or  wi r e r opes t o r educe mai nt enance r equi r ement s.   Pr ovi de sheave uni t s i n 
accessi bl e l ocat i ons t hat  al l ow i nspect i on and pr event i ve mai nt enance.   Do 
not  l ocat e mot or s,  sheaves,  and dr ums i n encl osed l ocat i ons,  whi ch ar e not  
r eadi l y accessi bl e f or  v i sual  i nspect i on and mai nt enance.

2. 3. 3   Door  Dr op Pr event i on

2. 3. 3. 1   Door  Leaf  Saf et y Ar r est er s

Suppl y each door  l eaf  wi t h saf et y ar r est er s at  each j amb door  gui de t hat  
aut omat i cal l y act i vat e and suppor t  t he door  i n case t he door  l i f t i ng 
syst em f ai l s s i mi l ar  t o a bel t  or  wi r e r ope br eaki ng.   At t ach saf et y 
ar r est er s t o each end of  t he bot t om beam whi ch t r avel  i n t he ver t i cal  
gui de t r acks and cannot  escape f r om,  or  pul l  of f  of ,  t he door ' s gui de 
r ai l s.   Pr ovi de saf et y ar r est er s t hat  i mmedi at el y engage t o st op t he 
downwar d movement  of  t he door  i n case of  bel t / wi r e r ope f ai l ur e i n 
accor dance wi t h t he bel ow t est  r equi r ement s.

Per f or m a " Saf et y Ar r est or  Oper at i on Test "  on each set  of  saf et y ar r est er s 
by a nat i onal l y r ecogni zed i ndependent  t est i ng sour ce t o wi t hst and at  
l east  110 per cent  of  t he maxi mum door  l eaf  wei ght .

The " Saf et y Ar r est or  Oper at i on Test "  wi l l  be deemed successf ul  when i t  
cont ai ns at  l east  t he f ol l owi ng mi ni mum cr i t er i a:

a.   Test  door  wei ght  t o at  l east  110 per cent  of  t he speci f i c  pr oj ect ' s 
door  wei ght .

b.   Test  by s i mul at i ng t he door  l i f t i ng syst em abr upt l y di sengagi ng,  
s i mi l ar  t o a bel t  or  wi r e r ope br eaki ng.

c.   Ver i f y t he Saf et y Ar r est er s aut omat i cal l y engage.

SECTI ON 08 34 16. 20  Page 12



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

d.   Ver i f y door  l eaf  i s  br ought  t o r est  af t er  an i ni t i al  downwar d movement  
( or  dr op)  of  not  mor e t han 12 i nches and t hat  t he door  l eaf  i s  hel d 
f i r ml y i n t hi s posi t i on.

e.   Ver i f y t hat  damage f r om act i vat i on of  t he Saf et y Ar r est or s i s l i mi t ed 
t o l ocal i zed r epl aceabl e component s,  such as t he gui de r ai l s or  saf et y 
ar r est or s,  and not  a syst em f ai l ur e whi ch woul d r equi r e r epai r  or  
r epl acement  of  any ot her  por t i on of  t he door  syst em or  i t s st r uct ur al  
suppor t .

Submi t  i ndependent  t est i ng sour ce document at i on of  successf ul  " Saf et y 
Ar r est er  Oper at i on Test " .

2. 3. 3. 2   Door  Leaf  Saf et y Ar r est er  Al t er nat i ve

Door  l eaf  saf et y ar r est er s may be omi t t ed,  i f  each door  l eaf  i s  pr ovi ded 
wi t h f our  or  mor e l i f t i ng bel t s/ wi r e r opes and i f  i s  i t  demonst r at ed 
t hr ough anal ysi s of  t he ent i r e door  syst em t hat  t he door  l eaf  r emai ns 
st abl e,  wi t hout  f al l i ng,  wi t h t he l oss of  ei t her  end bel t / wi r e r ope,  or  
any t wo i nt er medi at e bel t s/ wi r e r opes.   Addi t i onal l y demonst r at e,  t hat  
ot her  f ai l ur e mechani sms i nher ent  i n t he door  syst em wi l l  not  r esul t  i n a 
f al l i ng door  l eaf .

2. 3. 3. 3   Swi ng- Up Door  Mul l i on Saf et y Ar r est er

Pr ovi de swi ng- up door  mul l i ons wi t h a l i f t i ng mot or  t hat  i ncl udes a backup 
ar r est i ng syst em or  secondar y br ake syst em t o pr event  t he mul l i on f r om 
f al l i ng i n case of  mot or ,  wi r e r ope,  or  pr i mar y br ake f ai l ur e.

2. 3. 4   Sl ack Bel t / Wi r e Rope Br eaker

Use a saf et y devi ce on al l  bel t s and wi r e r opes t hat  wi l l  send a s l ack 
bel t / wi r e r ope condi t i on t o t he appr opr i at e dr i ve uni t ( s)  and pr event  
unsaf e oper at i on or  any ot her  unsaf e condi t i on.

2. 3. 5   Mot or s

NEMA MG 1,  hi gh- st ar t i ng t or que,  r ever si bl e t ype wi t h suf f i c i ent  
hor sepower  and t or que out put  t o move t he door  i n ei t her  di r ect i on f r om any 
posi t i on.   Pr ovi de a mot or  t o pr oduce a door  t r avel  speed of  not  l ess t han 
6 i nches per  second wi t hout  exceedi ng t he r at ed capaci t y.   Pr ovi de mot or s 
t hat  oper at e on t he i ndi cat ed vol t age.   Pr ovi de mot or  encl osur es t hat  ar e 
dr i p- pr oof  t ype or  NEMA t ot al l y encl osed.   Suppl y a hand cr ank whi ch f i t s 
t he mot or  f or  manual  oper at i on of  t he door  i n t he event  of  a power  
f ai l ur e.   I nst al l  mot or s i n appr oved l ocat i ons.   Pr ovi de mot or s t hat  have 
a mi ni mum ser vi ce f act or  of  1. 2 at  cont i nuous dut y under  maxi mum f ul l  
l oad.   Pr ovi de mot or s i n accor dance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM and r equi r ement s l i s t ed above.

When t wo or  mor e mot or s ar e used,  pr ovi de mechani cal  l i nkage,  el ect r oni c 
posi t i on moni t or i ng and/ or  l ogi c t o el i mi nat e t he possi bi l i t y  t hat  t he 
door  may bi nd,  cat ch or  become adver sel y out  of  l evel  dur i ng door  
oper at i on.

Submi t  mot or  char act er i st i cs i ncl udi ng hor sepower ,  ser vi ce f act or ,  saf et y 
f act or ,  and st andar ds compl i ance.
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2. 3. 6   Cont r ol s

Pr ovi de cont r ol  equi pment  i n accor dance wi t h NEMA I CS 2.   Pr ovi de cont r ol  
encl osur es i n accor dance wi t h NEMA I CS 6,  Type 12 or  Type 4X.   Pr ovi de 
door  el ect r i cal  cont r ol s i n accor dance wi t h I EC st andar ds I EC 60204- 1,  
I EC 60269- 1,  I EC 60269- 2,  I EC 60364- 1,  I EC 60364- 5,  I EC 60947- 1,  
I EC 60947- 2,  I EC 60947- 3,  and I EC 60947- 4- 1.   Pr ovi de door  el ect r i cal  
cont r ol s i n accor dance wi t h NEMA AB 1,  NEMA I CS 2,  NEMA I CS 5,  and 
NEMA KS 1.  Pr ovi de door  el ect r i cal  cont r ol s i n accor dance wi t h NEMA I CS 1,  
NEMA I CS 6,  NFPA 70,  NFPA 79,  UL 98,  UL 248- 1,  UL 248- 12,  UL 489,  UL 508,  
UL 1449,  and UL 698A.   Pr ovi de UL l i s t ed door  cont r ol  component s.  Pr ovi de 
each Door  Modul e wi t h t he f ol l owi ng oper at or s:

a.   Mai n Cont r ol  Panel  ( St at i on)  NEMA Type 4 encl osur e.

b.   Remot e ( Auxi l i ar y)  Cont r ol  Panel  ( St at i on)  at  t he opposi t e end of  
hangar  door  NEMA Type 4 encl osur e t o mat ch Mai n Cont r ol  Panel .

d.   Pr ovi de " Open"  oper at or  on t he ext er i or  of  each bay of  door s,  keyed 
f or  use by Fi r e Depar t ment  per sonnel  t o al l ow ent r y i n t he event  of  an 
emer gency,  i n a NEMA Type 4X encl osur e.

Pr ovi de condui t  and cont r ol  wi r i ng bet ween Mai n,  Auxi l i ar y,  emer gency st op 
cont r ol s,  pr oxi mi t y swi t ches,  l i mi t  swi t ches,  and each door  mot or  dr i ve 
uni t .   Pr ovi de power  and cont r ol s wi r i ng and condui t  i n accor dance wi t h 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

Submi t  cont r ol s char act er i st i cs i ncl udi ng al l  el ect r i cal  component s and 
devi ces used i n t he cont r ol  syst em,  encl osur es,  saf et y devi ces,  
t r ansf or mer  s i ze and vol t age,  and emer gency power  connect i on.

2. 3. 6. 1   Cont r ol  Panel  Encl osur es

Pr ovi de NEMA I CS 6,  Type 12 or  Type 4X cont r ol  panel  encl osur es.   Pr ovi de 
an i nt egr al  mai n power  di sconnect  swi t ch t hat  i s mechani cal l y i nt er l ocked 
wi t h t he cont r ol  panel  door  at  each cont r ol  panel .   Pr ovi de f act or y wi r ed 
f i el d wi r i ng t er mi nal  st r i p i n each cont r ol  panel  and i nst ant aneous 
t hr ee- phase t her mal  over l oad r el ays.   Pr ovi de each cont r ol  panel  encl osur e 
i ncl udi ng an i nt er nal  mot or  st ar t er  or  VFD wi t h adequat e i nt egr al  
vent i l at i on ( ai r  condi t i oni ng i f  r equi r ed)  f or  oper at i on i n a 120 degr ee F 
ambi ent  envi r onment .   Pr ovi de NEMA r at ed cont r ol  r el ays.   Pr ovi de mai n 
cont r ol  panel  wi t h pr ogr ammabl e l ogi c cont r ol l er .

Pr ovi de a t hr ee phase UL 1449 l i s t ed sur ge pr ot ect i on devi ce ( SPD)  f or  t he 
i ncomi ng power  t o each door  cont r ol  panel .   Pr ovi de a UL 1449 l i s t ed sur ge 
suppr essi on devi ce ( SPD)  f or  each cont r ol  c i r cui t  ( l i mi t  swi t ch,  pr oxi mi t y 
swi t ch,  mot or ,  br ake,  sol enoi d,  i ndi cat i ng l i ght ,  and pushbut t on)  t hat  i s  
r out ed ext er nal  f r om each door  mai n cont r ol  panel .

Submi t  dat a f or  each i ncomi ng and out goi ng power  f eeder  and each cont r ol  
c i r cui t .

Pr ovi de devi ces t o cont r ol  t he l ogi c and sequence of  door  and mul l i on 
oper at i on t o ensur e saf e,  smoot h and dependabl e oper at i on at  each cont r ol  
panel .   Pr ovi de i nt er l ocks t o pr ecl ude per sonnel  i nj ur y,  i ncl udi ng an 
i nt er l ock bet ween t he power  suppl y syst em and use of  t he hand cr ank f or  
manual  oper at i on of  t he door .   Pr ovi de const ant - pr essur e t ype,  f ul l y  
guar ded,  i l l umi nat ed push but t ons on t he cont r ol  panel  f or  bot h up and 
down oper at i ons.   Pr ovi de mushr oom t ype emer gency st op but t on on each 
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cont r ol  panel .   Ut i l i ze i ndi v i dual  user  passwor d pr ot ect ed t ouch scr een 
i nt er f ace t o sel ect  desi r ed door  or  mul l i on mot i on.   Door  mot i on wi l l  be 
i ni t i at ed vi a f ul l y  guar ded push but t ons.

Pr ovi de back- up power  hook up at  t he cont r ol  panel  t o connect  t o a 
por t abl e gener at or  pr ovi ded by t he Base vi a a pi n and sl eeve f emal e 
r ecept acl e ( coor di nat e wi t h Base)  and manual  t r ansf er  swi t ch pr ovi ded on 
t he mai n cont r ol  panel .

2. 3. 7   Li mi t  Swi t ches

Pr ovi de l i mi t  swi t ches or  pr oxi mi t y swi t ches t o aut omat i cal l y st op door s 
and mul l i ons at  t he f ul l y  open and f ul l y c l osed posi t i ons.   Pr ovi de l i mi t  
swi t ches or  pr oxi mi t y swi t ch posi t i ons t hat  ar e r eadi l y adj ust abl e.   
Pr ovi de l i mi t  swi t ches or  pr oxi mi t y swi t ches f or  t he wi nd l ock wi t h v i sual  
i ndi cat i on on t he cont r ol  panel  f or  each door  l eaf .   Pr ovi de vi sual  
i ndi cat i on t o not i f y t he door  oper at or  t hat  t he wi nd l ocks ar e engaged f or  
al l  door  l eaves.

Demonst r at e t he oper abi l i t y  of  al l  l i mi t  swi t ches pr i or  t o Gover nment  
occupancy.

2. 3. 8   Door  Cont r ol  Al ar ms

Pr ovi de an audi bl e al ar m devi ce on each door  mai n cont r ol  panel  ( mi ni mum 
100 dbA)  t hat  sounds 5 seconds bef or e t he door  moves and cont i nues t o 
sound when t he door  i s movi ng.   Coor di nat e t hi s audi bl e s i gnal  such t hat  
i t  i s  c l ear l y di f f er ent  f r om al l  of  t he ot her  audi bl e s i gnal s ut i l i zed i n 
t he hangar  bay.

Pr ovi de a v i sual  al ar m devi ce above each door  mai n cont r ol  panel  ( LED 
beacon wi t h 1600 l umens)  t hat  oper at es 5 seconds bef or e t he door  moves and 
cont i nues t o oper at e when t he door  i s movi ng.   Coor di nat e t he col or  of  
t hi s v i sual  s i gnal  such t hat  i t  i s  c l ear l y a di f f er ent  col or  t han al l  of  
t he ot her  v i sual  s i gnal s ut i l i zed i n t he hangar  bay.

2. 3. 9   Saf et y Devi ce

Pr ovi de an i nt r i nsi cal l y saf e ( sui t abl e f or  a Cl ass I  Di v i s i on 2 hazar dous 
l ocat i on)  el ect r i c saf et y edge on t he bot t om of  t he edge of  each door ,  
cont i nuous over  t he f ul l  l engt h of  t he door .   Pr ovi de a saf et y edge 
l ocat ed i nsi de of  a r ubber  cushi oned bot t om weat her  seal i ng edge ( or  boot )  
wi t h suf f i c i ent  ver t i cal  hei ght  ( f act or i ng i n t he t i me and di st ance t hat  
i t  t akes t o st op a c l osi ng door )  t o pr event  col l i s i on damage al ong t he 
bot t om edge of  t he door .   Act i vat e t he saf et y edge when t he door  i s 
c l osi ng and do not  al l ow t he saf et y edge t o pr event  t he door  f r om 
compl et el y c l osi ng and pr oper l y seal i ng al ong i t s ent i r e l engt h.

2. 3. 10   Cont r ol  Tr ansf or mer s

Pr ovi de f used t r ansf or mer s i nsi de of  each Mai n Cont r ol  Panel  as necessar y 
t o r educe t he vol t age on t he cont r ol  c i r cui t s t o 120 vol t s or  l ess.

2. 3. 11   El ect r i cal  Component s

NFPA 70.   Pr ovi de aut omat i c cont r ol  and saf et y devi ces,  i ncl udi ng f ai l saf e 
bat t er y power ed wi r el ess l i mi t  swi t ches or  har d- wi r ed l i mi t  swi t ches 
el ect r i f i ed component s.   Wi r e r ope r eel  t ype t ake- up devi ces ar e not  
al l owed.   Pr ovi de cont r ol  wi r i ng i n accor dance wi t h NFPA 70.   Pr ovi de 
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condui t ,  wi r i ng,  and mount i ng of  cont r ol s i n accor dance wi t h Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

2. 3. 12   User  I nt er f ace wi t h Di agnost i cs

Suppl y a human machi ne i nt er f ace ( HMI )  on t he f ace of  t he Mai n Cont r ol  
Panel  and al l  Auxi l i ar y Cont r ol  Panel s.   The f unct i on of  t he di agnost i c 
panel  i s  t o pr ovi de i nf or mat i on on t he st at us of  el ect r i cal  component s i n 
t he door  syst em.  Pr ovi de a l ar ge ( 10 i nch mi ni mum di agonal  measur e)  HMI  
t ouch scr een t o i ncl ude a gr aphi cal  r epr esent at i on of  t he ent i r e door  
syst em t o f aci l i t at e ease of  use.   Pr ovi de t he HMI  wi t h cur r ent  door  
st at us i ncl udi ng wi ndl ocks.   I ncl ude a sel f - di agnost i c syst em t o pr ovi de 
det ai l ed st at us i nf or mat i on of  a mal f unct i on and pr ovi de gui ded t r oubl e 
shoot i ng and di agnost i c f eat ur es.   Pr ovi de a l og f or  mal f unct i ons and 
syst em al ar ms on t he HMI  as wel l  as det ai l ed ser vi ce moni t or i ng and 
ser vi ce hi st or y.   Cont r ol  oper at i on and conf i gur at i on of  t he syst em i s by 
uni que,  mul t i - l evel  passwor d access t o l i mi t  access t o t he syst em t o 
qual i f i ed and aut hor i zed user s.   Pr ovi de HMI  wi t h aut omat i c scr een l ock 
af t er  60 seconds of  i nact i v i t y.   I ncl ude f unct i onal i t y on t he HMI  f or  
r emot e access t o t he syst em,  by t he manuf act ur er  v i a bot h I nt er net  and 
cel l ul ar  modem,  t o r evi ew mal f unct i on l ogs,  updat e pr ogr ammi ng/ set t i ngs,  
or  assi st  i n t r oubl eshoot i ng,  shoul d t he user  choose t o per mi t  such access 
as per mi t t ed by cyber secur i t y r est r i ct i ons.

2. 4   HEADER BOX

Const r uct  t he header  boxes of  car bon st eel  and f i ni shed i n accor dance wi t h 
t he par agr aph FI NI SHES.

2. 5   BOTTOM BEAM

Const r uct  t he bot t om beam of  car bon st eel  and f i ni shed i n accor dance wi t h 
t he par agr aph FI NI SHES.   Pr ovi de a bot t om beam of  a sui t abl e wi dt h and 
dept h t o car r y t he l oad of  t he i nt er medi at e beams when t he door  i s not  
c l osed,  and t o ensur e f ul l  c l osi ng and a t i ght  f l oor  seal  under  f ul l  
desi gn wi nd speeds spanni ng bet ween wi ndl ocks l ocat ed at  each j amb.   
Pr ovi de a heavy- dut y bot t om r ubber  seal  t o f or m a t i ght  seal  wi t h t he 
f l oor  under  al l  desi gn condi t i ons.   Pr ovi de a bot t om edge saf et y devi ce 
t hat  i s i nt egr al  wi t h t he bot t om seal .

Desi gn bot t om beams t o span bet ween saf et y ar r est or s at  t he j ambs and 
suppor t  t he wei ght  of  t he door ,  i ncl udi ng i nt er medi at e beams,  whi l e 
r emai ni ng st abl e and wi t hi n t he door  gui des.   I f  t he door  l eaf  saf et y 
ar r est or  al t er nat i ve i s ut i l i zed per  par agr aph DOOR LEAF SAFETY ARRESTERS,  
desi gn t he bot t om beam t o suppor t  t he wei ght  of  t he door ,  i ncl udi ng 
i nt er medi at e beams wi t h ei t her  end bel t / wi r e r ope,  or  any t wo i nt er medi at e 
bel t s/ wi r e r opes,  r emoved whi l e r emai ni ng st abl e and wi t hi n t he door  
gui des.   Mi dspan spl i ces ar e pr ohi bi t ed i n t he bot t om beam.

2. 6   WI ND LOCK

At  each door  l eaf  pr ovi de wi nd l ocks at  each j amb,  whi ch aut omat i cal l y 
act i vat e and l ock t he bot t om beam i nt o pl ace when t he door  r eaches i t s 
c l osed posi t i on t o mai nt ai n a t i ght  f l oor  seal  and i nt er medi at e beam 
st abi l i t y  wi t h t i ght  f abr i c under  desi gn wi nd condi t i ons.   Pr ovi de a l i mi t  
swi t ch,  or  a pr oxi mi t y swi t ch,  wi t h i ndi cat or  t o not i f y t he door  oper at or  
t hat  al l  wi nd l ocks ar e engaged pr oper l y.   Pr ovi de swi t ches l ocat ed bel ow 
18 i nches above f i ni sh f l oor  t hat  ar e compl i ant  wi t h NFPA 70,  Cl ass I ,  
Di v i s i on 2 hazar dous envi r onment .
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2. 7   SWI NG- UP MULLI ON WHERE I NDI CATED

The swi ng- up mul l i ons wi l l  be desi gned t o swi ng up under  t he door  l eaf  i n 
t he r ai sed posi t i on.   They wi l l  be const r uct ed of  car bon st eel  and 
f i ni shed i n accor dance wi t h t he par agr aph FI NI SHES.   The mul l i on hi nge 
pi vot  wi l l  be of  a mai nt enance- f r ee bear i ng desi gn.   Pr ovi de suf f i c i ent  
l engt h of  door  gui de,  bet ween f al l  ar r est or s and mul l i on hi nge pi vot ,  t o 
per mi t  door ' s saf et y ar r est or s t o f ul l y  engage and st op t he door  f r om 
f al l i ng i n t he case of  a bel t / wi r e r ope br eak or  ot her  f ai l ur e condi t i on 
when t he door  i s i n t he f ul l y open posi t i on.

The swi ng- up mul l i on must  be r ai sed and l ower ed by a wi r e r ope hoi st  wi t h 
a secondar y back- up wi r e r ope ar r est i ng syst em.   I f  t he secondar y back- up 
wi r e r ope ar r est i ng syst em i s f ul l y  i nt egr at ed i nt o t he hoi st  uni t ,  i t  
wi l l  be pr oduced by one manuf act ur er .   Wi r e r ope hoi st  and secondar y 
syst em wi l l  connect  t o mul l i on a mi ni mum of  10 f eet  above f i ni sh f l oor .   
At t ach usi ng a doubl e shear  connect i on t hr ough t he mul l i on.   Demonst r at e 
t hr ough cal cul at i ons t hat  t he l i f t i ng appar at us and i t s connect i on t o t he 
mul l i on i s desi gned f or  al l  l oads.   Ref er  t o t he par agr aph ELECTRI CAL 
OPERATI ON f or  cont r ol s and i nt er l ocks of  mul l i on and door  panel s.

Swi ng- up mul l i on assembl y,  i ncl udi ng l i f t i ng ar m and wi r e r ope,  i s not  
per mi t t ed t o encr oach on r equi r ed ai r cr af t  c l ear  space r equi r ed by t he 
cont r act  document s.

2. 7. 1   Mul l i on Pi t  and Cover  wher e I ndi cat ed

Pr ovi de a mul l i on pi t  f r ame,  gui de pl at e,  and cover ( s) ,  manuf act ur ed of  
al umi num or  st eel ,  f or  each mul l i on.   Hi nged cover  pl at es wi l l  be at t ached 
t o t he mul l i on pi t  f r ame.   Mul l i on pi t  cover s wi l l  be desi gned t o suppor t  a
 35, 000 pounds f or ce si ngl e wheel  l oad wi t h a t i r e pr essur e of  200 psi  and 
cont act  ar ea 175 squar e i nches.

2. 8   PERSONNEL DOOR

Per sonnel  door s ar e not  r equi r ed i n Hangar  door s.

2. 9   OPERATI ON

2. 9. 1   Door  Oper at i on

Pr ovi de a ver t i cal  l i f t  f abr i c door  whi ch gui des up and down i n weat her  
seal ed ver t i cal  gui des at t ached t o t he st r uct ur e and mul l i ons.   Pr ovi de a 
door  syst em whi ch oper at es by l i f t i ng t he bot t om beam upwar ds i n each door  
l eaf ,  t her eby st acki ng t he i nt er medi at e beams one on t op of  t he ot her ,  
wi t h t he f abr i c mat er i al  f ol di ng i n pl eat s.   Door  oper at i onal  saf et y i s of  
par amount  i mpor t ance.

When t he door  syst em i s f ul l y  open,  al l  door  syst em component s wi l l  be 
out si de of  t he r equi r ed cl ear ance ar ea f or  t he door  openi ng.

When t he door  syst em i s f ul l y  c l osed t he door  syst em wi l l  seal  t he openi ng 
and f or m a por t i on of  t he bui l di ng' s ai r  bar r i er .   The i nt er medi at e beams 
hang bet ween t he t wo f abr i c f aces t hus pul l i ng t he f abr i c mat er i al  t i ght  
and seal i ng al ong t he gui des at  each j amb.   The t ensi on cr eat ed i n t he 
f abr i c panel s i s per mi t t ed t o st abi l i ze t he i nt er medi at e beams,  i f  pr oven 
capabl e by t he manuf act ur er ,  and t he bot t om beam seal  wi l l  f i t  t i ght l y 
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al ong t he ent i r e l engt h of  t he door  t hr eshol d.

Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE 
DATA.   I ncl udi ng wi r i ng di agr ams and t he compl et e manuf act ur er ' s 
i nst r uct i ons f or  oper at i on and mai nt enance of  t he door s,  door  mul l i ons 
wher e i ndi cat ed,  and accessor i es,  i ncl udi ng emer gency oper at i on,  i n t he 
event  of  gener al  bui l di ng power  f ai l ur e t o t he door s.

2. 9. 2   El ect r i cal  Oper at i on

Pr ovi de t he mai n cont r ol  panel  wi t h cont r ol  l ogi c such t hat  when t he 
i nt egr al  f emal e pi n and sl eeve emer gency power  r ecept acl e i s i nser t ed and 
t he i nt egr al  manual  t r ansf er  swi t ch associ at ed wi t h t he pi n and sl eeve 
r ecept acl e i s engagedr emot e bui l di ng aut omat i c t r ansf er  swi t ch " dr y"  
auxi l i ar y cont act  wi t h t he st at i onar y emer gency gener at or  i s c l osed i n t he 
" emer gency"  posi t i on t he cont r ol  panel  wi l l  aut omat i cal l y l i mi t  onl y one 
door  l i f t  mot or  or  one mul l i on l i f t  mot or  t o oper at e at  a t i me.

The door  wi l l  be st opped by a pr i mar y l i mi t  swi t ch when t he door  i s opened 
compl et el y.   I n case of  over  t r avel ,  t he door  wi l l  be st opped by a 
secondar y l i mi t  swi t ch t o pr event  damage.   Sl ack bel t / wi r e r ope br eaker s 
wi l l  s t op t he dr i ve uni t  when t he door  i s c l osed.   I n case of  bel t / wi r e 
r ope br eak/ r upt ur e or  i f  an obst r uct i on shoul d pr event  t he door  f r om bei ng 
cl osed t he sl ack bel t / wi r e r ope br eaker s wi l l  al so st op t he dr i ve uni t .   
Wei ght  or  spr i ngs act i vat e t he s l ack br eaker s.

A t ouch scr een ( HMI )  cont r ol  panel  st at i on i s r equi r ed at  t he mai n and at  
al l  auxi l i ar y st at i ons.

Cont r ol  door  oper at i on by t hr ee but t ons mar ked " OPEN" ,  " CLOSE" ,  and 
" STOP" .   The " OPEN"  and " STOP"  but t ons r equi r e onl y moment ar y pr essur e t o 
oper at e.   The " CLOSE"  but t on r equi r es const ant  pr essur e t o mai nt ai n t he 
c l osi ng mot i on of  t he door .   The door  wi l l  i mmedi at el y st op,  and r emai n i n 
t hat  posi t i on,  when t he door  i s i n mot i on and t he " STOP"  but t on i s pr essed 
or  t he " CLOSE"  but t on i s r el eased.   Fr om t hat  st op posi t i on,  t he door  
oper at i on i s t hen cont i nued i n ei t her  di r ect i on by t he " OPEN"  or  " CLOSE"  
but t ons.   Removi ng t he pr essur e f r om t he " CLOSE"  but t on r esul t s i n 
st oppi ng t he mot or  dr i ve and set t i ng t he br ake.

Two but t ons mar ked " Hor i zont al  Posi t i on and Ver t i cal  Posi t i on"  cont r ol  t he 
mul l i on oper at i on.   Bot h but t ons ar e cont r ol l ed by const ant  pr essur e t o 
open and t o c l ose.   Removi ng t he pr essur e f r om ei t her  but t on st ops t he 
mot or  dr i ve and set s t he br ake.   The el ect r i cal  cont r ol  panel  pr ovi des an 
i nt er l ock f unct i on t o coor di nat e door  l eaf  and mul l i on oper at i on.

But t ons ar e i l l umi nat ed on t he HMI  ( cont r ol  panel )  and ut i l i ze s i mpl e 
f l ashi ng/ sol i d i l l umi nat i on schemes t o i nf or m t he oper at or  of  door  st at us 
( f ul l y  open,  c l osed,  i n mot i on,  et c. ) .   The l ar ge t ouch scr een di spl ay 
gr aphi cal l y i l l ust r at es t he door  syst em t o per mi t  t he user  t o sel ect  
desi r ed oper at i on and i nf or m t he user  of  cur r ent  door  st at us.   Door  
oper at i on on t he HMI  ( Cont r ol  Panel )  ar e passwor d pr ot ect ed,  by i ndi v i dual  
user ,  t o pr event  acci dent al  or  unaut hor i zed oper at i on.

Mul t i par t  door s wi l l  ut i l i ze a human machi ne i nt er f ace di spl ay ( HMI )  f or  
door  l eaf / mul l i on oper at i on.   Upon sel ect i on,  door  oper at i on wi l l  be 
cont r ol l ed by t hr ee but t ons mar ked UP,  DOWN,  and STOP.   The UP and STOP 
but t ons wi l l  oper at e as i ndi cat ed i n t he door  oper at i on cont r ol s sect i on 
above.
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When oper at i ng a mul l i on,  cont r ol s wi l l  oper at e as descr i bed i n t he 
mul l i on oper at i on cont r ol s above.

The mai n cont r ol  panel  wi l l  be equi pped wi t h backup met hod of  cont r ol l i ng 
t he door  syst em shoul d an HMI  f ai l ur e occur .

2. 10   FI NI SHES

2. 10. 1   Fer r ous Met al

Pr ovi de cl eaned,  pr epar ed and shop- f i ni shed f er r ous met al  sur f aces i n 
accor dance wi t h Sect i on 09 97 13. 27 HI GH PERFORMANCE COATI NG FOR STEEL 
STRUCTURES .   Fol l ow coat i ng syst em manuf act ur er ' s wr i t t en i nst r uct i ons.   
Shop f i ni shi ng of  al l  f er r ous met al  coat i ngs i s r equi r ed wi t h f i el d 
coat i ngs l i mi t ed t o t ouch- up pai nt i ng and coat i ng of  onl y unf i ni shed 
accessor i es such as bol t s and br acket s.   The f ol l owi ng submi t t al s i f  
r equi r ed by Sect i on 09 97 13. 27 HI GH PERFORMANCE COATI NG FOR STEEL 
STRUCTURES ar e not  r equi r ed f or  shop- f i ni shed ver t i cal  l i f t  f abr i c door s:   
Wor k Pl ans,  Coat i ng I nspect i on Repor t s,  Test  Repor t s,  and Qual i f i cat i ons 
f or  Cer t i f i ed I ndust r i al  Hygi eni st s,  Pr ot ect i ve Coat i ng Speci al i st s,  
Bl ast er s,  Pai nt er s and I nspect or s.

2. 10. 2   Al umi num

Bef or e f abr i cat i on,  c l ean t he uni t s and pr ovi de t he coat i ng syst em 
speci f i ed bel ow i n accor dance wi t h t he r equi r ement s of  t he Al umi num 
Associ at i on Desi gnat i on Syst em,  AA DAF45.

Cl ear  Anodi zed:  Conf or mi ng t o AA- M12- C22- A41 i n accor dance wi t h 
NAAMM AMP 500 and compl yi ng wi t h AAMA 611.   The mi ni mum f i ni sh t hi ckness i s
 0. 7 mi l  or  gr eat er .

2. 11   SI GNAGE

Pr ovi de a pl acar d s i gn i mmedi at el y adj acent  t o al l  cont r ol  panel s 
i ndi cat i ng t he bel ow Not i ce.   I ncl ude t he ser vi ce l evel  wi nd speed whi ch 
cor r esponds t o t he ul t i mat e wi nd speed used i n desi gn of  t he 
open/ oper at i onal  door  i n par agr aph WI ND LOADS i n t he Not i ce post .

Not i ce:

Ver t i cal  l i f t  f abr i c door s wi l l  be c l osed and not  oper at ed when 
wi nd speeds above 60 mph ar e expect ed.

PART 3   EXECUTI ON

3. 1   PROTECTI VE COATI NGS

3. 1. 1   Cl eani ng

Af t er  f abr i cat i on,  c l ean al l  met al  sur f aces t hor oughl y of  al l  mi l l  scal e,  
r ust ,  oi l ,  gr ease and ot her  f or ei gn subst ances.   Appl y r ust - pr event i ve 
pr i mer  t o al l  st eel  par t s i mmedi at el y af t er  c l eani ng.

3. 1. 2   Shop Pai nt i ng

Af t er  c l eani ng,  coat  wi t h pr i mer  al l  st eel  sur f aces ot her  t han 
machi ne- f i ni shed par t s.   Keep pai nt  of f  f i ni shed bear i ng sur f aces.   Bef or e 
assembl y,  pr i me sur f aces t hat  wi l l  be i naccessi bl e af t er  assembl y.   Handl e 
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pai nt ed mat er i al s wi t h car e t o avoi d scr api ng and br eaki ng t he pr ot ect i ve 
f i l m.   Fer r ous met al  sur f aces t hat  wi l l  be exposed af t er  f abr i cat i on wi l l  
be shop coat ed and t ouch- up pai nt ed i n t he f i el d i n accor dance wi t h t he 
par agr aph FI NI SHES.

3. 1. 3   Met al  Pr ot ect i on

Pr ovi de i n accor dance wi t h Chapt er  4 of  UFC 1- 200- 01 when door  syst em i s 
i n a cor r osi on pr one l ocat i on or  wher e door  syst em component s use 
di ssi mi l ar  met al s.   I f  di ssi mi l ar  met al s ar e used,  al so pr ovi de i n 
accor dance wi t h MI L- STD- 889.   Pr ovi de added cor r osi on pr ot ect i on t o t he 
desi gn such as,  but  not  l i mi t ed t o,  t he f ol l owi ng.   Wher e al umi num wi l l  
cont act  di ssi mi l ar  met al s,  pr ot ect  agai nst  gal vani c act i on by pai nt i ng 
cont act  sur f aces wi t h pr i mer  or  by appl y i ng seal ant  or  t ape r ecommended by 
manuf act ur er  f or  t hi s pur pose.   Wher e al umi num wi l l  cont act  masonr y or  
concr et e,  pr ot ect  agai nst  cor r osi on by pai nt i ng cont act  sur f aces wi t h 
bi t umi nous coat i ng.

3. 2   WELDS

3. 2. 1   Vi sual  I nspect i on

Fur ni sh t he ser vi ces of  AWS- cer t i f i ed wel di ng i nspect or s f or  f abr i cat i on 
and er ect i on i nspect i on and t est i ng and ver i f i cat i on i nspect i ons i n 
accor dance wi t h AWS D1. 1/ D1. 1M.   Per f or m vi sual  i nspect i ons on 100 per cent  
of  al l  wel ds wi t h a Cer t i f i ed Wel di ng I nspect or .   Document  t hi s i nspect i on 
wi t h t he Nondest r uct i ve Test i ng.

I nspect  pr oper  pr epar at i on,  s i ze,  gagi ng l ocat i on,  and accept abi l i t y  of  
al l  wel ds;  i dent i f i cat i on mar ki ng;  oper at i on and cur r ent  char act er i st i cs 
of  wel di ng set s i n use.

3. 2. 2   Nondest r uct i ve Test i ng

Per f or m nondest r uct i ve t est i ng i n accor dance wi t h AWS D1. 1/ D1. 1M.   Per f or m 
ul t r asoni c t est i ng i n accor dance wi t h Tabl e 6. 2 or  6. 3 of  AWS D1. 1/ D1. 1M.  
Test  50 per cent  of  al l  wel ds,  wi t h sampl i ng r epr esent at i ve of  al l  wel d 
t ypes and l ocat i ons f or  t he ent i r e door  syst em and f or  t he dur at i on of  t he 
f abr i cat i on schedul e.   Al l  per sonnel  per f or mi ng NDT ar e r equi r ed t o be 
cer t i f i ed i n accor dance wi t h ANSI / ASNT CP- 189 i n t he met hod of  t est i ng 
bei ng per f or med.   Submi t  cer t i f i cat es showi ng compl i ance wi t h 
ANSI / ASNT CP- 189 f or  al l  NDT t echni c i ans.   I f  mor e t han 10 per cent  of  
wel ds made by a wel der  cont ai n def ect s i dent i f i ed by t est i ng,  t hen al l  
gr oove wel ds made by t hat  wel der  ar e r equi r ed t o be t est ed by ul t r asoni c 
t est i ng,  and al l  f i l l et  wel ds made by t hat  wel der  ar e r equi r ed t o be 
i nspect ed by magnet i c par t i c l e t est i ng ( MT)  or  dye penet r ant  t est i ng 
( PT) .   When gr oove wel ds made by an i ndi v i dual  wel der  ar e r equi r ed t o be 
t est ed,  magnet i c par t i c l e or  dye penet r ant  t est i ng may be used onl y i n 
ar eas i naccessi bl e t o ul t r asoni c t est i ng.   Ret est  al l  r epai r ed ar eas.   
Submi t  wel d i nspect i on r epor t .

3. 3   ERECTI ON

Pr ovi de al l  wor k associ at ed wi t h t hese door  syst ems under  t he di r ect  
super vi s i on and cont r ol  of  t he f abr i cat or  f or  saf et y,  cont r ol  of  pr oduct  
l i abi l i t y ,  and Engi neer  of  Recor d r esponsi bi l i t i es.   Coor di nat e t he 
er ect i on of  t he door s wi t h t he wor k of  ot her  t r ades.   Coor di nat e t he 
desi gn,  f abr i cat i on and er ect i on of  t he door  syst ems and adj ust  f or  act ual  
camber ,  f abr i cat i on,  and er ect i on t ol er ances of  t he suppor t i ng st r uct ur e 
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i ncl udi ng si mul at ed door  wei ght  l oad t est i ng and sur vey t o ensur e pr oper  
f i t - up of  t he f i nal  door  syst em.   Coor di nat e mul l i on pi t  l ocat i ons 
( i ncl udi ng t hei r  dr ai ns) ,  al i gnment  and or i ent at i on.   Ensur e t hat  al l  
st eel  suppor t ,  br aci ng and f r ami ng member s ar e f ur ni shed and accur at el y 
i nst al l ed.  Coor di nat e el ect r i cal  wor k,  i ncl udi ng l ocat i ons of  al l  panel s,  
equi pment ,  mot or s and ot her  component s f or  r equi r ed cl ear ances,  access and 
r out i ng of  power .

3. 3. 1   Assembl y

Assembl e and i nst al l  t he door s and accessor i es i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons and i nst al l at i on manual .   Secur e gui des t o 
t he wal l s pl um,  l evel ,  and i n- l i ne.   Anchor  gui des at  spaci ng i ndi cat ed on 
t he manuf act ur er ' s i nst al l at i on dr awi ngs.   Pr ovi de addi t i onal  suppor t s as 
necessar y f or  at t achment  of  gui des,  br acket s,  door s,  and oper at i on 
mechani sms.   Af t er  er ect i on i s compl et e and bef or e t ouch- up f i el d pai nt i ng 
i s appl i ed,  t hor oughl y c l ean al l  abr aded sur f aces,  f i el d wel ds,  and f i el d 
bol t s;  coat  i n accor dance wi t h par agr aph FI NI SHES.

3. 3. 2   Cl eani ng

Cl ean bot h t he i nt er i or  and ext er i or  of  door s af t er  t he compl et i on of  
er ect i on.

3. 3. 3   Cont r ol  Panel  I nst al l at i on

Locat e al l  door  cont r ol  panel s i ndoor s,  adj acent  t o t he door  openi ng,  and 
wi t h an unobst r uct ed l i ne of  s i ght  f or  t he ent i r e door  openi ng.   Pr ovi de 
al l  condui t  ent r i es i nt o t he bot t om of  t he cont r ol  panel .   Mount  cont r ol  
panel s and pr ovi de t hr ee phase power  t o each cont r ol  panel .

3. 4   ELECTRI CAL WORK

NFPA 70.   Pr ovi de al l  condui t ,  wi r i ng,  and mount i ng of  cont r ol s i n 
accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

Door  manuf act ur er  t o coor di nat e wi t h t he qual i f i ed,  l i censed el ect r i cal  
cont r act or  who wi l l  pr ovi de and i nst al l  al l  480 3- phase suppl y power  t o 
al l  component s ( such as Mai n,  auxi l i ar y,  cont r ol l er s,  panel s,  mot or s,  and 
ot her  el ect r i cal  devi ces)  whi ch r equi r e t hi s l ow vol t age suppl y power .   
The qual i f i ed,  l i censed el ect r i cal  cont r act or  wi l l  pr ovi de and i nst al l  al l  
condui t  f or  t he cont r ol  l evel  power  under  t he r evi ew and appr oval  of  t he 
door  manuf act ur er .   Ei t her  t he qual i f i ed,  l i censed el ect r i cal  cont r act or  
or  a f act or y aut hor i zed t echni c i an may pr ovi de and i nst al l  al l  wi r i ng f or  
cont r ol  l evel  power  under  t he r evi ew and appr oval  of  t he door  manuf act ur er  
i n accor dance wi t h t he appr oved const r uct i on submi t t al s.

3. 5   ACCEPTANCE TESTI NG PROCEDURE AND REPORT

Submi t  an Accept ance Test i ng Pr ocedur e f or  appr oval ,  whi ch i ncl udes 
coor di nat i on wi t h Sect i on 01 91 00. 15 10 TOTAL BUI LDI NG COMMI SSI ONI NG f or  
such i t ems as hangar  door  posi t i on swi t ches whi ch i nt er act  wi t h HVAC 
cont r ol s.   Af t er  Gover nment  appr oval ,  per f or m t he t est i ng and submi t  a 
r epor t  of  t he r esul t s.   Pr ovi de accept ance t est i ng f or  t he ent i r e door  
syst em,  i ncl udi ng ever y component ,  per f or med by t he door  manuf act ur er  and 
suppl i er s.   The f ol l owi ng subpar agr aphs ar e i ncl uded i n t he accept ance 
t est i ng.
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3. 5. 1   Gener al

Upon compl et i on of  i nst al l at i on,  i ncl udi ng wor k by ot her  t r ades,  
l ubr i cat e,  adj ust ,  and t est  door s t o ver i f y oper at i on i n accor dance wi t h 
manuf act ur er ' s pr oduct  dat a.   Fi nal  adj ust ment s wi l l  be made by t he 
Manuf act ur er ' s aut hor i zed r epr esent at i ve.   Adj ust  and r e- t est  t he door s 
unt i l  t he ent i r e i nst al l at i on i s f ul l y  oper at i onal  and accept abl e.   
Accept ance t est i ng must  consi st  of  oper at i ng each door  and mul l i on open 
and cl osed ( one cycl e)  t en t i mes successf ul l y and consecut i vel y wi t hi n a 
ni ne- hour  t i me i nt er val  i n accor dance wi t h manuf act ur er ' s r ecommended t i me 
i nt er val  bet ween open/ cl ose cycl es.   Pr ovi de Cont r act i ng Of f i cer ' s 
Repr esent at i ve a copy of  t he f i nal  accept ance t est i ng r epor t  wi t h 
compl et ed t est s.

3. 5. 2   Door  Dr op Pr event i on Demonst r at i on

Per f or m a non- dest r uct i ve demonst r at i on of  t he saf et y ar r est er  f unct i on by 
s l owl y engagi ng t he i nst al l ed saf et y ar r est er s on t he gui der ai l s at  a 
hei ght  of  3 f eet  above cl osed posi t i on i n a cont r ol l ed manner  so as t o not  
f al l  and not  damage any door  syst em component s or  adj acent  st r uct ur e.   
Per f or m demonst r at i on on al l  door  l eaves and component s i n t he pr esence of  
t he Cont r act i ng Of f i cer ' s Repr esent at i ve.

I f  t he door  l eaf  saf et y ar r est or  al t er nat i ve i s ut i l i zed per  par agr aph 
DOOR LEAF ARRESTER ALTERNATI VE,  per f or m a non- dest r uct i ve demonst r at i on 
showi ng t he bot t om beam i s abl e t o suppor t  t he door  wi t h t he l oss of  
ei t her  end bel t / wi r e r ope,  or  any t wo i nt er medi at e bel t s/ wi r e r opes,  i n a 
saf e and cont r ol l ed manner  so as t o not  f al l  and not  damage any door  
component s or  adj acent  st r uct ur e.   Per f or m demonst r at i on on al l  door  
l eaves and component s i n t he pr esence of  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

3. 6   PERSONNEL TRAI NI NG

Pr ovi de an 8- hour  on- si t e t r ai ni ng sessi on f or  t he door  oper at i ng 
per sonnel  and mai nt enance depar t ment .   I n t he t r ai ni ng,  out l i ne door  
saf et y,  oper at i on,  t r oubl eshoot i ng and r epai r  gui del i nes.   Recor d t hi s 
on- si t e t r ai ni ng and pr ovi de a v i deo pr esent ed i n a coher ent  f ashi on such 
t hat  t he Gover nment  may use t he vi deo as t he sol e t r ai ni ng pr ogr am f or  
f ut ur e user  oper at or s.   I n mul t i pl e l ocat i ons t hr oughout  t he v i deo,  
speci f i cal l y ment i on t he door  syst em must  be compl et el y c l osed pr i or  t o 
exper i enci ng 60 mph 60 wi nd speeds.   I t  i s  accept abl e t o ut i l i ze st ock 
t r ai ni ng vi deo cont ent  i n t hi s v i deo pr ovi ded t he door  oper at i on,  saf et y 
and cont r ol s ar e i dent i cal  t o t he door  syst em pr ovi ded.

3. 7   EXTRA MATERI ALS

Suppl y a door  f abr i c pat ch ki t  wi t h appr oxi mat el y 45 squar e f eet  of  f abr i c 
f or  each hangar  door  and al l  ot her  mat er i al s r equi r ed f or  door  panel  
r epai r .   Pr ovi de al l  uni que t ool s r equi r ed t o mai nt ai n t he door  syst em.   
Pr ovi de a pat ch ki t  wi t h col or  mat ched f abr i c and associ at ed r epai r  
mat er i al s and t ool s.

3. 8   I NSPECTI ON AND ADJUSTMENT

Wi t hi n t he 12 mont h war r ant y per i od,  f ol l owi ng t he i ni t i al  per i od of  use 
and changes i n seasonal  t emper at ur e,  t he manuf act ur er ' s aut hor i zed 
r epr esent at i ve wi l l  r et ur n t o i nspect  and adj ust  door s t o conf i r m t he door  
syst em i s f ul l y  oper at i onal  and accept abl e.   Pr ovi de t he Cont r act i ng 

SECTI ON 08 34 16. 20  Page 22



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

Of f i cer ' s Repr esent at i ve an i nspect i on r epor t  out l i ni ng obser vat i ons,  door  
condi t i on,  oper at i on,  and al l  i t ems r equi r i ng adj ust ment  or  r equi r i ng 
r epai r / r epl acement  under  t he door  syst em war r ant y.   I ncl ude a r epor t  wi t h 
r ecommended annual  i nspect i on and mai nt enance i t ems.   As needed,  schedul e 
a f ol l ow- up vi s i t  t o compl et e i t ems r equi r i ng adj ust ment ,  r epai r  or  
r epl acement .   Manuf act ur er  i s r esponsi bl e f or  i t ems r equi r i ng adj ust ment ,  
r epai r  or  r epl acement  f or  t he 3 year  mai nt enance- f r ee war r ant y per i od or  
1500 cycl es,  whi chever  occur s f i r st ,  begi nni ng af t er  t he f i r st  12 mont h 
cont r act or ' s war r ant y per i od.

        - -  End of  Sect i on - -
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SECTI ON 08 41 13

ALUMI NUM- FRAMED ENTRANCES AND STOREFRONTS
08/ 18,  CHG 1:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ALUMI NUM ASSOCI ATI ON ( AA)

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

AMERI CAN ARCHI TECTURAL MANUFACTURERS ASSOCI ATI ON ( AAMA)

AAMA 501 ( 2015)  Met hods of  Test  f or  Ext er i or  Wal l s

AAMA 800 ( 2016)  Vol unt ar y Speci f i cat i ons and Test  
Met hods f or  Seal ant s

AAMA 1503 ( 2009)  Vol unt ar y Test  Met hod f or  Ther mal  
Tr ansmi t t ance and Condensat i on Resi st ance 
of  Wi ndows,  Door s and Gl azed Wal l  Sect i ons

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE 7- 16 ( 2017;  Er r at a 2018;  Supp 1 2018)  Mi ni mum 
Desi gn Loads and Associ at ed Cr i t er i a f or  
Bui l di ngs and Ot her  St r uct ur es

ASTM I NTERNATI ONAL ( ASTM)

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM E283 ( 2019)  St andar d Test  Met hod f or  
Det er mi ni ng t he Rat e of  Ai r  Leakage 
Thr ough Ext er i or  Wi ndows,  Cur t ai n Wal l s,  
and Door s Under  Speci f i ed Pr essur e 
Di f f er ences Acr oss t he Speci men

ASTM E330/ E330M ( 2014;  R 2021)  St andar d Test  Met hod f or  
St r uct ur al  Per f or mance of  Ext er i or  
Wi ndows,  Door s,  Skyl i ght s and Cur t ai n 
Wal l s by Uni f or m St at i c Ai r  Pr essur e 
Di f f er ence

ASTM E331 ( 2000;  R 2016)  St andar d Test  Met hod f or  
Wat er  Penet r at i on of  Ext er i or  Wi ndows,  
Skyl i ght s,  Door s,  and Cur t ai n Wal l s by 
Uni f or m St at i c Ai r  Pr essur e Di f f er ence
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ASTM E783 ( 2002;  R 2018)  St andar d Test  Met hod f or  
Fi el d Measur ement  of  Ai r  Leakage Thr ough 
I nst al l ed Ext er i or  Wi ndows and Door s

ASTM E1105 ( 2015)  St andar d Test  Met hod f or  Fi el d 
Det er mi nat i on of  Wat er  Penet r at i on of  
I nst al l ed Ext er i or  Wi ndows,  Skyl i ght s,  
Door s,  and Cur t ai n Wal l s,  by Uni f or m or  
Cycl i c St at i c Ai r  Pr essur e Di f f er ence

ASTM E1424 ( 2022)  St andar d Test  Met hod f or  
Det er mi ni ng t he Rat e of  Ai r  Leakage 
Thr ough Ext er i or  Wi ndows,  Cur t ai n Wal l s,  
and Door s Under  Speci f i ed Pr essur e and 
Temper at ur e Di f f er ences Acr oss t he Speci men

ASTM E1886 ( 2019)  St andar d Test  Met hod f or  
Per f or mance of  Ext er i or  Wi ndows,  Cur t ai n 
Wal l s,  Door s,  and I mpact  Pr ot ect i ve 
Syst ems I mpact ed by Mi ssi l e( s)  and Exposed 
t o Cycl i c Pr essur e Di f f er ent i al s

ASTM F1642/ F1642M ( 2017)  St andar d Test  Met hod f or  Gl azi ng 
and Gl azi ng Syst ems Subj ect  t o Ai r bl ast  
Loadi ngs

BUI LDERS HARDWARE MANUFACTURERS ASSOCI ATI ON ( BHMA)

ANSI / BHMA A156. 4 ( 2013)  Door  Cont r ol s -  Cl oser s

ANSI / BHMA A156. 10 ( 2017)  Power  Oper at ed Pedest r i an Door s

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC I BC ( 2021)  I nt er nat i onal  Bui l di ng Code

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

FS TT- P- 645 ( Rev C;  Not i ce 1)  Pr i mer ,  Pai nt ,  
Zi nc- Mol ybdat e,  Al kyd Type

UNDERWRI TERS LABORATORI ES ( UL)

UL 325 ( 2017;  Repr i nt  Feb 2020)  UL St andar d f or  
Saf et y Door ,  Dr aper y,  Gat e,  Louver ,  and 
Wi ndow Oper at or s and Syst ems

1. 2   ADMI NI STRATI VE REQUI REMENTS

1. 2. 1   Pr e- I nst al l at i on Meet i ngs

Conduct  a meet i ng bef or e i nst al l at i on begi ns t o ver i f y t he pr oj ect  
r equi r ement s,  subst r at e condi t i ons,  manuf act ur er ' s i nst al l at i on 
i nst r uct i ons,  and manuf act ur er ' s war r ant y r equi r ement s.

Wi t hi n 30 days of  t he Cont r act  Awar d,  submi t  t he f ol l owi ng f or  r evi ew and 
appr oval  by t he Cont r act i ng Of f i cer ' s Repr esent at i ve:

a.   Li st  of  pr oduct  i nst al l at i ons
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b.   Sampl e war r ant y

c.   Fi ni sh and col or  sampl es

d.   Manuf act ur er ' s cat al og dat a

Concur r ent l y submi t  cer t i f i ed t est  r epor t s showi ng compl i ance wi t h 
speci f i ed per f or mance char act er i st i cs and UL 325 f or  t he f ol l owi ng:

a.   Wi nd Load ( Resi st ance)  i n accor dance wi t h AAMA 501

b.   Def l ect i on i n accor dance wi t h ASTM F1642/ F1642M

c.   Condensat i on Resi st ance and Ther mal  Tr ansmi t t ance Per f or mance 
Requi r ement s i n accor dance wi t h AAMA 1503

d.   Wat er  I nf i l t r at i on i n accor dance wi t h ASTM E331

e.   St r uct ur al  Requi r ement s i n accor dance wi t h ASTM F1642/ F1642M

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Sampl e War r ant y;  G,  RO

Li st  of  Pr oduct  I nst al l at i ons;  G,  RO

SD- 02 Shop Dr awi ngs

I nst al l at i on Dr awi ngs;  G,  RO
Fabr i cat i on Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

Manuf act ur er ' s Cat al og Dat a;  G,  RO

Fi ni sh;  G,  RO

Recycl ed Cont ent  of  Al umi num Mat er i al ;  S

SD- 04 Sampl es

Fi ni sh and Col or  Sampl es;  G,  RO

SD- 06 Test  Repor t s

Cer t i f i ed Test  Repor t s;  G,  RO

Def l ect i on
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Ai r  I nf i l t r at i on

Condensat i on Resi st ance and Ther mal  Tr ansmi t t ance

Wat er  I nf i l t r at i on

SD- 08 Manuf act ur er ' s I nst r uct i ons

Manuf act ur er ' s I nst r uct i ons

SD- 11 Cl oseout  Submi t t al s

Manuf act ur er ' s Pr oduct  War r ant y

1. 4   QUALI TY CONTROL

1. 4. 1   Qual i f i cat i ons

1. 4. 1. 1   I nst al l er  Qual i f i cat i ons

Pr ovi de document at i on of  t he i nst al l er ' s exper i ence  i n per f or mi ng t he 
wor k speci f i ed i n t hi s sect i on.

Ensur e t hat  t he i nst al l er s ar e speci al i zed i n wor k s i mi l ar  t o t hat  
r equi r ed f or  t hi s pr oj ect ,  and t hat  t hey ar e accept abl e t o pr oduct  
manuf act ur er .

1. 4. 1. 2   Manuf act ur er  Qual i f i cat i ons

Ensur e t hat  manuf act ur er s meet  t he r equi r ement s speci f i ed i n t hi s sect i on 
and pr oj ect  dr awi ngs.

Ensur e t hat  t he manuf act ur er  i s capabl e of  pr ovi di ng f i el d ser vi ce 
r epr esent at i on dur i ng const r uct i on,  appr ovi ng accept abl e i nst al l er s and 
appr ovi ng appl i cat i on met hods.

1. 4. 2   Si ngl e- Sour ce Responsi bi l i t y

When al umi num ent r ances ar e par t  of  a bui l di ng encl osur e syst em,  t hat  
i ncl udes st or ef r ont  f r ami ng,  wi ndows,  a cur t ai n wal l  syst em,  and r el at ed 
pr oduct s,  pr ovi de bui l di ng encl osur e syst em pr oduct s f r om a si ngl e- sour ce 
manuf act ur er .

Use a s i ngl e sour ce manuf act ur er  wi t h sol e r esponsi bi l i t y  f or  pr ovi di ng 
desi gn,  st r uct ur al  engi neer i ng,  and cust om f abr i cat i on f or  door  por t al  
syst ems and f or  suppl y i ng component s,  mat er i al s,  and pr oduct s.   Do not  use 
pr oduct s pr ovi ded f r om numer ous sour ces f or  assembl y at  t he s i t e.   Ensur e 
t hat  t he f ol l owi ng wor k i t ems and component s ar e f abr i cat ed or  suppl i ed by 
a s i ngl e sour ce ar e:

a.   Door  assembl i es t o be i nst al l ed i n door  por t al s as speci f i ed i n 
Sect i on 08 11 16 ALUMI NUM DOORS AND FRAMES.

b.   Gl azed wal l s t o be const r uct ed ar ound door  por t al s as speci f i ed i n 
t hi s Sect i on.

c.   Door  oper at i ng har dwar e t o be i nst al l ed on or  wi t hi n door  por t al s as 
speci f i ed i n Sect i on 08 71 00 DOOR HARDWARE.
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d.   Gl ass as speci f i ed i n Sect i on 08 81 00 GLAZI NG.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

1. 5. 1   Or der i ng

To avoi d const r uct i on del ays,  compl y wi t h t he manuf act ur er ' s l ead- t i me 
r equi r ement s and i nst r uct i ons f or  or der i ng.

1. 5. 2   Packi ng,  Shi ppi ng,  Handl i ng and Unl oadi ng

Del i ver  mat er i al s i n t he manuf act ur er ' s or i gi nal ,  unopened,  undamaged 
cont ai ner s wi t h i dent i f i cat i on l abel s i nt act .

1. 5. 3   St or age and Pr ot ect i on

St or e mat er i al s i n a way t hat  pr ot ect s t hem f r om exposur e t o har mf ul  
weat her  condi t i ons.   Avoi d damagi ng t he st or ef r ont  mat er i al  and component s 
dur i ng handl i ng.   Pr ot ect  st or ef r ont  mat er i al  agai nst  damage f r om 
el ement s,  const r uct i on act i v i t i es,  and ot her  hazar ds bef or e,  dur i ng,  and 
af t er  st or ef r ont  i nst al l at i on.

Do not  use adhesi ve paper s or  spr ayed coat i ngs t hat  become f i r ml y bonded 
when exposed t o sunl i ght .   Do not  l eave coat i ng r esi due on sur f aces.

1. 6   PROJECT /  SI TE CONDI TI ONS

1. 6. 1   Fi el d Measur ement s

Ver i f y act ual  measur ement s or  openi ngs by t aki ng f i el d measur ement s bef or e 
f abr i cat i on;  r ecor d t hese measur ement s on shop dr awi ngs.   To avoi d 
const r uct i on del ays,  coor di nat e f i el d measur ement s,  and f abr i cat i on 
schedul e wi t h const r uct i on pr ogr ess.

1. 7   WARRANTY

Pr ovi de a wr i t t en manuf act ur er ' s war r ant y,  execut ed by a company of f i c i al ,  
war r ant i ng agai nst  def ect s i n mat er i al s and pr oduct s f or  2 year s f r om t he 
dat e of  shi pment .   War r ant  t hat  t he door  cor ner  const r uct i on i s f or  t he 
l i f e of  t he pr oj ect .   Pr ovi de a wr i t t en i nst al l er ' s war r ant y,  war r ant i ng 
wor k t o be wat er t i ght  and f r ee f r om def ect i ve mat er i al s,  def ect i ve 
wor kmanshi p,  and gl ass br eakage as a r esul t  of  def ect i ve desi gn,  and 
agr eei ng t o r epl ace component s t hat  f ai l  wi t hi n 2}  year s.

The war r ant y st at es t he f ol l owi ng:

a.   Wat er t i ght  and ai r t i ght  syst em i nst al l at i on i s compl et ed wi t hi n 
speci f i ed t ol er ances.

b.   The compl et ed i nst al l at i on r emai ns f r ee of  r at t l es,  wi nd whi st l es and 
noi se caused by t her mal  movement  and wi nd pr essur e.

c.   Syst em i s st r uct ur al l y sound and f r ee f r om di st or t i on.

d.   Gl ass and gl azi ng gasket s wi l l  not  br eak or  " pop"  f r om f r ames as a 
r esul t  of  desi gn,  wi nd l oad pr essur e,  movement  caused by expansi on or  
cont r act i on,  or  st r uct ur al  l oadi ng.

e.   Gl azi ng seal ant s and gasket s r emai n f r ee of  abnor mal  det er i or at i on or  
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di s l ocat i on as a r esul t  of  sunl i ght ,  weat her ,  or  oxi dat i on.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Pr ovi de al umi num ent r ances,  wi t h gl ass and gl azi ng,  door  har dwar e,  and 
component s.

2. 1. 1   Desi gn Requi r ement s f or  Al umi num ( Ent r ances and Component s)

Pr ovi de a door  por t al  syst em desi gned t o wi t hst and t he f ol l owi ng l oads 
wi t hout  br eakage,  l oss,  f ai l ur e of  seal s,  pr oduct  det er i or at i on,  or  ot her  
def ect s.

a.   Dead and Li ve Loads:   Det er mi ned by ASCE 7- 16 and cal cul at ed i n 
accor dance wi t h appl i cabl e codes.

b.   Sei smi c Loads:   Desi gn and i nst al l  t he syst em t o compl y wi t h t he 
sei smi c r equi r ement s f or  t he pr oj ect  l ocat i on i n accor dance wi t h 
Sect i on 1613 of  t he I nt er nat i onal  Bui l di ng Code,  I CC I BC.

c.   Wi nd Loads:   Desi gn and i nst al l  t he syst em so t hat  t he ef f ect s of  wi nd 
l oad act i ng i nwar d and out war d nor mal  t o t he pl ane of  t he wal l  ar e i n 
accor dance wi t h ASTM E330/ E330M.

d.   Ther mal  Loads And Movement :

( 1)  Ambi ent  Temper at ur e Range:   120 degr ees F

( 2)  Mat er i al  Sur f aces Range:   180 degr ees F

e.   Wat er  and Ai r  Resi st ance:   Pr ovi de weat her st r i ppi ng,  ext er i or  gasket s,  
seal ant s,  and ot her  accessor i es t o r esi st  wat er  and ai r  penet r at i on.

f .   I mpact - Pr ot ect i ve Syst ems Pr ovi de an i mpact - pr ot ect i ve syst em i n 
accor dance wi t h ASTM E1886.

2. 1. 1. 1   Mat er i al  St andar d

ASTM B221;  6063- T5 al l oy and t emper ed.

Pr ovi de door  st i l e and r ai l  f ace di mensi ons of  t he ent r ance door s as 
f ol l ows:

Ver t i cal  St i l e Top Rai l Bot t om Rai l

3- 1/ 2 i nches 3- 1/ 2 i nches 6- 1/ 2 i nches

Pr ovi de maj or  por t i ons of  t he door  member s at  0. 125 i nches nomi nal  i n 
t hi ckness and gl azi ng mol di ng at   0. 050 i nches t hi ck.

2. 1. 1. 2   Recycl ed Cont ent

Pr ovi de al umi num f r amed ent r ances and st or ef r ont s t hat  have a mi ni mum of  
20 per cent  r ecycl ed cont ent  based upon t he al umi num bi l l et  used i n t he 
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or i gi nal  mat er i al .   Pr ovi de dat a i ndi cat i ng per cent age of  r ecycl ed cont ent  
of  al umi num mat er i al .

2. 1. 1. 3   Seal ant s

Pr ovi de ei t her  et hyl ene pr opyl ene di ene monomer  ( EPDM)  el ast omer i c 
ext r usi ons or  t her mopl ast i c el ast omer  gl azi ng gasket s.   St r uct ur al  
s i l i cone seal ant  i s r equi r ed.

I nt er nal  Seal ant s:   Pr ovi de seal ant s t hat  accor di ng t o t he manuf act ur er  
wi l l  r emai n per manent l y el ast i c,  t acky,  non- dr yi ng,  non- mi gr at i ng,  and 
weat her  t i ght .

2. 1. 1. 4   Ther mal  Bar r i er

Use a r i gi d,  st r uct ur al  t her mal  bar r i er  t o separ at e al l  ext er i or  al umi num 
f r om i nt er i or  al umi num.   For  pur poses of  t hi s speci f i cat i on,  a st r uct ur al  
t her mal  bar r i er  i s  def i ned as a syst em t hat  t r ansf er s shear  dur i ng bendi ng 
and,  t her ef or e,  pr omot es composi t e act i on bet ween t he ext er i or  and 
i nt er i or  ext r usi ons.   Do not  use a nonst r uct ur al  t her mal  bar r i er .   Ensur e 
t hat  t he t her mal  bar r i er  pr ovi des a st r uct ur al  connect i on bet ween t he t wo 
si des of  t he door .

2. 2   FABRI CATI ON

Pr ovi de t he f ol l owi ng i nf or mat i on when submi t t i ng f abr i cat i on dr awi ngs f or  
cust om f abr i cat i ons:

a.   I ndi cat e el evat i ons,  det ai l ed desi gn,  di mensi ons,  member  pr of i l es,  
j oi nt  l ocat i ons,  ar r angement  of  uni t s,  and member  connect i ons.

b.   Show t he f ol l owi ng i t ems:

( 1)  Det ai l s of  speci al  shapes.

( 2)  Rei nf or ci ng.

( 3)  Anchor age syst em.

( 4)  I nt er f aci ng wi t h bui l di ng const r uct i on.

( 5)  Pr ovi s i ons f or  expansi on and cont r act i on.

( 6)  Ther mal  br eaks.

c.   I ndi cat e t ypi cal  gl azi ng det ai l s,  and i nt er nal  seal ant  r equi r ement s as 
r ecommended by t he seal ant  manuf act ur er .

d.   Cl ear l y i ndi cat e l ocat i ons of  exposed f ast ener s and j oi nt s.

e.   Cl ear l y show wher e and how t he manuf act ur er ' s syst em devi at es f r om 
Cont r act  dr awi ngs and t hese speci f i cat i ons.

2. 2. 1   Ent r ance Syst em Fabr i cat i on

Pr ovi de door  cor ner  const r uct i on consi st i ng of  mechani cal  c l i p f ast eni ng,  
SI GMA deep penet r at i on pl ug wel ds and 1 1/ 8 i nch l ong f i l l et  wel ds i nsi de 
and out si de al l  f our  cor ner s.   Pr ovi de a hook- i n t ype ext er i or  gl azi ng 
st op wi t h EPDM gl azi ng gasket s r ei nf or ced wi t h non- st r et chabl e cor d.   
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Pr ovi de an i nt er i or  gl azi ng st op t hat  i s mechani cal l y f ast ened t o t he door  
member  and t hat  i ncor por at es a s i l i cone- compat i bl e spacer  used wi t h 
s i l i cone seal ant .

Accur at el y f i t  and secur e j oi nt s and cor ner s.   Make j oi nt s hai r l i ne i n 
appear ance.   Remove bur r s and smoot h edges.   Pr epar e component s wi t h 
i nt er nal  r ei nf or cement  f or  door  har dwar e.   Ar r ange f ast ener s and 
at t achment s so t hat  t hey ar e conceal ed f r om vi ew.

Separ at e di ssi mi l ar  met al s wi t h pr ot ect i ve coat i ng or  pr e- f or med 
separ at or s t o pr event  cont act  and cor r osi on.

2. 2. 2   Shop Assembl y

Fabr i cat e and assembl e uni t s wi t h j oi nt s onl y at  t he i nt er sect i on of  
al umi num member s wi t h hai r l i ne j oi nt s;  r i gi dl y secur e t hese uni t s,  and 
seal  t hem i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.

2. 2. 2. 1   Wel di ng

Conceal  wel ds on al umi num member s i n accor dance wi t h AWS r ecommendat i ons 
or  met hods r ecommended by t he manuf act ur er .   Member s showi ng wel di ng bl oom 
or  di scol or at i on on f i ni sh or  mat er i al  di st or t i on wi l l  be r ej ect ed by t he 
Cont act i ng Of f i cer .

2. 2. 3   Fi ni sh

Bef or e f abr i cat i on,  c l ean t he uni t s and gi ve t hem a AA- M- 10- C22- A41 cl ear  
( nat ur al )  anodi zed f i ni sh i n accor dance wi t h t he r equi r ement s of  t he 
AA DAF45.   The f i ni sh t hi ckness i s A42,  0. 7 mi l  or  gr eat er .

2. 2. 4   Fabr i cat i on Tol er ance

Fabr i cat e and assembl e uni t s wi t h j oi nt s onl y at  i nt er sect i on of  al umi num 
member s wi t h hai r l i ne j oi nt s;  r i gi dl y secur e t hese uni t s,  and seal  t hem i n 
accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.

Fabr i cat e al umi num ent r ances i n accor dance wi t h t he ent r ance 
manuf act ur er ' s pr escr i bed t ol er ances.

2. 2. 4. 1   Mat er i al  Cut s

Squar e t o 1/ 32 i nch of f  squar e,  over  l ar gest  di mensi on;  pr opor t i onat e 
amount  of  1/ 32 i nch on t he t wo di mensi ons.

2. 2. 4. 2   Maxi mum Of f set  at  Consecut i ve Member s

1/ 64 i nch i n al i gnment  bet ween t wo consecut i ve member s i n l i ne,  end t o end.

2. 2. 4. 3   Maxi mum Of f set  at  Gl azi ng Pocket  Cor ner s

 1/ 64 i nch bet ween f r ami ng member s at  gl azi ng pocket  cor ner s.

2. 2. 4. 4   Joi nt s

Bet ween adj acent  member s i n same assembl y:   Joi nt s ar e hai r l i ne and squar e 
t o t he adj acent  member .
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2. 2. 4. 5   Var i at i on

I n squar i ng di agonal s f or  door s and f abr i cat ed assembl i es:   1/ 16 i nch.

2. 2. 4. 6   Fl at ness

For  door s and f abr i cat ed assembl i es:  pl us/ mi nus 1/ 16 i nch of  neut r al  pl ane.

2. 3   MATERI ALS

2. 3. 1   Seal ant s

Ref er  t o Sect i on 07 92 00 JOI NT SEALANTS.   Ensur e t hat  al l  seal ant s 
conf or m t o AAMA 800.

2. 3. 2   Gl ass

Ref er  t o Sect i on 08 81 00 GLAZI NG.

2. 4   ACCESSORI ES

2. 4. 1   Fast ener s

Pr ovi de st ai nl ess st eel  f ast ener s i n ar eas wher e t he f ast ener s ar e exposed.

Use non- cor r osi ve and compat i bl e f ast ener s wi t h component s bei ng 
f ast ened.   Do not  use exposed f ast ener s,  except  wher e unavoi dabl e f or  
appl i cat i on of  har dwar e.

I n ar eas wher e f ast ener s ar e not  exposed,  use al umi num,  non- magnet i c 
st ai nl ess st eel ,  or  ot her  mat er i al s war r ant ed by t he manuf act ur er .

For  exposed l ocat i ons,  pr ovi de count er sunk Phi l l i ps head scr ews when i t ems 
wi t h a mat chi ng f i ni sh ar e f ast ened.   For  conceal ed l ocat i ons,  pr ovi de t he 
manuf act ur er ' s st andar d f ast ener s.

Pr ovi de nut s or  washer s t hat  have been desi gned wi t h a means t o pr event  
di sengagement ;  do not  def or m f ast ener  t hr eads.

2. 4. 2   Per i met er  Anchor s

When st eel  anchor s ar e used,  pr ovi de i nsul at i on bet ween st eel  mat er i al  and 
al umi num mat er i al  t o pr event  gal vani c act i on.

2. 4. 2. 1   I nser t s and Anchor age Devi ces

Pr ovi de manuf act ur er ' s st andar d f or med or  f abr i cat ed assembl i es,  st eel  or  
al umi num,  of  shapes,  pl at es,  bar s,  or  t ubes.   Shop- coat  st eel  assembl i es 
af t er  f abr i cat i on wi t h an al kyd zi nc chr omat e pr i mer  compl yi ng wi t h 
FS TT- P- 645.

2. 4. 3   St andar d Ent r ance Har dwar e

2. 4. 3. 1   Weat her st r i ppi ng

Equi p meet i ng st i l es on pai r s of  door s wi t h an adj ust abl e ast r agal  usi ng 
wool  pi l e wi t h a pol ymer i c f i n.

Pr ovi de door  weat her st r i ppi ng on a s i ngl e- act i ng of f set  pi vot  or  but t - hung 

SECTI ON 08 41 13  Page 9



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

door  and f r ame ( s i ngl e or  pai r s)  consi st i ng of  a t her mopl ast i c el ast omer  
weat her st r i ppi ng on a t ubul ar  shape wi t h a semi - r i gi d pol ymer i c backi ng.

Pr ovi de si l l - sweep st r i ps:   Pr ovi de an EPDM bl ade gasket  sweep st r i p i n an 
al umi num ext r usi on appl i ed t o t he i nt er i or  exposed sur f ace of  t he bot t om 
r ai l  wi t h conceal ed f ast ener s.   ( Pr ovi de as necessar y t o meet  speci f i ed 
per f or mance t est s. )

2. 4. 3. 2   Thr eshol d

Pr ovi de an ext r uded al umi num t hr eshol d,  one pi ece per  door  openi ng,  wi t h 
r i bbed sur f ace.

2. 4. 3. 3   Of f set  Pi vot s

Pr ovi de t he manuf act ur er ' s st andar d t op and bot t om pi vot s wi t h one 
i nt er medi at e of f set  pi vot .

2. 4. 3. 4   Pani c Devi ce

Pr ovi de t he manuf act ur er ' s r ecommended st andar d pani c har dwar e.

2. 4. 3. 5   Cl oser

Pr ovi de a sur f ace cl oser  i n accor dance wi t h ANSI / BHMA A156. 4.

2. 4. 3. 6   Secur i t y Lock or  Dead Lock

Pr ovi de .

2. 4. 3. 7   Cyl i nder ( s) / Thumb- t ur n

Pr ovi de t he manuf act ur er ' s r ecommended st andar d.

2. 4. 3. 8   Cyl i nder  Guar d

Pr ovi de t he manuf act ur er ' s r ecommended st andar d.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

3. 1. 1   Si t e Ver i f i cat i on of  Condi t i ons

Ver i f y t hat  t he condi t i on of  subst r at e pr evi ousl y i nst al l ed under  ot her  
sect i ons i s accept abl e f or  pr oduct  i nst al l at i on i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons.  

Ver i f y t hat  openi ngs ar e s i zed t o r ecei ve t he st or ef r ont  syst em and t hat  
t he s i l l  pl at e i s l evel  i n accor dance wi t h t he manuf act ur er ' s accept abl e 
t ol er ances.

3. 2   PREPARATI ON

Fi el d- ver i f y di mensi ons bef or e f abr i cat i ng component s f or  t he door  por t al  
assembl y.

Coor di nat e r equi r ement s f or  l ocat i ons of  bl ockout s f or  anchor age of  door  
por t al  col umns and ot her  embedded component s wi t h Sect i on 03 30 00 
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CAST- I N- PLACE CONCRETE.

Coor di nat e t he er ect i on of  door  por t al  wi t h i nst al l at i on of  sur r oundi ng 
gl ass wal l  and door  assembl i es.   Ensur e t hat  t he door  por t al s can pr ovi de 
suppor t  and anchor age f or  assembl y component s.

3. 2. 1   Adj acent  Sur f aces Pr ot ect i on

Pr ot ect  adj acent  wor k ar eas and f i ni sh sur f aces f r om damage dur i ng pr oduct  
i nst al l at i on.

3. 2. 2   Al umi num Sur f ace Pr ot ect i on

Pr ot ect  al umi num sur f aces f r om cont act  wi t h l i me,  mor t ar ,  cement ,  aci ds,  
and ot her  har mf ul  cont ami nant s.

3. 3   I NSTALLATI ON

Submi t  i nst al l at i on dr awi ngs f or  r evi ew and appr oval .

I nst al l  t he ent r ance syst em i n accor dance wi t h t he manuf act ur er ' s 
i nst r uct i ons and t he AAMA st or ef r ont  and ent r ance gui de speci f i cat i ons 
manual .   At t ach t he ent r ance syst em t o t he st r uct ur e,  al l owi ng i t  t o be 
adj ust ed t o accommodat e const r uct i on t ol er ances and ot her  i r r egul ar i t i es.   
Pr ovi de al i gnment  at t achment s and shi ms t o per manent l y f ast en t he syst em 
t o t he bui l di ng st r uct ur e.   Al i gn t he assembl y so t hat  i t  i s  pl umb and 
l evel ,  and f r ee of  war p and t wi st .   Mai nt ai n assembl y di mensi onal  
t ol er ances al i gni ng wi t h adj acent  wor k.

Set  t hr eshol ds i n a bed of  mast i c and secur e t he t hr eshol ds.   Pr ot ect  
al umi num member s i n cont act  wi t h masonr y,  st eel ,  concr et e,  or  di ssi mi l ar  
mat er i al s usi ng nyl on pads or  a bi t umi nous coat i ng.   Shi m and br ace t he 
al umi num syst em bef or e anchor i ng t he syst em t o t he st r uct ur e.   Ver i f y t hat  
weep hol es ar e open,  and t he met al  j oi nt s ar e seal ed i n accor dance wi t h 
t he manuf act ur er ' s i nst al l at i on i nst r uct i ons.   Seal  met al - t o- met al  j oi nt s 
usi ng a seal ant  r ecommended by t he syst em manuf act ur er .

3. 3. 1   Tol er ances

Ensur e t hat  t ol er ances f or  wal l  t hi ckness and ot her  cr oss- sect i onal  
di mensi ons of  ent r ance member s ar e nomi nal  and i n compl i ance wi t h Al umi num 
St andar ds and Dat a,  publ i shed by t he Al umi num Associ at i on.

3. 3. 2   Adj ust i ng

Adj ust  oper at i ng har dwar e f or  smoot h oper at i on,  and as r ecommended by t he 
manuf act ur er .

3. 3. 3   Rel at ed Pr oduct s I nst al l at i on Requi r ement s

3. 3. 3. 1   Seal ant s ( Per i met er )

Ref er  t o Sect i on 07 92 00 JOI NT SEALANTS.

3. 3. 3. 2   Gl ass

Ref er  t o Sect i on 08 81 00 GLAZI NG.
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3. 4   FI ELD QUALI TY CONTROL

3. 4. 1   Ai r  I nf i l t r at i on

Test  ai r  i nf i l t r at i on i n accor dance wi t h ASTM E783

Submi t  cer t i f i ed t est  r epor t s showi ng compl i ance wi t h speci f i ed 
per f or mance char act er i st i cs as f ol l ows:

a.   For  s i ngl e- act i ng of f set  pi vot ,  but t  hung,  or  cont i nuous gear ed hi nge 
ent r ances i n t he c l osed and l ocked posi t i on,  t est  t he speci men i n 
accor dance wi t h ANSI / BHMA A156. 10,  and ASTM E283 at  a pr essur e 
di f f er ent i al  of  1. 57 psf  f or  pai r s of  door s;  ensur e t hat  maxi mum 
i nf i l t r at i on f or  a pai r  of  7 f oot  by 8 f oot  ent r ance door s and f r ame i s
 1. 2 cf m/ squar e f oot .

b.   Ensur e t he maxi mum al l owabl e i nf i l t r at i on f or  a compl et ed st or ef r ont  
syst em does not  exceed 0. 06 cf m/ squar e f oot  when t est ed i n accor dance 
wi t h ASTM E1424 at  a di f f er ent i al  st at i c pr essur e of  6. 24 psf .

3. 4. 2   Wi nd Loads

Pr ovi de a compl et ed st or ef r ont  syst em capabl e of  wi t hst andi ng wi nd 
pr essur e l oads,  nor mal  t o t he wal l  pl ane i ndi cat ed,  as f ol l ows:

a.   Ext er i or  Wal l s

( 1)  Posi t i ve Pr essur e:   28 psf

( 2)  Negat i ve Pr essur e:   28 psf

3. 4. 3   Def l ect i on

Submi t  cer t i f i ed t est  r epor t s showi ng t hat  t he maxi mum al l owabl e 
def l ect i on i n a member  when t est ed i n accor dance wi t h ASTM E330/ E330M wi t h 
al l owabl e st r ess i s L/ 175 or  3/ 4 i nches maxi mum.

3. 4. 4   Condensat i on Resi st ance and Ther mal  Tr ansmi t t ance

Submi t  cer t i f i ed t est  r epor t s showi ng compl i ance wi t h speci f i ed 
per f or mance char act er i st i cs as f ol l ows:

a.   U- Val ue Requi r ement s:

( 1)  Per f or m t est  i n accor dance wi t h t he AAMA 1503 pr ocedur e and on t he 
conf i gur at i on speci f i ed t her ei n.

( 2)  Ther mal  Tr ansmi t t ance ( " U"  Val ue)  maxi mum 0. 65 ( 6250)  
BTU/ hr / sf / deg F at  15 mph ext er i or  wi nd.

b.   CRF Cl ass Requi r ement s:

( 1)  Per f or m a t est  i n accor dance wi t h AAMA 1503.

( 2)  Condensat i on Resi st ance Fact or  Requi r ement s ( CRF)  mi ni mum 50.
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3. 4. 5   Wat er  I nf i l t r at i on

Submi t  cer t i f i ed t est  r epor t s showi ng t hat  t he syst em i s desi gned t o 
pr ovi de no uncont r ol l ed wat er  when t est ed i n accor dance wi t h ASTM E1105 at  
a st at i c pr essur e of  8 psf .

3. 5   ADJUSTI NG AND CLEANI NG

3. 5. 1   Pr ot ect i on

Pr ot ect  t he i nst al l ed pr oduct ' s f i ni sh sur f aces f r om damage dur i ng 
const r uct i on.   Pr ot ect  t he al umi num st or ef r ont  syst em f r om damage f r om 
gr i ndi ng and pol i shi ng compounds,  pl ast er ,  l i me,  aci d,  cement ,  or  ot her  
har mf ul  cont ami nant s.

3. 5. 2   Cl eani ng

Repai r  or  r epl ace damaged i nst al l ed pr oduct s.   Cl ean i nst al l ed pr oduct s i n 
accor dance wi t h manuf act ur er ' s i nst r uct i ons bef or e accept ance r emove 
excess mast i c,  mast i c smear s,  and ot her  f or ei gn mat er i al s.   Remove 
const r uct i on debr i s f r om t he pr oj ect  s i t e and l egal l y di spose of  t hi s 
debr i s.

3. 6   WARRANTY

Submi t  t hr ee si gned copi es of  t he manuf act ur er ' s pr oduct  war r ant y f or  t he 
ent r ance syst em as f ol l ows:

a.   War r ant y Per i od:   Fi ve year s f r om Dat e of  Subst ant i al  Compl et i on of  
t he pr oj ect ,  pr ovi ded t hat  t he Li mi t ed War r ant y begi ns no l at er  t han 
si x mont hs f r om t he dat e of  shi pment  by t he manuf act ur er .   I n 
addi t i on,  suppor t  wel ded door  cor ner  const r uct i on wi t h a l i mi t ed 
l i f et i me war r ant y f or  t he l i f e of  t he door  under  nor mal  use.

Ensur e t hat  t he War r ant y ' s l anguage i s i dent i cal  t o t he " As Appr oved"  
ver si on of  t he sampl e war r ant y submi t t ed t o and r et ur ned f r om t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.

        - -  End of  Sect i on - -
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SECTI ON 08 51 13

ALUMI NUM WI NDOWS
05/ 19

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ALUMI NUM ASSOCI ATI ON ( AA)

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

AMERI CAN ARCHI TECTURAL MANUFACTURERS ASSOCI ATI ON ( AAMA)

AAMA 611 ( 2014)  Vol unt ar y Speci f i cat i on f or  
Anodi zed Ar chi t ect ur al  Al umi num

AAMA 701/ 702 ( 2011)  Vol unt ar y Speci f i cat i on f or  Pi l e 
Weat her st r i ppi ng and Repl aceabl e 
Fenest r at i on Weat her seal s

AAMA 907 ( 2015)  Vol unt ar y Speci f i cat i on f or  
Cor r osi on Resi st ant  Coat i ngs on Car bon 
St eel  Component s Used i n Wi ndows,  Door s 
and Skyl i ght s

AAMA 1302. 4 ( 1973)  Speci f i cat i ons f or  For ced- Ent r y 
Resi st ant  Al umi num Pr i me Wi ndows

AAMA 1503 ( 2009)  Vol unt ar y Test  Met hod f or  Ther mal  
Tr ansmi t t ance and Condensat i on Resi st ance 
of  Wi ndows,  Door s and Gl azed Wal l  Sect i ons

AAMA/ WDMA/ CSA 101/ I . S. 2/ A440 ( 2017)  Nor t h Amer i can Fenest r at i on 
St andar d/ Speci f i cat i on f or  Wi ndows,  Door s,  
and Skyl i ght s

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 169 ( 2013)  Cl i mat e Dat a f or  Bui l di ng Desi gn 
St andar ds

NATI ONAL FENESTRATI ON RATI NG COUNCI L ( NFRC)

NFRC 100 ( 2020)  Pr ocedur e f or  Det er mi ni ng 
Fenest r at i on Pr oduct  U- Fact or s

NFRC 200 ( 2020)  Pr ocedur e f or  Det er mi ni ng 
Fenest r at i on Pr oduct  Sol ar  Heat  Gai n 
Coef f i c i ent  and Vi s i bl e Tr ansmi t t ance at  
Nor mal  I nci dence
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SCREEN MANUFACTURERS ASSOCI ATI ON ( SMA)

SMA 1004 ( 1987;  R 1998)  Al umi num Tubul ar  Fr ame 
Scr eens f or  Wi ndows

SMA 1201 ( R 2013)  Speci f i cat i ons f or  I nsect  Scr eens 
f or  Wi ndows,  Sl i di ng Door s and Swi ngi ng 
Door s

U. S.  DEPARTMENT OF ENERGY ( DOE)

Ener gy St ar ( 1992;  R 2006)  Ener gy St ar  Ener gy 
Ef f i c i ency Label i ng Syst em ( FEMP)

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Wi ndows;  G,  RO

Fabr i cat i on Dr awi ngs

SD- 03 Pr oduct  Dat a

Wi ndows;  G,  RO

Recycl ed Cont ent  of  Al umi num Wi ndows;  S

Har dwar e;  G,  RO

Fast ener s;  G,  RO

Wi ndow Per f or mance;  G,  RO

Ther mal - Bar r i er  Wi ndows;  G,  RO

Scr eens;  G,  RO

Weat her st r i ppi ng;  G,  RO

Accessor i es;  G,  RO

Adhesi ves

Ther mal  Per f or mance;  G,  RO

Ener gy St ar  Label  For  Resi dent i al  Al umi num Wi ndow Pr oduct s;  S

SD- 04 Sampl es

Fi ni sh Sampl e
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Wi ndow Sampl e

SD- 05 Desi gn Dat a

St r uct ur al  Cal cul at i ons f or  Def l ect i on;  G,  RO

Desi gn Anal ysi s;  G,  RO

SD- 06 Test  Repor t s

Mi ni mum Condensat i on Resi st ance Fact or

SD- 07 Cer t i f i cat es

SD- 10 Oper at i on and Mai nt enance Dat a

Wi ndows,  Dat a Package 1;  G,  RO

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

Pl ast i c I dent i f i cat i on

1. 3   QUALI TY ASSURANCE

1. 3. 1   Qual i f i cat i on of  Manuf act ur er

Wi ndow manuf act ur er  must  speci al i ze i n desi gni ng and manuf act ur i ng t he 
t ype of  al umi num wi ndows speci f i ed i n t hi s sect i on,  and have a mi ni mum of  5
 year s of  document ed successf ul  exper i ence.   Manuf act ur er  must  have t he 
f aci l i t i es capabl e of  meet i ng cont r act  r equi r ement s,  s i ngl e- sour ce 
r esponsi bi l i t y  and war r ant y.

1. 3. 2   Shop Dr awi ng Requi r ement s

Take f i el d measur ement s pr i or  t o pr epar at i on of  dr awi ngs and 
f abr i cat i ons.   Pr ovi de dr awi ngs t hat  i ndi cat e el evat i ons of  wi ndows,  
f ul l - s i ze sect i ons,  t hi ckness and gages of  met al ,  f ast eni ngs,  pr oposed 
met hod of  anchor i ng,  s i ze and spaci ng of  anchor s,  det ai l s of  const r uct i on,  
met hod of  gl azi ng,  det ai l s of  oper at i ng har dwar e,  met hod and mat er i al s f or  
weat her st r i ppi ng,  met hod of  at t achi ng scr eens,  st ool s,  casi ngs,  s i l l s ,  
t r i m,  i nst al l at i on det ai l s,  and ot her  r el at ed i t ems.

1. 3. 3   Sampl e Requi r ement s

1. 3. 3. 1   Fi ni sh Sampl e Requi r ement s 

Submi t  col or  char t  of  st andar d f act or y col or  coat i ngs when f act or y- f i ni sh 
col or  coat i ng i s t o be pr ovi ded.

1. 3. 3. 2   Wi ndow Sampl e Requi r ement s

Submi t  one f ul l - s i ze wi ndow of  each t ype pr oposed f or  use,  compl et e wi t h 
AAMA Label ,  gl azi ng,  har dwar e,  anchor s,  and ot her  accessor i es.   Wher e 
scr eens or  weat her st r i ppi ng i s r equi r ed,  f i t  sampl e wi ndows wi t h such 
i t ems t hat  ar e t o be used.   Af t er  appr oval ,  i nst al l  each sampl e i n wor k,  
c l ear l y i dent i f i ed,  and r ecor d i t s l ocat i on.
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1. 3. 4   Desi gn Dat a Requi r ement s

Submi t  cal cul at i ons t o subst ant i at e compl i ance wi t h def l ect i on r equi r ement s.   
A r egi st er ed Pr of essi onal  Engi neer  must  pr ovi de cal cul at i ons.

Submi t  desi gn anal ysi s wi t h cal cul at i ons showi ng t hat  t he desi gn of  each 
di f f er ent  s i ze and t ype of  al umi num wi ndow uni t  and i t s anchor age t o t he 
st r uct ur e  Cal cul at i ons ver i f y i ng t he st r uct ur al  per f or mance of  each 
wi ndow pr oposed f or  use,  under  t he gi ven l oads,  must  be pr epar ed and 
si gned by a r egi st er ed pr of essi onal  engi neer .   Ref l ect  t he wi ndow 
component s and anchor age devi ces t o t he st r uct ur e,  as det er mi ned by t he 
desi gn anal ysi s,  i n t he shop dr awi ngs.

1. 3. 5   Test  Repor t  Requi r ement s

Submi t  t est  r epor t s f or  each t ype of  wi ndow at t est i ng t hat  i dent i cal  
wi ndows have been t est ed and meet  t he r equi r ement s speci f i ed her ei n f or  
conf or mance t o AAMA/ WDMA/ CSA 101/ I . S. 2/ A440 i ncl udi ng t est  s i ze,   mi ni mum 
condensat i on r esi st ance f act or  ( CRF) .

1. 3. 6   Cer t i f i cat i on

Each pr i me wi ndow uni t  must  bear  t he AAMA Label  war r ant i ng t hat  t he 
pr oduct  compl i es wi t h AAMA/ WDMA/ CSA 101/ I . S. 2/ A440.   Cer t i f i ed t est  
r epor t s at t est i ng t hat  t he pr i me wi ndow uni t s meet  t he r equi r ement s of  
AAMA/ WDMA/ CSA 101/ I . S. 2/ A440,  i ncl udi ng t est  s i ze,  wi l l  be accept abl e i n 
l i eu of  pr oduct  l abel i ng.

1. 4   DELI VERY AND STORAGE

Del i ver  wi ndows t o pr oj ect  s i t e i n an undamaged condi t i on.   Use car e i n 
handl i ng and hoi st i ng wi ndows dur i ng t r anspor t at i on and at  t he j obsi t e.  
St or e wi ndows and component s out  of  cont act  wi t h t he gr ound,  under  a 
weat her t i ght  cover i ng,  so as t o pr event  bendi ng,  war pi ng,  or  ot her wi se 
damagi ng t he wi ndows.   Repai r  damaged wi ndows t o an " as new"  condi t i on as 
appr oved.   I f  wi ndows can not  be r epai r ed,  pr ovi de a new uni t .

1. 5   PLASTI C I DENTI FI CATI ON

Label  pl ast i c pr oduct s pr ovi ded t o i ndi cat e t hei r  pol ymer i c composi t i on 
accor di ng t o t he f ol l owi ng l i s t .   Wher e pr oduct s ar e not  l abel ed,  pr ovi de 
pr oduct  dat a i ndi cat i ng pol ymer i c i nf or mat i on i n Oper at i on and Mai nt enance 
Manual .

a.   Type 1:   Pol yet hyl ene Ter epht hal at e ( PET,  PETE) .

b.   Type 2:   Hi gh Densi t y Pol yet hyl ene ( HDPE) .

c.   Type 3:   Vi nyl  ( Pol yvi nyl  Chl or i de or  PVC) .

d.   Type 4:   Low Densi t y Pol yet hyl ene ( LDPE) .

e.   Type 5:   Pol ypr opyl ene ( PP) .

f .   Type 6:   Pol yst yr ene ( PS) .

g.   Type 7:   Ot her .  Use of  t hi s code i ndi cat es t hat  t he package i n 
quest i on i s made wi t h a r esi n ot her  t han t he si x l i s t ed above,  or  i s 
made of  mor e t han one r esi n l i s t ed above,  and used i n a mul t i - l ayer  
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combi nat i on.

1. 6   PERFORMANCE REQUI REMENTS

1. 6. 1   Wi nd Loadi ng Desi gn Pr essur e

Desi gn wi ndow component s,  i ncl udi ng mul l i ons,  har dwar e,  and anchor s,  t o 
wi t hst and a wi nd- l oadi ng desi gn pr essur e of  at  l east  20 pounds per  squar e 
f oot  ( psf ) .

1. 7   DRAWI NGS

Submi t  t he Fabr i cat i on Dr awi ngs f or  al umi num wi ndow uni t s showi ng compl et e 
wi ndow assembl y i ncl udi ng har dwar e,  weat her st r i ppi ng,  and subf r ame 
assembl y det ai l s.

1. 8   WI NDOW PERFORMANCE

Al umi num wi ndows must  meet  t he f ol l owi ng per f or mance r equi r ement s.   
Per f or m t est i ng r equi r ement s by an i ndependent  t est i ng l abor at or y or  
agency.

1. 8. 1   St r uct ur al  Per f or mance

St r uct ur al  t est  pr essur es on wi ndow uni t s must  be f or  posi t i ve l oad 
( i nwar d)  and negat i ve l oad ( out war d) .   Af t er  t est i ng,  t her e wi l l  be no 
gl ass br eakage,  per manent  damage t o f ast ener s,  har dwar e par t s,  suppor t  
ar ms or  act uat i ng mechani sms or  any ot her  damage whi ch coul d cause wi ndow 
t o be i noper abl e.   Ther e must  be no per manent  def or mat i on of  any mai n 
f r ame,  sash or  vent i l at or  member  i n excess of  t he r equi r ement s est abl i shed 
by AAMA/ WDMA/ CSA 101/ I . S. 2/ A440 f or  t he wi ndow t ypes and cl assi f i cat i on 
speci f i ed i n t hi s sect i on.

1. 8. 2   Ai r  I nf i l t r at i on

Ai r  i nf i l t r at i on must  not  exceed t he amount  est abl i shed by 
AAMA/ WDMA/ CSA 101/ I . S. 2/ A440 f or  each wi ndow t ype.

1. 8. 3   Wat er  Penet r at i on

Wat er  penet r at i on must  not  exceed t he amount  est abl i shed by 
AAMA/ WDMA/ CSA 101/ I . S. 2/ A440 f or  each wi ndow t ype.

1. 8. 4   Ther mal  Per f or mance

Wi ndows ( i ncl udi ng f r ames and gl ass)  wi l l  be i ndependent l y t est ed and 
cer t i f i ed wi t h a Sol ar  Heat  Gai n Coef f i c i ent  ( SHGC)  det er mi ned accor di ng 
t o NFRC 200 pr ocedur es and a whol e wi ndow U- f act or  det er mi ned i n 
accor dance wi t h NFRC 100 wi t hi n t he r anges as i ndi cat ed bel ow accor di ng t o 
t he ASHRAE 169 Cl i mat e Zone of  t he pr oj ect  l ocat i on.   Pr ovi de vi sual  
Tr ansmi t t ance ( VT)  of  0. 5 or  gr eat er .   Submi t  document at i on suppor t i ng 
compl i ance wi t h Ener gy St ar ,  FEMP desi gnat ed,  and Passi ve House 
qual i f i cat i ons as appl i cabl e.   Pr ovi de pr oof  of  Ener gy St ar  l abel  f or  
r esi dent i al  al umi num wi ndow pr oduct s.

1. 8. 4. 1   Sout h- Cent r al  Cl i mat e

Wi ndows i nst al l ed wi t hi n Cl i mat e Zone 3 wi l l  have a U- Fact or  of  0. 30 BTU/ h.

f t 2. degr ees F or  l ess and a SHGC of  0. 25 or  l ess.
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1. 9   WARRANTY

Pr ovi de Manuf act ur er ' s st andar d per f or mance guar ant ees or  war r ant i es t hat  
ext end beyond a 1 year  per i od.

PART 2   PRODUCTS

2. 1   WI NDOWS

Pr ovi de pr i me wi ndows t hat  compl y wi t h AAMA/ WDMA/ CSA 101/ I . S. 2/ A440 and 
t he r equi r ement s speci f i ed her ei n.   I n addi t i on t o compl i ance wi t h 
AAMA/ WDMA/ CSA 101/ I . S. 2/ A440,  wi ndow f r ami ng member s f or  each i ndi v i dual  
l i ght  of  gl ass must  not  def l ect  t o t he ext ent  t hat  def l ect i on 
per pendi cul ar  t o t he gl ass l i ght  exceeds L/ 175 of  t he gl ass edge l engt h 
when subj ect ed t o uni f or m l oads at  speci f i ed desi gn pr essur es.   Pr ovi de 
St r uct ur al  cal cul at i ons f or  def l ect i on t o subst ant i at e compl i ance wi t h 
def l ect i on r equi r ement s.   Pr ovi de wi ndows of  t ypes,  per f or mance cl asses,  
per f or mance gr ades,  combi nat i ons,  and si zes i ndi cat ed or  speci f i ed.   
Pr ovi de al umi num wi ndow f r ames wi t h a mi ni mum r ecycl ed cont ent  of  20 
per cent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  of  
al umi num wi ndows.   Desi gn wi ndows t o accommodat e har dwar e,  gl ass,  
weat her st r i ppi ng,  scr eens,  and accessor i es t o be f ur ni shed.   Each wi ndow 
must  be a compl et e f act or y assembl ed uni t  wi t h or  wi t hout  gl ass 
i nst al l ed.   Di mensi ons shown ar e mi ni mum.   Pr ovi de wi ndows wi t h i nsul at i ng 
gl ass and t her mal  br eak necessar y t o achi eve a mi ni mum Condensat i on 
Resi st ance Fact or  ( CRF)  of  51 when t est ed i n accor dance wi t h AAMA 1503.   
Pr ovi de manuf act ur er ' s st andar d har dwar e f abr i cat ed f r om al umi num,  
st ai nl ess st eel ,  car bon st eel  compl yi ng wi t h AAMA 907,  or  ot her  
cor r osi on- r esi st ant  mat er i al  compat i bl e wi t h adj acent  mat er i al s;  desi gned 
t o smoot hl y oper at e,  t i ght l y c l ose,  and secur el y l ock wi ndows,  and si zed 
t o accommodat e sash wei ght  and di mensi ons.

2. 1. 1   Hor i zont al  Sl i di ng Wi ndows ( HS)

Type HS- HD- 45.

2. 1. 2   Fi xed Wi ndows ( F)

Type F-  CW30 .

2. 1. 3   For ced Ent r y Resi st ant  Wi ndows

I n addi t i on t o meet i ng t he r equi r ement s of  AAMA/ WDMA/ CSA 101/ I . S. 2/ A440,  
wi ndows desi gnat ed f or  r esi st ance t o f or ced ent r y must  conf or m t o t he 
r equi r ement s of  AAMA 1302. 4.

2. 1. 4   Gl ass and Gl azi ng

Mat er i al s ar e speci f i ed i n Sect i on 08 81 00 GLAZI NG.

2. 1. 5   Caul k i ng and Seal i ng

Ar e speci f i ed i n Sect i on 07 92 00 JOI NT SEALANTS.

2. 1. 6   Weat her st r i ppi ng

AAMA/ WDMA/ CSA 101/ I . S. 2/ A440.   Pr ovi de f or  al l  vent i l at i ng ( oper abl e)  sash 
f or  al l  wi ndows.   Pr ovi de woven wool  pi l e weat her st r i ppi ng 0. 210 i nch 
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t hi ck,  conf or mi ng t o AAMA 701/ 702,  or  pol ypr opyl ene mul t i f i l ament  f i ber  
weat her st r i ppi ng i nst al l ed i n an i nt egr al  weat her st r i ppi ng gr oove i n t he 
sash or  f r ame,  and f l exi bl e pol yvi nyl chl or i de weat her st r i ppi ng i nst al l ed 
i n t he s i l l  member .

2. 2   FABRI CATI ON

Fabr i cat i on of  wi ndow uni t s must  compl y wi t h AAMA/ WDMA/ CSA 101/ I . S. 2/ A440.

2. 2. 1   Pr ovi s i ons f or  Gl azi ng

Desi gn wi ndows and r abbet s sui t abl e f or  gl ass t hi ckness shown or  speci f i ed.
  Desi gn sash f or  out si de doubl e gl azi ng and f or  secur i ng gl ass wi t h met al  
beads,  gl azi ng cl i ps,  gl azi ng channel s,  or  gl azi ng compound.

2. 2. 2   Fast ener s

Use wi ndow manuf act ur er ' s st andar d f or  wi ndows,  t r i m,  and accessor i es.   
Sel f - t appi ng sheet - met al  scr ews ar e not  accept abl e f or  mat er i al  mor e t han 
1/ 16 i nch t hi ck.

2. 2. 3   Adhesi ves

Pr ovi de j oi nt  seal ant s as speci f i ed i n Sect i on 07 92 00 JOI NT SEALANTS.   
For  i nt er i or  appl i cat i on of  j oi nt  seal ant s,  compl y wi t h appl i cabl e 
r egul at i ons r egar di ng r educed VOC' s,  and as speci f i ed i n Sect i on 07 92 00 
JOI NT SEALANTS.

2. 2. 4   Dr i ps and Weep Hol es

Pr ovi de cont i nuous dr i ps over  heads of  t op vent i l at or s.   Wher e f i xed 
wi ndows adj oi n vent i l at or s,  dr i ps must  be cont i nuous acr oss t ops of  f i xed 
wi ndows.   Pr ovi de dr i ps and weep hol es as r equi r ed t o r et ur n wat er  t o t he 
out si de.

2. 2. 5   Combi nat i on Wi ndows

Wi ndows used i n combi nat i on must  be f act or y assembl ed of  t he same cl ass 
and gr ade.   Wher e f act or y assembl y of  i ndi v i dual  wi ndows i nt o l ar ger  uni t s 
i s l i mi t ed by t r anspor t at i on consi der at i ons,  pr ef abr i cat e,  mat ch mar k,  
t r anspor t ,  and f i el d assembl e.

2. 2. 6   Accessor i es

Pr ovi de wi ndows compl et e wi t h necessar y har dwar e,  f ast eni ngs,  c l i ps,  f i ns,  
anchor s,  gl azi ng beads,  and ot her  appur t enances necessar y f or  compl et e 
i nst al l at i on and pr oper  oper at i on.

2. 2. 6. 1   Har dwar e

AAMA/ WDMA/ CSA 101/ I . S. 2/ A440.   The i t em,  t ype,  and f unct i onal  
char act er i st i cs must  be t he manuf act ur er ' s st andar d f or  t he par t i cul ar  
wi ndow t ype.   Pr ovi de st ai nl ess st eel  har dwar e of  sui t abl e desi gn and of  
suf f i c i ent  st r engt h t o per f or m t he f unct i on f or  whi ch i t  i s  used.   Equi p 
al l  oper at i ng vent i l at or s wi t h a l ock or  l at chi ng devi ce whi ch can be 
secur ed f r om t he i nsi de.
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2. 2. 6. 2   Fast ener s

Pr ovi de conceal ed anchor s of  t he t ype r ecommended by t he wi ndow 
manuf act ur er  f or  t he speci f i c  t ype of  const r uct i on.   Anchor s and f ast ener s 
must  be compat i bl e wi t h t he wi ndow and t he adj oi ni ng const r uct i on.  Pr ovi de 
a mi ni mum of  t hr ee anchor s f or  each j amb l ocat ed appr oxi mat el y 6 i nches 
f r om each end and at  mi dpoi nt .

2. 2. 6. 3   Wi ndow Anchor s

Anchor i ng devi ces f or  i nst al l i ng wi ndows must  be made of  al umi num,  
cadmi um- pl at ed st eel ,  st ai nl ess st eel ,  or  z i nc- pl at ed st eel  conf or mi ng t o 
AAMA/ WDMA/ CSA 101/ I . S. 2/ A440.

2. 2. 7   Fi ni shes

Compl y wi t h NAAMM' s " Met al  Fi ni shes Manual "  f or  appl y i ng and desi gnat i ng 
f i ni shes.   Exposed al umi num sur f aces must  be f act or y f i ni shed wi t h an 
anodi c coat i ng.   Col or  must  be cl ear  anodi zed al umi num
.  Al l  wi ndows must  have t he same f i ni sh.

2. 2. 7. 1   Anodi c Coat i ng

Cl ean exposed al umi num sur f aces and pr ovi de an anodi zed f i ni sh conf or mi ng 
t o AA DAF45 and AAMA 611.   Fi ni sh must  be:

a.   Ar chi t ect ur al  Cl ass I  (  0. 7 mi l  or  t hi cker ) ,  desi gnat i on AA- M10- C22-
A41,  c l ear  ( nat ur al )  anodi zed.

2. 2. 8   Scr eens

AAMA/ WDMA/ CSA 101/ I . S. 2/ A440.   Pr ovi de one i nsect  scr een f or  each oper abl e 
ext er i or  sash or  vent i l at or .   Desi gn scr eens t o be r ewi r abl e,  easi l y 
r emovabl e f r om i nsi de t he bui l di ng,  and t o per mi t  easy access t o oper at i ng 
har dwar e.   Manuf act ur er s st andar d al umi num f r ame compl yi ng wi t h SMA 1004 
or  SMA 1201.   Fabr i cat e f r ames wi t h mi t er ed or  coped j oi nt s or  cor ner  
ext r usi on,  conceal ed f ast ener s and r emovabl e PVC spl i ne/ anchor s conceal i ng 
edge of  f r ame.

2. 2. 8. 1   I nsect  Scr een

I nsect  scr een mesh t o be Al umi num wi r e f abr i c,  18x16 mesh of  0. 011 i nch 
di amet er  coat ed al umi num wi r e.

2. 3   SPECI AL OPERATORS

For  wi ndows havi ng oper at i ng har dwar e or  l ocki ng or  l at chi ng devi ces 
l ocat ed mor e t han 6 f eet  above t he f l oor ,  pr ovi de sui t abl y desi gned 
oper at or s or  l ocki ng or  l at chi ng devi ces necessar y f or  conveni ent  and 
pr oper  wi ndow oper at i on.

2. 3. 1   Pol e Oper at or s

Pol es must  be of  pr oper  l engt h t o per mi t  wi ndow oper at i on f r om 5 f eet  
above t he f l oor .   Pr ovi de one pol e oper at or  f or  each r oom,  and one pol e 
hanger  f or  each pol e.   Locat e hanger s wher e di r ect ed.
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2. 3. 2   Ext ensi on Cr ank Oper at or s

Pr ovi de r emovabl e handl es f or  cr ank- oper at ed r ot ar y- t ype oper at or s l ocat ed 
mor e t han 6 f eet  above t he f l oor .   Pr ovi de one r emovabl e handl e f or  each 
r oom.

2. 4   THERMAL- BARRI ER WI NDOWS

Pr ovi de t her mal - bar r i er  wi ndows,  compl et e wi t h accessor i es and f i t t i ngs,  
wher e i ndi cat ed.

Speci f y mat er i al  and const r uct i on except  as f ol l ows:

a.   Al umi num al l oy must  be 6063- T6.

b.   Fr ame const r uct i on,  i ncl udi ng oper abl e sash,  must  be f act or y- assembl ed 
and f act or y- seal ed i nner  and out er  al umi num compl et el y separ at ed f r om 
met al - t o- met al  cont act .   Joi n assembl y by a cont i nuous,  conceal ed,  l ow 
conduct ance di v i der  housed i n an i nt er l ocki ng ext r usi on of  t he i nner  
f r ame.   Met al  f ast ener s,  st r aps,  or  anchor s must  not  br i dge t he 
connect i on bet ween t he i nner  and out er  f r ame.

c.   Oper at i ng har dwar e f or  each sash must  consi st  of  spr i ng- l oaded nyl on 
cushi on bl ocks and pi n l ocks desi gned t o l ock i n pr edet er mi ned 
l ocat i ons.

d.   Sash must  be compl et el y separ at ed f r om met al - t o- met al  cont act  by means 
of  woven- pi l e weat her st r i ppi ng,  pl ast i c,  or  el ast omer i c separ at i on 
member s.

e.   Oper at i ng and st or m sash must  be f act or y- gl azed wi t h t he t ype of  gl ass 
i ndi cat ed and of  t he qual i t y speci f i ed i n Sect i on 08 81 00 GLAZI NG.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Met hod of  I nst al l at i on

I nst al l  i n accor dance wi t h t he wi ndow manuf act ur er ' s pr i nt ed i nst r uct i ons 
and det ai l s.   Bui l d i n wi ndows as t he wor k pr ogr esses or  i nst al l  wi t hout  
f or c i ng i nt o pr epar ed wi ndow openi ngs.   Set  wi ndows at  pr oper  el evat i on,  
l ocat i on,  and r eveal ;  pl umb,  squar e,  l evel ,  and i n al i gnment ;  and br ace,  
st r ut ,  and st ay pr oper l y t o pr event  di st or t i on and mi sal i gnment .   Pr ot ect  
vent i l at or s and oper at i ng par t s agai nst  accumul at i on of  di r t  and bui l di ng 
mat er i al s by keepi ng vent i l at or s t i ght l y c l osed and l ocked t o f r ame.   Bed 
scr ews or  bol t s i n s i l l  member s,  j oi nt s at  mul l i ons,  cont act s of  wi ndows 
wi t h s i l l s ,  bui l t - i n f i ns,  and subf r ames i n mast i c seal ant  of  a t ype 
r ecommended by t he wi ndow manuf act ur er .   I nst al l  and caul k wi ndows i n a 
manner  t hat  wi l l  pr event  ent r ance of  wat er  and wi nd.   Fast en i nsect  
scr eens secur el y i n pl ace.

Any mat er i al s t hat  show vi sual  evi dence of  bi ol ogi cal  gr owt h due t o t he 
pr esence of  moi st ur e must  not  be i nst al l ed on t he bui l di ng pr oj ect .

3. 1. 2   Di ssi mi l ar  Mat er i al s

Wher e al umi num sur f aces ar e i n cont act  wi t h,  or  f ast ened t o masonr y,  
concr et e,  wood,  or  di ssi mi l ar  met al s,  except  st ai nl ess st eel  or  z i nc,  
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pr ot ect  t he al umi num sur f ace f r om di ssi mi l ar  mat er i al s as r ecommended i n 
t he Appendi x t o AAMA/ WDMA/ CSA 101/ I . S. 2/ A440.   Do not  coat  sur f aces i n 
cont act  wi t h seal ant s af t er  i nst al l at i on wi t h any t ype of  pr ot ect i ve 
mat er i al .   Do not  appl y coat i ngs or  l acquer s t o sur f aces t o whi ch caul k i ng 
and gl azi ng component s must  adher e.

3. 1. 3   Anchor s and Fast eni ngs

Make pr ovi s i on f or  secur i ng uni t s t o each ot her ,  t o masonr y,  and t o ot her  
adj oi ni ng const r uct i on.   Wi ndows i nst al l ed i n masonr y wal l s must  have head 
and j amb member s desi gned t o r ecess i nt o masonr y wal l  not  l ess t han 7/ 16 
i nch.

3. 1. 4   Adj ust ment s Af t er  I nst al l at i on

Af t er  i nst al l at i on of  wi ndows and compl et i on of  gl azi ng and f i el d 
pai nt i ng,  adj ust  al l  vent i l at or s and har dwar e t o oper at e smoot hl y and t o 
pr ovi de weat her t i ght  seal i ng when vent i l at or s ar e c l osed and l ocked.   
Lubr i cat e har dwar e and oper at i ng par t s as necessar y.   Ver i f y t hat  pr oduct s 
ar e pr oper l y i nst al l ed,  connect ed,  and adj ust ed.

3. 2   CLEANI NG

Cl ean i nt er i or  and ext er i or  sur f aces of  wi ndow uni t s of  mor t ar ,  pl ast er ,  
pai nt  spat t er i ng spot s,  and ot her  f or ei gn mat t er  t o pr esent  a neat  
appear ance,  t o pr event  f oul i ng of  weat her i ng sur f aces and 
weat her - st r i ppi ng,  and t o pr event  i nt er f er ence wi t h t he oper at i on of  
har dwar e.   Repl ace al l  st ai ned,  di scol or ed,  or  abr aded wi ndows t hat  cannot  
be r est or ed t o t hei r  or i gi nal  condi t i on wi t h new wi ndows.

        - -  End of  Sect i on - -
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SECTI ON 08 71 00

DOOR HARDWARE
02/ 16,  CHG 4:  02/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM E283 ( 2019)  St andar d Test  Met hod f or  
Det er mi ni ng t he Rat e of  Ai r  Leakage 
Thr ough Ext er i or  Wi ndows,  Cur t ai n Wal l s,  
and Door s Under  Speci f i ed Pr essur e 
Di f f er ences Acr oss t he Speci men

BUI LDERS HARDWARE MANUFACTURERS ASSOCI ATI ON ( BHMA)

ANSI / BHMA A156. 1 ( 2021)  But t s and Hi nges

ANSI / BHMA A156. 2 ( 2017)  Bor ed and Pr eassembl ed Locks and 
Lat ches

ANSI / BHMA A156. 3 ( 2020)  Exi t  Devi ces

ANSI / BHMA A156. 4 ( 2013)  Door  Cont r ol s -  Cl oser s

ANSI / BHMA A156. 5 ( 2020)  Cyl i nder  and I nput  Devi ces f or  Locks

ANSI / BHMA A156. 6 ( 2021)  Ar chi t ect ur al  Door  Tr i m

ANSI / BHMA A156. 7 ( 2016)  Templ at e Hi nge Di mensi ons

ANSI / BHMA A156. 8 ( 2021)  Door  Cont r ol s -  Over head St ops and 
Hol der s

ANSI / BHMA A156. 13 ( 2017)  Mor t i se Locks & Lat ches Ser i es 1000

ANSI / BHMA A156. 14 ( 2013)  Sl i di ng and Fol di ng Door  Har dwar e

ANSI / BHMA A156. 16 ( 2018)  Auxi l i ar y Har dwar e

ANSI / BHMA A156. 18 ( 2020)  Mat er i al s and Fi ni shes

ANSI / BHMA A156. 21 ( 2019)  Thr eshol ds

ANSI / BHMA A156. 22 ( 2021)  Gasket i ng

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 72 ( 2022;  ERTA 22- 1)  Nat i onal  Fi r e Al ar m and 
Si gnal i ng Code
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NFPA 80 ( 2022)  St andar d f or  Fi r e Door s and Ot her  
Openi ng Pr ot ect i ves

NFPA 101 ( 2021;  TI A 21- 1)  Li f e Saf et y Code

NFPA 252 ( 2022)  St andar d Met hods of  Fi r e Test s of  
Door  Assembl i es

STEEL DOOR I NSTI TUTE ( SDI / DOOR)

SDI / DOOR A250. 8 ( 2017)  Speci f i cat i ons f or  St andar d St eel  
Door s and Fr ames

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

36 CFR 1191 Amer i cans wi t h Di sabi l i t i es Act  ( ADA)  
Accessi bi l i t y  Gui del i nes f or  Bui l di ngs and 
Faci l i t i es;  Ar chi t ect ur al  Bar r i er s Act  
( ABA)  Accessi bi l i t y  Gui del i nes

UNDERWRI TERS LABORATORI ES ( UL)

UL Bl d Mat  Di r ( updat ed cont i nuousl y onl i ne)  Bui l di ng 
Mat er i al s Di r ect or y

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Manuf act ur er ' s Det ai l  Dr awi ngs;  G,  RO

Ver i f i cat i on of  Exi st i ng Condi t i ons;  G,  RO

Har dwar e Schedul e;  G,  RO

Keyi ng Syst em;  G,  RO

SD- 03 Pr oduct  Dat a

Har dwar e I t ems;  G,  RO

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst al l at i on

SD- 10 Oper at i on and Mai nt enance Dat a

Har dwar e Schedul e I t ems,  Dat a Package 1;  G,  RO

SD- 11 Cl oseout  Submi t t al s

Key Bi t t i ng
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1. 3   SHOP DRAWI NGS

Submi t  manuf act ur er ' s det ai l  dr awi ngs i ndi cat i ng al l  har dwar e assembl y 
component s and i nt er f ace wi t h adj acent  const r uct i on.   Base shop dr awi ngs 
on ver i f i ed f i el d measur ement s and i ncl ude ver i f i cat i on of  exi st i ng 
condi t i ons.

1. 4   PRODUCT DATA

I ndi cat e f i r e- r at i ngs at  appl i cabl e component s.   Pr ovi de document at i on of  
ABA/ ADA accessi bi l i t y  compl i ance of  appl i cabl e component s,  as r equi r ed by 
36 CFR 1191 Appendi x D -  Techni cal .

1. 5   HARDWARE SCHEDULE

Pr ovi de Har dwar e I t em Li st  and Har dwar e Schedul e cont ai ni ng t he f ol l owi ng 
i nf or mat i on,  and addi t i onal  i nf or mat i on as needed t o i dent i f y t he compl et e 
make up of  each har dwar e set  and i t s appl i cat i on t o each openi ng:

1. 5. 1   Har dwar e I t em Li st :

a.   Har dwar e Type

b.   I t em Number

c.   Quant i t y

d.   Si ze( s)

e.   Ref er ence Publ i cat i on /  Type Number

f .   Manuf act ur er ' s Name /  Cat al og Number  

g.   Key Cont r ol  Symbol s

h.   UL Mar k ( I f  f i r e r at ed and l i s t ed)

i .   BHMA Fi ni sh( es)

j .   Remar ks

1. 5. 2   Har dwar e Schedul e

a.   Har dwar e Set  Number

b.   Openi ng Number ( s)

c.   Openi ng Descr i pt i on ( s i ngl e/ doubl e l eaf ,  hand,  s i ze,  door / f r ame 
mat er i al )

d.   Fi r e Rat i ng

e.   Sound Rat i ng

f .   Har dwar e I t ems

g.   Quant i t y
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h.   Si ze

i .   BHMA Fi ni sh

j .   Remar ks

I n addi t i on,  submi t  har dwar e schedul e dat a package 1 i n accor dance wi t h 
Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 6   KEY BI TTI NG CHART REQUI REMENTS

1. 6. 1   Requi r ement s

Submi t  key bi t t i ng char t s t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve 
pr i or  t o compl et i on of  t he wor k.   I ncl ude:

a.   Compl et e l i s t i ng of  al l  keys ( e. g.  AA1 and AA2) .

b.   Compl et e l i s t i ng of  al l  key cut s ( AA1- 123456,  AA2- 123458) .

c.   Tabul at i on showi ng whi ch key f i t s whi ch door .

d.   Copy of  f l oor  pl an showi ng door s and door  number s.

e.   Li st i ng of  20 per cent  mor e key cut s t han ar e pr esent l y r equi r ed i n 
each mast er  syst em.

1. 7   QUALI TY ASSURANCE

1. 7. 1   Har dwar e Manuf act ur er s and Modi f i cat i ons

Pr ovi de,  as f ar  as f easi bl e,  l ocks,  hi nges,  and cl oser s of  one l ock,  hi nge,
 or  c l oser  manuf act ur er ' s make.   Modi f y har dwar e as necessar y t o pr ovi de 
f eat ur es i ndi cat ed or  speci f i ed.

1. 7. 2   Key Shop Dr awi ngs Coor di nat i on Meet i ng

Pr i or  t o t he submi ssi on of  t he key shop dr awi ng,  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Cont r act or ,  Door  Har dwar e Subcont r act or ,  usi ng Act i v i t y 
and Base Locksmi t h must  meet  t o di scuss and coor di nat e key r equi r ement s 
f or  t he f aci l i t y .

1. 8   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  har dwar e i n or i gi nal  i ndi v i dual  cont ai ner s,  compl et e wi t h 
necessar y appur t enances i ncl udi ng f ast ener s and i nst r uct i ons.   Mar k each 
i ndi v i dual  cont ai ner  wi t h i t em number  as shown on har dwar e schedul e.   
Del i ver  per manent  keys and r emovabl e cor es t o t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  ei t her  di r ect l y or  by cer t i f i ed mai l .   Del i ver  
const r uct i on mast er  keys wi t h t he l ocks.

PART 2   PRODUCTS

2. 1   TEMPLATE HARDWARE

Har dwar e appl i ed t o met al  or  t o pr ef i ni shed door s must  be manuf act ur ed 
usi ng a t empl at e.   Pr ovi de t empl at es t o door  and f r ame manuf act ur er s i n 
accor dance wi t h ANSI / BHMA A156. 7 f or  t empl at e hi nges.   Coor di nat e har dwar e 
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i t ems t o pr event  i nt er f er ence wi t h ot her  har dwar e.

2. 2   HARDWARE FOR FI RE DOORS AND EXI T DOORS

Pr ovi de al l  har dwar e necessar y t o meet  t he r equi r ement s of  NFPA 72 f or  
door  al ar ms,  NFPA 80 f or  f i r e door s,  NFPA 101 f or  exi t  door s,  NFPA 252 f or  
f i r e t est s of  door  assembl i es,  ABA/ ADA accessi bi l i t y  r equi r ement s,  and 
al l   ot her  r equi r ement s i ndi cat ed,  even i f  such har dwar e i s not  
speci f i cal l y ment i oned i n par agr aph HARDWARE SCHEDULE.   Pr ovi de 
Under wr i t er s Labor at or i es,  I nc.  l abel s f or  such har dwar e i n accor dance 
wi t h UL Bl d Mat  Di r  or  equi val ent  l abel s i n accor dance wi t h anot her  
t est i ng l abor at or y appr oved i n wr i t i ng by t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.

2. 3   HARDWARE I TEMS

Cl ear l y and per manent l y mar k wi t h t he manuf act ur er ' s name or  t r ademar k,  
hi nges,  pi vot s,  l ocks,  l at ches,  exi t  devi ces,  bol t s and cl oser s wher e t he 
i dent i f y i ng mar k i s v i s i bl e af t er  t he i t em i s i nst al l ed.   For  c l oser s wi t h 
cover s,  t he name or  t r ademar k may be beneat h t he cover .   Coor di nat e 
el ect r i f i ed door  har dwar e component s wi t h cor r espondi ng component s 
speci f i ed i n Di v i s i on 28 ELECTRONI C SECURI TY SYSTEMS ( ESS) .

2. 3. 1   Hi nges

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 1.   Pr ovi de hi nges t hat  ar e 
4- 1/ 2 by 4- 1/ 2 i nch unl ess ot her wi se i ndi cat ed.   Const r uct  l oose pi n 
hi nges f or  i nt er i or  door s and r ever se- bevel  ext er i or  door s so t hat  pi ns 
ar e non- r emovabl e when door  i s c l osed.   Ot her  ant i - f r i c t i on bear i ng hi nges 
may be pr ovi ded i n l i eu of  bal l  bear i ng hi nges.

2. 3. 2   Locks and Lat ches

a.   At  ext er i or  l ocat i ons pr ovi de l ockset s of  f ul l  s t ai nl ess st eel  t ype 
302 or  304 const r uct i on i ncl udi ng f r ont s,  st r i ke,  escut cheons,  knobs,  
bol t s and al l  i nt er i or  wor ki ng par t s.   Mar i ne Gr ade I ,  f ul l y  
non- f er r ous.

b.   I n non- ai r - condi t i oned i nt er i or  envi r onment s or  humi d i nt er i or  
envi r onment s,  pr ovi de i nt er i or  l ockset s on t he same Mar i ne Gr ade I ,  
f ul l y  non- f er r ous as ext er i or  l ockset s.

2. 3. 2. 1   Mor t i se Locks and Lat ches

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 13,  Ser i es 1000,  Oper at i onal  
Gr ade 1,  Secur i t y Gr ade 2.  Pr ovi de mor t i se l ocks wi t h escut cheons not  l ess 
t han 7 by 2- 1/ 4 i nch wi t h a bushi ng at  l east  1/ 4 i nch l ong.   Cut  
escut cheons t o f i t  cy l i nder s and pr ovi de t r i m i t ems wi t h st r ai ght ,  
bevel ed,  or  smoot hl y r ounded si des,  cor ner s,  and edges.   Pr ovi de knobs and 
r oses of  mor t i se l ocks wi t h scr ewl ess shanks and no exposed scr ews.

2. 3. 3   Exi t  Devi ces

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 3,  Gr ade 1.   Pr ovi de adj ust abl e 
st r i kes f or  r i m t ype and ver t i cal  r od devi ces.   Pr ovi de open back st r i kes 
f or  pai r s of  door s wi t h mor t i se and ver t i cal  r od devi ces.   Pr ovi de t ouch 
bar s i n l i eu of  convent i onal  cr ossbar s and ar ms.   Pr ovi de escut cheons not  
l ess t han 7 by 2- 1/ 4 i nch.
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Use st ai nl ess st eel  or  br onze base met al  wi t h pl at ed f i ni shes.   Al so 
i ncl ude st ai nl ess st eel  f ast ener s and scr ews.

2. 3. 4   Cyl i nder s and Cor es

Pr ovi de cyl i nder s and cor es f or  new l ocks,  i ncl udi ng l ocks pr ovi ded under  
ot her  sect i ons of  t hi s speci f i cat i on.   Pr ovi de cyl i nder s and cor es wi t h 
seven pi n t umbl er s.   Pr ovi de cyl i nder s f r om t he pr oduct s of  one 
manuf act ur er ,  and pr ovi de cor es f r om t he pr oduct s of  one manuf act ur er .   
Ri m cyl i nder s,  mor t i se cyl i nder s,  and knobs of  bor ed l ockset s have 
i nt er changeabl e cor es whi ch ar e r emovabl e by speci al  cont r ol  keys.   St amp 
each i nt er changeabl e cor e wi t h a key cont r ol  symbol  i n a conceal ed pl ace 
on t he cor e.

2. 3. 5   Keyi ng Syst em

Pr ovi de a gr and mast er  keyi ng syst em  Pr ovi de const r uct i on i nt er changeabl e 
cor es.   Pr ovi de key cabi net  as speci f i ed.

2. 3. 6   Lock Tr i m

Pr ovi de cast ,  f or ged,  or  heavy wr ought  const r uct i on and commer ci al  pl ai n 
desi gn f or  l ock t r i m.

2. 3. 6. 1   Knobs and Roses

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 2 and ANSI / BHMA A156. 13 f or  
knobs,  r oses,  and escut cheons.   For  unr ei nf or ced knobs,  r oses,  and 
escut cheons,  pr ovi de a 0. 050 i nch t hi ckness.   For  r ei nf or ced knobs,  r oses,  
and escut cheons,  pr ovi de an out er  shel l  t hi ckness of  0. 035 i nch and a 
combi ned t ot al  t hi ckness of  0. 070 i nch,  except  at  knob shanks.   Pr ovi de 
knob shanks 0. 060 i nch t hi ck.

2. 3. 6. 2   Lever  Handl es

Pr ovi de l ever  handl es .   Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 3 f or  
mor t i se l ocks of  l ever  handl es f or  exi t  devi ces.   Pr ovi de l ever  handl e 
l ocks wi t h a br eakaway f eat ur e ( such as a weakened spi ndl e or  a shear  key)  
t o pr event  i r r epar abl e damage t o t he l ock when f or ce i n excess of  t hat  
speci f i ed i n ANSI / BHMA A156. 13 i s appl i ed t o t he l ever  handl e.   Pr ovi de 
l ever  handl es r et ur n t o wi t hi n 1/ 2 i nch of  t he door  f ace.

2. 3. 7   Keys

Fur ni sh one f i l e key,  one dupl i cat e key,  and one wor ki ng key f or  each key 
change and f or  each mast er  and gr and mast er  keyi ng syst em.   Fur ni sh one 
addi t i onal  wor ki ng key f or  each l ock of  each keyed- al i ke gr oup.  Fur ni sh 6 
const r uct i on mast er  keys,  and 2 cont r ol  keys f or  r emovabl e cor es.   Fur ni sh 
a quant i t y of  key bl anks equal  t o 20 per cent  of  t he t ot al  number  of  f i l e 
keys.   St amp each key wi t h appr opr i at e key cont r ol  symbol  and " U. S.  
pr oper t y -  do not  dupl i cat e. "   Do not  pl ace r oom number  on keys.

2. 3. 8   Door  Bol t s

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 16.   Pr ovi de dust pr oof  st r i kes 
f or  bot t om bol t s,  except  at  door s havi ng met al  t hr eshol ds.   Pr ovi de 
aut omat i c l at chi ng f l ush bol t s i n accor dance wi t h ANSI / BHMA A156. 3,  Type 
25.
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2. 3. 9   Cl oser s

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 4,  Ser i es C02000,  Gr ade 1,  wi t h 
PT 4C.   Pr ovi de wi t h br acket s,  ar ms,  mount i ng devi ces,  f ast ener s,  f ul l  
s i ze cover s,  except  at  st or ef r ont  mount i ng,  and ot her  f eat ur es necessar y 
f or  t he par t i cul ar  appl i cat i on.   Si ze c l oser s i n accor dance wi t h 
manuf act ur er ' s pr i nt ed r ecommendat i ons,  or  pr ovi de mul t i - s i ze c l oser s,  
Si zes 1 t hr ough 6,  and l i s t  s i zes i n t he Har dwar e Schedul e.   Pr ovi de 
manuf act ur er ' s 10 year  war r ant y.

Use st ai nl ess st eel  i nsi de br acket ed or  door  mount ed cl oser s on ext er i or  
door s.   Non- f er r ous cl oser s,  such as al umi num or  cast  br onze,  ar e 
per mi ssi bl e wher e door  ut i l i zat i on i s mi ni mal .   On i nt er i or  door s use 
cl oser s of  302 or  304 st ai nl ess st eel  or  non- f er r ous mat er i al s.   On 
sur f ace- mount ed cl oser s use or  appl y r ust  i nhi bi t i ng f i ni sh on al l  f er r ous 
par t s.   Al so appl y t hi s f i ni sh on conceal ed cl oser s.

2. 3. 9. 1   I dent i f i cat i on Mar ki ng

Engr ave each cl oser  wi t h manuf act ur er ' s name or  t r ademar k,  dat e of  
manuf act ur e,  and manuf act ur er ' s s i ze desi gnat i on i n l ocat i ons t hat  wi l l  
be  v i s i bl e af t er  i nst al l at i on.

2. 3. 10   Over head Hol der s

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 8.

2. 3. 11   Door  Pr ot ect i on Pl at es

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 6.

2. 3. 11. 1   Si zes of   Ki ck Pl at es

2 i nch l ess t han door  wi dt h f or  s i ngl e door s;  1 i nch l ess t han door  wi dt h 
f or  pai r s of  door s.   Pr ovi de  10 i nch ki ck pl at es f or  f l ush door s .   

2. 3. 12   Door  St ops and Si l encer s

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 16.   Si l encer s Type L03011.   
Pr ovi de t hr ee si l encer s f or  each si ngl e door ,  t wo f or  each pai r .

2. 3. 13   Thr eshol ds

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 21.   Use J35100,  wi t h v i nyl  or  
s i l i cone r ubber  i nser t  i n f ace of  st op,  f or  ext er i or  door s openi ng out ,  
unl ess speci f i ed ot her wi se.

2. 3. 14   Weat her st r i ppi ng Gasket i ng

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 22.   Pr ovi de t he t ype and 
f unct i on desi gnat i on wher e speci f i ed i n par agr aph HARDWARE SCHEDULE.   
Pr ovi de a set  t o i ncl ude head and j amb seal s,  sweep st r i ps,  and,  f or  pai r s 
of  door s,  ast r agal s.   Ai r  l eakage of  weat her st r i pped door s not  t o exceed 
1. 25 cubi c f eet  per  mi nut e of  ai r  per  squar e f oot  of  door  ar ea when t est ed 
i n accor dance wi t h ASTM E283.   Pr ovi de weat her st r i ppi ng wi t h one of  t he 
f ol l owi ng:
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2. 3. 14. 1   Ext r uded Al umi num Ret ai ner s

Ext r uded al umi num r et ai ner s not  l ess t han 0. 050 i nch wal l  t hi ckness wi t h 
v i nyl ,  neopr ene,  s i l i cone r ubber ,  or  pol yur et hane i nser t s.   Pr ovi de cl ear  
( nat ur al )  anodi zed al umi num.

2. 3. 14. 2   I nt er l ocki ng Type

Zi nc or  br onze not  l ess t han 0. 018 i nch t hi ck.

2. 3. 14. 3   Spr i ng Tensi on Type

Spr i ng br onze or  st ai nl ess st eel  not  l ess t han 0. 008 i nch t hi ck.

2. 3. 15   Rai n Dr i ps

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 22.   Pr ovi de ext r uded al umi num 
r ai n dr i ps,  not  l ess t han 0. 08 i nch t hi ck,  c l ear  anodi zed f i ni sh.   Pr ovi de 
t he manuf act ur er ' s f ul l  r ange of  col or  choi ces t o t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve f or  col or  sel ect i on.   Pr ovi de r ai n dr i ps wi t h a 4 
i nch over l ap on each si de of  each ext er i or  door  t hat  i s  not  pr ot ect ed by 
an awni ng,  r oof ,  eave or  ot her  hor i zont al  pr oj ect i on.   Set  dr i ps i n 
seal ant  and f ast en wi t h st ai nl ess st eel  scr ews.

2. 3. 15. 1   Door  Rai n Dr i ps

Appr oxi mat el y 1- 1/ 2 i nch hi gh by 5/ 8 i nch pr oj ect i on.   Al i gn bot t om wi t h 
bot t om edge of  door .

2. 3. 15. 2   Over head Rai n Dr i ps

Appr oxi mat el y 1- 1/ 2 i nch hi gh by 2- 1/ 2 i nch pr oj ect i on.   Al i gn bot t om wi t h 
door  f r ame r abbet .

2. 3. 16   Auxi l i ar y Har dwar e ( Ot her  t han l ocks)

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 16,  Gr ade 1.  

2. 3. 17   Sl i di ng and Fol di ng Door  Har dwar e

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 14,  Gr ade 1.   Fi ni shes t o mat ch 
ot her  har dwar e speci f i ed her ei n.

2. 3. 18   Speci al  Tool s

Pr ovi de speci al  t ool s,  such as spanner  and socket  wr enches and doggi ng 
keys,  as r equi r ed t o ser vi ce and adj ust  har dwar e i t ems.

2. 4   FASTENERS

Pr ovi de f ast ener s of  t ype,  qual i t y,  s i ze,  and quant i t y appr opr i at e t o t he 
speci f i c  appl i cat i on.   Fast ener  f i ni sh t o mat ch har dwar e.   Pr ovi de 
st ai nl ess st eel  or  nonf er r ous met al  f ast ener s i n l ocat i ons exposed t o 
weat her .   Ver i f y met al s i n cont act  wi t h one anot her  ar e compat i bl e and 
wi l l  avoi d gal vani c cor r osi on when exposed t o weat her .

2. 5   FI NI SHES

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 18.   Pr ovi de har dwar e i n BHMA 
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630 f i ni sh ( sat i n st ai nl ess st eel ) ,  unl ess speci f i ed ot her wi se.   Pr ovi de 
i t ems not  manuf act ur ed i n st ai nl ess st eel  i n BHMA 626 f i ni sh ( sat i n 
chr omi um pl at ed)  over  br ass or  br onze,  except  al umi num pai nt  f i ni sh f or  
sur f ace door  c l oser s,  and except  BHMA 652 f i ni sh ( sat i n chr omi um pl at ed)  
f or  st eel  hi nges.   Pr ovi de hi nges f or  ext er i or  door s i n st ai nl ess st eel  
wi t h BHMA 630 f i ni sh.   Fur ni sh exi t  devi ces i n BHMA 626 f i ni sh i n l i eu of  
BHMA 630 f i ni sh except  wher e BHMA 630 i s speci f i ed under  par agr aph 
HARDWARE SETS.   Mat ch exposed par t s of  conceal ed cl oser s t o l ock and door  
t r i m.   Mat ch har dwar e f i ni sh f or  al umi num door s t o t he door s.

2. 6   KEY CABI NET AND CONTROL SYSTEM

Pr ovi de i n accor dance wi t h ANSI / BHMA A156. 5,  Type r equi r ed t o y i el d a 
capaci t y ( number  of  hooks)  50 per cent  gr eat er  t han t he number  of  key 
changes used f or  door  l ocks.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Pr ovi de har dwar e i n accor dance wi t h manuf act ur er s '  pr i nt ed i nst al l at i on 
i nst r uct i ons.  Fast en har dwar e t o wood sur f aces wi t h f ul l - t hr eaded wood 
scr ews or  sheet  met al  scr ews.   Pr ovi de machi ne scr ews set  i n expansi on 
shi el ds f or  f ast eni ng har dwar e t o sol i d concr et e and masonr y sur f aces.   
Pr ovi de t oggl e bol t s wher e r equi r ed f or  f ast eni ng t o hol l ow cor e 
const r uct i on.   Pr ovi de t hr ough bol t s wher e necessar y f or  sat i sf act or y 
i nst al l at i on.

3. 1. 1   Weat her st r i ppi ng I nst al l at i on

Pr ovi de f ul l  cont act ,  weat her t i ght  seal s t hat  al l ow oper at i on of  door s 
wi t hout  bi ndi ng t he weat her st r i ppi ng.

3. 1. 1. 1   St op Appl i ed Weat her st r i ppi ng

Fast en i n pl ace wi t h col or  mat ched sheet  met al  scr ews not  mor e t han 9 i nch 
on cent er  af t er  door s and f r ames have been f i ni sh pai nt ed.

3. 1. 1. 2   I nt er l ocki ng Type Weat her st r i ppi ng

Pr ovi de i nt er l ocki ng,  sel f  adj ust i ng t ype on heads and j ambs and f l exi bl e 
hook t ype at  s i l l s .   Nai l  weat her st r i ppi ng t o door  1 i nch on cent er  and t o 
heads and j ambs at  4 i nch on cent er .

3. 1. 1. 3   Spr i ng Tensi on Type Weat her st r i ppi ng

Pr ovi de spr i ng t ensi on t ype on heads and j ambs.   Pr ovi de br onze nai l s wi t h 
br onze.   Pr ovi de st ai nl ess st eel  nai l s wi t h st ai nl ess st eel .   Space nai l s 
not  mor e t han 1- 1/ 2 i nch on cent er .

3. 1. 2   Thr eshol d I nst al l at i on

Ext end t hr eshol ds t he f ul l  wi dt h of  t he openi ng and not ch end f or  j amb 
st ops.   Set  t hr eshol ds i n a f ul l  bed of  seal ant  and anchor  t o f l oor  wi t h 
cadmi um- pl at ed,  count er sunk,  st eel  scr ews i n expansi on sl eeves.   For  
al umi num t hr eshol ds pl aced on t op of  concr et e sur f aces,  coat  t he under si de 
sur f aces t hat  ar e i n cont act  wi t h t he concr et e wi t h f l ui d appl i ed 
wat er pr oof i ng as a separ at i on measur e pr i or  t o pl acement .
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3. 2   FI RE DOORS AND EXI T DOORS

Pr ovi de har dwar e i n accor dance wi t h NFPA 72 f or  door  al ar ms,  NFPA 80 f or  
f i r e door s,  NFPA 101 f or  exi t  door s,  and NFPA 252 f or  f i r e t est s of  door  
assembl i es.   .

3. 3   HARDWARE LOCATI ONS

Pr ovi de i n accor dance wi t h SDI / DOOR A250. 8,  unl ess i ndi cat ed or  speci f i ed 
ot her wi se.

a.   Ki ck and Ar mor  Pl at es:   Push si de of  s i ngl e- act i ng door s.   Bot h s i des 
of  doubl e- act i ng door s.

b.   Mop Pl at es:   Bot t om f l ush wi t h bot t om of  door .

3. 4   KEY CABI NET AND CONTROL SYSTEM

Locat e wher e di r ect ed.   Tag one set  of  f i l e keys and one set  of  dupl i cat e 
keys.   Pl ace ot her  keys i n appr opr i at el y mar ked envel opes,  or  t ag each 
key.   Pr ovi de compl et e i nst r uct i ons f or  set up and use of  key cont r ol  
syst em.   On t ags and envel opes,  i ndi cat e door  and r oom number s or  mast er  
or  gr and mast er  key.

3. 5   FI ELD QUALI TY CONTROL

Af t er  i nst al l at i on,  pr ot ect  har dwar e f r om pai nt ,  st ai ns,  bl emi shes,  and 
ot her  damage unt i l  accept ance of  wor k.   Submi t  not i ce of  t est i ng 15 days 
bef or e schedul ed,  so t hat  t est i ng can be wi t nessed by t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve.   Adj ust  hi nges,  l ocks,  l at ches,  bol t s,  hol der s,  
c l oser s,  and ot her  i t ems t o oper at e pr oper l y.   Demonst r at e t hat  per manent  
keys oper at e r espect i ve l ocks,  and gi ve keys t o t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve.   Cor r ect ,  r epai r ,  and f i ni sh,  er r or s i n cut t i ng and 
f i t t i ng and damage t o adj oi ni ng wor k.

3. 6   HARDWARE SETS
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HW SET:  001
DOOR #( S) :
   
05      06      25   

PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
6   EA    STD WT HI NGE   A2111 127MM X 114MM NRP   I VE
2   EA    SURFACE BOLTS    453- 300MM UL10C   I VE
1   EA    STOREROOM LOCKSET   1000- GR1 X F07 W/ TEMP CORE ( MA581HD)  FAL
1   EA    PERMANENT CORE   TYPE AS REQUI RED   
2   EA    SURFACE CLOSER   C2021- PT4C- 4D- 4G ( SC71A- SS- TB)     FAL
1   EA    THRESHOLD   560A   ZER
2   EA    SWEEPS   8198AA   ZER
1   EA    WEATHER STRI P   8144S- BK- PSA   ZER
1   EA    OVERHEAD RAI N DRI P    142A   ZER
1   EA    METAL EDGE AND    PROVI DED BY DOOR SUPPLI ER         ASTRAGAL 
SET    

HW SET:  002
DOOR #( S) :
   
17

PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
6   EA    STD WT HI NGE   A2111 127MM X 114MM NRP   I VE
1   EA    REMOVABLE MULL    KR4023   FAL
1   EA    EXI T DEVI CE   25- R- EO- SNB- 299   FAL
1   EA    EXI T DEVI CE   25- R- NL- 512NL- 299- SNB   FAL
1   EA    RI M CYLI NDER W/ CONST.    C953- 7CCA   FAL
      CORE ( SFI C)
1   EA    MORTI SE CYLI NDER    C987- 7CCA   FAL
      W/ CONST.  CORE   
2   EA    PERMANENT CORE   TYPE AS REQUI RED   
2   EA    SURFACE CLOSER   C2021- PT4C- 4D- 4G ( SC71A- SS- TB)     FAL
1   EA    THRESHOLD   560A   ZER
2   EA    SWEEPS   8198AA   ZER
1   EA    WEATHER STRI P   8144S- BK- PSA   ZER
2   EA    MEETI NG EDGE SEALS   328AA   ZER
1   EA    OVERHEAD RAI N DRI P    142A   ZER

HW SET:  003
DOOR #( S) :
   
09      

PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
3   EA    STD WT HI NGE   A2111 127MM X 114MM NRP   I VE
1   EA    STOREROOM LOCKSET   1000- GR1 X F07 W/ TEMP CORE ( MA581HD FAL
1   EA    PERMANENT CORE   TYPE AS REQUI RED
1   EA    SURFACE CLOSER   C2021- PT4C- 4D- 4G ( SC71A- SS- TB)    FAL
1   EA    THRESHOLD   560A   ZER
1   EA    SWEEPS   8198AA   ZER
1   EA    WEATHER STRI P   8144S- BK- PSA   ZER
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1   EA    OVERHEAD RAI N DRI P    142A   ZER

HW SET:  004
DOOR #( S) :
   
02      03      07      08      10
12      13   
      
PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
1   EA    CONTI NUOUS HI NGE   224HD   I VE
1   EA    EXI T DEVI CE   CD- 25- R- NL- 512NL- 299- SNB   FAL
1   EA    RI M CYLI NDER W/ CONST.    C953- 7CCA   FAL
      CORE ( SFI C)
1   EA    MORTI SE CYLI NDER    C987- 7CCA   FAL
      W/ CONST.  CORE   
      CORE ( SFI C)
2   EA    PERMANENT CORES   TYPE AS REQ' D   
1   EA    SURFACE CLOSER   C2021- PT4C- 4D- 4G ( SC71A- SS- TB)     FAL
1   EA    KI CK PLATE   J102   I VE
1   EA    THRESHOLD   65A- MSLA- 10   ZER
1   EA    GASKETI NG   8144- BK- PSA   ZER
1   EA    DOOR SWEEP   8198AA   ZER
1   EA    OVERHEAD RAI N DRI P   142A   ZER

HW SET:  005
DOOR #( S) :
   
14   15   
PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
3   EA    HW HI NGE   A8111- 114MM X 114MM NRP   I VE
1   EA    CORRI DOR W/ DEADBOLT   1000- GR1 X F13 W/ TEMP CORE ( MA571HD)  FAL
1   EA    PERMANENT CORE   TYPE AS REQUI RED   
1   EA    SURFACE CLOSER   C2021- PT4C- 4D- 4G ( SC71A- SS- TB)     FAL
1   EA    KI CK PLATE   J102   I VE
1   EA    THRESHOLD   545A- 224   ZER
1   EA    DOOR SWEEP   8192AA   ZER
1   EA    GASKETI NG   188S- BK- PSA   ZER

HW SET:  006
DOOR #( S) :
   
16   
PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
3   EA    HW HI NGE   A8111- 114MM X 114MM NRP   I VE
1   EA    CORRI DOR W/ DEADBOLT   1000- GR1 X F13 W/ TEMP CORE ( MA571HD)  FAL
1   EA    PERMANENT CORE   TYPE AS REQUI RED   
1   EA    SURFACE CLOSER   C2011- PT4C- 4D ( SC71A- RW/ PA- TB)     FAL
1   EA    KI CK PLATE   J102   I VE
1   EA    THRESHOLD   545A- 224   ZER
1   EA    DOOR SWEEP   8192AA   ZER
1   EA    GASKETI NG   188S- BK- PSA   ZER

HW SET:  007
DOOR #( S) :
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18
      
PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
3   EA    HW HI NGE   A8111- 127MM X 114MM NRP   I VE
1   EA    PASSAGE SET   1000- GR1 X F01 ( MA101)    FAL
1   EA    SURFACE CLOSER   C2021- PT4C- 4D- 4G ( SC71A- SS- TB)    FAL
1   EA    KI CK PLATE   J102   I VE
1   EA    WALL STOP   L02251   I VE
3   EA    SI LENCER   L03011   I VE

HW SET:  008
DOOR #( S) :
   
22   23
      
PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
3   EA    STD WEI GHT HI NGE   A8111   I VE
1   EA    CORRI DOR W/ DEADBOLT   1000- GR1 X F13 W/ TEMP CORE ( MA571HD)  FAL
1   EA    PERMANENT CORE   TYPE AS REQUI RED   
1   EA    OVERHEAD STOP   90S SNB   GLY
3   EA    SI LENCER   L03011   I VE

HW SET:  009
DOOR #( S) :
   
19      21
         
PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
3   EA    HW HI NGE   A8111   I VE
1   EA    PUSH PLATE   J301   I VE
1   EA    PULL PLATE   J405   I VE
1   EA    SURFACE CLOSER   C2011- PT4C,  4D   FAL
1   EA    KI CK PLATE   J102   I VE
1   EA    WALL STOP   L02251   I VE
3   EA    SI LENCER   L03011   I VE

HW SET:  010
DOOR #( S) :
   
24

PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
3   EA    HW HI NGE   A8111 NRP   I VE
1   EA    CLASSROOM LOCKSET   1000- GR1 X F05 W/ TEMP CORE MA561HD)  FAL
1   EA    PERMANENT CORE   TYPE AS REQ' D   
1   EA    SURFACE CLOSER   C2021- PT4C- 4D- 4G ( SC71A- SS- TB)    FAL
1   EA    KI CK PLATE   J102   I VE
3   EA    SI LENCER   L03011   I VE

HW SET:  011
DOOR #( S) :
   
20
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PROVI DE EACH SGL DOOR( S)  WI TH THE FOLLOWI NG:
               
3   EA    HW HI NGE   A8112   I VE
1   EA    STOREROOM LOCKSET   1000- GR1 X F07 W/ TEMP CORE MA581HD)  FAL
1   EA    PERMANENT CORE   TYPE AS REQ' D   
1   EA    KI CK PLATE   J102   I VE
1   EA    WALL STOP   L02251   I VE
3   EA    SI LENCER   L03011   I VE

HW SET:  012
DOOR #( S) :
   
04   11
      
ALL HARDWARE BY OVERHEAD DOOR SUPPLI ER/ MFG

HW SET:  013
DOOR #( S) :
   
01
      
ALL HARDWARE BY FABRI C DOOR SUPPLI ER/ MFG

        - -  End of  Sect i on - -
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SECTI ON 08 81 00

GLAZI NG
05/ 19

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ARCHI TECTURAL MANUFACTURERS ASSOCI ATI ON ( AAMA)

AAMA 800 ( 2016)  Vol unt ar y Speci f i cat i ons and Test  
Met hods f or  Seal ant s

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z97. 1 ( 2015)  Saf et y Gl azi ng Mat er i al s Used i n 
Bui l di ngs -  Saf et y Per f or mance 
Speci f i cat i ons and Met hods of  Test

ASTM I NTERNATI ONAL ( ASTM)

ASTM C509 ( 2006;  R 2021)  St andar d Speci f i act i on f or  
El ast omer i c Cel l ul ar  Pr ef or med Gasket  and 
Seal i ng Mat er i al

ASTM C864 ( 2005;  R 2015)  Dense El ast omer i c 
Compr essi on Seal  Gasket s,  Set t i ng Bl ocks,  
and Spacer s

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM C1021 ( 2008;  R 2014)  St andar d Pr act i ce f or  
Labor at or i es Engaged i n Test i ng of  
Bui l di ng Seal ant s

ASTM C1036 ( 2021)  St andar d Speci f i cat i on f or  Fl at  
Gl ass

ASTM C1048 ( 2018)  St andar d Speci f i cat i on f or  
Heat - St r engt hened and Ful l y Temper ed Fl at  
Gl ass

ASTM C1087 ( 2016)  St andar d Test  Met hod f or  
Det er mi ni ng Compat i bi l i t y  of  
Li qui d- Appl i ed Seal ant s wi t h Accessor i es 
Used i n St r uct ur al  Gl azi ng Syst ems

ASTM C1172 ( 2019)  St andar d Speci f i cat i on f or  
Lami nat ed Ar chi t ect ur al  Fl at  Gl ass

ASTM C1184 ( 2014)  St andar d Speci f i cat i on f or  
St r uct ur al  Si l i cone Seal ant s
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ASTM C1281 ( 2016)  St andar d Speci f i cat i on f or  
Pr ef or med Tape Seal ant s f or  Gl azi ng 
Appl i cat i ons

ASTM D395 ( 2016;  E 2017)  St andar d Test  Met hods f or  
Rubber  Pr oper t y -  Compr essi on Set

ASTM D2287 ( 2019)  Nonr i gi d Vi nyl  Chl or i de Pol ymer  and 
Copol ymer  Mol di ng and Ext r usi on Compounds

ASTM E1300 ( 2016)  St andar d Pr act i ce f or  Det er mi ni ng 
Load Resi st ance of  Gl ass i n Bui l di ngs

ASTM E2190 ( 2010)  St andar d Speci f i cat i on f or  
I nsul at i ng Gl ass Uni t  Per f or mance and 
Eval uat i on

GLASS ASSOCI ATI ON OF NORTH AMERI CA ( GANA)

GANA Gl azi ng Manual ( 2008)  Gl azi ng Manual

GANA Seal ant  Manual ( 2008)  Seal ant  Manual

GANA St andar ds Manual ( 2008)  Engi neer i ng St andar ds Manual

I NSULATI NG GLASS MANUFACTURERS ALLI ANCE ( I GMA)

I GMA TB- 1200 ( 1983;  R 2016)  Gui del i nes f or  I nsul at i ng 
Gl ass Di mensi onal  Tol er ances

I GMA TB- 3001 ( 2001)  Gui del i nes f or  Sl oped Gl azi ng

I GMA TM- 3000 ( 1990;  R 2016)  Nor t h Amer i can Gl azi ng 
Gui del i nes f or  Seal ed I nsul at i ng Gl ass 
Uni t s f or  Commer ci al  & Resi dent i al  Use

NATI ONAL FENESTRATI ON RATI NG COUNCI L ( NFRC)

NFRC 100 ( 2020)  Pr ocedur e f or  Det er mi ni ng 
Fenest r at i on Pr oduct  U- Fact or s

NFRC 200 ( 2020)  Pr ocedur e f or  Det er mi ni ng 
Fenest r at i on Pr oduct  Sol ar  Heat  Gai n 
Coef f i c i ent  and Vi s i bl e Tr ansmi t t ance at  
Nor mal  I nci dence

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 252 ( 2022)  St andar d Met hods of  Fi r e Test s of  
Door  Assembl i es

NFPA 257 ( 2022)  St andar d on Fi r e Test  f or  Wi ndow 
and Gl ass Bl ock Assembl i es

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

16 CFR 1201 Saf et y St andar d f or  Ar chi t ect ur al  Gl azi ng 
Mat er i al s
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1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

I nsul at i ng Gl ass

Gl azi ng Accessor i es

Seal ant s

SD- 04 Sampl es

I nsul at i ng Gl ass

Gl azi ng Compound

Gl azi ng Tape

Seal i ng Tapes

SD- 08 Manuf act ur er ' s I nst r uct i ons

Set t i ng and Seal i ng Mat er i al s

Gl ass Set t i ng

SD- 11 Cl oseout  Submi t t al s

War r ant y f or  I nsul at ed Gl ass Uni t s

1. 3   SYSTEM DESCRI PTI ON

Fabr i cat e and i nst al l  wat er t i ght  and ai r t i ght  gl azi ng syst ems t o wi t hst and 
t her mal  movement  and wi nd l oadi ng wi t hout  gl ass br eakage,  gasket  f ai l ur e,  
det er i or at i on of  gl azi ng accessor i es,  or  def ect s i n t he wor k.   Gl azed 
panel s must  compl y wi t h t he saf et y st andar ds,  i n accor dance wi t h ANSI  Z97. 1,  
and compl y wi t h i ndi cat ed wi nd/ snow l oadi ng i n accor dance wi t h ASTM E1300.

1. 4   QUALI TY CONTROL

Submi t  t wo 8 by 10 i nch sampl es of  each of  t he f ol l owi ng:  t i nt ed gl ass,   
heat - absor bi ng gl ass,   and i nsul at i ng gl ass uni t s.

Submi t  t hr ee sampl es of  each ot her  mat er i al .   Sampl es of  pl ast i c sheet s 
must  be mi ni mum 5 by 7 i nches.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  pr oduct s t o t he s i t e i n unopened cont ai ner s,  l abel ed pl ai nl y wi t h 
manuf act ur er s '  names and br ands.   St or e gl ass and set t i ng mat er i al s i n 
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saf e,  encl osed dr y l ocat i ons and do not  unpack unt i l  needed f or  
i nst al l at i on.  Handl e and i nst al l  mat er i al s i n a manner  t hat  wi l l  pr ot ect  
t hem f r om damage.

1. 6   ENVI RONMENTAL REQUI REMENTS

Do not  st ar t  gl azi ng wor k unt i l  t he out door  t emper at ur e i s above 40 
degr ees F and r i s i ng,  unl ess pr ocedur es r ecommended by t he gl ass 
manuf act ur er  and appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve ar e 
made t o war m t he gl ass and r abbet  sur f aces.   Pr ovi de vent i l at i on t o 
pr event  condensat i on of  moi st ur e on gl azi ng wor k dur i ng i nst al l at i on.   Do 
not  per f or m gl azi ng wor k dur i ng damp or  r ai ny weat her .

1. 7   WARRANTY

1. 7. 1   War r ant y f or  I nsul at ed Gl ass Uni t s

War r ant y i nsul at i ng gl ass uni t s agai nst  devel opment  of  mat er i al  
obst r uct i on t o v i s i on ( such as dust ,  f oggi ng,  or  f i l m f or mat i on on t he 
i nner  gl ass sur f aces)  caused by f ai l ur e of  t he her met i c seal ,  ot her  t han 
t hr ough gl ass br eakage,  f or  a 10- year  per i od f ol l owi ng accept ance of  t he 
wor k.   Pr ovi de new uni t s f or  any uni t s f ai l i ng t o compl y wi t h t er ms of  
t hi s war r ant y wi t hi n 45 wor ki ng days af t er  r ecei pt  of  not i ce f r om t he 
Gover nment .

PART 2   PRODUCTS

2. 1   PRODUCT SUSTAI NABI LI TY CRI TERI A

2. 2   GLASS

ASTM C1036,  unl ess speci f i ed ot her wi se.   I n door s and si del i ght s,  pr ovi de 
saf et y gl azi ng mat er i al  conf or mi ng t o 16 CFR 1201.

2. 2. 1   Cl ear  Gl ass

For  i nt er i or  gl azi ng ( i . e. ,  pass and obser vat i on wi ndows) ,  1/ 4 i nch t hi ck 
gl ass shoul d be used.

Type I ,  Cl ass 1 ( c l ear ) ,  Qual i t y q4 ( A)  .   Pr ovi de f or  gl azi ng openi ngs 
not  i ndi cat ed or  speci f i ed ot her wi se.   Use doubl e- st r engt h sheet  gl ass or  
1/ 8 i nch f l oat  gl ass f or  openi ngs up t o and i ncl udi ng 15 squar e f eet ,  3/ 16 
i nch f or  gl azi ng openi ngs over  15 squar e f eet  but  not  over  30 squar e f eet ,  
and 1/ 4 i nch f or  gl azi ng openi ngs over  30 squar e f eet  but  not  over  45 
squar e f eet .

2. 2. 2   Anneal ed Gl ass

Anneal ed gl ass must  be Type I  t r anspar ent  f l at  t ype,  Cl ass 1 -  c l ear ,   
Qual i t y q3 -  gl azi ng sel ect ,  90 per cent  l i ght  t r ansmi t t ance,  conf or mi ng t o 
ASTM C1036.

2. 2. 3   Mi r r or s

2. 2. 3. 1   Gl ass Mi r r or s

Gl ass f or  mi r r or s must  be Type I  t r anspar ent  f l at  t ype,  Cl ass 1- cl ear ,  
Gl azi ng Qual i t y q1 1/ 4 i nch t hi ck conf or mi ng t o ASTM C1036.   Gl ass must  be 
coat ed on one sur f ace wi t h s i l ver  coat i ng,  copper  pr ot ect i ve coat i ng,  and 
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mi r r or  backi ng pai nt .   Si l ver  coat i ng must  be hi ghl y adhesi ve pur e s i l ver  
coat i ng of  a t hi ckness whi ch must  pr ovi de r ef l ect i v i t y of  83 per cent  or  
mor e of  i nci dent  l i ght  when vi ewed t hr ough 1/ 4 i nch t hi ck gl ass,  and must  
be f r ee of  pi nhol es or  ot her  def ect s.   Copper  pr ot ect i ve coat i ng must  be 
pur e br i ght  r ef l ect i ve copper ,  homogeneous wi t hout  s l udge,  pi nhol es or  
ot her  def ect s,  and must  be of  pr oper  t hi ckness t o pr event  " adhesi on pul l "  
by mi r r or  backi ng pai nt .   Mi r r or  backi ng pai nt  must  consi st  of  t wo coat s 
of  speci al  scr at ch and abr asi on- r esi st ant  pai nt  ,  and must  be baked i n 
uni f or m t hi ckness t o pr ovi de a pr ot ect i on f or  s i l ver  and copper  coat i ngs 
whi ch wi l l  per mi t  nor mal  cut t i ng and edge f abr i cat i on.

2. 2. 4   Temper ed Gl ass

ASTM C1048,  Ki nd FT ( f ul l y  t emper ed) ,  Condi t i on A ( uncoat ed) ,  Type I ,  
Cl ass 1 ( t r anspar ent )  ,  Qual i t y q3,  1/ 4 i nch t hi ck,  89 per cent  l i ght  
t r ansmi t t ance,  conf or mi ng t o ASTM C1048 and GANA St andar ds Manual .   Col or  
must  be cl ear  .   Pr ovi de i n al umi num st or ef r ont s and al umi num st or ef r ont  
door s and wher ever  saf et y gl azi ng mat er i al  i s  i ndi cat ed or  speci f i ed.

2. 2. 5   Fi r e/ Saf et y Rat ed Gl ass

2. 2. 5. 1   Fi r e Pr ot ect i on Rat ed Gl ass

Cl ear  t emper ed and meet  16 CFR 1201 Cat egor y I  ( under  9 squar e f eet )  or  I I  
( over  9 squar e f eet )  i mpact  saf et y st andar d.   Gl ass t o make 45 mi nut e 
r at i ng when t est ed i n accor dance wi t h NFPA 257 and NFPA 252.   Gl ass t o be 
per manent l y l abel ed wi t h appr opr i at e mar ki ngs.

2. 3   I NSULATI NG GLASS UNI TS

Two panes of  gl ass separ at ed by a dehydr at ed ai r space,  f i l l ed wi t h ar gon 
gas and her met i cal l y seal ed,  conf or mi ng t o ASTM E2190.   Submi t  per f or mance 
and compl i ance document at i on f or  each t ype of  i nsul at i ng gl ass.

I nsul at ed gl ass uni t s must  have a Sol ar  Heat  Gai n Coef f i c i ent  ( SHGC)  
maxi mum of  0. 39 det er mi ned accor di ng t o NFRC 200 and a U- f act or  maxi mum of  
0. 24 Bt u per  squar e f oot  by hr  by degr ee F i n accor dance wi t h NFRC 100.

See sect i ons f or  ener gy per f or mance r equi r ement s f or  gl azed syst ems 
( gl azi ng and f r ames) .   

Di mensi onal  t ol er ances must  be as speci f i ed i n I GMA TB- 1200.   Spacer  must  
be bl ack,  r ol l - f or med,  t hi n- gauge,  C- sect i on st eel  ,  wi t h bent  or  t i ght l y 
wel ded or  keyed and seal ed j oi nt s t o compl et el y seal  t he spacer  per i pher y 
and el i mi nat e moi st ur e and hydr ocar bon vapor  t r ansmi ssi on i nt o ai r space 
t hr ough t he cor ner s.   Pr i mar y seal  must  be compr essed pol y i sobut yl ene and 
t he secondar y seal  must  be a speci al l y f or mul at ed si l i cone.

The i nner  l i ght  must  be ASTM C1172,  c l ear  anneal ed f l at  gl ass Type I ,  
Cl ass I ,  Qual i t y q3 .     The out er  l i ght  must  be ASTM C1036,  Type I ,  Cl ass 
1 ( t r anspar ent )  ,  ,  Qual i t y q4,  1/ 4 i nch t hi ck .

2. 3. 1   Low Emi ssi v i t y Coat i ngs

I nt er i or  and ext er i or  gl ass panes f or  Low- E i nsul at i ng uni t s must  be Type 
I  anneal ed f l at  gl ass,  Cl ass 1- cl ear  wi t h ant i - r ef l ect i ve l ow- emi ssi v i t y 
coat i ng or  heat - st r engt hened or  f ul l y  t emper ed gl ass compl yi ng wi t h 
ASTM C1048,  Condi t i on C on No.  2 sur f ace ( i nsi de sur f ace of  ext er i or  pane) ,  
Qual i t y q3 -  gl azi ng sel ect ,  conf or mi ng t o ASTM C1036.   Gl ass per f or mance 
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must  be U val ue maxi mum of  0. 24 Bt u/ hr - f t 2- F,  Sol ar  Heat  Gai n Coef f i c i ent  
( SHGC)  maxi mum of  0. 39.   Col or  must  be cl ear .

2. 4   SETTI NG AND SEALI NG MATERI ALS

Pr ovi de as speci f i ed i n t he GANA Gl azi ng Manual ,  I GMA TM- 3000,  I GMA TB- 3001,  
and manuf act ur er ' s r ecommendat i ons,  unl ess speci f i ed ot her wi se her ei n.   Do 
not  use met al  sash put t y,  nonski nni ng compounds,  nonr esi l i ent  pr ef or med 
seal er s,  or  i mpr egnat ed pr ef or med gasket s.   Mat er i al s exposed t o v i ew and 
unpai nt ed must  be gr ay or  neut r al  col or .   Seal ant  t est i ng must  be 
per f or med by a t est i ng agency qual i f i ed accor di ng t o ASTM C1021.

Submi t  gl ass manuf act ur er ' s r ecommendat i ons f or  set t i ng and seal i ng 
mat er i al s and f or  i nst al l at i on of  each t ype of  gl azi ng mat er i al  speci f i ed.

2. 4. 1   Put t y and Gl azi ng Compound

Pr ovi de gl azi ng compound as r ecommended by manuf act ur er  f or  f ace- gl azi ng 
met al  sash.   Put t y must  be l i nseed oi l  t ype.   Do not  use put t y and gl azi ng 
compounds wi t h i nsul at i ng gl ass or  l ami nat ed gl ass.

2. 4. 2   Gl azi ng Compound

Use f or  f ace gl azi ng met al  sash.   Do not  use wi t h i nsul at i ng gl ass uni t s 
or  l ami nat ed gl ass.

2. 4. 3   Seal ant s

Pr ovi de el ast omer i c and st r uct ur al  seal ant s.

2. 4. 3. 1   El ast omer i c Seal ant

ASTM C920,  Type S,  Gr ade NS,  Cl ass 12. 5,  Use G.   Use f or  channel  or  st op 
gl azi ng met al  sash.   Seal ant s must  be chemi cal l y compat i bl e wi t h set t i ng 
bl ocks,  edge bl ocks,  and seal i ng t apes,  wi t h seal ant s used i n manuf act ur e 
of  i nsul at i ng gl ass uni t s .   Col or  of  seal ant  must  be whi t e.

2. 4. 3. 2   St r uct ur al  Seal ant

ASTM C1184,  Type S.

2. 4. 4   Gl azi ng Tapes

2. 4. 4. 1   Back- Beddi ng Mast i c Gl azi ng Tapes

Pr ef or med,  but yl - based,  100 per cent  sol i ds el ast omer i c t ape;  nonst ai ni ng 
and nonmi gr at i ng i n cont act  wi t h nonpor ous sur f aces;  wi t h or  wi t hout  
spacer  r od as r ecommended i n wr i t i ng by t ape and gl ass manuf act ur er s f or  
appl i cat i on i ndi cat ed;  and compl yi ng wi t h ASTM C1281 and AAMA 800 f or  
pr oduct s i ndi cat ed bel ow:

a.   AAMA 804. 3 t ape,  wher e i ndi cat ed.

b.   AAMA 806. 3 t ape,  f or  gl azi ng appl i cat i ons i n whi ch t ape i s subj ect  t o 
cont i nuous pr essur e.

c.   AAMA 807. 3 t ape,  f or  gl azi ng appl i cat i ons i n whi ch t ape i s not  subj ect  
t o cont i nuous pr essur e.
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2. 4. 4. 2   Expanded Cel l ul ar  Gl azi ng Tapes

Cl osed- cel l ,  PVC f oam t apes;  f act or y coat ed wi t h adhesi ve on bot h 
sur f aces;  and compl yi ng wi t h AAMA 800 f or  t he f ol l owi ng t ypes:

a.   AAMA 810. 1,  Type 1,  f or  gl azi ng appl i cat i ons i n whi ch t ape act s as t he 
pr i mar y seal ant .

b.   AAMA 810. 1,  Type 2,  f or  gl azi ng appl i cat i ons i n whi ch t ape i s used i n 
combi nat i on wi t h a f ul l  bead of  l i qui d seal ant .

2. 4. 5   Seal i ng Tapes

Pr ef or med,  semi sol i d,  PVC- based mat er i al  of  pr oper  s i ze and 
compr essi bi l i t y  f or  t he par t i cul ar  condi t i on,  compl yi ng wi t h ASTM D2287.   
Use onl y wher e gl azi ng r abbet  i s desi gned f or  t ape and t ape i s r ecommended 
by t he gl ass or  seal ant  manuf act ur er .   Pr ovi de spacer  shi ms f or  use wi t h 
compr essi bl e t apes.   Tapes must  be chemi cal l y compat i bl e wi t h t he pr oduct  
bei ng set .

2. 4. 6   Set t i ng Bl ocks and Edge Bl ocks

Cl osed- cel l  neopr ene set t i ng bl ocks must  be dense ext r uded t ype conf or mi ng 
t o ASTM C509 and ASTM D395,  Met hod B,  Shor e A dur omet er  bet ween 70 and 
90.   Edge bl ocki ng must  be Shor e A dur omet er  of  50 ( pl us or  mi nus 5) .   
Pr ovi de si l i cone set t i ng bl ocks when bl ocks ar e i n cont act  wi t h s i l i cone 
seal ant .   Pr of i l es,  l engt hs and l ocat i ons must  be as r equi r ed and 
r ecommended i n wr i t i ng by gl ass manuf act ur er .   Bl ock col or  must  be bl ack.

2. 4. 7   Gl azi ng Gasket s

Gl azi ng gasket s must  be ext r uded wi t h cont i nuous i nt egr al  l ocki ng 
pr oj ect i on desi gned t o engage i nt o met al  gl ass hol di ng member s t o pr ovi de 
a wat er t i ght  seal  dur i ng dynami c l oadi ng,  bui l di ng movement s and t her mal  
movement s.   Gl azi ng gasket s f or  a s i ngl e gl azed openi ng must  be cont i nuous 
one- pi ece uni t s wi t h f act or y- f abr i cat ed i nj ect i on- mol ded cor ner s f r ee of  
f l ashi ng and bur r s.   Gl azi ng gasket s must  be i n l engt hs or  uni t s 
r ecommended by manuf act ur er  t o ensur e agai nst  pul l - back at  cor ner s.   
Pr ovi de gl azi ng gasket  pr of i l es as r ecommended by t he manuf act ur er  f or  t he 
i nt ended appl i cat i on.

2. 4. 7. 1   Fi xed Gl azi ng Gasket s

Fi xed gl azi ng gasket s must  be cl osed- cel l  ( sponge)  smoot h ext r uded 
compr essi on gasket s of  cur ed el ast omer i c v i r gi n neopr ene compounds 
conf or mi ng t o ASTM C509,  Type 2,  Opt i on 1.

2. 4. 7. 2   Wedge Gl azi ng Gasket s

Wedge gl azi ng gasket s must  be hi gh- qual i t y ext r usi ons of  cur ed el ast omer i c 
v i r gi n neopr ene compounds,  ozone r esi st ant ,  conf or mi ng t o ASTM C864,  
Opt i on 1,  Shor e A dur omet er  bet ween 65 and 75.

2. 4. 7. 3   Al umi num Fr ami ng Gl azi ng Gasket s

Gl azi ng gasket s f or  al umi num f r ami ng must  be per manent ,  el ast i c,  
non- shr i nki ng,  non- mi gr at i ng,  wat er t i ght  and weat her t i ght .
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2. 4. 8   Accessor i es

Pr ovi de as r equi r ed f or  a compl et e i nst al l at i on,  i ncl udi ng gl azi ng poi nt s,  
c l i ps,  shi ms,  angl es,  beads,  and spacer  st r i ps.   Pr ovi de noncor r odi ng 
met al  accessor i es.   Pr ovi de pr i mer - seal er s and cl eaner s as r ecommended by 
t he gl ass and seal ant  manuf act ur er s.   Use ASTM C1087 t o det er mi ne whet her  
pr i mi ng and ot her  speci f i c  j oi nt  pr epar at i on t echni ques ar e r equi r ed t o 
obt ai n r api d,  opt i mum adhesi on of  gl azi ng seal ant s t o sur f ace.

2. 5   MI RROR ACCESSORI ES

2. 5. 1   Mast i c

Mast i c f or  set t i ng mi r r or s must  be a pol ymer  t ype mi r r or  mast i c r esi st ant  
t o wat er ,  shock,  cr acki ng,  v i br at i on and t her mal  expansi on.   Pr ovi de 
mast i c compat i bl e wi t h mi r r or  backi ng pai nt ,  and as appr oved by mi r r or  
manuf act ur er .

2. 5. 2   Mi r r or  Fr ames

Pr ovi de mi r r or s wi t h mi r r or  f r ames ( J- mol d channel s)  f abr i cat ed of  
one- pi ece r ol l - f or med Type 304 st ai nl ess st eel  wi t h No.  4 br ushed sat i n 
f i ni sh and conceal ed f ast ener s whi ch wi l l  keep mi r r or s snug t o wal l .   
Fr ames must  be 1- 1/ 4 by 1/ 4 by 1/ 4 i nch cont i nuous at  t op and bot t om of  
mi r r or s.   Conceal ed f ast ener s of  t ype t o sui t  wal l  const r uct i on mat er i al  
must  be pr ovi ded wi t h mi r r or  f r ames.

2. 5. 3   Mi r r or  Cl i ps

Pr ovi de cl i ps wi t h conceal ed f ast ener s of  t ype t o sui t  wal l  const r uct i on 
mat er i al .

PART 3   EXECUTI ON

Any mat er i al s t hat  show vi sual  evi dence of  bi ol ogi cal  gr owt h due t o t he 
pr esence of  moi st ur e must  not  be i nst al l ed on t he bui l di ng pr oj ect .

3. 1   PREPARATI ON

Pr epar at i on,  unl ess ot her wi se speci f i ed or  appr oved,  must  conf or m t o 
appl i cabl e r ecommendat i ons i n t he GANA Gl azi ng Manual ,  GANA Seal ant  Manual ,  
I GMA TB- 3001,  I GMA TM- 3000,  and manuf act ur er ' s r ecommendat i ons.   Det er mi ne 
t he si zes t o pr ovi de t he r equi r ed edge cl ear ances by measur i ng t he act ual  
openi ng t o r ecei ve t he gl ass.   Gr i nd smoot h i n t he shop gl ass edges t hat  
wi l l  be exposed i n f i ni sh wor k.   Leave l abel s i n pl ace unt i l  t he 
i nst al l at i on i s appr oved,  except  r emove appl i ed l abel s on heat - absor bi ng 
gl ass and on i nsul at i ng gl ass uni t s as soon as gl ass i s i nst al l ed.  
Secur el y f i x  movabl e i t ems or  keep i n a c l osed and l ocked posi t i on unt i l  
gl azi ng compound has t hor oughl y set .

3. 2   GLASS SETTI NG

Shop gl aze or  f i el d gl aze i t ems t o be gl azed usi ng gl ass of  t he qual i t y 
and t hi ckness speci f i ed or  i ndi cat ed.   Gl azi ng,  unl ess ot her wi se speci f i ed 
or  appr oved,  must  conf or m t o appl i cabl e r ecommendat i ons i n t he 
GANA Gl azi ng Manual ,  GANA Seal ant  Manual ,  I GMA TB- 3001,  I GMA TM- 3000,  and 
manuf act ur er ' s r ecommendat i ons.   Al umi num wi ndows,  wood door s,  and wood 
wi ndows may be gl azed i n conf or mance wi t h one of  t he gl azi ng met hods 
descr i bed i n t he st andar ds under  whi ch t hey ar e pr oduced,  except  t hat  f ace 
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put t y i ng wi t h no beddi ng wi l l  not  be per mi t t ed.   Handl e and i nst al l  
gl azi ng mat er i al s i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.   Use 
beads or  st ops whi ch ar e f ur ni shed wi t h i t ems t o be gl azed t o secur e t he 
gl ass i n pl ace.   Ver i f y pr oduct s ar e pr oper l y i nst al l ed,  connect ed,  and 
adj ust ed.

3. 2. 1   Sheet  Gl ass

Cut  and set  wi t h t he v i s i bl e l i nes or  waves hor i zont al .

3. 2. 2   I nsul at i ng Gl ass Uni t s

Do not  gr i nd,  ni p,  or  cut  edges or  cor ner s of  uni t s af t er  t he uni t s have 
l ef t  t he f act or y.   Spr i ngi ng,  f or c i ng,  or  t wi st i ng of  uni t s dur i ng set t i ng 
wi l l  not  be per mi t t ed.   Handl e uni t s so as not  t o st r i ke f r ames or  ot her  
obj ect s.   I nst al l at i on must  conf or m t o appl i cabl e r ecommendat i ons of  
I GMA TB- 3001 and I GMA TM- 3000.

3. 3   CLEANI NG

Cl ean gl ass sur f aces and r emove l abel s,  pai nt  spot s,  put t y,  and ot her  
def acement  as r equi r ed t o pr event  st ai ni ng.   Gl ass must  be cl ean at  t he 
t i me t he wor k i s accept ed.

3. 4   PROTECTI ON

Pr ot ect  gl ass wor k i mmedi at el y af t er  i nst al l at i on.   I dent i f y gl azed 
openi ngs wi t h sui t abl e war ni ng t apes,  c l ot h or  paper  f l ags,  at t ached wi t h 
non- st ai ni ng adhesi ves.   Pr ot ect  r ef l ect i ve gl ass wi t h a pr ot ect i ve 
mat er i al  t o el i mi nat e any cont ami nat i on of  t he r ef l ect i ve coat i ng.   Pl ace 
pr ot ect i ve mat er i al  f ar  enough away f r om t he coat ed gl ass t o al l ow ai r  t o 
c i r cul at e t o r educe heat  bui l dup and moi st ur e accumul at i on on t he gl ass.   
Upon r emoval ,  separ at e pr ot ect i ve mat er i al s f or  r euse or  r ecycl i ng.   
Remove and r epl ace gl ass uni t s whi ch ar e br oken,  chi pped,  cr acked,  
abr aded,  or  ot her wi se damaged dur i ng const r uct i on act i v i t i es wi t h new 
uni t s.

        - -  End of  Sect i on - -
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SECTI ON 08 91 00

METAL WALL AND DOOR LOUVERS
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 500- L ( 2015)  Labor at or y Met hods of  Test i ng 
Louver s f or  Rat i ng

AMCA 511 ( 2010;  R 2016)  Cer t i f i ed Rat i ngs Pr ogr am 
f or  Ai r  Cont r ol  Devi ces

ALUMI NUM ASSOCI ATI ON ( AA)

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

AMERI CAN ARCHI TECTURAL MANUFACTURERS ASSOCI ATI ON ( AAMA)

AAMA 611 ( 2014)  Vol unt ar y Speci f i cat i on f or  
Anodi zed Ar chi t ect ur al  Al umi num

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs

ASTM A1008/ A1008M ( 2021a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes
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1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Wal l  Louver s

SD- 03 Pr oduct  Dat a

Met al  Wal l  Louver s

Door  Louver s

SD- 04 Sampl es

Wal l  Louver  Sampl es;  G,  RO

Door  Louver  Sampl es;  G,  RO

1. 3   DELI VERY,  STORAGE,  AND PROTECTI ON

Del i ver  mat er i al s t o t he s i t e i n an undamaged condi t i on.   Car ef ul l y st or e 
mat er i al s of f  t he gr ound t o pr ovi de pr oper  vent i l at i on,  dr ai nage,  and 
pr ot ect i on agai nst  dampness.   Louver s must  be f r ee f r om ni cks,  scr at ches,  
and bl emi shes.   Repl ace def ect i ve or  damaged mat er i al s wi t h new.

1. 4   DETAI L DRAWI NGS

Show al l  i nf or mat i on necessar y f or  f abr i cat i on and i nst al l at i on of  wal l  
l ouver s.   I ndi cat e mat er i al s,  s i zes,  t hi cknesses,  f ast eni ngs,  and pr of i l es.

1. 5   COLOR SAMPLES

Col or s of  f i ni shes f or  wal l  l ouver  sampl es and door  l ouver  sampl es must  
c l osel y appr oxi mat e col or s i ndi cat ed.   Wher e col or  i s not  i ndi cat ed,  
submi t  t he manuf act ur er ' s st andar d col or s t o t he Cont r act i ng Of f i cer  f or  
sel ect i on.

PART 2   PRODUCTS

2. 1   MATERI ALS

2. 1. 1   Gal vani zed St eel  Sheet

ASTM A653/ A653M,  coat i ng desi gnat i on G90.

2. 1. 2   Al umi num Sheet

 ASTM B209,  al l oy 3003 or  5005 wi t h t emper  as r equi r ed f or  f or mi ng.
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2. 1. 3   Ext r uded Al umi num

 ASTM B221,  al l oy 6063- T5 or  - T52.

2. 1. 4   Col d Rol l ed St eel  Sheet

ASTM A1008/ A1008M,  Cl ass 1,  wi t h mat t e f i ni sh.   Use f or  i nt er i or  l ouver s 
onl y.

2. 2   METAL WALL LOUVERS

Weat her  r esi st ant  t ype,  wi t h bi r d scr eens and made t o wi t hst and a wi nd 
l oad of  not  l ess t han 30 pounds per  squar e f oot .   Wal l  l ouver s must  bear  
t he AMCA cer t i f i ed r at i ngs pr ogr am seal  f or  ai r  per f or mance and wat er  
penet r at i on i n accor dance wi t h AMCA 500- L and AMCA 511.   The r at i ng must  
show a wat er  penet r at i on of  0. 20 or  l ess ounce per  squar e f oot  of  f r ee 
ar ea at  a f r ee vel oci t y of  800 f eet  per  mi nut e.

2. 2. 1   Ext r uded Al umi num Louver s

Fabr i cat ed of  ext r uded 6063- T5 or  - T52 al umi num wi t h a wal l  t hi ckness of  
not  l ess t han 0. 081 i nch.

2. 2. 2   For med Met al  Louver s

For med of  z i nc- coat ed st eel  sheet  not  t hi nner  t han 16 U. S.  gage,  or  
al umi num sheet  not  l ess t han 0. 08 i nch t hi ck.

2. 2. 3   Mul l i ons and Mul l i on Cover s

Same mat er i al  and f i ni sh as l ouver s.   Pr ovi de mul l i ons f or  al l  l ouver s 
mor e t han 5 f eet  i n wi dt h at  not  mor e t han 5 f eet  on cent er s.   Pr ovi de 
mul l i on cover s on bot h f aces of  j oi nt s bet ween l ouver s.

2. 2. 4   Scr eens and Fr ames

For  al umi num l ouver s,  pr ovi de 1/ 2 i nch squar e mesh,  14 or  16 gage al umi num 
or  1/ 4 i nch squar e mesh,  16 gage al umi num bi r d scr eeni ng.   For  st eel  
l ouver s,  pr ovi de 1/ 2 i nch squar e mesh,  12 or  16 gage zi nc- coat ed st eel ;  
1/ 2 i nch squar e mesh,  16 gage copper ;  or  1/ 4 i nch squar e mesh,  16 gage 
zi nc- coat ed st eel  or  copper  bi r d scr eeni ng.   Mount  scr eens i n r emovabl e,  
r ewi r abl e f r ames of  same mat er i al  and f i ni sh as t he l ouver s.

2. 3   DOOR LOUVERS

I nver t ed " Y"  or  I nver t ed " V"  s i ght pr oof  t ype not  l ess t han one i nch t hi ck 
wi t h mat chi ng met al  t r i m.   Louver s f or  ext er i or  door s must  be weat her  
r esi st ant  t ype.

2. 3. 1   Ext r uded Al umi num Door  Louver s

Fabr i cat e of  6063- T5 or  - T52 al umi num al l oy wi t h a wal l  t hi ckness of  not  
l ess t han 0. 050 i nch t hi ck.   Fr ames and t r i m must  be cl amp- i n " L"  t ype.

2. 3. 2   For med Met al  Door  Louver s

Fabr i cat e of   20 U. S.  gage st eel  sheet .   Tr i m must  be bevel ed " Z"  mol di ng 
bot h s i des.
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2. 3. 3   Scr eens and Fr ames

For  ext er i or  door s,  pr ovi de al umi num i nsect  scr eens,  18 by 16 or  18 by 14 
mesh.   Mount  scr eens i n r emovabl e,  r ewi r abl e f r ames of  same mat er i al  and 
f i ni sh as t he l ouver s.

2. 4   FASTENERS AND ACCESSORI ES

Pr ovi de st ai nl ess st eel  scr ews and f ast ener s f or  al umi num l ouver s and 
zi nc- coat ed or  st ai nl ess st eel  scr ews and f ast ener s f or  st eel  l ouver s.   
Pr ovi de ot her  accessor i es as r equi r ed f or  compl et e and pr oper  i nst al l at i on.

2. 5   FI NI SHES

2. 5. 1   Al umi num

Exposed al umi num sur f aces must  be f act or y f i ni shed wi t h an anodi c coat i ng.
  Louver s  must  have t he same f i ni sh.

2. 5. 1. 1   Anodi c Coat i ng

Cl ean exposed al umi num sur f aces and pr ovi de an anodi zed f i ni sh conf or mi ng 
t o AA DAF45 and AAMA 611.   Fi ni sh must  be:

b.   Ar chi t ect ur al  Cl ass I  (   0. 7 mi l  or  t hi cker ) ,  desi gnat i on AA- M10- C22-
A41,  c l ear  ( nat ur al )  anodi zed.

2. 5. 2   St eel

Sur f aces speci f i ed must  have a z i nc coat i ng,  a phosphat e t r eat ment ,  and a 
shop pr i me coat  of  r ust - i nhi bi t i ve pai nt .   The gal vani zed coat i ng must  
conf or m t o ASTM A653/ A653M,  coat i ng desi gnat i on Z275 ( G90) .   The wei ght  of  
z i nc coat i ngs must  be as desi gnat ed i n Tabl e I  of  ASTM A123/ A123M f or  t he 
t hi ckness of  base met al  t o be coat ed.   The pr i me coat  must  be a t ype 
especi al l y devel oped f or  mat er i al s t r eat ed by phosphat es and adapt ed t o 
appl i cat i on by di ppi ng or  spr ayi ng.   Repai r  damaged zi nc- coat ed sur f aces 
by t he mat er i al s and met hods conf or mi ng t o ASTM A780/ A780M and spot  
pr i me.   At  t he opt i on of  t he Cont r act or ,  a t wo- par t  syst em i ncl udi ng 
bonder i z i ng,  baked- on epoxy pr i mer ,  and baked- on enamel  t op coat  may be 
appl i ed bef or e f or mi ng,  i n l i eu of  pr i me coat  speci f i ed.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Wal l  Louver s

I nst al l  usi ng st ops or  mol di ngs,  f l anges,  st r ap anchor s,  or  j amb f ast ener s 
as appr opr i at e f or  t he wal l  const r uct i on and i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.

3. 1. 2   Door  Louver s

I nst al l  l ouver s i n wood door s by usi ng met al  " Z"  or  " L"  mol di ngs.   Fast en 
mol di ngs t o door  wi t h scr ews.

3. 1. 3   Scr eens and Fr ames

At t ach f r ames t o l ouver s wi t h scr ews or  bol t s.
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3. 2   PROTECTI ON FROM CONTACT OF DI SSI MI LAR MATERI ALS

3. 2. 1   Copper  or  Copper - Bear i ng Al l oys

Pai nt  copper  or  copper - bear i ng al l oys i n cont act  wi t h di ssi mi l ar  met al  
wi t h heavy- bodi ed bi t umi nous pai nt  or  separ at e wi t h i ner t  membr ane.

3. 2. 2   Al umi num

Wher e al umi num cont act s met al  ot her  t han zi nc,  pai nt  t he di ssi mi l ar  met al  
wi t h a pr i mer  and t wo coat s of  al umi num pai nt .

3. 2. 3   Met al

Pai nt  met al  i n cont act  wi t h mor t ar ,  concr et e,  or  ot her  masonr y mat er i al s 
wi t h al kal i - r esi st ant  coat i ngs such as heavy- bodi ed bi t umi nous pai nt .

3. 2. 4   Wood

Pai nt  wood or  ot her  absor pt i ve mat er i al s t hat  may become r epeat edl y wet  
and i n cont act  wi t h met al  wi t h t wo coat s of  al umi num pai nt  or  a coat  of  
heavy- bodi ed bi t umi nous pai nt .

        - -  End of  Sect i on - -
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SECTI ON 09 06 00

SCHEDULES FOR FI NI SHES
08/ 22

PART 1   GENERAL
 
1. 1   SUMMARY

Thi s sect i on cover s onl y t he col or  of  ext er i or  and i nt er i or  mat er i al s and 
pr oduct s t hat  ar e exposed t o v i ew i n t he f i ni shed const r uct i on.   The wor d 
" col or " ,  as used her ei n,  i ncl udes sur f ace col or  and pat t er n.   Requi r ement s 
f or  qual i t y,  pr oduct  speci f i cat i ons,  and met hod of  i nst al l at i on ar e 
cover ed i n ot her  appr opr i at e sect i ons of  t he speci f i cat i ons.   Speci f i c  
l ocat i ons wher e t he var i ous mat er i al s ar e r equi r ed ar e shown on t he 
dr awi ngs i f  not  i dent i f i ed i n t hi s speci f i cat i on.   I t ems not  desi gnat ed 
f or  col or  i n t hi s sect i on may be speci f i ed i n ot her  sect i ons.   When col or  
i s not  desi gnat ed f or  i t ems,  pr opose a col or  f or  appr oval .

PART 2   PRODUCTS

2. 1   COLOR SCHEDULE

The col or  i nf or mat i on pr ovi ded i n t he f ol l owi ng par agr aphs l i s t s t he 
col or s,  pat t er ns and t ext ur es f or  ext er i or  and i nt er i or  f i ni shes,  
i ncl udi ng bot h f act or y appl i ed and f i el d appl i ed col or s.  I n t he case of  
di f f er ence bet ween t he dr awi ngs and speci f i cat i ons,  col or s i dent i f i ed i n 
t hi s speci f i cat i on gover n.

2. 2   EXTERI OR FI NI SHES

2. 2. 1   Ext er i or  Wal l s

Ext er i or  wal l  col or s appl y t o ext er i or  wal l  sur f aces i ncl udi ng r ecesses at  
ent r ances and pr oj ect i ng vest i bul es.   When appl i cabl e,  pai nt  condui t  t o 
c l osel y mat ch t he adj acent  sur f ace col or .   Pr ovi de wal l  col or s t o mat ch 
t he col or s l i s t ed bel ow.

2. 2. 1. 1   Met al  Wal l  Panel s,  Har dwar e,  and Associ at ed Tr i m

Met l - Span Sant a Fe Al mond

2. 2. 1. 2   Pr ecast  Concr et e

Li ght  Bei ge

2. 2. 1. 3   Gl ass and Gl azi ng

Gr ay

2. 2. 1. 4   Pai nt

Mat ch exi st i ng adj acent  col or .

2. 2. 2   Ext er i or  Tr i m

Pr ovi de ext er i or  t r i m t o mat ch t he col or s l i s t ed bel ow.
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2. 2. 2. 1   St eel  Door s and Door  Fr ames

Sher wi n Wi l l i am SW6053 Pr ot ege Br onze

2. 2. 2. 2   Al umi num Door s and Door  Fr ames

Cl ear  anodi zed

2. 2. 2. 3   Al umi num Wi ndows ( mul l i on,  munt i n,  sash,  t r i m,  and si l l )

Cl ear  anodi zed

2. 2. 2. 4   Wi ndow Scr eens

Gr ay

2. 2. 2. 5   Fasci a

Met l - Span Al mond

2. 2. 2. 6   Downspout s and Gut t er s

Met l - Span Al mond

2. 2. 2. 7   Louver s

Mat ch adj acent  mat er i al  i n col or .

2. 2. 2. 8   Fl ashi ngs

Mat ch adj acent  mat er i al  i n col or .

2. 2. 2. 9   Caul k i ng and Seal ant s

Mat ch adj acent  mat er i al  i n col or .

2. 2. 2. 10   Bol l ar ds

Saf et y Yel l ow

2. 2. 2. 11   Cont r ol  Joi nt s

Mat ch adj acent  mat er i al  i n col or .

2. 2. 3   Ext er i or  Roof

Appl y r oof  col or  t o ext er i or  r oof  sur f aces i ncl udi ng sheet  met al  f l ashi ngs 
and copi ngs,  snow guar ds,  mechani cal  uni t s,  mechani cal  pent houses,  r oof  
t r i m,  pi pes,  condui t s,  el ect r i cal  appur t enances,  and si mi l ar  i t ems.   
Pr ovi de r oof  col or  t o mat ch t he col or s l i s t ed bel ow.

2. 2. 3. 1   Met al

Met l - Span Pol ar  Whi t e

2. 2. 3. 2   Penet r at i ons

Mat ch r oof  i n col or .
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2. 3   I NTERI OR FI NI SHES

2. 3. 1   I nt er i or  Fl oor  Fi ni shes

Pr ovi de f l oor i ng mat er i al s t o mat ch t he col or s l i s t ed bel ow.

2. 3. 1. 1   Por cel ai n Ti l e

CTF- 1 Amer i can Ol ean Hi st or i c Li mest one,  Nat i ve HS11  24" x24"

2. 3. 1. 2   Cer ami c Ti l e

CTF- 2 Amer i can Ol ean Hi st or i c Li mest one,  Nat i ve HS11  gl azed 
cer ami c 2" x2"  mosai c wi t h st epwi se t echnol ogy

2. 3. 1. 3   Gr out

Lat acr et e #90 Li ght  Pewt er

2. 3. 1. 4   Sol i d Sur f ace Tr ansi t i on

SS- 1 Cor i an Cameo Whi t e

2. 3. 1. 5   Concr et e ( Nat ur al )

2. 3. 1. 6   I ndust r i al  Fl oor  Coat i ng

EPU- 1 Sher wi n Wi l l i ams Resuf l or  Canada Gr ay #51

2. 3. 2   I nt er i or  Base Fi ni shes

Pr ovi de base mat er i al s t o mat ch t he col or s l i s t ed bel ow.

2. 3. 2. 1   Resi l i ent  Base and Mol di ngs

RB- 1 Roppe Fl ax 632

2. 3. 2. 2   Cer ami c Ti l e

CTB- 1 Amer i can Ol ean Col or  St or y St abl e Gl oss 6" x6"  cove

2. 3. 2. 3   Gr out

Lat i cr et e #90 Li ght  Pewt er

2. 3. 3   I nt er i or  Wal l  Fi ni shes

Appl y i nt er i or  wal l  col or  t o t he ent i r e wal l  sur f ace,  i ncl udi ng r eveal s,  
ver t i cal  f ur r ed spaces and col umns,  gr i l l es,  di f f user s,  el ect r i cal  and 
access panel s,  and pi pi ng and condui t  adj acent  t o wal l  sur f aces unl ess 
ot her wi se speci f i ed.   Pai nt  i t ems not  speci f i ed i n ot her  par agr aphs t o 
mat ch adj acent  wal l  sur f ace.   Pr ovi de wal l  mat er i al s t o mat ch t he col or s 
l i s t ed bel ow.

2. 3. 3. 1   Pai nt

PT- 2 Sher wi n Wi l l i ams SW7050 Usef ul  Gr ay swmi - gl oss f i ni sh
PT- 3 Sher wi n Wi l l i ams SW9109 Nat ur al  Li nen sat i n f i ni sh
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2. 3. 3. 2   Cer ami c Ti l e

CTW- 1 Amer i can Ol ean Col or  St or y St abl e Gl oss 6" x6"  

2. 3. 3. 3   Gr out

Lat i cr et e #90 Li ght  Pewt er

2. 3. 3. 4   I nt er i or  Si de of  Composi t e Panel s andMet al  Li ner  Panel s

Met l - Span Regal  Gr ay

2. 3. 3. 5   Exposed St r uct ur al  Col umns

PT- 1 Sher wi n Wi l l i ams SW9541 Whi t e Show gl oss

2. 3. 4   I nt er i or  Cei l i ng Fi ni shes

Appl y cei l i ng col or s t o cei l i ng sur f aces i ncl udi ng sof f i t s,  f ur r ed down 
ar eas,  gr i l l es,  di f f user s,  r egi st er s,  and access panel s.   I n addi t i on,  
appl y cei l i ng col or  t o j oi st s,  under si de of  r oof  deck,  and condui t  and 
pi pi ng wher e j oi st s and deck ar e exposed and r equi r ed t o be pai nt ed.   
Pr ovi de cei l i ng mat er i al s t o mat ch t he col or s l i s t ed bel ow.

2. 3. 4. 1   Acoust i cal  Ti l e and Gr i d

Manuf act ur er s St andar d Col or

2. 3. 4. 2   Pai nt  ( Cei l i ngs)

PT- 5 Sher wi n Wi l l i ams SW7566 West hi ghl and Whi t e f l at

2. 3. 4. 3   Met al  Deck

PT- 1 Sher wi n Wi l l i ams SW9541 Whi t e Snow gl oss

2. 3. 4. 4   St r uct ur al  Fr ami ng

PT- 1 Sher wi n Wi l l i ams SW9541 Whi t e Snow gl oss

2. 3. 5   I nt er i or  Tr i m

Pr ovi de i nt er i or  t r i m t o mat ch t he col or s l i s t ed bel ow.

2. 3. 5. 1   St eel  Door s

PT- 4 Sher wi n Wi l l i ams SW6150 Uni ver sal  Khaki  semi - gl oss

2. 3. 5. 2   St eel  Door  Fr ames

PT- 4 Sher wi n Wi l l i ams SW6150 Uni ver sal  Khaki  semi - gl oss

2. 3. 5. 3   Al umi num Wi ndows ( mul l i on,  munt i n,  sash,  t r i m,  and st ool )

Cl ear  anodi zed 
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2. 3. 5. 4   Wood Door s

PT- 6 Sher wi n Wi l l i ams Mi nwax MW1104 Cocoa Br own

2. 3. 5. 5   Wood St ai n

PT- 6 Sher wi n Wi l l i ams Mi nwax MW1104 Cocoa Br own

2. 3. 5. 6   Fi r e Ext i ngui sher  Cabi net s

Cl ear  anodi zed al umi num

2. 3. 5. 7   Ladder s

PT- 1 Sher wi n Wi l l i ams SW9541 Whi t e Snow gl oss

2. 3. 5. 8   Exposed Duct wor k

PT- 1 Sher wi n Wi l l i ams SW9541 Whi t e Snow gl oss

2. 3. 5. 9   Bol l ar ds

Saf et y yel l ow

2. 3. 6   I nt er i or  Wi ndow Tr eat ment

Pr ovi de wi ndow t r eat ment s t o mat ch t he col or s l i s t ed bel ow.

2. 3. 6. 1   Hor i zont al  Bl i nds

Hunt er  Dougl as #855 Fl ex Whi t e

2. 3. 7   I nt er i or  Mi scel l aneous

Pr ovi de mi scel l aneous i t ems t o mat ch t he col or s l i s t ed bel ow.

2. 3. 7. 1   Toi l et  Par t i t i ons and Ur i nal  Scr eens

   TP- 1 Wi l son Ar t  Wal l aby D439- 60 mat t e

2. 3. 7. 2   Casewor k

PT- 6 Sher wi n Wi l l i ams Mi nwax MW1104 Cocoa Br own

2. 3. 7. 3   Sol i d Sur f aci ng Mat er i al

SS- 1 Cor i an Cameo Whi t e

2. 3. 7. 4   Wi ndow Si l l s  ( Sol i d Sur f ace)

SS- 1 Cor i an Cameo Whi t e

2. 3. 7. 5   Si gnage Message Col or

Whi t e

2. 3. 7. 6   Si gnage Backgr ound Col or

Medi um Br onze
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2. 3. 7. 7   Locker s

Lyon Put t y PP

2. 3. 7. 8   Wal l  Swi t ch Handl es and St andar d Recept acl e Bodi es

Whi t e

2. 3. 7. 9   El ect r i cal  Devi ce Cover  Pl at es

Whi t e

PART 3   EXECUTI ON

Not  Used

        - -  End of  Sect i on - -
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SECTI ON  09 22 00

SUPPORTS FOR PLASTER AND GYPSUM BOARD
02/ 10,  CHG 2:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A463/ A463M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Al umi num- Coat ed,  by t he Hot - Di p 
Pr ocess

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM C645 ( 2014;  E 2015)  Nonst r uct ur al  St eel  Fr ami ng 
Member s

ASTM C754 ( 2020)  St andar d Speci f i cat i on f or  
I nst al l at i on of  St eel  Fr ami ng Member s t o 
Recei ve Scr ew- At t ached Gypsum Panel  
Pr oduct s

ASTM C841 ( 2003;  R 2013)  I nst al l at i on of  I nt er i or  
Lat hi ng and Fur r i ng

ASTM C847 ( 2014a)  St andar d Speci f i cat i on f or  Met al  
Lat h

NATI ONAL ASSOCI ATI ON OF ARCHI TECTURAL METAL MANUFACTURERS ( NAAMM)

NAAMM EMLA 920 ( 2009)  Gui de Speci f i cat i ons f or  Met al  
Lat hi ng and Fur r i ng

UNDERWRI TERS LABORATORI ES ( UL)

UL Fi r e Resi st ance ( 2014)  Fi r e Resi st ance Di r ect or y

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs
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Met al  Suppor t  Syst ems;  G,  RO

  Submi t  f or  t he er ect i on of  met al  f r ami ng,  f ur r i ng,  and cei l i ng 
suspensi on syst ems.   I ndi cat e mat er i al s,  s i zes,  t hi cknesses,  and 
f ast eni ngs.

SD- 03 Pr oduct  Dat a

Met al  Suppor t  Syst ems

Recycl ed Cont ent  f or  Met al  Suppor t  Syst ems;  S

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s t o t he j ob s i t e and st or e i n vent i l at ed dr y l ocat i ons 
per mi t t i ng easy access f or  i nspect i on and handl i ng.   I f  mat er i al s ar e 
st or ed out door s,  st ack mat er i al s of f  t he gr ound,  suppor t ed on a l evel  
pl at f or m,  and f ul l y pr ot ect ed f r om t he weat her .   Handl e mat er i al s 
car ef ul l y t o pr event  damage.   Remove damaged i t ems and pr ovi de new i t ems.

PART 2   PRODUCTS

2. 1   MATERI ALS

Pr ovi de st eel  mat er i al s f or  met al  suppor t  syst ems wi t h gal vani zed coat i ng 
ASTM A653/ A653M,  G- 60;  al umi num coat i ng ASTM A463/ A463M,  T1- 25;  or  a 
55- per cent  al umi num- zi nc coat i ng.

Pr ovi de met al  suppor t  syst ems cont ai ni ng a mi ni mum of  20 per cent  r ecycl ed 
cont ent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  
met al  suppor t  syst ems.

2. 1. 1   Mat er i al s f or  At t achment  of  Lat h

2. 1. 1. 1   Suspended and Fur r ed Cei l i ng Syst ems and Wal l  Fur r i ng

ASTM C841,  and ASTM C847.

2. 1. 1. 2   Non- l oad Bear i ng Wal l  Fr ami ng

NAAMM EMLA 920.

2. 1. 2   Mat er i al s f or  At t achment  of  Gypsum Wal l boar d

2. 1. 2. 1   Suspended and Fur r ed Cei l i ng Syst ems

ASTM C645.

2. 1. 2. 2   Non- l oad Bear i ng Wal l  Fr ami ng and Fur r i ng

ASTM C645,  but  not  t hi nner  t han 0. 0329 i nch t hi ckness r egar dl ess of  t he 
ASTM cer t i f i ed t hi r d par t y t est i ng st at ement  f or  equi val ent  t hi cknesses.

2. 1. 2. 3   Fur r i ng St r uct ur al  St eel  Col umns

ASTM C645.   St eel  ( f ur r i ng)  c l i ps and suppor t  angl es l i s t ed i n 
UL Fi r e Resi st ance may be pr ovi ded i n l i eu of  st eel  st uds f or  er ect i on of  
gypsum wal l boar d ar ound st r uct ur al  st eel  col umns.
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2. 1. 2. 4   Z- Fur r i ng Channel s wi t h Wal l  I nsul at i on

Not  l i ght er  t han 26 gage gal vani zed st eel ,  Z- shaped,  wi t h 1- 1/ 4 i nch and 
3/ 4 i nch f l anges and  1 1/ 2 i nch f ur r i ng dept h .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Syst ems f or  At t achment  of  Gypsum Wal l boar d

3. 1. 1. 1   Suspended and Fur r ed Cei l i ng Syst ems

ASTM C754,  except  pr ovi de f r ami ng member s 16 i nches o. c.  unl ess i ndi cat ed 
ot her wi se.

3. 1. 1. 2   Non- l oad Bear i ng Wal l  Fr ami ng and Fur r i ng

ASTM C754,  except  as i ndi cat ed ot her wi se.

3. 2   ERECTI ON TOLERANCES

Pr ovi de f r ami ng member s whi ch wi l l  be cover ed by f i ni sh mat er i al s such as 
wal l boar d,  pl ast er ,  or  cer ami c t i l e set  i n a mor t ar  set t i ng bed,  wi t hi n 
t he f ol l owi ng l i mi t s:

a.   Layout  of  wal l s and par t i t i ons:  1/ 4 i nch f r om i nt ended posi t i on;

b.   Pl at es and r unner s:  1/ 4 i nch i n 8 f eet  f r om a st r ai ght  l i ne;

c.   St uds:  1/ 4 i nch i n 8 f eet  out  of  pl umb,  not  cumul at i ve;  and

d.   Face of  f r ami ng member s:  1/ 4 i nch i n 8 f eet  f r om a t r ue pl ane.

Pr ovi de f r ami ng member s whi ch wi l l  be cover ed by cer ami c t i l e set  i n 
dr y- set  mor t ar ,  l at ex- por t l and cement  mor t ar ,  or  or gani c adhesi ve wi t hi n 
t he f ol l owi ng l i mi t s:

a.   Layout  of  wal l s and par t i t i ons:  1/ 4 i nch f r om i nt ended posi t i on;

b.   Pl at es and r unner s:  1/ 8 i nch i n 8 f eet  f r om a st r ai ght  l i ne;

c.   St uds:  1/ 8 i nch i n 8 f eet  out  of  pl umb,  not  cumul at i ve;  and

d.   Face of  f r ami ng member s:  1/ 8 i nch i n 8 f eet  f r om a t r ue pl ane.

        - -  End of  Sect i on - -

SECTI ON 09 22 00  Page 3



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

SECTI ON 09 29 00

GYPSUM BOARD
08/ 16,  CHG 4:  02/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  A108. 11 ( 1992;  Reaf f i r med 2005)  Speci f i cat i ons f or  
I nt er i or  I nst al l at i on of  Cement i t i ous 
Backer  Uni t s

ASTM I NTERNATI ONAL ( ASTM)

ASTM C475/ C475M ( 2017;  R 2022)  St andar d Speci f i cat i on f or  
Joi nt  Compound and Joi nt  Tape f or  
Fi ni shi ng Gypsum Boar d

ASTM C514 ( 2004;  R 2020)  St andar d Speci f i cat i on f or  
Nai l s f or  t he Appl i cat i on of  Gypsum Boar d

ASTM C840 ( 2020)  St andar d Speci f i cat i on f or  
Appl i cat i on and Fi ni shi ng of  Gypsum Boar d

ASTM C954 ( 2022)  St andar d Speci f i cat i on f or  St eel  
Dr i l l  Scr ews f or  t he Appl i cat i on of  Gypsum 
Panel  Pr oduct s or  Met al  Pl ast er  Bases t o 
St eel  St uds f r om 0. 033 i n.  ( 0. 84 mm)  t o 
0. 112 i n.  ( 2. 84 mm)  i n Thi ckness

ASTM C1002 ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sel f - Pi er ci ng Tappi ng Scr ews f or  t he 
Appl i cat i on of  Gypsum Panel  Pr oduct s or  
Met al  Pl ast er  Bases t o Wood St uds or  St eel  
St uds

ASTM C1047 ( 2019)  St andar d Speci f i cat i on f or  
Accessor i es f or  Gypsum Wal l boar d and 
Gypsum Veneer  Base

ASTM C1396/ C1396M ( 2017)  St andar d Speci f i cat i on f or  Gypsum 
Boar d

ASTM D226/ D226M ( 2017)  St andar d Speci f i cat i on f or  
Asphal t - Sat ur at ed Or gani c Fel t  Used i n 
Roof i ng and Wat er pr oof i ng

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 

SECTI ON 09 29 00  Page 1



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

GREEN SEAL ( GS)

GS- 36 ( 2013)  Adhesi ves f or  Commer ci al  Use

GYPSUM ASSOCI ATI ON ( GA)

GA 214 ( 2010)  Recommended Level s of  Gypsum Boar d 
Fi ni sh

GA 216 ( 2016)  Appl i cat i on and Fi ni shi ng of  Gypsum 
Panel  Pr oduct s

GA 253 ( 2012)  Appl i cat i on of  Gypsum Sheat hi ng

GA 600 ( 2015)  Fi r e Resi st ance Desi gn Manual  Sound 
Cont r ol

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

UNDERWRI TERS LABORATORI ES ( UL)

UL 2818 ( 2013)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

UL Fi r e Resi st ance ( 2014)  Fi r e Resi st ance Di r ect or y

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Cement i t i ous Backer  Uni t s

Wat er - Resi st ant  Gypsum Backi ng Boar d

Accessor i es

  Submi t  f or  each t ype of  gypsum boar d and f or  cement i t i ous backer  
uni t s.

Gypsum Boar d
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Recycl ed Cont ent  f or  Gypsum Boar d;  S

VOC Cont ent  of  Joi nt  Compound;  S

SD- 07 Cer t i f i cat es

Asbest os Fr ee Mat er i al s;  G,  RO

  Cer t i f y t hat  gypsum boar d t ypes,  gypsum backi ng boar d t ypes,  
cement i t i ous backer  uni t s,  and j oi nt  t r eat i ng mat er i al s do not  
cont ai n asbest os.

I ndoor  Ai r  Qual i t y f or  Gypsum Boar d;  S

I ndoor  Ai r  Qual i t y f or  Non- aer osol  Adhesi ves;  S

I ndoor  Ai r  Qual i t y f or  Aer osol  Adhesi ves;  S

1. 3   CERTI FI CATI ONS

1. 3. 1   I ndoor  Ai r  Qual i t y Cer t i f i cat i ons

Submi t  r equi r ed i ndoor  ai r  qual i t y cer t i f i cat i ons i n one submi t t al  package.

1. 3. 1. 1   Adhesi ves and Seal ant s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr am t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.   Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.   When pr oduct  does 
not  have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  
ai r  qual i t y pr oduct  r equi r ement s c i t ed her ei n.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

1. 4. 1   Del i ver y

Del i ver  mat er i al s i n t he or i gi nal  packages,  cont ai ner s,  or  bundl es wi t h 
each bear i ng t he br and name,  appl i cabl e st andar d desi gnat i on,  and name of  
manuf act ur er ,  or  suppl i er .

1. 4. 2   St or age

Keep mat er i al s dr y by st or i ng i nsi de a shel t er ed bui l di ng.   Wher e 
necessar y t o st or e gypsum boar d and cement i t i ous backer  uni t s out si de,  
st or e of f  t he gr ound,  pr oper l y suppor t ed on a l evel  pl at f or m,  and 
pr ot ect ed f r om di r ect  exposur e t o r ai n,  snow,  sunl i ght ,  and ot her  ext r eme 
weat her  condi t i ons.   Pr ovi de adequat e vent i l at i on t o pr event  
condensat i on.   St or e per  manuf act ur er ' s r ecommendat i ons f or  al l owabl e 
t emper at ur e and humi di t y r ange.   Do not  st or e panel s near  mat er i al s t hat  
may of f gas or  emi t  har mf ul  f umes,  such as ker osene heat er s,  f r esh pai nt ,  
or  adhesi ves.   Do not  use mat er i al s t hat  have vi s i bl e moi st ur e or  
bi ol ogi cal  gr owt h.

1. 4. 3   Handl i ng

Neat l y st ack gypsum boar d and cement i t i ous backer  uni t s f l at  t o pr event  
saggi ng or  damage t o t he edges,  ends,  and sur f aces.
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1. 5   QUALI FI CATI ONS

Fur ni sh t ype of  gypsum boar d wor k speci al i zed by t he i nst al l er  wi t h a 
mi ni mum of  3 year s of  document ed successf ul  exper i ence.

1. 6   ENVI RONMENTAL REQUI REMENTS

Do not  expose t he gypsum boar d t o excessi ve sunl i ght  pr i or  t o gypsum boar d 
appl i cat i on.   Mai nt ai n a cont i nuous uni f or m t emper at ur e of  not  l ess t han 
50 degr ees F and not  mor e t han 80 degr ees F f or  at  l east  one week pr i or  t o 
t he appl i cat i on of  gypsum boar d wor k,  whi l e t he gypsum boar d appl i cat i on 
i s bei ng done,  and f or  at  l east  one week af t er  t he gypsum boar d i s set .   
Shi el d ai r  suppl y and di st r i but i on devi ces t o pr event  any uneven f l ow of  
ai r  acr oss t he pl ast er ed sur f aces.   Pr ovi de vent i l at i on t o exhaust  moi st  
ai r  t o t he out si de dur i ng gypsum boar d appl i cat i on,  set ,  and unt i l  gypsum 
boar d j oi nt i ng i s dr y.   I n gl azed ar eas,  keep wi ndows open t op and bot t om 
or  s i de t o s i de 3 t o 4 i nches.   Reduce openi ngs i n col d weat her  t o pr event  
f r eezi ng of  j oi nt  compound when appl i ed.   For  encl osed ar eas l acki ng 
nat ur al  vent i l at i on,  pr ovi de t empor ar y mechani cal  means f or  vent i l at i on.   
I n ungl azed ar eas subj ect ed t o hot ,  dr y wi nds or  t emper at ur e di f f er ent i al s 
f r om day t o ni ght  of  20 degr ees F or  mor e,  scr een openi ngs wi t h 
cheesecl ot h or  s i mi l ar  mat er i al s.   Avoi d r api d dr yi ng.   Dur i ng per i ods of  
l ow i ndoor  humi di t y,  pr ovi de mi ni mum ai r  c i r cul at i on f ol l owi ng gypsum 
boar di ng and unt i l  gypsum boar d j oi nt i ng compl et e and i s dr y.

1. 7   FI RE RESI STI VE CONSTRUCTI ON

Compl y wi t h speci f i ed f i r e- r at ed assembl i es f or  desi gn number s i ndi cat ed 
per  UL Fi r e Resi st ance or  FM APP GUI DE.

PART 2   PRODUCTS

2. 1   MATERI ALS

Conf or m t o speci f i cat i ons,  st andar ds and r equi r ement s speci f i ed.   Pr ovi de 
gypsum boar d t ypes,  gypsum backi ng boar d t ypes,  cement i t i ous backi ng 
uni t s,  and j oi nt  t r eat i ng mat er i al s manuf act ur ed f r om asbest os f r ee 
mat er i al s onl y.

2. 1. 1   Gypsum Boar d

ASTM C1396/ C1396M.   Gypsum boar d must  cont ai n a mi ni mum of  5 per cent  
post - consumer  r ecycl ed cont ent ,  or  a mi ni mum of  20 per cent  post - i ndust r i al  
r ecycl ed cont ent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  
f or  gypsum boar d.  Pr ovi de gypsum wal l  boar d and panel s meet i ng t he 
emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  
ei t her  of f i ce or  c l assr oom spaces r egar dl ess of  space t ype) .   Pr ovi de 
cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  qual i t y f or  gypsum boar d.

2. 1. 1. 1   Regul ar

48 i nch wi de,  5/ 8 i nch t hi ck,  ,  t aper ed and f eat ur ed edges.   

2. 1. 1. 2   Type X ( Speci al  Fi r e- Resi st ant )

48 i nch wi de,  5/ 8 i nch t hi ck,  t aper ed and f eat ur ed edges.
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2. 1. 2   Regul ar  Wat er - Resi st ant  Gypsum Backi ng Boar d

ASTM C1396/ C1396M

2. 1. 2. 1   Regul ar

48 i nch wi de,  5/ 8 i nch t hi ck,  t aper ed edges.

2. 1. 2. 2   Type X ( Speci al  Fi r e- Resi st ant )

48 i nch wi de,  5/ 8 i nch t hi ck,  t aper ed edges.

2. 1. 3   Cement i t i ous Backer  Uni t s

I n accor dance wi t h t he Ti l e Counci l  of  Amer i ca ( TCA)  Handbook.

2. 1. 4   Joi nt  Tr eat ment  Mat er i al s

ASTM C475/ C475M.   Pr oduct  must  be l ow emi t t i ng VOC t ypes wi t h VOC l i mi t s 
not  exceedi ng 50 g/ L.   Pr ovi de dat a i dent i f y i ng VOC cont ent  of  j oi nt  
compound.   Use al l  pur pose j oi nt  and t ext ur i ng compound cont ai ni ng i ner t  
f i l l er s and nat ur al  bi nder s,  i ncl udi ng l i me compound.   Pr e- mi xed compounds 
must  be f r ee of  ant i f r eeze,  v i nyl  adhesi ves,  pr eser vat i ves,  bi oci des and 
ot her  s l ow r el easi ng compounds.

2. 1. 4. 1   Embeddi ng Compound

Speci f i cal l y f or mul at ed and manuf act ur ed f or  use i n embeddi ng t ape at  
gypsum boar d j oi nt s and compat i bl e wi t h t ape,  subst r at e and f ast ener s.

2. 1. 4. 2   Fi ni shi ng or  Toppi ng Compound

Speci f i cal l y f or mul at ed and manuf act ur ed f or  use as a f i ni shi ng compound.

2. 1. 4. 3   Al l - Pur pose Compound

Speci f i cal l y f or mul at ed and manuf act ur ed t o ser ve as bot h a t api ng and a 
f i ni shi ng compound and compat i bl e wi t h t ape,  subst r at e and f ast ener s.

2. 1. 4. 4   Set t i ng or  Har deni ng Type Compound

Speci f i cal l y f or mul at ed and manuf act ur ed f or  use wi t h f i ber  gl ass mesh 
t ape.

2. 1. 4. 5   Joi nt  Tape

Use cr oss- l ami nat ed,  t aper ed edge,  r ei nf or ced paper ,  or  f i ber  gl ass mesh 
t ape r ecommended by t he manuf act ur er .

2. 1. 5   Fast ener s

2. 1. 5. 1   Nai l s

ASTM C514.   

2. 1. 5. 2   Scr ews

ASTM C1002,  Type " G" ,  Type " S"  or  Type " W"  st eel  dr i l l  scr ews f or  
f ast eni ng gypsum boar d t o gypsum boar d,  wood f r ami ng member s and st eel  
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f r ami ng member s l ess t han 0. 033 i nch t hi ck.   ASTM C954 st eel  dr i l l  scr ews 
f or  f ast eni ng gypsum boar d t o st eel  f r ami ng member s 0. 033 t o 0. 112 i nch 
t hi ck.   Pr ovi de cement i t i ous backer  uni t  scr ews wi t h a pol ymer  coat i ng.   

2. 1. 5. 3   St apl es

No.  16 USS gage f l at t ened gal vani zed wi r e st apl es wi t h 7/ 16 i nch wi de 
cr own out si de measur ement  and di ver gent  poi nt  f or  base pl y of  t wo- pl y 
gypsum boar d appl i cat i on.   Use as f ol l ows:

Lengt h of  Legs Thi ckness of  Gypsum Boar d

 1- 1/ 8 i nches  1/ 2 i nch

 1- 1/ 4 i nches  5/ 8 i nch

2. 1. 6   Adhesi ves

Pr ovi de non- aer osol  adhesi ve pr oduct s used on t he i nt er i or  of  t he bui l di ng 
( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  meet i ng ei t her  emi ssi ons 
r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce 
or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s 
of  SCAQMD Rul e 1168.   Pr ovi de aer osol  adhesi ve pr oduct s used on t he 
i nt er i or  of  t he bui l di ng ( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  
meet i ng ei t her  emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  
r equi r ement s f or  ei t her  of f i ce or  c l assr oom spaces r egar dl ess of  space 
t ype)  or  VOC cont ent  r equi r ement s of  GS- 36.   Pr ovi de cer t i f i cat i on or  
val i dat i on of  i ndoor  ai r  qual i t y f or  non- aer osol  adhesi ves appl i ed on t he 
i nt er i or  of  t he bui l di ng ( i nsi de of  t he weat her pr oof i ng syst em) .   Pr ovi de 
cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  qual i t y f or  aer osol  adhesi ves 
used on t he i nt er i or  of  t he bui l di ng ( i nsi de of  t he weat her pr oof i ng 
syst em) .

2. 1. 6. 1   Adhesi ve f or  Fast eni ng Gypsum Boar d t o Met al  Fr ami ng

Not  per mi t t ed.

2. 1. 6. 2   Adhesi ve f or  Fast eni ng Gypsum Boar d t o Wood Fr ami ng

Not  per mi t t ed.

2. 1. 6. 3   Adhesi ve f or  Lami nat i ng

Not  per mi t t ed.

2. 1. 7   Accessor i es

ASTM C1047.   Fabr i cat e f r om pl ast i c desi gned f or  i nt ended use.   
Accessor i es manuf act ur ed wi t h paper  f l anges ar e not  accept abl e.   Fl anges 
must  be f r ee of  di r t ,  gr ease,  and ot her  mat er i al s t hat  may adver sel y 
af f ect  bond of  j oi nt  t r eat ment .   Pr ovi de pr ef i ni shed or  j ob decor at ed 
mat er i al s.   

2. 1. 8   Asphal t  I mpr egnat ed Bui l di ng Fel t

Pr ovi de a 15 l b asphal t  moi st ur e bar r i er  over  gl ass mat  cover ed or  
r ei nf or ced gypsum sheat hi ng.   Conf or mi ng t o ASTM D226/ D226M Type 1 ( No.  
15)  f or  asphal t  i mpr egnat ed bui l di ng f el t .

SECTI ON 09 29 00  Page 6



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

2. 1. 9   Wat er

Pr ovi de cl ean,  f r esh,  and pot abl e wat er .

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

3. 1. 1   Fr ami ng and Fur r i ng

Ver i f y t hat  f r ami ng and f ur r i ng ar e secur el y at t ached and of  s i zes and 
spaci ng t o pr ovi de a sui t abl e subst r at e t o r ecei ve gypsum boar d and 
cement i t i ous backer  uni t s.   Ver i f y t hat  al l  bl ocki ng,  header s and suppor t s 
ar e i n pl ace t o suppor t  pl umbi ng f i xt ur es and t o r ecei ve soap di shes,  gr ab 
bar s,  t owel  r acks,  and si mi l ar  i t ems.   Do not  pr oceed wi t h wor k unt i l  
f r ami ng and f ur r i ng ar e accept abl e f or  appl i cat i on of  gypsum boar d and 
cement i t i ous backer  uni t s.

3. 1. 2   Bui l di ng Const r uct i on Mat er i al s

Do not  i nst al l  bui l di ng const r uct i on mat er i al s t hat  show vi sual  evi dence 
of  bi ol ogi cal  gr owt h.

3. 2   APPLI CATI ON OF GYPSUM BOARD

Appl y gypsum boar d t o f r ami ng and f ur r i ng member s i n accor dance wi t h 
ASTM C840 or  GA 216 and t he r equi r ement s speci f i ed.   Appl y gypsum boar d 
wi t h separ at e panel s i n moder at e cont act ;  do not  f or ce i n pl ace.   St agger  
end j oi nt s of  adj oi ni ng panel s.   Neat l y f i t  abut t i ng end and edge j oi nt s.   
Use gypsum boar d of  maxi mum pr act i cal  l engt h;  sel ect  panel  s i zes t o 
mi ni mi ze wast e.   Cut  out  gypsum boar d t o make neat ,  c l ose,  and t i ght  
j oi nt s ar ound openi ngs.   I n ver t i cal  appl i cat i on of  gypsum boar d,  pr ovi de 
panel s i n l engt hs r equi r ed t o r each f ul l  hei ght  of  ver t i cal  sur f aces i n 
one cont i nuous pi ece.   Lay out  panel s t o mi ni mi ze wast e;  r euse cut of f s 
whenever  f easi bl e.   Sur f aces of  gypsum boar d and subst r at e member s may not  
be bonded t oget her  wi t h an adhesi ve,  except  wher e pr ohi bi t ed by f i r e 
r at i ng( s) .   Tr eat  edges of  cut out s f or  pl umbi ng pi pes,  scr ewheads,  and 
j oi nt s wi t h wat er - r esi st ant  compound as r ecommended by t he gypsum boar d 
manuf act ur er .   Pr ovi de t ype of  gypsum boar d f or  use i n each syst em 
speci f i ed her ei n as i ndi cat ed.

3. 2. 1   Appl i cat i on of  Si ngl e- Pl y Gypsum Boar d t o Wood Fr ami ng

Appl y i n accor dance wi t h ASTM C840,  Syst em I  or  GA 216.

3. 2. 2   Appl i cat i on of  Two- Pl y Gypsum Boar d t o Wood Fr ami ng

Appl y i n accor dance wi t h ASTM C840,  Syst em I I  or  GA 216.

3. 2. 3   Adhesi ve Nai l - On Appl i cat i on t o Wood Fr ami ng

Appl y i n accor dance wi t h ASTM C840,  Syst em I I I  or  GA 216.   Thi s met hod may 
be used i n l i eu of  ASTM C840,  Syst em I  at  t he opt i on of  t he Cont r act or .

3. 2. 4   Semi - Sol i d Gypsum Boar d Par t i t i ons

Pr ovi de i n accor dance wi t h ASTM C840,  Syst em I V or  GA 216 .
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3. 2. 5   Sol i d Gypsum Boar d Par t i t i ons

Pr ovi de i n accor dance wi t h ASTM C840,  Syst em V or  GA 216.

3. 2. 6   Adhesi ve Appl i cat i on t o I nt er i or  Masonr y or  Concr et e Wal l s

Appl y i n accor dance wi t h ASTM C840,  Syst em VI  or  GA 216.

3. 2. 7   Appl i cat i on of  Gypsum Boar d t o St eel  Fr ami ng and Fur r i ng

Appl y i n accor dance wi t h ASTM C840,  Syst em VI I I  or  GA 216.

3. 2. 8   Ar ches and Bendi ng Radi i

Appl y gypsum boar d i n accor dance wi t h ASTM C840,  Syst em I X or  GA 216.

3. 2. 9   Gypsum Boar d f or  Wal l  Ti l e or  Ti l e Base Appl i ed wi t h Adhesi ve

I n dr y ar eas ( ar eas ot her  t han t ubs,  shower  encl osur es,  saunas,  st eam 
r ooms,  gang shower  r ooms) ,  appl y gl ass mat  wat er - r esi st ant  gypsum t i l e 
backi ng boar d  i n accor dance wi t h ASTM C840,  Syst em X or  GA 216.

3. 2. 10   Ext er i or  Appl i cat i on

Appl y ext er i or  gypsum boar d ( such as at  sof f i t s)  i n accor dance wi t h 
ASTM C840,  Syst em XI  or  GA 216.

3. 2. 11   Gl ass Mat  Cover ed or  Fi ber  Rei nf or ced Gypsum Sheat hi ng

Appl y gl ass mat  cover ed or  f i ber  r ei nf or ced gypsum sheat hi ng i n accor dance 
t o gypsum associ at i on publ i cat i ons GA 253.   Fol l ow gypsum sheat hi ng 
manuf act ur er ' s r equi r ement s of  desi gn det ai l s f or  j oi nt s and f ast ener s and 
be pr oper l y i nst al l ed t o pr ot ect  t he subst r at e f r om moi st ur e i nt r usi on.   
Do not  l eave exposed sur f aces of  t he gl ass mat  cover ed or  f i ber  r ei nf or ced 
gypsum sheat hi ng beyond t he manuf act ur er ' s r ecommendat i on wi t hout  a 
weat her  bar r i er  c l addi ng.   Pr ovi de cont i nuous asphal t  i mpr egnat ed bui l di ng 
f el t  over  sheat hi ng sur f ace i n shi ngl e f ashi on wi t h edges and ends l apped 
a mi ni mum of  6 i nch.   Pr oper l y f l ash t he openi ngs.   Seal  al l  j oi nt s,  
seams,  and penet r at i ons wi t h a compat i bl e s i l i cone seal ant .

3. 2. 12   Fl oat i ng I nt er i or  Angl es

Mi ni mi ze f r ami ng by f l oat i ng cor ner s wi t h s i ngl e st uds and  dr ywal l  
c l i ps.   Locat e t he at t achment  f ast ener s adj acent  t o cei l i ng and wal l  
i nt er sect i ons i n accor dance wi t h ASTM C840,  Syst em XI I  or  GA 216.

3. 2. 13   Cont r ol  Joi nt s

I nst al l  expansi on and cont r act i on j oi nt s i n cei l i ngs and wal l s i n 
accor dance wi t h ASTM C840,  Syst em XI I I  or  GA 216.   Fi l l  cont r ol  j oi nt s 
bet ween st uds i n f i r e- r at ed const r uct i on wi t h f i r esaf i ng i nsul at i on t o 
mat ch t he f i r e- r at i ng of  const r uct i on.

3. 3   APPLI CATI ON OF CEMENTI TI OUS BACKER UNI TS

3. 3. 1   Appl i cat i on

I n wet  ar eas ( t ubs,  shower  encl osur es,  saunas,  st eam r ooms,  gang shower  
r ooms) ,  appl y cement i t i ous backer  uni t s i n accor dance wi t h ANSI  A108. 11.   
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Pl ace a 15 l b asphal t  i mpr egnat ed,  cont i nuous f el t  paper  membr ane behi nd 
cement i t i ous backer  uni t s,  bet ween backer  uni t s and st uds or  base l ayer  of  
gypsum boar d.   Pl ace membr ane wi t h a mi ni mum 6 i nch over l ap of  sheet s l ai d 
shi ngl e st y l e.

3. 3. 2   Joi nt  Tr eat ment

ANSI  A108. 11.

3. 4   FI NI SHI NG OF GYPSUM BOARD

Tape and f i ni sh gypsum boar d i n accor dance wi t h ASTM C840,  GA 214 and 
GA 216.   Fi ni sh pl enum ar eas above cei l i ngs t o Level  1 i n accor dance wi t h 
GA 214.   Fi ni sh wat er  r esi st ant  gypsum backi ng boar d,  ASTM C1396/ C1396M,  
t o r ecei ve cer ami c t i l e t o Level  2 i n accor dance wi t h GA 214.   Fi ni sh 
wal l s and cei l i ngs t o r ecei ve a heavy- gr ade wal l  cover i ng or  heave 
t ext ur ed f i ni sh bef or e pai nt i ng t o Level  3 i n accor dance wi t h GA 214.   
Fi ni sh wal l s and cei l i ngs wi t hout  cr i t i cal  l i ght i ng t o r ecei ve f l at  
pai nt s,  l i ght  t ext ur es,  or  wal l  cover i ngs t o Level  4 i n accor dance wi t h 
GA 214.   Unl ess ot her wi se speci f i ed,  f i ni sh al l  gypsum boar d wal l s,  
par t i t i ons and cei l i ngs t o Level  5 i n accor dance wi t h GA 214.   Pr ovi de 
j oi nt ,  f ast ener  depr essi on,  and cor ner  t r eat ment .   Tool  j oi nt s as smoot hl y 
as possi bl e t o mi ni mi ze sandi ng and dust .   Do not  use sel f - adher i ng f i ber  
gl ass mesh t ape wi t h convent i onal  dr y i ng t ype j oi nt  compounds;  use set t i ng 
or  har deni ng t ype compounds onl y.   Pr ovi de t r eat ment  f or  wat er - r esi st ant  
gypsum boar d as r ecommended by t he gypsum boar d manuf act ur er .   Pr ot ect  
wor ker s,  bui l di ng occupant s,  and HVAC syst ems f r om gypsum dust .

3. 4. 1   Uni f or m Sur f ace

Wher ever  gypsum boar d i s t o r ecei ve eggshel l ,  semi gl oss or  gl oss pai nt  
f i ni sh,  or  wher e sever e,  up or  down l i ght i ng condi t i ons occur ,  f i ni sh 
gypsum wal l  sur f ace i n accor dance t o GA 214 Level  5.   I n accor dance wi t h 
GA 214 Level  5,  appl y a t hi n ski m coat  of  j oi nt  compound t o t he ent i r e 
gypsum boar d sur f ace,  af t er  t he t wo- coat  j oi nt  and f ast ener  t r eat ment  i s 
compl et e and dr y.

3. 5   SEALI NG

Seal  openi ngs ar ound pi pes,  f i x t ur es,  and ot her  i t ems pr oj ect i ng t hr ough 
gypsum boar d and cement i t i ous backer  uni t s as speci f i ed i n Sect i on 07 92 00
 JOI NT SEALANTS.   Appl y mat er i al  wi t h exposed sur f ace f l ush wi t h gypsum 
boar d or  cement i t i ous backer  uni t s.

3. 5. 1   Seal i ng f or  Gl ass Mat  or  Rei nf or ced Gypsum Boar d Sheat hi ng

Appl y s i l i cone seal ant  i n a 3/ 8 i nch bead t o al l  j oi nt s and t r owel  f l at .  
Appl y enough of  t he same seal ant  t o al l  f ast ener s penet r at i ng t hr ough t he 
gl ass mat  gypsum boar d sur f ace t o compl et el y cover  t he penet r at i on when 
t r owel ed f l at .   Do not  pl ace const r uct i on and mat er i al s behi nd sheat hi ng 
unt i l  a v i sual  i nspect i on of  seal ed j oi nt s dur i ng dayl i ght  hour s has been 
compl et ed by Cont r act i ng Of f i cer ' s Repr esent at i ve.

3. 6   FI RE- RESI STANT ASSEMBLI ES

Wher ever  f i r e- r at ed const r uct i on i s i ndi cat ed,  pr ovi de mat er i al s and 
appl i cat i on met hods,  i ncl udi ng t ypes and spaci ng of  f ast ener s,  wal l  and 
cei l i ng f r ami ng i n accor dance wi t h t he speci f i cat i ons cont ai ned i n 
UL Fi r e Resi st ance f or  t he Desi gn Number ( s)  i ndi cat ed,  or  GA 600 f or  t he 
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Fi l e Number ( s)  i ndi cat ed.   Joi nt s of  f i r e- r at ed gypsum boar d encl osur es 
must  be cl osed and seal ed i n accor dance wi t h UL t est  r equi r ement s or  GA 
r equi r ement s.   Seal  penet r at i ons t hr ough r at ed par t i t i ons and cei l i ngs 
t i ght  i n accor dance wi t h t est ed syst ems.

3. 7   PATCHI NG

Pat ch sur f ace def ect s i n gypsum boar d t o a smoot h,  uni f or m appear ance,  
r eady t o r ecei ve f i ni shes.   

3. 8   SHAFTWALL FRAMI NG

I nst al l  t he shaf t wal l  syst em i n accor dance wi t h t he syst em manuf act ur er ' s 
publ i shed i nst r uct i ons.   Coor di nat e bucks,  anchor s,  bl ocki ng and ot her  
i t ems pl aced i n or  behi nd shaf t wal l  f r ami ng wi t h el ect r i cal  and mechani cal  
wor k.   Pat ch or  r epl ace f i r epr oof i ng mat er i al s whi ch ar e damaged or  
r emoved dur i ng shaf t wal l  const r uct i on.

        - -  End of  Sect i on - -
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SECTI ON 09 30 10

CERAMI C,  QUARRY,  AND GLASS TI LI NG
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  A108/ A118/ A136. 1 ( 2019)  Amer i can Nat i onal  St andar d 
Speci f i cat i ons f or  t heI nst al l at i on of  
Cer ami c Ti l e

ANSI  A137. 1 ( 2019)  Amer i can Nat i onal  St andar ds 
Speci f i cat i ons f or  Cer ami c Ti l e

ANSI  A137. 3/ A108. 19 ( 2017)  Amer i can Nat i onal  St andar d 
Speci f i cat i ons f or  Gauged Por cel ai n Ti l e 
and Gauged Por cel ai n Ti l e Panel s/ Sl abs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A1064/ A1064M ( 2022)  St andar d Speci f i cat i on f or  
Car bon- St eel  Wi r e and Wel ded Wi r e 
Rei nf or cement ,  Pl ai n and Def or med,  f or  
Concr et e

ASTM C33/ C33M ( 2018)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es

ASTM C144 ( 2018)  St andar d Speci f i cat i on f or  
Aggr egat e f or  Masonr y Mor t ar

ASTM C150/ C150M ( 2022)  St andar d Speci f i cat i on f or  Por t l and 
Cement

ASTM C206 ( 2014;  R 2022)  St andar d Speci f i cat i on f or  
Fi ni shi ng Hydr at ed Li me

ASTM C207 ( 2018)  St andar d Speci f i cat i on f or  Hydr at ed 
Li me f or  Masonr y Pur poses

ASTM C241/ C241M ( 2021)  St andar d Test  Met hod f or  Abr asi on 
Resi st ance of  St one Subj ect ed t o Foot  
Tr af f i c

ASTM C373 ( 2018) St andar d Test  Met hods f or  
Det er mi nat i on of  Wat er  Absor pt i on and 
Associ at ed Pr oper t i es by Vacuum Met hod f or  
Pr essed Cer ami c Ti l es and Gl ass Ti l es and 
Boi l  Met hod f or  Ext r uded Cer ami c Ti l es and 
Non- t i l e Fi r ed Cer ami c Whi t ewar e Pr oduct s
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ASTM C648 ( 2020)  St andar d Test  Met hod f or  Br eaki ng 
St r engt h of  Cer ami c Ti l e

ASTM C847 ( 2014a)  St andar d Speci f i cat i on f or  Met al  
Lat h

ASTM C1026 ( 2013;  R 2018)  St andar d Test  Met hod f or  
Measur i ng t he Resi st ance of  Cer ami c and 
Gl ass Ti l e t o Fr eeze- Thaw Cycl i ng

ASTM C1027 ( 2009;  R 2017)  St andar d Test  Met hod f or  
Det er mi ni ng Vi s i bl e Abr asi on Resi st ance of  
Gl azed Cer ami c Ti l e

ASTM C1178/ C1178M ( 2013)  St andar d Speci f i cat i on f or  Gl ass 
Mat  Wat er - Resi st ant  Gypsum Backi ng Panel

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

GREEN SEAL ( GS)

GS- 36 ( 2013)  Adhesi ves f or  Commer ci al  Use

MARBLE I NSTI TUTE OF AMERI CA ( MI A)

MI A Desi gn Manual ( 2016)  Di mensi on St one Desi gn Manual

SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

TI LE COUNCI L OF NORTH AMERI CA ( TCNA)

TCNA Hdbk ( 2017)  Handbook f or  Cer ami c,  Gl ass,  and 
St one Ti l e I nst al l at i on

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

36 CFR 1191 Amer i cans wi t h Di sabi l i t i es Act  ( ADA)  
Accessi bi l i t y  Gui del i nes f or  Bui l di ngs and 
Faci l i t i es;  Ar chi t ect ur al  Bar r i er s Act  
( ABA)  Accessi bi l i t y  Gui del i nes

UNDERWRI TERS LABORATORI ES ( UL)

UL 2818 ( 2013)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs
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1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

Por cel ai n Ti l e;  G,  RO

Recycl ed Cont ent  f or  Por cel ai n Ti l e;  S

Mosai c Ti l e;  G,  RO

Recycl ed Cont ent  f or  Mosai c Ti l e;  S
Gl azed Cer ami c Wal l  Ti l e;  G,  RO

Recycl ed Cont ent  f or  Gl azed Cer ami c Wal l  Ti l e;  S

Tr ansi t i on St r i ps;  G,  RO

Set t i ng- Bed;  G,  RO

Mor t ar ,  Gr out ,  and Adhesi ve;  G,  RO

Rei nf or ci ng Wi r e Fabr i c

Cement i t i ous Backer  Uni t s;  G,  RO

Gl ass- Mat  Gypsum Wat er - Resi st ant  Backi ng Boar d;  G,  RO

Wat er pr oof  Membr ane;  G,  RO

Cr ack I sol at i on Membr ane;  G,  RO

SD- 04 Sampl es

Ti l e;  G,  RO

Accessor i es;  G,  RO

Tr ansi t i on St r i ps;  G,  RO

Gr out ;  G,  RO

SD- 07 Cer t i f i cat es

I ndoor  Ai r  Qual i t y f or  Adhesi ves;  S

I ndoor  Ai r  Qual i t y f or  Seal ant s;  S

Wat er  Absor pt i on Rat es
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SD- 08 Manuf act ur er ' s I nst r uct i ons

Manuf act ur er ' s Appr oved Cl eani ng I nst r uct i ons

SD- 10 Oper at i on and Mai nt enance Dat a

Por cel ai n Ti l e,  Dat a Package 1;  G,  RO

Gl azed Cer ami c Wal l  Ti l e,  Dat a Package 1;  G,  RO

Tr ansi t i on St r i ps,  Dat a Package 1;  G,  RO

1. 3   CERTI FI CATI ONS

1. 3. 1   I ndoor  Ai r  Qual i t y Cer t i f i cat i ons

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr ams t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.   Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body. When pr oduct  does not  
have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  ai r  
qual i t y pr oduct  r equi r ement s c i t ed i n t hi s Sect i on.

1. 3. 2   Wat er  Absor pt i on Rat es Cer t i f i cat i on

Pr ovi de cer t i f i cat i on f or  each t i l e t ype i ndi cat i ng compl i ance wi t h t he 
f ol l owi ng wat er  absor pt i on ( wa)  r at es per  ANSI  A137. 1 cr i t er i a as t est ed 
per  ASTM C373 r equi r ement s.

a.   Por cel ai n Ti l e ( I mper vi ous) :   Pr ovi de wat er  absor pt i on ( wa)  of  0. 5 
per cent  or  l ess.

b.   Mosai c Ti l e ( Vi t r eous) :   Pr ovi de wat er  absor pt i on ( wa)  of  mor e t han 
0. 5 per cent ,  but  not  mor e t han 3. 0 per cent .

d.   Cer ami c Wal l  Ti l e ( Non- Vi t r eous) :   Pr ovi de maxi mum wat er  absor pt i on 
( wa)  of  7. 0 per cent .

1. 4   QUALI TY ASSURANCE

Pr ovi de i nst al l er s havi ng a mi ni mum of  t wo year s of  exper i ence wi t h a 
company speci al i z i ng i n per f or mi ng t he t ype of  wor k descr i bed.   Each t ype 
and col or  of  t i l e t o be pr ovi ded f r om a si ngl e sour ce.   Each t ype and 
col or  of  mor t ar ,  adhesi ve,  and gr out  t o be pr ovi ded f r om t he same sour ce.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Shi p t i l es i n seal ed packages and cl ear l y mar ked wi t h t he gr ade,  t ype of  
t i l e,  pr oducer  i dent i f i cat i on,  and count r y of  or i gi n.   Del i ver  mat er i al s 
t o t he pr oj ect  s i t e i n manuf act ur er ' s or i gi nal  unopened cont ai ner s wi t h 
seal s unbr oken and l abel s and hal l mar ks i nt act .   Pr ot ect  mat er i al s f r om 
weat her ,  and st or e t hem under  cover  i n accor dance wi t h manuf act ur er ' s 
pr i nt ed i nst r uct i ons.   St or e and handl e t i l es per  manuf act ur er ' s 
i nst r uct i ons f or  gauged por cel ai n t i l e and gauged por cel ai n t i l e 
panel s/ s l abs.
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1. 6   ENVI RONMENTAL REQUI REMENTS

Do not  per f or m cer ami c t i l e wor k unl ess t he subst r at e and ambi ent  
t emper at ur e i s at  l east  50 degr ees F and r i s i ng.   Mai nt ai n t emper at ur e 
above 50 degr ees F whi l e t he wor k i s bei ng per f or med and f or  at  l east  7 
days af t er  compl et i on of  t he wor k.   When t empor ar y heat er s ar e used,  
vent i l at e t he ar ea t o t he out si de t o avoi d car bon di oxi de damage t o new 
t i l ewor k.

1. 7   WARRANTY

Pr ovi de manuf act ur er ' s war r ant y t o r epai r  or  r epl ace def ect i ve t i l i ng 
mat er i al s and wor kmanshi p,  i ncl udi ng t i l e,  mor t ar  and gr out  pr oduct s and 
i nst al l at i on as a syst em,  f or  a per i od of  one year  f r om dat e of  f i nal  
accept ance of  t he wor k. .

1. 8   EXTRA MATERI ALS

Suppl y an ext r a 2 per cent  of  each t ype t i l e used i n c l ean and mar ked 
car t ons.

PART 2   PRODUCTS

2. 1   TI LE

Pr ovi de t i l es t hat  compl y wi t h ANSI  A137. 1 and ar e st andar d gr ade t i l es,  
t he except i on i s gauged por cel ai n t i l e.   Fur ni sh gauged por cel ai n t i l e 
t hat  compl y wi t h ANSI  A137. 3/ A108. 19.   Pr ovi de a mi ni mum br eaki ng st r engt h 
of  125 l bs.  f or  wal l  t i l e and 250 l bs.  f or  f l oor  t i l e i n accor dance wi t h 
ASTM C648.   Pr ovi de ext er i or  bui l di ng t i l e f or  col d c l i mat e pr oj ect s t hat  
i s  appr oved by t he manuf act ur er  f or  ext er i or  use when t est ed i n accor dance 
wi t h ASTM C1026.  Pr ovi de f l oor  t i l es wi t h a mi ni mum wet  dynami c 
coef f i c i ent  of  f r i c t i on ( DCOF)  val ue of  0. 42 when t est ed i n accor dance 
wi t h ANSI  A137. 1 r equi r ement s.   Pr ovi de gl azed f l oor  t i l e wi t h a Cl ass 
I V- Commer ci al  c l assi f i cat i on as r at ed by t he manuf act ur er  when t est ed i n 
accor dance wi t h ASTM C1027 f or  v i s i bl e abr asi on r esi st ance as r el at ed t o 
f oot  t r af f i c .   For  mat er i al s l i ke t i l e,  accessor i es,  and t r ansi t i on st r i ps 
submi t  sampl es of  suf f i c i ent  s i ze t o show col or  r ange,  pat t er n,  t ype and 
j oi nt s.

Submi t  manuf act ur er s '  descr i pt i ve pr oduct  dat a f or  each t ype of  cer ami c
t i l i ng i ndi cat ed.   I ncl ude manuf act ur er s '  l i t er at ur e,  f i ni shes,  pr of i l es 
and t hi cknesses of  mat er i al s.

Submi t  manuf act ur er s '  oper at i ons and mai nt enance dat a f or  each t ype of  
cer ami c t i l i ng i ndi cat ed i n accor dance wi t h Sect i on 01 78 23 OPERATI ONS 
AND MAI NTENANCE DATA.

2. 1. 1   Por cel ai n Ti l e

Pr ovi de gl azed col or  body ( body of  t i l e i s st ai ned t o mat ch t he gl aze 
col or ) ,  r ect i f i ed por cel ai n t i l e.   Pr ovi de t i l e wi t h a V2 aest het i c 
c l assi f i cat i on.   Bl end t i l es i n f act or y and i n a packages t o have same 
col or  r ange and cont i nuous bl end f or  i nst al l at i on.  Pr ovi de nomi nal  t i l e 
s i ze( s)  of  12 by 24 i nch and 3/ 8 i nch t hi ck.

Pr ovi de por cel ai n t i l i ng mat er i al s t hat  cont ai n a mi ni mum of  10 per cent  
r ecycl ed cont ent .  Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  
f or  por cel ai n t i l e.
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2. 1. 2   Mosai c Ti l e

Fur ni sh ungl azed,  mosai c t i l e and t r i m composed of  por cel ai n.   Pr ovi de 
t i l e wi t h a V4 aest het i c c l assi f i cat i on.  Bl end t i l es i n f act or y and i n a 
packages t o have same col or  r ange and cont i nuous bl end f or  i nst al l at i on.    
Pr ovi de nomi nal  t i l e s i ze( s)  of  2 by 2 i nch.

Pr ovi de mosai c t i l i ng mat er i al s t hat  cont ai n a mi ni mum of  3 per cent  
r ecycl ed cont ent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  
f or  mosai c t i l e.

2. 1. 3   Gl azed Cer ami c Wal l  Ti l e

Pr ovi de gl azed,  r ect i f i ed cer ami c wal l  t i l e t hat  has cushi oned edges and 
t r i m wi t h l ead- f r ee br i ght  f i ni sh.   Pr ovi de nomi nal  t i l e s i ze( s)  of  6 by 6 
i nch.

Pr ovi de gl azed cer ami c wal l  t i l e mat er i al s t hat  cont ai n a mi ni mum of  3 
per cent  r ecycl ed cont ent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed 
cont ent  f or  gl azed cer ami c wal l  t i l e.

Pr ovi de 6 by 6 set  on cove base and 6 by 2 sur f ace bul l nose cap   Cove 
base and cap shal l  be pr ovi ded wi t h mat chi ng cor ner  pr of i l es and eased 
edges and col or / f i ni sh t o mat ch adj acent  f i el d t i l e.

2. 2   SETTI NG- BED

Submi t  manuf act ur er ' s cat al og dat a.  Compose t he set t i ng- bed of  t he 
f ol l owi ng mat er i al s:

2. 2. 1   Aggr egat e f or  Concr et e Fi l l

Conf or m t o ASTM C33/ C33M f or  aggr egat e f i l l .   Do not  exceed one- hal f  t he 
t hi ckness of  concr et e f i l l  f or  maxi mum si ze of  coar se aggr egat e.

2. 2. 2   Por t l and Cement

Conf or m t o ASTM C150/ C150M f or  cement ,  Type I ,  whi t e f or  wal l  mor t ar  and 
gr ay f or  ot her  uses.

2. 2. 3   Sand

Conf or m t o ASTM C144 f or  sand.

2. 2. 4   Hydr at ed Li me

Conf or m t o ASTM C206 f or  hydr at ed l i me,  Type S or  ASTM C207,  Type S.

2. 2. 5   Met al  Lat h

Conf or m t o ASTM C847 f or  f l at  expanded t ype met al  l at h,  and wei ghi ng a 
mi ni mum 2. 5 pound/ squar e yar d.

2. 2. 6   Rei nf or ci ng Wi r e Fabr i c

Conf or m t o ASTM A1064/ A1064M f or  wi r e f abr i c.   Pr ovi de 2 by 2 i nch mesh,  
16/ 16 wi r e .
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2. 3   WATER

Pr ovi de pot abl e wat er .

2. 4   MORTAR,  GROUT,  AND ADHESI VE

Pr ovi de non- aer osol  adhesi ve pr oduct s used on t he i nt er i or  of  t he bui l di ng 
( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  meet i ng ei t her  emi ssi ons 
r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce 
or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s 
of  SCAQMD Rul e 1168.   Pr ovi de aer osol  adhesi ves used on t he i nt er i or  of  
t he bui l di ng meet i ng ei t her  emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 
( l i mi t  r equi r ement s f or  ei t her  of f i ce or  c l assr oom spaces r egar dl ess of  
space t ype)  or  VOC cont ent  r equi r ement s of  GS- 36.   For  pr oduct s l ocat ed on 
t he i nt er i or  of  t he bui l di ng ( i nsi de of  t he weat her pr oof i ng syst em,  
pr ovi de cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  qual i t y f or  adhesi ves.   
Pr ovi de bond coat ,  mor t ar ,  and gr out  suppl i ed f r om t he same manuf act ur er .

2. 4. 1   Dr y- Set  Por t l and Cement  Mor t ar

TCNA Hdbk.

2. 4. 2   Lat ex- Por t l and Cement  Mor t ar

TCNA Hdbk.

2. 4. 3   Cer ami c Ti l e Gr out

TCNA Hdbk;  pet r ol eum- f r ee and pl ast i c- f r ee hi gh- per f or mance cement  gr out  
( l at ex- por t l and cement  gr out )  .

2. 4. 4   Seal ant s

Compl y wi t h appl i cabl e r egul at i ons r egar di ng t oxi c and hazar dous mat er i al s 
and as speci f i ed.   Pr ovi de seal ant  t hat  does not  change t he col or  or  al t er  
t he appear ance of  t he gr out .   Ref er  t o Sect i on 07 92 00 JOI NT SEALANTS.

Pr ovi de seal ant s used on t he i nt er i or  of  t he bui l di ng ( def i ned as i nsi de 
of  t he weat her pr oof i ng syst em)  meet i ng ei t her  emi ssi ons r equi r ement s of  
CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  of f i ce or  c l assr oom 
spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s of  
SCAQMD Rul e 1168.   For  pr oduct s l ocat ed on t he i nt er i or  of  t he bui l di ng 
( i nsi de of  t he weat her pr oof i ng syst em) ,  pr ovi de cer t i f i cat i on or  
val i dat i on of  i ndoor  ai r  qual i t y f or  seal ant s.

2. 5   SUBSTRATES

Ref er  t o Sect i on 09 29 00 GYPSUM BOARD f or  cement i t i ous backer  uni t s and 
gl ass- mat  wat er - r esi st ant  backi ng boar d.

2. 5. 1   Cement i t i ous Backer  Uni t s

Pr ovi de cement i t i ous backer  uni t ,  f or  use as t i l e subst r at e as i ndi cat ed,  
i n accor dance wi t h TCNA Hdbk.   Fur ni sh 5/ 8 i nch t hi ck cement i t i ous backer  
uni t s.

2. 5. 2   Gl ass- Mat  Gypsum Wat er - Resi st ant  Backi ng Boar d
Pr ovi de gl ass- mat  wat er - r esi st ant  backi ng boar d,  f or  use as t i l e subst r at e 
as i ndi cat ed,  i n accor dance wi t h ASTM C1178/ C1178M.   Pr ovi de 5/ 8 i nch 
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t hi ck gl ass- mat  wat er - r esi st ant  backi ng boar d.

2. 6   MI SCELLANEOUS TRI MS

2. 6. 1   Tr ansi t i on St r i ps

Pr ovi de mar bl e t r ansi t i ons appr opr i at e f or  condi t i ons.   Cat egor i ze mar bl e 
Gr oup A as c l assi f i ed by MI A Desi gn Manual .   Pr ovi de a f i ne sand- r ubbed 
f i ni sh mar bl e,  whi t e i n col or .   Pr ovi de mi ni mum 12. 0 mar bl e abr asi on when 
t est ed i n accor dance wi t h ASTM C241/ C241M.  Pr ovi de t r ansi t i on st r i ps t hat  
compl y wi t h 36 CFR 1191r equi r ement s.

2. 7   WATERPROOF MEMBRANE

2. 7. 1   Gener al

Manuf act ur er ' s st andar d pr oduct  t hat  compl i es wi t h ANSI  A108/ A118/ A136. 1 
and i s r ecommended by t he manuf act ur er  f or  t he appl i cat i on i ndi cat ed.   
I ncl ude r ei nf or cement  and accessor i es r ecommended by manuf act ur er .

2. 7. 2   Chl or i nat ed- Pol yet hyl ene Shower  Wat er pr oof  Membr ane

Nonpl ast i c i zed,  chl or i nat ed pol yet hyl ene f aced on bot h s i des wi t h nonwoven 
pol yest er  f abr i c;  0. 040 i nch nomi nal  t hi ckness.

2. 8   CRACK I SOLATI ON MEMBRANE

2. 8. 1   Gener al

Manuf act ur er ' s st andar d pr oduct  t hat  compl i es wi t h ANSI  A108/ A118/ A136. 1 
and i s r ecommended by t he manuf act ur er  f or  t he appl i cat i on i ndi cat ed.   
I ncl ude r ei nf or cement  and accessor i es r ecommended by manuf act ur er .

2. 8. 2   Chl or i nat ed- Pol yet hyl ene Cr ack I sol at i on Membr ane

Nonpl ast i c i zed,  chl or i nat ed pol yet hyl ene f aced on bot h s i des wi t h nonwoven 
pol yest er  f abr i c;  0. 030 i nch nomi nal  t hi ckness.

2. 9   COLOR,  TEXTURE,  AND PATTERN

Pr ovi de col or ,  pat t er n and t ext ur e as speci f i ed i n Sect i on 09 06 00 
SCHEDULES FOR FI NI SHES. .

PART 3   EXECUTI ON

3. 1   PREPARATORY WORK AND WORKMANSHI P

I nspect  sur f ace t o r ecei ve t i l e i n conf or mance t o t he r equi r ement s of  
TCNA Hdbk f or  sur f ace condi t i ons f or  t he t ype set t i ng bed speci f i ed and 
f or  wor kmanshi p.   Pr ovi de var i at i ons of  t i l ed sur f aces t hat  f al l  wi t hi n 
maxi mum val ues shown bel ow:

TYPE WALLS FLOORS

Dr y- Set  Mor t ar 1/ 8 i nch i n 8 f t . 1/ 8  i nch i n 10 f t .
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TYPE WALLS FLOORS

Lat ex- Por t l and Cement  Mor t ar 1/ 8 i nch i n 8 f t . 1/ 8  i nch i n 10 f t .

3. 2   GENERAL I NSTALLATI ON REQUI REMENTS

Do not  st ar t  t i l e wor k unt i l  r oughi ng i n f or  mechani cal  and el ect r i cal  
wor k has been compl et ed and t est ed,  and bui l t - i n i t ems r equi r i ng membr ane 
wat er pr oof i ng have been i nst al l ed and t est ed.   Cl ose space,  i n whi ch t i l e 
i s bei ng set ,  t o t r af f i c  and ot her  wor k.   Keep cl osed unt i l  t i l e i s f i r ml y 
set .   Do not  st ar t  f l oor  t i l e i nst al l at i on i n spaces r equi r i ng wal l  t i l e 
unt i l  af t er  wal l  t i l e has been i nst al l ed.   Appl y t i l e i n col or s and 
pat t er ns i ndi cat ed i n t he ar ea shown on t he dr awi ngs.   I nst al l  t i l e wi t h 
t he r espect i ve sur f aces i n t r ue even pl anes t o t he el evat i ons and gr ades 
shown.   Pr ovi de speci al  shapes as r equi r ed f or  s i l l s ,  j ambs,  r ecesses,  
of f set s,  ext er nal  cor ner s,  and ot her  condi t i ons t o pr ovi de a compl et e and 
neat l y f i ni shed i nst al l at i on.   Sol i dl y back t i l e bases and coves wi t h 
mor t ar .   Do not  wal k or  wor k on newl y t i l ed f l oor s wi t hout  usi ng kneel i ng 
boar ds or  equi val ent  pr ot ect i on of  t he t i l ed sur f ace.   Keep t r af f i c  of f  
hor i zont al  por t l and cement  mor t ar  i nst al l at i ons f or  at  l east  72 hour s.   
Keep al l  t r af f i c  of f  epoxy i nst al l ed f l oor s f or  at  l east  40 hour s af t er  
gr out i ng,  and heavy t r af f i c  of f  f or  at  l east  7 days,  unl ess ot her wi se 
speci f i cal l y aut hor i zed by manuf act ur er .   Di mensi on and dr aw det ai l  
dr awi ngs at  a mi ni mum scal e of  1/ 4 i nch = 1 f oot .   I ncl ude dr awi ngs of  
pat t er n at  i nsi de cor ner s,  out s i de cor ner s,  t er mi nat i on poi nt s and 
l ocat i on of  al l  equi pment  i t ems such as t her most at s,  swi t ch pl at es,  
mi r r or s and t oi l et  accessor i es mount ed on sur f ace.   Submi t  dr awi ngs 
showi ng cer ami c t i l e pat t er n el evat i ons and f l oor  pl ans.   Submi t  
manuf act ur er ' s pr epr i nt ed i nst al l at i on i nst r uct i ons.

Do not  i nst al l  bui l di ng const r uct i on mat er i al s t hat  show vi sual  evi dence 
of  bi ol ogi cal  gr owt h.

3. 3   I NSTALLATI ON OF SUBSTRATES

3. 3. 1   Cement i t i ous Backer  Uni t s and Gl ass- Mat  Wat er - Resi st ant  Backi ng Boar d

I nst al l  as speci f i ed i n Sect i on 09 29 00 GYPSUM BOARD.

3. 4   I NSTALLATI ON OF WALL TI LE

I nst al l  wal l  t i l e i n accor dance wi t h t he TCNA Hdbk,  met hod W221 and wi t h 
gr out  j oi nt s as r ecommended by t he manuf act ur er  f or  t he t ype of  t i l e.   

3. 4. 1   Wor kabl e or  Cur ed Mor t ar  Bed

I nst al l  t i l e over  wor kabl e mor t ar  bed or  a cur ed mor t ar  bed at  t he opt i on 
of  t he Cont r act or .   I nst al l  a 4 mi l  pol yet hyl ene membr ane,  met al  l at h,  and 
scr at ch coat .   Conf or m t o TCNA Hdbk met hod W221 f or  wor kabl e mor t ar  bed,  
mat er i al s,  and i nst al l at i on of  t i l e.   Conf or m t o TCNA Hdbk met hod W221 f or  
cur ed mor t ar  bed and mat er i al s.

3. 4. 2    Lat ex- Por t l and Cement  Mor t ar

Use l at ex- por t l and cement  t o i nst al l  t i l e i n accor dance wi t h TCNA Hdbk .   
Use l at ex- por t l and cement  when i nst al l i ng por cel ai n cer ami c t i l e.
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3. 4. 3   Cer ami c Ti l e Gr out

Pr epar e and i nst al l  cer ami c t i l e gr out  i n accor dance wi t h TCNA Hdbk .   
Pr ovi de and appl y manuf act ur er ' s st andar d  pr oduct  f or  seal i ng gr out  
j oi nt s i n accor dance wi t h manuf act ur er ' s r ecommendat i ons.

3. 5   I NSTALLATI ON OF FLOOR TI LE

I nst al l  f l oor  t i l e i n accor dance wi t h TCNA Hdbk met hod F111 and wi t h gr out  
j oi nt s of  1/ 8 i nch.   I nst al l  shower  r ecept or s i n accor dance wi t h TCNA Hdbk 
met hod B414 .

3. 5. 1   I nst al l at i on of   Por cel ai n Ti l e

I nst al l  por cel ai n t i l e i n accor dance wi t h TCNA Hdbk met hod F113 and 
ANSI  A137. 3/ A108. 19 f or  t hi n- bed met hod bonded wi t h modi f i ed dr y- set  
cement  mor t ar  over  i mpr oved modi f i ed dr y- set  cement  mor t ar .

3. 5. 2   Wor kabl e or  Cur ed Mor t ar  Bed

I nst al l  f l oor  t i l e over  a wor kabl e mor t ar  bed or  a cur ed mor t ar  bed at  t he 
opt i on of  t he Cont r act or .   Conf or m t o TCNA Hdbk met hod F111 f or  wor kabl e 
mor t ar  bed mat er i al s and i nst al l at i on.   Conf or m t o TCNA Hdbk met hod F111 
f or  cur ed mor t ar  bed mat er i al s and i nst al l at i on.   Pr ovi de mi ni mum 1/ 4 i nch 
t o maxi mum 3/ 8 i nch j oi nt s i n uni f or med wi dt h.

3. 5. 3   Dr y- Set  and Lat ex- Por t l and Cement

Use l at ex- por t l and cement  mor t ar  t o i nst al l  t i l e di r ect l y over  pr oper l y 
cur ed,  pl ane,  c l ean concr et e s l abs i n accor dance wi t h TCNA Hdbk met hod 
F111,  F113 or  B414.   Use l at ex- por t l and cement  when i nst al l i ng por cel ai n 
cer ami c t i l e.

3. 5. 4   Cer ami c Ti l e Gr out

Pr epar e and i nst al l  cer ami c t i l e gr out  i n accor dance wi t h TCNA Hdbk met hod 
F111,  F113,  or  B414 as appl i cabl e.   Pr ovi de and appl y manuf act ur er ' s 
st andar d  pr oduct  f or  seal i ng gr out  j oi nt s i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.

3. 5. 5   Wat er pr oof  and Cr ack I sol at i on Membr anes

I nst al l  as i ndi cat ed i n accor dance wi t h manuf act ur er ' s wr i t t en 
i nst r uct i ons.

3. 5. 6   Concr et e Fi l l

Pr ovi de a 3500 psi  concr et e f i l l  mi x t o dr y as consi st ency as 
pr act i cabl e.   Compose concr et e f i l l  by vol ume of  1 par t  Por t l and cement  t o 
3 par t s f i ne aggr egat e t o 4 par t s coar se aggr egat e,  and mi x wi t h wat er  t o 
as dr y a consi st ency as pr act i cabl e.   Spr ead,  t amp,  and scr eed concr et e 
f i l l  t o a t r ue pl ane,  and pi t ch t o dr ai ns or  l evel s as shown.   Thor oughl y 
damp concr et e f i l l  bef or e appl y i ng set t i ng- bed mat er i al .   Rei nf or ce 
concr et e f i l l  wi t h one l ayer  of  r ei nf or cement ,  wi t h t he uncut  edges l apped 
t he wi dt h of  one mesh and t he cut  ends and edges l apped a mi ni mum 2 i nch.   
Ti e l aps t oget her  wi t h 18 gauge wi r e ever y 10 i nch al ong t he f i ni shed 
edges and ever y 6 i nch al ong t he cut  ends and edges.   Pr ovi de 
r ei nf or cement  wi t h suppor t  and secur e i n t he cent er s of  concr et e f i l l s .   
Pr ovi de a cont i nuous mesh;  except  wher e expansi on j oi nt s occur ,  cut  mesh 

SECTI ON 09 30 10  Page 10



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

and di scont i nue acr oss such j oi nt s.   Pr ovi de r ei nf or ced concr et e f i l l  
under  t he set t i ng- bed wher e t he di st ance bet ween t he under - f l oor  sur f ace 
and t he f i ni shed t i l es f l oor  sur f ace i s a mi ni mum of  2 i nches,  and of  t he 
same t hi ckness t hat  t he mor t ar  set t i ng- bed over  t he concr et e f i l l  wi t h t he 
t hi ckness r equi r ed i n t he speci f i ed TCNA Hdbk met hod .

3. 6   I NSTALLATI ON OF MI SCELLANEOUS TRI MS

3. 6. 1   Tr ansi t i on St r i ps

I nst al l  t r ansi t i on st r i ps wher e i ndi cat ed,  i n a manner  s i mi l ar  t o t hat  of  
t he cer ami c t i l e f l oor  and as r ecommended by t he manuf act ur er .   Pr ovi de 
t hr eshol ds f ul l  wi dt h of  t he openi ng.   I nst al l  head j oi nt s at  ends not  
exceedi ng 1/ 4 i nch i n wi dt h and gr out ed f ul l .

3. 6. 2   Met al  Tr i ms

I nst al l  t r i m wher e i ndi cat ed.   Embed anchor i ng l eg i n set t i ng mor t ar  i n 
accor dance wi t h manuf act ur er ' s i nst r uct i ons.   Dur i ng gr out i ng of  t i l e 
j oi nt s,  i mmedi at el y wi pe gr out  f r om f i ni sh sur f ace.

3. 7   EXPANSI ON JOI NTS

For m and seal  j oi nt s as speci f i ed i n Sect i on 07 92 00 JOI NT SEALANTS.

3. 7. 1   Wal l s

Pr ovi de expansi on j oi nt s at  cont r ol  j oi nt s i n backi ng mat er i al .   Wher ever  
backi ng mat er i al  changes,  i nst al l  an expansi on j oi nt  t o separ at e t he 
di f f er ent  mat er i al s.

3. 7. 2   Fl oor s

Pr ovi de expansi on j oi nt s over  const r uct i on j oi nt s,  cont r ol  j oi nt s,  and 
expansi on j oi nt s i n concr et e s l abs i n accor dance wi t h TCNA Hdbk met hod  
EJ171 t ype t o sui t  condi t i ons.   Pr ovi de expansi on j oi nt s wher e t i l e abut s 
r est r ai ni ng sur f aces such as per i met er  wal l s,  cur bs and col umns and at  
i nt er val s of  20 t o 25 f eet  each way i n l ar ge i nt er i or  f l oor  ar eas  Ext end 
expansi on j oi nt s t hr ough set t i ng- beds and f i l l .

3. 8   CLEANI NG AND PROTECTI NG

Upon compl et i on,  t hor oughl y c l ean t i l e sur f aces i n accor dance wi t h 
manuf act ur er ' s appr oved cl eani ng i nst r uct i ons.   Do not  use aci d f or  
c l eani ng gl azed t i l e.   Cl ean f l oor  t i l e wi t h r esi nous gr out  or  wi t h 
f act or y mi xed gr out  i n accor dance wi t h pr i nt ed i nst r uct i ons of  t he gr out  
manuf act ur er .   Af t er  t he gr out  has set ,  pr ovi de a pr ot ect i ve coat  of  a 
noncor r osi ve soap or  ot her  appr oved met hod of  pr ot ect i on f or  t i l e wal l  
sur f aces.   Cover  t i l ed f l oor  ar eas wi t h bui l di ng paper  bef or e f oot  t r af f i c  
i s  per mi t t ed over  t he f i ni shed t i l e f l oor s.   Pr ovi de boar d wal kways on 
t i l ed f l oor s t hat  ar e t o be cont i nuousl y used as passageways by wor kmen.   
Repl ace damaged or  def ect i ve t i l es.

        - -  End of  Sect i on - -
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SECTI ON 09 51 00

ACOUSTI CAL CEI LI NGS
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A489 ( 2018;  E 2018)  St andar d Speci f i cat i on f or  
Car bon St eel  Eyebol t s

ASTM A641/ A641M ( 2019)  St andar d Speci f i cat i on f or  
Zi nc- Coat ed ( Gal vani zed)  Car bon St eel  Wi r e

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A1008/ A1008M ( 2021a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM B633 ( 2019)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Zi nc on I r on 
and St eel

ASTM C423 ( 2009a)  Sound Absor pt i on and Sound 
Absor pt i on Coef f i c i ent s by t he 
Rever ber at i on Room Met hod

ASTM C635/ C635M ( 2022)  St andar d Speci f i cat i on f or   
Manuf act ur e,  Per f or mance,  and Test i ng of  
Met al  Suspensi on Syst ems f or  Acoust i cal  
Ti l e and Lay- I n Panel  Cei l i ngs

ASTM C636/ C636M ( 2013)  St andar d Pr act i ce f or  I nst al l at i on 
of  Met al  Cei l i ng Suspensi on Syst ems f or  
Acoust i cal  Ti l e and Lay- I n Panel s

ASTM C834 ( 2017)  St andar d Speci f i cat i on f or  Lat ex 
Seal ant s

ASTM E413 ( 2022)  Cl assi f i cat i on f or  Rat i ng Sound 
I nsul at i on

ASTM E795 ( 2016)  St andar d Pr act i ces f or  Mount i ng 
Test  Speci mens Dur i ng Sound Absor pt i on 
Test s

SECTI ON 09 51 00  Page 1



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

ASTM E1111/ E1111M ( 2014;  R 2022)  St andar d Test  Met hod f or  
Measur i ng t he I nt er zone At t enuat i on of  
Open Of f i ce Component s

ASTM E1264 ( 2022)  St andar d Cl assi f i cat i on f or  
Acoust i cal  Cei l i ng Pr oduct s

ASTM E1414/ E1414M ( 2021a)  St andar d Test  Met hod f or  Ai r bor ne 
Sound At t enuat i on Bet ween Rooms Shar i ng a 
Common Cei l i ng Pl enum

ASTM E1477 ( 1998;  R 2022a)  St andar d Test  Met hod f or  
Lumi nous Ref l ect ance Fact or  of  Acoust i cal  
Mat er i al s by Use of  I nt egr at i ng- Spher e 
Ref l ect omet er s

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

UNDERWRI TERS LABORATORI ES ( UL)

UL 2818 ( 2013)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

Recycl ed Cont ent  f or  Type I I I  Cei l i ng Ti l es;  S

Recycl ed Cont ent  f or  Suspensi on Syst ems;  S

Acoust i cal  Per f or mance;  G,  RO
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SD- 04 Sampl es

Acoust i cal  Uni t s;  G,  RO

Acoust i cal  Cei l i ng Ti l es;  G,  RO

SD- 07 Cer t i f i cat es

I ndoor  Ai r  Qual i t y f or  Type I I I  Cei l i ng Ti l es;  S

I ndoor  Ai r  Qual i t y f or  Seal ant s;  S1. 3   CERTI FI CATI ONS

1. 3. 1   I ndoor  Ai r  Qual i t y Cer t i f i cat i ons

1. 3. 1. 1   Cei l i ng Ti l es

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr ams t hat  
pr oduct s meet  t he r equi r ement s of  t hi s sect i on.   Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.  

1. 3. 1. 2   Adhesi ves and Seal ant s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr ams t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.   Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.   When pr oduct  does 
not  have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  
ai r  qual i t y pr oduct  r equi r ement s c i t ed i n t hi s Sect i on.

1. 4   DELI VERY,  STORAGE.  AND HANDLI NG

Del i ver  mat er i al s t o t he s i t e i n t he manuf act ur er ' s or i gi nal  unopened 
cont ai ner s wi t h br and name and t ype cl ear l y mar ked.   Car ef ul l y handl e and 
st or e mat er i al s i n dr y,  wat er t i ght  encl osur es.   I mmedi at el y bef or e 
i nst al l at i on,  st or e acoust i cal  uni t s f or  not  l ess t han 24 hour s at  t he 
same t emper at ur e and r el at i ve humi di t y as t he space wher e t hey wi l l  be 
i nst al l ed i n or der  t o assur e pr oper  t emper at ur e and moi st ur e accl i mat i on.

1. 5   ENVI RONMENTAL REQUI REMENTS

Mai nt ai n a uni f or m t emper at ur e of  not  l ess t han 60 degr ees F nor  mor e t han 
85 degr ees F and a r el at i ve humi di t y of  not  mor e t han 70 per cent  f or  24 
hour s bef or e,  dur i ng,  and 24 hour s af t er  i nst al l at i on of  acoust i cal  uni t s.

1. 6   SCHEDULI NG

Compl et e and dr y i nt er i or  f i ni sh wor k such as pl ast er i ng,  concr et e and 
t er r azzo wor k bef or e cei l i ng i nst al l at i on.   Compl et e mechani cal ,  
el ect r i cal ,  and ot her  wor k above t he cei l i ng l i ne;  i nst al l  and st ar t  
oper at i ng heat i ng,  vent i l at i ng,  and ai r  condi t i oni ng syst ems i n or der  t o 
mai nt ai n t emper at ur e and humi di t y r equi r ement s.

1. 7   WARRANTY

Pr ovi de manuf act ur er ' s war r ant y t o r epai r  or  r epl ace def ect i ve mat er i al s 
and wor kmanshi p i ncl udi ng but  not  l i mi t ed t o,  saggi ng and war pi ng of  
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panel s and r ust i ng and of  gr i d syst ems,  f or  a per i od of  t en year syear s 
f r om dat e of  f i nal  accept ance of  t he wor k.

1. 8   EXTRA MATERI ALS

Fur ni sh spar e t i l es,  f r om t he same l ot  as t hose i nst al l ed,  of  each col or  
at  t he r at e of  5 t i l es f or  each 1000 t i l es i nst al l ed.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Pr ovi de sound cont r ol l i ng uni t s mechani cal l y mount ed on a cei l i ng 
suspensi on syst em f or  acoust i cal  t r eat ment .   Pr ovi de t he uni t  s i ze,  
t ext ur e,  f i ni sh,  and col or  as speci f i ed.   Coor di nat e t he ent i r e cei l i ng 
syst em wi t h ot her  det ai l s,  l i ke t he l ocat i on of  access panel s and cei l i ng 
penet r at i ons,  f or  i nst ance,  shown on t he dr awi ngs.   Submi t  dr awi ngs 
showi ng t he t he l ocat i on,  ext ent  and det ai l s of  acoust i cal  t r eat ment  
i ncl udi ng suspensi on syst em,  met hod of  anchor i ng and f ast eni ng,  and 
r ef l ect ed cei l i ng pl an.

2. 1. 1   Acoust i cal  Per f or mance

2. 1. 1. 1   Cei l i ng Sound Tr ansmi ssi on

Pr ovi de cei l i ng syst ems wi t h t he speci f i ed Cei l i ng At t enuat i on Cl ass ( CAC)  
r at i ngs as det er mi ned i n accor dance wi t h ASTM E1414/ E1414M and ASTM E413.   
Pr ovi de sound at t enuat or s over  l i ght  f i x t ur es,  ai r  t er mi nal s and ot her  
cei l i ng penet r at i ons,  pr ovi de acoust i cal  bl anket  i nsul at i on on t op of  t he 
cei l i ng or  adj acent  t o par t i t i ons t o pr ovi de l i ght wei ght  acoust i cal  pl enum 
bar r i er s above par t i t i ons as r equi r ed t o achi eve t he speci f i ed CAC 
r at i ngs.  Pr ovi de t est  cei l i ng cont i nuous at  t he par t i t i on and assembl ed i n 
t he suspensi on syst em i n t he same manner  t hat  t he cei l i ng wi l l  be 
i nst al l ed on t he pr oj ect .

2. 1. 1. 2   Cei l i ng Sound Absor pt i on

Det er mi ne t he Noi se Reduct i on Coef f i c i ent  ( NRC)  i n accor dance wi t h 
ASTM C423.   Det er mi ne Ar t i cul at i on Cl ass ( AC)  i n accor dance wi t h 
ASTM E1111/ E1111M.

2. 1. 2   Li ght  Ref l ect ance

Det er mi ne l i ght  r ef l ect ance f act or  i n accor dance wi t h ASTM E1477 t est  
met hod.

2. 2   ACOUSTI CAL UNI TS

Submi t  sampl es of  each t ype of  acoust i cal  uni t  and each t ype of  suspensi on 
gr i d t ee sect i on showi ng t ext ur e,  f i ni sh,  and col or .   Conf or m acoust i cal  
uni t s t o ASTM E1264,  Cl ass A,  and t he f ol l owi ng r equi r ement s:

2. 2. 1   Uni t s f or  Exposed- Gr i d Syst em 

2. 2. 1. 1   Type
I I I  ( non- asbest os mi ner al  f i ber  wi t h pai nt ed f i ni sh) .   Pr ovi de Type I I I  
Acoust i cal  Cei l i ng Ti l es cont ai ni ng a mi ni mum of  30 per cent  r ecycl ed 
cont ent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  Type 
I I I  cei l i ng t i l es.   Pr ovi de cer t i f i cat i on of  i ndoor  ai r  qual i t y f or  Type 

SECTI ON 09 51 00  Page 4



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

I I I  Cei l i ng Ti l es.

2. 2. 1. 2   Fl ame Spr ead

Cl ass A,  25 or  l ess

2. 2. 1. 3   Pat t er n

 C D 

2. 2. 1. 4   Mi ni mum NRC

0. 55 when t est ed on mount i ng Type E- 400 of  ASTM E795.

2. 2. 1. 5   Mi ni mum Li ght  Ref l ect ance Coef f i c i ent
LR- 1,  0. 75 or  gr eat er  

2. 2. 1. 6   Nomi nal  Si ze

24 by 24 i nch

2. 2. 1. 7   Edge Det ai l

Squar e 

2. 2. 1. 8   Fi ni sh

Fact or y- appl i ed st andar d f i ni sh.   See par agr aph COLORS AND STANDARDS.

2. 2. 1. 9   Mi ni mum CAC

35

2. 3   SUSPENSI ON SYSTEM

Pr ovi de exposed- gr i d  st andar d wi dt h f l ange suspensi on syst em conf or mi ng 
t o ASTM C635/ C635M f or  i nt er medi at e- dut y syst ems .   Pr ovi de sur f aces 
exposed t o v i ew of  al umi num or  st eel  wi t h a f act or y- appl i ed whi t e 
baked- enamel  f i ni sh .   Pr ovi de wal l  mol di ng havi ng a f l ange of  not  l ess 
t han  15/ 16 i nch .   Pr ovi de i nsi de and out si de cor ner  caps .   Pr ovi de a 
suspensi on syst em wi t h a maxi mum def l ect i on of  1/ 360 of  t he span l engt h 
capabl e of  suppor t i ng t he f i ni shed cei l i ng,  l i ght  f i x t ur es,  ai r  di f f user s,  
and accessor i es,  as shown.

Pr ovi de Suspensi on Syst em cont ai ni ng a mi ni mum of  15 per cent  r ecycl ed 
cont ent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  
suspensi on syst ems.

2. 4   HANGERS

Pr ovi de hanger s and at t achment  capabl e of  suppor t i ng a mi ni mum 300 pound 
ul t i mat e ver t i cal  l oad wi t hout  f ai l ur e of  suppor t i ng mat er i al  or  
at t achment .

2. 4. 1   Wi r es

Conf or m wi r es t o ASTM A641/ A641M,  Cl ass 1,   0. 08 i nch ( 12 gauge)  i n 
di amet er .  
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2. 4. 2   St r aps

Pr ovi de st r aps of  1 by 3/ 16 i nch gal vani zed st eel  conf or mi ng t o 
ASTM A653/ A653M,  wi t h a l i ght  commer ci al  z i nc coat i ng or  ASTM A1008/ A1008M
wi t h an el ect r odeposi t ed z i nc coat i ng conf or mi ng t o ASTM B633,  Type RS.

2. 4. 3   Rods

Pr ovi de 3/ 16 i nch di amet er  t hr eaded st eel  r ods,  z i nc or  cadmi um coat ed.

2. 4. 4   Eyebol t s

Pr ovi de eyebol t s of  wel dl ess,  f or ged- car bon- st eel ,  wi t h a st r ai ght - shank 
i n accor dance wi t h ASTM A489.   Pr ovi de mi ni mum 1/ 4 i nch,  z i nc coat ed 
eyebol t s.

2. 4. 5   Masonr y Anchor age Devi ces

Compl y wi t h ASTM C636/ C636M f or  anchor age devi ces f or  eyebol t s .

2. 5   ACCESS PANELS

Pr ovi de access panel s t hat  mat ch adj acent  acoust i cal  uni t s,  desi gned and 
equi pped wi t h sui t abl e f r ami ng and f ast eni ngs f or  r emoval  and r epl acement  
wi t hout  damage.   Si ze panel  t o be not  l ess t han 12 by 12 i nch or  mor e t han 
12 by 24 i nch.

a.   At t ach an i dent i f i cat i on pl at e of  0. 032 i nch t hi ck al umi num,   3/ 4 i nch 
i n di amet er ,  st amped wi t h t he l et t er s " AP"  and f i ni shed t he same as 
t he uni t ,  near  one cor ner  on t he f ace of  each access panel .

b.   I dent i f y cei l i ng access panel  by a number  ut i l i z i ng whi t e 
i dent i f i cat i on pl at es or  pl ast i c but t ons wi t h cont r ast i ng numer al s.   
Pr ovi de pl at es or  but t ons of  mi ni mum 1 i nch di amet er  and secur el y 
at t ached t o one cor ner  of  each access uni t .   Pr ovi de a t ypewr i t t en 
car d f r amed under  gl ass l i s t i ng t he code i dent i f i cat i on number s and 
cor r espondi ng syst em descr i pt i ons l i s t ed above.   Mount  t he f r amed car d 
wher e di r ect ed and f ur ni sh a dupl i cat e car d t o t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve.   Code i dent i f i cat i on syst em i s as f ol l ows:

( 1)   Fi r e det ect i on/ al ar m syst em

( 2)   Ai r  condi t i oni ng cont r ol s

( 3)   Pl umbi ng syst em

( 4)   Heat i ng and st eam syst ems

( 5)   Ai r  condi t i oni ng duct  syst em

( 6)   Spr i nkl er  syst em

( 7)   I nt er communi cat i on syst em

( 11)   Pr ogr am ent er t ai nment

( 12)   Tel ephone j unct i on boxes
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2. 6   FI NI SHES

Use manuf act ur er ' s st andar d t ext ur es,  pat t er ns and f i ni shes as speci f i ed 
f or  acoust i cal  uni t s and suspensi on syst em member s.   Tr eat  cei l i ng 
suspensi on syst em component s t o i nhi bi t  cor r osi on.

2. 7   COLORS AND PATTERNS

Use col or s and pat t er ns f or  acoust i cal  uni t s and suspensi on syst em 
component s as speci f i ed i n Sect i on 09 06 00 SCHEDULES FOR FI NI SHES.

2. 8   ACOUSTI CAL SEALANT

Conf or m acoust i cal  seal ant  t o ASTM C834,  nonst ai ni ng.   Pr ovi de seal ant s 
used on t he i nt er i or  of  t he bui l di ng ( def i ned as i nsi de of  t he 
weat her pr oof i ng syst em) i n accor dance wi t h r equi r ement s of  Sect i on 07 92 00 
JOI NT SEALANTS.  t hat  meet  ei t her  emi ssi ons r equi r ement s of  
CDPH SECTI ON 01350 ( l i mi t  t he r equi r ement s f or  ei t her  of f i ce or  c l assr oom 
spaces r egar dl ess of  space t ype)  or  VOC cont ent  r equi r ement s of  
SCAQMD Rul e 1168.   For  pr oduct s l ocat ed on t he i nt er i or  of  t he bui l di ng 
( i nsi de of  t he weat her pr oof i ng syst em) ,  pr ovi de cer t i f i cat i on of  i ndoor  
ai r  qual i t y f or  Seal ant s.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Do not  i nst al l  bui l di ng const r uct i on mat er i al s t hat  show vi sual  evi dence 
of  bi ol ogi cal  gr owt h.

Exami ne sur f aces t o r ecei ve di r ect l y at t ached acoust i cal  uni t s f or  
unevenness,  i r r egul ar i t i es,  and dampness t hat  woul d af f ect  qual i t y and 
execut i on of  t he wor k.   Ri d ar eas,  wher e acoust i cal  uni t s wi l l  be 
cement ed,  of  oi l s ,  f or m r esi due,  or  ot her  mat er i al s t hat  r educe bondi ng 
capabi l i t i es of  t he adhesi ve.   Compl et e and dr y i nt er i or  f i ni sh wor k such 
as pl ast er i ng,  concr et e,  and t er r azzo wor k bef or e i nst al l at i on.   Compl et e 
and appr ove mechani cal ,  el ect r i cal ,  and ot her  wor k above t he cei l i ng l i ne 
pr i or  t o t he st ar t  of  acoust i cal  cei l i ng i nst al l at i on.   Pr ovi de acoust i cal  
wor k compl et e wi t h necessar y f ast eni ngs,  c l i ps,  and ot her  accessor i es 
r equi r ed f or  a compl et e i nst al l at i on.   Do not  expose mechani cal  f ast eni ngs 
i n t he f i ni shed wor k.   Lay out  hanger s f or  each i ndi v i dual  r oom or  space.   
Pr ovi de hanger s t o suppor t  f r ami ng ar ound beams,  duct s,  col umns,  gr i l l es,  
and ot her  penet r at i ons t hr ough cei l i ngs.   Keep mai n r unner s and car r y i ng 
channel s c l ear  of  abut t i ng wal l s and par t i t i ons.   Pr ovi de at  l east  t wo 
mai n r unner s f or  each cei l i ng span.   Wher ever  r equi r ed t o bypass an obj ect  
wi t h t he hanger  wi r es,  i nst al l  a subsuspensi on syst em so t hat  al l  hanger  
wi r es wi l l  be pl umb.

3. 1. 1   Suspensi on Syst em

I nst al l  suspensi on syst em i n accor dance wi t h ASTM C636/ C636M and as 
speci f i ed her ei n.   Do not  suspend hanger  wi r es or  ot her  l oads f r om 
under si de of  st eel  decki ng.

3. 1. 1. 1   Pl umb Hanger s

I nst al l  hanger s pl umb and not  pr essi ng agai nst  i nsul at i on cover i ng duct s 
and pi pes.   Wher e l i ght i ng f i x t ur es ar e suppor t ed f r om t he suspended 
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cei l i ng syst em,  pr ovi de hanger s at  a mi ni mum of  f our  hanger s per  f i x t ur e 
and l ocat ed not  mor e t han 6 i nch f r om each cor ner  of  each f i xt ur e.

3. 1. 1. 2   Spl ayed Hanger s

Spl ay ( s l ope or  s l ant )  hanger s ar ound obst r uct i ons,  of f set t i ng t he 
r esul t i ng hor i zont al  f or ce by br aci ng,  count er spl ayi ng,  or  ot her  
accept abl e means.

3. 1. 2   Wal l  Mol di ng

Pr ovi de wal l  mol di ng wher e cei l i ngs abut  ver t i cal  sur f aces.   Mi t er  cor ner s 
wher e wal l  mol di ngs i nt er sect  or  i nst al l  cor ner  caps.   Secur e wal l  mol di ng 
not  mor e t han 3 i nch f r om ends of  each l engt h and not  mor e t han 16 i nch on 
cent er s bet ween end f ast eni ngs.   Pr ovi de wal l  mol di ng spr i ngs at  each 
acoust i cal  uni t  i n semi - exposed or  conceal ed syst ems.

3. 1. 3   Acoust i cal  Uni t s

I nst al l  acoust i cal  uni t s i n accor dance wi t h t he appr oved i nst al l at i on 
i nst r uct i ons of  t he manuf act ur er .   Ensur e t hat  edges of  acoust i cal  uni t s 
ar e i n c l ose cont act  wi t h met al  suppor t s,  wi t h each ot her ,  and i n t r ue 
al i gnment .   Ar r ange acoust i cal  uni t s so t hat  uni t s l ess t han one- hal f  
wi dt h ar e mi ni mi zed.   Hol d uni t s i n exposed- gr i d syst em i n pl ace wi t h 
manuf act ur er ' s st andar d hol d- down cl i ps,  i f  uni t s wei gh l ess t han 1 psf  or  
i f  r equi r ed f or  f i r e r esi st ance r at i ng.

3. 1. 4   Acoust i cal  Seal ant

Seal  al l  j oi nt s ar ound pi pes,  duct s or  el ect r i cal  out l et s penet r at i ng t he 
cei l i ng.   Appl y a cont i nuous r i bbon of  acoust i cal  seal ant  on ver t i cal  web 
of  wal l  or  edge mol di ngs.

3. 1. 5   Adhesi ve Appl i cat i on

Wi pe back of  t i l e t o r emove accumul at ed dust .   Daub acoust i cal  uni t s on 
back si de wi t h f our  equal  daubs of  adhesi ve.   Appl y daubs near  cor ner s of  
t i l es.   Ensur e t hat  cont act  ar ea of  each daub i s at  l east  2 i nch di amet er  
i n f i nal  posi t i on.   Pr ess uni t s i nt o pl ace,  al i gni ng j oi nt s and abut t i ng 
uni t s t i ght  and uni f or m wi t hout  di f f er ences i n j oi nt  wi dt hs.

3. 2   CEI LI NG ACCESS PANELS

Locat e cei l i ng access panel s di r ect l y under  t he i t ems whi ch r equi r e access.

3. 3   CLEANI NG

Fol l owi ng i nst al l at i on,  c l ean di r t y or  di scol or ed sur f aces of  acoust i cal  
uni t s and l eave t hem f r ee f r om def ect s.   Remove uni t s t hat  ar e damaged or  
i mpr oper l y i nst al l ed and pr ovi de new uni t s as di r ect ed.

        - -  End of  Sect i on - -
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SECTI ON 09 67 23. 16

FUEL RESI STI VE RESI NOUS FLOORI NG,  5- COAT SYSTEM
02/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C679 ( 2015;  R 2022)  St andar d Test  Met hod f or  
Tack- Fr ee Ti me of  El ast omer i c Seal ant s

ASTM D412 ( 2016)  St andar d Test  Met hods f or  
Vul cani zed Rubber  and Ther mopl ast i c 
El ast omer s -  Tensi on

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D1308 ( 2002;  R 2013)  Ef f ect  of  Househol d 
Chemi cal s on Cl ear  and Pi gment ed Or gani c 
Fi ni shes

ASTM D2240 ( 2015;  E 2017)  St andar d Test  Met hod f or  
Rubber  Pr oper t y -  Dur omet er  Har dness

ASTM D3925 ( 2002;  R 2015)  Sampl i ng Li qui d Pai nt s and 
Rel at ed Pi gment ed Coat i ngs

ASTM D4541 ( 2017)  St andar d Test  Met hod f or  Pul l - Of f  
St r engt h of  Coat i ngs Usi ng Por t abl e 
Adhesi on Test er s

ASTM D6237 ( 2019)  St andar d Gui de f or  Pai nt i ng 
I nspect or s ( Concr et e and Masonr y 
Subst r at es)

ASTM E11 ( 2022)  St andar d Speci f i cat i on f or  Woven 
Wi r e Test  Si eve Cl ot h and Test  Si eves

I NTERNATI ONAL CONCRETE REPAI R I NSTI TUTE ( I CRI )

I CRI  310. 2R ( 2013)  Sel ect i ng and Speci f y i ng Concr et e 
Sur f ace Pr epar at i on f or  Seal er s,  Coat i ngs,  
Pol ymer  Over l ays,  and Concr et e Repai r

MASTER PAI NTERS I NSTI TUTE ( MPI )

MPI  208 ( 2020)  Fl oor  Coat i ng,  Thi ck Fi l m,  Pr i mer ,  
f or  Ai r cr af t  Mai nt enance Faci l i t i es

MPI  209 ( 2020)  Fl oor  Coat i ng,  Thi ck Fi l m,  Epoxy 
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Mor t ar ,  For  Ai r cr af t  Mai nt enance Faci l i t i es

MPI  210 ( 2020)  Fl oor  Coat i ng,  Thi ck Fi l m,  Gr out  
Coat ,  For  Ai r cr af t  Mai nt enance Faci l i t i es

MPI  212 ( 2018)  Fl oor  Coat i ng,  Thi n Fi l m,  f or  
Ai r cr af t  Mai nt enance Faci l i t i es

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC QP 5 ( 2022)  St andar d Pr ocedur e f or  Eval uat i ng 
t he Qual i f i cat i ons of  Coat i ng and Li ni ng 
I nspect i on Compani es

SSPC QP 8 ( 2015)  St andar d Pr ocedur e f or  Eval uat i ng 
t he Qual i f i cat i ons of  Cont r act i ng Fi r ms 
t hat  I nst al l  Pol ymer  Coat i ngs,  Sur f aci ngs,  
Li ni ngs or  FRP Composi t es on Concr et e and 
Ot her  Cement i t i ous Subst r at es

SSPC QS 1 ( 2015)  St andar d Pr ocedur e f or  Eval uat i ng a 
Cont r act or ' s Advanced Qual i t y Management  
Syst em

SSPC- TU 2/ NACE 6G197 ( 1997)  Desi gn,  I nst al l at i on,  and 
Mai nt enance of  Coat i ng Syst ems f or  
Concr et e Used i n Secondar y Cont ai nment

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 134 Respi r at or y Pr ot ect i on

29 CFR 1910. 1000 Ai r  Cont ami nant s

29 CFR 1926. 59 Hazar d Communi cat i on

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Joi nt  Seal ant ;  G,  RO

 Epoxy Mor t ar  Fl oor i ng Syst em;  G,  RO

Whi t e Al umi num Oxi de Non- Ski d Gr i t ;  G,  RO

SD- 05,  Desi gn Dat a

Envi r onment al  Cont r ol  Syst em

SD- 06 Test  Repor t s
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Joi nt  Seal ant  Test  Repor t ;  G,  RO

Pr i mer  Coat ;  G,  RO

Epoxy Mor t ar  Coat ;  G,  RO

Gr out  Coat ;  G,  RO

Ur et hane Topcoat ;  G,  RO

Whi t e Al umi num Oxi de Non- Ski d Gr i t ;  G,  RO

Pat ch Test  Demonst r at i on;  G,  RO

Dai l y I nspect i on Repor t ;  G,  RO

Adhesi on Test i ng;  G,  RO

SD- 07 Cer t i f i cat es

Coat i ng Wor k Pl an;  G,  RO

Qual i f i cat i ons of  Coat i ng Cont r act or s;  G,  RO

Joi nt  Seal ant  Cer t i f i cat es;  G,  RO

Epoxy Mor t ar  Fl oor i ng Syst em Cer t i f i cat es;  G,  RO

Qual i f i cat i ons of  Cer t i f i ed I ndust r i al  Hygi eni st  ( CI H)

Qual i f i cat i ons of  Cer t i f i ed Pr ot ect i ve Coat i ngs Speci al i st  ( PCS)

Qual i f i cat i ons of  Coat i ng I nspect i on Company

Qual i f i cat i ons of  QC Speci al i st  Coat i ng I nspect or

War r ant y;  G,  RO

SD- 08 Manuf act ur er ' s I nst r uct i ons

Joi nt  Seal ant  Manuf act ur er ' s I nst r uct i ons;  G,  RO

Epoxy Mor t ar  Fl oor i ng Syst em Manuf act ur er ' s I nst r uct i ons;  G,  RO

Wat er - Based Al kal i ne Degr easer ;  G,  RO

SD- 11 Cl oseout  Submi t t al s

I nspect i on Logbook;  G,  RO

1. 3   QUALI TY ASSURANCE

1. 3. 1   Qual i f i cat i ons of  Cer t i f i ed Pr ot ect i ve Coat i ngs Speci al i st  ( PCS)

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d- par t y PCS.   Submi t  document at i on t hat  t he speci al i st  
i s  cer t i f i ed by SSPC:  The Soci et y f or  Pr ot ect i ve Coat i ngs ( SSPC)  as a PCS,  
i ncl udi ng cer t i f i cat i on number  and dat e of  cer t i f i cat i on/ r ecer t i f i cat i on.   
I f  t he PCS i s empl oyed by t he same coat i ng i nspect i on company t o whi ch t he 
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coat i ng i nspect or  i s empl oyed,  t hi s does not  v i ol at e t he i ndependent  
t hi r d- par t y r equi r ement s.   The PCS must  r emai n cer t i f i ed dur i ng t he ent i r e 
pr oj ect ,  and t he Cont r act i ng Of f i cer ' s Repr esent at i ve must  be not i f i ed of  
any change i n cer t i f i cat i on st at us wi t hi n 10 days of  t he change.   The PCS 
must  not  be t he desi gnat ed coat i ng i nspect or .

1. 3. 2   Coat i ng Wor k Pl an

a.   I ncl ude coat i ng Wor k Pl an i n Qual i t y Cont r ol  Pl an.

b.   Pr ovi de pr ocedur es f or  r evi ewi ng Cont r act  Document s i mmedi at el y af t er  
awar d t o i dent i f y er r or s,  omi ssi ons,  and di scr epanci es so t hat  any 
such i ssues can be r esol ved pr i or  t o pr oj ect  pl anni ng and devel opment  
of  det ai l ed pr ocedur es.

c.   Pr ovi de pr ocedur es f or  ver i f i cat i on of  key pr ocesses dur i ng I ni t i al  
Phase t o ensur e t hat  Cont r act  r equi r ement s can be met .   Key pr ocesses 
must  i ncl ude sur f ace pr epar at i on,  coat i ng appl i cat i on and cur i ng,  
i nspect i on,  and document at i on,  and any ot her  pr ocess t hat  mi ght  
adver sel y i mpact  or der l y pr ogr essi on of  wor k.

d.   Pr ovi de pr ocedur es f or  al l  phases of  coat i ng oper at i ons,  i ncl udi ng 
pl anned wor k,  r ewor k,  r epai r ,  i nspect i on,  and document at i on.   Addr ess 
mobi l i zat i on and set up,  sur f ace pr epar at i on,  coat i ng appl i cat i on,  
coat i ng i ni t i al  cur e,  t r acki ng and cor r ect i on of  non- compl i ant  wor k,  
and demobi l i zat i on.   Coor di nat e wor k pr ocesses wi t h heal t h and saf et y 
pl ans and conf i ned space ent r y pl ans.   For  each pr ocess,  pr ovi de 
pr ocedur es t hat  i ncl ude appr opr i at e wor k i nst r uct i ons,  mat er i al  and 
equi pment  r equi r ement s,  per sonnel  qual i f i cat i ons,  cont r ol s,  and 
pr ocess ver i f i cat i on pr ocedur es.   Pr ovi de pr ocedur es f or  i nspect i ng 
wor k t o ver i f y and document  compl i ance wi t h Cont r act  r equi r ement s,  
i ncl udi ng i nspect i on f or ms and checkl i st s,  and accept ance and 
r ej ect i on cr i t er i a.

e.   Pr ovi de pr ocedur es f or  cor r ect i ng non- compl i ant  wor k.   Det ai l ed 
pr ocedur es ar e r equi r ed i n advance t o avoi d del ays i n meet i ng over coat  
wi ndows as wel l  as t o avoi d del ays i n pr oduct i on.   Pr ovi de pr ocedur es 
f or  r epai r i ng def ect s i n t he coat i ng f i l m,  such as r uns,  dr i ps,  sags,  
hol i days,  over spr ay,  as wel l  as how t o cor r ect  coat i ng t hi ckness 
non- compl i ance,  any ot her  ar eas of  r epai r  or  r ewor k t hat  mi ght  be 
adver sel y af f ect ed by del ays i n pr epar i ng and appr ovi ng new pr ocedur es.

f .   I f  a pr ocedur e i s based on a pr oposed or  appr oved r equest  f or  
devi at i on,  t he devi at i on must  be r ef er enced.   Changes t o pr ocedur es 
must  be not ed by submi t t al  number  and dat e appr oved,  c l ear l y 
del i neat i ng ol d r equi r ement s and new r equi r ement s,  so t hat  t he r ecor ds 
pr ovi de a cont i nuous l og of  r equi r ement s and pr ocedur es.

1. 3. 3   Desi gn Dat a

1. 3. 3. 1   Envi r onment al  Cont r ol  Syst em

Submi t  desi gn det ai l s of  t he pr oposed envi r onment al  cont r ol  syst em t o 
i ncl ude vent i l at i on,  humi di t y cont r ol ,  and t emper at ur e r egul at i on.   
Pr ovi de cal cul at i ons f or  humi di t y cont r ol  dur i ng separ at e sur f ace 
pr epar at i on and coat i ng appl i cat i on pr ocedur es,  vent i l at i on r equi r ement s 
dur i ng coat i ng appl i cat i on,  and maxi mum al l owabl e coat i ng appl i cat i on 
r at es t o coi nci de wi t h vent i l at i on.   I ncl ude basi s of  desi gn dat a on l ocal  
condi t i ons.   Pr ovi de equi pment  l ayout  sket ches and pr ocedur es showi ng 
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f unct i on of  each pi ece of  equi pment  and f ai l - saf e measur es.   A Cer t i f i ed 
I ndust r i al  Hygi eni st  must  appr ove cal cul at i ons,  wor k pr ocedur es and 
per sonal  pr ot ect i ve equi pment .

1. 3. 4   Test  Repor t s

1. 3. 4. 1   Joi nt  Seal ant  Test  Repor t

Submi t  t est  r esul t s t hat  conf i r m seal ant  compl i es wi t h Tabl e I a 
r equi r ement s.   Sampl es must  have been t est ed wi t hi n t he l ast  t hr ee year s.

1. 3. 4. 2   Dai l y I nspect i on Repor t

Submi t  one copy of  t he dai l y i nspect i on r epor t  t o t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve wi t hi n 24 hour s of  t he dat e r ecor ded.

1. 3. 5   Cer t i f i cat es

1. 3. 5. 1   Qual i f i cat i ons of  Cer t i f i ed I ndust r i al  Hygi eni st  ( CI H)

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y CI H.   Submi t  document at i on t hat  hygi eni st  i s  
cer t i f i ed by t he Amer i can Boar d of  I ndust r i al  Hygi ene i n compr ehensi ve 
pr act i ce,  i ncl udi ng cer t i f i cat i on number  and dat e of  
cer t i f i cat i on/ r ecer t i f i cat i on.   Pr ovi de evi dence of  exper i ence wi t h 
hazar ds i nvol ved i n i ndust r i al  coat i ng appl i cat i on wor k.

1. 3. 5. 2   Qual i f i cat i ons of  Cer t i f i ed Pr ot ect i ve Coat i ngs Speci al i st  ( PCS)

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d- par t y PCS.   Submi t  document at i on t hat  speci al i st  i s  
cer t i f i ed by SSPC:  The Soci et y f or  Pr ot ect i ve Coat i ngs ( SSPC)  as a PCS,  
i ncl udi ng cer t i f i cat i on number  and dat e of  cer t i f i cat i on/ r ecer t i f i cat i on.   
I f  t he PCS i s empl oyed by t he same coat i ng i nspect i on company t o whi ch t he 
coat i ng i nspect or  i s empl oyed,  t hi s does not  v i ol at e t he i ndependent  
t hi r d- par t y r equi r ement s.   The PCS must  r emai n cer t i f i ed dur i ng t he ent i r e 
pr oj ect ,  and t he Cont r act i ng Of f i cer ' s Repr esent at i ve must  be not i f i ed of  
any change i n cer t i f i cat i on st at us wi t hi n 10 days of  t he change.   The PCS 
must  not  be t he desi gnat ed coat i ng i nspect or .

1. 3. 5. 3   Qual i f i cat i ons of  Coat i ng I nspect i on Company

Submi t  document at i on t hat  t he coat i ng i nspect i on company per f or mi ng al l  
coat i ng i nspect i on f unct i ons i s cer t i f i ed by SSPC t o t he r equi r ement s of  
SSPC QP 5 pr i or  t o Cont r act  awar d.   The appr oved coat i ng i nspect i on 
company must  r emai n and not  be changed t hr ough compl et i on of  t he 
Cont r act .   The coat i ng i nspect i on company must  r emai n so cer t i f i ed f or  t he 
dur at i on of  t he pr oj ect .   I f  a coat i ng i nspect i on company' s cer t i f i cat i on 
expi r es,  t he f i r m wi l l  not  be al l owed t o per f or m any i nspect i on f unct i ons,  
and al l  sur f ace pr epar at i on and coat i ng appl i cat i on wor k must  st op,  unt i l  
t he cer t i f i cat i on i s r ei ssued.   Request s f or  ext ensi on of  t i me f or  any 
del ay t o t he compl et i on of  t he pr oj ect  due t o an i nact i ve cer t i f i cat i on 
wi l l  not  be consi der ed.   Not i f y t he Cont r act i ng Of f i cer ' s Repr esent at i ve 
of  any change i n coat i ng i nspect i on company cer t i f i cat i on st at us.   Not i f y 
t he Cont r act i ng Of f i cer ' s Repr esent at i ve of  al l  schedul ed and unannounced 
on- si t e i nspect i ons f r om SSPC and f ur ni sh a copy of  al l  i nspect i on r epor t s.
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1. 3. 5. 4   Qual i f i cat i ons of  QC Speci al i st  Coat i ng I nspect or

Submi t  document at i on t hat  each coat i ng i nspect or  i s empl oyed,  and 
qual i f i ed t o SSPC QP 5,  Level  I I ,  by t he sel ect ed coat i ng i nspect i on 
company.   Each i nspect or  must  r emai n empl oyed by t he coat i ng i nspect i on 
company whi l e per f or mi ng any coat i ng i nspect i on f unct i ons.   I n addi t i on t o 
t he handwr i t t en r ecor ds,  t he i nspect or  must  empl oy an el ect r oni c r epor t i ng 
pr ogr am wi t h f unct i onal i t y as out l i ned i n Tabl e I I .   The Admi ni st r at or  
must  be t he desi gnat ed Gover nment  Repr esent at i ve f or  t he pr oj ect .

1. 3. 5. 5   Qual i f i cat i ons of  Coat i ng Cont r act or s
Al l  Cont r act or s t hat  per f or m sur f ace pr epar at i on or  coat i ng appl i cat i on 
must  be cer t i f i ed t o SSPC QP 8 and shoul d al so be SSPC QS 1 cer t i f i ed 
pr i or  t o Cont r act  awar d and must  r emai n cer t i f i ed whi l e accompl i shi ng any 
sur f ace pr epar at i on or  coat i ng appl i cat i on.   The pai nt i ng Cont r act or s must  
r emai n so cer t i f i ed f or  t he dur at i on of  t he pr oj ect .   I f  a Cont r act or ' s 
cer t i f i cat i on expi r es,  t he f i r m wi l l  not  be al l owed t o per f or m any wor k 
unt i l  t he cer t i f i cat i on i s r ei ssued.   Request s f or  ext ensi on of  t i me f or  
any del ay t o t he compl et i on of  t he pr oj ect  due t o an i nact i ve 
cer t i f i cat i on wi l l  not  be consi der ed.   Not i f y t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve of  any change i n Cont r act or  cer t i f i cat i on st at us.  Not i f y 
t he Cont r act i ng Of f i cer ' s Repr esent at i ve of  al l  schedul ed and unannounced 
on- si t e audi t s f r om SSPC and f ur ni sh a copy of  al l  audi t  r epor t s.

Mi ni mum r equi r ement s f or  t he i nst al l at i on Cont r act or  ar e as f ol l ows:   
Compl et ed t hr ee or  mor e j obs wi t hi n t he past  t wo year s appl y i ng t he 
speci f i ed mat er i al s t o concr et e sur f aces i n whi ch t he t ot al  ar ea exceeds 
200, 000 squar e f eet .   Submi t  document at i on l i s t i ng l ocat i on of  wor k,  poi nt  
of  cont act  at  j ob s i t e,  t ot al  squar e f oot age of  appl i ed mat er i al s,  l i s t i ng 
of  bot h mat er i al s and equi pment  used,  and val i dat i on f r om coat i ng 
manuf act ur er  document i ng qual i t y of  mat er i al s pur chased per  j ob f or  wor k 
t ot al i ng 200, 000 squar e f eet  wi t hi n t he past  t wo year s.   I n addi t i on t o 
t he above r equi r ement s,  i nst al l at i on Cont r act or  must  be cer t i f i ed by t he 
mat er i al  manuf act ur er ( s)  t o i nst al l  t he submi t t ed coat i ngs and seal ant .   
Submi t  copy of  cer t i f i cat es.

1. 3. 5. 6   Joi nt  Seal ant  Cer t i f i cat es

Submi t  l i t er at ur e document i ng t he seal ant ' s past  per f or mance i n aut omot i ve 
or  ai r cr af t  mai nt enance shops.   Mi ni mum r equi r ement s ar e t wo or  mor e 
mai nt enance shops wi t h j oi nt  wor k t ot al i ng 10, 000 l i near  f eet  wher eby t he 
seal ant  has per f or med f or  t wo year s wi t h l ess t han one per cent  combi ned 
seal ant  f ai l ur es and def ect s.   I ncl ude f r om seal ant  manuf act ur er  a l i s t  of  
shop l ocat i ons,  t ot al  l i near  f eet  of  seal ant  appl i ed per  shop,  shop poi nt  
of  cont act ,  dat e seal ant  was appl i ed,  and t he name of  t he i nst al l ed 
seal ant  mat er i al .

1. 3. 5. 7   Epoxy Mor t ar  Fl oor i ng Syst em Cer t i f i cat es

Pr ovi de manuf act ur er ' s cer t i f i cat i on of  conf or mance t o Cont r act  
r equi r ement s.

1. 3. 6   Pr oduct  Dat a

1. 3. 6. 1   Joi nt  Seal ant  Manuf act ur er ' s I nst r uct i ons

Submi t  manuf act ur er ' s pr i nt ed i nst r uct i ons t o i ncl ude det ai l ed appl i cat i on 
pr ocedur es,  mi ni mum and maxi mum appl i cat i on t emper at ur es,  and cur i ng 
pr ocedur es.   I n accor dance wi t h 29 CFR 1926. 59,  i ncl ude Saf et y Dat a Sheet s 
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( SDS)  f or  t he seal ant  t o be used at  t he j ob s i t e.

1. 3. 6. 2   Epoxy Mor t ar  Fl oor i ng Syst em Manuf act ur er ' s I nst r uct i ons

Submi t  manuf act ur er ' s pr i nt ed i nst r uct i ons t o i ncl ude det ai l ed mi xi ng,  
mi ni mum and maxi mum appl i cat i on t emper at ur es,  accept abl e at mospher i c and 
i nt er i or  c l i mat i c condi t i ons,  appl i cat i on pr ocedur es,  cur i ng pr ocedur es,  
and pr ocedur es f or  f l oor i ng syst em mai nt enance cl eani ng.   Pr ovi de expl i c i t  
i nst r uct i ons det ai l i ng sur f ace pr epar at i on,  r ecoat  wi ndows and r emedi al  
act i ons i n case r ecoat  wi ndows ar e mi ssed,  and,  i f  appl i cabl e,  
sol vent - wi pi ng bet ween coat s wi t h accept abl e t ypes and gr ades of  
sol vent s.   I n accor dance wi t h 29 CFR 1926. 59,  i ncl ude SDSs f or  t he 
coat i ngs t o be used at  t he j ob s i t e.

1. 3. 6. 3   Wat er - Based Al kal i ne Degr easer

Submi t  manuf act ur er ' s pr i nt ed i nst r uct i ons t o i ncl ude det ai l ed mi xi ng,  
di l ut i on r at e,  appl i cat i on pr ocedur es,  and r i nsi ng pr ocedur es.   I n 
accor dance wi t h 29 CFR 1926. 59,  i ncl ude SDSs f or  t he wat er - based al kal i ne 
degr easer  t o be used at  t he j ob s i t e.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

St or e coat i ngs and seal ant  i n spaces wi t h t emper at ur es f r om 40 t o 75 
degr ees F.   I nspect  mat er i al s on si t e f or  damage pr i or  t o use.   Ret ur n t o 
manuf act ur er  any packaged mat er i al s i n dent ed,  r ust y,  or  l eaki ng 
cont ai ner s.   Ret ur n t o manuf act ur er  mat er i al s wi t h an expi r ed shel f  l i f e 
f or  t est i ng,  and i f  compl i ant ,  r ei ssui ng of  shel f  l i f e ext ensi on.

1. 5   COATI NG HAZARDS

Ensur e t hat  empl oyees ar e t r ai ned i n al l  saf et y pl an aspect s.   Fol l ow t he 
coat i ng manuf act ur er ' s wr i t t en saf et y pr ecaut i ons t hr oughout  mi xi ng,  
appl i cat i on,  and cur i ng of  coat i ngs.   Compl y wi t h r espi r at or y pr ot ect i on 
r equi r ement s i n 29 CFR 1910. 134 and saf e l evel s of  ai r bor ne cont ami nant s 
i n 29 CFR 1910. 1000.

1. 6   JOB SI TE REFERENCES

Make avai l abl e t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve at  l east  one 
copy each of  ASTM D4541,  ASTM D6237,  SSPC- TU 2/ NACE 6G197,  and I CRI  310. 2R,  
i ncl udi ng r epl i ca st andar ds I CRI  310. 2R- CSP 1 t hr ough CSP 9,  at  t he j ob 
s i t e.

1. 7   PATCH TEST DEMONSTRATI ON

Pr i or  t o t he submi t t ed f l oor i ng syst em' s appr oval ,  appl y t he compl et e 
f l oor i ng syst em t o a10 f oot  by 10 f oot  squar e concr et e sect i on as pr epar ed 
i n accor dance wi t h PART 3 EXECUTI ON.   Wi t hi n t hi s ar ea,  per f or m t hr ee 
adhesi on t est s usi ng pr ocedur es as det ai l ed i n t he par agr aph ADHESI ON 
TESTI NG.   I f  adhesi on t est i ng pr oduces cohesi ve f ai l ur es wi t hi n t he 
concr et e,  no l ess t han 40 mi l s concr et e r emoved over  95 per cent  of  each 
pul l - of f  coupon, or  adhesi on mor e t han 400 psi ,  pat ch t est  adhesi on i s 
accept abl e.   I f  concr et e sur f ace pr epar at i on was i nsuf f i c i ent ,  appl y an 
addi t i onal  coat i ng syst em pat ch t o pr oper l y pr epar ed concr et e f ol l owed by 
t he above adhesi on t est i ng.   I f  adhesi on r esul t s ar e unaccept abl e f or  bot h 
t he t opcoat  and t he coat i ngs bel ow t he gr out  coat ,  submi t  a new coat i ng 
syst em manuf act ur ed by a di f f er ent  coat i ng vendor .   Appl y new coat i ng 
syst em t o a pat ch and subj ect  t hi s pat ch t o t he above r equi r ement s f or  
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adhesi on pr i or  t o appr oval .   I f  cust omer  i s not  sat i sf i ed wi t h t he 
non- ski d gr i t  appl i cat i on,  adj ust ment s t o t he speci f i cat i ons can be made.   
Gr i t  coar ser  t han No.  60 al umi num oxi de i s not  r ecommended.   I mmedi at el y 
f ol l owi ng " passi ng"  adhesi on r esul t s,  r emove ur et hane t opcoat s and gr out  
coat  by sandi ng,  r epai r  pat ch t est  hol es usi ng epoxy mor t ar ,  and pl ace a 
" Key- I n Ter mi nat i on"  adj acent  t o pat ch t est  per i met er .   Per f or m coar se 
scar i f i cat i on or  pneumat i c scabbl i ng as r equi r ed t o r emove pat ch t est s 
f ai l i ng t o meet  adhesi on r equi r ement s.

1. 8   WARRANTY

War r ant y mat er i al s and wor kmanshi p f or  a mi ni mum of  one year  f ol l owi ng 
compl et i on of  f l oor i ng and seal ant  appl i cat i on.   The f ol l owi ng t er ms and 
condi t i ons f or m a par t  of  t he war r ant y:   I f  t he appl i ed coat i ng syst em 
devel ops bl i st er s ( chemi cal ) ,  checks,  sof t eni ng,  or  l i f t i ng wi t hi n one 
year  f ol l owi ng appl i cat i on,  r ewor k each ar ea at  Cont r act or ' s expense.   The 
f ol l owi ng condi t i ons ar e excl uded f r om t he war r ant y:  A)  Concr et e cr acki ng,  
f l oor i ng syst em mi r r or s cr acks i n concr et e,  B)  cosmet i c i mper f ect i ons due 
t o scr at chi ng and gougi ng,  and C)  appl i cat i on t o concr et e wi t h a MVE r at e 
gr eat er  t han 5. 0 pounds moi st ur e per  24 hour s,  1000 squar e f eet .   I f  t he 
coat i ng syst em' s adhesi on i s i n quest i on,  per f or m one adhesi on t est  per  
100 squar e f eet  as descr i bed i n t he par agr aph ADHESI ON TESTI NG.   To 
sat i sf y t he war r ant y,  adhesi on t est i ng must  pr oduce cohesi ve f ai l ur es 
wi t hi n t he concr et e,  concr et e r emoval  over  95 per cent  of  each pul l - of f  
coupon,  or  adhesi on no l ess t han 400 psi .   Each ar ea f ai l i ng t o meet  
adhesi on r equi r ement s r equi r es t wo addi t i onal  adhesi on t est s t o conf i r m 
r esul t s.   Wi t hi n t he war r ant y per i od,  r emove t o sound mat er i al  and r ewor k 
al l  ar eas unabl e t o meet  adhesi on r equi r ement s.   Ther e must  be zer o 
per cent  seal ant  f ai l ur es wi t hi n one year .   Wi t hi n t he war r ant y per i od,  
r emove and r ewor k al l  seal ant  mat er i al  t hat  has chemi cal l y at t acked 
sur f aces or  l i f t i ng f r om j oi nt  wal l s.   Topcoat  cr acki ng over  seal ant  i s 
excl uded f r om war r ant y.

PART 2   PRODUCTS

2. 1   JOI NT SEALANT

For mul at e t he j oi nt  seal ant  t o exhi bi t  t he pr oper t i es as l i s t ed i n Tabl e 
I a.

2. 2   EPOXY MORTAR FLOORI NG SYSTEM

A f i ve- coat  f l oor i ng syst em consi st i ng of  pr i mer ,  epoxy mor t ar ,  gr out  
coat ,  and t wo ur et hane t opcoat s.   Appl y t he syst em at  a nomi nal  t hi ckness 
of  1/ 4 i nch and cont ai n an al umi num oxi de non- ski d gr i t  br oadcast .   
Addi t i onal  r equi r ement s f or  pr i mer  coat ,  epoxy mor t ar ,  gr out  coat ,  and 
ur et hane t op coat  ar e cont ai ned i n t he f ol l owi ng sub- par agr aphs.

2. 2. 1   Pr i mer  Coat

I n addi t i on t o t he epoxy mor t ar  f l oor i ng syst em r equi r ement s,  use MPI  208 
pr i mer  coat .

2. 2. 2   Epoxy Mor t ar  Coat

I n addi t i on t o t he epoxy mor t ar  f l oor i ng syst em r equi r ement s,  use MPI  209 
epoxy mor t ar  coat  compat i bl e wi t h MPI  208,  MPI  210,  and MPI  212.

SECTI ON 09 67 23. 16  Page 8



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

2. 2. 3   Gr out  Coat

I n addi t i on t o t he epoxy mor t ar  f l oor i ng syst em r equi r ement s,  use MPI  210 
gr out  coat  compat i bl e wi t h MPI  208,  MPI  209,  and MPI  212.

2. 2. 4   Ur et hane Topcoat

I n addi t i on t o t he epoxy mor t ar  f l oor i ng syst em r equi r ement s,  use MPI  212 
t opcoat  compat i bl e wi t h MPI  208,  MPI  209,  and MPI  210.

2. 3   WHI TE ALUMI NUM OXI DE NON- SKI D GRI T

Si ze No.  60,  dust - f r ee ( washed and dr y) ,  mi ni mum 99 per cent  pur e,  havi ng 
t he f ol l owi ng si eve anal ysi s when t est ed usi ng a 2. 2 pound sampl e ( ASTM E11
) :

Si eve No.  40 100 per cent  passi ng

Si eve No.  50 15- 30 per cent  r et ai ned

Si eve No.  60 70- 85 per cent  r et ai ned

Si eve No.  70 0- 15 per cent  r et ai ned

PART 3   EXECUTI ON

3. 1   COATI NG SAMPLE COLLECTI ON

The Cont r act i ng Of f i cer ' s Repr esent at i ve and QC Manager  must  wi t ness al l  
mat er i al  sampl i ng.   Not i f y t he Cont r act i ng Of f i cer ' s Repr esent at i ve a 
mi ni mum of  t hr ee days i n advance of  sampl i ng.   Obt ai n l i qui d sampl es of  
each component  ( e. g. ,  pr i mer ,  i nt er medi at e,  gr out  coat ,  t opcoat )  by r andom 
sel ect i on f r om seal ed cont ai ner s and i n accor dance wi t h ASTM D3925.   
Sampl es may be ei t her  i ndi v i dual  cans of  l i qui d mat er i al  or  1. 0 quar t  
quant i t i es of  pr oper l y mi xed,  ext r act ed,  and seal ed l i qui d mat er i al .   
Label  sampl es by desi gnat ed name,  speci f i cat i on number ,  bat ch number ,  
pr oj ect  Cont r act  number ,  sampl e dat e,  i nt ended use,  and quant i t y 
i nvol ved.   When t he appl i ed epoxy mor t ar  syst em has met  t he r equi r ement s 
def i ned i n t he par agr aph ADHESI ON TESTI NG,  r et ur n coat i ng sampl es t o t he 
i nst al l at i on cont r act or  f or  pr oper  di sposal .

3. 2   JOI NT MATERI AL REMOVAL,  RE- SAW CUTTI NG,  CRACK CHASI NG

Remove 100 per cent  of  t he exi st i ng mat er i al  i n al l  j oi nt s i ncl udi ng 
mat er i al  bonded t o j oi nt  wal l s and base.   Ri gi d mat er i al  may r equi r e saw 
cut t i ng equi pment  t o r emove.   Joi nt s may be wi dened up t o 1/ 8 i nch when 
r e- saw cut t i ng.   Hai r l i ne cr acks havi ng no mor e t han 1/ 8 i nch wi dt h ar e 
t ypi cal l y not  r epai r ed.   Cr acks gr eat er  t han 1/ 8 i nch wi dt h can be chased 
t o a mi ni mum dept h of  1/ 2 i nch and seal ed usi ng t he pr ocedur es and 
mat er i al s speci f i ed f or  j oi nt s.   Cr acks mor e t han 3/ 4 i nch wi dt h can be 
r epai r ed usi ng ei t her  epoxy mor t ar  or  epoxy concr et e.   Chase concr et e 
cr acks i dent i f i ed f or  r epai r  and open t o a mi ni mum dept h of  1/ 2 i nch bel ow 
cr ack sur f ace r esul t i ng i n cr ack( s)  wi t h smoot h ver t i cal  wal l s.

3. 3   DEGREASI NG

On bot h pr evi ousl y coat ed and uncoat ed concr et e,  degr ease ent i r e f l oor  by 
scr ubbi ng usi ng a hot  pot abl e wat er  sol ut i on,  120 t o 170 degr ees F,  and a 
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concent r at ed wat er - based al kal i ne degr easer .   Per f or m t wo compl et e 
degr easi ng cycl es on t he ent i r e f l oor  sur f ace.   Al l ow sol ut i on t o soak 
i nt o sur f aces pr i or  t o scr ubbi ng and r emove usi ng hot  pot abl e wat er  under  
a mi ni mum of  4, 000 psi .   Ri nsi ng must  be compl et e when t he r i nse wat er  
appear s c l ear .   I f  t he i ndust r i al  det er gent  i s not  bi odegr adabl e,  col l ect  
al l  r i nse wat er  and di spose of  as hazar dous wast e.   Squeegees and shop 
vacuums may be used t o col l ect  pool i ng r i nse wat er .   Fans may be used t o 
ai d dr yi ng of  f l oor  sur f aces.

3. 4   COATI NG SYSTEM REMOVAL

Remove 100 per cent  of  t he exi st i ng coat i ng syst em empl oyi ng one or  mor e of  
t he f ol l owi ng t echni ques:  shot  bl ast i ng,  chi ppi ng,  scr api ng,  sandi ng,  
scar i f i cat i on,  hi gh pr essur e wat er  bl ast i ng,  and var i ous hand t ool s.   
I mpact  t ool s such as scabbl er s may be used t o r emove unsound epoxy mor t ar  
f l oor i ng syst ems.   I n gener al ,  a coat i ng syst em cannot  be compl et el y 
r emoved by shot  bl ast i ng and,  t o at t ai n 100 per cent  coat i ng r emoval ,  
r equi r es a combi nat i on of  t he above t echni ques.

3. 5   SURFACE PREPARATI ON

Shot  bl ast  ent i r e f l oor  t o pr oduce a l evel  of  coar seness equal  t o 
I CRI  310. 2R CSP 3.   Over l ap each shot  bl ast i ng pass by 1/ 4 t o 1/ 2 i nch.   
Add new shot  t o shot  bl ast i ng equi pment  pr i or  t o bl ast i ng.   Pr epar e 
concr et e sur f aces i naccessi bl e t o shot  bl ast i ng,  per i met er  wal l  bases and 
under  secur ed equi pment ,  usi ng a di amond di sk gr i ndi ng or  l i ght  
scar i f i cat i on t o pr oduce a l evel  of  coar seness equal  t o I CRI  310. 2R CSP 2,  
I CRI  310. 2R CSP 4,  r espect i vel y.   Resul t i ng sur f aces must  appear  c l ean and 
cont ai n t he appr opr i at e sur f ace coar seness l evel .   I f  t he r esul t i ng 
c l eanl i ness l evel  cannot  be det er mi ned,  pl ace numer ous dr ops of  wat er  on 
sur f aces t hat  appear  cont ami nat ed.   I f  t he wat er  dr ops soak i nt o concr et e,  
t he sur f aces ar e hydr ocar bon cont ami nat i on f r ee ( oi l s,  gr ease,  skydr ol ) .   
I f  t he wat er  dr ops bead up and do not  f l at t en out ,  sur f aces r equi r e 
addi t i onal  degr easi ng as det ai l ed i n t he Ar t i c l e DEGREASI NG.   Shot  
bl ast i ng coar se concr et e or  br oom f i ni shed concr et e can pr oduce a 
coar seness l evel  equal  t o I CRI  310. 2R CSP 5:  empl oy a best - ef f or t  at t empt  
t o mi ni mi ze over - shot - bl ast i ng of  coar se concr et e.   I f  coar se concr et e i s 
encount er ed,  shot  bl ast i ng t o a l evel  of  coar seness equal  t o I CRI  310. 2R 
CSP 5 i s accept abl e:  however ,  ext r emel y coar se concr et e can r equi r e 
r esur f aci ng pr i or  t o t he f l oor i ng syst em' s i nst al l at i on.   Sweep,  vacuum,  
and r un a hi gh power ed magnet  over  al l  sur f aces t o be coat ed,  i ncl udi ng 
j oi nt s.

3. 5. 1   Concr et e Masonr y Uni t s ( CMU)  Sur f ace Pr epar at i on

Remove 100 per cent  of  coat i ngs 4 i nches up t he base of  CMU wal l s adj acent  
t he f l oor i ng space,  and pr epar e sur f ace by power  gr i ndi ng t o a r esul t i ng 
l evel  of  coar seness equal  t o I CRI  310. 2R CSP 2.   I f  oi l s / gr ease ar e 
pr esent ,  degr ease i n accor dance wi t h t he Ar t i c l e DEGREASI NG.

3. 6   COVE STRI P I NSTALLATI ON

I nst al l  a cont i nuous cove st r i p at  a nomi nal  hei ght  of  4 i nches up each 
CMU per i met er  wal l  base.   I nst al l  a sol vent - r esi st ant  cove st r i p usi ng a 
sol vent - r esi st ant  adhesi ve.

3. 7   KEY- I N TERMI NATI ONS

Pl ace t he " Key- I n"  t er mi nat i on as det ai l ed i n SSPC- TU 2/ NACE 6G197 Fi gur e 
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8 at  t r ansi t i on sur f aces,  di r ect l y bel ow door ways,  and adj acent  wal l s,  
f l oor  dr ai ns,  dr ai n gr at es ( i nt er i or  s i de) ,  and al l  ot her  obst r uct i ons 
embedded i nt o t he f l oor  s l ab.   The Key- I n t er mi nat i on must  cont ai n one 
ver t i cal  wal l  at  a dept h f r om 3/ 8 t o 5/ 8 i nch and,  l eadi ng down t o t he 
r esul t i ng ver t i cal  dept h,  a s l oped sur f ace f r om 1- 1/ 2 t o 2 i nches.   A hand 
hel d concr et e saw can be used t o cut  t he cor r ect  ver t i cal  dept h f ol l owed 
by power  t ool  gr i ndi ng t o cr eat e a s l oped sur f ace.   Remove concr et e dust  
by vacuumi ng.

3. 8   CRACK REPAI RS

Use t he " El ast omer i c Under l ayer  Cr ack- Br i dgi ng Desi gn"  as det ai l ed i n 
SSPC- TU 2/ NACE 6G197 Fi gur e 7 over  t he sur f ace of  epoxy mor t ar  f i l l ed 
cr acks.

3. 8. 1   I nst al l  Bondbr eaker

I nst al l  bondbr eaker ,  ei t her  sol vent - r esi st ant  bondbr eaker  t ape or  a 1/ 8 t o 
1/ 4 i nch No.  20- No.  40 mesh si l i ca sand l ayer ,  t o t he base of  pr evi ousl y 
chased cr acks i dent i f i ed f or  r epai r .   For  cr acks wi t hout  a r i gi d base,  
i nst al l  sui t abl y s i zed f i ber boar d t o a dept h of  1/ 2 i nch bel ow f l oor  l evel  
and wi t h bondbr eaker  over  exposed f i ber boar d.   I nst al l  bondbr eaker  t o 
cover  t he cr ack' s hor i zont al  base and cont i nuousl y span t he ent i r e cr ack 
l engt h.   Bondbr eaker  appl i cat i on pr event s epoxy mor t ar  f r om penet r at i ng 
deep i nt o cr acks.   Use bondbr eaker  t ape no mor e t han 6 mi l s t hi ck.   I n 
t hi s appl i cat i on,  t he use of  backer  r od i s pr ohi bi t ed.

3. 8. 2   Repai r  Cr acks

Usi ng t he speci f i ed mat er i al s,  pr i me i nt er i or  cr ack wal l s and appl y epoxy 
mor t ar  di r ect l y i nt o wet  pr i mer .   Fi ni sh epoxy mor t ar  l evel  wi t h f l oor  and 
wi t hout  f eat her ed edges.   When cur ed,  r emove mor t ar  i mper f ect i ons by 
sandi ng f l ush wi t h adj acent  concr et e.   Appl y sol vent - r esi st ant  t ape 
par al l el  t o each si de of  t he mor t ar  f i l l ed cr ack( s)  at  a mi ni mum i nner  
wi dt h of  4 i nches bet ween t ape.   A 4 i nch i nner  t ape wi dt h i s gener al l y 
sui t abl e f or  cr acks l ess t han 1/ 2 i nch wi de wher eas cr acks mor e t han 1/ 2 
i nch wi de can r equi r e an i nner  t ape wi dt h of  6 i nches.   Appl y 1/ 24 i nch of  
t he speci f i ed seal ant ,  i n one coat ,  di r ect l y over  f i l l ed cr ack( s)  and 
spr ead f l ush wi t h i nner  t ape edges:  a st i f f  br i st l ed pai nt br ush can be 
used t o spr ead t he seal ant .   Use a Wet  Fi l m Thi ckness ( WFT)  gage t o 
conf i r m seal ant  appl i cat i on i s bet ween 35 t o 40 mi l s wet .   Remove t ape and 
al l ow seal ant  t o cur e a mi ni mum of  24 hour s pr i or  t o t he epoxy mor t ar  
f l oor i ng syst em appl i cat i on.   Seal ant  appl i cat i on above 50 mi l s dr y wi l l  
r equi r e r emoval  and r eappl i cat i on.

3. 9   PRE- APPLI CATI ON TESTI NG FOR CONTAMI NATI ON

Spot  check sur f aces f or  oi l / gr ease cont ami nat i on usi ng t he wat er  br eak 
t est .   At  a r at e of  5 t est s per  1000 squar e f eet  pl ace one t o t wo wat er  
dr ops ont o sur f aces and obser ve f or  beadi ng.   Test  al l  ot her  sur f aces t hat  
show vi s i bl e s i gns of  pot ent i al  cont ami nat i on.   Per f or m addi t i onal  
degr easi ng t o sur f aces di spl ayi ng wat er  beadi ng i n accor dance wi t h Ar t i c l e 
DEGREASI NG.

3. 10   COATI NG APPLI CATI ON

Pr i or  t o t he f l oor i ng syst em appl i cat i on,  vacuum f l oor i ng space and mar k 
al l  j oi nt s.
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3. 10. 1   I sol at i on ( Expansi on)  and Const r uct i on Joi nt  Tr eat ment

I nst al l  i nt o each i sol at i on ( expansi on)  and const r uct i on j oi nt ,  a 
cont i nuous l engt h of  r ound pol yet hyl ene backer  r od f l ush wi t h t he f l oor ' s 
sur f ace and under  30 per cent  compr essi on.

3. 10. 2   Cont r act i on Joi nt  Tr eat ment

Appl y pr i mer  and epoxy mor t ar  di r ect l y i nt o al l  cont r act i on j oi nt s.   Thi s 
quant i t y i s i n addi t i on t o t he speci f i ed 1/ 4 i nch epoxy mor t ar  t hi ckness.   
Thi s st ep may be per f or med ei t her  pr i or  t o,  or  dur i ng,  t he f ul l  epoxy 
mor t ar  appl i cat i on.

3. 10. 3   Pr i mer  Appl i cat i on

Appl y MPI  208 epoxy pr i mer  t o f l oor i ng space at  a mi ni mum of  10. 0 mi l s 
wet .   Do not  pr i me pr evi ousl y i nst al l ed pat ch t est .

3. 10. 4   Epoxy Mor t ar  Appl i cat i on

Appl y MPI  209 epoxy mor t ar  at  1/ 4 i nch di r ect l y i nt o wet  pr i mer  usi ng a 
scr eed box or  equal  equi pment .   Fi ni sh open ar eas usi ng a power  t r owel  
wi t h st ai nl ess st eel  bl ades.   Per i met er  edges and adj acent  equi pment  
f oot i ngs may r equi r e f i ni shi ng by st ai nl ess st eel  hand t r owel .   Di r ect l y 
above ar eas wi t h Key- I n t er mi nat i ons and at  a di st ance f r om 1 t o 1- 1/ 2 
i nches away f r om t he mor t ar ' s out er  edge,  s l ope t he mor t ar  down and f l ush 
wi t h t he concr et e' s sur f ace.   Ter mi nat e t he r esul t i ng angl e f l ush wi t h t he 
Key- I n t er mi nat i on ver t i cal  cut .   Appl y epoxy mor t ar  f l ush wi t h pr evi ousl y 
i nst al l ed pat ch t est .   Do not  appl y epoxy mor t ar  ont o pat ch t est  sur f ace.   
When suf f i c i ent l y cur ed,  sand ent i r e mor t ar  sur f ace.   Resul t i ng sur f ace 
must  appear  l evel ,  cont ai n uni f or m t hi ckness,  and be f r ee of  sur f ace 
i mper f ect i ons i ncl udi ng t r owel  mar ks.

3. 10. 5   Pr i mer  Appl i cat i on t o CMU Wal l s

When t he epoxy mor t ar  has suf f i c i ent l y cur ed,  pr i me appr oxi mat el y 4 i nches 
up base of  CMU wal l s t o cove st r i p and 2 i nches adj acent  t he wal l ' s  base 
usi ng t he speci f i ed pr i mer .

3. 10. 6   Epoxy Mor t ar  Appl i cat i on t o CMU Wal l s

Appl y MPI  209 epoxy mor t ar  di r ect l y i nt o wet  pr i mer  at  3/ 16 t o 1/ 4 i nch.   
Use a cove t r owel  t o cr eat e a r ounded t r ansi t i on bet ween f l oor  sur f aces 
and per i met er  wal l  bases.   When suf f i c i ent l y cur ed,  sand t he base and 4 
i nches up per i met er  wal l s.   Resul t i ng f i ni sh must  cont ai n a r ounded 
t r ansi t i on of  uni f or m t hi ckness bet ween f l oor i ng sur f aces and CMU wal l s.   
When suf f i c i ent l y cur ed,  sand mor t ar  sur f aces.   Resul t i ng sur f ace must  be 
f r ee of  sur f ace i mper f ect i ons i ncl udi ng t r owel  mar ks.

3. 10. 7   Gr out  Coat  Appl i cat i on

Sweep and vacuum up r esi dual  dust  f r om epoxy mor t ar  sandi ng.   Appl y MPI  210
 gr out  coat  t o epoxy mor t ar  at  a mi ni mum of  10 mi l s wet .   Appl y gr out  coat  
t o pr evi ousl y i nst al l  pat ch t est .   Wher e wal l  bases ar e used,  ext end 
coat i ng up CMU wal l .   I f  t he cur ed gr out  coat  f eel s oi l y/ gr easy,  an ami ne 
bl ush has occur r ed whi ch r equi r es r emoval .   Consul t  t he coat i ng 
manuf act ur er  t o r ecommend an appr opr i at e bl ush r emoval  pr ocedur e.   Epoxy 
ami nes can bl ush dur i ng cool  t emper at ur es wi t h hi gh humi di t y.
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3. 10. 8   Gr out  Coat  Sandi ng

Sand gr out  coat  usi ng 100 gr i t  or  f i ner  sandpaper  t o a dul l  appear ance 
wi t h v i s i bl e scr at ches.   Resul t i ng sur f ace must  appear  100 per cent  absent  
of  gl oss wi t h zer o shi ny spot s.   Li ght l y sand per i met er  edges and ar ound 
equi pment  f oot i ngs.

3. 10. 9   Saw Cut t i ng and Seal i ng Joi nt s

Use t he " Convent i onal  Seal ed Joi nt "  as det ai l ed i n Fi gur e 1 of  
SSPC- TU 2/ NACE 6G197 t o seal  each cont r act i on and expansi on j oi nt .   Take 
car e t o r educe cont ami nat i on f r om saw cut t i ng equi pment  and f oot  t r af f i c .   
Li mi t  f l oor  access t o essent i al  Cont r act or  per sonnel .   When per f or mi ng 
j oi nt  wor k,  i ncl udi ng saw cut t i ng,  suggest  pl aci ng cl ean r ol l ed car dboar d 
adj acent  j oi nt  sur f aces t o r educe coat i ng syst em cont ami nat i on.

3. 10. 9. 1   Saw Cut  Cont r act i on Joi nt s

Pl ace saw cut s di r ect l y i n t he mi ddl e of  each cont r act i on j oi nt  1/ 4 i nch 
wi de,  pl aced t o a mi ni mum dept h of  1- 1/ 4 i nches,  and span t he j oi nt ' s  
ent i r e l engt h.

3. 10. 9. 2   Saw Cut  I sol at i on ( Expansi on)  and Const r uct i on Joi nt s

Pl ace saw cut s t o t he i sol at i on ( expansi on)  and const r uct i on j oi nt ' s  
or i gi nal  wi dt h and t o a mi ni mum dept h of  1- 1/ 4 i nches.   Compl et el y r emove 
t he epoxy mor t ar  acr oss t he j oi nt ' s  wi dt h and f ur t her  r emove t he 
pr evi ousl y i nst al l ed backer  r od.

3. 10. 9. 3   I nst al l  Backer  Rod

I nst al l  a cont i nuous l engt h of  r ound,  c l osed- cel l  pol yet hyl ene backer  r od 
i nt o each saw cut .   For  1/ 2,  3/ 8 and 1/ 4 i nch wi de saw cut s,  pl ace backer  
r od t o a dept h of  3/ 8 i nch bel ow t he gr out  coat ' s sur f ace t he hi ghest  
poi nt  on t he backer  r od.   For  expansi on j oi nt  saw cut s gr eat er  t han or  
equal  t o 3/ 4 i nch wi de,  pl ace backer  r od t o a dept h of  5/ 8 i nch bel ow t he 
gr out  coat ' s sur f ace.   Fi t  backer  r od t i ght  bet ween j oi nt  wal l s under  30 
per cent  compr essi on and pl ace usi ng a backer  r od t ool .   Remove and 
r ei nst al l  al l  backer  r od t hat  i s t he i ncor r ect  s i ze or  at  t he i ncor r ect  
dept h.   Fol l owi ng backer  r od i nst al l at i on,  appl y pai nt er ' s t ape t o 
sur f aces adj acent  j oi nt s t o pr ot ect  f r om seal ant .

3. 10. 9. 4   Joi nt  Seal ant  Appl i cat i on

Appl y seal ant  di r ect l y i nt o j oi nt s usi ng a bul k- caul k i ng gun.   At  r oom 
t emper at ur e,  t he r esul t i ng seal ant  appl i cat i on must  exhi bi t  a concave 
r ecess bet ween 1/ 8 t o 1/ 24 i nch bel ow t he gr out  coat ' s sur f ace.   Remove 
and r eappl y cur ed seal ant  r emai ni ng ei t her  f l ush or  gr eat er .   Fol l owi ng 
seal ant  appl i cat i on,  r emove pai nt er ' s t ape and seal ant  dr i ps on gr out  
coat .   Pr i or  t o t opcoat i ng,  cur e seal ant  a mi ni mum of  24 hour s.

3. 10. 10   Appl i cat i on of  Topcoat s

Appl y t wo coat s of  MPI  212 ur et hane t opcoat .   Br oadcast  No.  60,  whi t e,  
al umi num oxi de non- ski d gr i t  i nt o t he second ur et hane t opcoat .

3. 10. 10. 1   Non- Ski d Gr i t  Br oadcast

Br oadcast  non- ski d gr i t  at  a r at e of  1. 0 pound per  100 squar e f eet  i nt o 
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t he second ur et hane t opcoat  and backr ol l .   Map f l oor  i nt o 600 squar e f oot  
sect i ons wher e 9. 0 pounds of  non- ski d gr i t  i s  pr e- wei ghed,  pl aced i nt o 
c l ean bucket s and used i n i t s ent i r et y per  mar ked 600 squar e f oot  sect i on.

3. 10. 10. 2   Gr out  Coat  Cl eani ng

I nspect  f l oor  f or  shi ny gr ease spot s and,  i f  det ect ed,  spot  degr ease usi ng 
manuf act ur er  appr oved sol vent ( s)  wi t h c l ean,  l i nt - f r ee r ags.   Sweep and 
vacuum up al l  r esi dual  di r t  and dust .   Sol vent  wi pe al l  sur f aces usi ng 
sol vent ( s)  and pr ocedur es as r ecommended by manuf act ur er  of  epoxy mor t ar  
f l oor i ng syst em.

3. 10. 10. 3   Fi r st  Topcoat

Appl y a f ul l  coat  of  ur et hane t opcoat  at  a spr eadi ng r at e f r om 2. 5 t o 3. 2 
mi l s Dr y Fi l m Thi ckness ( DFT) .   St r i pe coat  per i met er  edges and ar ound 
equi pment  f oot i ngs.   Moni t or  and r ecor d a mi ni mum of  one Wet  Fi l m 
Thi ckness ( WFT)  r eadi ng per  600 squar e f oot  sect i on of  f l oor  sur f ace.   
Seal ant  i s t o be l i ght l y coat ed.

3. 10. 10. 4   Second Topcoat

Appl y a second coat  of  ur et hane t opcoat  at  a spr eadi ng r at e f r om 2. 5 t o 
3. 2 mi l s DFT.   St r i pe coat  per i met er  edges and ar ound equi pment  f oot i ngs.   
Moni t or  and r ecor d a mi ni mum of  one WFT r eadi ng per  600 squar e f oot  
sect i on of  f l oor  sur f ace pr i or  t o br oadcast i ng non- ski d gr i t .   When t he 
cor r ect  WFT has been appl i ed per  600 squar e f eet  of  ar ea,  i mmedi at el y and 
evenl y br oadcast  non- ski d gr i t  i nt o t he second ur et hane t opcoat  and 
backr ol l  i n t wo di r ect i ons.   Test  t he adhesi on of  t he epoxy mor t ar  
f l oor i ng syst em i n accor dance wi t h t he par agr aph ADHESI ON TESTI NG.

3. 10. 10. 5   Wal kway St r i pes and Gr oundi ng Rod Mar ki ngs

Pl ace t he wal kway st r i pe and gr oundi ng r od mar ker ,  i f  appl i cabl e,  
accor di ng t o Gover nment  dr awi ngs.   When t he second t opcoat  i s wi t hi n i t s 
r ecoat  wi ndow,  appl y a wal kway st r i pe of  t he r ed/ or ange ur et hane t opcoat  at
 3. 0 mi l s DFT.   Li ght l y br oadcast  non- ski d gr i t  i nt o t he wet  wal kway 
st r i pe.   Use sol vent - r esi st ant  t ape t o pr ot ect  t he f l oor  coat i ng agai nst  
st r i pe coat  bl eed.   A t hi n c l ear  coat  of  ei t her  epoxy or  ur et hane may be 
r equi r ed t o pr event  st r i pe coat  bl eed pr i or  t o t he f ul l  appl i cat i on of  t he 
col or ed st r i pe coat .   Compl et el y hi de t he t opcoat  col or  wi t h t he 
r ed/ or ange st r i pe,  i n one coat .   I f  i nsuf f i c i ent  hi di ng occur s,  appl y one 
addi t i onal  wal kway st r i pe coat .   Appl y gr oundi ng r od mar ki ngs usi ng 
si mi l ar  pr ocedur es,  ur et hane t opcoat ,  and col or s and si ze accor di ng t o 
Gover nment  dr awi ngs.

3. 11   CURI NG

I nst al l ed mat er i al s must  cur e and di spl ay per f or mance equal  t o 
manuf act ur er ' s pr oduct  l i t er at ur e.   Remove and r eappl y i mpr oper l y cur ed 
mat er i al .

3. 12   FI ELD QUALI TY CONTROL

3. 12. 1   Coat i ng I nspect or

Consi der  t he Coat i ng I nspect or  a QC Speci al i st ,  wor ki ng f or  t he QC 
Manager ,  and be qual i f i ed i n accor dance wi t h Sect i on 01 45 00. 00 10 
QUALI TY CONTROL.   The Coat i ng I nspect or  must  be pr esent  dur i ng al l  f i el d 

SECTI ON 09 67 23. 16  Page 14



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

t est s,  sur f ace pr epar at i on,  f l oor i ng appl i cat i on,  i ni t i al  cur e of  t he 
f l oor i ng syst em,  and dur i ng al l  f l oor i ng r epai r  wor k.   The Coat i ng 
I nspect or  must  pr ovi de al l  t ool s/ equi pment  necessar y t o per f or m f i el d 
t est s and i nspect i on.   The Coat i ng I nspect or  i s r esponsi bl e f or  f i el d 
t est s and speci f i ed l evel  of  i nspect i on.

3. 12. 2   I nspect i on

Document  weat her  condi t i ons,  j ob s i t e occur r ences,  and r epor t  condi t i ons 
and occur r ences pot ent i al l y  det r i ment al  t o t he f l oor i ng syst em.   The 
l i s t ed i nspect i on r equi r ement s ar e i n addi t i on t o t he QC i nspect i on and 
r epor t i ng r equi r ement s def i ned i n Sect i on 01 45 00. 00 10 QUALI TY CONTROL.   
The Coat i ng I nspect or  must  pr epar e a pr oj ect  r ef er ence sheet  out l i ni ng al l  
r equi r ement s,  t est s,  t est  met hods,  and eval uat i on cr i t er i a,  and hol d 
r egul ar  meet i ngs wi t h Cont r act or  per sonnel ,  i ncl udi ng shot  bl ast i ng 
oper at or s and appl i cat or s,  t o r evi ew r equi r ement s/ eval uat i on cr i t er i a f or  
upcomi ng wor k pr i or  t o execut i on.   At  t he st ar t  of  coat i ng oper at i ons and 
ever y hour  f ol l owi ng unt i l  dai l y wor k i s compl et e,  r ecor d ai r  t emper at ur e,  
subst r at e t emper at ur e,  and r el at i ve humi di t y.   Fol l owi ng each coat  
appl i cat i on,  i nspect  sur f aces f or  i mpr oper l y cur ed mat er i al ,  bl i s t er s,  
i nadequat e or  excessi ve coat i ng t hi ckness,  and ot her  def ect s.   Document  
each i nspect i on,  t est ,  non- compl i ant  ar ea,  and l ocat i on of  each 
non- compl i ant  ar ea.   Li st  eval uat i on met hod,  eval uat i on cr i t er i a,  ar eas 
r equi r i ng r ewor k,  and al l  ot her  per t i nent  obser vat i ons.

3. 12. 2. 1   Dai l y I nspect i on Repor t

Submi t  t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve one copy of  t he dai l y 
i nspect i on r epor t  compl et ed each day when per f or mi ng wor k under  t hi s 
Sect i on.   Use Appendi x X1 " I nspect i on Checkl i st "  of  ASTM D6237 t o moni t or  
dai l y act i v i t y and t o assi st  i n pr epar i ng t he dai l y i nspect i on r epor t .   
Not e each non- compl i ant  i ssue and each i ssue i dent i f i ed f or  r ewor k i n 
accor dance wi t h t he QC document at i on pr ocedur es i n Sect i on 01 45 00. 00 10 
QUALI TY CONTROL.   Use of  f or ms cont ai ni ng ent r y bl ocks f or  al l  r equi r ed 
dat a i s encour aged.   The dat a must  be l egi bl e and pr esent ed i n a 
pr of essi onal  f or mat .   Submi t  r epor t  wi t hi n 24 hour s of  t he r epor t  dat e.

3. 12. 2. 2   I nspect i on Logbook

Mai nt ai n a cont i nuous r ecor d of  al l  act i v i t y r el at ed t o t hi s Sect i on on a 
dai l y basi s.   A comput er  /  sof t war e package as out l i ned i n Tabl e I I  i s  
pr ef er r ed t o r ecor d al l  i nf or mat i on pr ovi ded i n t he Dai l y I nspect i on 
Repor t s,  as wel l  as ot her  per t i nent  obser vat i ons and i nf or mat i on i ncl udi ng 
phot o document at i on wher e appr opr i at e.   The desi gnat ed Gover nment  
Repr esent at i ve f or  t he pr oj ect  i s  assi gned t he hi ghest  l evel  Admi ni st r at or  
pr i v i l eges and onl y t he Admi ni st r at or  must  be abl e t o modi f y r epor t s.   I n 
ar eas wher e phot ogr aphy i s not  al l owed t he comput er  must  come wi t h 
ver i f i cat i on t hat  t he camer a /  phot o capabi l i t y  has been r emoved.

Al t er nat i vel y,  a cont i nuous r ecor d of  al l  act i v i t y r el at ed t o t hi s Sect i on 
must  be mai nt ai ned i n an I nspect i on Logbook on a dai l y basi s.   The l ogbook 
must  be har d or  spi r al  bound wi t h consecut i vel y number ed pages,  and must  
be used t o r ecor d al l  i nf or mat i on pr ovi ded i n t he Dai l y I nspect i on 
Repor t s,  as wel l  as ot her  per t i nent  obser vat i ons and i nf or mat i on.   Submi t  
t he or i gi nal  I nspect i on Logbook t o t he Cont r act i ng Of f i cer ' s Repr esent at i ve
 upon compl et i on of  t he of  t he pr oj ect  and pr i or  t o f i nal  payment .
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3. 12. 2. 3   I nspect i on Equi pment

Use equi pment  i n good condi t i on,  oper at i onal  wi t hi n i t s desi gn r ange,  and 
cal i br at ed as r equi r ed by t he speci f i ed st andar d f or  each devi ce.

3. 12. 3   Adhesi on Test i ng

Per f or m a mi ni mum of  t hr ee modi f i ed adhesi on t est s ( ASTM D4541)  on t he 
t opcoat  no l ess t han f or t y- ei ght  hour s f ol l owi ng appl i cat i on.   Sel ect  
t hr ee r andom f l oor i ng l ocat i ons spaced a mi ni mum of  20 f eet  bet ween each 
l ocat i on.   Ver t i cal l y cor e compl et el y t hr ough t he epoxy mor t ar  f l oor i ng 
syst em and a mi ni mum of  3/ 8 i nch i nt o concr et e usi ng a sui t abl e dr i l l  
f i t t ed wi t h a 1 i nch di amet er  cor e bi t .   Thr oughout  cor i ng,  empl oy a best  
ef f or t  at t empt  t o avoi d f r act ur i ng and over heat i ng bot h t he mor t ar  syst em 
and concr et e:  i mpr oper  cor i ng can af f ect  adhesi on r esul t s.   Adher e 
di r ect l y t o each cor ed sur f ace' s cent er  a 3/ 4 i nch di amet er  pul l - of f  
coupon.   Li ght l y sand t est  ar ea f l oor i ng sur f ace pr i or  t o at t achi ng 
pul l - of f  coupons cont ai ni ng a gr i t - bl ast ed anchor  pr of i l e.   When pul l - of f  
coupon adhesi ve has suf f i c i ent l y cur ed,  t est  adhesi on and eval uat e 
r esul t s.   I f  t est i ng pr oduces cohesi ve f ai l ur es wi t hi n t he concr et e,  no 
l ess t han 40 mi l s concr et e r emoved over  95 per cent  of  each pul l - of f  
coupon,  or  adhesi on mor e t han 400 psi  mor t ar  syst em' s adhesi on i s 
accept abl e.   I f  t he above r equi r ement s ar e not  sat i sf i ed,  t hen per f or m one 
adhesi on t est  per  100 squar e f eet  usi ng t he above pr ocedur es.   Two 
addi t i onal  t est s wi l l  conf i r m r esul t s f or  each non- compl i ant  ar ea.   Remove 
and r ewor k al l  ar eas unabl e t o meet  adhesi on r equi r ement s t o sound 
mat er i al .   Fi l l  cor e hol es usi ng pr i mer ,  sand- f i l l ed epoxy mor t ar ,  gr out  
coat ,  and ur et hane t opcoat s.   Fi ni sh r esul t i ng r epai r s f l ush wi t h adj acent  
coat i ngs,  di spl ayi ng an equi val ent  appear ance.

3. 13   FI NAL CLEANUP

Fol l owi ng wor k compl et i on,  r emove debr i s,  equi pment ,  and mat er i al s f r om 
si t e.   Remove t empor ar y connect i ons t o Gover nment  or  Cont r act or  f ur ni shed 
wat er  and el ect r i cal  ser vi ces.   Rest or e exi st i ng f aci l i t i es i n and ar ound 
t he wor k ar eas t o t hei r  or i gi nal  condi t i on.
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TABLE I

MATERI AL REQUI REMENTS

Tabl e I a -  Seal ant

Test Mi ni mum Requi r ement  ( maxi mum wher e 
i ndi cat ed)

Seal ant  Syst em ( t wo- pack:  sel f - l evel i ng) Pol ysul f i de ( Manganese Cur e;  MnO2)  or  
Ur et hane

Per cent  Vol ume Sol i ds 100 per cent

Chemi cal  Resi st ance t o JP- 8 pl us 100 Fuel  
at  70 degr ees F ( ASTM D1308)  ( see not e 1)

48 hour s i mmer si on:  2. 0 per cent  ( max)  
wei ght  i ncr ease,  5. 0 per cent  ( max)  vol ume 
i ncr ease,  2. 0 per cent  ( max)  wei ght  l oss

Chemi cal  Resi st ance t o Mot or  Oi l s at  70 
degr ees F ( ASTM D1308)  ( see not e 1)

48 hour s i mmer si on:  2. 0 per cent  ( max)  
wei ght  i ncr ease,  5. 0 per cent  ( max)  vol ume 
i ncr ease,  2. 0 per cent  ( max)  wei ght  l oss

Chemi cal  Resi st ance t o Skydr ol s at  70 
degr ees F ( ASTM D1308)  ( see not e 1)

48 hour s i mmer si on:  2. 0 per cent  ( max)  
wei ght  i ncr ease,  5. 0 per cent  ( max)  vol ume 
i ncr ease,  2. 0 per cent  ( max)  wei ght  l oss

Har dness ( ASTM D2240:  Shor e A) 20

Tensi l e St r engt h ( ASTM D412)  ( or  ASTM D638
)

150 psi

Per cent  El ongat i on ( ASTM D412)  ( or  
ASTM D638)

500 per cent

Tack Fr ee at  65 degr ees F ( ASTM C679) 12 hour s maxi mum

Adhesi on t o Sand Fi l l ed Epoxy Pol yami ne 140 psi

Adhesi on t o Ur et hane Topcoat s ( pai nt abl e 
seal ant )

140 psi

NOTES:  ( 1)   I mmer se and t est  a mi ni mum t hr ee -  2 by 1/ 2 by 1/ 2 i nch sect i on of  cur ed 
seal ant .
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TABLE I I

Repor t i ng Pr ogr am Requi r ement s QA/ QC

Admi ni st r at i ve Cont r ol s:

Admi ni st r at or s must  be abl e t o t ur n on and of f  uni que access t o speci f i c j obs and 
Cont r act s.

Admi ni st r at or s must  be abl e t o r emot el y enabl e and di sabl e access f or  user s.

Al l  enabl ed user s must  v i ew t he same act i ve r epor t  i n r eal  t i me.  Ther e must  be no 
oppor t uni t y f or  mul t i pl e ver si ons of  t he same r epor t  t o exi st .

Admi ni st r at or s must  be abl e t o set up uni que appr oval  pr ocesses f or  each pr oj ect  and 
pr omot e or  r emove uni que peopl e f r om t hi s pr ocess at  any t i me.

Admi ni st r at or s must  be abl e t o associ at e Cont r act  speci f i c document s and 
speci f i cat i on l i mi t s qui ckl y and easi l y.

Admi ni st r at or s must  be abl e t o associ at e PDS,  SDS,  bl uepr i nt s,  scope of  wor k and 
Cont r act s uni quel y t o each j ob.

Obj ect i v i t y Cont r ol s:

Dat a Ent r y f i el ds must  be by mul t i - sel ect abl e choi ces,  numer i c keypads,  pi cker s and 
ski p l ogi c t o ensur e r epeat abl e dat a ent r y i n a way t hat  makes r unni ng anal yt i cs and 
met r i cs easy and obj ect i ve.

The pr ogr am /  har dwar e package must  be abl e t o communi cat e wi t h i nspect i on devi ces 
t hat  pr ovi de ( bat ch)  dat a expor t  capabi l i t y such as El comet er  and Def el sko gages.

The pr ogr am /  har dwar e package must  aut omat i cal l y t i me,  dat e and GPS st amp al l  
r epor t s wi t hout  i nput  or  i nt er f er ence f r om t he i nspect or .

Real  Ti me Synci ng:

For ms must  be avai l abl e f or  appr oved associ at es t o vi ew at  al l  t i mes.

Ret r i evabl e st or age must  be pr ovi ded f or  al l  j ob r el at ed r epor t s and document s f or  a 
mi ni mum t i me of  5 year s f r om compl et i on of  t he j ob or  pr oj ect .  Ar chi vi ng of  t he 
document s af t er  5 year s wi l l  be t he r esponsi bi l i t y of  t he Gover nment .

Document  Li br ar y:

Al l  r epor t s must  be i n sear chabl e and annot at abl e PDF f or mat .

The Admi ni st r at or  must  be abl e t o upl oad and annot at e j ob speci f i c r epor t s i n r eal  
t i me.  Exampl es i ncl ude but  not  l i mi t ed t o Saf et y Dat a Sheet s,  Pr oduct  Dat a Sheet s and 
Bl uepr i nt s.
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TABLE I I

Annot at i ons and modi f i cat i ons must  be l ocked and associ at ed wi t h t he document .  Onl y 
t he Admi ni st r at or  has r i ght s t o modi f y or  del et e annot at i ons or  al l ow modi f i cat i ons 
t o t he document  l i br ar y especi al l y al l  r el at ed i nspect i on r epor t s.

Cust omi zat i on:

The pr ogr am must  be capabl e of  bei ng cust omi zed t o speci f i c j obs,  Cont r act s or  
speci f i cat i ons.

        - -  End of  Sect i on - -
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SECTI ON 09 90 00

PAI NTS AND COATI NGS
02/ 21

PART 1   GENERAL

1. 1   RELATED REQUI REMENTS

1. 1. 1   Pai nt i ng I ncl uded

Wher e a space or  sur f ace i s i ndi cat ed t o be pai nt ed,  i ncl ude t he f ol l owi ng 
unl ess i ndi cat ed ot her wi se.

a.   Sur f aces behi nd por t abl e obj ect s and sur f ace mount ed ar t i c l es r eadi l y 
det achabl e by r emoval  of  f ast ener s,  such as scr ews and bol t s.

b.   New f act or y f i ni shed sur f aces t hat  r equi r e i dent i f i cat i on or  col or  
codi ng and f act or y f i ni shed sur f aces t hat  ar e damaged dur i ng 
per f or mance of  t he wor k.

c.   Exi st i ng coat ed sur f aces t hat  ar e damaged dur i ng per f or mance of  t he 
wor k.

1. 1. 1. 1   Ext er i or  Pai nt i ng

I ncl udes new sur f aces,  exi st i ng coat ed sur f aces,  and exi st i ng uncoat ed 
sur f aces,  of  t he bui l di ng and appur t enances.   Al so i ncl uded ar e exi st i ng 
coat ed sur f aces made bar e by c l eani ng oper at i ons.

1. 1. 1. 2   I nt er i or  Pai nt i ng

I ncl udes new sur f aces,  exi st i ng uncoat ed sur f aces,  and exi st i ng coat ed 
sur f aces of  t he bui l di ng and appur t enances as i ndi cat ed and exi st i ng 
coat ed sur f aces made bar e by c l eani ng oper at i ons.   Wher e a space or  
sur f ace i s i ndi cat ed t o be pai nt ed,  i ncl ude t he f ol l owi ng i t ems,  unl ess 
i ndi cat ed ot her wi se.

a.   Exposed col umns,  gi r der s,  beams,  j oi st s,  and met al  deck;  and

b.   Ot her  cont i guous sur f aces.

1. 1. 2   Pai nt i ng Excl uded

Do not  pai nt  t he f ol l owi ng unl ess i ndi cat ed ot her wi se.

a.   Sur f aces conceal ed and made i naccessi bl e by panel boar ds,  f i xed 
duct wor k,  machi ner y,  and equi pment  f i xed i n pl ace.

b.   Sur f aces i n conceal ed spaces.   Conceal ed spaces ar e def i ned as 
encl osed spaces above suspended cei l i ngs,  f ur r ed spaces,  at t i c  spaces,  
cr awl  spaces,  el evat or  shaf t s and chases.

c.   St eel  t o be embedded i n concr et e.

d.   Copper ,  st ai nl ess st eel ,  al umi num,  anodi zed al umi num,  br ass,  and l ead 
except  exi st i ng coat ed sur f aces.
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e.   Har dwar e,  f i t t i ngs,  and ot her  f act or y f i ni shed i t ems.

1. 1. 3   Mechani cal  and El ect r i cal  Pai nt i ng

I ncl udes f i el d coat i ng of  i nt er i or  and ext er i or  new sur f aces.

a.   Wher e a space or  sur f ace i s i ndi cat ed t o be pai nt ed,  i ncl ude t he 
f ol l owi ng i t ems unl ess i ndi cat ed ot her wi se.

( 1)  Exposed pi pi ng,  condui t ,  and duct wor k;

( 2)  Suppor t s,  hanger s,  ai r  gr i l l es,  and r egi st er s;

( 3)  Mi scel l aneous met al wor k and i nsul at i on cover i ngs.

b.   Do not  pai nt  t he f ol l owi ng,  unl ess i ndi cat ed ot her wi se:

( 1)  New zi nc- coat ed,  al umi num,  and copper  sur f aces under  i nsul at i on

( 2)  New al umi num j acket  on pi pi ng

( 3)  New i nt er i or  f er r ous pi pi ng under  i nsul at i on.

1. 1. 3. 1   Fi r e Ext i ngui shi ng Spr i nkl er  Syst ems

Cl ean,  pr et r eat ,  pr i me,  and pai nt  new f i r e ext i ngui shi ng spr i nkl er  syst ems 
i ncl udi ng val ves,  pi pi ng,  condui t ,  hanger s,  suppor t s,  mi scel l aneous 
met al wor k,  and accessor i es.   Appl y coat i ngs t o c l ean,  dr y sur f aces,  usi ng 
cl ean br ushes.

1. 1. 4   Ext er i or  Pai nt i ng of  Si t e Wor k I t ems

Fi el d coat  t he f ol l owi ng i t ems:  New f i r e hydr ant s.

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN CONFERENCE OF GOVERNMENTAL I NDUSTRI AL HYGI ENI STS ( ACGI H)

ACGI H 0100 ( 2017;  Suppl  2020)  Document at i on of  t he 
Thr eshol d Li mi t  Val ues and Bi ol ogi cal  
Exposur e I ndi ces

ASTM I NTERNATI ONAL ( ASTM)

ASTM D235 ( 2002;  R 2012)  Mi ner al  Spi r i t s ( Pet r ol eum 
Spi r i t s)  ( Hydr ocar bon Dr y Cl eani ng Sol vent )

ASTM D523 ( 2014;  R 2018)  St andar d Test  Met hod f or  
Specul ar  Gl oss

ASTM D4214 ( 2007;  R 2015)  St andar d Test  Met hod f or  
Eval uat i ng t he Degr ee of  Chal k i ng of  
Ext er i or  Pai nt  Fi l ms

ASTM D4263 ( 1983;  R 2018)  St andar d Test  Met hod f or  
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I ndi cat i ng Moi st ur e i n Concr et e by t he 
Pl ast i c Sheet  Met hod

ASTM D4444 ( 2013;  R 2018)  St andar d Test  Met hod f or  
Labor at or y St andar di zat i on and Cal i br at i on 
of  Hand- Hel d Moi st ur e Met er s

ASTM D6386 ( 2016a)  St andar d Pr act i ce f or  Pr epar at i on 
of  Zi nc ( Hot - Di p Gal vani zed)  Coat ed I r on 
and St eel  Pr oduct  and Har dwar e Sur f aces 
f or  Pai nt i ng

ASTM F1869 ( 2022)  St andar d Test  Met hod f or  Measur i ng 
Moi st ur e Vapor  Emi ssi on Rat e of  Concr et e 
Subf l oor  Usi ng Anhydr ous Cal ci um Chl or i de

CENTERS FOR DI SEASE CONTROL AND PREVENTI ON ( CDC)

I nt el l i gence Bul l et i n 65 ( 2013)  Occupat i onal  Exposur e t o Car bon 
Nanot ubes and Nanof i ber s

MASTER PAI NTERS I NSTI TUTE ( MPI )

MPI  3 ( 2016)  Pr i mer ,  Al kal i  Resi st ant ,  Wat er  
Based

MPI  4 ( 2016)  I nt er i or / Ext er i or  Lat ex Bl ock Fi l l er

MPI  9 ( 2016)  Al kyd,  Ext er i or  Gl oss ( MPI  Gl oss 
Level  6)

MPI  11 ( 2016)  Lat ex,  Ext er i or  Semi - Gl oss,  MPI  
Gl oss Level  5

MPI  23 ( 2015)  Pr i mer ,  Met al ,  Sur f ace Tol er ant

MPI  39 ( 2018)  Pr i mer ,  Lat ex,  f or  I nt er i or  Wood

MPI  50 ( 2015)  Pr i mer  Seal er ,  Lat ex,  I nt er i or

MPI  52 ( 2016)  Lat ex,  I nt er i or ,  ( MPI  Gl oss Level  3)

MPI  54 ( 2016)  Lat ex,  I nt er i or ,  Semi - Gl oss ( MPI  
Gl oss Level  5)

MPI  57 ( 2012)  Var ni sh,  I nt er i or ,  Pol yur et hane,  
Oi l  Modi f i ed,  Sat i n

MPI  72 ( 2016)  Pol yur et hane,  Two- Component ,  
Pi gment ed,  Gl oss ( MPI  Gl oss Level  6- 7)

MPI  76 ( 2016)  Pr i mer ,  Al kyd,  Qui ck Dr y,  f or  Met al

MPI  79 ( 2016)  Pr i mer ,  Al kyd,  Ant i - Cor r osi ve f or  
Met al

MPI  90 ( 2012)  St ai n,  Semi - Tr anspar ent ,  f or  
I nt er i or  Wood
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MPI  94 ( 2016)  Al kyd,  Ext er i or ,  Semi - Gl oss ( MPI  
Gl oss Level  5)

MPI  95 ( 2015)  Pr i mer ,  Qui ck Dr y,  f or  Al umi num

MPI  101 ( 2016)  Pr i mer ,  Epoxy,  Ant i - Cor r osi ve,  f or  
Met al

MPI  107 ( 2016)  Pr i mer ,  Rust - I nhi bi t i ve,  Wat er  Based

MPI  108 ( 2015)  Epoxy,  Hi gh Bui l d,  Low Gl oss

MPI  134 ( 2015)  Pr i mer ,  Gal vani zed,  Wat er  Based

MPI  139 ( 2016)  Lat ex,  I nt er i or ,  Hi gh Per f or mance 
Ar chi t ect ur al ,  ( MPI  Gl oss Level  3)

MPI  140 ( 2016)  Lat ex,  I nt er i or ,  Hi gh Per f or mance 
Ar chi t ect ur al ,  ( MPI  Gl oss Level  4)

MPI  141 ( 2016)  Lat ex,  I nt er i or ,  Hi gh Per f or mance 
Ar chi t ect ur al ,  Semi - Gl oss ( MPI  Gl oss Level  
5)

MPI  153 ( 2016)  Li ght  I ndust r i al  Coat i ng,  I nt er i or ,  
Wat er  Based,  Semi - Gl oss ( MPI  Gl oss Level  5)

MPI  163 ( 2016)  Li ght  I ndust r i al  Coat i ng,  Ext er i or ,  
Wat er  Based,  Semi - Gl oss ( MPI  Gl oss Level  5)

MPI  ASM ( 2019)  Ar chi t ect ur al  Pai nt i ng 
Speci f i cat i on Manual

MPI  GPS- 1- 14 ( 2014)  Gr een Per f or mance St andar d GPS- 1- 14

MPI  GPS- 2- 14 ( 2014)  Gr een Per f or mance St andar d GPS- 2- 14

MPI  MRM ( 2015)  Mai nt enance Repai nt i ng Manual

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC 7/ NACE No. 4 ( 2007)  Br ush- Of f  Bl ast  Cl eani ng

SSPC Gl ossar y ( 2011)  SSPC Pr ot ect i ve Coat i ngs Gl ossar y

SSPC PA 1 ( 2016)  Shop,  Fi el d,  and Mai nt enance 
Coat i ng of  Met al s

SSPC QP 1 ( 2019)   St andar d Pr ocedur e f or  Eval uat i ng 
t he Qual i f i cat i ons of  I ndust r i al / Mar i ne 
Pai nt i ng Cont r act or s ( Fi el d Appl i cat i on t o 
Compl ex I ndust r i al  St eel  St r uct ur es and 
Ot her  Met al  Component s)

SSPC SP 1 ( 2015)  Sol vent  Cl eani ng

SSPC SP 2 ( 2018)  Hand Tool  Cl eani ng

SSPC SP 3 ( 2018)  Power  Tool  Cl eani ng
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SSPC SP 6/ NACE No. 3 ( 2007)  Commer ci al  Bl ast  Cl eani ng

SSPC SP 10/ NACE No.  2 ( 2015)  Near - Whi t e Bl ast  Cl eani ng

SSPC VI S 1 ( 2002;  E 2004)  Gui de and Ref er ence 
Phot ogr aphs f or  St eel  Sur f aces Pr epar ed by 
Dr y Abr asi ve Bl ast  Cl eani ng

SSPC VI S 3 ( 2004)  Gui de and Ref er ence Phot ogr aphs f or  
St eel  Sur f aces Pr epar ed by Hand and Power  
Tool  Cl eani ng

SSPC VI S 4/ NACE VI S 7 ( 1998;  E 2000;  E 2004)  Gui de and Ref er ence 
Phot ogr aphs f or  St eel  Sur f aces Pr epar ed by 
Wat er j et t i ng

SSPC- SP WJ- 1/ NACE WJ- 1 ( 2012)  Cl ean t o Bar e Subst r at e,  Wat er j et  
Cl eani ng of  Met al s

SSPC- SP WJ- 2/ NACE WJ- 2 ( 2012)  Ver y Thor ough Cl eani ng,  Wat er j et  
Cl eani ng of  Met al s

SSPC- SP WJ- 3/ NACE WJ- 3 ( 2012)  Thor ough Cl eani ng,  Wat er j et  
Cl eani ng of  Met al s

SSPC- SP WJ- 4/ NACE WJ- 4 ( 2012)  Li ght  Cl eani ng,  Wat er j et  Cl eani ng 
of  Met al s

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

EM 385- 1- 1 ( 2014)  Saf et y - -  Saf et y and Heal t h 
Requi r ement s Manual

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 101 ( 2014;  Rev C)  Col or  Code f or  Pi pel i nes and 
f or  Compr essed Gas Cyl i nder s

U. S.  ENVI RONMENTAL PROTECTI ON AGENCY ( EPA)

EPA Met hod 24 ( 2000)  Det er mi nat i on of  Vol at i l e Mat t er  
Cont ent ,  Wat er  Cont ent ,  Densi t y,  Vol ume 
Sol i ds,  and Wei ght  Sol i ds of  Sur f ace 
Coat i ngs

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

FED- STD- 313 ( 2018)  Mat er i al  Saf et y Dat a,  
Tr anspor t at i on Dat a and Di sposal  Dat a f or  
Hazar dous Mat er i al s Fur ni shed t o 
Gover nment  Act i v i t i es

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 1000 Ai r  Cont ami nant s
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1. 3   DEFI NI TI ONS

1. 3. 1   Qual i f i cat i on Test i ng

Qual i f i cat i on t est i ng i s t he per f or mance of  al l  t est  r equi r ement s l i s t ed 
i n t he pr oduct  speci f i cat i on.   Thi s t est i ng i s accompl i shed by MPI  t o 
qual i f y each pr oduct  f or  t he MPI  Appr oved Pr oduct  Li st ,  and may al so be 
accompl i shed by Cont r act or ' s t hi r d- par t y t est i ng l ab i f  an al t er nat i ve t o 
Bat ch Qual i t y Conf or mance Test i ng by MPI  i s desi r ed.

1. 3. 2   Bat ch Qual i t y Conf or mance Test i ng

Bat ch qual i t y conf or mance t est i ng det er mi nes t hat  t he pr oduct  pr ovi ded i s 
t he same as t he pr oduct  qual i f i ed t o t he appr opr i at e pr oduct  
speci f i cat i on.   Thi s t est i ng must  be accompl i shed by an MPI  t est i ng l ab.

1. 3. 3   Coat i ng

SSPC Gl ossar y;  ( 1)  A l i qui d,  l i quef i abl e,  or  mast i c composi t i on t hat  i s 
conver t ed t o a sol i d pr ot ect i ve,  decor at i ve,  or  f unct i onal  adher ent  f i l m 
af t er  appl i cat i on as a t hi n l ayer ;  ( 2)  Gener i c t er m f or  pai nt ,  l acquer ,  
enamel .

1. 3. 4   DFT or  df t

Dr y f i l m t hi ckness,  t he f i l m t hi ckness of  t he f ul l y  cur ed,  dr y pai nt  or  
coat i ng.

1. 3. 5   DSD

Degr ee of  Sur f ace Degr adat i on,  t he MPI  syst em of  def i ni ng degr ee of  
sur f ace degr adat i on.   Fi ve l evel s ar e gener i cal l y def i ned under  t he 
Assessment  sect i ons i n t he MPI  MRM,  MPI  Mai nt enance Repai nt i ng Manual .

1. 3. 6   EXT

MPI  shor t  t er m desi gnat i on f or  an ext er i or  coat i ng syst em.

1. 3. 7   I NT

MPI  shor t  t er m desi gnat i on f or  an i nt er i or  coat i ng syst em.

1. 3. 8   Loose Pai nt

Pai nt  or  coat i ng t hat  can be r emoved wi t h a dul l  put t y kni f e.

1. 3. 9   mi l  /  mi l s

The Engl i sh measur ement  f or  0. 001 i n or  one one- t housandt h of  an i nch.

1. 3. 10   MPI  Gl oss Level s

MPI  syst em of  def i ni ng gl oss.   Seven gl oss l evel s ( G1 t o G7)  ar e 
gener i cal l y def i ned under  t he Eval uat i on sect i ons of  t he MPI  Manual s.   
Tr adi t i onal l y,  Fl at  r ef er s t o G1/ G2,  Eggshel l  r ef er s t o G3,  Semi gl oss 
r ef er s t o G5,  and Gl oss r ef er s t o G6.

Gl oss l evel s ar e def i ned by MPI  as f ol l ows:
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Gl oss Level Descr i pt i on Uni t s at  60 degr ee 
angl e

Uni t s at  80 degr ee 
angl e

G1 Mat t e or  Fl at 0 t o 5 10 max

G2 Vel vet 0 t o 10 10 t o 35

G3 Eggshel l 10 t o 25 10 t o 35

G4 Sat i n 20 t o 35 35 mi n

G5 Semi - Gl oss 35 t o 70

G6 Gl oss 70 t o 85

G7 Hi gh Gl oss

Gl oss i s t est ed i n accor dance wi t h ASTM D523.   Hi st or i cal l y,  t he 
Gover nment  has used Fl at  ( G1 /  G2) ,  Eggshel l  ( G3) ,  Semi - Gl oss ( G5) ,  and 
Gl oss ( G6) .

1. 3. 11   MPI  Syst em Number

The MPI  coat i ng syst em number  i n each MPI  Di v i s i on f ound i n ei t her  t he MPI  
Ar chi t ect ur al  Pai nt i ng Speci f i cat i on Manual  or  t he Mai nt enance Repai nt i ng 
Manual  and def i ned as an ext er i or  ( EXT/ REX)  or  i nt er i or  syst em ( I NT/ RI N) .

1. 3. 12   Pai nt

SSPC Gl ossar y;  ( 1)  Any pi gment ed l i qui d,  l i quef i abl e,  or  mast i c 
composi t i on desi gned f or  appl i cat i on t o a subst r at e i n a t hi n l ayer  t hat  
i s  conver t ed t o an opaque sol i d f i l m af t er  appl i cat i on.   Used f or  
pr ot ect i on,  decor at i on,  i dent i f i cat i on,  or  t o ser ve some ot her  f unct i onal  
pur poses;  ( 2)  Appl i cat i on of  a coat i ng mat er i al .

1. 3. 13   REX

MPI  shor t  t er m desi gnat i on f or  an ext er i or  coat i ng syst em used i n 
r epai nt i ng pr oj ect s or  over  exi st i ng coat i ng syst ems.

1. 3. 14   RI N

MPI  shor t  t er m desi gnat i on f or  an i nt er i or  coat i ng syst em used i n 
r epai nt i ng pr oj ect s or  over  exi st i ng coat i ng syst ems.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

Sampl es of  speci f i ed mat er i al s may be t aken and t est ed f or  compl i ance wi t h 
speci f i cat i on r equi r ement s.

SD- 02 Shop Dr awi ngs
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Pi pi ng I dent i f i cat i on

SD- 03 Pr oduct  Dat a

Coat i ng;  G,  RO

Pr oduct  Dat a Sheet s

SD- 04 Sampl es

Col or ;  G,  RO

SD- 07 Cer t i f i cat es

Qual i f i cat i on Test i ng l abor at or y f or  coat i ngs;  G,  RO

I ndoor  Ai r  Qual i t y f or  Pai nt s and Pr i mer s

I ndoor  Ai r  Qual i t y f or  Consol i dat ed Lat ex Pai nt s

SD- 08 Manuf act ur er ' s I nst r uct i ons

Appl i cat i on I nst r uct i ons

Mi xi ng

Manuf act ur er ' s Saf et y Dat a Sheet s

SD- 10 Oper at i on and Mai nt enance Dat a

Coat i ngs,  Dat a Package 1;  G,  RO

1. 5   QUALI TY ASSURANCE

1. 5. 1   Regul at or y Requi r ement s

1. 5. 1. 1   Envi r onment al  Pr ot ect i on

I n addi t i on t o r equi r ement s speci f i ed el sewher e f or  envi r onment al  
pr ot ect i on,  pr ovi de coat i ng mat er i al s t hat  conf or m t o t he r est r i ct i ons of  
t he l ocal  Ai r  Pol l ut i on Cont r ol  Di st r i ct  and r egi onal  j ur i sdi ct i on.   
Not i f y Cont r act i ng Of f i cer ' s Repr esent at i ve of  any pai nt  speci f i ed her ei n 
whi ch f ai l s t o conf or m.

1. 5. 1. 2   Lead Cont ent

Do not  use coat i ngs havi ng a l ead cont ent  over  0. 06 per cent  by wei ght  of  
nonvol at i l e cont ent .

1. 5. 1. 3   Chr omat e Cont ent

Do not  use coat i ngs cont ai ni ng zi nc- chr omat e or  st r ont i um- chr omat e.

1. 5. 1. 4   Asbest os Cont ent

Pr ovi de asbest os- f r ee mat er i al s.
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1. 5. 1. 5   Mer cur y Cont ent

Pr ovi de mat er i al s f r ee of  mer cur y or  mer cur y compounds.

1. 5. 1. 6   Si l i ca 

Pr ovi de abr asi ve bl ast  medi a cont ai ni ng no f r ee cr yst al l i ne s i l i ca.

1. 5. 1. 7   Human Car ci nogens

Pr ovi de mat er i al s t hat  do not  cont ai n ACGI H 0100 conf i r med human 
car ci nogens ( A1)  or  suspect ed human car ci nogens ( A2) .

1. 5. 1. 8   Car bon Based Fi ber s /  Tubes

Mat er i al s must  not  cont ai n car bon based f i ber s such as car bon nanot ubes or  
car bon nanof i ber s.   I nt el l i gence Bul l et i n 65 r anks t oxi c i t y of  car bon 
nanot ubes on a par  wi t h asbest os.

1. 5. 2   SSPC QP 1 Cer t i f i cat i on

Cont r act or s t hat  per f or m sur f ace pr epar at i on or  coat i ng appl i cat i on on 
st eel  subst r at es must  be cer t i f i ed by t he Soci et y f or  Pr ot ect i ve Coat i ngs 
( f or mer l y St eel  St r uct ur es Pai nt i ng Counci l )  ( SSPC)  t o t he r equi r ement s of  
SSPC QP 1 pr i or  t o Cont r act  awar d,  and must  r emai n cer t i f i ed whi l e 
accompl i shi ng any sur f ace pr epar at i on or  coat i ng appl i cat i on.   I f  a 
Cont r act or ' s cer t i f i cat i on expi r es,  t he f i r m wi l l  not  be al l owed t o 
per f or m any wor k unt i l  t he cer t i f i cat i on i s r ei ssued.   Request s f or  
ext ensi on of  t i me f or  any del ay t o t he compl et i on of  t he pr oj ect  due t o an 
i nact i ve cer t i f i cat i on wi l l  not  be consi der ed.   Not i f y t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve of  any change i n Cont r act or  cer t i f i cat i on 
st at us.   Not i f y t he Cont r act i ng Of f i cer ' s Repr esent at i ve of  al l  schedul ed 
and unannounced on- si t e audi t s f r om SSPC and f ur ni sh a copy of  al l  audi t  
r epor t s.

1. 5. 3   Appr oved Pr oduct s Li st

The cur r ent  MPI ,  " Appr oved Pr oduct  Li st "  whi ch l i s t s pai nt  by br and,  
l abel ,  pr oduct  name and pr oduct  code as of  t he dat e of  Cont r act  awar d,  
wi l l  be used t o det er mi ne compl i ance wi t h t he submi t t al  r equi r ement s of  
t hi s speci f i cat i on.   The Cont r act or  may choose t o use a subsequent  MPI  
" Appr oved Pr oduct  Li st " ,  however ,  onl y one l i s t  may be used f or  t he ent i r e 
Cont r act  and each coat i ng syst em i s t o be f r om a si ngl e manuf act ur er .   
Pr ovi de al l  coat s on a par t i cul ar  subst r at e f r om a si ngl e manuf act ur er .   
No var i at i on f r om t he MPI  Appr oved Pr oduct s Li st  i s  accept abl e.

1. 5. 4   Pai nt s and Coat i ngs I ndoor  Ai r  Qual i t y Cer t i f i cat i ons

Pr ovi de pai nt  and coat i ng pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y 
r equi r ement s by MPI  GPS- 1- 14,  MPI  GPS- 2- 14 or  pr ovi de cer t i f i cat i on by 
ot her  t hi r d- par t y pr ogr ams.   Pr ovi de cur r ent  pr oduct  cer t i f i cat i on 
document at i on f r om cer t i f i cat i on body.

Pr ovi de cer t i f i cat i on of  I ndoor  Ai r  Qual i t y f or  Pai nt s and Pr i mer s.   
Pr ovi de cer t i f i cat i on of  I ndoor  Ai r  Qual i t y f or  Consol i dat ed Lat ex Pai nt s.   
Submi t  r equi r ed i ndoor  ai r  qual i t y cer t i f i cat i ons i n one submi t t al  package.
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1. 5. 5   Fi el d Sampl es and Test s

The Cont r act i ng Of f i cer ' s Repr esent at i ve may choose up t o t wo coat i ngs 
t hat  have been del i ver ed t o t he s i t e t o be t est ed at  no cost  t o t he 
Gover nment .   Take sampl es of  each chosen pr oduct  as speci f i ed i n t he 
par agr aph SAMPLI NG PROCEDURE.   Test  each chosen pr oduct  as speci f i ed i n 
t he par agr aph TESTI NG PROCEDURE.   Remove pr oduct s f r om t he j ob s i t e whi ch 
do not  conf or m,  and r epl ace wi t h new pr oduct s t hat  conf or m t o t he 
r ef er enced speci f i cat i on.   Test  r epl acement  pr oduct s t hat  f ai l ed i ni t i al  
t est i ng as speci f i ed i n t he par agr aph TESTI NG PROCEDURE at  no cost  t o t he 
Gover nment .

1. 5. 5. 1   Sampl i ng Pr ocedur e

Sel ect  pai nt  at  r andom f r om t he pr oduct s t hat  have been del i ver ed t o t he 
j ob s i t e f or  sampl e t est i ng.   The Cont r act or  must  pr ovi de one quar t  
sampl es of  t he sel ect ed pai nt  mat er i al s.   Take sampl es i n t he pr esence of  
t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  and l abel ,  and i dent i f y each 
sampl e.   Pr ovi de l abel s i n accor dance wi t h t he par agr aph PACKAGI NG,  
LABELI NG,  AND STORAGE.

1. 5. 5. 2   Test i ng Pr ocedur e

Pr ovi de Bat ch Qual i t y Conf or mance Test i ng f or  speci f i ed pr oduct s,  as 
def i ned by and per f or med by MPI .   As an al t er nat i ve t o Bat ch Qual i t y 
Conf or mance Test i ng,  t he Cont r act or  may pr ovi de Qual i f i cat i on Test i ng f or  
speci f i ed pr oduct s above t o t he appr opr i at e MPI  pr oduct  speci f i cat i on,  
usi ng t he t hi r d- par t y l abor at or y appr oved under  t he par agr aph 
QUALI FI CATI ON TESTI NG l abor at or y f or  coat i ngs.   I ncl ude t he backup dat a 
and summar y of  t he t est  r esul t s wi t hi n t he qual i f i cat i on t est i ng l ab 
r epor t .   Pr ovi de a summar y l i s t i ng of  al l  t he r ef er ence speci f i cat i on 
r equi r ement s and t he r esul t  of  each t est .   Cl ear l y i ndi cat e i n t he summar y 
whet her  t he t est ed pai nt  meet s each t est  r equi r ement .   Not e t hat  
Qual i f i cat i on Test i ng may t ake 4 t o 6 weeks t o per f or m,  due t o t he ext ent  
of  t est i ng r equi r ed.

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y l abor at or y sel ect ed t o per f or m t est i ng of  
coat i ng sampl es f or  compl i ance wi t h speci f i cat i on r equi r ement s.   Submi t  
document at i on t hat  l abor at or y i s r egul ar l y engaged i n t est i ng of  pai nt  
sampl es f or  conf or mance wi t h speci f i cat i ons,  and t hat  empl oyees per f or mi ng 
t est i ng ar e qual i f i ed.   I f  MPI  i s chosen t o per f or m t he Bat ch Qual i t y 
Conf or mance t est i ng,  t he above submi t t al  i nf or mat i on i s not  r equi r ed,  onl y 
a l et t er  i s  r equi r ed f r om t he Cont r act or  st at i ng t hat  MPI  wi l l  per f or m t he 
t est i ng.

1. 6   PACKAGI NG,  LABELI NG,  AND STORAGE

Pr ovi de pai nt s i n seal ed cont ai ner s t hat  l egi bl y show t he Cont r act  
speci f i cat i on number ,  desi gnat i on name,  f or mul a or  speci f i cat i on number ,  
bat ch number ,  col or ,  quant i t y,  dat e of  manuf act ur e,  manuf act ur er ' s 
f or mul at i on number ,  manuf act ur er ' s di r ect i ons i ncl udi ng any war ni ngs and 
speci al  pr ecaut i ons,  and name and addr ess of  manuf act ur er .   Fur ni sh 
pi gment ed pai nt s i n cont ai ner s not  l ar ger  t han 5 gal l ons.   St or e pai nt s 
and t hi nner s i n accor dance wi t h t he manuf act ur er ' s wr i t t en di r ect i ons,  and 
as a mi ni mum,  st or ed of f  t he gr ound,  under  cover ,  wi t h suf f i c i ent  
vent i l at i on t o pr event  t he bui l dup of  f l ammabl e vapor s,  and at  
t emper at ur es bet ween 40 t o 95 degr ees F.
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1. 7   SAFETY AND HEALTH

Compl y wi t h appl i cabl e Feder al ,  St at e,  and l ocal  l aws and r egul at i ons,  and 
wi t h t he ACCI DENT PREVENTI ON PLAN,  i ncl udi ng t he Act i v i t y Hazar d Anal ysi s 
as speci f i ed i n Sect i on 01 35 26 GOVERNMENTAL SAFETY REQUI REMENTS and i n 
Appendi x A of  EM 385- 1- 1.   I ncl ude i n t he Act i v i t y Hazar d Anal ysi s t he 
pot ent i al  i mpact  of  pai nt i ng oper at i ons on pai nt i ng per sonnel  and on 
ot her s i nvol ved i n and adj acent  t o t he wor k zone.

1. 7. 1   Toxi c Mat er i al s

To pr ot ect  per sonnel  f r om over exposur e t o t oxi c mat er i al s,  conf or m t o t he 
most  st r i ngent  gui dance of :

a.   The appl i cabl e manuf act ur er ' s Saf et y Dat a Sheet s ( SDS)  or  l ocal  
r egul at i on.

b.   29 CFR 1910. 1000.

c.   ACGI H 0100,  t hr eshol d l i mi t  val ues.

Submi t  manuf act ur er ' s Saf et y Dat a Sheet s f or  coat i ngs,  sol vent s,  and ot her  
pot ent i al l y  hazar dous mat er i al s,  as def i ned i n FED- STD- 313.

1. 8   ENVI RONMENTAL REQUI REMENTS

Compl y,  at  mi ni mum,  wi t h manuf act ur er  r ecommendat i ons f or  space 
vent i l at i on dur i ng and af t er  i nst al l at i on.   I sol at e ar ea of  appl i cat i on 
f r om r est  of  bui l di ng when appl y i ng hi gh- emi ssi on pai nt s or  coat i ngs.

1. 8. 1   Coat i ngs

Do not  appl y coat i ng when ai r  or  subst r at e condi t i ons ar e:

a.   Less t han 5 degr ees F above dew poi nt ;

b.   Bel ow 50 degr ees F or  over  95 degr ees F,  unl ess speci f i cal l y 
pr e- appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve and t he 
pr oduct  manuf act ur er .   Do not ,  under  any ci r cumst ances,  v i ol at e t he 
manuf act ur er ' s appl i cat i on r ecommendat i ons.

PART 2   PRODUCTS

2. 1   MATERI ALS

Conf or m t o t he coat i ng speci f i cat i ons and st andar ds r ef er enced i n PART 3.   
Submi t  Pr oduct  Dat a Sheet s f or  speci f i ed coat i ngs and sol vent s.   Pr ovi de 
pr epr i nt ed cl eani ng and mai nt enance i nst r uct i ons f or  al l  coat i ng syst ems.   
Submi t  Manuf act ur er ' s I nst r uct i ons on Mi xi ng:  Det ai l ed mi xi ng 
i nst r uct i ons,  mi ni mum and maxi mum appl i cat i on t emper at ur e and humi di t y,  
pot  l i f e,  and cur i ng and dr yi ng t i mes bet ween coat s.

2. 2   COLOR SELECTI ON OF FI NI SH COATS

Pr ovi de col or s of  f i ni sh coat s as i ndi cat ed or  speci f i ed.   Al l ow 
Cont r act i ng Of f i cer ' s Repr esent at i ve t o sel ect  col or s not  i ndi cat ed or  
speci f i ed.   Manuf act ur er s '  names and col or  i dent i f i cat i on ar e used f or  t he 
pur pose of  col or  i dent i f i cat i on onl y.   Named pr oduct s ar e accept abl e f or  
use onl y i f  t hey conf or m t o speci f i ed r equi r ement s.   Pr oduct s of  ot her  
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manuf act ur er s ar e accept abl e i f  t he col or s ar e appr oxi mat el y t he col or s 
i ndi cat ed and t he pr oduct  conf or ms t o speci f i ed r equi r ement s.

Pr ovi de col or ,  t ext ur e,  and pat t er n of  wal l  coat i ng syst ems i n accor dance 
wi t h Sect i on 09 06 00 SCHEDULES FOR FI NI SHES .   Submi t  manuf act ur er ' s 
sampl es of  pai nt  col or s.   Cr oss r ef er ence col or  sampl es t o col or  scheme as 
i ndi cat ed.  Submi t  col or  st enci l  codes.   Ti nt  each coat  pr ogr essi vel y 
dar ker  t o enabl e conf i r mat i on of  t he number  of  coat s.

PART 3   EXECUTI ON

3. 1   PROTECTI ON OF AREAS AND SPACES NOT TO BE PAI NTED

Pr i or  t o sur f ace pr epar at i on and coat i ng appl i cat i ons,  r emove,  mask,  or  
ot her wi se pr ot ect  har dwar e,  har dwar e accessor i es,  machi ned sur f aces,  
r adi at or  cover s,  pl at es,  l i ght i ng f i x t ur es,  publ i c and pr i vat e pr oper t y,  
and ot her  such i t ems not  t o be coat ed t hat  ar e i n cont act  wi t h sur f aces t o 
be coat ed.   Fol l owi ng compl et i on of  pai nt i ng,  r ei nst al l  r emoved i t ems by 
wor kmen ski l l ed i n t he t r ades.   Rest or e sur f aces cont ami nat ed by coat i ng 
mat er i al s,  t o or i gi nal  condi t i on and r epai r  damaged i t ems.

3. 2   SURFACE PREPARATI ON

Remove di r t ,  spl i nt er s,  l oose par t i c l es,  gr ease,  oi l ,  di s i nt egr at ed 
coat i ngs,  and ot her  f or ei gn mat t er  and subst ances del et er i ous t o coat i ng 
per f or mance as speci f i ed f or  each subst r at e bef or e appl i cat i on of  pai nt  or  
sur f ace t r eat ment s.   Remove oi l  and gr ease pr i or  t o mechani cal  c l eani ng.   
Schedul e c l eani ng so t hat  dust  and ot her  cont ami nant s wi l l  not  f al l  on 
wet ,  newl y pai nt ed sur f aces.   Spot - pr i me exposed f er r ous met al s such as 
nai l  heads on or  i n cont act  wi t h sur f aces t o be pai nt ed wi t h wat er - t hi nned 
pai nt s,  wi t h a sui t abl e cor r osi on- i nhi bi t i ve pr i mer  capabl e of  pr event i ng 
f l ash r ust i ng and compat i bl e wi t h t he coat i ng speci f i ed f or  t he adj acent  
ar eas.   Ref er  t o MPI  ASM and MPI  MRM f or  addi t i onal  mor e speci f i c  
subst r at e pr epar at i on r equi r ement s.

3. 2. 1   Addi t i onal  Requi r ement s f or  Pr epar at i on of  Sur f aces Wi t h Exi st i ng 
Coat i ngs

Bef or e appl i cat i on of  coat i ngs,  per f or m t he f ol l owi ng on sur f aces cover ed 
by soundl y- adher ed coat i ngs,  def i ned as t hose whi ch cannot  be r emoved wi t h 
a put t y kni f e:

a.   Test  exi st i ng f i ni shes f or  l ead bef or e sandi ng,  scr api ng,  or  
r emovi ng.   I f  l ead i s pr esent ,  r ef er  t o par agr aph Toxi c Mat er i al s.

b.   Wi pe pr evi ousl y pai nt ed sur f aces t o r ecei ve sol vent - based coat i ngs,  
except  st ucco and si mi l ar l y r ough sur f aces cl ean wi t h a c l ean,  dr y 
c l ot h sat ur at ed wi t h mi ner al  spi r i t s,  ASTM D235 or  as speci f i ed i n 
MPI  MRM.   Wi pe t he sur f aces dr y wi t h a c l ean,  dr y,  l i nt  f r ee c l ot h.   
Wi pe i mmedi at el y pr ecedi ng t he appl i cat i on of  t he f i r st  coat  of  any 
coat i ng,  unl ess speci f i ed ot her wi se.

c.   Sand exi st i ng gl ossy sur f aces t o be pai nt ed t o r educe gl oss.   Br ush,  
and wi pe cl ean wi t h a damp cl ot h t o r emove dust .

d.   The r equi r ement s speci f i ed ar e mi ni mum.   Compl y al so wi t h t he 
appl i cat i on i nst r uct i ons of  t he pai nt  manuf act ur er  and speci f i c  
sur f ace pr epar at i on r equi r ement s as out l i ned i n MPI  MRM Ext er i or  
Sur f ace Pr epar at i on and I nt er i or  Sur f ace Pr epar at i on.
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e.   Thor oughl y c l ean pr evi ousl y pai nt ed sur f aces speci f i ed t o be r epai nt ed 
of  al l  gr ease,  di r t ,  dust  or  ot her  f or ei gn mat t er .

f .   Remove bl i st er i ng,  cr acki ng,  f l aki ng and peel i ng or  ot her wi se 
det er i or at ed coat i ngs.

g.   Remove chal k so t hat  when t est ed i n accor dance wi t h ASTM D4214,  t he 
chal k r esi st ance r at i ng i s no l ess t han 8.

h.   Roughen sl i ck sur f aces.   Repai r  damaged ar eas such as,  but  not  l i mi t ed 
t o,  nai l  hol es,  cr acks,  chi ps,  and spal l s wi t h sui t abl e mat er i al  t o 
mat ch adj acent  undamaged ar eas.

i .   Feat her  and sand smoot h edges of  chi pped pai nt .

j .   Cl ean r ust y met al  sur f aces i n accor dance wi t h SSPC r equi r ement s.   Use 
sol vent ,  mechani cal ,  or  chemi cal  c l eani ng met hods t o pr ovi de sur f aces 
sui t abl e f or  pai nt i ng.

k.   Pr ovi de new,  pr oposed coat i ngs t hat  ar e compat i bl e wi t h exi st i ng 
coat i ngs.

3. 2. 2   Exi st i ng Coat ed Sur f aces wi t h Mi nor  Def ect s

Sand,  spackl e,  and t r eat  mi nor  def ect s t o r ender  t hem smoot h.   Mi nor  
def ect s ar e def i ned as scr at ches,  ni cks,  cr acks,  gouges,  spal l s,  
al l i gat or i ng,  chal k i ng,  and i r r egul ar i t i es due t o par t i al  peel i ng of  
pr evi ous coat i ngs.   Remove chal k i ng by sandi ng so t hat  when t est ed i n 
accor dance wi t h ASTM D4214,  t he chal k r at i ng i s not  l ess t han 8.

3. 2. 3   Removal  of  Exi st i ng Coat i ngs

Remove exi st i ng coat i ngs f r om t he f ol l owi ng sur f aces:

a.   Sur f aces cont ai ni ng l ar ge ar eas of  mi nor  def ect s;

b.   Sur f aces cont ai ni ng mor e t han 20 per cent  peel i ng ar ea;  and

c.   Sur f aces desi gnat ed by t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  such 
as sur f aces wher e r ust  shows t hr ough exi st i ng coat i ngs.

3. 2. 4   Subst r at e Repai r

a.   Repai r  subst r at e sur f ace damaged dur i ng coat i ng r emoval ;

b.   Sand edges of  adj acent  soundl y- adher ed exi st i ng coat i ngs so t hey ar e 
t aper ed as smoot h as pr act i cal  t o ar eas i nvol ved wi t h coat i ng r emoval ;  
and

c.   Cl ean and pr i me t he subst r at e as speci f i ed.

3. 3   PREPARATI ON OF METAL SURFACES

3. 3. 1   Exi st i ng and New Fer r ous Sur f aces

a.   Fer r ous Sur f aces i ncl udi ng Shop- coat ed Sur f aces and Smal l  Ar eas That  
Cont ai n Rust ,  Mi l l  Scal e and Ot her  For ei gn Subst ances:   Sol vent  c l ean 
or  det er gent  wash i n accor dance wi t h SSPC SP 1 t o r emove oi l  and 
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gr ease.   Wher e shop coat  i s mi ssi ng or  damaged,  c l ean accor di ng t o 
SSPC SP 6/ NACE No. 3,   or  SSPC SP 10/ NACE No.  2.   Br ush- of f  bl ast  
r emai ni ng sur f ace i n accor dance wi t h SSPC 7/ NACE No. 4;  Wat er  j et t i ng 
t o SSPC- SP WJ- 4/ NACE WJ- 4 may be used t o r emove l oose coat i ng and 
ot her  l oose mat er i al s.   Use i nhi bi t or  as r ecommended by coat i ng 
manuf act ur er  t o pr event  pr emat ur e r ust i ng.   Pr ot ect  shop- coat ed 
f er r ous sur f aces f r om cor r osi on by t r eat i ng and t ouchi ng up cor r oded 
ar eas i mmedi at el y upon det ect i on.

b.   Sur f aces Wi t h Mor e Than 20 Per cent  Rust ,  Mi l l  Scal e,  and Ot her  For ei gn 
Subst ances:   Cl ean ent i r e sur f ace i n accor dance wi t h 
SSPC SP 10/ NACE No.  2 /  SSPC- SP WJ- 2/ NACE WJ- 2.

3. 3. 2   Fi nal  Fer r ous Sur f ace Condi t i on:

3. 3. 2. 1   Tool  Cl eaned Sur f aces

Compl y wi t h SSPC SP 2 and SSPC SP 3.   Use as a v i sual  r ef er ence,  
phot ogr aphs i n SSPC VI S 3 f or  t he appear ance of  c l eaned sur f aces.

3. 3. 2. 2   Abr asi ve Bl ast  Cl eaned Sur f aces

Compl y wi t h SSPC 7/ NACE No. 4,  SSPC SP 6/ NACE No. 3,  and 
SSPC SP 10/ NACE No.  2.   Use as a v i sual  r ef er ence,  phot ogr aphs i n 
SSPC VI S 1 f or  t he appear ance of  c l eaned sur f aces.

3. 3. 2. 3   Wat er j et  Cl eaned Sur f aces

Compl y wi t h SSPC- SP WJ- 1/ NACE WJ- 1,  SSPC- SP WJ- 2/ NACE WJ- 2,  
SSPC- SP WJ- 3/ NACE WJ- 3 or  SSPC- SP WJ- 4/ NACE WJ- 4.   Use as a v i sual  
r ef er ence,  phot ogr aphs i n SSPC VI S 4/ NACE VI S 7 f or  t he appear ance of  
c l eaned sur f aces.

3. 3. 3   Gal vani zed Sur f aces

a.   New or  Exi st i ng Gal vani zed Sur f aces Wi t h Onl y Di r t  and Zi nc Oxi dat i on 
Pr oduct s:   Cl ean wi t h sol vent ,  st eam,  or  non- al kal i ne det er gent  
sol ut i on i n accor dance wi t h SSPC SP 1.   Compl et el y r emove coat i ng by 
br ush- of f  abr asi ve bl ast  i f  t he gal vani zed met al  has been passi vat ed 
or  st abi l i zed.   Do not  " passi vat e"  or  " st abi l i ze"  new gal vani zed st eel  
t o be coat ed.   I f  t he absence of  hexaval ent  st ai n i nhi bi t or s i s not  
document ed,  t est  as descr i bed i n ASTM D6386,  Appendi x X2,  and r emove 
by one of  t he met hods descr i bed t her ei n.

b.   Gal vani zed wi t h Sl i ght  Coat i ng Det er i or at i on or  wi t h Li t t l e or  No 
Rust i ng:   Wat er  j et t i ng t o SSPC- SP WJ- 3/ NACE WJ- 3 t o r emove l oose 
coat i ng f r om sur f aces wi t h l ess t han 20 per cent  coat i ng det er i or at i on 
and no bl i st er i ng,  peel i ng,  or  cr acki ng.   Use i nhi bi t or  as r ecommended 
by t he coat i ng manuf act ur er  t o pr event  r ust i ng.

c.   Gal vani zed Wi t h Sever e Det er i or at ed Coat i ng or  Sever e Rust i ng:  Wat er  
j et  t o SSPC- SP WJ- 3/ NACE WJ- 3 degr ee of  c l eanl i ness.   Spot  abr asi ve 
bl ast  r ust ed ar eas as descr i bed f or  st eel  i n SSPC SP 6/ NACE No. 3,  and 
wat er j et  t o SSPC- SP WJ- 3/ NACE WJ- 3 t o r emove exi st i ng coat i ng.

3. 3. 4   Non- Fer r ous Met al l i c  Sur f aces

Al umi num and al umi num- al l oy,  l ead,  copper ,  and ot her  nonf er r ous met al  
sur f aces.
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Sur f ace Cl eani ng:   Sol vent  c l ean i n accor dance wi t h SSPC SP 1 and wash 
wi t h mi l d non- al kal i ne det er gent  t o r emove di r t  and wat er  sol ubl e 
cont ami nant s.

3. 3. 5   Ter ne- Coat ed Met al  Sur f aces

Sol vent  c l ean sur f aces wi t h mi ner al  spi r i t s,  ASTM D235.   Wi pe dr y wi t h 
c l ean,  dr y c l ot hs.

3. 3. 6   Exi st i ng Sur f aces wi t h a Bi t umi nous or  Mast i c- Type Coat i ng

Remove chal k,  mi l dew,  and ot her  l oose mat er i al  by washi ng wi t h a sol ut i on 
of  1/ 2 cup t r i sodi um phosphat e,  1/ 4 cup househol d det er gent ,  one quar t  5 
per cent  sodi um hypochl or i t e sol ut i on and  3 quar t s of  war m wat er .

3. 4   PREPARATI ON OF CONCRETE AND CEMENTI TI OUS SURFACE

3. 4. 1   Concr et e and Masonr y

a.   Cur i ng:   Al l ow concr et e,  st ucco and masonr y sur f aces t o cur e at  l east  
30 days bef or e pai nt i ng,  and concr et e s l ab on gr ade t o cur e at  l east  
90 days bef or e pai nt i ng.

b.   Sur f ace Cl eani ng:   Remove t he f ol l owi ng del et er i ous subst ances.

( 1)  Di r t ,  Chal k i ng,  Gr ease,  and Oi l :   Wash new sur f aces wi t h a 
sol ut i on composed of  1/ 2 cup t r i sodi um phosphat e,  1/ 4 cup 
househol d det er gent ,  and 4 quar t s of  war m wat er .   Then r i nse 
t hor oughl y wi t h f r esh wat er .   For  l ar ge ar eas,  wat er  bl ast i ng may 
be used.

( 2)  Fungus and Mol d:   Wash new sur f aces wi t h a sol ut i on composed of  
1/ 2 cup t r i sodi um phosphat e,  1/ 4 cup househol d det er gent ,  one quar t
 5 per cent  sodi um hypochl or i t e sol ut i on and 3 quar t s of  war m 
wat er .   Ri nse t hor oughl y wi t h f r esh wat er .

( 3)  Pai nt  and Loose Par t i c l es:   Remove by wi r e br ushi ng.

( 4)  Ef f l or escence:   Remove by scr api ng or  wi r e br ushi ng f ol l owed by 
washi ng wi t h a 5 t o 10 per cent  by wei ght  aqueous sol ut i on of  
hydr ochl or i c ( mur i at i c)  aci d.   Do not  al l ow aci d t o r emai n on t he 
sur f ace f or  mor e t han f i ve mi nut es bef or e r i nsi ng wi t h f r esh 
wat er .   Do not  aci d c l ean mor e t han 4 squar e f eet  of  sur f ace,  per  
wor kman,  at  one t i me.

c.   Cosmet i c Repai r  of  Mi nor  Def ect s:   Repai r  or  f i l l  mor t ar  j oi nt s and 
mi nor  def ect s,  i ncl udi ng but  not  l i mi t ed t o spal l s,  i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons and pr i or  t o coat i ng appl i cat i on.

d.   Al l owabl e Moi st ur e Cont ent :   Lat ex coat i ngs may be appl i ed t o damp 
sur f aces,  but  not  t o sur f aces wi t h dr opl et s of  wat er .   Do not  appl y 
epoxi es t o damp ver t i cal  sur f aces as det er mi ned by ASTM D4263 or  
hor i zont al  sur f aces t hat  exceed 3 l bs of  moi st ur e per  1000 squar e f eet  
i n 24 hour s as det er mi ned by ASTM F1869.   I n al l  cases f ol l ow 
manuf act ur er ' s r ecommendat i ons.   Al l ow sur f aces t o cur e a mi ni mum of  
30 days bef or e pai nt i ng.
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3. 4. 2   Gypsum Boar d,  Pl ast er ,  and St ucco

3. 4. 2. 1   Sur f ace Cl eani ng

Ver i f y t hat  pl ast er  and st ucco sur f aces ar e f r ee f r om l oose mat t er  and 
t hat  gypsum boar d i s dr y.   Remove l oose di r t  and dust  by br ushi ng wi t h a 
sof t  br ush,  r ubbi ng wi t h a dr y c l ot h,  or  vacuum- cl eani ng pr i or  t o 
appl i cat i on of  t he f i r st  coat  mat er i al .   A damp cl ot h or  sponge may be 
used i f  pai nt  i s  wat er - based.

3. 4. 2. 2   Repai r  of  Mi nor  Def ect s

Pr i or  t o pai nt i ng,  r epai r  j oi nt s,  cr acks,  hol es,  sur f ace i r r egul ar i t i es,  
and ot her  mi nor  def ect s wi t h pat chi ng pl ast er  or  spackl i ng compound and 
sand smoot h.

3. 4. 2. 3   Al l owabl e Moi st ur e Cont ent

Lat ex coat i ngs may be appl i ed t o damp sur f aces,  but  not  sur f aces wi t h 
dr opl et s of  wat er .   Do not  appl y epoxi es t o damp sur f aces as det er mi ned by 
ASTM D4263.   Ver i f y t hat  new pl ast er  t o be coat ed has a maxi mum moi st ur e 
cont ent  of  8 per cent ,  when measur ed i n accor dance wi t h ASTM D4444,  Met hod 
A,  unl ess ot her wi se aut hor i zed.  I n addi t i on t o moi st ur e cont ent  
r equi r ement s,  al l ow new pl ast er  t o age a mi ni mum of  30 days bef or e 
pr epar at i on f or  pai nt i ng.

3. 5   PREPARATI ON OF WOOD AND PLYWOOD SURFACES

3. 5. 1   New Pl ywood and Wood Sur f aces,  Except  Fl oor s:

a.   Sur f ace Cl eani ng:   Cl ean wood sur f aces of  f or ei gn mat t er .   Ver i f y t hat  
sur f aces ar e f r ee f r om dust  and ot her  del et er i ous subst ances and i n a 
condi t i on appr oved by t he Cont r act i ng Of f i cer ' s Repr esent at i ve pr i or  
t o r ecei v i ng pai nt  or  ot her  f i ni sh.   Do not  use wat er  t o c l ean 
uncoat ed wood. c.   Do not  exceed 12 per cent  moi st ur e cont ent  of  t he 
wood as measur ed by a moi st ur e met er  i n accor dance wi t h ASTM D4444,  
Met hod A,  unl ess ot her wi se aut hor i zed.

b.   Pr i me or  t ouch up wood sur f aces adj acent  t o sur f aces t o r ecei ve 
wat er - t hi nned pai nt s bef or e appl y i ng wat er - t hi nned pai nt s.

c.   Cr acks and Nai l heads:   Set  and put t y st op nai l heads and put t y cr acks 
af t er  t he pr i me coat  has dr i ed.

d.   Cosmet i c Repai r  of  Mi nor  Def ect s:

( 1)  Knot s and Resi nous Wood:   Pr i or  t o appl i cat i on of  coat i ng,  cover  
knot s and st ai ns wi t h t wo or  mor e coat s of  3- pound- cut  shel l ac 
var ni sh,  pl ast i c i zed wi t h 5 ounces of  cast or  oi l  per  gal l on.   
Scr ape away exi st i ng coat i ngs f r om knot t y ar eas,  and sand bef or e 
t r eat i ng.   Pr i me bef or e appl y i ng any put t y over  shel l acked ar ea.

( 2)  Open Joi nt s and Ot her  Openi ngs:   Fi l l  wi t h whi t i ng put t y,  l i nseed 
oi l  put t y.   Sand smoot h af t er  put t y has dr i ed.

( 3)  Checki ng:   Wher e checki ng of  t he wood i s pr esent ,  sand t he 
sur f ace,  wi pe and appl y a coat  of  pi gment ed or ange shel l ac.   Al l ow 
t o dr y bef or e pai nt  i s  appl i ed.
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e.   Pr i me Coat  For  New Ext er i or  Sur f aces:   Pr i me coat   bef or e wood becomes 
di r t y,  war ped or  weat her ed.

3. 5. 2   I nt er i or  Wood Sur f aces,  St ai n Fi ni sh

Sand i nt er i or  wood sur f aces t o r ecei ve st ai n.   Fi l l  oak and ot her  
open- gr ai n wood t o r ecei ve st ai n wi t h a coat  of  wood f i l l er  not  l ess t han 
8 hour s bef or e t he appl i cat i on of  st ai n;  r emove excess f i l l er  and sand t he 
sur f ace smoot h.

3. 6   APPLI CATI ON

3. 6. 1   Coat i ng Appl i cat i on

a.   Compl y wi t h appl i cabl e f eder al ,  st at e and l ocal  l aws enact ed t o ensur e 
compl i ance wi t h Feder al  Cl ean Ai r  St andar ds.   Appl y coat i ng mat er i al s 
i n accor dance wi t h SSPC PA 1.   SSPC PA 1 met hods ar e appl i cabl e t o al l  
subst r at es,  except  as modi f i ed her ei n.

b.   At  t he t i me of  appl i cat i on,  pai nt  must  show no si gns of  
det er i or at i on.   Mai nt ai n uni f or m suspensi on of  pi gment s dur i ng 
appl i cat i on.

c.   Unl ess ot her wi se speci f i ed or  r ecommended by t he pai nt  manuf act ur er ,  
pai nt  may be appl i ed by br ush,  r ol l er ,  or  spr ay.   Use t r i gger  oper at ed 
spr ay nozzl es f or  wat er  hoses.   Use r ol l er s f or  appl y i ng pai nt s and 
enamel s of  a t ype desi gned f or  t he coat i ng t o be appl i ed and t he 
sur f ace t o be coat ed.   Wear  pr ot ect i ve c l ot hi ng and r espi r at or s when 
appl y i ng oi l - based pai nt s or  usi ng spr ay equi pment  wi t h any pai nt s.

d.   Onl y appl y pai nt s,  except  wat er - t hi nned t ypes,  t o sur f aces t hat  ar e 
compl et el y f r ee of  moi st ur e as det er mi ned by s i ght  or  t ouch.

e.   Thor oughl y wor k coat i ng mat er i al s i nt o j oi nt s,  cr evi ces,  and open 
spaces.   Pay speci al  at t ent i on t o ensur e t hat  al l  edges,  cor ner s,  
cr evi ces,  wel ds,  and r i vet s r ecei ve a f i l m t hi ckness equal  t o t hat  of  
adj acent  pai nt ed sur f aces.

f .   Appl y each coat  of  pai nt  so t hat  dr y f i l m i s of  uni f or m t hi ckness and 
f r ee f r om r uns,  dr ops,  r i dges,  waves,  pi nhol es or  ot her  voi ds,  l aps,  
br ush mar ks,  and var i at i ons i n col or ,  t ext ur e,  and f i ni sh.   Compl et el y 
hi de al l  bl emi shes.

g.   Touch up damaged coat i ngs bef or e appl y i ng subsequent  coat s.   Br oom 
cl ean and cl ear  dust  f r om i nt er i or  ar eas bef or e and dur i ng t he 
appl i cat i on of  coat i ng mat er i al .

h.   Appl y pai nt  t o new f i r e ext i ngui shi ng spr i nkl er  syst ems i ncl udi ng 
val ves,  pi pi ng,  condui t ,  hanger s,  suppor t s,  mi scel l aneous met al  wor k,  
and accessor i es.   Shi el d spr i nkl er  heads wi t h pr ot ect i ve cover i ngs 
whi l e pai nt i ng i s i n pr ogr ess.   Remove spr i nkl er  heads whi ch have been 
pai nt ed and r epl ace wi t h new spr i nkl er  heads.   Unf i ni shed spaces 
i ncl ude at t i c  spaces,  spaces above suspended cei l i ngs,  cr awl  spaces,  
pi pe chases,  mechani cal  equi pment  r oom,  and space wher e wal l s or  
cei l i ng ar e not  pai nt ed or  not  const r uct ed of  a pr ef i ni shed mat er i al .   
Upon compl et i on of  pai nt i ng,  r emove pr ot ect i ve cover i ng f r om spr i nkl er  
heads.

i .   Pi pi ng i n Unf i ni shed Ar eas:   Pr ovi de pr i med sur f aces wi t h one coat  of  
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r ed al kyd gl oss enamel  ( MPI  9)  appl i ed t o a mi ni mum dr y f i l m t hi ckness 
of  1. 0 mi l  i n at t i c  spaces,  spaces above suspended cei l i ngs,  cr awl  
spaces,  pi pe chases,  mechani cal  equi pment  r oom,  and spaces wher e wal l s 
or  cei l i ng ar e not  pai nt ed or  not  const r uct ed of  a pr ef i ni shed 
mat er i al .

j .   Pi pi ng i n Fi ni shed Ar eas:   Pr ovi de pr i med sur f aces wi t h t wo coat s of  
pai nt  t o mat ch adj acent  sur f aces,  except  pr ovi de val ves and oper at i ng 
accessor i es wi t h one coat  of  r ed al kyd gl oss enamel  ( MPI  9)  appl i ed t o 
a mi ni mum dr y f i l m t hi ckness of  1. 0 mi l  or  t wo component  gl oss 
pol yur et hane ( MPI  72)  i n ext er i or  appl i cat i ons.

k.   Pr ovi de l abel i ng on t he sur f aces of  al l  f eed and cr oss mai ns t o show 
t he pi pe f unct i on such as " Spr i nkl er  Syst em" ,  " Fi r e Depar t ment  
Connect i on" ,  " St andpi pe" .   For  pi pe si zes 4- i nch and l ar ger  pr ovi de 
whi t e pai nt ed st enci l ed l et t er s and ar r ows,  a mi ni mum of  2 i n i n 
hei ght  and vi s i bl e f r om at  l east  t wo si des when vi ewed f r om t he 
f l oor .   For  pi pe si zes l ess t han 4- i nch,  pr ovi de whi t e pai nt ed 
st enci l ed l et t er s and ar r ows,  a mi ni mum of  0. 75 i n i n hei ght  and 
vi s i bl e f r om t he f l oor .

l .   Al l  f i r e suppr essi on syst em val ves must  be mar ked wi t h per manent  t ags 
i ndi cat i ng nor mal l y open or  nor mal l y c l osed.

m.   Dr yi ng Ti me:   Al l ow t i me bet ween coat s,  as r ecommended by t he coat i ng 
manuf act ur er ,  t o per mi t  t hor ough dr yi ng,  but  not  t o pr esent  t opcoat  
adhesi on pr obl ems.   Pr ovi de each coat  i n speci f i ed condi t i on t o 
r ecei ve next  coat .

n.   Pr i mer s,  and I nt er medi at e Coat s:   Do not  al l ow pr i mer s or  i nt er medi at e 
coat s t o dr y mor e t han 30 days,  or  l onger  t han r ecommended by 
manuf act ur er ,  bef or e appl y i ng subsequent  coat s.   Fol l ow manuf act ur er ' s 
r ecommendat i ons f or  sur f ace pr epar at i on i f  pr i mer s or  i nt er medi at e 
coat s ar e al l owed t o dr y l onger  t han r ecommended by manuf act ur er s of  
subsequent  coat i ngs.   Cover  each pr ecedi ng coat  or  sur f ace compl et el y 
by ensur i ng v i sual l y per cept i bl e di f f er ence i n shades of  successi ve 
coat s.

o.   Fi ni shed Sur f aces:   Pr ovi de f i ni shed sur f aces f r ee f r om r uns,  dr ops,  
r i dges,  waves,  l aps,  br ush mar ks,  and var i at i ons i n col or s.

p.   Ther moset t i ng Pai nt s:   Appl y t opcoat s over  t her moset t i ng pai nt s 
( epoxi es and ur et hanes)  wi t hi n t he over coat  wi ndow r ecommended by t he 
manuf act ur er .

3. 6. 2   Mi xi ng and Thi nni ng of  Pai nt s

Reduce pai nt s t o pr oper  consi st ency by addi ng f r esh pai nt ,  except  when 
t hi nni ng i s mandat or y t o sui t  sur f ace,  t emper at ur e,  weat her  condi t i ons,  
appl i cat i on met hods,  or  f or  t he t ype of  pai nt  bei ng used.   Obt ai n wr i t t en 
per mi ssi on f r om t he Cont r act i ng Of f i cer ' s Repr esent at i ve t o use t hi nner s.   
Ver i f y t hat  t he wr i t t en per mi ssi on i ncl udes quant i t i es and t ypes of  
t hi nner s t o use.

When t hi nni ng i s al l owed,  t hi n pai nt s i mmedi at el y pr i or  t o appl i cat i on 
wi t h not  mor e t han one pi nt  of  sui t abl e t hi nner  per  gal l on.   The use of  
t hi nner  does not  r el i eve t he Cont r act or  f r om obt ai ni ng compl et e hi di ng,  
f ul l  f i l m t hi ckness,  or  r equi r ed gl oss.   Thi nni ng cannot  cause t he pai nt  
t o exceed l i mi t s on vol at i l e or gani c compounds.   Do not  mi x pai nt s of  
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di f f er ent  manuf act ur er s.

3. 6. 3   Two- Component  Syst ems

Mi x t wo- component  syst ems i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.   
Fol l ow r ecommendat i on by t he manuf act ur er  f or  any t hi nni ng of  t he f i r st  
coat  t o ensur e pr oper  penet r at i on and seal i ng f or  each t ype of  subst r at e.

3. 6. 4   Coat i ng Syst ems

a.   Syst ems by Subst r at es:   Appl y coat i ngs t hat  conf or m t o t he r espect i ve 
speci f i cat i ons l i s t ed i n t he f ol l owi ng Tabl es:

Tabl e f or  Ext er i or  Appl i cat i ons

MPI  Di vi s i on Subst r at e Appl i cat i on

MPI  Di vi s i on 3 Ext er i or  Concr et e Pai nt  Tabl e

MPI  Di vi s i on 4 Ext er i or  Concr et e Masonr y Uni t s Pai nt  Tabl e

MPI  Di vi s i on 5 Ext er i or  Met al ,  Fer r ous and Non- Fer r ous 
Pai nt  Tabl e

MPI  Di vi s i on 6 Ext er i or  Wood;  Dr essed Lumber ,  Panel i ng,  
Decki ng,  Shi ngl es Pai nt  Tabl e

MPI  Di vi s i on 9 Ext er i or  St ucco Pai nt  Tabl e

MPI  Di vi s i on 10 Ext er i or  Cl ot h Cover i ngs and Bi t umi nous 
Coat ed Sur f aces Pai nt  Tabl e

Tabl e f or  I nt er i or  Appl i cat i ons

MPI  Di vi s i on Subst r at e Appl i cat i on

MPI  Di vi s i on 3 I nt er i or  Concr et e Pai nt  Tabl e

MPI  Di vi s i on 4 I nt er i or  Concr et e Masonr y Uni t s Pai nt  Tabl e

MPI  Di vi s i on 5 I nt er i or  Met al ,  Fer r ous and Non- Fer r ous 
Pai nt  Tabl e

MPI  Di vi s i on 6 I nt er i or  Wood Pai nt  Tabl e

MPI  Di vi s i on 9 I nt er i or  Pl ast er ,  Gypsum Boar d,  Text ur ed 
Sur f aces Pai nt  Tabl e

b.   Mi ni mum Dr y Fi l m Thi ckness ( DFT) :   Appl y pai nt s,  pr i mer s,  var ni shes,  
enamel s,  under coat s,  and ot her  coat i ngs t o a mi ni mum dr y f i l m 
t hi ckness of  1. 5 mi l  each coat  unl ess speci f i ed ot her wi se i n t he 
Tabl es.   Coat i ng t hi ckness,  wher e speci f i ed,  r ef er s t o t he mi ni mum dr y 
f i l m t hi ckness.

c.   Coat i ngs f or  Sur f aces Not  Speci f i ed Ot her wi se:   Coat  unspeci f i ed 
sur f aces t he same as sur f aces havi ng si mi l ar  condi t i ons of  exposur e.
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d.   Exi st i ng Sur f aces Damaged Dur i ng Per f or mance of  t he Wor k,  I ncl udi ng 
New Pat ches I n Exi st i ng Sur f aces:   Coat  sur f aces wi t h t he f ol l owi ng:

( 1)  One coat  of  pr i mer .

( 2)  One coat  of  under coat  or  i nt er medi at e coat .

( 3)  One t opcoat  t o mat ch adj acent  sur f aces.

e.   Exi st i ng Coat ed Sur f aces To Be Pai nt ed:   Appl y coat i ngs conf or mi ng t o 
t he r espect i ve speci f i cat i ons l i s t ed i n t he Tabl es her ei n,  except  t hat  
pr et r eat ment s,  seal er s and f i l l er s need not  be pr ovi ded on sur f aces 
wher e exi st i ng coat i ngs ar e soundl y adher ed and i n good condi t i on.   Do 
not  omi t  under coat s or  pr i mer s.

3. 7   COATI NG SYSTEMS FOR METAL

Appl y coat i ngs of  Tabl es i n MPI  Di v i s i on 5 f or  Ext er i or  and I nt er i or .

a.   Appl y speci f i ed f er r ous met al  pr i mer  t o st eel  sur f aces on t he same day 
t hat  sur f ace i s c l eaned,  t o sur f aces t hat  meet  al l  speci f i ed sur f ace 
pr epar at i on r equi r ement s at  t i me of  appl i cat i on.

b.   I naccessi bl e Sur f aces:   Pr i or  t o er ect i on,  use one coat  of  speci f i ed 
pr i mer  on met al  sur f aces t hat  wi l l  be i naccessi bl e af t er  er ect i on.

c.   Shop- pr i med Sur f aces:   Touch up exposed subst r at es and damaged 
coat i ngs t o pr ot ect  f r om r ust i ng pr i or  t o appl y i ng f i el d pr i mer .

d.   Sur f ace Pr evi ousl y Coat ed wi t h Epoxy or  Ur et hane:   Appl y MPI  101,  1. 5 
mi l s DFT i mmedi at el y pr i or  t o appl i cat i on of  epoxy or  ur et hane 
coat i ngs.

e.   Pi pes and Tubi ng:   The semi t r anspar ent  f i l m appl i ed t o some pi pes and 
t ubi ng at  t he mi l l  i s  not  t o be consi der ed a shop coat .   Over coat  
t hese i t ems wi t h t he speci f i ed f er r ous- met al  pr i mer  pr i or  t o 
appl i cat i on of  f i ni sh coat s.

f .   Exposed Nai l s,  Scr ews,  Fast ener s,  and Mi scel l aneous Fer r ous Sur f aces.   
On sur f aces t o be coat ed wi t h wat er  t hi nned coat i ngs,  spot  pr i me 
exposed nai l s and ot her  f er r ous met al  wi t h l at ex pr i mer  MPI  107.

3. 8   COATI NG SYSTEMS FOR CONCRETE AND CEMENTI TI OUS SUBSTRATES

Appl y coat i ngs of  Tabl es i n MPI  Di v i s i on 3,  4 and 9 f or  Ext er i or  and 
I nt er i or .

3. 9   COATI NG SYSTEMS FOR WOOD AND PLYWOOD

a.   Appl y coat i ngs of  Tabl es i n MPI  Di v i s i on 6 f or  Ext er i or  and I nt er i or .

b.   Pr i or  t o er ect i on,  appl y t wo coat s of  speci f i ed pr i mer  t o t r eat  and 
pr i me wood and pl ywood sur f aces whi ch wi l l  be i naccessi bl e af t er  
er ect i on.

c.   Appl y st ai ns i n accor dance wi t h manuf act ur er ' s pr i nt ed i nst r uct i ons.
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3. 10   PI PI NG I DENTI FI CATI ON

Pi pi ng I dent i f i cat i on,  I ncl udi ng Sur f aces I n Conceal ed Spaces:   Pr ovi de i n 
accor dance wi t h MI L- STD- 101.   Pl ace st enci l i ng i n c l ear l y v i s i bl e 
l ocat i ons.   On pi pi ng not  cover ed by MI L- STD- 101,  st enci l  appr oved names 
or  code l et t er s,  i n l et t er s a mi ni mum of  1/ 2 i nch hi gh f or  pi pi ng and a 
mi ni mum of  2 i nches hi gh el sewher e.   St enci l  ar r ow- shaped mar ki ngs on 
pi pi ng t o i ndi cat e di r ect i on of  f l ow usi ng bl ack st enci l  pai nt .

3. 11   I NSPECTI ON AND ACCEPTANCE

I n addi t i on t o meet i ng pr evi ousl y speci f i ed r equi r ement s,  demonst r at e 
mobi l i t y  of  movi ng component s,  i ncl udi ng swi ngi ng and sl i di ng door s,  
cabi net s,  and wi ndows wi t h oper abl e sash,  f or  i nspect i on by t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve.   Per f or m t hi s demonst r at i on af t er  
appr opr i at e cur i ng and dr yi ng t i mes of  coat i ngs have el apsed and pr i or  t o 
i nvoi c i ng f or  f i nal  payment .

3. 12   WASTE MANAGEMENT

As speci f i ed i n t he Wast e Management  Pl an and as f ol l ows.   Do not  use 
ker osene or  any such or gani c sol vent s t o c l ean up wat er  based pai nt s.   
Pr oper l y di spose of  pai nt s or  sol vent s i n desi gnat ed cont ai ner s.   Cl ose 
and seal  par t i al l y  used cont ai ner s of  pai nt  t o mai nt ai n qual i t y as 
necessar y f or  r euse.   St or e i n pr ot ect ed,  wel l - vent i l at ed,  f i r e- saf e ar ea 
at  moder at e t emper at ur e.   Pl ace mat er i al s def i ned as hazar dous or  t oxi c 
wast e i n desi gnat ed cont ai ner s.   Coor di nat e wi t h manuf act ur er  f or  
t ake- back pr ogr am.   Set  asi de scr ap t o be r et ur ned t o manuf act ur er  f or  
r ecycl i ng i nt o new pr oduct .   When such a ser vi ce i s not  avai l abl e,  cont act  
l ocal  r ecycl er s t o r ecl ai m t he mat er i al s.  Wher e l ocal  opt i ons exi st  f or  
l ef t over  pai nt  r ecycl i ng,  col l ect  al l  wast e pai nt  by t ype and pr ovi de f or  
del i ver y t o r ecycl i ng or  col l ect i on f aci l i t y  f or  r euse by l ocal  
or gani zat i ons.

3. 13   PAI NT TABLES

Al l  DFT' s ar e mi ni mum val ues.   Use onl y mat er i al s wi t h a MPI  GPS- 1- 14 
gr een check mar k havi ng a mi ni mum MPI  " Envi r onment al l y Fr i endl y"  E2 r at i ng 
based on VOC ( EPA Met hod 24)  cont ent  l evel s.   Accept abl e pr oduct s ar e 
l i s t ed i n t he MPI  Gr een Appr oved Pr oduct s Li st ,  avai l abl e at  
ht t p: / / www. speci f ygr een. com/ APL/ Pr oduct I dxByMPI num. asp.

3. 13. 1   Ext er i or  Pai nt  Tabl es

3. 13. 1. 1   MPI  Di v i s i on 5:   Ext er i or  Met al ,  Fer r ous and Non- Fer r ous Pai nt  
Tabl e

A.   St eel  /  Fer r ous Sur f aces

( 1)  New St eel  t hat  has been hand or  power  t ool  c l eaned t o SSPC SP 2 or  
SSPC SP 3

Al kyd
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New Exi st i ng,  uncoat ed Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  EXT 5. 1Q- G5 
( Semi gl oss

MPI  REX 5. 1D- G5 
( Semi gl oss)

MPI  23 MPI  94 MPI  94 5. 25 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

( 2)  New St eel  t hat  has been bl ast - c l eaned t o SSPC SP 6/ NACE No. 3

Al kyd

New Exi st i ng,  uncoat ed Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  EXT 5. 1D- G5 
( Semi gl oss)

MPI  REX 5. 1D- G5 
( Semi gl oss)

MPI  79 MPI  94 MPI  94 5. 25 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

( 3)  Exi st i ng st eel  t hat  has been spot - bl ast ed t o SSPC SP 6/ NACE No. 3

( a)  Sur f ace pr evi ousl y coat ed wi t h al kyd or  l at ex

Wat er bor ne Li ght  I ndust r i al  Coat i ng

Exi st i ng,  pr evi ousl y
coat ed wi t h al kyd or

l at ex

Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  REX 5. 1C- G5 
( Semi gl oss)

MPI  79 MPI  163 MPI  163 5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

( b)  Sur f aces pr evi ousl y coat ed wi t h epoxy

Wat er bor ne Li ght  I ndust r i al  Coat i ng

Exi st i ng,  pr evi ousl y
coat ed wi t h epoxy

Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  REX 5. 1L- G5 
( Semi gl oss)

MPI  101 MPI  163 MPI  163 5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

( 4)  New and exi st i ng st eel  bl ast  c l eaned t o SSPC SP 10/ NACE No.  2
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Wat er bor ne Li ght  I ndust r i al

New Exi st i ng Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  EXT 5. 1R- G5 
( Semi gl oss)

MPI  EXT 5. 1R- G5 
( Semi gl oss)

MPI  101 MPI  108 MPI  163 8. 5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

B.   Ext er i or  Gal vani zed Sur f aces

( 1)  New Gal vani zed sur f aces

Wat er bor ne Pr i mer  /  Wat er bor ne Li ght  I ndust r i al  Coat i ng

New Gal vani zed
Sur f aces

Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  EXT 5. 3J- G5 
( Semi gl oss)

MPI  134 MPI  163 MPI  163 4. 5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

( 2)   Gal vani zed sur f aces wi t h s l i ght  coat i ng det er i or at i on;  l i t t l e or  no 
r ust i ng

Wat er bor ne Li ght  I ndust r i al  Coat i ng

Gal vani zed
Sur f aces wi t h

sl i ght  coat i ng
det er i or at i on

Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  REX 5. 3J- G5 
( Semi gl oss)

MPI  134 N/ A MPI  163 4. 5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

( 3)  Gal vani zed sur f aces wi t h sever el y det er i or at ed coat i ng or  r ust i ng

Wat er bor ne Li ght  I ndust r i al  Coat i ng

Gal vani zed sur f aces
wi t h sever el y

det er i or at ed coat i ng
or  r ust i ng

Pr i mer I nt er medi at e Topcoat Syst em DFT
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MPI  REX 
5. 3L- G5( Semi gl oss)

MPI  101 MPI  108 MPI  163 8. 5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

C.   Ext er i or  Sur f aces,  Ot her  Met al s ( Non- Fer r ous)

( 1)  Al umi num,  al umi num al l oy and ot her  mi scel l aneous non- f er r ous met al  
i t ems not  ot her wi se speci f i ed except  hot  met al  sur f aces,  r oof  sur f aces,  
and new pr ef i ni shed equi pment

Wat er bor ne Li ght  I ndust r i al  Coat i ng

New Gal vani zed
Sur f aces

Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  EXT 5. 4F- G5 
( Semi gl oss)

MPI  95 MPI  163 MPI  163 5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

( 3)  Sur f aces adj acent  t o pai nt ed sur f aces;  Mechani cal ,  El ect r i cal ,  Fi r e 
ext i ngui shi ng spr i nkl er  syst ems i ncl udi ng val ves,  condui t ,  hanger s,  
suppor t s, exposed copper  pi pi ng,  and mi scel l aneous met al  i t ems not  
ot her wi se speci f i ed except  f l oor s,  hot  met al  sur f aces,  and new pr ef i ni shed 
equi pment

Wat er bor ne Li ght  I ndust r i al  Coat i ng

New Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  EXT 
5. 1C- G5( Semi gl oss)

MPI  79 MPI  163 MPI  163 5 mi l s

Pr i mer  as r ecommended by manuf act ur er .
Topcoat :   Coat i ng t o mat ch adj acent
 sur f aces.

3. 13. 1. 2   MPI  Di v i s i on 10:   Ext er i or  Cl ot h Cover i ngs and Bi t umi nous Coat ed 
Sur f aces Pai nt  Tabl e

A.   I nsul at i on and sur f aces of  i nsul at i on cover i ngs ( canvas,  c l ot h,  
paper ) :  ( I nt er i or  and Ext er i or  Appl i cat i ons)

Lat ex

New Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  EXT 10. 1A- G5 
( Semi gl oss)

N/ A MPI  11 MPI  11 3. 2 mi l s
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Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

3. 13. 2   I nt er i or  Pai nt  Tabl es

3. 13. 2. 1   MPI  Di v i s i on 3:   I nt er i or  Concr et e Pai nt  Tabl e

A.   New and uncoat ed exi st i ng and Exi st i ng,  pr evi ousl y pai nt ed Concr et e,  
ver t i cal  sur f aces,  not  speci f i ed ot her wi se

Lat ex

New,  uncoat ed
Exi st i ng

Exi st i ng,
pr evi ousl y pai nt ed

Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  I NT 3. 1A- G5 MPI  RI N 3. 1A- G5 
( Semi gl oss)

MPI  3 MPI  54 MPI  54 4 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

3. 13. 2. 2   MPI  Di v i s i on 4:   I nt er i or  Concr et e Masonr y Uni t s Pai nt  Tabl e

A.   New and uncoat ed Exi st i ng Concr et e Masonr y

Hi gh Per f or mance Ar chi t ect ur al  Lat ex

New,  uncoat ed
Exi st i ng

Fi l l er Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  I NT 4. 2D- G3 
( Eggshel l )

MPI  4 N/ A MPI  139 MPI  139 11 mi l s

Fi l l  al l  hol es i n masonr y sur f ace

3. 13. 2. 3   MPI  Di v i s i on 5:   I nt er i or  Met al ,  Fer r ous and Non- Fer r ous Pai nt  
Tabl e

A.   I nt er i or  St eel  /  Fer r ous Sur f aces

( 1)  Met al ,  Mechani cal ,  El ect r i cal ,  Fi r e ext i ngui shi ng spr i nkl er  syst ems 
i ncl udi ng val ves,  condui t ,  hanger s,  suppor t s,  Sur f aces adj acent  t o pai nt ed 
sur f aces ( Mat ch sur r oundi ng f i ni sh) ,  exposed copper  pi pi ng,  and 
mi scel l aneous met al  i t ems not  ot her wi se speci f i ed except  f l oor s,  hot  met al  
sur f aces,  and new pr ef i ni shed equi pment

Hi gh Per f or mance Ar chi t ect ur al  Lat ex

New,  uncoat ed Exi st i ng Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  I NT 5. 1R- G5 
( Semi gl oss)

MPI  76 MPI  141 MPI  141
5 mi l s
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Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

( 5)  Mi scel l aneous non- f er r ous met al  i t ems not  ot her wi se speci f i ed except  
f l oor s,  hot  met al  sur f aces,  and new pr ef i ni shed equi pment .   Mat ch 
sur r oundi ng f i ni sh

Hi gh Per f or mance Ar chi t ect ur al  Lat ex

New,  uncoat ed Exi st i ng Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  I NT 5. 4F- G5 
( Semi gl oss)

MPI  95 MPI  141 MPI  141
5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

3. 13. 2. 4   MPI  Di v i s i on 6:   I nt er i or  Wood Pai nt  Tabl e

A.   I nt er i or  Wood and Pl ywood

( 1)  New and Exi st i ng,  uncoat ed Wood and pl ywood not  ot her wi se speci f i ed

Hi gh Per f or mance Ar chi t ect ur al  Lat ex

New,  uncoat ed Exi st i ng Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  I NT 6. 4S- G4 ( Sat i n) MPI  39 MPI  140 MPI  140 4. 5 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

B.   I nt er i or  New and Exi st i ng,  pr evi ousl y f i ni shed or  st ai ned Wood and 
Pl ywood,  except  f l oor s;  nat ur al  f i ni sh or  st ai ned

St ai ned,  oi l - modi f i ed pol yur et hane

New Exi st i ng St ai n Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  I NT 
6. 4E- G4

MPI  RI N 
6. 4G- G4

MPI  90 MPI  57 MPI  57 MPI  57 4 mi l s

G.   I nt er i or  New  Wood Door s;  Nat ur al  Fi ni sh or  St ai ned

St ai ned,  oi l - modi f i ed pol yur et hane

New Exi st i ng,
pr evi ousl y
f i ni shed or

st ai ned

St ai n Pr i mer I nt er medi at e Topcoat Syst em DFT
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MPI  I NT 6. 3E- G4 MPI  RI N 
6. 3E- G4

MPI  90 MPI  57 MPI  57 MPI  57 4 mi l s

Not e:   Sand bet ween al l  coat s per  manuf act ur er s r ecommendat i ons.

3. 13. 2. 5   MPI  Di v i s i on 9:   I nt er i or  Pl ast er ,  Gypsum Boar d,  Text ur ed 
Sur f aces Pai nt  Tabl e

A.   I nt er i or  New Wal l boar d not  ot her wi se speci f i ed

Lat ex

New Exi st i ng,
pr evi ousl y pai nt ed

Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  I NT 9. 2A- G3 
( Eggshel l )

RI N 9. 2A- G3 
( Eggshel l )

MPI  50 MPI  52 MPI  52 4 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

I nst i t ut i onal  Low Odor  /  Low VOC Lat ex,  New

B.   I nt er i or  New Wal l boar d i n t oi l et s,  r est r ooms,  shower  ar eas,  and ot her  
hi gh humi di t y ar eas not  ot her wi se speci f i ed

Wat er bor ne Li ght  I ndust r i al  Coat i ng

New,  uncoat ed
Exi st i ng

Exi st i ng,  
pr evi ousl y 
pai nt ed

Pr i mer I nt er medi at e Topcoat Syst em DFT

MPI  I NT 
9. 2L- G5( Semi gl oss)

MPI  RI N 9. 2L- G5 
( Semi gl oss)

MPI  50 MPI  153 MPI  153 4 mi l s

Topcoat :   Coat i ng t o mat ch adj acent  sur f aces.

        - -  End of  Sect i on - -
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SECTI ON 09 97 13. 27

HI GH PERFORMANCE COATI NG FOR STEEL STRUCTURES
02/ 21,  CHG 1:  08/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D1200 ( 2010;  R 2014)  Vi scosi t y by For d Vi scosi t y 
Cup

ASTM D1640/ D1640M ( 2014)  St andar d Test  Met hods f or  Dr yi ng,  
Cur i ng,  or  Fi l m For mat i on of  Or gani c 
Coat i ngs

ASTM D3276 ( 2015;  E 2016)  St andar d Gui de f or  Pai nt i ng 
I nspect or s ( Met al  Subst r at es)

ASTM D3925 ( 2002;  R 2015)  Sampl i ng Li qui d Pai nt s and 
Rel at ed Pi gment ed Coat i ngs

ASTM D4285 ( 1983;  R 2018)  I ndi cat i ng Oi l  or  Wat er  i n 
Compr essed Ai r

ASTM D7127 ( 2017)  St andar d Test  Met hod f or  
Measur ement  of  Sur f ace Roughness of  
Abr asi ve Bl ast  Cl eaned Met al  Sur f aces 
usi ng a Por t abl e St yl us I nst r ument

ASTM E11 ( 2022)  St andar d Speci f i cat i on f or  Woven 
Wi r e Test  Si eve Cl ot h and Test  Si eves

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 9001 ( 2015)  Qual i t y Management  Syst ems-  
Requi r ement s

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC 7/ NACE No. 4 ( 2007)  Br ush- Of f  Bl ast  Cl eani ng

SSPC AB 2 ( 2015;  E 2016)  Cl eanl i ness of  Recycl ed 
Fer r ous Met al l i c  Abr asi ve

SSPC AB 3 ( 2023;  R 2023)  Fer r ous Met al l i c  Abr asi ve

SSPC Gui de 6 ( 2021)  Gui de f or  Cont ai ni ng Sur f ace 
Pr epar at i on Debr i s Gener at ed Dur i ng Pai nt  
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Removal  Oper at i ons

SSPC Gui de 12 ( 2023)  Gui de f or  I l l umi nat i on of  
I ndust r i al  Pai nt i ng Pr oj ect s

SSPC PA 1 ( 2016)  Shop,  Fi el d,  and Mai nt enance 
Coat i ng of  Met al s

SSPC PA 2 ( 2015;  E 2018)  Pr ocedur e f or  Det er mi ni ng 
Conf or mance t o Dr y Coat i ng Thi ckness 
Requi r ement s

SSPC QP 1 ( 2019)   St andar d Pr ocedur e f or  Eval uat i ng 
t he Qual i f i cat i ons of  I ndust r i al / Mar i ne 
Pai nt i ng Cont r act or s ( Fi el d Appl i cat i on t o 
Compl ex I ndust r i al  St eel  St r uct ur es and 
Ot her  Met al  Component s)

SSPC QP 5 ( 2022)  St andar d Pr ocedur e f or  Eval uat i ng 
t he Qual i f i cat i ons of  Coat i ng and Li ni ng 
I nspect i on Compani es

SSPC QS 1 ( 2015)  St andar d Pr ocedur e f or  Eval uat i ng a 
Cont r act or ' s Advanced Qual i t y Management  
Syst em

SSPC SP 1 ( 2015)  Sol vent  Cl eani ng

SSPC SP 10/ NACE No.  2 ( 2015)  Near - Whi t e Bl ast  Cl eani ng

SSPC SP COM ( 2016;  E 2017)  Sur f ace Pr epar at i on 
Comment ar y f or  St eel  and Concr et e 
Subst r at es

SSPC VI S 1 ( 2002;  E 2004)  Gui de and Ref er ence 
Phot ogr aphs f or  St eel  Sur f aces Pr epar ed by 
Dr y Abr asi ve Bl ast  Cl eani ng

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AMS- STD- 595A ( 2017)  Col or s used i n Gover nment  
Pr ocur ement

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- A- 22262 ( 1993;  Rev B;  Am 1 1994;  Am 2 1996;  Not i ce 
1 2021)  Abr asi ve Bl ast i ng Medi a Shi p Hul l  
Bl ast  Cl eani ng

MI L- DTL- 24441 ( 2009;  Rev D;  Not i ce 1 2021)  Pai nt ,  
Epoxy- Pol yami de,  Gener al  Speci f i cat i on f or

MI L- DTL- 24441/ 19 ( 2009;  Rev C;  Not i ce 1 2023)  Pai nt ,  
Epoxy- Pol yami de,  Zi nc Pr i mer ,  For mul a 159,  
Type I I I

MI L- DTL- 24441/ 31 ( 2009;  Rev B;  Not i ce 1 2021)  Pai nt ,  
Epoxy- Pol yami de,  Whi t e,  For mul a 152,  Type 
I V
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MI L- PRF- 85285 ( 2022;  Rev F)  Topcoat ,  Ai r cr af t  and 
Suppor t  Equi pment

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 134 Respi r at or y Pr ot ect i on

29 CFR 1910. 1000 Ai r  Cont ami nant s

29 CFR 1926. 59 Hazar d Communi cat i on

1. 2   DEFI NI TI ONS

Def i ni t i ons ar e pr ovi ded t hr oughout  t hi s Sect i on,  gener al l y i n t he 
par agr aph wher e used,  and denot ed by capi t al  l et t er s.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 05,  Desi gn Dat a

Cont ai nment  Syst em

SD- 06 Test  Repor t s

Joi nt  Seal ant  Qual i f i cat i on Test  Repor t s

Coat i ngs Qual i f i cat i on Test  Repor t s

Met al l i c  Abr asi ve Qual i f i cat i on Test  Repor t s

Coat i ng Sampl e Test  Repor t s

Abr asi ve Sampl e Test  Repor t s

I nspect i on Repor t  For ms

Dai l y I nspect i on Repor t s

Recycl ed Met al l i c  Abr asi ve Fi el d Test  Repor t s ( Dai l y and Weekl y)

SD- 07 Cer t i f i cat es

Cont r act  Er r or s,  Omi ssi ons,  and Ot her  Di scr epanci es

Cor r ect i ve Act i on Pr ocedur es

Coat i ng Wor k Pl an

Qual i f i cat i ons of  Cer t i f i ed I ndust r i al  Hygi eni st  ( CI H)

Qual i f i cat i ons Of  I ndi v i dual s Per f or mi ng Abr asi ve Bl ast i ng
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Qual i f i cat i ons of  Cer t i f i ed Pr ot ect i ve Coat i ngs Speci al i st  ( PCS)

Qual i f i cat i ons of  Coat i ng I nspect i on Company

Qual i f i cat i ons of  QC Speci al i st  Coat i ng I nspect or

Qual i f i cat i ons of  Test i ng Labor at or y f or  Coat i ngs

Qual i f i cat i ons of  Test i ng Labor at or y f or  Abr asi ve

Qual i f i cat i ons of  Coat i ng Cont r act or s

Joi nt  Seal ant  Mat er i al s

Coat i ng Mat er i al s

Coat i ng Syst em Component  Compat i bi l i t y

Non- met al l i c  Abr asi ve

Met al l i c  Abr asi ve

SD- 08 Manuf act ur er ' s I nst r uct i ons

Joi nt  Seal ant  I nst r uct i ons

Coat i ng Syst em I nst r uct i ons

SD- 11 Cl oseout  Submi t t al s

Di sposal  of  Used Abr asi ve

I nspect i on Logbook;  G,  RO

1. 4   QUALI TY ASSURANCE

1. 4. 1   Cont r act  Er r or s,  Omi ssi ons,  and Ot her  Di scr epanci es

Submi t  al l  er r or s,  omi ssi ons,  and ot her  di scr epanci es i n cont r act  
document s t he Cont r act i ng Of f i cer  wi t hi n 30 days of  cont r act  awar d f or  al l  
wor k cover ed i n t hi s Sect i on,  ot her  t han t he wor k t hat  wi l l  not  be 
uncover ed unt i l  a l at er  dat e.   Al l  such di scr epanci es shal l  be addr essed 
and r esol ved,  and t he Coat i ng Wor k Pl an modi f i ed,  pr i or  t o begi nni ng t he 
I ni t i al  and Fol l ow- Up phases of  wor k.   Di scr epanci es t hat  become appar ent  
onl y af t er  wor k i s uncover ed shal l  be i dent i f i ed at  t he ear l i est  
di scover abl e t i me and submi t t ed f or  r esol ut i on.   Schedul e t i me ( Fl oat )  
shoul d be bui l t  i nt o t he pr oj ect  schedul e at  t hose poi nt s wher e ol d wor k 
i s t o be uncover ed or  wher e access i s not  avai l abl e dur i ng t he f i r st  30 
days af t er  awar d,  t o al l ow f or  r esol ut i on of  cont r act  di scr epanci es.

1. 4. 2   Cor r ect i ve Act i on ( CA)

CA shal l  be i ncl uded i n t he Qual i t y Cont r ol  Pl an.

1. 4. 2. 1   Cor r ect i ve Act i on Pr ocedur es

Devel op pr ocedur es f or  det er mi ni ng t he r oot  cause of  each non- compl i ance,  
devel opi ng a pl an t o el i mi nat e t he r oot  cause so t hat  t he non- compl i ance 
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does not  r ecur ,  and f ol l owi ng up t o ensur e t hat  t he r oot  cause was 
el i mi nat ed.   Devel op Cor r ect i ve Act i on Request  ( CAR)  f or ms f or  i ni t i at i ng 
CA,  and f or  t r acki ng and document i ng each st ep.

1. 4. 2. 2   I mpl ement  Cor r ect i ve Act i on

The Cont r act or  shal l  t ake act i on t o i dent i f y and el i mi nat e t he r oot  cause 
of  each non- compl i ance so as t o pr event  r ecur r ence.   These pr ocedur es 
shal l  appl y t o non- compl i ance i n t he wor k,  and t o non- compl i ance i n t he QC 
Syst em.   Cor r ect i ve act i ons shal l  be appr opr i at e t o t he ef f ect s of  t he 
non- compl i ance encount er ed.  Each CAR shal l  be ser i al i zed,  t r acked i n a Log 
t o compl et i on and accept ance by t he Cont r act i ng Of f i cer ,  and r et ai ned i n 
pr oj ect  r ecor ds.   The Cor r ect i ve Act i on Log,  showi ng st at us of  each CAR,  
shal l  be submi t t ed t o t he Cont r act i ng Of f i cer  mont hl y.   A CAR may be 
i ni t i at ed by ei t her  t he Cont r act or  or  t he Cont r act i ng Of f i cer .   The 
Cont r act i ng Of f i cer  must  appr ove each CAR at  t he r oot  cause i dent i f i cat i on 
st age,  t he pl an f or  el i mi nat i on st age,  and t he cl ose out  st age af t er  
ver i f i cat i on t hat  t he r oot  cause has been el i mi nat ed.

1. 4. 3   Coat i ng Wor k Pl an

Thi s wor k pl an shal l  be consi der ed as par t  of  t he Qual i t y Cont r ol  Pl an.

Pr ovi de pr ocedur es f or  r evi ewi ng cont r act  document s i mmedi at el y af t er  
awar d t o i dent i f y er r or s,  omi ssi ons,  and di scr epanci es so t hat  any such 
i ssues can be r esol ved pr i or  t o pr oj ect  pl anni ng and devel opment  of  
det ai l ed pr ocedur es.

Pr ovi de pr ocedur es f or  ver i f i cat i on of  key pr ocesses dur i ng I ni t i al  Phase 
t o ensur e t hat  cont r act  r equi r ement s can be met .   Key pr ocesses shal l  
i ncl ude sur f ace pr epar at i on,  coat i ng appl i cat i on and cur i ng,  i nspect i on,  
and document at i on,  and any ot her  pr ocess t hat  mi ght  adver sel y i mpact  
or der l y pr ogr essi on of  wor k.

Pr ovi de pr ocedur es f or  al l  phases of  coat i ng oper at i ons,  i ncl udi ng pl anned 
wor k,  r ewor k,  r epai r ,  i nspect i on,  and document at i on.   Addr ess mobi l i zat i on 
and set up,  sur f ace pr epar at i on,  coat i ng appl i cat i on,  coat i ng i ni t i al  cur e,  
t r acki ng and cor r ect i on of  noncompl i ant  wor k,  and demobi l i zat i on.   
Coor di nat e wor k pr ocesses wi t h heal t h and saf et y pl ans and conf i ned space 
ent r y pl ans.   For  each pr ocess,  pr ovi de pr ocedur es t hat  i ncl ude 
appr opr i at e wor k i nst r uct i ons,  mat er i al  and equi pment  r equi r ement s,  
per sonnel  qual i f i cat i ons,  cont r ol s,  and pr ocess ver i f i cat i on pr ocedur es.   
Pr ovi de pr ocedur es f or  i nspect i ng wor k t o ver i f y and document  compl i ance 
wi t h cont r act  r equi r ement s,  i ncl udi ng i nspect i on f or ms and checkl i st s,  and 
accept ance and r ej ect i on cr i t er i a.

 Pr ovi de pr ocedur es f or  det er mi ni ng t he exi st i ng sur f ace pr of i l e under  
pai nt ,  and pr ocedur es f or  ensur i ng t hat  t he pr of i l e i s not  i ncr eased 
beyond t he maxi mum pr of i l e speci f i ed her ei n.

Pr ovi de pr ocedur es f or  cor r ect i ng noncompl i ant  wor k.   Det ai l ed pr ocedur es 
ar e r equi r ed i n advance t o avoi d del ays i n meet i ng over coat  wi ndows as 
wel l  as t o avoi d del ays i n pr oduct i on.   Pr ovi de pr ocedur es f or  r epai r i ng 
def ect s i n t he coat i ng f i l m,  such as r uns,  dr i ps,  sags,  hol i days,  
over spr ay,  as wel l  as how t o handl e cor r ect  coat i ng t hi ckness 
noncompl i ance,  any ot her  ar eas of  r epai r  or  r ewor k t hat  mi ght  be adver sel y 
af f ect ed by del ays i n pr epar i ng and appr ovi ng new pr ocedur es.

I f  a pr ocedur e i s based on a pr oposed or  appr oved r equest  f or  devi at i on,  
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t he devi at i on shal l  be r ef er enced.   Changes t o pr ocedur es shal l  be not ed 
by submi t t al  number  and dat e appr oved,  c l ear l y del i neat i ng ol d 
r equi r ement s and new r equi r ement s,  so t hat  t he r ecor ds pr ovi de a 
cont i nuous l og of  r equi r ement s and pr ocedur es.

1. 4. 4   Desi gn Dat a

1. 4. 4. 1   Cont ai nment  Syst em

Submi t  compl et e desi gn dr awi ngs and cal cul at i ons f or  t he scaf f ol di ng and 
cont ai nment  syst em,  i ncl udi ng an anal ysi s of  t he l oads whi ch wi l l  be added 
t o t he st r uct ur e by t he cont ai nment  syst em and wast e mat er i al s.   A 
r egi st er ed engi neer  shal l  appr ove cal cul at i ons and scaf f ol d syst em desi gn.

1. 4. 5   Test  Repor t s

1. 4. 5. 1   Joi nt  Seal ant  Qual i f i cat i on Test  Repor t s

Submi t  t est  r esul t s f r om i ndependent  l abor at or y of  r epr esent at i ve sampl es 
of  j oi nt  seal ant  mat er i al .   Sampl es must  have been t est ed wi t hi n t he l ast  
t hr ee year s.   Submi t  r esul t s as r equi r ed i n par agr aph QUALI TY ASSURANCE 
PROVI SI ONS of  ASTM C920.   Not e t hat  t est i ng i n accor dance wi t h QUALI TY 
ASSURANCE PROVI SI ONS i s a pr e- qual i f i cat i on r equi r ement .

1. 4. 5. 2   Coat i ngs Qual i f i cat i on Test  Repor t s

Submi t  t est  r esul t s f r om i ndependent  l abor at or y of  r epr esent at i ve sampl es 
of  each coat i ng mat er i al .   U. S.  Depar t ment  of  Def ense l abor at or i es ar e 
consi der ed t o be i ndependent  l abor at or i es f or  pur poses of  compl i ance wi t h  
" QUALI FI CATI ON I NSPECTI ON"  r equi r ement s her ei n.   Sampl es must  have been 
t est ed wi t hi n t he l ast  t hr ee year s.   Submi t  r esul t s f or  epoxy mat er i al s as 
r equi r ed i n par agr aph QUALI FI CATI ON I NSPECTI ON of  MI L- DTL- 24441,  and as 
r evi sed by par agr aph COATI NG SYSTEM her ei n.   Submi t  r esul t s f or  
pol yur et hane mat er i al s as r equi r ed i n par agr aph QUALI FI CATI ON I NSPECTI ON 
of  MI L- PRF- 85285,  and as r evi sed by par agr aph COATI NG SYSTEM her ei n.   Not e 
t hat   r equi r ement  f or  QUALI FI CATI ON I NSPECTI ON i s a pr e- qual i f i cat i on 
r equi r ement ,  and i nvol ves t he same t est i ng r equi r ed f or  l i s t i ng i n t he 
Qual i f i ed Pr oduct s Li st  of  t he r espect i ve mat er i al .   See appr opr i at e 
Mi l i t ar y Speci f i cat i on f or  speci f i c  t est  r equi r ement s.

1. 4. 5. 3   Met al l i c  Abr asi ve Qual i f i cat i on Test  Repor t s

Submi t  r esul t s f or  abr asi ve as r equi r ed i n par agr aph 4 REQUI REMENTS of  
SSPC AB 3.   Submi t  t est  r esul t s f r om i ndependent  l abor at or y of  
r epr esent at i ve sampl es of  each abr asi ve t o be used on t he j obsi t e.   
Sampl es must  have been t est ed wi t hi n t he l ast  t hr ee year s.   Not e t hat  t hi s 
t est i ng i s f or  t he pur pose of  pr equal i f y i ng t he abr asi ve.

1. 4. 5. 4   Recycl ed Met al l i c  Abr asi ve Fi el d Test  Repor t s ( Dai l y and Weekl y)

Submi t  t est  r esul t s f r om i ndependent  l abor at or y of  dai l y and weekl y 
Qual i t y Cont r ol  t est i ng r equi r ed by SSPC AB 2,  as modi f i ed i n par agr aph 
ABRASI VE.

1. 4. 6   Qual i f i cat i ons

1. 4. 6. 1   Qual i f i cat i ons of  Cer t i f i ed I ndust r i al  Hygi eni st  ( CI H)

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
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t he i ndependent  t hi r d par t y CI H.   Submi t  document at i on t hat  hygi eni st  i s  
cer t i f i ed by t he Amer i can Boar d of  I ndust r i al  Hygi ene i n compr ehensi ve 
pr act i ce,  i ncl udi ng cer t i f i cat i on number  and dat e of  
cer t i f i cat i on/ r ecer t i f i cat i on.   Pr ovi de evi dence of  exper i ence wi t h 
hazar ds i nvol ved i n i ndust r i al  coat i ng appl i cat i on wor k.

1. 4. 6. 2   Qual i f i cat i ons of  Cer t i f i ed Pr ot ect i ve Coat i ngs Speci al i st  ( PCS)

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y PCS.   Submi t  document at i on t hat  speci al i st  i s  
cer t i f i ed by SSPC:  The Soci et y f or  Pr ot ect i ve Coat i ngs ( SSPC)  as a PCS,  
i ncl udi ng cer t i f i cat i on number  and dat e of  cer t i f i cat i on/ r ecer t i f i cat i on.   
I f  t he PCS i s empl oyed by t he same coat i ng i nspect i on company t o whi ch t he 
coat i ng i nspect or  i s empl oyed,  t hi s does not  v i ol at e t he i ndependent  
t hi r d- par t y r equi r ement s.   The PCS shal l  r emai n cer t i f i ed dur i ng t he 
ent i r e pr oj ect ,  and t he Cont r act i ng Of f i cer  shal l  be not i f i ed of  any 
change i n cer t i f i cat i on st at us wi t hi n 10 days of  t he change.   The PCS 
shal l  not  be t he desi gnat ed coat i ng i nspect or .

1. 4. 6. 3   Qual i f i cat i ons of  Coat i ng I nspect i on Company

Submi t  document at i on t hat  t he coat i ng i nspect i on company t hat  wi l l  be 
per f or mi ng al l  coat i ng i nspect i on f unct i ons i s cer t i f i ed by SSPC t o t he 
r equi r ement s of  SSPC QP 5 pr i or  t o cont r act  awar d,  and shal l  r emai n 
cer t i f i ed whi l e accompl i shi ng any coat i ng i nspect i on f unct i ons.   The 
coat i ng i nspect i on company must  r emai n so cer t i f i ed f or  t he dur at i on of  
t he pr oj ect .   I f  a coat i ng i nspect i on company' s cer t i f i cat i on expi r es,  t he 
f i r m wi l l  not  be al l owed t o per f or m any i nspect i on f unct i ons,  and al l  
sur f ace pr epar at i on and coat i ng appl i cat i on wor k must  st op,  unt i l  t he 
cer t i f i cat i on i s r ei ssued.   Request s f or  ext ensi on of  t i me f or  any del ay 
t o t he compl et i on of  t he pr oj ect  due t o an i nact i ve cer t i f i cat i on wi l l  not  
be consi der ed and l i qui dat ed damages wi l l  appl y.   Not i f y t he Cont r act i ng 
Of f i cer  of  any change i n coat i ng i nspect i on company cer t i f i cat i on st at us.

1. 4. 6. 4   Qual i f i cat i ons of  QC Speci al i st  Coat i ng I nspect or

Submi t  document at i on t hat  each coat i ng i nspect or  i s empl oyed,  and 
qual i f i ed t o SSPC QP 5,  Level  I I I ,  by t he sel ect ed coat i ng i nspect i on 
company.    Each i nspect or  shal l  r emai n empl oyed by t he coat i ng i nspect i on 
company whi l e per f or mi ng any coat i ng i nspect i on f unct i ons.

1. 4. 6. 5   Qual i f i cat i ons Of  I ndi v i dual s Per f or mi ng Abr asi ve Bl ast i ng

Submi t  name,  addr ess,  and t el ephone number  of  each per son t hat  wi l l  be 
per f or mi ng abr asi ve bl ast i ng.   Submi t  document at i on t hat  each bl ast er  i s 
qual i f i ed by SSPC t o t he SSPC C- 7 Dr y Abr asi ve Bl ast er  Qual i f i cat i on 
Pr ogr am.   Each bl ast er  shal l  r emai n qual i f i ed dur i ng t he ent i r e per i od of  
abr asi ve bl ast i ng,  and t he Cont r act i ng Of f i cer  shal l  be not i f i ed of  any 
change i n qual i f i cat i on st at us.

1. 4. 6. 6   Qual i f i cat i ons of  Test i ng Labor at or y f or  Coat i ngs

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y l abor at or y sel ect ed t o per f or m t est i ng of  
coat i ng sampl es f or  compl i ance wi t h speci f i cat i on r equi r ement s.   Submi t  
document at i on t hat  l abor at or y i s r egul ar l y engaged i n t est i ng of  pai nt  
sampl es f or  conf or mance wi t h speci f i cat i ons,  and t hat  per sons per f or mi ng 
anal yses ar e qual i f i ed.
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1. 4. 6. 7   Qual i f i cat i ons of  Test i ng Labor at or y f or  Abr asi ve

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y l abor at or y sel ect ed t o per f or m t est i ng of  
abr asi ve f or  compl i ance wi t h speci f i cat i on r equi r ement s.   Submi t  
document at i on t hat  l abor at or y has exper i ence i n t est i ng sampl es of  
abr asi ve f or  conf or mance wi t h speci f i cat i ons,  and t hat  per sons per f or mi ng 
anal yses ar e qual i f i ed.

1. 4. 6. 8   Qual i f i cat i ons of  Coat i ng Cont r act or s

Al l  Cont r act or s and Subcont r act or s t hat  per f or m sur f ace pr epar at i on or  
coat i ng appl i cat i on shal l  be cer t i f i ed t o ei t her  I SO 9001 or  SSPC QP 1 and 
SSPC QS 1 pr i or  t o cont r act  awar d,  and shal l  r emai n cer t i f i ed whi l e 
accompl i shi ng any sur f ace pr epar at i on or  coat i ng appl i cat i on.   The 
pai nt i ng Cont r act or s and pai nt i ng Subcont r act or s must  r emai n so cer t i f i ed 
f or  t he dur at i on of  t he pr oj ect .   I f  a Cont r act or ' s or  Subcont r act or ' s 
cer t i f i cat i on expi r es,  t he f i r m wi l l  not  be al l owed t o per f or m any wor k 
unt i l  t he cer t i f i cat i on i s r ei ssued.   Request s f or  ext ensi on of  t i me f or  
any del ay t o t he compl et i on of  t he pr oj ect  due t o an i nact i ve 
cer t i f i cat i on wi l l  not  be consi der ed and l i qui dat ed damages wi l l  appl y.   
Not i f y t he Cont r act i ng Of f i cer  of  any change i n Cont r act or  cer t i f i cat i on 
st at us.

1. 4. 6. 9   Joi nt  Seal ant  Mat er i al s

Pr ovi de manuf act ur er ' s cer t i f i cat i on of  conf or mance t o cont r act  
r equi r ement s.

1. 4. 6. 10   Coat i ng Mat er i al s

Pr ovi de manuf act ur er ' s cer t i f i cat i on of  conf or mance t o cont r act  
r equi r ement s.

1. 4. 6. 11   Coat i ng Syst em Component  Compat i bi l i t y

Pr ovi de cer t i f i cat i on f r om each manuf act ur er  of  component s of  t he coat i ng 
syst em,  epoxy pr i mer ,  epoxy i nt er medi at e,  and pol yur et hane t opcoat ,  t hat  
t he suppl i ed coat i ng mat er i al  i s  sui t abl e f or  use i n t he speci f i ed coat i ng 
syst em.   Each manuf act ur er  shal l  i dent i f y t he speci f i c  pr oduct s,  i ncl udi ng 
manuf act ur er ' s name,  whi ch t hei r  pr oduct  may be used wi t h.   The 
cer t i f i cat i on shal l  pr ovi de t he name of  t he manuf act ur er  t hat  wi l l  pr ovi de 
t echni cal  suppor t  f or  t he ent i r e syst em.   When al l  coat i ng mat er i al s ar e 
manuf act ur ed by one manuf act ur er ,  t hi s cer t i f i cat i on i s not  r equi r ed.

1. 4. 6. 12   Non- met al l i c  Abr asi ve

Pr ovi de manuf act ur er ' s cer t i f i cat i on t hat  t he mat er i al s ar e cur r ent l y 
appr oved by t he Naval  Sea Syst ems Command and l i s t ed on t he Qual i f i ed 
Pr oduct s Li st s ( QPL)  f or  t he speci f i ed mat er i al s.

1. 4. 6. 13   Met al l i c  Abr asi ve

Pr ovi de manuf act ur er ' s cer t i f i cat i on of  conf or mance t o cont r act  
r equi r ement s and pr ovi de copi es of  t est  r esul t s.

1. 4. 7   Pr ot ect i ve Coat i ng Speci al i st  ( PCS)

The PCS shal l  be consi der ed a QC Speci al i st  and shal l  r epor t  t o t he QC 
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Manager ,  as speci f i ed i n Sect i on 01 45 00. 00 10 QUALI TY CONTROL.   The PCS 
shal l  appr ove al l  submi t t al s pr i or  t o submi ssi on t o t he QC Manager  f or  
appr oval  or  submi ssi on t o t he gover nment  f or  appr oval .

1. 4. 8   Pr e- Appl i cat i on Meet i ng

Af t er  appr oval  of  submi t t al s but  pr i or  t o t he i ni t i at i on of  coat i ng wor k,  
Cont r act or  r epr esent at i ves,  i ncl udi ng at  a mi ni mum,  pr oj ect  super i nt endent  
and QC manager ,  pai nt  f or eman,  coat i ng i nspect or ,  and PCS shal l  have a 
pr e- appl i cat i on coat i ng pr epar at or y meet i ng.   Thi s meet i ng shal l  be i n 
addi t i on t o t he pr e- const r uct i on conf er ence.   Speci f i c  i t ems addr essed 
shal l  i ncl ude:  cor r ect i ve act i on r equi r ement s and pr ocedur es,  coat i ng wor k 
pl an,  saf et y pl an,  coor di nat i on wi t h ot her  Sect i ons,  i nspect i on st andar ds,  
i nspect i on r equi r ement s and t ool s,  t est  pr ocedur es,  envi r onment al  cont r ol  
syst em,  saf et y pl an,  and t est  l ogs.   Not i f y Cont r act i ng Of f i cer  at  l east  
t en days pr i or  t o meet i ng.

1. 5   PRODUCT DATA

1. 5. 1   Joi nt  Seal ant  I nst r uct i ons

Submi t  manuf act ur er ' s pr i nt ed i nst r uct i ons i ncl udi ng det ai l ed appl i cat i on 
pr ocedur es,  mi ni mum and maxi mum appl i cat i on t emper at ur es,  and cur i ng 
pr ocedur es.   I ncl ude Saf et y Dat a Sheet s ( SDS)  f or  mat er i al s t o be used at  
t he j ob s i t e i n accor dance wi t h 29 CFR 1926. 59.

1. 5. 2   Coat i ng Syst em I nst r uct i ons

Submi t  manuf act ur er ' s pr i nt ed i nst r uct i ons i ncl udi ng det ai l ed mi xi ng and 
appl i cat i on pr ocedur es,  number  and t ypes of  coat s r equi r ed,  mi ni mum and 
maxi mum appl i cat i on t emper at ur es,  and cur i ng pr ocedur es.   I ncl ude Saf et y 
Dat a Sheet s ( SDS)  f or  mat er i al s t o be used at  t he j ob s i t e i n accor dance 
wi t h 29 CFR 1926. 59.

1. 6   DELI VERY AND STORAGE

Shi p,  st or e,  and handl e mat er i al s i n accor dance wi t h SSPC PA 1,  and as 
modi f i ed i n t hi s Sect i on.   Mai nt ai n t emper at ur e i n st or age spaces bet ween 
40 and 85 degr ees F,  and ai r  t emper at ur e mor e t han 5 degr ees F above t he 
dew- poi nt  at  al l  t i mes.   I nspect  mat er i al s f or  damage pr i or  t o use and 
r et ur n non- compl i ant  mat er i al s t o manuf act ur er .   Remove mat er i al s wi t h 
expi r ed shel f  l i f e f r om gover nment  pr oper t y i mmedi at el y and not i f y t he 
Cont r act i ng Of f i cer .

I f  mat er i al s ar e appr oachi ng shel f  l i f e expi r at i on and an ext ensi on i s 
desi r ed,  sampl es may be sent  t o t he manuf act ur er ,  al ong wi t h compl et e 
r ecor ds of  st or age condi t i ons,  wi t h a r equest  f or  shel f  l i f e ext ensi on.   
I f  t he manuf act ur er  f i nds t he sampl es and st or age dat a sui t abl e f or  shel f  
l i f e ext ensi on,  t he manuf act ur er  may i ssue an ext ensi on,  r ef er enci ng t he 
pr oduct  eval uat i on and t he r evi ew of  st or age r ecor ds.   Pr oduct s may not  be 
ext ended l onger  t han al l owed i n t he pr oduct  speci f i cat i on.

1. 7   COATI NG HAZARDS

Ensur e t hat  empl oyees ar e t r ai ned i n al l  aspect s of  t he saf et y pl an.  
Speci f i ed coat i ngs may have pot ent i al  heal t h hazar ds i f  i ngest ed or  
i mpr oper l y handl ed.   The coat i ng manuf act ur er ' s wr i t t en saf et y pr ecaut i ons 
shal l  be f ol l owed t hr oughout  mi xi ng,  appl i cat i on,  and cur i ng of  t he 
coat i ngs.   Dur i ng al l  c l eani ng,  c l eanup,  sur f ace pr epar at i on,  and pai nt  
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appl i cat i on phases,  ensur e t hat  empl oyees ar e pr ot ect ed f r om t oxi c and 
hazar dous chemi cal  agent s whi ch exceed concent r at i ons i n 29 CFR 1910. 1000.   
Compl y wi t h r espi r at or y pr ot ect i on r equi r ement s i n 29 CFR 1910. 134.   The 
CI H shal l  appr ove wor k pr ocedur es and per sonal  pr ot ect i ve equi pment .

1. 8   JOB SI TE REFERENCES

Make avai l abl e t o t he Cont r act i ng Of f i cer  at  l east  one copy each of  
ASTM D3276,  ASTM D3925,  ASTM D4285,  ASTM D7127,  SSPC SP COM,  SSPC SP 1,  
SSPC 7/ NACE No. 4,  SSPC SP 10/ NACE No.  2,  SSPC PA 1,  SSPC PA 2,  SSPC Gui de 6,  
SSPC VI S 1,  SSPC QP 1,  SSPC QS 1,  and an SSPC Cer t i f i ed Cont r act or  
Eval uat i on For m at  t he j ob s i t e.

PART 2   PRODUCTS

2. 1   JOI NT SEALANT

TT- S- 00230,  Type I I ,  Cl ass B

2. 2   COATI NG SYSTEM

Al t er nat e syst ems or  pr oduct s wi l l  not  be consi der ed.   Pr ovi de a compl et e 
syst em ( pr i mer ,  i nt er medi at e coat ,  t op coat )  mat er i al  f r om one suppl i er .

Appl y t he ent i r e coat i ng syst em i n t he f i el d.   Remove al l  shop- appl i ed 
pr i mer  pr i or  t o f i nal  f i el d sur f ace pr epar at i on and coat i ng syst em 
appl i cat i on.   Adj ust  al l  shop pr epar at i on t o avoi d conf l i c t s wi t h f i nal  
sur f ace pr epar at i on r equi r ement s.

The Mi l i t ar y speci f i cat i on epoxy and pol yur et hane pr oduct s speci f i ed i n 
t hi s Sect i on do not  r equi r e appr oval  f or  l i s t i ng on t he QPL pr i or  t o 
cont r act  awar d,  as i ndi cat ed i n par agr aph 3. 2 of  MI L- DTL- 24441 and 
par agr aph 3. 1 of  MI L- PRF- 85285.   Test i ng of  pr oduct s by an i ndependent  
l abor at or y t o t he QUALI FI CATI ON I NSPECTI ON r equi r ement s of  MI L- DTL- 24441 
and MI L- PRF- 85285pr i or  t o cont r act  awar d i s r equi r ed.   See speci f i c  
submi t t al  r equi r ement s i n par agr aph QUALI TY ASSURANCE.

2. 2. 1   Zi nc- Ri ch Epoxy Pr i mer  Coat

Epoxy pol yami de,  MI L- DTL- 24441/ 19 ( For mul a 159,  Type I I I ) .

2. 2. 2   Epoxy I nt er medi at e Coat

Epoxy pol yami de,  MI L- DTL- 24441/ 31 ( For mul a 152,  Type I V,  Whi t e ( Ti nt ed) ) .   
Ti nt  t o appr oxi mat el y SAE AMS- STD- 595A col or  number  27778 par chment  usi ng 
pi gment  di sper si ons pr epar ed f or  epoxy pai nt  t i nt i ng.   Manuf act ur er  shal l  
t i nt  mat er i al  and appr opr i at el y l abel .   Al l  ot her  r equi r ement s of  t hi s 
Mi l i t ar y Speci f i cat i on appl y.

2. 2. 3   Pol yur et hane Topcoat

Pol yur et hane coat i ng t opcoat  of  MI L- PRF- 85285,  Type I I ,  Bei ge 
SAE AMS- STD- 595A col or  number  27769 i n gl oss.

Modi f y par agr aph 3. 6. 4 of  MI L- PRF- 85285,  Vi scosi t y and Pot  Li f e,  as 
f ol l ows:   

The vi scosi t y of  t he admi xed coat i ng,  when t est ed i n accor dance wi t h 
ASTM D1200 t hr ough a No.  4 For d cup,  shal l  be as f ol l ows:
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Ti me f r om mi x ( mi ni mum) Maxi mum t i me t hr ough a No.  4 For d cup

I ni t i al l y 30 seconds

2 hour s 60 seconds

4 hour s No gel

Modi f y par agr aph 3. 7. 1 of  MI L- PRF- 85285,  Dr yi ng Ti me,  as f ol l ows:   

When appl i ed by spr ay t echni ques and when t est ed i n accor dance wi t h 
ASTM D1640/ D1640M,  t he coat i ng shal l  be set - t o- t ouch wi t hi n f our  hour s 
and dr y- har d wi t hi n ei ght  hour s ( see 4. 6 and t abl e I ) .

2. 3   COATI NG SAMPLE COLLECTI ON AND SHI PPI NG KI T

Pr ovi de a k i t  t hat  cont ai ns one quar t  can f or  t he base of  each coat i ng 
mat er i al ,  an appr opr i at el y s i zed can f or  each act i vat or ,  di ppi ng cups f or  
each component  t o be sampl ed,  a shi ppi ng box si zed f or  t he sampl es t o t o 
be shi pped,  and packi ng mat er i al .   Mar k cans f or  t he appr opr i at e 
component .   Pr ovi de shi ppi ng document s,  i ncl udi ng ei t her  pr e- pai d shi ppi ng 
or  a shi pper  number  t hat  can be used by t he QC Manager  t o ar r ange pi ckup,  
addr essed t o t he appr oved coat i ng t est i ng l abor at or y.

2. 4   ABRASI VE SAMPLE COLLECTI ON AND SHI PPI NG KI T

Pr ovi de a k i t  t hat  cont ai ns one sui t abl e pl ast i c bag or  cont ai ner  f or  each 
sampl e t o be col l ect ed.   Mar k cont ai ner s f or  t he appr opr i at e component .   
Pr ovi de shi ppi ng document s,  i ncl udi ng ei t her  pr e- pai d shi ppi ng or  a 
shi pper  number  t hat  can be used by t he QC Manager  t o ar r ange pi ckup,  
addr essed t o t he appr oved coat i ng t est i ng l abor at or y.

2. 5   TEST KI TS

2. 5. 1   Test  Ki t  f or  Measur i ng Chl or i de,  Sul f at e and Ni t r at e I ons on St eel  
and Coat ed Sur f aces

Pr ovi de t est  k i t s t hat  meet  al l  of  t he f ol l owi ng r equi r ement s:

a.   Cont ai ns al l  mat er i al s, suppl i es,  t ool s,  and i nst r uct i ons f or  f i el d 
t est i ng and on- si t e quant i t at i ve eval uat i on of  chl or i de,  sul f at e,  and 
ni t r at e i ons;

b.   Ext r act  sol ut i on i s aci di c,  f act or y pr e- measur ed,  pr e- packaged,  and of  
uni f or m concent r at i on;

c.   Component s and sol ut i ons ar e mer cur y f r ee and envi r onment al l y f r i endl y;

d.   Cont ai ns new mat er i al s and sol ut i ons f or  each t est  ext r act i on;

e.   Cont ai ns an ext r act i on t est  cont ai ner  ( vessel ,  s l eeve,  cel l )  t hat  
cr eat es a seal ed,  encapsul at ed envi r onment  dur i ng sal t  i on ext r act i on;

f .   Cont ai ns a t est  ext r act  cont ai ner  sui t abl e f or  t est i ng t he f ol l owi ng 
st eel  sur f aces:  hor i zont al  ( up/ down conf i gur at i on) ,  ver t i cal ,  f l at ,  
cur ved,  smoot h,  pi t t ed,  and r ough;
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g.   Al l  sal t  i on concent r at i ons ar e di r ect l y measur ed i n mi cr ogr ams per  
squar e cent i met er .

2. 5. 2   Test  Ki t  f or  I dent i f y i ng Ami ne Bl ush on Epoxy Sur f aces

Pr ovi de t est  k i t s t hat  meet  al l  of  t he f ol l owi ng r equi r ement s:

a.   I s a compl et el y sel f - cont ai ned f i el d t est  k i t  wi t h al l  mat er i al s,  
suppl i es,  t ool s,  and i nst r uct i ons t o per f or m t est s and i ndi cat e t he 
pr esence of  unr eact ed ami nes;

b.   Uses an i dent i f i abl e,  consi st ent ,  uni f or m,  pr e- packaged,  f act or y 
pr e- measur ed i ndi cat i ng sol ut i on;

c.   Cont ai ns no mer cur y or  l ead and i s envi r onment al l y f r i endl y;

d.   Cont ai ns a sol ut i on of  an unr eact ed ami ne f or  t he pur pose of  " sel f  
checki ng"  t he i ndi cat or  sol ut i on;

2. 6   ABRASI VE

The r ef er enced abr asi ve speci f i cat i ons have maxi mum l i mi t s f or  sol ubl e 
sal t s cont ami nat i on,  however ,  t hi s maxi mum l evel  of  cont ami nat i on does not  
guar ant ee t hat  cont ami nat i on wi l l  not  be t r ansf er r ed t o t he st eel  sur f ace 
dur i ng abr asi ve bl ast i ng.   Ot her  f act or s such as on- si t e handl i ng and 
r ecycl i ng can al l ow cont ami nat i on of  abr asi ve.   Cont r act or s ar e caut i oned 
t o ver i f y t hat  t he chosen abr asi ve,  al ong wi t h wor k and st or age pr ocesses,  
al l ow t he f i nal  sur f ace cl eanl i ness r equi r ement s t o be achi eved.   
Successf ul  t est i ng of  chl or i des i n abr asi ve does not  negat e t he f i nal  
accept ance t est i ng of  st eel  sur f aces.

2. 6. 1   Non- met al l i c  Abr asi ve

Conf or m t o MI L- A- 22262,  Type I  ( I nor gani c mat er i al s) .   Abr asi ve shal l  be 
appr oved by t he Naval  Sea Syst ems Command and l i s t ed on t he appr opr i at e 
Qual i f i ed Pr oduct s Li st  ( QPL)  f or  t he speci f i ed mat er i al s.   Use sampl i ng 
pr ocedur es and t est i ng f r equenci es as pr escr i bed i n MI L- A- 22262.   Use 
abr asi ve t hat  i s speci f i cal l y sel ect ed and gr aded t o pr ovi de a shar p,  
angul ar  pr of i l e t o t he speci f i ed dept h.   Do not  use ungr aded abr asi ve.   
Make adj ust ment s t o pr ocesses or  abr asi ve gr adat i on t o achi eve speci f i ed 
sur f ace pr of i l e.   Recycl ed non- met al l i c  abr asi ve shal l  meet  al l  
r equi r ement s of  t he speci f i cat i on each t i me t hat  i t  i s  pl aced i n t he bl ast  
pot .

2. 6. 2   Met al l i c  Abr asi ve

2. 6. 2. 1   New and Remanuf act ur ed St eel  Gr i t

Conf or m t o t he chemi cal  and physi cal  pr oper t i es of  SSPC AB 3 Cl ass 1 
( St eel )  onl y.  Cl ass 2 ( I r on)  abr asi ve shal l  not  be used.

To devel op a sui t abl e wor k mi x f r om new st eel  abr asi ve,  a mi ni mum of  200 -  
400 r ecycl es i s r equi r ed,  t her ef or e,  i t  i s  advant ageous f or  a Cont r act or  
t o use r emanuf act ur ed st eel  gr i t  or  gr i t  r ecl ai med f r om a pr evi ous 
pr oj ect .   Such gr i t  shal l  be consi der ed t o conf or m i f  i t  can be t r aced t o 
new gr i t  conf or mi ng t o SSPC AB 3 Cl ass 1 and i t  meet s al l  c l eanl i ness 
r equi r ement s of  SSPC AB 3 Cl ass 1 when br ought  t o t he cur r ent  j obsi t e.   
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Submi t  one r epr esent at i ve sampl e of  t hi s wor k mi x t o t he l abor at or y  f or  
t est i ng,  al ong wi t h sampl es of  new mat er i al .   Accept ance and use of  t hi s 
wor k mi x shal l  not  be used t o j ust i f y any devi at i on f r om sur f ace 
pr epar at i on r equi r ement s.

2. 6. 2. 2   Recycl ed St eel  Gr i t

Conf or m t o t he chemi cal  and physi cal  pr oper t i es of  SSPC AB 2

2. 7   WHI TE ALUMI NUM OXI DE NON- SKI D GRI T

Si ze #60,  dust  f r ee ( washed and dr y) ,  mi ni mum 99 per cent  pur e,  havi ng t he 
f ol l owi ng si eve anal ysi s when t est ed i n accor dance wi t h ASTM E11 usi ng a 
2. 2 pound sampl e:

Si eve # Per cent  Ret ai ned

40 0

50 15- 40

60 60- 85

PART 3   EXECUTI ON

Per f or m al l  wor k,  r ewor k,  and r epai r  i n accor dance wi t h appr oved 
pr ocedur es i n t he Coat i ng Wor k Pl an.

3. 1   COATI NG AND ABRASI VE SAMPLE COLLECTI ON AND TESTI NG

Sampl e and t est  mat er i al s del i ver ed t o t he j obsi t e.   Not i f y Cont r act i ng 
Of f i cer  t hr ee days i n advance of  sampl i ng.   The QC Manager  and ei t her  t he 
PCS or  coat i ng i nspect or  shal l  wi t ness al l  sampl i ng.

3. 1. 1   Coat i ng Sampl e Col l ect i on

Pr ovi de a sampl e col l ect i on k i t  as r equi r ed i n par agr aph COATI NG SAMPLE 
COLLECTI ON AND SHI PPI NG KI T.   Fr om each l ot ,  obt ai n a one quar t  sampl e of  
each base mat er i al ,  and pr opor t i onal  sampl es of  each act i vat or  based on 
mi x r at i o,  by r andom sel ect i on f r om seal ed cont ai ner s i n accor dance wi t h 
ASTM D3925.   Pr i or  t o sampl i ng,  mi x cont ent s of  each seal ed cont ai ner  t o 
ensur e uni f or mi t y.   As an al t er nat i ve t o col l ect i ng smal l  sampl es f r om 
ki t s,  ent i r e k i t s may be r andoml y sel ect ed and shi pped t o l abor at or y,  
obser vi ng al l  r equi r ement s f or  wi t nessi ng and t r aceabi l i t y .   For  pur poses 
of  qual i t y conf or mance i nspect i on,  a l ot  i s  def i ned as t hat  quant i t y of   
mat er i al s f r om a si ngl e,  uni f or m bat ch pr oduced and of f er ed f or  del i ver y 
at  one t i me.   A bat ch i s def i ned as t hat  quant i t y of  mat er i al  pr ocessed by 
t he manuf act ur er  at  one t i me and i dent i f i ed by number  on t he l abel .   
I dent i f y sampl es by desi gnat ed name,  speci f i cat i on number ,  bat ch number ,  
pr oj ect  cont r act  number ,  sampl e dat e,  i nt ended use,  and quant i t y 
i nvol ved.   The QC manager  wi l l  t ake possessi on of  t he packaged sampl es,  
cont act  t he shi ppi ng company t o ar r ange f or  pi ckup,  and r el i nqui sh t he 
sampl es onl y t o t he shi ppi ng r epr esent at i ve f or  shi pment  t o t he appr oved 
l abor at or y f or  t est i ng as r equi r ed by t he par agr aph COATI NG SAMPLE TEST 
REPORTS.
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3. 1. 2   Abr asi ve Sampl e Col l ect i on

Pr ovi de a sampl e col l ect i on k i t  as r equi r ed i n par agr aph ABRASI VE SAMPLE 
COLLECTI ON AND SHI PPI NG KI T.   For  pur poses of  qual i t y conf or mance 
i nspect i on,  a l ot  shal l  consi st  of  al l  abr asi ve mat er i al s of  t he same t ype 
f r om a si ngl e,  uni f or m bat ch pr oduced and of f er ed f or  del i ver y at  one 
t i me.   Obt ai n sampl es of  each abr asi ve l ot  usi ng t he sampl i ng t echni ques 
and schedul e of  MI L- A- 22262.   The addi t i on of  any subst ance t o a bat ch 
shal l  const i t ut e a new l ot .   I dent i f y sampl es by desi gnat ed name,  
speci f i cat i on number ,  l ot  number ,  pr oj ect  cont r act  number ,  sampl e dat e,  
i nt ended use,  and quant i t y i nvol ved.   The QC manager  wi l l  t ake possessi on 
of  t he packaged sampl es,  cont act  t he shi ppi ng company t o ar r ange f or  
pi ckup,  and r el i nqui sh t he sampl es onl y t o t he shi ppi ng r epr esent at i ve f or  
shi pment  t o t he appr oved l abor at or y f or  t est i ng as r equi r ed by t he 
par agr aph ABRASI VE SAMPLE TEST REPORTS.

3. 1. 3   Coat i ng Sampl e Test  Repor t s

Submi t  t est  r esul t s f or  each l ot  of  coat i ng mat er i al  del i ver ed t o t he 
j obsi t e.   Test  sampl es of  pr i mer ,  i nt er medi at e,  and t opcoat  mat er i al s f or  
compl i ance wi t h r equi r ement s of  Tabl e I .   Rej ect  ent i r e l ot  r epr esent ed by 
sampl es t hat  f ai l  one or  mor e t est s,  sel ect  new l ot s,  and t est  sampl es.

3. 1. 4   Abr asi ve Sampl e Test  Repor t s

Submi t  t est  r esul t s f or  each l ot  of  abr asi ve del i ver ed t o t he j obsi t e.   
Test  sampl es of  met al l i c  abr asi ve t o t he r equi r ement s of  par agr aph 
REQUI REMENTS of  SSPC AB 3,  except  par agr aph 4. 1. 5 DURABI LI TY.   Test  
sampl es of  non- met al l i c  abr asi ve as r equi r ed i n par agr aph QUALI TY 
CONFORMANCE I NSPECTI ON of  MI L- A- 22262.   Rej ect  ent i r e l ot  r epr esent ed by 
sampl es t hat  f ai l  one or  mor e t est s,  sel ect  new l ot s,  and t est  sampl es.

3. 2   SURFACES TO BE COATED

Coat  ext er i or  sur f aces of  st r uct ur e .

3. 3   LI GHTI NG

Pr ovi de l i ght i ng f or  al l  wor k ar eas as pr escr i bed i n SSPC Gui de 12.

3. 4   ENVI RONMENTAL CONDI TI ONS

3. 4. 1   Cont ai nment  

Desi gn and pr ovi de a cont ai nment  syst em f or  t he capt ur e,  cont ai nment ,  
col l ect i on,  st or age and di sposal  of  t he wast e mat er i al s gener at ed by t he 
wor k under  t hi s  Sect i on,  t o meet  t he r equi r ement s of  SSPC Gui de 6,  Cl ass 3.   
Vapor  concent r at i ons shal l  be kept  at  or  bel ow 10 per cent  of  Lower  
Expl osi ve Li mi t  ( LEL)  at  al l  t i mes.   Cont ai nment  may be desi gned as f i xed 
cont ai nment  f or  compl et e st r uct ur e or  por t abl e cont ai nment  f or  sect i ons of  
st r uct ur e,  however ,  cont ai nment  shal l  r emai n i n any one pl ace f r om 
begi nni ng of  abr asi ve bl ast i ng t hr ough i ni t i al  cur e of  coat i ng.   Wast e 
mat er i al s cover ed by t hi s par agr aph shal l  not  i ncl ude any mat er i al  or  
r esi due f r om r emoval  of  coat i ngs cont ai ni ng l ead,  chr omi um,  cadmi um,  PCB,  
or  any ot her  hazar dous mat er i al .

I t  i s  t he Cont r act or s r esponsi bi l i t y  t o i nsur e t he f easi bi l i t y  and 
wor kabi l i t y  of  t he cont ai nment  syst em.  The Cont r act or  shal l  per f or m hi s 
oper at i ons and wor k schedul e i n a manner  as t o mi ni mi ze l eakage of  t he 
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cont ai nment  syst em.   The cont ai nment  syst em shal l  be pr oper l y mai nt ai ned 
and shal l  not  devi at e f r om t he appr oved dr awi ngs.  I f  t he cont ai nment  
syst em f ai l s t o f unct i on sat i sf act or i l y ,  t he Cont r act or  shal l  suspend al l  
oper at i ons,  except  t hose r equi r ed t o mi ni mi ze adver se i mpact  on t he 
envi r onment  or  gover nment  pr oper t y.  Oper at i ons shal l  not  r esume unt i l  
modi f i cat i ons have been made t o cor r ect  t he cause of  t he f ai l ur e.

3. 4. 2   Aut omat ed Moni t or i ng Requi r ement s

Pr ovi de cont i nuous moni t or i ng of  t emper at ur e,  r el at i ve humi di t y,  and dew 
poi nt  dat a at  per t i nent  poi nt s on t he st r uct ur e,  dur i ng sur f ace 
pr epar at i on,  coat i ng appl i cat i on,  and i ni t i al  cur e.   Locat e sensor s t o 
pr ovi de per t i nent  dat a f or  t he sur f ace pr epar at i on and coat  appl i cat i on 
bei ng per f or med.   Moni t or  any heat i ng,  cool i ng,  or  dehumi di f i cat i on 
equi pment  used.   Make dat a avai l abl e t o t he Cont r act i ng Of f i cer  t hr ough 
I nt er net  access.   Pr ovi de moni t or i ng equi pment  t o per f or m as f ol l ows:

a.   Dat a i s col l ect ed i n t he f i el d uni t  i n one mi nut e i ncr ement s,  and 
avai l abl e f or  downl oad ( on- si t e)  i n a st andar d f or mat .   Cont r act or  
shal l  col l ect  t hi s dat a and make avai l abl e t o t he Cont r act i ng Of f i cer ;

b.   Moni t or i ng equi pment  shal l  have backup power  such t hat  dat a col l ect i on 
and t r ansmi ssi on t o web ser ver  wi l l  be uni nt er r upt ed dur i ng t he ent i r e 
per i od of  t he dehumi di f i cat i on r equi r ement ;

c.   Moni t or i ng equi pment  shal l  have capabi l i t y  t o measur e sur f ace 
t emper at ur es at  a mi ni mum of  f our  l ocat i ons anywher e on a 150 f oot  
di amet er  by 50 f oot  hi gh t ank;

d.   Moni t or i ng equi pment  shal l  have capabi l i t y  t o measur e i nt er i or  and 
ext er i or  dr y bul b t emper at ur e ( DB) ,  r el at i ve humi di t y ( RH) ,  and 
dewpoi nt  t emper at ur e ( DP) ;

e.   Dat a shal l  be avai l abl e cont i nuousl y t hr ough secur e I nt er net  
connect i on,  usi ng wi del y avai l abl e web br owser s;

f .   I nt er net  accessi bl e dat a shal l  be col l ect ed and st or ed i n maxi mum 15 
mi nut e i ncr ement s,  and l ag t i me bet ween dat a col l ect i on and onl i ne 
avai l abi l i t y  shal l  be no gr eat er  t han 70 mi nut es;

g.   I nt er net  accessi bl e dat a shal l  be avai l abl e f or  v i ewi ng onl i ne i n 
t abul ar  f or mat ,  and gr aphi cal  f or mat  usi ng sel ect ed dat a;

h.   I nt er net  accessi bl e dat a shal l  be avai l abl e f or  downl oad i n 
user - def i ned segment s,  or  ent i r e pr oj ect  t o dat e,  i n a st andar d f or mat  
usabl e by Mi cr osof t  Excel  and ot her  spr eadsheet  pr ogr ams.

i .   I nt er net - based cont r ol s shal l  pr ovi de al er t s t o pr e- desi gnat ed par t i es 
t hr ough emai l  messagi ng;

j .   I nt er net - based cont r ol s shal l  moni t or  dat a upl oads f r om f i el d uni t  and 
i ssue al er t  i f  dat a not  i ni t i at ed wi t hi n 60 mi nut es of  l ast  upl oad;

k.   I nt er net - based cont r ol s shal l  moni t or  oper at i on of  DH equi pment  and 
i ssues al er t  when power  r emai ns of f  f or  mor e t han 15 seconds,  or  i f  
pr e- det er mi ned t emper at ur e,  RH,  or  DP condi t i ons ar e exceeded;   

The r equi r ement s l i s t ed her e wer e devel oped ar ound t he Munt er s Exact ai r e 
Moni t or i ng Syst em,  as t hi s was t he onl y moni t or i ng syst em havi ng I nt er net  
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connect i v i t y known t o be commer ci al l y avai l abl e.   Ther e i s no r equi r ement  
f or  connect i v i t y of  t he moni t or i ng syst em t o cont r ol  t he DH equi pment ,  
t her ef or e,  any combi nat i on of  equi pment  havi ng t he r equi r ed f unct i onal i t y 
wi l l  be accept ed.

3. 5   SURFACE PREPARATI ON

3. 5. 1   Abr asi ve Bl ast i ng Equi pment

Use abr asi ve bl ast i ng equi pment  of  convent i onal  ai r ,  f or ce- f eed,  or  
pr essur e t ype.   Mai nt ai n a mi ni mum pr essur e of  95 psi g at  nozzl e.   Conf i r m 
t hat  ai r  suppl y f or  abr asi ve bl ast i ng i s f r ee of  oi l  and moi st ur e when 
t est ed i n accor dance wi t h ASTM D4285.   Test  ai r  qual i t y at  each st ar t up,  
but  i n no case l ess of t en t han ever y f i ve oper at i ng hour s.

3. 5. 2   Oper at i onal  Eval uat i on of  Abr asi ve

Test  abr asi ve f or  sal t  cont ami nat i on and oi l  cont ami nat i on as r equi r ed by 
t he appr opr i at e abr asi ve speci f i cat i on dai l y at  st ar t up and ever y f i ve 
oper at i ng hour s t her eaf t er .

3. 5. 3   Sur f ace St andar d

I nspect  sur f aces t o be coat ed,  and sel ect  pl at e wi t h s i mi l ar  pr oper t i es 
and sur f ace char act er i st i cs f or  use as a sur f ace st andar d.   Bl ast  c l ean 
one or  mor e one f oot  squar e st eel  panel s as speci f i ed i n par agr aph SURFACE 
PREPARATI ON.   Recor d bl ast  nozzl e t ype and si ze,  ai r  pr essur e at  nozzl e 
and compr essor ,  di st ance of  nozzl e f r om panel ,  and angl e of  bl ast  t o 
est abl i sh pr ocedur es f or  bl ast  c l eani ng.   Measur e sur f ace pr of i l e i n 
accor dance wi t h ASTM D7127.   When t he sur f ace st andar d compl i es wi t h al l  
speci f i ed r equi r ement s,  seal  wi t h a c l ear coat  pr ot ect ant .   Use t he sur f ace 
st andar d f or  compar i son t o abr asi ve bl ast ed sur f aces t hr oughout  t he cour se 
of  wor k.

3. 5. 4   Pr e- Pr epar at i on Test i ng f or  Sur f ace Cont ami nat i on

Per f or m t est i ng,  abr asi ve bl ast i ng,  and t est i ng i n t he pr escr i bed or der .

3. 5. 4. 1   Pr e- Pr epar at i on Test i ng f or  Oi l  and Gr ease Cont ami nat i on

I nspect  al l  sur f aces f or  oi l  and/ or  gr ease cont ami nat i on usi ng t wo or  mor e 
of  t he f ol l owi ng i nspect i on t echni ques:  1)  Vi sual  i nspect i on,  2)  WATER 
BREAK TEST,  3)  CLOTH RUB TEST.   Rej ect  oi l  and/ or  gr ease cont ami nat ed 
sur f aces,  c l ean i n accor dance wi t h SSPC SP 1,  and r echeck f or  
cont ami nat i on unt i l  sur f aces ar e f r ee of  oi l  and gr ease.

WATER BREAK TEST -  Spr ay at omi zed mi st  of  di st i l l ed wat er  ont o sur f ace,  
and obser ve f or  wat er  beadi ng.   I f  wat er  " wet s"  sur f ace r at her  t han 
beadi ng up,  sur f ace can be consi der ed f r ee of  oi l  or  gr ease 
cont ami nat i on.   Beadi ng of  wat er  ( wat er  f or ms dr opl et s)  i s  evi dence of  oi l  
or  gr ease cont ami nat i on.

CLOTH RUB TEST -  Rub a c l ean,  whi t e,  l i nt  f r ee,  cot t on c l ot h ont o sur f ace 
and obser ve f or  di scol or at i on.   To conf i r m oi l  or  gr ease cont ami nat i on i n 
l i ght l y st ai ned ar eas,  a non- st ai ni ng sol vent  may be used t o ai d i n oi l  or  
gr ease ext r act i on.   Any vi s i bl e di scol or at i on i s evi dence of  oi l  or  gr ease 
cont ami nat i on.
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3. 5. 4. 2   Pr e- Pr epar at i on Test i ng f or  Sol ubl e Sal t s Cont ami nat i on

Test  sur f aces f or  sol ubl e sal t s,  and wash as r equi r ed,  pr i or  t o abr asi ve 
bl ast i ng.   Sol ubl e sal t  t est i ng i s al so r equi r ed i n par agr aph 
PRE- APPLI CATI ON TESTI NG FOR SOLUBLE SALTS CONTAMI NATI ON as a f i nal  
accept ance t est  of  pr epar ed sur f aces af t er  abr asi ve bl ast i ng,  and 
successf ul  compl et i on of  t hi s phase does not  negat e t hat  r equi r ement .   
Thi s phase i s r ecommended si nce pr e- pr epar at i on t est i ng and washi ng ar e 
gener al l y mor e advant ageous t han at t empt i ng t o r emove sol ubl e sal t  
cont ami nat i on af t er  abr asi ve bl ast i ng.   Ef f ect i ve r emoval  of  sol ubl e sal t s 
wi l l  r equi r e r emoval  of  any bar r i er  t o t he st eel  sur f ace,  i ncl udi ng r ust .   
Thi s pr ocedur e may necessi t at e combi nat i ons of  wet  abr asi ve bl ast i ng,  hi gh 
pr essur e wat er  r i nsi ng,  and cl eani ng usi ng a sol ut i on of  wat er  washi ng and 
sol ubl e sal t s r emover .   The sol ubl e sal t s r emover  shal l  be aci di c,  
bi odegr adabl e,  nont oxi c,  noncor r osi ve,  and af t er  appl i cat i on,  wi l l  not  
i nt er f er e wi t h pr i mer  adhesi on.   Del ays bet ween t est i ng and pr epar at i on,  
or  t est i ng and coat i ng appl i cat i on,  may al l ow f or  t he f or mat i on of  new 
cont ami nat i on.   Use pot abl e wat er ,  or  pot abl e wat er  modi f i ed wi t h sol ubl e 
sal t  r emover ,  f or  al l  washi ng or  wet  abr asi ve bl ast i ng.   Test  met hods and 
equi pment  used i n t hi s phase ar e sel ect ed at  t he Cont r act or ' s di scr et i on.

3. 5. 5   Abr asi ve Bl ast i ng

Abr asi ve bl ast  st eel  sur f aces t o near - whi t e met al  i n accor dance wi t h 
SSPC SP 10/ NACE No.  2.   Pr epar ed sur f aces shal l  conf or m t o SSPC VI S 1 and 
shal l  mat ch t he pr epar ed t est - panel s.   Pr ovi de a 2 t o 3 mi l  sur f ace 
pr of i l e.   Rej ect  pr of i l e gr eat er  t han 3 mi l s,  di scont i nue abr asi ve 
bl ast i ng,  and modi f y pr ocesses and mat er i al s t o pr ovi de t he speci f i ed 
pr of i l e.   Measur e sur f ace pr of i l e i n accor dance wi t h ASTM D7127,  usi ng 
Rmax as t he measur e of  pr of i l e hei ght .   Recor d al l  measur ement s r equi r ed 
i n t hi s st andar d.   Measur e pr of i l e at  r at e of  t hr ee t est  ar eas f or  t he 
f i r st  1000 squar e f eet  pl us one t est  ar ea f or  each addi t i onal  1000 squar e 
f eet  or  par t  t her eof .   When sur f aces ar e r ebl ast ed f or  any r eason,  r et est  
pr of i l e as speci f i ed.   Fol l owi ng abr asi ve bl ast i ng,  r emove dust  and debr i s 
by vacuum cl eani ng.   Do not  at t empt  t o wi pe sur f ace cl ean.

3. 5. 6   Di sposal  of  Used Abr asi ve

Di spose of  used abr asi ve of f  Gover nment  pr oper t y i n accor dance wi t h 
Feder al ,  St at e,  and Local  mandat ed r egul at i ons.

3. 5. 7   Pr e- Appl i cat i on Test i ng For  Sur f ace Cont ami nat i on

3. 5. 7. 1   Pr e- Appl i cat i on Test i ng f or  Oi l  and Gr ease Cont ami nat i on

Ensur e sur f aces ar e f r ee of  cont ami nat i on as descr i bed i n par agr aph 
PRE- PREPARATI ON TESTI NG FOR OI L AND GREASE CONTAMI NATI ON,  except  t hat  onl y 
quest i onabl e ar eas need be checked f or  beadi ng of  wat er  mi st ed ont o 
sur f ace.

3. 5. 7. 2   Pr e- Appl i cat i on Test i ng f or  Sol ubl e Sal t s Cont ami nat i on

Test  sur f aces f or  chl or i de cont ami nat i on usi ng t he Test  Ki t  descr i bed i n 
TEST KI T FOR MEASURI NG CHLORI DE,  SULFATE AND NI TRATE I ONS ON STEEL AND 
COATED SURFACES.  Test  al l  sur f aces at  r at e of  t hr ee t est s f or  t he f i r st  
1000 squar e f eet  pl us one t est  f or  each addi t i onal  2000 squar e f eet  or  
par t  t her eof .   Concent r at e t est i ng of  bar e st eel  at  ar eas of  coat i ng 
f ai l ur e t o bar e st eel  and ar eas of  cor r osi on pi t t i ng.   For  new st eel  p
er f or m 30 per cent  of  t est s on bar e st eel  at  wel ds,  di v i ded equal l y bet ween 
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hor i zont al  and ver t i cal  wel ds.   One or  mor e r eadi ngs gr eat er  t han 3 
mi cr ogr ams per  squar e cent i met er  of  chl or i des or  10 mi cr ogr ams per  squar e 
cent i met er  of  sul f at es or  5 mi cr ogr ams per  squar e cent i met er  of  ni t r at es 
i s evi dence of  sol ubl e sal t  cont ami nat i on.   Rej ect  cont ami nat ed sur f aces,  
wash as di scussed i n par agr aph PRE- PREPARATI ON TESTI NG FOR SOLUBLE SALTS 
CONTAMI NATI ON,  al l ow t o dr y,  and r e- t est  unt i l  al l  r equi r ed t est s show 
al l owabl e r esul t s.   Rebl ast  t est ed and cl eaned ar eas as r equi r ed.   Label  
al l  t est  t ubes and r et ai n f or  t est  ver i f i cat i on.

3. 5. 7. 3   Pr e- Appl i cat i on Test i ng f or  Sur f ace Cl eanl i ness

Appl y coat i ngs t o dust  f r ee sur f aces.   To t est  sur f aces,  appl y st r i p of  
c l ear  adhesi ve t ape t o sur f ace and r ub ont o sur f ace wi t h f i nger .   When 
r emoved,  t he t ape shoul d show l i t t l e or  no dust ,  bl ast  abr asi ve,  or  ot her  
cont ami nant .   Rej ect  cont ami nat ed sur f aces and r et est .   Test  sur f aces at  
r at e of  t hr ee t est s f or  t he f i r st  1000 squar e f eet  pl us one t est  f or  each 
addi t i onal  1000 squar e f eet  or  par t  t her eof .   Pr ovi de t wo addi t i onal  t est s 
f or  each f ai l ed t est  or  quest i onabl e t est .   At t ach t est  t apes t o Dai l y 
I nspect i on Repor t s.

3. 6   MI XI NG AND APPLI CATI ON OF SEALANT AND COATI NG SYSTEM

3. 6. 1   Pr epar at i on of  Seal ant  and Coat i ng Mat er i al s f or  Appl i cat i on

Each of  t he seal ant ,   pr i mer ,  i nt er medi at e,  and t opcoat  mat er i al s i s a 
t wo- component  mat er i al  suppl i ed i n separ at e cont ai ner s.   

3. 6. 1. 1   Mi xi ng Seal ant ,  Pr i mer  and I nt er medi at e Coat  Mat er i al s

Mi x i n accor dance wi t h manuf act ur er ' s i nst r uct i ons,  whi ch may di f f er  f or  
each pr oduct .   Do not  mi x par t i al  k i t s,  or  al t er  mi x r at i os.   Mi x 
mat er i al s i n same t emper at ur e and humi di t y condi t i ons speci f i ed i n 
par agr aph DELI VERY AND STORAGE.   Al l ow mi xed mat er i al  t o st and f or  t he 
r equi r ed i nduct i on t i me based on i t s t emper at ur e.

3. 6. 1. 2   Mi xi ng Topcoat  Mat er i al

Do not  mi x par t i al  k i t s,  or  al t er  mi x r at i os.   Mi x pol yur et hane coat i ng 
mat er i al s i n same t emper at ur e condi t i ons speci f i ed i n par agr aph DELI VERY 
AND STORAGE.   The pol yur et hane coat i ng mat er i al  i s  moi st ur e sensi t i ve and 
any i nt r oduct i on of  moi st ur e or  wat er  i nt o t he mat er i al  dur i ng mi xi ng or  
appl i cat i on wi l l  shor t en usabl e pot  l i f e.   Use a mi xer  t hat  does not  
cr eat e a vor t ex.   Do not  add sol vent  wi t hout  speci f i c  wr i t t en 
r ecommendat i on f r om t he manuf act ur er .   No i nduct i on t i me i s r equi r ed,  onl y 
t hor ough agi t at i on of  t he mi xed mat er i al .

3. 6. 1. 3   Pot  Li f e 

Appl y mi xed pr oduct s wi t hi n st at ed pot  l i f e f or  each pr oduct .   St op 
appl y i ng when mat er i al  becomes di f f i cul t  t o appl y i n a smoot h,  uni f or m wet  
f i l m.   Add al l  r equi r ed sol vent  at  t i me of  mi xi ng.   Do not  add sol vent  t o 
ext end pot  l i f e.   Pot  l i f e i s based on st andar d condi t i ons at  70 degr ees F 
and 50 per cent  r el at i ve humi di t y.   For  ever y 18 degr ees F r i se i n 
t emper at ur e,  pot  l i f e i s r educed by appr oxi mat el y hal f ,  and f or  ever y 18 
degr ees F dr op i t  i s  appr oxi mat el y doubl ed.   Usabl e pot  l i f e depends on 
t he t emper at ur e of  t he mat er i al  at  t he t i me of  mi xi ng and t he sust ai ned 
t emper at ur e at  t he t i me of  appl i cat i on.   Ot her  f act or s such as t he shape 
of  t he cont ai ner  and vol ume of  mi xed mat er i al  may al so af f ect  pot  l i f e.   
Pr ecool i ng or  ext er i or  i c i ng of  component s f or  at  l east  24 hour s t o a 
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mi ni mum of  50 degr ees F i n hot  c l i mat es wi l l  ext end pot  l i f e.   Hi gh 
humi di t y at  t i me of  mi xi ng and appl i cat i on shor t ens pot  l i f e of  t he 
Pol yur et hane t opcoat  mat er i al .   Fol l owi ng ar e appr oxi mat e pot  l i f e t i mes:

Seal ant                                         As speci f i ed by manuf act ur er
Epoxy pr i mer  and i nt er medi at e mat er i al s        4 hour s
Pol yur et hane t opcoat  mat er i al s                 2 hour s.

3. 6. 1. 4   Appl i cat i on Condi t i ons and Recoat  Wi ndows

The appl i cat i on condi t i on r equi r ement s f or  t he coat i ng syst em ar e ver y 
t i me and t emper at ur e sensi t i ve,  and ar e i nt ended t o avoi d t he del ami nat i on 
pr obl ems f r equent l y f ound on i ndust r i al  st r uct ur es.   Pl an coat i ng 
appl i cat i on t o ensur e t hat  speci f i ed t emper at ur e,  humi di t y,  and 
condensat i on condi t i ons ar e met .   I f  condi t i ons do not  al l ow f or  or der l y 
appl i cat i on of  seal ant ,  pr i mer ,  st r i pe coat ,  i nt er medi at e coat  and 
t opcoat ,  use appr opr i at e means of  cont r ol l i ng ai r  and sur f ace 
t emper at ur es,  as r equi r ed.   Par t i al  or  t ot al  encl osur es,  i nsul at i on,  
heat i ng or  cool i ng,  or  ot her  appr opr i at e measur es may be r equi r ed t o 
cont r ol  condi t i ons t o al l ow f or  or der l y appl i cat i on of  al l  r equi r ed coat s.

Mai nt ai n ai r  and st eel  sur f ace t emper at ur e bet ween 60 and 100 degr ees F 
dur i ng appl i cat i on and t he f i r st  f our  hour s of  cur e f or  epoxy coat s and 
t he f i r st  ei ght  hour s of  cur e f or  pol yur et hane coat s.   Mai nt ai n st eel  
sur f ace t emper at ur e mor e t han 5 degr ees F above t he dew- poi nt  of  t he 
ambi ent  ai r  f or  t he same per i od.

Use Tabl e ent i t l ed " RECOAT WI NDOWS"  t o det er mi ne appr opr i at e r ecoat  
wi ndows f or  each coat  af t er  t he i ni t i al  coat .   Appl y each coat  dur i ng 
appr opr i at e RECOAT WI NDOW of  pr ecedi ng coat .   I f  a RECOAT WI NDOW i s 
mi ssed,  t he mi ni mum and maxi mum pr i mer  and i nt er medi at e coat  t hi ckness may 
be adj ust ed t o accommodat e a FI LL COAT,  however ,  r equi r ement s f or  t ot al  
epoxy coat i ng t hi ckness and t ot al  coat i ng t hi ckness wi l l  not  be modi f i ed.   
Mi ssi ng mor e t han one RECOAT WI NDOW may r equi r e compl et e r emoval  of  
coat i ng i f  maxi mum t ot al  coat i ng t hi ckness r equi r ement s cannot  be achi eved.

I f  coat i ng i s not  appl i ed dur i ng RECOAT WI NDOW,  or  i f  sur f ace t emper at ur e 
exceeds 120 degr ees F bet ween appl i cat i ons,  pr ovi de GLOSS REMOVAL,  appl y 
next  coat  wi t hi n 24 hour s.   I f  next  pl anned coat  i s t opcoat ,  appl y FI LL 
COAT i f  r equi r ed t o f i l l  sandi ng mar ks.   Sandi ng mar ks f r om GLOSS REMOVAL 
of  i nt er medi at e coat  r ef l ect i ng t hr ough t opcoat  wi l l  be consi der ed as 
noncompl i ant .   Appl y FI LL COAT wi t hi n 24 hour s of  GLOSS REMOVAL,  t hen 
appl y t opcoat  wi t hi n RECOAT WI NDOW of  FI LL COAT.  

RECOAT WI NDOWS

EPOXY OVER EPOXY

 Temper at ur e 
degr ees F

 60- 70  71- 80  12- 36  91- 100  101- 110  111- 120
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RECOAT WI NDOWS

RECOAT WI NDOW 
( Hr s. )

24- 72 18- 60 16- 48 12- 36 8- 18 4- 6

POLYURETHANE OVER EPOXY

 Temper at ur e 
degr ees F

 60- 70  71- 80  12- 36  91- 100  101- 110  111- 120

RECOAT WI NDOW 
( Hr s. )

24- 96 24- 72 16- 48 12- 36 10- 24 8- 16

POLYURETHANE OVER POLYURETHANE

 Temper at ur e 
degr ees F

 60- 70  71- 80  12- 36  91- 100  101- 110  111- 120

RECOAT WI NDOW 
( Hr s. )

8- 48 6- 48 4- 36 3- 24 2- 12 1- 2

The t emper at ur e r anges shown i n t he t abl e above ar e f or  det er mi ni ng r ecoat  
wi ndows.   Choose r ecoat  wi ndow based on t he hi ghest  sur f ace t emper at ur e 
t hat  was sust ai ned f or  one or  mor e hour s bet ween coat s.   Thi s appl i es t o 
t he ent i r e t i me bet ween coat s.   Measur e and r ecor d ai r  and sur f ace 
t emper at ur es on hour l y basi s t o det er mi ne appr opr i at e r ecoat  wi ndows.   I f  
sur f ace t emper at ur e goes above 100 degr ees F,  measur e and r ecor d 
t emper at ur es ever y hal f  hour .

FI LL COAT -  Wher e i ndi cat ed,  appl y coat  of  i nt er medi at e coat  epoxy,  at  2 
t o 3 mi l s DFT,  t hen appl y next  speci f i ed f ul l  coat  wi t hi n r ecoat  wi ndow of  
FI LL COAT.   A FI LL COAT may be used t o adj ust  coat i ng t hi ckness t o compl y 
wi t h r equi r ement s or  t o f i l l  sandi ng mar ks i n i nt er medi at e coat .

GLOSS REMOVAL -  Wher e r equi r ed,  hand sand i n a l i near  f ashi on t o r emove 
gl oss usi ng 120- 200 gr i t  wet / dr y sandpaper ,  f ol l owed by sol vent  wi pi ng 
wi t h a c l ean r ag soaked wi t h denat ur ed al cohol  t o r emove al l  dust .   GLOSS 
REMOVAL of  pr i mer  coat  i s t o scar i f y sur f ace and shal l  consi st  of  r emoval  
of  appr oxi mat el y 1 mi l  of  coat i ng.   I f  st eel  i s  exposed dur i ng GLOSS 
REMOVAL,  r epai r  i n accor dance wi t h par agr aph PROCEDURE FOR HOLI DAY AND 
SPOT REPAI RS OF NEWLY APPLI ED COATI NG.   GLOSS REMOVAL of  i nt er medi at e coat  
may i ncl ude r emoval  of  up t o 3 mi l s of  coat i ng t o avoi d excess t hi ckness,  
pr i or  t o appl i cat i on of  FI LL COAT.
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3. 6. 2   Ami ne Bl ush Test i ng of  Epoxy Coat  Pr i or  t o Over coat i ng

Test  epoxy sur f aces pr i or  t o appl i cat i on of  r oof  j oi nt  seal ant ,  epoxy 
coat ,  or  pol yur et hane t opcoat  f or  ami ne bl ush cont ami nat i on usi ng t he Test  
Ki t  descr i bed i n par agr aph TEST KI T FOR I DENTI FYI NG AMI NE BLUSH ON EPOXY 
SURFACES.  Test  al l  sur f aces at  r at e of  t hr ee t est s f or  t he f i r st  1000 
squar e f eet  pl us one t est  f or  each addi t i onal  2000 squar e f eet  or  par t  
t her eof .   Remove any i dent i f i ed cont ami nat i on usi ng an appr oved pr ocedur e.

3. 6. 3   Appl i cat i on of  Coat i ng Syst em and Joi nt  Seal ant

Appl y coat i ngs i n accor dance wi t h SSPC PA 1 and as speci f i ed her ei n.   
Appl y coat i ngs t o sur f aces t hat  meet  al l  st at ed sur f ace pr epar at i on 
r equi r ement s.

Af t er  appl i cat i on of  pr i mer  coat  and pr i or  t o appl i cat i on of  each 
subsequent  coat ,  per f or m t est i ng pr escr i bed i n par agr aph PRE- APPLI CATI ON 
TESTI NG FOR SURFACE CONTAMI NATI ON,  as necessar y,  t o ensur e mi ni mal  
i nt er coat  cont ami nat i on.   Thi s t est i ng may be r educed t o one hal f  of  t he 
pr escr i bed r at e f or  bar e st eel  i f  t he t est i ng i ndi cat es no cont ami nat i on 
when sampl i ng i s evenl y di st r i but ed over  sur f aces bei ng t est ed.   I f  
cont ami nat i on i s f ound bet ween coat s,  r ever t  t o t he speci f i ed t est i ng 
r at e.   Gener al l y,  oi l  and gr ease cont ami nat i on and sol ubl e sal t s 
cont ami nat i on ar e not  encount er ed i f  subsequent  coat s ar e appl i ed wi t hi n 
speci f i ed r ecoat  wi ndows and unusual  at mospher i c event s do not  occur .   
Such at mospher i c event s as a coast al  st or m bl owi ng onshor e can br i ng 
unusual  chl or i de cont ami nat i on.   Concer n f or  i nt er coat  cont ami nat i on 
shoul d be cont i nual l y pr eval ent ,  and spot  t est i ng shoul d be accompl i shed 
t o ver i f y sat i sf act or y condi t i ons.   Wher e vi sual  exami nat i on or  spot  
t est i ng i ndi cat es cont ami nat i on,  per f or m suf f i c i ent  t est i ng t o ver i f y 
non- cont ami nat i on,  or  t o def i ne ext ent  of  cont ami nat i on f or  appr opr i at e 
t r eat ment .

Appl y each coat  i n a consi st ent  wet  f i l m,  at  90 degr ees t o pr evi ous coat .   
Ensur e t hat  pr i mer  and i nt er medi at e coat  " col d j oi nt s"  ar e no l ess t han 
si x i nches f r om wel ds.   Appl y st r i pe coat  by br ush.   For  conveni ence,  
st r i pe coat  mat er i al  may be del i ver ed by spr ay i f  f ol l owed i mmedi at el y 
wi t h br ush- out  and appr oved pr ocedur es i ncl ude appr opr i at e cont r ol s on 
t hi ckness.  Appl y al l  ot her  coat s by spr ay appl i cat i on.   Use appr opr i at e 
cont r ol s t o pr event  ai r bor ne coat i ng f og f r om dr i f t i ng beyond 15 f eet  f r om 
t he st r uct ur e per i met er  .   Cover  or  pr ot ect  al l  sur f aces t hat  wi l l  not  be 
coat ed.   The cl eanl i ness,  t emper at ur e,  r ecoat  wi ndows,  and ai r bor ne pai nt  
cont ai nment  r equi r ement s may necessi t at e t he use of  encl osur es,  por t abl e 
shel t er s,  or  ot her  appr opr i at e cont r ol s.

Appl y coat i ngs at  t he f ol l owi ng speci f i ed t hi ckness:

Coat Mi ni mum DFT ( Mi l s) Maxi mum DFT ( Mi l s)

Pr i mer 3 5

I nt er medi at e 3 5

Top 2 3
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Coat Mi ni mum DFT ( Mi l s) Maxi mum DFT ( Mi l s)

Tot al  syst em 8 13

3. 6. 3. 1   Appl i cat i on of  Pr i mer

Appl y pr i mer  coat ,  mai nt ai ni ng pai nt  suppl y cont ai ner  hei ght  wi t hi n 3 f eet  
of  t he pai nt  nozzl e f or  appl y i ng z i nc pr i mer .   Mai nt ai n const ant  agi t at i on 
of  pai nt  pot  t o ensur e t hat  z i nc does not  set t l e i n cont ai ner .

3. 6. 3. 2   Appl i cat i on of  St r i pe Coat

Appl y a st r i pe coat  of  i nt er medi at e coat  epoxy mat er i al  wi t hi n RECOAT 
WI NDOW of  pr i mer ,  al l owi ng suf f i c i ent  dr y t i me t o al l ow appl i cat i on of  
i nt er medi at e coat  wi t hi n RECOAT WI NDOW of  pr i mer .   Appl y by br ush,  wor ki ng 
mat er i al  i nt o cor ner s,  cr evi ces,  angl es,  and wel ds,  and ont o out si de 
cor ner s and angl es.

3. 6. 3. 3   Appl i cat i on of  I nt er medi at e Coat

Appl y i nt er medi at e coat  wi t hi n RECOAT WI NDOW of  pr i mer  coat .   

3. 6. 3. 4   Non- ski d f or  St ai r s and Top

Wher e non- ski d i s r equi r ed,  appl y a second i nt er medi at e coat ,  and 
i mmedi at el y f ol l ow wi t h appl i cat i on of  non- ski d gr i t ,  br oadcast  at  t he 
r at e of  2 pounds per  100 squar e f eet ,  and backr ol l .   Appl y t opcoat  as 
speci f i ed.

3. 6. 3. 5   Appl i cat i on of  Topcoat

Make al l  r equi r ed r epai r s t o pr i mer  and i nt er medi at e coat s as speci f i ed i n 
par agr aph ent i t l ed " Pr ocedur e f or  Hol i day and Spot  Repai r s of  Newl y 
Appl i ed Coat i ng"  pr i or  t o appl y i ng t opcoat .   Appl y t opcoat  wi t hi n RECOAT 
WI NDOW of  i nt er medi at e coat .   The pol yur et hane t opcoat  may r equi r e 
mul t i pl e passes t o achi eve desi r ed aest het i cs and r equi r ed t hi ckness.   
Consul t  manuf act ur er  f or  t hi nni ng and appl i cat i on pr ocedur es f or  
ant i c i pat ed t emper at ur e,  humi di t y,  and wi nd condi t i ons.   Touch- up 
bl emi shes and def ect s wi t hi n r ecoat  wi ndow of  pol yur et hane t opcoat .   
Ret ai n sampl e of  pol yur et hane t opcoat ,  f r om t he same bat ch used t o coat  
st r uct ur e,  t o make t ouch- ups t hat  mi ght  be r equi r ed l at er .

3. 6. 3. 6   Appl i cat i on of  Joi nt  Seal ant

Appl y j oi nt  seal ant  t o back- t o- back st eel  j oi nt s t hat  ar e l ess t hat  3/ 8 
i nches wi de and ar e not  seal  wel ded.   Appl y seal ant  t o t op and bot t om,  or  
each si de,  of  nar r ow j oi nt s.   Appl y seal ant  wi t hi n 48 hour s of  appl i cat i on 
of  t he t opcoat ,  and t ouch- up wi t h t opcoat  af t er  appr opr i at e cur e of  t he 
seal ant .

3. 6. 3. 7   Pr ocedur e f or  Hol i day and Spot  Repai r s of  Newl y Appl i ed Coat i ng

Repai r  coat i ng f i l m def ect s at  t he ear l i est  pr act i cabl e t i me,  pr ef er abl y 
bef or e appl i cat i on of  t he succeedi ng coat .   Obser ve al l  r equi r ement s f or  
sol ubl e sal t s cont ami nat i on,  c l eanl i ness bet ween coat s,  and appl i cat i on 
condi t i ons.   Pr epar e def ect i ve ar ea i n accor dance wi t h 
SSPC SP 10/ NACE No.  2,  and f eat her  coat i ng as r equi r ed t o l eave 4 i nches 
of  each succeedi ng coat  f eat her ed and abr aded.   Pr ot ect  adj acent  ar eas 
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f r om damage and over spr ay.   Remove dust  and sol vent  wi pe t he pr epar ed ar ea 
pl us an addi t i onal  4 i nches beyond t he pr epar ed ar ea wi t h c l ean denat ur ed 
al cohol .   Appl y each coat  wi t hi n RECOAT WI NDOW of  pr eceedi ng coat .   Wi t hi n 
f our  hour s of  pr epar at i on,  appl y z i nc- r i ch pr i mer  t o pr epar ed st eel  and 
f eat her  ont o pr epar ed pr i mer .   Appl y i nt er medi at e coat  t o pr i med ar ea and 
f eat her  t o pr epar ed i nt er medi at e ar ea.   Appl y t opcoat  t o i nt er medi at e coat  
and f eat her  t o pr epar ed t opcoat .   Appl y each r epai r  coat  t o appr oxi mat e 
t hi ckness of  sur r oundi ng coat i ng syst em.

3. 6. 3. 8   St r uct ur e Occupancy Af t er  Coat i ng Appl i cat i on

Use cl ean canvas or  ot her  appr oved shoe cover s when wal ki ng on coat ed 
sur f aces,  r egar dl ess of  cur i ng t i me al l owed.   For  heavi l y t r af f i cked 
ar eas,  pr ovi de cushi oned mat s f or  addi t i onal  pr ot ect i on.

3. 7   PROJECT I DENTI FI CATI ON

At  t he compl et i on of  t he wor k,  st enci l  t he f ol l owi ng i nf or mat i on on t he 
st r uct ur e i n 3/ 4 t o one i nch Hel vet i ca st y l e l et t er s of  cont r ast i ng col or  
usi ng acr yl i c st enci l  pai nt :

Dat e ext er i or  coat ed:
Pr oj ect  Number :
Cont r act or :
Addr ess:
Coat i ng Syst em

Sur f ace Pr ep:  SSPC SP ____ Pr of i l e:  ______
Pr i mer :  __________________ Thi ckness:  ____
I nt er medi at e:  ____________ Thi ckness:  ____
Topcoat :  _________________ Thi ckness:  ____
Tot al  Thi ckness:  _________

3. 8   FI ELD QUALI TY CONTROL

For  mar ki ng of  t ank sur f aces,  use chal k f or  mar ki ng bar e st eel ,  and wat er  
based mar ker s f or  mar ki ng coat ed sur f aces,  and r emove mar ks pr i or  t o 
coat i ng.   Do not  use any wax or  gr ease based mar ker s,  or  any ot her  mar ker s 
t hat  l eave a r esi due or  st ai n.

3. 8. 1   Coat i ng I nspect or

The coat i ng i nspect or  shal l  be consi der ed a QC Speci al i st  and shal l  r epor t  
t o t he QC Manager ,  as speci f i ed i n Sect i on 01 45 00. 00 10 QUALI TY 
CONTROL.   The Coat i ng I nspect or  shal l  be pr esent  dur i ng al l  
pr e- pr epar at i on t est i ng,  sur f ace pr epar at i on,  coat i ng appl i cat i on,  i ni t i al  
cur e of  t he coat i ng syst em,  dur i ng al l  coat i ng r epai r  wor k,  and dur i ng 
compl et i on act i v i t i es as speci f i ed i n Sect i on 01 45 00. 00 10 QUALI TY 
CONTROL.   The Coat i ng I nspect or  shal l  pr ovi de compl et e document at i on of  
condi t i ons and occur r ences on t he j ob s i t e,  and be awar e of  condi t i ons and 
occur r ences t hat  ar e pot ent i al l y  det r i ment al  t o t he coat i ng syst em.   The 
r equi r ement s f or  i nspect i on l i s t ed i n t hi s Sect i on ar e i n addi t i on t o t he 
QC i nspect i on and r epor t i ng r equi r ement s speci f i ed i n Sect i on 01 45 00. 00. 10
 QUALI TY CONTROL.

3. 8. 2   Fi el d I nspect i on

3. 8. 2. 1   I nspect i on Requi r ement s

Per f or m f i el d i nspect i on i n accor dance wi t h ASTM D3276 and t he appr oved 
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Coat i ng Wor k Pl an.   Document  Cont r act or ' s compl i ance wi t h t he appr oved 
Coat i ng Wor k Pl an.

Pr ovi de al l  t ool s and i nst r ument s r equi r ed t o per f or m t he r equi r ed 
t est i ng,  as wel l  as any t ool s or  i nst r ument s t hat  t he i nspect or  consi der s 
necessar y t o per f or m t he r equi r ed i nspect i ons and t est s.   Document  each 
i nspect i on and t est ,  i ncl udi ng r equi r ed hol d poi nt s and ot her  r equi r ed 
i nspect i ons and t est s,  as wel l  as t hose i nspect i ons and t est s deemed 
pr udent  f r om on- si t e eval uat i on t o document  a par t i cul ar  pr ocess or  
condi t i on,  as f ol l ows:

a.   Locat i on or  ar ea;  
b.   Pur pose ( r equi r ed or  speci al ) ;
c.   Met hod;
d.   Cr i t er i a f or  eval uat i on;
e.   Resul t s;
f .   Det er mi nat i on of  compl i ance;
g.   Li st  of  r equi r ed r ewor k;
h.   Obser vat i ons.

Col l ect  and r ecor d Envi r onment al  Condi t i ons as descr i bed i n ASTM D3276 on 
a 24 hour  basi s,  as f ol l ows:

a.   Dur i ng sur f ace pr epar at i on,  ever y t wo hour s or  when changes occur ;

b.   Dur i ng coat i ng appl i cat i on and t he f i r st  f our  days of  i ni t i al  cur e,  
ever y hour ,  or  when changes occur ;

c.   Not e l ocat i on,  t i me,  and t emper at ur e of  t he hi ghest  and l owest  sur f ace 
t emper at ur es each day;

d.   Use a non- cont act  t her momet er  t o l ocat e t emper at ur e ext r emes,  t hen 
ver i f y wi t h cont act  t her momet er s.

Document  al l  equi pment  used i n i nspect i ons and t est i ng,  i ncl udi ng 
manuf act ur er ,  model  number ,  ser i al  number ,  l ast  cal i br at i on dat e and 
f ut ur e cal i br at i on dat e,  and r esul t s of  on- si t e cal i br at i on per f or med.

Document  Cont r act or s compl i ance wi t h t he appr oved Coat i ng Wor k Pl an.   

3. 8. 2. 2   I nspect i on Repor t  For ms

Devel op pr oj ect - speci f i c  r epor t  f or ms as r equi r ed t o r epor t  measur ement s,  
t est  r esul t s,  and obser vat i ons bei ng compl et e and and conf or mi ng t o 
cont r act  r equi r ement s.   Thi s i ncl udes al l  di r ect  r equi r ement s of  t he 
cont r act  document s and i ndi r ect  r equi r ement s of  r ef er enced document s.   
Show accept ance cr i t er i a wi t h each r equi r ement  and i ndi cat i on of  
conf or mi t y of  each i nspect ed i t em.   The dat a may be i n any f or mat ,  but  
must  be l egi bl e and pr esent ed so t hat  ent er ed dat a can be qui ckl y compar ed 
t o t he appr opr i at e r equi r ement .

3. 8. 2. 3   Dai l y I nspect i on Repor t s

Submi t  one copy of  dai l y i nspect i on r epor t  compl et ed each day when 
per f or mi ng wor k under  t hi s Sect i on,  t o t he Cont r act i ng Of f i cer .   Not e al l  
non- compl i ance i ssues,  and al l  i ssues t hat  wer e r epor t ed f or  r ewor k i n 
accor dance wi t h QC pr ocedur es of  Sect i on 01 45 00 QUALI TY CONTROL.   Each 
r epor t  shal l  be s i gned by t he coat i ng i nspect or  and t he QC Manager .   
Submi t  r epor t  wi t hi n 24 hour s of  dat e r ecor ded on t he r epor t .
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3. 8. 2. 4   I nspect i on Logbook

A cont i nuous r ecor d of  al l  act i v i t y r el at ed t o t hi s Sect i on shal l  be 
mai nt ai ned i n an I nspect i on Logbook on a dai l y basi s.   The l ogbook shal l  
be har d or  spi r al  bound wi t h consecut i vel y number ed pages,  and shal l  be 
used t o r ecor d al l  i nf or mat i on pr ovi ded i n t he Dai l y I nspect i on Repor t s,  
as wel l  as ot her  per t i nent  obser vat i ons and i nf or mat i on.   The Coat i ng 
I nspect or ' s Logbook t hat  i s sol d by NACE i s sat i sf act or y.   Submi t  t he 
or i gi nal  I nspect i on Logbook t o t he Cont r act i ng Of f i cer  upon compl et i on of  
t he pr oj ect  and pr i or  t o f i nal  payment .

3. 8. 2. 5   I nspect i on Equi pment

Al l  equi pment  shal l  be i n good condi t i on,  oper at i onal  wi t hi n i t s desi gn 
r ange,  and cal i br at ed as r equi r ed by t he speci f i ed st andar d f or  use of  
each devi ce.

3. 9   FI NAL CLEANUP

Fol l owi ng compl et i on of  t he wor k,  r emove debr i s,  equi pment ,  and mat er i al s 
f r om t he si t e.   Remove t empor ar y connect i ons t o Gover nment  or  Cont r act or  
f ur ni shed wat er  and el ect r i cal  ser vi ces.   Rest or e exi st i ng f aci l i t i es i n 
and ar ound t he wor k ar eas t o t hei r  or i gi nal  condi t i on.

TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I a -  Zi nc- r i ch Epoxy Pr i mer  Coat  MI L- DTL- 24441/ 19 For mul a 159

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Pi gment  cont ent ,  per cent  
( z i nc dust )

- - - - - - 81. 5 85. 5 - - - - - -

Vol at i l es,  per cent 42. 8 44. 3 8. 0 8. 4 - - - - - -

Non- vol at i l e vehi cl e 
per cent

53. 7 57. 7 8. 3 8. 7 - - - - - -

Wei ght ,  Ki l ogr ams/ l i t er 0. 87 1. 01 3. 30 3. 40 2. 80 2. 91

Wei ght ,  Pounds/ gal l on 7. 3 8. 4 27. 5 28. 4 23. 4 24. 4

Fl ashpoi nt ,  Degr ees C 35. 6 - - - 37. 8 - - - - - - - - -

Fl ashpoi nt ,  Degr ees F 96 - - - 100 - - - - - - - - -
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TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I a -  Zi nc- r i ch Epoxy Pr i mer  Coat  MI L- DTL- 24441/ 19 For mul a 159

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Consi st ency,  gr ams - - - - - - 250 500 150 300

Set  t o t ouch t i me,  hour s 
at  23 degr ees C,  73 
degr ees F

- - - - - - - - - - - - - - - 2

Dr y har d t i me,  hour s at  
23 degr ees C,  73 degr ees F

- - - - - - - - - - - - - - - 8

Pot  l i f e,  hour s at  23 
degr ees C,  73 degr ees F

- - - - - - - - - - - - 4 - - -

Sag r esi st ance,  
Mi cr omet er s

- - - - - - - - - - - - 300 - - -

Sag r esi st ance,  Mi l s - - - - - - - - - - - - 12 - - -

VOC,  Gr ams/ l i t er - - - - - - - - - - - - - - - 304

VOC,  Pounds/ gal l on - - - - - - - - - - - - - - - 2. 5

NOTES:  Test  met hods as speci f i ed i n MI L- DTL- 24441.
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TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I b.  -  Epoxy I nt er medi at e Coat  MI L- DTL- 24441/ 31 For mul a 152 Type I V ( Whi t e 
( Ti nt ed) )

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Pi gment  cont ent ,  per cent 44. 0 49. 0 33. 0 38. 0 - - - - - -

Vol at i l es,  per cent 29. 0 35. 0 16. 0 21. 0 - - - - - -

Non- vol at i l e vehi cl e 
per cent

17. 5 23. 5 44. 0 49. 0 - - - - - -

Coar se par t i c l es,  per cent - - - 0. 3 - - - 0. 3 - - - - - -

Consi st ency,  gr ams 180 320 300 470 180 245

Wei ght ,  Ki l ogr ams/ l i t er 1. 39 1. 45 1. 29 1. 35 1. 34 1. 4

Wei ght ,  Pounds/ gal l on 11. 6 12. 1 10. 8 11. 3 11. 2 11. 7

Set  t o t ouch t i me,  hour s 
at  23 degr ees C,  73 
degr ees F

- - - - - - - - - - - - - - - 3

Dr y har d t i me,  hour s at  
23 degr ees C,  73 degr ees F

- - - - - - - - - - - - - - - 8

Fi neness of  gr i nd,  Hegman 4 - - - 4 - - - - - - - - -

Fl ashpoi nt ,  Degr ees C 35. 5 - - - 37. 8 - - - - - - - - -

Fl ashpoi nt ,  Degr ees F 96 - - - 100 - - - - - - - - -

Ti t ani um di oxi de,  per cent  
of  pi gment

91 - - - - - - - - - - - - - - -

Pot  l i f e,  hour s at  23 
degr ees C,  73 degr ees F

- - - - - - - - - - - - 4 - - -

Sag r esi st ance,  
Mi cr omet er s

- - - - - - - - - - - - 300 - - -

Sag r esi st ance,  Mi l s - - - - - - - - - - - - 12 - - -
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TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I b.  -  Epoxy I nt er medi at e Coat  MI L- DTL- 24441/ 31 For mul a 152 Type I V ( Whi t e 
( Ti nt ed) )

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Col or  of  dr y f i l m t o 
appr oxi mat e col or  of  
SAE AMS- STD- 595A col or  
27778

- - - - - - - - - - - - - - - Conf or m

Cont r ast  r at i o,  at  75 
mi cr omet er s,  3 mi l s DFT

- - - - - - - - - - - - . 098 - - -

Gl oss,  60 degr ee specul ar - - - - - - - - - - - - 35 - - -

VOC,  Gr ams/ l i t er - - - - - - - - - - - - - - - 340

VOC,  Pounds/ gal l on - - - - - - - - - - - - - - - 2. 8

GENERAL NOTES:   Test  met hods as speci f i ed i n MI L- DTL- 24441. Wher e " Conf or m"  i s 
i ndi cat ed,  r ef er  t o speci f i c r equi r ement s of  MI L- DTL- 24441/ 31.

TABLE I

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I c -  Pol yur et hane Topcoat MI L- PRF- 85285 Type I I  ( Whi t e and Col or s)

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Moi st ur e cont ent ,  per cent - - - 2 - - - - - - - - - - - -

Cour se par t i c l es,  per cent - - - - - - - - - - - - - - - . 5

Vi scosi t y - - - - - - - - - - - - - - - See Not e 1

Fi neness of  gr i nd,  Hegman - - - - - - - - - - - - 7 - - -
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TABLE I

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I c -  Pol yur et hane Topcoat MI L- PRF- 85285 Type I I  ( Whi t e and Col or s)

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Dr yi ng t o t ouch ( See Not e 2) - - - - - - - - - - - - - - - 4

Dr y- har d ( See Not e 2) - - - - - - - - - - - - - - - 8

VOC,  gr ams per  l i t er - - - - - - - - - - - - - - - 340

Col or - - - - - - - - - - - - del t a E+- 1. 0

Gl oss 60 degr ee specul ar  gl oss

Gl oss - - - - - - - - - - - - - - - 90

Semi - gl oss - - - - - - - - - - - - 15 45

Opaci t y - - - - - - - - - - - - 0. 95 - - -

Fl exi bi l i t y - - - - - - - - - - - - - - - Conf or m

Fl ui d r esi st ance - - - - - - - - - - - - - - - Conf or m

Heat  r esi st ance ( cur e) - - - - - - - - - - - - - - - Conf or m

Sol vent  r esi st ance ( cur e) - - - - - - - - - - - - - - - Conf or m

Condi t i on i n cont ai ner - - - - - - - - - - - - - - - Conf or m

Odor - - - - - - - - - - - - - - - Conf or m

Lead per cent - - - - - - - - - - - - - - - 0. 06

Cadmi um per cent - - - - - - - - - - - - - - - 0. 06

Chr omi um per cent
- - - - - - - - - - - - - - - 0. 00

NOTES:
( 1)  Modi f y par agr aph 3. 6. 4 Vi scosi t y and Pot  Li f e,  of  MI L- PRF- 85285 as f ol l ows:  

The vi scosi t y of  t he admi xed coat i ng,  when t est ed i n accor dance wi t h ASTM D1200 
t hr ough a No.  4 For d cup,  shal l  be as f ol l ows:
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TABLE I

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I c -  Pol yur et hane Topcoat MI L- PRF- 85285 Type I I  ( Whi t e and Col or s)

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Ti me f r om mi x ( mi ni mum) Maxi mum t i me t hr ough a No.  4 For d
Cup

I ni t i al l y 30 seconds

2 hour s 60 seconds

4 hour s No gel

( 2)  Modi f y par agr aph 3. 7. 1 Dr yi ng Ti me,  of  MI L- PRF- 85285.
When appl i ed by spr ay t echni ques and when t est ed i n accor dance wi t h 
ASTM D1640/ D1640M,  t he coat i ng shal l  be set - t o- t ouch wi t hi n f our  hour s and 
dr y- har d wi t hi n ei ght  hour s ( see 4. 6 and t abl e I ) .

GENERAL NOTES:
Test  met hods as speci f i ed i n MI L- PRF- 85285,  except  t hose mar ked wi t h " * " .
Wher e " Conf or m"  i s i ndi cat ed,  r ef er  t o speci f i c r equi r ement s of  MI L- PRF- 85285.

        - -  End of  Sect i on - -
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SECTI ON 09 97 13. 28 01

HI GH PERFORMANCE COATI NG FOR STEEL STRUCTURES -  FUEL PI PI NG ONLY
02/ 21,  CHG 1:  08/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM D1200 ( 2010;  R 2014)  Vi scosi t y by For d Vi scosi t y 
Cup

ASTM D1640/ D1640M ( 2014)  St andar d Test  Met hods f or  Dr yi ng,  
Cur i ng,  or  Fi l m For mat i on of  Or gani c 
Coat i ngs

ASTM D3276 ( 2015;  E 2016)  St andar d Gui de f or  Pai nt i ng 
I nspect or s ( Met al  Subst r at es)

ASTM D3925 ( 2002;  R 2015)  Sampl i ng Li qui d Pai nt s and 
Rel at ed Pi gment ed Coat i ngs

ASTM D4285 ( 1983;  R 2018)  I ndi cat i ng Oi l  or  Wat er  i n 
Compr essed Ai r

ASTM D7127 ( 2017)  St andar d Test  Met hod f or  
Measur ement  of  Sur f ace Roughness of  
Abr asi ve Bl ast  Cl eaned Met al  Sur f aces 
usi ng a Por t abl e St yl us I nst r ument

ASTM E11 ( 2022)  St andar d Speci f i cat i on f or  Woven 
Wi r e Test  Si eve Cl ot h and Test  Si eves

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 9001 ( 2015)  Qual i t y Management  Syst ems-  
Requi r ement s

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC 7/ NACE No. 4 ( 2007)  Br ush- Of f  Bl ast  Cl eani ng

SSPC AB 2 ( 2015;  E 2016)  Cl eanl i ness of  Recycl ed 
Fer r ous Met al l i c  Abr asi ve

SSPC AB 3 ( 2003;  E 2004)  Fer r ous Met al l i c  Abr asi ve

SSPC Gui de 6 ( 2021)  Gui de f or  Cont ai ni ng Sur f ace 
Pr epar at i on Debr i s Gener at ed Dur i ng Pai nt  
Removal  Oper at i ons

SSPC Gui de 12 ( 2023)  Gui de f or  I l l umi nat i on of  
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I ndust r i al  Pai nt i ng Pr oj ect s

SSPC PA 1 ( 2016)  Shop,  Fi el d,  and Mai nt enance 
Coat i ng of  Met al s

SSPC PA 2 ( 2015;  E 2018)  Pr ocedur e f or  Det er mi ni ng 
Conf or mance t o Dr y Coat i ng Thi ckness 
Requi r ement s

SSPC QP 1 ( 2019)   St andar d Pr ocedur e f or  Eval uat i ng 
t he Qual i f i cat i ons of  I ndust r i al / Mar i ne 
Pai nt i ng Cont r act or s ( Fi el d Appl i cat i on t o 
Compl ex I ndust r i al  St eel  St r uct ur es and 
Ot her  Met al  Component s)

SSPC QP 5 ( 2022)  St andar d Pr ocedur e f or  Eval uat i ng 
t he Qual i f i cat i ons of  Coat i ng and Li ni ng 
I nspect i on Compani es

SSPC QS 1 ( 2015)  St andar d Pr ocedur e f or  Eval uat i ng a 
Cont r act or ' s Advanced Qual i t y Management  
Syst em

SSPC SP 1 ( 2015)  Sol vent  Cl eani ng

SSPC SP 10/ NACE No.  2 ( 2015)  Near - Whi t e Bl ast  Cl eani ng

SSPC SP COM ( 2016;  E 2017)  Sur f ace Pr epar at i on 
Comment ar y f or  St eel  and Concr et e 
Subst r at es

SSPC VI S 1 ( 2002;  E 2004)  Gui de and Ref er ence 
Phot ogr aphs f or  St eel  Sur f aces Pr epar ed by 
Dr y Abr asi ve Bl ast  Cl eani ng

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AMS- STD- 595A ( 2017)  Col or s used i n Gover nment  
Pr ocur ement

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- A- 22262 ( 1993;  Rev B;  Am 1 1994;  Am 2 1996;  Not i ce 
1 2021)  Abr asi ve Bl ast i ng Medi a Shi p Hul l  
Bl ast  Cl eani ng

MI L- DTL- 24441 ( 2009;  Rev D;  Not i ce 1 2021)  Pai nt ,  
Epoxy- Pol yami de,  Gener al  Speci f i cat i on f or

MI L- DTL- 24441/ 19 ( 2009;  Rev C;  Not i ce 1 2023)  Pai nt ,  
Epoxy- Pol yami de,  Zi nc Pr i mer ,  For mul a 159,  
Type I I I

MI L- DTL- 24441/ 31 ( 2009;  Rev B;  Not i ce 1 2021)  Pai nt ,  
Epoxy- Pol yami de,  Whi t e,  For mul a 152,  Type 
I V

MI L- PRF- 85285 ( 2022;  Rev F)  Topcoat ,  Ai r cr af t  and 
Suppor t  Equi pment
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U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 134 Respi r at or y Pr ot ect i on

29 CFR 1910. 1000 Ai r  Cont ami nant s

29 CFR 1926. 59 Hazar d Communi cat i on

1. 2   DEFI NI TI ONS

Def i ni t i ons ar e pr ovi ded t hr oughout  t hi s Sect i on,  gener al l y i n t he 
par agr aph wher e used,  and denot ed by capi t al  l et t er s.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 06 Test  Repor t s

Coat i ngs Qual i f i cat i on Test  Repor t s

Met al l i c  Abr asi ve Qual i f i cat i on Test  Repor t s

Coat i ng Sampl e Test  Repor t s

Abr asi ve Sampl e Test  Repor t s

I nspect i on Repor t  For ms

Dai l y I nspect i on Repor t s

Recycl ed Met al l i c  Abr asi ve Fi el d Test  Repor t s ( Dai l y and Weekl y)

SD- 07 Cer t i f i cat es

Cont r act  Er r or s,  Omi ssi ons,  and Ot her  Di scr epanci es

Cor r ect i ve Act i on Pr ocedur es

Coat i ng Wor k Pl an

Qual i f i cat i ons of  Cer t i f i ed I ndust r i al  Hygi eni st  ( CI H)

Qual i f i cat i ons Of  I ndi v i dual s Per f or mi ng Abr asi ve Bl ast i ng

Qual i f i cat i ons of  Cer t i f i ed Pr ot ect i ve Coat i ngs Speci al i st  ( PCS)

Qual i f i cat i ons of  Coat i ng I nspect i on Company

Qual i f i cat i ons of  QC Speci al i st  Coat i ng I nspect or
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Qual i f i cat i ons of  Test i ng Labor at or y f or  Coat i ngs

Qual i f i cat i ons of  Test i ng Labor at or y f or  Abr asi ve

Qual i f i cat i ons of  Coat i ng Cont r act or s

Coat i ng Mat er i al s

Coat i ng Syst em Component  Compat i bi l i t y

Non- met al l i c  Abr asi ve

Met al l i c  Abr asi ve

SD- 08 Manuf act ur er ' s I nst r uct i ons

Coat i ng Syst em I nst r uct i ons

SD- 11 Cl oseout  Submi t t al s

Di sposal  of  Used Abr asi ve

I nspect i on Logbook;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Cont r act  Er r or s,  Omi ssi ons,  and Ot her  Di scr epanci es

Submi t  al l  er r or s,  omi ssi ons,  and ot her  di scr epanci es i n cont r act  
document s t he Cont r act i ng Of f i cer  wi t hi n 30 days of  cont r act  awar d f or  al l  
wor k cover ed i n t hi s Sect i on,  ot her  t han t he wor k t hat  wi l l  not  be 
uncover ed unt i l  a l at er  dat e.   Al l  such di scr epanci es shal l  be addr essed 
and r esol ved,  and t he Coat i ng Wor k Pl an modi f i ed,  pr i or  t o begi nni ng t he 
I ni t i al  and Fol l ow- Up phases of  wor k.   Di scr epanci es t hat  become appar ent  
onl y af t er  wor k i s uncover ed shal l  be i dent i f i ed at  t he ear l i est  
di scover abl e t i me and submi t t ed f or  r esol ut i on.   Schedul e t i me ( Fl oat )  
shoul d be bui l t  i nt o t he pr oj ect  schedul e at  t hose poi nt s wher e ol d wor k 
i s t o be uncover ed or  wher e access i s not  avai l abl e dur i ng t he f i r st  30 
days af t er  awar d,  t o al l ow f or  r esol ut i on of  cont r act  di scr epanci es.

1. 4. 2   Cor r ect i ve Act i on ( CA)

CA shal l  be i ncl uded i n t he Qual i t y Cont r ol  Pl an.

1. 4. 2. 1   Cor r ect i ve Act i on Pr ocedur es

Devel op pr ocedur es f or  det er mi ni ng t he r oot  cause of  each non- compl i ance,  
devel opi ng a pl an t o el i mi nat e t he r oot  cause so t hat  t he non- compl i ance 
does not  r ecur ,  and f ol l owi ng up t o ensur e t hat  t he r oot  cause was 
el i mi nat ed.   Devel op Cor r ect i ve Act i on Request  ( CAR)  f or ms f or  i ni t i at i ng 
CA,  and f or  t r acki ng and document i ng each st ep.
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1. 4. 2. 2   I mpl ement  Cor r ect i ve Act i on

The Cont r act or  shal l  t ake act i on t o i dent i f y and el i mi nat e t he r oot  cause 
of  each non- compl i ance so as t o pr event  r ecur r ence.   These pr ocedur es 
shal l  appl y t o non- compl i ance i n t he wor k,  and t o non- compl i ance i n t he QC 
Syst em.   Cor r ect i ve act i ons shal l  be appr opr i at e t o t he ef f ect s of  t he 
non- compl i ance encount er ed.  Each CAR shal l  be ser i al i zed,  t r acked i n a Log 
t o compl et i on and accept ance by t he Cont r act i ng Of f i cer ,  and r et ai ned i n 
pr oj ect  r ecor ds.   The Cor r ect i ve Act i on Log,  showi ng st at us of  each CAR,  
shal l  be submi t t ed t o t he Cont r act i ng Of f i cer  mont hl y.   A CAR may be 
i ni t i at ed by ei t her  t he Cont r act or  or  t he Cont r act i ng Of f i cer .   The 
Cont r act i ng Of f i cer  must  appr ove each CAR at  t he r oot  cause i dent i f i cat i on 
st age,  t he pl an f or  el i mi nat i on st age,  and t he cl ose out  st age af t er  
ver i f i cat i on t hat  t he r oot  cause has been el i mi nat ed.

1. 4. 3   Coat i ng Wor k Pl an

Thi s wor k pl an shal l  be consi der ed as par t  of  t he Qual i t y Cont r ol  Pl an.

Pr ovi de pr ocedur es f or  r evi ewi ng cont r act  document s i mmedi at el y af t er  
awar d t o i dent i f y er r or s,  omi ssi ons,  and di scr epanci es so t hat  any such 
i ssues can be r esol ved pr i or  t o pr oj ect  pl anni ng and devel opment  of  
det ai l ed pr ocedur es.

Pr ovi de pr ocedur es f or  ver i f i cat i on of  key pr ocesses dur i ng I ni t i al  Phase 
t o ensur e t hat  cont r act  r equi r ement s can be met .   Key pr ocesses shal l  
i ncl ude sur f ace pr epar at i on,  coat i ng appl i cat i on and cur i ng,  i nspect i on,  
and document at i on,  and any ot her  pr ocess t hat  mi ght  adver sel y i mpact  
or der l y pr ogr essi on of  wor k.

Pr ovi de pr ocedur es f or  al l  phases of  coat i ng oper at i ons,  i ncl udi ng pl anned 
wor k,  r ewor k,  r epai r ,  i nspect i on,  and document at i on.   Addr ess mobi l i zat i on 
and set up,  sur f ace pr epar at i on,  coat i ng appl i cat i on,  coat i ng i ni t i al  cur e,  
t r acki ng and cor r ect i on of  noncompl i ant  wor k,  and demobi l i zat i on.   
Coor di nat e wor k pr ocesses wi t h heal t h and saf et y pl ans and conf i ned space 
ent r y pl ans.   For  each pr ocess,  pr ovi de pr ocedur es t hat  i ncl ude 
appr opr i at e wor k i nst r uct i ons,  mat er i al  and equi pment  r equi r ement s,  
per sonnel  qual i f i cat i ons,  cont r ol s,  and pr ocess ver i f i cat i on pr ocedur es.   
Pr ovi de pr ocedur es f or  i nspect i ng wor k t o ver i f y and document  compl i ance 
wi t h cont r act  r equi r ement s,  i ncl udi ng i nspect i on f or ms and checkl i st s,  and 
accept ance and r ej ect i on cr i t er i a.

Pr ovi de pr ocedur es f or  cor r ect i ng noncompl i ant  wor k.   Det ai l ed pr ocedur es 
ar e r equi r ed i n advance t o avoi d del ays i n meet i ng over coat  wi ndows as 
wel l  as t o avoi d del ays i n pr oduct i on.   Pr ovi de pr ocedur es f or  r epai r i ng 
def ect s i n t he coat i ng f i l m,  such as r uns,  dr i ps,  sags,  hol i days,  
over spr ay,  as wel l  as how t o handl e cor r ect  coat i ng t hi ckness 
noncompl i ance,  any ot her  ar eas of  r epai r  or  r ewor k t hat  mi ght  be adver sel y 
af f ect ed by del ays i n pr epar i ng and appr ovi ng new pr ocedur es.

I f  a pr ocedur e i s based on a pr oposed or  appr oved r equest  f or  devi at i on,  
t he devi at i on shal l  be r ef er enced.   Changes t o pr ocedur es shal l  be not ed 
by submi t t al  number  and dat e appr oved,  c l ear l y del i neat i ng ol d 
r equi r ement s and new r equi r ement s,  so t hat  t he r ecor ds pr ovi de a 
cont i nuous l og of  r equi r ement s and pr ocedur es.
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1. 4. 4   Test  Repor t s

1. 4. 4. 1   Coat i ngs Qual i f i cat i on Test  Repor t s

Submi t  t est  r esul t s f r om i ndependent  l abor at or y of  r epr esent at i ve sampl es 
of  each coat i ng mat er i al .   U. S.  Depar t ment  of  Def ense l abor at or i es ar e 
consi der ed t o be i ndependent  l abor at or i es f or  pur poses of  compl i ance wi t h  
" QUALI FI CATI ON I NSPECTI ON"  r equi r ement s her ei n.   Sampl es must  have been 
t est ed wi t hi n t he l ast  t hr ee year s.   Submi t  r esul t s f or  epoxy mat er i al s as 
r equi r ed i n par agr aph QUALI FI CATI ON I NSPECTI ON of  MI L- DTL- 24441,  and as 
r evi sed by par agr aph COATI NG SYSTEM her ei n.   Submi t  r esul t s f or  
pol yur et hane mat er i al s as r equi r ed i n par agr aph QUALI FI CATI ON I NSPECTI ON 
of  MI L- PRF- 85285,  and as r evi sed by par agr aph COATI NG SYSTEM her ei n.   Not e 
t hat   r equi r ement  f or  QUALI FI CATI ON I NSPECTI ON i s a pr e- qual i f i cat i on 
r equi r ement ,  and i nvol ves t he same t est i ng r equi r ed f or  l i s t i ng i n t he 
Qual i f i ed Pr oduct s Li st  of  t he r espect i ve mat er i al .   See appr opr i at e 
Mi l i t ar y Speci f i cat i on f or  speci f i c  t est  r equi r ement s.

1. 4. 4. 2   Met al l i c  Abr asi ve Qual i f i cat i on Test  Repor t s

Submi t  r esul t s f or  abr asi ve as r equi r ed i n par agr aph 4 REQUI REMENTS of  
SSPC AB 3.   Submi t  t est  r esul t s f r om i ndependent  l abor at or y of  
r epr esent at i ve sampl es of  each abr asi ve t o be used on t he j obsi t e.   
Sampl es must  have been t est ed wi t hi n t he l ast  t hr ee year s.   Not e t hat  t hi s 
t est i ng i s f or  t he pur pose of  pr equal i f y i ng t he abr asi ve.

1. 4. 4. 3   Recycl ed Met al l i c  Abr asi ve Fi el d Test  Repor t s ( Dai l y and Weekl y)

Submi t  t est  r esul t s f r om i ndependent  l abor at or y of  dai l y and weekl y 
Qual i t y Cont r ol  t est i ng r equi r ed by SSPC AB 2,  as modi f i ed i n par agr aph 
ABRASI VE.

1. 4. 5   Qual i f i cat i ons

1. 4. 5. 1   Qual i f i cat i ons of  Cer t i f i ed I ndust r i al  Hygi eni st  ( CI H)

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y CI H.   Submi t  document at i on t hat  hygi eni st  i s  
cer t i f i ed by t he Amer i can Boar d of  I ndust r i al  Hygi ene i n compr ehensi ve 
pr act i ce,  i ncl udi ng cer t i f i cat i on number  and dat e of  
cer t i f i cat i on/ r ecer t i f i cat i on.   Pr ovi de evi dence of  exper i ence wi t h 
hazar ds i nvol ved i n i ndust r i al  coat i ng appl i cat i on wor k.

1. 4. 5. 2   Qual i f i cat i ons of  Cer t i f i ed Pr ot ect i ve Coat i ngs Speci al i st  ( PCS)

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y PCS.   Submi t  document at i on t hat  speci al i st  i s  
cer t i f i ed by SSPC:  The Soci et y f or  Pr ot ect i ve Coat i ngs ( SSPC)  as a PCS,  
i ncl udi ng cer t i f i cat i on number  and dat e of  cer t i f i cat i on/ r ecer t i f i cat i on.   
I f  t he PCS i s empl oyed by t he same coat i ng i nspect i on company t o whi ch t he 
coat i ng i nspect or  i s empl oyed,  t hi s does not  v i ol at e t he i ndependent  
t hi r d- par t y r equi r ement s.   The PCS shal l  r emai n cer t i f i ed dur i ng t he 
ent i r e pr oj ect ,  and t he Cont r act i ng Of f i cer  shal l  be not i f i ed of  any 
change i n cer t i f i cat i on st at us wi t hi n 10 days of  t he change.   The PCS 
shal l  not  be t he desi gnat ed coat i ng i nspect or .

1. 4. 5. 3   Qual i f i cat i ons of  Coat i ng I nspect i on Company

Submi t  document at i on t hat  t he coat i ng i nspect i on company t hat  wi l l  be 
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per f or mi ng al l  coat i ng i nspect i on f unct i ons i s cer t i f i ed by SSPC t o t he 
r equi r ement s of  SSPC QP 5 pr i or  t o cont r act  awar d,  and shal l  r emai n 
cer t i f i ed whi l e accompl i shi ng any coat i ng i nspect i on f unct i ons.   The 
coat i ng i nspect i on company must  r emai n so cer t i f i ed f or  t he dur at i on of  
t he pr oj ect .   I f  a coat i ng i nspect i on company' s cer t i f i cat i on expi r es,  t he 
f i r m wi l l  not  be al l owed t o per f or m any i nspect i on f unct i ons,  and al l  
sur f ace pr epar at i on and coat i ng appl i cat i on wor k must  st op,  unt i l  t he 
cer t i f i cat i on i s r ei ssued.   Request s f or  ext ensi on of  t i me f or  any del ay 
t o t he compl et i on of  t he pr oj ect  due t o an i nact i ve cer t i f i cat i on wi l l  not  
be consi der ed and l i qui dat ed damages wi l l  appl y.   Not i f y t he Cont r act i ng 
Of f i cer  of  any change i n coat i ng i nspect i on company cer t i f i cat i on st at us.

1. 4. 5. 4   Qual i f i cat i ons of  QC Speci al i st  Coat i ng I nspect or

Submi t  document at i on t hat  each coat i ng i nspect or  i s empl oyed,  and 
qual i f i ed t o SSPC QP 5,  Level  I I I ,  by t he sel ect ed coat i ng i nspect i on 
company.    Each i nspect or  shal l  r emai n empl oyed by t he coat i ng i nspect i on 
company whi l e per f or mi ng any coat i ng i nspect i on f unct i ons.

1. 4. 5. 5   Qual i f i cat i ons Of  I ndi v i dual s Per f or mi ng Abr asi ve Bl ast i ng

Submi t  name,  addr ess,  and t el ephone number  of  each per son t hat  wi l l  be 
per f or mi ng abr asi ve bl ast i ng.   Submi t  document at i on t hat  each bl ast er  i s 
qual i f i ed by SSPC t o t he SSPC C- 7 Dr y Abr asi ve Bl ast er  Qual i f i cat i on 
Pr ogr am.   Each bl ast er  shal l  r emai n qual i f i ed dur i ng t he ent i r e per i od of  
abr asi ve bl ast i ng,  and t he Cont r act i ng Of f i cer  shal l  be not i f i ed of  any 
change i n qual i f i cat i on st at us.

1. 4. 5. 6   Qual i f i cat i ons of  Test i ng Labor at or y f or  Coat i ngs

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y l abor at or y sel ect ed t o per f or m t est i ng of  
coat i ng sampl es f or  compl i ance wi t h speci f i cat i on r equi r ement s.   Submi t  
document at i on t hat  l abor at or y i s r egul ar l y engaged i n t est i ng of  pai nt  
sampl es f or  conf or mance wi t h speci f i cat i ons,  and t hat  per sons per f or mi ng 
anal yses ar e qual i f i ed.

1. 4. 5. 7   Qual i f i cat i ons of  Test i ng Labor at or y f or  Abr asi ve

Submi t  name,  addr ess,  t el ephone number ,  FAX number ,  and e- mai l  addr ess of  
t he i ndependent  t hi r d par t y l abor at or y sel ect ed t o per f or m t est i ng of  
abr asi ve f or  compl i ance wi t h speci f i cat i on r equi r ement s.   Submi t  
document at i on t hat  l abor at or y has exper i ence i n t est i ng sampl es of  
abr asi ve f or  conf or mance wi t h speci f i cat i ons,  and t hat  per sons per f or mi ng 
anal yses ar e qual i f i ed.

1. 4. 5. 8   Qual i f i cat i ons of  Coat i ng Cont r act or s

Al l  Cont r act or s and Subcont r act or s t hat  per f or m sur f ace pr epar at i on or  
coat i ng appl i cat i on shal l  be cer t i f i ed t o ei t her  I SO 9001 or  SSPC QP 1 and 
SSPC QS 1 pr i or  t o cont r act  awar d,  and shal l  r emai n cer t i f i ed whi l e 
accompl i shi ng any sur f ace pr epar at i on or  coat i ng appl i cat i on.   The 
pai nt i ng Cont r act or s and pai nt i ng Subcont r act or s must  r emai n so cer t i f i ed 
f or  t he dur at i on of  t he pr oj ect .   I f  a Cont r act or ' s or  Subcont r act or ' s 
cer t i f i cat i on expi r es,  t he f i r m wi l l  not  be al l owed t o per f or m any wor k 
unt i l  t he cer t i f i cat i on i s r ei ssued.   Request s f or  ext ensi on of  t i me f or  
any del ay t o t he compl et i on of  t he pr oj ect  due t o an i nact i ve 
cer t i f i cat i on wi l l  not  be consi der ed and l i qui dat ed damages wi l l  appl y.   
Not i f y t he Cont r act i ng Of f i cer  of  any change i n Cont r act or  cer t i f i cat i on 
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st at us.

1. 4. 5. 9   Coat i ng Mat er i al s

Pr ovi de manuf act ur er ' s cer t i f i cat i on of  conf or mance t o cont r act  
r equi r ement s.

1. 4. 5. 10   Coat i ng Syst em Component  Compat i bi l i t y

Pr ovi de cer t i f i cat i on f r om each manuf act ur er  of  component s of  t he coat i ng 
syst em,  epoxy pr i mer ,  epoxy i nt er medi at e,  and pol yur et hane t opcoat ,  t hat  
t he suppl i ed coat i ng mat er i al  i s  sui t abl e f or  use i n t he speci f i ed coat i ng 
syst em.   Each manuf act ur er  shal l  i dent i f y t he speci f i c  pr oduct s,  i ncl udi ng 
manuf act ur er ' s name,  whi ch t hei r  pr oduct  may be used wi t h.   The 
cer t i f i cat i on shal l  pr ovi de t he name of  t he manuf act ur er  t hat  wi l l  pr ovi de 
t echni cal  suppor t  f or  t he ent i r e syst em.   When al l  coat i ng mat er i al s ar e 
manuf act ur ed by one manuf act ur er ,  t hi s cer t i f i cat i on i s not  r equi r ed.

1. 4. 5. 11   Non- met al l i c  Abr asi ve

Pr ovi de manuf act ur er ' s cer t i f i cat i on t hat  t he mat er i al s ar e cur r ent l y 
appr oved by t he Naval  Sea Syst ems Command and l i s t ed on t he Qual i f i ed 
Pr oduct s Li st s ( QPL)  f or  t he speci f i ed mat er i al s.

1. 4. 5. 12   Met al l i c  Abr asi ve

Pr ovi de manuf act ur er ' s cer t i f i cat i on of  conf or mance t o cont r act  
r equi r ement s and pr ovi de copi es of  t est  r esul t s.

1. 4. 6   Pr ot ect i ve Coat i ng Speci al i st  ( PCS)

The PCS shal l  be consi der ed a QC Speci al i st  and shal l  r epor t  t o t he QC 
Manager ,  as speci f i ed i n 01 45 00. 00 10 QUALI TY CONTROL .   The PCS shal l  
appr ove al l  submi t t al s pr i or  t o submi ssi on t o t he QC Manager  f or  appr oval  
or  submi ssi on t o t he gover nment  f or  appr oval .

1. 4. 7   Pr e- Appl i cat i on Meet i ng

Af t er  appr oval  of  submi t t al s but  pr i or  t o t he i ni t i at i on of  coat i ng wor k,  
Cont r act or  r epr esent at i ves,  i ncl udi ng at  a mi ni mum,  pr oj ect  super i nt endent  
and QC manager ,  pai nt  f or eman,  coat i ng i nspect or ,  and PCS shal l  have a 
pr e- appl i cat i on coat i ng pr epar at or y meet i ng.   Thi s meet i ng shal l  be i n 
addi t i on t o t he pr e- const r uct i on conf er ence.   Speci f i c  i t ems addr essed 
shal l  i ncl ude:  cor r ect i ve act i on r equi r ement s and pr ocedur es,  coat i ng wor k 
pl an,  saf et y pl an,  coor di nat i on wi t h ot her  Sect i ons,  i nspect i on st andar ds,  
i nspect i on r equi r ement s and t ool s,  t est  pr ocedur es,  envi r onment al  cont r ol  
syst em,  saf et y pl an,  and t est  l ogs.   Not i f y Cont r act i ng Of f i cer  at  l east  
t en days pr i or  t o meet i ng.

1. 5   PRODUCT DATA

1. 5. 1   Coat i ng Syst em I nst r uct i ons

Submi t  manuf act ur er ' s pr i nt ed i nst r uct i ons i ncl udi ng det ai l ed mi xi ng and 
appl i cat i on pr ocedur es,  number  and t ypes of  coat s r equi r ed,  mi ni mum and 
maxi mum appl i cat i on t emper at ur es,  and cur i ng pr ocedur es.   I ncl ude Saf et y 
Dat a Sheet s ( SDS)  f or  mat er i al s t o be used at  t he j ob s i t e i n accor dance 
wi t h 29 CFR 1926. 59.
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1. 6   DELI VERY AND STORAGE

Shi p,  st or e,  and handl e mat er i al s i n accor dance wi t h SSPC PA 1,  and as 
modi f i ed i n t hi s Sect i on.   Mai nt ai n t emper at ur e i n st or age spaces bet ween 
40 and 85 degr ees F,  and ai r  t emper at ur e mor e t han 5 degr ees F above t he 
dew- poi nt  at  al l  t i mes.   I nspect  mat er i al s f or  damage pr i or  t o use and 
r et ur n non- compl i ant  mat er i al s t o manuf act ur er .   Remove mat er i al s wi t h 
expi r ed shel f  l i f e f r om gover nment  pr oper t y i mmedi at el y and not i f y t he 
Cont r act i ng Of f i cer .

I f  mat er i al s ar e appr oachi ng shel f  l i f e expi r at i on and an ext ensi on i s 
desi r ed,  sampl es may be sent  t o t he manuf act ur er ,  al ong wi t h compl et e 
r ecor ds of  st or age condi t i ons,  wi t h a r equest  f or  shel f  l i f e ext ensi on.   
I f  t he manuf act ur er  f i nds t he sampl es and st or age dat a sui t abl e f or  shel f  
l i f e ext ensi on,  t he manuf act ur er  may i ssue an ext ensi on,  r ef er enci ng t he 
pr oduct  eval uat i on and t he r evi ew of  st or age r ecor ds.   Pr oduct s may not  be 
ext ended l onger  t han al l owed i n t he pr oduct  speci f i cat i on.

1. 7   COATI NG HAZARDS

Ensur e t hat  empl oyees ar e t r ai ned i n al l  aspect s of  t he saf et y pl an.  
Speci f i ed coat i ngs may have pot ent i al  heal t h hazar ds i f  i ngest ed or  
i mpr oper l y handl ed.   The coat i ng manuf act ur er ' s wr i t t en saf et y pr ecaut i ons 
shal l  be f ol l owed t hr oughout  mi xi ng,  appl i cat i on,  and cur i ng of  t he 
coat i ngs.   Dur i ng al l  c l eani ng,  c l eanup,  sur f ace pr epar at i on,  and pai nt  
appl i cat i on phases,  ensur e t hat  empl oyees ar e pr ot ect ed f r om t oxi c and 
hazar dous chemi cal  agent s whi ch exceed concent r at i ons i n 29 CFR 1910. 1000.   
Compl y wi t h r espi r at or y pr ot ect i on r equi r ement s i n 29 CFR 1910. 134.   The 
CI H shal l  appr ove wor k pr ocedur es and per sonal  pr ot ect i ve equi pment .

1. 8   JOB SI TE REFERENCES

Make avai l abl e t o t he Cont r act i ng Of f i cer  at  l east  one copy each of  
ASTM D3276,  ASTM D3925,  ASTM D4285,  ASTM D7127,  SSPC SP COM,  SSPC SP 1,  
SSPC 7/ NACE No. 4,  SSPC SP 10/ NACE No.  2,  SSPC PA 1,  SSPC PA 2,  SSPC Gui de 6,  
SSPC VI S 1,  SSPC QP 1,  SSPC QS 1,  and an SSPC Cer t i f i ed Cont r act or  
Eval uat i on For m at  t he j ob s i t e.

PART 2   PRODUCTS

2. 1   COATI NG SYSTEM -  BURI ED CARBON STEEL PI PI NG

Al t er nat e syst ems or  pr oduct s wi l l  not  be consi der ed.  Pr ovi de a compl et e 
syst em mat er i al  f r om one suppl i er .

2. 1. 1   SHOP APPLI ED COATI NG

For  bur i ed car bon st eel  pi pi ng,  FBE coat i ng:  AWWA C213.

2. 1. 2   FI ELD APPLI ED COATI NG

Al l  coat i ng mat er i al s used t o coat  ext er nal  gi r t h wel ds or  r epai r  exi st i ng 
coat i ng must  be f r om t he same manuf act ur er  as t he shop appl i ed coat i ng.  
Use t he f ol l owi ng r epai r  met hods,  as modi f i ed her ei n,  t o r epai r  shop 
appl i ed coat i ngs and coat  ext er nal  gi r t h wel ds.  

a.  Fusi on- Bonded Epoxy ( FBE)  Coat i ng:  NACE RP0402,  coat i ng mat er i al  t o 
be same as appl i ed i n shop.
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b.  Li qui d- Epoxy Coat i ng syst em

2. 2   COATI NG SYSTEM -  ABOVE GROUND CARBON STEEL PI PI NG AND CARBON STEEL 
PI PI NG I N MANWAY SUMP

Al t er nat e syst ems or  pr oduct s wi l l  not  be consi der ed.   Pr ovi de a compl et e 
syst em ( pr i mer ,  i nt er medi at e coat ,  t op coat )  mat er i al  f r om one suppl i er .

Pr epar e sur f ace and appl y t he compl et e coat i ng syst em i n t he shop.   Fol l ow 
al l  t emper at ur e,  humi di t y,  and t est i ng r equi r ement s l i s t ed her ei n.  Al l  
coat i ng mat er i al s used t o coat  ext er nal  gi r t h wel ds or  r epai r  exi st i ng 
coat i ng must  be f r om t he same manuf act ur er  as t he shop appl i ed coat i ng.  
Remove shop- appl i ed pr i mer  pr i or  t o f i nal  sur f ace pr epar at i on and coat i ng 
syst em appl i cat i on.  

The Mi l i t ar y speci f i cat i on epoxy and pol yur et hane pr oduct s speci f i ed i n 
t hi s Sect i on do not  r equi r e appr oval  f or  l i s t i ng on t he QPL pr i or  t o 
cont r act  awar d,  as i ndi cat ed i n par agr aph 3. 2 of  MI L- DTL- 24441 and 
par agr aph 3. 1 of  MI L- PRF- 85285.   Test i ng of  pr oduct s by an i ndependent  
l abor at or y t o t he QUALI FI CATI ON I NSPECTI ON r equi r ement s of  MI L- DTL- 24441 
and MI L- PRF- 85285pr i or  t o cont r act  awar d i s r equi r ed.   See speci f i c  
submi t t al  r equi r ement s i n par agr aph QUALI TY ASSURANCE.

2. 2. 1   Zi nc- Ri ch Epoxy Pr i mer  Coat

Epoxy pol yami de,  MI L- DTL- 24441/ 19 ( For mul a 159,  Type I I I ) .

2. 2. 2   Epoxy I nt er medi at e Coat

Epoxy pol yami de,  MI L- DTL- 24441/ 31 ( For mul a 152,  Type I V,  Whi t e ( Ti nt ed) ) .   
Ti nt  t o appr oxi mat el y SAE AMS- STD- 595A col or  number  27778 par chment  usi ng 
pi gment  di sper si ons pr epar ed f or  epoxy pai nt  t i nt i ng.   Manuf act ur er  shal l  
t i nt  mat er i al  and appr opr i at el y l abel .   Al l  ot her  r equi r ement s of  t hi s 
Mi l i t ar y Speci f i cat i on appl y.

2. 2. 3   Pol yur et hane Topcoat

Pol yur et hane coat i ng t opcoat  of  MI L- PRF- 85285,  Type I I ,  Whi t e 
SAE AMS- STD- 595A col or  number  17925.

Modi f y par agr aph 3. 6. 4 of  MI L- PRF- 85285,  Vi scosi t y and Pot  Li f e,  as 
f ol l ows:   

The vi scosi t y of  t he admi xed coat i ng,  when t est ed i n accor dance wi t h 
ASTM D1200 t hr ough a No.  4 For d cup,  shal l  be as f ol l ows:

Ti me f r om mi x ( mi ni mum) Maxi mum t i me t hr ough a No.  4 For d cup

I ni t i al l y 30 seconds

2 hour s 60 seconds

4 hour s No gel

Modi f y par agr aph 3. 7. 1 of  MI L- PRF- 85285,  Dr yi ng Ti me,  as f ol l ows:   
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When appl i ed by spr ay t echni ques and when t est ed i n accor dance wi t h 
ASTM D1640/ D1640M,  t he coat i ng shal l  be set - t o- t ouch wi t hi n f our  hour s 
and dr y- har d wi t hi n ei ght  hour s ( see 4. 6 and t abl e I ) .

2. 3   COATI NG SAMPLE COLLECTI ON AND SHI PPI NG KI T

Pr ovi de a k i t  t hat  cont ai ns one quar t  can f or  t he base of  each coat i ng 
mat er i al ,  an appr opr i at el y s i zed can f or  each act i vat or ,  di ppi ng cups f or  
each component  t o be sampl ed,  a shi ppi ng box si zed f or  t he sampl es t o t o 
be shi pped,  and packi ng mat er i al .   Mar k cans f or  t he appr opr i at e 
component .   Pr ovi de shi ppi ng document s,  i ncl udi ng ei t her  pr e- pai d shi ppi ng 
or  a shi pper  number  t hat  can be used by t he QC Manager  t o ar r ange pi ckup,  
addr essed t o t he appr oved coat i ng t est i ng l abor at or y.

2. 4   ABRASI VE SAMPLE COLLECTI ON AND SHI PPI NG KI T

Pr ovi de a k i t  t hat  cont ai ns one sui t abl e pl ast i c bag or  cont ai ner  f or  each 
sampl e t o be col l ect ed.   Mar k cont ai ner s f or  t he appr opr i at e component .   
Pr ovi de shi ppi ng document s,  i ncl udi ng ei t her  pr e- pai d shi ppi ng or  a 
shi pper  number  t hat  can be used by t he QC Manager  t o ar r ange pi ckup,  
addr essed t o t he appr oved coat i ng t est i ng l abor at or y.

2. 5   TEST KI TS

2. 5. 1   Test  Ki t  f or  Measur i ng Chl or i de,  Sul f at e and Ni t r at e I ons on St eel  
and Coat ed Sur f aces

Pr ovi de t est  k i t s t hat  meet  al l  of  t he f ol l owi ng r equi r ement s:

a.   Cont ai ns al l  mat er i al s, suppl i es,  t ool s,  and i nst r uct i ons f or  f i el d 
t est i ng and on- si t e quant i t at i ve eval uat i on of  chl or i de,  sul f at e,  and 
ni t r at e i ons;

b.   Ext r act  sol ut i on i s aci di c,  f act or y pr e- measur ed,  pr e- packaged,  and of  
uni f or m concent r at i on;

c.   Component s and sol ut i ons ar e mer cur y f r ee and envi r onment al l y f r i endl y;

d.   Cont ai ns new mat er i al s and sol ut i ons f or  each t est  ext r act i on;

e.   Cont ai ns an ext r act i on t est  cont ai ner  ( vessel ,  s l eeve,  cel l )  t hat  
cr eat es a seal ed,  encapsul at ed envi r onment  dur i ng sal t  i on ext r act i on;

f .   Cont ai ns a t est  ext r act  cont ai ner  sui t abl e f or  t est i ng t he f ol l owi ng 
st eel  sur f aces:  hor i zont al  ( up/ down conf i gur at i on) ,  ver t i cal ,  f l at ,  
cur ved,  smoot h,  pi t t ed,  and r ough;

g.   Al l  sal t  i on concent r at i ons ar e di r ect l y measur ed i n mi cr ogr ams per  
squar e cent i met er .

2. 5. 2   Test  Ki t  f or  I dent i f y i ng Ami ne Bl ush on Epoxy Sur f aces

Pr ovi de t est  k i t s t hat  meet  al l  of  t he f ol l owi ng r equi r ement s:

a.   I s a compl et el y sel f - cont ai ned f i el d t est  k i t  wi t h al l  mat er i al s,  
suppl i es,  t ool s,  and i nst r uct i ons t o per f or m t est s and i ndi cat e t he 
pr esence of  unr eact ed ami nes;

b.   Uses an i dent i f i abl e,  consi st ent ,  uni f or m,  pr e- packaged,  f act or y 
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pr e- measur ed i ndi cat i ng sol ut i on;

c.   Cont ai ns no mer cur y or  l ead and i s envi r onment al l y f r i endl y;

d.   Cont ai ns a sol ut i on of  an unr eact ed ami ne f or  t he pur pose of  " sel f  
checki ng"  t he i ndi cat or  sol ut i on;

2. 6   ABRASI VE

The r ef er enced abr asi ve speci f i cat i ons have maxi mum l i mi t s f or  sol ubl e 
sal t s cont ami nat i on,  however ,  t hi s maxi mum l evel  of  cont ami nat i on does not  
guar ant ee t hat  cont ami nat i on wi l l  not  be t r ansf er r ed t o t he st eel  sur f ace 
dur i ng abr asi ve bl ast i ng.   Ot her  f act or s such as on- si t e handl i ng and 
r ecycl i ng can al l ow cont ami nat i on of  abr asi ve.   Cont r act or s ar e caut i oned 
t o ver i f y t hat  t he chosen abr asi ve,  al ong wi t h wor k and st or age pr ocesses,  
al l ow t he f i nal  sur f ace cl eanl i ness r equi r ement s t o be achi eved.   
Successf ul  t est i ng of  chl or i des i n abr asi ve does not  negat e t he f i nal  
accept ance t est i ng of  st eel  sur f aces.

2. 6. 1   Non- met al l i c  Abr asi ve

Conf or m t o MI L- A- 22262,  Type I  ( I nor gani c mat er i al s) .   Abr asi ve shal l  be 
appr oved by t he Naval  Sea Syst ems Command and l i s t ed on t he appr opr i at e 
Qual i f i ed Pr oduct s Li st  ( QPL)  f or  t he speci f i ed mat er i al s.   Use sampl i ng 
pr ocedur es and t est i ng f r equenci es as pr escr i bed i n MI L- A- 22262.   Use 
abr asi ve t hat  i s speci f i cal l y sel ect ed and gr aded t o pr ovi de a shar p,  
angul ar  pr of i l e t o t he speci f i ed dept h.   Do not  use ungr aded abr asi ve.   
Make adj ust ment s t o pr ocesses or  abr asi ve gr adat i on t o achi eve speci f i ed 
sur f ace pr of i l e.   Recycl ed non- met al l i c  abr asi ve shal l  meet  al l  
r equi r ement s of  t he speci f i cat i on each t i me t hat  i t  i s  pl aced i n t he bl ast  
pot .

2. 6. 2   Met al l i c  Abr asi ve

2. 6. 2. 1   New and Remanuf act ur ed St eel  Gr i t

Conf or m t o t he chemi cal  and physi cal  pr oper t i es of  SSPC AB 3 Cl ass 1 
( St eel )  onl y.  Cl ass 2 ( I r on)  abr asi ve shal l  not  be used.

To devel op a sui t abl e wor k mi x f r om new st eel  abr asi ve,  a mi ni mum of  200 -  
400 r ecycl es i s r equi r ed,  t her ef or e,  i t  i s  advant ageous f or  a Cont r act or  
t o use r emanuf act ur ed st eel  gr i t  or  gr i t  r ecl ai med f r om a pr evi ous 
pr oj ect .   Such gr i t  shal l  be consi der ed t o conf or m i f  i t  can be t r aced t o 
new gr i t  conf or mi ng t o SSPC AB 3 Cl ass 1 and i t  meet s al l  c l eanl i ness 
r equi r ement s of  SSPC AB 3 Cl ass 1 when br ought  t o t he cur r ent  j obsi t e.   
Submi t  one r epr esent at i ve sampl e of  t hi s wor k mi x t o t he l abor at or y  f or  
t est i ng,  al ong wi t h sampl es of  new mat er i al .   Accept ance and use of  t hi s 
wor k mi x shal l  not  be used t o j ust i f y any devi at i on f r om sur f ace 
pr epar at i on r equi r ement s.

2. 6. 2. 2   Recycl ed St eel  Gr i t

Conf or m t o t he chemi cal  and physi cal  pr oper t i es of  SSPC AB 2

2. 7   WHI TE ALUMI NUM OXI DE NON- SKI D GRI T

Si ze #60,  dust  f r ee ( washed and dr y) ,  mi ni mum 99 per cent  pur e,  havi ng t he 
f ol l owi ng si eve anal ysi s when t est ed i n accor dance wi t h ASTM E11 usi ng a 
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2. 2 pound sampl e:

Si eve # Per cent  Ret ai ned

40 0

50 15- 40

60 60- 85

PART 3   EXECUTI ON

Per f or m al l  wor k,  r ewor k,  and r epai r  i n accor dance wi t h appr oved 
pr ocedur es i n t he Coat i ng Wor k Pl an.

3. 1   COATI NG AND ABRASI VE SAMPLE COLLECTI ON AND TESTI NG

Sampl e and t est  mat er i al s del i ver ed t o t he j obsi t e.   Not i f y Cont r act i ng 
Of f i cer  t hr ee days i n advance of  sampl i ng.   The QC Manager  and ei t her  t he 
PCS or  coat i ng i nspect or  shal l  wi t ness al l  sampl i ng.

3. 1. 1   Coat i ng Sampl e Col l ect i on

Pr ovi de a sampl e col l ect i on k i t  as r equi r ed i n par agr aph COATI NG SAMPLE 
COLLECTI ON AND SHI PPI NG KI T.   Fr om each l ot ,  obt ai n a one quar t  sampl e of  
each base mat er i al ,  and pr opor t i onal  sampl es of  each act i vat or  based on 
mi x r at i o,  by r andom sel ect i on f r om seal ed cont ai ner s i n accor dance wi t h 
ASTM D3925.   Pr i or  t o sampl i ng,  mi x cont ent s of  each seal ed cont ai ner  t o 
ensur e uni f or mi t y.   As an al t er nat i ve t o col l ect i ng smal l  sampl es f r om 
ki t s,  ent i r e k i t s may be r andoml y sel ect ed and shi pped t o l abor at or y,  
obser vi ng al l  r equi r ement s f or  wi t nessi ng and t r aceabi l i t y .   For  pur poses 
of  qual i t y conf or mance i nspect i on,  a l ot  i s  def i ned as t hat  quant i t y of   
mat er i al s f r om a si ngl e,  uni f or m bat ch pr oduced and of f er ed f or  del i ver y 
at  one t i me.   A bat ch i s def i ned as t hat  quant i t y of  mat er i al  pr ocessed by 
t he manuf act ur er  at  one t i me and i dent i f i ed by number  on t he l abel .   
I dent i f y sampl es by desi gnat ed name,  speci f i cat i on number ,  bat ch number ,  
pr oj ect  cont r act  number ,  sampl e dat e,  i nt ended use,  and quant i t y 
i nvol ved.   The QC manager  wi l l  t ake possessi on of  t he packaged sampl es,  
cont act  t he shi ppi ng company t o ar r ange f or  pi ckup,  and r el i nqui sh t he 
sampl es onl y t o t he shi ppi ng r epr esent at i ve f or  shi pment  t o t he appr oved 
l abor at or y f or  t est i ng as r equi r ed by t he par agr aph COATI NG SAMPLE TEST 
REPORTS.

3. 1. 2   Abr asi ve Sampl e Col l ect i on

Pr ovi de a sampl e col l ect i on k i t  as r equi r ed i n par agr aph ABRASI VE SAMPLE 
COLLECTI ON AND SHI PPI NG KI T.   For  pur poses of  qual i t y conf or mance 
i nspect i on,  a l ot  shal l  consi st  of  al l  abr asi ve mat er i al s of  t he same t ype 
f r om a si ngl e,  uni f or m bat ch pr oduced and of f er ed f or  del i ver y at  one 
t i me.   Obt ai n sampl es of  each abr asi ve l ot  usi ng t he sampl i ng t echni ques 
and schedul e of  MI L- A- 22262.   The addi t i on of  any subst ance t o a bat ch 
shal l  const i t ut e a new l ot .   I dent i f y sampl es by desi gnat ed name,  
speci f i cat i on number ,  l ot  number ,  pr oj ect  cont r act  number ,  sampl e dat e,  
i nt ended use,  and quant i t y i nvol ved.   The QC manager  wi l l  t ake possessi on 
of  t he packaged sampl es,  cont act  t he shi ppi ng company t o ar r ange f or  
pi ckup,  and r el i nqui sh t he sampl es onl y t o t he shi ppi ng r epr esent at i ve f or  
shi pment  t o t he appr oved l abor at or y f or  t est i ng as r equi r ed by t he 
par agr aph ABRASI VE SAMPLE TEST REPORTS.
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3. 1. 3   Coat i ng Sampl e Test  Repor t s

Submi t  t est  r esul t s f or  each l ot  of  coat i ng mat er i al  del i ver ed t o t he 
j obsi t e.   Test  sampl es of  pr i mer ,  i nt er medi at e,  and t opcoat  mat er i al s f or  
compl i ance wi t h r equi r ement s of  Tabl e I .   Rej ect  ent i r e l ot  r epr esent ed by 
sampl es t hat  f ai l  one or  mor e t est s,  sel ect  new l ot s,  and t est  sampl es.

3. 1. 4   Abr asi ve Sampl e Test  Repor t s

Submi t  t est  r esul t s f or  each l ot  of  abr asi ve del i ver ed t o t he j obsi t e.   
Test  sampl es of  met al l i c  abr asi ve t o t he r equi r ement s of  par agr aph 
REQUI REMENTS of  SSPC AB 3,  except  par agr aph 4. 1. 5 DURABI LI TY.   Test  
sampl es of  non- met al l i c  abr asi ve as r equi r ed i n par agr aph QUALI TY 
CONFORMANCE I NSPECTI ON of  MI L- A- 22262.   Rej ect  ent i r e l ot  r epr esent ed by 
sampl es t hat  f ai l  one or  mor e t est s,  sel ect  new l ot s,  and t est  sampl es.

3. 2   SURFACES TO BE COATED

Coat  ext er i or  sur f aces of  al l  under gr ound car bon st eel  pi pi ng,  car bon 
st eel  pi pi ng i n t ank sump,  car bon st eel  t ank vent  pi pi ng,  and car bon st eel  
t ank l evel  swi t ch pi pi ng.

3. 3   LI GHTI NG

Pr ovi de l i ght i ng f or  al l  wor k ar eas as pr escr i bed i n SSPC Gui de 12.

3. 4   SURFACE PREPARATI ON

3. 4. 1   Abr asi ve Bl ast i ng Equi pment

Use abr asi ve bl ast i ng equi pment  of  convent i onal  ai r ,  f or ce- f eed,  or  
pr essur e t ype.   Mai nt ai n a mi ni mum pr essur e of  95 psi g at  nozzl e.   Conf i r m 
t hat  ai r  suppl y f or  abr asi ve bl ast i ng i s f r ee of  oi l  and moi st ur e when 
t est ed i n accor dance wi t h ASTM D4285.   Test  ai r  qual i t y at  each st ar t up,  
but  i n no case l ess of t en t han ever y f i ve oper at i ng hour s.

3. 4. 2   Oper at i onal  Eval uat i on of  Abr asi ve

Test  abr asi ve f or  sal t  cont ami nat i on and oi l  cont ami nat i on as r equi r ed by 
t he appr opr i at e abr asi ve speci f i cat i on dai l y at  st ar t up and ever y f i ve 
oper at i ng hour s t her eaf t er .

3. 4. 3   Sur f ace St andar d

I nspect  sur f aces t o be coat ed,  and sel ect  pl at e wi t h s i mi l ar  pr oper t i es 
and sur f ace char act er i st i cs f or  use as a sur f ace st andar d.   Bl ast  c l ean 
one or  mor e one f oot  squar e st eel  panel s as speci f i ed i n par agr aph SURFACE 
PREPARATI ON.   Recor d bl ast  nozzl e t ype and si ze,  ai r  pr essur e at  nozzl e 
and compr essor ,  di st ance of  nozzl e f r om panel ,  and angl e of  bl ast  t o 
est abl i sh pr ocedur es f or  bl ast  c l eani ng.   Measur e sur f ace pr of i l e i n 
accor dance wi t h ASTM D7127.   When t he sur f ace st andar d compl i es wi t h al l  
speci f i ed r equi r ement s,  seal  wi t h a c l ear coat  pr ot ect ant .   Use t he sur f ace 
st andar d f or  compar i son t o abr asi ve bl ast ed sur f aces t hr oughout  t he cour se 
of  wor k.

3. 4. 4   Pr e- Pr epar at i on Test i ng f or  Sur f ace Cont ami nat i on

Per f or m t est i ng,  abr asi ve bl ast i ng,  and t est i ng i n t he pr escr i bed or der .
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3. 4. 4. 1   Pr e- Pr epar at i on Test i ng f or  Oi l  and Gr ease Cont ami nat i on

I nspect  al l  sur f aces f or  oi l  and/ or  gr ease cont ami nat i on usi ng t wo or  mor e 
of  t he f ol l owi ng i nspect i on t echni ques:  1)  Vi sual  i nspect i on,  2)  WATER 
BREAK TEST,  3)  CLOTH RUB TEST.   Rej ect  oi l  and/ or  gr ease cont ami nat ed 
sur f aces,  c l ean i n accor dance wi t h SSPC SP 1,  and r echeck f or  
cont ami nat i on unt i l  sur f aces ar e f r ee of  oi l  and gr ease.

WATER BREAK TEST -  Spr ay at omi zed mi st  of  di st i l l ed wat er  ont o sur f ace,  
and obser ve f or  wat er  beadi ng.   I f  wat er  " wet s"  sur f ace r at her  t han 
beadi ng up,  sur f ace can be consi der ed f r ee of  oi l  or  gr ease 
cont ami nat i on.   Beadi ng of  wat er  ( wat er  f or ms dr opl et s)  i s  evi dence of  oi l  
or  gr ease cont ami nat i on.

CLOTH RUB TEST -  Rub a c l ean,  whi t e,  l i nt  f r ee,  cot t on c l ot h ont o sur f ace 
and obser ve f or  di scol or at i on.   To conf i r m oi l  or  gr ease cont ami nat i on i n 
l i ght l y st ai ned ar eas,  a non- st ai ni ng sol vent  may be used t o ai d i n oi l  or  
gr ease ext r act i on.   Any vi s i bl e di scol or at i on i s evi dence of  oi l  or  gr ease 
cont ami nat i on.

3. 4. 4. 2   Pr e- Pr epar at i on Test i ng f or  Sol ubl e Sal t s Cont ami nat i on

Test  sur f aces f or  sol ubl e sal t s,  and wash as r equi r ed,  pr i or  t o abr asi ve 
bl ast i ng.   Sol ubl e sal t  t est i ng i s al so r equi r ed i n par agr aph 
PRE- APPLI CATI ON TESTI NG FOR SOLUBLE SALTS CONTAMI NATI ON as a f i nal  
accept ance t est  of  pr epar ed sur f aces af t er  abr asi ve bl ast i ng,  and 
successf ul  compl et i on of  t hi s phase does not  negat e t hat  r equi r ement .   
Thi s phase i s r ecommended si nce pr e- pr epar at i on t est i ng and washi ng ar e 
gener al l y mor e advant ageous t han at t empt i ng t o r emove sol ubl e sal t  
cont ami nat i on af t er  abr asi ve bl ast i ng.   Ef f ect i ve r emoval  of  sol ubl e sal t s 
wi l l  r equi r e r emoval  of  any bar r i er  t o t he st eel  sur f ace,  i ncl udi ng r ust .   
Thi s pr ocedur e may necessi t at e combi nat i ons of  wet  abr asi ve bl ast i ng,  hi gh 
pr essur e wat er  r i nsi ng,  and cl eani ng usi ng a sol ut i on of  wat er  washi ng and 
sol ubl e sal t s r emover .   The sol ubl e sal t s r emover  shal l  be aci di c,  
bi odegr adabl e,  nont oxi c,  noncor r osi ve,  and af t er  appl i cat i on,  wi l l  not  
i nt er f er e wi t h pr i mer  adhesi on.   Del ays bet ween t est i ng and pr epar at i on,  
or  t est i ng and coat i ng appl i cat i on,  may al l ow f or  t he f or mat i on of  new 
cont ami nat i on.   Use pot abl e wat er ,  or  pot abl e wat er  modi f i ed wi t h sol ubl e 
sal t  r emover ,  f or  al l  washi ng or  wet  abr asi ve bl ast i ng.   Test  met hods and 
equi pment  used i n t hi s phase ar e sel ect ed at  t he Cont r act or ' s di scr et i on.

3. 4. 5   Abr asi ve Bl ast i ng

Abr asi ve bl ast  st eel  sur f aces t o near - whi t e met al  i n accor dance wi t h 
SSPC SP 10/ NACE No.  2.   Pr epar ed sur f aces shal l  conf or m t o SSPC VI S 1 and 
shal l  mat ch t he pr epar ed t est - panel s.   Pr ovi de a 2 t o 3 mi l  sur f ace 
pr of i l e.   Rej ect  pr of i l e gr eat er  t han 3 mi l s,  di scont i nue abr asi ve 
bl ast i ng,  and modi f y pr ocesses and mat er i al s t o pr ovi de t he speci f i ed 
pr of i l e.   Measur e sur f ace pr of i l e i n accor dance wi t h ASTM D7127,  usi ng 
Rmax as t he measur e of  pr of i l e hei ght .   Recor d al l  measur ement s r equi r ed 
i n t hi s st andar d.   Measur e pr of i l e at  r at e of  t hr ee t est  ar eas f or  t he 
f i r st  1000 squar e f eet  pl us one t est  ar ea f or  each addi t i onal  1000 squar e 
f eet  or  par t  t her eof .   When sur f aces ar e r ebl ast ed f or  any r eason,  r et est  
pr of i l e as speci f i ed.   Fol l owi ng abr asi ve bl ast i ng,  r emove dust  and debr i s 
by vacuum cl eani ng.   Do not  at t empt  t o wi pe sur f ace cl ean.
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3. 4. 6   Di sposal  of  Used Abr asi ve

Di spose of  used abr asi ve of f  Gover nment  pr oper t y i n accor dance wi t h 
Feder al ,  St at e,  and Local  mandat ed r egul at i ons.

3. 4. 7   Pr e- Appl i cat i on Test i ng For  Sur f ace Cont ami nat i on

3. 4. 7. 1   Pr e- Appl i cat i on Test i ng f or  Oi l  and Gr ease Cont ami nat i on

Ensur e sur f aces ar e f r ee of  cont ami nat i on as descr i bed i n par agr aph 
PRE- PREPARATI ON TESTI NG FOR OI L AND GREASE CONTAMI NATI ON,  except  t hat  onl y 
quest i onabl e ar eas need be checked f or  beadi ng of  wat er  mi st ed ont o 
sur f ace.

3. 4. 7. 2   Pr e- Appl i cat i on Test i ng f or  Sol ubl e Sal t s Cont ami nat i on

Test  sur f aces f or  chl or i de cont ami nat i on usi ng t he Test  Ki t  descr i bed i n 
TEST KI T FOR MEASURI NG CHLORI DE,  SULFATE AND NI TRATE I ONS ON STEEL AND 
COATED SURFACES.  Test  al l  sur f aces at  r at e of  t hr ee t est s f or  t he f i r st  
1000 squar e f eet  pl us one t est  f or  each addi t i onal  2000 squar e f eet  or  
par t  t her eof .  Concent r at e t est i ng of  bar e st eel  at  ar eas of  coat i ng 
f ai l ur e t o bar e st eel  and ar eas of  cor r osi on pi t t i ng.  One or  mor e r eadi ngs 
gr eat er  t han 3 mi cr ogr ams per  squar e cent i met er  of  chl or i des or  10 
mi cr ogr ams per  squar e cent i met er  of  sul f at es or  5 mi cr ogr ams per  squar e 
cent i met er  of  ni t r at es i s evi dence of  sol ubl e sal t  cont ami nat i on.   Rej ect  
cont ami nat ed sur f aces,  wash as di scussed i n par agr aph PRE- PREPARATI ON 
TESTI NG FOR SOLUBLE SALTS CONTAMI NATI ON,  al l ow t o dr y,  and r e- t est  unt i l  
al l  r equi r ed t est s show al l owabl e r esul t s.   Rebl ast  t est ed and cl eaned 
ar eas as r equi r ed.   Label  al l  t est  t ubes and r et ai n f or  t est  ver i f i cat i on.

3. 4. 7. 3   Pr e- Appl i cat i on Test i ng f or  Sur f ace Cl eanl i ness

Appl y coat i ngs t o dust  f r ee sur f aces.   To t est  sur f aces,  appl y st r i p of  
c l ear  adhesi ve t ape t o sur f ace and r ub ont o sur f ace wi t h f i nger .   When 
r emoved,  t he t ape shoul d show l i t t l e or  no dust ,  bl ast  abr asi ve,  or  ot her  
cont ami nant .   Rej ect  cont ami nat ed sur f aces and r et est .   Test  sur f aces at  
r at e of  t hr ee t est s f or  t he f i r st  1000 squar e f eet  pl us one t est  f or  each 
addi t i onal  1000 squar e f eet  or  par t  t her eof .   Pr ovi de t wo addi t i onal  t est s 
f or  each f ai l ed t est  or  quest i onabl e t est .   At t ach t est  t apes t o Dai l y 
I nspect i on Repor t s.

3. 5   MI XI NG AND APPLI CATI ON OF SEALANT AND COATI NG SYSTEM

3. 5. 1   Pr epar at i on of  Seal ant  and Coat i ng Mat er i al s f or  Appl i cat i on

Each of  t he seal ant ,   pr i mer ,  i nt er medi at e,  and t opcoat  mat er i al s i s a 
t wo- component  mat er i al  suppl i ed i n separ at e cont ai ner s.   

3. 5. 1. 1   Mi xi ng Seal ant ,  Pr i mer  and I nt er medi at e Coat  Mat er i al s

Mi x i n accor dance wi t h manuf act ur er ' s i nst r uct i ons,  whi ch may di f f er  f or  
each pr oduct .   Do not  mi x par t i al  k i t s,  or  al t er  mi x r at i os.   Mi x 
mat er i al s i n same t emper at ur e and humi di t y condi t i ons speci f i ed i n 
par agr aph DELI VERY AND STORAGE.   Al l ow mi xed mat er i al  t o st and f or  t he 
r equi r ed i nduct i on t i me based on i t s t emper at ur e.

3. 5. 1. 2   Mi xi ng Topcoat  Mat er i al

Do not  mi x par t i al  k i t s,  or  al t er  mi x r at i os.   Mi x pol yur et hane coat i ng 
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mat er i al s i n same t emper at ur e condi t i ons speci f i ed i n par agr aph DELI VERY 
AND STORAGE.   The pol yur et hane coat i ng mat er i al  i s  moi st ur e sensi t i ve and 
any i nt r oduct i on of  moi st ur e or  wat er  i nt o t he mat er i al  dur i ng mi xi ng or  
appl i cat i on wi l l  shor t en usabl e pot  l i f e.   Use a mi xer  t hat  does not  
cr eat e a vor t ex.   Do not  add sol vent  wi t hout  speci f i c  wr i t t en 
r ecommendat i on f r om t he manuf act ur er .   No i nduct i on t i me i s r equi r ed,  onl y 
t hor ough agi t at i on of  t he mi xed mat er i al .

3. 5. 1. 3   Pot  Li f e 

Appl y mi xed pr oduct s wi t hi n st at ed pot  l i f e f or  each pr oduct .   St op 
appl y i ng when mat er i al  becomes di f f i cul t  t o appl y i n a smoot h,  uni f or m wet  
f i l m.   Add al l  r equi r ed sol vent  at  t i me of  mi xi ng.   Do not  add sol vent  t o 
ext end pot  l i f e.   Pot  l i f e i s based on st andar d condi t i ons at  70 degr ees F 
and 50 per cent  r el at i ve humi di t y.   For  ever y 18 degr ees F r i se i n 
t emper at ur e,  pot  l i f e i s r educed by appr oxi mat el y hal f ,  and f or  ever y 18 
degr ees F dr op i t  i s  appr oxi mat el y doubl ed.   Usabl e pot  l i f e depends on 
t he t emper at ur e of  t he mat er i al  at  t he t i me of  mi xi ng and t he sust ai ned 
t emper at ur e at  t he t i me of  appl i cat i on.   Ot her  f act or s such as t he shape 
of  t he cont ai ner  and vol ume of  mi xed mat er i al  may al so af f ect  pot  l i f e.   
Pr ecool i ng or  ext er i or  i c i ng of  component s f or  at  l east  24 hour s t o a 
mi ni mum of  50 degr ees F i n hot  c l i mat es wi l l  ext end pot  l i f e.   Hi gh 
humi di t y at  t i me of  mi xi ng and appl i cat i on shor t ens pot  l i f e of  t he 
Pol yur et hane t opcoat  mat er i al .   Fol l owi ng ar e appr oxi mat e pot  l i f e t i mes:

Seal ant                                         As speci f i ed by manuf act ur er
Epoxy pr i mer  and i nt er medi at e mat er i al s        4 hour s
Pol yur et hane t opcoat  mat er i al s                 2 hour s.

3. 5. 1. 4   Appl i cat i on Condi t i ons and Recoat  Wi ndows

The appl i cat i on condi t i on r equi r ement s f or  t he coat i ng syst em ar e ver y 
t i me and t emper at ur e sensi t i ve,  and ar e i nt ended t o avoi d t he del ami nat i on 
pr obl ems f r equent l y f ound on i ndust r i al  st r uct ur es.   Pl an coat i ng 
appl i cat i on t o ensur e t hat  speci f i ed t emper at ur e,  humi di t y,  and 
condensat i on condi t i ons ar e met .   I f  condi t i ons do not  al l ow f or  or der l y 
appl i cat i on of  seal ant ,  pr i mer ,  st r i pe coat ,  i nt er medi at e coat  and 
t opcoat ,  use appr opr i at e means of  cont r ol l i ng ai r  and sur f ace 
t emper at ur es,  as r equi r ed.   Par t i al  or  t ot al  encl osur es,  i nsul at i on,  
heat i ng or  cool i ng,  or  ot her  appr opr i at e measur es may be r equi r ed t o 
cont r ol  condi t i ons t o al l ow f or  or der l y appl i cat i on of  al l  r equi r ed coat s.

Mai nt ai n ai r  and st eel  sur f ace t emper at ur e bet ween 60 and 100 degr ees F 
dur i ng appl i cat i on and t he f i r st  f our  hour s of  cur e f or  epoxy coat s and 
t he f i r st  ei ght  hour s of  cur e f or  pol yur et hane coat s.   Mai nt ai n st eel  
sur f ace t emper at ur e mor e t han 5 degr ees F above t he dew- poi nt  of  t he 
ambi ent  ai r  f or  t he same per i od.

Use Tabl e ent i t l ed " RECOAT WI NDOWS"  t o det er mi ne appr opr i at e r ecoat  
wi ndows f or  each coat  af t er  t he i ni t i al  coat .   Appl y each coat  dur i ng 
appr opr i at e RECOAT WI NDOW of  pr ecedi ng coat .   I f  a RECOAT WI NDOW i s 
mi ssed,  t he mi ni mum and maxi mum pr i mer  and i nt er medi at e coat  t hi ckness may 
be adj ust ed t o accommodat e a FI LL COAT,  however ,  r equi r ement s f or  t ot al  
epoxy coat i ng t hi ckness and t ot al  coat i ng t hi ckness wi l l  not  be modi f i ed.   
Mi ssi ng mor e t han one RECOAT WI NDOW may r equi r e compl et e r emoval  of  
coat i ng i f  maxi mum t ot al  coat i ng t hi ckness r equi r ement s cannot  be achi eved.

I f  coat i ng i s not  appl i ed dur i ng RECOAT WI NDOW,  or  i f  sur f ace t emper at ur e 
exceeds 120 degr ees F bet ween appl i cat i ons,  pr ovi de GLOSS REMOVAL,  appl y 
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next  coat  wi t hi n 24 hour s.   I f  next  pl anned coat  i s t opcoat ,  appl y FI LL 
COAT i f  r equi r ed t o f i l l  sandi ng mar ks.   Sandi ng mar ks f r om GLOSS REMOVAL 
of  i nt er medi at e coat  r ef l ect i ng t hr ough t opcoat  wi l l  be consi der ed as 
noncompl i ant .   Appl y FI LL COAT wi t hi n 24 hour s of  GLOSS REMOVAL,  t hen 
appl y t opcoat  wi t hi n RECOAT WI NDOW of  FI LL COAT.  

RECOAT WI NDOWS

EPOXY OVER EPOXY

 Temper at ur e 
degr ees F

 60- 70  71- 80  12- 36  91- 100  101- 110  111- 120

RECOAT WI NDOW 
( Hr s. )

24- 72 18- 60 16- 48 12- 36 8- 18 4- 6

POLYURETHANE OVER EPOXY

 Temper at ur e 
degr ees F

 60- 70  71- 80  12- 36  91- 100  101- 110  111- 120

RECOAT WI NDOW 
( Hr s. )

24- 96 24- 72 16- 48 12- 36 10- 24 8- 16

POLYURETHANE OVER POLYURETHANE

 Temper at ur e 
degr ees F

 60- 70  71- 80  12- 36  91- 100  101- 110  111- 120

RECOAT WI NDOW 
( Hr s. )

8- 48 6- 48 4- 36 3- 24 2- 12 1- 2

The t emper at ur e r anges shown i n t he t abl e above ar e f or  det er mi ni ng r ecoat  
wi ndows.   Choose r ecoat  wi ndow based on t he hi ghest  sur f ace t emper at ur e 
t hat  was sust ai ned f or  one or  mor e hour s bet ween coat s.   Thi s appl i es t o 
t he ent i r e t i me bet ween coat s.   Measur e and r ecor d ai r  and sur f ace 
t emper at ur es on hour l y basi s t o det er mi ne appr opr i at e r ecoat  wi ndows.   I f  
sur f ace t emper at ur e goes above 100 degr ees F,  measur e and r ecor d 
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t emper at ur es ever y hal f  hour .

FI LL COAT -  Wher e i ndi cat ed,  appl y coat  of  i nt er medi at e coat  epoxy,  at  2 
t o 3 mi l s DFT,  t hen appl y next  speci f i ed f ul l  coat  wi t hi n r ecoat  wi ndow of  
FI LL COAT.   A FI LL COAT may be used t o adj ust  coat i ng t hi ckness t o compl y 
wi t h r equi r ement s or  t o f i l l  sandi ng mar ks i n i nt er medi at e coat .

GLOSS REMOVAL -  Wher e r equi r ed,  hand sand i n a l i near  f ashi on t o r emove 
gl oss usi ng 120- 200 gr i t  wet / dr y sandpaper ,  f ol l owed by sol vent  wi pi ng 
wi t h a c l ean r ag soaked wi t h denat ur ed al cohol  t o r emove al l  dust .   GLOSS 
REMOVAL of  pr i mer  coat  i s t o scar i f y sur f ace and shal l  consi st  of  r emoval  
of  appr oxi mat el y 1 mi l  of  coat i ng.   I f  st eel  i s  exposed dur i ng GLOSS 
REMOVAL,  r epai r  i n accor dance wi t h par agr aph PROCEDURE FOR HOLI DAY AND 
SPOT REPAI RS OF NEWLY APPLI ED COATI NG.   GLOSS REMOVAL of  i nt er medi at e coat  
may i ncl ude r emoval  of  up t o 3 mi l s of  coat i ng t o avoi d excess t hi ckness,  
pr i or  t o appl i cat i on of  FI LL COAT.

3. 5. 2   Ami ne Bl ush Test i ng of  Epoxy Coat  Pr i or  t o Over coat i ng

Test  epoxy sur f aces pr i or  t o appl i cat i on of  epoxy coat ,  or  pol yur et hane 
t opcoat  f or  ami ne bl ush cont ami nat i on usi ng t he Test  Ki t  descr i bed i n 
par agr aph TEST KI T FOR I DENTI FYI NG AMI NE BLUSH ON EPOXY SURFACES.  Test  al l  
sur f aces at  r at e of  t hr ee t est s f or  t he f i r st  1000 squar e f eet  pl us one 
t est  f or  each addi t i onal  2000 squar e f eet  or  par t  t her eof .   Remove any 
i dent i f i ed cont ami nat i on usi ng an appr oved pr ocedur e.

3. 5. 3   Appl i cat i on of  Coat i ng Syst em 

Appl y coat i ngs i n accor dance wi t h SSPC PA 1 and as speci f i ed her ei n.   
Appl y coat i ngs t o sur f aces t hat  meet  al l  st at ed sur f ace pr epar at i on 
r equi r ement s.

Af t er  appl i cat i on of  pr i mer  coat  and pr i or  t o appl i cat i on of  each 
subsequent  coat ,  per f or m t est i ng pr escr i bed i n par agr aph PRE- APPLI CATI ON 
TESTI NG FOR SURFACE CONTAMI NATI ON,  as necessar y,  t o ensur e mi ni mal  
i nt er coat  cont ami nat i on.   Thi s t est i ng may be r educed t o one hal f  of  t he 
pr escr i bed r at e f or  bar e st eel  i f  t he t est i ng i ndi cat es no cont ami nat i on 
when sampl i ng i s evenl y di st r i but ed over  sur f aces bei ng t est ed.   I f  
cont ami nat i on i s f ound bet ween coat s,  r ever t  t o t he speci f i ed t est i ng 
r at e.   Gener al l y,  oi l  and gr ease cont ami nat i on and sol ubl e sal t s 
cont ami nat i on ar e not  encount er ed i f  subsequent  coat s ar e appl i ed wi t hi n 
speci f i ed r ecoat  wi ndows and unusual  at mospher i c event s do not  occur .   
Such at mospher i c event s as a coast al  st or m bl owi ng onshor e can br i ng 
unusual  chl or i de cont ami nat i on.   Concer n f or  i nt er coat  cont ami nat i on 
shoul d be cont i nual l y pr eval ent ,  and spot  t est i ng shoul d be accompl i shed 
t o ver i f y sat i sf act or y condi t i ons.   Wher e vi sual  exami nat i on or  spot  
t est i ng i ndi cat es cont ami nat i on,  per f or m suf f i c i ent  t est i ng t o ver i f y 
non- cont ami nat i on,  or  t o def i ne ext ent  of  cont ami nat i on f or  appr opr i at e 
t r eat ment .

Appl y each coat  i n a consi st ent  wet  f i l m,  at  90 degr ees t o pr evi ous coat .   
Ensur e t hat  pr i mer  and i nt er medi at e coat  " col d j oi nt s"  ar e no l ess t han 
si x i nches f r om wel ds.   Appl y st r i pe coat  by br ush.   For  conveni ence,  
st r i pe coat  mat er i al  may be del i ver ed by spr ay i f  f ol l owed i mmedi at el y 
wi t h br ush- out  and appr oved pr ocedur es i ncl ude appr opr i at e cont r ol s on 
t hi ckness.  Appl y al l  ot her  coat s by spr ay appl i cat i on.   .   Cover  or  
pr ot ect  al l  sur f aces t hat  wi l l  not  be coat ed.   The cl eanl i ness,  
t emper at ur e,  r ecoat  wi ndows,  and ai r bor ne pai nt  cont ai nment  r equi r ement s 
may necessi t at e t he use of  encl osur es,  por t abl e shel t er s,  or  ot her  
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appr opr i at e cont r ol s.

Appl y coat i ngs at  t he f ol l owi ng speci f i ed t hi ckness:

Coat Mi ni mum DFT ( Mi l s) Maxi mum DFT ( Mi l s)

Pr i mer 3 5

I nt er medi at e 3 5

Top 2 3

Tot al  syst em 8 13

3. 5. 3. 1   Appl i cat i on of  Pr i mer

Appl y pr i mer  coat ,  mai nt ai ni ng pai nt  suppl y cont ai ner  hei ght  wi t hi n 3 f eet  
of  t he pai nt  nozzl e f or  appl y i ng z i nc pr i mer .   Mai nt ai n const ant  agi t at i on 
of  pai nt  pot  t o ensur e t hat  z i nc does not  set t l e i n cont ai ner .

3. 5. 3. 2   Appl i cat i on of  St r i pe Coat

Appl y a st r i pe coat  of  i nt er medi at e coat  epoxy mat er i al  wi t hi n RECOAT 
WI NDOW of  pr i mer ,  al l owi ng suf f i c i ent  dr y t i me t o al l ow appl i cat i on of  
i nt er medi at e coat  wi t hi n RECOAT WI NDOW of  pr i mer .   Appl y by br ush,  wor ki ng 
mat er i al  i nt o cor ner s,  cr evi ces,  angl es,  and wel ds,  and ont o out si de 
cor ner s and angl es.

3. 5. 3. 3   Appl i cat i on of  I nt er medi at e Coat

Appl y i nt er medi at e coat  wi t hi n RECOAT WI NDOW of  pr i mer  coat .   

3. 5. 3. 4   Appl i cat i on of  Topcoat

Make al l  r equi r ed r epai r s t o pr i mer  and i nt er medi at e coat s as speci f i ed i n 
par agr aph ent i t l ed " Pr ocedur e f or  Hol i day and Spot  Repai r s of  Newl y 
Appl i ed Coat i ng"  pr i or  t o appl y i ng t opcoat .   Appl y t opcoat  wi t hi n RECOAT 
WI NDOW of  i nt er medi at e coat .   The pol yur et hane t opcoat  may r equi r e 
mul t i pl e passes t o achi eve desi r ed aest het i cs and r equi r ed t hi ckness.   
Consul t  manuf act ur er  f or  t hi nni ng and appl i cat i on pr ocedur es f or  
ant i c i pat ed t emper at ur e,  humi di t y,  and wi nd condi t i ons.   Touch- up 
bl emi shes and def ect s wi t hi n r ecoat  wi ndow of  pol yur et hane t opcoat .   
Ret ai n sampl e of  pol yur et hane t opcoat ,  f r om t he same bat ch used t o coat  
st r uct ur e,  t o make t ouch- ups t hat  mi ght  be r equi r ed l at er .

3. 5. 3. 5   Pr ocedur e f or  Hol i day and Spot  Repai r s of  Newl y Appl i ed Coat i ng

Repai r  coat i ng f i l m def ect s at  t he ear l i est  pr act i cabl e t i me,  pr ef er abl y 
bef or e appl i cat i on of  t he succeedi ng coat .   Obser ve al l  r equi r ement s f or  
sol ubl e sal t s cont ami nat i on,  c l eanl i ness bet ween coat s,  and appl i cat i on 
condi t i ons.   Pr epar e def ect i ve ar ea i n accor dance wi t h 
SSPC SP 10/ NACE No.  2,  and f eat her  coat i ng as r equi r ed t o l eave 4 i nches 
of  each succeedi ng coat  f eat her ed and abr aded.   Pr ot ect  adj acent  ar eas 
f r om damage and over spr ay.   Remove dust  and sol vent  wi pe t he pr epar ed ar ea 
pl us an addi t i onal  4 i nches beyond t he pr epar ed ar ea wi t h c l ean denat ur ed 
al cohol .   Appl y each coat  wi t hi n RECOAT WI NDOW of  pr eceedi ng coat .   Wi t hi n 
f our  hour s of  pr epar at i on,  appl y z i nc- r i ch pr i mer  t o pr epar ed st eel  and 
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f eat her  ont o pr epar ed pr i mer .   Appl y i nt er medi at e coat  t o pr i med ar ea and 
f eat her  t o pr epar ed i nt er medi at e ar ea.   Appl y t opcoat  t o i nt er medi at e coat  
and f eat her  t o pr epar ed t opcoat .   Appl y each r epai r  coat  t o appr oxi mat e 
t hi ckness of  sur r oundi ng coat i ng syst em.

3. 6   PROJECT I DENTI FI CATI ON

At  t he compl et i on of  t he wor k,  st enci l  t he f ol l owi ng i nf or mat i on on t he 
pi pi ng i n 3/ 4 t o one i nch Hel vet i ca st y l e l et t er s of  cont r ast i ng col or  
usi ng acr yl i c st enci l  pai nt :

Dat e ext er i or  coat ed:
Pr oj ect  Number :
Cont r act or :
Addr ess:
Coat i ng Syst em

Sur f ace Pr ep:  SSPC SP ____ Pr of i l e:  ______
Pr i mer :  __________________ Thi ckness:  ____
I nt er medi at e:  ____________ Thi ckness:  ____
Topcoat :  _________________ Thi ckness:  ____
Tot al  Thi ckness:  _________

3. 7   FI ELD QUALI TY CONTROL

For  mar ki ng of  t ank sur f aces,  use chal k f or  mar ki ng bar e st eel ,  and wat er  
based mar ker s f or  mar ki ng coat ed sur f aces,  and r emove mar ks pr i or  t o 
coat i ng.   Do not  use any wax or  gr ease based mar ker s,  or  any ot her  mar ker s 
t hat  l eave a r esi due or  st ai n.

3. 7. 1   Coat i ng I nspect or

The coat i ng i nspect or  shal l  be consi der ed a QC Speci al i st  and shal l  r epor t  
t o t he QC Manager ,  as speci f i ed i n 01 45 00. 00 10 QUALI TY CONTROL .   The 
Coat i ng I nspect or  shal l  be pr esent  dur i ng al l  pr e- pr epar at i on t est i ng,  
sur f ace pr epar at i on,  coat i ng appl i cat i on,  i ni t i al  cur e of  t he coat i ng 
syst em,  dur i ng al l  coat i ng r epai r  wor k,  and dur i ng compl et i on act i v i t i es 
as speci f i ed i n 01 45 00. 00 10 QUALI TY CONTROL .   The Coat i ng I nspect or  
shal l  pr ovi de compl et e document at i on of  condi t i ons and occur r ences on t he 
j ob s i t e,  and be awar e of  condi t i ons and occur r ences t hat  ar e pot ent i al l y  
det r i ment al  t o t he coat i ng syst em.   The r equi r ement s f or  i nspect i on l i s t ed 
i n t hi s Sect i on ar e i n addi t i on t o t he QC i nspect i on and r epor t i ng 
r equi r ement s speci f i ed i n 01 45 00. 00 10 QUALI TY CONTROL .

3. 7. 2   Fi el d I nspect i on

3. 7. 2. 1   I nspect i on Requi r ement s

Per f or m f i el d i nspect i on i n accor dance wi t h ASTM D3276 and t he appr oved 
Coat i ng Wor k Pl an.   Document  Cont r act or ' s compl i ance wi t h t he appr oved 
Coat i ng Wor k Pl an.

Pr ovi de al l  t ool s and i nst r ument s r equi r ed t o per f or m t he r equi r ed 
t est i ng,  as wel l  as any t ool s or  i nst r ument s t hat  t he i nspect or  consi der s 
necessar y t o per f or m t he r equi r ed i nspect i ons and t est s.   Document  each 
i nspect i on and t est ,  i ncl udi ng r equi r ed hol d poi nt s and ot her  r equi r ed 
i nspect i ons and t est s,  as wel l  as t hose i nspect i ons and t est s deemed 
pr udent  f r om on- si t e eval uat i on t o document  a par t i cul ar  pr ocess or  
condi t i on,  as f ol l ows:
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a.   Locat i on or  ar ea;  
b.   Pur pose ( r equi r ed or  speci al ) ;
c.   Met hod;
d.   Cr i t er i a f or  eval uat i on;
e.   Resul t s;
f .   Det er mi nat i on of  compl i ance;
g.   Li st  of  r equi r ed r ewor k;
h.   Obser vat i ons.

Col l ect  and r ecor d Envi r onment al  Condi t i ons as descr i bed i n ASTM D3276 on 
a 24 hour  basi s,  as f ol l ows:

a.   Dur i ng sur f ace pr epar at i on,  ever y t wo hour s or  when changes occur ;

b.   Dur i ng coat i ng appl i cat i on and t he f i r st  f our  days of  i ni t i al  cur e,  
ever y hour ,  or  when changes occur ;

c.   Not e l ocat i on,  t i me,  and t emper at ur e of  t he hi ghest  and l owest  sur f ace 
t emper at ur es each day;

d.   Use a non- cont act  t her momet er  t o l ocat e t emper at ur e ext r emes,  t hen 
ver i f y wi t h cont act  t her momet er s.

Document  al l  equi pment  used i n i nspect i ons and t est i ng,  i ncl udi ng 
manuf act ur er ,  model  number ,  ser i al  number ,  l ast  cal i br at i on dat e and 
f ut ur e cal i br at i on dat e,  and r esul t s of  on- si t e cal i br at i on per f or med.

Document  Cont r act or s compl i ance wi t h t he appr oved Coat i ng Wor k Pl an.   

3. 7. 2. 2   I nspect i on Repor t  For ms

Devel op pr oj ect - speci f i c  r epor t  f or ms as r equi r ed t o r epor t  measur ement s,  
t est  r esul t s,  and obser vat i ons bei ng compl et e and and conf or mi ng t o 
cont r act  r equi r ement s.   Thi s i ncl udes al l  di r ect  r equi r ement s of  t he 
cont r act  document s and i ndi r ect  r equi r ement s of  r ef er enced document s.   
Show accept ance cr i t er i a wi t h each r equi r ement  and i ndi cat i on of  
conf or mi t y of  each i nspect ed i t em.   The dat a may be i n any f or mat ,  but  
must  be l egi bl e and pr esent ed so t hat  ent er ed dat a can be qui ckl y compar ed 
t o t he appr opr i at e r equi r ement .

3. 7. 2. 3   Dai l y I nspect i on Repor t s

Submi t  one copy of  dai l y i nspect i on r epor t  compl et ed each day when 
per f or mi ng wor k under  t hi s Sect i on,  t o t he Cont r act i ng Of f i cer .   Not e al l  
non- compl i ance i ssues,  and al l  i ssues t hat  wer e r epor t ed f or  r ewor k i n 
accor dance wi t h QC pr ocedur es of  01 45 00. 00 10 QUALI TY CONTROL .   Each 
r epor t  shal l  be s i gned by t he coat i ng i nspect or  and t he QC Manager .   
Submi t  r epor t  wi t hi n 24 hour s of  dat e r ecor ded on t he r epor t .

3. 7. 2. 4   I nspect i on Logbook

A cont i nuous r ecor d of  al l  act i v i t y r el at ed t o t hi s Sect i on shal l  be 
mai nt ai ned i n an I nspect i on Logbook on a dai l y basi s.   The l ogbook shal l  
be har d or  spi r al  bound wi t h consecut i vel y number ed pages,  and shal l  be 
used t o r ecor d al l  i nf or mat i on pr ovi ded i n t he Dai l y I nspect i on Repor t s,  
as wel l  as ot her  per t i nent  obser vat i ons and i nf or mat i on.   The Coat i ng 
I nspect or ' s Logbook t hat  i s sol d by NACE i s sat i sf act or y.   Submi t  t he 
or i gi nal  I nspect i on Logbook t o t he Cont r act i ng Of f i cer  upon compl et i on of  
t he pr oj ect  and pr i or  t o f i nal  payment .
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3. 7. 2. 5   I nspect i on Equi pment

Al l  equi pment  shal l  be i n good condi t i on,  oper at i onal  wi t hi n i t s desi gn 
r ange,  and cal i br at ed as r equi r ed by t he speci f i ed st andar d f or  use of  
each devi ce.

3. 8   FI NAL CLEANUP

Fol l owi ng compl et i on of  t he wor k,  r emove debr i s,  equi pment ,  and mat er i al s 
f r om t he si t e.   Remove t empor ar y connect i ons t o Gover nment  or  Cont r act or  
f ur ni shed wat er  and el ect r i cal  ser vi ces.   Rest or e exi st i ng f aci l i t i es i n 
and ar ound t he wor k ar eas t o t hei r  or i gi nal  condi t i on.

TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I a -  Zi nc- r i ch Epoxy Pr i mer  Coat  MI L- DTL- 24441/ 19 For mul a 159

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Pi gment  cont ent ,  per cent  
( z i nc dust )

- - - - - - 81. 5 85. 5 - - - - - -

Vol at i l es,  per cent 42. 8 44. 3 8. 0 8. 4 - - - - - -

Non- vol at i l e vehi cl e 
per cent

53. 7 57. 7 8. 3 8. 7 - - - - - -

Wei ght ,  Ki l ogr ams/ l i t er 0. 87 1. 01 3. 30 3. 40 2. 80 2. 91

Wei ght ,  Pounds/ gal l on 7. 3 8. 4 27. 5 28. 4 23. 4 24. 4

Fl ashpoi nt ,  Degr ees C 35. 6 - - - 37. 8 - - - - - - - - -

Fl ashpoi nt ,  Degr ees F 96 - - - 100 - - - - - - - - -

Consi st ency,  gr ams - - - - - - 250 500 150 300

Set  t o t ouch t i me,  hour s 
at  23 degr ees C,  73 
degr ees F

- - - - - - - - - - - - - - - 2

Dr y har d t i me,  hour s at  
23 degr ees C,  73 degr ees F

- - - - - - - - - - - - - - - 8
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TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I a -  Zi nc- r i ch Epoxy Pr i mer  Coat  MI L- DTL- 24441/ 19 For mul a 159

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Pot  l i f e,  hour s at  23 
degr ees C,  73 degr ees F

- - - - - - - - - - - - 4 - - -

Sag r esi st ance,  
Mi cr omet er s

- - - - - - - - - - - - 300 - - -

Sag r esi st ance,  Mi l s - - - - - - - - - - - - 12 - - -

VOC,  Gr ams/ l i t er - - - - - - - - - - - - - - - 304

VOC,  Pounds/ gal l on - - - - - - - - - - - - - - - 2. 5

NOTES:  Test  met hods as speci f i ed i n MI L- DTL- 24441.

TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I b.  -  Epoxy I nt er medi at e Coat  MI L- DTL- 24441/ 31 For mul a 152 Type I V ( Whi t e 
( Ti nt ed) )

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Pi gment  cont ent ,  per cent 44. 0 49. 0 33. 0 38. 0 - - - - - -

Vol at i l es,  per cent 29. 0 35. 0 16. 0 21. 0 - - - - - -

Non- vol at i l e vehi cl e 
per cent

17. 5 23. 5 44. 0 49. 0 - - - - - -

Coar se par t i c l es,  per cent - - - 0. 3 - - - 0. 3 - - - - - -
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TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I b.  -  Epoxy I nt er medi at e Coat  MI L- DTL- 24441/ 31 For mul a 152 Type I V ( Whi t e 
( Ti nt ed) )

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Consi st ency,  gr ams 180 320 300 470 180 245

Wei ght ,  Ki l ogr ams/ l i t er 1. 39 1. 45 1. 29 1. 35 1. 34 1. 4

Wei ght ,  Pounds/ gal l on 11. 6 12. 1 10. 8 11. 3 11. 2 11. 7

Set  t o t ouch t i me,  hour s 
at  23 degr ees C,  73 
degr ees F

- - - - - - - - - - - - - - - 3

Dr y har d t i me,  hour s at  
23 degr ees C,  73 degr ees F

- - - - - - - - - - - - - - - 8

Fi neness of  gr i nd,  Hegman 4 - - - 4 - - - - - - - - -

Fl ashpoi nt ,  Degr ees C 35. 5 - - - 37. 8 - - - - - - - - -

Fl ashpoi nt ,  Degr ees F 96 - - - 100 - - - - - - - - -

Ti t ani um di oxi de,  per cent  
of  pi gment

91 - - - - - - - - - - - - - - -

Pot  l i f e,  hour s at  23 
degr ees C,  73 degr ees F

- - - - - - - - - - - - 4 - - -

Sag r esi st ance,  
Mi cr omet er s

- - - - - - - - - - - - 300 - - -

Sag r esi st ance,  Mi l s - - - - - - - - - - - - 12 - - -

Col or  of  dr y f i l m t o 
appr oxi mat e col or  of  
SAE AMS- STD- 595A col or  
27778

- - - - - - - - - - - - - - - Conf or m

Cont r ast  r at i o,  at  75 
mi cr omet er s,  3 mi l s DFT

- - - - - - - - - - - - . 098 - - -

Gl oss,  60 degr ee specul ar - - - - - - - - - - - - 35 - - -
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TABLE 1

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I b.  -  Epoxy I nt er medi at e Coat  MI L- DTL- 24441/ 31 For mul a 152 Type I V ( Whi t e 
( Ti nt ed) )

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

VOC,  Gr ams/ l i t er - - - - - - - - - - - - - - - 340

VOC,  Pounds/ gal l on - - - - - - - - - - - - - - - 2. 8

GENERAL NOTES:   Test  met hods as speci f i ed i n MI L- DTL- 24441. Wher e " Conf or m"  i s 
i ndi cat ed,  r ef er  t o speci f i c r equi r ement s of  MI L- DTL- 24441/ 31.

TABLE I

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I c -  Pol yur et hane Topcoat MI L- PRF- 85285 Type I I  ( Whi t e and Col or s)

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Moi st ur e cont ent ,  per cent - - - 2 - - - - - - - - - - - -

Cour se par t i c l es,  per cent - - - - - - - - - - - - - - - . 5

Vi scosi t y - - - - - - - - - - - - - - - See Not e 1

Fi neness of  gr i nd,  Hegman - - - - - - - - - - - - 7 - - -

Dr yi ng t o t ouch ( See Not e 2) - - - - - - - - - - - - - - - 4

Dr y- har d ( See Not e 2) - - - - - - - - - - - - - - - 8

VOC,  gr ams per  l i t er - - - - - - - - - - - - - - - 340

Col or - - - - - - - - - - - - del t a E+- 1. 0

Gl oss 60 degr ee specul ar  gl oss
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TABLE I

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I c -  Pol yur et hane Topcoat MI L- PRF- 85285 Type I I  ( Whi t e and Col or s)

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

Gl oss - - - - - - - - - - - - - - - 90

Semi - gl oss - - - - - - - - - - - - 15 45

Opaci t y - - - - - - - - - - - - 0. 95 - - -

Fl exi bi l i t y - - - - - - - - - - - - - - - Conf or m

Fl ui d r esi st ance - - - - - - - - - - - - - - - Conf or m

Heat  r esi st ance ( cur e) - - - - - - - - - - - - - - - Conf or m

Sol vent  r esi st ance ( cur e) - - - - - - - - - - - - - - - Conf or m

Condi t i on i n cont ai ner - - - - - - - - - - - - - - - Conf or m

Odor - - - - - - - - - - - - - - - Conf or m

Lead per cent - - - - - - - - - - - - - - - 0. 06

Cadmi um per cent - - - - - - - - - - - - - - - 0. 06

Chr omi um per cent
- - - - - - - - - - - - - - - 0. 00

NOTES:
( 1)  Modi f y par agr aph 3. 6. 4 Vi scosi t y and Pot  Li f e,  of  MI L- PRF- 85285 as f ol l ows:  

The vi scosi t y of  t he admi xed coat i ng,  when t est ed i n accor dance wi t h ASTM D1200 
t hr ough a No.  4 For d cup,  shal l  be as f ol l ows:

Ti me f r om mi x ( mi ni mum) Maxi mum t i me t hr ough a No.  4 For d
Cup

I ni t i al l y 30 seconds

2 hour s 60 seconds

4 hour s No gel
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TABLE I

COATI NG QUALI TY CONFORMANCE I NSPECTI ON REQUI REMENTS

Tabl e I c -  Pol yur et hane Topcoat MI L- PRF- 85285 Type I I  ( Whi t e and Col or s)

Test Component  A Component  B Mi xed

Mi n. Max. Mi n. Max. Mi n. Max.

( 2)  Modi f y par agr aph 3. 7. 1 Dr yi ng Ti me,  of  MI L- PRF- 85285.
When appl i ed by spr ay t echni ques and when t est ed i n accor dance wi t h 
ASTM D1640/ D1640M,  t he coat i ng shal l  be set - t o- t ouch wi t hi n f our  hour s and 
dr y- har d wi t hi n ei ght  hour s ( see 4. 6 and t abl e I ) .

GENERAL NOTES:
Test  met hods as speci f i ed i n MI L- PRF- 85285,  except  t hose mar ked wi t h " * " .
Wher e " Conf or m"  i s i ndi cat ed,  r ef er  t o speci f i c r equi r ement s of  MI L- PRF- 85285.

        - -  End of  Sect i on - -
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SECTI ON 10 14 00. 20

I NTERI OR SI GNAGE
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o i n t he t ext  by basi c 
desi gnat i on onl y.

ALUMI NUM ASSOCI ATI ON ( AA)

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

AA PK- 1 ( 2015)  Pi nk Sheet s:  Desi gnat i ons and 
Chemi cal  Composi t i on Li mi t s f or  Al umi num 
Al l oys i n t he For m of  Cast i ngs & I ngot

AMERI CAN ARCHI TECTURAL MANUFACTURERS ASSOCI ATI ON ( AAMA)

AAMA 2604 ( 2017a)  Vol unt ar y Speci f i cat i on,  
Per f or mance Requi r ement s and Test  
Pr ocedur es f or  Hi gh Per f or mance Or gani c 
Coat i ngs on Al umi num Ext r usi ons and Panel s

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 2/ D1. 2M ( 2014;  Er r at a 1 2014;  Er r at a 2 2020)  
St r uct ur al  Wel di ng Code -  Al umi num

ASTM I NTERNATI ONAL ( ASTM)

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM D635 ( 2018)  St andar d Test  Met hod f or  Rat e of  
Bur ni ng and/ or  Ext ent  and Ti me of  Bur ni ng 
of  Pl ast i cs i n a Hor i zont al  Posi t i on

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC/ ANSI  A117. 1 ( 2009)  Accessi bl e and Usabl e Bui l di ngs and 
Faci l i t i es

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA LD 3 ( 2005)  St andar d f or  Hi gh- Pr essur e 
Decor at i ve Lami nat es
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NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 101 ( 2021;  TI A 21- 1)  Li f e Saf et y Code

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST SP 800- 82 ( 2015;  Rev 2)  Gui de t o I ndust r i al  Cont r ol  
Syst ems ( I CS)  Secur i t y

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DOD 8510. 01 ( 2022)  Ri sk Management  Fr amewor k ( RMF)  f or  
DoD Syst ems

DODI  8500. 01 ( 2014)  Cyber secur i t y

UFC 4- 010- 06 ( 2016;  wi t h Change 1,  2017)  Cyber secur i t y 
of  Faci l i t y- Rel at ed Cont r ol  Syst ems

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

36 CFR 1191 Amer i cans wi t h Di sabi l i t i es Act  ( ADA)  
Accessi bi l i t y  Gui del i nes f or  Bui l di ngs and 
Faci l i t i es;  Ar chi t ect ur al  Bar r i er s Act  
( ABA)  Accessi bi l i t y  Gui del i nes

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

Room I dent i f i cat i on And Di r ect i onal  Si gnage Syst em;  G,  RO

Exi t  Door  Tact i l e Si gn;  G,  RO

Door  Tags;  G,  RO

SD- 04 Sampl es

I nt er i or  Si gnage;  G,  RO

Room I dent i f i cat i on And Di r ect i onal  Si gnage Syst em;  G,  RO

Exi t  Door  Tact i l e Si gn;  G,  RO

Door  Tags;  G,  RO

SD- 10 Oper at i on and Mai nt enance Dat a
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Appr oved Manuf act ur er ' s I nst r uct i ons;  G,  RO

Pr ot ect i on and Cl eani ng;  G,  RO

1. 3   QUALI TY ASSURANCE

1. 3. 1   Sampl es

Submi t  i nt er i or  s i gnage sampl es of  each of  t he f ol l owi ng si gn t ypes 
showi ng t ypi cal  qual i t y,  wor kmanshi p and col or :   al l  s i gn t ypes i ncl uded 
i n pr oj ect  .   Appr oved sampl es may be i nst al l ed i n t he wor k,  pr ovi ded each 
sampl e i s i dent i f i ed and l ocat i on r ecor ded.

1. 3. 2   Det ai l  Dr awi ngs

Submi t  det ai l  dr awi ngs showi ng el evat i ons of  each t ype of  s i gn,  
di mensi ons,  det ai l s and met hods of  mount i ng or  anchor i ng,  mount i ng hei ght ,  
shape and t hi ckness of  mat er i al s,  and det ai l s of  const r uct i on.   I ncl ude a 
schedul e showi ng t he l ocat i on,  each si gn t ype,  and message.

1. 3. 3   Si gn Fabr i cat or

Si gn Fabr i cat or  t o f ol l ow r oom number  st r at egi es cr eat ed by desi gner .   The 
r oom number i ng syst em t o be r evi ewed and appr oved by t he Cont r act i ng 
Of f i cer  and command end user s dur i ng t he shop dr awi ng phase,  and pr i or  t o 
f abr i cat i on.

1. 3. 4   Cyber secur i t y

a.   The Ri sk Management  Fr amewor k ( RMF)  i s t he pr ocess by whi ch 
i nf or mat i on syst ems ar e accr edi t ed f or  oper at i on by a desi gnat ed 
of f i c i al  f r om t he Usi ng Mi l i t ar y Depar t ment .   I t  i s  t he st andar d 
pr ocess under  whi ch al l  DoD i nf or mat i on syst ems achi eve and mai nt ai n 
t hei r  Aut hor i t y To Oper at e.   The cyber secur i t y pr ocess i s document ed 
i n DOD 8510. 01 and NI ST SP 800- 82.   Ref er  t o UFC 4- 010- 06 and 
DODI  8500. 01 f or  addi t i onal  r equi r ement s.

b.   Al l  syst ems t hat  ar e I P addr essabl e or  i nt er f ace wi t h t he Assur ed 
Net wor k r equi r ed cer t i f i cat i on t o oper at e.   Coor di nat e wi t h t he 
Gover nment  t o i ni t i at e and compl et e t he accr edi t at i on pr ocess.

c.   Cyber secur i t y r equi r es i nput  f r om t he syst em vendor  or  pr ovi der  and 
suppor t  f r om t he l ocal  I MD.   The l ocal  I MD- I A of f i ce i s t he poi nt  of  
cont act  f or  al l  Cyber  Secur i t y r equi r ement s.   The l ocal  CMI O i s t he 
poi nt  of  cont act  f or  al l  c l i ni cal  and f unct i onal  syst em r equi r ement s.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Package mat er i al s t o pr event  damage and det er i or at i on dur i ng shi pment ,  
handl i ng,  st or age and i nst al l at i on.   Del i ver  pr oduct s t o t he j obsi t e i n 
manuf act ur er ' s or i gi nal  packagi ng and st or e i n a c l ean,  dr y ar ea i n 
accor dance wi t h manuf act ur er ' s i nst r uct i ons.

1. 5   WARRANTY

Pr ovi de manuf act ur er ' s war r ant y t o r epai r  or  r epl ace def ect i ve i nt er i or  
s i gnage mat er i al s and wor kmanshi p f or  a per i od of  2 year s f r om dat e of  
f i nal  accept ance of  t he wor k.
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PART 2   PRODUCTS

2. 1   ROOM I DENTI FI CATI ON AND DI RECTI ONAL SI GNAGE SYSTEM

Pr ovi de si gns,  pl aques,  di r ect or i es,  and di mensi onal  bui l di ng l et t er s t hat  
ar e st andar d pr oduct s of  manuf act ur er s r egul ar l y engaged i n t he 
manuf act ur e of  such pr oduct s t hat  essent i al l y  dupl i cat e s i gns t hat  have 
been i n sat i sf act or y use at  l east  2 year s pr i or  t o bi d openi ng.   Obt ai n 
s i gnage f r om a si ngl e manuf act ur er  wi t h edges and cor ner s of  f i ni shed 
l et t er  f or ms and gr aphi cs t r ue and cl ean.

2. 1. 1   St andar d Room Si gns

Pr ovi de si gns t hat  i ncl ude t act i l e l et t er s,  symbol s and Br ai l l e f or  
i nt er i or  r ooms or  spaces wher e t he si gn i s not  l i kel y t o change over  
t i me.   Tact i l e t ext  descr i pt i ons ar e r equi r ed f or  pi ct ogr ams t hat  ar e 
pr ovi ded t o i dent i f y a per manent  r oom.   Exampl es i ncl ude i nt er i or  s i gns 
t hat  l abel  r est r ooms,  st ai r s,  r oom number s or  l et t er s,  and r oom names.   
These per manent  r oom si gns can i ncl ude paper  i nser t s f or  updat abl e 
i nf or mat i on.

2. 1. 1. 1   Tact i l e Let t er s,  Symbol s and Br ai l l e

Pr ovi de ADA compl i ant  mat er i al  per  36 CFR 1191 whi ch i s r ai sed 1/ 32 i nch 
f r om t he f i r st  sur f ace,  has a mi ni mum 5/ 8 i nch i n hei ght  and i s an ADA 
accept abl e f ont .   The col or  of  t he t act i l e l et t er s i s r equi r ed t o cont r ast  
wi t h t he s i gn f ace col or  per  ADA st andar ds.   The ADA r equi r ed Br ai l l e has 
a mi ni mum dur omet er  r eadi ng of  90.   Al l  r ai sed l et t er s,  number s and 
symbol s ar e t o compl y.

2. 1. 2   Type of  Mount i ng f or  Si gns

Pr ovi de sur f ace mount ed si gns mount ed wi t h conceal ed mechani cal  f ast eni ng 
t hr ough t he hol der s .  Secur e i nser t s i n hol der s wi t h f l exi bl e pl ast i c c l i ps
 .   Pr ovi de si gns wi t h al umi num cei l i ng/ pr oj ect i ng mount  at t achment  
ext r usi on t o secur e t o cei l i ng or  wal l  sur f ace,  al ong wi t h mat t i ng 
cei l i ng/ pr oj ect i ng mount  t r ack ext r usi on f or  hangi ng,  pr oj ect i ng,  and 
doubl e- si ded si gns.   Pr ovi de mount i ng f or  cei l i ng/ pr oj ect i ng mount  
at t achment  ext r usi on by mechani cal  f ast ener s,  sel ect ed based on wal l  or  
cei l i ng condi t i ons.  Mount  t r ack ext r usi on hi nges over  wi dt h of  mount  
at t achment  and secur ed wi t h 3. 5 by 0. 06 mm ( 6- 32 i nch)  by 6 mm ( 1/ 4 i nch)  
cone poi nt  st ai nl ess st eel  set  scr ews.

2. 1. 3   Char act er  Pr opor t i ons and Hei ght s

Let t er s and number s on si gns conf or m t o 36 CFR 1191.

2. 2   EXI T DOOR TACTI LE SI GN

Pr ovi de t act i l e s i gn wi t h t he message EXI T at  each exi t  door  t hat  r equi r es 
an exi t  s i gn t o conf or m wi t h NFPA 101.   Si gn t act i l e message i s t o compl y 
wi t h I CC/ ANSI  A117. 1.

2. 3   DOOR TAGS

Pr ovi de one door  t ag pl at e f or  each r oom ent r y door .   I n s i ze 8 i nches by 
3 i nches.   Pr ovi de r oom number  t o mat ch ar chi t ect ur al  f l oor  pl an r oom 
number .
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2. 3. 1   Engr aved Copy

Machi ne engr ave l et t er s,  number s,  symbol s,  and ot her  gr aphi cs i nt o panel  
s i gn on f ace t o pr oduce pr eci sel y f or med copy and shar p i mages,  i nci sed t o 
uni f or m dept h.   Mel ami ne pl ast i c engr avi ng st ock used f or  ADA compl i ant  
gr aphi c i s t hr ee- pl y l ami nat i on cont r ast i ng col or  cor e meet i ng ASTM D635.

2. 4   MATERI ALS

2. 4. 1   Al umi num Al l oy Pr oduct s

Al umi num ext r usi ons ar e at  l east  1/ 8 i nch t hi ck,  and al umi num pl at e or  
sheet  ar e at  l east  0. 0508 i nch t hi ck.   Ext r usi ons conf or m t o ASTM B221;  
pl at e and sheet  conf or ms t o ASTM B209.   Wher e anodi c coat i ngs ar e 
speci f i ed,  al l oy conf or ms t o AA PK- 1 al l oy desi gnat i on 514. 0.   Exposed 
anodi zed al umi num f i ni shes ar e as shown.   Wel di ng f or  al umi num pr oduct s 
conf or ms t o AWS D1. 2/ D1. 2M.

2. 4. 2   Anodi c Coat i ng

Anodi zed f i ni sh conf or ms t o AA DAF45 as f ol l ows:

a.   Cl ear  ( nat ur al )  desi gnat i on AA- M10- C22- A31,  Ar chi t ect ur al  Cl ass I I  0. 4 
mi l  or  t hi cker .

 

2. 4. 3   Or gani c Coat i ng

Or gani c coat i ng conf or ms t o AAMA 2604,  wi t h t ot al  dr y f i l m t hi ckness not  
l ess t han 1. 2 mi l s.

2. 4. 4   Pl ast i c Lami nat e Sheet

ANSI / NEMA LD 3,  gener al  pur pose HGS gr ade,  0. 048 i nch nomi nal  t hi ckness.

2. 4. 5   Fabr i cat i on and Manuf act ur e

2. 4. 5. 1   Fact or y Wor kmanshi p

Hol es f or  bol t s and scr ews ar e dr i l l ed or  punched.   Dr i l l i ng and punchi ng 
pr oduces cl ean,  t r ue l i nes and sur f aces.   Exposed sur f aces of  wor k have a 
smoot h f i ni sh;  exposed r i vet i ng i s f l ush.   Conceal  f ast eni ngs wher e 
pr act i cabl e.

2. 4. 5. 2   Di ssi mi l ar  Mat er i al s

Wher e di ssi mi l ar  met al s ar e i n cont act ,  pr ot ect  sur f aces pr event  gal vani c 
or  cor r osi ve act i on.

2. 4. 6   Typef ace

ADA- ABA compl i ant  f ont  f or  Room Si gnsHel vet i ca Regul ar .

2. 5   GRAPHI CS

Pr ovi de si gnage gr aphi cs f or  modul ar  s i gns t o t he f ol l owi ng:
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2. 5. 1   Engr aved Copy

Machi ne engr ave l et t er s,  number s,  symbol s,  and ot her  gr aphi cs i nt o panel  
s i gn on f ace t o pr oduce pr eci sel y f or med copy and shar p i mages,  i nci sed t o 
uni f or m dept h.   Mel ami ne pl ast i c engr avi ng st ock used f or  ADA compl i ant  
gr aphi c i s t hr ee- pl y l ami nat i on cont r ast i ng col or  cor e meet i ng ASTM D635.

2. 6   COLOR,  FI NI SH,  AND CONTRAST

Pr ovi de col or  as speci f i ed i n Sect i on 09 06 00 SCHEDULES FOR FI NI SHES .   
Fi ni sh of  eggshel l ,  mat t e,  or  ot her  non- gl ar e f i ni sh f or  al l  s i gns as 
r equi r ed i n handi capped- accessi bl e bui l di ngs.

PART 3   EXECUTI ON

3. 1   PLACEMENT SCHEDULE

SI GNAGE PLACEMENT SCHEDULE

Door / Room Number Si gn Type Text I nser t ( s) Symbol / Remar ks

02 Tact i l e Exi t EXI T n/ a Br ai l l e

03 Tact i l e Exi t EXI T n/ a Br ai l l e

07 Tact i l e Exi t EXI T n/ a Br ai l l e

08 Tact i l e Exi t EXI T n/ a Br ai l l e

10 Tact i l e Exi t EXI T n/ a Br ai l l e

12 Tact i l e Exi t EXI T n/ a Br ai l l e

13 Tact i l e Exi t EXI T n/ a Br ai l l e

14 Door  Tag Tool  Room
102

n/ a Br ai l l e

15 Door  Tag Of f i ce
103

n/ a Br ai l l e

16 Tact i l e Exi t EXI T n/ a Br ai l l e

18 Door  Tag Wor k Room
110

n/ a Br ai l l e

19 Door  Tag 106 n/ a Br ai l l e
Uni ver sal  Man 
Symbol
Uni ver sal  
Handi cap Symbol

20 Door  Tag Jani t or
107

n/ a Br ai l l e
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SI GNAGE PLACEMENT SCHEDULE

21 Door  Tag 108 n/ a Br ai l l e
Uni ver sal  
Woman Symbol
Uni ver sal  
Handi cap Symbol

22 Door  Tag Of f i ce
103

n/ a Br ai l l e

23 Door  Tag St or age
109

n/ a Br ai l l e

24 Door  Tag Tool  Room
102

n/ a Br ai l l e

3. 2   I NSTALLATI ON

I nst al l  s i gns pl umb and t r ue and i n accor dance wi t h appr oved 
manuf act ur er ' s i nst r uct i ons at  l ocat i ons shown on t he schedul e above .   
Submi t  oper at i ng i nst r uct i ons out l i ni ng t he st ep- by- st ep pr ocedur es 
r equi r ed f or  syst em oper at i on.   The i nst r uct i ons i ncl ude si mpl i f i ed 
di agr ams f or  t he syst em as i nst al l ed,  t he manuf act ur er ' s name,  model  
number ,  ser vi ce manual ,  par t s l i s t ,  and br i ef  descr i pt i on of  al l  equi pment  
and t hei r  basi c oper at i ng f eat ur es.   Pr ovi de each set   per manent l y bound 
wi t h a har d cover .   The f ol l owi ng i dent i f i cat i on must  be i nscr i bed on t he 
cover s:   " OPERATI NG AND MAI NTENANCE I NSTRUCTI ONS" ,  name and l ocat i on of  
t he f aci l i t y ,  name of  t he Cont r act or ,  and cont r act  number .   Submi t  i n 
accor dance wi t h Sect i on 01 78 23 OPERATI NG AND MAI NTENANCE DATA.   Mount i ng 
hei ght  and mount i ng l ocat i on compl i es wi t h 36 CFR 1191.   I nst al l  r equi r ed 
bl ocki ng.   Do not  i nst al l  s i gns on door s or  ot her  sur f aces unt i l  f i ni shes 
on such sur f aces have been i nst al l ed.   Si gns i nst al l ed on gl ass sur f aces 
ar e i nst al l ed wi t h mat chi ng bl ank back- up pl at es i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons.   

Do not  i nst al l  i t ems t hat  show vi sual  evi dence of  bi ol ogi cal  gr owt h.

3. 2. 1   Anchor age

Pr ovi de anchor age i n accor dance wi t h appr oved manuf act ur er ' s 
i nst r uct i ons.   Anchor age not  ot her wi se speci f i ed or  shown i ncl udes sl ot t ed 
i nser t s,  expansi on shi el ds,  and powder - dr i ven f ast ener s when appr oved f or  
concr et e;  t oggl e bol t s and t hr ough bol t s f or  masonr y;  machi ne car r i age 
bol t s f or  st eel ;  l ag bol t s and scr ews f or  wood.   Pr ovi de exposed anchor  
and f ast ener  mat er i al s compat i bl e wi t h met al  t o whi ch appl i ed wi t h 
mat chi ng col or  and f i ni sh.

a.   Si gns mount ed t o pai nt ed gypsum boar d sur f aces must  be r emovabl e f or  
pai nt i ng mai nt enance.   

b.   Mount  s i gns t o l ay- i n cei l i ng gr i ds wi t h c l i p connect i ons t o cei l i ng 
t ees.

c.   I nst al l  s i gns mount ed on met al  sur f aces wi t h magnet i c t ape.

d.   I nst al l  s i gns mount ed on f abr i c sur f aces wi t h hook and l oop t ape or  
pi n mount .
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e.   I nst al l  s i gns t o wor kst at i on panel s wi t h panel  c l i ps.

3. 2. 2   Pr ot ect i on and Cl eani ng

Pr ot ect  t he wor k agai nst  damage dur i ng const r uct i on.   Adj ust  har dwar e and 
el ect r i cal  equi pment  f or  pr oper  oper at i on.   Cl ean gl ass,  f r ames,  and ot her  
s i gn sur f aces at  compl et i on of  s i gnage i nst al l at i on i n accor dance wi t h t he 
manuf act ur er ' s wr i t t en i nst r uct i ons.

        - -  End of  Sect i on - -
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SECTI ON 10 21 13

TOI LET COMPARTMENTS
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ALUMI NUM ASSOCI ATI ON ( AA)

AA DAF45 ( 2003;  Reaf f i r med 2009)  Desi gnat i on Syst em 
f or  Al umi num Fi ni shes

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A336/ A336M ( 2021)  St andar d Speci f i cat i on f or  Al l oy 
St eel  For gi ngs f or  Pr essur e and 
Hi gh- Temper at ur e Par t s

ASTM A385/ A385M ( 2022)  St andar d Pr act i ce f or  Pr ovi di ng 
Hi gh- Qual i t y Zi nc Coat i ngs ( Hot - Di p)

ASTM B36/ B36M ( 2018)  St andar d Speci f i cat i on f or  Br ass 
Pl at e,  Sheet ,  St r i p,  and Rol l ed Bar

ASTM B86 ( 2022)  St andar d Speci f i cat i on f or  Zi nc and 
Zi nc- Al umi num ( ZA)  Al l oy Foundr y and Di e 
Cast i ngs

ASTM B221 ( 2021)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Ext r uded Bar s,  Rods,  
Wi r e,  Pr of i l es,  and Tubes

ASTM B456 ( 2017;  R 2022)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Copper  Pl us 
Ni ckel  Pl us Chr omi um and Ni ckel  Pl us 
Chr omi um

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC A117. 1 ( 2017)  St andar d And Comment ar y Accessi bl e 
and Usabl e Bui l di ngs and Faci l i t i es
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SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 60003 ( Basi c;  Not i ce 1)  Par t i t i ons,  Toi l et ,  
Compl et e

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

36 CFR 1191 Amer i cans wi t h Di sabi l i t i es Act  ( ADA)  
Accessi bi l i t y  Gui del i nes f or  Bui l di ngs and 
Faci l i t i es;  Ar chi t ect ur al  Bar r i er s Act  
( ABA)  Accessi bi l i t y  Gui del i nes

UNDERWRI TERS LABORATORI ES ( UL)

UL 2818 ( 2013)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Fabr i cat i on Dr awi ngs

I nst al l at i on Dr awi ngs;  G,  RO

SD- 03 Pr oduct  Dat a

Cl eani ng and Mai nt enance I nst r uct i ons

Col or s And Fi ni shes

Anchor i ng Devi ces and Fast ener s

Har dwar e and Fi t t i ngs

Br acket s

Door  Har dwar e

Pi l ast er  Shoes

Fi ni shes;  G

Toi l et  Encl osur es;  S

Ur i nal  Scr eens;  S
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Recycl ed cont ent  f or  pl ast i c l ami nat e par t i t i ons and scr eens;  S

SD- 04 Sampl es

Col or s and Fi ni shes;  G,  RO

Har dwar e and Fi t t i ngs

Anchor i ng Devi ces and Fast ener s

SD- 07 Cer t i f i cat es

War r ant y

I ndoor  ai r  qual i t y f or  pl ast i c l ami nat e c l ad par t i t i ons and scr eens;  
S

1. 3   CERTI FI CATI ONS

1. 3. 1   I ndoor  Ai r  Qual i t y

1. 3. 1. 1   Lami nat ed Pl ast i c and Sol i d Phenol i c Pr oduct s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr am t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.   Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.

1. 4   REGULATORY REQUI REMENTS

Compl y wi t h t o I CC A117. 1 code f or  access f or  t he handi capped oper at i on of  
t oi l et  compar t ment  door  and har dwar e.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s i n t he manuf act ur er ' s or i gi nal  unopened packages wi t h 
t he br and,  i t em i dent i f i cat i on,  and pr oj ect  r ef er ence cl ear l y mar ked.   
St or e component s i n a dr y l ocat i on t hat  i s adequat el y vent i l at ed;  f r ee 
f r om dust ,  wat er ,  ot her  cont ami nant s,  and damage dur i ng del i ver y,  st or age,  
and const r uct i on.

1. 6   WARRANTY

Pr ovi de manuf act ur er ' s war r ant y t o r epai r  or  r epl ace def ect i ve mat er i al s 
and wor kmanshi p f or  a per i od of  one year  f r om dat e of  f i nal  accept ance of  
t he wor k.

PART 2   PRODUCTS

2. 1   SYSTEM REQUI REMENTS

Pr ovi de a compl et e and usabl e t oi l et  par t i t i on syst em,  i ncl udi ng t oi l et  
encl osur es,  r oom ent r ance scr eens,  ur i nal  scr eens,  syst em of  panel s,  
har dwar e,  and suppor t  component s.   Fur ni sh t he par t i t i on syst em f r om a 
si ngl e manuf act ur er ,  wi t h a st andar d pr oduct  as shown i n t he most  r ecent  
cat al og dat a.   Submi t  Fabr i cat i on Dr awi ngs f or  t oi l et  par t i t i ons and 
ur i nal  scr eens consi st i ng of  f abr i cat i on and assembl y det ai l s t o be 
per f or med i n t he f act or y.   Submi t  manuf act ur er ' s Cl eani ng and Mai nt enance 
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I nst r uct i ons i n accor dance wi t h Sect i on 01 78 23 OPERATI ONS AND 
MAI NTENANCE DATA.

2. 2   MATERI ALS

2. 2. 1   Pl ast i c Lami nat e Cl ad ( Fi ni sh 3)

Pr ovi de decor at i ve mat t e f i ni sh pl ast i c l ami nat e bonded t o r esi n 
i mpr egnat ed par t i c l e boar d cor e wi t h non- t oxi c adhesi ve,  wi t h a Fl ame 
spr ead I ndex of  75 or  l ess and a Smoked Devel oped I ndex of  450 or  l ess.

2. 2. 2   Anchor i ng Devi ces and Fast ener s

Pr ovi de st eel  anchor i ng devi ces and f ast ener s hot - di pped gal vani zed af t er  
f abr i cat i on,  i n conf or mance wi t h ASTM A385/ A385M and ASTM A123/ A123M.   
Conceal  al l  gal vani zed anchor i ng devi ces.

2. 2. 3   Br acket s

Pr ovi de t wo- ear  panel  wal l  br acket s,  T- st y l e,   1 i nch st ock.   Pr ovi de 
st i r r up st y l e panel - t o- pi l ast er  br acket s.

2. 2. 4   Har dwar e and Fi t t i ngs

2. 2. 4. 1   Gener al  Requi r ement s

Pr ovi de har dwar e f or  t he t oi l et  par t i t i on syst em t hat  compl i es wi t h 
CI D A- A- 60003 f or  t he speci f i ed t ype and st y l e of  par t i t i ons.   Pr ovi de 
har dwar e f i ni sh hi ghl y r esi st ant  t o al kal i s,  ur i ne,  and ot her  common 
t oi l et  r oom aci ds.   Compl y wi t h 36 CFR 1191 of  l at chi ng devi ces and hi nges 
f or  handi cap compar t ment s;  pr ovi de chr ome- pl at ed st eel   or   st ai nl ess st eel
 devi ces and hi nges wi t h door  l at ches t hat  oper at e wi t hout  ei t her  t i ght  
gr aspi ng or  t wi st i ng of  t he wr i st  of  t he oper at or .   Submi t  t hr ee sampl es 
of  each i t em,  i ncl udi ng anchor i ng devi ces and f ast ener s.   Appr oved 
har dwar e sampl es may be i nst al l ed i n t he wor k i f  pr oper l y i dent i f i ed.

Mat er i al Conf or mance St andar d

Col d- r ol l ed sheet  st eel ASTM A336/ A336M,  commer ci al  qual i t y

Zi nc- base al l oy ASTM B86,  Al l oy AC41- A

Br ass ASTM B36/ B36M,  Al l oy C26800

Al umi num  ASTM B221

Cor r osi on- r esi st ant  st eel ASTM A167,  Type 302

2. 2. 4. 2   Fi ni shes

a.   Pr ovi de chr ome pl at i ng t hat  compl i es wi t h ASTM B456.

e.   Pr ovi de st ai nl ess st eel  wi t h a No.  4 f i ni sh.

f .   Pr ovi de exposed f ast ener s t hat  mat ch t he har dwar e and f i t t i ngs.
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2. 2. 5   Door  Har dwar e

2. 2. 5. 1   Hi nges

Pr ovi de adj ust abl e hi nges t o hol d i n- swi ngi ng door s open at  any angl e up 
t o 90 degr ees and out swi ngi ng door s up t o 10 degr ees.   Pr ovi de 
sel f - l ubr i cat i ng hi nges wi t h t he i ndi cat ed swi ng.   Pr ovi de hi nges t hat  ar e 
semi - conceal ed and have t he f ol l owi ng t ype of  r et ur n movement :

a.   Gr avi t y r et ur n movement

2. 2. 5. 2   Lat ch and Pul l

Pr ovi de l at ch and pul l  t hat  i s  a combi nat i on r ubber - f aced door  st r i ke and 
keeper  equi pped wi t h emer gency access.  Pr ovi de conceal ed l at ch.

2. 2. 5. 3   Coat  Hooks

Pr ovi de coat  hooks t hat  ar e combi nat i on uni t s wi t h hooks and r ubber  t i pped 
pi ns.

2. 3   PARTI TI ON PANELS AND DOORS

Fabr i cat e par t i t i on panel s,  and pi l ast er s of  mat er i al s and const r uct i on 
l i s t ed:

Pr ovi de .  pl ast i c l ami nat ed par t i t i on and door  panel s no l ess t han 1 i nch 
t hi ck and pi l ast er  no l ess t han 1 1/ 4 i nch t hi ck .
 Pr ovi de pl ast i c l ami nat e t oi l et  par t i t i ons and scr eens wi t h r ecycl ed 
cont ent  of  45 per cent  mi ni mum.   Pr ovi de dat a i dent i f y i ng per cent age of  
r ecycl ed cont ent  f or  pl ast i c l ami nat e par t i t i ons and scr eens.  .   .  .  

.   Pr ovi de cer t i f i cat i on of  i ndoor  ai r  qual i t y f or  pl ast i c l ami nat e c l ad 
par t i t i ons and scr eens.   

2. 3. 1   Toi l et  Encl osur es

Pr ovi de t oi l et  encl osur es t hat  compl y wi t h CI D A- A- 60003,  Type I ,  St y l e C,  
over head br aced .   Fur ni sh wi dt h,  l engt h,  and hei ght  of  t oi l et  encl osur es 
as shown.   Fi ni sh sur f ace of  panel s ar e pl ast i c l ami nat e c l ad ( Fi ni sh 3) ;  
wat er  r esi st ant ;  gr af f i t i  r esi st ant ;  non- absor bent  r adi us bevel ed edges.   
Rei nf or ce panel s i ndi cat ed t o r ecei ve t oi l et  paper  hol der s or  gr ab bar s 
f or  mount i ng of  t he i t ems r equi r ed,  and pr ovi de cut  out s f or  t hr ough 
par t i t i on t oi l et  accessor i es.   Pr ovi de gr ab bar s t o wi t hst and a bendi ng 
st r ess,  shear  st r ess,  shear  f or ce,  and a t ensi l e f or ce i nduced by 250 l bf .   
Gr ab bar s cannot  r ot at e wi t hi n t hei r  f i t t i ngs.

2. 3. 2   Ur i nal  Scr eens

Pr ovi de ur i nal  scr eens t hat  compl y wi t h CI D A- A- 60003,  Type I I I ,  St y l e A,  
f l oor  suppor t ed .   Pr ovi de f i ni sh f or  sur f ace of  scr eens as pl ast i c 
l ami nat e c l ad ( Fi ni sh 3)  ;  wat er  r esi st ant ;  gr af f i t i  r esi st ant ;  
non- absor bent  wi t h r adi us bevel ed edges;  wi t h manuf act ur er ' s st andar d post  
desi gn of  mat er i al s mat chi ng t he t hi ckness and const r uct i on of  pi l ast er s.   
Fur ni sh wi dt h and hei ght  of  ur i nal  scr eens as shown.   Pr ovi de t hi ckness t o 
mat ch t oi l et  compar t ment  panel  const r uct i on.    Fabr i cat e scr eens f r om t he 
same t ypes of  panel s and pi l ast er s as t he t oi l et  par t i t i ons.   Use 
cor r osi on- r esi st ant  st eel  f i t t i ngs and f ast ener s.
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2. 4   FLOOR- ANCHORED PARTI TI ONS

Pr ovi de pi l ast er s i n s i ze i ndi cat ed t hat  ar e manuf act ur er ' s st andar d 
cor r osi on r esi st ant  anchor i ng assembl i es compl et e wi t h l evel i ng adj ust ment  
nut s and pi l ast er s f or  st r uct ur al  connect i on t o f l oor .   Pr ovi de anchor i ng 
devi ce at  t he bot t om of  t he pi l ast er  consi st i ng of  a st eel  bar  not  l ess 
t han 1/ 2 by 7/ 8 i nch wel ded t o t he r ei nf or ced f ace sheet s and havi ng not  
l ess t han t wo 3/ 8 i nch r ound anchor age devi ces f or  secur i ng t o t he f l oor  
s l ab.   Pr ovi de anchor age devi ces compl et e wi t h t hr eaded r ods,  expansi on 
shi el ds,  l ock washer s,  and l evel i ng- adj ust ment  nut s.   Pr ovi de shoes at  
pi l ast er s t o conceal  anchor age.

2. 5   OVERHEAD- BRACED PARTI TI ONS

Pr ovi de pi l ast er s i n s i zes i ndi cat ed t hat  ar e manuf act ur er ' s st andar d 
cor r osi on- r esi st ant  suppor t s,  l evel i ng mechani sm,  and anchor s at  pi l ast er s 
t o sui t  f l oor  condi t i ons.   Pr ovi de shoes at  pi l ast er s t o conceal  suppor t s 
and l evel i ng mechani sm.   Pr ovi de anchor i ng devi ce at  t he bot t om of  t he 
pi l ast er  consi st i ng of  a channel - shaped f l oor  st i r r up f abr i cat ed f r om not  
l ess t han 0. 0635 i nch t hi ck mat er i al  and a l evel i ng bol t .   Secur e t he 
st i r r up t o t he pi l ast er  wi t h not  l ess t han a 3/ 16 i nch bol t  and nut  af t er  
t he pi l ast er  i s l evel ed.   Secur e t he st i r r up t o t he f l oor  wi t h not  l ess 
t han t wo l ead expansi on shi el ds and sheet met al  scr ews.   Fabr i cat e over head 
br ace f r om a cont i nuous ext r uded al umi num t ube not  l ess t han 1 i nch wi de by
 1- 1/ 2 i nch hi gh,   0. 125 i nch wal l  t hi ckness.   Fi ni sh i s AA- C22A31 i n 
accor dance wi t h AA DAF45.   Set  and secur e br ace i nt o t he t op of  each 
pi l ast er .   Pr ovi de shoes at  pi l ast er s t o conceal  suppor t s and l evel i ng 
mechani sm.

2. 6   PI LASTER SHOES

Pr ovi de shoes at  pi l ast er s t o conceal  f l oor - mount ed anchor age.   Pr ovi de 
st ai nl ess st eel  pi l ast er  shoes.   Hei ght  i s a mi ni mum 3 i nches.

2. 7   HARDWARE

Pr ovi de har dwar e f or  t he t oi l et  par t i t i on syst em t hat  compl i es wi t h 
CI D A- A- 60003 f or  t he speci f i ed t ype and st y l e of  par t i t i ons.   Pr ovi de 
har dwar e pr e- dr i l l ed by manuf act ur er .   Use a har dwar e f i ni sh t hat  i s 
hi ghl y r esi st ant  t o al kal i s,  ur i ne,  and ot her  common t oi l et  r oom aci ds.   
Har dwar e i ncl udes:  chr ome pl at ed nonf er r ous cast  pi vot  hi nges,  gr avi t y 
t ype,  adj ust abl e f or  door  c l ose posi t i oni ng;  nyl on bear i ngs;  chr ome pl at ed 
al umi num door  l at ch;  door  st r i ke and keeper  wi t h r ubber  bumper ;  and cast  
al l oy chr ome pl at ed coat  hook and bumper ,  .   Pr ovi de l at chi ng devi ces and 
hi nges f or  handi cap compar t ment s compl yi ng wi t h 36 CFR 1191 and 
chr ome- pl at ed st eel  or  st ai nl ess st eel  door  l at ches t hat  oper at e wi t hout  
ei t her  t i ght  gr aspi ng or  t wi st i ng of  t he wr i st  of  t he oper at or .   Use 
st ai nl ess st eel ,  t amper  pr oof  t ype scr ews and bol t s.   Wal l  mount i ng 
br acket s ar e cont i nuous,  f ul l  hei ght ,  st ai nl ess st eel  ,  i n accor dance wi t h 
t oi l et  compar t ment  manuf act ur er ' s i nst r uct i ons. .   Pr ovi de f l oor - mount ed 
anchor age consi st i ng of  cor r osi on- r esi st ant  anchor i ng assembl i es wi t h 
t hr eaded r ods,  l ock washer s,  and l evel i ng adj ust ment  nut s at  pi l ast er s f or  
st r uct ur al  connect i on t o f l oor .

SECTI ON 10 21 13  Page 6



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

2. 8   COLORS AND FI NI SHES

2. 8. 1   Col or s

Pr ovi de col or  as speci f i ed i n Sect i on 09 06 00 SCHEDULES FOR FI NI SHES.

 Submi t  t hr ee sampl es showi ng col or  and a f i ni shed edge on t wo adj acent  
s i des and cor e const r uct i on,  each not  l ess t han 12 i nch squar e.

2. 8. 2   Fi ni shes

2. 8. 2. 1   Fi ni shes No.  1 Thr ough No.  3

Pr ovi de par t i t i ons,  panel s,  scr een,  and door  f i ni shes t hat  compl y wi t h 
CI D A- A- 60003 f i ni shed wi t h Pl ast i c Lami nat e Cl ad ( Fi ni sh 3) .

PART 3   EXECUTI ON

3. 1   PREPARATI ON

Take f i el d measur ement s pr i or  t o t he pr epar at i on of  dr awi ng and 
f abr i cat i on t o ensur e pr oper  f i t s .   Ver i f y t hat  f i el d measur ement s,  
sur f aces,  subst r at es and condi t i ons ar e as r equi r ed,  and r eady t o r ecei ve 
wor k.   Ver i f y cor r ect  spaci ng of  pl umbi ng f i xt ur es.   Ver i f y cor r ect  
l ocat i on of  bui l t  i n f r ami ng,  anchor age,  and br aci ng.   Repor t  i n wr i t i ng 
t o Cont r act i ng Of f i cer  pr evai l i ng condi t i ons t hat  adver sel y af f ect  
sat i sf act or y execut i on of  t he wor k of  t hi s sect i on.   Do not  pr oceed wi t h 
wor k unt i l  unsat i sf act or y condi t i ons have been cor r ect ed.

3. 2   I NSTALLATI ON

Do not  i nst al l  i t ems t hat  show vi sual  evi dence of  bi ol ogi cal  gr owt h.   
I nst al l  par t i t i ons r i gi d,  st r ai ght ,  pl umb,  and l evel ,  wi t h t he panel s 
cent er ed bet ween t he f i xt ur es.   Pr ovi de a panel  c l ear ance of  not  mor e t han 
1/ 2 i nch and secur e t he panel s t o wal l s and pi l ast er s wi t h cont i nuous f ul l  
hei ght  wal l  br acket s.   Locat e wal l  br acket s so t hat  hol es f or  wal l  bol t s 
occur  i n masonr y or  t i l e j oi nt s.   Secur e panel s t o pi l ast er s wi t h br acket s 
mat chi ng t he wal l  br acket s.   Pr ovi de f or  adj ust ment  due t o mi nor  f l oor  
var i at i ons.   Locat e head r ai l  j oi nt s at  pi l ast er  cent er  l i nes.   I nst al l  
adj acent  component s f or  consi st ency of  l i ne and pl ane.   Equi p each door  
wi t h hi nges,  one door  l at ch,  and one coat  hook and bumper .   Al i gn har dwar e 
t o uni f or m cl ear ance at  ver t i cal  edges of  door s.

a.   Secur e panel s t o hol l ow pl ast er ed wal l s wi t h t oggl e bol t s usi ng not  
l ess t han 1/ 4- 20 scr ews of  t he l engt h r equi r ed f or  t he wal l  
t hi ckness.   Pr ovi de t oggl e bol t s wi t h a l oad- car r y i ng st r engt h of  not  
l ess t han 600 pounds per  anchor .

b.   Secur e panel s t o cer ami c t i l e on hol l ow pl ast er ed wal l s or  hol l ow 
concr et e- masonr y wal l s wi t h t oggl e bol t s usi ng not  l ess t han 1/ 4- 20 
scr ews of  t he l engt h r equi r ed f or  t he wal l  t hi ckness.   Pr ovi de t oggl e 
bol t s wi t h a l oad- car r y i ng st r engt h of  not  l ess t han 600 pounds per  
anchor .

c.   Secur e panel s t o sol i d masonr y or  concr et e wi t h l ead or  br ass 
expansi on shi el ds desi gned f or  use wi t h not  l ess t han 1/ 4- 20 scr ews,  
wi t h a shi el d l engt h of  not  l ess t han 1- 1/ 2 i nches.   Pr ovi de expansi on 
shi el ds wi t h a l oad- car r y i ng st r engt h of  not  l ess t han 600 pounds per  
anchor .
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d.   Submi t  I nst al l at i on Dr awi ngs f or  t oi l et  par t i t i ons,  r oom ent r ance 
scr eens,  and ur i nal  scr eens showi ng pl ans,  el evat i ons,  det ai l s of  
const r uct i on,  har dwar e,  r ei nf or ci ng and bl ocki ng,  f i t t i ngs,  mount i ngs 
and escut cheons.   I ndi cat e on dr awi ngs t he t ype of  par t i t i on,  
l ocat i on,  mount i ng hei ght ,  cut out s,  and r ei nf or cement  r equi r ed f or  
t oi l et - r oom accessor i es.

3. 3   FLOOR- ANCHORED PARTI TI ONS

Secur e pi l ast er s t o t he f l oor  wi t h t he anchor age devi ce speci f i ed.   Make 
al l  l evel i ng devi ces r eadi l y accessi bl e f or  l evel i ng,  pl umbi ng,  and 
t i ght eni ng t he i nst al l at i on.   Level  t ops of  door s wi t h t ops of  pi l ast er s 
when door s ar e i n a c l osed posi t i on.   Expansi on shi el ds have a mi ni mum 2 
i nch penet r at i on i nt o t he concr et e s l ab.

3. 4   OVERHEAD- BRACED PARTI TI ONS

Secur e pi l ast er s t o t he f l oor  wi t h t he anchor age devi ce speci f i ed.   Make 
al l  l evel i ng devi ces r eadi l y accessi bl e f or  l evel i ng,  pl umbi ng,  and 
t i ght eni ng t he i nst al l at i on.   Secur e over head br ace t o t he pi l ast er  f ace 
wi t h not  l ess t han t wo f ast ener s per  f ace.   Expansi on shi el ds have a 
mi ni mum 2 i nch penet r at i on i nt o t he concr et e s l ab.   Make t ops of  door s 
par al l el  wi t h t he over head br ace when door s ar e i n a c l osed posi t i on.

3. 5   FI NAL ADJUSTMENT

Af t er  compl et i on of  t he i nst al l at i on,  make f i nal  adj ust ment s t o t he 
pi l ast er - l evel i ng devi ces,  door  har dwar e,  and ot her  wor ki ng par t s of  t he 
par t i t i on assembl y.   Door s have a uni f or m ver t i cal  edge cl ear ance of  
appr oxi mat el y 3/ 16 i nch and r est  open at  appr oxi mat el y 30 degr ees when 
unl at ched.

3. 6   CLEANI NG

Touch up baked enamel  and powder  coat  f i ni sh wi t h t he same col or  of  pai nt  
t hat  was used f or  t he f i ni sh.   Cl ean al l  sur f aces and adj acent  sur f aces 
soi l ed as a r esul t  of  t he wor k,  i n an appr oved manner  compl i ant  wi t h t he 
manuf act ur er ' s r ecommended cl eani ng and pr ot ect i on f r om damage pr ocedur es 
unt i l  accept ed.   Remove al l  equi pment ,  t ool s,  sur pl us mat er i al s,  and wor k 
debr i s f r om t he si t e.

       - -  End of  Sect i on - -
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SECTI ON 10 28 13

TOI LET ACCESSORI ES
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 1691 ( 1994;  Rev F)  Const r uct i on and Mat er i al  
Schedul e f or  Mi l i t ar y Medi cal  and Dent al  
Faci l i t i es

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Pr oduct  Schedul e;  G,  RO

Submi t  pr oduct  Schedul e i ndi cat i ng t ypes,  quant i t i es,  s i zes,  and 
i nst al l at i on l ocat i ons by r oom f or  each t oi l et  accessor y i t em 
r equi r ed.   I dent i f y l ocat i ons usi ng r oom desi gnat i ons i ndi cat ed on 
t he dr awi ngs.

SD- 03 Pr oduct  Dat a

Recycl ed cont ent  f or  st ai nl ess st eel  t oi l et  accessor i es;  S

I t em A5090 Di sposal ,  Sani t ar y Napki n,  SS,  Sur f ace Mount ed;  G,  RO

I t em A5109 Gr ab Bar ,  1- 1/ 4 i nch Di a. ,  SS,  2 Wal l ,  W/ C Accessi bl e;  G

Submi t  cat al og number s,  l i t er at ur e,  dat a sheet s,  const r uct i on 
det ai l s,  pr of i l es,  anchor i ng and mount i ng r equi r ement s  and ot her  
per t i nent  dat a f or  each t oi l et  accessor y i t em t o eval uat e 
f unct i on,  mat er i al s,  di mensi ons and appear ance.

SD- 10 Oper at i on and Mai nt enance Dat a

I t em A5109 Gr ab Bar ,  1- 1/ 4 i nch Di a. ,  SS,  2 Wal l ,  W/ C Accessi bl e;  G,  
RO

Submi t  Dat a Package 1 f or  each t oi l et  accessor y i t em  i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ONS AND MAI NTENANCE DATA.
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1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

Wr ap t oi l et  accessor i es f or  shi pment  and st or age,  t hen del i ver  t o t he 
j obsi t e i n manuf act ur er ' s or i gi nal  packagi ng,  and st or e i n a c l ean,  dr y 
ar ea pr ot ect ed f r om const r uct i on damage and vandal i sm.

1. 4   WARRANTY

Pr ovi de manuf act ur er ' s war r ant y t o r epai r  or  r epl ace def ect i ve mat er i al s 
and wor kmanshi p f or  a per i od of  one year  f r om dat e of  f i nal  accept ance of  
t he wor k. .

PART 2   PRODUCTS

2. 1   ACCESSORY I TEMS

Pr ovi de t oi l et  accessor i es wher e i ndi cat ed i n accor dance wi t h 
Cont r act or - pr ovi ded pr oduct  schedul e.   Conf or m t o t he r equi r ement s f or  
accessor y i t ems speci f i ed her ei n whi ch ar e based on MI L- STD- 1691 Joi nt  
Schedul e Number s ( JSN) .   Pr ovi de each accessor y i t em compl et e wi t h t he 
necessar y mount i ng pl at es of  st ur dy const r uct i on wi t h cor r osi on r esi st ant  
sur f ace.

Pr ovi de st ai nl ess st eel  pr oduct s l i s t ed her ei n manuf act ur ed f r om mat er i al s 
cont ai ni ng a mi ni mum of  50 per cent  r ecycl ed cont ent .   Pr ovi de dat a 
i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  st ai nl ess st eel  t oi l et  
accessor i es.

2. 1. 1   Anchor s and Fast ener s

Pr ovi de cor r osi on- r esi st ant  anchor s and f ast ener s capabl e of  devel opi ng a 
r est r ai ni ng f or ce commensur at e wi t h t he st r engt h of  t he accessor y t o be 
mount ed and sui t ed f or  use wi t h t he suppor t i ng const r uct i on.   Pr ovi de 
t amper pr oof  desi gn exposed f ast ener s wi t h f i ni sh t o mat ch t he accessor y.   
Pr ovi de f ast ener s pr oposed f or  use f or  each t ype of  wal l  const r uct i on and 
mount i ng.

2. 1. 2   Fi ni shes

Except  wher e not ed ot her wi se,  pr ovi de t he f ol l owi ng f i ni shes on met al :

Met al Fi ni sh

St ai nl ess st eel No.  4 sat i n f i ni sh

Car bon st eel ,  copper  al l oy,  and br ass Chr omi um pl at ed,  br i ght

2. 1. 3   I t em A5090 Di sposal ,  Sani t ar y Napki n,  SS,  Sur f ace Mount ed

Sur f ace mount ed sani t ar y napki n r ecept acl e.   Uni t  made of  st ai nl ess st eel  
wi t h sat i n f i ni sh and al l  wel ded const r uct i on.   Uni t  has pi ano hi nge 
at t ached at  t he t op and an i nt egr al  f i nger  depr essi on f or  openi ng.   For  
use wi t h di sposabl e paper  l i ner s,  avai l abl e separ at el y.   Uni t  may be 
at t ached t o wal l  or  t oi l et  par t i t i on.

Appr oxi mat e s i ze:   7 i nches wi de by 4 i nches deep by 10 i nches hi gh.
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2. 1. 4   I t em A5109 Gr ab Bar ,  1- 1/ 4 I nch Di amet er ,  SS,  2 Wal l ,  W/ C Accessi bl e

Gr ab bar  of  1- 1/ 4 i nch di amet er  sat i n f i ni sh st ai nl ess st eel  wi t h peened 
gr i ppi ng sur f ace f or  use i n t oi l et  st al l / r oom.   Snap- on f l ange cover s f or  
conceal ed mount i ng ar e st ai nl ess st eel  and equi pped wi t h t wo scr ew hol es 
f or  at t achment  t o wal l .   Gr ab bar s desi gned t o meet  and exceed ADA 
r equi r ement s f or  st r uct ur al  st r engt h.   Gr ab bar s desi gned t o wi t hst and 
l oads of  900 pounds when pr oper l y i nst al l ed.   Cl ear ance f r om wal l  t o gr ab 
bar  i s 1- 1/ 2 i nches t o meet  ADA and ANSI  codes.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Do not  i nst al l  i t ems t hat  show vi sual  evi dence of  bi ol ogi cal  gr owt h.   
Pr ovi de t he same f i ni sh f or  t he sur f aces of  f ast eni ng devi ces exposed 
af t er  i nst al l at i on as t he at t ached accessor y.   Pr ovi de oval  exposed scr ew 
heads.   I nst al l  accessor i es at  t he l ocat i on and hei ght  i ndi cat ed.   Pr ot ect  
exposed sur f aces of  accessor i es wi t h st r i ppabl e pl ast i c or  by ot her  means 
unt i l  t he i nst al l at i on i s accept ed.   Af t er  accept ance of  accessor i es,  
r emove and di spose of  st r i ppabl e pl ast i c pr ot ect i on.   Coor di nat e accessor y 
manuf act ur er ' s mount i ng det ai l s wi t h ot her  t r ades as t hei r  wor k 
pr ogr esses.   Use seal ant s f or  br acket s,  pl at es,  anchor i ng devi ces and 
si mi l ar  i t ems i n shower s ( a s i l i cone seal ant seal ant  speci f i ed i n Sect i on 
07 92 00 JOI NT SEALANTS)  as t hey ar e set  t o pr ovi de a wat er t i ght  
i nst al l at i on.   Af t er  i nst al l at i on,  t hor oughl y c l ean exposed sur f aces and 
r est or e damaged wor k t o i t s or i gi nal  condi t i on or  r epl ace wi t h new wor k.

 I n addi t i on t o i t ems speci f i ed her ei n,  pr ovi de i nst al l at i on f or  
t oi l et       accessor i es i ndi cat ed on t he dr awi ngs as " Gover nment  
Fur ni shed/ Cont r act or  I nst al l ed" .

3. 1. 1   Recessed Accessor i es

Fast en accessor i es wi t h wood scr ews t o st uds,  bl ocki ng or  r ough f r ame i n 
wood const r uct i on.   Set  anchor s i n mor t ar  i n masonr y const r uct i on.   Fast en 
t o met al  st uds or  f r ami ng wi t h sheet  met al  scr ews i n met al  const r uct i on.

3. 1. 2   Sur f ace Mount ed Accessor i es

Mount  on conceal ed backpl at es,  unl ess speci f i ed ot her wi se.   Conceal  
f ast ener s on accessor i es wi t hout  backpl at es.   I nst al l  accessor i es wi t h 
cor r osi on- r esi st ant  f ast ener s as r equi r ed by t he const r uct i on.   I nst al l  
backpl at es i n t he same manner ,  or  pr ovi de wi t h l ugs or  anchor s set  i n 
mor t ar ,  as r equi r ed by t he const r uct i on.   Fast en accessor i es mount ed on 
gypsum boar d and pl ast er  wal l s wi t hout  sol i d backi ng i nt o t he met al  or  
wood st uds,  or  t o backpl at es secur ed t o met al  st uds.

3. 2   CLEANI NG

Cl ean mat er i al  i n accor dance wi t h manuf act ur er ' s r ecommendat i ons.   Do not  
use al kal i ne or  abr asi ve agent s.   Take pr ecaut i ons t o avoi d scr at chi ng or  
mar r i ng exposed sur f aces.

         - -  End of  Sect i on - -
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SECTI ON 10 44 16

FI RE EXTI NGUI SHERS
11/ 19

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 1 ( 2021)  Fi r e Code

NFPA 10 ( 2022;  ERTA 1 2021)  St andar d f or  Por t abl e 
Fi r e Ext i ngui sher s

NFPA 101 ( 2021;  TI A 21- 1)  Li f e Saf et y Code

NFPA 409 ( 2022)  St andar d on Ai r cr af t  Hangar s

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 106 Fl ammabl e Li qui ds

29 CFR 1910. 157 ( 2003)  Por t abl e Fi r e Ext i ngui sher s

UNDERWRI TERS LABORATORI ES ( UL)

UL 299 ( 2012;  May 2021)  Dr y Chemi cal  Fi r e 
Ext i ngui sher s

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Fi r e Ext i ngui sher s;  G,  RO

Accessor i es;  G,  RO

Cabi net s;  G,  RO

Wal l  Br acket s;  G,  RO

Schedul e;  G,  RO

SD- 03 Pr oduct  Dat a
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Fi r e Ext i ngui sher s;  G,  RO

Accessor i es;  G,  RO

Cabi net s;  G,  RO

Wal l  Br acket s;  G,  RO

Repl acement  Par t s Li st ;  G,  RO

SD- 04 Sampl es

Equi pment  Sampl es;  G,  RO

SD- 07 Cer t i f i cat es

Fi r e Ext i ngui sher s Cer t i f i cat i ons;  G,  RO

Manuf act ur er ' s War r ant y wi t h I nspect i on Tag;  G,  RO

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  mat er i al s f r om weat her ,  soi l ,  and damage dur i ng del i ver y,  st or age,  
and const r uct i on.

Del i ver  mat er i al s i n t hei r  or i gi nal  packages,  cont ai ner s,  or  bundl es 
bear i ng t he br and name and t he name and t ype of  t he mat er i al .

1. 3. 1   Sampl es

Pr ovi de t he f ol l owi ng equi pment  sampl es:   One of  each t ype of  f i r e 
ext i ngui sher  bei ng i nst al l ed;  one f ul l - s i zed sampl e of  each t ype of  
cabi net  bei ng i nst al l ed;  t hr ee sampl es of  wal l  br acket s and accessor i es of  
each t ype bei ng used.

Use appr oved sampl es f or  i nst al l at i on,  wi t h pr oper  i dent i f i cat i on and 
st or age.

1. 4   WARRANTY

Guar ant ee t hat  Fi r e Ext i ngui sher s ar e f r ee of  def ect s i n mat er i al s,  
f abr i cat i on,  f i ni sh,  and i nst al l at i on and t hat  t hey wi l l  r emai n so f or  a 
per i od of  not  l ess t han 6 year s af t er  compl et i on.

Submi t  t he manuf act ur er ' s war r ant y wi t h i nspect i on t ag.

1. 5   PROJECT SCHEDULE

For  f i r e ext i ngui sher s.  Coor di nat e f i nal  f i r e ext i ngui sher  schedul e wi t h 
f i r e pr ot ect i on cabi net  schedul e t o ensur e pr oper  f i t  and f unct i on.  Use 
same desi gnat i ons i ndi cat ed on Dr awi ngs.

PART 2   PRODUCTS

Submi t  f abr i cat i on dr awi ngs consi st i ng of  f abr i cat i on and assembl y det ai l s 
per f or med i n t he f act or y and pr oduct  dat a f or  t he f ol l owi ng i t ems:   Fi r e 
Ext i ngui sher s;  Accessor i es,  cabi net s,  Wal l  Br acket s.
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2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Types

Submi t  f i r e ext i ngui sher s cer t i f i cat i ons showi ng compl i ance wi t h l ocal  
codes and r egul at i ons.

Pr ovi de f i r e ext i ngui sher s conf or mi ng t o NFPA 10.   Pr ovi de quant i t y and 
pl acement  i n compl i ance wi t h t he appl i cabl e sect i ons of  NFPA 1,  NFPA 101,  ,  ,  ,  ,  
NFPA 409,  , 29 CFR 1910. 106 and 29 CFR 1910. 157.

Pr ovi de dr y chemi cal  t ype f i r e ext i ngui sher s compl i ant  wi t h UL 299.

2. 1. 2   Mat er i al

Pr ovi de enamel ed st eel  ext i ngui sher  shel l .

2. 1. 3   Si ze

 10 pounds ext i ngui sher s.

2. 1. 4   Accessor i es

For ged br ass val ve

Saf et y r el ease

Pr essur e gage

2. 2   EQUI PMENT

2. 2. 1   Cabi net s

2. 2. 1. 1   Mat er i al

Pr ovi de al umi num cabi net s.

2. 2. 1. 2   Type

Pr ovi de semi - r ecessed cabi net  f or  a 4 i nch wal l .

2. 2. 1. 3   Si ze

Di mensi on cabi net s t o accommodat e t he speci f i ed f i r e ext i ngui sher s.

2. 2. 2   Wal l  Br acket s

Pr ovi de wal l - hook f i r e ext i ngui sher  wal l  br acket s.

Pr ovi de wal l  br acket  and accessor i es as appr oved.

2. 2. 2. 1   I dent i f i cat i on

Pr ovi de l et t er i ng compl yi ng wi t h aut hor i t i es havi ng j ur i sdi ct i on f or  
l et t er  st y l e,  s i ze,  spaci ng,  and l ocat i on.  Locat e as i ndi cat ed by t he 
dr awi ngs.

I dent i f y br acket - mount ed f i r e ext i ngui sher s wi t h t he wor ds " FI RE 
EXTI NGUI SHER"  i n r ed l et t er  decal s appl i ed t o mount i ng sur f ace.
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Or i ent at i on:   Ver t i cal .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  Fi r e Ext i ngui sher s wher e i ndi cat ed on t he dr awi ngs.   Ver i f y exact  
l ocat i ons pr i or  t o i nst al l at i on.

Pr ovi de ext i ngui sher s whi ch ar e f ul l y  char ged and r eady f or  oper at i on upon 
i nst al l at i on.   Pr ovi de ext i ngui sher s compl et e wi t h Manuf act ur er ' s War r ant y 
wi t h I nspect i on Tag at t ached.

I nst al l  f i r e ext i ngui sher s i n l ocat i ons i ndi cat ed and i n compl i ance wi t h 
r equi r ement s of  aut hor i t i es havi ng j ur i sdi ct i on.

Compl y wi t h t he manuf act ur er ' s r ecommendat i ons f or  al l  i nst al l at i ons.

3. 2   PROTECTI ON

3. 2. 1   Repai r i ng

Remove and r epl ace damaged and unaccept abl e por t i ons of  compl et ed wor k 
wi t h new wor k at  no addi t i onal  cost  t o t he Gover nment .

Submi t  r epl acement  par t s l i s t  i ndi cat i ng speci f i ed i t ems r epl acement  par t ,  
r epl acement  cost ,  and name,  addr ess and cont act  f or  r epl acement  par t s 
di st r i but or .

3. 2. 2   Cl eani ng

Cl ean al l  sur f aces of  t he wor k,  and adj acent  sur f aces whi ch ar e soi l ed as 
a r esul t  of  t he wor k.   Remove f r om t he si t e al l  const r uct i on equi pment ,  
t ool s,  sur pl us mat er i al s and r ubbi sh r esul t i ng f r om t he wor k.

        - -  End of  Sect i on - -
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SECTI ON 10 51 13

METAL LOCKERS
05/ 11

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A1008/ A1008M ( 2021a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM B456 ( 2017;  R 2022)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Copper  Pl us 
Ni ckel  Pl us Chr omi um and Ni ckel  Pl us 
Chr omi um

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- PRF- 22750 ( 2014;  Rev G;  Not i ce 1 2019)  Coat i ng,  
Epoxy,  Hi gh Sol i ds

MI L- PRF- 23377 ( 2012;  Rev K)  Pr i mer  Coat i ngs:  Epoxy,  Hi gh 
Sol i ds

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

FS AA- L- 00486 ( Rev J)  Locker s,  Cl ot hi ng,  St eel

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Types;  G,  RO

Locat i on;  G,  RO

I nst al l at i on

Number i ng syst em

SD- 03 Pr oduct  Dat a
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Mat er i al

Handl es

Fi ni sh

Locker  component s

Assembl y i nst r uct i ons

SD- 04 Sampl es

Col or  chi ps;  G,  RO

1. 3   DELI VERY,  HANDLI NG,  AND STORAGE

Del i ver  l ocker s and associ at ed mat er i al s i n t hei r  or i gi nal  packages,  
cont ai ner s,  or  bundl es bear i ng t he manuf act ur er ' s name and t he name of  t he 
mat er i al .   Pr ot ect  f r om weat her ,  soi l ,  and damage dur i ng del i ver y,  
st or age,  and const r uct i on.

1. 4   FI ELD MEASUREMENTS

To ensur e pr oper  f i t s ,  make f i el d measur ement s pr i or  t o t he pr epar at i on of  
dr awi ngs and f abr i cat i on.   Ver i f y cor r ect  l ocat i on

1. 5   QUALI TY ASSURANCE

1. 5. 1   Col or  Chi ps

Pr ovi de a mi ni mum of  t hr ee col or  chi ps,  not  l ess t han 3 i nches squar e,  of  
each col or  schedul ed .

Gover nment  may r equest  per f or mance- char act er i st i c t est s on assembl ed 
l ocker s.   Test s and r esul t s must  conf or m t o FS AA- L- 00486.   Locker s not  
conf or mi ng wi l l  be r ej ect ed.

PART 2   PRODUCTS

2. 1   TYPES

Locker  must  have t he f ol l owi ng t ype and si ze i n t he l ocat i on and 
quant i t i es i ndi cat ed.   Locker  f i ni sh col or s wi l l  be as schedul ed.

2. 1. 1   Doubl e- Ti er

Type DTW- 1:   Doubl e- t i er  l ocker  12 i nches wi de,  15 i nches deep,  and 72 
i nches hi gh,  wi t hout  base

2. 2   MATERI AL

2. 2. 1    St eel  Sheet

ASTM A1008/ A1008M ,  commer ci al  qual i t y,  mi ni mi zed spangl e mat er i al .   
Pr epar e mat er i al  sur f aces f or  baked enamel  f i ni shi ng i n accor dance wi t h 
FS AA- L- 00486.   Fabr i cat e l ocker  bodi es f r om not  l ess t han 0. 0239- i nch 
t hi ck st eel  sheet .
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2. 2. 2   Chr omi um Coat i ng

Ni ckel  and chr omi um el ect r odeposi t ed on t he speci f i ed base met al .   Conf or m 
t o ASTM B456,  SC- 3,  as appl i cabl e t o t he base met al .

2. 2. 3   Fi ni sh

Pr i mer ,  MI L- PRF- 23377 ;  t opcoat ,  MI L- PRF- 22750 .

2. 2. 3. 1   Col or

As sel ect ed.

2. 3   COMPONENTS

2. 3. 1   Coat  Hooks

FS AA- L- 00486,  chr omi um pl at ed.

2. 3. 2   Door  Handl es

FS AA- L- 00486.   Pr ovi de zi nc al l oy or  st eel  handl es wi t h a chr omi um 
coat i ng.

2. 3. 3   Door s

FS AA- L- 00486,  not  l ess t han 0. 0598 i nch t hi ck st eel  sheet .

2. 3. 3. 1   Hi nges

I n addi t i on t o t he r equi r ement s of  FS AA- L- 00486,  pr ovi de 5- knuckl e 
hi nges,  mi ni mum 2 i nches hi gh.   Fabr i cat e knuckl e hi nges f r om not  l ess t han
 0. 0787 i nch t hi ck st eel  sheet .     Wel d or  bol t  hi nges t o t he door  f r ame.   
Wel d,  bol t ,  or  r i vet  hi nges t o t he door .

2. 3. 3. 2   Lat chi ng Mechani sms

FS AA- L- 00486.

2. 3. 4   Lat ch St r i kes

FS AA- L- 00486.   Fabr i cat e f r om not  l ess t han 0. 0787 i nch t hi ck st eel  
sheet ,  except  l at ch st r i ke may be cont i nuous f r om t op t o bot t om and 
f abr i cat ed as par t  of  t he door  f r ami ng.

2. 3. 5   Si l encer s

FS AA- L- 00486.

2. 3. 6   Back and Si de Panel s,  Tops,  and Bot t oms

FS AA- L- 00486,  not  l ess t han 0. 0474 i nch t hi ck st eel  sheet .

2. 3. 7   Shel ves

FS AA- L- 00486.   Fabr i cat e f r om not  l ess t han 0. 0598 i nch t hi ck st eel  sheet .
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2. 3. 8   Number  Pl at es

FS AA- L- 00486.   Al umi num .   Pr ovi de consecut i ve number s f r om 1 t o 60.

2. 3. 9   Fast eni ng Devi ces

Pr ovi de bol t s,  nut s,  and r i vet s as speci f i ed i n FS AA- L- 00486.

PART 3   EXECUTI ON

3. 1   ASSEMBLY AND I NSTALLATI ON

Assembl e l ocker s accor di ng t o t he l ocker  manuf act ur er ' s i nst r uct i ons.   
Al i gn l ocker s hor i zont al l y and ver t i cal l y.   Secur e l ocker s t o wal l  and base
 wi t h scr ews as i ndi cat ed.   Bol t  adj acent  l ocker s t oget her .   Adj ust  door s 
t o oper at e f r eel y wi t hout  st i cki ng or  bi ndi ng and t o ensur e t hey c l ose 
t i ght l y.

3. 2   NUMBERI NG SYSTEM

I nst al l  number  pl at es on l ocker s consecut i vel y wi t h odd number s on t op and 
even number s on bot t om .

3. 3   FI ELD QUALI TY CONTROL

3. 3. 1   Test i ng

Gover nment  may r equest  per f or mance- char act er i st i c t est s on assembl ed 
l ocker s i n accor dance wi t h FS AA- L- 00486.   Locker s not  conf or mi ng wi l l  be 
r ej ect ed.

3. 3. 2   Repai r i ng

Remove and r epl ace damaged and unaccept abl e por t i ons of  compl et ed wor k 
wi t h new.

3. 3. 3   Cl eani ng

Cl ean sur f aces of  t he wor k,  and adj acent  sur f aces soi l ed as a r esul t  of  
t he wor k,  i n an appr oved manner .   Remove equi pment ,  sur pl us mat er i al s,  and 
r ubbi sh f r om t he si t e.

        - -  End of  Sect i on - -
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SECTI ON 21 13 13

 WET PI PE SPRI NKLER SYSTEMS,  FI RE PROTECTI ON
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 1 ( 2020)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 4 ( 2021)  Gr ay I r on Thr eaded Fi t t i ngs;  
Cl asses 125 and 250

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

AMERI CAN SOCI ETY OF SANI TARY ENGI NEERI NG ( ASSE)

ASSE 1015 ( 2021)  Per f or mance Requi r ement s f or  Doubl e 
Check Backf l ow Pr event i on Assembl i es

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C104/ A21. 4 ( 2022)  Cement - Mor t ar  Li ni ng f or  
Duct i l e- I r on Pi pe and Fi t t i ngs f or  Wat er

AWWA C110/ A21. 10 ( 2021)  Duct i l e- I r on and Gr ay- I r on Fi t t i ngs

AWWA C111/ A21. 11 ( 2017)  Rubber - Gasket  Joi nt s f or  
Duct i l e- I r on Pr essur e Pi pe and Fi t t i ngs

AWWA C203 ( 2020)  Coal - Tar  Pr ot ect i ve Coat i ngs and 
Li ni ngs f or  St eel  Wat er  Pi pel i nes -  Enamel  
and Tape -  Hot - Appl i ed

AWWA M14 ( 2015)  Manual :   Recommended Pr act i ce f or  
Backf l ow Pr event i on and Cr oss- Connect i on 
Cont r ol

ASTM I NTERNATI ONAL ( ASTM)

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
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Wel ded and Seaml ess

ASTM A135/ A135M ( 2021)  St andar d Speci f i cat i on f or  
El ect r i c- Resi st ance- Wel ded St eel  Pi pe

ASTM A153/ A153M ( 2023)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A183 ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  Tr ack Bol t s and Nut s

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

I NTELLI GENCE COMMUNI TY STANDARD ( I CS)

I CS 705- 1 ( 2010)  Physi cal  and Techni cal  Secur i t y 
St andar d f or  Sensi t i ve Compar t ment ed 
I nf or mat i on Faci l i t i es

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 71 ( 2018)  Gr ay I r on Swi ng Check Val ves,  
Fl anged and Thr eaded Ends

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 13 ( 2022;  ERTA 3 2022)  St andar d f or  t he 
I nst al l at i on of  Spr i nkl er  Syst ems

NFPA 13R ( 2022;  ERTA 1 2022)  St andar d f or  t he 
I nst al l at i on of  Spr i nkl er  Syst ems i n 
Low- Ri se Resi dent i al  Occupanci es

NFPA 24 ( 2022)  St andar d f or  t he I nst al l at i on of  
Pr i vat e Fi r e Ser vi ce Mai ns and Thei r  
Appur t enances

NFPA 101 ( 2021;  TI A 21- 1)  Li f e Saf et y Code

NFPA 291 ( 2022)  Recommended Pr act i ce f or  Fi r e Fl ow 
Test i ng and Mar ki ng of  Hydr ant s

NFPA 1963 ( 2019)  St andar d f or  Fi r e Hose Connect i ons

NATI ONAL I NSTI TUTE FOR CERTI FI CATI ON I N ENGI NEERI NG TECHNOLOGI ES 
( NI CET)

NI CET 1014- 7 ( 2012)  Pr ogr am Det ai l  Manual  f or  
Cer t i f i cat i on i n t he Fi el d of  Fi r e 
Pr ot ect i on Engi neer i ng Technol ogy ( Fi el d 
Code 003)  Subf i el d of  Aut omat i c Spr i nkl er  
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Syst em Layout

UNDERWRI TERS LABORATORI ES ( UL)

UL 199 ( 2020)  UL St andar d f or  Saf et y Aut omat i c 
Spr i nkl er s f or  Fi r e- Pr ot ect i on Ser vi ce

UL 262 ( 2004;  Repr i nt  Oct  2011)  Gat e Val ves f or  
Fi r e- Pr ot ect i on Ser vi ce

UL 312 ( 2022)  UL St andar d f or  Saf et y Check Val ves 
f or  Fi r e- Pr ot ect i on Ser vi ce

UL 405 ( 2013;  Bul .  2020)  UL St andar d f or  Saf et y 
Fi r e Depar t ment  Connect i on Devi ces

UL 789 ( 2004;  Repr i nt  May 2017)  UL St andar d f or  
Saf et y I ndi cat or  Post s f or  Fi r e- Pr ot ect i on 
Ser vi ce

UL Pr oduct  i Q ( updat ed onl i ne)  UL Pr oduct  i Q 
ht t ps: / / pr oduct i q. ul pr ospect or . com/ en

1. 2   SYSTEM DESCRI PTI ON

Pr ovi de wet  pi pe spr i nkl er  syst em( s)  i n al l  ar eas of  t he bui l di ng.   Except  
as modi f i ed her ei n,  t he syst em must  meet  t he r equi r ement s of  NFPA 13.   
Pi pe si zes whi ch ar e not  i ndi cat ed on t he Cont r act  dr awi ngs must  be 
det er mi ned by hydr aul i c cal cul at i ons.

1. 2. 1   Hydr aul i c Desi gn

1. 2. 1. 1   Basi s f or  Cal cul at i ons

A wat er f l ow t est  was per f or med on November  30,  2022 at  al ong Br adt  St r eet  
and r esul t ed i n a st at i c pr essur e of  63 psi  wi t h a r esi dual  pr essur e of  59 
psi  at  hydr ant  408 whi l e f l owi ng 1, 130 gpm at  hydr ant  409.   Cont r act or  
must  per f or m a f i r e hydr ant  f l ow t est  pr i or  t o shop dr awi ng submi t t al  i n 
accor dance wi t h NFPA 291.   Resul t s must  i ncl ude hydr ant  el evat i ons 
r el at i ve t o t he bui l di ng and hydr ant  number / i dent i f i er s f or  t he t est ed 
hydr ant s,  i ncl udi ng whi ch wer e f l owed,  whi ch had a gauge.   Thi s 
i nf or mat i on must  be pr esent ed i n a t abul ar  f or m i f  mul t i pl e hydr ant s wer e 
f l owed.   The r esul t s must  be i ncl uded wi t h t he hydr aul i c cal cul at i ons.   
Hydr aul i c cal cul at i ons must  be based on f l ow t est  not ed i n t hi s par agr aph,  
unl ess appr oved by Cont r act i ng Of f i cer .   Hydr aul i c cal cul at i ons must  be 
based upon t he Hazen- Wi l l i ams f or mul a wi t h a " C"  val ue not ed i n NFPA 13 
f or  pi pi ng,  and 100 f or  exi st i ng under gr ound pi pi ng.   Hydr aul i c 
cal cul at i ons must  be based on oper at i on of  t he f i r e pump( s)  pr ovi ded i n 
Sect i on 21 30 00 FI RE PUMPS.   The mi ni mum r esi dual  pr essur e i n a ser vi ce 
l at er al  ( l ead- i n)  at  t he 150 per cent  of  t he f i r e pump r at ed f l ow must  be 
20 psi  at  t he i nl et  t o t he backf l ow pr event er .

1. 2. 1. 2   Hydr aul i c Cal cul at i ons

a.   Wat er  suppl y cur ves and syst em r equi r ement s must  be pl ot t ed on 
semi - l ogar i t hmi c gr aph ( N̂ 1. 85)  paper  so as t o pr esent  a summar y of  
t he compl et e hydr aul i c cal cul at i on.

b.   Pr ovi de a summar y sheet  l i s t i ng spr i nkl er s i n t he desi gn ar ea and 
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t hei r  r espect i ve hydr aul i c r ef er ence poi nt s,  el evat i ons,  mi ni mum 
di schar ge pr essur es and mi ni mum f l ows.   El evat i ons of  hydr aul i c 
r ef er ence poi nt s ( nodes)  must  be i ndi cat ed.

c.   Document at i on must  i dent i f y each pi pe i ndi v i dual l y and t he nodes 
connect ed t her et o.   I ndi cat e t he di amet er ,  l engt h,  f l ow,  vel oci t y,  
f r i c t i on l oss,  number  and t ype f i t t i ngs,  t ot al  f r i c t i on l oss i n t he 
pi pe,  equi val ent  pi pe l engt h and Hazen- Wi l l i ams coef f i c i ent  f or  each 
pi pe.

d.   Wher e t he spr i nkl er  syst em i s suppl i ed by i nt er connect ed r i ser s,  t he 
spr i nkl er  syst em must  be hydr aul i cal l y cal cul at ed usi ng t he 
hydr aul i cal l y most  demandi ng si ngl e r i ser .   The cal cul at i ons must  not  
assume t he si mul t aneous use of  mor e t han one r i ser .

e.   Al l  cal cul at i ons must  i ncl ude t he backf l ow pr event er  manuf act ur er ' s 
st at ed f r i ct i on l oss at  t he desi gn f l ow or  8 psi  f or  doubl e check 
backf l ow pr event er ,  whi chever  i s gr eat er .

f .   Al l  cal cul at i ons must  be per f or med back t o t he act ual  l ocat i on of  t he 
f l ow t est ,  t aki ng i nt o account  t he di r ect i on of  f l ow i n t he ser vi ce 
mai n at  t he t est  l ocat i on.

g.   For  gr i dded syst ems,  cal cul at i ons must  show peaki ng of  demand ar ea 
f r i ct i on l oss t o ver i f y t hat  t he hydr aul i cal l y most  demandi ng ar ea i s 
bei ng used.   A f l ow di agr am i ndi cat i ng t he quant i t y and di r ect i on of  
f l ows must  be i ncl uded.

1. 2. 1. 3   Desi gn Cr i t er i a

Hydr aul i cal l y desi gn t he syst em t o di schar ge a mi ni mum densi t y as 
i ndi cat ed on t he dr awi ngs.   Hydr aul i c cal cul at i ons must  be i n accor dance 
wi t h t he Ar ea/ Densi t y Met hod of  NFPA 13.   Add an al l owance f or  ext er i or  
hose st r eams of  250 gpm f or  l i ght  and or di nar y hazar d occupanci es and 500 
gpm f or  t he hangar  bay and ext r a hazar d occupanci es t o t he spr i nkl er  
syst em demand at  t he poi nt  of  connect i on t o t he exi st i ng wat er  syst em.

1. 2. 2   Spr i nkl er  Cover age

Spr i nkl er s must  be uni f or ml y spaced on br anch l i nes.   Pr ovi de cover age 
t hr oughout  100 per cent  of  t he bui l di ng.   Thi s i ncl udes,  but  i s not  l i mi t ed 
t o,  t el ephone r ooms,  el ect r i cal  equi pment  r ooms ( r egar dl ess of  t he f i r e 
r esi st ance r at i ng of  t he encl osur e) ,  boi l er  r ooms,  swi t chgear  r ooms,  
t r ansf or mer  r ooms,  at t ached el ect r i cal  vaul t s and ot her  el ect r i cal  and 
mechani cal  spaces.   Cover age per  spr i nkl er  must  be i n accor dance wi t h 
NFPA 13.   Pr ovi de spr i nkl er s bel ow al l  obst r uct i ons i n accor dance wi t h 
NFPA 13.   Except i ons ar e as f ol l ows:

a.   Spr i nkl er s may be omi t t ed f r om smal l  r ooms whi ch ar e exempt ed f or  
speci f i c  occupanci es i n accor dance wi t h NFPA 101.

b.   Faci l i t i es t hat  ar e desi gned i n accor dance wi t h NFPA 13R.

1. 2. 3   Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)

An i ndi v i dual  who i s a l i censed pr of essi onal  engi neer  ( P. E. )  who has 
passed t he f i r e pr ot ect i on engi neer i ng wr i t t en exami nat i on admi ni st er ed by 
t he Nat i onal  Counci l  of  Exami ner s f or  Engi neer i ng and Sur veyi ng ( NCEES)  
and has r el evant  f i r e pr ot ect i on engi neer i ng exper i ence.   Ser vi ces of  t he 
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QFPE must  i ncl ude:

a.   Revi ewi ng SD- 02,  SD- 03,  and SD- 05 submi t t al  packages f or  compl et eness 
and compl i ance wi t h t he pr ovi s i ons of  t hi s speci f i cat i on.   Wor ki ng 
( shop)  dr awi ngs and cal cul at i ons must  be pr epar ed by,  or  pr epar ed 
under  t he i mmedi at e super vi s i on of ,  t he QFPE.   The QFPE must  af f i x  
t hei r  pr of essi onal  engi neer i ng st amp wi t h s i gnat ur e t o t he shop 
dr awi ngs,  cal cul at i ons,  and mat er i al  dat a sheet s,  i ndi cat i ng appr oval  
pr i or  t o submi t t i ng t he shop dr awi ngs t o t he DFPE.

b.   Pr ovi de a l et t er  document i ng t hat  t he SD- 02,  SD- 03,  and SD- 05 
submi t t al  package has been r evi ewed and not i ng al l  out st andi ng 
comment s.

c.   Per f or mi ng i n- pr ogr ess const r uct i on sur vei l l ance pr i or  t o i nst al l at i on 
of  cei l i ngs ( r ough- i n i nspect i on) .

d.   Wi t nessi ng pr e- Gover nment  and f i nal  Gover nment  f unct i onal  per f or mance 
t est i ng and per f or mi ng a f i nal  i nst al l at i on r evi ew.

e.   Si gni ng appl i cabl e cer t i f i cat es under  SD- 07.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Par t i al  submi t t al s and submi t t al s not  f ul l y  compl yi ng wi t h NFPA 13 and 
t hi s speci f i cat i on sect i on must  be r et ur ned di sappr oved wi t hout  r evi ew.   
SD- 02,  SD- 03 and SD- 05 must  be submi t t ed s i mul t aneousl y.

FP -  Fi r e Pr ot ect i on Submi t t al s t o i ncl ude al l  t he f ol l owi ng:

Resi dent  Engi neer

Di st r i ct  Of f i ce

AFCEC -  AFCEC Fi r e Pr ot ect i on Engi neer  or  t he AFCEC Fi r e 
Pr ot ect i on Engi neer ' s desi gnat ed r epr esent at i ve.

Submi t t al  must  be a s i ngl e package combi ned wi t h t he f i r e spr i nkl er  syst em 
and f i r e pump syst em and i ncl ude r equi r ed cr i t er i a of  NFPA 13.   Par t i al  
submi t t al s wi l l  be r et ur ned wi t hout  r evi ew.

See Sect i on 21 30 00 FI RE PUMPS f or  addi t i onal  submi t t al  r equi r ement s t o 
be coor di nat ed and sent  t o AFCEC Fi r e Pr ot ect i on Engi neer  or  t he AFCEC 
Fi r e Pr ot ect i on Engi neer ' s desi gnat ed r epr esent at i ve.

Shop dr awi ngs ( SD- 02) ,  pr oduct  dat a ( SD- 03)  and cal cul at i ons ( SD- 05)  must  
be pr epar ed by t he desi gner  and combi ned and submi t t ed as one compl et e 
package.   The QFPE must  r evi ew t he SD- 02/ SD- 03/ SD- 05 submi t t al  package f or  
compl et eness and compl i ance wi t h t he Cont r act  pr ovi s i ons pr i or  t o 
submi ssi on t o t he Gover nment .   The QFPE must  pr ovi de a Let t er  of  
Conf i r mat i on t hat  t hey have r evi ewed t he submi t t al  package f or  compl i ance 
wi t h t he cont r act  pr ovi s i ons.   Thi s l et t er  must  i ncl ude t hei r  pr of essi onal  
engi neer  st amp and si gnat ur e.   Par t i al  submi t t al s and submi t t al s not  
r evi ewed by t he QFPE must  be r et ur ned di sappr oved wi t hout  r evi ew.
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Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) ;  G,  FP

Spr i nkl er  Syst em Desi gner ;  G,  FP

Spr i nkl er  Syst em I nst al l er ;  G,  FP

SD- 02 Shop Dr awi ngs

Shop Dr awi ng;  G,  FP

SD- 03 Pr oduct  Dat a

Pi pe;  G,  FP

Fi t t i ngs;  G,  FP

Val ves,  i ncl udi ng gat e,  check,  but t er f l y,  and gl obe;  G,  FP

Ri ser  Check Val ves;  G,  FP

Rel i ef  Val ves;  G,  FP

Spr i nkl er s ;  G,  FP

Pi pe Hanger s and Suppor t s ;  G,  FP

Spr i nkl er  Al ar m Swi t ch;  G,  FP

Val ve Super vi sor y ( Tamper )  Swi t ch;  G,  FP

Fi r e Depar t ment  Connect i on;  G,  FP

Backf l ow Pr event i on Assembl y;  G,  FP

Ai r  Vent ;  G,  FP

Sei smi c Br aci ng;  G,  FP

Namepl at es;  G,  FP

SD- 05 Desi gn Dat a

Sei smi c Br aci ng;  G,  FP

Load cal cul at i ons f or  s i z i ng of  sei smi c br aci ng

Hydr aul i c Cal cul at i ons;  G,  FP

SD- 06 Test  Repor t s

Test  Pr ocedur es;  G,  FP

SD- 07 Cer t i f i cat es
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Ver i f i cat i on of  Compl i ant  I nst al l at i on;  G,  FP

Request  f or  Gover nment  Fi nal  Test ;  G,  FP

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i ng and Mai nt enance ( O&M)  I nst r uct i ons;  G,  FP

Spar e Par t s Dat a;  G,  FP

SD- 11 Cl oseout  Submi t t al s

As- bui l t  dr awi ngs

1. 4   QUALI TY ASSURANCE

1. 4. 1   Pr econst r uct i on Submi t t al s

Wi t hi n 36 days of  cont r act  awar d but  no l ess t han 14 days pr i or  t o 
commenci ng wor k on si t e,  t he pr i me Cont r act or  must  submi t  t he f ol l owi ng 
f or  r evi ew and appr oval .   SD- 02,  SD- 03 and SD- 05 submi t t al s r ecei ved pr i or  
t o t he r evi ew and appr oval  of  t he qual i f i cat i ons wi l l  be r et ur ned 
Di sappr oved Wi t hout  Revi ew.

1. 4. 1. 1   Shop Dr awi ng

Thr ee har d copi es and one el ect r oni c ( pdf )  copy of  t he shop dr awi ngs,  no 
l at er  t han 30 days pr i or  t o t he st ar t  of  syst em i nst al l at i on.   Wor ki ng 
dr awi ngs conf or mi ng t o t he r equi r ement s pr escr i bed i n NFPA 13 and must  be 
no smal l er  t han t he Cont r act  Dr awi ngs.   Each set  of  dr awi ngs must  i ncl ude 
t he f ol l owi ng:

a.   A descr i pt i ve i ndex wi t h dr awi ngs l i s t ed i n sequence by number .   A 
l egend sheet  i dent i f y i ng devi ce symbol s,  nomencl at ur e,  and convent i ons 
used i n t he package.

b.   Fl oor  pl ans dr awn t o a scal e not  l ess t han 1/ 8- i nch equal s 1- f oot  
c l ear l y showi ng l ocat i ons of  devi ces,  equi pment ,  r i ser s,  and ot her  
det ai l s r equi r ed t o c l ear l y descr i be t he pr oposed ar r angement .

c.   Act ual  cent er - t o- cent er  di mensi ons bet ween spr i nkl er s on br anch l i nes 
and bet ween br anch l i nes;  f r om end spr i nkl er s t o adj acent  wal l s;  f r om 
wal l s t o br anch l i nes;  f r om spr i nkl er  f eed mai ns,  cr oss mai ns and 
br anch l i nes t o f i ni shed f l oor  and r oof  or  cei l i ng.   A det ai l  must  
show t he di mensi on f r om t he spr i nkl er  and spr i nkl er  def l ect or  t o t he 
cei l i ng i n f i ni shed ar eas.

d.   Longi t udi nal  and t r ansver se bui l di ng sect i ons showi ng t ypi cal  br anch 
l i ne and cr oss mai n pi pe r out i ng,  el evat i on of  each t ypi cal  spr i nkl er  
above f i ni shed f l oor  and el evat i on of  " c l oud"  or  f al se cei l i ngs i n 
r el at i on t o t he bui l di ng cei l i ngs.

e.   Pl an and el evat i on v i ews whi ch est abl i sh t hat  t he equi pment  wi l l  f i t  
t he al l ot t ed spaces wi t h c l ear ance f or  i nst al l at i on and mai nt enance.

f .   Ri ser  l ayout  dr awi ngs dr awn t o a scal e of  not  l ess t han 1/ 2- i nch 
equal s 1- f oot  t o show det ai l s of  each syst em component ,  c l ear ances 
bet ween each ot her  and f r om ot her  equi pment  and const r uct i on i n t he 
r oom.
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g.   Det ai l s of  each t ype of  r i ser  assembl y,  pi pe hanger ,  sway br aci ng f or  
ear t hquake pr ot ect i on,  and r est r ai nt  of  under gr ound wat er  mai n at  
poi nt - of - ent r y i nt o t he bui l di ng,  and el ect r i cal  devi ces and 
i nt er connect i ng wi r i ng.   The di mensi on f r om t he edge of  ver t i cal  
pi pi ng t o t he near est  adj acent  wal l ( s)  must  be i ndi cat ed on t he 
dr awi ngs when ver t i cal  pi pi ng i s l ocat ed i n st ai r s or  ot her  por t i ons 
of  t he means of  egr ess.

h.   Det ai l s of  each t ype of  pi pe hanger ,  sei smi c br aci ng/ r est r ai nt  and 
r el at ed component s.

i .   I ncl ude f i r e pump cur ve wi t h shop dr awi ngs and hydr aul i c cal cul at i ons.

1. 4. 1. 2   Pr oduct  Dat a

Thr ee har d copi es and one el ect r oni c ( pdf )  copy of  annot at ed cat al og dat a 
t o show t he speci f i c  model ,  t ype,  and si ze of  each i t em.   Cat al og cut s 
must  al so i ndi cat e t he NRTL l i s t i ng.   The dat a must  be hi ghl i ght ed t o show 
model ,  s i ze,  opt i ons,  and ot her  per t i nent  i nf or mat i on,  t hat  ar e i nt ended 
f or  consi der at i on.   Dat a must  be adequat e t o demonst r at e compl i ance wi t h 
al l  cont r act  r equi r ement s.   Pr oduct  dat a f or  al l  equi pment  must  be 
combi ned i nt o a s i ngl e submi t t al .

1. 4. 1. 3   Hydr aul i c Cal cul at i ons

Cal cul at i ons must  be as out l i ned i n NFPA 13 except  t hat  cal cul at i ons must  
be per f or med by comput er  usi ng sof t war e i nt ended speci f i cal l y f or  f i r e 
pr ot ect i on syst em desi gn usi ng t he desi gn dat a shown on t he dr awi ngs.

1. 4. 1. 4   Oper at i ng and Mai nt enance ( O&M)  I nst r uct i ons

Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA 
as suppl ement ed and modi f i ed by t hi s speci f i cat i on sect i on.

PPr ovi de t hr ee manual s and one pdf  ver si on on el ect r oni c medi a.   The 
manual s must  i ncl ude t he manuf act ur er ' s name,  model  number ,  par t s l i s t ,  
l i s t  of  par t s and t ool s t hat  shoul d be kept  i n st ock by t he owner  f or  
r out i ne mai nt enance,  t r oubl eshoot i ng gui de,  and r ecommended ser vi ce 
or gani zat i on ( i ncl udi ng addr ess and t el ephone number )  f or  each i t em of  
equi pment .   Each ser vi ce or gani zat i on submi t t ed must  be capabl e of  
pr ovi di ng 4- hour  on- si t e r esponse t o a ser vi ce cal l  on an emer gency basi s.

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed.   The dat a must  i ncl ude a compl et e l i s t  of  par t s and suppl i es,  
and a l i s t  of  par t s r ecommended by t he manuf act ur er  t o be r epl aced af t er  
1- year  and 3 year s of  ser vi ce.   I ncl ude a l i s t  of  speci al  t ool s and t est  
equi pment  r equi r ed f or  mai nt enance and t est i ng of  t he pr oduct s suppl i ed.

1. 4. 2   Qual i f i cat i ons

1. 4. 2. 1   Spr i nkl er  Syst em Desi gner

The spr i nkl er  syst em desi gner  must  be cer t i f i ed as a Level  I I I  or  I V 
Techni c i an by Nat i onal  I nst i t ut e f or  Cer t i f i cat i on i n Engi neer i ng 
Technol ogi es ( NI CET)  i n t he Wat er - Based Syst ems Layout  subf i el d of  Fi r e 
Pr ot ect i on Engi neer i ng Technol ogy i n accor dance wi t h NI CET 1014- 7.
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1. 4. 2. 2   Spr i nkl er  Syst em I nst al l er

The spr i nkl er  syst em i nst al l er  must  be r egul ar l y engaged i n t he 
i nst al l at i on of  t he t ype and compl exi t y of  syst em speci f i ed i n t he 
cont r act  document s,  and must  have ser ved i n a s i mi l ar  capaci t y f or  at  
l east  t hr ee syst ems t hat  have per f or med i n t he manner  i nt ended f or  a 
per i od of  not  l ess t han 6 mont hs.

1. 4. 3   Regul at or y Requi r ement s

Equi pment  and mat er i al  must  be l i s t ed or  appr oved.   Li st ed or  appr oved,  as 
used i n t hi s Sect i on,  means l i s t ed,  l abel ed or  appr oved by a Nat i onal l y 
Recogni zed Test i ng Labor at or y ( NRTL)  such as UL Pr oduct  i Q or  FM APP GUI DE.   
The omi ssi on of  t hese t er ms under  t he descr i pt i on of  an i t em or  equi pment  
descr i bed must  not  be const r ued as wai v i ng t hi s r equi r ement .   Al l  l i s t i ngs 
or  appr oval s by t est i ng l abor at or i es must  be f r om an exi st i ng ANSI  or  UL 
publ i shed st andar d.   The r ecommended pr act i ces st at ed i n t he 
manuf act ur er ' s l i t er at ur e or  document at i on ar e mandat or y r equi r ement s.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  al l  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
excessi ve humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  
cont ami nant s.   Al l  pi pes must  be ei t her  capped or  pl ugged unt i l  i nst al l ed.

1. 6   EXTRA MATERI ALS

Spar e spr i nkl er s and wr ench( es)  must  be pr ovi ded as spar e par t s i n 
accor dance wi t h NFPA 13.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

2. 1. 1   St andar d Pr oduct s

Pr ovi de mat er i al s,  equi pment ,  and devi ces l i s t ed f or  f i r e pr ot ect i on 
ser vi ce when so r equi r ed by NFPA 13 or  t hi s speci f i cat i on.   Sel ect  
mat er i al  f r om one manuf act ur er ,  wher e possi bl e,  and not  a combi nat i on of  
manuf act ur er s,  f or  a c l assi f i cat i on of  mat er i al .   Mat er i al  and equi pment  
must  be st andar d pr oduct s of  a manuf act ur er  r egul ar l y engaged i n t he 
manuf act ur e of  t he pr oduct s f or  at  l east  2 year s pr i or  t o bi d.

2. 1. 2   Namepl at es

Maj or  component s of  equi pment  must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  cat al og number ,  dat e of  
i nst al l at i on,  i nst al l i ng Cont r act or ' s name and addr ess,  and t he cont r act  
number  pr ovi ded on a new name pl at e per manent l y af f i xed t o t he i t em or  
equi pment .   Namepl at es must  be et ched met al  or  pl ast i c,  per manent l y 
at t ached by scr ews t o cont r ol  uni t s,  panel s or  adj acent  wal l s.

2. 1. 3   I dent i f i cat i on and Mar ki ng

Pi pe and f i t t i ng mar ki ngs must  i ncl ude name or  i dent i f y i ng symbol  of  
manuf act ur er  and nomi nal  s i ze.   Pi pe must  be mar ked wi t h ASTM 
desi gnat i on.   Val ves and equi pment  mar ki ngs must  have name or  i dent i f y i ng 
symbol  of  manuf act ur er ,  speci f i c  model  number ,  nomi nal  s i ze,  name of  
devi ce,  ar r ow i ndi cat i ng di r ect i on of  f l ow,  and posi t i on of  i nst al l at i on 
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( hor i zont al  or  ver t i cal ) ,  except  i f  val ve can be i nst al l ed i n ei t her  
posi t i on.   Mar ki ngs must  be i ncl uded on t he body cast i ng or  on an et ched 
or  st amped met al  namepl at e per manent l y on t he val ve or  cover  pl at e.

2. 1. 4   Pr essur e Rat i ngs

Val ves,  f i t t i ngs,  coupl i ngs,  al ar m swi t ches,  and si mi l ar  devi ces must  be 
r at ed f or  t he maxi mum wor ki ng pr essur es t hat  can be exper i enced i n t he 
syst em,  but  i n no case l ess t han 175 psi .

2. 2   UNDERGROUND PI PI NG COMPONENTS

2. 2. 1   Pi pe

Pi pe must  compl y wi t h NFPA 24.   Mi ni mum pi pe si ze i s 8 i nches.   Pi pi ng 
mor e t han 5 f eet  out si de t he bui l di ng wal l s must  compl y wi t h Sect i on 
33 11 00 WATER UTI LI TY DI STRI BUTI ON PI PI NG.   A cont i nuous sect i on of  
wel ded st ai nl ess st eel  f i r e wat er  ser vi ce pi pi ng f r om a poi nt  out s i de t he 
bui l di ng per i met er  t o a f l anged f i t t i ng at  l east  1- f oot  above t he f i ni shed 
f l oor  wi t hi n t he bui l di ng i s accept abl e.

2. 2. 2   Fi t t i ngs and Gasket s

Fi t t i ngs must  be duct i l e- i r on conf or mi ng t o AWWA C110/ A21. 10 wi t h cement  
mor t ar  l i ni ng conf or mi ng t o AWWA C104/ A21. 4.   Gasket s must  be sui t abl e i n 
desi gn and si ze f or  t he pi pe wi t h whi ch such gasket s ar e t o be used.   
Gasket s f or  duct i l e- i r on pi pe j oi nt s must  conf or m t o AWWA C111/ A21. 11.

2. 2. 3   Gat e Val ve and I ndi cat or  Post s

I nst al l at i on must  compl y wi t h NFPA 24.   Gat e val ves f or  use wi t h i ndi cat or  
post  must  conf or m t o UL 262.   I ndi cat or  post s must  conf or m t o UL 789.   
Pr ovi de each i ndi cat or  post  wi t h one coat  of  pr i mer  and t wo coat s of  r ed 
enamel  pai nt .

2. 2. 4   Val ve Boxes

Except  wher e i ndi cat or  post s ar e pr ovi ded,  f or  each bur i ed val ve,  pr ovi de 
a cast - i r on,  duct i l e- i r on,  or  pl ast i c val ve box of  a sui t abl e s i ze.   
Pl ast i c boxes must  be const r uct ed of  acr yl oni t r i l e- but adi ene- st yr ene ( ABS)  
or  i nor gani c f i ber - r ei nf or ced bl ack pol yol ef i n.   Pr ovi de cast - i r on,  
duct i l e- i r on,  or  pl ast i c cover  f or  val ve box wi t h t he wor d " WATER"  cast  on 
t he cover .   The mi ni mum box shaf t  di amet er  must  be 5. 25 i nches.   Coat  
cast - i r on and duct i l e- i r on boxes wi t h bi t umi nous pai nt  appl i ed t o a 
mi ni mum dr y- f i l m t hi ckness of  10 mi l s.

2. 2. 5   Bur i ed Ut i l i t y  War ni ng and I dent i f i cat i on Tape

Pr ovi de det ect abl e al umi num f oi l  pl ast i c backed t ape or  det ect abl e 
magnet i c pl ast i c t ape manuf act ur ed speci f i cal l y f or  war ni ng and 
i dent i f i cat i on of  bur i ed pi pi ng.   Tape must  be det ect abl e by an el ect r oni c 
det ect i on i nst r ument .   Pr ovi de t ape,  3 i nches mi ni mum wi dt h,  col or  coded 
f or  t he ut i l i t y  i nvol ved wi t h war ni ng and i dent i f i cat i on i mpr i nt ed i n bol d 
bl ock l et t er s cont i nuousl y and r epeat edl y over  t he ent i r e t ape l engt h.   
War ni ng and i dent i f i cat i on must  r ead " CAUTI ON BURI ED WATER PI PI NG BELOW"  
or  s i mi l ar  wor di ng.   Use per manent  code and l et t er  col or i ng unaf f ect ed by 
moi st ur e and ot her  subst ances cont ai ned i n t r ench backf i l l  mat er i al .
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2. 3   ABOVEGROUND PI PI NG COMPONENTS

2. 3. 1   St eel  Pi pi ng Component s

2. 3. 1. 1   St eel  Pi pe

Except  as modi f i ed her ei n,  st eel  pi pe must  be bl ack as per mi t t ed by NFPA 13
 and conf or m t o t he appl i cabl e pr ovi s i ons of  ASTM A53/ A53M,  ASTM A135/ A135M
 or  ASTM A153/ A153M.

St eel  pi pe must  be mi ni mum Schedul e 40 f or  s i zes 2 i nches and l ess;  and 
mi ni mum Schedul e 10 f or  s i zes l ar ger  t han 2 i nches.  St eel  pi pi ng wi t h wal l  
t hi ckness l ess t han Schedul e 40 must  not  be t hr eaded.

2. 3. 1. 2   Fi t t i ngs

Fi t t i ngs must  be wel ded,  t hr eaded,  or  gr ooved- end t ype.   Thr eaded f i t t i ngs 
must  be cast - i r on conf or mi ng t o ASME B16. 4,  mal l eabl e- i r on conf or mi ng t o 
ASME B16. 3 or  duct i l e- i r on conf or mi ng t o ASTM A536.   Pl ai n- end f i t t i ngs 
wi t h mechani cal  coupl i ngs,  f i t t i ngs t hat  use st eel  gr i ppi ng devi ces t o 
bi t e i nt o t he pi pe,  st eel  pr ess f i t t i ngs and f i el d wel ded f i t t i ngs ar e not  
per mi t t ed.   Fi t t i ngs,  mechani cal  coupl i ngs,  and r ubber  gasket s must  be 
suppl i ed by t he same manuf act ur er .   Thr eaded f i t t i ngs must  use Tef l on t ape 
or  manuf act ur er ' s appr oved j oi nt  compound.   Reduci ng coupl i ngs ar e not  
per mi t t ed except  as al l owed by NFPA 13.

2. 3. 1. 3   Gr ooved Mechani cal  Joi nt s and Fi t t i ngs

Joi nt s and f i t t i ngs must  be desi gned f or  not  l ess t han 175 psi  ser vi ce and 
t he pr oduct  of  t he same manuf act ur er .   Fi el d wel ded f i t t i ngs must  not  be 
used.   Fi t t i ng and coupl i ng housi ng must  be mal l eabl e- i r on conf or mi ng t o 
ASTM A47/ A47M,  Gr ade 32510;  duct i l e- i r on conf or mi ng t o ASTM A536,  Gr ade 
65- 45- 12.   Rubber  gasket ed gr ooved- end pi pe and f i t t i ngs wi t h mechani cal  
coupl i ngs ar e per mi t t ed i n pi pe si zes 2 i nches and l ar ger .   Gasket  must  be 
t he f l ush t ype t hat  f i l l s  t he ent i r e cavi t y bet ween t he f i t t i ng and t he 
pi pe.   Nut s and bol t s must  be heat - t r eat ed st eel  conf or mi ng t o ASTM A183 
and must  be cadmi um- pl at ed or  z i nc- el ect r opl at ed.

2. 3. 1. 4   Fl anges

Fl anges must  conf or m t o NFPA 13 and ASME B16. 1.   Gasket s must  be 
non- asbest os compr essed mat er i al  i n accor dance wi t h ASME B16. 21,  1/ 16- i nch 
t hi ck,  and f ul l  f ace or  sel f - cent er i ng f l at  r i ng t ype.

2. 3. 2   Fl exi bl e Spr i nkl er  Hose

  The use of  f l exi bl e hose i s not  per mi t t ed.

2. 3. 3   Pi pe Hanger s and Suppor t s

Pr ovi de gal vani zed pi pe hanger s,  suppor t s and sei smi c br aci ng and suppor t s 
i n accor dance wi t h NFPA 13.   Desi gn and i nst al l  sei smi c pr ot ect i on i n 
accor dance wi t h t he r equi r ement s of  NFPA 13 sect i on t i t l ed " Pr ot ect i on of  
Pi pi ng Agai nst  Damage Wher e Subj ect  t o Ear t hquakes f or  Sei smi c Desi gn 
Cat egor y " C" .

2. 3. 4   Val ves

Pr ovi de val ves of  t ypes appr oved f or  f i r e ser vi ce.   Val ves must  open by 

SECTI ON 21 13 13  Page 11



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

count er cl ockwi se r ot at i on.

2. 3. 4. 1   Cont r ol  Val ve

Manual l y oper at ed spr i nkl er  cont r ol / gat e val ve must  be out si de st em and 
yoke ( OS&Y)  t ype or  but t er f l y t ype and must  be l i s t ed.

2. 3. 4. 2   Check Val ves

Check val ves must  compl y wi t h UL 312.   Check val ves 4 i nches and l ar ger  
must  be of  t he swi ng t ype,  have a c l ear  wat er way and meet  t he r equi r ement s 
of  MSS SP- 71,  f or  Type 3 or  4.   I nspect i on pl at e must  be pr ovi ded on 
val ves l ar ger  t han 6 i nches.

2. 3. 5   Ri ser  Check Val ves

Pr ovi de r i ser  check val ves,  pr essur e gauges and mai n dr ai n.

2. 4   ALARM I NI TI ATI NG AND SUPERVI SORY DEVI CES

2. 4. 1   Spr i nkl er  Al ar m Swi t ch

Vane- t ype f l ow swi t ch( es) .   Connect i on of  swi t ch must  be by t he f i r e al ar m 
i nst al l er .   Vane- t ype al ar m act uat i ng devi ces must  have mechani cal  
di aphr agm cont r ol l ed r et ar d devi ce adj ust abl e f r om 10 t o 60 seconds and 
must  i nst ant l y r ecycl e.   

2. 4. 2   Val ve Super vi sor y ( Tamper )  Swi t ch

Swi t ch must  be i nt egr al  t o t he cont r ol  val ve or  sui t abl e f or  mount i ng t o 
t he t ype of  cont r ol  val ve t o be super vi sed open.   The swi t ch must  be 
t amper  r esi st ant  and cont ai n SPDT ( For m C)  cont act s ar r anged t o t r ansf er  
upon r emoval  of  t he housi ng cover  or  c l osur e of  t he val ve of  mor e t han t wo 
r ot at i ons of  t he val ve st em.

2. 5   BACKFLOW PREVENTI ON ASSEMBLY

Doubl e- check val ve assembl y backf l ow pr event er  compl yi ng wi t h ASSE 1015 
and AWWA M14.   Each check val ve must  have a dr ai n.   Backf l ow pr event i on 
assembl i es must  have cur r ent  " Cer t i f i cat e of  Appr oval  f r om t he Foundat i on 
f or  Cr oss- Connect i on Cont r ol  and Hydr aul i c Resear ch,  FCCCHR Li st "  and be 
l i s t ed f or  f i r e pr ot ect i on use.   Li st i ng of  t he speci f i c  make,  model ,  
desi gn,  and si ze i n t he FCCCHR Li st  i s  accept abl e as t he r equi r ed 
document at i on.

2. 5. 1   Backf l ow Pr event er  Test  Connect i on

The backf l ow pr event er  i s per mi t t ed t o ut i l i ze t he same t est  header  as t he 
f i r e pump

2. 6   FI RE DEPARTMENT CONNECTI ON

Fi r e depar t ment  connect i on must  be pr oj ect i ng t ype wi t h cast - br ass body,  
mat chi ng wal l  escut cheon l et t er ed " Aut o Spkr "  wi t h a pol i shed- br ass 
f i ni sh.   The connect i on must  have i ndi v i dual  sel f - c l osi ng cl apper s,  caps 
wi t h dr i p dr ai ns and chai ns.   Femal e i nl et s must  have 2 1/ 2- i nch di amet er  
Amer i can Nat i onal  Fi r e Hose Connect i on Scr ew Thr eads ( NH)  per  NFPA 1963.   
Compl y wi t h UL 405.
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2. 7   SPRI NKLERS

Spr i nkl er s must  compl y wi t h UL 199 and NFPA 13.   Spr i nkl er s wi t h i nt er nal  
O- r i ngs ar e not  accept abl e.   Spr i nkl er s i n hi gh heat  ar eas i ncl udi ng at t i c  
spaces or  i n c l ose pr oxi mi t y t o uni t  heat er s must  have t emper at ur e 
c l assi f i cat i on i n accor dance wi t h NFPA 13.   Ext ended cover age spr i nkl er s 
ar e per mi t t ed f or  l oadi ng docks,  r esi dent i al  occupanci es and hi gh- pi l ed 
st or age appl i cat i ons onl y.   

2. 7. 1   Pendent  Spr i nkl er

Pendent  spr i nkl er  must  be r ecessed,  qui ck- r esponse t ype wi t h nomi nal  
K- f act or  of  5. 6,  8. 0 or  11. 2 based on cei l i ng hei ght s.   Pendent  spr i nkl er s 
must  have a pol i shed chr ome f i ni sh.   Assembl y must  i ncl ude an i nt egr al  
escut cheon.

2. 7. 2   Upr i ght  Spr i nkl er

Upr i ght  spr i nkl er  must  be br ass,  qui ck- r esponse t ype and have a nomi nal  
K- f act or  of  5. 6,  8. 0 or  11. 2 based on cei l i ng hei ght s.

2. 7. 3   Si dewal l  Spr i nkl er

Si dewal l  spr i nkl er  must  be t he qui ck- r esponse t ype.   Si dewal l  spr i nkl er  
must  have a nomi nal  K- f act or  of  5. 6,  8. 0 or  11. 2.   Si dewal l  spr i nkl er  must  
have a pol i shed- chr ome f i ni sh.   

2. 7. 4   Hangar  Bay Spr i nkl er s

Spr i nkl er s at  t he hangar  bay cei l i ng must  be br ass upr i ght ,  qui ck- r esponse 
spr i nkl er s wi t h t emper at ur e r at i ngs of  175° F and must  have a mi ni mum 
nomi nal  K- f act or  of  5. 6.   I n ar eas wher e ext r emel y hi gh t emper at ur es 
nor mal l y occur ,  f or  exampl e i n t he di r ect  v i c i ni t y of  uni t  heat er s or  
s i mi l ar  equi pment ,  upr i ght ,  qui ck- r esponse spr i nkl er s wi t h t emper at ur e 
r at i ngs of  200° F may be used;  175° F r at ed spr i nkl er s must  be pr ovi ded i n 
al l  ot her  l ocat i ons.

2. 8   ACCESSORI ES

2. 8. 1   Spr i nkl er  Cabi net

Pr ovi de spar e spr i nkl er s i n accor dance wi t h NFPA 13 and must  be pl aced i n 
a sui t abl e met al  or  pl ast i c cabi net  of  suf f i c i ent  s i ze t o accommodat e al l  
t he spar e spr i nkl er s and wr enches i n desi gnat ed l ocat i ons.   Spar e 
spr i nkl er s must  be r epr esent at i ve of ,  and i n pr opor t i on t o,  t he number  of  
each t ype and t emper at ur e r at i ng of  t he spr i nkl er s i nst al l ed as r equi r ed 
by NFPA 13.   At  l east  one wr ench of  each t ype r equi r ed must  be pr ovi ded.

2. 8. 2   Pendent  Spr i nkl er  Escut cheon

Escut cheon must  be one- pi ece met al l i c  t ype wi t h a dept h of  l ess t han 
3/ 4- i nch and sui t abl e f or  i nst al l at i on on pendent  spr i nkl er s.   The 
escut cheon must  have a f act or y f i ni sh t hat  mat ches t he pendent  spr i nkl er .

2. 8. 3   Pi pe Escut cheon

Pr ovi de spl i t  hi nge met al  pl at es f or  pi pi ng ent er i ng wal l s,  f l oor s,  and 
cei l i ngs i n exposed spaces.   Pr ovi de pol i shed st ai nl ess st eel  pl at es or  
chr omi um- pl at ed f i ni sh on copper  al l oy pl at es i n f i ni shed spaces.   Pr ovi de 
pai nt  f i ni sh on met al  pl at es i n unf i ni shed spaces.
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2. 8. 4   Spr i nkl er  Guar d

Li st ed guar d must  be a st eel  wi r e cage desi gned t o encase t he spr i nkl er  
and pr ot ect  i t  f r om mechani cal  damage.   Guar ds must  be pr ovi ded on 
spr i nkl er s l ocat ed wi t hi n 7 f eet  of  t he f l oor  and wher e subj ect  t o 
mechani cal  damage.

2. 8. 5   Rel i ef  Val ve

Rel i ef  val ves must  be l i s t ed and i nst al l ed at  t he r i ser  i n accor dance wi t h 
NFPA 13.

2. 8. 6   Ai r  Vent

Ai r  vent s must  be of  t he aut omat i c t ype and pi ped t o dr ai n di r ect l y t o t he 
bui l di ng ext er i or .   Aut omat i c ai r  vent s must  be i nst al l ed at  al l  hi gh 
poi nt s of  each aut omat i c spr i nkl er  syst em.

2. 8. 7   I dent i f i cat i on Si gn

Val ve i dent i f i cat i on s i gn must  be mi ni mum 6 i nches wi de by 2 i nches hi gh 
wi t h enamel  baked f i ni sh on mi ni mum 18 gage st eel  or  0. 024- i nch al umi num 
wi t h r ed l et t er s on a whi t e backgr ound or  whi t e l et t er s on r ed 
backgr ound.   Wor di ng of  s i gn must  i ncl ude,  but  not  be l i mi t ed t o " mai n 
dr ai n" ,  " auxi l i ar y dr ai n" ,  " i nspect or ' s t est " ,  " al ar m t est " ,  " al ar m l i ne" ,  
and si mi l ar  wor di ng as r equi r ed t o i dent i f y oper at i onal  component s.   Wher e 
t her e i s mor e t han one spr i nkl er  syst em,  s i gnage must  i ncl ude speci f i c  
det ai l s as t o t he r espect i ve syst em.

PART 3   EXECUTI ON

3. 1   VERI FYI NG ACTUAL FI ELD CONDI TI ONS

Bef or e commenci ng wor k,  exami ne al l  adj oi ni ng wor k on whi ch t he 
cont r act or ' s wor k t hat  i s  dependent  f or  per f ect  wor kmanshi p accor di ng t o 
t he i nt ent  of  t hi s speci f i cat i on sect i on,  and r epor t  t o t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve a condi t i on t hat  pr event s per f or mance of  f i r st  
c l ass wor k.   No " wai ver  of  r esponsi bi l i t y"  f or  i ncompl et e,  i nadequat e or  
def ect i ve adj oi ni ng wor k wi l l  be consi der ed unl ess not i ce has been f i l ed 
bef or e submi t t al  of  a pr oposal .

3. 2   I NSTALLATI ON

The i nst al l at i on must  be i n accor dance wi t h t he appl i cabl e pr ovi s i ons of  
NFPA 13,  NFPA 24 and publ i cat i ons r ef er enced t her ei n.   Locat e spr i nkl er s 
i n a consi st ent  pat t er n wi t h cei l i ng gr i d,  l i ght s,  and ai r  suppl y 
di f f user s.   I nst al l  spr i nkl er  syst em over  and under  duct s,  pi pi ng and 
pl at f or ms when such equi pment  can negat i vel y af f ect  or  di sr upt  t he 
spr i nkl er  di schar ge pat t er n and cover age.

a.   Pi pi ng of f set s,  f i t t i ngs,  and ot her  accessor i es r equi r ed must  be 
f ur ni shed t o pr ovi de a compl et e i nst al l at i on and t o el i mi nat e 
i nt er f er ence wi t h ot her  const r uct i on.

b.   Wher ever  t he cont r act or ' s wor k i nt er connect s wi t h wor k of  ot her  t r ades 
t he Cont r act or  must  coor di nat e wi t h ot her  Cont r act or s t o i nsur e al l  
Cont r act or s have t he i nf or mat i on necessar y so t hat  t hey may pr oper l y 
i nst al l  al l  necessar y connect i ons and equi pment .   I dent i f y al l  wor k 
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i t ems needi ng access ( damper s and si mi l ar  equi pment )  t hat  ar e 
conceal ed above hung cei l i ngs by per manent  col or  coded pi ns/ t abs i n 
t he cei l i ng di r ect l y bel ow t he i t em.

c.   Pr ovi de r equi r ed suppor t s and hanger s f or  pi pi ng,  condui t ,  and 
equi pment  so t hat  l oadi ng wi l l  not  exceed al l owabl e l oadi ngs of  
st r uct ur e.   Submi t t al  of  a bi d must  be a deemed r epr esent at i on t hat  
t he cont r act or  submi t t i ng such bi d has ascer t ai ned al l owabl e l oadi ngs 
and has i ncl uded i n hi s est i mat es t he cost s associ at ed i n f ur ni shi ng 
r equi r ed suppor t s.

3. 2. 1   Wast e Removal

At  t he concl usi on of  each day' s wor k,  c l ean up and st ockpi l e on si t e al l  
wast e,  debr i s,  and t r ash whi ch may have accumul at ed dur i ng t he day as a 
r esul t  of  wor k by t he cont r act or  and of  hi s pr esence on t he j ob.   
Si dewal ks and st r eet s adj oi ni ng t he pr oper t y must  be kept  br oom cl ean and 
f r ee of  wast e,  debr i s,  t r ash and obst r uct i ons caused by wor k of  t he 
cont r act or ,  whi ch wi l l  af f ect  t he condi t i on and saf et y of  st r eet s,  wal ks,  
ut i l i t i es,  and pr oper t y.

3. 3   UNDERGROUND PI PI NG I NSTALLATI ON

The f i r e pr ot ect i on wat er  mai n must  be l ai d,  and j oi nt s anchor ed,  i n 
accor dance wi t h NFPA 24.   Mi ni mum dept h of  cover  must  be 3 f eet  or  t he 
f r ost  l i ne,  whi chever  i s deeper .   The suppl y l i ne must  t er mi nat e i nsi de 
t he bui l di ng wi t h a f l anged pi ece,  t he bot t om of  whi ch must  be set  not  
l ess t han 1- f oot  above t he f i ni shed f l oor .   A bl i nd f l ange must  be 
i nst al l ed t empor ar i l y  on t op of  t he f l anged pi ece t o pr event  t he ent r ance 
of  f or ei gn mat t er  i nt o t he suppl y l i ne.   A concr et e t hr ust  bl ock must  be 
pr ovi ded at  t he el bow wher e t he pi pe t ur ns up t owar d t he f l oor .   I n 
addi t i on,  j oi nt s must  be anchor ed i n accor dance wi t h NFPA 24.   Bur i ed 
st eel  component s must  be pr ovi ded wi t h a cor r osi on pr ot ect i ve coat i ng i n 
accor dance wi t h AWWA C203.   Pi pi ng mor e t han 5 f eet  out si de t he bui l di ng 
wal l s must  meet  t he r equi r ement s of  Sect i on 33 11 00 WATER UTI LI TY 
DI STRI BUTI ON PI PI NG.

3. 4   ABOVEGROUND PI PI NG I NSTALLATI ON

The met hods of  f abr i cat i on and i nst al l at i on of  t he abovegr ound pi pi ng must  
f ul l y  compl y wi t h t he r equi r ement s and r ecommended pr act i ces of  NFPA 13 
and t hi s speci f i cat i on sect i on.

3. 4. 1   Pr ot ect i on of  Pi pi ng Agai nst  Ear t hquake Damage

Sei smi c r est r ai nt  i s  r equi r ed.

3. 4. 2   Pi pi ng i n Exposed Ar eas

I nst al l  exposed pi pi ng wi t hout  di mi ni shi ng exi t  access wi dt hs,  cor r i dor s 
or  equi pment  access.   Exposed hor i zont al  pi pi ng,  i ncl udi ng dr ai n pi pi ng,  
must  be i nst al l ed t o pr ovi de maxi mum headr oom.

3. 4. 3   Pi pi ng i n Fi ni shed Ar eas

I n ar eas wi t h suspended or  dr opped cei l i ngs and i n ar eas wi t h conceal ed 
spaces above t he cei l i ng,  pi pi ng must  be conceal ed above cei l i ngs.   Pi pi ng 
must  be i nspect ed,  hydr ost at i cal l y t est ed and appr oved bef or e bei ng 
conceal ed.   Ri ser s and si mi l ar  ver t i cal  r uns of  pi pi ng i n f i ni shed ar eas 
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must  be conceal ed.

3. 4. 4   Pendent  Spr i nkl er s

a.   Dr op ni ppl es t o pendent  spr i nkl er s must  consi st  of  mi ni mum 1- i nch pi pe 
wi t h a r educi ng coupl i ng i nt o whi ch t he spr i nkl er  must  be t hr eaded.

b.   Wher e spr i nkl er s ar e i nst al l ed bel ow suspended or  dr opped cei l i ngs,  
dr op ni ppl es must  be cut  such t hat  spr i nkl er  cei l i ng pl at es or  
escut cheons ar e of  a uni f or m dept h t hr oughout  t he f i ni shed space.   The 
out l et  of  t he r educi ng coupl i ng must  not  ext end bel ow t he under si de of  
t he cei l i ng.

c.   Recessed pendent  spr i nkl er s must  be i nst al l ed such t hat  t he di st ance 
f r om t he spr i nkl er  def l ect or  t o t he under si de of  t he cei l i ng must  not  
exceed t he manuf act ur er ' s l i s t ed r ange and must  be of  uni f or m dept h 
t hr oughout  t he f i ni shed ar ea.

d.   Pendent  spr i nkl er s i n suspended cei l i ngs must  be l ocat ed i n t he cent er  
of  t he t i l e ( pl us or  mi nus 2 i nches) .

e.   Wher e t he maxi mum st at i c or  f l owi ng pr essur e,  whi chever  i s gr eat er  at  
t he spr i nkl er ,  appl i ed ot her  t han t hr ough t he f i r e depar t ment  
connect i on,  exceeds 100 psi  and a br anch l i ne above t he cei l i ng 
suppl i es spr i nkl er s i n a pendent  posi t i on bel ow t he cei l i ng,  t he 
cumul at i ve hor i zont al  l engt h of  an unsuppor t ed ar mover  t o a spr i nkl er  
or  spr i nkl er  dr op must  not  exceed 12 i nches f or  st eel  pi pe.

3. 4. 5   Upr i ght  Spr i nkl er s

Ri ser  ni ppl es or  " spr i gs"  t o upr i ght  spr i nkl er s must  cont ai n no f i t t i ngs 
bet ween t he br anch l i ne t ee and t he r educi ng coupl i ng at  t he spr i nkl er .

3. 4. 6   Pi pe Joi nt s

Pi pe j oi nt s must  conf or m t o NFPA 13,  except  as modi f i ed her ei n.   Not  mor e 
t han f our  t hr eads must  show af t er  j oi nt  i s  made up.   Wel ded j oi nt s wi l l  be 
per mi t t ed,  onl y i f  wel di ng oper at i ons ar e per f or med as r equi r ed by NFPA 13 
at  t he Cont r act or ' s f abr i cat i on shop,  not  at  t he pr oj ect  const r uct i on 
s i t e.   Fl anged j oi nt s must  be pr ovi ded wher e i ndi cat ed or  r equi r ed by 
NFPA 13.   Gr ooved pi pe and f i t t i ngs must  be pr epar ed i n accor dance wi t h 
t he manuf act ur er ' s l at est  publ i shed speci f i cat i on accor di ng t o pi pe 
mat er i al ,  wal l  t hi ckness and si ze.   Gr ooved coupl i ngs,  f i t t i ngs and 
gr oovi ng t ool s must  be pr oduct s of  t he same manuf act ur er .   The di amet er  of  
gr ooves made i n t he f i el d must  be measur ed usi ng a " go/ no- go"  gauge,  
ver ni er  or  di al  cal i per ,  nar r ow- l and mi cr omet er ,  or  ot her  met hod 
speci f i cal l y appr oved by t he coupl i ng manuf act ur er  f or  t he i nt ended 
appl i cat i on.   Gr oove wi dt h and di mensi on of  gr oove f r om end of  pi pe must  
be measur ed and r ecor ded f or  each change i n gr oovi ng t ool  set up t o ver i f y 
compl i ance wi t h coupl i ng manuf act ur er ' s t ol er ances.

3. 4. 7   Reducer s

Reduct i ons i n pi pe si zes must  be made wi t h one- pi ece t aper ed r educi ng 
f i t t i ngs.   When st andar d f i t t i ngs of  t he r equi r ed si ze ar e not  
manuf act ur ed,  s i ngl e bushi ngs of  t he f ace or  hex t ype wi l l  be per mi t t ed.   
Wher e used,  f ace bushi ngs must  be i nst al l ed wi t h t he out er  f ace f l ush wi t h 
t he f ace of  t he f i t t i ng openi ng bei ng r educed.   Bushi ngs cannot  be used i n 
el bow f i t t i ngs,  i n mor e t han one out l et  of  a t ee,  i n mor e t han t wo out l et s 
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of  a cr oss,  or  wher e t he r educt i on i n s i ze i s l ess t han 1/ 2- i nch.

3. 4. 8   Pi pe Penet r at i ons

a.   Cut t i ng st r uct ur al  member s f or  passage of  pi pes or  f or  pi pe- hanger  
f ast eni ngs wi l l  not  be per mi t t ed.   Pi pes t hat  must  penet r at e concr et e 
or  masonr y wal l s or  concr et e f l oor s must  be cor e- dr i l l ed and pr ovi ded 
wi t h pi pe sl eeves.   Each sl eeve must  be Schedul e 40 gal vani zed st eel ,  
duct i l e- i r on or  cast - i r on pi pe and ext end t hr ough i t s r espect i ve wal l  
or  f l oor  and be cut  f l ush wi t h each wal l  sur f ace.   Sl eeves must  
pr ovi de r equi r ed cl ear ance bet ween t he pi pe and t he sl eeve per  NFPA 13.   
The space bet ween t he sl eeve and t he pi pe must  be f i r ml y packed wi t h 
mi ner al  wool  i nsul at i on.

b.   Wher e pi pes and sl eeves penet r at e f i r e wal l s,  f i r e par t i t i ons,  or  
f l oor s,  pi pes/ s l eeves must  be f i r est opped i n accor dance wi t h Sect i on 
07 84 00 FI RESTOPPI NG.

c.   I n penet r at i ons t hat  ar e not  f i r e- r at ed or  not  a f l oor  penet r at i on,  
t he space bet ween t he sl eeve and t he pi pe must  be seal ed at  bot h ends 
wi t h pl ast i c wat er pr oof  cement  t hat  wi l l  dr y t o a f i r m but  pl i abl e 
mass or  wi t h a mechani cal l y adj ust abl e segment ed el ast omer  seal .

d.   Al l  penet r at i ons t hr ough t he boundar y of  r ooms/ ar eas i dent i f i ed as 
secur e space ar ea must  meet  I CS 705- 1.

3. 4. 9   Escut cheons

Escut cheons must  be pr ovi ded f or  pi pe penet r at i on i n f i ni shed ar eas of  
cei l i ngs,  f l oor s and wal l s.   Escut cheons must  be secur el y f ast ened t o t he 
pi pe at  sur f aces t hr ough whi ch pi pi ng passes.

3. 4. 10   I nspect or ' s Test  Connect i on

Unl ess ot her wi se i ndi cat ed,  t he t est  connect i on must  consi st  of  1- i nch 
pi pe connect ed at  t he r i ser  as a combi nat i on t est  and dr ai n val ve;  a t est  
val ve l ocat ed appr oxi mat el y 7 f eet  above t he f l oor ;  a smoot h bor e br ass 
out l et  equi val ent  t o t he smal l est  or i f i ce spr i nkl er  used i n t he syst em;  
and a pai nt ed met al  i dent i f i cat i on s i gn af f i xed t o t he val ve wi t h t he 
wor ds " I nspect or ' s Test " .   Al l  t est  connect i on pi pi ng must  be i nsi de of  
t he bui l di ng and penet r at e t he ext er i or  wal l  at  t he l ocat i on of  t he 
di schar ge or i f i ce onl y.   The di schar ge or i f i ce must  be l ocat ed out si de t he 
bui l di ng wal l  no mor e t han 2 f eet  above f i ni shed gr ade,  di r ect ed so as not  
t o cause damage t o adj acent  const r uct i on or  l andscapi ng dur i ng f ul l  f l ow 
di schar ge,  or  t o t he sani t ar y sewer .   Di schar ge t o t he ext er i or  must  not  
i nt er f er e wi t h exi t i ng f r om t he f aci l i t y .   Wat er  di schar ge or  r unof f  must  
not  cr oss t he pat h of  egr ess f r om t he bui l di ng.   Do not  di schar ge t o t he 
r oof .   Di schar ge t o f l oor  dr ai ns,  j ani t or  s i nks or  s i mi l ar  f i x t ur es i s not  
per mi t t ed.

Pr ovi de concr et e spl ash bl ocks at  al l  dr ai n and i nspect or ' s t est  
connect i on di schar ge l ocat i ons i f  not  di schar gi ng t o a concr et e sur f ace.   
Spl ash bl ocks must  be l ar ge enough t o mi t i gat e er osi on and not  become 
di s l odged dur i ng a f ul l  f l ow of  t he dr ai n.   Ensur e al l  di schar ged wat er  
dr ai ns away f r om t he f aci l i t y  and does not  cause pr oper t y damage.

3. 4. 11   Backf l ow Pr event er

Locat e wi t hi n t he bui l di ng or  i n a heat ed encl osur e i n l ocat i ons subj ect  

SECTI ON 21 13 13  Page 17



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

t o f r eezi ng.   For  heat ed encl osur es,  pr ovi de a l ow t emper at ur e super vi sor y 
al ar m connect ed t o t he f aci l i t y  f i r e al ar m syst em.   Heat  t r ace i s not  
per mi t t ed t o be used.

I nst al l  backf l ow pr event er s so t hat  t he bot t om of  t he assembl y i s a 
mi ni mum of  6 i nches above t he f i ni shed f l oor / gr ade.   I nst al l  hor i zont al  
backf l ow pr event er s so t hat  t he bot t om of  t he assembl y i s no gr eat er  t han 
24 i nches above t he f i ni shed f l oor / gr ade.   I nst al l  ver t i cal  backf l ow 
pr event er s so t hat  t he upper  oper at i ng handwheel  i s no mor e t han 6 f eet  
above t he f i ni shed f l oor / gr ade.   Cl ear ance ar ound cont r ol  val ve handl es 
must  be mi ni mum 6 i nches above gr ade/ f i ni shed f l oor  and away f r om wal l s.

3. 4. 12   Dr ai ns

a.   Mai n dr ai n pi pi ng must  be pr ovi ded t o di schar ge at  a saf e poi nt  
out s i de t he bui l di ng,  no mor e t han 2 f eet  above f i ni shed gr ade.   
Pr ovi de a concr et e spl ash bl ock at  dr ai n out l et .   Di schar ge t o t he 
ext er i or  must  not  i nt er f er e wi t h exi t i ng f r om t he f aci l i t y .   Wat er  
di schar ge or  r unof f  must  not  cr oss t he pat h of  egr ess f r om t he 
bui l di ng.

b.   Auxi l i ar y dr ai ns must  be pr ovi ded as r equi r ed by NFPA 13.   Auxi l i ar y 
dr ai ns ar e per mi t t ed t o di schar ge t o a f l oor  dr ai n i f  t he dr ai n i s 
s i zed t o accommodat e f ul l  f l ow ( mi n 40 gpm) .   Di schar ge t o ser vi ce 
s i nks or  s i mi l ar  pl umbi ng f i xt ur es i s not  per mi t t ed.

3. 4. 13   I nst al l at i on of  Fi r e Depar t ment  Connect i on

Connect i on must  be mount ed on t he ext er i or  wal l  appr oxi mat el y 3 f eet  above 
f i ni shed gr ade.   The pi pi ng bet ween t he connect i on and t he check val ve 
must  be pr ovi ded wi t h an aut omat i c dr i p i n accor dance wi t h NFPA 13 and 
pi ped t o dr ai n t o t he out si de or  a f l oor  dr ai n wi t hi n t he same r oom.

3. 4. 14   I dent i f i cat i on Si gns

Si gns must  be af f i xed t o each cont r ol  val ve,  i nspect or  t est  val ve,  mai n 
dr ai n,  auxi l i ar y dr ai n,  t est  val ve,  and si mi l ar  val ves as appr opr i at e or  
as r equi r ed by NFPA 13.   Mai n dr ai n t est  r esul t s must  be et ched i nt o mai n 
dr ai n i dent i f i cat i on s i gn.   Hydr aul i c desi gn dat a must  be et ched i nt o t he 
namepl at es and per manent l y af f i xed t o each spr i nkl er  r i ser  as speci f i ed i n 
NFPA 13.   Pr ovi de l abel i ng on t he sur f aces of  al l  f eed and cr oss mai ns t o 
show t he pi pe f unct i on ( e. g. ,  " Spr i nkl er  Syst em" ,  " Fi r e Depar t ment  
Connect i on" ,  " St andpi pe" )  and nor mal  val ve posi t i on ( e. g.  " Nor mal l y Open" ,  
" Nor mal l y Cl osed" ) .   For  pi pe si zes 4- i nch and l ar ger  pr ovi de whi t e 
pai nt ed st enci l ed l et t er s and ar r ows,  a mi ni mum of  2 i nches i n hei ght  and 
vi s i bl e f r om at  l east  t wo si des when vi ewed f r om t he f l oor .   For  pi pe 
si zes l ess t han 4- i nch,  pr ovi de whi t e pai nt ed st enci l ed l et t er s and 
ar r ows,  a mi ni mum of  0. 75- i nch i n hei ght  and vi s i bl e f r om t he f l oor .

3. 5   ELECTRI CAL

Except  as modi f i ed her ei n,  el ect r i c equi pment  and wi r i ng must  be i n 
accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Al ar m 
si gnal  wi r i ng connect ed t o t he bui l di ng f i r e al ar m cont r ol  syst em must  be 
by t he f i r e al ar m i nst al l er .

3. 6   PAI NTI NG

Col or  code mar k pi pi ng as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS
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 and as r equi r ed by UFC 3- 600- 01.

3. 7   FI ELD QUALI TY CONTROL

3. 7. 1   Test  Pr ocedur es

Submi t  det ai l ed t est  pr ocedur es,  pr epar ed and si gned by t he NI CET Level  
I I I  or  I V Fi r e Spr i nkl er  Techni c i an,  and t he r epr esent at i ve of  t he 
i nst al l i ng company,  and r evi ewed by t he QFPE 30 days pr i or  t o per f or mi ng 
syst em t est s.   Det ai l ed t est  pr ocedur es must  l i s t  al l  component s of  t he 
i nst al l ed syst em.   Test  pr ocedur es must  i ncl ude sequence of  t est i ng,  t i me 
est i mat e f or  each t est ,  and sampl e t est  dat a f or ms.   The t est  dat a f or ms 
must  be i n a check- of f  f or mat  ( pass/ f ai l  wi t h space t o add appl i cabl e t est  
dat a;  s i mi l ar  t o t he f or ms i n NFPA 13) .   The t est  pr ocedur es and 
accompanyi ng t est  dat a f or ms must  be used f or  t he pr e- Gover nment  t est i ng 
and t he Gover nment  f i nal  t est i ng.

a.   Pr ovi de space t o i dent i f y t he dat e and t i me of  each t est .   Pr ovi de 
space t o i dent i f y t he names and si gnat ur es of  t he i ndi v i dual s 
conduct i ng and wi t nessi ng each t est .

3. 7. 2   Pr e- Gover nment  Test i ng

3. 7. 2. 1   Ver i f i cat i on of  Compl i ant  I nst al l at i on

Conduct  i nspect i ons and t est s t o ensur e t hat  equi pment  i s f unct i oni ng 
pr oper l y.   Test s must  meet  t he r equi r ement s of  par agr aph ent i t l ed " Mi ni mum 
Syst em Test s"  and " Syst em Accept ance"  as not ed i n NFPA 13.   The Cont r act or  
and QFPE must  be i n at t endance at  t he pr e- Gover nment  t est i ng t o make 
necessar y adj ust ment s.   Af t er  i nspect i on and t est i ng i s compl et e,  pr ovi de 
a s i gned Ver i f i cat i on of  Compl i ant  I nst al l at i on l et t er  by t he QFPE t hat  
t he i nst al l at i on i s compl et e,  compl i ant  wi t h t he speci f i cat i on and f ul l y 
oper abl e.   The l et t er  must  i ncl ude t he names and t i t l es of  t he wi t nesses 
t o t he pr e- Gover nment  t est s.   Pr ovi de al l  compl et i on document at i on as 
r equi r ed by NFPA 13 and t he t est  r epor t s not ed bel ow.

a.   NFPA 13 Abovegr ound Mat er i al  and Test  Cer t i f i cat e

b.   NFPA 13 Under gr ound Mat er i al  and Test  Cer t i f i cat e

3. 7. 2. 2   Request  f or  Gover nment  Fi nal  Test

When t he ver i f i cat i on of  compl i ant  i nst al l at i on has been compl et ed,  submi t  
a f or mal  r equest  f or  Gover nment  f i nal  t est  t o t he Desi gnat ed Fi r e 
Pr ot ect i on Engi neer  ( DFPE)  and Cont r act i ng Of f i cer s Desi gnat ed 
Repr esent at i ve ( COR) .   Gover nment  f i nal  t est i ng wi l l  not  be schedul ed 
unt i l  t he DFPE and t he Cont r act i ng Of f i cer ' s Repr esent at i ve have r ecei ved 
copi es of  t he r equest  f or  Gover nment  f i nal  t est i ng and Ver i f i cat i on of  
Compl i ant  I nst al l at i on l et t er  wi t h al l  r equi r ed r epor t s.   Gover nment  f i nal  
t est i ng wi l l  not  be per f or med unt i l  af t er  t he connect i ons t o t he bui l di ng 
f i r e al ar m syst em and i nst al l at i on f i r e al ar m r epor t i ng syst em have been 
compl et ed and t est ed t o conf i r m communi cat i ons ar e f ul l y  f unct i onal .   
Submi t  r equest  f or  t est  at  l east  15 cal endar  days pr i or  t o t he r equest ed 
t est  dat e.

3. 7. 3   Cor r ect i on of  Def i c i enci es

I f  equi pment  was f ound t o be def ect i ve or  non- compl i ant  wi t h cont r act  
r equi r ement s,  per f or m cor r ect i ve act i ons and r epeat  t he t est s.   Test s must  
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be conduct ed and r epeat ed i f  necessar y unt i l  t he syst em has been 
demonst r at ed t o compl y wi t h al l  cont r act  r equi r ement s.

3. 7. 4   Gover nment  Fi nal  Test s

The t est s must  be per f or med i n accor dance wi t h t he appr oved t est  
pr ocedur es i n t he pr esence of  t he DFPE.   Fur ni sh i nst r ument s and per sonnel  
r equi r ed f or  t he t est s.   The f ol l owi ng must  be pr ovi ded at  t he j ob s i t e 
f or  Gover nment  Fi nal  Test i ng:

a.   The manuf act ur er ' s t echni cal  r epr esent at i ve.

b.   The cont r act or ' s Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .

 c.   Mar ked- up r ed l i ne dr awi ngs of  t he syst em as act ual l y i nst al l ed.

 Gover nment  Fi nal  Test s wi l l  be wi t nessed by t he Desi gnat ed Fi r e Pr ot ect i on 
Engi neer  or  t hei r  desi gnat ed r epr esent at i ve,  Cont r act i ng Of f i cer  and 
Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .   At  t hi s t i me,  al l  r equi r ed 
t est s not ed i n t he par agr aph " Mi ni mum Syst em Test s"  must  be r epeat ed at  
t hei r  di scr et i on.

3. 8   MI NI MUM SYSTEM TESTS

The syst em,  i ncl udi ng t he under gr ound wat er  mai ns,  and t he abovegr ound 
pi pi ng and syst em component s,  must  be t est ed t o ensur e t hat  equi pment  and 
component s f unct i on as i nt ended.   The under gr ound and abovegr ound i nt er i or  
pi pi ng syst ems and at t ached appur t enances subj ect ed t o syst em wor ki ng 
pr essur e must  be t est ed i n accor dance wi t h NFPA 13 and NFPA 24.

3. 8. 1   Under gr ound Pi pi ng

3. 8. 1. 1   Fl ushi ng

Under gr ound pi pi ng must  be f l ushed at  a mi ni mum of  10 f ps i n accor dance 
wi t h NFPA 24.

3. 8. 1. 2   Hydr ost at i c Test

New under gr ound pi pi ng must  be hydr ost at i cal l y t est ed i n accor dance wi t h 
NFPA 24.

3. 8. 2   Abovegr ound Pi pi ng

3. 8. 2. 1   Hydr ost at i c Test

Abovegr ound pi pi ng must  be hydr ost at i cal l y t est ed i n accor dance wi t h 
NFPA 13.   Ther e must  be no dr op i n gauge pr essur e or  v i s i bl e l eakage when 
t he syst em i s subj ect ed t o t he hydr ost at i c t est .   The t est  pr essur e must  
be r ead f r om a gauge l ocat ed at  t he l ow el evat i on poi nt  of  t he syst em or  
por t i on bei ng t est ed.

3. 8. 2. 2   Backf l ow Pr event i on Assembl y For war d Fl ow Test

Each backf l ow pr event i on assembl y must  be t est ed at  syst em f l ow demand,  
i ncl udi ng al l  appl i cabl e hose st r eams,  as speci f i ed i n NFPA 13.   The 
Cont r act or  must  pr ovi de al l  equi pment  and i nst r ument s necessar y t o conduct  
a compl et e f or war d f l ow t est ,  i ncl udi ng 2. 5- i nch di amet er  hoses,  pl aypi pe 
nozzl es or  f l ow di f f user s,  cal i br at ed pr essur e gauges,  and pi t ot  t ube 
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gauge.   The Cont r act or  must  pr ovi de al l  necessar y suppor t s t o saf el y 
secur e hoses and nozzl es dur i ng t he t est .   At  t he syst em demand f l ow,  t he 
pr essur e r eadi ngs and pr essur e dr op ( f r i c t i on l oss)  acr oss t he assembl y 
must  be r ecor ded.   A met al  pl acar d must  be pr ovi ded on t he backf l ow 
pr event i on assembl y t hat  l i s t s t he pr essur e r eadi ngs bot h upst r eam and 
downst r eam of  t he assembl y,  t ot al  pr essur e dr op,  and t he syst em t est  f l ow 
r at e det er mi ned dur i ng t he pr el i mi nar y t est i ng.   The pr essur e dr op must  be 
compar ed t o t he manuf act ur er ' s dat a and t he r eadi ngs obser ved dur i ng t he 
f i nal  i nspect i ons and t est s.

3. 8. 3   Mai n Dr ai n Fl ow Test

Fol l owi ng f l ushi ng of  t he under gr ound pi pi ng,  a mai n dr ai n t est  must  be 
made t o ver i f y t he adequacy of  t he wat er  suppl y.   St at i c and r esi dual  
pr essur es must  be r ecor ded on t he cer t i f i cat e speci f i ed i n par agr aph 
SUBMI TTALS.

3. 9   SYSTEM ACCEPTANCE

Fol l owi ng accept ance of  t he syst em,  as- bui l t  dr awi ngs and O&M manual s must  
be del i ver ed t o t he Cont r act i ng Of f i cer  f or  r evi ew and accept ance.   Submi t  
s i x set s of  det ai l ed as- bui l t  dr awi ngs.   The dr awi ngs must  show t he syst em 
as i nst al l ed,  i ncl udi ng devi at i ons f r om bot h t he pr oj ect  dr awi ngs and t he 
appr oved shop dr awi ngs.   These dr awi ngs must  be submi t t ed wi t hi n t wo weeks 
af t er  t he f i nal  accept ance t est  of  t he syst em.   At  l east  one set  of  
as- bui l t  ( mar ked- up)  dr awi ngs must  be pr ovi ded at  t he t i me of ,  or  pr i or  t o 
t he f i nal  accept ance t est .

a.   Pr ovi de one set  of  f ul l  s i ze paper  as- bui l t  dr awi ngs and schemat i cs.   
The dr awi ngs must  be pr epar ed el ect r oni cal l y and si zed no l ess t han 
t he cont r act  dr awi ngs.   Fur ni sh one set  of  CDs or  DVDs cont ai ni ng 
sof t war e back- up and CAD based dr awi ngs i n l at est  ver si on of  Aut oCAD,  
DXF and por t abl e document  f or mat s of  as- bui l t  dr awi ngs and schemat i cs.

b.   Pr ovi de oper at i ng and mai nt enance ( O&M)  i nst r uct i ons.

3. 10   ONSI TE TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t he r espondi ng f i r e depar t ment  and oper at i ng 
and mai nt enance per sonnel  as desi gnat ed by t he Cont r act i ng Of f i cer .   
Tr ai ni ng must  be per f or med on t wo separ at e days ( t o accommodat e di f f er ent  
shi f t s of  Fi r e Depar t ment  per sonnel )  f or  a per i od of  4 hour s of  nor mal  
wor ki ng t i me and must  st ar t  af t er  t he syst em i s f unct i onal l y compl et e and 
af t er  t he f i nal  accept ance t est .   The on- si t e t r ai ni ng must  cover  al l  of  
t he i t ems cont ai ned i n t he appr oved Oper at i ng and Mai nt enance I nst r uct i ons.

        - -  End of  Sect i on - -
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SECTI ON 21 30 00

FI RE PUMPS
04/ 08,  CHG 1:  08/ 13

PART 1   GENERAL

1. 1   SUMMARY

Except  as modi f i ed i n t hi s Sect i on or  on t he dr awi ngs,  i nst al l  f i r e pumps 
i n conf or mance wi t h NFPA 20,  NFPA 70,  and NFPA 72.   I n t he event  of  a 
conf l i c t  bet ween speci f i c  pr ovi s i ons of  t hi s speci f i cat i on and appl i cabl e 
NFPA st andar ds,  t hi s speci f i cat i on gover ns.   Devi ces and equi pment  f or  
f i r e pr ot ect i on ser vi ce must  be UL Pr oduct  i Q l i s t ed or  FM APP GUI DE 
appr oved.   I nt er pr et  al l  r ef er ence t o t he aut hor i t y havi ng j ur i sdi ct i on t o 
mean t he Cont r act i ng Of f i cer .

1. 2   SEQUENCI NG

Fi r e pump and pr essur e mai nt enance pump st ar t  and st op pr essur es must  be 
i n accor dance wi t h NFPA 20 A14. 2. 6.

1. 2. 1   Pr i mar y Fi r e Pump

Fi r e pump msut  aut omat i cal l y oper at e when t he pr essur e dr op or  manual l y 
when t he st ar t er  i s oper at ed.   Fi r e pump must  be ar r anged t o aut omat i cal l y 
shut  down af t er  r eachi ng t he pr edet er mi ned st op pr essur e and t he 
expi r at i on of  a mi ni mum 10 mi nut e r un t i mer .   St op pr essur e must  be at  
l east  5 psi  bel ow maxi mum chur n pr essur e at  t he l owest  avai l abl e st at i c 
pr essur e.  

Not e:   The l owest  avai l abl e st at i c pr essur e shoul d be ut i l i zed i n 
det er mi ni ng chur n pr essur e so t hat  t he st op pr essur e can be achi eved wi t h 
l ow pr essur e.   The 5 psi  di f f er ent i al  i s  used t o al l ow f or  gauge er r or .

1. 2. 2   Pr essur e Mai nt enance Pump

Oper at e pr essur e mai nt enance pump when t he syst em pr essur e dr ops.   St op 
pump aut omat i cal l y when t he syst em pr essur e r eaches t he pr edet er mi ned st op 
pr essur e.

1. 3   FI RE PUMP I NSTALLATI ON RELATED SUBMI TTALS

The Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)  must  pr epar e a l i s t  of  t he 
submi t t al s,  f r om t he Cont r act  Submi t t al  Regi st er ,  t hat  r el at e t o t he 
successf ul  i nst al l at i on of  t he f i r e pump( s) ,  no l at er  t han 7 days af t er  
t he appr oval  of  t he Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)  and t he 
Manuf act ur er ' s Repr esent at i ve.   I ncl ude a l et t er  of  appr oval  s i gned and 
dat ed by t he Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)  wi t h t he submi t t al s 
i dent i f i ed on t hi s l i s t  when submi t t ed t o t he Gover nment .

1. 4   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.
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AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B31. 1 ( 2022)  Power  Pi pi ng

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C111/ A21. 11 ( 2017)  Rubber - Gasket  Joi nt s f or  
Duct i l e- I r on Pr essur e Pi pe and Fi t t i ngs

AWWA C606 ( 2022)  Gr ooved and Shoul der ed Joi nt s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A183 ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  Tr ack Bol t s and Nut s

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM A563 ( 2021;  E 2022a)  St andar d Speci f i cat i on f or  
Car bon and Al l oy St eel  Nut s

ASTM A795/ A795M ( 2021)  St andar d Speci f i cat i on f or  Bl ack 
and Hot - Di pped Zi nc- Coat ed ( Gal vani zed)  
Wel ded and Seaml ess St eel  Pi pe f or  Fi r e 
Pr ot ect i on Use
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ASTM B42 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Pi pe,  St andar d Si zes

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B135/ B135M ( 2017)  St andar d Speci f i cat i on f or  Seaml ess 
Br ass Tube

ASTM D2000 ( 2018)  St andar d Cl assi f i cat i on Syst em f or  
Rubber  Pr oduct s i n Aut omot i ve Appl i cat i ons

ASTM D3308 ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
PTFE Resi n Ski ved Tape

ASTM F436 ( 2011)  Har dened St eel  Washer s

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 20 ( 2022; TI A 21- 1;  TI A 21- 2)  St andar d f or  t he 
I nst al l at i on of  St at i onar y Pumps f or  Fi r e 
Pr ot ect i on

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 72 ( 2022;  ERTA 22- 1)  Nat i onal  Fi r e Al ar m and 
Si gnal i ng Code

NFPA 1963 ( 2019)  St andar d f or  Fi r e Hose Connect i ons

NATI ONAL I NSTI TUTE FOR CERTI FI CATI ON I N ENGI NEERI NG TECHNOLOGI ES 
( NI CET)

NI CET 1014- 7 ( 2012)  Pr ogr am Det ai l  Manual  f or  
Cer t i f i cat i on i n t he Fi el d of  Fi r e 
Pr ot ect i on Engi neer i ng Technol ogy ( Fi el d 
Code 003)  Subf i el d of  Aut omat i c Spr i nkl er  
Syst em Layout

UNDERWRI TERS LABORATORI ES ( UL)

UL 448 ( 2020)  UL St andar d f or  Saf et y Cent r i f ugal  
St at i onar y Pumps f or  Fi r e- Pr ot ect i on 
Ser vi ce
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UL Pr oduct  i Q ( updat ed onl i ne)  UL Pr oduct  i Q 
ht t ps: / / pr oduct i q. ul pr ospect or . com/ en

1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
SD- 02 and SD- 03 must  be submi t t ed s i mul t aneousl y.

FP -  Fi r e Pr ot ect i on Submi t t al s t o i ncl ude al l  t he f ol l owi ng:

Resi dent  Engi neer

Di st r i ct  Of f i ce

AFCEC -  AFCEC Fi r e Pr ot ect i on Engi neer  or  t he AFCEC Fi r e 
Pr ot ect i on Engi neer ' s desi gnat ed r epr esent at i ve.

Submi t t al  must  be a s i ngl e package combi ned wi t h t he f i r e spr i nkl er  syst em 
and f i r e pump syst em and i ncl ude r equi r ed cr i t er i a of  NFPA 13.   Par t i al  
submi t t al s wi l l  be r et ur ned wi t hout  r evi ew.

See Sect i on 21 13 13 WET PI PE SPRI NKLER SYSTEMS,  FI RE PROTECTI ON f or  
addi t i onal  submi t t al  r equi r ement s t o be coor di nat ed and sent  t o AFCEC Fi r e 
Pr ot ect i on Engi neer  or  t he AFCEC Fi r e Pr ot ect i on Engi neer ' s desi gnat ed 
r epr esent at i ve.

Shop dr awi ngs ( SD- 02)  and pr oduct  dat a ( SD- 03)  must  be pr epar ed by t he 
desi gner  and combi ned and submi t t ed as one compl et e package.   The QFPE 
must  r evi ew t he SD- 02/ SD- 03 submi t t al  package f or  compl et eness and 
compl i ance wi t h t he Cont r act  pr ovi s i ons pr i or  t o submi ssi on t o t he 
Gover nment .   The QFPE must  pr ovi de a Let t er  of  Conf i r mat i on t hat  t hey have 
r evi ewed t he submi t t al  package f or  compl i ance wi t h t he cont r act  
pr ovi s i ons.   Thi s l et t er  must  i ncl ude t hei r  pr of essi onal  engi neer  st amp 
and si gnat ur e.   Par t i al  submi t t al s and submi t t al s not  r evi ewed by t he QFPE 
must  be r et ur ned di sappr oved wi t hout  r evi ew.

Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Fi r e Pump I nst al l at i on Rel at ed Submi t t al s

Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) ;  G,  FP

  No l at er  t han 14 days af t er  t he Not i ce t o Pr oceed and pr i or  t o 
t he submi t t al  of  t he f i r e pump i nst al l at i on dr awi ngs

SD- 02 Shop Dr awi ngs

I nst al l at i on Dr awi ngs;  G,  FP

  Thr ee copi es
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As- Bui l t  Dr awi ngs;  G,  FP

Pi pi ng Layout ;  G,  FP

Pump Room;  G,  FP

SD- 03 Pr oduct  Dat a

Cat al og Dat a;  G,  FP

Spar e Par t s;  G,  FP

Pr el i mi nar y Test s;  G,  FP

  At  l east  14 days pr i or  t o t he pr oposed dat e and t i me t o begi n 
Pr el i mi nar y Test s

Fi el d Test s;  G,  FP

  At  l east  2 weeks bef or e st ar t i ng f i el d t est s

Manuf act ur er ' s Repr esent at i ve;  G,  FP

Fi el d Tr ai ni ng;  G,  FP

Ai r  For ce Fi nal  Accept ance Test

SD- 06 Test  Repor t s

Pr el i mi nar y Test s;  G,  FP

  Thr ee copi es of  t he compl et ed Pr el i mi nar y Test s Repor t s,  no 
l at er  t hat  7 days af t er  t he compl et i on of  t he Pr el i mi nar y Test s.

Ai r  For ce Fi nal  Accept ance Test

SD- 07 Cer t i f i cat es

Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)

  No l at er  t han 14 days af t er  t he Not i ce t o Pr oceed and pr i or  t o 
t he submi t t al  of  t he f i r e pump i nst al l at i on dr awi ngs

Qual i f i cat i ons of  Wel der s;  G,  FP

Qual i f i cat i ons of  I nst al l er ;  G,  FP

Qual i f i cat i ons of  Syst em Desi gner ;  G,  FP

Pr el i mi nar y Test  Cer t i f i cat i on;  G,  FP

Fi nal  Test  Cer t i f i cat i on;  G,  FP

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i ng and Mai nt enance I nst r uct i ons;  G,  FP

  At  l east  14 days pr i or  t o conduct i ng f i el d t r ai ni ng
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Fl ow Met er ;  G,  FP

  Submi t  Dat a Package 2 f or  f l ow met er  and cont r ol l er s i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 6   EXTRA MATERI ALS

Submi t  Spar e Par t s dat a f or  each di f f er ent  i t em of  equi pment  and mat er i al  
speci f i ed.   I ncl ude a compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  
uni t  pr i ces and sour ce of  suppl y,  and a l i s t  of  par t s r ecommended by t he 
manuf act ur er  t o be r epl aced af t er  1 year  and 3 year s of  ser vi ce.   I ncl ude 
a l i s t  of  speci al  t ool s and t est  equi pment  r equi r ed f or  mai nt enance and 
t est i ng of  t he pr oduct s suppl i ed by t he Cont r act or .

1. 7   QUALI TY ASSURANCE

1. 7. 1   Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)

An i ndi v i dual  who i s a l i censed pr of essi onal  engi neer  ( P. E. )  who has 
passed t he f i r e pr ot ect i on engi neer i ng wr i t t en exami nat i on admi ni st er ed by 
t he Nat i onal  Counci l  of  Exami ner s f or  Engi neer i ng and Sur veyi ng ( NCEES)  
and has r el evant  f i r e pr ot ect i on engi neer i ng exper i ence.   Ser vi ces of  t he 
QFPE must  i ncl ude:

a.   Revi ewi ng SD- 02 and SD- 03 submi t t al  packages f or  compl et eness and 
compl i ance wi t h t he pr ovi s i ons of  t hi s speci f i cat i on.   Wor ki ng ( shop)  
dr awi ngs and cal cul at i ons must  be pr epar ed by,  or  pr epar ed under  t he 
i mmedi at e super vi s i on of ,  t he QFPE.   The QFPE must  af f i x  t hei r  
pr of essi onal  engi neer i ng st amp wi t h s i gnat ur e t o t he shop dr awi ngs,  
cal cul at i ons,  and mat er i al  dat a sheet s,  i ndi cat i ng appr oval  pr i or  t o 
submi t t i ng t he shop dr awi ngs t o t he DFPE.

b.   Pr ovi de a l et t er  document i ng t hat  t he SD- 02,  SD- 03,  and SD- 05 
submi t t al  package has been r evi ewed and not i ng al l  out st andi ng 
comment s.

c.   Per f or mi ng i n- pr ogr ess const r uct i on sur vei l l ance pr i or  t o i nst al l at i on 
of  cei l i ngs ( r ough- i n i nspect i on) .

d.   Wi t nessi ng pr e- Gover nment  and f i nal  Gover nment  f unct i onal  per f or mance 
t est i ng and per f or mi ng a f i nal  i nst al l at i on r evi ew.

e.   Si gni ng appl i cabl e cer t i f i cat es under  SD- 07.

1. 7. 2   Qual i f i cat i ons of  Wel der s

Submi t  cer t i f i cat es of  each wel der ' s qual i f i cat i ons pr i or  t o s i t e wel di ng;  
cer t i f i cat i ons mor e t han one year  ol d ar e not  accept abl e.

1. 7. 3   Qual i f i cat i ons of  Syst em Desi gner

The syst em desi gner  must  be cer t i f i ed as a Level  I I I  ( or  I V)  Techni c i an by 
Nat i onal  I nst i t ut e f or  Cer t i f i cat i on i n Engi neer i ng Technol ogi es ( NI CET)  
i n t he Wat er - Based Syst ems Layout  subf i el d of  Fi r e Pr ot ect i on Engi neer i ng 
Technol ogy i n accor dance wi t h NI CET 1014- 7.

1. 7. 4   Qual i f i cat i ons of  I nst al l er

Pr i or  t o i nst al l at i on,  submi t  dat a f or  appr oval  showi ng t hat  t he 
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Cont r act or  has successf ul l y i nst al l ed f i r e pumps and associ at ed equi pment  
of  t he same t ype and desi gn as speci f i ed her ei n,  or  t hat  he has a f i r m 
cont r act ual  agr eement  wi t h a subcont r act or  havi ng such r equi r ed 
exper i ence.   I ncl ude t he names and l ocat i ons of  at  l east  t wo i nst al l at i ons 
wher e t he Cont r act or ,  or  t he subcont r act or  r ef er r ed t o above,  has 
i nst al l ed such syst ems.   I ndi cat e t he t ype and desi gn of  each syst em and 
cer t i f y t hat  each syst em has per f or med sat i sf act or i l y  i n t he manner  
i nt ended f or  a per i od of  not  l ess t han 18 mont hs.

1. 7. 5   Pr el i mi nar y Test  Cer t i f i cat i on

When pr el i mi nar y t est s have been compl et ed and cor r ect i ons made,  submi t  a 
s i gned and dat ed cer t i f i cat e wi t h a r equest  f or  a f or mal  i nspect i on and 
t est s.

1. 7. 6   Fi nal  Test  Cer t i f i cat i on

Concur r ent  wi t h t he Fi nal  Accept ance Test  Repor t ,  submi t  cer t i f i cat i on by 
t he Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)  t hat  t he f i r e pump 
i nst al l at i on i s i n accor dance wi t h t he cont r act  r equi r ement s,  i ncl udi ng 
si gned appr oval  of  t he Pr el i mi nar y and Fi nal  Accept ance Test  Repor t s.   
Submi t  dat a f or  appr oval  showi ng t he name and cer t i f i cat i on of  al l  
i nvol ved i ndi v i dual s wi t h such qual i f i cat i ons at  or  pr i or  t o submi t t al  of  
dr awi ngs.

1. 7. 7   Manuf act ur er ' s Repr esent at i ve

Per f or m wor k speci f i ed i n t hi s sect i on under  t he super vi s i on of  and 
cer t i f i ed by a r epr esent at i ve of  t he f i r e pump manuf act ur er .   Submi t  t he 
name and document at i on of  cer t i f i cat i on of  t he pr oposed Manuf act ur er ' s 
Repr esent at i ve,  concur r ent  wi t h submi t t al  of  t he Qual i f i ed Fi r e Pr ot ect i on 
Engi neer  ( QFPE)  Qual i f i cat i ons.   Engage t he Manuf act ur er ' s Repr esent at i ve 
r egul ar l y i n t he i nst al l at i on of  t he t ype and compl exi t y of  f i r e pump( s)  
speci f i ed i n t he Cont r act  document s.   The r epr esent at i ve i s an i ndi v i dual  
who has ser ved i n a s i mi l ar  capaci t y f or  at  l east  t hr ee syst ems t hat  have 
per f or med i n t he manner  i nt ended f or  a per i od of  not  l ess t han 6 mont hs.

1. 8   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  al l  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
excessi ve humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  
cont ami nant s.   Addi t i onal l y,  ei t her  cap or  pl ug al l  pi pes unt i l  i nst al l ed.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

a.   Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and 
t hat  essent i al l y  dupl i cat es i t ems t hat  have been i n sat i sf act or y use 
f or  at  l east  2 year s pr i or  t o bi d openi ng.

b.   Submi t  manuf act ur er ' s cat al og dat a i ncl uded wi t h t he Fi r e Pump 
I nst al l at i on Dr awi ngs f or  each separ at e pi ece of  equi pment  pr oposed 
f or  use i n t he syst em.   I ndi cat e t he name of  t he manuf act ur er  of  each 
i t em of  equi pment ,  wi t h dat a annot at ed t o i ndi cat e model  t o be 
pr ovi ded.   I n addi t i on,  pr ovi de a compl et e equi pment  l i s t  t hat  
i ncl udes equi pment  descr i pt i on,  model  number  and quant i t y.   Cat al og 
dat a f or  mat er i al  and equi pment  i ncl udes,  but  i s not  l i mi t ed t o,  t he 
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f ol l owi ng:

( 1)  Fi r e pumps,  dr i ver s and cont r ol l er s i ncl udi ng manuf act ur er ' s 
cer t i f i ed shop t est  char act er i st i c cur ve f or  each pump.   Shop t est  
cur ve may be submi t t ed af t er  appr oval  of  cat al og dat a but  must  be 
submi t t ed pr i or  t o t he f i nal  t est s.

( 2)   Pr essur e mai nt enance pump and cont r ol l er .

( 3)   Pi pi ng component s.  

( 4)   Val ves,  i ncl udi ng gat e,  check,  gl obe and r el i ef  val ves.

( 5)   Gauges.

( 6)   Hose val ve mani f ol d t est  header  and hose val ves.

( 7)   Fl ow met er .

( 8)   Rest r i ct i ve or i f i ce uni on.

( 9)   Associ at ed devi ces and equi pment .

c.   Pr ovi de a namepl at e t hat  i dent i f i es t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  cont r act  number  and accept ed 
dat e;  capaci t y or  s i ze;  syst em i n whi ch i nst al l ed and syst em whi ch i t  
cont r ol s and cat al og number  f or  al l  equi pment .   Af f i x  st andar d 
namepl at es secur el y i n a conspi cuous pl ace and easy t o r ead t o pumps 
and mot or s.   Pr ovi de namepl at es and mar ki ngs i n accor dance wi t h UL 448.   
Pr ovi de el ect r i c mot or  namepl at es wi t h t he mi ni mum i nf or mat i on 
r equi r ed by NFPA 70,  Sect i on 430- 7.

2. 2   FI RE PUMP

Pr ovi de el ect r i c mot or  dr i ven f i r e pump.   Pr ovi de pump capaci t y r at ed at  
1, 500 gpm wi t h a r at ed net  pr essur e of  65 psi .   Fur ni sh no l ess t han 150 
per cent  of  r at ed f l ow capaci t y at  not  l ess t han 65 per cent  of  r at ed net  
pr essur e.   Pr ovi de cent r i f ugal  hor i zont al  spl i t  case f i r e pump.   Equi p 
hor i zont al  pump wi t h aut omat i c ai r  r el ease devi ces.   Use maxi mum r at ed 
pump speed of  2100 r pm when dr i v i ng t he pump at  r at ed capaci t y.   Pr ovi de 
pump t hat  i s aut omat i c st ar t  and aut omat i c st op.   Pr ovi de pump conf or mi ng 
t o t he r equi r ement s of  UL 448.   Ensur e f i r e pump di schar ge and suct i on 
gauges ar e oi l - f i l l ed t ype.

2. 3   REQUI REMENTS FOR FI RE PROTECTI ON SERVI CE

2. 3. 1   Gener al  Requi r ement s

Pr ovi de Mat er i al s and Equi pment  t hat  have been t est ed by Under wr i t er s 
Labor at or i es,  I nc.  and ar e l i s t ed i n UL Pr oduct  i Q or  appr oved by Fact or y 
Mut ual  and l i s t ed i n FM APP GUI DE.   Wher e t he t er ms " l i s t ed"  or  " appr oved"  
appear  i n t hi s speci f i cat i on,  such means l i s t ed i n UL Pr oduct  i Q or  
FM APP GUI DE.

2. 3. 2   Al ar ms

Pr ovi de audi bl e and vi sual  al ar ms as r equi r ed by NFPA 20 on t he 
cont r ol l er .   Pr ovi de r emot e super vi s i on as r equi r ed by NFPA 20,  i n 
accor dance wi t h NFPA 72.   Pr ovi de r emot e al ar m devi ces l ocat ed as i ndi cat ed.   
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Act i vat e al ar m si gnal  upon t he f ol l owi ng condi t i ons:   el ect r i c mot or  
cont r ol l er  has oper at ed i nt o a pump r unni ng condi t i on,  l oss of  el ect r i cal  
power  t o el ect r i c mot or  st ar t er ,  and phase r ever sal  on l i ne s i de of  mot or  
st ar t er .   Pr ovi de weat her pr oof  ext er i or  al ar m devi ces.   Pr ovi de al ar m 
si l enci ng swi t ch and r ed si gnal  l amp,  wi t h s i gnal  l amp ar r anged t o come on 
when swi t ch i s pl aced i n OFF posi t i on.

2. 4   UNDERGROUND PI PI NG COMPONENTS

See Sect i on 21 13 13 f or  under gr ound pi pi ng r equi r ement s.

2. 5   ABOVEGROUND PI PI NG COMPONENTS

2. 5. 1   Pi pe Si zes 2. 5 i nches and Lar ger

2. 5. 1. 1   Pi pe

Pr ovi de pi pi ng consi st i ng of  ASTM A53/ A53M or  ASTM A795/ A795M,  Wei ght  
Cl ass STD ( St andar d) ,  Schedul e 40 ( except  f or  Schedul e 30 f or  pi pe si zes 8 
i nchesand gr eat er  i n di amet er ) ,  Type E or  Type S,  Gr ade A;  bl ack st eel  
pi pe.   Joi n st eel  pi pe by means of  f l anges wel ded t o t he pi pe or  
mechani cal  gr ooved j oi nt s onl y.   Do not  j oi n pi pi ng by wel di ng or  wel d 
f i t t i ngs.   Gal vani ze suct i on pi pi ng on t he i nsi de i n accor dance wi t h 
NFPA 20.

2. 5. 1. 2   Gr ooved Mechani cal  Joi nt s and Fi t t i ngs

Pr ovi de j oi nt s and f i t t i ngs t hat  ar e desi gned f or  no l ess t han 175 psi  
ser vi ce and ar e t he pr oduct  of  t he same manuf act ur er .   Pr ovi de mal l eabl e 
i r on f i t t i ng and coupl i ng houses conf or mi ng t o ASTM A47/ A47M,  Gr ade 32510;  
duct i l e i r on conf or mi ng t o ASTM A536,  Gr ade 65- 45- 12.   Pr ovi de f l ush t ype 
gasket  t hat  f i l l s  t he ent i r e cavi t y bet ween t he f i t t i ng and t he pi pe.   
Pr ovi de cadmi um pl at ed or  z i nc el ect r opl at ed,  heat - t r eat ed st eel  nut s and 
bol t s conf or mi ng t o ASTM A183.

2. 5. 1. 3   Fl anges

Pr ovi de ASME B16. 5,  Cl ass 150 f l anges.   Pr ovi de f l anges at  val ves,  
connect i ons t o equi pment ,  and wher e i ndi cat ed.

2. 5. 1. 4   Gasket s

Pr ovi de AWWA C111/ A21. 11,  c l ot h i nser t ed r ed r ubber  gasket s.

2. 5. 1. 5   Bol t s

Pr ovi de ASTM A193/ A193M,  Gr ade B7 bol t s.   Do not  ext end bol t s l ess t han 
t hr ee f ul l  t hr eads beyond t he nut  wi t h bol t s t i ght ened t o t he r equi r ed 
t or que.

2. 5. 1. 6   Nut s

Pr ovi de  ASTM A563,  Gr ade C3 nut s.

2. 5. 1. 7   Washer s

Pr ovi de washer s meet i ng t he r equi r ement s of  ASTM F436.   Pr ovi de f l at  
c i r cul ar  washer s under  al l  bol t  heads and nut s.
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2. 5. 2   Pi pi ng Si zes 2 i nches and Smal l er

2. 5. 2. 1   St eel  Pi pe

Pr ovi de ASTM A795/ A795M,  Wei ght  Cl ass STD ( St andar d) ,  Schedul e 40,  Type E 
or  Type S,  Gr ade A or  ASTM A53/ A53M,  Wei ght  Cl ass XS ( Ext r a St r ong) ,  
z i nc- coat ed st eel  pi pe wi t h t hr eaded end connect i ons.   Pr ovi de ASME B16. 3 
or  ASME B16. 39,  Cl ass 150,  z i nc- coat ed t hr eaded f i t t i ngs.   Pr ovi de 
ASME B16. 39,  Cl ass 150,  z i nc- coat ed uni ons.

2. 5. 2. 2   Copper  Tubi ng

Pr ovi de copper  t ubi ng t hat  i s ASTM B88,  Type L or  K,  sof t  anneal ed.   
Pr ovi de ASME B16. 26,  f l ar ed j oi nt  f i t t i ngs.   Pr ovi de pi pe ni ppl es 
consi st i ng of  ASTM B42 copper  pi pe wi t h t hr eaded end connect i ons.

2. 5. 3   Pi pe Hanger s and Suppor t s

Pr ovi de adj ust abl e hanger s and suppor t s t hat  ar e UL l i s t ed UL Pr oduct  i Q 
or  FM appr oved FM APP GUI DE.   Fi ni sh of  r ods,  nut s,  washer s,  hanger s,  and 
suppor t s must  be zi nc- pl at ed af t er  f abr i cat i on.

2. 5. 4   Val ves

Pr ovi de val ves t hat  ar e UL l i s t ed UL Pr oduct  i Q or  FM appr oved FM APP GUI DE
 f or  f i r e pr ot ect i on ser vi ce and wi t h f l ange or  t hr eaded end connect i ons.

2. 5. 4. 1   Gat e Val ves and Cont r ol  Val ves

Pr ovi de out si de scr ew and yoke ( O. S. &Y. )  t ype gat e val ves and cont r ol  
val ves whi ch open by count er cl ockwi se r ot at i on.   But t er f l y- t ype cont r ol  
val ves ar e not  per mi t t ed.

2. 5. 4. 2   Tamper  Swi t ch

Equi p t he suct i on cont r ol  val ves,  t he di schar ge cont r ol  val ves,  val ves t o 
t est  header  and f l ow met er ,  and t he by- pass cont r ol  val ves wi t h val ve 
t amper  swi t ches f or  moni t or i ng by t he f i r e al ar m syst em.

2. 5. 4. 3   Check Val ve

Check val ve must  be cl ear  open,  swi ng t ype check val ve wi t h f l ange or  
t hr eaded i nspect i on pl at e.

2. 5. 4. 4   Ci r cul at i ng Rel i ef  Val ve

Pr ovi de an adj ust abl e c i r cul at i ng r el i ef  val ve f or  each f i r e pump i n 
accor dance wi t h NFPA 20.

2. 5. 5   Hose Val ve Mani f ol d Test  Header

Const r uct  header  of  st eel  pi pe.   Pr ovi de ASME B16. 5,  Cl ass 150 f l anged 
i nl et  connect i on t o hose val ve mani f ol d assembl y.   Pr ovi de appr oved br onze 
hose gat e val ve wi t h 2. 5 i nch Nat i onal  St andar d mal e hose t hr eads wi t h cap 
and chai n;  l ocat e 3 f eet  above gr ade i n t he hor i zont al  posi t i on f or  each 
t est  header  out l et .   Ensur e wel di ng i s met al l i c  ar c pr ocess i n accor dance 
wi t h ASME B31. 1.
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2. 5. 6   Pi pe Sl eeves

Pr ovi de a pi pe sl eeve at  each l ocat i on wher e pi pi ng passes ent i r el y 
t hr ough wal l s,  cei l i ngs,  r oof s,  and f l oor s,  i ncl udi ng pi pe ent er i ng 
bui l di ngs f r om t he ext er i or .   Secur e s l eeves i n posi t i on and l ocat i on 
dur i ng const r uct i on.   Pr ovi de sl eeves of  suf f i c i ent  l engt h t o pass t hr ough 
ent i r e t hi ckness of  wal l s,  cei l i ngs,  and f l oor s.   Pr ovi de one i nch mi ni mum 
cl ear ance bet ween ext er i or  of  pi pi ng or  pi pe i nsul at i on,  and i nt er i or  of  
s l eeve or  cor e- dr i l l ed hol e.   Fi r ml y pack space wi t h mi ner al  wool  
i nsul at i on.   Seal  space at  bot h ends of  t he s l eeve or  cor e- dr i l l ed hol e 
wi t h pl ast i c wat er pr oof  cement  whi ch wi l l  dr y t o a f i r m but  pl i abl e mass,  
or  pr ovi de a mechani cal l y adj ust abl e segment ed el ast omer i c seal .   I n f i r e 
wal l s and f i r e f l oor s,  pr ovi de a f i r e seal  bet ween t he pi pe and t he sl eeve 
i n accor dance wi t h Sect i on 07 84 00 FI RESTOPPI NG.

a.   Sl eeves i n Masonr y and Concr et e Wal l s,  Cei l i ngs,  Roof s,  and Fl oor s:  
Pr ovi de hot - di p gal vani zed st eel ,  duct i l e- i r on,  or  cast - i r on pi pe 
sl eeves.   Cor e dr i l l i ng of  masonr y and concr et e may be pr ovi ded i n 
l i eu of  pi pe s l eeves pr ovi ded t hat  cavi t i es i n t he cor e- dr i l l ed hol e 
be compl et el y gr out ed smoot h.

b.   Sl eeves i n Ot her  Than Masonr y and Concr et e Wal l s,  Cei l i ngs,  Roof s,  and 
Fl oor s:   Pr ovi de gal vani zed st eel  sheet  pi pe not  l ess t han 0. 90 psf .

2. 5. 7   Escut cheon Pl at es

Pr ovi de one- pi ece or  spl i t - hi nge met al  pl at es f or  pi pi ng ent er i ng f l oor s,  
wal l s,  and cei l i ngs i n exposed ar eas.   Pr ovi de pol i shed st ai nl ess st eel  or  
chr omi um- pl at ed f i ni sh on copper  al l oy pl at es i n f i ni shed spaces.   Pr ovi de 
pai nt  f i ni sh on pl at es i n unf i ni shed spaces.   Secur e pl at es i n pl ace.

2. 6   ELECTRI C MOTOR DRI VER

Pr ovi de mot or s,  cont r ol l er s,  cont act or s,  and di sconnect s wi t h t hei r  
r espect i ve pi eces of  equi pment ,  as speci f i ed her ei n and pr ovi de el ect r i cal  
connect i ons under  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de 
cont r ol l er s and cont act or s wi t h a maxi mum of  120- vol t  cont r ol  c i r cui t s,  
and auxi l i ar y cont act s f or  use wi t h t he cont r ol s f ur ni shed.   When mot or s 
and equi pment  f ur ni shed ar e l ar ger  t han si zes i ndi cat ed,  i ncl ude t he cost  
of  pr ovi di ng addi t i onal  el ect r i cal  ser vi ce and r el at ed wor k under  t hi s 
sect i on.   Pr ovi de mot or  conf or mi ng t o NEMA MG 1 Desi gn B t ype.   Pr ovi de 
pr emi um ef f i c i ency t ype i nt egr al  s i ze mot or s i n accor dance wi t h NEMA MG 1.   
Pr ovi de mot or  hor sepower  of  suf f i c i ent  s i ze so t hat  t he namepl at e 
hor sepower  r at i ng wi l l  not  be exceeded t hr oughout  t he ent i r e publ i shed 
pump char act er i st i c cur ve.   The mot or  and f i r e pump cont r ol l er  must  be 
f ul l y compat i bl e.

2. 7   FI RE PUMP CONTROLLER

Pr ovi de aut omat i c t ype cont r ol l er  whi ch i s UL l i s t ed UL Pr oduct  i Q or  FM 
appr oved FM APP GUI DE f or  f i r e pump ser vi ce.   Ar r ange pump f or  aut omat i c 
st ar t  and st op,  and manual  push- but t on st op.   Accompl i sh aut omat i c 
st oppi ng onl y af t er  al l  st ar t i ng causes have r et ur ned t o nor mal  and af t er  
a mi ni mum pump r un t i me has el apsed.   Pr ovi de cont r ol l er s t hat  ar e 
compl et el y t er mi nal l y wi r ed,  r eady f or  f i el d connect i ons,  and mount ed i n a 
NEMA Type 4 wat er t i ght  and dust  t i ght  encl osur e ar r anged so t hat  
cont r ol l er  cur r ent  car r y i ng par t s wi l l  not  be l ess t han 12 i nches above 
t he f l oor .   Pr ovi de cont r ol l er  wi t h vol t age sur ge ar r est er s i nst al l ed i n 
accor dance wi t h NFPA 20.   Equi p cont r ol l er  wi t h a bour don t ube pr essur e 
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swi t ch or  a sol i d st at e pr essur e swi t ch wi t h i ndependent  hi gh and l ow 
adj ust ment s,  aut omat i c st ar t i ng r el ay act uat ed f r om nor mal l y c l osed 
cont act s,  v i sual  al ar m l amps and super vi sor y power  l i ght .   Equi p 
cont r ol l er  wi t h a t her most at  swi t ch wi t h adj ust abl e set t i ng t o moni t or  t he 
pump r oom t emper at ur e and t o pr ovi de an al ar m when t emper at ur es f al l s  bel ow
 40 degr ees F.  Pr ovi de cont r ol l er  whi ch i s f act or y- equi pped wi t h a heat er  
oper at ed by t her most at  t o pr event  moi st ur e i n t he cabi net .

2. 7. 1   Cont r ol l er  f or  El ect r i c Mot or  Dr i ven Fi r e Pump

Cont r ol l er  must  be el ect r oni c sof t  st ar t  st ar t i ng t ype.   Desi gn cont r ol l er  
f or  76 HP at  480 vol t s.   Pr ovi de cont r ol l er  wi t h a shor t  c i r cui t  r at i ng as 
r equi r ed by NFPA 20.   Cont r ol l er  must  moni t or  pump r unni ng,  l oss of  a 
phase or  l i ne power ,  phase r ever sal  and pump r oom t emper at ur e.   Di spl ay 
al ar ms i ndi v i dual l y i n f r ont  of  panel  by l i ght i ng of  v i sual  l amps.   Label  
each l amp wi t h r i gi d et ched pl ast i c l abel s.   Equi p cont r ol l er  wi t h 
t er mi nal s f or  r emot e moni t or i ng of  pump r unni ng,  pump power  suppl y t r oubl e 
( l oss of  power  or  phase and phase r ever sal ) ,  and pump r oom t r oubl e ( pump 
r oom t emper at ur e) ,  and f or  r emot e st ar t .   Li mi t ed ser vi ce f i r e pump 
cont r ol l er s ar e not  per mi t t ed,  except  f or  f i r e pumps dr i ven by el ect r i c 
mot or s r at ed l ess t han 15 hp.   Equi p cont r ol l er  wi t h a 7- day el ect r i c 
pr essur e r ecor der  wi t h 24- hour  spr i ng wound back- up.   Pr ovi de a r eadout  of  
t he syst em pr essur e f r om 0 t o 300 psi ,  t i me,  and dat e.   Cont r ol l er  must  
r equi r e t he pumps t o r un f or  t en mi nut es f or  pumps wi t h dr i ver  mot or s under
 200 hor sepower  and f or  15 mi nut es f or  pumps wi t h mot or s 200 hor sepower  
and gr eat er ,  pr i or  t o aut omat i c shut down.   Equi p t he cont r ol l er  wi t h an 
ext er nal l y oper abl e i sol at i ng swi t ch whi ch manual l y oper at es t he mot or  
c i r cui t .   Pr ovi de means i n t he cont r ol l er  f or  measur i ng cur r ent  f or  al l  
mot or  c i r cui t  conduct or s.

2. 8   PRESSURE SENSI NG LI NE

Pr ovi de a compl et el y separ at e pr essur e sensi ng l i ne f or  each f i r e pump and 
f or  t he j ockey pump.   Ar r ange t he sensi ng l i ne i n accor dance wi t h NFPA 20.   
Pr ovi de sensi ng l i ne of  1/ 2- i nch H58 br ass t ubi ng compl yi ng wi t h 
ASTM B135/ B135M.   Equi p t he sensi ng l i ne wi t h t wo r est r i ct i ve or i f i ce 
uni ons each.   Pr ovi de r est r i ct ed or i f i ce uni ons consi st i ng of  gr ound- f ace 
uni ons wi t h br ass r est r i ct ed di aphr agms dr i l l ed f or  a 3/ 32- i nch.   Mount  
r est r i ct ed or i f i ce uni ons i n t he hor i zont al  posi t i on,  no l ess t han 5 f eet  
apar t  on t he sensi ng l i ne.   Pr ovi de t wo t est  connect i ons f or  each sensi ng 
l i ne.   Test  connect i ons consi st  of  t wo br ass 1/ 2 i nch gl obe val ves and 1/ 4-
i nch gauge connect i on t ee ar r anged i n accor dance wi t h NFPA 20.   Equi p each 
of  t he t est  connect i ons wi t h a 0 t o 300 psi  wat er  oi l - f i l l ed gauge.   
Connect  sensi ng l i ne t o t he pump di schar ge pi pi ng bet ween t he di schar ge 
pi pi ng cont r ol  val ve and t he check val ve.

2. 9   PRESSURE MAI NTENANCE PUMP

2. 9. 1   Gener al

Pr ovi de pr essur e mai nt enance pump t hat  i s el ect r i c mot or  dr i ven,  i n- l i ne 
ver t i cal  shaf t ,  cent r i f ugal  t ype wi t h a r at ed di schar ge of  10 gpm at  65 
psi g.   Pump must  dr af t  f r om t he suct i on suppl y s i de of  t he suct i on pi pe 
gat e val ve of  t he f i r e pump and di schar ge i nt o t he syst em at  t he 
downst r eam si de of  t he pump di schar ge gat e val ve.   Pr ovi de an appr oved 
i ndi cat i ng gat e val ve of  t he out si de scr ew and yoke ( O. S. &Y. )  t ype i n t he 
mai nt enance pump di schar ge and suct i on pi pi ng.   Pr ovi de oi l - f i l l ed wat er  
pr essur e gauge and appr oved check val ve i n t he mai nt enance pump di schar ge 
pi pi ng.   Pr ovi de swi ng t ype check val ve wi t h r emovabl e i nspect i on pl at e.
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2. 9. 2   Pr essur e Mai nt enance Pump Cont r ol l er

Ar r ange pr essur e mai nt enance pump cont r ol l er  f or  aut omat i c and manual  
st ar t i ng and st oppi ng and equi p wi t h a " manual - of f - aut omat i c"  swi t ch.   
Pr ovi de cont r ol l er  whi ch i s compl et el y pr ewi r ed,  r eady f or  f i el d 
connect i ons,  and wal l - mount ed i n a NEMA Type 2 dr i p- pr oof  encl osur e.   
Equi p t he cont r ol l er  wi t h a bour don t ube pr essur e swi t ch or  a sol i d st at e 
pr essur e swi t ch wi t h i ndependent  hi gh and l ow adj ust ment s f or  aut omat i c 
st ar t i ng and st oppi ng.   Pr ovi de a sensi ng l i ne connect ed t o t he pr essur e 
mai nt enance pump di schar ge pi pi ng bet ween t he cont r ol  val ve and t he check 
val ve.   Pr ovi de sensi ng l i ne conf or mi ng t o par agr aph,  PRESSURE SENSI NG 
LI NE.   The sensi ng l i ne must  be compl et el y separ at e f r om t he f i r e pump 
sensi ng l i nes.   Pr ovi de an adj ust abl e r un t i mer  t o pr event  f r equent  
st ar t i ng and st oppi ng of  t he pump mot or .  Set  t he r un t i mer  f or  0 mi nut es.

2. 10   JOI NTS AND FI TTI NGS FOR COPPER TUBE

Pr ovi de wr ought  copper  and br onze sol der - j oi nt  pr essur e f i t t i ngs 
conf or mi ng t o ASME B16. 22 and ASTM B75/ B75M.   Pr ovi de cast  copper  al l oy 
sol der - j oi nt  pr essur e conf or mi ng conf or m t o ASME B16. 18.   Pr ovi de cast  
copper  al l oy f i t t i ngs f or  f l ar ed copper  t ube conf or mi ng t o ASME B16. 26 and 
ASTM B62.   Br ass or  br onze adapt er s f or  br azed t ubi ng may be used f or  
connect i ng t ubi ng t o f l anges and t o t hr eaded ends of  val ves and 
equi pment .   Ext r act ed br azed t ee j oi nt s pr oduced wi t h an accept abl e t ool  
and i nst al l ed as r ecommended by t he manuf act ur er  may be used.   Pr ovi de 
gr ooved mechani cal  j oi nt s and f i t t i ngs t hat  ar e desi gned f or  no l ess t han 
125 psi g ser vi ce and ar e t he pr oduct  of  t he same manuf act ur er .   Pr ovi de 
duct i l e i r on gr ooved f i t t i ng and mechani cal  coupl i ng housi ng conf or mi ng t o 
ASTM A536.   Use gasket s i n gr ooved j oi nt s consi st i ng of  mol ded synt het i c 
pol ymer  of  pr essur e r esponsi ve desi gn and conf or mi ng t o ASTM D2000 f or  
c i r cul at i ng medi um up t o 239 degr ees F.   Pr ovi de gr ooved j oi nt s conf or mi ng 
t o AWWA C606  Use st eel  coupl i ng nut s and bol t s i n gr ooved j oi nt s 
conf or mi ng t o ASTM A183.

2. 11   PUMP BASE PLATE AND PAD

Pr ovi de a common base pl at e f or  each hor i zont al - shaf t  f i r e pump f or  
mount i ng pump and dr i ver  uni t .   Const r uct  t he base pl at e of  cast  i r on wi t h 
r ai sed l i p t apped f or  dr ai nage or  wel ded st eel  shapes wi t h sui t abl e 
dr ai nage.   Pr ovi de each base pl at e f or  t he hor i zont al  f i r e pumps wi t h a 1 
i nchgal vani zed st eel  dr ai n l i ne pi ped t o t he near est  f l oor  dr ai n.   For  
ver t i cal  shaf t  pumps,  pr ovi de pump head wi t h a cast - i r on base pl at e whi ch 
ser ves as t he sol e pl at e f or  mount i ng t he di schar ge head assembl y.   Mount  
pump uni t s and bases on a r ai sed 4 i nches r ei nf or ced concr et e pad t hat  i s 
an i nt egr al  par t  of  t he r ei nf or ced concr et e f l oor .

2. 12   HOSE VALVE MANI FOLD TEST HEADER

Connect  hose val ve t est  header  by ASME B16. 5,  Cl ass 150 f l ange i nl et  
connect i on.   Pr ovi de UL l i s t ed UL Pr oduct  i Q or  FM appr oved FM APP GUI DE 
br onze hose gat e val ves wi t h 2. 5 i nches Amer i can Nat i onal  Fi r e Hose 
Connect i on Scr ew St andar d Thr eads ( NH)  i n accor dance wi t h NFPA 1963.   
Pr ovi de number  of  val ves i n accor dance wi t h NFPA 20.   Equi p each hose 
val ve wi t h a cap and chai n,  and l ocat e no mor e t han 3 f eet  and no l ess t han
 2 f eet  above gr ade.
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2. 13   FLOW METER

Pr ovi de met er  t hat  i s  UL l i s t ed UL Pr oduct  i Q or  FM appr oved FM APP GUI DE 
as f l ow met er s f or  f i r e pump i nst al l at i on wi t h di r ect  f l ow r eadout  
devi ce.   Pr ovi de f l ow met er  t hat  i s  capabl e of  met er i ng any wat er f l ow 
quant i t i es bet ween 50 per cent  and 150 per cent  of  t he r at ed f l ow of  t he 
pumps.   Ar r ange pi pi ng t o per mi t  f l ow met er  t o di schar ge t o pump suct i on 
and t o di schar ge t hr ough t est  header .   The met er  t hr ot t l e val ve and t he 
met er  cont r ol  val ves must  be O. S. &Y.  val ves.   Pr ovi de aut omat i c ai r  
r el ease i f  f l ow met er  pi pi ng bet ween pump di schar ge and pump suct i on f or ms 
an i nver t ed " U" .   Pr ovi de vent ur i  t ype met er .

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng t he wor k.

3. 2   I NSPECTI ON BY QUALI FI ED FI RE PROTECTI ON ENGI NEER ( QFPE)

Per i odi cal l y per f or m a t hor ough i nspect i on of  t he f i r e pump i nst al l at i on,  
i ncl udi ng vi sual  obser vat i on of  t he pump whi l e r unni ng,  t o assur e t hat  t he 
i nst al l at i on conf or ms t o t he cont r act  r equi r ement s.   Excessi ve v i br at i on,  
l eaks ( oi l  or  wat er ) ,  unusual  noi ses,  over heat i ng,  or  ot her  pot ent i al  
pr obl ems ar e not  accept abl e.   I nspect i on i ncl udes pi pi ng and equi pment  
c l ear ance,  access,  suppor t s,  and guar ds.   Br i ng any di scr epancy t o t he 
at t ent i on of  t he Cont r act i ng Of f i cer  i n wr i t i ng,  no l at er  t han t hr ee 
wor ki ng days af t er  t he di scr epancy i s di scover ed.   The Qual i f i ed Fi r e 
Pr ot ect i on Engi neer  ( QFPE)  must  wi t ness t he pr el i mi nar y and f i nal  
accept ance t est s and,  af t er  compl et i on of  t he i nspect i ons and a successf ul  
f i nal  accept ance t est ,  s i gn t est  r esul t s and cer t i f y i n wr i t i ng t hat  t he 
i nst al l at i on t he f i r e pump i nst al l at i on i s i n accor dance wi t h t he cont r act  
r equi r ement s.

3. 3   I NSTALLATI ON

Pr ovi de equi pment ,  mat er i al s,  wor kmanshi p,  f abr i cat i on,  assembl y,  
er ect i on,  i nst al l at i on,  exami nat i on,  i nspect i on and t est i ng i n accor dance 
NFPA 20,  except  as modi f i ed her ei n.   I n addi t i on,  i nst al l  t he f i r e pump 
and engi ne i n accor dance wi t h t he wr i t t en i nst r uct i ons of  t he manuf act ur er .

3. 3. 1   I nst al l at i on Dr awi ngs

Submi t  Fi r e Pump I nst al l at i on Dr awi ngs consi st i ng of  a det ai l ed pl an vi ew,  
det ai l ed el evat i ons and sect i ons of  t he pump r oom,  equi pment  and pi pi ng,  
dr awn t o a scal e of  not  l ess t han 1/ 2 i nch = 1 f oot .   I ndi cat e equi pment ,  
pi pi ng,  and associ at ed pump equi pment  t o scal e.   I ndi cat e al l  c l ear ance,  
such as t hose bet ween pi pi ng and equi pment ;  bet ween equi pment  and wal l s,  
cei l i ng and f l oor s;  and f or  el ect r i cal  wor ki ng di st ance cl ear ance ar ound 
al l  el ect r i cal  equi pment .   I ncl ude a l egend i dent i f y i ng al l  symbol s,  
nomencl at ur es,  and abbr evi at i ons.   I ndi cat e a compl et e pi pi ng and 
equi pment  l ayout  i ncl udi ng el evat i ons and/ or  sect i on v i ews of  t he 
f ol l owi ng:

a.   Fi r e pumps,  cont r ol l er s,  pi pi ng,  val ves,  and associ at ed equi pment .

b.   Sensi ng l i ne f or  each pump i ncl udi ng t he pr essur e mai nt enance pump.
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c.   Pi pe hanger s and sway br aci ng i nc.

d.   A one- l i ne schemat i c di agr am i ndi cat i ng l ayout  and si zes of  al l  
pi pi ng,  devi ces,  val ves and f i t t i ngs.

e.   A compl et e poi nt - t o- poi nt  connect i on dr awi ng of  t he pump power ,  
cont r ol  and al ar m syst ems,  as wel l  as i nt er i or  wi r i ng schemat i cs of  
each cont r ol l er .

3. 3. 2   Pump Room Conf i gur at i on

Pr ovi de det ai l  pl an v i ew of  t he pump r oom i ncl udi ng el evat i ons and 
sect i ons showi ng t he f i r e pumps,  associ at ed equi pment ,  and pi pi ng.   Submi t  
wor ki ng dr awi ngs on sheet s not  smal l er  t han t he Cont r act  Dr awi ngs;  i ncl ude 
dat a f or  t he pr oper  i nst al l at i on of  each syst em.   Show pi pi ng schemat i c of  
pumps,  devi ces,  val ves,  pi pe,  and f i t t i ngs.   Pr ovi de an i somet r i c dr awi ng 
of  t he f i r e pump and al l  associ at ed pi pi ng.   Show poi nt  t o poi nt  
el ect r i cal  wi r i ng di agr ams.   Show pi pi ng l ayout  and sensi ng pi pi ng 
ar r angement .   I ncl ude:

a.   Pumps,  dr i ver s,  and cont r ol l er s

b.   Hose val ve mani f ol d t est  header

c.   Ci r cui t  di agr ams f or  pumps

d.   Wi r i ng di agr ams of  each cont r ol l er

3. 3. 3   Accessor i es

Fur ni sh t ank suppor t s,  pi pi ng of f set s,  f i t t i ngs,  and r equi r ed accessor i es 
as speci f i ed t o pr ovi de a compl et e i nst al l at i on and t o el i mi nat e 
i nt er f er ence wi t h ot her  const r uct i on.

3. 4   PI PE AND FI TTI NGS

Pi pi ng must  be i nspect ed,  t est ed and appr oved bef or e bur yi ng,  cover i ng,  or  
conceal i ng.   Pr ovi de f i t t i ngs f or  changes i n di r ect i on of  pi pi ng and f or  
al l  connect i ons.   Make changes i n pi pi ng si zes usi ng t aper ed r educi ng pi pe 
f i t t i ngs.   Do not  use bushi ngs.

3. 4. 1   Cl eani ng of  Pi pi ng

I nt er i or  and ends of  pi pi ng must  be cl ean and f r ee of  any wat er  or  f or ei gn 
mat er i al .   Keep pi pi ng cl ean dur i ng i nst al l at i on by means of  pl ugs or  
ot her  appr oved met hods.   When wor k i s not  i n pr ogr ess,  secur el y c l ose open 
ends of  t he pi pi ng so t hat  no wat er  or  f or ei gn mat t er  wi l l  ent er  t he pi pes 
or  f i t t i ngs.   I nspect  pi pi ng bef or e pl aci ng i n posi t i on.

3. 4. 2   Thr eaded Connect i ons

Pr ovi de j oi nt i ng compound f or  pi pe t hr eads consi st i ng of  
pol yt et r af l uor oet hyl ene ( PTFE)  pi pe t hr ead t ape conf or mi ng t o ASTM D3308 
or  Tef l on pi pe t hr ead past e and appl y t o mal e t hr eads onl y.   Pr ovi de 
exposed f er r ous pi pe t hr eads wi t h one coat  of  z i nc mol ybdat e pr i mer  
appl i ed t o a mi ni mum of  dr y f i l m t hi ckness of  1 mi l .
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3. 4. 3   Pi pe Hanger s and Suppor t s

Pr ovi de addi t i onal  hanger s and suppor t s f or  concent r at ed l oads i n 
abovegr ound pi pi ng,  such as f or  val ves and r i ser s.

3. 4. 3. 1   Ver t i cal  Pi pi ng

Suppor t  pi pi ng at  each f l oor ,  at  no mor e t han 10 f oot  i nt er val s.

3. 4. 3. 2   Hor i zont al  Pi pi ng

Space hor i zont al  pi pi ng suppor t s as f ol l ows:
 

MAXI MUM SPACI NG ( FEET)

Nomi nal
Pi pe
Si ze 
( i nches)

1 and
Under

1. 25 1. 5 2 2. 5 3 3. 5 4 5 6+

Copper
Tube

6 7 8

St eel
Pi pe

7 8 9 10 11 12 13 14 16 17

3. 4. 4   Gr ooved Mechani cal  Joi nt

Pr epar e gr ooves accor di ng t o t he coupl i ng manuf act ur er ' s i nst r uct i ons.   
Use gr ooved f i t t i ngs,  coupl i ngs,  and gr oovi ng t ool s whi ch ar e pr oduct s of  
t he same manuf act ur er .   Ensur e pi pe and gr oove di mensi ons compl y wi t h t he 
t ol er ances speci f i ed by t he coupl i ng manuf act ur er .   Measur e t he di amet er  
of  gr ooves made i n t he f i el d usi ng a " go/ no- go"  gauge,  ver ni er  or  di al  
cal i per ,  nar r ow- l and mi cr omet er ,  or  ot her  met hod speci f i cal l y appr oved by 
t he coupl i ng manuf act ur er  f or  t he i nt ended appl i cat i on.   Measur e gr oove 
wi dt h and di mensi on of  gr oove f r om end of  pi pe f or  each change i n gr oovi ng 
t ool  set up t o ver i f y compl i ance wi t h coupl i ng manuf act ur er ' s t ol er ances.   
Do not  use gr ooved j oi nt s i n conceal ed l ocat i ons,  such as behi nd sol i d 
wal l s or  cei l i ngs,  unl ess an access panel  i s  shown on t he dr awi ngs f or  
ser vi c i ng or  adj ust i ng t he j oi nt .

3. 5   ELECTRI CAL WORK

Pr ovi de el ect r i c mot or  and cont r ol s i n accor dance wi t h NFPA 20,  NFPA 72 
and NFPA 70,  unl ess mor e st r i ngent  r equi r ement s ar e speci f i ed her ei n or  
ar e i ndi cat ed on t he dr awi ngs.   Pr ovi de el ect r i cal  wi r i ng and associ at ed 
equi pment  i n accor dance wi t h NFPA 20 and Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Pr ovi de wi r i ng i n r i gi d met al  condui t  or  
i nt er medi at e met al  condui t ,  except  el ect r i cal  met al l i c  t ubi ng condui t  may 
be pr ovi ded i n dr y l ocat i ons not  encl osed i n concr et e or  wher e not  subj ect  
t o mechani cal  damage.

3. 6   PI PE COLOR CODE MARKI NG

Col or  code mar ki ng of  pi pi ng as speci f i ed i n Sect i on 09 90 00 PAI NTS AND 
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COATI NGS.   Pr ovi de pai nt i ng and l abel i ng of  i n accor dance wi t h UFC 3- 600- 01.

3. 7   FLUSHI NG

Fl ush t he f i r e pump suct i on and di schar ge pi pi ng at  150 per cent  of  r at ed 
capaci t y of  each pump.   The new pumps may be used t o at t ai n t he r equi r ed 
f l ushi ng vol ume.   Do not  f l ush  under gr ound pi pi ng usi ng t he f i r e pumps.   
Cont i nue f l ushi ng oper at i ons unt i l  wat er  i s c l ear ,  but  no l ess t han 10 
mi nut es.   Submi t  a s i gned and dat ed f l ushi ng cer t i f i cat e bef or e r equest i ng 
f i el d t est i ng.

3. 8   FI ELD TESTS

Submi t  syst em di agr ams t hat  show t he l ayout  of  equi pment ,  pi pi ng,  and 
st or age uni t s,  and t yped condensed sequence of  oper at i on,  wi r i ng and 
cont r ol  di agr ams,  and oper at i on manual s expl ai ni ng pr event at i ve 
mai nt enance pr ocedur es,  met hods of  checki ng t he syst em f or  nor mal ,  saf e 
oper at i on,  and pr ocedur es f or  saf el y st ar t i ng and st oppi ng t he syst em must  
be f r amed under  gl ass or  l ami nat ed pl ast i c.   Af t er  appr oval ,  post  t hese 
i t ems wher e di r ect ed.

3. 8. 1   Hydr ost at i c Test

Hydr ost at i cal l y t est  pi pi ng at  225 psi g f or  a per i od of  2- hour s,  or  at  
l east  50 psi  i n excess of  t he maxi mum pr essur e,  when t he maxi mum pr essur e 
i n t he syst em i s i n excess of  175 psi  i n accor dance wi t h NFPA 20.

3. 8. 2   Pr el i mi nar y Test s

Submi t  pr oposed pr ocedur es f or  Pr el i mi nar y Test s pr i or  t o t he pr oposed 
dat e and t i me t o begi n Pr el i mi nar y Test s.   The Fi r e Pr ot ect i on Cont r act or  
must  t ake al l  r eadi ngs and measur ement s.   The Manuf act ur er ' s 
Repr esent at i ve,  a r epr esent at i ve of  t he f i r e pump cont r ol l er  manuf act ur er ,  
and a r epr esent at i ve of  t he di esel  engi ne manuf act ur er  ( when suppl i ed)  
must  wi t ness t he compl et e oper at i onal  t est i ng of  t he f i r e pump and 
dr i ver s.   The f i r e pump cont r ol l er  manuf act ur er ' s r epr esent at i ve and t he 
di esel  engi ne manuf act ur er ' s r epr esent at i ve must  each be an exper i enced 
t echni c i an empl oyed by t he r espect i ve manuf act ur er s and capabl e of  
demonst r at i ng oper at i on of  al l  f eat ur es of  r espect i ve component s i ncl udi ng 
t r oubl e al ar ms and oper at i ng f eat ur es.   Thor oughl y i nspect  and t est  f i r e 
pumps,  dr i ver s and equi pment  t o i nsur e t hat  t he syst em i s cor r ect ,  
compl et e,  and r eady f or  oper at i on.   Ensur e t hat  pumps ar e oper at i ng at  
r at ed capaci t y,  pr essur e and speed.   I ncl ude manual  st ar t i ng and r unni ng 
t o ensur e pr oper  oper at i on and t o det ect  l eakage or  ot her  abnor mal  
condi t i ons,  f l ow t est i ng,  aut omat i c st ar t  t est i ng,  t est i ng of  aut omat i c 
set t i ngs,  sequence of  oper at i on check,  t est  of  r equi r ed accessor i es;  t est  
of  pump al ar ms devi ces and super vi sor y s i gnal s,  t est  of  pump cool i ng,  
oper at i onal  t est  of  r el i ef  val ves,  and t est  of  aut omat i c power  t r ansf er ,  
i f  pr ovi ded.   Pumps must  r un wi t hout  abnor mal  noi se,  v i br at i on or  
heat i ng.   I f  any component  or  syst em was f ound t o be def ect i ve,  
i noper at i ve,  or  not  i n compl i ance wi t h t he cont r act  r equi r ement s dur i ng 
t he t est s and i nspect i on,  make cor r ect i ons and r epeat  t he ent i r e 
pr el i mi nar y.   Submi t  Pr el i mi nar y Test s Repor t s,  t o i ncl ude bot h t he 
Cont r act or ' s Mat er i al  and Test  Cer t i f i cat e f or  Under gr ound Pi pi ng and t he 
Cont r act or ' s Mat er i al  and Test  Cer t i f i cat e f or  Abovegr ound Pi pi ng.   Al l  
i t ems i n t he Repor t  must  be si gned by t he Qual i f i ed Fi r e Pr ot ect i on 
Engi neer  ( QFPE)  and t he Manuf act ur er ' s Repr esent at i ve.
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3. 8. 3   Ai r  For ce Fi nal  Accept ance Test

The Fi r e Pr ot ect i on Cont r act or  must  t ake al l  r eadi ngs and measur ement s.   
The Manuf act ur er ' s Repr esent at i ve,  t he f i r e pump cont r ol l er  manuf act ur er ' s 
r epr esent at i ve,  and t he di esel  engi ne manuf act ur er ' s r epr esent at i ve ( when 
suppl i ed)  must  al so wi t ness f or  t he f i nal  t est s.   Repai r  any damage caused 
by hose st r eams or  ot her  aspect s of  t he t est .   Submi t  pr oposed dat e and 
t i me t o begi n Ai r  For ce Fi nal  Accept ance Test ,  wi t h t he Accept ance 
Pr ocedur es.   Pr ovi de not i f i cat i on at  l east  30 days pr i or  t o t he pr oposed 
st ar t  of  t he t est .   Submi t  3 copi es of  t he compl et ed Ai r  For ce Fi nal  
Accept ance Test  Repor t s,  no l at er  t hat  7 days af t er  t he compl et i on of  t he 
t est s.   Al l  i t ems i n t he r epor t s must  be si gned by t he Qual i f i ed Fi r e 
Pr ot ect i on Engi neer  ( QFPE)  and t he Manuf act ur er ' s Repr esent at i ve.   Test  
r epor t s i n bookl et  f or m ( each copy f ur ni shed i n a pr oper l y l abel ed t hr ee 
r i ng bi nder )  showi ng al l  f i el d t est s and measur ement s t aken dur i ng t he 
pr el i mi nar y and f i nal  t est i ng,  and document at i on t hat  pr oves compl i ance 
wi t h t he speci f i ed per f or mance cr i t er i a,  upon compl et i on of  t he 
i nst al l at i on and f i nal  t est i ng of  t he i nst al l ed syst em.   I ndi cat e t he 
f i nal  posi t i on of  t he cont r ol s and pr essur e swi t ches i n each t est  r epor t .   
I ncl ude t he descr i pt i on of  t he hydr ost at i c t est  conduct ed on t he pi pi ng 
and f l ushi ng of  t he suct i on and di schar ge pi pi ng.   I ncl ude a copy of  t he 
manuf act ur er ' s cer t i f i ed pump cur ve f or  each f i r e pump i n t he r epor t .   
I ncl ude a copy of  t he Cont r act or ' s Mat er i al  & Test  Cer t i f i cat es.   I ncl ude 
t he f ol l owi ng i n t he f i nal  accept ance t est :

3. 8. 3. 1   Fl ow Test s

Conduct  f l ow t est s usi ng t he t est  header ,  hoses and pl aypi pe nozzl es.   
Per f or m f l ow t est s at  chur n ( no f l ow) ,  100 and 150 per cent  capaci t y f or  
each pump and at  f ul l  capaci t y of  t he pump i nst al l at i on.   Take f l ow 
r eadi ngs f r om each nozzl e by means of  a cal i br at ed pi t ot  t ube wi t h gauge 
or  ot her  appr oved measur i ng equi pment .   Take r pm,  suct i on pr essur e and 
di schar ge pr essur e r eadi ng as par t  of  each f l ow t est .   Take vol t age and 
amper e r eadi ngs on each phase as par t  of  each f l ow t est  f or  el ect r i c- mot or  
dr i ven pumps.

3. 8. 3. 2   St ar t i ng Test s

Test  pumps f or  aut omat i c st ar t i ng and sequent i al  st ar t i ng.   Test  set t i ng 
of  t he pr essur e swi t ches when pumps ar e oper at ed by pr essur e dr op.   Test s 
may be per f or med by oper at i ng t he t est  connect i on on t he pr essur e sensi ng 
l i nes.   As a mi ni mum,  st ar t  each pump aut omat i cal l y 10 t i mes and manual l y 
10 t i mes,  i n accor dance wi t h NFPA 20.  Oper at e f i r e pumps f or  a per i od of  a 
l east  7 mi nut es f or  each of  t he st ar t s;  except  oper at e el ect r i c mot or s over
 200 hor sepower  f or  at  l east  15 mi nut es and do not  st ar t  mor e t han 2 t i mes 
i n 10 hour s.   I ndi cat e pr essur e set t i ngs t hat  i ncl ude aut omat i c st ar t i ng 
and st oppi ng of  t he f i r e pump( s)  on an et ched pl ast i c pl acar d,  at t ached t o 
t he cor r espondi ng pump cont r ol l er .

3. 8. 3. 3   Al ar ms

Test  al l  pump al ar ms,  bot h l ocal  and r emot e.   

3. 8. 3. 4   Mi scel l aneous

Test  val ve t amper  swi t ches.   Ver i f y pr essur e r ecor der  oper at i on r el i ef  
val ve set t i ngs,  val ve oper at i ons,  oper at i on and accur acy of  met er s and 
gauges,  and ot her  accessor y devi ces.
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3. 8. 3. 5   Cor r ect i on of  Def i c i enci es

I f  equi pment  was f ound t o be def ect i ve or  non- compl i ant  wi t h cont r act  
r equi r ement s,  per f or m cor r ect i ve act i ons and r epeat  t he t est s.   Conduct  
t est s and r epeat  i f  necessar y unt i l  t he syst em has been demonst r at ed t o 
compl y wi t h al l  cont r act  r equi r ement s.

3. 8. 3. 6   Test  Document at i on

The Manuf act ur er ' s Repr esent at i ve must  suppl y a copy of  t he manuf act ur er ' s 
cer t i f i ed cur ve f or  each f i r e pump at  t he t i me of  t he t est .   The Fi r e 
Pr ot ect i on Cont r act or  must  r ecor d al l  t est  r esul t s and pl ot  cur ve of  each 
pump per f or mance dur i ng t he t est .   Recor d compl et e pump accept ance t est  
dat a of  each f i r e pump.   The pump accept ance t est  dat a must  be on f or ms 
t hat  gi ve t he det ai l  pump i nf or mat i on such as t hat  whi ch i s i ndi cat ed i n 
Fi gur e A- 11- 2. 6. 3( f )  of  NFPA 20.   Submi t  al l  t est  dat a r ecor ds i n a t hr ee 
r i ng bi nder .

3. 8. 4   Test  Equi pment

Pr ovi de al l  equi pment  and i nst r ument s necessar y t o conduct  a compl et e 
f i nal  t est ,  i ncl udi ng 2. 5 i nch di amet er  hoses,  pl aypi pe nozzl es,  pi t ot  
t ube gauges,  por t abl e di gi t al  t achomet er ,  vol t age and amper e met er s,  and 
cal i br at ed oi l - f i l l ed wat er  pr essur e gauges.   Pr ovi de al l  necessar y 
suppor t s t o saf el y secur e hoses and nozzl es dur i ng t he t est .   The 
Gover nment  wi l l  f ur ni sh wat er  f or  t he t est s.

3. 9   SYSTEM STARTUP

Ful l y encl ose or  pr oper l y guar d coupl i ng,  r ot at i ng par t s,  gear s,  
pr oj ect i ng equi pment ,  et c.  so as t o pr event  possi bl e i nj ur y t o per sons 
t hat  come i n c l ose pr oxi mi t y of  t he equi pment .   Conduct  t est i ng of  t he 
f i r e pumps i n a saf e manner  and ensur e t hat  al l  equi pment  i s saf el y 
secur ed.   Use hoses and nozzl es t o conduct  f l ow t est s t hat  ar e i n 
excel l ent  condi t i on and saf el y anchor  and secur e t o pr event  any 
mi sdi r ect i on of  t he hose st r eams.

Post  oper at i ng i nst r uct i ons f or  pumps,  dr i ver s,  cont r ol l er s,  and f l ow 
met er s.

3. 10   CLOSEOUT ACTI VI TI ES

3. 10. 1   Fi el d Tr ai ni ng

Conduct  a t r ai ni ng cour se f or  oper at i ng and mai nt enance per sonnel  as 
desi gnat ed by t he Cont r act i ng Of f i cer .   Submi t  t he pr oposed schedul e f or  
f i el d t r ai ni ng at  l east  14 days pr i or  t o t he st ar t  of  r el at ed t r ai ni ng.   
Pr ovi de t r ai ni ng f or  a per i od of  4 hour s of  nor mal  wor ki ng t i me and st ar t  
af t er  t he f i r e pump i nst al l at i on i s f unct i onal l y compl et e and af t er  t he 
Fi nal  Accept ance Test .   Cover  al l  of  t he i t ems cont ai ned i n t he appr oved 
Oper at i ng and Mai nt enance I nst r uct i ons.   Submi t  manual s l i s t i ng 
st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  shut down,  
and r out i ne mai nt enance.   I ncl ude t he manuf act ur er ' s name,  model  number ,  
par t s l i s t ,  l i s t  of  par t s and t ool s t hat  shoul d be kept  i n st ock by t he 
owner  f or  r out i ne mai nt enance i ncl udi ng t he name of  a l ocal  suppl i er ,  
s i mpl i f i ed wi r i ng and cont r ol s di agr ams,  t r oubl eshoot i ng gui de,  and 
r ecommended ser vi ce or gani zat i on ( i ncl udi ng addr ess and t el ephone number )  
f or  each i t em of  equi pment .   Submi t  Dat a Package 3 f or  f i r e pumps and 
dr i ver s i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE 
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DATA.   Submi t  ser vi ce or gani zat i on t hat  i s capabl e of  pr ovi di ng 4- hour  
onsi t e r esponse t o a ser vi ce cal l  on an emer gency basi s.

3. 10. 2   As- Bui l t  Dr awi ngs

Submi t  As- Bui l t  Dr awi ngs,  no l at er  t han 14 days af t er  compl et i on of  t he 
Fi nal  Test s.   Updat e t he Fi r e Pump I nst al l at i on Dr awi ngs t o r ef l ect  
as- bui l t  condi t i ons af t er  al l  r el at ed wor k i s compl et ed and pr epar e 
dr awi ngs on r epr oduci bl e f ul l - s i ze myl ar  f i l m.

3. 11   PROTECTI ON

Car ef ul l y r emove mat er i al s so as not  t o damage mat er i al  whi ch i s t o 
r emai n.   Repl ace exi st i ng wor k damaged by t he Cont r act or ' s oper at i ons wi t h 
new wor k of  t he same const r uct i on.

        - -  End of  Sect i on - -
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SECTI ON 22 00 00

PLUMBI NG,  GENERAL PURPOSE
11/ 15,  CHG 4:  05/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  1010 ( 2002)  Sel f - Cont ai ned,  Mechani cal l y 
Ref r i ger at ed Dr i nki ng- Wat er  Cool er s

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 10. 3/ CSA 4. 3 ( 2019)  Gas- Fi r ed Wat er  Heat er s Vol . I I I ,  
St or age Wat er  Heat er s Wi t h I nput  Rat i ngs 
Above 75, 000 Bt u Per  Hour ,  Ci r cul at i ng and 
I nst ant aneous

ANSI  Z21. 22/ CSA 4. 4 ( 2015;  R 2020)  Rel i ef  Val ves f or  Hot  Wat er  
Suppl y Syst ems

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME A112. 1. 2 ( 2012;  R 2017;  R 2022)  Ai r  Gaps i n 
Pl umbi ng Syst ems ( For  Pl umbi ng Fi xt ur es 
and Wat er - Connect ed Recept or s)

ASME A112. 6. 1M ( 1997;  R 2017)  Fl oor  Af f i xed Suppor t s f or  
Of f - t he- Fl oor  Pl umbi ng Fi xt ur es f or  Publ i c 
Use

ASME A112. 6. 3 ( 2019)  St andar d f or  Fl oor  and Tr ench Dr ai ns

ASME A112. 19. 2/ CSA B45. 1 ( 2018;  ERTA 2018)  St andar d f or  Vi t r eous 
Chi na Pl umbi ng Fi xt ur es and Hydr aul i c 
Requi r ement s f or  Wat er  Cl oset s and Ur i nal s

ASME A112. 19. 3/ CSA B45. 4 ( 2017;  Er r at a 2017)  St ai nl ess St eel  
Pl umbi ng Fi xt ur es

ASME A112. 19. 5 ( 2017)  Fl ush Val ves and Spuds f or  Wat er  
Cl oset s,  Ur i nal s,  and Tanks

ASME A112. 36. 2M ( 1991;  R 2017)  Cl eanout s

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d
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ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B16. 50 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Br aze- Joi nt  Pr essur e Fi t t i ngs

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B31. 5 ( 2022)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC SEC I V ( 2017)  BPVC Sect i on I V- Rul es f or  
Const r uct i on of  Heat i ng Boi l er s

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

ASME CSD- 1 ( 2021)  Cont r ol  and Saf et y Devi ces f or  
Aut omat i cal l y Fi r ed Boi l er s

AMERI CAN SOCI ETY OF SANI TARY ENGI NEERI NG ( ASSE)

ASSE 1001 ( 2021)  Per f or mance Requi r ement s f or  
At mospher i c Type Vacuum Br eaker s

ASSE 1003 ( 2020)  Per f or mance Requi r ement s f or  Wat er  
Pr essur e Reduci ng Val ves f or  Domest i c 
Wat er  Di st r i but i on Syst ems -  ( ANSI  
appr oved 2010)

ASSE 1010 ( 2021)  Per f or mance Requi r ement s f or  Wat er  
Hammer  Ar r est er s

ASSE 1011 ( 2017)  Per f or mance Requi r ement s f or  Hose 
Connect i on Vacuum Br eaker s

ASSE 1012 ( 2021)  Per f or mance Requi r ement s f or  
Backf l ow Pr event er  wi t h an I nt er medi at e 
At mospher i c Vent

ASSE 1013 ( 2021)  Per f or mance Requi r ement s f or  
Reduced Pr essur e Pr i nci pl e Backf l ow 
Pr event i on Assembl i es

ASSE 1019 ( 2011;  R 2016)  Per f or mance Requi r ement s 
f or  Wal l  Hydr ant  wi t h Backf l ow Pr ot ect i on 
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and Fr eeze Resi st ance

ASSE 1020 ( 2020)  Per f or mance Requi r ement s f or  
Pr essur e Vacuum Br eaker  Assembl i es

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA B300 ( 2018)  Hypochl or i t es

AWWA B301 ( 2018)  Li qui d Chl or i ne

AWWA C651 ( 2014)  St andar d f or  Di s i nf ect i ng Wat er  
Mai ns

AWWA C652 ( 2019)  Di s i nf ect i on of  Wat er - St or age 
Faci l i t i es

AWWA C700 ( 2020)  Col d- Wat er  Met er s -  Di spl acement  
Type,  Met al  Al l oy Mai n Case

AWWA C701 ( 2019)  Col d- Wat er  Met er s -  Tur bi ne Type 
f or  Cust omer  Ser vi ce

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS B2. 2/ B2. 2M ( 2016)  Speci f i cat i on f or  Br azi ng Pr ocedur e 
and Per f or mance Qual i f i cat i on

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A105/ A105M ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs f or  Pi pi ng Appl i cat i ons

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A515/ A515M ( 2017)  St andar d Speci f i cat i on f or  Pr essur e 
Vessel  Pl at es,  Car bon St eel ,  f or  
I nt er medi at e-  and Hi gher - Temper at ur e 
Ser vi ce

ASTM A516/ A516M ( 2017)  St andar d Speci f i cat i on f or  Pr essur e 
Vessel  Pl at es,  Car bon St eel ,  f or  Moder at e-  
and Lower - Temper at ur e Ser vi ce

ASTM A733 ( 2016)  St andar d Speci f i cat i on f or  Wel ded 
and Seaml ess Car bon St eel  and Aust eni t i c  
St ai nl ess St eel  Pi pe Ni ppl es

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
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Met al

ASTM B42 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Pi pe,  St andar d Si zes

ASTM B88 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B88M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube ( Met r i c)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B370 ( 2022)  St andar d Speci f i cat i on f or  Copper  
Sheet  and St r i p f or  Bui l di ng Const r uct i on

ASTM B584 ( 2014;  R 2022)  St andar d Speci f i cat i on f or  
Copper  Al l oy Sand Cast i ngs f or  Gener al  
Appl i cat i ons

ASTM B813 ( 2016)  St andar d Speci f i cat i on f or  Li qui d 
and Past e Fl uxes f or  Sol der i ng of  Copper  
and Copper  Al l oy Tube

ASTM C564 ( 2020a)  St andar d Speci f i cat i on f or  Rubber  
Gasket s f or  Cast  I r on Soi l  Pi pe and 
Fi t t i ngs

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D1004 ( 2013)  I ni t i al  Tear  Resi st ance of  Pl ast i c 
Fi l m and Sheet i ng

ASTM D2564 ( 2020)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D2665 ( 2014)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Dr ai n,  
Wast e,  and Vent  Pi pe and Fi t t i ngs

ASTM D2855 ( 2015)  St andar d Pr act i ce f or  Maki ng 
Sol vent - Cement ed Joi nt s wi t h Pol y( Vi nyl  
Chl or i de)  ( PVC)  Pi pe and Fi t t i ngs

ASTM D3311 ( 2017)  St andar d Speci f i cat i on f or  Dr ai n,  
Wast e,  and Vent  ( DWV)  Pl ast i c Fi t t i ngs 
Pat t er ns

ASTM D4551 ( 2017)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c 
Fl exi bl e Conceal ed Wat er - Cont ai nment  
Membr ane
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ASTM E1 ( 2014)  St andar d Speci f i cat i on f or  ASTM 
Li qui d- i n- Gl ass Ther momet er s

ASTM E96/ E96M ( 2022)  St andar d Test  Met hods f or  
Gr avi met r i c Det er mi nat i on of Wat er  Vapor  
Tr ansmi ssi on Rat e of  Mat er i al s

ASTM F409 ( 2017)  St andar d Speci f i cat i on f or  
Ther mopl ast i c Accessi bl e and Repl aceabl e 
Pl ast i c Tube and Tubul ar  Fi t t i ngs

ASTM F891 ( 2016)  St andar d Speci f i cat i on f or  
Coext r uded Pol y ( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pe wi t h a Cel l ul ar  Cor e

ASTM F1760 ( 2016;  R 2020)  St andar d Speci f i cat i on f or  
Coext r uded Pol y( Vi nyl  Chl or i de)  ( PVC)  
Non- Pr essur e Pl ast i c Pi pe Havi ng 
Repr ocessed- Recycl ed Cont ent

COPPER DEVELOPMENT ASSOCI ATI ON ( CDA)

CDA A4015 ( 2016;  14/ 17)  Copper  Tube Handbook

I NTERNATI ONAL ASSOCI ATI ON OF PLUMBI NG AND MECHANI CAL OFFI CI ALS 
( I APMO)

I APMO UPC ( 2003)  Uni f or m Pl umbi ng Code

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC A117. 1 ( 2017)  St andar d And Comment ar y Accessi bl e 
and Usabl e Bui l di ngs and Faci l i t i es

I CC I PC ( 2018)  I nt er nat i onal  Pl umbi ng Code

I NTERNATI ONAL SAFETY EQUI PMENT ASSOCI ATI ON ( I SEA)

ANSI / I SEA Z358. 1 ( 2014)  Amer i can Nat i onal  St andar d f or  
Emer gency Eyewash and Shower  Equi pment

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 25 ( 2018)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 67 ( 2017;  Er r at a 1 2017)  But t er f l y Val ves

MSS SP- 72 ( 2010a)  Bal l  Val ves wi t h Fl anged or  
But t - Wel di ng Ends f or  Gener al  Ser vi ce

MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves
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MSS SP- 83 ( 2014)  Cl ass 3000 St eel  Pi pe Uni ons Socket  
Wel di ng and Thr eaded

MSS SP- 110 ( 2010)  Bal l  Val ves Thr eaded,  
Socket - Wel di ng,  Sol der  Joi nt ,  Gr ooved and 
Fl ar ed Ends

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 54 ( 2021)  Nat i onal  Fuel  Gas Code

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NSF I NTERNATI ONAL ( NSF)

NSF 372 ( 2016)  Dr i nki ng Wat er  Syst em Component s -  
Lead Cont ent

NSF/ ANSI  14 ( 2021)  Pl ast i cs Pi pi ng Syst em Component s 
and Rel at ed Mat er i al s

NSF/ ANSI  61 ( 2020)  Dr i nki ng Wat er  Syst em Component s -  
Heal t h Ef f ect s

PLASTI C PI PE AND FI TTI NGS ASSOCI ATI ON ( PPFA)

PPFA Fi r e Man ( 2016)  Fi r est oppi ng:  Pl ast i c Pi pe i n Fi r e 
Resi st i ve Const r uct i on

PLUMBI NG AND DRAI NAGE I NSTI TUTE ( PDI )

PDI  WH 201 ( 2010)  Wat er  Hammer  Ar r est er s St andar d

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE J1508 ( 2009)  Hose Cl amp Speci f i cat i ons

U. S.  DEPARTMENT OF ENERGY ( DOE)

Ener gy St ar ( 1992;  R 2006)  Ener gy St ar  Ener gy 
Ef f i c i ency Label i ng Syst em ( FEMP)

U. S.  ENVI RONMENTAL PROTECTI ON AGENCY ( EPA)

EPA SM 9223 ( 2004)  Enzyme Subst r at e Col i f or m Test

PL 93- 523 ( 1974;  A 1999)  Saf e Dr i nki ng Wat er  Act
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U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

10 CFR 430 Ener gy Conser vat i on Pr ogr am f or  Consumer  
Pr oduct s

40 CFR 141. 80 Nat i onal  Pr i mar y Dr i nki ng Wat er  
Regul at i ons;  Cont r ol  of  Lead and Copper ;  
Gener al  Requi r ement s

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval . f or  i nf or mat i on onl y.   When used,  a 
code f ol l owi ng t he " G"  c l assi f i cat i on i dent i f i es t he of f i ce t hat  wi l l  
r evi ew t he submi t t al  f or  t he Gover nment .   Submi t  t he f ol l owi ng i n 
accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Pl umbi ng Syst em;  G

  Det ai l  dr awi ngs consi st i ng of  schedul es,  per f or mance char t s,  
i nst r uct i ons,  di agr ams,  and ot her  i nf or mat i on t o i l l ust r at e t he 
r equi r ement s and oper at i ons of  syst ems t hat  ar e not  cover ed by t he 
Pl umbi ng Code.   Det ai l  dr awi ngs f or  t he compl et e pl umbi ng syst em 
i ncl udi ng pi pi ng l ayout s and l ocat i ons of  connect i ons;  di mensi ons 
f or  r oughi ng- i n,  f oundat i on,  and suppor t  poi nt s;  schemat i c 
di agr ams and wi r i ng di agr ams or  connect i on and i nt er connect i on 
di agr ams.   Det ai l  dr awi ngs shal l  i ndi cat e c l ear ances r equi r ed f or  
mai nt enance and oper at i on.   Wher e pi pi ng and equi pment  ar e t o be 
suppor t ed ot her  t han as i ndi cat ed,  det ai l s shal l  i ncl ude l oadi ngs 
and pr oposed suppor t  met hods.   Pl umbi ng dr awi ng pl ans,  el evat i ons,  
v i ews,  and det ai l s,  shal l  be dr awn t o scal e.

SD- 03 Pr oduct  Dat a

Backf l ow Pr event i on Assembl i es;  G

Shower  Faucet s;  G

Wat er Sense Label  f or  Lavat or y Faucet ;  S

Fi xt ur es

  Li st  of  i nst al l ed f i x t ur es wi t h manuf act ur er ,  model ,  and f l ow 
r at e.

Fl ush Val ve Wat er  Cl oset s

Wat er Sense Label  f or  Fl ush Val ve Wat er  Cl oset ;  S

Fl ush Val ve Ur i nal s

Wat er Sense Label  f or  Ur i nal ;  S
Under mount  Lavat or i es

Ki t chen Si nks
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Ser vi ce Si nks

Pr ecast  Ter r azzo Mop Si nks

Dr i nki ng- Wat er  Cool er s;  G

Ener gy St ar  Label  f or  Wheel chai r  El ect r i c Wat er  Cool er s;  S

Wat er Sense Label  f or  Shower head;  S

Wat er  Heat er s;  G

Ener gy St ar  Label  f or  Gas I nst ant aneous Wat er  Heat er ;  S

Pumps;  G

Wel di ng

  A copy of  qual i f i ed pr ocedur es and a l i s t  of  names and 
i dent i f i cat i on symbol s of  qual i f i ed wel der s and wel di ng oper at or s.

Vi br at i on- Absor bi ng Feat ur es;  G

  Det ai l s of  v i br at i on- absor bi ng f eat ur es,  i ncl udi ng ar r angement ,  
f oundat i on pl an,  di mensi ons and speci f i cat i ons.

Pl umbi ng Syst em

  Di agr ams,  i nst r uct i ons,  and ot her  sheet s pr oposed f or  post i ng.

SD- 06 Test  Repor t s

Test s,  Fl ushi ng and Di si nf ect i on

  Test  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s per f or med 
t o adj ust  each component  and al l  f i el d t est s per f or med t o pr ove 
compl i ance wi t h t he speci f i ed per f or mance cr i t er i a,  compl et i on and 
t est i ng of  t he i nst al l ed syst em.   Each t est  r epor t  shal l  i ndi cat e 
t he f i nal  posi t i on of  cont r ol s.

Test  of  Backf l ow Pr event i on Assembl i es;  G.

  Cer t i f i cat i on of  pr oper  oper at i on shal l  be as accompl i shed i n 
accor dance wi t h st at e r egul at i ons by an i ndi v i dual  cer t i f i ed by 
t he st at e t o per f or m such t est s.   I f  no st at e r equi r ement  exi st s,  
t he Cont r act or  shal l  have t he manuf act ur er ' s r epr esent at i ve t est  
t he devi ce,  t o ensur e t he uni t  i s  pr oper l y i nst al l ed and 
per f or mi ng as i nt ended.   The Cont r act or  shal l  pr ovi de wr i t t en 
document at i on of  t he t est s per f or med and si gned by t he i ndi v i dual  
per f or mi ng t he t est s.

SD- 07 Cer t i f i cat es

Mat er i al s and Equi pment

Wher e equi pment  i s speci f i ed t o conf or m t o r equi r ement s of  t he 
ASME Boi l er  and Pr essur e Vessel  Code,  t he desi gn,  f abr i cat i on,  and 
i nst al l at i on shal l  conf or m t o t he code.
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Bol t s

  Wr i t t en cer t i f i cat i on by t he bol t  manuf act ur er  t hat  t he bol t s 
f ur ni shed compl y wi t h t he speci f i ed r equi r ement s.

SD- 10 Oper at i on and Mai nt enance Dat a

Pl umbi ng Syst em;  G

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

1. 3   STANDARD PRODUCTS

Speci f i ed mat er i al s and equi pment  shal l  be st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s.   
Speci f i ed equi pment  shal l  essent i al l y  dupl i cat e equi pment  t hat  has 
per f or med sat i sf act or i l y  at  l east  t wo year s pr i or  t o bi d openi ng.   
St andar d pr oduct s shal l  have been i n sat i sf act or y commer ci al  or  i ndust r i al  
use f or  2 year s pr i or  t o bi d openi ng.   The 2- year  use shal l  i ncl ude 
appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  
s i mi l ar  s i ze.   The pr oduct  shal l  have been f or  sal e on t he commer ci al  
mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  br ochur es 
dur i ng t he 2 year  per i od.

1. 3. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a t wo- year  f i el d ser vi ce r ecor d wi l l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  
l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er ' s f act or y or  
l abor at or y t est s,  can be shown.

1. 3. 2   Ser vi ce Suppor t

The equi pment  i t ems shal l  be suppor t ed by ser vi ce or gani zat i ons.   Submi t  a 
cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons f or  suppor t  of  
t he equi pment  whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons.   These 
ser vi ce or gani zat i ons shal l  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he equi pment  on a 
r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

1. 3. 3   Manuf act ur er ' s Namepl at e

Each i t em of  equi pment  shal l  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

1. 3. 4   Modi f i cat i on of  Ref er ences

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on" ,  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .

1. 3. 4. 1   Def i ni t i ons

For  t he I nt er nat i onal  Code Counci l  ( I CC)  Codes r ef er enced i n t he cont r act  
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document s,  advi sor y pr ovi s i ons shal l  be consi der ed mandat or y,  t he wor d 
" shoul d"  shal l  be i nt er pr et ed as " shal l . "   Ref er ence t o t he " code 
of f i c i al "  shal l  be i nt er pr et ed t o mean t he " Cont r act i ng Of f i cer . "   For  
Navy owned pr oper t y,  r ef er ences t o t he " owner "  shal l  be i nt er pr et ed t o 
mean t he " Cont r act i ng Of f i cer . "   For  l eased f aci l i t i es,  r ef er ences t o t he 
" owner "  shal l  be i nt er pr et ed t o mean t he " l essor . "   Ref er ences t o t he 
" per mi t  hol der "  shal l  be i nt er pr et ed t o mean t he " Cont r act or . "

1. 3. 4. 2   Admi ni st r at i ve I nt er pr et at i ons

For  I CC Codes r ef er enced i n t he cont r act  document s,  t he pr ovi s i ons of  
Chapt er  1,  " Admi ni st r at or , "  do not  appl y.   These admi ni st r at i ve 
r equi r ement s ar e cover ed by t he appl i cabl e Feder al  Acqui s i t i on Regul at i ons 
( FAR)  i ncl uded i n t hi s cont r act  and by t he aut hor i t y gr ant ed t o t he 
Of f i cer  i n Char ge of  Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s 
pr oj ect .   Ref er ences i n t he I CC Codes t o sect i ons of  Chapt er  1,  shal l  be 
appl i ed appr opr i at el y by t he Cont r act i ng Of f i cer  as aut hor i zed by hi s 
admi ni st r at i ve cogni zance and t he FAR.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s t o pr event  damage 
bef or e and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .   Repl ace 
damaged or  def ect i ve i t ems.

1. 5   PERFORMANCE REQUI REMENTS

1. 5. 1   Wel di ng

Pi pi ng shal l  be wel ded i n accor dance wi t h qual i f i ed pr ocedur es usi ng 
per f or mance- qual i f i ed wel der s and wel di ng oper at or s.   Pr ocedur es and 
wel der s shal l  be qual i f i ed i n accor dance wi t h ASME BPVC SEC I X.   Wel di ng 
pr ocedur es qual i f i ed by ot her s,  and wel der s and wel di ng oper at or s 
qual i f i ed by anot her  empl oyer ,  may be accept ed as per mi t t ed by ASME B31. 1.   
The Cont r act i ng Of f i cer  shal l  be not i f i ed 24 hour s i n advance of  t est s,  
and t he t est s shal l  be per f or med at  t he wor k s i t e i f  pr act i cabl e.   Wel der s 
or  wel di ng oper at or s shal l  appl y t hei r  assi gned symbol s near  each wel d 
t hey make as a per manent  r ecor d.

1. 6   REGULATORY REQUI REMENTS

Unl ess ot her wi se r equi r ed her ei n,  pl umbi ng wor k shal l  be i n accor dance 
wi t h I CC I PC.

1. 7   PROJECT/ SI TE CONDI TI ONS

The Cont r act or  shal l  become f ami l i ar  wi t h det ai l s of  t he wor k,  ver i f y 
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 8   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

When speci f i ed i n ot her  sect i ons,  f ur ni sh t he ser vi ces of  compet ent  
i nst r uct or s t o gi ve f ul l  i nst r uct i on t o t he desi gnat ed Gover nment  
per sonnel  i n t he adj ust ment ,  oper at i on,  and mai nt enance,  i ncl udi ng 
per t i nent  saf et y r equi r ement s,  of  t he speci f i ed equi pment  or  syst em.   
I nst r uct or s shal l  be t hor oughl y f ami l i ar  wi t h al l  par t s of  t he 
i nst al l at i on and shal l  be t r ai ned i n oper at i ng t heor y as wel l  as pr act i cal  
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oper at i on and mai nt enance wor k.

I nst r uct i on shal l  be gi ven dur i ng t he f i r st  r egul ar  wor k week af t er  t he 
equi pment  or  syst em has been accept ed and t ur ned over  t o t he Gover nment  
f or  r egul ar  oper at i on.   The number  of  man- days ( 8 hour s per  day)  of  
i nst r uct i on f ur ni shed shal l  be as speci f i ed i n t he i ndi v i dual  sect i on.   
When mor e t han 4 man- days of  i nst r uct i on ar e speci f i ed,  use appr oxi mat el y 
hal f  of  t he t i me f or  c l assr oom i nst r uct i on.   Use ot her  t i me f or  
i nst r uct i on wi t h t he equi pment  or  syst em.

When si gni f i cant  changes or  modi f i cat i ons i n t he equi pment  or  syst em ar e 
made under  t he t er ms of  t he cont r act ,  pr ovi de addi t i onal  i nst r uct i on t o 
acquai nt  t he oper at i ng per sonnel  wi t h t he changes or  modi f i cat i ons.

1. 9   ACCESSI BI LI TY OF EQUI PMENT

I nst al l  al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   I nst al l  conceal ed val ves,  
expansi on j oi nt s,  cont r ol s,  damper s,  and equi pment  r equi r i ng access,  i n 
l ocat i ons f r eel y accessi bl e t hr ough access door s.

PART 2   PRODUCTS

2. 1   MATERI ALS

Mat er i al s f or  var i ous ser vi ces shal l  be i n accor dance wi t h TABLES I  and I I .
  Pi pe schedul es shal l  be sel ect ed based on ser vi ce r equi r ement s.   Pi pe 
f i t t i ngs shal l  be compat i bl e wi t h t he appl i cabl e pi pe mat er i al s.   Pl ast i c 
pi pe,  f i t t i ngs,  and sol vent  cement  shal l  meet  NSF/ ANSI  14 and shal l  be NSF 
l i s t ed f or  t he ser vi ce i nt ended.    Pi pe t hr eads ( except  dr y seal )  shal l  
conf or m t o ASME B1. 20. 1.     Mat er i al  or  equi pment  cont ai ni ng a wei ght ed 
aver age of  gr eat er  t han 0. 25 per cent  l ead shal l  not  be used i n any pot abl e 
wat er  syst em i nt ended f or  human consumpt i on,  and shal l  be cer t i f i ed i n 
accor dance wi t h NSF/ ANSI  61,  Annex G or  NSF 372.   I n l i ne devi ces such as 
wat er  met er s,  bui l di ng val ves,  check val ves,  met er  st ops,  val ves,  f i t t i ngs 
and back f l ow pr event er s shal l  compl y wi t h PL 93- 523 and NSF/ ANSI  61,  
Sect i on 8.   End poi nt  devi ces such as dr i nki ng wat er  f ount ai ns,  l avat or y 
f aucet s,  k i t chen and bar  f aucet s,  r esi dent i al  i ce maker s,  suppl y st ops and 
end poi nt  cont r ol  val ves used t o di spense wat er  f or  dr i nki ng must  meet  t he 
r equi r ement s of  NSF/ ANSI  61,  Sect i on 9.   Hubl ess cast - i r on soi l  pi pe shal l  
not  be i nst al l ed under gr ound,  under  concr et e f l oor  s l abs,  or  i n cr awl  
spaces bel ow ki t chen f l oor s.   Pl ast i c pi pe shal l  not  be i nst al l ed i n ai r  
pl enums.   Pl ast i c pi pe shal l  not  be i nst al l ed i n a pr essur e pi pi ng syst em 
i n bui l di ngs gr eat er  t han t hr ee st or i es i ncl udi ng any basement  l evel s.

2. 1. 1   Pi pe Joi nt  Mat er i al s

Gr ooved pi pe and hubl ess cast - i r on soi l  pi pe shal l  not  be used 
under gr ound.   Sol der  cont ai ni ng l ead shal l  not  be used wi t h copper  pi pe.   
Cast  i r on soi l  pi pe and f i t t i ngs shal l  be mar ked wi t h t he col l ect i ve 
t r ademar k of  t he Cast  I r on Soi l  I nst i t ut e.   Joi nt s and gasket  mat er i al s 
shal l  conf or m t o t he f ol l owi ng:

a.   Fl ange Gasket s:   Gasket s shal l  be made of  non- asbest os mat er i al  i n 
accor dance wi t h ASME B16. 21.   Gasket s shal l  be f l at ,  1/ 16 i nch t hi ck,  
and cont ai n Ar ami d f i ber s bonded wi t h St yr ene But adi ene Rubber  ( SBR)  
or  Ni t r o But adi ene Rubber  ( NBR) .   Gasket s shal l  be t he f ul l  f ace or  
sel f  cent er i ng f l at  r i ng t ype.   Gasket s used f or  hydr ocar bon ser vi ce 
shal l  be bonded wi t h NBR.
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b.   Br azi ng Mat er i al :   Br azi ng mat er i al  shal l  conf or m t o AWS A5. 8/ A5. 8M,  
BCuP- 5.

c.   Br azi ng Fl ux:   Fl ux shal l  be i n past e or  l i qui d f or m appr opr i at e f or  
use wi t h br azi ng mat er i al .   Fl ux shal l  be as f ol l ows:   l ead- f r ee;  have 
a 100 per cent  f l ushabl e r esi due;  cont ai n s l i ght l y aci di c r eagent s;  
cont ai n pot assi um bor i des;  and cont ai n f l uor i des.

d.   Sol der  Mat er i al :   Sol der  met al  shal l  conf or m t o ASTM B32.

e.   Sol der  Fl ux:   Fl ux shal l  be l i qui d f or m,  non- cor r osi ve,  and conf or m t o 
ASTM B813,  St andar d Test  1.

f .   PTFE Tape:   PTFE Tape,  f or  use wi t h Thr eaded Met al  or  Pl ast i c Pi pe.

g.   Pl ast i c Sol vent  Cement  f or  PVC Pl ast i c Pi pe:   ASTM D2564 and ASTM D2855.

h.   Fl anged f i t t i ngs i ncl udi ng,  but  not  l i mi t ed t o,  f l anges,  bol t s,  nut s 
and bol t  pat t er ns shal l  be i n accor dance wi t h ASME B16. 5 c l ass 150 and 
shal l  have t he manuf act ur er ' s t r ademar k af f i xed i n accor dance wi t h 
MSS SP- 25.   Fl ange mat er i al  shal l  conf or m t o ASTM A105/ A105M.   Bl i nd 
f l ange mat er i al  shal l  conf or m t o ASTM A516/ A516M col d ser vi ce and 
ASTM A515/ A515M f or  hot  ser vi ce.   Bol t s shal l  be hi gh st r engt h or  
i nt er medi at e st r engt h wi t h mat er i al  conf or mi ng t o ASTM A193/ A193M.

i .   Copper  t ubi ng shal l  conf or m t o ASTM B88,  Type K,  L or  M.

2. 1. 2   Mi scel l aneous Mat er i al s

Mi scel l aneous mat er i al s shal l  conf or m t o t he f ol l owi ng:

a.   Wat er  Hammer  Ar r est er :   PDI  WH 201.   Wat er  hammer  ar r est er  shal l  be 
di aphr agm or  pi st on t ype.

b.   Copper ,  Sheet  and St r i p f or  Bui l di ng Const r uct i on:   ASTM B370.

c.   Hose Cl amps:   SAE J1508.

d.   Suppor t s f or  Of f - The- Fl oor  Pl umbi ng Fi xt ur es:   ASME A112. 6. 1M.

e.   Met al l i c  Cl eanout s:   ASME A112. 36. 2M.

f .   Pl umbi ng Fi xt ur e Set t i ng Compound:   A pr ef or med f l exi bl e r i ng seal  
mol ded f r om hydr ocar bon wax mat er i al .   The seal  mat er i al  shal l  be 
nonvol at i l e nonasphal t i c  and cont ai n ger mi ci de and pr ovi de wat er t i ght ,  
gast i ght ,  odor pr oof  and ver mi npr oof  pr oper t i es.

g.   Hypochl or i t es:   AWWA B300.

h.   Li qui d Chl or i ne:   AWWA B301.

i .   Gauges -  Pr essur e and Vacuum I ndi cat i ng Di al  Type -  El ast i c El ement :   
ASME B40. 100.

j .   Ther momet er s:   ASTM E1.   Mer cur y shal l  not  be used i n t her momet er s.
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2. 1. 3   Pi pe I nsul at i on Mat er i al

I nsul at i on shal l  be as speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.

2. 2   PI PE HANGERS,  I NSERTS,  AND SUPPORTS

Pi pe hanger s,  i nser t s,  and suppor t s shal l  conf or m t o MSS SP- 58.

2. 3   VALVES

Val ves shal l  be pr ovi ded on suppl i es t o equi pment  and f i xt ur es.   Val ves 
2- 1/ 2 i nches and smal l er  shal l  be br onze wi t h t hr eaded bodi es f or  pi pe and 
sol der - t ype connect i ons f or  t ubi ng.   Val ves 3 i nches and l ar ger  shal l  have 
f l anged i r on bodi es and br onze t r i m.   Pr essur e r at i ngs shal l  be based upon 
t he appl i cat i on.   Gr ooved end val ves may be pr ovi ded i f  t he manuf act ur er  
cer t i f i es t hat  t he val ves meet  t he per f or mance r equi r ement s of  appl i cabl e 
MSS st andar d.   Val ves shal l  conf or m t o t he f ol l owi ng st andar ds:

Descr i pt i on St andar d

But t er f l y Val ves MSS SP- 67

Bal l  Val ves wi t h Fl anged But t - Wel di ng Ends 
f or  Gener al  Ser vi ce

MSS SP- 72

Bal l  Val ves Thr eaded,  Socket - Wel di ng,  
Sol der  Joi nt ,  Gr ooved and Fl ar ed Ends

MSS SP- 110

Br onze Gat e,  Gl obe,  Angl e,  and Check Val ves MSS SP- 80

St eel  Val ves,  Socket  Wel di ng and Thr eaded 
Ends

ASME B16. 34

Vacuum Rel i ef  Val ves ANSI  Z21. 22/ CSA 4. 4

Wat er  Pr essur e Reduci ng Val ves ASSE 1003

Wat er  Heat er  Dr ai n Val ves ASME BPVC SEC I V,  Par t  HLW- 810:  
Requi r ement s f or  Pot abl e- Wat er  Heat er s 
Bot t om Dr ai n Val ve

Temper at ur e and Pr essur e Rel i ef  Val ves f or  
Hot  Wat er  Suppl y Syst ems

ANSI  Z21. 22/ CSA 4. 4
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Temper at ur e and Pr essur e Rel i ef  Val ves f or  
Aut omat i cal l y Fi r ed Hot  Wat er  Boi l er s 

ASME CSD- 1
Saf et y Code No. ,  Par t  CW,  Ar t i c l e 5

2. 3. 1   Wal l  Faucet s

Wal l  f aucet s wi t h vacuum- br eaker  backf l ow pr event er  shal l  be br ass wi t h 
3/ 4 i nch mal e i nl et  t hr eads,  hexagon shoul der ,  and 3/ 4 i nch hose 
connect i on.   Faucet  handl e shal l  be secur el y at t ached t o st em.

2. 3. 2   Wal l  Hydr ant s ( Fr ost pr oof )

ASSE 1019 wi t h vacuum- br eaker  backf l ow pr event er  shal l  have a ni ckel - br ass 
or  ni ckel - br onze wal l  pl at e or  f l ange wi t h nozzl e and det achabl e key 
handl e.   A br ass or  br onze oper at i ng r od shal l  be pr ovi ded wi t hi n a 
gal vani zed i r on casi ng of  suf f i c i ent  l engt h t o ext end t hr ough t he wal l  so 
t hat  t he val ve i s i nsi de t he bui l di ng,  and t he por t i on of  t he hydr ant  
bet ween t he out l et  and val ve i s sel f - dr ai ni ng.   A br ass or  br onze val ve 
wi t h coupl i ng and uni on el bow havi ng met al - t o- met al  seat  shal l  be 
pr ovi ded.   Val ve r od and seat  washer  shal l  be r emovabl e t hr ough t he f ace 
of  t he hydr ant .   The hydr ant  shal l  have 3/ 4 i nch exposed hose t hr ead on 
spout  and 3/ 4 i nch mal e pi pe t hr ead on i nl et .

2. 3. 3   Rel i ef  Val ves

Wat er  heat er s and hot  wat er  st or age t anks shal l  have a combi nat i on 
pr essur e and t emper at ur e ( P&T)  r el i ef  val ve.   The pr essur e r el i ef  el ement  
of  a P&T r el i ef  val ve shal l  have adequat e capaci t y t o pr event  excessi ve 
pr essur e bui l dup i n t he syst em when t he syst em i s oper at i ng at  t he maxi mum 
r at e of  heat  i nput .   The t emper at ur e el ement  of  a P&T r el i ef  val ve shal l  
have a r el i evi ng capaci t y whi ch i s at  l east  equal  t o t he t ot al  i nput  of  
t he heat er s when oper at i ng at  t hei r  maxi mum capaci t y.   Rel i ef  val ves shal l  
be r at ed accor di ng t o ANSI  Z21. 22/ CSA 4. 4.   Rel i ef  val ves f or  syst ems 
wher e t he maxi mum r at e of  heat  i nput  i s l ess t han 200, 000 Bt uh shal l  have 
3/ 4 i nch mi ni mum i nl et s,  and 3/ 4 i nch out l et s.   Rel i ef  val ves f or  syst ems 
wher e t he maxi mum r at e of  heat  i nput  i s gr eat er  t han 200, 000 Bt uh shal l  
have 1 i nch mi ni mum i nl et s,  and 1 i nch out l et s.   The di schar ge pi pe f r om 
t he r el i ef  val ve shal l  be t he s i ze of  t he val ve out l et .

2. 3. 4   Ther most at i c Mi xi ng Val ves

Pr ovi de t her most at i c mi xi ng val ve f or  l avat or y f aucet s.   Mi xi ng val ves,  
t her most at i c t ype,  pr essur e- bal anced or  combi nat i on t her most at i c and 
pr essur e- bal anced shal l  be l i ne s i ze and shal l  be const r uct ed wi t h r ough 
or  f i ni sh bodi es ei t her  wi t h or  wi t hout  pl at i ng.   Each val ve shal l  be 
const r uct ed t o cont r ol  t he mi xi ng of  hot  and col d wat er  and t o del i ver  
wat er  at  a desi r ed t emper at ur e r egar dl ess of  pr essur e or  i nput  t emper at ur e 
changes.   The cont r ol  el ement  shal l  be of  an appr oved t ype.   The body 
shal l  be of  heavy cast  br onze,  and i nt er i or  par t s shal l  be br ass,  br onze,  
cor r osi on- r esi st i ng st eel  or  copper .   The val ve shal l  be equi pped wi t h 
necessar y st ops,  check val ves,  uni ons,  and sedi ment  st r ai ner s on t he 
i nl et s.   Mi xi ng val ves shal l  mai nt ai n wat er  t emper at ur e wi t hi n 5 degr ees F 
of  any set t i ng.

2. 4   FI XTURES

Fi xt ur es f or  use by t he physi cal l y handi capped shal l  be i n accor dance wi t h 
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I CC A117. 1.  Vi t r eous Chi na,  nonabsor bent ,  har d- bur ned,  and vi t r i f i ed 
t hr oughout  t he body shal l  be pr ovi ded.   Por cel ai n enamel ed war e shal l  have 
speci al l y sel ect ed,  c l ear  whi t e,  aci d- r esi st i ng enamel  coat i ng evenl y 
appl i ed on sur f aces.   No f i xt ur e wi l l  be accept ed t hat  shows cr acks,  
cr azes,  bl i st er s,  t hi n spot s,  or  ot her  f l aws.   Fi xt ur es shal l  be equi pped 
wi t h appur t enances such as t r aps,  f aucet s,  st op val ves,  and dr ai n 
f i t t i ngs.   Each f i xt ur e and pi ece of  equi pment  r equi r i ng connect i ons t o 
t he dr ai nage syst em,  except  gr ease i nt er cept or s,  shal l  be equi pped wi t h a 
t r ap.   Br ass expansi on or  t oggl e bol t s capped wi t h acor n nut s shal l  be 
pr ovi ded f or  suppor t s,  and pol i shed chr omi um- pl at ed pi pe,  val ves,  and 
f i t t i ngs shal l  be pr ovi ded wher e exposed t o v i ew.   Fi xt ur es wi t h t he 
suppl y di schar ge bel ow t he r i m shal l  be equi pped wi t h backf l ow 
pr event er s.   I nt er nal  par t s of  f l ush val ves and f l ushomet er  val ves,  shower  
mi xi ng val ves,  shower  head f ace pl at es,  pop- up st opper s of  l avat or y wast e 
dr ai nsshal l  be copper  al l oy wi t h al l  v i s i bl e sur f aces chr ome pl at ed

2. 4. 1   Fl ush Val ve Wat er  Cl oset s

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,   s i phon j et ,  el ongat ed 
bowl ,  f l oor - mount ed,  f l oor  out l et .   Top of  t oi l et  seat  hei ght  above f l oor  
shal l  be 14 t o 15 i nches,  except  17 t o 19 i nches f or  wheel chai r  wat er  
c l oset s.   Pr ovi de wax bowl  r i ng i ncl udi ng pl ast i c s l eeve.   Pr ovi de whi t e 
sol i d pl ast i c el ongat ed open- f r ont  seat .

Wat er  f l ushi ng vol ume of  t he wat er  c l oset  and f l ush val ve combi nat i on 
shal l  not  exceed 1. 28 gal l ons per  f l ush.   Wat er  c l oset s must  meet  t he EPA 
Wat er Sense pr oduct  def i ni t i on speci f i ed i n 
ht t p: / / www. epa. gov/ wat er sense/ par t ner s/ pr oduct _pr ogr am_specs. ht ml  and must  
be EPA Wat er Sense l abel ed pr oduct s.   Pr ovi de dat a i dent i f y i ng Wat er Sense 
l abel  f or  f l ush val ve wat er  c l oset .

Pr ovi de l ar ge di amet er  f l ush val ve i ncl udi ng angl e cont r ol - st op val ve,  
vacuum br eaker ,  t ai l  pi eces,  s l i p nut s,  and wal l  pl at es;  exposed t o v i ew 
component s shal l  be chr omi um- pl at ed or  pol i shed st ai nl ess st eel .   Fl ush 
val ves shal l  be nonhol d- open t ype.   Mount  f l ush val ves not  l ess t han 11 
i nches above t he f i xt ur e.   Mount ed hei ght  of  f l ush val ve shal l  not  
i nt er f er e wi t h t he hand r ai l  i n ADA st al l s.

2. 4. 2   Fl ush Val ve Ur i nal s

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,  , wal l - mount ed,  wal l  
out l et ,  s i phon j et ,  i nt egr al  t r ap,  and ext ended si de shi el ds.   Pr ovi de 
ur i nal  wi t h t he r i m 17 i nches above t he f l oor .   Wat er  f l ushi ng vol ume of  
t he ur i nal  and f l ush val ve combi nat i on shal l  not  exceed 0. 125 gal l ons per  
f l ush.   Ur i nal s must  meet  t he speci f i cat i ons of  
ht t p: / / www. epa. gov/ wat er sense/ par t ner s/ pr oduct _pr ogr am_specs. ht ml  and must  
be EPA Wat er Sense l abel ed pr oduct s.   Pr ovi de dat a i dent i f y i ng Wat er Sense 
l abel  f or  ur i nal .   Pr ovi de ASME A112. 6. 1M conceal ed chai r  car r i er s wi t h 
ver t i cal  st eel  pi pe suppor t s.   Pr ovi de l ar ge di amet er  f l ush val ve 
i ncl udi ng angl e cont r ol - st op val ve,  vacuum br eaker ,  t ai l  pi eces,  s l i p 
nut s,  and wal l  pl at es;  exposed t o v i ew component s shal l  be chr omi um- pl at ed 
or  pol i shed st ai nl ess st eel .   Fl ush val ves shal l  be nonhol d- open t ype.   
Mount  f l ush val ves not  l ess t han 11 i nches above t he f i xt ur e.

2. 4. 3   Wheel chai r  Fl ush Val ve Type Ur i nal s

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,  , wal l - mount ed,  wal l  
out l et ,  bl owout  act i on,  i nt egr al  t r ap,  el ongat ed pr oj ect i ng bowl ,  20 i nches
 l ong f r om wal l  t o f r ont  of  f l ar e,  and ASME A112. 19. 5 t r i m.   Pr ovi de l ar ge 
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di aphr agm ( not  l ess t han 2. 625 i nches upper  chamber  i nsi de di amet er  at  t he 
poi nt  wher e t he di aphr agm i s seal ed bet ween t he upper  and l ower  chamber s) ,  
nonhol d- open f l ush val ve of  chr ome pl at ed cast  br ass conf or mi ng t o 
ASTM B584,  i ncl udi ng vacuum br eaker  and angl e ( cont r ol - st op)  val ve wi t h 
back check.   The wat er  f l ushi ng vol ume of  t he f l ush val ve and ur i nal  
combi nat i on shal l  not  exceed 0. 125 gal l on per  f l ush.   Ur i nal s must  meet  
t he speci f i cat i ons of  
ht t p: / / www. epa. gov/ wat er sense/ par t ner s/ pr oduct _pr ogr am_specs. ht ml  and must  
be EPA Wat er Sense l abel ed pr oduct s.   Pr ovi de dat a i dent i f y i ng Wat er Sense 
l abel  f or  wheel chai r  f l ush val ve ur i nal .   Fur ni sh ur i nal  manuf act ur er ' s 
cer t i f i cat i on of  conf or mance.   Pr ovi de ASME A112. 6. 1M conceal ed chai r  
car r i er s.   Mount  ur i nal  wi t h f r ont  r i m a maxi mum of  17 i nches above f l oor  
and f l ush val ve handl e a maxi mum of  44 i nches above f l oor  f or  use by 
handi capped on wheel chai r .

2. 4. 4   Under mount  Lavat or i es

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,  , sel f - r i mmi ng, oval  shape,  
under mount  mi ni mum di mensi ons of  19 i nches wi de by 16 i nches f r ont  t o 
r ear ,  wi t h suppl y openi ngs f or  use wi t h t op mount ed cent er set  f aucet s.   
Fur ni sh t empl at e and mount i ng k i t  by l avat or y manuf act ur er .   Pr ovi de 0. 5 
gpm aer at or  wi t h f aucet .    Mount  count er  wi t h t he t op sur f ace 34 i nches 
above f l oor  and wi t h 29 i nches mi ni mum cl ear ance f r om bot t om of  t he 
count er  f ace t o f l oor .   Pr ovi de t op mount ed washer l ess cent er set  l avat or y 
f aucet s. Pr ovi de dat a i dent i f y i ng wat er sense l abel  f or  l avat or y f aucet .

2. 4. 5   Ki t chen Si nks

ASME A112. 19. 3/ CSA B45. 4,  20 gage st ai nl ess st eel  wi t h i nt egr al  mount i ng 
r i m f or  f l ush i nst al l at i on,  mi ni mum di mensi ons of  19 i nches wi de by 17 
i nches f r ont  t o r ear ,  one compar t ment ,  wi t h under si des f ul l y sound 
deadened,  wi t h suppl y openi ngs f or  use wi t h t op mount ed washer l ess s i nk 
f aucet s,  and wi t h 3. 5 i nch dr ai n out l et .  Pr ovi de aer at or  wi t h f aucet .  
Wat er  f l ow r at e shal l  not  exceed 1. 5 gpm when measur ed at  a f l owi ng wat er  
pr essur e of  60 psi .   Pr ovi de st ai nl ess st eel  dr ai n out l et s and st ai nl ess 
st eel  cup st r ai ner s.   Pr ovi de  1. 5 i nch P- t r ap and dr ai n pi pi ng t o 
ver t i cal  vent  pi pi ng f r om each compar t ment .  

2. 4. 6   Ser vi ce Si nks

ASME A112. 19. 2/ CSA B45. 1,   enamel ed cast  i r on  wi t h i nt egr al  back and wal l  
hanger  suppor t s,  mi ni mum di mensi ons of  22 1/ 4 i nches wi de by 18 1/ 4 i nches 
f r ont  t o r ear ,  wi t h t wo suppl y openi ngs i n 10 i nch hi gh back.   Pr ovi de 
f l oor  suppor t ed wal l  out l et  P- t r ap and st ai nl ess st eel  r i m guar ds as 
r ecommended by ser vi ce s i nk manuf act ur er .   Pr ovi de back mount ed washer l ess 
ser vi ce s i nk f aucet s wi t h vacuum br eaker  and 0. 75 i nch ext er nal  hose 
t hr eads.

2. 4. 7   Wheel chai r  Dr i nki ng Wat er  Cool er s

AHRI  1010,  dual  hei ght ,  wal l - mount ed bubbl er  st y l e wi t h ASME A112. 6. 1M 
conceal ed chai r  car r i er ,  ai r - cool ed condensi ng uni t ,  8 gph mi ni mum 
capaci t y,  st ai nl ess st eel  spl ash r ecept or ,  and al l  st ai nl ess st eel  
cabi net ,  wi t h 27 i nch mi ni mum knee cl ear ance f r om f r ont  bot t om of  uni t  t o 
f l oor  and 36 i nch maxi mum spout  hei ght  above f l oor  and bot t l e f i l l er .   
Bubbl er s shal l  al so be cont r ol l ed by push l ever s,  by push bar s,  or  t ouch 
pads one on each si de or  one on f r ont  and bot h s i des of  t he cabi net .  Non 
wheel chai r  hei ght  uni t  spout  shal l  di r ect  wat er  f l ow at  l east  4 i nches 
above uni t  basi n and t r aj ect or y par al l el  or  near l y par al l el  t o t he f r ont  
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of  uni t .   Pr ovi de el ect r i c wat er  cool er  t hat  i s  Ener gy St ar  l abel ed.   
Pr ovi de dat a i dent i f y i ng Ener gy St ar  l abel  f or  wheel chai r  el ect r i c wat er  
cool er s.

2. 4. 8   Pr ecast  Ter r azzo Mop Si nks

Ter r azzo shal l  be made of  mar bl e chi ps cast  i n whi t e por t l and cement  t o 
pr oduce 3000 psi  mi ni mum compr essi ve st r engt h 7 days af t er  cast i ng.   
Pr ovi de f l oor  or  wal l  out l et  copper  al l oy body dr ai n cast  i nt egr al  wi t h 
t er r azzo,  wi t h pol i shed st ai nl ess st eel  st r ai ner s.

2. 4. 9   Emer gency Eyewash and Shower

ANSI / I SEA Z358. 1,  f l oor  suppor t ed f r ee st andi ng uni t .   Pr ovi de del uge 
shower  head,  st ay- open bal l  val ve oper at ed by pul l  r od and r i ng or  
t r i angul ar  handl e.   Pr ovi de eyewash and st ay- open bal l  val ve oper at ed by 
f oot  t r eadl e or  push handl e.

2. 5   BACKFLOW PREVENTERS

Backf l ow pr event i on devi ces must  be appr oved by t he St at e or  l ocal  
r egul at or y agenci es.  I f  t her e i s no St at e or  l ocal  r egul at or y agency 
r equi r ement s,  t he backf l ow pr event i on devi ces must  be l i s t ed by t he 
Foundat i on f or  Cr oss- Connect i on Cont r ol  & Hydr aul i c Resear ch,  or  any ot her  
appr oved t est i ng l abor at or y havi ng equi val ent  capabi l i t i es f or  bot h 
l abor at or y and f i el d eval uat i on of  backf l ow pr event i on devi ces and 
assembl i es.

Reduced pr essur e pr i nci pl e assembl i es,  doubl e check val ve assembl i es,  
at mospher i c ( nonpr essur e)  t ype vacuum br eaker s,  and pr essur e t ype vacuum 
br eaker s shal l  be meet  t he above r equi r ement s.

Backf l ow pr event er s wi t h i nt er medi at e at mospher i c vent  shal l  conf or m t o 
ASSE 1012.   Reduced pr essur e pr i nci pl e backf l ow pr event er s shal l  conf or m 
t o ASSE 1013.   Hose connect i on vacuum br eaker s shal l  conf or m t o ASSE 1011.   
Pi pe appl i ed at mospher i c t ype vacuum br eaker s shal l  conf or m t o ASSE 1001.   
Pr essur e vacuum br eaker  assembl y shal l  conf or m t o ASSE 1020.   Ai r  gaps i n 
pl umbi ng syst ems shal l  conf or m t o ASME A112. 1. 2.

2. 6   DRAI NS

2. 6. 1   Fl oor  and Shower  Dr ai ns

Fl oor  and shower  dr ai ns shal l  consi st  of  a gal vani zed body,  i nt egr al  
seepage pan,  and adj ust abl e per f or at ed or  s l ot t ed chr omi um- pl at ed br onze,  
ni ckel - br onze,  or  ni ckel - br ass st r ai ner ,  consi st i ng of  gr at e and t hr eaded 
col l ar .   Fl oor  dr ai ns shal l  be cast  i r on except  wher e met al l i c  
wat er pr oof i ng membr ane i s i nst al l ed.   Dr ai ns shal l  be of  doubl e dr ai nage 
pat t er n f or  embeddi ng i n t he f l oor  const r uct i on.   The seepage pan shal l  
have weep hol es or  channel s f or  dr ai nage t o t he dr ai npi pe.   The st r ai ner  
shal l  be adj ust abl e t o f l oor  t hi ckness.   A c l ampi ng devi ce f or  at t achi ng 
f l ashi ng or  wat er pr oof i ng membr ane t o t he seepage pan wi t hout  damagi ng t he 
f l ashi ng or  wat er pr oof i ng membr ane shal l  be pr ovi ded when r equi r ed.   
Dr ai ns shal l  be pr ovi ded wi t h t hr eaded connect i on.   Bet ween t he dr ai n 
out l et  and wast e pi pe,  a neopr ene r ubber  gasket  conf or mi ng t o ASTM C564 
may be i nst al l ed,  pr ovi ded t hat  t he dr ai n i s speci f i cal l y desi gned f or  t he 
r ubber  gasket  compr essi on t ype j oi nt .   Fl oor  and shower  dr ai ns shal l  
conf or m t o ASME A112. 6. 3.  Pr ovi de dr ai n wi t h t r ap guar d devi ce compr i sed 
of  an ABS  or  HDPE r i gi d st r ucut r e wi t h s i l i cone gasket  and seal .  Tr ap 
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guar d shal l  compl y wi t h ASSE 1072.

2. 6. 1. 1   Dr ai ns

Dr ai ns i nst al l ed i n connect i on wi t h wat er pr oof ed f l oor s or  shower  pans 
shal l  be equi pped wi t h bol t ed- t ype devi ce t o secur el y c l amp f l ashi ng.

2. 6. 2    Shower  Faucet s and Dr ai n Fi t t i ngs

Pr ovi de si ngl e cont r ol  pr essur e equal i z i ng shower  f aucet s wi t h body 
mount ed f r om behi nd t he wal l  wi t h t hr eaded connect i ons.   Pr ovi de bal l  
j oi nt  sel f - c l eani ng shower  heads.   Pr ovi de Wat er Sense l abel ed shower head 
wi t h a maxi mum f l ow r at e of  1. 5 gpm.   Pr ovi de dat a i dent i f y i ng Wat er Sense 
l abel  f or  shower head.   Pr ovi de t ubi ng mount ed f r om behi nd t he wal l  bet ween 
f aucet s and shower  heads.   Pr ovi de separ at e gl obe val ves or  angl e val ves 
wi t h uni on connect i ons i n each suppl y t o f aucet .    Pr ovi de  shower  val ve 
wi t h bal l  t ype cont r ol  handl e.

2. 7   SHOWER PAN

Shower  pan may be copper ,  or  nonmet al l i c  mat er i al .

2. 7. 1   Sheet  Copper

Sheet  copper  shal l  be 16 ounce wei ght .

2. 7. 2   Pl ast i c i zed Pol yvi nyl  Chl or i de Shower  Pan Mat er i al

Mat er i al  shal l  be sheet  f or m.   The mat er i al  shal l  be 0. 040 i nch mi ni mum 
t hi ckness of  pl ast i c i zed pol yvi nyl  chl or i de or  chl or i nat ed pol yet hyl ene 
and shal l  be i n accor dance wi t h ASTM D4551.

2. 7. 3   Nonpl ast i c i zed Pol yvi nyl  Chl or i de ( PVC)  Shower  Pan Mat er i al

Mat er i al  shal l  consi st  of  a pl ast i c wat er pr oof i ng membr ane i n sheet  f or m.   
The mat er i al  shal l  be 0. 040 i nch mi ni mum t hi ckness of  nonpl ast i c i zed PVC 
and shal l  have t he f ol l owi ng mi ni mum pr oper t i es:

a.    or  ASTM D638:

Ul t i mat e Tensi l e St r engt h:     2600 psi
Ul t i mat e El ongat i on:          398 per cent
100 Per cent  Modul us:           445 psi

b.   ASTM D1004:

Tear  St r engt h:                300 pounds per  i nch

c.   ASTM E96/ E96M:

Per meance:                    0. 008 per ms

d.   Ot her  Pr oper t i es:

Speci f i c  Gr avi t y:             1. 29
PVC Sol vent :                  Wel dabl e
Col d Cr ack:                   mi nus 53 degr ees F
Di mensi onal  st abi l i t y         212 degr ees F mi nus 2. 5 per cent
Har dness,  Shor e A:            89
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2. 8   TRAPS

Unl ess ot her wi se speci f i ed,  t r aps shal l  be pl ast i c per  ASTM F409 or  
copper - al l oy adj ust abl e t ube t ype wi t h s l i p j oi nt  i nl et  and swi vel .   Tr aps 
shal l  be wi t hout  a c l eanout .   Pr ovi de t r aps wi t h r emovabl e access panel s 
f or  easy c l ean- out  at  s i nks and l avat or i es.   Tubes shal l  be copper  al l oy 
wi t h wal l s not  l ess t han 0. 032 i nch t hi ck wi t hi n commer ci al  t ol er ances,  
except  on t he out si de of  bends wher e t he t hi ckness may be r educed sl i ght l y 
i n manuf act ur e by usual  commer ci al  met hods.   I nl et s shal l  have r ubber  
washer  and copper  al l oy nut s f or  s l i p j oi nt s above t he di schar ge l evel .   
Swi vel  j oi nt s shal l  be bel ow t he di schar ge l evel  and shal l  be of  
met al - t o- met al  or  met al - t o- pl ast i c t ype as r equi r ed f or  t he appl i cat i on.   
Nut s shal l  have f l at s f or  wr ench gr i p.   Out l et s shal l  have i nt er nal  pi pe 
t hr ead,  except  t hat  when r equi r ed f or  t he appl i cat i on,  t he out l et s shal l  
have socket s f or  sol der - j oi nt  connect i ons.   The dept h of  t he wat er  seal  
shal l  be not  l ess t han 2 i nches.   The i nt er i or  di amet er  shal l  be not  mor e 
t han 1/ 8 i nch over  or  under  t he nomi nal  s i ze,  and i nt er i or  sur f aces shal l  
be r easonabl y smoot h t hr oughout .   A copper  al l oy " P"  t r ap assembl y 
consi st i ng of  an adj ust abl e " P"  t r ap and t hr eaded t r ap wal l  ni ppl e wi t h 
cast  br ass wal l  f l ange shal l  be pr ovi ded f or  l avat or i es.   The assembl y 
shal l  be a st andar d manuf act ur ed uni t  and may have a r ubber - gasket ed 
swi vel  j oi nt .

2. 9   WATER HEATERS

Wat er  heat er  t ypes and capaci t i es shal l  be as i ndi cat ed.   Each wat er  
heat er  shal l  have r epl aceabl e car t r i dge el ement  i nser t s.     Each gas- f i r ed 
wat er  heat er  shal l  have cont r ol s wi t h an adj ust abl e r ange t hat  i ncl udes 
120 t o 180 degr ees F.   Hot  wat er  syst ems ut i l i z i ng r eci r cul at i on syst ems 
shal l  be t i ed i nt o bui l di ng of f - hour  cont r ol s.   The t her mal  ef f i c i enci es 
and st andby heat  l osses shal l  conf or m t o TABLE I I I  i n PART 3 of  t hi s 
Sect i on f or  each t ype of  wat er  heat er  speci f i ed.     Pl ast i c mat er i al s 
pol yet her i mi de ( PEI )  and pol yet her sul f one ( PES)  ar e f or bi dden t o be used 
f or  vent  pi pi ng of  combust i on gases.   A f act or y pr e- char ged expansi on t ank 
shal l  be i nst al l ed on t he col d wat er  suppl y t o each wat er  heat er .   
Expansi on t anks shal l  be speci f i cal l y desi gned f or  use on pot abl e wat er  
syst ems and shal l  be r at ed f or  200 degr ees F wat er  t emper at ur e and 150 psi  
wor ki ng pr essur e.   The expansi on t ank si ze and accept ance vol ume shal l  be 
per  manuf act ur er  r equi r ement s.

2. 9. 1   I nst ant aneous Wat er  Heat er

Heat er  shal l  be condensi ng gas f i r ed t ankl ess const r uct i on.   Heat  
exchanger s shal l  be copper  or  st ai nl ess st eel  const r uct i on.  An i nt egr al  
i nt er nal  cont r ol l er  shal l  be pr ovi ded,  ant i c i pat i ng a change i n demand so 
t hat  t he f i nal  t emper at ur e can be mai nt ai ned under  al l  nor mal  l oad 
condi t i ons when used i n conj unct i on wi t h pi l ot - oper at ed t emper at ur e 
cont r ol  syst em.   Nor mal  l oad condi t i ons shal l  be as speci f i ed by t he 
manuf act ur er  f or  t he heat er .  Pr ovi de a 0. 5 gal l on mi ni mum i nt er nal  buf f er  
t ank t o pr ot ect  agai nst  l ow f i r e condi t i ons.    For  gas ser vi ce,  pr ovi de 
Ener gy St ar  l abel ed gas i nst ant aneous wat er  heat er .   Pr ovi de dat a 
i dent i f y i ng Ener gy St ar  l abel  f or  gas i nst ant aneous wat er  heat er .

2. 10   PUMPS

2. 10. 1   Ci r cul at i ng Pumps

Domest i c hot  wat er  c i r cul at i ng pumps shal l  be el ect r i cal l y dr i ven,  
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si ngl e- st age,  cent r i f ugal ,  wi t h mechani cal  seal s,  sui t abl e f or  t he 
i nt ended ser vi ce.   Pump and mot or  shal l  be suppor t ed by t he pi pi ng on 
whi ch i t  i s  i nst al l ed.   The shaf t  shal l  be one- pi ece,  heat - t r eat ed,  
cor r osi on- r esi st i ng st ai nl ess st eel  wi t h i mpel l er  and smoot h- sur f aced 
housi ng of  al umi num.

Mot or  shal l  be open dr i p- pr oof  ( ODP)  and shal l  have suf f i c i ent  hor sepower  
f or  t he ser vi ce r equi r ed.   Each pump mot or  shal l  be equi pped wi t h an 
acr oss- t he- l i ne magnet i c cont r ol l er  i n a NEMA 250,  Type 1 encl osur e wi t h 
" START- STOP"  swi t ch i n cover .

2. 11   COMPRESSED AI R SYSTEM

2. 11. 1   Ai r  Compr essor s

Ai r  compr essor  uni t  shal l  be a f act or y- packaged assembl y,  i ncl udi ng 3 
phase,  460 vol t  mot or  cont r ol s,  swi t ches,  wi r i ng,  accessor i es,  and mot or  
cont r ol l er s,  i n a NEMA 250,  Type 4 encl osur e.   Ai r  compr essor s shal l  have 
manuf act ur er ' s name and addr ess,  t oget her  wi t h t r ade name,  and cat al og 
number  on a namepl at e secur el y at t ached t o t he equi pment .   Each compr essor  
shal l  r egul at e pr essur e by const ant  speed compr essor  l oadi ng and unl oadi ng.   
Guar ds shal l  shi el d exposed movi ng par t s.   Each compr essor  mot or  shal l  be 
pr ovi ded wi t h an acr oss- t he- l i ne- t ype magnet i c cont r ol l er ,  compl et e wi t h 
l ow- vol t age r el ease.   An i nt ake ai r  f i l t er  and si l encer  shal l  be pr ovi ded 
wi t h each compr essor .   Af t er cool er  and moi st ur e separ at or  shal l  be 
i nst al l ed bet ween compr essor s and ai r  r ecei ver  t o r emove moi st ur e and oi l  
condensat e bef or e t he ai r  ent er s t he r ecei ver .   Af t er cool er s shal l  be 
ei t her  ai r -  or  wat er - cool ed,  as i ndi cat ed.   The ai r  shal l  pass t hr ough a 
suf f i c i ent  number  of  t ubes t o af f ect  cool i ng.   Tubes shal l  be s i zed t o 
gi ve maxi mum heat  t r ansf er .   Wat er  t o uni t  shal l  be cont r ol l ed by a 
sol enoi d or  pneumat i c val ve,  whi ch opens when t he compr essor s st ar t  and 
cl oses when t he compr essor s shut  down.   Cool i ng capaci t y of  t he 
af t er cool er  shal l  be s i zed f or  t he t ot al  capaci t y of  t he compr essor s.   
Means shal l  be pr ovi ded f or  dr ai ni ng condensed moi st ur e f r om t he r ecei ver  
by an aut omat i c f l oat  t ype t r ap.   Capaci t i es of  ai r  compr essor s and 
r ecei ver s shal l  be as i ndi cat ed.

2. 11. 2   Lubr i cat ed Compr essor s

Compr essor s shal l  be t wo- st age,  oi l  f r ee r ot ar y scr ew,  capabl e of  
oper at i ng cont i nuousl y agai nst  t hei r  desi gned di schar ge pr essur e,  and 
shal l  oper at e at  a speed not  i n excess of  1800 r pm.   Compr essor s shal l  
have t he capaci t y and di schar ge pr essur e i ndi cat ed.   Compr essor s shal l  be 
assembl ed compl et e on a common subbase.   The compr essor  mai n bear i ngs 
shal l  be ei t her  r ol l er  or  bal l .   The di schar ge passage of  t he hi gh 
pr essur e ai r  shal l  be pi ped t o t he ai r  r ecei ver  wi t h a copper  pi pe or  
t ubi ng.   A pr essur e gauge cal i br at ed t o 150 psi  and equi pped wi t h a gauge 
cock and pul sat i on dampener  shal l  be f ur ni shed f or  i nst al l at i on adj acent  
t o pr essur e swi t ches.

2. 11. 3   Ai r  Recei ver s

Recei ver s shal l  be desi gned f or  200 psi  wor ki ng pr essur e.   Recei ver s shal l  
be f act or y ai r  t est ed t o 1- 1/ 2 t i mes t he wor ki ng pr essur e.   Recei ver s 
shal l  be equi pped wi t h saf et y r el i ef  val ves and accessor i es,  i ncl udi ng 
pr essur e gauges and aut omat i c and manual  dr ai ns.   The out si de of  ai r  
r ecei ver s may be gal vani zed or  suppl i ed wi t h commer ci al  enamel  f i ni sh.   
Recei ver s shal l  be desi gned and const r uct ed i n accor dance wi t h 
ASME BPVC SEC VI I I  D1 and shal l  have t he desi gn wor ki ng pr essur es 
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speci f i ed her ei n.   A di spl ay of  t he ASME seal  on t he r ecei ver  or  a 
cer t i f i ed t est  r epor t  f r om an appr oved i ndependent  t est i ng l abor at or y 
i ndi cat i ng conf or mance t o t he ASME Code shal l  be pr ovi ded.

2. 11. 4   I nt ake Ai r  Suppl y Fi l t er

Dr y t ype ai r  f i l t er  shal l  be pr ovi ded havi ng a col l ect i on ef f i c i ency of  99 
per cent  of  par t i c l es l ar ger  t han 10 mi cr ons.   Fi l t er  body and medi a shal l  
wi t hst and a maxi mum 125 psi ,  capaci t y as i ndi cat ed.

2. 11. 5   Pr essur e Regul at or s

The ai r  syst em shal l  be pr ovi ded wi t h t he necessar y r egul at or  val ves t o 
mai nt ai n t he desi r ed pr essur e f or  t he i nst al l ed equi pment .   Regul at or s 
shal l  be desi gned f or  a maxi mum i nl et  pr essur e of  125 psi  and a maxi mum 
t emper at ur e of  200 degr ees F.   Regul at or s shal l  be s i ngl e- seat ed,  
pi l ot - oper at ed wi t h val ve pl ug,  br onze body and t r i m or  equal ,  and 
t hr eaded connect i ons.   The r egul at or  val ve shal l  i ncl ude a pr essur e gauge 
and shal l  be pr ovi ded wi t h an adj ust ment  scr ew f or  adj ust i ng t he pr essur e 
di f f er ent i al  f r om 0 t o 125 psi .   Regul at or  shal l  be s i zed as i ndi cat ed.

2. 12   DOMESTI C WATER SERVI CE METER

Col d wat er  met er s 2 i nches and smal l er  shal l  be posi t i ve di spl acement  t ype 
conf or mi ng t o AWWA C700.   Col d wat er  met er s 2- 1/ 2 i nches and l ar ger  shal l  
be t ur bi ne t ype conf or mi ng t o AWWA C701.   Met er  r egi st er  may be r ound or  
st r ai ght  r eadi ng t ype,  i ndi cat i ng gal l ons.   Met er  shal l  be pr ovi ded wi t h a 
pul se gener at or ,  r emot e r eadout  r egi st er  and al l  necessar y wi r i ng and 
accessor i es.

Met er s must  be connect ed t o t he base wi de ener gy and ut i l i t y  moni t or i ng 
and cont r ol  syst em usi ng t he i nst al l at i on' s advanced met er i ng pr ot ocol s.

2. 13   ELECTRI CAL WORK

Pr ovi de el ect r i cal  mot or  dr i ven equi pment  speci f i ed compl et e wi t h mot or s,  
mot or  st ar t er s,  and cont r ol s as speci f i ed her ei n and i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de i nt er nal  wi r i ng f or  component s of  
packaged equi pment  as an i nt egr al  par t  of  t he equi pment .   Pr ovi de hi gh 
ef f i c i ency t ype,  s i ngl e- phase,  f r act i onal - hor sepower  al t er nat i ng- cur r ent  
mot or s,  i ncl udi ng mot or s t hat  ar e par t  of  a syst em,  cor r espondi ng t o t he 
appl i cat i ons i n accor dance wi t h NEMA MG 11.   I n addi t i on t o t he 
r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM,  pr ovi de 
pol yphase,  squi r r el - cage medi um i nduct i on mot or s wi t h cont i nuous r at i ngs,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em,  t hat  meet  t he ef f i c i ency 
r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h NEMA MG 1.   
Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad at  t he speci f i ed capaci t y wi t hout  exceedi ng t he namepl at e 
r at i ng of  t he mot or .

Mot or s shal l  be r at ed f or  cont i nuous dut y wi t h t he encl osur e speci f i ed.    
Mot or  dut y r equi r ement s shal l  al l ow f or  maxi mum f r equency st ar t - st op 
oper at i on and mi ni mum encount er ed i nt er val  bet ween st ar t  and st op.   Mot or  
t or que shal l  be capabl e of  accel er at i ng t he connect ed l oad wi t hi n 20 
seconds wi t h 80 per cent  of  t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s 
dur i ng one st ar t i ng per i od.   Mot or  bear i ngs shal l  be f i t t ed wi t h gr ease 
suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  t he encl osur e.

Cont r ol l er s and cont act or s shal l  have auxi l i ar y cont act s f or  use wi t h t he 
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cont r ol s pr ovi ded.   Manual  or  aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  
devi ces r equi r ed f or  t he oper at i on speci f i ed and any cont r ol  wi r i ng 
r equi r ed f or  cont r ol s and devi ces speci f i ed,  but  not  shown,  shal l  be 
pr ovi ded.   For  packaged equi pment ,  t he manuf act ur er  shal l  pr ovi de 
cont r ol l er s,  i ncl udi ng t he r equi r ed moni t or s and t i med r est ar t .

Power  wi r i ng and condui t  f or  f i el d i nst al l ed equi pment  shal l  be pr ovi ded 
under  and conf or m t o t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.

2. 14   MI SCELLANEOUS PI PI NG I TEMS

2. 14. 1   Escut cheon Pl at es

Pr ovi de one pi ece or  spl i t  hi nge met al  pl at es f or  pi pi ng ent er i ng f l oor s,  
wal l s,  and cei l i ngs i n exposed spaces.   Pr ovi de chr omi um- pl at ed on copper  
al l oy pl at es or  pol i shed st ai nl ess st eel  f i ni sh i n f i ni shed spaces.   
Pr ovi de pai nt  f i ni sh on pl at es i n unf i ni shed spaces.

2. 14. 2   Pi pe Sl eeves

Pr ovi de wher e pi pi ng passes ent i r el y t hr ough wal l s,  cei l i ngs,  r oof s,  and 
f l oor s.   Sl eeves ar e not  r equi r ed wher e suppl y,  dr ai n,  wast e,  and vent  
( DWV)  pi pi ng passes t hr ough concr et e f l oor  s l abs l ocat ed on gr ade,  except  
wher e penet r at i ng a membr ane wat er pr oof  f l oor .

2. 14. 2. 1   Sl eeves i n Masonr y and Concr et e

Pr ovi de st eel  pi pe s l eeves or  schedul e 40 PVC pl ast i c pi pe sl eeves.   
Sl eeves ar e not  r equi r ed wher e dr ai n,  wast e,  and vent  ( DWV)  pi pi ng passes 
t hr ough concr et e f l oor  s l abs l ocat ed on gr ade.   Cor e dr i l l i ng of  masonr y 
and concr et e may be pr ovi ded i n l i eu of  pi pe s l eeves when cavi t i es i n t he 
cor e- dr i l l ed hol e ar e compl et el y gr out ed smoot h.

2. 14. 2. 2   Sl eeves Not  i n Masonr y and Concr et e

Pr ovi de 26 gage gal vani zed st eel  sheet  or  PVC pl ast i c pi pe sl eeves.

2. 14. 3   Pi pe Hanger s ( Suppor t s)

Pr ovi de MSS SP- 58 Type 1 wi t h adj ust abl e t ype st eel  suppor t  r ods,  except  
as speci f i ed or  i ndi cat ed ot her wi se.   At t ach t o st eel  j oi st s wi t h Type 19 
or  23 cl amps and r et ai ni ng st r aps.   At t ach t o St eel  W or  S beams wi t h Type 
21,  28,  29,  or  30 cl amps.   At t ach t o st eel  angl es and ver t i cal  web st eel  
channel s wi t h Type 20 cl amp wi t h beam cl amp channel  adapt er .   At t ach t o 
hor i zont al  web st eel  channel  and wood wi t h dr i l l ed hol e on cent er l i ne and 
doubl e nut  and washer .   At t ach t o concr et e wi t h Type 18 i nser t  or  dr i l l ed 
expansi on anchor .   Pr ovi de Type 40 i nsul at i on pr ot ect i on shi el d f or  
i nsul at ed pi pi ng.

2. 14. 4   Namepl at es

Pr ovi de 0. 125 i nch t hi ck mel ami ne l ami nat ed pl ast i c namepl at es,  bl ack 
mat t e f i ni sh wi t h whi t e cent er  cor e,  f or  equi pment ,  gages,  t her momet er s,  
and val ves;  val ves i n suppl i es t o f aucet s wi l l  not  r equi r e namepl at es.   
Accur at el y al i gn l et t er i ng and engr ave mi ni mum of  0. 25 i nch hi gh nor mal  
bl ock l et t er i ng i nt o t he whi t e cor e.   Mi ni mum si ze of  namepl at es shal l  be 
1. 0 by 2. 5 i nches.   Key namepl at es t o a char t  and schedul e f or  each 
syst em.  Fr ame char t s and schedul es under  gl ass and pl ace wher e di r ect ed 
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near  each syst em.   Fur ni sh t wo copi es of  each char t  and schedul e.

PART 3   EXECUTI ON

3. 1   GENERAL I NSTALLATI ON REQUI REMENTS

Pi pi ng l ocat ed i n ai r  pl enums shal l  conf or m t o NFPA 90A r equi r ement s.     
Pi pi ng l ocat ed i n shaf t s t hat  const i t ut e ai r  duct s or  t hat  encl ose ai r  
duct s shal l  be noncombust i bl e i n accor dance wi t h NFPA 90A.   I nst al l at i on 
of  pl ast i c pi pe wher e i n compl i ance wi t h NFPA may be i nst al l ed i n 
accor dance wi t h PPFA Fi r e Man.   The pl umbi ng syst em shal l  be i nst al l ed 
compl et e wi t h necessar y f i x t ur es,  f i t t i ngs,  t r aps,  val ves,  and 
accessor i es.   Wat er  and dr ai nage pi pi ng shal l  be ext ended 5 f eet  out si de 
t he bui l di ng,  unl ess ot her wi se i ndi cat ed.   A f ul l  por t  bal l  val veand dr ai n 
shal l  be i nst al l ed on t he wat er  ser vi ce l i ne i nsi de t he bui l di ng 
appr oxi mat el y 6 i nches above t he f l oor  f r om poi nt  of  ent r y.   Pi pi ng shal l  
be connect ed t o t he ext er i or  ser vi ce l i nes or  capped or  pl ugged i f  t he 
ext er i or  ser vi ce i s not  i n pl ace.   Sewer  and wat er  pi pes shal l  be l ai d i n 
separ at e t r enches,  except  when ot her wi se shown.   Ext er i or  under gr ound 
ut i l i t i es shal l  be at  l east  24 i nches bel ow t he f i ni sh gr ade or  as 
i ndi cat ed on t he dr awi ngs.   I f  t r enches ar e c l osed or  t he pi pes ar e 
ot her wi se cover ed bef or e bei ng connect ed t o t he ser vi ce l i nes,  t he 
l ocat i on of  t he end of  each pl umbi ng ut i l i t y  shal l  be mar ked wi t h a st ake 
or  ot her  accept abl e means.   Val ves shal l  be i nst al l ed wi t h cont r ol  no 
l ower  t han t he val ve body.

3. 1. 1   Wat er  Pi pe,  Fi t t i ngs,  and Connect i ons

3. 1. 1. 1   Ut i l i t i es

The pi pi ng shal l  be ext ended t o f i x t ur es,  out l et s,  and equi pment .   The 
hot - wat er  and col d- wat er  pi pi ng syst em shal l  be ar r anged and i nst al l ed t o 
per mi t  dr ai ni ng.   The suppl y l i ne t o each i t em of  equi pment  or  f i x t ur e,  
except  f aucet s,  f l ush val ves,  or  ot her  cont r ol  val ves whi ch ar e suppl i ed 
wi t h i nt egr al  st ops,  shal l  be equi pped wi t h a shut of f  val ve t o enabl e 
i sol at i on of  t he i t em f or  r epai r  and mai nt enance wi t hout  i nt er f er i ng wi t h 
oper at i on of  ot her  equi pment  or  f i x t ur es.   Suppl y pi pi ng t o f i x t ur es,  
f aucet s,  hydr ant s,  shower  heads,  and f l ushi ng devi ces shal l  be anchor ed t o 
pr event  movement .

3. 1. 1. 2   Cut t i ng and Repai r i ng

The wor k shal l  be car ef ul l y l ai d out  i n advance,  and unnecessar y cut t i ng 
of  const r uct i on shal l  be avoi ded.   Damage t o bui l di ng,  pi pi ng,  wi r i ng,  or  
equi pment  as a r esul t  of  cut t i ng shal l  be r epai r ed by mechani cs ski l l ed i n 
t he t r ade i nvol ved.

3. 1. 1. 3   Pr ot ect i on of  Fi xt ur es,  Mat er i al s,  and Equi pment

Pi pe openi ngs shal l  be c l osed wi t h caps or  pl ugs dur i ng i nst al l at i on.  
Fi xt ur es and equi pment  shal l  be t i ght l y cover ed and pr ot ect ed agai nst  
di r t ,  wat er ,  chemi cal s,  and mechani cal  i nj ur y.   Upon compl et i on of  t he 
wor k,  t he f i x t ur es,  mat er i al s,  and equi pment  shal l  be t hor oughl y c l eaned,  
adj ust ed,  and oper at ed.   Saf et y guar ds shal l  be pr ovi ded f or  exposed 
r ot at i ng equi pment .

3. 1. 1. 4   Mai ns,  Br anches,  and Runout s

Pi pi ng shal l  be i nst al l ed as i ndi cat ed.   Pi pe shal l  be accur at el y cut  and 
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wor ked i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng.   St r uct ur al  por t i ons of  
t he bui l di ng shal l  not  be weakened.   Abovegr ound pi pi ng shal l  r un par al l el  
wi t h t he l i nes of  t he bui l di ng,  unl ess ot her wi se i ndi cat ed.   Br anch pi pes 
f r om ser vi ce l i nes may be t aken f r om t op,  bot t om,  or  s i de of  mai n,  usi ng 
cr ossover  f i t t i ngs r equi r ed by st r uct ur al  or  i nst al l at i on condi t i ons.   
Suppl y pi pes,  val ves,  and f i t t i ngs shal l  be kept  a suf f i c i ent  di st ance 
f r om ot her  wor k and ot her  ser vi ces t o per mi t  not  l ess t han 1/ 2 i nch 
bet ween f i ni shed cover i ng on t he di f f er ent  ser vi ces.   Bar e and i nsul at ed 
wat er  l i nes shal l  not  bear  di r ect l y agai nst  bui l di ng st r uct ur al  el ement s 
so as t o t r ansmi t  sound t o t he st r uct ur e or  t o pr event  f l exi bl e movement  
of  t he l i nes.   Wat er  pi pe shal l  not  be bur i ed i n or  under  f l oor s unl ess 
speci f i cal l y i ndi cat ed or  appr oved.   Changes i n pi pe si zes shal l  be made 
wi t h r educi ng f i t t i ngs.   Use of  bushi ngs wi l l  not  be per mi t t ed except  f or  
use i n s i t uat i ons i n whi ch st andar d f act or y f abr i cat ed component s ar e 
f ur ni shed t o accommodat e speci f i c  accept ed i nst al l at i on pr act i ce.   Change 
i n di r ect i on shal l  be made wi t h f i t t i ngs.

3. 1. 1. 5   Pi pe Dr ai ns

Pi pe dr ai ns i ndi cat ed shal l  consi st  of  3/ 4 i nch hose bi bb wi t h r enewabl e 
seat  and f ul l  por t  bal l  val ve ahead of  hose bi bb.   At  ot her  l ow poi nt s,  
3/ 4 i nch br ass pl ugs or  caps shal l  be pr ovi ded.   Di sconnect i on of  t he 
suppl y pi pi ng at  t he f i x t ur e i s an accept abl e dr ai n.

3. 1. 1. 6   Expansi on and Cont r act i on of  Pi pi ng

Al l owance shal l  be made t hr oughout  f or  expansi on and cont r act i on of  wat er  
pi pe.   Each hot - wat er  and hot - wat er  c i r cul at i on r i ser  shal l  have expansi on 
l oops or  ot her  pr ovi s i ons such as of f set s and changes i n di r ect i on  wher e 
i ndi cat ed and r equi r ed.   Ri ser s shal l  be secur el y anchor ed as r equi r ed or  
wher e i ndi cat ed t o f or ce expansi on t o l oops.   Br anch connect i ons f r om 
r i ser s shal l  be made wi t h ampl e swi ng or  of f set  t o avoi d undue st r ai n on 
f i t t i ngs or  shor t  pi pe l engt hs.   Hor i zont al  r uns of  pi pe over  50 f eet  i n 
l engt h shal l  be anchor ed t o t he wal l  or  t he suppor t i ng const r uct i on about  
mi dway on t he r un t o f or ce expansi on,  evenl y di v i ded,  t owar d t he ends.   
Suf f i c i ent  f l exi bi l i t y  shal l  be pr ovi ded on br anch r unout s f r om mai ns and 
r i ser s t o pr ovi de f or  expansi on and cont r act i on of  pi pi ng.   Fl exi bi l i t y  
shal l  be pr ovi ded by i nst al l i ng one or  mor e t ur ns i n t he l i ne so t hat  
pi pi ng wi l l  spr i ng enough t o al l ow f or  expansi on wi t hout  st r ai ni ng.   I f  
mechani cal  gr ooved pi pe coupl i ng syst ems ar e pr ovi ded,  t he devi at i on f r om 
desi gn r equi r ement s f or  expansi on and cont r act i on may be al l owed pendi ng 
appr oval  of  Cont r act i ng Of f i cer .

3. 1. 1. 7   Thr ust  Rest r ai nt

Pl ugs,  caps,  t ees,  val ves and bends def l ect i ng 11. 25 degr ees or  mor e,  
ei t her  ver t i cal l y or  hor i zont al l y,  i n wat er l i nes 4 i nches i n di amet er  or  
l ar ger  shal l  be pr ovi ded wi t h t hr ust  bl ocks,  wher e i ndi cat ed,  t o pr event  
movement .   Thr ust  bl ocki ng shal l  be concr et e of  a mi x not  l eaner  t han:   1 
cement ,  2- 1/ 2 sand,  5 gr avel ;  and havi ng a compr essi ve st r engt h of  not  
l ess t han 2000 psi  af t er  28 days.   Bl ocki ng shal l  be pl aced bet ween sol i d 
gr ound and t he f i t t i ng t o be anchor ed.   Unl ess ot her wi se i ndi cat ed or  
di r ect ed,  t he base and t hr ust  bear i ng s i des of  t he t hr ust  bl ock shal l  be 
pour ed agai nst  undi st ur bed ear t h.   The si de of  t he t hr ust  bl ock not  
subj ect  t o t hr ust  shal l  be pour ed agai nst  f or ms.   The ar ea of  bear i ng wi l l  
be as shown.   Bl ocki ng shal l  be pl aced so t hat  t he j oi nt s of  t he f i t t i ng 
ar e accessi bl e f or  r epai r .   St eel  r ods and cl amps,  pr ot ect ed by 
gal vani z i ng or  by coat i ng wi t h bi t umi nous pai nt ,  shal l  be used t o anchor  
ver t i cal  down bends i nt o gr avi t y t hr ust  bl ocks.
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3. 1. 1. 8   Commer ci al - Type Wat er  Hammer  Ar r est er s

Commer ci al - t ype wat er  hammer  ar r est er s shal l  be pr ovi ded on hot -  and 
col d- wat er  suppl i es and shal l  be l ocat ed as gener al l y i ndi cat ed,  wi t h 
pr eci se l ocat i on and si z i ng t o be i n accor dance wi t h PDI  WH 201.   Wat er  
hammer  ar r est er s,  wher e conceal ed,  shal l  be accessi bl e by means of  access 
door s or  r emovabl e panel s.   Commer ci al - t ype wat er  hammer  ar r est er s shal l  
conf or m t o ASSE 1010.   Ver t i cal  capped pi pe col umns wi l l  not  be per mi t t ed.

3. 1. 2   Compr essed Ai r  Pi pi ng ( Non- Oi l  Fr ee)

Compr essed ai r  pi pi ng shal l  be i nst al l ed as speci f i ed f or  wat er  pi pi ng and 
sui t abl e f or  125 psi g wor ki ng pr essur e.   Compr essed ai r  pi pi ng shal l  have 
suppl y l i nes and di schar ge t er mi nal s l egi bl y and per manent l y mar ked at  
bot h ends wi t h t he name of  t he syst em and t he di r ect i on of  f l ow.

3. 1. 3   Joi nt s

I nst al l at i on of  pi pe and f i t t i ngs shal l  be made i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.   Mi t er i ng of  j oi nt s f or  el bows and 
not chi ng of  st r ai ght  r uns of  pi pe f or  t ees wi l l  not  be per mi t t ed.   Joi nt s 
shal l  be made up wi t h f i t t i ngs of  compat i bl e mat er i al  and made f or  t he 
speci f i c  pur pose i nt ended.

3. 1. 3. 1   Thr eaded

Thr eaded j oi nt s shal l  have Amer i can St andar d t aper  pi pe t hr eads conf or mi ng 
t o ASME B1. 20. 1.   Onl y mal e pi pe t hr eads shal l  be coat ed wi t h gr aphi t e or  
wi t h an appr oved gr aphi t e compound,  or  wi t h an i ner t  f i l l er  and oi l ,  or  
shal l  have a pol yt et r af l uor oet hyl ene t ape appl i ed.

3. 1. 3. 2   Uni ons and Fl anges

Uni ons,  f l anges and mechani cal  coupl i ngs shal l  not  be conceal ed i n wal l s,  
cei l i ngs,  or  par t i t i ons.   Uni ons shal l  be used on pi pe si zes 2- 1/ 2 i nches 
and smal l er ;  f l anges shal l  be used on pi pe si zes 3 i nches and l ar ger .

3. 1. 3. 3   Copper  Tube and Pi pe

a.   Br azed.   Br azed j oi nt s shal l  be made i n conf or mance wi t h AWS B2. 2/ B2. 2M,  
ASME B16. 50,  and CDA A4015 wi t h f l ux and ar e accept abl e f or  al l  pi pe 
s i zes.   Copper  t o copper  j oi nt s shal l  i ncl ude t he use of  
copper - phosphor us or  copper - phosphor us- si l ver  br azi ng met al  wi t hout  
f l ux.   Br azi ng of  di ssi mi l ar  met al s ( copper  t o br onze or  br ass)  shal l  
i ncl ude t he use of  f l ux wi t h ei t her  a copper - phosphor us,  
copper - phosphor us- si l ver  or  a s i l ver  br azi ng f i l l er  met al .

b.   Sol der ed.   Sol der ed j oi nt s shal l  be made wi t h f l ux and ar e onl y 
accept abl e f or  pi pi ng 2 i nches and smal l er .   Sol der ed j oi nt s shal l  
conf or m t o ASME B31. 5 and CDA A4015.   Sol der ed j oi nt s shal l  not  be 
used i n compr essed ai r  pi pi ng bet ween t he ai r  compr essor  and t he 
r ecei ver .

c.   Copper  Tube Ext r act ed Joi nt .   Mechani cal l y ext r act ed j oi nt s shal l  be 
made i n accor dance wi t h I CC I PC.

d.   Pr ess connect i on.   Copper  pr ess connect i ons shal l  be made i n st r i ct  
accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons f or  
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manuf act ur ed r at ed si ze.   The j oi nt s shal l  be pr essed usi ng t he 
t ool ( s)  appr oved by t he manuf act ur er  of  t hat  j oi nt .   Mi ni mum di st ance 
bet ween f i t t i ngs shal l  be i n accor dance wi t h t he manuf act ur er ' s 
r equi r ement s.

3. 1. 3. 4   Pl ast i c Pi pe

A PVC pi pe shal l  have j oi nt s made wi t h sol vent  cement  el ast omer i c,  
t hr eadi ng,  ( t hr eadi ng of  Schedul e 80 Pi pe i s al l owed onl y wher e r equi r ed 
f or  di sconnect i on and i nspect i on;  t hr eadi ng of  Schedul e 40 Pi pe i s not  
al l owed) ,  or  mat ed f l anged.

3. 1. 3. 5   Ot her  Joi nt  Met hods

3. 1. 4   Di ssi mi l ar  Pi pe Mat er i al s

Connect i ons bet ween f er r ous and non- f er r ous copper  wat er  pi pe shal l  be 
made wi t h di el ect r i c uni ons or  f l ange wat er ways.   Di el ect r i c wat er ways 
shal l  have t emper at ur e and pr essur e r at i ng equal  t o or  gr eat er  t han t hat  
speci f i ed f or  t he connect i ng pi pi ng.   Wat er ways shal l  have met al  
connect i ons on bot h ends sui t ed t o mat ch connect i ng pi pi ng.   Di el ect r i c 
wat er ways shal l  be i nt er nal l y l i ned wi t h an i nsul at or  speci f i cal l y 
desi gned t o pr event  cur r ent  f l ow bet ween di ssi mi l ar  met al s.   Di el ect r i c 
f l anges shal l  meet  t he per f or mance r equi r ement s descr i bed her ei n f or  
di el ect r i c wat er ways.   Connect i ng j oi nt s bet ween pl ast i c and met al l i c  pi pe 
shal l  be made wi t h t r ansi t i on f i t t i ng f or  t he speci f i c  pur pose.

3. 1. 5   Pi pe Sl eeves and Fl ashi ng

Pi pe sl eeves shal l  be f ur ni shed and set  i n t hei r  pr oper  and per manent  
l ocat i on.

3. 1. 5. 1   Sl eeve Requi r ement s

Unl ess i ndi cat ed ot her wi se,  pr ovi de pi pe sl eeves meet i ng t he f ol l owi ng 
r equi r ement s:

a.   Secur e s l eeves i n posi t i on and l ocat i on dur i ng const r uct i on.    Pr ovi de 
sl eeves of  suf f i c i ent  l engt h t o pass t hr ough ent i r e t hi ckness of  
wal l s,  cei l i ngs,  r oof s,  and f l oor s.

b.   A modul ar  mechani cal  t ype seal i ng assembl y may be i nst al l ed i n l i eu of  
a wat er pr oof i ng c l ampi ng f l ange and caul k i ng and seal i ng of  annul ar  
space bet ween pi pe and sl eeve.   The seal s shal l  consi st  of  
i nt er l ocki ng synt het i c r ubber  l i nks shaped t o cont i nuousl y f i l l  t he 
annul ar  space bet ween t he pi pe and sl eeve usi ng gal vani zed st eel  
bol t s,  nut s,  and pr essur e pl at es.   The l i nks shal l  be l oosel y 
assembl ed wi t h bol t s t o f or m a cont i nuous r ubber  bel t  ar ound t he pi pe 
wi t h a pr essur e pl at e under  each bol t  head and each nut .   Af t er  t he 
seal  assembl y i s pr oper l y posi t i oned i n t he s l eeve,  t i ght eni ng of  t he 
bol t  shal l  cause t he r ubber  seal i ng el ement s t o expand and pr ovi de a 
wat er t i ght  seal  bet ween t he pi pe and t he sl eeve.   Each seal  assembl y 
shal l  be s i zed as r ecommended by t he manuf act ur er  t o f i t  t he pi pe and 
sl eeve i nvol ved.

c.   Sl eeves shal l  not  be i nst al l ed i n st r uct ur al  member s,  except  wher e 
i ndi cat ed or  appr oved.   Rect angul ar  and squar e openi ngs shal l  be as 
det ai l ed.   Each sl eeve shal l  ext end t hr ough i t s r espect i ve f l oor ,  or  
r oof ,  and shal l  be cut  f l ush wi t h each sur f ace,  except  f or  speci al  
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ci r cumst ances.  Pi pe sl eeves passi ng t hr ough f l oor s i n wet  ar eas such 
as mechani cal  equi pment  r ooms,  l avat or i es,  k i t chens,  and ot her  
pl umbi ng f i xt ur e ar eas shal l  ext end a mi ni mum of  4 i nches above t he 
f i ni shed f l oor .

d.   Unl ess ot her wi se i ndi cat ed,  s l eeves shal l  be of  a s i ze t o pr ovi de a 
mi ni mum of  one i nch  c l ear ance bet ween bar e pi pe or  i nsul at i on and 
i nsi de of  s l eeve or  bet ween i nsul at i on and i nsi de of  s l eeve.   Sl eeves 
i n bear i ng wal l s and concr et e s l ab on gr ade f l oor s shal l  be st eel  pi pe 
or  cast - i r on pi pe.   Sl eeves i n nonbear i ng wal l s or  cei l i ngs may be 
st eel  pi pe,  cast - i r on pi pe,  gal vani zed sheet  met al  wi t h l ock- t ype 
l ongi t udi nal  seam,  or  pl ast i c.

e.   Except  as ot her wi se speci f i ed,  t he annul ar  space bet ween pi pe and 
sl eeve,  or  bet ween j acket  over  i nsul at i on and sl eeve,  shal l  be seal ed 
as i ndi cat ed wi t h seal ant s conf or mi ng t o ASTM C920 and wi t h a pr i mer ,  
backst op mat er i al  and sur f ace pr epar at i on as speci f i ed i n Sect i on 
07 92 00 JOI NT SEALANTS.   The annul ar  space bet ween pi pe and sl eeve,  
bet ween bar e i nsul at i on and sl eeve or  bet ween j acket  over  i nsul at i on 
and sl eeve shal l  not  be seal ed f or  i nt er i or  wal l s whi ch ar e not  
desi gnat ed as f i r e r at ed.

f .   Sl eeves t hr ough bel ow- gr ade wal l s i n cont act  wi t h ear t h shal l  be 
r ecessed 1/ 2 i nch f r om wal l  sur f aces on bot h s i des.   Annul ar  space 
bet ween pi pe and sl eeve shal l  be f i l l ed wi t h backi ng mat er i al  and 
seal ant s i n t he j oi nt  bet ween t he pi pe and wal l  as speci f i ed above.   
Seal ant  sel ect ed f or  t he ear t h s i de of  t he wal l  shal l  be compat i bl e 
wi t h damppr oof i ng/ wat er pr oof i ng mat er i al s t hat  ar e t o be appl i ed over  
t he j oi nt  seal ant .   Pi pe sl eeves i n f i r e- r at ed wal l s shal l  conf or m t o 
t he r equi r ement s i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 1. 5. 2   Fl ashi ng Requi r ement s

Pi pes passi ng t hr ough r oof  shal l  be i nst al l ed t hr ough a 16 ounce copper  
f l ashi ng,  each wi t hi n an i nt egr al  ski r t  or  f l ange.   Fl ashi ng shal l  be 
sui t abl y f or med,  and t he ski r t  or  f l ange shal l  ext end not  l ess t han 8 
i nches f r om t he pi pe and shal l  be set  over  t he r oof  or  f l oor  membr ane i n a 
sol i d coat i ng of  bi t umi nous cement .   The f l ashi ng shal l  ext end up t he pi pe 
a mi ni mum of  10 i nches.   For  c l eanout s,  t he f l ashi ng shal l  be t ur ned down 
i nt o t he hub and caul ked af t er  pl aci ng t he f er r ul e.   Pi pes passi ng t hr ough 
pi t ched r oof s shal l  be f l ashed,  usi ng l ead or  copper  f l ashi ng,  wi t h an 
adj ust abl e i nt egr al  f l ange of  adequat e s i ze t o ext end not  l ess t han 8 
i nches f r om t he pi pe i n al l  di r ect i ons and l apped i nt o t he r oof i ng t o 
pr ovi de a wat er t i ght  seal .   The annul ar  space bet ween t he f l ashi ng and t he 
bar e pi pe or  bet ween t he f l ashi ng and t he met al - j acket - cover ed i nsul at i on 
shal l  be seal ed as i ndi cat ed.   Fl ashi ng f or  dr y vent s shal l  be t ur ned down 
i nt o t he pi pe t o f or m a wat er pr oof  j oi nt .   Pi pes,  up t o and i ncl udi ng 10 
i nches i n di amet er ,  passi ng t hr ough r oof  or  f l oor  wat er pr oof i ng membr ane 
may be i nst al l ed t hr ough a cast - i r on s l eeve wi t h caul k i ng r ecess,  anchor  
l ugs,  f l ashi ng- cl amp devi ce,  and pr essur e r i ng wi t h br ass bol t s.   Fl ashi ng 
shi el d shal l  be f i t t ed i nt o t he s l eeve cl ampi ng devi ce.   Pi pes passi ng 
t hr ough wal l  wat er pr oof i ng membr ane shal l  be s l eeved as descr i bed above.   
A wat er pr oof i ng c l ampi ng f l ange shal l  be i nst al l ed.

3. 1. 5. 3   Wat er pr oof i ng

Wat er pr oof i ng at  f l oor - mount ed wat er  c l oset s shal l  be accompl i shed by 
f or mi ng a f l ashi ng guar d f r om sof t - t emper ed sheet  copper .   The cent er  of  
t he sheet  shal l  be per f or at ed and t ur ned down appr oxi mat el y 1- 1/ 2 i nches 
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t o f i t  bet ween t he out si de di amet er  of  t he dr ai npi pe and t he i nsi de 
di amet er  of  t he cast - i r on or  st eel  pi pe s l eeve.   The t ur ned- down por t i on 
of  t he f l ashi ng guar d shal l  be embedded i n seal ant  t o a dept h of  
appr oxi mat el y 1- 1/ 2 i nches;  t hen t he seal ant  shal l  be f i ni shed of f  f l ush 
t o f l oor  l evel  bet ween t he f l ashi ng guar d and dr ai npi pe.   The f l ashi ng 
guar d of  sheet  copper  shal l  ext end not  l ess t han 8 i nches f r om t he 
dr ai npi pe and shal l  be l apped bet ween t he f l oor  membr ane i n a sol i d 
coat i ng of  bi t umi nous cement .   I f  cast - i r on wat er  c l oset  f l oor  f l anges ar e 
used,  t he space bet ween t he pi pe sl eeve and dr ai npi pe shal l  be seal ed wi t h 
seal ant  and t he f l ashi ng guar d shal l  be upt ur ned appr oxi mat el y 1- 1/ 2 i nches
 t o f i t  t he out si de di amet er  of  t he dr ai npi pe and t he i nsi de di amet er  of  
t he wat er  c l oset  f l oor  f l ange.   The upt ur ned por t i on of  t he sheet  f i t t ed 
i nt o t he f l oor  f l ange shal l  be seal ed.

3. 1. 5. 4   Opt i onal  Count er f l ashi ng

I nst ead of  t ur ni ng t he f l ashi ng down i nt o a dr y vent  pi pe,  or  caul k i ng and 
seal i ng t he annul ar  space bet ween t he pi pe and f l ashi ng or  
met al - j acket - cover ed i nsul at i on and f l ashi ng,  count er f l ashi ng may be 
accompl i shed by ut i l i z i ng t he f ol l owi ng:

a.   A st andar d r oof  coupl i ng f or  t hr eaded pi pe up t o 6 i nches i n di amet er .

b.   A t ack- wel ded or  banded- met al  r ai n shi el d ar ound t he pi pe.

3. 1. 5. 5   Pi pe Penet r at i ons of  Sl ab on Gr ade Fl oor s

Wher e pi pes,  f i x t ur e dr ai ns,  f l oor  dr ai ns,  c l eanout s or  s i mi l ar  i t ems 
penet r at e s l ab on gr ade f l oor s,  except  at  penet r at i ons of  f l oor s wi t h 
wat er pr oof i ng membr ane as speci f i ed i n par agr aphs FLASHI NG REQUI REMENTS 
and WATERPROOFI NG,  a gr oove 1/ 4 t o 1/ 2 i nch wi de by 1/ 4 t o 3/ 8 i nch deep 
shal l  be f or med ar ound t he pi pe,  f i t t i ng or  dr ai n.   The gr oove shal l  be 
f i l l ed wi t h a seal ant  as speci f i ed i n Sect i on 07 92 00 JOI NT SEALANTS.

3. 1. 5. 6   Pi pe Penet r at i ons

Pr ovi de seal ant s f or  al l  pi pe penet r at i ons.   Al l  pi pe penet r at i ons shal l  
be seal ed t o pr event  i nf i l t r at i on of  ai r ,  i nsect s,  and ver mi n.

3. 1. 6   Fi r e Seal

Wher e pi pes pass t hr ough f i r e wal l s,  f i r e- par t i t i ons,  f i r e- r at ed pi pe 
chase wal l s or  f l oor s above gr ade,  a f i r e seal  shal l  be pr ovi ded as 
speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 1. 7   Suppor t s

3. 1. 7. 1   Gener al

Hanger s used t o suppor t  pi pi ng 2 i nches and l ar ger  shal l  be f abr i cat ed t o 
per mi t  adequat e adj ust ment  af t er  er ect i on whi l e st i l l  suppor t i ng t he 
l oad.   Pi pe gui des and anchor s shal l  be i nst al l ed t o keep pi pes i n 
accur at e al i gnment ,  t o di r ect  t he expansi on movement ,  and t o pr event  
buckl i ng,  swayi ng,  and undue st r ai n.   Pi pi ng subj ect ed t o ver t i cal  
movement  when oper at i ng t emper at ur es exceed ambi ent  t emper at ur es shal l  be 
suppor t ed by var i abl e spr i ng hanger s and suppor t s or  by const ant  suppor t  
hanger s.   I n t he suppor t  of  mul t i pl e pi pe r uns on a common base member ,  a 
c l i p or  c l amp shal l  be used wher e each pi pe cr osses t he base suppor t  
member .   Spaci ng of  t he base suppor t  member s shal l  not  exceed t he hanger  
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and suppor t  spaci ng r equi r ed f or  an i ndi v i dual  pi pe i n t he mul t i pl e pi pe 
r un.   Thr eaded sect i ons of  r ods shal l  not  be f or med or  bent .

3. 1. 7. 2   Pi pe Suppor t s and St r uct ur al  Br aci ng,  Sei smi c Requi r ement s

Pi pi ng and at t ached val ves shal l  be suppor t ed and br aced t o r esi st  sei smi c 
l oads as speci f i ed i n Sect i on 23 05 48. 19 SEI SMI C BRACI NG FOR HVAC.   
St r uct ur al  st eel  r equi r ed f or  r ei nf or cement  t o pr oper l y suppor t  pi pi ng,  
header s,  and equi pment ,  but  not  shown,  shal l  be pr ovi ded.   Mat er i al  used 
f or  suppor t s shal l  be as speci f i ed i n Sect i on 05 12 00 STRUCTURAL STEEL.

3. 1. 7. 3   Pi pe Hanger s,  I nser t s,  and Suppor t s

I nst al l at i on of  pi pe hanger s,  i nser t s and suppor t s shal l  conf or m t o 
MSS SP- 58 except  as modi f i ed her ei n.

a.   Types 5,  12,  and 26 shal l  not  be used.

b.   Type 3 shal l  not  be used on i nsul at ed pi pe.

c.   Type 18 i nser t s shal l  be secur ed t o concr et e f or ms bef or e concr et e i s 
pl aced.   Cont i nuous i nser t s whi ch al l ow mor e adj ust ment  may be used i f  
t hey ot her wi se meet  t he r equi r ement s f or  t ype 18 i nser t s.

d.   Type 19 and 23 C- cl amps shal l  be t or qued per  MSS SP- 58 and shal l  have 
bot h l ocknut s and r et ai ni ng devi ces f ur ni shed by t he manuf act ur er .   
Fi el d- f abr i cat ed C- cl amp bodi es or  r et ai ni ng devi ces ar e not  
accept abl e.

e.   Type 20 at t achment s used on angl es and channel s shal l  be f ur ni shed 
wi t h an added mal l eabl e- i r on heel  pl at e or  adapt er .

f .   Type 24 may be used onl y on t r apeze hanger  syst ems or  on f abr i cat ed 
f r ames.

g.   Type 39 saddl es shal l  be used on i nsul at ed pi pe 4 i nches and l ar ger  
when t he t emper at ur e of  t he medi um i s 60 degr ees F or  hi gher .   Type 39 
saddl es shal l  be wel ded t o t he pi pe.

h.   Type 40 shi el ds shal l :

( 1)  Be used on i nsul at ed pi pe l ess t han 4 i nches.

( 2)  Be used on i nsul at ed pi pe 4 i nches and l ar ger  when t he t emper at ur e 
of  t he medi um i s 60 degr ees F or  l ess.

( 3)  Have a hi gh densi t y i nser t  f or  al l  pi pe s i zes.   Hi gh densi t y 
i nser t s shal l  have a densi t y of  8 pcf  or  gr eat er .

i .   Hor i zont al  pi pe suppor t s shal l  be spaced as speci f i ed i n MSS SP- 58 and 
a suppor t  shal l  be i nst al l ed not  over  1 f oot  f r om t he pi pe f i t t i ng 
j oi nt  at  each change i n di r ect i on of  t he pi pi ng.   Pi pe suppor t s shal l  
be spaced not  over  5 f eet  apar t  at  val ves.   Oper at i ng t emper at ur es i n 
det er mi ni ng hanger  spaci ng f or  PVC or  CPVC pi pe shal l  be 120 degr ees F 
f or  PVC and 180 degr ees F f or  CPVC.   Hor i zont al  pi pe r uns shal l  
i ncl ude al l owances f or  expansi on and cont r act i on.

j .   Ver t i cal  pi pe shal l  be suppor t ed at  each f l oor ,  except  at  
s l ab- on- gr ade,  at  i nt er val s of  not  mor e t han 15 f eet  nor  mor e t han 8 
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f eet  f r om end of  r i ser s,  and at  vent  t er mi nat i ons.   Ver t i cal  pi pe 
r i ser s shal l  i ncl ude al l owances f or  expansi on and cont r act i on.

k.   Type 35 gui des usi ng st eel ,  r ei nf or ced pol yt et r af l uor oet hyl ene ( PTFE)  
or  gr aphi t e s l i des shal l  be pr ovi ded t o al l ow l ongi t udi nal  pi pe 
movement .   Sl i de mat er i al s shal l  be sui t abl e f or  t he syst em oper at i ng 
t emper at ur es,  at mospher i c condi t i ons,  and bear i ng l oads encount er ed.   
Lat er al  r est r ai nt s shal l  be pr ovi ded as needed.   Wher e st eel  s l i des do 
not  r equi r e pr ovi s i ons f or  l at er al  r est r ai nt  t he f ol l owi ng may be used:

( 1)  On pi pe 4 i nches and l ar ger  when t he t emper at ur e of  t he medi um i s 
60 degr ees F or  hi gher ,  a Type 39 saddl e,  wel ded t o t he pi pe,  may 
f r eel y r est  on a st eel  pl at e.

( 2)  On pi pe l ess t han 4 i nches a Type 40 shi el d,  at t ached t o t he pi pe 
or  i nsul at i on,  may f r eel y r est  on a st eel  pl at e.

( 3)  On pi pe 4 i nches and l ar ger  car r y i ng medi um l ess t hat  60 degr ees F 
a Type 40 shi el d,  at t ached t o t he pi pe or  i nsul at i on,  may f r eel y 
r est  on a st eel  pl at e.

l .   Pi pe hanger s on hor i zont al  i nsul at ed pi pe shal l  be t he s i ze of  t he 
out si de di amet er  of  t he i nsul at i on.   The i nsul at i on shal l  be 
cont i nuous t hr ough t he hanger  on al l  pi pe s i zes and appl i cat i ons.

m.   Wher e t her e ar e hi gh syst em t emper at ur es and wel di ng t o pi pi ng i s not  
desi r abl e,  t he t ype 35 gui de shal l  i ncl ude a pi pe cr adl e,  wel ded t o 
t he gui de st r uct ur e and st r apped secur el y t o t he pi pe.   The pi pe shal l  
be separ at ed f r om t he sl i de mat er i al  by at  l east  4 i nches or  by an 
amount  adequat e f or  t he i nsul at i on,  whi chever  i s gr eat er .

n.   Hanger s and suppor t s f or  pl ast i c pi pe shal l  not  compr ess,  di st or t ,  cut  
or  abr ade t he pi pi ng,  and shal l  al l ow f r ee movement  of  pi pe except  
wher e ot her wi se r equi r ed i n t he cont r ol  of  expansi on/ cont r act i on.

3. 1. 7. 4   St r uct ur al  At t achment s

At t achment  t o bui l di ng st r uct ur e concr et e and masonr y shal l  be by cast - i n 
concr et e i nser t s,  bui l t - i n anchor s,  or  masonr y anchor  devi ces.   I nser t s 
and anchor s shal l  be appl i ed wi t h a saf et y f act or  not  l ess t han 5.   
Suppor t s shal l  not  be at t ached t o met al  decki ng.   Suppor t s shal l  not  be 
at t ached t o t he under si de of  concr et e f i l l ed f l oor  or  concr et e r oof  decks 
unl ess appr oved by t he Cont r act i ng Of f i cer .   Masonr y anchor s f or  over head 
appl i cat i ons shal l  be const r uct ed of  f er r ous mat er i al s onl y.

3. 1. 8   Wel ded I nst al l at i on

Pl umbi ng pi pe wel dment s shal l  be as i ndi cat ed.   Changes i n di r ect i on of  
pi pi ng shal l  be made wi t h wel di ng f i t t i ngs onl y;  mi t er i ng or  not chi ng pi pe 
t o f or m el bows and t ees or  ot her  s i mi l ar  t ype const r uct i on wi l l  not  be 
per mi t t ed.   Br anch connect i on may be made wi t h ei t her  wel di ng t ees or  
f or ged br anch out l et  f i t t i ngs.   Br anch out l et  f i t t i ngs shal l  be f or ged,  
f l ar ed f or  i mpr ovement  of  f l ow wher e at t ached t o t he r un,  and r ei nf or ced 
agai nst  ext er nal  st r ai ns.   Bevel i ng,  al i gnment ,  heat  t r eat ment ,  and 
i nspect i on of  wel d shal l  conf or m t o ASME B31. 1.   Wel d def ect s shal l  be 
r emoved and r epai r s made t o t he wel d,  or  t he wel d j oi nt s shal l  be ent i r el y 
r emoved and r ewel ded.   Af t er  f i l l er  met al  has been r emoved f r om i t s 
or i gi nal  package,  i t  shal l  be pr ot ect ed or  st or ed so t hat  i t s 
char act er i st i cs or  wel di ng pr oper t i es ar e not  af f ect ed.   El ect r odes t hat  
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have been wet t ed or  t hat  have l ost  any of  t hei r  coat i ng shal l  not  be used.

3. 1. 9   Pi pe Cl eanout s

Pi pe cl eanout s shal l  be t he same si ze as t he pi pe except  t hat  c l eanout  
pl ugs l ar ger  t han 4 i nches wi l l  not  be r equi r ed.   A c l eanout  i nst al l ed i n 
connect i on wi t h cast - i r on soi l  pi pe shal l  consi st  of  a l ong- sweep 1/ 4 bend 
or  one or  t wo 1/ 8 bends ext ended t o t he pl ace shown.   An ext r a- heavy 
cast - br ass or  cast - i r on f er r ul e wi t h count er sunk cast - br ass head scr ew 
pl ug shal l  be caul ked i nt o t he hub of  t he f i t t i ng and shal l  be f l ush wi t h 
t he f l oor .   Cl eanout s i n connect i on wi t h ot her  pi pe,  wher e i ndi cat ed,  
shal l  be T- pat t er n,  90- degr ee br anch dr ai nage f i t t i ngs wi t h cast - br ass 
scr ew pl ugs,  except  pl ast i c pl ugs shal l  be i nst al l ed i n pl ast i c pi pe.   
Pl ugs shal l  be t he same si ze as t he pi pe up t o and i ncl udi ng 4 i nches.   
Cl eanout  t ee br anches wi t h scr ew pl ug shal l  be i nst al l ed at  t he f oot  of  
soi l  and wast e st acks,  at  t he f oot  of  i nt er i or  downspout s,  on each 
connect i on t o bui l di ng st or m dr ai n wher e i nt er i or  downspout s ar e 
i ndi cat ed,  and on each bui l di ng dr ai n out si de t he bui l di ng.   Cl eanout  t ee 
br anches may be omi t t ed on st acks i n s i ngl e st or y bui l di ngs wi t h 
s l ab- on- gr ade const r uct i on or  wher e l ess t han 18 i nches of  cr awl  space i s 
pr ovi ded under  t he f l oor .   Cl eanout s on pi pe conceal ed i n par t i t i ons shal l  
be pr ovi ded wi t h chr omi um pl at ed br onze,  ni ckel  br onze,  ni ckel  br ass or  
st ai nl ess st eel  f l ush t ype access cover  pl at es.   Round access cover s shal l  
be pr ovi ded and secur ed t o pl ugs wi t h secur i ng scr ew.   Squar e access 
cover s may be pr ovi ded wi t h mat chi ng f r ames,  anchor i ng l ugs and cover  
scr ews.   Cl eanout s i n f i ni shed wal l s shal l  have access cover s and f r ames 
i nst al l ed f l ush wi t h t he f i ni shed wal l .   Cl eanout s i nst al l ed i n f i ni shed 
f l oor s subj ect  t o f oot  t r af f i c  shal l  be pr ovi ded wi t h a chr ome- pl at ed cast  
br ass,  ni ckel  br ass,  or  ni ckel  br onze cover  secur ed t o t he pl ug or  cover  
f r ame and set  f l ush wi t h t he f i ni shed f l oor .   Heads of  f ast eni ng scr ews 
shal l  not  pr oj ect  above t he cover  sur f ace.   Wher e cl eanout s ar e pr ovi ded 
wi t h adj ust abl e heads,  t he heads shal l  be cast  i r on.

3. 2   WATER HEATERS AND HOT WATER STORAGE TANKS

3. 2. 1   Rel i ef  Val ves

No val ves shal l  be i nst al l ed bet ween a r el i ef  val ve and i t s wat er  heat er  
or  st or age t ank.   The P&T r el i ef  val ve shal l  be i nst al l ed wher e t he val ve 
act uat or  comes i n cont act  wi t h t he hot t est  wat er  i n t he heat er .   Whenever  
possi bl e,  t he r el i ef  val ve shal l  be i nst al l ed di r ect l y i n a t appi ng i n t he 
t ank or  heat er ;  ot her wi se,  t he P&T val ve shal l  be i nst al l ed i n t he 
hot - wat er  out l et  pi pi ng.   A vacuum r el i ef  val ve shal l  be pr ovi ded on t he 
col d wat er  suppl y l i ne t o t he hot - wat er  st or age t ank or  wat er  heat er  and 
mount ed above and wi t hi n 6 i nches above t he t op of  t he t ank or  wat er  
heat er .

3. 2. 2   I nst al l at i on of  Gas- - Fi r ed Wat er  Heat er

I nst al l at i on shal l  conf or m t o NFPA 54 f or  gas f i r ed.     Ci r cul at i ng 
syst ems need not  have heat  t r aps i nst al l ed.   An accept abl e heat  t r ap may 
be a pi pi ng ar r angement  such as el bows connect ed so t hat  t he i nl et  and 
out l et  pi pi ng make ver t i cal l y upwar d r uns of  not  l ess t han 24 i nches j ust  
bef or e t ur ni ng downwar d or  di r ect l y hor i zont al  i nt o t he wat er  heat er ' s 
i nl et  and out l et  f i t t i ngs.   Commer ci al l y avai l abl e heat  t r aps,  
speci f i cal l y desi gned by t he manuf act ur er  f or  t he pur pose of  ef f ect i vel y 
r est r i ct i ng t he nat ur al  t endency of  hot  wat er  t o r i se t hr ough ver t i cal  
i nl et  and out l et  pi pi ng dur i ng st andby per i ods may al so be appr oved.   
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3. 2. 3   Heat  Tr aps

Pi pi ng t o and f r om each wat er  heat er  shal l  be r out ed hor i zont al l y and 
downwar d a mi ni mum of  2 f eet  bef or e t ur ni ng i n an upwar d di r ect i on.

3. 2. 4   Connect i ons t o Wat er  Heat er s

Connect i ons of  met al l i c  pi pe t o wat er  heat er s shal l  be made wi t h 
di el ect r i c uni ons or  f l anges.

3. 2. 5   Expansi on Tank

A pr e- char ged expansi on t ank shal l  be i nst al l ed on t he col d wat er  suppl y 
bet ween t he wat er  heat er  i nl et  and t he col d wat er  suppl y shut - of f  val ve.   
The Cont r act or  shal l  adj ust  t he expansi on t ank ai r  pr essur e,  as 
r ecommended by t he t ank manuf act ur er ,  t o mat ch i ncomi ng wat er  pr essur e.

3. 3   FI XTURES AND FI XTURE TRI MMI NGS

Pol i shed chr omi um- pl at ed pi pe,  val ves,  and f i t t i ngs shal l  be pr ovi ded 
wher e exposed t o v i ew.   Angl e st ops,  st r ai ght  st ops,  st ops i nt egr al  wi t h 
t he f aucet s,  or  conceal ed t ype of  l ock- shi el d,  and l oose- key pat t er n st ops 
f or  suppl i es wi t h t hr eaded,  sweat  or  sol vent  wel d i nl et s shal l  be 
f ur ni shed and i nst al l ed wi t h f i x t ur es.   Wher e connect i ons bet ween copper  
t ubi ng and f aucet s ar e made by r ubber  compr essi on f i t t i ngs,  a beadi ng t ool  
shal l  be used t o mechani cal l y def or m t he t ubi ng above t he compr essi on 
f i t t i ng.   Exposed t r aps and suppl y pi pes f or  f i x t ur es and equi pment  shal l  
be connect ed t o t he r ough pi pi ng syst ems at  t he wal l ,  unl ess ot her wi se 
speci f i ed under  t he i t em.   Fl oor  and wal l  escut cheons shal l  be as 
speci f i ed.   Dr ai n l i nes and hot  wat er  l i nes of  f i x t ur es f or  handi capped 
per sonnel  shal l  be i nsul at ed and do not  r equi r e pol i shed chr ome f i ni sh.   
Pl umbi ng f i xt ur es and accessor i es shal l  be i nst al l ed wi t hi n t he space 
shown.

3. 3. 1   Fi xt ur e Connect i ons

Wher e space l i mi t at i ons pr ohi bi t  st andar d f i t t i ngs i n conj unct i on wi t h t he 
cast - i r on f l oor  f l ange,  speci al  shor t - r adi us f i t t i ngs shal l  be pr ovi ded.   
Connect i ons bet ween ear t henwar e f i xt ur es and f l anges on soi l  pi pe shal l  be 
made gast i ght  and wat er t i ght  wi t h a c l oset - set t i ng compound or  neopr ene 
gasket  and seal .   Use of  nat ur al  r ubber  gasket s or  put t y wi l l  not  be 
per mi t t ed.   Fi xt ur es wi t h out l et  f l anges shal l  be set  t he pr oper  di st ance 
f r om f l oor  or  wal l  t o make a f i r st - c l ass j oi nt  wi t h t he c l oset - set t i ng 
compound or  gasket  and f i xt ur e used.

3. 3. 2   Fl ushomet er  Val ves

Fl ushomet er  val ves shal l  be secur ed t o pr event  movement  by anchor i ng t he 
l ong f i ni shed t op spud connect i ng t ube t o wal l  adj acent  t o val ve wi t h 
appr oved met al  br acket .  Fl ushomet er  val ves f or  wat er  c l oset s shal l  be 
i nst al l ed 39 i nches above t he f l oor ,  except  at  wat er  c l oset s i nt ended f or  
use by t he physi cal l y handi capped wher e f l ushomet er  val ves shal l  be 
mount ed at  appr oxi mat el y 30 i nches above t he f l oor  and ar r anged t o avoi d 
i nt er f er ence wi t h gr ab bar s.   I n addi t i on,  f or  wat er  c l oset s i nt ended f or  
handi cap use,  t he f l ush val ve handl e shal l  be i nst al l ed on t he wi de si de 
of  t he encl osur e.
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3. 3. 3   Hei ght  of  Fi xt ur e Ri ms Above Fl oor

Lavat or i es shal l  be mount ed wi t h r i m 31 i nches above f i ni shed f l oor .   
Wal l - hung dr i nki ng f ount ai ns and wat er  cool er s shal l  be i nst al l ed wi t h r i m 
42 i nches above f l oor .   Wal l - hung ser vi ce s i nks shal l  be mount ed wi t h r i m 
28 i nches above t he f l oor .   I nst al l at i on of  f i x t ur es f or  use by t he 
physi cal l y handi capped shal l  be i n accor dance wi t h I CC A117. 1.

3. 3. 4   Fi xt ur e Suppor t s

Fi xt ur e suppor t s f or  of f - t he- f l oor  l avat or i es,  ur i nal s,  wat er  c l oset s,  and 
ot her  f i x t ur es of  s i mi l ar  s i ze,  desi gn,  and use,  shal l  be of  t he 
chai r - car r i er  t ype.   The car r i er  shal l  pr ovi de t he necessar y means of  
mount i ng t he f i xt ur e,  wi t h a f oot  or  f eet  t o anchor  t he assembl y t o t he 
f l oor  s l ab.   Adj ust abi l i t y  shal l  be pr ovi ded t o l ocat e t he f i x t ur e at  t he 
desi r ed hei ght  and i n pr oper  r el at i on t o t he wal l .   Suppor t  pl at es,  i n 
l i eu of  chai r  car r i er ,  shal l  be f ast ened t o t he wal l  st r uct ur e onl y wher e 
i t  i s  not  possi bl e t o anchor  a f l oor - mount ed chai r  car r i er  t o t he f l oor  
s l ab.

3. 3. 4. 1   Suppor t  f or  Sol i d Masonr y Const r uct i on

Chai r  car r i er  shal l  be anchor ed t o t he f l oor  s l ab.   Wher e a f l oor - anchor ed 
chai r  car r i er  cannot  be used,  a sui t abl e wal l  pl at e shal l  be i mbedded i n 
t he masonr y wal l .

3. 3. 4. 2   Suppor t  f or  Concr et e- Masonr y Wal l  Const r uct i on

Chai r  car r i er  shal l  be anchor ed t o f l oor  s l ab.   Wher e a f l oor - anchor ed 
chai r  car r i er  cannot  be used,  a sui t abl e wal l  pl at e shal l  be f ast ened t o 
t he concr et e wal l  usi ng t hr ough bol t s and a back- up pl at e.

3. 3. 4. 3   Suppor t  f or  St eel  St ud Fr ame Par t i t i ons

Chai r  car r i er  shal l  be used.   The anchor  f eet  and t ubul ar  upr i ght s shal l  
be of  t he heavy dut y desi gn;  and f eet  ( bases)  shal l  be st eel  and wel ded t o 
a squar e or  r ect angul ar  st eel  t ube upr i ght .   Wal l  pl at es,  i n l i eu of  
f l oor - anchor ed chai r  car r i er s,  shal l  be used onl y i f  adj oi ni ng st eel  
par t i t i on st uds ar e sui t abl y r ei nf or ced t o suppor t  a wal l  pl at e bol t ed t o 
t hese st uds.

3. 3. 5   Backf l ow Pr event i on Devi ces

Pl umbi ng f i xt ur es,  equi pment ,  and pi pe connect i ons shal l  not  cr oss connect  
or  i nt er connect  bet ween a pot abl e wat er  suppl y and any sour ce of  
nonpot abl e wat er .   Backf l ow pr event er s shal l  be i nst al l ed wher e i ndi cat ed 
and i n accor dance wi t h  at  al l  ot her  l ocat i ons necessar y t o pr ecl ude a 
cr oss- connect  or  i nt er connect  bet ween a pot abl e wat er  suppl y and any 
nonpot abl e subst ance.   I n addi t i on backf l ow pr event er s shal l  be i nst al l ed 
at  al l  l ocat i ons wher e t he pot abl e wat er  out l et  i s  bel ow t he f l ood l evel  
of  t he equi pment ,  or  wher e t he pot abl e wat er  out l et  wi l l  be l ocat ed bel ow 
t he l evel  of  t he nonpot abl e subst ance.   Backf l ow pr event er s shal l  be 
l ocat ed so t hat  no par t  of  t he devi ce wi l l  be submer ged.   Backf l ow 
pr event er s shal l  be of  suf f i c i ent  s i ze t o al l ow unr est r i ct ed f l ow of  wat er  
t o t he equi pment ,  and pr ecl ude t he backf l ow of  any nonpot abl e subst ance 
i nt o t he pot abl e wat er  syst em.   Bypass pi pi ng shal l  not  be pr ovi ded ar ound 
backf l ow pr event er s.   Access shal l  be pr ovi ded f or  mai nt enance and 
t est i ng.   Each devi ce shal l  be a st andar d commer ci al  uni t .
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3. 3. 6   Access Panel s

Access panel s shal l  be pr ovi ded f or  conceal ed val ves and cont r ol s,  or  any 
i t em r equi r i ng i nspect i on or  mai nt enance.   Access panel s shal l  be of  
suf f i c i ent  s i ze and l ocat ed so t hat  t he conceal ed i t ems may be ser vi ced,  
mai nt ai ned,  or  r epl aced.   Access panel s shal l  be as speci f i ed i n Sect i on 
08 31 00 ACCESS DOORS AND PANELS.

3. 3. 7   Tr aps

Each t r ap shal l  be pl aced as near  t he f i x t ur e as possi bl e,  and no f i xt ur e 
shal l  be doubl e- t r apped.    Tr aps i nst al l ed on pl ast i c pi pe may be pl ast i c 
conf or mi ng t o ASTM D3311.   

3. 3. 8   Shower  Pans

Bef or e i nst al l i ng shower  pan,  subf l oor  shal l  be f r ee of  pr oj ect i ons such 
as nai l  heads or  r ough edges of  aggr egat e.   Dr ai n shal l  be a bol t - down,  
c l ampi ng- r i ng t ype wi t h weephol es,  i nst al l ed so t he l i p of  t he subdr ai n i s 
f l ush wi t h subf l oor .

3. 3. 8. 1   Gener al

The f l oor  of  each i ndi v i dual  shower ,  t he shower - ar ea por t i on of  
combi nat i on shower  and dr yi ng r oom,  and t he ent i r e shower  and dr yi ng r oom 
wher e t he t wo ar e not  separ at ed by cur b or  par t i t i on,  shal l  be made 
wat er t i ght  wi t h a shower  pan f abr i cat ed i n pl ace.   The shower  pan mat er i al  
shal l  be cut  t o s i ze and shape of  t he ar ea i ndi cat ed,  i n one pi ece t o t he 
maxi mum ext ent  pr act i cabl e,  al l owi ng a mi ni mum of  6 i nches f or  t ur nup on 
wal l s or  par t i t i ons,  and shal l  be f ol ded over  t he cur b wi t h an appr oxi mat e 
r et ur n of  1/ 4 of  cur b hei ght .   The upst ands shal l  be pl aced behi nd any 
wal l  or  par t i t i on f i ni sh.   Subf l oor i ng shal l  be smoot h and cl ean,  wi t h 
nai l heads dr i ven f l ush wi t h sur f ace,  and shal l  be s l oped t o dr ai n.   Shower  
pans shal l  be c l amped t o dr ai ns wi t h t he dr ai n c l ampi ng r i ng.

3. 3. 8. 2   Met al  Shower  Pans

When a shower  pan of  r equi r ed si ze cannot  be f ur ni shed i n one pi ece,  met al  
pi eces shal l  be j oi ned wi t h a f l i nt l ock seam and sol der ed or  bur ned.   The 
cor ner s shal l  be f ol ded,  not  cut ,  and t he cor ner  seam shal l  be sol der ed or  
bur ned.   Pans,  i ncl udi ng upst ands,  shal l  be coat ed on al l  sur f aces wi t h 
one br ush coat  of  asphal t .   Asphal t  shal l  be appl i ed evenl y at  not  l ess 
t han 1 gal l on per  50 squar e f eet .   A l ayer  of  f el t  cover ed wi t h bui l di ng 
paper  shal l  be pl aced bet ween shower  pans and wood f l oor s.   The j oi ni ng 
sur f aces of  met al  pan and dr ai n shal l  be gi ven a br ush coat  of  asphal t  
af t er  t he pan i s connect ed t o t he dr ai n.

3. 3. 8. 3   Pl ast i c i zed Chl or i nat ed Pol yet hyl ene Shower  Pans

Cor ner s of  pl ast i c i zed chl or i nat ed pol yet hyl ene shower  pans shal l  be 
f ol ded agai nst  t he upst and by maki ng a pi g- ear  f ol d.   Hot - ai r  gun or  heat  
l amp shal l  be used i n maki ng cor ner  f ol ds.   Each pi g- ear  cor ner  f ol d shal l  
be nai l ed or  st apl ed 1/ 2 i nch f r om t he upper  edge t o hol d i t  i n pl ace.   
Nai l s shal l  be gal vani zed l ar ge- head r oof i ng nai l s.   On met al  f r ami ng or  
st uds,  appr oved duct  t ape shal l  be used t o secur e pi g- ear  f ol d and 
membr ane.   Wher e no backi ng i s pr ovi ded bet ween t he st uds,  t he membr ane 
sl ack shal l  be t aken up by pl eat i ng and st apl i ng or  nai l i ng t o st uddi ng 
1/ 2 i nch f r om upper  edge.   To adher e t he membr ane t o ver t i cal  sur f aces,  
t he back of  t he membr ane and t he sur f ace t o whi ch i t  wi l l  be appl i ed shal l  
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be coat ed wi t h adhesi ve t hat  becomes dr y t o t he t ouch i n 5 t o 10 mi nut es,  
af t er  whi ch t he membr ane shal l  be pr essed i nt o pl ace.   Sur f aces t o be 
sol vent - wel ded shal l  be c l ean.   Sur f aces t o be j oi ned wi t h xyl ene shal l  be 
i ni t i al l y  spr ayed and vi gor ousl y c l eaned wi t h a cot t on cl ot h,  f ol l owed by 
f i nal  coat i ng of  xyl ene and t he j oi ni ng of  t he sur f aces by r ol l er  or  
equi val ent  means.   I f  ambi ent  or  membr ane t emper at ur es ar e bel ow 40 
degr ees F t he membr ane and t he j oi nt  shal l  be heat ed pr i or  t o appl i cat i on 
of  xyl ene.   Heat  may be appl i ed wi t h hot - ai r  gun or  heat  l amp,  t aki ng 
pr ecaut i ons not  t o scor ch t he membr ane.   Adequat e vent i l at i on and wear i ng 
of  gl oves ar e r equi r ed when wor ki ng wi t h xyl ene.   Membr ane shal l  be 
pr essed i nt o posi t i on on t he dr ai n body,  and shal l  be cut  and f i t  t o mat ch 
so t hat  membr ane can be pr oper l y c l amped and an ef f ect i ve gasket - t ype seal  
pr ovi ded.   On wood subf l oor i ng,  t wo l ayer s of  15 pound dr y f el t  shal l  be 
i nst al l ed pr i or  t o i nst al l at i on of  shower  pan t o ensur e a smoot h sur f ace 
f or  i nst al l at i on.

3. 3. 8. 4   Nonpl ast i c i zed Pol yvi nyl  Chl or i de ( PVC)  Shower  Pans

Nonpl ast i c i zed PVC shal l  be t ur ned up behi nd wal l s or  wal l  sur f aces a 
di st ance of  not  l ess t han 6 i nches i n r oom ar eas and 3 i nches above cur b 
l evel  i n cur bed spaces wi t h suf f i c i ent  mat er i al  t o f ol d over  and f ast en t o 
out si de f ace of  cur b.   Cor ner s shal l  be pi g- ear  t ype and f ol ded bet ween 
pan and st uds.   Onl y t op 1 i nch of  upst and shal l  be nai l ed t o hol d i n 
pl ace.   Nai l s shal l  be gal vani zed l ar ge- head r oof i ng t ype.   Appr oved duct  
t ape shal l  be used on met al  f r ami ng or  st uds t o secur e pi g- ear  f ol d and 
membr ane.   Wher e no backi ng i s pr ovi ded bet ween st uds,  t he membr ane sl ack 
shal l  be t aken up by pl eat i ng and st apl i ng or  nai l i ng t o st uddi ng at  t op 
i nch of  upst and.   To adher e t he membr ane t o ver t i cal  sur f aces,  t he back of  
t he membr ane and t he sur f ace t o whi ch i t  i s  t o be appl i ed shal l  be coat ed 
wi t h adhesi ve t hat  becomes dr y t o t he t ouch i n 5 t o 10 mi nut es,  af t er  
whi ch t he membr ane shal l  be pr essed i nt o pl ace.   Tr i m f or  dr ai n shal l  be 
exact l y t he s i ze of  dr ai n openi ng.   Bol t  hol es shal l  be pi er ced t o 
accommodat e bol t s wi t h a t i ght  f i t .   Adhesi ve shal l  be used bet ween pan 
and subdr ai n.   Cl ampi ng r i ng shal l  be bol t ed f i r ml y.   A smal l  amount  of  
gr avel  or  por ous mat er i al s shal l  be pl aced at  weephol es so t hat  hol es 
r emai n c l ear  when set t i ng bed i s pour ed.   Membr ane shal l  be sol vent  wel ded 
wi t h PVC sol vent  cement .   Sur f aces t o be sol vent  wel ded shal l  be c l ean 
( f r ee of  gr ease and gr i me) .   Sheet s shal l  be l ai d on a f l at  sur f ace wi t h 
an over l ap of  about  2 i nches.   Top edge shal l  be f ol ded back and sur f ace 
pr i med wi t h a PVC pr i mer .   PVC cement  shal l  be appl i ed and sur f aces 
i mmedi at el y pl aced t oget her ,  whi l e st i l l  wet .   Joi nt  shal l  be l i ght l y 
r ol l ed wi t h a pai nt  r ol l er ,  t hen as t he j oi nt  set s shal l  be r ol l ed f i r ml y 
but  not  so har d as t o di st or t  t he mat er i al .   I n l ong l engt hs,  about  2 or  3 
f eet  at  a t i me shal l  be wel ded.   On wood subf l oor i ng,  t wo l ayer s of  15 
pound f el t  shal l  be i nst al l ed pr i or  t o i nst al l at i on of  shower  pan t o 
ensur e a smoot h sur f ace i nst al l at i on.

3. 4   VI BRATI ON- ABSORBI NG FEATURES

Mechani cal  equi pment ,  i ncl udi ng compr essor s and pumps,   shal l  be i sol at ed 
f r om t he bui l di ng st r uct ur e by appr oved vi br at i on- absor bi ng f eat ur es,  
unl ess ot her wi se shown.   Each f oundat i on shal l  i ncl ude an adequat e number  
of  st andar d i sol at i on uni t s.   Each uni t  shal l  consi st  of  machi ne and f l oor  
or  f oundat i on f ast eni ng,  t oget her  wi t h i nt er medi at e i sol at i on mat er i al ,  
and shal l  be a st andar d pr oduct  wi t h pr i nt ed l oad r at i ng.   Pi pi ng 
connect ed t o mechani cal  equi pment  shal l  be pr ovi ded wi t h f l exi bl e 
connect or s.   
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3. 4. 1   Foundat i on- Mount ed Compr essor s

Foundat i on at t achment  shal l  be as r ecommended by t he compr essor  
manuf act ur er .   

3. 5   WATER METER REMOTE READOUT REGI STER

The r emot e r eadout  r egi st er  shal l  be mount ed at  t he l ocat i on i ndi cat ed or  
as di r ect ed by t he Cont r act i ng Of f i cer .

3. 6   I DENTI FI CATI ON SYSTEMS

3. 6. 1   I dent i f i cat i on Tags

I dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c,  or  engr aved 
anodi zed al umi num,  i ndi cat i ng ser vi ce and val ve number  shal l  be i nst al l ed 
on val ves,  except  t hose val ves i nst al l ed on suppl i es at  pl umbi ng f i xt ur es.  
Tags shal l  be 1- 3/ 8 i nch mi ni mum di amet er ,  and mar ki ng shal l  be st amped or  
engr aved.   I ndent at i ons shal l  be bl ack,  f or  r eadi ng cl ar i t y.   Tags shal l  
be at t ached t o val ves wi t h No.  12 AWG,  copper  wi r e,  chr ome- pl at ed beaded 
chai n,  or  pl ast i c st r aps desi gned f or  t hat  pur pose.

3. 6. 2   Pi pe Col or  Code Mar ki ng

Col or  code mar ki ng of  pi pi ng shal l  be as speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.

3. 6. 3   Col or  Codi ng Scheme f or  Locat i ng Hi dden Ut i l i t y  Component s

Scheme shal l  be pr ovi ded i n bui l di ngs havi ng suspended gr i d cei l i ngs.   The 
col or  codi ng scheme shal l  i dent i f y poi nt s of  access f or  mai nt enance and 
oper at i on of  oper abl e component s whi ch ar e not  v i s i bl e f r om t he f i ni shed 
space and i nst al l ed i n t he space di r ect l y above t he suspended gr i d 
cei l i ng.  The oper abl e component s shal l  i ncl ude val ves,  damper s,  swi t ches,  
l i nkages and t her most at s.   The col or  codi ng scheme shal l  consi st  of  a 
col or  code boar d and col or ed met al  di sks.   Each col or ed met al  di sk shal l  
be appr oxi mat el y 3/ 8 i nch i n di amet er  and secur ed t o r emovabl e cei l i ng 
panel s wi t h f ast ener s.   The f ast ener s shal l  be i nser t ed i nt o t he cei l i ng 
panel s so t hat  t he f ast ener s wi l l  be conceal ed f r om vi ew.   The f ast ener s 
shal l  be manual l y r emovabl e wi t hout  t ool s and shal l  not  separ at e f r om t he 
cei l i ng panel s when panel s ar e dr opped f r om cei l i ng hei ght .   I nst al l at i on 
of  col or ed met al  di sks shal l  f ol l ow compl et i on of  t he f i ni shed sur f ace on 
whi ch t he di sks ar e t o be f ast ened.   The col or  code boar d shal l  have t he 
appr oxi mat e di mensi ons of  3 f oot  wi dt h,  30 i nches hei ght ,  and 1/ 2 i nch 
t hi ckness.   The boar d shal l  be made of  wood f i ber boar d and f r amed under  
gl ass or  1/ 16 i nch t r anspar ent  pl ast i c cover .   Unl ess ot her wi se di r ect ed,  
t he col or  code symbol s shal l  be appr oxi mat el y 3/ 4 i nch i n di amet er  and t he 
r el at ed l et t er i ng i n 1/ 2 i nch hi gh capi t al  l et t er s.   The col or  code boar d 
shal l  be mount ed and l ocat ed i n t he mechani cal  or  equi pment  r oom.   

3. 7   ESCUTCHEONS

Escut cheons shal l  be pr ovi ded at  f i ni shed sur f aces wher e bar e or  i nsul at ed 
pi pi ng,  exposed t o v i ew,  passes t hr ough f l oor s,  wal l s,  or  cei l i ngs,  except  
i n boi l er ,  ut i l i t y ,  or  equi pment  r ooms.   Escut cheons shal l  be f ast ened 
secur el y t o pi pe or  pi pe cover i ng and shal l  be sat i n- f i ni sh,  
cor r osi on- r esi st i ng st eel ,  pol i shed chr omi um- pl at ed zi nc al l oy,  or  
pol i shed chr omi um- pl at ed copper  al l oy.   Escut cheons shal l  be ei t her  
one- pi ece or  spl i t - pat t er n,  hel d i n pl ace by i nt er nal  spr i ng t ensi on or  
set scr ew.
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3. 8   PAI NTI NG

Pai nt i ng of  pi pes,  hanger s,  suppor t s,  and ot her  i r on wor k,  ei t her  i n 
conceal ed spaces or  exposed spaces,  i s speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.

3. 8. 1   Pai nt i ng of  New Equi pment

New equi pment  pai nt i ng shal l  be f act or y appl i ed or  shop appl i ed,  and shal l  
be as speci f i ed her ei n,  and pr ovi ded under  each i ndi v i dual  sect i on.

3. 8. 1. 1   Fact or y Pai nt i ng Syst ems

Manuf act ur er ' s st andar d f act or y pai nt i ng syst ems may be pr ovi ded subj ect  
t o cer t i f i cat i on t hat  t he f act or y pai nt i ng syst em appl i ed wi l l  wi t hst and 
125 hour s i n a sal t - spr ay f og t est ,  except  t hat  equi pment  l ocat ed out door s 
shal l  wi t hst and 500 hour s i n a sal t - spr ay f og t est .   Sal t - spr ay f og t est  
shal l  be i n accor dance wi t h ASTM B117,  and f or  t hat  t est  t he accept ance 
cr i t er i a shal l  be as f ol l ows:   i mmedi at el y af t er  compl et i on of  t he t est ,  
t he pai nt  shal l  show no si gns of  bl i s t er i ng,  wr i nkl i ng,  or  cr acki ng,  and 
no l oss of  adhesi on;  and t he speci men shal l  show no si gns of  r ust  cr eepage 
beyond 0. 125 i nch on ei t her  s i de of  t he scr at ch mar k.

The f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed on t he equi pment  
shal l  not  be l ess t han t he f i l m t hi ckness used on t he t est  speci men.   I f  
manuf act ur er ' s st andar d f act or y pai nt i ng syst em i s bei ng pr oposed f or  use 
on sur f aces subj ect  t o t emper at ur es above 120 degr ees F,  t he f act or y 
pai nt i ng syst em shal l  be desi gned f or  t he t emper at ur e ser vi ce.

3. 8. 1. 2   Shop Pai nt i ng Syst ems f or  Met al  Sur f aces

Cl ean,  pr et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  met al  sur f aces 
subj ect  t o t emper at ur es i n excess of  120 degr ees F shal l  be c l eaned t o 
bar e met al .

Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he second coat  
af t er  t he pr ecedi ng coat  i s t hor oughl y dr y.   Li ght l y sand damaged pai nt i ng 
and r et ouch bef or e appl y i ng t he succeedi ng coat .  Col or  of  f i ni sh coat  
shal l  be al umi num or  l i ght  gr ay.

a.   Temper at ur es Less Than 120 Degr ees F:  I mmedi at el y af t er  c l eani ng,  t he 
met al  sur f aces subj ect  t o t emper at ur es l ess t han 120 degr ees F shal l  
r ecei ve one coat  of  pr et r eat ment  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  0. 3 mi l ,  one coat  of  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  one mi l ;  and t wo coat s of  enamel  appl i ed t o a mi ni mum dr y 
f i l m t hi ckness of  one mi l  per  coat .

b.   Temper at ur es Bet ween 120 and 400 Degr ees F:   Met al  sur f aces subj ect  t o 
t emper at ur es bet ween 120 and 400 degr ees F shal l  r ecei ve t wo coat s of  
400 degr ees F heat - r esi st i ng enamel  appl i ed t o a t ot al  mi ni mum 
t hi ckness of  2 mi l s.

c.   Temper at ur es Gr eat er  Than 400 Degr ees F:  Met al  sur f aces subj ect  t o 
t emper at ur es gr eat er  t han 400 degr ees F shal l  r ecei ve t wo coat s of  600 
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degr ees F heat - r esi st i ng pai nt  appl i ed t o a t ot al  mi ni mum dr y f i l m 
t hi ckness of  2 mi l s.

3. 9   TESTS,  FLUSHI NG AND DI SI NFECTI ON

3. 9. 1   Pl umbi ng Syst em

The f ol l owi ng t est s shal l  be per f or med on t he pl umbi ng syst em i n 
accor dance wi t h I APMO UPC,  except  t hat  t he dr ai nage and vent  syst em f i nal  
t est  shal l  i ncl ude t he smoke t est .   The Cont r act or  has t he opt i on t o 
per f or m a pepper mi nt  t est  i n l i eu of  t he smoke t est .   I f  a pepper mi nt  t est  
i s  chosen,  t he Cont r act or  must  submi t  a t est i ng pr ocedur e and r easons f or  
choosi ng t hi s opt i on i n l i eu of  t he smoke t est  t o t he Cont r act i ng Of f i cer  
f or  appr oval .

a.   Dr ai nage and Vent  Syst ems Test .   The f i nal  t est  shal l  i ncl ude a smoke 
t est .

b.   Bui l di ng Sewer s Test s.

c.   Wat er  Suppl y Syst ems Test s.

3. 9. 1. 1   Test  of  Backf l ow Pr event i on Assembl i es

Backf l ow pr event i on assembl y shal l  be t est ed usi ng gauges speci f i cal l y 
desi gned f or  t he t est i ng of  backf l ow pr event i on assembl i es.

Backf l ow pr event i on assembl y t est  gauges shal l  be t est ed annual l y f or  
accur acy i n accor dance wi t h t he r equi r ement s of  St at e or  l ocal  r egul at or y 
agenci es.  I f  t her e i s no St at e or  l ocal  r egul at or y agency r equi r ement s,  
gauges shal l  be t est ed annual l y f or  accur acy i n accor dance wi t h t he 
r equi r ement s of  Uni ver si t y of  Sout her n Cal i f or ni a' s Foundat i on of  Cr oss 
Connect i on Cont r ol  and Hydr aul i c Resear ch or  t he Amer i can Wat er  Wor ks 
Associ at i on Manual  of  Cr oss Connect i on ( Manual  M- 14) ,  or  any ot her  
appr oved t est i ng l abor at or y havi ng equi val ent  capabi l i t i es f or  bot h 
l abor at or y and f i el d eval uat i on of  backf l ow pr event i on assembl y t est  
gauges.   Repor t  f or m f or  each assembl y shal l  i ncl ude,  as a mi ni mum,  t he 
f ol l owi ng:

Dat a on Devi ce Dat a on Test i ng Fi r m

Type of  Assembl y Name

Manuf act ur er Addr ess

Model  Number Cer t i f i ed Test er

Ser i al  Number Cer t i f i ed Test er  No.

Si ze Dat e of  Test

Locat i on

Test  Pr essur e Readi ngs Ser i al  Number  and Test  Dat a of  Gauges

I f  t he uni t  f ai l s  t o meet  speci f i ed r equi r ement s,  t he uni t  shal l  be 
r epai r ed and r et est ed.
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3. 9. 1. 2   Shower  Pans

Af t er  i nst al l at i on of  t he pan and f i ni shed f l oor ,  t he dr ai n shal l  be 
t empor ar i l y  pl ugged bel ow t he weep hol es.   The f l oor  ar ea shal l  be f l ooded 
wi t h wat er  t o a mi ni mum dept h of  1 i nch f or  a per i od of  24 hour s.   Any 
dr op i n t he wat er  l evel  dur i ng t est ,  except  f or  evapor at i on,  wi l l  be 
r eason f or  r ej ect i on,  r epai r ,  and r et est .

3. 9. 1. 3   Compr essed Ai r  Pi pi ng ( Nonoi l - Fr ee)

Pi pi ng syst ems shal l  be f i l l ed wi t h oi l - f r ee dr y ai r  or  gaseous ni t r ogen t o
 150 psi g and hol d t hi s pr essur e f or  2 hour s wi t h no dr op i n pr essur e.

3. 9. 2   Def ect i ve Wor k

I f  i nspect i on or  t est  shows def ect s,  such def ect i ve wor k or  mat er i al  shal l  
be r epl aced or  r epai r ed as necessar y and i nspect i on and t est s shal l  be 
r epeat ed.   Repai r s t o pi pi ng shal l  be made wi t h new mat er i al s.   Caul k i ng 
of  scr ewed j oi nt s or  hol es wi l l  not  be accept abl e.

3. 9. 3   Syst em Fl ushi ng

3. 9. 3. 1   Dur i ng Fl ushi ng

Bef or e oper at i onal  t est s or  di s i nf ect i on,  pot abl e wat er  pi pi ng syst em 
shal l  be f l ushed wi t h pot abl e wat er .   Suf f i c i ent  wat er  shal l  be used t o 
pr oduce a wat er  vel oci t y t hat  i s  capabl e of  ent r ai ni ng and r emovi ng debr i s 
i n al l  por t i ons of  t he pi pi ng syst em.   Thi s r equi r es s i mul t aneous 
oper at i on of  al l  f i x t ur es on a common br anch or  mai n i n or der  t o pr oduce a 
f l ushi ng vel oci t y of  appr oxi mat el y 4 f ps t hr ough al l  por t i ons of  t he 
pi pi ng syst em.   I n t he event  t hat  t hi s i s i mpossi bl e due t o s i ze of  
syst em,  t he Cont r act i ng Of f i cer  ( or  t he desi gnat ed r epr esent at i ve)  shal l  
speci f y t he number  of  f i x t ur es t o be oper at ed dur i ng f l ushi ng.   Cont r act or  
shal l  pr ovi de adequat e per sonnel  t o moni t or  t he f l ushi ng oper at i on and t o 
ensur e t hat  dr ai n l i nes ar e unobst r uct ed i n or der  t o pr event  f l oodi ng of  
t he f aci l i t y .   Cont r act or  shal l  be r esponsi bl e f or  any f l ood damage 
r esul t i ng f r om f l ushi ng of  t he syst em.   Fl ushi ng shal l  be cont i nued unt i l  
ent r ai ned di r t  and ot her  f or ei gn mat er i al s have been r emoved and unt i l  
di schar ge wat er  shows no di scol or at i on.   Al l  f aucet s and dr i nki ng wat er  
f ount ai ns,  t o i ncl ude any devi ce consi der ed as an end poi nt  devi ce by 
NSF/ ANSI  61,  Sect i on 9,  shal l  be f l ushed a mi ni mum of  0. 25 gal l ons per  24 
hour  per i od,  t en t i mes over  a 14 day per i od.

3. 9. 3. 2   Af t er  Fl ushi ng

 Syst em shal l  be dr ai ned at  l ow poi nt s.   St r ai ner  scr eens shal l  be 
r emoved,  c l eaned,  and r epl aced.   Af t er  f l ushi ng and cl eani ng,  syst ems 
shal l  be pr epar ed f or  t est i ng by i mmedi at el y f i l l i ng wat er  pi pi ng wi t h 
c l ean,  f r esh pot abl e wat er .   Any st oppage,  di scol or at i on,  or  ot her  damage 
t o t he f i ni sh,  f ur ni shi ngs,  or  par t s of  t he bui l di ng due t o t he 
Cont r act or ' s f ai l ur e t o pr oper l y c l ean t he pi pi ng syst em shal l  be r epai r ed 
by t he Cont r act or .   When t he syst em f l ushi ng i s compl et e,  t he hot - wat er  
syst em shal l  be adj ust ed f or  uni f or m ci r cul at i on.   Fl ushi ng devi ces and 
aut omat i c cont r ol  syst ems shal l  be adj ust ed f or  pr oper  oper at i on accor di ng 
t o manuf act ur er ' s i nst r uct i ons.   Fl ow r at es on f i xt ur es must  not  exceed 
t hose st at ed i n PART 2 of  t hi s Sect i on.   Unl ess mor e st r i ngent  l ocal  
r equi r ement s exi st ,  l ead l evel s shal l  not  exceed l i mi t s est abl i shed by 
40 CFR 141. 80 ( c) ( 1) .   The wat er  suppl y t o t he bui l di ng shal l  be t est ed 
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separ at el y t o ensur e t hat  any l ead cont ami nat i on f ound dur i ng pot abl e 
wat er  syst em t est i ng i s due t o wor k bei ng per f or med i nsi de t he bui l di ng.

3. 9. 4   Oper at i onal  Test

Upon compl et i on of  f l ushi ng and pr i or  t o di s i nf ect i on pr ocedur es,  t he 
Cont r act or  shal l  subj ect  t he pl umbi ng syst em t o oper at i ng t est s t o 
demonst r at e sat i sf act or y i nst al l at i on,  connect i ons,  adj ust ment s,  and 
f unct i onal  and oper at i onal  ef f i c i ency.   Such oper at i ng t est s shal l  cover  a 
per i od of  not  l ess t han 8 hour s f or  each syst em and shal l  i ncl ude t he 
f ol l owi ng i nf or mat i on i n a r epor t  wi t h concl usi on as t o t he adequacy of  
t he syst em:

a.   Ti me,  dat e,  and dur at i on of  t est .

b.   Wat er  pr essur es at  t he most  r emot e and t he hi ghest  f i x t ur es.

c.   Oper at i on of  each f i xt ur e and f i xt ur e t r i m.

d.   Oper at i on of  each val ve,  hydr ant ,  and f aucet .

e.   Pump suct i on and di schar ge pr essur es.

f .   Temper at ur e of  each domest i c hot - wat er  suppl y.

g.   Oper at i on of  each f l oor  and r oof  dr ai n by f l oodi ng wi t h wat er .

h.   Oper at i on of  each vacuum br eaker  and backf l ow pr event er .

i .   Compl et e oper at i on of  each wat er  pr essur e boost er  syst em,  i ncl udi ng 
pump st ar t  pr essur e and st op pr essur e.

j .   Compr essed ai r  r eadi ngs at  each compr essor  and at  each out l et .  Each 
i ndi cat i ng i nst r ument  shal l  be r ead at  1/ 2 hour  i nt er val s.   The r epor t  
of  t he t est  shal l  be submi t t ed i n quadr upl i cat e.   The Cont r act or  shal l  
f ur ni sh i nst r ument s,  equi pment ,  and per sonnel  r equi r ed f or  t he t est s;  
t he Gover nment  wi l l  f ur ni sh t he necessar y wat er  and el ect r i c i t y.

3. 9. 5   Di s i nf ect i on

Af t er  al l  syst em component s ar e pr ovi ded and oper at i onal  t est s ar e 
compl et e,  t he ent i r e domest i c hot -  and col d- wat er  di st r i but i on syst em 
shal l  be di s i nf ect ed.   Bef or e i nt r oduci ng di s i nf ect i ng chl or i nat i on 
mat er i al ,  ent i r e syst em shal l  be f l ushed wi t h pot abl e wat er  unt i l  any 
ent r ai ned di r t  and ot her  f or ei gn mat er i al s have been r emoved.

    Wat er  chl or i nat i on pr ocedur e shal l  be i n accor dance wi t h AWWA C651 and 
AWWA C652 as modi f i ed and suppl ement ed by t hi s speci f i cat i on.   The 
chl or i nat i ng mat er i al  shal l  be hypochl or i t es or  l i qui d chl or i ne.  The 
chl or i nat i ng mat er i al  shal l  be f ed i nt o t he wat er  pi pi ng syst em at  a 
const ant  r at e at  a concent r at i on of  at  l east  50 par t s per  mi l l i on 
( ppm) .   Feed a pr oper l y adj ust ed hypochl or i t e sol ut i on i nj ect ed i nt o 
t he syst em wi t h a hypochl or i nat or ,  or  i nj ect  l i qui d chl or i ne i nt o t he 
syst em t hr ough a sol ut i on- f eed chl or i nat or  and boost er  pump unt i l  t he 
ent i r e syst em i s compl et el y f i l l ed.

    Test  t he chl or i ne r esi dual  l evel  i n t he wat er  at  6 hour  i nt er val s f or  
a cont i nuous per i od of  24 hour s.   I f  at  t he end of  a 6 hour  i nt er val ,  
t he chl or i ne r esi dual  has dr opped t o l ess t han 25 ppm,  f l ush t he 
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pi pi ng i ncl udi ng t anks wi t h pot abl e wat er ,  and r epeat  t he above 
chl or i nat i on pr ocedur es.   Dur i ng t he chl or i nat i on per i od,  each val ve 
and f aucet  shal l  be opened and cl osed sever al  t i mes.

    Af t er  t he second 24 hour  per i od,  ver i f y t hat  no l ess t han 25 ppm 
chl or i ne r esi dual  r emai ns i n t he t r eat ed syst em.   The 24 hour  
chl or i nat i on pr ocedur e must  be r epeat ed unt i l  no l ess t han 25 ppm 
chl or i ne r esi dual  r emai ns i n t he t r eat ed syst em.

    Upon t he speci f i ed ver i f i cat i on,  t he syst em i ncl udi ng t anks shal l  t hen 
be f l ushed wi t h pot abl e wat er  unt i l  t he r esi dual  chl or i ne l evel  i s  
r educed t o l ess t han one par t  per  mi l l i on.   Dur i ng t he f l ushi ng 
per i od,  each val ve and f aucet  shal l  be opened and cl osed sever al  t i mes.

    Take addi t i onal  sampl es of  wat er  i n di s i nf ect ed cont ai ner s,  f or  
bact er i al  exami nat i on,  at  l ocat i ons speci f i ed by t he Cont r act i ng 
Of f i cer .   Test  t hese sampl es f or  t ot al  col i f or m or gani sms ( col i f or m 
bact er i a,  f ecal  col i f or m,  st r ept ococcal ,  and ot her  bact er i a)  i n 
accor dance wi t h EPA SM 9223.   The t est i ng met hod used shal l  be EPA 
appr oved f or  dr i nki ng wat er  syst ems and shal l  compl y wi t h appl i cabl e 
l ocal  and st at e r equi r ement s.

    Di s i nf ect i on shal l  be r epeat ed unt i l  bact er i al  t est s i ndi cat e t he 
absence of  col i f or m or gani sms ( zer o mean col i f or m densi t y per  100 
mi l l i l i t er s)  i n t he sampl es f or  at  l east  2 f ul l  days.   The syst em wi l l  
not  be accept ed unt i l  sat i sf act or y bact er i ol ogi cal  r esul t s have been 
obt ai ned.

3. 10   POSTED I NSTRUCTI ONS

Fr amed i nst r uct i ons under  gl ass or  i n l ami nat ed pl ast i c,  i ncl udi ng wi r i ng 
and cont r ol  di agr ams showi ng t he compl et e l ayout  of  t he ent i r e syst em,  
shal l  be post ed wher e di r ect ed.   Condensed oper at i ng i nst r uct i ons 
expl ai ni ng pr event i ve mai nt enance pr ocedur es,  met hods of  checki ng t he 
syst em f or  nor mal  saf e oper at i on,  and pr ocedur es f or  saf el y st ar t i ng and 
st oppi ng t he syst em shal l  be pr epar ed i n t yped f or m,  f r amed as speci f i ed 
above f or  t he wi r i ng and cont r ol  di agr ams and post ed besi de t he di agr ams.   
The f r amed i nst r uct i ons shal l  be post ed bef or e accept ance t est i ng of  t he 
syst ems.

3. 11   PERFORMANCE OF WATER HEATI NG EQUI PMENT

St andar d r at i ng condi t i on t er ms ar e as f ol l ows:

EF = Ener gy f act or ,  mi ni mum over al l  ef f i c i ency.

ET = Mi ni mum t her mal  ef f i c i ency wi t h 70 degr ees F del t a T.

SL = St andby l oss i s maxi mum ( Bt u/ h)  based on a 70 degr ees F 
t emper at ur e di f f er ence bet ween st or ed wat er  and ambi ent  r equi r ement s.

V = Rat ed vol ume i n gal l ons

Q = Namepl at e i nput  r at e i n kW ( Bt u/ h)
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3. 11. 1   I nst ant aneous Wat er  Heat er

3. 11. 1. 1   Gas

a.   Rat i ng of  4, 000 Bt u/ h/ gal  and gr eat er  and l ess t han 2 gal l ons wi t h an 
i nput  gr eat er  t han 50, 000 Bt u/ h and l ess t han 200, 000 Bt u/ h shal l  have 
a mi ni mum ener gy f act or  ( EF)  of  0. 62- 0. 0019V per  10 CFR 430.

b.   Rat i ng of  4, 000 Bt u/ h/ gal  and gr eat er  and l ess t han 10 gal l ons wi t h an 
i nput  of  200, 000 Bt u/ h and gr eat er  shal l  have a mi ni mum t her mal  
ef f i c i ency ( ET)  of  80 per cent  per  ANSI  Z21. 10. 3/ CSA 4. 3

c.   Rat i ng of  4, 000 BTU/ h/ gal  and gr eat er  and 10 gal l ons and gr eat er  wi t h 
an i nput  of  200, 000 Bt u/ h and gr eat er  shal l  have a mi ni mum t her mal  
ef f i c i ency ( ET)  of  80 per cent  and t he maxi mum SL shal l  be 
Q/ 800+110x( V^^1/ 2) )  per  ANSI  Z21. 10. 3/ CSA 4. 3

3. 12   TABLES

TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG SYSTEMS

I t em 
#

Pi pe and Fi t t i ng 
Mat er i al s

SERVI CE 
A

SERVI CE 
B

SERVI CE 
C

SERVI CE 
D

SERVI CE 
E

SERVI CE 
F

SERVI CE G

1 Pol yvi nyl  Chl or i de 
pl ast i c dr ai n,  wast e 
and vent  pi pe and 
f i t t i ngs,  ASTM D2665,  
ASTM F891,  ( Sch 40)  
ASTM F1760

X X X X X X

2 Seaml ess copper  pi pe,  
ASTM B42

X

SERVI CE:

    A -  Under gr ound Bui l di ng Soi l ,  Wast e and St or m Dr ai n
    B -  Abovegr ound Soi l ,  Wast e,  Dr ai n I n Bui l di ngs
    C -  Under gr ound Vent
    D -  Abovegr ound Vent
    E -  I nt er i or  Rai nwat er  Conduct or s Abovegr ound
    F -  Cor r osi ve Wast e And Vent  Above And Bel owgr ound
    G -  Condensat e Dr ai n Abovegr ound

*  -  Har d Temper
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TABLE I I

PI PE AND FI TTI NG MATERI ALS FOR PRESSURE PI PI NG SYSTEMS

I t em # Pi pe and Fi t t i ng Mat er i al s SERVI CE A SERVI CE 
B

SERVI CE C SERVI CE D

1 St eel  pi pe:

b.   Seaml ess,  bl ack,  ASTM A53/ A53M,  
Type S,  Gr ade B

X

2 Seaml ess copper  pi pe,  ASTM B42 X X

3 Seaml ess copper  wat er  t ube,  ASTM B88,  
ASTM B88M

X* * X* * X* * X* * *

4 Wr ought  copper  and br onze 
sol der - j oi nt  pr essur e f i t t i ngs,  
ASME B16. 22 f or  use wi t h I t ems 5,  7 
and 8

X X X X

5 Car bon st eel  pi pe uni ons,  
socket - wel di ng and t hr eaded,  MSS SP- 83

X X X

6 Ni ppl es,  pi pe t hr eaded ASTM A733 X X X

SERVI CE:
    A -  Col d Wat er  Ser vi ce Abovegr ound
    B -  Hot  and Col d Wat er  Di st r i but i on
         180 degr ees F Maxi mum Abovegr ound
    C -  Compr essed Ai r  Lubr i cat ed
    D -  Col d Wat er  Ser vi ce Bel owgr ound
    I ndi cat ed t ypes ar e mi ni mum wal l  t hi cknesses.
    * *  -  Type L -  Har d
    * * *  -  Type K -  Har d t emper  wi t h br azed j oi nt s onl y or  t ype K- sof t
    t emper  wi t hout  j oi nt s i n or  under  f l oor s
    * * * *  -  I n or  under  sl ab f l oor s onl y br azed j oi nt s
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TABLE I I I

STANDARD RATI NG CONDI TI ONS AND MI NI MUM PERFORMANCE RATI NGS FOR WATER HEATI NG EQUI PMENT

FUEL STORAGE 
CAPACI TY 
GALLONS

I NPUT RATI NG TEST PROCEDURE REQUI RED PERFORMANCE

A.   I nst ant aneous Wat er  Heat er

Gas 4, 000 
( bt u/ h) / gal  
and 2 gal  max.

50, 000 Bt u/ h 
mi n
200, 000 Bt u/ h 
max.

10 CFR 430 EF = 0. 62- 0. 0019V

TERMS:

EF = Ener gy f act or ,  mi ni mum over al l  ef f i c i ency.
ET = Mi ni mum t her mal  ef f i c i ency wi t h 70 degr ees F del t a T.
SL = St andby l oss i s maxi mum Bt u/ h based on a 70 degr ee F t emper at ur e di f f er ence 
bet ween st or ed wat er  and ambi ent  r equi r ement s.
V = Rat ed st or age vol ume i n gal l ons
Q = Namepl at e i nput  r at e i n Bt u/ h

        - -  End of  Sect i on - -
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SECTI ON 23 05 48. 19

SEI SMI C BRACI NG FOR HVAC
05/ 18,  CHG 2:  08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  355. 2 ( 2007)  Qual i f i cat i on of  Post - I nst al l ed 
Mechani cal  Anchor s i n Concr et e and 
Comment ar y

ACI  355. 4 ( 2011)  Qual i f i cat i on of  Post - I nst al l ed 
Adhesi ve Anchor s i n Concr et e ( ACI  355. 4)  
and Comment ar y

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 325 ( 2017)  St eel  Const r uct i on Manual

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE 7- 16 ( 2017;  Er r at a 2018;  Supp 1 2018)  Mi ni mum 
Desi gn Loads and Associ at ed Cr i t er i a f or  
Bui l di ngs and Ot her  St r uct ur es

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A153/ A153M ( 2016a)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A325 ( 2014)  St andar d Speci f i cat i on f or  
St r uct ur al  Bol t s,  St eel ,  Heat  Tr eat ed,  
120/ 105 ksi  Mi ni mum Tensi l e St r engt h

ASTM A490 ( 2014a)  St andar d Speci f i cat i on f or  
St r uct ur al  Bol t s,  Al l oy St eel ,  Heat  
Tr eat ed,  150 ksi  Mi ni mum Tensi l e St r engt h

ASTM A500/ A500M ( 2021a)  St andar d Speci f i cat i on f or  
Col d- For med Wel ded and Seaml ess Car bon 
St eel  St r uct ur al  Tubi ng i n Rounds and 
Shapes
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ASTM A563 ( 2021;  E 2022a)  St andar d Speci f i cat i on f or  
Car bon and Al l oy St eel  Nut s

ASTM A603 ( 2019)  St andar d Speci f i cat i on f or  
Zi nc- Coat ed St eel  St r uct ur al  Wi r e Rope

ASTM E488/ E488M ( 2022)  St andar d Test  Met hods f or  St r engt h 
of  Anchor s i n Concr et e El ement s

ASTM F1554 ( 2020)  St andar d Speci f i cat i on f or  Anchor  
Bol t s,  St eel ,  36,  55,  and 105- ksi  Yi el d 
St r engt h

FEDERAL EMERGENCY MANAGEMENT AGENCY ( FEMA)

FEMA P- 414 ( Januar y 2004)  I nst al l i ng Sei smi c 
Rest r ai nt s f or  Duct  and Pi pe

I CC EVALUATI ON SERVI CE,  I NC.  ( I CC- ES)

I CC ES AC193 ( 2012)  Accept ance Cr i t er i a f or  Mechani cal  
Anchor s i n Concr et e El ement s

METAL FRAMI NG MANUFACTURERS ASSOCI ATI ON ( MFMA)

MFMA- 4 ( 2004)  Met al  Fr ami ng St andar ds Publ i cat i on

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1981 ( 2008)  Sei smi c Rest r ai nt  Manual  Gui del i nes 
f or  Mechani cal  Syst ems,  3r d Edi t i on

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023)  St r uct ur al  Engi neer i ng

UFC 4- 010- 01 ( 2018;  wi t h Change 2,  2022)  DoD Mi ni mum 
Ant i t er r or i sm St andar ds f or  Bui l di ngs

VI BRATI ON I SOLATI ON AND SEI SMI C CONTROL MANUFACTURERS ASSOCI ATI ON 
( VI SCMA)

VI SCMA 412 ( 2014)  I nst al l i ng Sei smi c Rest r ai nt s f or  
Mechani cal  Equi pment

1. 2   SYSTEM DESCRI PTI ON

1. 2. 1   Gener al  Requi r ement s

Appl y t he r equi r ement s f or  sei smi c pr ot ect i on measur es descr i bed i n t hi s 
sect i on and on t he dr awi ngs t o t he mechani cal  equi pment  and mechani cal  
syst ems bot h i nsi de and out si de of  t he bui l di ng al ong wi t h ext er i or  
ut i l i t i es and syst ems l i s t ed bel ow.   Wher e t her e i s a conf l i c t  bet ween t he 
speci f i cat i ons and t he dr awi ngs,  t he speci f i cat i ons wi l l  t ake pr ecedence.   
Accompl i sh r esi st ance t o l at er al  f or ces i nduced by ear t hquakes wi t hout  
consi der at i on of  f r i c t i on r esul t i ng f r om gr avi t y l oads.
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1. 2. 2   Mechani cal  Equi pment

Mechani cal  equi pment  t o be sei smi cal l y pr ot ect ed must  i ncl ude t he 
f ol l owi ng i t ems t o t he ext ent  r equi r ed on t he dr awi ngs or  i n ot her  
sect i ons of  t hese speci f i cat i ons:

Equi pment / Component s wi t h I p = 1. 0

Wat er  Heat er s Pumps

Duct  Mount ed Fur nace Val ves and Fi t t i ngs f or  Pi pi ng

Exhaust  Fans Ai r  and Ref r i ger ant  Compr essor s

Comput er  Room Ai r  Condi t i oner s Ai r  Handl i ng Uni t s

Uni t  Heat er s Spl i t  Syst em DX Uni t s

1. 2. 3   Mechani cal  Syst ems

Mechani cal  syst ems t o be sei smi cal l y pr ot ect ed must  i ncl ude t he f ol l owi ng 
i t ems t o t he ext ent  r equi r ed on t he dr awi ngs or  i n t hi s or  ot her  sect i ons 
of  t hese speci f i cat i ons:

Mechani cal  syst ems wi t h I p = 1. 0

a.   Al l  Pi pi ng and Duct s I nsi de t he Bui l di ng Except  as Speci f i cal l y St at ed 
Bel ow  Under  " I t ems Not  Cover ed By  Thi s Sect i on" .

c.   Wat er   and GasPi pi ng Out si de of  Bui l di ngs.

1. 2. 4   Cont r act or  Desi gned Br aci ng

Submi t  copi es of  t he desi gn cal cul at i ons wi t h t he dr awi ngs.   Cal cul at i ons 
must  be appr oved,  cer t i f i ed,  st amped and si gned by a r egi st er ed 
Pr of essi onal  St r uct ur al  Engi neer .   Cal cul at i ons must  ver i f y t he capabi l i t y  
of  st r uct ur al  member s t o whi ch br aci ng i s at t ached f or  car r y i ng t he l oad 
f r om t he br ace.   Desi gn t he br aci ng i n accor dance wi t h UFC 3- 301- 01,  ,  
UFC 4- 010- 01 and addi t i onal  dat a f ur ni shed by t he Cont r act i ng Of f i cer .   
Resi st ance t o l at er al  f or ces i nduced by ear t hquakes must  be accompl i shed 
wi t hout  consi der at i on of  f r i c t i on r esul t i ng f r om gr avi t y l oads.   
UFC 3- 301- 01 uses par amet er s f or  t he bui l di ng,  not  f or  t he equi pment  i n 
t he bui l di ng;  t her ef or e,  cor r espondi ng adj ust ment s t o t he f or mul as must  be 
r equi r ed.   Loadi ngs det er mi ned usi ng UFC 3- 301- 01 ar e based on st r engt h 
desi gn;  t her ef or e,  AI SC 325 Speci f i cat i ons must  be used f or  t he desi gn.   
The br aci ng f or  t he mechani cal  equi pment  desi gnat ed i n par agr aph 1. 2. 2 and 
syst ems desi gnat ed i n par agr aph 1. 2. 3 must  be devel oped by t he Cont r act or .
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1. 2. 5   I t ems Not  Cover ed By Thi s Sect i on

1. 2. 5. 1   Fi r e Pr ot ect i on Syst ems

I nst al l  sei smi c pr ot ect i on of  pi pi ng f or  f i r e pr ot ect i on syst ems as 
speci f i ed i n Sect i ons 21 30 00 FI RE PUMPS,  21 13 13 WET PI PE SPRI NKLER 
SYSTEMS,  FI RE PROTECTI ON.

1. 2. 5. 2   I t ems Requi r i ng No Sei smi c Rest r ai nt s

Sei smi c r est r ai nt s ar e not  r equi r ed f or  t he f ol l owi ng i t ems:

a.   Gas pi pi ng l ess t han 1 i nch nomi nal  pi pe s i ze.

b.   Pi pi ng i n mechani cal  equi pment  r ooms l ess t han 1- 1/ 4 i nches nomi nal  
pi pe s i ze.

c.   Al l  ot her  pi pi ng equal  t o or  l ess t han 3i nches nomi nal  pi pe s i ze.

d.   Rect angul ar  ai r  handl i ng duct s l ess t han 6 squar e f eet  i n cr oss 
sect i onal  ar ea.

e.   Round ai r  handl i ng duct s l ess t han 28 i nches i n di amet er .

f .   Pi pi ng suspended by i ndi v i dual  hanger s 12 i nches or  l ess i n l engt h 
f r om t he t op of  pi pe t o t he bot t om of  t he suppor t i ng st r uct ur al  member  
wher e t he hanger  i s at t ached,  except  as not ed bel ow.

g.   Duct s suspended by hanger s 12 i nches or  l ess i n l engt h f r om t he t op of  
t he duct  t o t he bot t om of  t he suppor t i ng st r uct ur al  member ,  except  as 
not ed bel ow.

I n exempt i ons f .  and g.  al l  hanger s must  meet  t he l engt h r equi r ement s.   I f  
t he l engt h r equi r ement  i s exceeded by one hanger  i n t he r un,  br ace t he 
ent i r e r un.   Sei smi cal l y pr ot ect  i nt er i or  pi pi ng and duct s not  l i s t ed 
above i n accor dance wi t h t he pr ovi s i ons of  t hi s speci f i cat i on.

Non- cr i t i cal  i t ems may r equi r e sei smi c r est r ai nt s i f  adj acent  t o cr i t i cal  
equi pment  or  syst ems t hat  must  r emai n oper at i onal  af t er  an ear t hquake and 
coul d be compr omi sed by i mpact  wi t h non- cr i t i cal  adj acent  component s.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Coupl i ng and Br aci ng

Fl exi bl e Coupl i ngs or  Joi nt s

Equi pment  Rest r ai nt

Cont r act or  Desi gned Br aci ng;  G

SD- 03 Pr oduct  Dat a
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Coupl i ng and Br aci ng;  G

Fl exi bl e Coupl i ngs Or  Joi nt s;  G

Equi pment  Rest r ai nt ;  G

Cont r act or  Desi gned Br aci ng;  G

Snubber s

Anchor  Bol t s

Vi br at i on I sol at or s

SD- 05 Desi gn Dat a

Desi gn Cal cul at i ons

SD- 06 Test  Repor t s

Anchor  Bol t s;  G

PART 2   PRODUCTS

2. 1   GENERAL DESI GN REQUI REMENTS

Submi t  det ai l ed sei smi c r est r ai nt  dr awi ngs f or  mechani cal  equi pment ,  duct  
syst ems,  pi pi ng syst ems and any ot her  mechani cal  syst ems al ong wi t h 
cal cul at i ons,  cat al og cut s,  t empl at es,  and er ect i on and i nst al l at i on 
det ai l s,  as appr opr i at e,  f or  t he i t ems l i s t ed bel ow.   I ndi cat e t hi ckness,  
t ype,  gr ade,  c l ass of  met al ,  and di mensi ons;  and show const r uct i on 
det ai l s,  r ei nf or cement ,  anchor age,  and i nst al l at i on wi t h r el at i on t o t he 
bui l di ng const r uct i on.   Cal cul at i ons must  be st amped,  by a r egi st er ed 
st r uct ur al  engi neer ,  and ver i f y t he capabi l i t y  of  st r uct ur al  member s t o 
whi ch br aci ng i s at t ached f or  car r y i ng t he l oad f r om t he br ace.   I ncl ude 
dr awi ng f or  Mi ssi on Cr i t i cal  Equi pment  i ndi cat i ng t he equi pment  l ocat i on 
i n t he f aci l i t y  suf f i c i ent  t o be used f or  t he i nst al l at i on.   Desi gn must  
be based on act ual  equi pment  and syst em l ayout .   Desi gn must  i ncl ude 
cal cul at ed dead l oads,  st at i c sei smi c l oads and capaci t y of  mat er i al s 
ut i l i zed f or  t he connect i on of  t he equi pment  or  syst em t o t he st r uct ur e.   
Anal ysi s must  det ai l  anchor i ng met hods.

2. 2   EQUI PMENT RESTRAI NT

Equi pment  must  be r i gi dl y or  f l exi bl y mount ed as i ndi cat ed i n t he 
speci f i cat i ons and/ or  dr awi ngs dependi ng on vi br at i on i sol at i on 
r equi r ement s as f ol l ows bel ow.

Al l  equi pment  hung f r om st r uct ur e wei ghi ng mor e t han 31 pounds shal l  be 
sway br aced t o r esi st  f or ces of  0. 5 t i mes t he wei ght  of  t he equi pment  
hor i zont al l y and 1. 5 t i mes t he wei ght  of  t he equi pment  i n t he ver t i cal  
di r ect i on.  Ref er  t o UFC 4- 010- 01 f or  speci f i c  i nf or mat i on.  
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2. 2. 1   Ri gi dl y ( Base and Suspended)  Mount ed Equi pment

HVAC equi pment  f ur ni shed under  t hi s cont r act  must  be r i gi dl y mount ed t hat  
ar e qual i f i ed f or  ear t hquake l oadi ng i n accor dance wi t h ACI  355. 2 and 
ACI  355. 4.   Anchor  bol t s must  conf or m t o ASTM F1554.   For  any r i gi d 
equi pment  whi ch i s r i gi dl y anchor ed,  pr ovi de f l exi bl e j oi nt s f or  pi pi ng,  
duct wor k,  el ect r i cal  condui t ,  et c. ,  t hat  ar e capabl e of  accommodat i ng 
di spl acement s equal  t o t he f ul l  wi dt h of  t he j oi nt  i n bot h or t hogonal  
di r ect i ons.  Suspended equi pment  br aci ng at t achment s shoul d be l ocat ed j ust  
above t he cent er  of  gr avi t y t o mi ni mi ze swi ngi ng.   Use t he r at i o of  t he 
over t ur ni ng moment  f r om sei smi c f or ces t o t he r esi st i ng moment  due t o 
gr avi t y l oads t o det er mi ne i f  over t ur ni ng f or ces need t o be consi der ed i n 
t he s i z i ng of  anchor  bol t s.   Pr ovi de cal cul at i ons t o ver i f y t he adequacy 
of  t he anchor  bol t s f or  combi ned shear  and over t ur ni ng.

2. 2. 2   Nonr i gi d or  Fl exi bl y- Mount ed Equi pment

Sel ect  v i br at i on i sol at i on devi ces so t hat  t he maxi mum movement  of  
equi pment  f r om t he st at i c def l ect i on poi nt  i s  1/ 4 i nch.   Equi pment  
f l exi bl y mount ed on vi br at i on i sol at or s must  have a bumper  r est r ai nt  or  
snubber  i n each hor i zont al  di r ect i on and ver t i cal  r est r ai nt s must  be 
pr ovi ded wher e r equi r ed t o r esi st  over t ur ni ng.  I sol at or  housi ng and 
r est r ai nt s must  be const r uct ed of  duct i l e mat er i al s.  A v i scoel ast i c pad or  
s i mi l ar  mat er i al  of  appr opr i at e t hi ckness must  be used bet ween t he bumper  
and component s t o l i mi t  t he i mpact  l oad.  Rest r ai nt s must  be desi gned t o 
r esi st  t he cal cul at ed hor i zont al  l at er al  and ver t i cal  f or ces.

Spr i ng v i br at i on i sol at or s must  be sei smi cal l y r at ed,  r est r ai ned i sol at or s 
f or  equi pment  subj ect  t o l oad var i at i ons and l ar ge ext er nal  f or ces.   The 
sei smi cal l y r at ed housi ng must  be si zed t o meet  or  exceed t he f or ce 
r equi r ement s appl i cabl e t o t he pr oj ect  and meet  t he r equi r ed i sol at i on 
cr i t er i a.   Spr i ng v i br at i on i sol at or  manuf act ur er ' s wi l l  be a member  of  
VI SCMA.   Desi gn f or ce,  Fp,  must  be doubl ed f or  v i br at i on i sol at or s wi t h an 
ai r  gap gr eat er  t han 0. 25 i nches as speci f i ed i n ASCE 7- 16,  Chapt er  13.  
Housed spr i ngs must  not  be used f or  sei smi c r est r ai nt  appl i cat i ons because 
t hey cannot  r esi st  upl i f t .

2. 3   BOLTS AND NUTS

Hex head bol t s,  and heavy hexagon nut s must  be ASTM A325 or  ASTM A490 
bol t s and ASTM A563 nut s.   Pr ovi de bol t s and nut s gal vani zed i n accor dance 
wi t h ASTM A153/ A153M when used under gr ound or  exposed t o weat her .

2. 4   SWAY BRACI NG MATERI ALS

Mat er i al  used f or  member s l i s t ed i n t hi s sect i onandon t he dr awi ngs,  must  
be st r uct ur al  st eel  conf or mi ng wi t h t he f ol l owi ng:

a.   Pl at es,  r ods,  and r ol l ed shapes,  ASTM A36/ A36M.

b.   Wi r e r ope,  ASTM A603 pr e- st r et ched.   Cl ass B gal v coat i ng Fer r ul e 
c l amps must  be qual i f i ed by t est i ng f or  use i n sei smi c appl i cat i ons 
per  VI SCMA 412.   A mi ni mum of  t wo cl amps ar e r equi r ed on each end of  
wi r e r ope.

c.   Tubes,  ASTM A500/ A500M,  Gr ade B.

d.   Pi pes,  ASTM A53/ A53M,  Gr ade B.
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e.   Angl es,  ASTM A36/ A36M.

f .   Channel s ( St r ut s)  wi t h i n- t ur ned l i ps and associ at ed har dwar e f or  
f ast eni ng t o channel s at  r andom poi nt s conf or mi ng t o MFMA- 4

2. 5   MULTI DI RECTI ONAL SEI SMI C SNUBBERS

I nst al l  mul t i di r ect i onal  sei smi c snubber s empl oyi ng el ast omer i c pads on 
f l oor -  or  s l ab- mount ed equi pment andl ar ge pi pi ng as det ai l ed on dr awi ngs.  
These snubber s must  pr ovi de  1/ 4 i nch f r ee ver t i cal  and hor i zont al  
movement  f r om t he st at i c def l ect i on poi nt .   Snubber  medi um must  consi st  of  
mul t i pl e pads of  cot t on duct  and neopr ene or  ot her  sui t abl e mat er i al s 
ar r anged ar ound a f l anged st eel  t r unni on so bot h hor i zont al  and ver t i cal  
f or ces ar e r esi st ed by t he snubber  medi um.

PART 3   EXECUTI ON

3. 1   COUPLI NG AND BRACI NG

a.   Submi t  det ai l  dr awi ngs,  as speci f i ed her e and t hr oughout  t hi s 
speci f i cat i on,  al ong wi t h cat al og cut s,  t empl at es,  and er ect i on and 
i nst al l at i on det ai l s,  as appr opr i at e,  f or  t he i t ems l i s t ed.   
Submi t t al s must  be compl et e i n det ai l ;  must  i ndi cat e t hi ckness,  t ype,  
gr ade,  c l ass of  met al ,  and di mensi ons;  and must  show const r uct i on 
det ai l s,  r ei nf or cement ,  anchor age,  and i nst al l at i on wi t h r el at i on t o 
t he bui l di ng const r uct i on.

b.   Pr ovi de coupl i ng i nst al l at i on conf or mi ng t o t he det ai l s shown on t he 
dr awi ngs.   Pr ovi s i ons of  t hi s par agr aph appl y t o al l  pi pi ng wi t hi n a 5 
f oot  l i ne ar ound out si de of  bui l di ng unl ess bur i ed i n t he gr ound.   
Pi pi ng gr ouped f or  suppor t  on t r apeze- t ype hanger s must  be br aced at  
t he most  f r equent  i nt er val  as det er mi ned by appl y i ng t he r equi r ement s 
of  t hi s speci f i cat i on t o each pi pi ng r un on t he common suppor t .

c.   Si ze br aci ng component s as r equi r ed f or  t he t ot al  l oad car r i ed by t he 
common suppor t s.   Br aci ng r i gi dl y at t ached t o pi pe f l anges,  or  
s i mi l ar ,  must  not  be used wher e i t  woul d i nt er f er e wi t h t her mal  
expansi on of  pi pi ng.

d.   Adj ust  i sol at or s and r est r ai nt s af t er  pi pi ng syst ems has been f i l l ed 
and equi pment  i s at  i t s  oper at i ng wei ght ,  f ol l owi ng t he manuf act ur er ' s 
wr i t t en i nst r uct i ons.

e.   I nst al l  cabl es at  a 45- degr ee sl ope.  Wher e i nt er f er ence i s pr esent ,  
t he s l ope may be mi ni mum of  30 degr ees or  a maxi mum of  60 degr ees per  
VI SCMA 412.

3. 2   BUI LDI NG DRI FT

Pr ovi de j oi nt s capabl e of  accommodat i ng sei smi c di spl acement s f or  ver t i cal  
pi pi ng bet ween f l oor s of  t he bui l di ng,  wher e pi pes pass t hr ough a bui l di ng 
sei smi c or  expansi on j oi nt ,  or  wher e r i gi dl y suppor t ed pi pes connect  t o 
equi pment  wi t h v i br at i on i sol at or s.   Pr ovi de hor i zont al  pi pi ng acr oss 
expansi on j oi nt s t o accommodat e t he r esul t ant  of  t he dr i f t s of  each 
bui l di ng uni t  i n each or t hogonal  di r ect i on.   For  t hr eaded pi pi ng,  pr ovi de 
swi ng j oi nt s made of  t he same pi pi ng mat er i al .   For  pi pi ng wi t h 
manuf act ur ed bal l  j oi nt s t he sei smi c dr i f t  must  be 0. 015 f eet  per  f oot  of  
hei ght  above t he base wher e t he sei smi c separ at i on occur s;  t hi s dr i f t  
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val ue must  be used i n pl ace of  t he expansi on gi ven i n t he manuf act ur er ' s 
sel ect i on t abl e.

3. 3   FLEXI BLE COUPLI NGS OR JOI NTS

3. 3. 1   Bui l di ng Pi pi ng

Pr ovi de f l exi bl e coupl i ngs or  j oi nt s i n bui l di ng pi pi ng at  bot t om of  al l  
pi pe r i ser s f or  pi pe l ar ger  t han 3- 1/ 2 i nches i n di amet er .   Lat er al l y 
br ace f l exi bl e coupl i ngs or  j oi nt s wi t hout  i nt er f er i ng wi t h t he act i on of  
t he f l exi bl e coupl i ng or  j oi nt .   Cast  i r on wast e and vent  pi pi ng need onl y 
compl y wi t h t hese pr ovi s i ons when caul ked j oi nt s ar e used.   Fl exi bl e bel l  
and spi got  pi pe j oi nt s usi ng r ubber  gasket s may be used at  each br anch 
adj acent  t o t ees and el bows f or  under gr ound wast e pi pi ng i nsi de of  
bui l di ng t o sat i sf y t hese r equi r ement s.

3. 4   PI PE SLEEVES

Si ze pi pe sl eeves i n i nt er i or  non- f i r e r at ed wal l s as i ndi cat ed on t he 
dr awi ngs t o pr ovi de cl ear ances t hat  wi l l  per mi t  di f f er ent i al  movement  of  
pi pi ng wi t hout  t he pi pi ng st r i k i ng t he pi pe sl eeve.   Pi pe sl eeves i n f i r e 
r at ed wal l s must  conf or m t o t he r equi r ement s i n Sect i on 07 84 00 
FI RESTOPPI NG.

3. 5   SPREADERS

Pr ovi de spr eader s bet ween adj acent  pi pi ng r uns t o pr event  cont act  dur i ng 
sei smi c act i v i t y whenever  pi pe or  i nsul at ed pi pe sur f aces ar e l ess t han 4 
i nches apar t .   Appl y spr eader s at  same i nt er val  as sway br aces at  an equal  
di st ance bet ween t he sway br aces.   I f  r ack t ype hanger s ar e used wher e t he 
pi pes ar e r est r ai ned f r om cont act  by mount i ng t o t he r ack,  spr eader s ar e 
not  r equi r ed f or  pi pes mount ed i n t he r ack.   Appl y spr eader s t o sur f ace of  
bar e pi pe and over  i nsul at i on on i nsul at ed pi pes ut i l i z i ng hi gh- densi t y 
i nser t s and pi pe pr ot ect i on shi el ds i n accor dance wi t h t he r equi r ement s of  
Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

3. 6   SWAY BRACES FOR PI PI NG

Pr ovi de sway br aces t o pr event  movement  of  t he pi pes under  sei smi c 
l oadi ng.   Pr ovi de br aces i n bot h t he l ongi t udi nal  and t r ansver se 
di r ect i ons,  r el at i ve t o t he axi s of  t he pi pe.   Pr ovi de suf f i c i ent  br aces 
f or  equi pment  t o r esi st  a hor i zont al  f or ce as speci f i ed i n UFC 3- 301- 01 
wi t hout  exceedi ng saf e wor ki ng st r ess of  br aci ng component s.   Pr ovi de 
br aci ng t hat  does not  i nt er f er e wi t h t her mal  expansi on r equi r ement s f or  
t he pi pes as descr i bed i n ot her  sect i ons of  t hese speci f i cat i ons.   For  
sei smi c anal ysi s of  hor i zont al  pi pes,  t he equi val ent  st at i c f or ce shoul d 
be consi der ed t o act  concur r ent l y wi t h t he f ul l  dead l oad of  t he pi pe,  
i ncl udi ng cont ent s.

3. 6. 1   Tr ansver se Sway Br aci ng

Pr ovi de t r ansver se sway br aci ng f or  st eel  and copper  pi pe at  i nt er val s not  
t o exceed t hose shown on t he dr awi ngs.   Al l  r uns ( l engt h of  pi pe bet ween 
end j oi nt s)  must  have a mi ni mum of  t r ansver se br aci ng at  each end.   
Pr ovi de t r ansver se sway br aci ng f or  pi pes of  mat er i al s ot her  t han st eel  
and copper  at  i nt er val s not  t o exceed t he hanger  spaci ng as speci f i ed i n 
Sect i on 22 00 00 PLUMBI NG,  GENERAL PURPOSE.
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3. 6. 2   Longi t udi nal  Sway Br aci ng

Pr ovi de l ongi t udi nal  sway br aci ng at  40 f oot  i nt er val s unl ess ot her wi se 
i ndi cat ed.   Al l  r uns ( l engt h of  pi pe bet ween end j oi nt s)  must  have one 
l ongi t udi nal  br ace mi ni mum.   Const r uct  sway br aces i n accor dance wi t h t he 
dr awi ngs.   Do not  use br anch l i nes,  wal l s,  or  f l oor s as sway br aces.

3. 6. 3   Ver t i cal  Runs

Run i s def i ned as l engt h of  pi pe bet ween end j oi nt s.   Do not  br ace 
ver t i cal  r uns of  pi pi ng no mor e t han 10 f oot  ver t i cal  i nt er val s.   Br aces 
f or  ver t i cal  r uns must  be above t he cent er  of  gr avi t y of  t he segment  bei ng 
br aced.   Fl exi bl e coupl i ngs shoul d be pr ovi ded at  t he bot t oms of  r i ser s 
f or  pi pes l ar ger  t han 3. 5 i n.  ( 89 mm)  i n di amet er .   Fl exi bl e coupl i ngs and 
expansi on j oi nt s shoul d be br aced l at er al l y and l ongi t udi nal l y unl ess such 
br aci ng woul d i nt er f er e wi t h t he act i on of  t he coupl i ngs or  j oi nt s.  When 
pi pes ent er  bui l di ngs,  f l exi bl e coupl i ngs shoul d be pr ovi ded t o al l ow f or  
r el at i ve movement  bet ween t he soi l  and bui l di ng.   Const r uct  al l  sway 
br aces i n accor dance wi t h t he dr awi ngs.   At t ach sway br aces t o t he 
st r uct ur al  syst em.   Do not  connect  t o br anch l i nes,  wal l s,  or  f l oor s.

3. 6. 4   Cl amps and Hanger s

Appl y c l amps or  hanger s on uni nsul at ed pi pes di r ect l y t o pi pe.   I nsul at ed 
pi pi ng must  have cl amps or  hanger s appl i ed over  i nsul at i on i n accor dance 
wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

Hanger  r od st i f f ener  angl e or  st r ut  br aci ng must  be secur el y at t ached by a 
ser i es of  at t achment  c l amps manuf act ur ed f r om a one pi ece met al  st ampi ng 
and must  i ncl ude al l  r equi r e at t achment  har dwar e and l ocki ng nut s.  
At t achment  c l amps made f r om al umi num or  cast  i r on must  not  be used i n 
sei smi c appl i cat i ons.  Do not  wel d ver t i cal  br aces t o hanger  r ods.

3. 7   SWAY BRACES FOR DUCTS

3. 7. 1   Br aced Duct s

Pr ovi de br aci ng det ai l s and spaci ng f or  r ect angul ar  and r ound duct s i n 
accor dance wi t h SMACNA 1981.   However ,  t he desi gn sei smi c l oadi ngs f or  
t hese i t ems must  not  be l ess t han l oadi ngs obt ai ned usi ng t he pr ocedur es 
i n UFC 3- 301- 01.   Br aci ng must  not  at t ach t o duct  j oi nt s.  Use shor t est  
scr ews possi bl e when penet r at i ng duct wor k t o mi ni mi ze ai r f l ow noi se i nsi de 
duct .

3. 7. 2   Unbr aced Duct s

At t ach hanger s f or  unbr aced duct s t o t he duct  wi t hi n 2 i nches of  t he t op 
of  t he duct  wi t h a mi ni mum of  t wo #10 sheet  met al  scr ews i n accor dance 
wi t h FEMA P- 414.   Use shor t est  scr ews possi bl e when penet r at i ng duct wor k 
t o mi ni mi ze ai r f l ow noi se i nsi de duct .   I nst al l  unbr aced duct s wi t h a 6 
i nch mi ni mum cl ear ance t o ver t i cal  cei l i ng hanger  wi r es.

3. 8   EQUI PMENT

3. 8. 1   Gener al

Ensur e housekeepi ng pads have adequat e space t o mount  equi pment  and 
sei smi c r est r ai nt  devi ces al l owi ng adequat e edge di st ance and embedment  
dept h f or  r est r ai nt  anchor  bol t s.  I dent i f y posi t i on of  r ei nf or ci ng st eel  

SECTI ON 23 05 48. 19  Page 9



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

and ot her  embedded i t ems pr i or  t o dr i l l i ng hol es f or  anchor s.  Do not  dr i l l  
hol es i n concr et e or  masonr y unt i l  concr et e,  mor t ar ,  or  gr out  has achi eved 
f ul l  desi gn st r engt h.  I nst al l  neopr ene gr ommet  washer s or  t i l l  t he gap 
wi t h epoxy on equi pment  anchor  bol t s wher e c l ear ance bet ween anchor  and 
equi pment  suppor t  hol e exceeds 0. 125 i nches.

3. 9   ANCHOR BOLTS

3. 9. 1   Cast - i n- Pl ace Anchor  Bol t s

Use t empl at es t o l ocat e cast - i n- pl ace bol t s accur at el y and secur el y i n 
f or mwor k.  Anchor  bol t s must  have an embedded st r ai ght  l engt h equal  t o at  
l east  12 t i mes nomi nal  di amet er  of  t he bol t .  Anchor  bol t s t hat  exceed t he 
nor mal  dept h of  equi pment  f oundat i on pi er s or  pads must  ei t her  ext end i nt o 
concr et e f l oor  or  t he f oundat i on or  be i ncr eased i n dept h t o accommodat e 
bol t  l engt hs.

3. 9. 2   Dr i l l ed- I n Anchor  Bol t s

Dr i l l  hol es wi t h r ot ar y i mpact  hammer  dr i l l s  Dr i l l  bi t s must  be of  
di amet er s as speci f i ed by t he anchor  manuf act ur er .  Unl ess ot her wi se shown 
on t he Dr awi ngs,  al l  hol es must  be dr i l l ed per pendi cul ar  t o t he concr et e 
sur f ace.   Wher e anchor s ar e per mi t t ed t o be i nst al l ed i n cor ed hol es,  use 
cor e bi t s wi t h mat ched t ol er ances as speci f i ed by t he manuf act ur er .  
Pr oper l y c l ean cor ed hol e per  manuf act ur er ' s i nst r uct i ons.   I dent i f y 
posi t i on of  r ei nf or ci ng st eel  and ot her  embedded i t ems pr i or  t o dr i l l i ng 
hol es f or  anchor s.   Exer ci se car e i n cor i ng or  dr i l l i ng t o avoi d damagi ng 
exi st i ng r ei nf or ci ng or  embedded i t ems.   Not i f y t he COR i f  r ei nf or ci ng 
st eel  or  ot her  embedded i t ems ar e encount er ed dur i ng dr i l l i ng.   Take 
pr ecaut i ons as necessar y t o avoi d damagi ng pr est r essi ng t endons,  
el ect r i cal  and t el ecommuni cat i ons condui t ,  and gas l i nes.   Unl ess 
ot her wi se speci f i ed,  do not  dr i l l  hol es i n concr et e or  masonr y unt i l  
concr et e,  mor t ar ,  or  gr out  has achi eved f ul l  desi gn st r engt h.   Per f or m 
anchor  i nst al l at i on i n accor dance wi t h manuf act ur er  i nst r uct i ons.   

3. 9. 2. 1   Wedge Anchor s,  Heavy- Dut y Sl eeve Anchor s,  and Under cut  Anchor s

Pr ot ect  t hr eads f r om damage dur i ng anchor  i nst al l at i on.   Heavy- dut y s l eeve 
anchor s must  be i nst al l ed wi t h s l eeve f ul l y engaged i n par t  t o be 
f ast ened.   Set  anchor s t o manuf act ur er ' s r ecommended t or que,  usi ng a 
t or que wr ench.   Fol l owi ng at t ai nment  of  10% of  t he speci f i ed t or que,  100% 
of  t he speci f i ed t or que must  be r eached wi t hi n 7 or  f ewer  compl et e t ur ns 
of  t he nut .   I f  t he speci f i ed t or que i s not  achi eved wi t hi n t he r equi r ed 
number  of  t ur ns,  t he anchor  must  be r emoved and r epl aced unl ess ot her wi se 
di r ect ed by t he Engi neer .

3. 9. 2. 2   Car t r i dge I nj ect i on Adhesi ve Anchor s

Wher e appr oved f or  sei smi c appl i cat i on,  c l ean al l  hol es per  manuf act ur er  
i nst r uct i ons t o r emove l oose mat er i al  and dr i l l i ng dust  pr i or  t o 
i nst al l at i on of  adhesi ve.   I nj ect  adhesi ve i nt o hol es pr oceedi ng f r om t he 
bot t om of  t he hol e and pr ogr essi ng t owar d t he sur f ace i n such a manner  as 
t o avoi d i nt r oduct i on of  ai r  pocket s i n t he adhesi ve.   Fol l ow manuf act ur er  
r ecommendat i ons t o ensur e pr oper  mi xi ng of  adhesi ve component s.   
Suf f i c i ent  adhesi ve must  be i nj ect ed i n t he hol e t o ensur e t hat  t he 
annul ar  gap i s f i l l ed t o t he sur f ace.  Remove excess adhesi ve f r om t he 
sur f ace.   Shi m anchor s wi t h sui t abl e devi ce t o cent er  t he anchor  i n t he 
hol e.   Do not  di st ur b or  l oad anchor s bef or e manuf act ur er  speci f i ed cur e 
t i me has el apsed.
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3. 9. 2. 3   Capsul e Anchor s

Wher e appr oved f or  sei smi c appl i cat i on,  per f or m dr i l l i ng and set t i ng 
oper at i ons i n accor dance wi t h manuf act ur er  i nst r uct i ons.  Cl ean al l  hol es 
t o r emove l oose mat er i al  and dr i l l i ng dust  pr i or  t o i nst al l at i on of  
adhesi ve.  Remove wat er  f r om dr i l l ed hol es i n such a manner  as t o achi eve a 
sur f ace dr y condi t i on.   Capsul e anchor s must  be i nst al l ed wi t h equi pment  
conf or mi ng t o manuf act ur er  r ecommendat i ons.   Do not  di st ur b or  l oad 
anchor s bef or e manuf act ur er  speci f i ed cur e t i me has el apsed.

Obser ve manuf act ur er  r ecommendat i ons wi t h r espect  t o i nst al l at i on 
t emper at ur es f or  car t r i dge i nj ect i on adhesi ve anchor s and capsul e anchor s.

3. 10   ANCHOR BOLT TESTI NG

Test  i n pl ace expansi on and chemi cal l y bonded anchor s not  mor e t han 24 
hour s af t er  i nst al l at i on of  t he anchor ,  conduct ed by an i ndependent  
t est i ng agency;  t est i ng must  be per f or med on r andom anchor  bol t s as 
descr i bed bel ow.

3. 10. 1   Tor que Wr ench Test i ng

Per f or m t or que wr ench t est i ng on not  l ess t han 50 per cent  of  t he t ot al  
i nst al l ed appl i ed t or que expansi on anchor s and at  l east  one anchor  f or  
ever y pi ece of  equi pment  cont ai ni ng mor e t han t wo anchor s.   The t est  
t or que must  equal  t he mi ni mum r equi r ed i nst al l at i on t or que as r equi r ed by 
t he bol t  manuf act ur er .   Cal i br at e t or que wr enches at  t he begi nni ng of  each 
day t he t or que t est s ar e per f or med.   Recal i br at e t or que wr enches f or  each 
bol t  di amet er  whenever  t est s ar e r un on bol t s of  var i ous di amet er s.   Appl y 
t or que bet ween 20 and 100 per cent  of  wr ench capaci t y.   Reach t he t est  
t or que wi t hi n one hal f  t ur n of  t he nut ,  except  f or   3/ 8 i nch sl eeve 
anchor s whi ch must  r each t hei r  t or que by one quar t er  t ur n of  t he nut .   I f  
any anchor  f ai l s  t he t est ,  t est  s i mi l ar  anchor s not  pr evi ousl y t est ed 
unt i l  20 consecut i ve anchor s pass.   Fai l ed anchor s must  be r et i ght ened and 
r et est ed t o t he speci f i ed t or que;  i f  t he anchor  st i l l  f ai l s  t he t est  i t  
must  be r epl aced.

3. 10. 2   Pul l out  Test i ng

Test  expansi on and chemi cal l y bonded anchor s by appl y i ng a pul l out  l oad 
usi ng a hydr aul i c r am at t ached t o t he anchor  bol t .   Test i ng must  be i n 
accor dance wi t h ASTM E488/ E488M or  I CC ES AC193.   At  l east  10 per cent  of  
each t ype and si ze of  anchor s,  but  not  l ess t han 3 per  day must  be 
t est ed.   Appl y t he l oad t o t he anchor  wi t hout  r emovi ng t he nut ;  when t hat  
i s not  possi bl e,  t he nut  must  be r emoved and a t hr eaded coupl er  must  be 
i nst al l ed of  t he same t i ght ness as t he or i gi nal  nut .   Check t he t est  set up 
t o ver i f y t hat  t he anchor  i s not  r est r ai ned f r om wi t hdr awi ng by t he 
basepl at e,  t he t est  f i x t ur e,  or  any ot her  f i x t ur es.   The suppor t  f or  t he 
t est i ng appar at us must  be at  l east  1. 5 t i mes t he embedment  l engt h away 
f r om t he bol t  bei ng t est ed.   Load each t est ed anchor  t o 1 t i mes t he desi gn 
t ensi on val ue f or  t he anchor .   The anchor  must  have no obser vabl e movement  
at  t he t est  l oad.   I f  any anchor  f ai l s  t he t est ,  s i mi l ar  t ype and si ze 
anchor s not  pr evi ousl y t est ed must  be t est ed unt i l  10 per cent  of  t hose 
t ype consecut i ve anchor s pass.   Remove and r epl ace f ai l ed anchor s.   Fi l l  
empt y anchor  hol es and pat ch f ai l ed anchor  l ocat i ons wi t h hi gh- st r engt h 
non- shr i nk,  nonmet al l i c  gr out .

        - -  End of  Sect i on - -
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SECTI ON 23 05 93

TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC
11/ 15

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ACOUSTI CAL SOCI ETY OF AMERI CA ( ASA)

ASA S1. 4 ( 1983;  Amendment  1985;  R 2006)  
Speci f i cat i on f or  Sound Level  Met er s ( ASA 
47)

ASA S1. 11 PART 1 ( 2014)  Amer i can Nat i onal  St andar d 
El ect r oacoust i cs – Oct ave- Band and 
Fr act i onal - Oct ave- Band Fi l t er s – Par t  1:  
Speci f i cat i ons

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE HVAC APP I P HDBK ( 2016)  HVAC Appl i cat i ons Handbook,  I - P 
Edi t i on

ASSOCI ATED AI R BALANCE COUNCI L ( AABC)

AABC MN- 1 ( 2002;  6t h ed)  Nat i onal  St andar ds f or  
Tot al  Syst em Bal ance

AABC MN- 4 ( 1996)  Test  and Bal ance Pr ocedur es

NATI ONAL ENVI RONMENTAL BALANCI NG BUREAU ( NEBB)

NEBB MASV ( 2006)  Pr ocedur al  St andar ds f or  
Measur ement s and Assessment  of  Sound and 
Vi br at i on

NEBB PROCEDURAL STANDARDS ( 2015)  Pr ocedur al  St andar ds f or  TAB 
( Test i ng,  Adj ust i ng and Bal anci ng)  
Envi r onment al  Syst ems

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1780 ( 2002)  HVAC Syst ems -  Test i ng,  Adj ust i ng 
and Bal anci ng,  3r d Edi t i on

SMACNA 1858 ( 2004)  HVAC Sound And Vi br at i on Manual  -  
Fi r st  Edi t i on

SMACNA 1972 CD ( 2012)  HVAC Ai r  Duct  Leakage Test  Manual  -  
2nd Edi t i on
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1. 2   DEFI NI TI ONS

a.   AABC:   Associ at ed Ai r  Bal ance Counci l

b.   COTR:   Cont r act i ng Of f i cer ' s Techni cal  Repr esent at i ve

c.   DALT:   Duct  ai r  l eakage t est

d.   DALT' d:   Duct  ai r  l eakage t est ed

e.   HVAC:   Heat i ng,  vent i l at i ng,  and ai r  condi t i oni ng;  or  heat i ng,  
vent i l at i ng,  and cool i ng

f .   NEBB:   Nat i onal  Envi r onment al  Bal anci ng Bur eau

g.   Out - of - t ol er ance dat a:   Per t ai ns onl y t o f i el d accept ance t est i ng of  
Fi nal  DALT or  TAB r epor t .   When appl i ed t o DALT wor k,  t hi s phase means 
  When appl i ed t o TAB wor k t hi s phase means " a measur ement  t aken 
dur i ng TAB f i el d accept ance t est i ng whi ch does not  f al l  wi t hi n t he 
r ange of  pl us 5 t o mi nus 5 per cent  of  t he or i gi nal  measur ement  
r epor t ed on t he TAB Repor t  f or  a speci f i c  par amet er . "

h.   Season of  maxi mum heat i ng l oad:   The t i me of  year  when t he out door  
t emper at ur e at  t he pr oj ect  s i t e r emai ns wi t hi n pl us or  mi nus 30 
degr ees Fahr enhei t  of  t he pr oj ect  s i t e' s wi nt er  out door  desi gn 
t emper at ur e,  t hr oughout  t he per i od of  TAB dat a r ecor di ng.

i .   Season of  maxi mum cool i ng l oad:   The t i me of  year  when t he out door  
t emper at ur e at  t he pr oj ect  s i t e r emai ns wi t hi n pl us or  mi nus 5 degr ees 
Fahr enhei t  of  t he pr oj ect  s i t e' s summer  out door  desi gn t emper at ur e,  
t hr oughout  t he per i od of  TAB dat a r ecor di ng.

j .   Season 1,  Season 2:   Dependi ng upon when t he pr oj ect  HVAC i s compl et ed 
and r eady f or  TAB,  Season 1 i s def i ned,  t her eby def i ni ng Season 2.   
Season 1 coul d be t he season of  maxi mum heat i ng l oad,  or  t he season of  
maxi mum cool i ng l oad.

k.   Sound measur ement s t er mi nol ogy:   Def i ned i n AABC MN- 1,  NEBB MASV,  or  
SMACNA 1858 ( TABB) .

l .   TAB:   Test i ng,  adj ust i ng,  and bal anci ng ( of  HVAC syst ems)

m.   TAB' d:   HVAC Test i ng/ Adj ust i ng/ Bal anci ng pr ocedur es per f or med

n.   TAB Agency:   TAB Fi r m
r .   TABB:   Test i ng Adj ust i ng and Bal anci ng Bur eau

1. 2. 1   Si mi l ar  Ter ms

I n some i nst ances,  t er mi nol ogy di f f er s bet ween t he Cont r act  and t he TAB 
St andar d pr i mar i l y because t he i nt ent  of  t hi s Sect i on i s t o use t he 
i ndust r y st andar ds speci f i ed,  al ong wi t h addi t i onal  r equi r ement s l i s t ed 
her ei n t o pr oduce opt i mal  r esul t s.

The f ol l owi ng t abl e of  s i mi l ar  t er ms i s pr ovi ded f or  c l ar i f i cat i on onl y.   
Cont r act  r equi r ement s t ake pr ecedent  over  t he cor r espondi ng AABC,  NEBB,  or  
TABB r equi r ement s wher e di f f er ences exi st .
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SI MI LAR TERMS

Cont r act  Ter m AABC Ter m NEBB Ter m TABB Ter m

TAB St andar d Nat i onal  St andar ds 
f or  Test i ng and 
Bal anci ng Heat i ng,  
Vent i l at i ng,  and Ai r  
Condi t i oni ng Syst ems

Pr ocedur al  St andar ds 
f or  Test i ng,  
Adj ust i ng and 
Bal anci ng of  
Envi r onment al  Syst ems

I nt er nat i onal  
St andar ds f or  
Envi r onment al  
Syst ems Bal ance

TAB Speci al i st TAB Engi neer TAB Super vi sor TAB Super vi sor

Syst ems Readi ness 
Check

Const r uct i on Phase 
I nspect i on

Fi el d Readi ness 
Check & Pr el i mi nar y 
Fi el d Pr ocedur es

Fi el d Readi ness 
Check & Pr el i m.  
Fi el d Pr ocedur es

1. 3   WORK DESCRI PTI ON 

The wor k i ncl udes duct  ai r  l eakage t est i ng ( DALT)  and t est i ng,  adj ust i ng,  
and bal anci ng ( TAB)  of  new heat i ng,  vent i l at i ng,  and cool i ng ( HVAC)  ai r  
di st r i but i on syst ems i ncl udi ng equi pment  and per f or mance dat aand duct s 
whi ch ar e l ocat ed wi t hi n,  on,  under ,  bet ween,  and adj acent  t o bui l di ngs.

Per f or m TAB i n accor dance wi t h t he r equi r ement s of  t he TAB pr ocedur al  
st andar d r ecommended by t he TAB t r ade associ at i on t hat  appr oved t he TAB 
Fi r m' s qual i f i cat i ons.   Compl y wi t h r equi r ement s of  AABC MN- 1,  
NEBB PROCEDURAL STANDARDS,  or  SMACNA 1780 ( TABB)  as suppl ement ed and 
modi f i ed by t hi s speci f i cat i on sect i on.   Al l  r ecommendat i ons and suggest ed 
pr act i ces cont ai ned i n t he TAB pr ocedur al  st andar ds ar e consi der ed 
mandat or y.

Conduct  DALT and TAB of  t he i ndi cat ed exi st i ng syst ems and equi pment  and 
submi t  t he speci f i ed DALT and TAB r epor t s f or  appr oval .   Conduct  DALT 
t est i ng i n compl i ance wi t h t he r equi r ement s speci f i ed i n SMACNA 1972 CD,  
except  as suppl ement ed and modi f i ed by t hi s sect i on.   Conduct  DALT and TAB 
wor k i n accor dance wi t h t he r equi r ement s of  t hi s sect i on.

1. 3. 1   Ai r  Di st r i but i on Syst ems

Test ,  adj ust ,  and bal ance syst ems ( TAB)  i n compl i ance wi t h t hi s sect i on.   
Obt ai n Cont r act i ng Of f i cer ' s wr i t t en appr oval  bef or e appl y i ng i nsul at i on 
t o ext er i or  of  ai r  di st r i but i on syst ems as speci f i ed under  Sect i on 23 07 00
 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

1. 3. 2   Wat er  Di st r i but i on Syst ems

TAB syst ems i n compl i ance wi t h t hi s sect i on.   Obt ai n Cont r act i ng Of f i cer ' s 
wr i t t en appr oval  bef or e appl y i ng i nsul at i on t o wat er  di st r i but i on syst ems 
as speci f i ed under  Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL 
SYSTEMS.   At  Cont r act or ' s opt i on and wi t h Cont r act i ng Of f i cer ' s wr i t t en 
appr oval ,  t he pi pi ng syst ems may be i nsul at ed bef or e syst ems ar e TAB' d.

Ter mi nat e pi pi ng i nsul at i on i mmedi at el y adj acent  t o each f l ow cont r ol  
val ve,  aut omat i c cont r ol  val ve,  or  devi ce.   Seal  t he ends of  pi pe 
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i nsul at i on and t he space bet ween ends of  pi pe i nsul at i on and pi pi ng,  wi t h 
wat er pr oof  vapor  bar r i er  coat i ng.

Af t er  compl et i on of  wor k under  t hi s sect i on,  i nsul at e t he f l ow cont r ol  
val ves and devi ces as speci f i ed under  Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.

1. 3. 3   TAB SCHEMATI C DRAWI NGS

Show t he f ol l owi ng i nf or mat i on on TAB Schemat i c Dr awi ngs:

1.   A uni que number  or  mar k f or  each pi ece of  equi pment  or  t er mi nal .

2.   Ai r  quant i t i es at  ai r  t er mi nal s.

3.   Ai r  quant i t i es and t emper at ur es i n ai r  handl i ng uni t  schedul es.

4.   Wat er  quant i t i es and t emper at ur es i n t her mal  ener gy t r ansf er  equi pment  
schedul es.

5.   Wat er  quant i t i es and heads i n pump schedul es.

6.   Wat er  f l ow measur ement  f i t t i ngs and bal anci ng f i t t i ngs.

7.   Duct wor k Const r uct i on and Leakage Test i ng Tabl e t hat  def i nes t he DALT 
t est  r equi r ement s,  i ncl udi ng each appl i cabl e HVAC duct  syst em I D or  
mar k,  duct  pr essur e c l ass,  duct  seal  c l ass,  and duct  l eakage t est  
pr essur e.   Thi s t abl e i s i ncl uded i n t he f i l e f or  Gr aphi cs f or  Uni f i ed 
Faci l i t i es Gui de Speci f i cat i ons:
ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ f or ms- gr aphi cs- t abl es

Submi t  t hr ee copi es of  t he TAB Schemat i c Dr awi ngs and Repor t  For ms t o t he 
Cont r act i ng Of f i cer ,  no l at er  t han 21 days pr i or  t o t he st ar t  of  TAB f i el d 
measur ement s.

1. 3. 4   Rel at ed Requi r ement s

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

TAB Schemat i c Dr awi ngs and Repor t  For ms;  G

SD- 03 Pr oduct  Dat a

Equi pment  and Per f or mance Dat a;  G

SD- 06 Test  Repor t s
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Compl et ed Pr e- Fi nal  DALT Repor t ;  G

Cer t i f i ed Fi nal  DALT Repor t ;  G

SD- 07 Cer t i f i cat es

I ndependent  TAB Agency and Per sonnel  Qual i f i cat i ons;  G

DALT and TAB Pr ocedur es Summar y;  G

Compl et ed Pr e- Fi nal  DALT Wor k Checkl i st ;  G

Advance Not i ce Of  Pr e- Fi nal  Dal t  Fi el d Wor k

1. 5   QUALI TY ASSURANCE

1. 5. 1   I ndependent  TAB Agency and Per sonnel  Qual i f i cat i ons

To secur e appr oval  f or  t he pr oposed agency,  submi t  i nf or mat i on cer t i f y i ng 
t hat  t he TAB agency i s a f i r st  t i er  subcont r act or  who i s not  af f i l i at ed 
wi t h any ot her  company par t i c i pat i ng i n wor k on t hi s cont r act ,  i ncl udi ng 
desi gn,  f ur ni shi ng equi pment ,  or  const r uct i on.   Fur t her ,  submi t  t he 
f ol l owi ng,  f or  t he agency,  t o Cont r act i ng Of f i cer  f or  appr oval :  

a.   I ndependent  AABC or  NEBB or  TABB TAB agency:

    TAB agency:   AABC r egi st r at i on number  and expi r at i on dat e of  
cur r ent  cer t i f i cat i on;  or  NEBB cer t i f i cat i on number  and expi r at i on 
dat e of  cur r ent  cer t i f i cat i on;  or  TABB cer t i f i cat i on number  and 
expi r at i on dat e of  cur r ent  cer t i f i cat i on.

    TAB t eam super vi sor :   Name and copy of  AABC or  NEBB or  TABB TAB 
super vi sor  cer t i f i cat e and expi r at i on dat e of  cur r ent  
cer t i f i cat i on.

    TAB t eam f i el d l eader :   Name and document ed evi dence t hat  t he t eam 
f i el d l eader  has sat i sf act or i l y  per f or med f ul l - t i me super vi s i on of  
TAB wor k i n t he f i el d f or  not  l ess t han 3 year s i mmedi at el y 
pr ecedi ng t hi s cont r act ' s bi d openi ng dat e.

    TAB t eam f i el d t echni c i ans:   Names and document ed evi dence t hat  
each f i el d t echni c i an has sat i sf act or i l y  assi st ed a TAB t eam f i el d 
l eader  i n per f or mance of  TAB wor k i n t he f i el d f or  not  l ess t han 
one year  i mmedi at el y pr ecedi ng t hi s cont r act ' s bi d openi ng dat e.

    Cur r ent  cer t i f i cat es:   Regi st r at i ons and cer t i f i cat i ons ar e 
cur r ent ,  and val i d f or  t he dur at i on of  t hi s cont r act .   Renew 
Cer t i f i cat i ons whi ch expi r e pr i or  t o compl et i on of  t he TAB wor k,  
i n a t i mel y manner  so t hat  t her e i s no l apse i n r egi st r at i on or  
cer t i f i cat i on.   TAB agency or  TAB t eam per sonnel  wi t hout  a cur r ent  
r egi st r at i on or  cur r ent  cer t i f i cat i on ar e not  t o per f or m TAB wor k 
on t hi s cont r act .

b.   TAB Team Member s:   TAB t eam appr oved t o accompl i sh wor k on t hi s 
cont r act  ar e f ul l - t i me empl oyees of  t he TAB agency.   No ot her  
per sonnel  i s  al l owed t o do TAB wor k on t hi s cont r act .

c.   Repl acement  of  TAB t eam member s:   Repl acement  of  member s may occur  i f  
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each new member  compl i es wi t h t he appl i cabl e per sonnel  qual i f i cat i ons 
and each i s appr oved by t he Cont r act i ng Of f i cer .

PART 2   PRODUCTS

Not  Used

PART 3   EXECUTI ON

3. 1   WORK DESCRI PTI ONS OF PARTI CI PANTS

Compl y wi t h r equi r ement s of  t hi s sect i on.

3. 2   PRE- DALT/ TAB MEETI NG

Meet  wi t h t he Cont r act i ng Of f i cer ' s t echni cal  r epr esent at i ve ( COTR)  t o 
devel op a mut ual  under st andi ng r el at i ve t o t he det ai l s of  t he DALT wor k 
and TAB wor k r equi r ement s.   Ensur e t hat  t he TAB super vi sor  i s pr esent  at  
t hi s meet i ng.   Requi r ement s t o be di scussed i ncl ude r equi r ed submi t t al s,  
wor k schedul e,  and f i el d qual i t y cont r ol .

3. 3   DALT PROCEDURES

3. 3. 1   I nst r ument s,  Consumabl es and Per sonnel   

Pr ovi de i nst r ument s,  consumabl es and per sonnel  r equi r ed t o accompl i sh t he 
DALT f i el d wor k.   Fol l ow t he same basi c pr ocedur e speci f i ed bel ow f or  TAB 
Fi el d Wor k,  i ncl udi ng mai nt enance and cal i br at i on of  i nst r ument s,  accur acy 
of  measur ement s,  pr el i mi nar y pr ocedur es,  f i el d wor k,  wor kmanshi p and 
t r eat ment  of  def i c i enci es.   Cal i br at e and mai nt ai n i nst r ument s i n 
accor dance wi t h manuf act ur er ' s wr i t t en pr ocedur es.

3. 3. 2   Advance Not i ce of  Pr e- Fi nal  DALT Fi el d Wor k

On compl et i on of  t he i nst al l at i on of  each duct  syst em i ndi cat ed t o be 
DALT' d,  not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng pr i or  t o t he COTR' s duct  
sel ect i on f i el d v i s i t .

3. 3. 3   Duct wor k To Be DALT' d

Fr om each duct  syst em i ndi cat ed as subj ect  t o DALT,  t he COTR wi l l  r andoml y 
sel ect  sect i ons of  each compl et ed duct  syst em f or  t est i ng by t he 
Cont r act or ' s TAB Fi r m.   The sect i ons sel ect ed wi l l  not  exceed 20 per cent  
of  t he t ot al  measur ed l i near  f oot age of  duct  syst ems i ndi cat ed as subj ect  
t o DALT.   Sect i ons of  duct  syst ems subj ect  t o DALT wi l l  i ncl ude 20 per cent  
of  mai n duct s,  br anch mai n duct s,  br anch duct s and pl enums f or  suppl y,  
r et ur n,  exhaust ,  and pl enum duct wor k.

I t  i s  accept abl e f or  an ent i r e duct  syst em t o be DALT' d i nst ead of  
di sassembl i ng t hat  syst em i n or der  t o DALT onl y t he 20 per cent  por t i on 
speci f i ed above.

3. 3. 4   DALT Test i ng

Per f or m DALT on t he HVAC duct  sect i ons of  each syst em as sel ect ed by t he 
COTR.   Use t he duct  c l ass,  seal  c l ass,  l eakage cl ass and t he l eak t est  
pr essur e dat a i ndi cat ed on t he dr awi ngs,  t o compl y wi t h t he pr ocedur es 
speci f i ed i n SMACNA 1972 CD.
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I n spi t e of  speci f i cat i ons of  SMACNA 1972 CD t o t he cont r ar y,  DALT 
duct wor k of  const r uct i on c l ass of  3- i nch wat er  gauge st at i c pr essur e and 
bel ow i f  i ndi cat ed t o be DALT' d.   Compl et e DALT wor k on t he COTR sel ect ed 
duct wor k wi t hi n 48 hour s af t er  t he par t i cul ar  duct wor k was sel ect ed f or  
DALT.   Separ at el y conduct  DALT wor k f or  l ar ge duct  syst ems t o enabl e t he 
DALT wor k t o be compl et ed i n 48 hour s.

3. 3. 5   Compl et ed Pr e- Fi nal  DALT Repor t

Af t er  compl et i on of  t he DALT wor k,  pr epar e a Pr e- f i nal  DALT Repor t  meet i ng 
t he addi t i onal  r equi r ement s speci f i ed i n Appendi x A  REPORTS -  DALT and 
TAB.   Dat a r equi r ed by t hose dat a r epor t  f or ms shal l  be f ur ni shed by t he 
TAB t eam.   Pr epar e t he r epor t  neat l y and l egi bl y;  t he Pr e- f i nal  DALT 
r epor t  shal l  pr ovi de t he basi s f or  t he Fi nal  DALT Repor t .

TAB super vi sor  shal l  r evi ew,  appr ove and si gn t he Pr e- Fi nal  DALT Repor t  
and submi t  t hi s r epor t  wi t hi n one day of  compl et i on of  DALT f i el d wor k.   
Ver bal l y not i f y t he COTR t hat  t he f i el d check of  t he Pr e- Fi nal  DALT Repor t  
dat a can commence.

3. 3. 6   Qual i t y Assur ance -  COTR DALT Fi el d Accept ance Test i ng

I n t he pr esence of  t he COTR and TAB t eam f i el d l eader ,  ver i f y f or  accur acy 
Pr e- f i nal  DALT Repor t  dat a sel ect ed by t he COTR.   For  each duct  syst em,  
t hi s accept ance t est i ng shal l  be conduct ed on  a maxi mum of  50 per cent  of  
t he duct  sect i ons DALT' d.

Fur t her ,  i f  any dat a on t he Pr e- f i nal  DALT r epor t  f or m f or  a gi ven duct  
sect i on i s out - of - t ol er ance,  t hen f i el d accept ance t est i ng shal l  be 
conduct ed on dat a f or  one addi t i onal  duct  sect i on,  pr ef er abl y i n t he same 
duct  syst em,  i n t he pr esence of  t he COTR.

3. 3. 7   Addi t i onal  COTR Fi el d Accept ance Test i ng

I f  any of  t he duct  sect i ons checked f or  a gi ven syst em ar e det er mi ned t o 
have a l eakage r at e measur ed t hat  exceeds t he l eakage r at e al l owed by 
SMACNA Leak Test  Manual  f or  an i ndi cat ed duct  const r uct i on c l ass and 
seal ant  c l ass,  t er mi nat e dat a checki ng f or  t hat  sect i on.   The associ at ed 
Pr e- f i nal  DALT Repor t  dat a f or  t he gi ven duct  syst em wi l l  be di sappr oved.   
Make t he necessar y cor r ect i ons and pr epar e a r evi sed Pr e- f i nal  DALT 
Repor t .   Reschedul e a f i el d check of  t he r evi sed r epor t  dat a wi t h t he COTR.

3. 3. 8   Cer t i f i ed Fi nal  DALT Repor t

On successf ul  compl et i on of  al l  f i el d checks of  t he Pr e- f i nal  DALT Repor t  
dat a f or  al l  syst ems,  t he TAB Super vi sor  i s t o assembl e,  r evi ew,  cer t i f y and 
submi t  t he Fi nal  DALT Repor t  t o t he Cont r act i ng Of f i cer  f or  appr oval . On 
successf ul  compl et i on of  al l  f i el d checks of  t he Pr e- Fi nal  DALT Repor t  dat a 
f or  al l  syst ems,  t he TAB Super vi sor  shal l  assembl e,  r evi ew,  appr ove,  s i gn 
and submi t  t he Fi nal  DALT Repor t  i n compl i ance wi t h Appendi x A  REPORTS -  
DALT and TAB t o t he Cont r act i ng Of f i cer  f or  appr oval .

3. 3. 9   Pr er equi s i t e f or  TAB Fi el d Wor k

Do not  commence TAB f i el d wor k pr i or  t o t he compl et i on and appr oval ,  f or  
al l  syst ems,  of  t he Fi nal  DALT Repor t .
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3. 4   TAB PROCEDURES

3. 4. 1   TAB Fi el d Wor k

Test ,  adj ust ,  and bal ance t he HVAC syst ems  unt i l  measur ed f l ow r at es ( ai r  
)  ar e wi t hi n pl us or  mi nus 5 per cent  of  t he desi gn f l ow r at es as speci f i ed 
or  i ndi cat ed on t he cont r act  document s.

That  i s,  compl y wi t h t he t he r equi r ement s of  AABC MN- 1,  AABC MN- 4,  
NEBB MASV,  NEBB MASV,   or  SMACNA 1780 ( TABB)  and SMACNA 1858 ( TABB) , except  
as suppl ement ed and modi f i ed by t hi s sect i on.

Pr ovi de i nst r ument s and consumabl es r equi r ed t o accompl i sh t he TAB wor k.   
Cal i br at e and mai nt ai n i nst r ument s i n accor dance wi t h manuf act ur er ' s 
wr i t t en pr ocedur es.

Test ,  adj ust ,  and bal ance t he HVAC syst ems  unt i l  measur ed f l ow r at es ( ai r  
)  ar e wi t hi n pl us or  mi nus 5 per cent  of  t he desi gn f l ow r at es as speci f i ed 
or  i ndi cat ed on t he cont r act  document s.  Conduct  TAB wor k,  i ncl udi ng 
measur ement  accur acy,  and sound measur ement  wor k i n conf or mance wi t h t he 
AABC MN- 1 and AABC MN- 4,  or  NEBB TABES and NEBB MASV,  or  SMACNA 1780 ( used 
by TABB)  and  SMACNA 1858 sound measur ement  pr ocedur es,  except  as 
suppl ement ed and modi f i ed by t hi s sect i on.   The onl y ai r  f l ow r epor t i ng 
whi ch can be def er r ed unt i l  t he Season 2 i s t hat  dat a whi ch woul d be 
af f ect ed i n t er ms of  accur acy due t o out si de ambi ent  condi t i ons.

3. 4. 2   Pr el i mi nar y Pr ocedur es

Use t he appr oved pr e- f i el d engi neer i ng r epor t  as i nst r uct i ons and 
pr ocedur es f or  accompl i shi ng TAB f i el d wor k.   TAB engi neer  i s t o l ocat e,  
i n t he f i el d,  t est  por t s r equi r ed f or  t est i ng.   I t  i s  t he r esponsi bi l i t y  
of  t he sheet  met al  cont r act or  t o pr ovi de and i nst al l  t est  por t s as 
r equi r ed by t he TAB engi neer .

3. 4. 3   TAB Ai r  Di st r i but i on Syst ems

3. 4. 3. 1   Uni t s Wi t h Coi l s

Repor t  heat i ng and cool i ng per f or mance capaci t y t est s f or  DX and nat ur al  
gas f ur nace coi l s f or  t he pur pose of  ver i f y i ng t hat  t he coi l s meet  t he 
i ndi cat ed desi gn capaci t y.   Submi t  t he f ol l owi ng dat a and cal cul at i ons 
wi t h t he coi l  t est  r epor t s:

a.   For  ai r  handl er s wi t h capaci t i es gr eat er  t han 7. 5 t ons ( 90, 000 Bt u)  
cool i ng,  such as f act or y manuf act ur ed uni t s conduct  capaci t y t est s i n 
accor dance wi t h AABC MN- 4,  pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng. "

    Do not  det er mi ne ent er i ng and l eavi ng wet  and dr y bul b t emper at ur es by 
s i ngl e poi nt  measur ement ,  but  by t he aver age of  mul t i pl e r eadi ngs i n 
compl i ance wi t h par agr aph 3. 5- 5,  " Pr ocedur es" ,  ( i n subpar agr aph d. )  of  
AABC MN- 4,  Pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng. "

    Submi t  par t - l oad coi l  per f or mance dat a f r om t he coi l  manuf act ur er  
conver t i ng t est  condi t i ons t o desi gn condi t i ons;  use t he dat a  f or  t he 
pur pose of  ver i f y i ng t hat  t he coi l s meet  t he i ndi cat ed desi gn capaci t y 
i n compl i ance wi t h AABC MN- 4,  Pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng, "  
par agr aph 3. 5. 7,  " Act ual  Capaci t y Vs.  Desi gn Capaci t y"  ( i n 
subpar agr aph c. ) .
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b.   For  uni t s wi t h capaci t i es of  7. 5 t ons ( 90, 000 Bt u)  or  l ess,  such as 
uni t ar y uni t s or  Comput er  r oom uni t s:

    Det er mi ne t he appar ent  coi l  capaci t y by cal cul at i ons usi ng si ngl e 
poi nt  measur ement  of  ent er i ng and l eavi ng wet  and dr y bul b 
t emper at ur es;  submi t  t he cal cul at i ons wi t h t he coi l  r epor t s.

3. 4. 3. 2   Ai r  Handl i ng Uni t s

Ai r  handl i ng uni t  syst ems i ncl udi ng f ans ( ai r  handl i ng uni t  f ans) ,  coi l s,  
duct s,  pl enums,  mi xi ng boxes,  and ai r  di st r i but i on devi ces f or  suppl y ai r ,  
r et ur n ai r ,  and out si de ai r .

3. 4. 3. 3   Makeup Ai r  Uni t s

Makeup ai r  uni t  syst ems i ncl udi ng f ans,  coi l s,  duct s,  pl enums,  r egi st er s,  
di f f user s,  gr i l l es,  and l ouver s f or  out si de ai r ,  .

3. 4. 3. 4   Exhaust  Fans

Exhaust  f an syst ems i ncl udi ng f ans,  duct s,  pl enums,  gr i l l es,  and hoods f or  
exhaust  ai r .

3. 4. 4   Sound Measur ement  Wor k

3. 4. 4. 1   Ar eas To Be Sound Measur ed

I n t he f ol l owi ng spaces,  measur e and r ecor d t he sound power  l evel  f or  each 
oct ave band l i s t ed i n ASHRAE HVAC APP I P HDBK Noi se Cr i t er i a:

a.   Al l  HVAC mechani cal  r ooms,  i ncl udi ng machi ner y spaces and ot her  spaces 
cont ai ni ng HVAC power  dr i ver s and power  dr i ven equi pment .

b.   Al l  spaces shar i ng a common bar r i er  wi t h each mechani cal  r oom,  
i ncl udi ng r ooms over head,  r ooms on t he ot her  s i de of  s i de wal l s,  and 
r ooms beneat h t he mechani cal  r oom f l oor .

c.   AHU No.  1 Syst em:   Rooms:  105- Cor r i dor ,  110- Br eak Room,  and 
113- Mechani cal .

3. 4. 4. 2   Pr ocedur e

Measur e sound l evel s i n each r oom,  when unoccupi ed except  f or  t he TAB 
t eam,  wi t h al l  HVAC syst ems t hat  woul d cause sound r eadi ngs i n t he r oom 
oper at i ng i n t hei r  noi s i est  mode.   Recor d t he sound l evel  i n each oct ave 
band.   At t empt  t o mi t i gat e t he sound l evel  and br i ng t he l evel  t o wi t hi n 
t he speci f i ed ASHRAE HVAC APP I P HDBK noi se cr i t er i a goal s,  i f  such 
mi t i gat i on i s wi t hi n t he TAB t eam' s cont r ol .   St at e i n t he r epor t  t he 
ASHRAE HVAC APP I P HDBK noi se cr i t er i a goal s.   I f  sound l evel  cannot  be 
br ought  i nt o compl i ance,  pr ovi de wr i t t en not i ce of  t he def i c i ency t o t he 
Cont r act or  f or  r esol ut i on or  cor r ect i on.

3. 4. 4. 3   Ti mi ng

Measur e sound l evel s at  t i mes pr escr i bed by AABC or  NEBB or  TABB.

3. 4. 4. 4   Met er s

Measur e sound l evel s wi t h a sound met er  compl yi ng wi t h ASA S1. 4,  Type 1 or  
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2,  and an oct ave band f i l t er  set  compl yi ng wi t h ASA S1. 11 PART 1.   Use 
measur ement  met hods f or  over al l  sound l evel s and f or  oct ave band sound 
l evel s as pr escr i bed by NEBB.

3. 4. 4. 5   Cal i br at i on

Cal i br at e sound l evel s as pr escr i bed by AABC or  NEBB or  TABB,  except  t hat  
cal i br at or s emi t t i ng a sound pr essur e l evel  t one of  94 dB at  1000 her t z 
( Hz)  ar e al so accept abl e.

3. 4. 4. 6   Backgr ound Noi se Cor r ect i on

Det er mi ne backgr ound noi se component  of  r oom sound ( noi se)  l evel s f or  each 
( of  ei ght )  oct ave bands as pr escr i bed by AABC or  NEBB or  TABB.

3. 4. 5   TAB Wor k on Per f or mance Test s Wi t hout  Seasonal  Li mi t at i ons

3. 4. 5. 1   Per f or mance Test s

I n addi t i on t o t he TAB pr opor t i onat e bal anci ng wor k on t he ai r  
di st r i but i on syst ems and t he wat er  di st r i but i on syst ems,  accompl i sh TAB 
wor k on t he HVAC syst ems whi ch di r ect l y t r ansf er  t her mal  ener gy.   TAB t he 
oper at i onal  per f or mance of  t he heat i ng syst emsandcool i ng syst ems.

3. 4. 5. 2   Ambi ent  Temper at ur es

On each t ab r epor t  f or m used f or  r ecor di ng dat a,  r ecor d t he out door  and 
i ndoor  ambi ent  dr y bul b t emper at ur e r ange and t he out door  and i ndoor  
ambi ent  wet  bul b t emper at ur e r ange wi t hi n whi ch t he r epor t  f or m' s dat a was 
r ecor ded.   Recor d t hese t emper at ur es at  begi nni ng and at  t he end of  dat a 
t aki ng.

3. 4. 5. 3   Sound Measur ement s

Compl y wi t h t he par agr aph SOUND MEASUREMENT WORK,  speci f i cal l y,  t he 
r equi r ement  t hat  a r oom must  be oper at i ng i n i t s noi s i est  mode at  t he t i me 
of  sound measur ement s i n t he r oom.   The maxi mum noi se l evel  measur ement s 
coul d depend on seasonal l y r el at ed heat  or  cool i ng t r ansf er  equi pment .

3. 4. 6   TAB Wor k on Per f or mance Test s Wi t h Seasonal  Li mi t at i ons

3. 4. 6. 1   Ambi ent  Temper at ur es

On each t ab r epor t  f or m used f or  r ecor di ng dat a,  r ecor d t he out door  and 
i ndoor  ambi ent  dr y bul b t emper at ur e r ange and t he out door  and i ndoor  
ambi ent  wet  bul b t emper at ur e r ange wi t hi n whi ch t he r epor t  f or m' s dat a was 
r ecor ded.   Recor d t hese t emper at ur es at  begi nni ng and at  t he end of  dat a 
t aki ng.

3. 4. 6. 2   Sound Measur ement s

Compl y wi t h t he par agr aph SOUND MEASUREMENT WORK,  speci f i cal l y,  t he 
r equi r ement  t hat  a r oom must  be oper at i ng i n i t s noi s i est  mode at  t he t i me 
of  sound measur ement s i n t he r oom.   The maxi mum noi se l evel  measur ement s 
coul d depend on seasonal l y r el at ed heat  or  cool i ng t r ansf er  equi pment .

3. 4. 7   Wor kmanshi p

Conduct  TAB wor k on t he HVAC syst ems unt i l  measur ed f l ow r at es ar e wi t hi n 
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pl us or  mi nus 5 per cent  of  t he desi gn f l ow r at es as speci f i ed or  i ndi cat ed 
on t he cont r act  document s.   Thi s TAB wor k i ncl udes adj ust ment  of  bal anci ng 
val ves,  bal anci ng damper s,  and sheaves.   Fur t her ,  t hi s TAB wor k i ncl udes 
changi ng out  f an sheaves and pump i mpel l er s i f  r equi r ed t o obt ai n ai r  and 
wat er  f l ow r at es speci f i ed or  i ndi cat ed.   I f ,  wi t h t hese adj ust ment s and 
equi pment  changes,  t he speci f i ed or  i ndi cat ed desi gn f l ow r at es cannot  be 
at t ai ned,  cont act  t he Cont r act i ng Of f i cer  f or  di r ect i on.

3. 4. 8   Def i c i enci es

St r i ve t o meet  t he i nt ent  of  t hi s sect i on t o maxi mi ze t he per f or mance of  
t he equi pment  as desi gned and i nst al l ed.   However ,  i f  def i c i enci es i n 
equi pment  desi gn or  i nst al l at i on pr event  TAB wor k f r om bei ng accompl i shed 
wi t hi n t he r ange of  desi gn val ues speci f i ed i n t he par agr aph WORKMANSHI P,  
pr ovi de wr i t t en not i ce as soon as possi bl e t o t he Cont r act or  and t he 
Cont r act i ng Of f i cer  descr i bi ng t he def i c i ency and r ecommended cor r ect i on.

Responsi bi l i t y  f or  cor r ect i on of  i nst al l at i on def i c i enci es i s t he 
Cont r act or ' s.   I f  a def i c i ency i s i n equi pment  desi gn,  cal l  t he TAB t eam 
super vi sor  f or  t echni cal  assi st ance.   Responsi bi l i t y  f or  r epor t i ng desi gn 
def i c i enci es t o Cont r act or  i s t he TAB t eam super vi sor ' s.

3. 4. 9   TAB Repor t s

Addi t i onal  r equi r ement s f or  TAB Repor t s ar e speci f i ed i n  Appendi x A  
REPORTS -  DALT and TAB
3. 4. 10   Qual i t y Assur ance -  COTR TAB Fi el d Accept ance Test i ng

3. 4. 10. 1   TAB Fi el d Accept ance Test i ng

Dur i ng t he f i el d accept ance t est i ng,  ver i f y,  i n t he pr esence of  t he COTR,  
r andom sel ect i ons of  dat a ( ai r  quant i t i es,  ai r  mot i on,  sound l evel  r eadi ngs
)  r ecor ded i n t he TAB Repor t .    Poi nt s and ar eas f or  f i el d accept ance 
t est i ng ar e t o be sel ect ed by t he COTR.   Measur ement  and t est  pr ocedur es 
ar e t he same as appr oved f or  TAB wor k f or  t he TAB Repor t .

Fi el d accept ance t est i ng i ncl udes ver i f i cat i on of  TAB Repor t  dat a r ecor ded 
f or  t he f ol l owi ng equi pment  gr oups:

    Gr oup 1:   Al l  comput er  r oom uni t s and ai r  handl i ng uni t s ( cent r al  
st at i ons) .

    Gr oup 2:   25 per cent  of  t he suppl y di f f user s,  r egi st er s,  gr i l l es 
associ at ed wi t h const ant  vol ume ai r  handl i ng uni t s.

    Gr oup 3:   25 per cent  of  t he r et ur n gr i l l es,  r et ur n r egi st er s,  exhaust  
gr i l l es,  and exhaust  r egi st er s.

    Gr oup 4:   25 per cent  of  t he suppl y f ans,  exhaust  f ans,  and pumps.

Fur t her ,  i f  any dat a on t he TAB Repor t  f or  Gr oups 2 t hr ough 4 i s f ound not  
t o f al l  wi t hi n t he r ange of  pl us 10 t o mi nus 10 per cent  of  t he TAB Repor t  
dat a,  addi t i onal  gr oup dat a ver i f i cat i on i s r equi r ed i n t he pr esence of  
t he COTR.   Ver i f y TAB Repor t  dat a f or  one addi t i onal  pi ece of  equi pment  i n 
t hat  gr oup.   Cont i nue t hi s addi t i onal  gr oup dat a ver i f i cat i on unt i l  
out - of - t ol er ance dat a ceases t o be f ound.
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3. 4. 10. 2   Addi t i onal  COTR TAB Fi el d Accept ance Test i ng

I f  any of  t he accept ance t est i ng measur ement s f or  a gi ven equi pment  gr oup 
i s f ound not  t o f al l  wi t hi n t he r ange of  pl us 5 t o mi nus 5 per cent  of  t he 
TAB Repor t  dat a,  t er mi nat e dat a ver i f i cat i on f or  al l  af f ect ed dat a f or  
t hat  gr oup.   The af f ect ed dat a f or  t he gi ven gr oup wi l l  be di sappr oved.   
Make t he necessar y cor r ect i ons and pr epar e a r evi sed TAB Repor t .   
Reschedul e accept ance t est i ng of  t he r evi sed r epor t  dat a wi t h t he COTR.

3. 4. 10. 3   Pr er equi s i t e f or  Appr oval

Compl i ance wi t h t he f i el d accept ance t est i ng r equi r ement s of  t hi s sect i on 
i s a pr er equi s i t e f or  t he f i nal  Cont r act i ng Of f i cer  appr oval  of  t he TAB 
Repor t  submi t t ed.

3. 5   MARKI NG OF SETTI NGS

Upon t he f i nal  TAB wor k appr oval ,  per manent l y mar k t he set t i ngs of  HVAC 
adj ust ment  devi ces i ncl udi ng val ves,  gauges,  spl i t t er s,  and damper s so 
t hat  adj ust ment  can be r est or ed i f  di st ur bed at  any t i me.   Pr ovi de 
per manent  mar ki ngs cl ear l y i ndi cat i ng t he set t i ngs on t he adj ust ment  
devi ces whi ch r esul t  i n t he dat a r epor t ed on t he submi t t ed TAB r epor t .

3. 6   MARKI NG OF TEST PORTS

The TAB t eam i s t o per manent l y and l egi bl y mar k and i dent i f y t he l ocat i on 
poi nt s of  t he duct  t est  por t s.   I f  t he duct s have ext er i or  i nsul at i on,  
make t hese mar ki ngs on t he ext er i or  s i de of  t he duct  i nsul at i on.   Show t he 
l ocat i on of  t est  por t s on t he as- bui l t  mechani cal  dr awi ngs wi t h di mensi ons 
gi ven wher e t he t est  por t  i s  cover ed by ext er i or  i nsul at i on.

3. 7   APPENDI CES

Appendi x A  REPORTS -  DALT and TAB
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Appendi x A

REPORTS -  DALT and TAB

Al l  submi t t ed document at i on must  be t yped,  neat ,  and or gani zed.   Al l  
r epor t s must  have a wat er pr oof  f r ont  and back cover ,  a t i t l e page,  a 
cer t i f i cat i on page,  sequent i al l y  number ed pages t hr oughout ,  and a t abl e of  
cont ent s.   Tabl es,  l i s t s,  and di agr ams must  be t i t l ed.  Gener at e and submi t  
f or  appr oval  t he f ol l owi ng document at i on:

1.    DALT and TAB Wor k Execut i on Schedul e

Submi t  a det ai l ed schedul e i ndi cat i ng t he ant i c i pat ed cal endar  dat e f or  
each submi t t al  and each por t i on of  wor k r equi r ed under  t hi s sect i on.   For  
each wor k ent r y,  i ndi cat e t he suppor t  per sonnel  ( such as cont r ol s 
pr ovi der ,  HVAC mechani c,  et c. )  t hat  ar e needed t o accompl i sh t he wor k.   
Ar r ange schedul e ent r i es chr onol ogi cal l y.

2.    DALT and TAB Pr ocedur es Summar y

Submi t  a det ai l ed nar r at i ve descr i bi ng al l  aspect s of  t he DALT and TAB 
f i el d wor k t o be per f or med.   Cl ear l y di st i ngui sh bet ween DALT i nf or mat i on 
and TAB i nf or mat i on.   I ncl ude t he f ol l owi ng:

a.   A l i s t  of  t he i nt ended pr ocedur al  st eps f or  t he DALT and TAB f i el d 
wor k f r om st ar t  t o f i ni sh.   I ndi cat e how each t ype of  dat a measur ement  
wi l l  be obt ai ned.   I ncl ude what  Cont r act or  suppor t  per sonnel  ar e 
r equi r ed f or  each st ep,  and t he t asks t hey need t o per f or m.

b.   A l i s t  of  t he pr oj ect ' s submi t t al s t hat  ar e needed by t he TAB Fi r m i n 
or der  t o meet  t hi s Cont r act ' s r equi r ement s.

c.   The schemat i c dr awi ngs t o be used i n t he r equi r ed r epor t s,  whi ch may 
i ncl ude bui l di ng f l oor  pl ans,  mechani cal  r oom pl ans,  duct  syst em 
pl ans,  and equi pment  el evat i ons.   I ndi cat e i nt ended TAB measur ement  
l ocat i ons,  i ncl udi ng wher e t est  por t s need t o be pr ovi ded by t he 
Cont r act or .

d.   The dat a pr esent at i on f or ms t o be used i n t he r epor t ,  wi t h t he 
pr el i mi nar y i nf or mat i on and i ni t i al  desi gn val ues f i l l ed i n.

e.   A l i s t  of  DALT and TAB i nst r ument s t o be used,  edi t ed f or  t hi s 
pr oj ect ,  t o i ncl ude t he i nst r ument  name and descr i pt i on,  manuf act ur er ,  
model  number ,  scal e r ange,  publ i shed accur acy,  most  r ecent  cal i br at i on 
dat e,  and what  t he i nst r ument  wi l l  be used f or  on t hi s pr oj ect .

f .   A t hor ough checkl i st  of  t he wor k i t ems and i nspect i ons t hat  need t o be 
accompl i shed bef or e DALT f i el d wor k can be per f or med.   The Cont r act or  
must  compl et e,  submi t ,  and r ecei ve appr oval  of  t he Compl et ed Pr e- Fi nal  
DALT Wor k Checkl i st  bef or e DALT f i el d wor k can be accompl i shed.

g.   A t hor ough checkl i st  of  t he wor k i t ems and i nspect i ons t hat  need t o be 
accompl i shed bef or e t he Season 1 TAB f i el d wor k can be per f or med.   The 
Cont r act or  must  compl et e,  submi t ,  and r ecei ve appr oval  of  t he 
Compl et ed Season 1 Pr e- TAB Wor k Checkl i st  bef or e t he Season 1 TAB 
f i el d wor k can be accompl i shed.

h.   A t hor ough checkl i st  of  t he wor k i t ems and i nspect i ons t hat  need t o be 
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accompl i shed bef or e t he Season 2 TAB f i el d wor k can be per f or med.   The 
Cont r act or  must  compl et e,  submi t ,  and r ecei ve appr oval  of  t he 
Compl et ed Season 2 Pr e- TAB Wor k Checkl i st  bef or e t he Season 2 TAB 
f i el d wor k can be accompl i shed.

i .   The checkl i st s speci f i ed above shal l  be i ndi v i dual l y devel oped and 
t ai l or ed speci f i cal l y f or  t he wor k under  t hi s cont r act .   Ref er  t o 
NEBB PROCEDURAL STANDARDS,  Sect i on I I I ,  " Pr el i mi nar y TAB Pr ocedur es"  
under  t he par agr aphs t i t l ed,  " Ai r  Di st r i but i on Syst em I nspect i on"  f or  
exampl es of  i t ems t o i ncl ude i n t he checkl i st s.

3.   Desi gn Revi ew Repor t

Submi t  r epor t  cont ai ni ng t he f ol l owi ng i nf or mat i on:

a.   Revi ew t he cont r act  speci f i cat i ons and dr awi ngs t o ver i f y t hat  t he TAB 
wor k can be successf ul l y accompl i shed i n compl i ance wi t h t he 
r equi r ement s of  t hi s sect i on.   Ver i f y t he pr esence and l ocat i on of  
per manent l y i nst al l ed t est  por t s and ot her  devi ces needed,  i ncl udi ng 
gauge cocks,  t her momet er  wel l s,  f l ow cont r ol  devi ces,  c i r cui t  set t er s,  
bal anci ng val ves,  and manual  vol ume damper s.

b.   Submi t  a t yped r epor t  descr i bi ng omi ssi ons and def i c i enci es i n t he 
HVAC syst em' s desi gn t hat  woul d pr ecl ude t he TAB t eam f r om 
accompl i shi ng t he DALT wor k and t he TAB wor k r equi r ement s of  t hi s 
sect i on.   Pr ovi de a compl et e expl anat i on i ncl udi ng suppor t i ng 
document at i on det ai l i ng t he desi gn def i c i ency.   I f  no def i c i enci es ar e 
evi dent ,  st at e so i n t he r epor t .

4.   Compl et ed Pr e- Fi nal  DALT Wor k Checkl i st

Repor t  t he dat a f or  t he Pr e- Fi nal  DALT Repor t  meet i ng t he f ol l owi ng 
r equi r ement s:

a.   Submi t  a copy of  t he appr oved DALT and TAB Pr ocedur es Summar y:   
Pr ovi de not at i ons descr i bi ng how act ual  f i el d pr ocedur es di f f er ed f r om 
t he pr ocedur es l i s t ed.

b.   Repor t  f or mat :   Submi t  a compr ehensi ve r epor t  f or  t he DALT f i el d wor k 
dat a usi ng dat a pr esent at i on f or ms equi val ent  t o t he " Ai r  Duct  Leakage 
Test  Summar y Repor t  For ms"  l ocat ed i n t he SMACNA 1972 CD.    I n 
addi t i on,  submi t  i n t he r epor t ,  a mar ked duct  shop dr awi ng whi ch 
i dent i f i es each sect i on of  duct  t est ed wi t h assi gned node number s f or  
each sect i on.   Node number s shal l  be i ncl uded i n t he compl et ed r epor t  
f or ms t o i dent i f y each duct  sect i on.   

c.   Cal cul at i ons:   I ncl ude a copy of  al l  cal cul at i ons pr epar ed i n 
det er mi ni ng t he duct  sur f ace ar ea of  each duct  t est  sect i on.   I ncl ude 
i n t he DALT r epor t s copy( s)  of  t he cal i br at i on cur ve f or  each of  t he 
DALT t est  or i f i ces used f or  t est i ng.

d.   I nst r ument s:   Li st  t he t ypes of  i nst r ument s act ual l y used t o measur e 
t he dat a.   I ncl ude i n t he l i s t i ng each i nst r ument ' s uni que 
i dent i f i cat i on number ,  cal i br at i on dat e,  and cal i br at i on expi r at i on 
dat e.   I nst r ument s ar e t o be cal i br at ed wi t hi n one year  of  t he dat e of  
use i n t he f i el d;  i nst r ument  cal i br at i on i s t o be t r aceabl e t o t he 
measur i ng st andar ds of  t he Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy.
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e.   TAB Super vi sor  Appr oval :   I ncl ude on t he submi t t ed r epor t  t he t yped 
name of  t he TAB super vi sor  and t he dat ed si gnat ur e of  t he TAB 
super vi sor .

5.    Fi nal  DALT Repor t

On successf ul  compl et i on of  al l  COTR f i el d checks of  t he Pr e- f i nal  DALT 
Repor t  dat a f or  al l  syst ems,  t he TABS Super vi sor  shal l  assembl e,  r evi ew,  
s i gn and submi t  t he Fi nal  DALT Repor t  t o t he Cont r act i ng Of f i cer  f or  
appr oval .

6.   TAB Repor t s:   Submi t  TAB Repor t  f or  Pr opor t i onal  Bal anci ng,  Season 1,  
and Season 2 i n t he f ol l owi ng manner :

a.   Pr ocedur e Summar y:   Submi t  a copy of  t he appr oved DALT and TAB 
Pr ocedur es Summar y.   When appl i cabl e,  pr ovi de not at i ons descr i bi ng how 
act ual  f i el d pr ocedur es di f f er ed f r om t he pr ocedur es l i s t ed.

b.   Repor t  f or mat :   Submi t  t he compl et ed dat a f or ms appr oved i n t he 
pr e- f i el d TAB Engi neer i ng Repor t  compl et ed by TAB f i el d t eam,  
r evi ewed,  appr oved and si gned by t he TAB super vi sor .   Bi nd t he r epor t  
wi t h a wat er pr oof  f r ont  and back cover .   I ncl ude a t abl e of  cont ent s 
i dent i f y i ng by page number  t he l ocat i on of  each r epor t .   Repor t  f or ms 
and r epor t  dat a shal l  be t ypewr i t t en.   Handwr i t t en r epor t  f or ms or  
r epor t  dat a ar e not  accept abl e.

c.   Temper at ur es:   On each TAB r epor t  f or m r epor t i ng TAB wor k accompl i shed 
on HVAC t her mal  ener gy t r ansf er  equi pment ,  i ncl ude t he i ndoor  and 
out door  dr y bul b t emper at ur e r ange and i ndoor  and out door  wet  bul b 
t emper at ur e r ange wi t hi n whi ch t he TAB dat a was r ecor ded.   

d.   Ai r  Syst em Di agr ams:   Pr ovi ded updat ed di agr ams wi t h f i nal  i nst al l ed 
l ocat i ons of  al l  t er mi nal s and devi ces,  any number i ng changes,  and 
act ual  t est  l ocat i ons.  

e.   Ai r  St at i c Pr essur e Pr of i l es:   Repor t  st at i c pr essur e pr of i l es f or  ai r  
duct  syst ems.   Repor t  st at i c pr essur e dat a f or  al l  suppl y,  r et ur n,  
exhaust ,  and out si de ai r  duct s f or  t he syst ems l i s t ed.   The st at i c 
pr essur e r epor t  dat a shal l  i ncl ude,  i n addi t i on t o AABC or  NEBB or  
TABB r equi r ed dat a,  t he f ol l owi ng:

( 1)  Repor t  suppl y f an and exhaust  f an i nl et  and di schar ge st at i c 
pr essur es.

( 2)  Repor t  st at i c pr essur e dr op acr oss DX coi l s and nat ur al  gas r eheat  
coi l s i nst al l ed i n uni t  cabi net r y or  t he syst em duct wor k.

( 3)  Repor t  st at i c pr essur e dr op acr oss out si de ai r ,  r et ur n ai r ,  and 
suppl y ai r  aut omat i c cont r ol  damper s,  bot h pr opor t i onal  and 
t wo- posi t i on,  i nst al l ed i n uni t  cabi net r y.

( 4)  Repor t  st at i c pr essur e dr op acr oss ai r  f i l t er s,  ai r  f l ow 
st r ai ght ener s,  ai r  f l ow measur i ng st at i ons or  ot her  pr essur e dr op 
pr oduci ng speci al t y i t ems i nst al l ed i n uni t  cabi net r y,  or  i n t he 
syst em duct wor k.   Exampl es of  t hese speci al t y i t ems ar e smoke 
det ect or s,  whi t e sound gener at or s,  RF shi el di ng,  wave gui des,  
secur i t y bar s,  bl ast  val ves,  smal l  pi pes passi ng t hr ough duct wor k,  
and duct  mount ed humi di f i er s.
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    Do not  r epor t  st at i c pr essur e dr op acr oss duct  f i t t i ngs pr ovi ded 
f or  t he sol e pur pose of  conveyi ng ai r ,  such as el bows,  
t r ansi t i ons,  of f set s,  pl enums,  manual  damper s,  and br anch 
t akes- of f s.

( 5)  Repor t  st at i c pr essur e dr op acr oss out si de ai r  and exhaust  ai r  
l ouver s.

( 6)  Repor t  st at i c pr essur e r eadi ngs of  suppl y ai r ,  r et ur n ai r ,  
exhaust / r el i ef  ai r ,  and out si de ai r  i n duct  at  t he poi nt  wher e 
t hese duct s connect  t o each ai r  movi ng uni t .

f .   I nst r ument s:   Li st  t he t ypes of  i nst r ument s act ual l y used t o measur e 
t he t ab dat a.   I ncl ude i n t he l i s t i ng each i nst r ument ' s uni que 
i dent i f i cat i on number ,  cal i br at i on dat e,  and cal i br at i on expi r at i on 
dat e.

    I nst r ument at i on,  used f or  t aki ng wet  bul b t emper at ur e r eadi ngs shal l  
pr ovi de accur acy of  pl us or  mi nus 10 per cent  at  t he measur ed f ace 
vel oci t i es.   Submi t  i nst r ument  manuf act ur er ' s l i t er at ur e t o document  
i nst r ument  accur acy per f or mance i s i n compl i ance wi t h t hat  speci f i ed.

g.   Per f or mance Cur ves:  The TAB Super vi sor  shal l  i ncl ude,  i n t he TAB 
Repor t s,  f act or y pump cur ves and f an cur ves f or  pumps and f ans TAB' d 
on t he j ob.

h.   Cal i br at i on Cur ves:   The TAB Super vi sor  shal l  i ncl ude,  i n t he TAB 
Repor t s,  a f act or y cal i br at i on cur ve f or  i nst al l ed f l ow cont r ol  
bal anci ng val ves,  f l ow vent ur i s and f l ow or i f i ces TAB' d on t he j ob.

i .   Dat a Fr om TAB Fi el d Wor k:   Af t er  compl et i on of  t he TAB f i el d wor k,  
pr epar e t he TAB f i el d dat a f or  TAB super vi sor ' s r evi ew and appr oval  
s i gnat ur e,  usi ng t he r epor t i ng f or ms appr oved i n t he pr e- f i el d 
engi neer i ng r epor t .   Dat a r equi r ed by t hose appr oved dat a r epor t  f or ms 
shal l  be f ur ni shed by t he TAB t eam.   Except  as appr oved ot her wi se i n 
wr i t i ng by t he Cont r act i ng Of f i cer ,  t he TAB wor k and t her eby t he TAB 
r epor t  shal l  be consi der ed i ncompl et e unt i l  t he TAB wor k i s 
accompl i shed t o wi t hi n t he accur acy r ange speci f i ed i n t he par agr aph 
WORKMANSHI P.

        - -  End of  Sect i on - -
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SECTI ON 23 07 00

THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS
02/ 13,  CHG 7:  05/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.   At  t he di scr et i on of  t he Gover nment ,  t he 
manuf act ur er  of  any mat er i al  suppl i ed wi l l  be r equi r ed t o f ur ni sh t est  
r epor t s per t ai ni ng t o any of  t he t est s necessar y t o assur e compl i ance wi t h 
t he st andar d or  st andar ds r ef er enced i n t hi s speci f i cat i on.

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 6 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
Er r at a 7- 8 2021;  I nt er pr et at i on 1- 6 2021;  
Addenda AS- BF 2022)  Ener gy St andar d f or  
Bui l di ngs Except  Low- Ri se Resi dent i al  
Bui l di ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A240/ A240M ( 2020a)  St andar d Speci f i cat i on f or  
Chr omi um and Chr omi um- Ni ckel  St ai nl ess 
St eel  Pl at e,  Sheet ,  and St r i p f or  Pr essur e 
Vessel s and f or  Gener al  Appl i cat i ons

ASTM A580/ A580M ( 2018)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Wi r e

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM C195 ( 2007;  R 2013)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Ther mal  I nsul at i ng Cement

ASTM C450 ( 2008)  St andar d Pr act i ce f or  Fabr i cat i on 
of  Ther mal  I nsul at i ng Fi t t i ng Cover s f or  
NPS Pi pi ng,  and Vessel  Laggi ng

ASTM C533 ( 2017)  St andar d Speci f i cat i on f or  Cal c i um 
Si l i cat e Bl ock and Pi pe Ther mal  I nsul at i on

ASTM C534/ C534M ( 2020a)  St andar d Speci f i cat i on f or  
Pr ef or med Fl exi bl e El ast omer i c Cel l ul ar  
Ther mal  I nsul at i on i n Sheet  and Tubul ar  
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For m

ASTM C547 ( 2019)  St andar d Speci f i cat i on f or  Mi ner al  
Fi ber  Pi pe I nsul at i on

ASTM C552 ( 2022)  St andar d Speci f i cat i on f or  Cel l ul ar  
Gl ass Ther mal  I nsul at i on

ASTM C591 ( 2021)  St andar d Speci f i cat i on f or  Unf aced 
Pr ef or med Ri gi d Cel l ul ar  Pol y i socyanur at e 
Ther mal  I nsul at i on

ASTM C610 ( 2015)  St andar d Speci f i cat i on f or  Mol ded 
Expanded Per l i t e Bl ock and Pi pe Ther mal  
I nsul at i on

ASTM C647 ( 2008;  R 2013)  Pr oper t i es and Test s of  
Mast i cs and Coat i ng Fi ni shes f or  Ther mal  
I nsul at i on

ASTM C755 ( 2019b)  St andar d Pr act i ce f or  Sel ect i on of  
Wat er  Vapor  Ret ar der s f or  Ther mal  
I nsul at i on

ASTM C795 ( 2008;  R 2018)  St andar d Speci f i cat i on f or  
Ther mal  I nsul at i on f or  Use i n Cont act  wi t h 
Aust eni t i c  St ai nl ess St eel

ASTM C916 ( 2020)  St andar d Speci f i cat i on f or  
Adhesi ves f or  Duct  Ther mal  I nsul at i on

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM C921 ( 2010;  R 2015)  St andar d Pr act i ce f or  
Det er mi ni ng t he Pr oper t i es of  Jacket i ng 
Mat er i al s f or  Ther mal  I nsul at i on

ASTM C1126 ( 2018)  St andar d Speci f i cat i on f or  Faced or  
Unf aced Ri gi d Cel l ul ar  Phenol i c Ther mal  
I nsul at i on

ASTM C1136 ( 2021)  St andar d Speci f i cat i on f or  
Fl exi bl e,  Low Per meance Vapor  Ret ar der s 
f or  Ther mal  I nsul at i on

ASTM C1710 ( 2011)  St andar d Gui de f or  I nst al l at i on of  
Fl exi bl e Cl osed Cel l  Pr ef or med I nsul at i on 
i n Tube and Sheet  For m

ASTM D882 ( 2012)  Tensi l e Pr oper t i es of  Thi n Pl ast i c 
Sheet i ng

ASTM D2863 ( 2019)  St andar d Test  Met hod f or  Measur i ng 
t he Mi ni mum Oxygen Concent r at i on t o 
Suppor t  Candl e- Li ke Combust i on of  Pl ast i cs 
( Oxygen I ndex)

ASTM D5590 ( 2000;  R 2010;  E 2012)  St andar d Test  
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Met hod f or  Det er mi ni ng t he Resi st ance of  
Pai nt  Fi l ms and Rel at ed Coat i ngs t o Fungal  
Def acement  by Accel er at ed Four - Week Agar  
Pl at e Assay

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E96/ E96M ( 2022)  St andar d Test  Met hods f or  
Gr avi met r i c Det er mi nat i on of Wat er  Vapor  
Tr ansmi ssi on Rat e of  Mat er i al s

ASTM E2231 ( 2021)  St andar d Pr act i ce f or  Speci men 
Pr epar at i on and Mount i ng of  Pi pe and Duct  
I nsul at i on Mat er i al s t o Assess Sur f ace 
Bur ni ng Char act er i st i cs

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

GREEN SEAL ( GS)

GS- 36 ( 2013)  Adhesi ves f or  Commer ci al  Use

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 2758 ( 2014)  Paper  -  Det er mi nat i on of  Bur st i ng 
St r engt h

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MI DWEST I NSULATI ON CONTRACTORS ASSOCI ATI ON ( MI CA)

MI CA I nsul at i on St ds ( 8t h Ed)  Nat i onal  Commer ci al  & I ndust r i al  
I nsul at i on St andar ds

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NFPA 90B ( 2021)  St andar d f or  t he I nst al l at i on of  
War m Ai r  Heat i ng and Ai r  Condi t i oni ng 
Syst ems
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SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- A- 3316 ( 1987;  Rev C;  Am 2 1990)  Adhesi ves,  
Fi r e- Resi st ant ,  Ther mal  I nsul at i on

MI L- A- 24179 ( 1969;  Rev A;  Am 2 1980;  Not i ce 1 1987;  
Not i ce 2 2020)  Adhesi ve,  Fl exi bl e 
Uni cel l ul ar - Pl ast i c Ther mal  I nsul at i on

MI L- PRF- 19565 ( 1988;  Rev C)  Coat i ng Compounds,  Ther mal  
I nsul at i on,  Fi r e-  and Wat er - Resi st ant ,  
Vapor - Bar r i er

UNDERWRI TERS LABORATORI ES ( UL)

UL 94 ( 2013;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 723 ( 2018)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

UL 2818 ( 2013)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

1. 2   SYSTEM DESCRI PTI ON

1. 2. 1   Gener al

Pr ovi de f i el d- appl i ed i nsul at i on and accessor i es on mechani cal  syst ems as 
speci f i ed her ei n;  f act or y- appl i ed i nsul at i on i s speci f i ed under  t he 
pi pi ng,  duct  or  equi pment  t o be i nsul at ed.   Fi el d appl i ed i nsul at i on 
mat er i al s r equi r ed f or  use on Gover nment - f ur ni shed i t ems as l i s t ed i n t he 
SPECI AL CONTRACT REQUI REMENTS shal l  be f ur ni shed and i nst al l ed by t he 
Cont r act or .

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

Submi t  t he t hr ee SD t ypes,  SD- 02 Shop Dr awi ngs,  SD- 03 Pr oduct  Dat a,  and 
SD- 08 Manuf act ur er ' s I nst r uct i ons at  t he same t i me f or  each syst em.

SD- 02 Shop Dr awi ngs
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MI CA Pl at es;  G

Pi pe I nsul at i on Syst ems and Associ at ed Accessor i es

Duct  I nsul at i on Syst ems and Associ at ed Accessor i es

Equi pment  I nsul at i on Syst ems and Associ at ed Accessor i es

Recycl ed cont ent  f or  i nsul at i on mat er i al s;  S

SD- 03 Pr oduct  Dat a

Pi pe I nsul at i on Syst ems;  G

Duct  I nsul at i on Syst ems;  G

Equi pment  I nsul at i on Syst ems;  G

SD- 04 Sampl es

Ther mal  I nsul at i on;  G

Di spl ay Sampl es;  G

SD- 07 Cer t i f i cat es

I ndoor  ai r  qual i t y f or  adhesi ves;  S

SD- 08 Manuf act ur er ' s I nst r uct i ons

Pi pe I nsul at i on Syst ems;  G

Duct  I nsul at i on Syst ems;  G

Equi pment  I nsul at i on Syst ems;  G

1. 4   CERTI FI CATI ONS

1. 4. 1   Adhesi ves and Seal ant s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr ams t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.  Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.  When pr oduct  does not  
have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  ai r  
qual i t y pr oduct  r equi r ement s c i t ed her ei n.

1. 5   QUALI TY ASSURANCE

1. 5. 1   I nst al l er  Qual i f i cat i on

Qual i f i ed i nst al l er s shal l  have successf ul l y compl et ed t hr ee or  mor e 
si mi l ar  t ype j obs wi t hi n t he l ast  5 year s.
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1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Mat er i al s shal l  be del i ver ed i n t he manuf act ur er ' s unopened cont ai ner s.   
Mat er i al s del i ver ed and pl aced i n st or age shal l  be pr ovi ded wi t h 
pr ot ect i on f r om weat her ,  humi di t y,  di r t ,  dust  and ot her  cont ami nant s.   The 
Cont r act i ng Of f i cer  may r ej ect  i nsul at i on mat er i al  and suppl i es t hat  
become di r t y,  dust y,  wet ,  or  cont ami nat ed by some ot her  means.   Packages 
or  st andar d cont ai ner s of  i nsul at i on,  j acket  mat er i al ,  cement s,  adhesi ves,  
and coat i ngs del i ver ed f or  use,  and sampl es r equi r ed f or  appr oval  shal l  
have manuf act ur er ' s st amp or  l abel  at t ached gi v i ng t he name of  t he 
manuf act ur er  and br and,  and a descr i pt i on of  t he mat er i al ,  dat e codes,  and 
appr oxi mat e shel f  l i f e ( i f  appl i cabl e) .   I nsul at i on packages and 
cont ai ner s shal l  be asbest os f r ee.

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

Pr ovi de mat er i al s whi ch ar e t he st andar d pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and t hat  essent i al l y  
dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  l east  2 year s 
pr i or  t o bi d openi ng.   Submi t  a compl et e l i s t  of  mat er i al s,  i ncl udi ng 
manuf act ur er ' s descr i pt i ve t echni cal  l i t er at ur e,  per f or mance dat a,  cat al og 
cut s,  and i nst al l at i on i nst r uct i ons.   The pr oduct  number ,  k- val ue,  
t hi ckness,  and f ur ni shed accessor i es i ncl udi ng adhesi ves,  seal ant s,  and 
j acket s f or  each mechani cal  syst em r equi r i ng i nsul at i on shal l  be 
i ncl uded.   The pr oduct  dat a must  be copyr i ght ed,  have an i dent i f y i ng or  
publ i cat i on number ,  and shal l  have been publ i shed pr i or  t o t he i ssuance 
dat e of  t hi s sol i c i t at i on.   Mat er i al s f ur ni shed under  t hi s sect i on shal l  
be submi t t ed t oget her  i n a bookl et .

2. 1. 1   I nsul at i on Syst em

Pr ovi de i nsul at i on syst ems i n accor dance wi t h t he appr oved MI CA Nat i onal  
I nsul at i on St andar ds pl at es as suppl ement ed by t hi s speci f i cat i on.   
Pr ovi de f i el d- appl i ed i nsul at i on f or  heat i ng,  vent i l at i ng,  and cool i ng 
( HVAC)  ai r  di st r i but i on syst ems and pi pi ng syst ems t hat  ar e l ocat ed 
wi t hi n,  on,  under ,  and adj acent  t o bui l di ngs;  and f or  pl umbi ng syst ems.   
Pr ovi de CFC and HCFC f r ee i nsul at i on.

2. 1. 2   Sur f ace Bur ni ng Char act er i st i cs

Unl ess ot her wi se speci f i ed,  i nsul at i on must  have a maxi mum f l ame spr ead
i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 when t est ed i n
accor dance wi t h ASTM E84.   Fl ame spr ead,  and smoke devel oped i ndexes,
shal l  be det er mi ned by ASTM E84 or  UL 723.   Test  i nsul at i on i n
t he same densi t y and i nst al l ed t hi ckness as t he mat er i al  t o be used i n t he
act ual  const r uct i on.   Pr epar e and mount  t est  speci mens accor di ng t o 
ASTM E2231.

2. 2   MATERI ALS

Pr ovi de i nsul at i on t hat  meet s or  exceed t he r equi r ement s of  
ASHRAE 90. 1 -  I P.   I nsul at i on ext er i or  shal l  be c l eanabl e,  gr ease 
r esi st ant ,  non- f l aki ng and non- peel i ng.   Mat er i al s shal l  be compat i bl e and 
shal l  not  cont r i but e t o cor r osi on,  sof t en,  or  ot her wi se at t ack sur f aces t o 
whi ch appl i ed i n ei t her  wet  or  dr y st at e.   Mat er i al s t o be used on 
st ai nl ess st eel  sur f aces shal l  meet  ASTM C795 r equi r ement s.   Cal c i um 
si l i cat e shal l  not  be used on chi l l ed or  col d wat er  syst ems.   Mat er i al s 
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shal l  be asbest os f r ee.   Pr ovi de pr oduct  r ecogni zed under  UL 94 ( i f  
cont ai ni ng pl ast i c)  and l i s t ed i n FM APP GUI DE.

2. 2. 1   Adhesi ves

Pr ovi de non- aer osol  adhesi ve pr oduct s used on t he i nt er i or  of  t he bui l di ng 
( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  t hat  meet  ei t her  
emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  
ei t her  of f i ce or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  SCAQMD Rul e 1168 ( HVAC duct  seal ant s must  meet  l i mi t  
r equi r ement s of  " Ot her "  cat egor y wi t hi n SCAQMD Rul e 1168 seal ant s t abl e) .   
Pr ovi de aer osol  adhesi ves used on t he i nt er i or  of  t he bui l di ng t hat  meet  
ei t her  emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( use t he of f i ce or  
c l assr oom r equi r ement s,  r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  GS- 36.   Pr ovi de cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  
qual i t y f or  adhesi ves.

2. 2. 1. 1   Acoust i cal  Li ni ng I nsul at i on Adhesi ve

Adhesi ve shal l  be a nonf l ammabl e,  f i r e- r esi st ant  adhesi ve conf or mi ng t o 
ASTM C916,  Type I .

2. 2. 1. 2   Mi ner al  Fi ber  I nsul at i on Cement

Cement  shal l  be i n accor dance wi t h ASTM C195.

2. 2. 1. 3   Laggi ng Adhesi ve

Laggi ng i s t he mat er i al  used f or  t her mal  i nsul at i on,  especi al l y ar ound a 
cyl i ndr i cal  obj ect .   Thi s may i ncl ude t he i nsul at i on as wel l  as t he 
c l ot h/ mat er i al  cover i ng t he i nsul at i on.   To r esi st  mol d/ mi l dew,  l aggi ng 
adhesi ve shal l  meet  ASTM D5590 wi t h 0 gr owt h r at i ng.   Laggi ng adhesi ves 
shal l  be nonf l ammabl e and f i r e- r esi st ant  and shal l  have a maxi mum f l ame 
spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 when t est ed 
i n accor dance wi t h ASTM E84.   Adhesi ve shal l  be MI L- A- 3316,  Cl ass 1,  
pi gment ed whi t e and be sui t abl e f or  bondi ng f i br ous gl ass c l ot h t o f aced 
and unf aced f i br ous gl ass i nsul at i on boar d;  f or  bondi ng cot t on br at t i ce 
c l ot h t o f aced and unf aced f i br ous gl ass i nsul at i on boar d;  f or  seal i ng 
edges of  and bondi ng gl ass t ape t o j oi nt s of  f i br ous gl ass boar d;  f or  
bondi ng l aggi ng cl ot h t o t her mal  i nsul at i on;  or  Cl ass 2 f or  at t achi ng 
f i br ous gl ass i nsul at i on t o met al  sur f aces.   Laggi ng adhesi ves shal l  be 
appl i ed i n st r i ct  accor dance wi t h t he manuf act ur er ' s r ecommendat i ons f or  
pi pe and duct  i nsul at i on.

2. 2. 1. 4   Cont act  Adhesi ve

Adhesi ves may be any of ,  but  not  l i mi t ed t o,  t he neopr ene based,  r ubber  
based,  or  el ast omer i c t ype t hat  have a maxi mum f l ame spr ead i ndex of  25 
and a maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance wi t h 
ASTM E84.   The adhesi ve shal l  not  adver sel y af f ect ,  i ni t i al l y  or  i n 
ser vi ce,  t he i nsul at i on t o whi ch i t  i s  appl i ed,  nor  shal l  i t  cause any 
cor r osi ve ef f ect  on met al  t o whi ch i t  i s  appl i ed.   Any sol vent  di sper si ng 
medi um or  vol at i l e component  of  t he adhesi ve shal l  have no obj ect i onabl e 
odor  and shal l  not  cont ai n any benzene or  car bon t et r achl or i de.   The dr i ed 
adhesi ve shal l  not  emi t  nauseous,  i r r i t at i ng,  or  t oxi c vol at i l e mat t er s or  
aer osol s when t he adhesi ve i s heat ed t o any t emper at ur e up t o 212 degr ees F.   
The dr i ed adhesi ve shal l  be nonf l ammabl e and f i r e r esi st ant .   Fl exi bl e 
El ast omer i c Adhesi ve:   Compl y wi t h MI L- A- 24179,  Type I I ,  Cl ass I .   Pr ovi de 
pr oduct  l i s t ed i n FM APP GUI DE.
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2. 2. 2   Caul k i ng

ASTM C920,  Type S,  Gr ade NS,  Cl ass 25,  Use A.

2. 2. 3   Cor ner  Angl es

Nomi nal  0. 016 i nch al umi num 1 by 1 i nch wi t h f act or y appl i ed kr af t  
backi ng.   Al umi num shal l  be ASTM B209,  Al l oy 3003,  3105,  or  5005.

2. 2. 4   Fi t t i ngs

Fabr i cat ed Fi t t i ngs ar e t he pr ef abr i cat ed f i t t i ngs f or  f l exi bl e 
el ast omer i c pi pe i nsul at i on syst ems i n accor dance wi t h ASTM C1710.   
Toget her  wi t h t he f l exi bl e el ast omer i c t ubes,  t hey pr ovi de compl et e syst em 
i nt egr i t y f or  r et ar di ng heat  gai n and cont r ol l i ng condensat i on dr i p f r om 
chi l l ed- wat er  and r ef r i ger at i on syst ems.  Fl exi bl e el ast omer i c,  f abr i cat ed 
f i t t i ngs pr ovi de t her mal  pr ot ect i on ( 0. 25 k)  and condensat i on r esi st ance 
( 0. 05 Wat er  Vapor  Tr ansmi ssi on f act or ) .   For  sat i sf act or y per f or mance,  
pr oper l y i nst al l ed pr ot ect i ve vapor  r et ar der / bar r i er s and vapor  st ops 
shal l  be used on hi gh r el at i ve humi di t y and bel ow ambi ent  t emper at ur e 
appl i cat i ons t o r educe movement  of  moi st ur e t hr ough or  ar ound t he 
i nsul at i on t o t he col der  i nt er i or  sur f ace.

2. 2. 5   Fi ni shi ng Cement

ASTM C450:  Mi ner al  f i ber  hydr aul i c- set t i ng t her mal  i nsul at i ng and 
f i ni shi ng cement .   Al l  cement s t hat  may come i n cont act  wi t h Aust eni t i c  
st ai nl ess st eel  must  compl y wi t h ASTM C795.

2. 2. 6   Fi br ous Gl ass Cl ot h and Gl ass Tape

Fi br ous gl ass c l ot h,  wi t h 20X20 maxi mum mesh si ze,  and gl ass t ape shal l  
have maxi mum f l ame spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex 
of  50 when t est ed i n accor dance wi t h ASTM E84.   Tape shal l  be 4 i nch wi de 
r ol l s.   Cl ass 3 t ape shal l  be 4. 5 ounces/ squar e yar d.   El ast omer i c Foam 
Tape:  Bl ack vapor - r et ar der  f oam t ape wi t h acr yl i c adhesi ve cont ai ni ng an 
ant i - mi cr obi al  addi t i ve.

2. 2. 7   St apl es

Out war d cl i nchi ng t ype ASTM A167,  Type 304 or  316 st ai nl ess st eel .

2. 2. 8   Jacket s

2. 2. 8. 1   Al umi num Jacket s

Al umi num j acket s shal l  be cor r ugat ed,  embossed or  smoot h sheet ,   0. 016 i nch
 nomi nal  t hi ckness;   ASTM B209,  Temper  H14,  Temper  H16,  Al l oy 3003,  5005,  
or  3105.   Cor r ugat ed al umi num j acket  shal l  not  be used out door s.   Al umi num 
j acket  secur i ng bands shal l  be Type 304 st ai nl ess st eel ,   0. 015 i nch 
t hi ck,   1/ 2 i nch wi de f or  pi pe under  12 i nch di amet er  and 3/ 4 i nch wi de 
f or  pi pe over  12 i nch and l ar ger  di amet er .   Al umi num j acket  
c i r cumf er ent i al  seam bands shal l  be 2 by 0. 016 i nch al umi num mat chi ng 
j acket  mat er i al .   Bands f or  i nsul at i on bel ow gr ound shal l  be 3/ 4 by 0. 020 
i nch t hi ck st ai nl ess st eel ,  or  f i ber gl ass r ei nf or ced t ape.   The j acket  
may,  at  t he opt i on of  t he Cont r act or ,  be pr ovi ded wi t h a f act or y 
f abr i cat ed Pi t t sbur gh or  " Z"  t ype l ongi t udi nal  j oi nt .   When t he " Z"  j oi nt  
i s  used,  t he bands at  t he c i r cumf er ent i al  j oi nt s shal l  be desi gned by t he 
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manuf act ur er  t o seal  t he j oi nt s and hol d t he j acket  i n pl ace.

2. 2. 8. 2   Pol yvi nyl  Chl or i de ( PVC)  Jacket s

Pol yvi nyl  chl or i de ( PVC)  j acket  and f i t t i ng cover s shal l  have hi gh i mpact  
st r engt h,  ul t r avi ol et  ( UV)  r esi st ant  r at i ng or  t r eat ment  and moder at e 
chemi cal  r esi st ance wi t h mi ni mum t hi ckness 0. 030 i nch.

2. 2. 8. 3   Vapor  Bar r i er / Weat her pr oof i ng Jacket

Vapor  bar r i er / weat her pr oof i ng j acket  shal l  be l ami nat ed sel f - adhesi ve,  
gr eat er  t han 3 pl i es st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed or  
gr eat er  t han 8 pl y ( mi ni mum 2. 9 mi l s adhesi ve) ;  wi t h 0. 0000 per meabi l i t y  
when t est ed i n accor dance wi t h ASTM E96/ E96M,  usi ng t he wat er  t r ansmi ssi on 
r at e t est  met hod;  heavy dut y,  whi t e or  nat ur al ;  and UV r esi st ant .   
Fl exi bl e El ast omer i c ext er i or  f oam wi t h f act or y appl i ed,  UV Jacket  made 
wi t h a col d weat her  acr yl i c adhesi ve.   Const r uct i on of  l ami nat e desi gned 
t o pr ovi de UV r esi st ance,  hi gh punct ur e,  t ear  r esi st ance and excel l ent  
Wat er  Vapor  Tr ansmi ssi on ( WVT)  r at e.

2. 2. 8. 4   Vapor  Bar r i er / Vapor  Ret ar der

Appl y t he f ol l owi ng cr i t er i a t o det er mi ne whi ch syst em i s r equi r ed.

a.   On duct s,  pi pi ng,  and equi pment  oper at i ng bel ow  60 degr ees F or  
l ocat ed out si de shal l  be equi pped wi t h a vapor  bar r i er .

b.   Duct s,  pi pes,  and equi pment  t hat  ar e l ocat ed i nsi de and t hat  al ways 
oper at e above 60 degr ees F shal l  be i nst al l ed wi t h a vapor  r et ar der  
wher e r equi r ed per  par agr aph VAPOR RETARDER REQUI RED.

2. 2. 9   Vapor  Ret ar der  Requi r ed

ASTM C921,  Type I ,  mi ni mum punct ur e r esi st ance 50 Beach uni t s on al l  
sur f aces except  conceal ed duct wor k,  wher e a mi ni mum punct ur e r esi st ance of  
25 Beach uni t s i s accept abl e.   Mi ni mum t ensi l e st r engt h,   35 pounds/ i nch 
wi dt h.   ASTM C921,  Type I I ,  mi ni mum punct ur e r esi st ance 25 Beach uni t s,  
t ensi l e st r engt h mi ni mum 20 pounds/ i nch wi dt h.   Jacket s used on i nsul at i on 
exposed i n f i ni shed ar eas shal l  have whi t e f i ni sh sui t abl e f or  pai nt i ng 
wi t hout  s i z i ng.   Based on t he appl i cat i on,  i nsul at i on mat er i al s t hat  
r equi r e manuf act ur er  or  f abr i cat or  appl i ed pi pe i nsul at i on j acket s ar e 
cel l ul ar  gl ass,  when al l  j oi nt s ar e seal ed wi t h a vapor  bar r i er  mast i c,  
and mi ner al  f i ber .     Al l  non- met al l i c  j acket s shal l  have a maxi mum f l ame 
spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 when t est ed 
i n accor dance wi t h ASTM E84.   Fl exi bl e el ast omer i cs r equi r e ( i n addi t i on 
t o vapor  bar r i er  ski n)  vapor  r et ar der  j acket i ng f or  hi gh r el at i ve humi di t y 
and bel ow ambi ent  t emper at ur e appl i cat i ons.

2. 2. 9. 1   Whi t e Vapor  Ret ar der  Al l  Ser vi ce Jacket  ( ASJ)

ASJ i s f or  use on hot / col d pi pes,  duct s,  or  equi pment  i ndoor s or  out door s 
i f  cover ed by a sui t abl e pr ot ect i ve j acket .   The pr oduct  shal l  meet  al l  
physi cal  pr oper t y and per f or mance r equi r ement s of  ASTM C1136,  Type I ,  
except  t he bur st  st r engt h shal l  be a mi ni mum of  85 psi .   ASTM D2863 
Li mi t ed Oxygen I ndex ( LOI )  shal l  be a mi ni mum of  31.

I n addi t i on,  nei t her  t he out er  exposed sur f ace nor  t he i nner - most  sur f ace 
cont act i ng t he i nsul at i on shal l  be paper  or  ot her  moi st ur e- sensi t i ve 
mat er i al .   The out er  exposed sur f ace shal l  be whi t e and have an emi t t ance 
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of  not  l ess t han 0. 80.   The out er  exposed sur f ace shal l  be pai nt abl e.

2. 2. 9. 2   Vapor  Ret ar der / Vapor  Bar r i er  Mast i c Coat i ngs

2. 2. 9. 2. 1   Vapor  Bar r i er

The vapor  bar r i er  shal l  be sel f  adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  gr eat er  t han 3 pl i es st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed whi t e j acket  f or  use on hot / col d pi pes.   Per meabi l i t y  shal l  be 
l ess t han 0. 02 when t est ed i n accor dance wi t h ASTM E96/ E96M.   Pr oduct s 
shal l  meet  UL 723 or  ASTM E84 f l ame and smoke r equi r ement s and shal l  be UV 
r esi st ant .

2. 2. 9. 2. 2   Vapor  Ret ar der

The vapor  r et ar der  coat i ng shal l  be f i r e and wat er  r esi st ant  and 
appr opr i at el y sel ect ed f or  ei t her  out door  or  i ndoor  ser vi ce.   Col or  shal l  
be whi t e.   The wat er  vapor  per meance of  t he compound shal l  be i n 
accor dance wi t h ASTM C755,  Sect i on 7. 2. 2,  Tabl e 2,  f or  i nsul at i on t ype and 
ser vi ce condi t i ons.   The coat i ng shal l  be nonf l ammabl e,  f i r e r esi st ant  
t ype.   To r esi st  mol d/ mi l dew,  coat i ng shal l  meet  ASTM D5590 wi t h 0 gr owt h 
r at i ng.   Coat i ng shal l  meet  MI L- PRF- 19565 Type I I  ( i f  sel ect ed f or  i ndoor  
ser vi ce)  and be Qual i f i ed Pr oduct s Dat abase l i s t ed.   Al l  ot her  appl i cat i on 
and ser vi ce pr oper t i es shal l  be det er mi ned pur suant  t o ASTM C647.

2. 2. 9. 3   Lami nat ed Fi l m Vapor  Ret ar der

ASTM C1136,  Type I ,  maxi mum moi st ur e vapor  t r ansmi ssi on 0. 02 per ms,  
mi ni mum punct ur e r esi st ance 50 Beach uni t s on al l  sur f aces except  
conceal ed duct wor k;  wher e Type I I ,  maxi mum moi st ur e vapor  t r ansmi ssi on 
0. 02 per ms,  a mi ni mum punct ur e r esi st ance of  25 Beach uni t s i s 
accept abl e.   Vapor  r et ar der  shal l  have a maxi mum f l ame spr ead i ndex of  25 
and a maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance wi t h 
ASTM E84.   Fl exi bl e El ast omer i c ext er i or  f oam wi t h f act or y appl i ed UV 
Jacket .   Const r uct i on of  l ami nat e desi gned t o pr ovi de UV r esi st ance,  hi gh 
punct ur e,  t ear  r esi st ance and an excel l ent  WVT r at e.

2. 2. 9. 4   Pol yvi nyl i dene Chl or i de ( PVDC)  Fi l m Vapor  Ret ar der

The PVDC f i l m vapor  r et ar der  shal l  have a maxi mum moi st ur e vapor  
t r ansmi ssi on of  0. 02 per ms,  mi ni mum punct ur e r esi st ance of  150 Beach 
uni t s,  a mi ni mum t ensi l e st r engt h i n any di r ect i on of  30 l b/ i nch when 
t est ed i n accor dance wi t h ASTM D882,  and a maxi mum f l ame spr ead i ndex of  
25 and a maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance 
wi t h ASTM E84.

2. 2. 9. 5   Pol yvi nyl i dene Chl or i de Vapor  Ret ar der  Adhesi ve Tape

Requi r ement s must  meet  t he same as speci f i ed f or  Lami nat ed Fi l m Vapor  
Ret ar der  above.

2. 2. 9. 6   Vapor  Bar r i er / Weat her  Bar r i er

The vapor  bar r i er  shal l  be gr eat er  t han 3 pl y sel f  adhesi ve l ami nat e 
- whi t e vapor  bar r i er  j acket -  super i or  per f or mance ( l ess t han 0. 0000 
per meabi l i t y  when t est ed i n accor dance wi t h ASTM E96/ E96M) .   Vapor  bar r i er  
shal l  meet  UL 723 or  ASTM E84 25 f l ame and 50 smoke r equi r ement s;  and UV 
r esi st ant .   Mi ni mum bur st  st r engt h 185 psi  i n accor dance wi t h I SO 2758.   
Tensi l e st r engt h 68 l b/ i nch wi dt h ( PSTC- 1000) .   Tape shal l  be as speci f i ed 
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f or  l ami nat ed f i l m vapor  bar r i er  above.

2. 2. 10   Vapor  Ret ar der  Not  Requi r ed

ASTM C921,  Type I I ,  Cl ass D,  mi ni mum punct ur e r esi st ance 50 Beach uni t s on 
al l  sur f aces except  duct wor k,  wher e Type I V,  maxi mum moi st ur e vapor  
t r ansmi ssi on 0. 10,  a mi ni mum punct ur e r esi st ance of  25 Beach uni t s i s 
accept abl e.   Jacket  shal l  have a maxi mum f l ame spr ead i ndex of  25 and a 
maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance wi t h ASTM E84.

2. 2. 11   Wi r e

Sof t  anneal ed ASTM A580/ A580M Type 302,  304 or  316 st ai nl ess st eel ,  16 or  
18 gauge.

2. 2. 12   I nsul at i on Bands

I nsul at i on bands shal l  be 1/ 2 i nch wi de;  26 gauge st ai nl ess st eel .

2. 2. 13   Seal ant s

Seal ant s shal l  be chosen f r om t he but yl  pol ymer  t ype,  t he 
st yr ene- but adi ene r ubber  t ype,  or  t he but yl  t ype of  seal ant s.   Seal ant s 
shal l  have a maxi mum per meance of  0. 02 per ms based on Pr ocedur e B f or  
ASTM E96/ E96M,  and a maxi mum f l ame spr ead i ndex of  25 and a maxi mum smoke 
devel oped i ndex of  50 when t est ed i n accor dance wi t h ASTM E84.

2. 3   PI PE I NSULATI ON SYSTEMS

Conf or m i nsul at i on mat er i al s t o Tabl e 1 and mi ni mum i nsul at i on t hi ckness 
as l i s t ed i n Tabl e 2 and meet  or  exceed t he r equi r ement s of  
ASHRAE 90. 1 -  I P.  Li mi t  pi pe i nsul at i on mat er i al s t o t hose l i s t ed her ei n 
and meet i ng t he f ol l owi ng r equi r ement s:

2. 3. 1   Recycl ed Mat er i al s

Pr ovi de i nsul at i on mat er i al s cont ai ni ng t he f ol l owi ng mi ni mum per cent age 
of  r ecycl ed mat er i al  cont ent  by wei ght :

Rock Wool :  75 per cent  s l ag of  wei ght
Fi ber gl ass:   20 per cent  gl ass cul l et
Ri gi d Foam:   9 per cent  r ecover ed mat er i al
Phenol i c Ri gi d Foam:   9 per cent  r ecover ed mat er i al

Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  i nsul at i on 
mat er i al s.

2. 3. 2   Abovegr ound Col d Pi pel i ne (  - 30 t o 60 deg.  F)

I nsul at i on f or  out door ,  i ndoor ,  exposed or  conceal ed appl i cat i ons,  shal l  
be as f ol l ows:

2. 3. 2. 1   Cel l ul ar  Gl ass

ASTM C552,  Type I I ,  and Type I I I .   Suppl y t he i nsul at i on f r om t he 
f abr i cat or  wi t h ( par agr aph WHI TE VAPOR RETARDER ALL SERVI CE JACKET ( ASJ) )  
ASJ vapor  r et ar der  and i nst al l ed wi t h al l  l ongi t udi nal  over l aps seal ed and 
al l  c i r cumf er ent i al  j oi nt s ASJ t aped or  suppl y t he i nsul at i on unf aced f r om 
t he f abr i cat or  and i nst al l  wi t h al l  l ongi t udi nal  and ci r cumf er ent i al  
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j oi nt s seal ed wi t h vapor  bar r i er  mast i c.

2. 3. 2. 2   Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

Cl osed- cel l ,  f oam-  or  expanded- r ubber  mat er i al s cont ai ni ng ant i - mi cr obi al  
addi t i ve,  compl yi ng wi t h ASTM C534/ C534M,  Gr ade 1,  Type I  or  I I .   Type I ,  
Gr ade 1 f or  t ubul ar  mat er i al s.   Type I I ,  Gr ade 1,  f or  sheet  mat er i al s.   
Type I  and I I  shal l  have vapor  r et ar der / vapor  bar r i er  ski n on one or  bot h 
s i des of  t he i nsul at i on,  and r equi r e an addi t i onal  ext er i or  vapor  r et ar der  
cover i ng f or  hi gh r el at i ve humi di t y and bel ow ambi ent  t emper at ur e 
appl i cat i ons.

2. 3. 3   Abovegr ound Hot  Pi pel i ne ( Above 60 deg.  F)

I nsul at i on f or  out door ,  i ndoor ,  exposed or  conceal ed appl i cat i ons shal l  
meet  t he f ol l owi ng r equi r ement s.   Suppl y t he i nsul at i on wi t h 
manuf act ur er ' s r ecommended f act or y- appl i ed j acket / vapor  bar r i er .

2. 3. 3. 1   Mi ner al  Fi ber

ASTM C547,  Types I ,  I I  or  I I I ,  suppl y t he i nsul at i on wi t h manuf act ur er ' s 
r ecommended f act or y- appl i ed j acket .

2. 3. 3. 2   Cal c i um Si l i cat e

ASTM C533,  Type I  i ndoor  onl y,  or  out door s above 250 degr ees F pi pe 
t emper at ur e.   Suppl y i nsul at i on wi t h t he manuf act ur er ' s r ecommended 
f act or y- appl i ed j acket / vapor  bar r i er .

2. 3. 3. 3   Cel l ul ar  Gl ass

ASTM C552,  Type I I  and Type I I I .   Suppl y t he i nsul at i on wi t h 
manuf act ur er ' s r ecommended f act or y- appl i ed j acket .

2. 3. 3. 4   Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

Cl osed- cel l ,  f oam-  or  expanded- r ubber  mat er i al s cont ai ni ng ant i - mi cr obi al  
addi t i ve,  compl yi ng wi t h ASTM C534/ C534M,  Gr ade 1,  Type I  or  I I  t o 220 
degr ees F ser vi ce.   Type I  f or  t ubul ar  mat er i al s.  Type I I  f or  sheet  
mat er i al s.

2. 3. 3. 5   Phenol i c I nsul at i on

ASTM C1126 Type I I I  t o 250 degr ees F ser vi ce shal l  compl y wi t h ASTM C795.   
Suppl y t he i nsul at i on wi t h manuf act ur er ' s r ecommended f act or y- appl i ed 
j acket / vapor  bar r i er .

2. 3. 3. 6   Per l i t e I nsul at i on

ASTM C610

2. 3. 3. 7   Pol y i socyanur at e I nsul at i on

ASTM C591,  Type I .   Suppl y t he i nsul at i on wi t h a f act or y appl i ed vapor  
r et ar der / bar r i er  t hat  compl i es wi t h Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.   The i nsul at i on and al l  cover i ng must  pass t he 
f l ame spr ead i ndex of  25 and t he smoke devel oped i ndex of  50 when t est ed 
i n accor dance wi t h ASTM E84.
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2. 4   DUCT I NSULATI ON SYSTEMS

2. 4. 1   Fact or y Appl i ed I nsul at i on

Pr ovi de f act or y- appl i ed ASTM C552,  cel l ul ar  gl ass t her mal  i nsul at i on 
accor di ng t o manuf act ur er ' s r ecommendat i ons f or  i nsul at i on wi t h i nsul at i on 
manuf act ur er ' s st andar d r ei nf or ced f i r e- r et ar dant  vapor  bar r i er ,  wi t h 
i dent i f i cat i on of  i nst al l ed t her mal  r esi st ance ( R)  val ue and 
out - of - package R val ue.

2. 4. 1. 1   Ri gi d I nsul at i on

Cal cul at e t he mi ni mum t hi ckness i n accor dance wi t h ASHRAE 90. 1 -  I P.

2. 4. 1. 2   Bl anket  I nsul at i on

Cal cul at e mi ni mum t hi ckness i n accor dance wi t h ASHRAE 90. 1 -  I P.

2. 4. 2   Duct  I nsul at i on Jacket s

2. 4. 2. 1   Al l - Pur pose Jacket

Pr ovi de i nsul at i on wi t h i nsul at i on manuf act ur er ' s st andar d r ei nf or ced 
f i r e- r et ar dant  j acket  wi t h or  wi t hout  i nt egr al  vapor  bar r i er  as r equi r ed 
by t he ser vi ce.   I n exposed l ocat i ons,  pr ovi de j acket  wi t h a whi t e sur f ace 
sui t abl e f or  f i el d pai nt i ng.

2. 4. 2. 2   Met al  Jacket s

2. 4. 2. 2. 1   Al umi num Jacket s

 ASTM B209,  Temper  H14,  mi ni mum t hi ckness of  27 gauge (  0. 016 i nch) ,  wi t h 
f act or y- appl i ed pol yet hyl ene and kr af t  paper  moi st ur e bar r i er  on i nsi de 
sur f ace.   Pr ovi de smoot h sur f ace j acket s f or  j acket  out si de di mensi on 8 
i nches and l ar ger .   Pr ovi de cor r ugat ed sur f ace j acket s f or  j acket  out si de 
di mensi on 8 i nches and l ar ger .   Pr ovi de st ai nl ess st eel  bands,  mi ni mum 
wi dt h of  1/ 2 i nch.

2. 4. 2. 2. 2   St ai nl ess St eel  Jacket s

ASTM A167 or  ASTM A240/ A240M;  Type 304,  mi ni mum t hi ckness of  33 gauge (  
0. 010 i nch) ,  smoot h sur f ace wi t h f act or y- appl i ed pol yet hyl ene and kr af t  
paper  moi st ur e bar r i er  on i nsi de sur f ace.   Pr ovi de st ai nl ess st eel  bands,  
mi ni mum wi dt h of  1/ 2 i nch.

2. 4. 2. 3   Vapor  Bar r i er / Weat her pr oof i ng Jacket

Vapor  bar r i er / weat her pr oof i ng j acket  shal l  be l ami nat ed sel f - adhesi ve 
( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  l ess t han 0. 0000 per meabi l i t y ,  
( gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed or  
gr eat er  t han 8 pl y ( mi ni mum 2. 9 mi l s adhesi ve) ,  heavy dut y whi t e or  
nat ur al ) .

2. 4. 3   Weat her pr oof  Duct  I nsul at i on

Pr ovi de ASTM C552,  cel l ul ar  gl ass t her mal  i nsul at i on,  and weat her pr oof i ng 
as speci f i ed i n manuf act ur er ' s i nst r uct i on.   Mul t i - pl y,  Pol ymer i c Bl end 
Lami nat e Jacket i ng:   Const r uct i on of  l ami nat e desi gned t o pr ovi de UV 
r esi st ance,  hi gh punct ur e,  t ear  r esi st ance and an excel l ent  WVT r at e.
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2. 5   EQUI PMENT I NSULATI ON SYSTEMS

I nsul at e equi pment  and accessor i es as speci f i ed i n Tabl es 5 and 6.   I n 
out si de l ocat i ons,  pr ovi de i nsul at i on 1/ 2 i nch t hi cker  t han speci f i ed.   
I ncr ease t he speci f i ed i nsul at i on t hi ckness f or  equi pment  wher e necessar y 
t o equal  t he t hi ckness of  angl es or  ot her  st r uct ur al  member s t o make a 
smoot h,  ext er i or  sur f ace.   Submi t  a bookl et  cont ai ni ng manuf act ur er ' s 
publ i shed i nst al l at i on i nst r uct i ons f or  t he i nsul at i on syst ems.   The 
i nst r uct i ons must  be copyr i ght ed,  have an i dent i f y i ng or  publ i cat i on 
number ,  and shal l  have been publ i shed pr i or  t o t he i ssuance dat e of  t hi s 
sol i c i t at i on.   A bookl et  i s  al so r equi r ed by par agr aphs t i t l ed:   Pi pe 
I nsul at i on Syst ems and Duct  I nsul at i on Syst ems.

PART 3   EXECUTI ON

3. 1   APPLI CATI ON -  GENERAL

Appl y i nsul at i on t o unheat ed and uncool ed pi pi ng and equi pment .   Do not  
compr ess f l exi bl e el ast omer i c cel l ul ar  i nsul at i on at  j oi st s,  st uds,  
col umns,  duct s,  and hanger s.   The i nsul at i on must  not  pul l  apar t  af t er  a 
one hour  per i od;  r epl ace any i nsul at i on f ound t o pul l  apar t  af t er  one hour .

3. 1. 1   Di spl ay Sampl es

Submi t  and di spl ay,  af t er  appr oval  of  mat er i al s,  act ual  sect i ons of  
i nst al l ed syst ems,  pr oper l y i nsul at ed i n accor dance wi t h t he speci f i cat i on 
r equi r ement s.   Such act ual  sect i ons must  r emai n accessi bl e t o i nspect i on 
t hr oughout  t he j ob and wi l l  be r evi ewed f r om t i me t o t i me f or  cont r ol l i ng 
t he qual i t y of  t he wor k t hr oughout  t he const r uct i on s i t e.   Each mat er i al  
used shal l  be i dent i f i ed,  by i ndi cat i ng on an at t ached sheet  t he 
speci f i cat i on r equi r ement  f or  t he mat er i al  and t he mat er i al  by each 
manuf act ur er  i nt ended t o meet  t he r equi r ement .   The Cont r act i ng Of f i cer  
wi l l  i nspect  di spl ay sampl e sect i ons at  t he j obsi t e.   Appr oved di spl ay 
sampl e sect i ons shal l  r emai n on di spl ay at  t he j obsi t e dur i ng t he 
const r uct i on per i od.   Upon compl et i on of  const r uct i on,  t he di spl ay sampl e 
sect i ons wi l l  be c l osed and seal ed.

3. 1. 1. 1   Pi pe I nsul at i on Di spl ay Sect i ons

Di spl ay sampl e sect i ons shal l  i ncl ude as a mi ni mum an el bow or  t ee,  a 
val ve,  di el ect r i c wat er ways and f l anges,  a hanger  wi t h pr ot ect i on shi el d 
and i nsul at i on i nser t ,  or  dowel  as r equi r ed,  at  suppor t  poi nt ,  met hod of  
f ast eni ng and seal i ng i nsul at i on at  l ongi t udi nal  l ap,  c i r cumf er ent i al  l ap,  
but t  j oi nt s at  f i t t i ngs and on pi pe r uns,  and t er mi nat i ng poi nt s f or  each 
t ype of  pi pe i nsul at i on used on t he j ob,  and f or  hot  pi pel i nes and col d 
pi pel i nes,  bot h i nt er i or  and ext er i or ,  even when t he same t ype of  
i nsul at i on i s used f or  t hese ser vi ces.

3. 1. 1. 2   Duct  I nsul at i on Di spl ay Sect i ons

Di spl ay sampl e sect i ons f or  r i gi d and f l exi bl e duct  i nsul at i on used on t he 
j ob.   Use a t empor ar y cover i ng t o encl ose and pr ot ect  di spl ay sect i ons f or  
duct  i nsul at i on exposed t o weat her .

3. 1. 2   I nst al l at i on

Except  as ot her wi se speci f i ed,  mat er i al  shal l  be i nst al l ed i n accor dance 
wi t h t he manuf act ur er ' s wr i t t en i nst r uct i ons.   I nsul at i on mat er i al s shal l  
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not  be appl i ed unt i l  t est s and heat  t r aci ng speci f i ed i n ot her  sect i ons of  
t hi s speci f i cat i on ar e compl et ed.   Mat er i al  such as r ust ,  scal e,  di r t  and 
moi st ur e shal l  be r emoved f r om sur f aces t o r ecei ve i nsul at i on.   I nsul at i on 
shal l  be kept  c l ean and dr y.   I nsul at i on shal l  not  be r emoved f r om i t s 
shi ppi ng cont ai ner s unt i l  t he day i t  i s  r eady t o use and shal l  be r et ur ned 
t o l i ke cont ai ner s or  equal l y pr ot ect ed f r om di r t  and moi st ur e at  t he end 
of  each wor kday.   I nsul at i on t hat  becomes di r t y shal l  be t hor oughl y 
c l eaned pr i or  t o use.   I f  i nsul at i on becomes wet  or  i f  c l eani ng does not  
r est or e t he sur f aces t o l i ke new condi t i on,  t he i nsul at i on wi l l  be 
r ej ect ed,  and shal l  be i mmedi at el y r emoved f r om t he j obsi t e.   Joi nt s shal l  
be st agger ed on mul t i  l ayer  i nsul at i on.   Mi ner al  f i ber  t her mal  i nsul at i ng 
cement  shal l  be mi xed wi t h demi ner al i zed wat er  when used on st ai nl ess 
st eel  sur f aces.   I nsul at i on,  j acket i ng and accessor i es shal l  be i nst al l ed 
i n accor dance wi t h MI CA I nsul at i on St ds pl at es except  wher e modi f i ed 
her ei n or  on t he dr awi ngs.

3. 1. 3   Fi r est oppi ng

Wher e pi pes and duct s pass t hr ough f i r e wal l s,  f i r e par t i t i ons,  above 
gr ade f l oor s,  and f i r e r at ed chase wal l s,  t he penet r at i on shal l  be seal ed 
wi t h f i r e st oppi ng mat er i al s as speci f i ed i n Sect i on 07 84 00 
FI RESTOPPI NG.   The pr ot ect i on of  duct s at  poi nt  of  passage t hr ough 
f i r ewal l s must  be i n accor dance wi t h NFPA 90A and/ or  NFPA 90B.  Al l  ot her  
penet r at i ons,  such as pi pi ng,  condui t ,  and wi r i ng,  t hr ough f i r ewal l s must  
be pr ot ect ed wi t h a mat er i al  or  syst em of  t he same hour l y r at i ng t hat  i s 
l i s t ed by UL,  FM,  or  a NRTL.

3. 1. 4   Pai nt i ng and Fi ni shi ng

Pai nt i ng shal l  be as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 1. 5   I nst al l at i on of  Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

I nst al l  f l exi bl e el ast omer i c cel l ul ar  i nsul at i on wi t h seams and j oi nt s 
seal ed wi t h r ubber i zed cont act  adhesi ve.   Fl exi bl e el ast omer i c cel l ul ar  
i nsul at i on shal l  not  be used on sur f aces gr eat er  t han 220 degr ees F.   
St agger  seams when appl y i ng mul t i pl e l ayer s of  i nsul at i on.   Pr ot ect  
i nsul at i on exposed t o weat her  and not  shown t o have vapor  bar r i er  
weat her pr oof  j acket i ng wi t h t wo coat s of  UV r esi st ant  f i ni sh or  PVC or  
met al  j acket i ng as r ecommended by t he manuf act ur er  af t er  t he adhesi ve i s 
dr y and cur ed.

3. 1. 5. 1   Adhesi ve Appl i cat i on

Appl y a br ush coat i ng of  adhesi ve t o bot h but t  ends t o be j oi ned and t o 
bot h s l i t  sur f aces t o be seal ed.   Al l ow t he adhesi ve t o set  unt i l  dr y t o 
t ouch but  t acky under  s l i ght  pr essur e bef or e j oi ni ng t he sur f aces.   
I nsul at i on seal s at  seams and j oi nt s shal l  not  be capabl e of  bei ng pul l ed 
apar t  one hour  af t er  appl i cat i on.   I nsul at i on t hat  can be pul l ed apar t  one 
hour  af t er  i nst al l at i on shal l  be r epl aced.

3. 1. 5. 2   Adhesi ve Saf et y Pr ecaut i ons

Use nat ur al  cr oss- vent i l at i on,  l ocal  ( mechani cal )  pi ckup,  and/ or  gener al  
ar ea ( mechani cal )  vent i l at i on t o pr event  an accumul at i on of  sol vent  
vapor s,  keepi ng i n mi nd t he vent i l at i on pat t er n must  r emove any 
heavi er - t han- ai r  sol vent  vapor s f r om l ower  l evel s of  t he wor kspaces.   
Gl oves and spect acl e- t ype saf et y gl asses ar e r ecommended i n accor dance 
wi t h saf e i nst al l at i on pr act i ces.
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3. 1. 6   Wel di ng

No wel di ng shal l  be done on pi pi ng,  duct ,  or  equi pment  wi t hout  wr i t t en 
appr oval  of  t he Cont r act i ng Of f i cer .   The capaci t or  di schar ge wel di ng 
pr ocess may be used f or  secur i ng met al  f ast ener s t o duct .

3. 1. 7   Pi pes/ Duct s/ Equi pment  That  Requi r e I nsul at i on

I nsul at i on i s r equi r ed on al l  pi pes,  duct s,  or  equi pment ,  except  f or  
omi t t ed i t ems as speci f i ed.

3. 2   PI PE I NSULATI ON SYSTEMS I NSTALLATI ON

3. 2. 1   Pi pe I nsul at i on

3. 2. 1. 1   Gener al

Pi pe i nsul at i on shal l  be i nst al l ed on abovegr ound hot  and col d pi pel i ne 
syst ems as speci f i ed bel ow t o f or m a cont i nuous t her mal  r et ar der / bar r i er ,  
i ncl udi ng st r ai ght  r uns,  f i t t i ngs and appur t enances unl ess speci f i ed 
ot her wi se.   I nst al l at i on shal l  be wi t h f ul l  l engt h uni t s of  i nsul at i on and 
usi ng a s i ngl e cut  pi ece t o compl et e a r un.   Cut  pi eces or  scr aps abut t i ng 
each ot her  shal l  not  be used.   Pi pe i nsul at i on shal l  be omi t t ed on t he 
f ol l owi ng:

a.   Pi pe used sol el y f or  f i r e pr ot ect i on.

b.   Chr omi um pl at ed pi pe t o pl umbi ng f i xt ur es.   However ,  f i x t ur es f or  use 
by t he physi cal l y handi capped shal l  have t he hot  wat er  suppl y and 
dr ai n,  i ncl udi ng t he t r ap,  i nsul at ed wher e exposed.

c.   Sani t ar y dr ai n l i nes.

d.   Ai r  chamber s.

e.   Adj acent  i nsul at i on.

f .   ASME st amps.

g.   Access pl at es of  f an housi ngs.

h.   Cl eanout s or  handhol es.

3. 2. 1. 2   Pi pes Passi ng Thr ough Wal l s,  Roof s,  and Fl oor s

Pi pe i nsul at i on shal l  be cont i nuous t hr ough t he sl eeve.

Pr ovi de an al umi num j acket  or  vapor  bar r i er / weat her pr oof i ng sel f  adhesi ve 
j acket  ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  l ess t han 0. 0000 
per meabi l i t y ,  gr eat er  t han 3 pl y st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed wi t h f act or y appl i ed moi st ur e r et ar der  over  t he i nsul at i on 
wher ever  penet r at i ons r equi r e seal i ng.

3. 2. 1. 2. 1   Penet r at e I nt er i or  Wal l s

The al umi num j acket  or  vapor  bar r i er / weat her pr oof i ng -  sel f  adhesi ve 
j acket  ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  l ess t han 0. 0000 
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per meabi l i t y ,  gr eat er  t han 3 pl i es st andar d gr ade,  s i l ver ,  whi t e,  bl ack 
and embossed shal l  ext end 2 i nches beyond ei t her  s i de of  t he wal l  and 
shal l  be secur ed on each end wi t h a band.

3. 2. 1. 2. 2   Penet r at i ng Fl oor s

Ext end t he al umi num j acket  f r om a poi nt  bel ow t he backup mat er i al  t o a 
poi nt  10 i nches above t he f l oor  wi t h one band at  t he f l oor  and one not  
mor e t han 1 i nch f r om t he end of  t he al umi num j acket .

3. 2. 1. 2. 3   Penet r at i ng Wat er pr oof ed Fl oor s

Ext end t he al umi num j acket  r om bel ow t he backup mat er i al  t o a poi nt  2 
i nches above t he f l ashi ng wi t h a band 1 i nch f r om t he end of  t he al umi num 
j acket .

3. 2. 1. 2. 4   Penet r at i ng Ext er i or  Wal l s

Cont i nue t he al umi num j acket  r equi r ed f or  pi pe exposed t o weat her  t hr ough 
t he sl eeve t o a poi nt  2 i nches beyond t he i nt er i or  sur f ace of  t he wal l .

3. 2. 1. 2. 5   Penet r at i ng Roof s

I nsul at e pi pe as r equi r ed f or  i nt er i or  ser vi ce t o a poi nt  f l ush wi t h t he 
t op of  t he f l ashi ng and seal ed wi t h f l ashi ng seal ant .   Ti ght l y but t  t he 
i nsul at i on f or  ext er i or  appl i cat i on t o t he t op of  f l ashi ng and i nt er i or  
i nsul at i on.   Ext end t he ext er i or  al umi num j acket  2 i nches down beyond t he 
end of  t he i nsul at i on t o f or m a count er  f l ashi ng.   Seal  t he f l ashi ng and 
count er  f l ashi ng under neat h wi t h met al  j acket i ng/ f l ashi ng seal ant .

3. 2. 1. 2. 6   Hot  Wat er  Pi pes Suppl y i ng Lavat or i es or  Ot her  Si mi l ar  Heat ed 
Ser vi ce

Ter mi nat e t he i nsul at i on on t he backsi de of  t he f i ni shed wal l .   Pr ot ect  
t he i nsul at i on t er mi nat i on wi t h t wo coat s of  vapor  bar r i er  coat i ng wi t h a 
mi ni mum t ot al  t hi ckness of  1/ 16 i nch appl i ed wi t h gl ass t ape embedded 
bet ween coat s ( i f  appl i cabl e) .   Ext end t he coat i ng out  ont o t he i nsul at i on 
2 i nches and seal  t he end of  t he i nsul at i on.   Over l ap gl ass t ape seams 1 
i nch.   Caul k t he annul ar  space bet ween t he pi pe and wal l  penet r at i on wi t h 
appr oved f i r e st op mat er i al .   Cover  t he pi pe and wal l  penet r at i on wi t h a 
pr oper l y s i zed ( wel l  f i t t i ng)  escut cheon pl at e.   The escut cheon pl at e 
shal l  over l ap t he wal l  penet r at i on at  l east  3/ 8 i nches.

3. 2. 1. 2. 7    Domest i c Col d Wat er  Pi pes Suppl y i ng Lavat or i es or  Ot her  Si mi l ar  
Cool i ng Ser vi ce

Ter mi nat e t he i nsul at i on on t he f i ni shed si de of  t he wal l  ( i . e. ,  
i nsul at i on must  cover  t he pi pe t hr oughout  t he wal l  penet r at i on) .   Pr ot ect  
t he i nsul at i on wi t h t wo coat s of  weat her  bar r i er  mast i c ( br eat her  emul si on 
t ype weat her pr oof  mast i c i mper meabl e t o wat er  and per meabl e t o ai r )  wi t h a 
mi ni mum t ot al  t hi ckness of  1/ 16 i nch.   Ext end t he mast i c out  ont o t he 
i nsul at i on 2 i nches and shal l  seal  t he end of  t he i nsul at i on.   The annul ar  
space bet ween t he out er  sur f ace of  t he pi pe i nsul at i on and caul k t he wal l  
penet r at i on wi t h an appr oved f i r e st op mat er i al  havi ng vapor  r et ar der  
pr oper t i es.   Cover  t he pi pe and wal l  penet r at i on wi t h a pr oper l y s i zed 
( wel l  f i t t i ng)  escut cheon pl at e.   The escut cheon pl at e shal l  over l ap t he 
wal l  penet r at i on by at  l east  3/ 8 i nches.
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3. 2. 1. 3   Pi pes Passi ng Thr ough Hanger s

I nsul at i on,  whet her  hot  or  col d appl i cat i on,  shal l  be cont i nuous t hr ough 
hanger s.   Al l  hor i zont al  pi pes 2 i nches and smal l er  shal l  be suppor t ed on 
hanger s wi t h t he addi t i on of  a Type 40 pr ot ect i on shi el d t o pr ot ect  t he 
i nsul at i on i n accor dance wi t h MSS SP- 58.   Whenever  i nsul at i on shows si gns 
of  bei ng compr essed,  or  when t he i nsul at i on or  j acket  shows vi s i bl e s i gns 
of  di st or t i on at  or  near  t he suppor t  shi el d,  i nsul at i on i nser t s as 
speci f i ed bel ow f or  pi pi ng l ar ger  t han 2 i nches shal l  be i nst al l ed,  or  
f act or y i nsul at ed hanger s ( desi gned wi t h a l oad bear i ng cor e)  can be used.

3. 2. 1. 3. 1   Hor i zont al  Pi pes Lar ger  Than 2 I nches at  60 Degr ees F and Above

Suppor t ed on hanger s i n accor dance wi t h MSS SP- 58,  and Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.

3. 2. 1. 3. 2   Hor i zont al  Pi pes Lar ger  Than 2 I nches and Bel ow 60 Degr ees F

Suppor t ed on hanger s wi t h t he addi t i on of  a Type 40 pr ot ect i on shi el d i n 
accor dance wi t h MSS SP- 58.   An i nsul at i on i nser t  of  cel l ul ar  gl ass,  
pr ef abr i cat ed i nsul at i on pi pe hanger s,  or  per l i t e above 80 degr ees F shal l  
be i nst al l ed above each shi el d.   The i nser t  shal l  cover  not  l ess t han t he 
bot t om 180- degr ee ar c of  t he pi pe.   I nser t s shal l  be t he same t hi ckness as 
t he i nsul at i on,  and shal l  ext end 2 i nches on each end beyond t he 
pr ot ect i on shi el d.   When i nsul at i on i nser t s ar e r equi r ed i n accor dance 
wi t h t he above,  and t he i nsul at i on t hi ckness i s l ess t han 1 i nch,  wooden 
or  cor k dowel s or  bl ocks may be i nst al l ed bet ween t he pi pe and t he shi el d 
t o pr event  t he wei ght  of  t he pi pe f r om cr ushi ng t he i nsul at i on,  as an 
opt i on t o i nst al l i ng i nsul at i on i nser t s.   The i nsul at i on j acket  shal l  be 
cont i nuous over  t he wooden dowel ,  wooden bl ock,  or  i nsul at i on i nser t .

3. 2. 1. 3. 3   Ver t i cal  Pi pes

Suppor t ed wi t h ei t her  Type 8 or  Type 42 r i ser  c l amps wi t h t he addi t i on of  
t wo Type 40 pr ot ect i on shi el ds i n accor dance wi t h MSS SP- 58 cover i ng t he 
360- degr ee ar c of  t he i nsul at i on.   An i nsul at i on i nser t  of  cel l ul ar  gl ass 
or  cal c i um si l i cat e shal l  be i nst al l ed bet ween each shi el d and t he pi pe.   
The i nser t  shal l  cover  t he 360- degr ee ar c of  t he pi pe.   I nser t s shal l  be 
t he same t hi ckness as t he i nsul at i on,  and shal l  ext end 2 i nches on each 
end beyond t he pr ot ect i on shi el d.   When i nsul at i on i nser t s ar e r equi r ed i n 
accor dance wi t h t he above,  and t he i nsul at i on t hi ckness i s l ess t han 1 i nch,  
wooden or  cor k dowel s or  bl ocks may be i nst al l ed bet ween t he pi pe and t he 
shi el d t o pr event  t he hanger  f r om cr ushi ng t he i nsul at i on,  as an opt i on 
i nst ead of  i nst al l i ng i nsul at i on i nser t s.   The i nsul at i on j acket  shal l  be 
cont i nuous over  t he wooden dowel ,  wooden bl ock,  or  i nsul at i on i nser t .   The 
ver t i cal  wei ght  of  t he pi pe shal l  be suppor t ed wi t h hanger s l ocat ed i n a 
hor i zont al  sect i on of  t he pi pe.   When t he pi pe r i ser  i s l onger  t han 30 f eet ,  
t he wei ght  of  t he pi pe shal l  be addi t i onal l y suppor t ed wi t h hanger s i n t he 
ver t i cal  r un of  t he pi pe t hat  ar e di r ect l y c l amped t o t he pi pe,  
penet r at i ng t he pi pe i nsul at i on.   These hanger s shal l  be i nsul at ed and t he 
i nsul at i on j acket  seal ed as i ndi cat ed her ei n f or  anchor s i n a s i mi l ar  
ser vi ce.

3. 2. 1. 3. 4   I nser t s

Cover ed wi t h a j acket  mat er i al  of  t he same appear ance and qual i t y as t he 
adj oi ni ng pi pe i nsul at i on j acket ,  over l ap t he adj oi ni ng pi pe j acket  1- 1/ 2 
i nches,  and seal  as r equi r ed f or  t he pi pe j acket .   The j acket  mat er i al  
used t o cover  i nser t s i n f l exi bl e el ast omer i c cel l ul ar  i nsul at i on shal l  
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conf or m t o ASTM C1136,  Type 1,  and i s al l owed t o be of  a di f f er ent  
mat er i al  t han t he adj oi ni ng i nsul at i on mat er i al .

3. 2. 1. 4   Fl exi bl e El ast omer i c Cel l ul ar  Pi pe I nsul at i on

Fl exi bl e el ast omer i c cel l ul ar  pi pe i nsul at i on shal l  be t ubul ar  f or m f or  
pi pe si zes 6 i nches and l ess.   Gr ade 1,  Type I I  sheet  i nsul at i on used on 
pi pes l ar ger  t han 6 i nches shal l  not  be st r et ched ar ound t he pi pe.   On 
pi pes l ar ger  t han 12 i nches,  t he i nsul at i on shal l  be adher ed di r ect l y t o 
t he pi pe on t he l ower  1/ 3 of  t he pi pe.   Seams shal l  be st agger ed when 
appl y i ng mul t i pl e l ayer s of  i nsul at i on.   Sweat  f i t t i ngs shal l  be i nsul at ed 
wi t h mi t er - cut  pi eces t he same si ze as on adj acent  pi pi ng.   Scr ewed 
f i t t i ngs shal l  be i nsul at ed wi t h s l eeved f i t t i ng cover s f abr i cat ed f r om 
mi t er - cut  pi eces and shal l  be over l apped and seal ed t o t he adj acent  pi pe 
i nsul at i on.   Type I I  r equi r es an addi t i onal  ext er i or  vapor  
r et ar der / bar r i er  cover i ng f or  hi gh r el at i ve humi di t y and bel ow ambi ent  
t emper at ur e appl i cat i ons.

3. 2. 1. 5   Pi pes i n hi gh abuse ar eas.

I n hi gh abuse ar eas such as j ani t or  c l oset s and t r af f i c  ar eas i n equi pment  
r ooms,  k i t chens,  and mechani cal  r ooms,  st ai nl ess st eel ,  al umi num,  or  
f l exi bl e l ami nat e c l addi ng ( compr i sed of  el ast omer i c,  pl ast i c or  met al  
f oi l  l ami nat e)  l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  vapor  bar r i er / weat her pr oof i ng j acket ,  -  l ess t han 0. 0000 
per meabi l i t y ;  ( gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack 
and embossed)  al umi num j acket s shal l  be ut i l i zed.   Pi pe i nsul at i on t o t he 
6 f oot  l evel  shal l  be pr ot ect ed.   

3. 2. 1. 6   Pi pe I nsul at i on Mat er i al  and Thi ckness

Pi pe i nsul at i on mat er i al s must  be as l i s t ed i n Tabl e 1 and must  meet  or  
exceed t he r equi r ement s of  ASHRAE 90. 1 -  I P.   

TABLE 1

I nsul at i on Mat er i al  f or  Pi pi ng

Ser vi ce

Mat er i al Speci f i cat i on Type Cl ass VR/ VB 
Req' d

Col d Domest i c Wat er  Pi pi ngand Dr i nki ng Fount ai n Dr ai n Pi pi ng

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Cel l ul ar  Gl ass ASTM C552 I I 1 Yes

Hot  Domest i c Wat er  Suppl y & Reci r cul at i ng Pi pi ng ( Max 200 F)

Mi ner al  Fi ber ASTM C547 I 1 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Ref r i ger ant  Suct i on Pi pi ng ( 35 degr ees F nomi nal )

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No
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TABLE 1

I nsul at i on Mat er i al  f or  Pi pi ng

Ser vi ce

Mat er i al Speci f i cat i on Type Cl ass VR/ VB 
Req' d

Exposed Lavat or y Dr ai ns,  Exposed Domest i c Wat er  Pi pi ng & Dr ai ns t o Ar eas f or  
Handi capped Per sonnel

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Condensat e Dr ai n Locat ed I nsi de Bui l di ng

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Not e:  VR/ VB = Vapor  Ret ar der / Vapor  Bar r i er

TABLE 2

Pi pi ng I nsul at i on Thi ckness ( i nch)
  Do not  use i nt egr al  wi cki ng mat er i al  i n  Chi l l ed wat er  appl i cat i ons exposed t o

out door  ambi ent  condi t i ons i n cl i mat i c zones 1 t hr ough 4.

Ser vi ce

Mat er i al Tube And Pi pe Si ze ( i nch)

<1 1- <1. 5 1. 5- <4 4- <8 > or  = >8

Col d Domest i c Wat er  Pi pi ngand Dr i nki ng Fount ai n Dr ai n Pi pi ng

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Cel l ul ar  Gl ass 1. 5 1. 5 1. 5 N/ A N/ A

Hot  Domest i c Wat er  Suppl y & Reci r cul at i ng Pi pi ng ( Max 200 F)

Mi ner al  Fi ber 1 1 1 N/ A N/ A

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Ref r i ger ant  Suct i on Pi pi ng ( 35 degr ees F nomi nal )

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Exposed Lavat or y Dr ai ns,  Exposed Domest i c Wat er  Pi pi ng & Dr ai ns t o Ar eas f or  
Handi capped Per sonnel

Fl exi bl e El ast omer i c Cel l ul ar 0. 5 0. 5 0. 5 N/ A N/ A

Condensat e Dr ai n Locat ed I nsi de Bui l di ng
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TABLE 2

Pi pi ng I nsul at i on Thi ckness ( i nch)
  Do not  use i nt egr al  wi cki ng mat er i al  i n  Chi l l ed wat er  appl i cat i ons exposed t o

out door  ambi ent  condi t i ons i n cl i mat i c zones 1 t hr ough 4.

Ser vi ce

Mat er i al Tube And Pi pe Si ze ( i nch)

<1 1- <1. 5 1. 5- <4 4- <8 > or  = >8

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

3. 2. 2   Abovegr ound Col d Pi pel i nes

The f ol l owi ng col d pi pel i nes f or  mi nus 30 t o pl us 60 degr ees F,  shal l  be 
i nsul at ed i n accor dance wi t h Tabl e 2 except  t hose pi pi ng l i s t ed i n 
subpar agr aph Pi pe I nsul at i on i n PART 3 as t o be omi t t ed.   Thi s i ncl udes 
but  i s not  l i mi t ed t o t he f ol l owi ng:

a.   Ref r i ger ant  suct i on l i nes.

b.   Ai r  condi t i oner  condensat e dr ai ns.

c.   Exposed l avat or y dr ai ns and domest i c wat er  l i nes ser vi ng pl umbi ng 
f i xt ur es f or  handi cap per sons.

d.   Domest i c col d wat er  suppl y.

3. 2. 2. 1   I nsul at i on Mat er i al  and Thi ckness

I nsul at i on t hi ckness f or  col d pi pel i nes shal l  be det er mi ned usi ng Tabl e 2.

3. 2. 2. 2   Fact or y or  Fi el d appl i ed Jacket

I nsul at i on shal l  be cover ed wi t h a f act or y appl i ed vapor  r et ar der  
j acket / vapor  bar r i er  or  f i el d appl i ed seal  wel ded PVC j acket  or  gr eat er  
t han 3 pl y l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  vapor  bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 
per meabi l i t y ,  st andar d gr ade,  s l i ver ,  whi t e,  bl ack and embossed f or  use 
wi t h Mi ner al  Fi ber ,  Cel l ul ar  Gl ass,  and Phenol i c Foam I nsul at ed Pi pe.   
I nsul at i on i nsi de t he bui l di ng,  t o be pr ot ect ed wi t h an al umi num j acket  or  
gr eat er  t han 3pl y vapor  bar r i er / weat her pr oof i ng sel f - adhesi ve ( mi ni mum 2 
mi l s adhesi ve,   3 mi l s embossed)  pr oduct ,  l ess t han 0. 0000 per meabi l i t y ,  
st andar d gr ade,  Embossed Si l ver ,  Whi t e & Bl ack,  shal l  have t he i nsul at i on 
and vapor  r et ar der  j acket  i nst al l ed as speci f i ed her ei n.   The al umi num 
j acket  or  gr eat er  t han 3pl y vapor  bar r i er / weat her pr oof i ng sel f - adhesi ve 
( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)   pr oduct ,  l ess t han 0. 0000 
per meabi l i t y ,  st andar d gr ade,  embossed si l ver ,  Whi t e & Bl ack,  shal l  be 
i nst al l ed as speci f i ed f or  pi pi ng exposed t o weat her ,  except  seal i ng of  
t he l aps of  t he al umi num j acket  i s not  r equi r ed.   I n hi gh abuse ar eas such 
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as j ani t or  c l oset s and t r af f i c  ar eas i n equi pment  r ooms,  k i t chens,  and 
mechani cal  r ooms,  al umi num j acket s or  gr eat er  t han 3pl y vapor  
bar r i er / weat her pr oof i ng sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  pr oduct ,  l ess t han 0. 0000 per meabi l i t y ,  st andar d gr ade,  embossed 
si l ver ,  whi t e & bl ack,  shal l  be pr ovi ded f or  pi pe i nsul at i on t o t he 6 f t  
l evel .   

3. 2. 2. 3   I nst al l i ng I nsul at i on f or  St r ai ght  Runs Hot  and Col d Pi pe

Appl y i nsul at i on t o t he pi pe wi t h t i ght  but t  j oi nt s.   Seal  al l  but t ed 
j oi nt s and ends wi t h j oi nt  seal ant  and seal  wi t h a vapor  r et ar der  coat i ng,  
gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape 
or  PVDC adhesi ve t ape.

3. 2. 2. 3. 1   Longi t udi nal  Laps of  t he Jacket  Mat er i al

Over l ap not  l ess t han 1- 1/ 2 i nches.   Pr ovi de but t  st r i ps 3 i nches wi de f or  
c i r cumf er ent i al  j oi nt s.

3. 2. 2. 3. 2   Laps and But t  St r i ps

Secur e wi t h adhesi ve and st apl e on 4 i nch cent er s i f  not  f act or y 
sel f - seal i ng.   I f  st apl es ar e used,  seal  i n accor dance wi t h par agr aph 
STAPLES bel ow.   Not e t hat  st apl es ar e not  r equi r ed wi t h cel l ul ar  gl ass 
syst ems.

3. 2. 2. 3. 3   Fact or y Sel f - Seal i ng Lap Syst ems

May be used when t he ambi ent  t emper at ur e i s bet ween 40 and 120 degr ees F 
dur i ng i nst al l at i on.   I nst al l  t he l ap syst em i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.   Use a st apl er  onl y i f  speci f i cal l y 
r ecommended by t he manuf act ur er .   Wher e gaps occur ,  r epl ace t he sect i on or  
r epai r  t he gap by appl y i ng adhesi ve under  t he l ap and t hen st apl i ng.

3. 2. 2. 3. 4   St apl es

Coat  al l  st apl es,  i ncl udi ng t hose used t o r epai r  f act or y sel f - seal  l ap 
syst ems,  wi t h a vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  
t han 3 pl y l ami nat e j acket  -  0. 0000 per m adhesi ve t ape.   Coat  al l  seams,  
except  t hose on f act or y sel f - seal  syst ems,  wi t h vapor  r et ar der  coat i ng or  
PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 
0. 0000 per m adhesi ve t ape.

3. 2. 2. 3. 5   Br eaks and Punct ur es i n t he Jacket  Mat er i al

Pat ch by wr appi ng a st r i p of  j acket  mat er i al  ar ound t he pi pe and secur e i t  
wi t h adhesi ve,  st apl e,  and coat  wi t h vapor  r et ar der  coat i ng or  PVDC 
adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 
per m adhesi ve t ape.   Ext end t he pat ch not  l ess t han 1- 1/ 2 i nches past  t he 
br eak.

3. 2. 2. 3. 6   Penet r at i ons Such as Ther momet er s

Fi l l  t he voi ds i n t he i nsul at i on and seal  wi t h vapor  r et ar der  coat i ng or  
PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 
0. 0000 per m adhesi ve t ape.

SECTI ON 23 07 00  Page 22



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

3. 2. 2. 3. 7   Fl exi bl e El ast omer i c Cel l ul ar  Pi pe I nsul at i on

I nst al l  by s l i t t i ng t he t ubul ar  sect i ons and appl y i ng t hem ont o t he pi pi ng 
or  t ubi ng.   Al t er nat el y,  whenever  possi bl e s l i de un- sl i t  sect i ons over  t he 
open ends of  pi pi ng or  t ubi ng.   Secur e al l  seams and but t  j oi nt s and seal  
wi t h adhesi ve.   When usi ng sel f  seal  pr oduct s onl y t he but t  j oi nt s shal l  
be secur ed wi t h adhesi ve.   Push i nsul at i on on t he pi pe,  never  pul l ed.   
St r et chi ng of  i nsul at i on may r esul t  i n open seams and j oi nt s.   Cl ean cut  
al l  edges.   Rough or  j agged edges of  t he i nsul at i on ar e not  be per mi t t ed.   
Use pr oper  t ool s such as shar p kni ves.   Do not  st r et ch Gr ade 1,  Type I I  
sheet  i nsul at i on ar ound t he pi pe when used on pi pe l ar ger  t han 6 i nches.   
On pi pes l ar ger  t han 12 i nches,  adher e sheet  i nsul at i on di r ect l y t o t he 
pi pe on t he l ower  1/ 3 of  t he pi pe.

3. 2. 2. 4   I nsul at i on f or  Fi t t i ngs and Accessor i es

a.   Pi pe i nsul at i on shal l  be t i ght l y but t ed t o t he i nsul at i on of  t he 
f i t t i ngs and accessor i es.   The but t ed j oi nt s and ends shal l  be seal ed 
wi t h j oi nt  seal ant  and seal ed wi t h a vapor  r et ar der  coat i ng or  PVDC 
adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 
per m adhesi ve t ape.

b.   Pr ecut  or  pr ef or med i nsul at i on shal l  be pl aced ar ound al l  f i t t i ngs and 
accessor i es and shal l  conf or m t o MI CA pl at es except  as modi f i ed 
her ei n:   5 f or  anchor s;  10,  11,  and 13 f or  f i t t i ngs;  14 f or  val ves;  
and 17 f or  f l anges and uni ons.   I nsul at i on shal l  be t he same 
i nsul at i on as t he pi pe i nsul at i on,  i ncl udi ng same densi t y,  t hi ckness,  
and t her mal  conduct i v i t y.   Wher e pr ecut / pr ef or med i s unavai l abl e,  
r i gi d pr ef or med pi pe i nsul at i on sect i ons may be segment ed i nt o t he 
shape r equi r ed.   I nsul at i on of  t he same t hi ckness and conduct i v i t y as 
t he adj oi ni ng pi pe i nsul at i on shal l  be used.   I f  nest i ng s i ze 
i nsul at i on i s used,  t he i nsul at i on shal l  be over l apped 2 i nches or  one 
pi pe di amet er .   El bows i nsul at ed usi ng segment s shal l  conf or m t o MI CA 
Tabl es 12. 20 " Mi t er ed I nsul at i on El bow' .   Submi t  a bookl et  cont ai ni ng 
compl et ed MI CA I nsul at i on St ds pl at es det ai l i ng each i nsul at i ng syst em 
f or  each pi pe,  duct ,  or  equi pment  i nsul at i ng syst em,  af t er  appr oval  of  
mat er i al s and pr i or  t o appl y i ng i nsul at i on.

( 1)   The MI CA pl at es shal l  det ai l  t he mat er i al s t o be i nst al l ed and 
t he speci f i c  i nsul at i on appl i cat i on.   Submi t  al l  MI CA pl at es 
r equi r ed showi ng t he ent i r e i nsul at i ng syst em,  i ncl udi ng pl at es 
r equi r ed t o show i nsul at i on penet r at i ons,  vessel  bot t om and t op 
heads,  l egs,  and ski r t  i nsul at i on as appl i cabl e.   The MI CA pl at es 
shal l  pr esent  al l  var i at i ons of  i nsul at i on syst ems i ncl udi ng 
l ocat i ons,  mat er i al s,  vapor pr oof i ng,  j acket s and i nsul at i on 
accessor i es.

( 2)   I f  t he Cont r act or  el ect s t o submi t  det ai l ed dr awi ngs i nst ead of  
edi t ed MI CA Pl at es,  t he det ai l  dr awi ngs shal l  be t echni cal l y 
equi val ent  t o t he edi t ed MI CA Pl at e submi t t al .

c.   Upon compl et i on of  i nsul at i on i nst al l at i on on f l anges,  uni ons,  val ves,  
anchor s,  f i t t i ngs and accessor i es,  t er mi nat i ons,  seams,  j oi nt s and 
i nsul at i on not  pr ot ect ed by f act or y vapor  r et ar der  j acket s or  PVC 
f i t t i ng cover s shal l  be pr ot ect ed wi t h PVDC or  gr eat er  t han 3 pl y 
l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape or  t wo coat s of  
vapor  r et ar der  coat i ng wi t h a mi ni mum t ot al  t hi ckness of  1/ 16 i nch,  
appl i ed wi t h gl ass t ape embedded bet ween coat s.   Tape seams shal l  
over l ap 1 i nch.   The coat i ng shal l  ext end out  ont o t he adj oi ni ng pi pe 
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i nsul at i on 2 i nches.   Fabr i cat ed i nsul at i on wi t h a f act or y vapor  
r et ar der  j acket  shal l  be pr ot ect ed wi t h ei t her  gr eat er  t han 3 pl y 
l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape,  st andar d gr ade,  
s i l ver ,  whi t e,  bl ack and embossed or  PVDC adhesi ve t ape or  t wo coat s 
of  vapor  r et ar der  coat i ng wi t h a mi ni mum t hi ckness of  1/ 16 i nch and 
wi t h a 2 i nch wi de gl ass t ape embedded bet ween coat s.   Wher e f i t t i ng 
i nsul at i on but t s t o pi pe i nsul at i on,  t he j oi nt s shal l  be seal ed wi t h a 
vapor  r et ar der  coat i ng and a 4 i nch wi de ASJ t ape whi ch mat ches t he 
j acket  of  t he pi pe i nsul at i on.

d.   Anchor s at t ached di r ect l y t o t he pi pe shal l  be i nsul at ed f or  a 
suf f i c i ent  di st ance t o pr event  condensat i on but  not  l ess t han 6 i nches 
f r om t he i nsul at i on sur f ace.

e.   I nsul at i on shal l  be mar ked showi ng t he l ocat i on of  uni ons,  st r ai ner s,  
and check val ves.

3. 2. 2. 5   Opt i onal  PVC Fi t t i ng Cover s

At  t he opt i on of  t he Cont r act or ,  pr emol ded,  one or  t wo pi ece PVC f i t t i ng 
cover s may be used i n l i eu of  t he vapor  r et ar der  and embedded gl ass t ape.   
Fact or y pr ecut  or  pr emol ded i nsul at i on segment s shal l  be used under  t he 
f i t t i ng cover s f or  el bows.   I nsul at i on segment s shal l  be t he same 
i nsul at i on as t he pi pe i nsul at i on i ncl udi ng same densi t y,  t hi ckness,  and 
t her mal  conduct i v i t y.   The cover s shal l  be secur ed by PVC vapor  r et ar der  
t ape,  adhesi ve,  seal  wel di ng or  wi t h t acks made f or  secur i ng PVC cover s.   
Seams i n t he cover ,  and t acks and l aps t o adj oi ni ng pi pe i nsul at i on 
j acket ,  shal l  be seal ed wi t h vapor  r et ar der  t ape t o ensur e t hat  t he 
assembl y has a cont i nuous vapor  seal .

3. 2. 3   Abovegr ound Hot  Pi pel i nes

3. 2. 3. 1   Gener al  Requi r ement s

Al l  hot  pi pe l i nes above 60 degr ees F,  except  t hose pi pi ng l i s t ed i n 
subpar agr aph Pi pe I nsul at i on i n PART 3 as t o be omi t t ed,  shal l  be 
i nsul at ed i n accor dance wi t h Tabl e 2.   Thi s i ncl udes but  i s not  l i mi t ed t o 
t he f ol l owi ng:

a.   Domest i c hot  wat er  suppl y & r e- ci r cul at i ng syst em.

I nsul at i on shal l  be cover ed,  i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons,  wi t h a f act or y appl i ed Type I  j acket  or  f i el d appl i ed 
al umi num wher e r equi r ed or  seal  wel ded PVC.

3. 2. 3. 2   I nsul at i on f or  Fi t t i ngs and Accessor i es

Pi pe i nsul at i on shal l  be t i ght l y but t ed t o t he i nsul at i on of  t he f i t t i ngs 
and accessor i es.   The but t ed j oi nt s and ends shal l  be seal ed wi t h j oi nt  
seal ant .   I nsul at i on shal l  be mar ked showi ng t he l ocat i on of  uni ons,  
st r ai ner s,  check val ves and ot her  component s t hat  woul d ot her wi se be 
hi dden f r om vi ew by t he i nsul at i on.

3. 2. 3. 2. 1   Pr ecut  or  Pr ef or med

Pl ace pr ecut  or  pr ef or med i nsul at i on ar ound al l  f i t t i ngs and accessor i es.   
I nsul at i on shal l  be t he same i nsul at i on as t he pi pe i nsul at i on,  i ncl udi ng 
same densi t y,  t hi ckness,  and t her mal  conduct i v i t y.

SECTI ON 23 07 00  Page 24



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

3. 2. 3. 2. 2   Ri gi d Pr ef or med

Wher e pr ecut / pr ef or med i s unavai l abl e,  r i gi d pr ef or med pi pe i nsul at i on 
sect i ons may be segment ed i nt o t he shape r equi r ed.   I nsul at i on of  t he same 
t hi ckness and conduct i v i t y as t he adj oi ni ng pi pe i nsul at i on shal l  be 
used.   I f  nest i ng s i ze i nsul at i on i s used,  t he i nsul at i on shal l  be 
over l apped 2 i nches or  one pi pe di amet er .   El bows i nsul at ed usi ng segment s 
shal l  conf or m t o MI CA Tabl es 12. 20 " Mi t er ed I nsul at i on El bow" .

3. 2. 4   Pi pi ng Exposed t o Weat her

Pi pi ng exposed t o weat her  shal l  be i nsul at ed and j acket ed as speci f i ed f or  
t he appl i cabl e ser vi ce i nsi de t he bui l di ng.   Af t er  t hi s pr ocedur e,  a 
l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 per meabi l i t y  ( gr eat er  
t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed al umi num 
j acket ,  st ai nl ess st eel  or  PVC j acket  shal l  be appl i ed.

PVC j acket i ng r equi r es no f act or y- appl i ed j acket  beneat h i t ,  however  an 
al l  ser vi ce j acket  shal l  be appl i ed i f  f act or y appl i ed j acket i ng i s not  
f ur ni shed.   Fl exi bl e el ast omer i c cel l ul ar  i nsul at i on exposed t o weat her  
shal l  be t r eat ed i n accor dance wi t h par agr aph I NSTALLATI ON OF FLEXI BLE 
ELASTOMERI C CELLULAR I NSULATI ON i n PART 3.

3. 2. 4. 1   Al umi num Jacket

The j acket  f or  hot  pi pi ng may be f act or y appl i ed.   The j acket  shal l  
over l ap not  l ess t han 2 i nches at  l ongi t udi nal  and ci r cumf er ent i al  j oi nt s 
and shal l  be secur ed wi t h bands at  not  mor e t han 12 i nch cent er s.   
Longi t udi nal  j oi nt s shal l  be over l apped down t o shed wat er  and l ocat ed at  
4 or  8 o' c l ock posi t i ons.   Joi nt s on pi pi ng 60 degr ees F and bel ow shal l  
be seal ed wi t h met al  j acket i ng/ f l ashi ng seal ant  whi l e over l appi ng t o 
pr event  moi st ur e penet r at i on.   Wher e j acket i ng on pi pi ng 60 degr ees F and 
bel ow abut s an un- i nsul at ed sur f ace,  j oi nt s shal l  be caul ked t o pr event  
moi st ur e penet r at i on.   Joi nt s on pi pi ng above 60 degr ees F shal l  be seal ed 
wi t h a moi st ur e r et ar der .

3. 2. 4. 2   I nsul at i on f or  Fi t t i ngs

Fl anges,  uni ons,  val ves,  f i t t i ngs,  and accessor i es shal l  be i nsul at ed and 
f i ni shed as speci f i ed f or  t he appl i cabl e ser vi ce.   Two coat s of  br eat her  
emul si on t ype weat her pr oof  mast i c ( i mper meabl e t o wat er ,  per meabl e t o ai r )  
r ecommended by t he i nsul at i on manuf act ur er  shal l  be appl i ed wi t h gl ass 
t ape embedded bet ween coat s.   Tape over l aps shal l  be not  l ess t han 1 i nch 
and t he adj oi ni ng al umi num j acket  not  l ess t han 2 i nches.   Fact or y 
pr ef or med al umi num j acket s may be used i n l i eu of  t he above.   Mol ded PVC 
f i t t i ng cover s shal l  be pr ovi ded when PVC j acket s ar e used f or  st r ai ght  
r uns of  pi pe.   PVC f i t t i ng cover s shal l  have adhesi ve wel ded j oi nt s and 
shal l  be weat her pr oof  l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 
mi l s embossed)  vapor  bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 
per meabi l i t y ,  ( gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack 
and embossed,  and UV r esi st ant .

3. 2. 4. 3   PVC Jacket

PVC j acket  shal l  be ul t r avi ol et  r esi st ant  and adhesi ve wel ded weat her  
t i ght  wi t h manuf act ur er ' s r ecommended adhesi ve.   I nst al l at i on shal l  
i ncl ude pr ovi s i on f or  t her mal  expansi on.
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3. 2. 4. 4   St ai nl ess St eel  Jacket s

ASTM A167 or  ASTM A240/ A240M;  Type 304,  mi ni mum t hi ckness of  33 gauge (
0. 010 i nch) ,  smoot h sur f ace wi t h f act or y- appl i ed pol yet hyl ene and kr af t  
paper  moi st ur e bar r i er  on i nsi de sur f ace.   Pr ovi de st ai nl ess st eel  bands,  
mi ni mum wi dt h of  1/ 2 i nch.

3. 3   DUCT I NSULATI ON SYSTEMS I NSTALLATI ON

Cor ner  angl es shal l  be i nst al l ed on ext er nal  cor ner s of  i nsul at i on on 
duct wor k i n exposed f i ni shed spaces bef or e cover i ng wi t h j acket .     Ai r  
condi t i oned spaces shal l  be def i ned as t hose spaces di r ect l y suppl i ed wi t h 
cool ed condi t i oned ai r  ( or  pr ovi ded wi t h a cool i ng devi ce such as a 
f an- coi l  uni t )  and heat ed condi t i oned ai r  ( or  pr ovi ded wi t h a heat i ng 
devi ce such as a uni t  heat er ,  r adi at or  or  convect or ) .

3. 3. 1   Duct  I nsul at i on Mi ni mum Thi ckness

Duct  i nsul at i on mi ni mum t hi ckness i n accor dance wi t h Tabl e 4.

Tabl e 4 -  Mi ni mum Duct  I nsul at i on ( i nches)

Col d Ai r  Duct s  2. 0

Exhaust  Duct s 2. 0

Fr esh Ai r  I nt ake Duct s  2. 0

War m Ai r  Duct s  2. 0

Fr esh Ai r  I nt ake Duct s  2. 0

3. 3. 2   I nsul at i on and Vapor  Ret ar der / Vapor  Bar r i er  f or  Col d Ai r  Duct

I nsul at i on and vapor  r et ar der / vapor  bar r i er  shal l  be pr ovi ded f or  t he 
f ol l owi ng col d ai r  duct s and associ at ed equi pment .

a.   Suppl y duct s.

b.   Ret ur n ai r  duct s.

c.   Exhaust  duct s.

d.   Fl exi bl e r un- out s ( f i el d- i nsul at ed) .

e.   Pl enums.

f .   Fr esh ai r  i nt ake duct s.

g.   Combust i on ai r  i nt ake duct s.

I nsul at i on f or  r ect angul ar  duct s shal l  be f l exi bl e t ype wher e conceal ed,  
mi ni mum densi t y 3/ 4 pcf ,  and r i gi d t ype wher e exposed,  mi ni mum densi t y 3 
pcf .   I nsul at i on f or  bot h conceal ed or  exposed r ound/ oval  duct s shal l  be 
f l exi bl e t ype,  mi ni mum densi t y 3/ 4 pcf  or  a semi  r i gi d boar d,  mi ni mum 
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densi t y 3 pcf ,  f or med or  f abr i cat ed t o a t i ght  f i t ,  edges bevel ed and 
j oi nt s t i ght l y but t ed and st agger ed.   I nsul at i on f or  al l  exposed duct s 
shal l  be pr ovi ded wi t h ei t her  a whi t e,  pai nt - abl e,  f act or y- appl i ed Type I  
j acket  or  a f i el d appl i ed vapor  r et ar der / vapor  bar r i er  j acket  coat i ng 
f i ni sh as speci f i ed,  t he t ot al  f i el d appl i ed dr y f i l m t hi ckness shal l  be 
appr oxi mat el y 1/ 16 i nch.   I nsul at i on on al l  conceal ed duct  shal l  be 
pr ovi ded wi t h a f act or y- appl i ed Type I  or  I I  vapor  r et ar der / vapor  bar r i er  
j acket .   Duct  i nsul at i on shal l  be cont i nuous t hr ough sl eeves and pr epar ed 
openi ngs except  f i r ewal l  penet r at i ons.   Duct  i nsul at i on t er mi nat i ng at  
f i r e damper s,  shal l  be cont i nuous over  t he damper  col l ar  and r et ai ni ng 
angl e of  f i r e damper s,  whi ch ar e exposed t o uncondi t i oned ai r  and whi ch 
may be pr one t o condensat e f or mat i on.   Duct  i nsul at i on and vapor  
r et ar der / vapor  bar r i er  shal l  cover  t he col l ar ,  neck,  and un- i nsul at ed 
sur f aces of  di f f user s,  r egi st er s and gr i l l s .   Vapor  r et ar der / vapor  bar r i er  
mat er i al s shal l  be appl i ed t o f or m a compl et e unbr oken vapor  seal  over  t he 
i nsul at i on.   Sheet  Met al  Duct  shal l  be seal ed i n accor dance wi t h Sect i on 
23 30 00 HVAC AI R DI STRI BUTI ON.

3. 3. 2. 1   I nst al l at i on on Conceal ed Duct

a.   For  r ect angul ar  or  r ound duct s,  f l exi bl e i nsul at i on shal l  be at t ached 
by appl y i ng adhesi ve ar ound t he ent i r e per i met er  of  t he duct  i n 6 i nch 
wi de st r i ps on 12 i nch cent er s.

b.   For  r ect angul ar  duct s,   24 i nches and l ar ger ,  i nsul at i on shal l  be 
addi t i onal l y secur ed t o bot t om of  duct s by t he use of  mechani cal  
f ast ener s.   Fast ener s shal l  be spaced on 16 i nch cent er s and not  mor e 
t han 16 i nches f r om duct  cor ner s.

c.   For  r ect angul ar  and r ound duct s,  mechani cal  f ast ener s shal l  be 
pr ovi ded on si des of  duct  r i ser s f or  al l  duct  s i zes.   Fast ener s shal l  
be spaced on 16 i nch cent er s and not  mor e t han 16 i nches f r om duct  
cor ner s.

d.   I nsul at i on shal l  be i mpal ed on t he mechani cal  f ast ener s ( sel f  st i ck 
pi ns)  wher e used and shal l  be pr essed t hor oughl y i nt o t he adhesi ve.   
Car e shal l  be t aken t o ensur e vapor  r et ar der / vapor  bar r i er  j acket  
j oi nt s over l ap 2 i nches.   The i nsul at i on shal l  not  be compr essed t o a 
t hi ckness l ess t han t hat  speci f i ed.   I nsul at i on shal l  be car r i ed over  
st andi ng seams and t r apeze- t ype duct  hanger s.

e.   Wher e mechani cal  f ast ener s ar e used,  sel f - l ocki ng washer s shal l  be 
i nst al l ed and t he pi n t r i mmed and bent  over .

f .   Jacket  over l aps shal l  be secur ed wi t h st apl es and t ape as necessar y t o 
ensur e a secur e seal .   St apl es,  t ape and seams shal l  be coat ed wi t h a 
br ush coat  of  vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  
t han 3 pl y l ami nat e ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  -  l ess 
t han 0. 0000 per m adhesi ve t ape.

g.   Br eaks i n t he j acket  mat er i al  shal l  be cover ed wi t h pat ches of  t he 
same mat er i al  as t he vapor  r et ar der  j acket .   The pat ches shal l  ext end 
not  l ess t han 2 i nches beyond t he br eak or  penet r at i on i n al l  
di r ect i ons and shal l  be secur ed wi t h t ape and st apl es.   St apl es and 
t ape j oi nt s shal l  be seal ed wi t h a br ush coat  of  vapor  r et ar der  
coat i ng or  PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e ( mi ni mum 
2 mi l s adhesi ve,   3 mi l s embossed)  -  l ess t han 0. 0000 per m adhesi ve 
t ape.
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h.   At  j acket  penet r at i ons such as hanger s,  t her momet er s,  and damper  
oper at i ng r ods,  voi ds i n t he i nsul at i on shal l  be f i l l ed and t he 
penet r at i on seal ed wi t h a br ush coat  of  vapor  r et ar der  coat i ng or  PVDC 
adhesi ve t ape gr eat er  t han 3 pl y l ami nat e ( mi ni mum 2 mi l s adhesi ve,   3 
mi l s embossed)  -  l ess t han 0. 0000 per m adhesi ve t ape.

i .   I nsul at i on t er mi nat i ons and pi n punct ur es shal l  be seal ed and f l ashed 
wi t h a r ei nf or ced vapor  r et ar der  coat i ng f i ni sh or  t ape wi t h a br ush 
coat  of  vapor  r et ar der  coat i ng. .   The coat i ng shal l  over l ap t he 
adj oi ni ng i nsul at i on and un- i nsul at ed sur f ace 2 i nches.   Pi n punct ur e 
coat i ngs shal l  ext end 2 i nches f r om t he punct ur e i n al l  di r ect i ons.

j .   Wher e i nsul at i on st andof f  br acket s occur ,  i nsul at i on shal l  be ext ended 
under  t he br acket  and t he j acket  t er mi nat ed at  t he br acket .

3. 3. 2. 2   I nst al l at i on on Exposed Duct  Wor k

a.   For  r ect angul ar  duct s,  r i gi d i nsul at i on shal l  be secur ed t o t he duct  
by mechani cal  f ast ener s on al l  f our  s i des of  t he duct ,  spaced not  mor e 
t han 12 i nches apar t  and not  mor e t han 3 i nches f r om t he edges of  t he 
i nsul at i on j oi nt s.   A mi ni mum of  t wo r ows of  f ast ener s shal l  be 
pr ovi ded f or  each si de of  duct  12 i nches and l ar ger .   One r ow shal l  be 
pr ovi ded f or  each si de of  duct  l ess t han 12 i nches.   Mechani cal  
f ast ener s shal l  be as cor r osi on r esi st ant  as G60 coat ed gal vani zed 
st eel ,  and shal l  i ndef i ni t el y sust ai n a 50 l b t ensi l e dead l oad t est  
per pendi cul ar  t o t he duct  wal l .

b.   For m duct  i nsul at i on wi t h mi ni mum j acket  seams.   Fast en each pi ece of  
r i gi d i nsul at i on t o t he duct  usi ng mechani cal  f ast ener s.   When t he 
hei ght  of  pr oj ect i ons i s l ess t han t he i nsul at i on t hi ckness,  
i nsul at i on shal l  be br ought  up t o st andi ng seams,  r ei nf or ci ng,  and 
ot her  ver t i cal  pr oj ect i ons and shal l  not  be car r i ed over .   Vapor  
r et ar der / bar r i er  j acket  shal l  be cont i nuous acr oss seams,  r ei nf or ci ng,  
and pr oj ect i ons.   When hei ght  of  pr oj ect i ons i s gr eat er  t han t he 
i nsul at i on t hi ckness,  i nsul at i on and j acket  shal l  be car r i ed over .   
Appl y i nsul at i on wi t h j oi nt s t i ght l y but t ed.   Neat l y bevel  i nsul at i on 
ar ound name pl at es and access pl at es and door s.

c.   I mpal e i nsul at i on on t he f ast ener s;  sel f - l ocki ng washer s shal l  be 
i nst al l ed and t he pi n t r i mmed and bent  over .

d.   Seal  j oi nt s i n t he i nsul at i on j acket  wi t h a 4 i nch wi de st r i p of  
t ape.   Seal  t aped seams wi t h a br ush coat  of  vapor  r et ar der  coat i ng.

e.   Br eaks and r i bs or  st andi ng seam penet r at i ons i n t he j acket  mat er i al  
shal l  be cover ed wi t h a pat ch of  t he same mat er i al  as t he j acket .   
Pat ches shal l  ext end not  l ess t han 2 i nches beyond t he br eak or  
penet r at i on and shal l  be secur ed wi t h t ape and st apl ed.   St apl es and 
j oi nt s shal l  be seal ed wi t h a br ush coat  of  vapor  r et ar der  coat i ng.

f .   At  j acket  penet r at i ons such as hanger s,  t her momet er s,  and damper  
oper at i ng r ods,  t he voi ds i n t he i nsul at i on shal l  be f i l l ed and t he 
penet r at i ons seal ed wi t h a f l ashi ng seal ant .

g.   I nsul at i on t er mi nat i ons and pi n punct ur es shal l  be seal ed and f l ashed 
wi t h a r ei nf or ced vapor  r et ar der  coat i ng f i ni sh.   The coat i ng shal l  
over l ap t he adj oi ni ng i nsul at i on and un- i nsul at ed sur f ace 2 i nches.   
Pi n punct ur e coat i ngs shal l  ext end 2 i nches f r om t he punct ur e i n al l  
di r ect i ons.
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h.   Oval  and r ound duct s,  f l exi bl e t ype,  shal l  be i nsul at ed wi t h f act or y 
Type I  j acket  i nsul at i on wi t h mi ni mum densi t y of  3/ 4 pcf ,  at t ached as 
i n accor dance wi t h MI CA st andar ds.

3. 3. 3   I nsul at i on f or  War m Ai r  Duct

I nsul at i on and vapor  bar r i er  shal l  be pr ovi ded f or  t he f ol l owi ng war m ai r  
duct s and associ at ed equi pment : .

a.   Suppl y duct s.

b.   Ret ur n ai r  duct s.

c.   Exhaust  ai r  duct s

d.   Fr esh ai r  i nt ake duct s.
e.   Exhaust  duct s passi ng t hr ough conceal ed spaces exhaust i ng condi t i oned 

ai r .

I nsul at i on f or  r ect angul ar  duct s shal l  be f l exi bl e t ype wher e conceal ed,  
and r i gi d t ype wher e exposed.   I nsul at i on on exposed duct s shal l  be 
pr ovi ded wi t h a whi t e,  pai nt - abl e,  f act or y- appl i ed Type I I  j acket ,  or  
f i ni shed wi t h adhesi ve f i ni sh.   Fl exi bl e t ype i nsul at i on shal l  be used f or  
r ound duct s,  wi t h a f act or y- appl i ed Type I I  j acket .   I nsul at i on on 
conceal ed duct  shal l  be pr ovi ded wi t h a f act or y- appl i ed Type I I  j acket .   
Adhesi ve f i ni sh wher e i ndi cat ed t o be used shal l  be accompl i shed by 
appl y i ng t wo coat s of  adhesi ve wi t h a l ayer  of  gl ass c l ot h embedded 
bet ween t he coat s.   The t ot al  dr y f i l m t hi ckness shal l  be appr oxi mat el y 
1/ 16 i nch.   Duct  i nsul at i on shal l  be cont i nuous t hr ough sl eeves and 
pr epar ed openi ngs.   Duct  i nsul at i on shal l  t er mi nat e at  f i r e damper s and 
f l exi bl e connect i ons.

3. 3. 3. 1   I nst al l at i on on Conceal ed Duct

a.   For  r ect angul ar ,  oval  and r ound duct s,  i nsul at i on shal l  be at t ached by 
appl y i ng adhesi ve ar ound t he ent i r e per i met er  of  t he duct  i n 6 i nch 
wi de st r i ps on 12 i nch cent er s.

b.   For  r ect angul ar  and oval  duct s 24 i nches and l ar ger ,  i nsul at i on shal l  
be secur ed t o t he bot t om of  duct s by t he use of  mechani cal  f ast ener s.   
Fast ener s shal l  be spaced on 18 i nch cent er s and not  mor e t han 18 
i nches f r om duct  cor ner .

c.   For  r ect angul ar ,  oval  and r ound duct s,  mechani cal  f ast ener s shal l  be 
pr ovi ded on si des of  duct  r i ser s f or  al l  duct  s i zes.   Fast ener s shal l  
be spaced on 18 i nch cent er s and not  mor e t han 18 i nches f r om duct  
cor ner s.

d.   The i nsul at i on shal l  be i mpal ed on t he mechani cal  f ast ener s wher e 
used.   The i nsul at i on shal l  not  be compr essed t o a t hi ckness l ess t han 
t hat  speci f i ed.   I nsul at i on shal l  be car r i ed over  st andi ng seams and 
t r apeze- t ype hanger s.

e.   Sel f - l ocki ng washer s shal l  be i nst al l ed wher e mechani cal  f ast ener s ar e 
used and t he pi n t r i mmed and bent  over .

f .   I nsul at i on j acket  shal l  over l ap not  l ess t han 2 i nches at  j oi nt s and 
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t he l ap shal l  be secur ed and st apl ed on 4 i nch cent er s.

3. 3. 3. 2   I nst al l at i on on Exposed Duct

a.   For  r ect angul ar  duct s,  t he r i gi d i nsul at i on shal l  be secur ed t o t he 
duct  by t he use of  mechani cal  f ast ener s on al l  f our  s i des of  t he duct ,  
spaced not  mor e t han 16 i nches apar t  and not  mor e t han 6 i nches f r om 
t he edges of  t he i nsul at i on j oi nt s.   A mi ni mum of  t wo r ows of  
f ast ener s shal l  be pr ovi ded f or  each si de of  duct  12 i nches and l ar ger  
and a mi ni mum of  one r ow f or  each si de of  duct  l ess t han 12 i nches.

b.   Duct  i nsul at i on wi t h f act or y- appl i ed j acket  shal l  be f or med wi t h 
mi ni mum j acket  seams,  and each pi ece of  r i gi d i nsul at i on shal l  be 
f ast ened t o t he duct  usi ng mechani cal  f ast ener s.   When t he hei ght  of  
pr oj ect i on i s l ess t han t he i nsul at i on t hi ckness,  i nsul at i on shal l  be 
br ought  up t o st andi ng seams,  r ei nf or ci ng,  and ot her  ver t i cal  
pr oj ect i ons and shal l  not  be car r i ed over  t he pr oj ect i on.   Jacket  
shal l  be cont i nuous acr oss seams,  r ei nf or ci ng,  and pr oj ect i ons.   Wher e 
t he hei ght  of  pr oj ect i ons i s gr eat er  t han t he i nsul at i on t hi ckness,  
i nsul at i on and j acket  shal l  be car r i ed over  t he pr oj ect i on.

c.   I nsul at i on shal l  be i mpal ed on t he f ast ener s;  sel f - l ocki ng washer s 
shal l  be i nst al l ed and pi n t r i mmed and bent  over .

d.   Joi nt s on j acket ed i nsul at i on shal l  be seal ed wi t h a 4 i nch wi de st r i p 
of  t ape and br ushed wi t h vapor  r et ar der  coat i ng.

e.   Br eaks and penet r at i ons i n t he j acket  mat er i al  shal l  be cover ed wi t h a 
pat ch of  t he same mat er i al  as t he j acket .   Pat ches shal l  ext end not  
l ess t han 2 i nches beyond t he br eak or  penet r at i on and shal l  be 
secur ed wi t h adhesi ve and st apl ed.

f .   I nsul at i on t er mi nat i ons and pi n punct ur es shal l  be seal ed wi t h t ape 
and br ushed wi t h vapor  r et ar der  coat i ng.

g.   Oval  and r ound duct s,  f l exi bl e t ype,  shal l  be i nsul at ed wi t h f act or y 
Type I  j acket  i nsul at i on,  mi ni mum densi t y of  3/ 4 pcf  at t ached by 
st apl es spaced not  mor e t han 16 i nches and not  mor e t han 6 i nches f r om 
t he degr ees of  j oi nt s.   Joi nt s shal l  be seal ed i n accor dance wi t h i t em 
" d. "  above.

3. 3. 4   Duct  Test  Hol es

Af t er  duct  syst ems have been t est ed,  adj ust ed,  and bal anced,  br eaks i n t he 
i nsul at i on and j acket  shal l  be r epai r ed i n accor dance wi t h t he appl i cabl e 
sect i on of  t hi s speci f i cat i on f or  t he t ype of  duct  i nsul at i on t o be 
r epai r ed.

        - -  End of  Sect i on - -
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SECTI ON 23 09 00

I NSTRUMENTATI ON AND CONTROL FOR HVAC
02/ 19,  CHG 3:  05/ 21

PART 1   GENERAL

1. 1   SUMMARY

Pr ovi de a compl et e Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em sui t abl e f or  t he 
cont r ol  of  t he heat i ng,  vent i l at i ng and ai r  condi t i oni ng ( HVAC)  and ot her  
bui l di ng- l evel  syst ems as i ndi cat ed and shown and i n accor dance wi t h 
Sect i on 23 09 13 I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS f or  BACnet  or  Ni agar a BACnet  syst ems,  and ot her  r ef er enced 
Sect i ons.

1. 1. 1   Syst em Requi r ement s

Pr ovi de syst ems meet i ng t he r equi r ement s t hi s Sect i on and ot her  Sect i ons 
r ef er enced by t hi s Sect i on,  and whi ch have t he f ol l owi ng char act er i st i cs:

a.   The syst em i mpl ement s t he cont r ol  sequences of  oper at i on shown i n t he 
Cont r act  Dr awi ngs usi ng DDC har dwar e t o cont r ol  mechani cal  and 
el ect r i cal  equi pment

b.   The syst em meet  t he r equi r ement s of  t hi s speci f i cat i on as a 
st and- al one syst em and does not  r equi r e connect i on t o any ot her  syst em.

c.   Cont r ol  sequences r esi de i n DDC har dwar e i n t he bui l di ng.   The 
bui l di ng cont r ol  net wor k i s not  dependent  upon connect i on t o a Ut i l i t y  
Moni t or i ng and Cont r ol  Syst em ( UMCS)  Fr ont  End or  t o any ot her  syst em 
f or  per f or mance of  cont r ol  sequences.   To t he gr eat est  ext ent  
pr act i cal ,  t he har dwar e per f or ms cont r ol  sequences wi t hout  r el i ance on 
t he bui l di ng net wor k,  unl ess ot her wi se pr e- appr oved by t he Cont r act i ng 
Of f i cer .

d.   The har dwar e i s i nst al l ed such t hat  i ndi v i dual  cont r ol  equi pment  can 
be r epl aced by s i mi l ar  cont r ol  equi pment  f r om ot her  equi pment  
manuf act ur er s wi t h no l oss of  syst em f unct i onal i t y.

e.   Al l  necessar y document at i on,  conf i gur at i on i nf or mat i on,  pr ogr ammi ng 
t ool s,  pr ogr ams,  dr i ver s,  and ot her  sof t war e ar e l i censed t o and 
ot her wi se r emai n wi t h t he Gover nment  such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and 
expansi ons of  t he syst em wi t hout  subsequent  or  f ut ur e dependence on 
t he Cont r act or ,  Vendor  or  Manuf act ur er .

f .   Suf f i c i ent  document at i on and dat a,  i ncl udi ng r i ght s t o document at i on 
and dat a,  ar e pr ovi ded such t hat  t he Gover nment  or  t hei r  agent s can 
execut e wor k t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons 
of  t he syst em wi t hout  subsequent  or  f ut ur e dependence on t he 
Cont r act or ,  Vendor  or  Manuf act ur er .

g.   Har dwar e i s i nst al l ed and conf i gur ed such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  and upgr ades of  
i ndi v i dual  har dwar e wi t hout  f ur t her  i nt er act i on wi t h t he Cont r act or ,  
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Vendor  or  Manuf act ur er .

h.   Al l  Ni agar a Fr amewor k component s have an unr est r i ct ed i nt er oper abi l i t y  
l i cense wi t h a Ni agar a Compat i bi l i t y  St at ement  ( Ni CS)  f ol l owi ng t he 
Tr i di um Open Ni CS Speci f i cat i on and have a val ue of  " ALL"  f or  " St at i on 
Compat i bi l i t y  I n" ,  " St at i on Compat i bi l i t y  Out " ,  " Tool  Compat i bi l i t y  
I n"  and " Tool  Compat i bi l i t y  Out " .  Not e t hat  t hi s wi l l  r esul t  i n t he 
f ol l owi ng ent r i es i n t he l i cense f i l e:

accept . st at i on. i n=" * "
accept . st at i on. out =" * "
accept . wb. i n=" * "
accept . wb. out =" * "

1. 1. 2   End t o End Accur acy

Sel ect  pr oduct s,  i nst al l  and conf i gur e t he syst em such t hat  t he maxi mum 
er r or  of  a measur ed val ue as r ead f r om t he DDC Har dwar e over  t he net wor k 
i s l ess t han t he maxi mum al l owabl e er r or  speci f i ed f or  t he sensor  or  
i nst r ument at i on.

1. 1. 3   Ver i f i cat i on of  Di mensi ons

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 1. 4   Dr awi ngs

The Gover nment  wi l l  not  i ndi cat e al l  of f set s,  f i t t i ngs,  and accessor i es 
t hat  may be r equi r ed on t he dr awi ngs.   Car ef ul l y i nvest i gat e t he 
mechani cal ,  el ect r i cal ,  and f i ni sh condi t i ons t hat  coul d af f ect  t he wor k 
t o be per f or med,  ar r ange such wor k accor di ngl y,  and pr ovi de al l  wor k 
necessar y t o meet  such condi t i ons.

1. 2   RELATED SECTI ONS

Rel at ed wor k speci f i ed el sewher e:

a.   Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER 
BUI LDI NG CONTROL SYSTEMS f or  BACnet  syst ems wi t h or  wi t hout  Ni agar a 
Fr amewor k.

b.   Sect i on 23 09 13 I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC

c.   Sect i on 25 08 10 UTI LI TY MONI TORI NG AND CONTROL SYSTEMS TESTI NG

d.   Sect i on 25 05 11. 01 CYBERSECURI TY FOR FACI LI TY- RELATED HVAC CONTROL 
SYSTEMS.

e.   Sect i on 01 91 00. 15 BUI LDI NG COMMI SSI ONI NG

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.
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AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
2021;  Addenda CD 2021;  Addenda BV- CE 2022;  
I nt er pr et at i on 9- 12 2022;  I nt er pr et at i on 
13- 17 2023;  Addenda BV- CF 2023;  Er r at a 3 
2023)  BACnet —A Dat a Communi cat i on Pr ot ocol  
f or  Bui l di ng Aut omat i on and Cont r ol  
Net wor ks

ASHRAE FUN I P ( 2021)  Fundament al s Handbook,  I - P Edi t i on

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C62. 41 ( 1991;  R 1995)  Recommended Pr act i ce on 
Sur ge Vol t ages i n Low- Vol t age AC Power  
Ci r cui t s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

TRI DI UM,  I NC ( TRI DI UM)

Ni agar a Fr amewor k ( 2012)  Ni agar aAX User ' s Gui de

Tr i di um Open Ni CS ( 2005)  Under st andi ng t he Ni agar aAX 
Compat i bi l i t y  St at ement  ( Ni CS)

UNDERWRI TERS LABORATORI ES ( UL)

UL 5085- 3 ( 2006;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Low Vol t age Tr ansf or mer s -  Par t  3:  
Cl ass 2 and Cl ass 3 Tr ansf or mer s

1. 4   DEFI NI TI ONS

The f ol l owi ng l i s t  of  def i ni t i ons i ncl udes t er ms used i n Sect i ons 
r ef er enced by t hi s Sect i on and ar e i ncl uded her e f or  compl et eness. The 
def i ni t i ons cont ai ned i n t hi s Sect i on may di sagr ee wi t h how t er ms ar e 
def i ned or  used i n ot her  document s,  i ncl udi ng document s r ef er enced by t hi s 
Sect i on.   The def i ni t i ons i ncl uded her e ar e t he aut hor i t at i ve def i ni t i ons 
f or  t hi s Sect i on and al l  Sect i ons r ef er enced by t hi s Sect i on.

Af t er  each t er m t he pr ot ocol  r el at ed t o t hat  t er m i s i ncl uded i n 
par ent hesi s.

1. 4. 1   Al ar m Gener at i on ( Al l  pr ot ocol s)

Al ar m Gener at i on i s t he moni t or i ng of  a val ue,  compar i son of  t he val ue t o 
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al ar m condi t i ons and t he cr eat i on of  an al ar m when t he condi t i ons set  f or  
t he al ar m ar e met .   Not e t hat  t hi s does NOT i ncl ude del i ver y of  t he al ar m 
t o t he f i nal  dest i nat i on ( such as a user  i nt er f ace) .

1. 4. 2   Bui l di ng Aut omat i on and Cont r ol  Net wor k ( BACnet )  ( BACnet )

The t er m BACnet  i s used i n t wo ways.  Fi r st  meani ng t he BACnet  Pr ot ocol  
St andar d -  t he communi cat i on r equi r ement s as def i ned by ASHRAE 135 
i ncl udi ng al l  annexes and addenda.  The second t o r ef er  t o t he over al l  
t echnol ogy r el at ed t o t he ASHRAE 135 pr ot ocol .

1. 4. 3   BACnet  Advanced Appl i cat i on Cont r ol l er  ( B- AAC)  ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- AAC,  whi ch i s r equi r ed t o suppor t  
BACnet  I nt er oper abi l i t y  Bui l di ng Bl ocks ( BI BBs)  f or  schedul i ng and 
al ar mi ng,  but  i s not  r equi r ed t o suppor t  as many BI BBs as a B- BC.

1. 4. 4   BACnet  Appl i cat i on Speci f i c  Cont r ol l er  ( B- ASC)   ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- ASC,  wi t h f ewer  BI BB r equi r ement s t han 
a B- AAC.   I t  i s  i nt ended f or  use i n a speci f i c  appl i cat i on.

1. 4. 5   BACnet  Bui l di ng Cont r ol l er  ( B- BC)  ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- BC.   A gener al - pur pose,  
f i el d- pr ogr ammabl e devi ce capabl e of  car r y i ng out  a var i et y of  bui l di ng 
aut omat i on and cont r ol  t asks i ncl udi ng cont r ol  and moni t or i ng v i a di r ect   
di gi t al  cont r ol  ( DDC)  of  speci f i c  syst ems and dat a st or age f or  t r end  
i nf or mat i on,  t i me schedul es,  and al ar m dat a.  Li ke t he ot her  BTL Li st ed  
cont r ol l er  t ypes ( B- AAC,  B- ASC et c. )  a B- BC devi ce i s r equi r ed t o suppor t  
t he ser ver  ( " B" )  s i de of  t he ReadPr oper t y and Wr i t ePr oper t y ser vi ces,  but  
unl i ke t he ot her  cont r ol l er  t ypes i t  i s  al so r equi r ed t o suppor t  t he 
c l i ent  ( " A" )  s i de of  t hese ser vi ces.  Communi cat i on bet ween cont r ol l er s 
r equi r es t hat  one of  t hem suppor t  t he c l i ent  s i de and t he ot her  suppor t  
t he ser ver  s i de,  so a B- BC i s of t en used when communi cat i on bet ween 
cont r ol l er s i s needed.

1. 4. 6   BACnet  Br oadcast  Management  Devi ce ( BBMD)  ( BACnet )

A communi cat i ons devi ce,  t ypi cal l y combi ned wi t h a BACnet  r out er .    A BBMD 
f or war ds BACnet  br oadcast  messages t o BACnet / I P devi ces and ot her  BBMDs 
connect ed t o t he same BACnet / I P net wor k.  Each I P subnet  t hat  i s  par t  of  a 
BACnet / I P net wor k must  have at  l east  one BBMD.   Not e t her e ar e addi t i onal  
r est r i ct i ons when mul t i pl e BBMDs shar e an I P subnet .

1. 4. 7   BACnet / I P ( BACnet )

An ext ensi on of  BACnet ,  Annex J,  def i nes t he use of  a r eser ved UDP socket  
t o t r ansmi t  BACnet  messages over  I P net wor ks.  A BACnet / I P net wor k i s a 
col l ect i on of  one or  mor e I P subnet s t hat  shar e t he same BACnet  net wor k 
number .  See al so par agr aph BACNET BROADCAST MANAGEMENT DEVI CE.

1. 4. 8   BACnet  I nt er net wor k ( BACnet )

Two or  mor e BACnet  net wor ks,  connect ed wi t h BACnet  r out er s.    I n a BACnet  
I nt er net wor k,  t her e exi st s onl y one message pat h bet ween devi ces.
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1. 4. 9   BACnet  I nt er oper abi l i t y  Bui l di ng Bl ocks ( BI BBs)  ( BACnet )

A BI BB i s a col l ect i on of  one or  mor e ASHRAE 135 Ser vi ces i nt ended t o 
def i ne a hi gher  l evel  of  i nt er oper abi l i t y .  BI BBs ar e combi ned t o bui l d t he 
BACnet  f unct i onal  r equi r ement s f or  a devi ce i n a speci f i cat i on.  Some BI BBs 
def i ne addi t i onal  r equi r ement s ( beyond r equi r i ng suppor t  f or  speci f i c  
ser vi ces)  i n or der  t o achi eve a l evel  of  i nt er oper abi l i t y .  For  exampl e,  
t he BI BB DS- V- A ( Dat a Shar i ng- Vi ew- A) ,  whi ch woul d t ypi cal l y be used by a 
f r ont - end,  not  onl y r equi r es t he c l i ent  t o suppor t  t he ReadPr oper t y 
Ser vi ce,  but  al so pr ovi des a l i s t  of  dat a t ypes ( Obj ect  /  Pr oper t i es)  
whi ch t he cl i ent  must  be abl e t o i nt er pr et  and di spl ay f or  t he user .

I n t he BI BB shor t hand not at i on,  - A i s t he c l i ent  s i de and - B i s t he ser ver  
s i de.

The f ol l owi ng i s a l i st  of  some BI BBs used by t hi s or  r ef er enced Sect i ons:

DS- COV- A Dat a Shar i ng- Change of  Val ue ( A s i de)

DS- COV- B Dat a Shar i ng- Change of  Val ue ( B s i de)

NM- RC- B Net wor k Management - Rout er  Conf i gur at i on ( B si de)

DS- RP- A Dat a Shar i ng- Read Pr oper t y ( A si de)

DS- RP- B Dat a Shar i ng- Read Pr oper t y ( B si de)

DS- RPM- A Dat a Shar i ng- Read Pr oper t y Mul t i pl e ( A Si de)

DS- RPM- B Dat a Shar i ng- Read Pr oper t y Mul t i pl e ( B Si de)

DS- WP- A Dat a Shar i ng- Wr i t e Pr oper t y ( A Si de)

DM- TS- B Devi ce Management - Ti me Synchr oni zat i on ( B Si de)

DM- UTC- B Devi ce Management - UTC Ti me Synchr oni zat i on ( B Si de)

DS- WP- B Dat a Shar i ng- Wr i t e Pr oper t y ( B si de)

SCHED- E- B Schedul i ng- Ext er nal  ( B si de)

DM- OCD- B Devi ce Management - Obj ect  Cr eat i on and Del et i on ( B si de)

AE- N- I - B Al ar m and Event - Not i f i cat i on I nt er nal  ( B Si de)

AE- N- E- B Al ar m and Event - Not i f i cat i on Ext er nal  ( B Si de)

T- VMT- I - B Tr endi ng- Vi ewi ng and Modi f y i ng Tr ends I nt er nal  ( B Si de)

T- VMT- E- B Tr endi ng- Vi ewi ng and Modi f y i ng Tr ends Ext er nal  ( B Si de)

1. 4. 10   BACnet  Net wor k ( BACnet )

I n BACnet ,  a por t i on of  t he cont r ol  I nt er net wor k consi st i ng of  one or  mor e 
segment s connect ed by r epeat er s.  Net wor ks ar e separ at ed by r out er s.
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1. 4. 11   BACnet  Oper at or  Di spl ay ( B- OD)  ( BACnet )

A basi c oper at or  i nt er f ace wi t h l i mi t ed capabi l i t i es r el at i ve t o a B- OWS.   
I t  i s  not  i nt ended t o per f or m di r ect  di gi t al  cont r ol .   A B- OD pr of i l e 
coul d be used f or  LCD devi ces,  di spl ays af f i xed t o BACnet  devi ces,  
handhel d t er mi nal s or  ot her  ver y s i mpl e user  i nt er f aces.

1. 4. 12   BACnet  Segment  ( BACnet )

One or  mor e physi cal  segment s i nt er connect ed by r epeat er s ( ASHRAE 135) .

1. 4. 13   BACnet  Smar t  Act uat or  ( B- SA)  ( BACnet )

A si mpl e act uat or  devi ce wi t h l i mi t ed r esour ces i nt ended f or  speci f i c  
appl i cat i ons.

1. 4. 14   BACnet  Smar t  Sensor  ( B- SS)  ( BACnet )

A si mpl e sensi ng devi ce wi t h l i mi t ed r esour ces.

1. 4. 15   BACnet  Test i ng Labor at or i es ( BTL)  ( BACnet )

Est abl i shed by BACnet  I nt er nat i onal  t o suppor t  compl i ance t est i ng and 
i nt er oper abi l i t y  t est i ng act i v i t i es and consi st s of  BTL Manager  and t he 
BTL Wor ki ng Gr oup ( BTL- WG) .   BTL al so publ i shes I mpl ement at i on Gui del i nes.

1. 4. 16   BACnet  Test i ng Labor at or i es ( BTL)  Li st ed ( BACnet )

A devi ce t hat  has been l i s t ed by BACnet  Test i ng Labor at or y.   Devi ces may 
be cer t i f i ed t o a speci f i c  devi ce pr of i l e,  i n whi ch case t he l i s t i ng 
i ndi cat es t hat  t he devi ce suppor t s t he r equi r ed capabi l i t i es f or  t hat  
pr of i l e,  or  may be l i s t ed as " ot her " .

1. 4. 17   Bi nar y ( Al l  pr ot ocol s)
 

A t wo- st at e syst em wher e an " ON"  condi t i on i s r epr esent ed by a hi gh si gnal  
l evel  and an " OFF"  condi t i on i s r epr esent ed by a l ow si gnal  l evel .   
' Di gi t al '  i s  somet i mes used i nt er changeabl y wi t h ' bi nar y ' .

1. 4. 18   Br oadcast  ( BACnet )

Unl i ke most  messages,  whi ch ar e i nt ended f or  a speci f i c  r eci pi ent  devi ce,  
a br oadcast  message i s i nt ended f or  al l  devi ces on t he net wor k.

1. 4. 19   Bui l di ng Cont r ol  Net wor k ( BCN)  ( Al l  pr ot ocol s)
 

The net wor k connect i ng al l  DDC Har dwar e wi t hi n a bui l di ng ( or  speci f i c  
gr oup of  bui l di ngs) .

1. 4. 20   Bui l di ng Poi nt  of  Connect i on ( BPOC)  ( Al l  pr ot ocol s)
 

A FPOC f or  a Bui l di ng Cont r ol  Syst em.   ( Thi s t er m i s bei ng phased out  of  
use i n pr ef er ence f or  FPOC but  i s st i l l  used i n some speci f i cat i ons and 
cr i t er i a.   When i t  was used,  i t  t ypi cal l y r ef er r ed t o a pi ece of  cont r ol  
har dwar e.   The cur r ent  FPOC def i ni t i on t ypi cal l y r ef er s i nst ead t o I T 
har dwar e. )
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1. 4. 21   Commandabl e ( Al l  pr ot ocol s)
 

See Over r i dabl e.

1. 4. 22   Commandabl e Obj ect s ( BACnet )

Commandabl e Obj ect s have a Commandabl e Pr oper t y,  Pr i or i t y_Ar r ay,  and 
Rel i nqui sh_Def aul t  Pr oper t y as def i ned i n ASHRAE 135,  Cl ause 19. 2,  Command 
Pr i or i t i zat i on.

1. 4. 23   Conf i gur abl e ( Al l  pr ot ocol s)

A pr oper t y,  set t i ng,  or  val ue i s conf i gur abl e i f  i t  can be changed vi a 
har dwar e set t i ngs on t he devi ce,  v i a t he use of  engi neer i ng sof t war e or  
over  t he cont r ol  net wor k f r om t he f r ont  end,  and i s r et ai ned t hr ough 
( af t er )  l oss of  power .

I n a non- Ni agar a Fr amewor k BACnet  syst em,  a pr oper t y,  set t i ng,  or  val ue i s 
conf i gur abl e i f  i t  can be changed vi a one or  mor e of :  

1)   v i a BACnet  ser vi ces ( i ncl udi ng pr opr i et ar y BACnet  ser vi ces)  
2)   v i a har dwar e set t i ngs on t he devi ce

I n a Ni agar a Fr amewor k BACnet  syst em,  a pr oper t y,  set t i ng,  or  val ue i s 
conf i gur abl e i f  i t  can be changed vi a one or  mor e of :  

1)   v i a BACnet  ser vi ces ( i ncl udi ng pr opr i et ar y BACnet  ser vi ces)  
2)   v i a har dwar e set t i ngs on t he devi ce
3)   v i a t he Ni agar a Fr amewor k

Not e t hi s i s mor e st r i ngent  t han t he ASHRAE 135 def i ni t i on.

1. 4. 24   Cont r ol  Logi c Di agr am ( Al l  pr ot ocol s)

 A gr aphi cal  r epr esent at i on of  cont r ol  l ogi c f or  mul t i pl e pr ocesses t hat  
make up a syst em.

1. 4. 25   Devi ce ( BACnet )

A Di gi t al  Cont r ol l er  t hat  cont ai ns a BACnet  Devi ce Obj ect  and uses BACnet  
t o communi cat e wi t h ot her  devi ces.

1. 4. 26   Devi ce Obj ect  ( BACnet )

Ever y BACnet  devi ce r equi r es one Devi ce Obj ect ,  whose pr oper t i es r epr esent  
t he net wor k v i s i bl e pr oper t i es of  t hat  devi ce.  Ever y Devi ce Obj ect  
r equi r es a uni que Obj ect  I dent i f i er  number  on t he BACnet  I nt er net wor k.  
Thi s number  i s of t en r ef er r ed t o as t he devi ce i nst ance or  devi ce I D.

1. 4. 27   Devi ce Pr of i l e ( BACnet )

A col l ect i on of  BI BBs det er mi ni ng mi ni mum BACnet  capabi l i t i es of  a devi ce,  
def i ned i n ASHRAE 135.  St andar d devi ce pr of i l es i ncl ude BACnet  Advanced 
Wor kst at i ons ( B- AWS) ,  BACnet  Bui l di ng Cont r ol l er s ( B- BC) ,  BACnet  Advanced 
Appl i cat i on Cont r ol l er s ( B- AAC) ,  BACnet  Appl i cat i on Speci f i c  Cont r ol l er s 
( B- ASC) ,  BACnet  Smar t  Act uat or  ( B- SA) ,  and BACnet  Smar t  Sensor  ( B- SS) .

1. 4. 28   Di gi t al  Cont r ol l er  ( Al l  pr ot ocol s)

An el ect r oni c cont r ol l er ,  usual l y wi t h i nt er nal  pr ogr ammi ng l ogi c and 
di gi t al  and anal og i nput / out put  capabi l i t y ,  whi ch per f or ms cont r ol  
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f unct i ons.

1. 4. 29   Di r ect  Di gi t al  Cont r ol  ( DDC)  ( Al l  pr ot ocol s)

Di gi t al  cont r ol l er s per f or mi ng cont r ol  l ogi c.  Usual l y t he cont r ol l er  
di r ect l y senses physi cal  val ues,  makes cont r ol  deci s i ons wi t h i nt er nal  
pr ogr ams,  and out put s cont r ol  s i gnal s t o di r ect l y oper at e swi t ches,  
val ves,  damper s,  and mot or  cont r ol l er s.

1. 4. 30   Fi el d Poi nt  of  Connect i on ( FPOC)  ( Al l  pr ot ocol s)

The FPOC i s t he poi nt  of  connect i on bet ween t he UMCS I P Net wor k and t he 
f i el d cont r ol  net wor k ( ei t her  an I P net wor k,  a non- I P net wor k,  or  a 
combi nat i on of  bot h) .   The har dwar e at  t hi s l ocat i on whi ch pr ovi des t he 
connect i on i s gener al l y an I T devi ce such as a swi t ch,  I P r out er ,  or  
f i r ewal l .

I n gener al ,  t he t er m " FPOC Locat i on"  means t he pl ace wher e t hi s connect i on 
occur s,  and " FPOC Har dwar e"  means t he devi ce t hat  pr ovi des t he 
connect i on.   Somet i mes t he t er m " FPOC"  i s used t o mean ei t her  and i t s 
act ual  meani ng ( i . e.  l ocat i on or  har dwar e)  i s det er mi ned by t he cont ext  i n 
whi ch i t  i s  used.

1. 4. 31   Fox Pr ot ocol  ( Ni agar a Fr amewor k)

The pr ot ocol  used f or  communi cat i on bet ween component s i n t he 
Ni agar a Fr amewor k.  By def aul t ,  Fox uses TCP por t  1911.

1. 4. 32   Gat eway ( Al l  pr ot ocol s)

A devi ce t hat  t r ansl at es f r om one pr ot ocol  appl i cat i on dat a f or mat  t o 
anot her .   Devi ces t hat  change onl y t he t r anspor t  mechani sm of  t he pr ot ocol  
-  " t r ansl at i ng"  f r om TP/ FT- 10 t o Et her net / I P  or  f r om BACnet  MS/ TP t o 
BACnet  over  I P f or  exampl e -  ar e not  gat eways as t he under l y i ng dat a 
f or mat  does not  change.  Gat eways ar e al so cal l ed Communi cat i ons Br i dges or  
Pr ot ocol  Tr ansl at or s.

A Ni agar a Fr amewor k Super vi sor y Gat eway i s one t ype of  Gat eway.

1. 4. 33   I EEE 802. 3 Et her net  ( Al l  pr ot ocol s)

A f ami l y of  l ocal - ar ea- net wor k t echnol ogi es pr ovi di ng hi gh- speed 
net wor ki ng f eat ur es over  var i ous medi a,  t ypi cal l y Cat  5,  5e or  Cat  6 
t wi st ed pai r  copper  or  f i ber  opt i c cabl e.

1. 4. 34   I nt er net  Pr ot ocol  ( I P,  TCP/ I P,  UDP/ I P)  ( Al l  pr ot ocol s)

A communi cat i on met hod,  t he most  common use i s t he Wor l d Wi de Web.  At  t he 
l owest  l evel ,  i t  i s  based on I nt er net  Pr ot ocol  ( I P) ,  a met hod f or  
conveyi ng and r out i ng packet s of  i nf or mat i on over  var i ous LAN medi a.  Two 
common pr ot ocol s usi ng I P ar e User  Dat agr am Pr ot ocol  ( UDP)  and 
Tr ansmi ssi on Cont r ol  Pr ot ocol  ( TCP) .  UDP conveys i nf or mat i on t o wel l - known 
" socket s"  wi t hout  conf i r mat i on of  r ecei pt .  TCP est abl i shes connect i ons,  
al so known as " sessi ons" ,  whi ch have end- t o- end conf i r mat i on and 
guar ant eed sequence of  del i ver y.

1. 4. 35   I nput / Out put  ( I / O)  ( Al l  pr ot ocol s)

Physi cal  i nput s and out put s t o and f r om a devi ce,  al t hough t he t er m 
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somet i mes descr i bes net wor k or  " v i r t ual "  i nput s or  out put s.  See al so 
" Poi nt s" .

1. 4. 36   I / O Expansi on Uni t  ( Al l  pr ot ocol s)

An I / O expansi on uni t  pr ovi des addi t i onal  poi nt  capaci t y t o a di gi t al  
cont r ol l er

1. 4. 37   I P subnet  ( Al l  pr ot ocol s)

A gr oup of  devi ces whi ch shar e a def i ned r ange I P addr esses.  Devi ces on a 
common I P subnet  can shar e dat a ( i ncl udi ng br oadcast s)  di r ect l y wi t hout  
t he need f or  t he t r af f i c  t o t r aver se an I P r out er .

1. 4. 38   JACE ( Ni agar a Fr amewor k)

Java Appl i cat i on Cont r ol  Engi ne.   See par agr aph NI AGARA FRAMEWORK 
SUPERVI SORY GATEWAY

1. 4. 39   Local - Ar ea Net wor k ( LAN)  ( Al l  pr ot ocol s)

A communi cat i on net wor k t hat  spans a l i mi t ed geogr aphi c ar ea and uses t he 
same basi c communi cat i on t echnol ogy t hr oughout .

1. 4. 40   Local  Di spl ay Panel s ( LDPs)  ( Al l  pr ot ocol s)

A DDC Har dwar e wi t h a di spl ay and navi gat i on but t ons,  and must  pr ovi de 
di spl ay and adj ust ment  of  poi nt s as shown on t he Poi nt s Schedul e and as  
i ndi cat ed.

1. 4. 41   MAC Addr ess ( Al l  pr ot ocol s)

Medi a Access Cont r ol  addr ess.   The physi cal  devi ce addr ess t hat  i dent i f i es 
a devi ce on a Local  Ar ea Net wor k.

1. 4. 42   Mast er - Sl ave/ Token- Passi ng ( MS/ TP)  ( BACnet )

Dat a l i nk pr ot ocol  as def i ned by t he BACnet  st andar d.   Mul t i pl e speeds 
( dat a r at es)  ar e per mi t t ed by t he BACnet  MS/ TP st andar d.

1. 4. 43   Moni t or i ng and Cont r ol  ( M&C)  Sof t war e ( Al l  pr ot ocol s)
 

The UMCS ' f r ont  end'  sof t war e whi ch per f or ms super vi sor y f unct i ons such as 
al ar m handl i ng,  schedul i ng and dat a l oggi ng and pr ovi des a user  i nt er f ace 
f or  moni t or i ng t he syst em and conf i gur i ng  t hese f unct i ons.

1. 4. 44   Net wor k Number  ( BACnet )

A si t e- speci f i c  number  assi gned t o each net wor k.  Thi s net wor k number  must  
be uni que t hr oughout  t he BACnet  I nt er net wor k.

1. 4. 45   Ni agar a Fr amewor k ( Ni agar a Fr amewor k)

A set  of  har dwar e and sof t war e speci f i cat i ons f or  bui l di ng and ut i l i t y  
cont r ol  owned by Tr i di um I nc.  and l i censed t o mul t i pl e vendor s.   The 
Fr amewor k consi st s of  f r ont  end ( M&C)  sof t war e,  web based cl i ent s,  f i el d 
l evel  cont r ol  har dwar e,  and engi neer i ng t ool s.   Whi l e t he Ni agar a 
Fr amewor k i s not  adopt ed by a r ecogni zed st andar ds body and does not  use 
an open l i censi ng model ,  i t  i s  suf f i c i ent l y wel l - suppor t ed by mul t i pl e 
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HVAC vendor s t o be consi der ed a de- f act o Open St andar d.

1. 4. 46   Ni agar a Fr amewor k Super vi sor y Gat eway ( Ni agar a Fr amewor k)

DDC Har dwar e component  of  t he Ni agar a Fr amewor k.   A t ypi cal  Ni agar a 
ar chi t ect ur e has Ni agar a speci f i c  super vi sor y gat eways at  t he I P l evel  and 
ot her  ( non- Ni agar a speci f i c)  cont r ol l er s on f i el d net wor ks ( TP/ FT- 10,  
MS/ TP,  et c. )  beneat h t he Ni agar a super vi sor y gat eways.   The Ni agar a 
speci f i c  cont r ol l er s f unct i on as a gat eway bet ween t he Ni agar a f r amewor k 
pr ot ocol  ( Fox)  and t he f i el d net wor k beneat h.   These super vi sor y gat eways 
may al so be used as gener al  pur pose cont r ol l er s and al so have t he 
capabi l i t y  t o pr ovi de a web- based user  i nt er f ace.

Not e t hat  di f f er ent  vendor s r ef er  t o t hi s component  by di f f er ent  names.   
The most  common name i s " JACE" ;  ot her  names i ncl ude ( but  ar e not  l i mi t ed 
t o) " EC- BOS" ,  " FX- 40" ,  " TMN" ,  " SLX"  and " UNC" .

1. 4. 47   Obj ect  ( BACnet )

An ASHRAE 135 Obj ect .   The concept  of  or gani z i ng BACnet  i nf or mat i on i nt o 
st andar d component s wi t h var i ous associ at ed Pr oper t i es.   Exampl es i ncl ude  
Anal og I nput  obj ect s and Bi nar y Out put  obj ect s.

1. 4. 48   Obj ect  I dent i f i er  ( BACnet )

A gr oupi ng of  t wo Obj ect  pr oper t i es:  Obj ect  Type ( e. g.  Anal og Val ue,   
Schedul e,  et c. )  and Obj ect  I nst ance ( i n t hi s case,  a number ) .   Obj ect  
I dent i f i er s must  be uni que wi t hi n a devi ce.

1. 4. 49   Obj ect  I nst ance  ( BACnet )

See par agr aph OBJECT I DENTI FI ER

1. 4. 50   Obj ect  Pr oper t i es ( BACnet )

At t r i but es of  an obj ect .   Exampl es i ncl ude pr esent  val ue and hi gh l i mi t  
pr oper t i es of  an anal og i nput  obj ect .  Pr oper t i es ar e def i ned i n ASHRAE 135;  
some ar e opt i onal  and some ar e r equi r ed.   Obj ect s ar e cont r ol l ed by 
r eadi ng f r om and wr i t i ng t o obj ect  pr oper t i es.

1. 4. 51   Oper at or  Conf i gur abl e ( Al l  pr ot ocol s)

Oper at or  conf i gur abl e val ues ar e val ues t hat  can be changed f r om a si ngl e 
common f r ont  end user  i nt er f ace acr oss mul t i pl e vendor  syst ems.

For  Ni agar a Fr amewor k Syst ems,  a pr oper t y,  set t i ng,  or  val ue i s Oper at or  
Conf i gur abl e when i t  i s  conf i gur abl e f r om a Ni agar a Fr amewor k Fr ont  End.

For  non Ni agar a- based BACnet  syst ems,  a pr oper t y,  set t i ng,  or  val ue i n a 
devi ce i s Oper at or  Conf i gur abl e when i t  i s  Conf i gur abl e and i s ei t her :

a.   a Wr i t abl e Pr oper t y of  a St andar d BACnet  Obj ect ;  or  
 
  b.   a Pr oper t y of  a St andar d BACnet  Obj ect  t hat  i s  Wr i t abl e when

     Out _Of _Ser vi ce i s TRUE and Out _Of _Ser vi ce i s Wr i t abl e.
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1. 4. 52   Over r i de ( Al l  pr ot ocol s)

Changi ng t he val ue of  a poi nt  out s i de of  t he nor mal  sequence of  oper at i on 
wher e t he change has pr i or i t y over  t he sequence and wher e t her e i s a 
mechani sm f or  r el easi ng t he change such t hat  t he poi nt  r et ur ns t o t he 
nor mal  val ue.   Over r i des per si st  unt i l  r el eased or  over r i dden at  t he same 
or  hi gher  pr i or i t y but  ar e not  r equi r ed t o per si st  t hr ough a l oss of  power .
Over r i des ar e of t en used by oper at or s t o change val ues,  and gener al l y 
or i gi nat e at  a user  i nt er f ace ( wor kst at i on or  l ocal  di spl ay panel ) .

1. 4. 53   Packaged Equi pment  ( Al l  pr ot ocol s)

Packaged equi pment  i s a s i ngl e pi ece of  equi pment  pr ovi ded by a 
manuf act ur er  i n a subst ant i al l y  compl et e and oper abl e condi t i on,  wher e t he 
cont r ol s ( DDC Har dwar e)  ar e f act or y i nst al l ed,  and t he equi pment  i s sol d 
and shi pped f r om t he manuf act ur er  as a s i ngl e ent i t y.   Di sassembl y and 
r eassembl y of  a l ar ge pi ece of  equi pment  f or  shi ppi ng does not  pr event  i t  
f r om bei ng packaged equi pment .   Package uni t s may r equi r e f i el d 
i nst al l at i on of  r emot e sensor s.   Packaged equi pment  i s al so cal l ed a 
" packaged uni t " .   

Not e i ndust r y may use t he t er m " Packaged Syst em"  t o mean a col l ect i on of  
equi pment  t hat  i s  desi gned t o wor k t oget her  wher e each pi ece of  equi pment  
i s packaged equi pment  and t her e i s a net wor k t hat  connect s t he equi pment  
t oget her .   A " packaged syst em"  of  t hi s t ype i s NOT packaged equi pment ;  i t  
i s  a col l ect i on of  packaged equi pment ,  and each pi ece of  equi pment  must  
i ndi v i dual l y meet  speci f i cat i on r equi r ement s.

1. 4. 54   Packaged Uni t  ( Al l  pr ot ocol s)

See packaged equi pment .

1. 4. 55   Per f or mance Ver i f i cat i on Test  ( PVT)  ( Al l  pr ot ocol s)

The pr ocedur e f or  det er mi ni ng i f  t he i nst al l ed BAS meet s desi gn cr i t er i a 
pr i or  t o f i nal  accept ance.   The PVT i s per f or med af t er  i nst al l at i on,  
t est i ng,  and bal anci ng of  mechani cal  syst ems.  Typi cal l y t he PVT i s 
per f or med by t he Cont r act or  i n t he pr esence of  t he Gover nment .

1. 4. 56   Physi cal  Segment  ( BACnet )

A si ngl e cont i guous medi um t o whi ch BACnet  devi ces ar e at t ached ( ASHRAE 135
) .

1. 4. 57   Pol l i ng ( Al l  pr ot ocol s)

 A devi ce per i odi cal l y r equest i ng dat a f r om anot her  devi ce.

1. 4. 58   Poi nt s ( Al l  pr ot ocol s)

Physi cal  and vi r t ual  i nput s and out put s.  See al so par agr aph I NPUT/ OUTPUT 
( I / O) .

1. 4. 59   Pr opor t i onal ,  I nt egr al ,  and Der i vat i ve ( PI D)  Cont r ol  Loop ( Al l  
pr ot ocol s)

Thr ee par amet er s used t o cont r ol  modul at i ng equi pment  t o mai nt ai n a 
set poi nt .  Der i vat i ve cont r ol  i s  of t en not  r equi r ed f or  HVAC syst ems 
( l eavi ng " PI "  cont r ol ) .
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1. 4. 60   Pr opr i et ar y ( BACnet )

Wi t hi n t he cont ext  of  BACnet ,  any ext ensi on of  or  addi t i on t o obj ect  
t ypes,  pr oper t i es,  Pr i vat eTr ansf er  ser vi ces,  or  enumer at i ons speci f i ed i n 
ASHRAE 135.    Obj ect s wi t h Obj ect _Type val ues of  128 and above ar e 
Pr opr i et ar y Obj ect s.   Pr oper t i es wi t h Pr oper t y_I dent i f i er  of  512 and above 
ar e pr opr i et ar y Pr oper t i es.

1. 4. 61   Pr ot ocol  I mpl ement at i on Conf or mance St at ement  ( PI CS)  ( BACnet )

A document ,  cr eat ed by t he manuf act ur er  of  a devi ce,  whi ch descr i bes whi ch 
por t i ons of  t he BACnet  st andar d may be i mpl ement ed by a gi ven devi ce.   
ASHRAE 135 r equi r es t hat  al l  ASHRAE 135 devi ces have a PI CS,  and al so 
def i nes a mi ni mum set  of  i nf or mat i on t hat  must  be i n i t .   A devi ce as 
i nst al l ed f or  a speci f i c  pr oj ect  may not  i mpl ement  ever yt hi ng i n i t s PI CS.

1. 4. 62   Repeat er  ( Al l  pr ot ocol s)

 A devi ce t hat  connect s t wo cont r ol  net wor k segment s and r et r ansmi t s al l  
i nf or mat i on r ecei ved on one si de ont o t he ot her .

1. 4. 63   Rout er  ( Al l  pr ot ocol s)

 A devi ce t hat  connect s t wo ASHRAE 135 net wor ks and cont r ol s t r af f i c  
bet ween t he t wo by r et r ansmi t t i ng s i gnal s r ecei ved f r om one si de ont o t he 
ot her  based on t he si gnal  dest i nat i on.   Rout er s ar e used t o subdi v i de a 
BACnet  i nt er net wor k and t o l i mi t  net wor k t r af f i c .

1. 4. 64   Segment  ( Al l  pr ot ocol s)

 A ' s i ngl e'  sect i on of  a cont r ol  net wor k t hat  cont ai ns no r epeat er s or  
r out er s.   Ther e i s gener al l y a l i mi t  on t he number  of  devi ces on a 
segment ,  and t hi s l i mi t  i s  dependent  on t he t opol ogy/ medi a and devi ce 
t ype.   

1. 4. 65   St andar d BACnet  Obj ect s ( BACnet )

Obj ect s wi t h Obj ect _Type val ues bel ow 128 and speci f i cal l y enumer at ed i n 
Cl ause 21 of  ASHRAE 135.   Obj ect s whi ch ar e not  pr opr i et ar y.   See 
par agr aph PROPRI ETARY.

1. 4. 66   St andar d BACnet  Pr oper t i es ( BACnet )

Pr oper t i es wi t h Pr oper t y_I dent i f i er  val ues bel ow 512 and speci f i cal l y 
enumer at ed i n Cl ause 21 of  ASHRAE 135.   Pr oper t i es whi ch ar e not  
pr opr i et ar y.   See Pr opr i et ar y.

1. 4. 67   St andar d BACnet  Ser vi ces ( BACnet )

ASHRAE 135 ser vi ces ot her  t han Conf i r medPr i vat eTr ansf er  or  
Unconf i r medPr i vat eTr ansf er .   See par agr aph PROPRI ETARY.

1. 4. 68   UMCS ( Al l  pr ot ocol s)

UMCS st ands f or  Ut i l i t y  Moni t or i ng and Cont r ol  Syst em.   The t er m r ef er s t o 
al l  component s by whi ch a pr oj ect  s i t e moni t or s,  manages,  and cont r ol s 
r eal - t i me oper at i on of  HVAC and ot her  bui l di ng syst ems.  These component s 
i ncl ude t he UMCS " f r ont - end"  and al l  f i el d bui l di ng cont r ol  syst ems 
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connect ed t o t he f r ont - end.   The f r ont - end consi st s of  Moni t or i ng and 
Cont r ol  Sof t war e ( user  i nt er f ace sof t war e) ,  br owser - based user  i nt er f aces 
and net wor k i nf r ast r uct ur e.  

The net wor k i nf r ast r uct ur e ( t he " UMCS Net wor k" ) ,  i s  an I P net wor k 
connect i ng mul t i pl e bui l di ng or  f aci l i t y  cont r ol  net wor ks t o t he 
Moni t or i ng and Cont r ol  Sof t war e.

1. 4. 69   UMCS Net wor k ( Al l  pr ot ocol s)

The UMCS Net wor k connect s mul t i pl e bui l di ng or  f aci l i t y  cont r ol  net wor ks 
t o t he Moni t or i ng and Cont r ol  Sof t war e.

1. 4. 70   Wr i t abl e Pr oper t y ( BACnet )

A Pr oper t y i s Wr i t abl e when i t  can be changed t hr ough t he use of  one or  
mor e of  t he Wr i t ePr oper t y ser vi ces def i ned i n ASHRAE 135,  Cl ause 15 
r egar dl ess of  t he val ue of  any ot her  Pr oper t y.   Not e t hat  i n t he ASHRAE 135
 st andar d,  some Pr oper t i es may be wr i t abl e when t he Out  of  Ser vi ce 
Pr oper t y i s TRUE;  f or  pur poses of  t hi s Sect i on,  Pr oper t i es t hat  ar e onl y 
wr i t abl e when t he Out  of  Ser vi ce Pr oper t y i s TRUE ar e not  consi der ed t o be 
Wr i t abl e.

1. 5   PROJECT SEQUENCI NG

TABLE I I :  PROJECT SEQUENCI NG l i st s t he sequenci ng of  submi t t al s as 
speci f i ed i n par agr aph SUBMI TTALS ( denot ed by an ' S'  i n t he ' TYPE'  col umn)  
and act i v i t i es as speci f i ed i n PART 3 EXECUTI ON ( denot ed by an ' E'  i n t he 
' TYPE'  col umn) .   TABLE I I  does not  speci f y over al l  pr oj ect  mi l est one and 
compl et i on dat es;  t hese dat es ar e speci f i ed i n t he cont r act  document s.

a.   Sequenci ng f or  Submi t t al s:  The sequenci ng speci f i ed f or  submi t t al s i s 
t he deadl i ne by whi ch t he submi t t al  must  be i ni t i al l y  submi t t ed t o t he 
Gover nment .   Fol l owi ng submi ssi on t her e wi l l  be a Gover nment  r evi ew 
per i od as speci f i ed i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES.   I f  t he 
submi t t al  i s  not  accept ed by t he Gover nment ,  r evi se t he submi t t al  and 
r esubmi t  i t  t o t he Gover nment  wi t hi n 14 days of  not i f i cat i on t hat  t he 
submi t t al  has been r ej ect ed.   Upon r esubmi t t al  t her e wi l l  be an 
addi t i onal  Gover nment  r evi ew per i od.   I f  t he submi t t al  i s  not  accept ed 
t he pr ocess r epeat s unt i l  t he submi t t al  i s  accept ed by t he Gover nment .

b.   Sequenci ng f or  Act i v i t i es:   The sequenci ng speci f i ed f or  act i v i t i es 
i ndi cat es t he ear l i est  t he act i v i t y may begi n.

c.   Abbr evi at i ons:   I n TABLE I I  t he abbr evi at i on AAO i s used f or  ' af t er  
appr oval  of '  and ' ACO'  i s used f or  ' af t er  compl et i on of ' .

TABLE I I .  PROJECT SEQUENCI NG

I TEM
#

TYPE DESCRI PTI ON SEQUENCI NG ( START OF
ACTI VI TY OR DEADLI NE FOR

SUBMI TTAL)
1 S Exi st i ng Condi t i ons Repor t

2 S DDC Cont r act or  Desi gn Dr awi ngs
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TABLE I I .  PROJECT SEQUENCI NG

I TEM
#

TYPE DESCRI PTI ON SEQUENCI NG ( START OF
ACTI VI TY OR DEADLI NE FOR

SUBMI TTAL)
3 S Manuf act ur er ' s Pr oduct  Dat a

4 S Pr e- const r uct i on QC Checkl i st

5 E I nst al l  Bui l di ng Cont r ol  Syst em AAO #1 t hr u #4

6 E St ar t - Up and St ar t - Up Test i ng ACO #5

7 S Post - Const r uct i on QC Checkl i st 21 days ACO #6

8 S Pr ogr ammi ng Sof t war e
Conf i gur at i on Sof t war e

Ni agar a Fr amewor k Engi neer i ng Tool
Ni agar a Fr amewor k Wi zar ds

21 days ACO #6

9 S Dr af t  As- Bui l t  Dr awi ngs 30 days ACO #6

10 S St ar t - Up Test i ng Repor t 30 days ACO #6

11 S PVT Pr ocedur es 21 days bef or e schedul e 
st ar t  of  #12 and AAO #10

12 E Execut e PVT AAO #9 and #11

13 S PVT Repor t 14 days ACO #12

14 S Cont r ol l er  Appl i cat i on Pr ogr ams
Cont r ol l er  Conf i gur at i on Set t i ngs

Ni agar a Fr amewor k Super vi sor y Gat eway Backups

14 days AAO #13
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TABLE I I .  PROJECT SEQUENCI NG

I TEM
#

TYPE DESCRI PTI ON SEQUENCI NG ( START OF
ACTI VI TY OR DEADLI NE FOR

SUBMI TTAL)
15 S Fi nal  As- Bui l t  Dr awi ngs 21 days AAO #13

16 S O&M I nst r uct i ons AAO #15

17 S Tr ai ni ng Document at i on AAO #10 and 14 days bef or e 
schedul ed st ar t  of  #18

18 E Tr ai ni ng AAO #16 and #17

19 S Cl oseout  QC Checkl i st ACO #18

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

DDC Cont r act or  Desi gn Dr awi ngs;  G

Dr af t  As- Bui l t  Dr awi ngs;  G

Fi nal  As- Bui l t  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Pr ogr ammi ng Sof t war e;  G

Cont r ol l er  Appl i cat i on Pr ogr ams;  G

Conf i gur at i on Sof t war e;  G

Cont r ol l er  Conf i gur at i on Set t i ngs;  G

Manuf act ur er ' s Pr oduct  Dat a;  G

Ni agar a Fr amewor k Super vi sor y Gat eway Backups;  G

Ni agar a Fr amewor k Engi neer i ng Tool ;  G
 

Ni agar a Fr amewor k Wi zar ds;  G
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SD- 06 Test  Repor t s

Pr e- Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st ;  G

Post - Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st ;  G

St ar t - Up Test i ng Repor t ;  G

PVT Pr ocedur es;  G

PVT Repor t ;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons;  G

Tr ai ni ng Document at i on;  G

SD- 11 Cl oseout  Submi t t al s

Encl osur e Keys;  G

Passwor d Summar y Repor t ;  G

Cl oseout  Qual i t y Cont r ol  ( QC)  Checkl i st ;  G

1. 7   DATA PACKAGE AND SUBMI TTAL REQUI REMENTS

Techni cal  dat a packages consi st i ng of  t echni cal  dat a and comput er  sof t war e 
( meani ng t echni cal  dat a whi ch r el at es t o comput er  sof t war e)  whi ch ar e 
speci f i cal l y i dent i f i ed i n t hi s pr oj ect  and whi ch may be def i ned/ r equi r ed 
i n ot her  speci f i cat i ons must  be del i ver ed st r i ct l y i n accor dance wi t h t he 
CONTRACT CLAUSES and i n accor dance wi t h t he Cont r act  Dat a Requi r ement s 
Li st ,  DD For m 1423.   Dat a del i ver ed must  be i dent i f i ed by r ef er ence t o t he 
par t i cul ar  speci f i cat i on par agr aph agai nst  whi ch i t  i s  f ur ni shed.   Al l  
submi t t al s not  speci f i ed as t echni cal  dat a packages ar e consi der ed ' shop 
dr awi ngs'  under  t he Feder al  Acqui s i t i on Regul at i on Suppl ement  ( FARS)  and 
must  cont ai n no pr opr i et ar y i nf or mat i on and be del i ver ed wi t h unr est r i ct ed 
r i ght s.

1. 8   SOFTWARE FOR DDC HARDWARE AND GATEWAYS

Pr ovi de al l  sof t war e r el at ed t o t he pr ogr ammi ng and conf i gur at i on of  DDC 
Har dwar e and Gat eways as i ndi cat ed.   Li cense al l  Sof t war e t o t he pr oj ect  
s i t e.   The t er m " cont r ol l er "  as used i n t hese r equi r ement s means bot h DDC 
Har dwar e and Gat eways.

1. 8. 1   Conf i gur at i on Sof t war e

For  each t ype of  cont r ol l er ,  pr ovi de t he conf i gur at i on t ool  sof t war e i n 
accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS.    Submi t  har d copi es of  t he sof t war e 
user  manual s f or  each sof t war e wi t h t he sof t war e submi t t al .

Submi t  Conf i gur at i on Sof t war e on CD- ROM as a Techni cal  Dat a Package.   
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Submi t   4 har d copi es of  t he sof t war e user  manual  f or  each pi ece of  
sof t war e.

1. 8. 2   Cont r ol l er  Conf i gur at i on Set t i ngs

For  each cont r ol l er ,  pr ovi de copi es of  t he i nst al l ed conf i gur at i on 
set t i ngs as sour ce code compat i bl e wi t h t he conf i gur at i on t ool  sof t war e 
f or  t hat  cont r ol l er  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Cont r ol l er  Conf i gur at i on Set t i ngs on CD- ROM as a Techni cal  Dat a 
Package.   I ncl ude on t he CD- ROM a l i s t  or  t abl e of  cont ent s c l ear l y 
i ndi cat i ng whi ch f i l es ar e associ at ed wi t h each devi ce.   Submi t  2 copi es 
of  t he Cont r ol l er  Conf i gur at i on Set t i ngs CD- ROM.

1. 8. 3   Pr ogr ammi ng Sof t war e

For  each t ype of  pr ogr ammabl e cont r ol l er ,  pr ovi de t he pr ogr ammi ng sof t war e 
i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR 
HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.   Submi t  har d copi es of  sof t war e 
user  manual s f or  each sof t war e wi t h t he sof t war e submi t t al .

Submi t  Pr ogr ammi ng Sof t war e on CD- ROM as a Techni cal  Dat a Package.   
Submi t   4 har d copi es of  t he sof t war e user  manual  f or  each pi ece of  
sof t war e.

1. 8. 4   Cont r ol l er  Appl i cat i on Pr ogr ams

For  each pr ogr ammabl e cont r ol l er ,  pr ovi de copi es of  t he appl i cat i on 
pr ogr am as sour ce code compat i bl e wi t h t he pr ogr ammi ng sof t war e f or  t hat  
cont r ol l er  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL 
CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Cont r ol l er  Appl i cat i on Pr ogr ams on CD- ROM as a Techni cal  Dat a 
Package.   I ncl ude on t he CD- ROM a l i s t  or  t abl e of  cont ent s c l ear l y 
i ndi cat i ng whi ch appl i cat i on pr ogr am i s associ at ed wi t h each devi ce.   
Submi t  2 copi es of  t he Cont r ol l er  Appl i cat i on Pr ogr ams CD- ROM.

1. 8. 5   Ni agar a Fr amewor k Super vi sor y Gat eway Backups

For  each Ni agar a Fr amewor k Super vi sor y Gat eway,  pr ovi de a backup of  al l  
sof t war e wi t hi n t he Ni agar a Fr amewor k Super vi sor y Gat eway,  i ncl udi ng 
conf i gur at i on set t i ngs.   Thi s backup must  be suf f i c i ent  t o al l ow t he 
r est or at i on of  t he Ni agar a Fr amewor k Super vi sor y Gat eway or  t he 
r epl acement  of  t he Ni agar a Fr amewor k Super vi sor y Gat eway.

Submi t  backups f or  each Ni agar a Fr amewor k Super vi sor y Gat eway on CD- ROM as 
a Techni cal  Dat a Package.   Mar k each backup i ndi cat i ng c l ear l y t he sour ce 
Ni agar a Fr amewor k Super vi sor y Gat eway.

1. 8. 6   Ni agar a Fr amewor k Engi neer i ng Tool ( f or  al l  Ni agar a Fr amewor k syst em)

Pr ovi de a Ni agar a Fr amewor k Engi neer i ng Tool  i n accor dance wi t h Sect i on 
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS.   Submi t  sof t war e user  manual s wi t h t he Ni agar a Fr amewor k 
Engi neer i ng Tool  submi t t al .

Submi t  t he Ni agar a Fr amewor k Engi neer i ng Tool  on CD- ROM as a Techni cal  
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Dat a Package.   Submi t   2 har d copi es of  t he sof t war e user  manual  f or  t he 
Ni agar a Fr amewor k Engi neer i ng Tool .

1. 9   QUALI TY CONTROL CHECKLI STS

The QC Checkl i st  f or  BACnet  Syst ems i n APPENDI X A of  t hi s Sect i on must  be 
compl et ed by t he Cont r act or ' s Chi ef  Qual i t y Cont r ol  ( QC)  Repr esent at i ve 
and submi t t ed as i ndi cat ed.

The QC Checkl i st  f or  Ni agar a Fr amewor k Based BACnet  Syst ems i n APPENDI X A 
of  t hi s Sect i on must  be compl et ed by t he Cont r act or ' s Chi ef  Qual i t y 
Cont r ol  ( QC)  Repr esent at i ve and submi t t ed as i ndi cat ed.

The QC Repr esent at i ve must  ver i f y each i t em i ndi cat ed and i ni t i al  i n t he 
space pr ovi ded t o i ndi cat e t hat  t he r equi r ement  has been met .   The QC 
Repr esent at i ve must  s i gn and dat e t he Checkl i st  pr i or  t o submi ssi on t o t he 
Gover nment .

1. 9. 1   Pr e- Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Pr e- Const r uct i on QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Pr e- Const r uct i on QC Checkl i st .  

1. 9. 2   Post - Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Post - Const r uct i on QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Post - Const r uct i on QC Checkl i st .  

1. 9. 3   Cl oseout  Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Cl oseout  QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Cl oseout  QC Checkl i st .  

PART 2   PRODUCTS

Pr ovi de pr oduct s meet i ng t he r equi r ement s of  Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS f or  
BACnet  or  Ni agar a BACnet  syst ems,  ot her  r ef er enced Sect i ons,  and t hi s 
Sect i on.

2. 1   GENERAL PRODUCT REQUI REMENTS

Uni t s of  t he same t ype of  equi pment  must  be pr oduct s of  a s i ngl e 
manuf act ur er .   Each maj or  component  of  equi pment  must  have t he 
manuf act ur er ' s name and addr ess,  and t he model  and ser i al  number  i n a 
conspi cuous pl ace.   Mat er i al s and equi pment  must  be st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  t hese and si mi l ar  
pr oduct s.   The st andar d pr oduct s must  have been i n a sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  t wo year s pr i or  t o use on t hi s pr oj ect .   
The t wo year  use must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   DDC Har dwar e not  meet i ng 
t he t wo- year  f i el d ser vi ce r equi r ement  i s accept abl e pr ovi ded i t  has been 
successf ul l y used by t he Cont r act or  i n a mi ni mum of  t wo pr evi ous 
pr oj ect s.   The equi pment  i t ems must  be suppor t ed by a ser vi ce 
or gani zat i on.   I t ems of  t he same t ype and pur pose must  be i dent i cal ,  
i ncl udi ng equi pment ,  assembl i es,  par t s and component s.
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2. 2   PRODUCT DATA

Pr ovi de manuf act ur er ' s pr oduct  dat a sheet s document i ng compl i ance wi t h 
pr oduct  speci f i cat i ons f or  each pr oduct  pr ovi ded under  Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS,  or  
t hi s Sect i on.   Pr ovi de pr oduct  dat a f or  al l  pr oduct s i n a s i ngl e i ndexed 
compendi um,  or gani zed by pr oduct  t ype.   

For  al l  BACnet  har dwar e:  f or  each manuf act ur er ,  model  and ver si on 
( r evi s i on)  of  DDC Har dwar e pr ovi de t he Pr ot ocol  I mpl ement at i on Conf or mance 
St at ement  ( PI CS)  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Manuf act ur er ' s Pr oduct  Dat a on CD- ROM.

2. 3   OPERATI ON ENVI RONMENT

Unl ess ot her wi se speci f i ed,  pr ovi de pr oduct s r at ed f or  cont i nuous 
oper at i on under  t he f ol l owi ng condi t i ons:

a.   Pr essur e:  Pr essur e condi t i ons nor mal l y encount er ed i n t he i nst al l ed 
l ocat i on.

b.   Vi br at i on:  Vi br at i on condi t i ons nor mal l y encount er ed i n t he i nst al l ed 
l ocat i on.

c.   Temper at ur e:

( 1)   Pr oduct s i nst al l ed i ndoor s:  Ambi ent  t emper at ur es i n t he r ange of  
32 t o 112 degr ees F and t emper at ur e condi t i ons out si de t hi s r ange 
nor mal l y encount er ed at  t he i nst al l ed l ocat i on.

( 2)   Pr oduct s i nst al l ed out door s or  i n uncondi t i oned i ndoor  spaces:  
Ambi ent  t emper at ur es i n t he r ange of   - 35 t o +151 degr ees F and 
t emper at ur e condi t i ons out si de t hi s r ange nor mal l y encount er ed at  
t he i nst al l ed l ocat i on.

d.   Humi di t y:  10 t o 95 per cent  r el at i ve humi di t y,  noncondensi ng and 
humi di t y condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he 
i nst al l ed l ocat i on.

2. 4   ENCLOSURES

Encl osur es suppl i ed as an i nt egr al  ( pr e- packaged)  par t  of  anot her  pr oduct  
ar e accept abl e.   Pr ovi de t wo Encl osur e Keys f or  each l ockabl e encl osur e on 
a s i ngl e r i ng per  encl osur e wi t h a t ag i dent i f y i ng t he encl osur e t he keys 
oper at e.   Pr ovi de encl osur es meet i ng t he f ol l owi ng mi ni mum r equi r ement s:

2. 4. 1   Out door s

For  encl osur es l ocat ed out door s,  pr ovi de encl osur es meet i ng NEMA 250 Type 4
 r equi r ement s.

2. 4. 2   Mechani cal  and El ect r i cal  Rooms

For  encl osur es l ocat ed i n mechani cal  or  el ect r i cal  r ooms,  pr ovi de 
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encl osur es meet i ng NEMA 250 Type 4 r equi r ement s.

2. 4. 3   Ot her  Locat i ons

For  encl osur es i n ot her  l ocat i ons i ncl udi ng but  not  l i mi t ed t o occupi ed 
spaces,  above cei l i ngs,  and i n pl enum r et ur ns,  pr ovi de encl osur es meet i ng 
NEMA 250 Type 1 r equi r ement s.

2. 5   WI RE AND CABLE

Pr ovi de wi r e and cabl e meet i ng t he r equi r ement s of  NFPA 70 and NFPA 90A i n 
addi t i on t o t he r equi r ement s of  t hi s speci f i cat i on and r ef er enced 
speci f i cat i ons.

2. 5. 1   Ter mi nal  Bl ocks

For  t er mi nal  bl ocks whi ch ar e not  i nt egr al  t o ot her  equi pment ,  pr ovi de 
t er mi nal  bl ocks whi ch ar e i nsul at ed,  modul ar ,  f eed- t hr ough,  c l amp st y l e 
wi t h r ecessed capt i ve scr ew- t ype cl ampi ng mechani sm,  sui t abl e f or  DI N r ai l  
mount i ng,  and whi ch have encl osed si des or  end pl at es and par t i t i on pl at es 
f or  separ at i on.

2. 5. 2   Cont r ol  Wi r i ng f or  Bi nar y Si gnal s

For  Cont r ol  Wi r i ng f or  Bi nar y Si gnal s,  pr ovi de  18 AWG copper  or  t hi cker  
wi r e r at ed f or  300- vol t  ser vi ce.

2. 5. 3   Cont r ol  Wi r i ng f or  Anal og Si gnal s

For  Cont r ol  Wi r i ng f or  Anal og Si gnal s,  pr ovi de  18 AWG or  t hi cker ,  copper ,  
s i ngl e-  or  mul t i pl e- t wi st ed wi r e meet i ng t he f ol l owi ng r equi r ement s:

a.  mi ni mum 2 i nch l ay of  t wi st

b.  100 per cent  shi el ded pai r s

c.  at  l east  300- vol t  i nsul at i on

d.  each pai r  has a 20 AWG t i nned- copper  dr ai n wi r e and i ndi v i dual  over al l  
pai r  i nsul at i on

e.  cabl es have an over al l  al umi num- pol yest er  or  t i nned- copper  cabl e- shi el d 
t ape,  over al l  20 AWG t i nned- copper  cabl e dr ai n wi r e,  and over al l  cabl e 
i nsul at i on.

2. 5. 4   Power  Wi r i ng f or  Cont r ol  Devi ces

For  24- vol t  c i r cui t s,  pr ovi de i nsul at ed copper  18 AWG or  t hi cker  wi r e 
r at ed f or  300 VAC ser vi ce.   For  120- vol t  c i r cui t s,  pr ovi de 14 AWG or  
t hi cker  st r anded copper  wi r e r at ed f or  600- vol t  ser vi ce.

2. 5. 5   Tr ansf or mer s

Pr ovi de UL 5085- 3 appr oved t r ansf or mer s.   Sel ect  t r ansf or mer s s i zed so 
t hat  t he connect ed l oad i s no gr eat er  t han 80 per cent  of  t he t r ansf or mer  
r at ed capaci t y.
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Ful l y i nst al l  and t est  t he cont r ol  syst em i n accor dance Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS f or  
BACnet  or  Ni agar a BACnet  syst ems,  and t hi s Sect i on.  

3. 1. 1   Di el ect r i c I sol at i on

Pr ovi de di el ect r i c i sol at i on wher e di ssi mi l ar  met al s ar e used f or  
connect i on and suppor t .   I nst al l  cont r ol  syst em i n a mat t er  t hat  pr ovi des 
cl ear ance f or  cont r ol  syst em mai nt enance by mai nt ai ni ng access space 
r equi r ed t o cal i br at e,  r emove,  r epai r ,  or  r epl ace cont r ol  syst em devi ces.   
I nst al l  cont r ol  syst em such t hat  i t  does not  i nt er f er e wi t h t he c l ear ance 
r equi r ement s f or  mechani cal  and el ect r i cal  syst em mai nt enance.

3. 1. 2   Penet r at i ons i n Bui l di ng Ext er i or

Make al l  penet r at i ons t hr ough and mount i ng hol es i n t he bui l di ng ext er i or  
wat er t i ght .

3. 1. 3   Devi ce Mount i ng Cr i t er i a

I nst al l  devi ces i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and 
as i ndi cat ed and shown.   Pr ovi de a weat her shi el d f or  al l  devi ces i nst al l ed 
out door s.   Pr ovi de cl ear ance f or  cont r ol  syst em mai nt enance by mai nt ai ni ng 
access space r equi r ed t o cal i br at e,  r emove,  r epai r ,  or  r epl ace cont r ol  
syst em devi ces.   Pr ovi de cl ear ance f or  mechani cal  and el ect r i cal  syst em 
mai nt enance;   do not  not  i nt er f er e wi t h t he c l ear ance r equi r ement s f or  
mechani cal  and el ect r i cal  syst em mai nt enance.

3. 1. 4   Label s and Tags

Key al l  l abel s and t ags t o t he uni que i dent i f i er s shown on t he As- Bui l t  
dr awi ngs.  For  l abel s ext er i or  t o pr ot ect i ve encl osur es pr ovi de engr aved 
pl ast i c l abel s mechani cal l y at t ached t o t he encl osur e or  DDC Har dwar e.   
Label s i nsi de pr ot ect i ve encl osur es may be at t ached usi ng adhesi ve,  but  
must  not  be hand wr i t t en.  For  t ags,  pr ovi de pl ast i c or  met al  t ags 
mechani cal l y at t ached di r ect l y t o each devi ce or  at t ached by a met al  chai n 
or  wi r e.  

a.   Label  al l  Encl osur es and DDC Har dwar e.

b.   Tag Ai r f l ow measur ement  ar r ays ( AFMA)  wi t h f l ow r at e r ange f or  s i gnal  
out put  r ange,  duct  s i ze,  and pi t ot  t ube AFMA f l ow coef f i c i ent .

c.   Tag duct  st at i c pr essur e t aps at  t he l ocat i on of  t he pr essur e t ap

3. 1. 5   Sur ge Pr ot ect i on

3. 1. 5. 1   Power - Li ne Sur ge Pr ot ect i on

Pr ot ect  equi pment  connect ed t o AC ci r cui t s t o wi t hst and power - l i ne sur ges 
i n accor dance wi t h I EEE C62. 41.   Do not  use f uses f or  sur ge pr ot ect i on.
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3. 1. 5. 2   Sur ge Pr ot ect i on f or  Tr ansmi t t er  and Cont r ol  Wi r i ng

Pr ot ect  DDC har dwar e agai nst  or  pr ovi ded DDC har dwar e capabl e of  
wi t hst andi ng sur ges i nduced on cont r ol  and t r ansmi t t er  wi r i ng i nst al l ed 
out door s and as shown.   Pr ot ect  equi pment  agai nst  t he f ol l owi ng t wo 
wavef or ms:

a.   A wavef or m wi t h a 10- mi cr osecond r i se t i me,  a 1000- mi cr osecond decay 
t i me and a peak cur r ent  of  60 amps.

b.   A wavef or m wi t h an 8- mi cr osecond r i se t i me,  a 20- mi cr osecond decay 
t i me and a peak cur r ent  of  500 amper es.

3. 1. 6   Basi c Cyber secur i t y Requi r ement s

3. 1. 6. 1   Passwor ds

For  al l  devi ces wi t h a passwor d,  change t he passwor d f r om t he def aul t  
passwor d.   Do not  use t he same passwor d f or  mor e t han one devi ce.   .   
Pr ovi de a Passwor d Summar y Repor t  document i ng t he passwor d f or  each devi ce 
and descr i bi ng t he pr ocedur e t o change t he passwor d f or  each devi ce.

Pr ovi de t wo har dcopi es of  t he Passwor d Summar y Repor t ,  each copy i n i t s 
own seal ed envel ope.  

3. 1. 6. 2   I P Net wor k Physi cal  Secur i t y

I nst al l  al l  I P Net wor k medi a i n condui t .   I nst al l  al l  I P devi ces i ncl udi ng 
but  not  l i mi t ed t o I P- enabl ed DDC har dwar e and I P Net wor k Har dwar e i n 
l ockabl e encl osur es.

3. 2   DRAWI NGS AND CALCULATI ONS

Pr ovi de dr awi ngs i n t he f or m and ar r angement  i ndi cat ed and shown.   Use t he 
same abbr evi at i ons,  symbol s,  nomencl at ur e and i dent i f i er s shown.   Assi gn a 
uni que i dent i f i er  as shown t o each cont r ol  syst em el ement  on a dr awi ng.   
When packagi ng dr awi ngs,  gr oup schedul es by syst em.  When space al l ows,  i t  
i s  per mi ssi bl e t o i ncl ude mul t i pl e schedul es f or  t he same syst em on a 
s i ngl e sheet .  Except  f or  dr awi ngs cover i ng al l  syst ems,  do not  put  
i nf or mat i on f or  di f f er ent  syst ems on t he same sheet .   

Submi t  har dcopy dr awi ngs on A3 17 by 11 i nches sheet s,  and el ect r oni c 
dr awi ngs i n PDF and i n Aut oCAD f or mat .   I n addi t i on,  submi t  el ect r oni c 
dr awi ngs i n edi t abl e Excel  f or mat  f or  al l  dr awi ngs t hat  ar e t abul ar ,  
i ncl udi ng but  not  l i mi t ed t o t he Poi nt  Schedul e and Equi pment  Schedul e.

a.   Submi t  DDC Cont r act or  Desi gn Dr awi ngs consi st i ng of  each dr awi ng 
i ndi cat ed wi t h pr e- const r uct i on i nf or mat i on depi ct i ng t he i nt ended 
cont r ol  syst em desi gn and pl ans.   Submi t  DDC Cont r act or  Desi gn 
Dr awi ngs as a s i ngl e compl et e package:   4 har d copi es and 2 copi es on 
CD- ROM.  

b.   Submi t  Dr af t  As- Bui l t  Dr awi ngs consi st i ng of  each dr awi ng i ndi cat ed  
updat ed wi t h as- bui l t  dat a f or  t he syst em pr i or  t o PVT.   Submi t  Dr af t  
As- Bui l t  Dr awi ngs as a s i ngl e compl et e package:   4 har d copi es and 2 
copi es on CD- ROM.    

c.   Submi t  Fi nal  As- Bui l t  Dr awi ngs consi st i ng of  each dr awi ng i ndi cat ed 
updat ed wi t h al l  f i nal  as- bui l t  dat a.  Fi nal  As- Bui l t  Dr awi ngs as a 
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si ngl e compl et e package:   4 har d copi es and 2 copi es on CD- ROM.

3. 2. 1   Sampl e Dr awi ngs

Sampl e dr awi ngs i n el ect r oni c f or mat  ar e avai l abl e at  t he Whol e Bui l di ng 
Desi gn Gui de page f or  t hi s sect i on:  
ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 23- 09- 00
These dr awi ngs may pr ove usef ul  i n demonst r at i ng expect ed dr awi ng 
f or mat t i ng and exampl e cont ent   and ar e pr ovi ded f or  i l l ust r at i ve pur poses 
onl y.   Not e t hat  t hese dr awi ngs do not  meet  t he cont ent  r equi r ement s of  
t hi s Sect i on and must  be compl et ed t o meet  pr oj ect  r equi r ement s.

3. 2. 2   Dr awi ng I ndex and Legend

Pr ovi de an HVAC Cont r ol  Syst em Dr awi ng I ndex showi ng t he name and number  
of  t he bui l di ng,  mi l i t ar y s i t e,  St at e or  ot her  s i mi l ar  desi gnat i on,  and 
Count r y.   I n t he Dr awi ng I ndex,  l i s t  al l  Cont r act or  Desi gn Dr awi ngs,  
i ncl udi ng t he dr awi ng number ,  sheet  number ,  dr awi ng t i t l e,  and comput er  
f i l ename when used.   I n t he Desi gn Dr awi ng Legend,  show and descr i be al l  
symbol s,  abbr evi at i ons and acr onyms used on t he Desi gn Dr awi ngs.   Pr ovi de 
a s i ngl e I ndex and Legend f or  t he ent i r e dr awi ng package.  

3. 2. 3   Ther most at  and Occupancy Sensor  Schedul e

Pr ovi de a t her most at  and occupancy sensor  schedul e cont ai ni ng each 
t her most at ' s uni que i dent i f i er ,  r oom i dent i f i er  and cont r ol  f eat ur es and 
f unct i ons as shown.   Pr ovi de a s i ngl e t her most at  and occupancy sensor  
schedul e f or  t he ent i r e pr oj ect .

3. 2. 4   Val ve Schedul e

Pr ovi de a val ve schedul e cont ai ni ng each val ve' s uni que i dent i f i er ,  s i ze,  
f l ow coef f i c i ent  Kv ( Cv) ,  pr essur e dr op at  speci f i ed f l ow r at e,  spr i ng 
r ange,  posi t i ve posi t i oner  r ange,  act uat or  s i ze,  c l ose- of f  pr essur e t o 
t or que dat a,  di mensi ons,  and access and cl ear ance r equi r ement s dat a.   I n 
t he val ve schedul e i ncl ude act uat or  sel ect i on dat a suppor t ed by 
cal cul at i ons of  t he f or ce r equi r ed t o move and seal  t he val ve,  access and 
cl ear ance r equi r ement s.   Pr ovi de a s i ngl e val ve schedul e f or  t he ent i r e 
pr oj ect .

3. 2. 5   Damper  Schedul e

Pr ovi de a damper  schedul e cont ai ni ng each damper ' s uni que i dent i f i er ,  t ype 
( opposed or  par al l el  bl ade) ,  nomi nal  and act ual  s i zes,  or i ent at i on of  axi s 
and f r ame,  di r ect i on of  bl ade r ot at i on,  act uat or  s i ze and spr i ng r anges,  
oper at i on r at e,  posi t i ve posi t i oner  r ange,  l ocat i on of  act uat or s and 
damper  end swi t ches,  ar r angement  of  sect i ons i n mul t i - sect i on damper s,  and 
met hods of  connect i ng damper s,  act uat or s,  and l i nkages.   I ncl ude t he AMCA 
511 maxi mum l eakage r at e at  t he oper at i ng st at i c- pr essur e di f f er ent i al  f or  
each damper  i n t he Damper  Schedul e.   Pr ovi de a s i ngl e damper  schedul e f or  
t he ent i r e pr oj ect .

3. 2. 6   Pr oj ect  Summar y Equi pment  Schedul e

Pr ovi de a pr oj ect  summar y equi pment  schedul e cont ai ni ng t he manuf act ur er ,  
model  number ,  par t  number  and descr i pt i ve name f or  each cont r ol  devi ce,  
har dwar e and component  pr ovi ded under  t hi s speci f i cat i on.   Pr ovi de a 
s i ngl e pr oj ect  equi pment  schedul e f or  t he ent i r e pr oj ect .
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3. 2. 7   Equi pment  Schedul e

Pr ovi de syst em equi pment  schedul es cont ai ni ng t he uni que i dent i f i er ,  
manuf act ur er ,  model  number ,  par t  number  and descr i pt i ve name f or  each 
cont r ol  devi ce,  har dwar e and component  pr ovi ded under  t hi s speci f i cat i on.   
Pr ovi de a separ at e equi pment  schedul e f or  each HVAC syst em.

3. 2. 8   Occupancy Schedul e

Pr ovi de an occupancy schedul e dr awi ng cont ai ni ng t he same f i el ds as t he 
occupancy schedul e Cont r act  Dr awi ng wi t h Cont r act or  updat ed i nf or mat i on.  
Pr ovi de a s i ngl e occupancy schedul e f or  t he ent i r e pr oj ect .

3. 2. 9   DDC Har dwar e Schedul e

Pr ovi de a s i ngl e DDC Har dwar e Schedul e f or  t he ent i r e pr oj ect  and 
i ncl udi ng f ol l owi ng i nf or mat i on f or  each devi ce.

3. 2. 9. 1   DDC Har dwar e I dent i f i er

The Uni que DDC Har dwar e I dent i f i er  f or  t he devi ce.

3. 2. 9. 2   HVAC Syst em

The syst em " name"  used t o i dent i f y a speci f i c  syst em ( t he name used on t he 
syst em schemat i c dr awi ng f or  t hat  syst em) .   

3. 2. 9. 3   BACnet  Devi ce I nf or mat i on

3. 2. 9. 3. 1   Devi ce Obj ect  I dent i f i er

The Devi ce Obj ect  I dent i f i er :   The Obj ect _I dent i f i er  of  t he Devi ce Obj ect

3. 2. 9. 3. 2   Net wor k Number

The Net wor k Number  f or  t he devi ce.

3. 2. 9. 3. 3   MAC Addr ess

The MAC Addr ess f or  t he devi ce

3. 2. 9. 3. 4   BTL Li st i ng

The BTL Li st i ng of  t he devi ce.   I f  t he devi ce i s l i s t ed under  mul t i pl e BTL 
Pr of i l es,  i ndi cat e t he pr of i l e t hat  mat ches t he use and conf i gur at i on of  
t he devi ce as i nst al l ed.

3. 2. 9. 3. 5   Pr opr i et ar y Ser vi ces I nf or mat i on

I f  t he devi ce uses non- st andar d ASHRAE 135 ser vi ces as def i ned and 
per mi t t ed i n Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS,  i ndi cat e t hat  t he devi ce uses 
non- st andar d ser vi ces and i ncl ude a descr i pt i on of  al l  non- st andar d 
ser vi ces used.   Descr i be usage and cont ent  such t hat  a devi ce f r om anot her  
vendor  can i nt er oper at e wi t h t he devi ce usi ng t he non- st andar d ser vi ce.   
Pr ovi de descr i pt i ons wi t h suf f i c i ent  det ai l  t o al l ow a devi ce f r om a 
di f f er ent  manuf act ur er  t o be pr ogr ammed t o bot h r ead and wr i t e t he 
non- st andar d ser vi ce r equest :  
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a.   r ead:  i nt er pr et  t he dat a cont ai ned i n t he non- st andar d ser vi ce 
and;

b.   wr i t e:  gi ven si mi l ar  dat a,  gener at e t he appr opr i at e non- st andar d 
ser vi ce r equest .

3. 2. 9. 3. 6   Al ar mi ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  al ar m gener at i on,  and whi ch t ypes 
of  al ar m gener at i on t he devi ce i mpl ement s:   i nt r i nsi c,  l ocal  al gor i t hmi c,   
r emot e al gor i t hmi c.

3. 2. 9. 3. 7   Schedul i ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  schedul i ng.

3. 2. 9. 3. 8   Tr endi ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  t r endi ng,  and i ndi cat e i f  t he 
devi ce i s used t o t r end l ocal  val ues,  r emot e val ues,  or  bot h.

3. 2. 9. 4   Ni agar a St at i on I D

The Ni agar a St at i on I D f or  each Ni agar a Fr amewor k Super vi sor y Gat eway

3. 2. 10   Poi nt s Schedul e

Pr ovi de a Poi nt s Schedul e i n t abul ar  f or m f or  each HVAC syst em,  wi t h t he 
i ndi cat ed col umns and wi t h each r ow r epr esent i ng a har dwar e poi nt ,  net wor k 
poi nt  or  conf i gur at i on poi nt  i n t he syst em.   

a.   When a Poi nt s Schedul e was i ncl uded i n t he Cont r act  Dr awi ng package,  
use t he same f i el ds as t he Cont r act  Dr awi ng wi t h updat ed i nf or mat i on 
i n addi t i on t o t he i ndi cat ed f i el ds.  

b.   When Poi nt  Schedul es ar e i ncl uded i n t he cont r act  package,  i t ems 
r equi r i ng cont r act or  ver i f i cat i on or  i nput  have been shown i n angl e 
br acket s ( " <"  and " >" ) ,  such as <___> f or  a r equi r ed ent r y or  <val ue> 
f or  a val ue r equi r i ng conf i r mat i on.   Compl et e al l  i t ems i n br acket s as 
wel l  as any bl ank cel l s.   Do not  modi f y val ues whi ch ar e not  i n 
br acket s wi t hout  appr oval .   

Poi nt s Schedul e Col umns must  i ncl ude:

3. 2. 10. 1   Poi nt  Name

The abbr evi at ed name f or  t he poi nt  usi ng t he i ndi cat ed nami ng convent i on.

3. 2. 10. 2   Descr i pt i on

A br i ef  f unct i onal  descr i pt i on of  t he poi nt  such as " Suppl y Ai r  
Temper at ur e" .

3. 2. 10. 3   DDC Har dwar e I dent i f i er

The Uni que DDC Har dwar e I dent i f i er  shown on t he DDC Har dwar e Schedul e and 
used acr oss al l  dr awi ngs f or  t he DDC Har dwar e cont ai ni ng t he poi nt .
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3. 2. 10. 4   Set t i ngs

The val ue and uni t s of  any set poi nt s,  conf i gur ed set poi nt s,  conf i gur at i on 
par amet er s,  and set t i ngs r el at ed t o each poi nt .

3. 2. 10. 5   Range

The r ange of  val ues,  i ncl udi ng uni t s,  associ at ed wi t h t he poi nt ,  i ncl udi ng 
but  not  l i mi t ed t o a zone t emper at ur e set poi nt  adj ust ment  r ange,  a sensor  
measur ement  r ange,  occupancy val ues f or  an occupancy i nput ,  or  t he st at us 
of  a saf et y.

3. 2. 10. 6   I nput  or  Out put  ( I / O)  Type

The t ype of  i nput  or  out put  s i gnal  associ at ed wi t h t he poi nt .   Use t he 
f ol l owi ng abbr evi at i ons f or  ent r i es i n t hi s col umn:

a.   AI :   The val ue comes f r om a har dwar e ( physi cal )  Anal og I nput  

b.   AO:  The val ue i s out put  as a har dwar e ( physi cal )  Anal og Out put

c.   BI :   The val ue comes f r om a har dwar e ( physi cal )  Bi nar y I nput

d.   BO:  The val ue i s out put  as a har dwar e ( physi cal )  Bi nar y Out put

e.   PULSE:  The val ue comes f r om a har dwar e ( physi cal )  Pul se Accumul at or  
I nput

f .   NET- I N:   The val ue i s pr ovi ded f r om t he net wor k ( gener al l y f r om 
anot her  devi ce) .   Use t hi s ent r y onl y when t he val ue i s r ecei ved f r om 
anot her  devi ce as par t  of  schedul i ng or  as par t  of  a sequence of  
oper at i on,  not  when t he val ue i s r ecei ved on t he net wor k f or  
super vi sor y f unct i ons such as t r endi ng,  al ar mi ng,  over r i de or  di spl ay 
at  a user  i nt er f ace.

g.   NET- OUT:  The val ue i s pr ovi ded t o anot her  cont r ol l er  over  t he 
net wor k.   Use t hi s ent r y onl y when t he val ue i s t r ansmi t t ed t o anot her  
devi ce as par t  of  schedul i ng or  as par t  of  a sequence of  oper at i on,  
not  when t he val ue i s t r ansmi t t ed on t he net wor k f or  super vi sor y 
f unct i ons such as t r endi ng,  al ar mi ng,  over r i de or  di spl ay at  a user  
i nt er f ace.

3. 2. 10. 7   Obj ect  and Pr oper t y I nf or mat i on

The Obj ect  Type and I nst ance Number  f or  t he Obj ect  associ at ed wi t h t he 
poi nt .   I f  t he val ue of  t he poi nt  i s  not  i n t he Pr esent _Val ue Pr oper t y,  
t hen al so pr ovi de t he Pr oper t y I D f or  t he Pr oper t y cont ai ni ng t he val ue of  
t he poi nt .   Any poi nt  t hat  i s  di spl ayed at  t he f r ont  end or  on an LDP,  i s 
t r ended,  i s used by anot her  devi ce on t he net wor k,  or  has an al ar m 
condi t i on must  be document ed her e.

3. 2. 10. 8   Ni agar a St at i on I D

The Ni agar a St at i on I D of  t he Ni agar a Fr amewor k Super vi sor y Gat eway t he 
poi nt  i s  mapped i nt o.

3. 2. 10. 9   Net wor k Dat a Exchange I nf or mat i on ( Get s Dat a Fr om,  Sends Dat a To)

Pr ovi de t he DDC Har dwar e I dent i f i er  of  ot her  DDC Har dwar e t he poi nt  i s  
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shar ed wi t h.

3. 2. 10. 10   Over r i de I nf or mat i on ( Obj ect  Type and I nst ance Number )

For  each poi nt  r equi r i ng an Over r i de and not  r esi di ng i n a Ni agar a 
Fr amewor k Super vi sor y Gat eway,  i ndi cat e i f  t he Obj ect  f or  t he poi nt  i s  
Commandabl e or ,  i f  t he use of  a separ at e Obj ect  was speci f i cal l y appr oved 
by t he Cont r act i ng Of f i cer ,  pr ovi de t he Obj ect  Type and I nst ance Number  of  
t he Obj ect  t o be used i n over r i di ng t he poi nt .

3. 2. 10. 11   Tr end Obj ect  I nf or mat i on

For  each poi nt  r equi r i ng a t r end,  i ndi cat e i f  t he t r end i s Local  or  
Remot e,  t he t r end Obj ect  t ype and t he t r end Obj ect  i nst ance number .   For  
r emot e t r ends pr ovi de t he DDC Har dwar e I dent i f i er  f or  t he devi ce 
cont ai ni ng t he t r end Obj ect  i n t he Poi nt s Schedul e not es.

3. 2. 10. 12   Al ar m I nf or mat i on

I ndi cat e t he Al ar m Gener at i on Type,  Event  Enr ol l ment  Obj ect  I nst ance 
Number ,  and Not i f i cat i on Cl ass Obj ect  I nst ance Number  f or  each poi nt  
r equi r i ng an al ar m.   ( Not e t hat  not  al l  al ar ms wi l l  have Event  Enr ol l ment  
Obj ect s. )

For  Ni agar a BACnet  syst ems:  I ndi cat e t he Al ar m Gener at i on Type and 
Not i f i cat i on Cl ass Obj ect  I nst ance Number  f or  each poi nt  r equi r i ng an 
al ar m.   ( Not e t hat  not  al l  al ar ms wi l l  have a Not i f i cat i on Cl ass Obj ect . )

3. 2. 10. 13   Conf i gur at i on I nf or mat i on

I ndi cat e t he means of  conf i gur at i on associ at ed wi t h each poi nt .   For  
poi nt s i n a Ni agar a Fr amewor k Super vi sor y Gat eway,  i ndi cat e t he poi nt  
wi t hi n t he Ni agar a Fr amewor k Super vi sor y Gat eway used t o conf i gur e t he 
val ue.   For  ot her  poi nt s:

a.  For  Oper at or  Conf i gur abl e Poi nt s i ndi cat e BACnet  Obj ect  and Pr oper t y 
i nf or mat i on ( Name,  Type,  I dent i f i er s)  cont ai ni ng t he conf i gur abl e 
val ue.   I ndi cat e whet her  t he pr oper t y i s wr i t abl e al ways,  or  onl y when 
Out _Of _Ser vi ce i s TRUE.  

b.  For  Conf i gur abl e Poi nt s i ndi cat e t he BACnet  Obj ect  and Pr oper t y 
i nf or mat i on as f or  Oper at or  Conf i gur abl e poi nt s,  or  i dent i f i cat i on of  
t he conf i gur abl e set t i ngs f r om wi t hi n t he engi neer i ng sof t war e f or  t he 
devi ce or  i dent i f i cat i on of  t he har dwar e set t i ngs on t he devi ce.

3. 2. 11   Ri ser  Di agr am

The Ri ser  Di agr am of  t he Bui l di ng Cont r ol  Net wor k may be i n t abul ar  f or m,  
and must  show al l  DDC Har dwar e and al l  Net wor k Har dwar e,  i ncl udi ng net wor k 
t er mi nat or s.   For  each i t em,  pr ovi de t he uni que i dent i f i er ,  common 
descr i pt i ve name,  physi cal  sequent i al  or der  ( pr evi ous and next  devi ce on 
t he net wor k) ,  r oom i dent i f i er  and l ocat i on wi t hi n r oom.  A si ngl e r i ser  
di agr am must  be submi t t ed f or  t he ent i r e syst em.

3. 2. 12   Cont r ol  Syst em Schemat i cs

Pr ovi de cont r ol  syst em schemat i cs i n t he same f or m as t he cont r ol  syst em 
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schemat i c Cont r act  Dr awi ng wi t h Cont r act or  updat ed i nf or mat i on.   Pr ovi de a 
cont r ol  syst em schemat i c f or  each HVAC syst em.

3. 2. 13   Sequences of  Oper at i on I ncl udi ng Cont r ol  Logi c Di agr ams

Pr ovi de HVAC cont r ol  syst em sequence of  oper at i on and cont r ol  l ogi c 
di agr ams i n t he same f or mat  as t he Cont r act  Dr awi ngs.   Wi t hi n t hese 
dr awi ngs,  r ef er  t o devi ces by t hei r  uni que i dent i f i er s.  Submi t  sequences 
of  oper at i on and cont r ol  l ogi c di agr ams f or  each HVAC syst em

3. 2. 14   Cont r ol l er ,  Mot or  St ar t er  and Rel ay Wi r i ng Di agr am

Pr ovi de cont r ol l er  wi r i ng di agr ams as f unct i onal  wi r i ng di agr ams whi ch 
show t he i nt er connect i on of  conduct or s and cabl es t o each cont r ol l er  and 
t o t he i dent i f i ed t er mi nal s of  i nput  and out put  devi ces,  st ar t er s and 
package equi pment .   Show necessar y j umper s and gr ound connect i ons and t he 
l abel s of  al l  conduct or s.   I dent i f y sour ces of  power  r equi r ed f or  cont r ol  
syst ems and f or  packaged equi pment  cont r ol  syst ems back t o t he panel  boar d 
c i r cui t  br eaker  number ,  cont r ol l er  encl osur es,  magnet i c st ar t er ,  or  
packaged equi pment  cont r ol  c i r cui t .   Show each power  suppl y and 
t r ansf or mer  not  i nt egr al  t o a cont r ol l er ,  st ar t er ,  or  packaged equi pment .   
Show t he connect ed vol t - amper e l oad and t he power  suppl y vol t - amper e 
r at i ng.   Pr ovi de wi r i ng di agr ams f or  each HVAC syst em.

3. 3   CONTROLLER TUNI NG

Tune each cont r ol l er  i n a manner  consi st ent  wi t h t hat  descr i bed i n t he 
ASHRAE FUN I P and i n t he manuf act ur er ' s i nst r uct i on manual .   Tuni ng must  
consi st  of  adj ust ment  of  t he pr opor t i onal ,  i nt egr al ,  and wher e appl i cabl e,  
t he der i vat i ve ( PI D)  set t i ngs t o pr ovi de st abl e c l osed- l oop cont r ol .   Each 
l oop must  be t uned whi l e t he syst em or  pl ant  i s oper at i ng at  a hi gh gai n 
( wor st  case)  condi t i on,  wher e hi gh gai n can gener al l y be def i ned as a 
l ow- f l ow or  l ow- l oad condi t i on.   Upon f i nal  adj ust ment  of  t he PI D 
set t i ngs,  i n r esponse t o a change i n cont r ol l er  set poi nt ,  t he cont r ol l ed 
var i abl e must  set t l e out  at  t he new set poi nt  wi t h no mor e t han t wo ( 2)  
osci l l at i ons above and bel ow set poi nt .   Upon set t l i ng out  at  t he new 
set poi nt  t he cont r ol l er  out put  must  be st eady.   Wi t h t he except i on of  
nat ur al l y s l ow pr ocesses such as zone t emper at ur e cont r ol ,  t he cont r ol l er  
must  set t l e out  at  t he new set poi nt  wi t hi n f i ve ( 5)  mi nut es.   Set  t he 
cont r ol l er  t o i t s cor r ect  set poi nt  and r ecor d and submi t  t he f i nal  PI D 
conf i gur at i on set t i ngs wi t h t he O&M I nst r uct i ons and on t he associ at ed 
Poi nt s Schedul e.

3. 4   START- UP

3. 4. 1   St ar t - Up Test

Per f or m t he f ol l owi ng st ar t up t est s f or  each cont r ol  syst em t o ensur e t hat  
t he descr i bed cont r ol  syst em component s ar e i nst al l ed and f unct i oni ng per  
t hi s speci f i cat i on.

Adj ust ,  cal i br at e,  measur e,  pr ogr am,  conf i gur e,  set  t he t i me schedul es,  
and ot her wi se per f or m al l  necessar y act i ons t o ensur e t hat  t he syst ems 
f unct i on as i ndi cat ed and shown i n t he sequence of  oper at i on and ot her  
cont r act  document s.

3. 4. 1. 1   Syst ems Check

An i t em- by- i t em check must  be per f or med f or  each HVAC syst em
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3. 4. 1. 1. 1   St ep 1 -  Syst em I nspect i on

Wi t h t he syst em i n unoccupi ed mode and wi t h f an hand- of f - aut o swi t ches i n 
t he OFF posi t i on,  ver i f y t hat  power  and mai n ai r  ar e avai l abl e wher e 
r equi r ed and t hat  al l  out put  devi ces ar e i n t hei r  f ai l saf e and nor mal  
posi t i ons.   I nspect  each l ocal  di spl ay panel  and each M&C Cl i ent  t o ver i f y 
t hat  al l  di spl ays i ndi cat e shut down condi t i ons.

3. 4. 1. 1. 2   St ep 2 -  Cal i br at i on Accur acy Check

Per f or m a t wo- poi nt  accur acy check of  t he cal i br at i on of  each HVAC cont r ol  
syst em sensi ng el ement  and t r ansmi t t er  by compar i ng t he val ue f r om t he 
t est  i nst r ument  t o t he net wor k val ue pr ovi ded by t he DDC Har dwar e.   Use 
di gi t al  i ndi cat i ng t est  i nst r ument s,  such as di gi t al  t her momet er s,  
mot or - dr i ven psychr omet er s,  and t achomet er s.   Use t est  i nst r ument s wi t h 
accur acy at  l east  t wi ce as accur at e as t he speci f i ed sensor  accur acy and 
wi t h cal i br at i on t r aceabl e t o Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy st andar ds.   Check one t he f i r st  check poi nt  i n t he bot t om 
one- t hi r d of  t he sensor  r ange,  and t he second i n t he t op one- t hi r d of  t he 
sensor  r ange.   Ver i f y t hat  t he sensi ng el ement - t o- DDC r eadout  accur aci es 
at  t wo poi nt s ar e wi t hi n t he speci f i ed pr oduct  accur acy t ol er ances,  and i f  
not  r ecal i br at e or  r epl ace t he devi ce and r epeat  t he cal i br at i on check.

3. 4. 1. 1. 3   St ep 3 -  Act uat or  Range Check

Wi t h t he syst em r unni ng,  appl y a s i gnal  t o each act uat or  t hr ough t he DDC 
Har dwar e cont r ol l er .   Ver i f y pr oper  oper at i on of  t he act uat or s and 
posi t i oner s f or  al l  act uat ed devi ces and r ecor d t he s i gnal  l evel s f or  t he 
ext r eme posi t i ons of  each devi ce.   Var y t he s i gnal  over  i t s f ul l  r ange,  
and ver i f y t hat  t he act uat or s t r avel  f r om zer o st r oke t o f ul l  s t r oke 
wi t hi n t he s i gnal  r ange.   Wher e appl i cabl e,  ver i f y t hat  al l  sequenced 
act uat or s move f r om zer o st r oke t o f ul l  s t r oke i n t he pr oper  di r ect i on,  
and move t he connect ed devi ce i n t he pr oper  di r ect i on f r om one ext r eme 
posi t i on t o t he ot her .   For  val ve act uat or s and damper  act uat or s,  per f or m 
t he act uat or  r ange check under  nor mal  syst em pr essur es.

3. 4. 1. 2   Weat her  Dependent  Test

Per f or m weat her  dependent  t est  pr ocedur es i n t he appr opr i at e c l i mat i c 
season.

3. 4. 2   St ar t - Up Test i ng Repor t

Submi t  4 copi es of  t he St ar t - Up Test i ng Repor t .   The r epor t  may be 
submi t t ed as a Techni cal  Dat a Package document i ng t he r esul t s of  t he t est s 
per f or med and cer t i f y i ng t hat  t he syst em i s i nst al l ed and f unct i oni ng per  
t hi s speci f i cat i on,  and i s r eady f or  t he Per f or mance Ver i f i cat i on Test  
( PVT) .

3. 5   PERFORMANCE VERI FI CATI ON TEST ( PVT)

3. 5. 1   PVT Pr ocedur es

Pr epar e PVT Pr ocedur es based on Sect i on 25 08 10 UTI LI TY MONI TORI NG AND 
CONTROL SYSTEM TESTI NG expl ai ni ng st ep- by- st ep,  t he act i ons and expect ed 
r esul t s t hat  wi l l  demonst r at e t hat  t he cont r ol  syst em per f or ms i n 
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accor dance wi t h t he sequences of  oper at i on,  and ot her  cont r act  document s.   
Submi t  4 copi es of  t he PVT Pr ocedur es.   The PVT Pr ocedur es may be 
submi t t ed as a Techni cal  Dat a Package.

3. 5. 1. 1   Sensor  Accur acy Checks

I ncl ude a one- poi nt  accur acy check of  each sensor  i n t he PVT pr ocedur es.

3. 5. 1. 2   Endur ance Test

I ncl ude a one- week endur ance t est  as par t  of  t he PVT dur i ng whi ch t he 
syst em i s oper at ed cont i nuousl y.   

Use t he bui l di ng cont r ol  syst em BACnet  Tr end Log or  Tr end Log Mul t i pl e 
Obj ect s t o t r end al l  poi nt s shown as r equi r i ng a t r end on t he Poi nt  
Schedul e f or  t he ent i r e endur ance t est .   I f  i nsuf f i c i ent  buf f er  capaci t y 
exi st s t o t r end t he ent i r e endur ance t est ,  upl oad t r end l ogs dur i ng t he 
cour se of  t he endur ance t est  t o ensur e t hat  no t r end dat a i s l ost .

Use t he bui l di ng cont r ol  syst em Ni agar a Tr end Log Obj ect s t o t r end al l  
poi nt s shown as r equi r i ng a t r end on t he Poi nt  Schedul e f or  t he ent i r e 
endur ance t est .   I f  i nsuf f i c i ent  buf f er  capaci t y exi st s t o t r end t he 
ent i r e endur ance t est ,  upl oad t r end l ogs dur i ng t he cour se of  t he 
endur ance t est  t o ensur e t hat  no t r end dat a i s l ost .  

3. 5. 1. 3   PVT Equi pment  Li st

I ncl ude i n t he PVT pr ocedur es a cont r ol  syst em per f or mance ver i f i cat i on 
t est  equi pment  l i s t  t hat  l i s t s t he equi pment  t o be used dur i ng per f or mance 
ver i f i cat i on t est i ng.   For  each pi ece of  equi pment ,  i ncl ude manuf act ur er  
name,  model  number ,  equi pment  f unct i on,  t he dat e of  t he l at est  
cal i br at i on,  and t he r esul t s of  t he l at est  cal i br at i on

3. 5. 2   PVT Execut i on

Demonst r at e compl i ance of  t he cont r ol  syst em wi t h t he cont r act  document s.   
Usi ng t est  pl ans and pr ocedur es appr oved by t he Gover nment ,  sof t war e 
capabl e of  r eadi ng and wr i t i ng COV Not i f i cat i on Subscr i pt i ons,  
Not i f i cat i on Cl ass Reci pi ent  Li st  Pr oper t i es,  event  enr ol l ment s,  
demonst r at e al l  physi cal  and f unct i onal  r equi r ement s of  t he pr oj ect .   
Show,  st ep- by- st ep,  t he act i ons and r esul t s demonst r at i ng t hat  t he cont r ol  
syst ems per f or m i n accor dance wi t h t he sequences of  oper at i on.  Do not  
st ar t  t he per f or mance ver i f i cat i on t est  unt i l  af t er  r ecei pt  of  wr i t t en 
per mi ssi on by t he Gover nment ,  based on Gover nment  appr oval  of  t he PVT Pl an 
and Dr af t  As- Bui l t s and compl et i on of  bal anci ng.   UNLESS GOVERNMENT 
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL 
TESTS WI TH A GOVERNMENT WI TNESS.   Do not  conduct  t est s dur i ng schedul ed 
seasonal  of f  per i ods of  base heat i ng and cool i ng syst ems.   I f  t he syst em 
exper i ences any f ai l ur es dur i ng t he endur ance t est  por t i on of  t he PVT,  
r epai r  t he syst em r epeat  t he endur ance t est  por t i on of  t he PVT unt i l  t he 
syst em oper at es cont i nuousl y and wi t hout  f ai l ur e f or  t he speci f i ed 
endur ance t est  per i od.
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3. 5. 3   PVT Repor t

Pr epar e and submi t  a PVT r epor t  document i ng al l  t est s per f or med dur i ng t he 
PVT and t hei r  r esul t s.   I ncl ude al l  t est s i n t he PVT pr ocedur es and any 
addi t i onal  t est s per f or med dur i ng PVT.   Document  t est  f ai l ur es and r epai r s 
conduct ed wi t h t he t est  r esul t s.

Submi t  f our  copi es of  t he PVT Repor t .   The PVT Repor t  may be submi t t ed as 
a Techni cal  Dat a Package.

3. 6   OPERATI ON AND MAI NTENANCE ( O&M)  I NSTRUCTI ONS

Pr ovi de HVAC cont r ol  Syst em Oper at i on and Mai nt enance I nst r uct i ons whi ch 
i ncl ude:

a.   " Dat a Package 3"  as i ndi cat ed i n Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA f or  each pi ece of  cont r ol  equi pment .

b.   " Dat a Package 4"  as descr i bed i n Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA f or  al l  ai r  compr essor s.

c.   HVAC cont r ol  syst em sequences of  oper at i on f or mat t ed as i ndi cat ed.

d.   Pr ocedur es f or  t he HVAC syst em st ar t - up,  oper at i on and shut - down 
i ncl udi ng t he manuf act ur er ' s suppl i ed pr ocedur es f or  each pi ece of  
equi pment ,  and pr ocedur es f or  t he over al l  HVAC syst em.

e.   As- bui l t  HVAC cont r ol  syst em det ai l  dr awi ngs f or mat t ed as i ndi cat ed.

f .   Rout i ne mai nt enance checkl i st .   Pr ovi de t he r out i ne mai nt enance 
checkl i st  ar r anged i n a col umnar  f or mat ,  wher e t he f i r st  col umn l i s t s 
al l  i nst al l ed devi ces,  t he second col umn st at es t he mai nt enance 
act i v i t y or  t hat  no mai nt enance r equi r ed,  t he t hi r d col umn st at es t he 
f r equency of  t he mai nt enance act i v i t y,  and t he f our t h col umn i s used 
f or  addi t i onal  comment s or  r ef er ence.

g.   Qual i f i ed ser vi ce or gani zat i on l i s t ,  i ncl udi ng at  a mi ni mum company 
name,  cont act  name and phone number .

h.   St ar t - Up Test i ng Repor t .

i .   Per f or mance Ver i f i cat i on Test  ( PVT)  Pr ocedur es and Repor t .

Submi t  2 copi es of  t he Oper at i on and Mai nt enance I nst r uct i ons,  i ndexed and 
i n bookl et  f or m.   The Oper at i on and Mai nt enance I nst r uct i ons may be 
submi t t ed as a Techni cal  Dat a Package.  

3. 7   MAI NTENANCE AND SERVI CE

Pr ovi de ser vi ces,  mat er i al s and equi pment  as necessar y t o mai nt ai n t he 
ent i r e syst em i n an oper at i onal  st at e as i ndi cat ed f or  a per i od of  one year  
f r om t he dat e of  f i nal  accept ance of  t he pr oj ect .   Mi ni mi ze i mpact s on 
f aci l i t y  oper at i ons.

a.   The i nt egr at i on of  t he syst em speci f i ed i n t hi s sect i on i nt o a Ut i l i t y  
Moni t or i ng and Cont r ol  Syst em must  not ,  of  i t sel f ,  voi d t he war r ant y 
or  ot her wi se al t er  t he r equi r ement  f or  t he one year  mai nt enance and 
ser vi ce per i od.   I nt egr at i on i nt o a UMCS i ncl udes but  i s not  l i mi t ed 
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t o est abl i shi ng communi cat i on bet ween devi ces i n t he cont r ol  syst em 
and t he f r ont  end or  devi ces i n anot her  syst em.

b.   The changi ng of  conf i gur at i on pr oper t i es must  not ,  of  i t sel f ,  voi d t he 
war r ant y or  ot her wi se al t er  t he r equi r ement  f or  t he one year  
mai nt enance and ser vi ce per i od.

3. 7. 1   Descr i pt i on of  Wor k

Pr ovi de adj ust ment  and r epai r  of  t he syst em i ncl udi ng t he manuf act ur er ' s 
r equi r ed sensor  and act uat or  ( i ncl udi ng t r ansducer )  cal i br at i on,  span and 
r ange adj ust ment .

3. 7. 2   Per sonnel

Use onl y ser vi ce per sonnel  qual i f i ed t o accompl i sh wor k pr ompt l y and 
sat i sf act or i l y .   Advi se t he Gover nment  i n wr i t i ng of  t he name of  t he 
desi gnat ed ser vi ce r epr esent at i ve,  and of  any changes i n per sonnel .

3. 7. 3   Schedul ed I nspect i ons

Per f or m t wo i nspect i ons at  s i x- mont h i nt er val s and pr ovi de wor k r equi r ed.   
Per f or m i nspect i ons i n June and December .   Dur i ng each i nspect i on per f or m 
t he i ndi cat ed t asks:

a.   Per f or m vi sual  checks and oper at i onal  t est s of  equi pment .

b.   Cl ean cont r ol  syst em equi pment  i ncl udi ng i nt er i or  and ext er i or  
sur f aces.

c.   Check and cal i br at e each f i el d devi ce.   Check and cal i br at e 50 per cent  
of  t he t ot al  anal og i nput s and out put s dur i ng t he f i r st  i nspect i on.  
Check and cal i br at e t he r emai ni ng 50 per cent  of  t he anal og i nput s and 
out put s dur i ng t he second maj or  i nspect i on.   Cer t i f y anal og t est  
i nst r ument at i on accur acy t o be t wi ce t he speci f i ed accur acy of  t he 
devi ce bei ng cal i br at ed.   Randoml y check at  l east  25 per cent  of  al l  
bi nar y i nput s and out put s f or  pr oper  oper at i on dur i ng t he f i r st  
i nspect i on.   Randoml y check at  l east  25 per cent  of  t he r emai ni ng 
bi nar y i nput s and out put s dur i ng t he second i nspect i on.  I f  mor e t han 
20 per cent  of  checked i nput s or  out put s f ai l ed t he cal i br at i on check 
dur i ng any i nspect i on,  check and r ecal i br at e al l  i nput s and out put s 
dur i ng t hat  i nspect i on.

d.   Run syst em sof t war e di agnost i cs and cor r ect  di agnosed pr obl ems.

e.   Resol ve any pr evi ous out st andi ng pr obl ems.

3. 7. 4   Schedul ed Wor k

Thi s wor k must  be per f or med dur i ng r egul ar  wor ki ng hour s,  Monday t hr ough 
Fr i day,  excl udi ng Feder al  hol i days.

3. 7. 5   Emer gency Ser vi ce

The Gover nment  wi l l  i ni t i at e ser vi ce cal l s when t he syst em i s not  
f unct i oni ng pr oper l y.   Qual i f i ed per sonnel  must  be avai l abl e t o pr ovi de 
ser vi ce t o t he syst em.   A t el ephone number  wher e t he ser vi ce super vi sor  
can be r eached at  al l  t i mes must  be pr ovi ded.   Ser vi ce per sonnel  must  be 
at  t he s i t e wi t hi n 24 hour s af t er  r ecei v i ng a r equest  f or  ser vi ce.   The 
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cont r ol  syst em must  be r est or ed t o pr oper  oper at i ng condi t i on as r equi r ed 
per  Sect i on 01 78 00 CLOSEOUT SUBMI TTALS.

3. 7. 6   Oper at i on

Af t er  per f or mi ng schedul ed adj ust ment s and r epai r s,  ver i f y cont r ol  syst em 
oper at i on as demonst r at ed by t he appl i cabl e t est s of  t he per f or mance 
ver i f i cat i on t est .

3. 7. 7   Recor ds and Logs

Keep dat ed r ecor ds and l ogs of  each t ask,  wi t h cumul at i ve r ecor ds f or  each 
maj or  component ,  and f or  t he compl et e syst em chr onol ogi cal l y.   Mai nt ai n a 
cont i nuous l og f or  al l  devi ces,  i ncl udi ng i ni t i al  anal og span and zer o 
cal i br at i on val ues and di gi t al  poi nt s.   Keep compl et e l ogs and pr ovi de 
l ogs f or  i nspect i on onsi t e,  demonst r at i ng t hat  pl anned and syst emat i c 
adj ust ment s and r epai r s have been accompl i shed f or  t he cont r ol  syst em.

3. 7. 8   Wor k Request s

Recor d each ser vi ce cal l  r equest  as r ecei ved and i ncl ude i t s l ocat i on,  
dat e and t i me t he cal l  was r ecei ved,  nat ur e of  t r oubl e,  names of  t he 
ser vi ce per sonnel  assi gned t o t he t ask,  i nst r uct i ons descr i bi ng what  has 
t o be done,  t he amount  and nat ur e of  t he mat er i al s t o be used,  t he t i me 
and dat e wor k st ar t ed,  and t he t i me and dat e of  compl et i on.   Submi t  a 
r ecor d of  t he wor k per f or med wi t hi n 5 days af t er  wor k i s accompl i shed.

3. 7. 9   Syst em Modi f i cat i ons

Submi t  r ecommendat i ons f or  syst em modi f i cat i on i n wr i t i ng.   Do not  make 
syst em modi f i cat i ons,  i ncl udi ng oper at i ng par amet er s and cont r ol  set t i ngs,  
wi t hout  pr i or  appr oval  of  t he Gover nment .

3. 8   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  4 oper at i ng st af f  member s desi gnat ed by t he 
Gover nment  i n t he mai nt enance and oper at i on of  t he syst em,  i ncl udi ng 
speci f i ed har dwar e and sof t war e.   Conduct  32 hour s of  t r ai ni ng at  t he 
pr oj ect  s i t e wi t hi n 30 days af t er  successf ul  compl et i on of  t he per f or mance 
ver i f i cat i on t est .   The Gover nment  r eser ves t he r i ght  t o make audi o and 
vi sual  r ecor di ngs ( usi ng Gover nment  suppl i ed equi pment ) of  t he t r ai ni ng 
sessi ons f or  l at er  use.   Pr ovi de audi ovi sual  equi pment  and ot her  t r ai ni ng 
mat er i al s and suppl i es r equi r ed t o conduct  t r ai ni ng.   A t r ai ni ng day i s 
def i ned as 8 hour s of  c l assr oom i nst r uct i on,  i ncl udi ng t wo 15 mi nut e 
br eaks and excl udi ng l uncht i me,  Monday t hr ough Fr i day,  dur i ng t he dayt i me 
shi f t  i n ef f ect  at  t he t r ai ni ng f aci l i t y .

3. 8. 1   Tr ai ni ng Document at i on

Pr epar e t r ai ni ng document at i on consi st i ng of :

a.   Cour se At t endee Li st :  Devel op t he l i s t  of  cour se at t endees i n 
coor di nat i on wi t h and si gned by t he Cont r ol s shop super vi sor .

b.   Tr ai ni ng Manual s:  Pr ovi de t r ai ni ng manual s whi ch i ncl ude an agenda,  
def i ned obj ect i ves f or  each l esson,  and a det ai l ed descr i pt i on of  t he 
subj ect  mat t er  f or  each l esson.   When pr esent i ng por t i ons of  t he 
cour se mat er i al  by audi ovi sual s,  del i ver  copi es of  t hose audi ovi sual s 
as a par t  of  t he pr i nt ed t r ai ni ng manual s.   
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3. 8. 2   Tr ai ni ng Cour se Cont ent

For  gui dance i n pl anni ng t he r equi r ed i nst r uct i on,  assume t hat  at t endees 
wi l l  have a hi gh school  educat i on,  and ar e f ami l i ar  wi t h HVAC syst ems.   
Dur i ng t he t r ai ni ng cour se,  cover  al l  of  t he mat er i al  cont ai ned i n t he 
Oper at i ng and Mai nt enance I nst r uct i ons,  t he l ayout  and l ocat i on of  each 
cont r ol l er  encl osur e,  t he l ayout  of  one of  each t ype of  equi pment  and t he 
l ocat i ons of  each,  t he l ocat i on of  each cont r ol  devi ce ext er nal  t o t he 
panel s,  t he l ocat i on of  t he compr essed ai r  st at i on,  pr event i ve 
mai nt enance,  t r oubl eshoot i ng,  di agnost i cs,  cal i br at i on,  adj ust ment ,  
commi ssi oni ng,  t uni ng,  and r epai r  pr ocedur es.   Typi cal  syst ems and si mi l ar  
syst ems may be t r eat ed as a gr oup,  wi t h i nst r uct i on on t he physi cal  l ayout  
of  one such syst em.   Pr esent  t he r esul t s of  t he per f or mance ver i f i cat i on 
t est  and t he St ar t - Up Test i ng Repor t  as benchmar ks of  HVAC cont r ol  syst em 
per f or mance by whi ch t o measur e oper at i on and mai nt enance ef f ect i veness.

3. 8. 3   Tr ai ni ng Document at i on Submi t t al  Requi r ement s

Submi t  har dcopy t r ai ni ng manual s and al l  t r ai ni ng mat er i al s on CD- ROM.   
Pr ovi de one har dcopy manual  f or  each t r ai nee on t he Cour se At t endee Li st  
and 2 addi t i onal  copi es f or  ar chi ve at  t he pr oj ect  s i t e.   Pr ovi de 2 copi es 
of  t he Cour se At t endee Li st  wi t h t he ar chi val  copi es.   Tr ai ni ng 
Document at i on may be submi t t ed as a Techni cal  Dat a Package.
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APPENDI X A

QC CHECKLI ST FOR BACNET SYSTEMS

Thi s checkl i st  i s not  al l - i ncl usi ve of  t he r equi r ement s of  t hi s speci f i cat i on and 
shoul d not  be i nt er pr et ed as such.

I nst r uct i ons:  I ni t i al  each i t em i n t he space pr ovi ded ( | ____| )  ver i f y i ng t hat  t he 
r equi r ement  has been met .

Thi s checkl i st  i s f or  ( c i r c l e one: )
                
      Pr e- Const r uct i on QC Checkl i st  Submi t t al

      Post - Const r uct i on QC Checkl i st  Submi t t al           

      Cl ose- out  QC Checkl i st  Submi t t al

I t ems ver i f i ed f or  Pr e- Const r uct i on,  Post - Const r uct i on and Cl oseout  QC Checkl i st  
Submi t t al s:

1 Al l  DDC Har dwar e i s number ed on Cont r ol  Syst em Schemat i c Dr awi ngs. | ____|

2 Si gnal  l i nes on Cont r ol  Syst em Schemat i c ar e l abel ed wi t h t he si gnal  t ype. | ____|

3 Local  Di spl ay Panel  ( LDP)  Locat i ons ar e shown on Cont r ol  Syst em Schemat i c 
dr awi ngs.

| ____|

I t ems ver i f i ed f or  Post - Const r uct i on and Cl oseout  QC Checkl i st  Submi t t al s:

4 Al l  sequences ar e per f or med as speci f i ed usi ng DDC Har dwar e. | ____|

5 Tr ai ni ng schedul e and cour se at t endee l i st  has been devel oped and 
coor di nat ed wi t h shops and submi t t ed.

| ____|

I t ems ver i f i ed f or  Cl oseout  QC Checkl i st  Submi t t al :

6 Fi nal  As- bui l t  Dr awi ngs,  i ncl udi ng al l  Poi nt s Schedul e dr awi ngs,  
accur at el y r epr esent  t he f i nal  i nst al l ed syst em.

| ____|

7 Pr ogr ammi ng sof t war e has been submi t t ed f or  al l  pr ogr ammabl e cont r ol l er s. | ____|

8 Al l  sof t war e has been l i censed t o t he Gover nment .
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QC CHECKLI ST FOR BACNET SYSTEMS

9 O&M I nst r uct i ons have been compl et ed and submi t t ed. | ____|

10 Tr ai ni ng cour se has been compl et ed. | ____|

11 Al l  DDC Har dwar e i s i nst al l ed on a BACnet  ASHRAE 135 net wor k usi ng ei t her  
MS/ TP i n accor dance wi t h Cl ause 9 or  I P i n accor dance wi t h Annex J.

| ____|

12 Al l  DDC Har dwar e i s BTL l i st ed. | ____|

13 Communi cat i on bet ween DDC Har dwar e i s onl y vi a BACnet  usi ng st andar d 
ser vi ces,  except  as speci f i cal l y  per mi t t ed by t he speci f i cat i on.   
Non- st andar d ser vi ces have been f ul l y document ed i n t he DDC Har dwar e 
Schedul e.

| ____|

14 Schedul i ng,  Al ar mi ng,  and Tr endi ng have been i mpl ement ed usi ng t he 
st andar d BACnet  Obj ect s f or  t hese f unct i ons.

| ____|

15 Al l  Pr oper t i es i ndi cat ed as r equi r ed t o be Wr i t abl e ar e Wr i t abl e and 
Over r i des have been pr ovi ded as i ndi cat ed

| ____|

___________________________________________      __________________

( QC Repr esent at i ve Si gnat ur e)                       ( Dat e)

QC CHECKLI ST FOR NI AGARA FRAMEWORK BASED BACNET SYSTEMS

Thi s checkl i st  i s not  al l - i ncl usi ve of  t he r equi r ement s of  t hi s speci f i cat i on and 
shoul d not  be i nt er pr et ed as such.

I nst r uct i ons:  I ni t i al  each i t em i n t he space pr ovi ded ( | ____| )  ver i f y i ng t hat  t he 
r equi r ement  has been met .

Thi s checkl i st  i s f or  ( c i r c l e one: )
                
      Pr e- Const r uct i on QC Checkl i st  Submi t t al

      Post - Const r uct i on QC Checkl i st  Submi t t al           

      Cl ose- out  QC Checkl i st  Submi t t al

I t ems ver i f i ed f or  Pr e- Const r uct i on,  Post - Const r uct i on and Cl oseout  QC Checkl i st  
Submi t t al s:

1 Al l  DDC Har dwar e i s number ed on Cont r ol  Syst em Schemat i c Dr awi ngs. | ____|
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QC CHECKLI ST FOR NI AGARA FRAMEWORK BASED BACNET SYSTEMS

2 Si gnal  l i nes on Cont r ol  Syst em Schemat i c ar e l abel ed wi t h t he si gnal  t ype. | ____|

3 Local  Di spl ay Panel  ( LDP)  Locat i ons ar e shown on Cont r ol  Syst em Schemat i c 
dr awi ngs.

| ____|

I t ems ver i f i ed f or  Post - Const r uct i on and Cl oseout  QC Checkl i st  Submi t t al s:

4 Al l  sequences ar e per f or med as speci f i ed usi ng DDC Har dwar e. | ____|

5 Tr ai ni ng schedul e and cour se at t endee l i st  has been devel oped and 
coor di nat ed wi t h shops and submi t t ed.

| ____|

I t ems ver i f i ed f or  Cl oseout  QC Checkl i st  Submi t t al :

6 Fi nal  As- bui l t  Dr awi ngs,  i ncl udi ng al l  Poi nt s Schedul e dr awi ngs,  
accur at el y r epr esent  t he f i nal  i nst al l ed syst em.

| ____|

7 Pr ogr ammi ng sof t war e has been submi t t ed f or  al l  pr ogr ammabl e cont r ol l er s. | ____|

8 Al l  sof t war e has been l i censed t o t he Gover nment .

9 O&M I nst r uct i ons have been compl et ed and submi t t ed. | ____|

10 Tr ai ni ng cour se has been compl et ed. | ____|

11 Al l  DDC Har dwar e i s i nst al l ed on a BACnet  ASHRAE 135 net wor k usi ng ei t her  
MS/ TP i n accor dance wi t h Cl ause 9 or  I P i n accor dance wi t h Annex J.

| ____|

12 Al l  DDC Har dwar e i s BTL l i st ed. | ____|

13 Communi cat i on bet ween DDC Har dwar e i s onl y vi a BACnet  usi ng st andar d 
ser vi ces,  except  as speci f i cal l y  per mi t t ed by t he speci f i cat i on.   
Non- st andar d ser vi ces have been f ul l y document ed i n t he DDC Har dwar e 
Schedul e.

| ____|

14 Schedul i ng,  Al ar mi ng,  and Tr endi ng have been i mpl ement ed usi ng Ni agar a 
Fr amewor k obj ect s and ser vi ces,  and BACnet  I nst r i nsi c Al ar mi ng as 
i ndi cat ed.

| ____|

15 Al l  Pr oper t i es i ndi cat ed as r equi r ed t o be Wr i t abl e ar e Wr i t abl e and 
Over r i des have been pr ovi ded as i ndi cat ed

| ____|

___________________________________________      __________________

( QC Repr esent at i ve Si gnat ur e)                       ( Dat e)

        - -  End of  Sect i on - -  
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SECTI ON 23 09 13

I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC
11/ 15,  CHG 2:  05/ 21

PART 1   GENERAL

1. 1   SUMMARY

Thi s sect i on pr ovi des f or  t he i nst r ument at i on cont r ol  syst em component s 
excl udi ng di r ect  di gi t al  cont r ol l er s,  net wor k cont r ol l er s,  gat eways et c.  
t hat  ar e necessar y f or  a compl et el y f unct i onal  aut omat i c cont r ol  syst em.   
When combi ned wi t h a Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em,  t he 
I nst r ument at i on and Cont r ol  Devi ces cover ed under  t hi s sect i on must  be a 
compl et e syst em sui t abl e f or  t he cont r ol  of  t he heat i ng,  vent i l at i ng and 
ai r  condi t i oni ng ( HVAC)  and ot her  bui l di ng- l evel  syst ems as speci f i ed and 
i ndi cat ed.

a.   I nst al l  har dwar e t o per f or m t he cont r ol  sequences as speci f i ed and 
i ndi cat ed and t o pr ovi de cont r ol  of  t he equi pment  as speci f i ed and 
i ndi cat ed.

b.   I nst al l  har dwar e such t hat  i ndi v i dual  cont r ol  equi pment  can be 
r epl aced by s i mi l ar  cont r ol  equi pment  f r om ot her  equi pment  
manuf act ur er s wi t h no l oss of  syst em f unct i onal i t y.

c.   I nst al l  and conf i gur e har dwar e such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  and upgr ades of  
i ndi v i dual  har dwar e wi t hout  f ur t her  i nt er act i on wi t h t he i nst al l i ng 
Cont r act or .

1. 1. 1   Ver i f i cat i on of  Di mensi ons

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 1. 2   Dr awi ngs

The Gover nment  wi l l  not  i ndi cat e al l  of f set s,  f i t t i ngs,  and accessor i es 
t hat  may be r equi r ed on t he dr awi ngs.   Car ef ul l y i nvest i gat e t he 
mechani cal ,  el ect r i cal ,  and f i ni sh condi t i ons t hat  coul d af f ect  t he wor k 
t o be per f or med,  ar r ange such wor k accor di ngl y,  and pr ovi de al l  wor k 
necessar y t o meet  such condi t i ons.

1. 2   RELATED SECTI ONS

Rel at ed wor k speci f i ed el sewher e.

Sect i on 01 30 00 ADMI NI STRATI VE REQUI REMENTS

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON

Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM
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1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMCA 511 ( 2010;  R 2016)  Cer t i f i ed Rat i ngs Pr ogr am 
f or  Ai r  Cont r ol  Devi ces

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 142 ( 2007;  Er r at a 2014)  Recommended Pr act i ce 
f or  Gr oundi ng of  I ndust r i al  and Commer ci al  
Power  Syst ems -  I EEE Gr een Book

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 5085- 3 ( 2006;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Low Vol t age Tr ansf or mer s -  Par t  3:  
Cl ass 2 and Cl ass 3 Tr ansf or mer s

1. 4   SUBMI TTALS

Submi t t al  r equi r ement s ar e speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON 
AND CONTROL FOR HVAC.

1. 5   DELI VERY AND STORAGE

St or e and pr ot ect  pr oduct s f r om t he weat her ,  humi di t y,  and t emper at ur e 
var i at i ons,  di r t  and dust ,  and ot her  cont ami nant s,  wi t hi n t he st or age 
condi t i on l i mi t s publ i shed by t he equi pment  manuf act ur er .

1. 6   I NPUT MEASUREMENT ACCURACY

Sel ect ,  i nst al l  and conf i gur e sensor s,  t r ansmi t t er s and DDC Har dwar e such 
t hat  t he maxi mum er r or  of  t he measur ed val ue at  t he i nput  of  t he DDC 
har dwar e i s l ess t han t he maxi mum al l owabl e er r or  speci f i ed f or  t he sensor  
or  i nst r ument at i on.

1. 7   SUBCONTRACTOR SPECI AL REQUI REMENTS

Per f or m al l  wor k i n t hi s sect i on i n accor dance wi t h t he par agr aph ent i t l ed 
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CONTRACTOR SPECI AL REQUI REMENTS i n Sect i on 01 30 00 ADMI NI STRATI VE 
REQUI REMENTS.

PART 2   PRODUCTS

2. 1   EQUI PMENT

2. 1. 1   Gener al  Requi r ement s

Al l  pr oduct s used t o meet  t hi s speci f i cat i on must  meet  t he i ndi cat ed 
r equi r ement s,  but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by 
ever y pr oj ect .   Al l  pr oduct s must  meet  t he r equi r ement s bot h Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on.

2. 1. 2   Oper at i on Envi r onment  Requi r ement s

Unl ess ot her wi se speci f i ed,  pr ovi de pr oduct s r at ed f or  cont i nuous 
oper at i on under  t he f ol l owi ng condi t i ons:

2. 1. 2. 1   Pr essur e

Pr essur e condi t i ons nor mal l y encount er ed i n t he i nst al l ed l ocat i on.

2. 1. 2. 2   Vi br at i on

Vi br at i on condi t i ons nor mal l y encount er ed i n t he i nst al l ed l ocat i on.

2. 1. 2. 3   Temper at ur e

a.   Pr oduct s i nst al l ed i ndoor s:  Ambi ent  t emper at ur es i n t he r ange of  32 t o 
112 degr ees F and t emper at ur e condi t i ons out si de t hi s r ange nor mal l y 
encount er ed at  t he i nst al l ed l ocat i on.

b.   Pr oduct s i nst al l ed out door s or  i n uncondi t i oned i ndoor  spaces:  Ambi ent  
t emper at ur es i n t he r ange of  - 35 t o +151 degr ees F and t emper at ur e 
condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he i nst al l ed 
l ocat i on.

2. 1. 2. 4   Humi di t y

10 t o 95 per cent  r el at i ve humi di t y,  non- condensi ng and al so humi di t y 
condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he i nst al l ed 
l ocat i on.

2. 2   WEATHERSHI ELDS

Pr ovi de weat her shi el ds const r uct ed of  gal vani zed st eel  pai nt ed whi t e,  
unpai nt ed al umi num,  al umi num pai nt ed whi t e,  or  whi t e PVC.

2. 3   WI RE AND CABLE

Pr ovi de wi r e and cabl e meet i ng t he r equi r ement s of  NFPA 70 and NFPA 90A i n 
addi t i on t o t he r equi r ement s of  t hi s speci f i cat i on and r ef er enced 
speci f i cat i ons.

2. 3. 1   Ter mi nal  Bl ocks

For  t er mi nal  bl ocks whi ch ar e not  i nt egr al  t o ot her  equi pment ,  pr ovi de 
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t er mi nal  bl ocks whi ch ar e i nsul at ed,  modul ar ,  f eed- t hr ough,  c l amp st y l e 
wi t h r ecessed capt i ve scr ew- t ype cl ampi ng mechani sm,  sui t abl e f or  DI N r ai l  
mount i ng,  and whi ch have encl osed si des or  end pl at es and par t i t i on pl at es 
f or  separ at i on.

2. 3. 2   Cont r ol  Wi r i ng f or  Bi nar y Si gnal s

For  Cont r ol  Wi r i ng f or  Bi nar y Si gnal s,  pr ovi de  18 AWG copper  or  t hi cker  
wi r e r at ed f or  300- vol t  ser vi ce.

2. 3. 3   Cont r ol  Wi r i ng f or  Anal og Si gnal s

For  Cont r ol  Wi r i ng f or  Anal og Si gnal s,  pr ovi de  18 AWG or  t hi cker ,  copper ,  
s i ngl e-  or  mul t i pl e- t wi st ed wi r e meet i ng t he f ol l owi ng r equi r ement s:

a.  mi ni mum 2 i nch l ay of  t wi st

b.  100 per cent  shi el ded pai r s

c.  at  l east  300- vol t  i nsul at i on

d.  each pai r  has a 20 AWG t i nned- copper  dr ai n wi r e and i ndi v i dual  over al l  
pai r  i nsul at i on

e.  cabl es have an over al l  al umi num- pol yest er  or  t i nned- copper  cabl e- shi el d 
t ape,  over al l  20 AWG t i nned- copper  cabl e dr ai n wi r e,  and over al l  cabl e 
i nsul at i on.

2. 3. 4   Power  Wi r i ng f or  Cont r ol  Devi ces

For  24- vol t  c i r cui t s,  pr ovi de i nsul at ed copper  18 AWG or  t hi cker  wi r e 
r at ed f or  300 VAC ser vi ce.   For  120- vol t  c i r cui t s,  pr ovi de 14 AWG or  
t hi cker  st r anded copper  wi r e r at ed f or  600- vol t  ser vi ce.

2. 3. 5   Tr ansf or mer s

Pr ovi de UL 5085- 3 appr oved t r ansf or mer s.   Sel ect  t r ansf or mer s s i zed so 
t hat  t he connect ed l oad i s no gr eat er  t han 80 per cent  of  t he t r ansf or mer  
r at ed capaci t y.

2. 4   DAMPERS

2. 4. 1   Damper  Assembl y

Pr ovi de si ngl e damper  sect i ons wi t h bl ades no l onger  t han 48 i nches and 
whi ch ar e no hi gher  t han 72 i nches and damper  bl ade wi dt h of   8 i nches or  
l ess.   When l ar ger  s i zes ar e r equi r ed,  combi ne damper  sect i ons.   Pr ovi de 
damper s made of  st eel ,  or  ot her  mat er i al s wher e i ndi cat ed and wi t h 
assembl y f r ames const r uct ed of  0. 07 i nch mi ni mum t hi ckness st ai nl ess st eel  
channel s wi t h mi t er ed and wel ded cor ner s.   St eel  channel  f r ames 
const r uct ed of  0. 06 i nch mi ni mum t hi ckness ar e accept abl e pr ovi ded t he 
cor ner s ar e r ei nf or ced.

a.   Fl at  bl ades must  be made r i gi d by f ol di ng t he edges.   Bl ade- oper at i ng 
l i nkages must  be wi t hi n t he f r ame so t hat  bl ade- connect i ng devi ces 
wi t hi n t he same damper  sect i on must  not  be l ocat ed di r ect l y i n t he ai r  
st r eam.   

b.   Damper  axl es must  be 1/ 2 i nch mi ni mum,  pl at ed st eel  r ods suppor t ed i n 
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t he damper  f r ame by st ai nl ess st eel  or  br onze bear i ngs.   Bl ades 
mount ed ver t i cal l y must  be suppor t ed by t hr ust  bear i ngs.

c.   Pr ovi de damper s whi ch do not  exceed a pr essur e dr op t hr ough t he damper  
of   0. 04 i nches wat er  gauge at  1000 f t / mi n i n t he wi de- open posi t i on.   
Pr ovi de damper s wi t h f r ames not  l ess t han 2 i nch i n wi dt h.   Pr ovi de 
damper s whi ch have been t est ed i n accor dance wi t h AMCA 500- D.

2. 4. 2   Oper at i ng Li nkages

For  oper at i ng l i nks ext er nal  t o damper s,  such as cr ank ar ms,  connect i ng 
r ods,  and l i ne shaf t i ng f or  t r ansmi t t i ng mot i on f r om damper  act uat or s t o 
damper s,  pr ovi de l i nks abl e t o wi t hst and a l oad equal  t o at  l east  300 
per cent  of  t he maxi mum r equi r ed damper - oper at i ng f or ce wi t hout  def or mi ng.   
Rod l engt hs must  be adj ust abl e.   Li nks must  be br ass,  br onze,  z i nc- coat ed 
st eel ,  or  st ai nl ess st eel .   Wor ki ng par t s of  j oi nt s and cl evi ses must  be 
br ass,  br onze,  or  st ai nl ess st eel .   Adj ust ment s of  cr ank ar ms must  cont r ol  
t he open and cl osed posi t i ons of  damper s.

2. 4. 3   Damper  Types

2. 4. 3. 1   Fl ow Cont r ol  Damper s

Pr ovi de par al l el - bl ade or  opposed bl ade t ype damper s f or  out si de ai r ,  
r et ur n ai r ,  r el i ef  ai r ,  exhaust ,  f ace and bypass damper s as i ndi cat ed on 
t he Damper  Schedul e.   Bl ades must  have i nt er l ocki ng edges.   The channel  
f r ames of  t he damper s must  be pr ovi ded wi t h j amb seal s t o mi ni mi ze ai r  
l eakage.   Unl ess ot her wi se i ndi cat ed,  damper s must  meet  AMCA 511 Cl ass 1A 
r equi r ement s.   Out si de ai r  damper  seal s must  be sui t abl e f or  an oper at i ng 
t emper at ur e r ange of  - 40 t o +167 degr ees F.   Damper s must  be r at ed at  not  
l ess t han 2000 f t / mi n ai r  vel oci t y.

2. 4. 3. 2   Mechani cal  Rooms and Ot her  Ut i l i t y  Space Vent i l at i on Damper s

Pr ovi de ut i l i t y  space vent i l at i on damper s as i ndi cat ed.   Unl ess ot her wi se 
i ndi cat ed pr ovi de AMCA 511 cl ass 3 damper s.   Pr ovi de damper s r at ed at  not  
l ess t han 1500 f t / mi n ai r  vel oci t y.

2. 5   SENSORS AND I NSTRUMENTATI ON

Unl ess ot her wi se speci f i ed,  pr ovi de sensor s and i nst r ument at i on whi ch 
i ncor por at e an i nt egr al  t r ansmi t t er .   Sensor s and i nst r ument at i on,  
i ncl udi ng t hei r  t r ansmi t t er s,  must  meet  t he speci f i ed accur acy and dr i f t  
r equi r ement s at  t he i nput  of  t he connect ed DDC Har dwar e' s 
anal og- t o- di gi t al  conver si on.

2. 5. 1   Anal og and Bi nar y Tr ansmi t t er s

Pr ovi de t r ansmi t t er s whi ch mat ch t he char act er i st i cs of  t he sensor .   
Tr ansmi t t er s pr ovi di ng anal og val ues must  pr oduce a l i near  4- 20 mAdc,  0- 10 
Vdc si gnal  cor r espondi ng t o t he r equi r ed oper at i ng r ange and must  have 
zer o and span adj ust ment .   Tr ansmi t t er s pr ovi di ng bi nar y val ues must  have 
dr y cont act s r at ed at  1A at  24 Vol t s AC.

2. 5. 2   Net wor k Tr ansmi t t er s

Sensor s and I nst r ument at i on i ncor por at i ng an i nt egr al  net wor k connect i on 
ar e consi der ed DDC Har dwar e and must  meet  t he DDC Har dwar e r equi r ement s of  
Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER 
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BUI LDI NG CONTROL SYSTEMS when used i n a BACnet  net wor k.

2. 5. 3   Temper at ur e Sensor s

Pr ovi de t he same sensor  t ype t hr oughout  t he pr oj ect .   Temper at ur e sensor s 
may be pr ovi ded wi t hout  t r ansmi t t er s.   Wher e t r ansmi t t er s ar e used,  t he 
r ange must  be t he smal l est  avai l abl e f r om t he manuf act ur er  and sui t abl e 
f or  t he appl i cat i on such t hat  t he r ange encompasses t he expect ed r ange of  
t emper at ur es t o be measur ed.   The end t o end accur acy i ncl udes t he 
combi ned ef f ect  of  sensi t i v i t y,  hyst er esi s,  l i near i t y and r epeat abi l i t y  
bet ween t he measur ed var i abl e and t he end user  i nt er f ace ( gr aphi c 
pr esent at i on)  i ncl udi ng t r ansmi t t er s i f  used.

2. 5. 3. 1   Sensor  Accur acy and St abi l i t y  of  Cont r ol

2. 5. 3. 1. 1   Condi t i oned Space Temper at ur e

Pl us or  mi nus 0. 5 degr ee F over  t he oper at i ng r ange.

2. 5. 3. 1. 2   Uncondi t i oned Space Temper at ur e

a.   Pl us or  mi nus 1 degr ee F over  t he r ange of  30 t o 131 degr ees F AND

b.   Pl us or  mi nus 4 degr ees F over  t he r est  of  t he oper at i ng r ange.

2. 5. 3. 1. 3   Duct  Temper at ur e

Pl us or  mi nus 0. 5 degr ee F

2. 5. 3. 1. 4   Out si de Ai r  Temper at ur e

a.   Pl us or  mi nus 2 degr ees F over  t he r ange of  - 30 t o +130 degr ees F AND

b.   Pl us or  mi nus 1 degr ee F over  t he r ange of  30 t o 130 degr ees F.

2. 5. 3. 2   Tr ansmi t t er  Dr i f t

The maxi mum al l owabl e t r ansmi t t er  dr i f t :   0. 25 degr ees F per  year .  

2. 5. 3. 3   Poi nt  Temper at ur e Sensor s

Poi nt  Sensor s must  be encapsul at ed i n epoxy,  ser i es 300 st ai nl ess st eel ,  
anodi zed al umi num,  or  copper .

2. 5. 3. 4   Temper at ur e Sensor  Det ai l s

2. 5. 3. 4. 1   Room Type

Pr ovi de t he sensi ng el ement  component s wi t hi n a decor at i ve pr ot ect i ve 
cover  sui t abl e f or  sur r oundi ng decor .

2. 5. 3. 4. 2   Duct  Pr obe Type

Ensur e t he pr obe i s l ong enough t o pr oper l y sense t he ai r  st r eam 
t emper at ur e.

2. 5. 3. 4. 3   Duct  Aver agi ng Type

Cont i nuous aver agi ng sensor s must  be one f oot  i n l engt h f or  each 1 squar e 
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f oot  of  duct  cr oss- sect i onal  ar ea,  and a mi ni mum l engt h of  5 f eet .

2. 5. 3. 4. 4   Out si de Ai r  Type

Pr ovi de t he sensi ng el ement  r at ed f or  out door  use

2. 5. 4   Rel at i ve Humi di t y Sensor

Rel at i ve humi di t y sensor s must  use bul k pol ymer  r esi st i ve or  t hi n f i l m 
capaci t i ve t ype non- sat ur at i ng sensi ng el ement s capabl e of  wi t hst andi ng a 
sat ur at ed condi t i on wi t hout  per manent l y af f ect i ng cal i br at i on or  
sust ai ni ng damage.   The sensor s must  i ncl ude r emovabl e pr ot ect i ve membr ane 
f i l t er s.   Wher e r equi r ed f or  ext er i or  i nst al l at i on,  sensor s must  be 
capabl e of  sur vi v i ng bel ow f r eezi ng t emper at ur es and di r ect  cont act  wi t h 
moi st ur e wi t hout  af f ect i ng sensor  cal i br at i on.   When used i ndoor s,  t he 
sensor  must  be capabl e of  bei ng exposed t o a condensi ng ai r  st r eam ( 100 
per cent  r el at i ve humi di t y)  wi t h no adver se ef f ect  t o t he sensor ' s 
cal i br at i on or  ot her  har m t o t he i nst r ument .   The sensor  must  be of  t he 
wal l - mount ed or  duct - mount ed t ype,  as r equi r ed by t he appl i cat i on,  and 
must  be pr ovi ded wi t h any r equi r ed accessor i es.   Sensor s used i n duct  
hi gh- l i mi t  appl i cat i ons must  have a bul k pol ymer  r esi st i ve sensi ng 
el ement .   Duct - mount ed sensor s must  be pr ovi ded wi t h a duct  pr obe desi gned 
t o pr ot ect  t he sensi ng el ement  f r om dust  accumul at i on and mechani cal  
damage.   Rel at i ve humi di t y ( RH)  sensor s must  measur e r el at i ve humi di t y 
over  a r ange of  0 per cent  t o 100 per cent  wi t h an accur acy of  pl us or  mi nus 
2 per cent .   RH sensor s must  f unct i on over  a t emper at ur e r ange of  40 t o 135 
degr ees F and must  not  dr i f t  mor e t han 1 per cent  per  year .

2. 5. 5   Di f f er ent i al  Pr essur e I nst r ument at i on

2. 5. 5. 1   Di f f er ent i al  Pr essur e Sensor s

Pr ovi de Di f f er ent i al  Pr essur e Sensor s wi t h r anges as i ndi cat ed or  as 
r equi r ed f or  t he appl i cat i on.   Pr essur e sensor  r anges must  not  exceed t he 
hi gh end r ange i ndi cat ed on t he Poi nt s Schedul e by mor e t han 50 per cent .   
The over  pr essur e r at i ng must  be a mi ni mum of  150 per cent  of  t he hi ghest  
desi gn pr essur e of  ei t her  i nput  t o t he sensor .   The accur acy must  be pl us 
or  mi nus 1 per cent  of  f ul l  scal e.  The sensor  must  have a maxi mum dr i f t  of  
2 per cent  per  year

2. 5. 5. 2   Di f f er ent i al  Pr essur e Swi t ch

Pr ovi de di f f er ent i al  pr essur e swi t ches wi t h a user - adj ust abl e set poi nt  
whi ch ar e s i zed f or  t he appl i cat i on such t hat  t he set poi nt  i s  bet ween 25 
per cent  and 75 per cent  of  t he f ul l  r ange.   The over  pr essur e r at i ng must  
be a mi ni mum of  150 per cent  of  t he hi ghest  desi gn pr essur e of  ei t her  i nput  
t o t he sensor .   The swi t ch must  have t wo set s of  cont act s and each cont act  
must  have a r at i ng gr eat er  t han i t ' s  connect ed l oad.   Cont act s must  open 
or  c l ose upon r i se of  pr essur e above t he set poi nt  or  dr op of  pr essur e 
bel ow t he set poi nt  as i ndi cat ed.

2. 5. 6   Fl ow Sensor s

2. 5. 6. 1   Ai r f l ow Measur ement  Ar r ay ( AFMA)

2. 5. 6. 1. 1   Ai r f l ow St r ai ght ener

Pr ovi de AFMAs whi ch cont ai n an ai r f l ow st r ai ght ener  i f  r equi r ed by t he 
AFMA manuf act ur er ' s publ i shed i nst al l at i on i nst r uct i ons.   The st r ai ght ener  
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must  be cont ai ned i nsi de a f l anged sheet  met al  casi ng,  wi t h t he AFMA 
l ocat ed as speci f i ed accor di ng t o t he publ i shed r ecommendat i on of  t he AFMA 
manuf act ur er .   I n t he absence of  publ i shed document at i on,  pr ovi de ai r f l ow 
st r ai ght ener s i f  t her e i s any duct  obst r uct i on wi t hi n 5 duct  di amet er s 
upst r eam of  t he AFMA.   Ai r - f l ow st r ai ght ener s,  wher e r equi r ed,  must  be 
const r uct ed of  0. 125 i nch al umi num honeycomb and t he dept h of  t he 
st r ai ght ener  must  not  be l ess t han 1. 5 i nches.

2. 5. 6. 1. 2   Resi st ance t o Ai r f l ow

The r esi st ance t o ai r  f l ow t hr ough t he AFMA,  i ncl udi ng t he ai r f l ow 
st r ai ght ener  must  not  exceed 0. 085 i nch wat er  gauge at  an ai r f l ow of  2, 000 
f pm.   AFMA const r uct i on must  be sui t abl e f or  oper at i on at  ai r f l ows of  up t o
 5000 f pm over  a t emper at ur e r ange of  40 t o 120 degr ees F.

2. 5. 6. 1. 3   Out si de Ai r  Temper at ur e

I n out si de ai r  measur ement  or  i n l ow- t emper at ur e ai r  del i ver y 
appl i cat i ons,  pr ovi de an AFMA cer t i f i ed by t he manuf act ur er  t o be accur at e 
as speci f i ed over  a t emper at ur e r ange of  - 20 t o +120 degr ees F.

2. 5. 6. 1. 4   El ect r oni c AFMA

Each el ect r oni c AFMA must  consi st  of  an ar r ay of  vel oci t y sensi ng el ement s 
of  t he r esi st ance t emper at ur e det ect or  ( RTD)  or  t her mi st or  t ype.   The 
sensi ng el ement s must  be di st r i but ed acr oss t he duct  cr oss sect i on i n t he 
quant i t y and pat t er n speci f i ed or  r ecommended by t he publ i shed appl i cat i on 
dat a of  t he AFMA manuf act ur er .   El ect r oni c AFMAs must  have an accur acy of  
pl us or  mi nus 5 per cent  over  a r ange of  125 t o 5, 000 f pm and t he out put  
must  be t emper at ur e compensat ed over  a r ange of  32 t o 212 degr ees F.

2. 5. 6. 2   Vent ur i  Tube

Vent ur i  t ube must  be made of  cast  i r on or  cast  st eel  and must  have an 
accur acy of  pl us or  mi nus 1 per cent  of  f ul l  f l ow.   The t hr oat  sect i on must  
be l i ned wi t h aust eni t i c  st ai nl ess st eel .   Ther mal  expansi on 
char act er i st i cs of  t he l i ni ng must  be t he same as t hat  of  t he t hr oat  
cast i ng mat er i al .   The sur f ace of  t he t hr oat  l i ni ng must  be machi ned t o a 
pl us or  mi nus 50 mi cr o i nch f i ni sh,  i ncl udi ng t he shor t  cur vat ur e l eadi ng 
f r om t he conver gi ng ent r ance sect i on i nt o t he t hr oat .

2. 5. 6. 3   I nser t i on Magnet i c Fl ow Met er

Pr ovi de i nser t i on t ype magnet i c f l owmet er s wi t h al l  i nst al l at i on har dwar e 
necessar y t o enabl e i nser t i on and r emoval  of  t he met er  wi t hout  syst em 
shut down.   Al l  par t s must  meet  or  exceed t he pr essur e c l assi f i cat i on of  
t he pi pe syst em i t  i s  i nst al l ed i n.   Fl owmet er  accur acy must  be no gr eat er  
t han pl us or  mi nus 1 per cent  of  r at e f r om 2 t o 20 f eet / sec.   Wet t ed 
mat er i al  par t s must  be 300 ser i es st ai nl ess st eel .   The f l owmet er  must  
i ncl ude ei t her  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc 
out put s.

2. 5. 6. 4   Fl ow Swi t ch

Fl ow swi t ch must  have a r epet i t i ve accur acy of  pl us or  mi nus 10 per cent  of  
act ual  f l ow set t i ng.   Swi t ch act uat i on must  be adj ust abl e over  t he 
oper at i ng f l ow r ange,  and must  be si zed f or  t he appl i cat i on such t hat  t he 
set poi nt  i s  bet ween 25 per cent  and 75 per cent  of  t he f ul l  r ange. .   The 
swi t ch must  have For m C snap- act i on cont act s,  r at ed f or  t he appl i cat i on.   

SECTI ON 23 09 13  Page 8



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

The f l ow swi t ch must  have non f l exi bl e paddl e wi t h magnet i cal l y act uat ed 
cont act s and be r at ed f or  ser vi ce at  a pr essur e gr eat er  t han t he i nst al l ed 
condi t i ons.   Fl ow swi t ch f or  use i n sewage syst em must  be r at ed f or  use i n 
cor r osi ve envi r onment s encount er ed.

2. 5. 6. 5   Gas Fl ow Met er

Gas f l ow met er  must  be di aphr agm or  bel l ows t ype ( gas posi t i ve 
di spl acement  met er s)  f or  f l ows up t o 2500 SCFH and axi al  f l ow t ur bi ne t ype 
f or  f l ows above 2500 SCFH,  desi gned speci f i cal l y f or  nat ur al  gas suppl y 
met er i ng,  and r at ed f or  t he pr essur e,  t emper at ur e,  and f l ow r at es of  t he 
i nst al l at i on.   Met er  must  have a mi ni mum t ur ndown r at i o of  10 t o 1 wi t h an 
accur acy of  pl us or  mi nus 1 per cent  of  act ual  f l ow r at e.   The met er  i ndex 
must  i ncl ude a di r ect  r eadi ng mechani cal  t ot al i z i ng r egi st er  and 
el ect r i cal  i mpul se dr y cont act  out put  f or  r emot e moni t or i ng.  The 
el ect r i cal  i mpul se dr y cont act  out put  must  not  r equi r e f i el d adj ust ment  or  
cal i br at i on.   The el ect r i cal  i mpul se dr y cont act  out put  must  have a 
mi ni mum r esol ut i on of  100 cubi c f eet  of  gas per  pul se and must  not  exceed 
15 pul ses per  second at  t he desi gn f l ow.

2. 5. 7   El ect r i cal  I nst r ument s

Pr ovi de El ect r i cal  I nst r ument s wi t h an i nput  r ange as i ndi cat ed or  s i zed 
f or  t he appl i cat i on.   Unl ess ot her wi se speci f i ed,  AC i nst r ument at i on must  
be sui t abl e f or  60 Hz oper at i on.

2. 5. 7. 1   Cur r ent  Tr ansducer s

Cur r ent  t r ansducer s must  accept  an AC cur r ent  i nput  and must  have an 
accur acy of  pl us or  mi nus 0. 5 per cent  of  f ul l  scal e.   The devi ce must  have 
a means f or  cal i br at i on.   Cur r ent  t r ansducer s f or  var i abl e f r equency 
appl i cat i ons must  be r at ed f or  var i abl e f r equency oper at i on.

2. 5. 7. 2   Cur r ent  Sensi ng Rel ays ( CSRs)

Cur r ent  sensi ng r el ays ( CSRs)  must  pr ovi de a nor mal l y- open cont act  wi t h a 
vol t age and amper age r at i ng gr eat er  t han i t s connect ed l oad.   Cur r ent  
sensi ng r el ays must  be of  spl i t - cor e desi gn.   The CSR must  be r at ed f or  
oper at i on at  200 per cent  of  t he connect ed l oad.   Vol t age i sol at i on must  be 
a mi ni mum of  600 vol t s.   The CSR must  aut o- cal i br at e t o t he connect ed l oad 
or  be adj ust abl e and f i el d cal i br at ed.   Cur r ent  sensor s f or  var i abl e 
f r equency appl i cat i ons must  be r at ed f or  var i abl e f r equency oper at i on.

2. 5. 7. 3   Vol t age Tr ansducer s

Vol t age t r ansducer s must  accept  an AC vol t age i nput  and have an accur acy 
of  pl us or  mi nus 0. 25 per cent  of  f ul l  scal e.   The devi ce must  have a means 
f or  cal i br at i on.   Li ne s i de f uses f or  t r ansducer  pr ot ect i on must  be 
pr ovi ded.

2. 5. 8   Car bon Monoxi de Anal yzer

Car bon monoxi de anal yzer  must  consi st  of  an i nf r ar ed l i ght  sour ce i n a 
weat her  pr oof  st eel  encl osur e f or  duct  or  st ack mount i ng.   An opt i cal  
det ect or / anal yzer  i n a s i mi l ar  encl osur e,  sui t abl e f or  duct  or  st ack 
mount i ng must  be pr ovi ded.   Bot h assembl i es must  i ncl ude i nt er nal  bl ower  
syst ems t o keep opt i cal  wi ndows f r ee of  dust  and ash at  al l  t i mes.   The 
t hi r d component  of  t he anal yzer  must  be t he el ect r oni cs cabi net .   
Aut omat i c f l ue gas t emper at ur e compensat i on and manual / aut omat i c zer oi ng 
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devi ces must  be pr ovi ded.   Uni t  must  r ead par t s per  mi l l i on ( ppm)  of  
car bon monoxi de i n t he r ange of  0 t o 1000 ppm and t he r esponse t i me must  
be l ess t han 3 seconds t o 90 per cent  val ue.   Uni t  measur ement  r ange must  
not  exceed speci f i ed r ange by mor e t hat  50 per cent .   Repeat abi l i t y  must  be 
pl us or  mi nus 1 per cent  of  f ul l  scal e wi t h an accur acy of  pl us or  mi nus 1 
per cent  of  f ul l  scal e.

2. 5. 9   Conduct i v i t y Sensor

Sensor  must  i ncl ude l ocal  i ndi cat i ng met er  and must  be sui t abl e f or  
measur ement  of  conduct i v i t y of  wat er  i n boi l er s,  chi l l ed wat er  syst ems,  
condenser  wat er  syst ems,  di st i l l at i on syst ems,  or  pot abl e wat er  syst ems as 
i ndi cat ed.   Sensor  must  sense f r om 0 t o 10 mi cr oSei mens per  cent i met er  
( µS/ cm)  f or  di st i l l at i on syst ems,  0 t o 100 µS/ cm f or  boi l er ,  chi l l ed 
wat er ,  and pot abl e wat er  syst ems and 0 t o 1000 µS/ cm f or  condenser  wat er  
syst ems.   Cont r act or  must  f i el d ver i f y t he r anges f or  par t i cul ar  
appl i cat i ons and adj ust  t he r ange as r equi r ed.   The out put  must  be 
t emper at ur e compensat ed over  a r ange of  32 t o 212 degr ees F.   The accur acy 
must  be pl us or  mi nus 2 per cent  of  t he f ul l  scal e r eadi ng.   Sensor  must  
have aut omat i c zer oi ng and must  r equi r e no per i odi c mai nt enance or  
r ecal i br at i on.

2. 5. 10   Temper at ur e Swi t ch

2. 5. 10. 1   Duct  Mount  Temper at ur e Low Li mi t  Saf et y Swi t ch ( Fr eezest at )

Duct  mount  t emper at ur e l ow l i mi t  swi t ches ( Fr eezest at s)  must  be manual  
r eset ,  l ow t emper at ur e saf et y swi t ches at  l east  1 f oot  l ong per  squar e f oot
 of  cover age whi ch must  r espond t o t he col dest  18 i nch segment  wi t h an 
accur acy of  pl us or  mi nus 3. 6 degr ees F.   The swi t ch must  have a 
f i el d- adj ust abl e set poi nt  wi t h a r ange of  at  l east  30 t o 50 degr ees F.   
The swi t ch must  have t wo set s of  cont act s,  and each cont act  must  have a 
r at i ng gr eat er  t han i t s connect ed l oad.   Cont act s must  open or  c l ose upon 
dr op of  t emper at ur e bel ow set poi nt  as i ndi cat ed and must  r emai n i n t hi s 
st at e unt i l  r eset .

2. 5. 10. 2   Pi pe Mount  Temper at ur e Li mi t  Swi t ch ( Aquast at )

Pi pe mount  t emper at ur e l i mi t  swi t ches ( aquast at s)  must  have a f i el d 
adj ust abl e set poi nt  bet ween 60 and 90 degr ees F,  an accur acy of  pl us or  
mi nus 3. 6 degr ees F and a 10 degr ees F f i xed deadband.   The swi t ch must  
have t wo set s of  cont act s,  and each cont act  must  have a r at i ng gr eat er  
t han i t s connect ed l oad.   Cont act s must  open or  c l ose upon change of  
t emper at ur e above or  bel ow set poi nt  as i ndi cat ed.

2. 5. 11   Damper  End Swi t ches

Each end swi t ch must  be a her met i cal l y seal ed swi t ch wi t h a t r i p l ever  and 
over - t r avel  mechani sm.   The swi t ch encl osur e must  be sui t abl e f or  mount i ng 
on t he duct  ext er i or  and must  per mi t  set t i ng t he posi t i on of  t he t r i p 
l ever  t hat  act uat es t he swi t ch.   The t r i p l ever  must  be al i gned wi t h t he 
damper  bl ade.

End swi t ches i nt egr al  t o an el ect r i c damper  act uat or  ar e al l owed as l ong 
as at  l east  one i s adj ust abl e over  t he t r avel  of  t he act uat or .

2. 5. 12   Ai r  Qual i t y Sensor s

Pr ovi de f ul l  spect r um ai r  qual i t y sensor s usi ng a hot  wi r e el ement  based 
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on t he Taguchi  pr i nci pl e.   The sensor  must  moni t or  a wi de r ange of  gaseous 
vol at i l e or gani c component s common i n i ndoor  ai r  cont ami nant s l i ke pai nt  
f umes,  sol vent s,  c i gar et t e smoke,  and vehi c l e exhaust .   The sensor  must  
aut omat i cal l y compensat e f or  t emper at ur e and humi di t y,  have span and 
cal i br at i on pot ent i omet er s,  oper at e on 24 VDC power  wi t h out put  of  0- 10 
VDC,  and have a ser vi ce r at i ng of  32 t o 140 degr ees F and 5 t o 95 per cent  
r el at i ve humi di t y.

2. 6   I NDI CATI NG DEVI CES

Al l  i ndi cat i ng devi ces must  di spl ay r eadi ngs i n Engl i sh ( i nch- pound)  uni t s.

2. 6. 1   Ther momet er s

Pr ovi de bi - met al  t ype t her momet er s at  l ocat i ons i ndi cat ed.   Ther momet er s 
must  have ei t her  9 i nch l ong scal es or  3. 5 i nch di amet er  di al s,  wi t h 
i nser t i on,  i mmer si on,  or  aver agi ng el ement s.   Pr ovi de mat chi ng t her mowel l s 
f or  pi pe- mount ed i nst al l at i ons.   Sel ect  scal e r anges sui t abl e f or  t he 
i nt ended ser vi ce,  wi t h t he nor mal  oper at i ng t emper at ur e near  t he scal e' s 
mi dpoi nt .   The t her momet er ' s accur acy must  be pl us or  mi nus 2 per cent  of  
t he scal e r ange.

2. 6. 1. 1   Pi pi ng Syst em Ther momet er s

Pi pi ng syst em t her momet er s must  have br ass,  mal l eabl e i r on or  al umi num 
al l oy case and f r ame,  c l ear  pr ot ect i ve f ace,  per manent l y st abi l i zed gl ass 
t ube wi t h i ndi cat i ng- f l ui d col umn,  whi t e f ace,  bl ack number s,  and a 9 i nch 
scal e.   Pi pi ng syst em t her momet er s must  have an accur acy of  pl us or  mi nus 
1 per cent  of  scal e r ange.   Ther momet er s f or  pi pi ng syst ems must  have r i gi d 
st ems wi t h st r ai ght ,  angul ar ,  or  i ncl i ned pat t er n.   Ther momet er  st ems must  
have expansi on heads as r equi r ed t o pr event  br eakage at  ext r eme 
t emper at ur es.   On r i gi d- st em t her momet er s,  t he space bet ween bul b and st em 
must  be f i l l ed wi t h a heat - t r ansf er  medi um.

2. 6. 1. 2   Ai r - Duct  Ther momet er s

Ai r - duct  t her momet er s must  have per f or at ed st em guar ds and 45- degr ee 
adj ust abl e duct  f l anges wi t h l ocki ng mechani sm.

2. 6. 2   Pr essur e Gauges

Pr ovi de pi pe- mount ed pr essur e gauges at  t he l ocat i ons i ndi cat ed.   Gauges 
must  conf or m t o ASME B40. 100 and have a 4 i nch di amet er  di al  and shut of f  
cock.     Sel ect  scal e r anges sui t abl e f or  t he i nt ended ser vi ce,  wi t h t he 
nor mal  oper at i ng pr essur e near  t he scal e' s mi dpoi nt .   The gauge' s accur acy 
must  be pl us or  mi nus 2 per cent  of  t he scal e r ange.

Gauges must  be sui t abl e f or  f i el d or  panel  mount i ng as r equi r ed,  must  have 
bl ack l egend on whi t e backgr ound,  and must  have a poi nt er  t r avel i ng 
t hr ough a 270- degr ee ar c.   Gauge r ange must  be sui t abl e f or  t he 
appl i cat i on wi t h an upper  end of  t he r ange not  t o exceed 150 per cent  of  
t he desi gn upper  l i mi t .   Accur acy must  be pl us or  mi nus 3 per cent  of  scal e 
r ange.   Gauges must  meet  r equi r ement s of  ASME B40. 100.

2. 6. 3   Low Di f f er ent i al  Pr essur e Gauges

Gauges f or  l ow di f f er ent i al  pr essur e measur ement s must  be a mi ni mum of  3. 5 
i nch ( nomi nal )  s i ze wi t h t wo set s of  pr essur e t aps,  and must  have a 
di aphr agm- act uat ed poi nt er ,  whi t e di al  wi t h bl ack f i gur es,  and poi nt er  
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zer o adj ust ment .   Gauge r ange must  be sui t abl e f or  t he appl i cat i on wi t h an 
upper  end of  t he r ange not  t o exceed 150 per cent  of  t he desi gn upper  
l i mi t .   Accur acy must  be pl us or  mi nus t wo per cent  of  scal e r ange.

2. 7   OUTPUT DEVI CES

2. 7. 1   Act uat or s

Act uat or s must  be el ect r i c ( el ect r oni c)  .   Al l  act uat or s must  be nor mal l y 
open ( NO) ,  nor mal l y c l osed ( NC)  or  f ai l - i n- l ast - posi t i on ( FI LP)  as 
i ndi cat ed.   Nor mal l y open and nor mal l y c l osed act uat or s must  be of  
mechani cal  spr i ng r et ur n t ype.   El ect r i c act uat or s must  have an el ect r oni c 
cut  of f  or  ot her  means t o pr ovi de bur nout  pr ot ect i on i f  st al l ed.   
Act uat or s must  have a v i s i bl e posi t i on i ndi cat or .   Act uat or s must  smoot hl y 
and f ul l y open or  c l ose t he devi ces t o whi ch t hey ar e appl i ed.   El ect r i c 
act uat or s must  have a f ul l  s t r oke r esponse t i me i n bot h di r ect i ons of  90 
seconds or  l ess at  r at ed l oad.   El ect r i c act uat or s must  be of  t he 
f oot - mount ed t ype wi t h an oi l - i mmer sed gear  t r ai n or  t he di r ect - coupl ed 
t ype.   Wher e mul t i pl e el ect r i c act uat or s oper at e f r om a common si gnal ,  t he 
act uat or s must  pr ovi de an out put  s i gnal  i dent i cal  t o i t s i nput  s i gnal  t o 
t he addi t i onal  devi ces.    Al l  act uat or s must  be r at ed f or  t hei r  oper at i ng 
envi r onment .   Act uat or s used out door s must  be desi gned and r at ed f or  
out door  use.   Act uat or s under  cont i nuous exposur e t o wat er ,  such as t hose 
used i n sumps,  must  be submer si bl e.

Act uat or s i ncor por at i ng an i nt egr al  net wor k connect i on ar e consi der ed DDC 
Har dwar e and must  meet  t he DDC Har dwar e r equi r ement s of  Sect i on 23 09 23. 02
 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

2. 7. 1. 1   Damper  Act uat or s

Damper  act uat or s must  pr ovi de t he t or que necessar y per  damper  
manuf act ur er ' s i nst r uct i ons t o modul at e t he damper s smoot hl y over  i t s f ul l  
r ange of  oper at i on and t or que must  be at  l east  6 i nch- pounds/ 1 squar e f oot  
of  damper  ar ea f or  opposed bl ade damper s and 9 i nch- pounds/ 1 squar e f oot  
of  damper  ar ea f or  par al l el  bl ade damper s.

2. 7. 1. 2   El ect r i c Act uat or s

  Each act uat or  must  have di st i nct  mar ki ngs i ndi cat i ng t he f ul l - open and 
f ul l - c l osed posi t i on  Each act uat or  must  del i ver  t he t or que r equi r ed f or  
cont i nuous uni f or m mot i on and must  have i nt er nal  end swi t ches t o l i mi t  t he 
t r avel ,  or  be capabl e of  wi t hst andi ng cont i nuous st al l i ng wi t hout  damage.   
Act uat or s must  f unct i on pr oper l y wi t hi n 85 t o 110 per cent  of  r at ed l i ne 
vol t age.   Pr ovi de act uat or s wi t h har dened st eel  r unni ng shaf t s and gear s 
of  st eel  or  copper  al l oy.   Fi ber  or  r ei nf or ced nyl on gear s may be used f or  
t or ques l ess t han 16 i nch- pounds. .

a.   Two- posi t i on act uat or s must  be si ngl e di r ect i on,  spr i ng r et ur n,  or  
r ever si ng t ype.   Two posi t i on act uat or  s i gnal s may ei t her  be t he 
cont r ol  power  vol t age or  l i ne vol t age as needed f or  t or que or  
appr opr i at e i nt er l ock c i r cui t s.

b.   Modul at i ng act uat or s must  be capabl e of  st oppi ng at  any poi nt  i n t he 
cycl e,  and st ar t i ng i n ei t her  di r ect i on f r om any poi nt .   Act uat or s 
must  be equi pped wi t h a swi t ch f or  r ever si ng di r ect i on,  and a but t on 
t o di sengage t he cl ut ch t o al l ow manual  adj ust ment s.   Pr ovi de t he 
act uat or  wi t h a hand cr ank f or  manual  adj ust ment s,  as appl i cabl e.   
Modul at i ng act uat or  i nput  s i gnal s can ei t her  be a 4 t o 20 mAdc or  a 
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0- 10 VDC si gnal .

c.   Fl oat i ng or  pul se wi dt h modul at i on act uat or s ar e accept abl e f or  
non- f ai l  saf e appl i cat i ons unl ess i ndi cat ed ot her wi se pr ovi ded t hat  
t he f l oat i ng poi nt  cont r ol  ( t i med act uat i on)  must  have a schedul ed 
r e- cal i br at i on of  span and posi t i on no mor e t han once a day and no 
l ess t han once a week.   The schedul e f or  t he r e- cal i br at i on shoul d not  
af f ect  occupi ed condi t i ons and be st agger ed bet ween equi pment  t o 
pr event  f al sel y l oadi ng or  unl oadi ng cent r al  pl ant  equi pment .

2. 7. 2   Sol enoi d- Oper at ed El ect r i c t o Pneumat i c Swi t ch ( EPS)

Sol enoi d- Oper at ed El ect r i c t o Pneumat i c Swi t ches ( EPS)  must  accept  a 
vol t age i nput  t o act uat e i t s ai r  val ve.   Each val ve must  have t hr ee- por t  
oper at i on:   common,  nor mal l y open,  and nor mal l y c l osed.   Each val ve must  
have an out er  cast  al umi num body and i nt er nal  par t s of  br ass,  br onze,  or  
st ai nl ess st eel .   The ai r  connect i on must  be a 0. 38 i nch NPT t hr eaded 
connect i on.   Val ves must  be r at ed f or  50 psi g.

2. 7. 3   El ect r i c t o Pneumat i c Tr ansducer s ( EP)

El ect r i c t o Pneumat i c Tr ansducer s ( EPs)  must  conver t  ei t her  a 4- 20 mAdc 
i nput  s i gnal ,  a 0- 10 Vdc i nput  s i gnal  t o a pr opor t i onal  0 t o 20 psi g 
pneumat i c out put .   The EP must  wi t hst and pr essur es at  l east  150 per cent  of  
t he syst em suppl y ai r  pr essur e ( mai n ai r ) .   EPs must  i ncl ude i ndependent  
of f set  and span adj ust ment .   St eady st at e ai r  consumpt i on must  not  be 
gr eat er  t han 0. 05 scf m.   EPs must  have a manual  adj ust abl e over r i de f or  
t he EP pneumat i c out put .   EPs must  have suf f i c i ent  out put  capaci t y t o 
pr ovi de f ul l  r ange st r oke of  t he act uat ed devi ce i n bot h di r ect i ons wi t hi n 
90 seconds.

2. 7. 4   Rel ays

Rel ays must  have cont act s r at ed f or  t he i nt ended appl i cat i on,  i ndi cat or  
l i ght ,  and dust  pr oof  encl osur e.   The i ndi cat or  l i ght  must  be l i t  when t he 
coi l  i s  ener gi zed and of f  when coi l  i s  not  ener gi zed.

Cont r ol  r el ay cont act s must  have ut i l i zat i on cat egor y and r at i ngs sel ect ed 
f or  t he appl i cat i on.   Each set  of  cont act s must  i ncor por at e a nor mal l y 
open ( NO) ,  nor mal l y c l osed ( NC)  and common cont act .   Rel ays must  be r at ed 
f or  a mi ni mum l i f e of  one mi l l i on oper at i ons.   

2. 8   USER I NPUT DEVI CES

User  I nput  Devi ces,  i ncl udi ng pot ent i omet er s,  swi t ches and moment ar y 
cont act  push- but t ons.   Pot ent i omet er s must  be of  t he t humb wheel  or  
s l i di ng bar  t ype.   Moment ar y Cont act  Push- But t ons may i ncl ude an 
adj ust abl e t i mer  f or  t hei r  out put .   User  i nput  devi ces must  be l abel ed f or  
t hei r  f unct i on.

2. 9   MULTI FUNCTI ON DEVI CES

Mul t i f unct i on devi ces ar e pr oduct s whi ch combi ne t he f unct i ons of  mul t i pl e 
sensor ,  user  i nput  or  out put  devi ces i nt o a s i ngl e pr oduct .   Unl ess 
ot her wi se speci f i ed,  t he mul t i f unct i on devi ce must  meet  al l  r equi r ement s 
of  each component  devi ce.   Wher e t he r equi r ement s f or  t he component  
devi ces conf l i c t ,  t he mul t i f unct i on devi ce must  meet  t he most  st r i ngent  of  
t he r equi r ement s.
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2. 9. 1   Cur r ent  Sensi ng Rel ay Command Swi t ch

The Cur r ent  Sensi ng Rel ay por t i on must  meet  al l  r equi r ement s of  t he 
Cur r ent  Sensi ng Rel ay i nput  devi ce.   The Command Swi t ch por t i on must  meet  
al l  r equi r ement s of  t he Rel ay out put  devi ce except  t hat  i t  must  have at  
l east  one nor mal l y- open ( NO)  cont act .

Cur r ent  Sensi ng Rel ays used f or  Var i abl e Fr equency Dr i ves must  be r at ed 
f or  Var i abl e Fr equency appl i cat i ons unl ess i nst al l ed on t he sour ce si de of  
t he dr i ve.   I f  used i n t hi s s i t uat i on,  t he t hr eshol d f or  showi ng st at us 
must  be set  t o al l ow f or  t he VFD' s cont r ol  power  when t he dr i ve i s not  
enabl ed and pr ovi de i ndi cat i on of  oper at i on when t he dr i ve i s enabl ed at  
mi ni mum speed.

2. 9. 2   Space Sensor  Modul e

Space Sensor  Modul es must  be mul t i f unct i on devi ces i ncor por at i ng a 
t emper at ur e sensor  and one or  mor e of  t he f ol l owi ng as speci f i ed and 
i ndi cat ed on t he Space Sensor  Modul e Schedul e:

a.   A t emper at ur e i ndi cat i ng devi ce.

b.   A User  I nput  Devi ce whi ch must  adj ust  a t emper at ur e set poi nt  out put .

c.   A User  I nput  Moment ar y Cont act  But t on and an out put  t o t he cont r ol  
syst em i ndi cat i ng zone occupancy.

d.   A t hr ee posi t i on User  I nput  Swi t ch l abel ed t o i ndi cat e heat i ng,  
cool i ng and of f  posi t i ons ( ' HEAT- COOL- OFF'  swi t ch)  and pr ovi di ng 
cor r espondi ng out put s t o t he cont r ol  syst em.  

e.   A t wo posi t i on User  I nput  Swi t ch l abel ed wi t h ' AUTO'  and ' ON'  
posi t i ons and pr ovi di ng cor r espondi ng out put  t o t he cont r ol  syst em. .

f .   A mul t i - posi t i on User  I nput  Swi t ch wi t h ' OFF'  and at  l east  t wo f an 
speed posi t i ons and pr ovi di ng cor r espondi ng out put s t o t he cont r ol  
syst em.

Space Sensor  Modul es cannot  cont ai n mer cur y ( Hg) .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Gener al  I nst al l at i on Requi r ement s

Per f or m t he i nst al l at i on under  t he super vi s i on of  compet ent  t echni c i ans 
r egul ar l y empl oyed i n t he i nst al l at i on of  DDC syst ems.

3. 1. 1. 1   Devi ce Mount i ng Cr i t er i a

Al l  devi ces must  be i nst al l ed i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons and as speci f i ed and i ndi cat ed.   Cont r ol  devi ces t o be 
i nst al l ed i n pi pi ng and duct wor k must  be pr ovi ded wi t h r equi r ed gasket s,  
f l anges,  t her mal  compounds,  i nsul at i on,  pi pi ng,  f i t t i ngs,  and manual  
val ves f or  shut of f ,  equal i zat i on,  pur gi ng,  and cal i br at i on.   St r ap- on 
t emper at ur e sensi ng el ement s must  not  be used except  as speci f i ed.   Spar e 
t her mowel l s must  be i nst al l ed adj acent  t o each t her mowel l  cont ai ni ng a 
sensor  and as i ndi cat ed.   Devi ces l ocat ed out door s must  have a 
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weat her shi el d.

3. 1. 1. 2   Label s and Tags

Mat ch l abel s and t ags t o t he uni que i dent i f i er s i ndi cat ed on t he As- Bui l t  
dr awi ngs.   Label  al l  encl osur es and i nst r ument at i on.   Tag al l  sensor s and 
act uat or s i n mechani cal  r ooms.   Tag ai r f l ow measur ement  ar r ays t o show 
f l ow r at e r ange f or  s i gnal  out put  r ange,  duct  s i ze,  and pi t ot  t ube AFMA 
f l ow coef f i c i ent .   Tag duct  st at i c pr essur e t aps at  t he l ocat i on of  t he 
pr essur e t ap.   Pr ovi de pl ast i c or  met al  t ags,  mechani cal l y at t ached 
di r ect l y t o each devi ce or  at t ached by a met al  chai n or  wi r e.   Label s 
ext er i or  t o pr ot ect i ve encl osur es must  be engr aved pl ast i c and 
mechani cal l y at t ached t o t he encl osur e or  i nst r ument at i on.   Label s i nsi de 
pr ot ect i ve encl osur es may at t ached usi ng adhesi ve,  but  must  not  be hand 
wr i t t en.

3. 1. 2   Weat her shi el d

Pr ovi de weat her shi el ds f or  sensor s l ocat ed out door s.   I nst al l  
weat her shi el ds such t hat  t hey pr event  t he sun f r om di r ect l y st r i k i ng t he 
sensor  and pr event  r ai n f r om di r ect l y st r i k i ng or  dr i ppi ng ont o t he 
sensor .   I nst al l  weat her  shi el ds wi t h adequat e vent i l at i on so t hat  t he 
sensi ng el ement  r esponds t o t he ambi ent  condi t i ons of  t he sur r oundi ngs.     
When i nst al l i ng weat her shi el ds near  out si de ai r  i nt ake duct s,  i nst al l  t hem 
such t hat  nor mal  out si de ai r  f l ow does not  cause r ai nwat er  t o st r i ke t he 
sensor .   

3. 1. 3   Room I nst r ument  Mount i ng

Mount  r oom i nst r ument s,  i ncl udi ng but  not  l i mi t ed t o wal l  mount ed 
non- adj ust abl e space sensor  modul es and sensor s l ocat ed i n occupi ed spaces,
 48 i nches above t he f l oor  unl ess ot her wi se i ndi cat ed.   I nst al l  adj ust abl e 
devi ces t o be ADA compl i ant  unl ess ot her wi se i ndi cat ed on t he Room Sensor  
Schedul e:

a.   Space Sensor  Modul es f or  Fan Coi l  Uni t s may be ei t her  uni t  or  wal l  
mount ed but  not  mount ed on an ext er i or  wal l .

b.   Wal l  mount  al l  ot her  Space Sensor  Modul es.

3. 1. 4   I ndi cat i on Devi ces I nst al l ed i n Pi pi ng and Li qui d Syst ems

Pr ovi de snubber s f or  gauges i n pi pi ng syst ems subj ect  t o pul sat i on.   For  
gauges f or  st eam ser vi ce use pi gt ai l  f i t t i ngs wi t h cock.   I nst al l  
t her momet er s and t emper at ur e sensi ng el ement s i n l i qui d syst ems i n 
t her mowel l s.  Pr ovi de spar e Pr essur e/ Temper at ur e Por t s ( Pet e' s Pl ug)  f or  
al l  t emper at ur e and pr essur e sensi ng el ement s i nst al l ed i n l i qui d syst ems 
f or  cal i br at i on/ t est i ng.

3. 1. 5   Swi t ches

3. 1. 5. 1   Temper at ur e Li mi t  Swi t ch

Pr ovi de a t emper at ur e l i mi t  swi t ch ( f r eezest at )  t o sense t he t emper at ur e 
at  t he l ocat i on i ndi cat ed.  Pr ovi de a suf f i c i ent  number  of  t emper at ur e 
l i mi t  swi t ches ( f r eezest at s)  t o pr ovi de compl et e cover age of  t he duct  
sect i on but  no l ess t han 1 f oot  i n l engt h per  squar e f oot  of  cr oss 
sect i onal  ar ea.   I nst al l  manual  r eset  l i mi t  swi t ches i n appr oved,  
accessi bl e l ocat i ons wher e t hey can be r eset  easi l y.   I nst al l  t emper at ur e 
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l i mi t  swi t ch ( f r eezest at )  sensi ng el ement s i n a s i de- t o- si de ( not  
t op- t o- bot t om)  ser pent i ne pat t er n wi t h t he r el ay sect i on at  t he hi ghest  
poi nt  and i n accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons.

3. 1. 5. 2   Hand- Of f  Aut o Swi t ches

Wi r e saf et y cont r ol s such as smoke det ect or s and f r eeze pr ot ect i on 
t her most at s t o pr ot ect  t he equi pment  dur i ng bot h hand and aut o oper at i on.

3. 1. 6   Temper at ur e Sensor s

I nst al l  t emper at ur e sensor s i n l ocat i ons t hat  ar e accessi bl e and pr ovi de a 
good r epr esent at i on of  sensed medi a.   I nst al l at i ons i n dead spaces ar e not  
accept abl e.   Cal i br at e and i nst al l  sensor s accor di ng t o manuf act ur er ’ s 
i nst r uct i ons.   Sel ect  sensor s onl y f or  i nt ended appl i cat i on as desi gnat ed 
or  r ecommended by manuf act ur er .

3. 1. 6. 1   Room Temper at ur e Sensor s

Mount  t he sensor s on i nt er i or  wal l s t o sense t he aver age r oom t emper at ur e 
at  t he l ocat i ons i ndi cat ed.   Avoi d l ocat i ons near  heat  sour ces such as 
copy machi nes or  l ocat i ons by suppl y ai r  out l et  dr af t s.   Mount  t he cent er  
of  al l  user - adj ust abl e sensor s 48 i nches above t he f l oor  t o meet  ADA 
r equi r ement s.   Non user - adj ust abl e sensor s can be mount ed as i ndi cat ed i n 
par agr aph ROOM I NSTRUMENT MOUNTI NG.

3. 1. 6. 2   Duct  Temper at ur e Sensor s

3. 1. 6. 2. 1   Pr obe Type

Pl ace t i p of  t he sensor  i n t he mi ddl e of  t he ai r st r eam or  i n accor dance 
wi t h manuf act ur er ' s r ecommendat i ons or  i nst r uct i ons. Pr ovi de a gasket  
bet ween t he sensor  housi ng and t he duct  wal l .   Seal  t he duct  penet r at i on 
ai r  t i ght .   When i nst al l ed i n i nsul at ed duct ,  pr ovi de encl osur e or  st and 
of f  f i t t i ng t o accommodat e t he t hi ckness of  duct  i nsul at i on t o al l ow f or  
mai nt enance or  r epl acement  of  t he sensor  and wi r i ng t er mi nat i ons.   Seal  
t he duct  i nsul at i on penet r at i on vapor  t i ght .

3. 1. 6. 2. 2   Aver agi ng Type

Weave t he sensi ng el ement  i n a ser pent i ne f ashi on f r om si de t o s i de 
per pendi cul ar  t o t he f l ow,  acr oss t he duct  or  ai r  handl er  cr oss- sect i on,  
usi ng dur abl e non- met al  suppor t s i n accor dance wi t h manuf act ur er ' s 
i nst al l at i on i nst r uct i ons.   Avoi d t i ght  r adi us bends or  k i nki ng of  t he 
sensi ng el ement .   Pr event  cont act  bet ween t he sensi ng el ement  and t he duct  
or  ai r  handl er  i nt er nal s.   Pr ovi de a duct  access door  at  t he sensor  
l ocat i on.   The access door  must  be hi nged on t he si de,  f act or y i nsul at ed,  
have cam t ype l ocks,  and be as l ar ge as t he duct  wi l l  per mi t ,  maxi mum 18 
by 18 i nches.   For  sensor s i nsi de ai r  handl er s,  t he sensor s must  be f ul l y 
accessi bl e t hr ough t he ai r  handl er ' s access door s wi t hout  r emovi ng any of  
t he ai r  handl er ' s i nt er nal s.

3. 1. 6. 3   I mmer si on Temper at ur e Sensor s

Pr ovi de t her mowel l s f or  sensor s measur i ng pi pi ng,  t ank,  or  pr essur e vessel  
t emper at ur es.   Locat e wel l s t o sense cont i nuous f l ow condi t i ons.   Do not  
i nst al l  wel l s usi ng ext ensi on coupl i ngs.   When i nst al l ed on i nsul at ed 
pi pi ng,  pr ovi de st and encl osur e or  st and of f  f i t t i ng t o accommodat e t he 
t hi ckness of  t he pi pe i nsul at i on and al l ow f or  mai nt enance or  r epl acement  
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of  t he sensor  or  wi r i ng t er mi nat i ons.   Wher e pi pi ng di amet er s ar e smal l er  
t han t he l engt h of  t he wel l s,  pr ovi de wel l s i n pi pi ng at  el bows t o sense 
f l ow acr oss ent i r e ar ea of  wel l .   Wel l s must  not  r est r i ct  f l ow ar ea t o 
l ess t han 70 per cent  of  pi pe ar ea.   I ncr ease pi pi ng si ze as r equi r ed t o 
avoi d r est r i ct i on.   Pr ovi de t he sensor  wel l  wi t h a heat - sensi t i ve t r ansf er  
agent  bet ween t he sensor  and t he wel l  i nt er i or  ensur i ng cont act  bet ween 
t he sensor  and t he wel l .

3. 1. 6. 4   Out si de Ai r  Temper at ur e Sensor s

Pr ovi de out si de ai r  t emper at ur e sensor s on t he bui l di ng' s nor t h s i de wi t h 
a pr ot ect i ve weat her  shade t hat  does not  i nhi bi t  f r ee ai r  f l ow acr oss t he 
sensi ng el ement ,  and pr ot ect s t he sensor  f r om snow,  i ce,  and r ai n.   
Locat i on must  not  be near  exhaust  hoods and ot her  ar eas such t hat  i t  i s  
not  i nf l uenced by r adi at i on or  convect i on sour ces whi ch may af f ect  t he 
r eadi ng.   Pr ovi de a shi el d t o shade t he sensor  f r om di r ect  sunl i ght .

3. 1. 7   Met er s

3. 1. 7. 1   Fl owmet er s

I nst al l  f l owmet er s t o ensur e mi ni mum st r ai ght  unobst r uct ed pi pi ng f or  at  
l east  10 pi pe di amet er s upst r eam and at  l east  5 pi pe di amet er s downst r eam 
of  t he f l owmet er ,  and i n accor dance wi t h t he manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.

3. 1. 8   Damper s

3. 1. 8. 1   Damper  Act uat or s

Pr ovi de spr i ng r et ur n act uat or s whi ch f ai l  t o a posi t i on t hat  pr ot ect s t he 
ser ved equi pment  and space on al l  cont r ol  damper s r el at ed t o f r eeze 
pr ot ect i on or  f or ce pr ot ect i on.   For  al l  out s i de,  makeup and r el i ef  
damper s pr ovi de damper s whi ch f ai l  c l osed.    Do not  mount  act uat or s i n t he 
ai r  st r eam.   Do not  connect  mul t i pl e act uat or s t o a common dr i ve shaf t .   
I nst al l  act uat or s so t hat  t hei r  act i on seal  t he damper  t o t he ext ent  
r equi r ed t o mai nt ai n l eakage at  or  bel ow t he speci f i ed r at e and so t hat  
t hey move t he bl ades smoot hl y t hr oughout  t he f ul l  r ange of  mot i on.

3. 1. 8. 2   Damper  I nst al l at i on

I nst al l  damper s st r ai ght  and t r ue,  l evel  i n al l  pl anes,  and squar e i n al l  
di mensi ons.   Damper s must  move f r eel y wi t hout  undue st r ess due t o 
t wi st i ng,  r acki ng ( par al l el ogr ammi ng) ,  bowi ng,  or  ot her  i nst al l at i on 
er r or .   Ext er nal  l i nkages must  oper at e smoot hl y over  t he ent i r e r ange of  
mot i on,  wi t hout  def or mat i on or  s l i ppi ng of  any connect i ng r ods,  j oi nt s or  
br acket s t hat  wi l l  pr event  a r et ur n t o i t ' s  nor mal  posi t i on.   Bl ades must  
c l ose compl et el y and l eakage must  not  exceed t hat  speci f i ed at  t he r at ed 
st at i c pr essur e.   Pr ovi de st r uct ur al  suppor t  f or  mul t i - sect i on damper s.   
Accept abl e met hods of  st r uct ur al  suppor t  i ncl ude but  ar e not  l i mi t ed t o 
U- channel ,  angl e i r on,  cor ner  angl es and bol t s,  bent  gal vani zed st eel  
st i f f ener s,  s l eeve at t achment s,  br aces,  and bui l di ng st r uct ur e.   Wher e 
mul t i - sect i on damper s ar e i nst al l ed i n duct s or  s l eeves,  t hey must  not  sag 
due t o l ack of  suppor t .   Do not  use j ackshaf t s t o l i nk mor e t han t hr ee 
damper  sect i ons.   Do not  use bl ade t o bl ade l i nkages.   I nst al l  out s i de and 
r et ur n ai r  damper s such t hat  t hei r  bl ades di r ect  t hei r  r espect i ve ai r  
st r eams t owar ds each ot her  t o pr ovi de f or  maxi mum mi xi ng of  ai r  st r eams.
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3. 1. 9   Ther momet er s

3. 1. 9. 1   Ther momet er s

Mount  devi ces t o al l ow r eadi ng whi l e st andi ng on t he f l oor  or  gr ound,  as 
appl i cabl e.

3. 1. 10   Wi r e and Cabl e

Pr ovi de compl et e el ect r i cal  wi r i ng f or  t he Cont r ol  Syst em,  i ncl udi ng 
wi r i ng t o t r ansf or mer  pr i mar i es.  Wi r e and Cabl e must  be i nst al l ed wi t hout  
spl i ces bet ween cont r ol  devi ces and i n accor dance wi t h NFPA 70 and NFPA 90A.   
I nst r ument at i on gr oundi ng must  be i nst al l ed per  t he devi ce manuf act ur er ' s 
i nst r uct i ons and as necessar y t o pr event  gr ound l oops,  noi se,  and sur ges 
f r om adver sel y af f ect i ng oper at i on of  t he syst em.   Test  i nst al l ed gr ound 
r ods as speci f i ed i n I EEE 142.   Cabl es and conduct or  wi r es must  be t agged 
at  bot h ends,  wi t h t he i dent i f i er  i ndi cat ed on t he shop dr awi ngs.   
El ect r i cal  wor k must  be as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM and as i ndi cat ed.   Wi r i ng ext er nal  t o encl osur es must  
be r un i n r aceways

I nst al l  cont r ol  c i r cui t  wi r i ng not  i n r aceways i n a neat  and saf e manner .   
Wi r i ng must  not  use t he suspended cei l i ng syst em ( i ncl udi ng t i l es,  f r ames 
or  hanger s)  f or  suppor t .   Wher e condui t  or  r aceways ar e r equi r ed,  cont r ol  
c i r cui t  wi r i ng must  not  r un i n t he same condui t / r aceway as power  wi r i ng 
over  50 vol t s.   Run al l  c i r cui t s over  50 vol t s i n condui t ,  met al l i c  
t ubi ng,  cover ed met al  r aceways,  or  ar mor ed cabl e.

        - -  End of  Sect i on - -
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SECTI ON 23 09 23. 02

BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS
02/ 19,  CHG 1:  02/ 20

PART 1   GENERAL

1. 1   SUMMARY

Pr ovi de a compl et e Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em sui t abl e f or  t he 
cont r ol  of  t he heat i ng,  vent i l at i ng and ai r  condi t i oni ng ( HVAC)  and ot her  
bui l di ng- l evel  syst ems as speci f i ed and shown and i n accor dance wi t h 
Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

1. 1. 1   Syst em Requi r ement s

Pr ovi de a syst em meet i ng t he r equi r ement s of  bot h Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on and wi t h t he 
f ol l owi ng char act er i st i cs:

a.   Except  f or  Gat eways,  t he cont r ol  syst em must  be an open i mpl ement at i on 
of  BACnet  t echnol ogy usi ng ASHRAE 135 and Fox as t he communi cat i ons 
pr ot ocol s.   The syst em must  use st andar d ASHRAE 135 Obj ect s and 
Pr oper t i es and t he Ni agar a Fr amewor k.   The syst em must  use st andar d 
ASHRAE 135 Ser vi ces and t he Ni agar a Fr amewor k excl usi vel y f or  
communi cat i on over  t he net wor k.   Gat eways t o packaged uni t s must  
communi cat e wi t h ot her  DDC har dwar e usi ng  ASHRAE 135 or  t he Fox 
pr ot ocol   excl usi vel y and may communi cat e wi t h packaged equi pment  
usi ng ot her  pr ot ocol s.  The cont r ol  syst em must  be i nst al l ed such t hat  
any t wo ASHRAE 135 devi ces on t he I nt er net wor k can communi cat e usi ng 
st andar d ASHRAE 135 Ser vi ces.

b.   I nst al l  and conf i gur e cont r ol  har dwar e t o pr ovi de ASHRAE 135 Obj ect s 
and Pr oper t i es or  Ni agar a Fr amewor k Obj ect sas i ndi cat ed and as needed 
t o meet  t he r equi r ement s of  t hi s speci f i cat i on.

c.   Use Ni agar a Fr amewor k har dwar e and sof t war e excl usi vel y f or  
schedul i ng,  t r endi ng,  and communi cat i on wi t h a f r ont  end ( UMCS) .   Use 
Ni agar a Fr amewor k or  st andar d BACnet  Obj ect s and ser vi ces f or  
al ar mi ng.   Use t he Fox pr ot ocol  f or  al l  communi cat i on bet ween Ni agar a 
Fr amewor k Super vi sor y Gat eways;  use t he ASHRAE 135 pr ot ocol  f or  al l  
ot her  bui l di ng communi cat i on.  

d.   Use Ni agar a Fr amewor k Ver si on 4. 0 or  l at er .

1. 1. 2   Ver i f i cat i on of  Speci f i cat i on Requi r ement s

Revi ew al l  speci f i cat i ons r el at ed t o t he cont r ol  syst em i nst al l at i on and 
advi se t he Cont r act i ng Of f i cer  of  any di scr epanci es bef or e per f or mi ng any 
wor k.   I f  Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC or  any 
ot her  Sect i on r ef er enced i n t hi s speci f i cat i on i s not  i ncl uded i n t he 
pr oj ect  speci f i cat i ons advi se t he Cont r act i ng Of f i cer  and ei t her  obt ai n 
t he mi ssi ng Sect i on or  obt ai n Cont r act i ng Of f i cer  appr oval  bef or e 
per f or mi ng any wor k.

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
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ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
2021;  Addenda CD 2021;  Addenda BV- CE 2022;  
I nt er pr et at i on 9- 12 2022;  I nt er pr et at i on 
13- 17 2023;  Addenda BV- CF 2023;  Er r at a 3 
2023)  BACnet —A Dat a Communi cat i on Pr ot ocol  
f or  Bui l di ng Aut omat i on and Cont r ol  
Net wor ks

BACNET I NTERNATI ONAL ( BTL)

BTL Gui de ( v. 49;  2017)  BACnet  Test i ng Labor at or y 
I mpl ement at i on Gui del i nes

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 3 ( 2022)  Et her net

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 485 ( 1998a;  R 2012)  El ect r i cal  Char act er i st i cs 
of  Gener at or s and Recei ver s f or  Use i n 
Bal anced Di gi t al  Mul t i poi nt  Syst ems

TRI DI UM,  I NC ( TRI DI UM)

Ni agar a Fr amewor k ( 2012)  Ni agar aAX User ' s Gui de

Tr i di um Open Ni CS ( 2005)  Under st andi ng t he Ni agar aAX 
Compat i bi l i t y  St at ement  ( Ni CS)

U. S.  FEDERAL COMMUNI CATI ONS COMMI SSI ON ( FCC)

FCC Par t  15 Radi o Fr equency Devi ces ( 47 CFR 15)

UNDERWRI TERS LABORATORI ES ( UL)

UL 916 ( 2015;  Repr i nt  Oct  2021)  UL St andar d f or  
Saf et y Ener gy Management  Equi pment

1. 3   DEFI NI TI ONS

For  def i ni t i ons r el at ed t o t hi s sect i on,  see Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.

1. 4   SUBMI TTALS

Submi t t al  r equi r ement s r el at ed t o t hi s Sect i on ar e speci f i ed i n Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

PART 2   PRODUCTS

Al l  pr oduct s used t o meet  t hi s speci f i cat i on must  meet  t he i ndi cat ed 
r equi r ement s,  but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by 
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ever y pr oj ect .   Al l  pr oduct s must  meet  t he r equi r ement s bot h Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on.

2. 1   NETWORK HARDWARE

2. 1. 1   BACnet  Rout er

Al l  BACnet  Rout er s must  be BACnet / I P Rout er s and must  per f or m l ayer  3 
r out i ng of  ASHRAE 135 packet s over  an I P net wor k i n accor dance wi t h 
ASHRAE 135 Annex J and Cl ause 6.   The r out er  must  pr ovi de t he appr opr i at e 
connect i on t o t he I P net wor k and connect i ons t o one or  mor e ASHRAE 135 
MS/ TP net wor ks.    Devi ces used as BACnet  Rout er s must  meet  t he 
r equi r ement s f or  DDC Har dwar e,  and except  f or  Ni agar a Fr amewor k 
Super vi sor y Gat eways,  devi ces used as BACnet  r out er s must  suppor t  t he 
NM- RC- B BI BB.

2. 1. 2   BACnet  Gat eways

I n addi t i on t o t he r equi r ement s f or  DDC Har dwar e,  t he BACnet  Gat eway must  
be a Ni agar a Fr amewor k Super vi sor y Gat eway or  must  meet  t he f ol l owi ng 
r equi r ement s:

a.   I t  must  per f or m bi - di r ect i onal  pr ot ocol  t r ansl at i on f r om one non-
ASHRAE 135 pr ot ocol  t o ASHRAE 135.    BACnet  Gat eways must  i ncor por at e 
a net wor k connect i on t o an ASHRAE 135 net wor k ( ei t her  BACnet  over  I P 
i n accor dance wi t h Annex J or  MS/ TP)  and a separ at e connect i on 
appr opr i at e f or  t he non- ASHRAE 135 pr ot ocol  and medi a.

b.   I t  must  r et ai n i t s conf i gur at i on af t er  a power  l oss of  an i ndef i ni t e 
t i me,  and must  aut omat i cal l y r et ur n t o t hei r  pr e- power  l oss st at e once 
power  i s r est or ed.

c.   I t  must  al l ow bi - di r ect i onal  mappi ng of  dat a bet ween t he non- ASHRAE 135
 pr ot ocol  and St andar d Obj ect s as def i ned i n ASHRAE 135.   I t  must  
suppor t  t he DS- RP- B BI BB f or  Obj ect s r equi r i ng r ead access and t he 
DS- WP- B BI BB f or  Obj ect s r equi r i ng wr i t e access.

d.   I t  must  suppor t  t he DS- COV- B BI BB.

Al t hough Gat eways must  meet  DDC Har dwar e r equi r ement s ,  except  f or  Ni agar a 
Fr amewor k Super vi sor y Gat eways,  t hey ar e not  DDC Har dwar e and must  not  be 
used when DDC Har dwar e i s r equi r ed.   ( Ni agar a Fr amewor k Super vi sor y 
Gat eways ar e bot h Gat eways and DDC Har dwar e. )

2. 1. 3   Et her net  Swi t ch

Et her net  Swi t ches must  be managed swi t ches and must  aut oconf i gur e bet ween 
10, 100 and 1000 megabi t s per  second ( MBPS) .

2. 2   CONTROL NETWORK WI RI NG

a.   BACnet  MS/ TP communi cat i ons wi r i ng must  be i n accor dance wi t h 
ASHRAE 135.   The wi r i ng must  use shi el ded,  t hr ee wi r e ( t wi st ed- pai r  
wi t h r ef er ence)  cabl e wi t h char act er i st i c i mpedance bet ween 100 and 
120 ohms.  Di st r i but ed capaci t ance bet ween conduct or s must  be l ess t han 
30 pF per  f oot .

b.   Bui l di ng Cont r ol  Net wor k Backbone I P Net wor k must  use Et her net  medi a.   
Et her net  cabl es must  be CAT- 5e at  a mi ni mum and meet  al l  r equi r ement s 
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of  I EEE 802. 3.

2. 3   DI RECT DI GI TAL CONTROL ( DDC)  HARDWARE

2. 3. 1   Gener al  Requi r ement s

Al l  DDC Har dwar e must  meet  t he f ol l owi ng r equi r ement s:  

a.   I t  must  be l ocal l y power ed and must  i ncor por at e a l i ght  t o i ndi cat e 
t he devi ce i s r ecei v i ng power .

b.   I t  must  conf or m t o t he BTL Gui de

c.   I t  must  be BACnet  Test i ng Labor at or y ( BTL)  Li st ed.

d.   The Manuf act ur er ' s Pr oduct  Dat a submi t t al  f or  each pi ece of  DDC 
Har dwar e must  i ncl ude t he Pr ot ocol  I mpl ement at i on Conf or mance 
St at ement  ( PI CS)  f or  t hat  har dwar e as speci f i ed i n Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.

e.   I t  must  communi cat e and be i nt er oper abl e i n accor dance wi t h ASHRAE 135 
and have connect i ons f or  BACnet  I P or  MS/ TP cont r ol  net wor k wi r i ng.

f .   Ot her  t han devi ces cont r ol l i ng t er mi nal  uni t s or  f unct i oni ng sol el y as 
a BACnet  Rout er ,  i t  must  suppor t  DS- COV- B,  DS- RPM- A and DS- RPM- B BI BBs.

g.   Devi ces suppor t i ng t he DS- RP- A BI BB must  al so suppor t  t he DS- COV- A 
BI BB.

h.   Appl i cat i on pr ogr ams,  conf i gur at i on set t i ngs and communi cat i on 
i nf or mat i on must  be st or ed i n a manner  such t hat  t hey per si st  t hr ough 
l oss of  power :

( 1)  Appl i cat i on pr ogr ams must  per si st  r egar dl ess of  t he l engt h of  t i me 
power  i s l ost .

( 2)  Conf i gur ed set t i ngs must  per si st  f or  any l oss of  power  l ess t han 
2, 500 hour s.

( 3)  Communi cat i on i nf or mat i on,  i ncl udi ng but  not  l i mi t ed t o COV 
subscr i pt i ons,  event  r epor t i ng dest i nat i ons,  Not i f i cat i on Cl ass 
Obj ect  set t i ngs,  and i nt er nal  communi cat i on set t i ngs,  must  per si st  
f or  any l oss of  power  l ess t han 2, 500 hour s.

i .   I nt er nal  Cl ocks:

( 1)  Cl ocks i n DDC Har dwar e i ncor por at i ng a Cl ock must  cont i nue t o 
f unct i on f or  120 hour s upon l oss of  power  t o t he DDC Har dwar e.

( 2)  DDC Har dwar e i ncor por at i ng a Cl ock must  suppor t  t he DM- TS- B or  
DM- UTC- B BI BB.

j .   I t  must  have al l  f unct i onal i t y i ndi cat ed and r equi r ed t o suppor t  t he 
appl i cat i on ( Sequence of  Oper at i on or  por t i on t her eof )  i n whi ch i t  i s  
used,  i ncl udi ng but  not  l i mi t ed t o pr ovi di ng Obj ect s or  Ni agar a 
Fr amewor k Poi nt s as speci f i ed and as i ndi cat ed on t he Poi nt s Schedul e.

k.   I n addi t i on t o t hese gener al  r equi r ement s and t he DDC Har dwar e 
I nput - Out put  ( I / O)  Funct i on r equi r ement s,  al l  DDC Har dwar e must  al so 
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meet  any addi t i onal  r equi r ement s f or  t he appl i cat i on i n whi ch i t  i s  
used ( e. g.  schedul i ng,  al ar mi ng,  t r endi ng,  et c. ) .

l .   I t  must  meet  FCC Par t  15 r equi r ement s and have UL 916 or  equi val ent  
saf et y l i s t i ng.

m.   Except  f or  Ni agar a Fr amewor k Super vi sor y Gat eways,  Devi ce must  suppor t  
Commandabl e Obj ect s t o suppor t  Over r i de r equi r ement s as det ai l ed i n 
PART 3 EXECUTI ON

n.  User  i nt er f aces whi ch al l ow f or  modi f i cat i on of  Pr oper t i es or  set t i ngs 
must  be passwor d- pr ot ect ed.

o.   Devi ces communi cat i ng BACnet  MS/ TP must  meet  t he f ol l owi ng 
r equi r ement s:

( 1)  Must  have a conf i gur abl e Max_Mast er  Pr oper t y.

( 2)  DDC Har dwar e ot her  t han har dwar e cont r ol l i ng a s i ngl e t er mi nal  
uni t  must  have a conf i gur abl e Max_I nf o_Fr ames Pr oper t y.

( 3)  Must  r espond t o any val i d r equest  wi t hi n 50 msec wi t h ei t her  t he 
appr opr i at e r esponse or  wi t h a r esponse of  " Repl y Post poned" .  

( 4)  Must  use t wi st ed pai r  wi t h r ef er ence and shi el d ( 3- wi r e medi a)  
wi r i ng,  or  t wi st ed pai r  wi t h shi el d ( 2- wi r e medi a)  wi r i ng and use 
hal f - wave r ect i f i cat i on.

p.   Devi ces communi cat i ng BACnet / I P must  use UDP Por t  0xBAC0.   Devi ces 
wi t h conf i gur abl e UDP Por t s must  def aul t  t o 0xBAC0.

q.   Al l  Devi ce I Ds,  Net wor k Number s,  and BACnet  MAC addr esses of  devi ces 
must  be f ul l y conf i gur abl e wi t hout  l i mi t at i on,  except  MS/ TP MAC 
addr esses may be l i mi t ed by ASHRAE 135 r equi r ement s.

r .   Except  f or  Ni agar a Fr amewor k Super vi sor y Gat eways,  DDC Har dwar e 
cont r ol l i ng a s i ngl e t er mi nal  uni t  must  have:

( 1)  Obj ect s ( i ncl udi ng t he Devi ce Obj ect )  wi t h an Obj ect  Name Pr oper t y 
of  at  l east  8 char act er s i n l engt h.

( 2)  A conf i gur abl e Devi ce Obj ect  Name.

( 3)  A conf i gur abl e Devi ce Obj ect  Descr i pt i on Pr oper t y at  l east  16 
char act er s i n l engt h.

s.   Except  f or  Obj ect s i n ei t her  Ni agar a Fr amewor k Super vi sor y Gat eways or  
DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  al l  Obj ect s 
( i ncl udi ng Devi ce Obj ect s)  must :

( 1)   Have a conf i gur abl e Obj ect  Name Pr oper t y of  at  l east  12 
char act er s i n l engt h.

( 2)  Have a conf i gur abl e Obj ect  Descr i pt i on Pr oper t y of  at  l east  24 
char act er s i n l engt h.

t .   For  pr ogr ammabl e DDC Har dwar e,  pr ovi de and l i cense t o t he pr oj ect  s i t e 
al l  pr ogr ammi ng sof t war e r equi r ed t o pr ogr am t he Har dwar e i n 
accor dance wi t h Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.  
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u.   For  pr ogr ammabl e DDC Har dwar e,  pr ovi de copi es of  t he i nst al l ed 
appl i cat i on pr ogr ams ( al l  sof t war e t hat  i s not  common t o ever y 
cont r ol l er  of  t he same manuf act ur er  and model )  as sour ce code 
compat i bl e wi t h t he suppl i ed pr ogr ammi ng sof t war e i n accor dance wi t h 
Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.   The submi t t ed 
appl i cat i on pr ogr am must  be t he compl et e appl i cat i on necessar y f or  
cont r ol l er  t o f unct i on as i nst al l ed and be suf f i c i ent  t o al l ow 
r epl acement  of  t he i nst al l ed cont r ol l er  wi t h anot her  cont r ol l er  of  t he 
same t ype.

2. 3. 2   Har dwar e I nput - Out put  ( I / O)  Funct i ons

DDC Har dwar e i ncor por at i ng har dwar e i nput - out put  ( I / O)  f unct i ons must  meet  
t he f ol l owi ng r equi r ement s:

2. 3. 2. 1   Anal og I nput s

DDC Har dwar e anal og i nput s ( AI s)  must  be i mpl ement ed usi ng ASHRAE 135 
Anal og I nput  Obj ect s and per f or m anal og t o di gi t al  ( A- t o- D)  conver si on 
wi t h a mi ni mum r esol ut i on of  8 bi t s pl us s i gn or  bet t er  as needed t o meet  
t he accur acy r equi r ement s speci f i ed i n Sect i on 23 09 00.   Si gnal  
condi t i oni ng i ncl udi ng t r ansi ent  r ej ect i on must  be pr ovi ded f or  each 
anal og i nput .   Anal og i nput s must  be capabl e of  bei ng i ndi v i dual l y 
cal i br at ed f or  zer o and span.   Cal i br at i on v i a sof t war e scal i ng per f or med 
as par t  of  poi nt  conf i gur at i on i s accept abl e.   The AI  must  i ncor por at e 
common mode noi se r ej ect i on of  at  l east  50 dB f r om 0 t o 100 Hz f or  
di f f er ent i al  i nput s,  and nor mal  mode noi se r ej ect i on of  at  l east  20 dB at  
60 Hz f r om a sour ce i mpedance of  10, 000 ohms.

2. 3. 2. 2   Anal og Out put s

DDC Har dwar e anal og out put s ( AOs)  must  be i mpl ement ed usi ng ASHRAE 135 
Anal og Out put  Obj ect s and per f or m di gi t al  t o anal og ( D- t o- A)  conver si on 
wi t h a mi ni mum r esol ut i on of  8 bi t s pl us s i gn,  and out put  a s i gnal  wi t h a 
r ange of  4- 20 mAdc or  0- 10 Vdc.   Anal og out put s must  be capabl e of  bei ng 
i ndi v i dual l y cal i br at ed f or  zer o and span.   Cal i br at i on v i a sof t war e 
scal i ng per f or med as par t  of  poi nt  conf i gur at i on i s accept abl e.  DDC 
Har dwar e wi t h Hand- Of f - Aut o ( H- O- A)  swi t ches f or  anal og out put s must  
pr ovi de f or  over r i di ng t he out put  t o 0 per cent  and t o 100 per cent

2. 3. 2. 3   Bi nar y I nput s

DDC Har dwar e bi nar y i nput s ( BI s)  must  be i mpl ement ed usi ng ASHRAE 135 
Bi nar y I nput  Obj ect s and accept  cont act  c l osur es and must  i gnor e 
t r ansi ent s of  l ess t han 5 mi l l i - second dur at i on.   Pr ot ect i on agai nst  a 
t r ansi ent  50VAC must  be pr ovi ded.

2. 3. 2. 4   Bi nar y Out put s

DDC Har dwar e bi nar y out put s ( BOs)  must  be i mpl ement ed usi ng ASHRAE 135 
Bi nar y Out put  Obj ect s and pr ovi de r el ay cont act  c l osur es or  t r i ac out put s 
f or  moment ar y and mai nt ai ned oper at i on of  out put  devi ces.  DDC Har dwar e 
wi t h H- O- A swi t ches f or  bi nar y out put s must  pr ovi de f or  over r i di ng t he 
out put  open or  c l osed.

2. 3. 2. 4. 1   Rel ay Cont act  Cl osur es

Cl osur es must  have a mi ni mum dur at i on of  0. 1 second.   Rel ays must  pr ovi de 
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at  l east  180V of  i sol at i on.   El ect r omagnet i c i nt er f er ence suppr essi on must  
be pr ovi ded on al l  out put  l i nes t o l i mi t  t r ansi ent s t o 50 Vac.   Mi ni mum 
cont act  r at i ng must  be 0. 5 amper es at  24 Vac.

2. 3. 2. 4. 2   Tr i ac Out put s

Tr i ac out put s must  pr ovi de at  l east  180 V of  i sol at i on.   Mi ni mum cont act  
r at i ng must  be 0. 5 amper es at  24 Vac.

2. 3. 2. 5   Pul se Accumul at or

DDC Har dwar e pul se accumul at or s must  be i mpl ement ed usi ng ei t her  an 
ASHRAE 135 Accumul at or  Obj ect  or  an  ASHRAE 135 Anal og Val ue Obj ect  wher e 
t he Pr esent _Val ue i s t he t ot al i zed pul se count .   Pul se accumul at or s must  
accept  cont act  c l osur es,  i gnor e t r ansi ent s l ess t han 5 msec dur at i on,  
pr ot ect  agai nst
t r ansi ent s of  50 VAC,  and accept  r at es of  at  l east  20 pul ses per  second.

2. 3. 2. 6   ASHRAE 135 Obj ect s f or  Har dwar e I nput s and Out put s

The r equi r ement s f or  use of  ASHRAE 135 obj ect s f or  har dwar e i nput  and 
out put s i ncl udes devi ces wher e t he har dwar e sensor  or  act uat or  i s i nt egr al  
t o t he cont r ol l er  ( e. g.  a VAV box wi t h i nt egr al  damper  act uat or ,  a smar t  
sensor ,  a VFD,  et c. )

2. 3. 3   Local  Di spl ay Panel  ( LDP)

The Local  Di spl ay Panel s ( LDPs)  must  be DDC Har dwar e wi t h a di spl ay and 
navi gat i on but t ons or  a t ouch scr een di spl ay,  and must  pr ovi de di spl ay and 
adj ust ment  of  Ni agar a Fr amewor k poi nt s or  ASHRAE 135  Pr oper t i es as 
i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed.   LDPs must  be ei t her  
BTL Li st ed as a B- OD,  B- OWS,  B- AWS,  or  be an i nt egr al  par t  of  anot her  
pi ece of  DDC Har dwar e l i s t ed as a B- BC.   For  LDPs l i s t ed as B- OWS or  
B- AWS,  t he har dwar e must  be BTL l i s t ed and t he pr oduct  must  come f act or y 
i nst al l ed wi t h al l  appl i cat i ons necessar y f or  t he devi ce t o f unct i on as an 
LDP.   

The adj ust ment  of  val ues usi ng di spl ay and navi gat i on but t ons must  be 
passwor d pr ot ect ed.

2. 3. 4   Expansi on Modul es and Tet her ed Har dwar e

A si ngl e pi ece of  DDC Har dwar e may consi st  of  a base uni t  and al so:

a.   An unl i mi t ed number  of  har dwar e expansi on modul es,  wher e t he 
i ndi v i dual  har dwar e expansi on modul es ar e desi gned t o di r ect l y 
connect ,  bot h mechani cal l y and el ect r i cal l y,  t o t he base uni t  
har dwar e.   The expansi on modul es must  be commer ci al l y avai l abl e as an 
opt i onal  add- on t o t he base uni t .

b.   A s i ngl e pi ece of  har dwar e connect ed ( t et her ed)  t o a base uni t  by a 
s i ngl e cabl e wher e t he cabl e car r i es a pr opr i et ar y pr ot ocol  bet ween 
t he base uni t  and t et her ed har dwar e.  The t et her ed har dwar e must  not  
cont ai n cont r ol  l ogi c and be commer ci al l y avai l abl e as an opt i onal  
add- on t o t he base uni t  as a s i ngl e package.  

Not e t hat  t hi s r est r i ct i on on t et her ed har dwar e does not  appl y t o 
sensor s or  act uat or s usi ng st andar d bi nar y or  anal og si gnal s ( not  a 
communi cat i ons pr ot ocol ) ;   sensor s or  act uat or s usi ng st andar d bi nar y 
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or  anal og si gnal s ar e not  consi der ed par t  of  t he DDC Har dwar e.

Har dwar e capabl e of  bei ng i nst al l ed st and- al one,  or  wi t hout  a separ at e 
base uni t ,  i s  DDC Har dwar e and must  not  be used as expansi on modul es or  
t et her ed har dwar e.

2. 3. 5   Super vi sor y Cont r ol  Requi r ement s

2. 3. 5. 1   Al ar m Gener at i on Har dwar e

Non- Ni agar a Fr amewor k DDC Har dwar e used f or  al ar m gener at i on must  meet  t he 
f ol l owi ng r equi r ement s:

a.   Devi ce must  suppor t  t he AE- N- I - B BI BB

b.   The Reci pi ent _Li st  Pr oper t y must  be Wr i t abl e f or  al l  Not i f i cat i on 
Cl ass Obj ect s used f or  al ar m gener at i on.

c.   For  al l  Obj ect s i mpl ement i ng I nt r i nsi c Al ar mi ng,  t he f ol l owi ng 
Pr oper t i es must  be Wr i t abl e:

( 1)  Ti me_Del ay
( 2)  Hi gh_Li mi t
( 3)  Low_Li mi t
( 4)  Deadband
( 5)  Event _Enabl e
( 6)  I f  t he i ssue dat e of  t hi s pr oj ect  speci f i cat i on i s af t er  1 Januar y 

2016,  Ti me_Del ay_Nor mal  must  be wr i t abl e.

d.   I t  i s  pr ef er r ed,  but  not  r equi r ed,  t hat  devi ces suppor t  t he DM- OCD- B 
BI BB on al l  Not i f i cat i on Cl ass Obj ect s.  I t  i s  al so pr ef er r ed,  but  not  
r equi r ed t hat  devi ces suppor t i ng t he DM- OCD- B BI BB  accept  any val i d 
val ue as an i ni t i al  val ue f or  pr oper t i es of  Not i f i cat i on Cl ass Obj ect s.

2. 3. 6    Ni agar a Fr amewor k Super vi sor y Gat eway 

Any devi ce i mpl ement i ng t he Ni agar a Fr amewor k i s a Ni agar a Fr amewor k 
Super vi sor y Gat eway and must  meet  t hese r equi r ement s.   I n addi t i on t o t he 
gener al  r equi r ement s f or  al l  DDC Har dwar e,  Ni agar a Fr amewor k Super vi sor y 
Gat eway Har dwar e must :

a.   Be di r ect  di gi t al  cont r ol  har dwar e.

b.   Have an unr est r i ct ed i nt er oper abi l i t y  l i cense and i t s Ni agar a 
Compat i bi l i t y  St at ement  ( Ni CS)  must  f ol l ow t he Tr i di um Open Ni CS 
Speci f i cat i on.

c.   Manage communi cat i ons bet ween a f i el d cont r ol  net wor k and t he Ni agar a 
Fr amewor k Moni t or i ng and Cont r ol  Sof t war e,  and bet ween i t sel f  and 
ot her  Ni agar a Fr amewor k Super vi sor y Gat eways.  Ni agar a Fr amewor k 
Super vi sor y Gat eway Har dwar e must  use Fox pr ot ocol  f or  communi cat i on 
wi t h ot her  Ni agar a Fr amewor k Component s,  r egar dl ess of  t he 
manuf act ur er  of  t he ot her  component s.

d.   Be f ul l y pr ogr ammabl e usi ng t he Ni agar a Fr amewor k Engi neer i ng Tool  and 
must  suppor t  t he f ol l owi ng:

( 1)  Ti me synchr oni zat i on,  Cal endar ,  and Schedul i ng usi ng Ni agar a 
Schedul i ng Obj ect s
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( 2)  Al ar m gener at i on and r out i ng usi ng t he Ni agar a Al ar m Ser vi ce

( 3)  Tr endi ng usi ng t he Ni agar a Hi st or y Ser vi ce and Ni agar a Tr end Log 
Obj ect s

( 4)  I nt egr at i on of  f i el d cont r ol  net wor ks usi ng t he Ni agar a Fr amewor k 
Engi neer i ng Tool

( 5)  Conf i gur at i on of  i nt egr at ed f i el d cont r ol  syst em usi ng t he Ni agar a 
Fr amewor k Engi neer i ng Tool  when suppor t ed by t he f i el d cont r ol  
syst em

e.   Meet  t he f ol l owi ng mi ni mum har dwar e r equi r ement s:

( 1)  One 10/ 100 Mbps Et her net  Por t

( 2)  One or  mor e MS/ TP por t s.

f .   Pr ovi de access t o f i el d cont r ol  net wor k dat a and super vi sor y f unct i ons 
v i a web i nt er f ace and suppor t  a mi ni mum of  16 si mul t aneous user s.   
Not e:  i mpl ement at i on of  t hi s capabi l i t y  may not  be r equi r ed on al l  
pr oj ect s.  

g.   Submi t  a backup of  each Ni agar a Fr amewor k Super vi sor y Gat eway as 
speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.   
The backup must  be suf f i c i ent  t o r est or e a Ni agar a Fr amewor k 
Super vi sor y Gat eway t o t he f i nal  as- bui l t  condi t i on such t hat  a new 
Ni agar a Fr amewor k Super vi sor y Gat eway l oaded wi t h t he backup i s 
i ndi st i ngui shabl e i n f unct i onal i t y f r om t he or i gi nal .

2. 4   NI AGARA FRAMEWORK ENGI NEERI NG TOOL

The Ni agar a Fr amewor k Engi neer i ng Tool  must  be Ni agar a Wor kbench or  an 
equi val ent  Ni agar a Fr amewor k engi neer i ng t ool  sof t war e must :

a.   Have an unr est r i ct ed i nt er oper abi l i t y  l i cense and i t s Ni agar a 
Compat i bi l i t y  St at ement  ( Ni CS)  must  f ol l ow t he Tr i di um Open Ni CS 
Speci f i cat i on.

b.   Be capabl e of  per f or mi ng net wor k conf i gur at i on f or  Ni agar a Fr amewor k 
Super vi sor y Gat eways and Ni agar a Fr amewor k Moni t or i ng and Cont r ol  
Sof t war e.

c.   Be capabl e of  pr ogr ammi ng and conf i gur i ng of  Ni agar a Fr amewor k 
Super vi sor y Gat eways and Ni agar a Fr amewor k Moni t or i ng and Cont r ol  
Sof t war e.

d.   Be capabl e of  di scover y of  Ni agar a Fr amewor k Super vi sor y Gat eways and 
al l  poi nt s mapped i nt o each Ni agar a Fr amewor k Super vi sor y Gat eway and 
maki ng t hese poi nt s accessi bl e t o Ni agar a Fr amewor k Moni t or i ng and 
Cont r ol  Sof t war e.

Moni t or i ng and Cont r ol  Sof t war e i s speci f i ed i n Sect i on 25 05 11. 01 
CYBERSECURI TY FOR FACI LI TY- RELATED HVAC CONTROL SYSTEMS.
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PART 3   EXECUTI ON

3. 1    CONTROL SYSTEM I NSTALLATI ON

3. 1. 1   Ni agar a Fr amewor k Engi neer i ng Tool

Pr ovi de a Ni agar a Fr amewor k Engi neer i ng Tool .

3. 1. 2   Bui l di ng Cont r ol  Net wor k ( BCN)

I nst al l  t he Bui l di ng Cont r ol  Net wor k ( BCN)  as a s i ngl e BACnet  I nt er net wor k 
consi st i ng of  a s i ngl e I P net wor k as t he BCN Backbone and zer o or  mor e 
BACnet  MS/ TP net wor ks.   Not e t hat  i n some cases t her e may onl y be a s i ngl e 
devi ce on t he BCN Backbone.

Except  f or  t he I P Net wor k and as per mi t t ed f or  t he non- BACnet  s i de of  
Gat eways,  use excl usi vel y ASHRAE 135 net wor ks.

3. 1. 2. 1   Bui l di ng Cont r ol  Net wor k I P Backbone

I nst al l  I P Net wor k Cabl i ng i n condui t .   I nst al l  Et her net  Swi t ches i n 
l ockabl e encl osur es.   I nst al l  t he Bui l di ng Cont r ol  Net wor k ( BCN)  I P 
Backbone such t hat  i t  i s  avai l abl e at  t he Faci l i t y  Poi nt  of  Connect i on 
( FPOC)  l ocat i on.   When t he FPOC l ocat i on i s a r oom number ,  pr ovi de 
suf f i c i ent  addi t i onal  medi a t o ensur e t hat  t he Bui l di ng Cont r ol  Net wor k 
( BCN)  I P Backbone can be ext ended t o any l ocat i on i n t he r oom.

Use UDP por t  0xBAC0 f or  al l  BACnet  t r af f i c  on t he I P net wor k.  ( Not e t hat  
i n a Ni agar a Fr amewor k syst em t her e may not  be BACnet  t r af f i c  on t he I P 
Net wor k)

3. 1. 2. 2   BACnet  MS/ TP Net wor ks

When usi ng MS/ TP,  pr ovi de MS/ TP net wor ks i n accor dance wi t h ASHRAE 135 and 
i n accor dance wi t h t he ASHRAE 135 f i gur e " Mi xed Devi ces on 3- Conduct or  
Cabl e wi t h Shi el d"  ( Fi gur e 9- 1. 4 i n t he 2012 ver si on of  ASHRAE 135) .   
Gr ound t he shi el d at  t he BACnet  Rout er  and at  no ot her  poi nt .   Gr ound t he 
r ef er ence wi r e at  t he BACnet  Rout er  t hr ough a 100 ohm r esi st or  and do not  
gr ound i t  at  any ot her  poi nt .   I n addi t i on:

a.   Pr ovi de each segment  i n a doubl y t er mi nat ed bus t opol ogy i n accor dance 
wi t h TI A- 485.

b.   Pr ovi de each segment  wi t h 2 set s of  net wor k bi as r esi st or s i n 
accor dance wi t h ASHRAE 135,  wi t h one set  of  r esi st or s at  each end of  
t he MS/ TP net wor k.

c.   Use 3 wi r e ( t wi st ed pai r  and r ef er ence)  wi t h shi el d medi a f or  al l  
MS/ TP medi a i nst al l ed i nsi de.   Use f i ber  opt i c i sol at i on i n accor dance 
wi t h ASHRAE 135 f or  al l  MS/ TP medi a i nst al l ed out si de bui l di ngs,  or  
bet ween mul t i pl e bui l di ngs.

d.   For  18 AWG cabl e,  use segment s wi t h a maxi mum l engt h of  4000 f t .  When 
usi ng gr eat er  di st ances or  di f f er ent  wi r e gauges compl y wi t h t he 
el ect r i cal  speci f i cat i ons of  TI A- 485.

e.   For  each cont r ol l er  t hat  does not  use t he r ef er ence wi r e pr ovi de 
t r ansi ent  suppr essi on at  t he net wor k connect i on of  t he cont r ol l er  i f  
t he cont r ol l er  i t sel f  does not  i ncor por at e t r ansi ent  suppr essi on.

SECTI ON 23 09 23. 02  Page 10



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

f .   I nst al l  no mor e t han 32 devi ces on each MS/ TP segment .  Do not  use 
MS/ TP t o MS/ TP r out er s.

g.   Connect  each MS/ TP net wor k t o t he BCN backbone vi a a Ni agar a Fr amewor k 
Super vi sor y Gat eway conf i gur ed as a BACnet  Rout er .

h.   For  BACnet  Rout er s,  conf i gur e t he MS/ TP MAC addr ess t o 0.   Assi gn MAC 
Addr esses t o ot her  devi ces consecut i vel y begi nni ng at  1,  wi t h no 
gaps.   

i .   Conf i gur e t he Max_Mast er  Pr oper t y of  al l  devi ces t o be 31.  

3. 1. 2. 3   Bui l di ng Cont r ol  Net wor k ( BCN)  I nst al l at i on

Pr ovi de a bui l di ng cont r ol  net wor k meet i ng t he f ol l owi ng r equi r ement s:

a.   I nst al l  al l  DDC Har dwar e connect ed t o t he Bui l di ng Cont r ol  Net wor k.

b.   Wher e mul t i pl e pi eces of  DDC Har dwar e ar e used t o execut e one 
sequence,  i nst al l  al l  DDC Har dwar e execut i ng t hat  sequence on a s i ngl e 
MS/ TP net wor k dedi cat ed t o t hat  sequence.

c.   Tr af f i c  bet ween BACnet  net wor ks must  be excl usi vel y v i a BACnet  r out er s.

d.   Use t he Fox pr ot ocol  f or  al l  t r af f i c  bot h or i gi nat i ng and t er mi nat i ng 
at  Ni agar a Fr amewor k component s.  Use t he Fox pr ot ocol  f or  al l  t r af f i c  
or i gi nat i ng or  t er mi nat i ng at  a Ni agar a Fr amewor k UMCS ( i ncl udi ng 
t r af f i c  t o or  f r om a f ut ur e UMCS) .  Al l  ot her  t r af f i c ,  i ncl udi ng 
t r af f i c  bet ween ASHRAE 135 devi ces and t r af f i c  bet ween Ni agar a 
Fr amewor k Super vi sor y Gat eways and ASHRAE 135 devi ces must  be i n 
accor dance wi t h ASHRAE 135.

3. 1. 3   DDC Har dwar e

I nst al l  al l  DDC Har dwar e t hat  connect s t o an I P net wor k i n l ockabl e 
encl osur e.   I nst al l  ot her  DDC Har dwar e t hat  i s not  i n suspended cei l i ngs i n 
l ockabl e encl osur es.   For  al l  DDC har dwar e wi t h a user  i nt er f ace,  coor di nat e 
wi t h s i t e t o det er mi ne pr oper  passwor ds and conf i gur e passwor ds i nt o devi ce.

a.   Except  f or  zone sensor s ( t her most at s) ,  i nst al l  al l  Tet her ed Har dwar e 
wi t hi n 6 f eet  of  i t s  base uni t .

b.   I nst al l  and conf i gur e al l  BTL- Li st ed devi ces i n a manner  consi st ent  
wi t h t hei r  BTL Li st i ng such t hat  t he devi ce as pr ovi ded st i l l  meet s 
al l  r equi r ement s necessar y f or  i t s  BTL Li st i ng.   

c.   I nst al l  and conf i gur e al l  BTL- Li st ed devi ces i n a manner  consi st ent  
wi t h t he BTL Devi ce I mpl ement at i on Gui del i nes such t hat  t he devi ce as 
pr ovi ded meet s al l  t hose Gui del i nes.

3. 1. 3. 1    Devi ce I dent i f i er s,  Net wor k Addr esses,  and I P addr esses

a.   Do not  use any Devi ce I dent i f i er  or  Net wor k Number  al r eady used by 
anot her  BACnet  syst em at  t he pr oj ect  s i t e.   .

b.   Coor di nat e devi ce I P addr esses wi t h i nst al l at i on. .
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3. 1. 3. 2   ASHRAE 135 Obj ect  Name Pr oper t y and Obj ect  Descr i pt i on Pr oper t y

Conf i gur e t he Obj ect _Names and Obj ect _Descr i pt i ons pr oper t i es of  al l  
ASHRAE 135 Obj ect s ( i ncl udi ng Devi ce Obj ect s)  as i ndi cat ed on t he Poi nt s 
Schedul e ( Poi nt  Name and Poi nt  Descr i pt i on)  and as speci f i ed.  At  a mi ni mum:

a.   Except  f or  DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  conf i gur e 
t he Obj ect _Name and Obj ect _Descr i pt i on pr oper t i es of  al l  Obj ect s 
( i ncl udi ng Devi ce Obj ect s)  as i ndi cat ed on t he Poi nt s Schedul e and as 
speci f i ed.

b.   I n DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  conf i gur e t he 
Devi ce Obj ect _Name and Devi ce Obj ect _Descr i pt i on as i ndi cat ed on t he 
Poi nt s Schedul e and as speci f i ed.

When Poi nt s Schedul e ent r i es exceed t he l engt h l i mi t at i ons i n t he devi ce,  
not i f y t he Cont r act i ng Of f i cer  and pr ovi de r ecommended al t er nat i ves f or  
appr oval .

3. 1. 3. 3   Ni agar a Fr amewor k Poi nt  Names and Descr i pt i ons

Conf i gur e t he names and descr i pt i ons of  al l  Poi nt s i n Ni agar a Fr amewor k 
Super vi sor y Gat eways as i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed.

3. 1. 3. 4   Ni agar a St at i on I Ds

Ensur e t hat  Ni agar a St at i on I Ds of  new Ni agar a Fr amewor k Super vi sor y 
Gat eways ar e mai nt ai ned as uni que wi t hi n UMCS f r ont - end,  i ncl udi ng 
ensur i ng t hey do not  conf l i c t  wi t h any exi st i ng Ni agar a St at i on I D.

3. 1. 3. 5   Hand- Of f - Aut o ( H- O- A)  Swi t ches

Pr ovi de Hand- Of f - Aut o ( H- O- A)  swi t ches as speci f i ed and as i ndi cat ed on 
t he Poi nt s Schedul e.  Pr ovi de H- O- A swi t ches t hat  ar e i nt egr al  t o t he 
cont r ol l er  har dwar e,  an ext er nal  devi ce co- l ocat ed wi t h ( i n t he same 
encl osur e as)  t he cont r ol l er ,  i nt egr al  t o t he cont r ol l ed equi pment ,  or  an 
ext er nal  devi ce co- l ocat ed wi t h ( i n t he same encl osur e as)  t he cont r ol l ed 
equi pment .

a.   For  H- O- A swi t ches i nt egr al  t o DDC Har dwar e,  meet  t he r equi r ement s 
speci f i ed i n par agr aph DI RECT DI GI TAL CONTROL ( DDC)  HARDWARE.

b.   For  ext er nal  H- O- A swi t ches used f or  bi nar y out put s,  pr ovi de f or  
over r i di ng t he out put  open or  c l osed.

c.   For  et er nal  H- O- A swi t ches used f or  anal og out put s,  pr ovi de f or  
over r i di ng t o 0 per cent  or  100 per cent .

3. 1. 3. 6   Local  Di spl ay Panel s

Pr ovi de LDPs t o di spl ay and over r i de val ues of  
poi nt s i n a Ni agar a Fr amewor k Super vi sor y Gat eway or  ASHRAE 135 Obj ect  
Pr oper t i es as i ndi cat ed on t he Poi nt s Schedul e.   I nst al l  LDPs di spl ayi ng 
poi nt s f or  anyt hi ng ot her  t han a t er mi nal  uni t  i n t he same r oom as t he 
equi pment .   I nst al l  LDPs di spl ayi ng poi nt s i n a mechani cal  r oom cent r al  t o 
t he ar ea  i t  ser ves.   For  LDPs usi ng Wr i t ePr oper t y t o commandabl e obj ect s 
t o i mpl ement  an over r i de,  wr i t e val ues wi t h pr i or i t y 9.
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3. 1. 3. 7   MS/ TP Sl ave Devi ces

Conf i gur e al l  MS/ TP devi ces as Mast er  devi ces.   Do not  conf i gur e any 
devi ces t o act  as s l ave devi ces.

3. 1. 3. 8   Change of  Val ue ( COV)  and Read Pr oper t y

a.   To t he gr eat est  ext ent  possi bl e,  conf i gur e al l  devi ces t o suppor t  t he 
Subscr i beCOV ser vi ce ( t he DS- COV- B BI BB) .   At  a mi ni mum,  al l  devi ces 
suppor t i ng t he DS- RP- B BI BB,  ot her  t han devi ces cont r ol l i ng onl y a 
s i ngl e t er mi nal  uni t ,  must  be conf i gur ed t o suppor t  t he DS- COV- B BI BB.

b.   Whenever  suppor t ed by t he ser ver  s i de,  conf i gur e c l i ent  devi ces t o use 
t he DS- COV- A BI BB.

3. 1. 3. 9   Engi neer i ng Uni t s

Conf i gur e devi ces t o use Engl i sh ( I nch- Pound)  engi neer i ng uni t s as f ol l ows:

a.   Temper at ur e i n degr ees F

b.   Ai r  or  nat ur al  gas f l ows i n cubi c f eet  per  mi nut e ( CFM)

c.   Wat er  i n gal l ons per  mi nut e ( GPM)

d.   Di f f er ent i al  Ai r  pr essur es i n i nches of  wat er  col umn ( I WC)

e.   Wat er  and nat ur al  gas pr essur es i n PSI

f .   Ent hal py i n BTU/ l b

g.   Heat i ng and cool i ng ener gy i n MBTU ( 1MBTU = 1, 000, 000 BTU) )

h.   Cool i ng l oad i n t ons ( 1 t on = 12, 000 BTU/ hour )

i .   Heat i ng l oad i n MBTU/ hour  ( 1MBTU = 1, 000, 000 BTU)

j .   El ect r i cal  Power :   k i l owat t s ( kW)

k.   El ect r i cal  Ener gy:   k i l owat t - hour s ( kWh)

3. 1. 3. 10   Occupancy Modes

Use t he f ol l owi ng cor r espondence bet ween val ue and occupancy mode whenever  
an occupancy st at e or  val ue i s r equi r ed:

a.   OCCUPI ED mode:  a val ue of  one 

b.   UNOCCUPI ED mode:   a val ue of  t wo

c.   WARM- UP/ COOL- DOWN ( PRE- OCCUPANCY)  mode:  a val ue of  t hr ee
  
 Not e t hat  el sewher e i n t hi s Sect i on t he Schedul e Obj ect  i s  r equi r ed t o 

al so suppor t  a val ue of  f our ,  whi ch i s r eser ved f or  f ut ur e use.   Al so not e 
t hat  t he behavi or  of  a syst em i n each of  t hese occupancy modes i s 
i ndi cat ed i n t he sequence of  oper at i on f or  t he syst em.
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3. 1. 3. 11   Use of  BACnet  Obj ect s

Except  as speci f i cal l y i ndi cat ed f or  Ni agar a Fr amewor k Obj ect s,   Use onl y 
st andar d non- pr opr i et ar y ASHRAE 135 Obj ect s and ser vi ces t o accompl i sh t he 
pr oj ect  scope of  wor k as f ol l ows:

a.   Use Anal og I nput  or  Anal og Out put  Obj ect s f or  al l  anal og har dwar e 
I / O.   Do not  use Anal og Val ue Obj ect  f or  anal og har dwar e I / O)  .

b.   Use Bi nar y I nput  or  Bi nar y Out put  Obj ect s f or  al l  bi nar y har dwar e 
I / O.   Do not  use Bi nar y Val ue Obj ect s f or  bi nar y har dwar e I / O.

c.   Use Anal og Val ue Obj ect s f or  anal og set poi nt s.  

d.   Use Accumul at or  Obj ect s or  Anal og Val ue Obj ect s f or  pul se i nput s.

e.   For  occupancy modes,  use Mul t i st at e Val ue Obj ect s and t he 
cor r espondence bet ween val ue and occupancy mode speci f i ed i n par agr aph 
OCCUPANCY MODES.

f .   Use a combi nat i on of  Ni agar a Fr amewor k Al ar m Ext ensi ons and Al ar m 
Ser vi ces,  I nt r i nsi c Al ar mi ng,  and Not i f i cat i on Cl ass Obj ect s f or  al ar m 
gener at i on.   

g.   For  al l  ot her  poi nt s shown on t he Poi nt s Schedul e as r equi r i ng an 
ASHRAE 135 Obj ect ,  use t he Obj ect  t ype shown on t he Poi nt s Schedul e 
or ,  i f  no Obj ect  Type i s shown,  use a st andar d Obj ect  appr opr i at e t o 
t he poi nt .

3. 1. 3. 11. 1   Ni agar a Fr amewor k Obj ect s

Poi nt s i n t he Ni agar a Fr amewor k Super vi sor y Gat eway,  even i f  used i n a 
sequence or  ar e shown on t he Poi nt s Schedul e,  ar e not  r equi r ed t o be 
exposed as BACnet  Obj ect s unl ess t hey ar e r equi r ed t o be avai l abl e on t he 
net wor k by anot her  devi ce or  sequence of  oper at i on ( i . e.  t her e i s some 
ot her  r eason t hey ar e needed) .

Use a Ni agar a Fr amewor k Super vi sor y Gat eway as speci f i ed f or  al l  
schedul i ng and t r endi ng.   Use a Ni agar a Fr amewor k Super vi sor y Gat eway as 
speci f i ed f or  al l  al ar mi ng except  f or  i nt r i nsi c al ar mi ng.

3. 1. 3. 12   Use of  St andar d BACnet  Ser vi ces

Except  as not ed i n t hi s par agr aph,  f or  al l  DDC Har dwar e ( i ncl udi ng Ni agar a 
Fr amewor ks Super vi sor y Gat eways when communi cat i ng wi t h non- Ni agar a 
Fr amewor k DDC Har dwar e)  use St andar d BACnet  Ser vi ces as def i ned i n t hi s 
speci f i cat i on ( whi ch excl udes some ASHRAE 135 ser vi ces)  excl usi vel y f or  
appl i cat i on cont r ol  f unct i onal i t y and communi cat i on.

DDC Har dwar e t hat  cannot  meet  t hi s r equi r ement  may use non- st andar d 
ser vi ces pr ovi ded t hey can pr ovi de i dent i cal  f unct i onal i t y usi ng St andar d 
BACnet  Ser vi ces when communi cat i ng wi t h BACnet  devi ces f r om a di f f er ent  
vendor .   When i mpl ement i ng non- st andar d ser vi ces,  document  al l  
non- st andar d ser vi ces i n t he DDC Har dwar e Schedul e as speci f i ed and as 
speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

3. 1. 3. 13   Devi ce Appl i cat i on Conf i gur at i on

a.   For  ever y pr oper t y,  set t i ng or  val ue shown on t he Poi nt s Schedul e or  
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ot her wi se i ndi cat ed as Conf i gur abl e,  pr ovi de a val ue t hat  i s r et ai ned 
t hr ough l oss of  power  and can be changed vi a one or  mor e of :

( 1)  BACnet  ser vi ces ( i ncl udi ng pr opr i et ar y ser vi ces)

( 2)  Har dwar e set t i ngs on t he devi ce

( 3)  The Ni agar a Fr amewor k

b.   For  ever y pr oper t y,  set t i ng or  val ue i n non- Ni agar a Fr amewor k Har dwar e 
shown on t he Poi nt s Schedul e or  ot her wi se i ndi cat ed as Oper at or  
Conf i gur abl e,  pr ovi de a val ue t hat  i s r et ai ned t hr ough l oss of  power  
and can be changed vi a one or  mor e of :

( 1)  A Wr i t abl e Pr oper t y of  a st andar d BACnet  Obj ect

( 2)  A Pr oper t y of  a st andar d BACnet  Obj ect  t hat  i s  Wr i t abl e when 
Out _Of _Ser vi ce i s TRUE and Out _Of _Ser vi ce i s Wr i t abl e.

( 3)  Usi ng some ot her  met hod suppor t ed by a Ni agar a Fr amewor k 
Super vi sor y Gat eway

c.   Conf i gur e Ni agar a Fr amewor k Super vi sor y Gat eways such t hat  t he 
pr oper t y,  set t i ng or  val ue i s conf i gur abl e f r om a Ni agar a Fr amewor k 
Fr ont  End.

d.   For  ever y pr oper t y,  set t i ng or  val ue i n a Ni agar a Fr amewor k 
Super vi sor y Gat eway whi ch i s shown on t he Poi nt s Schedul e or  ot her wi se 
i ndi cat ed as Oper at or  Conf i gur abl e,  conf i gur e t he val ue t o be  
conf i gur abl e f r om wi t hi n t he Ni agar a Fr amewor k such t hat  i t  can be 
conf i gur ed f r om a syst em gr aphi c page at  a Ni agar a Fr amewor k Fr ont  End.

3. 1. 3. 14   Ni agar a Fr amewor k Engi neer i ng Tool

Use t he Ni agar a Fr amewor k Engi neer i ng Tool  t o f ul l y  di scover  t he f i el d 
cont r ol  syst em and make al l  f i el d cont r ol  syst em i nf or mat i on avai l abl e t o 
t he Ni agar a Fr amewor k Super vi sor y Gat eway.   Ensur e t hat  al l  poi nt s on t he 
poi nt s schedul e ar e avai l abl e t o t he f r ont  end vi a t he Fox pr ot ocol .

3. 1. 3. 15   Gr aphi cs and Web Pages

Conf i gur e Ni agar a Fr amewor k Super vi sor y Gat eways t o use web pages t o 
pr ovi de a gr aphi cal  user  i nt er f ace i ncl udi ng Syst em Di spl ays usi ng t he 
pr oj ect  s i t e sampl e di spl ays,  i ncl udi ng over r i des,  as i ndi cat ed on t he 
Poi nt s Schedul e and as speci f i ed.  Label  al l  poi nt s on di spl ays wi t h f ul l  
Engl i sh l anguage descr i pt i ons.  Conf i gur e user  per mi ssi ons f or  access t o 
and execut i ons of  act i on usi ng gr aphi c pages.  Coor di nat e user  per mi ssi ons 
wi t h t he Cont r ol s and/ or  HVAC shop super vi sor .   Conf i gur e t he web ser ver  
t o use HTTPS based on t he Tr anspor t  Layer  Secur i t y ( TLS)  pr ot ocol  i n 
accor dance wi t h RFC 5246 usi ng a Gover nment  f ur ni shed cer t i f i cat e.

3. 1. 4   Schedul i ng,  Al ar mi ng,  Tr endi ng,  and Over r i des

3. 1. 4. 1   Schedul i ng
Conf i gur e schedul es i n Ni agar a Fr amewor k Super vi sor y Gat eway usi ng Ni agar a 
Schedul e Obj ect s as i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed.   
When t he schedul e i s cont r ol l i ng occupancy modes i n DDC Har dwar e ot her  
t han a Ni agar a Fr amewor k Super vi sor y Gat eway use t he i ndi cat ed 
cor r espondence bet ween val ue and occupancy mode.
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Pr ovi de a separ at e schedul e f or  each AHU.

3. 1. 4. 2   Al ar m Conf i gur at i on

Conf i gur e al ar m gener at i on and management  as i ndi cat ed on t he Poi nt s 
Schedul e and as speci f i ed.   Conf i gur e al ar m gener at i on i n Ni agar a 
Fr amewor k Super vi sor y Gat eways usi ng Ni agar a Fr amewor k Al ar m Ext ensi ons 
and Al ar m Ser vi ces or  i n ot her  DDC Har dwar e ( not  Ni agar a Fr amewor k 
Super vi sor y Gat eways)  usi ng ASHRAE 135 I nt r i nsi c Al ar mi ng.  Conf i gur e al ar m 
management  and r out i ng f or  al l  al ar ms,  i ncl udi ng t hose gener at ed vi a 
i nt r i nsi c al ar mi ng i n ot her  devi ces,  i n t he Ni agar a Fr amewor k Super vi sor y 
Gat eway such t hat  t he al ar ms ar e abl e t o be accessed f r om t he Ni agar a 
Fr amewor k Fr ont  End.

Wher e I nt r i nsi c Al ar mi ng i s used,  conf i gur e i nt r i nsi c al ar mi ng as 
speci f i ed i n par agr aph " Conf i gur at i on of  ASHRAE 135 I nt r i nsi c Al ar m 
Gener at i on" .   Conf i gur e a Ni agar a Fr amewor k Super vi sor y Gat eway t o pr ovi de 
a means t o conf i gur e t he i nt r i nsi c al ar m par amet er s such t hat  t he 
I nt r i nsi c Al ar m i s conf i gur abl e f r om t he f r ont  end vi a t he Ni agar a 
Fr amewor k.

3. 1. 4. 3   Conf i gur at i on of  ASHRAE 135 I nt r i nsi c Al ar m Gener at i on

I nt r i nsi c al ar m gener at i on must  meet  t he f ol l owi ng r equi r ement s:

Conf i gur e al ar m gener at i on as i ndi cat ed on t he Poi nt s Schedul e and as 
speci f i ed usi ng I nt r i nsi c Al ar mi ng i n accor dance wi t h ASHRAE 135 or  
Al gor i t hmi c Al ar mi ng i n accor dance wi t h ASHRAE 135.  Al ar m gener at i on must  
meet  t he f ol l owi ng r equi r ement s:

a.   Send al ar m event s as Al ar ms ( not  Event s) .

b.   Use t he Conf i r medNot i f i cat i on Ser vi ce f or  al ar m event s.

c.   For  al ar m gener at i on,  suppor t  t wo pr i or i t y l evel s f or  al ar ms:  cr i t i cal  
and non- cr i t i cal .   Conf i gur e t he Pr i or i t y of  Not i f i cat i on Cl ass 
Obj ect s t o use Pr i or i t y 112 f or  cr i t i cal  and 224 f or  non- cr i t i cal  
al ar ms.

d.   Number  of  Not i f i cat i on Cl ass Obj ect s f or  Al ar m Gener at i on:

( 1)  I f  t he devi ce i mpl ement s non- cr i t i cal  al ar ms,  or  i f  any Obj ect  i n 
t he devi ce suppor t s I nt r i nsi c Al ar ms,  t hen pr ovi de a s i ngl e 
Not i f i cat i on Cl ass Obj ect  speci f i cal l y f or  ( shar ed by)  al l  
non- cr i t i cal  al ar ms.   

( 2)  I f  t he devi ce i mpl ement s cr i t i cal  al ar ms,  pr ovi de a s i ngl e 
Not i f i cat i on Cl ass Obj ect  speci f i cal l y f or  ( shar ed by)  al l  
cr i t i cal  al ar ms.

( 3)  I f  t he devi ce i mpl ement s bot h cr i t i cal  and non- cr i t i cal  al ar ms,  
pr ovi de bot h Not i f i cat i on Cl ass Obj ect s ( one f or  cr i t i cal ,  one f or  
non- cr i t i cal ) .

( 4)  I f  t he devi ce cont r ol s equi pment  ot her  t han a s i ngl e t er mi nal  
uni t ,  pr ovi de bot h Not i f i cat i on Cl ass Obj ect s ( one f or  cr i t i cal ,  
one f or  non- cr i t i cal )  even i f  no al ar m gener at i on i s r equi r ed at  
t i me of  i nst al l at i on.
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e.   For  al l  i nt r i nsi c al ar ms conf i gur e t he Li mi t _Enabl e Pr oper t y t o set  
bot h Hi ghLi mi t Enabl e and LowLi mi t Enabl e t o TRUE.   I f  t he speci f i ed 
al ar m condi t i ons ar e f or  a s i ngl e- si ded al ar m ( onl y Hi gh_Li mi t  used or  
onl y Low_Li mi t  used)  assi gn a val ue t o t he unused l i mi t  such t hat  t he 
unused al ar m condi t i on wi l l  not  occur .

f .   For  al l  obj ect s suppor t i ng i nt r i nsi c al ar mi ng,  even i f  no al ar m 
gener at i on i s r equi r ed dur i ng i nst al l at i on,  conf i gur e t he f ol l owi ng 
Pr oper t i es as f ol l ows:

( 1)  Not i f i cat i on_Cl ass t o poi nt  t o t he non- Cr i t i cal  Not i f i cat i on Cl ass 
Obj ect  i n t hat  devi ce.

( 2)  Li mi t _Enabl e t o enabl e bot h t he Hi ghLi mi t Enabl e and LowLi mi t Enabl e

( 3)  Not i f y_Type t o Al ar m

g.   Conf i gur e t he Reci pi ent _Li st  Pr oper t y of  t he Not i f i cat i on Cl ass Obj ect  
t o poi nt  t o t he Ni agar a Fr amewor k Super vi sor y Gat eway managi ng t he 
al ar m.

3. 1. 4. 4   Tr endi ng

Per f or m al l  t r endi ng usi ng a Ni agar a Fr amewor k Super vi sor y Gat eway usi ng 
Ni agar a Fr amewor k Hi st or y Ext ensi ons and Ni agar a Fr amewor k Hi st or y Ser vi ce 
excl usi vel y.

3. 1. 4. 5   Over r i des

Pr ovi de an over r i de f or  each poi nt  shown on t he Poi nt s Schedul e as 
r equi r i ng an over r i de.   Use t he Ni agar a Fr amewor k f or  al l  over r i des t o 
poi nt s i n Ni agar a Fr amewor k Super vi sor y Gat eways.   For  over r i des t o ot her  
poi nt s,  pr ovi de an over r i de t o a poi nt  i n a Ni agar a Fr amewor k Super vi sor y 
Gat eway vi a t he Ni agar a Fr amewor k wher e t he Ni agar a Fr amewor k Super vi sor y 
Gat eway over r i des t he ot her  poi nt  as speci f i ed.

Unl ess ot her wi se appr oved,  pr ovi de Commandabl e Obj ect s t o suppor t  al l  
Over r i des i n non- Ni agar a Fr amewor k Super vi sor y Gat eway DDC Har dwar e.   Wi t h 
speci f i c  appr oval  f r om t he Cont r act i ng Of f i cer ,  Over r i des f or  poi nt s whi ch 
ar e not  har dwar e out put s and whi ch ar e i n DDC har dwar e cont r ol l i ng a 
s i ngl e t er mi nal  uni t  may suppor t  over r i des v i a an addi t i onal  Obj ect  
pr ovi ded f or  t he over r i de.  No ot her  means of  i mpl ement i ng Over r i des may be 
used.

a.   Wher e Commandabl e Obj ect s ar e used,  ensur e t hat  Wr i t ePr oper t y ser vi ce 
r equest s wi t h a Pr i or i t y of  10 or  l ess t ake pr ecedence over  t he 
SEQUENCE VALUE and t hat  Wr i t ePr oper t y ser vi ce r equest  wi t h a pr i or i t y 
of  11 or  mor e have a l ower  pr ecedence t han t he SEQUENCE VALUE.

b.   For  devi ces i mpl ement i ng over r i des v i a addi t i onal  Obj ect s,  pr ovi de 
Obj ect s whi ch ar e NOT Wr i t t en t o as par t  of  t he nor mal  Sequence of  
Oper at i ons and ar e Wr i t abl e when Out _Of _Ser vi ce i s TRUE and 
Out _Of _Ser vi ce i s Wr i t abl e.  Use t hi s poi nt  as an Over r i de of  t he 
nor mal  val ue when Out _Of _Ser vi ce i s TRUE and t he nor mal  val ue 
ot her wi se.   Not e t hese Obj ect s may be modi f i ed as par t  of  t he sequence 
vi a l ocal  pr ocesses,  but  must  not  be modi f i ed by l ocal  pr ocesses when 
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Out _Of _Ser vi ce i s TRUE.

3. 1. 5   BACnet  Gat eways

The r equi r ement s i n t hi s par agr aph do not  t hemsel ves per mi t  t he 
i nst al l at i on of  har dwar e not  meet i ng t he ot her  r equi r ement s of  t hi s 
sect i on.   Except  f or  pr opr i et ar y syst ems speci f i cal l y i ndi cat ed i n Sect i on 
23 09 00,  al l  cont r ol  har dwar e i nst al l ed under  t hi s pr oj ect  must  meet  t he 
r equi r ement s of  t hi s speci f i cat i on,  i ncl udi ng t he cont r ol  har dwar e 
pr ovi di ng t he net wor k i nt er f ace f or  a package uni t  or  spl i t  syst em  
speci f i ed under  anot her  sect i on.    Onl y use gat eways t o connect  t o 
pr e- exi st i ng cont r ol  devi ces,  and t o pr opr i et ar y syst ems speci f i cal l y 
per mi t t ed by Sect i on 23 09 00.

3. 1. 5. 1   Gener al  Gat eway Requi r ement s

Pr ovi de BACnet  Gat eways t o connect  non- BACnet  cont r ol  har dwar e i n 
accor dance wi t h t he f ol l owi ng:

a.   Conf i gur e gat eways t o map wr i t abl e dat a poi nt s i n t he cont r ol l ed 
equi pment  t o Wr i t abl e Pr oper t i es of  St andar d Obj ect s,  or  t o Ni agar a 
Fr amewor k poi nt s,  as i ndi cat ed i n t he Poi nt s Schedul e and as speci f i ed.

b.   Conf i gur e gat eway t o map r eadabl e dat a poi nt s i n t he cont r ol l ed 
equi pment  t o Readabl e Pr oper t i es of  St andar d Obj ect s,  or  t o Ni agar a 
Fr amewor k poi nt s,  as i ndi cat ed i n t he Poi nt s Schedul e and as speci f i ed.

c.   Conf i gur e gat eway t o suppor t  t he DS- COV- B BI BB f or  al l  poi nt s mapped 
t o BACnet  Obj ect s.

d.   Do not  use non- BACnet  cont r ol  har dwar e f or  cont r ol l i ng bui l t - up uni t s 
or  any ot her  equi pment  t hat  was not  f ur ni shed wi t h f act or y- i nst al l ed 
cont r ol s.  ( Not e:  A Ni agar a Fr amewor k Super vi sor y Gat eway i s BACnet  
cont r ol  har dwar e. )

e.   Do not  use non- BACnet  cont r ol  har dwar e f or  syst em schedul i ng f unct i ons.

f .   Each gat eway must  communi cat e wi t h and per f or m pr ot ocol  t r ansl at i on 
f or  non- BACnet  cont r ol  har dwar e cont r ol l i ng one and onl y one package 
uni t  or  a s i ngl e non- BACnet  syst em speci f i cal l y per mi t t ed by Sect i on 
23 09 00.

g.   Connect  one net wor k por t  on t he gat eway t o t he Bui l di ng Cont r ol  
Backbone I P Net wor k or  t o a BACnet  MS/ TP net wor k and t he ot her  por t  t o 
t he s i ngl e pi ece of  cont r ol l ed equi pment  or  t he non- BACnet  syst em 
speci f i cal l y per mi t t ed by Sect i on 23 09 00. .

h.   For  gat eways t o exi st i ng package uni t s or  s i mpl e spl i t  syst ems,  
non- BACnet  net wor k wi r i ng connect i ng t he gat eway t o t he package uni t  
must  not  exceed 10 f eet  i n l engt h and must  connect  t o exact l y t wo 
devi ces:  t he cont r ol l ed equi pment  ( packaged uni t )  or  spl i t  syst em 
i nt er f ace and t he gat eway.

     - -  End of  Sect i on - -
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SECTI ON 23 11 20

FACI LI TY GAS PI PI NG
05/ 20

PART 1   GENERAL

1. 1   SUMMARY

Thi s speci f i cat i on sect i on appl i es t o gas pi pi ng i nst al l ed wi t hi n 
bui l di ngs i nci dent al  under gr ound pi pi ng under  bui l di ng,  above gr ound st eel  
pi pi ng and cor r ugat ed st ai nl ess st eel  t ubi ng ( CSST)  bot h out si de ( up t o 5 
f eet  beyond ext er i or  wal l s)  and wi t hi n bui l di ngs i n compl i ance wi t h NFPA 54
/ AGA Z223. 1,  " Nat i onal  Fuel  Gas Code"  ,  " Fuel  Gas Pi pi ng" .

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN GAS ASSOCI ATI ON ( AGA)

AGA ANSI  B109. 3 ( 2019)  Rot ar y- Type Gas Di spl acement  Met er s

AGA ANSI  B109. 4 ( 2016)  Sel f - Oper at ed Di aphr agm- Type 
Nat ur al  Gas Ser vi ce Regul at or s f or  Nomi nal  
Pi pe Si ze 1¼ i nches ( 32 mm)  and Smal l er  
wi t h Out l et  Pr essur es of  2 psi g ( 13. 8 kPa)  
and Less

AGA XR0603 ( 2006;  8t h Ed)  AGA Pl ast i c Pi pe Manual  f or  
Gas Ser vi ce

AGA Z223. 1 ( 2012)  Nat i onal  Fuel  Gas Code

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 15/ CSA 9. 1 ( 2021)  Manual l y Oper at ed Gas Val ves f or  
Appl i ances,  Appl i ance Connect or  Val ves and 
Hose End Val ves

ANSI  Z21. 21/ CSA 6. 5 ( 2019)  Aut omat i c Val ves f or  Gas Appl i ances

ANSI  Z21. 24/ CSA 6. 10 ( 2022)  Connect or s f or  Gas Appl i ances

ANSI  Z21. 41/ CSA 6. 9 ( 2014;  R 2019)  Qui ck- Di sconnect  Devi ces 
f or  Use wi t h Gas Fuel  Appl i ances

ANSI  Z21. 69/ CSA 6. 16 ( 2015;  R 2020)  Connect or s f or  Movabl e Gas 
Appl i ances

ANSI  Z21. 78/ CSA 6. 20 ( 2010;  R 2020)  St andar d Speci f i cat i on f or  
Combi nat i on Gas Cont r ol s f or  Gas Appl i ances

ANSI  Z21. 80/ CSA 6. 22 ( 2019)  Li ne Pr essur e Regul at or s

ANSI  Z21. 93/ CSA 6. 30 ( 2017)  Excess Fl ow Val ves f or  Nat ur al  Gas 

SECTI ON 23 11 20  Page 1



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

and Pr opane Gas wi t h Pr essur es up t o 5 psi g

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  RP 2009 ( 2002;  R 2007;  7t h Ed)  Saf e Wel di ng,  
Cut t i ng,  and Hot  Wor k Pr act i ces i n 
Ref i ner i es,  Gasol i ne Pl ant s,  and 
Pet r ochemi cal  Pl ant s

API  Spec 6D ( June 2018,  4t h Ed;  Er r at a 1 Jul y 2018;  
Er r at a 2 August  2018)  Speci f i cat i on f or  
Pi pel i ne and Pi pi ng Val ves

API  St d 598 ( 2009)  Val ve I nspect i ng and Test i ng

API  St d 607 ( 2016)  Fi r e Test  f or  Quar t er - t ur n Val ves 
and Val ves Equi pped wi t h Non- met al l i c  Seat s

AMERI CAN SOCI ETY OF CI VI L ENGI NEERS ( ASCE)

ASCE 25- 16 ( 2016)  Ear t hquake- Act i vat ed Aut omat i c Gas 
Shut of f  Devi ces

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME A13. 1 ( 2020)  Scheme f or  t he I dent i f i cat i on of  
Pi pi ng Syst ems

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 1 ( 2020)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 9 ( 2018)  Fact or y- Made Wr ought  But t wel di ng 
Fi t t i ngs

ASME B16. 11 ( 2022)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Thr eaded

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 33 ( 2012;  R 2017)  Manual l y Oper at ed Met al l i c  
Gas Val ves f or  Use i n Gas Pi pi ng Syst ems 
Up t o 125 psi ,  ( Si zes NPS 1/ 2 -  NPS 2)

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300
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ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B31. 8 ( 2022;  Suppl ement  2022)  Gas Tr ansmi ssi on 
and Di st r i but i on Pi pi ng Syst ems

ASME B31. 9 ( 2020)  Bui l di ng Ser vi ces Pi pi ng

ASME B36. 10M ( 2022)  Wel ded and Seaml ess Wr ought  St eel  
Pi pe

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS WHB- 2. 9 ( 2004)  Wel di ng Handbook;  Vol ume 2,  Wel di ng 
Pr ocesses,  Par t  1

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A105/ A105M ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs f or  Pi pi ng Appl i cat i ons

ASTM A181/ A181M ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  For gi ngs,  f or  Gener al - Pur pose 
Pi pi ng

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

CSA GROUP ( CSA)

ANSI  LC 1/ CSA 6. 26 ( 2023)  Fuel  Gas Pi pi ng Syst ems Usi ng 
Cor r ugat ed St ai nl ess St eel  Tubi ng ( CSST)
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CGA 9. 2- M88 ( 1988;  R 2009)  Manual l y Oper at ed Shut - Of f  
Val ves f or  Gas Pi pi ng Syst ems

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 25 ( 2018)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 54 ( 2021)  Nat i onal  Fuel  Gas Code

NFPA 58 ( 2020;  TI A 20- 1;  TI A 20- 2;  TI A 20- 3)  
Li quef i ed Pet r ol eum Gas Code

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1981 ( 2008)  Sei smi c Rest r ai nt  Manual  Gui del i nes 
f or  Mechani cal  Syst ems,  3r d Edi t i on

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC SP 6/ NACE No. 3 ( 2007)  Commer ci al  Bl ast  Cl eani ng

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 101 ( 2014;  Rev C)  Col or  Code f or  Pi pel i nes and 
f or  Compr essed Gas Cyl i nder s

UFC 3- 301- 01 ( 2023)  St r uct ur al  Engi neer i ng

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

49 CFR 192 Tr anspor t at i on of  Nat ur al  and Ot her  Gas by 
Pi pel i ne:   Mi ni mum Feder al  Saf et y St andar ds

1. 3   SYSTEM DESCRI PTI ON

The gas pi pi ng syst em i ncl udes nat ur al  gas  pi pi ng and appur t enances f r om 
poi nt  of  connect i on wi t h suppl y syst em,  as i ndi cat ed,  t o gas oper at ed 
equi pment  wi t hi n t he f aci l i t y .   Submi t  oper at i on and mai nt enance dat a i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA,  i n t hr ee 
separ at e packages.   
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1. 3. 1   Gas Faci l i t y  Syst em and Equi pment  Oper at i on

I ncl ude shop dr awi ngs showi ng pi pi ng l ayout ,  l ocat i ons of  syst em val ves,  
gas l i ne mar ker s and cat hodi c pr ot ect i on syst em;  st ep- by- st ep pr ocedur es 
f or  syst em st ar t  up,  oper at i on and shut down ( i ndex syst em component s and 
equi pment  t o t he syst em dr awi ngs) ;  i sol at i on pr ocedur es i ncl udi ng val ve 
oper at i on t o shut down or  i sol at e each sect i on of  t he syst em ( i ndex val ves 
t o t he syst em maps and pr ovi de separ at e pr ocedur es f or  nor mal  oper at i on 
and emer gency shut down i f  r equi r ed t o be di f f er ent ) .   Submi t  Dat a package 
No.  4.

1. 3. 2   Gas Faci l i t y  Syst em Mai nt enance

I ncl ude mai nt enance pr ocedur es and f r equency f or  syst em and equi pment ;  
i dent i f i cat i on of  pi pe mat er i al s and manuf act ur er  by l ocat i ons,  pi pe 
r epai r  pr ocedur es,  and j oi nt i ng pr ocedur es at  t r ansi t i ons t o ot her  pi pi ng 
mat er i al  or  mat er i al  f r om a di f f er ent  manuf act ur er .   Submi t  Dat a Package 
No. 4.

1. 3. 3   Gas Faci l i t y  Equi pment  Mai nt enance

I ncl ude i dent i f i cat i on of  val ves,  shut - of f s,  di sconnect s,  and ot her  
equi pment  by mat er i al s,  manuf act ur er ,  vendor  i dent i f i cat i on and l ocat i on;  
mai nt enance pr ocedur es and r ecommended t ool  k i t s f or  val ves and equi pment ;  
r ecommended r epai r  met hods ( i . e. ,  f i el d r epai r ,  f act or y r epai r ,  or  
r epl acement )  f or  each val ve and pi ece of  equi pment ;  and pr event i ve 
mai nt enance pr ocedur es,  possi bl e f ai l ur e modes and t r oubl eshoot i ng gui de.   
Submi t  Dat a Package No.  3.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Gas Pi pi ng Syst em;  G

SD- 03 Pr oduct  Dat a

Pi pe and Fi t t i ngs;  G

Gas Equi pment  Connect or s;  G

Gas Pi pi ng Syst em;  G

Pi pe Coat i ng Mat er i al s;  G

Pr essur e Regul at or s;  G

Ri ser s;  G

Tr ansi t i on Fi t t i ngs;  G

Val ves;  G

War ni ng and I dent i f i cat i on Tape;  G
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Gas Met er ;  G

SD- 06 Test  Repor t s

Test i ng;  G

Pr essur e Test s;  G

Test  wi t h Gas;  G

SD- 07 Cer t i f i cat es

Wel der s Pr ocedur es and Qual i f i cat i ons;  G

Assi gned Number ,  Let t er ,  or  Symbol ;  G

SD- 08 Manuf act ur er ' s I nst r uct i ons

Pi pe Coat i ng Mat er i al s;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Gas Faci l i t y  Syst em and Equi pment  Oper at i on;  G

Gas Faci l i t y  Syst em Mai nt enance;  G

Gas Faci l i t y  Equi pment  Mai nt enance;  G

1. 5   QUALI TY ASSURANCE

Submi t  manuf act ur er ' s descr i pt i ve dat a and i nst al l at i on i nst r uct i ons f or  
appr oval  f or  compr essi on- t ype mechani cal  j oi nt s used i n j oi ni ng di ssi mi l ar  
mat er i al s and f or  i nsul at i ng j oi nt s.   Mar k al l  val ves,  f l anges and 
f i t t i ngs i n accor dance wi t h MSS SP- 25.

1. 5. 1   Wel di ng Qual i f i cat i ons

a.   Wel d pi pi ng i n accor dance wi t h qual i f i ed pr ocedur es usi ng per f or mance 
qual i f i ed wel der s and wel di ng oper at or s i n accor dance wi t h API  RP 2009,  
ASME BPVC SEC I X,  and ASME B31. 9.   Wel di ng pr ocedur es qual i f i ed by 
ot her s,  and wel der s and wel di ng oper at or s qual i f i ed by anot her  
empl oyer  may be accept ed as per mi t t ed by ASME B31. 9.   Not i f y t he 
Cont r act i ng Of f i cer  at  l east  24 hour s i n advance of  t est s,  and per f or m 
at  t he wor k s i t e i f  pr act i cabl e.

b.   Submi t  a cer t i f i ed copy of  wel der s pr ocedur es and qual i f i cat i ons met al  
and PE i n conf or mance wi t h ASME B31. 9 f or  each wel der  and wel di ng 
oper at or .   Submi t  t he assi gned number ,  l et t er ,  or  symbol  t hat  wi l l  be 
used i n i dent i f y i ng t he wor k of  each wel der  t o t he Cont r act i ng Of f i cer .
  Wel d al l  st r uct ur al  member s i n conf or mance wi t h AWS A5. 8/ A5. 8M,  and 
AWS WHB- 2. 9.

1. 5. 2   Shop Dr awi ngs

Submi t  dr awi ngs f or  compl et e Gas Pi pi ng Syst em,  wi t hi n 30 days of  cont r act  
awar d,  showi ng l ocat i on,  s i ze and al l  br anches of  pi pel i ne;  l ocat i on of  
al l  r equi r ed shut of f  val ves;  and i nst r uct i ons necessar y f or  t he 
i nst al l at i on of  gas equi pment  connect or s and suppor t s.
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1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

1. 6. 1   CSST Tubi ng

Handl e,  t r anspor t  and st or e CSST t ubi ng on t he wooden spool  or  shi ppi ng 
cont ai ner  pr ovi ded by t he manuf act ur er .   I nsur e t ubi ng ends ar e capped 
dur i ng t r anspor t at i on and st or age t o mi ni mi ze di r t  and moi st ur e ent r y.  
Di scar d any t ubi ng segment  and f i t t i ng t hat  has been damaged.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct s and t hat  
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  
l east  2 year s pr i or  t o bi d openi ng.   Asbest os or  pr oduct s cont ai ni ng 
asbest os ar e not  al l owed.   Submi t  cat al og dat a and i nst al l at i on 
i nst r uct i ons f or  pi pe,  val ves,  al l  r el at ed syst em component s,  pi pe coat i ng 
mat er i al s and appl i cat i on pr ocedur es.   Conf or m t o NFPA 54 and wi t h 
r equi r ement s speci f i ed her ei n.   Pr ovi de suppl y pi pi ng t o appl i ances or  
equi pment  at  l east  as l ar ge as t he i nl et s t her eof .

2. 2   GAS PI PI NG SYSTEM AND FI TTI NGS

2. 2. 1   St eel  Pi pe,  Joi nt s,  and Fi t t i ngs

a.   Pi pe:   Bl ack car bon st eel  i n accor dance wi t h ASTM A53/ A53M,  
Schedul e 40 ,  t hr eaded ends f or  s i zes 2 i nches and smal l er ;  ot her wi se,  
pl ai n end bevel ed f or  but t  wel di ng.

b.   Thr eaded Fi t t i ngs:   ASME B16. 3,  bl ack mal l eabl e i r on.

c.   Socket - Wel di ng Fi t t i ngs:   ASME B16. 11,  f or ged st eel .

d.   But t - Wel di ng Fi t t i ngs:   ASME B16. 9,  wi t h backi ng r i ngs of  
compat i bl e mat er i al .

e.   Uni ons:   ASME B16. 39,  bl ack mal l eabl e i r on.

f .   Fl anges and Fl anged Fi t t i ngs:   ASME B16. 5 st eel  f l anges or  
convol ut ed st eel  f l anges conf or mi ng t o ASME BPVC SEC VI I I  D1,  wi t h 
f l ange f aces havi ng i nt egr al  gr ooves of  r ect angul ar  cr oss sect i ons 
whi ch af f or d cont ai nment  f or  sel f - ener gi z i ng gasket  mat er i al .

Pr ovi de st eel  pi pe conf or mi ng t o ASME B36. 10M;  and mal l eabl e- i r on t hr eaded 
f i t t i ngs conf or mi ng t o ASME B16. 1 and ASME B16. 3.   Pr ovi de st eel  pi pe 
f l anges and f l anged f i t t i ngs,  i ncl udi ng bol t s,  nut s,  and bol t  pat t er n i n 
accor dance wi t h ASME B16. 5 and ASTM A105/ A105M.   Pr ovi de wr ought  st eel  
but t wel di ng f i t t i ngs conf or mi ng t o ASME B16. 9.   Pr ovi de socket  wel di ng and 
t hr eaded f or ged st eel  f i t t i ngs conf or mi ng t o ASME B16. 11 and 
ASTM A181/ A181M,  Cl ass 60.

2. 2. 2   Cor r ugat ed St ai nl ess St eel  Tubi ng,  Fi t t i ngs and Accessor i es

Pr ovi de cor r ugat ed st ai nl ess st eel  t ubi ng conf or mi ng t o ANSI  LC 1/ CSA 6. 26 
( aust eni t i c  st ai nl ess st eel  of  ser i es 300)  wi t h t ubi ng j oi nt s made wi t h 
speci al  mechani cal  f i t t i ngs as suppl i ed by t he t ubi ng manuf act ur er .
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2. 2. 2. 1   Tubi ng

Aust eni t i c  st ai nl ess al l oy of  ser i es 300 wi t h pol yet hyl ene j acket / coat i ng 
i n accor dance wi t h ANSI  LC 1/ CSA 6. 26 f or  s i zes 3/ 8- i nch t hr ough 2- i nch

2. 2. 2. 2   Mechani cal  Fi t t i ngs

Copper  al l oy wi t h one end mat ched t o t he cor r ugat ed t ubi ng and one end 
wi t h NPT t hr eads i n accor dance wi t h ASME B1. 20. 1

2. 2. 2. 3   St r i ker  Pl at es

Har dened st eel  desi gned t o pr ot ect  t ubi ng f r om mechani cal  damage i n 
accor dance wi t h ANSI  LC 1/ CSA 6. 26

2. 2. 3   War ni ng and I dent i f i cat i on

Pr ovi de pi pe f l ow mar ki ngs,  war ni ng and i dent i f i cat i on t ape,  and met al  
t ags as r equi r ed.

2. 2. 4   Fl ange Gasket s

Pr ovi de gasket s of  nonasbest os compr essed mat er i al  i n accor dance wi t h 
ASME B16. 21,   1/ 16 i nch t hi ckness,  f ul l  f ace or  sel f - cent er i ng f l at  r i ng 
t ype,  cont ai ni ng ar ami d f i ber s bonded wi t h st yr ene but adi ene r ubber  ( SBR)  
or  ni t r i l e but adi ene r ubber  ( NBR)  sui t abl e f or  a maxi mum 600 degr ee F 
ser vi ce,  t o be used f or  hydr ocar bon ser vi ce.

2. 2. 5   Pi pe Thr eads

Pr ovi de pi pe t hr eads conf or mi ng t o ASME B1. 20. 1.

2. 2. 6   Escut cheons

Pr ovi de chr omi um- pl at ed st eel  or  chr omi um- pl at ed br ass escut cheons,  ei t her  
one pi ece or  spl i t  pat t er n,  hel d i n pl ace by i nt er nal  spr i ng t ensi on or  
set  scr ew.

2. 2. 7   Gas Tr ansi t i on Fi t t i ngs

a.  Pr ovi de manual l y oper at ed shut - of f  val ve conf or mi ng t o CGA 9. 2- M88

2. 2. 8   I nsul at i ng Pi pe Joi nt s

2. 2. 8. 1   I nsul at i ng Joi nt  Mat er i al

Pr ovi de i nsul at i ng j oi nt  mat er i al  bet ween f l anged or  t hr eaded met al l i c  
pi pe syst ems wher e shown t o cont r ol  gal vani c or  el ect r i cal  act i on.

2. 2. 8. 2   Thr eaded Pi pe Joi nt s

Pr ovi de t hr eaded pi pe j oi nt s of  st eel  body nut  t ype di el ect r i c uni ons wi t h 
i nsul at i ng gasket s.

2. 2. 8. 3   Fl anged Pi pe Joi nt s

Pr ovi de j oi nt s f or  f l anged pi pe consi st i ng of  f ul l  f ace sandwi ch- t ype 
f l ange i nsul at i ng gasket  of  t he di el ect r i c t ype,  i nsul at i ng s l eeves f or  
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f l ange bol t s,  and i nsul at i ng washer s f or  f l ange nut s.   

2. 2. 9   Fl exi bl e Connect or s

a.   Pr ovi de f l exi bl e connect or s f or  connect i ng gas ut i l i zat i on equi pment  
t o bui l di ng gas pi pi ng conf or mi ng t o ANSI  Z21. 24/ CSA 6. 10 or  
ANSI  Z21. 41/ CSA 6. 9 f or  qui ck di sconnect  devi ces,  and f l exi bl e 
connect or s f or  movabl e f ood ser vi ce equi pment  conf or mi ng t o 
ANSI  Z21. 69/ CSA 6. 16.   Pr ovi de combi nat i on gas cont r ol s f or  gas 
appl i ances conf or mi ng t o ANSI  Z21. 78/ CSA 6. 20.

b.   Do not  i nst al l  t he f l exi bl e connect or  t hr ough t he equi pment  cabi net  
f ace.   Pr ovi de r i gi d met al l i c  pi pe and f i t t i ngs t o ext end t he f i nal  
connect i on beyond t he cabi net ,  except  when equi pment  i s pr ovi ded wi t h 
an ext er nal  connect i on poi nt .

2. 3   VALVES

Pr ovi de l ockabl e shut of f  or  ser vi ce i sol at i on val ves conf or mi ng t o t he 
f ol l owi ng:

2. 3. 1   Val ves 2 I nches and Smal l er

Pr ovi de val ves 2 i nches and smal l er  conf or mi ng t o ASME B16. 33 of  mat er i al s 
and manuf act ur e compat i bl e wi t h syst em mat er i al s used.

2. 3. 2   Val ves 2- 1/ 2 I nches and Lar ger

Pr ovi de val ves 2- 1/ 2 i nches and l ar ger  of  car bon st eel  conf or mi ng t o 
API  Spec 6D,  Cl ass 150.

2. 4   RI SERS

Pr ovi de wal l - mount ed r i ser  suppor t s as needed.

2. 5   PI PE HANGERS AND SUPPORTS

Pr ovi de pi pe hanger s and suppor t s conf or mi ng t o MSS SP- 58.

2. 6   LI NE AND EQUI PMENT REGULATORS AND SHUTOFF VALVES

Pr ovi de r egul at or s conf or mi ng t o ,  ANSI  Z21. 80/ CSA 6. 22 f or  l i ne pr essur e 
r egul at or s.   Pr ovi de shut of f  val ves conf or mi ng t o ANSI  Z21. 15/ CSA 9. 1 f or  
manual l y cont r ol l ed gas shut of f  val ves and ANSI  Z21. 21/ CSA 6. 5 f or  
aut omat i c shut of f  val ves.

2. 7   NATURAL GAS SERVI CE

2. 7. 1   Ser vi ce Regul at or s

a.   Pr ovi de f er r ous bodi ed pr essur e r egul at or s f or  i ndi v i dual  ser vi ce 
l i nes,  capabl e of  r educi ng di st r i but i on l i ne pr essur e t o pr essur es 
r equi r ed f or  user s.   Pr ovi de ser vi ce r egul at or s conf or mi ng t o 
AGA ANSI  B109. 4 CGA- 6. 18- M95 wi t h f ul l  capaci t y i nt er nal  r el i ef  and 
over pr essur e shut of f .   Set  pr essur e r el i ef  at  a l ower  pr essur e t han 
woul d cause unsaf e oper at i on of  any connect ed user .

b.   Pr ovi de r egul at or ( s)  havi ng a s i ngl e por t  wi t h or i f i ce di amet er  no 
gr eat er  t han t hat  r ecommended by t he manuf act ur er  f or  t he maxi mum gas 
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f l ow r at e at  t he r egul at or  i nl et  pr essur e.  Conf i r m i nl et  pr essur e wi t h 
base ut i l i t y  shop pr i or  t o or der i ng r egul at or .  Pr ovi de r egul at or  val ve 
vent  of  r esi l i ent  mat er i al s desi gned t o wi t hst and f l ow condi t i ons when 
pr essed agai nst  t he val ve por t ,  capabl e of  r egul at i ng downst r eam 
pr essur e wi t hi n l i mi t s of  accur acy and l i mi t i ng t he bui l dup of  
pr essur e under  no- f l ow condi t i ons t o 50 per cent  or  l ess of  t he 
di schar ge pr essur e mai nt ai ned under  f l ow condi t i ons.   Pr ovi de a 
sel f - cont ai ned ser vi ce r egul at or ,  and pi pe not  exceedi ng exceed  2 i nch
 si ze.

2. 7. 2   Gas Met er

AGA ANSI  B109. 3 pi pe mount ed,  al umi num case.   Pr ovi ded wi t h a st r ai ner  
i mmedi at el y upst r eam.   Pr ovi de r ot ar y- t ype di spl acement  Gas met er  
conf or mi ng t o AGA ANSI  B109. 3 as r equi r ed by on base ut i l i t y  shop.  Pr ovi de 
combi ned odomet er - t ype r egi st er  t ot al i zer  i ndex,  UV- r esi st ant  i ndex cover ,  
wat er  escape hol e i n housi ng,  and means f or  seal i ng agai nst  t amper i ng.   
Pr ovi de t emper at ur e- compensat ed t ype met er s s i zed f or  t he r equi r ed 
vol umet r i c f l ow r at e and sui t abl e f or  accur at el y measur i ng and handl i ng 
gas at  pr essur es,  t emper at ur es,  and f l ow r at es i ndi cat ed.   Pr ovi de met er s 
wi t h over - pr essur e pr ot ect i on as speci f i ed i n 49 CFR 192 and ASME B31. 8.   
Pr ovi de met er s t hat  ar e t amper - pr oof  wi t h sei smi c pr ot ect i on.   Pr ovi de 
met er s wi t h l abel  wi t h whi t e t ext  on bl ack phenol i c.  Pr ovi de met er s wi t h a 
pul se swi t ch i ni t i at or  capabl e of  oper at i ng up t o speeds of  500 maxi mum 
pul ses per  mi nut e wi t h no f al se pul ses and r equi r i ng no f i el d 
adj ust ment s.   Pr ovi de not  l ess t han one pul se per   100 cubi c f eet  of  gas.   
Mi ni mum ser vi ce l i f e must  be 30, 000, 000 cycl es.

2. 7. 2. 1   Ut i l i t y  Moni t or i ng and Cont r ol  Syst em ( UMCS)  /  Ener gy Moni t or i ng 
and Cont r ol  ( EMCS)  or  Aut omat i c Met er  Readi ng I nt er f aces

Pr ovi de gas met er s capabl e of  i nt er f aci ng t he out put  s i gnal ,  equi val ent  t o 
vol umet r i c f l ow r at e,  wi t h t he exi st i ng UMCS /  EMCS f or  dat a gat her i ng i n 
uni t s of  cubi c met er s cubi c f eet .  Pr ovi de met er  capabl e of  connect i on wi t h 
t he base Advanced Met er  Readi ng Syst em ( AMRS) .  Pr ovi de met er  wi t h pul se 
out put  k i t  capabl e of  pr oduci ng t wo- wi r e ( For m A)  pul se out put  v i a RS485 
cabl e.  Pr ovi de addi t i onal  out put  f or  connect i on t o bui l di ng DDC syst em.  
Pr ovi de met er  capabl e of  havi ng Nept une R900G enpoi nt  uni t  i nst al l ed.  
I nst al l at i on,  set up,  pr ogr ammi ng,  and mat er i al s f or  R900G i nt egr at i on i s 
t o be pr ovi ded by t he Gover nment .  Pr ovi de met er s t hat  do not  r equi r e power  
t o f unct i on and del i ver  dat a.   Out put  s i gnal  must  be ei t her  a vol t age or  
amper age si gnal  t hat  can be conver t ed t o vol umet r i c f l ow by usi ng an 
appr opr i at e scal i ng f act or .

2. 8   SEI SMI C PROVI SI ONS

Pr ovi de ear t hquake aut omat i c gas shut of f  val ve conf or mi ng t o ASCE 25- 16,  
SMACNA 1981 or  excess f l ow val ve ( EFV)  conf or mi ng wi t h ANSI  Z21. 93/ CSA 6. 30
 and UL l i s t ed or  AGA l i st ed or  I nt er nat i onal  Associ at i on of  Pl umbi ng and 
Mechani cal  Of f i c i al s ( I APMO)  l i s t ed.   The ear t hquake val ve may be ei t her  
pendul um or  bal l  const r uct i on wi t h el ect r oni c or  el ect r i c act uat or .   The 
EFV may be ei t her  a bypass ( aut omat i c r eset )  or  a non- bypass t ype ( manual  
r eset ) .

2. 9   AUTOMATI C GAS SHUT- OFF

Pr ovi de l ow pr essur e aut omat i c gas shut of f  or  excess f l ow val ve ( EFV)  
downst r eam of  t he poi nt  of  del i ver y af t er  t he met er / r egul at or .  Pr ovi de l ow 
pr essur e aut omat i c gas shut of f  or  excess f l ow val ve ( EFV)  at  each br anch 
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t o a pi ece of  equi pment .

2. 10   BOLTI NG ( BOLTS AND NUTS)

St ai nl ess st eel  bol t i ng;  ASTM A193/ A193M,  Gr ade B8M or  B8MA,  Type 316,  f or  
bol t s;  and ASTM A194/ A194M,  Gr ade 8M,  Type 316,  f or  nut s.   Di mensi ons of  
bol t s,  st uds,  and nut s must  conf or m wi t h ASME B18. 2. 1 and ASME B18. 2. 2 
wi t h coar se t hr eads conf or mi ng t o ASME B1. 1,  wi t h Cl ass 2A f i t  f or  bol t s 
and st uds and Cl ass 2B f i t  f or  nut s.   Bol t s or  bol t - st uds must  ext end 
t hr ough t he nut s and may have r educed shanks of  a di amet er  not  l ess t han 
t he di amet er  at  r oot  of  t hr eads.   Bol t s must  have Amer i can St andar d 
r egul ar  squar e or  heavy hexagon heads;  nut s must  be Amer i can St andar d 
heavy semi f i ni shed hexagonal .

2. 11   GASKETS

Fl uor i nat ed el ast omer ,  compat i bl e wi t h f l ange f aces.

2. 12   I DENTI FI CATI ON FOR ABOVEGROUND PI PI NG

MI L- STD- 101 f or  l egends and t ype and si ze of  char act er s.   For  pi pes 3/ 4 
i nch od and l ar ger ,  pr ovi de pr i nt ed l egends t o i dent i f y cont ent s of  pi pes 
and ar r ows t o show di r ect i on of  f l ow.   Col or  code l abel  backgr ounds t o 
s i gni f y l evel s of  hazar d.   Make l abel s of  pl ast i c sheet  wi t h 
pr essur e- sensi t i ve adhesi ve sui t abl e f or  t he i nt ended appl i cat i on.   For  
pi pes smal l er  t han 3/ 4 i nch od,  pr ovi de br ass i dent i f i cat i on t ags 1 1/ 2 
i nches i n di amet er  wi t h l egends i n depr essed bl ack- f i l l ed char act er s.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy or  ar eas of  conf l i c t  bef or e per f or mi ng t he wor k.

3. 2   EXCAVATI ON AND BACKFI LLI NG

Pr ovi de r equi r ed excavat i on,  backf i l l i ng,  and compact i on as speci f i ed i n 
Sect i on 31 00 00 EARTHWORK.

3. 3   GAS PI PI NG SYSTEM

Pr ovi de a gas pi pi ng syst em f r om t he poi nt  of  del i ver y,  def i ned as t he 
out l et  of  t he shut of f  val ve upst r eam of  t he ser vi ce r egul at or  and gas met er ,
 t o t he connect i ons t o each gas ut i l i zat i on devi ce t hat  i s i n compl i ance 
wi t h NFPA 54.

3. 3. 1   Pr ot ect i on and Cl eani ng of  Mat er i al s and Component s

Pr ot ect  equi pment ,  pi pe,  and t ube openi ngs by c l osi ng wi t h caps or  pl ugs 
dur i ng i nst al l at i on.   At  t he compl et i on of  al l  wor k,  t hor oughl y c l ean t he 
ent i r e syst em.

3. 3. 2   Wor kmanshi p and Def ect s

Pi pi ng,  t ubi ng and f i t t i ngs must  be cl ear  and f r ee of  cut t i ng bur r s and 
def ect s i n st r uct ur e or  t hr eadi ng and must  be t hor oughl y br ushed and 
chi p- and scal e- bl own.   Repai r  of  def ect s i n pi pi ng,  t ubi ng or  f i t t i ngs i s 

SECTI ON 23 11 20  Page 11



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

not  al l owed;  r epl ace def ect i ve i t ems when f ound.

3. 4   PROTECTI VE COVERI NG

3. 4. 1   Abovegr ound Met al l i c  Pi pi ng Syst ems

3. 4. 1. 1   Fer r ous Sur f aces

Touch up shop pr i med sur f aces wi t h f er r ous met al  pr i mer .   Sol vent  c l ean 
sur f aces t hat  have not  been shop pr i med .   Mechani cal l y c l ean sur f aces 
t hat  cont ai n l oose r ust ,  l oose mi l l  scal e and ot her  f or ei gn subst ances by 
power  wi r e br ushi ngcommer ci al  sand bl ast ed conf or mi ng t o 
SSPC SP 6/ NACE No. 3 and pr i me wi t h f er r ous met al  pr i mer .   Fi ni sh pr i med 
sur f aces wi t h t wo coat s of  ext er i or  v i nyl  pai nt .

3. 4. 1. 2   Nonf er r ous Sur f aces

Except  f or  al umi num al l oy pi pe,  do not  pai nt  nonf er r ous sur f aces.   Pai nt  
sur f aces of  al umi num al l oy pi pe and f i t t i ngs t o pr ot ect  agai nst  ext er nal  
cor r osi on wher e t hey cont act  masonr y,  pl ast er ,  i nsul at i on,  or  ar e subj ect  
t o r epeat ed wet t i ngs by such l i qui ds as wat er ,  det er gent s or  sewage.   
Sol vent - c l ean t he sur f aces and t r eat  wi t h v i nyl  t ype wash coat .   Appl y a 
f i r st  coat  of  al umi num pai nt  and a second coat  of  al kyd gl oss enamel  or  
s i l i cone al kyd copol ymer  enamel .

3. 5   I NSTALLATI ON

I nst al l  t he gas syst em i n conf or mance wi t h t he manuf act ur er ' s 
r ecommendat i ons and appl i cabl e pr ovi s i ons of  NFPA 54 and AGA XR0603,  and 
as i ndi cat ed.   Per f or m al l  pi pe cut t i ng wi t hout  damage t o t he pi pe,  wi t h 
an appr oved t ype of  mechani cal  cut t er ,  unl ess ot her wi se aut hor i zed.   Use 
wheel  cut t er s wher e pr act i cabl e.   On st eel  pi pe 6 i nches and l ar ger ,  an 
appr oved gas cut t i ng and bevel i ng machi ne may be used.   Cut  t her mopl ast i c 
and f i ber gl ass pi pe i n accor dance wi t h AGA XR0603.

3. 5. 1   Met al l i c  Pi pi ng I nst al l at i on

Bur y under gr ound pi pi ng a mi ni mum of  18 i nches bel ow gr ade.   Make changes 
i n di r ect i on of  pi pi ng wi t h f i t t i ngs onl y;  mi t er i ng or  not chi ng pi pe t o 
f or m el bows and t ees or  ot her  s i mi l ar  t ype const r uct i on i s not  per mi t t ed.   
Br anch connect i on may be made wi t h ei t her  t ees or  f or ged br anch out l et  
f i t t i ngs.   Pr ovi de br anch out l et  f i t t i ngs whi ch ar e f or ged,  f l ar ed f or  
i mpr ovement  of  f l ow wher e at t ached t o t he r un,  and r ei nf or ced agai nst  
ext er nal  st r ai ns.   Do not  use al umi num al l oy pi pe i n ext er i or  l ocat i ons or  
under gr ound.

3. 5. 2   Met al l i c  Tubi ng I nst al l at i on

I nst al l  met al l i c  t ubi ng usi ng gas t ubi ng f i t t i ngs appr oved by t he t ubi ng 
manuf act ur er .   CSST gas pi pi ng syst ems must  be i nst al l ed by cont r act or s 
who have compl et ed t he manuf act ur er ' s t r ai ni ng pr ogr am as i ndi cat ed on a 
cer t i f i cat i on car d.   Make br anch connect i ons wi t h t ees.   Pr epar e al l  
t ubi ng ends wi t h t ool s desi gned f or  t hat  pur pose.   Do not  use al umi num 
al l oy t ubi ng i n ext er i or  l ocat i ons or  under gr ound.   Mai nt ai n el ect r i cal  
cont i nui t y of  gas pi pi ng syst em i n accor dance wi t h NFPA 54,  par agr aph 
ent i t l ed ' El ect r i cal  Bondi ng and Gr oundi ng' .
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3. 5. 3   Abovegr ound Pi pi ng

Run abovegr ound pi pi ng as st r ai ght  as pr act i cabl e al ong t he al i gnment  and 
el evat i on i ndi cat ed,  wi t h a mi ni mum of  j oi nt s,  and separ at el y suppor t ed 
f r om ot her  pi pi ng syst em and equi pment .   I nst al l  exposed hor i zont al  pi pi ng 
no f ar t her  t han 6 i nches f r om near est  par al l el  wal l  and at  an el evat i on 
whi ch pr event s st andi ng,  s i t t i ng,  or  pl acement  of  obj ect s on t he pi pi ng.

3. 5. 4   Fi nal  Gas Connect i ons

Unl ess ot her wi se speci f i ed,  make f i nal  connect i ons wi t h r i gi d met al l i c  
pi pe and f i t t i ngs.   Fl exi bl e connect or s may be used f or  f i nal  connect i ons 
t o gas ut i l i zat i on equi pment . I n addi t i on t o caut i ons l i s t ed i n 
i nst r uct i ons r equi r ed by ANSI  st andar ds f or  f l exi bl e connect or s,  i nsur e 
t hat  f l exi bl e connect or s do not  pass t hr ough equi pment  cabi net .   Pr ovi de 
accessi bl e gas shut of f  val ve and coupl i ng f or  each gas equi pment  i t em.

3. 5. 5   Sei smi c Requi r ement s

Suppor t  and br ace pi pi ng and at t ached val ves t o r esi st  sei smi c l oads i n 
conf or mance wi t h ASCE 25- 16 and as speci f i ed i n UFC 3- 301- 01,  and Sect i on 
23 05 48. 19 SEI SMI C BRACI NG FOR HVAC.   CSST t ubi ng and f i t t i ngs t hat  ar e 
sei smi cal l y qual i f i ed i n accor dance wi t h t he FM APP GUI DE:  Fl exi bl e Pi pi ng 
Syst ems f or  Fl ammabl e Gases must  meet  t he sei smi c r equi r ement s i n 
accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons.

3. 6   PI PE JOI NTS

Desi gn and i nst al l  pi pe j oi nt s t o ef f ect i vel y sust ai n t he l ongi t udi nal  
pul l - out  f or ces caused by cont r act i on of  t he pi pi ng or  super i mposed l oads.

3. 6. 1   Thr eaded Met al l i c  Joi nt s

Pr ovi de t hr eaded j oi nt s i n met al l i c  pi pe wi t h t aper ed t hr eads evenl y cut  
and made wi t h UL appr oved gr aphi t e j oi nt  seal i ng compound f or  gas ser vi ce 
or  t et r af l uor oet hyl ene t ape appl i ed t o t he mal e t hr eads onl y.   Thr eaded 
j oi nt s up t o 1- 1/ 2 i nches i n di amet er  may be made wi t h appr oved 
t et r af l uor oet hyl ene t ape.   Thr eaded j oi nt s up t o 2 i nches i n di amet er  may 
be made wi t h appr oved j oi nt  seal i ng compound.   Af t er  cut t i ng and bef or e 
t hr eadi ng,  r eam pi pe and r emove al l  bur r s.   Caul k i ng of  t hr eaded j oi nt s t o 
st op or  pr event  l eaks i s not  per mi t t ed.

3. 6. 2   Wel ded Met al l i c  Joi nt s

Conf or m bevel i ng,  al i gnment ,  heat  t r eat ment ,  and i nspect i on of  wel ds t o 
NFPA 54.   Remove wel d def ect s and make r epai r s t o t he wel d,  or  r emove t he 
wel d j oi nt s ent i r el y and r ewel d.   Af t er  f i l l er  met al  has been r emoved f r om 
i t s or i gi nal  package,  pr ot ect  and st or e so t hat  i t s char act er i st i cs or  
wel di ng pr oper t i es ar e not  af f ect ed adver sel y.   Do not  use el ect r odes t hat  
have been wet t ed or  have l ost  any of  t hei r  coat i ng.

3. 6. 3   Fl ar ed Met al l i c  Tubi ng Joi nt s

Make f l ar ed j oi nt s i n met al l i c  t ubi ng wi t h speci al  t ool s r ecommended by 
t he t ubi ng manuf act ur er .   Use f l ar ed j oi nt s onl y i n syst ems const r uct ed 
f r om nonf er r ous pi pe and t ubi ng,  when exper i ence or  t est s have 
demonst r at ed t hat  t he j oi nt  i s  sui t abl e f or  t he condi t i ons,  and when 
adequat e pr ovi s i ons ar e made i n t he desi gn t o pr event  separ at i on of  t he 
j oi nt s.   Do not  use met al l i c  bal l  s l eeve compr essi on- t ype t ubi ng f i t t i ngs 

SECTI ON 23 11 20  Page 13



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

f or  t ubi ng j oi nt s.

3. 6. 4   Sol der  or  Br azed Joi nt s

Make al l  j oi nt s i n met al l i c  t ubi ng and f i t t i ngs wi t h mat er i al s and 
pr ocedur es r ecommended by t he t ubi ng suppl i er .   Br aze j oi nt s wi t h mat er i al  
havi ng a mel t i ng poi nt  above 1000 degr ees F,  cont ai ni ng no phosphor ous.

3. 7   PI PE SLEEVES

Pr ovi de pi pes passi ng t hr ough concr et e or  masonr y wal l s or  concr et e f l oor s 
or  r oof s wi t h pi pe sl eeves f i t t ed i nt o pl ace at  t he t i me of  const r uct i on.   
Do not  i nst al l  s l eeves i n st r uct ur al  member s except  wher e i ndi cat ed or  
appr oved.   Make al l  r ect angul ar  and squar e openi ngs as det ai l ed.   Ext end 
each sl eeve t hr ough i t s r espect i ve wal l ,  f l oor  or  r oof ,  and cut  f l ush wi t h 
each sur f ace,  except  i n mechani cal  r oom f l oor s not  l ocat ed on gr ade wher e 
cl ampi ng f l anges or  r i ser  pi pe cl amps ar e used.   Ext end sl eeves i n 
mechani cal  r oom f l oor s above gr ade at  l east  4 i nches above f i ni sh f l oor .   
Unl ess ot her wi se i ndi cat ed,  use sl eeves l ar ge enough t o pr ovi de a mi ni mum 
cl ear ance of  1/ 4 i nch al l  ar ound t he pi pe.   Pr ovi de st eel  pi pe f or  s l eeves 
i n bear i ng wal l s,  wat er pr oof i ng membr ane f l oor s,  and wet  ar eas.   Pr ovi de 
sl eeves i n nonbear i ng wal l s,  f l oor s,  or  cei l i ngs of  st eel  pi pe,  gal vani zed 
sheet  met al  wi t h l ock- t ype l ongi t udi nal  seam,  or  moi st ur e- r esi st ant  f i ber  
or  pl ast i c.   For  penet r at i ons of  f i r e wal l s,  f i r e par t i t i ons and f l oor s 
whi ch ar e not  on gr ade,  seal  t he annul ar  space bet ween t he pi pe and sl eeve 
wi t h f i r e- st oppi ng mat er i al  and seal ant  t hat  meet  t he r equi r ement  of  
Sect i on 07 84 00 FI RESTOPPI NGG.

3. 8   PI PES PENETRATI NG WATERPROOFI NG MEMBRANES

I nst al l  pi pes penet r at i ng wat er pr oof i ng membr anes as speci f i ed i n Sect i on 
22 00 00 PLUMBI NG,  GENERAL PURPOSE.

3. 9   FI RE SEAL

Fi r e seal  al l  penet r at i ons of  f i r e r at ed par t i t i ons,  wal l s and f l oor s i n 
accor dance wi t h Sect i on 07 84 00 FI RESTOPPI NG.

3. 10   ESCUTCHEONS

Pr ovi de escut cheons f or  al l  f i ni shed sur f aces wher e gas pi pi ng passes 
t hr ough f l oor s,  wal l s,  or  cei l i ngs except  i n boi l er ,  ut i l i t y ,  or  equi pment  
r ooms.

3. 11   SPECI AL REQUI REMENTS

Pr ovi de dr i ps,  gr adi ng of  t he l i nes,  f r eeze pr ot ect i on,  and br anch out l et  
l ocat i ons as shown and conf or mi ng t o t he r equi r ement s of  NFPA 54.

3. 12   BUI LDI NG STRUCTURE

Do not  weaken any bui l di ng st r uct ur e by t he i nst al l at i on of  any gas 
pi pi ng.   Do not  cut  or  not ch beams,  j oi st s or  col umns.   At t ach pi pi ng 
suppor t s t o met al  decki ng.   Do not  at t ach suppor t s t o t he under si de of  
concr et e f i l l ed f l oor s or  concr et e r oof  decks unl ess appr oved by t he 
Cont r act i ng Of f i cer .
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3. 13   PI PI NG SYSTEM SUPPORTS

Suppor t  gas pi pi ng syst ems i n bui l di ngs wi t h pi pe hooks,  met al  pi pe 
st r aps,  bands or  hanger s sui t abl e f or  t he s i ze of  pi pi ng or  t ubi ng.   Do 
not  suppor t  any gas pi pi ng syst em by ot her  pi pi ng.   Conf or m spaci ng of  
suppor t s i n gas pi pi ng and t ubi ng i nst al l at i ons t o t he r equi r ement s of  
NFPA 54.   Conf or m t he sel ect i on and appl i cat i on of  suppor t s i n gas pi pi ng 
and t ubi ng i nst al l at i ons t o t he r equi r ement s of  MSS SP- 58.   I n t he suppor t  
of  mul t i pl e pi pe r uns on a common base member ,  use a c l i p or  c l amp wher e 
each pi pe cr osses t he base suppor t  member .   Spaci ng of  t he base suppor t  
member s i s not  t o exceed t he hanger  and suppor t  spaci ng r equi r ed f or  any 
of  t he i ndi v i dual  pi pes i n t he mul t i pl e pi pe r un.   Ri gi dl y connect  t he 
c l i ps or  c l amps t o t he common base member .   Pr ovi de a c l ear ance of  1/ 8 i nch
 bet ween t he pi pe and cl i p or  c l amp f or  al l  pi pi ng whi ch may be subj ect ed 
t o t her mal  expansi on.

3. 14   ELECTRI CAL BONDI NG AND GROUNDI NG

Pr ovi de a gas pi pi ng syst em wi t hi n t he bui l di ng t hat  i s el ect r i cal l y 
cont i nuous and bonded t o a gr oundi ng el ect r ode as r equi r ed by NFPA 54,  
NFPA 58,  and NFPA 70.

3. 15   SHUTOFF VALVE

I nst al l  t he mai n gas shut of f  val ve cont r ol l i ng t he gas pi pi ng syst em t o be 
easi l y accessi bl e f or  oper at i on,  as i ndi cat ed,  pr ot ect ed f r om physi cal  
damage,  and mar ked wi t h a met al  t ag t o c l ear l y i dent i f y t he pi pi ng syst em 
cont r ol l ed.   I nst al l  val ves appr oxi mat el y at  l ocat i ons i ndi cat ed.   Or i ent  
st ems ver t i cal l y,  wi t h oper at or s on t op,  or  hor i zont al l y.   Pr ovi de st op 
val ve on ser vi ce br anch at  connect i on t o mai n and shut - of f  val ve on r i ser  
out si de of  bui l di ng.

3. 16   LI NE AND EQUI PMENT PRESSURE REGULATORS

I nst al l  l i ne pr essur e r egul at or s and equi pment  r egul at or s i n accor dance 
wi t h t he manuf act ur er ' s r equi r ement s and i n accor dance wi t h NFPA 54.   
I nst al l  each r egul at or  i n an accessi bl e l ocat i on and i nst al l  shut of f  
val ves ahead of  each l i ne and equi pment  r egul at or  t o al l ow f or  
mai nt enance.   Wher e vent  l i mi t i ng devi ces ar e not  i ncl uded i n t he 
r egul at or s,  i nst al l  a vent  pi pe t o t he ext er i or  of  t he bui l di ng.   
Ter mi nat e al l  ser vi ce r egul at or  vent s and r el i ef  vent s i n t he out si de ai r  
i n r ai n and i nsect  r esi st ant  f i t t i ngs.   Locat e t he open end of  t he vent  
wher e gas can escape f r eel y i nt o t he at mospher e,  away f r om any openi ngs 
i nt o t he bui l di ng and above ar eas subj ect  t o f l oodi ng.

3. 17   GAS SERVI CE I NSTALLATI ON

  I nst al l at i ons must  be i n accor dance wi t h 49 CFR 192 and ASME B31. 8.   
Cont r act or  must  submi t  and use onl y t est ed and appr oved wor k pr ocedur es.   
Cont r act or  must  use onl y wel der s and j oi nt er s who have been r ecent l y 
qual i f i ed by t r ai ni ng and t est  f or  j oi ni ng and i nst al l i ng t he gas pi pe 
mat er i al  used on t hi s j ob.   The f i ni shed pr oduct  must  be i nspect ed by a 
per son qual i f i ed t o i nspect  j oi nt s made by t he par t i cul ar  pr ocedur es used 
t o make j oi nt s.

3. 17. 1   Ser vi ce Regul at or

I nst al l  ser vi ce r egul at or  i n accor dance wi t h 49 CFR 192 and ASME B31. 8 and 
t hi s speci f i cat i on ensur i ng t hat  t he cust omer ' s pi pi ng i s pr ot ect ed f r om 
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over  pr essur i zat i on shoul d t he ser vi ce r egul at or  f ai l .   A 3/ 8 i nch t apped 
f i t t i ng equi pped wi t h a pl ug must  be pr ovi ded on bot h s i des of  t he ser vi ce 
r egul at or  f or  i nst al l at i on of  pr essur e gauges f or  adj ust i ng t he 
r egul at or .   For  i nsi de i nst al l at i ons,  r out e t he r egul at or  vent  pi pe 
t hr ough t he ext er i or  wal l  t o t he at mospher e,  and seal  bui l di ng 
penet r at i ons f or  ser vi ce l i ne and vent .   Ter mi nat e t he r egul at or  vent  so 
t hat  i t  i s  pr ot ect ed f r om pr eci pi t at i on and i nsect  i nt r usi on,  so t hat  i t  
i s  not  submer ged dur i ng f l oods,  and so t hat  gas escapi ng wi l l  not  cr eat e a 
hazar d or  ent er  t he bui l di ng t hr ough openi ngs.

3. 17. 2   Gas Met er

I nst al l  shut of f  val ve,  met er  set  assembl y,  and ser vi ce r egul at or  on t he 
ser vi ce l i ne out si de t he bui l di ng,  18 i nches above t he gr ound  on t he 
r i ser .   An i nsul at i ng j oi nt  ( di el ect r i c connect i on)  must  be i nst al l ed on 
t he i nl et  s i de of  t he met er  set  assembl y and ser vi ce r egul at or  and must  be 
const r uct ed t o pr event  f l ow of  el ect r i cal  cur r ent .

3. 18   TESTI NG

Submi t  t est  pr ocedur es and r epor t s i n bookl et  f or m t abul at i ng t est  and 
measur ement s per f or med;  dat ed af t er  awar d of  t hi s cont r act ,  and st at i ng 
t he Cont r act or ' s name and addr ess,  t he pr oj ect  name and l ocat i on,  and a 
l i s t  of  t he speci f i c  r equi r ement s whi ch ar e bei ng cer t i f i ed.   Test  ent i r e 
gas pi pi ng syst em t o ensur e t hat  i t  i s  gast i ght  pr i or  t o put t i ng i nt o 
ser vi ce.   Pr i or  t o t est i ng,  pur ge t he syst em,  c l ean,  and cl ear  al l  f or ei gn 
mat er i al .   Test  each j oi nt  wi t h an appr oved gas det ect or ,  soap and wat er ,  
or  an equi val ent  nonf l ammabl e sol ut i on.   I nspect  and t est  each val ve i n 
conf or mance wi t h API  St d 598 and API  St d 607.   Compl et e t est i ng bef or e any 
wor k i s cover ed,  encl osed,  or  conceal ed,  and per f or m wi t h due r egar d f or  
t he saf et y of  empl oyees and t he publ i c dur i ng t he t est .   I nst al l  
bul kheads,  anchor age and br aci ng sui t abl y desi gned t o r esi st  t est  
pr essur es i f  necessar y,  and as di r ect ed and or  appr oved by t he Cont r act i ng 
Of f i cer .   Do not  use oxygen as a t est i ng medi um.

3. 18. 1   Pr essur e Test s

Submi t  t est  pr ocedur es and r epor t s i n bookl et  f or m t abul at i ng t est  and 
measur ement s per f or med;  dat ed af t er  awar d of  t hi s cont r act ,  and st at i ng 
t he Cont r act or ' s name and addr ess,  t he pr oj ect  name and l ocat i on,  and a 
l i s t  of  t he speci f i c  r equi r ement s whi ch ar e bei ng cer t i f i ed.   Bef or e 
appl i ances ar e connect ed,  t est  by f i l l i ng t he pi pi ng syst ems wi t h ai r  or  
an i ner t  gas t o wi t hst and a mi ni mum pr essur e of  3 pounds gauge f or  a 
per i od of  not  l ess t han 10 mi nut es as speci f i ed i n NFPA 54 wi t hout  showi ng 
any dr op i n pr essur e.   Do not  use Oxygen f or  t est .   Measur e pr essur e wi t h 
a mer cur y manomet er ,  s l ope gauge,  or  an equi val ent  devi ce cal i br at ed t o be 
r ead i n i ncr ement s of  not  gr eat er  t han 0. 1 pound.   I sol at e t he sour ce of  
pr essur e bef or e t he pr essur e t est s ar e made.

3. 18. 2   Test  Wi t h Gas

Bef or e t ur ni ng on gas under  pr essur e i nt o any pi pi ng,  c l ose al l  openi ngs 
f r om whi ch gas can escape.   I mmedi at el y af t er  t ur ni ng on t he gas,  check 
t he pi pi ng syst em f or  l eakage by usi ng a l abor at or y- cer t i f i ed gas met er ,  
an equi pment  or i f i ce,  a manomet er ,  or  equi val ent  devi ce.   Conf or m al l  
t est i ng t o t he r equi r ement s of  NFPA 54.   I f  l eakage i s r ecor ded,  shut  of f  
t he gas suppl y,  r epai r  t he l eak ,  and r epeat  t he t est s unt i l  al l  l eaks 
have been st opped.
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3. 18. 3   Pur gi ng

Af t er  t est i ng i s compl et ed,  and bef or e connect i ng any appl i ances,  f ul l y  
pur ge al l  gas pi pi ng.   Do not  pur ge pi pi ng i nt o t he combust i on chamber  of  
a pi ece of  equi pment .   Do not  pur ge t he open end of  pi pi ng syst ems i nt o 
conf i ned spaces or  ar eas wher e t her e ar e i gni t i on sour ces unl ess t he 
saf et y pr ecaut i ons r ecommended i n NFPA 54 ar e f ol l owed.

3. 18. 4   Labor ,  Mat er i al s and Equi pment

Fur ni sh al l  l abor ,  mat er i al s and equi pment  necessar y f or  conduct i ng t he 
t est i ng and pur gi ng.

3. 19   PI PE COLOR CODE MARKI NG

Pr ovi de col or  code mar ki ng of  pi pi ng as speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS,  conf or mi ng t o ASME A13. 1.

        - -  End of  Sect i on - -
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SECTI ON 23 23 00

REFRI GERANT PI PI NG
08/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  710 I - P ( 2009)  Per f or mance Rat i ng of  Li qui d- Li ne 
Dr i er s

AHRI  720 ( 2002)  Ref r i ger ant  Access Val ves and Hose 
Connect or s

AHRI  750 I - P ( 2016)  Per f or mance Rat i ng of  Ther most at i c 
Ref r i ger ant  Expansi on Val ves

AHRI  760 I - P ( 2014)  Per f or mance Rat i ng of  Sol enoi d 
Val ves f or  Use wi t h Vol at i l e Ref r i ger ant s

AHRI  1370 I - P ( 2017)  Per f or mance Rat i ng of  El ect r oni c 
Expansi on Val ves

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 15 & 34 ( 2013)  ASHRAE St andar d 34- 2016 Saf et y 
St andar d f or  Ref r i ger at i on Syst ems/ ASHRAE 
St andar d 34- 2016 Desi gnat i on and Saf et y 
Cl assi f i cat i on of  Ref r i ger ant s- ASHRAE 
St andar d 34- 2016

ASHRAE 17 ( 2022)  Met hod of  Test i ng Capaci t y of  
Ther most at i c Ref r i ger ant  Expansi on Val ves

ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 6 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
Er r at a 7- 8 2021;  I nt er pr et at i on 1- 6 2021;  
Addenda AS- BF 2022)  Ener gy St andar d f or  
Bui l di ngs Except  Low- Ri se Resi dent i al  
Bui l di ngs

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes
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ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B31. 5 ( 2022)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS A5. 31/ A5. 31M ( 2012)  Speci f i cat i on f or  Fl uxes f or  
Br azi ng and Br aze Wel di ng

AWS BRH ( 2007;  5t h Ed)  Br azi ng Handbook

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B280 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube f or  Ai r  Condi t i oni ng and 
Ref r i ger at i on Fi el d Ser vi ce

ASTM B813 ( 2016)  St andar d Speci f i cat i on f or  Li qui d 
and Past e Fl uxes f or  Sol der i ng of  Copper  
and Copper  Al l oy Tube

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s
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MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023)  St r uct ur al  Engi neer i ng

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Ref r i ger ant  Pi pi ng Syst em;  G

SD- 03 Pr oduct  Dat a

Ref r i ger ant  Pi pi ng Syst em

Spar e Par t s

Ref r i ger ant  Pi pi ng Test s

Ver i f i cat i on of  Di mensi ons

SD- 06 Test  Repor t s

Ref r i ger ant  Pi pi ng Test s

SD- 07 Cer t i f i cat es

Ser vi ce Or gani zat i on

SD- 10 Oper at i on and Mai nt enance Dat a

Mai nt enance;  G

Oper at i on and Mai nt enance Manual s;  G

Demonst r at i ons;  G

1. 3   QUALI TY ASSURANCE

1. 3. 1   Cont r act  Dr awi ngs

Because of  t he smal l  scal e of  t he dr awi ngs,  i t  i s  not  possi bl e t o i ndi cat e 
al l  of f set s,  f i t t i ngs,  and accessor i es t hat  may be r equi r ed.   Car ef ul l y 
i nvest i gat e t he pl umbi ng,  f i r e pr ot ect i on,  el ect r i cal ,  st r uct ur al  and 
f i ni sh condi t i ons t hat  woul d af f ect  t he wor k t o be per f or med and ar r ange 
such wor k accor di ngl y,  f ur ni shi ng r equi r ed of f set s,  f i t t i ngs,  and 
accessor i es t o meet  such condi t i ons.
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1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed i t ems f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper  pr ot ect i on and 
car e of  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on i s t he 
Cont r act or ' s r esponsi bi l i t y .   Repl ace any mat er i al s f ound t o be damaged at  
t he Cont r act or ' s expense.   Dur i ng i nst al l at i on,  cap pi pi ng and si mi l ar  
openi ngs t o keep out  di r t  and ot her  f or ei gn mat t er .

1. 5   MAI NTENANCE

1. 5. 1   Gener al

Submi t  Dat a Package 2 pl us oper at i on and mai nt enance dat a compl yi ng wi t h 
t he r equi r ement s of  Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA and as 
speci f i ed her ei n.

1. 5. 2   Ext r a Mat er i al s

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  equi pment  speci f i ed,  
af t er  appr oval  of  det ai l  dr awi ngs and not  l at er  t han 2 mont hs pr i or  t o t he 
dat e of  benef i c i al  occupancy.   I ncl ude a compl et e l i s t  of  par t s and 
suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce of  suppl y,  a r ecommended 
spar e par t s l i s t  f or  1 year  of  oper at i on,  and a l i s t  of  t he par t s 
r ecommended by t he manuf act ur er  t o be r epl aced on a r out i ne basi s i n t he 
dat a.

PART 2   PRODUCTS

2. 1   STANDARD COMMERCI AL PRODUCTS

a.   Pr ovi de mat er i al s and equi pment  whi ch ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  
t hat  ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p and t hat  have 
been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o 
bi d openi ng.

b.   The 2 year  use must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The 2 year s '  
exper i ence must  be sat i sf act or i l y  compl et ed by a pr oduct  whi ch has 
been sol d or  i s of f er ed f or  sal e on t he commer ci al  mar ket  t hr ough 
adver t i sement s,  manuf act ur er ' s cat al ogs,  or  br ochur es.   Pr oduct s 
havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e i f  a 
cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on,  f or  not  l ess t han 
6000 hour s excl usi ve of  t he manuf act ur er ' s f act or y t est s,  can be shown.

c.   Pr oduct s must  be suppor t ed by a ser vi ce or gani zat i on.   Syst em 
component s must  be envi r onment al l y sui t abl e f or  t he i ndi cat ed 
l ocat i ons.   Submi t  a cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce 
or gani zat i ons f or  suppor t  of  t he equi pment  whi ch i ncl udes t hei r  
addr esses and qual i f i cat i ons.   The ser vi ce or gani zat i ons must  be 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on and be abl e t o 
r ender  sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and 
emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

d.   Exposed equi pment  movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng 
t emper at ur e,  par t s whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  
may be a hazar d t o oper at i ng per sonnel  must  be i nsul at ed,  f ul l y  
encl osed,  guar ded,  or  f i t t ed wi t h ot her  t ypes of  saf et y devi ces.   
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I nst al l  saf et y devi ces so t hat  pr oper  oper at i on of  equi pment  i s not  
i mpai r ed.   Wel di ng and cut t i ng saf et y r equi r ement s must  be i n 
accor dance wi t h AWS Z49. 1.

e.   Pr ovi de t he manuf act ur er ' s st andar d cat al og dat a,  at  l east  5 weeks 
pr i or  t o t he pur chase or  i nst al l at i on of  a par t i cul ar  component .   
Hi ghl i ght  t he dat a t o show i nf or mat i on such as,  but  not  l i mi t ed t o,  
mat er i al ,  s i ze,  opt i ons,  per f or mance char t s,  and cur ves i n adequat e 
det ai l  t o demonst r at e compl i ance wi t h cont r act  r equi r ement s.   I ncl ude 
t he manuf act ur er ' s r ecommended i nst al l at i on i nst r uct i ons and 
pr ocedur es i n t he dat a pr ovi ded.   Pr ovi de dat a f or  t he f ol l owi ng 
component s as a mi ni mum:

( 1)   Pi pi ng and Fi t t i ngs
( 2)   Val ves
( 3)   Pi pi ng Accessor i es
( 4)   Pi pe Hanger s,  I nser t s,  and Suppor t s

2. 2   ELECTRI CAL WORK

El ect r i cal  equi pment  and wi r i ng must  be i n accor dance wi t h Sect i on 26 20 00
 I NTERI OR DI STRI BUTI ON SYSTEM.   Fi el d wi r i ng must  be i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons.

2. 3   REFRI GERANT PI PI NG SYSTEM

Pr ovi de r ef r i ger ant  pi pi ng,  val ves,  f i t t i ngs,  and accessor i es i n 
accor dance wi t h ASHRAE 15 & 34 and ASME B31. 5,  except  as speci f i ed 
her ei n.   Ref r i ger ant  pi pi ng,  val ves,  f i t t i ngs,  and accessor i es must  be 
compat i bl e wi t h t he f l ui ds used and capabl e of  wi t hst andi ng t he pr essur es 
and t emper at ur es of  t he ser vi ce.   Ref r i ger ant  pi pi ng,  val ves,  and 
accessor i es used f or  r ef r i ger ant  ser vi ce must  be cl eaned,  dehydr at ed,  and 
seal ed ( capped or  pl ugged)  pr i or  t o shi pment  f r om t he manuf act ur er ' s 
pl ant .   Submi t  dr awi ngs,  at  l east  5 weeks pr i or  t o begi nni ng const r uct i on,  
pr ovi ded i n adequat e det ai l  t o demonst r at e compl i ance wi t h cont r act  
r equi r ement s.   Dr awi ngs must  consi st  of :

a.   Pi pi ng l ayout s whi ch i dent i f y al l  val ves and f i t t i ngs.

b.   Pl ans and el evat i ons whi ch i dent i f y c l ear ances r equi r ed f or  
mai nt enance and oper at i on.

2. 4   PI PE,  FI TTI NGS AND END CONNECTI ONS ( JOI NTS)

2. 4. 1   Copper  Tubi ng

Pr ovi de copper  t ubi ng conf or mi ng t o ASTM B280 anneal ed or  har d dr awn as 
r equi r ed.   Copper  t ubi ng must  bear  t he pr oduct  i dent i f i cat i on mar ki ngs i n 
accor dance wi t h ASTM B280,  " ACR"  must  be pr esent  on copper  t ubi ng.   Copper  
t ubi ng must  be sof t  anneal ed wher e bendi ng i s r equi r ed and har d dr awn 
wher e no bendi ng i s r equi r ed.   Sof t  anneal ed copper  t ubi ng must  not  be 
used i n s i zes l ar ger  t han 1- 3/ 8 i nches.   Joi nt s must  be br azed except  t hat  
j oi nt s on l i nes 7/ 8 i nchand smal l er  may be f l ar ed.   Cast  copper  al l oy 
f i t t i ngs f or  f l ar ed copper  t ube must  conf or m t o ASME B16. 26 and ASTM B62.   
Wr ought  copper  and br onze sol der - j oi nt  pr essur e f i t t i ngs must  conf or m t o 
ASME B16. 22 and ASTM B75/ B75M.   Joi nt s and f i t t i ngs f or  br azed j oi nt  must  
be wr ought - copper  or  f or ged- br ass sweat  f i t t i ngs.   Cast  sweat - t ype j oi nt s 
and f i t t i ngs ar e not  al l owed f or  br azed j oi nt s.   Br ass or  br onze adapt er s 
f or  br azed t ubi ng may be used f or  connect i ng t ubi ng t o f l anges and t o 
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t hr eaded ends of  val ves and equi pment .

2. 4. 2   Sol der

Sol der  must  conf or m t o ASTM B32,  gr ade Sb5,  t i n- ant i mony al l oy f or  ser vi ce 
pr essur es up t o 150 psi g.   Sol der  f l ux must  be l i qui d or  past e f or m,  
non- cor r osi ve and conf or m t o ASTM B813.

2. 4. 3   Br azi ng Fi l l er  Met al

Fi l l er  met al  must  conf or m t o AWS A5. 8/ A5. 8M,  Type BAg- 5 wi t h AWS Type 
FB3- A or  Type FB3- C f l ux,  except  Type BCuP- 3,  BCuP- 4,   or  BCuP- 5 may be 
used f or  br azi ng copper - t o- copper  j oi nt s.   BAl Si - 4 wi t h AWS Type FB1- A 
f l ux may be used when j oi ni ng copper  pi pi ng t o al umi num component s.

2. 4. 4   Br azi ng Fl ux

Br azi ng f l ux must  conf or m t o AWS A5. 31/ A5. 31M,  Type FB3- A or  Type FB3- C 
when usi ng Type BAg- 5 f i l l er  met al .   Type FB1- A i s t o be used wi t h Type 
BAl Si - 4 f i l l er  met al .

2. 4. 5   Pr ess Fi t t i ngs

Pr ess f i t t i ngs ar e not  accept abl e f or  use i n r ef r i ger ant  pi pi ng syst ems.

2. 5   VALVES

Val ves must  be desi gned,  manuf act ur ed,  and t est ed speci f i cal l y f or  
r ef r i ger ant  ser vi ce.   The val ve mat er i al  and al l  i nt er nal  component s must  
be compat i bl e wi t h t he speci f i c  r ef r i ger ant  and l ubr i cant  used.   Val ve 
bodi es must  be of  br ass,  br onze,  st eel ,  or  duct i l e i r on const r uct i on.   
Val ves 1 i nch and smal l er  must  have br azed or  socket  wel ded connect i ons.   
Val ves l ar ger  t han 1 i nch must  have but t  wel ded end connect i ons.   Do not  
use t hr eaded end connect i ons,  except  i n pi l ot  pr essur e or  gauge l i nes 
wher e mai nt enance di sassembl y i s r equi r ed and wel ded f l anges cannot  be 
used.   I nt er nal  par t s must  be r emovabl e f or  i nspect i on or  r epl acement  
wi t hout  appl y i ng heat  or  br eaki ng pi pe connect i ons.   Val ve st ems exposed 
t o t he at mospher e must  be st ai nl ess st eel  or  cor r osi on r esi st ant  met al  
pl at ed car bon st eel .   Di r ect i on of  f l ow must  be l egi bl y and per manent l y 
i ndi cat ed on t he val ve body.   Cont r ol  val ve i nl et s must  be f i t t ed wi t h 
i nt egr al  or  adapt ed st r ai ner  or  f i l t er  wher e r ecommended or  r equi r ed by 
t he manuf act ur er .   Pur ge,  char ge and r ecei ver  val ves must  be of  
manuf act ur er ' s st andar d conf i gur at i on.

2. 5. 1   Ref r i ger ant  St op Val ves

Val ve must  be t he gl obe or  f ul l - por t  bal l  t ype wi t h a back- seat i ng st em 
especi al l y packed f or  r ef r i ger ant  ser vi ce.   Val ve packi ng must  be 
r epl aceabl e under  l i ne pr essur e.   Pr ovi de val ve wi t h a wr ench oper at or  and 
a seal  cap.   Val ve must  be t he st r ai ght  or  angl e pat t er n desi gn as 
i ndi cat ed.

2. 5. 2   Check Val ves

Val ve must  be t he swi ng or  l i f t  t ype as r equi r ed t o pr ovi de posi t i ve 
shut of f  at  t he di f f er ent i al  pr essur e i ndi cat ed.   Val ve must  be pr ovi ded 
wi t h r esi l i ent  seat .
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2. 5. 3   Li qui d Sol enoi d Val ves

Pr ovi de val ves t hat  compl y wi t h AHRI  760 I - P and ar e sui t abl e f or  
cont i nuous dut y wi t h appl i ed vol t ages 15 per cent  under  and 5 per cent  over  
nomi nal  r at ed vol t age at  maxi mum and mi ni mum encount er ed pr essur e and 
t emper at ur e ser vi ce condi t i ons.   Val ves must  be di r ect - act i ng or  
pi l ot - oper at i ng t ype,  packl ess,  except  t hat  packed st em,  seal  capped,  
manual  l i f t i ng pr ovi s i ons must  be f ur ni shed.   Pr ovi de sol enoi d coi l s t hat  
ar e moi st ur e- pr oof ,  UL appr oved,  t ot al l y encapsul at ed or  encapsul at ed and 
met al  j acket ed as r equi r ed.   Val ves must  have saf e wor ki ng pr essur e of  610 
psi  and a maxi mum oper at i ng pr essur e di f f er ent i al  of  at  l east  200 psi  at  
85 per cent  r at ed vol t age.   Val ves must  have an oper at i ng pr essur e 
di f f er ent i al  sui t abl e f or  t he r ef r i ger ant  used.

2. 5. 4   Expansi on Val ves

Pr ovi de val ve conf or mi ng t o AHRI  750 I - P and ASHRAE 17.   Val ve must  be t he 
di aphr agm and spr i ng- l oaded t ype wi t h i nt er nal  or  ext er nal  equal i zer s,  and 
bul b and capi l l ar y t ubi ng.   Pr ovi de val ve wi t h an ext er nal  super heat  
adj ust ment  al ong wi t h a seal  cap.   I nt er nal  equal i zer s may be ut i l i zed 
wher e f l owi ng r ef r i ger ant  pr essur e dr op bet ween out l et  of  t he val ve and 
i nl et  t o t he evapor at or  coi l  i s  negl i gi bl e and pr essur e dr op acr oss t he 
evapor at or  i s l ess t han t he pr essur e di f f er ence cor r espondi ng t o 2 degr ees 
F of  sat ur at ed suct i on t emper at ur e at  evapor at or  condi t i ons.   Bul b char ge 
must  be det er mi ned by t he manuf act ur er  f or  t he appl i cat i on and such t hat  
l i qui d wi l l  r emai n i n t he bul b at  al l  oper at i ng condi t i ons.   Do not  use 
gas l i mi t ed l i qui d char ged val ves and ot her  val ve devi ces f or  l i mi t i ng 
evapor at or  pr essur e wi t hout  a di st r i but or  or  di schar ge t ube or  ef f ect i ve 
means t o pr event  l oss of  cont r ol  when bul b becomes war mer  t han val ve 
body.   Pi l ot - oper at ed val ves must  have a char act er i zed pl ug t o pr ovi de 
r equi r ed modul at i ng cont r ol .   A de- ener gi zed sol enoi d val ve may be used i n 
t he pi l ot  l i ne t o c l ose t he mai n val ve i n l i eu of  a sol enoi d val ve i n t he 
mai n l i qui d l i ne.   Pr ovi de an i sol at abl e pr essur e gauge i n t he pi l ot  l i ne,  
at  t he mai n val ve.   Aut omat i c pr essur e r educi ng or  const ant  pr essur e 
r egul at i ng expansi on val ves may be used onl y wher e i ndi ct ed or  f or  
const ant  evapor at or  l oads.

2. 5. 5   El ect r oni c Expansi on Val ves

Val ve must  conf or m t o AHRI  1370 I - P and ASHRAE 17.   The val ve must  pr event  
t he r et ur n of  l i qui d t o t he compr essor  i n t he event  of  power  l oss or  l ow 
super heat .

2. 5. 6   Saf et y Rel i ef  Val ves

Val ve must  be t he t wo- way t ype,  unl ess i ndi cat ed ot her wi se.   Val ve must  
bear  t he ASME code symbol .   Val ve capaci t y must  be cer t i f i ed by t he 
Nat i onal  Boar d of  Boi l er  and Pr essur e Vessel  I nspect or s.   Val ve must  be of  
an aut omat i cal l y r eseat i ng desi gn af t er  act i vat i on.

2. 5. 7   Evapor at or  Pr essur e Regul at or s,  Di r ect - Act i ng

Val ve must  i ncl ude a di aphr agm/ spr i ng assembl y,  ext er nal  pr essur e 
adj ust ment  wi t h seal  cap,  and pr essur e gauge por t .   Val ve must  mai nt ai n a 
const ant  i nl et  pr essur e by bal anci ng i nl et  pr essur e on di aphr agm agai nst  
an adj ust abl e spr i ng l oad.   Pr essur e dr op at  syst em desi gn l oad must  not  
exceed t he pr essur e di f f er ence cor r espondi ng t o a 2 degr ees F change i n 
sat ur at ed r ef r i ger ant  t emper at ur e at  evapor at or  oper at i ng suct i on 
t emper at ur e.   Spr i ng must  be sel ect ed f or  i ndi cat ed maxi mum al l owabl e 
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suct i on pr essur e r ange.

2. 5. 8   Ref r i ger ant  Access Val ves

Pr ovi de r ef r i ger ant  access val ves and hose connect i ons i n accor dance wi t h 
AHRI  720.

2. 6   PI PI NG ACCESSORI ES

2. 6. 1   Fi l t er  Dr i er s

Dr i er s must  conf or m t o AHRI  710 I - P.   Si zes 5/ 8 i nch and l ar ger  must  be 
t he f ul l  f l ow,  r epl aceabl e cor e t ype.   Si zes 1/ 2 i nch and smal l er  must  be 
t he seal ed t ype.   Cor es must  be of  sui t abl e desi ccant  t hat  wi l l  not  pl ug,  
cake,  dust ,  channel ,  or  br eak down,  and must  r emove wat er ,  aci d,  and 
f or ei gn mat er i al  f r om t he r ef r i ger ant .   Const r uct f i l t er  dr i er s so t hat  
none of  t he desi ccant  wi l l  pass i nt o t he r ef r i ger ant  l i nes.   Mi ni mum 
bur st i ng pr essur e must  be 1, 500 psi .

2. 6. 2   Si ght  Gl ass and Li qui d Level  I ndi cat or

2. 6. 2. 1   Assembl y and Component s

Assembl y must  be pr essur e-  and t emper at ur e- r at ed and const r uct ed of  
mat er i al s sui t abl e f or  t he ser vi ce.   Gl ass must  be bor osi l i cat e t ype.   
Fer r ous component s subj ect  t o condensat i on must  be el ect r o- gal vani zed.

2. 6. 2. 2   Gauge Gl ass

Gauge gl ass must  i ncl ude t op and bot t om i sol at i on val ves f i t t ed wi t h 
aut omat i c checks,  and packi ng f ol l ower s;  r ed- l i ne or  gr een- l i ne gauge 
gl ass;  el ast omer  or  pol ymer  packi ng t o sui t  t he ser vi ce;  and gauge gl ass 
guar d.

2. 6. 2. 3   Bul l ' s- Eye and I nl i ne Si ght  Gl ass Ref l ex Lens

Pr ovi de bul l ' s- eye and i nl i ne s i ght  gl ass r ef l ex l ens f or  dead- end l i qui d 
ser vi ce.   For  pi pe l i ne mount i ng,  pr ovi de t wo pl ai n l enses i n one body 
sui t abl e f or  backl i ght ed vi ewi ng.

2. 6. 2. 4   Moi st ur e I ndi cat or

I ndi cat or  must  be a sel f - r ever si bl e act i on,  moi st ur e r eact i ve,  col or  
changi ng medi a.   I ndi cat or  must  be f ur ni shed wi t h f ul l - col or - pr i nt i ng t ag 
cont ai ni ng col or ,  moi st ur e,  and t emper at ur e cr i t er i a.   Unl ess ot her wi se 
i ndi cat ed,  t he moi st ur e i ndi cat or  must  be an i nt egr al  par t  of  each 
cor r espondi ng si ght  gl ass.

2. 6. 3   Vi br at i on Dampener s

Dampener s must  be of  t he al l - met al l i c  bel l ows and woven- wi r e t ype.

2. 6. 4   Fl exi bl e Pi pe Connect or s

Connect or  must  be a composi t e of  i nt er i or  cor r ugat ed phosphor  br onze or  
Type 300 Ser i es st ai nl ess st eel ,  as r equi r ed f or  f l ui d ser vi ce,  wi t h 
ext er i or  r ei nf or cement  of  br onze,  st ai nl ess st eel  or  monel  wi r e br ai d.   
Assembl y must  be const r uct ed wi t h a saf et y f act or  of  not  l ess t han 4 at 300 
degr ees F.   Unl ess ot her wi se i ndi cat ed,  t he l engt h of  a f l exi bl e connect or  
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must  be as r ecommended by t he manuf act ur er  f or  t he ser vi ce i nt ended.

2. 6. 5   St r ai ner s

St r ai ner s used i n r ef r i ger ant  ser vi ce must  have br ass or  cast - i r on body,  
Y- or  angl e- pat t er n,  c l eanabl e,  not  l ess t han 60- mesh noncor r odi ng scr een 
of  an ar ea t o pr ovi de net  f r ee ar ea not  l ess t han t en t i mes t he pi pe 
di amet er  wi t h pr essur e r at i ng compat i bl e wi t h t he r ef r i ger ant  ser vi ce.   
Scr eens must  be st ai nl ess st eel  or  monel  and r ei nf or ced spr i ng- l oaded 
wher e necessar y f or  bypass- pr oof  const r uct i on.

2. 6. 6   Pr essur e and Vacuum Gauges

Pr ovi de gauges conf or mi ng t o ASME B40. 100 wi t h t hr ot t l i ng t ype needl e 
val ve or  a pul sat i on dampener  and shut - of f  val ve.   Gauge must  be a mi ni mum 
of  3- 1/ 2 i nches i n di amet er  wi t h a r ange f r om 0 psi g t o appr oxi mat el y 1. 5 
t i mes t he maxi mum syst em wor ki ng pr essur e.   Sel ect  each gauge r ange so 
t hat  at  nor mal  oper at i ng pr essur e,  t he needl e i s wi t hi n t he mi ddl e- t hi r d 
of  t he r ange.

2. 6. 7   Temper at ur e Gauges

Pr ovi de i ndust r i al  dut y t ype t emper at ur e gauges f or  t he r equi r ed 
t emper at ur e r ange.   Gauges must  have Fahr enhei t  scal e i n 2 degr ees 
gr aduat i ons scal e ( bl ack number s)  on a whi t e f ace.   The poi nt er  must  be 
adj ust abl e.   Pr ovi de r i gi d st em t ype t emper at ur e gauges i n t her mowel l s 
l ocat ed wi t hi n 5 f eet  of  t he f i ni shed f l oor .   Pr ovi de uni ver sal  adj ust abl e 
angl e t ype or  r emot e el ement  t ype t emper at ur e gauges i n t her mowel l s l ocat ed
 5 t o 7 f eet  above t he f i ni shed f l oor .   Pr ovi de r emot e el ement  t ype 
t emper at ur e gauges i n t her mowel l s l ocat ed 7 f eet  above t he f i ni shed f l oor .

2. 6. 7. 1   St em Cased- Gl ass

Pr ovi de st em cased- gl ass case composed of  pol i shed st ai nl ess st eel  or  cast  
al umi num,   9 i nches l ong,  wi t h c l ear  acr yl i c l ens,  and non- mer cur y f i l l ed 
gl ass t ube wi t h i ndi cat i ng- f l ui d col umn.

2. 6. 7. 2   Bi met al l i c  Di al

Pr ovi de bi met al l i c  di al  t ype case t hat  i s gr eat er  t han 3- 1/ 2 i nches,  
st ai nl ess st eel ,  and her met i cal l y seal ed wi t h c l ear  acr yl i c l ens.   
Bi met al l i c  el ement  must  be si l i cone dampened and uni t  f i t t ed wi t h ext er nal  
cal i br at or  adj ust ment .   Accur acy must  be one per cent  of  di al  r ange.

2. 6. 7. 3   Li qui d- ,  Sol i d- ,  and Vapor - Fi l l ed Di al

Pr ovi de l i qui d- ,  sol i d- ,  and vapor - f i l l ed di al  t ype cases t hat  ar e gr eat er  
t han 3- 1/ 2 i nches,  st ai nl ess st eel  or  cast  al umi num wi t h c l ear  acr yl i c 
l ens.   Fi l l  must  be nonmer cur y,  sui t abl e f or  encount er ed cr oss- ambi ent s,  
and connect i ng capi l l ar y t ubi ng must  be doubl e- br ai ded br onze.

2. 6. 7. 4   Ther mowel l

Ther mowel l  must  be i dent i cal  s i ze,   1/ 2 or  3/ 4 i nch NPT connect i on,  br ass 
or  st ai nl ess st eel .   Wher e t est  wel l s ar e i ndi cat ed,  pr ovi de capt i ve 
pl ug- f i t t ed t ype 1/ 2 i nch NPT connect i on sui t abl e f or  use wi t h ei t her  
engr aved st em or  st andar d separ abl e socket  t her momet er  or  t her most at .   
Mer cur y must  not  be used i n t her momet er s.   Ext ended neck t her mowel l s must  
be of  suf f i c i ent  l engt h t o c l ear  i nsul at i on t hi ckness by 1 i nch.

SECTI ON 23 23 00  Page 9



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

2. 6. 8   Pi pe Hanger s,  I nser t s,  and Suppor t s

Pr ovi de pi pe hanger s,  i nser t s,  gui des,  and suppor t s conf or mi ng t o MSS SP- 58.

2. 6. 9   Escut cheons

Escut cheons must  be chr omi um- pl at ed i r on or  chr omi um- pl at ed br ass,  ei t her  
one pi ece or  spl i t  pat t er n,  hel d i n pl ace by i nt er nal  spr i ng t ensi on or  
set  scr ews.

2. 7   FABRI CATI ON

2. 7. 1   Fact or y Coat i ng

Unl ess ot her wi se speci f i ed,  equi pment  and component  i t ems,  when f abr i cat ed 
f r om f er r ous met al ,  must  be f act or y f i ni shed wi t h t he manuf act ur er ' s 
st andar d f i ni sh,  except  t hat  i t ems l ocat ed out si de of  bui l di ngs must  have 
weat her  r esi st ant  f i ni shes t hat  wi l l  wi t hst and 500 hour s exposur e t o t he 
sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um chl or i de 
sol ut i on.   I mmedi at el y af t er  compl et i on of  t he t est ,  t he speci men must  
show no si gns of  bl i s t er i ng,  wr i nkl i ng,  cr acki ng,  or  l oss of  adhesi on and 
no si gn of  r ust  cr eepage beyond 1/ 8 i nch on ei t her  s i de of  t he scr at ch 
mar k.   Cut  edges of  gal vani zed sur f aces wher e hot - di p gal vani zed sheet  
st eel  i s  used must  be coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o 
ASTM D520,  Type I .

2. 7. 2   Fact or y Appl i ed I nsul at i on

Fact or y i nst al l ed i nsul at i on must  be i n accor dance wi t h ASHRAE 90. 1 -  I P.   
Ref r i ger ant  suct i on l i nes bet ween t he cool er  and each compr essor   must  be 
i nsul at ed wi t h not  l ess t han 1/ 2 i nch t hi ck uni cel l ul ar  pl ast i c f oam.   
Fact or y i nsul at ed i t ems i nst al l ed out door s ar e not  r equi r ed t o be 
f i r e- r at ed.   As a mi ni mum,  f act or y i nsul at ed i t ems i nst al l ed i ndoor s must  
have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke devel oped i ndex no 
hi gher  t han 50.   Fact or y i nsul at ed i t ems ( no j acket )  i nst al l ed i ndoor s and 
whi ch ar e l ocat ed i n ai r  pl enums,  i n cei l i ng spaces,  and i n at t i c  spaces 
must  have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke devel oped 
i ndex no hi gher  t han 50.   Fl ame spr ead and smoke devel oped i ndexes must  be 
det er mi ned by ASTM E84.   Test  i nsul at i on i n t he same densi t y and i nst al l ed 
t hi ckness as t he mat er i al  t o be used i n t he act ual  const r uct i on.   Test  
mat er i al  suppl i ed by a manuf act ur er  wi t h a j acket  as a composi t e 
mat er i al .   Pr ovi de j acket s,  f aci ngs,  and adhesi ves t hat  have a f l ame 
spr ead i ndex l ess t han 25 and a smoke devel oped i ndex l ess t han 50 when 
t est ed i n accor dance wi t h ASTM E84.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  per f or m a 
ver i f i cat i on of  di mensi ons i n t he f i el d.   Submi t  a l et t er ,  at  l east  2 
weeks pr i or  t o begi nni ng const r uct i on,  i ncl udi ng t he dat e t he s i t e was 
vi s i t ed,  conf or mat i on of  exi st i ng condi t i ons,  and any di scr epanci es f ound 
bef or e per f or mi ng any wor k.

3. 2   I NSTALLATI ON

Pi pe and f i t t i ng i nst al l at i on must  conf or m t o t he r equi r ement s of  
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ASME B31. 1.   Cut  pi pe accur at el y t o measur ement s est abl i shed at  t he 
j obsi t e,  and wor k i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng,  compl et el y 
c l ear i ng al l  wi ndows,  door s,  and ot her  openi ngs.   Cut t i ng or  ot her  
weakeni ng of  t he bui l di ng st r uct ur e t o f aci l i t at e pi pi ng i nst al l at i on i s 
not  per mi t t ed wi t hout  wr i t t en appr oval .   Cut  pi pe or  t ubi ng squar e,  r emove 
by r eami ng,  and per mi t  f r ee expansi on and cont r act i on wi t hout  causi ng 
damage t o t he bui l di ng st r uct ur e,  pi pe,  j oi nt s,  or  hanger s.

3. 2. 1   Di r ect i onal  Changes

Make changes i n di r ect i on wi t h f i t t i ngs,  except  t hat  bendi ng of  pi pe 4 
i nches and smal l er  i s  per mi t t ed,  pr ovi ded a pi pe bender  i s used and wi de 
weep bends ar e f or med.   Mi t er i ng or  not chi ng pi pe or  ot her  s i mi l ar  
const r uct i on t o f or m el bows or  t ees i s not  per mi t t ed.   The cent er l i ne 
r adi us of  bends must  not  be l ess t han 6 di amet er s of  t he pi pe.   Bent  pi pe 
showi ng ki nks,  wr i nkl es,  f l at t eni ng,  or  ot her  mal f or mat i ons wi l l  not  be 
accept ed.

3. 2. 2   Funct i onal  Requi r ement s

I nst al l  pi pi ng  1/ 2 i nch/ 10 f eet  of  pi pe i n t he di r ect i on of  f l ow t o 
ensur e adequat e oi l  dr ai nage.   Pr oper l y cap or  pl ug open ends of  
r ef r i ger ant  l i nes or  equi pment  dur i ng i nst al l at i on t o keep moi st ur e,  di r t ,  
or  ot her  f or ei gn mat er i al  out  of  t he syst em.   Pi pi ng must  r emai n capped 
unt i l  i nst al l at i on.   Equi pment  pi pi ng must  be i n accor dance wi t h t he 
equi pment  manuf act ur er ' s r ecommendat i ons and t he cont r act  dr awi ngs.   
Equi pment  and pi pi ng ar r angement s must  f i t  i nt o space al l ot t ed and al l ow 
adequat e accept abl e c l ear ances f or  i nst al l at i on,  r epl acement ,  ent r y,  
ser vi c i ng,  and mai nt enance.

3. 2. 3   Fi t t i ngs and End Connect i ons

3. 2. 3. 1   Br azed Connect i ons

Per f or m br azi ng i n accor dance wi t h AWS BRH,  except  as modi f i ed her ei n.   
Dur i ng br azi ng,  f i l l  t he pi pe and f i t t i ngs wi t h a pr essur e r egul at ed i ner t  
gas,  such as ni t r ogen,  t o pr event  t he f or mat i on of  scal e.   Bef or e br azi ng 
copper  j oi nt s,  c l ean bot h t he out si de of  t he t ube and t he i nsi de of  t he 
f i t t i ng wi t h a wi r e f i t t i ng br ush unt i l  t he ent i r e j oi nt  sur f ace i s br i ght  
and cl ean.   Do not  use br azi ng f l ux on copper - t o- copper  connect i ons.   
Remove sur pl us br azi ng mat er i al  at  al l  j oi nt s.   Make st eel  t ubi ng j oi nt s 
i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   Pai nt  j oi nt s i n 
st eel  t ubi ng wi t h t he same mat er i al  as t he baked- on coat i ng wi t hi n 8 hour s 
af t er  j oi nt s ar e made.   Pr ot ect  t ubi ng agai nst  oxi dat i on dur i ng br azi ng by 
cont i nuous pur gi ng of  t he i nsi de of  t he pi pi ng usi ng ni t r ogen.   Suppor t  
pi pi ng pr i or  t o br azi ng and do not  spr i ng or  f or ce.

3. 2. 3. 2   Fl ar ed Connect i ons

When f l ar ed connect i ons ar e used,  use a sui t abl e l ubr i cant  bet ween t he 
back of  t he f l ar e and t he nut  i n or der  t o avoi d t ear i ng t he f l ar e whi l e 
t i ght eni ng t he nut .

3. 2. 4   Val ves

3. 2. 4. 1   Gener al

I nst al l  r ef r i ger ant  st op val ves on each si de of  each pi ece of  equi pment  
such as compr essor s condenser s,  evapor at or s,  r ecei ver s,  and ot her  s i mi l ar  

SECTI ON 23 23 00  Page 11



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

i t ems i n mul t i pl e- uni t  i nst al l at i on,  t o pr ovi de par t i al  syst em i sol at i on 
as r equi r ed f or  mai nt enance or  r epai r .   I nst al l  st op val ves wi t h st ems 
hor i zont al  unl ess ot her wi se i ndi cat ed.   I nst al l  bal l  val ves must  be 
i nst al l ed wi t h st ems posi t i oned t o f aci l i t at e oper at i on and mai nt enance.   
I sol at i ng val ves f or  pr essur e gauges and swi t ches must  be ext er nal  t o 
t her mal  i nsul at i on.   Saf et y swi t ches must  not  be f i t t ed wi t h i sol at i on 
val ves.   Fi l t er  dr yer s havi ng access por t s may be consi der ed a poi nt  of  
i sol at i on.   Pur ge val ves must  be pr ovi ded at  al l  poi nt s of  syst ems wher e 
accumul at ed non- condensabl e gases woul d pr event  pr oper  syst em oper at i on.   
Val ves must  be f ur ni shed t o mat ch l i ne s i ze,  unl ess ot her wi se i ndi cat ed or  
appr oved.

3. 2. 4. 2   Expansi on Val ves

I nst al l  expansi on val ves wi t h t he t her most at i c expansi on val ve bul b 
l ocat ed on t op of  t he suct i on l i ne when t he suct i on l i ne i s l ess t han 
2- 1/ 8 i nches i n di amet er  and at  t he 4 o' c l ock or  8 o' c l ock posi t i on on 
l i nes l ar ger  t han 2- 1/ 8 i nches.   Fast en t he bul b secur el y wi t h t wo 
cl amps.   I nsul at e ehe bul b .   I nst al l  t he bul b i n a hor i zont al  por t i on of  
t he suct i on l i ne,  i f  possi bl e,  wi t h t he pi gt ai l  on t he bot t om.   I f  t he 
bul b must  be i nst al l ed i n a ver t i cal  l i ne,  t he bul b t ubi ng must  be f aci ng 
up.

3. 2. 4. 3   Val ve I dent i f i cat i on

Tag each syst em val ve,  i ncl udi ng t hose whi ch ar e par t  of  a f act or y 
assembl y.   Tags must  be i n al phanumer i c sequence,  pr ogr essi ng i n di r ect i on 
of  f l ui d f l ow.   Tags must  be embossed,  engr aved,  or  st amped pl ast i c or  
nonf er r ous met al  of  var i ous shapes,  s i zed appr oxi mat el y 1- 3/ 8 i nch 
di amet er ,  or  equi val ent  di mensi on,  subst ant i al l y  at t ached t o a component  
or  i mmedi at el y adj acent  t her et o.   At t ach t ags wi t h nonf er r ous,  heavy dut y,  
bead or  l i nk chai n,   14 gauge anneal ed wi r e,  nyl on cabl e bands or  as 
appr oved.   Ref er ence t ag number s i n Oper at i on and Mai nt enance Manual s and 
syst em di agr ams.

3. 2. 5   Vi br at i on Damper s

Pr ovi de vi br at i on damper  i n t he suct i on and di schar ge l i nes on spr i ng 
mount ed compr essor s.   I nst al l  v i br at i on damper s par al l el  wi t h t he shaf t  of  
t he compr essor  and anchor  f i r ml y at  t he upst r eam end on t he suct i on l i ne 
and t he downst r eam end i n t he di schar ge l i ne.

3. 2. 6   St r ai ner s

Pr ovi de st r ai ner s i mmedi at el y ahead of  sol enoi d val ves and expansi on 
devi ces.   St r ai ner s may be an i nt egr al  par t  of  an expansi on val ve.

3. 2. 7   Fi l t er  Dr yer

Pr ovi de a l i qui d l i ne f i l t er  dr yer  on each r ef r i ger ant  c i r cui t  l ocat ed 
such t hat  al l  l i qui d r ef r i ger ant  passes t hr ough a f i l t er  dr yer .   Si ze 
dr yer s i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons f or  t he 
syst em i n whi ch i t  i s  i nst al l ed.   I nst al l  dr yer s such t hat  i t  can be 
i sol at ed f r om t he syst em,  t he i sol at ed por t i on of  t he syst em evacuat ed,  
and t he f i l t er  dr yer  r epl aced.   I nst al l  dr yer s i n t he hor i zont al  posi t i on 
except  r epl aceabl e cor e f i l t er  dr yer s may be i nst al l ed i n t he ver t i cal  
posi t i on wi t h t he access f l ange on t he bot t om.
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3. 2. 8   Si ght  Gl ass

I nst al l  a moi st ur e i ndi cat i ng s i ght  gl ass i n al l  r ef r i ger ant  c i r cui t s down 
st r eam of  al l  f i l t er  dr yer s and wher e i ndi cat ed.   Pr ovi de f ul l  l i ne s i ze 
s i ght  gl asses.

3. 2. 9   Di schar ge Li ne Oi l  Separ at or

Pr ovi de di schar ge l i ne oi l  separ at or  i n t he di schar ge l i ne f r om each 
compr essor .   Connect  t he oi l  r et ur n l i ne t o t he compr essor  as r ecommended 
by t he compr essor  manuf act ur er .

3. 2. 10   Accumul at or

Pr ovi de accumul at or s i n t he suct i on l i ne t o each compr essor .

3. 2. 11   Temper at ur e Gauges

Locat e t emper at ur e gauges speci f i cal l y on,  but  not  l i mi t ed t o t he 
f ol l owi ng:   t he sensi ng el ement  of  each aut omat i c t emper at ur e cont r ol  
devi ce wher e a t her momet er  i s not  an i nt egr al  par t  t her eof .   Ther mowel l s 
f or  i nser t i on t her momet er s and t her most at s must  ext end beyond t her mal  
i nsul at i on sur f ace not  l ess t han 1 i nch.

3. 2. 12   Pi pe Hanger s,  I nser t s,  and Suppor t s

Pi pe hanger s,  i nser t s,  and suppor t s must  conf or m t o MSS SP- 58,  except  as 
modi f i ed her ei n.   Do not  use pi pe hanger  t ypes 5,  12,  and 26.   Fabr i cat e 
hanger s used t o suppor t  pi pi ng 2 i nches and l ar ger  t o per mi t  adequat e 
adj ust ment  af t er  er ect i on whi l e st i l l  suppor t i ng t he l oad.   Suppor t  pi pi ng 
subj ect ed t o ver t i cal  movement ,  when oper at i ng t emper at ur es exceed ambi ent  
t emper at ur es,  by var i abl e spr i ng hanger s and suppor t s or  by const ant  
suppor t  hanger s.

3. 2. 12. 1   Hanger s

Do not  use Type 3 on i nsul at ed pi pi ng.   Type 24 may be used onl y on 
t r apeze hanger  syst ems or  on f abr i cat ed f r ames.

3. 2. 12. 2   I nser t s

Secur e Type 18 i nser t s t o concr et e f or ms bef or e concr et e i s pl aced.   
Cont i nuous i nser t s whi ch al l ow mor e adj ust ment s may be used i f  t hey 
ot her wi se meet  t he r equi r ement s f or  Type 18 i nser t s.

3. 2. 12. 3   C- Cl amps

Tor que Type 19 and 23 C- cl amps i n accor dance wi t h MSS SP- 58 and have bot h 
l ocknut s and r et ai ni ng devi ces,  f ur ni shed by t he manuf act ur er .   
Fi el d- f abr i cat ed C- cl amp bodi es or  r et ai ni ng devi ces ar e not  accept abl e.

3. 2. 12. 4   Angl e At t achment s

Fur ni sh Type 20 at t achment s used on angl es and channel s wi t h an added 
mal l eabl e- i r on heel  pl at e or  adapt er .

3. 2. 12. 5   Saddl es and Shi el ds

Wher e Type 39 saddl e or  Type 40 shi el d ar e per mi t t ed f or  a par t i cul ar  pi pe 
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at t achment  appl i cat i on,  t he Type 39 saddl e,  connect ed t o t he pi pe,  must  be 
used on al l  pi pe 4 i nches and l ar ger  when t he t emper at ur e of  t he medi um i s 
60 degr ees F or  hi gher .   Use Type 40 shi el ds on al l  pi pi ng l ess t han 4 
i nches and al l  pi pi ng 4 i nches and l ar ger  car r y i ng medi um l ess t han 60 
degr ees F.   Use a hi gh- densi t y i nsul at i on i nser t  of  cel l ul ar  gl ass under  
t he Type 40 shi el d f or  pi pi ng 2 i nches and l ar ger .

3. 2. 12. 6   Hor i zont al  Pi pe Suppor t s

Space hor i zont al  pi pe suppor t s as speci f i ed i n MSS SP- 58 and i nst al l  a 
suppor t  no mor e t han 1 f oot  f r om t he pi pe f i t t i ng j oi nt  at  each change i n 
di r ect i on of  t he pi pi ng.   Space pi pe suppor t s no mor e t han 5 f eet  apar t  at  
val ves.   Pi pe hanger  l oads suspended f r om st eel  j oi st  wi t h hanger  l oads 
bet ween panel  poi nt s i n excess of  50 pounds must  have t he excess hanger  
l oads suspended f r om panel  poi nt s.

3. 2. 12. 7   Ver t i cal  Pi pe Suppor t s

Suppor t  ver t i cal  pi pe at  each f l oor ,  except  at  s l ab- on- gr ade,  and at  
i nt er val s of  not  mor e t han 15 f eet  not  mor e t han 8 f eet  f r om end of  
r i ser s,  and at  vent  t er mi nat i ons.

3. 2. 12. 8   Pi pe Gui des

Pr ovi de Type 35 gui des usi ng,  st eel ,  r ei nf or ced pol yt et r af l uor oet hyl ene 
( PTFE)  or  gr aphi t e s l i des wher e r equi r ed t o al l ow l ongi t udi nal  pi pe 
movement .   Pr ovi de l at er al  r est r ai nt s as r equi r ed.   Pr ovi de sl i de 
mat er i al s t hat  ar e sui t abl e f or  t he syst em oper at i ng t emper at ur es,  
at mospher i c condi t i ons,  and bear i ng l oads encount er ed.

3. 2. 12. 9   St eel  Sl i des

Wher e st eel  s l i des do not  r equi r e pr ovi s i ons f or  r est r ai nt  of  l at er al  
movement ,  an al t er nat e gui de met hod may be used.   On pi pi ng 4 i nches and 
l ar ger ,  usea Type 39 saddl e.   On pi pi ng under  4 i nches,  a Type 40 
pr ot ect i on shi el d may be at t ached t o t he pi pe or  i nsul at i on and f r eel y 
r est  on a st eel  s l i de pl at e.

3. 2. 12. 10   Hi gh Temper at ur e Gui des wi t h Cr adl es

Wher e t her e ar e hi gh syst em t emper at ur es and wel di ng t o pi pi ng i s not  
desi r abl e,  t he Type 35 gui de must  i ncl ude a pi pe cr adl e,  wel ded t o t he 
gui de st r uct ur e and st r apped secur el y t o t he pi pe.   Separ at e t he pi pe f r om 
t he sl i de mat er i al  by at  l east  4 i nches,  or  by an amount  adequat e f or  t he 
i nsul at i on,  whi chever  i s gr eat er .

3. 2. 12. 11   Mul t i pl e Pi pe Runs

I n t he suppor t  of  mul t i pl e pi pe r uns on a common base member ,  use a c l i p 
or  c l amp wher e each pi pe cr osses t he base suppor t  member .   Spaci ng of  t he 
base suppor t  member s must  not  exceed t he hanger  and suppor t  spaci ng 
r equi r ed f or  an i ndi v i dual  pi pe i n t he mul t i pl e pi pe r un.

3. 2. 12. 12   Sei smi c Requi r ement s

Suppor t  and br ace pi pi ng and at t ached val ves t o r esi st  sei smi c l oads as 
speci f i ed under  UFC 3- 301- 01 and Sect i on 23 05 48. 19 SEI SMI C BRACI NG FOR 
HVAC.   Pr ovi de st r uct ur al  st eel  r equi r ed f or  r ei nf or cement  t o pr oper l y 
suppor t  pi pi ng,  header s,  and equi pment  but  not  shown under  t hi s sect i on.   
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Speci f y mat er i al  used f or  suppor t  under  Sect i on 05 12 00 STRUCTURAL STEEL.

3. 2. 12. 13   St r uct ur al  At t achment s

At t achment  t o bui l di ng st r uct ur e concr et e and masonr y must  be by cast - i n 
concr et e i nser t s,  bui l t - i n anchor s,  or  masonr y anchor  devi ces.   I nser t s 
and anchor s must  be appl i ed wi t h a saf et y f act or  not  l ess t han 5.   Do not  
at t ach suppor t s t o met al  decki ng.   Const r uct  masonr y anchor s f or  over head 
appl i cat i ons of  f er r ous mat er i al s onl y.   Pr ovi de st r uct ur al  st eel  br acket s 
r equi r ed t o suppor t  pi pi ng,  header s,  and equi pment ,  but  not  shown,  under  
t hi s sect i on.   Speci f y mat er i al  used f or  suppor t  under  Sect i on 05 12 00 
STRUCTURAL STEEL.

3. 2. 13   Pi pe Al i gnment  Gui des

Pr ovi de pi pe al i gnment  gui des wher e i ndi cat ed f or  expansi on l oops,  
of f set s,  and bends and as r ecommended by t he manuf act ur er  f or  expansi on 
j oi nt s,  not  t o exceed 5 f eet  on each si de of  each expansi on j oi nt ,  and i n 
l i nes 4 i nches or  smal l er  not  mor e t han 2 f eet  on each si de of  t he j oi nt .

3. 2. 14   Pi pe Anchor s

Pr ovi de anchor s wher ever  necessar y or  i ndi cat ed t o l ocal i ze expansi on or  
t o pr event  undue st r ai n on pi pi ng.   Pr ovi de anchor s consi st i ng of  heavy 
st eel  col l ar s wi t h l ugs and bol t s f or  c l ampi ng and at t achi ng anchor  
br aces,  unl ess ot her wi se i ndi cat ed.   I nst al l  anchor  br aces i n t he most  
ef f ect i ve manner  t o secur e t he desi r ed r esul t s usi ng t ur nbuckl es wher e 
r equi r ed.   Do not  at t ach suppor t s,  anchor s,  or  st ays wher e t hey wi l l  
i nj ur e t he st r uct ur e or  adj acent  const r uct i on dur i ng i nst al l at i on or  by 
t he wei ght  of  expansi on of  t he pi pel i ne.   Wher e pi pe and condui t  
penet r at i ons of  vapor  bar r i er  seal ed sur f aces occur ,  i mmedi at el y anchor  
t hese i t ems adj acent  t o each penet r at ed sur f ace,  t o pr ovi de essent i al l y  
zer o movement  wi t hi n penet r at i on seal .   Submi t  det ai l ed dr awi ngs of  pi pe 
anchor s f or  appr oval  bef or e i nst al l at i on.

3. 2. 15   Bui l di ng Sur f ace Penet r at i ons

Do not  i nst al l  s l eeves i n st r uct ur al  member s except  wher e i ndi cat ed or  
appr oved.   Pr ovi de gal vani zed sheet  met al  s l eeves i n non- l oad bear i ng 
sur f aces conf or mi ng t o ASTM A653/ A653M,  Coat i ng Cl ass G- 90,   20 gauge.   
Pr ovi de uncoat ed car bon st eel  pi pe s l eeves i n l oad bear i ng sur f aces 
conf or mi ng t o ASTM A53/ A53M,  Schedul e 30.   Appl y seal ant s t o moi st ur e and 
oi l - f r ee sur f aces and el ast omer s t o not  l ess t han 1/ 2 i nch dept h.   Do not  
i nst al l  s l eeves i n st r uct ur al  member s.

3. 2. 15. 1   Gener al  Ser vi ce Ar eas

Ext end each sl eeve t hr ough i t s r espect i ve wal l ,  f l oor ,  or  r oof ,  and cut  
f l ush wi t h each sur f ace.   Pr ovi de pi pes passi ng t hr ough concr et e or  
masonr y wal l  or  concr et e f l oor s or  r oof s wi t h pi pe sl eeves f i t t ed i nt o 
pl ace at  t he t i me of  const r uct i on.   Pr ovi de sl eeves t hat  al l ow a mi ni mum of
 1/ 4 i nch al l - ar ound cl ear ance bet ween bar e pi pe and sl eeves or  bet ween 
j acket ed- i nsul at i on and sl eeves.   Except  i n pi pe chases or  i nt er i or  wal l s,  
seal  t he annul ar  space bet ween pi pe and sl eeve or  bet ween j acket  
over - i nsul at i on and sl eeve i n accor dance wi t h Sect i on 07 92 00 JOI NT 
SEALANTS.
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3. 2. 15. 2   Wat er pr oof  Penet r at i ons

I nst al l  pi pes passi ng t hr ough r oof  or  f l oor  wat er pr oof i ng membr ane t hr ough 
a 17 ounce copper  s l eeve,  or  a 0. 032 i nch t hi ck al umi num sl eeve,  each 
wi t hi n an i nt egr al  ski r t  or  f l ange.   For m f l ashi ng sl eeve,  and ext end 
ski r t  or  f l ange gr eat er  t han 8 i nches f r om t he pi pe and set  over  t he r oof  
or  f l oor  membr ane i n a t r owel ed coat i ng of  bi t umi nous cement .   Ext end t he 
f l ashi ng sl eeve up t he pi pe a mi ni mum of  2 i nches above t he r oof  or  f l oor  
penet r at i on.   Seal  t he annul ar  space bet ween t he f l ashi ng sl eeve and t he 
bar e pi pe or  bet ween t he f l ashi ng sl eeve and t he met al - j acket - cover ed 
i nsul at i on as i ndi cat ed.   Seal  penet r at i ons by ei t her  one of  t he f ol l owi ng 
met hods.

3. 2. 15. 2. 1   Wat er pr oof i ng Cl ampi ng Fl ange

Pi pes up t o and i ncl udi ng 10 i nches i n di amet er  passi ng t hr ough r oof  or  
f l oor  wat er pr oof i ng membr ane may be i nst al l ed t hr ough a cast  i r on s l eeve 
wi t h caul k i ng r ecess,  anchor  l ugs,  f l ashi ng cl amp devi ce,  and pr essur e 
r i ng wi t h br ass bol t s.   Cl amp wat er pr oof i ng membr ane i nt o pl ace and pl ace 
seal ant  i n t he caul k i ng r ecess.

3. 2. 15. 2. 2   Modul ar  Mechani cal  Type Seal i ng Assembl y

I n l i eu of  a wat er pr oof i ng c l ampi ng f l ange and caul k i ng and seal i ng of  
annul ar  space bet ween pi pe and sl eeve or  condui t  and sl eeve,  a modul ar  
mechani cal  t ype seal i ng assembl y may be i nst al l ed.   Pr ovi de seal s 
consi st i ng of  i nt er l ocki ng synt het i c r ubber  l i nks shaped t o cont i nuousl y 
f i l l  t he annul ar  space bet ween t he pi pe/ condui t  and sl eeve wi t h cor r osi on 
pr ot ect ed car bon st eel  bol t s,  nut s,  and pr essur e pl at es.   Loosel y assembl e 
l i nks wi t h bol t s t o f or m a cont i nuous r ubber  bel t  ar ound t he pi pe wi t h a 
pr essur e pl at e under  each bol t  head and each nut .   Af t er  t he seal  assembl y 
i s pr oper l y posi t i oned i n t he s l eeve,  t i ght en t he bol t  t o cause t he r ubber  
seal i ng el ement s t o expand and pr ovi de a wat er t i ght  seal  bet ween t he 
pi pe/ condui t  and t he sl eeve.   Si ze each seal  assembl y as r ecommended by 
t he manuf act ur er  t o f i t  t he pi pe/ condui t  and sl eeve i nvol ved.   The 
Cont r act or  el ect i ng t o use t he modul ar  mechani cal  t ype seal s must  pr ovi de 
sl eeves of  t he pr oper  di amet er s.

3. 2. 15. 3   Fi r e- Rat ed Penet r at i ons

Seal  penet r at i on of  f i r e- r at ed wal l s,  par t i t i ons,  and f l oor s as speci f i ed 
i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 2. 15. 4   Escut cheons

Pr ovi de escut cheons f or  f i ni shed sur f aces wher e exposed pi pi ng,  bar e or  
i nsul at ed,  pass t hr ough f l oor s,  wal l s,  or  cei l i ngs,  except  i n boi l er ,  
ut i l i t y ,  or  equi pment  r ooms.   Wher e sl eeves pr oj ect  s l i ght l y f r om f l oor s,  
use speci al  deep- t ype escut cheons.   Secur e escut cheon t o pi pe or  pi pe 
cover i ng.

3. 2. 16   Access Panel s

Pr ovi de access panel s f or  al l  conceal ed val ves,  vent s,  cont r ol s,  and i t ems 
r equi r i ng i nspect i on or  mai nt enance.   Pr ovi de access panel s of  suf f i c i ent  
s i ze and l ocat e so t hat  t he conceal ed i t ems may be ser vi ced and mai nt ai ned 
or  compl et el y r emoved and r epl aced.   Pr ovi de access panel s as speci f i ed i n 
Sect i on 08 31 00 ACCESS DOORS AND PANELS.
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3. 2. 17   Fi el d Appl i ed I nsul at i on

Fi el d i nst al l ed i nsul at i on i s speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS,  except  as def i ned di f f er ent l y her ei n.

3. 2. 18   Fi el d Pai nt i ng

Pai nt i ng r equi r ed f or  sur f aces not  ot her wi se speci f i ed,  and f i ni sh 
pai nt i ng of  i t ems onl y pr i med at  t he f act or y ar e speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.

3. 2. 18. 1   Col or  Codi ng

Col or  codi ng f or  pi pi ng i dent i f i cat i on i s speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.

3. 2. 19   I dent i f i cat i on Tags

Pr ovi de i dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c or  
engr aved anodi zed al umi num  i ndi cat i ng ser vi ce and i t em number  on al l  
val ves and damper s.   Tags must  be 1- 3/ 8 i nch mi ni mum di amet er  and mar ki ng 
must  be st amped or  engr aved.   I ndent at i ons must  be bl ack f or  r eadi ng 
cl ar i t y.   At t ach t ags t o val ves wi t h No.  12 AWG copper  wi r e,  chr ome- pl at ed 
beaded chai n or  pl ast i c st r aps desi gned f or  t hat  pur pose.

3. 3   CLEANI NG AND ADJUSTI NG

Cl ean uncont ami nat ed syst em( s)  by evacuat i on and pur gi ng pr ocedur es 
cur r ent l y r ecommended by r ef r i ger ant  and r ef r i ger ant  equi pment  
manuf act ur er s,  and as speci f i ed her ei n,  t o r emove smal l  amount s of  ai r  and 
moi st ur e.   Syst ems cont ai ni ng moder at e amount s of  ai r ,  moi st ur e,  
cont ami nat ed r ef r i ger ant ,  or  any f or ei gn mat t er  ar e consi der ed 
cont ami nat ed syst ems.   Rest or e cont ami nat ed syst ems t o c l ean condi t i on 
i ncl udi ng di sassembl y,  component  r epl acement ,  evacuat i on,  f l ushi ng,  
pur gi ng,  and r e- char gi ng,  usi ng cur r ent l y appr oved r ef r i ger ant  and 
r ef r i ger at i on manuf act ur er ' s pr ocedur es.   Rest or e cont ami nat ed syst ems at  
no addi t i onal  cost  t o t he Gover nment  as det er mi ned by t he Cont r act i ng 
Of f i cer .   Do not  use wat er  i n any pr ocedur e or  t est .

3. 4   TRAI NI NG COURSE

a.   Submi t  a schedul e,  at  l east  2 weeks pr i or  t o t he dat e of  t he pr oposed 
t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on f or  t he 
t r ai ni ng.   Conduct  a t r ai ni ng cour se f or  4 member s of  t he oper at i ng 
st af f  as desi gnat ed by t he Cont r act i ng Of f i cer .   The t r ai ni ng per i od 
must  consi st  of  a t ot al  8 hour s of  nor mal  wor ki ng t i me and st ar t  af t er  
t he syst em i s f unct i onal l y compl et ed but  pr i or  t o f i nal  accept ance 
t est s.

b.   Cover  al l  of  t he i t ems cont ai ned i n t he appr oved oper at i on and 
mai nt enance manual s as wel l  as demonst r at i ons of  r out i ne mai nt enance 
oper at i ons i n t he f i el d post ed i nst r uct i ons. .

c.   Submi t  6 compl et e copi es of  an oper at i on manual  i n bound 8 1/ 2 by 11 
i nch bookl et s l i s t i ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em 
st ar t up,  oper at i on,  abnor mal  shut down,  emer gency shut down,  and nor mal  
shut down at  l east  4 weeks pr i or  t o t he f i r st  t r ai ni ng cour se.   I ncl ude 
t he manuf act ur er ' s name,  model  number ,  and par t s l i s t  i n t he 
bookl et s.   I ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce 
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manual ,  and a br i ef  descr i pt i on of  al l  equi pment  and t hei r  basi c 
oper at i ng f eat ur es i n t he manual s.

d.   Submi t  6 compl et e copi es of  mai nt enance manual  i n bound 8 1/ 2 x 11 i nch
 bookl et s l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns 
and r epai r s,  and a t r oubl e shoot i ng gui de.   I ncl ude pi pi ng l ayout s and 
si mpl i f i ed wi r i ng and cont r ol  di agr ams of  t he syst em as i nst al l ed i n 
t he manual s.

3. 5   REFRI GERANT PI PI NG TESTS

Af t er  al l  component s of  t he r ef r i ger ant  syst em have been i nst al l ed and 
connect ed,  subj ect  t he ent i r e r ef r i ger at i on syst em t o pneumat i c,  
evacuat i on,  and st ar t up t est s as descr i bed her ei n.   Submi t  a schedul e,  at  
l east  2 weeks pr i or  t o t he st ar t  of  r el at ed t est i ng,  f or  each t est .   
I dent i f y t he pr oposed dat e,  t i me,  and l ocat i on f or  each t est .   Conduct  
t est s i n t he pr esence of  t he Cont r act i ng Of f i cer .   Wat er  and el ect r i c i t y 
r equi r ed f or  t he t est s wi l l  be f ur ni shed by t he Gover nment .   Pr ovi de al l  
mat er i al ,  equi pment ,  i nst r ument s,  and per sonnel  r equi r ed f or  t he t est .   
Pr ovi de t he ser vi ces of  a qual i f i ed t echni c i an,  as r equi r ed,  t o per f or m 
al l  t est s and pr ocedur es i ndi cat ed her ei n.   Coor di nat e f i el d t est s wi t h 
Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.   
Submi t  6 copi es of  t he t est s r epor t  i n bound 8 1/ 2 by 11 i nch bookl et s 
document i ng al l  phases of  t he t est s per f or med.   I ncl ude i ni t i al  t est  
summar i es,  al l  r epai r s/ adj ust ment s made,  and t he f i nal  t est  r esul t s i n t he 
r epor t .

3. 5. 1   Pr el i mi nar y Pr ocedur es

Pr i or  t o pneumat i c t est i ng,  i sol at e equi pment  whi ch has been f act or y 
t est ed and r ef r i ger ant  char ged as wel l  as equi pment  whi ch coul d be damaged 
or  cause per sonnel  i nj ur y by i mposed t est  pr essur e,  posi t i ve or  negat i ve,  
f r om t he t est  pr essur e,  or  r emove f r om t he syst em.   Remove saf et y r el i ef  
val ves and r upt ur e di scs t hat  ar e not  par t  of  f act or y seal ed syst ems,  and 
cap or  pl ug openi ngs.

3. 5. 2   Pneumat i c Test

Pr ovi de pr essur e cont r ol  and excess pr essur e pr ot ect i on at  t he sour ce of  
t est  pr essur e.   Val ves must  be wi de open,  except  t hose l eadi ng t o t he 
at mospher e.   Test  gas must  be dr y ni t r ogen,  wi t h mi nus 70 degr ee F 
dewpoi nt  and l ess t han 5 ppm oi l .   Appl y t est  pr essur e i n t wo st ages 
bef or e any r ef r i ger ant  pi pe i s i nsul at ed or  cover ed.   I n accor dance wi t h 
ASME B31. 5,  a pr el i mi nar y t est  not  t o exceed 25 psi  must  be appl i ed as a 
means of  l ocat i ng maj or  l eaks.   Ever y j oi nt  bei ng t est ed must  be coat ed 
wi t h a t hi ck soap or  col or  i ndi cat i ng sol ut i on.   The second st age t est  
pr essur e must  be at  l east  110 per cent  of  t he desi gn pr essur e,  but  cannot  
exceed 130 per cent  of  t he desi gn pr essur e of  any component  i n t he syst em.   
For  l ar ge syst ems t hat  ar e not  compl et el y v i s i bl e,  t he pr essur e i n t he 
syst em must  be gr adual l y i ncr eased t o one- hal f  of  t he t est  pr essur e af t er  
whi ch t he pr essur e must  be i ncr eased i n st eps of  one- t ent h of  t he t est  
pr essur e,  unt i l  t he r equi r ed t est  pr essur e has been r eached.   The t est  
pr essur e must  be cont i nuousl y mai nt ai ned f or  at  l eas 24 hour s,  af t er  whi ch 
i t  can be r educed t o t he l eak t est  pr essur e.   A cor r ect i on f act or  of  0. 3 
psi  wi l l  be al l owed f or  each degr ee F change bet ween t est  space i ni t i al  
and f i nal  ambi ent  t emper at ur e,  pl us f or  i ncr ease and mi nus f or  a 
decr ease.   The l eak t est  pr essur e must  be t he desi gn pr essur e,  or  a 
pr essur e speci f i ed i n t he engi neer i ng desi gn.   To r epai r  l eaks,  t he j oi nt  
must  be t aken apar t ,  t hor oughl y c l eaned,  and r econst r uct ed as a new 
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j oi nt .   Joi nt s r epai r ed by caul k i ng,  r e- mel t i ng,  or  back- wel di ng/ br azi ng 
ar e not  accept abl e.   Fol l owi ng r epai r ,  t he ent i r e syst em must  be r et est ed 
usi ng t he pneumat i c t est s descr i bed above.   Reassembl e t he ent i r e syst em 
once t he pneumat i c t est s ar e sat i sf act or i l y  compl et ed.

3. 5. 3   Evacuat i on Test

Fol l owi ng sat i sf act or y compl et i on of  t he pneumat i c t est s,  r el i eve t he 
pr essur e and evacuat e t he ent i r e syst em t o an absol ut e pr essur e of  300 
mi cr omet er s.   Dur i ng evacuat i on of  t he syst em,  t he ambi ent  t emper at ur e 
must  be hi gher  t han 35 degr ees F.   Do not  evacuat e no mor e t han one syst em 
at  one t i me by one vacuum pump.   Once t he desi r ed vacuum has been r eached,  
c l ose t he vacuum l i ne and al l ow t he syst em t o st and f or  1 hour .   I f  t he 
pr essur e r i ses over  500 mi cr omet er s af t er  t he 1 hour  per i od,  evacuat e t he 
syst em agai n down t o 300 mi cr omet er s and l et  set  f or  anot her  1 hour  
per i od.   Do not  char ge t he syst em unt i l  a vacuum of  at  l east  500 
mi cr omet er s i s mai nt ai ned f or  a per i od of  1 hour  wi t hout  t he assi st ance of  
a vacuum l i ne.   I f  dur i ng t he t est i ng t he pr essur e r i ses above 500 
mi cr omet er s,  cont i nue t o r epeat  t he evacuat i on pr ocedur es unt i l  al l  
r esi dual  moi st ur e has been r emoved.   Dur i ng evacuat i on,  r ecor d pr essur es 
by a t her mocoupl e- t ype,  el ect r oni c- t ype,  or  a cal i br at ed- mi cr omet er  t ype 
gauge.

3. 5. 4   Syst em Char gi ng and St ar t up Test

Fol l owi ng sat i sf act or y compl et i on of  t he evacuat i on t est s,  char ge t he 
syst em wi t h t he r equi r ed amount  of  r ef r i ger ant  by r ai s i ng pr essur e t o 
nor mal  oper at i ng pr essur e and i n accor dance wi t h manuf act ur er ' s 
pr ocedur es.   Fol l owi ng char gi ng,  t he syst em must  oper at e wi t h hi gh- si de 
and l ow- si de pr essur es and cor r espondi ng r ef r i ger ant  t emper at ur es,  at  
desi gn or  i mpr oved val ues.   Test  t he ent i r e syst em t est ed f or  l eaks.   Test  
f l uor ocar bon syst ems wi t h hal i de t or ch or  el ect r oni c l eak det ect or s.

3. 5. 5   Ref r i ger ant  Leakage

I f  a r ef r i ger ant  l eak i s di scover ed af t er  t he syst em has been char ged,  t he 
l eaki ng por t i on of  t he syst em must  be i mmedi at el y i sol at ed f r om t he 
r emai nder  of  t he syst em and t he r ef r i ger ant  pumped i nt o t he syst em 
r ecei ver  or  ot her  sui t abl e cont ai ner .   The r ef r i ger ant  must  not  be 
di schar ged i nt o t he at mospher e.

3. 5. 6   Cont r act or ' s Responsi bi l i t y

At  al l  t i mes dur i ng t he i nst al l at i on and t est i ng of  t he r ef r i ger at i on 
syst em,  t ake st eps t o pr event  t he r el ease of  r ef r i ger ant s i nt o t he 
at mospher e.   The st eps must  i ncl ude,  but  not  be l i mi t ed t o,  pr ocedur es 
whi ch wi l l  mi ni mi ze t he r el ease of  r ef r i ger ant s t o t he at mospher e and t he 
use of  r ef r i ger ant  r ecover y devi ces t o r emove r ef r i ger ant  f r om t he syst em 
and st or e t he r ef r i ger ant  f or  r euse or  r ecl ai m.   At  no t i me wi l l  t he 
al l owabl e l eak r at e exceed t he l eak r at es al l owed i n Sect i on 608 of  t he 
Cl ean Ai r  Act :   30 per cent  of  t he f ul l  char ge per  year  f or  i ndust r i al  
r ef r i ger at i on,  20 per cent  of  t he f ul l  char ge per  year  f or  commer ci al  
r ef r i ger at i on,  and 10 per cent  of  t he f ul l  char ge per  year  f or  comf or t  
cool i ng.   Any syst em l eaks wi t hi n t he f i r st  year  must  be r epai r ed i n 
accor dance wi t h t he r equi r ement s her ei n at  no cost  t o t he Gover nment  
i ncl udi ng mat er i al ,  l abor ,  and r ef r i ger ant  i f  t he l eak i s t he r esul t  of  
def ect i ve equi pment ,  mat er i al ,  or  i nst al l at i on.

        - -  End of  Sect i on - -
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SECTI ON 23 30 00

HVAC AI R DI STRI BUTI ON
05/ 20,  CHG 1:  02/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 201 ( 2002;  R 2011)  Fans and Syst ems

AMCA 210 ( 2016)  Labor at or y Met hods of  Test i ng Fans 
f or  Aer odynami c Per f or mance Rat i ng

AMCA 300 ( 2014)  Rever ber ant  Room Met hod f or  Sound 
Test i ng of  Fans

AMCA 301 ( 2014)  Met hods f or  Cal cul at i ng Fan Sound 
Rat i ngs f r om Labor at or y Test  Dat a

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  350 ( 2015)  Sound Rat i ng of  Non- Duct ed I ndoor  
Ai r - Condi t i oni ng Equi pment

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 52. 2 ( 2012)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASHRAE 62. 1 ( 2019)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y

ASHRAE 70 ( 2006;  R 2021)  Met hod of  Test i ng t he 
Per f or mance of  Ai r  Out l et s and I nl et s

ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 6 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
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Er r at a 7- 8 2021;  I nt er pr et at i on 1- 6 2021;  
Addenda AS- BF 2022)  Ener gy St andar d f or  
Bui l di ngs Except  Low- Ri se Resi dent i al  
Bui l di ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A924/ A924M ( 2022)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B766 ( 1986;  R 2015)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Cadmi um

ASTM C553 ( 2013;  R 2019)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Bl anket  Ther mal  I nsul at i on 
f or  Commer ci al  and I ndust r i al  Appl i cat i ons

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM D1654 ( 2008;  R 2016;  E 2017)  St andar d Test  
Met hod f or  Eval uat i on of  Pai nt ed or  Coat ed 
Speci mens Subj ect ed t o Cor r osi ve 
Envi r onment s

ASTM D3359 ( 2017)  St andar d Test  Met hods f or  Rat i ng 
Adhesi on by Tape Test

ASTM E2016 ( 2022)  St andar d Speci f i cat i on f or  
I ndust r i al  Woven Wi r e Cl ot h

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2010;  Ver si on 1. 1)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

SECTI ON 23 30 00  Page 2



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 10 ( 2017)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Fi xed Fr equency 
Medi um AC Squi r r el - Cage Pol yphase 
I nduct i on Mot or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 90A ( 2021)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NFPA 701 ( 2019)  St andar d Met hods of  Fi r e Test s f or  
Fl ame Pr opagat i on of  Text i l es and Fi l ms

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1819 ( 2002)  Fi r e,  Smoke and Radi at i on Damper  
I nst al l at i on Gui de f or  HVAC Syst ems,  5t h 
Edi t i on

SMACNA 1966 ( 2020)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  4t h Edi t i on

SMACNA 1972 CD ( 2012)  HVAC Ai r  Duct  Leakage Test  Manual  -  
2nd Edi t i on

SMACNA 1981 ( 2008)  Sei smi c Rest r ai nt  Manual  Gui del i nes 
f or  Mechani cal  Syst ems,  3r d Edi t i on

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 101 ( 2014;  Rev C)  Col or  Code f or  Pi pel i nes and 
f or  Compr essed Gas Cyl i nder s

U. S.  DEPARTMENT OF ENERGY FEDERAL ENERGY MANAGEMENT PROGRAM ( FEMP)

PL- 109- 58 ( 1992;  R 2005)  Ener gy Ef i i c i ent  Pr ocument  
Requi r ement s

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 82 Pr ot ect i on of  St r at ospher i c Ozone

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2007;  Repr i nt  Sep 2019)  UL St andar d f or  
Saf et y El ect r i cal  Ri gi d Met al  Condui t - St eel
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UL 181 ( 2013;  Repr i nt  Dec 2021)  UL St andar d f or  
Saf et y Fact or y- Made Ai r  Duct s and Ai r  
Connect or s

UL 555 ( 2006;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Fi r e Damper s

UL 586 ( 2009;  Repr i nt  Dec 2017)  UL St andar d f or  
Saf et y Hi gh- Ef f i c i ency Par t i cul at e,  Ai r  
Fi l t er  Uni t s

UL 705 ( 2017;  Repr i nt  Aug 2021)  UL St andar d f or  
Saf et y Power  Vent i l at or s

UL 900 ( 2015)  St andar d f or  Ai r  Fi l t er  Uni t s

UL Bl d Mat  Di r ( updat ed cont i nuousl y onl i ne)  Bui l di ng 
Mat er i al s Di r ect or y

UL Fi r e Resi st ance ( 2014)  Fi r e Resi st ance Di r ect or y

1. 2   SYSTEM DESCRI PTI ON

Fur ni sh duct wor k,  pi pi ng of f set s,  f i t t i ngs,  and accessor i es as r equi r ed t o 
pr ovi de a compl et e i nst al l at i on.   Coor di nat e t he wor k of  t he di f f er ent  
t r ades t o avoi d i nt er f er ence bet ween pi pi ng,  equi pment ,  st r uct ur al ,  and 
el ect r i cal  wor k.   Pr ovi de compl et e,  i n pl ace,  al l  necessar y of f set s i n 
pi pi ng and duct wor k,  and al l  f i t t i ngs,  and ot her  component s,  r equi r ed t o 
i nst al l  t he wor k as i ndi cat ed and speci f i ed.

1. 2. 1   Mechani cal  Equi pment  I dent i f i cat i on

The number  of  char t s and di agr ams must  be equal  t o or  gr eat er  t han t he 
number  of  mechani cal  equi pment  r ooms.   Wher e mor e t han one char t  or  
di agr am per  space i s r equi r ed,  mount  t hese i n edge pi vot ed,  swi ngi ng l eaf ,  
ext r uded al umi num f r ame hol der s whi ch open t o 170 degr ees.

1. 2. 1. 1   Char t s

Pr ovi de char t  l i s t i ng of  equi pment  by desi gnat i on number s and capaci t i es 
such as f l ow r at es,  pr essur e and t emper at ur e di f f er ences,  heat i ng and 
cool i ng capaci t i es,  hor sepower ,  pi pe s i zes,  and vol t age and cur r ent  
char act er i st i cs.

1. 2. 1. 2   Di agr ams

Submi t  pr oposed di agr ams,  at  l east  2 weeks pr i or  t o st ar t  of  r el at ed 
t est i ng.   pr ovi de neat  mechani cal  dr awi ngs pr ovi ded wi t h ext r uded al umi num 
f r ame under   1/ 8- i nch gl ass or  l ami nat ed pl ast i c,  syst em di agr ams t hat  
show t he l ayout  of  equi pment ,  pi pi ng,  and duct wor k,  and t yped condensed 
oper at i on manual s expl ai ni ng pr event at i ve mai nt enance pr ocedur es,  met hods 
of  checki ng t he syst em f or  nor mal ,  saf e oper at i on,  and pr ocedur es f or  
saf el y st ar t i ng and st oppi ng t he syst em.   Af t er  appr oval ,  post  t hese i t ems 
wher e di r ect ed.

1. 2. 2   Ser vi ce Label i ng

Label  equi pment ,  i ncl udi ng f ans,  ai r  handl er s,  t er mi nal  uni t s,  et c.  wi t h 
l abel s made of  sel f - st i cki ng,  pl ast i c f i l m desi gned f or  per manent  
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i nst al l at i on.   Pr ovi de l abel s i n accor dance wi t h t he t ypi cal  exampl es 
bel ow:

SERVI CE LABEL AND TAG DESI GNATI ON

Ai r  handl i ng uni t  Number AHU -  1

Exhaust  Fan Number EF -   1

Uni t  Heat er  Number EUH -   1

I dent i f y s i mi l ar  ser vi ces wi t h di f f er ent  t emper at ur es or  pr essur es.   Wher e 
pr essur es coul d exceed 125 pounds per  squar e i nch,  gage,  i ncl ude t he 
maxi mum syst em pr essur e i n t he l abel .   Label  and ar r ow pi pi ng i n 
accor dance wi t h t he f ol l owi ng:

a.   Each poi nt  of  ent r y and exi t  of  pi pe passi ng t hr ough wal l s.

b.   Each change i n di r ect i on,  i . e. ,  el bows,  t ees.

c.   I n congest ed or  hi dden ar eas and at  al l  access panel s at  each poi nt  
r equi r ed t o c l ar i f y ser vi ce or  i ndi cat ed hazar d.

d.   I n l ong st r ai ght  r uns,  l ocat e l abel s at  di st ances wi t hi n eyesi ght  of  
each ot her  not  t o exceed 75 f eet .   Al l  l abel s must  be vi s i bl e and 
l egi bl e f r om t he pr i mar y ser vi ce and oper at i ng ar ea.

For  Bar e or  I nsul at ed Pi pes

f or  Out si de Di amet er s of Let t er i ng

1/ 2 t hr u 1- 3/ 8 i nch 1/ 2 i nch 

1- 1/ 2 t hr u 2- 3/ 8 i nch 3/ 4 i nch

2- 1/ 2 i nch and l ar ger 1- 1/ 4 i nch

1. 2. 3   Col or  Codi ng

Col or  codi ng of  al l  pi pi ng syst ems must  be i n accor dance wi t h  MI L- STD- 101.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

I nsul at ed Nonmet al l i c  Fl exi bl e Duct  Runout s
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Duct  Connect or s

Duct  Access Door s;  G

Fi r e Damper s

Manual  Bal anci ng Damper s;  G

Di f f user s

Regi st er s and Gr i l l es

Louver s

Cent r i f ugal  Fans

I n- Li ne Cent r i f ugal  Fans

Cent r i f ugal  Type Power  Wal l  Vent i l at or s

Cei l i ng Exhaust  Fans

PL- 109- 58 l abel  f or  cei l i ng exhaust  f an pr oduct ;  S

El ect r i c Uni t  Heat er s

Test  Pr ocedur es

Di agr ams;  G

I ndoor  Ai r  Qual i t y f or  Duct  Seal ant s;  S

Hi gh Vol ume Low Speed ( HVLS)  Fans;  G

SD- 06 Test  Repor t s

Per f or mance Test s;  G

Damper  Accept ance Test ;  G

SD- 07 Cer t i f i cat es

Bol t s

Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

SD- 08 Manuf act ur er ' s I nst r uct i ons

Manuf act ur er ' s I nst al l at i on I nst r uct i ons

Oper at i on and Mai nt enance Tr ai ni ng

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

Fi r e Damper s;  G

Manual  Bal anci ng Damper s;  G
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Cent r i f ugal  Fans;  G

I n- Li ne Cent r i f ugal  Fans;  G

Cent r i f ugal  Type Power  Wal l  Vent i l at or s;  G

Cei l i ng Exhaust  Fans;  G

El ect r i c Uni t  Heat er s;  G

Hi gh Vol ume Low Speed ( HVLS)  Fans;  G

SD- 11 Cl oseout  Submi t t al s

I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on;  S

1. 4   QUALI TY ASSURANCE

Except  as ot her wi se speci f i ed,  appr oval  of  mat er i al s and equi pment  i s 
based on manuf act ur er ' s publ i shed dat a.

a.   Wher e mat er i al s and equi pment  ar e speci f i ed t o conf or m t o t he 
st andar ds of  t he Under wr i t er s Labor at or i es,  t he l abel  of  or  l i s t i ng 
wi t h r eexami nat i on i n UL Bl d Mat  Di r ,  and UL 6 i s accept abl e as 
suf f i c i ent  evi dence t hat  t he i t ems conf or m t o Under wr i t er s 
Labor at or i es r equi r ement s.   I n l i eu of  such l abel  or  l i s t i ng,  submi t  a 
wr i t t en cer t i f i cat e f r om any nat i onal l y r ecogni zed t est i ng agency,  
adequat el y equi pped and compet ent  t o per f or m such ser vi ces,  st at i ng 
t hat  t he i t ems have been t est ed and t hat  t he uni t s conf or m t o t he 
speci f i ed r equi r ement s.   Out l i ne met hods of  t est i ng used by t he 
speci f i ed agenci es.

b.   Wher e mat er i al s or  equi pment  ar e speci f i ed t o be const r uct ed or  
t est ed,  or  bot h,  i n accor dance wi t h t he st andar ds of  t he ASTM 
I nt er nat i onal  ( ASTM) ,  t he ASME I nt er nat i onal  ( ASME) ,  or  ot her  
st andar ds,  a manuf act ur er ' s cer t i f i cat e of  compl i ance of  each i t em i s 
accept abl e as pr oof  of  compl i ance.

c.   Conf or mance t o such agency r equi r ement s does not  r el i eve t he i t em f r om 
compl i ance wi t h ot her  r equi r ement s of  t hese speci f i cat i ons.

d.   Wher e pr oduct s ar e speci f i ed t o meet  or  exceed t he speci f i ed ener gy 
ef f i c i ency r equi r ement  of  FEMP- desi gnat ed or  ENERGY STAR cover ed 
pr oduct  cat egor i es,  equi pment  sel ect ed must  have as a mi ni mum t he 
ef f i c i ency r at i ng i dent i f i ed under  " Ener gy- Ef f i c i ent  Pr oduct s"  at  
ht t p: / / f emp. ener gy. gov/ pr ocur ement .

1. 4. 1   Pr event i on of  Cor r osi on

Pr ot ect  met al l i c  mat er i al s agai nst  cor r osi on.   Pr ovi de r ust - i nhi bi t i ng 
t r eat ment  and st andar d f i ni sh f or  t he equi pment  encl osur es.   Do not  use 
al umi num i n cont act  wi t h ear t h,  and wher e connect ed t o di ssi mi l ar  met al .   
Pr ot ect  al umi num by appr oved f i t t i ngs,  bar r i er  mat er i al ,  or  t r eat ment .   
Pr ovi de hot - di p gal vani zed f er r ous par t s such as anchor s,  bol t s,  br aces,  
boxes,  bodi es,  c l amps,  f i t t i ngs,  guar ds,  nut s,  pi ns,  r ods,  shi ms,  
t hi mbl es,  washer s,  and mi scel l aneous par t s not  of  cor r osi on- r esi st ant  
st eel  or  nonf er r ous mat er i al s i n accor dance wi t h ASTM A123/ A123M f or  
ext er i or  l ocat i ons and cadmi um- pl at ed i n conf or mance wi t h ASTM B766 f or  
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i nt er i or  l ocat i ons.   Pr ovi de wr i t t en cer t i f i cat i on f r om t he bol t  
manuf act ur er  t hat  t he bol t s f ur ni shed compl y wi t h t he r equi r ement s of  t hi s 
speci f i cat i on.   I ncl ude i l l ust r at i ons of  pr oduct  mar ki ngs,  and t he number  
of  each t ype of  bol t  t o be f ur ni shed i n t he cer t i f i cat i on.

1. 4. 2   Asbest os Pr ohi bi t i on

Do not  use asbest os and asbest os- cont ai ni ng pr oduct s.

1. 4. 3   Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

Al l  t echni c i ans wor ki ng on equi pment  t hat  cont ai n ozone depl et i ng 
r ef r i ger ant s must  be cer t i f i ed as a Sect i on 608 Techni c i an t o meet  
r equi r ement s i n 40 CFR 82,  Subpar t  F.   Pr ovi de copi es of  t echni c i an 
cer t i f i cat i ons t o t he Cont r act i ng Of f i cer  at  l east  14 cal endar  days pr i or  
t o wor k on any equi pment  cont ai ni ng t hese r ef r i ger ant s.

1. 4. 4   Det ai l  Dr awi ngs

Submi t  det ai l  dr awi ngs showi ng equi pment  l ayout ,  i ncl udi ng assembl y and 
i nst al l at i on det ai l s and el ect r i cal  connect i on di agr ams;  duct wor k l ayout  
showi ng t he l ocat i on of  al l  suppor t s and hanger s,  t ypi cal  hanger  det ai l s,  
gauge r ei nf or cement ,  r ei nf or cement  spaci ng r i gi di t y c l assi f i cat i on,  and 
st at i c pr essur e and seal  c l assi f i cat i ons.   I ncl ude any i nf or mat i on 
r equi r ed t o demonst r at e t hat  t he syst em has been coor di nat ed and f unct i ons 
pr oper l y as a uni t  on t he dr awi ngs and show equi pment  r el at i onshi p t o 
ot her  par t s of  t he wor k,  i ncl udi ng cl ear ances r equi r ed f or  oper at i on and 
mai nt enance.   Submi t  dr awi ngs showi ng bol t - set t i ng i nf or mat i on,  and 
f oundat i on bol t s pr i or  t o concr et e f oundat i on const r uct i on f or  al l  
equi pment  i ndi cat ed or  r equi r ed t o have concr et e f oundat i ons.   Submi t  
f unct i on desi gnat i on of  t he equi pment  and any ot her  r equi r ement s speci f i ed 
t hr oughout  t hi s Sect i on wi t h t he shop dr awi ngs.

1. 4. 5   Test  Pr ocedur es

Conduct  per f or mance t est s as r equi r ed i n Sect i on 23 05 93 Test i ng,  
Adj ust i ng and Bal anci ng f or  HVAC and Sect i on 23 09 00 I nst r ument at i on and 
Cont r ol  f or  HVAC.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed equi pment  at  t he j obsi t e f r om t he weat her ,  humi di t y and 
t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   
Addi t i onal l y,  cap or  pl ug al l  pi pes unt i l  i nst al l ed.

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

Pr ovi de component s and equi pment  t hat  ar e " st andar d pr oduct s"  of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  pr oduct s t hat  ar e 
of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   " St andar d pr oduct s"  i s 
def i ned as bei ng i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
bef or e bi d openi ng,  i ncl udi ng appl i cat i ons of  component s and equi pment  
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze,  sat i sf act or i l y  compl et ed 
by a pr oduct  t hat  i s  sol d on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es.   Pr oduct s havi ng l ess t han a 2- year  
f i el d ser vi ce r ecor d ar e accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y 
f i el d oper at i on,  f or  not  l ess t han 6000 hour s excl usi ve of  t he 

SECTI ON 23 30 00  Page 8



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

manuf act ur er ' s f act or y t est s,  can be shown.   Pr ovi de equi pment  i t ems t hat  
ar e suppor t ed by a ser vi ce or gani zat i on.   I n pr oduct  cat egor i es cover ed by 
ENERGY STAR or  t he Feder al  Ener gy Management  Pr ogr am,  pr ovi de equi pment  
t hat  i s  l i s t ed on t he ENERGY STAR Qual i f i ed Pr oduct s Li st  or  t hat  meet s or  
exceeds t he FEMP- desi gnat ed Ef f i c i ency Requi r ement s.

2. 2   I DENTI FI CATI ON PLATES

I n addi t i on t o st andar d manuf act ur er ' s i dent i f i cat i on pl at es,  pr ovi de 
engr aved l ami nat ed phenol i c i dent i f i cat i on pl at es f or  each pi ece of  
mechani cal  equi pment .   I dent i f i cat i on pl at es ar e t o desi gnat e t he f unct i on 
of  t he equi pment .   Submi t  desi gnat i on wi t h t he shop dr awi ngs.   Pr ovi de 
i dent i f i cat i on pl at es t hat  ar e l ayer s,  bl ack- whi t e- bl ack,  engr aved t o show 
whi t e l et t er s on bl ack backgr ound.   Let t er s must  be upper  case.   
I dent i f i cat i on pl at es t hat  ar e 1- 1/ 2- i nches hi gh and smal l er  must  be 
1/ 16- i nch t hi ck,  wi t h engr aved l et t er i ng 1/ 8- i nch hi gh;  i dent i f i cat i on 
pl at es l ar ger  t han 1- 1/ 2- i nches hi gh must  be 1/ 8- i nch t hi ck,  wi t h engr aved 
l et t er i ng of  sui t abl e hei ght .   I dent i f i cat i on pl at es 1- 1/ 2- i nches hi gh and 
l ar ger  must  have bevel ed edges.   I nst al l  i dent i f i cat i on pl at es usi ng a 
compat i bl e adhesi ve.

2. 3   EQUI PMENT GUARDS AND ACCESS

Ful l y encl ose or  guar d bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  
pr oj ect i ng set scr ews,  keys,  and ot her  r ot at i ng par t s exposed t o per sonnel  
cont act  accor di ng t o OSHA r equi r ement s.   Pr oper l y guar d or  cover  wi t h 
i nsul at i on of  a t ype speci f i ed,  hi gh t emper at ur e equi pment  and pi pi ng 
exposed t o cont act  by per sonnel  or  wher e i t  cr eat es a pot ent i al  f i r e 
hazar d.   The r equi r ement s f or  cat wal ks,  oper at i ng pl at f or ms,  l adder s,  and 
guar dr ai l s ar e speci f i ed i n Sect i on 08 31 00 ACCESS DOORS AND PANELS.

2. 4   ELECTRI CAL WORK

a.   Pr ovi de mot or s,  cont r ol l er s,  i nt egr al  di sconnect s,  cont act or s,  and 
cont r ol s wi t h t hei r  r espect i ve pi eces of  equi pment ,  except  cont r ol l er s 
i ndi cat ed as par t  of  mot or  cont r ol  cent er s.   Pr ovi de el ect r i cal  
equi pment ,  i ncl udi ng mot or s and wi r i ng,  as speci f i ed i n Sect i on 
26 20 00I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de manual  or  aut omat i c 
cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on 
speci f i ed and cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces 
speci f i ed,  but  not  shown.   For  packaged equi pment ,  i ncl ude 
manuf act ur er  pr ovi ded cont r ol l er s wi t h t he r equi r ed moni t or s and t i med 
r est ar t .

b.   For  s i ngl e- phase mot or s,  pr ovi de hi gh- ef f i c i ency t ype,  
f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s,  i ncl udi ng mot or s 
t hat  ar e par t  of  a syst em,  i n accor dance wi t h NEMA MG 11.   Pr ovi de 
pr emi um ef f i c i ency t ype i nt egr al  s i ze mot or s i n accor dance wi t h 
NEMA MG 1.

c.   For  pol yphase mot or s,  pr ovi de squi r r el - cage medi um i nduct i on mot or s,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em ,  and t hat  meet  t he 
ef f i c i ency r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h 
NEMA MG 1.   Sel ect  pr emi um ef f i c i ency pol yphase mot or s i n accor dance 
wi t h NEMA MG 10.

d.   Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad at  t he speci f i ed capaci t y wi t hout  exceedi ng t he 
namepl at e r at i ng of  t he mot or .   Pr ovi de mot or s r at ed f or  cont i nuous 
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dut y wi t h t he encl osur e speci f i ed.   Pr ovi de mot or  dut y t hat  al l ows f or  
maxi mum f r equency st ar t - st op oper at i on and mi ni mum encount er ed 
i nt er val  bet ween st ar t  and st op.   Pr ovi de mot or  t or que capabl e of  
accel er at i ng t he connect ed l oad wi t hi n 20 seconds wi t h 80 per cent  of  
t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s dur i ng one st ar t i ng 
per i od.   Pr ovi de mot or  st ar t er s compl et e wi t h t her mal  over l oad 
pr ot ect i on and ot her  necessar y appur t enances.   Fi t  mot or  bear i ngs wi t h 
gr ease suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  t he encl osur e.

e.   Wher e t wo- speed or  var i abl e- speed mot or s ar e i ndi cat ed,  sol i d- st at e 
var i abl e- speed cont r ol l er s ar e al l owed t o accompl i sh t he same 
f unct i on.   Use sol i d- st at e var i abl e- speed cont r ol l er s f or  mot or s r at ed 
10 hp or  l ess and adj ust abl e f r equency dr i ves f or  l ar ger  mot or s.   

2. 5   ANCHOR BOLTS

Pr ovi de anchor  bol t s f or  equi pment  pl aced on concr et e equi pment  pads or  on 
concr et e s l abs.   Bol t s t o be of  t he s i ze and number  r ecommended by t he 
equi pment  manuf act ur er  and l ocat ed by means of  sui t abl e t empl at es.   
I nst al l at i on of  anchor  bol t s must  not  degr ade t he sur r oundi ng concr et e.

2. 6   SEI SMI C ANCHORAGE

Anchor  equi pment  i n accor dance wi t h appl i cabl e sei smi c cr i t er i a f or  t he 
ar ea and as def i ned i n SMACNA 1981

2. 7   PAI NTI NG

Pai nt  equi pment  uni t s i n accor dance wi t h appr oved equi pment  manuf act ur er ' s 
st andar ds unl ess speci f i ed ot her wi se.   Fi el d r et ouch onl y i f  appr oved.   
Ot her wi se,  r et ur n equi pment  t o t he f act or y f or  r ef i ni shi ng.   Pai nt  i n 
accor dance wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.

2. 8   I NDOOR AI R QUALI TY

Pr ovi de equi pment  and component s t hat  compl y wi t h t he r equi r ement s of  
ASHRAE 62. 1 unl ess mor e st r i ngent  r equi r ement s ar e speci f i ed her ei n.

2. 9   DUCT SYSTEMS

2. 9. 1   Met al  Duct wor k

Pr ovi de met al  duct wor k const r uct i on,  i ncl udi ng al l  f i t t i ngs and 
component s,  t hat  compl i es wi t h SMACNA 1966,  as suppl ement ed and modi f i ed 
by t hi s speci f i cat i on .

a.   Pr ovi de r adi us t ype el bows wi t h a cent er l i ne r adi us of  1. 5 t i mes t he 
wi dt h or  di amet er  of  t he duct  wher e space per mi t s.   Ot her wi se,  el bows 
havi ng a mi ni mum r adi us equal  t o t he wi dt h or  di amet er  of  t he duct  or  
squar e el bows wi t h f act or y f abr i cat ed t ur ni ng vanes ar e al l owed.

b.   Pr ovi de duct wor k t hat  meet s t he r equi r ement s of  Seal  Cl ass A.   

c.   Pr ovi de seal ant s t hat  conf or m t o f i r e hazar d c l assi f i cat i on speci f i ed 
i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS and ar e 
sui t abl e f or  t he r ange of  ai r  di st r i but i on and ambi ent  t emper at ur es t o 
whi ch i t  i s  exposed.   Do not  use pr essur e sensi t i ve t ape as a 
seal ant .   Pr ovi de duct  seal ant  pr oduct s t hat  meet  ei t her  emi ssi ons 
r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  
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of f i ce or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  SCAQMD Rul e 1168 ( HVAC duct  seal ant s ar e c l assi f i ed as 
" Ot her "  wi t hi n t he SCAQMD Rul e 1168 seal ant s t abl e) .   Pr ovi de 
val i dat i on of  i ndoor  ai r  qual i t y f or  duct  seal ant s.

d.   Fabr i cat e out door  ai r  i nt ake duct s and pl enums wi t h wat er t i ght  
sol der ed or  br azed j oi nt s and seams.

2. 9. 1. 1   I nsul at ed Nonmet al l i c  Fl exi bl e Duct  Runout s

Use f l exi bl e duct  r unout s onl y wher e i ndi cat ed.   Runout  l engt h i s 
i ndi cat ed on t he dr awi ngs,  and i s not  t o exceed 5 f eet .   Pr ovi de r unout s 
t hat  ar e pr ei nsul at ed,  f act or y f abr i cat ed,  and t hat  compl y wi t h NFPA 90A 
and UL 181.   Pr ovi de ei t her  f i el d or  f act or y appl i ed vapor  bar r i er .   
Pr ovi de not  l ess t han 20 ounce gl ass f abr i c duct  connect or s coat ed on bot h 
s i des wi t h neopr ene.   Wher e coi l  i nduct i on or  hi gh vel oci t y uni t s ar e 
suppl i ed wi t h ver t i cal  ai r  i nl et s,  use a st r eaml i ned,  vaned and mi t er ed 
el bow t r ansi t i on pi ece f or  connect i on t o t he f l exi bl e duct  or  hose.   
Pr ovi de a di e- st amped el bow and not  a f l exi bl e connect or  as t he l ast  el bow 
t o t hese uni t s ot her  t han t he ver t i cal  ai r  i nl et  t ype.   I nsul at ed f l exi bl e 
connect or s ar e al l owed as r unout s.   Pr ovi de i nsul at ed mat er i al  and vapor  
bar r i er  t hat  conf or m t o t he r equi r ement s of  Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Do not  expose t he i nsul at i on mat er i al  
sur f ace t o t he ai r  st r eam.

2. 9. 1. 2   Gener al  Ser vi ce Duct  Connect or s

Pr ovi de a f l exi bl e duct  connect or  appr oxi mat el y 6 i nches i n wi dt h wher e 
sheet  met al  connect i ons ar e made t o f ans or  wher e duct s of  di ssi mi l ar  
met al s ar e connect ed.   For  r ound/ oval  duct s,  secur e t he f l exi bl e mat er i al  
by st ai nl ess st eel  or  z i nc- coat ed,  i r on c l i nch- t ype dr aw bands.   For  
r ect angul ar  duct s,  i nst al l  t he f l exi bl e mat er i al  l ocked t o met al  col l ar s 
usi ng nor mal  duct  const r uct i on met hods.   Pr ovi de a composi t e connect or  
syst em t hat  compl i es wi t h NFPA 701 and i s c l assi f i ed as " f l ame- r et ar dent  
f abr i cs"  i n UL Bl d Mat  Di r .

2. 9. 1. 3   Al umi num Duct s

 ASTM B209,  al l oy 3003- H14 f or  al umi num sheet  and al l oy 6061- T6 or  
equi val ent  st r engt h f or  al umi num connect or s and bar  st ock.

2. 9. 1. 4   Cor r osi on Resi st i ng ( St ai nl ess)  St eel  Sheet s

ASTM A167

2. 9. 2   Duct  Access Door s

Pr ovi de hi nged access door s conf or mi ng t o SMACNA 1966 i n duct wor k and 
pl enums wher e i ndi cat ed and at  al l  ai r  f l ow measur i ng pr i mar i es,  aut omat i c 
damper s,  f i r e damper s,  coi l s,  t her most at s,  and ot her  appar at us r equi r i ng 
ser vi ce and i nspect i on i n t he duct  syst em.   Pr ovi de access door s upst r eam 
and downst r eam of  ai r  f l ow measur i ng pr i mar i es and heat i ng and cool i ng 
coi l s.   Pr ovi de door s t hat  ar e a mi ni mum 15 by 18 i nches,  unl ess ot her wi se 
shown.   Wher e duct  s i ze does not  accommodat e t hi s s i ze door ,  make t he 
door s as l ar ge as pr act i cabl e.   Equi p door s 24 by 24 i nches or  l ar ger  wi t h 
f ast ener s oper abl e f r om i nsi de and out si de t he duct .   Use i nsul at ed t ype 
door s i n i nsul at ed duct s.
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2. 9. 3   Fi r e Damper s

Use 1. 5 hour  r at ed f i r e damper s unl ess ot her wi se i ndi cat ed.   Pr ovi de f i r e 
damper s t hat  conf or m t o t he r equi r ement s of  NFPA 90A and UL 555.   Per f or m 
t he f i r e damper  t est  as out l i ned i n NFPA 90A.   Pr ovi de a pr essur e r el i ef  
door  upst r eam of  t he f i r e damper .   I f  t he duct wor k connect ed t o t he f i r e 
damper  i s t o be i nsul at ed t hen pr ovi de a f act or y i nst al l ed pr essur e r el i ef  
damper .   Pr ovi de aut omat i c oper at i ng f i r e damper s wi t h a dynami c r at i ng 
sui t abl e f or  t he maxi mum ai r  vel oci t y and pr essur e di f f er ent i al  t o whi ch 
i t  i s  subj ect ed.   Pr ovi de f i r e damper s appr oved f or  t he speci f i c  
appl i cat i on,  and i nst al l  accor di ng t o t hei r  l i s t i ng.   Equi p f i r e damper s 
wi t h a st eel  s l eeve or  adequat el y s i zed f r ame i nst al l ed i n such a manner  
t hat  di sr upt i on of  t he at t ached duct wor k,  i f  any,  does not  i mpai r  t he 
oper at i on of  t he damper .   Equi p s l eeves or  f r ames wi t h per i met er  mount i ng 
angl es at t ached on bot h s i des of  t he wal l  or  f l oor  openi ng.   Const r uct  
duct wor k i n f i r e- r at ed f l oor - cei l i ng or  r oof - cei l i ng assembl y syst ems wi t h 
ai r  duct s t hat  pi er ce t he cei l i ng of  t he assembl i es i n conf or mance wi t h 
UL Fi r e Resi st ance.   Pr ovi de cur t ai n t ype wi t h damper  bl ades out  of  t he 
ai r  st r eam f i r e damper s.   I nst al l  damper s t hat  do not  r educe t he duct  or  
t he ai r  t r ansf er  openi ng cr oss- sect i onal  ar ea.   I nst al l  damper s so t hat  
t he cent er l i ne of  t he damper  dept h or  t hi ckness i s l ocat ed i n t he 
cent er l i ne of  t he wal l ,  par t i t i on or  f l oor  s l ab dept h or  t hi ckness.   
Unl ess ot her wi se i ndi cat ed,  compl y wi t h t he i nst al l at i on det ai l s gi ven i n 
SMACNA 1819 and i n manuf act ur er ' s i nst r uct i ons f or  f i r e damper s.   Per f or m 
accept ance t est i ng of  f i r e damper s accor di ng t o par agr aph Fi r e Damper  
Accept ance Test  and NFPA 90A.

2. 9. 4   Manual  Bal anci ng Damper s

Fur ni sh manual  bal anci ng damper s wi t h accessi bl e oper at i ng mechani sms.   
Use chr omi um pl at ed oper at or s ( wi t h al l  exposed edges r ounded)  i n f i ni shed 
por t i ons of  t he bui l di ng.   Pr ovi de manual  vol ume cont r ol  damper s t hat  ar e 
oper at ed by l ocki ng- t ype quadr ant  oper at or s.   I nst al l  damper s t hat  ar e 2 
gauges heavi er  t han t he duct  i n whi ch i nst al l ed.   Unl ess ot her wi se 
i ndi cat ed,  pr ovi de opposed bl ade t ype mul t i l eaf  damper s wi t h maxi mum bl ade 
wi dt h of  12 i nches.   Pr ovi de access door s or  panel s f or  al l  conceal ed 
damper  oper at or s and l ocki ng set scr ews.   Pr ovi de st and- of f  mount i ng 
br acket s,  bases,  or  adapt er s not  l ess t han t he t hi ckness of  t he i nsul at i on 
when t he l ocki ng- t ype quadr ant  oper at or s f or  damper s ar e i nst al l ed on 
duct s t o be t her mal l y i nsul at ed,  t o pr ovi de cl ear ance bet ween t he duct  
sur f ace and t he oper at or .   Pr ovi de st and- of f  mount i ng i t ems t hat  ar e 
i nt egr al  wi t h t he oper at or  or  st andar d accessor y of  t he damper  
manuf act ur er .

2. 9. 5   Ai r  Suppl y And Exhaust  Ai r  Damper s

Pr ovi de out door  ai r  suppl y and exhaust  ai r  damper s t hat  have a maxi mum 
l eakage r at e when t est ed i n accor dance wi t h AMCA 500- D as r equi r ed by 
ASHRAE 90. 1 -  I P,  i ncl udi ng maxi mum Damper  Leakage f or :  

a.   Cl i mat e Zones 1, 2, 6, 7, 8 t he maxi mum damper  l eakage at  1. 0 i nch w. g.  
f or  mot or i zed damper s i s 4 cf m per  squar e f oot  of  damper  ar ea and 
non- mot or i zed damper s ar e not  al l owed.  

b.   Al l  ot her  Cl i mat e Zones t he maxi mum damper  l eakage at  1. 0 i nch w. g.  i s  
10 cf m per  squar e f oot  and f or  non- mot or i zed damper s i s 20 cf m per  
squar e f oot  of  damper  ar ea.

Damper s smal l er  t han 24 i nches i n ei t her  di r ect i on may have l eakage of  40 
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cf m per  squar e f oot .

2. 9. 6   Ai r  Def l ect or s ( Vol ume Ext r act or s)  and Br anch Connect i ons

Pr ovi de ai r  def l ect or s ( vol ume ext r act or s)  at  al l  duct  mount ed suppl y 
out l et s,  at  t akeof f  or  ext ensi on col l ar s t o suppl y out l et s,  at  duct  br anch 
t akeof f  connect i ons,  and at  90 degr ee el bows,  as wel l  as at  l ocat i ons as 
i ndi cat ed on t he dr awi ngs or  ot her wi se speci f i ed.   Coni cal  br anch 
connect i ons or  45 degr ee ent r y connect i ons ar e al l owed i n l i eu of  
def l ect or s f or  br anch connect i ons.   Fur ni sh al l  ai r  def l ect or s ( vol ume 
ext r act or s) ,  except  t hose i nst al l ed i n 90 degr ee el bows,  wi t h an appr oved 
means of  adj ust ment .   Pr ovi de easi l y accessi bl e means f or  adj ust ment  
i nsi de t he duct  or  f r om an adj ust ment  wi t h st ur dy l ock on t he f ace of  t he 
duct .   When i nst al l ed on duct s t o be t her mal l y i nsul at ed,  pr ovi de ext er nal  
adj ust ment s wi t h st and- of f  mount i ng br acket s,  i nt egr al  wi t h t he adj ust ment  
devi ce,  t o pr ovi de cl ear ance bet ween t he duct  sur f ace and t he adj ust ment  
devi ce not  l ess t han t he t hi ckness of  t he t her mal  i nsul at i on.   Pr ovi de 
f act or y- f abr i cat ed ai r  def l ect or s consi st i ng of  cur ved t ur ni ng vanes or  
l ouver  bl ades desi gned t o pr ovi de uni f or m ai r  di st r i but i on and change of  
di r ect i on wi t h mi ni mum t ur bul ence or  pr essur e l oss.   Pr ovi de f act or y or  
f i el d assembl ed ai r  def l ect or s ( vol ume ext r act or s) .   Make adj ust ment  f r om 
t he f ace of  t he di f f user  or  by posi t i on adj ust ment  and l ock ext er nal  t o 
t he duct .   Pr ovi de st and- of f  br acket s on i nsul at ed duct s as descr i bed 
her ei n.   Pr ovi de f i xed ai r  def l ect or s ( vol ume ext r act or s) ,  al so cal l ed 
t ur ni ng vanes,  i n 90 degr ee el bows.

2. 9. 7   Di f f user s,  Regi st er s,  and Gr i l l es

Pr ovi de f act or y- f abr i cat ed uni t s of  cor r osi on- r esi st ant  st eel  or  al umi num 
t hat  di st r i but e t he speci f i ed quant i t y of  ai r  evenl y over  space i nt ended 
wi t hout  causi ng not i ceabl e dr af t s,  ai r  movement  f ast er  t han 50 f pm i n 
occupi ed zone,  or  dead spot s anywher e i n t he condi t i oned ar ea.   Pr ovi de 
out l et s f or  di f f usi on,  spr ead,  t hr ow,  and noi se l evel  as r equi r ed f or  
speci f i ed per f or mance.   Cer t i f y per f or mance accor di ng t o ASHRAE 70.   
Pr ovi de sound r at ed and cer t i f i ed i nl et s and out l et s accor di ng t o ASHRAE 70.   
Pr ovi de sound power  l evel  as i ndi cat ed.   Pr ovi de di f f user s and r egi st er s 
wi t h vol ume damper  wi t h accessi bl e oper at or ,  unl ess ot her wi se i ndi cat ed;  
or  i f  st andar d wi t h t he manuf act ur er ,  an aut omat i cal l y cont r ol l ed devi ce 
i s accept abl e.   Pr ovi de opposed bl ade t ype vol ume damper s f or  al l  
di f f user s and r egi st er s.     Wher e t he i nl et  and out l et  openi ngs ar e 
l ocat ed l ess t han 7 f eet  above t he f l oor ,  pr ot ect  t hem by a gr i l l e or  
scr een accor di ng t o NFPA 90A.

2. 9. 7. 1   Di f f user s

Pr ovi de di f f user  t ypes i ndi cat ed.   Fur ni sh cei l i ng mount ed uni t s wi t h 
ant i - smudge devi ces,  unl ess t he di f f user  uni t  mi ni mi zes cei l i ng smudgi ng 
t hr ough desi gn f eat ur es.   Pr ovi de di f f user s wi t h ai r  def l ect or s of  t he 
t ype i ndi cat ed.   I nst al l  cei l i ng mount ed uni t s wi t h r i ms t i ght  agai nst  
cei l i ng.   Pr ovi de sponge r ubber  gasket s bet ween cei l i ng and sur f ace 
mount ed di f f user s f or  ai r  l eakage cont r ol .   Pr ovi de sui t abl e t r i m f or  
f l ush mount ed di f f user s.   For  connect i ng t he duct  t o di f f user ,  pr ovi de 
duct  col l ar  t hat  i s  ai r t i ght  and does not  i nt er f er e wi t h vol ume 
cont r ol l er .   Pr ovi de r et ur n or  exhaust  uni t s t hat  ar e s i mi l ar  t o suppl y 
di f f user s.

2. 9. 7. 2   Regi st er s and Gr i l l es

Pr ovi de uni t s t hat  ar e f our - way di r ect i onal - cont r ol  t ype,  except  pr ovi de 
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r et ur n and exhaust  r egi st er s t hat  ar e f i xed hor i zont al  or  ver t i cal  l ouver  
t ype si mi l ar  i n appear ance t o t he suppl y r egi st er  f ace.   Fur ni sh r egi st er s 
wi t h sponge- r ubber  gasket  bet ween f l anges and wal l  or  cei l i ng.   I nst al l  
wal l  suppl y r egi st er s at  l east  6 i nches bel ow t he cei l i ng unl ess ot her wi se 
i ndi cat ed.   Locat e r et ur n and exhaust  r egi st er s 6 i nches above t he f l oor  
unl ess ot her wi se i ndi cat ed.   Achi eve f our - way di r ect i onal  cont r ol  by a 
gr i l l e f ace whi ch can be r ot at ed i n 4 posi t i ons or  by adj ust ment  of  
hor i zont al  and ver t i cal  vanes.   Pr ovi de gr i l l es as speci f i ed f or  
r egi st er s,  wi t hout  vol ume cont r ol  damper .

2. 9. 8   Louver s

Pr ovi de l ouver s f or  i nst al l at i on i n ext er i or  wal l s t hat  ar e associ at ed 
wi t h t he ai r  suppl y and di st r i but i on syst em  as speci f i ed i n Sect i on 
07 60 00 FLASHI NG AND SHEET METAL and 08 91 00 METAL WALL AND DOOR LOUVERS.

2. 9. 9   Bi r d Scr eens and Fr ames

Pr ovi de bi r d scr eens t hat  conf or m t o ASTM E2016,  No.  2 mesh,  al umi num or  
st ai nl ess st eel .   Pr ovi de " medi um- l i ght "  r at ed al umi num scr eens.   Pr ovi de 
" l i ght "  r at ed st ai nl ess st eel  scr eens.   Pr ovi de r emovabl e t ype f r ames 
f abr i cat ed f r om ei t her  st ai nl ess st eel  or  ext r uded al umi num.

2. 10   AI R SYSTEMS EQUI PMENT

2. 10. 1   Fans

Test  and r at e f ans accor di ng t o AMCA 210.   Cal cul at e syst em ef f ect  on ai r  
movi ng devi ces i n accor dance wi t h AMCA 201 wher e i nst al l ed duct wor k 
di f f er s f r om t hat  i ndi cat ed on dr awi ngs.   I nst al l  ai r  movi ng devi ces t o 
mi ni mi ze f an syst em ef f ect .   Wher e syst em ef f ect  i s  unavoi dabl e,  det er mi ne 
t he most  ef f ect i ve way t o accommodat e t he i nef f i c i enci es caused by syst em 
ef f ect  on t he i nst al l ed ai r  movi ng devi ce.   The sound power  l evel  of  t he 
f ans must  not  exceed 85 dBA when t est ed accor di ng t o AMCA 300 and r at ed i n 
accor dance wi t h AMCA 301.   Pr ovi de al l  f ans wi t h an AMCA seal .   Connect  
f ans t o t he mot or s di r ect l y.   Pr ovi de f ans wi t h per sonnel  scr eens or  
guar ds on bot h suct i on and suppl y ends,  except  t hat  t he scr eens need not  
be pr ovi ded,  unl ess ot her wi se i ndi cat ed,  wher e duct s ar e connect ed t o t he 
f an.   Pr ovi de f an and mot or  assembl i es wi t h v i br at i on- i sol at i on suppor t s 
or  mount i ngs as i ndi cat ed.   Use vi br at i on- i sol at i on uni t s t hat  ar e 
st andar d pr oduct s wi t h publ i shed l oadi ng r at i ngs.   Sel ect  each f an t o 
pr oduce t he capaci t y r equi r ed at  t he f an st at i c pr essur e i ndi cat ed.   
Pr ovi de sound power  l evel  as i ndi cat ed.   Obt ai n t he sound power  l evel  
val ues accor di ng t o AMCA 300.   Pr ovi de st andar d AMCA ar r angement ,  
r ot at i on,  and di schar ge as i ndi cat ed.   Pr ovi de power  vent i l at or s t hat  
conf or m t o UL 705 and have a UL l abel .

2. 10. 1. 1   Cent r i f ugal  Fans

Pr ovi de f ul l y encl osed,  s i ngl e- wi dt h s i ngl e- i nl et ,  or  doubl e- wi dt h 
doubl e- i nl et  cent r i f ugal  f ans,  wi t h AMCA Pr essur e Cl ass I ,  I I ,  or  I I I  as 
r equi r ed or  i ndi cat ed f or  t he desi gn syst em pr essur e.   Pr ovi de i mpel l er  
wheel s t hat  ar e r i gi dl y const r uct ed and accur at el y bal anced bot h 
st at i cal l y and dynami cal l y.   Pr ovi de f or war d cur ved or  backwar d- i ncl i ned 
ai r f oi l  desi gn f an bl ades i n wheel  s i zes up t o 30 i nches.   Pr ovi de 
backwar d- i ncl i ned ai r f oi l  desi gn f an bl ades f or  wheel s over  30 i nches i n 
di amet er   Pr ovi de f an wheel s over  36 i nches i n di amet er  wi t h over hung 
pul l eys and a bear i ng on each si de of  t he wheel .   Pr ovi de f an wheel s 36 
i nches or  l ess i n di amet er  t hat  have one or  mor e ext r a l ong bear i ngs 
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bet ween t he f an wheel  and t he dr i ve.   Pr ovi de sl eeve t ype,  sel f - al i gni ng 
and sel f - oi l i ng bear i ngs wi t h oi l  r eser voi r s,  or  pr eci s i on sel f - al i gni ng 
r ol l er  or  bal l - t ype wi t h accessi bl e gr ease f i t t i ngs or  per manent l y 
l ubr i cat ed t ype.   Connect  gr ease f i t t i ngs t o t ubi ng f or  ser vi ceabi l i t y  
f r om a si ngl e accessi bl e poi nt .   Pr ovi de L50 r at ed bear i ng l i f e at  not  
l ess t han 200, 000 hour s as def i ned by ABMA 9 and ABMA 11.   Pr ovi de st eel ,  
accur at el y f i ni shed f an shaf t s,  wi t h key seat s and keys f or  i mpel l er  hubs 
and f an pul l eys.   Pr ovi de f an out l et s of  ampl e pr opor t i ons,  desi gned f or  
t he at t achment  of  angl es and bol t s f or  at t achi ng f l exi bl e connect i ons.   
Pr ovi deaut omat i cal l y oper at ed i nl et  vanes on suct i on i nl et s.   Pr ovi de 
aut omat i cal l y oper at ed out l et  damper s.   Unl ess ot her wi se i ndi cat ed,  
pr ovi de mot or s t hat  do not  exceed 1800 r pm and have t ot al l y encl osed or  
expl osi on- pr oof  encl osur es as i ndi cat ed i n t he dr awi ngs.   Pr ovi de 
acr oss- t he- l i ne t ype mot or  st ar t er s wi t h weat her - r esi st ant  encl osur e.

2. 10. 1. 2   I n- Li ne Cent r i f ugal  Fans

Pr ovi de i n- l i ne f ans wi t h cent r i f ugal  backwar d i ncl i ned bl ades,  st at i onar y 
di schar ge conver si on vanes,  i nt er nal  and ext er nal  bel t  guar ds,  and 
adj ust abl e mot or  mount s.   Mount  f ans i n a wel ded t ubul ar  casi ng.   Pr ovi de 
a f an t hat  axi al l y f l ows t he ai r  i n and out .   St r eaml i ne i nl et s wi t h 
conver si on vanes t o el i mi nat e t ur bul ence and pr ovi de smoot h di schar ge ai r  
f l ow.   Encl ose and i sol at e f an bear i ngs and dr i ve shaf t s f r om t he ai r  
st r eam.   Pr ovi de pr eci s i on,  sel f  al i gni ng bal l  or  r ol l er  t ype f an bear i ngs 
t hat  ar e seal ed agai nst  dust  and di r t  and ar e per manent l y l ubr i cat ed.   
Pr ovi de L50 r at ed bear i ng l i f e at  not  l ess t han 200, 000 hour s as def i ned 
by ABMA 9 and ABMA 11.   Pr ovi de mot or s wi t h t ot al l y encl osed or  
expl osi on- pr oof  encl osur e as i ndi cat ed i n t he dr awi ngs.  Pr ovi de magnet i c 
mot or  st ar t er s acr oss- t he- l i ne wi t h weat her - r esi st ant  or  expl osi on- pr oof  
encl osur es.   

2. 10. 1. 3   Cent r i f ugal  Type Power  Wal l  Vent i l at or s

Pr ovi de di r ect  dr i ven cent r i f ugal  t ype f ans wi t h backwar d i ncl i ned,  
non- over l oadi ng wheel .   Pr ovi de r emovabl e and weat her pr oof  mot or  housi ng.   
Pr ovi de uni t  housi ng t hat  i s desi gned f or  seal i ng t o bui l di ng sur f ace and 
f or  di schar ge and condensat e dr i ppage away f r om bui l di ng sur f ace.   
Const r uct  housi ng of  heavy gauge al umi num.   Equi p uni t  wi t h an al umi num or  
pl at ed st eel  wi r e di schar ge bi r d scr een,  di sconnect  swi t ch,  manuf act ur er ' s 
st andar d gr avi t y damper ,  an ai r t i ght  and l i qui d- t i ght  met al l i c  wal l  
s l eeve.   Pr ovi de t ot al l y encl osed f an cool ed t ype mot or  encl osur e.   Use 
onl y l ubr i cat ed bear i ngs.

2. 10. 1. 4   Cei l i ng Exhaust  Fans

Pr ovi de cent r i f ugal  t ype,  di r ect  dr i ven suspended cabi net - t ype cei l i ng 
exhaust  f ans.   Pr ovi de f ans wi t h acoust i cal l y i nsul at ed housi ng.   Pr ovi de 
chat t er - pr oof  backdr af t  damper .   Pr ovi de egg- cr at e desi gn or  l ouver  desi gn 
i nt egr al  f ace gr i l l e.   Mount  f an mot or s on vi br at i on i sol at or s.   Fur ni sh 
uni t  wi t h mount i ng f l ange f or  hangi ng uni t  f r om above.   Pr ovi de U. L.  
l i s t ed f ans.   Pr ovi de PL- 109- 58 l abel ed cei l i ng exhaust  f an pr oduct .   
Pr ovi de pr oof  of  PL- 109- 58 l abel  f or  cei l i ng exhaust  f an pr oduct .

2. 10. 1. 5   Hi gh Vol ume Low Speed ( HVLS)  Fans

Cei l i ng f ans gr eat er  t han 7 f eet  i n di amet er  shal l  be t est ed,  shal l  have 
per f or mance dat a det er mi ned i n accor dance wi t h 10 CFR Appendi x U t o 
Subpar t  B of  Par t  430 -  Uni f or m Test  Met hod f or  Measur i ng t he Ener gy 
Consumpt i on of  Cei l i ng Fans and shal l  be l i s t ed i n t he US DOE Compl i ance 
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Cer t i f i cat i on Management  Cei l i ng ( CCMS)  Fan Dat abase.

Cei l i ng f ans gr eat er  t han 7 f eet  i n di amet er  shal l  exceed t he US DOE 
mi ni mum- ef f i c i ency r equi r ement  of  CFEI  1. 00 at  hi gh speed and CFEI  1. 31 at  
40 per cent  speed or  t he near est  speed t hat  i s not  l ess t han 40 per cent  
speed.   

The f an assembl y,  as a syst em ( wi t h and wi t hout  l i ght  k i t ) ,  shal l  be 
I nt er t ek/ ETL- cer t i f i ed and bui l t  pur suant  t o t he gui del i nes set  f or t h by 
UL st andar d 507 and CSA st andar d 22. 2 No.  113.

Lar ge- di amet er  cei l i ng f ans shal l  be i nst al l ed per  t he r equi r ement s of  
NFPA 13 & NFPA 72.

Fans shal l  be i nst al l ed i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.

Lar ge- di amet er  cei l i ng f ans must  compl y wi t h AMCA Publ i cat i on 211 and be 
cer t i f i ed t o bear  t he AMCA Cer t i f i ed Rat i ngs Pr ogr am seal .  They shal l  be 
t est ed f or  ai r  per f or mance i n accor dance wi t h ANSI / AMCA St andar d 230.

The war r ant y shal l  not  r equi r e t he submi ssi on of  a post  i nst al l at i on f or m 
or  phot ogr aphs of  t he i nst al l ed f an( s)  t o t he manuf act ur er  f or  t he 
war r ant y t o be i n ef f ect .  The war r ant y shal l  not  r equi r e t he per i odi c 
submi ssi on of  mai nt enance r ecor ds f or  t he war r ant y t o r emai n i n ef f ect .  
The war r ant y shal l  not  r equi r e per i odi c oi l  changes f or  t he war r ant y t o 
r emai n i n ef f ect .

Lar ge- di amet er  cei l i ng f ans shal l  be equi pped wi t h an ai r f oi l  r est r ai nt  
syst em t hat  pr ovi des r edundant  saf et y bet ween t he ends of  t he ai r f oi l s  and 
t he f an hub.

Cei l i ng f an s i z i ng,  pl acement ,  and per f or mance shal l  be ver i f i ed usi ng 
comput at i onal  f l ui d dynami cs ( CFD)  anal ysi s.   At  a mi ni mum,  t he i nput  dat a 
f or  t he CFD anal ysi s shal l  i ncl ude t he cei l i ng f an( s) ,  s i gni f i cant  
obst r uct i ons t o ai r f l ow at  t he f l oor  l evel ,  and t he act ual  space 
di mensi ons.  As ver i f i cat i on of  per f or mance,  t he submi t t al  shal l  i ncl ude 
r esul t s of  t he CFD anal ysi s i ncl udi ng,  at  a mi ni mum,  t he f ol l owi ng 
per f or mance met r i cs det er mi ned i n accor dance wi t h ANSI / ASHRAE St andar d 55:  
aver age ai r  speed,  aver age cool i ng ef f ect  f r om el evat ed ai r  speed,  
Pr edi ct ed Mean Vot e,  and Pr edi ct ed Per cent age Di ssat i sf i ed f or  seat ed and 
st andi ng occupant s i n each occupi ed zone.

The f an hub shal l  be 19"  ( 48 cm)  i n di amet er  and shal l  be made of  
pr eci s i on cut  al umi num f or  hi gh st r engt h and l i ght wei ght  const r uct i on.  The 
hub shal l  consi st  of  t wo ( 2)  al umi num pl at es,  ei ght  ( 8)  al umi num spar s,  
and one ( 1)  al umi num spacer  f ast ened wi t h a pi n and col l ar  r i vet  syst em.   
The over al l  desi gn shal l  pr ovi de a f l exi bl e assembl y such t hat  f or ce l oads 
exper i enced by t he hub assembl y shal l  be di st r i but ed over  a l ar ge ar ea t o 
r educe t he f at i gue exper i enced at  t he at t achment  poi nt  f or  t he f an bl ade.

2. 10. 2   Ai r  Fi l t er s

Li st  ai r  f i l t er s accor di ng t o r equi r ement s of  UL 900,  except  l i s t  hi gh 
ef f i c i ency par t i cul at e ai r  f i l t er s of  99. 97 per cent  ef f i c i ency by t he DOP 
Test  met hod under  t he Label  Ser vi ce t o meet  t he r equi r ement s of  UL 586.

2. 10. 2. 1   Ext ended Sur f ace Pl eat ed Panel  Fi l t er s

Pr ovi de 2 i nch dept h,  sect i onal ,  di sposabl e t ype f i l t er s of  t he s i ze 

SECTI ON 23 30 00  Page 16



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

i ndi cat ed wi t h a MERV of  8 when t est ed accor di ng t o ASHRAE 52. 2.   Pr ovi de 
i ni t i al  r esi st ance at  500 f pm t hat  does not  exceed 0. 36 i nches wat er  gauge.   
Pr ovi de UL Cl ass 2 f i l t er s,  and nonwoven cot t on and synt het i c f i ber  mat  
medi a.   At t ach a wi r e suppor t  gr i d bonded t o t he medi a t o a moi st ur e 
r esi st ant  f i ber boar d f r ame.   Bond al l  f our  edges of  t he f i l t er  medi a t o 
t he i nsi de of  t he f r ame t o pr event  ai r  bypass and i ncr ease r i gi di t y.

2. 10. 2. 2   Hol di ng Fr ames

Fabr i cat e f r ames f r om not  l i ght er  t han 16 gauge sheet  st eel  wi t h 
r ust - i nhi bi t or  coat i ng.   Equi p each hol di ng f r ame wi t h sui t abl e f i l t er  
hol di ng devi ces.   Pr ovi de gasket ed hol di ng f r ame seat s.   Make al l  j oi nt s 
ai r t i ght .

2. 10. 2. 3   Fi l t er  Gauges

Pr ovi de di al  t ype f i l t er  gauges,  di aphr agm act uat ed dr af t  f or  al l  f i l t er  
st at i ons,  i ncl udi ng t hose f i l t er s whi ch ar e f ur ni shed as i nt egr al  par t s of  
f act or y f abr i cat ed ai r  handl i ng uni t s.   Pr ovi de gauges t hat  ar e at  l east  
3- 7/ 8 i nches i n di amet er ,  wi t h whi t e di al s wi t h bl ack f i gur es,  and 
gr aduat ed i n 0. 01 i nch of  wat er ,  wi t h a mi ni mum r ange of  1 i nch of  wat er  
beyond t he speci f i ed f i nal  r esi st ance f or  t he f i l t er  bank on whi ch each 
gauge i s appl i ed.   Pr ovi de each gauge wi t h a scr ew oper at ed zer o 
adj ust ment  and t wo st at i c pr essur e t i ps wi t h i nt egr al  compr essi on 
f i t t i ngs,  t wo mol ded pl ast i c vent  val ves,  t wo 5 f oot  mi ni mum l engt hs of  
1/ 4 i nch di amet er  al umi num t ubi ng,  and al l  har dwar e and accessor i es f or  
gauge mount i ng.

2. 11   TERMI NAL UNI TS

2. 11. 1   El ect r i c Uni t  Heat er s

Pr ovi de El ect r i c uni t  heat er s t hat  i ncl ude an encl osur e,  r esi st ance 
heat i ng coi l  assembl y,  f an assembl y,  f an dr i ve,  mot or ,  mot or  cont r ol l er ,  
and sound power  l evel  as i ndi cat ed.   Obt ai n sound power  l evel  dat a or  
val ues f or  t hese uni t s accor di ng t o t est  pr ocedur es based on AHRI  350.   
Sound power  val ues appl y t o uni t s pr ovi ded wi t h f act or y f abr i cat ed cabi net  
encl osur es and st andar d gr i l l es,  when handl i ng st andar d f l ow f or  whi ch t he 
uni t  ai r  capaci t y i s r at ed.   Secur e each uni t  t o t he bui l di ng st r uct ur e.   
Pr ovi de t he el ect r i c uni t  heat er s wi t h capaci t y i ndi cat ed.   

2. 11. 1. 1   Encl osur es

Fabr i cat e encl osur es f r om not  l i ght er  t han 16 gauge gal vani zed st eel ,  
r ei nf or ced and br aced,  or  al l  wel ded f r amewor k wi t h panel s t o pr ovi de 
equi val ent  st r engt h.   Pr ovi de di schar ge gr i l l es t hat  have adj ust abl e 
gr i l l es or  gr i l l es wi t h adj ust abl e vanes and pr oper l y di st r i but e ai r  
t hr oughout  t he heat ed space.   Pr ovi de r et ur n gr i l l es t hat  ar e r emovabl e 
wher e f r ont  panel  does not  pr ovi de access t o i nt er i or  component s.   Pl ast i c 
di schar ge or  r et ur n gr i l l es ar e not  accept abl e.   Fur ni sh r emovabl e panel s 
or  access door s f or  al l  pi pi ng and cont r ol  compar t ment s.   Pr ovi de f an 
swi t ch t hat  i s key oper at ed or  accessi bl e t hr ough a l ocked access panel .   
I nst al l  gasket s at  t he back and bot t om of  t he uni t  f or  ef f ect i ve ai r  seal ,  
as r equi r ed.

2. 11. 1. 2   El ect r i c Resi st ance Heat i ng El ement s

Pr ovi de el ect r i c r esi st ance heat i ng el ement s t hat  ar e of  t he sheat hed,  
f i nned,  t ubul ar  t ype,  or  of  t he open r esi st ance t ype desi gned f or  di r ect  
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exposur e t o t he ai r  st r eam.   Pr ovi de heat i ng el ement  el ect r i cal  
char act er i st i cs as i ndi cat ed.   Wher e f an mot or  or  cont r ol  vol t age i s l ower  
t han r equi r ed f or  t he el ect r i c- r esi st ance heat i ng el ement ,  i nst al l  a f used 
f act or y mount ed and wi r ed t r ansf or mer .

2. 11. 1. 3   Fans

Pr ovi de f ans t hat  meet  t he r equi r ement s as speci f i ed i n par agr aph AI R 
SYSTEMS EQUI PMENT.   Pr ovi de gal vani zed st eel  or  al umi num,  mul t i bl ade,  
cent r i f ugal  t ype f ans,  dynami cal l y and st at i cal l y bal anced.   Equi p f an 
housi ngs wi t h r esi l i ent  mount ed,  sel f - al i gni ng per manent l y l ubr i cat ed bal l  
bear i ngs,  s l eeve bear i ngs,  or  combi nat i on bal l  and sl eeve bear i ngs,  
capabl e of  not  l ess t han 2000 hour s of  oper at i on on one oi l i ng.   Pr ovi de 
di r ect - connect ed f ans.

2. 11. 1. 4   Mot or s

Pr ovi de per manent  spl i t - capaci t or  t ype mot or s wi t h bui l t - i n t her mal  
over l oad pr ot ect i on and aut omat i c r eset .   Mount  mot or  on a r esi l i ent  
mount i ng,  i sol at ed f r om t he casi ng and sui t abl e f or  oper at i on on el ect r i c 
ser vi ce avai l abl e.   Pr ovi de a manual l y oper at ed mot or  swi t ch t hat  pr ovi des 
f or  2 or  3 speeds and of f ,  mount ed on an i dent i f i ed pl at e as i ndi cat ed.   

2. 12   FACTORY PAI NTI NG

Fact or y pai nt  new equi pment ,  whi ch ar e not  of  gal vani zed const r uct i on.   
Pai nt  wi t h a cor r osi on r esi st i ng pai nt  f i ni sh accor di ng t o ASTM A123/ A123M 
or  ASTM A924/ A924M.   Cl ean,  phosphat i ze and coat  i nt er nal  and ext er nal  
f er r ous met al  sur f aces wi t h a pai nt  f i ni sh whi ch has been t est ed accor di ng 
t o ASTM B117,  ASTM D1654,  and ASTM D3359.   Submi t  evi dence of  sat i sf act or y 
pai nt  per f or mance f or  a mi ni mum of  125 hour s f or  uni t s t o be i nst al l ed 
i ndoor s and 500 hour s f or  uni t s t o be i nst al l ed out door s.   Pr ovi de r at i ng 
of  f ai l ur e at  t he scr i be mar k t hat  i s not  l ess t han 6,  aver age cr eepage 
not  gr eat er  t han 1/ 8 i nch.   Pr ovi de r at i ng of  t he i nscr i bed ar ea t hat  i s 
not  l ess t han 10,  no f ai l ur e.   On uni t s const r uct ed of  gal vani zed st eel  
t hat  have been wel ded,  pr ovi de a f i nal  shop docket  of  z i nc- r i ch pr ot ect i ve 
pai nt  on ext er i or  sur f aces of  wel ds or  wel ds t hat  have bur ned t hr ough f r om 
t he i nt er i or  accor di ng t o ASTM D520 Type I .

Fi el d pai nt  f act or y pai nt i ng t hat  has been damaged pr i or  t o accept ance by 
t he Cont r act i ng Of f i cer  i n compl i ance wi t h t he r equi r ement s of  par agr aph 
FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT.  

2. 13   SUPPLEMENTAL COMPONENTS/ SERVI CES

2. 13. 1   I nsul at i on

The r equi r ement s f or  shop and f i el d appl i ed i nsul at i on ar e speci f i ed i n 
Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 13. 2   Cont r ol s

The r equi r ement s f or  cont r ol s ar e speci f i ed i n Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS and Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.
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PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng t he wor k.

3. 2   I NSTALLATI ON

a.   I nst al l  mat er i al s and equi pment  i n accor dance wi t h t he r equi r ement s of  
t he cont r act  dr awi ngs and appr oved manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.   Accompl i sh i nst al l at i on by wor ker s ski l l ed i n t hi s t ype 
of  wor k.   Per f or m i nst al l at i on so t hat  t her e i s no degr adat i on of  t he 
desi gned f i r e r at i ngs of  wal l s,  par t i t i ons,  cei l i ngs,  and f l oor s.

b.   No i nst al l at i on i s per mi t t ed t o bl ock or  ot her wi se i mpede access t o 
any exi st i ng machi ne or  syst em.   I nst al l  al l  hi nged door s t o swi ng 
open a mi ni mum of  120 degr ees.   Pr ovi de an ar ea i n f r ont  of  al l  access 
door s t hat  c l ear s a mi ni mum of  2 f eet .   I n f r ont  of  al l  access door s 
t o el ect r i cal  c i r cui t s,  c l ear  t he ar ea t he mi ni mum di st ance t o 
ener gi zed ci r cui t s as speci f i ed i n OSHA St andar ds,  par t  1910. 333 
( El ect r i cal - Saf et y Rel at ed wor k pr act i ces) and an addi t i onal  3 f eet .

c.   Except  as ot her wi se i ndi cat ed,  i nst al l  emer gency swi t ches and al ar ms 
i n conspi cuous l ocat i ons.   Mount  al l  i ndi cat or s,  t o i ncl ude gauges,  
met er s,  and al ar ms i n or der  t o be easi l y v i s i bl e by peopl e i n t he ar ea.

3. 2. 1   Condensat e Dr ai n Li nes

Pr ovi de wat er  seal s i n t he condensat e dr ai n f r om al l  uni t s.   Pr ovi de a 
dept h of  each seal  of  2 i nches pl us t he number  of  i nches,  measur ed i n 
wat er  gauge,  of  t he t ot al  st at i c pr essur e r at i ng of  t he uni t  t o whi ch t he 
dr ai n i s connect ed.   Pr ovi de wat er  seal s t hat  ar e const r uct ed of  2 t ees 
and an appr opr i at e U- bend wi t h t he open end of  each t ee pl ugged.   Pr ovi de 
pi pe cap or  pl ug cl eanout s wher e i ndi cat ed.   Connect  dr ai ns i ndi cat ed t o 
connect  t o t he sani t ar y wast e syst em usi ng an i ndi r ect  wast e f i t t i ng.   
I nsul at e ai r  condi t i oner  dr ai n l i nes as speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

3. 2. 2   Access Panel s

I nst al l  access panel s f or  conceal ed val ves,  vent s,  cont r ol s,  damper s,  and 
i t ems r equi r i ng i nspect i on or  mai nt enance of  suf f i c i ent  s i ze,  and l ocat e 
t hem so t hat  t he conceal ed i t ems ar e easi l y ser vi ced and mai nt ai ned or  
compl et el y r emoved and r epl aced.   Pr ovi de access panel s as speci f i ed i n 
Sect i on 08 31 00 ACCESS DOORS AND PANELS.

3. 2. 3   Fl exi bl e Duct

I nst al l  pr e- i nsul at ed f l exi bl e duct  i n accor dance wi t h t he l at est  pr i nt ed 
i nst r uct i ons of  t he manuf act ur er  t o ensur e a vapor  t i ght  j oi nt .   Pr ovi de 
hanger s,  when r equi r ed t o suspend t he duct ,  of  t he t ype r ecommended by t he 
duct  manuf act ur er  and set  at  t he i nt er val s r ecommended.

3. 2. 4   Met al  Duct wor k

I nst al l  accor di ng t o SMACNA 1966 unl ess ot her wi se i ndi cat ed.   I nst al l  duct  
suppor t s f or  sheet  met al  duct wor k accor di ng t o SMACNA 1966,  unl ess 
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ot her wi se speci f i ed.   Do not  use f r i ct i on beam cl amps i ndi cat ed i n 
SMACNA 1966.   Anchor  r i ser s on hi gh vel oci t y duct s i n t he cent er  of  t he 
ver t i cal  r un t o al l ow ends of  r i ser  t o move due t o t her mal  expansi on.   
Er ect  suppor t s on t he r i ser s t hat  al l ow f r ee ver t i cal  movement  of  t he 
duct .   At t ach suppor t s onl y t o st r uct ur al  f r ami ng member s and concr et e 
s l abs.   Do not  anchor  suppor t s t o met al  decki ng unl ess a means i s pr ovi ded 
and appr oved f or  pr event i ng t he anchor  f r om punct ur i ng t he met al  decki ng.   
Wher e suppor t s ar e r equi r ed bet ween st r uct ur al  f r ami ng member s,  pr ovi de 
sui t abl e i nt er medi at e met al  f r ami ng.   Wher e C- cl amps ar e used,  pr ovi de 
r et ai ner  c l i ps.

3. 2. 5   Dust  Cont r ol

To pr event  t he accumul at i on of  dust ,  debr i s and f or ei gn mat er i al  dur i ng 
const r uct i on,  per f or m t empor ar y dust  cont r ol  pr ot ect i on.   Pr ot ect  t he 
di st r i but i on syst em ( suppl y and r et ur n)  wi t h t empor ar y seal - of f s at  al l  
i nl et s and out l et s at  t he end of  each day' s wor k.   Keep t empor ar y 
pr ot ect i on i n pl ace unt i l  syst em i s r eady f or  st ar t up.

3. 2. 6   I nsul at i on

Pr ovi de t hi ckness and appl i cat i on of  i nsul at i on mat er i al s f or  duct wor k,  
pi pi ng,  and equi pment  accor di ng t o Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.   Ext er nal l y i nsul at e out door  ai r  i nt ake duct s and 
pl enums up t o t he poi nt  wher e t he out door  ai r  r eaches t he condi t i oni ng uni t .

3. 2. 7   Duct  Test  Hol es

Pr ovi de hol es wi t h c l osur es or  t hr eaded hol es wi t h pl ugs i n duct s and 
pl enums as i ndi cat ed or  wher e necessar y f or  t he use of  pi t ot  t ube i n 
bal anci ng t he ai r  syst em.   Pl ug i nsul at ed duct  at  t he duct  sur f ace,  
pat ched over  wi t h i nsul at i on and t hen mar ked t o i ndi cat e l ocat i on of  t est  
hol e i f  needed f or  f ut ur e use.

3. 3   EQUI PMENT PADS

Pr ovi de equi pment  pads t o t he di mensi ons shown or ,  i f  not  shown,  t o 
conf or m t o t he shape of  each pi ece of  equi pment  ser ved wi t h a mi ni mum 
3- i nch mar gi n ar ound t he equi pment  and suppor t s.   Al l ow equi pment  bases 
and f oundat i ons,  when const r uct ed of  concr et e or  gr out ,  t o cur e a mi ni mum 
of  14 cal endar  days bef or e bei ng l oaded.

3. 4   CUTTI NG AND PATCHI NG

I nst al l  wor k i n such a manner  and at  such t i me t hat  a mi ni mum of  cut t i ng 
and pat chi ng of  t he bui l di ng st r uct ur e i s r equi r ed.   Make hol es i n exposed 
l ocat i ons,  i n or  t hr ough exi st i ng f l oor s,  by dr i l l i ng and smoot h by 
sandi ng.   Use of  a j ackhammer  i s per mi t t ed onl y wher e speci f i cal l y 
appr oved.   Make hol es t hr ough masonr y wal l s t o accommodat e s l eeves wi t h an 
i r on pi pe masonr y cor e saw.

3. 5   CLEANI NG

Thor oughl y c l ean sur f aces of  pi pi ng and equi pment  t hat  have become cover ed 
wi t h di r t ,  pl ast er ,  or  ot her  mat er i al  dur i ng handl i ng and const r uct i on 
bef or e such sur f aces ar e pr epar ed f or  f i nal  f i ni sh pai nt i ng or  ar e 
encl osed wi t hi n t he bui l di ng st r uct ur e.   Bef or e f i nal  accept ance,  c l ean 
mechani cal  equi pment ,  i ncl udi ng pi pi ng,  duct i ng,  and f i xt ur es,  and f r ee 
f r om di r t ,  gr ease,  and f i nger  mar ks.   
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3. 6   PENETRATI ONS

Pr ovi de sl eeves and pr epar ed openi ngs f or  duct  mai ns,  br anches,  and ot her  
penet r at i ng i t ems,  and i nst al l  dur i ng t he const r uct i on of  t he sur f ace t o 
be penet r at ed.   Cut  s l eeves f l ush wi t h each sur f ace.   Pl ace sl eeves f or  
r ound duct  15 i nches and smal l er .   Bui l d f r amed,  pr epar ed openi ngs f or  
r ound duct  l ar ger  t han 15 i nches and squar e,  r ect angul ar  or  oval  duct s.   
Sl eeves and f r amed openi ngs ar e al so r equi r ed wher e gr i l l es,  r egi st er s,  
and di f f user s ar e i nst al l ed at  t he openi ngs.   Pr ovi de one i nch cl ear ance 
bet ween penet r at i ng and penet r at ed sur f aces except  at  gr i l l es,  r egi st er s,  
and di f f user s.   Pack spaces bet ween sl eeve or  openi ng and duct  or  duct  
i nsul at i on wi t h mi ner al  f i ber  conf or mi ng wi t h ASTM C553,  Type 1,  Cl ass B- 2.

3. 6. 1   Sl eeves

Fabr i cat e s l eeves,  except  as ot her wi se speci f i ed or  i ndi cat ed,  f r om 20 
gauge t hi ck mi l l  gal vani zed sheet  met al .   Wher e sl eeves ar e i nst al l ed i n 
bear i ng wal l s or  par t i t i ons,  pr ovi de bl ack st eel  pi pe conf or mi ng wi t h 
ASTM A53/ A53M,  Schedul e 20.

3. 6. 2   Fr amed Pr epar ed Openi ngs

Fabr i cat e f r amed pr epar ed openi ngs f r om 20 gauge gal vani zed st eel ,  unl ess 
ot her wi se i ndi cat ed.

3. 6. 3   I nsul at i on

Pr ovi de duct  i nsul at i on i n accor dance wi t h Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS cont i nuous t hr ough sl eeves and pr epar ed 
openi ngs except  f i r ewal l  penet r at i ons.   Ter mi nat e duct  i nsul at i on at  f i r e 
damper s and f l exi bl e connect i ons.   For  duct  handl i ng ai r  at  or  bel ow 60 
degr ees F,  pr ovi de i nsul at i on cont i nuous over  t he damper  col l ar  and 
r et ai ni ng angl e of  f i r e damper s,  whi ch ar e exposed t o uncondi t i oned ai r .

3. 6. 4   Cl osur e Col l ar s

Pr ovi de cl osur e col l ar s of  a mi ni mum 4 i nches wi de,  unl ess ot her wi se 
i ndi cat ed,  f or  exposed duct s and i t ems on each si de of  penet r at ed sur f ace,  
except  wher e equi pment  i s i nst al l ed.   I nst al l  col l ar  t i ght  agai nst  t he 
sur f ace and f i t  snugl y ar ound t he duct  or  i nsul at i on.   Gr i nd shar p edges 
smoot h t o pr event  damage t o penet r at i ng sur f ace.   Fabr i cat e col l ar s f or  
r ound duct s 15 i nches i n di amet er  or  l ess f r om 20 gauge gal vani zed st eel .   
Fabr i cat e col l ar s f or  squar e and r ect angul ar  duct s,  or  r ound duct s wi t h 
mi ni mum di mensi on over  15 i nches f r om 18 gauge gal vani zed st eel .   
Fabr i cat e col l ar s f or  squar e and r ect angul ar  duct s wi t h a maxi mum si de of  
15 i nches or  l ess f r om 20 gauge gal vani zed st eel .   I nst al l  col l ar s wi t h 
f ast ener s a maxi mum of  6 i nches on cent er .   At t ach t o col l ar s a mi ni mum of  
4 f ast ener s wher e t he openi ng i s 12 i nches i n di amet er  or  l ess,  and a 
mi ni mum of  8 f ast ener s wher e t he openi ng i s 20 i nches i n di amet er  or  l ess.

3. 6. 5   Fi r est oppi ng

Wher e duct s pass t hr ough f i r e- r at ed wal l s,  f i r e par t i t i ons,  and f i r e r at ed 
chase wal l s,  seal  t he penet r at i on wi t h f i r e st oppi ng mat er i al s as 
speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.
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3. 7   FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT

Cl ean,  pr et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  c l ean t o bar e 
met al  on met al  sur f aces subj ect  t o t emper at ur es i n excess of  120 degr ees F.   
Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he second coat  
af t er  t he pr ecedi ng coat  i s t hor oughl y dr y.   Li ght l y sand damaged pai nt i ng 
and r et ouch bef or e appl y i ng t he succeedi ng coat .   Pr ovi de al umi num or  
l i ght  gr ay f i ni sh coat .

3. 7. 1   Temper at ur es l ess t han 120 degr ees F

I mmedi at el y af t er  c l eani ng,  appl y one coat  of  pr et r eat ment  pr i mer  appl i ed 
t o a mi ni mum dr y f i l m t hi ckness of  0. 3 mi l ,  one coat  of  pr i mer  appl i ed t o 
a mi ni mum dr y f i l m t hi ckness of  one mi l ;  and t wo coat s of  enamel  appl i ed 
t o a mi ni mum dr y f i l m t hi ckness of  one mi l  per  coat  t o met al  sur f aces 
subj ect  t o t emper at ur es l ess t han 120 degr ees F.

3. 7. 2   Temper at ur es bet ween 120 and 400 degr ees F

Appl y t wo coat s of  400 degr ees F heat - r esi st i ng enamel  appl i ed t o a t ot al  
mi ni mum t hi ckness of  t wo mi l s t o met al  sur f aces subj ect  t o t emper at ur es 
bet ween 120 and 400 degr ees F.

3. 7. 3   Fi ni sh Pai nt i ng

The r equi r ement s f or  f i ni sh pai nt i ng of  i t ems onl y pr i med at  t he f act or y,  
and sur f aces not  speci f i cal l y not ed ot her wi se,  ar e speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.

3. 7. 4   Col or  Codi ng Scheme f or  Locat i ng Hi dden Ut i l i t y  Component s

Use scheme i n bui l di ngs havi ng suspended gr i d cei l i ngs.   Pr ovi de col or  
codi ng scheme t hat  i dent i f i es poi nt s of  access f or  mai nt enance and 
oper at i on of  component s and equi pment  t hat  ar e not  v i s i bl e f r om t he 
f i ni shed space and ar e accessi bl e f r om t he cei l i ng gr i d,  consi st i ng of  a 
col or  code boar d and col or ed met al  di sks.   Make each col or ed met al  di sk 
appr oxi mat el y 3/ 8 i nch di amet er  and secur e t o r emovabl e cei l i ng panel s 
wi t h f ast ener s.   I nser t  each f ast ener  i nt o t he cei l i ng panel  so as t o be 
conceal ed f r om vi ew.   Pr ovi de f ast ener s t hat  ar e manual l y r emovabl e 
wi t hout  t he use of  t ool s and t hat  do not  separ at e f r om t he cei l i ng panel s 
when t he panel s ar e dr opped f r om cei l i ng hei ght .   Make i nst al l at i on of  
col or ed met al  di sks f ol l ow compl et i on of  t he f i ni shed sur f ace on whi ch t he 
di sks ar e t o be f ast ened.   Pr ovi de col or  code boar d t hat  i s appr oxi mat el y 
3 f oot  wi de,   30 i nches hi gh,  and 1/ 2 i nches t hi ck.   Make t he boar d of  
wood f i ber boar d and f r ame under  gl ass or  1/ 16 i nch t r anspar ent  pl ast i c 
cover .   Make t he col or  code symbol s appr oxi mat el y 3/ 4 i nch i n di amet er  and 
t he r el at ed l et t er i ng i n 1/ 2 i nch hi gh capi t al  l et t er s.   Mount  t he col or  
code boar d i n t he mechani cal  or  equi pment  r oom.

3. 8   I DENTI FI CATI ON SYSTEMS

Pr ovi de i dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c,  or  
engr aved anodi zed al umi num,  i ndi cat i ng ser vi ce and i t em number  on al l  
val ves and damper s.   Pr ovi de t ags t hat  ar e 1- 3/ 8 i nch mi ni mum di amet er  
wi t h st amped or  engr aved mar ki ngs.   Make i ndent at i ons bl ack f or  r eadi ng 
cl ar i t y.   At t ach t ags t o val ves wi t h No.  12 AWG 0. 0808- i nch di amet er  
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cor r osi on- r esi st ant  st eel  wi r e,  copper  wi r e,  chr ome- pl at ed beaded chai n or  
pl ast i c st r aps desi gned f or  t hat  pur pose.

3. 9   DUCTWORK LEAK TEST

Per f or m duct wor k l eak t est  f or  t he ent i r e ai r  di st r i but i on and exhaust  
syst em,  i ncl udi ng f ans,  coi l s,    Pr ovi de t est  pr ocedur e,  appar at us,  and 
r epor t  t hat  conf or m t o SMACNA 1972 CD.    Compl et e duct wor k l eak t est  wi t h 
sat i sf act or y r esul t s pr i or  t o appl y i ng i nsul at i on t o duct wor k ext er i or  or  
conceal i ng duct wor k.

3. 10   DAMPER ACCEPTANCE TEST

Submi t  t he pr oposed schedul e,  at  l east  2 weeks pr i or  t o t he st ar t  of  
t est .   Oper at e al l  f i r e damper s and smoke damper s under  nor mal  oper at i ng 
condi t i ons,  pr i or  t o t he occupancy of  a bui l di ng t o det er mi ne t hat  t hey 
f unct i on pr oper l y.   Test  each f i r e damper  equi pped wi t h f usi bl e l i nk by 
havi ng t he f usi bl e l i nk cut  i n pl ace.   Test  dynami c f i r e damper s wi t h t he 
ai r  handl i ng and di st r i but i on syst em r unni ng.   Reset  al l  f i r e damper s wi t h 
t he f usi bl e l i nks r epl aced af t er  accept ance t est i ng.   To ensur e opt i mum 
oper at i on and per f or mance,  i nst al l  t he damper  so i t  i s  squar e and f r ee 
f r om r acki ng.

3. 11   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

The r equi r ement s f or  t est i ng,  adj ust i ng,  and bal anci ng ar e speci f i ed i n 
Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC.   Begi n 
t est i ng,  adj ust i ng,  and bal anci ng onl y when t he ai r  suppl y and 
di st r i but i on,  i ncl udi ng cont r ol s,  has been compl et ed,  wi t h t he except i on 
of  per f or mance t est s.

3. 12   PERFORMANCE TESTS

Conduct  per f or mance t est s as r equi r ed i n Sect i on 23 05 93 Test i ng,  
Adj ust i ng and Bal anci ng f or  HVAC and Sect i on 23 09 00 I nst r ument at i on and 
Cont r ol  f or  HVAC.

3. 13   CLEANI NG AND ADJUSTI NG

  Wi pe equi pment  c l ean,  wi t h no t r aces of  oi l ,  dust ,  di r t ,  or  pai nt  
spot s.   Pr ovi de t empor ar y f i l t er s pr i or  t o st ar t up of  al l  f ans t hat  ar e 
oper at ed dur i ng const r uct i on,  and pr ovi de new f i l t er s af t er  al l  
const r uct i on di r t  has been r emoved f r om t he bui l di ng,  and t he duct s,  
pl enums,  casi ngs,  and ot her  i t ems speci f i ed have been vacuum cl eaned.   
Per f or m and document  t hat  pr oper  " I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on"  
pr ocedur es have been f ol l owed;  pr ovi de document at i on showi ng t hat  af t er  
const r uct i on ends,  and pr i or  t o occupancy,  new f i l t er s wer e pr ovi ded and 
i nst al l ed.   Mai nt ai n syst em i n t hi s c l ean condi t i on unt i l  f i nal  
accept ance.   Pr oper l y l ubr i cat e bear i ngs wi t h oi l  or  gr ease as r ecommended 
by t he manuf act ur er .   Ti ght en bel t s t o pr oper  t ensi on.   Adj ust  cont r ol  
val ves and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  t o set t i ng 
i ndi cat ed or  di r ect ed.   Adj ust  f ans t o t he speed i ndi cat ed by t he 
manuf act ur er  t o meet  speci f i ed condi t i ons.   Mai nt ai n al l  equi pment  
i nst al l ed under  t he cont r act  unt i l  c l ose out  document at i on i s r ecei ved,  
t he pr oj ect  i s  compl et ed and t he bui l di ng has been document ed as 
benef i c i al l y  occupi ed.
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3. 14   OPERATI ON AND MAI NTENANCE

3. 14. 1   Oper at i on and Mai nt enance Manual s

Submi t  s i x manual s at  l east  2 weeks pr i or  t o f i el d t r ai ni ng.   Submi t  dat a 
compl yi ng wi t h t he r equi r ement s speci f i ed i n Sect i on 01 78 23 OPERATI ON 
AND MAI NTENANCE DATA.   Submi t  Dat a Package 3 f or  t he i t ems/ uni t s l i s t ed 
under  SD- 10 Oper at i on and Mai nt enance Dat a

3. 14. 2   Oper at i on And Mai nt enance Tr ai ni ng

Conduct  a t r ai ni ng cour se f or  t he member s of  t he oper at i ng st af f  as 
desi gnat ed by t he Cont r act i ng Of f i cer .    Make t he t r ai ni ng per i od consi st  
of  a t ot al  of  24 hour s of  nor mal  wor ki ng t i me and st ar t  i t  af t er  al l  wor k 
speci f i ed her ei n i s f unct i onal l y compl et ed and t he Per f or mance Test s have 
been appr oved.   Conduct  f i el d i nst r uct i on t hat  cover s al l  of  t he i t ems 
cont ai ned i n t he Oper at i on and Mai nt enance Manual s as wel l  as 
demonst r at i ons of  r out i ne mai nt enance oper at i ons.   Submi t  t he pr oposed 
On- si t e Tr ai ni ng schedul e concur r ent l y wi t h t he Oper at i on and Mai nt enance 
Manual s and at  l east  14 days pr i or  t o conduct i ng t he t r ai ni ng cour se.

         - -  End of  Sect i on - -
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SECTI ON 23 80 20. 00 10

GAS- FI RED HEATI NG EQUI PMENT
05/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z83. 8/ CSA 2. 6 ( 2016;  R 2021)  Gas Uni t  Heat er s,  Gas 
Packaged Heat er s,  Gas Ut i l i t y  Heat er s,  and 
Gas- Fi r ed Duct  Fur naces

ANSI  Z83. 19/ CSA 2. 35 ( 2017;  R 2022)  Gas- Fi r ed Hi gh- I nt ensi t y 
I nf r ar ed Heat er s

CSA GROUP ( CSA)

CSA Di r ect or y ( updat ed cont i nuousl y onl i ne)  Pr oduct  I ndex

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 54 ( 2021)  Nat i onal  Fuel  Gas Code

NFPA 211 ( 2019)  St andar d f or  Chi mneys,  Fi r epl aces,  
Vent s,  and Sol i d Fuel - Bur ni ng Appl i ances

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023)  St r uct ur al  Engi neer i ng

UNDERWRI TERS LABORATORI ES ( UL)

UL FLAMMABLE & COMBUSTI BLE ( 2012)  Fl ammabl e and Combust i bl e Li qui ds 
and Gases Equi pment  Di r ect or y

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs
I nst al l at i on
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SD- 03 Pr oduct  Dat a

Spar e Par t s

SD- 06 Test  Repor t s

Test i ng,  Adj ust i ng,  and Bal anci ng

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance I nst r uct i ons

1. 3   QUALI TY ASSURANCE

Submi t  det ai l  dr awi ngs consi st i ng of  i l l ust r at i ons,  schedul es,  per f or mance 
char t s,  i nst r uct i ons,  br ochur es,  di agr ams,  and ot her  i nf or mat i on t o 
i l l ust r at e t he r equi r ement s and oper at i on of  t he syst em.   Det ai l  dr awi ngs 
f or  space heat i ng equi pment ,  cont r ol s,  associ at ed equi pment ,  and f or  
pi pi ng and wi r i ng.   Show pr oposed l ayout  and anchor age of  equi pment  and 
appur t enances,  and equi pment  r el at i onshi p t o ot her  par t s of  t he wor k 
i ncl udi ng cl ear ances f or  mai nt enance and oper at i on.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  al l  equi pment  del i ver ed and pl aced i n st or age f r om weat her ,  
humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.

1. 5   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed,  af t er  appr oval  of  t he det ai l  dr awi ngs,  and not  l at er  t han 2 
mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a 
compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce 
of  suppl y.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

2. 1. 1   Gener al

Pr ovi de mat er i al s and equi pment  whi ch ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n manuf act ur i ng of  t he pr oduct s and t hat  
essent i al l y  dupl i cat e equi pment  t hat  has been i n sat i sf act or y use at  l east  
2 year s pr i or  t o bi d openi ng.   Al l  gas f i r ed appl i ances must  meet  t he 
r equi r ement s of  NFPA 54.

2. 1. 2   Namepl at es

Secur e a pl at e t o each maj or  component  of  equi pment  cont ai ni ng t he 
manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model  or  ser i al  number ,  and 
cat al og number .   Al so,  af f i x  an ENERGY STAR l abel  as appl i cabl e.

2. 1. 3   Equi pment  Guar ds

Compl et el y encl ose or  guar d bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  
pr oj ect i ng set scr ews,  keys,  and ot her  r ot at i ng par t s so l ocat ed t hat  any 
per son may come i n c l ose pr oxi mi t y t her et o.   Guar d or  cover  
hi gh- t emper at ur e equi pment  and pi pi ng so l ocat ed as t o endanger  per sonnel  
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or  cr eat e a f i r e hazar d wi t h i nsul at i on of  t ype speci f i ed f or  ser vi ce.

2. 2   ELECTRI CAL WORK

Pr ovi de el ect r i cal  mot or  dr i ven equi pment  compl et e wi t h mot or s,  mot or  
st ar t er s,  and cont r ol s.   Pr ovi de mot or s conf or mi ng t o NEMA MG 1.   Pr ovi de 
el ect r i cal  equi pment  and wi r i ng accor dance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Pr ovi de el ect r i cal  char act er i st i cs as speci f i ed or  
i ndi cat ed.   Pr ovi de pr emi um ef f i c i ency i nt egr al  s i ze mot or s i n accor dance 
wi t h NEMA MG 1.   Pr ovi de mot or  st ar t er s compl et e wi t h t her mal  over l oad 
pr ot ect i on and ot her  appur t enances necessar y f or  t he mot or  cont r ol  
speci f i ed.   Each mot or  must  be of  suf f i c i ent  s i ze t o dr i ve t he equi pment  
at  t he speci f i ed capaci t y wi t hout  exceedi ng t he namepl at e r at i ng of  t he 
mot or .   Manual  or  aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  devi ces 
r equi r ed f or  t he oper at i on speci f i ed and any cont r ol  wi r i ng r equi r ed f or  
cont r ol s and devi ces speci f i ed,  but  not  shown,  must  be pr ovi ded.

2. 3   HEATERS

Equi p heat er s f or  and adj ust  t o bur n nat ur al  gas.   Pr ovi de each heat er  
wi t h a gas pr essur e r egul at or  t hat  wi l l  sat i sf act or i l y  l i mi t  t he mai n gas 
bur ner  suppl y pr essur e.   Heat er s must  have an i nt er mi t t ent  or  i nt er r upt ed 
el ect r i cal l y i gni t ed pi l ot  or  a di r ect  el ect r i c i gni t i on syst em.   Pr ovi de 
saf et y cont r ol s t hat  conf or m t o t he ANSI  st andar d speci f i ed f or  each 
heat er .   Fur ni sh mount i ng br acket s and har dwar e by t he heat er  manuf act ur er  
and f act or y f i ni sh t o mat ch t he suppor t ed equi pment .   Sei smi c det ai l s must  
be i n accor dance wi t h UFC 3- 301- 01 and Sect i ons 23 05 48. 19 SEI SMI C 
BRACI NG FOR HVAC.

2. 3. 1   I ndi r ect  Fi r ed Make- Up Heat er s

Pr ovi de heat er s i n accor dance wi t h ANSI  and CSA St andar ds.   Equi p heat er s 
wi t h mot or i zed i nl et  damper s,  duct  col l ar ,  and ai r  f i l t er s.   Pr ovi de 
modul at i ng gas cont r ol  val ve.   Maxi mum ai r  t emper at ur e r i se dur i ng mi ni mum 
bur ner  f i r e must  be 7 degr ees F.   Fan must  be t wo speed,  wi t h l ow speed 
appr oxi mat el y t wo- t hi r ds of  hi gh speed.   Pr ovi de mot or i zed i nl et  damper s 
t hat  c l ose when t he uni t  i s  shut  down.   Damper s must  be i nt er l ocked t o 
pr event  bur ner  oper at i on when damper s ar e c l osed.   Pr ovi de heat er s wi t h  a 
l ow l i mi t  ai r  st r eam t her most at ,  and an ambi ent  ai r  t her most at .   The 
ambi ent  ai r  t her most at  must  cont r ol  t he modul at i ng gas cont r ol  val ve.   
Pr ovi de l ow l i mi t  ai r  st r eam t her most at  t o shut  down t he ent i r e uni t  i f  
t he di schar ge ai r  t emper at ur e dr ops  bel ow t he space t her most at  set t i ng.   
Pr ovi de ambi ent  ai r  t her most at  t o shut  down t he bur ner  i f  t he out si de ai r  
exceeds t he space t her most at  set t i ng.

2. 3. 2   Duct  Fur nace

Pr ovi de duct  f ur nace i n accor dance wi t h ANSI  Z83. 8/ CSA 2. 6.   Pr ovi de 
power - vent ed f ur nace,  sui t abl e f or  r oof  vent  di schar ge and si ngl e wal l  
t hi ckness vent  pi pi ng.   Pr ovi de f ur nace wi t h aut omat i c i gni t i on.   Fur nace 
must  empl oy met er ed combust i on ai r  wi t h encl osed dr af t  di ver t er  ( no open 
f l ue col l ar ) .   Pr ovi de al umi ni zed st eel  or  st ai nl ess st eel  f ur nace heat  
exchanger s.   Pr ovi de f ur nace wi t h mi ni mum st eady st at e t her mal  ef f i c i ency 
of  80 per cent  at  maxi mum r at ed capaci t y and 75 per cent  at  mi ni mum r at ed 
capaci t y t hat  i s  pr ovi ded and al l owed by t he cont r ol s.   Pr ovi de f ur nace 
wi t h a di schar ge ai r  t her most at  whi ch cont r ol s t he uni t ' s  bur ner .
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2. 3. 3   I nf r ar ed Heat er s

Fur ni sh heat er s conf or mi ng t o t he r equi r ement s of  ANSI  Z83. 19/ CSA 2. 35 and 
vent ed t ype as i ndi cat ed.   Vent ed heat er s must  be vent ed t o t he out si de 
at mospher e.   Heat er  st y l e must  be t ubul ar  t ype as i ndi cat ed.   Ref l ect or  
shape must  be par abol i c as i ndi cat ed.   Pr ovi de heat er s wi t h space 
t her most at s whi ch cont r ol  t he uni t ' s  bur ner .   Cover  t her most at s l ocat ed i n 
t he di r ect  r adi at i on pat t er n wi t h a met al  shi el d.

2. 4   THERMOSTATS

Pr ovi de adj ust abl e el ect r i c or  el ect r oni c t her most at s.   I ncl ude cont r ol  
wi r i ng r equi r ed t o compl et e t he space t emper at ur e cont r ol  syst em.   Pr ovi de 
t her most at s t hat  have a  3 degr ee F di f f er ent i al  and a set  poi nt  r ange of   
0 t o 100 degr ees F.   Pr ovi de si ngl e st age t her most at s.

2. 5   VENT PI PI NG

Pr ovi de vent  pi pi ng conf or mi ng t o t he r equi r ement s of  NFPA 54.   Pl ast i c 
mat er i al  pol yet her i mi de ( PEI )  and pol yet her sul f one ( PES)  ar e f or bi dden t o 
be used f or  vent  pi pi ng of  combust i on gases.

2. 6   I NSULATI ON

Pr ovi de i nsul at i on f or  pi pi ng and equi pment  and appl i cat i on i n accor dance 
wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 7   FACTORY FI NI SHES

Equi pment  and component  i t ems,  when f abr i cat ed f r om f er r ous met al ,  must  be 
f act or y f i ni shed wi t h t he manuf act ur er ' s st andar d f i ni sh.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng t hor oughl y f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y 
al l  di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

3. 2   I NSTALLATI ON

i nst al l  equi pment  as i ndi cat ed and i n accor dance wi t h t he r ecommendat i ons 
of  t he equi pment  manuf act ur er  and t he l i s t i ng agency,  except  as ot her wi se 
speci f i ed.

3. 2. 1   Heat i ng Equi pment

I nst al l  heat er s wi t h c l ear ance t o combust i bl es,  compl yi ng wi t h mi ni mum 
di st ances as det er mi ned by CSA Di r ect or y,  UL FLAMMABLE & COMBUSTI BLE and 
as i ndi cat ed on each heat er  appr oval  and l i s t i ng pl at e.   Suppor t  heat er s 
i ndependent l y f r om t he bui l di ng st r uct ur e,  as i ndi cat ed,  but  not  r el y i ng 
on suspended cei l i ng syst ems f or  suppor t .

3. 2. 2   Vent s

Locat e vent  pi pi ng and st r uct ur al  penet r at i ons as i ndi cat ed.    Ext end vent  
pi pes,  wher e not  connect ed t o a masonr y chi mney conf or mi ng t o NFPA 211,  
t hr ough t he r oof  or  an out si de wal l  and t er mi nat e,  i n compl i ance wi t h 
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NFPA 54 and usi ng manuf act ur er ' s concent r i c vent  k i t .   Pr ovi de vent s 
passi ng t hr ough wat er pr oof  membr anes wi t h t he necessar y f l ashi ngs t o 
obt ai n wat er pr oof  i nst al l at i ons.

3. 2. 3   Gas Pi pi ng

Connect  gas pi pi ng as i ndi cat ed,  compl yi ng wi t h t he appl i cabl e 
r equi r ement s at  Sect i on 23 11 20 FACI LI TY GAS PI PI NG.

3. 3   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t he mai nt enance and oper at i ng st af f .   The 
t r ai ni ng per i od of  8 hour s nor mal  wor ki ng t i me must  st ar t  af t er  t he syst em 
i s f unct i onal l y compl et e but  bef or e t he f i nal  accept ance t est s.   Gi ve t he 
Cont r act i ng Of f i cer  at  l east  t wo weeks advance not i ce of  such t r ai ni ng.   
I ncl ude al l  of  t he i t ems cont ai ned i n t he appr oved oper at i on and 
mai nt enance i nst r uct i ons as wel l  as demonst r at i ons of  r out i ne mai nt enance 
oper at i ons.   Submi t  6 compl et e copi es of  oper at i ng i nst r uct i ons out l i ni ng 
t he st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on and 
shut down.   I ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  
par t s l i s t ,  and br i ef  descr i pt i on of  al l  equi pment  and basi c oper at i ng 
f eat ur es.   Submi t  6 compl et e copi es of  mai nt enance i nst r uct i ons l i s t i ng 
r out i ne mai nt enance,  possi bl e br eakdowns,  r epai r s and t r oubl eshoot i ng 
gui de.   I ncl ude si mpl i f i ed pi pi ng,  wi r i ng,  and cont r ol  di agr ams f or  t he 
syst em as i nst al l ed.

3. 4   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

Per f or m t est i ng,  adj ust i ng,  and bal anci ng as speci f i ed i n Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.   Submi t  t est  r epor t s i n 
bookl et  f or m showi ng al l  f i el d t est s per f or med t o adj ust  each component  
and al l  f i el d t est s per f or med t o pr ove compl i ance wi t h t he speci f i ed 
per f or mance cr i t er i a,  upon compl et i on and t est i ng of  t he i nst al l ed 
syst em.   I ndi cat e t he f i nal  posi t i on of  cont r ol s.

        - -  End of  Sect i on - -
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SECTI ON 23 81 00

DECENTRALI ZED UNI TARY HVAC EQUI PMENT
05/ 18,  CHG 1:  02/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  340/ 360 I - P ( 2015)  Per f or mance Rat i ng of  Commer ci al  
and I ndust r i al  Uni t ar y Ai r - Condi t i oni ng 
and Heat  Pump Equi pment

AHRI  540 ( 2015)  Per f or mance Rat i ng Of  Posi t i ve 
Di spl acement  Ref r i ger ant  Compr essor s And 
Compr essor  Uni t s

AHRI  700 ( 2016)  Speci f i cat i ons f or  Fl uor ocar bon 
Ref r i ger ant s

ANSI / AHRI  370 ( 2015;  Addendum 1 2016)  Sound Rat i ng of  
Lar ge Out door  Ref r i ger at i ng and 
Ai r - Condi t i oni ng Equi pment

ANSI / AHRI  460 ( 2005)  Per f or mance Rat i ng of  Remot e 
Mechani cal - Dr af t  Ai r - Cool ed Ref r i ger ant  
Condenser s

ANSI / AHRI  495 ( 2005)  Per f or mance Rat i ng of  Ref r i ger ant  
Li qui d Recei ver s

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 15 & 34 ( 2013)  ASHRAE St andar d 34- 2016 Saf et y 
St andar d f or  Ref r i ger at i on Syst ems/ ASHRAE 
St andar d 34- 2016 Desi gnat i on and Saf et y 
Cl assi f i cat i on of  Ref r i ger ant s- ASHRAE 
St andar d 34- 2016

ASHRAE 52. 2 ( 2012)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASHRAE 55 ( 2010)  Ther mal  Envi r onment al  Condi t i ons 
f or  Human Occupancy

ASHRAE 62. 1 ( 2019)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y
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ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 6 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
Er r at a 7- 8 2021;  I nt er pr et at i on 1- 6 2021;  
Addenda AS- BF 2022)  Ener gy St andar d f or  
Bui l di ngs Except  Low- Ri se Resi dent i al  
Bui l di ngs

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM C1071 ( 2019)  St andar d Speci f i cat i on f or  Fi br ous 
Gl ass Duct  Li ni ng I nsul at i on ( Ther mal  and 
Sound Absor bi ng Mat er i al )

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 2 ( 2014)  Saf et y St andar d f or  Const r uct i on 
and Gui de f or  Sel ect i on,  I nst al l at i on and 
Use of  El ect r i c Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 54 ( 2021)  Nat i onal  Fuel  Gas Code

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- DTL- 5541 ( 2006;  Rev F)  Chemi cal  Conver si on Coat i ngs 
on Al umi num and Al umi num Al l oys
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UNDERWRI TERS LABORATORI ES ( UL)

UL 207 ( 2009;  Repr i nt  Jan 2020)  
Ref r i ger ant - Cont ai ni ng Component s and 
Accessor i es,  Nonel ect r i cal

UL 586 ( 2009;  Repr i nt  Dec 2017)  UL St andar d f or  
Saf et y Hi gh- Ef f i c i ency Par t i cul at e,  Ai r  
Fi l t er  Uni t s

UL 900 ( 2015)  St andar d f or  Ai r  Fi l t er  Uni t s

UL 1995 ( 2015)  UL St andar d f or  Saf et y Heat i ng and 
Cool i ng Equi pment

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Spar e Par t s

Post ed I nst r uct i ons

Coi l  Cor r osi on Pr ot ect i on

Syst em Per f or mance Test s

Tr ai ni ng;  G

I nvent or y

Suppl i ed Pr oduct s

Manuf act ur er ' s St andar d Cat al og Dat a

SD- 06 Test  Repor t s

Ref r i ger ant  Test s,  Char gi ng,  and St ar t - Up;  G

Syst em Per f or mance Test s;  G

SD- 07 Cer t i f i cat es

Ser vi ce Or gani zat i ons

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

SD- 11 Cl oseout  Submi t t al s

Ozone Depl et i ng Subst ances;  S
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1. 3   QUALI TY ASSURANCE

Car ef ul l y i nvest i gat e t he pl umbi ng,  f i r e pr ot ect i on,  el ect r i cal ,  
st r uct ur al  and f i ni sh condi t i ons t hat  woul d af f ect  t he wor k t o be 
per f or med and ar r ange such wor k accor di ngl y,  f ur ni shi ng r equi r ed of f set s,  
f i t t i ngs,  and accessor i es t o meet  such condi t i ons.   Submi t  dr awi ngs 
consi st i ng of :

a.   Equi pment  l ayout s whi ch i dent i f y assembl y and i nst al l at i on det ai l s.

b.   Pl ans and el evat i ons whi ch i dent i f y c l ear ances r equi r ed f or  
mai nt enance and oper at i on.

c.   Wi r i ng di agr ams whi ch i dent i f y each component  i ndi v i dual l y and 
i nt er connect ed or  i nt er l ocked r el at i onshi ps bet ween component s.

d.   Foundat i on dr awi ngs,  bol t - set t i ng i nf or mat i on,  and f oundat i on bol t s 
pr i or  t o concr et e f oundat i on const r uct i on f or  equi pment  i ndi cat ed or  
r equi r ed t o have concr et e f oundat i ons.

e.   Det ai l s,  i f  pi pi ng and equi pment  ar e t o be suppor t ed ot her  t han as 
i ndi cat ed,  whi ch i ncl ude l oadi ngs and t ype of  f r ames,  br acket s,  
st anchi ons,  or  ot her  suppor t s.

f .   Aut omat i c t emper at ur e cont r ol  di agr ams and cont r ol  sequences.

g.   I nst al l at i on det ai l s whi ch i ncl udes t he amount  of  f act or y set  
super heat  and cor r espondi ng r ef r i ger ant  pr essur e/ t emper at ur e.

h.   Equi pment  schedul es

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed i t ems f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper l y pr ot ect  and 
car e f or  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on.  Submi t  an 
i nvent or y of  al l  t he st or ed i t ems.   Repl ace any mat er i al s f ound t o be 
damaged,  at  no addi t i onal  cost  t o t he Gover nment .   Dur i ng i nst al l at i on,  
cap pi pi ng and si mi l ar  openi ngs capped t o keep out  di r t  and ot her  f or ei gn 
mat t er .

1. 5   ENVI RONMENTAL REQUI REMENTS

For  pr oper  I ndoor  Envi r onment al  Qual i t y,  mai nt ai n pr essur e wi t hi n t he 
bui l di ng as i ndi cat ed.   Vent i l at i on must  meet  or  exceed ASHRAE 62. 1 and 
al l  publ i shed addenda.   Meet  or  exceed f i l t er  medi a ef f i c i ency as t est ed 
i n accor dance wi t h ASHRAE 52. 2.   Ther mal  comf or t  must  meet  or  exceed 
ASHRAE 55.

1. 6   WARRANTY

Pr ovi de equi pment  wi t h t he 5 year  manuf act ur er ' s war r ant y.

PART 2   PRODUCTS

2. 1   ENERGY EFFI CI ENCY REQUI REMENTS

42 USC 8259b r equi r es t he pr ocur ement  of  ener gy ef f i c i ent  pr oduct s i n 
pr oduct  cat egor i es cover ed by t he Ener gy St ar  pr ogr am or  t he Feder al  
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Ener gy Management  Pr ogr am f or  desi gnat ed pr oduct s.   A l i s t  of  cover ed 
pr oduct  cat egor i es i s avai l abl e f r om t he Feder al  Ener gy Management  Web 
si t e at  ht t p: / / ener gy. gov/ eer e/ f emp/ cover ed- pr oduct - cat egor i es.   A l i s t  of  
qual i f i ed l i ght  commer ci al  pr oduct s i s avai l abl e at  
ht t p: / / www. ener gyst ar . gov/ pr oduct f i nder / pr oduct / cer t i f i ed- l i ght - commer ci al - hvac/ r esul t s

Submi t  Mat er i al ,  Equi pment ,  and Fi xt ur es Li st  of  al l  suppl i ed pr oduct s 
wi t hi n a cover ed pr oduct  cat egor y,  i ncl udi ng manuf act ur er ' s cat al og 
number s,  speci f i cat i on and dr awi ng r ef er ence number ,  war r ant y i nf or mat i on,  
f abr i cat i on s i t e,  and ener gy per f or mance dat a.   For  pr oduct  cat egor i es 
cover ed by t he Ener gy St ar  pr ogr am,  submi t  document at i on t hat  t he pr oduct  
i s Ener gy St ar - qual i f i ed.  For  pr oduct  cat egor i es cover ed by t he Feder al  
Ener gy Management  Pr ogr am,  submi t  document at i on t hat  t he pr oduct  meet s or  
exceeds FEMP- desi gnat ed ef f i c i ency r equi r ement s.

2. 1. 1   Ai r - Sour ce Heat  Pumps

Sel ect ed ai r - sour ce heat  pumps ar e r equi r ed t o meet  appl i cabl e per f or mance 
r equi r ement s speci f i ed by Ener gy St ar .   I nf or mat i on on t he r equi r ement s 
can be f ound f or  r esi dent i al  model s ( s i ngl e- phase uni t s of  65, 000 BTU/ h or  
l ess) at  
ht t p: / / www. ener gyst ar . gov/ pr oduct s/ specs/ syst em/ f i l es/ Cent r al _ASHP_and_CAC_Pr ogr am_Requi r ement s 
v4_1. pdf  and f or  l i ght  commer ci al  model s ( t hr ee- phase uni t s of  l ess t han 
240, 000 BTU/ h)  at  
ht t p: / / www. ener gyst ar . gov/ pr oduct s/ specs/ syst em/ f i l es/ l chvac_pr og_r eq_v2_2_0. pdf .

2. 2   MATERI ALS

Pr ovi de Manuf act ur er ' s st andar d cat al og dat a,  at  l east  5 weeks pr i or  t o 
t he pur chase or  i nst al l at i on of  a par t i cul ar  component ,  hi ghl i ght ed t o 
show mat er i al ,  s i ze,  opt i ons,  per f or mance char t s and cur ves,  et c.  i n 
adequat e det ai l  t o demonst r at e compl i ance wi t h cont r act  r equi r ement s.   
Dat a i ncl udes manuf act ur er ' s r ecommended i nst al l at i on i nst r uct i ons and 
pr ocedur es.   I f  v i br at i on i sol at i on i s speci f i ed f or  a uni t ,  i ncl ude 
vi br at i on i sol at or  l i t er at ur e cont ai ni ng cat al og cut s and cer t i f i cat i on 
t hat  t he i sol at i on char act er i st i cs of  t he i sol at or s pr ovi ded meet  t he 
manuf act ur er ' s r ecommendat i ons.   Submi t  dat a f or  each speci f i ed 
component .   Mi ni mum ef f i c i ency r equi r ement s must  be i n accor dance wi t h 
ASHRAE 90. 1 -  I P.

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  
whi ch ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   The st andar d 
pr oduct s must  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 
year s pr i or  t o bi d openi ng.   The 2 year  use i ncl udes appl i cat i ons of  
equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   
The 2 year s '  exper i ence must  be sat i sf act or i l y  compl et ed by a pr oduct  
whi ch has been sol d or  i s of f er ed f or  sal e on t he commer ci al  mar ket  
t hr ough adver t i sement s,  manuf act ur er ' s cat al ogs,  or  br ochur es.   Pr oduct s 
havi ng l ess t han a 2 year  f i el d ser vi ce r ecor d wi l l  be accept abl e i f  a 
cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on,  f or  not  l ess t han 6000 
hour s excl usi ve of  t he manuf act ur er ' s f act or y t est s,  can be shown.   
Pr oduct s must  be suppor t ed by a ser vi ce or gani zat i on.   Ensur e syst em 
component s ar e envi r onment al l y sui t abl e f or  t he i ndi cat ed geogr aphi c 
l ocat i ons.
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2. 2. 2   Pr oduct  Sust ai nabi l i t y  Cr i t er i a

2. 2. 2. 1   Ener gy Ef f i c i ent  Equi pment

Pr ovi de equi pment  meet i ng t he ef f i c i ency r equi r ement s as st at ed wi t hi n 
t hi s sect i on and pr ovi de document at i on i n conf or mance wi t h Sect i on 01 33 29
 SUSTAI NABI LI TY REQUI REMENTS AND REPORTI NG par agr aph ENERGY EFFI CI ENT 
EQUI PMENT.

2. 2. 2. 2   El ect r i cal  Equi pment  /  Mot or s

Pr ovi de el ect r i cal  equi pment ,  mot or s,  mot or  ef f i c i enci es,  and wi r i ng whi ch 
ar e i n accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   
El ect r i cal  mot or  dr i ven equi pment  speci f i ed must  be pr ovi ded compl et e wi t h 
mot or s,  mot or  st ar t er s,  and cont r ol s.   El ect r i cal  char act er i st i cs must  be 
as shown,  and unl ess ot her wi se i ndi cat ed,  al l  mot or s of  1 hor sepower  and 
above wi t h open,  dr i ppr oof ,  t ot al l y encl osed,  or  expl osi on pr oof  f an 
cool ed encl osur es,  must  be t he pr emi um ef f i c i ency t ype i n accor dance wi t h 
NEMA MG 1.   Fi el d wi r i ng must  be i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.   Each mot or  must  conf or m t o NEMA MG 1 and NEMA MG 2 and be 
of  suf f i c i ent  s i ze t o dr i ve t he equi pment  at  t he speci f i ed capaci t y 
wi t hout  exceedi ng t he namepl at e r at i ng of  t he mot or .   Mot or s must  be 
cont i nuous dut y wi t h t he encl osur e speci f i ed.   Mot or  st ar t er s must  be 
pr ovi ded compl et e wi t h t her mal  over l oad pr ot ect i on and ot her  appur t enances 
necessar y f or  t he mot or  cont r ol  i ndi cat ed.   Mot or s must  be f ur ni shed wi t h 
a magnet i c acr oss- t he- l i ne or  r educed vol t age t ype st ar t er  as r equi r ed by 
t he manuf act ur er .   Mot or  dut y r equi r ement s must  al l ow f or  maxi mum 
f r equency st ar t - st op oper at i on and mi ni mum encount er ed i nt er val  bet ween 
st ar t  and st op.   Mot or s must  be si zed f or  t he appl i cabl e l oads.   Mot or  
t or que must  be capabl e of  accel er at i ng t he connect ed l oad wi t hi n 20 
seconds wi t h 80 per cent  of  t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s 
dur i ng one st ar t i ng per i od.   Mot or  bear i ngs must  be f i t t ed wi t h gr ease 
suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  encl osur e.   Manual  or  
aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he 
oper at i on speci f i ed and any cont r ol  wi r i ng r equi r ed f or  cont r ol s and 
devi ces speci f i ed,  but  not  shown,  must  be pr ovi ded.

2. 2. 2. 3   Ozone Depl et i ng Subst ances

Uni t ar y ai r  condi t i oni ng equi pment  must  not  use CFC- based r ef r i ger ant s.   
Ref r i ger ant  may be an appr oved al t er nat i ve r ef r i ger ant  i n accor dance wi t h 
EPA' s Si gni f i cant  New Al t er nat i ve Pol i cy ( SNAP)  l i s t i ng.   Pr ovi de 
document at i on i n conf or mance wi t h Sect i on 01 33 29 SUSTAI NABI LI TY 
REQUI REMENTS AND REPORTI NG par agr aph OZONE DEPLETI NG SUBSTANCES.

2. 2. 2. 4   Local / Regi onal  Mat er i al s

Use mat er i al s or  pr oduct s ext r act ed,  har vest ed,  or  r ecover ed,  as wel l  as 
manuf act ur ed,  wi t hi n a 500 mi l er adi us f r om t he pr oj ect  s i t e,  i f  avai l abl e 
f r om a mi ni mum of  t hr ee sour ces.

2. 2. 3   Namepl at es

Maj or  equi pment  i ncl udi ng compr essor s,  condenser s,  r ecei ver s,  heat  
exchanges,  f ans,  and mot or s must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  and cat al og number  on a pl at e 
secur ed t o t he i t em of  equi pment .   Pl at es must  be dur abl e and l egi bl e 
t hr oughout  equi pment  l i f e and made of  anodi zed al umi num.   Fi x pl at es i n 
pr omi nent  l ocat i ons wi t h nonf er r ous scr ews or  bol t s.
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2. 2. 4   Saf et y Devi ces

Exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur e,  par t s 
whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  may be a hazar d t o 
oper at i ng per sonnel  must  be i nsul at ed,  f ul l y  encl osed,  guar ded,  or  f i t t ed 
wi t h ot her  t ypes of  saf et y devi ces.   Saf et y devi ces must  be i nst al l ed so 
t hat  pr oper  oper at i on of  equi pment  i s not  i mpai r ed.   Wel di ng and cut t i ng 
saf et y r equi r ement s must  be i n accor dance wi t h AWS Z49. 1.

2. 3   EQUI PMENT

2. 3. 1   Spl i t - Syst em Heat  Pumps

2. 3. 1. 1   Lar ge- Capaci t y Spl i t - Syst em Heat  Pumps ( Gr eat er  Than 65, 000 Bt u/ h)

Pr ovi de an ai r - cool ed,  spl i t  syst em whi ch empl oys a r emot e condensi ng 
uni t ,  a separ at e f l oor  mount ed i ndoor  uni t ,  and i nt er connect i ng 
r ef r i ger ant  pi pi ng.   Pr ovi de t he heat  pump t ype uni t  conf or mi ng t o 
appl i cabl e Under wr i t er s Labor at or i es ( UL)  st andar ds i ncl udi ng UL 1995.   
Uni t  must  be r at ed i n accor dance wi t h AHRI  340/ 360 I - P.   Pr ovi de uni t  wi t h 
necessar y f ans,  ai r  f i l t er s,  and cabi net  const r uct i on as speci f i ed i n 
par agr aph UNI TARY EQUI PMENT ACCESSORI ES.   Pr ovi de doubl e- wi dt h,  doubl e 
i nl et ,  f or war d cur ved cent r i f ugal  scr ol l  t ype evapor at or  or  suppl y f ans.   
Pr ovi de t he manuf act ur er ' s st andar d f or  t he uni t  speci f i ed and may be 
pr opel l er or cent r i f ugal  scr ol l  t ype condenser  or  out door  f ans.   Encl ose f an 
condenser  mot or s i n t ot al l y encl osed encl osur es and per manent l y l ubr i cat e 
bal l  bear i ngs.   Heat  Pumps must  have a mi ni mum i nt egr at ed ener gy 
ef f i c i ency r at i o ( I EER)  of  15. 24,   and a mi ni mum COP of  3. 3. Pr ovi de uni t  
wi t h hot  gas r eheat .

2. 3. 1. 1. 1   Ai r - To- Ref r i ger ant  Coi l

Pr ovi de coi l s wi t h copper  t ubes of  3/ 8 i nch mi ni mum di amet er  wi t h al umi num 
f i ns t hat  ar e mechani cal l y bonded or  sol der ed t o t he t ubes.   Pr ovi de 
casi ng of  al umi num.   Avoi d cont act  of  di ssi mi l ar  met al s.   Test  coi l s i n 
accor dance wi t h ASHRAE 15 & 34 at  t he f act or y and ensur e sui t abi l i t y  f or  
t he wor ki ng pr essur e of  t he i nst al l ed syst em.   Dehydr at e and seal  each 
coi l  t est i ng and pr i or  t o eval uat i on and char gi ng.   Pr ovi de each uni t  wi t h 
a f act or y oper at i ng char ge of  r ef r i ger ant  and oi l .   Fi el d char ge uni t  
shi pped wi t h a hol di ng char ge wi t h r ef r i ger ant  and oi l .   Pr ovi de separ at e 
expansi on devi ces f or  each compr essor  c i r cui t .   Condenser  coi l  must  have 
speci al  coat i ng f or  cor r osi on r esi st ance.

Coat  condenser  and evapor at or  coi l  wi t h a uni f or ml y appl i ed epoxy 
el ect r odeposi t i on,  phenol i c,  or  v i nyl  t ype coat i ng t o al l  coi l  sur f ace 
ar eas wi t hout  mat er i al  br i dgi ng bet ween f i ns.   Appl y coat i ng at  ei t her  t he 
coi l  or  coat i ng manuf act ur er ' s f act or y.   Coat i ng pr ocess must  ensur e 
compl et e coi l  encapsul at i on and be capabl e of  wi t hst andi ng a mi ni mum 10, 000
 hour s exposur e t o t he sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 
per cent  sodi um chl or i de sol ut i on.

2. 3. 1. 1. 2   Compr essor

Pr ovi de di r ect  dr i ve,  semi - her met i c or  her met i c r eci pr ocat i ng,  or  scr ol l  
t ype compr essor  capabl e of  oper at i ng at  par t i al  l oad condi t i ons.   
Compr essor  must  be capabl e of  cont i nuous oper at i on down t o t he l owest  st ep 
of  unl oadi ng as speci f i ed.   Equi p compr essor s of  10 t ons and l ar ger  wi t h 
capaci t y r educt i on devi ces t o pr oduce aut omat i c capaci t y r educt i on of  at  
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l east  50 per cent .   I f  st andar d wi t h t he manuf act ur er ,  t wo or  mor e 
compr essor s may be used i n l i eu of  a s i ngl e compr essor  wi t h unl oadi ng 
capabi l i t i es,  i n whi ch case t he compr essor s oper at e i n sequence,  and each 
compr essor  has an i ndependent  r ef r i ger at i on c i r cui t  t hr ough t he condenser  
and evapor at or .   St ar t  compr essor s i n t he unl oaded posi t i on.   Pr ovi de each 
compr essor  wi t h v i br at i on i sol at or s,  cr ankcase heat er ,  t her mal  over l oads,  
l ubr i cat i on pump, hi gh and l ow pr essur e saf et y cut of f s and pr ot ect i on 
agai nst  shor t  cycl i ng.

2. 3. 1. 1. 3   Ref r i ger at i on Ci r cui t

Ref r i ger ant - cont ai ni ng component s must  compl y wi t h ASHRAE 15 & 34 and be 
f act or y t est ed,  c l eaned,  dehydr at ed,  char ged,  and seal ed.   Pr ovi de 
r ef r i ger ant  char gi ng val ves and connect i ons,  and pumpdown val ves f or  each 
ci r cui t .   Pr ovi de r ever si bl e- f l ow t ype f i l t er - dr i er  i n each l i qui d l i ne.   

2. 3. 1. 1. 4   Pr i mar y/ Suppl ement al  Heat

Pr ovi de heat i ng uni t  wi t h i nt er nal  t her mal  i nsul at i on havi ng a f i r e hazar d 
r at i ng not  t o exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped as 
det er mi ned by ASTM E84.

2. 3. 1. 1. 4. 1   Gas- Fi r ed Heat i ng Sect i on

Const r uct  t he gas- f i r ed f ur nace and bur ner  of  mat er i al s sui t abl e f or  
nat ur al  gas f uel  suppl y.   Fur nace must  have di r ect  spar k.   Heat i ng sect i on 
must  be compl et el y assembl ed and i nt egr al  t o uni t ,  havi ng modul at i on wi t h 
a t ur n down r at i o of  at  l east  3 t o 1.   Fi r e t est  al l  uni t s pr i or  t o 
shi pment .   Gas val ve must  i ncl ude a pr essur e r egul at or .   Suppl y combust i on 
ai r  wi t h a cent r i f ugal  combust i on ai r  bl ower  wi t h bui l t - i n t her mal  over  
l oad pr ot ect i on.   Saf et y cont r ol s must  i ncl ude a f l ame sensor  and ai r  
pr essur e swi t ch.   Mount  bur ner  t o el i mi nat e noi se f r om expansi on and 
cont r act i on,  and al l ow accessi bi l i t y  f or  ser vi ce.   Gas equi pment  must  bear  
t he AGA l abel  f or  t he t ype of  ser vi ce i nvol ved.   Pr ovi de bur ner  i n 
accor dance wi t h NFPA 54.   Gas f ur naces must  have t he Ener gy St ar  Label  and 
a mi ni mum ef f i c i ency of  80 per cent  AFUE.

2. 3. 1. 1. 5   Uni t  Cont r ol s

Pr ovi de uni t  i nt er nal l y pr ewi r ed wi t h a 24 vol t  cont r ol  c i r cui t  power ed by 
an i nt er nal  t r ansf or mer .   Pr ovi de t er mi nal  bl ocks f or  power  wi r i ng and 
ext er nal  cont r ol  wi r i ng.   Uni t  must  have cut of f s f or  hi gh and l ow pr essur e,
 and l ow oi l  pr essur e f or  compr essor s wi t h posi t i ve di spl acement  oi l  
pumps,  suppl y f an f ai l ur e,  and saf et y i nt er l ocks on al l  ser vi ce panel s.   
Head pr essur e cont r ol s must  sust ai n uni t  oper at i on wi t h ambi ent  
t emper at ur e of  20degr ees F.   Adj ust abl e- cycl e t i mer s must  pr event  
shor t - cycl i ng.   St age mul t i pl e compr essor s by means of  a t i me del ay.   
I nt er nal l y pr ot ect  uni t  by f uses or a c i r cui t  br eaker  i n accor dance wi t h 
UL 1995.   Make l ow cost  cool i ng possi bl e by means of  a cont r ol  c i r cui t  
whi ch wi l l  modul at e damper s t o pr ovi de 100 per cent  out si de ai r  whi l e 
l ocki ng out  compr essor s.

Cont r ol s must  i ncl ude a manuf act ur er  pr ovi ded gat eway bet ween t he syst em' s 
i nt er nal  cont r ol s and t he bui l di ng BACnet  cont r ol  syst em t hat  f aci l i t at es 
al l  moni t or i ng and cont r ol  f unct i ons i ncl udi ng moni t or i ng of  al l  t he 
uni t ' s  i nt er nal  cont r ol  poi nt s and r eset  of  al l  user - adj ust abl e val ues.  
The cont r ol  syst em i nt er f ace,  as wel l  as any net wor k bet ween physi cal l y 
separ at e uni t s,  must  meet  t he r equi r ement s of  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.
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Communi cat i on net wor ks bet ween physi cal l y separ at e uni t s i n a spl i t  syst em 
must  be i n accor dance wi t h ei t her  Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS and must  mat ch 
t he pr ot ocol  used by t he cont r ol  syst em i nt er f ace.

2. 3. 1. 1. 6   Remot e Condenser  or  Condensi ng Uni t

Uni t s wi t h capaci t i es 135, 000 Bt uh or  gr eat er  must  pr oduce a maxi mum AHRI  
sound r at i ng of  85 dB when r at ed i n accor dance wi t h ANSI / AHRI  370.   Fi t  
each r emot e condenser  coi l  wi t h a manual  i sol at i on val ve and an access 
val ve on t he coi l  s i de.   Sat ur at ed r ef r i ger ant  condensi ng t emper at ur e must  
not  exceed 120 degr ees F at  95 degr ees F ambi ent .   Pr ovi de uni t  wi t h l ow 
ambi ent  condenser  cont r ol s t o ensur e pr oper  oper at i on i n an ambi ent  
t emper at ur e of  20 degr ees F.   Pr ovi de f an and cabi net  const r uct i on must  be 
pr ovi ded as speci f i ed i n par agr aph UNI TARY EQUI PMENT COMPONENTS.   Fan and 
condenser  mot or s must  have t ot al l y encl osed encl osur es.   Condensi ng uni t  
must  have cont r ol s t o i ni t i at e a r ef r i ger ant  pump down cycl e at  syst em 
shut  down on each r ef r i ger ant  c i r cui t .

2. 3. 1. 1. 6. 1   Ai r - Cool ed Condenser

Pr ovi de uni t  r at ed i n accor dance wi t h ANSI / AHRI  460 and conf or m t o t he 
r equi r ement s of  UL 1995.   Pr ovi de f act or y f abr i cat ed,  t est ed,  packaged,  
and sel f - cont ai ned uni t .   Uni t  must  be compl et e wi t h casi ng,  pr opel l er  or  
cent r i f ugal  t ype f ans,  heat  r ej ect i on coi l s,  connect i ng pi pi ng and wi r i ng,  
and al l  necessar y appur t enances.

a.   Pr ovi de i nt er connect i ng r ef r i ger at i on pi pi ng,  el ect r i cal  power ,  and 
cont r ol  wi r i ng bet ween t he condensi ng uni t  and t he i ndoor  uni t  as 
r equi r ed and as i ndi cat ed.   Pr ovi de el ect r i cal  and r ef r i ger at i on 
pi pi ng t er mi nal  connect i ons bet ween condensi ng uni t  and evapor at or  
uni t s.

b.   Coi l s must  have copper  or  al umi num t ubes of  3/ 8 i nch mi ni mum di amet er  
wi t h copper  or  al umi num f i ns t hat  ar e mechani cal l y bonded or  sol der ed 
t o t he t ubes.   Pr ot ect  coi l  i n accor dance wi t h par agr aph COI L 
CORROSI ON PROTECTI ON.   Casi ng must  be gal vani zed st eel  or  al umi num.   
Avoi d cont act  of  di ssi mi l ar  met al s.   Test  coi l s i n accor dance wi t h 
ASHRAE 15 & 34 at  t he f act or y and ensur e sui t abi l i t y  f or  t he wor ki ng 
pr essur e of  t he i nst al l ed syst em.   Dehydr at e and seal  each coi l  af t er  
t est i ng and pr i or  t o eval uat i on and char gi ng.   Pr ovi de each uni t  wi t h 
a f act or y oper at i ng char ge of  r ef r i ger ant  and oi l  or  a hol di ng 
char ge.   Fi el d char ge uni t  shi pped wi t h a hol di ng char ge.   Pr ovi de 
separ at e expansi on devi ces f or  each compr essor  c i r cui t .

c.   Pr ovi de a compl et e cont r ol  syst em wi t h r equi r ed accessor i es f or  
r egul at i ng condenser  pr essur e by f an cycl i ng,  sol i d- st at e var i abl e f an 
speed,  modul at i ng condenser  coi l  or  f an damper s,  f l oodi ng t he 
condenser ,  or  a combi nat i on of  t he above.   Const r uct  uni t  mount ed 
cont r ol  panel s or  encl osur es i n accor dance wi t h appl i cabl e 
r equi r ement s of  NFPA 70 and house i n NEMA I CS 6,  Cl ass 1 or  3A 
encl osur es.   Cont r ol s must  i ncl ude cont r ol  t r ansf or mer ,  f an mot or  
st ar t er s,  sol i d- st at e speed cont r ol ,  t i me del ay st ar t - up,  over l oad 
pr ot ect i ve devi ces,  i nt er f ace wi t h l ocal  and r emot e component s,  and 
i nt er component  wi r i ng t o t er mi nal  bl ock poi nt s.
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2. 3. 1. 1. 6. 2   Compr essor

Pr ovi de compr essor  r at ed i n accor dance wi t h AHRI  540.   Pr ovi de di r ect  
dr i ve,  semi - her met i c or  her met i c r eci pr ocat i ng,  or  scr ol l  t ype compr essor  
capabl e of  oper at i ng at  par t i al  l oad condi t i ons.   Compr essor  must  be 
capabl e of  cont i nuous oper at i on down t o t he l owest  st ep of  unl oadi ng as 
speci f i ed.   Pr ovi de uni t s 120, 000 Bt uh and l ar ger  wi t h capaci t y r educt i on 
devi ces t o pr oduce aut omat i c capaci t y r educt i on of  at  l east  50 per cent .   
I f  st andar d wi t h t he manuf act ur er ,  t wo or  mor e compr essor s may be used i n 
l i eu of  a s i ngl e compr essor  wi t h unl oadi ng capabi l i t i es,  i n whi ch case t he 
compr essor s oper at e i n sequence,  and each compr essor  must  have an 
i ndependent  r ef r i ger at i on c i r cui t  t hr ough t he condenser  and evapor at or .   
Each compr essor  must  st ar t  i n t he unl oaded posi t i on.   Pr ovi de each 
compr essor  wi t h v i br at i on i sol at or s,  cr ankcase heat er ,  l ubr i cat i on pump,  
t her mal  over l oads,  and hi gh and l ow pr essur e saf et y cut of f s and pr ot ect i on 
agai nst  shor t  cycl i ng.

2. 3. 1. 1. 6. 3   Fans

Pr ovi de f an wheel  shaf t s suppor t ed by ei t her  mai nt enance- accessi bl e gr ease 
l ubr i cat ed ant i f r i c t i on bl ock- t ype bear i ngs,  or  per manent l y l ubr i cat ed 
bal l  bear i ngs.  Mount  f an mot or  and f an assembl y on a common base t o al l ow 
consi st ent  bel t  t ensi on wi t h no r el at i ve mot i on bet ween f an and mot or  
shaf t s.   The ent i r e f an mot or  and f an assembl y must  be compl et el y 
v i br at i onal l y i sol at ed f r om t he uni t .   Sel ect  uni t  f ans t o pr oduce t he cf m 
r equi r ed at  t he f an t ot al  pr essur e.   Mot or  st ar t er s,  i f  appl i cabl e,  must  
be magnet i c acr oss- t he- l i ne t ype wi t h a t ot al l y encl osed encl osur e.   
Pr ovi de aut omat i c- r eset  t ype t her mal  over l oad pr ot ect i on.   Const r uct  f an 
wheel s of  al umi numgal vani zed st eel .   Pr ovi de cent r i f ugal  f an wheel  
housi ngs of  gal vani zed st eel ,  and const r uct  cent r i f ugal  f an casi ngs of  
al umi num .   St eel  el ement s of  f ans,  except  f an shaf t s,  must  be hot - di pped 
gal vani zed af t er  f abr i cat i on.   Recoat  mi l l - gal vani zed st eel  sur f aces and 
edges damaged or  cut  dur i ng f abr i cat i on by f or mi ng,  punchi ng,  dr i l l i ng,  
wel di ng,  or  cut t i ng wi t h an appr oved zi nc- r i ch compound.   St at i cal l y and 
dynami cal l y bal ance f an wheel sor pr opel l er s.   Pr ovi de doubl e i nl et  
f or war d- cur ved t ype f an wheel s.   Fan must  r each r at ed r pm bef or e t he f an 
shaf t  passes t hr ough t he f i r st  cr i t i cal  speed.   Fans must  be bel t - dr i ven 
wi t h adj ust abl e sheaves.   Sel ect  t he sheave si ze so t hat  t he f an speed at  
t he appr oxi mat e mi dpoi nt  of  t he sheave adj ust ment  pr oduces t he speci f i ed 
ai r  quant i t y.   Each dr i ve must  be i ndependent  of  any ot her  dr i ve.   
Condenser  f ans must  be pr opel l er  t ype,  di r ect  dr i ve,  st at i cal l y bal anced 
wi t h gal vani zed st eel  bl ades and per manent l y l ubr i cat ed bal l  bear i ngs.   
Pr ot ect  condenser  f an mot or  dr i ve bear i ngs wi t h wat er  s l i nger s or  
shi el ds.   Fi t  al l  bel t  dr i ves wi t h guar ds wher e exposed t o cont act  by 
per sonnel .

2. 3. 1. 1. 7   Fi l t er s

Pr ovi de f i l t er s of  t he sect i onal  t ype,  capabl e of  f i l t er i ng t he ent i r e ai r  
suppl y.   Mount  f i l t er ( s)  i nt egr al  wi t hi n t he uni t  and make accessi bl e by 
hi nged access panel ( s) .  Fact or y suppl y  2. 0 i nch,  MERV 13,  t hr owaway 
f i l t er s.   Fi l t er s must  have an aver age dust  spot  ef f i c i ency of  90- 95 
per cent  and an aver age ar r est ance of  90 per cent  when t est ed i n accor dance 
wi t h ASHRAE 52. 2.   Pr ovi de UL Cl ass 1 f i l t er s.
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2. 4   COMPONENTS

2. 4. 1   Ref r i ger ant  and Oi l

Ref r i ger ant  must  be one of  t he f l uor ocar bon gases.   Ref r i ger ant s must  have 
number  desi gnat i ons and saf et y c l assi f i cat i ons i n accor dance wi t h 
ASHRAE 15 & 34.   Ref r i ger ant s must  meet  t he r equi r ement s of  AHRI  700 as a 
mi ni mum.   Pr ovi de a compl et e char ge of  r ef r i ger ant  f or  t he i nst al l ed 
syst em as r ecommended by t he manuf act ur er .   Lubr i cat i ng oi l  must  be of  a 
t ype and gr ade r ecommended by t he manuf act ur er  f or  each compr essor .   Wher e 
col or  l eak i ndi cat or  dye i s i ncor por at ed,  char ge must  be i n accor dance 
wi t h manuf act ur er ' s r ecommendat i on.

2. 4. 2   Fans

Fan wheel  shaf t s must  be suppor t ed by ei t her  mai nt enance- accessi bl e 
l ubr i cat ed ant i f r i c t i on bl ock- t ype bear i ngs,  or  per manent l y l ubr i cat ed 
bal l  bear i ngs.   Uni t  f ans must  be sel ect ed t o pr oduce t he cf m r equi r ed at  
t he f an t ot al  pr essur e.   Mot or  st ar t er s,  i f  appl i cabl e,  must  be magnet i c 
acr oss- t he- l i ne t ype wi t h a t ot al l y encl osed encl osur e.   Ther mal  over l oad 
pr ot ect i on must  be of  t he manual  or  aut omat i c- r eset  t ype.   Fan wheel s or  
pr opel l er s must  be const r uct ed of  al umi num or  gal vani zed st eel .   
Cent r i f ugal  f an wheel  housi ngs must  be of  gal vani zed st eel ,  and bot h 
cent r i f ugal  and pr opel l er  f an casi ngs must  be const r uct ed of  al umi num or  
gal vani zed st eel .   St eel  el ement s of  f ans,  except  f an shaf t s,  must  be 
hot - di pped gal vani zed af t er  f abr i cat i on or  f abr i cat ed of  mi l l  gal vani zed 
st eel .   Mi l l - gal vani zed st eel  sur f aces and edges damaged or  cut  dur i ng 
f abr i cat i on by f or mi ng,  punchi ng,  dr i l l i ng,  wel di ng,  or  cut t i ng must  be 
r ecoat ed wi t h an appr oved zi nc- r i ch compound.   Fan wheel s or  pr opel l er s 
must  be st at i cal l y and dynami cal l y bal anced.     Di r ect - dr i ve f an mot or s 
must  be of  t he mul t i pl e- speed var i et y.     Each dr i ve wi l l  be i ndependent  
of  any ot her  dr i ve.   Pr opel l er  f ans must  be di r ect - dr i ve dr i ve t ype wi t h 
adj ust abl e pi t ch bl ades.   Dr i ve bear i ngs must  be pr ot ect ed wi t h wat er  
s l i nger s or  shi el ds.   

2. 4. 3   Pr i mar y/ Suppl ement al  Heat i ng

2. 4. 3. 1   Gas- Fi r ed Heat i ng Sect i on

Gas- f i r ed heat  exchanger  must  be const r uct ed of  al umi ni zed st eel ,  cer ami c 
coat ed col d- r ol l ed st eel  or  st ai nl ess st eel  sui t abl e f or  nat ur al  gas f uel  
suppl y.   Bur ner  must  have di r ect  spar k or  hot  sur f ace i gni t i on.   Val ve 
must  i ncl ude a pr essur e r egul at or .   Combust i on ai r  must  be suppl i ed wi t h a 
cent r i f ugal  combust i on ai r  bl ower .   Saf et y cont r ol s must  i ncl ude a f l ame 
sensor  and ai r  pr essur e swi t ch.   Heat er  sect i on must  be mount ed t o 
el i mi nat e noi se f r om expansi on and cont r act i on and must  be compl et el y 
accessi bl e f or  ser vi ce.   Gas equi pment  must  bear  t he AGA l abel  f or  t he 
t ype of  ser vi ce i nvol ved.   Bur ner  must  be i n accor dance wi t h NFPA 54.

2. 4. 4   Ai r  Fi l t er s

Pr ovi de f i l t er s t o f i l t er  out s i de ai r  and r et ur n ai r  and l ocat e i nsi de 
combi nat i on ai r  f i l t er  mi xi ng box.   Pr ovi de r epl aceabl e ( t hr ow- away)   
t ype.   Fi l t er s must  conf or m t o UL 900,  Cl ass 1or Cl ass 2.   Pol yur et hane 
f i l t er s cannot  be used on uni t s wi t h mul t i f r ame f i l t er s.

Ai r  f i l t er s must  be l i s t ed i n accor dance wi t h r equi r ement s of  UL 900,  
except  hi gh ef f i c i ency par t i cul at e ai r  f i l t er s of  99. 97 per cent  ef f i c i ency 
by t he DOP Test  Met hod must  be as l i s t ed under  t he l abel  ser vi ce and must  

SECTI ON 23 81 00  Page 11



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

meet  t he r equi r ement s of  UL 586.

2. 4. 5   Coi l  Fr ost  Pr ot ect i on

Pr ovi de each ci r cui t  wi t h a manuf act ur er ' s st andar d coi l  f r ost  pr ot ect i on 
syst em.   The coi l  f r ost  pr ot ect i on syst em must  use a t emper at ur e sensor  i n 
t he suct i on l i ne of  t he compr essor  t o shut  t he compr essor  of f  when coi l  
f r ost i ng occur s.   Use t i mer s t o pr event  t he compr essor  f r om r api d cycl i ng.

2. 4. 6   Pr essur e Vessel s

Pr essur e vessel s must  conf or m t o ASME BPVC SEC VI I I  D1 or  UL 207,  as 
appl i cabl e f or  maxi mum and mi ni mum pr essur e or  t emper at ur e encount er ed.   
Wher e r ef er enced publ i cat i ons do not  appl y,  t est  pr essur e component s at  
1- 1/ 2 t i mes desi gn wor ki ng pr essur e.   Ref r i ger ant  wet t ed car bon st eel  
sur f aces must  be pi ckl ed or  abr asi ve bl ast ed f r ee of  mi l l  scal e,  c l eaned,  
dr i ed,  char ged,  and seal ed.

2. 4. 6. 1   Hot  Gas Muf f l er

Uni t  must  be sel ect ed by t he manuf act ur er  f or  maxi mum noi se at t enuat i on.   
Uni t s r at ed f or  30 t ons capaci t y and under  may be f i el d t unabl e t ype.

2. 4. 6. 2   Li qui d Recei ver

A l i qui d r ecei ver  must  be pr ovi ded when a syst em' s condenser  or  compr essor  
does not  cont ai n a r ef r i ger ant  st or age capaci t y of  at  l east  20 per cent  i n 
excess of  a f ul l y  char ged syst em.   Recei ver  must  be desi gned,  f i l l ed,  and 
r at ed i n accor dance wi t h t he r ecommendat i ons of  ANSI / AHRI  495,  except  as 
modi f i ed her ei n.   Recei ver  must  be f i t t ed t o i ncl ude an i nl et  connect i on;  
an out l et  dr op pi pe wi t h oi l  seal  and oi l  dr ai n wher e necessar y;  t wo 
bul l ' s- eye l i qui d l evel  s i ght  gl ass i n same ver t i cal  pl ane,  90 degr ees 
apar t  and per pendi cul ar  t o axi s of  r ecei ver  or  ext er nal  gauge gl ass wi t h 
met al  guar d and aut omat i c st op val ves;  t her mal  wel l  f or  t her most at ;  
ext er nal  f l oat  swi t ches;  and pur ge,  char ge,  equal i z i ng,  pr essur i z i ng,  
pl ugged dr ai n and ser vi ce val ves on t he i nl et  and out l et  connect i ons.   
Recei ver  must  be pr ovi ded wi t h a r el i ef  val ve of  capaci t y and set t i ng i n 
accor dance wi t h ASHRAE 15 & 34.

2. 4. 6. 3   Oi l  Separ at or

Separ at or  must  be t he hi gh ef f i c i ency t ype and be pr ovi ded wi t h r emovabl e 
f l anged head f or  ease i n r emovi ng f l oat  assembl y and r emovabl e scr een 
car t r i dge assembl y.   Pr essur e dr op t hr ough a separ at or  must  not  exceed 10 
psi  dur i ng t he r emoval  of  hot  gas ent r ai ned oi l .   Connect i ons t o 
compr essor  must  be as r ecommended by t he compr essor  manuf act ur er .   
Separ at or  must  be pr ovi ded wi t h an oi l  f l oat  val ve assembl y or  needl e 
val ve and or i f i ce assembl y,  dr ai n l i ne shut of f  val ve,  s i ght  gl ass,  f i l t er  
f or  r emoval  of  al l  par t i cul at e s i zed 10 mi cr ons and l ar ger ,  t her momet er  
and l ow t emper at ur e t her most at  f i t t ed t o t her mal  wel l , i mmer si on heat er ,  
ext er nal  f l oat  val ve f i t t ed wi t h t hr ee- val ve bypass,  and st r ai ner .

2. 4. 6. 4   Oi l  Reser voi r

Reser voi r  capaci t y must  equal  one char ge of  al l  connect ed compr essor s.   
Reser voi r  must  be pr ovi ded wi t h an ext er nal  l i qui d gauge gl ass,  pl ugged 
dr ai n,  and i sol at i on val ves.   Vent  pi pi ng bet ween t he r eser voi r  and t he 
suct i on header  must  be pr ovi ded wi t h a 5 psi  pr essur e di f f er ent i al  r el i ef  
val ve.   Reser voi r  must  be pr ovi ded wi t h t he manuf act ur er ' s st andar d f i l t er  

SECTI ON 23 81 00  Page 12



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

on t he oi l  r et ur n l i ne t o t he oi l  l evel  r egul at or s.

2. 4. 7   I nt er nal  Damper s

Damper s must  be par al l el  bl ade t ype wi t h r enewabl e bl ade seal s and be 
i nt egr al  t o t he uni t ar y uni t .   Damper  pr ovi s i ons must  be pr ovi ded f or  each 
out si de ai r  i nt ake,  exhaust ,  economi zer ,  and mi xi ng boxes.   Damper s must  
have aut omat i c modul at i on and oper at e as speci f i ed.

2. 4. 8   Mi xi ng Boxes

Mi xi ng boxes must  mat ch t he base uni t  i n physi cal  s i ze and must  i ncl ude 
equal l y- s i zed openi ngs,  each capabl e of  f ul l  ai r  f l ow.  Ar r angement  must  be 
as i ndi cat ed.

2. 4. 9   Cabi net  Const r uct i on

Casi ngs f or  t he speci f i ed uni t ar y equi pment  must  be const r uct ed of  
gal vani zed st eel  or  al umi num sheet  met al  and gal vani zed or  al umi num 
st r uct ur al  member s.   Mi ni mum t hi ckness of  s i ngl e wal l  ext er i or  sur f aces 
must  be 18 gauge gal vani zed st eel  or  0. 071 i nch t hi ck al umi num on uni t s 
wi t h a capaci t y above 20 t ons and 20 gauge gal vani zed st eel  or  0. 064 i nch 
t hi ck al umi num on uni t s wi t h a capaci t y l ess t han 20 t ons.   Casi ng must  be 
f i t t ed wi t h l i f t i ng pr ovi s i ons,  access panel s or  door s,  f an v i br at i on 
i sol at or s,  el ect r i cal  cont r ol  panel ,  cor r osi on- r esi st ant  component s,  
st r uct ur al  suppor t  member s,  i nsul at ed condensat e dr i p pan and dr ai n,  and 
i nt er nal  i nsul at i on i n t he col d sect i on of  t he casi ng.   Wher e doubl e- wal l  
i nsul at ed const r uct i on i s pr oposed,  mi ni mum ext er i or  gal vani zed sheet  
met al  t hi ckness must  be 20 gauge.   Pr ovi s i ons t o per mi t  r epl acement  of  
maj or  uni t  component s must  be i ncor por at ed.   Penet r at i ons of  cabi net  
sur f aces,  i ncl udi ng t he f l oor ,  must  be seal ed.   Uni t  must  be f i t t ed wi t h a 
dr ai n pan whi ch ext ends under  al l  ar eas wher e wat er  may accumul at e.   Dr ai n 
pan must  be f abr i cat ed f r om Type 300 st ai nl ess st eel ,  gal vani zed st eel  
wi t h pr ot ect i ve coat i ng as r equi r ed,  or  an appr oved pl ast i c mat er i al .   Pan 
i nsul at i on must  be wat er  i mper vi ous.   Ext ent  and ef f ect i veness of  t he 
i nsul at i on of  uni t  ai r  cont ai nment  sur f aces must  pr event ,  wi t hi n l i mi t s of  
t he speci f i ed i nsul at i on,  heat  t r ansf er  bet ween t he uni t  ext er i or  and 
ambi ent  ai r ,  heat  t r ansf er  bet ween t he t wo condi t i oned ai r  st r eams,  and 
condensat i on on sur f aces.   I nsul at i on must  conf or m t o ASTM C1071.   Pai nt  
and f i ni shes must  compl y wi t h t he r equi r ement s speci f i ed i n par agr aph 
FACTORY COATI NG.

2. 4. 9. 1   I ndoor  Cabi net

I ndoor  cabi net s must  be sui t abl e f or  t he speci f i ed i ndoor  ser vi ce and 
encl ose al l  uni t  component s.

2. 4. 9. 2   Out door  Cabi net

Out door  cabi net s must  be sui t abl e f or  out door  ser vi ce wi t h a weat her t i ght ,  
i nsul at ed and cor r osi on- pr ot ect ed st r uct ur e.   Cabi net s const r uct ed 
excl usi vel y f or  i ndoor  ser vi ce whi ch have been modi f i ed f or  out door  
ser vi ce ar e not  accept abl e.

2. 4. 10   Ref r i ger ant  Pi pi ng

Pr ovi de r ef r i ger ant  pi pi ng i n accor dance wi t h Sect i on 23 23 00 REFRI GERANT 
PI PI NG.
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2. 4. 11   Condensat e Dr ai n Pi pi ng

Pr ovi de condensat e dr ai n pi pi ng i n accor dance wi t h Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.

2. 4. 12   Duct wor k

Pr ovi de duct wor k i n accor dance wi t h Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON.

2. 4. 13   Temper at ur e Cont r ol s

Pr ovi de t emper at ur e cont r ol s i n accor dance wi t h Sect i on 23 09 23. 02 BACnet  
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDNG CONTROL SYSTEMS.

2. 5   FI NI SHES

2. 5. 1   Coi l  Cor r osi on Pr ot ect i on

Pr ovi de coi l  wi t h a uni f or ml y appl i ed epoxy el ect r odeposi t i on,  phenol i c,  
or  v i nyl  t ype coat i ng t o al l  coi l  sur f ace ar eas wi t hout  mat er i al  br i dgi ng 
bet ween f i ns.   Submi t  pr oduct  dat a on t he t ype coat i ng sel ect ed,  t he 
coat i ng t hi ckness,  t he appl i cat i on pr ocess used,  t he est i mat ed heat  
t r ansf er  l oss of  t he coi l ,  and ver i f i cat i on of  conf or mance wi t h t he sal t  
spr ay t est  r equi r ement .   Coat i ng must  be appl i ed at  ei t her  t he coi l  or  
coat i ng manuf act ur er ' s f act or y.   Coat i ng pr ocess must  ensur e compl et e coi l  
encapsul at i on.   Coat i ng must  be capabl e of  wi t hst andi ng a mi ni mum 10, 000 
hour s exposur e t o t he sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 
per cent  sodi um chl or i de sol ut i on.

2. 5. 2   Equi pment  and Component s Fact or y Coat i ng

Unl ess ot her wi se speci f i ed,  equi pment  and component  i t ems,  when f abr i cat ed 
f r om f er r ous met al ,  must  be f act or y f i ni shed wi t h t he manuf act ur er ' s 
st andar d f i ni sh,  except  t hat  i t ems l ocat ed out si de of  bui l di ngs must  have 
weat her  r esi st ant  f i ni shes t hat  wi l l  wi t hst and 10, 000 hour s exposur e t o 
t he sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um 
chl or i de sol ut i on.   I mmedi at el y af t er  compl et i on of  t he t est ,  t he speci men 
must  show no si gns of  bl i s t er i ng,  wr i nkl i ng,  cr acki ng,  or  l oss of  adhesi on 
and no si gn of  r ust  cr eepage beyond 1/ 8 i nch on ei t her  s i de of  t he scr at ch 
mar k.   Cut  edges of  gal vani zed sur f aces wher e hot - di p gal vani zed sheet  
st eel  i s  used must  be coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o 
ASTM D520,  Type I .

Wher e st i pul at ed i n equi pment  speci f i cat i ons of  t hi s sect i on,  coat  f i nned 
t ube coi l s of  t he af f ect ed equi pment  as speci f i ed bel ow.   Appl y coat i ng at  
t he pr emi ses of  a company speci al i z i ng i n such wor k.  Degr ease and pr epar e 
f or  coat i ng i n accor dance wi t h t he coat i ng appl i cat or ' s pr ocedur es f or  t he 
t ype of  met al s i nvol ved.  Compl et ed coat i ng must  show no evi dence of  
sof t eni ng,  bl i st er i ng,  cr acki ng,  cr azi ng,  f l aki ng,  l oss of  adhesi on,  or  
" br i dgi ng"  bet ween t he f i ns.

2. 5. 2. 1   Phenol i c Coat i ng

Pr ovi de a r esi n base t her moset t i ng phenol i c coat i ng.   Appl y coat i ng by 
i mmer si on di ppi ng of  t he ent i r e coi l .   Pr ovi de a mi ni mum of  t wo coat s.   
Bake or  heat  dr y coi l s f ol l owi ng i mmer si ons.   Af t er  f i nal  i mmer si on and 
pr i or  t o f i nal  baki ng,  spr ay ent i r e coi l  wi t h par t i cul ar  emphasi s gi ven t o 
bui l di ng up coat i ng on shear ed edges.   Tot al  dr y f i l m t hi ckness must  be 
2. 5 t o 3. 0 mi l s.
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2. 5. 2. 2   Chemi cal  Conver si on Coat i ng wi t h Pol yel ast omer  Fi ni sh Coat

Di p coi l s i n a chemi cal  conver si on sol ut i on t o mol ecul ar l y deposi t  a 
cor r osi on r esi st ant  coat i ng by el ect r ol ysi s act i on.   Chemi cal  conver si on 
coat i ngs must  conf or m t o MI L- DTL- 5541,  Cl ass 1A.   Cur e conver si on coat i ng 
at  a t emper at ur e of  110 t o 140 degr ees F f or  a mi ni mum of  3 hour s.   Coat  
coi l  sur f aces wi t h a compl ex pol ymer  pr i mer  wi t h a dr y f i l m t hi ckness of  1 
mi l .   Cur e pr i mer  coat  f or  a mi ni mum of  1 hour .   Usi ng di p t ank met hod,  
pr ovi de t hr ee coat s of  a compl ex pol yel ast omer  f i ni sh coat .   Af t er  each of  
t he f i r st  t wo f i ni sh coat s,  cur e t he coi l s f or  1 hour .   Fol l owi ng t he 
t hi r d coat ,  spr ay a f og coat  of  an i ner t  seal er  on t he coi l  sur f aces.   
Tot al  dr y f i l m t hi ckness must  be 2. 5 t o 3. 0 mi l s.   Cur e f i ni sh coat  f or  a 
mi ni mum of  3 hour s.  Coat i ng mat er i al s must  have 300 per cent  f l exi bi l i t y ,  
oper at e i n t emper at ur es of  mi nus 50 t o pl us 220 degr ees F,  and pr ot ect  
agai nst  at mospher es of  a pH r ange of  1 t o 14.

2. 5. 2. 3   Vi nyl  Coat i ng

Appl y coat i ng usi ng an ai r l ess f og nozzl e.  For  each coat ,  make at  l east  
t wo passes wi t h t he nozzl e.  Mat er i al s t o be appl i ed ar e as f ol l ows:

a.   Tot al  dr y f i l m t hi ckness,  6. 5 mi l s maxi mum

b.   Vi nyl  Pr i mer ,  24 per cent  sol i ds by vol ume:  One coat  2 mi l s t hi ck

c.   Vi nyl  Copol ymer ,  30 per cent  sol i ds by vol ume:  One coat  4. 5 mi l s t hi ck

2. 5. 3   Fact or y Appl i ed I nsul at i on

Ref r i ger at i on equi pment  must  be pr ovi ded wi t h f act or y i nst al l ed i nsul at i on 
on sur f aces subj ect  t o sweat i ng i ncl udi ng t he suct i on l i ne pi pi ng.   Wher e 
mot or s ar e t he gas- cool ed t ype,  f act or y i nst al l ed i nsul at i on must  be 
pr ovi ded on t he col d- gas i nl et  connect i on t o t he mot or  i n accor dance wi t h 
manuf act ur er ' s st andar d pr act i ce.   Fact or y i nsul at ed i t ems i nst al l ed 
out door s ar e not  r equi r ed t o be f i r e- r at ed.   As a mi ni mum,  f act or y 
i nsul at ed i t ems i nst al l ed i ndoor s must  have a f l ame spr ead i ndex no hi gher  
t han 75 and a smoke devel oped i ndex no hi gher  t han 150.   Fact or y i nsul at ed 
i t ems ( no j acket )  i nst al l ed i ndoor s and whi ch ar e l ocat ed i n ai r  pl enums,  
i n cei l i ng spaces,  and i n at t i c  spaces must  have a f l ame spr ead i ndex no 
hi gher  t han 25 and a smoke devel oped i ndex no hi gher  t han 50.   Fl ame 
spr ead and smoke devel oped i ndexes must  be det er mi ned by ASTM E84.   
I nsul at i on must  be t est ed i n t he same densi t y and i nst al l ed t hi ckness as 
t he mat er i al  t o be used i n t he act ual  const r uct i on.   Mat er i al  suppl i ed by 
a manuf act ur er  wi t h a j acket  must  be t est ed as a composi t e mat er i al .   
Jacket s,  f aci ngs,  and adhesi ves must  have a f l ame spr ead i ndex no hi gher  
t han 25 and a smoke devel oped i ndex no hi gher  t han 50 when t est ed i n 
accor dance wi t h ASTM E84.

2. 6   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

Al l  manuf act ur ed uni t s must  be i nspect ed and t est ed,  and document at i on 
pr ovi ded t o demonst r at e t hat  each uni t  i s  i n compl i ance wi t h ANSI / AHRI  and 
UL r equi r ement s and t hat  t he mi ni mum ef f i c i ency r equi r ement s of  
ASHRAE 90. 1 -  I P have been met .
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PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  per f or m Ver i f i cat i on 
of  Di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

3. 2   I NSTALLATI ON

Per f or m wor k i n accor dance wi t h t he manuf act ur er ' s publ i shed di agr ams,  
r ecommendat i ons,  and equi pment  war r ant y r equi r ement s.   Wher e equi pment  i s 
speci f i ed t o conf or m t o t he r equi r ement s of  ASME BPVC SEC VI I I  D1and 
ASME BPVC SEC I X,  t he desi gn,  f abr i cat i on,  and i nst al l at i on of  t he syst em 
must  conf or m t o ASME BPVC SEC VI I I  D1 and ASME BPVC SEC I X.

3. 2. 1   Equi pment

Pr ovi de r ef r i ger at i on equi pment  conf or mi ng t o ASHRAE 15 & 34.   Pr ovi de 
necessar y suppor t s f or  al l  equi pment ,  appur t enances,  and pi pe as r equi r ed,  
i ncl udi ng f r ames or  suppor t s f or  compr essor s,  pumps,  cool i ng t ower s,  
condenser s,  and si mi l ar  i t ems.   I sol at e compr essor s f r om t he bui l di ng 
st r uct ur e.   I f  mechani cal  v i br at i on i sol at or s ar e not  pr ovi ded,  pr ovi de 
vi br at i on absor bi ng f oundat i ons.   Each f oundat i on must  i ncl ude i sol at i on 
uni t s consi st i ng of  machi ne and f l oor  or  f oundat i on f ast eni ngs,  t oget her  
wi t h i nt er medi at e i sol at i on mat er i al .   Ot her  f l oor - mount ed equi pment  must  
be set  on not  l ess t han a 6 i nch concr et e pad dowel ed i n pl ace.   Concr et e 
f oundat i ons f or  f l oor  mount ed pumps must  have a mass equi val ent  t o t hr ee 
t i mes t he wei ght  of  t he component s,  pump,  base pl at e,  and mot or  t o be 
suppor t ed.   I n l i eu of  concr et e pad f oundat i on,  concr et e pedest al  bl ock 
wi t h i sol at or s pl aced bet ween t he pedest al  bl ock and t he f l oor  may be 
pr ovi ded.   Concr et e pedest al  bl ock must  be of  mass not  l ess t han t hr ee 
t i mes t he combi ned pump,  mot or ,  and base wei ght s.   I sol at or s must  be 
sel ect ed and si zed based on l oad- bear i ng r equi r ement s and t he l owest  
f r equency of  v i br at i on t o be i sol at ed.   I sol at or s must  l i mi t  v i br at i on t o 
10 per cent  at  l owest  equi pment  r pm.   Pr ovi de l i nes connect ed t o pumps 
mount ed on pedest al  bl ocks wi t h f l exi bl e connect or s.   Pr ovi de f oundat i on 
dr awi ngs,  bol t - set t i ng i nf or mat i on,  and f oundat i on bol t s pr i or  t o concr et e 
f oundat i on const r uct i on f or  al l  equi pment  i ndi cat ed or  r equi r ed t o have 
concr et e f oundat i ons.   Concr et e f or  f oundat i ons must  be as speci f i ed i n 
Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.   Equi pment  must  be pr oper l y 
l evel ed,  al i gned,  and secur ed i n pl ace i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.

3. 2. 2   Mechani cal  Room Vent i l at i on

Pr ovi de mechani cal  vent i l at i on syst ems i n accor dance wi t h Sect i on 23 30 00 
HVAC AI R DI STRI BUTI ON.

3. 2. 3   Fi el d Appl i ed I nsul at i on

Appl y f i el d appl i ed i nsul at i on as speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS,  except  as def i ned di f f er ent l y her ei n.

3. 2. 4   Fi el d Pai nt i ng

Pai nt i ng r equi r ed f or  sur f aces not  ot her wi se speci f i ed,  and f i ni sh 
pai nt i ng of  i t ems onl y pr i med at  t he f act or y ar e speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.
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3. 3   CLEANI NG AND ADJUSTI NG

Equi pment  must  be wi ped cl ean,  wi t h al l  t r aces of  oi l ,  dust ,  di r t ,  or  
pai nt  spot s r emoved.   Tempor ar y f i l t er s must  be pr ovi ded f or  al l  f ans t hat  
ar e oper at ed dur i ng const r uct i on,  and new f i l t er s must  be i nst al l ed af t er  
al l  const r uct i on di r t  has been r emoved f r om t he bui l di ng.   Syst em must  be 
mai nt ai ned i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   Bear i ngs must  
be pr oper l y l ubr i cat ed wi t h oi l  or  gr ease as r ecommended by t he 
manuf act ur er .   Bel t s must  be t i ght ened t o pr oper  t ensi on.   Cont r ol  val ves 
and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  must  be adj ust ed t o 
set t i ng i ndi cat ed or  di r ect ed.   Fans must  be adj ust ed t o t he speed 
i ndi cat ed by t he manuf act ur er  t o meet  speci f i ed condi t i ons.   Test i ng,  
adj ust i ng,  and bal anci ng must  be as speci f i ed i n Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.

3. 4   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as desi gnat ed by t he 
Cont r act i ng Of f i cer .   The t r ai ni ng per i od must  consi st  of  a t ot al  8 hour s 
of  nor mal  wor ki ng t i me and st ar t  af t er  t he syst em i s f unct i onal l y 
compl et ed but  pr i or  t o f i nal  accept ance t est s.

a.   Submi t  a schedul e,  at  l east  2 weeks pr i or  t o t he dat e of  t he pr oposed 
t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on f or  t he 
t r ai ni ng.

b.   Submi t  t he f i el d post ed i nst r uct i ons,  at  l east  2 weeks pr i or  t o 
const r uct i on compl et i on,  i ncl udi ng equi pment  l ayout ,  wi r i ng and 
cont r ol  di agr ams,  pi pi ng,  val ves and cont r ol  sequences,  and t yped 
condensed oper at i on i nst r uct i ons.   The condensed oper at i on 
i nst r uct i ons must  i ncl ude pr event at i ve mai nt enance pr ocedur es,  met hods 
of  checki ng t he syst em f or  nor mal  and saf e oper at i on,  and pr ocedur es 
f or  saf el y st ar t i ng and st oppi ng t he syst em.   The post ed i nst r uct i ons 
must  be f r amed under  gl ass or  l ami nat ed pl ast i c and be post ed wher e 
i ndi cat ed by t he Cont r act i ng Of f i cer .

c.   The post ed i nst r uct i ons must  cover  al l  of  t he i t ems cont ai ned i n t he 
appr oved oper at i on and mai nt enance manual s as wel l  as demonst r at i ons 
of  r out i ne mai nt enance oper at i ons.   Submi t  6 compl et e copi es of  an 
oper at i on manual  i n bound 8- 1/ 2 by 11 i nch bookl et s l i s t i ng 
st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  
abnor mal  shut down,  emer gency shut down,  and nor mal  shut down at  l east  4  
weeks pr i or  t o t he f i r st  t r ai ni ng cour se.   The bookl et s must  i ncl ude 
t he manuf act ur er ' s name,  model  number ,  and par t s l i s t .   The manual s 
must  i ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  
and a br i ef  descr i pt i on of  al l  equi pment  and t hei r  basi c oper at i ng 
f eat ur es.

d.   Submi t  6 compl et e copi es of  mai nt enance manual  i n bound 8- 1/ 2 by 11 
i nch bookl et s l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e 
br eakdowns and r epai r s,  and a t r oubl e shoot i ng gui de.   The manual s 
must  i ncl ude pi pi ng and equi pment  l ayout s and si mpl i f i ed wi r i ng and 
cont r ol  di agr ams of  t he syst em as i nst al l ed.

3. 5   REFRI GERANT TESTS,  CHARGI NG,  AND START- UP

Spl i t - syst em r ef r i ger ant  pi pi ng syst ems must  be t est ed and char ged as 
speci f i ed i n Sect i on 23 23 00 REFRI GERANT PI PI NG.   Packaged r ef r i ger ant  
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syst ems whi ch ar e f act or y char ged must  be checked f or  r ef r i ger ant  and oi l  
capaci t y t o ver i f y pr oper  r ef r i ger ant  l evel s i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.   Fol l owi ng char gi ng,  packaged syst ems must  
be t est ed f or  l eaks wi t h a hal i de t or ch or  an el ect r oni c l eak det ect or .   
Submi t  6 copi es of  each t est  cont ai ni ng t he i nf or mat i on descr i bed bel ow i n 
bound 8- 1/ 2 by 11 i nch bookl et s.   I ndi v i dual  r epor t s must  be submi t t ed f or  
t he r ef r i ger ant  syst em t est s.

a.   The dat e t he t est s wer e per f or med.

b.   A l i s t  of  equi pment  used,  wi t h cal i br at i on cer t i f i cat i ons.

c.   I ni t i al  t est  summar i es.

d.   Repai r s/ adj ust ment s per f or med.

e.   Fi nal  t est  r esul t s.

3. 5. 1   Ref r i ger ant  Leakage

I f  a r ef r i ger ant  l eak i s di scover ed af t er  t he syst em has been char ged,  t he 
l eaki ng por t i on of  t he syst em must  i mmedi at el y be i sol at ed f r om t he 
r emai nder  of  t he syst em and t he r ef r i ger ant  pumped i nt o t he syst em 
r ecei ver  or  ot her  sui t abl e cont ai ner .   Under  no ci r cumst ances must  t he 
r ef r i ger ant  be di schar ged i nt o t he at mospher e.

3. 5. 2   Cont r act or ' s Responsi bi l i t y

Take st eps,  at  al l  t i mes dur i ng t he i nst al l at i on and t est i ng of  t he 
r ef r i ger at i on syst em,  t o pr event  t he r el ease of  r ef r i ger ant s i nt o t he 
at mospher e.   The st eps must  i ncl ude,  but  not  be l i mi t ed t o,  pr ocedur es 
whi ch wi l l  mi ni mi ze t he r el ease of  r ef r i ger ant s t o t he at mospher e and t he 
use of  r ef r i ger ant  r ecover y devi ces t o r emove r ef r i ger ant  f r om t he syst em 
and st or e t he r ef r i ger ant  f or  r euse or  r ecl ai m.   At  no t i me must  mor e t han 
3 ounces of  r ef r i ger ant  be r el eased t o t he at mospher e i n any one 
occur r ence.   Any syst em l eaks wi t hi n t he f i r st  year  must  be r epai r ed i n 
accor dance wi t h t he r equi r ement s her ei n at  no cost  t o t he Gover nment  
i ncl udi ng mat er i al ,  l abor ,  and r ef r i ger ant  i f  t he l eak i s t he r esul t  of  
def ect i ve equi pment ,  mat er i al ,  or  i nst al l at i on.

3. 6   SYSTEM PERFORMANCE TESTS

Bef or e each r ef r i ger at i on syst em i s accept ed,  conduct  t est s t o demonst r at e 
t he gener al  oper at i ng char act er i st i cs of  al l  equi pment  by a r egi st er ed 
pr of essi onal  engi neer  or  an appr oved manuf act ur er ' s st ar t - up 
r epr esent at i ve exper i enced i n syst em st ar t - up and t est i ng,  at  such t i mes 
as di r ect ed.   Si x copi es of  t he r epor t  pr ovi ded i n bound 8- 1/ 2 by 11 i nch 
bookl et s.   The r epor t  must  document  compl i ance wi t h t he speci f i ed 
per f or mance cr i t er i a upon compl et i on and t est i ng of  t he syst em.   The 
r epor t  must  i ndi cat e t he number  of  days cover ed by t he t est s and any 
concl usi ons as t o t he adequacy of  t he syst em.

For  equi pment  pr ovi di ng heat i ng and cool i ng t he syst em per f or mance t est s 
must  be per f or med dur i ng t he heat i ng and cool i ng seasons.

a.   Submi t  a schedul e,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed 
t est i ng,  f or  t he syst em per f or mance t est s.   The schedul es must  
i dent i f y t he pr oposed dat e,  t i me,  and l ocat i on f or  each t est .   Test s 
must  cover  a per i od of  not  l ess t han 48 hour s f or  each syst em and must  
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demonst r at e t hat  t he ent i r e syst em i s f unct i oni ng i n accor dance wi t h 
t he dr awi ngs and speci f i cat i ons.

b.   Make cor r ect i ons and adj ust ment s,  as necessar y,  t est s must  be 
r e- conduct ed t o demonst r at e t hat  t he ent i r e syst em i s f unct i oni ng as 
speci f i ed.   Pr i or  t o accept ance,  i nst al l  and t i ght en ser vi ce val ve 
seal  caps and bl anks over  gauge poi nt s.   Repl ace any r ef r i ger ant  l ost  
dur i ng t he syst em st ar t up.

c.   I f  t est s do not  demonst r at e sat i sf act or y syst em per f or mance,  cor r ect  
def i c i enci es and r et est  t he syst em.   Conduct  t est s i n t he pr esence of  
t he Cont r act i ng Of f i cer .   Wat er  and el ect r i c i t y r equi r ed f or  t he t est s 
wi l l  be f ur ni shed by t he Gover nment .   Pr ovi de al l  mat er i al ,  equi pment ,  
i nst r ument s,  and per sonnel  r equi r ed f or  t he t est .

d.   Coor di nat e f i el d t est s wi t h Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND 
BALANCI NG OF HVAC SYSTEMS.   Submi t  6 copi es of  t he r epor t  pr ovi ded i n 
bound 8- 1/ 2 by 11 i nch bookl et s.   The r epor t  must  document  compl i ance 
wi t h t he speci f i ed per f or mance cr i t er i a upon compl et i on and t est i ng of  
t he syst em.   The r epor t  must  i ndi cat e t he number  of  days cover ed by 
t he t est s and any concl usi ons as t o t he adequacy of  t he syst em.   
Submi t  t he r epor t  i ncl udi ng t he f ol l owi ng i nf or mat i on ( wher e val ues 
ar e t aken at  l east  t hr ee di f f er ent  t i mes at  out s i de dr y- bul b 
t emper at ur es t hat  ar e at  l east  5 degr ees F apar t ) :

( 1)   Dat e and out si de weat her  condi t i ons.

( 2)   The l oad on t he syst em based on t he f ol l owi ng:

( a)   The r ef r i ger ant  used i n t he syst em.
( b)   Condensi ng t emper at ur e and pr essur e.
( c)   Suct i on t emper at ur e and pr essur e.
( d)   Ambi ent ,  condensi ng and cool ant  t emper at ur es.
( e)   Runni ng cur r ent ,  vol t age and pr oper  phase sequence f or  each 
phase of  al l  mot or s.

( 3)   The act ual  on- si t e set t i ng of  oper at i ng and saf et y cont r ol s.

( 4)   Ther most at i c expansi on val ve super heat  -  val ue as det er mi ned by 
f i el d t est .

( 5)   Subcool i ng.

( 6)   Hi gh and l ow r ef r i ger ant  t emper at ur e swi t ch set - poi nt s

( 7)   Low oi l  pr essur e swi t ch set - poi nt .

( 8)   Def r ost  syst em t i mer  and t her most at  set - poi nt s.

( 9)   Moi st ur e cont ent .

( 10)   Capaci t y cont r ol  set - poi nt s.

( 11)   Fi el d dat a and adj ust ment s whi ch af f ect  uni t  per f or mance and 
ener gy consumpt i on.

( 12)   Fi el d adj ust ment s and set t i ngs whi ch wer e not  per manent l y mar ked 
as an i nt egr al  par t  of  a devi ce.
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3. 7   MAI NTENANCE

3. 7. 1   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  equi pment  speci f i ed,  
af t er  appr oval  of  det ai l  dr awi ngs and not  l at er  t han 2 mont hs pr i or  t o t he 
dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a compl et e l i s t  of  
par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce of  suppl y,  a 
r ecommended spar e par t s l i s t  f or  1 year  of  oper at i on,  and a l i s t  of  t he 
par t s r ecommended by t he manuf act ur er  t o be r epl aced on a r out i ne basi s.

3. 7. 2   Mai nt enance Ser vi ce

Submi t  a cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons,  
whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons,  f or  suppor t  of  t he 
equi pment .   The ser vi ce or gani zat i ons must  be r easonabl y conveni ent  t o t he 
equi pment  i nst al l at i on and be abl e t o r ender  sat i sf act or y ser vi ce t o t he 
equi pment  on a r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  
t he cont r act .

        - -  End of  Sect i on - -
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SECTI ON 23 81 23

COMPUTER ROOM AI R CONDI TI ONI NG UNI TS
11/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AI R- CONDI TI ONI NG,  HEATI NG AND REFRI GERATI ON I NSTI TUTE ( AHRI )

AHRI  1360 ( 2017)  Per f or mance Rat i ng of  Comput er  and 
Dat a Pr ocessi ng Room Ai r  Condi t i oner s

ANSI / AHRI  520 ( 2004)  Per f or mance Rat i ng of  Posi t i ve 
Di spl acement  Condensi ng Uni t s

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 52. 2 ( 2012)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASHRAE 62. 1 ( 2019)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y

ASHRAE 90. 1 -  I P ( 2019;  Er r at a 1 2019;   Er r at a 2- 6 2020;  
Addenda BY- CP 2020;  Addenda AF- DB 2020;  
Addenda A- G 2020;  Addenda F- Y 2021;   
Er r at a 7- 8 2021;  I nt er pr et at i on 1- 6 2021;  
Addenda AS- BF 2022)  Ener gy St andar d f or  
Bui l di ngs Except  Low- Ri se Resi dent i al  
Bui l di ngs

ASHRAE 127 ( 2020)  Met hod of  Test i ng f or  Rat i ng 
Comput er  and Dat a Pr ocessi ng Room Uni t ar y 
Ai r - Condi t i oner s

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B31. 5 ( 2022)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

ASTM I NTERNATI ONAL ( ASTM)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM C1338 ( 2014)  St andar d Test  Met hod f or  
Det er mi ni ng Fungi  Resi st ance of  I nsul at i on 
Mat er i al s and Faci ngs
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ETL TESTI NG LABORATORI ES ( ETL)

ETL DLP ( updat ed cont i nuousl y)  ETL Li st ed Mar k 
Di r ect or y

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C2 ( 2017;  Er r at a 1- 2 2017;  I NT 1 2017)  
Nat i onal  El ect r i cal  Saf et y Code

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 10 ( 2017)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Fi xed Fr equency 
Medi um AC Squi r r el - Cage Pol yphase 
I nduct i on Mot or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

40 CFR 82 Pr ot ect i on of  St r at ospher i c Ozone

UNDERWRI TERS LABORATORI ES ( UL)

UL 181 ( 2013;  Repr i nt  Dec 2021)  UL St andar d f or  
Saf et y Fact or y- Made Ai r  Duct s and Ai r  
Connect or s

UL El ec Equi p Di r ( 2011)  El ect r i cal  Appl i ance and 
Ut i l i zat i on Equi pment  Di r ect or y

1. 2   DEFI NI TI ONS

Comput er  Room Ai r  Condi t i oner  ( CRAC) :   A s i ngl e,  sel f - cont ai ned uni t  
or  spl i t - syst em uni t  desi gned and manuf act ur ed speci f i cal l y f or  
t emper at ur e and humi di t y cont r ol  of  dat a pr ocessi ng envi r onment s.

Rack:   Tel ecommuni cat i ons suppor t  f r ame t hat  can consi st  of  
post - and- f r ame or  f ul l  cabi net  const r uct i on.  

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Smal l  Comput er  Room Ai r  Condi t i oner s;  G
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Space Temper at ur e Cont r ol  Syst em Dr awi ngs;  G

Fi l t er s

Ref r i ger ant s;  S

Leak Det ect i on;  G

SD- 06 Test  Repor t s

Manuf act ur er ' s Fact or y Test  Pl ans;  G

Fact or y Test  Repor t s;  G

Fi el d Test  Schedul e;  G

Manuf act ur er ' s Fi el d Test  Pl ans;  G

Fi el d Test  Repor t s;  G

SD- 07 Cer t i f i cat es

Cer t i f i cat e of  Speci f i cat i on Compl i ance;  G

Cr edent i al s of  t he Manuf act ur er ' s Fi el d Test  Repr esent at i ve;  G

Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

Cer t i f i ed Li st  Of  Qual i f i ed Per manent  Ser vi ce Or gani zat i ons

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst al l at i on Manual  f or  Each Type of  CRAC

SD- 10 Oper at i on and Mai nt enance Dat a

Comput er  Room Ai r  Condi t i oner  Oper at i on and Mai nt enance Dat a,  Dat a 
Package 4;  G

SD- 11 Cl oseout  Submi t t al s

I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on;  S

1. 4   REFRI GERANTS

Ref r i ger ant s must  have an Ozone Depl et i on Pot ent i al  ( ODP)  no gr eat er  t han 
0. 0.   CFC- based r ef r i ger ant s ar e pr ohi bi t ed.   HCFCs and Hal ons ar e not  
per mi t t ed.   Pr ovi de SDS sheet s f or  al l  r ef r i ger ant s.

1. 5   QUALI FI CATI ONS

1. 5. 1   Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

Al l  t echni c i ans wor ki ng on equi pment  t hat  cont ai n ozone depl et i ng 
r ef r i ger ant s must  be cer t i f i ed as a Sect i on 608 Techni c i an t o meet  
r equi r ement s i n 40 CFR 82,  Subpar t  F.   Pr ovi de copi es of  t echni c i an 
cer t i f i cat i ons t o t he Cont r act i ng Of f i cer  at  l east  14 cal endar  days pr i or  
t o wor k on any equi pment  cont ai ni ng t hese r ef r i ger ant s.
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1. 6   QUALI FI CATI ONS

1. 6. 1   Mat er i al  and Equi pment  Qual i f i cat i ons

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  
manuf act ur er s r egul ar l y engaged i n t he manuf act ur er  of  such pr oduct s,  
whi ch ar e of  a s i mi l ar  mat er i al ,  desi gn,  and wor kmanshi p.   St andar d 
pr oduct s must  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  
t wo year s pr i or  t o bi d openi ng.   The t wo- year  use must  i ncl ude 
appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  
s i mi l ar  s i ze.   The pr oduct  must  have been f or  sal e on t he commer ci al  
mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  br ochur es 
dur i ng t he t wo- year  per i od.

1. 6. 2   Al t er nat i ve Equi pment  Qual i f i cat i ons

Pr oduct s havi ng l ess t han a t wo- year  f i el d ser vi ce r ecor d wi l l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  
l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er ' s f act or y or  
l abor at or y t est s,  can be shown.

1. 6. 3   Ser vi ce Suppor t

The equi pment  i t ems must  be suppor t ed by ser vi ce or gani zat i ons.   Submi t  a 
cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons f or  suppor t  of  
t he equi pment  whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons.   These 
ser vi ce or gani zat i ons must  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he equi pment  on a 
r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

1. 6. 4   Manuf act ur er ' s Namepl at e

For  each i t em of  equi pment ,  pr ovi de a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

1. 6. 5   Modi f i cat i on of  Ref er ences

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on" ,  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .

1. 6. 5. 1   Def i ni t i ons

For  t he I nt er nat i onal  Code Counci l  ( I CC)  Codes r ef er enced i n t he cont r act  
document s,  advi sor y pr ovi s i ons must  be consi der ed mandat or y,  t he wor d 
" shoul d"  i s i nt er pr et ed as " must . "   Ref er ence t o t he " code of f i c i al "  must  
be i nt er pr et ed t o mean t he " Cont r act i ng Of f i cer . "   For  Navy owned 
pr oper t y,  r ef er ences t o t he " owner "  must  be i nt er pr et ed t o mean t he 
" Cont r act i ng Of f i cer . "   For  l eased f aci l i t i es,  r ef er ences t o t he " owner "  
must  be i nt er pr et ed t o mean t he " l essor . "   Ref er ences t o t he " per mi t  
hol der "  must  be i nt er pr et ed t o mean t he " Cont r act or . "
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1. 6. 5. 2   Admi ni st r at i ve I nt er pr et at i ons

For  I CC Codes r ef er enced i n t he cont r act  document s,  t he pr ovi s i ons of  
Chapt er  1,  " Admi ni st r at or , "  do not  appl y.   These admi ni st r at i ve 
r equi r ement s ar e cover ed by t he appl i cabl e Feder al  Acqui s i t i on Regul at i ons 
( FAR)  i ncl uded i n t hi s cont r act  and by t he aut hor i t y gr ant ed t o t he 
Of f i cer  i n Char ge of  Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s 
pr oj ect .   Ref er ences i n t he I CC Codes t o sect i ons of  Chapt er  1,  must  be 
appl i ed appr opr i at el y by t he Cont r act i ng Of f i cer  as aut hor i zed by hi s 
admi ni st r at i ve cogni zance and t he FAR.

1. 7   PROJECT REQUI REMENTS

1. 7. 1   Ver i f i cat i on of  Di mensi ons

Become f ami l i ar  wi t h t he det ai l s of  t he wor k,  ver i f y al l  di mensi ons i n t he 
f i el d,  and pr ovi de adequat e c l ear ance f or  al l  connect i ons and ser vi ce 
access.  Not i f y t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e 
per f or mi ng any wor k.

1. 7. 2   Ener gy Ef f i c i ency

Pr ovi de equi pment  wi t h mi ni mum ef f i c i enci es as r equi r ed by ASHRAE 90. 1 -  I P.

1. 8   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s t o pr event  damage 
bef or e and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .   Repl ace 
damaged or  def ect i ve i t ems.

PART 2   PRODUCTS

2. 1   SMALL COMPUTER ROOM AI R CONDI TI ONERS

Pr ovi de compl et e wor ki ng CRACs,  desi gned and f act or y assembl ed.   Equi pment  
must  be l i s t ed i n UL El ec Equi p Di r  or  ETL DLP f or  comput er  r oom 
appl i cat i on.   CRACs must  have a mi ni mum sensi bl e coef f i c i ent  of  
per f or mance oi n accor dance wi t h ASHRAE 127.   CRACs must  i ncl ude r oom 
cabi net  and f r ame,  f an,  f i l t er ,  cool i ng coi l ,  humi di f i er  ,  compr essor ,  
condenser ,  cont r ol s,  and,  i nt er connect i ng pi pi ng i nt er nal  t o t he CRAC.   
Pr ovi de uni t s r at ed i n accor dance wi t h AHRI  1360.   Pr ovi de al l  r ef r i ger ant  
pi pi ng i n accor dance wi t h Sect i on 23 23 00 REFRI GERANT PI PI NG.

2. 1. 1   Syst em Conf i gur at i on

Spl i t  Syst em Ai r  Cool ed:   Pr ovi de an i ndoor  uni t  f or  duct ed conceal ed 
appl i cat i on,  an out door  condensi ng uni t ,  and i nt er connect i ng r ef r i ger ant  
pi pi ng.   Uni t  must  consi st  of  a di r ect  expansi on syst em evapor at or  and an 
out door ,  ai r  cool ed condensi ng uni t .

2. 1. 2   Evapor at or  Cabi net  Const r uct i on

Pr ovi de cabi net  and chassi s const r uct ed of  heavy gauge gal vani zed st eel  
wi t h al l  ser vi ce access f r om a si ngl e s i de of  t he uni t .   Mount i ng br acket s 
must  be i nt egr al  t o t he cabi net .   I nt er nal  cabi net  i nsul at i on must  meet  
ASHRAE 62. 1 r equi r ement s f or  Mol d Gr owt h,  Humi di t y & Er osi on,  t est ed per  
UL 181 and ASTM C1338 st andar ds.
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2. 1. 3   Ai r  Di st r i but i on Component s

Pr ovi de di r ect - dr i ve f an assembl y equi pped wi t h doubl e- i nl et  bl ower ,  
sel f - al i gni ng bal l  bear i ngs and l i f et i me l ubr i cat i on.   Fan mot or  must  be 
per manent - spl i t  capaci t or ,  hi gh- ef f i c i ency t ype,  equi pped wi t h t wo speeds 
f or  ai r f l ow modul at i on.   The mi cr opr ocessor  cont r ol l er  must  use t he l ower  
f an speed f or  pr eci se dehumi di f i cat i on cont r ol .   Fan speed must  al so be 
user  sel ect abl e f r om t he wal l  cont r ol l er .   Syst em must  be sui t abl e f or  
suppl y and r et ur n ai r  pl enum or  duct ed suppl y and r et ur n ai r  
di st r i but i on.   Pr ovi de f i l t er  r ack desi gned t o accept  4 i nch t hi ck f i l t er s.   
Pr ovi de pl eat ed f i l t er s wi t h a MERV 13 r at i ng i n accor dance wi t h 
ASHRAE 52. 2.

2. 1. 4   Di r ect  Expansi on Syst em Evapor at or  Component s

The evapor at or  sect i on must  i ncl ude evapor at or  coi l ,  t her most at i c 
expansi on val ve and f i l t er  dr i er .   The evapor at or  coi l  must  be const r uct ed 
of  copper  t ubes and al umi num f i ns.   Pr ovi de an ext er nal l y equal i zed 
t her most at i c expansi on val ve t o cont r ol  r ef r i ger ant  f l ow.   The r ef r i ger ant  
pi pi ng must  be spun- cl osed and f i l l ed wi t h a ni t r ogen hol di ng char ge.   
Evapor at or  and condensi ng uni t  must  be f i el d pi ped usi ng copper  l i nes,  
br azed,  evacuat ed and f i el d char ged wi t h R- 407C r ef r i ger ant .   The 
evapor at or  uni t  can be coupl ed di r ect l y wi t h t he condensi ng uni t  or  
mount ed r emot e t o t he condensi ng uni t .   The coi l  assembl y must  be mount ed 
i n a condensat e dr ai n pan wi t h an i nt er nal l y t r apped dr ai n l i ne.   The 
evapor at or  dr ai n pan must  i ncl ude a f act or y- i nst al l ed f l oat  swi t ch t o shut  
down t he evapor at or  upon hi gh wat er  condi t i on.

2. 1. 5   Out door ,  Ai r - Cool ed Condensi ng Uni t

Pr ovi de condensi ng uni t  r at ed i n accor dance wi t h ANSI / AHRI  520 and 
desi gned f or  per manent  out door  i nst al l at i on.   Pr ovi de r emovabl e panel s f or  
access t o al l  component s.   Condensi ng uni t  component s must  i ncl ude 
condenser  coi l ,  di r ect  dr i ve pr opel l er  f an,  scr ol l  compr essor ,  
hi gh- pr essur e swi t ch,  r ef r i ger ant  r ecei ver ,  head pr essur e cont r ol  val ve,  
hot  gas bypass syst em,  and l i qui d l i ne sol enoi d val ve.   Uni t  casi ng and 
chassi s must  be const r uct ed of  heavy gauge gal vani zed st eel .

Pr ovi de hot  gas bypass t o r educe compr essor  cycl i ng and i mpr ove oper at i on 
under  l ow- l oad condi t i ons.   The hot  gas bypass must  be compl et el y 
cont ai ned i n t he condensi ng uni t .   Fi el d i nst al l ed t hi r d r ef r i ger ant  l i ne 
i s not  accept abl e.   Hot  gas bypass must  be aut omat i cal l y deact i vat ed upon 
a cal l  f or  dehumi di f i cat i on.   Pr ovi de a hi gh pr essur e swi t ch t o pr ot ect  
t he uni t  f r om abnor mal  r ef r i ger ant  pr essur e condi t i ons and deact i vat e t he 
compr essor  and annunci at e an al ar m at  t he wal l  cont r ol l er .   The bl ower  
must  cont i nue t o c i r cul at e ai r .   The wal l  cont r ol l er  must  be used t o 
manual l y r est ar t  t he compr essor  f unct i on af t er  t he aut omat i c pr essur e 
swi t ch r eset s.   Thr ee hi gh head pr essur e al ar ms i n a r ol l i ng 12- hour  
per i od must  l ock out  t he manual  r est ar t  f eat ur e unt i l  power  i s cycl ed t o 
t he evapor at or  uni t .   A pr essur e bal anci ng val ve must  be f act or y i nst al l ed 
t o r educe t he chance of  hi gh pr essur e cut - out  due t o excessi ve r ef r i ger ant  
mi gr at i on t o t he r ecei ver  due t o changi ng out door  t emper at ur es dur i ng 
of f - cycl es.   The r ef r i ger ant  pi pi ng must  be spun- cl osed and f i l l ed wi t h a 
ni t r ogen hol di ng char ge.   Evapor at or  and condensi ng uni t  must  be f i el d 
pi ped usi ng copper  l i nes,  br azed,  evacuat ed and f i el d char ged wi t h R- 407C 
r ef r i ger ant .   Condensi ng uni t  must  be desi gned f or  95 degr ees F ambi ent  
and be capabl e of  oper at i on t o 0 degr ees F.   Condensi ng uni t  must  oper at e 
at  a sound l evel  l ess t han 58 dbA.   The condensi ng coi l  must  be 
const r uct ed of  copper  t ubes and al umi num f i ns.
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2. 1. 6   St eam Gener at i ng Humi di f i er

Pr ovi de a f act or y mount ed st eam gener at i ng humi di f i er  t hat  i s  cont r ol l ed 
by t he i nt egr al  uni t  cont r ol s.  Humi di f i er  must  i ncl ude di sposabl e 
cani st er ,  al l  suppl y and dr ai n val ves,  1 i nch ai r  gap on f i l l  l i ne,  i nl et  
st r ai ner ,  st eam di st r i but or  and el ect r oni c cont r ol s.   The need t o change 
cani st er  must  be annunci at ed on t he wal l - mount ed cont r ol l er .   An LED l i ght  
on t he humi di f i er  assembl y must  i ndi cat e cyl i nder  f ul l ,  over cur r ent  
det ect i on,  f i l l  syst em f aul t  and end of  cyl i nder  l i f e condi t i ons.   The 
cani st er  f l ush wat er  must  not  dr ai n i nt o t he coi l  dr ai n pan.   The 
humi di f i er  wand must  be mount ed over  t he coi l  dr ai n pan.

2. 1. 7   Cont r ol s

Pr ovi de r emot e mount ed col or  t ouchscr een di spl ay f or  each uni t .   Pr ovi de 
r emot e mount ed t emper at ur e and humi di t y sensor s f or  each uni t .   Cont r ol s 
must  be or gani zed by menus wi t h mi ni mum menu sel ect i on of :  Al ar ms,  Event  
Log,  Gr aphi cs,  and St at us Over vi ew.   The Gr aphi cs menu must  di spl ay a 
mi ni mum of  t he f ol l owi ng:  zone t emper at ur e and humi di t y,  zone set poi nt s,  
and f an st at us.   Cont r ol s must  i ncl ude a cont r ol  syst em i nt er f ace.   The 
cont r ol  syst em i nt er f ace must  meet  DDC Har dwar e r equi r ement s of  Sect i on 
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS.

I nt egr at e CRAC cont r ol  i nt o t he HVAC cont r ol  syst em def i ned i n Sect i on 
23 09 23. 02 BACNET DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL 
SYSTEMS. 2. 2   I NSTRUMENTATI ON AND CONTROLS

Al l  cont r ol s pr ovi ded under  t hi s sect i on must  be coor di nat ed wi t h DDC 
syst em cont r ol s.

2. 2. 1   Uni t  Level  Cont r ol s

Pr ovi de f act or y i nst al l ed component s and wi r i ng t o cont r ol  a uni t ' s  basi c 
f unct i ons and space ambi ent  condi t i ons i ncl udi ng humi di f i cat i on and 
dehumi di f i cat i on at  one f act or y i nst al l ed and t est ed st at i on.   Cont r ol l er  
modul es must  pr ovi de aut omat i c cent r al i zed cont r ol  of  comput er  r oom 
cr i t i cal  equi pment ,  s i mpl i f y i ng emer gency swi t chi ng and uni t  t est i ng.   
When t he modul e r ecogni zes an al ar m condi t i on,  i t  must  aut omat i cal l y 
swi t ch t o a st and- by devi ce.   User  must  be abl e t o pr ogr am a swi t chi ng 
del ay t o al l ow t i me t o cor r ect  emer gency condi t i ons.   Pr ovi de modul es wi t h 
capabi l i t y  t o bal ance t he r unt i me of  al l  connect ed ai r  uni t s.   Pr ovi de 
cl ear ,  s i mpl i f i ed i nst r uct i ons f or  pr ogr ammi ng and conf i gur at i on of  
cont r ol l er s,  mi ni mi zi ng t he chances of  oper at or  er r or .   Pr ovi de an 
el ect r oni c t emper at ur e and humi di t y r ecor der ,  i nt egr al  or  ext er nal  t o t he 
uni t ,  r eadabl e t o speci f i ed cont r ol  accur acy,  compl et e wi t h suppl i es 
r equi r ed f or  one year  of  oper at i on.   Cont r ol s must  i ncl ude a cont r ol  
syst em i nt er f ace t o an HVAC cont r ol  syst em.   The cont r ol  syst em i nt er f ace 
must  meet  DDC Har dwar e r equi r ement s of  Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.   Uni t  
cont r ol s must  compl y wi t h t he r equi r ement s of  Sect i on 25 05 11. 01 
CYBERSECURI TY FOR FACI LI TY- RELATED HVAC CONTROL SYSTEMS.

2. 2. 1. 1   Di spl ay Panel

Pr ovi de col or  LED t ouchscr een di spl ay wi t h gr aphi cal  menu navi gat i on.   
Di spl ay panel  must  i ncl ude t he f ol l owi ng mi ni mum dat a:  power  on,  power  
of f ,  uni t  i n al ar m,  descr i pt i on of  al ar m,  f i l t er  st at us,  r oom t emper at ur e,  
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 r oom r el at i ve humi di t y ,  event  l og,   ser vi ce cont act  i nf or mat i on,   and 
uni t  r un hour s.   Di spl ay must  have capabi l i t y  t o set  up passwor d pr ot ect i on.

Pr ovi de t he f ol l owi ng mi ni mum ext er nal l y accessi bl e cont r ol s at  t he uni t :  
st ar t  and st op t ot al  syst em f unct i ons,  s i l ence audi bl e al ar m,  mai n power  
di sconnect .

2. 2. 1. 2   Al ar ms

Di spl ay al ar ms on uni t  di spl ay panel .   Al ar m f or  t he f ol l owi ng:  hi gh and 
l ow space t emper at ur e,  hi gh and l ow space humi di t y,  di r t y f i l t er s,  l oss of  
ai r f l ow,  compr essor  hi gh head pr essur e,  cust om al ar ms as i ndi cat ed on t he 
cont r ol s dr awi ngs,  humi di f i er  pr obl ems,  and l eak det ect i on.   Pr ovi de f i el d 
accessi bl e l ocal  audi bl e al ar m wi t h s i l ence pushbut t on.   Pr ovi de 
push- t o- t est  l amps or  al l - l amp t est  pushbut t on.

2. 2. 1. 3   Leak Det ect i on

Pr ovi de spot  moi st ur e det ect i on syst em f or  each comput er  r oom.   Leak 
det ect i on must  be desi gned f or  i nst al l at i on on t he subf l oor  bel ow t he 
r ai sed f l oor  of  t he comput er  r oom.   Leak det ect i on syst em must  i nt er f ace 
wi t h t he associ at ed CRAC cont r ol  panel  t o al ar m upon det ect i on of  moi st ur e 
on t he subf l oor .

2. 2. 1. 4   Fact or y Wi r ed Component s

Pr ovi de CRAC manuf act ur er ' s r emot e r oom t emper at ur e sensor  r oom humi di t y 
sensor .   Sensor s must  meet  t he r equi r ement s of  Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC.

Pr ovi de f act or y wi r ed di schar ge ai r  t emper at ur e sensor .   Sensor s must  meet  
t he r equi r ement s of  Sect i on 23 09 13 I NSTRUMENTATI ON AND CONTROL DEVI CES 
FOR HVAC.

2. 2. 2   I nt egr at i on t o HVAC cont r ol  syst emBasewi de Ut i l i t y  Moni t or i ng and 
Cont r ol  Syst em ( UMCS)

I nt egr at e CRAC cont r ol  i nt o t he HVAC cont r ol  syst em def i ned i n Sect i on 
23 09 23. 02 BACNET DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL 
SYSTEMS.

Ref er  t o cont r ol s dr awi ngs f or  mi ni mum poi nt s r equi r ed t o i nt er f ace wi t h 
t he HVAC cont r ol  syst em and UMCS.

2. 3   CORROSI ON PROTECTI ON FOR COASTAL I NSTALLATI ONS

Coat  ext er i or  coi l s,  ext er i or  casi ngs,  i nt er i or  coi l s exposed t o out door  
ai r ,  and i nt er i or  casi ngs exposed t o out door  ai r ,  i n accor dance wi t h 
Sect i on 09 90 00 PAI NTS AND COATI NGS.

Pr ovi de t he phenol i c f i ni sh coat i ng syst em on ext er i or  coi l s,  ext er i or  
casi ngs,  i nt er i or  coi l s exposed t o out door  ai r ,  and i nt er i or  casi ngs 
exposed t o out door  ai r .   The coat i ng syst em must  not  r educe t he HVAC 
equi pment ' s per f or mance r at i ng.

Fi ni sh coat i ng must  be appl i ed at  t he pr emi ses of  t he HVAC equi pment  
manuf act ur er  or  at  t he pr emi ses of  t he coat i ng manuf act ur er  or  hi s 
aut hor i zed appl i cat or .   Pr ovi de f i ni sh coat i ng i n col or s gr ay,  or  
al umi num,  or  i vor y.   Al l  component s of  t he speci al  f i ni sh coat i ng syst ems,  
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i ncl udi ng pr i mer s and i nt er medi at e coat s,  must  be appl i ed by i mmer si on 
di p- coat i ng or  spr ay- coat i ng i n accor dance wi t h coat i ng manuf act ur er ' s 
wr i t t en pr ocedur es.

I f  speci al  f i ni sh coat i ngs ar e appl i ed at  t he f i ni sh coat i ng 
manuf act ur er ' s ( or  hi s aut hor i zed appl i cat or ' s)  pr emi ses,  t he equi pment  t o 
be f i ni sh coat ed must  be t r anspor t ed t o and f r om t he f i ni sh coat i ng 
manuf act ur er ' s pr emi ses by t he Cont r act or .   The f i ni sh- coat i ng 
manuf act ur er  must  be r esponsi bl e f or  necessar y di sassembl y of  t he HVAC 
equi pment  and r e- assembl y of  f i nal  f i ni sh coat ed equi pment .

Submi t  f or  appr oval  a Cer t i f i cat e of  Speci f i cat i on Compl i ance pr ovi ded by 
t he f i ni sh coat i ng syst em manuf act ur er .   Requi r ement s f or  cer t i f i cat e 
i ncl ude:

a.   Name of  f i r m t hat  pr ovi ded t he f i ni sh coat i ng syst em.

b.   Pr oj ect  t i t l e and Navy const r uct i on cont r act  number .

c.   Li st i ng of  t he pi eces of  equi pment  t hat  wer e f i ni sh coat ed by t hi s 
f i r m.

 
d.   Cer t i f i cat e must  cer t i f y t hat  t he f i ni sh coat i ng mat er i al s and 

appl i cat i on pr ocedur es empl oyed conf or m t o t he cont r act  speci f i cat i ons.

e.   Dat e of  f i nal  i nspect i on by t hi s f i r m and pr i nt ed name and si gnat ur e 
of  t he i nspect or .

f .   Pr i nt ed name and si gnat ur e of  t he of f i cer  of  t he f i r m t hat  i s 
r esponsi bl e f or  f i r m' s cer t i f i cat i on pr ogr am.

2. 3. 1   Phenol i c Fi ni sh Coat i ng Syst em

Pr ovi de a r esi n base t her moset t i ng phenol i c f i ni sh.

2. 3. 1. 1   Heat  Exchanger  Coi l  ( I ncl udi ng Evapor at or  Coi l )  Sur f aces

a.   Appl y phenol i c f i ni sh t o t he ent i r e coi l .   Pr ovi de a mi ni mum of  t wo 
coat s.   Tot al  mi ni mum dr y f i l m t hi ckness must  be 3 mi l s.

b.   I n l i eu of  coat i ng,  pr ovi de coi l  of  copper  t ubes and copper  f i ns

2. 3. 1. 2   Uni nsul at ed I nt er i or  Sur f aces and Ext er i or  Sur f aces 

Ami ne cur ed epoxy phenol i c f i ni sh:   6 t o 7 mi l s mi ni mum t ot al  dr y f i l m 
t hi ckness.

2. 3. 1. 3   I nsul at ed I nt er i or  Sur f aces 

Pol yest er  or  Vi nyl  Est er  f i ni sh:   2 t o 10 mi l s mi ni mum dr y f i l m 
t hi ckness.

2. 4   FACTORY PAI NTI NG SYSTEMS

Pr ovi de manuf act ur er ' s st andar d f act or y pai nt i ng.   Cer t i f y t hat  t he 
f act or y pai nt i ng syst em appl i ed wi l l  wi t hst and 125 hour s i n a sal t - spr ay 
f og t est ,  except  t hat  equi pment  l ocat ed out door s must  wi t hst and 500 hour s 
i n a sal t - spr ay f og t est .   Sal t - spr ay f og t est  must  be i n accor dance wi t h 
ASTM B117,  and f or  t hat  t est  t he accept ance cr i t er i a must  be as f ol l ows:   
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i mmedi at el y af t er  compl et i on of  t he t est ,  t he pai nt  must  show no si gns of  
bl i s t er i ng,  wr i nkl i ng,  or  cr acki ng,  and no l oss of  adhesi on;  and t he 
speci men must  show no si gns of  r ust  cr eepage beyond 0. 125 i nch on ei t her  
s i de of  t he scr at ch mar k.

The f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed on t he equi pment  
must  not  be l ess t han t he f i l m t hi ckness used on t he t est  speci men.   The 
f act or y pai nt i ng syst em must  be desi gned f or  t he ant i c i pat ed t emper at ur e 
ser vi ce.

2. 5   ELECTRI CAL

Pr ovi de an i nt egr al  el ect r i cal  panel  of  s i mi l ar  const r uct i on t o t he uni t  
cabi net .   Wi t hi n t he el ect r i cal  panel ,  pr ovi de a s i ngl e poi nt  power  
connect i on t er mi nal  bl ock and f use bl ock and di sconnect  swi t ch.   
Coor di nat e wi t h el ect r i cal  f or  t he el ect r i cal  panel   Shor t  Ci r cui t  Cur r ent  
Rat i ng ( SCCR) .

2. 5. 1   El ect r i cal  Mot or s,  Cont r ol l er s,  Cont act or s,  and Di sconnect s

Pr ovi de mot or s,  cont r ol l er s,  di sconnect s and cont act or s wi t h t hei r  
r espect i ve pi eces of  equi pment .   Mot or s,  cont r ol l er s,  di sconnect s and 
cont act or s must  conf or m t o and have el ect r i cal  connect i ons pr ovi ded under  
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de i nt er nal  wi r i ng 
f or  component s of  packaged equi pment  as an i nt egr al  par t  of  t he 
equi pment .   Ext ended vol t age r ange mot or s wi l l  not  be per mi t t ed.   
Cont r ol l er s and cont act or s must  have a maxi mum of  120 vol t  cont r ol  
c i r cui t s,  and must  have auxi l i ar y cont act s f or  use wi t h t he cont r ol s 
pr ovi ded.   When mot or s and equi pment  pr ovi ded ar e l ar ger  t han si zes 
i ndi cat ed,  t he cost  of  addi t i onal  el ect r i cal  ser vi ce and r el at ed wor k must  
be i ncl uded under  t he sect i on t hat  speci f i ed t hat  mot or  or  equi pment .   
Power  wi r i ng and condui t  f or  f i el d i nst al l ed equi pment  must  be pr ovi ded 
under  and conf or m t o t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.

2. 5. 2   El ect r i cal  I nst al l at i ons

Conf or m t o I EEE C2,  NFPA 70,  and r equi r ement s speci f i ed her ei n.

2. 5. 2. 1   New Wor k

Pr ovi de el ect r i cal  component s of  mechani cal  equi pment ,  such as mot or s,  
mot or  st ar t er s,  cont r ol  or  push- but t on st at i ons,  f l oat  or  pr essur e 
swi t ches,  sol enoi d val ves,  i nt egr al  di sconnect s,  and ot her  devi ces 
f unct i oni ng t o cont r ol  mechani cal  equi pment ,  as wel l  as cont r ol  wi r i ng and 
condui t  f or  c i r cui t s r at ed 100 vol t s or  l ess,  t o conf or m wi t h t he 
r equi r ement s of  t he sect i on cover i ng t he mechani cal  equi pment .   Ext ended 
vol t age r ange mot or s ar e not  t o be per mi t t ed.   The i nt er connect i ng power  
wi r i ng and condui t ,  cont r ol  wi r i ng r at ed 120 vol t s ( nomi nal )  and condui t ,  
and t he el ect r i cal  power  c i r cui t s must  be pr ovi ded under  Di v i s i on 26,  
except  i nt er nal  wi r i ng f or  component s of  package equi pment  must  be 
pr ovi ded as an i nt egr al  par t  of  t he equi pment .   When mot or s and equi pment  
pr ovi ded ar e l ar ger  t han si zes i ndi cat ed,  pr ovi de any r equi r ed changes t o 
t he el ect r i cal  ser vi ce as may be necessar y and r el at ed wor k as a par t  of  
t he wor k f or  t he sect i on speci f y i ng t hat  mot or  or  equi pment .

2. 5. 2. 2   Modi f i cat i ons t o Exi st i ng Syst ems

Wher e exi st i ng mechani cal  syst ems and mot or - oper at ed equi pment  r equi r e 
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modi f i cat i ons,  pr ovi de el ect r i cal  component s under  Di v i s i on 26.

2. 5. 2. 3   Hi gh Ef f i c i ency Mot or s

2. 5. 2. 3. 1   Hi gh Ef f i c i ency Si ngl e- Phase Mot or s

Unl ess ot her wi se speci f i ed,  s i ngl e- phase f r act i onal - hor sepower  
al t er nat i ng- cur r ent  mot or s must  be hi gh ef f i c i ency t ypes cor r espondi ng t o 
t he appl i cat i ons l i s t ed i n NEMA MG 11.

2. 5. 2. 3. 2   Hi gh Ef f i c i ency Pol yphase Mot or s

Unl ess ot her wi se speci f i ed,  pol yphase mot or s must  be sel ect ed based on 
hi gh ef f i c i ency char act er i st i cs r el at i ve t o t he appl i cat i ons as l i s t ed i n 
NEMA MG 10.   Addi t i onal l y,  pol yphase squi r r el - cage medi um i nduct i on mot or s 
wi t h cont i nuous r at i ngs must  meet  or  exceed ener gy ef f i c i ent  r at i ngs i n 
accor dance wi t h Tabl e 12- 6C of  NEMA MG 1.

2. 5. 2. 4   Thr ee- Phase Mot or  Pr ot ect i on

Pr ovi de cont r ol l er s f or  mot or s r at ed 1 hor sepower  and l ar ger  wi t h 
el ect r oni c phase- vol t age moni t or s desi gned t o pr ot ect  mot or s f r om 
phase- l oss,  under vol t age,  and over vol t age.   Pr ovi de pr ot ect i on f or  mot or s 
f r om i mmedi at e r est ar t  by a t i me adj ust abl e r est ar t  r el ay.

2. 5. 3   El ect r i cal  Cont r ol  Wi r i ng

Pr ovi de cont r ol  wi r i ng under  Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL 
FOR HVAC.   Pr ovi de Space t emper at ur e cont r ol  syst em dr awi ngs whi ch i ncl ude 
poi nt - t o- poi nt  el ect r i cal  wi r i ng di agr ams.

2. 6   FI RE PROTECTI ON DEVI CES

The r equi r ement s f or  duct  smoke det ect or s ar e speci f i ed i n Sect i on 23 09 00
 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

2. 7   SOURCE QUALI TY CONTROL

Pr ovi de f act or y t est  pl an( s) ,  f act or y t est  schedul e( s) ,  f act or y t est ( s)  
and f act or y t est  r epor t ( s)  on ( each of  t he CRAC( s) ;  .

2. 7. 1   Manuf act ur er ' s Fact or y Test  Pl ans

For  each CRAC,  submi t  a f act or y t est  pl an whi ch when f ol l owed dur i ng 
f act or y t est i ng shal l  ver i f y t hat  t he per f or mance schedul ed on t he 
dr awi ngs i s met  by t he pr oduced CRAC model s.

The manuf act ur er  shal l  per f or m f act or y t est s on t he act ual  CRAC( s)  
pr oduced f or  t hi s pr oj ect .   The t est  r epor t s shal l  document  t he 
per f or mance t est s conduct ed on t he f act or y assembl ed comput er  r oom ai r  
condi t i oni ng uni t s.   Per f or mance t est i ng on t he i ndi v i dual  comput er  r oom 
ai r  condi t i oni ng uni t  component s,  not  f act or y assembl ed,  i s not  accept abl e.

Submi t  t he r equi r ed t est  pl ans f or  r evi ew and appr oval  t o t he Cont r act i ng 
Of f i cer  at  l east  90 cal endar  days bef or e schedul ed f act or y t est  dat e.

2. 7. 1. 1   Test  Pr ocedur e

I ndi cat e i n each t est  pl an t he f act or y accept ance t est  pr ocedur es.   
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Pr ocedur es shal l  be st r uct ur ed t o t est  al l  modes of  oper at i on t o conf i r m 
t hat  t he cont r ol s ar e per f or mi ng i n accor dance wi t h t he i nt ended sequence 
of  cont r ol .

Cont r ol l er s shal l  be ver i f i ed t o be pr oper l y cal i br at ed and have t he 
pr oper  set  poi nt  t o pr ovi de st abl e cont r ol  of  t hei r  r espect i ve equi pment .

I ncl ude i n each t est  pl an a det ai l ed st ep- by- st ep pr ocedur e f or  t est i ng 
aut omat i c cont r ol s pr ovi ded by t he manuf act ur er .

2. 7. 1. 2   Per f or mance Var i abl es

Each t est  pl an shal l  l i s t  per f or mance var i abl es t hat  ar e r equi r ed t o be 
measur ed or  t est ed as par t  of  t he f i el d t est .   I ncl ude i n t he per f or mance 
var i abl es l i s t  t he per f or mance i ndi cat ed on t he equi pment  schedul es on t he 
cont r act  desi gn dr awi ngs.

Manuf act ur er  must  pr ovi de wi t h each t est  pr ocedur e a descr i pt i on of  
accept abl e per f or mance r esul t s t hat  shal l  be ver i f i ed.   Manuf act ur er  shal l  
i dent i f y t he accept abl e l i mi t s or  t ol er ances wi t hi n whi ch each t est ed 
per f or mance var i abl e shal l  accept abl y oper at e.

2. 7. 1. 3   Test  Conf i gur at i on

Pl ans shal l  i ndi cat e t hat  t est s ar e t o be per f or med f or  a mi ni mum of  f our  
cont i nuous hour s i n a wet  coi l  condi t i on.   I f  t est  per i od i s i nt er r upt ed,  
t he f our  hour  t est  per i od shal l  be st ar t ed over .   Each t est  pl an shal l  be 
j ob speci f i c  and shal l  addr ess t he par t i cul ar  CRAC( s)  and par t i cul ar  
condi t i ons whi ch exi st  wi t h t hi s cont r act .   Gener i c or  gener al  pr epr i nt ed 
t est  pr ocedur es ar e not  accept abl e.

2. 7. 1. 4   Test ed Var i abl es

Pl ans shal l  pr ovi de f or  ai r  s i de t est i ng whi ch i ncl udes ver i f i cat i on of  
t he ai r f l ow,  t ot al  st at i c pr essur e;  f an dr i ve mot or  KW,  amper age and RPM;  
and f an RPM.   Pr ovi de ent er i ng ai r  t emper at ur es equal  t o t hose i ndi cat ed 
on t he CRAC schedul es.

2. 7. 1. 5   Speci al i zed Component s

I ncl ude pr ocedur es f or  f i el d t est i ng and f i el d adj ust i ng speci al i zed 
component s,  such as hot  gas bypass cont r ol  val ves,  or  pr essur e val ves.

2. 7. 1. 6   Fact or y Test s Repor t i ng For ms

Each t est  pl an shal l  i ncl ude t he r equi r ed t est  r epor t i ng f or ms t o be 
compl et ed by t he Cont r act or ' s t est i ng r epr esent at i ves.   Submi t  f act or y 
t est  r epor t s,  r ef er enci ng each t est ed CRAC ser i al  number ,  and r ecei ve 
appr oval  bef or e del i ver y of  CRAC t o t he pr oj ect  s i t e.

2. 7. 2   Fact or y Test s

Conduct  t he f act or y t est i ng i n compl i ance wi t h t he Cont r act i ng Of f i cer  
appr oved manuf act ur er ' s f i el d t est  pl an,  and i n accor dance wi t h addi t i onal  
f i el d t est i ng r equi r ement s speci f i ed her ei n.   Recor d t he r equi r ed dat a 
usi ng t he t est  r epor t i ng f or ms appr oved of  t he appr oved f i el d t est  pl an.   
Conduct  t he t est  f or  each CRAC f or  t he cont i nuous t est  per i od i n t he 
appr oved t est  pl an.   A CRAC shut down bef or e t he cont i nuous t est  per i od i s 
compl et ed shal l  r esul t  i n t he t est  per i od bei ng st ar t ed agai n and r un f or  
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t he r equi r ed dur at i on.

2. 7. 3   Def i c i ency Resol ut i on

The t est  r equi r ement s shal l  be accept abl y met ;  def i c i enci es i dent i f i ed 
dur i ng t he t est s shal l  be cor r ect ed i n compl i ance wi t h t he manuf act ur er ' s 
r ecommendat i ons and cor r ect i ons t est ed as speci f i ed i n t he par agr aph 
FACTORY TEST PLANS.

2. 7. 4   Fact or y Test  Repor t s

Use t he t est  r epor t i ng f or ms appr oved i n t he f act or y t est  pl an.   Fi nal  
t est  r epor t  f or ms shal l  be t yped i ncl udi ng dat a ent r i es and r emar ks.   
Compl et ed t est  r epor t  f or ms f or  each CRAC shal l  be r evi ewed,  appr oved,  and 
si gned by t he Manuf act ur er ' s t est  di r ect or .

2. 8   SEI SMI C REQUI REMENTS

CRAC uni t s must  be sei smi cal l y cer t i f i ed i n accor dance wi t h t he 
r equi r ement s i n Sect i on 23 05 48. 19 SEI SMI C BRACI NG FOR HVAC.   Pr ovi de 
sei smi c br aci ng i n accor dance wi t h Sect i on 23 05 48. 19 SEI SMI C BRACI NG FOR 
HVAC.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   CRAC Syst em

I nst al l at i on of  each CRAC syst em i ncl udi ng equi pment ,  mat er i al s,  
i nst al l at i on,  wor kmanshi p,  f abr i cat i on,  assembl y,  er ect i on,  exami nat i on,  
i nspect i on,  and t est i ng,  must  be i n accor dance wi t h ASME B31. 1,  ASME B31. 5,  
NFPA 70,  as modi f i ed and suppl ement ed by t he r equi r ement s of  t hi s sect i on 
and t he CRAC manuf act ur er ' s wr i t t en i nst al l at i on i nst r uct i ons.

I nst al l  al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   I nst al l  conceal ed val ves,  
expansi on j oi nt s,  cont r ol s,  damper s,  and equi pment  r equi r i ng access,  i n 
l ocat i ons f r eel y accessi bl e t hr ough access door s.

3. 1. 2   I nst al l at i on I nst r uct i ons

Pr ovi de a manuf act ur er ' s i nst al l at i on manual  f or  each t ype of  CRAC.

3. 1. 3   Oper at i on and Mai nt enance Dat a

Submi t  Comput er  Room Ai r  Condi t i oner  Oper at i on and Mai nt enance Dat a i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

3. 2   FI ELD QUALI TY CONTROL

Upon compl et i on and bef or e f i nal  accept ance of  wor k,  t est  each CRAC 
subsyst em i n ser vi ce t o demonst r at e compl i ance wi t h t he cont r act  
r equi r ement s,  i ncl udi ng f i el d t est i ng speci f i ed bel ow.   Adj ust  cont r ol s 
and bal ance syst ems pr i or  t o f i nal  accept ance of  compl et ed syst ems.   Test  
cont r ol s t hr ough ever y cycl e of  oper at i on.   Test  saf et y cont r ol s t o 
demonst r at e per f or mance of  r equi r ed f unct i on.   Cor r ect  def ect s i n wor k 
pr ovi ded and r epeat  t est s.   Pr ovi de st eam,  f uel ,  wat er ,  el ect r i c i t y,  
i nst r ument s,  connect i ng devi ces,  and per sonnel  f or  t est s.   Fl ush and cl ean 
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pi pi ng bef or e pl aci ng i n oper at i on.   Cl ean equi pment ,  pi pi ng,  st r ai ner s,  
and duct s.   Pr i or  t o commencement  of  f i el d t est i ng,  r emove al l  f i l t er s and 
pr ovi de new f i l t er s.   Per f or m and document  t hat  pr oper  I ndoor  Ai r  Qual i t y 
Dur i ng Const r uct i on pr ocedur es have been f ol l owed;  t hi s i ncl udes pr ovi di ng 
document at i on showi ng t hat  af t er  const r uct i on ends,  and pr i or  t o 
occupancy,  new f i l t er s wer e pr ovi ded.

3. 3   FI ELD TESTI NG

Pr ovi de f i el d t est  pl ans,  f i el d t est  schedul es,  f i el d t est s and f i el d t est  
r epor t s on each of  t he CRACs.   Fi el d t est  each CRAC f or  Cont r act i ng 
Of f i cer  accept ance i n accor dance wi t h t he CRAC manuf act ur er ' s appr oved 
f i el d t est  pl an.

3. 3. 1   Manuf act ur er ' s Fi el d Test  Pl ans

Submi t  f i el d t est  pl ans devel oped by t he manuf act ur er  f or  each CRAC;  
submi t  t he f i el d t est  pl ans at  l east  90 cal endar  days pr i or  t o pl anned 
dat e of  t he f i el d t est .   Fi el d t est  pl ans devel oped by t he i nst al l i ng 
Cont r act or ,  or  t he equi pment  sal es agency f ur ni shi ng t he CRAC,  wi l l  not  be 
accept abl e.

The Cont r act i ng Of f i cer  wi l l  r evi ew and appr ove t he f i el d t est  pl an f or  
each of  t he l i s t ed CRACs pr i or  t o commencement  of  f i el d t est i ng of  t he 
equi pment .   The appr oved f i el d t est  pl ans must  be f ol l owed f or  t he f i el d 
t est s of  t he CRAC and t est  r epor t i ng.

3. 3. 1. 1   Coor di nat ed Test i ng

I ndi cat e i n each f i el d t est  pl an when wor k r equi r ed by t hi s sect i on 
r equi r es coor di nat i on wi t h t est  wor k r equi r ed by ot her  speci f i cat i on 
sect i ons.   Pr ovi de t est  pr ocedur es f or  t he s i mul t aneous or  i nt egr at ed 
t est i ng of :  CRAC cont r ol s whi ch i nt er l ock and i nt er f ace wi t h cont r ol s 
f act or y pr ewi r ed;  and ext er nal  cont r ol s f or  t he CRAC pr ovi ded under  
Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

3. 3. 1. 2   Pr er equi s i t e Test i ng

Each CRAC f or  whi ch per f or mance t est i ng i s dependent  upon t he compl et i on 
of  t he wor k cover ed by Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND BALANCI NG 
FOR HVAC must  have t hat  wor k compl et ed as a pr er equi s i t e t o t est i ng wor k 
under  t hi s sect i on.   I ndi cat e i n each f i el d t est  pl an when such 
pr er equi s i t e wor k i s r equi r ed.

3. 3. 1. 3   Test  Pr ocedur e

I ndi cat e i n each f i el d t est  pl an t he CRAC manuf act ur er ' s publ i shed 
st ar t - up,  and f i el d accept ance t est  pr ocedur es.   I ncl ude i n each t est  pl an 
a det ai l ed st ep- by- st ep pr ocedur e f or  t est i ng aut omat i c cont r ol s pr ovi ded 
by t he manuf act ur er .

Pr ocedur es must  be st r uct ur ed t o t est  t he cont r ol s t hr ough al l  modes of  
cont r ol  t o conf i r m t hat  t he cont r ol s ar e per f or mi ng wi t h t he i nt ended 
sequence of  cont r ol .

Cont r ol l er s must  be ver i f i ed t o be pr oper l y cal i br at ed and have t he pr oper  
set  poi nt  t o pr ovi de st abl e cont r ol  of  t hei r  r espect i ve equi pment .
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3. 3. 1. 4   Per f or mance Var i abl es

Each t est  pl an must  l i s t  per f or mance var i abl es t hat  ar e r equi r ed t o be 
measur ed or  t est ed as par t  of  t he f i el d t est .

I ncl ude,  i n t he l i s t ed per f or mance var i abl es,  r equi r ement s i ndi cat ed on 
t he CRAC schedul es on t he desi gn dr awi ngs.   Manuf act ur er  must  pr ovi de,  
wi t h each t est  pr ocedur e,  a descr i pt i on of  accept abl e r esul t s t hat  have 
been ver i f i ed.

Manuf act ur er  must  i dent i f y t he accept abl e l i mi t s or  t ol er ances wi t hi n 
whi ch each t est ed per f or mance var i abl e must  accept abl y oper at e.

3. 3. 1. 5   Test  Conf i gur at i on

Pl ans must  i ndi cat e t hat  t est s ar e t o be per f or med f or  a mi ni mum of  f our  
cont i nuous hour s i n a wet  coi l  condi t i on.   I f  t est  per i od i s i nt er r upt ed,  
t he f our  hour  t est  per i od must  be st ar t ed over .   Each t est  pl an must  be 
j ob speci f i c  and must  addr ess t he par t i cul ar  CRACs and par t i cul ar  
condi t i ons whi ch exi st  wi t h t hi s cont r act .   Gener i c or  gener al  pr epr i nt ed 
t est  pr ocedur es ar e not  accept abl e.

3. 3. 1. 6   Test ed Var i abl es

Pl ans must  pr ovi de f or  ai r  s i de t est i ng whi ch i ncl udes ver i f i cat i on of  t he 
ai r f l ow,  t ot al  st at i c pr essur e;  f an dr i ve mot or  KW,  amper age and RPM;  and 
f an RPM.  Pr ovi de ent er i ng ai r  t emper at ur es equal  t o t hose i ndi cat ed on t he 
CRAC schedul es.

3. 3. 1. 7   Speci al i zed Component s

I ncl ude pr ocedur es f or  f i el d t est i ng and f i el d adj ust i ng speci al i zed 
component s,  such as hot  gas bypass cont r ol  val ves,  or  pr essur e val ves.

3. 3. 1. 8   Fi el d Test  Repor t i ng For ms

Each t est  pl an must  i ncl ude t he r equi r ed t est  r epor t i ng f or ms t o be 
compl et ed by t he Cont r act or ' s t est i ng r epr esent at i ves.

3. 3. 2   Fi el d Test  Schedul e

Not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng at  l east  30 cal endar  days pr i or  
t o t he t est i ng.   Wi t hi n 30 cal endar  days af t er  accept abl e compl et i on of  
t est i ng,  submi t  each t est  r epor t  f or  t he r evi ew and appr oval  of  t he 
Cont r act i ng Of f i cer .

3. 3. 3   Manuf act ur er ' s Test  Repr esent at i ve

Pr ovi de a f act or y t r ai ned f i el d t est  r epr esent at i ve aut hor i zed by t he CRAC 
manuf act ur er  t o over see t he compl et e execut i on of  t he f i el d t est i ng.   Thi s 
t est  r epr esent at i ve must  al so r evi ew,  appr ove,  and si gn t he compl et ed 
f i el d t est  r epor t .   Si gnat ur es must  be accompani ed by t he per son' s name 
t yped.

Submi t  cr edent i al s of  t he manuf act ur er ' s f i el d t est  r epr esent at i ve 
pr oposed,  i ncl udi ng cur r ent  t el ephone number ,  t o t he Cont r act i ng Of f i cer  
f or  r evi ew and appr oval .   Submi t  t hese cr edent i al s wi t h t he wr i t t en 
advance not i ce of  t he f i el d t est s.

SECTI ON 23 81 23  Page 15



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

3. 3. 4   Fi el d Test s

Conduct  t he f i el d t est i ng i n compl i ance wi t h t he Cont r act i ng Of f i cer  
appr oved manuf act ur er ' s f i el d t est  pl an,  and i n accor dance wi t h addi t i onal  
f i el d t est i ng r equi r ement s speci f i ed her ei n.   Recor d t he r equi r ed dat a 
usi ng t he t est  r epor t i ng f or ms appr oved of  t he appr oved f i el d t est  pl an.   
Conduct  t he t est  f or  each CRAC f or  a cont i nuous 24- hour  t est  per i od.   A 
CRAC shut down bef or e t he cont i nuous 24- hour  t est  per i od i s compl et ed must  
r esul t  i n t he 24- hour  t est  per i od bei ng st ar t ed agai n and r un f or  t he 
r equi r ed dur at i on.

3. 3. 5   Def i c i ency Resol ut i on

The t est  r equi r ement s must  be accept abl y met ;  def i c i enci es i dent i f i ed 
dur i ng t he t est s must  be cor r ect ed i n compl i ance wi t h t he manuf act ur er ' s 
r ecommendat i ons.   Cor r ect i ons must  be t est ed agai n i n compl i ance wi t h t he 
r equi r ement s speci f i ed i n t he par agr aph FI ELD TEST PLANS.

3. 3. 6   Fi el d Test  Repor t s

Use t he t est  r epor t i ng f or ms appr oved i n t he f i el d t est  pl an.   Fi nal  t est  
r epor t  f or ms must  be t yped,  i ncl udi ng dat a ent r i es and r emar ks.   Compl et ed 
t est  r epor t  f or ms f or  each CRAC must  be r evi ewed,  appr oved,  and si gned by 
t he Cont r act or ' s t est  di r ect or  and t he QC manager .

3. 4   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

Pr ovi de t he ser vi ces of  compet ent  i nst r uct or s t o gi ve f ul l  i nst r uct i on t o 
t he desi gnat ed Gover nment  per sonnel  i n t he adj ust ment ,  oper at i on,  and 
mai nt enance,  i ncl udi ng per t i nent  saf et y r equi r ement s,  of  t he speci f i ed 
equi pment  or  syst em.   I nst r uct or s must  be t hor oughl y f ami l i ar  wi t h al l  
par t s of  t he i nst al l at i on and must  be t r ai ned i n oper at i ng t heor y as wel l  
as pr act i cal  oper at i on and mai nt enance wor k.

I nst r uct i on must  be gi ven dur i ng t he f i r st  r egul ar  wor k week af t er  t he 
equi pment  or  syst em has been accept ed and t ur ned over  t o t he Gover nment  
f or  r egul ar  oper at i on.   Pr ovi de 4 hour s of  t r ai ni ng f or  each t ype of  CRAC 
speci f i ed.

        - -  End of  Sect i on - -
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SECTI ON 25 05 11. 01

CYBERSECURI TY FOR FACI LI TY- RELATED HVAC CONTROL SYSTEMS
05/ 21

PART 1   GENERAL

Many subpar t s i n t hi s Sect i on cont ai n t ext  i n cur l y br aces ( " { "  and " } " )  
i ndi cat i ng whi ch cyber secur i t y cont r ol  and cont r ol  cor r el at i on i dent i f i er  
( CCI )  t he r equi r ement s of  t he subpar t  r el at e t o.   The t ext  i nsi de t hese 
cur l y br aces i s f or  Gover nment  r ef er ence onl y and enabl es coor di nat i on of  
t he r equi r ement s of  t hi s Sect i on wi t h t he RMF pr ocess t hr oughout  t he 
desi gn and const r uct i on pr ocess.   Text  i n cur l y br aces ar e not  cont r act or  
r equi r ement s.

Thi s Sect i on r ef er s t o Secur i t y Requi r ement s Gui de ( SRGs)  and Secur i t y 
Techni cal  I mpl ement at i on Gui de ( STI Gs) .   STI Gs and SRGs ar e avai l abl e 
onl i ne at  t he I nf or mat i on Assur ance Suppor t  Envi r onment  ( I ASE)  websi t e at   
ht t ps: / / publ i c. cyber . mi l / st i gs/ downl oads/  and an SRG/ STI G Appl i cabi l i t y  
Gui de and Col l ect i on Tool  i s  avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ .  Not  al l  cont r ol  syst em component s 
have appl i cabl e STI Gs or  SRGs.   The " Cont r ol  Syst ems SRG"  does not  appl y 
t o wor k per f or med under  t hi s Sect i on;  al l  r equi r ement s wi t hi n t hi s sect i on 
t o appl y appl i cabl e SRGs DO NOT i ncl ude t he " Cont r ol  Syst ems SRG" .

1. 1   CONTROL SYSTEM APPLI CABI LI TY

Ther e ar e mul t i pl e ver si ons of  t hi s Sect i on associ at ed wi t h t hi s pr oj ect .   
Di f f er ent  ver si ons have r equi r ement s appl i cabl e t o di f f er ent  cont r ol  
syst ems.   Thi s speci f i c  Sect i on appl i es onl y t o t he f ol l owi ng cont r ol  
syst ems:  HVAC Cont r ol  Syst em.

1. 2   RELATED REQUI REMENTS

Thi s sect i on does not  cont ai n suf f i c i ent  r equi r ement s t o pr ocur e a cont r ol  
syst em and must  be used i n conj unct i on wi t h ot her  Sect i ons whi ch speci f y 
cont r ol  syst ems.   Thi s Sect i on adds cyber secur i t y r equi r ement s t o t he 
cont r ol  syst ems speci f i ed i n ot her  Sect i ons,  and as t hese r equi r ement s ar e 
condi t i oned on t he cont r ol  syst em bei ng pr ovi ded,  t her e may be 
r equi r ement s i n t hi s Sect i on t hat  wi l l  not  appl y t o t hi s pr oj ect .   Al l  
Sect i ons cont ai ni ng f aci l i t y- r el at ed cont r ol  syst ems or  cont r ol  syst em 
component s ar e r el at ed t o t he r equi r ement s of  t hi s Sect i on.   Revi ew al l  
speci f i cat i on sect i ons t o det er mi ne r el at ed r equi r ement s.

I n cases wher e a r equi r ement  i s speci f i ed i n bot h t hi s Sect i on and i n 
anot her  Sect i on,  t he mor e st r i ngent  r equi r ement  must  be met .   I n cases 
wher e a r equi r ement  i n t hi s Sect i on conf l i c t s wi t h t he r equi r ement s of  
anot her  Sect i on such t hat  bot h r equi r ement s cannot  be met  at  t he same 
t i me,  r equest  di r ect i on f r om t he Cont r act i ng Of f i cer  Repr esent at i ve t o 
det er mi ne whi ch r equi r ement  appl i es t o t he pr oj ect .

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.
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AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
2021;  Addenda CD 2021;  Addenda BY- CE 2022;  
I nt er pr et at i on 9- 10 2022)  BACnet —A Dat a 
Communi cat i on Pr ot ocol  f or  Bui l di ng 
Aut omat i on and Cont r ol  Net wor ks

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 1x ( 2010)  Local  and Met r opol i t an Ar ea 
Net wor ks -  Por t  Based Net wor k Access 
Cont r ol

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DODI  8551. 01 ( 2014)  Por t s,  Pr ot ocol s,   and Ser vi ces 
Management  ( PPSM)

DTM 08- 060 ( 2008)  Pol i cy on Use of  Depar t ment  of  
Def ense ( DoD)  I nf or mat i on Syst ems -  
St andar d Consent  Banner  and User  Agr eement

1. 4   DEFI NI TI ONS

1. 4. 1   Admi ni st r at or  Account

An admi ni st r at or  account  i s an account  wi t h f ul l  per mi ssi ons t o a devi ce,  
appl i cat i on,  or  oper at i ng syst em,  i ncl udi ng t he abi l i t y  t o cr eat e and 
modi f y ot her  user  account s.

Not e t hat  t he oper at i ng syst em Admi ni st r at or  Account  may be di f f er ent  t han 
Admi ni st r at or  Account s f or  appl i cat i ons host ed on t hat  oper at i ng syst em.   
Al so,  most  cont r ol l er s wi l l  not  have any suppor t  f or  account s and wi l l  
t her ef or e not  have an ' Ami ni st r at or  Account ' .

1. 4. 2   Comput er

A comput er  i s one of  t he f ol l owi ng:

a.   a devi ce r unni ng a non- embedded deskt op or  ser ver  ver si on of  Mi cr osof t  
Wi ndows

b.   a devi ce r unni ng a non- embedded ver si on of  MacOS

c.   a devi ce r unni ng a non- embedded ver si on of  Li nux

d.   a devi ce r unni ng a ver si on or  der i vat i ve of  t he Andr oi d Oper at i ng 
Syst em,  wher e Andr oi d i s consi der ed separ at e f r om Li nux

e.   a devi ce r unni ng a ver si on of  Appl e i OS

Unl ess ot her wi se i ndi cat ed or  c l ear  f r om cont ext  use of  t he wor d " devi ce"  
i n t hi s Sect i on i ncl udes comput er s.
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1. 4. 3   Cont r ol l er

A devi ce ot her  t han a comput er  or  Et her net  swi t ch.   

1. 4. 4   Mi ssi on Space

A devi ce or  medi a i s i n mi ssi on space i f  physi cal  access t o t he devi ce or  
medi a i s cont r ol l ed by t he or gani zat i on ser ved by t he devi ce.   For  
exampl e,  a VAV box cont r ol l er  i n a suspended cei l i ng i s i n mi ssi on space 
i f  t he VAV box ser ves t hat  r oom;  an el ect r i cal  swi t chgear  i n an el ect r i cal  
r oom or  an AHU i n a mechani cal  r oom or  on a r oof t op may st i l l  be 
consi der ed t o be i n mi ssi on space i f  t he or gani zat i on ( mi ssi on)  ser ved by 
t hat  swi t chgear  or  AHU cont r ol s access t o t he el ect r i cal  r oom,  mechani cal  
r oom or  r oof t op.

1. 4. 5   Net wor k

A net wor k i s a gr oup of  t wo or  mor e devi ces t hat  can communi cat e usi ng a 
net wor k pr ot ocol .   Net wor k pr ot ocol s must  pr ovi de a met hod f or  addr essi ng 
devi ces on t he net wor k;  a communi cat i on met hod t hat  does not  pr ovi de an 
addr essi ng scheme i s not  a net wor ked f or m of  communi cat i on.   Devi ces t hat  
communi cat e usi ng a met hod of  communi cat i on t hat  does not  suppor t  devi ce 
addr essi ng ar e not  usi ng a net wor k.

1. 4. 6   Net wor k Connect ed

A component  i s net wor k connect ed ( or  " connect ed t o a net wor k" )  onl y when 
t he devi ce has a net wor k t r anscei ver  whi ch i s di r ect l y connect ed t o t he 
net wor k and i mpl ement s t he net wor k pr ot ocol .   A devi ce l acki ng a net wor k 
t r anscei ver  ( and accompanyi ng pr ot ocol  i mpl ement at i on)  can never  be 
consi der ed net wor k connect ed.   Not e t hat  ( unl i ke many I T def i ni t i ons of  
" Net wor k Connect ed" )  a devi ce connect ed t o a non- I P net wor k i s st i l l  
consi der ed net wor k connect ed ( an I P connect i on or  I P addr ess i s not  
r equi r ed f or  a devi ce t o be net wor k connect ed) .

1. 4. 6. 1   Wi r el ess Net wor k Connect ed

Any devi ce t hat  suppor t s wi r el ess net wor k communi cat i on i s net wor k 
connect ed t o a wi r el ess net wor k,  r egar dl ess of  whet her  t he devi ce i s 
communi cat i ng usi ng wi r el ess.   Unl ess physi cal l y di sabl ed,  devi ces wi t h 
wi r el ess t r anscei ver s suppor t  wi r el ess,  i t  i s  not  suf f i c i ent  t o di sabl e 
t he wi r el ess i n sof t war e.

1. 4. 7   Net wor k Medi a

 The t hi ng t hat  pr ovi des t he communi cat i on channel  bet ween t he devi ces on 
a net wor k.   Typi cal l y wi r e,  but  mi ght  i ncl ude wi r el ess,  f i ber  opt i c,  or  
even power  l i ne ( some net wor k pr ot ocol s al l ow sendi ng net wor k s i gnal s over  
power  wi r i ng) .

1. 4. 8   User  Account  Suppor t  Level s

The suppor t  f or  user  account s i s cat egor i zed i n t hi s Sect i on as one of  
t hr ee l evel s:   

1. 4. 8. 1   FULLY Suppor t ed

Devi ce suppor t s conf i gur abl e i ndi v i dual  account s.   Account s can be 
cr eat ed,  del et ed,  modi f i ed,  et c.   Pr i v i l eges can be assi gned t o account s.   
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These devi ces suppor t  user - based ( as opposed t o r ol e- based)  aut hent i cat i on.

1. 4. 8. 2   MI NI MALLY Suppor t ed

Devi ce suppor t s a smal l ,  f i xed number  of  account s ( per haps onl y one) .   
Account s cannot  be modi f i ed.   A devi ce wi t h onl y a " User "  and an 
" Admi ni st r at or "  account  woul d f i t  t hi s cat egor y.   Si mi l ar l y,  a devi ce wi t h 
t wo PI Ns f or  l ogon -  one f or  r est r i ct ed and one f or  unr est r i ct ed r i ght s 
woul d f i t  her e ( i n ot her  wor ds,  t he account s do not  have t o be t he 
t r adi t i onal  " user name and passwor d"  st r uct ur e) .   These devi ces t ypi cal l y 
onl y suppor t  r ol e- based aut hent i cat i on.

Exampl es of  devi ces whi ch MI NI MALLY suppor t  account s ar e a)  a var i abl e 
f r equency dr i ve wi t h a s i ngl e account  whi ch r equi r es a PI N f or  access t o 
conf i gur at i on;  and b)  a r oom l i ght i ng cont r ol  t ouchpad i nt er f ace t hat  has 
a s i ngl e account .

1. 4. 8. 3   NOT Suppor t ed

Devi ce does not  suppor t  any Access Enf or cement  t her ef or e t he whol e concept  
of  " account "  i s  meani ngl ess.

1. 4. 9   Manual  Local  I nput

Manual  Local  I nput s ar e syst em anal og or  bi nar y i nput s t hat  ar e adj ust abl e 
by a per son but  ar e,  by i nt r i nsi c har dwar e desi gn,  ver y l i mi t ed i n 
pot ent i al  capabi l i t i es.   Manual  Local  I nput s do not  have t ouch scr eens or  
f ul l  keyboar ds,  but  may have a f ew but t ons or  di al s t o al l ow i nput .   
Manual  Local  I nput s do not  have f ul l  gr aphi c scr eens or  dot - mat r i x 
di spl ays,  but  may have si mpl e l i ght s ( LEDs)  or  7- segment  di spl ays.   Manual  
Local  I nput s do not  have any sor t  of  menu st r uct ur e,  each but t on has a 
s i ngl e wel l - def i ned f unct i on.  

Exampl es of  Manual  Local  I nput s ar e H- O- A swi t ches,  s i mpl e t her most at s,  
and di sconnect  swi t ches.

1. 4. 10   Car d Reader

A car d r eader  i s an i nput / out put  devi ce whose pr i mar y f unct i on i s t o 
assi st  i n t wo- f act or  aut hent i cat i on.   A car d r eader  must  have an i nt er f ace 
t o r ead dat a f r om a car d and may be abl e t o wr i t e dat a t o a car d.   A car d 
r eader  may have a means ( such as but t ons,  keypad,  t ouchscr een,  et c. )  f or  a 
user  t o i nput  a PI N or  passwor d,  as wel l  as a l i mi t ed di spl ay.   

1. 4. 11   User  I nt er f ace

A User  I nt er f ace ( UI )  i s  somet hi ng ot her  t han a Manual  Local  I nput  or  Car d 
Reader  t hat  al l ows a per son t o i nt er act  wi t h t he syst em or  devi ce.   Not e 
t hat  whi l e a Car d Reader  i s not  by i t sel f  a User  I nt er f ace,  a User  
I nt er f ace may cont ai n a Car d Reader  i n or der  f or  i t  t o aut hent i cat e i t s 
user .   Wi t hi n cont r ol  syst ems,  t her e ar e a wi de r ange of  User  I nt er f aces.  

Two i mpor t ant  di st i nct i ons ar e 1)  whet her  t he user  i nt er f ace i s Local  or  
Remot e,  and 2)  t he ef f ect i ve capabi l i t i es of  t he User  I nt er f ace t o al t er  
dat a,  whi ch i s t he " pr i v i l ege"  of  t he user  i nt er f ace ( wher e ef f ect i ve 
pr i v i l ege avai l abl e t o a speci f i c  user  at  a speci f i c  user  i nt er f ace i s t he 
combi nat i on of  t he gr eat est  pr i v i l ege of f er ed by t he user  i nt er f ace and 
t he speci f i c  account  t he user  i s l ogged i nt o) .

SECTI ON 25 05 11. 01  Page 4



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

1. 4. 11. 1   Local  User  I nt er f ace

A Local  User  I nt er f ace i s a user  i nt er f ace wher e t he physi cal  har dwar e t he 
user  i nt er act s wi t h ( keyboar d,  but t ons,  di spl ay,  et c. )  i s  physi cal l y par t  
of  t he devi ce bei ng af f ect ed.   Al l  of  t he r el evant  char act er i st i cs of  t he 
user  i nt er f ace ar e embodi ed wi t hi n a s i ngl e devi ce.

Not e t hat  a Local  UI  may be abl e t o access dat a i n a di f f er ent  devi ce,  
Local  ver sus Remot e i n t hi s cont ext  r ef er s t o t he user  i nt er f ace i t sel f ;  
t he capabi l i t y  t o access dat a i n a di f f er ent  devi ce i s cover ed under  " Ful l  
User  I nt er f ace" .

1. 4. 11. 2   Remot e User  I nt er f ace

A Remot e User  I nt er f ace i mpl ement s a Cl i ent / Ser ver  model  wher e t he 
physi cal  har dwar e t he user  i nt er act s wi t h ( Cl i ent )  i s  physi cal l y di st i nct  
f r om t he devi ce bei ng af f ect ed ( Ser ver ) .   Most  or  al l  of  t he secur i t y and 
f unct i onal i t y char act er i st i cs of  t he user  i nt er f ace ar e def i ned by t he 
Ser ver ,  not  t he Cl i ent .   The Cl i ent  and Ser ver  communi cat e v i a a net wor k 
connect i on.   A common exampl e of  a r emot e user  i nt er f ace i s a web- based 
i nt er f ace wher e t he br owser  ( c l i ent )  i s  gener al l y on di f f er ent  har dwar e 
t han t he web ser ver  ( ser ver ) .   A Remot e UI  r emai ns a Remot e UI  even i f  t he 
user  happens t o be at  a Cl i ent  on t he same har dwar e as t he Ser ver .   What  
i s i mpor t ant  i s t hat  a)  t he Cl i ent  may be on di f f er ent  har dwar e t han t he 
Ser ver  and b)  t he maj or i t y of  t he secur i t y and f unct i onal  char act er i st i cs 
of  t he i nt er f ace ar e def i ned at  t he Ser ver .

Not e t hat  t hi s def i ni t i on of  " r emot e"  i s consi st ent  wi t h t hat  gener al l y 
used i n t he cont r ol  i ndust r y but  i s not  al i gned wi t h t he NI ST 800- 53 
def i ni t i on of  " Remot e" ,  whi ch r ef er s t o " out si de t he syst em" .   The t er m 
" Remot e"  her e bet t er  al i gns wi t h t he NI ST 800- 53 def i ni t i on of  " Net wor k"  
( r emot e f r om wi t hi n t he syst em)  Access.  

1. 4. 11. 3   Types of  User  I nt er f ace ( by capabi l i t y)

User  i nt er f aces ar e al so cat egor i zed by t hei r  capabi l i t i es as bei ng Read 
Onl y,  Li mi t ed,  or  Ful l .

1. 4. 11. 3. 1   Read- Onl y User  I nt er f ace

A Read Onl y User  I nt er f ace ( al so r ef er r ed t o as a Vi ew- Onl y User  
I nt er f ace)  i s a user  i nt er f ace t hat  onl y al l ows f or  r eadi ng dat a,  i t  does 
not  al l ow ( have t he capabi l i t y  t o)  modi f y dat a.   A Read Onl y User  
I nt er f ace may be ei t her  Local  or  Remot e.  A User  I nt er f ace t hat  i s 
conf i gur ed t o be Read Onl y ( by some ot her  means t han t he i nt er f ace i t sel f ,  
such as usi ng conf i gur at i on sof t war e on a l apt op)  i s a Read- Onl y 
I nt er f ace.  Not e a Read Onl y User  I nt er f ace may have but t ons ( or  t ouch 
scr een,  et c. )  al l owi ng t he user  t o navi gat e t hr ough t he pr esent at i on of  
dat a.

Exampl es of  a Read Onl y User  I nt er f aces ar e a)  a publ i c l y v i ewabl e " ener gy 
dashboar d"  showi ng weat her  dat a and ener gy usage wi t hi n a bui l di ng and b)  
di gi t al  wayf i ndi ng si gnage.

1. 4. 11. 3. 2   Li mi t ed User  I nt er f ace

A Li mi t ed User  I nt er f ace i s a user  i nt er f ace t hat  -  by desi gn -  can onl y 
al t er  i nf or mat i on l ocal  t o t he user  i nt er f ace.  Not e t hat  t he det er mi nat i on 
of  " al t er "  i ncl udes onl y di r ect  i nt er act i ons,  i t  expl i c i t l y  excl udes 
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i nt er act i ons t hat  mi ght  occur  as secondar y ef f ect s.   For  exampl e,  an 
i nt er f ace changi ng t he f l ow set poi nt  i n a pump cont r ol l er  i s  a di r ect  
i nt er act i on,  t he subsequent  change i n f l ow ( as wel l  as any subsequent  
downst r eam changes i n val ve posi t i on)  ar e not  di r ect  i nt er act i ons.

Two exampl es of  LI MI TED UI s ar e:    a)  a var i abl e speed dr i ve has a Li mi t ed 
Local  User  I nt er f ace whi ch al l ows t he user  t o change pr oper t i es wi t hi n t he 
dr i ve,  but  does not  al l ow af f ect i ng t hi ngs out si de t he dr i ve;  and b)  a 
t ypi cal  home Wi Fi  Rout er  has a Li mi t ed Remot e User  I nt er f ace whi ch al l ows 
conf i gur at i on of  t he Rout er ,  but  does not  al l ow di r ect  i nt er act i on wi t h 
ot her  devi ces.

1. 4. 11. 3. 3   Ful l  User  I nt er f ace

A Ful l  User  I nt er f ace can al t er  i nf or mat i on i n devi ces out si de t he devi ce 
wi t h t he user  i nt er f ace.   For  exampl e,  a t ypi cal  Local  Di spl ay Panel  i s  a 
Ful l  Local  User  I nt er f ace whi l e a br owser - based f r ont  end i s a Ful l  Remot e 
User  I nt er f ace.

1. 4. 11. 3. 4   Vi ew- Onl y User  I nt er f ace

See Read- Onl y User  I nt er f ace

1. 4. 11. 4   Ot her  User  I nt er f ace Ter mi nol ogy

I n addi t i on t o def i ni ng whet her  a user  i nt er f ace i s a Har dwar e Li mi t ed,  
Read- Onl y,  Li mi t ed or  Ful l ,  and whet her  i t  i s  Local  or  Remot e,  user  
i nt er f aces ar e c l assi f i ed by whet her  t hey ar e wr i t abl e or  pr i v i l eged.

1. 4. 11. 4. 1   Wr i t abl e User  I nt er f ace

Any User  I nt er f ace t hat  i s not  Read- Onl y i s Wr i t abl e.  ( Li mi t ed User  
I nt er f aces and Ful l  User  I nt er f aces ar e bot h wr i t abl e user  i nt er f aces ( as 
t hey ar e capabl e of  changi ng a val ue) ) .

1. 4. 11. 4. 2   Pr i v i l eged User  I nt er f ace

A Pr i v i l eged UI  i s a UI  t hat  has suf f i c i ent  capabi l i t i es or  f unct i onal i t y 
t hat  i t  r equi r es speci f i c  cyber secur i t y measur es t o be put  i n pl ace t o 
l i mi t  i t s  unaut hor i zed use.   Ul t i mat el y,  whet her  a speci f i c  user  i nt er f ace 
i s consi der ed a Pr i v i l eged User  I nt er f ace must  be det er mi ned by usage.   
Unl ess ot her wi se speci f i ed,  user  i nt er f aces can be det er mi ned t o be 
pr i v i l eged or  not  usi ng t he f ol l owi ng:

a.   Read- Onl y User  I nt er f aces ar e not  pr i v i l eged user  i nt er f aces.  

b.   Ful l  User  I nt er f aces ar e pr i v i l eged user  i nt er f aces.

c.   User  i nt er f aces t hat  al l ow f or  conf i gur at i on of  audi t i ng or  al l ows f or  
modi f i cat i on or  del et i on of  audi t  l ogs ar e pr i v i l eged user  i nt er f ace.

d.   User  i nt er f aces t hat  al l ow f or  r epr ogr ammi ng a net wor k connect ed 
devi ce i s a pr i v i l eged user  i nt er f ace.

e.   Except  as speci f i ed above,  a Li mi t ed User  I nt er f ace must  be det er mi ned 
t o be pr i v i l eged or  not  based on t he speci f i c  capabi l i t i es and use 
case of  t he user  i nt er f ace.   I n gener al  however ,  user  i nt er f aces t hat  
do not  of f er  s i gni f i cant  capabi l i t i es above and beyond t hose avai l abl e 
at  t hat  l ocat i on v i a ot her  means ( e. g.  such as a di sconnect  swi t ch,  
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br eaker ,  or  hand- of f - aut o swi t ch,  or  physi cal  at t ack)  ar e not  
pr i v i l eged.

1. 4. 12   Wi r el ess Net wor k

Any net wor k t hat  communi cat es wi t hout  usi ng wi r es or  f i ber  opt i cs as t he 
communi cat i on medi a.  Wi r el ess net wor ks i ncl ude:  Wi Fi ,  Bl uet oot h,  Zi gBee,  
cel l ul ar ,  sat el l i t e,  900 MHz r adi o,  2. 4 GHz,  f r ee space opt i cal ,  
poi nt - t o- poi nt  l aser ,  and I R.   

1. 4. 13   Wi r ed Br oadcast  Net wor k

Wi r ed Br oadcast  Net wor ks ar e any net wor k,  such as power l i ne car r i er  
net wor ks and modem ( wi r ed t el ephony) ,  t hat  use wi r e- based t echnol ogi es 
wher e t her e i s not  a c l ear l y def i ned boundar y f or  s i gnal  pr opagat i on.  

1. 5   ADMI NI STRATI VE REQUI REMENTS

1. 5. 1   Poi nt s of  Cont act

Coor di nat e wi t h t he f ol l owi ng Poi nt s of  Cont act  as i ndi cat ed i n t hi s 
Sect i on and as r equi r ed.   Not  al l  pr oj ect s wi l l  r equi r e coor di nat i on wi t h 
al l  Poi nt s of  Cont act .   When coor di nat i on i s r equi r ed and no Poi nt  of  
Cont act  i s  i ndi cat ed,  coor di nat e wi t h The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR) .

1. 5. 2   Coor di nat i on

Coor di nat e t he execut i on of  t hi s Sect i on wi t h t he execut i on of  al l  ot her  
Sect i ons r el at ed t o cont r ol  syst ems as i ndi cat ed i n t he par agr aph RELATED 
REQUI REMENTS.   I t ems t hat  must  be consi der ed when coor di nat i ng pr oj ect  
ef f or t s i ncl ude but  ar e not  l i mi t ed t o:  

a.   I f  r equest i ng per mi ssi on f or  wi r el ess or  wi r ed br oadcast  
communi cat i on,  t he Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request  
submi t t al  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on 
and i nst al l at i on.

b.   I f  r equest i ng per mi ssi on f or  al t er nat e account  l ock per mi ssi ons,  t he 
Devi ce Account  Lock Except i on Request  must  be appr oved pr i or  t o 
cont r ol  syst em devi ce sel ect i on and i nst al l at i on.

c.   I f  r equest i ng per mi ssi on f or  t he use of  a devi ce wi t h mul t i pl e 
physi cal  connect i ons t o I P net wor ks,  t he Mul t i pl e I P Connect i on Devi ce 
Request  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on and 
i nst al l at i on.

c.   I f  t he Devi ce Audi t  Recor d Upl oad Sof t war e i s t o be i nst al l ed on a 
comput er  not  bei ng pr ovi ded as par t  of  t he cont r ol  syst em,  
coor di nat i on i s r equi r ed t o i dent i f y t he comput er  on whi ch t o i nst al l  
t he sof t war e.

d.   The Cyber secur i t y I nt er connect i on Schedul e must  be coor di nat ed wi t h 
ot her  wor k t hat  wi l l  be i nt er connect ed t o,  and i nt er connect i ons must  
be appr oved by t he Gover nment  bef or e r el y i ng on t hem f or  syst em 
f unct i onal i t y.

e.   Cyber secur i t y t est i ng suppor t  must  be coor di nat ed acr oss cont r ol  
syst ems and wi t h t he Gover nment  cyber secur i t y t est i ng schedul e.
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f .   Passwor ds must  be coor di nat ed wi t h t he i ndi cat ed cont act  f or  t he 
pr oj ect  s i t e.

g.   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s must  be 
pr ovi ded f or  each cont r act or  usi ng cont r act or  owned comput er s.

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request ;  G

Devi ce Account  Lock Except i on Request ;  G

Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s;  G

Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s;  G

Cyber secur i t y I nt er connect i on Schedul e;  G

Cyber secur i t y Cer t i f i cat i ons

SD- 02 Shop Dr awi ngs

Net wor k Communi cat i on Repor t ;  G

Cyber secur i t y Ri ser  Di agr am;  G

SD- 03 Pr oduct  Dat a

Cont r ol  Syst em Cyber secur i t y Document at i on;  G

SD- 06 Test  Repor t s

Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Repor t ;  G

SD- 07 Cer t i f i cat es

Cyber secur i t y Cer t i f i cat i ons;  G 

SD- 11 Cl oseout  Submi t t al s

Conf i dent i al  Passwor d Repor t ;  G

Passwor d Change Summar y Repor t ;  G

Encl osur e Keys;  G

Syst em Mai nt enance Tool  Sof t war e;  G
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Cont r ol  Syst em Scanni ng Tool s;  G

Cont r ol  Syst em I nvent or y Repor t ;  G

1. 7   QUALI TY CONTROL

1. 7. 1   Cyber secur i t y Subj ect  Mat t er  Exper t  Qual i f i cat i ons

For  t he r ol es and r equi r ement s t hr oughout  t he speci f i cat i on,  r esumes 
shoul d be submi t t ed t o t he Gover nment  wi t hi n 14 days af t er  not i ce t o 
pr oceed.  Pr i or  t o awar d,  al l  cer t i f i cat i ons must  be achi eved and i n good 
st andi ng.  Cer t i f i cat i ons must  be mai nt ai ned and not  expi r ed dur i ng t he 
l engt h of  t he cont r act .  

1. 7. 2   Cyber secur i t y Subj ect  Mat t er  Exper t

A Cyber  Secur i t y Mat t er  Exper t  i s  r equi r ed f or  t hi s pr oj ect .  Thi s 
pr of essi onal  must  have t he f ol l owi ng qual i f i cat i ons at  a mi ni mum:
  
   I nf or mat i on Assur ance Manager  Level  I I  Cer t i f i cat i on 

   DODD 8140 Cyber secur i t y Wor kf or ce Management   
   
   DODI  8570 I nf or mat i on Wor kf or ce I mpr ovement  Pr ogr am.

Cyber secur i t y Cer t i f i cat i ons must  be act i ve and pr ovi ded t o t he gover nment  
pr i or  t o st ar t i ng wor k.

1. 8   CYBERSECURI TY DOCUMENTATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 7;  CCI - 003071}

1. 8. 1   Cyber secur i t y I nt er connect i on Schedul e

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CA- 3( b) ,  PL- 8,  
SC- 7( 9) ,  SC- 7( 11) ;  CCI - 000258,  CCI - 003072,  CCI - 003073,  CCI - 003075,  
CCI - 002398,  CCI - 002399,  CCI - 002401,  CCI - 002402,  CCI - 002403. }

Pr ovi de a compl et ed Cyber secur i t y I nt er connect i on Schedul e document i ng 
net wor k connect i ons bet ween t he i nst al l ed syst em and ot her  syst ems.  
Pr ovi de t he f ol l owi ng i nf or mat i on f or  each devi ce di r ect l y communi cat i ng 
bet ween syst ems:  Devi ce I dent i f i er ,  Devi ce Descr i pt i on,  Tr anspor t  l ayer  
Pr ot ocol ,  Net wor k Addr ess,  Por t  ( i f  appl i cabl e) ,  MAC ( Layer  2)  addr ess ( i f  
appl i cabl e) ,  Medi a,  Appl i cat i on Pr ot ocol ,  Ser vi ce ( i f  appl i cabl e) ,  
Descr i pt i ve Pur pose of  communi cat i on.     I f  ot her  cont r ol  syst em Sect i ons 
used on t hi s pr oj ect  i ncl ude submi t t al s document i ng t hi s i nf or mat i on,  
pr ovi de copi es of  t hose submi t t al s t o meet  t hi s r equi r ement .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cyber secur i t y I nt er connect i on Schedul e as an edi t abl e 
Mi cr osof t  Excel  f i l e ( a t empl at e Cyber secur i t y I nt er connect i on Schedul e i n 
Excel  f or mat  i s avai l abl e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11

1. 8. 2   Net wor k Communi cat i on Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
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t o CA- 9,  PL- 8;  CCI - 002102,  CCI - 002103,  CCI - 002104,  CCI - 002105,  CCI - 003072,  
CCI - 003073,  CCI - 003075 and al so t he submi t t al  r equi r ement s associ at ed wi t h 
CM- 6,  CM- 7,  SC- 8 and SC- 41 i ncl udi ng CM- 7( 3) ,  CCI - 000388. }

Pr ovi de a net wor k communi cat i on r epor t .   For  each net wor ked devi ce,  
document  t he communi cat i on char act er i st i cs of  t he devi ce i ncl udi ng 
communi cat i on pr ot ocol s,  ser vi ces used,  encr ypt i on empl oyed,  and a gener al  
descr i pt i on of  what  i nf or mat i on i s communi cat ed over  t he net wor k.   For  
each devi ce usi ng I P,  document  al l  TCP and UDP por t s used.   For  non- I P 
communi cat i ons,  document  communi cat i on pr ot ocol  and medi a used.     I f  
ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  i ncl ude submi t t al s 
document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose submi t t al s t o meet  
t hi s r equi r ement .   

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Net wor k Communi cat i on Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 3   Cont r ol  Syst em I nvent or y Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CM- 8( a) ,  SI - 17,  I A- 3;  CCI - 000389,  CCI - 000392,  CCI - 000398,  CCI - 002773,  
CCI - 002774,  CCI - 002775,  CCI - 000777,  CCI - 000778,  CCI - 001958}

Pr ovi de a Cont r ol  Syst em I nvent or y r epor t  usi ng t he I nvent or y Spr eadsheet  
l i s t ed under  t hi s Sect i on at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 document i ng al l  net wor ked devi ces,  i ncl udi ng net wor k i nf r ast r uct ur e 
devi ces.   For  each devi ce pr ovi de al l  appl i cabl e i nf or mat i on f or  whi ch 
t her e i s a f i el d on t he spr eadsheet  i n accor dance wi t h t he i nst r uct i ons on 
t he spr eadsheet .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cont r ol  Syst em I nvent or y Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 4   Cyber secur i t y Ri ser  Di agr am

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 2( a) ,  PL- 8;  CCI - 003051,  CCI - 003053,  CCI - 003072,  CCI - 003073,  
CCI - 003075}

Pr ovi de a cyber secur i t y r i ser  di agr am of  t he compl et e cont r ol  syst em 
i ncl udi ng al l  net wor k and devi ce har dwar e.   I f  t he cont r ol  syst em 
speci f i cat i ons r equi r e a r i ser  di agr am submi t t al ,  pr ovi de a copy of  t hat  
submi t t al  as t he cyber secur i t y r i ser  di agr am.   Ot her wi se,  pr ovi de a r i ser  
di agr am i n one- l i ne f or mat .

1. 8. 5   Cont r ol  Syst em Cyber secur i t y Document at i on

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
SA- 5 ( a) , ( b) , ( c) ;  CCI s:   CCI - 003124,  CCI - 003125,  CCI - 003126,  CCI - 003127,  
CCI - 003128,  CCI - 003129,  CCI - 003130,  CCI - 003131}

Pr ovi de a Cont r ol  Syst em Cyber secur i t y Document at i on submi t t al  cont ai ni ng 
t he i ndi cat ed i nf or mat i on f or  each devi ce and sof t war e appl i cat i on.
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1. 8. 5. 1   Sof t war e Appl i cat i ons

For  al l  sof t war e appl i cat i ons r unni ng on comput er s pr ovi de:

a.   admi ni st r at or  document at i on t hat  descr i bes secur e conf i gur at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   admi ni st r at or  document at i on t hat  descr i bes secur e i nst al l at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   admi ni st r at or  document at i on t hat  descr i bes secur e oper at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   admi ni st r at or  document at i on t hat  descr i bes ef f ect i ve use and 
mai nt enance of  secur i t y f unct i ons or  mechani sms f or  t he sof t war e { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

e.   admi ni st r at or  document at i on t hat  descr i bes known vul ner abi l i t i es 
r egar di ng conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  
f unct i ons f or  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003128}

f .   user  document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons 
or  mechani sms i n t he sof t war e and how t o ef f ect i vel y use t hose 
secur i t y f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003129}

g.   user  document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he sof t war e i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   user  document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng 
t he secur i t y of  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003131}

1. 8. 5. 2   For  HVAC Cont r ol  Syst em Devi ces

1. 8. 5. 2. 1   HVAC Cont r ol  Syst em Devi ces FULLY Suppor t i ng User  Account s

For  al l  HVAC Cont r ol  Syst em Devi ces whi ch FULLY suppor t  user  account s,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

c.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

d.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

e.   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms;  or  a speci f i c  i ndi cat i on t hat  t her e ar e no 
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user - accessi bl e secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003129}

f .   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

1. 8. 5. 2. 2   Al l  Ot her  HVAC Cont r ol  Syst em Devi ces

For  al l  HVAC Cont r ol  Syst em Devi ces whi ch do not  FULLY suppor t  user  
account s,  pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce;  or  a 
speci f i c  i ndi cat i on t hat  t her e ar e no secur e conf i gur at i on st eps t hat  
appl y { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce;  or  a speci f i c  i ndi cat i on t hat  
t her e ar e no secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

c.   For  devi ces whi ch i ncl ude a user  i nt er f ace,  document at i on t hat  
descr i bes met hods f or  user  i nt er act i on whi ch enabl es i ndi v i dual s t o 
use t he devi ce i n a mor e secur e manner  { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003130}

1. 8. 5. 3   Def aul t  Requi r ement s f or  Cont r ol  Syst em Devi ces

For  cont r ol  syst em devi ces wher e Cont r ol  Syst em Cyber secur i t y 
Document at i on r equi r ement s ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e i nst al l at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

1. 9   CYBERSECURI TY DURI NG CONSTRUCTI ON

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
AC- 18,  SA- 3;  CCI - 000258}

I n addi t i on t o t he cont r ol  syst em cyber secur i t y r equi r ement s i ndi cat ed i n 
t hi s sect i on,  meet  f ol l owi ng r equi r ement  t hr oughout  t he const r uct i on 
pr ocess.

1. 9. 1   Cont r act or  Comput er  Equi pment

Cont r act or  owned comput er s may be used f or  const r uct i on.   Cont r act or  
comput er s connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a 
cont r ol  syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he 
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f ol l owi ng r equi r ement s:

1. 9. 1. 1   Oper at i ng Syst em

The oper at i ng syst em must  be an oper at i ng syst em cur r ent l y suppor t ed by 
t he manuf act ur er  of  t he oper at i ng syst em.  The oper at i ng syst em must  be 
cur r ent  on secur i t y pat ches and oper at i ng syst em manuf act ur er  r equi r ed 
updat es.  

1. 9. 1. 2   Ant i - Mal war e Sof t war e

The comput er  must  r un ant i - mal war e sof t war e f r om a r eput abl e sof t war e 
manuf act ur er .   Ant i - mal war e sof t war e must  be a ver si on cur r ent l y suppor t ed 
by t he sof t war e manuf act ur er ,  must  be cur r ent  on al l  pat ches and updat es,  
and must  use t he l at est  def i ni t i ons f i l e.   Comput er s used on t hi s pr oj ect  
must  be scanned usi ng t he i nst al l ed sof t war e at  l east  once per  day.

1. 9. 1. 3   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  comput er s,  appl i cat i ons,  and web- based 
appl i cat i ons suppor t i ng passwor ds must  be changed f r om t hei r  def aul t  
val ues.   Passwor ds must  be a mi ni mum of  ei ght  char act er s wi t h a mi ni mum of  
one upper case l et t er ,  one l ower case l et t er ,  one number  and one speci al  
char act er .

1. 9. 1. 4   User - Based Aut hent i cat i on

Each user  must  have a uni que account ;  shar i ng of  a s i ngl e account  bet ween 
mul t i pl e user s i s pr ohi bi t ed.

1. 9. 1. 5   Demonst r at i on of  Compl i ance

The Gover nment  has t he r i ght  t o r equi r e demonst r at i on of  comput er  
compl i ance wi t h t hese r equi r ement s at  any t i me dur i ng t he pr oj ect .

1. 9. 1. 6   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Comput er  
Cyber secur i t y Compl i ance St at ement s f or  each company usi ng cont r act or  
owned comput er s.  Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s 
must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.

1. 9. 2   Tempor ar y I P Net wor ks

Tempor ar y cont r act or - i nst al l ed I P net wor ks may be used dur i ng 
const r uct i on.  When used,  t empor ar y cont r act or - i nst al l ed I P net wor ks 
connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a cont r ol  
syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he f ol l owi ng 
r equi r ement s:

1. 9. 2. 1   Net wor k Boundar i es and Connect i ons

The net wor k must  not  ext end out si de t he pr oj ect  s i t e and must  not  connect  
t o any I P net wor k ot her  t han t hose speci f i cal l y pr ovi ded or  f ur ni shed f or  
t hi s pr oj ect .   Any and al l  access t o t he net wor k f r om out si de t he pr oj ect  
s i t e i s pr ohi bi t ed.
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1. 9. 3   Gover nment  Access t o Net wor k

Gover nment  per sonnel  must  be al l owed t o have compl et e and i mmedi at e access 
t o t he net wor k at  any t i me i n or der  t o ver i f y compl i ance wi t h t hi s 
speci f i cat i on.

1. 9. 4   Tempor ar y Wi r el ess I P Net wor ks

I n addi t i on t o t he ot her  r equi r ement s on t empor ar y I P net wor ks,  t empor ar y 
wi r el ess I P ( Wi Fi )  net wor ks,  when per mi t t ed,  must  not  i nt er f er e wi t h 
exi st i ng wi r el ess net wor ks,  must  use WPA2 secur i t y and must  not  br oadcast  
t he net wor k name ( SSI D) .   Net wor k names ( SSI D)  f or  wi r el ess net wor ks must  
be changed f r om t hei r  def aul t  val ues.

1. 9. 5   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  al l  net wor k devi ces and net wor k access 
must  be changed f r om t hei r  def aul t  val ues.  Passwor ds must  be a mi ni mum 8 
char act er s wi t h a mi ni mum of  one upper case l et t er ,  one l ower case l et t er ,  
one number  and one speci al  char act er .

1. 9. 6   Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Tempor ar y 
Net wor k Cyber secur i t y Compl i ance St at ement s f or  each company i mpl ement i ng 
a t empor ar y I P net wor k.   Cont r act or  Tempor ar y Net wor k Cyber secur i t y 
Compl i ance St at ement s must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.   I f  no t empor ar y I P net wor ks wi l l  be used,  pr ovi de a 
s i ngl e copy of  t he St at ement  i ndi cat i ng t hi s.

1. 10   CYBERSECURI TY DURI NG WARRANTY PERI OD

Al l  wor k per f or med on t he cont r ol  syst em af t er  accept ance must  be 
per f or med usi ng Gover nment  Fur ni shed Equi pment  or  equi pment  speci f i cal l y 
and i ndi v i dual l y appr oved by t he Gover nment .

PART 2   PRODUCTS

Al l  pr oduct s used on t hi s pr oj ect  must  meet  t he i ndi cat ed r equi r ement s,  
but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by ever y pr oj ect .

2. 1   ETHERNET SWI TCH

Pr ovi de Open Syst ems I nt er connect i on ( OSI )  Layer  2 Et her net  swi t ches wi t h 
t he f ol l owi ng capabi l i t i es,  and wi t h an i nt er f ace t o suppor t  swi t ch 
conf i gur at i on f or  t hese capabi l i t i es:

2. 1. 1   Requi r ed Funct i onal i t y

Swi t ches must :

a.  Copper  Et her net  por t s must  aut o negot i at e f or  10,  100 and 1000 
megabi t s- per - second l i nks.

b.  Be capabl e of  i mpl ement i ng por t  l evel  access cont r ol  by MAC addr ess and 
l i mi t  t he number  of  MAC addr esses t o one MAC addr ess per  por t .

SECTI ON 25 05 11. 01  Page 14



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

c.  For  LOW I mpact  Syst ems,  be capabl e of  i mpl ement i ng per - por t  access 
cont r ol  l i s t s ( ACLs)  wher e t he l i s t  can be f i l t er ed by sour ce and 
dest i nat i on I P addr esses,  and by sour ce and dest i nat i on UDP or  TCP 
por t s.

2. 1. 2   Conf i gur at i on Requi r ement s

Swi t ches must :

a.   Suppor t  conf i gur at i on save and r est or e.

b.   Suppor t  bot h manual  I P addr ess assi gnment  and acqui s i t i on of  a dynami c 
I P addr ess v i a Dynami c Host  Conf i gur at i on Pr ot ocol  ( DHCP) .

c.   Be capabl e of  l i mi t i ng access f or  conf i gur at i on t o one or  mor e of :  a 
web i nt er f ace usi ng HTTPS,  a command l i ne i nt er f ace usi ng SSH,  or  an 
SNMP connect i on usi ng SNMP ver si on 3 or  l at er .

d.  Suppor t  t he abi l i t y  t o l ock conf i gur at i on capabi l i t y  t o a dedi cat ed 
management  por t .

PART 3   EXECUTI ON

3. 1   CYBERSECURI TY HARDENI NG AND CONFI GURATI ON GUI DES

I nst al l ,  conf i gur e,  and har den al l  har dwar e and sof t war e f ur ni shed on t hi s 
pr oj ect  i n accor dance wi t h manuf act ur er  pr ovi ded document at i on,  
pr ocedur es,  or  met hods f or  secur e conf i gur at i on or  i nst al l at i on.   Do not  
i mpl ement  speci f i c  har deni ng act i ons i f  t hat  act i on woul d conf l i c t  wi t h 
r equi r ed f unct i onal i t y or  anot her  r equi r ement  of  t hi s Sect i on.

3. 2   NETWORK REQUI REMENTS

3. 2. 1   Wi r el ess and Wi r ed Br oadcast  Communi cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 18,  AC- 18( 3) ;  CCI - 001438,  CCI - 001439,  CCI - 002323,  CCI - 001441,  
CCI - 002252}

Unl ess expl i c i t l y  aut hor i zed by t he Gover nment ,  do not  use any wi r el ess or  
wi r ed br oadcast  communi cat i on.   

3. 2. 1. 1   Wi r el ess and Wi r ed Br oadcast  I P Communi cat i ons

Do not  i nst al l  wi r el ess or  wi r ed br oadcast  I P net wor ks,  i ncl udi ng:   do not  
i nst al l  a wi r el ess access poi nt ;  do not  i nst al l  or  conf i gur e an ad- hoc 
wi r el ess net wor k;  do not  i nst al l  or  conf i gur e a Wi Fi  Di r ect  communi cat i on.

When expl i c i t l y  aut hor i zed by t he Gover nment ,  wi r el ess I P communi cat i on 
may be used t o communi cat e wi t h an exi st i ng wi r el ess net wor k.

3. 2. 1. 2   Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request

Pr ovi de a r epor t  document i ng t he pr oposed use of  wi r el ess or  wi r ed 
br oadcast  communi cat i on pr i or  t o devi ce sel ect i on usi ng t he Wi r el ess and 
Wi r ed Br oadcast  Communi cat i on Request  Schedul e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
I f  t her e i s no pr oposed use of  wi r el ess or  wi r ed br oadcast  communi cat i on,  
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pr ovi de a document  i ndi cat i ng t hi s i nst ead of  t he Request  Schedul e.

For  each devi ce pr oposed t o use wi r el ess or  wi r ed br oadcast  communi cat i on 
show:   t he devi ce i dent i f i er ,  a descr i pt i on of  t he devi ce,  t he l ocat i on of  
t he devi ce,  t he devi ce i dent i f i er s of  ot her  devi ces communi cat i ng wi t h t he 
devi ce,  t he pr ot ocol  used f or  communi cat i on,  encr ypt i on t ype and 
st r engt h.   For  wi r el ess communi cat i on,  al so show:  RF Fr equency,  Radi at ed 
Power  i n dBm ( deci bel  wi t h a mi l l i wat t  r ef er ence) ,  f r ee- space r ange,  and 
t he expect ed as- i nst al l ed r ange.

3. 2. 2   Non- I P Cont r ol  Net wor ks

When cont r ol  syst em speci f i cat i ons r equi r e par t i cul ar  communi cat i on 
pr ot ocol s,  use onl y t hose communi cat i on pr ot ocol s and onl y as speci f i ed.   
Do not  i mpl ement  any ot her  communi cat i on pr ot ocol .

When cont r ol  syst em speci f i cat i ons do not  i ndi cat e r equi r ement s f or  
communi cat i on pr ot ocol s,  use onl y t hose pr ot ocol s r equi r ed f or  oper at i on 
of  t he syst em as speci f i ed.

3. 2. 3   I P Cont r ol  Net wor ks

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CM- 6( a) ,  CM- 7( a) ,  
CM- 7( b) ,  CM- 7( 1) ( b) ,  SC- 41;  CCI - 001588,  CCI - 000381,  CCI - 000380,  
CCI - 000381,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546. }

I P Net wor ks must  be Et her net  net wor ks and must  use swi t ches whi ch ar e 
Et her net  Swi t ches or  Dai sy Chai n I P Cont r ol l er s as def i ned i n t hi s 
Sect i on.   Do not  use nonsecur e f unct i ons,  por t s,  pr ot ocol s and ser vi ces as 
def i ned i n DODI  8551. 01 unl ess t hose por t s,  pr ot ocol s and ser vi ces ar e 
speci f i cal l y r equi r ed by t he cont r ol  syst em speci f i cat i ons or  ot her wi se 
speci f i cal l y aut hor i zed by t he Gover nment .   Do not  use por t s,  pr ot ocol s 
and ser vi ces t hat  ar e not  speci f i ed i n t he cont r ol  syst em speci f i cat i ons 
or  r equi r ed f or  oper at i on of  t he cont r ol  syst em.

3. 2. 3. 1   I P Net wor k Rout er s

Do not  i nst al l  any devi ce t hat  per f or ms I P r out i ng.

3. 2. 4   Devi ce I dent i f i cat i on and Aut hent i cat i on
                                               

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 3;  CCI - 000777,  CCI - 000778,  CCI - 001958. }

Al l  comput er s must  suppor t  and i mpl ement  I EEE 802. 1x f or  devi ce 
aut hent i cat i on t o t he net wor k.

3. 2. 4. 1   For  HVAC Cont r ol  Syst em Devi ces

Devi ces usi ng HTTP as a cont r ol  pr ot ocol  must  use HTTPS i nst ead.   Devi ces 
usi ng Et her net  must  suppor t  I EEE 802. 1x.   Devi ces usi ng BACnet  must  
suppor t  net wor k secur i t y as speci f i ed f or  BACnet  Secur e Connect  i n 
ASHRAE 135.
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3. 3   ACCESS CONTROL REQUI REMENTS

3. 3. 1   User  Account s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 2( a) ,  AC- 3,  AC- 6( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) ,  CM- 11( 2) ,  and I A- 2;  
CCI - 002110,  CCI - 000213,  CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  
CCI - 002235,  CCI - 000039,  CCI - 001419,  CCI - 002234,  CCI - 001812,  and CCI - 000764.
}

Al l  user  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  user - based 
aut hent i cat i on wher e each account  i s uni quel y assi gned t o a speci f i c  
user .   User  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  at  l east  
t hr ee ( 3)  l evel s of  user  account  pr i v i l ege i ncl udi ng:   1)  an account  wi t h 
r ead- onl y per mi ssi ons 2)  an account  wi t h f ul l  per mi ssi ons i ncl udi ng 
account  cr eat i on and modi f i cat i on and 3)  an account  wi t h gr eat er  
per mi ssi ons t han r ead- onl y but  wi t hout  account  cr eat i on and modi f i cat i on.

3. 3. 1. 1   Comput er s

Al l  comput er  oper at i ng syst ems must  FULLY suppor t  user  account s and 
i mpl ement  account s f or  access.   Each cont r ol  syst em sof t war e appl i cat i on 
not  suppor t i ng account s and r unni ng on a comput er  must  be i nst al l ed such 
t hat  use of  t he sof t war e i s r est r i ct ed by t he comput er  oper at i ng syst em t o 
speci f i c  user s.

Appl i cat i ons r unni ng on comput er s must  not  r equi r e t he user  be l ogged i n 
t o a comput er  oper at i ng syst em admi ni st r at or  account  f or  nor mal  
oper at i on.    I t  i s  per mi ssi bl e t o r equi r e t he comput er  oper at i ng syst em 
admi ni st r at or  account  f or  i ni t i al  appl i cat i on i nst al l at i on and 
conf i gur at i on.

3. 3. 1. 2   Cont r ol l er s

For  user  i nt er f aces pr ovi ded by cont r ol l er s,  pr ovi de access cont r ol  i n 
accor dance wi t h t he User  I nt er f ace Requi r ement s t abl e f or  t he appl i cabl e 
cont r ol  syst em and user  i nt er f ace t ype.

a.  For  t abl e ent r i es of  " NA" :   NA means Not  Appl i cabl e,  t her e ar e no 
i nt er f aces i n t hi s cat egor y.

b.  For  t abl e ent r i es of  " None Requi r ed" :   The user  i nt er f ace i s not  
r equi r ed t o suppor t  user  account s.

c.  For  t abl e ent r i es of  " MI NI MALLY" :  The user  i nt er f ace must  at  l east  
MI NI MALLY suppor t  user  account s.

d.  For  t abl e ent r i es of  " FULLY" :  The user  i nt er f ace must  at  FULLY suppor t  
user  account s.

e.  For  t abl e ent r i es of  " KEY" :  The user  i nt er f ace must  have physi cal  
secur i t y i n t he f or m of  ei t her  a key l ock on t he i nt er f ace i t sel f  or  
be f ur ni shed i nsi de a l ocked encl osur e.   Wher e t hi s i s r equi r ed f or  a 
r ead onl y i nt er f ace,  t hi s l ock must  pr event  v i ewi ng of  dat a on t he 
i nt er f ace;  f or  ot her  i nt er f aces,  t hi s l ock must  pr event  usi ng t he 
i nt er f ace t o al t er  dat a.   

f .  For  t abl e ent r i es of  " Physi cal  Secur i t y" :  For  Local  FULL i nt er f aces,  
t he i nt er f ace must  be l ocat ed i nsi de mi ssi on space.  For  Local  Li mi t ed 
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( not  FULL)  i nt er f aces,  t he user  i nt er f ace must  ei t her  a)  be l ocat ed 
wi t hi n mi ssi on space or  b)  be pr ot ect ed by physi cal  secur i t y at  l east  
as good as t he cont r ol  devi ces ( and equi pment  cont r ol l ed by t he 
cont r ol  devi ces)  af f ect ed by t he i nt er f ace.   For  pur poses of  t hi s 
r equi r ement ,  ' af f ect ed'  i ncl udes cont r ol l er s wi t h dat a t hat  can be 
di r ect l y al t er ed by t he i nt er f ace,  as wel l  as mechani cal  and/ or  
el ect r i cal  equi pment  di r ect l y cont r ol l ed by t hose cont r ol l er s,  but  
does not  i ncl ude ot her  i nt er act i ons.   

g.   Ent r i es of  t he f or m " X and Y"  must  meet  bot h t he r equi r ement  i ndi cat ed 
f or  X and t he r equi r ement  i ndi cat ed f or  Y.   For  exampl e,  an ent r y of  
" MI NI MALLY and Physi cal  Secur i t y"  i ndi cat es t he user  i nt er f ace must  
bot h MI NI MALLY suppor t  account s and have physi cal  secur i t y.

h.  Ent r i es of  t he f or m " X or  Y"  must  meet  ei t her  t he r equi r ement  i ndi cat ed 
f or  X or  t he r equi r ement  i ndi cat ed f or  Y.   

3. 3. 1. 2. 1   HVAC Cont r ol  Syst ems

User  I nt er f ace Requi r ement s f or  LOW I mpact  HVAC Cont r ol  Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Local  Read Onl y ( see not e 1) None Requi r ed

Local  Li mi t ed,  Non- pr i v i l eged MI NI MALLY

Local  Li mi t ed,  Pr i v i l eged MI NI MALLY

Local  Ful l MI NI MALLY

Remot e Read Onl y None Requi r ed

Remot e Li mi t ed,  Non- Pr i v i l eged MI NI MALLY

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l  ( see not e 2)

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Remot e Ful l  User  I nt er f aces ar e al ways Pr i v i l eged 

3. 3. 1. 2. 2   Def aul t  Requi r ement s f or  Ot her  Cont r ol  Syst ems

For  cont r ol  syst em devi ces wher e User  I nt er f ace Requi r ement s ar e not  
ot her wi se i ndi cat ed i n t hi s Sect i on,  use t he Def aul t  User  I nt er f ace 
Requi r ement s t abl es.
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Def aul t  User  I nt er f ace Requi r ement s f or  LOW I mpact  Cont r ol  Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Local  Read Onl y ( see not e 1) MI NI MALLY

Local  Li mi t ed,  Non- pr i v i l eged MI NI MALLY

Local  Li mi t ed,  Pr i v i l eged MI NI MALLY

Local  Ful l MI NI MALLY

Remot e Read Onl y MI NI MALLY

Remot e Li mi t ed,  Non- Pr i v i l eged MI NI MALLY

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l  ( see not e 2)

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Remot e Ful l  User  I nt er f aces ar e al ways Pr i v i l eged

3. 3. 2   Unsuccessf ul  Logon At t empt s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 7 ( a) ,  AC- 7 ( b) ;   CCI - 000043,  CCI - 000044,  CCI - 001423,  CCI - 002236,  
CCI - 002237,  CCI - 002238}

Except  f or  hi gh avai l abi l i t y  user  i nt er f aces i ndi cat ed as exempt ,  devi ces 
must  meet  t he i ndi cat ed r equi r ement s f or  handl i ng unsuccessf ul  l ogon 
at t empt s.  I f  a devi ce cannot  meet  t hese r equi r ement s,  document  devi ce 
capabi l i t i es t o pr ot ect  f r om subsequent  l ogon at t empt s and pr opose 
al t er nat e pr ot ect i ons i n a Devi ce Account  Lock Except i on Request  
submi t t al .  Do not  i mpl ement  al t er nat e pr ot ect i on measur es i n l i eu of  t he 
i ndi cat ed r equi r ement s wi t hout  expl i c i t  per mi ssi on f r om t he Gover nment .   
I f  no Devi ce Account  Lock Except i ons ar e r equest ed,  pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed as t he Devi ce Account  Lock 
Except i on Request .

3. 3. 2. 1   Devi ces MI NI MALLY Suppor t i ng Account s

For  LOW I mpact  Syst ems:   Devi ces whi ch MI NI MALLY ( but  not  FULLY)  suppor t  
account s must  l ock t he user  account  af t er  f i ve consecut i ve f ai l ed l ogi n 
at t empt s and must  unl ock t he user  account  af t er  15 mi nut es have el apsed 
wi t hout  an unsuccessf ul  l ogi n at t empt  or  by a successf ul  l ogi n t o a 
separ at e admi ni st r at or  account .

3. 3. 2. 2   Devi ces FULLY Suppor t i ng Account s

Devi ces whi ch FULLY suppor t  account s must  meet  t he f ol l owi ng 
r equi r ement s.   

a.   I t  must  l ock t he user  account  when t hr ee unsuccessf ul  l ogon at t empt s 
occur  wi t hi n a 15 mi nut e i nt er val .
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b.   Once an account  i s l ocked,  t he account  must  st ay l ocked unt i l  unl ocked 
by an admi ni st r at or .   I f  t he account  bei ng l ocked i s t he sol e 
admi ni st r at or  account  on t he devi ce,  t he account  must  st ay l ocked f or  
1 hour  and t hen aut omat i cal l y unl ock.  

c.   Once t he i ndi cat ed number  of  unsuccessf ul  l ogon at t empt s occur s,  del ay 
f ur t her  l ogon pr ompt s by 5 seconds.

3. 3. 3   Syst em Use Not i f i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 8;  CCI - 000048,  CCI - 002247,  CCI - 002243,  CCI - 002244,  CCI - 002245,  
CCI - 002246,  CCI - 000050,  CCI - 002248}

3. 3. 3. 1   Syst em Use Not i f i cat i on f or  Local  User  I nt er f aces

Devi ces whi ch ar e connect ed t o a net wor k and have a l ocal  user  i nt er f ace 
must  di spl ay a war ni ng banner  meet i ng t he r equi r ement s of  DTM 08- 060 on 
t he user  i nt er f ace scr een i f  capabl e of  doi ng so and must  have a 
per manent l y af f i xed l abel  wi t h an appr oved banner  f r om DTM 08- 060 i f  
unabl e t o di spl ay t he war ni ng banner  on t he scr een.   Wher e i t  i s  
i mpr act i cal  ( per haps due t o devi ce s i ze)  t o af f i x  t he l abel  t o t he devi ce,  
af f i x  t he l abel  t o t he devi ce encl osur e.

Label s must  be machi ne pr i nt ed or  engr aved,  pl ast i c or  met al ,  desi gned f or  
per manent  i nst al l at i on,  must  use a f ont  no smal l er  t han 14 poi nt ,  and must  
pr ovi de a hi gh cont r ast  bet ween f ont  and backgr ound col or s.

3. 3. 4   Per mi t t ed Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 14;  CCI - 000061,  CCI - 000232}

The cont r ol  syst em must  r equi r e i dent i f i cat i on and aut hent i cat i on bef or e 
al l owi ng any act i ons except  r ead- onl y act i ons by a user  act i ng f r om a user  
i nt er f ace whi ch MI NI MALLY or  FULLY suppor t s account s.

3. 3. 5   Encl osur es

Pr i or  t o f i nal  accept ance of  t he syst em,  l ock al l  l ockabl e encl osur es.   
Submi t  an Encl osur e Keys submi t t al  wi t h al l  copi es of  keys f or  al l  
encl osur es and a key i nvent or y l i s t  document i ng al l  keys.   Label  each key 
wi t h t he mat chi ng encl osur e i dent i f i er .

3. 4   USER I DENTI FI CATI ON AND AUTHENTI CATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 2,  I A- 2( 1) , I A- 2( 12) ,  I A- 5 I A- 5( b) ,  I A- 5( c) ,  I A- 5( e) ,  I A- 5( g) ,  
I A- 5( 1) ,  I A- 5( 11) ;  CCI - 000764,  CCI - 000765,  CCI - 001953,  CCI - 001954,  
CCI - 001544,  CCI - 001989,  CCI - 000182,  CCI - 001610,  CCI - 000192,  CCI - 000193,  
CCI - 000194,  CCI - 000205,  CCI - 001619,  CCI - 001611,  CCI - 001612,  CCI - 001613,  
CCI - 001614,  CCI - 000195,  CCI - 001615,  CCI - 000196,  CCI - 000197,  CCI - 000199,  
CCI - 000198,  CCI - 001616,  CCI - 001617,  CCI - 000200,  CCI - 001618,  CCI - 002041,  
CCI - 002002,  CCI - 002003.  }

Thi s subpar t  i ndi cat es r equi r ement s f or  speci f i c  met hods of  i dent i f i cat i on 
and aut hent i cat i on f or  user s and user  account s.   Wher e t hese r equi r ement s 
conf l i c t  appl y t he f ol l owi ng or der  of  pr ecedence:   1)  I f  pr esent ,  Devi ce 
Speci f i c  Requi r ement s t ake pr ecedence over  any ot her  r equi r ement s;  and 
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t hen 2)  mul t i f act or  aut hent i cat i on r equi r ement s t ake pr ecedence over  
passwor d r equi r ement s.

3. 4. 1   User  I dent i f i cat i on and Aut hent i cat i on f or  Al l  Syst em Types

Unl ess ot her wi se i ndi cat ed,  al l  user  i nt er f aces suppor t i ng account s 
( ei t her  FULLY or  MI NI MALLY)  must  i mpl ement  I dent i f i cat i on and 
Aut hor i zat i on v i a passwor ds.  

3. 4. 2   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Syst em Types

Syst em speci f i c  r equi r ement s ar e i n addi t i on t o and super sede t hose 
i ndi cat ed f or  al l  syst em t ypes.   When no addi t i onal  r equi r ement s ar e 
i ndi cat ed f or  a speci f i c  syst em t ype t he r equi r ement s f or  al l  syst ems 
st i l l  appl y t o t hat  syst em t ype.

3. 4. 3   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Devi ces

Ther e ar e no addi t i onal  devi ce speci f i c  user  i nt er f ace r equi r ement s.

3. 4. 4   I mpl ement at i on of  I dent i f i cat i on and Aut hor i zat i on Requi r ement s

I dent i f i cat i on and Aut hor i zat i on must  be met  by one of  t he f ol l owi ng 
met hods:

a.   Di r ect  i mpl ement at i on i n t he user  i nt er f ace.  

b.   For  user  i nt er f aces on a comput er :   i nher i t i ng t he I dent i f i cat i on and 
Aut hor i zat i on f r om t he comput er  oper at i ng syst em,  ei t her  by t he 
oper at i ng syst em l i mi t i ng access t o speci f i c  appl i cat i ons by user ,  or  
by t he appl i cat i on i t sel f  havi ng per mi ssi ons based on t he user  l ogged 
i nt o t he comput er .

3. 4. 5   Passwor d- Based Aut hent i cat i on Requi r ement s

3. 4. 5. 1   Passwor ds f or  Sof t war e and Appl i cat i ons Runni ng on Comput er s

Al l  sof t war e and appl i cat i ons r unni ng on comput er s suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  12 char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a mi ni mum l i f et i me of  24 hour s.

g.  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

h.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
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def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

i .  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 2   Passwor ds f or  Cont r ol l er s FULLY Suppor t i ng Account s

Al l  cont r ol l er s FULLY suppor t i ng account s and suppor t i ng passwor d- based 
aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  s i xt y ( 60)  days.  When 
passwor ds expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock 
account s due t o expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve ( 5)  passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  f i f t y  per cent  of  t he char act er s.

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 3   Passwor ds f or  Devi ces Mi ni mal l y Suppor t i ng Account s

Devi ces MI NI MALLY suppor t i ng account s must  suppor t  passwor ds wi t h a 
mi ni mum l engt h of  f our  char act er s.

3. 4. 5. 4   Passwor d Conf i gur at i on and Repor t i ng

For  al l  devi ces wi t h a passwor d,  change t he passwor d f r om t he def aul t  
passwor d.   Coor di nat e sel ect i on of  passwor ds wi t h t he Passwor d Poi nt  of  
Cont act .   Do not  use t he same passwor d f or  mor e t han one devi ce unl ess 
speci f i cal l y i nst r uct ed t o do so.   Pr ovi de a Conf i dent i al  Passwor d Repor t  
document i ng t he passwor d f or  each devi ce and descr i bi ng t he pr ocedur e t o 
change t he passwor d f or  each devi ce.

Do not  pr ovi de t he Passwor d Summar y Repor t  i n el ect r oni c f or mat .   Pr ovi de 
t wo har dcopi es of  t he Passwor d Summar y Repor t ,  each copy i n i t s own seal ed 
envel ope.

For  al l  devi ces wi t h a passwor d,  coor di nat e t he changi ng of  passwor ds wi t h
t he pr oj ect  s i t e f ol l owi ng t est i ng of  t he syst em but  pr i or  t o t ur nover  t o
t he Gover nment .  Coor di nat e wi t h Passwor d Poi nt  of  Cont act  t o det er mi ne 
appr opr i at e pr oj ect  s i t e per sonnel  t o compl et e passwor d changes.  Accompany 
i dent i f i ed per sonnel  t o each devi ce wi t h a passwor d and i nst r uct  per sonnel  
on t he pr ocess of  changi ng passwor d.  Recor d t he t i me,  dat e and per sonnel  
pr esent  when each devi ce' s passwor d i s changed and submi t  a Passwor d 
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Change Summar y Repor t  document i ng t hi s i nf or mat i on.

3. 4. 6   Aut hent i cat or  Feedback

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 6;  CCI - 000206}

Devi ces must  never  show aut hent i cat i on i nf or mat i on,  i ncl udi ng passwor ds,  
on a di spl ay.   Devi ces t hat  moment ar i l y  di spl ay a char act er  as i t  i s  
ent er ed,  and t hen obscur e t he char act er ,  ar e accept abl e.   For  devi ces t hat  
have STI Gs or  SRGs r el at ed t o obscur i ng of  aut hent i cat or  f eedback 
( CCI - 000206) ,  compl y wi t h t he r equi r ement s of  t hose STI GS/ SRGs.

3. 5   CYBERSECURI TY AUDI TI NG

Wher e an audi t i ng r equi r ement  exi st s f or  emai l  not i f i cat i on,  not i f y v i a 
emai l  t he appl i cat i on admi ni st r at or  and I nf or mat i on Syst em Secur i t y 
Of f i cer  ( I SSO)  of  t he event .   Coor di nat e wi t h t he Emai l  Addr ess Poi nt  of  
Cont act  f or  emai l  addr esses.   I f  out goi ng emai l  i s  not  avai l abl e t o t he 
syst em,  conf i gur e t he syst em f or  t hese not i f i cat i ons f or  f ut ur e suppor t  of  
out goi ng emai l .

3. 5. 1   Audi t  Event s,  Cont ent  of  Audi t  Recor ds,  and Audi t  Gener at i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 2( a) ,  AU- 2( c) ,  AU- 2( d) ,  AU- 3,  AU- 10,  AU- 12,  AU- 13( 3) ,  AU- 14( b) ,  
AU- 14( 1) ,  AU- 14( 2) ,  AU- 14( 3) ,  CM- 5( 1) ,  SC- 7 ( 9) ;   CCI - 000123,  CCI - 001571,  
CCI - 000125,  CCI - 001485,  CCI - 000130,  CCI - 000131,  CCI - 000132,  CCI - 012300133,  
CCI - 000134,  CCI - 001487,  CCI - 000166,  CCI - 001899,  CCI - 000169,  CCI - 001459,  
CCI - 000171,  CCI - 000172,  CCI - 001910,  CCI - 001914,  CCI - 001919,  CCI - 001464,  
CCI - 001462,  CCI - 001920,  CCI - 001814,  CCI - 002400.  }

I f  audi t i ng r equi r ement s can be met  usi ng exi st i ng cont r ol  syst em al ar m or  
event  capabi l i t i es,  t hose exi st i ng capabi l i t i es may be used t o meet  t hese 
r equi r ement s.

3. 5. 1. 1   For  HVAC Cont r ol  Syst em Cont r ol l er s

3. 5. 1. 1. 1   HVAC Cont r ol  Syst em Cont r ol l er s FULLY Suppor t i ng User  Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 5. 1. 1. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:

a.  Successf ul  and unsuccessf ul  l ogon at t empt s t o t he cont r ol l er
   

b.  Successf ul  l ogout s

c.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   

d.  Al l  cont r ol l er  shut down and st ar t up

3. 5. 1. 1. 1. 2   Audi t  Event  I nf or mat i on To Recor d

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
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f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.  what  t ype of  event  occur r ed

b.  when t he event  occur r ed

c.  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 5. 1. 1. 2   Ot her  HVAC Cont r ol  Syst em Cont r ol l er s

Ther e ar e no r equi r ement s t o per f or m audi t i ng at  HVAC f i el d cont r ol l er s 
t hat  do not  FULLY suppor t  account s.

3. 5. 2   Audi t  Ti me St amps

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 8;  CCI - 000159,  CCI - 001889,  CCI - 001890. }

Any devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds must  have an 
i nt er nal  c l ock capabl e of  pr ovi di ng t i me wi t h a r esol ut i on of  one second.   
Cl ocks must  not  dr i f t  mor e t han 10 seconds per  day.   Conf i gur e t he syst em 
so t hat  each devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds 
mai nt ai ns accur at e t i me t o wi t hi n 1 second.   Not e t hat  i f  t he cont r ol  
syst em speci f i cat i ons i ncl ude r equi r ement  f or  c l ocks,  t he most  st r i ngent  
r equi r ement  appl i es.

3. 5. 3   Audi t  St or age Capaci t y and Audi t  Upl oad

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 4;  CCI - 001848,  CCI - 001849}

The cr eat i on of  audi t  r ecor ds must  never  i nt er f er e wi t h nor mal  devi ce 
oper at i on.   Devi ces must  cease col l ect i on of  audi t i ng i nf or mat i on i f  
r equi r ed t o mai nt ai n nor mal  oper at i on.

a.   For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  st or age capaci t y 
( CCI - 001848 or  CCI - 001849)  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

b.   For  cont r ol l er s capabl e of  gener at i ng audi t  r ecor ds,  pr ovi de 60 days 
wor t h of  secur e l ocal  st or age,  assumi ng 10 audi t abl e event s per  day.

3. 6   REQUI REMENTS FOR LEAST FUNCTI ONALI TY

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s) ,  al ong 
wi t h t he net wor k communi cat i on r epor t  submi t t al  speci f i ed el sewher e i n 
t hi s sect i on,  r el at es t o CM- 6( a) ,  CM- 6( c) ,  CM- 7,  CM- 7( 1) ( b) ,  SC- 41;   
CCI - 000363,  CCI - 000364,  CCI - 000365,  CCI - 001588,  CCI - 001755,  CCI - 000381,  
CCI - 000380,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.   }

For  devi ces t hat  have a STI G or  SRG r el at ed t o Requi r ement s f or  Least  
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  and devi ce I / O 
access f or  l east  f unct i onal i t y) ,  i nst al l  and conf i gur e t he devi ce i n 
accor dance wi t h t hat  STI G or  SRGs.

3. 6. 1   Devi ce Capabi l i t i es

For  HVAC Cont r ol  Syst ems:  Do not  pr ovi de devi ces wi t h r emot e user  
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i nt er f aces or  wi t h f ul l  user  i nt er f aces wher e one was not  r equi r ed.   Do 
not  use a net wor ked sensor  or  act uat or  wher e a non- net wor ked sensor  or  
act uat or  woul d suf f i ce.  

For  Ot her  Cont r ol  Syst ems:  For  LOW I mpact  Syst ems:   Do not  pr ovi de devi ces 
wi t h r emot e user  i nt er f aces or  wi t h f ul l  user  i nt er f aces wher e one was not  
r equi r ed.

3. 6. 2   Sof t war e

For  sof t war e t hat  has a STI G or  SRG r el at ed t o Requi r ement s f or  Least
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  access f or  l east
f unct i onal i t y) ,  i nst al l  and conf i gur e t he sof t war e i n accor dance wi t h t hat
STI G or  SRG.

3. 7   SYSTEM AND COMMUNI CATI ON PROTECTI ON

3. 7. 1   Col l abor at i ve Comput i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 15( a) ,  
SC- 15( b) ;  CCI - 001150,  CCI - 001152. }

Wi t hout  expl i c i t  appr oval  f r om t he pr oj ect  s i t e,  cont r ol  syst ems must  not  
use col l abor at i ve comput i ng t echnol ogi es.

3. 7. 2   Deni al  of  Ser vi ce Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 5,  SC- 39,  
SC- 7( a) ;  CCI - 001093,  CCI - 002385,  CCI - 002386,  CCI - 002430,  CCI - 001097.  }

To t he gr eat est  ext ent  pr act i cal ,  i mpl ement  cont r ol  l ogi c wi t hout  r el i ance 
on t he net wor k.   Except  when r equi r ed t o meet  t he r equi r ement s of  t he 
cont r ol  syst em Sect i on ( wher e t he r equi r ement  can onl y be met  usi ng 
comput er  har dwar e) ,  do not  i mpl ement  cont r ol  l ogi c i n comput er s.

3. 8   SAFE MODE AND FAI L SAFE OPERATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 12,  SI - 10( 3) ,  SI - 17;  CCI - 002855,  CCI - 002856,  CCI - 002857,  CCI - 002754,  
CCI - 002773,  CCI - 002774,  CCI - 002775}

For  al l  cont r ol  syst em component s wi t h an appl i cabl e STI G or  SRG,  
conf i gur e t he component  i n accor dance wi t h al l  appl i cabl e STI Gs and SRGs.

3. 9   SYSTEM MAI NTENANCE TOOL SOFTWARE

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
MA- 3;  CCI - 000865. }

Submi t  and l i cense t o t he Gover nment  al l  sof t war e r equi r ed t o oper at e,
mai nt ai n and modi f y t he cont r ol  syst em such t he Gover nment  or  t hei r  agent s 
ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons of  t he 
syst em wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or ,  Vendor  
or  Manuf act ur er .  Submi t  har d copi es of  user  manual s f or  each sof t war e wi t h 
t he sof t war e submi t t al .

For  sof t war e pr ovi ded and l i censed t o t he Gover nment  under  t he
r equi r ement s of  anot her  Sect i on,  submi t  a st at ement  i ndi cat i ng t he
Sect i on and Submi t t al  under  whi ch t he sof t war e was pr ovi ded.  For
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sof t war e pr ovi ded t o meet  t he r equi r ement s of  t hi s Sect i on and not  
pr ovi ded and l i censed under  anot her  Sect i on,  submi t  sof t war e and sof t war e 
user  manual s on DVD or  CD as a Techni cal  Dat a Package and submi t  one har d 
copy of  t he sof t war e user  manual  f or  each pi ece of  sof t war e.

3. 10   VULNERABI LI TY SCANNI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o RA- 5 RA- 5( a) , RA- 5( b) , RA- 5( c) , RA- 5( d) ;  CCI - 001054,  CCI - 001055,  
CCI - 000156,  CCI - 001641,  CCI - 001643,  CCI - 001057,  CCI - 001058,  CCI - 001059.  }

Al l  I P devi ces must  be scannabl e,  such t hat  t he devi ce can be scanned by 
i ndust r y st andar d I P net wor k scanni ng ut i l i t i es wi t hout  har m t o t he 
devi ce,  appl i cat i on,  or  f unct i onal i t y.  

3. 10. 1   Cont r ol l er s

Pr ovi de cont r ol l er s t hat  ar e scannabl e by st andar d cont r ol  syst em 
di scover y t ool s or  cont r ol  syst em br owser s and r et ur n meani ngf ul  st at us 
i nf or mat i on i ncl udi ng t he net wor k i nput s and out put s f or  t he cont r ol l er .   
Thi s i nf or mat i on must  cont ai n suf f i c i ent  det ai l  t o det ect  vul ner abi l i t i es 
or  expl oi t s of  t he cont r ol l er .

Pr ovi de al l  sof t war e needed t o scan t he cont r ol  syst em as t he Cont r ol  
Syst em Scanni ng Tool s submi t t al .   I f  t he sof t war e r equi r ed t o scan t he 
syst em i s al r eady i nst al l ed at  t he pr oj ect  s i t e or  i s pr ovi ded under  a 
separ at e sect i on i nst ead pr ovi de a st at ement  i ndi cat i ng t hi s.

3. 11   SYSTEM AND I NTEGRATI ON I NTEGRI TY

3. 11. 1   I nf or mat i on Syst em Moni t or i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SI - 4 ( a) , ( b) ;  
CCI - 001253,  CCI - 002645}

3. 12   CONTROL SYSTEM CYBERSECURI TY TESTI NG

3. 12. 1   Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es

Pr epar e Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es expl ai ni ng
st ep- by- st ep,  t he act i ons and expect ed r esul t s t hat  wi l l  demonst r at e t hat
t he cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.

Submi t  4 copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Pr ocedur es.  The Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es may be
submi t t ed as a Techni cal  Dat a Package.

3. 12. 2   Cont r ol  Syst em Cyber secur i t y Test i ng Execut i on

Usi ng t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es ver i f y t hat  t he
cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.  UNLESS GOVERNMENT
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL
TESTS WI TH A GOVERNMENT WI TNESS.  I f  t est i ng r eveal s def i c i enci es i n t he
syst em,  cor r ect  t he def i c i ency and r et est  unt i l  successf ul .

3. 12. 3   Cont r ol  Syst em Cyber secur i t y Test i ng Repor t

Pr epar e and submi t  a Cont r ol  Syst em Cyber secur i t y Test i ng Repor t
document i ng al l  t est s per f or med and t hei r  r esul t s.  I ncl ude al l  t est s i n
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t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es and any addi t i onal
t est s per f or med dur i ng t est i ng.  Document  t est  f ai l ur es and r epai r s
conduct ed wi t h t he t est  r esul t s.

Submi t  f our  copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Repor t .  The Cont r ol  Syst em Cyber secur i t y Test i ng Repor t  may be submi t t ed
as a Techni cal  Dat a Package.

3. 13   FI ELD QUALI TY CONTROL,  CYBERSECURI TY VALI DATI ON SUPPORT

I n addi t i on t o t est i ng and t est i ng suppor t  r equi r ed by ot her  Sect i ons,  
pr ovi de a mi ni mum of  16 hour s of  t echni cal  suppor t  f or  cyber secur i t y 
t est i ng of  cont r ol  syst ems t o suppor t  t he DoD Ri sk Management  Fr amewor k 
pr ocess Cyber secur i t y assessment  of  t he cont r ol  syst em.   Thi s suppor t  i s  
i ndependent  of  ( and i n addi t i on t o)  t he Cont r ol  Syst em Cyber secur i t y 
Test i ng speci f i ed i n t hi s sect i on.

3. 14   CYBERSECURI TY TRAI NI NG

Pr ovi de ei ght  hour s of  c l assr oom and hands- on t r ai ni ng f or  s i x Gover nment  
per sonnel  on t he cyber secur i t y oper at i on and mai nt enance of  t he cont r ol  
syst em pr ovi ded.   Thi s t r ai ni ng i s i n addi t i on t o and must  be coor di nat ed 
wi t h cont r ol  syst em t r ai ni ng speci f i ed i n ot her  Sect i ons.  

The Gover nment  wi l l  pr ovi de t he t r ai ni ng l ocat i on.  Tr ai ni ng must  cover ,  at  
a mi ni mum:   ( a)  appl y i ng sof t war e and f i r mwar e updat es,  ( b)  user  account  
cr eat i on,  modi f i cat i on and del et i on,  ( c)  audi t  l og upl oad pr ocedur es and 
( d)  i dent i f i cat i on of  pr i v i l eged user  i nt er f aces and syst em i mpact  of  
t hose i nt er f aces.   Tr ai ni ng sessi on must  i ncl ude a quest i on and answer  
per i od dur i ng whi ch gover nment  st af f  quest i ons about  cyber secur i t y aspect s 
of  t he cont r ol  syst em ar e answer ed.  

        - -  End of  Sect i on - -
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SECTI ON 25 05 11. 03

CYBERSECURI TY FOR MODERATE I MPACT ELECTRONI C SECURI TY SYSTEMS
05/ 21

PART 1   GENERAL

Many subpar t s i n t hi s Sect i on cont ai n t ext  i n cur l y br aces ( " { "  and " } " )  
i ndi cat i ng whi ch cyber secur i t y cont r ol  and cont r ol  cor r el at i on i dent i f i er  
( CCI )  t he r equi r ement s of  t he subpar t  r el at e t o.   The t ext  i nsi de t hese 
cur l y br aces i s f or  Gover nment  r ef er ence onl y and enabl es coor di nat i on of  
t he r equi r ement s of  t hi s Sect i on wi t h t he RMF pr ocess t hr oughout  t he 
desi gn and const r uct i on pr ocess.   Text  i n cur l y br aces ar e not  cont r act or  
r equi r ement s.

Thi s Sect i on r ef er s t o Secur i t y Requi r ement s Gui de ( SRGs)  and Secur i t y 
Techni cal  I mpl ement at i on Gui de ( STI Gs) .   STI Gs and SRGs ar e avai l abl e 
onl i ne at  t he I nf or mat i on Assur ance Suppor t  Envi r onment  ( I ASE)  websi t e at   
ht t ps: / / publ i c. cyber . mi l / st i gs/ downl oads/  and an SRG/ STI G Appl i cabi l i t y  
Gui de and Col l ect i on Tool  i s  avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ .  Not  al l  cont r ol  syst em component s 
have appl i cabl e STI Gs or  SRGs.   The " Cont r ol  Syst ems SRG"  does not  appl y 
t o wor k per f or med under  t hi s Sect i on;  al l  r equi r ement s wi t hi n t hi s sect i on 
t o appl y appl i cabl e SRGs DO NOT i ncl ude t he " Cont r ol  Syst ems SRG" .

1. 1   CONTROL SYSTEM APPLI CABI LI TY

Ther e ar e mul t i pl e ver si ons of  t hi s Sect i on associ at ed wi t h t hi s pr oj ect .   
Di f f er ent  ver si ons have r equi r ement s appl i cabl e t o di f f er ent  cont r ol  
syst ems.   Thi s speci f i c  Sect i on appl i es onl y t o t he f ol l owi ng cont r ol  
syst ems:  El ect r oni c Secur i t y Syst ems.

1. 2   RELATED REQUI REMENTS

Thi s sect i on does not  cont ai n suf f i c i ent  r equi r ement s t o pr ocur e a cont r ol  
syst em and must  be used i n conj unct i on wi t h ot her  Sect i ons whi ch speci f y 
cont r ol  syst ems.   Thi s Sect i on adds cyber secur i t y r equi r ement s t o t he 
cont r ol  syst ems speci f i ed i n ot her  Sect i ons,  and as t hese r equi r ement s ar e 
condi t i oned on t he cont r ol  syst em bei ng pr ovi ded,  t her e may be 
r equi r ement s i n t hi s Sect i on t hat  wi l l  not  appl y t o t hi s pr oj ect .   Al l  
Sect i ons cont ai ni ng f aci l i t y- r el at ed cont r ol  syst ems or  cont r ol  syst em 
component s ar e r el at ed t o t he r equi r ement s of  t hi s Sect i on.   Revi ew al l  
speci f i cat i on sect i ons t o det er mi ne r el at ed r equi r ement s.

I n cases wher e a r equi r ement  i s speci f i ed i n bot h t hi s Sect i on and i n 
anot her  Sect i on,  t he mor e st r i ngent  r equi r ement  must  be met .   I n cases 
wher e a r equi r ement  i n t hi s Sect i on conf l i c t s wi t h t he r equi r ement s of  
anot her  Sect i on such t hat  bot h r equi r ement s cannot  be met  at  t he same 
t i me,  r equest  di r ect i on f r om t he Cont r act i ng Of f i cer  Repr esent at i ve t o 
det er mi ne whi ch r equi r ement  appl i es t o t he pr oj ect .

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
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t he basi c desi gnat i on onl y.

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 1x ( 2010)  Local  and Met r opol i t an Ar ea 
Net wor ks -  Por t  Based Net wor k Access 
Cont r ol

I NTERNET ENGI NEERI NG TASK FORCE ( I ETF)

I ETF RFC 2819 ( 2000)  Remot e Net wor k Moni t or i ng ( RMON)  
Management  I nf or mat i on Base ( MI B)

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST FI PS 201- 2 ( 2013)  Per sonal  I dent i t y Ver i f i cat i on 
( PI V)  of  Feder al  Empl oyees and Cont r act or s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DODI  8551. 01 ( 2014)  Por t s,  Pr ot ocol s,   and Ser vi ces 
Management  ( PPSM)

DTM 08- 060 ( 2008)  Pol i cy on Use of  Depar t ment  of  
Def ense ( DoD)  I nf or mat i on Syst ems -  
St andar d Consent  Banner  and User  Agr eement

1. 4   DEFI NI TI ONS

1. 4. 1   Admi ni st r at or  Account

An admi ni st r at or  account  i s an account  wi t h f ul l  per mi ssi ons t o a devi ce,  
appl i cat i on,  or  oper at i ng syst em,  i ncl udi ng t he abi l i t y  t o cr eat e and 
modi f y ot her  user  account s.

Not e t hat  t he oper at i ng syst em Admi ni st r at or  Account  may be di f f er ent  t han 
Admi ni st r at or  Account s f or  appl i cat i ons host ed on t hat  oper at i ng syst em.   
Al so,  most  cont r ol l er s wi l l  not  have any suppor t  f or  account s and wi l l  
t her ef or e not  have an ' Ami ni st r at or  Account ' .

1. 4. 2   Comput er

A comput er  i s one of  t he f ol l owi ng:

a.   a devi ce r unni ng a non- embedded deskt op or  ser ver  ver si on of  Mi cr osof t  
Wi ndows

b.   a devi ce r unni ng a non- embedded ver si on of  MacOS

c.   a devi ce r unni ng a non- embedded ver si on of  Li nux

d.   a devi ce r unni ng a ver si on or  der i vat i ve of  t he Andr oi d Oper at i ng 
Syst em,  wher e Andr oi d i s consi der ed separ at e f r om Li nux

e.   a devi ce r unni ng a ver si on of  Appl e i OS

Unl ess ot her wi se i ndi cat ed or  c l ear  f r om cont ext  use of  t he wor d " devi ce"  
i n t hi s Sect i on i ncl udes comput er s.
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1. 4. 3   Cont r ol l er

A devi ce ot her  t han a comput er  or  Et her net  swi t ch.   

1. 4. 4   Mi ssi on Space

A devi ce or  medi a i s i n mi ssi on space i f  physi cal  access t o t he devi ce or  
medi a i s cont r ol l ed by t he or gani zat i on ser ved by t he devi ce.   For  
exampl e,  a VAV box cont r ol l er  i n a suspended cei l i ng i s i n mi ssi on space 
i f  t he VAV box ser ves t hat  r oom;  an el ect r i cal  swi t chgear  i n an el ect r i cal  
r oom or  an AHU i n a mechani cal  r oom or  on a r oof t op may st i l l  be 
consi der ed t o be i n mi ssi on space i f  t he or gani zat i on ( mi ssi on)  ser ved by 
t hat  swi t chgear  or  AHU cont r ol s access t o t he el ect r i cal  r oom,  mechani cal  
r oom or  r oof t op.

1. 4. 5   Net wor k

A net wor k i s a gr oup of  t wo or  mor e devi ces t hat  can communi cat e usi ng a 
net wor k pr ot ocol .   Net wor k pr ot ocol s must  pr ovi de a met hod f or  addr essi ng 
devi ces on t he net wor k;  a communi cat i on met hod t hat  does not  pr ovi de an 
addr essi ng scheme i s not  a net wor ked f or m of  communi cat i on.   Devi ces t hat  
communi cat e usi ng a met hod of  communi cat i on t hat  does not  suppor t  devi ce 
addr essi ng ar e not  usi ng a net wor k.

1. 4. 6   Net wor k Connect ed

A component  i s net wor k connect ed ( or  " connect ed t o a net wor k" )  onl y when 
t he devi ce has a net wor k t r anscei ver  whi ch i s di r ect l y connect ed t o t he 
net wor k and i mpl ement s t he net wor k pr ot ocol .   A devi ce l acki ng a net wor k 
t r anscei ver  ( and accompanyi ng pr ot ocol  i mpl ement at i on)  can never  be 
consi der ed net wor k connect ed.   Not e t hat  ( unl i ke many I T def i ni t i ons of  
" Net wor k Connect ed" )  a devi ce connect ed t o a non- I P net wor k i s st i l l  
consi der ed net wor k connect ed ( an I P connect i on or  I P addr ess i s not  
r equi r ed f or  a devi ce t o be net wor k connect ed) .

1. 4. 6. 1   Wi r el ess Net wor k Connect ed

Any devi ce t hat  suppor t s wi r el ess net wor k communi cat i on i s net wor k 
connect ed t o a wi r el ess net wor k,  r egar dl ess of  whet her  t he devi ce i s 
communi cat i ng usi ng wi r el ess.   Unl ess physi cal l y di sabl ed,  devi ces wi t h 
wi r el ess t r anscei ver s suppor t  wi r el ess,  i t  i s  not  suf f i c i ent  t o di sabl e 
t he wi r el ess i n sof t war e.

1. 4. 7   Net wor k Medi a

 The t hi ng t hat  pr ovi des t he communi cat i on channel  bet ween t he devi ces on 
a net wor k.   Typi cal l y wi r e,  but  mi ght  i ncl ude wi r el ess,  f i ber  opt i c,  or  
even power  l i ne ( some net wor k pr ot ocol s al l ow sendi ng net wor k s i gnal s over  
power  wi r i ng) .

1. 4. 8   User  Account  Suppor t  Level s

The suppor t  f or  user  account s i s cat egor i zed i n t hi s Sect i on as one of  
t hr ee l evel s:   

1. 4. 8. 1   FULLY Suppor t ed

Devi ce suppor t s conf i gur abl e i ndi v i dual  account s.   Account s can be 
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cr eat ed,  del et ed,  modi f i ed,  et c.   Pr i v i l eges can be assi gned t o account s.   
These devi ces suppor t  user - based ( as opposed t o r ol e- based)  aut hent i cat i on.

1. 4. 8. 2   MI NI MALLY Suppor t ed

Devi ce suppor t s a smal l ,  f i xed number  of  account s ( per haps onl y one) .   
Account s cannot  be modi f i ed.   A devi ce wi t h onl y a " User "  and an 
" Admi ni st r at or "  account  woul d f i t  t hi s cat egor y.   Si mi l ar l y,  a devi ce wi t h 
t wo PI Ns f or  l ogon -  one f or  r est r i ct ed and one f or  unr est r i ct ed r i ght s 
woul d f i t  her e ( i n ot her  wor ds,  t he account s do not  have t o be t he 
t r adi t i onal  " user name and passwor d"  st r uct ur e) .   These devi ces t ypi cal l y 
onl y suppor t  r ol e- based aut hent i cat i on.

Exampl es of  devi ces whi ch MI NI MALLY suppor t  account s ar e a)  a var i abl e 
f r equency dr i ve wi t h a s i ngl e account  whi ch r equi r es a PI N f or  access t o 
conf i gur at i on;  and b)  a r oom l i ght i ng cont r ol  t ouchpad i nt er f ace t hat  has 
a s i ngl e account .

1. 4. 8. 3   NOT Suppor t ed

Devi ce does not  suppor t  any Access Enf or cement  t her ef or e t he whol e concept  
of  " account "  i s  meani ngl ess.

1. 4. 9   Manual  Local  I nput

Manual  Local  I nput s ar e syst em anal og or  bi nar y i nput s t hat  ar e adj ust abl e 
by a per son but  ar e,  by i nt r i nsi c har dwar e desi gn,  ver y l i mi t ed i n 
pot ent i al  capabi l i t i es.   Manual  Local  I nput s do not  have t ouch scr eens or  
f ul l  keyboar ds,  but  may have a f ew but t ons or  di al s t o al l ow i nput .   
Manual  Local  I nput s do not  have f ul l  gr aphi c scr eens or  dot - mat r i x 
di spl ays,  but  may have si mpl e l i ght s ( LEDs)  or  7- segment  di spl ays.   Manual  
Local  I nput s do not  have any sor t  of  menu st r uct ur e,  each but t on has a 
s i ngl e wel l - def i ned f unct i on.  

Exampl es of  Manual  Local  I nput s ar e H- O- A swi t ches,  s i mpl e t her most at s,  
and di sconnect  swi t ches.

1. 4. 10   Car d Reader

A car d r eader  i s an i nput / out put  devi ce whose pr i mar y f unct i on i s t o 
assi st  i n t wo- f act or  aut hent i cat i on.   A car d r eader  must  have an i nt er f ace 
t o r ead dat a f r om a car d and may be abl e t o wr i t e dat a t o a car d.   A car d 
r eader  may have a means ( such as but t ons,  keypad,  t ouchscr een,  et c. )  f or  a 
user  t o i nput  a PI N or  passwor d,  as wel l  as a l i mi t ed di spl ay.   

1. 4. 11   User  I nt er f ace

A User  I nt er f ace ( UI )  i s  somet hi ng ot her  t han a Manual  Local  I nput  or  Car d 
Reader  t hat  al l ows a per son t o i nt er act  wi t h t he syst em or  devi ce.   Not e 
t hat  whi l e a Car d Reader  i s not  by i t sel f  a User  I nt er f ace,  a User  
I nt er f ace may cont ai n a Car d Reader  i n or der  f or  i t  t o aut hent i cat e i t s 
user .   Wi t hi n cont r ol  syst ems,  t her e ar e a wi de r ange of  User  I nt er f aces.  

Two i mpor t ant  di st i nct i ons ar e 1)  whet her  t he user  i nt er f ace i s Local  or  
Remot e,  and 2)  t he ef f ect i ve capabi l i t i es of  t he User  I nt er f ace t o al t er  
dat a,  whi ch i s t he " pr i v i l ege"  of  t he user  i nt er f ace ( wher e ef f ect i ve 
pr i v i l ege avai l abl e t o a speci f i c  user  at  a speci f i c  user  i nt er f ace i s t he 
combi nat i on of  t he gr eat est  pr i v i l ege of f er ed by t he user  i nt er f ace and 
t he speci f i c  account  t he user  i s l ogged i nt o) .
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1. 4. 11. 1   Local  User  I nt er f ace

A Local  User  I nt er f ace i s a user  i nt er f ace wher e t he physi cal  har dwar e t he 
user  i nt er act s wi t h ( keyboar d,  but t ons,  di spl ay,  et c. )  i s  physi cal l y par t  
of  t he devi ce bei ng af f ect ed.   Al l  of  t he r el evant  char act er i st i cs of  t he 
user  i nt er f ace ar e embodi ed wi t hi n a s i ngl e devi ce.

Not e t hat  a Local  UI  may be abl e t o access dat a i n a di f f er ent  devi ce,  
Local  ver sus Remot e i n t hi s cont ext  r ef er s t o t he user  i nt er f ace i t sel f ;  
t he capabi l i t y  t o access dat a i n a di f f er ent  devi ce i s cover ed under  " Ful l  
User  I nt er f ace" .

1. 4. 11. 2   Remot e User  I nt er f ace

A Remot e User  I nt er f ace i mpl ement s a Cl i ent / Ser ver  model  wher e t he 
physi cal  har dwar e t he user  i nt er act s wi t h ( Cl i ent )  i s  physi cal l y di st i nct  
f r om t he devi ce bei ng af f ect ed ( Ser ver ) .   Most  or  al l  of  t he secur i t y and 
f unct i onal i t y char act er i st i cs of  t he user  i nt er f ace ar e def i ned by t he 
Ser ver ,  not  t he Cl i ent .   The Cl i ent  and Ser ver  communi cat e v i a a net wor k 
connect i on.   A common exampl e of  a r emot e user  i nt er f ace i s a web- based 
i nt er f ace wher e t he br owser  ( c l i ent )  i s  gener al l y on di f f er ent  har dwar e 
t han t he web ser ver  ( ser ver ) .   A Remot e UI  r emai ns a Remot e UI  even i f  t he 
user  happens t o be at  a Cl i ent  on t he same har dwar e as t he Ser ver .   What  
i s i mpor t ant  i s t hat  a)  t he Cl i ent  may be on di f f er ent  har dwar e t han t he 
Ser ver  and b)  t he maj or i t y of  t he secur i t y and f unct i onal  char act er i st i cs 
of  t he i nt er f ace ar e def i ned at  t he Ser ver .

Not e t hat  t hi s def i ni t i on of  " r emot e"  i s consi st ent  wi t h t hat  gener al l y 
used i n t he cont r ol  i ndust r y but  i s not  al i gned wi t h t he NI ST 800- 53 
def i ni t i on of  " Remot e" ,  whi ch r ef er s t o " out si de t he syst em" .   The t er m 
" Remot e"  her e bet t er  al i gns wi t h t he NI ST 800- 53 def i ni t i on of  " Net wor k"  
( r emot e f r om wi t hi n t he syst em)  Access.  

1. 4. 11. 3   Types of  User  I nt er f ace ( by capabi l i t y)

User  i nt er f aces ar e al so cat egor i zed by t hei r  capabi l i t i es as bei ng Read 
Onl y,  Li mi t ed,  or  Ful l .

1. 4. 11. 3. 1   Read- Onl y User  I nt er f ace

A Read Onl y User  I nt er f ace ( al so r ef er r ed t o as a Vi ew- Onl y User  
I nt er f ace)  i s a user  i nt er f ace t hat  onl y al l ows f or  r eadi ng dat a,  i t  does 
not  al l ow ( have t he capabi l i t y  t o)  modi f y dat a.   A Read Onl y User  
I nt er f ace may be ei t her  Local  or  Remot e.  A User  I nt er f ace t hat  i s 
conf i gur ed t o be Read Onl y ( by some ot her  means t han t he i nt er f ace i t sel f ,  
such as usi ng conf i gur at i on sof t war e on a l apt op)  i s a Read- Onl y 
I nt er f ace.  Not e a Read Onl y User  I nt er f ace may have but t ons ( or  t ouch 
scr een,  et c. )  al l owi ng t he user  t o navi gat e t hr ough t he pr esent at i on of  
dat a.

Exampl es of  a Read Onl y User  I nt er f aces ar e a)  a publ i c l y v i ewabl e " ener gy 
dashboar d"  showi ng weat her  dat a and ener gy usage wi t hi n a bui l di ng and b)  
di gi t al  wayf i ndi ng si gnage.

1. 4. 11. 3. 2   Li mi t ed User  I nt er f ace

A Li mi t ed User  I nt er f ace i s a user  i nt er f ace t hat  -  by desi gn -  can onl y 
al t er  i nf or mat i on l ocal  t o t he user  i nt er f ace.  Not e t hat  t he det er mi nat i on 
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of  " al t er "  i ncl udes onl y di r ect  i nt er act i ons,  i t  expl i c i t l y  excl udes 
i nt er act i ons t hat  mi ght  occur  as secondar y ef f ect s.   For  exampl e,  an 
i nt er f ace changi ng t he f l ow set poi nt  i n a pump cont r ol l er  i s  a di r ect  
i nt er act i on,  t he subsequent  change i n f l ow ( as wel l  as any subsequent  
downst r eam changes i n val ve posi t i on)  ar e not  di r ect  i nt er act i ons.

Two exampl es of  LI MI TED UI s ar e:    a)  a var i abl e speed dr i ve has a Li mi t ed 
Local  User  I nt er f ace whi ch al l ows t he user  t o change pr oper t i es wi t hi n t he 
dr i ve,  but  does not  al l ow af f ect i ng t hi ngs out si de t he dr i ve;  and b)  a 
t ypi cal  home Wi Fi  Rout er  has a Li mi t ed Remot e User  I nt er f ace whi ch al l ows 
conf i gur at i on of  t he Rout er ,  but  does not  al l ow di r ect  i nt er act i on wi t h 
ot her  devi ces.

1. 4. 11. 3. 3   Ful l  User  I nt er f ace

A Ful l  User  I nt er f ace can al t er  i nf or mat i on i n devi ces out si de t he devi ce 
wi t h t he user  i nt er f ace.   For  exampl e,  a t ypi cal  Local  Di spl ay Panel  i s  a 
Ful l  Local  User  I nt er f ace whi l e a br owser - based f r ont  end i s a Ful l  Remot e 
User  I nt er f ace.

1. 4. 11. 3. 4   Vi ew- Onl y User  I nt er f ace

See Read- Onl y User  I nt er f ace

1. 4. 11. 4   Ot her  User  I nt er f ace Ter mi nol ogy

I n addi t i on t o def i ni ng whet her  a user  i nt er f ace i s a Har dwar e Li mi t ed,  
Read- Onl y,  Li mi t ed or  Ful l ,  and whet her  i t  i s  Local  or  Remot e,  user  
i nt er f aces ar e c l assi f i ed by whet her  t hey ar e wr i t abl e or  pr i v i l eged.

1. 4. 11. 4. 1   Wr i t abl e User  I nt er f ace

Any User  I nt er f ace t hat  i s not  Read- Onl y i s Wr i t abl e.  ( Li mi t ed User  
I nt er f aces and Ful l  User  I nt er f aces ar e bot h wr i t abl e user  i nt er f aces ( as 
t hey ar e capabl e of  changi ng a val ue) ) .

1. 4. 11. 4. 2   Pr i v i l eged User  I nt er f ace

A Pr i v i l eged UI  i s a UI  t hat  has suf f i c i ent  capabi l i t i es or  f unct i onal i t y 
t hat  i t  r equi r es speci f i c  cyber secur i t y measur es t o be put  i n pl ace t o 
l i mi t  i t s  unaut hor i zed use.   Ul t i mat el y,  whet her  a speci f i c  user  i nt er f ace 
i s consi der ed a Pr i v i l eged User  I nt er f ace must  be det er mi ned by usage.   
Unl ess ot her wi se speci f i ed,  user  i nt er f aces can be det er mi ned t o be 
pr i v i l eged or  not  usi ng t he f ol l owi ng:

a.   Read- Onl y User  I nt er f aces ar e not  pr i v i l eged user  i nt er f aces.  

b.   Ful l  User  I nt er f aces ar e pr i v i l eged user  i nt er f aces.

c.   User  i nt er f aces t hat  al l ow f or  conf i gur at i on of  audi t i ng or  al l ows f or  
modi f i cat i on or  del et i on of  audi t  l ogs ar e pr i v i l eged user  i nt er f ace.

d.   User  i nt er f aces t hat  al l ow f or  r epr ogr ammi ng a net wor k connect ed 
devi ce i s a pr i v i l eged user  i nt er f ace.

f .   Wr i t eabl e User  I nt er f aces i n El ect r oni c Secur i t y Syst ems ( ESS)  ar e 
pr i v i l eged user  i nt er f aces.

e.   Except  as speci f i ed above,  a Li mi t ed User  I nt er f ace must  be det er mi ned 
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t o be pr i v i l eged or  not  based on t he speci f i c  capabi l i t i es and use 
case of  t he user  i nt er f ace.   I n gener al  however ,  user  i nt er f aces t hat  
do not  of f er  s i gni f i cant  capabi l i t i es above and beyond t hose avai l abl e 
at  t hat  l ocat i on v i a ot her  means ( e. g.  such as a di sconnect  swi t ch,  
br eaker ,  or  hand- of f - aut o swi t ch,  or  physi cal  at t ack)  ar e not  
pr i v i l eged.

1. 4. 12   Wi r el ess Net wor k

Any net wor k t hat  communi cat es wi t hout  usi ng wi r es or  f i ber  opt i cs as t he 
communi cat i on medi a.  Wi r el ess net wor ks i ncl ude:  Wi Fi ,  Bl uet oot h,  Zi gBee,  
cel l ul ar ,  sat el l i t e,  900 MHz r adi o,  2. 4 GHz,  f r ee space opt i cal ,  
poi nt - t o- poi nt  l aser ,  and I R.   

1. 4. 13   Wi r ed Br oadcast  Net wor k

Wi r ed Br oadcast  Net wor ks ar e any net wor k,  such as power l i ne car r i er  
net wor ks and modem ( wi r ed t el ephony) ,  t hat  use wi r e- based t echnol ogi es 
wher e t her e i s not  a c l ear l y def i ned boundar y f or  s i gnal  pr opagat i on.  

1. 5   ADMI NI STRATI VE REQUI REMENTS

1. 5. 1   Poi nt s of  Cont act

Coor di nat e wi t h t he f ol l owi ng Poi nt s of  Cont act  as i ndi cat ed i n t hi s 
Sect i on and as r equi r ed.   Not  al l  pr oj ect s wi l l  r equi r e coor di nat i on wi t h 
al l  Poi nt s of  Cont act .   When coor di nat i on i s r equi r ed and no Poi nt  of  
Cont act  i s  i ndi cat ed,  coor di nat e wi t h The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR) .

1. 5. 2   Coor di nat i on

Coor di nat e t he execut i on of  t hi s Sect i on wi t h t he execut i on of  al l  ot her  
Sect i ons r el at ed t o cont r ol  syst ems as i ndi cat ed i n t he par agr aph RELATED 
REQUI REMENTS.   I t ems t hat  must  be consi der ed when coor di nat i ng pr oj ect  
ef f or t s i ncl ude but  ar e not  l i mi t ed t o:  

a.   I f  r equest i ng per mi ssi on f or  wi r el ess or  wi r ed br oadcast  
communi cat i on,  t he Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request  
submi t t al  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on 
and i nst al l at i on.

b.   I f  r equest i ng per mi ssi on f or  al t er nat e account  l ock per mi ssi ons,  t he 
Devi ce Account  Lock Except i on Request  must  be appr oved pr i or  t o 
cont r ol  syst em devi ce sel ect i on and i nst al l at i on.

c.   I f  r equest i ng per mi ssi on f or  t he use of  a devi ce wi t h mul t i pl e 
physi cal  connect i ons t o I P net wor ks,  t he Mul t i pl e I P Connect i on Devi ce 
Request  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on and 
i nst al l at i on.

d.   I f  t he Devi ce Audi t  Recor d Upl oad Sof t war e i s t o be i nst al l ed on a 
comput er  not  bei ng pr ovi ded as par t  of  t he cont r ol  syst em,  
coor di nat i on i s r equi r ed t o i dent i f y t he comput er  on whi ch t o i nst al l  
t he sof t war e.

e.   The Cyber secur i t y I nt er connect i on Schedul e must  be coor di nat ed wi t h 
ot her  wor k t hat  wi l l  be i nt er connect ed t o,  and i nt er connect i ons must  
be appr oved by t he Gover nment  bef or e r el y i ng on t hem f or  syst em 
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f unct i onal i t y.

f .   Cyber secur i t y t est i ng suppor t  must  be coor di nat ed acr oss cont r ol  
syst ems and wi t h t he Gover nment  cyber secur i t y t est i ng schedul e.

g.   Passwor ds must  be coor di nat ed wi t h t he i ndi cat ed cont act  f or  t he 
pr oj ect  s i t e.

h.   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s must  be 
pr ovi ded f or  each cont r act or  usi ng cont r act or  owned comput er s.

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request ;  G

Devi ce Account  Lock Except i on Request ;  G

Mul t i pl e Et her net  Connect i on Devi ce Request ;  G

Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s;  G

Cyber secur i t y I nt er connect i on Schedul e;  G

Pr ot ect i on of  I nf or mat i on At  Rest  Pr oposal ;  G

Cyber secur i t y Cer t i f i cat i ons

SD- 02 Shop Dr awi ngs

Net wor k Communi cat i on Repor t ;  G

Cyber secur i t y Ri ser  Di agr am;  G

SD- 03 Pr oduct  Dat a

Cont r ol  Syst em Cyber secur i t y Document at i on;  G

SD- 06 Test  Repor t s

Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Repor t ;  G

SD- 07 Cer t i f i cat es

Sof t war e Li censes;  G

SD- 11 Cl oseout  Submi t t al s

Conf i dent i al  Passwor d Repor t ;  G

Encl osur e Keys;  G
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Audi t i ng Fr ont  End Sof t war e;  G

Devi ce Audi t  Recor d Upl oad Sof t war e;  G

Syst em Mai nt enance Tool  Sof t war e;  G

Cont r ol  Syst em Scanni ng Tool s;  G

Cont r ol  Syst em I nvent or y Repor t ;  G

I nt egr i t y Ver i f i cat i on Sof t war e;  G

1. 7   QUALI TY CONTROL

1. 7. 1   Cyber secur i t y Subj ect  Mat t er  Exper t  Qual i f i cat i ons

For  t he r ol es and r equi r ement s t hr oughout  t he speci f i cat i on,  r esumes 
shoul d be submi t t ed t o t he Gover nment  wi t hi n 14 days af t er  not i ce t o 
pr oceed.  Pr i or  t o awar d,  al l  cer t i f i cat i ons must  be achi eved and i n good 
st andi ng.  Cer t i f i cat i ons must  be mai nt ai ned and not  expi r ed dur i ng t he 
l engt h of  t he cont r act .

1. 7. 2   Cyber secur i t y Subj ect  Mat t er  Exper t

A Cyber  Secur i t y Mat t er  Exper t  i s  r equi r ed f or  t hi s pr oj ect .  Thi s 
pr of essi onal  must  have t he f ol l owi ng qual i f i cat i nos at  a mi ni mum:
  
   I nf or mat i on Assur ance Manager  Level  I I  Cer t i f i cat i on 

   DODD 8140 Cyber secur i t y Wor kf or ce Managment   
   
   DODI  8570 I nf or mat i on Wor kf or ce I mpr ovement  Pr ogr am.

Cyber secur i t y Cer t i f i cat i ons must  be act i ve and pr ovi ded t o t he gover nment  
pr i or  t o st ar t i ng wor k.

1. 8   CYBERSECURI TY DOCUMENTATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 7;  CCI - 003071}

1. 8. 1   Cyber secur i t y I nt er connect i on Schedul e

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CA- 3( b) ,  PL- 8,  
SC- 7( 9) ,  SC- 7( 11) ;  CCI - 000258,  CCI - 003072,  CCI - 003073,  CCI - 003075,  
CCI - 002398,  CCI - 002399,  CCI - 002401,  CCI - 002402,  CCI - 002403.  For  MODERATE 
I mpact  syst ems,  t hi s subpar t  al so r el at es t o SC- 7;  CCI - 001126,  CCI - 001109}

Pr ovi de a compl et ed Cyber secur i t y I nt er connect i on Schedul e document i ng 
net wor k connect i ons bet ween t he i nst al l ed syst em and ot her  syst ems.  
Pr ovi de t he f ol l owi ng i nf or mat i on f or  each devi ce di r ect l y communi cat i ng 
bet ween syst ems:  Devi ce I dent i f i er ,  Devi ce Descr i pt i on,  Tr anspor t  l ayer  
Pr ot ocol ,  Net wor k Addr ess,  Por t  ( i f  appl i cabl e) ,  MAC ( Layer  2)  addr ess ( i f  
appl i cabl e) ,  Medi a,  Appl i cat i on Pr ot ocol ,  Ser vi ce ( i f  appl i cabl e) ,  
Descr i pt i ve Pur pose of  communi cat i on.  For  communi cat i on wi t h ot her  
aut hor i zed syst ems al so pr ovi de t he For ei gn Dest i nat i on and POC f or  
Dest i nat i on.  For  MODERATE I mpact  Syst ems:  Al so descr i be t he i mpact  of  l oss 
of  t he connect i on on t he cont r ol  syst em.  I f  ot her  cont r ol  syst em Sect i ons 
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used on t hi s pr oj ect  i ncl ude submi t t al s document i ng t hi s i nf or mat i on,  
pr ovi de copi es of  t hose submi t t al s t o meet  t hi s r equi r ement .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cyber secur i t y I nt er connect i on Schedul e as an edi t abl e 
Mi cr osof t  Excel  f i l e ( a t empl at e Cyber secur i t y I nt er connect i on Schedul e i n 
Excel  f or mat  i s avai l abl e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11

1. 8. 2   Net wor k Communi cat i on Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CA- 9,  PL- 8;  CCI - 002102,  CCI - 002103,  CCI - 002104,  CCI - 002105,  CCI - 003072,  
CCI - 003073,  CCI - 003075 and al so t he submi t t al  r equi r ement s associ at ed wi t h 
CM- 6,  CM- 7,  SC- 8 and SC- 41 i ncl udi ng CM- 7( 3) ,  CCI - 000388. }

Pr ovi de a net wor k communi cat i on r epor t .   For  each net wor ked devi ce,  
document  t he communi cat i on char act er i st i cs of  t he devi ce i ncl udi ng 
communi cat i on pr ot ocol s,  ser vi ces used,  encr ypt i on empl oyed,  and a gener al  
descr i pt i on of  what  i nf or mat i on i s communi cat ed over  t he net wor k.   For  
each devi ce usi ng I P,  document  al l  TCP and UDP por t s used.   For  non- I P 
communi cat i ons,  document  communi cat i on pr ot ocol  and medi a used.     I f  
ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  i ncl ude submi t t al s 
document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose submi t t al s t o meet  
t hi s r equi r ement .   

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Net wor k Communi cat i on Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 3   Cont r ol  Syst em I nvent or y Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CM- 8( a) ,  SI - 17,  I A- 3;  CCI - 000389,  CCI - 000392,  CCI - 000398,  CCI - 002773,  
CCI - 002774,  CCI - 002775,  CCI - 000777,  CCI - 000778,  CCI - 001958}

Pr ovi de a Cont r ol  Syst em I nvent or y r epor t  usi ng t he I nvent or y Spr eadsheet  
l i s t ed under  t hi s Sect i on at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 document i ng al l  net wor ked devi ces,  i ncl udi ng net wor k i nf r ast r uct ur e 
devi ces.   For  each devi ce pr ovi de al l  appl i cabl e i nf or mat i on f or  whi ch 
t her e i s a f i el d on t he spr eadsheet  i n accor dance wi t h t he i nst r uct i ons on 
t he spr eadsheet .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cont r ol  Syst em I nvent or y Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 4   Cyber secur i t y Ri ser  Di agr am

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 2( a) ,  PL- 8;  CCI - 003051,  CCI - 003053,  CCI - 003072,  CCI - 003073,  
CCI - 003075}

Pr ovi de a cyber secur i t y r i ser  di agr am of  t he compl et e cont r ol  syst em 
i ncl udi ng al l  net wor k and devi ce har dwar e.   I f  t he cont r ol  syst em 
speci f i cat i ons r equi r e a r i ser  di agr am submi t t al ,  pr ovi de a copy of  t hat  
submi t t al  as t he cyber secur i t y r i ser  di agr am.   Ot her wi se,  pr ovi de a r i ser  
di agr am i n one- l i ne f or mat .
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1. 8. 5   Cont r ol  Syst em Cyber secur i t y Document at i on

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
SA- 5 ( a) , ( b) , ( c) ;  CCI s:   CCI - 003124,  CCI - 003125,  CCI - 003126,  CCI - 003127,  
CCI - 003128,  CCI - 003129,  CCI - 003130,  CCI - 003131}

Pr ovi de a Cont r ol  Syst em Cyber secur i t y Document at i on submi t t al  cont ai ni ng 
t he i ndi cat ed i nf or mat i on f or  each devi ce and sof t war e appl i cat i on.

1. 8. 5. 1   Sof t war e Appl i cat i ons

For  al l  sof t war e appl i cat i ons r unni ng on comput er s pr ovi de:

a.   admi ni st r at or  document at i on t hat  descr i bes secur e conf i gur at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   admi ni st r at or  document at i on t hat  descr i bes secur e i nst al l at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   admi ni st r at or  document at i on t hat  descr i bes secur e oper at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   admi ni st r at or  document at i on t hat  descr i bes ef f ect i ve use and 
mai nt enance of  secur i t y f unct i ons or  mechani sms f or  t he sof t war e { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

e.   admi ni st r at or  document at i on t hat  descr i bes known vul ner abi l i t i es 
r egar di ng conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  
f unct i ons f or  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003128}

1. 8. 5. 2   Def aul t  Requi r ement s f or  Cont r ol  Syst em Devi ces

For  cont r ol  syst em devi ces wher e Cont r ol  Syst em Cyber secur i t y 
Document at i on r equi r ement s ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e i nst al l at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

1. 9   SOFTWARE LI CENSI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 2( a) ,  SI - 2( c) ,  SI - 7( 14) ;  CCI - 001227,  CCI - 002605,  CCI - 002737}

For  al l  sof t war e pr ovi ded t hat  has not  al r eady been l i censed t o t he 
gover nment  or  pr oj ect  s i t e,  pr ovi de a l i cense t o t he Gover nment  f or  a 
per i od of  no l ess t han 5 year s,  and t he l i cense must  al so i ncl ude t he 
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f ol l owi ng sof t war e updat es:

a.   Secur i t y and bug- f i x pat ches i ssued by t he sof t war e manuf act ur er .  

b.   Secur i t y pat ches t o addr ess any vul ner abi l i t y  i dent i f i ed i n t he 
Nat i onal  Vul ner abi l i t y  Dat abase at  ht t p: / / nvd. ni st . gov wi t h a Common 
Vul ner abi l i t y  Scor i ng Syst em ( CVSS)  sever i t y r at i ng of  MEDI UM or  
hi gher .

Pr ovi de a s i ngl e Sof t war e Li censes submi t t al  wi t h document at i on of  t he 
sof t war e l i censes f or  al l  sof t war e pr ovi ded

1. 10   CYBERSECURI TY DURI NG CONSTRUCTI ON

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
AC- 18,  SA- 3;  CCI - 000258}

I n addi t i on t o t he cont r ol  syst em cyber secur i t y r equi r ement s i ndi cat ed i n 
t hi s sect i on,  meet  f ol l owi ng r equi r ement  t hr oughout  t he const r uct i on 
pr ocess.

1. 10. 1   Cont r act or  Comput er  Equi pment

Cont r act or  owned comput er s may be used f or  const r uct i on.   Cont r act or  
comput er s connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a 
cont r ol  syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he 
f ol l owi ng r equi r ement s:

1. 10. 1. 1   Oper at i ng Syst em

The oper at i ng syst em must  be an oper at i ng syst em cur r ent l y suppor t ed by 
t he manuf act ur er  of  t he oper at i ng syst em.  The oper at i ng syst em must  be 
cur r ent  on secur i t y pat ches and oper at i ng syst em manuf act ur er  r equi r ed 
updat es.  

1. 10. 1. 2   Ant i - Mal war e Sof t war e

The comput er  must  r un ant i - mal war e sof t war e f r om a r eput abl e sof t war e 
manuf act ur er .   Ant i - mal war e sof t war e must  be a ver si on cur r ent l y suppor t ed 
by t he sof t war e manuf act ur er ,  must  be cur r ent  on al l  pat ches and updat es,  
and must  use t he l at est  def i ni t i ons f i l e.   Comput er s used on t hi s pr oj ect  
must  be scanned usi ng t he i nst al l ed sof t war e at  l east  once per  day.

1. 10. 1. 3   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  comput er s,  appl i cat i ons,  and web- based 
appl i cat i ons suppor t i ng passwor ds must  be changed f r om t hei r  def aul t  
val ues.   Passwor ds must  be a mi ni mum of  ei ght  char act er s wi t h a mi ni mum of  
one upper case l et t er ,  one l ower case l et t er ,  one number  and one speci al  
char act er .

1. 10. 1. 4   User - Based Aut hent i cat i on

Each user  must  have a uni que account ;  shar i ng of  a s i ngl e account  bet ween 
mul t i pl e user s i s pr ohi bi t ed.

1. 10. 1. 5   Demonst r at i on of  Compl i ance

The Gover nment  has t he r i ght  t o r equi r e demonst r at i on of  comput er  
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compl i ance wi t h t hese r equi r ement s at  any t i me dur i ng t he pr oj ect .

1. 10. 1. 6   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Comput er  
Cyber secur i t y Compl i ance St at ement s f or  each company usi ng cont r act or  
owned comput er s.  Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s 
must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.

1. 10. 2   Tempor ar y I P Net wor ks

Tempor ar y cont r act or - i nst al l ed I P net wor ks may be used dur i ng 
const r uct i on.  When used,  t empor ar y cont r act or - i nst al l ed I P net wor ks 
connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a cont r ol  
syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he f ol l owi ng 
r equi r ement s:

1. 10. 2. 1   Net wor k Boundar i es and Connect i ons

The net wor k must  not  ext end out si de t he pr oj ect  s i t e and must  not  connect  
t o any I P net wor k ot her  t han t hose speci f i cal l y pr ovi ded or  f ur ni shed f or  
t hi s pr oj ect .   Any and al l  access t o t he net wor k f r om out si de t he pr oj ect  
s i t e i s pr ohi bi t ed.

1. 10. 3   Gover nment  Access t o Net wor k

Gover nment  per sonnel  must  be al l owed t o have compl et e and i mmedi at e access 
t o t he net wor k at  any t i me i n or der  t o ver i f y compl i ance wi t h t hi s 
speci f i cat i on.

1. 10. 4   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  al l  net wor k devi ces and net wor k access 
must  be changed f r om t hei r  def aul t  val ues.  Passwor ds must  be a mi ni mum 8 
char act er s wi t h a mi ni mum of  one upper case l et t er ,  one l ower case l et t er ,  
one number  and one speci al  char act er .

1. 11   CYBERSECURI TY DURI NG WARRANTY PERI OD

Al l  wor k per f or med on t he cont r ol  syst em af t er  accept ance must  be 
per f or med usi ng Gover nment  Fur ni shed Equi pment  or  equi pment  speci f i cal l y 
and i ndi v i dual l y appr oved by t he Gover nment .

PART 2   PRODUCTS

Al l  pr oduct s used on t hi s pr oj ect  must  meet  t he i ndi cat ed r equi r ement s,  
but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by ever y pr oj ect .

2. 1   ETHERNET SWI TCH

Pr ovi de Open Syst ems I nt er connect i on ( OSI )  Layer  2 Et her net  swi t ches wi t h 
t he f ol l owi ng capabi l i t i es,  and wi t h an i nt er f ace t o suppor t  swi t ch 
conf i gur at i on f or  t hese capabi l i t i es:
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2. 1. 1   Requi r ed Funct i onal i t y

Swi t ches must :

a.  Copper  Et her net  por t s must  aut o negot i at e f or  10,  100 and 1000 
megabi t s- per - second l i nks.

b.  Be capabl e of  i mpl ement i ng por t  l evel  access cont r ol  by MAC addr ess and 
l i mi t  t he number  of  MAC addr esses t o one MAC addr ess per  por t .

d.  Suppor t  Remot e Net wor k Moni t or i ng ( RMON)  Por t  Anal ysi s i n accor dance 
wi t h I ETF RFC 2819

e.  Conf i gur e t ar get  por t  and anal ysi s por t  such t hat  swi t ch c l ones al l  
t ar get  por t  t r af f i c  t o anal ysi s por t .

2. 1. 2   Conf i gur at i on Requi r ement s

Swi t ches must :

a.   Suppor t  conf i gur at i on save and r est or e.

b.   Suppor t  bot h manual  I P addr ess assi gnment  and acqui s i t i on of  a dynami c 
I P addr ess v i a Dynami c Host  Conf i gur at i on Pr ot ocol  ( DHCP) .

c.   Be capabl e of  l i mi t i ng access f or  conf i gur at i on t o one or  mor e of :  a 
web i nt er f ace usi ng HTTPS,  a command l i ne i nt er f ace usi ng SSH,  or  an 
SNMP connect i on usi ng SNMP ver si on 3 or  l at er .

PART 3   EXECUTI ON

3. 1   CYBERSECURI TY HARDENI NG AND CONFI GURATI ON GUI DES

I nst al l ,  conf i gur e,  and har den al l  har dwar e and sof t war e f ur ni shed on t hi s 
pr oj ect  i n accor dance wi t h manuf act ur er  pr ovi ded document at i on,  
pr ocedur es,  or  met hods f or  secur e conf i gur at i on or  i nst al l at i on.   Do not  
i mpl ement  speci f i c  har deni ng act i ons i f  t hat  act i on woul d conf l i c t  wi t h 
r equi r ed f unct i onal i t y or  anot her  r equi r ement  of  t hi s Sect i on.

3. 2   NETWORK REQUI REMENTS

3. 2. 1   I nf or mat i on Fl ow Enf or cement  I n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 4;   CCI - 001368,  CCI - 001414,  CCI - 001548,  CCI - 001549,  CCI - 001550,  
CCI - 001551}

I nst al l  and conf i gur e Et her net  swi t ches t o bl ock al l  t r af f i c  on al l  por t s 
not  r equi r ed by t he cont r ol  pr ot ocol .

3. 2. 2   Wi r el ess and Wi r ed Br oadcast  Communi cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 18,  AC- 18( 3) ;  CCI - 001438,  CCI - 001439,  CCI - 002323,  CCI - 001441,  
CCI - 002252}

Unl ess expl i c i t l y  aut hor i zed by t he Gover nment ,  do not  use any wi r el ess or  
wi r ed br oadcast  communi cat i on.   

SECTI ON 25 05 11. 03  Page 14



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

3. 2. 2. 1   Wi r el ess and Wi r ed Br oadcast  I P Communi cat i ons

Do not  i nst al l  wi r el ess or  wi r ed br oadcast  I P net wor ks,  i ncl udi ng:   do not  
i nst al l  a wi r el ess access poi nt ;  do not  i nst al l  or  conf i gur e an ad- hoc 
wi r el ess net wor k;  do not  i nst al l  or  conf i gur e a Wi Fi  Di r ect  communi cat i on.

When expl i c i t l y  aut hor i zed by t he Gover nment ,  wi r el ess I P communi cat i on 
may be used t o communi cat e wi t h an exi st i ng wi r el ess net wor k.

3. 2. 2. 2   Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request

Pr ovi de a r epor t  document i ng t he pr oposed use of  wi r el ess or  wi r ed 
br oadcast  communi cat i on pr i or  t o devi ce sel ect i on usi ng t he Wi r el ess and 
Wi r ed Br oadcast  Communi cat i on Request  Schedul e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
I f  t her e i s no pr oposed use of  wi r el ess or  wi r ed br oadcast  communi cat i on,  
pr ovi de a document  i ndi cat i ng t hi s i nst ead of  t he Request  Schedul e.

For  each devi ce pr oposed t o use wi r el ess or  wi r ed br oadcast  communi cat i on 
show:   t he devi ce i dent i f i er ,  a descr i pt i on of  t he devi ce,  t he l ocat i on of  
t he devi ce,  t he devi ce i dent i f i er s of  ot her  devi ces communi cat i ng wi t h t he 
devi ce,  t he pr ot ocol  used f or  communi cat i on,  encr ypt i on t ype and 
st r engt h.   For  wi r el ess communi cat i on,  al so show:  RF Fr equency,  Radi at ed 
Power  i n dBm ( deci bel  wi t h a mi l l i wat t  r ef er ence) ,  f r ee- space r ange,  and 
t he expect ed as- i nst al l ed r ange.

3. 2. 3   Non- I P Cont r ol  Net wor ks

When cont r ol  syst em speci f i cat i ons r equi r e par t i cul ar  communi cat i on 
pr ot ocol s,  use onl y t hose communi cat i on pr ot ocol s and onl y as speci f i ed.   
Do not  i mpl ement  any ot her  communi cat i on pr ot ocol .

When cont r ol  syst em speci f i cat i ons do not  i ndi cat e r equi r ement s f or  
communi cat i on pr ot ocol s,  use onl y t hose pr ot ocol s r equi r ed f or  oper at i on 
of  t he syst em as speci f i ed.

3. 2. 4   I P Cont r ol  Net wor ks

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CM- 6( a) ,  CM- 7( a) ,  
CM- 7( b) ,  CM- 7( 1) ( b) ,  SC- 41;  CCI - 001588,  CCI - 000381,  CCI - 000380,  
CCI - 000381,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.  For  Moder at e I mpact  Syst ems,  t hi s subpar t  ( and i t s subpar t s)  
al so r el at es t o SC- 5( 1) ,  SC- 5( 2) ;  CCI - 001094 CCI - 001095}

I P Net wor ks must  be Et her net  net wor ks and must  use swi t ches whi ch ar e 
Et her net  Swi t ches or  Dai sy Chai n I P Cont r ol l er s as def i ned i n t hi s 
Sect i on.   Do not  use nonsecur e f unct i ons,  por t s,  pr ot ocol s and ser vi ces as 
def i ned i n DODI  8551. 01 unl ess t hose por t s,  pr ot ocol s and ser vi ces ar e 
speci f i cal l y r equi r ed by t he cont r ol  syst em speci f i cat i ons or  ot her wi se 
speci f i cal l y aut hor i zed by t he Gover nment .   Do not  use por t s,  pr ot ocol s 
and ser vi ces t hat  ar e not  speci f i ed i n t he cont r ol  syst em speci f i cat i ons 
or  r equi r ed f or  oper at i on of  t he cont r ol  syst em.

For  MODERATE I mpact  Syst ems,  unl ess expl i c i t l y  aut hor i zed,  do not  use I P 
net wor ks i f  t he same cont r ol  f unct i onal i t y i s avai l abl e t hr ough t he use of  
non- I P net wor ks.
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3. 2. 4. 1   I P Net wor k Rout er s

Do not  i nst al l  any devi ce t hat  per f or ms I P r out i ng.

3. 2. 4. 2   I P Devi ces Wi t h Mul t i pl e Et her net  Connect i on

Except  f or  Et her net  Swi t ches and Dai sy Chai n I P Cont r ol l er s,  devi ces must  
not  have mor e t han one Et her net  connect i on t o I P net wor ks unl ess doi ng so 
i s r equi r ed by t he pr oj ect  speci f i cat i ons and t he speci f i c  appl i cat i on i s 
appr oved.   I f  a devi ce wi t h Mul t i pl e Et her net  Connect i ons t o I P net wor ks 
i s r equi r ed,  pr ovi de a Mul t i pl e Et her net  Connect i on Devi ce Request  usi ng 
t he Mul t i pl e Et her net  Connect i on Devi ce Request  Templ at e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 t o r equest  appr oval  f or  each devi ce.  I f  a devi ce wi t h Mul t i pl e Et her net  
Connect i ons t o I P net wor ks i s not  r equi r ed,  i nst ead pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed.

3. 2. 5   Devi ce I dent i f i cat i on and Aut hent i cat i on
                                               

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 3;  CCI - 000777,  CCI - 000778,  CCI - 001958.   For  MODERATE I mpact  syst ems,  
t hi s subpar t  ( and i t s subpar t s)  al so r el at es t o SC- 23,  SC- 23( 5) ;  
CCI - 001184,  CCI - 002470. }

Al l  comput er s must  suppor t  and i mpl ement  I EEE 802. 1x f or  devi ce 
aut hent i cat i on t o t he net wor k.

3. 3   ACCESS CONTROL REQUI REMENTS

3. 3. 1   User  Account s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 2( a) ,  AC- 3,  AC- 6( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) ,  CM- 11( 2) ,  and I A- 2;  
CCI - 002110,  CCI - 000213,  CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  
CCI - 002235,  CCI - 000039,  CCI - 001419,  CCI - 002234,  CCI - 001812,  and CCI - 000764.
  For  MODERATE I mpact  syst ems,  t hi s subpar t  ( and i t s subpar t s)  al so r el at e 
t o AC- 2 ( 2) ,  AC- 2( 3) ,  AC- 2( 4) ,  AC- 6( 1) ,  and CM- 5( 1) ;  CCI - 001361,  
CCI - 000017,  CCI - 000217,  CCI - 000018,  CCI - 001403,  CCI - 001404,  CCI - 001405,  
CCI - 002130,  CCI - 001683,  CCI - 001684,  CCI - 001685,  CCI - 001686,  CCI - 002132,  
CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  CCI - 001813. }

Any user  i nt er f ace suppor t i ng user  account s ( ei t her  FULLY or  MI NI MALLY)  
must  l i mi t  access accor di ng t o speci f i ed l i mi t at i ons f or  each account .   
I nst al l  and conf i gur e any devi ce havi ng a STI G or  SRG i n accor dance wi t h 
t hat  STI G or  SRG.

Al l  user  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  user - based 
aut hent i cat i on wher e each account  i s uni quel y assi gned t o a speci f i c  
user .   User  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  at  l east  
t hr ee ( 3)  l evel s of  user  account  pr i v i l ege i ncl udi ng:   1)  an account  wi t h 
r ead- onl y per mi ssi ons 2)  an account  wi t h f ul l  per mi ssi ons i ncl udi ng 
account  cr eat i on and modi f i cat i on and 3)  an account  wi t h gr eat er  
per mi ssi ons t han r ead- onl y but  wi t hout  account  cr eat i on and modi f i cat i on.

3. 3. 1. 1   Comput er s

Al l  comput er  oper at i ng syst ems must  FULLY suppor t  user  account s and 
i mpl ement  account s f or  access.   Each cont r ol  syst em sof t war e appl i cat i on 
not  suppor t i ng account s and r unni ng on a comput er  must  be i nst al l ed such 
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t hat  use of  t he sof t war e i s r est r i ct ed by t he comput er  oper at i ng syst em t o 
speci f i c  user s.

Appl i cat i ons r unni ng on comput er s must  not  r equi r e t he user  be l ogged i n 
t o a comput er  oper at i ng syst em admi ni st r at or  account  f or  nor mal  
oper at i on.    I t  i s  per mi ssi bl e t o r equi r e t he comput er  oper at i ng syst em 
admi ni st r at or  account  f or  i ni t i al  appl i cat i on i nst al l at i on and 
conf i gur at i on.

3. 3. 1. 2   Cont r ol l er s

For  user  i nt er f aces pr ovi ded by cont r ol l er s,  pr ovi de access cont r ol  i n 
accor dance wi t h t he User  I nt er f ace Requi r ement s t abl e f or  t he appl i cabl e 
cont r ol  syst em and user  i nt er f ace t ype.

a.  For  t abl e ent r i es of  " NA" :   NA means Not  Appl i cabl e,  t her e ar e no 
i nt er f aces i n t hi s cat egor y.

b.  For  t abl e ent r i es of  " None Requi r ed" :   The user  i nt er f ace i s not  
r equi r ed t o suppor t  user  account s.

c.  For  t abl e ent r i es of  " MI NI MALLY" :  The user  i nt er f ace must  at  l east  
MI NI MALLY suppor t  user  account s.

d.  For  t abl e ent r i es of  " FULLY" :  The user  i nt er f ace must  at  FULLY suppor t  
user  account s.

e.  For  t abl e ent r i es of  " KEY" :  The user  i nt er f ace must  have physi cal  
secur i t y i n t he f or m of  ei t her  a key l ock on t he i nt er f ace i t sel f  or  
be f ur ni shed i nsi de a l ocked encl osur e.   Wher e t hi s i s r equi r ed f or  a 
r ead onl y i nt er f ace,  t hi s l ock must  pr event  v i ewi ng of  dat a on t he 
i nt er f ace;  f or  ot her  i nt er f aces,  t hi s l ock must  pr event  usi ng t he 
i nt er f ace t o al t er  dat a.   

f .  For  t abl e ent r i es of  " Physi cal  Secur i t y" :  For  Local  FULL i nt er f aces,  
t he i nt er f ace must  be l ocat ed i nsi de mi ssi on space.  For  Local  Li mi t ed 
( not  FULL)  i nt er f aces,  t he user  i nt er f ace must  ei t her  a)  be l ocat ed 
wi t hi n mi ssi on space or  b)  be pr ot ect ed by physi cal  secur i t y at  l east  
as good as t he cont r ol  devi ces ( and equi pment  cont r ol l ed by t he 
cont r ol  devi ces)  af f ect ed by t he i nt er f ace.   For  pur poses of  t hi s 
r equi r ement ,  ' af f ect ed'  i ncl udes cont r ol l er s wi t h dat a t hat  can be 
di r ect l y al t er ed by t he i nt er f ace,  as wel l  as mechani cal  and/ or  
el ect r i cal  equi pment  di r ect l y cont r ol l ed by t hose cont r ol l er s,  but  
does not  i ncl ude ot her  i nt er act i ons.   

g.   Ent r i es of  t he f or m " X and Y"  must  meet  bot h t he r equi r ement  i ndi cat ed 
f or  X and t he r equi r ement  i ndi cat ed f or  Y.   For  exampl e,  an ent r y of  
" MI NI MALLY and Physi cal  Secur i t y"  i ndi cat es t he user  i nt er f ace must  
bot h MI NI MALLY suppor t  account s and have physi cal  secur i t y.

h.  Ent r i es of  t he f or m " X or  Y"  must  meet  ei t her  t he r equi r ement  i ndi cat ed 
f or  X or  t he r equi r ement  i ndi cat ed f or  Y.   
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3. 3. 1. 2. 1   El ect r oni c Secur i t y Syst ems ( ESS)

User  I nt er f ace Requi r ement s f or  MODERATE I mpact  El ect r oni c Secur i t y Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement
( See not e 3)

Local  Read Onl y ( see not e 1) KEY

Local  Li mi t ed,  Non- pr i v i l eged NA

Local  Li mi t ed,  Pr i v i l eged FULLY

Local  Ful l FULLY and Physi cal  Secur i t y

Remot e Read Onl y MI NI MALLY

Remot e Li mi t ed,  Non- Pr i v i l eged NA

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l  ( see not e 2)

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Remot e Ful l  User  I nt er f aces ar e al ways Pr i v i l eged
3) Devi ces out si de mi ssi on space r equi r e physi cal  secur i t y pr ot ect i ons as i ndi cat ed 
( i n " PHYSI CAL SECURI TY I N MODERATE I MPACT SYSTEMS" )

3. 3. 1. 3   Addi t i onal  User  Account  Expi r at i on Requi r ement s I n MODERATE I mpact  
Syst ems:

I n addi t i on t o ot her  user  account  r equi r ement s,  user  account  expi r at i on 
and audi t i ng must  be conf i gur ed as i ndi cat ed.

3. 3. 1. 3. 1   For  Cont r ol  Syst em Appl i cat i ons Runni ng on Comput er s

I f  t empor ar y account s ar e suppor t ed,  expi r e t empor ar y account s 72 hour s 
af t er  cr eat i on.   Expi r e al l  ot her  account s af t er  35 days of  i nact i v i t y.

3. 3. 1. 3. 2   For  Ot her  Cont r ol  Syst em Devi ces FULLY Suppor t i ng Account s

I f  t empor ar y account s ar e suppor t ed,  expi r e t empor ar y account s 72 hour s 
af t er  cr eat i on.   Expi r e al l  ot her  account s af t er  365 days of  i nact i v i t y.

3. 3. 2   Unsuccessf ul  Logon At t empt s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 7 ( a) ,  AC- 7 ( b) ;   CCI - 000043,  CCI - 000044,  CCI - 001423,  CCI - 002236,  
CCI - 002237,  CCI - 002238}

Except  f or  hi gh avai l abi l i t y  user  i nt er f aces i ndi cat ed as exempt ,  devi ces 
must  meet  t he i ndi cat ed r equi r ement s f or  handl i ng unsuccessf ul  l ogon 
at t empt s.  I f  a devi ce cannot  meet  t hese r equi r ement s,  document  devi ce 
capabi l i t i es t o pr ot ect  f r om subsequent  l ogon at t empt s and pr opose 
al t er nat e pr ot ect i ons i n a Devi ce Account  Lock Except i on Request  
submi t t al .  Do not  i mpl ement  al t er nat e pr ot ect i on measur es i n l i eu of  t he 
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i ndi cat ed r equi r ement s wi t hout  expl i c i t  per mi ssi on f r om t he Gover nment .   
I f  no Devi ce Account  Lock Except i ons ar e r equest ed,  pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed as t he Devi ce Account  Lock 
Except i on Request .

3. 3. 2. 1   Devi ces MI NI MALLY Suppor t i ng Account s

For  MODERATE I mpact  Syst ems:  Devi ces whi ch MI NI MALLY ( but  not  FULLY)  
suppor t  account s must  l ock t he user  account  account af t er  f i ve consecut i ve 
f ai l ed l ogi n at t empt s and must  unl ock t he user  account  af t er  60 mi nut es 
have el apsed wi t hout  an unsuccessf ul  l ogi n at t empt  or  by a successf ul  
l ogi n t o a separ at e admi ni st r at or  account .

3. 3. 2. 2   Devi ces FULLY Suppor t i ng Account s

Devi ces whi ch FULLY suppor t  account s must  meet  t he f ol l owi ng 
r equi r ement s.   

a.   I t  must  l ock t he user  account  when t hr ee unsuccessf ul  l ogon at t empt s 
occur  wi t hi n a 15 mi nut e i nt er val .

b.   Once an account  i s l ocked,  t he account  must  st ay l ocked unt i l  unl ocked 
by an admi ni st r at or .   I f  t he account  bei ng l ocked i s t he sol e 
admi ni st r at or  account  on t he devi ce,  t he account  must  st ay l ocked f or  
1 hour  and t hen aut omat i cal l y unl ock.  

c.   Once t he i ndi cat ed number  of  unsuccessf ul  l ogon at t empt s occur s,  del ay 
f ur t her  l ogon pr ompt s by 5 seconds.

3. 3. 3   Syst em Use Not i f i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 8;  CCI - 000048,  CCI - 002247,  CCI - 002243,  CCI - 002244,  CCI - 002245,  
CCI - 002246,  CCI - 000050,  CCI - 002248}

3. 3. 3. 1   Syst em Use Not i f i cat i on f or  Local  User  I nt er f aces

Devi ces whi ch ar e connect ed t o a net wor k and have a l ocal  user  i nt er f ace 
must  di spl ay a war ni ng banner  meet i ng t he r equi r ement s of  DTM 08- 060 on 
t he user  i nt er f ace scr een i f  capabl e of  doi ng so and must  have a 
per manent l y af f i xed l abel  wi t h an appr oved banner  f r om DTM 08- 060 i f  
unabl e t o di spl ay t he war ni ng banner  on t he scr een.   Wher e i t  i s  
i mpr act i cal  ( per haps due t o devi ce s i ze)  t o af f i x  t he l abel  t o t he devi ce,  
af f i x  t he l abel  t o t he devi ce encl osur e.

Label s must  be machi ne pr i nt ed or  engr aved,  pl ast i c or  met al ,  desi gned f or  
per manent  i nst al l at i on,  must  use a f ont  no smal l er  t han 14 poi nt ,  and must  
pr ovi de a hi gh cont r ast  bet ween f ont  and backgr ound col or s.

3. 3. 4   Sessi on Lock and Sessi on Ter mi nat i on Requi r ement s I n MODERATE I mpact  
Syst ems:

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 11( a) ,  AC- 11( b) ,  AC- 11( 1) ,  AC- 12,  SC- 10;  AC- 10;  CCI - 000058,  
CCI - 000059,  CCI - 000056,  CCI - 000057,  CCI - 000060,  CCI - 002360,  CCI - 002361,  
CCI - 001133,  CCI - 001134,  CCI - 000054,  CCI - 000055,  CCI - 002252}

SECTI ON 25 05 11. 03  Page 19



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

3. 3. 4. 1   Sessi on Ter mi nat i on

When sessi on t er mi nat i on i s r equi r ed f or  a User  I nt er f ace,  t he User  
I nt er f ace must  i mpl ement  sessi on t er mi nat i on a)  based on manual  
i ni t i at i on,  or  b)  based on l ack of  act i v i t y,  or  c)  based on ei t her  manual  
i ni t i at i on or  l ack of  act i v i t y,  as i ndi cat ed.

Sessi on Ter mi nat i on must  r esul t  i n l oggi ng out  t he user .   A l ogged out  
User  I nt er f ace may onl y per f or m act i ons as i ndi cat ed i n t he " Per mi t t ed 
Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on"  subpar t  of  t hi s Sect i on 
or  di spl ay a publ i c l y v i ewabl e i mage or  bl ank scr een.  User  I nt er f aces must  
r emai n l ogged out  ( sessi on t er mi nat ed)  unt i l  a user  ent er s cor r ect  
aut hent i cat i on i nf or mat i on,  whi ch must  i ni t i at e a new sessi on.   Al l  User  
I nt er f aces r unni ng on comput er s and al l  Remot e User  I nt er f aces must  al so 
t er mi nat e net wor k connect i ons as par t  of  sessi on t er mi nat i on.

3. 3. 4. 2   Sessi on Lock

When sessi on l ock i s r equi r ed f or  a User  I nt er f ace,  t he User  I nt er f ace 
must  i mpl ement  sessi on l ock a)  based on manual  i ni t i at i on,  or  b)  based on 
l ack of  act i v i t y,  or  c)  based on ei t her  manual  i ni t i at i on or  l ack of  
act i v i t y,  as i ndi cat ed.

Sessi on l ock must  r esul t  i n t he User  I nt er f ace bei ng suspended and t he 
user  i nt er f ace must  di spl ay a publ i c l y v i ewabl e i mage or  bl ank scr een.    
No i nt er act i on wi t h t he user  i nt er f ace must  be possi bl e unt i l  ei t her  a)  
t he same user  ent er s val i d aut hent i cat i on i nf or mat i on,  i n whi ch case t hat  
sessi on must  be cont i nued,  or  b)  unt i l  a di f f er ent  user  ent er s val i d 
aut hent i cat i on i nf or mat i on at  whi ch poi nt  t he f i r st  sessi on must  be 
t er mi nat ed and a new sessi on i ni t i at ed f or  t he new user .

3. 3. 4. 3   Sessi on Lock and Ter mi nat i on f or  Cont r ol l er s

Wr i t abl e Remot e User  I nt er f aces must  suppor t  r equi r ement s f or  Sessi on 
Ter mi nat i on,  and must  bot h be capabl e of  bei ng i ni t i at ed by t he user  and 
i ni t i at ed by l ack of  act i v i t y.  Sessi on Ter mi nat i on must  i ni t i at e af t er  30 
mi nut es of  i nact i v i t y.  

Local  User  I nt er f aces suppor t i ng account s must  suppor t  manual  i ni t i at i on 
of  Sessi on Ter mi nat i on.   Pr i v i l eged Local  User  I nt er f aces must  al so 
suppor t  t i med i ni t i at i on of  Sessi on Ter mi nat i on,  wi t h Sessi on Ter mi nat i on 
i ni t i at ed at  30 mi nut es of  i nact i v i t y.

3. 3. 5   Per mi t t ed Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 14;  CCI - 000061,  CCI - 000232}

The cont r ol  syst em must  r equi r e i dent i f i cat i on and aut hent i cat i on bef or e 
al l owi ng any act i ons by a user  act i ng f r om a user  i nt er f ace whi ch 
MI NI MALLY or  FULLY suppor t s account s.

3. 3. 6   Physi cal  Secur i t y i n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  r el at es t o PE- 3( 1) ,  PE- 4,  
PE- 5,  SC- 7( a) ,  SC- 7( c) ,  SC- 8,  SC- 8( 1) ;  CCI - 000928,  CCI - 002926,  CCI - 000936,  
CCI - 002930,  CCI - 002931,  CCI - 000937,  CCI - 001097,  CCI - 001109,  CCI - 002418,  
CCI - 002419,  CCI - 002421. }
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3. 3. 6. 1   Physi cal  Secur i t y f or  Medi a

3. 3. 6. 1. 1   Physi cal  Secur i t y f or  Medi a I nsi de Mi ssi on Space

I nst al l  al l  non- I P net wor k medi a l ocat ed i nsi de of  t he mi ssi on space i n 
condui t .   I nst al l  al l  I P net wor k medi a l ocat ed i nsi de of  t he mi ssi on space 
i n i nt er medi at e met al l i c  condui t .

3. 3. 6. 1. 2   Physi cal  Secur i t y f or  Medi a Out si de Mi ssi on Space

I nst al l  al l  net wor k medi a ( bot h I P and non- I P)  l ocat ed out si de of  t he 
mi ssi on space i n r i gi d met al l i c  condui t .   

3. 3. 6. 2   Physi cal  Secur i t y f or  Devi ces

I nst al l  al l  devi ces ( comput er s and cont r ol l er s)  whi ch ar e l ocat ed out si de 
of  mi ssi on space i n l ockabl e encl osur es.   ( Recal l  t hat  per  def i ni t i on of  
mi ssi on space,  a r oom cont r ol l ed by t he mi ssi on i s mi ssi on space 
r egar dl ess of  whet her  i t  i s  cont i guous wi t h ot her  mi ssi on space. )

I nst al l  al l  cont r ol l er s connect ed t o an I P net wor k i n l ockabl e encl osur es 
( bot h i nsi de and out si de of  mi ssi on space) .

3. 3. 6. 3   Physi cal  Secur i t y f or  User  I nt er f aces

Physi cal  secur i t y r equi r ement s f or  User  I nt er f aces ar e speci f i ed i n t he 
pr ecedi ng par agr aphs of  t hi s Sect i on.

3. 3. 7   Encl osur es

Pr i or  t o f i nal  accept ance of  t he syst em,  l ock al l  l ockabl e encl osur es.   
Submi t  an Encl osur e Keys submi t t al  wi t h al l  copi es of  keys f or  al l  
encl osur es and a key i nvent or y l i s t  document i ng al l  keys.   Label  each key 
wi t h t he mat chi ng encl osur e i dent i f i er .

3. 4   USER I DENTI FI CATI ON AND AUTHENTI CATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 2,  I A- 2( 1) , I A- 2( 12) ,  I A- 5 I A- 5( b) ,  I A- 5( c) ,  I A- 5( e) ,  I A- 5( g) ,  
I A- 5( 1) ,  I A- 5( 11) ;  CCI - 000764,  CCI - 000765,  CCI - 001953,  CCI - 001954,  
CCI - 001544,  CCI - 001989,  CCI - 000182,  CCI - 001610,  CCI - 000192,  CCI - 000193,  
CCI - 000194,  CCI - 000205,  CCI - 001619,  CCI - 001611,  CCI - 001612,  CCI - 001613,  
CCI - 001614,  CCI - 000195,  CCI - 001615,  CCI - 000196,  CCI - 000197,  CCI - 000199,  
CCI - 000198,  CCI - 001616,  CCI - 001617,  CCI - 000200,  CCI - 001618,  CCI - 002041,  
CCI - 002002,  CCI - 002003.  For  MODERATE I mpact  syst ems,  t hi s subpar t  al so 
r el at es t o AC- 6 ( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) I A- 2( 4) ,  I A- 5( 13) ;  
CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  CCI - 002235,  CCI - 000039,  
CCI - 001419,  CCI - 002234,  CCI - 000768,  CCI - 002007. }

Thi s subpar t  i ndi cat es r equi r ement s f or  speci f i c  met hods of  i dent i f i cat i on 
and aut hent i cat i on f or  user s and user  account s.   Wher e t hese r equi r ement s 
conf l i c t  appl y t he f ol l owi ng or der  of  pr ecedence:   1)  I f  pr esent ,  Devi ce 
Speci f i c  Requi r ement s t ake pr ecedence over  any ot her  r equi r ement s;  and 
t hen 2)  mul t i f act or  aut hent i cat i on r equi r ement s t ake pr ecedence over  
passwor d r equi r ement s.

3. 4. 1   User  I dent i f i cat i on and Aut hent i cat i on f or  Al l  Syst em Types

Unl ess ot her wi se i ndi cat ed,  al l  user  i nt er f aces suppor t i ng account s 
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( ei t her  FULLY or  MI NI MALLY)  must  i mpl ement  I dent i f i cat i on and 
Aut hor i zat i on v i a passwor ds.  

For  MODERATE I mpact  Syst ems: Devi ces wi t h wr i t abl e r emot e user  i nt er f aces 
must  i mpl ement  mul t i f act or  aut hent i cat i on v i a PI V.    Sof t war e r unni ng on 
comput er s and comput er  oper at i ng syst ems must  manage cached aut hent i cat or s 
i n accor dance wi t h t he r el evant  STI Gs.  Al l  ot her  devi ces and sof t war e must  
not  use cached aut hent i cat or s.  

3. 4. 2   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Syst em Types

Syst em speci f i c  r equi r ement s ar e i n addi t i on t o and super sede t hose 
i ndi cat ed f or  al l  syst em t ypes.   When no addi t i onal  r equi r ement s ar e 
i ndi cat ed f or  a speci f i c  syst em t ype t he r equi r ement s f or  al l  syst ems 
st i l l  appl y t o t hat  syst em t ype.

3. 4. 2. 1   El ect r oni c Secur i t y Syst em Devi ces

User  i nt er f aces whi ch FULLY suppor t  account s and whi ch r un on a comput er  
must  use mul t i f act or  aut hent i cat i on v i a PI V.   Ot her  user  i nt er f aces whi ch 
FULLY suppor t  account s must  use mul t i f act or  aut hent i cat i on v i a PI V.  

3. 4. 3   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Devi ces

Ther e ar e no addi t i onal  devi ce speci f i c  user  i nt er f ace r equi r ement s

3. 4. 4   I mpl ement at i on of  I dent i f i cat i on and Aut hor i zat i on Requi r ement s

I dent i f i cat i on and Aut hor i zat i on must  be met  by one of  t he f ol l owi ng 
met hods:

a.   Di r ect  i mpl ement at i on i n t he user  i nt er f ace.  

b.   For  user  i nt er f aces on a comput er :   i nher i t i ng t he I dent i f i cat i on and 
Aut hor i zat i on f r om t he comput er  oper at i ng syst em,  ei t her  by t he 
oper at i ng syst em l i mi t i ng access t o speci f i c  appl i cat i ons by user ,  or  
by t he appl i cat i on i t sel f  havi ng per mi ssi ons based on t he user  l ogged 
i nt o t he comput er .

c.   For  r emot e i nt er f aces:   an i mpl ement at i on shar ed bet ween t he r emot e 
user  i nt er f ace ser ver  and t he r emot e user  i nt er f ace cl i ent .   For  
exampl e,  a r equi r ement  f or  PI V aut hent i cat i on may be met  on a r emot e 
user  i nt er f ace by a PI V r eader  on a web br owser  c l i ent  whi ch sends t he 
aut hent i cat i on i nf or mat i on v i a HTTPS t o t he r emot e ser ver .

3. 4. 5   Passwor d- Based Aut hent i cat i on Requi r ement s

3. 4. 5. 1   Passwor ds f or  Cont r ol l er s FULLY Suppor t i ng Account s

Al l  cont r ol l er s FULLY suppor t i ng account s and suppor t i ng passwor d- based 
aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .
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e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  s i xt y ( 60)  days.  When 
passwor ds expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock 
account s due t o expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve ( 5)  passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  f i f t y  per cent  of  t he char act er s.

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 2   Passwor ds f or  Devi ces Mi ni mal l y Suppor t i ng Account s

Devi ces MI NI MALLY suppor t i ng account s must  suppor t  passwor ds wi t h a 
mi ni mum l engt h of  f our  char act er s.

3. 4. 5. 3   Passwor d Conf i gur at i on and Repor t i ng

For  al l  devi ces wi t h a passwor d,  change t he passwor d f r om t he def aul t  
passwor d.   Coor di nat e sel ect i on of  passwor ds wi t h t he Passwor d Poi nt  of  
Cont act .   Do not  use t he same passwor d f or  mor e t han one devi ce unl ess 
speci f i cal l y i nst r uct ed t o do so.   Pr ovi de a Conf i dent i al  Passwor d Repor t  
document i ng t he passwor d f or  each devi ce and descr i bi ng t he pr ocedur e t o 
change t he passwor d f or  each devi ce.

Do not  pr ovi de t he Passwor d Summar y Repor t  i n el ect r oni c f or mat .   Pr ovi de 
t wo har dcopi es of  t he Passwor d Summar y Repor t ,  each copy i n i t s own seal ed 
envel ope.

3. 5   CYBERSECURI TY AUDI TI NG

Wher e an audi t i ng r equi r ement  exi st s f or  emai l  not i f i cat i on,  not i f y v i a 
emai l  t he appl i cat i on admi ni st r at or  and I nf or mat i on Syst em Secur i t y 
Of f i cer  ( I SSO)  of  t he event .   Coor di nat e wi t h t he Emai l  Addr ess Poi nt  of  
Cont act  f or  emai l  addr esses.   I f  out goi ng emai l  i s  not  avai l abl e t o t he 
syst em,  conf i gur e t he syst em f or  t hese not i f i cat i ons f or  f ut ur e suppor t  of  
out goi ng emai l .

3. 5. 1   Audi t  Event s,  Cont ent  of  Audi t  Recor ds,  and Audi t  Gener at i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 2( a) ,  AU- 2( c) ,  AU- 2( d) ,  AU- 3,  AU- 10,  AU- 12,  AU- 13( 3) ,  AU- 14( b) ,  
AU- 14( 1) ,  AU- 14( 2) ,  AU- 14( 3) ,  CM- 5( 1) ,  SC- 7 ( 9) ;   CCI - 000123,  CCI - 001571,  
CCI - 000125,  CCI - 001485,  CCI - 000130,  CCI - 000131,  CCI - 000132,  CCI - 012300133,  
CCI - 000134,  CCI - 001487,  CCI - 000166,  CCI - 001899,  CCI - 000169,  CCI - 001459,  
CCI - 000171,  CCI - 000172,  CCI - 001910,  CCI - 001914,  CCI - 001919,  CCI - 001464,  
CCI - 001462,  CCI - 001920,  CCI - 001814,  CCI - 002400.  For  MODERATE I mpact  
syst ems,  t hi s subpar t  ( and i t s subpar t s)  al so r el at es t o AU- 3 ( 1) ;  
CCI - 000135,  CCI - 001488}

I f  audi t i ng r equi r ement s can be met  usi ng exi st i ng cont r ol  syst em al ar m or  
event  capabi l i t i es,  t hose exi st i ng capabi l i t i es may be used t o meet  t hese 
r equi r ement s.
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3. 5. 1. 1   Comput er s

For  each comput er ,  pr ovi de t he capabi l i t y  t o sel ect  audi t ed event s and t he 
cont ent  of  audi t  l ogs.   Conf i gur e comput er s t o audi t  t he i ndi cat ed event s,  
and t o r ecor d t he i ndi cat ed i nf or mat i on f or  each audi t abl e event  

3. 5. 1. 1. 1   Audi t ed Event s

Conf i gur e each comput er  t o audi t  t he f ol l owi ng event s:

a.   Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.   Successf ul  and unsuccessf ul  l ogon at t empt s

 c.   Pr i v i l eged act i v i t i es or  ot her  syst em l evel  access

d.   Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

ef .   Successf ul  and unsuccessf ul  accesses t o obj ect s

f .   Al l  di r ect  access t o t he i nf or mat i on syst em

g.   Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   
For  MODERATE I mpact  Syst ems,  al so pr ovi de emai l  not i f i cat i on when 
t hese audi t  event s occur .

3. 5. 1. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each comput er  t o r ecor d,  f or  each audi t abl e event ,  t he f ol l owi ng 
i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.   What  t ype of  event  occur r ed

b.   When t he event  occur r ed

c.   Wher e t he event  occur r ed

d.   The sour ce of  t he event

e.   The out come of  t he event

f .   The i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

h.   For  MODERATE I mpact  Syst ems:  For  al l  pr i v i l eged commands,  f ul l - t ext  
r ecor di ng of  t he execut ed command and t he user  execut i ng t he command

For  MODERATE I mpact  Syst ems:  Audi t  r ecor ds must  pr ovi de suf f i c i ent  det ai l  
t o r econst r uct  event s t o det er mi ne cause of  compr omi se and magni t ude of  
damage,  mal f unct i on,  or  secur i t y v i ol at i on.

3. 5. 1. 2   Def aul t  Requi r ement s f or  Cont r ol  Syst em Cont r ol l er s

For  cont r ol  syst em cont r ol l er s wher e Audi t  Event s,  Cont ent  of  Audi t  
Recor ds,  and Audi t  Gener at i on ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on:
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3. 5. 1. 2. 1   Cont r ol l er s Whi ch FULLY Suppor t  Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 5. 1. 2. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:

a.  Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.  Successf ul  and unsuccessf ul  l ogon at t empt s

c.  Successf ul  l ogout s

d.  Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

e.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.  For  
MODERATE I mpact  Syst ems,  al so pr ovi de emai l  not i f i cat i on when t hese 
audi t  event s occur .

f .  Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

g.  For  pr i v i l eged user  i nt er f aces i n MODERATE I mpact  Syst ems:  Al l  user  
commands.

3. 5. 1. 2. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.  what  t ype of  event  occur r ed

b.  when t he event  occur r ed

c.  wher e t he event  occur r ed

d.  t he sour ce of  t he event

e.  t he out come of  t he event

f .  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

g.  For  pr i v i l eged user  i nt er f aces i n  MODERATE I mpact  Syst ems:  Ful l  t ext  
r ecor di ng of  t he execut ed command and t he user  execut i ng t he command.

For  MODERATE I mpact  Syst ems:  Audi t  r ecor ds must  pr ovi de suf f i c i ent  det ai l  
t o r econst r uct  event s t o det er mi ne cause of  compr omi se and magni t ude of  
damage,  mal f unct i on,  or  secur i t y v i ol at i on 

3. 5. 1. 2. 2   Cont r ol l er s Whi ch Do Not  FULLY Suppor t  Account s

For  each cont r ol l er  whi ch does not  FULLY suppor t  account s conf i gur e t he 
cont r ol l er  t o audi t  al l  cont r ol l er  shut down and st ar t up event s and t o 
r ecor d f or  each event  t he t ype of  event  and when t he event  occur r ed.
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3. 5. 2   Audi t  Ti me St amps

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 8;  CCI - 000159,  CCI - 001889,  CCI - 001890.   For  MODERATE I mpact  syst ems,  
t hi s subpar t  ( and i t s subpar t s)  al so r el at es t o AU- 8 ( 1) ;  CCI - 001891,  
CCI - 001892,  CCI - 002046. }

Any devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds must  have an 
i nt er nal  c l ock capabl e of  pr ovi di ng t i me wi t h a r esol ut i on of  one second.   
Cl ocks must  not  dr i f t  mor e t han 10 seconds per  day.   Conf i gur e t he syst em 
so t hat  each devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds 
mai nt ai ns accur at e t i me t o wi t hi n 1 second.   Not e t hat  i f  t he cont r ol  
syst em speci f i cat i ons i ncl ude r equi r ement  f or  c l ocks,  t he most  st r i ngent  
r equi r ement  appl i es.

3. 5. 3   Audi t i ng Fr ont  End Sof t war e

I f  t her e i s no exi st i ng audi t i ng f r ont  end sof t war e or  t he sof t war e i s not  
compat i bl e wi t h t he pr ovi ded cont r ol  syst ems,  pr ovi de Audi t i ng Fr ont  End 
Sof t war e wi t h audi t  l og i mpor t  and upl oad,  expor t ,  not i f i cat i on,  and 
anal ysi s f unct i onal i t y.   The Audi t i ng Fr ont  End Sof t war e may be pr ovi ded 
as a component  of  t he cont r ol  syst em f r ont  end or  as a separ at e sof t war e 
package,  and a s i ngl e package may ser ve mul t i pl e cont r ol  syst ems pr ovi ded 
under  t he same pr oj ect s i f  t hey ar e shar i ng a cyber secur i t y aut hor i zat i on.

When t he Audi t i ng Fr ont  End Sof t war e i s nei t her  exi st i ng nor  i nst al l ed 
under  t he r equi r ement s of  anot her  Sect i on,  f ur ni sh t he Audi t i ng Fr ont  End 
Sof t war e medi a and l i cense f or  subsequent  Gover nment  i nst al l at i on Submi t  
copi es of  Audi t i ng Fr ont  End Sof t war e i f  t hi s f unct i on i s not  par t  of  t he 
sof t war e pr ovi ded wi t h t he cont r ol  syst em t o meet  r equi r ement s of  ot her  
Sect i ons.  

3. 5. 3. 1   I mpor t  and Upl oad Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  i mpor t i ng audi t  l ogs f r om 
t he Devi ce Audi t  Recor d Upl oad Sof t war e and of  upl oadi ng audi t  l ogs over  
t he net wor k f r om al l  cont r ol  syst em devi ces suppor t i ng net wor k upl oad of  
audi t  l ogs.  

3. 5. 3. 2   Expor t  Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  expor t i ng t o a f i l e f or mat  
suppor t ed by Mi cr osof t  Excel .

3. 5. 3. 3   Not i f i cat i on Of  Audi t  Fai l ur e i n Devi ces i n MODERATE I mpact  Syst ems

The audi t i ng f r ont  end sof t war e must  be capabl e of  r ecei v i ng not i f i cat i ons 
of  audi t  f ai l ur e f r om cont r ol  syst em devi ces and comput er s and be abl e t o 
pr ovi de emai l  not i f i cat i on based on r ecei pt  of  t he not i f i cat i on.  

3. 5. 3. 4   Audi t  Reduct i on and Repor t  Gener at i on I n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 6( 4) ,  AU- 7( a) ,  AU- 7( b) ,  AU- 7( 1) ,  AU- 12( 1) ;  CCI - 000154,  CCI - 001875,  
CCI - 001876,  CCI - 001877,  CCI - 001878,  CCI - 001879,  CCI - 001880,  CCI - 001881,  
CCI - 001882,  CCI - 000158,  CCI - 000173,  CCI - 000174,  CCI - 001577. }

Audi t i ng Fr ont  End Sof t war e must  pr ovi de audi t  r educt i on and r epor t i ng 
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capabi l i t i es t hat  suppor t s on- demand r evi ew and anal ysi s,  on demand 
r epor t i ng,  and af t er  t he f act  i nvest i gat i ons of  secur i t y i nci dent s.   The 
sof t war e must  be abl e t o combi ne  audi t  r ecor ds f r om al l  component s wi t hi n 
t he syst em and anal yze t hem as a s i ngl e audi t  r ecor d.   The sof t war e must  
cor r ect  f or  di scr epanci es i n t i mest amps of  audi t  l ogs f r om di f f er ent  
sour ces and be abl e t o account  f or  di scr epanci es up t o 2 seconds bet ween 
sour ces.   The sof t war e must  not  al t er  or i gi nal  audi t  r ecor d cont ent  or  
t i me or der i ng of  audi t  r ecor ds.   The sof t war e must  have t he capabi l i t y  t o 
f i l t er  audi t  r ecor ds usi ng user - def i ned f i el ds wi t hi n t he audi t  r ecor ds.

The audi t  r educt i on and r epor t i ng capabi l i t i es may i ncor por at e t hi r d par t y 
appl i cat i on,  such as Excel  or  Access.  

3. 5. 4   Audi t  St or age Capaci t y and Audi t  Upl oad

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 4;  CCI - 001848,  CCI - 001849}

The cr eat i on of  audi t  r ecor ds must  never  i nt er f er e wi t h nor mal  devi ce 
oper at i on.   Devi ces must  cease col l ect i on of  audi t i ng i nf or mat i on i f  
r equi r ed t o mai nt ai n nor mal  oper at i on.

a.   For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  st or age capaci t y 
( CCI - 001848 or  CCI - 001849)  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

b.   For  cont r ol l er s capabl e of  gener at i ng audi t  r ecor ds,  pr ovi de 60 days 
wor t h of  secur e l ocal  st or age,  assumi ng 10 audi t abl e event s per  day.

3. 5. 4. 1   Audi t  Log St or age Not i f i cat i on I n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 5( 1) ;  CCI - 001855. }

Cont r ol l er s st or i ng audi t  l ogs must  pr ovi de not i f i cat i on when audi t  l ogs 
r each 75 per cent  of  capaci t y ei t her  di r ect l y t hr ough emai l  or  i ndi r ect l y 
by sendi ng a not i f i cat i on t o a comput er ,  and t he comput er  sendi ng an 
emai l .   Comput er s st or i ng audi t  l ogs must  pr ovi de not i f i cat i on when audi t  
l ogs r each 75 per cent  of  capaci t y di r ect l y t hr ough emai l .

3. 5. 4. 2   Devi ce Audi t  Recor d Upl oad Sof t war e

For  each devi ce ( comput er  or  cont r ol l er )  r equi r ed t o audi t  event s and f or  
whi ch audi t  l ogs cannot  be upl oaded over  t he net wor k by t he Audi t i ng Fr ont  
End Sof t war e,  pr ovi de and l i cense t o t he Gover nment  sof t war e i mpl ement i ng 
a secur e mechani sm of  upl oadi ng audi t  r ecor ds f r om t he devi ce and 
expor t i ng t hem t o t he Audi t i ng Fr ont  End Sof t war e.   Wher e di f f er ent  
devi ces use di f f er ent  sof t war e,  pr ovi de sof t war e of  each t ype r equi r ed t o 
upl oad audi t  l ogs f r om al l  devi ces.

  Submi t  copi es of  devi ce audi t  r ecor d upl oad sof t war e i f  t hi s f unct i on i s 
not  par t  of  t he sof t war e pr ovi ded wi t h t he cont r ol  syst em t o meet  
r equi r ement s of  ot her  Sect i ons.   I f  t her e ar e no devi ces r equi r i ng t hi s 
sof t war e,  pr ovi de a document  st at i ng t hi s i n l i eu of  t hi s submi t t al .

3. 5. 5   Response t o Audi t  Pr ocessi ng Fai l ur es

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 5;  CCI - 000139,  CCI - 000140,  CCI - 001490. }

SECTI ON 25 05 11. 03  Page 27



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

I n t he case of  a f ai l ur e i n t he audi t i ng syst em,  comput er s associ at ed wi t h 
audi t i ng must  pr ovi de emai l  not i f i cat i on.  For  MODERATE I mpact  syst ems,  t he 
comput er  must  al so not i f y t he associ at ed audi t i ng f r ont  end sof t war e.   I n 
case of  an audi t  f ai l ur e,  i f  possi bl e,  cont i nue t o col l ect  audi t  r ecor ds 
by over wr i t i ng exi st i ng audi t  r ecor ds.

For  MODERATE I mpact  Syst ems:  I n t he case of  an audi t  f ai l ur e at  a 
cont r ol l er  per f or mi ng audi t i ng,  t he devi ce must  not i f y t he associ at ed 
audi t i ng f r ont  end sof t war e of  t he audi t  f ai l ur e i f  abl e,  and must  
cont i nue t o col l ect  audi t  r ecor ds by over wr i t i ng exi st i ng audi t  r ecor ds i f  
abl e.   The audi t i ng f r ont  end sof t war e must  pr ovi de not i f i cat i on as 
i ndi cat ed,  t r eat i ng t he not i f i cat i on of  f ai l ur e f r om t he devi ce as a 
f ai l ur e i n t he audi t i ng syst em.

3. 6   REQUI REMENTS FOR LEAST FUNCTI ONALI TY

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s) ,  al ong 
wi t h t he net wor k communi cat i on r epor t  submi t t al  speci f i ed el sewher e i n 
t hi s sect i on,  r el at es t o CM- 6( a) ,  CM- 6( c) ,  CM- 7,  CM- 7( 1) ( b) ,  SC- 41;   
CCI - 000363,  CCI - 000364,  CCI - 000365,  CCI - 001588,  CCI - 001755,  CCI - 000381,  
CCI - 000380,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.   For  MODERATE I mpact  syst ems,  t hi s subpar t  ( and i t s subpar t s)  
al so r el at es t o CM- 7( 2) ,  CM- 7( 5) ( a) ,  CM- 7( 5) ( b) ;  CCI - 000381,  CCI - 000380,  
CCI - 000382,  CCI - 001761,  CCI - 001762}

For  devi ces t hat  have a STI G or  SRG r el at ed t o Requi r ement s f or  Least  
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  and devi ce I / O 
access f or  l east  f unct i onal i t y) ,  i nst al l  and conf i gur e t he devi ce i n 
accor dance wi t h t hat  STI G or  SRGs.

3. 6. 1   Devi ce Capabi l i t i es

Do not  pr ovi de devi ces wi t h r emot e user  i nt er f aces or  f ul l  user  i nt er f aces 
wher e one was not  r equi r ed.   Do not  use a net wor ked sensor  or  act uat or  
wher e a non- net wor ked sensor  or  act uat or  woul d suf f i ce.

Unl ess speci f i cal l y r equi r ed by t he gover nment ,  do not  pr ovi de a 
capabi l i t y  t o updat e devi ce f i r mwar e over  t he net wor k.

3. 7   SYSTEM AND COMMUNI CATI ON PROTECTI ON

3. 7. 1   Col l abor at i ve Comput i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 15( a) ,  
SC- 15( b) ;  CCI - 001150,  CCI - 001152. }

Wi t hout  expl i c i t  appr oval  f r om t he pr oj ect  s i t e,  cont r ol  syst ems must  not  
use col l abor at i ve comput i ng t echnol ogi es.

3. 7. 2   Deni al  of  Ser vi ce Pr ot ect i on and Appl i cat i on Par t i t i oni ng I n 
MODERATE I mpact  Syst ems:

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 5,  SC- 39,  
SC- 7( a) ;  CCI - 001093,  CCI - 002385,  CCI - 002386,  CCI - 002430,  CCI - 001097.  For  
MODERATE I mpact  syst ems,  t hi s subpar t  al so r el at es t o SC- 2;  CCI - 001082. }

To t he gr eat est  ext ent  pr act i cal ,  i mpl ement  cont r ol  l ogi c wi t hout  r el i ance 
on t he net wor k.   Except  when r equi r ed t o meet  t he r equi r ement s of  t he 
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cont r ol  syst em Sect i on ( wher e t he r equi r ement  can onl y be met  usi ng 
comput er  har dwar e) ,  do not  i mpl ement  cont r ol  l ogi c i n comput er s.   For  
MODERATE I mpact  syst ems,  do not  i mpl ement  cont r ol  l ogi c i n a devi ce 
pr ovi di ng ( i . e.  act i ng as a ser ver  f or )  a Ful l  Remot e User  I nt er f ace.

3. 7. 2. 1   Def aul t  Requi r ement s f or  MODERATE I mpact  Cont r ol  Syst ems

Except  f or  net wor ked i nput  and out put s on i nput - out put  buses speci f i cal l y 
desi gned t o pr ovi de hi gh r el i abi l i t y  or  r edundancy,  sensor s and act uat or s 
must  not  r el y on t he net wor k t o exchange dat a wi t h t he cont r ol l er  
execut i ng t he sequence of  oper at i on whi ch uses t he sensor  val ue or  
det er mi nes t he act uat or  command.   

Sensor  val ues r equi r ed by mul t i pl e devi ces may be shar ed over  t he net wor k 
pr ovi ded t hey ar e connect ed t o a cont r ol l er  r equi r i ng t he val ue f or  
execut i on of  t he sequence and t hat  cont r ol l er  shar es t he val ue on t he 
net wor k.  

3. 7. 3   Mobi l e Code I n MODERATE I mpact  Syst ems:

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  r el at es t o SC- 18( a) ,  SC- 18( b) ,
SC- 18( c) ,  SC- 18( 1) ,  SC- 18( 3) ,  SC- 18( 4) ;  CCI - 001160,  CCI - 001161,  
CCI - 001162,  CCI - 001163,  CCI - 001164,  CCI - 001165,  CCI - 001166,  CCI - 001662,  
CCI - 002457,  CCI - 002458,  CCI - 001169,  CCI - 001695,  CCI - 001170,  CCI - 002469}

Mobi l e code may onl y be downl oaded f r om a speci f i cal l y aut hor i zed mobi l e
code r eposi t or y.  Coor di nat e wi t h t he Mobi l e Code Poi nt  of  Cont act  f or  t he 
l ocat i on of  a r eposi t or y.

3. 7. 4   Pr ot ect i on of  I nf or mat i on at  Rest  I n MODERATE I mpact  Syst ems:

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  r el at es t o SC- 28,  SC- 28( 1) ;  
CCI - 001199,
CCI - 002472,  CCI - 002475,  CCI - 002476}

Any cont r ol  syst em devi ce st or i ng per sonal l y i dent i f i abl e i nf or mat i on 
( PI I ) ,  cont r ol l ed uncl assi f i ed i nf or mat i on ( CUI ) ,  or  c l assi f i ed 
i nf or mat i on must  be pr ot ect ed by an I nf or mat i on At  Rest  encr ypt i on 
sol ut i on or  by a physi cal  secur i t y sol ut i on.  Pr ovi de a Pr ot ect i on of  
I nf or mat i on At  Rest  Pr oposal  i ndi cat i ng each devi ce st or i ng PI I ,  CUI ,  or  
c l assi f i ed i nf or mat i on and t he encr ypt i on or  physi cal  secur i t y sol ut i on 
pr oposed f or  t hat  devi ce f or  gover nment  appr oval .  I f  no devi ces st or es 
PI I ,  CUI ,  or  c l assi f i ed i nf or mat i on,  pr ovi de a document  st at i ng t hi s as 
t he Pr ot ect i on of  I nf or mat i on At  Rest  Pr oposal  submi t t al .   Do pr oceed wi t h 
devi ce sel ect i on and i nst al l at i on unt i l  t he Pr ot ect i on of  I nf or mat i on At  
Rest  Pr oposal  i s  appr oved.   Once appr oved,  i mpl ement  appr oved I nf or mat i on 
At  Rest  pr ot ect i ons.

3. 8   SAFE MODE AND FAI L SAFE OPERATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 12,  SI - 10( 3) ,  SI - 17;  CCI - 002855,  CCI - 002856,  CCI - 002857,  CCI - 002754,  
CCI - 002773,  CCI - 002774,  CCI - 002775}

For  al l  cont r ol  syst em component s wi t h an appl i cabl e STI G or  SRG,  
conf i gur e t he component  i n accor dance wi t h al l  appl i cabl e STI Gs and SRGs.
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3. 9   SYSTEM MAI NTENANCE TOOL SOFTWARE

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
MA- 3;  CCI - 000865. }

Submi t  and l i cense t o t he Gover nment  al l  sof t war e r equi r ed t o oper at e,
mai nt ai n and modi f y t he cont r ol  syst em such t he Gover nment  or  t hei r  agent s 
ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons of  t he 
syst em wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or ,  Vendor  
or  Manuf act ur er .  Submi t  har d copi es of  user  manual s f or  each sof t war e wi t h 
t he sof t war e submi t t al .

For  sof t war e pr ovi ded and l i censed t o t he Gover nment  under  t he
r equi r ement s of  anot her  Sect i on,  submi t  a st at ement  i ndi cat i ng t he
Sect i on and Submi t t al  under  whi ch t he sof t war e was pr ovi ded.  For
sof t war e pr ovi ded t o meet  t he r equi r ement s of  t hi s Sect i on and not  
pr ovi ded and l i censed under  anot her  Sect i on,  submi t  sof t war e and sof t war e 
user  manual s on DVD or  CD as a Techni cal  Dat a Package and submi t  one har d 
copy of  t he sof t war e user  manual  f or  each pi ece of  sof t war e.

3. 10   DEVI CE POWER

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PE- 11,  PE- 11( 1) ;  CCI - 002955,  CCI - 000961.   For  MODERATE I mpact  syst ems,  
t hi s subpar t  ( and i t s subpar t s)  al so r el at es t o PE- 9,  PE- 9( 1) ;  CCI - 000952,  
CCI - 002953,  CCI - 002954. }

For  MODERATE I mpact  Syst ems:  Pr ovi de cont r ol  syst em wi t h power  suppl y 
meet i ng or  exceedi ng t he r el i abi l i t y  of  t he cont r ol l ed equi pment .  Power i ng 
cont r ol  syst em devi ces usi ng t he same power  sour ce as t he equi pment  
cont r ol l ed by t he devi ce i s a per mi ssi bl e met hod of  meet i ng t hi s 
r equi r ement .  Wi t hout  expl i c i t  appr oval  f r om t he gover nment ,  do not  i nst al l  
l ocal  uni nt er r upt i bl e power  suppl i es ( UPSs)  as a sour ce of  devi ce power .

3. 10. 1   Devi ce Behavi or  on Loss of  Power  I n MODERATE I mpact  Syst ems:

Appl i cat i on pr ogr ams and conf i gur at i on set t i ngs must  be st or ed i n devi ces 
i n manner  such t hat  a l oss of  power  does not  r esul t  i n a l oss of  t he 
appl i cat i on pr ogr am or  conf i gur at i on set t i ngs:  Loss of  power  must  never  
r esul t  i n t he l oss of  appl i cat i on pr ogr ams,  r egar dl ess of  t he l engt h of  
t i me power  i s l ost ;  and l oss of  power  f or  l ess t han 2, 500 hour s must  not  
r esul t  i n t he l oss of  conf i gur ed set t i ngs.

I n t he event  of  a l oss of  power ,  when power  i s r est or ed,  cont r ol l er s and 
comput er s execut i ng cont r ol  l ogi c ( and t he under l y i ng equi pment )  must  
r ecover  and r esume t hei r  nor mal  sequences of  oper at i on.   Not e t hat  t he 
sequence of  oper at i on may r equi r e speci f i c  act i ons ( e. g.  st ar t up 
sequences)  upon r ecover y f r om l oss of  power .

3. 11   VULNERABI LI TY SCANNI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o RA- 5 RA- 5( a) , RA- 5( b) , RA- 5( c) , RA- 5( d) ;  CCI - 001054,  CCI - 001055,  
CCI - 000156,  CCI - 001641,  CCI - 001643,  CCI - 001057,  CCI - 001058,  CCI - 001059.  
For  MODERATE I mpact  syst ems,  t hi s subpar t  ( and i t s subpar t s)  al so r el at es 
t o  RA- 5( 1) ,  RA- 5( 5) ;  CCI - 001062,  CCI - 001067,  CCI - 001645,  CCI - 002906. }

Al l  I P devi ces must  be scannabl e,  such t hat  t he devi ce can be scanned by 
i ndust r y st andar d I P net wor k scanni ng ut i l i t i es wi t hout  har m t o t he 
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devi ce,  appl i cat i on,  or  f unct i onal i t y.  

3. 11. 1   Comput er s and Sof t war e Runni ng on Comput er s

Comput er s and appl i cat i ons r unni ng on comput er s must  meet  r el evant  
vul ner abi l i t y  scanni ng STI Gs/ SRGs and r espond t o appr oved DoD 
vul ner abi l i t y  scanni ng t ool s.

3. 11. 2   Cont r ol l er s

Pr ovi de cont r ol l er s t hat  ar e scannabl e by st andar d cont r ol  syst em 
di scover y t ool s or  cont r ol  syst em br owser s and r et ur n meani ngf ul  st at us 
i nf or mat i on i ncl udi ng t he net wor k i nput s and out put s f or  t he cont r ol l er .   
Thi s i nf or mat i on must  cont ai n suf f i c i ent  det ai l  t o det ect  vul ner abi l i t i es 
or  expl oi t s of  t he cont r ol l er .

Pr ovi de al l  sof t war e needed t o scan t he cont r ol  syst em as t he Cont r ol  
Syst em Scanni ng Tool s submi t t al .   I f  t he sof t war e r equi r ed t o scan t he 
syst em i s al r eady i nst al l ed at  t he pr oj ect  s i t e or  i s pr ovi ded under  a 
separ at e sect i on i nst ead pr ovi de a st at ement  i ndi cat i ng t hi s.

3. 12   FI PS 201- 2 REQUI REMENT

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SA- 4 ( 10) ;  CCI - 003116}

Devi ces i n t he f ol l owi ng syst ems whi ch i mpl ement  PI V must  be on t he 
NI ST FI PS 201- 2 appr oved pr oduct  l i s t  (
ht t ps: / / www. i dmanagement . gov/ appr oved- pr oduct s- l i s t / ) :   el ect r oni c 
secur i t y syst ems( ESS) .

3. 13   SYSTEM AND I NTEGRATI ON I NTEGRI TY

3. 13. 1   Mal i c i ous Code Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 3( c) ;  CCI - 001241,  CCI - 002623}

For  al l  comput er s i nst al l ed under  t hi s pr oj ect ,  pr ovi de mal war e pr ot ect i on 
sof t war e medi a,  pr ovi de l i censes,  and i nst al l  and conf i gur e mal war e 
pr ot ect i on sof t war e as i ndi cat ed.   Coor di nat e wi t h t he Gover nment  Comput er  
Access Poi nt  of  Cont act  as r equi r ed.

3. 13. 2   Sof t war e,  Fi r mwar e,  and I nf or mat i on
I nt egr i t y I n MODERATE I mpact  Syst ems:

I f  t her e exi st s I nt egr i t y Ver i f i cat i on Sof t war e t hat  can check sof t war e,
f i r mwar e,  or  i nf or mat i on i n t he cont r ol  syst em and ver i f y i t s i nt egr i t y,
pr ovi de i t .  I f  no such sof t war e exi st s pr ovi de a st at ement  t o t hi s af f ect
i n l i eu of  t he sof t war e.

3. 13. 3   I nf or mat i on Syst em Moni t or i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SI - 4 ( a) , ( b) ;  
CCI - 001253,  CCI - 002645}
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3. 14   CONTROL SYSTEM CYBERSECURI TY TESTI NG

{ For  Gover nment  Ref er ence Onl y:  For  MODERATE I mpact  syst ems,  t hi s subpar t  
( and i t s subpar t s)  r el at es t o SA- 11( a) ,  SA- 11( b) ,  SA- 11( c) ,  SA- 11( d) ,  
SA- 11( e) ;  CCI - 003171,  CCI - 003172,  CCI - 003173,  CCI - 003174,  CCI - 003175,  
CCI - 003176,  CCI - 003177,  CCI - 003178. }

3. 14. 1   Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es

Pr epar e Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es expl ai ni ng
st ep- by- st ep,  t he act i ons and expect ed r esul t s t hat  wi l l  demonst r at e t hat
t he cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.

Submi t  4 copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Pr ocedur es.  The Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es may be
submi t t ed as a Techni cal  Dat a Package.

3. 14. 2   Cont r ol  Syst em Cyber secur i t y Test i ng Execut i on

Usi ng t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es ver i f y t hat  t he
cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.  UNLESS GOVERNMENT
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL
TESTS WI TH A GOVERNMENT WI TNESS.  I f  t est i ng r eveal s def i c i enci es i n t he
syst em,  cor r ect  t he def i c i ency and r et est  unt i l  successf ul .

3. 14. 3   Cont r ol  Syst em Cyber secur i t y Test i ng Repor t

Pr epar e and submi t  a Cont r ol  Syst em Cyber secur i t y Test i ng Repor t
document i ng al l  t est s per f or med and t hei r  r esul t s.  I ncl ude al l  t est s i n
t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es and any addi t i onal
t est s per f or med dur i ng t est i ng.  Document  t est  f ai l ur es and r epai r s
conduct ed wi t h t he t est  r esul t s.

Submi t  f our  copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Repor t .  The Cont r ol  Syst em Cyber secur i t y Test i ng Repor t  may be submi t t ed
as a Techni cal  Dat a Package.

3. 15   FI ELD QUALI TY CONTROL,  CYBERSECURI TY VALI DATI ON SUPPORT

I n addi t i on t o t est i ng and t est i ng suppor t  r equi r ed by ot her  Sect i ons,  
pr ovi de a mi ni mum of  16 hour s of  t echni cal  suppor t  f or  cyber secur i t y 
t est i ng of  cont r ol  syst ems t o suppor t  t he DoD Ri sk Management  Fr amewor k 
pr ocess Cyber secur i t y assessment  of  t he cont r ol  syst em.   Thi s suppor t  i s  
i ndependent  of  ( and i n addi t i on t o)  t he Cont r ol  Syst em Cyber secur i t y 
Test i ng speci f i ed i n t hi s sect i on.

3. 16   CYBERSECURI TY TRAI NI NG

Pr ovi de ei ght  hour s of  c l assr oom and hands- on t r ai ni ng f or  s i x Gover nment  
per sonnel  on t he cyber secur i t y oper at i on and mai nt enance of  t he cont r ol  
syst em pr ovi ded.   Thi s t r ai ni ng i s i n addi t i on t o and must  be coor di nat ed 
wi t h cont r ol  syst em t r ai ni ng speci f i ed i n ot her  Sect i ons.  

The Gover nment  wi l l  pr ovi de t he t r ai ni ng l ocat i on.  Tr ai ni ng must  cover ,  at  
a mi ni mum:   ( a)  appl y i ng sof t war e and f i r mwar e updat es,  ( b)  user  account  
cr eat i on,  modi f i cat i on and del et i on,  ( c)  audi t  l og upl oad pr ocedur es and 
( d)  i dent i f i cat i on of  pr i v i l eged user  i nt er f aces and syst em i mpact  of  
t hose i nt er f aces.   Tr ai ni ng sessi on must  i ncl ude a quest i on and answer  
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per i od dur i ng whi ch gover nment  st af f  quest i ons about  cyber secur i t y aspect s 
of  t he cont r ol  syst em ar e answer ed.  

        - -  End of  Sect i on - -
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SECTI ON 25 05 11. 04

CYBERSECURI TY FOR LOW I MPACT FI RE ALARM SYSTEMS
05/ 21

PART 1   GENERAL

Many subpar t s i n t hi s Sect i on cont ai n t ext  i n cur l y br aces ( " { "  and " } " )  
i ndi cat i ng whi ch cyber secur i t y cont r ol  and cont r ol  cor r el at i on i dent i f i er  
( CCI )  t he r equi r ement s of  t he subpar t  r el at e t o.   The t ext  i nsi de t hese 
cur l y br aces i s f or  Gover nment  r ef er ence onl y and enabl es coor di nat i on of  
t he r equi r ement s of  t hi s Sect i on wi t h t he RMF pr ocess t hr oughout  t he 
desi gn and const r uct i on pr ocess.   Text  i n cur l y br aces ar e not  cont r act or  
r equi r ement s.

Thi s Sect i on r ef er s t o Secur i t y Requi r ement s Gui de ( SRGs)  and Secur i t y 
Techni cal  I mpl ement at i on Gui de ( STI Gs) .   STI Gs and SRGs ar e avai l abl e 
onl i ne at  t he I nf or mat i on Assur ance Suppor t  Envi r onment  ( I ASE)  websi t e at   
ht t ps: / / publ i c. cyber . mi l / st i gs/ downl oads/  and an SRG/ STI G Appl i cabi l i t y  
Gui de and Col l ect i on Tool  i s  avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ .  Not  al l  cont r ol  syst em component s 
have appl i cabl e STI Gs or  SRGs.   The " Cont r ol  Syst ems SRG"  does not  appl y 
t o wor k per f or med under  t hi s Sect i on;  al l  r equi r ement s wi t hi n t hi s sect i on 
t o appl y appl i cabl e SRGs DO NOT i ncl ude t he " Cont r ol  Syst ems SRG" .

1. 1   CONTROL SYSTEM APPLI CABI LI TY

Ther e ar e mul t i pl e ver si ons of  t hi s Sect i on associ at ed wi t h t hi s pr oj ect .   
Di f f er ent  ver si ons have r equi r ement s appl i cabl e t o di f f er ent  cont r ol  
syst ems.   Thi s speci f i c  Sect i on appl i es onl y t o t he f ol l owi ng cont r ol  
syst ems:  Fi r e and Li f e Saf et y.  Monaco Fi r e Al ar m Syst em.

1. 2   RELATED REQUI REMENTS

Thi s sect i on does not  cont ai n suf f i c i ent  r equi r ement s t o pr ocur e a cont r ol  
syst em and must  be used i n conj unct i on wi t h ot her  Sect i ons whi ch speci f y 
cont r ol  syst ems.   Thi s Sect i on adds cyber secur i t y r equi r ement s t o t he 
cont r ol  syst ems speci f i ed i n ot her  Sect i ons,  and as t hese r equi r ement s ar e 
condi t i oned on t he cont r ol  syst em bei ng pr ovi ded,  t her e may be 
r equi r ement s i n t hi s Sect i on t hat  wi l l  not  appl y t o t hi s pr oj ect .   Al l  
Sect i ons cont ai ni ng f aci l i t y- r el at ed cont r ol  syst ems or  cont r ol  syst em 
component s ar e r el at ed t o t he r equi r ement s of  t hi s Sect i on.   Revi ew al l  
speci f i cat i on sect i ons t o det er mi ne r el at ed r equi r ement s.

I n cases wher e a r equi r ement  i s speci f i ed i n bot h t hi s Sect i on and i n 
anot her  Sect i on,  t he mor e st r i ngent  r equi r ement  must  be met .   I n cases 
wher e a r equi r ement  i n t hi s Sect i on conf l i c t s wi t h t he r equi r ement s of  
anot her  Sect i on such t hat  bot h r equi r ement s cannot  be met  at  t he same 
t i me,  r equest  di r ect i on f r om t he Cont r act i ng Of f i cer  Repr esent at i ve t o 
det er mi ne whi ch r equi r ement  appl i es t o t he pr oj ect .

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.
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I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 1x ( 2010)  Local  and Met r opol i t an Ar ea 
Net wor ks -  Por t  Based Net wor k Access 
Cont r ol

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DODI  8551. 01 ( 2014)  Por t s,  Pr ot ocol s,   and Ser vi ces 
Management  ( PPSM)

DTM 08- 060 ( 2008)  Pol i cy on Use of  Depar t ment  of  
Def ense ( DoD)  I nf or mat i on Syst ems -  
St andar d Consent  Banner  and User  Agr eement

1. 4   DEFI NI TI ONS

1. 4. 1   Admi ni st r at or  Account

An admi ni st r at or  account  i s an account  wi t h f ul l  per mi ssi ons t o a devi ce,  
appl i cat i on,  or  oper at i ng syst em,  i ncl udi ng t he abi l i t y  t o cr eat e and 
modi f y ot her  user  account s.

Not e t hat  t he oper at i ng syst em Admi ni st r at or  Account  may be di f f er ent  t han 
Admi ni st r at or  Account s f or  appl i cat i ons host ed on t hat  oper at i ng syst em.   
Al so,  most  cont r ol l er s wi l l  not  have any suppor t  f or  account s and wi l l  
t her ef or e not  have an ' Ami ni st r at or  Account ' .

1. 4. 2   Comput er

A comput er  i s one of  t he f ol l owi ng:

a.   a devi ce r unni ng a non- embedded deskt op or  ser ver  ver si on of  Mi cr osof t  
Wi ndows

b.   a devi ce r unni ng a non- embedded ver si on of  MacOS

c.   a devi ce r unni ng a non- embedded ver si on of  Li nux

d.   a devi ce r unni ng a ver si on or  der i vat i ve of  t he Andr oi d Oper at i ng 
Syst em,  wher e Andr oi d i s consi der ed separ at e f r om Li nux

e.   a devi ce r unni ng a ver si on of  Appl e i OS

Unl ess ot her wi se i ndi cat ed or  c l ear  f r om cont ext  use of  t he wor d " devi ce"  
i n t hi s Sect i on i ncl udes comput er s.

1. 4. 3   Cont r ol l er

A devi ce ot her  t han a comput er  or  Et her net  swi t ch.   For  Fi r e Pr ot ect i on 
syst ems t hi s i ncl udes f i r e al ar m cont r ol  panel s,  r emot e oper at i ng 
consol es,  and r emot e annunci at or s.

1. 4. 4   Mi ssi on Space

A devi ce or  medi a i s i n mi ssi on space i f  physi cal  access t o t he devi ce or  
medi a i s cont r ol l ed by t he or gani zat i on ser ved by t he devi ce.   For  
exampl e,  a VAV box cont r ol l er  i n a suspended cei l i ng i s i n mi ssi on space 
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i f  t he VAV box ser ves t hat  r oom;  an el ect r i cal  swi t chgear  i n an el ect r i cal  
r oom or  an AHU i n a mechani cal  r oom or  on a r oof t op may st i l l  be 
consi der ed t o be i n mi ssi on space i f  t he or gani zat i on ( mi ssi on)  ser ved by 
t hat  swi t chgear  or  AHU cont r ol s access t o t he el ect r i cal  r oom,  mechani cal  
r oom or  r oof t op.

1. 4. 5   Net wor k

A net wor k i s a gr oup of  t wo or  mor e devi ces t hat  can communi cat e usi ng a 
net wor k pr ot ocol .   Net wor k pr ot ocol s must  pr ovi de a met hod f or  addr essi ng 
devi ces on t he net wor k;  a communi cat i on met hod t hat  does not  pr ovi de an 
addr essi ng scheme i s not  a net wor ked f or m of  communi cat i on.   Devi ces t hat  
communi cat e usi ng a met hod of  communi cat i on t hat  does not  suppor t  devi ce 
addr essi ng ar e not  usi ng a net wor k.

1. 4. 6   Net wor k Connect ed

A component  i s net wor k connect ed ( or  " connect ed t o a net wor k" )  onl y when 
t he devi ce has a net wor k t r anscei ver  whi ch i s di r ect l y connect ed t o t he 
net wor k and i mpl ement s t he net wor k pr ot ocol .   A devi ce l acki ng a net wor k 
t r anscei ver  ( and accompanyi ng pr ot ocol  i mpl ement at i on)  can never  be 
consi der ed net wor k connect ed.   Not e t hat  ( unl i ke many I T def i ni t i ons of  
" Net wor k Connect ed" )  a devi ce connect ed t o a non- I P net wor k i s st i l l  
consi der ed net wor k connect ed ( an I P connect i on or  I P addr ess i s not  
r equi r ed f or  a devi ce t o be net wor k connect ed) .

1. 4. 6. 1   Wi r el ess Net wor k Connect ed

Any devi ce t hat  suppor t s wi r el ess net wor k communi cat i on i s net wor k 
connect ed t o a wi r el ess net wor k,  r egar dl ess of  whet her  t he devi ce i s 
communi cat i ng usi ng wi r el ess.   Unl ess physi cal l y di sabl ed,  devi ces wi t h 
wi r el ess t r anscei ver s suppor t  wi r el ess,  i t  i s  not  suf f i c i ent  t o di sabl e 
t he wi r el ess i n sof t war e.

1. 4. 7   Net wor k Medi a

 The t hi ng t hat  pr ovi des t he communi cat i on channel  bet ween t he devi ces on 
a net wor k.   Typi cal l y wi r e,  but  mi ght  i ncl ude wi r el ess,  f i ber  opt i c,  or  
even power  l i ne ( some net wor k pr ot ocol s al l ow sendi ng net wor k s i gnal s over  
power  wi r i ng) .

1. 4. 8   User  Account  Suppor t  Level s

The suppor t  f or  user  account s i s cat egor i zed i n t hi s Sect i on as one of  
t hr ee l evel s:   

1. 4. 8. 1   FULLY Suppor t ed

Devi ce suppor t s conf i gur abl e i ndi v i dual  account s.   Account s can be 
cr eat ed,  del et ed,  modi f i ed,  et c.   Pr i v i l eges can be assi gned t o account s.   
These devi ces suppor t  user - based ( as opposed t o r ol e- based)  aut hent i cat i on.

1. 4. 8. 2   MI NI MALLY Suppor t ed

Devi ce suppor t s a smal l ,  f i xed number  of  account s ( per haps onl y one) .   
Account s cannot  be modi f i ed.   A devi ce wi t h onl y a " User "  and an 
" Admi ni st r at or "  account  woul d f i t  t hi s cat egor y.   Si mi l ar l y,  a devi ce wi t h 
t wo PI Ns f or  l ogon -  one f or  r est r i ct ed and one f or  unr est r i ct ed r i ght s 
woul d f i t  her e ( i n ot her  wor ds,  t he account s do not  have t o be t he 
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t r adi t i onal  " user name and passwor d"  st r uct ur e) .   These devi ces t ypi cal l y 
onl y suppor t  r ol e- based aut hent i cat i on.

Exampl es of  devi ces whi ch MI NI MALLY suppor t  account s ar e a)  a var i abl e 
f r equency dr i ve wi t h a s i ngl e account  whi ch r equi r es a PI N f or  access t o 
conf i gur at i on;  and b)  a r oom l i ght i ng cont r ol  t ouchpad i nt er f ace t hat  has 
a s i ngl e account .

1. 4. 8. 3   NOT Suppor t ed

Devi ce does not  suppor t  any Access Enf or cement  t her ef or e t he whol e concept  
of  " account "  i s  meani ngl ess.

1. 4. 9   Manual  Local  I nput

Manual  Local  I nput s ar e syst em anal og or  bi nar y i nput s t hat  ar e adj ust abl e 
by a per son but  ar e,  by i nt r i nsi c har dwar e desi gn,  ver y l i mi t ed i n 
pot ent i al  capabi l i t i es.   Manual  Local  I nput s do not  have t ouch scr eens or  
f ul l  keyboar ds,  but  may have a f ew but t ons or  di al s t o al l ow i nput .   
Manual  Local  I nput s do not  have f ul l  gr aphi c scr eens or  dot - mat r i x 
di spl ays,  but  may have si mpl e l i ght s ( LEDs)  or  7- segment  di spl ays.   Manual  
Local  I nput s do not  have any sor t  of  menu st r uct ur e,  each but t on has a 
s i ngl e wel l - def i ned f unct i on.  

Exampl es of  Manual  Local  I nput s ar e H- O- A swi t ches,  s i mpl e t her most at s,  
and di sconnect  swi t ches.

1. 4. 10   Car d Reader

A car d r eader  i s an i nput / out put  devi ce whose pr i mar y f unct i on i s t o 
assi st  i n t wo- f act or  aut hent i cat i on.   A car d r eader  must  have an i nt er f ace 
t o r ead dat a f r om a car d and may be abl e t o wr i t e dat a t o a car d.   A car d 
r eader  may have a means ( such as but t ons,  keypad,  t ouchscr een,  et c. )  f or  a 
user  t o i nput  a PI N or  passwor d,  as wel l  as a l i mi t ed di spl ay.   

1. 4. 11   User  I nt er f ace

A User  I nt er f ace ( UI )  i s  somet hi ng ot her  t han a Manual  Local  I nput  or  Car d 
Reader  t hat  al l ows a per son t o i nt er act  wi t h t he syst em or  devi ce.   Not e 
t hat  whi l e a Car d Reader  i s not  by i t sel f  a User  I nt er f ace,  a User  
I nt er f ace may cont ai n a Car d Reader  i n or der  f or  i t  t o aut hent i cat e i t s 
user .   Wi t hi n cont r ol  syst ems,  t her e ar e a wi de r ange of  User  I nt er f aces.  

Two i mpor t ant  di st i nct i ons ar e 1)  whet her  t he user  i nt er f ace i s Local  or  
Remot e,  and 2)  t he ef f ect i ve capabi l i t i es of  t he User  I nt er f ace t o al t er  
dat a,  whi ch i s t he " pr i v i l ege"  of  t he user  i nt er f ace ( wher e ef f ect i ve 
pr i v i l ege avai l abl e t o a speci f i c  user  at  a speci f i c  user  i nt er f ace i s t he 
combi nat i on of  t he gr eat est  pr i v i l ege of f er ed by t he user  i nt er f ace and 
t he speci f i c  account  t he user  i s l ogged i nt o) .

1. 4. 11. 1   Local  User  I nt er f ace

A Local  User  I nt er f ace i s a user  i nt er f ace wher e t he physi cal  har dwar e t he 
user  i nt er act s wi t h ( keyboar d,  but t ons,  di spl ay,  et c. )  i s  physi cal l y par t  
of  t he devi ce bei ng af f ect ed.   Al l  of  t he r el evant  char act er i st i cs of  t he 
user  i nt er f ace ar e embodi ed wi t hi n a s i ngl e devi ce.

Not e t hat  a Local  UI  may be abl e t o access dat a i n a di f f er ent  devi ce,  
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Local  ver sus Remot e i n t hi s cont ext  r ef er s t o t he user  i nt er f ace i t sel f ;  
t he capabi l i t y  t o access dat a i n a di f f er ent  devi ce i s cover ed under  " Ful l  
User  I nt er f ace" .

1. 4. 11. 2   Remot e User  I nt er f ace

A Remot e User  I nt er f ace i mpl ement s a Cl i ent / Ser ver  model  wher e t he 
physi cal  har dwar e t he user  i nt er act s wi t h ( Cl i ent )  i s  physi cal l y di st i nct  
f r om t he devi ce bei ng af f ect ed ( Ser ver ) .   Most  or  al l  of  t he secur i t y and 
f unct i onal i t y char act er i st i cs of  t he user  i nt er f ace ar e def i ned by t he 
Ser ver ,  not  t he Cl i ent .   The Cl i ent  and Ser ver  communi cat e v i a a net wor k 
connect i on.   A common exampl e of  a r emot e user  i nt er f ace i s a web- based 
i nt er f ace wher e t he br owser  ( c l i ent )  i s  gener al l y on di f f er ent  har dwar e 
t han t he web ser ver  ( ser ver ) .   A Remot e UI  r emai ns a Remot e UI  even i f  t he 
user  happens t o be at  a Cl i ent  on t he same har dwar e as t he Ser ver .   What  
i s i mpor t ant  i s t hat  a)  t he Cl i ent  may be on di f f er ent  har dwar e t han t he 
Ser ver  and b)  t he maj or i t y of  t he secur i t y and f unct i onal  char act er i st i cs 
of  t he i nt er f ace ar e def i ned at  t he Ser ver .

Not e t hat  t hi s def i ni t i on of  " r emot e"  i s consi st ent  wi t h t hat  gener al l y 
used i n t he cont r ol  i ndust r y but  i s not  al i gned wi t h t he NI ST 800- 53 
def i ni t i on of  " Remot e" ,  whi ch r ef er s t o " out si de t he syst em" .   The t er m 
" Remot e"  her e bet t er  al i gns wi t h t he NI ST 800- 53 def i ni t i on of  " Net wor k"  
( r emot e f r om wi t hi n t he syst em)  Access.  

1. 4. 11. 3   Types of  User  I nt er f ace ( by capabi l i t y)

User  i nt er f aces ar e al so cat egor i zed by t hei r  capabi l i t i es as bei ng Read 
Onl y,  Li mi t ed,  or  Ful l .

1. 4. 11. 3. 1   Read- Onl y User  I nt er f ace

A Read Onl y User  I nt er f ace ( al so r ef er r ed t o as a Vi ew- Onl y User  
I nt er f ace)  i s a user  i nt er f ace t hat  onl y al l ows f or  r eadi ng dat a,  i t  does 
not  al l ow ( have t he capabi l i t y  t o)  modi f y dat a.   A Read Onl y User  
I nt er f ace may be ei t her  Local  or  Remot e.  A User  I nt er f ace t hat  i s 
conf i gur ed t o be Read Onl y ( by some ot her  means t han t he i nt er f ace i t sel f ,  
such as usi ng conf i gur at i on sof t war e on a l apt op)  i s a Read- Onl y 
I nt er f ace.  Not e a Read Onl y User  I nt er f ace may have but t ons ( or  t ouch 
scr een,  et c. )  al l owi ng t he user  t o navi gat e t hr ough t he pr esent at i on of  
dat a.

Exampl es of  a Read Onl y User  I nt er f aces ar e a)  a publ i c l y v i ewabl e " ener gy 
dashboar d"  showi ng weat her  dat a and ener gy usage wi t hi n a bui l di ng and b)  
di gi t al  wayf i ndi ng si gnage.

1. 4. 11. 3. 2   Li mi t ed User  I nt er f ace

A Li mi t ed User  I nt er f ace i s a user  i nt er f ace t hat  -  by desi gn -  can onl y 
al t er  i nf or mat i on l ocal  t o t he user  i nt er f ace.  Not e t hat  t he det er mi nat i on 
of  " al t er "  i ncl udes onl y di r ect  i nt er act i ons,  i t  expl i c i t l y  excl udes 
i nt er act i ons t hat  mi ght  occur  as secondar y ef f ect s.   For  exampl e,  an 
i nt er f ace changi ng t he f l ow set poi nt  i n a pump cont r ol l er  i s  a di r ect  
i nt er act i on,  t he subsequent  change i n f l ow ( as wel l  as any subsequent  
downst r eam changes i n val ve posi t i on)  ar e not  di r ect  i nt er act i ons.

Two exampl es of  LI MI TED UI s ar e:    a)  a var i abl e speed dr i ve has a Li mi t ed 
Local  User  I nt er f ace whi ch al l ows t he user  t o change pr oper t i es wi t hi n t he 
dr i ve,  but  does not  al l ow af f ect i ng t hi ngs out si de t he dr i ve;  and b)  a 
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t ypi cal  home Wi Fi  Rout er  has a Li mi t ed Remot e User  I nt er f ace whi ch al l ows 
conf i gur at i on of  t he Rout er ,  but  does not  al l ow di r ect  i nt er act i on wi t h 
ot her  devi ces.

1. 4. 11. 3. 3   Ful l  User  I nt er f ace

A Ful l  User  I nt er f ace can al t er  i nf or mat i on i n devi ces out si de t he devi ce 
wi t h t he user  i nt er f ace.   For  exampl e,  a t ypi cal  Local  Di spl ay Panel  i s  a 
Ful l  Local  User  I nt er f ace whi l e a br owser - based f r ont  end i s a Ful l  Remot e 
User  I nt er f ace.

1. 4. 11. 3. 4   Vi ew- Onl y User  I nt er f ace

See Read- Onl y User  I nt er f ace

1. 4. 11. 4   Ot her  User  I nt er f ace Ter mi nol ogy

I n addi t i on t o def i ni ng whet her  a user  i nt er f ace i s a Har dwar e Li mi t ed,  
Read- Onl y,  Li mi t ed or  Ful l ,  and whet her  i t  i s  Local  or  Remot e,  user  
i nt er f aces ar e c l assi f i ed by whet her  t hey ar e wr i t abl e or  pr i v i l eged.

1. 4. 11. 4. 1   Wr i t abl e User  I nt er f ace

Any User  I nt er f ace t hat  i s not  Read- Onl y i s Wr i t abl e.  ( Li mi t ed User  
I nt er f aces and Ful l  User  I nt er f aces ar e bot h wr i t abl e user  i nt er f aces ( as 
t hey ar e capabl e of  changi ng a val ue) ) .

1. 4. 11. 4. 2   Pr i v i l eged User  I nt er f ace

A Pr i v i l eged UI  i s a UI  t hat  has suf f i c i ent  capabi l i t i es or  f unct i onal i t y 
t hat  i t  r equi r es speci f i c  cyber secur i t y measur es t o be put  i n pl ace t o 
l i mi t  i t s  unaut hor i zed use.   Ul t i mat el y,  whet her  a speci f i c  user  i nt er f ace 
i s consi der ed a Pr i v i l eged User  I nt er f ace must  be det er mi ned by usage.   
Unl ess ot her wi se speci f i ed,  user  i nt er f aces can be det er mi ned t o be 
pr i v i l eged or  not  usi ng t he f ol l owi ng:

a.   Read- Onl y User  I nt er f aces ar e not  pr i v i l eged user  i nt er f aces.  

b.   Ful l  User  i nt er f aces f or  Fi r e Al ar m Syst ems ar e pr i v i l eged user  
i nt er f aces as i ndi cat ed and shown,  or  when anot her  r equi r ement  of  t hi s 
Sect i on est abl i shes t hey ar e pr i v i l eged.   For  al l  ot her  syst ems,  Ful l  
User  I nt er f aces ar e pr i v i l eged user  i nt er f aces.

c.   User  i nt er f aces t hat  al l ow f or  conf i gur at i on of  audi t i ng or  al l ows f or  
modi f i cat i on or  del et i on of  audi t  l ogs ar e pr i v i l eged user  i nt er f ace.

d.   User  i nt er f aces t hat  al l ow f or  r epr ogr ammi ng a net wor k connect ed 
devi ce i s a pr i v i l eged user  i nt er f ace.

e.   For  Fi r e Pr ot ect i on Syst ems,  User  I nt er f aces t hat  can i nhi bi t  or  f or ce 
t he act i vat i on of  a f i r e suppr essi on syst em ( e. g.  such as f or  a 
pr e- act i on or  del uge syst em)  ar e pr i v i l eged user  i nt er f aces.

e.   Except  as speci f i ed above,  a Li mi t ed User  I nt er f ace must  be det er mi ned 
t o be pr i v i l eged or  not  based on t he speci f i c  capabi l i t i es and use 
case of  t he user  i nt er f ace.   I n gener al  however ,  user  i nt er f aces t hat  
do not  of f er  s i gni f i cant  capabi l i t i es above and beyond t hose avai l abl e 
at  t hat  l ocat i on v i a ot her  means ( e. g.  such as a di sconnect  swi t ch,  
br eaker ,  or  hand- of f - aut o swi t ch,  or  physi cal  at t ack)  ar e not  
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pr i v i l eged.

1. 4. 12   Wi r el ess Net wor k

Any net wor k t hat  communi cat es wi t hout  usi ng wi r es or  f i ber  opt i cs as t he 
communi cat i on medi a.  Wi r el ess net wor ks i ncl ude:  Wi Fi ,  Bl uet oot h,  Zi gBee,  
cel l ul ar ,  sat el l i t e,  900 MHz r adi o,  2. 4 GHz,  f r ee space opt i cal ,  
poi nt - t o- poi nt  l aser ,  and I R.   

1. 4. 13   Wi r ed Br oadcast  Net wor k

Wi r ed Br oadcast  Net wor ks ar e any net wor k,  such as power l i ne car r i er  
net wor ks and modem ( wi r ed t el ephony) ,  t hat  use wi r e- based t echnol ogi es 
wher e t her e i s not  a c l ear l y def i ned boundar y f or  s i gnal  pr opagat i on.  

1. 5   ADMI NI STRATI VE REQUI REMENTS

1. 5. 1   Poi nt s of  Cont act

Coor di nat e wi t h t he f ol l owi ng Poi nt s of  Cont act  as i ndi cat ed i n t hi s 
Sect i on and as r equi r ed.   Not  al l  pr oj ect s wi l l  r equi r e coor di nat i on wi t h 
al l  Poi nt s of  Cont act .   When coor di nat i on i s r equi r ed and no Poi nt  of  
Cont act  i s  i ndi cat ed,  coor di nat e wi t h The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR) .

1. 5. 2   Coor di nat i on

Coor di nat e t he execut i on of  t hi s Sect i on wi t h t he execut i on of  al l  ot her  
Sect i ons r el at ed t o cont r ol  syst ems as i ndi cat ed i n t he par agr aph RELATED 
REQUI REMENTS.   I t ems t hat  must  be consi der ed when coor di nat i ng pr oj ect  
ef f or t s i ncl ude but  ar e not  l i mi t ed t o:  

a.   I f  r equest i ng per mi ssi on f or  wi r el ess or  wi r ed br oadcast  
communi cat i on,  t he Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request  
submi t t al  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on 
and i nst al l at i on.

b.   I f  r equest i ng per mi ssi on f or  al t er nat e account  l ock per mi ssi ons,  t he 
Devi ce Account  Lock Except i on Request  must  be appr oved pr i or  t o 
cont r ol  syst em devi ce sel ect i on and i nst al l at i on.

c.   I f  r equest i ng per mi ssi on f or  t he use of  a devi ce wi t h mul t i pl e 
physi cal  connect i ons t o I P net wor ks,  t he Mul t i pl e I P Connect i on Devi ce 
Request  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on and 
i nst al l at i on.

d.   Wi r el ess t est i ng may be r equi r ed as par t  of  t he cont r ol  syst em 
t est i ng.   See r equi r ement s f or  t he Wi r el ess Communi cat i on Test  Repor t  
submi t t al .

e.   I f  t he Devi ce Audi t  Recor d Upl oad Sof t war e i s t o be i nst al l ed on a 
comput er  not  bei ng pr ovi ded as par t  of  t he cont r ol  syst em,  
coor di nat i on i s r equi r ed t o i dent i f y t he comput er  on whi ch t o i nst al l  
t he sof t war e.

f .   The Cyber secur i t y I nt er connect i on Schedul e must  be coor di nat ed wi t h 
ot her  wor k t hat  wi l l  be i nt er connect ed t o,  and i nt er connect i ons must  
be appr oved by t he Gover nment  bef or e r el y i ng on t hem f or  syst em 
f unct i onal i t y.
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h.   Passwor ds must  be coor di nat ed wi t h t he i ndi cat ed cont act  f or  t he 
pr oj ect  s i t e.

j .   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s must  be 
pr ovi ded f or  each cont r act or  usi ng cont r act or  owned comput er s.

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request ;  G

Devi ce Account  Lock Except i on Request ;  G

Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s;  G

Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s;  G

Cyber secur i t y I nt er connect i on Schedul e;  G

Cyber secur i t y Cer t i f i cat i ons

SD- 02 Shop Dr awi ngs

Net wor k Communi cat i on Repor t ;  G

Cyber secur i t y Ri ser  Di agr am;  G

SD- 03 Pr oduct  Dat a

Cont r ol  Syst em Cyber secur i t y Document at i on;  G

SD- 06 Test  Repor t s

Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Repor t ;  G

SD- 07 Cer t i f i cat es

Sof t war e Li censes;  G

SD- 11 Cl oseout  Submi t t al s

Conf i dent i al  Passwor d Repor t ;  G

Passwor d Change Summar y Repor t ;  G

Encl osur e Keys;  G

Audi t i ng Fr ont  End Sof t war e;  GSyst em Mai nt enance Tool  Sof t war e;  G

SECTI ON 25 05 11. 04  Page 8



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

Cont r ol  Syst em I nvent or y Repor t ;  G

1. 7   QUALI TY CONTROL

1. 7. 1   Cyber secur i t y Subj ect  Mat t er  Exper t  Qual i f i cat i ons

For  t he r ol es and r equi r ement s t hr oughout  t he speci f i cat i on,  r esumes 
shoul d be submi t t ed t o t he Gover nment  wi t hi n 14 days af t er  not i ce t o 
pr oceed.  Pr i or  t o awar d,  al l  cer t i f i cat i ons must  be achi eved and i n good 
st andi ng.  Cer t i f i cat i ons must  be mai nt ai ned and not  expi r ed dur i ng t he 
l engt h of  t he cont r act .  

1. 7. 2   Cyber secur i t y Suj ect  Mat t er  Exper t

A Cyber  Secur i t y Mat t er  Exper t  i s  r equi r ed f or  t hi s pr oj ect .  Thi s 
pr of essi onal  must  have t he f ol l owi ng qual i f i cat i nos at  a mi ni mum:
  
   I nf or mat i on Assur ance Manager  Level  I I  Cer t i f i cat i on 

   DODD 8140 Cyber secur i t y Wor kf or ce Managment   
   
   DODI  8570 I nf or mat i on Wor kf or ce I mpr ovement  Pr ogr am.

Cyber secur i t y Cer t i f i cat i ons must  be act i ve and pr ovi ded t o t he gover nment  
pr i or  t o st ar t i ng wor k.

1. 8   CYBERSECURI TY DOCUMENTATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 7;  CCI - 003071}

1. 8. 1   Cyber secur i t y I nt er connect i on Schedul e

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CA- 3( b) ,  PL- 8,  
SC- 7( 9) ,  SC- 7( 11) ;  CCI - 000258,  CCI - 003072,  CCI - 003073,  CCI - 003075,  
CCI - 002398,  CCI - 002399,  CCI - 002401,  CCI - 002402,  CCI - 002403.  For  MODERATE 
I mpact  syst ems,  t hi s subpar t  al so r el at es t o SC- 7;  CCI - 001126,  CCI - 001109}

Pr ovi de a compl et ed Cyber secur i t y I nt er connect i on Schedul e document i ng 
net wor k connect i ons bet ween t he i nst al l ed syst em and ot her  syst ems.  
Pr ovi de t he f ol l owi ng i nf or mat i on f or  each devi ce di r ect l y communi cat i ng 
bet ween syst ems:  Devi ce I dent i f i er ,  Devi ce Descr i pt i on,  Tr anspor t  l ayer  
Pr ot ocol ,  Net wor k Addr ess,  Por t  ( i f  appl i cabl e) ,  MAC ( Layer  2)  addr ess ( i f  
appl i cabl e) ,  Medi a,  Appl i cat i on Pr ot ocol ,  Ser vi ce ( i f  appl i cabl e) ,  
Descr i pt i ve Pur pose of  communi cat i on.    For  MODERATE I mpact  Syst ems:  Al so 
descr i be t he i mpact  of  l oss of  t he connect i on on t he cont r ol  syst em.  I f  
ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  i ncl ude submi t t al s 
document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose submi t t al s t o meet  
t hi s r equi r ement .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cyber secur i t y I nt er connect i on Schedul e as an edi t abl e 
Mi cr osof t  Excel  f i l e ( a t empl at e Cyber secur i t y I nt er connect i on Schedul e i n 
Excel  f or mat  i s avai l abl e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
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1. 8. 2   Net wor k Communi cat i on Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CA- 9,  PL- 8;  CCI - 002102,  CCI - 002103,  CCI - 002104,  CCI - 002105,  CCI - 003072,  
CCI - 003073,  CCI - 003075 and al so t he submi t t al  r equi r ement s associ at ed wi t h 
CM- 6,  CM- 7,  SC- 8 and SC- 41 i ncl udi ng CM- 7( 3) ,  CCI - 000388. }

Pr ovi de a net wor k communi cat i on r epor t .   For  each net wor ked devi ce,  
document  t he communi cat i on char act er i st i cs of  t he devi ce i ncl udi ng 
communi cat i on pr ot ocol s,  ser vi ces used,  encr ypt i on empl oyed,  and a gener al  
descr i pt i on of  what  i nf or mat i on i s communi cat ed over  t he net wor k.   For  
each devi ce usi ng I P,  document  al l  TCP and UDP por t s used.   For  non- I P 
communi cat i ons,  document  communi cat i on pr ot ocol  and medi a used.     I f  
ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  i ncl ude submi t t al s 
document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose submi t t al s t o meet  
t hi s r equi r ement .   

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Net wor k Communi cat i on Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 3   Cont r ol  Syst em I nvent or y Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CM- 8( a) ,  SI - 17,  I A- 3;  CCI - 000389,  CCI - 000392,  CCI - 000398,  CCI - 002773,  
CCI - 002774,  CCI - 002775,  CCI - 000777,  CCI - 000778,  CCI - 001958}

Pr ovi de a Cont r ol  Syst em I nvent or y r epor t  usi ng t he I nvent or y Spr eadsheet  
l i s t ed under  t hi s Sect i on at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 document i ng al l  net wor ked devi ces,  i ncl udi ng net wor k i nf r ast r uct ur e 
devi ces.   For  each devi ce pr ovi de al l  appl i cabl e i nf or mat i on f or  whi ch 
t her e i s a f i el d on t he spr eadsheet  i n accor dance wi t h t he i nst r uct i ons on 
t he spr eadsheet .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cont r ol  Syst em I nvent or y Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 4   Cyber secur i t y Ri ser  Di agr am

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 2( a) ,  PL- 8;  CCI - 003051,  CCI - 003053,  CCI - 003072,  CCI - 003073,  
CCI - 003075}

Pr ovi de a cyber secur i t y r i ser  di agr am of  t he compl et e cont r ol  syst em 
i ncl udi ng al l  net wor k and devi ce har dwar e.   I f  t he cont r ol  syst em 
speci f i cat i ons r equi r e a r i ser  di agr am submi t t al ,  pr ovi de a copy of  t hat  
submi t t al  as t he cyber secur i t y r i ser  di agr am.   Ot her wi se,  pr ovi de a r i ser  
di agr am i n one- l i ne f or mat .

1. 8. 5   Cont r ol  Syst em Cyber secur i t y Document at i on

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
SA- 5 ( a) , ( b) , ( c) ;  CCI s:   CCI - 003124,  CCI - 003125,  CCI - 003126,  CCI - 003127,  
CCI - 003128,  CCI - 003129,  CCI - 003130,  CCI - 003131}

Pr ovi de a Cont r ol  Syst em Cyber secur i t y Document at i on submi t t al  cont ai ni ng 
t he i ndi cat ed i nf or mat i on f or  each devi ce and sof t war e appl i cat i on.

SECTI ON 25 05 11. 04  Page 10



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

1. 8. 5. 1   Sof t war e Appl i cat i ons

For  al l  sof t war e appl i cat i ons r unni ng on comput er s pr ovi de:

a.   admi ni st r at or  document at i on t hat  descr i bes secur e conf i gur at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   admi ni st r at or  document at i on t hat  descr i bes secur e i nst al l at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   admi ni st r at or  document at i on t hat  descr i bes secur e oper at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   admi ni st r at or  document at i on t hat  descr i bes ef f ect i ve use and 
mai nt enance of  secur i t y f unct i ons or  mechani sms f or  t he sof t war e { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

e.   admi ni st r at or  document at i on t hat  descr i bes known vul ner abi l i t i es 
r egar di ng conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  
f unct i ons f or  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003128}

f .   user  document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons 
or  mechani sms i n t he sof t war e and how t o ef f ect i vel y use t hose 
secur i t y f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003129}

g.   user  document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he sof t war e i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   user  document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng 
t he secur i t y of  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003131}

1. 8. 5. 2   For  HVAC Cont r ol  Syst em Devi ces

1. 8. 5. 2. 1   HVAC Cont r ol  Syst em Devi ces FULLY Suppor t i ng User  Account s

For  al l  HVAC Cont r ol  Syst em Devi ces whi ch FULLY suppor t  user  account s,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

c.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

d.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

e.   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms;  or  a speci f i c  i ndi cat i on t hat  t her e ar e no 
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user - accessi bl e secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003129}

f .   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

1. 8. 5. 2. 2   Al l  Ot her  HVAC Cont r ol  Syst em Devi ces

For  al l  HVAC Cont r ol  Syst em Devi ces whi ch do not  FULLY suppor t  user  
account s,  pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce;  or  a 
speci f i c  i ndi cat i on t hat  t her e ar e no secur e conf i gur at i on st eps t hat  
appl y { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce;  or  a speci f i c  i ndi cat i on t hat  
t her e ar e no secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

c.   For  devi ces whi ch i ncl ude a user  i nt er f ace,  document at i on t hat  
descr i bes met hods f or  user  i nt er act i on whi ch enabl es i ndi v i dual s t o 
use t he devi ce i n a mor e secur e manner  { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003130}

1. 8. 5. 3   For  Li ght i ng Cont r ol  Syst em Devi ces

1. 8. 5. 3. 1   Li ght i ng Cont r ol  Syst em Devi ces FULLY Suppor t i ng User  Account s

For  al l  Li ght i ng Cont r ol  Syst em Devi ces whi ch FULLY suppor t  user  account s,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

c.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

d.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

e.   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms;  or  a speci f i c  i ndi cat i on t hat  t her e ar e no 
user - accessi bl e secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003129}

f .   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}
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1. 8. 5. 3. 2   Al l  Ot her  Li ght i ng Cont r ol  Syst em Devi ces

For  al l  Li ght i ng Cont r ol  Syst em Devi ces whi ch do not  FULLY suppor t  user  
account s,  pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce;  or  a 
speci f i c  i ndi cat i on t hat  t her e ar e no secur e conf i gur at i on st eps t hat  
appl y { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce;  or  a speci f i c  i ndi cat i on t hat  
t her e ar e no secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

c.   For  devi ces whi ch i ncl ude a user  i nt er f ace,  document at i on t hat  
descr i bes met hods f or  user  i nt er act i on whi ch enabl es i ndi v i dual s t o 
use t he devi ce i n a mor e secur e manner  { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003130}

1. 9   SOFTWARE LI CENSI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 2( a) ,  SI - 2( c) ,  SI - 7( 14) ;  CCI - 001227,  CCI - 002605,  CCI - 002737}

For  al l  sof t war e pr ovi ded t hat  has not  al r eady been l i censed t o t he 
gover nment  or  pr oj ect  s i t e,  pr ovi de a l i cense t o t he pr oj ect  s i t e f or  a 
per i od of  no l ess t han 5 year s,  and t he l i cense must  al so i ncl ude t he 
f ol l owi ng sof t war e updat es:

a.   Secur i t y and bug- f i x pat ches i ssued by t he sof t war e manuf act ur er .  

b.   Secur i t y pat ches t o addr ess any vul ner abi l i t y  i dent i f i ed i n t he 
Nat i onal  Vul ner abi l i t y  Dat abase at  ht t p: / / nvd. ni st . gov wi t h a Common 
Vul ner abi l i t y  Scor i ng Syst em ( CVSS)  sever i t y r at i ng of  MEDI UM or  
hi gher .

Pr ovi de a s i ngl e Sof t war e Li censes submi t t al  wi t h document at i on of  t he 
sof t war e l i censes f or  al l  sof t war e pr ovi ded

1. 10   CYBERSECURI TY DURI NG CONSTRUCTI ON

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
AC- 18,  SA- 3;  CCI - 000258}

I n addi t i on t o t he cont r ol  syst em cyber secur i t y r equi r ement s i ndi cat ed i n 
t hi s sect i on,  meet  f ol l owi ng r equi r ement  t hr oughout  t he const r uct i on 
pr ocess.

1. 10. 1   Cont r act or  Comput er  Equi pment

Cont r act or  owned comput er s may be used f or  const r uct i on.   Cont r act or  
comput er s connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a 
cont r ol  syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he 
f ol l owi ng r equi r ement s:

1. 10. 1. 1   Oper at i ng Syst em

The oper at i ng syst em must  be an oper at i ng syst em cur r ent l y suppor t ed by 
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t he manuf act ur er  of  t he oper at i ng syst em.  The oper at i ng syst em must  be 
cur r ent  on secur i t y pat ches and oper at i ng syst em manuf act ur er  r equi r ed 
updat es.  

1. 10. 1. 2   Ant i - Mal war e Sof t war e

The comput er  must  r un ant i - mal war e sof t war e f r om a r eput abl e sof t war e 
manuf act ur er .   Ant i - mal war e sof t war e must  be a ver si on cur r ent l y suppor t ed 
by t he sof t war e manuf act ur er ,  must  be cur r ent  on al l  pat ches and updat es,  
and must  use t he l at est  def i ni t i ons f i l e.   Comput er s used on t hi s pr oj ect  
must  be scanned usi ng t he i nst al l ed sof t war e at  l east  once per  day.

1. 10. 1. 3   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  comput er s,  appl i cat i ons,  and web- based 
appl i cat i ons suppor t i ng passwor ds must  be changed f r om t hei r  def aul t  
val ues.   Passwor ds must  be a mi ni mum of  ei ght  char act er s wi t h a mi ni mum of  
one upper case l et t er ,  one l ower case l et t er ,  one number  and one speci al  
char act er .

1. 10. 1. 4   User - Based Aut hent i cat i on

Each user  must  have a uni que account ;  shar i ng of  a s i ngl e account  bet ween 
mul t i pl e user s i s pr ohi bi t ed.

1. 10. 1. 5   Demonst r at i on of  Compl i ance

The Gover nment  has t he r i ght  t o r equi r e demonst r at i on of  comput er  
compl i ance wi t h t hese r equi r ement s at  any t i me dur i ng t he pr oj ect .

1. 10. 1. 6   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Comput er  
Cyber secur i t y Compl i ance St at ement s f or  each company usi ng cont r act or  
owned comput er s.  Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s 
must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.

1. 10. 2   Tempor ar y I P Net wor ks

Tempor ar y cont r act or - i nst al l ed I P net wor ks may be used dur i ng 
const r uct i on.  When used,  t empor ar y cont r act or - i nst al l ed I P net wor ks 
connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a cont r ol  
syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he f ol l owi ng 
r equi r ement s:

1. 10. 2. 1   Net wor k Boundar i es and Connect i ons

The net wor k must  not  ext end out si de t he pr oj ect  s i t e and must  not  connect  
t o any I P net wor k ot her  t han t hose speci f i cal l y pr ovi ded or  f ur ni shed f or  
t hi s pr oj ect .   Any and al l  access t o t he net wor k f r om out si de t he pr oj ect  
s i t e i s pr ohi bi t ed.

1. 10. 3   Gover nment  Access t o Net wor k

Gover nment  per sonnel  must  be al l owed t o have compl et e and i mmedi at e access 
t o t he net wor k at  any t i me i n or der  t o ver i f y compl i ance wi t h t hi s 
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speci f i cat i on.

1. 10. 4   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  al l  net wor k devi ces and net wor k access 
must  be changed f r om t hei r  def aul t  val ues.  Passwor ds must  be a mi ni mum 8 
char act er s wi t h a mi ni mum of  one upper case l et t er ,  one l ower case l et t er ,  
one number  and one speci al  char act er .

1. 10. 5   Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Tempor ar y 
Net wor k Cyber secur i t y Compl i ance St at ement s f or  each company i mpl ement i ng 
a t empor ar y I P net wor k.   Cont r act or  Tempor ar y Net wor k Cyber secur i t y 
Compl i ance St at ement s must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.   I f  no t empor ar y I P net wor ks wi l l  be used,  pr ovi de a 
s i ngl e copy of  t he St at ement  i ndi cat i ng t hi s.

1. 11   CYBERSECURI TY DURI NG WARRANTY PERI OD

Al l  wor k per f or med on t he cont r ol  syst em af t er  accept ance must  be 
per f or med usi ng Gover nment  Fur ni shed Equi pment  or  equi pment  speci f i cal l y 
and i ndi v i dual l y appr oved by t he Gover nment .

PART 2   PRODUCTS

Al l  pr oduct s used on t hi s pr oj ect  must  meet  t he i ndi cat ed r equi r ement s,  
but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by ever y pr oj ect .

2. 1   ETHERNET SWI TCH

Pr ovi de Open Syst ems I nt er connect i on ( OSI )  Layer  2 Et her net  swi t ches wi t h 
t he f ol l owi ng capabi l i t i es,  and wi t h an i nt er f ace t o suppor t  swi t ch 
conf i gur at i on f or  t hese capabi l i t i es:

2. 1. 1   Requi r ed Funct i onal i t y

Swi t ches must :

a.  Copper  Et her net  por t s must  aut o negot i at e f or  10,  100 and 1000 
megabi t s- per - second l i nks.

b.  Be capabl e of  i mpl ement i ng por t  l evel  access cont r ol  by MAC addr ess and 
l i mi t  t he number  of  MAC addr esses t o one MAC addr ess per  por t .

c.  For  LOW I mpact  Syst ems,  be capabl e of  i mpl ement i ng per - por t  access 
cont r ol  l i s t s ( ACLs)  wher e t he l i s t  can be f i l t er ed by sour ce and 
dest i nat i on I P addr esses,  and by sour ce and dest i nat i on UDP or  TCP 
por t s.

2. 1. 2   Conf i gur at i on Requi r ement s

Swi t ches must :

a.   Suppor t  conf i gur at i on save and r est or e.

b.   Suppor t  bot h manual  I P addr ess assi gnment  and acqui s i t i on of  a dynami c 
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I P addr ess v i a Dynami c Host  Conf i gur at i on Pr ot ocol  ( DHCP) .

c.   Be capabl e of  l i mi t i ng access f or  conf i gur at i on t o one or  mor e of :  a 
web i nt er f ace usi ng HTTPS,  a command l i ne i nt er f ace usi ng SSH,  or  an 
SNMP connect i on usi ng SNMP ver si on 3 or  l at er .

d.  Suppor t  t he abi l i t y  t o l ock conf i gur at i on capabi l i t y  t o a dedi cat ed 
management  por t .

2. 2   DAI SY CHAI N I P CONTROLLERS

Cont r ol l er s used as Dai sy Chai n I P Cont r ol l er s must  be I P cont r ol l er s wi t h 
exact l y t wo Et her net  net wor k connect i ons and basi c bui l t - i n swi t ch 
capabi l i t i es t o al l ow i mpl ement at i on of  an Et her net  net wor k i n a dai sy 
chai n ar chi t ect ur e.   Swi t ches i ncor por at ed by Dai sy Chai n I P Cont r ol l er s 
ar e not  r equi r ed t o meet  t he r equi r ement s f or  Et her net  Swi t ches as def i ned 
i n t hi s Sect i on.

PART 3   EXECUTI ON

3. 1   CYBERSECURI TY HARDENI NG AND CONFI GURATI ON GUI DES

I nst al l ,  conf i gur e,  and har den al l  har dwar e and sof t war e f ur ni shed on t hi s 
pr oj ect  i n accor dance wi t h manuf act ur er  pr ovi ded document at i on,  
pr ocedur es,  or  met hods f or  secur e conf i gur at i on or  i nst al l at i on.   Do not  
i mpl ement  speci f i c  har deni ng act i ons i f  t hat  act i on woul d conf l i c t  wi t h 
r equi r ed f unct i onal i t y or  anot her  r equi r ement  of  t hi s Sect i on.

3. 2   NETWORK REQUI REMENTS

3. 2. 1   I nf or mat i on Fl ow Enf or cement  I n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 4;   CCI - 001368,  CCI - 001414,  CCI - 001548,  CCI - 001549,  CCI - 001550,  
CCI - 001551}

I nst al l  and conf i gur e Et her net  swi t ches t o bl ock al l  t r af f i c  on al l  por t s 
not  r equi r ed by t he cont r ol  pr ot ocol .

3. 2. 2   Wi r el ess and Wi r ed Br oadcast  Communi cat i on f or  Fi r e Pr ot ect i on 
Syst ems

The use of  wi r el ess and wi r ed br oadcast  communi cat i on f or  f i r e pr ot ect i on 
syst ems wi t hi n a f aci l i t y  i s  pr ohi bi t ed.   Wi r el ess communi cat i on may be 
used t o pr ovi de communi cat i on f r om t he f i r e pr ot ect i on syst em i n a 
f aci l i t y  t o t he cent r al  moni t or i ng st at i on.   Communi cat i on bet ween t he 
f i r e pr ot ect i on syst em and t he cent r al  moni t or i ng st at i on must  be vi a FI PS 
140- 2 cer t i f i ed devi ces.

3. 2. 3   Wi r el ess and Wi r ed Br oadcast  Communi cat i on f or  Syst ems Ot her  t han 
Fi r e Pr ot ect i on Syst ems

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 18,  AC- 18( 3) ;  CCI - 001438,  CCI - 001439,  CCI - 002323,  CCI - 001441,  
CCI - 002252}

Unl ess expl i c i t l y  aut hor i zed by t he Gover nment ,  do not  use any wi r el ess or  
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wi r ed br oadcast  communi cat i on.   I f  r equest i ng aut hor i zat i on f or  wi r el ess 
or  wi r ed br oadcast  communi cat i on,  wi r ed br oadcast  medi a such as power l i ne 
car r i er  i s  pr ef er r ed t o wi r el ess.   

3. 2. 3. 1   Wi r el ess and Wi r ed Br oadcast  I P Communi cat i ons

Unl ess speci f i cal l y appr oved and i nst al l ed i n accor dance wi t h t he pr oj ect  
s i t e r equi r ement s,  do not  i nst al l  wi r el ess or  wi r ed br oadcast  I P net wor ks,  
i ncl udi ng:   do not  i nst al l  a wi r el ess access poi nt ;  do not  i nst al l  or  
conf i gur e an ad- hoc wi r el ess net wor k;  do not  i nst al l  or  conf i gur e a Wi Fi  
Di r ect  communi cat i on.

When expl i c i t l y  aut hor i zed by t he Gover nment ,  wi r el ess I P communi cat i on 
may be used t o communi cat e wi t h an exi st i ng wi r el ess net wor k.

3. 2. 3. 2   Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request

Pr ovi de a r epor t  document i ng t he pr oposed use of  wi r el ess or  wi r ed 
br oadcast  communi cat i on pr i or  t o devi ce sel ect i on usi ng t he Wi r el ess and 
Wi r ed Br oadcast  Communi cat i on Request  Schedul e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
I f  t her e i s no pr oposed use of  wi r el ess or  wi r ed br oadcast  communi cat i on,  
pr ovi de a document  i ndi cat i ng t hi s i nst ead of  t he Request  Schedul e.

For  each devi ce pr oposed t o use wi r el ess or  wi r ed br oadcast  communi cat i on 
show:   t he devi ce i dent i f i er ,  a descr i pt i on of  t he devi ce,  t he l ocat i on of  
t he devi ce,  t he devi ce i dent i f i er s of  ot her  devi ces communi cat i ng wi t h t he 
devi ce,  t he pr ot ocol  used f or  communi cat i on,  encr ypt i on t ype and 
st r engt h.   For  wi r el ess communi cat i on,  al so show:  RF Fr equency,  Radi at ed 
Power  i n dBm ( deci bel  wi t h a mi l l i wat t  r ef er ence) ,  f r ee- space r ange,  and 
t he expect ed as- i nst al l ed r ange.

3. 2. 4   Non- I P Cont r ol  Net wor ks

When cont r ol  syst em speci f i cat i ons r equi r e par t i cul ar  communi cat i on 
pr ot ocol s,  use onl y t hose communi cat i on pr ot ocol s and onl y as speci f i ed.   
Do not  i mpl ement  any ot her  communi cat i on pr ot ocol .

When cont r ol  syst em speci f i cat i ons do not  i ndi cat e r equi r ement s f or  
communi cat i on pr ot ocol s,  use onl y t hose pr ot ocol s r equi r ed f or  oper at i on 
of  t he syst em as speci f i ed.

3. 2. 5   I P Cont r ol  Net wor ks

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CM- 6( a) ,  CM- 7( a) ,  
CM- 7( b) ,  CM- 7( 1) ( b) ,  SC- 41;  CCI - 001588,  CCI - 000381,  CCI - 000380,  
CCI - 000381,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546. }

I P Net wor ks must  be Et her net  net wor ks and must  use swi t ches whi ch ar e 
Et her net  Swi t ches or  Dai sy Chai n I P Cont r ol l er s as def i ned i n t hi s 
Sect i on.   Do not  use nonsecur e f unct i ons,  por t s,  pr ot ocol s and ser vi ces as 
def i ned i n DODI  8551. 01 unl ess t hose por t s,  pr ot ocol s and ser vi ces ar e 
speci f i cal l y r equi r ed by t he cont r ol  syst em speci f i cat i ons or  ot her wi se 
speci f i cal l y aut hor i zed by t he Gover nment .   Do not  use por t s,  pr ot ocol s 
and ser vi ces t hat  ar e not  speci f i ed i n t he cont r ol  syst em speci f i cat i ons 
or  r equi r ed f or  oper at i on of  t he cont r ol  syst em.
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3. 2. 6   Cr ypt ogr aphi c Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 2( 9) ,  I A- 3( 1) ,  
SC- 8,  SC- 13,  SC- 23( 1) ,  SC- 23( 3) ;  CCI - 001942,  CCI - 001959,  CCI - 001967,  
CCI - 002418,  CCI - 002449,  CCI - 002450,  CCI - 001185,  CCI - 001188,  CCI - 001664. }

Al l  r emot e user  i nt er f aces must  use HTTPS f or  al l  t r af f i c  bet ween t he user  
i nt er f ace cl i ent  and user  i nt er f ace ser ver .

3. 2. 7   Devi ce I dent i f i cat i on and Aut hent i cat i on
                                               

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 3;  CCI - 000777,  CCI - 000778,  CCI - 001958. }

Al l  comput er s must  suppor t  and i mpl ement  I EEE 802. 1x f or  devi ce 
aut hent i cat i on t o t he net wor k.

3. 3   ACCESS CONTROL REQUI REMENTS

3. 3. 1   User  Account s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 2( a) ,  AC- 3,  AC- 6( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) ,  CM- 11( 2) ,  and I A- 2;  
CCI - 002110,  CCI - 000213,  CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  
CCI - 002235,  CCI - 000039,  CCI - 001419,  CCI - 002234,  CCI - 001812,  and CCI - 000764.
}

Any user  i nt er f ace suppor t i ng user  account s ( ei t her  FULLY or  MI NI MALLY)  
must  l i mi t  access accor di ng t o speci f i ed l i mi t at i ons f or  each account .   
I nst al l  and conf i gur e any devi ce havi ng a STI G or  SRG i n accor dance wi t h 
t hat  STI G or  SRG.

Al l  user  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  user - based 
aut hent i cat i on wher e each account  i s uni quel y assi gned t o a speci f i c  
user .   User  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  at  l east  
t hr ee ( 3)  l evel s of  user  account  pr i v i l ege i ncl udi ng:   1)  an account  wi t h 
r ead- onl y per mi ssi ons 2)  an account  wi t h f ul l  per mi ssi ons i ncl udi ng 
account  cr eat i on and modi f i cat i on and 3)  an account  wi t h gr eat er  
per mi ssi ons t han r ead- onl y but  wi t hout  account  cr eat i on and modi f i cat i on.

3. 3. 1. 1   Comput er s

Al l  comput er  oper at i ng syst ems must  FULLY suppor t  user  account s and 
i mpl ement  account s f or  access.   Each cont r ol  syst em sof t war e appl i cat i on 
not  suppor t i ng account s and r unni ng on a comput er  must  be i nst al l ed such 
t hat  use of  t he sof t war e i s r est r i ct ed by t he comput er  oper at i ng syst em t o 
speci f i c  user s.

Appl i cat i ons r unni ng on comput er s must  not  r equi r e t he user  be l ogged i n 
t o a comput er  oper at i ng syst em admi ni st r at or  account  f or  nor mal  
oper at i on.    I t  i s  per mi ssi bl e t o r equi r e t he comput er  oper at i ng syst em 
admi ni st r at or  account  f or  i ni t i al  appl i cat i on i nst al l at i on and 
conf i gur at i on.

3. 3. 1. 2   Cont r ol l er s

For  user  i nt er f aces pr ovi ded by cont r ol l er s,  pr ovi de access cont r ol  i n 
accor dance wi t h t he User  I nt er f ace Requi r ement s t abl e f or  t he appl i cabl e 
cont r ol  syst em and user  i nt er f ace t ype.
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a.  For  t abl e ent r i es of  " NA" :   NA means Not  Appl i cabl e,  t her e ar e no 
i nt er f aces i n t hi s cat egor y.

b.  For  t abl e ent r i es of  " None Requi r ed" :   The user  i nt er f ace i s not  
r equi r ed t o suppor t  user  account s.

c.  For  t abl e ent r i es of  " MI NI MALLY" :  The user  i nt er f ace must  at  l east  
MI NI MALLY suppor t  user  account s.

d.  For  t abl e ent r i es of  " FULLY" :  The user  i nt er f ace must  at  FULLY suppor t  
user  account s.

e.  For  t abl e ent r i es of  " KEY" :  The user  i nt er f ace must  have physi cal  
secur i t y i n t he f or m of  ei t her  a key l ock on t he i nt er f ace i t sel f  or  
be f ur ni shed i nsi de a l ocked encl osur e.   Wher e t hi s i s r equi r ed f or  a 
r ead onl y i nt er f ace,  t hi s l ock must  pr event  v i ewi ng of  dat a on t he 
i nt er f ace;  f or  ot her  i nt er f aces,  t hi s l ock must  pr event  usi ng t he 
i nt er f ace t o al t er  dat a.   

f .  For  t abl e ent r i es of  " Physi cal  Secur i t y" :  For  Local  FULL i nt er f aces,  
t he i nt er f ace must  be l ocat ed i nsi de mi ssi on space.  For  Local  Li mi t ed 
( not  FULL)  i nt er f aces,  t he user  i nt er f ace must  ei t her  a)  be l ocat ed 
wi t hi n mi ssi on space or  b)  be pr ot ect ed by physi cal  secur i t y at  l east  
as good as t he cont r ol  devi ces ( and equi pment  cont r ol l ed by t he 
cont r ol  devi ces)  af f ect ed by t he i nt er f ace.   For  pur poses of  t hi s 
r equi r ement ,  ' af f ect ed'  i ncl udes cont r ol l er s wi t h dat a t hat  can be 
di r ect l y al t er ed by t he i nt er f ace,  as wel l  as mechani cal  and/ or  
el ect r i cal  equi pment  di r ect l y cont r ol l ed by t hose cont r ol l er s,  but  
does not  i ncl ude ot her  i nt er act i ons.   

g.   Ent r i es of  t he f or m " X and Y"  must  meet  bot h t he r equi r ement  i ndi cat ed 
f or  X and t he r equi r ement  i ndi cat ed f or  Y.   For  exampl e,  an ent r y of  
" MI NI MALLY and Physi cal  Secur i t y"  i ndi cat es t he user  i nt er f ace must  
bot h MI NI MALLY suppor t  account s and have physi cal  secur i t y.

h.  Ent r i es of  t he f or m " X or  Y"  must  meet  ei t her  t he r equi r ement  i ndi cat ed 
f or  X or  t he r equi r ement  i ndi cat ed f or  Y.   

3. 3. 1. 2. 1   Fi r e Pr ot ect i on Syst ems

User  I nt er f ace Requi r ement s f or  LOW I mpact  Fi r e Pr ot ect i on Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Local  Read Onl y ( see not e 1) None Requi r ed

Local  Li mi t ed,  Non- pr i v i l eged None Requi r ed

Local  Li mi t ed,  Pr i v i l eged KEY and Physi cal  Secur i t y

Local  Ful l KEY

Remot e Read Onl y None Requi r ed
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User  I nt er f ace Requi r ement s f or  LOW I mpact  Fi r e Pr ot ect i on Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Remot e Li mi t ed,  Non- Pr i v i l eged MI NI MALLY

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged

3. 3. 2   Unsuccessf ul  Logon At t empt s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 7 ( a) ,  AC- 7 ( b) ;   CCI - 000043,  CCI - 000044,  CCI - 001423,  CCI - 002236,  
CCI - 002237,  CCI - 002238}

Except  f or  hi gh avai l abi l i t y  user  i nt er f aces i ndi cat ed as exempt ,  devi ces 
must  meet  t he i ndi cat ed r equi r ement s f or  handl i ng unsuccessf ul  l ogon 
at t empt s.  I f  a devi ce cannot  meet  t hese r equi r ement s,  document  devi ce 
capabi l i t i es t o pr ot ect  f r om subsequent  l ogon at t empt s and pr opose 
al t er nat e pr ot ect i ons i n a Devi ce Account  Lock Except i on Request  
submi t t al .  Do not  i mpl ement  al t er nat e pr ot ect i on measur es i n l i eu of  t he 
i ndi cat ed r equi r ement s wi t hout  expl i c i t  per mi ssi on f r om t he Gover nment .   
I f  no Devi ce Account  Lock Except i ons ar e r equest ed,  pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed as t he Devi ce Account  Lock 
Except i on Request .

3. 3. 2. 1   Devi ces MI NI MALLY Suppor t i ng Account s

For  LOW I mpact  Syst ems:   Devi ces whi ch MI NI MALLY ( but  not  FULLY)  suppor t  
account s must  l ock t he user  account  af t er  f i ve consecut i ve f ai l ed l ogi n 
at t empt s and must  unl ock t he user  account  af t er  15 mi nut es have el apsed 
wi t hout  an unsuccessf ul  l ogi n at t empt  or  by a successf ul  l ogi n t o a 
separ at e admi ni st r at or  account .

3. 3. 2. 2   Devi ces FULLY Suppor t i ng Account s

Devi ces whi ch FULLY suppor t  account s must  meet  t he f ol l owi ng 
r equi r ement s.   

a.   I t  must  l ock t he user  account  when t hr ee unsuccessf ul  l ogon at t empt s 
occur  wi t hi n a 15 mi nut e i nt er val .

b.   Once an account  i s l ocked,  t he account  must  st ay l ocked unt i l  unl ocked 
by an admi ni st r at or .   I f  t he account  bei ng l ocked i s t he sol e 
admi ni st r at or  account  on t he devi ce,  t he account  must  st ay l ocked f or  
1 hour  and t hen aut omat i cal l y unl ock.  

c.   Once t he i ndi cat ed number  of  unsuccessf ul  l ogon at t empt s occur s,  del ay 
f ur t her  l ogon pr ompt s by 5 seconds.

3. 3. 3   Syst em Use Not i f i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 8;  CCI - 000048,  CCI - 002247,  CCI - 002243,  CCI - 002244,  CCI - 002245,  
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CCI - 002246,  CCI - 000050,  CCI - 002248}

3. 3. 3. 1   Syst em Use Not i f i cat i on f or  Remot e User  I nt er f aces

Remot e user  i nt er f aces must  di spl ay a war ni ng banner  meet i ng t he 
r equi r ement s of  DTM 08- 060 on scr een.

3. 3. 3. 2   Syst em Use Not i f i cat i on f or  Local  User  I nt er f aces

Devi ces whi ch ar e connect ed t o a net wor k and have a l ocal  user  i nt er f ace 
must  di spl ay a war ni ng banner  meet i ng t he r equi r ement s of  DTM 08- 060 on 
t he user  i nt er f ace scr een i f  capabl e of  doi ng so and must  have a 
per manent l y af f i xed l abel  wi t h an appr oved banner  f r om DTM 08- 060 i f  
unabl e t o di spl ay t he war ni ng banner  on t he scr een.   Wher e i t  i s  
i mpr act i cal  ( per haps due t o devi ce s i ze)  t o af f i x  t he l abel  t o t he devi ce,  
af f i x  t he l abel  t o t he devi ce encl osur e.

Label s must  be machi ne pr i nt ed or  engr aved,  pl ast i c or  met al ,  desi gned f or  
per manent  i nst al l at i on,  must  use a f ont  no smal l er  t han 14 poi nt ,  and must  
pr ovi de a hi gh cont r ast  bet ween f ont  and backgr ound col or s.

3. 3. 4   Per mi t t ed Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 14;  CCI - 000061,  CCI - 000232}

The cont r ol  syst em must  r equi r e i dent i f i cat i on and aut hent i cat i on bef or e 
al l owi ng any act i ons except  r ead- onl y act i ons by a user  act i ng f r om a user  
i nt er f ace whi ch MI NI MALLY or  FULLY suppor t s account s.

3. 3. 5   Encl osur es

Pr i or  t o f i nal  accept ance of  t he syst em,  l ock al l  l ockabl e encl osur es.   
Submi t  an Encl osur e Keys submi t t al  wi t h al l  copi es of  keys f or  al l  
encl osur es and a key i nvent or y l i s t  document i ng al l  keys.   Label  each key 
wi t h t he mat chi ng encl osur e i dent i f i er .

3. 4   USER I DENTI FI CATI ON AND AUTHENTI CATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 2,  I A- 2( 1) , I A- 2( 12) ,  I A- 5 I A- 5( b) ,  I A- 5( c) ,  I A- 5( e) ,  I A- 5( g) ,  
I A- 5( 1) ,  I A- 5( 11) ;  CCI - 000764,  CCI - 000765,  CCI - 001953,  CCI - 001954,  
CCI - 001544,  CCI - 001989,  CCI - 000182,  CCI - 001610,  CCI - 000192,  CCI - 000193,  
CCI - 000194,  CCI - 000205,  CCI - 001619,  CCI - 001611,  CCI - 001612,  CCI - 001613,  
CCI - 001614,  CCI - 000195,  CCI - 001615,  CCI - 000196,  CCI - 000197,  CCI - 000199,  
CCI - 000198,  CCI - 001616,  CCI - 001617,  CCI - 000200,  CCI - 001618,  CCI - 002041,  
CCI - 002002,  CCI - 002003.  }

Thi s subpar t  i ndi cat es r equi r ement s f or  speci f i c  met hods of  i dent i f i cat i on 
and aut hent i cat i on f or  user s and user  account s.   Wher e t hese r equi r ement s 
conf l i c t  appl y t he f ol l owi ng or der  of  pr ecedence:   1)  I f  pr esent ,  Devi ce 
Speci f i c  Requi r ement s t ake pr ecedence over  any ot her  r equi r ement s;  and 
t hen 2)  mul t i f act or  aut hent i cat i on r equi r ement s t ake pr ecedence over  
passwor d r equi r ement s.

3. 4. 1   User  I dent i f i cat i on and Aut hent i cat i on f or  Al l  Syst em Types

Unl ess ot her wi se i ndi cat ed,  al l  user  i nt er f aces suppor t i ng account s 
( ei t her  FULLY or  MI NI MALLY)  must  i mpl ement  I dent i f i cat i on and 
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Aut hor i zat i on v i a passwor ds.  

For  LOW I mpact  Syst ems:  User  i nt er f aces pr ovi ded by comput er  oper at i ng 
syst ems must  i mpl ement  mul t i f act or  aut hent i cat i on v i a PI V.

3. 4. 2   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Syst em Types

Syst em speci f i c  r equi r ement s ar e i n addi t i on t o and super sede t hose 
i ndi cat ed f or  al l  syst em t ypes.   When no addi t i onal  r equi r ement s ar e 
i ndi cat ed f or  a speci f i c  syst em t ype t he r equi r ement s f or  al l  syst ems 
st i l l  appl y t o t hat  syst em t ype.

3. 4. 3   I mpl ement at i on of  I dent i f i cat i on and Aut hor i zat i on Requi r ement s

I dent i f i cat i on and Aut hor i zat i on must  be met  by one of  t he f ol l owi ng 
met hods:

a.   Di r ect  i mpl ement at i on i n t he user  i nt er f ace.  

b.   For  user  i nt er f aces on a comput er :   i nher i t i ng t he I dent i f i cat i on and 
Aut hor i zat i on f r om t he comput er  oper at i ng syst em,  ei t her  by t he 
oper at i ng syst em l i mi t i ng access t o speci f i c  appl i cat i ons by user ,  or  
by t he appl i cat i on i t sel f  havi ng per mi ssi ons based on t he user  l ogged 
i nt o t he comput er .

3. 4. 4   Passwor d- Based Aut hent i cat i on Requi r ement s

3. 4. 4. 1   Passwor ds f or  Sof t war e and Appl i cat i ons Runni ng on Comput er s

Al l  sof t war e and appl i cat i ons r unni ng on comput er s suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  12 char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a mi ni mum l i f et i me of  24 hour s.

g.  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

h.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

i .  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.
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3. 4. 4. 2   Passwor ds f or  Cont r ol l er s FULLY Suppor t i ng Account s

Al l  cont r ol l er s FULLY suppor t i ng account s and suppor t i ng passwor d- based 
aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  s i xt y ( 60)  days.  When 
passwor ds expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock 
account s due t o expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve ( 5)  passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  f i f t y  per cent  of  t he char act er s.

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 4. 3   Passwor ds f or  Devi ces Mi ni mal l y Suppor t i ng Account s

Devi ces MI NI MALLY suppor t i ng account s must  suppor t  passwor ds wi t h a 
mi ni mum l engt h of  8 char act er s.

3. 4. 4. 4   Passwor d Conf i gur at i on and Repor t i ng

For  al l  devi ces wi t h a passwor d,  change t he passwor d f r om t he def aul t  
passwor d.   Coor di nat e sel ect i on of  passwor ds wi t h t he Passwor d Poi nt  of  
Cont act .   Do not  use t he same passwor d f or  mor e t han one devi ce unl ess 
speci f i cal l y i nst r uct ed t o do so.   Pr ovi de a Conf i dent i al  Passwor d Repor t  
document i ng t he passwor d f or  each devi ce and descr i bi ng t he pr ocedur e t o 
change t he passwor d f or  each devi ce.

Do not  pr ovi de t he Passwor d Summar y Repor t  i n el ect r oni c f or mat .   Pr ovi de 
t wo har dcopi es of  t he Passwor d Summar y Repor t ,  each copy i n i t s own seal ed 
envel ope.

For  al l  devi ces wi t h a passwor d,  coor di nat e t he changi ng of  passwor ds wi t h
t he pr oj ect  s i t e f ol l owi ng t est i ng of  t he syst em but  pr i or  t o t ur nover  t o
t he Gover nment .  Coor di nat e wi t h Passwor d Poi nt  of  Cont act  t o det er mi ne 
appr opr i at e pr oj ect  s i t e per sonnel  t o compl et e passwor d changes.  Accompany 
i dent i f i ed per sonnel  t o each devi ce wi t h a passwor d and i nst r uct  per sonnel  
on t he pr ocess of  changi ng passwor d.  Recor d t he t i me,  dat e and per sonnel  
pr esent  when each devi ce' s passwor d i s changed and submi t  a Passwor d 
Change Summar y Repor t  document i ng t hi s i nf or mat i on.

Pr ovi de t he Passwor d Summar y Repor t  el ect r oni cal l y i n bot h PDF and
Mi cr osof t  Excel .
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3. 4. 5   Aut hent i cat or  Feedback

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 6;  CCI - 000206}

Devi ces must  never  show aut hent i cat i on i nf or mat i on,  i ncl udi ng passwor ds,  
on a di spl ay.   Devi ces t hat  moment ar i l y  di spl ay a char act er  as i t  i s  
ent er ed,  and t hen obscur e t he char act er ,  ar e accept abl e.   For  devi ces t hat  
have STI Gs or  SRGs r el at ed t o obscur i ng of  aut hent i cat or  f eedback 
( CCI - 000206) ,  compl y wi t h t he r equi r ement s of  t hose STI GS/ SRGs.

3. 5   CYBERSECURI TY AUDI TI NG

Wher e an audi t i ng r equi r ement  exi st s f or  emai l  not i f i cat i on,  not i f y v i a 
emai l  t he appl i cat i on admi ni st r at or  and I nf or mat i on Syst em Secur i t y 
Of f i cer  ( I SSO)  of  t he event .   Coor di nat e wi t h t he Emai l  Addr ess Poi nt  of  
Cont act  f or  emai l  addr esses.   I f  out goi ng emai l  i s  not  avai l abl e t o t he 
syst em,  conf i gur e t he syst em f or  t hese not i f i cat i ons f or  f ut ur e suppor t  of  
out goi ng emai l .

3. 5. 1   Audi t  Event s,  Cont ent  of  Audi t  Recor ds,  and Audi t  Gener at i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 2( a) ,  AU- 2( c) ,  AU- 2( d) ,  AU- 3,  AU- 10,  AU- 12,  AU- 13( 3) ,  AU- 14( b) ,  
AU- 14( 1) ,  AU- 14( 2) ,  AU- 14( 3) ,  CM- 5( 1) ,  SC- 7 ( 9) ;   CCI - 000123,  CCI - 001571,  
CCI - 000125,  CCI - 001485,  CCI - 000130,  CCI - 000131,  CCI - 000132,  CCI - 012300133,  
CCI - 000134,  CCI - 001487,  CCI - 000166,  CCI - 001899,  CCI - 000169,  CCI - 001459,  
CCI - 000171,  CCI - 000172,  CCI - 001910,  CCI - 001914,  CCI - 001919,  CCI - 001464,  
CCI - 001462,  CCI - 001920,  CCI - 001814,  CCI - 002400.  }

For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  event s,  cont ent  of  audi t  
r ecor ds or  audi t  gener at i on,  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

I f  audi t i ng r equi r ement s can be met  usi ng exi st i ng cont r ol  syst em al ar m or  
event  capabi l i t i es,  t hose exi st i ng capabi l i t i es may be used t o meet  t hese 
r equi r ement s.

3. 5. 1. 1   Comput er s

For  each comput er ,  pr ovi de t he capabi l i t y  t o sel ect  audi t ed event s and t he 
cont ent  of  audi t  l ogs.   Conf i gur e comput er s t o audi t  t he i ndi cat ed event s,  
and t o r ecor d t he i ndi cat ed i nf or mat i on f or  each audi t abl e event  

3. 5. 1. 1. 1   Audi t ed Event s

Conf i gur e each comput er  t o audi t  t he f ol l owi ng event s:

a.   Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.   Successf ul  and unsuccessf ul  l ogon at t empt s

c.   Successf ul  l ogout s

 d.   Pr i v i l eged act i v i t i es or  ot her  syst em l evel  access

e.   Concur r ent  l ogons f r om di f f er ent  wor kst at i ons
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f .   Successf ul  and unsuccessf ul  accesses t o obj ect s

g.   Al l  pr ogr am i ni t i at i ons

h.   Al l  di r ect  access t o t he i nf or mat i on syst em

i .   Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   

j .   Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

3. 5. 1. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each comput er  t o r ecor d,  f or  each audi t abl e event ,  t he f ol l owi ng 
i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.   What  t ype of  event  occur r ed

b.   When t he event  occur r ed

c.   Wher e t he event  occur r ed

d.   The sour ce of  t he event

e.   The out come of  t he event

f .   The i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 5. 2   Audi t  Ti me St amps

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 8;  CCI - 000159,  CCI - 001889,  CCI - 001890. }

Any devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds must  have an 
i nt er nal  c l ock capabl e of  pr ovi di ng t i me wi t h a r esol ut i on of  one second.   
Cl ocks must  not  dr i f t  mor e t han 10 seconds per  day.   Conf i gur e t he syst em 
so t hat  each devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds 
mai nt ai ns accur at e t i me t o wi t hi n 1 second.   Not e t hat  i f  t he cont r ol  
syst em speci f i cat i ons i ncl ude r equi r ement  f or  c l ocks,  t he most  st r i ngent  
r equi r ement  appl i es.

3. 5. 3   Audi t i ng Fr ont  End Sof t war e

The pr oj ect  s i t e cur r ent l y has t he f ol l owi ng sof t war e t o suppor t  cont r ol  
syst em audi t i ng:  none.   I f  t her e i s no exi st i ng audi t i ng f r ont  end 
sof t war e or  t he sof t war e i s not  compat i bl e wi t h t he pr ovi ded cont r ol  
syst ems,  pr ovi de Audi t i ng Fr ont  End Sof t war e wi t h audi t  l og i mpor t  and 
upl oad,  expor t ,  not i f i cat i on,  and anal ysi s f unct i onal i t y.   The Audi t i ng 
Fr ont  End Sof t war e may be pr ovi ded as a component  of  t he cont r ol  syst em 
f r ont  end or  as a separ at e sof t war e package,  and a s i ngl e package may 
ser ve mul t i pl e cont r ol  syst ems pr ovi ded under  t he same pr oj ect s i f  t hey 
ar e shar i ng a cyber secur i t y aut hor i zat i on.

When t he Audi t i ng Fr ont  End Sof t war e i s nei t her  exi st i ng nor  i nst al l ed 
under  t he r equi r ement s of  anot her  Sect i on,  f ur ni sh t he Audi t i ng Fr ont  End 
Sof t war e medi a and l i cense f or  subsequent  Gover nment  i nst al l at i on Submi t  
copi es of  Audi t i ng Fr ont  End Sof t war e i f  t hi s f unct i on i s not  par t  of  t he 
sof t war e pr ovi ded wi t h t he cont r ol  syst em t o meet  r equi r ement s of  ot her  
Sect i ons.  
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3. 5. 3. 1   I mpor t  and Upl oad Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  i mpor t i ng audi t  l ogs f r om 
t he Devi ce Audi t  Recor d Upl oad Sof t war e and of  upl oadi ng audi t  l ogs over  
t he net wor k f r om al l  cont r ol  syst em devi ces suppor t i ng net wor k upl oad of  
audi t  l ogs.  

3. 5. 3. 2   Expor t  Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  expor t i ng t o a f i l e f or mat  
suppor t ed by Mi cr osof t  Excel .

3. 5. 4   Audi t  St or age Capaci t y and Audi t  Upl oad

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 4;  CCI - 001848,  CCI - 001849}

The cr eat i on of  audi t  r ecor ds must  never  i nt er f er e wi t h nor mal  devi ce 
oper at i on.   Devi ces must  cease col l ect i on of  audi t i ng i nf or mat i on i f  
r equi r ed t o mai nt ai n nor mal  oper at i on.

a.   For  cont r ol l er s capabl e of  gener at i ng audi t  r ecor ds,  pr ovi de 60 days 
wor t h of  secur e l ocal  st or age,  assumi ng 10 audi t abl e event s per  day.   

3. 5. 5   Response t o Audi t  Pr ocessi ng Fai l ur es

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 5;  CCI - 000139,  CCI - 000140,  CCI - 001490. }

I n t he case of  a f ai l ur e i n t he audi t i ng syst em,  comput er s associ at ed wi t h 
audi t i ng must  pr ovi de emai l  not i f i cat i on.   I n case of  an audi t  f ai l ur e,  i f  
possi bl e,  cont i nue t o col l ect  audi t  r ecor ds by over wr i t i ng exi st i ng audi t  
r ecor ds.

3. 6   REQUI REMENTS FOR LEAST FUNCTI ONALI TY

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s) ,  al ong 
wi t h t he net wor k communi cat i on r epor t  submi t t al  speci f i ed el sewher e i n 
t hi s sect i on,  r el at es t o CM- 6( a) ,  CM- 6( c) ,  CM- 7,  CM- 7( 1) ( b) ,  SC- 41;   
CCI - 000363,  CCI - 000364,  CCI - 000365,  CCI - 001588,  CCI - 001755,  CCI - 000381,  
CCI - 000380,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.   }

3. 6. 1   Devi ce Capabi l i t i es

Do not  pr ovi de devi ces wi t h r emot e user  i nt er f aces or  wi t h f ul l  user  
i nt er f aces wher e one was not  r equi r ed.

3. 7   SYSTEM AND COMMUNI CATI ON PROTECTI ON

3. 7. 1   Col l abor at i ve Comput i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 15( a) ,  
SC- 15( b) ;  CCI - 001150,  CCI - 001152. }

Wi t hout  expl i c i t  appr oval  f r om t he pr oj ect  s i t e,  cont r ol  syst ems must  not  
use col l abor at i ve comput i ng t echnol ogi es.
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3. 7. 2   Deni al  of  Ser vi ce Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 5,  SC- 39,  
SC- 7( a) ;  CCI - 001093,  CCI - 002385,  CCI - 002386,  CCI - 002430,  CCI - 001097.  }

To t he gr eat est  ext ent  pr act i cal ,  i mpl ement  cont r ol  l ogi c wi t hout  r el i ance 
on t he net wor k.   Except  when r equi r ed t o meet  t he r equi r ement s of  t he 
cont r ol  syst em Sect i on ( wher e t he r equi r ement  can onl y be met  usi ng 
comput er  har dwar e) ,  do not  i mpl ement  cont r ol  l ogi c i n comput er s.

3. 8   SAFE MODE AND FAI L SAFE OPERATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 12,  SI - 10( 3) ,  SI - 17;  CCI - 002855,  CCI - 002856,  CCI - 002857,  CCI - 002754,  
CCI - 002773,  CCI - 002774,  CCI - 002775}

For  al l  cont r ol  syst em component s wi t h an appl i cabl e STI G or  SRG,  
conf i gur e t he component  i n accor dance wi t h al l  appl i cabl e STI Gs and SRGs.

3. 9   SYSTEM MAI NTENANCE TOOL SOFTWARE

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
MA- 3;  CCI - 000865. }

Submi t  and l i cense t o t he Gover nment  al l  sof t war e r equi r ed t o oper at e,
mai nt ai n and modi f y t he cont r ol  syst em such t he Gover nment  or  t hei r  agent s 
ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons of  t he 
syst em wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or ,  Vendor  
or  Manuf act ur er .  Submi t  har d copi es of  user  manual s f or  each sof t war e wi t h 
t he sof t war e submi t t al .

For  sof t war e pr ovi ded and l i censed t o t he Gover nment  under  t he
r equi r ement s of  anot her  Sect i on,  submi t  a st at ement  i ndi cat i ng t he
Sect i on and Submi t t al  under  whi ch t he sof t war e was pr ovi ded.  For
sof t war e pr ovi ded t o meet  t he r equi r ement s of  t hi s Sect i on and not  
pr ovi ded and l i censed under  anot her  Sect i on,  submi t  sof t war e and sof t war e 
user  manual s on DVD or  CD as a Techni cal  Dat a Package and submi t  one har d 
copy of  t he sof t war e user  manual  f or  each pi ece of  sof t war e.

3. 10   DEVI CE POWER

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PE- 11,  PE- 11( 1) ;  CCI - 002955,  CCI - 000961.   }

For  LOW I mpact  Syst ems:  Pr ovi de emer gency power  i n accor dance wi t h t he 
cont r ol  syst em and equi pment  speci f i cat i on Sect i ons.

3. 11   FI PS 201- 2 REQUI REMENT

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SA- 4 ( 10) ;  CCI - 003116}

3. 12   SYSTEM AND I NTEGRATI ON I NTEGRI TY

3. 12. 1   Mal i c i ous Code Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 3( c) ;  CCI - 001241,  CCI - 002623}
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For  al l  comput er s i nst al l ed under  t hi s pr oj ect ,  pr ovi de mal war e pr ot ect i on 
sof t war e medi a,  pr ovi de l i censes,  and i nst al l  and conf i gur e mal war e 
pr ot ect i on sof t war e as i ndi cat ed.   Coor di nat e wi t h t he Gover nment  Comput er  
Access Poi nt  of  Cont act  as r equi r ed.

3. 12. 2   I nf or mat i on Syst em Moni t or i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SI - 4 ( a) , ( b) ;  
CCI - 001253,  CCI - 002645}

3. 13   CONTROL SYSTEM CYBERSECURI TY TESTI NG

3. 13. 1   Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es

Pr epar e Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es expl ai ni ng
st ep- by- st ep,  t he act i ons and expect ed r esul t s t hat  wi l l  demonst r at e t hat
t he cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.

Submi t  4 copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Pr ocedur es.  The Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es may be
submi t t ed as a Techni cal  Dat a Package.

3. 13. 2   Cont r ol  Syst em Cyber secur i t y Test i ng Execut i on

Usi ng t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es ver i f y t hat  t he
cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.  UNLESS GOVERNMENT
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL
TESTS WI TH A GOVERNMENT WI TNESS.  I f  t est i ng r eveal s def i c i enci es i n t he
syst em,  cor r ect  t he def i c i ency and r et est  unt i l  successf ul .

3. 13. 3   Cont r ol  Syst em Cyber secur i t y Test i ng Repor t

Pr epar e and submi t  a Cont r ol  Syst em Cyber secur i t y Test i ng Repor t
document i ng al l  t est s per f or med and t hei r  r esul t s.  I ncl ude al l  t est s i n
t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es and any addi t i onal
t est s per f or med dur i ng t est i ng.  Document  t est  f ai l ur es and r epai r s
conduct ed wi t h t he t est  r esul t s.  

Submi t  f our  copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Repor t .  The Cont r ol  Syst em Cyber secur i t y Test i ng Repor t  may be submi t t ed
as a Techni cal  Dat a Package.

3. 14   FI ELD QUALI TY CONTROL,  CYBERSECURI TY VALI DATI ON SUPPORT

I n addi t i on t o t est i ng and t est i ng suppor t  r equi r ed by ot her  Sect i ons,  
pr ovi de a mi ni mum of  16 hour s of  t echni cal  suppor t  f or  cyber secur i t y 
t est i ng of  cont r ol  syst ems t o suppor t  t he DoD Ri sk Management  Fr amewor k 
pr ocess Cyber secur i t y assessment  of  t he cont r ol  syst em.   Thi s suppor t  i s  
i ndependent  of  ( and i n addi t i on t o)  t he Cont r ol  Syst em Cyber secur i t y 
Test i ng speci f i ed i n t hi s sect i on.

3. 15   CYBERSECURI TY TRAI NI NG

Pr ovi de ei ght  hour s of  c l assr oom and hands- on t r ai ni ng f or  s i x Gover nment  
per sonnel  on t he cyber secur i t y oper at i on and mai nt enance of  t he cont r ol  
syst em pr ovi ded.   Thi s t r ai ni ng i s i n addi t i on t o and must  be coor di nat ed 
wi t h cont r ol  syst em t r ai ni ng speci f i ed i n ot her  Sect i ons.  

The Gover nment  wi l l  pr ovi de t he t r ai ni ng l ocat i on.  Tr ai ni ng must  cover ,  at  
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a mi ni mum:   ( a)  appl y i ng sof t war e and f i r mwar e updat es,  ( b)  user  account  
cr eat i on,  modi f i cat i on and del et i on,  ( c)  audi t  l og upl oad pr ocedur es and 
( d)  i dent i f i cat i on of  pr i v i l eged user  i nt er f aces and syst em i mpact  of  
t hose i nt er f aces.   Tr ai ni ng sessi on must  i ncl ude a quest i on and answer  
per i od dur i ng whi ch gover nment  st af f  quest i ons about  cyber secur i t y aspect s 
of  t he cont r ol  syst em ar e answer ed.  

        - -  End of  Sect i on - -
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SECTI ON 25 08 10

UTI LI TY MONI TORI NG AND CONTROL SYSTEM TESTI NG
05/ 21

PART 1   GENERAL

1. 1   DEFI NI TI ONS

I n addi t i on t o t he def i ni t i ons pr ovi ded i n t hi s Sect i on,  23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC cont ai n def i ni t i ons r el at ed t o t hi s 
Sect i on.

1. 1. 1   Al gor i t hm

A set  of  wel l - def i ned r ul es or  pr ocedur es f or  sol v i ng a pr obl em or  
pr ovi di ng an out put  f r om a speci f i c  set  of  i nput s.

1. 1. 2   Anal og

A si gnal  t hat  can t ake on cont i nuous ( as opposed t o di scr et e)  val ues.  
Sensor s ( e. g.  t emper at ur e,  pr essur e,  f l ow)  t ypi cal l y pr ovi de anal og 
si gnal s as out put s t o r epr esent  t he measur ed var i abl e.    Wi t hi n t he UMCS,  
anal og si gnal s ar e gener al l y r epr esent ed by ei t her  0- 10 vol t  or  a 4- 20 
mi l l i amp si gnal .

1. 1. 3   Bi nar y

A t wo- st at e syst em wher e an " ON"  condi t i on i s r epr esent ed by a hi gh si gnal  
l evel  and an " OFF"  condi t i on i s r epr esent ed by a l ow si gnal  l evel .

1. 1. 4   Change- Of - Val ue ( COV)

A t ype of  dat a t r ansmi ssi on over  t he net wor k wher e t he poi nt    val ue i s 
t r ansmi t t ed over  t he net wor k onl y when i t s val ue changes.    COV i s an 
ef f i c i ent  use of  net wor k bandwi dt h.

1. 1. 5   Cont r ol  Wi r i ng

Thi s i ncl udes condui t ,  wi r e,  and wi r i ng devi ces t o i nst al l  compl et e HVAC 
cont r ol  syst ems,  i ncl udi ng mot or  cont r ol  c i r cui t s,  i nt er l ocks,  sensor s,  PE 
and EP swi t ches,  and l i ke devi ces.    Thi s al so i ncl udes al l  wi r i ng f r om 
node t o node,  and nodes t o al l  sensor s and poi nt s def i ned i n t he I / O 
summar y shown on dr awi ngs or  speci f i ed her ei n,  and r equi r ed t o execut e t he 
sequence of  oper at i on.    Does not  i ncl ude l i ne vol t age power  wi r i ng.

1. 1. 6   Demand

The maxi mum r at e of  use of  el ect r i cal  ener gy aver aged over  a speci f i c  
i nt er val  of  t i me,  usual l y expr essed i n kW.

1. 1. 7   Gr aphi cal  User  I nt er f ace ( GUI )

Human- machi ne i nt er f aci ng al l ows t he oper at or  t o manage,  command,  moni t or ,  
and pr ogr am t he syst em.

SECTI ON 25 08 10  Page 1



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

1. 1. 8   I nt egr at i on

Est abl i shi ng communi cat i on bet ween t wo or  mor e syst ems t o cr eat e a s i ngl e 
syst em.

1. 1. 9   Pr ot ocol

I n cont r ol  syst ems,  " pr ot ocol "  i s  gener al l y shor t hand f or  " communi cat i on 
pr ot ocol " ;  a def i ned met hod by whi ch di gi t al  i nf or mat i on i s exchanged 
el ect r oni cal l y.    Of t en mor e t han one pr ot ocol  i s  used i n a BAS,  f or  
exampl e,  a t ypi cal  BACnet  syst em wi l l  use at  a mi ni mum ( i n addi t i on t o 
BACnet / I P and BACnet  MS/ TP)  I P,  UDP,  ARP,  Et her net ,  and RS- 485 pr ot ocol s 
( and t hi s does not  i ncl ude any pr ot ocol s used i nt er nal l y i n t he f r ont  end 
or  f or  communi cat i on wi t h f r ont  end cl i ent  wor kst at i ons) .

1. 2   ADMI NI STRATI VE REQUI REMENTS

1. 2. 1   Sequenci ng

Per f or mance Ver i f i cat i on Test i ng r equi r ed by t hi s Sect i on must  be 
pr oceeded by successf ul  and accept ed " cont r act or s f i el d t est i ng"  or  
" st ar t - up and st ar t - up t est i ng"  of  t he cont r ol  syst em t o be t est ed.

1. 2. 2   Schedul i ng

Coor di nat e t est i ng schedul es wi t h t he Gover nment  and wi t h wor k i n ot her  
Sect i ons per f or med on t he component s or  syst ems t o be t est ed.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 06 Test  Repor t s

PVT Pl an;  G

PVT Phase I  Repor t ;  G

PVT Phase I I  Repor t ;  G

SD- 07 Cer t i f i cat es

Test  I nst r ument at i on Cal i br at i on Cer t i f i cat es;  G

1. 4   TEST EQUI PMENT

Pr ovi de al l  t est  equi pment  unl ess ot her wi se not ed i n t he cont r act  
document s.  Use onl y t est  equi pment  wi t h cur r ent  cal i br at i on t r aceabl e t o 
t he Nat i onal  I nst i t ut e of  Sci ence and Technol ogy ( NI ST) .   For  each t est  
i nst r ument ,  submi t  Test  I nst r ument at i on Cal i br at i on Cer t i f i cat es 
demonst r at i ng cal i br at i on t r aceabl e t o NI ST.    Use t est  equi pment  and t est  
met hods such t hat  t he over al l  accur acy of  t he t est  met hod,  i ncl udi ng al l  
t est  i nst r ument at i on and any er r or s i nher ent  i n t he t est  pr ocedur e,  i s  at  
l east  50 per cent  bet t er  t han t he accur acy speci f i ed f or  t he sensor .    For  

SECTI ON 25 08 10  Page 2



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

exampl e,  i f  a t emper at ur e sensor  has an accur acy r equi r ement  of  pl us or  
mi nus 1 degr ee Far enhei t  degr ee over al l  accur acy of  t he t est  met hod,  must  
be 0. 5 degr ee Far enhei t  or  bet t er .

When val i dat i ng sensor  accur acy,  t he t est  i nst r ument  i s t r eat ed as i f  i t  
i s  per f ect l y accur at e;  t hat  i s ,  t he measur ed val ue f r om t he t est  
i nst r ument  must  l i e wi t hi n t he bounds of  t he speci f i ed accur acy of  t he 
sensor .   Expr essed mat hemat i cal l y:

Gi ven:
   Sensor  accur acy:  Pl us or  mi nus X
   Sensor  r eadi ng:  Y
   Test  equi pment  r eadi ng:  Z
   Wher e X,  Y and Z ar e r eal  number t s.

Then
   Sensor  passes i f :  ( Y- X)  <= Z <= ( Y+X)
   ot her wi se,  sensor  f ai l s    

PART 2   PRODUCTS

Not  appl i cabl e

PART 3   EXECUTI ON

3. 1   PERFORMANCE VERI FI CATI ON TEST ( PVT)

Per f or m a Per f or mance Ver i f i cat i on Test  ( PVT)  t o demonst r at e t hat  t he 
i nst al l ed cont r ol  syst em meet s al l  r equi r ement s of  t he pr oj ect  
speci f i cat i ons.   Coor di nat e schedul i ng of  t he PVT wi t h t he Gover nment ,  and 
do not  begi n t he PVT unt i l  t he PVT Pl an submi t t al  i s  accept ed.

3. 1. 1   PVT PLAN

Pr ovi de a PVT Pl an i ncl udi ng syst em document at i on and PVT Pr ocedur es.

3. 1. 1. 1   PVT Pl an Syst em Document at i on

I ncl ude t he f ol l owi ng syst em document at i on i n t he PVT Pl an:

a.  Copi es of  t he most  r ecent  as- bui l t  dr awi ngs f or  t he syst em,  i ncl udi ng 
but  not  l i mi t ed t o one- l i ne dr awi ngs and Poi nt s Schedul es as speci f i ed 
i n Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC showi ng 
devi ce addr ess,  poi nt  descr i pt i ons,  net wor k poi nt  names and t ypes,  
har dwar e poi nt  t ypes,  set t i ngs and r anges i ncl udi ng uni t s.

b.  Copi es of  manuf act ur er ' s pr oduct  dat a sheet s when needed t o demonst r at e 
compl i ance wi t h pr oj ect  r equi r ement s.   I n par t i cul ar ,  pr ovi de dat a 
sheet s showi ng t hat  sur ge pr ot ect i on r equi r ement s have been met .

c.  Oper at i on or  user  manual s f or  al l  sof t war e and al l  DDC Har dwar e t o be 
t est ed.

d.  Li st  of  t est  equi pment .

3. 1. 1. 2   PVT Equi pment  Li st

I ncl ude i n t he PVT pr ocedur es a cont r ol  syst em per f or mance ver i f i cat i on 
t est  equi pment  l i s t  t hat  l i s t s t he equi pment  t o be used dur i ng per f or mance 
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ver i f i cat i on t est i ng.   For  each pi ece of  equi pment  i ncl ude manuf act ur er  
name,  model  number ,  equi pment  f unct i on,  t he dat e of  t he l at est  
cal i br at i on,  and t he r esul t s of  t he l at est  cal i br at i on

3. 1. 1. 3   PVT Pr ocedur es

Devel op PVT pr ocedur es usi ng t he t est  pr ocedur es i n t hi s Sect i on,  
modi f y i ng t he pr ocedur es and addi ng t est s as appr opr i at e t o devel op 
pr ocedur es t hat  t est  al l  r equi r ement s of  t he pr oj ect  speci f i cat i ons.    The 
t est  pr ocedur es must  consi st  of  det ai l ed i nst r uct i ons f or  t est  set up,  
execut i on,  and eval uat i on of  t est  r esul t s.

When devel opi ng addi t i onal  pr ocedur es,  pr ovi de t he same i nf or mat i on and 
f i el ds as shown i n t he Test  Templ at e.

3. 1. 2   PVT Phases

Conduct  PVT t est i ng i n t wo phases:

I .  Fi el d t est i ng f or  devi ces,  component s,  subsyst ems and t he over al l  
syst em usi ng t he appr oved PVT Pr ocedur es.

I I .  A one- week endur ance t est  dur i ng whi ch t he syst em i s oper at ed 
cont i nuousl y.

3. 1. 2. 1   PVT Phase I  ( Fi el d Test s)

Demonst r at e compl i ance of  t he cont r ol  syst em wi t h t he cont r act  document s.   
Usi ng t est  pl ans and pr ocedur es appr oved by t he Gover nment ,  demonst r at e 
al l  physi cal  and f unct i onal  r equi r ement s of  t he pr oj ect .   Show,  
st ep- by- st ep,  t he act i ons and r esul t s demonst r at i ng t hat  t he cont r ol  
syst ems f ul l y and cor r ect l y i mpl ement  t he sequences of  oper at i on.   PVT f or  
sur ge pr ot ect i on i s not  r equi r ed t o i ncl ude i nt r oduci ng a sur ge t o t he 
equi pment ;  sur ge pr ot ect i on may i nst ead be demonst r at ed t hr ough pr oduct  
document at i on.

Do not  st ar t  t he per f or mance ver i f i cat i on t est  unt i l  af t er  r ecei pt  of  
wr i t t en per mi ssi on by t he Gover nment ,  based on Gover nment  appr oval  of  t he 
PVT Pl an and Dr af t  As- Bui l t s and compl et i on of  bal anci ng of  t he HVAC 
Syst em.   Do not  conduct  t est s dur i ng schedul ed seasonal  of f  per i ods of  
base heat i ng and cool i ng syst ems.   At  t he compl et i on PVT Phase I  and i n 
accor dance wi t h t he pr oj ect  schedul e and pr oj ect  sequenci ng pr ovi de a PVT 
Phase I  Repor t  document i ng al l  PVT t est i ng i ncl udi ng al l  appr oved t est  
pr ocedur es wi t h t est  r esul t s i ndi cat ed on t he pr ocedur es,  and a r ecor d of  
al l  act i ons t aken t o addr ess PVT t est  f ai l ur es.

3. 1. 2. 2   PVT Phase I I  ( Endur ance Test )

Compl et e an endur ance t est  as par t  of  t he PVT i n whi ch t he syst em i s 
oper at ed cont ui nuousl y f or  one- week wi t hout  f ai l ur e.   Dur i ng t he endur ance 
t est  t r end al l  poi nt s shown as r equi r i ng a t r end on t he Poi nt s Schedul e 
f or  t he ent i r e dur at i on of  t he endur ance t est .   I f  i nsuf f i c i ent  buf f er  or  
st or age capaci t y exi st s t o t r end t he ent i r e endur ance t est ,  of f l oad t r end 
l ogs dur i ng t he cour se of  t he endur ance t est  t o ensur e t hat  no t r end dat a 
i s l ost .   I f  t he cont r ol  syst em speci f i cat i on i ncl udes bandwi dt h 
r equi r ement s f or  bandwi dt h usage on a non- I P net wor k,  measur e and r ecor d 
t he net wor k bandwi dt h usage on each non- I P channel  dur i ng t he endur ance 
t est .
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I f  t he syst em exper i ences any f ai l ur es dur i ng t he endur ance t est  por t i on 
of  t he PVT,  r epai r  t he syst em and r epeat  t he endur ance t est  por t i on of  t he 
PVT unt i l  t he syst em oper at es cont i nuousl y and wi t hout  f ai l ur e f or  t he 
speci f i ed endur ance t est  per i od.   At  t he compl et i on of  PVT Phase I I  and i n 
accor dance wi t h t he pr oj ect  schedul e and pr oj ect  sequenci ng pr ovi de a PVT 
Phase I I  Repor t  document i ng f ai l ur es and r epai r  act i ons t aken dur i ng PVT 
Phase I I .

3. 1. 2. 2. 1   Tempor ar y Tr endi ng Capabi l i t y

Unl ess t r endi ng capabi l i t y  exi st s,  ei t her  wi t hi n t he bui l di ng cont r ol  
syst em or  t hr ough a connect ed Ut i l i t y  Moni t or i ng and Cont r ol  Syst em ( UMCS)  
Fr ont  End,  t empor ar i l y  i nst al l  har dwar e on t he bui l di ng cont r ol  net wor k t o 
per f or m t r endi ng dur i ng t he endur ance t est  as i ndi cat ed.   Remove t he 
t empor ar y har dwar e at  t he compl et i on of  al l  t est i ng and commi ssi oni ng 
act i v i t i es.

3. 2   FACTORY TEST

Per f or m a Fact or y Test  t o demonst r at e t he capabi l i t y  of  t he pr oposed 
cont r ol  syst em sol ut i on t o meet  t he r equi r ement s of  pr oj ect  
speci f i cat i ons.   Coor di nat e schedul i ng of  t he Fact or y Test  wi t h t he 
Gover nment ,  and do not  begi n t he Fact or y Test  uni l  t he Fact or y Test  Pl an 
submi t t al  i s  accept ed.

3. 2. 1   Fact or y Test  Set up

Desi gn t he Fact or y Test  Set up t o r epr esent  t he syst em as i t  wi l l  be 
f i el ded and t o demonst r at e t he capabi l i t y  of  t he syst em t o meet  t he 
r equi r ement s of  t he pr oj ect  speci f i cat i on.   At  a mi ni mum:

a.  I ncl ude at  l east  one of  each model  of  DDC har dwar e,  i nst r ument at i on and 
cont r ol  devi ce t o be used on t he pr oj ect .

b.  I ncl ude at  l east  one net wor k of  each t ype t o bue used on t he pr oj ect .

c.  I ncl ude a pr ogr ammabl e cont r ol l er  pr ogr ammed as i t  wi l l  be i nst al l ed,  
or ,  i f  no pr ogr ammabl e cont r ol l er  i s  t o be i nst al l ed on t he pr oj ect ,  
i ncl ude a pr ogr ammabl e cont r ol l er  wi t h a sampl e appl i cat i on.

d.  I ncl ude sampl e har dwar e t o pr ovi de a mock f i el d cont r ol  syst em f or  t he 
f r ont  end t o communi cat e wi t h i f  t he pr oj ect  r equi r es a f r ont  end but  
does not  r equi r e a f i el d cont r ol  syst em.

3. 2. 2   Fact or y Test  Pl an

Pr ovi de a Fact or y Test  Pl an document i ng t he t est  set up and pr ocedur es.

3. 2. 2. 1   Fact or y Test  Pl an Set up Document at i on

I ncl ude t he f ol l owi ng i nf or mat i on,  at  a mi ni mum,  t o document  t he f act or y 
t est  set up:

a.   Syst em one- l i ne bl ock di agr am of  equi pment  used i n t he f act or y t est  
i dent i f y i ng comput er s ( ser ver s and wor kst at i ons) ,  net wor k har dwar e,  
DDC har dwar e,  and ot her  i nst r ument at i on i ncl udi ng,  but  not  l i mi t ed t o,  
sensor s,  act uat or s,  t est  s i gnal  gener at or s,  and met er s.   

b.  Syst em har dwar e descr i pt i on used i n t he f act or y t est .
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c.  Syst em sof t war e descr i pt i on used i n t he f act or y t est .

d.  Poi nt s Schedul es f or  each cont r ol l er  showi ng t he conf i gur at i on t o be 
used dur i ng t he t est .   Poi nt s Schedul es must  be as speci f i ed i n 
Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC .

e.  Requi r ed passwor ds f or  each oper at or  access l evel .

f .  Li st  of  ot her  t est  equi pment .

3. 2. 2. 2   Test  Pr ocedur es

Devel op f act or y t est  pr ocedur es usi ng t he Test  Pr ocedur es i n t hi s Sect i on,  
modi f y i ng t he pr ocedur es and addi ng t est s as appr opr i at e t o devel op t est  
pr ocedur es t hat  t est  al l  r equi r ement s of  t he speci f i cat i on.    The t est  
pr ocedur es must  consi st  of  det ai l ed i nst r uct i ons f or  t est  set up,  
execut i on,  and eval uat i on of  t est  r esul t s.    Fact or y t est  pr ocedur es must  
i ncl ude t est i ng of  sur ge pr ot ect i on by i nt r oduci ng a sur ge t o t he 
equi pment  and demonst r at i ng t hat  t he equi pment  sur vi ves.

When devel opi ng addi t i onal  pr ocedur es,  pr ovi de t he same i nf or mat i on and 
f i el ds as shown i n t he Test  Templ at e.

3. 2. 3   Fact or y Test  Repor t

Upon compl et i on of  t he Fact or y Test  pr ovi de a compl et e t est  r epor t ,  
consi st i ng of  a shor t  summar y of  t he f act or y t est ,  a copy of  t he Fact or y 
Test  Pl an,  and copi es of  t he execut ed t est  pr ocedur es separ at ed by t est .   
For  each t est ,  i ncl ude dat e per f or med and i dent i f y t he Gover nment  
r epr esent at i ve who wi t nessed and appr oved t he t est .

I f  a por t i on of  any t est  f ai l ed,  document  t he f ai l ur e and cor r ect i ve 
act i on.

3. 2. 4   Fat or y Test  Execut i on

Conduct  t he Fact or y Test  at  a l ocat i on and t i me appr oved by t he 
Gover nment .  The Gover nment  wi l l  wi t ness t he f act or y t est .

I f  t he syst em f ai l s a por t i on of  a t est ,  t he Gover nment  wi l l  det er mi ne 
whet her  t he ent i r e t est  or  onl y t he por t i on t hat  f ai l ed must  be r epeat ed.

3. 3   TEST PROCEDURES

Devel op t est  pr ocedur es usi ng t he t empl at e pr ocedur e i n t he Appendi x.  A 
t est  t empl at e and sampl e t est  pr ocedur es i n el ect r oni c f or mat  ar e 
avai l abl e at  t he Whol e Bui l di ng Desi gn Gui de page f or  t hi s sect i on:  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 08- 10
Ref er  t o t he Sampl e Test  Pr ocedur es Tabl e t o v i ew t he exi st i ng sampl e 
t est s.
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Sampl e Test  Pr ocedur es

Test  No. Test  Ti t l e

1 Syst em Equi pment  Ver i f i cat i on

2 Syst em St ar t - up

3 Moni t or i ng and Cont r ol  ( M&C)  Sof t war e Passwor ds

4 Gr aphi c Di spl ay of  Dat a

5 Gr aphi c Navi gat i on Scheme

6 Command Funct i ons

7 Command I nput  Er r or s

8 Speci al  Funct i ons

9 Sof t war e Edi t i ng Tool s

10 Schedul i ng

11 Al ar m f unct i on

12 Tr endi ng

13 Demand Li mi t i ng

14 Repor t  Gener at i on

15 Uni nt er r upt abl e Power  Suppl y ( UPS)  Test

16 Rout er s and Repeat er s

17 Gat eways ( Bui l di ng Level )

18 Gat eways ( Devi ce Level )

19 Local  Di spl ay Panel  ( LDP)

20 Open Net wor k Poi nt  Ver i f i cat i on

21 Cust om Test  Templ at e
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APPENDI X A
  TEST NUMBER:   <TEST NUMBER>
  TEST TI TLE:   <TEST TI TLE>

  OBJECTI VE:  <STATE TEST OBJECTI VE>

I NI TI AL REQUI REMENTS/ CONDI TI ONS

   1.   Submi t t al s:  <LI ST REQUI RED SUBMI TTALS>

   2.   Equi pment :  <LI ST EQUI PMENT REQUI RED FOR TEST>

   3.   Ref er ence Document at i on:  <LI ST REQUI RED REFERENCE DOCUMENTATI ON>

Dat e of  Test :   __________
Ti me of  Test :   __________
Cont r act or ' s Repr esent at i ve:   ____________________
Gover nment ' s Repr esent at i ve:   ____________________

Speci f i cat i on Ref er ences f or  t hi s ver i f i cat i on:
<LI ST SECTI ONS REFERENCED FOR THI S TEST>

TEST PROCEDURES:  <USE THE FOLLOWI NG FORMAT FOR TEST PROCEDURES,  EXPAND AS 
NECESSARY TO CAPTURE ALL TEST I TEMS>

I t em Act i on Expect ed Resul t s Appr oved

1

2

3

4
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I t em Act i on Expect ed Resul t s Appr oved

Not es:

       - -  End of  Sect i on - -
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SECTI ON 26 05 73

POWER SYSTEM STUDI ES
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 1584 ( 2018;  E 2019)  Gui de f or  Per f or mi ng 
Ar c- Fl ash Hazar d Cal cul at i ons

I EEE 1584. 1 ( 2022)  Gui de f or  t he Speci f i cat i on of  
Scope and Del i ver abl e Requi r ement s f or  an 
Ar c- Fl ash Hazar d Cal cul at i on St udy

I EEE 3002. 2 ( 2018)  Recommended Pr act i ce f or  Conduct i ng 
Load- Fl ow St udi es and Anal ysi s of  
I ndust r i al  and Commer ci al  Power  Syst ems

I EEE 3002. 3 ( 2018)  Recommended Pr act i ce f or  Conduct i ng 
Shor t - Ci r cui t  St udi es and Anal ysi s of  
I ndust r i al  and Commer ci al  Power  Syst ems

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70E ( 2024)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 560- 01 ( 2017;  wi t h Change 3,  2023)  Oper at i on and 
Mai nt enance:  El ect r i cal  Saf et y

1. 2   SYSTEM DESCRI PTI ON

The power  syst em cover ed by t hi s speci f i cat i on consi st s of :   Ut i l i t y  
ser vi ces t o t he hangar  el ect r i cal  equi pment  r oom and di st r i but i on syst em,  
i nsi de t he hangar .

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s
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Fi el d Exami nat i on Pl an;  G,  AO

Ar c Fl ash Label  For mat s;  G,  AO

SD- 06 Test  Repor t s

Fi el d Exami nat i on

SD- 07 Cer t i f i cat es

Syst em Anal yzer ;  G,  AO

SD- 11 Cl oseout  Submi t t al s

Model  Fi l es;  G,  AO

Load Fl ow St udy;  G,  AO

Faul t  Cur r ent  St udy;  G,  AO

Syst em Coor di nat i on St udy;  G,  AP

Ar c Fl ash Hazar d St udy;  G,  AO

1. 4   QUALI TY ASSURANCE

1. 4. 1   Syst em Anal yzer

The Syst em Anal yzer  must  per f or m t he power  syst em st udi es.   The Syst em 
Anal yzer  must  be a r egi st er ed pr of essi onal  el ect r i cal  engi neer  wi t h a 
mi ni mum of  3 year s of  exper i ence wi t h power  syst em st udi es.   I ncl ude a 
l i s t  of  t hr ee compar abl e j obs per f or med by t he Syst em Anal yzer  wi t h 
speci f i c  names and t el ephone number s f or  r ef er ence.   I ncl ude t he l i cense 
number  and st at e of  t he r egi st er ed Pr of essi onal  Engi neer .

1. 4. 2   Syst em Ver i f i er

The Syst em Ver i f i er  may i nspect  and r ecor d set t i ngs,  mar ki ngs,  and 
ot her wi se document  t he exi st i ng equi pment .   The Syst em Ver i f i er  may al so 
pl ace appr opr i at e hazar d l abel s on equi pment .   The Syst em Ver i f i er  must  
not  make any cal i br at i ons or  adj ust ment s or  pl ace equi pment  i nt o ser vi ce.   
When wor ki ng wi t h ener gi zed equi pment ,  t he syst em ver i f i er  must  be a 
Qual i f i ed Per son per  NFPA 70E or  wor ki ng under  t he di r ect  super vi s i on of  a 
Qual i f i ed Per son.   

PART 2   PRODUCTS

Not  used.

PART 3   EXECUTI ON

3. 1   FI ELD EXAMI NATI ON

For  each pr e-  and post - st udy i nspect i on,  submi t  a f i el d exami nat i on pl an 
i dent i f y i ng whi ch f aci l i t i es must  be exami ned t o compl et e t he r equi r ed 
wor k.   I ncl ude a compl et e i nf or mat i on ver i f i cat i on pr ocedur e,  wher e 
Qual i f i ed Per sonnel  wi l l  be r equi r ed,  PPE r equi r ement s f or  " l i ve"  
equi pment  exami nat i ons,  and equi pment  t o be used wi t hi n t he l i mi t ed 
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appr oach boundar y of  t he equi pment .

3. 1. 1   Gener al

Per f or m f i el d i nspect i ons of  t he s i t e and equi pment  bef or e t he f i r st  st udy 
and af t er  t he l ast  st udy t o det er mi ne t he st at e and set t i ngs of  t he 
equi pment  and t o ver i f y t he f i nal  set t i ngs agr ee wi t h t he st udi es.   
Per f or m t he post - st udy i nspect i on( s)  af t er  changi ng set t i ngs,  af t er  
per f or mi ng accept ance t est s,  and bef or e pl aci ng equi pment  i n ser vi ce.

Schedul e t he f i el d exami nat i on by t he Syst em Ver i f i er  wi t h t he Cont r act i ng 
Of f i cer  at  l east  10 busi ness days bef or e conduct i ng exami nat i on.  Fur ni sh 
al l  mat er i al s,  l abor ,  and equi pment  necessar y t o conduct  t he exami nat i on.  
Mai nt ai n a wr i t t en r ecor d of  t he al l  equi pment  exami ned,  equi pment  
l ocat i on,  equi pment  r at i ngs,  set t i ngs,  per sonnel  i nvol ved,  and t he dat e 
t he exami nat i on was per f or med.   Submi t  t he wr i t t en r ecor d of  each f i el d 
exami nat i on.

3. 1. 2   Saf et y

Wher e exami nat i on of  t he equi pment  r equi r es ener gi zed equi pment  t o be 
opened,  pr ovi de a Qual i f i ed Per son t o di r ect l y super vi s i ng any 
non- Qual i f i ed Per son wi t hi n t he hazar d ar ea.   Use PPE,  pr ot ect i ve bar r i er s,
danger  s i gns and ot her  saf et y devi ces t o pr ot ect  and war n per sonnel  i n t he 
v i c i ni t y of  " l i ve"  equi pment  bei ng exami ned.

3. 1. 3   Appl i cat i on of  Ar c Fl ash Label s

I nst al l  ar c f l ash war ni ng l abel s usi ng Qual i f i ed Per sonnel  as necessar y 
af t er  t he set t i ng and i nspect i on i s compl et e.   For  new or  modi f i ed 
equi pment ,  i nst al l  l abel s bef or e t he equi pment  i s ener gi zed f or  t he f i r st  
t i me af t er  i nst al l at i on/ modi f i cat i on or  set t i ng changes.   Schedul e t he 
l abel  pl acement  wi t h t he Cont r act i ng Of f i cer  at  l east  5 busi ness days 
bef or e l abel  pl acement .  Fur ni sh al l  mat er i al s,  l abor ,  and equi pment  
necessar y t o pl ace t he l abel s.   Mai nt ai n a wr i t t en r ecor d of  t he al l  
equi pment  t hat  r ecei ved l abel s,  per sonnel  i nvol ved,  and t he dat e l abel s 
wer e pl aced.

3. 2   POWER SYSTEM STUDI ES

Per f or m power  syst em st udi es t o demonst r at e t hat  t he equi pment  sel ect ed 
and syst em const r uct ed meet  t he cont r act  r equi r ement s f or  f aul t  cur r ent  
and i nt er r upt  r at i ngs,  coor di nat i on,  pr ot ect i on,  and Ar c Fl ash Hazar d.   
Submi t  r epor t s of  t he st udi es al ong wi t h pr ot ect i ve devi ce equi pment  
submi t t al s.   Appl y Ar c Fl ash Hazar d l abel s t o equi pment  af t er  t he st udi es 
ar e appr oved.   Updat e and r esubmi t  t he st udi es af t er  any changes t o t he 
equi pment  or  syst ems whi ch may af f ect  t he st udy r esul t s,  and r e- appl y Ar c 
Fl ash Hazar d l abel s t o equi pment  af t er  t he r esubmi t t ed st udi es ar e 
appr oved.   The Gover nment  i s not  r esponsi bl e f or  any changes t o equi pment ,  
devi ce r at i ngs,  set t i ngs,  or  addi t i onal  l abor  f or  i nst al l at i on of  
equi pment  or  devi ces or  l abel s or der ed and/ or  pr ocur ed bef or e appr oval  of  
t he st udy.

3. 2. 1   Scope of  St udi es

The st udy wi l l  begi n at  t he ut i l i t y  poi nt - of - demar cat i on,  t hr ough each 
ser vi ce ent r ance ( t ot al  of  3)  t o t he l ast  panel .

The scope of  t he st udi es must  begi n at  t he sour ce bus and ext end down t o 
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syst em buses t o t he l ast  panel .

The " sour ce bus"  i s t he sour ce of  ener gy f or  syst em bei ng anal yzed.   Thi s 
wi l l  be t he ener gy f eed f r om a ut i l i t y .

I ncor por at e any addi t i onal  sour ces or  l oad equi pment  necessar y t o 
accur at el y model  t he syst em' s per f or mance.

3. 2. 2   Det er mi nat i on of  Fact s

Det er mi ne and document  t he t i me- cur r ent  char act er i st i cs,  f eat ur es,  
r at i ngs,  ampaci t i es,  and namepl at e dat a f or  each exi st i ng pr ot ect i ve 
devi ce,  el ect r i cal  equi pment ,  and f eeder  cabl es.   Obt ai n t he avai l abl e 
f aul t  cur r ent  f r om t he owner  of  t he sour ce bus.

3. 2. 3   Si ngl e Li ne Di agr am

Pr ovi de a s i ngl e l i ne di agr am showi ng t he el ect r i cal  syst em buses,  
devi ces,  t r ansf or mat i on poi nt s,  and al l  sour ces of  l oad cur r ent  and f aul t  
cur r ent ,   i ncl udi ng  mot or  cont r i but i ons.  Pr ovi de a di agr am f r om t he 
syst em model .   Each bus,  devi ce or  t r ansf or mat i on poi nt  must  have a uni que 
i dent i f i er .   Show t he l ocat i on of  swi t ches,  br eaker s,  and ci r cui t  
i nt er r upt i ng devi ces on t he di agr am t oget her  wi t h avai l abl e f aul t  dat a,  
and t he devi ce i nt er r upt i ng r at i ng.

The nami ng of  exi st i ng component s wi t hi n t he syst em model  and si ngl e l i ne 
di agr am must  mat ch exi st i ng i nst al l ed equi pment  names.   The nami ng of  new 
component s wi t hi n t he syst em model  and si ngl e l i ne di agr am must  use uni que 
i dent i f i er s and be coor di nat ed wi t h t he Gover nment .

3. 2. 4   Load Fl ow St udy

Per f or m t he l oad f l ow st udy i n accor dance wi t h I EEE 3002. 2 t o i dent i f y 
i ni t i t al  st eady- st at e condi t i ons f or  t he f aul t  cur r ent  st udy.   For  each 
oper at i ng scenar i o,  pr ovi de l oad f l ow r esul t s on t he di agr am or  i n t he 
r epor t .   Show or  descr i be t he l oadi ng f act or s and assumpt i ons used i n each 
oper at i ng mode.

3. 2. 5   Faul t  Cur r ent  St udy

Use t he r esul t s of  t he l oad f l ow st udy t o per f or m t he f aul t  cur r ent  st udy 
i n accor dance wi t h I EEE 3002. 3.   Pr ovi de bal anced t hr ee- phase f aul t ,  
bol t ed l i ne- t o- l i ne f aul t ,  and si ngl e l i ne- t o- gr ound f aul t  cur r ent  val ues 
at  each vol t age t r ansf or mat i on poi nt  and at  each power  di st r i but i on bus.   
For  each l ocat i on,  show i n t abul ar  f or m on t he di agr am or  i n t he r epor t  
t he maxi mum and mi ni mum avai l abl e f aul t  cur r ent s of  al l  modes of  oper at i on 
f or  t hat  l ocat i on.

Wher e t he avai l abl e f aul t  cur r ent  at  t he sour ce bus i s not  avai l abl e,  
descr i be how t he f aul t  cont r i but i on f r om t he sour ce bus was det er mi ned and 
why t hi s met hod i s r easonabl e f or  t he st udy.

3. 2. 6   Syst em Coor di nat i on St udy

Use t he r esul t s of  t he l oad f l ow st udy and f aul t  cur r ent  st udy.   For  
nor mal  modes of  oper at i on,  demonst r at e t hat  sel ect i v i t y has been obt ai ned 
bet ween t he devi ces wi t hi n t he scope of  t he pr oj ect .  Demonst r at e t he 
equi pment ,  machi nes,  and conduct or s ar e pr ot ect ed f r om damage f r om 
over l oads and f aul t  condi t i ons.  I ncl ude a descr i pt i on of  t he coor di nat i on 
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of  t he pr ot ect i ve devi ces i n t hi s pr oj ect .   Pr ovi de a wr i t t en nar r at i ve 
descr i bi ng whi ch devi ces may oper at e i n t he event  of  a f aul t  at  each bus;  
t he l ogi c used t o ar r i ve at  devi ce r at i ngs and set t i ngs.   Pr ovi de 
composi t e coor di nat i on pl ot s on a l og- l og scal e.   Wher e r ecommendat i ons 
ar e pr ovi ded t o i mpr ove or  enhance syst em r el i abi l i t y ,  pr ovi de separ at e 
coor di nat i on pl ot s on l og- l og scal e showi ng t he syst em coor di nat i on bef or e 
and af t er  t he i mpl ement at i on of  t he r ecommendat i ons.

3. 2. 7   Ar c Fl ash Hazar d St udy

Per f or m t he ar c f l ash hazar d st udy i n accor dance wi t h I EEE 1584. 1.   
Ut i l i ze t he dat a f r om t he f aul t  cur r ent  st udy t o det er mi ne t he wor st  case 
i nci dent  ener gy per  I EEE 1584,  I EEE C2,  and OSHA 29 CFR 1910. 269 Appendi x 
E.   Use i dent i f i ed modes of  oper at i on t o det er mi ne t he wor st  case ar c 
f l ash ener gy.   I f  not  i ncl uded i n anot her  st udy,  i ncl ude a descr i pt i on of  
t he devi ces and devi ce set t i ngs f or  t he oper at i ng modes t hat  pr ovi ded t he 
hi ghest  ar c f l ash ener gy.

3. 2. 8   St udy r epor t ( s)

a.   I ncl ude a nar r at i ve descr i bi ng t he st udi es per f or med;  t he bases and 
met hods used;  and t he desi r ed met hod of  coor di nat ed pr ot ect i on of  t he 
power  syst em.

b.   I ncl ude descr i pt i ve and t echni cal  dat a f or  new pr ot ect i ve devi ces 
pr oposed.   I ncl ude manuf act ur er s publ i shed dat a,  namepl at e dat a,  and 
def i ni t i on of  t he f i xed or  adj ust abl e f eat ur es of  t he new pr ot ect i ve 
devi ces.

c.   Document  ut i l i t y  company dat a i ncl udi ng syst em vol t ages,  f aul t  MVA,  
syst em X/ R r at i o,  t i me- cur r ent  char act er i st i c cur ves,  cur r ent  
t r ansf or mer  r at i os,  and r el ay devi ce number s and set t i ngs.   I dent i f y 
al l  assumpt i ons about  t he pr ot ect i on devi ces,  equi pment ,  and syst em 
wher e dat a was not  avai l abl e.

d.   For  each bus i n t he syst em,  pr ovi de f ul l y coor di nat ed composi t e 
t i me- cur r ent  char act er i st i cs ( TCC)  cur ves as r equi r ed t o ensur e 
coor di nat ed power  syst em pr ot ect i on bet ween pr ot ect i ve devi ces and 
equi pment .   I n a t abul ar  f or mat ,  pr ovi de r ecommended r at i ngs and 
set t i ngs of  al l  pr ot ect i ve devi ces.

e.   Pr ovi de an ar c f l ash st udy r epor t  i n accor dance wi t h I EEE 1584. 1.

f .   Pr ovi de t he cal cul at i ons per f or med f or  t he st udi es,  i ncl udi ng comput er  
pr ogr ams ut i l i zed.   Pr ovi de t he name of  t he sof t war e package,  
devel oper ,  and ver si on number .   

f .  The Syst em Anal yzer  must  st amp t he st udy r epor t s.

3. 2. 9   Ar c Fl ash Label s

Pr ovi de ar c f l ash war ni ng l abel s on el ect r i cal  equi pment  l i kel y t o r equi r e 
exami nat i on,  ser vi c i ng,  or  mai nt enance whi l e ener gi zed.  Typi cal  t ypes of  
equi pment  i ncl ude pad- mount ed t r ansf or mer s,  swi t chgear ,  swi t chboar ds,  
panel boar ds,  di sconnect  swi t ches,  i ndust r i al  cont r ol  panel s,  met er  socket  
encl osur es,  and mot or  cont r ol  cent er s t hat  ar e i n ot her  t han dwel l i ng 
occupanci es.  The ar c f l ash l abel  nami ng must  mat ch t he nami ng used i n t he 
syst em model i ng and t he si ngl e l i ne di agr am.
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Compl y wi t h t he l abel  r equi r ement s speci f i ed i n UFC 3- 560- 01NFPA 70E.   
Obt ai n appr oval  of  ar c f l ash l abel  f or mat s bef or e pr i nt i ng.

a.  Pr ovi de a 3. 5 i nch x 5 i nch t o 4 i nch x 6 i nch t her mal  t r ansf er  t ype 
l abel  of  hi gh adhesi on pol yest er  f or  each l ocat i on devi ce anal yzed.   
The l abel  must  r emai n i n pl ace and be l egi bl e f or  at  l east  5 year s i n 
t he i nst al l ed envi r onment .

b.  Label s must  be machi ne pr i nt ed wi t h no f i el d mar ki ngs.  Pr ovi de ar c 
f l ash l abel s i n t he f ol l owi ng manner .  Al l  l abel s must  be based on 
i mpl ement ed over cur r ent  devi ces and set t i ngs.

1.  Pr ovi de at  l east  one ar c f l ash l abel  f or  each 480 vol t  and 208 vol t  
panel boar ds.

2.  Pr ovi de at  l east  one ar c f l ash l abel  f or  each l ow vol t age ( l ess 
t han 1000 V)  swi t chboar d.

3.  Wher e t he equi pment  const r uct i on has di f f er ent  hazar ds l evel s i n 
di f f er ent  ar eas,  pr ovi de a s i ngl e l abel  r epr esent i ng t he wor st  case 
hazar d f or  al l  br anch ci r cui t s and a separ at e uni que l abel  f or  t he 
compar t ment  cont ai ni ng t he mai n pr ot ect i ve devi ce.   On t he wor st  case 
l abel ,  i ndi cat e whi ch br anch ci r cui t  compar t ment s have t he wor st  case 
hazar d.

c.  Use t he wor st  case hazar d of  al l  oper at i ng scenar i os unl ess mi t i gat i on 
pr ocedur es ar e used.   I f  mi t i gat i on pr ocedur es ar e used,  expl ai n t he 
pr ocedur es on t he l abel .

3. 3   MODELI NG

Devel op a sof t war e model  of  t he el ect r i cal  syst em i dent i f i ed i n t he scope 
of  t he st udi es.   Use t he l at est  ver si on of  SKM Power Tool s( TM) EasyPower ( TM,
ETAP( TM) , or  appr oved equal .   Devel op t he model  wi t h accur at e,  ver i f i ed 
i nf or mat i on.  

Pr ovi de t he f i nal  model  f i l es i n t hei r  nat i ve edi t abl e f or mat s f or  f ut ur e 
use by t he Gover nment .   I ncl ude devi ce i nf or mat i on f or  devi ces not  i n t he 
sof t war e vendor ' s st andar d di st r i but i on.

        - -  End of  Sect i on - -
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APPARATUS I NSPECTI ON AND TESTI NG
11/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

1. 2   RELATED REQUI REMENTS

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM appl i es t o t hi s sect i on wi t h 
addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 06 Test  Repor t s

Accept ance Test s and I nspect i ons;  G,  AO

SD- 07 Cer t i f i cat es

Qual i f i cat i ons of  Or gani zat i on,  and Lead Engi neer i ng Techni c i an;  G

Accept ance Test  and I nspect i ons Pr ocedur e;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Qual i f i cat i ons

Engage t he ser vi ces of  a qual i f i ed t est i ng or gani zat i on t o pr ovi de 
i nspect i on,  t est i ng,  cal i br at i on,  and adj ust ment  of  t he el ect r i cal  
di st r i but i on syst em and gener at i on equi pment  l i s t ed i n par agr aph 
ACCEPTANCE TESTS AND I NSPECTI ONS her ei n.   Or gani zat i on must  be i ndependent  
of  t he suppl i er ,  manuf act ur er ,  and i nst al l er  of  t he equi pment .   The 
or gani zat i on must  be a f i r st  t i er  subcont r act or .   No wor k r equi r ed by t hi s 
sect i on of  t he speci f i cat i on may be per f or med by a second t i er  
subcont r act or .

a.   Submi t  name and qual i f i cat i ons of  or gani zat i on.   Or gani zat i on must  
have been r egul ar l y engaged i n t he t est i ng of  el ect r i cal  mat er i al s,  

SECTI ON 26 08 00  Page 1



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

devi ces,  i nst al l at i ons,  and syst ems f or  a mi ni mum of  5 year s.   The 
or gani zat i on must  have a cal i br at i on pr ogr am,  and t est  i nst r ument s 
used must  be cal i br at ed i n accor dance wi t h NETA ATS.

b.   Submi t  name and qual i f i cat i ons of  t he l ead engi neer i ng t echni c i an 
per f or mi ng t he r equi r ed t est i ng ser vi ces.   I ncl ude a l i s t  of  t hr ee 
compar abl e j obs per f or med by t he t echni c i an wi t h speci f i c  names and 
t el ephone number s f or  r ef er ence.   Test i ng,  i nspect i on,  cal i br at i on,  
and adj ust ment s must  be per f or med by an engi neer i ng t echni c i an,  
cer t i f i ed by NETA ( Level  I I I )  or  t he Nat i onal  I nst i t ut e f or  
Cer t i f i cat i on i n Engi neer i ng Technol ogi es ( NI CET)  wi t h a mi ni mum of  5 
year s '  exper i ence i nspect i ng,  t est i ng,  and cal i br at i ng el ect r i cal  
di st r i but i on and gener at i on equi pment ,  syst ems,  and devi ces.

1. 4. 2   Accept ance Test s and I nspect i ons Repor t s

Submi t  cer t i f i ed copi es of  i nspect i on r epor t s and t est  r epor t s.   I ncl ude 
cer t i f i cat i on of  compl i ance wi t h speci f i ed r equi r ement s,  i dent i f y 
def i c i enci es,  and r ecommend cor r ect i ve act i on when appr opr i at e.   Type and 
neat l y bi nd t est  r epor t s t o f or m a par t  of  t he f i nal  r ecor d.   Submi t  t est  
r epor t s document i ng t he r esul t s of  each t est  not  mor e t han 10 days af t er  
t est  i s  compl et ed.

1. 4. 3   Accept ance Test  and I nspect i ons Pr ocedur e

Submi t  t est  pr ocedur e r epor t s f or  each i t em of  equi pment  t o be f i el d 
t est ed at  l east  45 days pr i or  t o pl anned t est i ng dat e.   Do not  per f or m 
t est i ng unt i l  af t er  t est  pr ocedur e has been appr oved.

PART 2   PRODUCTS

Not  used.

PART 3   EXECUTI ON

3. 1   ACCEPTANCE TESTS AND I NSPECTI ONS

Test i ng or gani zat i on wi l l  per f or m accept ance t est s and i nspect i ons.   Test  
met hods,  pr ocedur es,  and t est  val ues must  be per f or med and eval uat ed i n 
accor dance wi t h NETA ATS,  t he manuf act ur er ' s r ecommendat i ons,  and 
par agr aph FI ELD QUALI TY CONTROL of  each appl i cabl e speci f i cat i on sect i on.   
Test s i dent i f i ed as opt i onal  i n NETA ATS ar e not  r equi r ed unl ess ot her wi se 
speci f i ed.   Pl ace equi pment  i n ser vi ce onl y af t er  compl et i on of  r equi r ed 
t est s and eval uat i on of  t he t est  r esul t s have been compl et ed.   Suppl y t o 
t he t est i ng or gani zat i on compl et e set s of  shop dr awi ngs,  set t i ngs of  
adj ust abl e devi ces,  and ot her  i nf or mat i on necessar y f or  an accur at e t est  
and i nspect i on of  t he syst em pr i or  t o t he per f or mance of  any f i nal  
t est i ng.   Not i f y Cont r act i ng Of f i cer  at  l east  14 days i n advance of  when 
t est s wi l l  be conduct ed by t he t est i ng or gani zat i on.   Per f or m accept ance 
t est s and i nspect i ons on appl i cabl e equi pment  and syst ems speci f i ed i n t he 
f ol l owi ng sect i ons:

a.   Sect i on 26 35 43 Combi nat i on 400 HERTZ ( ( HZ) and 28VDC SOLI D STATE  
CONVERTER.   The NETA ATS r epr esent at i ve must  coor di nat e wi t h t he 
Cont r act or  and t he Conver t er  Manuf act ur er s '  r epr esent at i ve t o wi t ness,  
document ,  and val i dat e t he Conver t er  Fi el d Qual i t y Cont r ol ,  I nspect i on 
and Test i ng.   These t est s wi l l  be per f or med by t he conver t er  
manuf act ur er s '  r epr esent at i ve,  however  i ncl ude t he document at i on i n 
t he over al l  NETA r epor t  as wel l .
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3. 2   SYSTEM ACCEPTANCE

Fi nal  accept ance of  t he syst em i s cont i ngent  upon sat i sf act or y compl et i on 
of  accept ance t est s and i nspect i ons.

3. 3   PLACI NG EQUI PMENT I N SERVI CE

A r epr esent at i ve of  t he appr oved t est i ng or gani zat i on must  be pr esent  when 
equi pment  t est ed by t he or gani zat i on i s i ni t i al l y  ener gi zed and pl aced i n 
ser vi ce.

        - -  End of  Sect i on - -
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I NTERI OR DI STRI BUTI ON SYSTEM
08/ 19,  CHG 3:  11/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM B1 ( 2013)  St andar d Speci f i cat i on f or  
Har d- Dr awn Copper  Wi r e

ASTM B8 ( 2011;  R 2017)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL CONTRACTORS ASSOCI ATI ON ( NECA)

NECA NEI S 1 ( 2015)  St andar d f or  Good Wor kmanshi p i n 
El ect r i cal  Const r uct i on

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C80. 1 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Ri gi d St eel  Condui t  ( ERSC)

ANSI  C80. 3 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Met al l i c  Tubi ng ( EMT)

ANSI  C80. 5 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Ri gi d Al umi num Condui t
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NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA FU 1 ( 2012)  Low Vol t age Car t r i dge Fuses

NEMA I CS 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 4 ( 2015)  Appl i cat i on Gui del i ne f or  Ter mi nal  
Bl ocks

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA KS 1 ( 2013)  Encl osed and Mi scel l aneous 
Di st r i but i on Equi pment  Swi t ches ( 600 V 
Maxi mum)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 10 ( 2017)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Fi xed Fr equency 
Medi um AC Squi r r el - Cage Pol yphase 
I nduct i on Mot or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NEMA ST 20 ( 2014)  Dr y- Type Tr ansf or mer s f or  Gener al  
Appl i cat i ons

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

NEMA TC 3 ( 2021)  Pol yvi nyl  Chl or i de ( PVC)  Fi t t i ngs 
f or  Use Wi t h Ri gi d PVC Condui t  and Tubi ng

NEMA VE 1 ( 2017)  Met al  Cabl e Tr ay Syst ems

NEMA WD 1 ( 1999;  R 2020)  St andar d f or  Gener al  Col or  
Requi r ement s f or  Wi r i ng Devi ces

NEMA WD 6 ( 2021)  Wi r i ng Devi ces Di mensi ons 
Speci f i cat i ons

NEMA Z535. 4 ( 2011;  R 2017)  Pr oduct  Saf et y Si gns and 
Label s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code
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NFPA 70E ( 2021)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace

NFPA 780 ( 2023)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 568. 1 ( 2020e)  Commer ci al  Bui l di ng 
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A- 569 ( 2019e;  Add 1 2022)  Tel ecommuni cat i ons 
Pat hways and Spaces

TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

10 CFR 431 Ener gy Ef f i c i ency Pr ogr am f or  Cer t ai n 
Commer ci al  and I ndust r i al  Equi pment

29 CFR 1910. 147 The Cont r ol  of  Hazar dous Ener gy ( Lock 
Out / Tag Out )

29 CFR 1910. 303 El ect r i cal ,  Gener al

UNDERWRI TERS LABORATORI ES ( UL)

UL 1 ( 2005;  Repr i nt  Jan 2020)  UL St andar d f or  
Saf et y Fl exi bl e Met al  Condui t

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 6A ( 2008;  Repr i nt  Mar  2021)  UL St andar d f or  
Saf et y El ect r i cal  Ri gi d Met al  Condui t  -  
Al umi num,  Red Br ass,  and St ai nl ess St eel

UL 20 ( 2018;  Repr i nt  Jan 2021)  UL St andar d f or  
Saf et y Gener al - Use Snap Swi t ches

UL 44 ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Ther moset - I nsul at ed Wi r es and Cabl es

UL 50 ( 2015)  UL St andar d f or  Saf et y Encl osur es 
f or  El ect r i cal  Equi pment ,  
Non- Envi r onment al  Consi der at i ons

UL 67 ( 2018;  Repr i nt  Jul  2020)  UL St andar d f or  
Saf et y Panel boar ds

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

UL 248- 4 ( 2010;  Repr i nt  Apr  2019)  Low- Vol t age Fuses 
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-  Par t  4:  Cl ass CC Fuses

UL 248- 8 ( 2011;  Repr i nt  Aug 2020)  Low- Vol t age Fuses 
-  Par t  8:  Cl ass J Fuses

UL 248- 10 ( 2011;  Repr i nt  Aug 2020)  Low- Vol t age Fuses 
-  Par t  10:  Cl ass L Fuses

UL 248- 12 ( 2011;  Repr i nt  Aug 2020)  Low Vol t age Fuses 
-  Par t  12:  Cl ass R Fuses

UL 248- 15 ( 2018)  Low- Vol t age Fuses -  Par t  15:  Cl ass 
T Fuses

UL 360 ( 2013;  Repr i nt  Aug 2021)  UL St andar d f or  
Saf et y Li qui d- Ti ght  Fl exi bl e Met al  Condui t

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 486A- 486B ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Wi r e Connect or s

UL 486C ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Spl i c i ng Wi r e Connect or s

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 498 ( 2017)  UL St andar d f or  Saf et y At t achment  
Pl ugs and Recept acl es

UL 506 ( 2017;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Speci al t y Tr ansf or mer s

UL 508 ( 2018;  Repr i nt  Jul  2021)  UL St andar d f or  
Saf et y I ndust r i al  Cont r ol  Equi pment

UL 510 ( 2020)  UL St andar d f or  Saf et y Pol yvi nyl  
Chl or i de,  Pol yet hyl ene and Rubber  
I nsul at i ng Tape

UL 514A ( 2013;  Repr i nt  Jun 2022)  UL St andar d f or  
Saf et y Met al l i c  Out l et  Boxes

UL 514B ( 2012;  Repr i nt  May 2020)  Condui t ,  Tubi ng 
and Cabl e Fi t t i ngs

UL 514C ( 2014;  Repr i nt  Feb 2020)  UL St andar d f or  
Saf et y Nonmet al l i c  Out l et  Boxes,  
Fl ush- Devi ce Boxes,  and Cover s

UL 651 ( 2011;  Repr i nt  May 2022)  UL St andar d f or  
Saf et y Schedul e 40,  80,  Type EB and A 
Ri gi d PVC Condui t  and Fi t t i ngs

UL 674 ( 2022)  UL St andar d f or  Saf et y El ect r i c 
Mot or s and Gener at or s f or  Use i n Hazar dous 
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( Cl assi f i ed)  Locat i ons

UL 797 ( 2007;  Repr i nt  Mar  2021)  UL St andar d f or  
Saf et y El ect r i cal  Met al l i c  Tubi ng - -  St eel

UL 817 ( 2015;  Repr i nt  Sep 2021)  UL St andar d f or  
Saf et y Cor d Set s and Power - Suppl y Cor ds

UL 854 ( 2020)  St andar d f or  Ser vi ce- Ent r ance Cabl es

UL 869A ( 2006;  Repr i nt  Jun 2020)  Ref er ence 
St andar d f or  Ser vi ce Equi pment

UL 870 ( 2016;  Repr i nt  Mar  2019)  UL St andar d f or  
Saf et y Wi r eways,  Auxi l i ar y Gut t er s,  and 
Associ at ed Fi t t i ngs

UL 943 ( 2016;  Repr i nt  Feb 2018)  UL St andar d f or  
Saf et y Gr ound- Faul t  Ci r cui t - I nt er r upt er s

UL 984 ( 1996;  Repr i nt  Sep 2005)  Her met i c 
Ref r i ger ant  Mot or - Compr essor s

UL 1063 ( 2017;  Repr i nt  Jun 2022)  UL St andar d f or  
Saf et y Machi ne- Tool  Wi r es and Cabl es

UL 1203 ( 2013;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y Expl osi on- Pr oof  and 
Dust - I gni t i on- Pr oof  El ect r i cal  Equi pment  
f or  Use i n Hazar dous ( Cl assi f i ed)  Locat i ons

UL 1242 ( 2006;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y El ect r i cal  I nt er medi at e Met al  
Condui t  - -  St eel

UL 1283 ( 2017)  UL St andar d f or  Saf et y 
El ect r omagnet i c I nt er f er ence Fi l t er s

UL 1449 ( 2021)  UL St andar d f or  Saf et y Sur ge 
Pr ot ect i ve Devi ces

UL 1660 ( 2019)  Li qui d- Ti ght  Fl exi bl e Nonmet al l i c  
Condui t

UL 4248- 1 ( 2022)  UL St andar d f or  Saf et y Fusehol der s 
-  Par t  1:  Gener al  Requi r ement s

UL 4248- 12 ( 2018)  UL St andar d f or  Saf et y Fusehol der s 
-  Par t  12:  Cl ass R

1. 2   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as def i ned i n 
I EEE 100.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
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cl assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Panel boar ds;  G,  AO

Tr ansf or mer s;  G, AO

Cabl e Tr ays;  G,  AO

Wi r eways;  G,  AO

Mar ki ng St r i ps Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Recept acl es;  G,  AO

Ci r cui t  Br eaker s;  G,  AO

Swi t ches;  G,  AO

Tr ansf or mer s;  G,   AO

Encl osed Ci r cui t  Br eaker s;  G,  AO

Mot or  Cont r ol l er s;  G,  AO

Manual  Mot or  St ar t er s;  G,  AO

Met er i ng;  G,  AO

CATV Out l et s;  G,   AO

Secondar y Bondi ng Busbar ;  G,  AO

Sur ge Pr ot ect i ve Devi ces;  G,  AO

Cabl e Tr ays;  G,  AO

SD- 06 Test  Repor t s

600- vol t  Wi r i ng Test ;  G

Gr oundi ng Syst em Test ;  G

Tr ansf or mer  Test s;  G

Gr ound- f aul t  Recept acl e Test ;  G

SD- 07 Cer t i f i cat es

Fuses;  G,  AO

SD- 09 Manuf act ur er ' s Fi el d Repor t s
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Tr ansf or mer  Fact or y Test s

SD- 10 Oper at i on and Mai nt enance Dat a

El ect r i cal  Syst ems,  Dat a Package 5;  G,   AO

1. 4   QUALI TY ASSURANCE

1. 4. 1   Fuses

Submi t  coor di nat i on dat a as speci f i ed i n par agr aph,  FUSES of  t hi s sect i on.

1. 4. 2   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Pr ovi de equi pment ,  
mat er i al s,  i nst al l at i on,  and wor kmanshi p i n accor dance wi t h NFPA 70 unl ess 
mor e st r i ngent  r equi r ement s ar e speci f i ed or  i ndi cat ed.   NECA NEI S 1 shal l  
be consi der ed t he mi ni mum st andar d f or  wor kmanshi p.

1. 4. 3   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p and:

a.   Have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
pr i or  t o bi d openi ng i ncl udi ng appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.

b.   Have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.

c.   Wher e t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  
pr ovi de pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  
par t s of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  
unl ess st at ed i n t hi s sect i on.

1. 4. 3. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 4. 3. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
ar e not  accept abl e.

1. 5   MAI NTENANCE

1. 5. 1   El ect r i cal  Syst ems

Submi t  oper at i on and mai nt enance dat a i n accor dance wi t h Sect i on 01 78 23,  

SECTI ON 26 20 00  Page 7



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

OPERATI ON AND MAI NTENANCE DATA and as speci f i ed her ei n.   Submi t  oper at i on 
and mai nt enance manual s f or  el ect r i cal  syst ems t hat  pr ovi de basi c dat a 
r el at i ng t o t he desi gn,  oper at i on,  and mai nt enance of  t he el ect r i cal  
di st r i but i on syst em f or  t he bui l di ng.   I ncl ude t he f ol l owi ng:

a.   Si ngl e l i ne di agr am of  t he " as- bui l t "  bui l di ng el ect r i cal  syst em.

b.   Schemat i c di agr am of  el ect r i cal  cont r ol  syst em ( ot her  t han HVAC,  
cover ed el sewher e) .

c.   Manuf act ur er s '  oper at i ng and mai nt enance manual s on act i ve el ect r i cal  
equi pment .

1. 6   WARRANTY

Pr ovi de equi pment  i t ems  suppor t ed by ser vi ce or gani zat i ons t hat  ar e 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

As a mi ni mum,  meet  r equi r ement s of  UL,  wher e UL st andar ds ar e est abl i shed 
f or  t hose i t ems,  and r equi r ement s of  NFPA 70 f or  al l  mat er i al s,  equi pment ,  
and devi ces.

2. 2   CONDUI T AND FI TTI NGS

Conf or m t o t he f ol l owi ng:

2. 2. 1   Ri gi d Met al l i c  Condui t

2. 2. 1. 1   Ri gi d,  Thr eaded Zi nc- Coat ed St eel  Condui t

ANSI  C80. 1,  UL 6.

2. 2. 1. 2   Ri gi d Al umi num Condui t

ANSI  C80. 5,  UL 6A.

2. 2. 2   Ri gi d Nonmet al l i c  Condui t

PVC Type EPC- 40,  and EPC- 80 i n accor dance wi t h NEMA TC 2, UL 651.

2. 2. 3   I nt er medi at e Met al  Condui t  ( I MC)

UL 1242,  z i nc- coat ed st eel  onl y.

2. 2. 4   El ect r i cal ,  Zi nc- Coat ed St eel  Met al l i c  Tubi ng ( EMT)

UL 797,  ANSI  C80. 3.

2. 2. 5   Pl ast i c- Coat ed Ri gi d St eel  and I MC Condui t

NEMA RN 1,  Type 40(  40 mi l s t hi ck) .
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2. 2. 6   Fl exi bl e Met al  Condui t

UL 1,  l i mi t ed t o 6 f eet .

2. 2. 6. 1   Li qui d- Ti ght  Fl exi bl e Met al  Condui t ,  St eel

UL 360,  l i mi t ed t o 6 f eet .

2. 2. 7   Fi t t i ngs f or  Met al  Condui t ,  EMT,  and Fl exi bl e Met al  Condui t

UL 514B.   Fer r ous f i t t i ngs:   cadmi um-  or  z i nc- coat ed i n accor dance wi t h 
UL 514B.

2. 2. 7. 1   Fi t t i ngs f or  Ri gi d Met al  Condui t  and I MC

Thr eaded- t ype.   Spl i t  coupl i ngs unaccept abl e.

2. 2. 7. 2   Fi t t i ngs f or  EMT

Di e Cast  compr essi on t ype.

2. 2. 8   Fi t t i ngs f or  Ri gi d Nonmet al l i c  Condui t

NEMA TC 3 f or  PVC and UL 514B.

2. 2. 9   Li qui d- Ti ght  Fl exi bl e Nonmet al l i c  Condui t

UL 1660.

2. 3   CABLE TRAYS

NEMA VE 1.   Pr ovi de t he f ol l owi ng:

a.   Cabl e t r ays:   f or m a wi r eway syst em,  wi t h a nomi nal  4 i nch dept h.

b.   Cabl e t r ays:   const r uct ed of  al umi num.

c.   Cabl e t r ays:   i ncl ude spl i ce and end pl at es,  dr opout s,  and 
mi scel l aneous har dwar e.

d.   Edges,  f i t t i ngs,  and har dwar e:  f i ni shed f r ee f r om bur r s and shar p 
edges.

e.   Fi t t i ngs:   ensur e not  l ess t han l oad- car r y i ng abi l i t y  of  st r ai ght  t r ay 
sect i ons and have manuf act ur er ' s mi ni mum st andar d r adi us.

f .   Radi us of  bends:   24 i nches.

2. 4   OUTLET BOXES AND COVERS

UL 514A,  cadmi um-  or  z i nc- coat ed,  i f  f er r ous met al .   UL 514C,  i f  
nonmet al l i c .

2. 4. 1   Fl oor  Out l et  Boxes

Pr ovi de t he f ol l owi ng:

a.   Boxes:   nonadj ust abl e and concr et e t i ght .
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b.   Each out l et :   consi st i ng of  cast - met al  body wi t h t hr eaded openi ngs,  
adj ust abl e, br ass f l ange r i ng,  and cover  pl at e wi t h 3/ 4 i nch t hr eaded 
pl ug.

c.   Tel ecommuni cat i ons out l et s:   consi st i ng of  f l ush,  al umi num or  
st ai nl ess st eel  housi ng wi t h a r ecept acl e as speci f i ed and one i nch 
bushed si de openi ng.

d.   Recept acl e out l et s:   consi st i ng of  f l ush al umi num or  st ai nl ess st eel  
housi ng wi t h dupl ex- t ype r ecept acl e as speci f i ed her ei n.

e.   Pr ovi de gasket s wher e necessar y t o ensur e wat er t i ght  i nst al l at i on.

2. 4. 2   Out l et  Boxes f or  Tel ecommuni cat i ons Syst em

Pr ovi de t he f ol l owi ng:

a.   St andar d t ype 4 i nches squar e by 2 1/ 8 i nches deep.

b.   Out l et  boxes f or  wal l - mount ed t el ecommuni cat i ons out l et s:   4 by 2 1/ 8 
by 2 1/ 8 i nches deep.

c.   Dept h of  boxes:   l ar ge enough t o al l ow manuf act ur er s '  r ecommended 
conduct or  bend r adi i .

2. 5   CABI NETS,  JUNCTI ON BOXES,  AND PULL BOXES

UL 50;  vol ume gr eat er  t han 100 cubi c i nches,  NEMA Type 1 encl osur e;  sheet  
st eel ,  hot - di p,  z i nc- coat ed.   Wher e exposed t o wet ,  damp,  or  cor r osi ve 
envi r onment s,  NEMA Type 3R.

2. 6   WI RES AND CABLES

Pr ovi de wi r es and cabl es i n accor dance appl i cabl e r equi r ement s of  NFPA 70 
and UL f or  t ype of  i nsul at i on,  j acket ,  and conduct or  speci f i ed or  
i ndi cat ed.   Do not  use wi r es and cabl es manuf act ur ed mor e t han 12 mont hs 
pr i or  t o dat e of  del i ver y t o s i t e.

2. 6. 1   Conduct or s

Pr ovi de t he f ol l owi ng:

a.   Conduct or  s i zes and capaci t i es shown ar e based on copper ,  unl ess 
i ndi cat ed ot her wi se.

b.   Conduct or s No.  8 AWG and l ar ger  di amet er :   st r anded.

c.   Conduct or s No.  10 AWG and smal l er  di amet er :   sol i d.

d.   Conduct or s f or  r emot e cont r ol ,  al ar m,  and si gnal  c i r cui t s,  c l asses 1,  
2,  and 3:   st r anded unl ess speci f i cal l y i ndi cat ed ot her wi se.

e.   Al l  conduct or s:   copper .

2. 6. 1. 1   Mi ni mum Conduct or  Si zes

Pr ovi de mi ni mum conduct or  s i ze i n accor dance wi t h t he f ol l owi ng:

a.   Br anch ci r cui t s:   No.  12 AWG.
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b.   Cl ass 1 r emot e- cont r ol  and si gnal  c i r cui t s:   No.  14 AWG.

c.   Cl ass 2 l ow- ener gy,  r emot e- cont r ol  and si gnal  c i r cui t s:   No.  16 AWG.

d.   Cl ass 3 l ow- ener gy,  r emot e- cont r ol ,  al ar m and si gnal  c i r cui t s:   No.  22 
AWG.

e.   Di gi t al  l ow vol t age l i ght i ng cont r ol  ( DLVLC)  syst em at  24 Vol t s or  
l ess:   Cat egor y 5 UTP cabl es i n EMT condui t .

2. 6. 2   Col or  Codi ng

Pr ovi de col or  codi ng f or  ser vi ce,  f eeder ,  br anch,  cont r ol ,  and si gnal i ng 
c i r cui t  conduct or s.

2. 6. 2. 1   Gr ound and Neut r al  Conduct or s

Pr ovi de col or  codi ng of  gr ound and neut r al  conduct or s as f ol l ows:

a.   Gr oundi ng conduct or s:   Gr een.

b.   Neut r al  conduct or s:   Whi t e.

c.   Except i on,  wher e neut r al s of  mor e t han one syst em ar e i nst al l ed i n 
same r aceway or  box,  ot her  neut r al s col or  codi ng:   whi t e wi t h a 
di f f er ent  col or ed ( not  gr een)  st r i pe f or  each.

2. 6. 2. 2   Ungr ounded Conduct or s

Pr ovi de col or  codi ng of  ungr ounded conduct or s i n di f f er ent  vol t age syst ems 
as f ol l ows:

a.   208/ 120 vol t ,  t hr ee- phase

( 1)  Phase A -  bl ack

( 2)  Phase B -  r ed

( 3)  Phase C -  bl ue

b.   480/ 277 vol t ,  t hr ee- phase

( 1)  Phase A -  br own

( 2)  Phase B -  or ange

( 3)  Phase C -  yel l ow

c.   120/ 240 vol t ,  s i ngl e phase:   Bl ack and r ed

2. 6. 3   I nsul at i on

Unl ess speci f i ed or  i ndi cat ed ot her wi se or  r equi r ed by NFPA 70,  pr ovi de 
power  and l i ght i ng wi r es r at ed f or  600- vol t s,  Type THWN/ THHN conf or mi ng t o 
UL 83 or  RHW conf or mi ng t o UL 44,  except  t hat  gr oundi ng wi r e may be t ype 
TW conf or mi ng t o UL 83;  r emot e- cont r ol  and si gnal  c i r cui t s:   Type TW or  
TF,  conf or mi ng t o UL 83.   Wher e equi pment  or  devi ces r equi r e 90- degr ee 
Cent i gr ade ( C)  conduct or s,  pr ovi de onl y conduct or s wi t h 90- degr ee C 

SECTI ON 26 20 00  Page 11



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

i nsul at i on or  bet t er .

2. 6. 4   Bondi ng Conduct or s

ASTM B1,  sol i d bar e copper  wi r e f or  s i zes No.  8 AWG and smal l er  di amet er ;  
ASTM B8,  Cl ass B,  st r anded bar e copper  wi r e f or  s i zes No.  6 AWG and l ar ger  
di amet er .

2. 6. 4. 1   Tel ecommuni cat i ons Bondi ng Backbone ( TBB)

Pr ovi de a copper  conduct or  TBB i n accor dance wi t h TI A- 607 wi t h No.  6 AWG 
mi ni mum si ze,  and si zed at  2 kcmi l  per  l i near  f oot  of  conduct or  l engt h up 
t o a maxi mum si ze of  750 kcmi l .

2. 6. 4. 2   Bondi ng Conduct or  f or  Tel ecommuni cat i ons

Pr ovi de a copper  conduct or  Bondi ng Conduct or  f or  Tel ecommuni cat i ons 
bet ween t he t el ecommuni cat i ons mai n gr oundi ng busbar  ( PBB)  and t he 
el ect r i cal  ser vi ce gr ound i n accor dance wi t h TI A- 607.   Si ze t he bondi ng 
conduct or  f or  t el ecommuni cat i ons t he same as t he TBB.

2. 6. 5   Ser vi ce Ent r ance Cabl es

Ser vi ce Ent r ance ( SE)  and Under gr ound Ser vi ce Ent r ance ( USE)  Cabl es,  UL 854.

2. 6. 6   Wi r e and Cabl e f or  400 Her t z ( Hz)  Ci r cui t s

I nsul at ed copper  conduct or s.

2. 6. 7   Cor d Set s and Power - Suppl y Cor ds

UL 817.

2. 7   SPLI CES AND TERMI NATI ON COMPONENTS

UL 486A- 486B f or  wi r e connect or s and UL 510 f or  i nsul at i ng t apes.   
Connect or s f or  No.  10 AWG and smal l er  di amet er  wi r es:   i nsul at ed,  
pr essur e- t ype i n accor dance wi t h UL 486A- 486B or  UL 486C ( t wi st - on 
spl i c i ng connect or ) .   Pr ovi de sol der l ess t er mi nal  l ugs on st r anded 
conduct or s.

2. 8   DEVI CE PLATES

Pr ovi de t he f ol l owi ng:

a.   UL l i s t ed,  one- pi ece devi ce pl at es f or  out l et s t o sui t  t he devi ces 
i nst al l ed.

b.   For  met al  out l et  boxes,  pl at es on unf i ni shed wal l s:   z i nc- coat ed sheet  
st eel  or  cast  met al  havi ng r ound or  bevel ed edges.

c.   For  nonmet al l i c  boxes and f i t t i ngs,  ot her  sui t abl e pl at es may be 
pr ovi ded.

d.   Pl at es on f i ni shed wal l s:   sat i n f i ni sh st ai nl ess st eel  or  
br ushed- f i ni sh al umi num,  mi ni mum 0. 03 i nch t hi ck.

e.   Scr ews:   machi ne- t ype wi t h count er sunk heads i n col or  t o mat ch f i ni sh 
of  pl at e.
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f .   Sect i onal  t ype devi ce pl at es ar e not  be per mi t t ed.

g.   Pl at es i nst al l ed i n wet  l ocat i ons:   gasket ed and UL l i s t ed f or  " wet  
l ocat i ons. "

2. 9   SWI TCHES

2. 9. 1   Toggl e Swi t ches

NEMA WD 1,  UL 20,  s i ngl e pol e,  doubl e pol e,  t hr ee- way,  and f our - way,  
t ot al l y encl osed wi t h bodi es of  t her mopl ast i c or  t her moset  pl ast i c and 
mount i ng st r ap wi t h gr oundi ng scr ew.   I ncl ude t he f ol l owi ng:

a.   Handl es:   i vor y t her mopl ast i c.

b.   Wi r i ng t er mi nal s:   scr ew- t ype,  s i de- wi r ed.

c.   Cont act s:   s i l ver - cadmi um and cont act  ar m -  one- pi ece copper  al l oy.

d.   Swi t ches:   r at ed qui et - t ype ac onl y,  120/ 277 vol t s,  wi t h cur r ent  
r at i ng and number  of  pol es i ndi cat ed.

2. 9. 2   Swi t ch wi t h Red Pi l ot  Handl e

NEMA WD 1.   Pr ovi de t he f ol l owi ng:

a.   Pi l ot  l i ght s t hat  ar e i nt egr al l y const r uct ed as a par t  of  t he swi t ch' s 
handl e.

b.   Pi l ot  l i ght  col or :   r ed and i l l umi nat e whenever  t he swi t ch i s c l osed 
or  " on" .

c.   Pi l ot  l i ght ed swi t ch:   r at ed 20 amps and 120 vol t s or  277 vol t s as 
i ndi cat ed.

d.   The ci r cui t ' s  neut r al  conduct or  t o each swi t ch wi t h a pi l ot  l i ght .

2. 9. 3   Di sconnect  Swi t ches

NEMA KS 1.   Pr ovi de heavy dut y- t ype swi t ches wher e i ndi cat ed,  wher e 
swi t ches ar e r at ed hi gher  t han 240 vol t s,  and f or  doubl e- t hr ow swi t ches.   
Ut i l i ze Cl ass R f usehol der s and f uses f or  f used swi t ches,  unl ess i ndi cat ed 
ot her wi se.   Pr ovi de hor sepower  r at ed f or  swi t ches ser vi ng as t he 
mot or - di sconnect  means.   Pr ovi de swi t ches i n NEMA encl osur e as i ndi cat ed 
per  NEMA I CS 6.

2. 10   FUSES

NEMA FU 1.   Pr ovi de compl et e set  of  f uses f or  each f usi bl e swi t ch and 
cont r ol  cent er .   Coor di nat e t i me- cur r ent  char act er i st i cs cur ves of  f uses 
ser vi ng mot or s or  connect ed i n ser i es wi t h c i r cui t  br eaker s or  ot her  
c i r cui t  pr ot ect i ve devi ces f or  pr oper  oper at i on.  Submi t  coor di nat i on dat a 
f or  appr oval .   Pr ovi de f uses wi t h a vol t age r at i ng not  l ess t han ci r cui t  
vol t age.

2. 10. 1   Fusehol der s

Pr ovi de i n accor dance wi t h UL 4248- 1.
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2. 10. 2   Car t r i dge Fuses,  Cur r ent  Li mi t i ng Type ( Cl ass R)

UL 248- 12,  Cl ass RK- 5.   Pr ovi de onl y Cl ass R  associ at ed f usehol der s i n 
accor dance wi t h UL 4248- 12.

2. 10. 3   Car t r i dge Fuses,  Hi gh- I nt er r upt i ng Capaci t y,  Cur r ent  Li mi t i ng Type 
( Cl asses J,  L,  and CC)

UL 248- 8,  UL 248- 10,  UL 248- 4,  Cl ass J f or  zer o t o 600 amper es,  Cl ass L 
f or  601 t o 6, 000 amper es,  and Cl ass CC f or  zer o t o 30 amper es.

2. 10. 4   Car t r i dge Fuses,  Cur r ent  Li mi t i ng Type ( Cl ass T)

UL 248- 15,  Cl ass T f or  zer o t o 1, 200 amper es,  300 vol t s;  and zer o t o 800 
amper es,  600 vol t s.

2. 11   RECEPTACLES

Pr ovi de t he f ol l owi ng:

a.   UL 498,  gener al  pur pose speci f i cat i on gr ade,  gr oundi ng- t ype.   
Resi dent i al  gr ade r ecept acl es ar e not  accept abl e.

b.   Rat i ngs and conf i gur at i ons:   as i ndi cat ed.

c.   Bodi es:   i vor y as per  NEMA WD 1.

d.   Face and body:   t her mopl ast i c suppor t ed on a met al  mount i ng st r ap.

e.   Di mensi onal  r equi r ement s:   per  NEMA WD 6.

f .   Scr ew- t ype,  s i de- wi r ed wi r i ng t er mi nal s or  of  t he sol der l ess pr essur e 
t ype havi ng sui t abl e conduct or - r el ease ar r angement .

g.   Gr oundi ng pol e connect ed t o mount i ng st r ap.

h.   The r ecept acl e:   cont ai ni ng t r i pl e- wi pe power  cont act s and doubl e or  
t r i pl e- wi pe gr ound cont act s.

i .   Cont r ol l ed r ecept acl es:   as r equi r ed per  ASHRAE 90. 1.   Pr ovi de mar ki ng 
f or  cont r ol l ed r ecept acl e per  NFPA 70.

2. 11. 1   Spl i t  Dupl ex Recept acl es

Pr ovi de separ at e t er mi nal s f or  each ungr ounded pol e.   One r ecept acl e must  
be cont r ol l ed separ at el y.

2. 11. 2   Weat her pr oof  Recept acl es

Pr ovi de r ecept acl es,  UL l i s t ed f or  use i n " wet  l ocat i ons"  wi t h i nt egr al  
GFCI  pr ot ect i on.   I ncl ude cast  met al  box wi t h gasket ed,  hi nged,  l ockabl e 
and weat her pr oof  whi l e- i n- use,  pol ycar bonat e,  UV r esi st ant / st abi l i zed 
cover  pl at e.

2. 11. 3   Gr ound- Faul t  Ci r cui t  I nt er r upt er  Recept acl es

UL 943,  dupl ex t ype f or  mount i ng i n st andar d out l et  box.   Pr ovi de devi ce 
capabl e of  det ect i ng cur r ent  l eak when t he cur r ent  t o gr ound i s 6 

SECTI ON 26 20 00  Page 14



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

mi l l i amper es or  hi gher ,  and t r i ppi ng per  r equi r ement s of  UL 943 f or  Cl ass 
A gr ound- f aul t  c i r cui t  i nt er r upt er  devi ces.   Pr ovi de scr ew- t ype,  
s i de- wi r ed wi r i ng t er mi nal s or  pr e- wi r ed ( pi gt ai l )  l eads.

2. 11. 4   Speci al  Pur pose Recept acl es

Recept acl es l ocat ed on t he ai r cr af t  power  ser vi ce poi nt  ar e speci al  
pur pose.   Pr ovi de i n r at i ngs i ndi cat ed.

2. 12   PANELBOARDS

Pr ovi de panel boar ds i n accor dance wi t h t he f ol l owi ng:

a.   UL 67 and UL 50.

b.   Panel boar ds f or  use as ser vi ce di sconnect i ng:   addi t i onal l y conf or m t o 
UL 869A.

c.   Panel boar ds:   c i r cui t  br eaker - equi pped.

d.   Desi gned such t hat  i ndi v i dual  br eaker s can be r emoved wi t hout  
di st ur bi ng adj acent  uni t s or  wi t hout  l ooseni ng or  r emovi ng 
suppl ement al  i nsul at i on suppl i ed as means of  obt ai ni ng cl ear ances as 
r equi r ed by UL.

e.   Wher e " space onl y"  i s i ndi cat ed,  make pr ovi s i ons f or  f ut ur e 
i nst al l at i on of  br eaker  s i zed as i ndi cat ed.

f .   Di r ect or i es:   i ndi cat e l oad ser ved by each ci r cui t  of  panel boar d.

g.   Di r ect or i es:   i ndi cat e sour ce of  ser vi ce ( e. g.  upst r eam panel ,  
swi t chboar d,  mot or  cont r ol  cent er )  t o panel boar d.

h.   Type di r ect or i es and mount  i n hol der  behi nd t r anspar ent  pr ot ect i ve 
cover i ng.

i .   Panel boar d namepl at es:   pr ovi ded i n accor dance wi t h par agr aph FI ELD 
FABRI CATED NAMEPLATES. 2. 12. 1   Encl osur e

Pr ovi de panel boar d encl osur e i n accor dance wi t h t he f ol l owi ng:

a.   UL 50.

b.   Cabi net s mount ed out door s or  f l ush- mount ed:   hot - di pped gal vani zed 
af t er  f abr i cat i on.

c.   Cabi net s:   pai nt ed i n accor dance wi t h par agr aph PAI NTI NG.

d.   Out door  cabi net s:   NEMA 3R r ai nt i ght  wi t h a r emovabl e st eel  pl at e 1/ 4 
i nch t hi ck i n t he bot t om f or  f i el d dr i l l i ng f or  condui t  connect i ons.

e.   Fr ont  edges of  cabi net s:   f or m- f l anged or  f i t t ed wi t h st r uct ur al  
shapes wel ded or  r i vet ed t o t he sheet  st eel ,  f or  suppor t i ng t he 
panel boar d f r ont .

f .   Al l  cabi net s:   f abr i cat ed such t hat  no par t  of  any sur f ace on t he 
f i ni shed cabi net  devi at es f r om a t r ue pl ane by mor e t han 1/ 8 i nch.

g.   Hol es:   pr ovi ded i n t he back of  i ndoor  sur f ace- mount ed cabi net s,  wi t h 
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out si de spacer s and i nsi de st i f f ener s,  f or  mount i ng t he cabi net s wi t h a
 1/ 2 i nch cl ear  space bet ween t he back of  t he cabi net  and t he wal l  
sur f ace.

h.   Fl ush door s:   mount ed on hi nges t hat  expose onl y t he hi nge r ol l  t o 
v i ew when t he door  i s c l osed.

i .   Each door :   f i t t ed wi t h a combi ned cat ch and l ock l at ch.

j .   Keys:   t wo pr ovi ded wi t h each l ock,  wi t h al l  l ocks keyed al i ke.

k.   Fi ni shed- head cap scr ews:   pr ovi ded f or  mount i ng t he panel boar d f r ont s 
on t he cabi net s.

2. 12. 2   Panel boar d Buses

Suppor t  bus bar s on bases i ndependent  of  c i r cui t  br eaker s.   Desi gn mai n 
buses and back pans so t hat  br eaker s may be changed wi t hout  machi ni ng,  
dr i l l i ng,  or  t appi ng.   Pr ovi de i sol at ed neut r al  bus i n each panel  f or  
connect i on of  c i r cui t  neut r al  conduct or s.   Pr ovi de separ at e gr ound bus 
i dent i f i ed as equi pment  gr oundi ng bus per  UL 67 f or  connect i ng gr oundi ng 
conduct or s;  bond t o st eel  cabi net .

2. 12. 3   Ci r cui t  Br eaker s

UL 489,  t her mal  magnet i c- t ype havi ng a mi ni mum shor t - c i r cui t  cur r ent  
r at i ng equal  t o t he shor t - c i r cui t  cur r ent  r at i ng of  t he panel boar d i n 
whi ch t he ci r cui t  br eaker  wi l l  be mount ed.   Br eaker  t er mi nal s:   UL l i s t ed 
as sui t abl e f or  t ype of  conduct or  pr ovi ded.   Wher e i ndi cat ed on t he 
dr awi ngs,  pr ovi de ci r cui t  br eaker s wi t h shunt  t r i p devi ces.   Ser i es r at ed 
ci r cui t  br eaker s and pl ug- i n c i r cui t  br eaker s ar e unaccept abl e.

2. 12. 3. 1   Mul t i pol e Br eaker s

Pr ovi de common t r i p- t ype wi t h s i ngl e oper at i ng handl e.   Desi gn br eaker  
such t hat  over l oad i n one pol e aut omat i cal l y causes al l  pol es t o open.   
Mai nt ai n phase sequence t hr oughout  each panel  so t hat  any t hr ee adj acent  
br eaker  pol es ar e connect ed t o Phases A,  B,  and C,  r espect i vel y.

2. 12. 3. 2   Ci r cui t  Br eaker  Wi t h Gr ound- Faul t  Ci r cui t  I nt er r upt er

UL 943 and NFPA 70.   Pr ovi de wi t h aut o- moni t or i ng ( sel f - t est )  and l ockout  
f eat ur es,  " push- t o- t est "  but t on,  v i s i bl e i ndi cat i on of  t r i pped condi t i on,  
and abi l i t y  t o det ect  and t r i p when cur r ent  i mbal ance i s 6 mi l l i amper es or  
hi gher  per  r equi r ement s of  UL 943 f or  Cl ass A gr ound- f aul t  c i r cui t  
i nt er r upt er  devi ces.

2. 13   ENCLOSED CI RCUI T BREAKERS

UL 489.   I ndi v i dual  mol ded case ci r cui t  br eaker s wi t h vol t age and 
cont i nuous cur r ent  r at i ngs,  number  of  pol es,  over l oad t r i p set t i ng,  and 
shor t  c i r cui t  cur r ent  i nt er r upt i ng r at i ng as i ndi cat ed.   Encl osur e t ype as 
i ndi cat ed.   Pr ovi de sol i d neut r al  when not ed.

2. 14   MOTOR SHORT- CI RCUI T PROTECTOR ( MSCP)

Mot or  shor t - c i r cui t  pr ot ect or s,  al so cal l ed mot or  c i r cui t  pr ot ect or s 
( MCPs) :   UL 508 and UL 489,  and pr ovi ded as shown.   Pr ovi de MSCPs t hat  
consi st  of  an adj ust abl e i nst ant aneous t r i p c i r cui t  br eaker  used onl y i n 
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conj unct i on wi t h a combi nat i on mot or  cont r ol l er  whi ch pr ovi des coor di nat ed 
mot or  br anch- ci r cui t  over l oad and shor t - c i r cui t  pr ot ect i on.   Rat e MSCPs i n 
accor dance wi t h t he r equi r ement s of  NFPA 70.

2. 15   TRANSFORMERS

Pr ovi de t r ansf or mer s i n accor dance wi t h t he f ol l owi ng:

a.   NEMA ST 20,  gener al  pur pose,  dr y- t ype,  sel f - cool ed,  vent i l at ed.

b.   Pr ovi de t r ansf or mer s i n NEMA 1 encl osur e.

c.   Taps f or  t r ansf or mer s 15 kVA and l ar ger : Two 2. 5 per cent  t aps Ful l  
Capaci t y Above Nomi nal  ( FCAN)  and t wo 2. 5 per cent  t aps Ful l  Capaci t y 
Bel ow Nomi nal  ( FCBN) .

d.   Tr ansf or mer  i nsul at i on syst em:  

( 1)  220 degr ees C i nsul at i on syst em f or  t r ansf or mer s 15 kVA and 
gr eat er ,  wi t h t emper at ur e r i se not  exceedi ng 115 degr ees C under  
f ul l - r at ed l oad i n maxi mum ambi ent  of  40 degr ees C.

( 2)  180 degr ees C i nsul at i on f or  t r ansf or mer s r at ed 10 kVA and l ess,  
wi t h t emper at ur e r i se not  exceedi ng 80 degr ees C under  f ul l - r at ed 
l oad i n maxi mum ambi ent  of  40 degr ees C.

e.   Tr ansf or mer  of  150 degr ees C t emper at ur e r i se i s not  accept abl e.

f .   Tr ansf or mer  of  115 degr ees C t emper at ur e r i se:   capabl e of  car r y i ng 
cont i nuousl y 115 per cent  of  namepl at e kVA wi t hout  exceedi ng i nsul at i on 
r at i ng.

2. 15. 1   Speci f i ed Tr ansf or mer  Ef f i c i ency

Tr ansf or mer s,  i ndi cat ed and speci f i ed wi t h:   480V pr i mar y,  80 degr ees C or  
115 degr ees C t emper at ur e r i se,  kVA r at i ngs of  37. 5 t o 100 f or  s i ngl e 
phase or  30 t o 500 f or  t hr ee phase,  ener gy ef f i c i ent  t ype.   The 
t r ansf or mer  i s not  accept abl e i f  t he cal cul at ed t r ansf or mer  ef f i c i ency i s 
l ess t han t he ef f i c i ency i ndi cat ed i n 10 CFR 431,  Subpar t  K.

2. 16   MOTORS

Pr ovi de mot or s i n accor dance wi t h t he f ol l owi ng:

a.   NEMA MG 1 except  pr ovi de f i r e pump mot or s as speci f i ed i n Sect i on 
21 30 00 FI RE PUMPS.

b.   Her met i c- t ype seal ed mot or  compr essor s:   Al so compl y wi t h UL 984.

c.   Pr ovi de t he si ze i n t er ms of  HP,  or  kVA,  or  f ul l - l oad cur r ent ,  or  a 
combi nat i on of  t hese char act er i st i cs,  and ot her  char act er i st i cs,  of  
each mot or  as i ndi cat ed or  speci f i ed.

d.   Det er mi ne speci f i c  mot or  char act er i st i cs t o ensur e pr ovi s i on of  
cor r ect l y s i zed st ar t er s and over l oad heat er s.

e.   Rat e mot or s f or  oper at i on on 208- vol t ,  3- phase ci r cui t s wi t h a 
t er mi nal  vol t age r at i ng of  200 vol t s,  and t hose f or  oper at i on on 
480- vol t ,  3- phase ci r cui t s wi t h a  t er mi nal  vol t age r at i ng of  460 
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vol t s.

f .   Use mot or s desi gned t o oper at e at  f ul l  capaci t y wi t h vol t age var i at i on 
of  pl us or  mi nus 10 per cent  of  mot or  vol t age r at i ng.

g.   Unl ess ot her wi se i ndi cat ed,  use cont i nuous dut y t ype mot or s i f  r at ed 1 
HP and above.

h.   Wher e f use pr ot ect i on i s speci f i cal l y r ecommended by t he equi pment  
manuf act ur er ,  pr ovi de f used swi t ches i n l i eu of  non- f used swi t ches 
i ndi cat ed.

i .   Use I nver t er - Rat ed mot or s desi gned t o oper at e wi t h adj ust abl e speed 
dr i ve ( ASD) .

j .   Mot or s f ur ni shed wi t h var i abl e speed dr i ves shal l  be f ur ni shed 
speci f i cal l y f or  t hat  dr i ve,

2. 16. 1   Hi gh Ef f i c i ency Si ngl e- Phase Mot or s

Si ngl e- phase f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s:   hi gh 
ef f i c i ency t ypes ar e not  accept abl e.   I n except i on,  f or  speci al  pur pose 
mot or s and mot or - dr i ven equi pment  wi t h a mi ni mum seasonal  or  over al l  
ef f i c i ency r at i ng,  such as a SEER r at i ng,  pr ovi de equi pment  wi t h mot or  t o 
meet  t he over al l  syst em r at i ng i ndi cat ed.

2. 16. 2   Pr emi um Ef f i c i ency Pol yphase and Si ngl e- Phase Mot or s

Sel ect  pol yphase and cont i nuous- dut y s i ngl e phase mot or s based on hi gh 
ef f i c i ency char act er i st i cs r el at i ve t o t ypi cal  char act er i st i cs and 
appl i cat i ons as l i s t ed i n NEMA MG 10 and NEMA MG 11.   I n addi t i on,  
cont i nuous r at ed,  pol yphase squi r r el - cage medi um i nduct i on mot or s must  
meet  t he r equi r ement s f or  pr emi um ef f i c i ency el ect r i c mot or s i n accor dance 
wi t h NEMA MG 1,  i ncl udi ng t he NEMA f ul l  l oad ef f i c i ency r at i ngs.   I n 
except i on,  f or  mot or - dr i ven equi pment  wi t h a mi ni mum seasonal  or  over al l  
ef f i c i ency r at i ng,  such as a SEER r at i ng,  pr ovi de equi pment  wi t h mot or  t o 
meet  t he over al l  syst em r at i ng i ndi cat ed.

2. 16. 3   Mot or  Si zes

Pr ovi de si ze f or  dut y t o be per f or med,  not  exceedi ng t he f ul l - l oad 
namepl at e cur r ent  r at i ng when dr i ven equi pment  i s oper at ed at  speci f i ed 
capaci t y under  most  sever e condi t i ons l i kel y t o be encount er ed.   When 
mot or  s i ze pr ovi ded di f f er s f r om si ze i ndi cat ed or  speci f i ed,  make 
adj ust ment s t o wi r i ng,  di sconnect  devi ces,  and br anch ci r cui t  pr ot ect i on 
t o accommodat e equi pment  act ual l y pr ovi ded.   Pr ovi de cont r ol l er s f or  
mot or s r at ed 1- hp and above wi t h el ect r oni c phase- vol t age moni t or s 
desi gned t o pr ot ect  mot or s f r om phase- l oss,  under vol t age,  and 
over vol t age.   Pr ovi de pr ot ect i on f or  mot or s f r om i mmedi at e r est ar t  by a 
t i me adj ust abl e r est ar t  r el ay.

2. 16. 4   Wi r i ng and Condui t

Pr ovi de i nt er nal  wi r i ng f or  component s of  packaged equi pment  as an 
i nt egr al  par t  of  t he equi pment .   Pr ovi de power  wi r i ng and condui t  f or  
f i el d- i nst al l ed equi pment  usi ng adj ust abl e speed dr i ve ( ASD)  manuf act ur er  
r equi r ed wi r i ng t ype and l engt h,  and mot or  cont r ol  equi pment  f or mi ng par t  
of  mot or  cont r ol  cent er s or  swi t chgear  assembl i es,  t he condui t  and wi r i ng 
connect i ng such cent er s,  assembl i es,  or  ot her  power  sour ces t o equi pment  
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as speci f i ed her ei n.   Power  wi r i ng and condui t :   conf or m t o t he 
r equi r ement s speci f i ed her ei n.   Cont r ol  wi r i ng:   pr ovi ded under ,  and 
conf or m t o,  t he r equi r ement s of  t he sect i on speci f y i ng t he associ at ed 
equi pment .

2. 17   MOTOR CONTROLLERS

Pr ovi de mot or  cont r ol l er s i n accor dance wi t h t he f ol l owi ng:

a.   UL 508,  NEMA I CS 1,  and NEMA I CS 2,  except  f i r e pump cont r ol l er s as 
speci f i ed i n Sect i on 21 30 00 FI RE PUMPS.

b.   Pr ovi de cont r ol l er s wi t h t her mal  over l oad pr ot ect i on i n each phase,  
and one spar e nor mal l y open auxi l i ar y cont act ,  and one spar e nor mal l y 
c l osed auxi l i ar y cont act .

c.   Pr ovi de cont r ol l er s f or  mot or s r at ed 1- hp and above wi t h el ect r oni c 
phase- vol t age moni t or s desi gned t o pr ot ect  mot or s f r om phase- l oss,  
under vol t age,  and over vol t age.

d.   Pr ovi de pr ot ect i on f or  mot or s f r om i mmedi at e r est ar t  by a t i me 
adj ust abl e r est ar t  r el ay.

e.   When used wi t h pr essur e,  f l oat ,  or  s i mi l ar  aut omat i c- t ype or  
mai nt ai ned- cont act  swi t ch,  pr ovi de a hand/ of f / aut omat i c sel ect or  
swi t ch wi t h t he cont r ol l er .

f .   Connect i ons t o sel ect or  swi t ch:   wi r ed such t hat  onl y nor mal  aut omat i c 
r egul at or y cont r ol  devi ces ar e bypassed when swi t ch i s i n " hand"  
posi t i on.

g.   Saf et y cont r ol  devi ces,  such as l ow and hi gh pr essur e cut out s,  hi gh 
t emper at ur e cut out s,  and mot or  over l oad pr ot ect i ve devi ces:   connect ed 
i n mot or  cont r ol  c i r cui t  i n " hand"  and " aut omat i c"  posi t i ons.

h.   Cont r ol  c i r cui t  connect i ons t o hand/ of f / aut omat i c sel ect or  swi t ch or  
t o mor e t han one aut omat i c r egul at or y cont r ol  devi ce:   made i n 
accor dance wi t h i ndi cat ed or  manuf act ur er ' s appr oved wi r i ng di agr am.

i .   Pr ovi de a di sconnect i ng means,  capabl e of  bei ng l ocked i n t he open 
posi t i on,  f or  t he mot or  t hat  i s  l ocat ed i n s i ght  f r om t he mot or  
l ocat i on and t he dr i ven machi ner y l ocat i on.   As an al t er nat i ve,  
pr ovi de a mot or  cont r ol l er  di sconnect ,  capabl e of  bei ng l ocked i n t he 
open posi t i on,  t o ser ve as t he di sconnect i ng means f or  t he mot or  i f  i t  
i s  i n s i ght  f r om t he mot or  l ocat i on and t he dr i ven machi ner y l ocat i on.

j .   Over l oad pr ot ect i ve devi ces:   pr ovi de adequat e pr ot ect i on t o mot or  
wi ndi ngs;  be t her mal  i nver se- t i me- l i mi t  t ype;  and i ncl ude manual  
r eset - t ype pushbut t on on out si de of  mot or  cont r ol l er  case.

k.   Cover  of  combi nat i on mot or  cont r ol l er  and manual  swi t ch or  c i r cui t  
br eaker :   i nt er l ocked wi t h oper at i ng handl e of  swi t ch or  c i r cui t  
br eaker  so t hat  cover  cannot  be opened unl ess handl e of  swi t ch or  
c i r cui t  br eaker  i s i n " of f "  posi t i on.

2. 17. 1   Cont r ol  Wi r i ng

Pr ovi de cont r ol  wi r i ng i n accor dance wi t h t he f ol l owi ng:
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a.   Al l  cont r ol  wi r e:   st r anded t i nned copper  swi t chboar d wi r e wi t h 
600- vol t  f l ame- r et ar dant  i nsul at i on Type SI S meet i ng UL 44,  or  Type 
MTW meet i ng UL 1063,  and passi ng t he VW- 1 f l ame t est s i ncl uded i n 
t hose st andar ds.

b.   Hi nge wi r e:   Cl ass K st r andi ng.

c.   Cur r ent  t r ansf or mer  secondar y l eads:   not  smal l er  t han No.  10 AWG.

d.   Cont r ol  wi r e mi ni mum si ze:   No.  14 AWG.

e.   Power  wi r i ng f or  480- vol t  c i r cui t s and bel ow:   t he same t ype as 
cont r ol  wi r i ng wi t h No.  12 AWG mi ni mum si ze.

f .   Pr ovi de wi r i ng and t er mi nal  ar r angement  on t he t er mi nal  bl ocks t o 
per mi t  t he i ndi v i dual  conduct or s of  each ext er nal  cabl e t o be 
t er mi nat ed on adj acent  t er mi nal  poi nt s.

2. 17. 2   Cont r ol  Ci r cui t  Ter mi nal  Bl ocks

Pr ovi de cont r ol  c i r cui t  t er mi nal  bl ocks i n accor dance wi t h t he f ol l owi ng:

a.   NEMA I CS 4.

b.   Cont r ol  c i r cui t  t er mi nal  bl ocks f or  cont r ol  wi r i ng:   mol ded or  
f abr i cat ed t ype wi t h bar r i er s,  r at ed not  l ess t han 600 vol t s.

c.   Pr ovi de t er mi nal s wi t h r emovabl e bi ndi ng,  f i l l i s t er  or  washer  head 
scr ew t ype,  or  of  t he st ud t ype wi t h cont act  and l ocki ng nut s.

d.   Ter mi nal s:   not  l ess t han No.  10 i n s i ze wi t h suf f i c i ent  l engt h and 
space f or  connect i ng at  l east  t wo i ndent ed t er mi nal s f or  10 AWG 
conduct or s t o each t er mi nal .

e.   Ter mi nal  ar r angement :   subj ect  t o t he appr oval  of  t he Cont r act i ng 
Of f i cer  wi t h not  l ess t han f our  spar e t er mi nal s or  10 per cent ,  
whi chever  i s gr eat er ,  pr ovi ded on each bl ock or  gr oup of  bl ocks.

f .   Modul ar ,  pul l  apar t ,  t er mi nal  bl ocks ar e accept abl e pr ovi ded t hey ar e 
of  t he channel  or  r ai l - mount ed t ype.

g.   Submi t  dat a showi ng t hat  any pr oposed al t er nat e wi l l  accommodat e t he 
speci f i ed number  of  wi r es,  ar e of  adequat e cur r ent - car r y i ng capaci t y,  
and ar e const r uct ed t o assur e posi t i ve cont act  bet ween 
cur r ent - car r y i ng par t s.

2. 17. 2. 1   Types of  Ter mi nal  Bl ocks

a.   Shor t - Ci r cui t i ng Type:   Shor t - c i r cui t i ng t ype t er mi nal  bl ocks:   
f ur ni shed f or  al l  cur r ent  t r ansf or mer  secondar y l eads wi t h pr ovi s i on 
f or  shor t i ng t oget her  al l  l eads f r om each cur r ent  t r ansf or mer  wi t hout  
f i r st  openi ng any ci r cui t .   Ter mi nal  bl ocks:   compl y wi t h t he 
r equi r ement s of  par agr aph CONTROL CI RCUI T TERMI NAL BLOCKS above.

b.   Load Type:   Load t er mi nal  bl ocks r at ed not  l ess t han 600 vol t s and of  
adequat e capaci t y:   pr ovi ded f or  t he conduct or s f or  NEMA Si ze 3 and 
smal l er  mot or  cont r ol l er s and f or  ot her  power  c i r cui t s,  except  t hose 
f or  f eeder  t ap uni t s.   Pr ovi de t er mi nal s of  ei t her  t he st ud t ype wi t h 
cont act  nut s and l ocki ng nut s or  of  t he r emovabl e scr ew t ype,  havi ng 
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l engt h and space f or  at  l east  t wo i ndent ed t er mi nal s of  t he s i ze 
r equi r ed on t he conduct or s t o be t er mi nat ed.   For  conduct or s r at ed 
mor e t han 50 amper es,  pr ovi de scr ews wi t h hexagonal  heads.   Conduct i ng 
par t s bet ween connect ed t er mi nal s must  have adequat e cont act  sur f ace 
and cr oss- sect i on t o oper at e wi t hout  over heat i ng.   Pr ovi de each 
connect ed t er mi nal  wi t h t he c i r cui t  desi gnat i on or  wi r e number  pl aced 
on or  near  t he t er mi nal  i n per manent  cont r ast i ng col or .

2. 17. 3   Cont r ol  Ci r cui t s

Cont r ol  c i r cui t s:   maxi mum vol t age of  120 vol t s der i ved f r om cont r ol  
t r ansf or mer  i n same encl osur e.   Tr ansf or mer s:   conf or m t o UL 506,  as 
appl i cabl e.   Tr ansf or mer s,  ot her  t han t r ansf or mer s i n br i dge ci r cui t s:   
pr ovi de pr i mar i es wound f or  vol t age avai l abl e and secondar i es wound f or  
cor r ect  cont r ol  c i r cui t  vol t age.   Si ze t r ansf or mer s so t hat  80 per cent  of  
r at ed capaci t y equal s connect ed l oad.   Pr ovi de di sconnect  swi t ch on 
pr i mar y s i de.   Pr ovi de f uses i n each ungr ounded pr i mar y f eeder .   Pr ovi de 
one f used secondar y l ead wi t h t he ot her  l ead gr ounded.

2. 17. 4   Encl osur es f or  Mot or  Cont r ol l er s

NEMA I CS 6.

2. 17. 5   Mul t i pl e- Speed Mot or  Cont r ol l er s and Rever si bl e Mot or  Cont r ol l er s

Acr oss- t he- l i ne- t ype,  el ect r i cal l y and mechani cal l y i nt er l ocked.   
Mul t i pl e- speed cont r ol l er s:   i ncl ude compel l i ng r el ays and 
mul t i pl e- but t on,  st at i on- t ype wi t h pi l ot  l i ght s f or  each speed.

2. 17. 6   Pushbut t on St at i ons

Pr ovi de wi t h " st ar t / st op"  moment ar y cont act s havi ng one nor mal l y open and 
one nor mal l y c l osed set  of  cont act s,  and r ed l i ght s t o i ndi cat e when mot or  
i s r unni ng.   St at i ons:   heavy dut y,  oi l - t i ght  desi gn.

2. 17. 7   Pi l ot  and I ndi cat i ng Li ght s

Pr ovi de LED cl ust er  l amps.

2. 18   MANUAL MOTOR STARTERS ( MOTOR RATED SWI TCHES)

Si ngl e pol e desi gned f or  f l ush mount i ng wi t h over l oad pr ot ect i on and pi l ot  
l i ght s.

2. 18. 1   Pi l ot  Li ght s

Pr ovi de yoke- mount ed,  seven el ement  LED cl ust er  l i ght  modul e.   Col or :  r ed 
i n accor dance wi t h NEMA I CS 2.

2. 19   LOCKOUT REQUI REMENTS

Pr ovi de ci r cui t  br eaker s,  di sconnect i ng means,  and ot her  devi ces t hat  ar e 
el ect r i cal  ener gy- i sol at i ng capabl e of  bei ng l ocked out  f or  machi nes and 
ot her  equi pment  t o pr event  unexpect ed st ar t up or  r el ease of  st or ed ener gy 
i n accor dance wi t h 29 CFR 1910. 147,  NFPA 70E and 29 CFR 1910. 303.   Compl y 
wi t h r equi r ement s of  Di v i s i on 23,  " Mechani cal "  f or  mechani cal  i sol at i on of  
machi nes and ot her  equi pment .
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2. 20   TELECOMMUNI CATI ONS SYSTEM

Pr ovi de syst em of  t el ecommuni cat i ons wi r e- suppor t i ng st r uct ur es ( pat hway) ,  
i ncl udi ng:  out l et  boxes,  condui t s wi t h pul l  wi r es cabl e t r ays,  and ot her  
accessor i es f or  t el ecommuni cat i ons out l et s and pat hway i n accor dance wi t h 
TI A- 569 and as speci f i ed her ei n

2. 21   COMMUNI TY ANTENNA TELEVI SI ON ( CATV)  SYSTEM

2. 21. 1   CATV Out l et s

Pr ovi de f l ush mount ed,  75- ohm,  F- t ype connect or  out l et  r at ed f r om 5 t o 
1000 MHz i n st andar d el ect r i cal  out l et  boxes wi t h mount i ng f r ame.

2. 21. 2   CATV Facepl at es

Pr ovi de modul ar  f acepl at es f or  mount i ng of  CATV Out l et s.   Facepl at e 
col or :   mat ch out l et  and swi t ch cover pl at es.

2. 21. 3   Backboar ds

Pr ovi de voi d- f r ee,  f i r e r at ed i nt er i or  gr ade pl ywood,  3/ 4 i nch t hi ck,  4 by 
8 f eet .   Do not  cover  t he f i r e st amp on t he backboar d.

2. 22   GROUNDI NG AND BONDI NG EQUI PMENT

2. 22. 1   Gr ound Rods

UL 467.   Gr ound r ods:   cone poi nt ed copper - c l ad st eel ,  wi t h mi ni mum 
di amet er  of  3/ 4 i nch and mi ni mum l engt h 10 f eet .   Sect i onal  t ype r ods may 
be used f or  r ods 20 f eet  or  l onger .

2. 22. 2   Gr ound Bus

Copper  gr ound bus:   pr ovi ded i n t he el ect r i cal  equi pment  r ooms as 
i ndi cat ed.

2. 22. 3   Secondar y Bondi ng Busbar

Pr ovi de cor r osi on- r esi st ant  gr oundi ng busbar  sui t abl e f or  i ndoor  
i nst al l at i on i n accor dance wi t h TI A- 607.   Busbar s:   pl at ed f or  r educed 
cont act  r esi st ance.   I f  not  pl at ed,  c l ean t he busbar  pr i or  t o f ast eni ng 
t he conduct or s t o t he busbar  and appl y an ant i - oxi dant  t o t he cont act  ar ea 
t o cont r ol  cor r osi on and r educe cont act  r esi st ance.   Pr ovi de a Pr i mar y 
bondi ng busbar  ( PBB)  i n t he t el ecommuni cat i ons ent r ance f aci l i t y .   The 
Pr i mar y bondi ng busbar  ( PBB) :   s i zed i n accor dance wi t h t he i mmedi at e 
appl i cat i on r equi r ement s and wi t h consi der at i on of  f ut ur e gr owt h.   Pr ovi de 
Secondar y bondi ng busbar s wi t h t he f ol l owi ng:

a.   Pr edr i l l ed copper  busbar  pr ovi ded wi t h hol es f or  use wi t h st andar d 
s i zed l ugs,

b.   Mi ni mum di mensi ons of  0. 25 i n t hi ck by 4 i n wi de f or  t he PBB wi t h 
l engt h as i ndi cat ed;

c.   Li st ed by a nat i onal l y r ecogni zed t est i ng l abor at or y.
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2. 23   HAZARDOUS LOCATI ONS

El ect r i cal  mat er i al s,  equi pment ,  and devi ces f or  i nst al l at i on i n hazar dous 
l ocat i ons,  as def i ned by NFPA 70:   speci f i cal l y appr oved by Under wr i t er s '  
Labor at or i es,  I nc. ,  or  Fact or y Mut ual  f or  par t i cul ar  " Cl ass, "  " Di v i s i on, "  
and " Gr oup"  of  hazar dous l ocat i ons i nvol ved.   Boundar i es and 
cl assi f i cat i ons of  hazar dous l ocat i ons:   as i ndi cat ed.   Equi pment  i n 
hazar dous l ocat i ons:   compl y wi t h UL 1203 f or  el ect r i cal  equi pment  and 
i ndust r i al  cont r ol s and UL 674 f or  mot or s.

2. 24   MANUFACTURER' S NAMEPLATE

Pr ovi de on each i t em of  equi pment  a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

2. 25   FI ELD FABRI CATED NAMEPLATES

Pr ovi de f i el d f abr i cat ed namepl at es i n accor dance wi t h t he f ol l owi ng:

a.   ASTM D709.

b.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each equi pment  encl osur e,  
r el ay,  swi t ch,  and devi ce;  as speci f i ed or  as i ndi cat ed on t he 
dr awi ngs.

c.   Each namepl at e i nscr i pt i on:   i dent i f y t he f unct i on and,  when 
appl i cabl e,  t he posi t i on.

d.   Namepl at es:   mel ami ne pl ast i c,  0. 125 i nch t hi ck,  whi t e wi t h bl ack  
cent er  cor e.

e.   Sur f ace:   mat t e f i ni sh.   Cor ner s:   squar e.   Accur at el y al i gn l et t er i ng 
and engr ave i nt o t he cor e.

f .   Mi ni mum si ze of  namepl at es:   one by 2. 5 i nches.

g.   Let t er i ng s i ze and st y l e:   a mi ni mum of  0. 25 i nch hi gh nor mal  bl ock 
st y l e.

2. 26   WARNI NG SI GNS

Pr ovi de war ni ng si gns f or  f l ash pr ot ect i on i n accor dance wi t h NFPA 70E and 
NEMA Z535. 4 f or  swi t chboar ds,  panel boar ds,  i ndust r i al  cont r ol  panel s,  and 
mot or  cont r ol  cent er s t hat  ar e i n ot her  t han dwel l i ng occupanci es and ar e 
l i kel y t o r equi r e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  mai nt enance whi l e 
ener gi zed.   Pr ovi de f i el d i nst al l ed s i gns t o war n qual i f i ed per sons of  
pot ent i al  el ect r i c ar c f l ash hazar ds when war ni ng si gns ar e not  pr ovi ded 
by t he manuf act ur er .   Pr ovi de mar ki ng t hat  i s c l ear l y v i s i bl e t o qual i f i ed 
per sons bef or e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  mai nt enance of  t he 
equi pment .

2. 27   FI RESTOPPI NG MATERI ALS

Pr ovi de f i r est oppi ng ar ound el ect r i cal  penet r at i ons i n accor dance wi t h 
Sect i on 07 84 00 FI RESTOPPI NG.
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2. 28   WI REWAYS

UL 870.   Mat er i al :   st eel  epoxy pai nt ed 16 gauge f or  hei ght s and dept hs up 
t o 6 by 6 i nches,  and 14 gauge f or  hei ght s and dept hs up t o 12 by 12 i nches.   
Pr ovi de i n l engt h r equi r ed f or  t he appl i cat i on wi t h hi nged-  cover  NEMA 1 
encl osur e per  NEMA I CS 6.

2. 29   METERI NG

Pr ovi de t he st andar d Col umbus AFB ( CAFB) ,  Advanced Met er  Readi ng Syst em 
( AMRS)  equi pment  and component s.   The uni t s shal l  meet  ANSI  C12. 1,  consi st  
of  a base and met er  assembl y mount ed as i ndi cat ed on t he out si de of  t he 
pad- mount ed t r ansf or mer  encl osur e.   When shown on t he pad- mount ed 
t r ansf or mer  housi ng,  coor di nat e wi t h t he ut i l i t y  t o make t he i nst al l at i on 
compat i bl e wi t h t hei r  t r ansf or mer  and i nst al l at i on.

Fur ni sh and pr ovi de t he pr oper  s i ze cur r ent  t r ansf or mer s wi t h r at i os t o 
f aci l i t at e pr oper  r eadi ng of  t he t r ansf or mer  power  del i ver y and cont r ol  
wi r i ng connect i ons t o t he met er  base and met er .

The assembl y shal l  be mount ed l ockabl e NEMA 4 encl osur e wi t h pr oper  
suppor t  and ei t her  r ead ut i l i zat i on vol t age or  pr ovi de pot ent i al  
t r ansf or mer s as needed.   I nsul at i on pi er ci ng connect or s ar e not  an 
appr oved met hod and ener gi zed el ect r i cal  wor k wi l l  not  be per mi t t ed.   Al l  
new wat er  and gas met er s ar e t o be connect ed t o t he el ect r i cal  met er  v i a 
pul se wi r i ng.   A f ut ur e pr oj ect  wi l l  pr ovi de t he pr oper  CAT6 
communi cat i ons wi r i ng t o consol i dat e t he dat a f r om t he el ect r i cal  met er .   
CAFB base pr ef er ence i s t he I ON 8650 f r om t he l i s t  bel ow.   New el ect r i c 
met er s must  have I / O boar ds capabl e of  accept i ng at  l east  t hr ee separ at e 
pul se i nput s f r om gas and wat er .   Met er s and shal l  have t wo i nt er nal  
r egi st er s conf i gur ed -  one f or  a r aw pul se count  and one f or  a wei ght ed 
pul se count  based on t he scal i ng of  t he connect ed gas or  wat er  met er .

2. 29. 1   Met er  Requi r ement s

The AMRS Compl i ant  El ect r i c Met er  shal l  meet  Depar t ment  of  Def ense 
cyber secur i t y i n addi t i on t o t he f ol l owi ng r equi r ement s:

El ect r i c met er s shal l  meet  or  exceed t he ANSI  C12. 20- 2015,  0. 2 
accur acy c l ass st andar d,  wi t h onboar d memor y et her net  communi cat i ons,  
10/ 100 base wi t h RJ45 connect or  or  r ecept acl e.   A Modbus/ TCP 
communi cat i on pr ot ocol  i s  r equi r ed wi t h f r ont  di spl ay and abi l i t y  t o 
di spl ay al l  measur ed val ues,  mi ni mum of  one ( 1)  ext er nal  RS485 ser i al  
communi cat i ons por t  and mi ni mum of  t wo i nput s t hat  shal l  count  pul ses 
f r om ot her  devi ces.  

Cur r ent  t r ansf or mer s ( CTs)  shal l  meet  or  exceed t he accur acy c l ass of  
t hei r  associ at ed el ect r i cal  met er  and be i nst al l ed t o r ead cur r ent  
f r om al l  out goi ng conduct or s.   New met er  i nst al l at i ons shal l  i ncl ude 
t he i nst al l at i on of  new,  pr oper l y s i zed,  spl i t  or  sol i d cor e CTs.   
Accur at e s i z i ng of  t he new CTs i s t he r esponsi bi l i t y  of  t he 
cont r act or .  

I f  t he el ect r i c met er  does not  have t he f ol l owi ng capabi l i t i es on- boar d,  
addi t i onal  modul es or  devi ces l i s t ed shal l  be r equi r ed wi t hi n t he el ect r i c 
met er  encl osur e such as st and- al one st ep- down t r ansf or mer  compat i bl e wi t h 
t he syst em vol t age t hat  i s bei ng moni t or ed,  st and- al one DC power  suppl y 
f or  ext er nal  devi ces and i nput / out put  t er mi nal  bl ocks.
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Met er  encl osur es shal l  i ncl ude f used,  f i nger  saf e vol t age di sconnect s and 
CT shor t i ng bl ocks.   I nst r uct i ons expl ai ni ng how t o oper at e t he CT 
shor t i ng bl ocks must  be vi s i bl e i nsi de each met er  encl osur e.   The met er  
must  not  r equi r e ut i l i t y  out ages f or  ser vi c i ng.   Met er s shal l  have cont r ol  
power  r egar dl ess of  any br eaker  posi t i on.

2. 29. 2   AMRS Compl i ant  Met er  Li st

The f ol l owi ng l i s t  of  met er s wer e eval uat ed,  meet  t he AMRS met er  
speci f i cat i on and shal l  f unct i on wi t hi n t he AMRS pl at f or m.   Al l  net wor ked 
devi ces,  t hei r  i nt egr at ed f i r mwar e and sof t war e wi l l  be appr oved by t he 
PMO f or  use i n t he AMRS.   PMO appr oval  i s  cont i ngent  upon 
t he devi ce,  i n i t s f i el ded conf i gur at i on,  passi ng USAF cyber  and AMRS 
compat i bi l i t y  t est i ng.

Schnei der  El ect r i c PM8000  
Schnei der  El ect r i c I ON 8650 
Schnei der  El ect r i c I ON 9000 
Schnei der  El ect r i c I ON 9000T 
Si emens 9410 
Si emens 9810 
Schnei der  El ect r i c PM5560 ( cur r ent l y connect ed t o AMRS onl y,  no new 
i nst al l s)  
Schnei der  El ect r i c I ON 8600 ( cur r ent l y connect ed t o AMRS onl y,  no new 
i nst al l s i nst al l s)  
El ect r o I ndust r i es Nexus 1272 ( cur r ent l y connect ed t o AMRS onl y,  no 
new i nst al l s)  
El ect r o I ndust r i es Nexus 1262 ( cur r ent l y connect ed t o AMRS onl y,  no 
new i nst al l s)  
Schnei der  El ect r i c PM800 ( cur r ent l y connect ed t o AMRS onl y,  no new 
i nst al l s)  
Ver i s Hawkeye 8100 ser i es ( cur r ent l y connect ed t o AMRS onl y,  no new 
i nst al l s)   

2. 29. 3   Met er  I nst al l at i on Gui del i nes

I f  cur r ent  t r ansf or mer  ( CT)  i nst al l at i on met hod i ncl udes di st ur bi ng t he 
bonds of  exi st i ng or  al r eady i nst al l ed cabl es or  wi r i ng wi t hi n t he gear ,  
bef or e and af t er  I R scans shal l  be per f or med bef or e r emovi ng and af t er  
t or qui ng t he connect i ons t o ensur e t he i nt egr i t y of  t he conduct or  bonds.

Sur ge pr ot ect i on i s r equi r ed on al l  communi cat i on cabl i ng ext endi ng f r om 
t he ext er i or  t o t he i nt er i or  of  a f aci l i t y .   Thi s i ncl udes gas and wat er  
met er  communi cat i on cabl es f r om t he ext er i or  t o t he i nt er i or  of  t he 
bui l di ng.   Sur ge pr ot ect i on devi ces shal l  be Power  over  Et her net  
compat i bl e and housed wi t hi n a l ockabl e encl osur e t hat  al l ows space f or  a 
pr oper  cabl e bend r adi us.

2. 30   SURGE PROTECTI VE DEVI CES

Pr ovi de par al l el  t ype sur ge pr ot ect i ve devi ces ( SPD)  whi ch compl y wi t h 
UL 1449 at  t he ser vi ce ent r ance and syst ems not ed.   Pr ovi de sur ge 
pr ot ect or s i n a NEMA 1 encl osur e per  NEMA I CS 6.   SPD must  have t he same 
shor t - c i r cui t  cur r ent  r at i ng as t he pr ot ect ed equi pment  and must  not  be 
i nst al l ed at  a poi nt  of  syst em wher e t he avai l abl e f aul t  cur r ent  i s i n 
excess of  t hat  r at i ng.   Use Type 1 or  Type 2 SPD and connect  on t he l oad 
si de of  a dedi cat ed ci r cui t  br eaker .   Submi t  per f or mance and 
char act er i st i c cur ves.
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Pr ovi de t he f ol l owi ng modes of  pr ot ect i on:

FOR SI NGLE PHASE AND THREE PHASE WYE CONNECTED SYSTEMS-
Phase t o phase (  L- L )
Each phase t o neut r al  (  L- N )
Neut r al  t o gr ound (  N- G )
Phase t o gr ound (  L- G )

SPDs at  t he ser vi ce ent r ance:   pr ovi de wi t h a mi ni mum sur ge cur r ent  r at i ng 
of  80, 000 amper es f or  L- L mode mi ni mum and 40, 000 amper es f or  ot her  modes 
( L- N,  L- G,  and N- G)  and downst r eam SPDs r at ed 40, 000 amper es f or  L- L mode 
mi ni mum and 20, 000 amper es f or  ot her  modes ( L- N,  L- G,  and N- G) .

Pr ovi de SPDs per  NFPA 780 f or  t he l i ght ni ng pr ot ect i on syst em.

Maxi mum L- N,  and N- G Vol t age Pr ot ect i on Rat i ng:

600V f or  208Y/ 120V,  t hr ee phase syst em
1, 200V f or  480Y/ 277V,  t hr ee phase syst em

Maxi mum L- G Pr ot ect i on Rat i ng:

700V f or  208Y/ 120V,  t hr ee phase syst em
1, 200V f or  480Y/ 277V,  t hr ee phase syst em

Maxi mum L- L Vol t age Pr ot ect i on Rat i ng:

1, 200V f or  208Y/ 120V,  t hr ee phase syst em
1, 800V f or  480Y/ 277V,  t hr ee phase syst em

The mi ni mum MCOV ( Maxi mum Cont i nuous Oper at i ng Vol t age)  r at i ng f or  L- N and 
L- G modes of  oper at i on:   120 per cent  of  nomi nal  vol t age f or  240 vol t s and 
bel ow;  115 per cent  of  nomi nal  vol t age above 240 vol t s t o 480 vol t s.

Pr ovi de EMI / RFI  f i l t er i ng per  UL 1283 f or  each mode wi t h t he capabi l i t y  t o 
at t enuat e hi gh f r equency noi se.   Mi ni mum at t enuat i on:   20db.

2. 31   FACTORY APPLI ED FI NI SH

Pr ovi de f act or y- appl i ed f i ni sh on el ect r i cal  equi pment  i n accor dance wi t h 
t he f ol l owi ng:

a.   NEMA 250 cor r osi on- r esi st ance t est  and t he addi t i onal  r equi r ement s as 
speci f i ed her ei n.

b.   I nt er i or  and ext er i or  st eel  sur f aces of  equi pment  encl osur es:   
t hor oughl y c l eaned f ol l owed by a r ust - i nhi bi t i ve phosphat i z i ng or  
equi val ent  t r eat ment  pr i or  t o pai nt i ng.

c.   Ext er i or  sur f aces:   f r ee f r om hol es,  seams,  dent s,  wel d mar ks,  l oose 
scal e or  ot her  i mper f ect i ons.

d.   I nt er i or  sur f aces:   r ecei ve not  l ess t han one coat  of  
cor r osi on- r esi st i ng pai nt  i n accor dance wi t h t he manuf act ur er ' s 
st andar d pr act i ce.

e.   Ext er i or  sur f aces:   pr i med,  f i l l ed wher e necessar y,  and gi ven not  l ess 
t han t wo coat s baked enamel  wi t h semi gl oss f i ni sh.
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f .   Equi pment  l ocat ed i ndoor s:   ANSI  Li ght  Gr ay,  and equi pment  l ocat ed 
out door s:   ANSI  Li ght  Gr ay.

g.   Pr ovi de manuf act ur er ' s coat i ngs f or  t ouch- up wor k and as speci f i ed i n 
par agr aph FI ELD APPLI ED PAI NTI NG.

2. 32   SOURCE QUALI TY CONTROL

2. 32. 1   Tr ansf or mer  Fact or y Test s

Submi t t al :   i ncl ude r out i ne NEMA ST 20 t r ansf or mer  t est  r esul t s on each 
t r ansf or mer  and al so pr ovi de t he r esul t s of  NEMA " desi gn"  and " pr ot ot ype"  
t est s t hat  wer e made on t r ansf or mer s el ect r i cal l y and mechani cal l y equal  
t o t hose speci f i ed.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

El ect r i cal  i nst al l at i ons,  i ncl udi ng weat her pr oof  and hazar dous l ocat i ons 
and duct s,  pl enums and ot her  ai r - handl i ng spaces:   conf or m t o r equi r ement s 
of  NFPA 70 and I EEE C2 and t o r equi r ement s speci f i ed her ei n.

3. 1. 1   Under gr ound Ser vi ce

Under gr ound ser vi ce conduct or s and associ at ed condui t :   cont i nuous f r om 
ser vi ce ent r ance equi pment  t o l ocal  ut i l i t y  company out door  power  syst em 
connect i on pad mount ed t r ansf or mer .

3. 1. 2   Hazar dous Locat i ons

Per f or m wor k i n hazar dous l ocat i ons,  as def i ned by NFPA 70,  i n st r i ct  
accor dance wi t h NFPA 70 f or  par t i cul ar  " Cl ass, "  " Di v i s i on, "  and " Gr oup"  of  
hazar dous l ocat i ons i nvol ved.   Pr ovi de condui t  and cabl e seal s wher e 
r equi r ed by NFPA 70.   Pr ovi de condui t  wi t h t aper ed t hr eads.

3. 1. 3   Ser vi ce Ent r ance I dent i f i cat i on

Ser vi ce ent r ance di sconnect  devi ces,  swi t ches,  and encl osur es:   l abel ed 
and i dent i f i ed as such.

3. 1. 3. 1   Label s

Wher ever  wor k r esul t s i n ser vi ce ent r ance di sconnect  devi ces i n mor e t han 
one encl osur e,  as per mi t t ed by NFPA 70,  l abel  each encl osur e,  new and 
exi st i ng,  as one of  sever al  encl osur es cont ai ni ng ser vi ce ent r ance 
di sconnect  devi ces.   Label ,  at  mi ni mum:   i ndi cat e number  of  ser vi ce 
di sconnect  devi ces housed by encl osur e and i ndi cat e t ot al  number  of  
encl osur es t hat  cont ai n ser vi ce di sconnect  devi ces.   Pr ovi de l ami nat ed 
pl ast i c l abel s conf or mi ng t o par agr aph FI ELD FABRI CATED NAMEPLATES.   Use 
l et t er i ng of  at  l east  0. 25 i nch i n hei ght ,  and engr ave on bl ack- on- whi t e 
mat t e f i ni sh.   Ser vi ce ent r ance di sconnect  devi ces i n mor e t han one 
encl osur e:   pr ovi ded onl y as per mi t t ed by NFPA 70.

3. 1. 4   Wi r i ng Met hods

Pr ovi de i nsul at ed conduct or s i nst al l ed i n r i gi d st eel  condui t ,  I MC,  r i gi d 
nonmet al l i c  condui t ,  or  EMT,  except  wher e speci f i cal l y i ndi cat ed or  
speci f i ed ot her wi se or  r equi r ed by NFPA 70 t o be i nst al l ed ot her wi se.   
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Gr oundi ng conduct or :   separ at e f r om el ect r i cal  syst em neut r al  conduct or .   
Pr ovi de i nsul at ed gr een equi pment  gr oundi ng conduct or  f or  c i r cui t ( s)  
i nst al l ed i n condui t  and r aceways.   Mi ni mum condui t  s i ze:   1/ 2 i nch i n 
di amet er  f or  l ow vol t age l i ght i ng and power  c i r cui t s.   Ver t i cal  
di st r i but i on i n mul t i pl e st or y bui l di ngs:   made wi t h met al  condui t  i n 
f i r e- r at ed shaf t s,  wi t h met al  condui t  ext endi ng t hr ough shaf t s f or  mi ni mum 
di st ance of  6 i nches.   Fi r est op condui t  whi ch penet r at es f i r e- r at ed wal l s,  
f i r e- r at ed par t i t i ons,  or  f i r e- r at ed f l oor s i n accor dance wi t h Sect i on 
07 84 00 FI RESTOPPI NG.

3. 1. 4. 1   Pul l  Wi r e

I nst al l  pul l  wi r es i n empt y condui t s.   Pul l  wi r e:   pl ast i c havi ng mi ni mum 
200- pound f or ce t ensi l e st r engt h.   Leave mi ni mum 36 i nches of  s l ack at  
each end of  pul l  wi r e.

3. 1. 5   Condui t  I nst al l at i on

Unl ess i ndi cat ed ot her wi se,  conceal  condui t  under  f l oor  s l abs and wi t hi n 
f i ni shed wal l s,  cei l i ngs,  and f l oor s.   Keep condui t  mi ni mum 6 i nches away 
f r om par al l el  r uns of  f l ues and st eam or  hot  wat er  pi pes.   I nst al l  condui t  
par al l el  wi t h or  at  r i ght  angl es t o cei l i ngs,  wal l s,  and st r uct ur al  
member s wher e l ocat ed above accessi bl e cei l i ngs and wher e condui t  wi l l  be 
v i s i bl e af t er  compl et i on of  pr oj ect .

3. 1. 5. 1   Rest r i ct i ons Appl i cabl e t o Al umi num Condui t

a.   Do not  use f or  t hi s pr oj ect .

3. 1. 5. 2   Rest r i ct i ons Appl i cabl e t o EMT

a.   Do not  i nst al l  under gr ound.

b.   Do not  encase i n concr et e,  mor t ar ,  gr out ,  or  ot her  cement i t i ous 
mat er i al s.

c.   Do not  use i n ar eas subj ect  t o physi cal  damage i ncl udi ng but  not  
l i mi t ed t o equi pment  r ooms wher e movi ng or  r epl aci ng equi pment  coul d 
physi cal l y damage t he EMT.

d.   Do not  use i n hazar dous ar eas.

e.   Do not  use out door s.

f .   Do not  use i n f i r e pump r ooms.

g.   Do not  use when t he encl osed conduct or s must  be shi el ded f r om t he 
ef f ect s of  Hi gh- al t i t ude El ect r omagnet i c Pul se ( HEMP) .

3. 1. 5. 3   Rest r i ct i ons Appl i cabl e t o Nonmet al l i c  Condui t

a.   PVC Schedul e 40.

( 1)  Do not  use wher e subj ect  t o physi cal  damage,  i ncl udi ng but  not  
l i mi t ed t o,  mechani cal  equi pment  r ooms,  el ect r i cal  equi pment  
r ooms,  f i r e pump r ooms,  and wher e r est r i ct i ons ar e appl y i ng t o 
bot h PVC Schedul e 40 and PVC Schedul e 80.

( 2)  Do not  use above gr ade,  except  wher e al l owed i n t hi s sect i on f or  
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r i s i ng t hr ough f l oor  s l ab or  i ndi cat ed ot her wi se.  

b.   PVC Schedul e 40 and Schedul e 80.  

( 1)  Do not  use wher e subj ect  t o physi cal  damage,  i ncl udi ng but  not  
l i mi t ed t o,  hospi t al s,  power  pl ant ,  mi ssi l e magazi nes,  and ot her  
such ar eas.

( 2)  Do not  use i n hazar dous ( c l assi f i ed)  ar eas.

( 3)  Do not  use i n penet r at i ng f i r e- r at ed wal l s or  par t i t i ons,  or  
f i r e- r at ed f l oor s.

-
3. 1. 5. 4   Rest r i ct i ons Appl i cabl e t o Fl exi bl e Condui t

Use onl y as speci f i ed i n par agr aph FLEXI BLE CONNECTI ONS.   Do not  use when 
t he encl osed conduct or s must  be shi el ded f r om t he ef f ect s of  Hi gh- al t i t ude 
El ect r omagnet i c Pul se ( HEMP) .

3. 1. 5. 5   Under gr ound Condui t  ot her  t han Ser vi ce Ent r ance

Pl ast i c- coat ed r i gi d st eel ;  pl ast i c- coat ed st eel  I MC;  PVC,  Type EPC- 40.   
Conver t  nonmet al l i c  condui t ,  ot her  t han PVC Schedul e 40 or  80,  t o 
pl ast i c- coat ed r i gi d,  or  I MC,  st eel  condui t  bef or e r i s i ng t hr ough f l oor  
s l ab.   Pl ast i c coat i ng:   ext end mi ni mum 6 i nches above f l oor .

3. 1. 5. 6   Ser vi ce Ent r ance Condui t  -  Under gr ound

PVC,  t ype EPC- 40 gal vani zed r i gi d st eel  or  st eel  I MC.   Under gr ound por t i on 
shal l  be encased i n a mi ni mum of  3 i nches of  concr et e and shal l  be 
i nst al l ed at  a mi ni mum of  18 i nches bel ow sl ab or  gr ade.

3. 1. 5. 7   Condui t  I nst al l ed Under  Fl oor  Sl abs

Condui t  r un under  f l oor  s l ab:   l ocat ed a mi ni mum of  12 i nches bel ow t he 
vapor  bar r i er .   Seal  ar ound condui t s at  penet r at i ons t hr u vapor  bar r i er .   
Use NECA NEI S 1 Tabl e 2a ( Mi ni mum Raceway Spaci ng)  t o det er mi ne under  
f l oor  s l ab condui t  spaci ng unl ess gr eat er  spaci ng i s r equi r ed el sewher e i n 
t hi s sect i on.

3. 1. 5. 8   St ub- Ups

Pr ovi de condui t s st ubbed up t hr ough concr et e f l oor  f or  connect i on t o 
f r ee- st andi ng equi pment  wi t h adj ust abl e t op or  coupl i ng t hr eaded i nsi de 
f or  pl ugs,  set  f l ush wi t h f i ni shed f l oor .   Ext end conduct or s t o equi pment  
i n r i gi d st eel  condui t ,  except  t hat  f l exi bl e met al  condui t  may be used 6 
i nches above f l oor .   Wher e no equi pment  connect i ons ar e made,  i nst al l  
scr ewdr i ver - oper at ed t hr eaded f l ush pl ugs i n condui t  end.

3. 1. 5. 9   Condui t  Suppor t

Suppor t  condui t  by pi pe st r aps,  wal l  br acket s,  t hr eaded r od condui t  
hanger s,  or  cei l i ng t r apeze.   Pl ast i c cabl e t i es ar e not  accept abl e.   
Fast en by wood scr ews t o wood;  by t oggl e bol t s on hol l ow masonr y uni t s;  by 
concr et e i nser t s or  expansi on bol t s on concr et e or  br i ck;  and by machi ne 
scr ews,  wel ded t hr eaded st uds,  or  spr i ng- t ensi on cl amps on st eel  wor k.   
Thr eaded C- cl amps may be used on r i gi d st eel  condui t  onl y.   Do not  wel d 
condui t s or  pi pe st r aps t o st eel  st r uct ur es.   Do not  exceed one- f our t h 
pr oof  t est  l oad f or  l oad appl i ed t o f ast ener s.   Pr ovi de vi br at i on 
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r esi st ant  and shock- r esi st ant  f ast ener s at t ached t o concr et e cei l i ng.   Do 
not  cut  mai n r ei nf or ci ng bar s f or  any hol es cut  t o dept h of  mor e t han 1 
1/ 2 i nches i n r ei nf or ced concr et e beams or  t o dept h of  mor e t han 3/ 4 i nch 
i n concr et e j oi nt s.   Fi l l  unused hol es.   I n par t i t i ons of  l i ght  st eel  
const r uct i on,  use sheet  met al  scr ews.   I n suspended- cei l i ng const r uct i on,  
r un condui t  above cei l i ng.   Do not  suppor t  condui t  by cei l i ng suppor t  
syst em.   Condui t  and box syst ems:   suppor t ed i ndependent l y of  bot h ( a)  t i e 
wi r es suppor t i ng cei l i ng gr i d syst em,  and ( b)  cei l i ng gr i d syst em i nt o 
whi ch cei l i ng panel s ar e pl aced.   Do not  shar e suppor t i ng means bet ween 
el ect r i cal  r aceways and mechani cal  pi pi ng or  duct s.   Coor di nat e 
i nst al l at i on wi t h above- cei l i ng mechani cal  syst ems t o assur e maxi mum 
accessi bi l i t y  t o al l  syst ems.   Spr i ng- st eel  f ast ener s may be used f or  
l i ght i ng br anch ci r cui t  condui t  suppor t s i n suspended cei l i ngs i n dr y 
l ocat i ons.   Wher e condui t  cr osses bui l di ng expansi on j oi nt s,  pr ovi de 
sui t abl e expansi on f i t t i ng t hat  mai nt ai ns condui t  el ect r i cal  cont i nui t y by 
bondi ng j umper s or  ot her  means.   For  condui t s gr eat er  t han 2 1/ 2 i nches 
i nsi de di amet er ,  pr ovi de suppor t s t o r esi st  f or ces of  0. 5 t i mes t he 
equi pment  wei ght  i n any di r ect i on and 1. 5 t i mes t he equi pment  wei ght  i n 
t he downwar d di r ect i on.

3. 1. 5. 10   Di r ect i onal  Changes i n Condui t  Runs

Make changes i n di r ect i on of  r uns wi t h symmet r i cal  bends or  cast - met al  
f i t t i ngs.   Make f i el d- made bends and of f set s wi t h hi ckey or  
condui t - bendi ng machi ne.   Do not  i nst al l  cr ushed or  def or med condui t s.   
Avoi d t r apped condui t s.   Pr event  pl ast er ,  di r t ,  or  t r ash f r om l odgi ng i n 
condui t s,  boxes,  f i t t i ngs,  and equi pment  dur i ng const r uct i on.   Fr ee 
cl ogged condui t s of  obst r uct i ons.

3. 1. 5. 11   Locknut s and Bushi ngs

Fast en condui t s t o sheet  met al  boxes and cabi net s wi t h t wo l ocknut s wher e 
r equi r ed by NFPA 70,  wher e i nsul at ed bushi ngs ar e used,  and wher e bushi ngs 
cannot  be br ought  i nt o f i r m cont act  wi t h t he box;  ot her wi se,  use at  l east  
mi ni mum si ngl e l ocknut  and bushi ng.   Pr ovi de l ocknut s wi t h shar p edges f or  
di ggi ng i nt o wal l  of  met al  encl osur es.   I nst al l  bushi ngs on ends of  
condui t s,  and pr ovi de i nsul at i ng t ype wher e r equi r ed by NFPA 70.

3. 1. 5. 12   Fl exi bl e Connect i ons

Pr ovi de f l exi bl e st eel  condui t  bet ween 3 and 6 f eet  i n l engt h f or  r ecessed 
and semi r ecessed l i ght i ng f i x t ur es;  f or  equi pment  subj ect  t o v i br at i on,  
noi se t r ansmi ssi on,  or  movement ;  and f or  mot or s.   I nst al l  f l exi bl e condui t  
t o al l ow 20 per cent  s l ack.   Mi ni mum f l exi bl e st eel  condui t  s i ze:   1/ 2 i nch 
di amet er .   Pr ovi de l i qui d t i ght  f l exi bl e condui t  i n wet  and damp l ocat i ons 
and i n f i r e pump r ooms f or  equi pment  subj ect  t o v i br at i on,  noi se 
t r ansmi ssi on,  movement  or  mot or s.   Pr ovi de separ at e gr ound conduct or  
acr oss f l exi bl e connect i ons.   Pl ast i c cabl e t i es ar e not  accept abl e as a 
suppor t  met hod.

3. 1. 5. 13   Tel ecommuni cat i ons and Si gnal  Syst em Pat hway

I nst al l  t el ecommuni cat i ons pat hway i n accor dance wi t h TI A- 569.

a.   Hor i zont al  Pat hway:   Tel ecommuni cat i ons pat hways f r om t he wor k ar ea t o 
t he t el ecommuni cat i ons r oom:   i nst al l ed and cabl i ng l engt h 
r equi r ement s i n accor dance wi t h TI A- 568. 1.   Si ze condui t s and cabl e 
t r ays i n accor dance wi t h TI A- 569 and as i ndi cat ed.
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b.   Backbone Pat hway:   Tel ecommuni cat i on pat hways f r om t he 
t el ecommuni cat i ons ent r ance f aci l i t y  t o t el ecommuni cat i ons r ooms,  and,  
t el ecommuni cat i ons equi pment  r ooms ( backbone cabl i ng) :   i nst al l ed i n 
accor dance wi t h TI A- 569.   Si ze condui t s and cabl e t r ays f or  
t el ecommuni cat i ons r i ser s i n accor dance wi t h TI A- 569 and as i ndi cat ed.

3. 1. 5. 14   Communi t y Ant enna Tel evi s i on ( CATV)  Syst em Condui t s

I nst al l  a syst em of  CATV wi r e- suppor t i ng st r uct ur es ( pat hway) ,  i ncl udi ng:   
out l et  boxes,  condui t s wi t h pul l  wi r es and ot her  accessor i es f or  CATV 
out l et s and pat hway i n accor dance wi t h TI A- 569.   3. 1. 6   Busway 

I nst al l at i on

Compl y at  mi ni mum wi t h NFPA 70.   I nst al l  busways par al l el  wi t h or  at  r i ght  
angl es t o cei l i ngs,  wal l s,  and st r uct ur al  member s.   Suppor t  busways at  5 
f oot  maxi mum i nt er val s,  and br ace t o pr event  l at er al  movement .   Pr ovi de 
f i xed t ype hi nges on r i ser s;  spr i ng- t ype ar e unaccept abl e.   Pr ovi de 
f l anges wher e busway makes penet r at i ons t hr ough wal l s and f l oor s,  and seal  
t o mai nt ai n smoke and f i r e r at i ngs.   Pr ovi de wat er pr oof  cur b wher e busway 
r i ser  passes t hr ough f l oor .   Seal  gaps wi t h f i r e- r at ed f oam and caul k.   
Pr ovi de expansi on j oi nt s,  but  onl y wher e bus duct  cr osses bui l di ng 
expansi on j oi nt s.   Pr ovi de suppor t s t o r esi st  f or ces of  0. 5 t i mes t he 
equi pment  wei ght  i n any di r ect i on and 1. 5 t i mes t he equi pment  wei ght  i n 
t he downwar d di r ect i on.

3. 1. 7   Cabl e Tr ay I nst al l at i on

I nst al l  and gr ound i n accor dance wi t h NFPA 70.   I n addi t i on,  i nst al l  and 
gr ound t el ecommuni cat i ons cabl e t r ay i n accor dance wi t h TI A- 569,  and 
TI A- 607.   I nst al l  cabl e t r ays par al l el  wi t h or  at  r i ght  angl es t o 
cei l i ngs,  wal l s,  and st r uct ur al  member s.   Cabl e t r ay and t r ay suppor t s 
must  not  par t i al l y  nor  compl et el y obst r uct  access t o t he r oom.   Suppor t  i n 
accor dance wi t h manuf act ur er  r ecommendat i ons but  at  not  mor e t han 6  f oot  
i nt er val s.   Coat  cont act  sur f aces of  al umi num connect i ons wi t h an 
ant i oxi dant  compound pr i or  t o assembl y.   Adj acent  cabl e t r ay sect i ons:   
bonded t oget her  by connect or  pl at es of  an i dent i cal  t ype as t he cabl e t r ay 
sect i ons.   For  gr oundi ng of  cabl e t r ay syst em pr ovi de No.  2 AWG bar e 
copper  wi r e t hr oughout  cabl e t r ay syst em,  and bond t o each sect i on,  except  
use No.  1/ 0 al umi num wi r e i f  cabl e t r ay i s al umi num.   Ter mi nat e cabl e t r ays
 10 i nches f r om bot h s i des of  smoke and f i r e par t i t i ons.   I nst al l  
conduct or s r un t hr ough smoke and f i r e par t i t i ons i n 4 i nch r i gi d st eel  
condui t s wi t h gr oundi ng bushi ngs,  ext endi ng 12 i nches beyond each si de of  
par t i t i ons.   Seal  condui t  on bot h ends t o mai nt ai n smoke and f i r e r at i ngs 
of  par t i t i ons.   Fi r est op penet r at i ons i n accor dance wi t h Sect i on 07 84 00,  
FI RESTOPPI NG.   Pr ovi de suppor t s t o r esi st  f or ces of  0. 5 t i mes t he 
equi pment  wei ght  i n any di r ect i on and 1. 5 t i mes t he equi pment  wei ght  i n 
t he downwar d di r ect i on.

3. 1. 8   Boxes,  Out l et s,  and Suppor t s

Pr ovi de boxes i n wi r i ng and r aceway syst ems wher ever  r equi r ed f or  pul l i ng 
of  wi r es,  maki ng connect i ons,  and mount i ng of  devi ces or  f i x t ur es.   Boxes 
f or  met al l i c  r aceways:   cast - met al ,  hub- t ype when l ocat ed i n wet  
l ocat i ons,  when sur f ace mount ed on out si de of  ext er i or  sur f aces,  when 
sur f ace mount ed on i nt er i or  wal l s exposed up t o 7 f eet  above f l oor s and 
wal kways,  or  when i nst al l ed i n hazar dous ar eas and when speci f i cal l y 
i ndi cat ed.   Boxes i n ot her  l ocat i ons:   sheet  st eel ,  except  t hat  al umi num 
boxes may be used wi t h al umi num condui t ,  and nonmet al l i c  boxes may be used 
wi t h nonmet al l i c  condui t  syst em.   Pr ovi de each box wi t h vol ume r equi r ed by 
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NFPA 70 f or  number  of  conduct or s encl osed i n box.   Boxes f or  mount i ng 
l i ght i ng f i x t ur es:   mi ni mum 4 i nches squar e,  or  oct agonal ,  except  t hat  
smal l er  boxes may be i nst al l ed as r equi r ed by f i x t ur e conf i gur at i ons,  as 
appr oved.   Boxes f or  use i n masonr y- bl ock or  t i l e wal l s:   squar e- cor ner ed,  
t i l e- t ype,  or  st andar d boxes havi ng squar e- cor ner ed,  t i l e- t ype cover s.   
Pr ovi de gasket s f or  cast - met al  boxes i nst al l ed i n wet  l ocat i ons and boxes 
i nst al l ed f l ush wi t h out si de of  ext er i or  sur f aces.   Pr ovi de separ at e boxes 
f or  f l ush or  r ecessed f i xt ur es when r equi r ed by f i x t ur e t er mi nal  oper at i ng 
t emper at ur e;  pr ovi de r eadi l y r emovabl e f i x t ur es f or  access t o boxes unl ess 
cei l i ng access panel s ar e pr ovi ded.   Suppor t  boxes and pendant s f or  
sur f ace- mount ed f i xt ur es on suspended cei l i ngs i ndependent l y of  cei l i ng 
suppor t s.   Fast en boxes and suppor t s wi t h wood scr ews on wood,  wi t h bol t s 
and expansi on shi el ds on concr et e or  br i ck,  wi t h t oggl e bol t s on hol l ow 
masonr y uni t s,  and wi t h machi ne scr ews or  wel ded st uds on st eel .   Thr eaded 
st uds dr i ven i n by powder  char ge and pr ovi ded wi t h l ock washer s and nut s 
may be used i n l i eu of  wood scr ews,  expansi on shi el ds,  or  machi ne scr ews.   
I n open over head spaces,  cast  boxes t hr eaded t o r aceways need not  be 
separ at el y suppor t ed except  wher e used f or  f i x t ur e suppor t ;  suppor t  sheet  
met al  boxes di r ect l y f r om bui l di ng st r uct ur e or  by bar  hanger s.   Wher e bar  
hanger s ar e used,  at t ach bar  t o r aceways on opposi t e s i des of  box,  and 
suppor t  r aceway wi t h appr oved- t ype f ast ener  maxi mum 24 i nches f r om box.   
When penet r at i ng r ei nf or ced concr et e member s,  avoi d cut t i ng r ei nf or ci ng 
st eel .

3. 1. 8. 1   Boxes

Boxes f or  use wi t h r aceway syst ems:   mi ni mum 1 1/ 2 i nches deep,  except  
wher e shal l ower  boxes r equi r ed by st r uct ur al  condi t i ons ar e appr oved.   
Boxes f or  ot her  t han l i ght i ng f i x t ur e out l et s:   mi ni mum 4 i nches squar e,  
except  t hat  4 by 2 i nch boxes may be used wher e onl y one r aceway ent er s 
out l et .   Tel ecommuni cat i ons out l et s:   a mi ni mum of  4 i nches squar e by 2 
1/ 8 i nches deep,  except  f or  wal l  mount ed t el ephones.   Mount  out l et  boxes 
f l ush i n f i ni shed wal l s.

3. 1. 8. 2   Pul l  Boxes

Const r uct  of  at  l east  mi ni mum si ze r equi r ed by NFPA 70 of  code- gauge 
al umi num or  gal vani zed sheet  st eel ,  except  wher e cast - met al  boxes ar e 
r equi r ed i n l ocat i ons speci f i ed her ei n.   Pr ovi de boxes wi t h scr ew- f ast ened 
cover s.   Wher e sever al  f eeder s pass t hr ough common pul l  box,  t ag f eeder s 
t o i ndi cat e c l ear l y el ect r i cal  char act er i st i cs,  c i r cui t  number ,  and panel  
desi gnat i on.

3. 1. 8. 3   Ext ensi on Ri ngs

Ext ensi on r i ngs ar e not  per mi t t ed f or  new const r uct i on.   Use onl y on 
exi st i ng boxes i n conceal ed condui t  syst ems wher e wal l  i s  f ur r ed out  f or  
new f i ni sh.

3. 1. 9   Mount i ng Hei ght s

Mount  panel boar ds,  encl osed ci r cui t  br eaker s,  mot or  cont r ol l er  and 
di sconnect i ng swi t ches so hei ght  of  cent er  of  gr i p of  t he oper at i ng handl e 
of  t he swi t ch or  c i r cui t  br eaker  at  i t s  hi ghest  posi t i on i s maxi mum 79 
i nches above f l oor  or  wor ki ng pl at f or m or  as al l owed i n Sect i on 404. 8 per  
NFPA 70.   Mount  l i ght i ng swi t ches 18 i nches above f i ni shed f l oor ,  unl ess 
ot her wi se i ndi cat ed.   Wal l - mount ed t el ecommuni cat i ons out l et s:   mount ed at  
hei ght  60 i nches above f i ni shed f l oor .   Mount  ot her  devi ces as i ndi cat ed.   
Measur e mount i ng hei ght s of  wi r i ng devi ces and out l et s i n non- hazar dous 
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ar eas t o cent er  of  devi ce or  out l et .   Measur e mount i ng hei ght s of  
r ecept acl e out l et  boxes i n t he hazar dous ar eat o t he bot t om of  t he out l et  
box.

3. 1. 10   Conduct or  I dent i f i cat i on

Pr ovi de conduct or  i dent i f i cat i on wi t hi n each encl osur e wher e t ap,  spl i ce,  
or  t er mi nat i on i s made.   For  conduct or s No.  6 AWG and smal l er  di amet er ,  
pr ovi de col or  codi ng by f act or y- appl i ed,  col or - i mpr egnat ed i nsul at i on.   
For  conduct or s No.  4 AWG and l ar ger  di amet er ,  pr ovi de col or  codi ng by 
pl ast i c- coat ed,  sel f - st i cki ng mar ker s;  col or ed nyl on cabl e t i es and 
pl at es;  or  heat  shr i nk- t ype sl eeves.   I dent i f y cont r ol  c i r cui t  
t er mi nat i ons i n accor dance wi t h Sect i on 23 09 00 I NSTRUMENTATI ON AND 
CONTROL FOR HVAC.

3. 1. 10. 1   Mar ki ng St r i ps

Pr ovi de mar ki ng st r i ps f or  i dent i f i cat i on of  power  di st r i but i on,  cont r ol ,  
dat a,  and communi cat i ons cabl es i n accor dance wi t h t he f ol l owi ng:

a.   Pr ovi de whi t e or  ot her  l i ght - col or ed pl ast i c mar ki ng st r i ps,  f ast ened 
by scr ews t o each t er mi nal  bl ock,  f or  wi r e desi gnat i ons.

b.   Use per manent  i nk f or  t he wi r e number s

c.   Pr ovi de r ever si bl e mar ki ng st r i ps t o per mi t  mar ki ng bot h s i des,  or  
pr ovi de t wo mar ki ng st r i ps wi t h each bl ock.

d.   Si ze mar ki ng st r i ps t o accommodat e t he t wo set s of  wi r e number s.

e.   Assi gn a devi ce desi gnat i on i n accor dance wi t h NEMA I CS 1 t o each 
devi ce t o whi ch a connect i on i s made.   Mar k each devi ce t er mi nal  t o 
whi ch a connect i on i s made wi t h a di st i nct  t er mi nal  mar ki ng 
cor r espondi ng t o t he wi r e desi gnat i on used on t he Cont r act or ' s 
schemat i c and connect i on di agr ams.

f .   The wi r e ( t er mi nal  poi nt )  desi gnat i ons used on t he Cont r act or ' s wi r i ng 
di agr ams and pr i nt ed on t er mi nal  bl ock mar ki ng st r i ps may be accor di ng 
t o t he Cont r act or ' s st andar d pr act i ce;  however ,  pr ovi de addi t i onal  
wi r e and cabl e desi gnat i ons f or  i dent i f i cat i on of  r emot e ( ext er nal )  
c i r cui t s f or  t he Gover nment ' s wi r e desi gnat i ons.

g.   Pr i nt s of  t he mar ki ng st r i ps dr awi ngs submi t t ed f or  appr oval  wi l l  be 
so mar ked and r et ur ned t o t he Cont r act or  f or  addi t i on of  t he 
desi gnat i ons t o t he t er mi nal  st r i ps and t r aci ngs,  al ong wi t h any 
r ear r angement  of  poi nt s r equi r ed.

3. 1. 11   Spl i ces

Make spl i ces i n accessi bl e l ocat i ons.   Make spl i ces i n conduct or s No.  10 
AWG and smal l er  di amet er  wi t h i nsul at ed,  pr essur e- t ype connect or .   Make 
spl i ces i n conduct or s No.  8 AWG and l ar ger  di amet er  wi t h sol der l ess 
connect or ,  and cover  wi t h i nsul at i on mat er i al  equi val ent  t o conduct or  
i nsul at i on.

3. 1. 12   Cover s and Devi ce Pl at es

I nst al l  wi t h edges i n cont i nuous cont act  wi t h f i ni shed wal l  sur f aces 
wi t hout  use of  mat s or  s i mi l ar  devi ces.   Pl ast er  f i l l i ngs ar e not  
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per mi t t ed.   I nst al l  pl at es wi t h al i gnment  t ol er ance of  1/ 16 i nch.   Use of  
sect i onal - t ype devi ce pl at es ar e not  per mi t t ed.   Pr ovi de gasket  f or  pl at es 
i nst al l ed i n wet  l ocat i ons.

3. 1. 13   El ect r i cal  Penet r at i ons

Seal  openi ngs ar ound el ect r i cal  penet r at i ons t hr ough f i r e r esi st ance- r at ed 
wal l s,  par t i t i ons,  f l oor s,  or  cei l i ngs i n accor dance wi t h Sect i on 07 84 00 
FI RESTOPPI NG.

3. 1. 14   Gr oundi ng and Bondi ng

Pr ovi de i n accor dance wi t h NFPA 70 and NFPA 780.   Gr ound exposed,  
non- cur r ent - car r y i ng met al l i c  par t s of  el ect r i cal  equi pment ,  met al l i c  
r aceway syst ems,  gr oundi ng conduct or  i n met al l i c  and nonmet al l i c  r aceways,  
t el ecommuni cat i ons syst em gr ounds,  and neut r al  conduct or  of  wi r i ng syst ems.
  Make gr ound connect i on at  mai n ser vi ce equi pment ,  and ext end gr oundi ng 
conduct or  t o poi nt  of  ent r ance of  met al l i c  wat er  ser vi ce.   Make connect i on 
t o wat er  pi pe by sui t abl e gr ound cl amp or  l ug connect i on t o pl ugged t ee.  
I f  f l anged pi pes ar e encount er ed,  make connect i on wi t h l ug bol t ed t o 
st r eet  s i de of  f l anged connect i on.   Suppl ement  met al l i c  wat er  ser vi ce 
gr oundi ng syst em wi t h addi t i onal  made el ect r ode i n compl i ance wi t h NFPA 70.
  I nt er connect  al l  gr oundi ng medi a i n or  on t he st r uct ur e t o pr ovi de a 
common gr ound pot ent i al .   Thi s i ncl udes l i ght ni ng pr ot ect i on,  el ect r i cal  
ser vi ce,  t el ecommuni cat i ons syst em gr ounds,  as wel l  as under gr ound 
met al l i c  pi pi ng syst ems.   Make i nt er connect i on t o t he gas l i ne on t he 
cust omer ' s s i de of  t he met er .   Use mai n s i ze l i ght ni ng conduct or s f or  
i nt er connect i ng t hese gr oundi ng syst ems t o t he l i ght ni ng pr ot ect i on syst em.
  I n addi t i on t o t he r equi r ement s speci f i ed her ei n,  pr ovi de 
t el ecommuni cat i ons gr oundi ng i n accor dance wi t h TI A- 607.   Wher e gr ound 
f aul t  pr ot ect i on i s empl oyed,  ensur e t hat  connect i on of  gr ound and neut r al  
does not  i nt er f er e wi t h cor r ect  oper at i on of  f aul t  pr ot ect i on.

3. 1. 14. 1   Gr ound Rods

Pr ovi de gr ound r ods and measur e t he r esi st ance t o gr ound usi ng t he 
f al l - of - pot ent i al  met hod descr i bed i n I EEE 81.   Do not  exceed 25 ohms 
under  nor mal l y dr y condi t i ons f or  t he maxi mum r esi st ance of  a dr i ven 
gr ound.   I f  t hi s r esi st ance cannot  be obt ai ned wi t h a s i ngl e r od,  3 
addi t i onal  r ods,  spaced on cent er .    Spaci ng f or  addi t i onal  r ods must  be a 
mi ni mum of  6 f eet ,  or  i f  sect i onal  t ype r ods ar e used,  2 addi t i onal  
sect i ons may be coupl ed and dr i ven wi t h t he f i r st  r od.   I n 
hi gh- gr ound- r esi st ance,  UL l i s t ed chemi cal l y char ged gr ound r ods may be 
used.   I f  t he r esul t ant  r esi st ance exceeds 25 ohms measur ed not  l ess t han 
48 hour s af t er  r ai nf al l ,  not i f y t he Cont r act i ng Of f i cer  who wi l l  deci de on 
t he number  of  gr ound r ods t o add.

 3. 1. 14. 2   Gr oundi ng Connect i ons

Make gr oundi ng connect i ons whi ch ar e bur i ed or  ot her wi se nor mal l y 
i naccessi bl e,  except i ng speci f i cal l y t hose connect i ons f or  whi ch access 
f or  per i odi c t est i ng i s r equi r ed,  by exot her mi c wel d or  hi gh compr essi on 
connect or .

a.   Make exot her mi c wel ds st r i ct l y i n accor dance wi t h t he wel d 
manuf act ur er ' s wr i t t en r ecommendat i ons.   Wel ds whi ch ar e " puf f ed up"  
or  whi ch show convex sur f aces i ndi cat i ng i mpr oper  c l eani ng ar e not  
accept abl e.   Mechani cal  connect or s ar e not  r equi r ed at  exot her mi c 
wel ds.
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b.   Make hi gh compr essi on connect i ons usi ng a hydr aul i c or  el ect r i c 
compr essi on t ool  t o pr ovi de t he cor r ect  c i r cumf er ent i al  pr essur e.   
Pr ovi de t ool s and di es as r ecommended by t he manuf act ur er .   Use an 
embossi ng di e code or  ot her  st andar d met hod t o pr ovi de vi s i bl e 
i ndi cat i on t hat  a connect or  has been adequat el y compr essed on t he 
gr ound wi r e.

3. 1. 14. 3   Gr ound Bus

Pr ovi de a copper  gr ound bus i n t he el ect r i cal  equi pment  r ooms as 
i ndi cat ed.   Noncur r ent - car r y i ng met al  par t s of  t r ansf or mer  neut r al s and 
ot her  el ect r i cal  equi pment :   ef f ect i vel y gr ounded by bondi ng t o t he gr ound 
bus.   Bond t he gr ound bus t o bot h t he ent r ance gr ound,  and t o a gr ound r od 
or  r ods as speci f i ed above havi ng t he upper  ends t er mi nat i ng appr oxi mat el y 
4 i nches above t he f l oor .   Make connect i ons and spl i ces of  t he br azed,  
wel ded,  bol t ed,  or  pr essur e- connect or  t ype,  except  use pr essur e connect or s 
or  bol t ed connect i ons f or  connect i ons t o r emovabl e equi pment .

3. 1. 14. 4   Resi st ance

Maxi mum r esi st ance- t o- gr ound of  gr oundi ng syst em:   do not  exceed 5  ohms 
under  dr y condi t i ons.   Wher e r esi st ance obt ai ned exceeds 5 ohms,  cont act  
Cont r act i ng Of f i cer  f or  f ur t her  i nst r uct i ons.

3. 1. 14. 5   Tel ecommuni cat i ons Syst em

Pr ovi de t el ecommuni cat i ons gr oundi ng i n accor dance wi t h t he f ol l owi ng:

a.   Tel ecommuni cat i ons Gr oundi ng Busbar s:   Pr ovi de a Pr i mar y bondi ng 
busbar  ( PBB)  i n t he t el ecommuni cat i ons ent r ance f aci l i t y .   I nst al l  t he 
PBB as cl ose t o t he el ect r i cal  ser vi ce ent r ance gr oundi ng connect i on 
as pr act i cabl e.   I nst al l  Secondar y bondi ng busbar s t o mai nt ai n 
c l ear ances as r equi r ed by NFPA 70 and i nsul at ed f r om i t s suppor t .   A 
mi ni mum of  2 i nches separ at i on f r om t he wal l  i s  r ecommended t o al l ow 
access t o t he r ear  of  t he busbar  and adj ust  t he mount i ng hei ght  t o 
accommodat e over head or  under f l oor  cabl e r out i ng.

b.   Tel ecommuni cat i ons Bondi ng Conduct or s:   Pr ovi de mai n 
t el ecommuni cat i ons ser vi ce equi pment  gr ound consi st i ng of  separ at e 
bondi ng conduct or  f or  t el ecommuni cat i ons,  bet ween t he PBB and r eadi l y 
accessi bl e gr oundi ng connect i on of  t he el ect r i cal  ser vi ce.   Gr oundi ng 
and bondi ng conduct or s shoul d not  be pl aced i n f er r ous met al l i c  
condui t .   I f  i t  i s  necessar y t o pl ace gr oundi ng and bondi ng conduct or s 
i n f er r ous met al l i c  condui t  t hat  exceeds 3 f eet  i n l engt h,  bond t he 
conduct or s t o each end of  t he condui t  usi ng a gr oundi ng bushi ng or  a 
No.  6 AWG conduct or ,  mi ni mum.

c.   Tel ecommuni cat i ons Gr oundi ng Connect i ons:   Tel ecommuni cat i ons 
gr oundi ng connect i ons t o t he PBB:   ut i l i ze l i s t ed compr essi on t wo- hol e 
l ugs,  exot her mi c wel di ng,  sui t abl e and equi val ent  one hol e 
non- t wi st i ng l ugs,  or  ot her  i r r ever si bl e compr essi on t ype 
connect i ons.   Bond al l  met al l i c  pat hways,  cabi net s,  and r acks f or  
t el ecommuni cat i ons cabl i ng and i nt er connect i ng har dwar e l ocat ed wi t hi n 
t he same r oom or  space as t he PBB t o t he PBB.   I n a met al  f r ame 
( st r uct ur al  st eel )  bui l di ng,  wher e t he st eel  f r amewor k i s r eadi l y 
accessi bl e wi t hi n t he r oom;  bond each PBB t o t he ver t i cal  st eel  met al  
f r ame usi ng a mi ni mum No.  6 AWG conduct or .   Wher e t he met al  f r ame i s 
ext er nal  t o t he r oom and r eadi l y accessi bl e,  bond t he met al  f r ame t o 
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t he SBB or  PBB wi t h a mi ni mum No.  6 AWG conduct or .   When pr act i cabl e 
because of  shor t er  di st ances and,  wher e hor i zont al  st eel  member s ar e 
per manent l y el ect r i cal l y bonded t o ver t i cal  col umn member s,  t he SBB 
may be bonded t o t hese hor i zont al  member s i n l i eu of  t he ver t i cal  
col umn member s.   Al l  connect or s used f or  bondi ng t o t he met al  f r ame of  
a bui l di ng must  be l i s t ed f or  t he i nt ended pur pose.

3. 1. 15   Equi pment  Connect i ons

Pr ovi de power  wi r i ng f or  t he connect i on of  mot or s and cont r ol  equi pment  
under  t hi s sect i on of  t he speci f i cat i on.   Except  as ot her wi se speci f i cal l y 
not ed or  speci f i ed,  aut omat i c cont r ol  wi r i ng,  cont r ol  devi ces,  and 
pr ot ect i ve devi ces wi t hi n t he cont r ol  c i r cui t r y ar e not  i ncl uded i n t hi s 
sect i on of  t he speci f i cat i ons and ar e pr ovi ded under  t he sect i on 
speci f y i ng t he associ at ed equi pment .

3. 1. 16   Gover nment - Fur ni shed Equi pment

Cont r act or  r ough- i n f or  Gover nment - f ur ni shed equi pment  t o make equi pment  
oper at e as i nt ended,  i ncl udi ng pr ovi di ng mi scel l aneous i t ems such as 
pl ugs,  r ecept acl es,  wi r e,  cabl e,  condui t ,  f l exi bl e condui t ,  and out l et  
boxes or  f i t t i ngs.

3. 1. 17   Demol i t i on of  Exi st i ng Wor k

The scope of  wor k i s t o r emove t he ent i r e el ect r i cal  syst em compl et el y 
f r om t hi s f aci l i t y .   Al l  ser vi ce f eeder s,  devi ces,  condui t ,  and conduct or s 
ar e t o be demol i shed.   Remove out l et  boxes and condui t  suppor t  syst ems.

3. 1. 18   Sur ge Pr ot ect i ve Devi ces

Connect  t he sur ge pr ot ect i ve devi ces i n par al l el  t o t he power  sour ce,  
keepi ng t he conduct or s as shor t  and st r ai ght  as pr act i cal l y possi bl e.   
Maxi mum al l owed l ead l engt h i s 3 f eet  avoi di ng 90 degr ee bends.   Do not  
l ocat e sur ge pr ot ect i ve devi ces i nsi de a panel boar d or  swi t chboar d 
encl osur e.

3. 2   FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.

3. 3   WARNI NG SI GN MOUNTI NG

Pr ovi de t he number  of  s i gns r equi r ed t o be r eadabl e f r om each accessi bl e 
s i de.   Space t he si gns i n accor dance wi t h NFPA 70E.

3. 4   FI ELD APPLI ED PAI NTI NG

Pai nt  el ect r i cal  equi pment  as r equi r ed t o mat ch f i ni sh of  adj acent  
sur f aces or  t o meet  t he i ndi cat ed or  speci f i ed saf et y cr i t er i a.   
Pai nt i ng:   as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.   Wher e 
f i el d pai nt i ng of  encl osur es f or  panel boar ds,  l oad cent er s or  t he l i ke i s 
speci f i ed t o mat ch adj acent  sur f aces,  t o cor r ect  damage t o t he 
manuf act ur er ' s f act or y appl i ed coat i ngs,  or  t o meet  t he i ndi cat ed or  
speci f i ed saf et y cr i t er i a,  pr ovi de manuf act ur er ' s r ecommended coat i ngs and 
appl y i n accor dance t o manuf act ur er ' s i nst r uct i ons.
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3. 5   FI ELD QUALI TY CONTROL

Fur ni sh t est  equi pment  and per sonnel  and submi t  wr i t t en copi es of  t est  
r esul t s.   Gi ve Cont r act i ng Of f i cer  5 wor ki ng days not i ce pr i or  t o each t est .   
Wher e appl i cabl e,  t est  el ect r i cal  equi pment  i n accor dance wi t h NETA ATS.

3. 5. 1   Devi ces Subj ect  t o Manual  Oper at i on

Oper at e each devi ce subj ect  t o manual  oper at i on at  l east  f i ve t i mes,  
demonst r at i ng sat i sf act or y oper at i on each t i me.

3. 5. 2   600- Vol t  Wi r i ng Test

Test  wi r i ng r at ed 600 vol t  and l ess t o ver i f y t hat  no shor t  c i r cui t s or  
acci dent al  gr ounds exi st .   Per f or m i nsul at i on r esi st ance t est s on wi r i ng 
No.  6 AWG and l ar ger  di amet er  usi ng i nst r ument  whi ch appl i es vol t age of  
1, 000 vol t s DC f or  600 vol t  r at ed wi r i ng and 500 vol t s DC f or  300 vol t  
r at ed wi r i ng per  NETA ATS t o pr ovi de di r ect  r eadi ng of  r esi st ance.   Al l  
exi st i ng wi r i ng t o be r eused must  al so be t est ed.

3. 5. 3   Tr ansf or mer  Test s

Per f or m t he st andar d,  not  opt i onal ,  t est s i n accor dance wi t h t he 
I nspect i on and Test  Pr ocedur es f or  t r ansf or mer s,  dr y t ype,  ai r - cool ed,  600 
vol t  and bel ow;  as speci f i ed i n NETA ATS.   Measur e pr i mar y and secondar y 
vol t ages f or  pr oper  t ap set t i ngs.   Test s need not  be per f or med by a 
r ecogni zed i ndependent  t est i ng f i r m or  i ndependent  el ect r i cal  consul t i ng 
f i r m.

3. 5. 4   Gr ound- Faul t  Recept acl e Test

Test  gr ound- f aul t  r ecept acl es wi t h a " l oad"  ( such as a pl ug i n l i ght )  t o 
ver i f y t hat  t he " l i ne"  and " l oad"  l eads ar e not  r ever sed.   Pr ess t he TEST 
but t on and t hen t he RESET but t on t o ver i f y by LED st at us t hat  t he devi ce 
i s a sel f - t est  model  as speci f i ed i n UL 943.

3. 5. 5   Gr oundi ng Syst em Test

Test  gr oundi ng syst em t o ensur e cont i nui t y,  and t hat  r esi st ance t o gr ound 
i s not  excessi ve.   Test  each gr ound r od f or  r esi st ance t o gr ound bef or e 
maki ng connect i ons t o r od;  t i e gr oundi ng syst em t oget her  and t est  f or  
r esi st ance t o gr ound.   Make r esi st ance measur ement s i n dr y weat her ,  not  
ear l i er  t han 48 hour s af t er  r ai nf al l .   Submi t  wr i t t en r esul t s of  each t est  
t o Cont r act i ng Of f i cer ,  and i ndi cat e l ocat i on of  r ods as wel l  as 
r esi st ance and soi l  condi t i ons at  t i me measur ement s wer e made.

3. 5. 6   Phase Rot at i on Test

Per f or m phase r ot at i on t est  t o ensur e pr oper  r ot at i on of  ser vi ce power  
pr i or  t o oper at i on of  new or  r ei nst al l ed equi pment  usi ng a phase r ot at i on 
met er .   Fol l ow t he met er  manual  di r ect i ons per f or mi ng t he t est .

        - -  End of  Sect i on - -
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SECTI ON 26 24 13

SWI TCHBOARDS
08/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2023)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

ASTM D1535 ( 2014;  R 2018)  St andar d Pr act i ce f or  
Speci f y i ng Col or  by t he Munsel l  Syst em

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE C57. 12. 28 ( 2014)  St andar d f or  Pad- Mount ed Equi pment  
-  Encl osur e I nt egr i t y

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems
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NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA PB 2. 1 ( 2023)  Gener al  I nst r uct i ons f or  Pr oper  
Handl i ng,  I nst al l at i on,  Oper at i on and 
Mai nt enance of  Deadf r ont  Di st r i but i on 
Swi t chboar ds Rat ed 600 V or  Less

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA PB 2 ( 2011)  Deadf r ont  Di st r i but i on Swi t chboar ds

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 891 ( 2019)  UL St andar d f or  Saf et y Swi t chboar ds

1. 2   RELATED REQUI REMENTS

Sect i on 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG appl i es t o t hi s sect i on,  
wi t h t he addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as def i ned i n 
I EEE 100.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Swi t chboar d Dr awi ngs;  G,  AO

SD- 03 Pr oduct  Dat a

Swi t chboar d;  G,  AO

SD- 06 Test  Repor t s

Swi t chboar d Desi gn Test s;  G,  
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Swi t chboar d Pr oduct i on Test s;  G,  

Accept ance Checks and Test s;  G,  AO

SD- 10 Oper at i on and Mai nt enance Dat a

Swi t chboar d Oper at i on and Mai nt enance,  Dat a Package 5;  G,  AO

SD- 11 Cl oseout  Submi t t al s

Assembl ed Oper at i on and Mai nt enance Manual s

Equi pment  Test  Schedul e

Ser vi ce Ent r ance Avai l abl e Faul t  Cur r ent  Label ;  G,  AO

1. 5   QUALI TY ASSURANCE

1. 5. 1   Pr oduct  Dat a

I ncl ude manuf act ur er ' s i nf or mat i on on each submi t t al  f or  each component ,  
devi ce and accessor y pr ovi ded wi t h t he swi t chboar d i ncl udi ng:

a.   Ci r cui t  br eaker  t ype,  i nt er r upt i ng r at i ng,  and t r i p devi ces,  i ncl udi ng 
avai l abl e set t i ngs.

b.   Manuf act ur er ' s i nst r uct i on manual s and publ i shed t i me- cur r ent  cur ves 
( i n el ect r oni c f or mat )  of  t he mai n secondar y br eaker  and l ar gest  
secondar y f eeder  devi ce.

1. 5. 2   Swi t chboar d Dr awi ngs

I ncl ude wi r i ng di agr ams and i nst al l at i on det ai l s of  equi pment  i ndi cat i ng 
pr oposed l ocat i on,  l ayout  and ar r angement ,  cont r ol  panel s,  accessor i es,  
pi pi ng,  duct wor k,  and ot her  i t ems t hat  must  be shown t o ensur e a 
coor di nat ed i nst al l at i on.   I dent i f y c i r cui t  t er mi nal s on wi r i ng di agr ams 
and i ndi cat e t he i nt er nal  wi r i ng f or  each i t em of  equi pment  and t he 
i nt er connect i on bet ween each i t em of  equi pment .   I ndi cat e on t he dr awi ngs 
adequat e c l ear ance f or  oper at i on,  mai nt enance,  and r epl acement  of  
oper at i ng equi pment  devi ces.   I ncl ude t he namepl at e dat a,  s i ze,  and 
capaci t y on submi t t al .   Al so i ncl ude appl i cabl e f eder al ,  mi l i t ar y,  
i ndust r y,  and t echni cal  soci et y publ i cat i on r ef er ences on submi t t al s.   
I ncl ude t he f ol l owi ng:

a.   One- l i ne di agr am i ncl udi ng br eaker s,  cur r ent  t r ansf or mer s,  and met er s.

b.   Out l i ne dr awi ngs i ncl udi ng f r ont  el evat i on,  sect i on v i ews,  f oot pr i nt ,  
and over al l  di mensi ons.

c.   Bus conf i gur at i on i ncl udi ng di mensi ons and amper e r at i ngs of  bus bar s.

d.   Mar ki ngs and NEMA namepl at e dat a.

e.   Ci r cui t  br eaker  t ype,  i nt er r upt i ng r at i ng,  and t r i p devi ces,  i ncl udi ng 
avai l abl e set t i ngs.

f .   Wi r i ng di agr ams and el ement ar y di agr ams wi t h t er mi nal s i dent i f i ed,  and 
i ndi cat i ng pr ewi r ed i nt er connect i ons bet ween i t ems of  equi pment  and 
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t he i nt er connect i on bet ween t he i t ems.

g.   Manuf act ur er ' s i nst r uct i on manual s and publ i shed t i me- cur r ent  cur ves 
( i n el ect r oni c f or mat )  of  t he mai n secondar y br eaker  and l ar gest  
secondar y f eeder  devi ce.   Use t hi s i nf or mat i on t o pr ovi de br eaker  
set t i ngs t hat  ensur es pr ot ect i on and coor di nat i on ar e achi eved.   
Equi pment  manuf act ur er  shal l  pr ovi de el ect r oni c f or mat  cur ves usi ng 
SKM' s Power  Tool s f or  Wi ndows devi ce l i br ar y el ect r oni c f or mat  or  
EasyPower  devi ce l i br ar y f or mat  dependi ng on i nst al l at i on model i ng 
sof t war e r equi r ement s.

h.   Pr ovi s i ons f or  f ut ur e expansi on by addi ng swi t chboar d sect i ons.

1. 5. 3   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  or  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Pr ovi de equi pment ,  
mat er i al s,  i nst al l at i on,  and wor kmanshi p i n accor dance wi t h t he mandat or y 
and advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 5. 4   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p,  and:

a.   Have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
pr i or  t o bi d openi ng i ncl udi ng appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.

b.   Have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.

c.   Wher e t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  
pr ovi de pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  
par t s of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  
unl ess st at ed i n t hi s sect i on.

1. 5. 4. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 5. 4. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han one year  pr i or  t o dat e of  del i ver y t o s i t e 
ar e not  accept abl e.

1. 6   MAI NTENANCE

1. 6. 1   Swi t chboar d Oper at i on and Mai nt enance Dat a

Submi t  Oper at i on and Mai nt enance Manual s i n accor dance wi t h Sect i on 
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01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 6. 2   Assembl ed Oper at i on and Mai nt enance Manual s

Assembl e and secur el y bi nd manual s i n dur abl e,  har d cover ed,  wat er  
r esi st ant  bi nder s.   Assembl e and i ndex t he manual s i n t he f ol l owi ng or der  
wi t h a t abl e of  cont ent s:

a.   Manuf act ur er ' s O&M i nf or mat i on r equi r ed by t he par agr aph SD- 10,  
OPERATI ON AND MAI NTENANCE DATA.

b.   Cat al og dat a r equi r ed by t he par agr aph SD- 03,  PRODUCT DATA.

c.   Dr awi ngs r equi r ed by t he par agr aph SD- 02,  SHOP DRAWI NGS.

d.   Pr i ces f or  spar e par t s and suppl y l i s t .

e.   I nf or mat i on on met er i ng.

f .   Desi gn t est  r epor t s.

g.   Pr oduct i on t est  r epor t s.

1. 7   WARRANTY

Pr ovi de equi pment  i t ems t hat  ar e suppor t ed by ser vi ce or gani zat i ons 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

PART 2   PRODUCTS

2. 1   PRODUCT COORDI NATI ON

Pr oduct s and mat er i al s not  consi der ed t o be swi t chboar ds and r el at ed 
accessor i es ar e speci f i ed i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL 
DI STRI BUTI ON,  and Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

2. 2   SWI TCHBOARD

NEMA PB 2 and UL 891.

2. 2. 1   Rat i ngs

Pr ovi de equi pment  wi t h t he f ol l owi ng r at i ngs:

a.   Vol t age r at i ng:   480Y/ 277 vol t s AC,  t hr ee- phase,  4- wi r e.

b.   Cont i nuous cur r ent  r at i ng of  t he mai n bus:   1200 amper es.  

c.   Shor t - c i r cui t  cur r ent  r at i ng:   as i ndi cat ed.

d.   UL l i s t ed and l abel ed as ser vi ce ent r ance equi pment .

2. 2. 2   Const r uct i on

Pr ovi de t he f ol l owi ng:

a.   Swi t chboar d:   consi st i ng of  one ver t i cal  sect i on wi t h f r ont  accessi bl e 

SECTI ON 26 24 13  Page 5



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

l oad connect i ons.   No r ear  access.

b.   Al l  c i r cui t  br eaker s:   f r ont  accessi bl e.

c.   Wher e i ndi cat ed,  " space f or  f ut ur e"  or  " space"  means t o i ncl ude a 
ver t i cal  bus pr ovi ded behi nd a bl ank f r ont  cover .   Wher e i ndi cat ed,  
" pr ovi s i on f or  f ut ur e"  means f ul l  har dwar e pr ovi ded t o mount  a br eaker  
sui t abl e f or  t he l ocat i on.

d.   Compl et el y f act or y engi neer ed and assembl ed,  i ncl udi ng pr ot ect i ve 
devi ces and equi pment  i ndi cat ed wi t h necessar y i nt er connect i ons,  
i nst r ument at i on,  and cont r ol  wi r i ng.

2. 2. 2. 1   Encl osur e

Pr ovi de t he f ol l owi ng:

a.   Encl osur e:   NEMA I CS 6 Type 1as i ndi cat ed.

b.   Gal vani zed st eel :   ASTM A123/ A123M,  ASTM A653/ A653M G90 coat i ng,  and 
ASTM A153/ A153M,  as appl i cabl e.   Gal vani ze af t er  f abr i cat i on wher e 
pr act i cabl e.

c.   Pai nt  col or :   ASTM D1535 l i ght  gr ay No.  61 or  No.  49 over  r ust  
i nhi bi t or .

d.   Pai nt  coat i ng syst em:   compl y wi t h I EEE C57. 12. 28 f or  gal vani zed st eel .

2. 2. 2. 2   Bus Bar s

Pr ovi de t he f ol l owi ng:

a.   Bus bar s:   copper  wi t h s i l ver - pl at ed cont act  sur f aces.

( 1)  Phase bus bar s:   uni nsul at ed.

( 2)  Neut r al  bus:   r at ed 100 per cent  of  t he mai n bus cont i nuous cur r ent  
r at i ng as i ndi cat ed.

b.   Make bus connect i ons and j oi nt s wi t h har dened st eel  bol t s.

c.   Mai n- bus ( t hr ough bus) :   r at ed at  t he f ul l  ampaci t y of  t he mai n 
t hr oughout  t he swi t chboar d.

d.   Mi ni mum one- quar t er  by 2 i nch copper  gr ound bus secur ed t o each 
ver t i cal  sect i on al ong t he ent i r e l engt h of  t he swi t chboar d.

2. 2. 2. 3   Mai n Sect i on

Pr ovi de t he mai n sect i on consi st i ng of  a combi nat i on sect i on wi t h
mol ded- case ci r cui t  br eaker s f or  t hemai n andbr anch devi ces asi ndi cat ed and 
sur ge pr ot ect i on devi ce ( SPD) .   Mai n shal l  pr ovi de GFI  and ar c- f aul t  
mi t i gat i on wi t h LSI G t r i p uni t .

2. 2. 3   Pr ot ect i ve Devi ce

Pr ovi de mai n and br anch pr ot ect i ve devi ces as i ndi cat ed.

SECTI ON 26 24 13  Page 6



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

2. 2. 3. 1   Mol ded- Case Ci r cui t  Br eaker

Pr ovi de t he f ol l owi ng:

a.   UL 489.   UL l i s t ed and l abel ed, st andar d r at ed br anch br eaker s,  manual l y
 oper at ed,  l ow vol t age  mol ded- case ci r cui t  br eaker ,  wi t h a 
shor t - c i r cui t  cur r ent  r at i ng  as i ndi cat ed at  480 vol t s.

b.   Br eaker  f r ame si ze:    as i ndi cat ed.

c.   Ser i es r at ed ci r cui t  br eaker s ar e unaccept abl e.

2. 2. 4   Ter mi nal  Boar ds

Pr ovi de wi t h engr aved pl ast i c t er mi nal  st r i ps and scr ew t ype t er mi nal s f or  
ext er nal  wi r i ng bet ween component s and f or  i nt er nal  wi r i ng bet ween 
r emovabl e assembl i es.   Pr ovi de shor t - c i r cui t i ng t ype t er mi nal  boar ds 
associ at ed wi t h cur r ent  t r ansf or mer .   Ter mi nat e conduct or s f or  cur r ent  
t r ansf or mer s wi t h r i ng- t ongue l ugs.   Pr ovi de t er mi nal  boar d i dent i f i cat i on 
t hat  i s i dent i cal  i n s i mi l ar  uni t s.   Pr ovi de col or  coded ext er nal  wi r i ng 
t hat  i s col or  coded consi st ent l y f or  s i mi l ar  t er mi nal  boar ds.

2. 2. 5   Wi r e Mar ki ng

Mar k cont r ol  and met er i ng conduct or s at  each end.   Pr ovi de f act or y 
i nst al l ed,  whi t e,  pl ast i c t ubi ng,  heat  st amped wi t h bl ack bl ock t ype 
l et t er s on f act or y- i nst al l ed wi r i ng.   On f i el d- i nst al l ed wi r i ng,  pr ovi de 
whi t e,  pr epr i nt ed,  pol yvi nyl  chl or i de ( PVC)  s l eeves,  heat  st amped wi t h 
bl ack bl ock t ype l et t er s.   Pr ovi de a s i ngl e l et t er  or  number  on each 
sl eeve,  el l i pt i cal l y shaped t o secur el y gr i p t he wi r e,  and keyed i n such a 
manner  t o ensur e al i gnment  wi t h adj acent  s l eeves.   Pr ovi de speci f i c  wi r e 
mar ki ngs usi ng t he appr opr i at e combi nat i on of  i ndi v i dual  s l eeves.   
I ndi cat e on each wi r e mar ker  t he devi ce or  equi pment ,  i ncl udi ng speci f i c  
t er mi nal  number  t o whi ch t he r emot e end of  t he wi r e i s at t ached.

2. 3   MANUFACTURER' S NAMEPLATE

Pr ovi de a namepl at e on each i t em of  equi pment  bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  i s not  
accept abl e.   Thi s namepl at e and met hod of  at t achment  may be t he 
manuf act ur er ' s st andar d i f  i t  cont ai ns t he r equi r ed i nf or mat i on.

2. 4   FI ELD FABRI CATED NAMEPLATES

ASTM D709.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each swi t chboar d,  
equi pment  encl osur e,  r el ay,  swi t ch,  and devi ce;  as speci f i ed i n t hi s 
sect i on or  as i ndi cat ed on t he dr awi ngs.   I dent i f y on each namepl at e 
i nscr i pt i on t he f unct i on and,  when appl i cabl e,  t he posi t i on.   Pr ovi de 
namepl at es of  mel ami ne pl ast i c,  0. 125 i nch t hi ck,  whi t e wi t h bl ack cent er  
cor e.   Pr ovi de mat t e f i ni sh sur f ace.   Pr ovi de squar e cor ner s.   Accur at el y 
al i gn l et t er i ng and engr ave i nt o t he cor e.   Pr ovi de namepl at es wi t h 
mi ni mum si ze of  one by 2. 5 i nches.   Pr ovi de l et t er i ng t hat  i s a mi ni mum of  
0. 25 i nch hi gh nor mal  bl ock st y l e.
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2. 5   SOURCE QUALI TY CONTROL

2. 5. 1   Equi pment  Test  Schedul e

The Gover nment  r eser ves t he r i ght  t o wi t ness t est s.   Pr ovi de equi pment  
t est  schedul es f or  t est s t o be per f or med at  t he manuf act ur er ' s t est  
f aci l i t y .   Submi t  r equi r ed t est  schedul e and l ocat i on,  and not i f y t he 
Cont r act i ng Of f i cer  30 cal endar  days bef or e schedul ed t est  dat e.   Not i f y 
Cont r act i ng Of f i cer  15 cal endar  days i n advance of  changes t o schedul ed 
dat e.

Pr ovi de t he f ol l owi ng as par t  of  t est  equi pment  cal i br at i on:

a.   Pr ovi de a cal i br at i on pr ogr am whi ch assur es t hat  al l  appl i cabl e t est  
i nst r ument s ar e mai nt ai ned wi t hi n r at ed accur acy.

b.   Accur acy:   Tr aceabl e t o t he Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy.

c.   I nst r ument  cal i br at i on f r equency schedul e:   l ess t han or  equal  t o 12 
mont hs f or  bot h t est  f l oor  i nst r ument s and l eased speci al t y equi pment .

d.   Dat ed cal i br at i on l abel s:   v i s i bl e on al l  t est  equi pment .

e.   Cal i br at i ng st andar d:   hi gher  accur acy t han t hat  of  t he i nst r ument  
t est ed.

f .   Keep up- t o- dat e r ecor ds t hat  i ndi cat e dat es and t est  r esul t s of  
i nst r ument s cal i br at ed or  t est ed.   For  i nst r ument s cal i br at ed by t he 
manuf act ur er  on a r out i ne basi s,  i n l i eu of  t hi r d par t y cal i br at i on,  
i ncl ude t he f ol l owi ng:

( 1)  Mai nt ai n up- t o- dat e i nst r ument  cal i br at i on i nst r uct i ons and 
pr ocedur es f or  each t est  i nst r ument .

( 2)  I dent i f y t he t hi r d par t y/ l abor at or y cal i br at ed i nst r ument  t o 
ver i f y t hat  cal i br at i ng st andar d i s met .

2. 5. 2   Swi t chboar d Desi gn Test s

NEMA PB 2 and UL 891.

2. 5. 2. 1   Desi gn Test s

Fur ni sh document at i on showi ng t he r esul t s of  desi gn t est s on a pr oduct  of  
t he same ser i es and r at i ng as t hat  pr ovi ded by t hi s speci f i cat i on.

a.   Shor t - c i r cui t  cur r ent  t est .

b.   Encl osur e t est s.

c.   Di el ect r i c t est .

2. 5. 3   Swi t chboar d Pr oduct i on Test s

NEMA PB 2 and UL 891.   Fur ni sh r epor t s whi ch i ncl ude r esul t s of  pr oduct i on 
t est s per f or med on t he act ual  equi pment  f or  t hi s pr oj ect .   These t est s 
i ncl ude:
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a.   60- her t z di el ect r i c t est s.

b.   Mechani cal  oper at i on t est s.

c.   El ect r i cal  oper at i on and cont r ol  wi r i ng t est s.

d.   Gr ound f aul t  sensi ng equi pment  t est .

2. 6   COORDI NATED POWER SYSTEM PROTECTI ON

Pr ovi de a power  syst em st udy as speci f i ed i n Sect i on 26 05 73 POWER SYSTEM 
STUDI ES.

2. 7   ARC FLASH WARNI NG LABEL

Pr ovi de war ni ng l abel  f or  swi t chboar ds.   Locat e t hi s sel f - adhesi ve war ni ng 
l abel  on t he out si de of  t he encl osur e war ni ng of  pot ent i al  el ect r i cal  ar c 
f l ash hazar ds and appr opr i at e PPE r equi r ed.   Pr ovi de l abel  f or mat  as 
i ndi cat ed.

2. 8   SERVI CE ENTRANCE AVAI LABLE FAULT CURRENT LABEL

Pr ovi de l abel  on ext er i or  of  swi t chboar ds used as ser vi ce equi pment  
l i s t i ng t he maxi mum avai l abl e f aul t  cur r ent  at  t hat  l ocat i on.   I ncl ude on 
t he l abel  t he dat e t hat  t he f aul t  cal cul at i on was per f or med and t he 
cont act  i nf or mat i on f or  t he or gani zat i on t hat  compl et ed t he cal cul at i on.   
Locat e t hi s sel f - adhesi ve war ni ng l abel  on t he out si de of  t he 
swi t chboar d.   Pr ovi de l abel  f or mat  as i ndi cat ed.

2. 9   SWI TCHBOARD ASSEMBLY ENCLOSURES

Encl osur es shal l  consi st  of  a manuf act ur er ' s st andar d pr oduct ,  
i nt egr at ed power  assembl y ( I PA) ,  envi r onment al l y cont r ol l ed,  and shal l  
consi st  of  a coor di nat ed gr oupi ng of  el ect r i cal  power  and cont r ol  
equi pment  and syst ems as i ndi cat ed on t he dr awi ngs,  i n t he schedul es and 
cover ed i n any ot her  sect i on of  t hese speci f i cat i ons.  The cont r act or  
shal l  f ur ni sh,  i nst al l ,  i nt er connect  and t est  t he equi pment  and 
mat er i al s speci f i ed f or  t hi s assembl y,  t o be i n st r i ct  compl i ance wi t h 
al l  r el at ed speci f i cat i ons sect i ons cover i ng t he mat er i al s and 
component s bei ng i nst al l ed as a par t  of  t hi s assembl y encl osur e.

2. 9. 1   Gener al  Const r uct i on

The I PA shal l  be desi gned and const r uct ed f or  out door  use,  wi t h maxi mum 
wi nd r at i ng of  120 mph,  wi t h t he f ol l owi ng st r uct ur al  f eat ur es:

Base:  Wel ded const r uct i on shal l  ut i l i ze ASTM- A36 mi ni mum st r uct ur al  
st eel  member s,  s i zed and ar r anged f or  pr oper  st r engt h.   Base t o be 
capabl e of  wi t hst andi ng t he st r ess and l oads whi ch wi l l  r esul t  when 
l i f t i ng t he compl et e assembl y.   Wel di ng shal l  be i n accor dance wi t h 
t he r equi r ement s of  AWS D1. 1.

Fl oor :  The f l oor  shal l  be a mi ni mum of  1/ 4- i nch H. R.  ASTM- A36 mi ni mum 
st eel  pl at e,  wel ded t o t he per i met er  and cr oss st r uct ur al  member s of  
t he ski d.   The f l oor  shal l  be desi gned f or  appl i cabl e l oadi ng.   The 
mi ni mum desi gn l oad shal l  be no l ess t han 250 PSF.

Ext er i or  Wal l s:  Ext er i or  wal l s shal l  be const r uct ed wi t h a mat er i al  
t hi ckness of  no l ess t han 12- gauge G90 gal vani zed st eel .   Wal l  panel s 
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t o be bol t ed t oget her  t o ensur e st r uct ur al  i nt egr i t y i ncor por at i ng 
i nt er l ocki ng panel  desi gn

I nt er i or  Wal l s:  I nt er i or  wal l s and cei l i ng shal l  be const r uct ed wi t h a 
mi ni mum 16- gauge t hi ckness.   Wal l  and cei l i ng ski ns t o be const r uct ed 
wi t h over l appi ng seams t o pr ovi de ext r a r i gi di t y.   Wal l  and cei l i ng 
ski ns al l ow f or  di r ect  mount i ng of  most  el ect r i cal  component s.

Door s:  Door s shal l  be const r uct ed usi ng Gal vanneal ed G90 ( A60)  St eel  
wi t h a mi ni mum 14- gauge t hi ckness ext er i or  and an i nt er i or  of  
16- gauge.  Per sonnel  door  shal l  be 36- i nch x 84- i nch.  Door  f r ames t o be 
const r uct ed usi ng a mi ni mum 14- gauge,  wi t h dr i p shi el ds/ wat er  f l ashi ng.

Pr ovi de door  wi t h t he f ol l owi ng accessor i es:

36"  x 72"  Equi pment  Door  w/ Pani c Bar s 
Saf et y gl ass wi ndo
Aut omat i c door  c l oser s
( 3)  Bal l  bear i ng hi nges

I nsul at i on ( Mi n)
Cei l i ng:   6- i nch R13 f i ber gl ass bat t
Wal l s:   3- i nch R11 f i ber gl ass bat t
Fl oor :   1- i nch R7 spr ay f oam

Di mensi ons: Ext er i or  di mensi ons shal l  be a s f ol l ows  Fi ni shes:  
Manuf act ur er ' s st andar d pr oduct  s i mi l ar  t o t he f ol l owi ng 
speci f i cat i ons.

Each Power  Cent er  shal l  be appr oxi mat el y 8' W x 18' L x 13'  H ( 10'  Fl oor  t o 
Cei l i ng)

Fi ni shes:  Manuf act ur er ' s st andar d pr oduct  s i mi l ar  t o t he f ol l owi ng 
speci f i cat i ons.

Mat er i al  pr ep shal l  i ncl ude Machi ne Tool  Cl eaned t o SP3,  wal l s st eamed 
cl eaned,  and Phosphat e t r eat ed wi t h t he f ol l owi ng:

I nt er i or :  ANSI  Whi t e,  3. 5 Tuf cot  Pai nt

I nt er i or  Fl oor  Pai nt :  ANSI  61,  3. 5 Tuf cot  Pai nt  w/  Text ur e Addi t i ve

Ext er i or  Base:  ANSI  Whi t e,  St andar d cor r osi on r esi st ant ,  2- st age I mr on 
over coat ,  w/  epoxy pr i mer  ( 6-  mi l ) .

Base -  ANSI  Whi t e,  St andar d cor r osi on r esi st ant ,  2- st age I mr on over coat ,  
w/  epoxy pr i mer  ( 6- mi l )

Ext er i or  Wal l :  ANSI  Whi t e,  St andar d cor r osi on r esi st ant  2- st age I mr on 
over coat ,  w/  epoxy pr i mer .

2. 9. 2   Gener al  Component s

The I PA shal l  be f ul l y  equi pped wi t h al l  component s as r equi r ed t o 
f unct i on as a compl et e uni t  assembl y i ncl udi ng but  not  l i mi t ed t o t he 
f ol l owi ng:

Power  Syst ems:  Fur ni sh and i nst al l  t he el ect r i cal  power  syst em 
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i ndi cat ed and needed f or  t he assembl y t o f unct i on as speci f i ed.

Li ght i ng:  I ndust r i al  gr ade LED l i ght i ng equi pped wi t h a l evel  of  50FC 
@ 3f t  of f  f l oor .  Pr ovi de swi t chi ng as i ndi cat ed.  Ext er i or  l i ght i ng 
shal l  be as speci f i ed i n t he schedul es.  Ext er i or  l i ght i ng wi l l  i ncl ude 
t he t ypes of  l umi nai r es speci f i ed,  phot o- cel l  cont r ol s and obst r uct i on 
l i ght i ng.

Power  Recept acl es:  Dupl ex NEMA 5- 20R.  Pr ovi de number  and l ocat i ons 
i ndi cat ed.

Gr oundi ng:  Pr ovi de a  ¼"  x 2 Ti n Copper  i nt er i or  gr ound r i ng and t wo 
2- hol e gr ound pads- wel ded t o t he base l ocat ed on each cor ner .  I n 
addi t i on i nst al l  a gr oundi ng bus bar  i nsi de t he encl osur e as i ndi cat ed 
i n t he dr awi ngs f or  equi pment  bondi ng.

HVAC:  Pr ovi de packaged uni t s on t he ext er i or  of  t he encl osur e wi t h 
suppl y above and r et ur n l ow t hr ough t he wal l s of  t he st r uct ur e.  
Pr ovi de cont r ol l er ,  di sconnect s and pr ot ect i on:

480V,  3Ph,  60Hz

One 5. 0 Ton Uni t  -  42, 300 BTU; s

Ambi ent  Desi gn Temp:   100 F

I nt er i or  Desi ng Temp:   100 F max

Raceways:  Pr ovi de conduct or  syst ems i n condui t  wi t h pr oper  boxes and 
wi r i ng col or  codi ng.

Speci al  Syst ems:  Fur ni sh and i nst al l  t he speci al  syst ems i ndi cat ed and 
det ai l ed on t he dr awi ngs.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Conf or m t o I EEE C2,  NFPA 70,  and t o t he r equi r ement s speci f i ed her ei n.   
Pr ovi de new equi pment  and mat er i al s unl ess i ndi cat ed or  speci f i ed 
ot her wi se.

3. 2   GROUNDI NG

NFPA 70 and I EEE C2,  except  t hat  gr ounds and gr oundi ng syst ems wi t h a 
r esi st ance t o sol i d ear t h gr ound not  exceedi ng 25 ohms.

3. 2. 1   Gr oundi ng El ect r odes

Pr ovi de dr i ven gr ound r ods as speci f i ed i n Sect i on 33 71 02 UNDERGROUND 
ELECTRI CAL DI STRI BUTI ON.   Connect  gr ound conduct or s t o t he upper  end of  
t he gr ound r ods by exot her mi c wel d or  compr essi on connect or .   Pr ovi de 
compr essi on connect or s at  equi pment  end of  gr ound conduct or s.

3. 2. 2   Equi pment  Gr oundi ng

Pr ovi de bar e copper  cabl e not  smal l er  t han No.  4/ 0 AWG not  l ess t han 24 
i nches bel ow gr ade connect i ng t o t he i ndi cat ed gr ound r ods.   When wor k i n 
addi t i on t o t hat  i ndi cat ed or  speci f i ed i s di r ect ed t o obt ai n t he 

SECTI ON 26 24 13  Page 11



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

speci f i ed gr ound r esi st ance,  t he pr ovi s i on of  t he cont r act  cover i ng 
" Changes"  appl i es.

3. 2. 3   Connect i ons

Make j oi nt s i n gr oundi ng conduct or s and l oops by exot her mi c wel d or  
compr essi on connect or .   I nst al l  exot her mi c wel ds and compr essi on 
connect or s as speci f i ed i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL 
DI STRI BUTI ON.

3. 2. 4   Gr oundi ng and Bondi ng Equi pment

UL 467,  except  as i ndi cat ed or  speci f i ed ot her wi se.

3. 3   I NSTALLATI ON OF EQUI PMENT AND ASSEMBLI ES

I nst al l  and connect  equi pment  f ur ni shed under  t hi s sect i on as i ndi cat ed on 
pr oj ect  dr awi ngs,  t he appr oved shop dr awi ngs,  and as speci f i ed her ei n.

3. 3. 1   Swi t chboar d

ANSI / NEMA PB 2. 1.

3. 3. 2   Fi el d Appl i ed Pai nt i ng

Wher e f i el d pai nt i ng of  encl osur es i s r equi r ed t o cor r ect  damage t o t he 
manuf act ur er ' s f act or y appl i ed coat i ngs,  pr ovi de manuf act ur er ' s 
r ecommended coat i ngs and appl y i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.

3. 3. 3   Gal vani z i ng Repai r

Repai r  damage t o gal vani zed coat i ngs usi ng ASTM A780/ A780M,  z i nc r i ch 
pai nt ,  f or  gal vani z i ng damaged by handl i ng,  t r anspor t i ng,  cut t i ng,  
wel di ng,  or  bol t i ng.   Do not  heat  sur f aces t hat  r epai r  pai nt  has been 
appl i ed t o.

3. 3. 4   Fi el d Fabr i cat ed Namepl at e Mount i ng

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.

3. 4   FOUNDATI ON FOR EQUI PMENT AND ASSEMBLI ES

3. 4. 1   I nt er i or  Locat i on

Mount  swi t chboar d on concr et e s l ab as f ol l ows:

a.   Unl ess ot her wi se i ndi cat ed,  pr ovi de t he sl ab wi t h di mensi ons at  l east  6
 i nches t hi ck.

b.   I nst al l  s l ab such t hat  t he t op of  t he concr et e s l ab i s appr oxi mat el y 4 
i nches above t he f i ni shed gr ade.   

c.   Pr ovi de edges above gr ade 1/ 2 i nch chamf er .

d.   Pr ovi de sl ab of  adequat e s i ze t o pr oj ect  at  l east  8 i nches beyond t he 
equi pment  encl osur es.
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e.   Pr ovi de condui t  t ur nups and cabl e ent r ance space r equi r ed by t he 
equi pment  t o be mount ed.

f .   Seal  voi ds ar ound condui t  openi ngs i n s l ab wi t h wat er -  and 
oi l - r esi st ant  caul k i ng or  seal ant .

g.   Cut  of f  and bush condui t s 3 i nches above sl ab sur f ace.

h.   Pr ovi de concr et e wor k as speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.

3. 5   FI ELD QUALI TY CONTROL

3. 5. 1   Per f or mance of  Accept ance Checks and Test s

Per f or m i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and i ncl ude 
t he f ol l owi ng vi sual  and mechani cal  i nspect i ons and el ect r i cal  t est s,  
per f or med i n accor dance wi t h NETA ATS.

3. 5. 1. 1   Swi t chboar d Assembl i es

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e equi pment  namepl at e dat a wi t h speci f i cat i ons and appr oved 
shop dr awi ngs.

( 2)  I nspect  physi cal ,  el ect r i cal ,  and mechani cal  condi t i on.

( 3)  Ver i f y appr opr i at e anchor age,  r equi r ed ar ea cl ear ances,  and 
cor r ect  al i gnment .

( 4)  Cl ean swi t chboar d and ver i f y shi ppi ng br aci ng,  l oose par t s,  and 
document at i on shi pped i nsi de cubi c l es have been r emoved.

( 5)  I nspect  al l  door s,  panel s,  and sect i ons f or  pai nt ,  dent s,  
scr at ches,  f i t ,  and mi ssi ng har dwar e.

( 6)  Ver i f y t hat  c i r cui t  br eaker  s i zes and t ypes cor r espond t o appr oved 
shop dr awi ngs as wel l  as t o t he c i r cui t  br eaker ’ s addr ess f or  
mi cr opr ocessor - communi cat i on packages.

( 7)  I nspect  al l  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance 
usi ng l ow- r esi st ance ohmmet er ,  ver i f y i ng  t i ght ness of  accessi bl e 
bol t ed el ect r i cal  connect i ons by cal i br at ed t or que- wr ench met hod,  
or  per f or mi ng t her mogr aphi c sur vey.

( 8)  Conf i r m cor r ect  appl i cat i on of  manuf act ur er ' s r ecommended 
l ubr i cant s.

( 9)  I nspect  i nsul at or s f or  evi dence of  physi cal  damage or  cont ami nat ed 
sur f aces.

( 10)  Exer ci se al l  act i ve component s.

( 11)  I nspect  al l  mechani cal  i ndi cat i ng devi ces f or  cor r ect  oper at i on.

( 12)  Ver i f y t hat  f i l t er s ar e i n pl ace and vent s ar e c l ear .
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( 13)  I nspect  cont r ol  power  t r ansf or mer s.

b.   El ect r i cal  Test s

( 1)  Per f or m i nsul at i on- r esi st ance t est s on each bus sect i on.

( 2)  Per f or m di el ect r i c wi t hst and vol t age t est s.

( 3)  Per f or m i nsul at i on- r esi st ance t est  on cont r ol  wi r i ng;  Do not  
per f or m t hi s t est  on wi r i ng connect ed t o sol i d- st at e component s.

( 4)  Per f or m cont r ol  wi r i ng per f or mance t est .

3. 5. 1. 2   Ci r cui t  Br eaker s

Low Vol t age - Low Vol t age Mol ded Case

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e namepl at e dat a wi t h speci f i cat i ons and appr oved shop 
dr awi ngs.

( 2)  I nspect  c i r cui t  br eaker  f or  cor r ect  mount i ng.

( 3)  Oper at e c i r cui t  br eaker  t o ensur e smoot h oper at i on.

( 4)  I nspect  case f or  cr acks or  ot her  def ect s.

( 5)  I nspect  al l  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance 
usi ng l ow r esi st ance ohmmet er ,  ver i f y i ng t i ght ness of  accessi bl e 
bol t ed connect i ons and/ or  cabl e connect i ons by cal i br at ed 
t or que- wr ench met hod,  or  per f or mi ng t her mogr aphi c sur vey.

( 6)  I nspect  mechani sm cont act s and ar c chut es i n unseal ed uni t s.

b.   El ect r i cal  Test s

( 1)  Per f or m cont act - r esi st ance t est s.

( 2)  Per f or m i nsul at i on- r esi st ance t est s.

( 3)  Det er mi ne shor t - t i me pi ckup and del ay by pr i mar y cur r ent  i nj ect i on.

( 4)  Det er mi ne gr ound- f aul t  pi ckup and t i me del ay by pr i mar y cur r ent  
i nj ect i on.

( 5)  Det er mi ne i nst ant aneous pi ckup cur r ent  by pr i mar y i nj ect i on.

3. 5. 1. 3   Gr oundi ng Syst em

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  I nspect  gr ound syst em f or  compl i ance wi t h cont r act  pl ans and 
speci f i cat i ons.

b.   El ect r i cal  Test s

( 1)  I EEE 81.   Per f or m gr ound- i mpedance measur ement s ut i l i z i ng t he 
f al l - of - pot ent i al  met hod.   On syst ems consi st i ng of  i nt er connect ed 
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gr ound r ods,  per f or m t est s af t er  i nt er connect i ons ar e compl et e.   
On syst ems consi st i ng of  a s i ngl e gr ound r od per f or m t est s bef or e 
any wi r e i s connect ed.   Take measur ement s i n nor mal l y dr y weat her ,  
not  l ess t han 48 hour s af t er  r ai nf al l .   Use a por t abl e gr ound 
r esi st ance t est er  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons 
t o t est  each gr ound or  gr oup of  gr ounds.   Use an i nst r ument  
equi pped wi t h a met er  r eadi ng di r ect l y i n ohms or  f r act i ons 
t her eof  t o i ndi cat e t he gr ound val ue of  t he gr ound r od or  
gr oundi ng syst ems under  t est .

( 2)  Submi t  t he measur ed gr ound r esi st ance of  each gr ound r od and 
gr oundi ng syst em,  i ndi cat i ng t he l ocat i on of  t he r od and gr oundi ng 
syst em.   I ncl ude t he t est  met hod and t est  set up ( i . e. ,  pi n 
l ocat i on)  used t o det er mi ne gr ound r esi st ance and soi l  condi t i ons 
at  t he t i me t he measur ement s wer e made.

        - -  End of  Sect i on - -
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 SECTI ON 26 29 23

ADJUSTABLE SPEED DRI VE ( ASD)  SYSTEMS UNDER 600 VOLTS
02/ 20,  CHG 1:  05/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

EUROPEAN COMMI TTEE FOR STANDARDI ZATI ON ( CEN/ CENELEC)

EN 61800- 3 ( 2017)  Requi r ement s f or  t he Cont r ol  of  
El ect r omagnet i c I nt er f er ence 
Char act er i st i cs of  Subsyst ems and Equi pment

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 519 ( 2022)  St andar d f or  Har moni c Cont r ol  i n 
El ect r i cal  Power  Syst ems

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

I NTERNATI ONAL ELECTROTECHNI CAL COMMI SSI ON ( I EC)

I EC 61000- 3- 12 ( 2012)  El ect r omagnet i c Compat i bi l i t y  ( EMC)  
-  Par t  3- 12:  Li mi t s -  Li mi t s f or  har moni c 
cur r ent s pr oduced by equi pment  connect ed 
t o publ i c l ow- vol t age syst ems wi t h i nput  
cur r ent  >16 A and </ =75 A per  phase

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA I CS 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s

NEMA I CS 3. 1 ( 2019)  Gui de f or  t he Appl i cat i on,  
Handl i ng,  St or age,  I nst al l at i on and 
Mai nt enance of  Medi um- Vol t age AC 
Cont act or s,  Cont r ol l er s and Cont r ol  Cent er s

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA I CS 7 ( 2020)  Adj ust abl e- Speed Dr i ves
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NEMA I CS 7. 2 ( 2015)  Appl i cat i on Gui de f or  AC Adj ust abl e 
Speed Dr i ve Syst ems

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

47 CFR 15 Radi o Fr equency Devi ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 61800- 5- 1 ( 2016)  Adj ust abl e Speed El ect r i cal  Power  
Dr i ve Syst ems -  Par t  5- 1:  Saf et y 
Requi r ement s -  El ect r i cal ,  Ther mal  and 
Ener gy

1. 2   RELATED REQUI REMENTS

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM appl i es t o t hi s sect i on wi t h 
addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   SYSTEM DESCRI PTI ON

1. 3. 1   Per f or mance Requi r ement s

1. 3. 1. 1   El ect r omagnet i c I nt er f er ence Suppr essi on

Comput i ng devi ces,  as def i ned by 47 CFR 15 and EN 61800- 3  r ul es and 
r egul at i ons,  must  be cer t i f i ed t o compl y wi t h t he r equi r ement s f or  c l ass A 
comput i ng devi ces and l abel ed.

1. 3. 1. 2   El ect r omechani cal  and El ect r i cal  Component s

Ensur e el ect r i cal  and el ect r omechani cal  component s of  t he Adj ust abl e Speed 
Dr i ve ( ASD)  do not  cause el ect r omagnet i c i nt er f er ence t o adj acent  
el ect r i cal  or  el ect r omechani cal  equi pment  whi l e i n oper at i on.

1. 3. 2   El ect r i cal  Requi r ement s

1. 3. 2. 1   Power  Li ne Sur ge Pr ot ect i on

I EEE C62. 41. 1 and I EEE C62. 41. 2,  I EEE 519,  I EC 61000- 3- 12 Cont r ol  panel  
must  have sur ge pr ot ect i on,  i ncl uded wi t hi n t he panel  t o pr ot ect  t he uni t  
f r om damagi ng t r ansi ent  vol t age sur ges.   Sur ge pr ot ect i ve devi ce must  be 
mount ed near  t he i ncomi ng power  sour ce and pr oper l y wi r ed t o al l  t hr ee 
phases and gr ound.   Fuses must  not  be used f or  sur ge pr ot ect i on.

1. 3. 2. 2   Sensor  and Cont r ol  Wi r i ng Sur ge Pr ot ect i on

I / O f unct i ons as speci f i ed must  be pr ot ect ed agai nst  sur ges i nduced on 
cont r ol  and sensor  wi r i ng i nst al l ed out door s and as shown.   Test  t he 
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i nput s and out put s i n bot h nor mal  mode and common mode usi ng t he f ol l owi ng 
t wo wavef or ms:

a.   A 10 mi cr osecond by 1000 mi cr osecond wavef or m wi t h a peak vol t age of  
1500 vol t s and a peak cur r ent  of  60 amper es.

b.   An 8 mi cr osecond by 20 mi cr osecond wavef or m wi t h a peak vol t age of  
1000 vol t s and a peak cur r ent  of  500 amper es.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Schemat i c Di agr ams;  G

I nt er connect i ng Di agr ams;  G

I nst al l at i on Dr awi ngs;  G

As- Bui l t  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Adj ust abl e Speed Dr i ves;  G

Wi r es and Cabl es

Equi pment  Schedul e

SD- 06 Test  Repor t s

ASD Test

Per f or mance Ver i f i cat i on Test s

Endur ance Test

SD- 08 Manuf act ur er ' s I nst r uct i ons

I nst al l at i on i nst r uct i ons

SD- 09 Manuf act ur er ' s Fi el d Repor t s

ASD Test  Pl an;  G

St andar d Pr oduct s

SD- 10 Oper at i on and Mai nt enance Dat a

Adj ust abl e Speed Dr i ves,  Dat a Package 4
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1. 5   QUALI TY ASSURANCE

1. 5. 1   Schemat i c Di agr ams

Submi t  di agr ams showi ng ci r cui t s and devi ce el ement s f or  each r epl aceabl e 
modul e.   Schemat i c di agr ams of  pr i nt ed ci r cui t  boar ds ar e per mi t t ed t o 
gr oup f unct i onal  assembl i es as devi ces,  pr ovi ded t hat  suf f i c i ent  
i nf or mat i on i s pr ovi ded f or  gover nment  mai nt enance per sonnel  t o ver i f y 
pr oper  oper at i on of  t he f unct i onal  assembl i es.

1. 5. 2   I nt er connect i ng Di agr ams

Show i nt er connect i ons bet ween equi pment  assembl i es,  and ext er nal  
i nt er f aces,  i ncl udi ng power  and si gnal  conduct or s.   I ncl ude f or  encl osur es 
and ext er nal  devi ces.

1. 5. 3   I nst al l at i on Dr awi ngs

Show f l oor  pl an of  each si t e,  wi t h ASD' s and mot or s i ndi cat ed.   I ndi cat e 
vent i l at i on r equi r ement s,  adequat e c l ear ances,  and cabl e r out es.   Submi t  
dr awi ngs f or  gover nment  appr oval  pr i or  t o equi pment  const r uct i on or  
i nt egr at i on.   I mmedi at el y r ecor d modi f i cat i ons t o or i gi nal  dr awi ngs made 
dur i ng i nst al l at i on f or  i ncl usi on i nt o t he as- bui l t  dr awi ngs.

1. 5. 4   Equi pment  Schedul e

Pr ovi de schedul e of  equi pment  suppl i ed.  Schedul e must  pr ovi de a cr oss 
r ef er ence bet ween manuf act ur er  dat a and i dent i f i er s i ndi cat ed i n shop 
dr awi ngs.   Schedul e must  i ncl ude t he t ot al  quant i t y of  each i t em of  
equi pment  suppl i ed and dat a i ndi cat i ng compat i bi l i t y  wi t h mot or s bei ng 
dr i ven.   For  compl et e assembl i es,  such as ASD' s,  pr ovi de t he ser i al  
number s of  each assembl y,  and a sub- schedul e of  component s wi t hi n t he 
assembl y.   Pr ovi de r ecommended spar e par t s l i s t i ng f or  each assembl y or  
component .

1. 5. 5   I nst al l at i on I nst r uct i ons

Pr ovi de i nst al l at i on i nst r uct i ons i ssued by t he manuf act ur er  of  t he 
equi pment ,  i ncl udi ng not es and r ecommendat i ons,  pr i or  t o shi pment  t o t he 
s i t e.   Pr ovi de oper at i on i nst r uct i ons pr i or  t o accept ance t est i ng.

1. 5. 6   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p and:

a.   Have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
pr i or  t o bi d openi ng i ncl udi ng appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.

b.   Have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.

c.   Wher e t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  
pr ovi de pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  
par t s of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  
unl ess st at ed i n t hi s sect i on.
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1. 6   DELI VERY AND STORAGE

St or e del i ver ed equi pment  t o pr ot ect  f r om t he weat her ,  humi di t y and 
t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.

1. 7   WARRANTY

The compl et e syst em must  be war r ant ed by t he manuf act ur er  f or  a per i od of  
one year .   Repai r  or  r epl ace any component  f ai l i ng t o per f or m i t s f unct i on 
as speci f i ed and document ed at  no addi t i onal  cost  t o t he Gover nment .   
I t ems r epai r ed or  r epl aced must  be war r ant ed f or  an addi t i onal  per i od of  
at  l east  one year  f r om t he dat e t hat  i t  becomes f unct i onal  agai n,  as 
speci f i ed i n FAR 52. 246- 21 War r ant y of  Const r uct i on.

1. 8   MAI NTENANCE

1. 8. 1   Spar e Par t s

Manuf act ur er s pr ovi de spar e par t s i n accor dance wi t h r ecommended spar e 
par t s l i s t .

1. 8. 2   Oper at i on and Mai nt enance Dat a

Pr ovi de i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE 
DATA.   Pr ovi de ser vi ce and mai nt enance i nf or mat i on i ncl udi ng pr event i ve 
mai nt enance,  assembl y,  and di sassembl y pr ocedur es.   I ncl ude el ect r i cal  
dr awi ngs f r om el ect r i cal  gener al  sect i ons.   Pr ovi de addi t i onal  i nf or mat i on 
necessar y t o pr ovi de compl et e oper at i on,  r epai r ,  and mai nt enance 
i nf or mat i on,  det ai l ed t o t he smal l est  r epl aceabl e uni t .   I ncl ude copi es of  
as- bui l t  submi t t al s.   Pr ovi de r out i ne pr event at i ve mai nt enance 
i nst r uct i ons,  and equi pment  r equi r ed.   Pr ovi de i nst r uct i ons on how t o 
modi f y pr ogr am set t i ngs,  and modi f y t he cont r ol  pr ogr am.   Pr ovi de 
i nst r uct i ons on dr i ve adj ust ment ,  t r oubl e- shoot i ng,  and conf i gur at i on.   
Pr ovi de i nst r uct i ons on pr ocess t uni ng and syst em cal i br at i on.

1. 8. 3   Mai nt enance Suppor t

Dur i ng t he war r ant y per i od,  pr ovi de on- si t e,  on- cal l  mai nt enance ser vi ces 
by dr i ve manuf act ur er ' s per sonnel  on t he f ol l owi ng basi s:   The ser vi ce 
must  be on a per - cal l  basi s wi t h 36 hour  r esponse.   Cont r act or  i s 
r esponsi bl e f or  t he mai nt enance of  al l  har dwar e and sof t war e of  t he syst em 
dur i ng t he war r ant y per i od.   Var i ous per sonnel  of  di f f er ent  exper t i se must  
be sent  on- si t e dependi ng on t he nat ur e of  t he mai nt enance ser vi ce 
r equi r ed.   Cost s must  i ncl ude t r avel ,  l ocal  t r anspor t at i on,  l i v i ng 
expenses,  and l abor  r at es of  t he ser vi ce per sonnel  whi l e r espondi ng t o t he 
ser vi ce r equest .   The pr ovi s i ons of  t hi s Sect i on ar e not  i n l i eu of ,  nor  
r el i eve t he Cont r act or  of ,  war r ant y r esponsi bi l i t i es cover ed i n t hi s 
speci f i cat i on.   Shoul d t he r esul t  of  t he ser vi ce r equest  be t he uncover i ng 
of  a syst em def ect  cover ed under  t he war r ant y pr ovi s i ons,  al l  cost s f or  
t he cal l ,  i ncl udi ng t he l abor  necessar y t o i dent i f y t he def ect ,  must  be 
bor ne by t he Cont r act or .

1. 8. 4   Techni cal  Suppor t

Pr ovi de t he ASDs wi t h manuf act ur er ' s t echni cal  t el ephone suppor t  i n 
Engl i sh,  r eadi l y avai l abl e dur i ng nor mal  wor ki ng hour s.
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PART 2   PRODUCTS

2. 1   ADJUSTABLE SPEED DRI VES ( ASD)

Pr ovi de adj ust abl e speed dr i ve t o cont r ol  t he speed of  i nduct i on 
mot or ( s) .   The ASD must  i ncl ude t he f ol l owi ng mi ni mum f unct i ons,  f eat ur es 
and r at i ngs.

a.   I nput  c i r cui t  br eaker  per  UL 489 wi t h a mi ni mum of  10, 000 amps 
symmet r i cal  i nt er r upt i ng capaci t y and door  i nt er l ocked ext er nal  
oper at or .

b.   A conver t er  st age per  UL 61800- 5- 1 must  change f i xed vol t age,  f i xed 
f r equency,  ac l i ne power  t o a f i xed dc vol t age.  The conver t er  must  
ut i l i ze a f ul l  wave br i dge desi gn i ncor por at i ng di ode r ect i f i er s.  
Si l i con Cont r ol l ed Rect i f i er s ( SCR)  ar e not  accept abl e.   The conver t er  
must  be i nsensi t i ve t o t hr ee phase r ot at i on of  t he ac l i ne and must  
not  cause di spl acement  power  f act or  of  l ess t han . 95 l aggi ng under  any 
speed and l oad condi t i on.

c.   An i nver t er  st age must  change f i xed dc vol t age t o var i abl e f r equency,  
var i abl e ac vol t age f or  appl i cat i on t o a st andar d NEMA MG 1 Par t  30 
mot or  desi gned f or  use wi t h adj ust abl e f r equency power  suppl i es.   
Swi t ch t he i nver t er  t o pr oduce a s i ne coded pul se wi dt h modul at ed 
( PWM)  out put  wavef or m.

d.   The ASD shal l  be capabl e of  suppl y i ng 110 per cent  of  r at ed f ul l  l oad 
cur r ent  f or  one mi nut e at  maxi mum ambi ent  t emper at ur e.

e.   The ASD must  be desi gned t o oper at e f r om a 480 vol t ,  pl us or  mi nus 10 
per cent ,  t hr ee phase,  60 Hz suppl y,  and cont r ol  mot or s wi t h a 
cor r espondi ng vol t age r at i ng.

f .   Accel er at i on and decel er at i on t i me must  be i ndependent l y adj ust abl e 
f r om one second t o 60 seconds.

Requi r ed decel er at i on t i me may be achi eved usi ng not  onl y dynami c br aki ng 
r esi st or  but  wi t h ot her  met hods descr i bed i n NEMA I CS 7. 2- 2015 par agr aph 
5. 2. 5.

g.   Adj ust abl e f ul l - t i me cur r ent  l i mi t i ng must  l i mi t  t he cur r ent  t o a 
pr eset  val ue whi ch must  not  exceed 110 per cent  of  t he cont r ol l er  r at ed 
cur r ent .   The cur r ent  l i mi t i ng act i on must  mai nt ai n t he V/ Hz r at i o 
const ant  so t hat  var i abl e t or que can be mai nt ai ned.   Shor t  t i me 
st ar t i ng over r i de must  al l ow st ar t i ng cur r ent  t o r each 175 per cent  of  
cont r ol l er  r at ed cur r ent  t o maxi mum st ar t i ng t or que.

h.   The cont r ol l er s must  be capabl e of  pr oduci ng an out put  f r equency over  
t he r ange of  3 Hz t o 60 Hz ( 20 t o one speed r ange) ,  wi t hout  l ow speed 
coggi ng.   Over  f r equency pr ot ect i on must  be i ncl uded such t hat  a 
f ai l ur e i n t he cont r ol l er  el ect r oni c c i r cui t r y must  not  cause 
f r equency t o exceed 110 per cent  of  t he maxi mum cont r ol l er  out put  
f r equency sel ect ed.

i .   Mi ni mum and maxi mum out put  f r equency must  be adj ust abl e over  t he 
f ol l owi ng r anges:   1)  Mi ni mum f r equency 3 Hz t o 50 per cent  of  maxi mum 
sel ect ed f r equency;  2)  Maxi mum f r equency 40 Hz t o 60 Hz.

j .   The cont r ol l er  ef f i c i ency at  any speed must  not  be l ess t han 96 
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per cent .

k.   The cont r ol l er s must  be capabl e of  bei ng r est ar t ed i nt o a mot or  
coast i ng i n t he f or war d di r ect i on wi t hout  t r i ppi ng.

l .   Pr ot ect i on of  power  semi conduct or  component s must  be accompl i shed 
wi t hout  t he use of  f ast  act i ng semi conduct or  out put  f uses.   Subj ect i ng 
t he cont r ol l er s t o any of  t he f ol l owi ng condi t i ons must  not  r esul t  i n 
component  f ai l ur e or  t he need f or  f use r epl acement :

( 1)  Shor t  c i r cui t  at  cont r ol l er  out put

( 2)  Gr ound f aul t  at  cont r ol l er  out put

( 3)  Open ci r cui t  at  cont r ol l er  out put

( 4)  I nput  under vol t age

( 5)  I nput  over vol t age

( 6)  Loss of  i nput  phase

( 7)  AC l i ne swi t chi ng t r ansi ent s

( 8)  I nst ant aneous over l oad

( 9)  Sust ai ned over l oad exceedi ng 115 per cent  of  cont r ol l er  r at ed 
cur r ent

( 10)  Over  t emper at ur e

( 11)  Phase r ever sal  

m.   Sol i d st at e mot or  over l oad pr ot ect i on must  be i ncl uded such t hat  
cur r ent  exceedi ng an adj ust abl e t hr eshol d must  act i vat e a 60 second 
t i mi ng ci r cui t .   Shoul d cur r ent  r emai n above t he t hr eshol d 
cont i nuousl y f or  t he t i mi ng per i od,  t he cont r ol l er  wi l l  aut omat i cal l y 
shut  down.

n.   I ncl ude sl i p compensat i on c i r cui t  t hat  wi l l  sense changi ng mot or  l oad 
condi t i ons and adj ust  out put  f r equency t o pr ovi de speed r egul at i on of  
NEMA MG 1 Par t  30 desi gned f or  use wi t h adj ust abl e f r equency power  
suppl i es  mot or s t o wi t hi n pl us or  mi nus 0. 5 per cent  of  maxi mum speed 
wi t hout  t he necessi t y of  a t achomet er  gener at or .

o.   The ASD must  be f act or y set  f or  manual  r est ar t  af t er  t he f i r st  
pr ot ect i ve c i r cui t  t r i p f or  mal f unct i on ( over cur r ent ,  under vol t age,  
over vol t age or  over t emper at ur e)  or  an i nt er r upt i on of  power .   The ASD 
must  be capabl e of  bei ng set  f or  aut omat i c r est ar t  af t er  a sel ect ed 
t i me del ay.   I f  t he dr i ve f aul t s agai n wi t hi n a speci f i ed t i me per i od 
( adj ust abl e 0- 60 seconds) ,  a manual  r est ar t  wi l l  be r equi r ed.

p.   The ASD must  i ncl ude ext er nal  f aul t  r eset  capabi l i t y .   Al l  t he 
necessar y l ogi c t o accept  an ext er nal  f aul t  r eset  cont act  must  be 
i ncl uded.

q.   Pr ovi de cr i t i cal  speed l ockout  c i r cui t r y t o pr event  oper at i ng at  
f r equenci es wi t h cr i t i cal  har moni cs t hat  cause r esonant  v i br at i ons.   
The ASD must  have a mi ni mum of  t hr ee user  sel ect abl e bandwi dt hs.
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r .   Pr ovi de pr eper l y s i zed NEMA and I EC r at ed by- pass and i sol at i on 
cont act or s t o enabl e oper at i on of  mot or  i n t he event  of  ASD f ai l ur e.   
I nst al l  mechani cal  and el ect r i cal  i nt er l ocks bet ween t he by- pass and 
i sol at i on cont act or s.   Pr ovi de a sel ect or  swi t ch and t r ansf er  del ay 
t i mer .   Mot or  over l oad and shor t  c i r cui t  pr ot ect i ve f eat ur es must  
r emai n i n use dur i ng t he bypass mode.

s.   Each i ndi v i dual  ASD must  meet  t he f ol l owi ng Tot al  Har moni c Di st or t i on 
( THD)  r equi r ement s at  t he i nput  t er mi nal s t o t he f act or y assembl y of  
t he ASD or  at  t he l oad di sconnect i ng means ser vi ng t he ASD and f i l t er  
assembl y.   These measur ement s shoul d be t aken wi t h t he dr i ve set  at  90 
per cent  f r equency ( r pms)  and t he mot or  under  a mi ni mum of  50 per cent  
demand.

( 1)  The Vol t age THD shoul d not  exceed 2. 0 per cent  THD.

( 2)  The Cur r ent  THD shoul d not  exceed 15. 0 per cent  THD.

( 3)  I f  t he st andar d f act or y ASD does not  meet  or  exceed t hese 
r equi r ement s t he f act or y must  i nst al l  appr opr i at e equi pment  
( Har moni c Tr aps,  Fi l t er s,  di f f er ent  Dr i ve t echnol ogy,  et c. )  t o 
mi t i gat e t he di st or t i on t o assur e per f or mance of  t he VFD i s wi t hi n 
t he l i mi t s.

( 4)  These t est s shoul d be per f or med at  t he Manuf act ur er s Labor at or y 
f aci l i t i es and submi t t ed as par t  of  t he Pr oduct  Dat a Submi t t al s,  
i n or der  t o pr event  t he necessi t y of  addi ng mi t i gat i on equi pment  
i n t he f i el d.  I f  t he r equi r ement s l i s t ed above ar e met ,  I EEE 519 
wi l l  al so be met .

t .   Mi ni mum Oper at i ng Condi t i ons.   Desi gned and const r uct ed ASD' s t o 
oper at e wi t hi n t he f ol l owi ng ser vi ce condi t i ons:

( 1)  Ambi ent  Temper at ur e Rat i ng:   0 t o 120 degr ees F.

( 2)  Non- condensi ng r el at i ve humi di t y r at i ng:   l ess t han 95 per cent .

( 3)  Ambi ent  r at i ng:   Not  exceed 3, 300 f eet .

2. 1. 1   ASD f or  I ndust r i al  Appl i cat i on

Pr ovi de t he f ol l owi ng oper at or  cont r ol  and moni t or i ng devi ces mount ed on 
t he f r ont  panel  of  t he ASD:

a.   Manual  speed pot ent i omet er .

b.   Hand- Of f - Aut o ( HOA)  swi t ch.

c.   Power  on l i ght .

d.   Dr i ve r un power  l i ght .

e.   Local  di spl ay capabl e of  i ncl udi ng ASD st at us,  f r equency,  mot or  RPM,  
phase cur r ent ,  f aul t  di agnost i c i n descr i pt i ve t ext ,  and al l  
pr ogr ammed par amet er s.
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2. 1. 2   ASD f or  HVAC Appl i cat i on

ASDs must  have t he f ol l owi ng f eat ur es:

a.   A l ocal  oper at or  cont r ol  pr ovi di ng t he f ol l owi ng f unct i ons:

( 1)  Remot e/ Local  oper at or  sel ect i on wi t h passwor d access.

( 2)  Run/ St op and manual  speed commands.

( 3)  Al l  pr ogr ammi ng f unct i ons.

( 4)  Scr ol l i ng t hr ough al l  di spl ay f unct i ons.

b.   A l ocal  oper at or  cont r ol  panel  wi t h t he f ol l owi ng dat a di spl ayed:

( 1)  ASD st at us.

( 2)  Fr equency.

( 3)  Mot or  RPM.

( 4)  Phase cur r ent .

( 5)  Scr ol l i ng t hr ough al l  di spl ay f unct i ons.

( 6)  Faul t  di agnost i cs i n descr i pt i ve t ext .

( 7)  Al l  pr ogr ammed par amet er s.

c.   St andar d PI  l oop cont r ol l er  wi t h i nput  t er mi nal  f or  cont r ol l ed 
var i abl e and par amet er  set t i ngs.

d.   User  i nt er f ace t er mi nal s f or  r emot e cont r ol  of  ASD speed,  speed 
f eedback,  and an i sol at ed f or m C SPDT r el ay,  whi ch ener gi zes on a 
dr i ve f aul t  condi t i on.

e.   An i sol at ed f or m C SPDT auxi l i ar y r el ay whi ch ener gi zes on a r un 
command.

f .   An adj ust abl e car r i er  f r equency wi t h 16 KHz mi ni mum upper  l i mi t .

g.   A bui l t - i n or  ext er nal  l i ne r eact or  wi t h 3 per cent  mi ni mum i mpedance 
t o pr ot ect  t he DC bus capaci t or s and r ect i f i er  sect i on di odes.

h.   Hi st or i cal  l oggi ng i nf or mat i on and di spl ays:

( 1)  Runni ng l og of  t ot al  power  ver sus t i me.

( 2)  Tot al  r un t i me.

( 3)  Faul t  l og,  mai nt ai ni ng l ast  f our  f aul t s wi t h t i me and dat a st amp 
f or  each.

i .   ASDs must  i ncl ude t he f ol l owi ng oper at or  pr ogr ammabl e par amet er s:

( 1)  Upper  and l ower  l i mi t  f r equency.

( 2)  Accel er at i on and decel er at i on r at e.
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( 3)  Var i abl e t or que vol t s per  Her t z cur ve.

( 4)  St ar t i ng vol t age l evel .

( 5)  St ar t i ng f r equency l evel .

( 6)  Di spl ay speed scal i ng.

( 7)  Enabl e/ di sabl e sof t  st al l  f eat ur e.

( 8)  Mot or  over l oad l evel .

( 9)  Mot or  st al l  l evel .

( 10)  Jump f r equency and hyst er esi s band.

( 11)  PWM car r i er  f r equency.

k.   ASD must  have t he f ol l owi ng pr ot ect i ve f eat ur es:

( 1)  An el ect r oni c adj ust abl e i nver se t i me cur r ent  l i mi t  wi t h 
consi der at i on f or  addi t i onal  heat i ng of  t he mot or  at  f r equenci es 
bel ow 45Hz,  f or  t he pr ot ect i on of  t he mot or .

( 2)  An el ect r oni c adj ust abl e sof t  st al l  f eat ur e,  al l owi ng t he ASD t o 
l ower  t he f r equency t o a poi nt  wher e t he mot or  wi l l  not  exceed t he 
f ul l - l oad amper age when an over l oad ASD wi l l  aut omat i cal l y r et ur n 
t o t he r equest ed f r equency when l oad condi t i ons per mi t .

( 3)  A separ at e el ect r oni c st al l  at  110 per cent  ASD r at ed cur r ent ,  and 
a separ at e har dwar e t r i p at  190 per cent  cur r ent .

( 4)  The abi l i t y  t o shut  down i f  i nadver t ent l y st ar t ed i nt o a r ot at i ng 
l oad wi t hout  damagi ng t he ASD or  t he mot or .

( 5)  The abi l i t y  t o keep a l og of  a mi ni mum of  f our  pr evi ous f aul t  
condi t i ons,  i ndi cat i ng t he f aul t  t ype and t i me of  occur r ence i n 
descr i pt i ve t ext .

( 6)  The abi l i t y  t o sust ai n 110 per cent  r at ed cur r ent  f or  60 seconds.

( 7)  The abi l i t y  t o shut down saf el y or  pr ot ect  agai nst  and r ecor d t he 
f ol l owi ng f aul t  condi t i ons:

( a)  Over  cur r ent  ( and an i ndi cat i on i f  t he over  cur r ent  was dur i ng 
accel er at i on,  decel er at i on,  or  r unni ng) .

( b)  Over  cur r ent  i nt er nal  t o t he dr i ve.

( c)  Mot or  over l oad at  st ar t - up.

( d)  Over  vol t age f r om ut i l i t y  power .

( e)  Mot or  r unni ng over l oad.

( f )  Over  vol t age dur i ng decel er at i on.

( g)  ASD over  heat .
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( h)  Load and gr ound f aul t .

( i )  Abnor mal  par amet er s or  dat a i n ASD EEPROM.

2. 2   ENCLOSURES

Pr ovi de equi pment  encl osur es conf or mi ng t o NEMA 250,  NEMA I CS 7,  and 
NEMA I CS 6,  wi t h a heat er  i f  l ocat ed out door s.   An HMCP devi ce shal l  
pr ovi de t he di sconnect i ng means.   The oper at i ng handl e shal l  pr ot r ude 
t hr ough t he door ,  but  t he di sconnect  shal l  not  be mount ed on t he door .   
The handl e shal l  i ndi cat e ON,  OFF,  and t r i pped condi t i ons.   The handl e 
shal l  have pr ovi s i ons t o accommodat e a mi ni mum of  t hr ee padl ocks i n t he 
OFF posi t i on.   I nt er l ocks shal l  pr event  unaut hor i zed openi ng or  c l osi ng of  
t he ASD door  wi t h t he di sconnect  handl e i n t he ON posi t i on.   The door  
handl e i nt er l ock shoul d have pr ovi s i ons t o be def eat ed by qual i f i ed 
mai nt enance per sonnel .

2. 3   WI RES AND CABLES

Al l  wi r es and cabl es must  conf or m t o NEMA 250,  NEMA I CS 7,  NFPA 70.

2. 4   NAMEPLATES

Namepl at es ext er nal  t o NEMA encl osur es must  conf or m wi t h t he r equi r ement s 
of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de manuf act ur er ' s 
st andar d,  per manent  namepl at es f or  i nt er nal  ar eas of  encl osur es.

2. 5   SOURCE QUALI TY CONTROL

2. 5. 1   ASD Test  Pl an

To ensur e qual i t y,  each ASD must  be subj ect  t o a ser i es of  i n- pl ant  
qual i t y cont r ol  i nspect i ons bef or e appr oval  f or  shi pment  f r om t he 
manuf act ur er ' s f aci l i t i es.   Pr ovi de t est  pl ans.

2. 5. 2   ASD Test  Repor t

To ensur e qual i t y,  each ASD must  be subj ect  t o a ser i es of  i n- pl ant  
qual i t y cont r ol  i nspect i ons bef or e appr oval  f or  shi pment  f r om t he 
manuf act ur er ' s f aci l i t i es.   Pr ovi de t est  r epor t s.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Per  NEMA I CS 3. 1,  i nst al l  equi pment  i n accor dance wi t h t he appr oved 
manuf act ur er ' s pr i nt ed i nst al l at i on dr awi ngs,  i nst r uct i ons,  wi r i ng 
di agr ams,  and as i ndi cat ed on pr oj ect  dr awi ngs and t he appr oved shop 
dr awi ngs.   A f i el d r epr esent at i ve of  t he dr i ve manuf act ur er  must  super vi se 
t he i nst al l at i on of  al l  equi pment ,  and wi r i ng.

3. 2   GROUNDI NG

Per  NEMA I CS 7. 2,  ASD must  be sol i dl y gr ounded t o t he mai n di st r i but i on.

3. 3   FI ELD QUALI TY CONTROL

Speci f i ed pr oduct s must  be t est ed as a syst em f or  conf or mance t o 
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speci f i cat i on r equi r ement s pr i or  t o schedul i ng t he accept ance t est s.   
Conduct  per f or mance ver i f i cat i on t est s i n t he pr esence of  Gover nment  
r epr esent at i ve,  obser vi ng and document i ng compl et e compl i ance of  t he 
syst em t o t he speci f i cat i ons.   Submi t  a s i gned copy of  t he t est  r esul t s,  
cer t i f y i ng pr oper  syst em oper at i on bef or e schedul i ng t est s.

3. 3. 1   ASD Test

A pr oposed t est  pl an must  be submi t t ed t o t he cont r act i ng of f i cer  at  l east  
28 cal endar  days pr i or  t o pr oposed t est i ng f or  appr oval .   The t est s must  
conf or m t o NEMA I CS 1,  NEMA I CS 7,  and al l  manuf act ur er ' s saf et y 
r egul at i ons.   The Gover nment  r eser ves t he r i ght  t o wi t ness al l  t est s and 
r evi ew any document at i on.   I nf or m t he Gover nment  at  l east  14 wor ki ng days 
pr i or  t o t he dat es of  t est i ng.   Per f or m t he ASD t est  wi t h t he assi st ance 
of  a f act or y- aut hor i zed ser vi ce r epr esent at i ve.

3. 3. 2   Per f or mance Ver i f i cat i on Test s

" Per f or mance Ver i f i cat i on Test "  pl an must  pr ovi de t he st ep by st ep 
pr ocedur e r equi r ed t o est abl i sh f or mal  ver i f i cat i on of  t he per f or mance of  
t he ASD.   Compl i ance wi t h t he speci f i cat i on r equi r ement s must  be ver i f i ed 
by i nspect i ons,  r evi ew of  cr i t i cal  dat a,  demonst r at i ons,  and t est s.   The 
Gover nment  r eser ves t he r i ght  t o wi t ness al l  t est s,  r evi ew dat a,  and 
r equest  ot her  such addi t i onal  i nspect i ons and r epeat  t est s as necessar y t o 
ensur e t hat  t he syst em and pr ovi ded ser vi ces conf or m t o t he st at ed 
r equi r ement s.   I nf or m t he Gover nment  14 cal endar  days pr i or  t o t he dat e 
t he t est  i s  t o be conduct ed.

3. 3. 3   Endur ance Test

I mmedi at el y upon compl et i on of  t he per f or mance ver i f i cat i on t est ,  t he 
endur ance t est  must  commence.   The syst em must  be oper at ed at  var yi ng 
r at es f or  not  l ess t han 192 consecut i ve hour s,  at  an aver age ef f ect i veness 
l evel  of  0. 9998,  t o demonst r at e pr oper  f unct i oni ng of  t he compl et e PCS.   
Cont i nue t he t est  on a day- t o- day basi s unt i l  per f or mance st andar d i s 
met .   The cont r act or  i s not  al l owed i n t he bui l di ng dur i ng t he endur ance 
t est .   The syst em must  r espond as desi gned.

3. 4   DEMONSTRATI ON

3. 4. 1   Tr ai ni ng

Coor di nat e t r ai ni ng r equi r ement s wi t h t he Cont r act i ng Of f i cer .     Pr ovi de 
vi deo t apes,  i f  avai l abl e,  of  al l  t r ai ni ng pr ovi ded t o t he Gover nment  f or  
subsequent  use i n t r ai ni ng new per sonnel .   Pr ovi de al l  t r ai ni ng ai ds,  
t ext s,  and expendabl e suppor t  mat er i al  f or  a sel f - suf f i c i ent  pr esent at i on 
shal l  be pr ovi ded,  t he amount  of  whi ch t o be det er mi ned by t he cont r act i ng 
of f i cer .

3. 4. 1. 1   I nst r uct i ons t o Gover nment  Per sonnel

Pr ovi de t he ser vi ces of  compet ent  i nst r uct or s wi t h mi ni mum t wo- year  f i el d 
exper i ence wi t h t he oper at i on and mai nt enance of  s i mi l ar  ASDs who wi l l  
gi ve f ul l  i nst r uct i on t o desi gnat ed per sonnel  i n oper at i on,  mai nt enance,  
cal i br at i on,  conf i gur at i on,  and pr ogr ammi ng of  t he compl et e cont r ol  
syst em.   Or i ent  t he t r ai ni ng speci f i cal l y t o t he syst em i nst al l ed.   
I nst r uct or s must  be t hor oughl y f ami l i ar  wi t h t he subj ect  mat t er  t hey ar e 
t o t each.   The number  of  t r ai ni ng days of  i nst r uct i on f ur ni shed must  be as 
speci f i ed.   A t r ai ni ng day i s def i ned as ei ght  hour s of  i nst r uct i on,  
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i ncl udi ng t wo 15- mi nut e br eaks and excl udi ng l unch t i me;  Monday t hr ough 
Fr i day.   Pr ovi de a t r ai ni ng manual  f or  each st udent  at  each t r ai ni ng phase 
whi ch descr i bes i n det ai l  t he mat er i al  i ncl uded i n each t r ai ni ng pr ogr am.   
Pr ovi de one addi t i onal  copy f or  ar chi v i ng.   Pr ovi de equi pment  and 
mat er i al s r equi r ed f or  c l assr oom t r ai ni ng.   Pr ovi de a l i s t  of  addi t i onal  
r el at ed cour ses,  and of f er s,  not i ng any cour ses r ecommended.   Li st  each 
t r ai ni ng cour se i ndi v i dual l y by name,  i ncl udi ng dur at i on,  appr oxi mat e cost  
per  per son,  and l ocat i on of  cour se.   Unused copi es of  t r ai ni ng manual s 
must  be t ur ned over  t o t he Gover nment  at  t he end of  l ast  t r ai ni ng sessi on.

3. 4. 1. 2   Oper at i ng Per sonnel  Tr ai ni ng Pr ogr am

Pr ovi de one 2- hour  t r ai ni ng sessi on at  t he s i t e at  a t i me and pl ace 
mut ual l y agr eeabl e bet ween t he Cont r act or  and t he Gover nment .   Pr ovi de 
sessi on t o t r ai n 4 oper at i on per sonnel  i n t he f unct i onal  oper at i ons of  t he 
syst em and t he pr ocedur es t hat  per sonnel  wi l l  f ol l ow i n syst em oper at i on.   
Thi s t r ai ni ng shal l  i ncl ude:

a.   Syst em over vi ew

b.   Gener al  t heor y of  oper at i on

c.   Syst em oper at i on

d.   Al ar m f or mat s

e.   Fai l ur e r ecover y pr ocedur es

f .   Tr oubl eshoot i ng

3. 4. 1. 3   Engi neer i ng/ Mai nt enance Per sonnel  Tr ai ni ng

Accompl i sh t he t r ai ni ng pr ogr am as speci f i ed.   Tr ai ni ng must  be conduct ed 
on si t e at  a l ocat i on desi gnat ed by t he Gover nment .   Pr ovi de a one- day 
t r ai ni ng sessi on t o t r ai n f our   engi neer i ng per sonnel  i n t he f unct i onal  
oper at i ons of  t he syst em.   Thi s t r ai ni ng must  i ncl ude:

a.   Syst em over vi ew

b.   Gener al  t heor y of  oper at i on

c.   Syst em oper at i on

d.   Syst em conf i gur at i on

e.   Al ar m f or mat s

f .   Fai l ur e r ecover y pr ocedur es

g.   Tr oubl eshoot i ng and r epai r

h.   Mai nt enance and cal i br at i on

i .   Syst em pr ogr ammi ng and conf i gur at i on

        - -  End of  Sect i on - -
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SECTI ON 26 35 43

400- HERTZ ( HZ)  SOLI D STATE FREQUENCY CONVERTER
08/ 21,  CHG 1:  05/ 24

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE 519 ( 2022)  St andar d f or  Har moni c Cont r ol  i n 
El ect r i cal  Power  Syst ems

I EEE 1159 ( 2019)  Recommended Pr act i ce on Moni t or i ng 
El ect r i c Power  Qual i t y

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA ST 20 ( 2014)  Dr y- Type Tr ansf or mer s f or  Gener al  
Appl i cat i ons

NEMA Z535. 4 ( 2023)  Pr oduct  Saf et y Si gns and Label s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
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El ect r i cal  Code

NFPA 70E ( 2024)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AS5756/ 6 ( 2013;  Rev A;  St abi l i zed ( S)  2013)  Cabl e,  
3- Phase Power ,  El ect r i c,  Por t abl e,  
Mul t i conduct or ,  90 Degr ee C,  600V,  Ozone 
Resi st ant ,  Spl i t  Phase

SAE AS7974 ( 2010;  Rev A)  Cabl e Assembl i es and 
At t achabl e Pl ugs,  Ext er nal  El ect r i cal  
Power ,  Ai r cr af t

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- DTL- 32180 ( 2004)  Cabl e Assembl y,  Ai r cr af t  El ect r i cal  
Ser vi ce

MI L- STD- 704 ( 2016;  Rev F;  Change 1;  Not i ce 3 2021)  
Ai r cr af t  El ect r i c Power  Char act er i st i cs

UNDERWRI TERS LABORATORI ES ( UL)

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 506 ( 2017;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Speci al t y Tr ansf or mer s

UL 1012 ( 2010;  Repr i nt  Apr  2016;  Rev Mar  2021)  UL 
St andar d f or  Saf et y Power  Uni t s Ot her  t han 
Cl ass 2

UL 1449 ( 2021;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

1. 2   RELATED REQUI REMENTS

Sect i on 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG appl i es t o t hi s sect i on,  
wi t h t he addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  must  be as def i ned i n 
I EEE 100.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
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i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Conver t er  Dr awi ngs;  G,  AO

SD- 03 Pr oduct  Dat a

Conver t er ;  G,  AO

Ai r cr af t  Power  Cabl e Assembl y;  G,  AO

Remot e Moni t or i ng and Cont r ol  Panel ;  G,  AO

Test  Equi pment  Fr equency Conver t er ;  G,  AO

SD- 06 Test  Repor t s

Wor k Pl an;  G,  AO

Rout i ne Fact or y Test  Pl an;  G,  AO

Speci al  Fact or y Test  Pl an;  G,  AO

Fact or y Test  Schedul e;  G,  AO

Rout i ne Fact or y Test s Cer t i f i cat i on;  G,  AO

Speci al  Fact or y Test s Cer t i f i cat i on;  G,  AO

SD- 07 Cer t i f i cat es

Qual i f i cat i ons of  Manuf act ur er ;  G,  AO

Nat i onal l y Recogni zed Test i ng Labor at or y ( NRTL)  Li st i ng;  G,  AO

SD- 09 Manuf act ur er ' s Fi el d Repor t s

Fi el d Test  Pl an;  G,  AO

Fi el d Test  Schedul e;  G,  AO

Fi el d Test  Cer t i f i cat i on;  G,  AO

Tr ai ni ng Syl l abus;  G,  AO

SD- 10 Oper at i on and Mai nt enance Dat a

Conver t er  O&MM,  Dat a Package 5;  G,  AO

Pr el i mi nar y Conver t er  O&MM,  Dat a Package 5;  G,  AO

Remot e Moni t or i ng and Cont r ol  Panel ,  Dat a Package 5;  G,  AO
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1. 5   QUALI TY ASSURANCE

1. 5. 1   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p must  be i n accor dance wi t h t he mandat or y and 
advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 5. 2   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr oduct s must  have been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  5 year s pr i or  t o bi d openi ng.   The 5- year  
per i od must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  
c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  must  have been on sal e on 
t he commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  
br ochur es dur i ng t he 5- year  per i od.   Wher e t wo or  mor e i t ems of  t he same 
cl ass of  equi pment  ar e r equi r ed,  t hese i t ems must  be pr oduct s of  a s i ngl e 
manuf act ur er ;  however ,  t he component  par t s of  t he i t em need not  be t he 
pr oduct s of  t he same manuf act ur er  unl ess st at ed i n t hi s sect i on.

1. 5. 2. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 5- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 5. 2. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han one year  pr i or  t o dat e of  del i ver y t o s i t e 
must  not  be used,  unl ess speci f i ed ot her wi se.

1. 5. 3   Conver t er  Dr awi ngs

Fur ni sh scal ed dr awi ngs of  encl osur e out l i ne i ncl udi ng f r ont ,  t op,  s i de 
v i ews,  and over al l  di mensi ons.   I ncl ude " mai nt enance envel ope"  di mensi ons 
conf i r mi ng space l i mi t at i ons i dent i f i ed on t he dr awi ngs,  and sur f ace 
mount i ng agai nst  t he wal l .   Rear  access f or  mai nt enance and r epai r  
pur poses i s pr ohi bi t ed  The " mai nt enance envel ope"  dr awi ngs must  al so 
i ndi cat e adequat e c l ear ance f or  oper at i on,  mai nt enance,  and r epl acement  of  
oper at i ng equi pment  devi ces.   Pr ovi de ext er nal  power  and cont r ol  wi r i ng,  
cabl i ng,  connect or ,  and backpl ane i nt er connect  dr awi ngs.   Pr ovi de si ngl e 
l i ne,  schemat i c,  and wi r i ng di agr ams.   Dr awi ngs must  i ncl ude det ai l s of  
i nput  and out put  c i r cui t  br eaker s,  cont act or s,  r ect i f i er s,  sur ge 
pr ot ect or s,  cont r ol  devi ces and condui t  ent r y and exi t  l ocat i ons.   I f  
par al l el  oper at i on i s i ncl uded,  pr ovi de an i nt er connect i on di agr am.   
Submi t t al s must  i ncl ude t he namepl at e dat a,  s i ze,  and capaci t y.

1. 5. 4   Qual i f i cat i ons of  Manuf act ur er

Submi t  a cer t i f i cat i on st at i ng t hat  t he manuf act ur er  has a mi ni mum of  f i ve 
year s '  exper i ence i n t he desi gn,  manuf act ur i ng,  and t est i ng of  400 Hz 
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sol i d st at e f r equency conver t er s at  t he equi val ent  or  gr eat er  kW and 
vol t age r at i ngs f or  di r ect  connect i on t o ai r cr af t  el ect r i cal  l oads.   When 
speci f i cat i ons r equi r e mul t i pl e conver t er s oper at i ng i n par al l el ,  t he 
manuf act ur er  must  pr ovi de speci f i c  exper i ence wi t h equal  or  gr eat er  kW 
r at ed conver t er s.

Exper i ence i n manuf act ur i ng mot or  gener at or  set s does not  qual i f y as 
equi val ent .   Exper i ence i n manuf act ur i ng por t abl e engi ne- dr i ven 400- her t z 
power  uni t s does not  qual i f y as equi val ent .   The manuf act ur er  must  be 
exper i enced i n pr oduci ng uni t s f or  i nst al l at i on i n per manent  bui l di ngs i n 
envi r onment al l y c l osed spaces or  i n weat her pr oof  encl osur es as 
appl i cabl e.   The manuf act ur er  must  al so document  t hat  conver t er s ar e 
desi gned f or  connect i on t o non- l i near  l oads t ypi cal l y encount er ed i n t he 
ai r cr af t  and shi pbui l di ng i ndust r i es.   The manuf act ur er  must  f ur ni sh 
document ed exper i ence wi t h conver t er s i n var i ous envi r onment al  condi t i ons 
i ncl udi ng ext er i or  f l i ght  l i ne,  hangar ,  and envi r onment al l y encl osed 
spaces wi t hi n bui l di ngs.

1. 5. 5   Wor k Pl an

Submi t  a wr i t t en wor k pl an wi t h t he i ni t i al  shop dr awi ng submi t t al ,  whi ch 
consi st s of  a schedul e of  dat es of  t he r out i ne and speci al  f act or y t est s,  
i nst al l at i on of  equi pment ,  f i el d t est s,  and oper at or  t r ai ni ng f or  t he 
syst em.   Fur ni sh a l i s t  of  t he t est  i nst r ument at i on equi pment  compl et e 
wi t h t he document ed cal i br at i on pr ogr am,  f or  t he f act or y and t he f i el d 
t est s.

1. 5. 6   Rout i ne Fact or y Test  Pl an

Submi t  t est  pl an and pr ocedur es at  l east  21 cal endar  days pr i or  t o t he 
t est s bei ng conduct ed.   Pr ovi de det ai l ed descr i pt i on of  t est  pr ocedur es,  
i ncl udi ng t est  equi pment  and set ups compl et e wi t h t hei r  cur r ent  
cal i br at i on dat es,  t o be used t o ensur e t he conver t er  meet s t hi s 
speci f i cat i on and expl ai n t he t est  met hods used.   As a mi ni mum,  i ncl ude 
t he t est s r equi r ed under  t he par agr aph ROUTI NE FACTORY TESTS.

1. 5. 7   Speci al  Fact or y Test  Pl an

Submi t  t he Speci al  Fact or y Test  Pl an and pr ocedur es wi t h t he Rout i ne 
Fact or y Test  Pl an.   Pr ovi de det ai l ed descr i pt i on of  t est  pr ocedur es,  
i ncl udi ng t est  equi pment  and set ups compl et e wi t h t hei r  cal i br at i on dat es,  
used t o ensur e t he conver t er  meet s t hi s speci f i cat i on and expl ai n t he t est  
met hods used.   As a mi ni mum,  i ncl ude t he t est s r equi r ed under  t he 
par agr aph SPECI AL FACTORY TESTS.

1. 5. 8   Fi el d Test  Pl an

Submi t  t est  pl an and pr ocedur es at  l east  30 cal endar  days pr i or  t o t he 
st ar t  of  f i el d t est s.   Pr ovi de det ai l ed descr i pt i on and dat es and t i mes 
schedul ed f or  per f or mance of  t est s,  and det ai l ed descr i pt i on of  t est  
pr ocedur es,  i ncl udi ng t est  equi pment  and set ups of  t he t est s t o be 
conduct ed t o ensur e t he syst em meet s t hi s speci f i cat i on.   Li st  make,  
model ,  and cur r ent  cal i br at i on dat es,  and pr ovi de f unct i onal  descr i pt i on 
of  t he t est  i nst r ument s and accessor i es.   Expl ai n t he t est  met hods t o be 
used.   As a mi ni mum,  i ncl ude t he t est s r equi r ed under  t he par agr aph FI ELD 
QUALI TY CONTROL.   Test  r epor t s must  i ncl ude power  qual i t y measur ement  dat a 
col l ect ed i n accor dance wi t h I EEE 1159.
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1. 5. 9   Nat i onal l y Recogni zed Test i ng Labor at or y ( NRTL)  Li st i ng

Fr equency conver t er s must  be i dent i f i ed wi t h a nat i onal l y r ecogni zed 
t est i ng l abor at or y ( NRTL)  l abel  or  UL l abel  pr i or  t o shi ppi ng.

1. 5. 9. 1   Cur r ent l y Li st ed Pr oduct s

Submi t  NRTL or  UL cer t i f i cat i on or  UL f i l e number  f or  t he act ual  f r equency 
conver t er  t o be shi pped wi t h t he i ni t i al  submi t t al  t o ver i f y compl i ance of  
equi pment .

1. 5. 9. 2   Pr oposed Li st ed Pr oduct s

Submi t  NRTL or  UL cer t i f i cat i on or  UL f i l e number  f or  same or  s i mi l ar  
r at i ng or  pr oduct  s i ze r ange of  l i ke desi gn uni t  wi t h t he i ni t i al  
submi t t al  t o ver i f y compl i ance of  equi pment .

1. 5. 10   Rout i ne Fact or y Test s Cer t i f i cat i on 

Submi t  wi t hi n 45 cal endar  days af t er  compl et i on of  t est s.   Recei ve 
appr oval  of  t est  pr i or  t o shi ppi ng uni t .   Cer t i f y t est s wer e conduct ed on 
each  conver t er  i n accor dance wi t h t he r equi r ement s set  f or t h i n par agr aph 
ROUTI NE FACTORY TESTS and cer t i f y conver t er  sat i sf act or i l y  oper at ed wi t hi n 
speci f i ed l i mi t s.   I ncl ude copi es of  t he t est  pr ocedur es, t est  
conf i gur at i on di agr ams and schemat i cs,  t est  dat a,  and r esul t s.

1. 5. 11   Speci al  Fact or y Test s Cer t i f i cat i on 

Cer t i f y t est s wer e conduct ed on a  conver t er  of  t he same desi gn,  
const r uct i on,  kW r at i ng,  and vol t age r at i ng t o be pr ovi ded.   Test s must  be 
i n accor dance wi t h t he r equi r ement s set  f or t h i n par agr aph SPECI AL FACTORY 
TEST and cer t i f y conver t er  oper at ed wi t hout  mal f unct i oni ng wi t hi n 
speci f i ed l i mi t s.   I ncl ude copi es of  t he t est  pr ocedur es,  t est  
conf i gur at i on di agr ams and schemat i cs,  t est  dat a,  and r esul t s.

1. 5. 12   Fi el d Test  Cer t i f i cat i on 

Submi t  r epor t  of  t est  r esul t s as speci f i ed by par agr aph FI ELD QUALI TY 
CONTROL wi t hi n 15 cal endar  days af t er  compl et i on of  t est s.   Cer t i f y t est s 
wer e conduct ed on each  conver t er  i n accor dance wi t h t he par agr aph FI ELD 
QUALI TY CONTROL and cer t i f y conver t er  sat i sf act or i l y  oper at ed wi t hi n 
speci f i ed l i mi t s.   I ncl ude copi es of  t he t est  pr ocedur es,  t est  
conf i gur at i on di agr ams and schemat i cs,  t est  dat a,  and r esul t s.

1. 6   OPERATI ON AND MAI NTENANCE MANUALS

Submi t  f r equency conver t er  Oper at i on and Mai nt enance Manual s ( O&MM)  i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 6. 1   Addi t i ons t o Conver t er  O&MM

I n addi t i on t o r equi r ement s of  Dat a Package 5,  i ncl ude t he f ol l owi ng on 
t he act ual  conver t er  pr ovi ded:

a.   A " one- l i ne di agr am"  f r om t he bui l di ng ser vi ce ent r ance panel  t o t he 
conver t er  and out  t o t he end ut i l i zat i on poi nt ( s) .

b.   A conci se,  dupl i cat abl e,  s i ngl e page dat a sheet  wi t h oper at i ng 
i nst r uct i ons f or  each uni t  i ncl udi ng st ar t up and shut down pr ocedur es.
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c.   Rout i ne and f i el d t est  r epor t s.

d.   NRTL or  UL cer t i f i cat i on or  UL f i l e number .

e.   A l i s t  of  al l  code r equi r ed i dent i f i cat i on and war ni ng si gnage and 
l abel s t hat  have been pr ovi ded on t he conver t er .

1. 6. 2   Pr el i mi nar y Conver t er  O&MM

Pr i or  t o schedul i ng Fi el d Test s,  2 bound copi es of  a Pr el i mi nar y O&MM must  
be submi t t ed t o and appr oved by t he Cont r act i ng Of f i cer .

1. 6. 3   Spar e Par t s I nf or mat i on

Fur ni sh r ecommended manuf act ur er ' s spar e par t s l i s t ,  quant i t i es,  l ead t i me 
t o r ecei ve af t er  or der i ng,  and a schedul e of  pr i ces, ( guar ant eed f or  one 
year  af t er  war r ant y expi r es) ,  f or  each t ype of  conver t er  and ot her  
equi pment  speci f i ed i n t hi s sect i on.   I ncl ude t he f ol l owi ng:

a.   Fuses

b.   Human Machi ne I nt er f ace ( HMI )

c.   I ndi cat or  l amp/ LED

d.   Out put  swi t chi ng modul es

e.   Pl ug- i n l ogi c car ds

f .   Power  f i l t er  capaci t or s

g.   Power  semi - conduct or s

h.   Vent i l at i on syst em f i l t er s

i .   400 Hz Ai r cr af t  Power  Cabl e Assembl y

1. 7   WARRANTY

The equi pment  i t ems must  be suppor t ed by ser vi ce or gani zat i ons whi ch ar e 
most  conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act  i n accor dance wi t h Sect i on 
01 78 23 OPERATI ON AND MAI NTENANCE DATA.

PART 2   PRODUCTS

2. 1   FREQUENCY CONVERTER

Pr ovi de f r equency conver t er  consi st i ng of  modul ar  const r uct i on sol i d- st at e 
component s f or  60 Hz t o 400 Hz  conver si on,  i nput / out put  devi ces,  and 
anci l l ar y cont r ol  devi ces.   Conver t er  must  be a st andar d pr oduct  of  t he 
manuf act ur er  and t he manuf act ur er ' s l at est  desi gn t hat  compl i es wi t h t he 
speci f i cat i on r equi r ement s.   The conver t er s pr ovi ded under  t hi s cont r act  
must  be pr oduct s of  t he same manuf act ur er .   Each uni t  must  have a 
cal cul at ed Mean Ti me Bet ween Fai l ur es ( MTBF)  exceedi ng 24, 000 hour s as 
cal cul at ed when t he conver t er  i s pr ovi ded wi t h year l y ser vi c i ng and 
mai nt enance.   Pr ovi de conver t er  wi t h NRTL or  UL l i s t i ng compl yi ng wi t h 
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UL 1012.   The conver t er  must  have mi ni mum 12 pul se,  act i ve i nput  
r ect i f i cat i on c i r cui t  or  a demonst r at ed desi gn achi evi ng equal  or  bet t er  
per f or mance char act er i st i cs.   Ci r cui t  br eaker s oper at i ng at  400 Hz  must  
be desi gned and UL t est ed f or  60 Hz oper at i on and der at ed f or  400 Hz 
oper at i on.   Pr ovi de st ar t up and shut down i nst r uct i ons post ed on t he f r ont  
of  t he uni t  usi ng engr aved pl ast i c or  al umi num pl at e.   Pr ovi de a pl ast i c 
encapsul at ed schemat i c di agr am at t ached t o t he i nsi de of  t he uni t  i n c l ear  
v i ew of  mai nt enance per sonnel .

2. 1. 1   El ect r i cal  Char act er i st i cs

2. 1. 1. 1   I nput  Vol t age

480 V,  t hr ee phase,  t hr ee wi r e,  gr ounded,  60 Hz.   Conver t er  must  pr ovi de 
r at ed out put  vol t age when i nput  vol t age i s var i ed pl us or  mi nus 10 
per cent .   A vol t age changi ng t r ansf or mer  i s not  per mi t t ed at  t he i nput  of  
t he conver t er  uni t

2. 1. 1. 2   I nput  Power  Fact or

Bet ween 0. 8 l aggi ng and uni t y,  under  al l  condi t i ons of  st eady st at e l i ne 
and l oad var i at i ons speci f i ed her ei n.

2. 1. 1. 3   Sur ge Pr ot ect i on

Pr ovi de conver t er  capabl e of  sust ai ni ng an i nput  sur ge descr i bed i n and 
t est ed i n accor dance wi t h UL 1449,  and I EEE C62. 41. 1 and I EEE C62. 41. 2,  
Locat i on Cat egor y B,  and cont i nue t o oper at e wi t h no al ar ms wi t hi n t he 
speci f i ed t ol er ance.

2. 1. 1. 4   I nr ush Cur r ent

The i nr ush cur r ent  must  not  exceed 100 per cent  of  t he r at ed f ul l  l oad 
i nput  cur r ent .

2. 1. 1. 5   I nput  Cur r ent  Di st or t i on

I nput  cur r ent  Tot al  Har moni c Di st or t i on ( THD)  must  not  exceed 12 per cent  
of  t he f undament al  f r equency wi t h nomi nal  i nput  vol t age at  f ul l  l oad.   
I ndi v i dual  har moni c cont ent  must  not  exceed 8 per cent  of  t he f undament al  
f r equency.

2. 1. 1. 6   Out put  Vol t age

Pr ovi de a f r equency conver t er  wi t h a 200Y/ 115 V,  t hr ee phase,  400 Hz,  
gr ounded syst em,  adj ust abl e t o pl us or  mi nus 10 per cent  of  t he r at ed 
vol t age.

a.   The power  char act er i st i cs must  be wi t hi n t he r equi r ement s of  
MI L- STD- 704 wi t h t he f ol l owi ng cl ar i f i cat i ons:

( 1)  The vol t age and f r equency must  be i n accor dance wi t h t he envel ope 
of  nor mal  oper at i ng r ange of  Fi gur es 3 and 5,  not  j ust  t he l i mi t s 
of  Fi gur es 4 and 6.

( 2)   The st eady st at e vol t age must  addi t i onal l y be i n accor dance wi t h 
t he ext er nal  power  r equi r ement s as def i ned i n t he MI L- STD- 704 
Sect i on 4. 3,  " Ext er nal  Power  Sour ce Requi r ement " .
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b.   The phase r ot at i on of  t he out put  vol t age must  be A- B- C ( per  Fi gur e 2 
i n MI L- STD- 704,  spi nni ng i n a count er cl ockwi se di r ect i on) .

2. 1. 1. 7   Power  Out put

Pr ovi de a f r equency conver t er  r at ed at  20 kVA at  . 08 power  f act or .

2. 1. 1. 8   Load Range

Conver t er  must  oper at e i nt o a l i near  l oad wi t h a power  f act or  bet ween 0. 5 
l aggi ng and 0. 7 l eadi ng and i nt o a non- l i near  l oad wi t h not  l ess t han 15 
per cent  cur r ent  THD,  composed of  not  l ess t han 6 per cent  of  t he 3r d 
har moni c and not  l ess t han 7 per cent  of  t he 5t h har moni c.

2. 1. 1. 9   Ef f i c i ency

 Pr ovi de 20 kVA uni t s wi t h a mi ni mum ef f i c i ency of  86 per cent  at  50 
per cent  l oad and 90 per cent  at  100 per cent  l oad.

2. 1. 1. 10   No Load I nput  Losses

Pr ovi de f r equency conver t er  wi t h no- l oad i nput  l osses no gr eat er  t han  9 
per cent  of  t he out put  kW r at i ng.

2. 1. 1. 11   Over l oad

Sat i sf act or y over l oad oper at i ng t i me i s based on no mor e t han one over l oad 
of  t he same or  l onger  condi t i ons,  wi t hi n t he f ol l owi ng speci f i ed t i me 
bet ween over l oads.

Per cent  of  Ful l  Load Sat i sf act or y
Oper at i ng Ti me

Ti me Bet ween Over l oads

110 per cent 60 mi nut es 4 hour s

Not e:  Uni t  must  st i l l  be
capabl e of  wi t hst andi ng any
of  t he ot her  condi t i ons f or
t hei r  r espect i ve oper at i ng

t i mes.   e. g.  Uni t  can st i l l
do 125 per cent  f or  l ess t han
5 mi nut es,  bef or e t r i ppi ng,

et c.

125 per cent 5 mi nut es 10 mi nut es

150 per cent 2 mi nut es 10 mi nut es

200 per cent 20 seconds 5 mi nut es

Af t er  mi ni mum oper at i ng t i me i s achi eved,  uni t  must  i nt er r upt  out put  
power .   Uni t  must  be capabl e of  sust ai ni ng t he over l oad wi t hout  damage 
unt i l  t he pr ot ect i ve devi ce i nt er r upt s t he over l oad.

2. 1. 1. 12   Shor t  Ci r cui t

When a bol t ed l i ne- t o- l i ne f aul t  or  a bol t ed t hr ee phase f aul t  i s  appl i ed 
t o t he uni t ,  uni t  must  be capabl e of  sust ai ni ng t he shor t  c i r cui t  cur r ent  
wi t hout  damage unt i l  t he pr ot ect i ve devi ce i nt er r upt s t he f aul t .
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2. 1. 1. 13   Cr est  Fact or

The vol t age cr est  f act or  must  be bet ween 1. 31 and 1. 51 over  t he ent i r e 
l oad r ange i n accor dance wi t h MI L- STD- 704.   The cr est  f act or  i s t he r at i o 
of  t he peak val ue t o t he r oot  mean squar e ( RMS)  val ue f or  each hal f  cycl e 
of  t he vol t age wavef or m measur ed over  a one second per i od under  st eady 
st at e condi t i ons.   Pr ovi de t he cr est  f act or  f or  each condi t i on i n t he 
par agr aph LOAD RANGE.

2. 1. 1. 14   Out put  Vol t age THD

a.   Bal anced l oad:

( 1)  Out put  vol t age THD:  Not  t o exceed 3 per cent  l i ne- t o- l i ne and 
l i ne- t o- neut r al  f or  l i near  l oads as speci f i ed i n t he par agr aph 
LOAD RANGE.

( 2)  Out put  vol t age THD:   Not  t o exceed 5 per cent  l i ne- t o- l i ne and 
l i ne- t o- neut r al  f or  non- l i near  l oads as speci f i ed i n t he par agr aph 
LOAD RANGE.

( 3)  Maxi mum si ngl e har moni c di st or t i on:   Not  t o exceed 2 per cent  of  
t he f undament al  at  t he nomi nal  vol t age f or  l i near  l oads as 
speci f i ed i n t he par agr aph LOAD RANGE.

( 4)  Maxi mum si ngl e har moni c di st or t i on:   Not  t o exceed 3 per cent  of  
t he f undament al  at  t he nomi nal  vol t age f or  non- l i near  l oads as 
speci f i ed i n t he par agr aph LOAD RANGE.

b.   Unbal anced l oad:  Out put  vol t age THD not  t o exceed 4 per cent ,  
l i ne- t o- neut r al  wi t h 15 per cent  unbal anced l i near  l oad.

2. 1. 1. 15   Out put  Vol t age Ampl i t ude Modul at i on

Pr ovi de out put  vol t age ampl i t ude modul at i on not  exceedi ng 1/ 2 per cent  of  
nomi nal  vol t age at  no l oad t o f ul l  l oad.

2. 1. 1. 16   Fr equency St abi l i t y

Cont r ol  out put  f r equency of  t he 400 Hz conver t er  wi t hi n pl us or  mi nus 0. 5 
per cent  f or  al l  oper at i ng condi t i ons,  i ncl udi ng maxi mum and mi ni mum 
speci f i ed i nput  vol t ages,  ambi ent  t emper at ur e and r el at i ve humi di t y.   The 
f r equency r egul at i on must  oper at e i ndependent  of  suppl y f r equency and l oad 
changes.

2. 1. 1. 17   Phase Angl e Regul at i on

Di spl acement  angl e bet ween adj acent  vol t age phases must  be 120 degr ees 
pl us or  mi nus 2 degr ees wi t h bal anced l oad and pl us or  mi nus 4 degr ees 
wi t h t hr ee phase 15 per cent  unbal anced l oad.   A 15 per cent  unbal anced l oad 
i s def i ned as any combi nat i on of  phasi ng wher e:

a.   Phase A at  f ul l  r at ed si ngl e phase l oad.

b.   Phase B at  85 per cent  of  Phase A.

c.   Phase C at  85 per cent  of  Phase A.
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2. 1. 1. 18   Tr ansi ent  Out put  Vol t age Recover y

I n accor dance wi t h MI L- STD- 704.   Moni t or  and r ecor d out put  vol t age at  t he 
l oad end of  t he cabl e.

2. 1. 2   Envi r onment al  Rat i ng

The conver t er  must  be r at ed f or  cont i nuous oper at i on f r om no l oad t o r at ed 
f ul l  l oad under  t he f ol l owi ng condi t i ons:

a.   Ambi ent  t emper at ur es r angi ng f r om - 4 t o 130 degr ees F.

b.   Rel at i ve humi di t y f r om 0 t o 95 per cent  noncondensi ng.

c.   Ambi ent  pr essur es f r om sea l evel  t o 3, 000 f eet .

2. 1. 3   Moni t or i ng and Cont r ol  Panel

Pr ovi de conver t er  wi t h a cont r ol  panel  t hat  i s  equi pped wi t h t he f ol l owi ng 
cont r ol s,  i ndi cat or s,  i nst r ument at i on,  dat a l oggi ng,  di agnost i cs,  and 
al ar m f unct i ons.

2. 1. 3. 1   Cont r ol s

Cont r ol s must  be mount ed on t he f r ont  of  t he cont r ol  panel ,  accessi bl e 
wi t hout  openi ng any door s or  cover s.   Speci f i c  sequenci ng,  or  t he 
r equi r ement  f or  s i mul t aneous pushbut t on oper at i on,  i s  not  accept abl e f or  
any i nput  or  out put  cont r ol .

a.   St ar t / st op pushbut t on f or  i nput  devi ce cont r ol  ( c i r cui t  br eaker  or  
cont act or ) .

b.   Lamp/ l i ght  emi t t i ng di ode ( LED)  t est  -  A push- t o- t est  but t on or  swi t ch 
t o t est  i ndi cat or  l amps/ LEDs.   I f  panel  l i ght s al l  bl i nk as par t  of  
t he st ar t up Bui l t - i n- Test  ( BI T)  sequence,  t hen a separ at e push t o t est  
but t on i s not  r equi r ed.

c.   Emer gency power  of f  -  A separ at e pushbut t on f or  emer gency power  of f .

d.   Out put  devi ce ON/ OFF.

e.   Al ar m si l ence and " s i l ence"  i ndi cat or  -  A swi t ch t hat  must  di sabl e t he 
audi bl e al ar m wi t hout  c l ear i ng t he al ar m codes.

f .   Addi t i onal  i ndi v i dual  cont r ol s f or  t he f ol l owi ng f unct i ons ( Not e -  
t hese may be i ncl uded as par t  of  t he Human- Machi ne I nt er f ace ( HMI )  as 
descr i bed i n par agr aph HUMAN MACHI NE I NTERFACE REQUI REMENTS) :

    -  Out put  vol t age adj ust

    -  Al ar m r eset  -  r eset s and cl ear s t he s i l enced audi bl e al ar m.

2. 1. 3. 2   I ndi cat or s

a.   The f ol l owi ng ar e mandat or y i ndi cat or s.   They must  be i ncl uded on t he 
cont r ol  panel  on t he ext er i or  of  t he uni t ,  and on t he ext er i or  of  t he 
r emot e cont r ol  panel  i n addi t i on t o any t hat  ar e i ncl uded i n t he HMI :

    -  I nput  power  avai l abl e -  Lamp/ LED t o i ndi cat e t hat  t he suppl y vol t age 
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i s avai l abl e.

    -  Out put  power  On/ Of f  -  Lamp/ LED t o i ndi cat e t hat  t he conver t er  out put  
vol t age i s avai l abl e.

    -  Out put  devi ce " ON" .

    -  Audi bl e al ar m.

     -  Ai r cr af t  i nt er l ock bypass -  Lamp/ LED t o i ndi cat e t hat  t he Ai r cr af t  
I nt er l ock has been bypassed.

b.   I n addi t i on,  i ncl ude t he f ol l owi ng addi t i onal  i ndi cat or s,  i f  t hey ar e 
not  i ncl uded i n t he HMI :

    -  Syst em al ar m -  Lamp/ LED t o i ndi cat e t hat  a f aul t  has been det ect ed.   
Thi s i ndi cat or  must  be l at ched i n t he " ON"  posi t i on whenever  an al ar m 
condi t i on descr i bed i n par agr aph ALARM ANNUNCI ATOR,  i s det ect ed and 
must  r emai n " ON"  unt i l  t he al ar m r eset  pushbut t on i s pr essed.

    -  I ndi cat i ng l amp/ LED t o i ndi cat e t hat  t he al ar m si l ence swi t ch i s i n 
t he di sabl e posi t i on.

    -  El apsed t i me met er  i n hour s;  ( may be i nt er nal  or  v i s i bl e ext er nal l y) .

2. 1. 3. 3   Human Machi ne I nt er f ace ( HMI )  Requi r ement s

Pr ovi de an HMI  wi t h a mi ni mum of  f our  by t went y ( 4 x 20)  char act er  backl i t  
LED di spl ay f or  pr esent i ng t he di gi t al  i nst r ument at i on,  di agnost i c syst em,  
and f aul t  i ndi cat i ng syst em dat a.   The HMI  must  be r at ed f or  har sh 
envi r onment s.

a.   Di gi t al  I nst r ument at i on.   Pr ovi de t r ue RMS,  pl us/ mi nus one per cent  
accur acy,  mi cr opr ocessor - based r eadi ngs t hat  i ncl ude t he f ol l owi ng 
f unct i ons:

( 1)  Out put  phase- t o- phase vol t age.

( 2)  Out put  phase- t o- neut r al  vol t age.

( 3)  Out put  phase cur r ent .

( 4)  Out put  f r equency.

( 5)  I nver t er  t emper at ur e.   Thi s f unct i on i s desi r ed f or  f i el d 
di agnost i cs,  but  i s  not  mandat or y.

b.   Al ar m Annunci at or .   The uni t  must  be capabl e of  det ect i ng and 
di spl ayi ng t he f ol l owi ng abnor mal  condi t i ons:

( 1)  I nput  over vol t age.

( 2)  I nput  under vol t age.

( 3)  Out put  under vol t age.

( 4)  Out put  over vol t age.

( 5)  Out put  over l oad.
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( 6)  Syst em al ar m.

( 7)  Cont r ol  l ogi c f ai l ur e.

( 8)  Over - t emper at ur e.

( 9)  Logi c power  suppl y f ai l ur e.

2. 1. 4   I nput / Out put  Devi ces

Pr ovi de f ul l y- r at ed,  t hr ee- pol e,  UL appr oved devi ces f or  cont r ol  of  60 Hz 
i nput  and 400 Hz out put  f r om t he conver t er .   Der at e devi ces and cabl es 
oper at i ng at  400 Hz i n accor dance wi t h I EEE 519.

2. 1. 4. 1   I nput  Devi ce

Pr ovi de conver t er  wi t h a UL l i s t ed i nput  devi ce ( c i r cui t  br eaker  
conf or mi ng t o r equi r ement s of  UL 489 or  cont act or )  as an i nt egr al  par t  of  
t he conver t er .   Devi ce must  be oper abl e f r om t he f r ont  of  t he conver t er .   
Devi ce must  have a shor t - c i r cui t  cur r ent  r at i ng of  22, 000 amper es 
symmet r i cal  mi ni mum.

2. 1. 4. 2   Out put  Cont act or

Pr ovi de conver t er  out put  wi t h an aut omat i c magnet i cal l y- hel d cont act or  
wi t h i nt er l ock c i r cui t .   Out put  cont act or  must  have suf f i c i ent  capaci t y t o 
handl e r at ed l oad,  over l oad,  and avai l abl e shor t  c i r cui t  cur r ent .   
Cont act or  must  open when any ci r cui t  i dent i f i ed i n t he par agr aph SAFETY 
FUNCTI ONS causes t he syst em t o shut  down.  El ect r i cal l y i nt er l ock cont act or  
wi t h ON/ OFF ci r cui t r y so t hat  when t he f r equency conver t er  i s shut  down,  
t he cont act or  opens i mmedi at el y and r emai ns open.

2. 1. 4. 3   Ai r cr af t  I nt er l ock Ci r cui t

Pr ovi de a Spl i t  F Type saf et y i nser t i on i nt er l ock syst em ( wi t h t he 
cont act s i nt egr al  t o t he cabl e head)  i n accor dance wi t h MI L- DTL- 32180.

Ut i l i ze a cont r ol  s i gnal  est abl i shed by t he conver t er  t o det er mi ne whet her  
t he ser vi c i ng cabl e connect or  i s i nst al l ed t o t he ai r cr af t  or  not .   The 
conver t er  cont r ol  syst em must  pr event  t he out put  cont r ol  devi ce f r om 
cl osi ng i f  t he 28 VDC si gnal  i s  not  pr esent .   I f  t he conver t er  out put  
cont r ol  devi ce i s c l osed when t he 28 VDC si gnal  i s  l ost ,  t he conver t er  
cont r ol  syst em must  r emove t he 400 Hz power  f r om t he out put  ser vi c i ng 
cabl e connect or  wi t hi n 100 mi l l i seconds.   Thi s 28 VDC cont r ol  s i gnal  must  
not  be r ef er enced t o t he ai r cr af t  and cannot  af f ect  component s on t he 
ai r cr af t .

a.   Conver t er  must  cont ai n t er mi nal  bl ock poi nt s f or  t he connect i on of  t wo 
wi r es f r om t he ai r cr af t  cabl e assembl y f or  t he i nt er l ock c i r cui t  
( s i zed t o accept  No.  18 and No.  12 AWG) .   I nt er l ock c i r cui t  must  not  
dr aw mor e t han 20 mi l l i amper es f r om t he ai r cr af t ' s  28 VDC ci r cui t .

b.   For  f i el d t est i ng pur poses,  pr ovi de a swi t ch i nsi de t he conver t er  wi t h 
t wo posi t i ons:

( 1)  Nor mal  -  Conver t er  r el y i ng on si gnal  f r om Spl i t  F connect er .

( 2)  Bypass -  For  t est i ng wi t h dummy l oad or  no l oad,  or  f or  use wi t h 

SECTI ON 26 35 43  Page 13



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

ai r cr af t  wi t h no 28 VDC.   Thi s swi t ch needs t o be " I nsi de"  or  
" l ocat ed wi t hi n t he HMI  f unct i ons" .   I t  must  be out  of  s i ght  
except  f or  speci f i c  mai nt enance pur poses.

2. 1. 5   Saf et y Funct i ons

2. 1. 5. 1   400 Hz Power  Sour ce

The 400 Hz power  sour ce i nt er nal  buss must  aut omat i cal l y di schar ge t o 
bel ow 30 VAC wi t hi n 5 seconds af t er  t he f ol l owi ng:

a.   400 Hz power  sour ce has been t ur ned of f .

b.   Whenever  any access panel  i s  opened on t he equi pment .   Under  t hi s 
condi t i on,  t he i nt er l ock c i r cui t r y must  open t he i nput  devi ce and t he 
400 Hz out put  devi ce,  and not  al l ow t he i nput  or  out put  devi ce t o 
c l ose.   For  mai nt enance pur poses,  pr ovi de an i nt er nal  bypass swi t ch t o 
def eat  t he i nt er l ock c i r cui t r y.

c.   Det ect i on of  syst em f aul t  t hat  r esul t s i n a conver t er  shut  down 
condi t i on,  i ncl udi ng t he f ol l owi ng:

( 1)  I nput  under vol t age.

( 2)  I nput  over vol t age.

( 3)  Loss of  phase ( i nput  or  out put ) .

( 4)  Loss of  i nput  power .

2. 1. 5. 2   400 Hz Out put  Cabl e 

The 400 Hz power  must  be r emoved f r om t he out put  cabl e wi t hi n 100 
mi l l i seconds af t er  one of  t he f ol l owi ng occur s:

a.   Recei v i ng a st op command.

b.   Loss of  28 VDC cont r ol  s i gnal .

c.   Det ect i on of  a f aul t  t hat  r esul t s i n an out put  shut  down,  i ncl udi ng 
t he f ol l owi ng:

( 1)  Out put  over vol t age -  Pr ot ect  by t r i ppi ng out put  devi ces f or  
i nst ant aneous over vol t age of  30 per cent  or  mor e and f or  10 t o 30 
per cent  over vol t age l ast i ng mor e t han 0. 25 seconds.

( 2)  Out put  under vol t age -  Pr ot ect  by pr event i ng t he cl osi ng of  t he 
out put  di sconnect  unt i l  t he out put  vol t age i s 95 per cent  of  t he 
r at ed out put .   I f ,  af t er  c l osi ng,  t he vol t age decr eases t o bel ow 
90 per cent  f or  l onger  t han 5 seconds,  pr ovi de r el ayi ng t o t r i p 
out put  devi ces ut i l i z i ng a f i el d- adj ust abl e t i me- del ayed ci r cui t  
wi t h a r ange of  4 t o 10 seconds.

( 3)  Out put  f r equency -  Pr ot ect  by t r i ppi ng out put  devi ces f or  
f r equency change i n excess of  pl us or  mi nus 5 per cent  of  t he r at ed 
out put  f r equency ( 400 Hz) .

( 4)  Out put  over l oad.
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( 5)  Conver t er  over t emper at ur e pr ot ect i on.

2. 1. 6   Aut omat i c Li ne Dr op Compensat i on

Pr ovi de aut omat i c l i ne dr op compensat i on f r om zer o t o t en per cent ;  
adj ust abl e i nt er nal l y.

2. 1. 7   Magnet i c Component s

Pr ovi de Cl ass 180 power  magnet i c t r ansf or mer  and i nduct or s i n accor dance 
wi t h NEMA ST 20 and UL 506.   The l i mi t s of  Cl ass 180 must  not  be exceeded 
at  t he maxi mum speci f i ed ambi ent  t emper at ur e and at  100 per cent  l oad.

2. 1. 8   Acoust i cal  Noi se

Pr ovi de uni t  wi t h a maxi mum cont i nuous acoust i cal  noi se l evel  l ess t han 72 
dBa ( A wei ght ed scal e) .

2. 1. 9   Assembl y Const r uct i on

Pr ovi de encl osur es sui t abl e f or  i ndoor  envi r onment s i n accor dance wi t h 
NEMA 250,  Type l .   Ar r ange t o pr ovi de r equi r ed l ouver s,  cool i ng ai r ,  ent r y 
and exi t  pr ovi s i ons f or  equi pment  wi t hi n encl osur es.

a.   Uni t s must  be mount ed agai nst  t he wal l and equi pped wi t h a 
manuf act ur er ' s 18- i nch st and,  must  not  r equi r e back access f or  
mai nt enance,  and must  compl y wi t h t he " Mai nt enance Envel opes"  
i dent i f i ed on t he dr awi ngs.

b.   Const r uct  uni t ( s)  so t hat  component s,  wi t h t he except i on of  cont r ol  
and moni t or i ng component s,  ar e t ot al l y encl osed wi t hi n t he encl osur e.   
El ect r oni c c i r cui t s i ncl udi ng power  c i r cui t s must  be modul ar  
const r uct i on r eadi l y accessi bl e f or  mai nt enance,  r epai r  and modul e 
r epl acement  f r om t he f r ont  of  t he encl osur e.

c.   Pr ovi de per manent  i dent i f i cat i on t ags f or  wi r i ng.   Uni quel y i dent i f y 
each wi r e.   Use t he same i dent i f i cat i on syst em i n t he wi r i ng di agr ams 
i n t he Oper at i on and Mai nt enance Manual .   Encl osur es must  be pai nt ed 
i n accor dance wi t h par agr aph FACTORY APPLI ED FI NI SH and as speci f i ed 
her ei n.   Pr ovi de each encl osur e wi t h a f i ni sh coat  over  a r ust  
i nhi bi t i ng subst r at e or  a subst r at e t hat  has been pr ovi ded wi t h a r ust  
i nhi bi t i ng t r eat ment .

d.   Pr ovi de uni t s wi t h a Mean Ti me To Repai r  ( MTTR)  of  30 mi nut es f r om t he 
t i me of  t he di agnosed f ai l ur e based on document ed manuf act ur er ' s 
hi st or i cal  dat a f or  t he aver age t i me of  r epai r  f or  t hei r  t op t en 
f aul t s.   Pr ovi de t he suppor t i ng dat a wi t h t he equi pment  submi t t al .

2. 2   AI RCRAFT POWER CABLE ASSEMBLY

Compl y wi t h SAE AS7974.   For  400 Hz wi r i ng at  200Y/ 115 vol t s,  pr ovi de 
7- conduct or  t ype cabl e conf i gur ed as 6 phase conduct or s ( 2xA,  2xB,  2xC)  
t i ght l y wound ar ound t he cent er  l ocat ed neut r al ,  t wi st ed and si ngl e 
j acket ed i n accor dance wi t h SAE AS5756/ 6.   Rat e cabl e f or  180 amper es.   
Cabl e l engt h must  be 105 f eet  .   Pr ovi de cont r ol  cabl i ng i ncl uded wi t hi n 
t he j acket  f or  i nt er l ock c i r cui t .   Ter mi nat e cont r ol  wi r i ng on accessi bl e 
t er mi nal  bl ocks i n uni t .   Pr ovi de cabl e assembl y wi t h i nt egr al l y mol ded 
400 Her t z connect or  capabl e of  connect i ng t o t he ai r cr af t  6 pol e 
r ecept acl e.   Pr ovi de cabl e/ connect or  assembl y sui t abl e f or  sever e dut y,  
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wi t h cr i mped cont act  t er mi nat i ons.   Banded cabl es ar e not  per mi t t ed.

2. 3   REMOTE MONI TORI NG AND CONTROL PANEL

Pr ovi de r emot e moni t or i ng and cont r ol  panel  and ci r cui t r y.   Connect  t o 
c l ear l y and per manent l y l abel ed t er mi nal  bl ocks l ocat ed i nsi de t he 
conver t er ' s encl osur e.   Pr ovi de t he ci r cui t r y such t hat  i ndi cat or  l amp/ LED 
i nf or mat i on and cont r ol  f unct i on( s)  can be ext ended f r om t he t er mi nal s t o 
a r emot e l ocat i on i n t he f ut ur e.

a.   Pushbut t on or  swi t ch f or  ener gi z i ng and de- ener gi z i ng t he out put  
t er mi nal s.

b.   I ndi cat or  l amp/ LED showi ng t he uni t  st at us ( ener gi zed or  not  
ener gi zed) .

c.   I ndi cat or  l amp/ LED showi ng t he out put  cont r ol  devi ce posi t i on ( open or  
c l osed) .

d.   Syst em al ar m.

e.   Uni t  shal l  i ncor por at e some of  t he i t ems i ndi cat ed f or  t he assembl y 
wher e shown t o be pr ovi ded i ncl ude t he cont act s r at ed f or  115/ 200V,  
400 Hz and ener gi ze t he f r equency conver t er  once t he ai r cr af t  
i nt er l ock c i r cui t  engages and de- ener gi zes.   Once t he ai r cr af t  
i nt er l ock c i r cui t  di sengages t he r emot e cont r ol  panel  shal l  have f ul l  
cont r ol  and f unct i ons of  t he f r equency conver t er  wi t hout  t he user  
havi ng t o access i t  f or  nor mal  oper at i ons.   Uni t  shal l  be r at ed f or  
ext er i or  use.   NEMA 3R and pr ovi de compl et e cont r ol  capabi l i t i es.

2. 4   MANUFACTURER' S NAMEPLATE

Each f r equency conver t er ,  each maj or  component  wi t hi n t he f r equency 
conver t er ,  and each i t em of  ot her  equi pment  must  have a namepl at e bear i ng 
t he manuf act ur er ' s name,  addr ess,  model  number ,  and ser i al  number  secur el y 
af f i xed i n a conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  
wi l l  not  be accept abl e.

2. 5   FACTORY APPLI ED FI NI SH

El ect r i cal  equi pment  must  have f act or y- appl i ed pai nt i ng syst ems whi ch 
must ,  as a mi ni mum,  meet  t he r equi r ement s of  NEMA 250 cor r osi on- r esi st ance 
t est  and t he addi t i onal  r equi r ement s as speci f i ed her ei n.   I nt er i or  and 
ext er i or  st eel  sur f aces of  equi pment  encl osur es must  be t hor oughl y c l eaned 
and t hen r ecei ve a r ust - i nhi bi t i ve phosphat i z i ng t r eat ment ,  a pr i mer  
powder  coat ,  or  equi val ent  t r eat ment  pr i or  t o pai nt i ng.   Ext er i or  sur f aces 
must  be f r ee f r om hol es,  seams,  dent s,  wel d mar ks,  l oose scal e or  ot her  
i mper f ect i ons.   I nt er i or  sur f aces must  r ecei ve not  l ess t han one coat  of  
cor r osi on- r esi st i ng pai nt  or  powder  coat i ng pr ocess i n accor dance wi t h t he 
manuf act ur er ' s st andar d pr act i ce.   When encl osur e i s al umi num,  i nt er i or  
may opt i onal l y be coat ed wi t h r ust  i nhi bi t i ng t r eat ed f i l m.   Ext er i or  
sur f aces must  be pr i med,  f i l l ed wher e necessar y,  and gi ven not  l ess t han 
t wo coat s baked enamel  wi t h semi gl oss f i ni sh,  or  f i ni shed wi t h a powder  
coat i ng pr ocess.   Col or  must  be t he manuf act ur er ' s st andar d col or .   
Pr ovi de manuf act ur er ' s coat i ngs f or  t ouch- up wor k and as speci f i ed i n 
par agr aph FI ELD APPLI ED PAI NTI NG.
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2. 6   SOURCE QUALI TY CONTROL

2. 6. 1   Fact or y Test  Schedul e

The Gover nment  r eser ves t he r i ght  t o wi t ness t est s and r eser ves t he r i ght  
t o r equest  t he r aw dat a f r om t he t est s whet her  wi t nessed or  not .   Pr ovi de 
t he f r equency conver t er  t est  schedul e f or  t est s t o be per f or med at  t he 
manuf act ur er ' s t est  f aci l i t y .   Submi t  r equi r ed t est  schedul e and l ocat i on,  
and not i f y t he Cont r act i ng Of f i cer  30 cal endar  days bef or e schedul ed t est  
dat e.   Not i f y Cont r act i ng Of f i cer  15 cal endar  days i n advance of  changes 
t o schedul ed dat e.

Test  I nst r ument  Cal i br at i on.

a.   The manuf act ur er  must  have a document ed cal i br at i on pr ogr am whi ch 
assur es t hat  al l  appl i cabl e t est  i nst r ument s ar e mai nt ai ned wi t hi n 
r at ed accur acy.

b.   The accur acy must  be di r ect l y t r aceabl e t o t he Nat i onal  I nst i t ut e of  
St andar ds and Technol ogy.

c.   I nst r ument  cal i br at i on f r equency schedul e must  not  exceed 12 mont hs 
f or  bot h t est  f l oor  i nst r ument s and l eased speci al t y equi pment .

d.   Pr ovi de dat ed cal i br at i on l abel s,  t hat  ar e v i s i bl e on al l  t est  
equi pment .

e.   Cal i br at i ng st andar d must  be of  hi gher  accur acy t han t hat  of  t he 
i nst r ument  t est ed.

f .   Keep up- t o- dat e r ecor ds t hat  i ndi cat e dat es and t est  r esul t s of  
i nst r ument s cal i br at ed or  t est ed.   For  i nst r ument s cal i br at ed by t he 
manuf act ur er  on a r out i ne basi s,  i n l i eu of  t hi r d par t y cal i br at i on,  
i ncl ude t he f ol l owi ng:

( 1)  Mai nt ai n up- t o- dat e i nst r ument  cal i br at i on i nst r uct i ons and 
pr ocedur es f or  each t est  i nst r ument .

( 2)  I dent i f y t he t hi r d par t y/ l abor at or y cal i br at ed i nst r ument  t o 
ver i f y t hat  cal i br at i ng st andar d i s met .

2. 6. 2   Rout i ne Fact or y Test s

Per f or m r out i ne t est s by t he manuf act ur er  at  t he f act or y,  on each of  t he 
act ual  f r equency conver t er ( s)  pr epar ed f or  t hi s pr oj ect  t o ensur e t hat  t he 
desi gn per f or mance i s mai nt ai ned i n pr oduct i on.   As an except i on,  t est  
aut omat i c l i ne dr op compensat i on on onl y one uni t  on mul t i pl e uni t  or der s 
of  t he same kVA r at i ng.   Submi t  t est  r epor t s,  by ser i al  number  and r ecei ve 
appr oval  bef or e del i ver y of  equi pment  t o t he pr oj ect  s i t e.   I ncl ude a l i s t  
of  t he cur r ent  t est  equi pment  cal i br at i on dat es.   Requi r ed t est s,  t est  
condi t i ons,  and t est i ng sequence i s as f ol l ows:

a.   For  t est s whi ch r equi r e f ul l  l oad,  use 1. 0 power  f act or  unl ess 
ot her wi se not ed.

b.   Al l  measur ement s must  be t r ue RMS measur ement s.   Obt ai n measur ement s 
i n accor dance wi t h I EEE 1159.   Moni t or  and r ecor d al l  dat a at  t he l oad 
end of  t he cabl e.
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c.   Connect  l oads t o t he conver t er  wi t h t he speci f i ed ai r cr af t  power  cabl e 
assembl y.

d.   No adj ust ment s t o t he f r equency conver t er  ar e al l owed bet ween l oad 
t est s.

2. 6. 2. 1   Test  Condi t i ons

Test s must  i ncl ude t he f ol l owi ng condi t i ons:

a.   I ni t i al  Saf et y Ver i f i cat i on:   Per f or m t est s and checks t o val i dat e t he 
saf e and t i mel y shut down f or  each condi t i on ( f or  t he power  sour ce and 
t he out put  cabl e)  i dent i f i ed i n par agr aph SAFETY FUNCTI ONS.

b.   I nput  cur r ent  and power  f act or :   Oper at e conver t er  at  l ow,  nomi nal  and 
hi gh i nput  vol t age at  f ul l  l oad.   Measur e and r ecor d i nput  vol t age,  
i nput  power  f act or  and i nput  cur r ent  i n each phase.

c.   Out put  vol t age,  out put  vol t age THD,  out put  cur r ent ,  out put  power  
f act or ,  and vol t age r egul at i on.   Oper at e conver t er  at  nomi nal  i nput  
vol t age unl ess ot her wi se speci f i ed.

( 1)  50 per cent  of  r at ed capaci t y wi t h 0. 8 l aggi ng power  f act or  l i near  
l oad.

( 2)  100 per cent  of  r at ed capaci t y wi t h 0. 5 l aggi ng power  f act or ,  0. 8 
l aggi ng power  f act or ,  1. 0 power  f act or ,  and 0. 7 l eadi ng power  
f act or  l i near  l oads.

( 3)  50 per cent  of  r at ed capaci t y wi t h t he non- l i near  l oad as speci f i ed 
i n t he par agr aph LOAD RANGE.

( 4)  100 per cent  of  r at ed capaci t y at  l ow and hi gh i nput  vol t age.

( 5)  100 per cent  of  r at ed capaci t y wi t h t he non- l i near  l oad as 
speci f i ed i n t he par agr aph LOAD RANGE.

( 6)  Not e -  Oper at e f or  not  l ess t han 10 mi nut es at  each t est  condi t i on 
i n ( 1) ,  ( 2) ,  ( 3)  and ( 4)  above,  and f or  not  l ess t han 30 mi nut es 
at  t est  condi t i on i n ( 5)  above.

( 7)  Not e -  Moni t or  and r ecor d each of  t he f ol l owi ng at  t he begi nni ng 
and end of  each t est  condi t i on:   out put  vol t age,  out put  vol t age 
wavef or m,  out put  vol t age THD,  out put  vol t age di st or t i on spect r um,  
out put  vol t age cr est  f act or ,  out put  cur r ent ,  out put  cur r ent  
wavef or m,  out put  cur r ent  di st or t i on spect r um,  out put  power  f act or  
and f r equency.   Ver i f y out put  r emai ns wi t hi n speci f i ed r egul at i on 
l i mi t s.

d.   Ef f i c i ency:   Oper at e at  nomi nal  i nput  vol t age at  hal f  l oad and f ul l  
l oad at  1. 0 power  f act or .   Measur e and r ecor d i nput  vol t age,  i nput  
cur r ent ,  i nput  power  f act or ,  out put  vol t age,  out put  cur r ent ,  and 
out put  power  f act or .   Cal cul at e t he uni t  ef f i c i ency.

e.   No l oad l osses:   Oper at e at  no l oad and nomi nal  i nput  vol t age.   
Measur e and r ecor d i nput  vol t age,  i nput  cur r ent ,  i nput  power ,  i nput  
power  f act or ,  and out put  vol t age.   Cal cul at e t he no l oad l osses.

f .   Over l oad:   Oper at e at  nomi nal  i nput  vol t age and out put  vol t age wi t h 
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l oads and i n sequence l i s t ed bel ow:

Per cent  of  Ful l  Load Ti me Ti me Bet ween Over l oads I t er at i ons

200 per cent 20 seconds 5 mi nut es 1

150 per cent 2 mi nut es 10 mi nut es 1

125 per cent 5 mi nut es 10 mi nut es 1

110 per cent 60 mi nut es 4 hour s 1

    Moni t or  out put  t o conf i r m t her e i s no 400 Hz power  i nt er r upt i on.   
Af t er  mi ni mum oper at i ng t i me i s achi eved,  uni t  must  i nt er r upt  out put  
power .   Pr ovi de vol t age and cur r ent  wavef or ms document i ng t he uni t ' s  
r esponse f or  each t est .

g.   Bur n- i n Test :   Bef or e del i ver y,  bur n- i n al l  uni t s under  f ul l  l oad 
condi t i ons at  1. 0 power  f act or  f or  at  l east  24 hour s by cycl i ng uni t s 6
 hour s " ON"  under  f ul l  l oad condi t i ons and 3 hour s " OFF"  at  no l oad 
condi t i ons f or  at  l east  4 compl et e " ON"  cycl es.   Per f or m bur n- i n t est   
wi t h t he conver t er  encl osur e door s c l osed,  l oad connect ed di r ect l y t o 
t he out put  t er mi nal s,  and al l  vent i l at i on i n t he f i nal  oper at i ng 
condi t i on.   The speci f i ed ai r cr af t  cabl e i s not  r equi r ed t o be used 
f or  t hi s t est .

h.   I ncl ude har moni c f r equency spect r um anal ysi s depi ct i ng har moni c or der  
acr oss t he r ange of  i ndi v i dual  har moni c occur r ence,  and har moni c 
magni t ude f or  each l oad condi t i on i n t he t est  r epor t s.   Conduct  t est s 
at  t he uni t ' s  i nput  t er mi nal s ( t o t he 37t h har moni c) ,  and at  t he uni t s 
out put  t er mi nal s ( t o t he 37t h har moni c)  per  I EEE st andar ds.

i .   Aut omat i c l i ne dr op compensat i on:   Oper at e conver t er  at  nomi nal  
vol t age and ver i f y speci f i ed per f or mance of  t he l i ne dr op compensat i on 
at  t he f ol l owi ng l oads.

( 1)  No- l oad.

( 2)  50 per cent  of  r at ed capaci t y wi t h a 0. 8 l aggi ng power  f act or  
l i near  l oad.

( 3)  50 per cent  of  r at ed capaci t y wi t h t he speci f i ed non- l i near  l oad.

( 4)  100 per cent  of  r at ed capaci t y wi t h a 0. 8 l aggi ng power  f act or  
l i near  l oad.

( 5)  100 per cent  of  r at ed capaci t y wi t h t he speci f i ed non- l i near  l oad.

j .   Post  Rout i ne Test  Saf et y Ver i f i cat i on:   Repeat  t est s conduct ed under  
i t em a.  I ni t i al  Saf et y Val i dat i on t o conf i r m saf et y f eat ur es wer e not  
af f ect ed by pr evi ous t est s.

2. 6. 3   Speci al  Fact or y Test s ( Desi gn Test s)

Submi t  speci al  f act or y t est  ( desi gn t est )  r epor t s ( compl et e wi t h t est  
dat a,  expl anat i ons,  f or mul as,  r esul t s,  set up and cabl e i nf or mat i on,  and 
t he l i s t  of  t he cal i br at i on dat es of  t he t est  equi pment  used) ,  i n t he same 
submi t t al  package as t he cat al og dat a and dr awi ngs f or  t he speci f i ed 
f r equency conver t er ( s) .   Test s must  be cer t i f i ed and si gned by a 
r egi st er ed pr of essi onal  engi neer  or  by a " company cer t i f i ed pr of essi onal  
desi gnee"  wi t hi n t he manuf act ur er s '  or gani zat i on.   Submi t  desi gnee' s 
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cr edent i al s wi t h t he i ni t i al  desi gn t est  r epor t  f or  appr oval .   Test s must  
be on f i l e based on a pr oduct i on model  of  conver t er s of  t he same desi gn,  
const r uct i on and kVAr at i ng pr ovi ded.

As an except i on,  when t he manuf act ur er  does not  have t he speci al  f act or y 
t est s f or  t he speci f i c  uni t  char act er i st i cs al r eady on f i l e,  t he 
manuf act ur er  may conduct  t he speci al  f act or y t est s on t he f i r st  
" pr oduct i on uni t "  al ong wi t h t he r out i ne t est s.   To assur e compl i ance wi t h 
t he speci f i cat i on,  t hese t est s ar e al so subj ect  t o gover nment  wi t nessi ng 
at  t he same t i me as t he r out i ne t est s.   For  al l  t est s whi ch r equi r e f ul l  
l oad,  use 1. 0 power  f act or  unl ess ot her wi se not ed.   For  al l  t est s t hat  ar e 
" not  al r eady on f i l e" ,  connect  l oads t o t he conver t er  wi t h an ai r cr af t  
power  cabl e assembl y,  105 f eet  l ong,  s i mi l ar  t o t he speci f i ed pr oj ect  
ai r cr af t  power  cabl e assembl y.   Moni t or  and r ecor d al l  dat a at  t he l oad 
end of  t he cabl e,  unl ess ot her wi se not ed.   The t est s conduct ed on t he uni t  
must  i ncl ude t he f ol l owi ng:

a.   I ni t i al  Saf et y Ver i f i cat i on:   Per f or m t est s and checks t o val i dat e t he 
saf e and t i mel y shut down f or  each condi t i on ( f or  t he power  sour ce and 
t he out put  cabl e)  i dent i f i ed i n par agr aph SAFETY FUNCTI ONS.

b.   Sur ge pr ot ect i on:   Appl y i nput  sur ges i n accor dance wi t h I EEE C62. 41. 1 
and I EEE C62. 41. 2,  Locat i on Cat egor y B and moni t or  out put .   Conduct  a 
mi ni mum of  t hr ee consecut i ve successf ul  t est s on each uni t  l i s t ed.   
Conf i r m t her e i s no i nt er r upt i on t o 400 Hz out put  power  and vol t age 
st ays wi t hi n speci f i ed r egul at i on t ol er ances.   Sur ge pr ot ect i on t est s 
must  be appl i cabl e on al l  f r equency conver t er  uni t s ut i l i z i ng same 
sur ge pr ot ect i on devi ce by manuf act ur er  and par t  number  r egar dl ess of  
f r equency conver t er  kW si ze.

c.   I nput  cur r ent :   Per f or m t he f ol l owi ng t est s at  nomi nal  i nput  vol t age.   
Conduct  each t est  a mi ni mum of  t hr ee t i mes.   Moni t or  t he i nput  and 
out put  power  t o demonst r at e t he dur at i on of  t he t r ansi ent s unt i l  t he 
conver t er  r eaches st eady st at e.   Pr ovi de copi es of  wavef or ms and 
anal ysi s i n t est  r epor t .

( 1)  Measur e i nr ush cur r ent  when i ni t i al l y  t ur ni ng on machi ne wi t h no 
l oad.

( 2)  Af t er  appl y i ng power  and uni t  i s  at  st eady st at e,  conduct  l oad 
appl i cat i on t est ,  goi ng f r om 0 t o f ul l  l oad t o measur e af f ect  on 
i nput .

d.   I nput  cur r ent  di st or t i on:   Oper at e at  nomi nal  i nput  vol t age at  0,  25,  
50,  75,  and 100 per cent  of  r at ed f ul l  l oad.   Measur e and r ecor d t he 
i nput  cur r ent  THD f or  t he cur r ent  i n each phase.

e.   Over l oad:   Oper at e at  nomi nal  i nput  vol t age and out put  vol t age wi t h 
l oads as l i s t ed bel ow:

Per cent  of  Ful l
Load

Sat i sf act or y Oper at i ng
Ti me

Ti me Bet ween Over l oads

110 per cent 60 mi nut es 4 hour s

125 per cent 5 mi nut es 10 mi nut es

150 per cent 2 mi nut es 10 mi nut es

200 per cent 20 seconds 5 mi nut es

    Moni t or  out put  t o conf i r m t her e i s no 400 Hz power  i nt er r upt i on.   
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Af t er  mi ni mum oper at i ng t i me i s achi eved,  uni t  must  i nt er r upt  out put  
power .   Pr ovi de vol t age and cur r ent  wavef or ms document i ng t he uni t ' s  
r esponse f or  each t est .

f .   Shor t - c i r cui t :   Appl y a bol t ed l i ne- t o- l i ne f aul t  and a bol t ed t hr ee 
phase f aul t  di r ect l y t o t he out put  t er mi nal s of  t he uni t .   Conduct  a 
mi ni mum of  t hr ee consecut i ve successf ul  t est s on each uni t .   Pr ovi de 
uni t  capabl e of  car r y i ng t he f aul t  cur r ent  unt i l  t he i nt egr al  syst em 
pr ot ect i ve devi ces i nt er r upt s t he f aul t  wi t h no damage t o t he uni t .   
Pr ovi de wavef or ms of  shor t  c i r cui t  cur r ent  dur i ng shor t  c i r cui t  t est s.

g.   Out put  vol t age THD:   Oper at e at  nomi nal  i nput  vol t age at  f ul l  l oad 
wi t h bal anced and 15 per cent  unbal anced l oad.   A 15 per cent  unbal anced 
l oad i s def i ned as f ol l ows:

( 1)  Phase A at  f ul l  r at ed si ngl e phase l oad.

( 2)  Phase B at  85 per cent  of  Phase A

( 3)  Phase C at  85 per cent  of  Phase A

    Measur e and r ecor d t he out put  vol t age THD f or  t he l i ne- t o- neut r al  
vol t age of  each phase.

h.   Phase angl e r egul at i on:   Oper at e at  f ul l  l oad wi t h bal anced and 15 
per cent  unbal anced l oads.   Measur e and r ecor d out put  vol t age and 
cur r ent ,  and i dent i f y RMS phase vol t ages and di spl acement  angl es 
bet ween adj acent  out put  vol t age phases.   A 15 per cent  unbal anced l oad 
i s def i ned as f ol l ows:

( 1)  Phase A at  f ul l  r at ed si ngl e phase l oad.

( 2)  Phase B at  85 per cent  of  Phase A.

( 3)  Phase C at  85 per cent  of  Phase A.

i .   Tr ansi ent  r ecover y:   Oper at e at  t he f ol l owi ng l oad st eps:   0 t o 100 
per cent ,  0 t o 50 per cent ,  100 t o 0 per cent  and 50 t o 0 per cent .   
Measur e and r ecor d r ecover y t i me and out put  vol t age devi at i on l i mi t s.   
Pr ovi de r ecor di ngs or  di spl ay of  out put  vol t age dur i ng t r ansi ent  
r ecover y t est .

2. 7   ARC FLASH WARNI NG LABEL

Pr ovi de ar c f l ash war ni ng l abel s f or  ar c f l ash pr ot ect i on i n accor dance 
wi t h NFPA 70E and NEMA Z535. 4 f or  t he encl osur es of  el ect r i cal  equi pment  
t hat  ar e l i kel y t o r equi r e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  
mai nt enance whi l e ener gi zed.   Locat e t hi s sel f - adhesi ve war ni ng l abel  on 
t he out si de of  t he equi pment  compar t ment  door s war ni ng of  pot ent i al  
el ect r i cal  ar c f l ash hazar ds and appr opr i at e PPE r equi r ed.   Pr ovi de l abel  
f or mat  as i ndi cat ed.   The mar ki ng must  be cl ear l y v i s i bl e t o ever yone,  
i ncl udi ng qual i f i ed per sons,  bef or e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  
mai nt enance of  t he equi pment .

2. 8   FI ELD FABRI CATED NAMEPLATES

ASTM D709.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each equi pment  
encl osur e,  r el ay,  swi t ch,  and devi ce;  as speci f i ed or  as i ndi cat ed on t he 
dr awi ngs.   Each namepl at e i nscr i pt i on must  i dent i f y t he f unct i on and,  when 
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appl i cabl e,  t he posi t i on.   Namepl at es must  be mel ami ne pl ast i c,  0. 125 i nch 
t hi ck,  whi t e wi t h bl ack cent er  cor e.   Sur f ace must  be mat t e f i ni sh.   
Cor ner s must  be squar e.   Accur at el y al i gn l et t er i ng and engr ave i nt o t he 
cor e.   Mi ni mum si ze of  namepl at es must  be 1 by 2. 5 i nches.   Let t er i ng must  
be a mi ni mum of  0. 25 i nch hi gh nor mal  bl ock st y l e.

2. 9   GROUNDI NG AND BONDI NG

UL 467.   Pr ovi de gr oundi ng and bondi ng as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.

2. 10   TEST EQUI PMENT FREQUENCY CONVERTER

The t est  equi pment  f r equency conver t er  shal l  consi st  of  a r ack mount ed 
uni t  assembl y,  60 Hz AC t o 400 Hz AC,  avi oni c gr ound suppor t  equi pment  
wi t h f ul l  el ect r oni c pr ot ect i on,  hi gh ef f i c i ency ( 85% at  f ul l  l oad)  and 
l ow out put  noi se,  r at ed as f ol l ows:

Capaci t y -  3000VA
I nput  Vol t age -  208vol t ,  s i ngl e- phase,  60 HZ
I nput  Cur r ent  -  37 Amper es Maxi mum
I nput  Connect i on -  Ter mi nal  Bl ock
Out put  Vol t age -  115 vol t ,  s i ngl e- phase,  60 Hz
Out put  Cur r ent  -  26 Amper es
Out put  Connect i on -  Ter mi nal  Bl ock

Uni t  shal l  cont ai n i nr ush cur r ent  l i mi t i ng,  var i st or ,  saf et y f use,  pur e 
s i ne wave out put  f or m wi t h l ess t han 5% THD at  f ul l  l oad,  and pl us/ mi nus 
2% f r om no l oad t o f ul l  l oad r egul at i on.   Fur ni sh wi t h out put  cur r ent  
l i mi t i ng,  over l oad and shor t  c i r cui t  pr ot ect i on,  and t her mal  shut down wi t h 
aut omat i c r ecover y,  and out put  over vol t age pr ot ect i on l i mi t i ng at  140 Vac.

Fur ni sh wi t h mount i ng br acket s t o be i nst al l ed i n a 19"  wal l  mount ed 
modul ar  cabi net  r ack syst em made of  11- gauge al umi num const r uct i on,  
mi ni mum,  t r eat ed t o r esi st  cor r osi on.   The cabi net  shal l  have a c l ear  
gl ass l ockabl e f r ont  cover ,  l ouver ed si de panel s,  gr ound l ug,  and t op and 
bot t om condui t  access.   The cabi net  shal l  be compat i bl e wi t h 19- i nch panel  
mount i ng.   Al l  cabi net s shal l  be keyed al i ke.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  pr oduct s t o oper at e at  400 Hz i n t he same manner  as speci f i ed i n 
ot her  sect i ons of  t hi s speci f i cat i on f or  pr oduct s oper at i ng at  60 Hz,  
unl ess i ndi cat ed or  speci f i ed ot her wi se.   Conf or m t o t he r equi r ement s of  
NFPA 70 and I EEE C2 and t o manuf act ur er ' s i nst r uct i ons and r ecommendat i ons.

3. 2   EQUI PMENT

3. 2. 1   Fl oor  Mount ed

Pr ovi de pr oper  f l oor  mount i ng channel s and i nst al l  i n accor dance wi t h t he 
manuf act ur er ' s dr awi ngs and i nst r uct i ons and as i ndi cat ed.   Al i gn,  l evel ,  
and bol t  uni t s t o channel s t o al l ow easy wi t hdr awal  or  i nser t i on of  
r emovabl e component s and t o per mi t  pr oper  oper at i on and mai nt enance of  
equi pment .   When i n a Cl ass 1,  Di v i s i on 2 ar ea,  mount  uni t s at  l east  18 
i nches above f i ni shed f l oor .
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3. 2. 2   Gr oundi ng and Bondi ng

I n accor dance wi t h NFPA 70 and as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.

3. 2. 3   Wi r i ng and Condui t

Pr ovi de wi r i ng and condui t  as speci f i ed i n Sect i on 26 20 00,  I NTERI OR 
DI STRI BUTI ON SYSTEM.   Use copper  conduct or s t ype XHHW,  t wi st ed f or  400 Hz 
syst ems.   Use al umi num condui t  f or  exposed 400 Hz f eeder s.   Do not  i nst al l  
al umi num condui t  under gr ound or  encased i n concr et e.   Use al umi num 
f i t t i ngs and boxes wi t h al umi num condui t .   Use PVC condui t  and f i t t i ngs 
f or  under gr ound or  concr et e encased 400 Hz f eeder s.

3. 2. 4   Manuf act ur er ' s Repr esent at i ve

The manuf act ur er ' s r epr esent at i ve must  pl ace t he syst em i n oper at i on and 
make necessar y adj ust ment s t o ensur e opt i mum oper at i on of  t he equi pment .   
The manuf act ur er ' s r epr esent at i ve must  have at  l east  2 year s of  pr act i cal  
exper i ence i n t he i nst al l at i on and t est i ng of  400 Hz sol i d st at e f r equency 
conver t er s.

3. 3   FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.

3. 4   WARNI NG SI GN MOUNTI NG

Pr ovi de t he number  of  s i gns r equi r ed t o be r eadabl e f r om each accessi bl e 
s i de.   Space t he si gns i n accor dance wi t h NFPA 70E.

3. 5   FI ELD APPLI ED PAI NTI NG

Wher e f i el d pai nt i ng of  encl osur es i s r equi r ed t o cor r ect  damage t o t he 
manuf act ur er ' s f act or y appl i ed coat i ngs,  pr ovi de manuf act ur er ' s 
r ecommended coat i ngs and appl y i n accor dance t o manuf act ur er ' s 
i nst r uct i ons.

3. 6   FI ELD QUALI TY CONTROL

3. 6. 1   Fi el d Test  Schedul e

Gi ve Cont r act i ng Of f i cer  30 days not i ce of  dat es,  t i mes and schedul ed 
t est s whi ch r equi r e t he pr esence of  t he Cont r act i ng Of f i cer .   The 
Cont r act i ng Of f i cer  wi l l  coor di nat e wi t h t he usi ng act i v i t y and schedul e a 
t i me t hat  wi l l  el i mi nat e or  mi ni mi ze i nt er r upt i ons and i nt er f er ence wi t h 
t he act i v i t y oper at i ons.

3. 6. 2   I nst r ument s

Pr ovi de t est  i nst r ument s capabl e of  measur i ng and r ecor di ng or  di spl ayi ng 
t est  dat a at  a hi gher  r esol ut i on and gr eat er  accur acy t han speci f i ed f or  
t he conver t er ' s per f or mance.   The t est  i nst r ument s used i n t he f i el d t est s 
must  have cur r ent  val i d cal i br at i on st i cker s i ssued by an appr oved 
cal i br at i on l abor at or y.   Ver i f y cal i br at i on and adj ust ment s of  conver t er  
i nst r ument s pr ovi ded pr i or  t o f i el d t est s.   Cal i br at e i nst r ument s f or  400 
Hz oper at i on when measur i ng 400 Hz si gnal s.
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3. 6. 3   I ni t i al  I nspect i on and Test s

Per f or m i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and i ncl ude 
t he f ol l owi ng vi sual  and mechani cal  i nspect i ons and el ect r i cal  t est s.   I n 
addi t i on,  coor di nat e wi t h t he NETA ATS r epr esent at i ve t o wi t ness,  
document ,  and val i dat e t he conver t er  Fi el d Qual i t y Cont r ol .

a.   Compar e equi pment  namepl at e i nf or mat i on wi t h speci f i cat i ons and 
appr oved shop dr awi ngs.

b.   I nspect  physi cal  and mechani cal  condi t i on.   I nspect  cabl es and wi r i ng 
har nesses f or  damage and st r ai n r el i ef .

c.   I nspect  al l  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance usi ng 
l ow- r esi st ance ohmmet er ,  ver i f y i ng t i ght ness of  accessi bl e bol t ed 
el ect r i cal  connect i ons by cal i br at ed t or que- wr ench met hod,  or  
per f or mi ng t her mogr aphi c sur vey.   Per f or m t her mogr aphi c sur vey whi l e 
t he uni t  i s  at  f ul l  l oad dur i ng t he l oadbank t est .

d.   Per f or m speci f i c  i nspect i ons and mechani cal  t est s as r ecommended by 
manuf act ur er .

e.   Ver i f y cor r ect  equi pment  gr oundi ng.

3. 6. 4    Fi el d Per f or mance Checks and Test s

Conduct  conver t er  f i el d checks and t est s under  t he super vi s i on of  t he 
manuf act ur er ' s r epr esent at i ve.   Pr ovi de l abor ,  equi pment ,  t est  
i nst r ument s,  and i nci dent al s r equi r ed f or  t he t est s i ncl udi ng r esi st i ve 
l oad banks,  except  t he Gover nment  wi l l  f ur ni sh t he el ect r i c i t y.   For  al l  
el ect r i cal  l oad t est s,  use 1. 0 power  f act or  unl ess ot her wi se not ed.

Al l  t est s must  be per f or med wi t h t he l oad connect ed t o t he l oad end of  t he 
speci f i ed ai r cr af t  cabl e assembl y.   The cabl e must  be l ai d out  /  uncoi l ed 
t o pr ovi de heat  di ssi pat i on.   No adj ust ment  t o t he conver t er  i s al l owed 
bet ween t est s.   Successf ul l y compl et e t he saf et y ver i f i cat i on,  pr el i mi nar y 
oper at i on,  and t he cont r ol  and pr ot ect i ve devi ces check pr i or  t o 
per f or mi ng l oad and t r ansi ent  t est s.   Load t est s must  be per f or med wi t h 
t he conver t er  door s c l osed.   I f  t he conver t er  f ai l s  t o oper at e wi t hi n t he 
speci f i ed l i mi t s dur i ng any of  t he t est s,  di scont i nue t he t est ,  make 
necessar y r epai r s t o cor r ect  t he f ai l ur e,  and r est ar t  t est i ng of  t he 
conver t er .   Repeat  al l  pr evi ousl y compl et ed t est s and document  t he 
r espect i ve f ai l ed t est  dat a and new dat a.

3. 6. 4. 1   I ni t i al  Saf et y Ver i f i cat i on

Per f or m t est s and checks t o val i dat e t he saf e and t i mel y shut down f or  each 
condi t i on ( f or  t he power  sour ce and t he out put  cabl e)  i dent i f i ed i n 
par agr aph SAFETY FUNCTI ONS.   As an except i on,  a r epr esent at i ve f aul t  t est  
wi l l  be suf f i c i ent  at  t hi s t i me.

3. 6. 4. 2   Pr el i mi nar y Oper at i on

I nspect  t he conver t er  and make adj ust ment s necessar y t o assur e pr oper  
oper at i on i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   Oper at e 
conver t er  at  0,  25,  50,  75,  and 100 per cent  of  r at ed f ul l  l oad.   On bot h 
t he i nput  and t he out put ,  measur e and r ecor d t he vol t age,  cur r ent ,  
f r equency,  and THDs ( vol t age and cur r ent )  at  each l oad.   Cal cul at e out put  

SECTI ON 26 35 43  Page 24



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

vol t age r egul at i on.   Ver i f y conver t er  i s oper at i ng wi t hi n speci f i ed l i mi t s 
at  each l oad l evel .

Test  dat a must  i ncl ude vol t age and cur r ent  har moni c di st or t i on ampl i t udes 
of  al l  i ndi v i dual  har moni cs pr esent ed i n a spect r um anal ysi s f or mat  up t o 
t he 15t h or der  at  t he 50 per cent  and 100 per cent  l oad poi nt s.

3. 6. 4. 3   Cont r ol  and Pr ot ect i ve Devi ce Checks

Oper at e each cont r ol ,  swi t ch,  i nput / out put  devi ce t hat  i s capabl e of  bei ng 
oper at ed manual l y a mi ni mum of  t hr ee t i mes,  demonst r at i ng sat i sf act or y 
oper at i on each t i me.   Per f or m oper at i on t est  on each pr ot ect i ve devi ce t o 
ensur e t hat  devi ces f unct i on pr oper l y.   Af t er  each oper at i on measur e and 
r ecor d t he conver t er  out put  f r equency,  vol t age and cur r ent .   Ver i f y 
conver t er  i s oper at i ng wi t hi n speci f i ed l i mi t s.

3. 6. 4. 4   Load ( Bur n- i n)  Test

Oper at e each uni t  cont i nuousl y a mi ni mum of  1 hour  at  100 per cent  r at ed 
f ul l  l oad.   Measur e and r ecor d t he conver t er  out put  f r equency,  vol t age and 
cur r ent  at  begi nni ng,  30 mi nut es,  and 1 hour .   Ver i f y conver t er  i s 
oper at i ng wi t hi n speci f i ed l i mi t s.   Load t est  must  be per f or med wi t h t he 
conver t er  door s c l osed and t he t est  l oad connect ed t o t he conver t er  at  t he 
cabl e head wi t h speci f i ed ai r cr af t  cabl e assembl y.

3. 6. 4. 5   Post  Load Test  Ver i f i cat i on

Repeat  t est s i dent i f i ed i n par agr aph PRELI MI NARY OPERATI ON,  t o val i dat e 
conver t er  was not  af f ect ed by t he Load t est .   However  appl y l oads i n t he 
r ever se or der  ( e. g.  100,  75,  50,  25,  and 0 per cent  of  t he r at ed f ul l  l oad) .

Conduct  t est s on each conver t er  wi t h t he l oad connect ed t o t he l oad end of  
t he speci f i ed ai r cr af t  power  cabl e assembl y.   No adj ust ment  t o t he 
conver t er  i s al l owed bet ween l oad t est s.   Moni t or  and r ecor d out put  
vol t age at  t he l oad end of  t he cabl e.   Ver i f y speci f i ed per f or mance of  t he 
conver t er  i ncl udi ng t he l i ne dr op compensat i on.

3. 6. 4. 6   Fi nal  Saf et y Ver i f i cat i on

Repeat  t est s conduct ed under  par agr aph I NI TI AL SAFETY VERI FI CATI ON t o 
conf i r m saf et y f eat ur es wer e not  af f ect ed by pr evi ous t est s.

3. 6. 5   Gr oundi ng Syst em

I nspect  gr oundi ng syst em f or  compl i ance wi t h cont r act  pl ans and 
speci f i cat i ons.

3. 7   DEMONSTRATI ON

3. 7. 1   I nst r uct i ng Gover nment  Per sonnel

Pr ovi de f i el d t r ai ni ng t o Gover nment  per sonnel  on t he oper at i on and 
mai nt enance of  t he conver t er  pr ovi ded at  t he same t i me as t he Fi el d 
Accept ance Test i ng.   I ncl ude up t o a maxi mum of  2 hour s of  i nst r uct i on on 
oper at i on and up t o a maxi mum of  4 hour s of  r epai r  and mai nt enance of  t he 
conver t er s.   The i nst r uct or  must  be appr oved by t he manuf act ur er  of  t he 
uni t  pr ovi ded.   Submi t  t r ai ni ng syl l abus i ncl udi ng each t opi c of  t r ai ni ng 
and a br i ef  out l i ne of  each t opi c t o t he Cont r act i ng Of f i cer  at  l east  4 
weeks pr i or  t o t r ai ni ng f or  appr oval .
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Tr ai ni ng must  be appr oved by t he Cont r act i ng Of f i cer  at  l east  2 weeks i n 
advance.   The Gover nment  may r ecor d,  v i deo and audi o,  t he t r ai ni ng 
sessi ons and use t hese r ecor di ngs t o t r ai n per sonnel  on t he oper at i on and 
mai nt enance of  t he conver t er  syst em.   Pr ovi de t wo copi es of  v i deo or  audi o 
DVDs,  and of  any suppl ement al  i nf or mat i on and exampl es cover ed i n t he 
t r ai ni ng sessi ons,  t o t he Cont r act i ng Of f i cer .

        - -  End of  Sect i on - -
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SECTI ON 26 41 00

LI GHTNI NG PROTECTI ON SYSTEM
11/ 13

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 780 ( 2023)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems

U. S.  AI R FORCE ( USAF)

AFI  32- 1065 ( 2017)  Gr oundi ng Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 96 ( 2016)  UL St andar d f or  Saf et y Li ght ni ng 
Pr ot ect i on Component s

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL El ect r i cal  Const r uct i on ( 2012)  El ect r i cal  Const r uct i on Equi pment  
Di r ect or y

1. 2   RELATED REQUI REMENTS

1. 2. 1   Ver i f i cat i on of  Di mensi ons

Conf i r m al l  det ai l s of  wor k,  ver i f y al l  di mensi ons i n f i el d,  and advi se 
Cont r act i ng Of f i cer  of  any di scr epancy bef or e per f or mi ng wor k.   Obt ai n 
pr i or  appr oval  of  Cont r act i ng Of f i cer  bef or e maki ng any depar t ur es f r om 
t he desi gn.

1. 2. 2   Syst em Requi r ement s

Pr ovi de a syst em f ur ni shed under  t hi s speci f i cat i on consi st i ng of  t he 
l at est  UL Li st ed pr oduct s of  a manuf act ur er  r egul ar l y engaged i n 
pr oduct i on of  l i ght ni ng pr ot ect i on syst em component s.   Compl y wi t h NFPA 70,  
NFPA 780,  and UL 96.
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1. 2. 3   Li ght ni ng Pr ot ect i on Syst em I nst al l er s Document at i on

Pr ovi de document at i on showi ng t hat  t he i nst al l er  i s  cer t i f i ed wi t h a 
commer ci al  t hi r d- par t y i nspect i on company whose sol e wor k i s l i ght ni ng 
pr ot ect i on,  or  i s  a UL Li st ed Li ght ni ng Pr ot ect i on I nst al l er .   I n ei t her  
case,  t he document at i on must  show t hat  t hey have compl et ed and passed t he 
r equi r ement s f or  cer t i f i cat i on or  l i s t i ng,  and have a mi ni mum of  2 year s 
document ed exper i ence i nst al l i ng l i ght ni ng pr ot ect i on syst ems f or  DoD 
pr oj ect s of  s i mi l ar  scope and compl exi t y.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Over al l  l i ght ni ng pr ot ect i on syst em;  G,  AO

Each maj or  component ;  G,  AO

SD- 06 Test  Repor t s

Li ght ni ng Pr ot ect i on and Gr oundi ng Syst em Test  Pl an;  G

Li ght ni ng Pr ot ect i on and Gr oundi ng Syst em Test ;  G,

SD- 07 Cer t i f i cat es

Li ght ni ng Pr ot ect i on Syst em I nst al l er s Document at i on;  G,  AO

Component  UL Li st ed and Label ed;  G,  AO

Li ght ni ng pr ot ect i on syst em i nspect i on cer t i f i cat e;  G

Roof  manuf act ur er ' s war r ant y;  G

1. 4   QUALI TY ASSURANCE

I n each st andar d r ef er r ed t o her ei n,  consi der  t he advi sor y pr ovi s i ons t o 
be mandat or y,  as t hough t he wor d " shal l "  or  " must "  has been subst i t ut ed 
f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n t hese st andar ds 
t o " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  s i mi l ar  meani ng,  t o mean 
Cont r act i ng Of f i cer .

1. 4. 1   I nst al l at i on Dr awi ngs

1. 4. 1. 1   Over al l  Syst em Dr awi ng

Submi t  i nst al l at i on shop dr awi ng f or  t he over al l  l i ght ni ng pr ot ect i on 
syst em.   I ncl ude on t he dr awi ngs t he physi cal  l ayout  of  t he equi pment  
( pl an vi ew and el evat i ons) ,  mount i ng det ai l s,  r el at i onshi p t o ot her  par t s 
of  t he wor k,  and wi r i ng di agr ams.
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1. 4. 1. 2   Maj or  Component s

Submi t  det ai l  dr awi ngs f or  each maj or  component  i ncl udi ng manuf act ur er ' s 
descr i pt i ve and t echni cal  l i t er at ur e,  cat al og cut s,  and i nst al l at i on 
i nst r uct i ons.

1. 4. 2   Component  UL Li st ed and Label ed

Submi t  pr oof  of  compl i ance t hat  component s ar e UL Li st ed and Label ed.   
Li st i ng al one i n UL El ect r i cal  Const r uct i on,  whi ch i s t he UL El ect r i cal  
Const r uct i on Di r ect or y,  i s  not  accept abl e evi dence.   I n l i eu of  Li st ed and 
Label ed,  submi t  wr i t t en cer t i f i cat e f r om an appr oved,  nat i onal l y 
r ecogni zed t est i ng or gani zat i on equi pped t o per f or m such ser vi ces,  st at i ng 
t hat  i t ems have been t est ed and conf or m t o r equi r ement s and t est i ng 
met hods of  Under wr i t er s Labor at or i es.

1. 4. 3   Li ght ni ng Pr ot ect i on and Gr oundi ng Syst em Test  Pl an

Pr ovi de a l i ght ni ng pr ot ect i on and gr oundi ng syst em t est  pl an.   Det ai l  
bot h t he v i sual  i nspect i on and el ect r i cal  t est i ng of  t he  syst em and 
component s i n t he t est  pl an.   I dent i f y ( number )  t he  syst em t est  
poi nt s/ l ocat i ons al ong wi t h a l i s t i ng or  descr i pt i on of  t he i t em t o be 
t est ed and t he t ype of  t est  t o be conduct ed.   As a mi ni mum,  i ncl ude a 
sket ch of  t he f aci l i t y  and sur r oundi ng l i ght ni ng pr ot ect i on syst em as par t  
of  t he speci f i c  t est  pl an f or  each st r uct ur e.   I ncl ude t he r equi r ement s 
speci f i ed i n par agr aph,  " Test i ng of  I nt egr al  Li ght ni ng Pr ot ect i on Syst em"  
i n t he t est  pl an.

1. 4. 4   Li ght ni ng Pr ot ect i on Syst em I nspect i on Cer t i f i cat e

Pr ovi de cer t i f i cat i on f r om a commer ci al  t hi r d- par t y i nspect i on company 
whose sol e wor k i s l i ght ni ng pr ot ect i on,  st at i ng t hat  t he l i ght ni ng 
pr ot ect i on syst em compl i es wi t h NFPA 780 and AFI  32- 1065.   Thi r d par t y 
i nspect i on company cannot  be t he syst em i nst al l er  or  t he syst em desi gner .  
Al t er nat i vel y,  pr ovi de a UL Li ght ni ng Pr ot ect i on I nspect i on Mast er  Label  
Cer t i f i cat e f or  each f aci l i t y  i ndi cat i ng compl i ance t o NFPA 780 and 
AFI  32- 1065.  I n ei t her  case,   AFI  32- 1065 t akes pr ecedence over  NFPA 780,  
whet her  or  not  i t  i s  mor e st r i ngent .  

I nspect i on must  cover  ever y connect i on,  ai r  t er mi nal ,  conduct or ,  f ast ener ,  
accessi bl e gr oundi ng poi nt  and ot her  component s of  t he l i ght ni ng 
pr ot ect i on syst em t o ensur e 100% syst em compl i ance.   Thi s i ncl udes 
wi t nessi ng t he t est s f or  t he r esi st ance measur ement s f or  gr ound r ods wi t h 
t est  wel l s,  and f or  cont i nui t y measur ement s f or  bonds.   I t  al so i ncl udes 
ver i f i cat i on of  pr oper  sur ge pr ot ect i ve devi ces f or  power ,  dat a and 
t el ecommuni cat i on syst ems.   Random sampl i ng or  par t i al  i nspect i on of  a 
f aci l i t y  i s  not  accept abl e.

1. 5   SI TE CONDI TI ONS

Conf i r m al l  det ai l s of  wor k,  ver i f y al l  di mensi ons i n f i el d,  and advi se 
Cont r act i ng Of f i cer  of  any di scr epancy bef or e per f or mi ng wor k.   Obt ai n 
pr i or  appr oval  of  Cont r act i ng Of f i cer  bef or e changi ng t he desi gn.

PART 2   PRODUCTS

2. 1   MATERI ALS

Do not  use a combi nat i on of  mat er i al s t hat  f or ms an el ect r ol yt i c coupl e of  
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such nat ur e t hat  cor r osi on i s accel er at ed i n t he pr esence of  moi st ur e 
unl ess moi st ur e i s per manent l y excl uded f r om t he j unct i on of  such met al s.   
Wher e unusual  condi t i ons exi st  whi ch woul d cause cor r osi on of  conduct or s,  
pr ovi de conduct or s wi t h pr ot ect i ve coat i ngs,  such as t i n or  l ead,  or  
over si ze conduct or s.   Wher e a mechani cal  hazar d i s i nvol ved,  i ncr ease 
conduct or  s i ze t o compensat e f or  t he hazar d or  pr ot ect  conduct or s.   When 
met al l i c  condui t  or  t ubi ng i s pr ovi ded,  el ect r i cal l y bond conduct or  t o 
condui t  or  t ubi ng at  t he upper  and l ower  ends by c l amp t ype connect or s or  
wel ds ( i ncl udi ng exot her mi c) .   Al l  l i ght ni ng pr ot ect i on component s,  such 
as bondi ng pl at es,  ai r  t er mi nal s,  ai r  t er mi nal  suppor t s and br aces,  
chi mney bands,  c l i ps,  connect or  f i t t i ngs,  and f ast ener s ar e t o compl y wi t h 
t he r equi r ement s of  UL 96 cl asses as appl i cabl e.

2. 1. 1   Mai n and Bondi ng Conduct or s

NFPA 780 and UL 96 Cl ass I ,  Cl ass I I ,  or  Cl ass I I  modi f i ed mat er i al s as 
appl i cabl e.

2. 1. 2   Copper  Onl y

Pr ovi de copper  conduct or s,  except  wher e al umi num conduct or s ar e r equi r ed 
f or  connect i on t o al umi num equi pment .

2. 2   COMPONENTS

2. 2. 1   Ai r  Ter mi nal s

Pr ovi de sol i d ai r  t er mi nal s wi t h a bl unt  t i p.  Tubul ar  ai r  t er mi nal s ar e 
not  per mi t t ed.   Suppor t  ai r  t er mi nal s mor e t han 24 i nches i n l engt h by 
sui t abl e br ace,  suppor t ed at  not  l ess t han one- hal f  t he hei ght  of  t he 
t er mi nal .

2. 2. 2   Gr ound Rods

Pr ovi de gr ound r ods made of  copper - c l ad st eel  conf or mi ng t o conf or m t o 
UL 467.   Pr ovi de gr ound r ods t hat  ar e not  l ess t han 3/ 4 i nch i n di amet er  
and 10 f eet  i n l engt h.   Do not  mi x gr ound r ods of  copper - c l ad st eel  or  
sol i d copper  on t he j ob.

2. 2. 3   Gr oundi ng Pl at es

Pr ovi de gr oundi ng pl at es made of  sol i d copper  conf or mi ng t o UL 96.

2. 2. 4   Connect i ons and Ter mi nat i ons

Pr ovi de connect or s f or  spl i c i ng conduct or s t hat  conf or m t o UL 96,  c l ass as 
appl i cabl e.   Conduct or  connect i ons can be made by c l amps or  wel ds 
( i ncl udi ng exot her mi c) .   Pr ovi de st y l e and si ze connect or s r equi r ed f or  
t he i nst al l at i on.   

2. 2. 5   Connect or  Fi t t i ngs

Pr ovi de connect or  f i t t i ngs f or  " end- t o- end" ,  " Tee" ,  or  " Y"  spl i ces t hat  
conf or m t o NFPA 780 and UL 96.
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PART 3   EXECUTI ON

3. 1   I NTEGRAL SYSTEM

Pr ovi de a l i ght ni ng pr ot ect i on syst em t hat  meet s t he r equi r ement s of  
NFPA 780.   Li ght ni ng pr ot ect i on syst em consi st s of  ai r  t er mi nal s,  r oof  
conduct or s,  down conduct or s,  gr ound connect i ons,  and gr oundi ng el ect r odes 
and gr ound r i ng el ect r ode conduct or .   Expose conduct or s on t he st r uct ur es 
except  wher e conduct or s ar e r equi r ed t o be i n pr ot ect i ve s l eeves.   Bond 
secondar y conduct or s wi t h gr ounded met al l i c  par t s wi t hi n t he bui l di ng.   
Make i nt er connect i ons wi t hi n s i de- f l ash di st ances at  or  bel ow t he l evel  of  
t he gr ounded met al l i c  par t s.

3. 1. 1   Roof - Mount ed Component s

Coor di nat e wi t h t he r oof i ng manuf act ur er  and pr ovi de cer t i f i cat i on t hat  
t he r oof  manuf act ur er ' s war r ant y i s not  v i ol at ed by t he i nst al l at i on 
met hods f or  ai r  t er mi nal s and r oof  conduct or s.

  
3. 1. 1. 1   Ai r  Ter mi nal s

Use a st andi ng seam base f or  i nst al l at i on of  ai r  t er mi nal s on a st andi ng 
seam met al  r oof  t hat  does not  pr oduce any r oof  penet r at i ons.

3. 1. 1. 2   Roof  Conduct or s

Use a st andi ng seam base f or  i nst al l at i on of  r oof  conduct or s on a st andi ng 
seam met al  r oof  t hat  does not  pr oduce any r oof  penet r at i ons.

3. 1. 2   Down Conduct or s

The hangar  bui l di ng st eel  shal l  ser ve as t he down conduct or  syst em.   Bond 
al l  r oof  component s t oget her  and t o t he f r ame as not ed on t he dr awi ngs.   
Bond t o t he ear t h count er poi se as shown.

3. 1. 3   Gr ound Connect i ons

At t ach each down conduct or  and gr ound r i ng el ect r ode t o gr ound r ods by 
wel di ng ( i ncl udi ng exot her mi c) ,  br azi ng,  or  compr essi on.   Al l  connect i ons 
t o gr ound r ods bel ow gr ound l evel  must  be by exot her mi c wel d connect i on or  
wi t h a hi gh compr essi on connect i on usi ng a hydr aul i c or  el ect r i c 
compr essi on t ool  t o pr ovi de t he cor r ect  c i r cumf er ent i al  pr essur e.   
Accessi bl e connect i ons above gr ound l evel  and i n t est  wel l s can be 
accompl i shed by mechani cal  c l ampi ng.

3. 1. 4   Gr oundi ng El ect r odes

Ext end dr i ven gr ound r ods ver t i cal l y i nt o t he exi st i ng undi st ur bed ear t h 
f or  a di st ance of  not  l ess 10 f eet .   Set  gr ound r ods not  l ess t han 3 f eet  
nor  mor e t han 8 f eet ,  f r om t he st r uct ur e f oundat i on,  and at  l east  beyond 
t he dr i p l i ne f or  t he f aci l i t y .   Af t er  t he compl et ed i nst al l at i on,  measur e 
t he t ot al  r esi st ance t o gr ound usi ng t he f al l - of - pot ent i al  met hod 
descr i bed i n I EEE 81.   Maxi mum al l owed r esi st ance of  a dr i ven gr ound r od 
i s 25  ohms,  under  nor mal l y dr y condi t i ons .   Cont act  t he Cont r act i ng 
Of f i cer  f or  di r ect i on on how t o pr oceed when t wo of  any t hr ee gr ound r ods,  
dr i ven not  l ess t han 10 f eet  i nt o t he gr ound,  a mi ni mum of  10 f eet  apar t ,  
and equal l y spaced ar ound t he per i met er ,  gi ve a combi ned val ue exceedi ng 
50 ohms i mmedi at el y af t er  havi ng dr i ven.   For  gr ound r i ng el ect r ode,  
pr ovi de cont i nuous No.  1/ 0 bar e st r anded copper  cabl e.   Lay gr ound r i ng 
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el ect r ode ar ound t he per i met er  of  t he st r uct ur e i n a t r ench not  l ess t han 
3 f eet  nor  mor e t han 8 f eet  f r om t he near est  poi nt  of  t he st r uct ur e 
f oundat i on,  and at  l east  beyond t he dr i p l i ne f or  t he f aci l i t y .   I nst al l  
gr ound r i ng el ect r ode t o a mi ni mum dept h of  30 i nches.   I nst al l  a gr ound 
r i ng el ect r ode i n ear t h undi st ur bed by excavat i on,  not  ear t h f i l l ,  and do 
not  l ocat e beneat h r oof  over hang,  or  whol l y under  paved ar eas or  r oadways 
wher e r ai nf al l  cannot  penet r at e t o keep soi l  moi st  i n t he v i c i ni t y of  t he 
cabl e.

3. 1. 5   Gr oundi ng Pl at es

Pr ovi de a gr oundi ng pl at e f or  each down conduct or .   Set  gr oundi ng pl at es 
not  l ess t han 3 f eet  nor  mor e t han 8 f eet ,  f r om t he st r uct ur e f oundat i on,  
and at  l east  beyond t he dr i p l i ne f or  t he f aci l i t y .   Gr oundi ng pl at e i s t o 
be bur i ed as deepl y i n t he exi st i ng di r t  as l ocal  condi t i ons al l ow,  
wi t hout  exceedi ng 10 f eet  i n dept h.

3. 2   APPLI CATI ONS

3. 2. 1   Nonmet al l i c  Ext er i or  Wal l s wi t h Met al l i c  Roof

Bond met al  r oof  sect i ons t oget her  whi ch ar e i nsul at ed f r om each ot her  so 
t hat  t hey ar e el ect r i cal l y cont i nuous,  havi ng a sur f ace cont act  of  at  l east
 3 squar e i nches.

3. 3   I NTERFACE WI TH OTHER STRUCTURES

3. 3. 1   Fences

Bond met al  f ence and gat e syst ems t o t he l i ght ni ng pr ot ect i on syst em 
whenever  t he f ence or  gat e i s wi t hi n 6 f eet  of  any par t  of  t he l i ght ni ng 
pr ot ect i on syst em i n accor dance wi t h ANSI  C2.

3. 4   RESTORATI ON

Wher e sod has been r emoved,  pl ace sod as soon as possi bl e af t er  compl et i ng 
t he backf i l l i ng.   Rest or e,  t o or i gi nal  condi t i on,  t he ar eas di st ur bed by 
t r enchi ng,  st or i ng of  di r t ,  cabl e l ayi ng,  and ot her  wor k.   Over f i l l  t o 
accommodat e f or  set t l i ng.   I ncl ude necessar y t opsoi l ,  f er t i l i z i ng,  l i mi ng,  
seedi ng,  soddi ng,  spr i ggi ng or  mul chi ng i n any r est or at i on.   Mai nt ai n 
di st ur bed sur f aces and r epl acement s unt i l  f i nal  accept ance.

3. 5   FI ELD QUALI TY CONTROL

3. 5. 1   Li ght ni ng Pr ot ect i on and Gr oundi ng Syst em Test

Test  t he l i ght ni ng pr ot ect i on and gr oundi ng syst em t o ensur e cont i nui t y i s 
not  i n excess of  1 ohm and t hat  r esi st ance t o gr ound i s not  i n excess of  25
 ohms.   Pr ovi de document at i on f or  t he measur ed val ues at  each t est  poi nt .   
Test  t he gr ound r od f or  r esi st ance t o gr ound bef or e maki ng connect i ons t o 
t he r od.   Ti e t he gr oundi ng syst em t oget her  and t est  f or  r esi st ance t o 
gr ound.   Make r esi st ance measur ement s i n dr y weat her ,  not  ear l i er  t han 48 
hour s af t er  r ai nf al l .   I ncl ude i n t he wr i t t en r epor t :  l ocat i ons of  t est  
poi nt s,  measur ed val ues f or  cont i nui t y and gr ound r esi st ances,  and soi l  
condi t i ons at  t he t i me t hat  measur ement s wer e made.   Submi t  r esul t s of  
each t est  t o t he Cont r act i ng Of f i cer .

        - -  End of  Sect i on - -
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SECTI ON 26 51 00

I NTERI OR LI GHTI NG
05/ 20,  CHG 2:  11/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A580/ A580M ( 2018)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Wi r e

ASTM A641/ A641M ( 2019)  St andar d Speci f i cat i on f or  
Zi nc- Coat ed ( Gal vani zed)  Car bon St eel  Wi r e

ASTM A653/ A653M ( 2022)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A1008/ A1008M ( 2021a)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM B164 ( 2003;  R 2014)  St andar d Speci f i cat i on f or  
Ni ckel - Copper  Al l oy Rod,  Bar ,  and Wi r e

ASTM B633 ( 2019)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Zi nc on I r on 
and St eel

ASTM D4674 REV A ( 2002;  R 2010)  St andar d Pr act i ce f or  
Accel er at ed Test i ng f or  Col or  St abi l i t y  of  
Pl ast i cs Exposed t o I ndoor  Of f i ce 
Envi r onment s

EUROPEAN UNI ON ( EU)

Di r ect i ve 2011/ 65/ EU ( 2011)  Rest r i ct i on of  t he Use of  Cer t ai n 
Hazar dous Subst ances i n El ect r i cal  and 
El ect r oni c Equi pment

I LLUMI NATI NG ENGI NEERI NG SOCI ETY ( I ES)

ANSI / I ES LM- 79 ( 2019)  Appr oved Met hod:  El ect r i cal  and 
Phot omet r i c Measur ement s of  Sol i d St at e 
Li ght i ng Pr oduct s

ANSI / I ES LM- 80 ( 2020)  Appr oved Met hod:  Measur i ng Lumi nous 
Fl ux and Col or  Mai nt enance of  LED 
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Packages,  Ar r ays and Modul es

ANSI / I ES LS- 1 ( 2020)  Li ght i ng Sci ence:  Nomencl at ur e and 
Def i ni t i ons f or  I l l umi nat i ng Engi neer i ng

ANSI / I ES TM- 15 ( 2020)  Techni cal  Memor andum:  Lumi nai r e 
Cl assi f i cat i on Syst em f or  Out door  
Lumi nai r es

ANSI / I ES TM- 21 ( 2021)  Techni cal  Memor andum:  Pr oj ect i ng 
Long- Ter mLumi nous,  Phot on,  and Radi ant  
Fl ux Mai nt enance of  LED Li ght  Sour ces

ANSI / I ES TM- 30 ( 2020)  Techni cal  Memor andum:  I ES Met hod 
f or  Eval uat i ng Li ght  Sour ce Col or  Rendi t i on

I ES Li ght i ng Li br ar y I ES Li ght i ng Li br ar y

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE C62. 41 ( 1991;  R 1995)  Recommended Pr act i ce on 
Sur ge Vol t ages i n Low- Vol t age AC Power  
Ci r cui t s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA ANSLG C78. 377 ( 2017)  El ect r i c Lamps— Speci f i cat i ons f or  
t he Chr omat i c i t y of  Sol i d St at e Li ght i ng 
Pr oduct s

NEMA C82. 77- 10 ( 2020)  Har moni c Emi ssi on Li mi t s -  Rel at ed 
Power  Qual i t y Requi r ement s

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA SSL 1 ( 2016)  El ect r oni c Dr i ver s f or  LED Devi ces,  
Ar r ays,  or  Syst ems

NEMA SSL 3 ( 2011)  Hi gh- Power  Whi t e LED Bi nni ng f or  
Gener al  I l l umi nat i on

NEMA WD 1 ( 1999;  R 2020)  St andar d f or  Gener al  Col or  
Requi r ement s f or  Wi r i ng Devi ces

NEMA WD 7 ( 2011;  R 2016;  R 2021)  Occupancy Mot i on 
Sensor s St andar d
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NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 101 ( 2021;  TI A 21- 1)  Li f e Saf et y Code

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

47 CFR 15 Radi o Fr equency Devi ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 94 ( 2013;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 508 ( 2018;  Repr i nt  Jul  2021)  UL St andar d f or  
Saf et y I ndust r i al  Cont r ol  Equi pment

UL 916 ( 2015;  Repr i nt  Oct  2021)  UL St andar d f or  
Saf et y Ener gy Management  Equi pment

UL 917 ( 2006;  Repr i nt  Aug 2013)  UL St andar d f or  
Saf et y Cl ock- Oper at ed Swi t ches

UL 924 ( 2016;  Repr i nt  May 2020)  UL St andar d f or  
Saf et y Emer gency Li ght i ng and Power  
Equi pment

UL 1598 ( 2021;  Repr i nt  Jun 2021)  Lumi nai r es

UL 2043 ( 2013)  Fi r e Test  f or  Heat  and Vi s i bl e 
Smoke Rel ease f or  Di scr et e Pr oduct s and 
Thei r  Accessor i es I nst al l ed i n 
Ai r - Handl i ng Spaces

UL 8750 ( 2015;  Repr i nt  Sep 2021)  UL St andar d f or  
Saf et y Li ght  Emi t t i ng Di ode ( LED)  
Equi pment  f or  Use i n Li ght i ng Pr oduct s

1. 2   RELATED REQUI REMENTS

Mat er i al s not  consi der ed t o be l umi nai r es,  l umi nai r e accessor i es,  or  
l i ght i ng equi pment  ar e speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM.   .

1. 3   DEFI NI TI ONS

a.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs 
t er ms used i n t hese speci f i cat i ons and on t he dr awi ngs,  must  be as 
def i ned i n I EEE 100 and ANSI / I ES LS- 1.

b.   For  LED l umi nai r e l i ght  sour ces,  " Usef ul  Li f e"  i s t he oper at i ng hour s 
bef or e r eachi ng 70 per cent  of  t he i ni t i al  r at ed l umen out put  ( L70)  
wi t h no cat ast r ophi c f ai l ur es under  nor mal  oper at i ng condi t i ons.   Thi s 
i s al so known as 70 per cent  " Rat ed Lumen Mai nt enance Li f e"  as def i ned 
i n ANSI / I ES LM- 80.
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c.   For  LED l umi nai r es,  " Lumi nai r e Ef f i cacy"  ( LE)  i s t he appr opr i at e 
measur e of  ener gy ef f i c i ency,  measur ed i n l umens/ wat t .   Thi s i s 
gat her ed f r om LM- 79 dat a f or  t he l umi nai r e,  i n whi ch absol ut e 
phot omet r y i s used t o measur e t he l umen out put  of  t he l umi nai r e as one 
ent i t y,  not  t he sour ce separ at el y and t hen t he sour ce and housi ng 
t oget her .

d.   Tot al  har moni c di st or t i on ( THD)  i s t he r oot  mean squar e ( RMS)  of  al l  
t he har moni c component s di v i ded by t he t ot al  f undament al  cur r ent .

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Lumi nai r e Dr awi ngs;  G,  AO

Occupancy/ Vacancy Sensor  Cover age Layout ;  G;  S AO

Li ght i ng Cont r ol  Syst em One- Li ne Di agr am;  G,  AO

Sequence of  Oper at i on f or  Li ght i ng Cont r ol  Syst em;  G,  AO

SD- 03 Pr oduct  Dat a

Lumi nai r es;  G,  AO

Li ght  Sour ces;  G,  AO

LED Dr i ver s;  G,  AO

Lumi nai r e War r ant y;  G

Li ght i ng Cont r ol s War r ant y;  G,  AO

Power  Packs;  G,  AO

Power  Pack Recept acl es;  G,  AO

Li ght i ng Cont act or ;  G,  AO

Li ne Vol t age Swi t ches;  G,  AO

Occupancy/ Vacancy Sensor s;  G,   AO

Phot osensor s;  G,  AO

Ti me Cl ocks;  G,  AO

Exi t  Si gns;  G,  AO

Emer gency Dr i ver s;  G,
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Room Cont r ol l er s;  G,  AO

SD- 05 Desi gn Dat a

Lumi nai r e Desi gn Dat a;  G,  AO

SD- 06 Test  Repor t s

ANSI / I ES LM- 79 Test  Repor t ;  G

ANSI / I ES LM- 80 Test  Repor t ;  G

ANSI / I ES TM- 21 Test  Repor t ;  G

ANSI / I ES TM- 30 Test  Repor t ;  G

Occupancy/ Vacancy Sensor  Ver i f i cat i on Test ;  G

Phot osensor  Ver i f i cat i on Test ;  G

SD- 07 Cer t i f i cat es

LED Dr i ver  and Di mmi ng Swi t ch Compat i bi l i t y  Cer t i f i cat e;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Li ght i ng Syst em,  Dat a Package 5;  G,  AO

Li ght i ng Cont r ol  Syst em,  Dat a Package 5;  G,  AO

Mai nt enance St af f  Tr ai ni ng Pl an;  G

End- User  Tr ai ni ng Pl an;  G

Low Vol t age Swi t ches;  G AO

1. 5   QUALI TY ASSURANCE

Dat a,  dr awi ngs,  and r epor t s must  empl oy t he t er mi nol ogy,  c l assi f i cat i ons 
and met hods pr escr i bed by t he I ES Li ght i ng Li br ar y as appl i cabl e,  f or  t he 
l i ght i ng syst em speci f i ed.

1. 5. 1   Lumi nai r e Dr awi ngs

I ncl ude di mensi ons,  accessor i es i nst al l at i on det ai l s,  and const r uct i on 
det ai l s.   Phot omet r i c dat a,  i ncl udi ng CRI ,  CCT,  LED dr i ver  t ype,  zonal  
l umen dat a,  and candl epower  di st r i but i on dat a must  accompany shop dr awi ngs.

1. 5. 2   Lumi nai r e Desi gn Dat a

a.   Pr ovi de saf et y cer t i f i cat i on and f i l e number  f or  t he l umi nai r e f ami l y 
t hat  must  be l i s t ed,  l abel ed,  or  i dent i f i ed i n accor dance wi t h t he 
NFPA 70.   Appl i cabl e t est i ng bodi es ar e det er mi ned by t he US 
Occupat i onal  Saf et y Heal t h Admi ni st r at i on ( OSHA)  as Nat i onal l y 
Recogni zed Test i ng Labor at or i es ( NRTL)  and i ncl ude:  CSA ( Canadi an 
St andar ds Associ at i on) ,  ETL ( Edi son Test i ng Labor at or y) ,  and UL 
( Under wr i t er s Labor at or i es) .
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b.   Pr ovi de l ong t er m l umen mai nt enance pr oj ect i ons f or  each LED l umi nai r e 
i n accor dance wi t h ANSI / I ES TM- 21.   Dat a used f or  pr oj ect i ons must  be 
obt ai ned f r om t est i ng i n accor dance wi t h ANSI / I ES LM- 80.

1. 5. 3   ANSI / I ES LM- 79 Test  Repor t

Submi t  t est  r epor t  on manuf act ur er ' s st andar d pr oduct i on model  of  
speci f i ed l umi nai r e.   Test i ng must  be per f or med at  t he same oper at i ng 
dr i ve cur r ent  as speci f i ed l umi nai r e.   I ncl ude al l  appl i cabl e and r equi r ed 
dat a i n I ES f or mat  as out l i ned under  " 14. 0 Test  Repor t "  i n ANSI / I ES LM- 79.

1. 5. 4   ANSI / I ES LM- 80 Test  Repor t

Submi t  r epor t  on manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce 
( package,  ar r ay,  or  modul e)  of  speci f i ed l umi nai r e.   Test i ng must  be 
per f or med at  t he same oper at i ng dr i ve cur r ent  as speci f i ed l umi nai r e.   
I ncl ude al l  appl i cabl e and r equi r ed dat a as out l i ned under  " 8. 0 Test  
Repor t "  i n ANSI / I ES LM- 80.

1. 5. 5   ANSI / I ES TM- 21 Test  Repor t

Submi t  t est  r epor t  on manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce 
( package,  ar r ay,  or  modul e)  of  speci f i ed l umi nai r e.   Test i ng must  be 
per f or med at  t he same oper at i ng dr i ve cur r ent  as speci f i ed l umi nai r e.   
I ncl ude al l  appl i cabl e and r equi r ed dat a,  as wel l  as r equi r ed 
i nt er pol at i on i nf or mat i on as out l i ned under  " 7. 0 Repor t "  i n ANSI / I ES TM- 21.

1. 5. 6   ANSI / I ES TM- 30 Test  Repor t

Submi t  col or  vect or  gr aphi c i n accor dance wi t h ANSI / I ES TM- 30 on 
manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce ( package,  ar r ay,  or  
modul e)  of  speci f i ed l umi nai r e.   I ncl ude spect r al  di st r i but i on of  t est  LED 
l i ght  sour ce.

1. 5. 7   LED Dr i ver  and Di mmi ng Swi t ch Compat i bi l i t y  Cer t i f i cat e

Submi t  cer t i f i cat i on f r om t he l umi nai r e,  dr i ver ,  or  di mmer  swi t ch 
manuf act ur er  t hat  ensur es compat i bi l i t y  and oper abi l i t y  bet ween devi ces 
wi t hout  f l i cker i ng and t o speci f i ed di mmi ng l evel s.

1. 5. 8   Occupancy/ Vacancy Sensor  Cover age Layout

Pr ovi de f l oor  pl ans showi ng cover age l ayout s of  al l  devi ces usi ng 
manuf act ur er ' s pr oduct  i nf or mat i on.

1. 5. 9   Test  Labor at or i es

Test  l abor at or i es f or  t he ANSI / I ES LM- 79 and ANSI / I ES LM- 80 t est  r epor t s 
must  be one of  t he f ol l owi ng:

a.   Nat i onal  Vol unt ar y Labor at or y Accr edi t at i on Pr ogr am ( NVLAP)  accr edi t ed 
f or  sol i d- st at e l i ght i ng t est i ng as par t  of  t he Ener gy- Ef f i c i ent  
Li ght i ng Pr oduct s l abor at or y accr edi t at i on pr ogr am f or  bot h LM- 79 and 
LM- 80 t est i ng.

b.   One of  t he qual i f i ed l abs l i s t ed on t he Depar t ment  of  Ener gy -  LED 
Li ght i ng Fact s Appr oved Test i ng Labor at or i es Li st  f or  LM- 79 t est i ng.

c.   One of  t he EPA- Recogni zed Labor at or i es l i s t ed f or  LM- 80 t est i ng.
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1. 5. 10   Regul at or y Requi r ement s

Equi pment ,  mat er i al s,  i nst al l at i on,  and wor kmanshi p must  be i n accor dance 
wi t h t he mandat or y and advi sor y pr ovi s i ons of  NFPA 70,  unl ess mor e 
st r i ngent  r equi r ement s ar e speci f i ed or  i ndi cat ed.   Pr ovi de l umi nai r es and 
assembl ed component s t hat  ar e appr oved by and bear  t he l abel  of  UL f or  t he 
appl i cabl e l ocat i on and condi t i ons unl ess ot her wi se speci f i ed.

1. 5. 11   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn,  and wor kmanshi p.  Pr oduct s must  have been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  s i x mont hs pr i or  t o bi d openi ng.   The 
si x- mont h per i od must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  must  have 
been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he si x- mont h per i od.   Wher e 
t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  t hese i t ems 
must  be pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  par t s of  
t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  unl ess st at ed 
i n t hi s sect i on.

1. 5. 11. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a s i x- mont h f i el d ser vi ce r ecor d wi l l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  
l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  
l abor at or y t est s,  i s  f ur ni shed.

1. 5. 11. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Do not  use pr oduct s manuf act ur ed mor e t han si x mont hs pr i or  t o dat e of  
del i ver y t o s i t e,  unl ess speci f i ed ot her wi se.

1. 6   WARRANTY

Suppor t  al l  equi pment  i t ems by ser vi ce or gani zat i ons whi ch ar e r easonabl y 
conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  sat i sf act or y 
ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s dur i ng t he 
war r ant y per i od of  t he cont r act .

1. 6. 1   Lumi nai r e War r ant y

Pr ovi de and t r ansf er  t o t he gover nment  t he or i gi nal  LED l umi nai r e 
manuf act ur er s st andar d commer ci al  war r ant y f or  each di f f er ent  l umi nai r e 
manuf act ur er  used i n t he pr oj ect .

a.   Pr ovi de a wr i t t en f i ve year  mi ni mum r epl acement  war r ant y f or  mat er i al ,  
l umi nai r e f i ni sh,  and wor kmanshi p.  Pr ovi de wr i t t en war r ant y document  
t hat  cont ai ns al l  war r ant y pr ocessi ng i nf or mat i on needed,  i ncl udi ng 
cust omer  ser vi ce poi nt  of  cont act ,  whet her  or  not  a r et ur n 
aut hor i zat i on number  i s r equi r ed,  r et ur n shi ppi ng i nf or mat i on,  and 
cl osest  r et ur n l ocat i on t o t he l umi nai r e l ocat i on.

( 1)  Fi ni sh war r ant y must  i ncl ude f ai l ur e and subst ant i al  det er i or at i on 
such as bl i st er i ng,  cr acki ng,  peel i ng,  chal k i ng,  or  f adi ng.
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( 2)  Mat er i al  war r ant y must  i ncl ude:

( a)  Al l  LED dr i ver s and i nt egr al  cont r ol  equi pment .

( b)  Repl acement  when mor e t han 15 per cent  of  LED sour ces i n any 
l i ght bar  or  subassembl y( s)  ar e def ect i ve,  non- st ar t i ng,  or  
oper at i ng bel ow 70 per cent  of  speci f i ed l umen out put .

b.   War r ant y per i od must  begi n i n accor dance wi t h t he manuf act ur er ' s 
st andar d war r ant y st ar t i ng dat e.

c.   Pr ovi de r epl acement s t hat  ar e pr ompt l y shi pped,  wi t hout  char ge,  t o t he 
usi ng Gover nment  f aci l i t y  poi nt  of  cont act  and t hat  ar e i dent i cal  t o 
or  an i mpr ovement  upon t he or i gi nal  equi pment .   Al l  r epl acement s must  
i ncl ude t est i ng of  new component s and assembl y.

1. 6. 2   Li ght i ng Cont r ol s War r ant y

Pr ovi de and t r ansf er  t o t he gover nment  t he or i gi nal  l i ght i ng cont r ol s 
manuf act ur er s st andar d commer ci al  war r ant y f or  each di f f er ent  l i ght i ng 
cont r ol s manuf act ur er  used i n t he pr oj ect .   War r ant y cover age must  begi n 
f r om dat e of  f i nal  syst em commi ssi oni ng or  t hr ee mont hs f r om dat e of  
del i ver y,  whi chever  i s t he ear l i est .   War r ant y ser vi ce must  be per f or med 
by a f act or y- t r ai ned engi neer  or  t echni c i an.

a.   Unl ess ot her wi se not ed,  pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y 
on t he compl et e syst em f or  al l  syst ems wi t h f act or y commi ssi oni ng.   
Pr ovi de war r ant y t hat  cover s 100 per cent  of  t he cost  of  any 
r epl acement  par t s and ser vi ces r equi r ed over  t he f i ve year s whi ch ar e 
di r ect l y at t r i but abl e t o t he pr oduct  f ai l ur e.   Fai l ur es i ncl ude,  but  
ar e not  l i mi t ed t o,  t he f ol l owi ng:

( 1)  Sof t war e:  Fai l ur e of  i nput / out put  t o execut e swi t chi ng or  di mmi ng 
commands.

( 2)  Damage of  el ect r oni c component s due t o t r ansi ent  vol t age sur ges.

( 3)  Fai l ur e of  cont r ol  devi ces,  i ncl udi ng but  not  l i mi t ed t o occupancy 
sensor s,  phot osensor s,  and manual  wal l  st at i on cont r ol  devi ces.

b.   Pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y on al l  i nput  devi ces 
agai nst  def ect  i n wor kmanshi p or  mat er i al s pr ovi ded by devi ce 
manuf act ur er .

c.   Pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y on al l  cont r ol  component s 
at t ached t o l umi nai r es agai nst  def ect  i n wor kmanshi p or  mat er i al s.

1. 7   OPERATI ON AND MAI NTENANCE MANUALS

1. 7. 1   Li ght i ng Syst em

Pr ovi de oper at i on and mai nt enance manual s f or  t he l i ght i ng syst em i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA t hat  
pr ovi de basi c dat a r el at i ng t o t he desi gn,  oper at i on,  and mai nt enance of  
t he l i ght i ng syst em f or  t he bui l di ng.   I ncl ude t he f ol l owi ng:

a.   Manuf act ur er s '  oper at i ng and mai nt enance manual s.

b.   Lumi nai r e shop dr awi ngs f or  modi f i ed and cust om l umi nai r es.
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c.   Lumi nai r e Manuf act ur er s '  st andar d commer ci al  war r ant y i nf or mat i on as 
speci f i ed i n par agr aph LUMI NAI RE WARRANTY.

1. 7. 2   Li ght i ng Cont r ol  Syst em

Pr ovi de oper at i on and mai nt enance manual s f or  t he l i ght i ng cont r ol  syst em 
i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA t hat  
pr ovi de basi c dat a r el at i ng t o t he desi gn,  oper at i on,  and mai nt enance of  
t he l i ght i ng cont r ol  syst em f or  t he bui l di ng.  I ncl ude t he f ol l owi ng:

a.   Li ght i ng cont r ol  syst em l ayout  and wi r i ng pl an.

b.   Li ght i ng cont r ol  syst em one- l i ne di agr am.

c.   Pr oduct  dat a f or  al l  devi ces,  i ncl udi ng i nst al l at i on and pr ogr ammi ng 
i nst r uct i ons.

d.   Occupancy/ vacancy sensor  cover age l ayout .

e.   Tr ai ni ng mat er i al s,  such as v i deos or  i n- dept h manual s,  t hat  cover  
basi c oper at i on of  t he l i ght i ng cont r ol  syst em and i nst r uct i ons on 
modi f y i ng t he l i ght i ng cont r ol  syst em.   Tr ai ni ng mat er i al s must  
i ncl ude cal i br at i on,  adj ust ment ,  t r oubl eshoot i ng,  mai nt enance,  r epai r ,  
and r epl acement .

f .   Sequence of  oper at i on descr i pt i ons f or  each t ypi cal  r oom t ype,  
i ncl udi ng f i nal  pr ogr ammi ng,  schedul es,  and cal i br at i on set t i ngs.

PART 2   PRODUCTS

2. 1   PRODUCT COORDI NATI ON

2. 2   LUMI NAI RES

UL 1598,  NEMA C82. 77- 10.   Pr ovi de l umi nai r es as i ndi cat ed i n t he l umi nai r e 
schedul e and NL pl at es or  det ai l s on pr oj ect  pl ans,  compl et e wi t h l i ght  
sour ce,  wat t age,  and l umen out put  i ndi cat ed.   Al l  l umi nai r es of  t he same 
t ype must  be pr ovi ded by t he same manuf act ur er .   Lumi nai r es must  be 
speci f i cal l y desi gned f or  use wi t h t he dr i ver  and l i ght  sour ce pr ovi ded.

2. 2. 1   Lumi nai r es

UL 8750,  ANSI / I ES LM- 79,  ANSI / I ES LM- 80.   For  al l  l umi nai r es,  pr ovi de:

a.   Compl et e syst em wi t h LED dr i ver s and l i ght  sour ces.

b.   Housi ngs const r uct ed of  non- cor r osi ve mat er i al s.   Al l  new al umi num 
housi ngs must  be anodi zed or  powder - coat ed.   Al l  new st eel  housi ngs 
must  be t r eat ed t o be cor r osi on r esi st ant .

c.   ANSI / I ES TM- 21,  ANSI / I ES LM- 80.   Mi ni mum L70 l umen mai nt enance val ue 
of  50, 000 hour s unl ess ot her wi se i ndi cat ed i n t he l umi nai r e schedul e.   
Lumi nai r e dr i ve cur r ent  val ue must  be i dent i cal  t o t hat  pr ovi ded by 
t est  dat a f or  l umi nai r e i n quest i on.

d.   Mi ni mum ef f i cacy as speci f i ed i n t he l umi nai r e schedul e.   Theor et i cal  
model s of  i ni t i al  l amp l umens per  wat t  ar e not  accept abl e.   I f  
ef f i cacy val ues ar e not  l i s t ed i n t he l umi nai r e schedul e,  pr ovi de 
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l umi nai r es t hat  meet  t he f ol l owi ng mi ni mum val ues:

Lumi nai r e St yl e Mi ni mum Lumi nai r e Ef f i cacy

Recessed 1 by 4,  2 by 4,  and 2 by 2 100 LPW

Recessed Downl i ght  ( f i xed,  adj ust abl e,  wal l wash) 80 LPW

Li near ,  Accent  ( under cabi net ,  cove) 45 LPW

Li near ,  Ambi ent  ( i ndi r ect  wal l  mount ,  l i near  
pendent )

100 LPW

Hi gh Bay,  Low Bay,  and I ndust r i al  Locat i ons 100 LPW

Food Ser vi ce and Hazar dous Locat i ons 60 LPW

Ot her  ( t r ack,  r esi dent i al  di f f user s) 50 LPW

Ext er i or  Wal l  Sconce 50 LPW

St epl i ght 30 LPW

Par ki ng Gar age Lumi nai r e 100 LPW

e.   UL l i s t ed f or  dr y or  damp l ocat i on t ypi cal  of  i nt er i or  i nst al l at i ons.   
Any l umi nai r e mount ed on t he ext er i or  of  t he bui l di ng must  be UL 
l i s t ed f or  wet  l ocat i on t ypi cal  of  ext er i or  i nst al l at i ons.

f .   LED dr i ver  and l i ght  sour ce package,  ar r ay,  or  modul e ar e accessi bl e 
f or  ser vi ce or  r epl acement  wi t hout  r emoval  or  dest r uct i on of  l umi nai r e.

g.   Lenses const r uct ed of  heat  t emper ed bor osi l i cat e gl ass,  UV- r esi st ant  
acr yl i c,  or  s i l i cone.   Sandbl ast i ng,  et chi ng and pol i shi ng must  be 
per f or med as i ndi cat ed i n t he l umi nai r e descr i pt i on.

h.   ANSI / I ES TM- 15.   Pr ovi de ext er i or  bui l di ng- mount ed l umi nai r es t hat  do 
not  exceed t he BUG r at i ngs as l i s t ed i n t he l umi nai r e schedul e.   I f  
BUG r at i ngs ar e not  l i s t ed i n t he l umi nai r e schedul e,  pr ovi de 
l umi nai r es t hat  meet  t he f ol l owi ng mi ni mum val ues f or  each appl i cat i on 
and mount i ng condi t i ons:

Li ght i ng Appl i cat i on Mount i ng Condi t i ons BUG Rat i ng

Ext er i or  Wal l  Sconce Above 4 f eet  AFF B1- U0- G2

Ext er i or  Wal l  Sconce Bel ow or  at  4 f eet  AFF B4- U0- G4

St epl i ght Above 4 f eet  AFF B1- U1- G2

St epl i ght Bel ow or  at  4 f eet  AFF B4- U1- G4

Par ki ng Gar age Lumi nai r e Cei l i ng mount ed B4- U4- G3

i .   For  al l  r ecessed l umi nai r es t hat  ar e i dent i f i ed t o be i n cont act  wi t h 
i nsul at i on,  pr ovi de l umi nai r es t hat  ar e I C- r at ed.
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2. 3   LI GHT SOURCES

NEMA ANSLG C78. 377,  NEMA SSL 3.   Pr ovi de t ype,  del i ver ed l umen out put ,  and 
wat t age as i ndi cat ed i n t he l umi nai r e schedul e on pr oj ect  pl ans.

2. 3. 1   LED Li ght  Sour ces

Pr ovi de LED l i ght  sour ces t hat  meet  t he f ol l owi ng r equi r ement s:

a.   NEMA ANSLG C78. 377.   Emi t  whi t e l i ght  and have a nomi nal  CCT of  val ues 
i ndi cat ed i n t he l umi nai r e schedul e.

b.   Mi ni mum Col or  Render i ng I ndex ( CRI )  of  80. .

c.   Di r ect i ve 2011/ 65/ EU.   Rest r i ct i on of  Hazar dous Subst ances ( RoHS)  
compl i ant .

d.   Li ght  sour ce col or  consi st ency by ut i l i z i ng a bi nni ng t ol er ance wi t hi n 
a 3- st ep McAdam el l i pse.

2. 4   LED DRI VERS

NEMA SSL 1,  UL 8750.   Pr ovi de LED dr i ver s t hat  ar e el ect r oni c,  UL Cl ass 1 
or  Cl ass 2,  const ant - cur r ent  t ype and t hat  compl y wi t h t he f ol l owi ng 
r equi r ement s:

a.   The combi ned dr i ver  and LED l i ght  sour ce syst em does not  exceed t he 
mi ni mum l umi nai r e ef f i cacy val ues as l i s t ed i n t he l umi nai r e schedul e 
pr ovi ded.

b.   Oper at es at  a vol t age of  120- 277 vol t s at  50/ 60 her t z,  wi t h i nput  
vol t age f l uct uat i ons of  pl us/ mi nus 10 per cent .

c.   Power  Fact or  ( PF)  gr eat er  t han or  equal  t o 0. 90 at  f ul l  i nput  power  
and acr oss speci f i ed di mmi ng r ange.

d.   Maxi mum Tot al  Har moni c Di st or t i on ( THD)  l ess t han 20 per cent  at  f ul l  
i nput  power  and acr oss speci f i ed di mmi ng r ange.

e.   Oper at es f or  at  l east  50, 000 hour s at  maxi mum case t emper at ur e and 90 
per cent  non- condensi ng r el at i ve humi di t y.

f .   Wi t hst ands Cat egor y A sur ges of  2 kV wi t hout  i mpai r ment  of  
per f or mance.   Pr ovi de sur ge pr ot ect i on t hat  i s i nt egr al  t o t he dr i ver .

g.   I nt egr al  t her mal  pr ot ect i on t hat  r educes t he out put  power  t o pr ot ect  
t he dr i ver  and l i ght  sour ce f r om damage i f  t he case t emper at ur e 
appr oaches or  exceeds t he dr i ver ' s maxi mum oper at i ng t emper at ur e.

h.   47 CFR 15.   Compl i es wi t h t he r equi r ement s of  t he Feder al  
Communi cat i ons Commi ssi on ( FCC)  r ul es and r egul at i ons,  Non- Consumer  
( Cl ass A)  f or  EMI / RFI  ( conduct ed and r adi at ed) .

i .   Cl ass A sound r at i ng.

j .   Di r ect i ve 2011/ 65/ EU.   Rest r i ct i on of  Hazar dous Subst ances ( RoHS)  
compl i ant .

k.   Pr ovi de di mmi ng capabi l i t y  as i ndi cat ed i n t he l umi nai r e schedul e on 
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pr oj ect  pl ans.   Di mmabl e dr i ver s must  di m down t o 10 per cent .   
Di mmabl e dr i ver s must  be cont r ol l ed by a Cl ass 2 l ow vol t age 0- 10VDC 
cont r ol l er  unl ess ot her wi se speci f i ed.   LED dr i ver s of  t he same 
f ami l y/ ser i es must  t r ack evenl y acr oss mul t i pl e l umi nai r es at  al l  
l i ght  l evel s.

2. 5   LI GHTI NG CONTROLS

Pr ovi de l i ght i ng cont r ol  syst ems t hat  do not  swi t ch of f  bat t er y- oper at ed 
or  emer gency backup l umi nai r es or  exi t  s i gns i n pat h of  egr ess.

2. 5. 1   Syst em

Pr ovi de l i ght i ng cont r ol  syst em t hat  oper at es t he l i ght i ng syst em as 
descr i bed i n t he l i ght i ng cont r ol  st r at egi es i n t he pr oj ect  pl ans.   Submi t  
Sequence of  Oper at i on f or  Li ght i ng Cont r ol  Syst em descr i bi ng t he oper at i on 
of  t he pr oposed l i ght i ng cont r ol  syst em and devi ces.   Sequence of  
Oper at i on must  pr ovi de t he st r at egi es i dent i f i ed i n t he l i ght i ng cont r ol  
st r at egi es.   The desi gns i ndi cat ed on t he dr awi ngs ar e t ypi cal  and a 
mi ni mum st andar d.

2. 5. 1. 1   Local i zed Cont r ol  Syst ems

Pr ovi de r oom or  ar ea- wi de l i ght i ng cont r ol  syst em capabl e of  manual  
cont r ol ,  t i me- based cont r ol ,  and r ecei v i ng i nput  f r om phot osensor s and 
occupancy/ vacancy sensor s.   The syst em shal l  consi st  of  Room Cont r ol l er s,  
Power  Packs,  Power  Pack Recept acl es,  Occupancy Sensor s,  Occupancy Sensor  
Coupl er s,  Dayl i ght  Sensor s,  and Low Vol t age Swi t ches.

2. 5. 1. 2   Cent r al i zed Cont r ol  Syst ems

2. 5. 1. 2. 1   Li ght i ng Cont act or

NEMA I CS 2,  NEMA I CS 6.   Pr ovi de an el ect r i cal l y- hel d l i ght i ng cont act or  
housed i n a NEMA 1 encl osur e.   Pr ovi de cont act or  wi t h one nor mal l y- open( NO) ,  
t hr ee pol e cont act s,  r at ed 600 vol t s,  30 amps.   Pr ovi de coi l  oper at i ng 
vol t age of 277 vol t s.

2. 5. 2   Devi ces

2. 5. 2. 1   Li ne Vol t age Swi t ches

Pr ovi de l i ne- vol t age t oggl e swi t ches as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   When used f or  non- di gi t al  l oads,  devi ces 
must  be r at ed at  20 Amps i nduct i ve l oad,  and be compat i bl e wi t h t he 
l i ght i ng cont r ol  syst ems.

2. 5. 2. 2   Room Cont r ol l er s

Room Cont r ol l er s shal l  pr ovi de cont r ol  capabi l i t i es f or  l i ght i ng and 
r ecept acl e zones.   Zones ar e est abl i shed f or  s i ngl e ar eas or  r ooms as 
shown on t he dr awi ngs.   Room Cont r ol l er s shal l  have t he f ol l owi ng 
char act er i st i cs:

a.  120/ 277V,  60Hz,  20A Rat i ng.

b.  ( 3)  l i ght i ng zones wi t h ( 3)  0- 10V di mmi ng out put s.

c.  I nput s f or  occupancy and dayl i ght  sensor s usi ng CAT5E cabl i ng and RJ45 
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connect i ons.  Room cont r ol l er s shal l  power  up t o ( 2)  occupancy sensor s 
wi t hout  t he need f or  addi t i onal  Power  Packs.

d.  I nput s f or  l ow vol t age wal l  swi t ches.  Up t o ( 4)  l ow vol t age swi t ches 
can be connect ed per  r oom cont r ol l er .

e.  Out put s f or  Recept acl e Power  Packs usi ng CAT5E cabl i ng and RJ45 
connect i ons.   Up t o ( 5)  Recept acl e Power  Packs can be connect ed t o a s i ngl e 
Room Cont r ol l er .

f .  NEMA 1 and Pl enum Rat ed.

2. 5. 2. 3   Power  Pack Recept acl es

Power  Pack Recept acl es act  as r el ays f or  swi t chi ng cont r ol l ed r ecept acl e 
c i r cui t s t hr ough t he i nt er f ace wi t h t he Room Cont r ol l er  i n cer t ai n 
scenar i os.  Power  Packs shal l  have t he f ol l owi ng char act er i st i cs:

a.   I nput :  120V,  60Hz.
b.  I nt er f ace wi t h Room Cont r ol l er  VI A CAT5E cabl i ng wi t h RJ45 connect i ons.
c.   Out put :  120V,  20A dr y cont act s f or  r ecept acl e cont r ol .
d.   Const r uct ed of  pl enum- r at ed,  hi gh- i mpact  t her mopl ast i c encl osur e.
e.   Di r ect i ve 2011/ 65/ EU.  Rest r i ct i on of  Hazar dous Subst ances ( RoHS)  

compl i ant .
f .   Ut i l i zes zer o- cr ossi ng ci r cui t r y t o pr event  damage f r om i nr ush cur r ent .

2. 5. 2. 4   Low Vol t age Swi t ches

Low Vol t age Swi t ches pr ovi de r oom or  ar ea l evel  swi t chi ng of  l umi nai r es 
t hr ough i nt er f ace wi t h t he Room Cont r ol l er .  Pr ovi de l ow vol t age wal l  
swi t ches t hat  shal l  have t he f ol l owi ng char act er i st i cs:

a.  I nput :  24VDC,  60Hz.  Power  pr ovi ded f r om Room Cont r ol l er .
b.  Si ngl e Gang conf i gur at i on.  Devi ce and wal l  pl at e col or  shal l  be as   

speci f i ed i n 26 20 00.
c.  I nt er f ace wi t h Room Cont r ol l er  VI A CAT5E cabl i ng and ( 2)  RJ45 

connect i ons.
d.  Swi t ches shal l  be avai l abl e i n 2, 3, 4,  and 5 pr ogr ammabl e pushbut t on 

conf i gur at i ons.
e. Swi t ches shal l  come wi t h pr e- def i ned f unct i ons cabl e of  r ai s i ng,  

l ower i ng,  and br i ngi ng l umi nai r es on or  of f .

2. 5. 2. 5   Occupancy/ Vacancy Sensor s

I EEE C62. 41,  NEMA WD 1,  UL 94,  UL 916,  UL 508,  ASTM D4674 REV A,  NEMA WD 7.   
Pr ovi de occupancy/ vacancy sensor s wi t h cover age pat t er ns as i ndi cat ed on 
manuf act ur er  shop dr awi ngs.   Pr ovi de no l ess quant i t y of  sensor s as shown 
on pl ans,  but  add addi t i onal  sensor s when r equi r ed t o f ul f i l l  cover age 
r equi r ement  f or  t he speci f i c  model  of  sensor  pr ovi ded.   Pr ovi de sensor  
t ypes as descr i bed i n t he sequence of  oper at i ons.   Sensor  l ocat i ons and 
quant i t i es ar e shown i n shop dr awi ngs pr ovi ded by t he l i ght i ng cont r ol  
syst em manuf act ur er .   Pr ovi de vacancy sensor  oper at i on t hat  r equi r es 
manual  cont r ol  t o act i vat e l umi nai r es and t ur ns l umi nai r es of f  af t er  a set  
t i me of  i nact i v i t y.   Pr ovi de cei l i ng or  wal l - mount ed occupancy/ vacancy 
sensor s t hat  meet  t he f ol l owi ng r equi r ement s:

a.   Oper at i ng vol t age of  24
VDC f or  l ow vol t age sensor s and 120- 277 VAC f or  l i ne vol t age sensor s.
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b.   Ti me del ay of  30 seconds t o 30 mi nut es wi t h at  l east  f our  i nt er medi at e 
t i me del ay set t i ngs.

c.   Sensor s ar e cei l i ng mount ed and wal l - box mount ed wher e i ndi cat ed.

d.   Does not  exceed a maxi mum number  of  ( 2)  sensor s connect ed t o a s i ngl e 
r oom cont r ol l er .  Addi t i onal  sensor s ( 3- 5)  wi l l  r equi r e a separ at e 
Power  Pack t o pr ovi de l ow vol t age power .  

e.   Shi el ded or  cont r ol l ed by i nt er nal  l ogi c t o adj ust  sensi t i v i t y t o 
avoi d f al se t r i gger i ng due t o ambi ent  t emper at ur e,  ai r  t emper at ur e 
var i at i ons or  HVAC ai r  movement .

f .   Occupancy and vacancy oper at i on i s f i el d- adj ust abl e and pr ogr ammabl e 
wi t h push- but t on or  di p swi t ch on t he sensor  devi ce.

g.   No l eakage cur r ent  t o l oad when i n t he of f  mode.

h.   Ut i l i ze zer o- cr ossi ng ci r cui t r y t o pr event  damage f r om hi gh i nr ush 
cur r ent  and t o pr omot e l ong l i f e oper at i on.

2. 5. 2. 5. 1   Passi ve I nf r ar ed Sensor s

Pr ovi de Passi ve I nf r ar ed Sensor s ( PI R)  sensor s t hat  det ect  occupancy by 
sensi ng heat  and movement  i n t he ar ea of  cover age.   Pr ovi de sensor s ar e 
const r uct ed of  a housi ng of  hi gh- i mpact ,  i nj ect i on- mol ded t her mopl ast i c.   
Pr ovi de PI R sensor s t hat  ar e t emper at ur e compensat ed,  wi t h a dual  el ement  
sensor  and a mul t i - el ement  f r esnel  l ens of  POLY I R4 mat er i al .

2. 5. 2. 5. 2   Ul t r asoni c Sensor s

Pr ovi de ul t r asoni c sensor s t hat  det ect  occupancy by sensi ng a change i n 
pat t er n of  r ef l ect ed ul t r asoni c waves i n t he ar ea of  cover age.   Pr ovi de 
sensor s t hat  ar e const r uct ed of  a housi ng of  hi gh- i mpact ,  i nj ect i on- mol ded 
t her mopl ast i c.   Pr ovi de ul t r asoni c sensor s t hat  oper at e at  40 kHz.

2. 5. 2. 5. 3   Dual  Technol ogy Sensor s

Pr ovi de dual  t echnol ogy sensor s t hat  meet  t he r equi r ement s f or  PI R sensor s 
and ul t r asoni c sensor s i ndi cat ed above.   I f  ei t her  t he PI R or  ul t r asoni c 
sensi ng r egi st er s occupancy,  t he l umi nai r es must  r emai n on.

2. 5. 2. 5. 4   Hi gh Bay Sensor s

Pr ovi de occupancy/ vacancy sensor s speci f i cal l y desi gned f or  hi gh- bay 
mount i ng appl i cat i ons f or  al l  hangar  l ocat i ons mount ed above 30 f eet  usi ng 
PI R t echnol ogy.   Pr ovi de hi gh- bay sensor s wi t h i nt er changeabl e l enses f or  
360 degr ee open ar ea cover age or  nar r ow r ect angul ar  war ehouse ai s l e 
cover age.

2. 5. 2. 5. 5   Power  Packs

UL 2043.   Pr ovi de power  packs t o pr ovi de power  t o l i ght i ng cont r ol  sensor s 
as r equi r ed i n accor dance wi t h t he manuf act ur er ' s speci f i cat i ons.   Pr ovi de 
power  packs t hat  meet  t he f ol l owi ng r equi r ement s:

a.   Oper at e at  an i nput  vol t age of  120- 277 VAC,  wi t h an out put  vol t age 24 
VDC at  225 mA.
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b.   Const r uct ed of  pl enum- r at ed,  hi gh- i mpact  t her mopl ast i c encl osur e.

c.   Ut i l i zes zer o- cr ossi ng ci r cui t r y t o pr event  damage f r om i nr ush cur r ent .

d.  Up t o 5 sensor s can be power ed f r om a si ngl e Power  Pack.

e.   Di r ect i ve 2011/ 65/ EU.   Rest r i ct i on of  Hazar dous Subst ances ( RoHS)  
compl i ant .

2. 5. 2. 6   Phot osensor s

Pr ovi de phot osensor s t hat  meet  t he f ol l owi ng r equi r ement s:

a.   Det ect  changes i n ambi ent  l i ght i ng l evel  and enabl e di mmi ng as 
r equi r ed by sequence of  oper at i on by oper at i ng i n an open- l oop syst em.

b.   Cont ai n a det ect i on cone,  wher e t he base of  t he cone may be ci r cul ar  
or  an el ongat ed shape,  and wher e t he smal l est  angl e bet ween t he edge 
and t he axi s of  t he cone i s bet ween 20 and 50 degr ees.   The cone axi s 
may be t i l t ed t o t he ver t i cal  when i nst al l ed t o gi ve t he sensor  
pr ef er r ed di r ect i onal i t y.

c.   Sensor s ar e cei l i ng- mount ed wi t h sensi t i v i t y,  f i l t er i ng,  r ange and 
vi ewi ng angl e t o meet  r equi r ement s of  sequence of  oper at i on,  scope of  
wor k and const r uct i on document s.

d.   Ti me del ay t hat  i s adj ust abl e f r om 1 t o 30 seconds ON del ay,  and 1 t o 
30 mi nut es OFF del ay t o pr event  cycl i ng,  wi t h deadband adj ust ment  of  
25 per cent  t o 100 per cent  above l ower  set poi nt .

e.   Out put  di mmi ng si gnal  i s  l i near  t o l i ght  l evel  wi t h l ess t han 1 
per cent  var i at i on.   Cadmi um sul f i de phot o- r esi st or s ar e not  accept abl e.

f .   Sensor  i s not  combi ned i n t he same housi ng or  l ocat i on wi t h occupancy 
or  vacancy sensor s i f  t he pr oper  l ocat i on f or  one f unct i on compr omi ses 
t he successf ul  oper at i on of  t he ot her  f unct i on,  or  i n any way r educes 
t he syst em' s abi l i t y  t o meet  t he desi gn i nt ent .

2. 5. 2. 7   Ti me Cl ocks

UL 917,  NEMA I CS 6.   House t i me cl ock i n a sur f ace- mount ed,  l ockabl e,  NEMA 
1 encl osur e const r uct ed of  pai nt ed st eel  or  pl ast i c pol ymer .   Pr ovi de 
el ect r oni c t ype t i me cl ock t hat  meet s t he f ol l owi ng cr i t er i a:

a.   Ast r onomi c24 hour 7 day pr ogr ammi ng f unct i on,  pr ovi di ng a t ot al  of  2000 
on/ of f  set  poi nt s.

b.   24 hour  t ype di gi t al  c l ock di spl ay f or mat .

c.   Power  out age back- up f or  t i me cl ock ut i l i z i ng l i t hi um bat t er y whi ch 
pr ovi des cover age f or  a mi ni mum of  seven days.

d.   Capabl e of  cont r ol l i ng a mi ni mum of  16 channel s or  l oads.

e.   Cont act s ar e r at ed f or  30 amps at  120- 277 VAC r esi st i ve l oad i n a DPST 
nor mal l y c l osed ( NC)  conf i gur at i on.

f .   Cont ai ns f unct i on t hat  al l ows aut omat i c cont r ol  t o be ski pped on 
cer t ai n sel ect ed days of  t he week,  manual  bypass or  r emot e over r i de 
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cont r ol ,  dayl i ght  savi ngs t i me aut omat i c adj ust ment ,  EEPROM memor y 
modul e moment ar y f unct i on f or  out put  cont act s and abi l i t y  f or  
phot osensor  i nput .

2. 6   EXI T AND EMERGENCY LI GHTI NG EQUI PMENT

2. 6. 1   Exi t  Si gns

UL 924,  NFPA 101.   Pr ovi de wat t age as i ndi cat ed i n t he l umi nai r e schedul e 
on pr oj ect  pl ans.   Pr ovi de LED Exi t  Si gns t hat  meet  t he f ol l owi ng cr i t er i a:

a.   Housi ng const r uct ed of  UV- st abl e,  t her mo- pl ast i c havi ng whi t e f i ni sh.

b.   UL l i s t ed f or  damp l ocat i on.

c.   Conf i gur ed f or  uni ver sal  mount i ng.

d.   6 i nch hi gh,  3/ 4 i nch st r oke r ed l et t er i ng on f ace of  s i gn wi t h 
chevr ons on ei t her  s i de of  l et t er i ng t o i ndi cat e di r ect i on.

e.   Si ngl e or  doubl e f ace as i ndi cat ed i n pr oj ect  pl ans and l umi nai r e 
schedul e.

2. 6. 1. 1   Exi t  Si gns wi t h Bat t er y Backup

Equi p wi t h aut omat i c power  f ai l ur e devi ce,  t est  swi t ch,  and pi l ot  l i ght ,  
and f ul l y aut omat i c hi gh/ l ow t r i ckl e char ger  i n a sel f - cont ai ned power  
pack.   Bat t er y must  be seal ed,  mai nt enance f r ee ni ckel - cadmi um t ype,  and 
must  oper at e unat t ended f or  a per i od of  not  l ess t han f i ve year s.   
Emer gency r un t i me must  be a mi ni mum of  1- 1/ 2 hour s.   LEDs must  have a 
mi ni mum r at ed l i f e of  10 year s.   Pr ovi de sel f - di agnost i c c i r cui t r y 
i nt egr al  t o emer gency LED dr i ver .   I n l i eu of  bat t er y,  can use a 
nonr adi oact i ve phot ol umi nescent  pl at e.

2. 6. 2   LED Emer gency Dr i ver s

UL 924,  NFPA 101.   Pr ovi de LED emer gency dr i ver  wi t h aut omat i c power  
f ai l ur e det ect i on,  t est  swi t ch and LED i ndi cat or  ( or  combi nat i on 
swi t ch/ i ndi cat or )  l ocat ed on l umi nai r e ext er i or ,  and f ul l y- aut omat i c 
sol i d- st at e char ger ,  bat t er y and i nver t er  i nt egr al  t o a sel f - cont ai ned 
housi ng.   Pr ovi de sel f - di agnost i c f unct i on i nt egr al  t o emer gency dr i ver .   
I nt egr al  ni ckel - cadmi um bat t er y i s r equi r ed t o suppl y a mi ni mum of  90 
mi nut es of  emer gency power  at  10 wat t s,  10- 50 VDCcompat i bl e wi t h LED 
f or war d vol t age r equi r ement s,  const ant  out put .   Dr i ver  must  be RoHS 
compl i ant ,  r at ed f or  i nst al l at i on i n pl enum- r at ed spaces and damp 
l ocat i ons,  and be war r ant ed f or  a mi ni mum of  f i ve year s.

2. 6. 3   Sel f - Di agnost i c Ci r cui t r y f or  LED Dr i ver s

UL 924,  NFPA 101.   Pr ovi de emer gency l i ght i ng uni t  wi t h f ul l y- aut omat i c,  
i nt egr al  sel f - t est i ng/ di agnost i c el ect r oni c c i r cui t r y.   Ci r cui t r y must  
pr ovi de f or  a one mi nut e di agnost i c t est  ever y 28 days,  and a 30 mi nut e 
di agnost i c t est  ever y s i x mont hs,  mi ni mum.   Any mal f unct i on of  t he uni t  
must  be i ndi cat ed by LED( s)  v i s i bl e f r om t he ext er i or  of  t he l umi nai r e.   A 
manual  t est  swi t ch must  al so be pr ovi ded t o per f or m a di agnost i c t est  at  
any gi ven t i me.
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2. 7   LUMI NAI RE MOUNTI NG ACCESSORI ES

2. 7. 1   Suspended Lumi nai r es

a.   Pr ovi de hanger s capabl e of  suppor t i ng t wi ce t he combi ned wei ght  of  
l umi nai r es suppor t ed by hanger s.

b.   Hanger s must  al l ow l umi nai r es t o swi ng wi t hi n an angl e of  45 degr ees.   
Br ace pendent s 4 f eet  or  l onger  t o l i mi t  swi ngi ng.   Pr ovi de wi t h 
swi vel  hanger s t o ensur e a pl umb i nst al l at i on f or  r i gi d st em 
pendent s.   Pr ovi de cadmi um- pl at ed st eel  wi t h a swi vel - bal l  t apped f or  
t he condui t  s i ze i ndi cat ed.

c.  Si ngl e- uni t  suspended l umi nai r es must  have cabl e hanger s.   
Mul t i pl e- uni t  or  cont i nuous r ow l umi nai r es wi t h a separ at e power  
suppl y cor d must  have a t ubi ng or  st em f or  wi r i ng at  one poi nt  and a 
t ubi ng or  r od suspensi on pr ovi ded f or  each uni t  l engt h of  chassi s,  
i ncl udi ng one at  each end.

d.   Pr ovi de al l  l i near  pendent  and sur f ace mount ed l umi nai r es wi t h t wo 
suppor t s per  f our - f oot  sect i on or  t hr ee per  ei ght - f oot  sect i on unl ess 
ot her wi se r ecommended by manuf act ur er .

e.   Pr ovi de r ods i n mi ni mum 0. 18 i nch di amet er .

2. 7. 2   Recess and Sur f ace Mount ed Lumi nai r es

Pr ovi de access t o l i ght  sour ce and LED dr i ver  f r om bot t om of  l umi nai r e.   
Pr ovi de t r i m and l enses f or  t he exposed sur f ace of  f l ush- mount ed 
l umi nai r es as i ndi cat ed on pr oj ect  dr awi ngs and speci f i cat i ons.   
Lumi nai r es r ecessed i n cei l i ngs whi ch have a f i r e r esi st i ve r at i ng of  one 
hour  or  mor e must  be encl osed i n a box whi ch has a f i r e r esi st i ve r at i ng 
equal  t o t hat  of  t he cei l i ng.   For  sur f ace mount ed l umi nai r es wi t h 
br acket s,  pr ovi de f l anged met al  st em at t ached t o out l et  box,  wi t h t hr eaded 
end sui t abl e f or  suppor t i ng t he l umi nai r e r i gi dl y i n desi gn posi t i on.   
Fl anged par t  of  l umi nai r e st ud must  be of  br oad base t ype,  secur ed t o 
out l et  box at  not  f ewer  t han t hr ee poi nt s.

2. 7. 3   Lumi nai r e Suppor t  Har dwar e

2. 7. 3. 1   Wi r e

ASTM A641/ A641M.   Gal vani zed,  sof t  t emper ed st eel ,  mi ni mum 0. 11 i nches i n 
di amet er ,  or  gal vani zed,  br ai ded st eel ,  mi ni mum 0. 08 i nches i n di amet er .

2. 7. 3. 2   Wi r e f or  Humi d Spaces

ASTM A580/ A580M.   Composi t i on 302 or  304,  anneal ed st ai nl ess st eel ,  mi ni mum
 0. 11 i nches i n di amet er .

ASTM B164.   UNS NO4400,  anneal ed ni ckel - copper  al l oy,  mi ni mum 0. 11 i nches 
i n di amet er .

2. 7. 3. 3   Thr eaded Rods

Thr eaded st eel  r ods,  3/ 16 i nch di amet er ,  z i nc or  cadmi um coat ed.
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2. 7. 3. 4   St r aps

Gal vani zed st eel ,  one by 3/ 16 i nch,  conf or mi ng t o ASTM A653/ A653M,  wi t h a 
l i ght  commer ci al  z i nc coat i ng or  ASTM A1008/ A1008M wi t h an 
el ect r odeposi t ed z i nc coat i ng conf or mi ng t o ASTM B633,  Type RS.

2. 8   EQUI PMENT I DENTI FI CATI ON

2. 8. 1   Manuf act ur er ' s Namepl at e

Each i t em of  equi pment  must  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

2. 8. 2   Label s

UL 1598.   Al l  l umi nai r es must  be cl ear l y mar ked f or  oper at i on of  speci f i c  
l i ght  sour ces and LED dr i ver s.   The l abel s must  be easy t o r ead when 
st andi ng next  t o t he equi pment ,  and dur abl e t o mat ch t he l i f e of  t he 
equi pment  t o whi ch t hey ar e at t ached.   Not e t he f ol l owi ng l i ght  sour ce 
char act er i st i cs i n t he f or mat  " Use Onl y _____" :

a.   Cor r el at ed Col or  Temper at ur e ( CCT)  and Col or  Render i ng I ndex ( CRI )  f or  
al l  l umi nai r es.

b.   Dr i ver  and di mmi ng pr ot ocol .

Al l  mar ki ngs r el at ed t o l i ght  sour ce t ype must  be cl ear  and l ocat ed t o be 
r eadi l y v i s i bl e t o ser vi ce per sonnel ,  but  unseen f r om nor mal  v i ewi ng 
angl es when l i ght  sour ces ar e i n pl ace.   LED dr i ver s must  have cl ear  
mar ki ngs i ndi cat i ng di mmi ng t ype and i ndi cat e pr oper  t er mi nal s f or  t he 
var i ous out put s.

2. 9   FACTORY APPLI ED FI NI SH

NEMA 250.   Pr ovi de al l  l umi nai r es and l i ght i ng equi pment  wi t h 
f act or y- appl i ed pai nt i ng syst em t hat  as a mi ni mum,  meet s r equi r ement s of  
cor r osi on- r esi st ance t est i ng.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I EEE C2,  NFPA 70.

3. 1. 1   Li ght  Sour ces

When l i ght  sour ces ar e not  pr ovi ded as an i nt egr al  par t  of  t he l umi nai r e,  
del i ver  l i ght  sour ces of  t he t ype,  wat t age,  l umen out put ,  col or  
t emper at ur e ( CCT) ,  col or  r ender i ng i ndex ( CRI ) ,  and vol t age r at i ng 
i ndi cat ed t o t he pr oj ect  s i t e and i nst al l  j ust  pr i or  t o pr oj ect  
compl et i on,  i f  not  al r eady i nst al l ed i n t he l umi nai r es f r om t he f act or y.

3. 1. 2   Lumi nai r es

Set  l umi nai r es pl umb,  squar e,  and l evel  wi t h cei l i ng and wal l s,  i n 
al i gnment  wi t h adj acent  l umi nai r es and secur e i n accor dance wi t h 
manuf act ur er s '  di r ect i ons and appr oved dr awi ngs.   Pr ovi de accessor i es as 
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r equi r ed f or  cei l i ng const r uct i on t ype i ndi cat ed on Fi ni sh Schedul e.   
Lumi nai r e cat al og number s do not  necessar i l y  denot e speci f i c  mount i ng 
accessor i es f or  t ype of  cei l i ng i n whi ch a l umi nai r e may be i nst al l ed.   
Pr ovi de wi r es,  st r aps,  or  r ods f or  l umi nai r e suppor t  i n t hi s sect i on.   
I nst al l  l umi nai r es wi t h vent  hol es f r ee of  ai r  bl ocki ng obst acl es.

3. 1. 2. 1   Suspended Lumi nai r es

Measur e mount i ng hei ght s f r om t he bot t om of  t he l umi nai r e f or  
cei l i ng- mount ed l umi nai r es and t o cent er  of  l umi nai r e f or  wal l - mount ed 
l umi nai r es.   Obt ai n ar chi t ect  appr oval  of  t he exact  mount i ng hei ght  on t he 
j ob bef or e commenci ng i nst al l at i on and,  wher e appl i cabl e,  af t er  
coor di nat i ng wi t h t he t ype,  st y l e,  and pat t er n of  t he cei l i ng bei ng 
i nst al l ed.   Suppor t  suspended l umi nai r es f r om st r uct ur al  f r amewor k of  
cei l i ng or  f r om i nser t s cast  i nt o s l ab.

a.   Pr ovi de suspended l umi nai r es wi t h 45 degr ee swi vel  hanger s so t hat  
t hey hang pl umb and l evel .

b.   Locat e so t hat  t her e ar e no obst r uct i ons wi t hi n t he 45 degr ee r ange i n 
al l  di r ect i ons.

c.   The st em,  canopy and l umi nai r e must  be capabl e of  45 degr ee swi ng.

d.   Ri gi d pendent  st em,  ai r cr af t  cabl e,  r ods,  or  chai ns 4 f eet  or  l onger  
excl udi ng l umi nai r e must  be br aced t o pr event  swayi ng usi ng t hr ee 
cabl es at  120 degr ee separ at i on.

e.   Suspended l umi nai r es i n cont i nuous r ows must  have i nt er nal  wi r eway 
syst ems f or  end t o end wi r i ng and must  be pr oper l y al i gned t o pr ovi de 
a st r ai ght  and cont i nuous r ow wi t hout  bends,  gaps,  l i ght  l eaks or  
f i l l er  pi eces.

f .   Ut i l i ze al i gni ng spl i nes on ext r uded al umi num l umi nai r es t o assur e 
mi ni mal  hai r l i ne j oi nt s.

g.   Suppor t  st eel  l umi nai r es t o pr event  " oi l - canni ng"  ef f ect s.

h.   Mat ch suppor t i ng pendent s wi t h suppor t ed l umi nai r e.   Ai r cr af t  cabl e 
must  be st ai nl ess st eel .

i .   Mat ch f i ni sh of  canopi es t o mat ch t he cei l i ng,  and pr ovi de l ow pr of i l e 
canopi es unl ess ot her wi se shown.

j .   Maxi mum di st ance bet ween suspensi on poi nt s must  be 10 f eet  or  as 
r ecommended by t he manuf act ur er ,  whi chever  i s l ess.

3. 1. 2. 2   Recessed and Semi - Recessed Lumi nai r es

a.   Suppor t  r ecessed and semi - r ecessed l umi nai r es i ndependent l y f r om t he 
bui l di ng st r uct ur e by a mi ni mum of  t wo wi r es,  st r aps or  r ods per  
l umi nai r e and l ocat ed near  opposi t e cor ner s of  t he l umi nai r e.   Secur e 
hor i zont al  movement  wi t h c l i ps pr ovi ded by manuf act ur er .   Cei l i ng gr i d 
c l i ps ar e not  al l owed as an al t er nat i ve t o i ndependent l y suppor t ed 
l umi nai r es.

b.   Suppor t  r ound l umi nai r es or  l umi nai r es smal l er  i n s i ze t han t he 
cei l i ng gr i d i ndependent l y f r om t he bui l di ng st r uct ur e by a mi ni mum of  
f our  wi r es,  st r aps or  r ods per  l umi nai r e,  spaced appr oxi mat el y 
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equi di st ant  ar ound.

c.   Do not  suppor t  l umi nai r es by acoust i cal  t i l e cei l i ng panel s.

d.   Wher e l umi nai r es of  s i zes l ess t han t he cei l i ng gr i d ar e i ndi cat ed t o 
be cent er ed i n t he acoust i cal  panel ,  suppor t  each i ndependent l y and 
pr ovi de at  l east  t wo 3/ 4 i nch met al  channel s spanni ng,  and secur ed t o,  
t he cei l i ng t ees f or  cent er i ng and al i gni ng t he l umi nai r e.

e.   Lumi nai r es i nst al l ed i n suspended cei l i ngs must  al so compl y wi t h t he 
r equi r ement s of  Sect i on 09 51 00 ACOUSTI CAL CEI LI NGS.

f .   Adj ust  aper t ur e r i ngs on al l  appl i cabl e cei l i ng r ecessed l umi nai r es t o 
accommodat e var i ous cei l i ng mat er i al  t hi ckness.   Coor di nat e cut - out  
s i ze i n cei l i ng t o ensur e aper t ur e cover s cut - out  ent i r el y.   I nst al l  
aper t ur e r i ngs such t hat  t he bot t om of  t he r i ng i s f l ush wi t h f i ni shed 
cei l i ng or  not  mor e t han 1/ 16 i nch above.   Do not  i nst al l  l umi nai r es 
such t hat  t he aper t ur e r i ng ext ends bel ow t he f i ni shed cei l i ng sur f ace.

3. 1. 3   LED Dr i ver s

Pr ovi de LED dr i ver s  i nt egr al  t o l umi nai r e as const r uct ed by t he 
manuf act ur er .

3. 1. 4   Exi t  Si gns

NFPA 101.   Wi r e exi t  s i gns and emer gency l i ght i ng uni t s ahead of  t he l ocal  
swi t ch,  t o t he nor mal  l i ght i ng c i r cui t  l ocat ed i n t he same r oom or  ar ea.

3. 1. 5   Li ght i ng Cont r ol s

3. 1. 5. 1   Occupancy/ Vacancy Sensor s

a.   Pr ovi de quant i t y of  sensor  uni t s i ndi cat ed as a mi ni mum.   Pr ovi de 
addi t i onal  uni t s t o gi ve f ul l  cover age over  cont r ol l ed ar ea.   Ful l  
cover age must  pr ovi de hand and ar m mot i on det ect i on f or  of f i ce and 
admi ni st r at i on t ype ar eas and wal ki ng mot i on f or  i ndust r i al  ar eas,  
war ehouses,  st or age r ooms and hal l ways.

b.   Locat e cei l i ng- mount ed sensor s no cl oser  t han 6 f eet  f r om t he near est  
HVAC suppl y or  r et ur n di f f user .

c.   Locat e t he sensor ( s)  as i ndi cat ed and i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.

3. 1. 5. 2   Phot osensor s

Locat e and ai m sensor  as i ndi cat ed and i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.   Adj ust  sensor  set - poi nt  i n accor dance 
wi t h t he manuf act ur er ' s r ecommendat i ons and f or  t he i ndi cat ed l i ght  l evel  
of  t he ar ea of  cover age,  measur ed at  t he wor k pl ane.

3. 1. 5. 3   Room Cont r ol l er s

a.   Locat e r oom cont r ol l er s i n an accessi bl e ar ea above t he f i ni shed 
cei l i ng.   I n non- cei l i ng ar eas,  l ocat e r oom cont r ol l er  9 f eet  above 
f i ni shed f l oor .

b.   Al l  l ow/ cont r ol / l i ne vol t age t er mi nat i ons shal l  be made i n a UL l i s t ed 
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encl osur e.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Test s

3. 2. 1. 1   Li ght i ng Cont r ol  Ver i f i cat i on Test s

Ver i f y l i ght i ng cont r ol  syst em and devi ces oper at e accor di ng t o appr oved 
sequence of  oper at i ons.   Ver i f i cat i on t est s ar e t o be compl et ed af t er  
commi ssi oni ng.

a.   Ver i f y occupancy/ vacancy sensor s oper at e as descr i bed i n sequence of  
oper at i ons.   Pr ovi de t est i ng of  sensor  cover age,  sensi t i v i t y,  and 
t i me- out  set t i ngs i n al l  spaces wher e sensor s ar e pl aced.   Thi s i s t o 
be compl et ed onl y af t er  al l  f ur ni shi ngs have been i nst al l ed.   Submi t  
occupancy/ vacancy sensor  ver i f i cat i on t est .

b.   Ver i f y phot osensor s oper at e as descr i bed i n sequence of  oper at i ons.   
Pr ovi de t est i ng of  sensor  cover age,  ai mi ng,  and cal i br at i on i n al l  
spaces wher e sensor s ar e pl aced.   Thi s i s t o be compl et ed onl y af t er  
al l  f ur ni shi ngs have been i nst al l ed.   Submi t  phot osensor  ver i f i cat i on 
t est .

c.   Ver i f y wal l  box di mmer s and scene wal l st at i ons oper at e as descr i bed i n 
sequence of  oper at i ons.

3. 2. 1. 2   Emer gency Li ght i ng Test

I nt er r upt  power  suppl y t o demonst r at e pr oper  oper at i on of  emer gency 
l i ght i ng.   I f  adj ust ment s ar e made t o t he l i ght i ng syst em,  r e- t est  syst em 
t o show compl i ance wi t h st andar ds.

3. 3   CLOSEOUT ACTI VI TI ES

3. 3. 1   Commi ssi oni ng

NFPA 101.   Fact or y Tr ai ned Fi el d Ser vi ce Techni c i an i s r esponsi bl e f or  
cal i br at i on and pr ogr ammi ng sequences f or  i nput  devi ces and syst ems i n 
accor dance wi t h t he r equi r ement s descr i bed i n t he sequence of  oper at i on.

3. 3. 2   Tr ai ni ng

3. 3. 2. 1   Mai nt enance St af f  Tr ai ni ng

Submi t  a Mai nt enance St af f  Tr ai ni ng Pl an at  l east  30 cal endar  days pr i or  
t o t r ai ni ng sessi on t hat  descr i bes t r ai ni ng pr ocedur es f or  Owner ' s 
per sonnel  i n t he oper at i on and mai nt enance of  l i ght i ng and l i ght i ng 
cont r ol  syst em.   Pr ovi de on- si t e t r ai ni ng whi ch demonst r at es f ul l  syst em 
f unct i onal i t y,  assi gni ng schedul es,  cal i br at i on adj ust ment s f or  l i ght  
l evel s and sensor  sensi t i v i t y,  i nt egr at i on pr ocedur es f or  connect i ng t o 
t hi r d- par t y devi ces,  and manual  over r i de i ncl udi ng i nf or mat i on on 
appr opr i at e use.   Pr ovi de pr ot ocol s f or  t r oubl eshoot i ng,  mai nt enance,  
r epai r ,  and r epl acement ,  and l i t er at ur e on avai l abl e syst em updat es and 
pr ocess f or  i mpl ement i ng updat es.

3. 3. 2. 2   End- User  Tr ai ni ng

Submi t  an End- User  Tr ai ni ng Pl an at  l east  30 cal endar  days pr i or  t o 
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t r ai ni ng sessi on t hat  descr i bes t r ai ni ng pr ocedur es f or  end- user s on t he 
l i ght i ng cont r ol  syst em.   Pr ovi de user s wi t h a l i s t  of  cont r ol  devi ces 
l ocat ed wi t hi n user - occupi ed spaces,  such as phot osensor s and occupancy 
and vacancy sensor s,  i ncl udi ng i nf or mat i on on t he pr oper  oper at i on and 
schedul e f or  each devi ce.   Pr ovi de demonst r at i on f or  each t ype of  
i nt er f ace.   Pr ovi de user s wi t h t he bui l di ng schedul e as cur r ent l y 
commi ssi oned,  i ncl udi ng condi t i onal  pr ogr ammi ng based on ast r onomi c t i me 
cl ock f unct i onal i t y.   Pr ovi de user s wi t h t he cor r ect  cont act  i nf or mat i on 
f or  mai nt enance per sonnel  who wi l l  be avai l abl e t o addr ess any l i ght i ng 
cont r ol  i ssues.

Pr ovi de l ami nat ed i nst r uct i ons t o t he user  at  each scene wal l st at i on.   
Pr ovi de onl y i nst r uct i ons r el evant  t o t he f unct i onal i t y of  t he speci f i c  
scene wal l st at i on.   Pr ovi de a descr i pt i on of  each l abel ed scene cont r ol  
but t on.   I f  t he r oom ut i l i zes occupancy/ vacancy sensor s or  phot osensor s,  
i ncl ude a descr i pt i on of  t hi s f unct i onal i t y on t he i nst r uct i on sheet .

        - -  End of  Sect i on - -
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SECTI ON 27 51 16

PUBLI C ADDRESS SYSTEMS
05/ 20,  CHG 1:  05/ 22

PART 1   GENERAL

1. 1   RELATED SECTI ONS

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM,  appl i es t o t hi s sect i on,  
wi t h t he addi t i ons and modi f i cat i ons speci f i ed her ei n.   I n addi t i on,  r ef er  
t o t he f ol l owi ng sect i ons f or  r el at ed wor k and coor di nat i on:

Sect i on 07 84 00 FI RESTOPPI NG f or  addi t i onal  wor k r el at ed t o 
f i r est oppi ng.

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ELECTRONI C COMPONENTS I NDUSTRY ASSOCI ATI ON ( ECI A)

ECI A EI A/ ECA 310- E ( 2005)  Cabi net s,  Racks,  Panel s,  and 
Associ at ed Equi pment

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 1449 ( 2021;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Qual i f i cat i ons;  G,  AO
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SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G,  AO

SD- 03 Pr oduct  Dat a

Spar e Par t s

SD- 05 Desi gn Dat a

SD- 06 Test  Repor t s

Appr oved Test  Pr ocedur es;  G,  AO

Accept ance Test s

SD- 07 Cer t i f i cat es

Component s

SD- 10 Oper at i on and Mai nt enance Dat a

Publ i c Addr ess Syst em;  G,  AO

  Submi t  Dat a Package 5 f or  each component  i n accor dance wi t h t he 
r equi r ement s of  Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 4   QUALI FI CATI ONS

1. 4. 1   Gener al  Qual i f i cat i on Requi r ement s

a.   The Syst em Cont r act or ,  I nst al l er  and Manuf act ur er  must  each have t he 
mi ni mum qual i f i cat i ons speci f i ed,  r el at ed t o t he t ype of  syst em 
speci f i ed f or  t hi s pr oj ect .

b.   The Gover nment  r eser ves t he r i ght  t o accept  or  r ej ect  t he Syst em 
Cont r act or ,  I nst al l er  or  Manuf act ur er  based upon qual i f i cat i ons and 
abi l i t y  t o conf or m t o speci f i ed t echni cal  or  l i censi ng r equi r ement s of  
t hi s Sect i on.   Syst em Cont r act or s,  I nst al l er s and Manuf act ur er s t hat  
do not  have t he speci f i ed qual i f i cat i ons wi l l  not  be accept abl e and 
wi l l  not  be al l owed t o per f or m t he wor k of  t hi s sect i on.

c.   The Gover nment  wi l l  det er mi ne t he accept abi l i t y  of  any pr oposed Syst em 
Cont r act or ,  I nst al l er  and Manuf act ur er  based on submi t t ed and ver i f i ed 
document at i on t hat  subst ant i at es t hat  t he pr oposed Syst em Cont r act or ,  
I nst al l er  and Manuf act ur er  have t he qual i f i cat i ons speci f i ed i n t hi s 
Sect i on.

d.   Submi t  document ed ver i f i cat i on of  t he speci f i ed qual i f i cat i ons as par t  
of  t he Dat a Qual i f i cat i ons submi t t al .   The Gover nment  mai nt ai ns t he 
r i ght  t o r equest ,  i nspect  and ver i f y r ef er ences and r esumes of  al l  
t echni cal  and manager i al  per sonnel  assi gned t o t he pr oj ect .

e.   I ncl ude qual i f i cat i on document at i on,  but  not  l i mi t ed t o t he 
i nf or mat i on out l i ned bel ow:

( 1)  A l i s t  of  pr oj ect s per f or med by t he Syst em Cont r act or  and 
I nst al l er  dur i ng t he l ast  f i ve year s expl i c i t l y  i nvol v i ng t he t ype 
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of  syst em speci f i ed i n t hi s sect i on,  i ncl udi ng:

( a)  Name of  f aci l i t y  wher e wor k was compl et ed.

( b)  Name,  t i t l e,  addr ess and t el ephone number  of  a poi nt  of  
cont act  f or  t he l i s t ed f aci l i t y .

( c)  The make and model  of  t he syst em pr ovi ded and t ot al  scope of  
wor k f or  t he f aci l i t y .

( d)  Rest r i ct  l i s t  t o t he f aci l i t i es wher e t he same t ype of  syst em 
was i nst al l ed f or  t he same pur pose pr ovi ded.

1. 4. 2   Syst em Cont r act or  Qual i f i cat i ons

a.   Cont r act or  qual i f i cat i ons must  i ncl ude t he f ol l owi ng:

( 1)  The Cont r act or  i s r egul ar l y engaged i n t he syst em appl i cat i on 
desi gn,  document at i on,  i nst al l at i on,  t est i ng,  t r ai ni ng,  and 
mai nt enance of  t he t ype of  syst em speci f i ed i n t hi s sect i on.

( 2)  The Cont r act or  has a mi ni mum of  f i ve year s exper i ence pr ovi di ng 
t hese ser vi ces f or  syst ems havi ng t he same l evel  of  f eat ur es and 
f unct i ons as t he syst em bei ng pr ovi ded.

( 3)  The Cont r act or  has a mi ni mum of  f i ve year s as t he manuf act ur er  or  
an aut hor i zed di st r i but or  and ser vi ce or gani zat i on f or  t he 
manuf act ur er  of  t he syst em pr ovi ded.

b.   Cont act or  per sonnel  qual i f i cat i ons must :

( 1)  Be f act or y t r ai ned or  cer t i f i ed f or  t he make and model  of  t he 
syst em pr ovi ded.

( 2)  Have a mi ni mum of  f i ve year s exper i ence per f or mi ng t he ser vi ces 
speci f i ed i n t hi s speci f i cat i on sect i on.

( 3)  Mai nt ai n a f ul l  compl i ment  of  spar e par t s f or  t he pr ovi ded syst em 
wi t h t he abi l i t y  t o f ur ni sh on- cal l  mai nt enance 24 hour s per  day,  
365 days per  year .

1. 4. 3   I nst al l er  Qual i f i cat i ons

a.   The i nst al l er  per sonnel  must  be r egul ar l y engaged i n t he i nst al l at i on 
of  t he t ype of  syst em i n t hi s speci f i cat i on sect i on.

b.   The i nst al l at i on super vi sor  must  be f act or y t r ai ned or  cer t i f i ed f or  
t he make and model  of  t he syst em pr ovi ded.

c.   The i nst al l at i on super vi sor  must  have a mi ni mum of  f i ve year s 
exper i ence pr ovi di ng ser vi ces havi ng t he same l evel  of  f eat ur es and 
f unct i ons f or  t he syst em i ncl uded i n t hi s speci f i cat i on sect i on.

d.   The i nst al l at i on per sonnel  must  have a mi ni mum of  t hr ee year s 
exper i ence pr ovi di ng ser vi ces havi ng t he same l evel  of  f eat ur es and 
f unct i ons f or  t he syst em i ncl uded i n t hi s speci f i cat i on sect i on.
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1. 4. 4   Manuf act ur er  Qual i f i cat i ons

The syst em manuf act ur er  must :

a.   Have a mi ni mum of  f i ve year s exper i ence i n pr oduci ng t he pr oduct s and 
t ype of  syst em i ncl uded i n t hi s speci f i cat i on sect i on.

b.   Pr oduce a syst em t hat  sat i sf i es al l  speci f i ed f eat ur es,  f unct i ons and 
pr oduct  r equi r ement s.

c.   Guar ant ee t he avai l abi l i t y  of  t he r epl acement  par t s f or  t he desi gned 
syst em f or  a mi ni mum of  seven year s f r om t he dat e of  f i nal  accept ance 
of  t he syst em by t he Cont r act i ng Of f i cer .

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Equi pment  pl aced i n st or age unt i l  i nst al l at i on must  be st or ed wi t h 
pr ot ect i on f r om t he weat her ,  humi di t y and t emper at ur e var i at i ons,  di r t  and 
dust ,  and ot her  cont ami nant s.

1. 6   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed,  af t er  appr oval  of  t he det ai l  dr awi ngs and not  l at er  t han 2  
mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   The dat a must  i ncl ude a 
compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce 
of  suppl y.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

The publ i c addr ess syst em must  consi st  of  an audi o di st r i but i on net wor k t o 
i ncl ude ampl i f i er s,  mi xer s,  mi cr ophones,  speaker s,  cabl i ng,  and anci l l ar y 
component s r equi r ed t o meet  t he r equi r ed syst em conf i gur at i on and 
oper at i on.   Submi t  Dat a Package 3 i n accor dance wi t h Sect i on 01 78 23 
OPERATI ON AND MAI NTENANCE DATA.  

2. 1. 1   Si ngl e- Channel  Syst em

The syst em must  cont r ol  and ampl i f y an audi o pr ogr am f or  di st r i but i on 
wi t hi n t he ar eas i ndi cat ed.   Component s of  t he syst em must  i ncl ude a 
mi xer - ampl i f i er ,  cabl i ng and ot her  associ at ed har dwar e.

2. 1. 2   Syst em Per f or mance

The syst em must  pr ovi de even sound di st r i but i on t hr oughout  t he desi gnat ed 
ar ea,  pl us or  mi nus 3 dB f or  t he 1/ 1 oct ave band cent er ed at  4000 Hz.   The 
syst em must  pr ovi de uni f or m f r equency r esponse t hr oughout  t he desi gnat ed 
ar ea,  pl us or  mi nus 3 dB as measur ed wi t h 1/ 3- oct ave bands of  pi nk noi se 
at  l ocat i ons acr oss t he desi gnat ed ar ea sel ect ed by t he Cont r act i ng 
Of f i cer .   The syst em must  be capabl e of  del i ver i ng 75 dB aver age pr ogr am 
l evel  wi t h addi t i onal  10 dB peaki ng mar gi n sound pr essur e l evel  ( SPL)  i n 
t he ar ea at  an acoust i c di st or t i on l evel  bel ow 5 per cent  t ot al  har moni c 
di st or t i on ( THD) .   Unl ess ot her wi se speci f i ed t he sound pr essur e r ef er ence 
l evel  i s  20 mi cr o Pascal  ( 0. 00002 Newt ons per  squar e met er ) .
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2. 1. 3   Det ai l  Dr awi ngs

Submi t  det ai l  dr awi ngs consi st i ng of  a compl et e l i s t  of  equi pment  and 
mat er i al ,  i ncl udi ng manuf act ur er ' s descr i pt i ve and t echni cal  l i t er at ur e,  
per f or mance char t s and cur ves,  cat al og cut s,  and i nst al l at i on 
i nst r uct i ons.   Not e t hat  t he cont r act  dr awi ngs show l ayout s based on 
t ypi cal  speaker s.   Check t he l ayout  based on t he act ual  speaker s t o be 
i nst al l ed and make necessar y r evi s i ons i n t he det ai l  dr awi ngs.   Det ai l  
dr awi ngs must  al so cont ai n compl et e poi nt  t o poi nt  wi r i ng,  schemat i c 
di agr ams and ot her  det ai l s r equi r ed t o demonst r at e t hat  t he syst em has 
been coor di nat ed and wi l l  pr oper l y f unct i on as a uni t .   Dr awi ngs must  show 
pr oposed l ayout  of  equi pment  and appur t enances,  and equi pment  r el at i onshi p 
t o ot her  par t s of  t he wor k i ncl udi ng cl ear ances f or  mai nt enance and 
oper at i on.

2. 2   STANDARD PRODUCTS

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s,  and 
t hat  essent i al l y  dupl i cat e mat er i al  and equi pment  t hat  have been i n 
sat i sf act or y use at  l east  2 year s.   Al l  component s used i n t he syst em must  
be commer ci al  desi gns t hat  compl y wi t h t he r equi r ement s speci f i ed.   Submi t  
copi es of  cur r ent  appr oval s or  l i s t i ngs i ssued by UL,  or  ot her  nat i onal l y 
r ecogni zed t est i ng l abor at or y f or  al l  component s.   Equi pment  must  be 
suppor t ed by a ser vi ce or gani zat i on t hat  i s wi t hi n 200 mi l es of  t he s i t e.

2. 2. 1   I dent i cal  I t ems

I t ems of  t he same cl assi f i cat i on must  be i dent i cal .   Thi s r equi r ement  
i ncl udes equi pment ,  modul es,  assembl i es,  par t s,  and component s.

2. 2. 2   Namepl at es

Each maj or  component  of  equi pment  must  have t he manuf act ur er ' s name,  
addr ess,  model  and cat al og number ,  and ser i al  number  on a pl at e secur ed t o 
t he equi pment .

2. 3   ANALOG AUDI O SYSTEM

2. 3. 1   MI XER AMPLI FI ER

Mi xer  ampl i f i er  must  as a mi ni mum conf or m t o t he f ol l owi ng speci f i cat i ons:

Rat ed Power  Out put  ( RPO) 60 wat t s RMS

Fr equency Response Pl us or  Mi nus  3 dB,   20- 20, 000 Hz

Di st or t i on Less t han 1 per cent  at  RPO,  60 -  13, 000 Hz

I nput s 2 mi cr ophones ( hi gh i mpedance or  l ow- i mpedance 
unbal anced 2 Aux.  ( hi gh- i mpedance)

Out put  I mpedance Bal anced 4 and 8  ohms

Out put  Vol t age 25 and  70. 7 vol t s
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Power  Requi r ement 110- 125 Vac 60 Hz

2. 3. 2   MI CROPHONE I NPUT MODULES

Mi cr ophone i nput  modul es must  as a mi ni mum conf or m t o t he f ol l owi ng 
speci f i cat i ons:

Rat ed Out put s 0. 25 vol t s i nt o 10, 000 ohms

1. 0 vol t s i nt o 10, 000 ohms

Fr equency Response Pl us or  Mi nus 2 dB,  20 -  20, 000 Hz

Di st or t i on Less t han 0. 5 per cent  20 -  20, 000 Hz

I nput s 4 t r ansf or mer  -  coupl ed bal anced 150 ohm

I nput  Sensi t i v i t y 0. 003 vol t s

I nput  Channel  I sol at i on 70 dB mi ni mum

2. 3. 3   MI CROPHONES

2. 3. 3. 1   Desk Mi cr ophone

Mi cr ophones must  as a mi ni mum conf or m t o t he f ol l owi ng speci f i cat i ons:

El ement Dynami c

Pat t er n Car di oi d

Fr equency Response 50 -  12, 000 Hz

I mpedance Low i mpedance mi c ( 150- 400 ohms)

Fr ont - t o- back Rat i o 20 dB

 Sel ect or  swi t ches Sel ect or  swi t ches f or  zone must  be be i nt egr al  mi cr ophone

2. 4   LOUDSPEAKERS

2. 4. 1   Cone Speaker

The cone speaker  must  as a mi ni mum conf or m t o t he f ol l owi ng speci f i cat i ons:

Appl i cat i on Cei l i ng
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Fr equency r ange 60 t o 12, 000 Hz

Power  Rat i ng Nor mal  -  7 wat t s

Peak   -  10 wat t s

Voi ce Coi l  I mpedance 8 ohms

Li ne Mat chi ng Tr ansf or mer  Type 25/  70. 7 vol t  l i ne

Capaci t y 4 wat t s

Magnet 10 ounces or  gr eat er

Pr i mar y Taps 0. 5,  1,   2 and 4 wat t s

Pr i mar y I mpedance 25 vol t s -  1250,  625,  and 312 ohms

70. 7 vol t s -  10k,  5k,  and 2. 5k ohms

Fr equency Response 30 -  20, 000 Hz

I nser t i on Loss Less t han 1 dB

2. 4. 2   Hor n Speaker

The hor n speaker  must  as a mi ni mum conf or m t o t he f ol l owi ng speci f i cat i ons:

Appl i cat i on Weat her pr oof

Fr equency Response 400 -  14, 000 Hz

Power  Taps 70 vol t  l i ne -  . 9,  1. 8,  3. 8,  7. 5,  and 15 wat t s

I mpedance 5000,  2500,  1300,  670,  330,  90,  and 45 ohms

Nor mal  -   7 wat t s

Peak   -  15 wat t s

Di sper si on 110 degr ees

2. 4. 3   Dual  Hor n Speaker

The dual  hor n speaker  must  meet  t he mi ni mum r equi r ement s of  hor n speaker  
except  t he di sper si on must  be 100 degr ees.

2. 4. 4   Hi gh Out put  Speaker  Encl osur es

Hi gh Out put  speaker  encl osur es must  be of  t he t uned- por t  desi gn f or  
pr eci se bal anci ng and t uni ng of  t he speaker .   The encl osur es must  be 
const r uct ed t hr oughout  of  3/ 4 i nch hi gh densi t y boar d,  wi t h scr ewed and 
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gl ued j oi nt s,  dur abl y br aced,  and padded wi t h f i ber gl ass wher e 
acoust i cal l y r equi r ed.    Speaker  encl osur es must  have a  ver t i cal  
di sper si on and 120 degr ees  hor i zont al  di sper si on.   The ef f ect i ve l engt h 
of  t hr ow must  be a mi ni mum of 130 f eet .

2. 4. 5   Cei l i ng Speaker  Encl osur es

Cei l i ng speaker  encl osur e must  be const r uct ed of  heavy gauge col d st eel  
wi t h i nt er i or  under coat i ng and 1- 1/ 2 i nch t hi ck hi gh densi t y f i ber gl ass 
1- 1/ 2 l bs/ cu.  f t .   The uni t  must  be r ound and desi gned f or  r ecessed 
i nst al l at i ons whi ch wi l l  be accompl i shed vi a st andar d scr ew mount i ng.   
Recessed model s must  have a r ust - pr event i ve,  t ext ur ed bl ack coat i ng and 
t he sur f ace mount  uni t  f i ni shed i n t ext ur ed whi t e.   Encl osur e must  i ncl ude 
f our  t r i pl e compound condui t  knockout s.

2. 5   PRI ORI TY RELAYS AND CONTROLS

Pr ovi de pr i or i t y r el ays and cont r ol s r equi r ed t o accompl i sh oper at i ons 
speci f i ed.   Rel ays must  be compl et el y encl osed wi t h a pl ast i c dust  cover  
f or  maxi mum pr ot ect i on agai nst  f or ei gn mat t er ,  and must  be pl ug- i n t ype.   
Rel ays must  be pr ovi ded wi t h a di ode wi r ed acr oss t he r el ay coi l  f or  
t r ansi ent  suppr essi on and must  be i nst al l ed ut i l i z i ng f act or y- pr ewi r ed,  
r ack- mount ed r ecept acl e st r i ps.   Coi l  must  be maxi mum 24 vol t s dc.

2. 6   SWI TCHES AND CONTROLS

2. 6. 1   Remot e Loudspeaker  ON/ OFF Swi t ches

Remot e swi t ches must  be t oggl e swi t ch 2- pol e,  wal l - mount ed,  s i ngl e gang 
t ype wi t h engr aved swi t ch pl at es f i ni shed t o mat ch t he appr oved f i ni sh of  
el ect r i cal  wal l  swi t ches.   Low- vol t age pr i or i t y over r i de r el ays must  be 
pr ovi ded as par t  of  t he swi t ches wi t h al l  wi r i ng t o t he r acks t o al l ow 
over r i de of  t he ON/ OFF swi t ches f or  pr i or i t y announcement s.

2. 6. 2   Remot e Loudspeaker  Vol ume Cont r ol s

Remot e vol ume cont r ol s must  be an aut o t r ansf or mer  t ype wi t h det ent ed 3 dB 
st eps and an OFF posi t i on.   The cont r ol s must  be wal l - mount ed i n 
s i ngl e- gang out l et  boxes and f ur ni shed wi t h engr aved swi t chi ng pl at es 
f i ni shed t o mat ch appr oved f i ni sh of  el ect r i cal  wal l  swi t ches.   I nser t i on 
l oss of  t he cont r ol s must  not  exceed 0. 6 dB and t he power - handl i ng 
capaci t i es of  t he cont r ol  must  be 75 wat t s.   Low- vol t age pr i or i t y over r i de 
r el ays must  be f ur ni shed as par t  of  t hese cont r ol s wi t h al l  wi r i ng t o t he 
r acks t o al l ow over r i de of  t he vol ume cont r ol s f or  pr i or i t y announcement s.

2. 7   EQUI PMENT RACKS AND CABI NETS

Equi pment  must  be mount ed onswi ng wal l  mount ed cabi net s wi t h hi nged f r ont  
r emovabl e and r ever si bl e door  and r i ght  hand hi nged r ear  sect i on t hat  
pr ovi des access t o equi pment  wi t h  19 i nch mount i ng r ai l s as i ndi cat ed on 
t he dr awi ngs  UL l i s t ed andi n accor dance wi t h ECI A EI A/ ECA 310- E and 
l ocat ed as shown on dr awi ngs.   Vent i l at ed r ear  panel s,  sol i d s i de panel s,  
and sol i d t op panel s must  be pr ovi ded f or  cabi net s.   Equi pment  cabi net s 
must  be pr ovi ded wi t h l ockabl e f r ont  panel s t hat  l i mi t  access t o 
equi pment .   The l ockabl e f r ont  must  not  cover  i t ems t hat  r equi r e oper at or  
access.   Cabi net  cool i ng must  be t hr ough per f or at i ons or  l ouver s i n f r ont  
panel s t o ensur e adequat e vent i l at i on of  equi pment .   The r acks and 
cabi net s must  be f act or y f i ni shed wi t h a uni f or m baked enamel  over  r ust  
i nhi bi t i ng pr i mer .
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2. 8   CABLES

2. 8. 1   Speaker  Cabl e

Cabl es must  be of  t he gauge r equi r ed dependi ng upon t he cabl e r un l engt h.   
I n no case ar e cabl es t o be used whi ch i s smal l er  t han 18 AWG.   I nsul at i on 
on t he conduct or s must  be pol yvi nyl  chl or i de ( PVC)  or  an equi val ent  
synt het i c t her mopl ast i c not  l ess t han 0. 009 i nch.   Cabl es must  be j acket ed 
wi t h a PVC compound.   The j acket  t hi ckness must  be 0. 02 i nch mi ni mum.

2. 8. 2   Mi cr ophone Cabl e

Cabl e conduct or  must  be st r anded copper  20 AWG.   I nsul at i on on t he 
conduct or s must  be pol yvi nyl  chl or i de ( PVC)  or  an equi val ent  synt het i c 
t her mopl ast i c not  l ess t han 0. 009 i nch.   Cabl e must  be shi el ded 100 
per cent  of  al umi num pol yest er  f oi l  wi t h a bar e 22 gauge st r anded sof t  
copper  dr ai n conduct or .   Cabl es must  be j acket ed wi t h a PVC compound.   The 
j acket  t hi ckness must  be 0. 02 i nch mi ni mum.

2. 9   TERMI NALS

Ter mi nal s must  be sol der l ess,  t ool - cr i mped pr essur e t ype.

2. 10   SURGE PROTECTI ON

2. 10. 1   Power  Li ne Sur ge Pr ot ect i on

Maj or  component s of  t he syst em such as power  ampl i f i er s,  
mi xer - pr eampl i f i er s,  and t uner s,  must  have a devi ce,  whet her  i nt er nal  or  
ext er nal ,  whi ch pr ovi des pr ot ect i on agai nst  vol t age spi kes and cur r ent  
sur ges or i gi nat i ng f r om commer ci al  power  sour ces i n accor dance wi t h 
I EEE C62. 41. 1/ I EEE C62. 41. 2 B3 combi nat i on wavef or m and NFPA 70.   Fuses 
must  not  be used f or  sur ge pr ot ect i on.   The sur ge pr ot ect or  must  be r at ed 
f or  a maxi mum l et  t hr u vol t age of  350 Vol t s ac ( l i ne- t o- neut r al )  and 350 
Vol t  ac ( neut r al - t o- gr ound) .   Sur ge pr ot ect i on devi ce must  be UL l i s t ed 
and l abel ed as havi ng been t est ed i n accor dance wi t h UL 1449.

2. 10. 2   SI GNAL SURGE PROTECTI ON

Maj or  component s of  t he syst em must  have i nt er nal  pr ot ect i on c i r cui t s 
whi ch pr ot ect s t he component  f r om mi smat ched l oads,  di r ect  cur r ent ,  and 
shor t ed out put  l i nes.   Communi cat i on cabl es/ conduct or s must  have sur ge 
pr ot ect i on i nst al l ed at  each poi nt  wher e i t  exi t s or  ent er s a bui l di ng.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h t he det ai l s of  t he wor k and wor ki ng 
condi t i ons,  ver i f y di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng 
Of f i cer  of  any di scr epanci es bef or e per f or mi ng t he wor k.

 
3. 2   I NSTALLATI ON

I nst al l  equi pment  as i ndi cat ed and speci f i ed,  and i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons except  wher e ot her wi se i ndi cat ed.   
Equi pment  mount ed out - of - door s or  subj ect  t o i ncl ement  condi t i ons must  be 
weat her pr oof ed.
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3. 2. 1   Equi pment  Racks

Mount  r acks s i de- by- si de and bol t  t oget her .   Gr oup i t ems of  t he same 
f unct i on t oget her ,  ei t her  ver t i cal l y or  s i de- by- si de.   Ar r ange cont r ol s 
symmet r i cal l y at  a hei ght  as i ndi cat ed.   Make audi o i nput  and 
i nt er connect i ons wi t h appr oved shi el ded cabl e and pl ug connect or s;  out put  
connect i ons may be scr ew t er mi nal  t ype.   Al l  connect i ons t o power  suppl i es 
must  ut i l i ze st andar d mal e pl ug and f emal e r ecept acl e connect or s wi t h t he 
f emal e r ecept acl e bei ng t he sour ce si de of  t he connect i on.   I nput s,  
out put s,  i nt er connect i ons,  t est  poi nt s,  and r el ays must  be accessi bl e at  
t he r ear  of  t he equi pment  r ack f or  mai nt enance and t est i ng.   Each i t em 
must  be r emovabl e f r om t he r ack wi t hout  di st ur bi ng ot her  i t ems or  
connect i ons.   Empt y space i n equi pment  r acks must  be cover ed by bl ank 
panel s so t hat  t he ent i r e f r ont  of  t he r ack i s occupi ed by panel s.

3. 2. 2   Wi r i ng

I nst al l  wi r i ng i n r i gi d st eel  condui t ,  i nt er medi at e met al  condui t ,  cabl e 
t r ays,  or  el ect r i c met al l i c  t ubi ng as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Wi r i ng f or  mi cr ophone,  gr oundi ng,  l i ne 
l evel ,   speaker  and power  cabl es must  be i sol at ed f r om each ot her  by 
physi cal  i sol at i on and met al l i c  shi el di ng.   Shi el di ng must  be t er mi nat ed 
at  onl y one end.

3. 3   GROUNDI NG

Al l  gr oundi ng pr act i ces must  compl y wi t h NFPA 70.   Equi pment  must  be 
gr ounded t o t he ser vi ng panel boar d gr ound bus t hr ough a gr een gr oundi ng 
conduct or .   Met al l i c  condui t s ser vi ng t he equi pment  must  be i sol at ed on 
t he equi pment  end wi t h an i nsul at i ng bushi ng t o pr event  noi se f r om bei ng 
t r ansf er r ed t o t he c i r cui t .   Equi pment  r acks must  be gr ounded t o t he 
panel boar d gr ound bus ut i l i z i ng a 8 AWG conduct or .   Gr oundi ng conduct or  
must  be t er mi nat ed t o t he r ack usi ng connect or  sui t abl e f or  t hat  pur pose.

3. 4   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  5 member s of  t he oper at i ng and mai nt enance 
st af f  as desi gnat ed by t he Cont r act i ng Of f i cer .   The t r ai ni ng cour se wi l l  
be gi ven at  t he i nst al l at i on dur i ng nor mal  wor ki ng hour s f or  a t ot al  of  8 
hour s and must  st ar t  af t er  t he syst em i s f unct i onal l y compl et e but  pr i or  
t o f i nal  accept ance t est s.   The f i el d i nst r uct i ons must  cover  al l  of  t he 
i t ems cont ai ned i n t he appr oved oper at i ng and mai nt enance manual s,  as wel l  
as demonst r at i ons of  r out i ne mai nt enance oper at i ons.   Not i f y t he 
Cont r act i ng Of f i cer  at  l east  14 days pr i or  t o t he st ar t  of  t he t r ai ni ng 
cour se.

3. 5   ACCEPTANCE TESTS

Submi t  t est  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s per f or med t o 
adj ust  each component  and t o pr ove compl i ance wi t h t he speci f i ed 
per f or mance cr i t er i a,  upon compl et i on and t est i ng of  t he i nst al l ed 
syst em.   The r epor t s must  i ncl ude t he manuf act ur er ,  model  number ,  and 
ser i al  number  of  t est  equi pment  used i n each t est .   Each r epor t  must  
i ndi cat e t he f i nal  posi t i on of  cont r ol s and oper at i ng mode of  t he syst em.   
Af t er  i nst al l at i on has been compl et ed,  conduct  accept ance t est s,  ut i l i z i ng 
t he appr oved t est  pr ocedur es,  t o demonst r at e t hat  equi pment  oper at es i n 
accor dance wi t h speci f i cat i on r equi r ement s.   Submi t  t est  pl an and t est  
pr ocedur es f or  t he accept ance t est s.   The t est  pl an and t est  pr ocedur es 
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must  expl ai n i n det ai l ,  st ep- by- st ep act i ons and expect ed r esul t s t o 
demonst r at e compl i ance wi t h t he r equi r ement s speci f i ed.   The pr ocedur e 
must  al so expl ai n met hods f or  s i mul at i ng t he necessar y condi t i ons of  
oper at i on t o demonst r at e syst em per f or mance.   Not i f y t he Cont r act i ng 
Of f i cer  14 days pr i or  t o t he per f or mance of  t est s.   I n no case wi l l  not i ce 
be gi ven unt i l  af t er  t he Cont r act or  has r ecei ved wr i t t en Cont r act i ng 
Of f i cer  appr oval  of  t he t est  pl ans as speci f i ed.

3. 5. 1   Test i ng Requi r ement s

I ncl ude t he f ol l owi ng mi ni mum t est i ng:

a.   Oper at i onal  Test :  Per f or m t est s t hat  i ncl ude or i gi nat i ng pr ogr am and 
page messages at  mi cr ophone out l et s,  pr eampl i f i er  pr ogr am i nput s,  and 
ot her  i nput s.  Ver i f y pr oper  r out i ng and vol ume l evel s and t hat  syst em 
i s f r ee of  noi se and di st or t i on.

b.   Si gnal - t o- Noi se Rat i o Test :  Measur e s i gnal - t o- noi se r at i o of  compl et e 
syst em at  nor mal  gai n set t i ngs as f ol l ows:

( 1)   Di sconnect  mi cr ophone at  connect or  or  j ack c l osest  t o i t  and 
r epl ace i t  i n t he c i r cui t  wi t h a s i gnal  gener at or  usi ng a 1000- Hz 
si gnal .  Repl ace al l  ot her  mi cr ophones at  cor r espondi ng connect or s 
wi t h dummy l oads,  each equal  i n i mpedance t o mi cr ophone i t  
r epl aces.  Measur e s i gnal - t o- noi se r at i o.

( 2)   Repeat  t est  f or  each separ at el y cont r ol l ed zone of  l oudspeaker s.

( 3)   Mi ni mum accept ance r at i o i s 50 dB

c.   Di st or t i on Test :  Measur e di st or t i on at  nor mal  gai n set t i ngs and r at ed 
power .  Feed si gnal s at  f r equenci es of  50,  200,  400,  1000,  3000,  8000,  
and 12, 000 Hz i nt o each pr eampl i f i er  channel .  For  each f r equency,  
measur e di st or t i on i n t he pagi ng and al l - cal l  ampl i f i er  out put s.  
Maxi mum accept abl e di st or t i on at  any f r equency i s 3 per cent  t ot al  
har moni cs.

d.   Acoust i c Cover age Test :  Feed pi nk noi se i nt o syst em usi ng oct aves 
cent er ed at  500 and 4000 Hz.  Use sound- l evel  met er  wi t h oct ave- band 
f i l t er s t o measur e l evel  at  f i ve l ocat i ons i n each zone.  For  spaces 
wi t h seat ed audi ences,  maxi mum per mi ssi bl e var i at i on i n l evel  i s  pl us 
or  mi nus 2 dB.  I n addi t i on,  t he l evel s bet ween l ocat i ons i n same zone 
and bet ween l ocat i ons i n adj acent  zones must  not  var y mor e t han pl us 
or  mi nus 3 dB.

e.   Power  Out put  Test :  Measur e el ect r i cal  power  out put  of  each power  
ampl i f i er  at  nor mal  gai n set t i ngs of  50,  1000,  and 12, 000 Hz.  Maxi mum 
var i at i on i n power  out put  at  t hese f r equenci es must  not  exceed pl us or  
mi nus 1 dB.

f .   I nspect i on:  Ver i f y t hat  uni t s and cont r ol s ar e pr oper l y l abel ed and 
i nt er connect i ng wi r es and t er mi nal s ar e i dent i f i ed.  Pr epar e a l i s t  of  
f i nal  t ap set t i ngs of  pagi ng speaker - l i ne mat chi ng t r ansf or mer s.

Publ i c addr ess syst em wi l l  be consi der ed def ect i ve i f  i t  does not  pass any 
of  t he r equi r ed i ndi v i dual  t est s and i nspect i ons l i s t ed above.

       - -  End of  Sect i on - -
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SECTI ON 28 31 76

I NTERI OR FI RE ALARM AND MASS NOTI FI CATI ON SYSTEM,  ADDRESSABLE
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ACOUSTI CAL SOCI ETY OF AMERI CA ( ASA)

ASA S3. 2 ( 2020)  Amer i can Nat i onal  St andar d Met hod 
f or  Measur i ng t he I nt el l i gi bi l i t y  of  
Speech Over  Communi cat i on Syst ems ( ASA 85)

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 4 ( 2018)  St andar d f or  I nt egr at ed Fi r e 
Pr ot ect i on and Li f e Saf et y Syst em Test i ng

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

NFPA 72 ( 2022;  ERTA 22- 1)  Nat i onal  Fi r e Al ar m and 
Si gnal i ng Code

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NFPA 170 ( 2021)  St andar d f or  Fi r e Saf et y and 
Emer gency Symbol s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 601- 02 ( 2021)  Fi r e Pr ot ect i on Syst ems I nspect i on,  
Test i ng,  and Mai nt enance

UFC 4- 010- 06 ( 2016;  wi t h Change 1,  2017)  Cyber secur i t y 
of  Faci l i t y- Rel at ed Cont r ol  Syst ems
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UNDERWRI TERS LABORATORI ES ( UL)

UL 268 ( 2023)  UL St andar d f or  Saf et y Smoke 
Det ect or s f or  Fi r e Al ar m Syst ems

UL 268A ( 2008;  Repr i nt  Oct  2014)  Smoke Det ect or s 
f or  Duct  Appl i cat i on

UL 464 ( 2023)  UL St andar d f or  Saf et y Audi bl e 
Si gnal i ng Devi ces f or  Fi r e Al ar m and 
Si gnal i ng Syst ems,  I ncl udi ng Accessor i es

UL 497A ( 2001;  Bul .  2019)  UL St andar d f or  Saf et y 
Secondar y Pr ot ect or s f or  Communi cat i ons 
Ci r cui t s

UL 497B ( 2004;  Repr i nt  Feb 2022)  UL St andar d f or  
Saf et y Pr ot ect or s f or  Dat a Communi cat i ons 
and Fi r e Al ar m Ci r cui t s

UL 864 ( 2014;  Repr i nt  May 2020)  UL St andar d f or  
Saf et y Cont r ol  Uni t s and Accessor i es f or  
Fi r e Al ar m Syst ems

UL 1283 ( 2017)  UL St andar d f or  Saf et y 
El ect r omagnet i c I nt er f er ence Fi l t er s

UL 1449 ( 2021;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

UL 1480 ( 2023)  UL St andar d f or  Saf et y Speaker s f or  
Fi r e Al ar m and Si gnal i ng Syst ems,  
I ncl udi ng Accessor i es

UL 1638 ( 2023)  UL St andar d f or  Saf et y Vi s i bl e 
Si gnal i ng Devi ces f or  Fi r e Al ar m and 
Si gnal i ng Syst ems,  I ncl udi ng Accessor i es

UL 1971 ( 2002;  Repr i nt  Oct  2008)  Si gnal i ng Devi ces 
f or  t he Hear i ng I mpai r ed

UL 2017 ( 2008;  Repr i nt  Dec 2018)  UL St andar d f or  
Saf et y Gener al - Pur pose Si gnal i ng Devi ces 
and Syst ems

UL 2034 ( 2017;  Repr i nt  Oct  2022)  UL St andar d f or  
Saf et y Si ngl e and Mul t i pl e St at i on Car bon 
Monoxi de Al ar ms

UL 2075 ( 2013;  Bul .  2019)  UL St andar d f or  Saf et y 
Gas and Vapor  Det ect or s and Sensor s

UL 2572 ( 2016;  Bul .  2018)  UL St andar d f or  Saf et y 
Mass Not i f i cat i on Syst ems

UL Pr oduct  i Q ( updat ed onl i ne)  UL Pr oduct  i Q 
ht t ps: / / pr oduct i q. ul pr ospect or . com/ en
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1. 2   RELATED SECTI ONS

Sect i on 25 05 11 Cyber secur i t y f or  Faci l i t y- Rel at ed Cont r ol  Syst ems,  
appl i es t o t hi s sect i on,  wi t h t he addi t i ons and modi f i cat i ons speci f i ed 
her ei n.   I n addi t i on,  r ef er  t o t he f ol l owi ng sect i ons f or  r el at ed wor k and 
coor di nat i on:

Sect i on 21 13 13 WET PI PE SPRI NKLER SYSTEM,  FI RE PROTECTI ON
Sect i on 21 30 00 FI RE PUMPS
Sect i on 07 84 00 FI RESTOPPI NG f or  addi t i onal  wor k r el at ed t o 
f i r est oppi ng.

1. 3   SUMMARY

1. 3. 1   Scope

a.   Thi s wor k i ncl udes desi gni ng and pr ovi di ng a new,  compl et e,  f i r e al ar m 
and mass not i f i cat i on ( MNS)  syst em as descr i bed her ei n and on t he 
cont r act  dr awi ngs.   I ncl ude syst em wi r i ng,  r aceways,  pul l  boxes,  
t er mi nal  cabi net s,  out l et  and mount i ng boxes,  cont r ol  equi pment ,  
i ni t i at i ng devi ces,  not i f i cat i on appl i ances,  super vi s i ng st at i on f i r e 
al ar m t r ansmi t t er s/ mass not i f i cat i on t r anscei ver ,  and ot her  
accessor i es and mi scel l aneous i t ems r equi r ed f or  a compl et e 
oper at i onal  syst em even t hough each i t em i s not  speci f i cal l y ment i oned 
or  descr i bed.   Pr ovi de syst ems compl et e and r eady f or  oper at i on.   
Desi gn and i nst al l at i on must  compl y wi t h UFGS 25 05 11,  UFC 4- 010- 06 
and AFGM 2019- 320- 02.

b.   Pr ovi de equi pment ,  mat er i al s,  i nst al l at i on,  wor kmanshi p,  i nspect i on,  
and t est i ng i n st r i ct  accor dance wi t h  NFPA 72,  except  as modi f i ed 
her ei n.   The syst em l ayout  on t he dr awi ngs show t he i nt ent  of  cover age 
and suggest ed l ocat i ons.   Fi nal  quant i t y,  syst em l ayout ,  and 
coor di nat i on ar e t he r esponsi bi l i t y  of  t he Cont r act or .

d.   Wher e a f i r e pump i s pr ovi ded,  t he f i r e al ar m and mass not i f i cat i on 
syst em must  moni t or  and t r ansmi t  t he f i r e pump cont r ol l er  s i gnal s i n 
accor dance wi t h t he pr ovi s i ons of  NFPA 72.

e.   The f i r e al ar m and mass not i f i cat i on syst em must  be i ndependent  of  t he 
bui l di ng secur i t y,  bui l di ng management ,  and ener gy/ ut i l i t y  moni t or i ng 
syst ems ot her  t han f or  cont r ol  f unct i ons.

1. 3. 2   Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)

Ser vi ces of  t he QFPE must  i ncl ude:

a.   Revi ewi ng SD- 02,  SD- 03,  and SD- 05 submi t t al  packages f or  compl et eness 
and compl i ance wi t h t he pr ovi s i ons of  t hi s speci f i cat i on.   
Const r uct i on ( shop)  dr awi ngs and cal cul at i ons must  be pr epar ed by,  or  
pr epar ed under  t he i mmedi at e super vi s i on of ,  t he QFPE.   The QFPE must  
af f i x  t hei r  pr of essi onal  engi neer i ng st amp wi t h s i gnat ur e t o t he shop 
dr awi ngs,  cal cul at i ons,  and mat er i al  dat a sheet s,  i ndi cat i ng appr oval  
pr i or  t o submi t t i ng t he shop dr awi ngs t o t he DFPE.

b.   Pr ovi di ng a l et t er  document i ng t hat  t he SD- 02,  SD- 03,  and SD- 05 
submi t t al  package has been r evi ewed and not i ng any out st andi ng 
comment s.

c.   Per f or mi ng i n- pr ogr ess const r uct i on sur vei l l ance pr i or  t o i nst al l at i on 
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of  cei l i ngs ( r ough- i n i nspect i on) .

d.   Wi t nessi ng pr e- Gover nment  and f i nal  Gover nment  f unct i onal  per f or mance 
t est i ng and per f or mi ng a f i nal  i nst al l at i on r evi ew.

e.   Si gni ng appl i cabl e cer t i f i cat es under  SD- 07.

1. 4   DEFI NI TI ONS

Wher ever  ment i oned i n t hi s speci f i cat i on or  on t he dr awi ngs,  t he 
equi pment ,  devi ces,  and f unct i ons must  be def i ned as f ol l ows:

1. 4. 1   I nt er f ace Devi ce

An addr essabl e devi ce t hat  i nt er connect s har d wi r ed syst ems or  devi ces t o 
an anal og/ addr essabl e syst em.

1. 4. 2   Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t  ( FMCU)

A mast er  cont r ol  uni t  havi ng t he f eat ur es of  a f i r e al ar m cont r ol  uni t  
( FACU)  and an aut onomous cont r ol  uni t  ( ACU)  wher e t hese uni t s ar e 
i nt er connect ed t o f unct i on as a combi ned f i r e al ar m/ mass not i f i cat i on 
syst em.   The FACU and ACU f unct i ons may be cont ai ned i n a s i ngl e cabi net  
or  i n i ndependent ,  i nt er connect ed,  and co- l ocat ed cabi net s.

1. 4. 3   Local  Oper at i ng Consol e ( LOC)

A uni t  desi gned t o al l ow emer gency r esponder s and/ or  bui l di ng occupant s t o 
oper at e t he MNS i ncl udi ng del i ver y of  r ecor ded messages and/ or  l i ve voi ce 
announcement s,  i ni t i at e v i sual ,  t ext ual  v i sual ,  and audi bl e appl i ance 
oper at i on and ot her  r el ayed f unct i ons.

1. 4. 4   Ter mi nal  Cabi net

A st eel  cabi net  wi t h l ocki ng,  hi nge- mount ed door  wher e t er mi nal  st r i ps ar e 
secur el y mount ed i nsi de t he cabi net .

1. 4. 5   Cont r ol  Modul e and Rel ay Modul e

Ter ms ut i l i zed t o descr i be emer gency cont r ol  f unct i on i nt er f ace devi ces as 
def i ned by NFPA 72.

1. 4. 6   Desi gnat ed Fi r e Pr ot ect i on Engi neer  ( DFPE)

The DoD f i r e pr ot ect i on engi neer  t hat  over sees t hat  Ar ea of  Responsi bi l i t y  
f or  t hat  pr oj ect .   Thi s i s somet i mes r ef er r ed t o as t he " cogni zant "  f i r e 
pr ot ect i on engi neer .   I nt er pr et  r ef er ence t o " aut hor i t y havi ng 
j ur i sdi ct i on"  and/ or  AHJ i n r ef er enced st andar ds t o mean t he Desi gnat ed 
Fi r e Pr ot ect i on Engi neer  ( DFPE) .   The DFPE may be r esponsi bl e f or  r evi ew 
of  t he cont r act or  submi t t al s havi ng a " G"  desi gnat i on,  and f or  wi t nessi ng 
f i nal  i nspect i on and t est i ng.

1. 4. 7   Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)

A QFPE i s an i ndi v i dual  who i s a l i censed pr of essi onal  engi neer  ( P. E. ) ,  
who has passed t he f i r e pr ot ect i on engi neer i ng wr i t t en exami nat i on 
admi ni st er ed by t he Nat i onal  Counci l  of  Exami ner s f or  Engi neer i ng and 
Sur veyi ng ( NCEES)  and has r el evant  f i r e pr ot ect i on engi neer i ng exper i ence.
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1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .

Shop dr awi ngs ( SD- 02) ,  pr oduct  dat a ( SD- 03)  and cal cul at i ons ( SD- 05)  must  
be pr epar ed by t he f i r e al ar m desi gner  and combi ned and submi t t ed as one 
compl et e package.   The QFPE must  r evi ew t he SD- 02/ SD- 03/ SD- 05 submi t t al  
package f or  compl et eness and compl i ance wi t h t he Cont r act  pr ovi s i ons pr i or  
t o submi ssi on t o t he Gover nment .   The QFPE must  pr ovi de a Let t er  of  
Conf i r mat i on t hat  t hey have r evi ewed t he submi t t al  package f or  compl i ance 
wi t h t he cont r act  pr ovi s i ons.   Thi s l et t er  must  i ncl ude t hei r  r egi st er ed 
pr of essi onal  engi neer  st amp and si gnat ur e.   Par t i al  submi t t al s and 
submi t t al s not  r evi ewed by t he QFPE wi l l  be r et ur ned by t he Gover nment  
di sappr oved wi t hout  r evi ew.

Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) ;  G

Fi r e al ar m syst em desi gner ;  G

Super vi sor ;  G

Techni c i an;  G

I nst al l er ;  G

Test  Techni c i an;  G

Fi r e Al ar m Syst em Si t e- Speci f i c  Sof t war e Acknowl edgement ;  G

SD- 02 Shop Dr awi ngs

Namepl at es;  G

I nst r uct i ons;  G

Wi r i ng Di agr ams;  G

Syst em Layout ;  G

Not i f i cat i on Appl i ances;  G

I ni t i at i ng devi ces;  G

Ampl i f i er s;  G

Bat t er y Power ;  G

Vol t age Dr op Cal cul at i ons;  G

SD- 03 Pr oduct  Dat a
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Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t  ( FMCU) ;  G

Local  Oper at i ng Consol e ( LOC) ;  G

Ampl i f i er s;  G

Tone Gener at or s;  G

Di gi t al i zed voi ce gener at or s;  G

LCD Annunci at or ;  G

Manual  St at i ons;  G

Smoke Det ect or s;  G

Duct  Smoke Det ect or s;  G

Car bon monoxi de det ect or ;  G

Addr essabl e I nt er f ace Devi ces;  G

Addr essabl e Cont r ol  Modul es;  G

I sol at i on Modul es;  G

Not i f i cat i on Appl i ances;  G

Text ual  Di spl ay Si gn Cont r ol  Panel ;  G

Text ual  Di spl ay Si gns;  G

Bat t er i es;  G

Bat t er y Char ger s;  G

Suppl ement al  Not i f i cat i on Appl i ance Ci r cui t  Panel s;  G

Auxi l i ar y Power  Suppl y Panel s;  G

Sur ge Pr ot ect i ve Devi ces;  G

Al ar m Wi r i ng;  G

Back Boxes and Condui t ;  G

Cei l i ng Br i dges f or  Cei l i ng- Mount ed Appl i ances;  G

Ter mi nal  Cabi net s;  G

Aut omat i c Fi r e Al ar m Tr ansmi t t er s ( i ncl udi ng housi ng) ;  G

Envi r onment al  Encl osur es or  Guar ds;  G

Document  St or age Cabi net ;  G

SD- 05 Desi gn Dat a

SD- 06 Test  Repor t s
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Test  Pr ocedur es;  G

SD- 07 Cer t i f i cat es

Ver i f i cat i on of  Compl i ant  I nst al l at i on;  G

Request  f or  Gover nment  Fi nal  Test ;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons;  G

I nst r uct i on of  Gover nment  Empl oyees;  G

SD- 11 Cl oseout  Submi t t al s

As- Bui l t  Dr awi ngs

Spar e Par t s

1. 6   SYSTEM OPERATI ON

Fi r e al ar m syst em/ mass not i f i cat i on syst em i ncl udi ng t ext ual  di spl ay s i gn 
cont r ol  panel ( s) ,  component s r equi r i ng power ,  except  f or  t he FMCU( s)  power  
suppl y,  must  oper at e on 24 vol t s DC unl ess not ed ot her wi se i n t hi s sect i on.

The i nt er i or  f i r e al ar m and mass not i f i cat i on syst em must  be a compl et e,  
super vi sed,  noncoded,  anal og/ addr essabl e f i r e al ar m and mass not i f i cat i on 
syst em conf or mi ng t o NFPA 72,  UL 864,  and UL 2572.   Syst ems meet i ng UL 2017
 onl y ar e not  accept abl e.   The syst em must  be act i vat ed i nt o t he al ar m 
mode by act uat i on of  an al ar m i ni t i at i ng devi ce.   The syst em must  r emai n 
i n t he al ar m mode unt i l  t he i ni t i at i ng devi ce i s r eset  and t he cont r ol  
uni t  i s  r eset  and r est or ed t o nor mal .   The syst em may be pl aced i n t he 
al ar m mode by l ocal  mi cr ophones,  LOC,  FMCU,  or  r emot el y f r om aut hor i zed 
l ocat i ons/ user s.

1. 6. 1   Al ar m I ni t i at i ng Devi ces and Not i f i cat i on Appl i ances ( Vi sual ,  Voi ce,  
Text ual )

a.   Connect  al ar m i ni t i at i ng devi ces t o i ni t i at i ng devi ce c i r cui t s ( I DC)  
Cl ass " B" ,  or  t o s i gnal i ng l i ne c i r cui t s ( SLC)  Cl ass " B"  and i nst al l ed 
i n accor dance wi t h NFPA 72.

b.   Connect  not i f i cat i on appl i ances t o not i f i cat i on appl i ance ci r cui t s 
( NAC)  Cl ass " B" .

1. 6. 2   Funct i ons and Oper at i ng Feat ur es

The syst em must  pr ovi de t he f ol l owi ng f unct i ons and oper at i ng f eat ur es:

a.   Power ,  annunci at i on,  super vi s i on,  and cont r ol  f or  t he syst em.   
Addr essabl e syst ems must  be mi cr ocomput er  ( mi cr opr ocessor  or  
mi cr ocont r ol l er )  based wi t h a mi ni mum wor d si ze of  ei ght  bi t s wi t h 
suf f i c i ent  memor y t o per f or m as speci f i ed.

b.   Vi sual  al ar m not i f i cat i on appl i ances must  be synchr oni zed as r equi r ed 
by NFPA 72.
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c.   El ect r i cal  super vi s i on of  t he pr i mar y power  ( AC)  suppl y,  pr esence of  
t he bat t er y,  bat t er y vol t age,  and pl acement  of  syst em modul es wi t hi n 
t he cont r ol  uni t .

d.   An audi bl e and vi sual  t r oubl e s i gnal  t o act i vat e upon a s i ngl e br eak 
or  open condi t i on,  or  gr ound f aul t .   The t r oubl e s i gnal  must  al so 
oper at e upon l oss of  pr i mar y power  ( AC)  suppl y,  absence of  a bat t er y 
suppl y,  l ow bat t er y vol t age,  or  r emoval  of  al ar m or  super vi sor y 
cont r ol  uni t  modul es.   Af t er  t he syst em r et ur ns t o nor mal  oper at i ng 
condi t i ons,  t he t r oubl e s i gnal  must  agai n sound unt i l  t he t r oubl e i s 
acknowl edged.   A smoke det ect or  i n t he pr ocess of  bei ng ver i f i ed f or  
t he act ual  pr esence of  smoke must  not  i ni t i at e a t r oubl e condi t i on.

e.   A t r oubl e s i gnal  s i l ence f eat ur e t hat  must  s i l ence t he audi bl e t r oubl e 
s i gnal ,  wi t hout  af f ect i ng t he v i sual  i ndi cat or .

f .   Pr ogr am capabi l i t y  v i a swi t ches i n a l ocked por t i on of  t he FMCU t o 
bypass t he aut omat i c not i f i cat i on appl i ance ci r cui t s,  f i r e r epor t i ng 
syst em,  ai r  handl er  shut down f eat ur es.   Oper at i on of  t hi s pr ogr ammed 
act i on must  i ndi cat e on t he FMCU di spl ay as a super vi sor y or  t r oubl e 
condi t i on.

g.   Al ar m f unct i ons must  over r i de t r oubl e or  super vi sor y f unct i ons.   
Super vi sor y f unct i ons must  over r i de t r oubl e f unct i ons.

h.   The syst em must  be capabl e of  bei ng pr ogr ammed f r om t he cont r ol  uni t  
keyboar d.   Pr ogr ammed i nf or mat i on must  be st or ed i n non- vol at i l e 
memor y.

i .   The syst em must  be capabl e of  oper at i ng,  super vi s i ng,  and/ or  
moni t or i ng non- addr essabl e al ar m and super vi sor y devi ces.

j .   Ther e must  be no l i mi t ,  ot her  t han maxi mum syst em capaci t y,  as t o t he 
number  of  addr essabl e devi ces t hat  may be i n al ar m si mul t aneousl y.

k.   Wher e t he f i r e al ar m/ mass not i f i cat i on syst em i s r esponsi bl e f or  
i ni t i at i ng an act i on i n anot her  emer gency cont r ol  devi ce or  syst em,  
such as HVAC,  t he addr essabl e f i r e al ar m r el ay must  be l ocat ed i n t he 
v i c i ni t y of  t he emer gency cont r ol  devi ce.

l .   An al ar m si gnal  must  aut omat i cal l y i ni t i at e t he f ol l owi ng f unct i ons:

( 1)  Tr ansmi ssi on of  an al ar m si gnal  t o t he f i r e depar t ment .

( 2)  Vi sual  i ndi cat i on of  t he devi ce oper at ed on t he FMCU,  and on t he 
r emot e annunci at or .

( 3)  Act uat i on of  al ar m not i f i cat i on appl i ances.

( 4)  Recor di ng of  t he event  el ect r oni cal l y i n t he hi st or y l og of  t he 
FMCU.

m.   A super vi sor y s i gnal  must  aut omat i cal l y i ni t i at e t he f ol l owi ng 
f unct i ons:

( 1)  Vi sual  i ndi cat i on of  t he devi ce oper at ed on t he FMCU,  and on t he 
r emot e annunci at or .

( 2)  Tr ansmi ssi on of  a super vi sor y s i gnal  t o t he f i r e depar t ment .
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( 3)  Oper at i on of  a duct  smoke det ect or  must  shut  down t he appr opr i at e 
ai r  handl er  i n accor dance wi t h NFPA 90A i n addi t i on t o ot her  
r equi r ement s of  t hi s par agr aph and as al l owed by NFPA 72.

( 4)  Oper at i on of  a hangar  bay l ow- t emper at ur e sensor  must  shut  down 
t he hangar  exhaust  f ans i n addi t i on t o ot her  r equi r ement s of  t hi s 
par agr aph and as al l owed by NFPA 72.

( 5)  Recor di ng of  t he event  el ect r oni cal l y i n t he hi st or y l og of  t he 
FMCU.

n.   A t r oubl e condi t i on must  aut omat i cal l y i ni t i at e t he f ol l owi ng 
f unct i ons:

( 1)  Vi sual  i ndi cat i on of  t he devi ce oper at ed on t he FMCU,  and on t he 
r emot e annunci at or .

( 2)  Tr ansmi ssi on of  a t r oubl e s i gnal  t o t he f i r e depar t ment .

( 3)  Recor di ng of  t he event  el ect r oni cal l y i n t he hi st or y l og of  t he 
FMCU.

o.   Act i vat i on of  a car bon monoxi de al ar m i ni t i at i ng devi ce must  
aut omat i cal l y i ni t i at e t he f ol l owi ng f unct i ons:

( 1)  Vi sual  i ndi cat i on of  t he devi ce oper at ed on t he FMCU,  and on t he 
r emot e annunci at or .

( 2)  Tr ansmi ssi on of  a car bon monoxi de al ar m si gnal  t o t he f i r e 
depar t ment .

( 3)  Act i vat i on of  al l  s t r obes and t he audi bl e car bon monoxi de message 
t hr oughout  t he bui l di ng.

( 4)  Recor di ng of  t he event  el ect r oni cal l y i n t he hi st or y l og of  t he 
FMCU.

p.   Syst em cont r ol  equi pment  must  be pr ogr ammed t o pr ovi de a 60- mi nut e t o 
180- mi nut e del ay i n t r ansmi ssi on of  t r oubl e s i gnal s r esul t i ng f r om 
pr i mar y power  f ai l ur e.

q.   Act i vat i on of  a LOC pushbut t on must  act i vat e t he audi bl e and vi sual  
al ar ms i n t he f aci l i t y .   The audi bl e message must  be t he one 
associ at ed wi t h t he pushbut t on act i vat ed.

1. 7   TECHNI CAL DATA AND SI TE- SPECI FI C SOFTWARE

Techni cal  dat a and si t e- speci f i c  sof t war e ( meani ng t echni cal  dat a t hat  
r el at es t o comput er  sof t war e)  t hat  ar e speci f i cal l y i dent i f i ed i n t hi s 
pr oj ect ,  and may be r equi r ed i n ot her  speci f i cat i ons,  must  be del i ver ed,  
st r i ct l y i n accor dance wi t h t he CONTRACT CLAUSES.   The f i r e al ar m syst em 
manuf act ur er  must  submi t  wr i t t en conf i r mat i on of  t hi s cont r act  pr ovi s i on 
as " Fi r e Al ar m Syst em Si t e- Speci f i c  Sof t war e Acknowl edgement " .   I dent i f y 
dat a del i ver ed by r ef er ence t o t he speci f i cat i on par agr aph agai nst  whi ch 
i t  i s  f ur ni shed.   Dat a t o be submi t t ed must  i ncl ude compl et e syst em,  
equi pment ,  and sof t war e descr i pt i ons.   Descr i pt i ons must  show how t he 
equi pment  wi l l  oper at e as a syst em t o meet  t he per f or mance r equi r ement s of  
t hi s cont r act .   The si t e- speci f i c  sof t war e dat a package must  al so i ncl ude 
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t he f ol l owi ng:

a.   I t ems i dent i f i ed i n NFPA 72,  t i t l ed " Si t e- Speci f i c  Sof t war e" .

b.   I dent i f i cat i on of  pr ogr ammabl e por t i ons of  t he syst em equi pment  and 
capabi l i t i es.

c.   Descr i pt i on of  syst em r evi s i on and expansi on capabi l i t i es and met hods 
of  i mpl ement at i on det ai l i ng bot h equi pment  and sof t war e r equi r ement s.

d.   Pr ovi s i on of  oper at i onal  sof t war e dat a on al l  modes of  pr ogr ammabl e 
por t i ons f or  f i r e al ar m and mass not i f i cat i on.

e.   Descr i pt i on of  Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t  equi pment  
oper at i on.

f .   Descr i pt i on of  auxi l i ar y and r emot e equi pment  oper at i ons.

g.   Li br ar y of  appl i cat i on sof t war e.

h.   Oper at i on and mai nt enance manual s.

1. 8   EXI STI NG EQUI PMENT

a.   Equi pment  and devi ces must  be compat i bl e and oper abl e wi t h t he 
exi st i ng f i r e al ar m/ mass not i f i cat i on syst em and must  not  i mpai r  
r el i abi l i t y  or  oper at i onal  f unct i ons of  exi st i ng super vi s i ng st at i on 
f i r e al ar m syst em.   The pr opr i et ar y t ype super vi s i ng st at i on ( PSS)  i s 
l ocat ed at  t he Fi r e Depar t ment .   The super vi s i ng equi pment  i s exi st i ng 
and consi st s of  Not i f i er  Net .

b.   Equi pment  and devi ces must  be compat i bl e and oper abl e wi t h t he 
exi st i ng i nst al l at i on- wi de mass not i f i cat i on syst em and must  not  
i mpai r  r el i abi l i t y  or  oper at i onal  f unct i ons of  t he exi st i ng syst em.   
The i nst al l at i on- wi de mass not i f i cat i on syst em ut i l i zes Not i f i er  Net .

1. 9   QUALI TY ASSURANCE

1. 9. 1   Submi t t al  Document s

1. 9. 1. 1   Pr econst r uct i on Submi t t al s

Wi t hi n 36 days of  cont r act  awar d but  not  l ess t han 14 days pr i or  t o 
commenci ng any wor k on si t e,  t he Cont r act or  must  submi t  t he f ol l owi ng f or  
r evi ew and appr oval .   SD- 02,  SD- 03 and SD- 05 submi t t al s r ecei ved pr i or  t o 
t he r evi ew and appr oval  of  t he qual i f i cat i ons of  t he f i r e al ar m 
subcont r act or  and QFPE must  be r et ur ned di sappr oved wi t hout  r evi ew.   Al l  
r esul t ant  del ays must  be t he sol e r esponsi bi l i t y  of  t he Cont r act or .

1. 9. 1. 2   Shop Dr awi ngs

Shop dr awi ngs must  not  be smal l er  t han t he Cont r act  Dr awi ngs.   Dr awi ngs 
must  compl y wi t h t he r equi r ement s of  NFPA 72 and NFPA 170.   Mi ni mum scal e 
f or  f l oor  pl ans must  be 1/ 8" =1' .

1. 9. 1. 3   Namepl at es

Namepl at e i l l ust r at i ons and dat a t o obt ai n appr oval  by t he Cont r act i ng 
Of f i cer  bef or e i nst al l at i on.
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1. 9. 1. 4   Wi r i ng Di agr ams

Thr ee har d copi es and one el ect r oni c ( pdf )  copy of  poi nt - t o- poi nt  wi r i ng 
di agr ams showi ng t he poi nt s of  connect i on and t er mi nal s used f or  
el ect r i cal  f i el d connect i ons i n t he syst em,  i ncl udi ng i nt er connect i ons 
bet ween t he equi pment  or  syst ems t hat  ar e super vi sed or  cont r ol l ed by t he 
syst em.   Di agr ams must  show connect i ons f r om f i el d devi ces t o t he FMCU and 
r emot e FMCU,  i ni t i at i ng c i r cui t s,  swi t ches,  r el ays and t er mi nal s,  
i ncl udi ng pat hway di agr ams bet ween t he cont r ol  uni t  and shar ed 
communi cat i ons equi pment  wi t hi n t he pr ot ect ed pr emi ses.   Poi nt - t o- poi nt  
wi r i ng di agr ams must  be j ob speci f i c  and must  not  i ndi cat e connect i ons or  
c i r cui t s not  bei ng ut i l i zed.   Pr ovi de compl et e r i ser  di agr ams i ndi cat i ng 
t he wi r i ng sequence of  al l  devi ces and t hei r  connect i ons t o t he cont r ol  
equi pment .   I ncl ude a col or - code schedul e f or  t he wi r i ng.

1. 9. 1. 5   Syst em Layout

Thr ee har d copi es and one el ect r oni c ( pdf )  copy of  pl an v i ew dr awi ng 
showi ng devi ce l ocat i ons,  t er mi nal  cabi net  l ocat i ons,  j unct i on boxes,  
ot her  r el at ed equi pment ,  condui t  r out i ng,  condui t  s i zes,  wi r e count s,  
condui t  f i l l  cal cul at i ons,  wi r e col or - codi ng,  c i r cui t  i dent i f i cat i on i n 
each condui t ,  and ci r cui t  l ayout s f or  al l  f l oor s.   I ndi cat e candel a r at i ng 
of  each vi sual  not i f i cat i on appl i ance.   I ndi cat e t he wat t age of  each 
speaker .   Cl ear l y i dent i f y t he l ocat i ons of  i sol at i on modul es.   I ndi cat e 
t he addr esses of  al l  devi ces,  modul es,  r el ays,  and si mi l ar .   Show/ i dent i f y 
al l  acoust i cal l y s i mi l ar  spaces.   I ndi cat e i f  t he envi r onment  f or  t he FMCU 
i s wi t hi n i t s envi r onment al  l i s t i ng ( e. g.  t emper at ur e/ humi di t y) .

Pr ovi de a compl et e descr i pt i on of  t he syst em oper at i on i n mat r i x f or mat  
s i mi l ar  t o t he " Typi cal  I nput / Out put  Mat r i x"  i ncl uded i n t he Annex of  
NFPA 72.

1. 9. 1. 6   Not i f i cat i on Appl i ances

Cal cul at i ons and suppor t i ng dat a on each ci r cui t  t o i ndi cat e t hat  t her e i s 
at  l east  25 per cent  spar e capaci t y f or  not i f i cat i on appl i ances.   Annot at e 
dat a f or  each ci r cui t  on t he dr awi ngs.

1. 9. 1. 7   I ni t i at i ng Devi ces

Cal cul at i ons and suppor t i ng dat a on each ci r cui t  t o i ndi cat e t hat  t her e i s 
at  l east  25 per cent  spar e capaci t y f or  i ni t i at i ng devi ces.   Annot at e dat a 
f or  each ci r cui t  on t he dr awi ngs.

1. 9. 1. 8   Ampl i f i er s

Cal cul at i ons and suppor t i ng dat a t o i ndi cat e t hat  ampl i f i er s have 
suf f i c i ent  capaci t y t o s i mul t aneousl y dr i ve al l  not i f i cat i on speaker s at  
t apped set t i ngs pl us 25 per cent  spar e capaci t y.   Annot at e dat a f or  each 
ci r cui t  on t he dr awi ngs.

1. 9. 1. 9   Bat t er y Power

Cal cul at i ons and suppor t i ng dat a as r equi r ed i n par agr aph Bat t er y Power  
Cal cul at i ons f or  al ar m,  al er t ,  and super vi sor y power  r equi r ement s.   
Cal cul at i ons i ncl udi ng amper e- hour  r equi r ement s f or  each syst em component  
and each cont r ol  uni t  component ,  and t he bat t er y r echar gi ng per i od,  must  
be i ncl uded on t he dr awi ngs.
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1. 9. 1. 10   Vol t age Dr op Cal cul at i ons

Vol t age dr op cal cul at i ons f or  each not i f i cat i on c i r cui t  i ndi cat i ng t hat  
suf f i c i ent  vol t age i s avai l abl e f or  pr oper  oper at i on of  t he syst em and al l  
component s,  at  a mi ni mum r at ed vol t age of  t he syst em oper at i ng on 
bat t er i es.   I ncl ude t he cal cul at i ons on t he syst em l ayout  dr awi ngs.

1. 9. 1. 11   Pr oduct  Dat a

Thr ee har d copi es and one el ect r oni c ( pdf )  copy of  annot at ed descr i pt i ve 
dat a t o show t he speci f i c  model ,  t ype,  and si ze of  each i t em.   Cat al og 
cut s must  al so i ndi cat e t he NRTL l i s t i ng.   The dat a must  be hi ghl i ght ed t o 
show model ,  s i ze,  and opt i ons t hat  ar e i nt ended f or  consi der at i on.   Dat a 
must  be adequat e t o demonst r at e compl i ance wi t h al l  cont r act  
r equi r ement s.   Pr oduct  dat a f or  al l  equi pment  must  be combi ned i nt o a 
s i ngl e submi t t al .

Pr ovi de an equi pment  l i s t  i dent i f y i ng t he t ype,  quant i t y,  make,  and model  
number  of  each pi ece of  equi pment  t o be pr ovi ded under  t hi s submi t t al .   
The equi pment  l i s t  must  i ncl ude t he t ype,  quant i t y,  make and model  of  
spar e equi pment .   Types and quant i t i es of  equi pment  submi t t ed must  
coi nci de wi t h t he t ypes and quant i t i es of  equi pment  used i n t he bat t er y 
cal cul at i ons and t hose shown on t he shop dr awi ngs.

1. 9. 1. 12   Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons

Thr ee copi es and one pdf  ver si on on el ect r oni c medi a of  t he Oper at i on and 
Mai nt enance I nst r uct i ons.   The O&M I nst r uct i ons must  be pr epar ed i n a 
s i ngl e vol ume or  i n mul t i pl e vol umes,  wi t h each vol ume i ndexed,  and may be 
submi t t ed as a Techni cal  Dat a Package.   Manual s must  be appr oved pr i or  t o 
t r ai ni ng.   The I nt er i or  Fi r e Al ar m And Mass Not i f i cat i on Syst em Oper at i on 
and Mai nt enance I nst r uct i ons must  i ncl ude t he f ol l owi ng:

a.   " Manuf act ur er  Dat a Package"  as speci f i ed i n Sect i on 01 78 23 OPERATI ON 
AND MAI NTENANCE DATA.

b.   Oper at i ng manual  out l i ni ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em 
st ar t up,  oper at i on,  and shut down.   The manual  must  i ncl ude t he 
manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  par t s l i s t ,  and 
pr el i mi nar y equi pment  l i s t  compl et e wi t h descr i pt i on of  equi pment  and 
t hei r  basi c oper at i ng f eat ur es.

c.   Mai nt enance manual  l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e 
br eakdowns and r epai r s,  and t r oubl eshoot i ng gui de.   The manual s must  
i ncl ude condui t  l ayout ,  equi pment  l ayout  and si mpl i f i ed wi r i ng,  and 
cont r ol  di agr ams of  t he syst em as i nst al l ed.

d.   Compl et e pr ocedur es f or  syst em r evi s i on and expansi on,  det ai l i ng bot h 
equi pment  and sof t war e r equi r ement s.

e.   Sof t war e submi t t ed f or  t hi s pr oj ect  on CD/ DVD medi a ut i l i zed.

f .   Pr i nt out s of  conf i gur at i on set t i ngs f or  al l  devi ces.

g.   Rout i ne mai nt enance checkl i st .   The r out i ne mai nt enance checkl i st  must  
be ar r anged i n a col umnar  f or mat .   The f i r st  col umn must  l i s t  al l  
i nst al l ed devi ces,  t he second col umn must  st at e t he mai nt enance 
act i v i t y or  st at e no mai nt enance r equi r ed,  t he t hi r d col umn must  st at e 
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t he f r equency of  t he mai nt enance act i v i t y,  and t he f our t h col umn 
pr ovi ded f or  addi t i onal  comment s or  r ef er ence.   Al l  dat a ( devi ces,  
t est i ng f r equenci es,  and si mi l ar )  must  compl y wi t h UFC 3- 601- 02.

h.   A f i nal  Equi pment  Li st  must  be submi t t ed wi t h t he Oper at i ng and 
Mai nt enance ( O&M)  manual .

1. 9. 1. 13   As- Bui l t  Dr awi ngs

The dr awi ngs must  show t he syst em as i nst al l ed,  i ncl udi ng devi at i ons f r om 
bot h t he pr oj ect  dr awi ngs and t he appr oved shop dr awi ngs.   These dr awi ngs 
must  be submi t t ed wi t hi n t wo weeks af t er  t he f i nal  Gover nment  t est  of  t he 
syst em.   At  l east  one set  of  t he as- bui l t  ( mar ked- up)  dr awi ngs must  be 
pr ovi ded at  t he t i me of ,  or  pr i or  t o t he f i nal  Gover nment  t est .

1. 9. 2   Qual i f i cat i ons

1. 9. 2. 1   Fi r e Al ar m Syst em Desi gner

The f i r e al ar m syst em desi gner  must  be cer t i f i ed as a Level  I I I  or  I V 
( mi ni mum)  Techni c i an by Nat i onal  I nst i t ut e f or  Cer t i f i cat i on i n 
Engi neer i ng Technol ogi es ( NI CET)  i n t he Fi r e Al ar m Syst ems subf i el d of  
Fi r e Pr ot ect i on Engi neer i ng Technol ogy or  meet  t he qual i f i cat i ons f or  a 
QFPE.

1. 9. 2. 2   Super vi sor

A NI CET Level  I I I  or  I V f i r e al ar m t echni c i an must  super vi se t he 
i nst al l at i on of  t he f i r e al ar m/ mass not i f i cat i on syst em.   The f i r e al ar m 
t echni c i ans super vi s i ng t he i nst al l at i on of  equi pment  must  be f act or y 
t r ai ned i n t he i nst al l at i on,  adj ust ment ,  t est i ng,  and oper at i on of  t he 
equi pment  speci f i ed her ei n and on t he dr awi ngs.

1. 9. 2. 3   Techni c i an

Fi r e al ar m t echni c i ans wi t h a mi ni mum of  f our  year s of  exper i ence must  be 
ut i l i zed t o i nst al l  and t er mi nat e f i r e al ar m/ mass not i f i cat i on devi ces,  
cabi net s and cont r ol  uni t s.   The f i r e al ar m t echni c i ans i nst al l i ng t he 
equi pment  must  be f act or y t r ai ned i n t he i nst al l at i on,  adj ust ment ,  
t est i ng,  and oper at i on of  t he equi pment  speci f i ed her ei n and on t he 
dr awi ngs.

1. 9. 2. 4   I nst al l er

Fi r e al ar m i nst al l er  wi t h a mi ni mum of  t wo year s of  exper i ence ut i l i zed t o 
assi st  i n t he i nst al l at i on of  f i r e al ar m/ mass not i f i cat i on devi ces,  
cabi net s and cont r ol  uni t s.   A l i censed el ect r i c i an must  be al l owed t o 
i nst al l  wi r e,  cabl e,  condui t  and backboxes f or  t he f i r e al ar m syst em/ mass 
not i f i cat i on syst em.   The f i r e al ar m i nst al l er  must  be f act or y t r ai ned i n 
t he i nst al l at i on,  adj ust ment ,  t est i ng,  and oper at i on of  t he equi pment  
speci f i ed her ei n and on t he dr awi ngs.

1. 9. 2. 5   Test  Techni c i an

Fi r e al ar m t echni c i ans wi t h a mi ni mum of  ei ght  year s of  exper i ence and 
NI CET Level  I I I  or  I V ut i l i zed i n t est i ng and cer t i f i cat i on of  t he 
i nst al l at i on of  t he f i r e al ar m/ mass not i f i cat i on devi ces,  cabi net s and 
cont r ol  uni t s.   The f i r e al ar m t echni c i ans t est i ng t he equi pment  must  be 
f act or y t r ai ned i n t he i nst al l at i on,  adj ust ment ,  t est i ng,  and oper at i on of  
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t he equi pment  i nst al l ed as par t  of  t hi s pr oj ect .

1. 9. 2. 6   Manuf act ur er

Component s must  be of  cur r ent  desi gn and must  be i n r egul ar  and r ecur r ent  
pr oduct i on at  t he t i me of  i nst al l at i on.   Pr ovi de desi gn,  mat er i al s,  and 
devi ces f or  a pr ot ect ed pr emi ses f i r e al ar m syst em,  compl et e,  conf or mi ng 
t o NFPA 72,  except  as speci f i ed her ei n.

1. 9. 3   Regul at or y Requi r ement s

Equi pment  and mat er i al  must  be l i s t ed or  appr oved.   Li st ed or  appr oved,  as 
used i n t hi s sect i on,  means l i s t ed,  l abel ed or  appr oved by a Nat i onal l y 
Recogni zed Test i ng Labor at or y ( NRTL)  such as UL Pr oduct  i Q or  FM APP GUI DE.   
The omi ssi on of  t hese t er ms under  t he descr i pt i on of  any i t em of  equi pment  
descr i bed must  not  be const r ued as wai v i ng t hi s r equi r ement .   Al l  l i s t i ngs 
or  appr oval s by t est i ng l abor at or i es must  be f r om an exi st i ng ANSI  or  UL 
publ i shed st andar d.   The r ecommended pr act i ces st at ed i n t he 
manuf act ur er ' s l i t er at ur e or  document at i on must  be consi der ed as mandat or y 
r equi r ement s.

1. 10   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
humi di t y,  and t emper at ur e var i at i on,  di r t  and dust ,  and ot her  cont ami nant s.

1. 11   MAI NTENANCE

1. 11. 1   Spar e Par t s

Fur ni sh t he f ol l owi ng spar e par t s i n t he manuf act ur er s or i gi nal  unopened 
cont ai ner s:

a.   Fi ve compl et e set s of  syst em keys.

b.   Two of  each t ype of  f use r equi r ed by t he syst em.

c.   One manual  st at i ons.

d.   Two of  each t ype of  det ect or  i nst al l ed.

e.   Two of  each t ype of  det ect or  base and head i nst al l ed.

f .   Two of  each t ype of  audi bl e and vi sual  al ar m devi ce i nst al l ed.

g.   One t ext ual  v i sual  not i f i cat i on appl i ance.

h.   Two of  each t ype of  addr essabl e moni t or  modul e i nst al l ed.

i .   Two of  each t ype of  addr essabl e cont r ol  modul e i nst al l ed.

j .   Two l ow vol t age and one 120 VAC sur ge pr ot ect i ve devi ce.

1. 11. 2   Speci al  Tool s 

Sof t war e,  connect i ng cabl es and pr opr i et ar y equi pment ,  necessar y f or  t he 
mai nt enance,  t est i ng,  and r epr ogr ammi ng of  t he equi pment  must  be f ur ni shed 
t o t he Cont r act i ng Of f i cer ,  pr i or  t o t he i nst r uct i on of  Gover nment  
empl oyees.
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PART 2   PRODUCTS

2. 1   GENERAL PRODUCT REQUI REMENT

Al l  f i r e al ar m and mass not i f i cat i on equi pment  must  be l i s t ed f or  use 
under  t he appl i cabl e r ef er ence st andar ds.   I nt er f aci ng of  UL 864 or  
s i mi l ar  appr oved i ndust r y l i s t i ng wi t h Mass Not i f i cat i on equi pment  l i s t ed 
t o UL 2572 must  be done i n a l abor at or y l i s t ed conf i gur at i on,  i f  t he 
sof t war e pr ogr ammi ng f eat ur es cannot  pr ovi de a l i s t ed i nt er f ace cont r ol .

2. 2   MATERI ALS AND EQUI PMENT

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al s,  equi pment ,  and devi ces t hat  have been t est ed by a 
nat i onal l y r ecogni zed t est i ng l abor at or y and l i s t ed f or  f i r e pr ot ect i on 
ser vi ce when so r equi r ed by NFPA 72 or  t hi s speci f i cat i on.   Sel ect  
mat er i al  f r om one manuf act ur er ,  wher e possi bl e,  and not  a combi nat i on of  
manuf act ur er s,  f or  any par t i cul ar  c l assi f i cat i on of  mat er i al s.   Mat er i al  
and equi pment  must  be t he st andar d pr oduct s of  a manuf act ur er  r egul ar l y 
engaged i n t he manuf act ur e of  t he pr oduct s f or  at  l east  2 year s pr i or  t o 
bi d openi ng.

2. 2. 2   Namepl at es

Maj or  component s of  equi pment  must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  cat al og number ,  dat e of  
i nst al l at i on,  i nst al l i ng Cont r act or ' s name and addr ess,  and t he cont r act  
number  pr ovi ded on a new name pl at e per manent l y af f i xed t o t he i t em or  
equi pment .   Maj or  component s i ncl ude,  but  ar e not  l i mi t ed t o,  t he 
f ol l owi ng:

a.   FMCU

Namepl at es must  be et ched met al  or  pl ast i c,  per manent l y at t ached by scr ews 
t o cont r ol  uni t s or  adj acent  wal l s.

2. 2. 3   Keys

Keys and l ocks f or  equi pment ,  cont r ol  uni t s and devi ces must  be 
i dent i cal .   Mast er  al l  keys and l ocks t o a s i ngl e key as r equi r ed by t he 
I nst al l at i on Fi r e Depar t ment .   

2. 2. 4   I nst r uct i ons

Pr ovi de a t ypeset  pr i nt ed or  t ypewr i t t en i nst r uct i on car d mount ed behi nd a 
Lexan pl ast i c or  gl ass cover  i n a st ai nl ess st eel  or  al umi num f r ame.   
I nst al l  t he f r ame i n a conspi cuous l ocat i on obser vabl e f r om t he FMCU.   The 
car d must  show t hose st eps t o be t aken by an oper at or  when a s i gnal  i s  
r ecei ved as wel l  as t he f unct i onal  oper at i on of  t he syst em under  al l  
condi t i ons,  nor mal ,  al ar m,  super vi sor y,  and t r oubl e.   The i nst r uct i ons 
must  al so i ncl ude pr ocedur es f or  oper at i ng l i ve voi ce mi cr ophones.   The 
i nst r uct i ons and t hei r  mount i ng l ocat i on must  be appr oved by t he 
Cont r act i ng Of f i cer  bef or e bei ng post ed.

2. 3   FI RE ALARM  AND MASS NOTI FI CATI ON CONTROL UNI T

Pr ovi de a compl et e f i r e al ar m and mass not i f i cat i on cont r ol  uni t  ( FMCU)  
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f ul l y encl osed i n a l ockabl e st eel  cabi net  as speci f i ed her ei n.   The f i r e 
al ar m and mass not i f i cat i on syst em must  be Not i f i er  Model  320 wi t h a 
s i ngl e- mode f i ber  car d.   Ther e wi l l  be no f i r e al ar m t r ansmi t t er ,  t he base 
has swi t ched over  t o Not i f i er  campus- st y l e s i ngl e- mode f i ber  net wor k.   
Oper at i ons r equi r ed f or  t est i ng or  f or  nor mal  car e,   mai nt enance,  and use 
of  t he syst em must  be per f or med f r om t he f r ont  of  t he encl osur e.   I f  mor e 
t han a s i ngl e uni t  i s  r equi r ed at  a l ocat i on t o f or m a compl et e cont r ol  
uni t ,  t he uni t  cabi net s must  mat ch exact l y.  The syst em must  be capabl e of  
def i ni ng any modul e as an al ar m modul e and r epor t  al ar m t r oubl e,  l oss of  
pol l i ng,  or  as a super vi sor y modul e,  and r epor t i ng super vi sor y shor t ,  
super vi sor y open or  l oss of  pol l i ng such as wat er f l ow swi t ches,  val ve 
super vi sor y swi t ches,  f i r e pump moni t or i ng,  r el ays f or  out put  f unct i on 
act uat i on.

a.   Each cont r ol  uni t  must  pr ovi de power ,  super vi s i on,  cont r ol ,  and l ogi c 
f or  t he ent i r e syst em,  ut i l i z i ng sol i d st at e,  modul ar  component s,  
i nt er nal l y mount ed and ar r anged f or  easy access.   Each cont r ol  uni t  
must  be sui t abl e f or  oper at i on on a 120 vol t ,  60 her t z,  nor mal  
bui l di ng power  suppl y.   Pr ovi de each cont r ol  uni t  wi t h super vi sor y 
f unct i ons f or  power  f ai l ur e,  i nt er nal  component  pl acement ,  and 
oper at i on.

b.   Vi sual  i ndi cat i on of  al ar m,  super vi sor y,  or  t r oubl e i ni t i at i on on t he 
FMCU must  be by l i qui d cr yst al  di spl ay or  s i mi l ar  means wi t h a mi ni mum 
of  80 char act er s.   The mass not i f i cat i on cont r ol  uni t  must  have t he 
capabi l i t y  of  t empor ar i l y  deact i vat e t he f i r e al ar m audi bl e 
not i f i cat i on appl i ances whi l e del i ver i ng voi ce messages.

c.   Pr ovi de secur e oper at or  consol e f or  i ni t i at i ng r ecor ded messages,  
st r obes and di spl ays;  and f or  del i ver i ng l i ve voi ce messages.   Pr ovi de 
capaci t y f or  at  l east  ei ght  pr er ecor ded messages.   Pr ovi de t he abi l i t y  
t o aut omat i cal l y r epeat  pr er ecor ded messages.   Pr ovi de a secur e 
mi cr ophone f or  del i ver i ng l i ve messages.   Pr ovi de adequat e di scr et e 
out put s t o t empor ar i l y  deact i vat e f i r e al ar m audi bl e not i f i cat i on,   
i ni t i at e/ synchr oni ze st r obes and i ni t i at e t ext ual  v i sual  not i f i cat i on 
appl i ances.   Pr ovi de a compl et e set  of  sel f - di agnost i cs f or  cont r ol l er  
and appl i ance net wor k.   Pr ovi de l ocal  di agnost i c i nf or mat i on di spl ay 
and l ocal  di agnost i c i nf or mat i on and syst em event  l og f i l e.

2. 3. 1   Cabi net

I nst al l  cont r ol  uni t  component s i n cabi net s l ar ge enough t o accommodat e 
al l  component s and al so t o al l ow ampl e gut t er  space f or  i nt er connect i on of  
cont r ol  uni t s as wel l  as f i el d wi r i ng.   The cabi net  must  be a st ur dy st eel  
housi ng,  compl et e wi t h back box,  hi nged st eel  door  wi t h cyl i nder  l ock,  and 
semi - r ecessed mount i ng pr ovi s i ons.   The encl osur e must  be i dent i f i ed by an 
engr aved phenol i c r esi n namepl at e.   Let t er i ng on t he namepl at e must  say 
" Fi r e Al ar m and Mass Not i f i cat i on cont r ol  uni t "  and must  not  be l ess t han 
1- i nch hi gh.   Pr ovi de pr omi nent  r i gi d pl ast i c or  met al  i dent i f i cat i on 
pl at es f or  l amps,  c i r cui t s,  met er s,  f uses,  and swi t ches.

2. 3. 2   Si l enci ng Swi t ches

2. 3. 2. 1   Al ar m Si l enci ng Swi t ch

Pr ovi de an al ar m si l enci ng swi t ch at  t he FMCU t hat  must  s i l ence t he 
audi bl e and vi sual  not i f i cat i on appl i ances.   Subsequent  act i vat i on of  
i ni t i at i ng devi ces must  cause t he not i f i cat i on appl i ances t o r e- act i vat e.
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2. 3. 2. 2   Super vi sor y/ Tr oubl e Si l enci ng Swi t ch

Pr ovi de super vi sor y and t r oubl e s i l enci ng swi t ch( es)  t hat  must  s i l ence t he 
audi bl e t r oubl e and super vi sor y s i gnal ( s) ,  but  not  ext i ngui sh t he vi sual  
i ndi cat or .   Thi s swi t ch must  be over r i dden upon act i vat i on of  a subsequent  
super vi sor y or  t r oubl e condi t i on.   Audi bl e t r oubl e i ndi cat i on must  r esound 
aut omat i cal l y ever y 24 hour s af t er  t he s i l enci ng f eat ur e has been oper at ed 
i f  t he super vi sor y or  t r oubl e condi t i on st i l l  exi st s.

2. 3. 3   Non- I nt er f er i ng

Power  and super vi se each ci r cui t  such t hat  a s i gnal  f r om one devi ce does 
not  pr event  t he r ecei pt  of  s i gnal s f r om any ot her  devi ce.   I ni t i at i ng 
devi ces must  be manual l y r eset  by swi t ch f r om t he FMCU af t er  t he 
i ni t i at i ng devi ce or  devi ces have been r est or ed t o nor mal .

2. 3. 4   Audi bl e Not i f i cat i on Syst em

The Audi bl e Not i f i cat i on Syst em must  compl y wi t h t he r equi r ement s of  
NFPA 72 f or  Emer gency Voi ce/ Al ar m Communi cat i ons Syst em r equi r ement s,  
except  as speci f i ed her ei n.   The syst em must  be a one- way,  mul t i - channel  
voi ce not i f i cat i on syst em i ncor por at i ng user  sel ect abi l i t y  of  a mi ni mum 
ei ght  di st i nct  sounds f or  t one si gnal i ng,  and t he i ncor por at i on of  a voi ce 
modul e f or  del i ver y of  r ecor ded messages.   Audi bl e appl i ances must  pr oduce 
a t hr ee- pul se t empor al  pat t er n f or  t hr ee cycl es f ol l owed by a voi ce 
message t hat  i s r epeat ed unt i l  t he cont r ol  uni t  i s  r eset  or  s i l enced.   For  
car bon monoxi de det ect or  act i vat i on,  audi bl e appl i ances must  pr oduce a 
f our - pul se t empor al  pat t er n f or  t hr ee cycl es f ol l owed by a voi ce message 
t hat  i s r epeat ed unt i l  t he cont r ol  uni t  i s  r eset  or  s i l enced.   Aut omat i c 
messages must  be br oadcast  t hr ough speaker s t hr oughout  t he 
bui l di ng/ f aci l i t y  but  not  i n st ai r s or  el evat or  cabs.   A l i ve voi ce 
message must  over r i de t he aut omat i c audi bl e out put  t hr ough use of  a 
mi cr ophone i nput  at  t he cont r ol  uni t  or  t he LOC.

a.   When usi ng t he mi cr ophone,  l i ve messages must  be br oadcast  t hr oughout  
t he bui l di ng.   The syst em must  be capabl e of  oper at i ng al l  speaker s at  
t he same t i me.   

b.   The mi cr opr ocessor  must  act i vel y i nt er r ogat e c i r cui t r y,  f i el d wi r i ng,  
and di gi t al  codi ng necessar y f or  t he i mmedi at e and accur at e 
r ebr oadcast i ng of  t he st or ed voi ce dat a i nt o t he appr opr i at e ampl i f i er  
i nput .   Loss of  oper at i ng power ,  super vi sor y power ,  or  any ot her  
mal f unct i on t hat  coul d r ender  t he di gi t al i zed voi ce modul e i noper at i ve 
must  aut omat i cal l y cause t he t hr ee- pul se t empor al  pat t er n t o t ake over  
al l  f unct i ons assi gned t o t he f ai l ed uni t  i n t he event  an al ar m i s 
act i vat ed.

2. 3. 4. 1   Out put s and Oper at i onal  Modul es

Al l  out put s and oper at i onal  modul es must  be f ul l y super vi sed wi t h on- boar d 
di agnost i cs and t r oubl e r epor t i ng c i r cui t s.   Pr ovi de f or m " C"  cont act s f or  
syst em al ar m and t r oubl e condi t i ons.   Pr ovi de ci r cui t s f or  oper at i on of  
auxi l i ar y appl i ance dur i ng t r oubl e condi t i ons.   Dur i ng a Mass Not i f i cat i on 
event ,  t he cont r ol  uni t  must  not  gener at e nor  cause any t r oubl e al ar ms t o 
be gener at ed wi t h t he Fi r e Al ar m syst em.

2. 3. 4. 2   Mass Not i f i cat i on

a.   The syst em must  have t he capabi l i t y  of  ut i l i z i ng an LOC wi t h r edundant  
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cont r ol s of  t he FMCU.   Not i f i cat i on Appl i ance Ci r cui t s ( NAC)  must  be 
pr ovi ded f or  t he act i vat i on of  st r obe appl i ances.   Audi o out put  must  
be sel ect abl e f or  l i ne l evel .   A hand- hel d mi cr ophone must  be pr ovi ded 
and,  upon act i vat i on,  must  t ake pr i or i t y over  any t one si gnal ,  
r ecor ded message or  PA mi cr ophone oper at i on i n pr ogr ess,  whi l e 
mai nt ai ni ng t he st r obe NAC ci r cui t  act i vat i on.

b.   The Mass Not i f i cat i on f unct i ons must  over r i de t he manual  or  aut omat i c 
f i r e al ar m not i f i cat i on.   Ot her  f i r e al ar m f unct i ons i ncl udi ng 
t r ansmi ssi on of  a s i gnal ( s)  t o t he f i r e depar t ment  must  r emai n 
oper at i onal .   When a mass not i f i cat i on announcement  i s di sengaged and 
a f i r e al ar m condi t i on st i l l  exi st s,  t he audi bl e and vi sual  
not i f i cat i on appl i ances must  r esume act i vat i on f or  al ar m condi t i ons.   
The f i r e al ar m message must  be of  l ower  pr i or i t y t hat  al l  ot her  
messages ( except  any " t est "  messages)  and must  not  over r i de any ot her  
messages.

c.   Messages must  be r ecor ded pr of essi onal l y ut i l i z i ng st andar d i ndust r y 
met hods,  i n a pr of essi onal  f emal e voi ce.   Message and t one vol umes 
must  bot h be at  t he same deci bel  l evel .   Messages r ecor ded f r om t he 
syst em mi cr ophone must  not  be accept ed.   A 1000 Hz t one ( as r equi r ed 
by NFPA 72)  must  pr ecede messages.   The Cont r act or  must  r equest  t he 
I nst al l at i on or  Faci l i t y  speci f i c  messages pr i or  t o devel opi ng shop 
dr awi ngs.

d.   Auxi l i ar y I nput  Modul e must  be desi gned t o be an out boar d expansi on 
modul e t o ei t her  expand t he number  of  opt i onal  LOC' s,  or  al l ow a 
t el ephone i nt er f ace.

2. 3. 4. 3   I nst al l at i on- Wi de Cont r ol

I f  an i nst al l at i on- wi de cont r ol  syst em f or  mass not i f i cat i on exi st s on t he 
Base,  t he aut onomous cont r ol  uni t  must  communi cat e wi t h t he cent r al  
cont r ol  uni t  of  t he I nst al l at i on- wi de syst em.   The aut onomous cont r ol  uni t  
must  r ecei ve commands/ messages f r om t he cent r al  cont r ol  uni t  and pr ovi de 
st at us i nf or mat i on.

2. 3. 5   Memor y

Pr ovi de each cont r ol  uni t  wi t h non- vol at i l e memor y and l ogi c f or  al l  
f unct i ons.   The use of  l ong l i f e bat t er i es,  capaci t or s,  or  ot her  
age- dependent  devi ces must  not  be consi der ed as equal  t o non- vol at i l e 
pr ocessor s,  PROMS,  or  EPROMS.

2. 3. 6   Fi el d Pr ogr ammabi l i t y

Pr ovi de cont r ol  uni t s and cont r ol  uni t s t hat  ar e f ul l y  f i el d pr ogr ammabl e 
f or  bot h i nput  and out put  of  cont r ol ,  i ni t i at i on,  not i f i cat i on,  
super vi sor y,  and t r oubl e f unct i ons.   The syst em pr ogr am conf i gur at i on must  
be menu dr i ven.   Syst em changes must  be passwor d pr ot ect ed.   Any 
pr opr i et ar y equi pment  and pr opr i et ar y sof t war e needed by qual i f i ed 
t echni c i ans t o i mpl ement  f ut ur e changes t o t he f i r e al ar m syst em must  be 
pr ovi ded as par t  of  t hi s cont r act .

2. 3. 7   I nput / Out put  Modi f i cat i ons

The FMCU must  cont ai n f eat ur es t hat  al l ow t he bypassi ng of  i nput  devi ces 
f r om t he syst em or  t he modi f i cat i on of  syst em out put s.   These cont r ol  
f eat ur es must  consi st  of  a cont r ol  uni t  mount ed keypad.   Any bypass or  
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modi f i cat i on t o t he syst em must  i ndi cat e a t r oubl e condi t i on on t he FMCU.

2. 3. 8   Reset t i ng

Pr ovi de t he necessar y cont r ol s t o pr event  t he r eset t i ng of  any al ar m,  
super vi sor y,  or  t r oubl e s i gnal  whi l e t he al ar m,  super vi sor y or  t r oubl e 
condi t i on on t he syst em st i l l  exi st s.

2. 3. 9   Wal k Test

The FMCU must  have a wal k t est  f eat ur e.   When usi ng t hi s f eat ur e,  
oper at i on of  i ni t i at i ng devi ces must  r esul t  i n l i mi t ed syst em out put s,  so 
t hat  t he not i f i cat i on appl i ances oper at e f or  onl y a f ew seconds and t he 
event  i s i ndi cat ed i n t he hi st or y l og,  but  no ot her  out put s occur .

2. 3. 10   Hi st or y Loggi ng

The cont r ol  uni t  must  have t he abi l i t y  t o st or e a mi ni mum of  400 event s i n 
a l og.   These event s must  be st or ed i n a bat t er y- pr ot ect ed memor y and must  
r emai n i n t he memor y unt i l  t he memor y i s downl oaded or  c l ear ed manual l y.   
Reset t i ng of  t he cont r ol  uni t  must  not  c l ear  t he memor y.

2. 3. 11   Manual  Access

An oper at or  at  t he cont r ol  uni t ,  havi ng a pr oper  access l evel ,  must  have 
t he capabi l i t y  t o manual l y access t he f ol l owi ng i nf or mat i on f or  each 
i ni t i at i ng devi ce.

a.   Pr i mar y st at us.

b.   Devi ce t ype.

c.   Pr esent  aver age val ue.

d.   Pr esent  sensi t i v i t y sel ect ed.

e.   Det ect or  r ange ( nor mal ,  di r t y) .

2. 4   LOCAL OPERATI NG CONSOLES ( LOC)

2. 4. 1   Gener al

The LOC must  consi st  of  a r emot e mi cr ophone st at i on i ncor por at i ng a 
push- t o- t al k ( PTT)  hand- hel d mi cr ophone and syst em st at us i ndi cat or s.   The 
LOC must  have t he capabi l i t y  of  bei ng ut i l i zed t o act i vat e pr er ecor ded 
messages.   The uni t  must  i ncor por at e mi cr ophone over r i de of  any t one 
gener at i on or  r ecor ded messages.   The uni t  must  be f ul l y super vi sed f r om 
t he FMCU.   The housi ng f or  t he LOC must  not  be l ockabl e.

2. 4. 2   Mul t i pl e LOCs

When an i nst al l at i on has mor e t han one LOC,  t he LOCs must  be pr ogr ammed t o 
al l ow onl y one LOC t o be avai l abl e f or  pagi ng or  messagi ng at  a t i me.   
Once one LOC becomes act i ve,  al l  ot her  LOC' s wi l l  have an i ndi cat i on t hat  
t he syst em i s busy ( Amber  Busy Li ght )  and cannot  be used at  t hat  t i me.   
Thi s i s t o avoi d t wo messages bei ng gi ven at  t he same t i me.   I t  must  be 
possi bl e t o over r i de or  l ockout  t he LOC' s f r om t he FMCU.
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2. 5   AMPLI FI ERS,  PREAMPLI FI ERS,  TONE GENERATORS

Any ampl i f i er s,  pr eampl i f i er s,  t one gener at or s,  di gi t al i zed voi ce 
gener at or s,  and ot her  har dwar e necessar y f or  a compl et e,  oper at i onal ,  
t ext ual  audi bl e c i r cui t  conf or mi ng t o NFPA 72 must  be housed i n a r emot e 
FMCU,  t er mi nal  cabi net ,  or  i n t he FMCU.   I ndi v i dual  ampl i f i er s must  be 100 
wat t s maxi mum.

2. 5. 1   Oper at i on

The syst em must  aut omat i cal l y oper at e and cont r ol  al l  bui l di ng speaker s.

2. 5. 2   Const r uct i on

Ampl i f i er s must  ut i l i ze comput er  gr ade sol i d st at e component s and must  be 
pr ovi ded wi t h out put  pr ot ect i on devi ces suf f i c i ent  t o pr ot ect  t he 
ampl i f i er  agai nst  any t r ansi ent  up t o 10 t i mes t he hi ghest  r at ed vol t age 
i n t he syst em.

2. 5. 3   I nput s

Equi p each syst em wi t h separ at e i nput s f or  t he t one gener at or ,  di gi t al i zed 
voi ce dr i ver  and cont r ol  uni t  mount ed mi cr ophone .   Mi cr ophone i nput s must  
be of  t he l ow i mpedance,  bal anced l i ne t ype.   Bot h mi cr ophone and t one 
gener at or  i nput  must  be oper at i onal  on any ampl i f i er .

2. 5. 4   Tone Gener at or

The t one gener at or  must  pr oduce a t hr ee- pul se t empor al  pat t er n and must  be 
const ant l y r epeat ed unt i l  i nt er r upt ed by ei t her  t he di gi t al i zed voi ce 
message,  t he mi cr ophone i nput ,  or  t he al ar m si l ence mode as speci f i ed.   
The t one gener at or  must  be si ngl e channel  wi t h an aut omat i c backup 
gener at or  per  channel  such t hat  f ai l ur e of  t he pr i mar y t one gener at or  
causes t he backup gener at or  t o aut omat i cal l y t ake over  t he f unct i ons of  
t he f ai l ed uni t  and al so causes t r ansf er  of  t he common t r oubl e r el ay.   The 
t one gener at or  must  be pr ovi ded wi t h secur el y at t ached l abel s t o i dent i f y 
t he component  as a t one gener at or  and t o i dent i f y t he speci f i c  t one i t  
pr oduces.

2. 5. 5   Pr ot ect i on Ci r cui t s

Each ampl i f i er  must  be const ant l y super vi sed f or  any condi t i on t hat  coul d 
r ender  t he ampl i f i er  i noper abl e at  i t s  maxi mum out put .   Fai l ur e of  any 
component  must  cause  i l l umi nat i on of  a v i sual  " ampl i f i er  t r oubl e"  
i ndi cat or  on t he cont r ol  uni t ,  appr opr i at e l oggi ng of  t he condi t i on i n t he 
hi st or y l og,  and ot her  act i ons f or  t r oubl e condi t i ons as speci f i ed.

2. 6   REMOTE ANNUNCI ATOR

2. 6. 1   LCD Annunci at or

Pr ovi de a semi - r ecessed or  f l ush mount ed annunci at or  t hat  i ncl udes an LCD 
di spl ay.   The di spl ay must  i ndi cat e t he devi ce i n t r oubl e/ al ar m or  any 
super vi sor y devi ce.   Di spl ay t he devi ce name,  addr ess,  and act ual  bui l di ng 
l ocat i on.   The r emot e annunci at or  must  dupl i cat e f unct i ons of  t he FMCU f or  
message di spl ay,  f i r e al ar m,  super vi sor y al ar m,  and t r oubl e condi t i ons,  
v i sual  and audi bl e not i f i cat i on,  and syst em r eset  f unct i ons.   Remot e 
annunci at or  must  r equi r e t he use of  a key f or  accessi ng t he r eset ,  cont r ol  
and ot her  f unct i ons.
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A bui l di ng f l oor  pl an must  be pr ovi ded and mount ed ( behi nd Pl exi gl ass or  
s i mi l ar  pr ot ect i ve mat er i al )  at  t he annunci at or  l ocat i on.   The f l oor  pl an 
must  i ndi cat e al l  r ooms by name and number  i ncl udi ng t he l ocat i ons of  
st ai r s and el evat or s.   The f l oor  pl an must  show al l  devi ces and t hei r  
pr ogr ammed addr ess t o f aci l i t at e i dent i f i cat i on of  t hei r  physi cal  l ocat i on 
f r om t he LCD di spl ay i nf or mat i on.

2. 7   MANUAL STATI ONS

Pr ovi de met al  or  pl ast i c,  semi - f l ush mount ed,  doubl e- act i on,  addr essabl e 
manual  st at i ons,  t hat  ar e not  subj ect  t o oper at i on by j ar r i ng or  
v i br at i on.   St at i ons must  be equi pped wi t h scr ew t er mi nal s f or  each 
conduct or .   St at i ons t hat  r equi r e t he r epl acement  of  any por t i on of  t he 
devi ce af t er  act i vat i on ar e not  per mi t t ed.   St at i ons must  be f i ni shed i n 
r ed wi t h mol ded r ai sed l et t er i ng oper at i ng i nst r uct i ons of  cont r ast i ng 
col or .   The use of  a key must  be r equi r ed t o r eset  t he st at i on.

2. 8   SMOKE DETECTORS

2. 8. 1   Spot  Type Det ect or s

Pr ovi de addr essabl e phot oel ect r i c smoke det ect or s as f ol l ows:

a.   Pr ovi de anal og/ addr essabl e phot oel ect r i c smoke det ect or s ut i l i z i ng t he 
phot oel ect r i c l i ght  scat t er i ng pr i nci pl e f or  oper at i on i n accor dance 
wi t h UL 268.   Smoke det ect or s must  be l i s t ed f or  use wi t h t he FMCU.

b.   Pr ovi de sel f - r est or i ng t ype det ect or s t hat  do not  r equi r e any 
r eadj ust ment  af t er  act uat i on at  t he FMCU t o r est or e t hem t o nor mal  
oper at i on.   The det ect or  must  have a v i sual  i ndi cat or  t o show 
act uat i on.

c.   Vi br at i on must  have no ef f ect  on t he det ect or ' s oper at i on.   Pr ot ect  
t he det ect i on chamber  wi t h a f i ne mesh met al l i c  scr een t hat  pr event s 
t he ent r ance of  i nsect s or  ai r bor ne mat er i al s.   The scr een must  not  
i nhi bi t  t he movement  of  smoke par t i c l es i nt o t he chamber .

d.   Pr ovi de t wi st  l ock bases wi t h scr ew t er mi nal s f or  each conduct or .   The 
det ect or s must  mai nt ai n cont act  wi t h t hei r  bases wi t hout  t he use of  
spr i ngs.

e.   The det ect or  addr ess must  i dent i f y t he par t i cul ar  uni t ,  i t s  l ocat i on 
wi t hi n t he syst em,  and i t s sensi t i v i t y set t i ng.   Det ect or s must  be of  
t he l ow vol t age t ype r at ed f or  use on a 24 VDC syst em.

2. 8. 2   Duct  Smoke Det ect or s

Duct - mount ed addr essabl e phot oel ect r i c smoke det ect or s must  consi st  of  a 
smoke det ect or ,  as speci f i ed i n par agr aph Spot  Type Det ect or s,  mount ed i n 
a speci al  housi ng f i t t ed wi t h duct  sampl i ng t ubes.   Det ect or  c i r cui t r y 
must  be mount ed i n a met al l i c  or  pl ast i c encl osur e ext er i or  t o t he duct .  
Det ect or s must  be l i s t ed f or  oper at i on over  t he compl et e r ange of  ai r  
vel oci t i es,  t emper at ur e and humi di t y expect ed at  t he det ect or  when t he 
ai r - handl i ng syst em i s oper at i ng.   Det ect or s must  be power ed f r om t he FMCU.

a.   Sampl i ng t ubes must  r un t he f ul l  wi dt h of  t he duct .   The duct  det ect or  
package must  conf or m t o t he r equi r ement s of  NFPA 90A,  UL 268A,  and 
must  be l i s t ed f or  use i n ai r - handl i ng syst ems.   The cont r ol  
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f unct i ons,  oper at i on,  r eset ,  and bypass must  be cont r ol l ed f r om t he 
FMCU.

b.   Li ght s t o i ndi cat e t he oper at i on and al ar m condi t i on must  be vi s i bl e 
and accessi bl e wi t h t he uni t  i nst al l ed and t he cover  i n pl ace.   Remot e 
i ndi cat or s must  be pr ovi ded wher e r equi r ed by NFPA 72.   Remot e 
i ndi cat or s as wel l  as t he af f ect ed f an uni t s must  be pr oper l y 
i dent i f i ed i n et ched pl ast i c pl acar ds.

c.   Det ect or s must  pr ovi de f or  cont r ol  of  auxi l i ar y cont act s t hat  pr ovi de 
cont r ol ,  i nt er l ock,  and shut down f unct i ons speci f i ed i n Sect i on 
23 09 00 t o I NSTRUMENTATI ON AND CONTROL FOR HVAC.   Auxi l i ar y cont act s 
pr ovi de f or  t hi s f unct i on must  be l ocat ed wi t hi n 3 f eet  of  t he 
cont r ol l ed c i r cui t  or  appl i ance.   The auxi l i ar y cont act s must  be 
suppl i ed by t he f i r e al ar m syst em manuf act ur er  t o ensur e compl et e 
syst em compat i bi l i t y .

2. 9   CARBON MONOXI DE DETECTOR

Anal og/ addr essabl e car bon monoxi de ( CO)  det ect or s must  be l i s t ed t o UL 2075
 and set  t o r espond t o t he sensi t i v i t y l i mi t s of  UL 2034.   Car bon monoxi de 
det ect or s must  be l i s t ed f or  use wi t h f i r e al ar m cont r ol  uni t s.   Det ect or s 
must  be sur f ace mount ed i n t he hor i zont al  or i ent at i on and suppor t ed 
i ndependent l y of  wi r i ng connect i ons.   Det ect or s must  be sel f - r est or i ng.   
For  FMCU wi t h no l i s t ed compat i bl e addr essabl e CO det ect or s,  pr ovi de 
l i s t ed 4- wi r e det ect or s.   Do not  pr ovi de CO det ect or s wi t h l ocal  al ar ms.   
Det ect or  must  be pr ovi ded wi t h an LED st at us i ndi cat or .

a.   Wher e 4- wi r e CO det ect or s ar e necessar y,  each 4- wi r e CO det ect or  must  
be i ndi v i dual l y moni t or ed vi a addr essabl e i nt er f ace modul es f or  al ar m 
and of f  nor mal / t r oubl e condi t i ons ( i ncl udi ng l oss of  power  t o t he 
i ndi v i dual  det ect or ) .   Power  c i r cui t s f or  4- wi r e CO det ect or s must  be 
dedi cat ed t o power i ng t he CO det ect or s onl y.   Bat t er y power ed and 120 
VAC power ed det ect or s ar e pr ohi bi t ed.

b.   Wi r i ng connect i ons must  be made by means of  scr ew t er mi nal s and 
det ect or s must  be equi pped wi t h t r oubl e r el ays.   Det ect or s must  be 
abl e t o mount  a s i ngl e- gang el ect r i cal  box.

c.   A t r oubl e condi t i on at  an i ndi v i dual  CO det ect or  must  not  af f ect  any 
ot her  CO det ect or s.   CO det ect or s must  be power ed by t he FMCU.

d.   Det ect or s must  be pr ovi ded wi t h a means t o t est  CO gas ent r y i nt o t he 
CO sensi ng cel l .

2. 10   ADDRESSABLE I NTERFACE DEVI CES

The i ni t i at i ng devi ce bei ng moni t or ed must  be conf i gur ed as a Cl ass " B"  
i ni t i at i ng devi ce c i r cui t s.   The modul e must  be l i s t ed as compat i bl e wi t h 
t he cont r ol  uni t .   The  modul e must  pr ovi de addr ess set t i ng means 
compat i bl e wi t h t he cont r ol  uni t ' s  SLC super vi s i on and st or e an i nt er nal  
i dent i f y i ng code.   Moni t or  modul e must  cont ai n an i nt egr al  LED t hat  
f l ashes each t i me t he moni t or  modul e i s pol l ed and i s v i s i bl e t hr ough t he 
devi ce cover  pl at e.   Pul l  st at i ons wi t h a moni t or  modul e i n a common 
backbox ar e not  r equi r ed t o have an LED.  Modul es must  be l i s t ed f or  t he 
envi r onment al  condi t i ons i n whi ch t hey wi l l  be i nst al l ed.

SECTI ON 28 31 76  Page 22



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

2. 11   ADDRESSABLE CONTROL MODULES

The cont r ol  modul e must  be capabl e of  oper at i ng as a r el ay ( dr y cont act  
f or m C)  f or  i nt er f aci ng t he cont r ol  uni t  wi t h ot her  syst ems,  and t o 
cont r ol  door  hol der s or  i ni t i at e el evat or  f i r e ser vi ce.   The modul e must  
be l i s t ed as compat i bl e wi t h t he cont r ol  uni t .   The i ndi cat i ng devi ce or  
t he ext er nal  l oad bei ng cont r ol l ed must  be conf i gur ed as Cl ass B 
not i f i cat i on appl i ance ci r cui t s.   The syst em must  be capabl e of  
super vi s i ng,  audi bl e,  v i sual  and dr y cont act  c i r cui t s.   The cont r ol  modul e 
must  have bot h an i nput  and out put  addr ess.   The super vi s i on must  det ect  a 
shor t  on t he super vi sed ci r cui t  and must  pr event  power  f r om bei ng appl i ed 
t o t he c i r cui t .   The cont r ol  modul e must  pr ovi de addr ess set t i ng means 
compat i bl e wi t h t he cont r ol  uni t ' s  SLC super vi s i on and st or e an i nt er nal  
i dent i f y i ng code.   The cont r ol  modul e must  cont ai n an i nt egr al  LED t hat  
f l ashes each t i me t he cont r ol  modul e i s pol l ed and i s v i s i bl e t hr ough t he 
devi ce cover  pl at e.   Cont r ol  Modul es must  be l i s t ed f or  t he envi r onment al  
condi t i ons i n whi ch t hey wi l l  be i nst al l ed.

2. 12   I SOLATI ON MODULES

a.   Pr ovi de i sol at i on modul es t o subdi v i de each si gnal i ng l i ne c i r cui t  i n 
accor dance wi t h NFPA 72.

b.   I sol at i on modul es must  pr ovi de shor t  c i r cui t  i sol at i on f or  s i gnal i ng 
l i ne c i r cui t  wi r i ng.

c.   Power  and communi cat i ons must  be suppl i ed by t he SLC and must  r epor t  
f aul t s t o t he FMCU.

d.   Af t er  t he wi r i ng f aul t  i s  r epai r ed,  t he f aul t  i sol at i on modul es must  
t est  t he l i nes and aut omat i cal l y r est or e t he connect i on.

2. 13   NOTI FI CATI ON APPLI ANCES

2. 13. 1   Audi bl e Not i f i cat i on Appl i ances

Audi bl e appl i ances must  conf or m t o t he appl i cabl e r equi r ement s of  UL 464.   
Appl i ances must  be connect ed i nt o not i f i cat i on appl i ance ci r cui t s.   
Sur f ace mount ed audi bl e appl i ances must  be pai nt ed whi t e.   Recessed 
audi bl e appl i ances must  be i nst al l ed wi t h a gr i l l  t hat  i s  pai nt ed whi t e.

2. 13. 1. 1   Speaker s

a.   Speaker s must  conf or m t o t he appl i cabl e r equi r ement s of  UL 1480.   
Speaker s must  have si x di f f er ent  sound out put  l evel s and oper at e wi t h 
audi o l i ne i nput  l evel s of  70. 7 VRMs and 25 VRMs,  by means of  
sel ect abl e t ap set t i ngs.   I nt er i or  speaker  t ap set t i ngs must  i ncl ude 
t aps of  1/ 4,  1/ 2,  1,  and 2 wat t ,  at  a mi ni mum.   Ext er i or  speaker s must  
al so be mul t i - t apped wi t h no mor e t han 15 wat t  maxi mum set t i ng.   
Speaker s must  i ncor por at e a hi gh ef f i c i ency speaker  f or  maxi mum out put  
at  mi ni mum power  acr oss a f r equency r ange of  400 Hz t o 4, 000 Hz,  and 
must  have a seal ed back const r uct i on.   Speaker s must  be capabl e of  
i nst al l at i on on st andar d 4- i nch squar e el ect r i cal  boxes.   Wher e 
speaker s and st r obes ar e pr ovi ded i n t he same l ocat i on,  t hey may be 
combi ned i nt o a s i ngl e uni t .   Al l  i nput s must  be pol ar i zed f or  
compat i bi l i t y  wi t h st andar d r ever se pol ar i t y super vi s i on of  c i r cui t  
wi r i ng v i a t he FMCU.

b.   Pr ovi de speaker  mount i ng pl at es const r uct ed of  col d r ol l ed st eel  
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havi ng a mi ni mum t hi ckness of  16 gage or  mol ded hi gh i mpact  pl ast i c 
and equi pped wi t h mount i ng hol es and ot her  openi ngs as needed f or  a 
compl et e i nst al l at i on.   Fabr i cat i on mar ks and hol es must  be gr ound and 
f i ni shed t o pr ovi de a smoot h and neat  appear ance f or  each pl at e.   Each 
pl at e must  be pr i med and pai nt ed.

c.   Speaker s must  ut i l i ze scr ew t er mi nal s f or  t er mi nat i on of  al l  f i el d 
wi r i ng.

2. 13. 2   Vi sual  Not i f i cat i on Appl i ances

Vi sual  not i f i cat i on appl i ances must  conf or m t o t he appl i cabl e r equi r ement s 
of  UL 1638,  UL 1971 and conf or m t o t he Ar chi t ect ur al  Bar r i er s Act  ( ABA) .   
Vi sual  Not i f i cat i on Appl i ances must  have cl ear  hi gh i nt ensi t y opt i c l ens,  
xenon f l ash t ubes,  or  l i ght  emi t t i ng di ode ( LED)  and be mar ked " Al er t "  i n 
l et t er s of  cont r ast i ng col or .   The l i ght  pat t er n must  be di sper sed so t hat  
i t  i s  v i s i bl e above and bel ow t he st r obe and f r om a 90 degr ee angl e on 
bot h s i des of  t he st r obe.   St r obe f l ash r at e must  be 1 f l ash per  second 
and a mi ni mum of  15 candel a based on t he UL 1971 t est .   St r obe must  be 
semi - f l ush mount ed.

2. 13. 3   Text ual  Di spl ay Si gns

Text ual  di spl ay s i gns must  be LED scr ol l i ng and must  not  exceed 16 i nches 
l ong by 6 i nches hi gh by 3 i nches deep wi t h a hei ght  necessar y t o meet  t he 
r equi r ement s of  NFPA 72.   The t ext  di spl ay must  spel l  out  t he wor d 
" EVACUATE"  or  " ANNOUNCEMENT"  and t he r emai nder  of  t he emer gency 
i nst r uct i ons as appr opr i at e.   The desi gn of  t ext  di spl ay must  be such t hat  
i t  cannot  be r ead when not  i l l umi nat ed.  

LCD or  LED scr ol l i ng t ext  di spl ays must  meet  t he f ol l owi ng r equi r ement s at  
a mi ni mum:

a.   Two l i nes of  i nf or mat i on f or  hi gh pr i or i t y messagi ng.

b.   Mi ni mum of  20 char act er s per  l i ne ( 40 t ot al )  di spl ayed.

c.   Text  must  be no l ess t han hei ght  r equi r ement s and col or / cont r ast  
r equi r ement s of  NFPA 72.

d.   32K char act er  memor y.

e.   Di spl ay must  be wal l  or  cei l i ng mount ed.

f .   Mount i ng br acket s f or  a conveni ent  wal l / cubi c l e mount .

g.   Dur i ng non- emer gency per i ods,  di spl ay dat e and t i me.

h.   The syst em must  i nt er f ace wi t h t he t ext ual  di spl ay s i gn cont r ol  panel  
t o act i vat e t he pr oper  message.

2. 14   ELECTRI C POWER

2. 14. 1   Pr i mar y Power

Power  must  be 120 VAC 60 Hz ser vi ce f or  t he FMCU f r om t he AC ser vi ce t o 
t he bui l di ng i n accor dance wi t h NFPA 72.

SECTI ON 28 31 76  Page 24



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

2. 15   SECONDARY POWER SUPPLY

Pr ovi de f or  syst em oper at i on i n t he event  of  pr i mar y power  sour ce 
f ai l ur e.   Tr ansf er  f r om nor mal  t o auxi l i ar y ( secondar y)  power  or  
r est or at i on f r om auxi l i ar y t o nor mal  power  must  be aut omat i c and must  not  
cause t r ansmi ssi on of  a f al se al ar m.

2. 15. 1   Bat t er i es

Pr ovi de seal ed,  mai nt enance- f r ee,  l ead- cal c i um bat t er i es as t he sour ce f or  
emer gency power  t o t he FMCU.   Bat t er i es must  cont ai n suspended 
el ect r ol yt e.   The bat t er y syst em must  be mai nt ai ned i n a f ul l y  char ged 
condi t i on by means of  a sol i d st at e bat t er y char ger .   Pr ovi de an aut omat i c 
t r ansf er  swi t ch t o t r ansf er  t he l oad t o t he bat t er i es i n t he event  of  t he 
f ai l ur e of  pr i mar y power .

2. 15. 1. 1   Capaci t y

Bat t er y s i ze must  be t he gr eat er  of  t he f ol l owi ng t wo capaci t i es.   Thi s 
capaci t y appl i es t o ever y cont r ol  uni t  associ at ed wi t h t hi s syst em,  
i ncl udi ng suppl ement al  not i f i cat i on appl i ance ci r cui t  panel s,  auxi l i ar y 
power  suppl y panel s,  f i r e al ar m t r ansmi t t er s,  and Base- wi de mass 
not i f i cat i on t r anscei ver s.   When det er mi ni ng t he r equi r ed capaci t y under  
al ar m condi t i on,  v i sual  not i f i cat i on appl i ances must  i ncl ude bot h t ext ual  
and non- t ext ual  t ype appl i ances.

a.   Suf f i c i ent  capaci t y t o oper at e t he f i r e al ar m syst em under  super vi sor y 
and t r oubl e condi t i ons,  i ncl udi ng audi bl e t r oubl e s i gnal  devi ces f or  
48 hour s and audi bl e and vi sual  s i gnal  devi ces under  al ar m condi t i ons 
f or  an addi t i onal  15 mi nut es.

b.   Suf f i c i ent  capaci t y t o oper at e t he mass not i f i cat i on f or  60 mi nut es 
af t er  l oss of  AC power .

2. 15. 1. 2   Bat t er y Power  Cal cul at i ons

a.   Ver i f y t hat  bat t er y capaci t y exceeds super vi sor y and al ar m power  
r equi r ement s f or  t he cr i t er i a not ed i n t he par agr aph " Capaci t y"  above.

( 1)  Subst ant i at e t he bat t er y cal cul at i ons f or  al ar m and super vi sor y 
power  r equi r ement s.   I ncl ude amper e- hour  r equi r ement s f or  each 
syst em component  and each cont r ol  uni t  component ,  and compl i ance 
wi t h UL 864.

( 2)  Pr ovi de compl et e bat t er y cal cul at i ons f or  bot h t he al ar m and 
super vi sor y power  r equi r ement s.   Submi t  amper e- hour  r equi r ement s 
f or  each syst em component  wi t h t he cal cul at i ons.

( 3)  Pr ovi de vol t age dr op cal cul at i ons t o i ndi cat e t hat  suf f i c i ent  
vol t age i s avai l abl e f or  pr oper  oper at i on of  t he syst em and al l  
component s.   Cal cul at i ons must  be per f or med usi ng t he mi ni mum 
r at ed vol t age of  each component .

b.   For  bat t er y cal cul at i ons assume a st ar t i ng vol t age of  24 VDC f or  
st ar t i ng t he cal cul at i ons t o s i ze t he bat t er i es.   Cal cul at e t he 
r equi r ed Amp- Hour s f or  t he speci f i ed st andby t i me,  and t hen cal cul at e 
t he r equi r ed Amp- Hour s f or  t he speci f i ed al ar m t i me.   Usi ng 20. 4 VDC 
as st ar t i ng vol t age,  per f or m a vol t age dr op cal cul at i on f or  c i r cui t s 
cont ai ni ng devi ce and/ or  appl i ances r emot e f r om t he power  sour ces.
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2. 15. 2   Bat t er y Char ger s

Pr ovi de a sol i d st at e,  f ul l y  aut omat i c,  var i abl e char gi ng r at e bat t er y 
char ger .   The char ger  must  be capabl e of  pr ovi di ng 120 per cent  of  t he 
connect ed syst em l oad and must  mai nt ai n t he bat t er i es at  f ul l  char ge.   I n 
t he event  t he bat t er i es ar e f ul l y  di schar ged ( 20. 4 Vol t s dc) ,  t he char ger  
must  r echar ge t he bat t er i es back t o 95 per cent  of  f ul l  char ge wi t hi n 48 
hour s af t er  a s i ngl e di schar ge cycl e as descr i bed i n par agr aph CAPACI TY 
above.   Pr ovi de pi l ot  l i ght  t o i ndi cat e when bat t er i es ar e manual l y pl aced 
on a hi gh r at e of  char ge as par t  of  t he uni t  assembl y i f  a hi gh r at e 
swi t ch i s pr ovi ded.

2. 16   SURGE PROTECTI VE DEVI CES

Sur ge pr ot ect i ve devi ces must  be pr ovi ded t o suppr ess al l  vol t age 
t r ansi ent s whi ch mi ght  damage f i r e al ar m cont r ol  uni t  component s.   Syst ems 
havi ng ci r cui t s l ocat ed out door s,  communi cat i ons equi pment  must  be 
pr ot ect ed agai nst  sur ges i nduced on any si gnal i ng l i ne c i r cui t .   Cabl es 
and conduct or s,  t hat  ser ve as communi cat i ons l i nks,  must  have sur ge 
pr ot ect i on c i r cui t s i nst al l ed at  each end.   The sur ge pr ot ect i ve devi ce 
must  wi r e i n ser i es t o t he power  suppl y of  t he pr ot ect ed equi pment  wi t h 
scr ew t er mi nat i ons.   Li ne vol t age sur ge ar r est or  must  be i nst al l ed 
di r ect l y adj acent  t o t he power  panel  wher e t he FMCU br eaker  i s l ocat ed.

a.   Sur ge pr ot ect i ve devi ces f or  nomi nal  120 VAC must  be UL 1449 l i s t ed 
wi t h a maxi mum 500 vol t  suppr essi on l evel  and have a maxi mum r esponse 
t i me of  5 nanoseconds.   The sur ge pr ot ect i ve devi ce must  al so meet  
I EEE C62. 41. 1 and I EEE C62. 41. 2 cat egor y B t est s f or  sur ge capaci t y.   
The sur ge pr ot ect i ve devi ce must  f eat ur e mul t i - st age const r uct i on and 
be pr ovi ded wi t h a l ong- l i f e i ndi cat or  l amp ( ei t her  l i ght  emi t t i ng 
di ode or  neon)  whi ch ext i ngui shes upon f ai l ur e of  pr ot ect ed 
component s.   Any uni t  f usi ng must  be ext er nal l y accessi bl e.

b.   Sur ge pr ot ect i ve devi ces f or  nomi nal  24 VAC,  f i r e al ar m t el ephone 
di al er ,  or  et her net  connect i on must  be UL 497B l i s t ed,  meet  
I EEE C62. 41. 1 and have a maxi mum r esponse t i me of  1- nanosecond.   The 
sur ge pr ot ect i ve devi ce must  f eat ur e mul t i - st age const r uct i on and be 
sel f - r eset t i ng.   The sur ge pr ot ect i ve devi ce must  be a base and pl ug 
st y l e.   The base assembl y must  have scr ew t er mi nal s f or  f i r e al ar m 
wi r i ng.   The base assembl y must  accept  " pl ug- i n"  sur ge pr ot ect i ve 
modul e.

c.   Al l  sur ge pr ot ect i ve devi ces ( SPD)  must  be t he st andar d pr oduct  of  a 
s i ngl e manuf act ur er  and be equal  or  bet t er  t han t he f ol l owi ng:

( 1)  For  120 VAC nomi nal  l i ne vol t age:   UL 1449 and UL 1283 l i s t ed,  
ser i es connect ed 120 VAC,  20A r at ed,  sur ge pr ot ect i ve devi ce i n a 
NEMA 4x encl osur e.   Mi ni mum 50, 000 amp sur ge cur r ent  r at i ng wi t h 
EMI / RFI  f i l t er i ng and a dr y cont act  c i r cui t  f or  r emot e moni t or i ng 
of  sur ge pr ot ect i on st at us.

( 2)  For  24- vol t  nomi nal  l i ne vol t age:   UL 497B l i s t ed,  ser i es 
connect ed l ow vol t age,  24- vol t ,  5A r at ed,  l oop ci r cui t  pr ot ect or ,  
base and r epl aceabl e modul e.

( 3)  For  al ar m t el ephone di al er s:   UL 497A l i s t ed,  ser i es connect ed,  
130- vol t ,  150 mA r at ed wi t h sel f - r eset t i ng f use,  di al er  c i r cui t  
pr ot ect or  wi t h modul ar  pl ug and pl ay.
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( 4)  For  I P- DACTS:   UL 497B l i s t ed,  ser i es connect ed,  6. 4- vol t ,  1. 5A 
r at ed wi t h 20 kA/ pai r  sur ge cur r ent ,  dat a net wor k pr ot ect or  wi t h 
modul ar  pl ug and pl ay.

2. 17   WI RI NG

Pr ovi de wi r i ng mat er i al s under  t hi s sect i on as speci f i ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM wi t h t he addi t i ons and modi f i cat i ons 
speci f i ed her ei n.

2. 17. 1   Al ar m Wi r i ng

I DC and SLC wi r i ng must  be f i ber  opt i c or  sol i d copper  cabl e i n accor dance 
wi t h t he manuf act ur er s r equi r ement s.   Copper  s i gnal i ng l i ne c i r cui t  f i el d 
wi r i ng must  be No.  18 AWG si ze conduct or s at  a mi ni mum.  I ni t i at i ng devi ce 
c i r cui t  f i el d wi r i ng must  be No.  16 AWG si ze conduct or s at  a mi ni mum.   
Vi sual  not i f i cat i on appl i ance ci r cui t  conduct or s,  t hat  cont ai n audi bl e 
al ar m appl i ances,  must  be sol i d copper  No.  14 AWG si ze conduct or s at  a 
mi ni mum.   Speaker  c i r cui t s must  be sol i d copper  No.  16 AWG si ze t wi st ed 
and shi el ded conduct or s at  a mi ni mum.   Wi r i ng f or  t ext ual  not i f i cat i on 
appl i ance ci r cui t s must  be i n accor dance wi t h manuf act ur er ' s r equi r ement s 
but  must  be super vi sed by t he FMCU.   Wi r e s i ze must  be suf f i c i ent  t o 
pr event  vol t age dr op pr obl ems.   Ci r cui t s oper at i ng at  24 VDC must  not  
oper at e at  l ess t han t he l i s t ed vol t ages f or  t he det ect or s and/ or  
appl i ances.   Power  wi r i ng,  oper at i ng at  120 VAC mi ni mum,  must  be a mi ni mum 
No.  12 AWG sol i d copper  havi ng si mi l ar  i nsul at i on.   Accept abl e 
power - l i mi t ed cabl es ar e FPL,  FPLR or  FPLP as appr opr i at e wi t h r ed col or ed 
cover i ng.   Nonpower - l i mi t ed cabl es must  compl y wi t h NFPA 70.

2. 18   I NTERFACE TO THE BASE- WI DE MASS NOTI FI CATI ON NETWORK

2. 18. 1   Fi ber  Opt i c

The f i r e al ar m and mass not i f i cat i on syst em must  be Not i f i er  Model  320 wi t h 
a s i ngl e- mode f i ber  car d.   Ther e wi l l  be no f i r e al ar m t r ansmi t t er ,  t he base 
has swi t ched over  t o Not i f i er  campus- st y l e s i ngl e- mode f i ber  net wor k

2. 19   AUTOMATI C FI RE ALARM TRANSMI TTERS

The f i r e al ar m and mass not i f i cat i on syst em must  be Not i f i er  Model  320 
wi t h a s i ngl e- mode f i ber  car d.   Ther e wi l l  be no f i r e al ar m t r ansmi t t er ,  
t he base has swi t ched over  t o Not i f i er  campus- st y l e s i ngl e- mode f i ber  
net wor k

2. 19. 1   Si gnal s t o Be Tr ansmi t t ed t o t he Base Recei v i ng St at i on

The f ol l owi ng si gnal s must  be sent  t o t he base r ecei v i ng st at i on:

a.   Spr i nkl er  wat er f l ow

b.   Manual  pul l  st at i ons

c.   Smoke det ect or s

d.   Duct  smoke det ect or s

e.   Car bon monoxi de det ect or s
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f .   Spr i nkl er  val ve super vi s i on

g.   Fi r e pump r unni ng

h.   Fi r e pump super vi s i on

i .   Syst em t r oubl e

2. 20   SYSTEM MONI TORI NG

2. 20. 1   Val ves

Each val ve af f ect i ng t he pr oper  oper at i on of  a f i r e pr ot ect i on syst em,  
i ncl udi ng aut omat i c spr i nkl er  cont r ol  val ves,  spr i nkl er  ser vi ce ent r ance 
val ve,  val ves at  f i r e pumps,  and val ves at  backf l ow pr event er s,  whet her  
suppl i ed under  t hi s cont r act  or  exi st i ng,  must  be el ect r i cal l y moni t or ed 
t o ensur e i t s pr oper  posi t i on.   Pr ovi de each t amper  swi t ch wi t h a separ at e 
addr ess.

2. 20. 2   Room Low Temper at ur e Super vi sor y Swi t ch

Pr ovi de l i s t ed super vi sor y ai r  t emper at ur e swi t ch f or  t he f i r e pr ot ect i on 
r oom and hangar  bays.   Swi t ch must  cause a super vi sor y s i gnal  t o be 
t r ansmi t t ed t o t he FMCU whenever  t he t emper at ur e i n t he r oom dr ops t o 32 
degr ees F.   Devi ce must  r eset  when t emper at ur e r i ses above 40 degr ees F.

2. 21   ENVI RONMENTAL ENCLOSURES OR GUARDS

Envi r onment al  encl osur es must  be pr ovi ded t o per mi t  f i r e al ar m/ mass 
not i f i cat i on component s t o be used i n ar eas t hat  exceed t he envi r onment al  
l i mi t s of  t he l i s t i ng.   The encl osur e must  be l i s t ed f or  t he devi ce or  
appl i ance as ei t her  a manuf act ur ed par t  number  or  as a l i s t ed compat i bl e 
accessor y f or  t he component  i s cur r ent l y l i s t ed.   Guar ds r equi r ed t o det er  
mechani cal  damage must  be ei t her  a l i s t ed manuf act ur ed par t  or  a l i s t ed 
accessor y f or  t he cat egor y of  t he i ni t i at i ng devi ce or  not i f i cat i on 
appl i ance.

PART 3   EXECUTI ON

3. 1   VERI FYI NG ACTUAL FI ELD CONDI TI ONS

Bef or e commenci ng wor k,  exami ne al l  adj oi ni ng wor k on whi ch t he 
cont r act or ' s wor k i s i n any way dependent  f or  per f ect  wor kmanshi p 
accor di ng t o t he i nt ent  of  t hi s speci f i cat i on sect i on,  and r epor t  t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve any condi t i on whi ch pr event s 
per f or mance of  f i r st  c l ass wor k.   No " wai ver  of  r esponsi bi l i t y"  f or  
i ncompl et e,  i nadequat e or  def ect i ve adj oi ni ng wor k wi l l  be consi der ed 
unl ess not i ce has been f i l ed bef or e submi t t al  of  a pr oposal .

3. 2   I NSTALLATI ON

3. 2. 1   Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t  ( FMCU)

Locat e t he FMCU wher e i ndi cat ed on t he dr awi ngs.   Semi - r ecess t he 
encl osur e wi t h t he t op of  t he cabi net  6 f eet  above t he f i ni shed f l oor  or  
cent er  t he cabi net  at  5 f eet ,  whi chever  i s l ower .   Conduct or  t er mi nat i ons 
must  be l abel ed and a dr awi ng cont ai ni ng conduct or s,  t hei r  l abel s,  t hei r  
c i r cui t s,  and t hei r  i nt er connect i on must  be per manent l y mount ed i n t he 
FMCU.   Locat e t he document  st or age cabi net  adj acent  t o t he FMCU unl ess t he 
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Cont r act i ng Of f i cer  di r ect s ot her wi se.

3. 2. 2   Bat t er y Cabi net s

When bat t er i es wi l l  not  f i t  i n t he FMCU,  l ocat e bat t er y cabi net s bel ow or  
adj acent  t o t he FMCU.   Bat t er y cabi net s must  be i nst al l ed at  an accessi bl e 
l ocat i on when st andi ng at  f l oor  l evel .   Bat t er y cabi net s must  not  be 
i nst al l ed l ower  t han 12 i nches above f i ni shed f l oor ,  measur ed t o t he 
bot t om of  t he cabi net ,  nor  hi gher  t han 36 i nches above t he f l oor ,  measur ed 
t o t he t op of  t he cabi net .   I nst al l i ng bat t er i es above dr op cei l i ngs or  i n 
i naccessi bl e l ocat i ons i s pr ohi bi t ed.   Bat t er y cabi net s must  be l ar ge 
enough t o accommodat e bat t er i es and al so t o al l ow ampl e gut t er  space f or  
i nt er connect i on of  cont r ol  uni t s as wel l  as f i el d wi r i ng.   The cabi net  
must  be pr ovi ded i n a st ur dy st eel  housi ng,  compl et e wi t h back box,  hi nged 
st eel  door  wi t h cyl i nder  l ock,  and sur f ace mount i ng pr ovi s i ons. The cabi net  
must  be i dent i f i ed by an engr aved phenol i c r esi n namepl at e.   Let t er i ng on 
t he namepl at e must  i ndi cat e t he cont r ol  uni t ( s)  t he bat t er i es power  and 
must  not  be l ess t han 1- i nch hi gh.

3. 2. 3   Manual  St at i ons

Locat e manual  st at i ons as r equi r ed by NFPA 72 and as i ndi cat ed on t he 
dr awi ngs.   Mount  st at i ons so t hey ar e l ocat ed no f ar t her  t han 5 f eet  f r om 
t he exi t  door  t hey ser ve,  measur ed hor i zont al l y.   Manual  st at i ons must  be 
mount ed at  44 i nches measur ed t o t he oper at i ng handl e.

3. 2. 4   Not i f i cat i on Appl i ances

a.   Locat e not i f i cat i on appl i ance devi ces wher e i ndi cat ed and t o meet  t he 
i nt el l i gi bi l i t y  r equi r ement s.   Wher e t wo or  mor e vi sual  not i f i cat i on 
appl i ances ar e l ocat ed i n t he same r oom or  cor r i dor  or  f i el d of  v i ew,  
pr ovi de synchr oni zed oper at i on.   Devi ces must  use scr ew t er mi nal s f or  
al l  f i el d wi r i ng.   Audi bl e and vi sual  not i f i cat i on appl i ances mount ed 
i n acoust i cal  cei l i ng t i l es must  be cent er ed i n t he t i l es pl us or  
mi nus 2 i nches.

b.   Audi bl e and vi sual  not i f i cat i on appl i ances mount ed on t he ext er i or  of  
t he bui l di ng,  wi t hi n uncondi t i oned spaces,  or  i n t he v i c i ni t y of  
shower s must  be l i s t ed weat her pr oof  appl i ances i nst al l ed on 
weat her pr oof  backboxes.

c.   Speaker s must  not  be l ocat ed i n c l ose pr oxi mi t y t o t he FMCU or  LOC so 
as t o cause f eedback when t he mi cr ophone i s i n use.

3. 2. 5   Smoke Det ect or s

Locat e det ect or s as r equi r ed by NFPA 72 and t hei r  l i s t i ng on a 4- i nch 
mount i ng box.   Smoke det ect or s ar e per mi t t ed t o be on t he wal l  no l ower  
t han 12 i nches f r om t he cei l i ng wi t h no mi ni mum di st ance f r om t he cei l i ng.
  I nst al l  smoke det ect or s no cl oser  t han 3 f eet  f r om ai r  handl i ng suppl y 
di f f user s.   Det ect or s i nst al l ed i n acoust i cal  cei l i ng t i l es must  be 
cent er ed i n t he t i l es pl us or  mi nus 2 i nches.

3. 2. 6   Car bon Monoxi de Det ect or s

Locat e det ect or s as r equi r ed by NFPA 72,  t hei r  l i s t i ngs and as i ndi cat ed 
on t he dr awi ngs on a 4- i nch mount i ng box.   Car bon monoxi de det ect or s must  
be i nst al l ed separ at e f r om smoke det ect or s.
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3. 2. 7   LCD REMOTE Annunci at or

Locat e t he LCD annunci at or  as shown on t he dr awi ngs.   Mount  t he 
annunci at or ,  wi t h t he t op 6 f eet  above t he f i ni shed f l oor  or  cent er  t he 
annunci at or  at  5 f eet ,  whi chever  i s l ower .

3. 2. 8   Local  Oper at i ng Consol e ( LOC)

Locat e t he LOC( s)  as r equi r ed by NFPA 72 and as i ndi cat ed.   Mount  t he 
consol e so t hat  t he t op message but t on and mi cr ophone i s no hi gher  t han 4 
f eet  above t he f l oor  and t he bot t om ( l owest )  message but t on and mi cr ophone 
i s at  l east  3 f eet  above t he f i ni shed f l oor .

3. 2. 9   Cei l i ng Br i dges

Pr ovi de cei l i ng br i dges f or  cei l i ng- mount ed appl i ances.   Cei l i ng br i dges 
must  be as r ecommended/ r equi r ed by t he manuf act ur er  of  t he cei l i ng- mount ed 
not i f i cat i on appl i ance.

3. 3   SYSTEM FI ELD WI RI NG

3. 3. 1   Wi r i ng wi t hi n Cabi net s,  Encl osur es,  and Boxes

Pr ovi de wi r i ng i nst al l ed i n a neat  and wor kmanl i ke manner  and i nst al l ed 
par al l el  wi t h or  at  r i ght  angl es t o t he s i des and back of  any box,  
encl osur e,  or  cabi net .   Conduct or s t hat  ar e t er mi nat ed,  spl i ced,  or  
ot her wi se i nt er r upt ed i n any encl osur e,  cabi net ,  mount i ng,  or  j unct i on box 
must  be connect ed t o scr ew- t ype t er mi nal  bl ocks.   Mar k each t er mi nal  i n 
accor dance wi t h t he wi r i ng di agr ams of  t he syst em.   The use of  wi r e nut s 
or  s i mi l ar  devi ces i s pr ohi bi t ed.   Wi r i ng t o conf or m wi t h NFPA 70.

I ndi cat e t he f ol l owi ng i n t he wi r i ng di agr ams:

a.   Poi nt - t o- poi nt  wi r i ng di agr ams showi ng t he poi nt s of  connect i on and 
t er mi nal s used f or  el ect r i cal  f i el d connect i ons i n t he syst em,  
i ncl udi ng i nt er connect i ons bet ween t he equi pment  or  syst ems t hat  ar e 
super vi sed or  cont r ol l ed by t he syst em.   Di agr ams must  show 
connect i ons f r om f i el d devi ces t o t he FMCU and r emot e f i r e al ar m/ mass 
not i f i cat i on cont r ol  uni t s,  i ni t i at i ng c i r cui t s,  swi t ches,  r el ays and 
t er mi nal s.

b.   Compl et e r i ser  di agr ams i ndi cat i ng t he wi r i ng sequence of  devi ces and 
t hei r  connect i ons t o t he cont r ol  equi pment .   I ncl ude a col or  code 
schedul e f or  t he wi r i ng.   I ncl ude f l oor  pl ans showi ng t he l ocat i ons of  
devi ces and equi pment .

3. 3. 2   Ter mi nal  Cabi net s

Pr ovi de a t er mi nal  cabi net  at  t he base of  any c i r cui t  r i ser ,  on each f l oor  
at  each r i ser ,  and wher e i ndi cat ed on t he dr awi ngs.   Ter mi nal  s i ze must  be 
appr opr i at e f or  t he s i ze of  t he wi r i ng t o be connect ed.   Conduct or  
t er mi nat i ons must  be l abel ed and a dr awi ng cont ai ni ng conduct or s,  t hei r  
l abel s,  t hei r  c i r cui t s,  and t hei r  i nt er connect i on must  be per manent l y 
mount ed i n t he t er mi nal  cabi net .   Mi ni mum si ze i s 8 i nches by 8 i nches.   
Onl y scr ew- t ype t er mi nal s ar e per mi t t ed.   Pr ovi de an i dent i f i cat i on l abel ,  
t hat  di spl ays " FI RE ALARM TERMI NAL CABI NET"  wi t h 2- i nch l et t er i ng,  on t he 
f r ont  of  t he t er mi nal  cabi net .
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3. 3. 3   Al ar m Wi r i ng

a.   Vol t ages must  not  be mi xed i n any j unct i on box,  housi ng or  devi ce,  
except  t hose cont ai ni ng power  suppl i es and cont r ol  r el ays.

b.   Ut i l i ze shi el ded wi r i ng wher e r ecommended by t he manuf act ur er .   For  
shi el ded wi r i ng,  gr ound t he shi el d at  onl y one poi nt ,  i n or  adj acent  
t o t he FMCU.

c.   Pi gt ai l  or  T- t ap connect i ons t o s i gnal  l i ne c i r cui t s,  i ni t i at i ng 
devi ce c i r cui t s,  super vi sor y al ar m ci r cui t s,  and not i f i cat i on 
appl i ance ci r cui t s ar e pr ohi bi t ed.

d.   Col or  codi ng i s r equi r ed f or  c i r cui t s and must  be mai nt ai ned 
t hr oughout  t he c i r cui t .   Conduct or s used f or  t he same f unct i ons must  
be si mi l ar l y col or  coded.   Conf or m wi r i ng t o NFPA 70.

e.   Pul l  al l  conduct or s spl i ce f r ee.   The use of  wi r e nut s,  cr i mped 
connect or s,  or  t wi st i ng of  conduct or s i s pr ohi bi t ed.   Wher e spl i ces 
ar e unavoi dabl e,  t he l ocat i on of  t he j unct i on box or  pul l  box wher e 
t hey occur  must  be i dent i f i ed on t he as- bui l t  dr awi ngs.   The number  
and l ocat i on of  spl i ces must  be subj ect  t o appr oval  by t he  Desi gnat ed 
Fi r e Pr ot ect i on Engi neer  ( DFPE) .

3. 3. 4   Back Boxes and Condui t

I n addi t i on t o t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM,  pr ovi de al l  wi r i ng i n r i gi d met al  condui t  or  i nt er medi at e met al  
condui t  unl ess speci f i cal l y i ndi cat ed ot her wi se.   Mi ni mum condui t  s i ze 
must  be 3/ 4- i nch i n di amet er .   Do not  use el ect r i cal  non- met al l i c  t ubi ng 
( ENT)  or  f l exi bl e non- met al l i c  t ubi ng and associ at ed f i t t i ngs.

a.   Gal vani zed r i gi d st eel  ( GRS)  condui t  must  be ut i l i zed wher e exposed t o 
weat her ,  wher e subj ect  t o physi cal  damage,  and wher e exposed on 
ext er i or  of  bui l di ngs.   I nt er medi at e met al  condui t  ( I MC)  may be used 
i n l i eu of  GRS as al l owed by NFPA 70.

b.   El ect r i cal  met al l i c  t ubi ng ( EMT)  i s per mi t t ed above suspended cei l i ngs 
or  exposed wher e not  subj ect  t o physi cal  damage.   Do not  use EMT 
under gr ound,  encased i n concr et e,  mor t ar ,  or  gr out ,  i n hazar dous 
l ocat i ons,  wher e exposed t o physi cal  damage,  out door s or  i n f i r e pump 
r ooms.   Use di e- cast  compr essi on connect or s.

c.   For  r i gi d met al l i c  condui t  ( RMC) ,  onl y t hr eaded t ype f i t t i ng ar e 
per mi t t ed f or  wet  or  damp l ocat i ons.

d.   Fl exi bl e met al  condui t  i s  per mi t t ed f or  i ni t i at i ng devi ce c i r cui t s 6 
f eet  i n l engt h or  l ess.   Fl exi bl e met al  condui t  i s  pr ohi bi t ed f or  
not i f i cat i on appl i ance ci r cui t s and si gnal i ng l i ne c i r cui t s.   Use 
l i qui d t i ght  f l exi bl e met al  condui t  i n damp and wet  l ocat i ons.

e.   Schedul e 40 ( mi ni mum)  pol yvi nyl  chl or i de ( PVC)  i s per mi t t ed wher e 
condui t  i s  r out ed under gr ound or  under gr ound bel ow f l oor  s l abs.   
Conver t  non- met al l i c  condui t ,  ot her  t han PVC Schedul e 40 or  80,  t o 
pl ast i c- coat ed r i gi d,  or  I MC,  st eel  condui t  bef or e t ur ni ng up t hr ough 
f l oor  s l ab.

f .   Ext er i or  wal l  penet r at i ons must  be weat her t i ght .   Condui t  must  be 
seal ed t o pr event  t he i nf i l t r at i on of  moi st ur e.
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3. 3. 5   Conduct or  Ter mi nat i ons

Label i ng of  conduct or s at  t er mi nal  bl ocks i n t er mi nal  cabi net s,  FMCU and 
t he LOC must  be pr ovi ded at  each conduct or  connect i on.   Each conduct or  or  
cabl e must  have a shr i nk- wr ap l abel  t o pr ovi de a uni que and speci f i c  
desi gnat i on.   Each t er mi nal  cabi net ,  FMCU,  and r emot e FMCU must  cont ai n a 
l ami nat ed dr awi ng t hat  i ndi cat es each conduct or ,  i t s  l abel ,  c i r cui t ,  and 
t er mi nal .   The l ami nat ed dr awi ng must  be neat ,  usi ng 12 poi nt  l et t er i ng 
mi ni mum si ze,  and mount ed wi t hi n each cabi net ,  cont r ol  uni t ,  or  uni t  so 
t hat  i t  does not  i nt er f er e wi t h t he wi r i ng or  t er mi nal s.   Mai nt ai n 
exi st i ng col or  code scheme wher e connect i ng t o exi st i ng equi pment .

3. 4   FI RESTOPPI NG

Pr ovi de f i r est oppi ng f or  hol es at  condui t  penet r at i ons t hr ough f l oor  
s l abs,  f i r e- r at ed wal l s,  par t i t i ons wi t h f i r e- r at ed door s,  cor r i dor  wal l s,  
and ver t i cal  ser vi ce shaf t s i n accor dance wi t h Sect i on 07 84 00 
FI RESTOPPI NG.

3. 5   PAI NTI NG

a.   I n unf i ni shed ar eas ( i ncl udi ng ar eas above dr op cei l i ngs) ,  pai nt  al l  
exposed el ect r i cal  condui t  ( ser vi ng f i r e al ar m equi pment ) ,  f i r e al ar m 
condui t ,  sur f ace met al  r aceway,  j unct i on boxes and cover s r ed.   

b.   I n f i ni shed ar eas,  pai nt  exposed el ect r i cal  condui t  ( ser vi ng f i r e 
al ar m equi pment ) ,  f i r e al ar m condui t ,  sur f ace met al  r aceways,  j unct i on 
boxes,  and el ect r i cal  boxes t o mat ch adj acent  f i ni shes.   The i nsi de 
cover  of  t he j unct i on box must  be i dent i f i ed as " Fi r e Al ar m"  and t he 
condui t  must  have pai nt ed r ed bands 3/ 4- i nch wi de at  10- f oot  cent er s 
and at  each si de of  a f l oor ,  wal l ,  or  cei l i ng penet r at i on.

c.   Pai nt i ng must  compl y wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 6   FI ELD QUALI TY CONTROL

3. 6. 1   Test  Pr ocedur es

Submi t  det ai l ed t est  pr ocedur es,  pr epar ed and si gned by t he NI CET Level  I I I
 or  I V Fi r e Al ar m Techni c i an,  and t he r epr esent at i ve of  t he i nst al l i ng 
company,  and r evi ewed by t he QFPE 30 days pr i or  t o per f or mi ng syst em 
t est s.   Det ai l ed t est  pr ocedur es must  l i s t  al l  component s of  t he i nst al l ed 
syst em such as i ni t i at i ng devi ces and ci r cui t s,  not i f i cat i on appl i ances 
and ci r cui t s,  s i gnal i ng l i ne devi ces and ci r cui t s,  cont r ol  
devi ces/ equi pment ,  bat t er i es,  t r ansmi t t i ng and r ecei v i ng equi pment ,  power  
sour ces/ suppl y,  annunci at or s,  speci al  hazar d equi pment ,  emer gency 
communi cat i on equi pment ,  i nt er f ace equi pment ,  and sur ge pr ot ect i ve 
devi ces.   Test  pr ocedur es must  i ncl ude sequence of  t est i ng,  t i me est i mat e 
f or  each t est ,  and sampl e t est  dat a f or ms.   The t est  dat a f or ms must  be i n 
a check- of f  f or mat  ( pass/ f ai l  wi t h space t o add appl i cabl e t est  dat a;  
s i mi l ar  t o t he f or ms i n NFPA 72 and NFPA 4. )   The t est  pr ocedur es and 
accompanyi ng t est  dat a f or ms must  be used f or  t he pr e- Gover nment  t est i ng 
and t he Gover nment  t est i ng.   The t est  dat a f or ms must  r ecor d t he t est  
r esul t s and must :

a.   I dent i f y t he NFPA Cl ass of  al l  I ni t i at i ng Devi ce Ci r cui t s ( I DC) ,  and 
Not i f i cat i on Appl i ance Ci r cui t s ( NAC) ,  Voi ce Not i f i cat i on Syst em 
Ci r cui t s ( NAC Audi o) ,  and Si gnal i ng Li ne Ci r cui t s ( SLC) .
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b.   I dent i f y each t est  r equi r ed by NFPA 72 Test  Met hods and r equi r ed t est  
her ei n t o be per f or med on each component ,  and descr i be how t hese t est s 
must  be per f or med.

c.   I dent i f y each component  and ci r cui t  as t o t ype,  l ocat i on wi t hi n t he 
f aci l i t y ,  and uni que i dent i t y wi t hi n t he i nst al l ed syst em.   Pr ovi de 
necessar y f l oor  pl an sheet s showi ng each component  l ocat i on,  t est  
l ocat i on,  and al phanumer i c i dent i t y.

d.   I dent i f y al l  t est  equi pment  and per sonnel  r equi r ed t o per f or m each 
t est  ( i ncl udi ng equi pment  necessar y f or  smoke det ect or  t est i ng.   The 
use of  magnet s i s not  per mi t t ed.

e.   Pr ovi de space t o i dent i f y t he dat e and t i me of  each t est .   Pr ovi de 
space t o i dent i f y t he names and si gnat ur es of  t he i ndi v i dual s 
conduct i ng and wi t nessi ng each t est .

3. 6. 2   Pr e- Gover nment  Test i ng

3. 6. 2. 1   Ver i f i cat i on of  Compl i ant  I nst al l at i on

Conduct  i nspect i ons and t est s t o ensur e t hat  devi ces and ci r cui t s ar e 
f unct i oni ng pr oper l y.   Test s must  meet  t he r equi r ement s of  par agr aph 
ent i t l ed " Mi ni mum Syst em Test s"  as r equi r ed by NFPA 72.   The cont r act or  
and an aut hor i zed r epr esent at i ve f r om each suppl i er  of  equi pment  must  be 
i n at t endance at  t he pr e- Gover nment  t est i ng t o make necessar y 
adj ust ment s.   Af t er  i nspect i on and t est i ng i s compl et e,  pr ovi de a s i gned 
Ver i f i cat i on of  Compl i ant  I nst al l at i on l et t er  by t he QFPE t hat  t he 
i nst al l at i on i s compl et e,  compl i ant  wi t h t he speci f i cat i on and f ul l y 
oper abl e.   The l et t er  must  i ncl ude t he names and t i t l es of  t he wi t nesses 
t o t he pr e- Gover nment  t est s.   Pr ovi de al l  compl et i on document at i on as 
r equi r ed by NFPA 72 i ncl udi ng al l  r ef er enced annex sect i ons and t he t est  
r epor t s not ed bel ow.

a.   NFPA 72 Recor d of  Compl et i on.

b.   NFPA 72 Recor d of  I nspect i on and Test i ng.

c.   Fi r e Al ar m and Emer gency Communi cat i on Syst em I nspect i on and Test i ng 
For m.

d.   Audi bi l i t y  t est  r esul t s wi t h mar ked- up t est  f l oor  pl ans.

e.   I nt el l i gi bi l i t y  t est  r esul t s wi t h mar ked- up f l oor  pl ans.

f .   Document at i on t hat  al l  t est s i dent i f i ed i n t he par agr aph " Mi ni mum 
Syst em Test s"  ar e compl et e.

3. 6. 2. 2   Request  f or  Gover nment  Fi nal  Test

When t he ver i f i cat i on of  compl i ant  i nst al l at i on has been compl et ed,  submi t  
a f or mal  r equest  f or  Gover nment  f i nal  t est  t o t he  Desi gnat ed Fi r e 
Pr ot ect i on Engi neer  ( DFPE)  and Cont r act i ng Of f i cer ' s Repr esent at i ve ( COR) .   
Gover nment  f i nal  t est i ng wi l l  not  be schedul ed unt i l  t he DFPE has r ecei ved 
copi es of  t he r equest  f or  Gover nment  f i nal  t est i ng and Ver i f i cat i on of  
Compl i ant  I nst al l at i on l et t er  wi t h al l  r equi r ed r epor t s.   Gover nment  f i nal  
t est i ng wi l l  not  be per f or med unt i l  af t er  t he connect i ons t o t he 
i nst al l at i on- wi de f i r e r epor t i ng syst em and t he i nst al l at i on- wi de mass 
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not i f i cat i on syst em have been compl et ed and t est ed t o conf i r m 
communi cat i ons ar e f ul l y  f unct i onal .   Submi t  r equest  f or  t est  at  l east  15 
cal endar  days pr i or  t o t he r equest ed t est  dat e.

3. 6. 3   Cor r ect i on of  Def i c i enci es

I f  equi pment  was f ound t o be def ect i ve or  non- compl i ant  wi t h cont r act  
r equi r ement s,  per f or m cor r ect i ve act i ons and r epeat  t he t est s.   Test s must  
be conduct ed and r epeat ed i f  necessar y unt i l  t he syst em has been 
demonst r at ed t o compl y wi t h al l  cont r act  r equi r ement s.

3. 6. 4   Gover nment  Fi nal  Test s

The t est s must  be per f or med i n accor dance wi t h t he appr oved t est  
pr ocedur es i n t he pr esence of  t he DFPE.   Fur ni sh i nst r ument s and per sonnel  
r equi r ed f or  t he t est s.   The f ol l owi ng must  be pr ovi ded at  t he j ob s i t e 
f or  Gover nment  Fi nal  Test i ng:

a.   The manuf act ur er ' s t echni cal  r epr esent at i ve.

b.   The cont r act or ' s Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .

c.   Mar ked- up r ed l i ne dr awi ngs of  t he syst em as act ual l y i nst al l ed.

d.   Loop r esi st ance t est  r esul t s.

e.   Compl et e pr ogr am pr i nt out  i ncl udi ng i nput / out put  addr esses.

f .   Copy of  pr e- Gover nment  Test  Cer t i f i cat e,  t est  pr ocedur es and compl et ed 
t est  dat a f or ms.

g.   Audi bi l i t y  t est  r esul t s wi t h mar ked- up f l oor  pl ans.

h.   I nt el l i gi bi l i t y  t est  r esul t s wi t h mar ked- up f l oor  pl ans.

Gover nment  Fi nal  Test s wi l l  be wi t nessed by t he Desi gnat ed Fi r e Pr ot ect i on 
Engi neer  or  t hei r  desi gnat ed r epr esent at i ve,  Cont r act i ng Of f i cer  and 
Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .   At  t hi s t i me,  any and al l  
r equi r ed t est s not ed i n t he par agr aph " Mi ni mum Syst em Test s"  must  be 
r epeat ed at  t hei r  di scr et i on.

3. 7   MI NI MUM SYSTEM TESTS

3. 7. 1   Syst em Test s

Test  t he syst em i n accor dance wi t h t he pr ocedur es out l i ned i n NFPA 72.   
The r equi r ed t est s ar e as f ol l ows:

a.   Loop Resi st ance Test s:   Measur e and r ecor d t he r esi st ance of  each 
ci r cui t  wi t h each pai r  of  conduct or s i n t he c i r cui t  shor t - c i r cui t ed at  
t he f ar t hest  poi nt  f r om t he ci r cui t  or i gi n.   The t est s must  be 
wi t nessed by t he Cont r act i ng Of f i cer  and t est  r esul t s r ecor ded f or  use 
at  t he f i nal  Gover nment  t est .

b.   Ver i f y t he absence of  unwant ed vol t ages bet ween ci r cui t  conduct or s and 
gr ound.   The t est s must  be accompl i shed at  t he pr e- Gover nment  t est  
wi t h r esul t s avai l abl e at  t he f i nal  syst em t est .

c.   Ver i f y t hat  t he cont r ol  uni t  i s  i n t he nor mal  condi t i on as det ai l ed i n 
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t he manuf act ur er ' s O&M manual .

d.   Test  each i ni t i at i ng devi ce and not i f i cat i on appl i ance and ci r cui t  f or  
pr oper  oper at i on and r esponse at  t he cont r ol  uni t .   Smoke det ect or s 
must  be t est ed i n accor dance wi t h manuf act ur er ' s r ecommended 
cal i br at ed t est  met hod.   Use of  magnet s i s pr ohi bi t ed.  Test i ng of  duct  
smoke det ect or s must  compl y wi t h t he r equi r ement s of  NFPA 72 except   
di sconnect  at  l east  20 per cent  of  devi ces.   I f  t her e i s a f ai l ur e at  
t hese devi ces,  t hen super vi s i on must  be t est ed at  each devi ce.

e.   Car bon Monoxi de Det ect or  Test s:   Car bon monoxi de det ect or s must  be 
t est ed i n accor dance wi t h NFPA 72 and t he manuf act ur er ' s r ecommended 
cal i br at ed t est  met hod.

f .   Test  t he syst em f or  speci f i ed f unct i ons i n accor dance wi t h t he 
cont r act  dr awi ngs and speci f i cat i ons and t he manuf act ur er ' s O&M manual .

g.   Test  bot h pr i mar y power  and secondar y power .   Ver i f y,  by t est ,  t he 
secondar y power  syst em i s capabl e of  oper at i ng t he syst em f or  t he t i me 
per i od and i n t he manner  speci f i ed.

h.   Det er mi ne t hat  t he syst em i s oper abl e under  t r oubl e condi t i ons as 
speci f i ed.

i .   Vi sual l y i nspect  wi r i ng.

j .   Test  t he bat t er y char ger  and bat t er i es.

k.   Ver i f y t hat  sof t war e cont r ol  and dat a f i l es have been ent er ed or  
pr ogr ammed i nt o t he FMCU.   Har d copy r ecor ds of  t he sof t war e must  be 
pr ovi ded t o t he Cont r act i ng Of f i cer .

l .   Ver i f y t hat  r ed- l i ne dr awi ngs ar e accur at e.

m.    Measur e t he cur r ent  i n c i r cui t s t o ensur e t her e i s t he cal cul at ed 
spar e capaci t y f or  t he c i r cui t s.

n.   Measur e vol t age r eadi ngs f or  c i r cui t s t o ensur e t hat  vol t age dr op i s 
not  excessi ve.

o.   Di sconnect  t he ver i f i cat i on f eat ur e f or  smoke det ect or s dur i ng t est s 
t o mi ni mi ze t he amount  of  smoke needed t o act i vat e t he sensor .   
Test i ng of  smoke det ect or s must  be conduct ed usi ng r eal  smoke or  t he 
use of  canned smoke whi ch i s per mi t t ed.

p.   Measur e t he vol t age dr op at  t he most  r emot e  appl i ance ( based on wi r e 
l engt h)  on each not i f i cat i on appl i ance ci r cui t .

q.   Ver i f y t he document at i on cabi net  i s i nst al l ed and cont ai ns al l  
as- bui l t  shop dr awi ngs,  pr oduct  dat a sheet s,  desi gn cal cul at i ons,  
s i t e- speci f i c  sof t war e dat a package,  and al l  document at i on r equi r ed by 
par agr aph t i t l ed " Test  Repor t s" .

3. 7. 2   Audi bi l i t y  Test s

Sound pr essur e l evel s f r om audi bl e not i f i cat i on appl i ances must  be a 
mi ni mum of  15 dBa over  ambi ent  wi t h a maxi mum of  110 dBa i n any occupi abl e 
ar ea.   The pr ovi s i ons f or  audi bl e not i f i cat i on ( audi bi l i t y  and 
i nt el l i gi bi l i t y)  must  be met  wi t h door s,  f i r e shut t er s,  movabl e 
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par t i t i ons,  and si mi l ar  devi ces c l osed.

3. 7. 3   I nt el l i gi bi l i t y  Test s

I nt el l i gi bi l i t y  t est i ng of  t he Syst em must  be accompl i shed i n accor dance 
wi t h NFPA 72 f or  Voi ce Evacuat i on Syst ems,  and ASA S3. 2.   Fol l owi ng ar e 
t he speci f i c  r equi r ement s f or  i nt el l i gi bi l i t y  t est s:

a.   I nt el l i gi bi l i t y  Requi r ement s:   Ver i f y i nt el l i gi bi l i t y  by measur ement  
af t er  i nst al l at i on.

b.   Ensur e t hat  a CI S val ue gr eat er  t han t he r equi r ed mi ni mum val ue i s 
pr ovi ded i n each ar ea wher e bui l di ng occupant s t ypi cal l y coul d be 
f ound.   The mi ni mum r equi r ed val ue f or  CI S i s 0. 8.   Roundi ng of  val ues 
i s per mi t t ed.

c.   Ar eas of  t he bui l di ng pr ovi ded wi t h har d wal l  and cei l i ng sur f aces 
( such as met al  or  concr et e)  t hat  ar e f ound t o cause excessi ve sound 
r ef l ect i ons may be per mi t t ed t o have a CI S scor e l ess t han t he mi ni mum 
r equi r ed val ue i f  appr oved by t he DFPE,  and i f  bui l di ng occupant s i n 
t hese ar eas can det er mi ne t hat  a voi ce s i gnal  i s  bei ng br oadcast  and 
t hey must  wal k no mor e t han 33 f eet  t o f i nd a l ocat i on wi t h at  l east  
t he mi ni mum r equi r ed CI S val ue wi t hi n t he same ar ea.

d.   Ar eas of  t he bui l di ng wher e occupant s ar e not  expect ed t o be nor mal l y 
pr esent  ar e per mi t t ed t o have a CI S scor e l ess t han t he mi ni mum 
r equi r ed val ue i f  per sonnel  can det er mi ne t hat  a voi ce s i gnal  i s  bei ng 
br oadcast  and t hey must  wal k no mor e t han 50 f eet  t o a l ocat i on wi t h 
at  l east  t he mi ni mum r equi r ed CI S val ue wi t hi n t he same ar ea.

e.   Take measur ement s near  t he head l evel  appl i cabl e f or  most  per sonnel  i n 
t he space under  nor mal  condi t i ons ( e. g. ,  st andi ng,  s i t t i ng,  s l eepi ng,  
as appr opr i at e) .

f .   The di st ance t he occupant  must  wal k t o t he l ocat i on meet i ng t he 
mi ni mum r equi r ed CI S val ue must  be measur ed on t he f l oor  or  ot her  
wal k i ng sur f ace as f ol l ows:

( 1)  Al ong t he cent er l i ne of  t he nat ur al  pat h of  t r avel ,  st ar t i ng f r om 
any poi nt  subj ect  t o occupancy wi t h l ess t han t he mi ni mum r equi r ed 
CI S val ue.

( 2)  Cur vi ng ar ound any cor ner s or  obst r uct i ons,  wi t h a 12 i nches 
cl ear ance t her e f r om.

( 3)  Ter mi nat i ng di r ect l y bel ow t he l ocat i on wher e t he mi ni mum r equi r ed 
CI S val ue has been obt ai ned.

Use commer ci al l y avai l abl e t est  i nst r ument at i on t o measur e i nt el l i gi bi l i t y  
as speci f i ed by NFPA 72 as appl i cabl e.   Use t he mean val ue of  at  l east  
t hr ee r eadi ngs t o comput e t he i nt el l i gi bi l i t y  scor e at  each t est  l ocat i on.

3. 8   SYSTEM ACCEPTANCE

Fol l owi ng accept ance of  t he syst em,  as- bui l t  dr awi ngs and O&M manual s must  
be del i ver ed t o t he Cont r act i ng Of f i cer  f or  r evi ew and accept ance.   The 
dr awi ngs must  show t he syst em as i nst al l ed,  i ncl udi ng devi at i ons f r om bot h 
t he pr oj ect  dr awi ngs and t he appr oved shop dr awi ngs.   These dr awi ngs must  
be submi t t ed wi t hi n t wo weeks af t er  t he f i nal  Gover nment  t est  of  t he 
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syst em.   At  l east  one set  of  as- bui l t  ( mar ked- up)  dr awi ngs must  be 
pr ovi ded at  t he t i me of ,  or  pr i or  t o t he Fi nal  Gover nment  Test .

a.   The dr awi ngs must  be pr epar ed el ect r oni cal l y and si zed no l ess t han 
t he cont r act  dr awi ngs.   Fur ni sh one set  of  CDs or  DVDs cont ai ni ng 
sof t war e back- up and CAD based dr awi ngs i n l at est  ver si on of  Aut oCAD,  
DXF and por t abl e document  f or mat s of  as- bui l t  dr awi ngs and schemat i cs.

b.   I ncl ude compl et e wi r i ng di agr ams showi ng connect i ons bet ween devi ces 
and equi pment ,  bot h f act or y and f i el d wi r ed.

c.   I ncl ude a r i ser  di agr am and dr awi ngs showi ng t he as- bui l t  l ocat i on of  
devi ces and equi pment .

d.   Pr ovi de Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons.

3. 9   I NSTRUCTI ON OF GOVERNMENT EMPLOYEES

3. 9. 1   I nst r uct or

Pr ovi de t he ser vi ces of  an i nst r uct or ,  who has r ecei ved speci f i c  t r ai ni ng 
f r om t he manuf act ur er  f or  t he t r ai ni ng of  ot her  per sons r egar di ng t he 
oper at i on,  i nspect i on,  t est i ng,  and mai nt enance of  t he syst em pr ovi ded.   
The i nst r uct or  must  t r ai n t he Gover nment  empl oyees desi gnat ed by t he 
Cont r act i ng Of f i cer ,  i n t he car e,  adj ust ment ,  mai nt enance,  and oper at i on 
of  t he f i r e al ar m syst em.   The i nst r uct or  must  be t hor oughl y f ami l i ar  wi t h 
al l  par t s of  t hi s i nst al l at i on.   The i nst r uct or  must  be t r ai ned i n 
oper at i ng t heor y as wel l  as i n pr act i cal  O&M wor k.   Submi t  t he i nst r uct or s 
i nf or mat i on and qual i f i cat i ons i ncl udi ng t he t r ai ni ng hi st or y.

3. 9. 2   Requi r ed I nst r uct i on Ti me

Pr ovi de 4 hour s of  i nst r uct i on af t er  f i nal  accept ance of  t he syst em.   The 
i nst r uct i on must  be gi ven dur i ng r egul ar  wor ki ng hour s on such dat es and 
t i mes sel ect ed by t he Cont r act i ng Of f i cer .   The i nst r uct i on may be di v i ded 
i nt o t wo or  mor e per i ods at  t he di scr et i on of  t he Cont r act i ng Of f i cer .   
The t r ai ni ng must  al l ow f or  r eschedul i ng f or  unf or eseen mai nt enance and/ or  
f i r e depar t ment  r esponses.

3. 9. 3   Techni cal  Tr ai ni ng Manual

Pr ovi de,  i n manual  f or mat ,  l esson pl ans,  oper at i ng i nst r uct i ons,  
mai nt enance pr ocedur es,  and t r ai ni ng dat a f or  t he t r ai ni ng cour ses.   The 
oper at i ons t r ai ni ng must  f ami l i ar i ze desi gnat ed gover nment  per sonnel  wi t h 
pr oper  oper at i on of  t he i nst al l ed syst em.   The mai nt enance t r ai ni ng cour se 
must  pr ovi de t he desi gnat ed gover nment  per sonnel  adequat e knowl edge 
r equi r ed t o di agnose,  r epai r ,  mai nt ai n,  and expand f unct i ons i nher ent  t o 
t he syst em.

  
3. 10   EXTRA MATERI ALS

3. 10. 1   Repai r  Ser vi ce/ Repl acement  Par t s

Repai r  ser vi ces and r epl acement  par t s f or  t he syst em must  be avai l abl e f or  
a per i od of  10 year s af t er  t he dat e of  f i nal  accept ance of  t hi s wor k by 
t he Cont r act i ng Of f i cer .   Dur i ng t he war r ant y per i od,  t he ser vi ce 
t echni c i an must  be on- si t e wi t hi n 24 hour s af t er  not i f i cat i on.   Al l  
r epai r s must  be compl et ed wi t hi n 24 hour s of  ar r i val  on- si t e.
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Dur i ng t he war r ant y per i od,  t he i nst al l i ng f i r e al ar m cont r act or  i s 
r esponsi bl e f or  conduct i ng al l  r equi r ed t est i ng and mai nt enance i n 
accor dance wi t h t he r equi r ement s and r ecommended pr act i ces of  NFPA 72 and 
t he syst em manuf act ur er .   I nst al l i ng f i r e al ar m cont r act or  i s NOT 
r esponsi bl e f or  any damage r esul t i ng f r om abuse,  mi suse,  or  negl ect  of  
equi pment  by t he end user .

3. 10. 2   Spar e Par t s

Spar e par t s f ur ni shed must  be di r ect l y i nt er changeabl e wi t h t he 
cor r espondi ng component s of  t he i nst al l ed syst ems.   Spar e par t s must  be 
sui t abl y packaged and i dent i f i ed by namepl at e,  t aggi ng,  or  st ampi ng.   
Spar e par t s must  be del i ver ed t o t he Cont r act i ng Of f i cer  at  t he t i me of  
t he Gover nment  t est i ng and must  be accompani ed by an i nvent or y l i s t .

3. 10. 3   Document  St or age Cabi net

Upon compl et i on of  t he pr oj ect ,  but  pr i or  t o pr oj ect  c l ose- out ,  pl ace i n 
t he document  st or age cabi net  copi es of  t he f ol l owi ng r ecor d document at i on:

a.   As- bui l t  shop dr awi ngs

b.   Pr oduct  dat a sheet s

c.   Desi gn cal cul at i ons

d.   Si t e- speci f i c  sof t war e dat a package

e.   Al l  document at i on r equi r ed by SD- 06.

        - -  End of  Sect i on - -
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SECTI ON 31 00 00

EARTHWORK
08/ 08,  CHG 2:  02/ 21

PART 1   GENERAL

1. 1   PAYMENT PROCEDURES

Payment  wi l l  const i t ut e f ul l  compensat i on f or  al l  l abor ,  equi pment ,  t ool s,  
suppl i es,  and i nci dent al s necessar y t o compl et e t he wor k.

1. 2   CRI TERI A FOR BI DDI NG

Base bi ds on t he f ol l owi ng cr i t er i a:

a.   Sur f ace el evat i ons ar e as i ndi cat ed.

b.   Gr ound wat er  el evat i ons i ndi cat ed by t he bor i ng l og wer e t hose 
exi st i ng at  t he t i me subsur f ace i nvest i gat i ons wer e made and do not  
necessar i l y  r epr esent  gr ound wat er  el evat i on at  t he t i me of  
const r uct i on.  Gr ound wat er  el evat i on i s3 -  5. 5 f eet  bel ow exi st i ng 
sur f ace el evat i on.

c.   Mat er i al  char act er  i s i ndi cat ed by t he bor i ng l ogs.

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO T 180 ( 2017)  St andar d Met hod of  Test  f or  
Moi st ur e- Densi t y Rel at i ons of  Soi l s Usi ng 
a 4. 54- kg ( 10- l b)  Rammer  and a 457- mm 
( 18- i n. )  Dr op

AMERI CAN WOOD PROTECTI ON ASSOCI ATI ON ( AWPA)

AWPA P5 ( 2015)  St andar d f or  Wat er bor ne 
Pr eser vat i ves

ASTM I NTERNATI ONAL ( ASTM)

ASTM A139/ A139M ( 2016)  St andar d Speci f i cat i on f or  
El ect r i c- Fusi on ( ARC) - Wel ded St eel  Pi pe 
( NPS 4 and over )

ASTM A252 ( 2010)  St andar d Speci f i cat i on f or  Wel ded 
and Seaml ess St eel  Pi pe Pi l es
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ASTM C33/ C33M ( 2018)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es

ASTM C136/ C136M ( 2019)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM D1140 ( 2017)  St andar d Test  Met hods f or  
Det er mi ni ng t he Amount  of  Mat er i al  Fi ner  
t han 75- µm ( No.  200)  Si eve i n Soi l s by 
Washi ng

ASTM D1556/ D1556M ( 2015;  E 2016)  St andar d Test  Met hod f or  
Densi t y and Uni t  Wei ght  of  Soi l  i n Pl ace 
by Sand- Cone Met hod

ASTM D1557 ( 2012;  E 2015)  St andar d Test  Met hods f or  
Labor at or y Compact i on Char act er i st i cs of  
Soi l  Usi ng Modi f i ed Ef f or t  ( 56, 000 
f t - l bf / f t 3)  ( 2700 kN- m/ m3)

ASTM D2487 ( 2017;  E 2020)  St andar d Pr act i ce f or  
Cl assi f i cat i on of  Soi l s f or  Engi neer i ng 
Pur poses ( Uni f i ed Soi l  Cl assi f i cat i on 
Syst em)

ASTM D4318 ( 2017;  E 2018)  St andar d Test  Met hods f or  
Li qui d Li mi t ,  Pl ast i c Li mi t ,  and 
Pl ast i c i t y I ndex of  Soi l s

ASTM D4718/ D4718M ( 2015)  St andar d Pr act i ce f or  Cor r ect i on of  
Uni t  Wei ght  and Wat er  Cont ent  f or  Soi l s 
Cont ai ni ng Over si ze Par t i c l es

ASTM D6938 ( 2017a)  St andar d Test  Met hod f or  I n- Pl ace 
Densi t y and Wat er  Cont ent  of  Soi l  and 
Soi l - Aggr egat e by Nucl ear  Met hods ( Shal l ow 
Dept h)

U. S.  ARMY CORPS OF ENGI NEERS ( USACE)

EM 385- 1- 1 ( 2014)  Saf et y - -  Saf et y and Heal t h 
Requi r ement s Manual

U. S.  ENVI RONMENTAL PROTECTI ON AGENCY ( EPA)

EPA 600/ 4- 79/ 020 ( 1983)  Met hods f or  Chemi cal  Anal ysi s of  
Wat er  and Wast es

EPA SW- 846. 3- 3 ( 1999,  Thi r d Edi t i on,  Updat e I I I - A)  Test  
Met hods f or  Eval uat i ng Sol i d Wast e:  
Physi cal / Chemi cal  Met hods

1. 4   DEFI NI TI ONS

1. 4. 1   Sat i sf act or y Mat er i al s

Sat i sf act or y mat er i al s compr i se any mat er i al s c l assi f i ed by ASTM D2487 as 
GW,  GP,  GM,  GP- GM,  GW- GM,  GC,  GP- GC,  GM- GC,  SW,  SP,  SM, SW- SM,  SC, SW- SC,  
SP- SM,  SP- SC, .   Sat i sf act or y mat er i al s f or  gr adi ng compr i se st ones l ess 
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t han 8 i nches,  except  f or  f i l l  mat er i al  f or  pavement s and r ai l r oads whi ch 
compr i se st ones l ess t han 3 i nches i n any di mensi on.

1. 4. 2   Unsat i sf act or y Mat er i al s

Mat er i al s whi ch do not  compl y wi t h t he r equi r ement s f or  sat i sf act or y 
mat er i al s ar e unsat i sf act or y.   Unsat i sf act or y mat er i al s al so i ncl ude 
man- made f i l l s ;  t r ash;  r ef use;  backf i l l s  f r om pr evi ous const r uct i on;  and 
mat er i al  c l assi f i ed as sat i sf act or y whi ch cont ai ns r oot  and ot her  or gani c 
mat t er  or  f r ozen mat er i al .   Not i f y t he Cont r act i ng Of f i cer  when 
encount er i ng any cont ami nat ed mat er i al s.

1. 4. 3   Cohesi onl ess and Cohesi ve Mat er i al s

Cohesi onl ess mat er i al s i ncl ude mat er i al s c l assi f i ed i n ASTM D2487 as GW,  
GP,  SW,  and SP.   Cohesi ve mat er i al s i ncl ude mat er i al s c l assi f i ed as GC,  
SC,  ML,  CL,  MH,  and CH.   Mat er i al s c l assi f i ed as GM and SM wi l l  be 
i dent i f i ed as cohesi onl ess onl y when t he f i nes ar e nonpl ast i c.   Per f or m 
t est i ng,  r equi r ed f or  c l assi f y i ng mat er i al s,  i n accor dance wi t h ASTM D4318,  
ASTM C136/ C136M and ASTM D1140.

1. 4. 4   Degr ee of  Compact i on

Degr ee of  compact i on r equi r ed,  except  as not ed i n t he second sent ence,  i s 
expr essed as a per cent age of  t he maxi mum densi t y obt ai ned by t he t est  
pr ocedur e pr esent ed i n ASTM D1557abbr evi at ed as a per cent  of  l abor at or y 
maxi mum densi t y.   Si nce ASTM D1557 appl i es onl y t o soi l s t hat  have 30 
per cent  or  l ess by wei ght  of  t hei r  par t i c l es r et ai ned on t he 3/ 4 i nch 
si eve,  expr ess t he degr ee of  compact i on f or  mat er i al  havi ng mor e t han 30 
per cent  by wei ght  of  t hei r  par t i c l es r et ai ned on t he 3/ 4 i nch si eve as a 
per cent age of  t he maxi mum densi t y i n accor dance wi t h AASHTO T 180 and 
cor r ect ed wi t h ASTM D4718/ D4718M.   To mai nt ai n t he same per cent age of  
coar se mat er i al ,  use t he " r emove and r epl ace"   pr ocedur e as descr i bed i n 
NOTE 8 of  Par agr aph 7. 2 i n AASHTO T 180.

1. 4. 5   Topsoi l

Mat er i al  sui t abl e f or  t opsoi l s obt ai ned f r om of f s i t e ar easor  excavat i ons  
i s  def i ned as:   Nat ur al ,  f r i abl e soi l  r epr esent at i ve of  pr oduct i ve,  
wel l - dr ai ned soi l s i n t he ar ea,  f r ee of  subsoi l ,  st umps,  r ocks l ar ger  t han 
one i nch di amet er ,  br ush,  weeds,  t oxi c subst ances,  and ot her  mat er i al  
det r i ment al  t o pl ant  gr owt h.   Amend t opsoi l  pH r ange t o obt ai n a pH of  5. 5 
t o 7.

1. 4. 6   Unst abl e Mat er i al

Unst abl e mat er i al s ar e t oo wet  t o pr oper l y suppor t  t he ut i l i t y  pi pe,  
condui t ,  or  appur t enant  st r uct ur e.

1. 4. 7   Sel ect  Gr anul ar  Mat er i al

1. 4. 7. 1   Gener al  Requi r ement s

Sel ect  gr anul ar  mat er i al  consi st  of  mat er i al s c l assi f i ed as GW, GP,  SW,  SP,  
 by ASTM D2487 wher e i ndi cat ed.   

1. 4. 8   I ni t i al  Backf i l l  Mat er i al

I ni t i al  backf i l l  consi st s of  sel ect  gr anul ar  mat er i al  or  sat i sf act or y 

SECTI ON 31 00 00  Page 3



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

mat er i al s f r ee f r om r ocks___1__ i nches or  l ar ger  i n any di mensi on or  f r ee 
f r om r ocks of  such si ze as r ecommended by t he pi pe manuf act ur er ,  whi chever  
i s smal l er .   When t he pi pe i s coat ed or  wr apped f or  cor r osi on pr ot ect i on,  
f r ee t he i ni t i al  backf i l l  mat er i al  of  st ones l ar ger  t han _1/ 4____ i nches 
i n any di mensi on or  as r ecommended by t he pi pe manuf act ur er ,  whi chever  i s 
smal l er .

1. 4. 9   Pi l e Suppor t ed St r uct ur e

As used her ei n,  a st r uct ur e wher e bot h t he f oundat i on and f l oor  s l ab ar e 
pi l e suppor t ed.

1. 5   SYSTEM DESCRI PTI ON

Subsur f ace soi l  bor i ng l ogs ar e appended t o t he speci f i cat i on.   The 
subsoi l  i nvest i gat i on r epor t  and sampl es of  mat er i al s t aken f r om 
subsur f ace i nvest i gat i ons may be exami ned upon appr oval  of  submi t t ed 
r equest .   These dat a r epr esent  t he best  subsur f ace i nf or mat i on avai l abl e;  
however ,  var i at i ons may exi st  i n t he subsur f ace bet ween bor i ng l ocat i ons.

1. 5. 1   Cl assi f i cat i on of  Excavat i on

No consi der at i on wi l l  be gi ven t o t he nat ur e of  t he mat er i al s,  and al l  
excavat i on wi l l  be desi gnat ed as uncl assi f i ed excavat i on.

1. 5. 1. 1   Common Excavat i on

I ncl ude common excavat i on wi t h t he sat i sf act or y r emoval  and di sposal  of  
al l  mat er i al s not  c l assi f i ed as r ock excavat i on.

1. 5. 2   Dewat er i ng Wor k Pl an

Submi t  pr ocedur es f or  accompl i shi ng dewat er i ng wor k.

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Shor i ng;  G

Dewat er i ng Wor k Pl an;  G

SD- 03 Pr oduct  Dat a

Ut i l i zat i on of  Excavat ed Mat er i al s;  G
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SD- 06 Test  Repor t s

Test i ng

Bor r ow Si t e Test i ng

  Wi t hi n 24 hour s of  concl usi on of  physi cal  t est s,  submi t   copi es 
of  t est  r esul t s,  i ncl udi ng cal i br at i on cur ves and r esul t s of  
cal i br at i on t est s.

SD- 07 Cer t i f i cat es

Test i ng

PART 2   PRODUCTS

2. 1   REQUI REMENTS FOR OFFSI TE SOI LS

Test  of f s i t e soi l s br ought  i n f or  use as backf i l l  f or  Tot al  Pet r ol eum 
Hydr ocar bons ( TPH) ,  Benzene,  Tol uene,  Et hyl  Benzene,  and Xyl ene ( BTEX)  and 
f ul l  Toxi c i t y Char act er i st i c Leachi ng Pr ocedur e ( TCLP)  i ncl udi ng 
i gni t abi l i t y ,  cor r osi v i t y and r eact i v i t y.   Backf i l l  shal l  cont ai n a 
maxi mum of 100 par t s per  mi l l i on ( ppm)  of  t ot al  pet r ol eum hydr ocar bons 
( TPH)  and a maxi mum of 10  ppm of  t he sum of  Benzene,  Tol uene,  Et hyl  
Benzene,  and Xyl ene ( BTEX)  and shal l  pass t he TCPL t est .   Det er mi ne TPH 
concent r at i ons by usi ng EPA 600/ 4- 79/ 020 Met hod 418. 1.   Det er mi ne BTEX 
concent r at i ons by usi ng EPA SW- 846. 3- 3 Met hod 5030/ 8020.   Per f or m TCLP i n 
accor dance wi t h EPA SW- 846. 3- 3 Met hod 1311.   Pr ovi de Bor r ow Si t e Test i ng 
f or  TPH,  BTEX and TCLP f r om a composi t e sampl e of  mat er i al  f r om t he bor r ow 
si t e,  wi t h at  l east  one t est  f r om each bor r ow si t e.   Do not  br i ng mat er i al  
onsi t e unt i l  t est s have been appr oved by t he Cont r act i ng Of f i cer .

2. 2   BURI ED WARNI NG AND I DENTI FI CATI ON TAPE

Pr ovi de pol yet hyl ene pl ast i candmet al l i c  cor e or  met al l i c- f aced,  aci d-  and 
al kal i - r esi st ant ,  pol yet hyl ene pl ast i c war ni ng t ape manuf act ur ed 
speci f i cal l y f or  war ni ng and i dent i f i cat i on of  bur i ed ut i l i t y  l i nes.   
Pr ovi de t ape on r ol l s,   3 i nches mi ni mum wi dt h,  col or  coded as speci f i ed 
bel ow f or  t he i nt ended ut i l i t y  wi t h war ni ng and i dent i f i cat i on i mpr i nt ed 
i n bol d bl ack l et t er s cont i nuousl y over  t he ent i r e t ape l engt h.   War ni ng 
and i dent i f i cat i on t o r ead,  " CAUTI ON,  BURI ED ( i nt ended ser vi ce)  LI NE 
BELOW"  or  s i mi l ar  wor di ng.   Pr ovi de per manent  col or  and pr i nt i ng,  
unaf f ect ed by moi st ur e or  soi l .

War ni ng Tape Col or  Codes

Red El ect r i c

Yel l ow Gas,  Oi l ;  Danger ous Mat er i al s

Or ange Tel ephone and Ot her  Communi cat i ons

Bl ue Wat er  Syst ems
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War ni ng Tape Col or  Codes

Gr een Sewer  Syst ems

Whi t e St eam Syst ems

Gr ay Compr essed Ai r

2. 2. 1   War ni ng Tape f or  Met al l i c  Pi pi ng

Pr ovi de aci d and al kal i - r esi st ant  pol yet hyl ene pl ast i c t ape conf or mi ng t o 
t he wi dt h,  col or ,  and pr i nt i ng r equi r ement s speci f i ed above,  wi t h a 
mi ni mum t hi ckness of  0. 003 i nch and a mi ni mum st r engt h of  1500 psi  
l engt hwi se,  and 1250 psi  cr osswi se,  wi t h a maxi mum 350 per cent  el ongat i on.

2. 2. 2   Det ect abl e War ni ng Tape f or  Non- Met al l i c  Pi pi ng

Pr ovi de pol yet hyl ene pl ast i c t ape conf or mi ng t o t he wi dt h,  col or ,  and 
pr i nt i ng r equi r ement s speci f i ed above,  wi t h a mi ni mum t hi ckness of  0. 004 
i nch,  and a mi ni mum st r engt h of  1500 psi  l engt hwi se and 1250 psi  
cr osswi se.   Manuf act ur e t ape wi t h i nt egr al  wi r es,  f oi l  backi ng,  or  ot her  
means of  enabl i ng det ect i on by a met al  det ect or  when t ape i s bur i ed up t o 
3 f eet  deep.   Encase met al l i c  el ement  of  t he t ape i n a pr ot ect i ve j acket  
or  pr ovi de wi t h ot her  means of  cor r osi on pr ot ect i on.

2. 3   DETECTI ON WI RE FOR NON- METALLI C PI PI NG

I nsul at e a s i ngl e st r and,  sol i d copper  det ect i on wi r e wi t h a mi ni mum of  12 
AWG.

2. 4   CAPI LLARY WATER BARRI ER

Pr ovi de a vapor  bar r i er  and 6 i nch capi l l ar y wat er  bar r i er  of  c l ean,  
poor l y gr aded cr ushed r ock,  cr ushed gr avel ,  or  uncr ushed gr avel  pl aced 
beneat h a bui l di ng s l ab wi t h or  wi t hout  a vapor  bar r i er  t o cut  of f  t he 
capi l l ar y f l ow of  por e wat er  t o t he ar ea i mmedi at el y bel ow.   Conf or m t o 
ASTM C33/ C33M f or  f i ne aggr egat e gr adi ng wi t h a maxi mum of  3 per cent  by 
wei ght  passi ng ASTM D1140,   No.  200 si eve, or  1- 1/ 2 i nch and no mor e t han 2 
per cent  by wei ght  passi ng t he No.  4 s i ze s i eve or  coar se aggr egat e Si ze 
57,  67,  or  77.

2. 5   PI PE CASI NG

2. 5. 1   Casi ng Pi pe

ASTM A139/ A139M,  Gr ade B,  or  ASTM A252,  Gr ade 2,  smoot h wal l  pi pe.   Mat ch 
casi ng si ze t o t he out si de di amet er  and wal l  t hi ckness as i ndi cat ed.  
Pr ot ect i ve coat i ng i s not  r equi r ed on casi ng pi pe.

2. 5. 2   Wood Suppor t s

Tr eat ed Yel l ow Pi ne or  Dougl as Fi r ,  r ough,  st r uct ur al  gr ade.   Pr ovi de wood 
wi t h nonl eachi ng wat er - bor ne pr essur e pr eser vat i ve ( ACA or  CCA)  and 
t r eat ment  conf or mi ng t o AWPA P5.   Secur e wood suppor t s t o car r i er  pi pe 
wi t h st ai nl ess st eel  or  z i nc- coat ed st eel  bands.
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PART 3   EXECUTI ON

3. 1   STRI PPI NG OF TOPSOI L

Wher e i ndi cat ed or  di r ect ed,  st r i p t opsoi l  t o a dept h of   _6___i nches.   
Spr ead t opsoi l  on ar eas al r eady gr aded and pr epar ed f or  t opsoi l ,  or  
t r anspor t ed and deposi t ed i n st ockpi l es conveni ent  t o ar eas t hat  ar e t o 
r ecei ve appl i cat i on of  t he t opsoi l  l at er ,  or  at  l ocat i ons i ndi cat ed or  
speci f i ed.   Keep t opsoi l  separ at e f r om ot her  excavat ed mat er i al s,  br ush,  
l i t t er ,  obj ect i onabl e weeds,  r oot s,  st ones l ar ger  t han 2 i nches i n 
di amet er ,  and ot her  mat er i al s t hat  woul d i nt er f er e wi t h pl ant i ng and 
mai nt enance oper at i ons.   Remove f r om t he si t eany sur pl us of  t opsoi l  f r om 
excavat i ons and gr adi ngs.

3. 2   GENERAL EXCAVATI ON

Per f or m excavat i on of  ever y t ype of  mat er i al  encount er ed wi t hi n t he l i mi t s 
of  t he pr oj ect  t o t he l i nes,  gr ades,  and el evat i ons i ndi cat ed and as 
speci f i ed.   Per f or m t he gr adi ng i n accor dance wi t h t he t ypi cal  sect i ons 
shown and t he t ol er ances speci f i ed i n par agr aph FI NI SHI NG.   Tr anspor t  
sat i sf act or y excavat ed mat er i al s and pl ace i n f i l l  or  embankment  wi t hi n 
t he l i mi t s of  t he wor k.   Excavat e unsat i sf act or y mat er i al s encount er ed 
wi t hi n t he l i mi t s of  t he wor k bel ow gr ade and r epl ace wi t h sat i sf act or y 
mat er i al s as di r ect ed.   I ncl ude such excavat ed mat er i al  and t he 
sat i sf act or y mat er i al  or der ed as r epl acement  i n excavat i on.   Di spose 
sur pl us sat i sf act or y excavat ed mat er i al  not  r equi r ed f or  f i l l  and 
unsat i sf act or y excavat ed mat er i al  as speci f i ed i n par agr aph DI SPOSI TI ON OF 
SURPLUS MATERI AL.   Dur i ng const r uct i on,  per f or m excavat i on and f i l l  i n a 
manner  and sequence t hat  wi l l  pr ovi de pr oper  dr ai nage at  al l  t i mes.   
Excavat e mat er i al  r equi r ed f or  f i l l  or  embankment  i n excess of  t hat  
pr oduced by excavat i on wi t hi n t he gr adi ng l i mi t s f r om ot her  appr oved ar eas 
sel ect ed by t he Cont r act or  as speci f i ed.

3. 2. 1   Di t ches,  Gut t er s,  and Channel  Changes

Fi ni sh excavat i on of  di t ches,  gut t er s,  and channel  changes by cut t i ng 
accur at el y t o t he cr oss sect i ons,  gr ades,  and el evat i ons .   Do not  
excavat e di t ches and gut t er s bel ow gr ades shown.   Backf i l l  t he excessi ve 
open di t ch or  gut t er  excavat i on wi t h sat i sf act or y,  t hor oughl y compact ed,  
mat er i al  or  wi t h sui t abl e st one or  cobbl e t o gr ades shown.   Di spose 
excavat ed mat er i al  as shown or  as di r ect ed,  except  i n no case al l ow 
mat er i al  be deposi t ed a maxi mum 4 f eet  f r om edge of  a di t ch.   Mai nt ai n 
excavat i ons f r ee f r om det r i ment al  quant i t i es of  l eaves,  br ush,  st i cks,  
t r ash,  and ot her  debr i s unt i l  f i nal  accept ance of  t he wor k.

3. 2. 2   Dr ai nage St r uct ur es

Make excavat i ons t o t he l i nes,  gr ades,  and el evat i ons shown,  or  as 
di r ect ed.   Pr ovi de t r enches and f oundat i on pi t s of  suf f i c i ent  s i ze t o 
per mi t  t he pl acement  and r emoval  of  f or ms f or  t he f ul l  l engt h and wi dt h of  
st r uct ur e f oot i ngs and f oundat i ons as shown.   Cl ean r ock or  ot her  har d 
f oundat i on mat er i al  of  l oose debr i s and cut  t o a f i r m,  l evel ,  st epped,  or  
ser r at ed sur f ace.   Remove l oose di s i nt egr at ed r ock and t hi n st r at a.   Do 
not  di st ur b t he bot t om of  t he excavat i on when concr et e or  masonr y i s t o be 
pl aced i n an excavat ed ar ea.   Do not  excavat e t o t he f i nal  gr ade l evel  
unt i l  j ust  bef or e t he concr et e or  masonr y i s t o be pl aced.   Wher e pi l e 
f oundat i ons ar e t o be used,  st op t he excavat i on of  each pi t  at  an el evat i on
 1 f oot  above t he base of  t he f oot i ng,  as speci f i ed,  bef or e pi l es ar e 
dr i ven.   Af t er  t he pi l e dr i v i ng has been compl et ed,  r emove l oose and 
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di spl aced mat er i al  and compl et e excavat i on,  l eavi ng a smoot h,  sol i d,  
undi st ur bed sur f ace t o r ecei ve t he concr et e or  masonr y.

3. 2. 3   Dr ai nage

Pr ovi de f or  t he col l ect i on and di sposal  of  sur f ace and subsur f ace wat er  
encount er ed dur i ng const r uct i on.   Compl et el y dr ai n const r uct i on s i t e 
dur i ng per i ods of  const r uct i on t o keep soi l  mat er i al s suf f i c i ent l y dr y.   
Const r uct  st or m dr ai nage f eat ur es ( ponds/ basi ns)  at  t he ear l i est  st ages of  
s i t e devel opment ,  and t hr oughout  const r uct i on gr ade t he const r uct i on ar ea 
t o pr ovi de posi t i ve sur f ace wat er  r unof f  away f r om t he const r uct i on 
act i v i t y or  pr ovi de t empor ar y di t ches,  swal es,  and ot her  dr ai nage f eat ur es 
and equi pment  as r equi r ed t o mai nt ai n dr y soi l s.   When unsui t abl e wor ki ng 
pl at f or ms f or  equi pment  oper at i on and unsui t abl e soi l  suppor t  f or  
subsequent  const r uct i on f eat ur es devel op,  r emove unsui t abl e mat er i al  and 
pr ovi de new soi l  mat er i al  as speci f i ed her ei n.   I t  i s  t he r esponsi bi l i t y  
of  t he Cont r act or  t o assess t he soi l  and gr ound wat er  condi t i ons pr esent ed 
by t he pl ans and speci f i cat i ons and t o empl oy necessar y measur es t o per mi t  
const r uct i on t o pr oceed.

3. 2. 4   Dewat er i ng

Cont r ol  gr oundwat er  f l owi ng t owar d or  i nt o excavat i ons t o pr event  
s l oughi ng of  excavat i on s l opes and wal l s,  boi l s,  upl i f t  and heave i n t he 
excavat i on and t o el i mi nat e i nt er f er ence wi t h or der l y pr ogr ess of  
const r uct i on.   Do not  per mi t  Fr ench dr ai ns,  sumps,  di t ches or  t r enches 
wi t hi n 3 f eet  of  t he f oundat i on of  any st r uct ur e,  except  wi t h speci f i c  
wr i t t en appr oval ,  and af t er  speci f i c  cont r act ual  pr ovi s i ons f or  
r est or at i on of  t he f oundat i on ar ea have been made.   Take cont r ol  measur es 
by t he t i me t he excavat i on r eaches t he wat er  l evel  i n or der  t o mai nt ai n 
t he i nt egr i t y of  t he i n s i t u mat er i al .   Whi l e t he excavat i on i s open,  
mai nt ai n t he wat er  l evel  cont i nuousl y,  at  l east  ____2_ f eet  bel ow t he 
wor ki ng l evel .   Oper at e dewat er i ng syst em cont i nuousl y unt i l  const r uct i on 
wor k bel ow exi st i ng wat er  l evel s i s compl et e.   Submi t  per f or mance r ecor ds 
weekl y.

3. 2. 5   Tr ench Excavat i on Requi r ement s

Excavat e t he t r ench as r ecommended by t he manuf act ur er  of  t he pi pe t o be 
i nst al l ed.   Sl ope t r ench wal l s bel ow t he t op of  t he pi pe,  or  make 
ver t i cal ,  and of  such wi dt h as r ecommended i n t he manuf act ur er ' s pr i nt ed 
i nst al l at i on manual .   Pr ovi de ver t i cal  t r ench wal l s wher e no 
manuf act ur er ' s pr i nt ed i nst al l at i on manual  i s avai l abl e.   Shor e t r ench 
wal l s,  cut  back t o a st abl e s l ope,  or  pr ovi de wi t h equi val ent  means of  
pr ot ect i on f or  empl oyees who may be exposed t o movi ng gr ound or  cave i n,  
as det er mi ned by t he Cont r act or ’ s Saf et y Engi neer  or  ot her  compet ent  
per son;  r ef er  t o USACE publ i cat i on EM 385- 1- 1.   Excavat e t r ench wal l s 
whi ch ar e cut  back t o at  l east  t he angl e of  r epose of  t he soi l .   Gi ve 
speci al  at t ent i on t o s l opes whi ch may be adver sel y af f ect ed by weat her  or  
moi st ur e cont ent .   Do not  exceed t he t r ench wi dt h bel ow t he pi pe t op of  24 
i nches pl us pi pe out si de di amet er  ( O. D. )  f or  pi pes of  l ess t han 24 i nches 
i nsi de di amet er ,  and do not  exceed 36 i nches pl us pi pe out si de di amet er  
f or  s i zes l ar ger  t han 24 i nches i nsi de di amet er .   Wher e r ecommended t r ench 
wi dt hs ar e exceeded,  pr ovi de r edesi gn,  st r onger  pi pe,  or  speci al  
i nst al l at i on pr ocedur es by t he Cont r act or .   The Cont r act or  i s r esponsi bl e 
f or  t he cost  of  r edesi gn,  st r onger  pi pe,  or  speci al  i nst al l at i on 
pr ocedur es wi t hout  any addi t i onal  cost  t o t he Gover nment .
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3. 2. 5. 1   Bot t om Pr epar at i on

Gr ade t he bot t oms of  t r enches accur at el y t o pr ovi de uni f or m bear i ng and 
suppor t  f or  t he bot t om quadr ant  of  each sect i on of  t he pi pe.   Excavat e 
bel l  hol es t o t he necessar y s i ze at  each j oi nt  or  coupl i ng t o el i mi nat e 
poi nt  bear i ng.   Remove st ones of  ____3_ i nch or  gr eat er  i n any di mensi on,  
or  as r ecommended by t he pi pe manuf act ur er ,  whi chever  i s smal l er ,  t o avoi d 
poi nt  bear i ng.

3. 2. 5. 2   Removal  of  Unyi el di ng Mat er i al

Wher e unyi el di ng mat er i al  i s  encount er ed i n t he bot t om of  t he t r ench,  
r emove such mat er i al  __4___ i nch bel ow t he r equi r ed gr ade and r epl aced 
wi t h sui t abl e mat er i al s as pr ovi ded i n par agr aph BACKFI LLI NG AND 
COMPACTI ON.

3. 2. 5. 3   Removal  of  Unst abl e Mat er i al

Wher e unst abl e mat er i al  i s  encount er ed i n t he bot t om of  t he t r ench,  r emove 
such mat er i al  t o t he dept h di r ect ed and r epl ace i t  t o t he pr oper  gr ade 
wi t h sel ect  gr anul ar  mat er i al  as pr ovi ded i n par agr aph BACKFI LLI NG AND 
COMPACTI ON.   When r emoval  of  unst abl e mat er i al  i s  r equi r ed due t o t he 
Cont r act or ' s f aul t  or  negl ect  i n per f or mi ng t he wor k,  t he Cont r act or  i s 
r esponsi bl e f or  excavat i ng t he r esul t i ng mat er i al  and r epl aci ng i t  wi t hout  
addi t i onal  cost  t o t he Gover nment .

3. 2. 5. 4   Excavat i on f or  Appur t enances

Pr ovi de excavat i on f or  manhol es,  cat ch- basi ns,  i nl et s,  or  s i mi l ar  
st r uct ur es of  suf f i c i ent  s i ze t o per mi t  t he pl acement  and r emoval  of  f or ms 
f or  t he f ul l  l engt h and wi dt h of  st r uct ur e f oot i ngs and f oundat i ons as 
shown.   Cl ean r ock or  l oose debr i s and cut  t o a f i r m sur f ace ei t her  l evel ,  
st epped,  or  ser r at ed,  as shown or  as di r ect ed.   Remove l oose di s i nt egr at ed 
r ock and t hi n st r at a.   Speci f y r emoval  of  unst abl e mat er i al .   When 
concr et e or  masonr y i s t o be pl aced i n an excavat ed ar ea,  t ake speci al  
car e not  t o di st ur b t he bot t om of  t he excavat i on.   Do not  excavat e t o t he 
f i nal  gr ade l evel  unt i l  j ust  bef or e t he concr et e or  masonr y i s t o be 
pl aced.

3. 2. 6   Under gr ound Ut i l i t i es

The Cont r act or  i s r esponsi bl e f or  movement  of  const r uct i on machi ner y and 
equi pment  over  pi pes and ut i l i t i es dur i ng const r uct i on.   Per f or m wor k 
adj acent  t o non- Gover nment  ut i l i t i es as i ndi cat ed i n accor dance wi t h 
pr ocedur es out l i ned by ut i l i t y  company. Excavat i on made wi t h power - dr i ven 
equi pment  i s not  per mi t t ed wi t hi n 2 f eet  of  known Gover nment - owned ut i l i t y  
or  subsur f ace const r uct i on.   For  wor k i mmedi at el y adj acent  t o or  f or  
excavat i ons exposi ng a ut i l i t y  or  ot her  bur i ed obst r uct i on,  excavat e by 
hand.   St ar t  hand excavat i on on each si de of  t he i ndi cat ed obst r uct i on and 
cont i nue unt i l  t he obst r uct i on i s uncover ed or  unt i l  c l ear ance f or  t he new 
gr ade i s assur ed.   Suppor t  uncover ed l i nes or  ot her  exi st i ng wor k af f ect ed 
by t he cont r act  excavat i on unt i l  appr oval  f or  backf i l l  i s  gr ant ed by t he 
Cont r act i ng Of f i cer .   Repor t  damage t o ut i l i t y  l i nes or  subsur f ace 
const r uct i on i mmedi at el y t o t he Cont r act i ng Of f i cer .

3. 3   OPENI NG AND DRAI NAGE OF EXCAVATI ON AND BORROW PI TS

  Except  as ot her wi se per mi t t ed,  excavat e bor r ow pi t s and ot her  excavat i on 
ar eas pr ovi di ng adequat e dr ai nage.   Tr anspor t  over bur den and ot her  spoi l  
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mat er i al  t o desi gnat ed spoi l  ar eas or  ot her wi se di spose of  as di r ect ed.   
Pr ovi de neat l y t r i mmed and dr ai ned bor r ow pi t s af t er  t he excavat i on i s 
compl et ed.   Ensur e t hat  excavat i on of  any ar ea,  oper at i on of  bor r ow pi t s,  
or  dumpi ng of  spoi l  mat er i al  r esul t s i n mi ni mum det r i ment al  ef f ect s on 
nat ur al  envi r onment al  condi t i ons.

3. 4   SHORI NG

3. 4. 1   Gener al  Requi r ement s

Submi t  a Shor i ng and Sheet i ng pl an f or  appr oval  15 days pr i or  t o st ar t i ng 
wor k.   Submi t  dr awi ngs and cal cul at i ons,  cer t i f i ed by a r egi st er ed 
pr of essi onal  engi neer ,  descr i bi ng t he met hods f or  shor i ng and sheet i ng of  
excavat i ons.   Fi ni sh shor i ng,  i ncl udi ng sheet  pi l i ng,  and i nst al l  as 
necessar y t o pr ot ect  wor kmen,  banks,  adj acent  pavi ng,  st r uct ur es,  and 
ut i l i t i es.   Remove shor i ng,  br aci ng,  and sheet i ng as excavat i ons ar e 
backf i l l ed,  i n a manner  t o pr event  cavi ng.

3. 4. 2   Geot echni cal  Engi neer

Hi r e a Pr of essi onal  Geot echni cal  Engi neer  t o pr ovi de i nspect i on of  
excavat i ons and soi l / gr oundwat er  condi t i ons t hr oughout  const r uct i on.   The 
Geot echni cal  Engi neer  i s r esponsi bl e f or  per f or mi ng pr e- const r uct i on and 
per i odi c s i t e v i s i t s t hr oughout  const r uct i on t o assess si t e condi t i ons.   
The Geot echni cal  Engi neer  i s r esponsi bl e f or  updat i ng t he excavat i on,  
sheet i ng and dewat er i ng pl ans as const r uct i on pr ogr esses t o r ef l ect  
changi ng condi t i ons and submi t  an updat ed pl an i f  necessar y.   Submi t  a 
mont hl y wr i t t en r epor t ,  i nf or mi ng t he Cont r act or  and Cont r act i ng Of f i cer  
of  t he st at us of  t he pl an and an account i ng of  t he Cont r act or ' s adher ence 
t o t he pl an addr essi ng any pr esent  or  pot ent i al  pr obl ems.   The Cont r act i ng 
Of f i cer  i s r esponsi bl e f or  ar r angi ng meet i ngs wi t h t he Geot echni cal  
Engi neer  at  any t i me t hr oughout  t he cont r act  dur at i on.

3. 5   GRADI NG AREAS

Wher e i ndi cat ed,  di v i de wor k i nt o gr adi ng ar eas wi t hi n whi ch sat i sf act or y 
excavat ed mat er i al  wi l l  be pl aced i n embankment s,  f i l l s ,  and r equi r ed 
backf i l l s .   Do not  haul  sat i sf act or y mat er i al  excavat ed i n one gr adi ng 
ar ea t o anot her  gr adi ng ar ea except  when so di r ect ed i n wr i t i ng.   Pl ace 
and gr ade st ockpi l es of  sat i sf act or yand unsat i sf act or y as speci f i ed.   Keep 
st ockpi l es i n a neat  and wel l  dr ai ned condi t i on,  gi v i ng due consi der at i on 
t o dr ai nage at  al l  t i mes.   Cl ear ,  gr ub,  and seal  by r ubber - t i r ed 
equi pment ,  t he gr ound sur f ace at  st ockpi l e l ocat i ons;  separ at el y st ockpi l e 
excavat ed sat i sf act or y and unsat i sf act or y mat er i al s.   Pr ot ect  st ockpi l es 
of  sat i sf act or y mat er i al s f r om cont ami nat i on whi ch may dest r oy t he qual i t y 
and f i t ness of  t he st ockpi l ed mat er i al .   I f  t he Cont r act or  f ai l s  t o 
pr ot ect  t he st ockpi l es,  and any mat er i al  becomes unsat i sf act or y,  r emove 
and r epl ace such mat er i al  wi t h sat i sf act or y mat er i al  f r om appr oved sour ces.

3. 6   FI NAL GRADE OF SURFACES TO SUPPORT CONCRETE

Do not  excavat e t o f i nal  gr ade unt i l  j ust  bef or e concr et e i s t o be 
pl aced.   For  pi l e f oundat i ons,  st op t he excavat i on at  an el evat i on of  f r om 
6 t o 12 i nches above t he bot t om of  t he f oot i ng bef or e dr i v i ng pi l es.   
Af t er  pi l e dr i v i ng has been compl et ed,  compl et e t he r emai nder  of  t he 
excavat i on t o t he el evat i ons shown.  Onl y use excavat i on met hods t hat  wi l l  
l eave t he f oundat i on r ock i n a sol i d and unshat t er ed condi t i on.   Roughen 
t he l evel  sur f aces,  and cut  t he s l oped sur f aces,  as i ndi cat ed,  i nt o r ough 
st eps or  benches t o pr ovi de a sat i sf act or y bond.   Pr ot ect  shal es f r om 
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sl aki ng and al l  sur f aces f r om er osi on r esul t i ng f r om pondi ng or  wat er  f l ow.

3. 7   GROUND SURFACE PREPARATI ON

3. 7. 1   Gener al  Requi r ement s

Remove and r epl ace unsat i sf act or y mat er i al  wi t h sat i sf act or y mat er i al s,  as 
di r ect ed by t he Cont r act i ng Of f i cer ,  i n sur f aces t o r ecei ve f i l l  or  i n 
excavat ed ar eas.   Scar i f y t he sur f ace t o a dept h of  6 i nches bef or e t he 
f i l l  i s  st ar t ed.   Pl ow,  st ep,  bench,  or  br eak up sl oped sur f aces st eeper  
t han 1 ver t i cal  t o 4 hor i zont al  so t hat  t he f i l l  mat er i al  wi l l  bond wi t h 
t he exi st i ng mat er i al .   When subgr ades ar e l ess t han t he speci f i ed 
densi t y,  br eak up t he gr ound sur f ace t o a mi ni mum dept h of  6 i nches,  
pul ver i z i ng,  and compact i ng t o t he speci f i ed densi t y.   When t he subgr ade 
i s par t  f i l l  and par t  excavat i on or  nat ur al  gr ound,  scar i f y t he excavat ed 
or  nat ur al  gr ound por t i on t o a dept h of  12 i nches and compact  i t  as 
speci f i ed f or  t he adj acent  f i l l .

3. 7. 2   Fr ozen Mat er i al

Do not  pl ace mat er i al  on sur f aces t hat  ar e muddy,  f r ozen,  or  cont ai n 
f r ost .   Fi ni sh compact i on by sheepsf oot  r ol l er s,  pneumat i c- t i r ed r ol l er s,  
st eel - wheel ed r ol l er s,  or  ot her  appr oved equi pment  wel l  sui t ed t o t he soi l  
bei ng compact ed.   Moi st en mat er i al  as necessar y t o pr ovi de t he moi st ur e 
cont ent  t hat  wi l l  r eadi l y f aci l i t at e obt ai ni ng t he speci f i ed compact i on 
wi t h t he equi pment  used.

3. 8   UTI LI ZATI ON OF EXCAVATED MATERI ALS

Use sat i sf act or y mat er i al  r emoved f r om excavat i ons,  i nsof ar  as 
pr act i cabl e,  i n t he const r uct i on of  f i l l s ,  embankment s,  subgr ades,  
shoul der s,  beddi ng ( as backf i l l ) ,  and f or  s i mi l ar  pur poses.   Submi t  
pr ocedur e and l ocat i on f or  di sposal  of  unused sat i sf act or y mat er i al .  
Di spose sur pl us sat i sf act or y excavat ed mat er i al  not  r equi r ed f or  f i l l  and 
unsat i sf act or y excavat ed mat er i al  as speci f i ed i n par agr aph DI SPOSI TI ON OF 
SURPLUS MATERI AL.   St ockpi l e and use coar se r ock f r om excavat i ons f or  
const r uct i ng s l opes or  embankment s adj acent  t o st r eams,  or  s i des and 
bot t oms of  channel s and f or  pr ot ect i ng agai nst  er osi on.   Do not  di spose 
excavat ed mat er i al  t o obst r uct  t he f l ow of  any st r eam,  endanger  a par t l y 
f i ni shed st r uct ur e,  i mpai r  t he ef f i c i ency or  appear ance of  any st r uct ur e,  
or  be det r i ment al  t o t he compl et ed wor k i n any way.

3. 9   BURI ED TAPE AND DETECTI ON WI RE

3. 9. 1   Bur i ed War ni ng and I dent i f i cat i on Tape

Pr ovi de bur i ed ut i l i t y  l i nes wi t h ut i l i t y  i dent i f i cat i on t ape.   Bur y t ape 
12 i nches bel ow f i ni shed gr ade;  under  pavement s and sl abs,  bur y t ape 6 
i nches bel ow t op of  subgr ade.

3. 9. 2   Bur i ed Det ect i on Wi r e

Bur y det ect i on wi r e di r ect l y above non- met al l i c  pi pi ng at  a di st ance not  
t o exceed 12 i nches above t he t op of  pi pe.   Ext end t he wi r e cont i nuousl y 
and unbr oken,  f r om manhol e t o manhol e.   Ter mi nat e t he ends of  t he wi r e 
i nsi de t he manhol es at  each end of  t he pi pe,  wi t h a mi ni mum of  3 f eet  of  
wi r e,  coi l ed,  r emai ni ng accessi bl e i n each manhol e.   Fur ni sh i nsul at ed 
wi r e over  i t s ent i r e l engt h.   I nst al l  wi r es at  manhol es bet ween t he t op of  
t he cor bel  and t he f r ame,  and ext end up t hr ough t he chi mney seal  bet ween 
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t he f r ame and t he chi mney seal .   For  f or ce mai ns,  t er mi nat e t he wi r e i n 
t he val ve pi t  at  t he pump st at i on end of  t he pi pe.

3. 10   FI LLI NG,  BACKFI LLI NG AND COMPACTI ON

Pl ace f i l l  and backf i l l  beneat h and adj acent  t o any and al l  t ype of  
st r uct ur es,  i n successi ve hor i zont al  l ayer s of  l oose mat er i al  not  mor e t han
 8 i nches i n dept h,  or  i n l oose l ayer s not  mor e t han 5 i nches i n dept h 
when usi ng hand- oper at ed compact i on equi pment .   Compact  t o at  l east  90 
per cent  of  l abor at or y maxi mum densi t y f or  cohesi ve mat er i al s or  95 per cent  
of  l abor at or y maxi mum densi t y f or  cohesi onl ess mat er i al s,  except  as 
ot her wi se speci f i ed.   Per f or m compact i on i n such a manner  as t o pr event  
wedgi ng act i on or  eccent r i c l oadi ng upon or  agai nst  t he st r uct ur e.  Al l  
backf i l l  and compact i on met hods shal l  f ol l ow UFC 3- 250- 01.

Pr epar e gr ound sur f ace on whi ch backf i l l  i s  t o be pl aced and pr ovi de 
compact i on r equi r ement s f or  backf i l l  mat er i al s i n conf or mance wi t h t he 
appl i cabl e por t i ons of  par agr aphs GROUND SURFACE PREPARATI ON.   Fi ni sh 
compact i on by sheepsf oot  r ol l er s,  pneumat i c- t i r ed r ol l er s,  st eel - wheel ed 
r ol l er s,  v i br at or y compact or s,  or  ot her  appr oved equi pment .

3. 10. 1   Tr ench Backf i l l

Backf i l l  t r enches t o t he gr ade shown.  Backf i l l  t he t r ench t o 2_____ f eet  
above t he t op of  pi pe pr i or  t o per f or mi ng t he r equi r ed pr essur e t est s.   
Leave t he j oi nt s and coupl i ngs uncover ed dur i ng t he pr essur e t est .

3. 10. 1. 1   Repl acement  of  Unyi el di ng Mat er i al

Repl ace unyi el di ng mat er i al  r emoved f r om t he bot t om of  t he t r ench wi t h 
sel ect  gr anul ar  mat er i al  or  i ni t i al  backf i l l  mat er i al .

3. 10. 1. 2   Repl acement  of  Unst abl e Mat er i al

Repl ace unst abl e mat er i al  r emoved f r om t he bot t om of  t he t r ench or  
excavat i on wi t h sel ect  gr anul ar  mat er i al  pl aced i n l ayer s not  exceedi ng 6 
i nches l oose t hi ckness.

3. 10. 1. 3   Beddi ng and I ni t i al  Backf i l l

  Pl ace i ni t i al  f i l l  mat er i al  and compact  i t  wi t h appr oved t amper s t o a 
hei ght  of  at  l east  one f oot  above t he ut i l i t y  pi pe or  condui t .   Br i ng up 
t he backf i l l  evenl y on bot h s i des of  t he pi pe f or  t he f ul l  l engt h of  t he 
pi pe.   Take car e t o ensur e t hor ough compact i on of  t he f i l l  under  t he 
haunches of  t he pi pe.   3. 10. 1. 4   Fi nal  Backf i l l

Fi l l  t he r emai nder  of  t he t r ench,  except  f or  speci al  mat er i al s f or  
r oadways,  r ai l r oads and ai r f i el ds,  wi t h sat i sf act or y mat er i al .   Pl ace 
backf i l l  mat er i al  and compact  as f ol l ows:

3. 10. 1. 4. 1   Roadways3. 10. 1. 4. 2   Si dewal ks,  Tur f ed or  Seeded Ar eas and 
Mi scel l aneous Ar eas

Deposi t  backf i l l  i n l ayer s of  a maxi mum of  12 i nches l oose t hi ckness,  and 
compact  i t  t o 85 per cent  maxi mum densi t y f or  cohesi ve soi l s and 90 per cent  
maxi mum densi t y f or  cohesi onl ess soi l s.   Do not  per mi t  compact i on by wat er  
f l oodi ng or  j et t i ng.   Appl y t hi s r equi r ement  t o al l  ot her  ar eas not  
speci f i cal l y desi gnat ed above.
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3. 10. 2   Backf i l l  f or  Appur t enances

Af t er  t he manhol e,  cat chbasi n,  i nl et ,  or  s i mi l ar  st r uct ur e has been 
const r uct ed and t he concr et e has been al l owed t o cur e f or  7____ days,  
pl ace backf i l l  i n such a manner  t hat  t he st r uct ur e i s not  be damaged by 
t he shock of  f al l i ng ear t h.   Deposi t  t he backf i l l  mat er i al ,  compact  i t  as 
speci f i ed f or  f i nal  backf i l l ,  and br i ng up t he backf i l l  evenl y on al l  
s i des of  t he st r uct ur e t o pr event  eccent r i c l oadi ng and excessi ve st r ess.

3. 11   SPECI AL REQUI REMENTS

Speci al  r equi r ement s f or  bot h excavat i on and backf i l l  r el at i ng t o t he 
speci f i c  ut i l i t i es ar e as f ol l ows:

3. 11. 1   Wat er  Li nes

Excavat e t r enches t o a dept h t hat  pr ovi des a mi ni mum cover  of  __3__ f eet  
f r om t he exi st i ng gr ound sur f ace,  or  f r om t he i ndi cat ed f i ni shed gr ade,  
whi chever  i s l ower ,  t o t he t op of  t he pi pe.   

3. 11. 2   El ect r i cal  Di st r i but i on Syst em

Pr ovi de a mi ni mum cover  of  24 i nches f r om t he f i ni shed gr ade t o di r ect  
bur i al  cabl e and condui t  or  duct  l i ne,  unl ess ot her wi se i ndi cat ed.

3. 11. 3   Tank Embed Mat er i al

a.   Pr ovi de gr anul ar  t ank embedment  mat er i al  as i ndi cat ed on t he dr awi ngs 
but  not  l ess t han si x ( 6)  i nches bel ow t he bot t om of  t he t ank t o not  
l ess t han t wel ve ( 12)  i nches above t he t op of  t he t ank,  and not  l ess 
t han t wel ve ( 12)  i nches on ei t her  s i de of  t he t ank.  Tank embedment  
mat er i al  shal l  consi st  of  i ner t  s i l i ca sand mat er i al ,  c l ean and f r ee 
f r om or gani c mat er i al s wi t h 100% passi ng t hr ough a No.  16 si eve per  
ASTM C 33.  The f ul l  l engt h of  t he t ank shal l  r est  sol i dl y upon t he 
t ank embedment  mat er i al .  Sand shal l  be capabl e i f  compact i on t o 100% 
densi t y.  

b.   Mat er i al  qual i f i cat i on char act er i st i cs shal l  be per  AASHTO Gr oup A- 3:  
Resi st i v i t y:  gr eat er  t han 5, 000 ohm- cm;  per  ASTM G 57
pH:           mi ni mum of  6 t o 8;  per  ASTM G 51
Sul f at es:     l ess t han 150 ppm;  per  ASTM D 4130

c.   The cont r act or  shal l  submi t  t he r esul t s of  t hr ee compl et e 
envi r onment al  t est s and t hr ee gr adat i on t est s f or  t he pr oposed 
mat er i al s t o be used as t he speci al  sand.  Suf f i c i ent  quant i t y of  t he 
sand sampl e f or  i ndependent  t est i ng shal l  be submi t t ed t hr ee weeks 
pr i or  t o schedul ed del i ver y.  I t  shal l  be assumed t hat  onsi t e excavat ed 
mat er i al s do not  meet  t he above r equi r ement s.  

3. 12   SUBGRADE PREPARATI ON

3. 12. 1   Pr oof  Rol l i ng

Fi ni sh pr oof  r ol l i ng on an exposed subgr ade f r ee of  sur f ace wat er  ( wet  
condi t i ons r esul t i ng f r om r ai nf al l )  whi ch woul d pr omot e degr adat i on of  an 
ot her wi se accept abl e subgr ade.   Af t er  st r i ppi ng, pr oof  r ol l  t he exi st i ng 
subgr ade  wi t h s i x passes of  adump t r uck l oaded wi t h 4 cubi c yar ds of  soi l
or  15 t on,  pneumat i c- t i r ed r ol l er .  Oper at e t he r ol l er  or  t r uck i n a 
syst emat i c manner  t o ensur e t he number  of  passes over  al l  ar eas,  and at  
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speeds bet ween 2- 1/ 2 t o 3- 1/ 2 mph.  When pr oof  r ol l i ng,  pr ovi de one- hal f  of  
t he passes made wi t h t he r ol l er  i n a di r ect i on per pendi cul ar  t o t he ot her  
passes.  Not i f y t he Cont r act i ng Of f i cer  a mi ni mum of  3 days pr i or  t o pr oof  
r ol l i ng.   Per f or m pr oof  r ol l i ng i n t he pr esence of  t he Cont r act i ng 
Of f i cer .   Under cut  r ut t i ng or  pumpi ng of  mat er i al  as di r ect ed by t he 
Cont r act i ng Of f i cer  and r epl ace wi t h f i l l  and backf i l l  mat er i al .  

3. 12. 2   Const r uct i on

Shape subgr ade t o l i ne,  gr ade,  and cr oss sect i on,  and compact  as 
speci f i ed.   I ncl ude pl owi ng,  di ski ng,  and any moi st eni ng or  aer at i ng 
r equi r ed t o obt ai n speci f i ed compact i on f or  t hi s oper at i on.   Remove sof t  
or  ot her wi se unsat i sf act or y mat er i al  and r epl ace wi t h sat i sf act or y 
excavat ed mat er i al  or  ot her  appr oved mat er i al  as di r ect ed.   Excavat e r ock 
encount er ed i n t he cut  sect i on t o a dept h of  6 i nches bel ow f i ni shed gr ade 
f or  t he subgr ade.   Br i ng up l ow ar eas r esul t i ng f r om r emoval  of  
unsat i sf act or y mat er i al  or  excavat i on of  r ock t o r equi r ed gr ade wi t h 
sat i sf act or y mat er i al s,  and shape t he ent i r e subgr ade t o l i ne,  gr ade,  and 
cr oss sect i on and compact  as speci f i ed.   Af t er  r ol l i ng,  t he sur f ace of  t he 
subgr ade f or  r oadways shal l  not  show devi at i ons gr eat er  t han 1/ 2 i nch when 
t est ed wi t h a 12- f oot  st r ai ght edge appl i ed bot h par al l el  and at  r i ght  
angl es t o t he cent er l i ne of  t he ar ea.  Do not  var y t he el evat i on of  t he 
f i ni sh subgr ade mor e t han 0. 05 f oot  f r om t he est abl i shed gr ade and cr oss 
sect i on.

3. 12. 3   Compact i on

Fi ni sh compact i on by sheepsf oot  r ol l er s,  pneumat i c- t i r ed r ol l er s,  
st eel - wheel ed r ol l er s,  v i br at or y compact or s,  or  ot her  appr oved equi pment .   
Except  f or  paved ar eas and r ai l r oads,  compact  each l ayer  of  t he embankment  
t o at  l east  __95__per cent  of  l abor at or y maxi mum densi t y.

3. 12. 3. 1   Subgr ade f or  Pavement s

Compact  subgr ade f or  pavement s t o at  l east __95__ per cent age l abor at or y 
maxi mum densi t y f or  t he dept h bel ow t he sur f ace of  t he pavement  shown.   
When mor e t han one soi l  c l assi f i cat i on i s pr esent  i n t he subgr ade,  
t hor oughl y bl end,  r eshape,  and compact  t he t op6____ i nch of  subgr ade.

3. 13   FI NI SHI NG

Fi ni sh t he sur f ace of  excavat i ons,  embankment s,  and subgr ades t o a smoot h 
and compact  sur f ace i n accor dance wi t h t he l i nes,  gr ades,  and cr oss 
sect i ons or  el evat i ons shown.   Pr ovi de t he degr ee of  f i ni sh f or  gr aded 
ar eas wi t hi n 0. 1 f oot  of  t he gr ades and el evat i ons i ndi cat ed except  t hat  
t he degr ee of  f i ni sh f or  subgr ades speci f i ed i n par agr aph SUBGRADE 
PREPARATI ON.   Fi ni sh gut t er s and di t ches i n a manner  t hat  wi l l  r esul t  i n 
ef f ect i ve dr ai nage.   Fi ni sh t he sur f ace of  ar eas t o be t ur f ed t o a 
smoot hness sui t abl e f or  t he appl i cat i on of  t ur f i ng mat er i al s.   Repai r  
gr aded,  t opsoi l ed,  or  backf i l l ed ar eas pr i or  t o accept ance of  t he wor k,  
and r e- est abl i shed gr ades t o t he r equi r ed el evat i ons and sl opes.

3. 13. 1   Subgr ade and Embankment s

Dur i ng const r uct i on,  keep embankment s and excavat i ons shaped and dr ai ned.   
Mai nt ai n di t ches and dr ai ns al ong subgr ade t o dr ai n ef f ect i vel y at  al l  
t i mes.   Do not  di st ur b t he f i ni shed subgr ade by t r af f i c  or  ot her  
oper at i on.   Pr ot ect  and mai nt ai n t he f i ni shed subgr ade i n a sat i sf act or y 
condi t i on unt i l  bal l ast ,  subbase,  base,  or  pavement  i s pl aced.   Do not  
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per mi t  t he st or age or  st ockpi l i ng of  mat er i al s on t he f i ni shed subgr ade.   
Do not  l ay subbase,  base cour se,  bal l ast ,  or  pavement  unt i l  t he subgr ade 
has been checked and appr oved,  and i n no case pl ace subbase,  base,  
sur f aci ng,  pavement ,  or  bal l ast  on a muddy,  spongy,  or  f r ozen subgr ade.

3. 13. 2   Capi l l ar y Wat er  Bar r i er

Pl ace a vapor  bar r i er  and 6 i nch capi l l ar y wat er  bar r i er  under  concr et e 
f l oor  and ar ea- way sl abs gr ade di r ect l y on t he subgr ade and compact  wi t h a 
mi ni mum of  t wo passes of  a hand- oper at ed pl at e- t ype vi br at or y compact or .

3. 13. 3   Gr adi ng Ar ound St r uct ur es

Const r uct  ar eas wi t hi n 5 f eet  out si de of  each bui l di ng and st r uct ur e l i ne 
t r ue- t o- gr ade,  shape t o dr ai n,  and mai nt ai n f r ee of  t r ash and debr i s unt i l  
f i nal  i nspect i on has been compl et ed and t he wor k has been accept ed.

3. 14   PLACI NG TOPSOI L

On ar eas t o r ecei ve t opsoi l ,  pr epar e t he compact ed subgr ade soi l  t o a 2 
i nches dept h f or  bondi ng of  t opsoi l  wi t h subsoi l .   Spr ead t opsoi l  evenl y 
t o a t hi ckness of  __4_ i nch and gr ade t o t he el evat i ons and sl opes shown.   
Do not  spr ead t opsoi l  when f r ozen or  excessi vel y wet  or  dr y.   Obt ai n 
mat er i al  r equi r ed f or  t opsoi l  i n excess of  t hat  pr oduced by excavat i on 
wi t hi n t he gr adi ng l i mi t s f r om of f s i t e ar eas.

3. 15   TESTI NG

Per f or m t est i ng by a Cor ps val i dat ed commer ci al  t est i ng l abor at or y or  t he 
Cont r act or ' s val i dat ed t est i ng f aci l i t y .   Submi t  qual i f i cat i ons of  t he 
Cor ps val i dat ed commer ci al  t est i ng l abor at or y or  t he Cont r act or ' s 
val i dat ed t est i ng f aci l i t i es.   I f  t he Cont r act or  el ect s t o est abl i sh 
t est i ng f aci l i t i es,  do not  per mi t  wor k r equi r i ng t est i ng unt i l  t he 
Cont r act or ' s f aci l i t i es have been i nspect ed,  Cor ps val i dat ed and appr oved 
by t he Cont r act i ng Of f i cer .

a.   Det er mi ne f i el d i n- pl ace densi t y i n accor dance wi t hASTM D1556/ D1556M
ASTM D6938.   When ASTM D6938 i s used,  check t he cal i br at i on cur ves and 
adj ust  usi ng onl y t he sand cone met hod as descr i bed i n 
ASTM D1556/ D1556M.   ASTM D6938 r esul t s i n a wet  uni t  wei ght  of  soi l  i n 
det er mi ni ng t he moi st ur e cont ent  of  t he soi l  when usi ng t hi s met hod.

b.   Check t he cal i br at i on cur ves f ur ni shed wi t h t he moi st ur e gauges al ong 
wi t h densi t y cal i br at i on checks as descr i bed i n ASTM D6938;  check t he 
cal i br at i on of  bot h t he densi t y and moi st ur e gauges at  t he begi nni ng 
of  a j ob on each di f f er ent  t ype of  mat er i al  encount er ed and at  
i nt er val s as di r ect ed by t he Cont r act i ng Of f i cer .  When t est  r esul t s 
i ndi cat e,  as det er mi ned by t he Cont r act i ng Of f i cer ,  t hat  compact i on i s 
not  as speci f i ed,  r emove t he mat er i al ,  r epl ace and r ecompact  t o meet  
speci f i cat i on r equi r ement s.

c.   Per f or m t est s on r ecompact ed ar eas t o det er mi ne conf or mance wi t h 
speci f i cat i on r equi r ement s.   Appoi nt  a r egi st er ed pr of essi onal  c i v i l  
engi neer  t o cer t i f y i nspect i ons and t est  r esul t s.   These 
cer t i f i cat i ons shal l  st at e t hat  t he t est s and obser vat i ons wer e 
per f or med by or  under  t he di r ect  super vi s i on of  t he engi neer  and t hat  
t he r esul t s ar e r epr esent at i ve of  t he mat er i al s or  condi t i ons bei ng 
cer t i f i ed by t he t est s.   The f ol l owi ng number  of  t est s,  i f  per f or med 
at  t he appr opr i at e t i me,  wi l l  be t he mi ni mum accept abl e f or  each t ype 
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oper at i on.

3. 15. 1   Fi l l  and Backf i l l  Mat er i al  Gr adat i on

One t est  per  _5000____ cubi c yar ds st ockpi l ed or  i n- pl ace sour ce 
mat er i al .   Det er mi ne gr adat i on of  f i l l  and backf i l l  mat er i al  i n accor dance 
wi t hASTM D1140.

3. 15. 2   I n- Pl ace Densi t i es

a.   One t est  per  2000_____squar e f eet ,  or  f r act i on t her eof ,  of  each l i f t  
of  f i l l  or  backf i l l  ar eas compact ed by ot her  t han hand- oper at ed 
machi nes.

b.   One t est  per  100_____ squar e f eet ,  or  f r act i on t her eof ,  of  each l i f t  
of  f i l l  or  backf i l l  ar eas compact ed by hand- oper at ed machi nes.

c.   One t est  per 100_____l i near  f eet ,  or  f r act i on t her eof ,  of  each l i f t  of  
embankment  or  backf i l l  f or  r oads.

3. 15. 3   Moi st ur e Cont ent s

I n t he st ockpi l e,  excavat i on,  or  bor r ow ar eas,  per f or m a mi ni mum of  t wo 
t est s per  day per  t ype of  mat er i al  or  sour ce of  mat er i al  bei ng pl aced 
dur i ng st abl e weat her  condi t i ons.   Dur i ng unst abl e weat her ,  per f or m t est s 
as di ct at ed by l ocal  condi t i ons and appr oved by t he Cont r act i ng Of f i cer .

3. 15. 4   Opt i mum Moi st ur e and Labor at or y Maxi mum Densi t y

Per f or m t est s f or  each t ype mat er i al  or  sour ce of  mat er i al  i ncl udi ng 
bor r ow mat er i al  t o det er mi ne t he opt i mum moi st ur e and l abor at or y maxi mum 
densi t y val ues.   One r epr esent at i ve t est  per 500___ cubi c yar ds of  f i l l  and 
backf i l l ,  or  when any change i n mat er i al  occur s whi ch may af f ect  t he 
opt i mum moi st ur e cont ent  or  l abor at or y maxi mum densi t y.

3. 15. 5   Tol er ance Test s f or  Subgr ades

Per f or m cont i nuous checks on t he degr ee of  f i ni sh speci f i ed i n par agr aph 
SUBGRADE PREPARATI ON dur i ng const r uct i on of  t he subgr ades.

3. 15. 6   Di spl acement  of  Sewer s

Af t er  ot her  r equi r ed t est s have been per f or med and t he t r ench backf i l l  
compact ed t o t he f i ni shed gr ade sur f ace,  i nspect  t he pi pe t o det er mi ne 
whet her  s i gni f i cant  di spl acement  has occur r ed.   Conduct  t hi s i nspect i on i n 
t he pr esence of  t he Cont r act i ng Of f i cer .   I nspect  pi pe si zes l ar ger  t han 
36 i nches,  whi l e i nspect i ng smal l er  di amet er  pi pe by shi ni ng a l i ght  or  
l aser  bet ween manhol es or  manhol e l ocat i ons,  or  by t he use of  t el evi s i on 
camer as passed t hr ough t he pi pe.   I f ,  i n t he j udgment  of  t he Cont r act i ng 
Of f i cer ,  t he i nt er i or  of  t he pi pe shows poor  al i gnment  or  any ot her  
def ect s t hat  woul d cause i mpr oper  f unct i oni ng of  t he syst em,  r epl ace or  
r epai r  t he def ect s as di r ect ed at  no addi t i onal  cost  t o t he Gover nment .

3. 16   DI SPOSI TI ON OF SURPLUS MATERI AL

Sur pl us mat er i al  and excavat ed unsat i sf act or y mat er i al  not  r equi r ed or  
sui t abl e f or  f i l l i ng or  backf i l l i ng,  and br ush,  r ef use,  st umps,  r oot s,  and 
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t i mber  shal l  be r emoved f r om Gover nment  pr oper t y and pr oper l y di sposed of  
i n accor dance wi t h al l  appl i cabl e l aws and r egul at i ons.

        - -  End of  Sect i on - -
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SECTI ON 31 11 00

CLEARI NG AND GRUBBI NG
11/ 18

PART 1   GENERAL

1. 1   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

1. 2   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s t o t he s i t e,  and handl e i n a manner  whi ch wi l l  mai nt ai n 
t he mat er i al s i n t hei r  or i gi nal  manuf act ur ed or  f abr i cat ed condi t i on unt i l  
r eady f or  use.

PART 2   PRODUCTS

PART 3   EXECUTI ON

3. 1   PREPARATI ON

3. 1. 1   Pr ot ect i on

3. 1. 1. 1   Roads and Wal ks

Keep r oads and wal ks f r ee of  di r t  and debr i s at  al l  t i mes.

3. 1. 1. 2   Tr ees,  Shr ubs,  and Exi st i ng Faci l i t i es

Pr ot ect  t r ees and veget at i on t o be l ef t  st andi ng f r om damage i nci dent  t o 
c l ear i ng,  gr ubbi ng,  and const r uct i on oper at i ons by t he er ect i on of  
bar r i er s or  by such ot her  means as t he c i r cumst ances r equi r e.

3. 1. 1. 3   Ut i l i t y  Li nes

Pr ot ect  exi st i ng ut i l i t y  l i nes t hat  ar e i ndi cat ed t o r emai n f r om damage.   
Not i f y t he Cont r act i ng Of f i cer  i mmedi at el y of  damage t o or  an encount er  
wi t h an unknown exi st i ng ut i l i t y  l i ne.   The Cont r act or  i s r esponsi bl e f or  
t he r epai r  of  damage t o exi st i ng ut i l i t y  l i nes t hat  ar e i ndi cat ed or  made 
known t o t he Cont r act or  pr i or  t o st ar t  of  c l ear i ng and gr ubbi ng 
oper at i ons.   When ut i l i t y  l i nes whi ch ar e t o be r emoved ar e encount er ed 
wi t hi n t he ar ea of  oper at i ons,  not i f y t he Cont r act i ng Of f i cer  i n ampl e 
t i me t o mi ni mi ze i nt er r upt i on of  t he ser vi ce.   Ref er  t o Sect i on 01 30 00 
ADMI NI STRATI VE REQUI REMENTS and Sect i on 01 57 19 TEMPORARY ENVI RONMENTAL 
CONTROLS f or  addi t i onal  ut i l i t y  pr ot ect i on.

3. 2   CLEARI NG

Cl ear i ng consi st s of  t he f el l i ng,  t r i mmi ng,  and cut t i ng of  t r ees i nt o 
sect i ons and t he sat i sf act or y di sposal  of  t he t r ees and ot her  veget at i on 
desi gnat ed f or  r emoval ,  i ncl udi ng downed t i mber ,  snags,  br ush,  and r ubbi sh 
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occur r i ng wi t hi n t he ar eas t o be cl ear ed.   Cl ear i ng al so i ncl udes t he 
r emoval  and di sposal  of  st r uct ur es t hat  obt r ude,  encr oach upon,  or  
ot her wi se obst r uct  t he wor k.  Cut  of f  f l ush wi t h or  bel ow t he or i gi nal  
gr ound sur f ace t r ees,  st umps,  r oot s,  br ush,  and ot her  veget at i on i n ar eas 
t o be cl ear ed,  except  such t r ees and veget at i on as may be i ndi cat ed or  
di r ect ed t o be l ef t  st andi ng.  

3. 2. 1   Tr ee Removal

Wher e i ndi cat ed or  di r ect ed,  t r ees and st umps t hat  ar e desi gnat ed as t r ees 
shal l  be r emoved f r om ar eas out si de t hose ar eas desi gnat ed f or  c l ear i ng 
and gr ubbi ng.   Thi s wor k i ncl udes t he f el l i ng of  such t r ees and t he 
r emoval  of  t hei r  st umps and r oot s as speci f i ed i n par agr aph GRUBBI NG.   
Di spose of  t r ees as speci f i ed i n par agr aph DI SPOSAL OF MATERI ALS.

3. 2. 2   Gr ubbi ng

Gr ubbi ng consi st s of  t he r emoval  and di sposal  of  st umps,  r oot s l ar ger  t han 
3 i nches i n di amet er ,  and mat t ed r oot s f r om t he desi gnat ed gr ubbi ng 
ar eas.   Remove mat er i al  t o be gr ubbed,  t oget her  wi t h l ogs and ot her  
or gani c or  met al l i c  debr i s not  sui t abl e f or  f oundat i on pur poses,  t o a 
dept h of  not  l ess t han 18 i nches bel ow t he or i gi nal  sur f ace l evel  of  t he 
gr ound i n ar eas i ndi cat ed t o be gr ubbed and i n ar eas i ndi cat ed as 
const r uct i on ar eas under  t hi s cont r act ,  such as ar eas f or  bui l di ngs,  and 
ar eas t o be paved.   Fi l l  depr essi ons made by gr ubbi ng wi t h sui t abl e 
mat er i al  and compact  t o make t he sur f ace conf or m wi t h t he or i gi nal  
adj acent  sur f ace of  t he gr ound.

3. 3   DI SPOSAL OF MATERI ALS

Di spose of  excess mat er i al s i n accor dance wi t h t he appr oved sol i d wast e 
management  per mi t  and i ncl ude t hose mat er i al s i n t he sol i d wast e 
management  r epor t .

Al l  wood or  wood l i ke mat er i al s,  except  f or  sal abl e t i mber ,  r emai ni ng f r om 
cl ear i ng,  pr unni ng or  gr ubbi ng such as l i mbs,  t r ee t ops,  r oot s,  st umps,  
l ogs,  r ot t en wood,  and ot her  s i mi l i ar  mat er i al s shal l  become t he pr oper t y 
of  t he Cont r act or  and di sposed of  as speci f i ed.   Al l  non- sal eabl e t i mber  
and wood or  wood l i ke mat er i al s r emai ni ng f r om t i mber  har vest i ng such as 
l i mbs,  t r ee t ops,  r oot s,  st umps,  l ogs,  r ot t en wood,  and ot her  s i mi l i ar  
mat er i al s shal l  become t he pr oper t y of  t he Cont r act or  and di sposed as 
speci f i ed.

3. 3. 1   Sal eabl e Ti mber

Al l  t i mber  r emoved f r om t he pr oj ect  s i t e shal l  become t he pr oper t y of  t he 
Cont r act or .

       - -  End of  Sect i on - -
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SECTI ON 31 31 16. 13

CHEMI CAL TERMI TE CONTROL
08/ 16

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DODI  4150. 07 ( 2019)  DOD Pest  Management  Pr ogr am

1. 2   ADMI NI STRATI VE REQUI REMENTS

Coor di nat e wor k r el at ed t o f i nal  gr ades,  l andscape pl ant i ngs,  f oundat i ons,  
or  any ot her  al t er at i ons t o f i ni shed const r uct i on whi ch mi ght  al t er  t he 
condi t i on of  t r eat ed soi l s wi t h t hi s speci f i cat i on.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Ter mi t i c i de Appl i cat i on Pl an;  G

SD- 03 Pr oduct  Dat a

Ter mi t i c i des

SD- 05 Desi gn Dat a

Mi xi ng For mul at i on

SD- 06 Test  Repor t s

Soi l  Moi st ur e

Cal i br at i on Test

SD- 07 Cer t i f i cat es

Qual i f i cat i ons;  G

Foundat i on Ext er i or

Ut i l i t i es and Vent s
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Li st  of  Equi pment

SD- 08 Manuf act ur er ' s I nst r uct i ons

Ter mi t i c i des

SD- 11 Cl oseout  Submi t t al s

Ver i f i cat i on of  Measur ement

War r ant y

Pest  Management  Repor t

1. 4   QUALI TY CONTROL

1. 4. 1   Regul at or y Requi r ement s

Compl y wi t h DODI  4150. 07 f or  r equi r ement s on Cont r act or ' s l i censi ng,  
cer t i f i cat i on,  and r ecor d keepi ng.   Mai nt ai n dai l y r ecor ds usi ng t he Pest  
Management  Mai nt enance Recor d,  DD For m 1532- 1,  or  a comput er  gener at ed 
equi val ent ,  and submi t  copi es of  r ecor ds when r equest ed by t he Cont r act i ng 
Of f i cer .   These f or ms may be obt ai ned f r om t he mai n web si t e:  
ht t p: / / www. dt i c. mi l / whs/ di r ect i ves/ f or ms/ ef or ms/ dd1532- 1. pdf

1. 4. 2   Qual i f i cat i ons

For  t he appl i cat i on of  pest i c i des,  use t he ser vi ces of  an  appl i cat or  
whose pr i nci pal  busi ness i s pest  cont r ol .   The appl i cat or  must  be 
commer ci al l y cer t i f i ed i n t he st at e wher e t he wor k i s t o be per f or med as 
r equi r ed by DODI  4150. 07.   Ter mi t i c i de appl i cat or s must  al so be cer t i f i ed 
i n t he U. S.  Envi r onment al  Pr ot ect i on Agency ( EPA)  pest i c i de appl i cat or  
cat egor y whi ch i ncl udes st r uct ur al  pest  cont r ol .   Submi t  a copy of  t he 
pest  cont r ol  busi ness l i cense and pest i c i de appl i cat or  cer t i f i cat es.

1. 4. 3   Saf et y Requi r ement s

For mul at e,  t r eat ,  and di spose of  t er mi t i c i des and t hei r  cont ai ner s i n 
accor dance wi t h l abel  di r ect i ons.   Dr aw wat er  f or  f or mul at i ng onl y f r om 
si t es desi gnat ed by t he Cont r act i ng Of f i cer ,  and f i t  t he f i l l i ng hose wi t h 
a backf l ow pr event er  meet i ng l ocal  pl umbi ng codes or  st andar ds.   Per f or m 
f i l l i ng oper at i ons under  t he di r ect  and cont i nuous obser vat i on of  a 
cont r act or ' s r epr esent at i ve t o pr event  over f l ow.   Secur e pest i c i des and 
r el at ed mat er i al s under  l ock and key when unat t ended.   Ensur e t hat  pr oper  
pr ot ect i ve c l ot hi ng and equi pment  ar e wor n and used dur i ng al l  phases of  
t er mi t i c i de appl i cat i on.   Di spose of  used pest i c i de cont ai ner s of f  
Gover nment  pr oper t y.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

1. 5. 1   Del i ver y

Del i ver  t er mi t i c i de mat er i al  t o t he s i t e i n t he or i gi nal  unopened 
cont ai ner s bear i ng l egi bl e l abel s i ndi cat i ng t he EPA r egi st r at i on number ,  
manuf act ur er ' s r egi st er ed uses and i n new or  ot her wi se good condi t i on as 
suppl i ed by t he manuf act ur er  or  f or mul at or .
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1. 5. 2   I nspect i on

I nspect  t er mi t i c i des upon ar r i val  at  t he j ob s i t e f or  conf or mi t y t o t ype 
and qual i t y i n accor dance wi t h par agr aph TERMI TI CI DES.   Each l abel  must  
bear  evi dence of  r egi st r at i on under  t he Feder al  I nsect i c i de,  Fungi c i de,  
and Rodent i c i de Act  ( FI FRA) ,  as amended or  under  appr opr i at e r egul at i ons 
of  t he host  count y.   I nspect  ot her  mat er i al s f or  conf or mance wi t h 
speci f i ed r equi r ement s.   Remove unaccept abl e mat er i al s f r om t he j ob s i t e.

1. 5. 3   St or age

St or age of  pest i c i des on t he i nst al l at i on wi l l  not  be per mi t t ed unl ess i t  
i s  wr i t t en i nt o t he cont r act .

1. 5. 4   Handl i ng

Handl e and mi x t er mi t i c i des i n accor dance wi t h t he manuf act ur er ' s l abel  
and SDS,  pr event i ng cont ami nat i on by di r t ,  wat er ,  and or gani c mat er i al .  
Pr ot ect  t er mi t i c i des f r om weat her  el ement s as r ecommended by t he 
manuf act ur er ' s l abel  and SDS.   Spi l l  k i t s must  be mai nt ai ned on pest  
cont r ol  vehi c l es and must  be avai l abl e at  t he mi xi ng si t e.   Conduct  
t er mi t i c i de mi xi ng i n an ar ea wi t h adequat e spi l l  cont ai nment .

1. 6   SI TE CONDI TI ONS

The f ol l owi ng si t e condi t i ons det er mi ne t he accept abl e t i me of  appl i cat i on.

1. 6. 1   Soi l  Moi st ur e

Test  soi l s t o be t r eat ed i mmedi at el y bef or e appl i cat i on.   Test  soi l  
moi st ur e cont ent  t o a mi ni mum dept h of  3 i nches.   The soi l  moi st ur e must  
be as r ecommended by t he t er mi t i c i de manuf act ur er .   Appl i cat i on of  
t het er mi t i c i de i s not  per mi t t ed when soi l  moi st ur e cont ent  exceeds 
manuf act ur er ' s r ecommendat i ons.

1. 6. 2   Runof f  and Wi nd Dr i f t

Appl i cat i on of  t er mi t i c i de wi l l  not  be per mi t t ed dur i ng or  i mmedi at el y 
f ol l owi ng heavy r ai ns,  when condi t i ons may al l ow r unof f ,  or  cr eat e an 
envi r onment al  hazar d or  when aver age wi nd speed exceeds 10 mi l es per  
hour .   Ter mi t i c i de i s not  per mi t t ed t o ent er  wat er  syst ems,  aqui f er s,  or  
endanger  humans or  ani mal s.

1. 7   WARRANTY

Pr ovi de a 5 year  wr i t t en war r ant y agai nst  i nf est at i ons or  r ei nf est at i ons 
by subt er r anean t er mi t es of  t he bui l di ngs or  bui l di ng addi t i ons 
const r uct ed under  t hi s cont r act .   I ncl ude i n t he war r ant y annual  
i nspect i ons of  t he bui l di ngs or  bui l di ng addi t i ons dur i ng t he war r ant y 
per i od.   I f  l i ve subt er r anean t er mi t e i nf est at i on or  subt er r anean t er mi t e 
damage i s di scover ed dur i ng t he war r ant y per i od,  and t he soi l  and bui l di ng 
condi t i ons have not  been al t er ed i n t he i nt er i m:

a.   Ret r eat  t he s i t e and per f or m ot her  t r eat ment  as may be necessar y f or  
el i mi nat i on of  subt er r anean t er mi t e i nf est at i on;

b.   Repai r  damage caused by t er mi t e i nf est at i on;  and

c.   Rei nspect  t he bui l di ng appr oxi mat el y 180 days af t er  t he r e- t r eat ment .
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PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Chemi cal  t er mi t e cont r ol  uses l i qui d t er mi t i c i de t r eat ment s appl i ed t o t he 
soi l  t o f or m a cont i nuous chemi cal  bar r i er  i n t he soi l  ar ound bot h s i des 
of  t he f oundat i on.   The appl i cat i on can be sur f ace appl i ed or  r odded and 
t r enched.   Thi s bar r i er  pr event s f or agi ng t er mi t es f r om r eachi ng t he 
f oundat i on and pi er s.  Onl y t he soi l  adj acent  t o t hese f oundat i on el ement s 
i s t r eat ed.   For  s l ab const r uct i on ( i ncl udi ng f oundat i ons,  pat i os and 
gar ages) ,  t he ent i r e soi l  ( or  gr avel )  sur f ace i s t r eat ed bef or e t he vapor  
bar r i er  i s  i nst al l ed and t he sl ab pour ed over  i t .   Soi l  t r eat ment  i s 
coor di nat ed wi t h al l  bui l di ng act i v i t i es f r om f oundat i on const r uct i on 
t hr ough f i nal  gr adi ng of  t he soi l  ar ound t he bui l di ng' s ext er i or .   I n 
or der  f or  t he t r eat ment  t o be ef f ect i ve,  t he f i nal  phase of  t he 
appl i cat i on must  be done af t er  f i nal  gr adi ng and somet i mes af t er  
l andscapi ng i s compl et ed so t hat  t he t r eat ed soi l  i s  not  di st ur bed.

2. 2   MATERI ALS

2. 2. 1   Ter mi t i c i des

Pr ovi de t er mi t i c i des cur r ent l y r egi st er ed by t he EPA or  appr oved f or  such 
use by t he appr opr i at e agency of  t he host  count y and as appr oved by t he 
Cont r act i ng Of f i cer .   Sel ect  non- r epel l ant  t er mi t i c i des f or  maxi mum 
ef f ect i veness and dur at i on af t er  appl i cat i on.   Sel ect  a t er mi t i c i de t hat  
i s  sui t abl e f or  t he soi l  and cl i mat i c condi t i ons at  t he pr oj ect  s i t e and 
appl y at  t he hi ghest  l abel ed r at e.   Submi t  manuf act ur er ' s l abel  and Saf et y 
Dat a Sheet  ( SDS)  f or  t er mi t i c i des pr oposed f or  use.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

El i mi nat e f ood sour ces by r emovi ng debr i s f r om cl ear i ng and gr ubbi ng and 
post  const r uct i on wood scr aps such as gr ound st akes,  f or m boar ds,  and 
scr ap l umber  f r om t he si t e,  bef or e t er mi t i c i de appl i cat i on begi ns.

3. 1. 1   Ver i f i cat i on

Bef or e wor k st ar t s,  ver i f y t hat  f i nal  gr ades ar e as i ndi cat ed and smoot h 
gr adi ng has been compl et ed i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.   
Fi nel y gr ade soi l  and r emove par t i c l es l ar ger  t han 1 i nch.   Compact  soi l  
par t i c l es t o el i mi nat e soi l  movement .

3. 1. 2   Foundat i on Ext er i or

I f  t he ext er i or  per i met er  t r eat ment  i s appl i ed when t he hor i zont al  bar r i er  
i s  appl i ed i t  wi l l  be damaged or  r emoved bef or e const r uct i on i s 
compl et ed.   The ext er i or  f oundat i on per i met er  t r eat ment  wi l l  have t o occur  
i n phases when any pads,  por ches,  apr ons,  s i dewal ks,  f i nal  gr adi ng or  
l andscape pl ant i ng ar e s i mul t aneousl y i nvol ved adj acent  t o t he bui l di ng 
f oundat i on.   Thi s t r eat ment  ar ea shoul d be coor di nat ed af t er  al l  maj or  
const r uct i on but  bef or e any pads,  por ches,  or  ot her  i t ems r equi r i ng 
speci al  consi der at i on ar e pour ed adj acent  t o t he f oundat i on wal l s.   Submi t  
wr i t t en ver i f i cat i on t hat  f i nal  gr adi ng,  l andscape pl ant i ng and ot her  
i t ems adj acent  t o t he f oundat i on wi l l  not  di st ur b t r eat ment  of  t he soi l  on 
t he ext er i or  s i des of  f oundat i on wal l s,  gr ade beams,  and si mi l ar  
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st r uct ur es.

3. 1. 3   Ut i l i t i es and Vent s

Tur n of f  and bl ock HVAC duct s and vent s l ocat ed i n t r eat ment  ar ea pr i or  t o 
appl i cat i on,  t o pr ot ect  peopl e and ani mal s f r om t er mi t i c i de.   Submi t  
wr i t t en ver i f i cat i on t hat  t he HVAC duct s and vent s,  wat er  and sewer  l i nes,  
and pl umbi ng have been t ur ned of f  or  bl ocked pr i or  t o appl y i ng t er mi t i c i de.

3. 1. 4   Appl i cat i on Pl an

Pr i or  t o commenci ng appl i cat i on of  t er mi t i c i de,  submi t  a Ter mi t i c i de 
Appl i cat i on Pl an addr essi ng t he f ol l owi ng i t ems:

a.   pr oposed sequence of  t r eat ment  wor k i ncl udi ng dat es and t i mes of  
appl i cat i on

b.   t er mi t i c i de t r ade name
c.   EPA r egi st r at i on number
d.   chemi cal  composi t i on
e.   concent r at i on of  or i gi nal  and di l ut ed mat er i al
f .   f or mul at i on
g.   manuf act ur er ' s r ecommended appl i cat i on r at es
h.   r egi onal  r equi r ement s
i .   appl i cat i on r at e of  act i ve i ngr edi ent s
j .   met hod of  appl i cat i on
k.   ar ea or  vol ume t o be t r eat ed
l .   amount  t o be appl i ed
m.   copy of  t he pest  cont r ol  busi ness l i cense
n.   copy of  t he pest i c i de appl i cat or  cer t i f i cat es

3. 2   APPLI CATI ON

For  ar eas t o be t r eat ed,  est abl i sh compl et e and unbr oken ver t i cal  and 
hor i zont al  soi l  poi son bar r i er s bet ween t he soi l  and al l  por t i ons of  t he 
i nt ended st r uct ur e whi ch may al l ow t er mi t e access t o wood and wood r el at ed 
pr oduct s.   Make appl i cat i ons t o cr awl  spaces i n accor dance wi t h l abel  
di r ect i ons.   Appl i cat i ons t o cr awl  space ar eas t hat  ar e used as pl enum ai r  
spaces wi l l  not  be per mi t t ed.

3. 2. 1   Equi pment  Cal i br at i on and Tank Measur ement

Submi t  a l i s t  of  equi pment  t o be used.   Conduct  cal i br at i on t est  on t he 
appl i cat i on equi pment  t o be used i mmedi at el y pr i or  t o commencement  of  
t er mi t i c i de appl i cat i on.   Measur e t he vol ume and cont ent s of  t he 
appl i cat i on t ank.   Test i ng must  conf i r m t hat  t he appl i cat i on equi pment  i s 
oper at i ng wi t hi n t he manuf act ur er ' s speci f i cat i ons and meet s t he speci f i ed 
r equi r ement s.   Submi t  wr i t t en cer t i f i cat i on of  t he equi pment  cal i br at i on 
t est  r esul t s wi t hi n 1 week of  t est i ng.   Wher e r esul t s f r om t he equi pment  
cal i br at i on and t ank measur ement s t est s ar e unsat i sf act or y,  r e- t r eat ment  
wi l l  be r equi r ed.

3. 2. 2   Mi xi ng and Appl i cat i on

Per f or m al l  wor k r el at ed t o f or mul at i ng,  mi xi ng,  and appl i cat i on i n t he 
pr esence of  t he Cont r act i ng Of f i cer  and a DOD cer t i f i ed pest i c i de 
appl i cat or ,  Pest  Management  QAE/ PAR,  or  I nt egr at ed Pest  Management  
Coor di nat or .  Submi t  mi xi ng f or mul at i on:

a.   Quant i t y of  pest i c i de used.
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b.   Rat e of  di sper si on.

c.   Per cent  of  use.

d.   Tot al  amount  used.

A cl osed syst em i s r ecommended as i t  pr event s t he t er mi t i c i de f r om comi ng 
i nt o cont act  wi t h t he appl i cat or  or  ot her  per sons.   Onl y use wat er  f r om 
desi gnat ed l ocat i ons.   Fi t  f i l l i ng hoses wi t h a backf l ow pr event er  meet i ng 
l ocal  pl umbi ng codes or  st andar ds.   Pr event  over f l ow dur i ng t he f i l l i ng 
oper at i on.   Spi l l  k i t s must  be mai nt ai ned on pest  cont r ol  vehi c l es and 
must  be avai l abl e at  t he mi xi ng si t e.   Ter mi t i c i de mi xi ng must  be 
conduct ed i n an ar ea t hat  has been desi gnat ed by t he Gover nment  
r epr esent at i ve and t hat  has adequat e spi l l  cont ai nment .   I nspect  t he 
appl i cat i on equi pment  f or  appl y i ng t er mi t i c i des pr i or  t o each day of  use 
f or  l eaks,  c l oggi ng,  wear ,  or  damage.   I mmedi at el y per f or m r epai r s on t he 
appl i cat i on equi pment  t o pr event  or  el i mi nat e l eaks and cl oggi ng.

3. 2. 2. 1   Appl i cat i on Met hod

3. 2. 2. 1. 1   Sur f ace Appl i cat i on

Use sur f ace appl i cat i on f or  est abl i shi ng hor i zont al  bar r i er s.   Appl y 
sur f ace appl i cant s as a coar se spr ay and pr ovi de uni f or m di st r i but i on over  
t he soi l  sur f ace.   Ter mi t i c i de must  penet r at e a mi ni mum of  1 i nch i nt o t he 
soi l ,  or  as r ecommended by t he manuf act ur er .   I f  soi l s ar e t r eat ed t o a 
dept h l ess t han speci f i ed or  appr oved,  r epeat  wor k per f or med t o t he dept h 
speci f i ed at  no addi t i onal  cost  t o t he Gover nment .

3. 2. 2. 1. 2   Roddi ng and Tr enchi ng

Use r oddi ng and t r enchi ng f or  est abl i shi ng ver t i cal  soi l  bar r i er s.   
Tr enchi ng must  be t o t he dept h of  t he f oundat i on f oot i ng.   Wi dt h of  t r ench 
must  be as r ecommended by t he manuf act ur er ,  or  as i ndi cat ed.   Roddi ng or  
ot her  appr oved met hod may be i mpl ement ed f or  sat ur at i ng t he base of  t he 
t r ench wi t h t er mi t i c i de.   Backf i l l  t he t r ench i mmedi at el y af t er  
t er mi t i c i de has r eached maxi mum penet r at i on as r ecommended by t he 
manuf act ur er .  I f  maxi mum penet r at i on i s not  achi eved,  as r ecommended by 
t he manuf act ur er ,  r epeat  wor k per f or med t o maxi mum penet r at i on as 
r ecommended by t he manuf act ur er  at  no addi t i onal  cost  t o t he Gover nment .   
Backf i l l  i n 6 i nch r i ses or  l ayer s.   Tr eat  each r i se or  l ayer  wi t h 
t er mi t i c i de.

3. 2. 3   Sampl i ng

The Cont r act i ng Of f i cer  may dr aw sampl es f or  anal ysi s,  at  any t i me and 
wi t hout  pr i or  not i ce,  f r om st ocks at  t he j ob s i t e t o det er mi ne i f  t he 
amount  of  act i ve i ngr edi ent  speci f i ed on t he l abel  i s  bei ng appl i ed.  When 
anal ysi s,  per f or med by t he Gover nment ,  i ndi cat es sampl es cont ai n l ess t han 
t he amount  of  act i ve i ngr edi ent  speci f i ed on t he l abel ,  r epeat  wor k 
per f or med wi t h pest i c i des conf or mi ng t o t hi s speci f i cat i on at  no 
addi t i onal  cost  t o t he Gover nment .

3. 2. 4   Vapor  Bar r i er s and Wat er pr oof  Membr anes

Appl y t er mi t i c i de pr i or  t o pl acement  of  a vapor  bar r i er  or  wat er pr oof  
membr ane.
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3. 2. 5   Pl acement  of  Concr et e

Pl ace concr et e cover i ng t r eat ed soi l s as soon as t he t er mi t i c i de has 
r eached maxi mum penet r at i on i nt o t he soi l  as r ecommended by t he 
manuf act ur er .

3. 2. 6   Cl ean Up,  Di sposal ,  And Pr ot ect i on

Once appl i cat i on has been compl et ed,  pr oceed wi t h c l ean up and pr ot ect i on 
of  t he s i t e wi t hout  del ay.

3. 2. 6. 1   Cl ean Up

Cl ean t he si t e of  al l  mat er i al  associ at ed wi t h t he t r eat ment  measur es,  
accor di ng t o l abel  i nst r uct i ons,  and as i ndi cat ed.   Remove and di spose of  
excess and wast e mat er i al  of f  Gover nment  pr oper t y.

3. 2. 6. 2   Di sposal  of  Ter mi t i c i de

Di spose of  r esi dual  t er mi t i c i des and cont ai ner s of f  Gover nment  pr oper t y,  
and i n accor dance wi t h l abel  i nst r uct i ons and EPA cr i t er i a.

3. 3   FI ELD QUALI TY CONTROL

3. 3. 1   Ver i f i cat i on of  Measur ement

Once t er mi t i c i de appl i cat i on has been compl et ed,  measur e t ank cont ent s t o 
det er mi ne t he r emai ni ng vol ume.   The t ot al  vol ume measur ement  of  used 
cont ent s f or  t he appl i cat i on must  equal  t he appl i cat i on r at e est abl i shed 
i n t he appl i cat i on pl an.   Submi t  wr i t t en ver i f i cat i on t hat  t he vol ume of  
t er mi t i c i de used meet s t he appl i cat i on r at e est abl i shed i n t he appl i cat i on 
pl an.

3. 3. 2   I nspect i on

3. 3. 2. 1   Techni cal  Repr esent at i ve

Pr ovi de a t echni cal  r epr esent at i ve who i s a DOD cer t i f i ed pest i c i de 
appl i cat or  or  Pest  Management  Qual i t y Assur ance Eval uat or  
( QAE) / Per f or mance Assessment  Repr esent at i ve ( PAR) .   The t echni cal  
r epr esent at i ve must   be pr esent  at  al l  meet i ngs concer ni ng t r eat ment  
measur es f or  subt er r anean t er mi t es and dur i ng t r eat ment  appl i cat i on.   
Cont act  t he I nt egr at ed Pest  Management  Coor di nat or  pr i or  t o st ar t i ng wor k.

3. 4   CLOSEOUT ACTI VI TI ES

Upon compl et i on of  t hi s wor k,  submi t  t he Pest  Management  Repor t  DD For m 
1532,  or  an equi val ent  comput er  pr oduct ,  t o t he I nt egr at ed Pest  Management  
Coor di nat or .   Thi s f or m i dent i f i es t he t ar get  pest ,  t ype of  oper at i on,  
br and name and manuf act ur er  of  pest i c i de,  f or mul at i on,  concent r at i on or  
r at e of  appl i cat i on used.

3. 5   PROTECTI ON

3. 5. 1   Pr ot ect i on of  Tr eat ed Ar ea

I mmedi at el y af t er  t he appl i cat i on,  pr ot ect  t he ar ea f r om ot her  use by 
er ect i ng bar r i cades as r equi r ed or  di r ect ed.   Cover  t r eat ed ar eas wi t h 
pl ast i c i f  s l ab i s not  t o be pour ed i mmedi at el y f ol l owi ng t er mi t i c i de 
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appl i cat i on.

3. 5. 2   Di st ur bance of  Tr eat ed Soi l s

Re- t r eat  soi l  and f i l l  mat er i al  di st ur bed af t er  t r eat ment  bef or e pl acement  
of  s l abs or  ot her  cover i ng st r uct ur es.

        - -  End of  Sect i on - -

SECTI ON 31 31 16. 13  Page 8



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

SECTI ON 31 63 26. 60

GROUTED HELI CAL PI LES
11/ 20,  CHG 2:  02/ 24

PART 1   GENERAL

1. 1   DESCRI PTI ON

Desi gn,  f ur ni sh,  i nst al l  and t est  gr out ed hel i cal  pi l es at  t he l ocat i ons 
i ndi cat ed on t he dr awi ngs and speci f i ed her ei n.   Test  pi l es t hat  meet  
per f or mance r equi r ement s can be i ncor por at ed i nt o t he per manent  wor k.

1. 1. 1   Def i ni t i ons

a.   Hel i cal  Pi l e ( hel i cal  pi er  or  scr ew pi l e) :   Consi st s of  1)  one or  mor e 
hel i x pl at es at t ached t o a cent r al  shaf t  and 2)  l oad t r ansf er  devi ce 
f or  at t achment  t o a st r uct ur e.   May al so i ncl ude sur f ace coat i ng or  
ot her  cor r osi on pr ot ect i on means.

b.   Tor que:   The measur e of  t he r ot at i onal  f or ce t i mes t he moment  ar m 
needed t o over come t he shear  st r engt h of  t he soi l  f t - l b.   Tor que i s 
used i n an empi r i cal  appr oach f or  pr edi ct i ng t he ul t i mat e capaci t y of  
a hel i cal  pi l e.

c.   Mi ni mum I nst al l at i on Tor que:   Mi ni mum t or que necessar y t o at t ai n t he 
r equi r ed pi l e capaci t y.

d.   Maxi mum Tor que Rat i ng:   Tor que whi ch i f  exceeded may cause damage t o 
t he pi l e or  equi pment .

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  301 ( 2016)  Speci f i cat i ons f or  St r uct ur al  
Concr et e

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2023)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM C31/ C31M ( 2023)  St andar d Pr act i ce f or  Maki ng and 
Cur i ng Concr et e Test  Speci mens i n t he Fi el d

ASTM C33/ C33M ( 2023)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es
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ASTM C39/ C39M ( 2023)  St andar d Test  Met hod f or  
Compr essi ve St r engt h of  Cyl i ndr i cal  
Concr et e Speci mens

ASTM C109/ C109M ( 2021)  St andar d Test  Met hod f or  
Compr essi ve St r engt h of  Hydr aul i c Cement  
Mor t ar s ( Usi ng 2- i n.  or  ( 50- mm)  Cube 
Speci mens)

ASTM C939/ C939M ( 2022)  St andar d Test  Met hod f or  Fl ow of  
Gr out  f or  Pr epl aced- Aggr egat e Concr et e 
( Fl ow Cone Met hod)

ASTM C942/ C942M ( 2021)  St andar d Test  Met hod f or  
Compr essi ve St r engt h of  Gr out s f or  
Pr epl aced- Aggr egat e Concr et e i n t he 
Labor at or y

ASTM C1077 ( 2017)  St andar d Pr act i ce f or  Agenci es 
Test i ng Concr et e and Concr et e Aggr egat es 
f or  Use i n Const r uct i on and Cr i t er i a f or  
Test i ng Agency Eval uat i on

ASTM C1157/ C1157M ( 2023)  St andar d Per f or mance Speci f i cat i on 
f or  Hydr aul i c Cement

ASTM C1611/ C1611M ( 2021)  St andar d Test  Met hod f or  Sl ump Fl ow 
of  Sel f - Consol i dat i ng Concr et e

ASTM D942 ( 2019)  St andar d Test  Met hod f or  Oxi dat i on 
St abi l i t y  of  Lubr i cat i ng Gr eases by t he 
Oxygen Pr essur e Vessel  Met hod

ASTM D1143/ D1143M ( 2007;  R 2013)  Pi l es Under  St at i c Axi al  
Compr essi ve Load

ASTM D3689 ( 2007;  E 2013;  R 2013)  St andar d Test  
Met hods f or  Deep Foundat i ons Under  St at i c 
Axi al  Tensi l e Load

ASTM E329 ( 2023)  St andar d Speci f i cat i on f or  Agenci es 
Engaged i n Const r uct i on I nspect i on,  
Test i ng,  or  Speci al  I nspect i on

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 220- 01 ( 2012;  wi t h Change 1,  2021)  Geot echni cal  
Engi neer i ng

1. 3   SUBSURFACE DATA

Subsur f ace soi l  dat a l ogs ar e appended t o t he speci al  cont r act  r equi r ement s.

1. 4   BASI S OF BI D

1. 4. 1   Pr oduct i on Pi l e Accept ance Cr i t er i a

Saf e desi gn capaci t y f or  pi l es i s 18. 7 k i ps.   I nst al l  pi l es t o a mi ni mum 
dept h of  20 f eet  bel ow cut - of f  el evat i on,  and t o such addi t i onal  dept h as 
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r equi r ed t o obt ai n a bear i ng capaci t y of  not  l ess t han 18. 7 k i ps.   The 
Cont r act or ' s Geot echni cal  Consul t ant  wi l l  det er mi ne t he t er mi nal  
i nst al l at i on cr i t er i a based on r esul t s of  dynami c pi l e i nst al l at i on t est s .

For  cases wher e al l owabl e pi l e l oads ar e l ess t han 80 ki ps ( det er mi ned 
usi ng a f act or  of  saf et y of  3 f or  i ndi v i dual  pi l es and 4 f or  pi l e gr oups,  
t he end bear i ng geot echni cal  capaci t y of  gr out ed hel i cal  pi er s may be 
est i mat ed dur i ng i nst al l at i on by moni t or i ng and r ecor di ng t he f i nal  
i nst al l at i on t or que and appl y i ng t or que cor r el at i on f act or s pr ovi ded by 
t he desi gner .   Ver i f y wi t h t he manuf act ur er  t hat  t he cor r el at i on f act or s 
appl y t o t hei r  pr oduct s.   The al l owabl e end bear i ng capaci t y may be 
est i mat ed as:

Qal l  = Kt  X T

Wher e Qal l  i s  t he appr oxi mat e al l owabl e end bear i ng pi l e l oad i n k i ps;  T 
equal s t he f i nal  i nst al l at i on t or que def i ned as t he l ast  t or que r eadi ng 
t aken dur i ng hel i cal  pi l e i nst al l at i on whi ch must  not  exceed t he maxi mum 
i nst al l at i on t or que r at i ng of  t he hel i cal  pi l e;  and Kt  i s t he t or que 
cor r el at i on f act or .   Al l owabl e ski n f r i c t i on r esi st ance must  be pr ovi ded 
by t he desi gner  det er mi ned t hr ough a gener al l y accept ed met hod of  anal ysi s 
i n accor dance wi t h UFC 3- 220- 01.

1. 4. 2   Uni t  Pr i ce

For  uni t  pr i ce bi d,  see SF 1442,  " Sol i c i t at i on,  Of f er  and Awar d"  and 
" Schedul e of  Bi d I t ems. "

Requi r ement s of  FAR 52. 211- 18 Var i at i on i n Est i mat ed Quant i t y do not  appl y 
t o payment  f or  pi l i ng.   Each pi l e and t est  pi l e accept abl y pr ovi ded wi l l  
be pai d f or  at  t he bi d uni t  pr i ce per  uni t  l engt h,  whi ch wi l l  i ncl ude 
i t ems i nci dent al  t o f ur ni shi ng and i nst al l at i on of  t he pi l es i ncl udi ng 
mobi l i zat i on and demobi l i zat i on,  ,  r ei nst al l at i on of  upl i f t ed pi l es,  an 
addi t i onal  5 f eet  i n f ur ni shed l engt h f or  any t est  pi l e not  i nst al l ed 
beyond est i mat ed pi l e l engt h,  and cut t i ng of f  pi l es at  t he cut - of f  
el evat i on.   I ncl ude t he cost  f or  addi t i onal  l engt h f or  t he t est  pi l es i n 
t he t ot al  uni t  pr i ce cost  f or  t he j ob.   Payment  wi l l  be made f or  
pr oduct i on and t est  pi l es at  t he bi d uni t  pr i ce f or  t he l engt h of  pi l e,  
f r om t i p t o f i nal  cut - of f ,  act ual l y pr ovi ded,  excl udi ng bui l dups and 
spl i ces di r ect ed by t he Cont r act i ng Of f i cer  t o be made.   I f  t he act ual  
cumul at i ve pi l e l engt h i nst al l ed ( t i p t o cut - of f )  var i es mor e t han 25 
per cent  f r om t he t ot al  pi l e l engt h speci f i ed as a basi s f or  bi ddi ng,  at  
t he di r ect i on of  t he Cont r act i ng Of f i cer ,  t he uni t  pr i ce per  uni t  l engt h 
wi l l  be adj ust ed i n accor dance wi t h pr ovi s i ons of  FAR 52. 236- 2 Di f f er i ng 
Si t e Condi t i ons.   Payment s wi l l  be made per  each at  t he r espect i ve bi d 
uni t  pr i ce f or  pi l e cut - of f s,  pi l e bui l d- ups,  pi l e l oad t est s and pi l e 
spl i ces. .

1. 5   PAYMENT

1. 5. 1   Fur ni shi ng and Del i ver i ng Gr out ed Hel i cal  Pi l es

1. 5. 1. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h f ur ni shi ng and del i ver i ng 
t he r equi r ed l engt hs of  per manent  gr out ed hel i cal  pi l es,  whi ch i ncl udes 
cost s of  f ur ni shi ng and del i ver i ng pi l es t o t he wor k s i t e.   No payment  
wi l l  be made f or  t he i nst al l at i on head or  l engt hs of  pi l es exceedi ng 
r equi r ed l engt hs.   No payment  wi l l  be made f or  pi l es damaged dur i ng 
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del i ver y,  st or age,  or  handl i ng t o t he ext ent  t hat  t hey ar e r ender ed 
unsui t abl e f or  t he wor k,  i n t he opi ni on of  t he Cont r act i ng Of f i cer .

1. 5. 1. 2   Measur ement

Fur ni shi ng and del i ver i ng per manent  gr out ed hel i cal  pi l es wi l l  be measur ed 
f or  payment  by t he l i near  f oot  of  pi l es r equi r ed bel ow t he cut - of f  
el evat i on as det er mi ned by t he Cont r act i ng Of f i cer  and f ur ni shed t o t he 
Cont r act or .

1. 5. 1. 3   Uni t  of  Measur e

Li near  f oot .

1. 5. 2   I nst al l at i on of  Gr out ed Hel i cal  Pi l es

1. 5. 2. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h i nst al l at i on of  per manent  
gr out ed hel i cal  pi l es,  whi ch i ncl udes cost s of  handl i ng,  i nst al l at i on,  
per f or mi ng dynami c t est i ng,  i nt er pr et i ng dat a and submi t t i ng r epor t s,  
measur i ng heave,  r ei nst al l at i on of  heaved pi l es,  r emoval  of   i nst al l at i on 
of  heads or  cut t i ng of f  pi l es at  t he cut - of f  el evat i on and r emovi ng f r om 
t he wor k s i t e,  compi l i ng and submi t t i ng pi l e i nst al l at i on r ecor ds,  
backf i l l i ng voi ds ar ound pi l es,  and any ot her  i t ems i nci dent al  t o 
i nst al l at i on of  pi l es t o t he r equi r ed el evat i on.

1. 5. 2. 2   Measur ement

Per manent  gr out ed hel i cal  pi l es wi l l  be measur ed f or  payment  f or  
i nst al l at i on on t he basi s of  l engt hs,  t o t he near est  t ent h of  a l i near  f oot ,  
al ong t he axi s of  each pi l e accept abl y i n pl ace bel ow t he cut - of f  
el evat i on shown.

1. 5. 2. 3   Uni t  of  Measur e

Li near  f oot .

1. 5. 3   Pul l ed Gr out ed Hel i cal  Pi l es

1. 5. 3. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h pi l es pul l ed at  t he 
di r ect i on of  t he Cont r act i ng Of f i cer  and f ound t o be undamaged.   The cost  
of  f ur ni shi ng and del i ver i ng pul l ed and undamaged pi l es wi l l  be pai d f or  
at  t he appl i cabl e cont r act  uni t  pr i ce f or  payment  i t em " Fur ni shi ng and 
Del i ver i ng Gr out ed hel i cal  Pi l es" .   The cost  of  i nst al l at i on pul l ed and 
undamaged pi l es wi l l  be pai d f or  at  t he appl i cabl e cont r act  uni t  pr i ce f or  
payment  i t em " I nst al l at i on of  Gr out ed Hel i cal  Pi l es" .   The cost  of  pul l i ng 
undamaged pi l es wi l l  be pai d f or  at  t wi ce t he appl i cabl e cont r act  uni t  
pr i ce f or  payment  i t em " I nst al l at i on of  Gr out ed Hel i cal  Pi l es" ,  whi ch 
i ncl udes backf i l l i ng any r emai ni ng voi d.   The cost  of  r ei nst al l at i on of  
pul l ed and undamaged pi l es wi l l  be pai d f or  at  t he appl i cabl e cont r act  
uni t  pr i ce f or  payment  i t em " I nst al l at i on of  Gr out ed Hel i cal  Pi l es" .   No 
payment  wi l l  be made f or  f ur ni shi ng,  del i ver i ng,  i nst al l at i on,  pul l i ng,  
and di sposi ng of  pi l es,  i ncl udi ng pi l es pul l ed and f ound t o be damaged and 
backf i l l i ng voi ds.   New pi l es r epl aci ng damaged pi l es wi l l  be pai d f or  at  
t he appl i cabl e cont r act  uni t  pr i ce f or  payment  i t ems " Fur ni shi ng and 
Del i ver i ng Gr out ed Hel i cal  Pi l es"  and " I nst al l at i on of  Gr out ed Hel i cal  
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Pi l es" .

1. 5. 3. 2   Measur ement

Fur ni shi ng and del i ver i ng pul l ed and undamaged per manent  gr out ed hel i cal  
pi l es wi l l  be measur ed f or  payment  as speci f i ed i n par agr aph PAYMENT,  
subpar agr aph FURNI SHI NG AND DELI VERI NG GROUTED HELI CAL PI LES.   Pul l i ng 
undamaged gr out ed hel i cal  pi l es wi l l  be measur ed f or  payment  as speci f i ed 
i n par agr aph PAYMENT,  subpar agr aph I NSTALLATI ON OF GROUTED HELI CAL PI LES.   
Rei nst al l at i on pul l ed undamaged gr out ed hel i cal  pi l es wi l l  be measur ed f or  
payment  as speci f i ed i n par agr aph PAYMENT,  subpar agr aph I NSTALLATI ON OF 
GROUTED HELI CAL PI LES.   New pi l es r epl aci ng damaged pi l es wi l l  be measur ed 
f or  payment  as speci f i ed i n par agr aph PAYMENT,  subpar agr aphs FURNI SHI NG 
AND DELI VERI NG GROUTED HELI CAL PI LES and I NSTALLATI ON OF GROUTED HELI CAL 
PI LES.

1. 5. 3. 3   Uni t  of  Measur e

Li near  f oot .

1. 5. 4   Gr out ed Hel i cal  Pi l e I nst al l at i on Test s

1. 5. 4. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h f ur ni shi ng,  del i ver i ng,  
i nst al l at i on,  pul l i ng,  and di sposi ng of  i nst al l ed t est  pi l es,  i ncl udi ng 
pi l e i nst al l at i on poi nt s;  conduct i ng pi l e i nst al l at i on t est s;  backf i l l i ng 
voi ds ar ound pi l es;  compi l i ng pi l e i nst al l at i on t est  r ecor ds;  per f or mi ng 
dynami c t est i ng;  i nt er pr et i ng dat a;  and submi t t i ng r epor t s.

1. 5. 4. 2   Measur ement

Gr out ed hel i cal  pi l e i nst al l at i on t est s wi l l  be measur ed f or  payment  on 
t he basi s of  t he appl i cabl e cont r act  uni t  pr i ce per  pi l e i nst al l at i on t est .

1. 5. 4. 3   Uni t  of  Measur e

Each.

1. 5. 5   Gr out ed Hel i cal  Pi l e St at i c Axi al  Compr essi ve Load Test s

1. 5. 5. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h gr out ed hel i cal  pi l e st at i c 
axi al  compr essi ve l oad t est s i n accor dance wi t h ASTM D1143/ D1143M,  
i ncl udi ng mat er i al  and l abor  f or  f abr i cat i ng and f ur ni shi ng l oad f r ames;  
cal i br at i ng l oad cel l s and hydr aul i c j acks;  f ur ni shi ng speci f i ed t est  
equi pment ;  i nst al l i ng st r ai n r ods;  pl aci ng and r emovi ng t est  l oads and 
t est  equi pment ;  r ecor di ng,  r educi ng,  and submi t t i ng t est  dat a;  and 
compi l i ng and submi t t i ng pi l e l oad t est  r epor t s.   No payment  wi l l  be made 
f or  r ej ect ed pi l e st at i c axi al  compr essi ve l oad t est s.

1. 5. 5. 2   Measur ement

Gr out ed hel i cal  pi l e st at i c axi al  compr essi ve l oad t est s wi l l  be measur ed 
f or  payment  on t he basi s of  t he appl i cabl e cont r act  uni t  pr i ce per  l oad 
t est .
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1. 5. 5. 3   Uni t  of  Measur e

Each.

1. 5. 6   Gr out ed Hel i cal  Pi l e St at i c Tensi l e Load Test s

1. 5. 6. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h gr out ed hel i cal  pi l e st at i c 
t ensi l e l oad t est s i n accor dance wi t h ASTM D3689,  i ncl udi ng mat er i al  and 
l abor  f or  f abr i cat i ng and f ur ni shi ng l oad f r ames;  cal i br at i ng l oad cel l s 
and hydr aul i c j acks;  f ur ni shi ng speci f i ed t est  equi pment ;  i nst al l i ng 
st r ai n r ods;  pl aci ng and r emovi ng t est  l oads and t est  equi pment ;  
r ecor di ng,  r educi ng,  and submi t t i ng t est  dat a;  and compi l i ng and 
submi t t i ng pi l e l oad t est  r epor t s.   No payment  wi l l  be made f or  r ej ect ed 
pi l e st at i c t ensi l e l oad t est s.

1. 5. 6. 2   Measur ement

Gr out ed hel i cal  pi l e t ensi l e l oad t est s wi l l  be measur ed f or  payment  on 
t he basi s of  t he appl i cabl e cont r act  uni t  pr i ce per  number  of  t ensi l e l oad 
t est .

1. 5. 6. 3   Uni t  of  Measur e

Each.

1. 5. 7   Pul l ed Load Test  Gr out ed Hel i cal  Pi l es

1. 5. 7. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h l oad t est  gr out ed hel i cal  
pi l es pul l ed pr i or  t o l oad t est i ng at  t he di r ect i on of  t he Cont r act i ng 
Of f i cer  and f ound t o be undamaged.   The cost  of  f ur ni shi ng,  del i ver i ng,  
i nst al l at i on,  and pul l i ng undamaged l oad t est  pi l es wi l l  be pai d f or  at  
t he appl i cabl e cont r act  uni t  pr i ce f or  payment  i t em " Gr out ed Hel i cal  Pi l es 
f or  Load Test s" .   The cost  of  pul l i ng undamaged l oad t est  pi l es t he second 
t i me af t er  r ei nst al l at i on and t est i ng wi l l  be pai d f or  at  t wi ce t he 
appl i cabl e cont r act  uni t  pr i ce f or  payment  i t em " I nst al l at i on of  Gr out ed 
Hel i cal  Pi l es" .   The cost  of  r ei nst al l at i on pul l ed undamaged l oad t est  
pi l es wi l l  be pai d f or  at  t he appl i cabl e cont r act  uni t  pr i ce f or  payment  
i t em " I nst al l at i on of  Gr out ed Hel i cal  Pi l es" .   No payment  wi l l  be made f or  
f ur ni shi ng,  del i ver i ng,  i nst al l at i on,  pul l i ng,  and di sposi ng of  l oad t est  
pi l es pul l ed at  t he di r ect i on of  t he Cont r act i ng Of f i cer  and f ound t o be 
damaged.   New l oad t est  pi l es r epl aci ng damaged pi l es wi l l  be pai d f or  at  
t he appl i cabl e cont r act  uni t  pr i ce f or  payment  i t em " Gr out ed Hel i cal  Pi l es 
f or  Load Test s" .

1. 5. 7. 2   Measur ement

Pul l ed undamaged l oad t est  gr out ed hel i cal  pi l es wi l l  be measur ed f or  
payment  as speci f i ed i n par agr aph PAYMENT,  subpar agr aph GROUTED HELI CAL 
PI LES FOR LOAD TESTS.   Pul l i ng undamaged l oad t est  gr out ed hel i cal  pi l es 
t he second t i me af t er  r ei nst al l at i on and t est i ng wi l l  be measur ed f or  
payment  as speci f i ed i n par agr aph PAYMENT,  subpar agr aph I NSTALLATI ON OF 
GROUTED HELI CAL PI LES.   Rei nst al l at i on of  pul l ed undamaged gr out ed hel i cal  
pi l es wi l l  be measur ed f or  payment  as speci f i ed i n par agr aph PAYMENT,  
subpar agr aph I NSTALLATI ON OF GROUTED HELI CAL PI LES.   New l oad t est  gr out ed 
hel i cal  pi l es r epl aci ng damaged pi l es wi l l  be measur ed f or  payment  as 
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speci f i ed i n par agr aph PAYMENT,  subpar agr aph GROUTED HELI CAL PI LES FOR 
LOAD TESTS.

1. 5. 7. 3   Uni t  of  Measur e

As speci f i ed i n par agr aph PAYMENT,  subpar agr aphs I NSTALLATI ON OF GROUTED 
HELI CAL PI LES and GROUTED HELI CAL PI LES FOR LOAD TESTS,  r espect f ul l y.

1. 5. 8   Const r uct i on I nst r ument at i on and Moni t or i ng

1. 5. 8. 1   Payment

Payment  wi l l  be made f or  cost s associ at ed wi t h const r uct i on 
i nst r ument at i on and moni t or i ng.

1. 5. 8. 2   Measur ement

Const r uct i on i nst r ument at i on and moni t or i ng wi l l  be measur ed as a s i ngl e 
pay i t em.

1. 5. 8. 3   Uni t  of  Measur e

One.

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

I nst al l at i on Pr ocedur es;  G,  RO

Wave Equat i on Anal ysi s;  G,  ROOr der  Li st ;  G,  RO

Manuf act ur er ' s Qual i t y Cont r ol  Pr ocedur es;  G,  RO

Cont r act or  Cer t i f i cat i on For  Hel i cal  Pi l e I nst al l at i on;  G,  RO

Test i ng Agency Qual i f i cat i ons;  G,  RO

SD- 02 Shop Dr awi ngs

Pi l es;  G,  RO

Pi l e Connect i ons and Spl i ces;  G,  RO

Pi l e Pl acement ;  G,  RO

As- I nst al l ed Sur vey;  G,  RO

Pi l e Load Test ;  G,  RO

SD- 03 Pr oduct  Dat a
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Pi l es;  G,  RO

Gr out ed Hel i cal  Pi l e;  G,  RO

I nst al l at i on Equi pment  and Test i ng Equi pment ;  G,  RO

Tor que Moni t or i ng Equi pment ;  G,  RO

SD- 05 Desi gn Dat a

Cal i br at i on Repor t ;  G,  RO

Pi l e Gr out  Mi x Desi gn;  G,  RO

Gr out ed Hel i cal  Pi l e Desi gn;  G,  RO

SD- 06 Test  Repor t s

Load Test  Repor t ;  G,  RO

Gr out ed Hel i cal  Pi l e I nst al l at i on Recor ds;  G,  RO

1. 7   DELI VERY,  STORAGE,  AND HANDLI NG

Use met hods f or  handl i ng,  t r anspor t i ng and st or age of  pi l es such t hat  t he 
pi l es ar e not  subj ect ed t o excessi ve bendi ng st r ess,  cr acki ng,  spal l i ng,  
or  ot her  damage.   Fol l ow t he handl i ng i nst r uct i ons of  t he manuf act ur er .

1. 7. 1   Damaged Pi l es

I nspect  each pi l e f or  st r uct ur al  damage bef or e t r anspor t i ng t hem t o t he 
pr oj ect  s i t e and i mmedi at el y pr i or  t o i nst al l at i on.   Br i ng any damage t o 
t he at t ent i on of  t he Cont r act i ng Of f i cer .   Pi l es whi ch ar e damaged dur i ng 
del i ver y,  st or age,  or  handl i ng t o t he ext ent  t hey ar e r ender ed unsui t abl e 
f or  t he wor k,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  wi l l  be r ej ect ed 
and r emoved f r om t he pr oj ect  s i t e,  or  may be r epai r ed,  i f  appr oved,  at  no 
cost  t o t he Gover nment .

Cor r ect  any pi l e damaged by r eason of  i nt er nal  def ect s or  by i mpr oper  
i nst al l at i on by one of  t he f ol l owi ng met hods appr oved by t he St r uct ur al  
Engi neer  of  Recor d f or  t he pi l e i n quest i on:

a.   The pi l e i s wi t hdr awn,  i f  pr act i cabl e,  and r epl aced by a new and,  i f  
necessar y,  l onger  pi l e.

b.   One or  mor e r epl acement  pi l es ar e i nst al l ed adj acent  t o t he def ect i ve 
pi l e.

c.   A Pi l e Dynami c Anal ysi s and l ow i nt egr i t y t est i ng must  be per f or med by 
t he Cont r act or ' s Geot echni cal  Consul t ant  t o assess t he st r uct ur al  
i nt egr i t y of  t he i nst al l ed pi l e( s) .

Cor r ect  pi l es i nst al l ed bel ow t he speci f i ed but t  el evat i on by one of  t he 
f ol l owi ng met hods appr oved by t he Engi neer :

a.   The pi l e i s spl i ced ( i f  appr oved) .

b.   A suf f i c i ent  por t i on of  t he f oot i ng i s ext ended down t o pr oper l y embed 
t he pi l e.
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Cor r ect  pi l es i nst al l ed out  of  i t s  pr oper  l ocat i on or  out  of  pl umb as 
appr oved by t he Engi neer ,  by one of  t he f ol l owi ng met hods appr oved by t he 
engi neer :

a.   One or  mor e r epl acement  pi l es ar e i nst al l ed next  t o t he pi l e i n 
quest i on.

b.   As di r ect ed by t he st r uct ur al  engi neer .

1. 8   QUALI TY CONTROL

1. 8. 1   Pi l es

Pr epar e and submi t  shop dr awi ngs.   I ndi cat e pl acement  of  pi l es.   I ndi cat e 
l ocat i on of  speci al  embedded or  at t ached l i f t i ng devi ces,  empl oyment  of  
pi ck- up poi nt s,  suppor t  poi nt s ot her  t han pi ck- up poi nt s,  and any ot her  
met hods of  pi ck- up.   Submi t  pr oduct  desi gnat i ons f or  pi l e sect i ons and 
connect i ons.

1. 8. 2   Gr out ed Hel i cal  Pi l e Desi gn

Submi t  dat a i ncl udi ng:  t ype mat er i al ,  and si ze of  gr out  and hel i cal  
syst em;  maxi mum t or que r at i ng of  syst em,  cal cul at i ons det er mi ni ng mi ni mum 
i nst al l i ng t or que,  mi ni mum and maxi mum pi l e dept h r equi r ement s,  l ocat i on 
and i ncl i nat i on t ol er ance r equi r ement s and pi l e capaci t y.   Desi gn must  be 
st amped by a Pr of essi onal  Engi neer  r egi st er ed i n t he st at e of  Mi ssi ssi ppi  
who i s exper i enced wi t h gr out ed hel i cal  pi l e f oundat i ons.

1. 8. 3   Pi l e Gr out  Mi x Desi gn

Submi t  copi es of  l abor at or y t est  r epor t s showi ng t hat  t he pi l e gr out  mi x 
has been successf ul l y t est ed t o pr oduce gr out  wi t h t he pr oper t i es 
speci f i ed and t hat  t he mi x i s sui t abl e f or  t he j ob condi t i ons.   I ncl ude 
mi l l  t est s and al l  ot her  t est s f or  cement ,  aggr egat es,  and admi xt ur es i n 
t he l abor at or y t est  r epor t s.   Pr ovi de maxi mum nomi nal  aggr egat e s i ze,  
gr adat i on anal ysi s,  per cent age r et ai ned and passi ng si eve,  and a gr aph of  
per cent age r et ai ned ver ses si eve si ze.   Submi t  t est  r epor t s al ong wi t h t he 
gr out  mi x desi gn.  Obt ai n appr oval  bef or e gr out  pl acement .

1. 8. 4   Manuf act ur er ' s Qual i t y Cont r ol  Pr ocedur es

Submi t  t he pi l e manuf act ur er ' s qual i t y cont r ol  pr ocedur es.

1. 8. 5   I nst al l at i on Pr ocedur es

a.   Submi t  i nf or mat i on on t he t ype of  equi pment  pr oposed t o be used,  
pr oposed met hods of  oper at i on,  pi l e i nst al l at i on pl an i ncl udi ng 
pr oposed sequence of  i nst al l at i on,  and det ai l s of  al l  pi l e 
i nst al l at i on equi pment  and accessor i es.  Submi t  pi l e pl acement  pl ans at  
l east  30 cal endar  days pr i or  t o del i ver y of  pi l es t o t he j ob s i t e.

b.   Pr ovi de det ai l ed pr ocedur es f or  conduct i ng t he dynami c pi l e l oad t est  
and equi pment  t o be used f or  conduct i ng t he l oad t est .   The det ai l ed 
descr i pt i on must  expl ai n how speci f i c  i nf or mat i on of  pi l e per f or mance 
wi l l  be eval uat ed.
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1. 8. 6   Cont r act or  Cer t i f i cat i on f or  Hel i cal  Pi l e I nst al l at i on

Gr out ed hel i cal  pi l es must  be i nst al l ed by a cont r act or  wi t h a mi ni mum of  
5 year s of  exper i ence wi t h t he i nst al l at i on of  gr out ed hel i cal  pi l e 
f oundat i ons i n s i mi l ar  soi l  condi t i ons  of  t he pr oj ect  s i t e.   Submi t  past  
pr oj ect  l i s t s i ndi cat i ng t hei r  exper i ence wi t h such f oundat i on syst ems.   
The Cont r act or  must  be t r ai ned and cer t i f i ed by a hel i cal  pi l e 
manuf act ur er  i n t he pr oper  met hods of  desi gn and i nst al l at i on of  gr out ed 
hel i cal  pi l e f oundat i ons.   Submi t  a copy of  t hei r  cur r ent  cer t i f i cat i on 
f or  hel i cal  pi l e f oundat i on I nst al l at i on.   I ncl ude a l i s t  and descr i pt i on 
of  equi pment  t o be used,  i ncl udi ng manuf act ur er ' s cat al og dat a and 
suf f i c i ent  i nf or mat i on t o show compl i ance wi t h t he r equi r ement s speci f i ed.

1. 8. 7   Load Test  Suppor t i ng Dat a

Submi t  Jack cal i br at i on r ecor ds,  a t est i ng ar r angement  descr i pt i on and 
di agr am,  and t he pr oposed l oadi ng sequence.

PART 2   PRODUCTS

2. 1   GROUTED HELI CAL PI LE SYSTEM

The shaf t  of  t he gr out ed hel i cal  pi l e syst em consi st s of  a sol i d,  st eel  
squar e bar  wi t h one t o f our  st eel  hel i cal  pl at es wel ded t o t he shaf t ,  as 
r equi r ed.   The hel i cal  ext ensi on shaf t s,  i f  r equi r ed,  consi st s of  st eel  
squar e bar  shaf t s wi t h one or  t wo st eel  hel i cal  f or med pl at es.   Pr ovi de a 
coupl i ng met hod f or  t he hel i cal  ext ensi ons.   Use t he same squar e sect i on 
bar  mat er i al  f or  hel i cal  pi l e ext ensi ons as f or  t he l ead ext ensi ons.   
Pr ovi de each ext ensi on wi t h a means of  coupl i ng t o a l ead sect i on or  t o 
anot her  ext ensi on.   Each coupl i ng may be f or ged i nt egr al  t o t he ext ensi on 
or  a separ at e s l eeve t ype.   Suppl y each coupl i ng wi t h pr oper  bol t s( s)  and 
nut ( s)  t o devel op t he r at ed st r engt h.   Ter mi nat i ons consi st  of  t he bar  
mat er i al  bei ng cut  of f  t o t he pr oper  el evat i on and a st eel  t er mi nat i on 
pl at e f i el d wel ded or  bol t ed t o t he end of  t he bar  mat er i al .   Pr ovi de al l  
st eel  component s of  t he gr out ed hel i cal  pi l e syst em wi t h an ASTM A153/ A153M
 or  ASTM A123/ A123M hot  di pped gal vani z i ng.   Fabr i cat e di spl acement  pl at es 
( l ead or  ext ensi on pl at es)  f r om st eel  or  ot her  mat er i al  t hat  wi l l  not  
af f ect  t he st r uct ur al  i nt egr i t y of  t he cent r al  st eel  shaf t  or  gr out  col umn.   
Do not  make di spl acement  pl at es out  of  t i mber .   Al l  gr out  component s of  
gr out ed hel i cal  pi l es must  have a 28 day compr essi ve st r engt h of  4, 000 psi  
or  gr eat er .   For  pur poses of  bi ddi ng,  pi l e capaci t y must  be as i ndi cat ed 
on t he dr awi ngs.

Submi t  det ai l s and mat er i al  dat a f or  pi l e connect i ons and spl i ces.

2. 2   GROUT

2. 2. 1   Cement

ASTM C1157/ C1157M,  Type G.

2. 2. 2   Wat er

Pr ovi de f r esh,  c l ean,  pot abl e wat er  f r ee f r om i nj ur i ous amount s of  sewage,  
oi l ,  aci d,  al kal i ,  sal t s,  or  or gani c mat t er .

2. 2. 3   Aggr egat es

Conf or m t o ACI  301 and ASTM C33/ C33M f or  gr out  f or  backf i l l i ng hol es .   
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Aggr egat es must  not  cont ai n subst ances whi ch may be del et er i ousl y r eact i ve 
wi t h al kal i s i n t he cement .

2. 3   EQUI PMENT

2. 3. 1   I nst al l at i on Equi pment

Capabl e of  pr ovi di ng cont i nuous measur ement  of  appl i ed t or que t hr oughout  
t he i nst al l at i on pr ocess.   Capabl e of  appl y i ng suf f i c i ent  down pr essur e t o 
i nst al l  t he pi l e and wi t h appr opr i at e gauges t o i ndi cat e t he down pr essur e 
appl i ed.   Suf f i c i ent  capaci t y t o r ever se r ot at i on and upl i f t  t o wi t hdr aw 
pi l e.   Per cussi on dr i l l i ng equi pment  i s not  per mi t t ed.   I nst al l  head must  
be capabl e of  mul t i pl e posi t i oni ng t o accommodat e adj ust ment s i n pi l e 
al i gnment .

2. 3. 2   I nst al l at i on Tool i ng

Pr ovi de suf f i c i ent  wr ench ext ensi ons t o advance t he l ead sect i on a 
di st ance not  l ess t han 50 per cent  gr eat er  t han t he pi l e l engt h i ndi cat ed 
on t he dr awi ngs.   Al l  i nst al l at i on t ool i ng must  be capabl e of  t r ansmi t t i ng 
t he maxi mum t or que of  t he i nst al l at i on machi ner y.

2. 3. 3   Tor que Moni t or i ng Equi pment

Submi t  a cal i br at i on r epor t  ( per f or med by an i ndependent  t est i ng agency)  
f or  each t or que i ndi cat or  t o be used.   The r epor t  must  i ncl ude:  t he name,  
addr ess,  and phone number  of  t est i ng agency;  name of  t he pr oj ect ;  name of  
t he cont r act or ;  i dent i f i cat i on of  t or que i ndi cat or ;  dat e of  cal i br at i on;  
and cal i br at i on dat a.   The equi pment  cal i br at i on must  be per f or med wi t hi n 
6 mont hs f r om t he st ar t  of  t he i nst al l at i on.

Pr ovi de devi ce capabl e of  pr ovi di ng cont i nuous measur ement  of  appl i ed 
t or que t hr oughout  t he i nst al l at i on pr ocess i n i ncr ement s of  500 f oot  pounds
 or  l ess.   Cal i br at e t or que i ndi cat or s whi ch ar e i nt er nal  wi t h r espect  t o 
i nst al l at i on equi pment  on- si t e.   Cal i br at e t or que i ndi cat or s whi ch measur e 
t or que as a f unct i on of  t he hydr aul i c pr essur e of  t he i nst al l at i on 
equi pment  at  nor mal  oper at i on t emper at ur es.   Pr ot ect  devi ces f r om shock,  
i mpact ,  or  ot her  adver si t i es t hat  may af f ect  t hei r  oper at i on.   A t or que 
i ndi cat or  must  be r ecal i br at ed i f ,  i n t he opi ni on of  t he Cont r act i ng 
Of f i cer ,  i t  has been exposed t o condi t i ons whi ch may adver sel y i nf l uence 
t he accur acy of  t he t or que measur ement s.

PART 3   EXECUTI ON

3. 1   PRELI MI NARY WORK

3. 1. 1   Or der  Li st

Submi t  t o t he Cont r act i ng Of f i cer  f or  appr oval ,  an i t emi zed l i s t  f or  pi l es 
pr i or  t o pl aci ng t he or der  wi t h t he suppl i er .   I ndi cat e t he pi l e l engt hs 
r equi r ed at  each l ocat i on as shown on t he pl ans and t he cor r espondi ng 
or der ed l engt h of  each pi l e i n t he l i s t .   Compl et e l oad t est i ng and 
r ef i ned wave equat i on anal ysi s and submi t  t o Gover nment  f or  r evi ew and 
appr oval  pr i or  t o submi ssi on of  an or der  l i s t .

3. 2   I NSTALLATI ON PROCEDURES

I t  i s  t he r esponsi bi l i t y  of  t he Cont r act or  t o det er mi ne t he l ocat i on of  
any bur i ed ut i l i t i es bef or e st ar t i ng const r uct i on.   I f  under gr ound 
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obst r uct i ons ar e encount er ed dur i ng i nst al l at i on,  st op wor k i mmedi at el y 
and cont act  t he Cont r act i ng Of f i cer  who wi l l  deci de whet her  t he 
obst r uct i on i s t o be r emoved or  t he gr out ed hel i cal  pi l e r el ocat ed.   
Resume wor k onl y upon r ecei pt  of  t he Cont r act i ng Of f i cer ' s deci s i on.

3. 2. 1   Pr e- Dr i l l i ng

Pr e- dr i l l ed st ar t er  hol es wi l l  be r equi r ed f or  penet r at i ng t hr ough har d 
nat ur al  st r at a or  f i l l s .   Omi t t i ng dr i l l i ng or  auger i ng wi l l  be per mi t t ed 
onl y wi t h t he appr oval  of  t he Cont r act i ng Of f i cer .   The hol e may be no 
gr eat er  t han t wo- t hi r ds of  t he aver age hel i ces di amet er .   The dr i l l i ng or  
auger i ng must  not  be deeper  t han r equi r ed t o bypass t he obst r uct i ng 
l ayer .   Dr i l l i ng deeper  t han 10 f eet  above t he est i mat ed pi l e t i p 
el evat i on i s not  per mi t t ed.   Fi el d modi f i cat i on of  pr e- dr i l l i ng oper at i ons 
wi l l  be per mi t t ed based on t he r ecommendat i ons of  t he Owner ' s Geot echni cal  
Consul t ant  and wi t h t he appr oval  of  t he Cont r act i ng Of f i cer .

3. 2. 2   Posi t i oni ng,  Al i gnment ,  and Advanci ng t he Hel i cal  Lead Sect i on

Posi t i on t he pi l e at  t he l ocat i on i ndi cat ed.   Advance t he hel i cal  l ead 
sect i on i n a smoot h and cont i nuous manner .   Avoi d abr upt  st ar t s af t er  
i nt er r upt i ons.   Appl y suf f i c i ent  down pr essur e t o advance t he l ead sect i on 
appr oxi mat el y 3 i nches per  r evol ut i on.   Mai nt ai n t he penet r at i on r at e by 
adj ust i ng t he r at e of  r ot at i on and magni t ude of  down pr essur e f or  
di f f er ent  soi l  condi t i on and dept hs.

Posi t i on a l ead di spl acement  pl at e of  appr opr i at e di amet er  on t he cent r al  
st eel  shaf t  at  t he l ocat i on necessar y t o i nst al l  t he gr out  col umn as shown 
on t he dr awi ngs.   Do not  l ocat e t he l ead di spl acement  pl at e c l oser  t han 12 
i nches above t he t op hel i cal  pl at e.   Posi t i on ext ensi on di spl acement  
pl at es on t he cent r al  st eel  shaf t  at  a mi ni mum of  ever y coupl i ng j oi nt .   
Do not  space di spl acement  pl at es mor e t han 7 f eet  apar t .   Di spl acement  
pl at es must  per mi t  t he f r ee f l ow of  gr out  wi t hout  mi sal i gnment  of  t he 
cent r al  st eel  shaf t .

Mi x gr out  wi t h equi pment  capabl e of  pr ovi di ng a st eady suppl y at  t he 
r equi r ed l evel  of  pr oduct i on.   Pl ace gr out  v i a a gr avi t y f ed r eser voi r  
l ocat ed at  t he sur f ace.   The r eser voi r  consi st s of  a t empor ar y casi ng or  
f or m,  whi ch i s capabl e of  cont ai ni ng l i qui d gr out  and appr opr i at el y s i zed 
( di amet er  and l engt h)  t o accommodat e t he soi l  condi t i ons and gr out  col umn 
di amet er .   Pl ace gr out  i n t he r eser voi r  i mmedi at el y pr i or  t o t he 
advancement  of  t he f i r st  l ead di spl acement  pl at e i nt o t he soi l .   Mai nt ai n 
t he vol ume of  gr out  cont ai ned i n t he r eser voi r  at  a l evel  suf f i c i ent  t o 
mai nt ai n posi t i ve hydr ost at i c pr essur e on t he gr out  col umn.

Gr out  pl acement  must  cont i nue unt i l  t he mi ni mum gr out  col umn l engt h has 
been achi eved as shown on t he wor ki ng dr awi ngs.   Take vol ume measur ement s 
t hr oughout  t he i nst al l at i on i n or der  t o det er mi ne t he act ual  gr out  col umn 
di amet er .   Gr out  must  be al l owed t o at t ai n t he mi ni mum desi gn st r engt h 
pr i or  t o bei ng l oaded.

3. 2. 3   Rej ect ed Pi l es

Wi t hdr aw pi l es damaged or  i mpai r ed f or  use dur i ng handl i ng or  
i nst al l at i on,  mi sl ocat ed,  or  i nst al l ed out  of  al i gnment  beyond t he maxi mum 
t ol er ance.  Repl ace wi t h new pi l es or  cut - of f  and abandon damaged or  
i mpai r ed pi l es and i nst al l  new pi l es as di r ect ed.   Remove excess cut - of f  
f r om pi l es and unaccept abl e pi l es f r om t he wor k s i t e.   Per f or m al l  wor k i n 
connect i on wi t h wi t hdr awi ng and r emovi ng r ej ect ed pi l es f r om t he si t e at  
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no addi t i onal  cost  t o t he Gover nment .

3. 2. 4   As- I nst al l ed Sur vey

Af t er  t he i nst al l at i on of  each pi l e gr oup i s compl et e and bef or e concr et e 
i s pl aced,  pr ovi de t he Cont r act i ng Of f i cer  wi t h an as- i nst al l ed sur vey 
showi ng act ual  l ocat i on and t op el evat i on of  each pi l e.   Submi t  sur vey 
wi t hi n 7 cal endar  days of  compl et i ng t he t est  and pr oduct i on pi l e 
i nst al l at i on.   Do not  pr oceed wi t h pl aci ng concr et e unt i l  t he Cont r act i ng 
Of f i cer  has r evi ewed t he sur vey and ver i f i ed t he saf e l oad f or  t he pi l e 
gr oup i nst al l ed.   Pr esent  a sur vey i n such f or m t hat  i t  gi ves devi at i on 
f r om pl an l ocat i on i n t wo per pendi cul ar  di r ect i ons and el evat i ons of  each 
pi l e t o near est  hal f  i nch.   Sur vey must  be pr epar ed and cer t i f i ed by a 
l i censed l and sur veyor .

3. 2. 5   Ter mi nat i on Cr i t er i a

I f  t he r equi r ed mi ni mum i nst al l at i on t or que i s r eached bef or e t he mi ni mum 
l engt h i s achi eved,  t he i nst al l at i on must  cont i nue unt i l  t he mi ni mum 
l engt h i s at t ai ned.   However ,  t he i nst al l at i on t or que must  not  exceed t he 
maxi mum t or que r at i ng ( r ef er  par agr aph DEFI NI TI ONS i n PART 1)  of  t he pi l e 
or  equi pment .   I f  t he maxi mum t or que r at i ng i s r eached bef or e t he mi ni mum 
l engt h i s achi eved,  st op t or qui ng oper at i ons and cont act  t he Cont r act i ng 
Of f i cer .   Use t he aver age t or que f or  t he l ast  3 f eet  of  penet r at i on as a 
basi s of  compar i son wi t h t he mi ni mum i nst al l at i on t or que.

3. 2. 6   Gr out ed Hel i cal  Pi l e I nst al l at i on Recor ds

For  each pi l e i nst al l ed,  pr ovi de a f or mal  r ecor d i ncl udi ng t he f ol l owi ng:

a.   Name of  pr oj ect ,  cont r act or  and cont r act or s super i nt endent .

b.   Dat e and t i me of  i nst al l at i on.

c.   Name and model  of  i nst al l at i on equi pment  and oper at or  name.

d.   Type of  t or que i ndi cat or .

e.   Locat i on of  pi l e.

f .   Ti me and dur at i on of  pi l e i nst al l at i on.

g.   El evat i on of  l ead pi l e.

h.   Tot al  l engt h of  i nst al l ed pi l e.

i .   I dent i f i cat i on of  l ead sect i on ( manuf act ur er ' s descr i pt i on and cat al og 
number ) .

j .   I dent i f i cat i on of  ext ensi ons ( manuf act ur er ,  di amet er ,  mi ni mum ul t i mat e 
st r engt h) .

k.   Number  of  di spl acement  pl at es/ cent r al i zer s and t hei r  l ocat i on.

l .   Down pr essur e appl i ed.

m.   I nst al l at i on t or que and gr out  f l ow at  one- f oot  i nt er val s.

n.   Ef f ect i ve t or s i onal  r esi st ance and cal cul at ed geot echni cal  capaci t y 
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based on t he ef f ect i ve t or s i onal  r esi st ance and as der i ved f r om t he 
pr e- pr oduct i on t est  pr ogr am.

o.   Comment s per t ai ni ng t o i nt er r upt i ons,  obst r uct i ons or  ot her  per t i nent  
i nf or mat i on.

3. 2. 7   Pr ot ect i on of  Exi st i ng St r uct ur es

Mi t i gat e i mpact  on exi st i ng f aci l i t i es due t o pi l e i nst al l at i on act i v i t i es 
i n accor dance wi t h t he pr oj ect  speci f i c  document  .

3. 2. 8   Di sposal  of  Excavat ed Mat er i al

Do not  l eave any pi l es par t i al l y  compl et ed over ni ght .   Compl et el y gr out  and
 pr ot ect  pi l es at  t he t er mi nat i on of  each day' s oper at i on.   Di spose of  
excavat ed mat er i al ,  r esul t i ng f r om auger i ng,  of f  Gover nment  pr oper t y .

3. 3   FI ELD TESTS

3. 3. 1   Compr essi on Test s

Per f or m l oad t est s at  t he t est  pi l e l ocat i ons i ndi cat ed on t he dr awi ngs.   
Per f or m " qui ck t est "  i n accor dance wi t h ASTM D1143/ D1143M.   Pr ovi de 
appar at us f or  appl y i ng ver t i cal  l oads as r equi r ed by met hod,  usi ng l oad 
f r om wei ght ed box or  pl at f or m or  r eact i on f r ame at t ached t o suf f i c i ent  
upl i f t  pi l es t o saf el y t ake t he r equi r ed l oad appl i ed t o pi l e hydr aul i c 
j ack.   I ncr ease l oad i n i ncr ement s unt i l  r api d pr ogr essi ve set t l ement  
t akes pl ace or  unt i l  appl i cat i on of  t ot al  l oad equal s 200 per cent  of  t he 
desi gn l oad,  whi chever  occur s f i r st .   Equi pment  ut i l i zed t o measur e pi l e 
movement s must  be as out l i ned i n ASTM D1143/ D1143M Sect i on 7.   Mai nt ai n a 
dat a pl ot  of  l oad ver sus movement  dur i ng t he t est  pr ocedur es.  Saf e desi gn 
capaci t y wi l l  be based on t he maxi mum axi al  def l ect i on of  5 per cent  of  
hel i x di amet er  .

3. 3. 2   Fi el d Test  Repor t

A Load Test  Repor t  must  be submi t t ed by t he Cont r act or ' s Geot echni cal  
Consul t ant  upon sat i sf act or y compl et i on of  each l oad t est .   The submi t t al  
must  be pr epar ed and st amped by a Pr of essi onal  Engi neer  r egi st er ed i n t he 
St at e of  Mi ssi ssi ppi  and made wi t hi n t hr ee wor ki ng days of  t he compl et i on 
of  t he l oad t est .   The Load Test  Repor t  cont ai ns t he f ol l owi ng i nf or mat i on 
at  a mi ni mum:

a.   Name or  pr oj ect ,  cont r act or  and cont r act or ' s super i nt endent .

b.   Name of  t he t hi r d par t y t est i ng agency.

c.   Dat e,  t i me,  and dur at i on of  t est .

d.   Type of  t est .

e.   Name of  t est  equi pment  and descr i pt i on of  t est  set - up.

f .   Equi pment  cal i br at i on dat a.

g.   Locat i on of  pi l e and i dent i f i cat i on number .

h.   Pi l e i nst al l at i on r ecor d,  r eact i on pi l es and t est  pi l e.
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i .   Load i ncr ement s and dur at i on of  each i ncr ement .

j .   Ti me and amount  of  each i nt er val  r eadi ng.

k.   Cumul at i ve pi l e movement  af t er  each i ncr ement .

l .   Maxi mum appl i ed l oad.

m.   Dat a pl ot  of  l oad ver sus movement .

n.   Comment s per t ai ni ng t o i nt er r upt i ons,  equi pment  adj ust ment s or  ot her  
per t i nent  i nf or mat i on.

3. 3. 3   Pi l e Recor ds

Keep a compl et e and accur at e r ecor d of  each pi l e i nst al l ed.   I ndi cat e t he 
pi l e l ocat i on,  devi at i ons f r om pi l e l ocat i on,  cr oss sect i on shape and 
di mensi ons,  or i gi nal  l engt h,  gr ound el evat i on,  t i p el evat i on,  cut - of f  
el evat i ons.   I ncl ude i n t he r ecor d t he begi nni ng and endi ng t i mes of  each 
oper at i on dur i ng i nst al l at i on of  pi l e.   Recor d r et ap dat a and unusual  
occur r ences dur i ng pi l e i nst al l at i on such as r ei nst al l at i on,  heavi ng,  
weavi ng,  spl i c i ng,  obst r uct i ons,   and any i nst al l at i on i nt er r upt i ons.   A 
pr epr i nt ed pi l e i nst al l at i on l og f or  r ecor di ng pi l e i nst al l at i on dat a and 
pi l e i nst al l at i on equi pment  dat a f or m,  whi ch can be downl oaded at :  
ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/
f or ms- gr aphi cs- t abl es.

3. 3. 4   Test i ng Agency Qual i f i cat i ons

Engage an i ndependent  t est i ng agency qual i f i ed accor di ng t o ASTM C1077 and 
ASTM E329 f or  t est i ng i ndi cat ed.   Submi t  t est i ng agency qual i f i cat i ons t o 
t he Cont r act i ng Of f i cer  f or  appr oval .

3. 3. 5   Fl ow Cone Test

The quant i t y of  wat er  used must  pr oduce a gr out  havi ng a consi st ency of  
not  l ess t han 21 seconds when t est ed wi t h a f l ow cone i n accor dance wi t h 
ASTM C939/ C939M.   For  speci f i ed f l ow cone r at es i n t he r ange of  10 t o 25 
seconds,  modi f y t he f l ow cone by r emoval  of  t he 1/ 2 i nch or i f i ce al l owi ng 
gr out  t o pass t hr ough t he 3/ 4 i nch hol e i n bot t om of  cone.   Wat er  
r et ent i ve gr out s t hat  demonst r at e cohesi ve or  t hi xot r opi c pr oper t i es may 
be mor e accur at el y t est ed f or  wor kabi l i t y  wi t h a st andar d s l ump cone usi ng 
Sl ump Fl ow ( commonl y r ef er r ed t o as a " spr ead"  t est )  as descr i bed i n 
ASTM C1611/ C1611M.   The Sl ump Fl ow or  " Spr ead"  t est  empl oys t he use of  t he 
st andar d concr et e s l ump cone.

Conduct  t est s at  t he begi nni ng of  gr out  i nj ect i on and at  subsequent  
i nt er val s t o ensur e speci f i cat i on r equi r ement s ar e met .

3. 3. 6   Gr out  Speci mens

Conduct  gr out  t est s i n accor dance wi t h ASTM C31/ C31M,  ASTM C39/ C39M and 
ASTM D942.   Pr epar e t est  speci mens of  gr out  by pour i ng gr out  i nt o 2 i nch 
cubes.   Cur e and t est  i n accor dance wi t h ASTM C109/ C109M.   Rest r ai n cube 
speci mens f r om expansi on as descr i bed i n ASTM C942/ C942M.   Pr epar e t est  
speci mens of  gr out  by pour i ng gr out   6 i nch by 12 i nch cyl i nder s,  ,   
cyl i nder s.   Pr ovi de mol ds wi t h a t op cover  pl at e so desi gned as t o 
r est r ai n gr out  expansi on and t o per mi t  escape of  ai r  and wat er .
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Col l ect  not  l ess t han one set  of  cyl i nder s f or  each 50 cy of  gr out  pl aced,  
or  at  l east  one set  f or  each day dur i ng whi ch pi l es ar e pl aced.   Test  2  
cubes at  7  days,  2  cubes t est ed at  28  days,  and 2  cubes hel d i n 
r eser ve.   One set  wi l l  consi st  of  s i x  cubes .   Any set  of  cubes  of  whi ch 
one or  mor e cyl i nder s t est  at  10 per cent  or  mor e bel ow t he r equi r ed 
st r engt h wi l l  be cause f or  r ej ect i on of  t he pi l e gr oup.

        - -  End of  Sect i on - -
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SECTI ON 32 01 16. 71

COLD MI LLI NG ASPHALT PAVI NG
11/ 22

PART 1   GENERAL

1. 1   Payment

1. 1. 1   Measur ement

 The measur ed quant i t y of  asphal t  mi l l i ng,  i ncl udi ng cost  f or  c l ean- up and 
di sposal ,  wi l l  be pai d f or  and i ncl uded i n t he l ump sum Cont r act  pr i ce.

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM E965 ( 2015;  R 2019)  St andar d Test  Met hod f or  
Measur i ng Pavement  Macr ot ext ur e Dept h 
Usi ng a Vol umet r i c Techni que

1. 3   DEFI NI TI ONS

1. 3. 1   Scabbi ng/ Del ami nat i on

Scabbi ng or  del ami nat i on i s def i ned as t he debondi ng or  r avel i ng of  
mat er i al  whi ch may be caused by ei t her  t he condi t i on of  t he exi st i ng 
under l y i ng l ayer s of  asphal t  mi xt ur e or  t he mi l l i ng oper at i on.

1. 3. 2   Mi l l i ng Machi ne

Mi l l i ng machi nes may al so be known as pavement  col d pl aner s.   Thr oughout  
t hi s speci f i cat i on,  any r ef er ences t o mi l l i ng machi nes wi l l  al so appl y t o 
pavement  col d pl aner s.

1. 3. 3   Mi l l i ng Dr um

Mi l l i ng dr ums ar e upwar d- r ot at i ng dr ums or  r ot or s whi ch ar e out f i t t ed wi t h 
t ool hol der s and t eet h ( pi cks) .   Mi l l i ng dr ums per f or m di f f er ent  t asks 
dependent  on t he st r uct ur e and desi gn.   The mai n t asks ar e cut t i ng 
par t i c l es f r om t he composi t e pavement ,  conveyi ng r emoved mat er i al  t o t he 
ej ect or ,  and ej ect i ng r emoved mat er i al .   Any r ef er ence t o mi l l i ng dr um 
al so appl i es t o mi l l i ng r ot or s.   

1. 4   TRAFFI C CONTROL

Pr ovi de al l  necessar y t r af f i c  cont r ol  dur i ng mi l l i ng oper at i ons.

1. 5   SCHEDULI NG

Af t er  compl et i on of  t he pr econst r uct i on submi t t al s,  pr ovi de not i ce t o t he 
Cont r act i ng Of f i cer  a mi ni mum of  seven days pr i or  t o st ar t i ng mi l l i ng 
oper at i ons.
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1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.  When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Equi pment ;  G

Pr oposed Techni ques;  G

Qual i t y Cont r ol  Pl an;  G

SD- 06 Test  Repor t s

QC Moni t or i ng

Test  Sect i on Resul t s;  G

Macr osur f ace Text ur e Accept ance;  G

1. 7   PROJECT/ SI TE CONDI TI ONS

1. 7. 1   Envi r onment al  Requi r ement s

Do not  per f or m mi l l i ng when t her e i s accumul at i on of  snow or  i ce on t he 
pavement  sur f ace.

PART 2   PRODUCTS

2. 1   EQUI PMENT

Mai nt ai n i n a sat i sf act or y wor ki ng condi t i on equi pment ,  t ool s,  and 
machi nes used i n t he per f or mance of  t hi s wor k.

2. 1. 1   Col d Mi l l i ng Machi ne

Use a sel f - pr opel l ed uni t  capabl e of  r emovi ng t he exi st i ng asphal t  
pavement  t o t he dept hs and wi dt hs shown i n t he Cont r act .  Mi l l i ng machi nes 
wi l l  have a mi ni mum cut t i ng wi dt h of   6. 5 f eet .   Use mi l l i ng machi nes 
desi gned and bui l t  excl usi vel y f or  pavement  mi l l i ng oper at i ons and wi t h 
suf f i c i ent  power ,  t r act i on and st abi l i t y  t o accur at el y mai nt ai n dept h of  
cut  and sl ope.   The equi pment  wi l l  be capabl e of  oper at i ng t he machi ne 
speed i ndependent l y f r om t he cut t i ng equi pment  speed.  Use mi l l i ng machi nes 
capabl e of  bei ng equi pped wi t h dual  l ongi t udi nal  cont r ol s ( oper at ed f r om 
bot h s i des of  t he machi ne) .   Use el ect r oni c cont r ol  syst ems t hat  wi l l  
aut omat i cal l y cont r ol  t he l ongi t udi nal  pr of i l e and cr oss s l ope of  t he 
mi l l ed sur f ace.   Accompl i sh t hi s t hr ough t he use of  a mobi l e gr ade 
r ef er ence,  an er ect ed st r i ng l i ne,  j oi nt  mat chi ng shoe,  s l ope cont r ol  
syst ems,  or  a combi nat i on of  appr oved met hods.   When usi ng a mobi l e gr ade 
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r ef er ence,  use syst ems capabl e of  aver agi ng t he exi st i ng gr ade or  pavement  
pr of i l e over  at  l east  30 f oot .   Use a machi ne capabl e of  l eavi ng a uni f or m 
sur f ace sui t abl e f or  handl i ng t r af f i c  wi t hout  damage t o t he under l y i ng 
pavement  st r uct ur e.   Pr ovi de addi t i onal  equi pment  necessar y t o 
sat i sf act or i l y  r emove t he pavement  i n t he ar ea of  manhol es,  wat er  val ves,  
cur b,  gut t er  and ot her  obst r uct i ons.   Pr ovi de mi l l i ng machi nes wi t h a 
means of  ef f ect i vel y l i mi t i ng t he amount  of  dust  escapi ng f r om t he r emoval  
oper at i ons.   I f  mi l l i ng oper at i ons r esul t  i n excessi ve f ugi t i ve dust ,  a 
s i l i ca dust  suppr essant  i s r equi r ed at  no addi t i onal  cost  t o t he 
Gover nment .   Mi l l i ng equi pment  i s not  al l owed t o damage any par t  of  t he 
pavement  st r uct ur e t hat  i s  not  t o be r emoved.  Equi p t he mi l l i ng machi ne 
wi t h a l i ght i ng syst em f or  ni ght  wor k as r equi r ed by t he Cont r act .   
Smal l er  wi dt h mi l l i ng machi nes may be necessar y f or  use ar ound st r uct ur es 
or  ot her  penet r at i ons.  Pr oduce t he same sur f ace t ext ur e wi t h smal l  mi l l i ng 
machi nes as wi t h t he l ar ge mi l l i ng machi nes.

2. 1. 2   Mi l l i ng Dr ums

2. 1. 2. 1   St andar d Mi l l i ng Dr um

Pr ovi de a st andar d mi l l i ng dr um havi ng a t ool  spaci ng bet ween 1/ 2 -  3/ 4 
i nch.

2. 1. 3   Sensor s and Scanni ng Component s

Pr ovi de sensor s and scanner s as necessar y t o pr oduce t he gr ade and 
smoot hness as speci f i ed.   Submi t  al l  sensor s and scanni ng component s f or  
Gover nment  appr oval .  

2. 1. 4   Cl eani ng Equi pment

Pr ovi de cl eani ng equi pment  sui t abl e f or  r emovi ng and cl eani ng l oose 
mat er i al  f r om t he pavement  sur f ace.   I f  usi ng st r eet  sweeper  t ype 
equi pment ,  equi p t he st r eet  sweeper  wi t h a wat er  t ank,  dust  cont r ol  spr ay 
assembl y,  bot h a pi ck- up and gut t er  br oom,  and a debr i s hopper .

2. 1. 5   St r ai ght edge

Fur ni sh and mai nt ai n at  t he s i t e,  i n good condi t i on,  at  l east  one 12 f oot  
st r ai ght edge f or  each mi l l i ng machi ne,  f or  t est i ng t he f i ni shed sur f ace.   
Make t he st r ai ght edge avai l abl e f or  Gover nment  use.   Use st r ai ght edges 
const r uct ed of  al umi num or  ot her  l i ght wei ght  met al ,  wi t h bl ades of  box or  
box- gi r der  cr oss sect i on wi t h f l at  bot t om r ei nf or ced t o i nsur e r i gi di t y 
and accur acy.   Use st r ai ght edges wi t h handl es t o f aci l i t at e movement  on 
t he mi l l ed sur f ace.

PART 3   EXECUTI ON

3. 1   CONTRACTOR QUALI TY CONTROL

3. 1. 1   Gener al  Qual i t y Cont r ol  Requi r ement s

Submi t  t he Qual i t y Cont r ol  Pl an a mi ni mum of  30 days i n advance of  
st ar t i ng mi l l i ng oper at i ons.   The Qual i t y Cont r ol  Pl an i s speci f i c  t o t hi s 
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speci f i cat i on and suppl ement s t he over al l  Qual i t y Cont r ol  Pl an r equi r ed by 
t he pr oj ect .   Do not  st ar t  mi l l i ng oper at i ons unt i l  t he Qual i t y Cont r ol  
Pl an has been appr oved.   I n t he Qual i t y Cont r ol  Pl an,  addr ess al l  el ement s 
whi ch af f ect  t he qual i t y of  t he mi l l i ng oper at i on i ncl udi ng,  but  not  
l i mi t ed t o:

a.   Type of  cut t i ng t eet h and schedul e f or  r epl acement .

b.   The dai l y pr event at i ve mai nt enance schedul e and checkl i st .

c.   The pr oposed use of  gr ade and sl ope cont r ol s ( l ongi t udi nal  and 
t r ansver se) .

d.   The f r equency of  smoot hness t est i ng.

e.   The pr ocess f or  mi l l i ng di st r essed ar eas ( scabbi ng/ del ami nat i on) .

f .   Cor r ect i ve pr ocedur es i f  t he mi l l i ng oper at i on does not  meet  t he 
speci f i ed t ext ur e or  gr ade r equi r ement s.

g.   Cor r ect i ve pr ocedur es i f  t he mi l l ed sur f ace does not  meet  t he 
speci f i ed mi ni mum t r ansver se or  l ongi t udi nal  smoot hness when measur ed 
wi t h a 12 f oot  st r ai ght edge.

3. 2   PROPOSED TECHNI QUES

Submi t  t he pr oposed t echni ques a mi ni mum of 30 days i n advance of  st ar t i ng 
mi l l i ng oper at i ons.  The pr oposed t echni ques wi l l  be pr oj ect  speci f i c  and 
addr ess t he f ol l owi ng i t ems:

a.   The number ,  t ype( s)  and si ze( s)  of  mi l l i ng machi nes t o be used.

b.   The wi dt h and l ocat i on of  each cut t i ng pass.

c.   The number  and t ypes of  br ooms t o be used wi t h t hei r  l ocat i on wi t h 
r espect  t o mi l l i ng machi nes.

d.   The pr oposed met hod f or  mi l l i ng ar ound exi st i ng st r uct ur es such as 
manhol es,  val ve boxes,  and i nl et s.

e.   The l ongi t udi nal  and t r ansver se t ypi cal  sect i ons f or  t i e- i ns at  t he 
end of  t he wor k day.

3. 3   MI LLI NG OPERATI ON

Make suf f i c i ent  passes so t hat  t he desi gnat ed ar ea i s mi l l ed t o t he 
pr of i l e,  cr oss- sl ope,  gr ade and el evat i ons as i ndi cat ed.   Mi l l  t he 
pavement  i n dept h i ncr ement s t hat  wi l l  not  damage t he pavement  bel ow t he 
desi gnat ed f i ni shed gr ade.   I f  scabbi ng or  del ami nat i on occur s,  t he mi l l ed 
sur f ace i s unl i kel y t o meet  smoot hness r equi r ement s.   Not i f y t he 
Cont r act i ng Of f i cer  f or  f ur t her  di r ect i on when del ami nat i on or  scabbi ng 
occur s.  Repai r  or  r epl ace i t ems damaged dur i ng mi l l i ng oper at i ons such as 
manhol es,  val ve boxes,  ut i l i t y  l i nes,  pavement  t hat  i s  t or n,  cr acked,  
gouged,  br oken,  or  under cut ,  at  no addi t i onal  cost  t o t he Gover nment .   
Remove t he mi l l ed mat er i al  f r om t he pavement  and l oad i nt o t r ucks.
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3. 3. 1   Mi l l i ng Machi ne and Dr um Speed

Oper at e t he mi l l i ng machi ne and dr um speed at  appr opr i at e speeds r equi r ed 
t o pr oduce a uni f or m and accept abl e sur f ace t ext ur e per  par agr aph 
ACCEPTABLE SURFACE TEXTURE.

3. 4   TEST SECTI ON

The t est  sect i on wi l l  be consi der ed t he f i r st  hal f - day of  mi l l i ng 
pr oduct i on.   The t est  sect i on wi l l  be a mi ni mum of  1, 000 f eet   l ong and one
mi l l i ng l anes wi de.   Eval uat e t he mi l l ed sur f ace t ext ur eand smoot hness as 
par t  of  t he t est  sect i on.   Make any changes necessar y,  i ncl udi ng t he speed 
of  t he mi l l i ng machi ne,  t o pr oduce t he desi r ed mi l l ed sur f ace t ext ur e and 
smoot hness.   Any adj ust ment s i n gr ade shoul d be appr oved by t he 
Cont r act i ng Of f i cer .   Per f or m macr osur f ace t ext ur e accept ance t est i ng at  
t wo r andom l ocat i ons no cl oser  t han 500 f eet .   At  a mi ni mum,  pr ovi de t he 
f ol l owi ng i n t he Test  Sect i on Resul t s:

a.   Over al l  v i sual  appear ance of  t he mi l l ed sur f ace t ext ur e not i ng any 
scabbi ng or  del ami nat i on concer ns.  Pr ovi de f i ve or  mor e phot os of  t he 
c l eaned sur f ace t ext ur e wi t h a scal e showi ng t he l i ne spaci ng.

b.   Speed of  mi l l i ng machi ne and dr um ( r pm) .

c.   Appr oxi mat e st at i on and of f set  of  st r ai ght edge t est i ng and 
measur ement s.

3. 5   SURFACE SMOOTHNESS

3. 5. 1   St r ai ght edge Test i ng

Af t er  compl et i on of  t he f i nal  mi l l i ng and cl ean- up,  t est  t he f i ni shed 
mi l l ed sur f ace wi t h t he st r ai ght edge.   Cor r ect  sur f ace i r r egul ar i t i es t hat  
depar t  f r om t he t est i ng edge by mor e t han 1/ 4 i nch.   St r ai ght edge t est i ng 
wi l l  be per f or med cont i nuousl y t hr oughout  pr oduct i on as a Qual i t y Cont r ol  
check f or  t he mi l l ed sur f ace on a f r equency l ongi t udi nal l y and 
t r ansver sel y as appr oved i n t he Qual i t y Cont r ol  Pl an.   Ski n pat chi ng f or  
cor r ect i ng l ow ar eas wi l l  not  be per mi t t ed.   I f  i t  i s  det er mi ned t hat  
Cont r act or  oper at i ons r esul t ed i n def i c i ent  l ow ar eas,  r emove and r epl ace 
ar ea wi t h a mi ni mum 1 i nch of  asphal t  l evel i ng cour se as appr oved by t he 
Gover nment .   Repor t  appr oxi mat e st at i on and i ndi v i dual  measur ement s t aken 
and submi t  QC Moni t or i ng t o t he Cont r act i ng Of f i cer  on a dai l y basi s.

3. 6   ACCEPTABLE SURFACE TEXTURE

Pr oduce a mi l l ed sur f ace t ext ur e wi t h cont i nuous,  l ongi t udi nal  mi l l i ng 
st r i at i ons wi t h no gaps i n t he l ongi t udi nal  st r i at i ons.   Gaps i n t he 
mi l l i ng st r i at i ons and cases wher e gaps cr eat e a di agonal  pat t er n or  
chevr on appear ance ar e r equi r ed t o be mi l l ed agai n such t hat  cont i nuous,  
l ongi t udi nal  st r i at i ons ar e achi eved.

3. 6. 1   Macr osur f ace Text ur e Accept ance

Conduct  macr osur f ace t ext ur e accept ance t est i ng i n accor dance wi t h 
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ASTM E965 t o det er mi ne t he aver age macr ot ext ur e c i r cul ar  di amet er  f or  t he 
day' s pr oduct i on.  

3. 7   CLEAN- UP OPERATI ONS

Af t er  mi l l i ng t o t he dept h shown i n t he Cont r act ,  sweep or  vacuum cl ean 
t he mi l l ed ar ea wi t h t he appr oved equi pment .

3. 8   REMOVAL OF MI LLED MATERI AL

Mat er i al  t hat  i s  r emoved wi l l  become t he pr oper t y of  t he Cont r act or  and 
r emoved f r om t he si t e.

       - -  End of  Sect i on - -
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SECTI ON 32 05 33

LANDSCAPE ESTABLI SHMENT
08/ 17

PART 1   GENERAL

1. 1   DEFI NI TI ONS

1. 1. 1   Pest i c i de

Any subst ance or  mi xt ur e of  subst ances,  i ncl udi ng bi ol ogi cal  cont r ol  
agent s,  t hat  may pr event ,  dest r oy,  r epel ,  or  mi t i gat e pest s and ar e 
speci f i cal l y l abel ed f or  use by t he U. S.  Envi r onment al  Pr ot ect i on Agency 
( EPA) .   Al so,  any subst ance used as a pl ant  r egul at or ,  def ol i ant ,  
di s i nf ect ant ,  or  bi oci de.   Exampl es of  pest i c i des i ncl ude f umi gant s,  
her bi c i des,  i nsect i c i des,  f ungi c i des,  nemat i c i des,  mol l usci c i des and 
r odent i c i des.

1. 1. 2   St and of  Tur f

95 per cent  gr ound cover  of  t he est abl i shed speci es.

1. 2   RELATED REQUI REMENTS

Sect i on 32 92 23 SODDI NG appl i es t o t hi s sect i on f or  i nst al l at i on of  sod 
r equi r ement s,  wi t h addi t i ons and modi f i cat i ons her ei n.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Fer t i l i zer ;  G

SD- 07 Cer t i f i cat es

Mai nt enance I nspect i on Repor t

Pl ant  Quant i t i es;  G
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SD- 11 Cl oseout  Submi t t al s

1. 4   DELI VERY,  STORAGE AND HANDLI NG

1. 4. 1   Del i ver y

Del i ver  f er t i l i zer ,  gypsum,  and i r on t o t he s i t e i n or i gi nal  cont ai ner s 
bear i ng manuf act ur er ' s chemi cal  anal ysi s,  name,  t r ade name,  or  t r ademar k,  
and i ndi cat i on of  conf or mance t o st at e and f eder al  l aws.   I nst ead of  
cont ai ner s,  f er t i l i zer  and gypsum may be f ur ni shed i n bul k wi t h a 
cer t i f i cat e i ndi cat i ng t he above i nf or mat i on.

1. 4. 2   St or age

1. 4. 2. 1   Fer t i l i zer ,  Li me, I r on,  Mul chSt or age

St or e mat er i al  i n desi gnat ed ar eas.   St or e l i me and f er t i l i zer  i n cool ,  
dr y l ocat i ons away f r om cont ami nant s.

1. 4. 2. 2   Ant i desi ccant ' s St or age

Do not  st or e wi t h f er t i l i zer s or  ot her  l andscape mai nt enance mat er i al s.

1. 4. 3   Handl i ng

Do not  dr op or  dump mat er i al s f r om vehi c l es.

PART 2   PRODUCTS

2. 1   POST- PLANT FERTI LI ZER

2. 1. 1   Gr anul ar  Fer t i l i zer

Or gani c,  gr anul ar  cont r ol l ed r el ease f er t i l i zer . 2. 2   WATER

Sour ce of  wat er  must  be appr oved by t he Cont r act i ng Of f i cer ,  and be of  
sui t abl e qual i t y f or  i r r i gat i on.

PART 3   EXECUTI ON

3. 1   EXTENT OF WORK

Pr ovi de l andscape const r uct i on mai nt enance t o i ncl ude mowi ng,  edgi ng,  
over seedi ng, aer at i on, f er t i l i z i ng, wat er i ng, weedi ng,  pr uni ng,  f or  al l  newl y 
i nst al l ed l andscape ar easand exi st i ng pl ant  mat er i al ,  unl ess i ndi cat ed 
ot her wi se,  and at  al l  ar eas i nsi de or  out si de t he l i mi t s of  t he 
const r uct i on t hat  ar e di st ur bed by t he Cont r act or ' s oper at i ons.

3. 1. 1   Pol i c i ng

Pol i ce al l  l andscaped ar eas.   Pol i c i ng i ncl udes r emoval  of  l eaves,  
br anches and l i mbs r egar dl ess of  l engt h or  di amet er ,  dead veget at i on,  
paper ,  t r ash,  c i gar et t e but t s,  gar bage,  r ocks or  ot her  debr i s.   Pol i c i ng 
must  ext end t o bot h s i des of  f enci ng or  wal l s.  Col l ect ed debr i s must  be 
pr ompt l y r emoved and di sposed of  at  an appr oved di sposal  s i t e.
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3. 1. 2   Dr ai nage Syst em Mai nt enance

Remove al l  obst r uct i ons f r om sur f ace and subsur f ace dr ai n l i nes t o al l ow 
wat er  t o f l ow unr est r i ct ed i n cat ch basi ns,  st or m dr ai n cur b i nl et s, and 
yar d dr ai ns.   Remove gr at es and cl ear  debr i s i n cat ch basi ns.   Open 
dr ai nage channel s ar e t o be mai nt ai ned f r ee of  al l  debr i s and veget at i on 
at  al l  t i mes.   Edges of  t hese channel s must  be cl ear  of  any encr oachment  
by veget at i on.

3. 2   I RRI GATI ON ESTABLI SHMENT PERI OD
3. 2. 1   Fi r e Hydr ant s

To use a f i r e hydr ant  f or  i r r i gat i on,  obt ai n pr i or  c l ear ance f r om t he 
Cont r act i ng Of f i cer  and pr ovi de t he t ool s and connect i ons appr oved f or  use 
on f i r e hydr ant s.   I f  a f i r e hydr ant  i s used,  Pr ovi de a r educed pr essur e 
backf l ow pr event er  f or  each connect i on bet ween hose and f i r e hydr ant .   
Backf l ow pr event er  used must  be t est ed once per  mont h by a cer t i f i ed 
backf l ow pr event er  t est er .

3. 2. 2   Fi nal  Accept ance

Upon compl et i on of  t he i r r i gat i on est abl i shment  per i od and f i nal  
accept ance of  gr oundcover  and ext er i or  pl ant s,  i r r i gat i on equi pment  must  
be r emoved. 3. 3   GROUNDCOVER ESTABLI SHMENT PERI OD

Gr oundcover  est abl i shment  per i od wi l l  commence on t he dat e t hat  i nspect i on 
by t he Cont r act i ng Of f i cer  shows t hat  t he newt ur f  f ur ni shed under  t hi s 
cont r act  has been sat i sf act or i l y  i nst al l ed t o a 95 per cent st and of  
cover age.   The est abl i shment  per i od must  cont i nue f or  a per i od of  365days.

3. 3. 1   Fr equency of  Mai nt enance

Begi n mai nt enance i mmedi at el y af t er  t ur f  has beeni nst al l ed  I nspect  ar eas 
once a weekdur i ng t he i nst al l at i on and est abl i shment  per i od and per f or m 
needed mai nt enance pr ompt l y.

3. 3. 2   Pr omot i on of  Gr owt h

Mai nt ai n gr oundcover  i n a manner  t hat  pr omot es pr oper  heal t h,  gr owt h,  
nat ur al  col or .   Tur f  must  have a neat  uni f or m mani cur ed appear ance,  f r ee 
of  bar e ar eas,  r ut s,  hol es,  weeds,  pest s,  dead veget at i on,  debr i s,  and 
unwant ed veget at i on t hat  pr esent  an unsi ght l y appear ance.   Mow,  r emove 
excess cl i ppi ngs,  er adi cat e weeds,  wat er ,  f er t i l i ze,  over seed, aer at e,
t opdr ess and per f or m ot her  oper at i ons necessar y t o pr omot e gr owt h,  as 
appr oved by Cont r act i ng Of f i cer    Remove noxi ous weeds common t o t he ar ea 
f r om pl ant i ng ar eas by mechani cal  means.

3. 3. 3   Mowi ng

3. 3. 3. 1   Tur f

Mow t ur f  at  a uni f or m f i ni shed hei ght .   Mow t ur f ed ar eas t o a mi ni mum 
aver age hei ght  of 4i nches when aver age hei ght  of  gr ass becomes _8 i nches 
f or  spr i ng/ summer  mai nt enance and t o a mi ni mum aver age hei ght  of  4i nches 
when t he aver age hei ght  of  gr ass r eaches __8__ i nches f or  f al l / wi nt er  
mai nt enance.   The hei ght  of  t ur f  i s  measur ed f r om t he soi l .   Per f or m 
mowi ng of  t ur f  i n a manner  t hat  pr event s scal pi ng,  r ut t i ng,  br ui s i ng,  
uneven and r ough cut t i ng.   Pr i or  t o mowi ng,  al l  r ubbi sh,  debr i s,  t r ash,  
l eaves,  r ocks,  paper ,  and l i mbs or  br anches on a t ur f  ar ea must  be pi cked 
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up and di sposed.   Adj acent  paved ar eas must  be swept / vacuumed cl ean.

3. 3. 3. 2   Nat i ve Gr asses

Mow above hei ght  of  nat i ve gr ass seedl i ngs ( appr oxi mat el y 3. 5 t o 4 i nches
) .   Mow dur i ng spr i ng or  ear l y summer .   Do not  mow af t er  ear l y summer  
dur i ng t he second gr owi ng season.

3. 3. 4   Tur f  Edgi ng and Tr i mmi ng

Per i met er  of  s i dewal ks,  dr i veways,  cur bs,  and ot her  paved sur f aces must  be 
edged.   Uni f or ml y edge t hese ar eas t o pr event  encr oachment  of  veget at i on 
ont o paved sur f aces and t o pr ovi de a c l ear  cut  di v i s i on l i ne bet ween 
pl ant er  beds,  t ur f ,  and gr ound cover .   Edgi ng i s t o be accompl i shed i n a 
manner  t hat  pr event s scal pi ng,  r ut t i ng,  br ui s i ng,  uneven and r ough 
cut t i ng.   Per f or m edgi ng on t he same day t hat  t ur f  i s  mowed.   Use of  
st r i ng l i ne t r i mmer s i s per mi t t ed i n " sof t "  ar eas such as an edge bet ween 
t ur f gr ass and a pl ant er  bed.   Exer ci se car e t o avoi d damage t o any pl ant  
mat er i al s,  st r uct ur es,  and ot her  l andscape f eat ur es.

Tr i mmi ng ar oundf ences, pol es, wal l s,  val ve boxesand ot her  s i mi l ar  obj ect s i s 
t o be accompl i shed t o mat ch t he hei ght  and appear ance of  sur r oundi ng mowed 
t ur f  gr owt h.   Tr i mmi ng must  be per f or med on t he same day t he t ur f ' s  
mowed.   Car e must  be exer ci sed t o avoi d " Gi r dl i ng"  t r ees l ocat ed i n t ur f  
ar eas.   The use of  pr ot ect i ve t r ee col l ar s on t r ees i n t ur f  ar eas may be 
ut i l i zed as a t empor ar y means t o avoi d i nj ur y t o t r ee t r unks.   At  t he end 
of  t he pl ant  est abl i shment  per i od Cont r act or  wi l l  be r esponsi bl e f or  
r emovi ng al l  pr ot ect i ve t r ee col l ar s.

3. 3. 5   Post - Fer t i l i zer  Appl i cat i on

Appl y t ur f  f er t i l i zer  i n a manner  t hat  pr omot es heal t h,  gr owt h,  v i gor ,  
col or  and appear ance of  cul t i vat ed t ur f  ar eas.   The met hod of  appl i cat i on,  
f er t i l i zer  t ype and f r equenci es must  be det er mi ned by t he l abor at or y soi l  
anal ysi s r esul t s t he r equi r ement s of  t he par t i cul ar  t ur f  speci esAppl y 
f er t i l i zer  by appr oved met hods i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons.

3. 3. 6   Tur f  Wat er i ng

Per f or m i r r i gat i on i n a manner  t hat  pr omot es t he heal t h,  gr owt h,  col or  and 
appear ance of  cul t i vat ed veget at i on and t hat  compl i es wi t h al l  Feder al ,  
St at e,  and l ocal  wat er  agenci es and aut hor i t i es di r ect i ves.   The 
Cont r act or  must  be r esponsi bl e t o pr event  over  wat er i ng,  wat er  r un- of f ,  
er osi on,  and pondi ng due t o excessi ve quant i t i es or  r at e of  appl i cat i on.   
Abi de by st at e,  l ocal  or  ot her  wat er  conser vat i on r egul at i ons or  
r est r i ct i ons i n f or ce dur i ng t he est abl i shment  per i od.

3. 3. 7   Tur f  Aer at i on

Upon compl et i on of  weed er adi cat i on oper at i ons and Cont r act i ng Of f i cer ' s 
appr oval  t o pr oceed,  aer at e t ur f  ar eas by appr oved devi ce.  Cor e,  by 
pul l i ng soi l  pl ugs,  t o a mi ni mum dept h of  4 i nches.   Leave al l  soi l  pl ugs 
t hat  ar e pr oduced i n t he t ur f  ar ea. Keep cl ean at  al l  t i mes at  l east  one 
paved pedest r i an access r out e and one paved vehi cul ar  access r out e t o each 
bui l di ng.   Cl ean al l  soi l  pl ugs of f  of  ot her  pavi ng when wor k i s 
compl et e.   Thi s wor k must  commence 30 days pr i or  f i nal  accept ance of  t he 
mai nt enance est abl i shment  per i od.
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3. 3. 8   Repl ant i ng

Repl ant  i n accor dance wi t hSect i on 32 92 23 SODDI NG and wi t hi n speci f i ed 
pl ant i ng dat es ar eas whi ch do not  have a sat i sf act or y st and of  t ur f .

3. 3. 9   Fi nal  I nspect i on and Accept ance

Fi nal  i nspect i on wi l l  be make upon wr i t t en r equest  f r om t he Cont r act or  at  
l east  10 days pr i or  t o t he l ast  day of  t he t ur f  est abl i shment  per i od.   
Fi nal  t ur f  accept ance wi l l  be based upon a sat i sf act or y st and of  t ur f .

3. 4   FI ELD QUALI TY CONTROL

3. 4. 1   Mai nt enance I nspect i on Repor t

Pr ovi de mai nt enance i nspect i on r epor t  t o assur e t hat  l andscape mai nt enance 
i s bei ng per f or med i n accor dance wi t h t he speci f i cat i ons and i n t he best  
i nt er est  of  pl ant  gr owt h and sur vi vabi l i t y .   Si t e obser vat i ons must  be 
document ed at  t he st ar t  of  t he est abl i shment  per i od,  t hen quar t er l y 
f ol l owi ng t he st ar t ,  and at  t he end of  est abl i shment  per i od.   Submi t  
r esul t s of  s i t e obser vat i on v i s i t s t o t he Cont r act i ng Of f i cer  wi t hi n 7 
cal endar  days of  each si t e obser vat i on v i s i t .

3. 4. 2   Pl ant  Quant i t i es

Pr ovi de Cont r act i ng Of f i cer  wi t h t he number  of  pl ant  quant i t i es.   I n 
addi t i on,  pr ovi de t ot al  ext er i or  ar ea of  har dscape and l andscapi ng such as 
t ur f  and t ot al  number  of  shr ubs.

        - -  End of  Sect i on - -
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SECTI ON 32 12 13

BI TUMI NOUS TACK AND PRI ME COATS
05/ 17

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO T 102 ( 2009;  R 2013)  St andar d Met hod of  Test  f or  
Spot  Test  of  Asphal t i c  Mat er i al s

ASTM I NTERNATI ONAL ( ASTM)

ASTM D140/ D140M ( 2016)  St andar d Pr act i ce f or  Sampl i ng 
Asphal t  Mat er i al s

ASTM D946/ D946M ( 2020)  St andar d Speci f i cat i on f or  
Penet r at i on- Gr aded Asphal t  Cement  f or  Use 
i n Pavement  Const r uct i on

ASTM D977 ( 2019a;  E 2019)  St andar d Speci f i cat i on f or  
Emul si f i ed Asphal t

ASTM D2027/ D2027M ( 2019)  Cut back Asphal t  ( Medi um- Cur i ng Type)

ASTM D2028/ D2028M ( 2015)  Cut back Asphal t  ( Rapi d- Cur i ng Type)

ASTM D2397/ D2397M ( 2019a)  St andar d Speci f i cat i on f or  
Cat i oni c Emul si f i ed Asphal t

ASTM D2995 ( 1999;  R 2009)  Det er mi ni ng Appl i cat i on 
Rat e of  Bi t umi nous Di st r i but or s

ASTM D6373 ( 2016)  St andar d Speci f i cat i on f or  
Per f or mance Gr aded Asphal t  Bi nder

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar ef or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Local / Regi onal  Mat er i al s
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SD- 06 Test  Repor t s

Sampl i ng and Test i ng

1. 3   QUALI TY ASSURANCE

Cer t i f i cat es of  compl i ance f or  asphal t  mat er i al s del i ver ed wi l l  be 
obt ai ned and checked t o ensur e t hat  speci f i cat i on r equi r ement s ar e met .   
Quant i t i es of  appl i ed mat er i al  wi l l  be det er mi ned.   Payment  wi l l  be f or  
amount  of  r esi dual  asphal t  appl i ed.   Tack coat  mat er i al s wi l l  not  be 
di l ut ed.   Pr i me coat  mat er i al s when emul si ons ar e used can be di l ut ed on 
si t e wi t h pot abl e wat er  up t o 1 par t  emul si on t o 1 par t  wat er .

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

I nspect  t he mat er i al s del i ver ed t o t he s i t e f or  cont ami nat i on and damage.   
Unl oad and st or e t he mat er i al s wi t h a mi ni mum of  handl i ng.

1. 5   EQUI PMENT,  TOOLS AND MACHI NES

1. 5. 1   Gener al  Requi r ement s

Equi pment ,  t ool s and machi nes used i n t he wor k ar e subj ect  t o appr oval .   
Mai nt ai n i n a sat i sf act or y wor ki ng condi t i on at  al l  t i mes.   Cal i br at e 
equi pment  such as asphal t  di st r i but or s,  scal es,  bat chi ng equi pment ,  
spr eader s and si mi l ar  equi pment  wi t hi n 12 mont hs of  t hei r  use.   I f  t he 
cal i br at i on expi r es dur i ng pr oj ect ,  r ecal i br at e t he equi pment  bef or e wor k 
can cont i nue.

1. 5. 2   Bi t umi nous Di st r i but or

Pr ovi de a sel f  pr opel l ed di st r i but or  wi t h pneumat i c t i r es of  such si ze and 
number  t o pr event  r ut t i ng,  shovi ng or  ot her wi se damagi ng t he sur f ace bei ng 
spr ayed.   Cal i br at e t he di st r i but er  i n accor dance wi t h ASTM D2995.   Desi gn 
and equi p t he di st r i but or  t o spr ay t he bi t umi nous mat er i al  i n a uni f or m 
cover age at  t he speci f i ed t emper at ur e,  at  r eadi l y det er mi ned and 
cont r ol l ed t ot al  l i qui d r at es f r om 0. 03 t o 1. 0 gal l ons per  squar e yar d,  
wi t h a pr essur e r ange of  25 t o 75 psi  and wi t h an al l owabl e var i at i on f r om 
t he speci f i ed r at e of  not  mor e t han pl us or  mi nus 5 per cent ,  and at  
var i abl e wi dt hs.   I ncl ude wi t h t he di st r i but or  equi pment  a separ at e power  
uni t  f or  t he bi t umen pump,  f ul l - c i r cul at i on spr ay bar s,  t achomet er ,  
pr essur e gauges,  vol ume- measur i ng devi ces,  adequat e heat er s f or  heat i ng of  
mat er i al s t o t he pr oper  appl i cat i on t emper at ur e,  a t her momet er  f or  r eadi ng 
t he t emper at ur e of  t ank cont ent s,  and a hand hose at t achment  sui t abl e f or  
appl y i ng bi t umi nous mat er i al  manual l y t o ar eas i naccessi bl e t o t he 
di st r i but or .   The di st r i but or  wi l l  be capabl e of  c i r cul at i ng and agi t at i ng 
t he bi t umi nous mat er i al  dur i ng t he heat i ng pr ocess.

1. 5. 3   Heat i ng Equi pment  f or  St or age Tanks

Use st eam,  el ect r i c,  or  hot  oi l  heat er s f or  heat i ng t he bi t umi nous 
mat er i al .   Pr ovi de st eam heat er s consi st i ng of  st eam coi l s and equi pment  
f or  pr oduci ng st eam,  so desi gned t hat  t he st eam cannot  come i n cont act  
wi t h t he bi t umi nous mat er i al .   Fi x an ar mor ed t her momet er  t o t he t ank wi t h 
a t emper at ur e r ange f r om 40 t o 400 degr ees F so t hat  t he t emper at ur e of  
t he bi t umi nous mat er i al  may be det er mi ned at  al l  t i mes.
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1. 5. 4   Power  Br ooms and Power  Bl ower s

Use power  br ooms and power  bl ower s sui t abl e f or  c l eani ng t he sur f aces t o 
whi ch t he bi t umi nous coat  i s t o be appl i ed.

1. 6   ENVI RONMENTAL REQUI REMENTS

Appl y bi t umi nous coat  onl y when t he sur f ace t o r ecei ve t he bi t umi nous coat  
i s dr y.   A l i mi t ed amount  of  moi st ur e ( appr oxi mat el y 0. 03 gal l on/ squar e 
yar d)  can be spr ayed on t he sur f ace of  unbound mat er i al  when pr i me coat  i s 
used t o i mpr ove cover age and penet r at i on of  asphal t  mat er i al .   Appl y 
bi t umi nous coat  onl y when t he at mospher i c t emper at ur e i n t he shade i s 50 
degr ees F or  above and when t he t emper at ur e has not  been bel ow 35 degr ees F
 f or  t he 12 hour s pr i or  t o appl i cat i on,  unl ess ot her wi se di r ect ed.

PART 2   PRODUCTS

2. 1   PRI ME COAT

Pr ovi de asphal t  conf or mi ng t o one of  t he f ol l owi ng gr ades:

2. 1. 1   Cut back Asphal t

Pr ovi de cut back asphal t  conf or mi ng t o ASTM D2027/ D2027M,  Gr ade MC- 70 or  
MC- 250 or  ASTM D2028/ D2028M,  Gr ade RC- 70 or  RC- 250

2. 1. 2   Emul si f i ed Asphal t

Pr ovi de emul si f i ed asphal t  conf or mi ng t o ASTM D977,  Type SS- 1 or  SS1h or  
ASTM D2397/ D2397M,  Type CSS- 1 or  CSS- 1h  Asphal t  emul si on can be di l ut ed 
up t o 1 par t  wat er  t o 1 par t  emul si on f or  pr i me coat  use.   Do not  di l ut e 
asphal t  emul si on f or  t ack coat  use.

2. 2   TACK COAT

2. 2. 1   Asphal t  Cement

Pr ovi de asphal t  cement  conf or mi ng t o ASTM D946/ D946M or  ASTM D6373Gr ade h.

2. 2. 2   Cut back Asphal t

Pr ovi de cut back asphal t  conf or mi ng t o ASTM D2028/ D2028M,  Gr ade RC- 70 or  
RC- 250.

2. 2. 3   Emul si f i ed Asphal t

Pr ovi de emul si f i ed asphal t  conf or mi ng t o ASTM D977,  Type RS- 1,  MS- 1,  SS- 1,  
or  SS1h or  ASTM D2397/ D2397M,  Type CRS- 1,  CSS- 1,  or  CSS- 1h.   For  pr i me 
coat s t he emul si f i ed asphal t  can be di l ut ed wi t h up t o 1 par t  emul si on t o 
1 par t  wat er .   No di l ut i on i s al l owed f or  t ack coat  appl i cat i ons.   The 
base asphal t  used t o manuf act ur e t he emul si on i s r equi r ed t o show a 
negat i ve spot  when t est ed i n accor dance wi t h AASHTO T 102 usi ng st andar d 
napht ha.

2. 2. 4   Local / Regi onal  Mat er i al s

Use Local / Regi onal  Mat er i al s or  pr oduct s ext r act ed,  har vest ed,  or  
r ecover ed,  as wel l  as manuf act ur ed,  wi t hi n a 500mi l e r adi us f r om t he 
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pr oj ect  s i t e,  i f  avai l abl e f r om a mi ni mum of  t hr ee sour ces.

PART 3   EXECUTI ON

3. 1   PREPARATI ON OF SURFACE

I mmedi at el y bef or e appl y i ng t he bi t umi nous coat ,  r emove al l  l oose 
mat er i al ,  di r t ,  c l ay,  or  ot her  obj ect i onabl e mat er i al  f r om t he sur f ace t o 
be t r eat ed by means of  a power  br oom or  bl ower  suppl ement ed wi t h hand 
br ooms.   Appl y t r eat ment  onl y when t he sur f ace i s dr y and cl ean.

3. 2   APPLI CATI ON RATE

The exact  quant i t i es wi t hi n t he r ange speci f i ed,  whi ch may be var i ed t o 
sui t  f i el d condi t i ons,  wi l l  be det er mi ned by t he Cont r act i ng Of f i cer .

3. 2. 1   Tack Coat

Appl y bi t umi nous mat er i al  f or  t he t ack coat  i n quant i t i es of  not  l ess t han 
0. 03 gal l ons nor  mor e t han 0. 10 gal l ons per  squar e yar d of  r esi dual  
asphal t  ont o t he pavement  sur f ace as appr oved by t he Cont r act i ng Of f i cer .   
Do not  di l ut e asphal t  emul si on when used as a t ack coat .

3. 2. 2   Pr i me Coat

Appl y bi t umi nous mat er i al  f or  t he pr i me coat  i n quant i t i es of  not  l ess t han
 0. 05 gal l ons nor  mor e t han 0. 12 gal l ons per  squar e yar d of  r esi dual  
asphal t  f or  asphal t  emul si on up t o a 1 t o 1 di l ut i on r at e or  f or  r esi dual  
asphal t  f or  cut back asphal t .

3. 3   APPLI CATI ON TEMPERATURE

3. 3. 1   Vi scosi t y Rel at i onshi p

Appl y asphal t  at  a t emper at ur e t hat  wi l l  pr ovi de a v i scosi t y bet ween 10 
and 60 seconds,  Saybol t  Fur ol ,  or  bet ween 20 and 120 cent i st okes,  
k i nemat i c.   Fur ni sh t he t emper at ur e v i scosi t y r el at i on t o t he Cont r act i ng 
Of f i cer .

3. 3. 2   Temper at ur e Ranges

The vi scosi t y r equi r ement s det er mi ne t he appl i cat i on t emper at ur e t o be 
used.   The f ol l owi ng i s a nor mal  r ange of  appl i cat i on t emper at ur es:

Cut back Asphal t s

MC- 30  85- 190 degr ees F

SC- 70,  MC- 70,  
RC- 70

 120- 225 degr ees F

SC- 250,  MC- 250,  
RC- 250

 165- 270 degr ees F

Asphal t  Emul si on

Al l  Gr ades  70- 160 degr ees F
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Cut back Asphal t s

Asphal t  Cement

Al l  Gr ades  275- 350 degr ees F

Some of  t hese t emper at ur es f or  r api d cur e cut backs ar e above t he f l ash 
poi nt  of  t he mat er i al  and car e shoul d be t aken i n t hei r  heat i ng.

3. 4   APPLI CATI ON

3. 4. 1   Gener al

Fol l owi ng pr epar at i on and subsequent  i nspect i on of  t he sur f ace,  appl y t he 
bi t umi nous pr i me or  t ack coat  wi t h t he bi t umi nous di st r i but or  at  t he 
speci f i ed r at e wi t h uni f or m di st r i but i on over  t he sur f ace t o be t r eat ed.   
Pr oper l y t r eat  al l  ar eas and spot s,  not  capabl e of  bei ng spr ayed wi t h t he 
di st r i but or ,  wi t h t he hand spr ay.   Unt i l  t he succeedi ng l ayer  of  pavement  
i s pl aced,  mai nt ai n t he sur f ace by pr ot ect i ng t he sur f ace agai nst  damage 
and by r epai r i ng def i c i ent  ar eas at  no addi t i onal  cost  t o t he Gover nment .   
I f  r equi r ed,  spr ead cl ean dr y sand t o ef f ect i vel y bl ot  up any excess 
bi t umi nous mat er i al .   No smoki ng,  f i r es,  or  f l ames ot her  t han t hose f r om 
t he heat er s t hat  ar e a par t  of  t he equi pment  ar e per mi t t ed wi t hi n 25 f eet  
of  heat i ng,  di st r i but i ng,  and t r ansf er r i ng oper at i ons of  cut back 
mat er i al s.   Pr event  al l  t r af f i c ,  except  f or  pavi ng equi pment  used i n 
const r uct i ng t he sur f aci ng,  f r om usi ng t he under l y i ng mat er i al ,  whet her  
pr i med or  not ,  unt i l  t he sur f aci ng i s compl et ed.  The bi t umi nous coat  
r equi r ement s ar e descr i bed her ei n.

3. 4. 2   Pr i me Coat

Appl y a pr i me coat  at  l ocat i ons shown on t he Dr awi ngs. The pr i me coat  i s 
r equi r ed i f  i t  wi l l  be at  l east  7 days bef or e t he asphal t  mi xt ur e i s 
const r uct ed on t he under l y i ng ( base cour se,  et c. )  compact ed mat er i al .   The 
t ype of  l i qui d asphal t  and appl i cat i on r at e wi l l  be as speci f i ed her ei n.   
Pr ot ect  t he under l y i ng l ayer  f r om any damage ( wat er ,  t r af f i c ,  et c. )  unt i l  
t he sur f aci ng i s pl aced.   I f  t he Cont r act or  pl aces t he sur f aci ng wi t hi n 
seven days,  t he choi ce of  pr ot ect i on measur es or  act i ons t o be t aken i s at  
t he Cont r act or ' s opt i on.   Repai r  ( r ecompact  or  r epl ace)  damage t o t he 
under l y i ng mat er i al  caused by l ack of ,  or  i nadequat e,  pr ot ect i on by 
appr oved met hods at  no addi t i onal  cost  t o t he Gover nment .   I f  t he 
Cont r act or  opt s t o use t he pr i me coat ,  appl y as soon as possi bl e af t er  
consol i dat i on of  t he under l y i ng mat er i al .  Appl y t he bi t umi nous mat er i al  
uni f or ml y over  t he sur f ace t o be t r eat ed at  a pr essur e r ange of  25 t o 75 
psi ;  t he r at e wi l l  be as speci f i ed above i n par agr aph APPLI CATI ON RATE.   
To obt ai n uni f or m appl i cat i on of  t he pr i me coat  on t he sur f ace t r eat ed at  
t he j unct i on of  pr evi ous and subsequent  appl i cat i ons,  spr ead bui l di ng 
paper  on t he sur f ace f or  a suf f i c i ent  di st ance back f r om t he ends of  each 
appl i cat i on t o st ar t  and st op t he pr i me coat  on t he paper  and t o ensur e 
t hat  al l  spr ayer s wi l l  oper at e at  f ul l  f or ce on t he sur f ace t o be 
t r eat ed.   I mmedi at el y af t er  appl i cat i on r emove and dest r oy t he bui l di ng 
paper .

3. 4. 3   Tack Coat

Appl y t ack coat  at  t he l ocat i ons shown on t he dr awi ngs.   A t ack coat  
shoul d be appl i ed t o ever y bound sur f ace ( asphal t  or  concr et e pavement )  
t hat  i s  bei ng over l ai d wi t h asphal t  mi xt ur e and at  t r ansver se and 
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l ongi t udi nal  j oi nt s.   Appl y t he t ack coat  when t he sur f ace t o be t r eat ed 
i s c l ean and dr y.   I mmedi at el y f ol l owi ng t he pr epar at i on of  t he sur f ace 
f or  t r eat ment ,  appl y t he bi t umi nous mat er i al  by means of  t he bi t umi nous 
di st r i but or ,  wi t hi n t he l i mi t s of  t emper at ur e speci f i ed her ei n and at  a 
r at e as speci f i ed above i n par agr aph APPLI CATI ON RATE.   Appl y t he 
bi t umi nous mat er i al  so t hat  uni f or m di st r i but i on i s obt ai ned over  t he 
ent i r e sur f ace t o be t r eat ed.   Tr eat  l i ght l y coat ed ar eas and spot s mi ssed 
by t he di st r i but or  by spr ayi ng wi t h a hand wand or  usi ng ot her  appr oved 
met hod.   Fol l owi ng t he appl i cat i on of  bi t umi nous mat er i al ,  al l ow t he 
sur f ace t o cur e wi t hout  bei ng di st ur bed f or  per i od of  t i me necessar y t o 
per mi t  set t i ng of  t he t ack coat .   Appl y t he bi t umi nous t ack coat  onl y as 
f ar  i n advance of  t he pl aci ng of  t he over l y i ng l ayer  as r equi r ed f or  t hat  
day' s oper at i on.   Mai nt ai n and pr ot ect  t he t r eat ed sur f ace f r om damage 
unt i l  t he succeedi ng cour se of  pavement  i s pl aced.

3. 5   CURI NG PERI OD

Fol l owi ng appl i cat i on of  t he bi t umi nous mat er i al  and pr i or  t o appl i cat i on 
of  t he succeedi ng l ayer  of  asphal t  mi xt ur e al l ow t he bi t umi nous coat  t o 
cur e and wat er  or  vol at i l es t o evapor at e pr i or  t o over l ayi ng.   Mai nt ai n 
t he t acked sur f ace i n good condi t i on unt i l  t he succeedi ng l ayer  of  
pavement  i s pl aced,  by pr ot ect i ng t he sur f ace agai nst  damage and by 
r epai r i ng and r ecoat i ng def i c i ent  ar eas.   Al l ow t he pr i me coat  t o cur e 
wi t hout  bei ng di st ur bed f or  a per i od of  at  l east  48 hour s or  l onger ,  as 
may be necessar y t o at t ai n penet r at i on i nt o t he t r eat ed cour se.   Fur ni sh 
and spr ead enough sand t o ef f ect i vel y bl ot  up excess bi t umi nous mat er i al .

3. 6   FI ELD QUALI TY CONTROL

Obt ai n cer t i f i cat es of  compl i ance f or  al l  asphal t  mat er i al  del i ver ed t o 
t he pr oj ect .   Obt ai n sampl es of  t he bi t umi nous mat er i al  under  t he 
super vi s i on of  t he Cont r act i ng Of f i cer .   The sampl e may be r et ai ned and 
t est ed by t he Gover nment  at  no cost  t o t he Cont r act or .

3. 7   SAMPLI NG AND TESTI NG

Fur ni sh cer t i f i ed copi es of  t he manuf act ur er ' s t est  r epor t s i ndi cat i ng 
t emper at ur e v i scosi t y r el at i onshi p f or  cut back asphal t  or  asphal t  cement ,  
compl i ance wi t h appl i cabl e speci f i ed r equi r ement s,  not  l ess t han 5 days 
bef or e t he mat er i al  i s  r equi r ed i n t he wor k.

3. 7. 1   Sampl i ng

Unl ess ot her wi se speci f i ed,  sampl e bi t umi nous mat er i al  i n accor dance wi t h 
ASTM D140/ D140M.

3. 7. 2   Cal i br at i on Test

Fur ni sh al l  equi pment ,  mat er i al s,  and l abor  necessar y t o cal i br at e t he 
bi t umi nous di st r i but or .   Cal i br at e usi ng t he appr oved j ob mat er i al  and 
pr i or  t o appl y i ng t he bi t umi nous coat  mat er i al  t o t he pr epar ed sur f ace.   
Cal i br at e t he bi t umi nous di st r i but or  i n accor dance wi t h ASTM D2995.

3. 7. 3   Tr i al  Appl i cat i ons

Bef or e appl y i ng t he spr ay appl i cat i on of  t ack or  pr i me coat ,  appl y t hr ee 
l engt hs of  at  l east  100 f eet  f or  t he f ul l  wi dt h of  t he di st r i but or  bar  t o 
eval uat e t he amount  of  bi t umi nous mat er i al  t hat  can be sat i sf act or i l y  
appl i ed.
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3. 7. 3. 1   Tack Coat  Tr i al  Appl i cat i on Rat e

Unl ess ot her wi se aut hor i zed,  appl y t he t r i al  appl i cat i on r at e of  
bi t umi nous t ack coat  mat er i al s i n t he amount  of  0. 05 gal l ons per  squar e 
yar d.   Make ot her  t r i al  appl i cat i ons usi ng var i ous amount s of  mat er i al  as 
may be deemed necessar y.

3. 7. 3. 2   Pr i me Coat  Tr i al  Appl i cat i on Rat e

Unl ess ot her wi se aut hor i zed,  appl y t he t r i al  appl i cat i on r at e of  
bi t umi nous mat er i al s i n t he amount  of  0. 15 gal l on per  squar e yar d.   Make 
ot her  t r i al  appl i cat i ons usi ng var i ous amount s of  mat er i al  as may be 
deemed necessar y.

3. 7. 4   Sampl i ng and Test i ng Dur i ng Const r uct i on

Per f or m qual i t y cont r ol  sampl i ng and t est i ng as r equi r ed i n par agr aph 
FI ELD QUALI TY CONTROL.

3. 8   TRAFFI C CONTROLS

Keep t r af f i c  of f  sur f aces f r eshl y t r eat ed wi t h bi t umi nous mat er i al .   
Pr ovi de suf f i c i ent  war ni ng si gns and bar r i cades so t hat  t r af f i c  wi l l  not  
t r avel  over  f r eshl y t r eat ed sur f aces.

        - -  End of  Sect i on - -
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SECTI ON 32 12 16. 16

ROAD- MI X ASPHALT PAVI NG
11/ 20

PART 1   GENERAL

1. 1   PAYMENT

1. 1. 1   Met hod of  Measur ement

 Measur ement  of  t he quant i t y of  hot - mi x asphal t  pavement  per  l ot  wi l l  be 
made f or  t he pur poses of  assessi ng accept ance st i pul at ed i n par agr aph 
ACCEPTANCE.

1. 1. 2   Basi s of  Payment

The measur ed quant i t y of  hot - mi xed asphal t  pavement  wi l l  be pai d f or  and 
i ncl uded i n t he l ump sum cont r act  pr i ce.

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO M 156 ( 2013;  R 2017)  St andar d Speci f i cat i on f or  
Requi r ement s f or  Mi xi ng Pl ant s f or  
Hot - Mi xed,  Hot - Lai d Bi t umi nous Pavi ng 
Mi xt ur es

AASHTO T 304 ( 2011;  R 2015)  St andar d Met hod of  Test  f or  
Uncompact ed Voi d Cont ent  of  Fi ne Aggr egat e

AASHTO T 329 ( 2015)  St andar d Test  Met hod f or  Moi st ur e 
Cont ent  of  Hot  Mi x Asphal t  ( HMA)  by Oven 
Met hod

ASPHALT I NSTI TUTE ( AI )

AI  MS- 2 ( 2015)  Asphal t  Mi x Desi gn Met hods

ASTM I NTERNATI ONAL ( ASTM)

ASTM C29/ C29M ( 2017a)  St andar d Test  Met hod f or  Bul k 
Densi t y ( " Uni t  Wei ght " )  and Voi ds i n 
Aggr egat e

ASTM C88 ( 2018)  St andar d Test  Met hod f or  Soundness 
of  Aggr egat es by Use of  Sodi um Sul f at e or  
Magnesi um Sul f at e

ASTM C117 ( 2017)  St andar d Test  Met hod f or  Mat er i al s 
Fi ner  t han 75- um ( No.  200)  Si eve i n 
Mi ner al  Aggr egat es by Washi ng
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ASTM C127 ( 2015)  St andar d Test  Met hod f or  Densi t y,  
Rel at i ve Densi t y ( Speci f i c  Gr avi t y) ,  and 
Absor pt i on of  Coar se Aggr egat e

ASTM C128 ( 2015)  St andar d Test  Met hod f or  Densi t y,  
Rel at i ve Densi t y ( Speci f i c  Gr avi t y) ,  and 
Absor pt i on of  Fi ne Aggr egat e

ASTM C131/ C131M ( 2020)  St andar d Test  Met hod f or  Resi st ance 
t o Degr adat i on of  Smal l - Si ze Coar se 
Aggr egat e by Abr asi on and I mpact  i n t he 
Los Angel es Machi ne

ASTM C136/ C136M ( 2019)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM C142/ C142M ( 2017)  St andar d Test  Met hod f or  Cl ay Lumps 
and Fr i abl e Par t i c l es i n Aggr egat es

ASTM C566 ( 2013)  St andar d Test  Met hod f or  Tot al  
Evapor abl e Moi st ur e Cont ent  of  Aggr egat e 
by Dr yi ng

ASTM D75/ D75M ( 2019)  St andar d Pr act i ce f or  Sampl i ng 
Aggr egat es

ASTM D140/ D140M ( 2016)  St andar d Pr act i ce f or  Sampl i ng 
Asphal t  Mat er i al s

ASTM D242/ D242M ( 2009;  R 2014)  Mi ner al  Fi l l er  f or  
Bi t umi nous Pavi ng Mi xt ur es

ASTM D979/ D979M ( 2015)  Sampl i ng Bi t umi nous Pavi ng Mi xt ur es

ASTM D2041/ D2041M ( 2011)  Theor et i cal  Maxi mum Speci f i c  
Gr avi t y and Densi t y of  Bi t umi nous Pavi ng 
Mi xt ur es

ASTM D2172/ D2172M ( 2017;  E 2018)  St andar d Test  Met hods f or  
Quant i t at i ve Ext r act i on of  Asphal t  Bi nder  
f r om Asphal t  Mi xt ur es

ASTM D2419 ( 2014)  Sand Equi val ent  Val ue of  Soi l s and 
Fi ne Aggr egat e

ASTM D2726/ D2726M ( 2019)  St andar d Test  Met hod f or  Bul k 
Speci f i c  Gr avi t y and Densi t y of  
Non- Absor pt i ve Compact ed Bi t umi nous 
Mi xt ur es

ASTM D3203/ D3203M ( 2017)  St andar d Test  Met hod f or  Per cent  
Ai r  Voi ds i n Compact ed Asphal t  Mi xt ur es

ASTM D3665 ( 2012;  R 2017)  St andar d Pr act i ce f or  
Random Sampl i ng of  Const r uct i on Mat er i al s

ASTM D3666 ( 2016)  St andar d Speci f i cat i on f or  Mi ni mum 
Requi r ement s f or  Agenci es Test i ng and 
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I nspect i ng Road and Pavi ng Mat er i al s

ASTM D4791 ( 2019)  Fl at  Par t i c l es,  El ongat ed 
Par t i c l es,  or  Fl at  and El ongat ed Par t i c l es 
i n Coar se Aggr egat e

ASTM D4867/ D4867M ( 2009;  R 2014)  Ef f ect  of  Moi st ur e on 
Asphal t  Concr et e Pavi ng Mi xt ur es

ASTM D5361/ D5361M ( 2016)  St andar d Pr act i ce f or  Sampl i ng 
Compact ed Asphal t  Mi xt ur es f or  Labor at or y 
Test i ng

ASTM D5444 ( 2015)  Mechani cal  Si ze Anal ysi s of  
Ext r act ed Aggr egat e

ASTM D5821 ( 2013;  R 2017)  St andar d Test  Met hod f or  
Det er mi ni ng t he Per cent age of  Fr act ur ed 
Par t i c l es i n Coar se Aggr egat e

ASTM D6307 ( 2019)  St andar d Test  Met hod f or  Asphal t  
Cont ent  of  Asphal t  Mi xt ur e by I gni t i on 
Met hod

ASTM D6373 ( 2016)  St andar d Speci f i cat i on f or  
Per f or mance Gr aded Asphal t  Bi nder

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Pl acement  Pl an;  G

SD- 03 Pr oduct  Dat a

Di amond Gr i ndi ng Pl an;  G

Mi x Desi gn;  G

Cont r act or  Qual i t y Cont r ol ;  G

SD- 04 Sampl es

Aggr egat es

Asphal t  Cement  Bi nder

SD- 06 Test  Repor t s

Aggr egat es;  G
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QC Moni t or i ng

SD- 07 Cer t i f i cat es

Asphal t  Cement  Bi nder ;  G

Labor at or y Accr edi t at i on and Val i dat i on

1. 4   ACCEPTANCE

1. 4. 1   Accept abi l i t y  of  Wor k

Acqui r e t he ser vi ces of  an i ndependent  commer ci al  l abor at or y t o per f or m 
accept ance t est i ng.   Accept ance of  t he pl ant  pr oduced mi x and i n- pl ace 
r equi r ement s wi l l  be on a l ot  t o l ot  basi s.   The mat er i al s and t he 
pavement  i t sel f  wi l l  be accept ed on t he basi s of  pr oduct i on t est i ng.   The 
Gover nment  may make check t est s f r om spl i t  sampl es t o val i dat e t he r esul t s 
of  t he pr oduct i on t est i ng.   Test i ng per f or med by t he Gover nment  does not  
r educe t he r equi r ed t est i ng of  t he i ndependent  commer ci al  l abor at or y.   
Spl i t  sampl es wi l l  be t aken f or  Gover nment  t est i ng t o r educe t he 
var i abi l i t y  bet ween t he i ndependent  commer ci al  l abor at or y and t he 
Gover nment ' s t est  r esul t s.   When t he di f f er ence bet ween t he i ndependent  
commer ci al  l abor at or y and t he Gover nment ' s t est  r esul t s f or  spl i t  sampl es 
exceed t he accept abl e r ange of  t wo r esul t s f or  mul t i l abor at or y pr eci s i on 
f or  t he appr opr i at e t est  met hod ( i . e.  ASTM)  t hen at  l east  one of  t he 
l abor at or i es i s det er mi ned t o be i n er r or .   An eval uat i on of  pr ocedur es 
and equi pment  i n bot h l abor at or i es wi l l  be made t o det er mi ne t he cause( s)  
f or  t he di f f er ences.   Devel op st eps t o cor r ect  pr ocedur es and equi pment  t o 
br i ng mul t i l abor at or y pr eci s i on t o wi t hi n accept abl e l i mi t s.

1. 4. 2   Accept ance Requi r ement s

Pr ovi de al l  sampl i ng and t est i ng r equi r ed f or  accept ance.   Wher e 
appr opr i at e,  accept ance f or  i ndi v i dual  l ot s of  asphal t  pavement  wi l l  be 
made based on l abor at or y ai r  voi ds,  i n- pl ace densi t y,  smoot hness,  and 
gr ade i n accor dance wi t h t he f ol l owi ng par agr aphs.   Sur f ace smoot hness and 
gr ade det er mi nat i ons wi l l  be made on t he l ot  as a whol e.   Except i ons or  
adj ust ment s t o t hi s wi l l  be made i n s i t uat i ons wher e t he mi x wi t hi n one 
l ot  i s  pl aced as par t  of  bot h t he i nt er medi at e and sur f ace cour ses,  t hus 
smoot hness and gr ade measur ement s f or  t he ent i r e l ot  cannot  be made.

1. 4. 3   Pavement  Lot s

A st andar d l ot  f or  al l  r equi r ement s i s equal  t o one day' s pr oduct i on or  
2, 000 t ons,  whi chever  i s smal l er .   Di v i de each l ot  i nt o f our  equal  subl ot s 
i n or der  t o eval uat e l abor at or y ai r  voi ds and i n- pl ace densi t y.   When 
oper at i onal  condi t i ons cause a l ot  t o be t er mi nat ed bef or e t he speci f i ed 
f our  subl ot s have been compl et ed,  use t he f ol l owi ng pr ocedur e t o adj ust  
t he l ot  s i ze and number  of  t est s f or  t he l ot .   Wher e t hr ee subl ot s have 
been compl et ed,  t hey const i t ut e a l ot .   Wher e one or  t wo subl ot s have been 
compl et ed,  i ncor por at e t hem i nt o t he next  l ot  and t he t ot al  number  of  
subl ot s ( i . e.  5 or  6 subl ot s)  i s  used f or  accept ance cr i t er i a.   I ncl ude 
par t i al  l ot s at  t he end of  asphal t  pr oduct i on i nt o t he pr evi ous l ot .   
Compl et e and r epor t  al l  t heor et i cal  maxi mum densi t y,  l abor at or y ai r  voi ds,  
and i n- pl ace densi t y t est i ng wi t hi n 24 hour s af t er  const r uct i on of  each 
l ot .
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1. 4. 4   Subl ot  Sampl i ng

Take one mi xt ur e sampl e f or  each subl ot  i n accor dance wi t h ASTM D979/ D979M 
f r om a r andom t r uck or  anot her  l ocat i on f or  det er mi ni ng t heor et i cal  
maxi mum densi t y,  l abor at or y ai r  voi ds,  any addi t i onal  t est i ng t he 
Gover nment  desi r es,  and Cont r act or  Qual i t y Cont r ol .   Al l  sampl es wi l l  be 
sel ect ed r andoml y,  usi ng commonl y r ecogni zed met hods of  assur i ng 
r andomness conf or mi ng t o ASTM D3665 and empl oyi ng t abl es of  r andom number s 
or  comput er  pr ogr ams.

1. 4. 5   Addi t i onal  Sampl i ng and Test i ng

The Gover nment  r eser ves t he r i ght  t o di r ect  addi t i onal  sampl es and t est s 
f or  any ar ea whi ch appear s t o devi at e f r om t he speci f i cat i on 
r equi r ement s.   The cost  of  any addi t i onal  t est i ng wi l l  be pai d f or  by t he 
Gover nment .   Test i ng i n t hese ar eas wi l l  be t r eat ed as a separ at e l ot .   
Accept ance wi l l  be made f or  t he quant i t y of  asphal t  pavement  r epr esent ed 
by t hese t est s i n accor dance wi t h t he pr ovi s i ons of  t hi s sect i on.

1. 4. 6   Theor et i cal  Maxi mum Densi t y ( TMD)

Measur e t heor et i cal  maxi mum densi t y one t i me f or  each subl ot  i n accor dance 
wi t h ASTM D2041/ D2041M f or  pur poses of  cal cul at i ng l abor at or y ai r  voi ds 
and det er mi ni ng i n- pl ace densi t y.   The aver age TMD f or  each l ot  wi l l  be 
det er mi ned as t he aver age TMD of  t he r andom subl ot  sampl es.   When t he TMD 
on bot h s i des of  a l ongi t udi nal  j oi nt  i s  di f f er ent ,  t he aver age of  t hese 
t wo TMD val ues wi l l  be used as t he TMD needed t o cal cul at e t he per cent  
j oi nt  densi t y.

1. 4. 7   Labor at or y Ai r  Voi ds

  Pr ovi de t hr ee t est  speci mens pr epar ed f r om t he same sampl e f or  each set  
of  l abor at or y compact ed speci mens.   Compact  t he speci mens wi t hi n 2 hour s 
of  t he t i me t he mi xt ur e was l oaded i nt o t r ucks at  t he asphal t  pl ant .   Do 
not  r eheat  sampl es pr i or  t o compact i on.   Pr ovi de i nsul at ed cont ai ner s as 
necessar y t o mai nt ai n t he sampl e t emper at ur e.   Measur e t he bul k densi t y of  
l abor at or y compact ed speci mens i n accor dance wi t h ASTM D2726/ D2726M.   
Det er mi ne l abor at or y ai r  voi ds f r om one set  ( t hr ee l abor at or y compact ed 
speci mens)  f or  each subl ot  sampl e i n accor dance wi t h ASTM D3203/ D3203M.

1. 4. 7. 1   Tol er ance

Pr ovi de l abor at or y ai r  voi ds wi t h a mean absol ut e devi at i on of  1. 00 
per cent  or  l ess f r om t he JMF f or  each l ot .   Remove and r epl ace l ot s t hat  
do not  meet  t he l abor at or y ai r  voi ds r equi r ement  at  l east  4 i nches i nt o 
t he col d ( exi st i ng)  l ane adj acent  t o t he l ongi t udi nal  j oi nt ,  at  no 
addi t i onal  cost  t o t he Gover nment .   The mean absol ut e devi at i on of  t he 
l abor at or y ai r  voi d cont ent s f r om t he JMF ai r  voi d cont ent  wi l l  be 
eval uat ed as shown i n t he exampl e bel ow.

1. 4. 7. 2   Cal cul at i ng Labor at or y Ai r  Voi ds

Labor at or y ai r  voi d cal cul at i ons f or  each l ot  wi l l  use t he aver age 
t heor et i cal  maxi mum densi t y val ues obt ai ned f or  t he l ot .   Det er mi ne t he 
aver age TMD i n accor dance wi t h par agr aph THEORETI CAL MAXI MUM DENSI TY 
( TMD) .   The mean absol ut e devi at i on of  t he l abor at or y ai r  voi d cont ent s 
( one f r om each subl ot )  f r om t he JMF ai r  voi d cont ent  wi l l  be eval uat ed as 
i n t he f ol l owi ng exampl e:
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Assume t hat  t he l abor at or y ai r  voi ds ar e det er mi ned f r om 4 subl ot s wher e 
one set  of  l abor at or y compact ed speci mens i s f r om a si ngl e subl ot .   The 
l abor at or y ai r  voi ds f or  t he 4 subl ot s ar e det er mi ned t o be 3. 5,  3. 0,  4. 0,  
and 3. 7.   Assume t hat  t he t ar get  ai r  voi ds f r om t he JMF i s 4. 0.   The mean 
absol ut e devi at i on i s t hen:

Mean Absol ut e Devi at i on = ( | 3. 5 -  4. 0|  + | 3. 0 -  4. 0|  + | 4. 0 -  4. 0|  + 
| 3. 7 -  4. 0| ) / 4

Mean Absol ut e Devi at i on = ( 0. 5 + 1. 0 + 0. 0 + 0. 3) / 4 = ( 1. 8) / 4 = 0. 45

The mean absol ut e devi at i on f or  l abor at or y ai r  voi ds i s det er mi ned t o be 
0. 45.   I t  can be seen t hat  0. 45 i s l ess t han 1. 00 per cent .   The l ot  i s  
accept abl e f or  l abor at or y ai r  voi ds.

1. 4. 8   I n- pl ace Densi t y

Obt ai n one r andom 4 i nch or  6 i nch di amet er  cor e f r om t he mat  and j oi nt  of  
each subl ot  i n accor dance wi t h ASTM D5361/ D5361M f or  det er mi ni ng i n- pl ace 
densi t y.   Cut  sampl es neat l y wi t h a di amond cor e dr i l l  bi t .   Obt ai n r andom 
cor es t hat  ar e t he f ul l  t hi ckness of  t he l ayer  bei ng pl aced.   Sel ect  cor e 
l ocat i ons r andoml y usi ng t he pr ocedur es cont ai ned i n ASTM D3665.   Locat e 
cor es f or  mat  densi t y no cl oser  t han 12 i nches f r om a t r ansver se or  
l ongi t udi nal  j oi nt  i ncl udi ng t he pavement  edge.   Cent er  al l  cor es f or  
j oi nt  densi t y on t he j oi nt .   Di scar d sampl es t hat  ar e c l ear l y def ect i ve as 
a r esul t  of  sampl i ng and t ake an addi t i onal  r andom cor e.   When t he r andom 
cor e i s l ess t han 1 i nch t hi ck,  i t  wi l l  not  be i ncl uded i n t he anal ysi s.   
I n t hi s case,  obt ai n anot her  r andom cor e sampl e.   Cl ean and t ack coat  dr y 
cor e hol es bef or e f i l l i ng wi t h asphal t  mi xt ur e.   Fi l l  al l  cor e hol es wi t h 
asphal t  mi xt ur e and compact  usi ng a st andar d Mar shal l  hammer  t o t he 
densi t y speci f i ed.   Pr ovi de al l  t ool s,  l abor ,  and mat er i al s f or  cut t i ng 
sampl es,  c l eani ng,  and f i l l i ng t he cor ed pavement .   Measur e i n- pl ace 
densi t y i n accor dance wi t h ASTM D2726/ D2726M usi ng each cor e obt ai ned f r om 
t he mat  and j oi nt .

1. 4. 8. 1   Tol er ance

Pr ovi de a mi ni mum i n- pl ace mat  densi t y of  93. 0 per cent  and a mi ni mum 
i n- pl ace j oi nt  densi t y of  90. 0 per cent  f or  each l ot .   The aver age i n- pl ace 
mat  and j oi nt  densi t i es ar e expr essed as a per cent age of  t he aver age 
t heor et i cal  maxi mum densi t y ( TMD)  f or  t he l ot .   Det er mi ne t he aver age TMD 
i n accor dance wi t h par agr aph THEORETI CAL MAXI MUM DENSI TY ( TMD) .   Remove 
and r epl ace l ot s t hat  do not  meet  t he i n- pl ace mat  densi t y r equi r ement  at  
l east  4 i nches i nt o t he col d ( exi st i ng)  l ane adj acent  t o t he l ongi t udi nal  
j oi nt ,  at  no addi t i onal  cost  t o t he Gover nment .   Remove and r epl ace t he 
l ongi t udi nal  j oi nt  when t he l ot  does not  meet  t he i n- pl ace j oi nt  densi t y,  
at  no addi t i onal  cost  t o t he Gover nment .   Use a 10 f eet  wi de pavi ng l ane 
t hat  i s cent er ed over  t he j oi nt .

1. 4. 9   Sur f ace Smoot hness

Use a st r ai ght edge f or  measur i ng sur f ace smoot hness.   Use t he st r ai ght edge 
met hod f or  t r ansver se t est i ng,  f or  l ongi t udi nal  t est i ng wher e t he l engt h 
of  each pavement  l ane i s l ess t han 0. 25 mi l es,  and at  t he ends of  t he 
pavi ng l i mi t s f or  t he pr oj ect .   Smoot hness r equi r ement s do not  appl y over  
cr owns or  gr ade br eaks.   Mai nt ai n det ai l ed not es of  t he t est i ng r esul t s 
and pr ovi de a copy t o t he Gover nment  i mmedi at el y af t er  each day' s t est i ng.
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1. 4. 9. 1   Smoot hness Requi r ement s

1. 4. 9. 1. 1   St r ai ght edge Test i ng

Pr ovi de f i ni shed sur f aces of  t he pavement s wi t h no abr upt  change of  1/ 4 
i nch or  mor e when checked wi t h an appr oved 12 f oot  st r ai ght edge.   Remove 
and r epl ace sur f ace l i f t  l ot s when t he sur f ace smoot hness exceeds 3/ 8 i nch,  
at  no addi t i onal  cost  t o t he Gover nment .   Hi gh spot s can be di amond gr ound 
as an al t er nat i ve t o r emove and r epl ace i n or der  t o meet  sur f ace 
smoot hness r equi r ement s at  i ndi v i dual  l ocat i ons.

1. 4. 9. 2   Test i ng Met hod

Af t er  t he f i nal  r ol l i ng,  but  not  l at er  t han 24 hour s af t er  pl acement ,  t est  
t he sur f ace of  t he pavement  i n each ent i r e l ot  i n a manner  t o r eveal  
sur f ace i r r egul ar i t i es exceedi ng t he t ol er ances speci f i ed above.   I f  any 
pavement  ar eas ar e di amond gr ound,  r et est  t hese ar eas i mmedi at el y af t er  
di amond gr i ndi ng.   The maxi mum ar ea al l owed t o be cor r ect ed by di amond 
gr i ndi ng i s 10 per cent  of  t he t ot al  ar ea of  t he l ot .   Test  t he ent i r e ar ea 
of  t he pavement  wi t h a st r ai ght edge.   Check a number  of  r andom l ocat i ons 
al ong wi t h any obser ved suspi c i ous l ocat i ons pr i mar i l y at  t r ansver se and 
l ongi t udi nal  j oi nt s wi t h t he st r ai ght edge.

1. 4. 9. 2. 1   St r ai ght edge Test i ng

Use t he st r ai ght edge t o measur e abr upt  changes i n sur f ace smoot hness.   
Hol d t he st r ai ght edge i n cont act  wi t h t he pavement  sur f ace and measur e t he 
maxi mum di st ance bet ween t he st r ai ght edge and t he pavement  sur f ace.   
Det er mi ne t he amount  of  sur f ace i r r egul ar i t y by pl aci ng t he f r eest andi ng 
( unl evel ed)  st r ai ght edge on t he pavement  sur f ace and al l owi ng i t  t o r est  
upon t he t wo hi ghest  spot s cover ed by i t s l engt h,  and measur i ng t he 
maxi mum gap bet ween t he st r ai ght edge and t he pavement  sur f ace i n t he ar ea 
bet ween t hese t wo hi gh poi nt s.

1. 4. 9. 2. 2   Bumps ( " Must  Gr i nd"  Ar eas)

Reduce any bumps ( " must  gr i nd"  ar eas)  whi ch exceed 0. 4 i nch i n hei ght  by 
di amond gr i ndi ng unt i l  t hey do not  exceed 0. 3 i nch when r et est ed.   Taper  
di amond gr i ndi ng i n al l  di r ect i ons t o pr ovi de smoot h t r ansi t i ons t o ar eas 
not  r equi r i ng di amond gr i ndi ng.   The f ol l owi ng wi l l  not  be per mi t t ed:   ( 1)  
ski n pat chi ng f or  cor r ect i ng l ow ar eas,  ( 2)  pl ani ng or  mi l l i ng f or  
cor r ect i ng hi gh ar eas.

1. 4. 10   Pl an Gr ade

Pr ovi de a f i nal  wear i ng sur f ace of  pavement  conf or mi ng t o t he el evat i ons 
and cr oss sect i ons shown and not  var y mor e t han 0. 05 f oot  f r om t he pl an 
gr ade est abl i shed and appr oved at  s i t e of  wor k.   Wi t hi n 5 wor ki ng days 
af t er  compl et i on of  a par t i cul ar  l ot  i ncor por at i ng t he f i nal  wear i ng 
cour se,  t est  t he f i nal  wear i ng sur f ace of  t he pavement  f or  conf or mance 
wi t h speci f i ed pl an gr ade r equi r ement s.   Mat ch f i ni shed sur f aces at  
j unct ur e wi t h ot her  pavement s  wi t h f i ni shed sur f aces of  abut t i ng 
pavement s.   Devi at i on f r om t he pl an el evat i on wi l l  not  be per mi t t ed i n 
ar eas of  pavement s wher e c l oser  conf or mance wi t h pl anned el evat i on i s 
r equi r ed f or  t he pr oper  f unct i oni ng of  dr ai nage and ot her  appur t enant  
st r uct ur es i nvol ved.   For  par ki ng l ot s,  t he gr ade wi l l  be det er mi ned by 
r unni ng l i nes of  l evel s at  i nt er val s of  25 f eet  or  l ess l ongi t udi nal l y and 
t r ansver sel y t o det er mi ne t he el evat i on of  t he compl et ed pavement  sur f ace.
  Di amond gr i ndi ng can be used t o r emove hi gh spot s t o meet  gr ade 
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r equi r ement s.   Ski n pat chi ng f or  cor r ect i ng l ow ar eas or  pl ani ng or  
mi l l i ng f or  cor r ect i ng hi gh ar eas wi l l  not  be per mi t t ed.   Mai nt ai n 
det ai l ed not es of  t he r esul t s of  t he t est i ng and pr ovi de a copy t o t he 
Gover nment  i mmedi at el y af t er  each day' s t est i ng.   Remove and r epl ace 
sur f ace l i f t  l ot s when i ndi v i dual  l ocat i ons exceed 0. 05 f oot  t ol er ance,  at  
no addi t i onal  cost  t o t he Gover nment .   Hi gh spot s can be di amond gr ound as 
an al t er nat i ve t o r emove and r epl ace i n or der  t o meet  pl an gr ade 
r equi r ement s at  i ndi v i dual  l ocat i ons.

1. 4. 11   Labor at or y Accr edi t at i on and Val i dat i on

Pr ovi de l abor at or i es used t o devel op t he Job Mi x For mul a ( JMF) ,  per f or m 
accept ance t est i ng,  and Cont r act or  Qual i t y Cont r ol  t est i ng t hat  meet  t he 
r equi r ement s of  ASTM D3666.   Pr ovi de l abor at or i es wi t h a masonr y saw 
havi ng a di amond bl ade f or  t r i mmi ng pavement  cor es and sampl es.   Per f or m 
al l  r equi r ed t est  met hods by an accr edi t ed l abor at or y.   Schedul e and 
pr ovi de payment  f or  l abor at or y i nspect i ons.   Addi t i onal  payment  or  a t i me 
ext ensi on due t o f ai l ur e t o acqui r e t he r equi r ed l abor at or y accr edi t at i on 
i s not  al l owed.  The Gover nment  wi l l  i nspect  t he l abor at or y equi pment  and 
t est  pr ocedur es pr i or  t o t he st ar t  of  hot - mi x oper at i ons f or  conf or mance 
wi t h ASTM D3666.   I n addi t i on,  al l  t est i ng l abor at or i es per f or mi ng 
accept ance t est i ng r equi r e USACE val i dat i on by t he Mat er i al  Test i ng Cent er  
( MTC)  f or  bot h par ent  l abor at or y and pl ant  t est i ng l abor at or y.   Val i dat i on 
on al l  l abor at or i es i s r equi r ed t o r emai n cur r ent  t hr oughout  t he dur at i on 
of  t he pavi ng pr oj ect .   Cont act  t he MTC manager  l i s t ed at  
ht t ps: / / mt c. er dc. dr en. mi l  f or  cost s and schedul i ng.   Submi t  a cer t i f i cat e 
of  compl i ance si gned by t he manager  of  t he l abor at or y st at i ng t hat  i t  
meet s t hese r equi r ement s t o t he Gover nment  pr i or  t o t he st ar t  of  
const r uct i on.   At  a mi ni mum,  i ncl ude t he f ol l owi ng cer t i f i cat i ons:

a.   Qual i f i cat i ons of  per sonnel ;  l abor at or y manager ,  super vi s i ng 
t echni c i an,  and t est i ng t echni c i ans.

b.   A l i s t i ng of  equi pment  t o be used i n devel opi ng t he j ob mi x.

c.   A copy of  t he l abor at or y ' s qual i t y cont r ol  syst em.

1. 5   ENVI RONMENTAL REQUI REMENTS

Do not  pl ace t he asphal t  mi xt ur e upon a wet  sur f ace or  when t he sur f ace 
t emper at ur e of  t he under l y i ng cour se i s l ess t han speci f i ed i n Tabl e 1.   
The t emper at ur e r equi r ement s may be wai ved by t he Gover nment ,  i f  
r equest ed;  however ,  meet  al l  ot her  r equi r ement s i ncl udi ng compact i on.

Tabl e 1.   Sur f ace Temper at ur e Li mi t at i ons of  Under l y i ng Cour se

Mat  Thi ckness,  i nches Degr ees F

3 or  gr eat er  40

Less t han 3  45

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Per f or m t he wor k consi st i ng of  pavement  cour ses composed of  mi ner al  
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aggr egat e and asphal t  mat er i al  heat ed and mi xed i n a cent r al  mi xi ng pl ant  
and pl aced on a pr epar ed cour se.   Pr ovi de asphal t  pavement  desi gned and 
const r uct ed i n accor dance wi t h t hi s sect i on conf or mi ng t o t he l i nes,  
gr ades,  t hi cknesses,  and t ypi cal  cr oss sect i ons shown on t he dr awi ngs.   
Const r uct  each cour se t o t he dept h,  sect i on,  or  el evat i on r equi r ed by t he 
dr awi ngs and r ol l ed,  f i ni shed,  and appr oved bef or e t he pl acement  of  t he 
next  cour se.   Submi t  pr oposed Pl acement  Pl an i ndi cat i ng l ane wi dt hs and  
l ongi t udi nal  j oi nt s f or  each cour se or  l i f t .

2. 1. 1   Asphal t  Mi xi ng Pl ant

Pr ovi de pl ant s used f or  t he pr epar at i on of  asphal t  mi xt ur e conf or mi ng t o 
t he r equi r ement s of  AASHTO M 156 wi t h t he f ol l owi ng changes:

2. 1. 1. 1   Tr uck Scal es

Wei gh t he asphal t  mi xt ur e on appr oved scal es,  or  on cer t i f i ed publ i c 
scal es at  no addi t i onal  expense t o t he Gover nment .   I nspect  and seal  
scal es at  l east  annual l y by an appr oved cal i br at i on l abor at or y.

2. 1. 1. 2   I nspect i on of  Pl ant

Pr ovi de access t o t he Gover nment  at  al l  t i mes,  t o al l  ar eas of  t he pl ant  
f or  checki ng adequacy of  equi pment ;  i nspect i ng oper at i on of  t he pl ant ;  
ver i f y i ng wei ght s,  pr opor t i ons,  and mat er i al  pr oper t i es;  checki ng t he 
t emper at ur es mai nt ai ned i n t he pr epar at i on of  t he mi xt ur es and f or  t aki ng 
sampl es.   Pr ovi de assi st ance as r equest ed,  f or  t he Gover nment  t o pr ocur e 
any desi r ed sampl es.

2. 1. 1. 3   St or age bi ns

The asphal t  mi xt ur e can be st or ed i n non- i nsul at ed st or age bi ns f or  a 
per i od of  t i me not  exceedi ng 3 hour s.   The asphal t  mi xt ur e can be st or ed 
i n i nsul at ed st or age bi ns f or  a per i od of  t i me not  exceedi ng 8 hour s.   
Pr ovi de t he mi x dr awn f r om bi ns t hat  meet s t he same r equi r ement s as mi x 
l oaded di r ect l y i nt o t r ucks.

2. 1. 2   Haul i ng Equi pment

Pr ovi de t r ucks used f or  haul i ng asphal t  mi xt ur e t hat  have t i ght ,  c l ean,  
and smoot h met al  beds.   To pr event  t he mi xt ur e f r om adher i ng t o t hem,  
l i ght l y coat  t he t r uck beds wi t h a mi ni mum amount  of  par af f i n oi l ,  l i me 
sol ut i on,  or  ot her  appr oved mat er i al .   Do not  use pet r ol eum based pr oduct s 
as a r el ease agent .   Pr ovi de each t r uck wi t h a sui t abl e cover  t o pr ot ect  
t he mi xt ur e f r om adver se weat her ,  cont ami nat i on,  and l oss of  mat er i al  
dur i ng haul i ng.   When necessar y due t o l ong haul  di st ance and col d 
weat her ,  pr ovi de i nsul at ed t r uck beds wi t h cover s ( t ar ps)  t hat  ar e 
secur el y f ast ened.

2. 1. 3   Asphal t  Paver s

Pr ovi de mechani cal  spr eadi ng and f i ni shi ng equi pment  consi st i ng of  a 
sel f - power ed paver ,  capabl e of  spr eadi ng and f i ni shi ng t he mi xt ur e t o t he 
speci f i ed l i ne,  gr ade,  and cr oss sect i on.   Pr ovi de paver  scr eed capabl e of  
l ayi ng a uni f or m mi xt ur e t o meet  t he speci f i ed t hi ckness,  smoot hness,  and 
gr ade wi t hout  physi cal  or  t emper at ur e segr egat i on,  t he f ul l  wi dt h of  t he 
mat er i al  bei ng pl aced.   Pr ovi de a paver  wi t h a v i br at i ng scr eed t o be used 
dur i ng al l  pl acement .
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2. 1. 3. 1   Recei v i ng Hopper

Pr ovi de paver  wi t h a r ecei v i ng hopper  of  suf f i c i ent  capaci t y t o per mi t  a 
uni f or m spr eadi ng oper at i on and a di st r i but i on syst em t o pl ace t he mi xt ur e 
uni f or ml y i n f r ont  of  t he scr eed wi t hout  segr egat i on.   Pr ovi de a scr eed 
t hat  ef f ect i vel y pr oduces a f i ni shed sur f ace of  t he r equi r ed evenness and 
t ext ur e wi t hout  t ear i ng,  shovi ng,  or  gougi ng t he mi xt ur e.

2. 1. 4   Rol l er s

Pr ovi de r ol l er s i n good condi t i on and oper at e at  s l ow speeds t o avoi d 
di spl acement  of  t he asphal t  mi xt ur e.   Pr ovi de suf f i c i ent  number ,  t ype,  and 
wei ght  of  r ol l er s t o compact  t he mi xt ur e t o t he r equi r ed densi t y whi l e i t  
i s  st i l l  i n a wor kabl e condi t i on.   Do not  use equi pment  whi ch causes 
excessi ve cr ushi ng of  t he aggr egat e.

2. 1. 5   Di amond Gr i ndi ng

Those per f or mi ng di amond gr i ndi ng ar e r equi r ed t o have a mi ni mum of  t hr ee 
year s exper i ence i n di amond gr i ndi ng.   I n ar eas not  meet i ng t he speci f i ed 
l i mi t s f or  sur f ace smoot hness and pl an gr ade,  r educe hi gh ar eas t o at t ai n 
t he r equi r ed smoot hness and gr ade,  except  as dept h i s l i mi t ed bel ow.   
Reduce hi gh ar eas by di amond gr i ndi ng t he asphal t  pavement  wi t h appr oved 
equi pment .   Per f or m di amond gr i ndi ng by sawi ng wi t h saw bl ades i mpr egnat ed 
wi t h an i ndust r i al  di amond abr asi ve.   Assembl e t he saw bl ades i n a cut t i ng 
head mount ed on a machi ne desi gned speci f i cal l y f or  di amond gr i ndi ng t hat  
pr oduces t he r equi r ed t ext ur e and smoot hness l evel  wi t hout  damage t o t he 
asphal t  pavement  or  j oi nt  f aces.   Pr ovi de di amond gr i ndi ng equi pment  wi t h 
saw bl ades t hat  ar e 1/ 8- i nch wi de,  a mi ni mum of  60 bl ades per  12 i nches of  
cut t i ng head wi dt h,  and capabl e of  cut t i ng a pat h a mi ni mum of   3 f eet  
wi de.   Di amond gr i ndi ng equi pment  t hat  causes r avel i ng,  f r act ur i ng of  
aggr egat e,  or  di st ur bance t o t he under l y i ng mat er i al  wi l l  not  be al l owed.   
The maxi mum ar ea cor r ect ed by di amond gr i ndi ng t he sur f ace of  t he asphal t  
pavement  i s 10 per cent  of  t he t ot al  ar ea of  any l ot .   The maxi mum dept h of  
di amond gr i ndi ng i s 1/ 2 i nch.   Pr ovi de di amond gr i ndi ng machi ne equi pped 
t o f l ush and vacuum t he pavement  sur f ace.   Di spose of  al l  debr i s f r om 
di amond gr i ndi ng oper at i ons of f  Gover nment  pr oper t y.   Pr i or  t o di amond 
gr i ndi ng,  submi t  a Di amond Gr i ndi ng Pl an f or  r evi ew and appr oval .   At  a 
mi ni mum,  i ncl ude t he dai l y r epor t s f or  t he def i c i ent  ar eas,  t he l ocat i on 
and ext ent  of  def i c i enci es,  cor r ect i ve act i ons,  and equi pment .   Remove and 
r epl ace al l  pavement  ar eas r equi r i ng pl an gr ade or  sur f ace smoot hness 
cor r ect i ons i n excess of  t he l i mi t s speci f i ed.

Pr i or  t o pr oduct i on di amond gr i ndi ng oper at i ons,  per f or m a t est  sect i on at  
t he appr oved l ocat i on,  consi st i ng of  a mi ni mum of  t wo adj acent  passes wi t h 
a mi ni mum l engt h of  40 f eet  t o al l ow eval uat i on of  t he f i ni sh and 
t r ansi t i on bet ween adj acent  passes.   Pr oduct i on di amond gr i ndi ng 
oper at i ons cannot  be per f or med pr i or  t o appr oval .

2. 2   AGGREGATES

Not i f y t he Gover nment  at  l east  7 days bef or e sampl i ng aggr egat es.   Obt ai n 
sampl es i n accor dance wi t h ASTM D75/ D75M t hat  ar e r epr esent at i ve of  t he 
mat er i al s t o be used f or  t he pr oj ect .   Pr ovi de aggr egat es consi st i ng of  
cr ushed st one,  cr ushed gr avel ,  cr ushed sl ag,  scr eeni ngs,  nat ur al  sand,  and 
mi ner al  f i l l er  as r equi r ed.   The por t i on of  mat er i al  r et ai ned on t he No.  4 
s i eve i s coar se aggr egat e.   The por t i on of  mat er i al  passi ng t he No.  4 
s i eve and r et ai ned on t he No.  200 si eve i s f i ne aggr egat e.   The por t i on 
passi ng t he No.  200 si eve i s def i ned as mi ner al  f i l l er .   Submi t  suf f i c i ent  
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mat er i al s t o pr oduce 200 pounds of  bl ended mi xt ur e f or  mi x desi gn 
ver i f i cat i on.   Submi t  al l  aggr egat e t est  r esul t s and sampl es t o t he 
Gover nment  at  l east  14 days pr i or  t o st ar t  of  const r uct i on.   Per f or m j ob 
aggr egat e t est i ng no ear l i er  t han 6 mont hs bef or e cont r act  awar d.

2. 2. 1   Coar se Aggr egat e

Pr ovi de coar se aggr egat e consi st i ng of  sound,  t ough,  dur abl e par t i c l es,  
f r ee f r om f i l ms of  mat er i al  t hat  woul d pr event  t hor ough coat i ng and 
bondi ng wi t h t he asphal t  mat er i al  and f r ee f r om or gani c mat t er  and ot her  
del et er i ous subst ances.   Pr ovi de coar se aggr egat e par t i c l es meet i ng t he 
f ol l owi ng r equi r ement s:

a.   The per cent age of  l oss not  gr eat er  t han 40 per cent  af t er  500 
r evol ut i ons when t est ed i n accor dance wi t h ASTM C131/ C131M.

b.   The sodi um sul f at e soundness l oss not  exceedi ng 12 per cent ,  or  t he 
magnesi um sul f at e soundness l oss not  exceedi ng 18 per cent  af t er  f i ve 
cycl es when t est ed i n accor dance wi t h ASTM C88.

c.   At  l east  75 per cent  by wei ght  of  coar se aggr egat e cont ai ni ng t wo or  
mor e f r act ur ed f aces when t est ed i n accor dance wi t h ASTM D5821 wi t h 
f r act ur ed f aces pr oduced by cr ushi ng.

d.   The par t i c l e shape essent i al l y  cubi cal  and t he aggr egat e cont ai ni ng 
not  mor e t han 10 per cent ,  by wei ght ,  of  f l at  and el ongat ed par t i c l es 
( 5: 1 r at i o of  l engt h t o t hi ckness)  when t est ed i n accor dance wi t h 
ASTM D4791,  Met hod B.

e.   Sl ag consi st i ng of  ai r - cool ed,  bl ast  f ur nace sl ag wi t h a compact ed 
wei ght  of  not  l ess t han 75 l b/ cu f t  when t est ed i n accor dance wi t h 
ASTM C29/ C29M.

f .   Cl ay l umps and f r i abl e par t i c l es not  exceedi ng 0. 3 per cent ,  by wei ght ,  
when t est ed i n accor dance wi t h ASTM C142/ C142M.

2. 2. 2   Fi ne Aggr egat e

Pr ovi de f i ne aggr egat e consi st i ng of  c l ean,  sound,  t ough,  dur abl e 
par t i c l es.   Pr ovi de aggr egat e par t i c l es t hat  ar e f r ee f r om coat i ngs of  
c l ay,  s i l t ,  or  any obj ect i onabl e mat er i al ,  cont ai n no cl ay bal l s,  and meet  
t he f ol l owi ng r equi r ement s:

a.   Quant i t y of  nat ur al  sand ( noncr ushed mat er i al )  added t o t he aggr egat e 
bl end not  exceedi ng 15 per cent  by wei ght  of  t ot al  aggr egat e.

b.   I ndi v i dual  f i ne aggr egat e sour ces wi t h a sand equi val ent  val ue gr eat er  
t han 45 when t est ed i n accor dance wi t h ASTM D2419.

c.   Fi ne aggr egat e por t i on of  t he bl ended aggr egat e wi t h an uncompact ed 
voi d cont ent  gr eat er  t han 45. 0 per cent  when t est ed i n accor dance wi t h 
AASHTO T 304 Met hod A.

d.   Cl ay l umps and f r i abl e par t i c l es not  exceedi ng 0. 3 per cent ,  by wei ght ,  
when t est ed i n accor dance wi t h ASTM C142/ C142M.

2. 2. 3   Mi ner al  Fi l l er

Pr ovi de mi ner al  f i l l er  consi st i ng of  a nonpl ast i c mat er i al  meet i ng t he 
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r equi r ement s of  ASTM D242/ D242M.

2. 2. 4   Aggr egat e Gr adat i on

Pr ovi de a combi ned aggr egat e gr adat i on t hat  conf or ms t o gr adat i ons 
speci f i ed i n Tabl e 2,  when t est ed i n accor dance wi t h ASTM C136/ C136M and 
ASTM C117,  and does not  var y f r om t he l ow l i mi t  on one si eve t o t he hi gh 
l i mi t  on t he adj acent  s i eve or  v i ce ver sa,  but  gr ades uni f or ml y f r om 
coar se t o f i ne.   Pr ovi de a JMF wi t hi n t he speci f i cat i on l i mi t s;  however ,  
t he gr adat i on can exceed t he l i mi t s when t he al l owabl e devi at i on f r om t he 
JMF shown i n Tabl es 4 and 5 ar e appl i ed.

Tabl e 2.   Aggr egat e Gr adat i ons

Si eve Si ze,  i nch Gr adat i on 2 Per cent
Passi ng by Mass

1 - - - - -

3/ 4 100

1/ 2 90- 100

3/ 8 69- 89

No.  4 53- 73

No.  8 38- 60

No.  16 26- 48

No.  30 18- 38

No.  50 11- 27

No.  100 6- 18

No.  200 3- 6

2. 3   ASPHALT CEMENT BI NDER

Pr ovi de asphal t  cement  bi nder  t hat  conf or ms t oASTM D6373 Per f or mance Gr ade 
( PG)  _67- 22____.   Pr ovi de t est  dat a i ndi cat i ng gr ade cer t i f i cat i on by t he 
suppl i er  at  t he t i me of  del i ver y of  each l oad t o t he mi x pl ant .   Submi t  
copi es of  t hese cer t i f i cat i ons t o t he Gover nment .   The suppl i er  i s  def i ned 
as t he l ast  sour ce of  any modi f i cat i on t o t he bi nder .   The Gover nment  may 
sampl e and t est  t he bi nder  at  t he mi x pl ant  at  any t i me bef or e or  dur i ng 
mi x pr oduct i on.   Submi t  5 gal l on sampl e of  t he asphal t  cement  or  asphal t  
bi nder  not  l ess t han 14 days bef or e st ar t  of  t he t est  sect i on f or  mi x 
desi gn ver i f i cat i on and appr oval .   Obt ai n sampl es f or  t hi s ver i f i cat i on 
t est i ng i n accor dance wi t h ASTM D140/ D140M and i n t he pr esence of  t he 
Gover nment .   Pr ovi de t hese sampl es t o t he Gover nment  f or  t he ver i f i cat i on 
t est i ng,  whi ch wi l l  be per f or med at  t he Gover nment ' s expense.

2. 4   MI X DESI GN

Devel op t he mi x desi gn.   Per f or m Job Mi x f or mul a ( JMF)  and aggr egat es 
t est i ng no ear l i er  t han 6 mont hs bef or e cont r act  awar d.   Pr ovi de asphal t  
mi xt ur e composed of  wel l - gr aded aggr egat e,  mi ner al  f i l l er  i f  r equi r ed,  and 
asphal t  mat er i al .   Pr ovi de aggr egat e f r act i ons s i zed,  handl ed i n separ at e 
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si ze gr oups,  and combi ned i n such pr opor t i ons t hat  t he r esul t i ng mi xt ur e 
meet s t he gr adi ng r equi r ement s of  Tabl e 2.   Do not  pr oduce asphal t  
pavement  f or  accept ance unt i l  a JMF has been appr oved.   Use l abor at or y 
compact i on t emper at ur es f or  Pol ymer  Modi f i ed Asphal t s as r ecommended by 
t he asphal t  bi nder  manuf act ur er .   Det er mi ne t he Tensi l e St r engt h Rat i o 
( TSR)  of  t he composi t e mi xt ur e i n accor dance wi t h ASTM D4867/ D4867M.   
Compact  t he TSR speci mens t o an ai r  voi d cont ent  of  7 per cent  pl us or  
mi nus 1 per cent .   I f  t he Tensi l e St r engt h Rat i o ( TSR)  of  t he composi t e 
mi xt ur e i s l ess t han 75,  r ej ect  t he aggr egat es or  t r eat  t he asphal t  
mi xt ur e wi t h an ant i - st r i ppi ng agent .   Add a suf f i c i ent  amount  of  
ant i - st r i ppi ng agent  t o pr oduce a TSR of  not  l ess t han 75.   I f  an 
ant i st r i p agent  i s r equi r ed,  pr ovi de i t  at  no addi t i onal  cost  t o t he 
Gover nment .   Pr ovi de suf f i c i ent  mat er i al s t o pr oduce 200 pound of  bl ended 
mi xt ur e t o t he Gover nment  f or  ver i f i cat i on of  mi x desi gn at  l east  14 days 
pr i or  t o const r uct i on of  t est  sect i on.

2. 4. 1   JMF Requi r ement s

Submi t  t he pr oposed JMF i n wr i t i ng,  f or  appr oval ,  at  l east  14 days pr i or  
t o t he st ar t  of  t he t est  sect i on i ncl udi ng,  as a mi ni mum:

a.   Per cent  passi ng each si eve si ze.

b.   Per cent  of  asphal t  cement .

c.   Per cent  of  each aggr egat e and mi ner al  f i l l er  t o be used.

d.   Asphal t  per f or mance gr ade or  penet r at i on gr ade.

e.   

f .   Labor at or y mi xi ng t emper at ur e.

g.   Labor at or y compact i on t emper at ur e.

h.   Temper at ur e- vi scosi t y r el at i onshi p of  t he asphal t  cement

i .   Pl ot  of  t he combi ned gr adat i on on t he 0. 45 power  gr adat i on char t ,  
st at i ng t he nomi nal  maxi mum si ze.

j .   Gr aphi cal  pl ot s and summar y t abul at i on of  ai r  voi ds,  voi ds i n t he 
mi ner al  aggr egat e,  and uni t  wei ght  ver sus asphal t  cont ent  as shown i n 
AI  MS- 2.   I ncl ude summar y t abul at i on t hat  i ncl udes i ndi v i dual  speci men 
dat a f or  each speci men t est ed.

k.   Speci f i c  gr avi t y and absor pt i on of  each aggr egat e.

l .   Per cent  nat ur al  sand.

m.   Per cent  par t i c l es wi t h t wo or  mor e f r act ur ed f aces ( i n coar se 
aggr egat e) .

n.   Fi ne aggr egat e angul ar i t y.

o.   Per cent  f l at  or  el ongat ed par t i c l es i n coar se aggr egat e.

p.   Tensi l e St r engt h Rat i o and wet / dr y speci men t est  r esul t s.

q.   Ant i st r i p agent  ( i f  r equi r ed) .

SECTI ON 32 12 16. 16  Page 13



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

r .   Li st  of  al l  modi f i er s.

s.   Per cent age and pr oper t i es ( asphal t  cont ent ,  aggr egat e gr adat i on,  and 
aggr egat e pr oper t i es)  of  RAP i n accor dance wi t h par agr aph RECYCLED 
ASPHALT PAVEMENT,  i f  RAP i s used.

Tabl e 3.   Mi x Desi gn Cr i t er i a

Test  Pr oper t y Mar shal l
( 75 Bl ows)

St abi l i t y,  pounds,  mi ni mum ( NA 
f or  Super pave)

1800( 1)

Fl ow,  0. 01 i nch,  ( NA f or  
Super pave)

8- 16

Ai r  voi ds,  per cent 3- 5

Mi ni mum Per cent  Voi ds i n Mi ner al  

Aggr egat e ( VMA) ( 2)

Gr adat i on 1 13. 0

Gr adat i on 2 14. 0

Gr adat i on 3 15. 0

TSR,  mi ni mum per cent 75

( 1)  Thi s i s a mi ni mum r equi r ement .   Pr ovi de si gni f i cant l y hi gher  aver age dur i ng 
const r uct i on t o ensur e compl i ance wi t h t he speci f i cat i ons.

( 2)  Cal cul at e VMA i n accor dance wi t h AI  MS- 2,  based on ASTM C127 and ASTM C128 
bul k speci f i c gr avi t y f or  t he aggr egat e.

2. 4. 2   Adj ust ment s t o JMF

The JMF f or  each mi xt ur e i s i n ef f ect  unt i l  a new f or mul a i s appr oved i n 
wr i t i ng by t he Gover nment .   Shoul d a change i n sour ces of  any mat er i al s be 
made,  per f or m a new mi x desi gn and a new JMF appr oved bef or e t he new 
mat er i al  i s  used.   Make mi nor  adj ust ment s wi t hi n t he speci f i cat i on l i mi t s 
t o t he JMF t o opt i mi ze mi x vol umet r i c pr oper t i es.   Adj ust ment s t o t he 
or i gi nal  JMF ar e l i mi t ed t o pl us or  mi nus 4 per cent  on t he No.  4 and 
coar ser  s i eves;  pl us or  mi nus 3 per cent  on t he No.  8 t o No.  50 si eves;  and 
pl us or  mi nus 1 per cent  on t he No.  100 si eve and  No.  200 si eve.   Asphal t  
cont ent  adj ust ment s ar e l i mi t ed t o pl us or  mi nus 0. 40 f r om t he or i gi nal  
JMF.   I f  adj ust ment s ar e needed t hat  exceed t hese l i mi t s,  devel op a new 
mi x desi gn.

2. 5   RECYCLED HOT MI X ASPHALT

Pr ovi de r ecycl ed asphal t  mi xt ur e consi st i ng of  r ecl ai med asphal t  pavement  
( RAP) ,  coar se aggr egat e,  f i ne aggr egat e,  mi ner al  f i l l er ,  and asphal t  
cement .   Pr ovi de RAP of  a consi st ent  gr adat i on,  asphal t  cont ent ,  and 
pr oper t i es.   Mai nt ai n RAP st ockpi l es f r ee f r om cont ami nat i on i ncl udi ng 
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coal - t ar  seal er s.   Li mi t  t he maxi mum RAP chunk si ze t o 2 i nches when 
f eedi ng RAP i nt o t he pl ant .   The i ndi v i dual  aggr egat es i n a RAP chunk ar e 
not  t o exceed t he maxi mum si ze aggr egat e of  t he gr adat i on speci f i ed i n 
Tabl e 2.   Desi gn t he r ecycl ed asphal t  mi xt ur e usi ng pr ocedur es cont ai ned 
i n AI  MS- 2.   Pr ovi de RAP j ob mi x t hat  meet s t he r equi r ement s of  par agr aph 
MI X DESI GN.   Li mi t  t he amount  of  RAP so t he asphal t  bi nder  f r om t he RAP 
does not  exceed 30 per cent  of  t he t ot al  asphal t  cont ent .

2. 5. 1   RAP Aggr egat es and Asphal t  Cement

Pr ovi de a bl end of  aggr egat es used i n t he r ecycl ed mi x t hat  meet  t he 
r equi r ement s of  par agr aph AGGREGATES.   Est abl i sh t he per cent age of  asphal t  
bi nder  i n t he RAP f or  t he mi xt ur e desi gn accor di ng t o ASTM D2172/ D2172M or  
ASTM D6307 usi ng t he appr opr i at e dust  cor r ect i on pr ocedur e.

2. 5. 2   RAP Mi x

Sel ect  t he v i r gi n asphal t  bi nder  as descr i bed bel ow:

a.   For  0 t o 20 per cent  r ecycl ed bi nder  cont ent  -  no change i n v i r gi n 
bi nder  sel ect i on.

b.   For  20+ per cent  t o 30 per cent  r ecycl ed bi nder  cont ent  -  sel ect  v i r gi n 
bi nder  one gr ade sof t er  t han nor mal .

PART 3   EXECUTI ON

3. 1   CONTRACTOR QUALI TY CONTROL

3. 1. 1   Gener al  Qual i t y Cont r ol  Requi r ement s

Submi t  t he Qual i t y Cont r ol  Pl an.   Do not  pr oduce hot - mi x asphal t   f or  
accept ance unt i l  t he qual i t y cont r ol  pl an has been appr oved.   I n t he 
qual i t y cont r ol  pl an,  addr ess al l  el ement s whi ch af f ect  t he qual i t y of  t he 
pavement  i ncl udi ng,  but  not  l i mi t ed t o:

a.   Mi x Desi gn and uni que JMF i dent i f i cat i on code

b.   Aggr egat e Gr adi ng

c.   Qual i t y of  Mat er i al s

d.   St ockpi l e Management  and pr ocedur es t o pr event  cont ami nat i on

e.   Pr opor t i oni ng

f .   Mi xi ng and Tr anspor t at i on

g.   Mi xt ur e Vol umet r i cs

h.   Moi st ur e Cont ent  of  Mi xt ur es

i .   Pl aci ng and Compact i on

j .   Joi nt s

k.   Sur f ace Smoot hness

l .   Tr uck bed r el ease agent
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3. 1. 2   Test i ng Labor at or y

Pr ovi de a f ul l y  equi pped asphal t  l abor at or y l ocat ed at  t he pl ant  or  j ob 
s i t e t hat  i s  equi pped wi t h heat i ng and ai r  condi t i oni ng uni t s t o mai nt ai n 
a t emper at ur e of  75 pl us or  mi nus 5 degr ees F.   Pr ovi de l abor at or y 
f aci l i t i es t hat  ar e kept  c l ean and al l  equi pment  mai nt ai ned i n pr oper  
wor ki ng condi t i on.   Pr ovi de t he Gover nment  wi t h unr est r i ct ed access t o 
i nspect  t he l abor at or y f aci l i t y ,  t o wi t ness qual i t y cont r ol  act i v i t i es,  
and t o per f or m any check t est i ng desi r ed.   The Gover nment  wi l l  advi se i n 
wr i t i ng of  any not ed def i c i enci es concer ni ng t he l abor at or y f aci l i t y ,  
equi pment ,  suppl i es,  or  t est i ng per sonnel  and pr ocedur es.   When t he 
def i c i enci es ar e ser i ous enough t o adver sel y af f ect  t est  r esul t s,  
i mmedi at el y suspend t he i ncor por at i on of  t he mat er i al s i nt o t he wor k.   
I ncor por at i on of  t he mat er i al s i nt o t he wor k wi l l  not  be per mi t t ed t o 
r esume unt i l  t he def i c i enci es ar e cor r ect ed.

3. 1. 3   Qual i t y Cont r ol  Test i ng

Per f or m al l  qual i t y cont r ol  t est s appl i cabl e t o t hese speci f i cat i ons and 
as set  f or t h i n t he Qual i t y Cont r ol  Pr ogr am.   Use t he i ndependent  
commer ci al  l abor at or y f or  accept ance t est i ng i n par agr aph ACCEPTANCE.   Use 
i n- house capabi l i t i es or  t he i ndependent  commer ci al  l abor at or y f or  qual i t y 
cont r ol  t est i ng.   Requi r ed el ement s of  t he t est i ng pr ogr am i ncl ude,  but  
ar e not  l i mi t ed t o t est s f or  t he cont r ol  of  asphal t  cont ent ,  aggr egat e 
gr adat i on,  aggr egat e moi st ur e,  moi st ur e i n t he asphal t  mi xt ur e,  
t emper at ur es,  VMA,  and i n- pl ace densi t y.   Devel op a Qual i t y Cont r ol  
Test i ng Pl an as par t  of  t he Qual i t y Cont r ol  Pr ogr am.

3. 1. 3. 1   Asphal t  Cont ent

Det er mi ne asphal t  cont ent  a mi ni mum of  t wi ce per  l ot  ( a l ot  i s  def i ned i n 
par agr aph PAVEMENT LOTS)  usi ng t he i gni t i on met hod i n accor dance wi t h 
ASTM D6307.   Use t he ext r act i on met hod i n accor dance wi t h ASTM D2172/ D2172M
 i f  t he cor r ect i on f act or  f or  t he i gni t i on met hod i n ASTM D6307 i s gr eat er  
t han 1. 0.   The asphal t  cont ent  f or  t he l ot  wi l l  be det er mi ned by aver agi ng 
t he t est  r esul t s.

3. 1. 3. 2   Aggr egat e Pr oper t i es

Det er mi ne aggr egat e gr adat i ons a mi ni mum of  t wi ce per  l ot  f r om mechani cal  
anal ysi s of  ext r act ed aggr egat e i n accor dance wi t h ASTM D5444,  
ASTM C136/ C136M,  and ASTM C117.   Det er mi ne t he speci f i c  gr avi t y of  each 
aggr egat e s i ze gr oupi ng f or  each 20, 000 t ons i n accor dance wi t h ASTM C127 
or  ASTM C128.   Det er mi ne f r act ur ed f aces f or  gr avel  sour ces f or  each 
20, 000 t ons i n accor dance wi t h ASTM D5821.   Det er mi ne t he uncompact ed voi d 
cont ent  of  nat ur al  sand,  manuf act ur ed sand,  and bl ended aggr egat e f or  each 
20, 000 t ons i n accor dance wi t h AASHTO T 304 Met hod A.

3. 1. 3. 3   Moi st ur e Cont ent  of  Aggr egat e

Det er mi ne t he moi st ur e cont ent  of  aggr egat e used f or  pr oduct i on a mi ni mum 
of  once per  l ot  i n accor dance wi t h ASTM C566.

3. 1. 3. 4   Moi st ur e Cont ent  of  Asphal t  Mi xt ur e

Det er mi ne t he moi st ur e cont ent  of  t he asphal t  mi xt ur e at  l east  once per  
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l ot  i n accor dance wi t h AASHTO T 329.

3. 1. 3. 5   Temper at ur es

Check t emper at ur es at  l east  f our  t i mes per  l ot ,  at  necessar y l ocat i ons t o 
det er mi ne t he t emper at ur e at  t he dr yer ,  t he asphal t  cement  bi nder  i n t he 
st or age t ank,  t he asphal t  mi xt ur e at  t he pl ant ,  and t he asphal t  mi xt ur e at  
t he j ob s i t e.

3. 1. 3. 6   VMA

Obt ai n mi xt ur e sampl es at  l east  f our  t i mes per  l ot .  Cal cul at e t he VMA of  
each speci men i n accor dance wi t h AI  MS- 2 based on ASTM C127 and ASTM C128 
bul k speci f i c  gr avi t y f or  t he aggr egat e.   Pr ovi de VMA wi t hi n t he l i mi t s of  
Tabl e 3.

3. 1. 3. 7   I n- Pl ace Densi t y

Conduct  any necessar y t est i ng t o ensur e t he speci f i ed densi t y i s 
achi eved.   A nucl ear  gauge or  ot her  non- dest r uct i ve t est i ng devi ce can be 
used t o moni t or  pavement  densi t y.

3. 1. 3. 8   Addi t i onal  Test i ng

Per f or m any addi t i onal  t est i ng deemed necessar y t o cont r ol  t he pr ocess.

3. 1. 3. 9   QC Moni t or i ng

Submi t  al l  QC t est  r esul t s t o t he Gover nment  on a dai l y basi s as t he t est s 
ar e per f or med.   The Gover nment  r eser ves t he r i ght  t o moni t or  any of  t he 
Cont r act or ' s qual i t y cont r ol  t est i ng and t o per f or m dupl i cat e t est i ng as a 
check t o t he Cont r act or ' s qual i t y cont r ol  t est i ng.

3. 1. 4   Sampl i ng

When di r ect ed by t he Gover nment ,  sampl e and t est  any mat er i al  whi ch 
appear s t o not  meet  speci f i cat i on r equi r ement s unl ess such mat er i al  i s  
vol unt ar i l y  r emoved and r epl aced or  def i c i enci es cor r ect ed.   Per f or m al l  
sampl i ng i n accor dance wi t h st andar d pr ocedur es speci f i ed.

3. 2   PREPARATI ON OF ASPHALT BI NDER MATERI AL

Heat  t he asphal t  cement  mat er i al  whi l e avoi di ng l ocal  over heat i ng.   
Pr ovi de a cont i nuous suppl y of  t he asphal t  mat er i al  t o t he mi xer  at  a 
uni f or m t emper at ur e.   Mai nt ai n t he t emper at ur e of  t he asphal t  del i ver ed t o 
t he mi xer  t o pr ovi de a sui t abl e v i scosi t y f or  adequat e coat i ng of  t he 
aggr egat e par t i c l es.   For  hot - mi x,  do not  heat  unmodi f i ed asphal t  t o a 
t emper at ur e exceedi ng 325 degr ees F when added t o t he aggr egat e.   Do not  
heat  modi f i ed asphal t  t o a t emper at ur e exceedi ng 350 degr ees F when added 
t o t he aggr egat e.

3. 3   PREPARATI ON OF MI NERAL AGGREGATE

Heat  and dr y t he aggr egat e pr i or  t o mi xi ng.   Pr ovi de a r at e of  heat i ng and 
a maxi mum t emper at ur e t hat  does not  damage t he aggr egat es.   Do not  heat  
t he aggr egat e t o a t emper at ur e exceedi ng 350 degr ees F when t he asphal t  
bi nder  i s added.   Mai nt ai n t he t emper at ur e no l ower  t han i s r equi r ed t o 
obt ai n compl et e coat i ng and uni f or m di st r i but i on on t he aggr egat e 
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par t i c l es and t o pr ovi de a mi xt ur e of  sat i sf act or y wor kabi l i t y .

3. 4   PREPARATI ON OF ASPHALT MI XTURE

Wei gh or  met er  t he aggr egat es and t he asphal t  cement  and i nt r oduce i nt o 
t he mi xer  t he amount  speci f i ed by t he JMF.   Mi x t he combi ned mat er i al s 
unt i l  t he aggr egat e obt ai ns a uni f or m coat i ng of  asphal t  bi nder  and i s 
t hor oughl y di st r i but ed t hr oughout  t he mi xt ur e.   The moi st ur e cont ent  of  
al l  asphal t  mi xt ur e upon di schar ge f r om t he pl ant  i s not  t o exceed 0. 5 
per cent  by t ot al  wei ght  of  mi xt ur e as measur ed by AASHTO T 329.

3. 5   PREPARATI ON OF THE UNDERLYI NG SURFACE

I mmedi at el y bef or e pl aci ng t he asphal t  mi xt ur e,  c l ean t he under l y i ng 
cour se of  dust  and debr i s.   Appl y a pr i me coat or t ack coat  i n accor dance 
wi t h Sect i on 32 12 13 BI TUMI NOUS TACK AND PRI ME COATS.

3. 6   TRANSPORTI NG AND PLACI NG

3. 6. 1   Tr anspor t i ng

Tr anspor t  asphal t  mi xt ur e f r om t he mi xi ng pl ant  t o t he s i t e i n c l ean,  
t i ght  vehi c l es.   Schedul e del i ver i es so t hat  pl aci ng and compact i ng of  
mi xt ur e i s uni f or m wi t h mi ni mum st oppi ng and st ar t i ng of  t he paver .   
Pr ovi de adequat e ar t i f i c i al  l i ght i ng f or  ni ght  pl acement s.   Haul i ng over  
f r eshl y pl aced mat er i al  wi l l  not  be per mi t t ed unt i l  t he mat er i al  has been 
compact ed as speci f i ed,  and al l owed t o cool  t o 140 degr ees F.

3. 6. 2   Pl aci ng

Pl ace t he mi x i n l i f t s  of  adequat e t hi ckness and compact  at  a t emper at ur e 
sui t abl e f or  obt ai ni ng densi t y,  sur f ace smoot hness,  and ot her  speci f i ed 
r equi r ement s.   Upon ar r i val ,  pl ace t he mi xt ur e t o t he f ul l  wi dt h by an 
asphal t  paver ;  st r i ke of f  i n a uni f or m l ayer  of  such dept h t hat ,  when t he 
wor k i s compl et ed,  t he r equi r ed t hi ckness i s obt ai ned and t he sur f ace 
conf or ms t o t he gr ade and cont our  i ndi cat ed.   Do not  br oadcast  wast e 
mi xt ur e ont o t he mat  or  r ecycl e i nt o t he paver  hopper .   Col l ect  wast e 
mi xt ur e and di spose of f  s i t e.   Regul at e t he speed of  t he paver  t o 
el i mi nat e pul l i ng and t ear i ng of  t he asphal t  mat .   Begi n pl acement  of  t he 
mi xt ur e  al ong t he cent er l i ne of  a cr owned sect i on or  on t he hi gh si de of  
ar eas wi t h a one- way sl ope.   Pl ace t he mi xt ur e i n consecut i ve adj acent  
st r i ps havi ng a mi ni mum wi dt h of  10 f eet .   Of f set  t he l ongi t udi nal  j oi nt  
i n one cour se f r om t he l ongi t udi nal  j oi nt  i n t he cour se i mmedi at el y bel ow 
by at  l east  1 f oot ;  however ,  l ocat e t he j oi nt  i n t he sur f ace cour se at  t he 
cent er l i ne of  t he pavement .   Of f set  t r ansver se j oi nt s i n one cour se by at  
l east  10 f eet  f r om t r ansver se j oi nt s i n t he pr evi ous cour se.   Of f set  
t r ansver se j oi nt s i n adj acent  l anes a mi ni mum of  10 f eet .   On i sol at ed 
ar eas wher e i r r egul ar i t i es or  unavoi dabl e obst acl es make t he use of  
mechani cal  spr eadi ng and f i ni shi ng equi pment  i mpr act i cal ,  t he mi xt ur e can 
be spr ead and l ut ed by hand t ool s.

3. 7   COMPACTI ON OF MI XTURE

3. 7. 1   Gener al

a.   Af t er  pl aci ng,  t hor oughl y and uni f or ml y compact  t he mi xt ur e by 
r ol l i ng.   Compact  t he sur f ace as soon as possi bl e wi t hout  causi ng 
di spl acement ,  cr acki ng,  or  shovi ng.   Det er mi ne t he sequence of  r ol l i ng 
oper at i ons and t he t ype of  r ol l er s used wi t h t he except i on t hat  
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appl i cat i on of  mor e t han t hr ee passes wi t h a v i br at or y r ol l er  i n t he 
v i br at i ng mode i s pr ohi bi t ed.   Mai nt ai n t he speed of  t he r ol l er ,  at  
al l  t i mes,  suf f i c i ent l y s l ow t o avoi d di spl acement  of  t he asphal t  
mi xt ur e and t o be ef f ect i ve i n compact i on.   Cor r ect  at  once any 
di spl acement  occur r i ng as a r esul t  of  r ever si ng t he di r ect i on of  t he 
r ol l er ,  or  f r om any ot her  cause.

b.   Fur ni sh suf f i c i ent  r ol l er s t o handl e t he out put  of  t he pl ant .   
Cont i nue r ol l i ng unt i l  t he sur f ace i s of  uni f or m t ext ur e,  t r ue t o 
gr ade and cr oss sect i on,  and t he r equi r ed f i el d densi t y i s obt ai ned.   
To pr event  adhesi on of  t he mi xt ur e t o t he r ol l er ,  keep t he wheel s 
pr oper l y moi st ened,  but  excessi ve wat er  i s not  per mi t t ed.   I n ar eas 
not  accessi bl e t o t he r ol l er ,  t hor oughl y compact  t he mi xt ur e wi t h hand 
t amper s or  smal l  compact or s.   Remove t he f ul l  dept h of  any mi xt ur e 
t hat  becomes l oose and br oken,  mi xed wi t h di r t ,  cont ai ns 
check- cr acki ng,  or  i s i n any way def ect i ve.   Repl ace wi t h f r esh 
asphal t  mi xt ur e and i mmedi at el y compact  t o conf or m t o t he sur r oundi ng 
ar ea.   Per f or m t hi s wor k at  no expense t o t he Gover nment .   Ski n 
pat chi ng i s not  al l owed.

3. 7. 2   Segr egat i on

The Gover nment  can sampl e and t est  any mat er i al  t hat  l ooks def i c i ent .   
When t he i n- pl ace mat er i al  appear s t o be segr egat ed,  t he Gover nment  has 
t he opt i on t o sampl e t he mat er i al  and have i t  t est ed and compar ed t o t he 
i n- pl ace densi t y r equi r ement s i n par agr aph ACCEPTANCE.   I f  t he mat er i al  
f ai l s  t o meet  t hese speci f i cat i on r equi r ement s,  r emove and r epl ace t he 
ext ent  of  t he segr egat ed mat er i al  t he f ul l  dept h of  t he l ayer  of  asphal t  
mi xt ur e at  no addi t i onal  cost  t o t he Gover nment .   When segr egat i on occur s 
i n t he mat ,  t ake appr opr i at e act i on t o cor r ect  t he pr ocess so t hat  
addi t i onal  segr egat i on does not  occur .

3. 8   JOI NTS

Const r uct  j oi nt s t o ensur e a cont i nuous bond bet ween t he cour ses and t o 
obt ai n t he r equi r ed densi t y.   Pr ovi de al l  j oi nt s wi t h t he same t ext ur e as 
ot her  sect i ons of  t he cour se and meet  t he r equi r ement s f or  smoot hness and 
gr ade.

3. 8. 1   Tr ansver se Joi nt s

Do not  pass t he r ol l er  over  t he unpr ot ect ed end of  t he f r eshl y l ai d 
mi xt ur e,  except  when necessar y t o f or m a t r ansver se j oi nt .   When necessar y 
t o f or m a t r ansver se j oi nt ,  const r uct  by means of  pl aci ng a bul khead or  by 
t aper i ng t he cour se.   Ut i l i ze a dr y saw cut  on t he t r ansver se j oi nt  f ul l  
dept h and wi dt h on a st r ai ght  l i ne t o expose a ver t i cal  f ace pr i or  t o 
pl aci ng t he adj acent  l ane.   Remove t he cut back mat er i al  f r om t he pr oj ect .   
I n bot h met hods,  pr ovi de a l i ght  t ack coat  of  asphal t  mat er i al  t o al l  
cont act  sur f aces bef or e pl aci ng any f r esh mi xt ur e agai nst  t he j oi nt .

3. 8. 2   Longi t udi nal  Joi nt s

Pr ovi de a j oi nt  t hat  meet s densi t y and smoot hness r equi r ement s f or  j oi nt s 
and has uni f or m t ext ur e.   Cut  back l ongi t udi nal  j oi nt s whi ch ar e 
i r r egul ar ,  damaged,  uncompact ed,  col d ( l ess t han 175 degr ees F at  t he t i me 
of  pl aci ng adj acent  l anes) ,  or  ot her wi se def ect i ve,  a maxi mum of  3 i nches 
f r om t he t op of  t he cour se wi t h a cut t i ng wheel  t o expose a c l ean,  sound,  
near  ver t i cal  sur f ace f or  t he f ul l  dept h of  t he cour se.   Remove al l  
cut back mat er i al  f r om t he pr oj ect .   Pr ovi de a l i ght  t ack coat  of  asphal t  

SECTI ON 32 12 16. 16  Page 19



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

mat er i al  t o al l  cont act  sur f aces pr i or  t o pl aci ng any f r esh mi xt ur e 
agai nst  t he j oi nt .

        - -  End of  Sect i on - -
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SECTI ON 32 16 19

CONCRETE CURBS,  GUTTERS AND SI DEWALKS
05/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO M 182 ( 2005;  R 2017)  St andar d Speci f i cat i on f or  
Bur l ap Cl ot h Made f r om Jut e or  Kenaf  and 
Cot t on Mat s

ASTM I NTERNATI ONAL ( ASTM)

ASTM C31/ C31M ( 2022)  St andar d Pr act i ce f or  Maki ng and 
Cur i ng Concr et e Test  Speci mens i n t he Fi el d

ASTM C94/ C94M ( 2022a)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM C143/ C143M ( 2020)  St andar d Test  Met hod f or  Sl ump of  
Hydr aul i c- Cement  Concr et e

ASTM C171 ( 2020)  St andar d Speci f i cat i on f or  Sheet  
Mat er i al s f or  Cur i ng Concr et e

ASTM C172/ C172M ( 2017)  St andar d Pr act i ce f or  Sampl i ng 
Fr eshl y Mi xed Concr et e

ASTM C173/ C173M ( 2016)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Vol umet r i c Met hod

ASTM C231/ C231M ( 2022)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C309 ( 2019)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds f or  Cur i ng 
Concr et e

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D1751 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Expansi on Joi nt  Fi l l er  f or  
Concr et e Pavi ng and St r uct ur al  
Const r uct i on ( Nonext r udi ng and Resi l i ent  
Bi t umi nous Types)
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ASTM D1752 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Sponge Rubber ,  Cor k and Recycl ed 
PVC Expansi on Joi nt  Fi l l er s f or  Concr et e 
Pavi ng and St r uct ur al  Const r uct i on

ASTM D5893/ D5893M ( 2016)  St andar d Speci f i cat i on f or  Col d 
Appl i ed,  Si ngl e Component ,  Chemi cal l y 
Cur i ng Si l i cone Joi nt  Seal ant  f or  Por t l and 
Cement  Concr et e Pavement s

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC A117. 1 ( 2017)  St andar d And Comment ar y Accessi bl e 
and Usabl e Bui l di ngs and Faci l i t i es

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Concr et e

Bi odegr adabl e For m Rel ease Agent

SD- 06 Test  Repor t s

Fi el d Qual i t y Cont r ol

1. 3   EQUI PMENT,  TOOLS,  AND MACHI NES

1. 3. 1   Gener al  Requi r ement s

Pl ant ,  equi pment ,  machi nes,  and t ool s used i n t he wor k wi l l  be subj ect  t o 
appr oval  and must  be mai nt ai ned i n a sat i sf act or y wor ki ng condi t i on at  al l  
t i mes.   Use equi pment  capabl e of  pr oduci ng t he r equi r ed pr oduct ,  meet i ng 
gr ade cont r ol s,  t hi ckness cont r ol  and smoot hness r equi r ement s as 
speci f i ed.   Di scont i nue usi ng equi pment  t hat  pr oduces unsat i sf act or y 
r esul t s.   Al l ow t he Cont r act i ng Of f i cer  access at  al l  t i mes t o t he pl ant  
and equi pment  t o ensur e pr oper  oper at i on and compl i ance wi t h 
speci f i cat i ons.

1. 3. 2   Sl i p For m Equi pment

Sl i p f or m paver  or  cur b f or mi ng machi nes,  wi l l  be appr oved based on t r i al  
use on t he j ob and must  be sel f - pr opel l ed,  aut omat i cal l y cont r ol l ed,  
cr awl er  mount ed,  and capabl e of  spr eadi ng,  consol i dat i ng,  and shapi ng t he 
pl ast i c concr et e t o t he desi r ed cr oss sect i on i n one pass.

1. 4   ENVI RONMENTAL REQUI REMENTS

1. 4. 1   Pl aci ng Dur i ng Col d Weat her

Do not  pl ace concr et e when t he ai r  t emper at ur e r eaches 40 degr ees F and i s 
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f al l i ng,  or  i s  al r eady bel ow t hat  poi nt .   Pl acement  may begi n when t he ai r  
t emper at ur e r eaches 35 degr ees F and i s r i s i ng,  or  i s al r eady above 40 
degr ees F.   Make pr ovi s i ons t o pr ot ect  t he concr et e f r om f r eezi ng dur i ng 
t he speci f i ed cur i ng per i od.   I f  necessar y t o pl ace concr et e when t he 
t emper at ur e of  t he ai r ,  aggr egat es,  or  wat er  i s bel ow 35 degr ees F,  
pl acement  and pr ot ect i on must  be appr oved i n wr i t i ng.   Appr oval  wi l l  be 
cont i ngent  upon f ul l  conf or mance wi t h t he f ol l owi ng pr ovi s i ons.   Pr epar e 
and pr ot ect  t he under l y i ng mat er i al  so t hat  i t  i s  ent i r el y f r ee of  f r ost  
when t he concr et e i s deposi t ed.   Heat  mi xi ng wat er  as necessar y t o r esul t  
i n t he t emper at ur e of  t he i n- pl ace concr et e bei ng bet ween 50 and 85 
degr ees F.   Met hods and equi pment  f or  heat i ng must  be appr oved.   Use onl y 
aggr egat es t hat  ar e f r ee of  i ce,  snow,  and f r ozen l umps bef or e ent er i ng 
t he mi xer .   Pr ovi de cover i ng or  ot her  means as needed t o mai nt ai n t he 
concr et e at  a t emper at ur e of  at  l east  50 degr ees F f or  not  l ess t han 72 
hour s af t er  pl aci ng,  and at  a t emper at ur e above f r eezi ng f or  t he r emai nder  
of  t he cur i ng per i od.

1. 4. 2   Pl aci ng Dur i ng War m Weat her

The t emper at ur e of  t he concr et e as pl aced must  not  exceed 85 degr ees F 
except  wher e an appr oved r et ar der  i s used.   Cool  t he mi xi ng wat er  and 
aggr egat es as necessar y t o mai nt ai n a sat i sf act or y pl aci ng t emper at ur e.   
The pl aci ng t emper at ur e must  not  exceed 95 degr ees F at  any t i me.

PART 2   PRODUCTS

2. 1   CONCRETE

Pr ovi de concr et e conf or mi ng t o t he appl i cabl e r equi r ement s of  Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE ASTM C94/ C94M except  as ot her wi se 
speci f i ed.   Concr et e must  have a mi ni mum compr essi ve st r engt h of  3500 psi  
at  28 days.   Si ze of  aggr egat e must  not  exceed 1- 1/ 2 i nches.   Submi t  
copi es of  cer t i f i ed del i ver y t i cket s f or  al l  concr et e used i n t he 
const r uct i on.

2. 1. 1   Ai r  Cont ent

Use concr et e mi xt ur es t hat  have an ai r  cont ent  by vol ume of  concr et e of  5 
t o 7 per cent ,  based on measur ement s made i mmedi at el y af t er  di schar ge f r om 
t he mi xer .

2. 1. 2   Sl ump

Use concr et e wi t h a s l ump of  3 i nches pl us or  mi nus 1 i nch f or  hand pl aced 
concr et e or  1 i nch pl us or  mi nus 1/ 2 i nch f or  s l i pf or med concr et e as 
det er mi ned i n accor dance wi t h ASTM C143/ C143M.

2. 2   CONCRETE CURI NG MATERI ALS

2. 2. 1   I mper vi ous Sheet  Mat er i al s

Use i mper vi ous sheet  mat er i al s conf or mi ng t o ASTM C171,  t ype opt i onal ,  
except  t hat  pol yet hyl ene f i l m,  i f  used,  must  be whi t e opaque.

2. 2. 2   Bur l ap

Use bur l ap conf or mi ng t o AASHTO M 182.
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2. 2. 3   Whi t e Pi gment ed Membr ane- For mi ng Cur i ng Compound

Use whi t e pi gment ed membr ane- f or mi ng cur i ng compound conf or mi ng t o 
ASTM C309,  Type 2.

2. 3   CONCRETE PROTECTI ON MATERI ALS

Use concr et e pr ot ect i on mat er i al s consi st i ng of  a l i nseed oi l  mi xt ur e of  
equal  par t s,  by vol ume,  of  l i nseed oi l  and ei t her  mi ner al  spi r i t s,  
napht ha,  or  t ur pent i ne.   At  t he opt i on of  t he Cont r act or ,  commer ci al l y 
pr epar ed l i nseed oi l  mi xt ur es,  f or mul at ed speci f i cal l y f or  appl i cat i on t o 
concr et e t o pr ovi de pr ot ect i on agai nst  t he act i on of  dei c i ng chemi cal s may 
be used,  except  t hat  emul si f i ed mi xt ur es ar e not  accept abl e.

2. 4   JOI NT FI LLER STRI PS

2. 4. 1   Cont r act i on Joi nt  Fi l l er  f or  Cur b and Gut t er

Use har d- pr essed f i ber boar d cont r act i on j oi nt  f i l l er  f or  cur b and gut t er .

2. 4. 2   Expansi on Joi nt  Fi l l er ,  Pr emol ded

Onl ess ot her wi se i ndi cat ed,  use  1/ 2 i nch t hi ck pr emol ded expansi on j oi nt  
f i l l er  conf or mi ng t o ASTM D1751 or  ASTM D1752.

2. 5   JOI NT SEALANTS

Use col d- appl i ed j oi nt  seal ant  conf or mi ng t o ASTM C920 or  ASTM D5893/ D5893M.

2. 6   FORM WORK

Desi gn and const r uct  f or m wor k t o ensur e t hat  t he f i ni shed concr et e wi l l  
conf or m accur at el y t o t he i ndi cat ed di mensi ons,  l i nes,  and el evat i ons,  and 
wi t hi n t he t ol er ances speci f i ed.   Use wood or  st eel  f or ms t hat  ar e 
st r ai ght  and of  suf f i c i ent  st r engt h t o r esi st  spr i ngi ng dur i ng deposi t i ng 
and consol i dat i ng concr et e.

2. 6. 1   Wood For ms

Use f or ms t hat  ar e sur f aced pl ank,   2 i nches nomi nal  t hi ckness,  st r ai ght  
and f r ee f r om war p,  t wi st ,  l oose knot s,  spl i t s or  ot her  def ect s.   Use 
f or ms wi t h a nomi nal  l engt h of  10 f eet .   Radi us bends may be f or med wi t h 
3/ 4 i nch boar ds,  l ami nat ed t o t he r equi r ed t hi ckness.

2. 6. 2   St eel  For ms

Use channel - f or med sect i ons wi t h a f l at  t op sur f ace and wel ded br aces at  
each end and at  not  l ess t han t wo i nt er medi at e poi nt s.   Use f or ms wi t h 
i nt er l ocki ng and sel f - al i gni ng ends.   Pr ovi de f l exi bl e f or ms f or  r adi us 
f or mi ng,  cor ner  f or ms,  f or m spr eader s,  and f i l l er s as needed.   Use f or ms 
wi t h a nomi nal  l engt h of  10 f eet  and t hat  have a mi ni mum of  3 wel ded st ake 
pocket s per  f or m.   Use st ake pi ns consi st i ng of  sol i d st eel  r ods wi t h 
chamf er ed heads and poi nt ed t i ps desi gned f or  use wi t h st eel  f or ms.

2. 6. 3   Si dewal k For ms

Use si dewal k f or ms t hat  ar e of  a hei ght  equal  t o t he f ul l  dept h of  t he 
f i ni shed si dewal k.
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2. 6. 4   Cur b and Gut t er  For ms

Use cur b and gut t er  out si de f or ms t hat  have a hei ght  equal  t o t he f ul l  
dept h of  t he cur b or  gut t er .   Use r i gi d f or ms f or  cur b r et ur ns,  except  
t hat  bender s or  t hi n pl ank f or ms may be used f or  cur b or  cur b r et ur ns wi t h 
a r adi us of  10 f eet  or  mor e,  wher e gr ade changes occur  i n t he r et ur n,  or  
wher e t he cent r al  angl e i s such t hat  a r i gi d f or m wi t h a cent r al  angl e of  
90 degr ees cannot  be used.   Back f or ms f or  cur b r et ur ns may be made of  
1- 1/ 2 i nch bender s,  f or  t he f ul l  hei ght  of  t he cur b,  c l eat ed t oget her .   I n 
l i eu of  i nsi de f or ms f or  cur bs,  a cur b " mul e"  may be used f or  f or mi ng and 
f i ni shi ng t hi s sur f ace,  pr ovi ded t he r esul t s ar e appr oved.

2. 6. 5   Bi odegr adabl e For m Rel ease Agent

Use f or m r el ease agent  t hat  i s  col or l ess and bi odegr adabl eand t hat  i s 
composed of  at  l east  87 per cent  bi obased mat er i al .   Pr ovi de pr oduct  t hat  
does not  bond wi t h,  st ai n,  or  adver sel y af f ect  concr et e sur f aces and does 
not  i mpai r  subsequent  t r eat ment s of  concr et e sur f aces.   Pr ovi de f or m 
r el ease agent  t hat  does not  cont ai n di esel  f uel ,  pet r ol eum- based 
l ubr i cat i ng oi l s,  waxes,  or  ker osene.

2. 7   Det ect abl e War ni ng Syst em

Det ect abl e War ni ng Syst ems shown on t he Cont r act  pl ans ar e t o meet  
r equi r ement s of  I CC A117. 1 -  Sect i on 705.

PART 3   EXECUTI ON

3. 1   SUBGRADE PREPARATI ON

Const r uct  subgr ade t o t he speci f i ed gr ade and cr oss sect i on pr i or  t o 
concr et e pl acement .

3. 1. 1   Si dewal k Subgr ade

Pl ace and compact  t he subgr ade i n accor dance wi t h Sect i on 31 00 00 
EARTHWORK.   Test  t he subgr ade f or  gr ade and cr oss sect i on wi t h a t empl at e 
ext endi ng t he f ul l  wi dt h of  t he s i dewal k and suppor t ed bet ween si de f or ms.

 3. 1. 2   Cur b and Gut t er  Subgr ade

Pl ace and compact  t he subgr ade i n accor dance wi t h Sect i on 31 00 00 
EARTHWORK.   Test  t he subgr ade f or  gr ade and cr oss sect i on by means of  a 
t empl at e ext endi ng t he f ul l  wi dt h of  t he cur b and gut t er .   Use subgr ade 
mat er i al s equal  i n bear i ng qual i t y t o t he subgr ade under  t he adj acent  
pavement .

3. 1. 3   Mai nt enance of  Subgr ade

Mai nt ai n subgr ade i n a smoot h,  compact ed condi t i on i n conf or mi t y wi t h t he 
r equi r ed sect i on and est abl i shed gr ade unt i l  t he concr et e i s pl aced.   The 
subgr ade must  be i n a moi st  condi t i on when concr et e i s pl aced.   Pr epar e 
and pr ot ect  subgr ade so t hat  i t  i s  f r ee f r om f r ost  when t he concr et e i s 
deposi t ed.

3. 2   FORM SETTI NG

Set  f or ms t o t he i ndi cat ed al i gnment ,  gr ade and di mensi ons.   Hol d f or ms 
r i gi dl y i n pl ace by a mi ni mum of  3 st akes per  f or m pl aced at  i nt er val s not  
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t o exceed 4 f eet .   Use addi t i onal  st akes and br aces at  cor ner s,  deep 
sect i ons,  and r adi us bends,  as r equi r ed.   Use cl amps,  spr eader s,  and 
br aces wher e r equi r ed t o ensur e r i gi di t y i n t he f or ms.   Remove f or ms i n a 
manner  t hat  wi l l  not  i nj ur e t he concr et e.   Do not  use bar s or  heavy t ool s 
agai nst  t he concr et e when r emovi ng t he f or ms.   Pr ompt l y and sat i sf act or i l y  
r epai r  concr et e f ound t o be def ect i ve af t er  f or m r emoval .   Cl ean f or ms and 
coat  wi t h f or m oi l  or  bi odegr adabl e f or m r el ease agent  each t i me bef or e 
concr et e i s pl aced.   Wood f or ms may,  i nst ead,  be t hor oughl y wet t ed wi t h 
wat er  bef or e concr et e i s pl aced,  except  t hat  wi t h pr obabl e f r eezi ng 
t emper at ur es,  oi l i ng i s mandat or y.

3. 2. 1   Si dewal ks

Set  f or ms f or  s i dewal ks wi t h t he upper  edge t r ue t o l i ne and gr ade wi t h an 
al l owabl e t ol er ance of  1/ 8 i nch i n any 10 f oot  l ong sect i on.   Af t er  f or ms 
ar e set ,  gr ade and al i gnment  must  be checked wi t h a 10 f oot  st r ai ght edge.   
Si dewal ks must  have a t r ansver se sl opeof  1/ 4 i nch per  f oot Unl ess ot her wi se 
i ndi cat ed,  const r uct  s i dewal ks t hat  ar e l ocat ed adj acent  t o cur bs wi t h t he 
l ow si de adj acent  t o t he cur b.  Do not  r emove si de f or ms l ess t han 12 hour s 
af t er  f i ni shi ng has been compl et ed.

 3. 2. 2   Cur bs and Gut t er s

Remove f or ms used al ong t he f r ont  of  t he cur b not  l ess t han 2 hour s nor  
mor e t han 6 hour s af t er  t he concr et e has been pl aced.   Do not  r emove f or ms 
used al ong t he back of  cur b unt i l  t he f ace and t op of  t he cur b have been 
f i ni shed,  as speci f i ed f or  concr et e f i ni shi ng.   Do not  r emove gut t er  f or ms 
whi l e t he concr et e i s suf f i c i ent l y pl ast i c t o s l ump i n any di r ect i on.

3. 3   SI DEWALK CONCRETE PLACEMENT AND FI NI SHI NG

3. 3. 1   For med Si dewal ks

Pl ace concr et e i n t he f or ms i n one l ayer .   When consol i dat ed and f i ni shed,  
t he s i dewal ks must  be of  t he t hi ckness i ndi cat ed.   Use a st r i ke- of f  gui ded 
by s i de f or ms af t er  concr et e has been pl aced i n t he f or ms t o br i ng t he 
sur f ace t o pr oper  sect i on t o be compact ed.   Consol i dat e concr et e by 
t ampi ng and spadi ng or  wi t h an appr oved vi br at or .  Fi ni sh t he sur f ace t o 
gr ade wi t h a st r i ke of f .

3. 3. 2   Concr et e Fi ni shi ng

Af t er  st r ai ght edgi ng,  when most  of  t he wat er  sheen has di sappear ed,  and 
j ust  bef or e t he concr et e har dens,  f i ni sh t he sur f ace wi t h a wood or  
magnesi um f l oat  or  dar by t o a smoot h and uni f or ml y f i ne gr anul ar  or  sandy 
t ext ur e f r ee of  waves,  i r r egul ar i t i es,  or  t ool  mar ks.   Pr oduce a scor ed 
sur f ace by br oomi ng wi t h a f i ber - br i st l e br ush i n a di r ect i on t r ansver se 
t o t hat  of  t he t r af f i c ,  f ol l owed by edgi ng.

3. 3. 3   Edge and Joi nt  Fi ni shi ng

Fi ni sh al l  s l ab edges,  i ncl udi ng t hose at  f or med j oi nt s,  wi t h an edger  
havi ng a r adi us of  1/ 8 i nch.   Edge t r ansver se j oi nt s bef or e br oomi ng.   
El i mi nat e t he f l at  sur f ace l ef t  by t he sur f ace f ace of  t he edger  wi t h 
br oomi ng.   Cl ean and sol i dl y f i l l  cor ner s and edges whi ch have cr umbl ed 
and ar eas whi ch l ack suf f i c i ent  mor t ar  f or  pr oper  f i ni shi ng wi t h a 
pr oper l y pr opor t i oned mor t ar  mi xt ur e and t hen f i ni sh.
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3. 3. 4   Sur f ace and Thi ckness Tol er ances

Fi ni shed sur f aces must  not  var y mor e t han 5/ 16 i nch f r om t he t est i ng edge 
of  a 10- f oot  st r ai ght edge.   Per mi ssi bl e def i c i ency i n sect i on t hi ckness 
wi l l  be up t o 1/ 4 i nch.

3. 4   CURB AND GUTTER CONCRETE PLACEMENT AND FI NI SHI NG

3. 4. 1   For med Cur b and Gut t er

Pl ace concr et e t o t he r equi r ed sect i on i n a s i ngl e l i f t .   Consol i dat e 
concr et e usi ng appr oved mechani cal  v i br at or s.   Cur ve shaped gut t er s must  
be f i ni shed wi t h a st andar d cur b " mul e" .

3. 4. 2   Cur b and Gut t er  Fi ni shi ng

Appr oved sl i pf or med cur b and gut t er  machi nes may be used i n l i eu of  hand 
pl acement .

3. 4. 3   Concr et e Fi ni shi ng

Fl oat  and f i ni sh exposed sur f aces wi t h a smoot h wood f l oat  unt i l  t r ue t o 
gr ade and sect i on and uni f or m i n t ext ur e.   Br ush f l oat ed sur f aces wi t h a 
f i ne- hai r  br ush usi ng l ongi t udi nal  st r okes.   Round t he edges of  t he gut t er  
and t op of  t he cur b wi t h an edgi ng t ool  t o a r adi us of  1/ 2 i nch.   
I mmedi at el y af t er  r emovi ng t he f r ont  cur b f or m,  r ub t he f ace of  t he cur b 
wi t h a wood or  concr et e r ubbi ng bl ock and wat er  unt i l  bl emi shes,  f or m 
mar ks,  and t ool  mar ks have been r emoved.   Br ush t he f r ont  cur b sur f ace,  
whi l e st i l l  wet ,  i n t he same manner  as t he gut t er  and cur b t op.   Fi ni sh 
t he t op sur f ace of  gut t er  and ent r ance t o gr ade wi t h a wood f l oat .

3. 4. 4   Joi nt  Fi ni shi ng

Fi ni sh cur b edges at  f or med j oi nt s as i ndi cat ed.

3. 4. 5   Sur f ace and Thi ckness Tol er ances

Fi ni shed sur f aces must  not  var y mor e t han 1/ 4 i nch f r om t he t est i ng edge 
of  a 10- f oot  st r ai ght edge.   Per mi ssi bl e def i c i ency i n sect i on t hi ckness 
wi l l  be up t o 1/ 4 i nch.

3. 5   SI DEWALK JOI NTS

Const r uct  s i dewal k j oi nt s t o di v i de t he sur f ace i nt o r ect angul ar  ar eas.   
Space t r ansver se cont r act i on j oi nt s at  a di st ance equal  t o t he s i dewal k 
wi dt h or  5 f eet  on cent er s,  whi chever  i s l ess,  and cont i nuous acr oss t he 
sl ab.   Const r uct  l ongi t udi nal  cont r act i on j oi nt s al ong t he cent er l i ne of  
al l  s i dewal ks 10 f eet  or  mor e i n wi dt h.   Const r uct  t r ansver se expansi on 
j oi nt s at  s i dewal k r et ur ns and opposi t e expansi on j oi nt s i n adj oi ni ng 
cur bs.   Wher e t he si dewal k i s not  i n cont act  wi t h t he cur b,  i nst al l  
t r ansver se expansi on j oi nt s as i ndi cat ed.   For m expansi on j oi nt s ar ound 
st r uct ur es and f eat ur es whi ch pr oj ect  t hr ough or  i nt o t he s i dewal k 
pavement ,  usi ng j oi nt  f i l l er  of  t he t ype,  t hi ckness,  and wi dt h i ndi cat ed.   
Expansi on j oi nt s ar e not  r equi r ed bet ween si dewal ks and cur b t hat  abut  t he 
s i dewal k l ongi t udi nal l y.

3. 5. 1   Si dewal k Cont r act i on Joi nt s

For m cont r act i on j oi nt s i n t he f r esh concr et e by cut t i ng a gr oove i n t he 
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t op por t i on of  t he s l ab t o a dept h of  at  l east  one- f our t h of  t he s i dewal k 
s l ab t hi ckness.   Unl ess ot her wi se appr oved or  i ndi cat ed,  ei t her  use a 
j oi nt er  t o cut  t he gr oove or  saw a gr oove i n t he har dened concr et e wi t h a 
power - dr i ven saw.   Const r uct  sawed j oi nt s by sawi ng a gr oove i n t he 
concr et e wi t h a 1/ 8 i nch bl ade.   Pr ovi de an ampl e suppl y of  saw bl ades on 
t he j obsi t e bef or e concr et e pl acement  i s st ar t ed.   Pr ovi de at  l east  one 
st andby sawi ng uni t  i n good wor ki ng or der  at  t he j obsi t e at  al l  t i mes 
dur i ng t he sawi ng oper at i ons.

3. 5. 2   Si dewal k Expansi on Joi nt s

For m expansi on j oi nt s usi ng  1/ 2 i nch j oi nt  f i l l er  st r i ps.   Joi nt  f i l l er  
i n expansi on j oi nt s sur r oundi ng st r uct ur es and f eat ur es wi t hi n t he 
s i dewal k may consi st  of  pr ef or med f i l l er  mat er i al  conf or mi ng t o ASTM D1752 
or  bui l di ng paper .   Hol d j oi nt  f i l l er  i n pl ace wi t h st eel  pi ns or  ot her  
devi ces t o pr event  war pi ng of  t he f i l l er  dur i ng f l oat i ng and f i ni shi ng.   
I mmedi at el y af t er  f i ni shi ng oper at i ons ar e compl et ed,  r ound j oi nt  edges 
usi ng an edgi ng t ool  havi ng a r adi us of  1/ 8 i nch.   Remove any concr et e 
over  t he j oi nt  f i l l er .   At  t he end of  t he cur i ng per i od,  c l ean t he t op of  
expansi on j oi nt s and f i l l  wi t h col d- appl i ed j oi nt  seal ant .   Use j oi nt  
seal ant  t hat  i s  gr ay or  st one i n col or .   Thor oughl y c l ean t he j oi nt  
openi ng bef or e t he seal i ng mat er i al  i s  pl aced.   Do not  spi l l  seal i ng 
mat er i al  on exposed sur f aces of  t he concr et e.   Appl y j oi nt  seal i ng 
mat er i al  onl y when t he concr et e at  t he j oi nt  i s  sur f ace dr y and 
at mospher i c and concr et e t emper at ur es ar e above 50 degr ees F.   I mmedi at el y 
r emove any excess mat er i al  on exposed sur f aces of  t he concr et e and cl ean 
t he concr et e sur f aces.

3. 6   CURB AND GUTTER JOI NTS

Const r uct  cur b and gut t er  j oi nt s at  r i ght  angl es t o t he l i ne of  cur b and 
gut t er .

3. 6. 1   Cont r act i on Joi nt s

Const r uct  cont r act i on j oi nt s di r ect l y opposi t e cont r act i on j oi nt s i n 
abut t i ng por t l and cement  concr et e pavement s and spaced so t hat  monol i t hi c 
sect i ons bet ween cur b r et ur ns wi l l  not  be l ess t han 5 f eet  nor  gr eat er  t han
 15 f eet  i n l engt h.

a.   Const r uct  cont r act i on j oi nt s ( except  f or  s l i p f or mi ng)  by means of  1/ 8 
i nch t hi ck separ at or s and of  a sect i on conf or mi ng t o t he cr oss sect i on 
of  t he cur b and gut t er .   Remove separ at or s as soon as pr act i cabl e 
af t er  concr et e has set  suf f i c i ent l y t o pr eser ve t he wi dt h and shape of  
t he j oi nt  and pr i or  t o f i ni shi ng.

b.   When sl i p f or mi ng i s used,  cut  t he cont r act i on j oi nt s i n t he t op 
por t i on of  t he gut t er / cur b har dened concr et e i n a cont i nuous cut  
acr oss t he cur b and gut t er ,  usi ng a power - dr i ven saw.   Cut  t he 
cont r act i on j oi nt  t o a dept h of  at  l east  one- f our t h of  t he gut t er / cur b 
dept h usi ng a 1/ 8 i nch saw bl ade.

3. 6. 2   Expansi on Joi nt s

For m expansi on j oi nt s by means of  pr ef or med expansi on j oi nt  f i l l er  
mat er i al  cut  and shaped t o t he cr oss sect i on of  cur b and gut t er .   
Const r uct  expansi on j oi nt s i n cur b and gut t er  di r ect l y opposi t e expansi on 
j oi nt s of  abut t i ng por t l and cement  concr et e pavement  usi ng t he same t ype 
and t hi ckness of  j oi nt s as j oi nt s i n t he pavement .   Wher e cur b and gut t er  
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do not  abut  por t l and cement  concr et e pavement ,  pr ovi de expansi on j oi nt s at  
l east  1/ 2 i nch i n wi dt h at  i nt er val s not  l ess t han 30 f eet  nor  gr eat er  t han
 120 f eet .   Seal  expansi on j oi nt s i mmedi at el y f ol l owi ng cur i ng of  t he 
concr et e or  as soon t her eaf t er  as weat her  condi t i ons per mi t .   Seal  
expansi on j oi nt s and t he t op 1 i nch dept h of  cur b and gut t er  
cont r act i on- j oi nt s wi t h j oi nt  seal ant .   Thor oughl y c l ean t he j oi nt  openi ng 
bef or e t he seal i ng mat er i al  i s  pl aced.   Do not  spi l l  seal i ng mat er i al  on 
exposed sur f aces of  t he concr et e.   Concr et e at  t he j oi nt  must  be sur f ace 
dr y and at mospher i c and concr et e t emper at ur es must  be above 50 degr ees F 
at  t he t i me of  appl i cat i on of  j oi nt  seal i ng mat er i al .   I mmedi at el y r emove 
excess mat er i al  on exposed sur f aces of  t he concr et e and cl ean concr et e 
sur f aces.

3. 7   CURI NG AND PROTECTI ON

3. 7. 1   Gener al  Requi r ement s

Pr ot ect  concr et e agai nst  l oss of  moi st ur e and r api d t emper at ur e changes 
f or  at  l east  7 days f r om t he begi nni ng of  t he cur i ng oper at i on.   Pr ot ect  
unhar dened concr et e f r om r ai n and f l owi ng wat er .   Al l  equi pment  needed f or  
adequat e cur i ng and pr ot ect i on of  t he concr et e must  be on hand and r eady 
f or  use bef or e act ual  concr et e pl acement  begi ns.   Pr ot ect  concr et e as 
necessar y t o pr event  cr acki ng of  t he pavement  due t o t emper at ur e changes 
dur i ng t he cur i ng per i od.

3. 7. 1. 1   Mat  Met hod

Cover  t he ent i r e exposed sur f ace wi t h t wo or  mor e l ayer s of  bur l ap.   
Over l ap mat s at  l east  6 i nches.   Thor oughl y wet  t he mat  wi t h wat er  pr i or  
t o pl aci ng on concr et e sur f ace and keep t he mat  cont i nuousl y i n a 
sat ur at ed condi t i on and i n i nt i mat e cont act  wi t h concr et e f or  not  l ess 
t han 7 days.

3. 7. 1. 2   I mper vi ous Sheet i ng Met hod

Wet  t he ent i r e exposed sur f ace wi t h a f i ne spr ay of  wat er  and t hen cover  
wi t h i mper vi ous sheet i ng mat er i al .   Lay sheet s di r ect l y on t he concr et e 
sur f ace wi t h t he l i ght - col or ed si de up and over l apped 12 i nches when a 
cont i nuous sheet  i s not  used.   Use sheet i ng t hat  i s not  l ess t han 18- i nches
 wi der  t han t he concr et e sur f ace t o be cur ed.   Secur e sheet i ng usi ng heavy 
wood pl anks or  a bank of  moi st  ear t h pl aced al ong edges and l aps i n t he 
sheet s.   Sat i sf act or i l y  r epai r  or  r epl ace sheet s t hat  ar e t or n or  
ot her wi se damaged dur i ng cur i ng.   Sheet i ng must  r emai n on t he concr et e 
sur f ace t o be cur ed f or  not  l ess t han 7 days.

3. 7. 1. 3   Membr ane Cur i ng Met hod

Appl y a uni f or m coat i ng of  whi t e- pi gment ed membr ane- cur i ng compound t o t he 
ent i r e exposed sur f ace of  t he concr et e as soon af t er  f i ni shi ng as t he f r ee 
wat er  has di sappear ed f r om t he f i ni shed sur f ace.   Coat  f or med sur f aces 
i mmedi at el y af t er  t he f or ms ar e r emoved and i n no case l onger  t han 1 hour  
af t er  t he r emoval  of  f or ms.   Do not  al l ow concr et e sur f ace t o dr y bef or e 
appl i cat i on of  t he membr ane.   I f  dr y i ng has occur r ed,  moi st en t he sur f ace 
of  t he concr et e wi t h a f i ne spr ay of  wat er  and appl y t he cur i ng compound 
as soon as t he f r ee wat er  di sappear s.   Appl y cur i ng compound i n t wo coat s 
by hand- oper at ed pr essur e spr ayer s at  a cover age of  appr oxi mat el y 200 
squar e f eet / gal l on f or  t he t ot al  of  bot h coat s.   Appl y t he second coat  i n 
a di r ect i on appr oxi mat el y at  r i ght  angl es t o t he di r ect i on of  appl i cat i on 
of  t he f i r st  coat .   The compound must  f or m a uni f or m,  cont i nuous,  coher ent  
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f i l m t hat  wi l l  not  check,  cr ack,  or  peel  and must  be f r ee f r om pi nhol es or  
ot her  i mper f ect i ons.   I f  pi nhol es,  abr asi on,  or  ot her  di scont i nui t i es 
exi st ,  appl y an addi t i onal  coat  t o t he af f ect ed ar eas wi t hi n 30 mi nut es.   
Respr ay concr et e sur f aces t hat  ar e subj ect ed t o heavy r ai nf al l  wi t hi n 3 
hour s af t er  t he cur i ng compound has been appl i ed by t he met hod and at  t he 
cover age speci f i ed above.   Respr ay ar eas wher e t he cur i ng compound i s 
damaged by subsequent  const r uct i on oper at i ons wi t hi n t he cur i ng per i od.   
Take pr ecaut i ons necessar y t o ensur e t hat  t he concr et e i s pr oper l y cur ed 
at  sawed j oi nt s,  and t hat  no cur i ng compound ent er s t he j oi nt s.   Ti ght l y 
seal  t he t op of  t he j oi nt  openi ng and t he j oi nt  gr oove at  exposed edges 
bef or e t he concr et e i n t he r egi on of  t he j oi nt  i s  r espr ayed wi t h cur i ng 
compound.   Use a met hod used f or  seal i ng t he j oi nt  gr oove t hat  pr event s 
l oss of  moi st ur e f r om t he j oi nt  dur i ng t he ent i r e speci f i ed cur i ng 
per i od.   Pr ovi de appr oved st andby f aci l i t i es f or  cur i ng concr et e pavement  
at  a l ocat i on accessi bl e t o t he j obsi t e f or  use i n t he event  of  mechani cal  
f ai l ur e of  t he spr ayi ng equi pment  or  ot her  condi t i ons t hat  mi ght  pr event  
cor r ect  appl i cat i on of  t he membr ane- cur i ng compound at  t he pr oper  t i me.   
Adequat el y pr ot ect  concr et e sur f aces t o whi ch membr ane- cur i ng compounds 
have been appl i ed dur i ng t he ent i r e cur i ng per i od f r om pedest r i an and 
vehi cul ar  t r af f i c ,  except  as r equi r ed f or  j oi nt - sawi ng oper at i ons and 
sur f ace t est s,  and f r om ot her  possi bl e damage t o t he cont i nui t y of  t he 
membr ane.

3. 7. 2   Backf i l l i ng

Af t er  cur i ng,  r emove debr i s and backf i l l ,  gr ade,  and compact  t he ar ea 
adj oi ni ng t he concr et e t o conf or m t o t he sur r oundi ng ar ea i n accor dance 
wi t h l i nes and gr ades i ndi cat ed.

3. 7. 3   Pr ot ect i on

Pr ot ect  compl et ed concr et e f r om damage unt i l  accept ed.   Repai r  damaged 
concr et e and cl ean concr et e di scol or ed dur i ng const r uct i on.   Remove and 
r econst r uct  concr et e t hat  i s  damaged f or  t he ent i r e l engt h bet ween 
r egul ar l y schedul ed j oi nt s.   Ref i ni shi ng t he damaged por t i on wi l l  not  be 
accept abl e.   Di spose of  r emoved mat er i al  as di r ect ed.

3. 8   FI ELD QUALI TY CONTROL

Submi t  copi es of  al l  t est  r epor t s wi t hi n 24 hour s of  compl et i on of  t he 
t est .

3. 8. 1   Gener al  Requi r ement s

Per f or m t he i nspect i on and t est s descr i bed and meet  t he speci f i ed 
r equi r ement s f or  i nspect i on det ai l s and f r equency of  t est i ng.   Based upon 
t he r esul t s of  t hese i nspect i ons and t est s,  t ake t he act i on and submi t  
r epor t s as r equi r ed bel ow,  and addi t i onal  t est s t o ensur e t hat  t he 
r equi r ement s of  t hese speci f i cat i ons ar e met .

3. 8. 2   Concr et e Test i ng

3. 8. 2. 1   St r engt h Test i ng

Take concr et e sampl es i n accor dance wi t h ASTM C172/ C172M not  l ess t han 
once a day nor  l ess t han once f or  ever y 250 cubi c yar ds of  concr et e 
pl aced.   Mol d cyl i nder s i n accor dance wi t h ASTM C31/ C31M f or  st r engt h 
t est i ng by an appr oved l abor at or y.   Each st r engt h t est  r esul t  must  be t he 
aver age of  2 t est  cyl i nder s f r om t he same concr et e sampl e t est ed at  28 
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days,  unl ess ot her wi se speci f i ed or  appr oved.   Concr et e speci f i ed on t he 
basi s of  compr essi ve st r engt h wi l l  be consi der ed sat i sf act or y i f  t he 
aver ages of  al l  set s of  t hr ee consecut i ve st r engt h t est  r esul t s equal  or  
exceed t he speci f i ed st r engt h,  and no i ndi v i dual  st r engt h t est  r esul t  
f al l s  bel ow t he speci f i ed st r engt h by mor e t han 500 psi .

3. 8. 2. 2   Ai r  Cont ent

Det er mi ne ai r  cont ent  i n accor dance wi t h ASTM C173/ C173M or  ASTM C231/ C231M.   
Use ASTM C231/ C231M wi t h concr et es and mor t ar s made wi t h r el at i vel y dense 
nat ur al  aggr egat es.   Make t wo t est s f or  ai r  cont ent  on r andoml y sel ect ed 
bat ches of  each cl ass of  concr et e pl aced dur i ng each shi f t .   Make 
addi t i onal  t est s when excessi ve var i at i on i n concr et e wor kabi l i t y  i s  
r epor t ed by t he pl aci ng f or eman or  t he Gover nment  i nspect or .   Not i f y t he 
pl aci ng f or eman i f  r esul t s ar e out  of  t ol er ance.  The pl aci ng f or eman must  
t ake appr opr i at e act i on t o have t he ai r  cont ent  cor r ect ed at  t he pl ant .   
Addi t i onal  t est s f or  ai r  cont ent  wi l l  be per f or med on each t r uckl oad of  
mat er i al  unt i l  such t i me as t he ai r  cont ent  i s wi t hi n t he t ol er ance 
speci f i ed.

3. 8. 2. 3   Sl ump Test

Per f or m t wo sl ump t est s on r andoml y sel ect ed bat ches of  each cl ass of  
concr et e f or  ever y 250 cubi c yar ds,  or  f r act i on t her eof ,  of  concr et e 
pl aced dur i ng each shi f t .   Per f or m addi t i onal  t est s when excessi ve 
var i at i on i n t he wor kabi l i t y  of  t he concr et e i s not ed or  when excessi ve 
cr umbl i ng or  s l umpi ng i s not ed al ong t he edges of  s l i p- f or med concr et e.

3. 8. 3   Thi ckness Eval uat i on

Det er mi ne t he ant i c i pat ed t hi ckness of  t he concr et e pr i or  t o pl acement  by 
passi ng a t empl at e t hr ough t he f or med sect i on or  by measur i ng t he dept h of  
openi ng of  t he ext r usi on t empl at e of  t he cur b f or mi ng machi ne.   I f  a s l i p 
f or m paver  i s used f or  s i dewal k pl acement ,  const r uct  t he subgr ade t r ue t o 
gr ade pr i or  t o concr et e pl acement .   The t hi ckness wi l l  be det er mi ned by 
measur i ng each edge of  t he compl et ed sl ab.

3. 8. 4   Sur f ace Eval uat i on

Pr ovi de f i ni shed sur f aces f or  each cat egor y of  t he compl et ed wor k t hat  ar e 
uni f or m i n col or  and f r ee of  bl emi shes and f or m or  t ool  mar ks.

3. 9   SURFACE DEFI CI ENCI ES AND CORRECTI ONS

3. 9. 1   Thi ckness Def i c i ency

When measur ement s i ndi cat e t hat  t he compl et ed concr et e sect i on i s 
def i c i ent  i n t hi ckness by mor e t han 1/ 4 i nch t he def i c i ent  sect i on wi l l  be 
r emoved,  bet ween r egul ar l y schedul ed j oi nt s,  and r epl aced.

3. 9. 2   Hi gh Ar eas

I n ar eas not  meet i ng sur f ace smoot hness and pl an gr ade r equi r ement s,  
r educe hi gh ar eas ei t her  by r ubbi ng t he f r eshl y f i ni shed concr et e wi t h 
car bor undum br i ck and wat er  when t he concr et e i s l ess t han 36 hour s ol d or  
by gr i ndi ng t he har dened concr et e wi t h an appr oved sur f ace gr i ndi ng 
machi ne af t er  t he concr et e i s 36 hour s ol d or  mor e.   The ar ea cor r ect ed by 
gr i ndi ng t he sur f ace of  t he har dened concr et e must  not  exceed 5 per cent  of  
t he ar ea of  any i nt egr al  s l ab,  and t he dept h of  gr i ndi ng must  not  exceed 
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1/ 4 i nch.   Remove and r epl ace pavement  ar eas r equi r i ng gr ade or  sur f ace 
smoot hness cor r ect i ons i n excess of  t he l i mi t s speci f i ed.

3. 9. 3   Appear ance

Exposed sur f aces of  t he f i ni shed wor k wi l l  be i nspect ed by t he Cont r act i ng 
Of f i cer  and def i c i enci es i n appear ance wi l l  be i dent i f i ed.   Remove and 
r epl ace ar eas whi ch exhi bi t  excessi ve cr acki ng,  di scol or at i on,  f or m mar ks,  
or  t ool  mar ks or  whi ch ar e ot her wi se i nconsi st ent  wi t h t he over al l  
appear ances of  t he wor k.

3. 10   DETECTABLE WARNI NG SYSTEM

I nst al l  Det ect abl e War ni ng Syst ems r equi r ed by Cont r act  pl ans i n 
accor dance wi t h I CC A117. 1,  Sect i on 705,  and by manuf act ur er s '  
i nst al l at i on i nst r uct i ons.

         - -  End of  Sect i on - -
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SECTI ON 32 17 23

PAVEMENT MARKI NGS
08/ 16,  CHG 5:  11/ 18

PART 1   GENERAL

1. 1   REFERENCES
The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o i n t he t ext  by t he 
basi c desi gnat i on onl y.

 ASTM I NTERNATI ONAL ( ASTM)

ASTM D4505 ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
Pr ef or med Ret r of l ect i ve Pavement  Mar ki ng 
Tape f or  Ext ended Ser vi ce Li f e

ASTM D6628 ( 2003;  R 2015)  St andar d Speci f i cat i on f or  
Col or  of  Pavement  Mar ki ng Mat er i al s

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AMS- STD- 595A ( 2017)  Col or s used i n Gover nment  
Pr ocur ement

U. S.  FEDERAL HI GHWAY ADMI NI STRATI ON ( FHWA)

MUTCD ( 2009;  Rev 2012)  Manual  on Uni f or m Tr af f i c  
Cont r ol  Devi ces

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

FS TT- B- 1325 ( Rev D;  Not i ce 1;  Not i ce 2 2017)  Beads 
( Gl ass Spher es)  Ret r o- Ref l ect i ve ( Met r i c)

FS TT- P- 1952 ( 2015;  Rev F;  Not i ce 1)  Pai nt ,  Tr af f i c  and 
Ai r f i el d Mar ki ngs,  Wat er bor ne

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Sur f ace Pr epar at i on Equi pment  Li st ;  G

Appl i cat i on Equi pment  Li st ;  G

Ext er i or  Sur f ace Pr epar at i on

Saf et y Dat a Sheet s;  G
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Wat er bor ne Pai nt ;  G

SD- 06 Test  Repor t s

Wat er bor ne Pai nt ;  G

SD- 07 Cer t i f i cat es

Qual i f i cat i ons;  G

Wat er bor ne Pai nt

Vol at i l e Or gani c Compound,  ( VOC) ;  G

SD- 08 Manuf act ur er ' s I nst r uct i ons

Wat er bor ne Pai nt ;  G

1. 3   QUALI TY ASSURANCE

1. 3. 1   Regul at or y Requi r ement s

Submi t  cer t i f i cat e st at i ng t hat  t he pr oposed pavement  mar ki ng pai nt  meet s 
t he Vol at i l e Or gani c Compound,  ( VOC)  r egul at i ons of  t he l ocal  Ai r  
Pol l ut i on Cont r ol  Di st r i ct  havi ng j ur i sdi ct i on over  t he geogr aphi cal  ar ea 
i n whi ch t he pr oj ect  i s  l ocat ed.   Submi t  Saf et y Dat a Sheet s f or  each 
pr oduct .

1. 3. 2   Qual i f i cat i ons

Submi t  document at i on cer t i f y i ng t hat  per t i nent  per sonnel  ar e qual i f i ed f or  
equi pment  oper at i on and handl i ng of  appl i cabl e chemi cal s.  The 
document at i on shoul d i ncl ude exper i ence on f i ve pr oj ect s of  s i mi l ar  s i ze 
and scope wi t h r ef er ences f or  al l  per sonnel .

1. 4   DELI VERY AND STORAGE

Del i ver  pai nt  mat er i al s,  t her mopl ast i c compound mat er i al s,  and r ef l ect i ve 
medi a i n or i gi nal  seal ed cont ai ner s t hat  pl ai nl y show t he desi gnat ed name,  
speci f i cat i on number ,  bat ch number ,  col or ,  dat e of  manuf act ur e,  
manuf act ur er ' s di r ect i ons,  and name of  manuf act ur er .

Pr ovi de st or age f aci l i t i es at  t he j ob s i t e,  onl y i n ar eas appr oved by t he 
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Cont r act i ng Of f i cer ,  f or  mai nt ai ni ng mat er i al s at  t emper at ur es r ecommended 
by t he manuf act ur er .   Make avai l abl e pai nt  st or ed at  t he pr oj ect  s i t e or  
segr egat ed at  t he sour ce f or  sampl i ng not  l ess t han 30 days pr i or  t o dat e 
of  r equi r ed appr oval  f or  use t o al l ow suf f i c i ent  t i me f or  t est i ng.   Not i f y 
t he Cont r act i ng Of f i cer  when pai nt  i s  avai l abl e f or  sampl i ng.

1. 5   PROJECT/ SI TE CONDI TI ONS

1. 5. 1   Envi r onment al  Requi r ement s

1. 5. 1. 1   Weat her  Li mi t at i ons f or  Appl i cat i on

Appl y pavement  mar ki ngs t o c l ean,  dr y sur f aces,  and unl ess ot her wi se 
appr oved,  onl y when t he ai r  and pavement  sur f ace t emper at ur e i s at  l east  5 
degr ees F above t he dew poi nt  and t he ai r  and pavement  t emper at ur es ar e 
wi t hi n t he l i mi t s r ecommended by t he pavement  mar ki ng manuf act ur er .   Al l ow 
pavement  sur f aces t o dr y af t er  wat er  has been used f or  c l eani ng or  
r ai nf al l  has occur r ed pr i or  t o st r i pi ng or  mar ki ng.   Test  t he pavement  
sur f ace f or  moi st ur e bef or e begi nni ng wor k each day and af t er  c l eani ng.   
Do not  commence mar ki ng unt i l  t he pavement  i s suf f i c i ent l y dr y and t he 
pavement  condi t i on has been appr oved by t he Cont r act i ng Of f i cer .   Empl oy 
t he " pl ast i c wr ap met hod"  t o t est  t he pavement  f or  moi st ur e as speci f i ed 
i n par agr aph TESTI NG FOR MOI STURE.

1. 5. 1. 2   Weat her  Li mi t at i ons f or  Removal  of  Pavement  Mar ki ngs on Roads and 
Aut omot i ve Par ki ng Ar eas

Pavement  sur f ace must  be f r ee of  snow,  i ce,  or  s l ush;  wi t h a sur f ace 
t emper at ur e of  at  l east  40 degr ees F and r i s i ng at  t he begi nni ng of  
oper at i ons,  except  t hose i nvol v i ng shot  or  sand bl ast i ng or  gr i ndi ng.   
Cease oper at i on dur i ng t hunder st or ms,  or  dur i ng r ai nf al l ,  except  f or  
wat er bl ast i ng and r emoval  of  pr evi ousl y appl i ed chemi cal s.   Cease 
wat er bl ast i ng wher e sur f ace wat er  accumul at i on al t er s t he ef f ect i veness of  
mat er i al  r emoval .

1. 5. 2   Tr af f i c  Cont r ol s

Pl ace war ni ng si gns conf or mi ng t o MUTCD near  t he begi nni ng of  t he wor ksi t e 
and wel l  ahead of  t he wor ksi t e f or  al er t i ng appr oachi ng t r af f i c  f r om bot h 
di r ect i ons.   Pl ace smal l  mar ker s al ong newl y pai nt ed l i nes or  f r eshl y 
pl aced r ai sed mar ker s t o cont r ol  t r af f i c  and pr event  damage t o newl y 
pai nt ed sur f aces or  di spl acement  of  r ai sed pavement  mar ker s.   Mar k 
pai nt i ng equi pment  wi t h l ar ge war ni ng si gns i ndi cat i ng s l ow- movi ng 
pai nt i ng equi pment  i n oper at i on.

When t r af f i c  must  be r er out ed or  cont r ol l ed t o accompl i sh t he wor k,  
pr ovi de necessar y war ni ng si gns,  f l ag per sons,  and r el at ed equi pment  f or  
t he saf e passage of  vehi c l es.

1. 5. 3   Li ght i ng

When ni ght  oper at i ons ar e necessar y,  pr ovi de al l  necessar y l i ght i ng and 
equi pment .    The Gover nment  r eser ves t he r i ght  t o accept  or  r ej ect  ni ght  
wor k on t he day f ol l owi ng ni ght  act i v i t i es by t he Cont r act or .
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PART 2   PRODUCTS

2. 1   EQUI PMENT

2. 1. 1   Sur f ace Pr epar at i on and Pai nt  Removal

2. 1. 1. 1   Sur f ace Pr epar at i on and Pai nt  Removal  Equi pment  f or  Ai r f i el d 
Pavement s

Pr epar e al l  ai r f i el d sur f aces and r emove pai nt  f r om ai r f i el d sur f aces i n 
accor dance wi t h UFGS 32 01 11. 51 Rubber  and Pai nt  Removal  Fr om Ai r f i el d 
Pavement s.   Pr ovi de submi t t al s i n accor dance wi t h UFGS 32 01 11. 51 Rubber  
and Pai nt  Removal  Fr om Ai r f i el d Pavement s.

2. 1. 1. 2   Sur f ace Pr epar at i on Equi pment  f or  Roads and Aut omot i ve Par ki ng 
Ar eas

Submi t  a sur f ace pr epar at i on equi pment  l i s t  by ser i al  number ,  t ype,  model ,  
and manuf act ur er .   I ncl ude descr i pt i ve dat a i ndi cat i ng ar ea of  cover age 
per  pass,  pr essur e adj ust ment  r ange,  t ank and f l ow capaci t i es,  and saf et y 
pr ecaut i ons r equi r ed f or  t he equi pment  oper at i on.   Mobi l e equi pment  must  
al l ow f or  r emoval  of  mar ki ngs wi t hout  damagi ng t he pavement  sur f ace or  
j oi nt  seal ant .   Mai nt ai n machi nes,  t ool s,  and equi pment  used i n t he 
per f or mance of  t he wor k i n sat i sf act or y oper at i ng condi t i on.

2. 1. 1. 2. 1   Sandbl ast i ng Equi pment

Use mobi l e sandbl ast i ng equi pment  capabl e of  pr oduci ng a pr essur i zed 
st r eam of  sand and ai r  t hat  ef f ect i vel y r emoves pai nt  f r om t he sur f ace 
wi t hout  f i l l i ng voi ds wi t h debr i s i n asphal t  or  t ar  pavement s or  r emovi ng 
j oi nt  seal ant s i n Por t l and cement  concr et e pavement s.   I ncl ude wi t h t he 
equi pment  and ai r  compr essor ,  hoses,  and nozzl es of  adequat e s i ze and 
capaci t y f or  r emovi ng pai nt .   Equi p t he compr essor  wi t h t r aps and 
coal esci ng f i l t er s t hat  mai nt ai n t he compr essed ai r  f r ee of  oi l  and wat er .

2. 1. 1. 2. 2   Wat er bl ast i ng Equi pment

Use mobi l e wat er bl ast i ng equi pment  capabl e of  pr oduci ng a pr essur i zed 
st r eam of  wat er  t hat  ef f ect i vel y r emoves pai nt  f r om t he pavement  sur f ace 
wi t hout  s i gni f i cant l y damagi ng t he pavement .   Pr ovi de equi pment ,  t ool s,  
and machi ner y whi ch ar e saf e and i n good wor ki ng or der  at  al l  t i mes.

2. 1. 1. 2. 3   Gr i ndi ng or  Scar i f y i ng Equi pment

Use equi pment  capabl e of  r emovi ng sur f ace cont ami nat es,  pai nt  bui l d- up,  or  
ext r aneous mar ki ngs f r om t he pavement  sur f ace wi t hout  l eavi ng any 
r esi due.   Cl ean t he sur f ace by hydr o bl ast  t o r emove sur f ace cont ami nat es 
and ash af t er  a weed t or ch i s used t o r emove pai nt .

2. 1. 1. 2. 4   Chemi cal  Removal  Equi pment

Use chemi cal  equi pment  capabl e of  appl y i ng and r emovi ng chemi cal s and 
pai nt  f r om t he pavement  sur f ace,  l eavi ng onl y non- t oxi c bi odegr adabl e 
r esi due wi t hout  scar r i ng or  ot her  damage t o t he pavement  or  j oi nt s and 
j oi nt  seal s.

2. 1. 2   Appl i cat i on Equi pment

Submi t  appl i cat i on equi pment  l i s t  appr opr i at e f or  t he mat er i al ( s)  t o be 
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used.   I ncl ude manuf act ur er ' s descr i pt i ve dat a and cer t i f i cat i on f or  t he 
pl anned use t hat  i ndi cat es ar ea of  cover age per  pass,  pr essur e adj ust ment  
r ange,  t ank and f l ow capaci t i es,  and al l  saf et y pr ecaut i ons r equi r ed f or  
oper at i ng and mai nt ai ni ng t he equi pment .   Pr ovi de and mai nt ai n machi nes,  
t ool s,  and equi pment  used i n t he per f or mance of  t he wor k i n sat i sf act or y 
oper at i ng condi t i on,  or  r emove t hem f r om t he wor k s i t e.   Pr ovi de mobi l e 
and maneuver abl e appl i cat i on equi pment  t o t he ext ent  t hat  st r ai ght  l i nes 
can be f ol l owed and nor mal  cur ves can be made i n a t r ue ar c.

2. 1. 2. 1   Pai nt  Appl i cat i on Equi pment

2. 1. 2. 1. 1   Hand- Oper at ed,  Push- Type Machi nes

Pr ovi de hand- oper at ed push- t ype appl i cat or  machi ne of  a t ype commonl y used 
f or  appl i cat i on of  wat er  based pai nt  or  t wo- component ,  chemi cal l y cur i ng 
pai nt ,  t her mopl ast i c,  or  pr ef or med t ape,  t o pavement  sur f aces f or  smal l  
mar ki ng pr oj ect s,  such as l egends and cr oss- wal ks,  aut omot i ve par ki ng 
ar eas,  or  sur f ace pai nt ed si gns.   Pr ovi de appl i cat or  machi ne equi pped wi t h 
t he necessar y t anks and spr ayi ng nozzl es capabl e of  appl y i ng pai nt  
uni f or ml y at  cover age speci f i ed.   Hand oper at ed spr ay guns may be used i n 
ar eas wher e push- t ype machi nes cannot  be used.

2. 1. 2. 2   Ther mopl ast i c Appl i cat i on Equi pment

2. 1. 2. 2. 1   Ther mopl ast i c Mat er i al

Appl y t her mopl ast i c mat er i al  wi t h equi pment  t hat  i s  capabl e of  pr ovi di ng 
cont i nuous uni f or mi t y i n t he di mensi ons and r ef l ect or i zat i on of  t he 
mar ki ng.

2. 1. 2. 2. 2   Appl i cat i on Equi pment

a.   Pr ovi de appl i cat i on equi pment  capabl e of  cont i nuous mi xi ng and 
agi t at i on of  t he mat er i al ,  wi t h conveyi ng par t s whi ch pr event  
accumul at i on and cl oggi ng bet ween t he mai n mat er i al  r eser voi r  and t he 
ext r usi on shoe or  spr ay gun.   Al l  par t s of  t he equi pment  whi ch come 
i nt o cont act  wi t h t he mat er i al  must  be easi l y accessi bl e and exposed 
f or  c l eani ng and mai nt enance.   Al l  mi xi ng and conveyi ng par t s up t o 
and i ncl udi ng t he ext r usi on shoes and spr ay guns must  mai nt ai n t he 
mat er i al  at  t he r equi r ed t emper at ur e wi t h heat - t r ansf er  oi l  or  
el ect r i cal - el ement - cont r ol l ed heat .

b.   Pr ovi de appl i cat i on equi pment  const r uct ed t o ensur e cont i nuous 
uni f or mi t y i n t he di mensi ons of  t he st r i pe.   Pr ovi de an appl i cat or  
wi t h a means f or  c l eanl y cut t i ng of f  st r i pe ends squar el y and 
pr ovi di ng a met hod of  appl y i ng " ski pl i nes. "   Pr ovi de equi pment  capabl e 
of  appl y i ng var yi ng wi dt hs of  t r af f i c  mar ki ngs.

c.   Pr ovi de mobi l e and maneuver abl e appl i cat i on equi pment  al l owi ng 
st r ai ght  l i nes t o be f ol l owed and nor mal  cur ves t o be made i n a t r ue 
ar c.   Pr ovi de equi pment  used f or  t he pl acement  of  t her mopl ast i c 
pavement  mar ki ngs of  t wo gener al  t ypes:  mobi l e appl i cat or  and por t abl e 
appl i cat or .

d.   Equi p t he appl i cat or  wi t h a pr essur i zed or  dr op- on t ype bead di spenser  
capabl e of  uni f or ml y di spensi ng r ef l ect i ve gl ass spher es at  cont r ol l ed 
r at es of  f l ow.   The bead di spenser  must  oper at e aut omat i cal l y t o begi n 
f l ow pr i or  t o t he f l ow of  bi nder  t o assur e t hat  t he st r i p i s f ul l y  
r ef l ect or i zed.
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2. 1. 2. 2. 3   Por t abl e Appl i cat i on Equi pment

Pr ovi de por t abl e hand- oper at ed equi pment ,  speci f i cal l y desi gned f or  
pl aci ng speci al  mar ki ngs such as cr osswal ks,  st op bar s,  l egends,  ar r ows,  
and shor t  l engt hs of  l ane,  edge and cent er l i nes;  and capabl e of  appl y i ng 
t her mopl ast i c pavement  mar ki ngs by t he ext r usi on met hod.   Equi p t he 
por t abl e appl i cat or  wi t h al l  t he necessar y component s,  i ncl udi ng a 
mat er i al s st or age r eser voi r ,  bead di spenser ,  ext r usi on shoe,  and heat i ng 
accessor i es,  capabl e of  hol di ng t he mol t en t her mopl ast i c at  t he 
t emper at ur e r ecommended by t he manuf act ur er ,  and of  ext r udi ng a l i ne of  3 
t o 12 i nches i n wi dt h,  and i n t hi ckness of  not  l ess t han 0. 120 i nch nor  
mor e t han 0. 190 i nch and of  gener al l y uni f or m cr oss sect i on.

2. 1. 2. 3   Ref l ect i ve Medi a Di spenser

At t ach t he di spenser  f or  appl y i ng t he r ef l ect i ve medi a t o t hepai nt   
di spenser  and desi gned t o oper at e aut omat i cal l y and si mul t aneousl y wi t h 
t he appl i cat or  t hr ough t he same cont r ol  mechani sm.   The bead appl i cat or  
must  be capabl e of  adj ust ment  and desi gned t o pr ovi de uni f or m f l ow of  
r ef l ect i ve medi a over  t he f ul l  l engt h and wi dt h of  t he st r i pe at  t he r at e 
of  cover age speci f i ed i n par agr aph APPLI CATI ON.

2. 1. 2. 4   Pr ef or med Tape Appl i cat i on Equi pment

Pr ovi de and use mechani cal  appl i cat i on equi pment  f or  t he pl acement  of  
pr ef or med mar ki ng t ape whi ch i s a mobi l e pavement  mar ki ng machi ne 
speci f i cal l y desi gned f or  use i n appl y i ng pr essur e- sensi t i ve pavement  
mar ki ng t ape of  var yi ng wi dt hs.   Equi p t he appl i cat or  wi t h r ol l er s,  or  
ot her  sui t abl e compact i on devi ce t o pr ovi de i ni t i al  adhesi on of  t he 
mat er i al  wi t h t he pavement  sur f ace.   Use addi t i onal  t ool s and devi ces as 
needed t o pr oper l y seat  t he appl i ed mat er i al  as r ecommended by t he 
manuf act ur er .

2. 2   MATERI ALS

Use non- r ef l ect or i zed wat er bor ne pai nt  f or  aut omot i ve par ki ng ar eas.   The 
maxi mum al l owabl e VOC cont ent  of  pavement  mar ki ngs i s 150gr ams per  l i t er .   
Col or  of  mar ki ngs ar e i ndi cat ed on t he dr awi ngs and must  conf or m t o 
ASTM D6628 f or  r oads and aut omot i ve par ki ng ar eas and SAE AMS- STD- 595A f or  
ai r f i el ds.   Pr ovi de mat er i al s conf or mi ng t o t he r equi r ement s speci f i ed 
her ei n.

2. 2. 1   Wat er bor ne Pai nt

FS TT- P- 1952,  Type I  or  I I .

2. 2. 2   Pr ef or med Tape

Pr ovi de adher ent  r ef l ect or i zed st r i p pr ef or med t ape i n accor dance wi t h 
ASTM D4505 Ret r or ef l ect i v i t y Level  I I ,  Cl ass 1,  2 or  3,  Ski d Resi st ance 
Level  B.
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PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

3. 1. 1   Test i ng f or  Moi st ur e

Test  t he pavement  sur f ace f or  moi st ur e bef or e begi nni ng pavement  mar ki ng 
af t er  each per i od of  r ai nf al l ,  f og,  hi gh humi di t y,  or  c l eani ng,  or  when 
t he ambi ent  t emper at ur e has f al l en bel ow t he dew poi nt .   Do not  commence 
mar ki ng unt i l  t he pavement  i s suf f i c i ent l y dr y and t he pavement  condi t i on 
has been appr oved by t he Cont r act i ng Of f i cer  or  aut hor i zed r epr esent at i ve.

Empl oy t he " pl ast i c wr ap met hod"  t o t est  t he pavement  f or  moi st ur e as 
f ol l ows:   Cover  t he pavement  wi t h a 12 i nch by 12 i nch sect i on of  c l ear  
pl ast i c wr ap and seal  t he edges wi t h t ape.   Af t er  15 mi nut es,  exami ne t he 
pl ast i c wr ap f or  any vi s i bl e moi st ur e accumul at i on i nsi de t he pl ast i c.   Do 
not  begi n mar ki ng oper at i ons unt i l  t he t est  can be per f or med wi t h no 
vi s i bl e moi st ur e accumul at i on i nsi de t he pl ast i c wr ap.   Re- t est  sur f aces 
when wor k has been st opped due t o r ai n.

3. 1. 2   Sur f ace Pr epar at i on Demonst r at i on

Pr i or  t o sur f ace pr epar at i on,  demonst r at e t he pr oposed pr ocedur es and 
equi pment .   Pr epar e ar eas l ar ge enough t o det er mi ne cl eanl i ness,   and r at e 
of  c l eani ng.  Per f or m a demonst r at i on r emoval  of  pavement  mar ki ng i n an 
ar ea desi gnat ed by t he Cont r act i ng Of f i cer . Appr oved demonst r at i on ar ea 
est abl i shes t he st andar d f or  t he r emai nder  of  t he wor k.

3. 1. 3   Test  St r i pe Demonst r at i on

Pr i or  t o pai nt  appl i cat i on,  demonst r at e t est  st r i pe appl i cat i on wi t hi n t he 
wor k ar ea usi ng t he pr oposed mat er i al s and equi pment .   Appl y separ at e t est  
st r i pes i n each of  t he l i ne wi dt hs and conf i gur at i ons r equi r ed her ei n 
usi ng t he pr oposed equi pment .   Make t he t est  st r i pes l ong enough t o 
det er mi ne t he pr oper  speed and oper at i ng pr essur es f or  t he vehi c l e( s)  and 
machi ner y,  but  not  l ess t han 50 f eet  l ong.

3. 1. 4   Appl i cat i on Rat e Demonst r at i on

Dur i ng t he Test  St r i pe Demonst r at i on,  demonst r at e compl i ance wi t h t he 
appl i cat i on r at es speci f i ed her ei n.   Document  t he equi pment  speed and 
oper at i ng pr essur es r equi r ed t o meet  t he speci f i ed r at es i n each 
conf i gur at i on of  t he equi pment  and pr ovi de a copy of  t he document at i on t o 
t he Cont r act i ng Of f i cer  pr i or  t o pr oceedi ng wi t h t he wor k.

3. 1. 5   Level  of  Per f or mance Demonst r at i on

The Cont r act i ng Of f i cer  wi l l  be pr esent  at  t he appl i cat i on demonst r at i ons 
t o obser ve t he r esul t s obt ai ned and t o val i dat e t he oper at i ng par amet er s 
of  t he vehi c l e( s)  and equi pment .   I f  accept ed by t he Cont r act i ng Of f i cer ,  
t he t est  st r i pe i s t he measur e of  per f or mance r equi r ed f or  t hi s pr oj ect .   
Do not  pr oceed wi t h t he wor k unt i l  t he demonst r at i on r esul t s ar e 
sat i sf act or y t o t he Cont r act i ng Of f i cer .

3. 2   EXTERI OR SURFACE PREPARATI ON

Al l ow new pavement  sur f aces t o cur e f or  a per i od of  not  l ess t han 30days 
bef or e appl i cat i on of  mar ki ng mat er i al s.   Thor oughl y c l ean sur f aces t o be 
mar ked bef or e appl i cat i on of  t he pai nt .   Remove dust ,  di r t ,  and ot her  
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gr anul ar  sur f ace deposi t s by sweepi ng,  bl owi ng wi t h compr essed ai r ,  
r i nsi ng wi t h wat er ,  or  a combi nat i on of  t hese met hods as r equi r ed.  Remove
r ubber  deposi t s, exi st i ng pai nt  mar ki ngs, r esi dual  cur i ng compounds,  and 
ot her  coat i ngs adher i ng t o t he pavement  by wat er  bl ast i ng.  

3. 2. 1   Ear l y Pai nt i ng of  Asphal t  Pavement s

For  asphal t  pavement  syst ems r equi r i ng pai nt i ng appl i cat i on at  l ess t han 
30 days,  appl y t he pai nt  and beads at  hal f  t he nor mal  appl i cat i on r at e,  
f ol l owed by a second appl i cat i on at  t he nor mal  r at e af t er  30 days.

3. 3   APPLI CATI ON

Appl y pavement  mar ki ngs t o dr y pavement s onl y.

3. 3. 1   Pai nt

Appl y pai nt  wi t h appr oved equi pment  at  r at e of  cover age speci f i ed her ei n.   
Pr ovi de gui del i nes and t empl at es as necessar y t o cont r ol  pai nt  
appl i cat i on.   Take speci al  pr ecaut i ons i n mar ki ng number s,  l et t er s,  and 
symbol s.   Manual l y pai nt  number s,  l et t er s,  and symbol s.   Shar pl y out l i ne 
al l  edges of  mar ki ngs.   The maxi mum dr yi ng t i me r equi r ement s of  t he pai nt  
speci f i cat i ons wi l l  be st r i ct l y enf or ced,  t o pr event  undue sof t eni ng of  
bi t umen,  and pi ckup,  di spl acement ,  or  di scol or at i on by t i r es of  t r af f i c .  
I f  t her e i s a def i c i ency i n dr yi ng of  t he mar ki ngs,  pai nt i ng oper at i ons 
must  cease unt i l  t he cause of  t he s l ow dr yi ng i s det er mi ned and cor r ect ed.

3. 3. 1. 1   Wat er bor ne Pai nt

3. 3. 1. 1. 1   Roads

Appl y pai nt  at  a r at e of  105 pl us or  mi nus 5 squar e f eet  per  gal l on.   
Appl y FS TT- B- 1325 Type I  ( Gr adat i on A)  beads at  a r at e of  7 pl us or  mi nus 
0. 5 pounds of  gl ass spher es per  gal l on.

3. 3. 2   Pr ef or med Tape

The pavement  sur f ace and ambi ent  ai r  t emper at ur e must  be a mi ni mum of  60 
degr ees F and r i s i ng.   Pl ace t he pr ef or med mar ki ngs i n accor dance wi t h t he 
manuf act ur er ' s wr i t t en i nst r uct i ons.

3. 3. 3   Cl eanup and Wast e Di sposal

Keep t he wor ksi t e c l ean and f r ee of  debr i s and wast e f r om t he r emoval  and 
appl i cat i on oper at i ons.   Di spose of  debr i s at  appr oved si t es.

3. 4   FI ELD QUALI TY CONTROL

3. 4. 1   Sampl i ng and Test i ng

As soon as t he pai nt  mat er i al s ar e avai l abl e f or  sampl i ng,  obt ai n by 
r andom sel ect i on f r om t he seal ed cont ai ner s,  t wo quar t  sampl es of  each 
bat ch i n t he pr esence of  t he Cont r act i ng Of f i cer .  Accompl i sh adequat e 
mi xi ng pr i or  t o sampl i ng t o ensur e a uni f or m,  r epr esent at i ve sampl e.   A 
bat ch i s def i ned as t hat  quant i t y of  mat er i al  pr ocessed by t he 
manuf act ur er  at  one t i me and i dent i f i ed by number  on t he l abel .   Cl ear l y 
i dent i f y sampl es by desi gnat ed name,  speci f i cat i on number ,  bat ch number ,  
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pr oj ect  cont r act  number ,  i nt ended use,  and quant i t y i nvol ved.

 At  t he di scr et i on of  t he Cont r act i ng Of f i cer ,  sampl es pr ovi ded may be 
t est ed by t he Gover nment  f or  ver i f i cat i on.

3. 4. 2   Mat er i al  I nspect i on

Exami ne mat er i al  at  t he j ob s i t e t o det er mi ne t hat  i t  i s  t he mat er i al  
r ef er enced i n t he r epor t  of  t est  r esul t s or  cer t i f i cat e of  compl i ance.   
Pr ovi de t est  r esul t s subst ant i at i ng conf or mance t o t he speci f i ed 
r equi r ement s wi t h each cer t i f i cat e of  compl i ance.

3. 4. 3   Di mensi onal  Tol er ances

Appl y al l  mar ki ngs i n t he st andar d di mensi ons pr ovi de i n t he dr awi ngs.   
New mar ki ngs may devi at e a maxi mum of  10 per cent  l ar ger  t han t he st andar d 
di mensi on.   The maxi mum devi at i on al l owed when pai nt i ng over  an ol d 
mar ki ng i s up t o 20 per cent  l ar ger  t han t he st andar d di mensi ons.

3. 4. 4   Bond Fai l ur e Ver i f i cat i on

I nspect  newl y appl i ed mar ki ngs f or  s i gns of  bond f ai l ur e based on vi sual  
i nspect i on and compar i son t o r esul t s f r om Test  St r i pe Demonst r at i on 
par agr aph.

        - -  End of  Sect i on - -
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SECTI ON 32 31 13. 53

HI GH- SECURI TY FENCES ( CHAI N LI NK AND ORNAMENTAL)  AND GATES
11/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs

ASTM C94/ C94M ( 2021b)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM F567 ( 2014a;  R 2019)  St andar d Pr act i ce f or  
I nst al l at i on of  Chai n Li nk Fence

ASTM F2408 ( 2016)  St andar d Speci f i cat i on f or  
Or nament al  Fences Empl oyi ng Gal vani zed 
St eel  Tubul ar  Pi cket s

ASTM F2814 ( 2009;  R 2015)  St andar d Gui de f or  Desi gn 
and Const r uct i on of  Or nament al  St eel  
Pi cket  Fence Syst ems f or  Secur i t y Pur poses

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Fence I nst al l at i on Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Or nament al  Fence Syst ems

SD- 07 Cer t i f i cat es
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Gat e Har dwar e and Accessor i es

Concr et e

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s t o s i t e i n an undamaged condi t i on.   St or e mat er i al s 
el evat ed of f  of  t he gr ound t o pr ot ect  agai nst  oxi dat i on caused by gr ound 
cont act .

PART 2   PRODUCTS

2. 1   COMPONENTS

2. 1. 1   Or nament al  Fence Syst ems

Submi t  manuf act ur er ' s cat al og dat a.   Pr ovi de ASTM F2814 st r uct ur al  
component s consi st i ng of  t ubul ar  st eel  or nament al  pi cket s and r ai l s.  
Pr ovi de ASTM F2408 i ndust r i al  c l ass pi cket s wi t h a mi ni mum wal l  t hi ckness 
of  14 gauge.    Mount  pi cket s t o a t op and bot t om r ai l  spaced a maxi mum of  
80 i nches apar t .   Space pi cket s al ong r ai l s as speci f i ed by t he 
manuf act ur er .  Secur e pi cket s t o r ai l s by i naccessi bl e,  t amper - pr oof  
f ast ener s.   Pr ovi de al l  i t ems and accessor i es f i ni shed by hot  di p 
gal vani zed zi nc G- 90 under coat ,  t her mos -  cur ed pai nt  syst em consi st i ng of  
a pr i mer  bot t om coat  and a f l uor opol ymer  t op coat ____ i nBr onze.

2. 2   MATERI ALS

2. 2. 1   Concr et e

ASTM C94/ C94M,  usi ng 3/ 4 i nch maxi mum si ze aggr egat e,  and havi ng mi ni mum 
compr essi ve st r engt h of  3000 psi  at  28 days.   Use gr out   consi st i ng of  one 
par t  por t l and cement  t o t hr ee par t s c l ean,  wel l - gr aded sand and t he 
mi ni mum amount  of  wat er  t o pr oduce a wor kabl e mi x.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

Per f or m compl et e i nst al l at i on conf or mi ng t o ASTM F567.

3. 1. 1   Li ne and Gr ade

I nst al l  f ence t o t he l i nes and gr ades i ndi cat ed.   Cl ear  t he ar ea on ei t her  
s i de of  t he f ence l i ne t o t he ext ent  i ndi cat ed.   Space l i ne post s 
equi di st ant  at  i nt er val s not  exceedi ng 10 f eet .   Set  t er mi nal  ( cor ner ,  
gat e,  and pul l )  post s whenever  abr upt  changes i n ver t i cal  and hor i zont al  
al i gnment  ar e encount er ed.   Pr ovi de cont i nuous f abr i c bet ween t er mi nal  
post s;  however ,  ensur e r uns bet ween t er mi nal  post s do not  exceed 500 f eet .   
Repai r  any damage t o gal vani zed sur f aces,  i ncl udi ng wel di ng,  wi t h pai nt  
cont ai ni ng zi nc dust  i n accor dance wi t h ASTM A780/ A780M.
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3. 1. 2   Excavat i on

Excavat e hol es t o dept hs i ndi cat ed.   Cl ear  al l  post  hol es of  l oose 
mat er i al  and spr ead wast e mat er i al  wher e di r ect ed.   El i mi nat e  gr ound 
sur f ace i r r egul ar i t i es al ong t he f ence l i ne t o t he ext ent  necessar y t o 
mai nt ai n a 2 i nch cl ear ance bet ween t he bot t om of  t he f abr i c and f i ni sh 
gr ade.

3. 2   I NSTALLATI ON

3. 2. 1   I nst al l at i on Dr awi ngs

Submi t  compl et e Fence I nst al l at i on Dr awi ngs f or  r evi ew and appr oval  by t he 
Cont r act i ng Of f i cer  pr i or  t o shi pment .   Submi t  dr awi ng det ai l s t hat  
i ncl ude,  but  ar e not  l i mi t ed t o t he f ol l owi ng i nf or mat i on:   Fence 
I nst al l at i on Dr awi ngs,  Locat i on of  gat e,  cor ner ,  end,  and pul l  post s,  Gat e 
Assembl y,  Tur nst i l es,  and Gat e Har dwar e and Accessor i es.  I nst al l  f ence 
syst em per  appr oved dr awi ngs.

3. 2. 2   Secur i t y Fenci ng

I nst al l  new secur i t y f enci ng,  r emove exi st i ng secur i t y f enci ng,  and 
per f or m r el at ed wor k t o pr ovi de cont i nuous secur i t y f or  f aci l i t y .   
Schedul e and f ul l y coor di nat e wor k wi t h Cont r act i ng Of f i cer .

3. 2. 3   Post s

3. 2. 3. 1   Ear t h and Bedr ock

a.   Set  post s pl umb and i n al i gnment .   Except  wher e sol i d r ock i s 
encount er ed,  set  post s i n concr et e t o t he dept h i ndi cat ed on t he 
dr awi ngs.   Wher e sol i d r ock i s encount er ed wi t h no over bur den,  set  
post s t o a mi ni mum dept h of  18 i nches i n r ock.   Wher e sol i d r ock i s 
cover ed wi t h an over bur den of  soi l  or  l oose r ock,  set  post s t o t he 
mi ni mum dept h i ndi cat ed on t he dr awi ng unl ess a penet r at i on of  18 
i nches i n sol i d r ock i s achi eved bef or e r eachi ng t he i ndi cat ed dept h,  
i n whi ch case t er mi nat e dept h of  penet r at i on.   Gr out  al l  por t i ons of  
post s set  i n r ock.

b.   Set  por t i ons of  post s not  set  i n r ock i n concr et e f r om t he r ock t o 
gr ound l evel .   Set  post s i n hol es not  l ess t han t he di amet er  shown on 
t he dr awi ngs.   Make di amet er s of  hol es i n sol i d r ock at  l east  1 i nch 
gr eat er  t han t he l ar gest  cr oss sect i on of  t he post .   Thor oughl y 
consol i dat e concr et e and gr out  ar ound each post ,  f r ee of  voi ds and 
f i ni shed t o f or m a dome.   Al l ow concr et e and gr out  t o cur e f or  72 
hour s pr i or  t o at t achment  of  any i t em t o t he post s.   Gr oup I I  l i ne 
post s may be mechani cal l y dr i ven,  f or  t empor ar y f ence const r uct i on 
onl y,  i f  r ock i s not  encount er ed.   Set  dr i ven post s t o a mi ni mum dept h 
of  3 f eet  and pr ot ect  wi t h dr i ve caps when set t i ng.

c.   Test  f ence post  r i gi di t y by appl y i ng a 50 pound f or ce on t he post ,  
per pendi cul ar  t o t he f abr i c,  at  5 f eet  above gr ound.   Ensur e post  
movement  measur ed at  t he poi nt  wher e t he f or ce i s appl i ed i s l ess t han 
or  equal  t o 3/ 4 i nch f r om t he r el axed posi t i on.   Test  ever y t ent h post  
f or  r i gi di t y.   When a post  f ai l s  t hi s t est ,  make f ur t her  t est s on t he 
next  f our  post s on ei t her  s i de of  t he f ai l ed post .   Remove,  r epl ace,  
and r et est  al l  f ai l ed par t s at  t he Cont r act or ' s expense.
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3. 2. 4   Rai l s

Bol t  bot t om r ai l  t o doubl e r ai l  ends and secur el y f ast en doubl e r ai l  ends 
t o t he post s.   Peen bol t s t o pr event  easy r emoval .   I nst al l  bot t om r ai l  
bef or e pi cket s.

3. 2. 5   Gr oundi ng

a.   Gr ound f enci ng as speci f i ed by manuf act ur er .

b.   Gr ound f ences cr ossed by over head power l i nes i n excess of  600 vol t s .

c.   Gr ound f ences on each si de of  al l  gat es,  at  each cor ner ,  at  t he 
c l osest  appr oach t o each bui l di ng l ocat ed wi t hi n 50 f eet  of  t he f ence,  
and wher e t he f ence al i gnment  changes mor e t han 15 degr ees.   Ensur e 
gr oundi ng l ocat i ons ar e l ocat ed no mor e t han  650 f eet  apar t .   Bond 
each gat e panel  wi t h a f l exi bl e bond st r ap t o i t s gat e post .   Gr ound 
f ences cr ossed by power l i nes of  600 vol t s or  mor e at  or  near  t he poi nt  
of  cr ossi ng and at  di st ances not  exceedi ng 150 f eet  on each si de of  
cr ossi ng.

3. 3   CLOSEOUT ACTI VI TI ES

3. 3. 1   Cl eanup

Remove wast e f enci ng mat er i al s and ot her  debr i s f r om t he wor k s i t e each 
wor kday.

       - -  End of  Sect i on - -
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SECTI ON 32 92 23

SODDI NG
04/ 06,  CHG 1:  08/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM C602 ( 2020)  Agr i cul t ur al  Li mi ng Mat er i al s

ASTM D4427 ( 2018)  St andar d Cl assi f i cat i on of  Peat  
Sampl es by Labor at or y Test i ng

ASTM D4972 ( 2018)  St andar d Test  Met hods f or  pH of  
Soi l s

TURFGRASS PRODUCERS I NTERNATI ONAL ( TPI )

TPI  GSS ( 1995)  Gui del i ne Speci f i cat i ons t o 
Tur f gr ass Soddi ng

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

DOA SSI R 42 ( 1996)  Soi l  Sur vey I nvest i gat i on Repor t  
No.  42,  Soi l  Sur vey Labor at or y Met hods 
Manual ,  Ver si on 3. 0

1. 2   DEFI NI TI ONS

1. 2. 1   St and of  Tur f

100 per cent  gr ound cover  of  t he est abl i shed speci es.

1. 3   RELATED REQUI REMENTS

Sect i on 31 00 00 EARTHWORK and Sect i on 32 05 33 LANDSCAPE ESTABLI SHMENT 
appl i es t o t hi s sect i on f or  pest i c i de use and pl ant  est abl i shment  
r equi r ement s,  wi t h addi t i ons and modi f i cat i ons her ei n.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar ef or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Fer t i l i zer
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I ncl ude physi cal  char act er i st i cs,  and r ecommendat i ons.

SD- 06 Test  Repor t s

Topsoi l  composi t i on t est s ( r epor t s and r ecommendat i ons) .

SD- 07 Cer t i f i cat es

Sod f ar m cer t i f i cat i on f or  sods.   I ndi cat e t ype of  sod i n 
accor dance wi t h TPI  GSS.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

1. 5. 1   Del i ver y

1. 5. 1. 1   Sod Pr ot ect i on

Pr ot ect  f r om dr yi ng out  and f r om cont ami nat i on dur i ng del i ver y,  on- si t e 
st or age,  and handl i ng.

1. 5. 1. 2   Fer t i l i zer  GypsumSul f ur  I r on andLi me Del i ver y

Del i ver  t o t he s i t e i n or i gi nal ,  unopened cont ai ner s bear i ng 
manuf act ur er ' s chemi cal  anal ysi s,  name,  t r ade name,  t r ademar k,  and 
i ndi cat i on of  conf or mance t o st at e and f eder al  l aws.   I nst ead of  
cont ai ner s, f er t i l i zer gypsum sul phur  i r on andl i me may be f ur ni shed i n bul k 
wi t h cer t i f i cat e i ndi cat i ng t he above i nf or mat i on.

1. 5. 2   St or age

1. 5. 2. 1   Sod St or age

Li ght l y spr i nkl e wi t h wat er ,  cover  wi t h moi st  bur l ap,  st r aw,  or  ot her  
appr oved cover i ng;  and pr ot ect  f r om exposur e t o wi nd and di r ect  sunl i ght  
unt i l  pl ant ed.   Pr ovi de cover i ng t hat  wi l l  al l ow ai r  t o c i r cul at e so t hat  
i nt er nal  heat  wi l l  not  devel op.  Do not  st or e sod l onger  t han 24 hour s.  Do 
not  st or e di r ect l y on concr et e or  bi t umi nous sur f aces.

1. 5. 2. 2   Topsoi l

Pr i or  t o st ockpi l i ng t opsoi l ,  t r eat  gr owi ng veget at i on wi t h appl i cat i on of  
appr opr i at e speci f i ed non- sel ect i ve her bi c i de.   Cl ear  and gr ub exi st i ng 
veget at i on t hr ee t o f our  weeks pr i or  t o st ockpi l i ng t opsoi l .

1. 5. 2. 3   Handl i ng

Do not  dr op or  dump mat er i al s f r om vehi c l es.

1. 6   TI ME RESTRI CTI ONS AND PLANTI NG CONDI TI ONS

1. 6. 1   Rest r i ct i ons

Do not  pl ant  when t he gr ound i s f r ozen, snow cover ed,  muddy,  or  when ai r  
t emper at ur e exceeds90 degr ees Fahr enhei t .
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1. 7   TI ME LI MI TATI ONS

1. 7. 1   Sod

Pl ace sod a maxi mum of  t hi r t y s i x hour s af t er  i ni t i al  har vest i ng,  i n 
accor dance wi t h TPI  GSS as modi f i ed her ei n.

PART 2   PRODUCTS

2. 1   SODS

2. 1. 1   Cl assi f i cat i on

Nur ser y gr own,  cer t i f i ed as c l assi f i ed i n t he TPI  GSS.   Machi ne cut  sod at  
a uni f or m t hi ckness of  3/ 4 i nch wi t hi n a t ol er ance of  1/ 4 i nch,  excl udi ng 
t op gr owt h and t hat ch.   Each i ndi v i dual  sod pi ece shal l  be st r ong enough 
t o suppor t  i t s  own wei ght  when l i f t ed by t he ends.   Br oken pads,  
i r r egul ar l y shaped pi eces,  and t or n or  uneven ends wi l l  be r ej ect ed.

2. 1. 2   Pur i t y

Sod speci es shal l  be genet i cal l y pur e,  f r ee of  weeds,  pest s,  and di sease.

2. 1. 3   Pl ant i ng Dat es

Lay sod f r om __Feb. ___ t o _Nov. ____ f or  war m season spr i ng pl ant i ng and 
f r om _Nov. ____ t o __Feb. ___ f or  cool  season f al l  pl ant i ng.

2. 1. 4   Composi t i on

2. 1. 4. 1   Pr opor t i on

Pr opor t i on gr ass speci es as f ol l ows.

Bot ani cal  Name Common Name Per cent

CYNADON DACTYLON BERMUDA GRASS 90

2. 1. 4. 2   Sod Far m Over seedi ng

At  t he sod f ar m pr ovi de sod wi t h over seedi ng of t ype r ecommended by seed 
pr oducer .

2. 2   TOPSOI L

2. 2. 1   On- Si t e Topsoi l

Sur f ace soi l  st r i pped and st ockpi l ed on si t e and modi f i ed as necessar y t o 
meet  t he r equi r ement s speci f i ed f or  t opsoi l  i n par agr aph ent i t l ed 
" Composi t i on. "   When avai l abl e t opsoi l  shal l  be exi st i ng sur f ace soi l  
st r i pped and st ockpi l ed on- si t e i n accor dance wi t h Sect i on 31 00 00 
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EARTHWORK.  

2. 2. 2   Of f - Si t e Topsoi l

Conf or m t o r equi r ement s speci f i ed i n par agr aph ent i t l ed " Composi t i on. "  
Addi t i onal  t opsoi l  shal l  be f ur ni shed by t he Cont r act or .

2. 2. 3   Composi t i on

Cont ai ni ng f r om 5 t o 10 per cent  or gani c mat t er  as det er mi ned by t he 
t opsoi l  composi t i on t est s of  t he Or gani c Car bon,  6A,  Chemi cal  Anal ysi s 
Met hod descr i bed i n DOA SSI R 42.   Maxi mum par t i c l e s i ze,  3/ 4 i nch,  wi t h 
maxi mum 3 per cent  r et ai ned on 1/ 4 i nch scr een.   The pH shal l  be t est ed i n 
accor dance wi t h ASTM D4972.   Topsoi l  shal l  be f r ee of  st i cks,  st ones,  
r oot s,  and ot her  debr i s and obj ect i onabl e mat er i al s.   Ot her  component s 
shal l  conf or m t o t he f ol l owi ng l i mi t s:

Si l t 7 t o 17
 per cent

Cl ay 4 t o 12 per cent

Sand 70 t o 82 per cent

pH 5. 5 t o 7. 0

Sol ubl e Sal t s 600 ppm maxi mum

2. 3   SOI L CONDI TI ONERS

Add condi t i oner s t o t opsoi l  as r equi r ed t o br i ng i nt o compl i ance wi t h 
" composi t i on"  st andar d f or  t opsoi l  as speci f i ed her ei n.

2. 3. 1   Li me

Commer ci al  gr ade hydr at eor  bur nt  l i mest one cont ai ni ng a cal c i um car bonat e 
equi val ent  ( C. C. E. )  as speci f i ed i n ASTM C602 of  not  l ess t han 140 and 110
_____ per cent .

2. 3. 2   Al umi num Sul f at e

Commer ci al  gr ade.

2. 3. 3   Sul f ur

100 per cent  el ement al

2. 3. 4   I r on

100 per cent  el ement al

2. 3. 5   Peat

Nat ur al  pr oduct  of  peat  mossder i ved f r om a f r eshwat er  s i t e and conf or mi ng 
t oASTM D4427.   Shr ed and gr anul at e peat  t o pass a 1/ 2 i nch mesh scr een and 
condi t i on i n st or age pi l e f or  mi ni mum 6 mont hs af t er  excavat i on.
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2. 3. 6   Sand

Cl ean and f r ee of  mat er i al s har mf ul  t o pl ant s.

2. 3. 7   Per l i t e

Hor t i cul t ur al  gr ade.

2. 3. 8   Compost ed Der i vat i ves

Gr ound bar k,  ni t r ol i zed sawdust ,  humus or  ot her  gr een wood wast e mat er i al  
f r ee of  st ones,  st i cks,  and soi l  st abi l i zed wi t h ni t r ogen and havi ng t he 
f ol l owi ng pr oper t i es:

2. 3. 8. 1   Par t i c l e Si ze

Mi ni mum per cent  by wei ght  passi ng:

No.  4 mesh scr een      95
No.  8 mesh scr een      80

2. 3. 8. 2   Ni t r ogen Cont ent

Mi ni mum per cent  based on dr y wei ght :

Fi r  Sawdust             0. 7
Fi r  or  Pi ne Bar k       1. 0

2. 3. 9   Gypsum

Coar sel y gr ound gypsum compr i sed of  cal c i um sul f at e di hydr at e 91 per cent ,  
cal c i um 22 per cent ,  sul f ur  17 per cent ;  mi ni mum 96 per cent  passi ng t hr ough 
20 mesh scr een,  100 per cent  passi ng t hr u 16 mesh scr een.

2. 3. 10   Cal c i ned Cl ay

Cal ci ned cl ay shal l  be gr anul ar  par t i c l es pr oduced f r om mont mor i l l oni t e 
c l ay cal c i ned t o a mi ni mum t emper at ur e of  1200 degr ees F.   Gr adat i on:   A 
mi ni mum 90 per cent  shal l  pass a No.  8 s i eve;  a mi ni mum 99 per cent  shal l  be 
r et ai ned on a No.  60 si eve;  and a maxi mum 2 per cent  shal l  pass a No.  100 
si eve.   Bul k densi t y:   A maxi mum 40 pounds per  cubi c f oot .

2. 4   FERTI LI ZER

2. 4. 1   Gr anul ar  Fer t i l i zer

Or gani c or  synt het i c,  gr anul ar  cont r ol l ed r el ease f er t i l i zer  cont ai ni ng 
t he f ol l owi ng mi ni mum per cent ages,  by wei ght ,  of  pl ant  f ood nut r i ent s:

Ni t r ogen,  Phosphor us,  and Ni t r ogen of  r at i o 2- 1- 2.

2. 5   WATER

Sour ce of  wat er  shal l  be appr oved by Cont r act i ng Of f i cer  and of   sui t abl e 
qual i t y f or  i r r i gat i on cont ai ni ng no el ement  t oxi c t o pl ant  l i f e.
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PART 3   EXECUTI ON

3. 1   PREPARATI ON

3. 1. 1   Ext ent  Of  Wor k

Pr ovi de soi l  pr epar at i on ( i ncl udi ng soi l  condi t i oner s) ,  f er t i l i z i ng,   and 
soddi ng of  al l  newl y gr aded f i ni shed ear t h sur f aces,  unl ess i ndi cat ed 
ot her wi se,  and at  al l  ar eas i nsi de or  out si de t he l i mi t s of  const r uct i on 
t hat  ar e di st ur bed by t he Cont r act or ' s oper at i ons.

3. 1. 2   Soi l  Pr epar at i on

Pr ovi de 4 i nches of  t opsoi l t o meet  i ndi cat ed f i ni sh gr ade.  Af t er  ar eas 
have been br ought  t o i ndi cat ed f i ni sh gr ade,  i ncor por at e f er t i l i zer  pH 
adj ust er ssoi l  condi t i oner si nt o soi l  a mi ni mum dept h of 4 i nches by di ski ng,  
har r owi ng,  t i l l i ng or  ot her  met hod appr oved by t he Cont r act i ng Of f i cer .  
Remove debr i s and st ones l ar ger  t han 3/ 4 i nch i n any di mensi on r emai ni ng 
on t he sur f ace af t er  f i ni sh gr adi ng.  Cor r ect  i r r egul ar i t i es i n f i ni sh 
sur f aces t o el i mi nat e depr essi ons.  Pr ot ect  f i ni shed t opsoi l  ar eas f r om 
damage by vehi cul ar  or  pedest r i an t r af f i c .

3. 1. 2. 1   Soi l  Condi t i oner  Appl i cat i on Rat es

Appl y soi l  condi t i oner s at  r at es as i ndi cat ed:

Li me 2, 000 pounds per  acr e

3. 1. 2. 2   Fer t i l i zer  Appl i cat i on Rat es

Appl y f er t i l i zer  at  r at es as i ndi cat ed:

Or gani c Gr anul ar  Fer t i l i zer   pounds per  acr e 1 pounds per  1000 squar e 
f eet .

Synt het i c Gr anul ar  Fer t i l i zer  1 pounds per  1000 squar e f eet .

Ni t r ogen nut r i ent  1 pounds per  1000 squar e f eet .

3. 2   SODDI NG

3. 2. 1   Fi ni shed Gr ade and Topsoi l

Pr i or  t o t he commencement  of  t he soddi ng oper at i on,  t he Cont r act or  shal l  
ver i f y t hat  f i ni shed gr ades ar e as i ndi cat ed on dr awi ngs;  t he pl aci ng of  
t opsoi l ,  smoot h gr adi ng,  and compact i on r equi r ement s have been compl et ed 
i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

The pr epar ed sur f ace shal l  be a maxi mum 1 i nch bel ow t he adj oi ni ng gr ade 
of  any sur f aced ar ea.   New sur f aces shal l  be bl ended t o exi st i ng ar eas.   
The pr epar ed sur f ace shal l  be compl et ed wi t h a l i ght  r aki ng t o r emove f r om 
t he sur f ace debr i s and st ones over  a mi ni mum 5/ 8 i nch i n any di mensi on.

3. 2. 2   Pl aci ng

Pl ace sod a maxi mum of  36 hour s af t er  i ni t i al  har vest i ng,  i n accor dance 
wi t h TPI  GSS as modi f i ed her ei n.
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3. 2. 3   Soddi ng Sl opes and Di t ches

For  s l opes 2: 1 and gr eat er ,  l ay sod wi t h l ong edge per pendi cul ar  t o t he 
cont our .   For  V- di t ches and f l at  bot t omed di t ches,  l ay sod wi t h l ong edge 
per pendi cul ar  t o f l ow of  wat er .  Anchor  each pi ece of  sod wi t h wood pegs or  
wi r e st apl es maxi mum 2 f eet  on cent er . On sl ope ar eas,  st ar t  soddi ng at  
bot t om of  t he s l ope.

3. 2. 4   Fi ni shi ng

Af t er  compl et i ng soddi ng,  bl end edges of  sodded ar ea smoot hl y i nt o 
sur r oundi ng ar ea.   Ai r  pocket s shal l  be el i mi nat ed and a t r ue and even 
sur f ace shal l  be pr ovi ded.   Fr ayed edges shal l  be t r i mmed and hol es and 
mi ssi ng cor ner s shal l  be pat ched wi t h sod.

3. 2. 5   Rol l i ng

I mmedi at el y af t er  soddi ng,  f i r m ent i r e ar ea except  f or  s l opes i n excess of  
3 t o 1 wi t h a r ol l er  not  exceedi ng90 f or  each f oot  of  r ol l er  wi dt h.

3. 2. 6   Wat er i ng

St ar t  wat er i ng ar eas sodded as r equi r ed by dai l y t emper at ur e and wi nd 
condi t i ons.  Appl y wat er  at  a r at e suf f i c i ent  t o ensur e t hor ough wet t i ng of  
soi l  t o mi ni mum dept h of 6 i nches.   Run- of f ,  puddl i ng,  and wi l t i ng shal l  be 
pr event ed.   Unl ess ot her wi se di r ect ed,  wat er i ng t r ucks shal l  not  be dr i ven 
over  t ur f  ar eas.   Wat er i ng of  ot her  adj acent  ar eas or  pl ant  mat er i al  shal l  
be pr event ed.

3. 3   PROTECTI ON OF TURF AREAS

I mmedi at el y af t er  t ur f i ng,  pr ot ect  ar ea agai nst  t r af f i c  and ot her  use.

3. 4   RENOVATI ON OF EXI STI NG TURF AREA

3. 4. 1   Ver t i cal  Mowi ng

Upon compl et i on of Cont r act i ng Of f i cer ' s appr oval  t o pr oceed,  ver t i cal  mow 
t ur f  ar eas i ndi cat ed,  by appr oved devi ce,  t o a dept h of 1/ 2 i nch above 
exi st i ng soi l  l evel ,  t o r educe t hat ch bui l d- up,  gr ai n,  and sur f ace 
compact i on.  Keep cl ean at  al l  t i mes at  l east  one paved pedest r i an access 
r out e and one paved vehi cul ar  access r out e t o each bui l di ng.  Cl ean ot her  
pavi ng when wor k i s compl et e.   Remove al l  debr i s gener at ed dur i ng t hi s 
oper at i on of f  s i t e.

3. 4. 2   Det hat chi ng

Upon compl et i on of Cont r act i ng Of f i cer ' s appr oval  t o pr oceed,  det hat ch t ur f  
ar eas i ndi cat ed,  by appr oved devi ce,  t o a dept h of   1/ 4 i nch bel ow 
exi st i ng soi l  l evel ,  t o r educe t hat ch bui l d- up,  gr ai n,  and sur f ace 
compact i on.  Keep cl ean at  al l  t i mes at  l east  one paved pedest r i an access 
r out e and one paved vehi cul ar  access r out e t o each bui l di ng.  Cl ean ot her  
pavi ng when wor k i s compl et e.   Remove al l  debr i s gener at ed dur i ng t hi s 
oper at i on of f  s i t e.

3. 5   RESTORATI ON

Rest or e t o or i gi nal  condi t i on exi st i ng t ur f  ar eas whi ch have been damaged 
dur i ng t ur f  i nst al l at i on oper at i ons.   Keep cl ean at  al l  t i mes at  l east  one 
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paved pedest r i an access r out e and one paved vehi cul ar  access r out e t o each 
bui l di ng.   Cl ean ot her  pavi ng when wor k i n adj acent  ar eas i s compl et e.

        - -  End of  Sect i on - -
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SECTI ON 33 11 00

WATER UTI LI TY DI STRI BUTI ON PI PI NG
02/ 18,  CHG 1:  02/ 22

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO HB- 17 ( 2002;  Er r at a 2003;  Er r at a 2005,  17t h 
Edi t i on)  St andar d Speci f i cat i ons f or  
Hi ghway Br i dges

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B18. 5. 2. 1M ( 2006;  R 2011)  Met r i c Round Head Shor t  
Squar e Neck Bol t s

ASME B18. 5. 2. 2M ( 1982;  R 2010)  Met r i c Round Head Squar e 
Neck Bol t s

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA B300 ( 2018)  Hypochl or i t es

AWWA B301 ( 2018)  Li qui d Chl or i ne

AWWA C104/ A21. 4 ( 2016)  Cement - Mor t ar  Li ni ng f or  
Duct i l e- I r on Pi pe and Fi t t i ngs f or  Wat er

AWWA C110/ A21. 10 ( 2012)  Duct i l e- I r on and Gr ay- I r on Fi t t i ngs 
f or  Wat er

AWWA C111/ A21. 11 ( 2017)  Rubber - Gasket  Joi nt s f or  
Duct i l e- I r on Pr essur e Pi pe and Fi t t i ngs

AWWA C153/ A21. 53 ( 2019)  Duct i l e- I r on Compact  Fi t t i ngs f or  
Wat er  Ser vi ce

AWWA C219 ( 2017)  Bol t ed Sl eeve- Type Coupl i ngs f or  
Pl ai n- End Pi pe

AWWA C500 ( 2019)  Met al - Seat ed Gat e Val ves f or  Wat er  
Suppl y Ser vi ce
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AWWA C502 ( 2018)  Dr y- Bar r el  Fi r e Hydr ant s

AWWA C503 ( 2018)  Wet - Bar r el  Fi r e Hydr ant s

AWWA C509 ( 2015)  Resi l i ent - Seat ed Gat e Val ves f or  
Wat er  Suppl y Ser vi ce

AWWA C515 ( 2020)  Reduced- Wal l ,  Resi l i ent - Seat ed Gat e 
Val ves f or  Wat er  Suppl y Ser vi ce

AWWA C600 ( 2017)  I nst al l at i on of  Duct i l e- I r on Mai ns 
and Thei r  Appur t enances

AWWA C605 ( 2021)  Under gr ound I nst al l at i on of  
Pol yvi nyl  Chl or i de ( PVC)  and Mol ecul ar l y 
Or i ent ed Pol yvi nyl  Chl or i de ( PVCO)  
Pr essur e Pi pe and Fi t t i ngs

AWWA C651 ( 2014)  St andar d f or  Di s i nf ect i ng Wat er  
Mai ns

AWWA C655 ( 2009)  Fi el d Dechl or i nat i on

AWWA C800 ( 2021)  Under gr ound Ser vi ce Li ne Val ves and 
Fi t t i ngs

AWWA C900 ( 2016)  Pol yvi nyl  Chl or i de ( PVC)  Pr essur e 
Pi pe,  and Fabr i cat ed Fi t t i ngs,  4 I n.  
Thr ough 60 I n.  ( 100 mm Thr ough 1, 500 mm)

AWWA M9 ( 2008;  Er r at a 2013)  Manual :   Concr et e 
Pr essur e Pi pe

AWWA M23 ( 2020)  Manual :   PVC Pi pe -  Desi gn and 
I nst al l at i on -  Thi r d Edi t i on

AWWA M41 ( 2009;  3r d Ed)  Duct i l e- I r on Pi pe and 
Fi t t i ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM A563 ( 2015)  St andar d Speci f i cat i on f or  Car bon 
and Al l oy St eel  Nut s

ASTM B61 ( 2015;  R 2021)  St andar d Speci f i cat i on f or  
St eam or  Val ve Br onze Cast i ngs

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
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Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM C94/ C94M ( 2021b)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM C1433 ( 2020)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Monol i t hi c Box 
Sect i ons f or  Cul ver t s,  St or m Dr ai ns,  and 
Sewer s

ASTM D1784 ( 2020)  St andar d Speci f i cat i on f or  Ri gi d 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Compounds and 
Chl or i nat ed Pol y( Vi nyl  Chl or i de)  ( CPVC)  
Compounds

ASTM D1785 ( 2015;  E 2018)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC) ,  Pl ast i c Pi pe,  
Schedul es 40,  80,  and 120

ASTM D2241 ( 2015)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pr essur e- Rat ed 
Pi pe ( SDR Ser i es)

ASTM D2466 ( 2017)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 40

ASTM D2467 ( 2015)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 80

ASTM D2774 ( 2021)  Under gr ound I nst al l at i on of  
Ther mopl ast i c Pr essur e Pi pi ng

ASTM D2855 ( 2015)  St andar d Pr act i ce f or  Maki ng 
Sol vent - Cement ed Joi nt s wi t h Pol y( Vi nyl  
Chl or i de)  ( PVC)  Pi pe and Fi t t i ngs

ASTM D3139 ( 2019)  Joi nt s f or  Pl ast i c Pr essur e Pi pes 
Usi ng Fl exi bl e El ast omer i c Seal s

ASTM F402 ( 2005;  R 2012)  Saf e Handl i ng of  Sol vent  
Cement s,  Pr i mer s,  and Cl eaner s Used f or  
Joi ni ng Ther mopl ast i c Pi pe and Fi t t i ngs

ASTM F477 ( 2014;  R 2021)  St andar d Speci f i cat i on f or  
El ast omer i c Seal s ( Gasket s)  f or  Joi ni ng 
Pl ast i c Pi pe

ASTM F1674 ( 2011)  St andar d Test  Met hod f or  Joi nt  
Rest r ai nt  Pr oduct s f or  Use wi t h PVC Pi pe

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves
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NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 24 ( 2022)  St andar d f or  t he I nst al l at i on of  
Pr i vat e Fi r e Ser vi ce Mai ns and Thei r  
Appur t enances

NSF I NTERNATI ONAL ( NSF)

NSF/ ANSI  14 ( 2020)  Pl ast i cs Pi pi ng Syst em Component s 
and Rel at ed Mat er i al s

NSF/ ANSI  61 ( 2020)  Dr i nki ng Wat er  Syst em Component s -  
Heal t h Ef f ect s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 600- 01 ( 2016;  wi t h Change 6,  2021)  Fi r e 
Pr ot ect i on Engi neer i ng f or  Faci l i t i es

UNDERWRI TERS LABORATORI ES ( UL)

UL 246 ( 2011;  Repr i nt  Jul  2020)  UL St andar d f or  
Saf et y Hydr ant s f or  Fi r e- Pr ot ect i on Ser vi ce

UL 262 ( 2004;  Repr i nt  Oct  2011)  Gat e Val ves f or  
Fi r e- Pr ot ect i on Ser vi ce

UNI - BELL PVC PI PE ASSOCI ATI ON ( UBPPA)

UBPPA UNI - PUB- 08 ( 2016)  Tappi ng Gui de f or  PVC Pr essur e Pi pe

1. 2   DEFI NI TI ONS

1. 2. 1   Wat er  Mai ns

Wat er  mai ns i ncl ude wat er  pi pi ng havi ng di amet er s 4 t hr ough 14 i nch,  
speci f i c  mat er i al s,  met hods of  j oi ni ng and any appur t enances deemed 
necessar y f or  a sat i sf act or y syst em.

1. 2. 2   Wat er  Ser vi ce Li nes

Wat er  ser vi ce l i nes i ncl ude wat er  pi pi ng f r om a wat er  mai n t o a bui l di ng 
ser vi ce at  a poi nt  appr oxi mat el y 5 f eet  f r om bui l di ng or  t he poi nt  
i ndi cat ed on t he dr awi ngs,  speci f i c  mat er i al s,  met hods of  j oi ni ng and any 
appur t enances deemed necessar y f or  a sat i sf act or y syst em.

1. 2. 3   Addi t i onal  Def i ni t i ons

For  addi t i onal  def i ni t i ons r ef er  t o t he def i ni t i ons i n t he appl i cabl e 
r ef er enced st andar d.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar ef or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:
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SD- 01 Pr econst r uct i on Submi t t al s

Connect i ons;  G

SD- 03 Pr oduct  Dat a

Pi pe,  Fi t t i ngs,  Joi nt s and Coupl i ngs;  G

Val ves;  G

Val ve Boxes;  G

Fi r e Hydr ant s;  G

Pi pe Rest r ai nt ;  G

Cor por at i on St ops;  G

Pr ecast  Concr et e Thr ust  Bl ocks;  G

Di si nf ect i on Pr ocedur es;  G

SD- 06 Test  Repor t s

Bact er i ol ogi cal  Sampl es;  G

Post - Const r uct i on Fusi on Repor t ;  G

Leakage Test

Hydr ost at i c Test

SD- 07 Cer t i f i cat es

Pi pe,  Fi t t i ngs,  Joi nt s and Coupl i ngs

Li ni ng f or  Fi t t i ngs
Val ves

Fi r e Hydr ant s
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Fusi on Techni c i an Qual i f i cat i ons;  G

SD- 08 Manuf act ur er ' s I nst r uct i ons

PVC Pi pi ng

PVC Pi pi ng For  Ser vi ce Li nes

1. 4   QUALI TY CONTROL

1. 4. 1   Regul at or y Requi r ement s

Use NSF/ ANSI  61 or  NSF/ ANSI  14 mat er i al s f or  pot abl e wat er  syst ems t o 
compl y wi t h l ead f r ee cont ent  r equi r ement s as def i ned by t he U. S.  Saf e 
Dr i nki ng Wat er  Act  ef f ect i ve Januar y 2014.

Compl y wi t h NFPA 24 f or  mat er i al s,  i nst al l at i on,  and t est i ng of  f i r e mai n 
pi pi ng and component s.

1. 4. 2   Qual i f i cat i ons

1. 4. 2. 1   Fusi on Techni c i an Qual i f i cat i ons

Submi t  a cer t i f i cat e f r om t he manuf act ur er  of  t he f usi bl e pi pe t hat  shows 
t he f usi on t echni c i an i s f ul l y  qual i f i ed t o i nst al l  f usi bl e pi pe of  t he 
t ypes and si zes bei ng used.   Qual i f i cat i on must  be cur r ent  as of  t he 
act ual  dat e of  f usi on per f or mance on t he pr oj ect .

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

1. 5. 1   Del i ver y and St or age

I nspect  mat er i al s del i ver ed t o s i t e f or  r equi r ed pi pe mar ki ngs and 
damage.   Unl oad and st or e wi t h mi ni mum handl i ng and i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons t o pr event  cut s,  scr at ches and ot her  damage.   
St or e mat er i al s on si t e i n encl osur es or  under  pr ot ect i ve cover i ng.   St or e 
pl ast i c pi pi ng,  j oi nt i ng mat er i al s and r ubber  gasket s under  cover  out  of  
di r ect  sunl i ght .   Do not  st or e mat er i al s di r ect l y on t he gr ound.   Keep 
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i nsi de of  pi pes,  f i t t i ngs,  val ves,  f i r e hydr ant s,  and ot her  accessor i es 
f r ee of  di r t  and debr i s or  ot her  cont ami nat es.

1. 5. 2   Handl i ng

Handl e pi pe,  f i t t i ngs,  val ves,  f i r e hydr ant s,  and ot her  accessor i es i n 
accor dance wi t h appl i cabl e AWWA st andar d,  manuf act ur er ' s i nst r uct i ons and 
i n a manner  t o ensur e del i ver y t o t he t r ench i n sound undamaged 
condi t i on.   Avoi d i nj ur y t o coat i ngs and l i ni ngs on pi pe and f i t t i ngs;  
make r epai r s i f  coat i ngs or  l i ni ngs ar e damaged.   Do not  pl ace ot her  
mat er i al ,  hooks,  or  pi pe i nsi de a pi pe or  f i t t i ng af t er  t he coat i ng has 
been appl i ed.   I nspect  t he pi pe f or  def ect s bef or e i nst al l at i on.   Car r y,  
do not  dr ag pi pe t o t he t r ench.   Use of  pi nch bar s and t ongs f or  al i gni ng 
or  t ur ni ng pi pe wi l l  be per mi t t ed onl y on t he bar e ends of  t he pi pe.   
Cl ean t he i nt er i or  of  pi pe and accessor i es of  f or ei gn mat t er  bef or e bei ng 
l ower ed i nt o t he t r ench and keep t hem cl ean dur i ng l ayi ng oper at i ons by 
pl uggi ng.   Repl ace def ect i ve mat er i al  wi t hout  addi t i onal  expense t o t he 
Gover nment .   St or e r ubber  gasket s,  not  i mmedi at el y i nst al l ed,  under  cover  
or  out  of  di r ect  sunl i ght .

PART 2   PRODUCTS

2. 1   MATERI ALS

Al l  mat er i al s ar e i nt ended f or  pot abl e wat er  use unl ess ot her wi se 
i ndi cat ed.  Compl y wi t h NSF/ ANSI  61 or  NSF/ ANSI  14 f or  al l  pot abl e wat er  
pi pe,  f i t t i ngs and ot her  appl i cabl e mat er i al s.   Pr ovi de pi pe,  f i t t i ngs and 
ot her  appl i cabl e mat er i al s bear i ng NSF/ ANSI  61 or  NSF/ ANSI  14 mar ki ngs f or  
pot abl e wat er  ser vi ce.

2. 1. 1   Pi pe,  Fi t t i ngs,  Joi nt s And Coupl i ngs

Submi t  manuf act ur er ' s st andar d dr awi ngs or  cat al og cut s,  except  submi t  
bot h dr awi ngs and cut s f or  push- on and r ubber - gasket ed bel l - and- spi got  
j oi nt s.  I ncl ude i nf or mat i on concer ni ng gasket s wi t h submi t t al  f or  j oi nt s 
and coupl i ngs.

2. 1. 1. 1   Pl ast i c Pi pi ng

2. 1. 1. 1. 1   PVC Pi pi ng

2. 1. 1. 1. 1. 1   PVC Pi pi ng

AWWA C900 pl ai n end or  gasket  bel l  end pi pe meet i ng or  exceedi ng ASTM D1784
 cel l  c l ass 12454,  wi t h a mi ni mum Pr essur e Cl ass 150 ( DR27. 5)  wi t h duct i l e 
i r on out si de di amet er  ( DI OD) .

2. 1. 1. 1. 1. 2   Fi t t i ngs f or  PVC Pi pe

Duct i l e i r on f i t t i ngs,  AWWA C110/ A21. 10 or  compact  f i t t i ngs i n accor dance 
wi t h AWWA C153/ A21. 53,  wi t h cement - mor t ar  l i ni ng f or  f i t t i ngs,  
AWWA C104/ A21. 4,  st andar d t hi ckness.   Fi t t i ngs wi t h push- on j oi nt  ends ar e 
t o conf or m t o t he same r equi r ement s as f i t t i ngs wi t h mechani cal - j oi nt  
ends,  except  f or  t he f act or y modi f i ed bel l  desi gn compat i bl e f or  use wi t h 
PVC pi pe as speci f i ed.
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Fi t t i ngs f r om mat er i al  t hat  meet s or  exceeds ASTM D1784 cel l  c l ass 12454 
and i s t he same mat er i al  as t he pi pe wi t h el ast omer i c gasket s,  i n 
conf or mance wi t h AWWA C605 and AWWA C900.

2. 1. 1. 1. 1. 3   Joi nt s and Joi nt i ng Mat er i al  f or  PVC

a.   Push- on j oi nt s:  Use j oi nt i ng mat er i al  i n accor dance wi t h ASTM D3139 
and AWWA C111/ A21. 11 bet ween pi pes,  pi pes and met al  f i t t i ngs,  val ves,  
and ot her  accessor i es or  compr essi on- t ype j oi nt s/ mechani cal  j oi nt s.   
Pr ovi de each j oi nt  connect i on wi t h an el ast omer i c gasket  compat i bl e 
f or  t he bel l  or  coupl i ng used.   Gasket s f or  push- on j oi nt s f or  pi pe,  
ASTM F477.   Gasket s f or  push- on j oi nt s and compr essi on- t ype 
j oi nt s/ mechani cal  j oi nt s f or  j oi nt  connect i ons bet ween pi pe and met al  
f i t t i ngs,  val ves,  and ot her  accessor i es,  AWWA C111/ A21. 11,  
r espect i vel y,  f or  push- on j oi nt s and mechani cal  j oi nt s.

b.   Mechani cal  Joi nt :  Use mechani cal l y coupl ed j oi nt s havi ng a s l eeve- t ype 
mechani cal  coupl i ng,  as speci f i ed i n t he par agr aph SLEEVE- TYPE 
MECHANI CAL COUPLI NGS,  as an opt i onal  j oi nt i ng met hod f or  pl ai n- end PVC 
pi pe,  subj ect  t o t he l i mi t at i ons speci f i ed f or  mechani cal l y coupl ed 
j oi nt s usi ng a s l eeve- t ype mechani cal  coupl i ng as speci f i ed f or  
compr essi on- t ype j oi nt s i n ASTM D3139.   Pr ovi de j oi nt i ng mat er i al  i n 
accor dance wi t h AWWA C111/ A21. 11 bet ween pi pe and sl eeve- t ype 
mechani cal  coupl i ngs.

2. 1. 1. 1. 2   PVC Pi pi ng f or  Ser vi ce Li nes

2. 1. 1. 1. 2. 1   Pi pe and Fi t t i ngs

Pr ovi de ASTM D1784 cel l  c l ass 12454 pi pe and f i t t i ngs of  t he same PVC 
mat er i al .

a.   ASTM D1785,  Schedul e 40 wi t h ASTM D2466 Schedul e 40 or  ASTM D2467 
Schedul e 80 f i t t i ngs.

b.   ASTM D2241 pi pe and f i t t i ngs wi t h SDR as necessar y t o pr ovi de 150 psi  
mi ni mum pr essur e r at i ng wi t h ASTM D2466 Schedul e 40 or  ASTM D2467 
Schedul e 80 f i t t i ngs.

2. 1. 1. 1. 2. 2   Joi nt s and Connect i ons

Fi t t i ngs may be j oi ned by t he sol vent - cement  met hod or  t hr eadi ng.

2. 1. 1. 1. 2. 3   Sol vent  Joi ni ng

Pr ovi de sol vent  j oi nt s i n accor dance wi t h ASTM D2855.

2. 1. 1. 2   Tr enchl ess Pi pi ng

2. 1. 1. 2. 1   PVC Pi pe

AWWA C900 pl ai n end meet i ng or  exceedi ng ASTM D1784 cel l  c l ass 12454,  
pl ast i c f or mul at ed f or  f usi ng wi t h a mi ni mum Pr essur e Cl ass 235 ( DR18)  
wi t h duct i l e i r on out si de di amet er  ( DI OD) .

2. 1. 1. 2. 1. 1   But t  Fusi on

Use but t  f usi on j oi nt i ng met hod f or  pl ai n- end PVC pi pe.   Compl y wi t h 
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AWWA C900 and AWWA C605 f or  but t  f usi on j oi nt s.   No of f set  i n al i gnment  
bet ween adj acent  pi pe j oi nt s of  f i t t i ngs i s per mi t t ed.   The f usi on 
t echni c i an must  be qual i f i ed by t he f usi on equi pment  manuf act ur er  t o 
t her mal l y but t - f use t he si ze of  pi pe used at  t he t i me of  f usi on 
per f or mance.   Each j oi nt  must  be dat al ogged,  r ecor ded and submi t t ed f or  
r evi ew and meet  t he r equi r ement s of  ASTM F1674.

2. 1. 2   Val ves

2. 1. 2. 1   Gat e Val ves 3 I nch Si ze and Lar ger  on Bur i ed Pi pi ng

AWWA C500,  AWWA C509,  AWWA C515,  or  UL 262 and:

a.   AWWA C500:  nonr i s i ng st em t ype wi t h doubl e- di sc gat e and 
mechani cal - j oi nt  ends or  push- on j oi nt  ends compat i bl e f or  t he 
adj oi ni ng pi pe

b.   AWWA C509 or  AWWA C515:  nonr i s i ng st em t ype wi t h mechani cal - j oi nt  ends
or  r esi l i ent - seat ed gat e val ves 3 t o 12 i nches i n s i ze

c.   UL 262:  i nsi de- scr ew t ype wi t h oper at i ng nut ,  doubl e- di sc or  
spl i t - wedge t ype gat e,  desi gned f or  a hydr aul i c wor ki ng pr essur e of  175
 psi ,  and have mechani cal - j oi nt  ends or  push- on j oi nt  ends as 
appr opr i at e f or  t he pi pe t o whi ch i t  i s  j oi ned.

Mat ch mat er i al s f or  UL 262 gat e val ves t o t he r ef er ence st andar ds 
speci f i ed i n AWWA C500.   Gat e val ves open by count er cl ockwi se r ot at i on of  
t he val ve st em.   St uf f i ng boxes have 0- r i ng st em seal s, .   St uf f i ng boxes 
ar e bol t ed and const r uct ed so as t o per mi t  easy r emoval  of  par t s f or  
r epai r .   Pr ovi de al l  val ves f r om one manuf act ur er .

2. 1. 2. 2   Gat e Val ves 3 I nch Si ze and Lar ger  i n Val ve Pi t ( s)

AWWA C500,  AWWA C509,  AWWA C515,  or  UL 262 and:

a.   AWWA C500:  out si de- scr ew- and- yoke r i s i ng- st em t ype wi t h doubl e- di sc 
gat es and f l anged ends

b.   AWWA C509 or  AWWA C515: out si de- scr ew- and- yoke r i s i ng- st em t ype wi t h 
f l anged ends

c.   UL 262: out si de- scr ew- and- yoke t ype,  wi t hdoubl e- di sc or  spl i t - wedge 
t ype gat e and f l anged ends,  and desi gned f or  a hydr aul i c wor ki ng 
pr essur e of  175 psi

Mat ch mat er i al s f or  UL 262 gat e val ves t o t he r ef er ence st andar ds 
speci f i ed i n AWWA C500.  Pr ovi de gat e val ves wi t h handwheel s t hat  open by 
count er cl ockwi se r ot at i on of  t he val ve st em.    Bol t  and const r uct  st uf f i ng 
boxes so as t o per mi t  easy r emoval  of  par t s f or  r epai r .     Pr ovi de al l  
val ves f r om one manuf act ur er .

2. 1. 2. 3   Wat er  Ser vi ce Val ves

2. 1. 2. 3. 1   Gat e Val ves Smal l er  t han 3 I nch i n Si zeon Bur i ed Pi pi ng

Gat e val ves smal l er  t han 3 i nch si ze on Bur i ed Pi pi ng MSS SP- 80,  Cl ass 
150,  sol i d wedge,  nonr i s i ng st em,  wi t h f l anged or  t hr eaded end 
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connect i ons,  a uni on on one si de of  t he val ve,  and a handwheel  oper at or .

2. 1. 2. 3. 2   Gat e Val ves Smal l er  Than 3 I nch Si ze i n Val ve Pi t s

MSS SP- 80,  Cl ass 150,  sol i d wedge,  i nsi de scr ew,  r i s i ng st em.   Pr ovi de 
val ves wi t h f l anged or  t hr eaded end connect i ons,  a uni on on one si de of  
t he val ve,  and a handwheel  oper at or .

2. 1. 2. 4   Val ve Boxes

Pr ovi de a val ve box f or  each gat e val ve on bur i ed pi pi ng,  except  wher e 
i ndi cat or  post  i s shown.   Const r uct  adj ust abl e val ve boxes manuf act ur ed 
f r om cast  i r onor  pr ecast  concr et eof  a s i ze compat i bl e f or  t he val ve on 
whi ch i t  i s  used.   Pr ovi de cast  i r on val ve boxes wi t h a mi ni mum cover  and 
wal l  t hi ckness of  3/ 16 i nch and conf or mi ng t o ASTM A48/ A48M,  Cl ass 35B.   
Coat  t he cast - i r on box wi t h a heavy coat  of  bi t umi nous pai nt . Pr ovi de a 
r ound head.  Cast  t he wor d " WATER"  on t he l i d.   The mi ni mum di amet er  of  t he 
shaf t  of  t he box i s 5 1/ 4 i nches.   Pr ovi de ASTM C1433pr ecast  concr et e 
val ve box.   Pr ovi de pr ecast  concr et e boxes i nst al l ed i n l ocat i ons 
subj ect ed t o vehi cul ar  t r af f i c  t o wi t hst and AASHTO l oad desi gnat i on as 
out l i ned i n AASHTO HB- 17.

2. 1. 3   Fi r e Hydr ant s

2. 1. 3. 1   Fi r e Hydr ant s

Pr ovi de f i r e hydr ant s wher e i ndi cat ed.   Pai nt  f i r e hydr ant s wi t h at  l east  
one coat  of  pr i mer  and t wo coat s of  enamel  pai nt .   Pai nt  bar r el  and bonnet  
col or s i n accor dance wi t h UFC 3- 600- 01.   St enci l  f i r e hydr ant  number  and 
mai n s i ze on t he f i r e hydr ant  bar r el  usi ng bl ack st enci l  pai nt .

2. 1. 3. 1. 1   Dr y- Bar r el  TypeFi r e Hydr ant s

Pr ovi de Dr y- bar r el  t ype f i r e hydr ant s,  AWWA C502 or  UL 246,  " Base Val ve"  
wi t h 6 i nch i nl et ,  5 1/ 4 i nch val ve openi ng,  one 4 1/ 2 i nch pumper  
connect i on,  and t wo 2 1/ 2 i nch hose connect i ons.

Pr ovi de mechani cal - j oi nt  or  push- on j oi nt  endi nl et  wi t h end mat chi ng 
r equi r ement sas speci f i ed i nAWWA C502 or  AWWA C503or  UL 246 f or  s i ze and 
shape of  oper at i ng nut ,  cap nut s,  and t hr eads on hose and pumper  
connect i ons.   Pr ovi de f i r e hydr ant s wi t hf r angi bl e sect i ons as ment i oned i n 
AWWA C502.   Pr ovi de f i r e hydr ant  wi t h speci al  coupl i ngs j oi ni ng upper  and 
l ower  sect i ons of  f i r e hydr ant  bar r el and upper  and l ower  sect i ons of  f i r e 
hydr ant  st emt hat  br eak f r om a f or ce i mposed by a movi ng vehi c l e.

2. 1. 4   Di s i nf ect i on

Chl or i nat i ng mat er i al s ar e t o conf or m t o:   Chl or i ne,  Li qui d:   AWWA B301;  
Hypochl or i t e,  Cal c i um and Sodi um:  AWWA B300.

2. 2   ACCESSORI ES

2. 2. 1   Pi pe Rest r ai nt

2. 2. 1. 1   Thr ust  Bl ocks

Use ASTM C94/ C94M concr et e havi ng a mi ni mum compr essi ve st r engt h of  2, 500 
psi at  28 days.
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2. 2. 1. 2   Pr ecast  Thr ust  Bl ocks

Pr ovi de pr ecast  concr et e t hr ust  bl ocks.

2. 2. 1. 3   Joi nt  Rest r ai nt

Pr ovi de r est r ai ned j oi nt s i n accor dance wi t h NFPA 24,  Chapt er  10 and i n 
accor dance wi t h ASTM F1674.

Pr ovi demechani cal  j oi nt  r est r ai nt  and meet i ng t he r equi r ement s of  
AWWA C110/ A21. 10 or  met al  har ness f abr i cat ed by t he pi pe manuf act ur er .

2. 2. 2   Sl eeve- Type Mechani cal  Coupl i ngs

Use AWWA C219 coupl i ngs t o j oi n pl ai n- end pi pi ng by compr essi on of  a r i ng 
gasket  at  each end of  t he adj oi ni ng pi pe sect i ons.   The coupl i ng consi st s 
of  one mi ddl e r i ng f l ar ed or  bevel ed at  each end t o pr ovi de a gasket  seat ;  
t wo f ol l ower  r i ngs;  t wo r esi l i ent  t aper ed r ubber  gasket s;  and bol t s and 
nut s t o dr aw t he f ol l ower  r i ngs t owar d each ot her  t o compr ess t he 
gasket s.   Pr ovi de t r ue ci r cul ar  mi ddl e r i ng and t he f ol l ower  r i ngs 
sect i ons f r ee f r om i r r egul ar i t i es,  f l at  spot s,  and sur f ace def ect s;  
pr ovi de f or  conf i nement  and compr essi on of  t he gasket s.   For  duct i l e i r on
and PVC pi pe,  use ASTM A536 duct i l e i r on.  Use gasket s f or  r esi st ance t o 
set  af t er  i nst al l at i on and t o meet  t he r equi r ement s speci f i ed f or  gasket s 
f or  mechani cal  j oi nt  i n AWWA C111/ A21. 11.   Pr ovi de t r ack- head t ype bol t s 
ASTM A307,  Gr ade A,  wi t h  ASTM A563,  Gr ade A nut s or  r ound- head 
squar e- neck t ype ASME B18. 5. 2. 2M or  ASME B18. 5. 2. 1M bol t s wi t h ASME B18. 2. 2
 hex nut s.   Pr ovi de 5/ 8 i nch di amet er  bol t s.  Mi ni mum number  of  bol t s f or  
each coupl i ng i s___3__f or _3____ i nch pi pe,  __5__f or  ___6__ i nch pi pe,  
Shape bol t  hol es i n f ol l ower  r i ngs t o hol d f ast  t o t he necks of  t he bol t s 
used.   Do not  use mechani cal l y coupl ed j oi nt s usi ng a s l eeve- t ype 
mechani cal  coupl i ng as an opt i onal  met hod of  j oi nt i ng except  wher e 
pi pel i ne i s adequat el y anchor ed t o r esi st  t ensi on pul l  acr oss t he j oi nt .   
Pr ovi de a t i ght  f l exi bl e j oi nt  wi t h mechani cal  coupl i ngs under  r easonabl e 
condi t i ons,  such as pi pe movement s caused by expansi on,  cont r act i on,  
s l i ght  set t l i ng or  shi f t i ng i n t he gr ound,  mi nor  var i at i ons i n t r ench 
gr adi ent s,  and t r af f i c  v i br at i ons.   Mat ch coupl i ng st r engt h t o t hat  of  t he 
adj oi ni ng pi pel i ne.

2. 2. 3   I nsul at i ng Joi nt s

Pr ovi de a r ubber - gasket ed i nsul at i ng j oi nt  or  di el ect r i c coupl i ng bet ween 
pi pe of  di ssi mi l ar  met al s whi ch wi l l  ef f ect i vel y pr event  met al - t o- met al  
cont act  bet ween adj acent  sect i ons of  pi pi ng.

2. 2. 4   Di el ect r i c Fi t t i ngs

I nst al l  di el ect r i c f i t t i ngs bet ween t hr eaded f er r ous and nonf er r ous 
met al l i c  pi pe,  f i t t i ngs and val ves,  except  wher e cor por at i on st ops j oi n 
mai ns t o pr event  met al - t o- met al  cont act  of  di ssi mi l ar  met al l i c  pi pi ng 
el ement s and compat i bl e wi t h t he i ndi cat ed wor ki ng pr essur e.

2. 2. 5   Tr acer  Wi r e f or  Nonmet al l i c  Pi pi ng

Pr ovi de a cont i nuous bar e copper  or  al umi num wi r e not  l ess t han 0. 10 i nch 
i n di amet er  i n suf f i c i ent  l engt h over  each separ at e r un of  nonmet al l i c  
pi pe.
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2. 2. 6   Wat er  Ser vi ce Li ne Appur t enances

2. 2. 6. 1   Cor por at i on St ops

Gr ound key t ype;  l ead- f r ee br onze,  ASTM B61 or  ASTM B62;  compat i bl e wi t h 
t he wor ki ng pr essur e of  t he syst em and sol der - j oi nt ,  or  f l ar ed t ube 
compr essi on t ype j oi nt .   Thr eaded ends f or  i nl et  and out l et  of  cor por at i on 
st ops,  AWWA C800;  coupl i ng nut  f or  connect i on t o f l ar ed copper  t ubi ng,  
ASME B16. 26.

2. 2. 6. 2   Ser vi ce Cl amps

Pr ovi de si ngl e or  doubl e f l at t ened st r ap t ype ser vi ce c l amps used f or  
r epai r i ng damaged cast - i r on,  st eel  or  PVC pi pe wi t h a pr essur e r at i ng not  
l ess t han t hat  of  t he pi pe bei ng r epai r ed.   Pr ovi de cl amps wi t h a 
gal vani zed mal l eabl e- i r on body wi t h cadmi um pl at ed st r aps and nut s and a 
r ubber  gasket  cement ed t o t he body.

2. 2. 6. 3   Goosenecks

Manuf act ur e goosenecks f r om Type K copper  t ubi ng;  pr ovi de j oi nt  ends f or  
goosenecks compat i bl e wi t h connect i ng t o cor por at i on st op and ser vi ce 
l i ne.  Wher e mul t i pl e gooseneck connect i ons ar e r equi r ed f or  an i ndi v i dual  
ser vi ce,  connect  goosenecks t o t he ser vi ce l i ne t hr ough a compat i bl e 
l ead- f r ee br ass or  br onze br anch connect i on;  t he t ot al  c l ear  ar ea of  t he 
br anches t o be at  l east  equal  t o t he c l ear  ar ea of  t he ser vi ce l i ne.

2. 2. 6. 4   Cur b Boxes

Pr ovi de a cur b box f or  each cur b or  ser vi ce st op manuf act ur ed f r om cast  
i r on,  s i ze capabl e of  cont ai ni ng t he st op wher e i t  i s  used.   Pr ovi de a 
r ound head.   Cast  t he wor d " WATER"  on t he l i d.   Fact or y coat  t he box wi t h 
a heavy coat  of  bi t umi nous pai nt .

PART 3   EXECUTI ON

3. 1   PREPARATI ON

3. 1. 1   Connect i ons t o Exi st i ng Syst em

Per f or m al l  connect i ons t o t he exi st i ng wat er  syst em i n t he pr esence of  
t he Cont r act i ng Of f i cer .

3. 1. 2   Oper at i on of  Exi st i ng Val ves

Do not  oper at e val ves wi t hi n or  di r ect l y connect ed t o t he exi st i ng wat er  
syst em unl ess expr essl y di r ect ed t o do so by t he Cont r act i ng Of f i cer .

3. 1. 3   Ear t hwor k

Per f or m ear t hwor k oper at i ons i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

3. 2   I NSTALLATI ON

I nst al l  al l  mat er i al s i n accor dance wi t h t he appl i cabl e r ef er ence 
st andar d,  manuf act ur er s i nst r uct i ons and as i ndi cat ed her ei n.
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3. 2. 1   Pi pi ng

3. 2. 1. 1   Gener al  Requi r ement s

I nst al l  pi pe,  f i t t i ngs,  j oi nt s and coupl i ngs i n accor dance wi t h t he 
appl i cabl e r ef er enced st andar d,  t he manuf act ur er ' s i nst r uct i ons and as 
speci f i ed her ei n.

3. 2. 1. 1. 1   Ter mi nat i on of  Wat er  Li nes

Ter mi nat e t he wor k cover ed by t hi s sect i on at  a poi nt  appr oxi mat el y 5 f eet  
f r om t he bui l di ng,  unl ess ot her wi se i ndi cat ed.

Do not  l ay wat er  l i nes i n t he same t r ench wi t h gas l i nes,  f uel  l i nes,  
el ect r i c wi r i ng,  or  any ot her  ut i l i t y .   Wher e nonf er r ous met al l i c  pi pe 
( i . e. ,  copper  t ubi ng)  cr osses any f er r ous pi pi ng,  pr ovi de a mi ni mum 
ver t i cal  separ at i on of  12 i nches bet ween pi pes.

3. 2. 1. 1. 2   Pi pe Layi ng and Joi nt i ng

Remove f i ns and bur r s f r om pi pe and f i t t i ngs.   Bef or e pl aci ng i n posi t i on,  
c l ean pi pe,  f i t t i ngs,  val ves,  and accessor i es,  and mai nt ai n i n a c l ean 
condi t i on.   Pr ovi de pr oper  f aci l i t i es f or  l ower i ng sect i ons of  pi pe i nt o 
t r enches.   Under  no ci r cumst ances i s i t  per mi ssi bl e t o dr op or  dump pi pe,  
f i t t i ngs,  val ves,  or  ot her  wat er  l i ne mat er i al  i nt o t r enches.   Cut  pi pe 
cl eanl y,  squar el y,  and accur at el y t o t he l engt h est abl i shed at  t he s i t e 
and wor k i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng.   Repl ace a pi pe or  
f i t t i ng t hat  does not  al l ow suf f i c i ent  space f or  i nst al l at i on of  j oi nt i ng 
mat er i al .   Bl ocki ng or  wedgi ng bet ween bel l s and spi got s i s not  
per mi t t ed.   Lay bel l - and- spi got  pi pe wi t h t he bel l  end poi nt i ng i n t he 
di r ect i on of  l ayi ng.   Gr ade t he pi pel i ne i n st r ai ght  l i nes;  avoi d t he 
f or mat i on of  di ps and l ow poi nt s.   Suppor t  pi pe at  t he desi gn el evat i on 
and gr ade.   Secur e f i r m,  uni f or m suppor t .   Wood suppor t  bl ocki ng i s not  
per mi t t ed.   Lay pi pe so t hat  t he f ul l  l engt h of  each sect i on of  pi pe and 
each f i t t i ng r est s sol i dl y on t he pi pe beddi ng;  excavat e r ecesses t o 
accommodat e bel l s,  j oi nt s,  and coupl i ngs.   Pr ovi de anchor s and suppor t s 
f or  f ast eni ng wor k i nt o pl ace.   Make pr ovi s i on f or  expansi on and 
cont r act i on of  pi pel i nes.   Keep t r enches f r ee of  wat er  unt i l  j oi nt s have 
been assembl ed.   At  t he end of  each wor k day,  c l ose open ends of  pi pe 
t empor ar i l y  wi t h wood bl ocks or  bul kheads.   Do not  l ay pi pe when 
condi t i ons of  t r ench or  weat her  pr event  i nst al l at i on.  Pr ovi de a mi ni mum of  
2 1/ 2 f eet  dept h of  cover  over  t op of  pi pe.

3. 2. 1. 1. 3   Tr acer  Wi r e

I nst al l  a cont i nuous l engt h of  t r acer  wi r e f or  t he f ul l  l engt h of  each r un 
of  nonmet al l i c  pi pe.   At t ach wi r e t o t op of  pi pe i n such manner  t hat  i t  
wi l l  not  be di spl aced dur i ng const r uct i on oper at i ons.

3. 2. 1. 1. 4   Connect i ons t o Exi st i ng Wat er  Li nes

Make connect i ons t o exi st i ng wat er  l i nes af t er  coor di nat i on wi t h t he 
f aci l i t y  and wi t h a mi ni mum i nt er r upt i on of  ser vi ce on t he exi st i ng l i ne.   
Make connect i ons t o exi st i ng l i nes under  pr essur e i n accor dance wi t h t he 
r ecommended pr ocedur es of  t he manuf act ur er  of  t he pi pe bei ng t apped and as 
i ndi cat ed,  except  as ot her wi se speci f i ed,  t ap concr et e pi pe i n accor dance 
wi t h AWWA M9 f or  t appi ng concr et e pr essur e pi pe.
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3. 2. 1. 1. 5   Sewer  Manhol es

No wat er  pi pi ng i s t o pass t hr ough or  come i n cont act  wi t h any par t  of  a 
sewer  manhol e.

3. 2. 1. 1. 6   Wat er  Pi pi ng Par al l el  Wi t h Sewer  Pi pi ng

Wher e t he l ocat i on of  t he wat er  l i ne i s not  c l ear l y def i ned by di mensi ons 
on t he dr awi ngs,  do not  l ay wat er  l i ne c l oser  t han 10 f eet ,  hor i zont al l y,  
f r om any sewer  l i ne.

3. 2. 1. 1. 7   Wat er  Pi pi ng Cr ossi ng Sewer  Pi pi ng

Pr ovi de at  l east  18 i nches above t he t op ( cr own)  of  t he sewer  pi pi ng and 
t he bot t om ( i nver t )  of  t he wat er  pi pi ng whenever  possi bl e.   Measur e t he 
di st ance edge- t o- edge.   Wher e wat er  l i nes cr oss under  gr avi t y sewer  l i nes,  
const r uct  sewer  l i ne of  AWWA compl i ant  duct i l e i r on wat er  pi pi ng wi t h 
r ubber - gasket ed j oi nt s and no j oi nt  l ocat ed wi t hi n 10 f eet ,  hor i zont al l y,  
of  t he cr ossi ng.

3. 2. 1. 1. 8   Penet r at i ons

Pr ovi de duct i l e- i r on or  Schedul e 40 st eel  wal l  s l eeves f or  pi pe passi ng 
t hr ough wal l s of  val ve pi t s and st r uct ur es.   Fi l l  annul ar  space bet ween 
wal l s and sl eeves wi t h r i ch cement  mor t ar .   Fi l l  annul ar  space bet ween 
pi pe and sl eeves wi t h mast i c.

3. 2. 1. 2   PVCWat er  Mai n Pi pe

Unl ess ot her wi se speci f i ed,  i nst al l  pi pe and f i t t i ngs i n accor dance wi t h 
t he par agr aph GENERAL REQUI REMENTS and wi t h t he r equi r ement s of  AWWA C605 
f or  l ayi ng of  pi pe,  j oi ni ng PVC pi pe t o f i t t i ngs and accessor i es,  set t i ng 
of  f i r e hydr ant s,  val ves,  and f i t t i ngs;  and wi t h t he r ecommendat i ons f or  
pi pe j oi nt  assembl y and appur t enance i nst al l at i on i n AWWA M23,  Chapt er  7,  
" I nst al l at i on. "

a.   Joi nt i ng:   Make push- on j oi nt s wi t h t he el ast omer i c gasket s speci f i ed 
f or  t hi s t ype j oi nt ,  usi ng ei t her  el ast omer i c- gasket  bel l - end pi pe or  
el ast omer i c- gasket  coupl i ngs.   For  pi pe- t o- pi pe push- on j oi nt  
connect i ons,  use onl y pi pe wi t h push- on j oi nt  ends havi ng f act or y- made 
bevel ;  f or  push- on j oi nt  connect i ons t o met al  f i t t i ngs,  val ves,  and 
ot her  accessor i es,  cut  spi got  end of  pi pe of f  squar e and r e- bevel  pi pe 
end t o a bevel  appr oxi mat el y t he same as t hat  on duct i l e- i r on pi pe 
used f or  t he same t ype of  j oi nt .   Use a l ubr i cant  r ecommended by t he 
pi pe manuf act ur er  f or  push- on j oi nt s.   Assembl e push- on j oi nt s f or  
pi pe- t o- pi pe j oi nt  connect i ons i n accor dance wi t h t he r equi r ement s of  
AWWA C605 f or  l ayi ng t he pi pe and t he r ecommendat i ons i n AWWA M23,  
Chapt er  7,  " I nst al l at i on, "  f or  pi pe j oi nt  assembl y.   Assembl e push- on 
j oi nt s f or  connect i on t o f i t t i ngs,  val ves,  and ot her  accessor i es i n 
accor dance wi t h t he r equi r ement s of  AWWA C605 f or  j oi ni ng PVC pi pe t o 
f i t t i ngs and accessor i es and wi t h t he r equi r ement s of  AWWA C600 f or  
j oi nt  assembl y.   Make compr essi on- t ype j oi nt s/ mechani cal  j oi nt s wi t h 
t he gasket s,  gl ands,  bol t s,  nut s,  and i nt er nal  st i f f ener s pr evi ousl y 
speci f i ed f or  t hi s t ype j oi nt ;  assembl e i n accor dance wi t h t he 
r equi r ement s of  AWWA C605 f or  j oi ni ng PVC pi pe t o f i t t i ngs and 
accessor i es,  wi t h t he r equi r ement s of  AWWA C600 f or  j oi nt  assembl y,  
and wi t h t he r ecommendat i ons of  Appendi x A t o AWWA C111/ A21. 11.   Cut  
of f  spi got  end of  pi pe f or  compr essi on- t ype j oi nt / mechani cal - j oi nt  
connect i ons and do not  r e- bevel .   Assembl e j oi nt s made wi t h 
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sl eeve- t ype mechani cal  coupl i ngs i n accor dance wi t h t he 
r ecommendat i ons of  t he coupl i ng manuf act ur er  usi ng i nt er nal  st i f f ener s 
as pr evi ousl y speci f i ed f or  compr essi on- t ype j oi nt s.

b.   Joi nt  Of f set :   Const r uct  j oi nt  of f set  i n accor dance AWWA C605.   Do not  
exceed t he mi ni mum l ongi t udi nal  bendi ng as i ndi cat ed by AWWA C605.

c.   Fi t t i ngs:   I nst al l  i n accor dance wi t h AWWA C605.

3. 2. 1. 3   Pl ast i c Ser vi ce Pi pi ng

I nst al l  pi pe and f i t t i ngs i n accor dance wi t h t he par agr aph GENERAL 
REQUI REMENTS and wi t h t he appl i cabl e r equi r ement s of  ASTM D2774 and 
ASTM D2855,  unl ess ot her wi se speci f i ed.   Handl e sol vent  cement s used t o 
j oi n pl ast i c pi pi ng i n accor dance wi t h ASTM F402.

3. 2. 1. 3. 1   Joi nt i ng

Make sol vent - cement ed j oi nt s f or  PVC pi pi ng usi ng t he sol vent  cement  
pr evi ousl y speci f i ed f or  t hi s mat er i al ;  assembl e j oi nt s i n accor dance wi t h 
ASTM D2855.   Make pl ast i c pi pe j oi nt s t o ot her  pi pe mat er i al s i n 
accor dance wi t h t he r ecommendat i ons of  t he pl ast i c pi pe manuf act ur er .

3. 2. 1. 3. 2   Pl ast i c Pi pe Connect i ons t o Appur t enances

Connect  pl ast i c ser vi ce l i nes t o cor por at i on st ops and gat e val ves i n 
accor dance wi t h t he r ecommendat i ons of  t he pl ast i c pi pe manuf act ur er .

3. 2. 1. 4   Tr enchl ess Pi pi ng

3. 2. 1. 4. 1   But t  Fusi on

Fusi bl e pi pe wi l l  be f used by qual i f i ed f usi on t echni c i ans,  as r equi r ed by 
manuf act ur er  of  t he f usi on equi pment .   Recor d and l og each f usi on j oi nt  by 
an el ect r oni c moni t or i ng devi ce ( dat a l ogger )  connect ed t o t he f usi on 
machi ne.   Log f usi on dat a and cr eat e Post - Const r uct i on Fusi on Repor t  wi t h 
sof t war e speci f i cal l y devel oped f or  t he pi pe mat er i al  bei ng f used.   
Sof t war e must  r ecor d t he par amet er s r equi r ed by t he f usi on equi pment  
manuf act ur er  and t hese speci f i cat i ons.   Manual  l og dat a not  l ogged by t he 
dat a l ogger  and be i ncl uded i n t he Post - Const r uct i on Fusi on Repor t .   
Assembl e f usi bl e PVC pi pe l engt hs i n t he f i el d wi t h but t - f used j oi nt s.   
Fol l ow t he manuf act ur er ' s f usi on equi pment  pr ocedur es.

3. 2. 1. 4. 1. 1   PVC Pi pe

For  but t  f used PVC Pi pe,  pr ovi de j oi nt s meet i ng t he r equi r ement s of  
ASTM F1674.

3. 2. 1. 4. 2   Post - Const r uct i on Fusi on Repor t

I ncl ude t he f ol l owi ng dat a f or  each f usi bl e connect i on i n t he r epor t :

a.   Pi pe Si ze and Thi ckness

b.   Machi ne Si ze

c.   Fusi on Techni c i an I dent i f i cat i on

d.   Job I dent i f i cat i on
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e.   Fusi on Joi nt  Number

f .   Fusi on,  Heat i ng,  and Dr ag Pr essur e Set t i ngs

g.   Heat  Pl at e Temper at ur e

h.   Ti me St amp

i .   Heat i ng and Cool  Down Ti me of  Fusi on

j .   Ambi ent  Temper at ur e

3. 2. 1. 4. 3   I nst al l at i on Duct i l e I r on Bal l  and Socket  Joi nt

I nst al l  pi pe and f i t t i ngs i n accor dance wi t h AWWA C600 and AWWA M41 f or  
pi pe i nst al l at i on,  j oi nt  assembl y,  and t hr ust  r est r ai nt .

a.   Al l owabl e Def l ect i on:   Meet  t he appl i cabl e r equi r ement s of  AWWA C600,  
AWWA M41 and i n accor dance wi t h pi pe manuf act ur er ' s i nst r uct i ons f or  
t he maxi mum al l owabl e def l ect i on.

3. 2. 1. 5   Fi r e Pr ot ect i on Ser vi ce Li nes f or  Spr i nkl er  Suppl i es

Connect  wat er  ser vi ce l i nes used t o suppl y bui l di ng spr i nkl er  syst ems f or  
f i r e pr ot ect i on t o t he wat er  mai n i n accor dance wi t h NFPA 24.

3. 2. 1. 6   Wat er  Ser vi ce Pi pi ng

3. 2. 1. 6. 1   Locat i on

Connect  wat er  ser vi ce pi pi ng t o t he bui l di ng ser vi ce wher e t he bui l di ng 
ser vi ce has been i nst al l ed.   Wher e bui l di ng ser vi ce has not  been 
i nst al l ed,  t er mi nat e wat er  ser vi ce l i nes appr oxi mat el y 5 f eet  f r om t he 
bui l di ng l i ne at  t he poi nt s i ndi cat ed;  c l ose such wat er  ser vi ce l i nes wi t h 
pl ugs or  caps.

3. 2. 1. 6. 2   Wat er  Ser vi ce Li ne Connect i ons t o Wat er  Mai ns

Connect  wat er  ser vi ce l i nes 2 i nch si ze t o t he mai n wi t h a r i gi d 
connect i on or  a cor por at i on st op and gooseneck and i nst al l  a gat e val ve on 
ser vi ce l i ne bel ow t he f r ost l i ne.  Connect  _3___ i nch wat er  ser vi ce l i nes 
t o t he mai nwi t h a r i gi d connect i on and i nst al l  a gat e val ve on ser vi ce 
l i ne bel ow t he f r ost l i ne.   Connect  wat er  ser vi ce l i nes t o PVC wat er  mai ns 
i n accor dance wi t h UBPPA UNI - PUB- 08 and t he r ecommendat i ons of  AWWA M23,  
Chapt er  9,  " Ser vi ce Connect i ons. "   

3. 2. 2   Di s i nf ect i on

Pr i or  t o di s i nf ect i on,  pr ovi de di s i nf ect i on pr ocedur es,  pr oposed 
neut r al i zat i on and di sposal  met hods of  wast e wat er  f r om di s i nf ect i on as 
par t  of  t he di s i nf ect i on submi t t al .   Di s i nf ect  new wat er  pi pi ng and 
exi st i ng wat er  pi pi ng af f ect ed by Cont r act or ' s oper at i ons i n accor dance 
wi t h AWWA C651.   Di s i nf ect  new wat er  pi pi ng usi ng t he AWWA C651 
cont i nuous- f eed met hod of  chl or i nat i on.  Ensur e a f r ee chl or i ne r esi dual  of  
not  l ess t han 10 par t s per  mi l l i on af t er  24 hour  hol di ng per i od and pr i or  
t o per f or mi ng bact er i ol ogi cal  t est s.
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3. 2. 3   Fl ushi ng

Per f or m bact er i ol ogi cal  t est s pr i or  t o f l ushi ng.   Fl ush sol ut i on f r om t he 
syst ems wi t h domest i c wat er  unt i l  maxi mum r esi dual  chl or i ne cont ent  i s 
wi t hi n t he r ange of  0. 2 t o 0. 5 par t s per  mi l l i on,  t he r esi dual  chl or i ne 
cont ent  of  t he di st r i but i on syst em,  or  accept abl e f or  domest i c use.   Use 
AWWA C655 neut r al i z i ng chemi cal s.

3. 2. 4   Pi pe Rest r ai nt

3. 2. 4. 1   Concr et e Thr ust  Bl ocks

I nst al l  concr et e t hr ust  bl ocks wher e i ndi cat ed.

3. 2. 4. 2   Rest r ai ned Joi nt s

I nst al l  r est r ai ned j oi nt s i n accor dance wi t ht he manuf act ur er ' s i nst r uct i ons
 and NFPA 24 wher e i ndi cat ed

3. 2. 5   Val ves

3. 2. 5. 1   Gat e Val ves

I nst al l  gat e val ves,  AWWA C500 and UL 262,  i n accor dance wi t h t he 
r equi r ement s of  AWWA C600 f or  val ve- and- f i t t i ng i nst al l at i on and wi t h t he 
r ecommendat i ons of  t he Appendi x ( " I nst al l at i on,  Oper at i on,  and Mai nt enance 
of  Gat e Val ves" )  t o AWWA C500.   I nst al l  gat e val ves,  AWWA C509 or  AWWA C515,  
i n accor dance wi t h t he r equi r ement s of  AWWA C600 f or  val ve- and- f i t t i ng 
i nst al l at i on and wi t h t he r ecommendat i ons of  t he Appendi x ( " I nst al l at i on,  
Oper at i on,  and Mai nt enance of  Gat e Val ves" )  t o AWWA C509 or  AWWA C515.   
I nst al l  gat e val ves on PVC wat er  mai ns i n accor dance wi t h t he 
r ecommendat i ons f or  appur t enance i nst al l at i on i n AWWA M23,  Chapt er  7,  
" I nst al l at i on. "   Make and assembl e j oi nt s t o gat e val ves as speci f i ed f or  
maki ng and assembl i ng t he same t ype j oi nt s bet ween pi pe and f i t t i ngs.

3. 2. 6   Fi r e Hydr ant s

I nst al l  f i r e hydr ant s i n accor dance wi t h AWWA C600 f or  f i r e hydr ant  
i nst al l at i on and as i ndi cat ed.   Make and assembl e j oi nt s as speci f i ed f or  
maki ng and assembl i ng t he same t ype j oi nt s bet ween pi pe and f i t t i ngs  
I nst al l  f i r e hydr ant s wi t h t he 4 1/ 2 i nch connect i ons f aci ng t he adj acent  
paved sur f ace.   I f  t her e ar e t wo paved adj acent  sur f aces,  i nst al l  f i r e 
hydr ant s wi t h t he 4 1/ 2 i nch connect i on f aci ng t he paved sur f ace wher e t he 
connect i ng mai n i s l ocat ed.

3. 3   FI ELD QUALI TY CONTROL

3. 3. 1   Test s

Not i f y t he Cont r act i ng Of f i cer  a mi ni mum of  f i ve days i n advance of  
hydr ost at i c t est i ng.   Coor di nat e t he pr oposed met hod f or  di sposal  of  wast e 
wat er  f r om hydr ost at i c t est i ng.   Per f or m f i el d t est s,  and pr ovi de l abor ,  
equi pment ,  and i nci dent al s r equi r ed f or  t est i ng.   Pr ovi de document at i on 
t hat  al l  i t ems of  wor k have been const r uct ed i n accor dance wi t h t he 
Cont r act  document s.

3. 3. 1. 1   Hydr ost at i c Test

Test  t he wat er  syst em i n accor dance wi t h t he appl i cabl e AWWA st andar d 
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speci f i ed bel ow.  Wher e wat er  mai ns pr ovi de f i r e ser vi ce,  t est  i n 
accor dance wi t h t he speci al  t est i ng r equi r ement s gi ven i n t he par agr aph 
SPECI AL TESTI NG REQUI REMENTS FOR FI RE SERVI CE.   Test  PVCpl ast i c wat er  
syst ems made wi t h PVC pi pe i n accor dance wi t h t he r equi r ement s of  AWWA C605
 f or  pr essur e and l eakage t est s.   The amount  of  l eakage on pi pel i nes made 
of  PVC wat er  mai n pi pe i s not  t o exceed t he amount s gi ven i n AWWA C605,  
except  t hat  at  j oi nt s made wi t h s l eeve- t ype mechani cal  coupl i ngs,  no 
l eakage wi l l  be al l owed.     Test  wat er  ser vi ce l i nes i n accor dance wi t h 
r equi r ement s of  AWWA C600 f or  hydr ost at i c t est i ng.   No l eakage wi l l  be 
al l owed at  pl ast i c ser vi ce pi pe j oi nt s, ,  and scr ewed j oi nt s.   Do not  
backf i l l  ut i l i t y  t r ench or  begi n t est i ng on any sect i on of  a pi pel i ne 
wher e concr et e t hr ust  bl ocks have been pr ovi ded unt i l  at  l east 7days af t er  
pl aci ng of  t he concr et e.

3. 3. 1. 2   Leakage Test

For  l eakage t est ,  use a hydr ost at i c pr essur e not  l ess t han t he maxi mum 
wor ki ng pr essur e of  t he syst em.   Leakage t est  may be per f or med at  t he same 
t i me and at  t he same t est  pr essur e as t he pr essur e t est .

3. 3. 1. 3   Bact er i ol ogi cal  Test i ng

Per f or m bact er i ol ogi cal  t est s i n accor dance wi t h AWWA C651Opt i on A.  For  
new wat er  mai ns use Opt i on A and obt ai n t wo set s of  sampl es f or  col i f or m 
anal ysi s,  each sampl e bei ng col l ect ed at  l east  16 hour s apar t .   Take 
sampl es ever y 1, 200 f t  pl us one set  f r om t he end of  t he l i ne and at  l east  
one f r om each br anch gr eat er  t han one pi pe l engt h.   Anal yze sampl es by a 
cer t i f i ed l abor at or y,  and submi t  t he r esul t s of  t he bact er i ol ogi cal  sampl es.

3. 3. 1. 4   Speci al  Test i ng Requi r ement s f or  Fi r e Ser vi ce

Test  wat er  mai ns and wat er  ser vi ce l i nes pr ovi di ng f i r e ser vi ce or  wat er  
and f i r e ser vi ce i n accor dance wi t h NFPA 24.   The addi t i onal  wat er  added 
t o t he syst em must  not  exceed t he l i mi t s gi ven i n NFPA 24

3. 3. 1. 5   Tr acer  Wi r e Cont i nui t y Test

Test  t r acer  wi r e f or  cont i nui t y af t er  ser vi ce connect i ons have been 
compl et ed and pr i or  t o f i nal  pavement  or  r est or at i on.   Ver i f y t hat  t r acer  
wi r e i s l ocat abl e wi t h el ect r oni c ut i l i t y  l ocat i ng equi pment .   Repai r  
br eaks or  separ at i ons and r e- t est  f or  cont i nui t y.

3. 4   SYSTEM STARTUP

Wat er  mai ns and appur t enances must  be compl et el y i nst al l ed,  di s i nf ect ed,  
f l ushed,  and sat i sf act or y bact er i ol ogi cal  sampl e r esul t s r ecei ved pr i or  t o 
per manent  connect i ons bei ng made t o t he act i ve di st r i but i on syst em.   
Obt ai n appr oval  by t he Cont r act i ng Of f i cer  pr i or  t o t he new wat er  pi pi ng 
bei ng pl aced i nt o ser vi ce.

3. 5   CLEANUP

Upon compl et i on of  t he i nst al l at i on of  wat er  l i nes and appur t enances,  
r emove al l  debr i s and sur pl us mat er i al s r esul t i ng f r om t he wor k.

        - -  End of  Sect i on - -
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NATURAL GAS PI PI NG
11/ 09,  CHG 1:  08/ 17

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN GAS ASSOCI ATI ON ( AGA)

AGA XR0603 ( 2006;  8t h Ed)  AGA Pl ast i c Pi pe Manual  f or  
Gas Ser vi ce

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B31. 8 ( 2022;  Suppl ement  2022)  Gas Tr ansmi ssi on 
and Di st r i but i on Pi pi ng Syst ems

ASTM I NTERNATI ONAL ( ASTM)

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM D2513 ( 2018a)  St andar d Speci f i cat i on f or  
Pol yet hyl ene ( PE)  Gas Pr essur e Pi pe,  
Tubi ng,  and Fi t t i ngs

ASTM D2683 ( 2020)  St andar d Speci f i cat i on f or  
Socket - Type Pol yet hyl ene Fi t t i ngs f or  
Out si de Di amet er - Cont r ol l ed Pol yet hyl ene 
Pi pe and Tubi ng

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 54 ( 2021)  Nat i onal  Fuel  Gas Code
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U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

49 CFR 192 Tr anspor t at i on of  Nat ur al  and Ot her  Gas by 
Pi pel i ne:   Mi ni mum Feder al  Saf et y St andar ds

49 CFR 195 Tr anspor t at i on of  Hazar dous Li qui ds by 
Pi pel i ne

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

War ni ng and I dent i f i cat i on Tape

SD- 07 Cer t i f i cat es

Wel der ' s Qual i f i cat i ons

PE Wel der ' s Qual i f i cat i ons

Wel der ' s I dent i f i cat i on Symbol s

SD- 08 Manuf act ur er ' s I nst r uct i ons

PE Pi pe and Fi t t i ngs

  Submi t  manuf act ur er ' s i nst al l at i on i nst r uct i ons and 
manuf act ur er ' s v i sual  j oi nt  appear ance char t .

1. 3   QUALI TY ASSURANCE

1. 3. 1   Wel der ' s Qual i f i cat i ons

Compl y wi t h ASME B31. 8.   The st eel  wel der  shal l  have a copy of  a cer t i f i ed 
ASME B31. 8 qual i f i cat i on t est  r epor t .   The PE wel der  shal l  have a 
cer t i f i cat e f r om a PE pi pe manuf act ur er ' s sponsor ed t r ai ni ng cour se.  
Cont r act or  shal l  al so conduct  a qual i f i cat i on t est .   Submi t  each wel der ' s 
i dent i f i cat i on symbol s,  assi gned number ,  or  l et t er ,  used t o i dent i f y wor k 
of  t he wel der .   Af f i x  symbol s i mmedi at el y upon compl et i on of  wel ds.   
Wel der s maki ng def ect i ve wel ds af t er  passi ng a qual i f i cat i on t est  shal l  be 
gi ven a r equal i f i cat i on t est  and,  upon f ai l i ng t o pass t hi s t est ,  shal l  
not  be per mi t t ed t o wor k t hi s cont r act .

1. 3. 2   PE Wel der ' s Qual i f i cat i ons

Pr i or  t o i nst al l at i on,  Cont r act or  shal l  have super vi s i ng and i nst al l i ng 
per sonnel  t r ai ned by a PE pi pe manuf act ur er ' s sponsor ed cour se of  not  l ess 
t han one week dur at i on,  or  pr esent  pr oof  sat i sf act or y t o t he Cont r act i ng 
Of f i cer  t hat  per sonnel  ar e cur r ent l y wor ki ng i n t he i nst al l at i on of  PE gas 
di st r i but i on l i nes.
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1. 3. 3   Saf et y St andar ds

49 CFR 192 and 49 CFR 195.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  t r anspor t ,  and st or e pl ast i c pi pe and f i t t i ngs car ef ul l y.   Pl ug or  
cap pi pe ends dur i ng t r anspor t at i on or  st or age t o mi ni mi ze di r t  and 
moi st ur e ent r y.   Do not  subj ect  t o abr asi on or  concent r at ed ext er nal  
l oads.  Di scar d PE pi pe sect i ons and f i t t i ngs t hat  have been damaged.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Conf or m t o NFPA 54 and wi t h r equi r ement s speci f i ed her ei n.   Suppl y pi pi ng 
t o appl i ances or  equi pment  shal l  be at  l east  as l ar ge as t he i nl et s 
t her eof .

2. 2   PI PE AND FI TTI NGS

2. 2. 1   Under gr ound Pol yet hyl ene ( PE)

PE pi pe and f i t t i ngs ar e as f ol l ows:

a.   Pi pe:   ASTM D2513,  100 psi g wor ki ng pr essur e,  St andar d Di mensi on Rat i o 
( SDR) ,  t he r at i o of  pi pe di amet er  t o wal l  t hi ckness,  11. 5 maxi mum.

b.   Socket  Fi t t i ngs:   ASTM D2683.

c.   But t - Fusi on Fi t t i ngs:   ASTM D2513,  mol ded.

2. 3   BURI ED UTI LI TY WARNI NG AND I DENTI FI CATI ON TAPE

Pr ovi de det ect abl e al umi num- f oi l  pl ast i c- backed t ape or  det ect abl e 
magnet i c pl ast i c t ape manuf act ur ed speci f i cal l y f or  war ni ng and 
i dent i f i cat i on of  bur i ed pi pi ng.   Tape shal l  be det ect abl e by an 
el ect r oni c det ect i on i nst r ument .   Pr ovi de t ape i n r ol l s,  3 i nch mi ni mum 
wi dt h,  col or - coded yel l ow f or  nat ur al  gas,  wi t h war ni ng and i dent i f i cat i on 
i mpr i nt ed i n bol d bl ack l et t er s cont i nuousl y and r epeat edl y over  ent i r e 
t ape l engt h.   War ni ng and i dent i f i cat i on shal l  be " CAUTI ON BURI ED GAS 
PI PI NG BELOW"  or  s i mi l ar  wor di ng.   Use per manent  code and l et t er  col or i ng 
unaf f ect ed by moi st ur e and ot her  subst ances cont ai ned i n t r ench backf i l l  
mat er i al .

2. 4   WELDI NG FI LLER METAL

ASME B31. 8.

2. 5   PI PE- THREAD TAPE

Ant i sei ze and seal ant  t ape of  pol yt et r af l uor oet hyl ene ( PTFE) .

2. 6   BOLTI NG ( BOLTS AND NUTS)

St ai nl ess st eel  bol t i ng;  ASTM A193/ A193M,  Gr ade B8M or  B8MA,  Type 316,  f or  
bol t s;  and ASTM A194/ A194M,  Gr ade 8M,  Type 316,  f or  nut s.   Di mensi ons of  
bol t s,  st uds,  and nut s shal l  conf or m wi t h ASME B18. 2. 1and ASME B18. 2. 2 
wi t h coar se t hr eads conf or mi ng t o ASME B1. 1,  wi t h Cl ass 2A f i t  f or  bol t s 
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and st uds and Cl ass 2B f i t  f or  nut s.  Bol t s or  bol t - st uds shal l  ext end 
t hr ough t he nut s and may have r educed shanks of  a di amet er  not  l ess t han 
t he di amet er  at  r oot  of  t hr eads.   Bol t s shal l  have Amer i can St andar d 
r egul ar  squar e or  heavy hexagon heads;  nut s shal l  be Amer i can St andar d 
heavy semi f i ni shed hexagonal .

2. 7   GASKETS

Fl uor i nat ed el ast omer ,  compat i bl e wi t h f l ange f aces.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  gas pi pi ng,  appl i ances,  and equi pment  i n accor dance wi t h NFPA 54.   
I nst al l  di st r i but i on pi pi ng i n accor dance wi t h ASME B31. 8.

3. 1. 1   Excavat i ng and Backf i l l i ng

Per f or m excavat i ng and backf i l l i ng of  pi pe t r enches as speci f i ed i n 
Sect i on 31 00 00 EARTHWORK.   Pl ace pi pe di r ect l y i n t r ench bot t om and 
cover  wi t h mi ni mum 3 i nches of  sand t o t op of  pi pe.   I f  t r ench bot t om i s 
r ocky,  pl ace pi pe on a 3 i nch bed of  sand and cover  as above.   Pr ovi de 
r emai ni ng backf i l l i ng.   Coor di nat e pr ovi s i on of  ut i l i t y  war ni ng and 
i dent i f i cat i on t ape wi t h backf i l l  oper at i on.   Bur y ut i l i t y  war ni ng and 
i dent i f i cat i on t ape wi t h pr i nt ed si de up at  a dept h of  12 i nches bel ow t he 
t op sur f ace of  ear t h or  t he t op sur f ace of  t he subgr ade under  pavement s.

3. 1. 2   Pi pi ng

Cut  pi pe t o act ual  di mensi ons and assembl e t o pr event  r esi dual  st r ess.  

3. 1. 2. 1   Cl eanl i ness

Cl ean i nsi de of  pi pe and f i t t i ngs bef or e i nst al l at i on.   Bl ow l i nes c l ear  
usi ng 80 t o 100 psi g c l ean dr y compr essed ai r .   Rap st eel  l i nes shar pl y 
al ong ent i r e pi pe l engt h bef or e bl owi ng cl ear .   Cap or  pl ug pi pe ends t o 
mai nt ai n c l eanl i ness t hr oughout  i nst al l at i on.

3. 1. 2. 2   Bur i ed Pl ast i c Li nes

Pr ovi de t ot al l y PE pi pi ng.   Pr i or  t o i nst al l at i on,  obt ai n pr i nt ed 
i nst r uct i ons and t echni cal  assi st ance i n pr oper  i nst al l at i on t echni ques 
f r om pi pe manuf act ur er .  When j oi ni ng new PE pi pe t o exi st i ng pi pe l i ne,  
ascer t ai n what  pr ocedur al  changes i n t he f usi on pr ocess i s necessar y t o 
at t ai n opt i mum bondi ng.

a.   Joi nt i ng Pr ocedur es:   Use j oi nt i ng pr ocedur es conf or mi ng t o AGA XR0603 
and 49 CFR 192 t hat  have been qual i f i ed by t est  i n accor dance wi t h 49 
CFR 192. 283 and pr oven t o make sat i sf act or y j oi nt s.   Per sonnel  make 
j oi nt s i n pl ast i c pi pe shal l  be qual i f i ed i n accor dance wi t h 49 CFR 
192. 285,  under  t he submi t t ed and appr oved pr ocedur e by maki ng a 
sat i sf act or y speci men j oi nt  t hat  passes t he r equi r ed i nspect i on and 
t est .   Joi nt s i n pl ast i c pi pe shal l  be i nspect ed by a per son qual i f i ed 
by 49 CFR 192. 287 under  t he appl i cabl e pr ocedur e.   Cer t i f i cat es t hat  
qual i f y t he appl i cabl e pr ocedur es,  j oi ni ng per sonnel ,  and i nspect or s 
shal l  be submi t t ed and appr oved and shal l  be on f i l e wi t h t he 
Cont r act i ng Of f i cer  pr i or  t o maki ng t hese j oi nt s.
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b.   PE Pi pi ng:   Pr i or  t o i nst al l at i on,  Cont r act or  shal l  have super vi s i ng 
and i nst al l i ng per sonnel ,  cer t i f i ed i n accor dance wi t h par agr aph 
WELDER' S QUALI FI CATI ONS.   Pr ovi de f usi on- wel ded j oi nt s except  wher e 
t r ansi t i ons have been speci f i ed.  Use el ect r i cal l y heat ed t ool s,  
t her most at i cal l y cont r ol l ed and equi pped wi t h t emper at ur e i ndi cat i on.   
( Wher e connect i on must  be made t o exi st i ng pl ast i c pi pe,  cont r act or  
shal l  be r esponsi bl e f or  det er mi nat i on of  compat i bi l i t y  of  mat er i al s 
and pr ocedur al  changes i n f usi on pr ocess necessar y t o at t ai n maxi mum 
i nt egr i t y of  bond. )

c.   Layi ng PE Pi pe:   Bur y pi pe 24 i nches bel ow f i ni sh gr ade.   Lay i n 
accor dance wi t h manuf act ur er ' s pr i nt ed i nst r uct i ons.

3. 1. 2. 3   Connect i ons t o Exi st i ng Pi pel i ne

When maki ng connect i ons t o l i ve gas mai ns,  use pr essur e t i ght  i nst al l at i on 
equi pment  oper at ed by wor kmen t r ai ned and exper i enced i n maki ng hot  t aps.  
For  connect i ons t o exi st i ng under gr ound pi pel i ne or  ser vi ce br anch,  use 
t r ansi t i on f i t t i ngs f or  di ssi mi l ar  mat er i al s.

3. 1. 2. 4   Wr appi ng

Wher e connect i on t o exi st i ng st eel  l i ne i s made under gr ound,  t ape wr ap new 
st eel  t r ansi t i on f i t t i ngs and exposed exi st i ng pi pe havi ng damaged 
coat i ng.  Cl ean pi pe t o bar e met al .   I ni t i al l y  st r et ch f i r st  l ayer  of  t ape 
t o conf or m t o t he sur f ace whi l e spi r al l y hal f - l appi ng.   Appl y a second 
l ayer ,  hal f - l apped and spi r al ed as t he f i r st  l ayer ,  but  wi t h spi r al s 
per pendi cul ar  t o f i r st  wr appi ng.   Use 10 mi l  mi ni mum t hi ck pol yet hyl ene 
t ape.   I n l i eu of  t ape wr ap,  heat  shr i nkabl e 10 mi l  mi ni mum t hi ck 
pol yet hyl ene sl eeve may be used.

3. 1. 3   Val ves

I nst al l  val ves appr oxi mat el y at  l ocat i ons i ndi cat ed.   Or i ent  st ems 
ver t i cal l y,  wi t h oper at or s on t op,  or  hor i zont al l y.   Pr ovi de suppor t  f or  
val ves t o r esi st  oper at i ng t or que appl i ed t o PE pi pes.

3. 1. 3. 1   St op Val ve and Shut of f  Val ve

Pr ovi de st op val ve on ser vi ce br anch at  connect i on t o mai n and shut - of f  
val ve on r i ser  out si de of  bui l di ng.

3. 1. 4   Gas Ser vi ce I nst al l at i on

I nst al l at i ons shal l  be i n accor dance wi t h 49 CFR 192 and ASME B31. 8.   
Cont r act or  shal l  submi t  and use onl y t est ed and appr oved wor k pr ocedur es.   
Cont r act or  shal l  use onl y wel der s and j oi nt er s who have been r ecent l y 
qual i f i ed by t r ai ni ng and t est  f or  j oi ni ng and i nst al l i ng t he gas pi pe 
mat er i al  used on t hi s j ob.   The f i ni shed pr oduct  shal l  be i nspect ed by a 
per son qual i f i ed t o i nspect  j oi nt s made by t he par t i cul ar  pr ocedur es used 
t o make j oi nt s.

3. 1. 4. 1   Ser vi ce Li ne

I nst al l  ser vi ce l i ne,  br anch connect i on t o t he mai n,  and r i ser  i n 
accor dance wi t h 49 CFR 192 and ASME B31. 8.   Pr ovi de a mi ni mum of  18 i nches 
cover  or  encase t he ser vi ce l i ne so t hat  i t  i s  pr ot ect ed.   I nst al l  ser vi ce 
l i ne so t hat  no undue st r ess i s appl i ed t o t he pi pe,  connect i on,  or  
r i ser .   I nst al l  appr oved r i ser  and t er mi nat e wi t h an appr oved i sol at i on 
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val ve,  EFV and aut omat i c shut of f  devi ce.   Af t er  l ayi ng of  pi pe and 
t est i ng,  backf i l l  t he t r ench i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

Wher e st eel  pi pe i s used as ser vi ce l i ne,  i nst al l  cor r osi on pr event i on 
coat i ng and cat hodi c pr ot ect  f or  t he st eel  ser vi ce l i ne.   Wher e connect ed 
t o an exi st i ng cat hodi cal l y pr ot ect ed st eel  pi pe,  ensur e el ect r i cal  
cont i nui t y f r om t he r i ser  t o t he br anch connect i on t o t he mai n.   I nst al l  a 
di el ect r i c f i t t i ng on t he r i ser  t o pr event  el ect r i cal  cont i nui t y t o t he 
above gr ound pi pi ng.

Wher e pl ast i c pi pe i s used as t he ser vi ce l i ne,  make j oi nt s i n accor dance 
wi t h pr ocedur es qual i f i ed by t est .  Per sonnel  j oi ni ng pl ast i c pi pe shal l  be 
qual i f i ed by maki ng a sat i sf act or y speci men j oi nt  t hat  passes t he r equi r ed 
i nspect i on and t est  l i s t ed i n 49 CFR 192. 285.   I nspect i on shal l  be made by 
i nspect or s qual i f i ed i n eval uat i ng j oi nt s made under  t he speci f i c  j oi ni ng 
pr ocedur e,  as r equi r ed by 49 CFR 192. 287.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Met al  Wel di ng I nspect i on

I nspect  f or  compl i ance wi t h ASME B31. 8 and 49 CFR 192.   Repl ace,  r epai r ,  
and t hen r e- i nspect  def ect i ve wel ds.

3. 2. 2   PE Fusi on Wel di ng I nspect i on

Vi sual l y i nspect  but t  j oi nt s by compar i ng wi t h,  manuf act ur er ' s v i sual  
j oi nt  appear ance char t .   I nspect  f usi on j oi nt s f or  pr oper  f used 
connect i on.  Repl ace def ect i ve j oi nt s by cut t i ng out  def ect i ve j oi nt s or  
r epl aci ng f i t t i ngs.   I nspect  100 per cent  of  al l  j oi nt s and r ei nspect  al l  
cor r ect i ons.  Ar r ange wi t h t he pi pe manuf act ur er ' s r epr esent at i ve i n t he 
pr esence of  t he Cont r act i ng Of f i cer  t o make f i r st  t i me i nspect i on.

3. 2. 3   Pr essur e Test s

Use t est  pr essur e of  1 1/ 2 t i mes maxi mum wor ki ng pr essur e,  but  i n no case 
l ess t han 50 psi g.   Do not  t est  unt i l  ever y j oi nt  has set  and cool ed at  
l east  8 hour s at  t emper at ur es above 50 degr ees F.   Conduct  t est i ng bef or e 
backf i l l i ng;  however ,  pl ace suf f i c i ent  backf i l l  mat er i al  bet ween f i t t i ngs 
t o hol d pi pe i n pl ace dur i ng t est s.   Test  syst em gas t i ght  i n accor dance 
wi t h ASME B31. 8.   Use cl ean dr y ai r  or  i ner t  gas,  such as ni t r ogen or  
car bon di oxi de,  f or  t est i ng.   Syst ems whi ch may be cont ami nat ed by gas 
shal l  f i r st  be pur ged as speci f i ed.   Make t est s on ent i r e syst em or  on 
sect i ons t hat  can be i sol at ed by val ves.   Af t er  pr essur i zat i on,  i sol at e 
ent i r e pi pi ng syst em f r om sour ces of  ai r  dur i ng t est  per i od.   Mai nt ai n 
t est  pr essur e f or  at  l east  8 hour s bet ween t i mes of  f i r st  and l ast  r eadi ng 
of  pr essur e and t emper at ur e.   Take f i r st  r eadi ng at  l east  one hour  af t er  
t est  pr essur e has been appl i ed.   Do not  t ake t est  r eadi ngs dur i ng r api d 
weat her  changes.   Pr ovi de t emper at ur e same as act ual  t r ench condi t i ons.   
Ther e shal l  be no r educt i on i n t he appl i ed t est  pr essur e ot her  t han t hat  
due t o a change i n ambi ent  t emper at ur e.   Al l ow f or  ambi ent  t emper at ur e 
change i n accor dance wi t h t he r el at i onshi p PF + 14. 7 = ( P1 + 14. 7)  ( T2 + 
460)  /  T1 + 460) ,  i n whi ch " T"  and " PF"  r epr esent  Fahr enhei t  t emper at ur e 
and gage pr essur e,  r espect i vel y,  subscr i pt s " 1"  and " 2"  denot e i ni t i al  and 
f i nal  r eadi ngs,  and " PF"  i s t he cal cul at ed f i nal  pr essur e.   I f  " PF"  
exceeds t he measur ed f i nal  pr essur e ( f i nal  gage r eadi ng)  by 1/ 2 psi  or  
mor e,  i sol at e sect i ons of  t he pi pi ng syst em,  r et est  each sect i on 
i ndi v i dual l y,  and appl y a sol ut i on of  war m soapy wat er  t o j oi nt s of  each 
sect i on f or  whi ch a r educt i on i n pr essur e occur s af t er  al l owi ng f or  
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ambi ent  t emper at ur e change.   Repai r  l eaki ng j oi nt s and r epeat  t est  unt i l  
no r educt i on i n pr essur e occur s.   I n per f or mi ng t est s,  use a t est  gage 
cal i br at ed i n one psi  i ncr ement s and r eadabl e t o 1/ 2 psi .

3. 2. 4   Syst em Pur gi ng

Af t er  compl et i ng pr essur e t est s,  and bef or e t est i ng a gas cont ami nat ed 
l i ne,  pur ge l i ne wi t h ni t r ogen at  j unct i on wi t h mai n l i ne t o r emove al l  
ai r  and gas.   Cl ear  compl et ed l i ne by at t achi ng a t est  pi l ot  f i x t ur e at  
capped st ub- i n l i ne at  bui l di ng l ocat i on and l et  gas f l ow unt i l  t est  pi l ot  
i gni t es.   Pr ocedur es shal l  conf or m t o ASME B31. 8.

- CAUTI ON-

Fai l ur e t o pur ge may r esul t  i n expl osi on 
wi t hi n l i ne when ai r - t o- gas i s at  cor r ect  
mi xt ur e.

        - -  End of  Sect i on - -

SECTI ON 33 11 23  Page 7



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

SECTI ON 33 30 00

SANI TARY SEWERAGE
05/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM C94/ C94M ( 2021b)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM C150/ C150M ( 2021)  St andar d Speci f i cat i on f or  Por t l and 
Cement

ASTM C270 ( 2019a;  E 2019)  St andar d Speci f i cat i on f or  
Mor t ar  f or  Uni t  Masonr y

ASTM C443 ( 2021)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Concr et e Pi pe and Manhol es,  Usi ng 
Rubber  Gasket s

ASTM C478 ( 2018)  St andar d Speci f i cat i on f or  Ci r cul ar  
Pr ecast  Rei nf or ced Concr et e Manhol e 
Sect i ons

ASTM C478M ( 2018)  St andar d Speci f i cat i on f or  Pr ecast  
Rei nf or ced Concr et e Manhol e Sect i ons 
( Met r i c)

ASTM C923 ( 2008;  R 2013;  E 2016)  St andar d 
Speci f i cat i on f or  Resi l i ent  Connect or s 
Bet ween Rei nf or ced Concr et e Manhol e 
St r uct ur es,  Pi pes and Lat er al s

ASTM C972 ( 2000;  R 2011)  Compr essi on- Recover y of  
Tape Seal ant

ASTM C990 ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s

ASTM C1244 ( 2020)  St andar d Test  Met hod f or  Concr et e 
Sewer  Manhol es by t he Negat i ve Ai r  
Pr essur e ( Vacuum)  Test  Pr i or  t o Backf i l l
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ASTM C1644 ( 2006;  R 2017)  St andar d Speci f i cat i on f or  
Resi l i ent  Connect or s Bet ween Rei nf or ced 
Concr et e On- Si t e Wast ewat er  Tanks and Pi pes

ASTM D412 ( 2016)  St andar d Test  Met hods f or  
Vul cani zed Rubber  and Ther mopl ast i c 
El ast omer s -  Tensi on

ASTM D624 ( 2000;  R 2020)  St andar d Test  Met hod f or  
Tear  St r engt h of  Convent i onal  Vul cani zed 
Rubber  and Ther mopl ast i c El ast omer s

ASTM D2321 ( 2020)  St andar d Pr act i ce f or  Under gr ound 
I nst al l at i on of  Ther mopl ast i c Pi pe f or  
Sewer s and Ot her  Gr avi t y- Fl ow Appl i cat i ons

ASTM D3034 ( 2016)  St andar d Speci f i cat i on f or  Type PSM 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Sewer  Pi pe and 
Fi t t i ngs

ASTM D3212 ( 2020)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Dr ai n and Sewer  Pl ast i c Pi pes Usi ng 
Fl exi bl e El ast omer i c Seal s

ASTM D4101 ( 2017)  St andar d Cl assi f i cat i on Syst em and 
Basi s f or  Speci f i cat i on f or  Pol ypr opyl ene 
I nj ect i on and Ext r usi on Mat er i al s

ASTM F477 ( 2014;  R 2021)  St andar d Speci f i cat i on f or  
El ast omer i c Seal s ( Gasket s)  f or  Joi ni ng 
Pl ast i c Pi pe

ASTM F949 ( 2020)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Cor r ugat ed 
Sewer  Pi pe wi t h a Smoot h I nt er i or  and 
Fi t t i ngs

U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 27 ( Nov 2016)  Scaf f ol ds and Roope Descent  
Syst ems

UNI - BELL PVC PI PE ASSOCI ATI ON ( UBPPA)

UBPPA UNI - B- 6 ( 1998)  Recommended Pr act i ce f or  
Low- Pr essur e Ai r  Test i ng of  I nst al l ed 
Sewer  Pi pe

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s
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Cont r act or ' s Li cense;  G

SD- 02 Shop Dr awi ngs

I nst al l at i on Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Pr ecast  Concr et e Manhol es

Fr ames,  Cover s,  and Gr at i ngs

Gr avi t y Pi pe

SD- 06 Test  Repor t s

Pr ecast  Concr et e Sewer  Manhol e Test ;  G

Hydr ost at i c Sewer  Test ;  G

Negat i ve Ai r  Pr essur e Test ;  G

Low- Pr essur e Ai r  Test s;  G

SD- 07 Cer t i f i cat es

Por t l and Cement

1. 3   QUALI TY CONTROL

1. 3. 1   I nst al l er  Qual i f i cat i ons

I nst al l  speci f i ed mat er i al s by a l i censed under gr ound ut i l i t y  Cont r act or  
l i censed f or  such wor k i n t he st at e wher e t he wor k i s t o be per f or med.   
Ver i f y i nst al l i ng Cont r act or ' s Li cense i s cur r ent  and st at e cer t i f i ed or  
st at e r egi st er ed.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

1. 4. 1   Del i ver y and St or age

Check upon ar r i val ;  i dent i f y and segr egat e as t o t ypes,  f unct i ons,  and 
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si zes.   St or e of f  t he gr ound i n a manner  af f or di ng easy accessi bi l i t y  and 
not  causi ng excessi ve r ust i ng or  coat i ng wi t h gr ease or  ot her  
obj ect i onabl e mat er i al s.

1. 4. 1. 1   Pi pi ng

I nspect  mat er i al s del i ver ed t o s i t e f or  damage;  st or e wi t h mi ni mum of  
handl i ng.   St or e mat er i al s on si t e i n encl osur es or  under  pr ot ect i ve 
cover i ngs.   St or e pl ast i c pi pi ng and j oi nt i ng mat er i al s and r ubber  gasket s 
under  cover  out  of  di r ect  sunl i ght .   Do not  st or e mat er i al s di r ect l y on 
t he gr ound.   Keep i nsi de of  pi pes and f i t t i ngs f r ee of  di r t  and debr i s.

1. 4. 1. 2   Cement ,  Aggr egat e,  and Rei nf or cement

As speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

1. 4. 2   Handl i ng

Handl e pi pe,  f i t t i ngs,  and ot her  accessor i es i n such manner  as t o ensur e 
del i ver y t o t he t r ench i n sound undamaged condi t i on.   Take speci al  car e 
not  t o damage l i ni ngs of  pi pe and f i t t i ngs;  i f  l i ni ng i s damaged,  make 
sat i sf act or y r epai r s.   Car r y,  do not  dr ag,  pi pe t o t r ench.   St or e 
sol vent s,  sol vent  compounds,  l ubr i cant s,  el ast omer i c gasket s,  and any 
si mi l ar  mat er i al s r equi r ed t o i nst al l  t he pl ast i c pi pe  i n accor dance wi t h 
t he manuf act ur er ' s r ecommendat i on and di scar d t hose mat er i al s i f  t he 
st or age per i od exceeds t he r ecommended shel f  l i f e.   Di scar d sol vent s i n 
use when t he r ecommended pot  l i f e i s exceeded.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Sani t ar y Sewer  Gr avi t y Pi pel i ne

Pr ovi de  l at er al s of   pol yvi nyl  chl or i de ( PVC)  pl ast i c pi pe.   Pr ovi de 
bui l di ng connect i ons ___4__ i nch l i nes of   pol yvi nyl  chl or i de ( PVC)  
pl ast i c pi pe.  Pr ovi de new and modi f y exi st i ng ext er i or  sani t ar y gr avi t y 
sewer  pi pi ng and appur t enances.   Pr ovi de each syst em compl et e and r eady 
f or  oper at i on.   The ext er i or  sani t ar y gr avi t y sewer  syst em i ncl udes 
equi pment ,  mat er i al s,  i nst al l at i on,  and wor kmanshi p as speci f i ed her ei n 
mor e t han 5 f eet  out si de of  bui l di ng wal l s.

2. 2   MATERI ALS

Pr ovi de mat er i al s conf or mi ng t o t he r espect i ve speci f i cat i ons and ot her  
r equi r ement s speci f i ed bel ow.   Submi t  manuf act ur er ' s pr oduct  
speci f i cat i on, st andar d dr awi ngs or  cat al og cut s.

2. 2. 1   Gr avi t y Pi pe

2. 2. 1. 1   PVC Gr avi t y Sewer  Pi pi ng

2. 2. 1. 1. 1   PVC Gr avi t y Pi pe and Fi t t i ngs

ASTM D3034,  SDR 35,  or  ASTM F949 wi t h ends sui t abl e f or  el ast omer i c gasket  
j oi nt s.
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2. 2. 1. 1. 2   PVC Gr avi t y Joi nt s and Joi nt i ng Mat er i al

Pr ovi de j oi nt s  conf or mi ng t o ASTM D3212.   Gasket s ar e t o conf or m t o 
ASTM F477.

2. 2. 2   Cement  Mor t ar

Pr ovi de cement  mor t ar   conf or mi ng t o ASTM C270,  Type M wi t h Type I I  cement .

2. 2. 3   Por t l and Cement

Submi t  cer t i f i cat es of  compl i ance st at i ng t he t ype of  cement  used i n 
manuf act ur e of  concr et e pi pe,  f i t t i ngs,  sept i c t anks,  and pr ecast  
manhol es.   Pr ovi de por t l and cement   conf or mi ng t o ASTM C150/ C150M,  Type I I  
f or  concr et e used i n concr et e pi pe,  concr et e pi pe f i t t i ngs,  sept i c t anks,  
and manhol es and t ype opt i onal  f or  cement  used i n concr et e cr adl e,  
concr et e encasement ,  and t hr ust  bl ocki ng.  .

2. 2. 4   Por t l and Cement  Concr et e

Pr ovi de por t l and cement  concr et e  conf or mi ng t o ASTM C94/ C94M,  compr essi ve 
st r engt h of  4000 psi  at  28 days,  except  f or  concr et e cr adl e and encasement  
or  concr et e bl ocks f or  manhol es.   Concr et e used f or  cr adl e and encasement  
i s t o have a compr essi ve st r engt h of  2500 psi  mi ni mum at  28 days.   Pr ot ect  
concr et e i n pl ace f r om f r eezi ng and moi st ur e l oss f or  7 days.

2. 2. 5   Pr ecast  Concr et e Manhol es

Pr ovi de pr ecast  concr et e manhol es,  r i ser s,  base sect i ons,  and t ops 
conf or mi ng t o ASTM C478

2. 2. 6   Gasket s and Connect or s

Pr ovi de gasket s f or  j oi nt s bet ween manhol esect i ons conf or mi ng t o ASTM C443.   
Resi l i ent  connect or s f or  maki ng j oi nt s bet ween manhol e and pi pes ent er i ng 
manhol e ar e t o conf or m t oASTM C1644  ASTM C923 or  ASTM C990.

2. 2. 7   Ext er nal  Pr ef or med Rubber  Joi nt  Seal s

An ext er nal  pr ef or med r ubber  j oi nt  seal  i s  an accept ed met hod of  seal i ng 
cast  i r on cover s t o pr ecast  concr et e sect i ons t o pr event  gr ound wat er  
i nf i l t r at i on i nt o sewer  syst ems.   Al l  f i ni shed and seal ed manhol es 
const r uct ed i n accor dance wi t h par agr aph ent i t l ed " Manhol e Const r uct i on"  
ar e t o be t est ed f or  l eakage i n t he same manner  as pi pel i nes as descr i bed 
i n par agr aph ent i t l ed " Leakage Test s. "   The seal  i s  t o be mul t i - sect i on 
wi t h a neopr ene r ubber  t op sect i on and al l  l ower  sect i ons made of  Et hyl ene 
Pr opyl ene Di ene Monomer  ( EPDM)  r ubber  wi t h a mi ni mum t hi ckness of  60 mi l s.   
Each uni t  i s  t o consi st  of  a  t op and bot t om sect i on and  have mast i c on 
t he bot t om of  t he bot t om sect i on and mast i c on t he t op and bot t om of  t he 
t op sect i on.   The mast i c i s t o be a non- har deni ng but yl  r ubber  seal ant  and 
seal  t o t he cone/ t op sl ab of  t he manhol e/ cat ch basi n and over  t he l i p of  
t he cast i ng.   Ext ensi on sect i ons ar e t o cover  up t o t wo mor e adj ust i ng 
r i ngs.   Pr oper t i es and val ues ar e l i s t ed i n t he f ol l owi ng t abl e:
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Pr oper t i es,  Test  Met hods and Mi ni mum Val ues f or  Rubber  used i n Pr ef or med Joi nt  Seal s

Physi cal  Pr oper t i es Test  Met hods EPDM Neopr ene But yl  Mast i c

Tensi l e,  psi ASTM D412 1840 2195 - -

El ongat i on,  per cent ASTM D412 553 295 350

Tear  Resi st ance,  ppi ASTM D624 ( Di e 
B)

280 160 - -

Rebound,  per cent ,  5 mi nut es ASTM C972 ( mod. ) - - - - 11

Rebound,  per cent ,  2 hour s ASTM C972 - - - - 12

2. 2. 8   Fr ames,  Cover s,  and Gr at i ngs f or  Manhol es

  Fr ame and cover  ar e t o be cast  gr ay i r on,  ASTM A48/ A48M,  Cl ass 35B,  cast  
duct i l e i r on,  ASTM A536,  Gr ade 65- 45- 12,  or  r ei nf or ced concr et e,  ASTM C478 
ASTM C478M.   Fr ames and cover s ar e t o be ci r cul ar wi t h or  wi t hout vent  
hol es.   Si ze ar e t o be f or  24 i nch openi ng.  St amp or  cast  t he wor ds 
" Sani t ar y Sewer "  i nt o cover s so t hat  i t  i s  pl ai nl y v i s i bl e.

2. 2. 9   Manhol e St eps

Zi nc- coat ed st eel   conf or mi ng t o 29 CFR 1910. 27 wi t h a  pl ast i c or  r ubber  
coat i ng pr essur e- mol ded t o t he st eel  i s  t o be used.   Pr ovi de pl ast i c 
coat i ng  conf or mi ng t o ASTM D4101,  copol ymer  pol ypr opyl ene.   Rubber  i s t o 
conf or m t o ASTM C443,  except  shor e A dur omet er  har dness i s t o be 70 pl us 
or  mi nus 5. Al umi num st eps or  r ungs wi l l  not  be per mi t t ed.   St eps ar e not  
r equi r ed i n manhol es l ess t han 4 f eet  deep.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

3. 1. 1   I nst al l at i on Dr awi ngs

Submi t  I nst al l at i on Dr awi ngs showi ng compl et e det ai l ,  bot h pl an and si de 
vi ew det ai l s wi t h pr oper  l ayout  and el evat i ons.

3. 2   I NSTALLATI ON

Backf i l l  af t er  i nspect i on by t he Cont r act i ng Of f i cer .   Bef or e,  dur i ng,  and 
af t er  i nst al l at i on,  pr ot ect  pl ast i c pi pe and f i t t i ngs f r om any envi r onment  
t hat  woul d r esul t  i n damage or  det er i or at i on t o t he mat er i al .   Keep a copy 
of  t he manuf act ur er ' s i nst r uct i ons avai l abl e at  t he const r uct i on s i t e at  
al l  t i mes and  f ol l ow t hese i nst r uct i ons unl ess di r ect ed ot her wi se by t he 
Cont r act i ng Of f i cer .

3. 2. 1   Connect i ons t o Exi st i ng Li nes

Obt ai n appr oval  f r om t he Cont r act i ng Of f i cer  bef or e maki ng connect i on t o 
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exi st i ng l i ne.   Conduct  wor k so t hat  t her e i s mi ni mum i nt er r upt i on of  
ser vi ce on exi st i ng l i ne.

3. 2. 2   Gener al  Requi r ement s f or  I nst al l at i on of  Pi pel i nes

These gener al  r equi r ement s appl y except  wher e speci f i c  except i on i s made 
i n t he f ol l owi ng par agr aphs ent i t l ed " Speci al  Requi r ement s. "

3. 2. 2. 1   Locat i on

Ter mi nat e t he wor k cover ed by t hi s sect i on at  a poi nt  appr oxi mat el y 5 f eet  
f r om t he bui l di ng.

3. 2. 2. 1. 1   Sani t ar y Sewer  Manhol es

No wat er  pi pi ng shal l  pass t hr ough or  come i n cont act  wi t h any par t  of  a 
sani t ar y sewer  manhol e.

3. 2. 2. 2   Ear t hwor k

Per f or m ear t hwor k oper at i ons i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

3. 2. 2. 3   Pi pe Layi ng and Joi nt i ng

I nspect  each pi pe and f i t t i ng bef or e and af t er  i nst al l at i on;  r epl ace t hose 
f ound def ect i ve and r emove f r om si t e.   Pr ovi de pr oper  f aci l i t i es f or  
l ower i ng sect i ons of  pi pe i nt o t r enches.   Lay nonpr essur e pi pe wi t h t he 
bel l  or  gr oove ends i n t he upgr ade di r ect i on.   Adj ust  spi got s i n bel l s and 
t ongues i n gr ooves t o gi ve a uni f or m space al l  ar ound.   Bl ocki ng or  
wedgi ng bet ween bel l s and spi got s or  t ongues and gr ooves wi l l  not  be 
per mi t t ed.   Repl ace by one of  t he pr oper  di mensi ons,  pi pe or  f i t t i ngs t hat  
do not  al l ow suf f i c i ent  space f or  i nst al l at i on of  j oi nt  mat er i al .   At  t he 
end of  each wor k day,  c l ose open ends of  pi pe t empor ar i l y  wi t h wood bl ocks 
or  bul kheads.   Pr ovi de bat t er boar ds not  mor e t han 25 f eet  apar t  i n 
t r enches f or  checki ng and ensur i ng t hat  pi pe i nver t  el evat i ons ar e as 
i ndi cat ed.   Laser  beam met hod may be used i n l i eu of  bat t er boar ds f or  t he 
same pur pose.   Const r uct  br anch connect i ons by use of  r egul ar  f i t t i ngs or  
sol vent  cement ed saddl es as appr oved.  Pr ovi de saddl es f or  PVC pi pe 
conf or mi ng t o Tabl e 4 of  ASTM D3034.

3. 2. 3   Speci al  Requi r ement s

3. 2. 3. 1   I nst al l at i on of  PVC Pi pi ng

I nst al l  pi pe and f i t t i ngs i n accor dance wi t h par agr aph ent i t l ed " Gener al  
Requi r ement s f or  I nst al l at i on of  Pi pel i nes"  of  t hi s sect i on and wi t h t he 
r equi r ement s of  ASTM D2321 f or  l ayi ng and j oi ni ng pi pe and f i t t i ngs.   Make 
j oi nt s wi t h t he gasket s speci f i ed f or  j oi nt s wi t h t hi s pi pi ng and assembl e 
i n accor dance wi t h t he r equi r ement s of  ASTM D2321 f or  assembl y of  j oi nt s.   
Make j oi nt s t o ot her  pi pe mat er i al s i n accor dance wi t h t he r ecommendat i ons 
of  t he pl ast i c pi pe manuf act ur er .

3. 2. 4   Concr et e Wor k

Cast - i n- pl ace concr et e i s i ncl uded i n Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.   Suppor t  t he pi pe on a concr et e cr adl e,  or  encased i n concr et e 
wher e i ndi cat ed or  di r ect ed.
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3. 2. 5   Manhol e Const r uct i on

Const r uct  base sl ab of  cast - i n- pl ace concr et e or  use pr ecast  concr et e base 
sect i ons.   Make i nver t s i n cast - i n- pl ace concr et e and pr ecast  concr et e 
bases wi t h a smoot h- sur f aced semi - ci r cul ar  bot t om conf or mi ng t o t he i nsi de 
cont our  of  t he adj acent  sewer  sect i ons.   For  changes i n di r ect i on of  t he 
sewer  and ent er i ng br anches i nt o t he manhol e,  make a c i r cul ar  cur ve i n t he 
manhol e i nver t  of  as l ar ge a r adi us as manhol e s i ze wi l l  per mi t .   For  
cast - i n- pl ace concr et e const r uct i on,  ei t her  pour  bot t om sl abs and wal l s 
i nt egr al l y or  key and bond wal l s t o bot t om sl ab.   No par gi ng wi l l  be 
per mi t t ed on i nt er i or  manhol e wal l s.   For  pr ecast  concr et e const r uct i on,  
make j oi nt s bet ween manhol e sect i ons wi t h t he gasket s speci f i ed f or  t hi s 
pur pose;  i nst al l  i n t he manner  speci f i ed f or  i nst al l i ng j oi nt s i n concr et e 
pi pi ng.   Par gi ng wi l l  not  be r equi r ed f or  pr ecast  concr et e manhol es.   
Per f or m cast - i n- pl ace concr et e wor k i n accor dance wi t h t he r equi r ement s 
speci f i ed under  par agr aph ent i t l ed " Concr et e Wor k"  of  t hi s sect i on.   Make 
j oi nt s bet ween concr et e manhol es and pi pes ent er i ng manhol es wi t h t he 
r esi l i ent  connect or s speci f i ed f or  t hi s pur pose;  i nst al l  i n accor dance 
wi t h t he r ecommendat i ons of  t he connect or  manuf act ur er .   Wher e a new 
manhol e i s const r uct ed on an exi st i ng l i ne,  r emove exi st i ng pi pe as 
necessar y t o const r uct  t he manhol e.   Cut  exi st i ng pi pe so t hat  pi pe ends 
ar e appr oxi mat el y f l ush wi t h t he i nt er i or  f ace of  manhol e wal l ,  but  not  
pr ot r udi ng i nt o t he manhol e.   Use r esi l i ent  connect or s as pr evi ousl y 
speci f i ed f or  pi pe connect or s t o concr et e manhol es.

3. 2. 6   Mi scel l aneous Const r uct i on and I nst al l at i on

3. 2. 6. 1   Connect i ng t o Exi st i ng Manhol es

Connect  pi pe t o exi st i ng manhol es such t hat  f i ni sh wor k wi l l  conf or m as 
near l y as pr act i cabl e t o t he appl i cabl e r equi r ement s speci f i ed f or  new 
manhol es,  i ncl udi ng al l  necessar y concr et e wor k,  cut t i ng,  and shapi ng.   
Cent er  t he connect i on on t he manhol e.   Hol es f or  t he new pi pe ar e be of  
suf f i c i ent  di amet er  t o al l ow packi ng cement  mor t ar  ar ound t he ent i r e 
per i pher y of  t he pi pe but  no l ar ger  t han 1. 5 t i mes t he di amet er  of  t he 
pi pe.   Cut  t he manhol e i n a manner  t hat  wi l l  cause t he l east  damage t o t he 
wal l s.

3. 2. 6. 2   Met al  Wor k

3. 2. 6. 2. 1   Wor kmanshi p and Fi ni sh

Per f or m met al  wor k so t hat  wor kmanshi p and f i ni sh wi l l  be equal  t o t he 
best  pr act i ce i n moder n st r uct ur al  shops and f oundr i es.   For m i r on t o 
shape and si ze wi t h shar p l i nes and angl es.   Do shear i ng and punchi ng so 
t hat  c l ean t r ue l i nes and sur f aces ar e pr oduced.   Make cast i ngs sound and 
f r ee f r om war p,  col d shut s,  and bl ow hol es t hat  may i mpai r  t hei r  st r engt h 
or  appear ance.   Gi ve exposed sur f aces a smoot h f i ni sh wi t h shar p 
wel l - def i ned l i nes and ar i ses.   Pr ovi de necessar y r abbet s,  l ugs,  and 
br acket s wher ever  necessar y f or  f i t t i ng and suppor t .

3. 2. 6. 2. 2   Fi el d Pai nt i ng

Af t er  i nst al l at i on,  c l ean cast - i r on f r ames,  cover s,  gr at i ngs,  and st eps 
not  bur i ed i n concr et e t o bar e met al ,  r emove mor t ar ,  r ust ,  gr ease,  di r t ,  
and ot her  del et er i ous mat er i al s and appl y a coat  of  bi t umi nous pai nt .   Do 
not  pai nt  sur f aces subj ect  t o abr asi on.
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3. 2. 7   I nst al l at i ons of  Wye Br anches

I nst al l  wye br anches i n an exi st i ng sewer  usi ng a met hod whi ch does not  
damage t he i nt egr i t y of  t he exi st i ng sewer .   Do not  cut i nt o pi pi ng f or  
connect i ons except  when appr oved by t he Cont r act i ng Of f i cer .   When t he 
connect i ng pi pe cannot  be adequat el y suppor t ed on undi st ur bed ear t h or  
t amped backf i l l ,  suppor t  on a concr et e cr adl e as di r ect ed by t he 
Cont r act i ng Of f i cer .   Pr ovi de and i nst al l  concr et e r equi r ed because of  
condi t i ons r esul t i ng f r om f aul t y const r uct i on met hods or  negl i gence 
wi t hout  any addi t i onal  cost  t o t he Gover nment .  Do not  damage t he exi st i ng 
sewer  when i nst al l i ng wye br anches i n an exi st i ng sewer .   

3. 3   FI ELD QUALI TY CONTROL

The Cont r act i ng Of f i cer  wi l l  conduct  f i el d i nspect i ons and wi t ness f i el d 
t est s speci f i ed i n t hi s sect i on.   Be abl e t o pr oduce evi dence,  when 
r equi r ed,  t hat  each i t em of  wor k has been const r uct ed i n accor dance wi t h 
t he dr awi ngs and speci f i cat i ons.

3. 3. 1   Test s

Per f or m f i el d t est s and pr ovi de l abor ,  equi pment ,  and i nci dent al s r equi r ed 
f or  t est i ng.  

3. 3. 1. 1   Hydr ost at i c Sewer  Test

When unusual  conf l i c t s ar e encount er ed bet ween sani t ar y sewer  and 
wat er l i nes a hydr ost at i c pr essur e sewer  t est  wi l l  be per f or med i n 
accor dance wi t h t he appl i cabl e AWWA st andar d f or  t he pi pi ng mat er i al  or  
AWWA C600.

3. 3. 1. 2   Leakage Test s f or  Nonpr essur e Li nes

Test  l i nes f or  l eakage by ei t her  negat i ve ai r  pr essur e t est s or  by 
l ow- pr essur e ai r  t est s.   When necessar y t o pr event  pi pel i ne movement  
dur i ng t est i ng,  pl ace addi t i onal  backf i l l  ar ound pi pe suf f i c i ent  t o 
pr event  movement ,  but  l eavi ng j oi nt s uncover ed t o per mi t  i nspect i on.   When 
l eakage or  pr essur e dr op exceeds t he al l owabl e amount  speci f i ed,  make 
sat i sf act or y cor r ect i on and r et est  pi pel i ne sect i on i n t he same manner .   
Cor r ect  v i s i bl e l eaks r egar dl ess of  l eakage t est  r esul t s.

3. 3. 1. 2. 1   Negat i ve Ai r  Pr essur e Test

3. 3. 1. 2. 1. 1   Pr ecast  Concr et e Manhol es

Test  pr ecast  concr et e sewer  manhol e t est  i n accor dance wi t h ASTM C1244.   
The al l owabl e vacuum dr op i s l ocat ed i n ASTM C1244 Make cal cul at i ons i n 
accor dance wi t h t he Appendi x t o  ASTM C1244.

3. 3. 1. 2. 2   Low- Pr essur e Ai r  Test s

3. 3. 1. 2. 2. 1   PVC Pi pel i nes

Test  PVC pi pe i n accor dance wi t h UBPPA UNI - B- 6.   The al l owabl e pr essur e 
dr op i s l ocat ed i n UBPPA UNI - B- 6.   Make cal cul at i ons i n accor dance wi t h 
t he Appendi x t o UBPPA UNI - B- 6.
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3. 3. 2   Fi el d Test s f or  Cast - I n- Pl ace Concr et e

Fi el d t est i ng r equi r ement s ar e cover ed i n Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE

3. 3. 3   I nspect i on

Check each st r ai ght  r un of  pi pel i ne f or  gr oss def i c i enci es by hol di ng a 
l i ght  i n a manhol e;  t he l i ght  must  show a pr act i cal l y f ul l  c i r c l e of  l i ght  
t hr ough t he pi pel i ne when vi ewed f r om t he adj oi ni ng end of  l i ne.   

       - -  End of  Sect i on - -
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SECTI ON 33 40 00

STORMWATER UTI LI TI ES
11/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO HB- 17 ( 2002;  Er r at a 2003;  Er r at a 2005,  17t h 
Edi t i on)  St andar d Speci f i cat i ons f or  
Hi ghway Br i dges

AASHTO M 294 ( 2021)  St andar d Speci f i cat i on f or  
Cor r ugat ed Pol yet hyl ene Pi pe,  300-  t o 
1500- mm ( 12-  t o 60- i n. )  Di amet er

ASTM I NTERNATI ONAL ( ASTM)

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM B26/ B26M ( 2018;  E 2018)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Sand Cast i ngs

ASTM C32 ( 2013;  R 2017)  St andar d Speci f i cat i on f or  
Sewer  and Manhol e Br i ck ( Made f r om Cl ay or  
Shal e)

ASTM C55 ( 2017)  St andar d Speci f i cat i on f or  Concr et e 
Bui l di ng Br i ck

ASTM C62 ( 2017)  St andar d Speci f i cat i on f or  Bui l di ng 
Br i ck ( Sol i d Masonr y Uni t s Made f r om Cl ay 
or  Shal e)

ASTM C76 ( 2020)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Cul ver t ,  St or m Dr ai n,  
and Sewer  Pi pe

ASTM C76M ( 2020)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Cul ver t ,  St or m Dr ai n,  
and Sewer  Pi pe ( Met r i c)

ASTM C139 ( 2017)  St andar d Speci f i cat i on f or  Concr et e 
Masonr y Uni t s f or  Const r uct i on of  Cat ch 
Basi ns and Manhol es
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ASTM C231/ C231M ( 2017a)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C270 ( 2019a;  E 2019)  St andar d Speci f i cat i on f or  
Mor t ar  f or  Uni t  Masonr y

ASTM C425 ( 2021)  St andar d Speci f i cat i on f or  
Compr essi on Joi nt s f or  Vi t r i f i ed Cl ay Pi pe 
and Fi t t i ngs

ASTM C443 ( 2021)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Concr et e Pi pe and Manhol es,  Usi ng 
Rubber  Gasket s

ASTM C443M ( 2021)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Concr et e Pi pe and Manhol es,  Usi ng 
Rubber  Gasket s ( Met r i c)

ASTM C478/ C478M ( 2020)  St andar d Speci f i cat i on f or  Ci r cul ar  
Pr ecast  Rei nf or ced Concr et e Manhol e 
Sect i ons

ASTM C923/ C923M ( 2020)  St andar d Speci f i cat i on f or  
Resi l i ent  Connect or s Bet ween Rei nf or ced 
Concr et e Manhol e St r uct ur es,  Pi pes and 
Lat er al s

ASTM C990 ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s

ASTM C990M ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s ( Met r i c)

ASTM D1751 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Expansi on Joi nt  Fi l l er  f or  
Concr et e Pavi ng and St r uct ur al  
Const r uct i on ( Nonext r udi ng and Resi l i ent  
Bi t umi nous Types)

ASTM D1752 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Sponge Rubber ,  Cor k and Recycl ed 
PVC Expansi on Joi nt  Fi l l er s f or  Concr et e 
Pavi ng and St r uct ur al  Const r uct i on

ASTM D2321 ( 2020)  St andar d Pr act i ce f or  Under gr ound 
I nst al l at i on of  Ther mopl ast i c Pi pe f or  
Sewer s and Ot her  Gr avi t y- Fl ow Appl i cat i ons

ASTM D2564 ( 2020)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D3034 ( 2016)  St andar d Speci f i cat i on f or  Type PSM 
Pol y( Vi nyl  Chl or i de)  ( PVC)  Sewer  Pi pe and 
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Fi t t i ngs

ASTM D3212 ( 2020)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Dr ai n and Sewer  Pl ast i c Pi pes Usi ng 
Fl exi bl e El ast omer i c Seal s

ASTM F477 ( 2014;  R 2021)  St andar d Speci f i cat i on f or  
El ast omer i c Seal s ( Gasket s)  f or  Joi ni ng 
Pl ast i c Pi pe

ASTM F679 ( 2016)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Lar ge- Di amet er  
Pl ast i c Gr avi t y Sewer  Pi pe and Fi t t i ngs

ASTM F714 ( 2021a)  St andar d Speci f i cat i on f or  
Pol yet hyl ene ( PE)  Pl ast i c Pi pe ( DR- PR)  
Based on Out si de Di amet er

ASTM F794 ( 2021)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pr of i l e Gr avi t y 
Sewer  Pi pe and Fi t t i ngs Based on 
Cont r ol l ed I nsi de Di amet er

ASTM F894 ( 2019)  St andar d Speci f i cat i on f or  
Pol yet hyl ene ( PE)  Lar ge Di amet er  Pr of i l e 
Wal l  Sewer  and Dr ai n Pi pe

ASTM F949 ( 2020)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Cor r ugat ed 
Sewer  Pi pe wi t h a Smoot h I nt er i or  and 
Fi t t i ngs

ASTM F2620 ( 2020a;  E 2021)  St andar d Pr act i ce f or  Heat  
Fusi on Joi ni ng of  Pol yet hyl ene Pi pe and 
Fi t t i ngs

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 06 Test  Repor t s

Leakage Test ;  G

SD- 07 Cer t i f i cat es
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Hydr ost at i c Test  on Wat er t i ght  Joi nt s;  G

Fr ame and Cover  or  Gr at i ngs;  G

SD- 08 Manuf act ur er ' s I nst r uct i ons

Pl aci ng Pi pe and Box Cul ver t ;  G

SD- 11 Cl oseout  Submi t t al s

Post - I nst al l at i on I nspect i on Repor t ;  G

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

1. 3. 1   Del i ver y and St or age

I nspect  mat er i al s del i ver ed t o s i t e f or  damage and unl oad and st or e 
mat er i al s wi t h mi ni mumal  handl i ng.   Do not  st or e mat er i al s di r ect l y on t he 
gr ound.   Keep t he i nsi de of  pi pes and f i t t i ngs f r ee of  di r t  and debr i s.   
Bef or e,  dur i ng,  and af t er  i nst al l at i on,  pr ot ect  pl ast i c pi pe and f i t t i ngs 
f r om any envi r onment  t hat  woul d r esul t  i n damage or  det er i or at i on t o t he 
mat er i al .   Keep a copy of  t he manuf act ur er ' s i nst r uct i ons avai l abl e at  t he 
const r uct i on s i t e at  al l  t i mes and f ol l ow t hese i nst r uct i ons unl ess 
di r ect ed ot her wi se by t he Cont r act i ng Of f i cer .   St or e sol vent s,  sol vent  
compounds,  l ubr i cant s,  el ast omer i c gasket s,  and any si mi l ar  mat er i al s 
r equi r ed t o i nst al l  pl ast i c pi pe i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons and di scar d i f  t he st or age per i od exceeds t he r ecommended 
shel f  l i f e.   Di scar d sol vent s i n use when t he r ecommended pot  l i f e i s 
exceeded.

1. 3. 2   Handl i ng

Handl e mat er i al s i n a manner  t hat  ensur es del i ver y t o t he t r ench i n sound,  
undamaged condi t i on.   Car r y pi pe t o t he t r ench.

PART 2   PRODUCTS

2. 1   PI PE FOR CULVERTS AND STORM DRAI NS

Pi pe si zes f or  cul ver t s and st or m dr ai ns ar e i ndi cat ed on t he dr awi ngs.

2. 1. 1   Concr et e Pi pe

2. 1. 1. 1   Rei nf or ced Cul ver t  and St or m Dr ai n Pi pe

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C76M ASTM C76,  
Cl ass  I I I .  
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2. 1. 2   Pol y Vi nyl  Chl or i de ( PVC)  Pi pe

2. 1. 2. 1   Type PSM PVC Pi pe

ASTM D3034,  maxi mum SDR 35.

2. 1. 2. 2   Pr of i l e PVC Pi pe

ASTM F794,  Ser i es 46.

2. 1. 2. 3   Smoot h Wal l  PVC Pi pe

ASTM F679.

2. 1. 2. 4   Cor r ugat ed PVC Pi pe

ASTM F949.

2. 1. 3   Pol yet hyl ene ( PE)  Pi pe

2. 1. 3. 1   Smoot h Wal l  PE Pi pe

ASTM F714,  maxi mum DR of  21 f or  pi pes 3 t o 24 i nches i n di amet er  and 
maxi mum DR of  26 f or  pi pes 26 t o 48 i nches i n di amet er .   Pol yet hyl ene 
compound mat er i al  desi gnat i on PE3608.

2. 1. 3. 2   Cor r ugat ed PE Pi pe

AASHTO M 294,  Type S.   Pr ovi de pi pe wal l s havi ng t he f ol l owi ng pr oper t i es:

Nomi nal  Si ze ( i nch) Mi ni mum Wal l  Ar ea ( squar e
i n/ f t )

Mi ni mum Moment  of  I ner t i a of
Wal l  Sect i on ( i n.  t o t he

4t h/ i n. )

12 1. 5 0. 024

15 1. 91 0. 053

18 2. 34 0. 062

24 3. 14 0. 116

30 3. 92 0. 163

36 4. 50 0. 222

42 4. 69 0. 543

48 5. 15 0. 543

54 5. 67 0. 800
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Nomi nal  Si ze ( i nch) Mi ni mum Wal l  Ar ea ( squar e
i n/ f t )

Mi ni mum Moment  of  I ner t i a of
Wal l  Sect i on ( i n.  t o t he

4t h/ i n. )

60 6. 45 0. 800

2. 1. 3. 3   Pr of i l e Wal l  PE Pi pe

ASTM F894,  RSC 160.   Pr ovi de pi pe wal l s havi ng t he f ol l owi ng pr oper t i es:

Nomi nal  Si ze ( i nch) Mi ni mum Wal l  Ar ea
( squar e i n/ f t )

Mi ni mum Moment   ( i n t o t he 4t h/ i n)

Cel l  Cl ass 334433C Cel l  Cl ass 335434C

18 2. 96 0. 052 0. 038

21 4. 15 0. 070 0. 051

24 4. 66 0. 081 0. 059

27 5. 91 0. 125 0. 091

30 5. 91 0. 125 0. 091

33 6. 99 0. 161 0. 132

36 7. 81 0. 202 0. 165

42 8. 08 0. 277 0. 227

48 8. 82 0. 338 0. 277

2. 2   PI PE JOI NTS

Pr ovi de j oi nt s t hat  have been t est ed f or  and meet  t he r equi r ement s of  
par agr aph HYDROSTATI C TEST ON WATERTI GHT JOI NTS.

2. 2. 1   Concr et e Pi pe

2. 2. 1. 1   Rubber  Gasket  Joi nt s

Pr ovi de r ubber  gasket  j oi nt s of  a desi gn and physi cal  r equi r ement s 
conf or mi ng t o ASTM C443.  Pr ovi de r ubber  gasket s t hat  meet  t he oi l  
r esi st ant  gasket  r equi r ement s of  ASTM C443M ASTM C443.

2. 2. 1. 2   Pr ef or med Fl exi bl e Seal ant  Joi nt s

Pr ovi de j oi nt s made wi t h pr ef or med f l exi bl e j oi nt  seal ant  conf or mi ng t o 
ASTM C990.
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2. 2. 2   PVC Pl ast i c Pi pe

Pr ovi de sol vent  cement  or  el ast omer i c gasket  t ype j oi nt s i n accor dance 
wi t h t he speci f i cat i on f or  t he pi pe and as r ecommended by t he pi pe 
manuf act ur er .   Use sol vent  cement  conf or mi ng t o ASTM D2564.   Pr ovi de 
gasket s f or  el ast omer i c j oi nt s conf or mi ng t o ASTM F477.

2. 2. 3   Smoot h Wal l  PE Pl ast i c Pi pe

Joi n pi pe usi ng but t  f usi on met hod conf or mi ng t o ASTM F2620.   No of f set  i n 
al i gnment  bet ween adj acent  pi pe ends i s per mi t t ed.

2. 2. 4   Cor r ugat ed PE Pl ast i c Pi pe

Pr ovi de wat er  t i ght  j oi nt s conf or mi ng t o t he r equi r ement s i n AASHTO M 294.   
Make wat er  t i ght  j oi nt s usi ng a PE coupl i ng and r ubber  gasket s as 
r ecommended by t he pi pe manuf act ur er .   Pr ovi de r ubber  gasket s conf or mi ng 
t o ASTM F477.

2. 2. 5   Pr of i l e Wal l  PE Pi pe

Pr ovi de gasket ed or  t her mal  wel d t ype wi t h i nt egr al  bel l  j oi nt s i n 
accor dance wi t h ASTM F894.

2. 3   MI SCELLANEOUS MATERI ALS

2. 3. 1   Concr et e

Unl ess ot her wi se speci f i ed,  pr ovi de concr et e and r ei nf or ced concr et e 
conf or mi ng t o t he r equi r ement s f or __3, 000___ psi  concr et e under  Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE.   Pr ovi de ai r  cont ent  by vol ume of  
concr et e mi xt ur e,  based on measur ement s made i mmedi at el y af t er  di schar ge 
f r om t he mi xer ,  of  5 t o 7 per cent  when maxi mum si ze of  coar se aggr egat e 
exceeds 1- 1/ 2 i nches.   Det er mi ne ai r  cont ent  i n accor dance wi t h 
ASTM C231/ C231M.   Pr ovi de a mi ni mum concr et e cover i ng over  st eel  
r ei nf or ci ng of  not  l ess t han 1 i nch t hi ck f or  cover s and not  l ess t han 
1- 1/ 2 i nches t hi ck f or  wal l s and f l oor i ng.   For  concr et e deposi t ed 
di r ect l y agai nst  t he gr ound,  pr ovi de a cover i ng t hi ckness of  at  l east  3 
i nches bet ween st eel  and gr ound.   Pr ovi de expansi on- j oi nt  f i l l er  mat er i al  
conf or mi ng t o ASTM D1751,  or  ASTM D1752,  or  pr ovi de be r esi n- i mpr egnat ed 
f i ber boar d conf or mi ng t o t he physi cal  r equi r ement s of  ASTM D1752.

2. 3. 2   Mor t ar

Mor t ar  i s not  al l owed f or  pi pe j oi nt s.   Pr ovi de mor t ar  f or  pi pe 
connect i ons t o dr ai nage st r uct ur es conf or mi ng t o ASTM C270,  Type M,  except  
t hat  t he maxi mum pl acement  t i me wi l l  be 1 hour .   Pr ovi de a suf f i c i ent  
quant i t y of  wat er  i n t he mi xt ur e t o pr oduce a st i f f  wor kabl e mor t ar  but  i n 
no case may t he quant i t y exceed 5 gal l ons of  wat er  per  sack of  cement .   
Use wat er  t hat  i s  c l ean and f r ee of  har mf ul  aci ds,  al kal i s,  and or gani c 
i mpur i t i es.   Use t he mor t ar  wi t hi n 30 mi nut es af t er  t he i ngr edi ent s ar e 
mi xed wi t h wat er .

2. 3. 3   Pr ecast  Concr et e Segment al  Bl ocks

Pr ovi de pr ecast  concr et e segment al  bl ock conf or mi ng t o ASTM C139,  not  mor e 
t han 8 i nches t hi ck,  not  l ess t han 8 i nches l ong,  and of  such shape t hat  
j oi nt s can be seal ed ef f ect i vel y and bonded wi t h cement  mor t ar .
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2. 3. 4   Br i ck

Pr ovi de br i ck conf or mi ng t o ASTM C62,  Gr ade SW;  ASTM C55,  Gr ade S- I  or  
S- I I ;  or  ASTM C32,  Gr ade MS.   Pr ovi de mor t ar  f or  j oi nt i ng and pl ast er i ng 
consi st i ng of  one par t  por t l and cement  and t wo par t s f i ne sand.   Li me may 
be added t o t he mor t ar  i n a quant i t y not  mor e t han 25 per cent  of  t he 
vol ume of  cement .   Pr ovi de j oi nt s t hat  ar ecompl et el y f i l l ed and t hat  ar e 
smoot h and f r ee f r om sur pl us mor t ar  on t he i nsi de of  t he st r uct ur e.   
Pl ast er  br i ck st r uct ur es wi t h 1/ 2 i nch of  mor t ar  over  t he ent i r e out si de 
sur f ace of  t he wal l s.   Lay br i ck i n st r et cher  cour ses wi t h a header  cour se 
ever y s i xt h cour se f or  squar e or  r ect angul ar  st r uct ur es.   Lay br i ck 
r adi al l y wi t h ever y s i xt h cour se a st r et cher  cour se f or  r ound st r uct ur es.

2. 3. 5   Pr ecast  Rei nf or ced Concr et e Manhol es

Pr ovi de pr ecast  r ei nf or ced concr et e manhol es conf or mi ng t o ASTM C478/ C478M .   
Pr ovi de j oi nt s bet ween pr ecast  concr et e r i ser s and t ops t hat  ar e made wi t h 
f l exi bl e wat er t i ght ,  r ubber - t ype gasket s meet i ng t he r equi r ement s of  
par agr aph PI PE JOI NTS.

2. 3. 6   Fr ame and Cover  or  Gr at i ngs

Submi t  cer t i f i cat i on on t he abi l i t y  of  f r ame and cover  or  gr at i ngs t o 
car r y t he i mposed l i ve l oad i ndi cat ed on t he dr awi ngs.  Pr ovi de f r ame and 
cover  or  gr at i ngs made of  cast  gr ay i r on,  ASTM A48/ A48M,  Cl ass 35B;  cast  
duct i l e i r on,  ASTM A536,  Gr ade 65- 45- 12;  or  cast  al umi num,  ASTM B26/ B26M,  
Al l oy 356. 0- T6.   St amp or  cast  t he wor d " St or m Sewer "  i nt o cover s so t hat  
i t  i s  pl ai nl y v i s i bl e.

2. 3. 7   Resi l i ent  Connect or s

Pr ovi de f l exi bl e,  wat er t i ght  connect or s conf or mi ng t o ASTM C923/ C923M  f or  
connect i ng pi pe t o manhol es and i nl et s.

2. 4   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

2. 4. 1   Hydr ost at i c Test  on Wat er t i ght  Joi nt s

Per f or m a hydr ost at i c t est  on t he wat er t i ght  j oi nt  t ypes as pr oposed.   
Thi s t est  wi l l  be conduct ed at  t he pl ant  or  by an i ndependent  l abor at or y.   
Onl y one sampl e j oi nt  of  each t ype needs t est i ng;  however ,  i f  t he sampl e 
j oi nt  f ai l s  because of  f aul t y desi gn or  wor kmanshi p,  an addi t i onal  sampl e 
j oi nt  may be t est ed.

2. 4. 1. 1   Concr et e,  Cl ay,  PVC,  PE,  SRPE and PP Pi pe

Pr ovi de j oi nt s i n r ei nf or ced and nonr ei nf or ced concr et e pi pe meet i ng t he 
per f or mance r equi r ement s i n ASTM C990M ASTM C990 or  ASTM C443M ASTM C443.   
Pr ovi de j oi nt s i n c l ay pi pe meet i ng t he t est  r equi r ement s i n ASTM C425.   
Pr ovi de j oi nt s i n PVC,  PE,  SRPE,  and PP pl ast i c pi pe meet i ng t he t est  
r equi r ement s i n ASTM D3212.

PART 3   EXECUTI ON

3. 1   EXCAVATI ON FOR PI PE CULVERTS,  BOX CULVERTS,  STORM DRAI NS,  AND DRAI NAGE 
STRUCTURES

Excavat e t r enches,  excavat e f or  appur t enances and backf i l l  f or  cul ver t s 
and st or m dr ai ns,  i n accor dance wi t h t he appl i cabl e por t i ons of  Sect i on 
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31 00 00 EARTHWORK  and t he r equi r ement s speci f i ed bel ow.

3. 1. 1   Tr enchi ng

Excavat e t r enches t o t he wi dt h i ndi cat ed on t he dr awi ngs or  as speci f i ed 
her ei n.   Tr ench wi dt h shoul d per mi t  sat i sf act or y j oi nt i ng and t hor ough 
t ampi ng of  t he beddi ng mat er i al  under  and ar ound t he pi pe.   Pl ace sheet i ng 
and br aci ng,  wher e r equi r ed,  wi t hi n t he t r ench wi dt h as speci f i ed,  wi t hout  
any over excavat i on.

3. 1. 2   Removal  of  Rock

Repl ace r ock i n ei t her  l edge or  boul der  f or mat i on wi t h sui t abl e mat er i al s 
t o pr ovi de a compact ed ear t h cushi on.   Pr ovi de a compact ed ear t h cushi on 
bet ween unr emoved r ock and t he pi pe wi t h a t hi ckness of  at  l east  8 i nches 
or  1/ 2 i nch f or  each f oot  of  f i l l  over  t he t op of  t he pi pe,  whi chever  i s 
gr eat er ,  but  not  mor e t han t hr ee- f our t hs t he nomi nal  di amet er  of  t he 
pi pe.   Mai nt ai n t he cushi on under  t he bel l  as wel l  as under  t he st r ai ght  
por t i on of  t he pi pe wher e bel l - and- spi got  pi pe i s used.   Pr ovi de a 
compact ed ear t h cushi on bet ween unr emoved r ock and t he box cul ver t  of  at  
l east  8 i nches i n t hi ckness f or  concr et e box cul ver t s.   Excavat e r ock as 
speci f i ed and def i ned i n Sect i on 31 00 00 EARTHWORK .

3. 1. 3   Removal  of  Unst abl e Mat er i al

Wher e wet  or  ot her wi se unst abl e soi l  i ncapabl e of  pr oper l y suppor t i ng t he 
pi pe or  box cul ver t ,  as det er mi ned by t he Cont r act i ng Of f i cer ,  i s  
unexpect edl y encount er ed i n t he bot t om of  a t r ench,  r emove such mat er i al  
t o t he dept h r equi r ed and r epl ace wi t h sel ect  gr anul ar  mat er i al  t o t he 
pr oper  gr ade.   Compact  sel ect  gr anul ar  mat er i al  as speci f i ed i n par agr aph 
FI NAL BACKFI LL.   When r emoval  of  unst abl e mat er i al  i s  due t o t he f aul t  or  
negl ect  of  t he Cont r act or  whi l e per f or mi ng shor i ng and sheet i ng,  wat er  
r emoval ,  or  ot her  speci f i ed r equi r ement s,  per f or m such r emoval  and 
r epl acement  at  no addi t i onal  cost  t o t he Gover nment .

3. 2   BEDDI NG AND I NI TI AL BACKFI LL

Pr ovi de a f i r m beddi ng f oundat i on of  uni f or m densi t y t hr oughout  t he ent i r e 
l engt h of  t he pi pe or  box cul ver t .

3. 2. 1   Concr et e Pi pe

Use sel ect  gr anul ar  mat er i al  conf or mi ng t o Sect i on 31 00 00 EARTHWORK  f or  
haunch and beddi ng mat er i al .   Compact  haunch and out er  beddi ng t o at  l east  
90 per cent  l abor at or y maxi mum densi t y and pl ace i n l ayer s not  exceedi ng 6 
i nch l oose t hi ckness f or  compact i on by hand- oper at ed compact or s and 200 mm 
8 i nches f or  ot her  t han hand- oper at ed machi nes.   Loosel y pl ace mi ddl e 
beddi ng and do not  compact .   Af t er  t he pi pe has been pr oper l y bedded,  
pl ace haunch mat er i al ,  at  a moi st ur e cont ent  t hat  wi l l  f aci l i t at e 
compact i on,  evenl y al ong bot h s i des of  t he pi pe and t hor oughl y compact  
each l ayer  wi t h mechani cal  t amper s or  r ammer s t o t he spr i ngl i ne of  t he 
pi pe.   Thor oughl y compact  t he haunch mat er i al  under  t he haunches of  t he 
pi pe.   For  bel l  and spi got  pi pe,  f or m a depr essi on i n beddi ng mat er i al  f or  
bel l s so ent i r e bar r el  of  pi pe i s uni f or ml y suppor t ed.   Mi ni mi ze t he 
l engt h,  dept h,  and wi dt h of  bel l  depr essi ons t o t hat  r equi r ed f or  pr oper l y 
maki ng t he par t i cul ar  t ype of  j oi nt .
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3. 2. 1. 1   Tr enches

Af t er  t he pi pe has been pr oper l y bedded and haunch mat er i al  pl aced t o t he 
mi dpoi nt  ( spr i ngl i ne)  of  t he pi pe,  backf i l l  and compact  t he r emai nder  of  
t he t r ench by spr eadi ng and r ol l i ng or  compact i ng by mechani cal  r ammer s or  
t amper s i n l ayer s not  exceedi ng 6 i nches.   Test  f or  densi t y as necessar y 
t o ensur e conf or mance t o t he compact i on r equi r ement s speci f i ed bel ow.   
Wher e i t  i s  necessar y,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  t hat  
sheet i ng or  por t i ons of  br aci ng used be l ef t  i n pl ace,  t he cont r act  wi l l  
be adj ust ed accor di ngl y.   Leave unt r eat ed sheet i ng i n pl ace beneat h 
st r uct ur es or  pavement s.

3. 2. 1. 2   Fi l l  Sect i ons

For  pi pe pl aced i n f i l l  sect i ons,  uni f or ml y spr ead f i l l  mat er i al  
l ongi t udi nal l y on bot h s i des of  t he pi pe i n l ayer s not  exceedi ng 6 i nches 
i n compact ed dept h,  and compact  by r ol l i ng par al l el  wi t h pi pe or  by 
mechani cal  t ampi ng or  r ammi ng.   Pr i or  t o commenci ng nor mal  f i l l i ng 
oper at i ons,  t he cr own wi dt h of  t he f i l l  at  a hei ght  of  12 i nches above t he 
t op of  t he pi pe must  ext end a di st ance of  not  l ess t han t wi ce t he out si de 
pi pe di amet er  on each si de of  t he pi pe or  12 f eet ,  whi chever  i s l ess.   
Af t er  t he backf i l l  has r eached at  l east  12 i nches above t he t op of  t he 
pi pe,  pl ace and t hor oughl y compact  t he r emai nder  of  t he f i l l  i n l ayer s not  
exceedi ng 8 i nches.

3. 3   PLACI NG PI PE AND BOX CULVERT

Submi t  pr i nt ed copi es of  t he pi pe or  box cul ver t  manuf act ur er ' s 
r ecommended pi pe or  box cul ver t  i nst al l at i on pr ocedur es pr i or  t o 
i nst al l at i on.   Thor oughl y exami ne each sect i on of  pi pe or  box cul ver t  
bef or e bei ng l ai d;  do not  use def ect i ve or  damaged pi pe.   Pr ot ect  pl ast i c 
pi pe,  excl udi ng SRPE pi pe,  f r om exposur e t o di r ect  sunl i ght  pr i or  t o 
l ayi ng,  i f  necessar y t o mai nt ai n adequat e pi pe st i f f ness and meet  
i nst al l at i on def l ect i on r equi r ement s.   Lay pi pel i nes t o t he gr ades and 
al i gnment  i ndi cat ed.   Pr ovi de pr oper  f aci l i t i es f or  l ower i ng sect i ons of  
pi pe i nt o t r enches.    Do not  l ay pi pe i n wat er  or  when t r ench condi t i ons 
or  weat her  ar e unsui t abl e f or  such wor k.   Di ver t  dr ai nage or  dewat er  
t r enches dur i ng const r uct i on as necessar y.

3. 3. 1   Concr et e and PVCPi pe

Lay pi pe pr oceedi ng upgr ade wi t h spi got  ends of  bel l - and- spi got  pi pe and 
t ongue ends of  t ongue- and- gr oove pi pe poi nt i ng i n t he di r ect i on of  t he 
f l ow.

3. 4   JOI NTI NG

3. 4. 1   Concr et e Pi pe

3. 4. 1. 1   Pl ast i c Seal i ng Compound Joi nt s f or  Tongue- and- Gr ooved Pi pe and 
Box Cul ver t s

Fol l ow t he r ecommendat i on of  t he par t i cul ar  manuf act ur er  i n r egar d t o 
seal i ng compound speci al  i nst al l at i on r equi r ement s.   When l ubr i cant s,  
pr i mer s,  or  adhesi ves ar e used,  onl y appl y on sur f aces t hat  ar e dr y and 
cl ean.   Af f i x  seal i ng compounds t o t he pi pe or  box cul ver t  not  mor e t han 3 
hour s pr i or  t o i nst al l at i on of  t he pi pe or  box cul ver t .   Pr ot ect  seal i ng 
compounds  f r om t he sun,  bl owi ng dust ,  and ot her  del et er i ous agent s at  al l  
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t i mes.   I nspect  seal i ng compounds bef or e i nst al l at i on of  t he pi pe or  box 
cul ver t ,  and r emove and r epl ace any l oose or  i mpr oper l y af f i xed seal i ng 
compound.   Al i gn t he pi pe or  box cul ver t  wi t h t he pr evi ousl y i nst al l ed 
pi pe or  box cul ver t ,  and pul l  t he j oi nt  t oget her .   

3. 4. 1. 2   Fl exi bl e Wat er t i ght  Joi nt s

Use l ubr i cant s,  cement s,  adhesi ves,  and ot her  speci al  i nst al l at i on 
r equi r ement s f or  gasket s and j oi nt i ng mat er i al s as r ecommended by t he 
manuf act ur er .   When l ubr i cant s,  cement s,  or  adhesi ves ar e used,  onl y appl y 
on sur f aces t hat  ar e c l ean and dr y.   Af f i x  gasket s and j oi nt i ng mat er i al s 
t o t he pi pe not  mor e t han 24 hour s pr i or  t o t he i nst al l at i on of  t he pi pe,  
and pr ot ect  f r om t he sun,  bl owi ng dust ,  and ot her  del et er i ous agent s at  
al l  t i mes.   I nspect  gasket s and j oi nt i ng mat er i al s bef or e i nst al l i ng t he 
pi pe;  r emove and r epl ace any l oose or  i mpr oper l y af f i xed gasket s and 
j oi nt i ng mat er i al s.   Al i gn t he pi pe wi t h t he pr evi ousl y i nst al l ed pi pe,  
and push t he j oi nt  home.   I f  t he gasket  becomes vi s i bl y di s l ocat ed when 
j oi ni ng sect i ons of  pi pe,  r emove t he pi pe and r emake t he j oi nt .

3. 5   DRAI NAGE STRUCTURES

3. 5. 1   Manhol es and I nl et s

Const r uct  manhol es of  pr ecast  r ei nf or ced concr et e.   Const r uct  i nl et s of  
pr ecast  or cast  i n pl acer ei nf or ced concr et e.  Pr ovi de manhol es and i nl et s 
compl et e wi t h f r ames and cover s or  gr at i ngs.  Make pi pe connect i ons t o 
concr et e manhol es and i nl et s wi t h f l exi bl e,  wat er t i ght  connect or s.

3. 6   I NSTALLATI ON OF TRACER WI RE AND WARNI NG TAPE
I nst al l  war ni ng t ape above al l  st or m dr ai n pi pe i n accor dance wi t h Sect i on 
31 00 00 EARTHWORK .

3. 7   FI NAL BACKFI LL

Backf i l l  t r enches wi t h sat i sf act or y mat er i al  deposi t ed i n l ayer s of  a 
maxi mum of   8 i nches l oose t hi ckness and compact ed t o 90 per cent  of  
maxi mum densi t y f or  cohesi ve soi l s and 95 per cent  of  maxi mum densi t y f or  
cohesi onl ess soi l s i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.   Test i ng 
i s t he r esponsi bi l i t y  of  t he Cont r act or  and wi l l  be per f or med at  no 
addi t i onal  cost  t o t he Gover nment .   Unl ess ot her wi se speci f i ed,  det er mi ne 
f i el d i n- pl ace densi t y of  f i nal  backf i l l  at  a f r equency of  one t est  per  50 
l i near  f eet ,  or  f r act i on t her eof ,  of  each l i f t  of  backf i l l .   Submi t  t est  
r esul t s i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.   Do not  di spl ace or  
damage pi pe or  box when compact i ng f i nal  backf i l l  by r ol l i ng or  oper at i ng 
heavy equi pment  par al l el  wi t h t he pi pe or  box.   Movement  of  const r uct i on 
machi ner y over  a cul ver t  or  st or m dr ai n at  any st age of  const r uct i on wi l l  
be at  t he Cont r act or ' s r i sk.   Repai r  or  r epl ace any damaged pi pe.   Pr ot ect  
concr et e pi pes wi t h a mi ni mum of  3 f eet  of  cover  pr i or  t o per mi t t i ng heavy 
const r uct i on equi pment  t o pass over  t hem dur i ng const r uct i on.   Pr ovi de t he 
mi ni mum cover  f or  const r uct i on l oads over  cor r ugat ed st eel  pi pes as 
speci f i ed i n Sect i on 26,  Di v i s i on I I  of  AASHTO HB- 17.   Pr ovi de mi ni mum 
cover  f or  const r uct i on l oads over  pl ast i c pi pes as speci f i ed i n ASTM D2321.
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3. 8   FI ELD QUALI TY CONTROL

3. 8. 1   Test s

Test i ng i s t he r esponsi bi l i t y  of  t he Cont r act or .   Per f or m al l  t est i ng and 
r et est i ng at  no addi t i onal  cost  t o t he Gover nment .

3. 8. 1. 1   Leakage Test

Test  pi pe l i nes f or  l eakage pr i or  t o compl et i ng backf i l l  by per f or mi ng 
ei t her  an exf i l t r at i on t est ,  l ow pr essur e ai r  pi pel i ne t est  or  by 
i ndi v i dual  pi pe j oi nt  t est i ng.   Submi t  l eakage t est  r esul t s t o t he 
Cont r act i ng Of f i cer .

3. 8. 1. 1. 1   Exf i l t r at i on Test

Pr i or  t o exf i l t r at i on t est s,  backf i l l  t he t r ench up t o at  l east  t he l ower  
hal f  of  t he pi pe.   I f  r equi r ed,  pl ace suf f i c i ent  addi t i onal  backf i l l  t o 
pr event  pi pe movement  dur i ng t est i ng,  l eavi ng t he j oi nt s uncover ed t o 
per mi t  i nspect i on.   When t he wat er  t abl e i s 2 f eet  or  mor e above t he t op 
of  t he pi pe at  t he upper  end of  t he pi pel i ne sect i on t o be t est ed,  measur e 
i nf i l t r at i on usi ng a sui t abl e wei r  or  ot her  devi ce accept abl e t o t he 
Cont r act i ng Of f i cer .   Per f or m exf i l t r at i on t est  by f i l l i ng t he l i ne t o be 
t est ed wi t h wat er  so t hat  a head of  at  l east  2 f eet  i s  pr ovi ded above bot h 
t he wat er  t abl e and t he t op of  t he pi pe at  t he upper  end of  t he pi pel i ne 
t o be t est ed.   Al l ow t he f i l l ed l i ne t o st and unt i l  t he pi pe has r eached 
i t s maxi mum absor pt i on,  but  not  l ess t han 4 hour s.   Af t er  absor pt i on,  
r eest abl i sh t he head.   Measur e t he amount  of  wat er  r equi r ed t o mai nt ai n 
t hi s wat er  l evel  dur i ng a 2- hour  t est  per i od.   Leakage as measur ed by t he 
exf i l t r at i on t est  must  not  exceed0. 2 gal l ons per  i nch i n di amet er  per  100 
f eet  of  pi pel i ne per  hour .   Cor r ect  v i s i bl e l eaks encount er ed r egar dl ess 
of  l eakage t est  r esul t s.

3. 8. 2   I nspect i on

3. 8. 2. 1   Post - I nst al l at i on I nspect i on

I nspect  each segment  of  pi pe f or  al i gnment ,  set t l ement ,  j oi nt  separ at i ons,  
soi l  mi gr at i on t hr ough t he j oi nt ,  cr acks,  buckl i ng,  bul gi ng and 
def l ect i on.   An engi neer  must  eval uat e al l  def ect s t o det er mi ne i f  any 
r emedi at i on or  r epai r  i s  r equi r ed.

3. 8. 2. 1. 1   Concr et e Pi pe

An engi neer  must  eval uat e al l  pi pes wi t h cr acks wi t h a wi dt h gr eat er  t han 
0. 25 mm 0. 01 i nches,  but  l ess t han 0. 10 i nches t o det er mi ne i f  any 
r emedi at i on or  r epai r  i s  r equi r ed. 3. 8. 2. 1. 2   Fl exi bl e Pi pe

Check each f l exi bl e pi pe ( PE,  PVC,  PP,  cor r ugat ed st eel  and al umi num)  f or  
r i ps,  t ear s,  j oi nt  separ at i ons,  soi l  mi gr at i on t hr ought  t he j oi nt ,  cr acks,  
l ocal i zed buckl i ng,  bul ges,  set t l ement  and al i gnment .

3. 8. 2. 1. 3   Post - I nst al l at i on I nspect i on Repor t

The def l ect i on r esul t s and f i nal  post  i nst al l at i on i nspect i on r epor t  must  
i ncl ude:   pi pe l ocat i on i dent i f i cat i on,  equi pment  used f or  i nspect i on,  
i nspect or  name,  devi at i on f r om desi gn,  gr ade,  devi at i on f r om l i ne,  
def l ect i on and def or mat i on of  f l exi bl e pi pe,  i nspect or  not es,  condi t i on of  
j oi nt s,  condi t i on of  pi pe wal l  ( e. g.  di st r ess,  cr acki ng,  wal l  damage 
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dent s,  bul ges,  cr eases,  t ear s,  hol es,  et c. ) .

3. 8. 3   Repai r  of  Def ect s

3. 8. 3. 1   Leakage Test

When l eakage exceeds t he maxi mum amount  speci f i ed,  cor r ect  sour ce of  
excess l eakage by r epl aci ng damaged pi pe and gasket s and r et est . 3. 8. 3. 2   

I nspect i on

Repl ace pi pe or  r epai r  def ect s i ndi cat ed i n t he Post - I nst al l at i on 
I nspect i on Repor t .

3. 8. 3. 2. 1   Concr et e Pi pe

Repl ace pi pes havi ng cr acks wi t h a wi dt h gr eat er  t han 0. 1 i nches.

3. 8. 3. 2. 2   Fl exi bl e Pi pe

Repl ace pi pes havi ng cr acks or  spl i t s.

3. 9   PROTECTI ON

Pr ot ect  st or m dr ai nage pi pi ng and adj acent  ar eas f r om super i mposed and 
ext er nal  l oads dur i ng const r uct i on.

3. 10   WARRANTY PERI OD

Pi pe segment s f ound t o have def ect s dur i ng t he war r ant y per i od must  be 
r epl aced wi t h new pi pe and r et est ed.

        - -  End of  Sect i on - -

SECTI ON 33 40 00  Page 13



CONVERT WASH RACK TO 4- BAY T- 7 HANGAR,  B452 RTA SUBMI TTAL
COLUMBUS AFB,  MI SSI SSI PPI JUNE 2024

SECTI ON 33 52 23. 15

POL SERVI CE PI PI NG WELDI NG
11/ 18

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN SOCI ETY FOR NONDESTRUCTI VE TESTI NG ( ASNT)

ASNT SNT- TC- 1A ( 2020)  Recommended Pr act i ce f or  Per sonnel  
Qual i f i cat i on and Cer t i f i cat i on i n 
Nondest r uct i ve Test i ng

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B31. 3 ( 2020)  Pr ocess Pi pi ng

ASME BPVC SEC V ( 2017)  BPVC Sect i on V- Nondest r uct i ve 
Exami nat i on

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A2. 4 ( 2012)  St andar d Symbol s f or  Wel di ng,  
Br azi ng and Nondest r uct i ve Exami nat i on

AWS A3. 0M/ A3. 0 ( 2020)  St andar d Wel di ng Ter ms and 
Def i ni t i ons

AWS A5. 1/ A5. 1M ( 2012)  Speci f i cat i on f or  Car bon St eel  
El ect r odes f or  Shi el ded Met al  Ar c Wel di ng

AWS A5. 18/ A5. 18M ( 2021)  Speci f i cat i on f or  Car bon St eel  
El ect r odes and Rods f or  Gas Shi el ded Ar c 
Wel di ng

AWS A5. 32/ A5. 32M ( 2021)  Wel di ng Consumabl es- Gases and Gas 
Mi xt ur es f or  Fusi on Wel di ng and Al l i ed 
Pr ocessess

AWS C5. 5/ C5. 5M ( 2003)  Recommended Pr act i ces f or  Gas 
Tungst en Ar c Wel di ng

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS D10. 4 ( 1986;  R 2000)  Recommended Pr act i ces f or  
Wel di ng Aust eni t i c  Chr omi um- Ni ckel  
St ai nl ess St eel  Pi pi ng and Tubi ng

AWS D10. 7/ D10. 7M ( 2008)  Gui de f or  t he Gas Shi el ded Ar c 
Wel di ng of  Al umi num and Al umi num Al l oy Pi pe
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AWS D10. 10/ D10. 10M ( 2021)  Recommended Pr act i ces f or  Local  
Heat i ng of  Wel ds i n Pi pi ng and Tubi ng

AWS D10. 11M/ D10. 11 ( 2007)  Gui de f or  Root  Pass Wel di ng of  Pi pe 
Wi t hout  Backi ng

AWS D10. 12M/ D10. 12 ( 2000)  Gui del i ne f or  Wel di ng Mi l d St eel  
Pi pe

AWS QC1 ( 2016)  Speci f i cat i on f or  AWS Cer t i f i cat i on 
of  Wel di ng I nspect or s

AWS WHB- 4. 9 ( 2010)  Wel di ng Handbook,  Vol ume 4 -  
Mat er i al s and Appl i cat i ons Par t  1

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

1. 2   DEFI NI TI ONS

Def i ni t i ons must  be i n accor dance wi t h AWS A3. 0M/ A3. 0 except  as f ol l ows:

a.   Wel d s l ag i s def i ned as t he cr yst al l i ne r esi due r emai ni ng on t he wel d 
sur f ace f ol l owi ng a wel d pr ocedur e whi ch uses f l ux as a shi el di ng 
met hod.

b.   POL ser vi ce pi pi ng consi st s of  pi pi ng and component s used f or  
pet r ol eum,  oi l  and l ubr i cant s ( POL)  under  pr essur e or  gr avi t y f or ce 
i ncl udi ng modi f i cat i ons t o exi st i ng hydr ant  f uel i ng syst ems.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s

Wel di ng Pr ocedur e Speci f i cat i ons ( WPS) ;  G

Wel der  Per f or mance Qual i f i cat i on ( WPQ) ;  G

Pr ocedur e Qual i f i cat i on Recor d ( PQR) ;  G

Wel di ng Oper at i ons;  G

SD- 02 Shop Dr awi ngs

POL Ser vi ce Pi pi ng;  G

SD- 06 Test  Repor t s

Wel di ng Repor t s

Exami nat i ons,  I nspect i ons and Test s
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SD- 07 Cer t i f i cat es

Qual i f i cat i ons;  G

1. 4   GENERAL REQUI REMENTS

Thi s sect i on cover s t he wel di ng of  Pet r ol eum,  Oi l  and Lubr i cant  ( POL)  
Ser vi ce syst ems.   Devi at i ons f r om appl i cabl e codes,  appr oved pr ocedur es,  
and appr oved det ai l  dr awi ngs wi l l  not  be per mi t t ed wi t hout  pr i or  wr i t t en 
appr oval  by t he Cont r act i ng Of f i cer .   Mat er i al s or  component s wi t h wel ds 
made of f s i t e wi l l  not  be accept ed i f  t he wel di ng does not  conf or m t o t he 
r equi r ement s of  t hi s speci f i cat i on,  unl ess ot her wi se speci f i ed.   
Pr ocedur es must  be devel oped by t he Cont r act or  f or  wel di ng al l  met al s 
i ncl uded i n t he wor k.   Wel di ng must  not  be st ar t ed unt i l  wel di ng 
pr ocedur es,  wel der s,  and wel di ng oper at or s have been qual i f i ed.   
Qual i f i cat i on t est i ng must  be per f or med by an appr oved t est i ng l abor at or y,  
or  by t he Cont r act or  i f  appr oved by t he Cont r act i ng Of f i cer .   Cost s of  
such t est i ng must  be bor ne by t he Cont r act or .   The Cont r act i ng Of f i cer  
must  be not i f i ed at  l east  one week i n advance of  t he t i me and pl ace of  t he 
t est s.   I f  t he Cont r act i ng Of f i cer  el ect s t o wi t ness t he t est s,  t he 
qual i f i cat i on t est s must  be per f or med at  or  near  t he wor ksi t e.   The 
Cont r act or  must  mai nt ai n cur r ent  r ecor ds of  t he t est  r esul t s obt ai ned i n 
t he wel di ng pr ocedur e,  wel di ng oper at or ,  wel der  per f or mance 
qual i f i cat i ons,  and nondest r uct i ve exami nat i on ( NDE)  pr ocedur es r eadi l y 
avai l abl e at  t he s i t e f or  exami nat i on by t he Cont r act i ng Of f i cer .   The 
pr ocedur es f or  maki ng t r ansi t i on wel ds bet ween di f f er ent  mat er i al s or  
bet ween pl at es or  pi pes of  di f f er ent  wal l  t hi cknesses must  be qual i f i ed.   
Unl ess ot her wi se speci f i ed,  t he choi ce of  wel di ng pr ocess must  be t he 
r esponsi bi l i t y  of  t he Cont r act or .   I t  shoul d be not ed t hat  ASME B31. 3 
i ncor por at es by r ef er ence,  ot her  r equi r ement s of  ASME Sect i on V,  Sect i on 
I X and speci f i c  AWS r equi r ement s.

1. 5   PERFORMANCE

The Cont r act or  wi l l  be r esponsi bl e f or  t he qual i t y of  al l  j oi nt  
pr epar at i on,  wel di ng,  and exami nat i on.   Al l  mat er i al s used i n t he wel di ng 
oper at i ons must  be cl ear l y i dent i f i ed and r ecor ded.   The i nspect i on and 
t est i ng def i ned i n t hi s speci f i cat i on ar e mi ni mum r equi r ement s.   
Addi t i onal  i nspect i on and t est i ng must  be t he r esponsi bi l i t y  of  t he 
Cont r act or  when he deems i t  necessar y t o achi eve t he qual i t y r equi r ed.

1. 6   QUALI FI CATI ONS

Wel di ng pr ocedur es,  wel der s,  and wel di ng oper at or s pr evi ousl y qual i f i ed by 
t est  may be accept ed f or  t he wor k wi t hout  r equal i f i cat i on,  pr ovi ded t hat  
al l  of  t he f ol l owi ng condi t i ons ar e f ul f i l l ed:

a.   Copi es of  t he wel di ng pr ocedur e speci f i cat i ons ( WPS) ,  t he pr ocedur e 
qual i f i cat i on r ecor d ( PQR)  r ecor d,  and t he wel der  per f or mance 
qual i f i cat i on ( WPQ)  ar e submi t t ed and appr oved i n accor dance wi t h 
par agr aph SUBMI TTALS.

b.   Test i ng was per f or med by an appr oved t est i ng l abor at or y or  appr oved 
t echni cal  consul t ant  or  by t he Cont r act or ' s appr oved qual i t y assur ance 
or gani zat i on.

c.   The wel di ng pr ocedur es,  wel der s,  and wel di ng oper at or s wer e qual i f i ed 
i n accor dance wi t h ASME B31. 3 and base mat er i al s,  f i l l er  mat er i al s,  
el ect r odes,  equi pment ,  and pr ocesses conf or med t o t he appl i cabl e 
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r equi r ement s of  t hi s speci f i cat i on.

d.   The r equi r ement s of  par agr aph RENEWAL OF QUALI FI CATI ON bel ow ar e met  
and r ecor ds showi ng name of  empl oyer  and per i od of  empl oyment  usi ng 
t he pr ocess f or  whi ch qual i f i ed ar e submi t t ed as evi dence of  
conf or mance.

1. 6. 1   Wel di ng Oper at i ons

The Cont r act or  must  pr ovi de a descr i pt i on of  how t he cr i t i cal  wel di ng 
oper at i ons wi l l  be accompl i shed.   Pr ovi de t he wel di ng pr ocedur es t o be 
used f or  each oper at i on,  t he sequence of  wel di ng t o mi ni mi ze heat  
di st or t i on,  sequence of  wel di ng pi pi ng sect i ons bot h i n t he t r ench and 
out si de,  machi ne wel di ng i f  used,  and mul t i pl e wel der s on same pi pe wel d.   
Submi t  det ai l ed pr ocedur es whi ch def i ne met hods of  compl i ance t o cont r act  
dr awi ngs and speci f i cat i ons.

1. 6. 2   Wel di ng Pr ocedur e Speci f i cat i on and Pr ocedur e Qual i f i cat i on Recor ds

The Cont r act or  must  r ecor d i n det ai l  and must  qual i f y t he Wel di ng 
Pr ocedur e Speci f i cat i ons f or  ever y pr oposed wel di ng pr ocedur e.   
Qual i f i cat i on f or  each wel di ng pr ocedur e must  conf or m t o t he r equi r ement s 
of  ASME B31. 3 and t o t hi s speci f i cat i on.   The wel di ng pr ocedur es must  
speci f y back pur ge gas r equi r ement s,  end pr epar at i on f or  but t  wel ds 
i ncl udi ng cl eani ng,  al i gnment ,  and r oot  openi ngs.   Pr eheat ,  i nt er pass 
t emper at ur e cont r ol ,  and post heat  t r eat ment  of  wel ds must  be as r equi r ed 
by appr oved wel di ng pr ocedur es,  unl ess ot her wi se i ndi cat ed or  speci f i ed.   
Copi es of  t he wel di ng pr ocedur e speci f i cat i ons and wel d pr ocedur e 
qual i f i cat i on r ecor d r esul t s f or  each t ype of  wel di ng r equi r ed must  be 
submi t t ed i n accor dance wi t h par agr aph SUBMI TTALS.   Appr oval  of  any 
pr ocedur e does not  r el i eve t he Cont r act or  of  t he sol e r esponsi bi l i t y  f or  
pr oduci ng accept abl e wel ds.   Wel di ng pr ocedur es must  be i dent i f i ed 
i ndi v i dual l y and must  be r ef er enced on t he POL ser vi ce pi pi ng shop 
dr awi ngs.   Submi t  det ai l  dr awi ngs showi ng l ocat i on,  l engt h,  and t ype of  
wel ds;  and i ndi cat i ng pr ewel d and post wel d heat  t r eat ment  and NDE as 
r equi r ed.   The dr awi ngs must  show t he wel di ng pr ocedur e speci f i cat i on 
( WPS)  t o be used at  each wel d l ocat i on.

1. 6. 3   Wel der  and Wel di ng Oper at or  Per f or mance

Each wel der  and wel di ng oper at or  assi gned t o wor k must  be qual i f i ed i n 
accor dance wi t h ASME B31. 3.

1. 6. 3. 1   Cer t i f i cat i on

Bef or e assi gni ng wel der s or  wel di ng oper at or s t o t he wor k,  t he Cont r act or  
must  pr ovi de t he Cont r act i ng Of f i cer  wi t h t hei r  names t oget her  wi t h 
cer t i f i cat i on t hat  each i ndi v i dual  i s  per f or mance- qual i f i ed as speci f i ed.   
The cer t i f i cat i on must  st at e t he t ype of  wel di ng and posi t i ons f or  whi ch 
each i s qual i f i ed,  t he code and wel di ng pr ocedur e speci f i cat i on under  
whi ch each i s qual i f i ed,  dat e qual i f i ed,  and t he f i r m and i ndi v i dual  
cer t i f y i ng t he qual i f i cat i on t est s.   The Cont r act or  must  pr ovi de a summar y 
t abl e showi ng al l  wel der s and t he WPS wi t h whi ch t hey ar e qual i f i ed t o 
wel d.

1. 6. 3. 2   I dent i f i cat i on

Each par t i cul ar  wel d must  be i dent i f i ed wi t h t he per sonal  number ,  l et t er ,  
or  symbol  assi gned t o each wel der  or  wel di ng oper at or .   To i dent i f y wel ds,  
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wr i t t en r ecor ds i ndi cat i ng t he l ocat i on of  wel ds made by each wel der  or  
wel di ng oper at or  must  be submi t t ed,  and each wel der  or  wel di ng oper at or  
must  appl y t he per sonal  mar k adj acent  t o t he wel ds usi ng a r ubber  st amp or  
f el t - t i pped mar ker  wi t h per manent ,  weat her pr oof  i nk or  ot her  met hods 
appr oved by t he Cont r act i ng Of f i cer  t hat  do not  def or m t he met al .   
I dent i f i cat i on by di e st amps or  el ect r i c et cher s wi l l  not  be al l owed.

1. 6. 3. 3   Renewal  of  Qual i f i cat i on

Requal i f i cat i on of  a wel der  or  wel di ng oper at or  must  be r equi r ed under  any 
of  t he f ol l owi ng condi t i ons:

a.   When a wel der  or  wel di ng oper at or  has not  used t he speci f i c  wel di ng 
pr ocedur e f or  a per i od of  3 mont hs;  t he per i od may be ext ended t o 6 
mont hs i f  t he wel der  or  wel di ng oper at or  has been empl oyed on anot her  
wel di ng pr ocedur e.

b.   When a wel der  or  wel di ng oper at or  has not  wel ded wi t h any pr ocedur e 
dur i ng a per i od of  3 mont hs,  al l  t he per sonal  qual i f i cat i ons must  be 
consi der ed expi r ed,  i ncl udi ng any ext ensi on by v i r t ue of  a.  above.

c.   Ther e i s speci f i c  r eason t o quest i on t he per son' s abi l i t y  t o make 
wel ds t hat  wi l l  meet  t he r equi r ement s of  t he speci f i cat i ons.

d.   The wel der  or  wel di ng oper at or  was qual i f i ed by an empl oyer ,  ot her  
t han t hose f i r ms per f or mi ng wor k under  t hi s cont r act ,  and a 
qual i f i cat i on t est  has not  been t aken wi t hi n t he pr ecedi ng 12 mont hs.

e.   Renewal  of  qual i f i cat i on f or  a speci f i c  wel di ng pr ocedur e under  
condi t i ons a. ,  b. ,  and d. ,  above,  needs t o be made on onl y a s i ngl e 
t est  j oi nt  or  pi pe of  a t hi ckness,  posi t i on,  or  mat er i al  r equi r ed by 
t he wel di ng pr ocedur e speci f i cat i ons t o r eest abl i sh t he wel der ' s or  
wel di ng oper at or ' s qual i f i cat i on f or  t he pr evi ous qual i f i cat i on.

1. 6. 4   Test  Repor t s

Test  r epor t s must  consi st  of  t he f ol l owi ng.

a.   Recor ds made by t he AWS cer t i f i ed i nspect or  f or  al l  dut i es per f or med 
per  par agr aph 4. 2 of  AWS QC1.

b.   Al l  NDE ( r adi ogr aph,  )  r epor t s wi t h uni que wel d I D f or  each wel d 
t est ed.

c.   " Wel d Maps" .   These maps/ dr awi ngs cor r el at e t he shop dr awi ngs 
submi t t ed t o t he NDE r epor t s.   The NDE r epor t  t hat  shows a wel d number  
as accept abl e i s cor r el at ed wi t h wel d number  on t he dr awi ngs.

d.   Pr ovi de t he l ocat i on of  each wel d,  what  pr ocedur e was used,  whi ch 
wel der  di d t he wel d,  t he r esul t s of  t he v i sual  t est ,  and t he r esul t s 
of  t he NDE.

1. 6. 5   I nspect i on and NDE Per sonnel

Cont r act or  must  pr ovi de a commer ci al l y i ndependent  or gani zat i on f or  al l
wel d exami nat i ons.   Al l  i nspect i on and NDE per sonnel  must  be qual i f i ed i n 
accor dance wi t h t he f ol l owi ng r equi r ement s.   The cont r act or  must  submi t  
t he qual i f i cat i ons of  al l  t he t est i ng per sonnel  t hat  wi l l  per f or m al l  
f i el d t est s f or  r evi ew by t he Cont r act i ng Of f i cer .   The qual i f i cat i ons of  
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al l  per sonnel  on t he j ob s i t e t hat  wi l l  per f or m wel di ng i nspect i ons and 
NDE must  be submi t t ed f or  appr oval .   Al l  i nspect or s and NDE per sonnel  must  
have a mi ni mum of  one year  exper i ence i nspect i ng t he pi pi ng mat er i al  bei ng 
used and f i ve year s i n mi l i t ar y or  commer ci al  ai r cr af t  hydr ant  f uel i ng 
syst ems or  t r uck f uel i ng syst ems,  pet r ol eum r ef i ner i es,  power  gener at i ng 
pl ant s,  or  chemi cal  pr ocess pl ant s.

1. 6. 5. 1   I nspect or  Cer t i f i cat i on

Vi sual  wel di ng i nspect or s must  be qual i f i ed i n accor dance wi t h AWS QC1.

1. 6. 5. 2   NDE Per sonnel

NDE per sonnel  must  be cer t i f i ed Level  I I  i n accor dance wi t h ASME Sect i on 
V,  ASME B31. 3 and ASNT SNT- TC- 1A f or  each NDE pr ocedur e he i s r equi r ed t o 
use,  and a wr i t t en pr ocedur e f or  t he cont r ol  and admi ni st r at i on of  NDE 
per sonnel  t r ai ni ng,  exami nat i on,  and cer t i f i cat i on must  be est abl i shed.   
The pr ocedur es must  be based on appr opr i at e speci f i c  and gener al  
gui del i nes of  t r ai ni ng and exper i ence r ecommended by ASNT SNT- TC- 1A.   
Shoul d t he NDE exami ner  al so be a wel der ,  t hat  i ndi v i dual  i s  di squal i f i ed 
f r om exami ni ng t hei r  own wor k.

1. 7   DELI VERY,  STORAGE,  AND HANDLI NG

Al l  f i l l er  met al s,  el ect r odes,  and ot her  wel di ng mat er i al s must  be 
del i ver ed t o t he s i t e i n manuf act ur er s '  or i gi nal  packages and st or ed i n a 
dr y space unt i l  used.   Packages must  be pr oper l y l abel ed and desi gned t o 
gi ve maxi mum pr ot ect i on f r om moi st ur e and t o i nsur e saf e handl i ng.

1. 7. 1   Mat er i al  Cont r ol

Mat er i al s must  be st or ed i n a cont r ol l ed access and cl ean,  dr y ar ea t hat  
i s weat her t i ght  and i s mai nt ai ned at  a t emper at ur e r ecommended by t he 
manuf act ur er .   The mat er i al s must  not  be i n cont act  wi t h t he f l oor  and 
must  be st or ed on wooden pal l et s or  cr i bbi ng.

1. 7. 1. 1   Damaged Cont ai ner s

Low- hydr ogen st eel  el ect r odes must  be st or ed i n t hei r  seal ed shi ppi ng 
cont ai ner .   I f  t he seal  i s  damaged dur i ng shi pment  or  st or age,  and t he 
damage i s not  i mmedi at el y det ect ed,  t he cover ed el ect r odes i n t hat  
cont ai ner  must  be r ebaked i n accor dance wi t h t he manuf act ur er ' s 
i nst r uct i ons pr i or  t o i ssuance or  must  be di scar ded.   I f  a cont ai ner  i s 
damaged i n st or age and t he damage i s wi t nessed,  t he el ect r odes f r om t hat  
cont ai ner  must  be i mmedi at el y pl aced i n a st or age oven.   The st or age oven 
t emper at ur e must  be as r ecommended by t he manuf act ur er  or  t he wel di ng 
mat er i al  speci f i cat i on.

1. 7. 1. 2   Par t i al  I ssues

When a cont ai ner  of  cover ed el ect r odes i s opened and onl y a por t i on of  t he 
cont ent  i s i ssued,  t he r emai ni ng por t i on must ,  wi t hi n t he l i mi t s 
est abl i shed by AWS D1. 1/ D1. 1M be pl aced i n a st or age oven.

1. 7. 2   Damaged Mat er i al s

Mat er i al s whi ch ar e damaged must  be di scar ded.   Cover ed el ect r odes whi ch 
ar e oi l  or  wat er - soaked,  di r t y,  or  on whi ch t he f l ux has separ at ed f r om 
t he wi r e must  be di scar ded.
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1. 8   SYMBOLS

Symbol s must  be i n accor dance wi t h AWS A2. 4.

1. 9   SAFETY

Saf et y pr ecaut i ons must  conf or m t o AWS Z49. 1.

PART 2   PRODUCTS

2. 1   WELDI NG MATERI ALS

Wel di ng mat er i al s f or  car bon st eel ,  st ai nl ess st eel  and al umi num must  
compl y wi t h AWS WHB- 4. 9.   Wel di ng equi pment ,  el ect r odes,  wel di ng wi r e,  
shi el di ng and backi ng gas,  and f l uxes must  be capabl e of  pr oduci ng 
sat i sf act or y wel ds when used by a qual i f i ed wel der  or  wel di ng oper at or  
usi ng qual i f i ed wel di ng pr ocedur es.   Al l  f i el d gi r t h r oot  pass wel ds must  
be made wi t h non- cover ed el ect r odes or  wel di ng wi r e.   Al l  r oot  passes must  
be made wi t h shi el di ng and backi ng gas.   Ext er nal  wel ds on t he pi pe such 
as at t achi ng pi pe suppor t s may be made wi t h cover ed el ect r odes or  wel di ng 
wi r e.   El ect r odes,  wel di ng wi r e and f l uxes must  be i n accor dance wi t h 
Tabl e 1.   Wel di ng mat er i al s f or  al umi num and al umi num al l oy must  compl y 
wi t h AWS D10. 7/ D10. 7M.

TABLE I

AWS Pr ocess Al l oy Consumabl e Use

( Exampl es)  ( 1)

AWS A5. 1/ A5. 1M SMAW Low Car bon E7018 Fi l l

AWS A5. 18/ A5. 18M GTAW Low Car bon E70S- 3, E70S- 6 Root  and Fi l l

AWS A5. 32/ A5. 32M GTAW Al l Shi el di ng Gas

Not e( 1) :   The consumabl e mat er i al  desi gnat i ons shown ar e exampl es onl y and ar e not  
i nt ended t o l i mi t  t he Cont r act or ' s sel ect i on of  consumabl e mat er i al s.

PART 3   EXECUTI ON

3. 1   WELDI NG OPERATI ONS

Wel di ng must  be per f or med i n accor dance wi t h qual i f i ed pr ocedur es usi ng 
qual i f i ed wel der s and wel di ng oper at or s.   Wel di ng must  not  be done when 
t he qual i t y of  t he compl et ed wel d coul d be i mpai r ed by t he pr evai l i ng 
wor ki ng or  weat her  condi t i ons.   The Cont r act i ng Of f i cer  must  det er mi ne 
when weat her  or  wor ki ng condi t i ons ar e unsui t abl e f or  wel di ng.

Wel di ng must  be per f or med i n accor dance wi t h ASME B31. 3 and t he appl i cabl e 
por t i ons of  AWS D10. 4,  AWS D10. 7/ D10. 7M,  AWS D10. 10/ D10. 10M,  
AWS D10. 11M/ D10. 11,  AWS D10. 12M/ D10. 12,  and AWS C5. 5/ C5. 5M.

Al l  j oi nt s unl ess i ndi cat ed ot her wi se,  i n car bon st eel ,  al umi num and 
st ai nl ess st eel  pi pi ng syst ems must  be wel ded.   Unl ess ot her wi se appr oved,  
al l  gi r t h wel ds must  be compl et e penet r at i on gr oove wel ds made i n 
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accor dance wi t h qual i f i ed wel di ng pr ocedur es.   The r oot  pass on st ai nl ess 
st eel ,  al umi num,  and car bon st eel  pi pe must  be by t he GTAW pr ocess.

a.   Wel d Pr epar at i on must  compl y wi t h t he r equi r ement s of  ASME B31. 3 and 
t he qual i f i ed Wel di ng Pr ocedur e Speci f i cat i on.   The use of  " r i ce 
paper "  as pur ge bl ocks i s not  per mi t t ed.   Cont r act or  must  submi t  
al t er nat e met hod f or  appr oval .

b.   Backi ng Ri ngs.   The use of  backi ng r i ngs f or  maki ng or  r epai r i ng wel ds 
wi l l  not  be per mi t t ed.

3. 1. 1   Base Met al  Pr epar at i on

Oxy- f uel  cut t i ng must  not  be used on aust eni t i c  st ai nl ess st eel  or  
nonf er r ous mat er i al s.

Mechani cal  gr i ndi ng of  t her mal  cut  ends must  be used t o r emove t he heat  
af f ect ed ar ea but  shoul d be l i mi t ed t o maxi mum 1/ 8 i nch.

3. 1. 2   Wel d Joi nt  Fi t - Up

Par t s t hat  ar e t o be j oi ned by wel di ng must  be f i t t ed,  al i gned,  and 
r et ai ned i n posi t i on dur i ng t he wel di ng oper at i on by t he use of  bar s,  
j acks,  c l amps,  or  ot her  mechani cal  f i x t ur es.   End wel ds must  be pr oper l y 
al i gned pr i or  t o wel di ng i n accor dance wi t h Chapt er  V of  ASME B31. 3.   Al l  
socket - wel ded j oi nt s must  be pr oper l y f i t t ed wi t h gaps bet ween t he pi pe 
and t he bot t om of  t he socket  i n accor dance wi t h ASME B31. 3.   Cont r act or  
must  i mpl ement  a pr ogr am t o ensur e gaps ar e pr oper l y measur ed and 
document ed.   Wel ded t empor ar y at t achment s must  not  be used except  when i t  
i s  i mpr act i cal  t o use mechani cal  f i x t ur es.  When t empor ar y at t achment s ar e 
used,  t hey must  be t he same mat er i al  as t he base met al ,  and must  be 
compl et el y r emoved by gr i ndi ng or  t her mal  cut t i ng af t er  t he wel di ng 
oper at i on i s compl et ed.   I f  t her mal  cut t i ng i s used,  t he at t achment  must  
be cut  t o not  l ess t han 1/ 4 i nch f r om t he member  and t he bal ance r emoved 
by gr i ndi ng.   Af t er  t he t empor ar y at t achment  has been r emoved,  t he ar ea 
must  be vi sual l y exami ned.

3. 1. 3   But t  Wel d Joi nt  Spaci ng

But t  wel d j oi nt s must  be spaced a mi ni mum of  6 i nches apar t .   Measur ement  
must  be t aken f r om t he t oe of  t he f i r st  wel d t o t he t oe of  t he second 
wel d.   The measur ement  must  be t aken at  t he c l osest  poi nt  bet ween t he 
wel ds when vi sual l y i nspect ed.   I f  spaci ng i s not  possi bl e due t o exi st i ng 
condi t i ons,  a r educt i on i n spaci ng t o not  l ess t han 2 i nches may be made.

3. 1. 4   Pr eheat  and I nt er pass Temper at ur es

Pr eheat  t emper at ur es must  meet  t he r equi r ement s speci f i ed by ASME B31. 3.   
However ,  i n no case wi l l  t he pr eheat  be bel ow 50 degr ees F f or  f er r i t i c  
st eel  or  aust eni t i c  st ai nl ess st eel ,  or  32 degr ees F f or  nonf er r ous 
al l oys.   The maxi mum i nt er pass t emper at ur es must  not  exceed 300 degr ees F 
f or  aust eni t i c  st ai nl ess st eel s,  ni ckel  al l oys,  and copper  al l oys;  and 500 
degr ees F f or  car bon st eel s.   Pr eheat  t echni ques must  be such as t o ensur e 
t hat  t he f ul l  t hi ckness of  t he wel d j oi nt  pr epar at i on andor  adj acent  base 
mat er i al ,  at  l east  3 i nches i n al l  di r ect i ons,  i s  at  t he speci f i ed 
t emper at ur e.   Pr eheat i ng by i nduct i on or  r esi st ance met hods i s pr ef er r ed.   
When f l ame heat i ng i s used,  onl y a neut r al  f l ame must  be empl oyed.   
Oxy- f uel  heat i ng must  not  be used on aust eni t i c  st ai nl ess st eel ;  however ,  
ai r - f uel  heat i ng i s accept abl e i f  cont r ol l ed t o ensur e t hat  t he sur f ace 
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t emper at ur e does not  exceed 150 degr ees F.   I nt er pass t emper at ur es must  be 
checked on t he sur f ace of  t he component  wi t hi n one i nch of  t he wel d gr oove 
and at  t he st ar t i ng l ocat i on of  t he next  wel d pass,  and f or  a di st ance of  
about  6 i nches ahead of  t he wel d,  but  not  on t he ar ea t o be wel ded.

3. 1. 5   Pr oduct i on Wel di ng I nst r uct i ons

a.   Wel di ng must  not  be done when t he ambi ent  t emper at ur e i s l ower  t han 0 
degr ees F.

b.   Wel di ng i s not  per mi t t ed on sur f aces t hat  ar e wet  or  cover ed wi t h i ce,  
when snow or  r ai n i s f al l i ng on t he sur f aces t o be wel ded,  or  dur i ng 
per i ods of  hi gh wi nds,  unl ess t he wel der s and t he wor k ar e pr oper l y 
pr ot ect ed.

c.   Gases f or  pur gi ng and shi el di ng must  be wel di ng gr ade and must  have a 
dew poi nt  of  mi nus 40 degr ees F or  l ower .

d.   Back pur ges ar e r equi r ed f or  aust eni t i c  st ai nl ess st eel s and 
nonf er r ous al l oys wel ded f r om one si de and must  be set  up such t hat  
t he f l ow of  gas f r om t he i nl et  t o t he out l et  or i f i ce passes acr oss t he 
ar ea t o be wel ded.   The oxygen cont ent  of  t he gas exi t i ng f r om t he 
pur ge vent  must  be l ess t han 2 per cent  pr i or  t o wel di ng.   The f l ow 
r at e must  be t hat  r equi r ed by t he appr oved wel d pr ocedur e 
speci f i cat i on.

e.   The pur ge on gr oove wel ds must  be mai nt ai ned f or  at  l east  t wo passes or
 3/ 16 i nch whi chever  i s gr eat er .

f .   Removabl e pur ge dam mat er i al s must  be made of  expandabl e or  f l exi bl e 
pl ugs,  such as Pl exi gl as,  pl ywood ( whi ch must  be dr y when used) .   Wood 
dams must  be ki l n- dr i ed qual i t y.   Pur ge dams must  not  be made of  
pol yvi nyl  al cohol .

g.   Any wel di ng pr ocess whi ch r equi r es t he use of  ext er nal  gas shi el di ng 
must  not  be done i n a dr af t  or  wi nd unl ess t he wel d ar ea i s pr ot ect ed 
by a shel t er .   Thi s shel t er  must  be of  mat er i al  and shape appr opr i at e 
t o r educe wi nd vel oci t y i n t he v i c i ni t y of  t he wel d t o a maxi mum of  5 
mph ( 440 f pm) .

h.   Tack wel ds t o be i ncor por at ed i n t he f i nal  wel ds must  have t hei r  ends 
t aper ed by gr i ndi ng or  wel di ng t echni que.   Tack wel ds t hat  ar e cr acked 
or  def ect i ve must  be r emoved and t he gr oove must  be r et acked pr i or  t o 
wel di ng.   Tempor ar y t ack wel ds must  be r emoved,  t he sur f ace gr ound 
smoot h,  and vi sual l y i nspect ed.   For  l ow- al l oy and har denabl e 
hi gh- al l oy st eel s,  t he ar ea must  be magnet i c par t i c l e exami nat i on 
i nspect ed.

i .   Gr i ndi ng of  compl et ed wel ds i s t o be per f or med onl y t o t he ext ent  
r equi r ed f or  NDE,  i ncl udi ng any i nser vi ce exami nat i on,  and t o pr ovi de 
wel d r ei nf or cement  wi t hi n t he r equi r ement s of  ASME B31. 3.   I f  t he 
sur f ace of  t he wel d r equi r es gr i ndi ng,  r educi ng t he wel d or  base 
mat er i al  bel ow t he mi ni mum r equi r ed t hi ckness must  be avoi ded.   
Mi ni mum wel d ext er nal  r ei nf or cement  must  be f l ush bet ween ext er nal  
sur f aces.

j .   Each qual i f i ed wel der  must  be assi gned an i dent i f i cat i on symbol .   Al l  
wel ds must  be per manent l y mar ked wi t h t he symbol  of  t he i ndi v i dual  who 
made t he wel d.
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k.   Di r ect  wel ded connect i on of  car bon st eel  and st ai nl ess st eel  must  not  
be made.

3. 1. 6   Post wel d Heat  Tr eat ment

a.   When r equi r ed post wel d heat  t r eat ment  must  be per f or med i n accor dance 
wi t h ASME B31. 3.   Temper at ur es f or  l ocal  post wel d heat  t r eat ment  must  
be measur ed cont i nuousl y by t her mocoupl es i n cont act  wi t h t he wel dment .

b.   Post wel d heat  t r eat ment  of  l ow- al l oy st eel s,  when r equi r ed,  must  be 
per f or med i mmedi at el y upon compl et i on of  wel di ng and pr i or  t o t he 
t emper at ur e of  t he wel d f al l i ng bel ow t he pr eheat  t emper at ur e.   
However ,  post wel d heat  t r eat ment  may be post poned af t er  t he compl et i on 
of  t he wel d,  i f ,  i mmedi at el y af t er  t he wel d i s compl et ed,  i t  i s  
mai nt ai ned at  a mi ni mum t emper at ur e of  300 degr ees F or  t he pr eheat  
t emper at ur e,  whi chever  i s gr eat er ,  f or  2- hour s per  one i nch of  wel d 
t hi ckness.

3. 2   EXAMI NATI ONS,  I NSPECTI ONS AND TESTS

Wel d i nspect i on and NDE must  be per f or med by t he Cont r act or  t o det ect  
sur f ace and i nt er nal  di scont i nui t i es i n compl et ed wel ds.   The ser vi ces of  
a qual i f i ed commer ci al  i nspect i on or  t est i ng l abor at or y or  t echni cal  
consul t ant  meet i ng t he r equi r ement s of  par agr aph I NSPECTI ON AND NDE 
PERSONNEL,  appr oved by t he Cont r act i ng Of f i cer ,  must  be empl oyed by t he 
Cont r act or .   Al l  compl et ed wel ds must  be vi sual l y i nspect ed i n accor dance 
wi t h t he v i sual  i nspect i on r equi r ement s of  ASME B31. 3 and AWS D1. 1/ D1. 1M.   
Radi ogr aphi c Li qui d penet r ant  Magnet i c par t i c l e exami nat i on must  be 
r equi r ed as i ndi cat ed bel ow.   When i n- pr ocess wel d qual i t y cont r ol  i s  
r equi r ed f or  t i e- i n wel ds,  i t  must  be per f or med i n accor dance wi t h 
ASME B31. 3.   When i nspect i on and t est i ng i ndi cat es di squal i f y i ng def ect s 
i n a wel d j oi nt ,  t he wel d must  be r epai r ed by a qual i f i ed wel der  i n 
accor dance wi t h par agr aph CORRECTI ONS AND REPAI RS.   The Cont r act or  must  
submi t  wel d i nspect i on and NDE f i el d t est i ng r epor t s t o t he Cont r act i ng 
Of f i cer .

The per son per f or mi ng t he wel d i nspect i on must  per f or m t he f ol l owi ng:

a.   Ver i f y t hat  t he base mat er i al s and consumabl e wel di ng mat er i al s 
conf or m t o t he speci f i cat i ons and t hat  wel di ng f i l l er  met al s used ar e 
as speci f i ed f or  each base mat er i al .

b.   Ver i f y t hat  t he wel di ng equi pment  t o be used f or  t he wor k i s 
appr opr i at e f or  use wi t h t he wel di ng pr ocedur e speci f i cat i on and has 
t he capabi l i t y  t o meet  t he appl i cabl e r equi r ement s of  t he wel di ng 
pr ocedur e.

c.   Ver i f y t hat  onl y appr oved or  qual i f i ed wel di ng pr ocedur es ar e used f or  
t he wor k.

d.   Ver i f y t hat  t he edge pr epar at i on or  j oi nt  geomet r y meet  t he 
r equi r ement s of  t he wel di ng pr ocedur e and dr awi ngs.

e.   Ver i f y t hat  t he speci f i ed f i l l er  met al s ar e used and t hat  f i l l er  
met al s ar e mai nt ai ned i n pr oper  condi t i on,  per  r equi r ement s,  or  as 
r ecommended by t he manuf act ur er .

f .   Ver i f y t hat  t he t echni que and per f or mance of  each wel der ,  wel di ng 
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oper at or ,  and t ack wel der  ar e as speci f i ed.

g.   Ver i f y t hat  t he wor k conf or ms t o r equi r ement s of  t he appl i cabl e 
st andar ds,  dr awi ngs,  or  ot her  document s.

h.   Ver i f y t hat  t he wor k i nspect ed i s i dent i f i ed and document ed i n 
accor dance wi t h speci f i ed r equi r ement s.

i .   Pr epar e c l ear  and conci se r epor t s and ver i f y t hat  r ecor ds of  t he 
r esul t s of  exami nat i ons ar e mai nt ai ned.

j .   Ver i f y t he appr oved WPS pr e- heat  and post  heat  pr ocedur es ar e bei ng 
used.

3. 2. 1   Vi sual  I nspect i on

Wel d j oi nt s must  be i nspect ed vi sual l y as f ol l ows:

a.   Bef or e wel di ng -  f or  compl i ance wi t h r equi r ement s f or  j oi nt  
pr epar at i on,   al i gnment  and f i t - up,  and cl eanl i ness i n accor dance wi t h 
ASME B31. 3.

b.   Dur i ng wel di ng -  f or  cr acks and conf or mance t o t he appr oved wel di ng 
pr ocedur e onl y when i n- pr ocess wel d qual i t y cont r ol  i s  r equi r ed by 
ASME ASME B31. 3.

c.   Af t er  wel di ng -  f or  cr acks,  cont our  and f i ni sh,  bead r ei nf or cement ,  
under cut t i ng,  over l ap,  wel d s l ag on t he i nt er i or  of  t he pi pe and si ze 
of  wel ds i n accor dance wi t h ASME B31. 3 and AWS D1. 1/ D1. 1M.   Vi sual  
exami nat i on of  t he i nt er i or  of  t he pi pe may be per f or med by any of  t he 
r emot e means al l owed by ASME BPVC SEC V,  v i sual  i nspect i on.   Vi sual  
exami nat i on of  t he wel d must  be per f or med pr i or  t o any ot her  NDE 
exami nat i ons as r equi r ed by t hi s speci f i cat i on.

3. 2. 2   NDE Test i ng Fr equency

Al l  pi pe f i el d wel ds,  i ncl udi ng hi gh poi nt  vent  pi pe t ees,  i nser t  but t  
wel ded wel d- o- l et s,  and l ow poi nt  dr ai n pi pe,  must  be exami ned by 
r adi ogr aphi c met hods t o det er mi ne conf or mance t o t he par agr aph ACCEPTANCE 
STANDARDS.   Al l  socket  wel ds and sock- o- l et s or  wel d- o- l et s t o pi pe wel ds 
must  be exami ned wi t h ei t her  magnet i c par t i c l e or  l i qui d penet r ant  
met hods,  i n addi t i on t o t he v i sual  exami nat i ons.   The ser vi ces of  a 
qual i f i ed commer ci al  or  t est i ng l abor at or y appr oved by t he Cont r act i ng 
Of f i cer  must  be empl oyed by t he Cont r act or  f or  t est i ng of  pi pi ng wel ds.   
Cost s of  t est i ng,  i ncl udi ng r et est i ng of  r epai r ed wel ds,  must  be bor ne by 
t he Cont r act or .

a.   Pr ovi de 100 per cent  r adi ogr aphi c t est i ng f or  al l  under gr ound pi pi ng.

3. 2. 3   NDE Test i ng

NDE must  be as r equi r ed by ASME B31. 3 and i n accor dance wi t h wr i t t en 
pr ocedur es.   Pr ocedur es f or  r adi ogr aphi c l i qui d penet r ant  magnet i c par t i c l e
 t est s and met hods must  conf or m t o ASME BPVC SEC V.   Onl y Radi ogr aphy ar e 
accept abl e t est  met hods f or  but t  wel ded j oi nt s.  The appr oved pr ocedur e 
must  be demonst r at ed t o t he sat i sf act i on of  t he Cont r act i ng Of f i cer .   I n 
addi t i on t o t he i nf or mat i on r equi r ed i n ASME BPVC SEC V,  t he wr i t t en 
pr ocedur es must  i ncl ude t he t i mi ng of  t he NDE i n r el at i on t o t he wel di ng 
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oper at i ons and saf et y pr ecaut i ons.

3. 2. 4   I nspect i on and Test s by t he Gover nment

The Gover nment  may per f or m i nspect i on and suppl ement al  nondest r uct i ve or  
dest r uct i ve t est s as deemed necessar y.   The cost  of  suppl ement al  NDE wi l l  
be bor ne by t he Gover nment .   The cor r ect i on and r epai r  of  def ect s and t he 
r eexami nat i on of  wel d r epai r s must  be per f or med by t he Cont r act or  at  no 
addi t i onal  cost  t o t he Gover nment .   I nspect i on and t est s wi l l  be per f or med 
as r equi r ed f or  v i sual  i nspect i on and NDE,  except  t hat  dest r uct i ve t est s 
may be r equi r ed al so.   When dest r uct i ve t est s ar e or der ed by t he 
Cont r act i ng Of f i cer  and per f or med by t he Cont r act or  and t he speci mens or  
ot her  suppl ement al  exami nat i ons i ndi cat e t hat  t he mat er i al s and 
wor kmanshi p do not  conf or m t o t he cont r act  r equi r ement s,  t he cost  of  t he 
t est s,  cor r ect i ons,  and r epai r s must  be bor ne by t he Cont r act or .   When t he 
speci mens or  ot her  suppl ement al  exami nat i ons of  dest r uct i ve t est s i ndi cat e 
t hat  mat er i al s or  wor kmanshi p do conf or m t o t he speci f i cat i on 
r equi r ement s,  t he cost  of  t he t est s and r epai r s wi l l  be bor ne by t he 
Gover nment .   When dest r uct i ve t est s ar e made,  r epai r s must  be made by 
qual i f i ed wel der s or  wel di ng oper at or s usi ng wel di ng pr ocedur es whi ch wi l l  
devel op t he f ul l  st r engt h of  t he member s cut .   Wel di ng must  be subj ect  t o 
i nspect i on and t est s i n t he mi l l ,  shop,  and f i el d.   When mat er i al s or  
wor kmanshi p do not  conf or m t o t he speci f i cat i on r equi r ement s,  t he wor k may 
be r ej ect ed at  any t i me bef or e f i nal  accept ance of  t he syst em cont ai ni ng 
t he wel dment .

3. 3   ACCEPTANCE STANDARDS

Accept ance st andar ds must  be i n accor dance wi t h ASME B31. 3 par agr aph 
341. 3. 2,  Chapt er  VI  i n addi t i on t o t he f ol l owi ng speci f i ed i t ems.

3. 3. 1   Vi sual

The f ol l owi ng i ndi cat i ons ar e unaccept abl e:

Wel d Sl ag on t he i nt er i or  of  t he pi pe.

3. 3. 2   Magnet i c Par t i c l e Exami nat i on

The f ol l owi ng r el evant  i ndi cat i ons ar e unaccept abl e:

a.   Any l i near  i ndi cat i ons.

b.   Rounded i ndi cat i ons wi t h di mensi ons gr eat er  t han 3/ 16 i nch.

c.   Four  or  mor e r ounded i ndi cat i ons i n a l i ne separ at ed by 1/ 16 i nch or  
l ess edge- t o- edge.

d.   Ten or  mor e r ounded i ndi cat i ons i n any 6 squar e i nches of  sur f ace wi t h 
t he maj or  di mensi on of  t hi s ar ea not  t o exceed 6 i nches wi t h t he ar ea 
t aken i n t he most  unf avor abl e l ocat i on r el at i ve t o t he i ndi cat i ons 
bei ng eval uat ed.

3. 3. 3   Li qui d Penet r ant  Exami nat i on

I ndi cat i ons wi t h maj or  di mensi ons gr eat er  t han 1/ 16 of  an i nch must  be 
consi der ed r el evant .   The f ol l owi ng r el evant  i ndi cat i ons ar e unaccept abl e:

a.   Any cr acks or  l i near  i ndi cat i ons.
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b.   Rounded i ndi cat i ons wi t h di mensi ons gr eat er  t han 3/ 16 i nch.

c.   Four  or  mor e r ounded i ndi cat i ons i n a l i ne separ at ed by 1/ 16 i nch or  
l ess edge- t o- edge.

d.   Ten or  mor e r ounded i ndi cat i ons i n any 6 squar e i nches of  sur f ace wi t h 
t he maj or  di mensi on of  t hi s ar ea not  t o exceed 6 i nches wi t h t he ar ea 
t aken i n t he most  unf avor abl e l ocat i on r el at i ve t o t he i ndi cat i ons 
bei ng eval uat ed.

3. 4   CORRECTI ONS AND REPAI RS

Di squal i f y i ng def ect s must  be r emoved and r epai r ed as speci f i ed i n 
ASME B31. 3 unl ess ot her wi se speci f i ed.   Di squal i f y i ng def ect s di scover ed 
bet ween wel d passes must  be r epai r ed bef or e addi t i onal  wel d mat er i al  i s  
deposi t ed.   Af t er  def ect  r emoval  i s  compl et e and bef or e r ewel di ng,  t he 
ar ea must  be exami ned by t he same t est  met hod whi ch f i r st  r eveal ed t he 
def ect  t o ensur e t hat  t he def ect  has been el i mi nat ed.   Af t er  r ewel di ng,  
t he r epai r ed ar ea must  be r eexami ned by t he same t est  met hod or i gi nal l y 
used f or  t hat  ar ea.   Any i ndi cat i on of  a def ect  must  be r egar ded as a 
def ect  unl ess r eeval uat i on by NDE or  by sur f ace condi t i oni ng shows t hat  no 
di squal i f y i ng def ect s ar e pr esent .

3. 4. 1   Def ect  Removal

Def ect i ve or  unsound wel d j oi nt s must  be cor r ect ed by r emovi ng and 
r epl aci ng t he ent i r e wel d j oi nt ,  or  f or  t he f ol l owi ng def ect s cor r ect i ons 
must  be made as f ol l ows:

a.   Excessi ve Convexi t y and Over l ap:   Reduce by r emoval  of  excess met al .

b.   Excessi ve Concavi t y of  Wel d,  Under si zed Wel ds,  Under cut t i ng:   Cl ean 
and deposi t  addi t i onal  wel d met al .

c.   Excessi ve Wel d Por osi t y,  I ncl usi ons,  Lack of  Fusi on,  I ncompl et e 
Penet r at i on:   Remove def ect i ve por t i ons and r ewel d.

d.   Cr acks or  l i ner  i ndi cat i ons i n Wel d or  Base Met al :   Remove cr ack 
t hr oughout  i t s l engt h,  i ncl udi ng sound wel d met al  f or  a di st ance of  
t wi ce t he t hi ckness of  t he base met al  or  t wo i nches,  whi chever  i s 
l ess,  beyond each end of  t he cr ack,  f ol l owed by t he r equi r ed 
r ewel di ng.   Compl et e r emoval  must  be conf i r med by magnet i c par t i c l e 
i nspect i on f or  car bon st eel  or  l i qui d penet r ant  i nspect i on f or  
st ai nl ess st eel .   I nspect i on pr ocedur es must  compl y wi t h t he 
r equi r ement s of  ASME B31. 3.

e.   Poor  Fi t - Up:   Cut  apar t  i mpr oper l y f i t t ed par t s,  and r ewel d.

3. 4. 1. 1   Met hods of  Def ect  Removal

The r emoval  of  wel d met al  or  por t i ons of  t he base met al  must  be done 
pr ef er abl y by chi ppi ng,  gr i ndi ng,  sawi ng,  machi ni ng,  or  ot her  mechani cal  
means.   Def ect s al so may be r emoved by t her mal  cut t i ng t echni ques.   I f  
t her mal  cut t i ng t echni ques ar e used,  t he cut  sur f aces must  be cl eaned and 
smoot hed by mechani cal  means t o r emove t he heat  af f ect ed zone.   I n 
addi t i on,  a maxi mum of  1/ 8- i nch of  met al  must  be r emoved by mechani cal  
means f r om t he cut  sur f aces of  st ai nl ess st eel .
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Wher ever  a def ect  i s  r emoved,  and r epai r  by wel di ng i s not  r equi r ed,  t he 
af f ect ed ar ea must  be bl ended i nt o t he sur r oundi ng sur f ace el i mi nat i ng 
shar p not ches,  cr evi ces,  or  cor ner s.   

3. 4. 1. 2   Rewel di ng

Repai r  wel ds must  be made usi ng an el ect r ode or  f i l l er  wi r e smal l er  t han 
t hat  used i n maki ng t he or i gi nal  wel d.   Rewel di ng must  be done usi ng 
qual i f i ed wel di ng pr ocedur es.   The sur f ace must  be cl eaned bef or e 
r ewel di ng.   Repai r  wel ds must  meet  t he r equi r ement s of  t hi s speci f i cat i on.

3. 4. 1. 3   Peeni ng or  Caul k i ng

The use of  f or ce ( peeni ng)  or  f or ei gn mat er i al s t o mask,  f i l l  i n,  seal ,  or  
di sgui se any wel di ng def ect s must  not  be per mi t t ed.

3. 5   MAI NTAI NI NG CLEANLI NESS OF PI PI NG

The Cont r act or  must  keep t he i nt er i or  and ends of  al l  new pi pi ng af f ect ed 
by t he Cont r act or ' s oper at i ons t hor oughl y c l eaned of  f or ei gn mat t er  and 
wat er  bef or e and af t er  bei ng i nst al l ed.   Pi pi ng syst ems must  be kept  c l ean 
dur i ng i nst al l at i on by means of  pl ugs or  ot her  appr oved met hods.   When 
wor k i s not  i n pr ogr ess,  open ends of  pi pi ng and f i t t i ngs must  be cl osed 
so t hat  no wat er  or  ot her  f or ei gn subst ance wi l l  ent er  t he pi pes or  
f i t t i ngs.   Pi pi ng must  be i nspect ed bef or e pl aci ng i nt o posi t i on.   The 
i nt er i or  of  each l engt h of  pi pe must  be cl eaned af t er  wel di ng;  A swab,  
wi t h a l eat her  or  canvas bel t  di sc t o f i t  t he i nsi de di amet er  of  pi pe,  
must  be pul l ed t hr ough each l engt h of  pi pe af t er  wel di ng i n pl ace.   I t  
must  be t he Cont r act or ' s r esponsi bi l i t y  f or  i nsur i ng t hat  t he i nt er i or  of  
t he pi pi ng i s f r ee of  f or ei gn mat t er  i ncl udi ng wel d s l ag when i t  i s  
connect ed i nt o t he syst em.

       - -  End of  Sect i on - -
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SECTI ON 33 56 10

FACTORY- FABRI CATED FUEL STORAGE TANKS
05/ 19,  CHG 1:  11/ 20

PART 1   GENERAL

1. 1   SUMMARY

Thi s sect i on def i nes t he r equi r ement s f or  f act or y- f abr i cat ed f uel  st or age 
t anks.

1. 1. 1   Rel at ed Sect i ons

1. 1. 1. 1   Ear t hwor k

Excavat i on and backf i l l i ng f or  t anks must  be as speci f i ed i n Sect i on 
31 00 00 EARTHWORK.

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO HB- 17 ( 2002;  Er r at a 2003;  Er r at a 2005,  17t h 
Edi t i on)  St andar d Speci f i cat i ons f or  
Hi ghway Br i dges

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  RP 540 ( 1999;  R 2004)  El ect r i cal  I nst al l at i ons i n 
Pet r ol eum Pr ocessi ng Pl ant s

API  RP 1615 ( 2011)  I nst al l at i on of  Under gr ound 
Pet r ol eum St or age Syst ems

API  RP 2003 ( 2015;  8t h Ed)  Pr ot ect i on Agai nst  
I gni t i ons Ar i s i ng out  of  St at i c,  
Li ght ni ng,  and St r ay Cur r ent s

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A193/ A193M ( 2020)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
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Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2020a)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A563 ( 2015)  St andar d Speci f i cat i on f or  Car bon 
and Al l oy St eel  Nut s

ASTM D3308 ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
PTFE Resi n Ski ved Tape

ASTM F436 ( 2011)  Har dened St eel  Washer s

ASTM F844 ( 2019)  St andar d Speci f i cat i on f or  Washer s,  
St eel ,  Pl ai n ( Fl at ) ,  Unhar dened f or  
Gener al  Use

ASTM F1554 ( 2020)  St andar d Speci f i cat i on f or  Anchor  
Bol t s,  St eel ,  36,  55,  and 105- ksi  Yi el d 
St r engt h

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 142 ( 2007;  Er r at a 2014)  Recommended Pr act i ce 
f or  Gr oundi ng of  I ndust r i al  and Commer ci al  
Power  Syst ems -  I EEE Gr een Book

I EEE 1100 ( 2005)  Emer al d Book I EEE Recommended 
Pr act i ce f or  Power i ng and Gr oundi ng 
El ect r oni c Equi pment

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 30 ( 2021;  TI A 20- 1;  TI A 20- 2)  Fl ammabl e and 
Combust i bl e Li qui ds Code

NFPA 30A ( 2021;  TI A 20- 1)  Code f or  Mot or  Fuel  
Di spensi ng Faci l i t i es and Repai r  Gar ages

NFPA 31 ( 2020)  St andar d f or  t he I nst al l at i on of  
Oi l - Bur ni ng Equi pment

NFPA 70 ( 2020;  ERTA 20- 1 2020;  ERTA 20- 2 2020;  TI A 
20- 1;  TI A 20- 2;  TI A 20- 3;  TI A 20- 4)  
Nat i onal  El ect r i cal  Code

NFPA 77 ( 2014)  Recommended Pr act i ce on St at i c 
El ect r i c i t y
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NFPA 407 ( 2022)  St andar d f or  Ai r cr af t  Fuel  Ser vi c i ng

NFPA 704 ( 2022)  St andar d Syst em f or  t he 
I dent i f i cat i on of  t he Hazar ds of  Mat er i al s 
f or  Emer gency Response

NFPA 780 ( 2020)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems

STEEL TANK I NSTI TUTE ( STI )

STI  020- 50- 1000 ( 2010)  ACT- 100 Speci f i cat i on f or  Ext er nal  
Cor r osi on Pr ot ect i on of  FRP Composi t e 
St eel  USTs

STI  SP001 ( 2018,  6t h Ed)  SP001 St andar d f or  The 
I nspect i on of  Abovegr ound St or age Tanks

STI  SP131 ( 2014)  SP131 St andar d f or  I nspect i on & 
Repai r  Under gr ound St eel  Tanks

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 161 ( 2005;  Rev G;  Not i ce 1 2010)  
I dent i f i cat i on Met hods f or  Bul k Pet r ol eum 
Pr oduct s Syst ems I ncl udi ng Hydr ocar bon 
Mi ssi l e Fuel s

UNDERWRI TERS LABORATORI ES ( UL)

UL 58 ( 2018)  UL St andar d f or  Saf et y St eel  
Under gr ound Tanks f or  Fl ammabl e and 
Combust i bl e Li qui ds

UL 1746 ( 2007;  Repr i nt  Dec 2014)  Ext er nal  
Cor r osi on Pr ot ect i on Syst ems f or  St eel  
Under gr ound St or age Tanks

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Gr oundi ng and Bondi ng

SD- 03 Pr oduct  Dat a

Under gr ound St or age Tank;  G

Tank Pr ot ect i ve Coat i ngs;  G

At mospher i c Vent ;  G
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I ndependent  Level  Al ar m Syst em;  G
Tank Gauges;  G

Manhol e Cont ai nment  Sump;  G

SD- 06 Test  Repor t s

Under gr ound St or age Tank Ti ght ness Test s;  G

Tank Manuf act ur er ' s Test s

Tank Fi l l  Test s

Tank I nspect i on Repor t s;  G

SD- 07 Cer t i f i cat es

Cont r act or  Qual i f i cat i ons;  G 

Manuf act ur er ' s Cer t i f i cat i on;  G

St at e Cer t i f i cat i on;  G

Pol l ut i on Li abi l i t y  I nsur ance

Per mi t t i ng

Regi st r at i on

Li censed Per sonnel

Demonst r at i ons

STI  SP001 I nspect or ' s Cer t i f i cat i on;  G
SD- 08 Manuf act ur er ' s I nst r uct i ons

Under gr ound St or age Tank

Tank Gauges

SD- 10 Oper at i on and Mai nt enance Dat a

Under gr ound St or age Tank;  G
I ndependent  Level  Al ar m Syst em;  G

Tank Gauges;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Cont r act or  Qual i f i cat i ons

Each i nst al l at i on Cont r act or  must  have successf ul l y compl et ed at  l east  5 
pr oj ect s of  t he same scope,  and t he same si ze or  l ar ger  wi t hi n t he l ast  3 
year s and demonst r at ed speci f i c  i nst al l at i on exper i ence i n r egar d t o t he 
speci f i c  syst em i nst al l at i on t o be per f or med.   Each i nst al l at i on 
Cont r act or  must  have t aken,  i f  appl i cabl e,  manuf act ur er ' s t r ai ni ng cour ses 
on t he i nst al l at i on of  st or age t anks and must  meet  al l  appl i cabl e 
l i censi ng r equi r ement s i n t he st at e.   I f  appl i cabl e,  st at e cer t i f i ed 
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i nst al l er s must  be pr ovi ded by t he Cont r act or .   I nst al l er s must  al so be 
t r ai ned and cer t i f i ed by t he manuf act ur er  t o i nst al l  t he equi pment  and 
mat er i al s bei ng i nst al l ed and must  be STI  cer t i f i ed.   I nst al l er s must  
submi t  cer t i f i cat i on f r om t he manuf act ur er andSt at e.   I f  i nst al l i ng 
under gr ound st or age t anks and pi pi ng syst ems,  i nst al l at i on Cont r act or  must  
have Pol l ut i on Li abi l i t y  I nsur ance.   Submi t  a l et t er  l i s t i ng pr i or  
pr oj ect s,  t he dat e of  const r uct i on,  a poi nt  of  cont act  f or  each pr i or  
pr oj ect ,  t he scope of  wor k of  each pr i or  pr oj ect ,  and a det ai l ed l i s t  of  
wor k per f or med.   The l et t er  must  al so pr ovi de evi dence of  pr i or  
manuf act ur er ' s t r ai ni ng,  st at e l i censi ng,  and ot her  r el at ed i nf or mat i on.

1. 4. 2   Regul at or y Requi r ement s

1. 4. 2. 1   Per mi t t i ng

Obt ai n necessar y per mi t s i n conj unct i on wi t h t he i nst al l at i on of  st or age 
t anks as r equi r ed by f eder al ,  st at e,  or  l ocal  aut hor i t y.

1. 4. 2. 2   Regi st r at i on

Obt ai n and compl et e al l  t ank r egi st r at i on f or ms r equi r ed by f eder al ,  
st at e,  and l ocal  aut hor i t i es.   Submi t  al l  compl et ed t ank r egi st r at i on 
f or ms wi t hi n 30 days af t er  cont r act  awar d t o t he Cont r act i ng Of f i cer .   The 
Cont r act i ng Of f i cer  wi l l  ensur e t he Base Envi r onment al  st af f  f or  t he DoD 
I nst al l at i on submi t s t he f or ms t o t he pr oper  r egul at or y agenci es.  

1. 4. 2. 3   Li censed Per sonnel

Tank i nst al l er s must  be l i censed/ cer t i f i ed by t he st at e when t he st at e 
r equi r es l i censed i nst al l er s.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  syst em component s and mat er i al s t o pr event  
damage bef or e and dur i ng i nst al l at i on i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons,  and as appr oved by t he Cont r act i ng 
Of f i cer ,  upon r ecommendat i on by Base Envi r onment al  f or  t he DoD 
I nst al l at i on.   Repl ace damaged or  def ect i ve i t ems.

1. 6   PROJECT/ SI TE CONDI TI ONS

Exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur es and 
pr essur es,  par t s t hat  may be el ect r i cal l y ener gi zed,  and par t s t hat  may be 
a hazar d t o oper at i ng per sonnel  must  be i nsul at ed,  f ul l y  encl osed,  
guar ded,  or  f i t t ed wi t h ot her  t ypes of  saf et y devi ces.   I nst al l  saf et y 
devi ces so t hat  pr oper  oper at i on of  equi pment  i s not  i mpai r ed.

1. 7   WARRANTY

Al l  f act or y- f abr i cat ed st or age t anks must  come wi t h a manuf act ur er ' s 
war r ant y of  a mi ni mum per i od of  30 year s.   Al l  war r ant y paper wor k wi l l  be 
compl et ed and submi t t ed by Cont r act or  t o bot h t he t ank and syst em 
component  manuf act ur er s,  t he Cont r act i ng Of f i cer ,  and t he Base 
Envi r onment al  f or  t he DoD I nst al l at i on.   Thi s i ncl udes al l  appl i cabl e 
compl et ed manuf act ur er s '  equi pment  i nst al l at i on checkl i st s.   
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PART 2   PRODUCTS

2. 1   ELECTRI CAL WORK

Pr ovi de cont r ol l er s,  i nt egr al  di sconnect s,  cont act or s,  cont r ol s,  and 
cont r ol  wi r i ng wi t h t hei r  r espect i ve pi eces of  syst em component s.   Pr ovi de 
el ect r i cal  syst em component s,  i ncl udi ng mot or s and wi r i ng,  as speci f i ed i n 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Any wi r i ng r equi r ed f or  
t he oper at i on speci f i ed her ei n,  but  not  shown on t he el ect r i cal  pl ans,  
must  be pr ovi ded under  t hi s sect i on i n accor dance wi t h Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.

2. 1. 1   Gr oundi ng and Bondi ng

Gr oundi ng and bondi ng must  be i n accor dance wi t h NFPA 70,  NFPA 77,  NFPA 407,  
NFPA 780,  API  RP 540,  API  RP 2003,  I EEE 142,  and I EEE 1100.   Pr ovi de 
j umper s t o over come t he i nsul at i ng ef f ect s of  gasket s,  pai nt s,  or  
nonmet al l i c  component s.

2. 2   MATERI ALS AND SYSTEM COMPONENTS

Pr ovi de mat er i al s and syst em component s t hat  ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  t hat  
ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   Pr ovi de mat er i al s and 
syst em component s t hat  have been i n sat i sf act or y commer ci al  or  i ndust r i al  
use f or  a mi ni mum 3 year s pr i or  t o bi d openi ng.   The 3 year  per i od must  
i ncl ude appl i cat i ons of  t he syst em component s and mat er i al s under  s i mi l ar  
c i r cumst ances and of  s i mi l ar  s i ze.   Pr ovi de mat er i al s and syst em 
component s t hat  have been f or  sal e on t he commer ci al  mar ket  t hr ough 
adver t i sement s,  manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 3 year  
per i od.

I nt er nal  par t s and component s of  syst em component s,  pi pi ng,  pi pi ng 
component s,  and val ves t hat  coul d be exposed t o f uel  dur i ng syst em 
oper at i on must  not  be const r uct ed of  z i nc coat ed ( gal vani zed)  met al  ,  
br ass,  br onze,  or  ot her  copper  al l oys.   Do not  i nst al l  cast  i r on bodi ed 
val ves i n pi pi ng syst ems t hat  coul d be exposed t o f uel  dur i ng syst em 
oper at i on.  

2. 3   NAMEPLATES

At t ach namepl at es t o al l  speci f i ed syst em component s def i ned her ei n.   Li st  
on each namepl at e t he manuf act ur er ' s name,  addr ess,  cont r act  number ,  
accept ance dat e,  component  t ype or  st y l e,  model  or  ser i al  number ,  cat al og 
number ,  capaci t y or  s i ze,  and t he syst em t hat  i s cont r ol l ed.   Const r uct  
pl at es of  st ai nl ess st eel  .   I nst al l  namepl at es i n pr omi nent  l ocat i ons 
wi t h nonf er r ous scr ews,  nonf er r ous bol t s,  or  per manent  adhesi ve.   Mi ni mum 
si ze of  namepl at es must  be one by 2. 5 i nches.   Pr ovi de manuf act ur er ' s 
st or age t ank namepl at es as r equi r ed.   Let t er i ng must  be t he nor mal  bl ock 
st y l e wi t h a mi ni mum 0. 25 i nch hei ght .   Accur at el y al i gn al l  l et t er i ng on 
namepl at es.   For  pl ast i c namepl at es,  engr ave l et t er i ng i nt o t he whi t e cor e.
  

2. 4   UNDERGROUND STORAGE TANK

Pr ovi de a f act or y- f abr i cat ed,  s i ngl e wal l  t ype st or age t ank t hat  conf or ms 
t o NFPA 30.   Tank must  be desi gned and manuf act ur ed f or  an under gr ound,  
hor i zont al  i nst al l at i on,  and must  conf or m t o UL 58 Type I  s i gnl e wal l  
const r uct i on.  For  t anks r equi r i ng concr et e anchor  pads or  concr et e 
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deadmen,  pr ovi de hol ddown st r aps and accessor i es as r ecommended by t he 
t ank manuf act ur er .   Use f i l l er  st r i ps bet ween t he t ank shel l  and any met al  
hol ddown st r aps t hat  conf or m t o t he t ank manuf act ur er ' s r equi r ement s.

2. 5   TANK PROTECTI VE COATI NGS

2. 5. 1   I nt er i or  Sur f aces

Coat  100 per cent  of  a met al  t ank' s i nt er i or  sur f aces i ncl udi ng al l  met al  
pi pi ng and met al  appur t enances as speci f i ed i n wi t h t he manuf act ur er ' s 
st andar d coat i ng syst em as modi f i ed her ei n.

2. 5. 2   Ext er i or  Sur f aces,  Under gr ound Tanks

Pr ovi de st eel  t anks wi t h one of  t he f ol l owi ng cor r osi on pr ot ect i on syst ems.

2. 5. 2. 1   FRP Coat i ng Syst em

Coat i ng syst em must  be i n accor dance wi t h UL 1746 Par t  I V and UL 58.   The 
i nt egr i t y of  t he coat i ng must  be cer t i f i ed by t he manuf act ur er  as meet i ng 
t he t hi ckness r equi r ement s and havi ng no f l aws pr i or  t o shi pment .   The UL  
l abel  must  be af f i xed and vi s i bl e on t he ext er i or  sur f ace of  each coat ed 
t ank.

2. 5. 3   Tank Label i ng

Tank must  be l abel l ed wi t h t he f ol l owi ng i nf or mat i on at  a mi ni mum:

a.   Pr oduct  St or ed and Tank Capaci t y ( Per  MI L- STD- 161) .

b.   Tank Number  and Faci l i t y  Number .

c.   NFPA 704 Di amond Hazmat  Label .

2. 6   TANK COMPONENTS

2. 6. 1   Tank Manhol e

The under gr ound t ank wi l l  have t wo ( 2)  manhol es.  One manhol e must  have an 
i nt er nal  di amet er  of  30 i nches and t he ot her  manhol e must  have an i nt er nal  
di amet er  of  36 i nches.   Pr ovi de each manhol e wi t h a mat chi ng f l anged 
wat er t i ght  manhol e cover .   Manhol e cover s must  be UL l i s t ed,  be 
const r uct ed of  pr essed or  mi l d st eel ,  and i ncl ude a UL l i s t ed gasket .   
Fr ame and cover  assembl y must  be r at ed t o wi t hst and H- 20 hi ghway l oadi ng 
as def i ned by AASHTO HB- 17.

2. 6. 2   Tank Pi pi ng Penet r at i ons

Pr ovi de wel ded- i n- pl ace f l anged pi pe nozzl e f or  t he gaugi ng hat ch,  f i l l  
nozzl e,  pump out  connect i on nozzl e,  and al l  spar e t ank pi pi ng connect i ons.  
Pr ovi de wel ded- i n- pl ace doubl e t aper ed Nat i onal  Pi pe Thr ead ( NPT)  
coupl i ngs f or  t he l evel  swi t ch,  t ank vent ,  and t ank l evel  swi t ch 
connect i ons.  Al l  unused or  spar e t ank pi pi ng penet r at i ons must  be seal ed 
wi t h st eel  f l anges or  as i ndi cat ed.

2. 6. 3   Tank St r i ker / I mpact  Pl at es

Pr ovi de an i nt er i or  st r i ker / i mpact  pl at e under  each t ank manhol e and pi pe 
connect i on.   Each pl at e must  be a mi ni mum of  1/ 4 i nch i n t hi ckness,  be 
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l ar ger  i n di amet er  t han t he t ank penet r at i on,  f i t  t he cur vat ur e of  t he 
t ank bot t om,  and be compl et el y coat ed i n t he same f ashi on as t he i nt er i or  
t ank bot t om coat i ng.   Each pl at e must  be wel ded t o t he t ank bot t om at  t he 
f act or y ( f ul l  c i r cumf er ence connect i on) .   The wel ds must  be 
non- dest r uct i ve t est ed usi ng t he appr opr i at e means.

2. 6. 4   Manual  Gaugi ng/ Sampl i ng Hat ch

Pr ovi de a combi nat i on gaugi ng and sampl i ng hat ch assembl y.   The assembl y 
must  i ncl ude a br onze t op- seal  t ype adapt er  wi t h a cor r espondi ng l ocki ng 
t ype cap ( adapt er  and cap bot h ext er nal l y- mount ed t o t he t op of  t he t ank)  .

2. 6. 5   Tank Ladder

Pr ovi de i nt er i or  t ank l adder s const r uct ed of  ei t her  f i ber gl ass or  st eel .   
I f  st eel ,  coat  t he l adder  i n t he same f ashi on as t he t ank i nt er i or .   The 
t wo st r i nger s must  be a mi ni mum 3/ 8 i nch t hi ck and a mi ni mum 2 i nches 
wi de.   The r ungs must  be a mi ni mum 3/ 4 i nch r od on 12 i nches cent er s.   
Member s of  t he l adder  must  be secur el y af f i xed.   Ladder  must  be of  
suf f i c i ent  l engt h t o ext end f r om t he bot t om of  t he t ank t o t he t op sur f ace 
of  t he t ank.   Ladder  must  be r i gi dl y connect ed t o t he t ank bot t om i n 
accor dance wi t h t he t ank manuf act ur er ' s st andar d.   Ladder  must  be 
connect ed t o t he t op of  t he t ank wi t h pi pe gui des or  s l i p bar s t o 
accommodat e expansi on of  t he t wo st r i nger s.

2. 6. 6   Tank Vent i ng

2. 6. 6. 1   At mospher i c Vent

Pr ovi de at mospher i c,  updr af t  t ype cap.  Cap must  be const r uct ed of  al umi num 
or  car bon st eel .  Cap must  have an i nt er nal  br ass or  br onze i nsect  scr een,  
mi ni mum 40- mesh.  Cap must  pr event  r ai n,  snow,  or  i ce f r om ent er i ng t he 
vent  pi pi ng.

2. 7   I NDEPENDENT LEVEL ALARM SYSTEM

Pr ovi de an i ndependent  l evel  al ar m syst em t hat  wi l l  moni t or  2 pr ogr ammabl e 
l i qui d l evel  set poi nt s.   The syst em must  del i neat e bet ween each i ndi v i dual  
set poi nt .   The syst em must  pr oduce an audi bl e and vi s i bl e al ar m i n t he 
event  of  moni t or i ng an al ar m condi t i on.   Mechani cal l y- act uat ed f l oat  
assembl i es must  be f i el d adj ust abl e.

2. 7. 1   Set poi nt s

Conf i gur e t he al ar m syst em' s 2 set poi nt s i n accor dance wi t h t he f ol l owi ng.

a.   Hi gh- Hi gh Level  Set poi nt .   Pr oduce an al ar m condi t i on when a t ank' s 
l i qui d l evel  r i ses above 95 per cent  capaci t y.

b.   Hi gh Level  Set poi nt .  Pr oduce an al ar m condi t i on when a t ank' s l i qui d 
l evel  r i ses above5 per cent  capaci t y.

2. 7. 2   I ndependent  Level  Al ar m Cont r ol  Panel

I nst al l  t he cont r ol  panel  f or  t he al ar m syst em i n a NEMA 12 r at ed 
encl osur e i n accor dance wi t h NEMA 250.   Panel  door s must  swi ng l ef t  or  
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r i ght .

2. 7. 2. 1   Audi bl e Al ar m

Panel  must  have ext er nal  speaker s t hat  pr oduce a buzzer  sound of  75 
deci bel s or  gr eat er  i n t he event  of  a det ect ed al ar m condi t i on.

2. 7. 2. 2   Vi sual  Al ar m

Panel  must  have a v i sual  al ar m t hat  i l l umi nat es i n t he event  of  a det ect ed 
al ar m condi t i on.   The vi sual  al ar m must  i ncl ude ei t her  i ndi v i dual  l i ght s 
f or  each al ar m condi t i on or  must  i ncl ude a s i ngl e l i ght  and a l i qui d 
cr yst al  di spl ay ( LCD)  panel  t hat  di spl aces i nf or mat i on r egar di ng each 
al ar m condi t i on.

2. 7. 2. 3   Acknowl edge Swi t ch

Panel  must  have a manual  acknowl edge swi t ch t hat  wi l l  deact i vat e t he 
audi bl e al ar m.   The acknowl edge swi t ch must  not  deact i vat e subsequent  
audi bl e al ar ms unl ess depr essed manual l y agai n f or  each occur r ence.   Under  
no ci r cumst ance must  t hi s acknowl edgement  swi t ch ext i ngui sh t he vi sual  
al ar ms unt i l  t he al ar m condi t i on has been cor r ect ed.   The acknowl edge 
swi t ch must  be an i nt egr al  component  l ocat ed on t he f r ont  of  t he cont r ol  
panel .   The swi t ch must  be ei t her  a key swi t ch or  push but t on.

2. 7. 2. 4   Test  Pushbut t on

Panel  must  have a manual  t est  pushbut t on t hat  wi l l  enabl e oper at or s t o 
ver i f y t hat  t he panel  i s  power ed,  and t he vi sual  and audi bl e al ar ms ar e 
wor ki ng pr oper l y.

2. 8   TANK GAUGES

2. 8. 1   St i ck Gauge

For  each t ank,  pr ovi de 2 wooden st i ck gauges.   Gauge l engt h must  al l ow t he 
measur ement  of  t he ent i r e l evel  of  f uel  i n t he cor r espondi ng t ank.   Gauges 
must  be compat i bl e wi t h t he f uel  t o be measur ed ( no swel l i ng or  damage 
f r om f uel  cont act ) .   Pr ovi de gauge wi t h non- spar ki ng caps on each end.   
Mar k gauges i n f eet  and i nches.   The smal l est  uni t  of  measur e on t he gauge 
must  be 1/ 16 i nch.

2. 8. 2   Tank St r appi ng Tabl e

Fur ni sh 2 t ank manuf act ur er cer t i f i ed st r appi ng t abl es ( cal i br at i on char t s)  
f or  each t ank.   One of  t he t abl es must  i ndi cat e t he l i qui d cont ent s i n f or  
each of  t ank dept h and t he ot her  i n gal l ons f or  1/ 16 i nch of  t ank dept h.   
St r appi ng t abl e vol umes f or  al l  t anks 5, 000 gal l ons and l ar ger  must  be 
det er mi ned usi ng physi cal  measur ement s and not  cal cul at ed val ues.   For  
each t ank,  pr ovi de an el ect r oni c medi a f i l e of  each st r appi ng t abl e.   

2. 8. 3   Mechani cal  Cl ock Gauge

Gauge must  be t he l evel  sensi ng,  mechani cal l y act uat ed t ype t hat  pr ovi des 
t he t ank l evel  r eadout  i n a seal ed gl ass cap cont ai ned i n a gauge box.   
Gauge must  be accur at e t o pl us or  mi nus 1/ 4 i nch and must  measur e t he 
l i qui d l evel  over  t he f ul l  r ange of  a t ank' s hei ght .   Gauge must  have 
vapor  t i ght  seal s t o pr event  condensat i on f r om f oggi ng t he vi ewi ng gl ass.
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2. 9   MANHOLE CONTAI NMENT SUMP

Sump must  be t he f act or y- f abr i cat ed,  di r ect - bur i ed t ype t hat  pr ovi des a 
wat er t i ght  connect i on ei t her  di r ect l y t o t he ext er i or  of  t he t ank or  t o a 
f l anged manhol e openi ng.   Sump must  be const r uct ed of  f i ber gl ass 
r ei nf or ced pl ast i c.   Sump const r uct i on must  be chemi cal l y compat i bl e wi t h 
t he t ype of  pr oduct s bei ng handl ed wi t hi n t he connect i ng t ank.   Sump must  
al l ow access t o a t ank manhol e cover  wi t hout  di st ur bi ng sur r oundi ng 
backf i l l .   Sump must  be l ar ger  i n di amet er  t han t he connect i ng t ank 
manhol e.   Sump must  be desi gned t o wi t hst and t he under gr ound bur i al  
l oads.   Sump assembl y must  pr event  t he i nf l ux of  r ai nf al l  dr ai nage or  
gr ound wat er .

2. 9. 1   Pi pi ng Penet r at i ons

Sump si des must  al l ow t he penet r at i on of  car r i er  pi pes,  ext er i or  
cont ai nment  pi pes,  condui t s,  and vapor  pi pes as r equi r ed.   Sump 
penet r at i ons must  be boot ed or  seal ed t o ensur e t hat  l i qui d wi l l  not  
escape f r om t he sump i n t he event  t hat  t he l i qui d l evel  wi t hi n t he sump 
r i ses above t he pi pe penet r at i on.   Boot s and seal s used must  be compat i bl e 
wi t h t he f uel  t o be handl ed.   Boot s and seal s must  be wat er  r esi st ant  t o 
t he i nf l ux of  wat er  f r om out si de t he sump.   Boot s and seal s must  be 
desi gned and i nst al l ed t o accommodat e t he ant i c i pat ed amount  of  t her mal  
expansi on and cont r act i on i n t he pi pi ng syst em.

2. 9. 2   Access Cover

Wher e i ndi cat ed,  t he ent i r e t op of  a cont ai nment  sump must  be capped wi t h 
a st r apped down,  wat er t i ght  access cover  t hat  al l ows wat er  t o f l ow away 
f r om t he manhol e.   Cover  must  be const r uct ed of  t he same mat er i al  as t he 
sump.   Cover  must  have a l ar ger  di amet er  t han t he t ank manhol e cover  
bel ow.   Cover  must  be l i ght wei ght  and not  exceed 35 pounds .  

2. 10   CARBON STEEL PI PI NG

Subj ect  each l engt h of  pi pe t o f act or y hydr ost at i c t est i ng and ul t r asoni c 
t est i ng i n accor dance wi t h t hei r  r espect i ve pi pe speci f i cat i on and ASME 
B31. 3.

a.  Pi pi ng 2- 1/ 2 t hr ough 10 i nches:  Schedul e 40,  API  Spec 5L Pr oduct  
Speci f i cat i on Level  ( PSL)  1,  Gr ade B,  seaml ess or  el ect r i c wel ded Gr ade B;  
or  Schedul e 40,  Seaml ess,  ASTM A53/ A53M Gr ade B.  

b.  Pi pi ng smal l er  t han 2- 1/ 2 i nches must  be schedul e 80 or  as i ndi cat ed on 
pr oj ect  dr awi ngs,  API  Spec 5L Pr oduct  Speci f i cat i on Level  ( PSL)  1,  Gr ade 
B,  seaml ess or  el ect r i c wel ded Gr ade B;  or  Schedul e 80 or  as i ndi cat ed on 
pr oj ect  dr awi ngs,  Seaml ess,  ASTM A53/ A53M Gr ade B.  

2. 11   FI TTI NGS

2. 11. 1   Gener al

Wel di ng el l s,  caps,  t ees,  r educer s,  must  be of  mat er i al s compat i bl e f or  
wel di ng t o t he pi pel i ne i n whi ch t hey ar e i nst al l ed,  and wal l  t hi ckness,  
pr essur e and t emper at ur e r at i ngs of  t he f i t t i ngs must  be not  l ess t han t he 
adj oi ni ng pi pel i ne.   Unl ess ot her wi se speci f i ed her ei n or  r equi r ed by t he 
condi t i ons of  i nst al l at i on,  al l  el bows must  be t he 1. 5 di amet er  ( D)  t ype.   
Mi t er  j oi nt s ar e not  accept abl e.   Make odd angl e of f set s wi t h pi pe bends 
or  el bows cut  t o t he pr oper  angl e.   But t  wel d f i t t i ngs must  be 
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f act or y- made wr ought  f i t t i ngs manuf act ur ed by f or gi ng or  shapi ng.   
Fabr i cat ed f i t t i ngs wi l l  not  be per mi t t ed.  Make br anch connect i ons wi t h 
but t - wel ded t ees except  wher e t he br anch i s at  l east  t wo pi pe si zes 
smal l er  t han t he r un,  i n whi ch case t he br anch connect i on can be made wi t h 
a f or ged or  seaml ess br anch out l et  f i t t i ng.  

2. 11. 2   Car bon St eel  Fi t t i ngs

a.   Fi t t i ngs 2. 5 i nches and Lar ger :   But t  wel d,  conf or mi ng t o ASTM 
A234/ A234M,  gr ade WPB and ASME B16. 9 of  t he same wal l  t hi ckness as t he 
adj oi ni ng pi pe.

b.   Fi t t i ngs smal l er  t han 2. 5 i nches:   socket  wel d,  conf or mi ng t o ASTM 
A182/ A182M and ASME B16. 11.

c.   Fl anges:   Cl ass 150 wel d neck,  but t  wel d,  f or ged f l anges conf or mi ng t o 
ASTM A105/ A105M,  and ASME B16. 5 except  f l anges t hat  ar e t o be 
connect ed t o pumps must  mat ch t he pump f l anges r at i ng.   Thr eaded and 
sl i p- on f l anges ar e not  al l owed.   Fl anges t o be 1/ 16- i nch r ai sed 
f ace wi t h modi f i ed spi r al  ser r at ed gasket  sur f ace f i ni sh,  except  wher e 
r equi r ed ot her wi se t o mat ch syst em component s f ur ni shed.   Mat ch f l ange 
f ace t o val ves or  syst em component s f ur ni shed.   Fl ange f ace must  be 
machi ned t o mat ch val ves or  syst em component s f ur ni shed.   Use of  
spaci ng r i ngs or  gasket s di scs ar e not  al l owed.   Fl anges must  be 
subj ect ed t o t he Suppl ement ar y Requi r ement s S56,  Li qui d Penet r ant  
Exami nat i on as out l i ned i n ASTM A961/ A961M.   Det ect abl e f l aws wi l l  not  
be accept ed.   For  f l anges 2 i nches and smal l er  l ocat ed i n 
cont ai ned pumphouses,  cont ai ned t r uck of f l oads,  cont ai ned t r uck f i l l  
s t ands,  and ot her  v i s i bl y cont ai ned ar eas t he f i t t i ng may be f or ged 
( socket  wel ded) ,  Cl ass 150,  conf or mi ng t o ASTM A105/ A105M,  Gr ade 2 and 
ASME B16. 5.   I n pi t s,  vaul t s,  on t her mal  r el i ef  val ve pi pi ng f or  
pi pel i ne r out es,  and ot her  uncont ai ned l ocat i ons t he f l anges must  be 
r adi ogr aphi cabl e,  but t  wel ded,  wel d neck t ype.

2. 12   FLANGE GASKETS,  NON- METALLI C,  NON- ELECTRI CI TY I SOLATI NG

ASME B16. 21,  composi t i on r i ng,  usi ng a Ni t r i l e Rubber  such as Buna- N and 
NBR,  pol yt et r af l uor oet hyl ene ( PTFE) ,  or  a f l uor o r ubber  such as FKM,  FPM 
and Vi t on©.   The gasket  must  be 0. 1250- i nch t hi ck.   Gasket s must  be 
r esi st ant  t o t he ef f ect s of  avi at i on and non- avi at i on hydr ocar bon f uel s 
and manuf act ur ed of  f i r e- r esi st ant  mat er i al s.   Ful l - f ace gasket s must  be 
used f or  f l at - f ace f l anged j oi nt s.   Ri ng gasket s must  be used f or  
r ai sed- f ace f l anged j oi nt s.   Gasket s must  be of  one pi ece f act or y cut .   
Sel ect  a gasket  sui t abl e f or  t he wor ki ng and t est  pr essur e of  t he f l ui d.

2. 12. 1   Ni t r i l e But adi ene ( Buna- N)

Pr ovi de Buna- N mat er i al  t hat  conf or ms t o SAE AMS3275.

2. 13   VALVES

Val ves i n unl i ned car bon st eel  pi pel i nes must  have car bon st eel  
body.   St em and t r i m must  be st ai nl ess st eel  f or  al l  val ves.   

2. 13. 1   Bal l  Val ves

Bal l  val ves must  be f i r e t est ed and qual i f i ed i n accor dance wi t h t he 
r equi r ement s of  API  St d 607 and API  STD 608.   Seal  mat er i al  f or  t he f i r e 
t est  must  be gr aphi t e,  seal  mat er i al  f or  t he pr oj ect  must  be as as 
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i ndi cat ed bel ow.   Bal l  val ves must  be nonl ubr i cat ed val ves t hat  oper at e 
f r om f ul l y open t o f ul l y  c l osed wi t h 90- degr ee r ot at i on of  t he bal l .   
Val ves 2 i nches and l ar ger  must  conf or m t o appl i cabl e const r uct i on and 
di mensi on r equi r ement s of  API  Spec 6D,  ANSI  Cl ass 150 and must  have 
f l anged ends.  Except  as ot her wi se speci f i ed or  
i ndi cat ed,  r educed por t  or  f ul l  por t  val ves may be pr ovi ded at  t he 
Cont r act or ' s opt i on.   Bal l s must  be sol i d,  not  hol l ow cavi t y.

2. 13. 2   Mat er i al s

Bal l  must  be st ai nl ess st eel .   Bal l  val ves must  have t et r af l uor oet hyl ene 
( TFE)  or  f l uor oel ast et omer  ( FKM) ,  commonl y r ef er r ed t o as Vi t on seat s,  
body seal s and st em seal s.

2. 13. 3   El ect r i c Val ve Act uat or

The act uat or ,  cont r ol s and accessor i es must  be t he r esponsi bi l i t y  of  t he 
val ve- act uat or  suppl i er  f or  s i z i ng,  assembl y,  cer t i f i cat i on,  f i el d- t est i ng 
and any adj ust ment s necessar y t o oper at e t he val ve as speci f i ed.   The 
el ect r i c val ve act uat or  must  i ncl ude as an i nt egr al  uni t  t he el ect r i c 
mot or ,  act uat or  uni t  gear i ng,  l i mi t  swi t ch gear i ng,  posi t i on l i mi t  
swi t ches,  t or que swi t ches,  dr i ve bushi ng or  st em nut ,  decl ut ch l ever ,  
wi r i ng t er mi nal s f or  power ,  r emot e cont r ol ,  i ndi cat i on connect i ons and 
handwheel .   The el ect r i cal l y act uat ed pl ug val ve must  be set  t o open and 
cl ose compl et el y i n 30 t o 60 seconds agai nst  a di f f er ent i al  pr essur e of  
275 psi g.   The act uat or  set t i ngs of  t or que and l i mi t  cont act s must  be 
adj ust abl e.  The val ve act uat or  must  be sui t abl e f or  mount i ng i n a ver t i cal  
or  hor i zont al  posi t i on and be r at ed f or  30 st ar t s per  hour .   The val ve 
act uat or  must  be capabl e of  f unct i oni ng i n an ambi ent  envi r onment  
t emper at ur e r angi ng f r om mi nus 22 t o 158 degr ees F.

a.   The el ect r i cal  encl osur e must  be speci f i cal l y appr oved by UL or  
Fact or y Mut ual  f or  i nst al l at i on i n Cl ass I ,  Di v i s i on 1,  Gr oup D 
l ocat i ons.

b.   The el ect r i c mot or  must  be speci f i cal l y desi gned f or  val ve act uat or  
ser vi ce and must  be t ot al l y encl osed,  non- vent i l at ed const r uct i on.   
The mot or  must  be capabl e of  compl et e oper at i on at  pl us/ mi nus 10 
per cent  of  speci f i ed vol t age.   Mot or  i nsul at i on must  be a mi ni mum NEMA 
Cl ass F.   The mot or  must  be a r emovabl e subassembl y t o al l ow f or  mot or  
or  gear  r at i o changes as di ct at ed by syst em oper at i onal  r equi r ement s.   
The mot or  must  be equi pped wi t h an embedded t her most at  t o pr ot ect  
agai nst  mot or  over l oad and al so be equi pped wi t h space heat er s.   I t  
must  de- ener gi ze when encount er i ng a j ammed val ve.

c.   The r ever si ng st ar t er ,  cont r ol  t r ansf or mer  and l ocal  cont r ol s must  be 
i nt egr al  wi t h t he val ve act uat or  and sui t abl y housed t o pr event  
br eat hi ng or  condensat i on bui l dup.   The el ect r omechani cal  st ar t er  must  
be sui t abl e f or  30 st ar t s per  hour .   The wi ndi ngs must  have shor t  
c i r cui t  and over l oad pr ot ect i on.   A t r ansf or mer ,  i f  needed,  must  be 
pr ovi ded t o suppl y al l  i nt er nal  c i r cui t s wi t h 24 VDC or  110 VAC may be 
used f or  r emot e cont r ol s.

d.   The act uat or  gear i ng must  be t ot al l y encl osed i n an oi l - f i l l ed or  
gr ease- f i l l ed gear case.   St andar d gear  oi l  or  gr ease must  be used t o 
l ubr i cat e t he gear case.

e.   A met al l i c  handwheel  must  be pr ovi ded f or  emer gency oper at i on.   The 
handwheel  dr i ve must  be mechani cal l y i ndependent  of  t he mot or  dr i ve.   
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The r emot e cont r ol  capabi l i t y  must  be t o open and cl ose.   Ri m pul l  t o 
oper at e val ve manual l y must  not  exceed 80 pounds.

f .   Posi t i on l i mi t  swi t ches must  be f unct i onal  r egar dl ess of  mai n power  
f ai l ur e or  manual  oper at i on.   Four  cont act s must  be pr ovi ded wi t h each 
sel ect abl e as nor mal l y open or  nor mal l y c l osed.   The cont act s must  be 
r at ed at  5A,  120 VAC,  30 VDC.

g.   The val ve act uat or  must  be connect ed t o t he new l evel  al ar m cont r ol  
panel .  The f i r e al ar m cont r ol  panel  wi l l  be connect ed t o t he l evel  
al ar m cont r ol  panel .  When t he f i r e al ar m cont r ol  panel  i s  act i vat ed 
t he l evel  al ar m cont r ol  panel  wi l l  c l ose t he act uat ed val ve l ocat ed at  
t he t ank i nl et .

h.   The act uat or  must  have a l ocal  di spl ay of  posi t i on even when power  has 
been l ost .

i .   The act uat or  must  be suppl i ed wi t h a st ar t - up ki t  compr i s i ng 
i nst al l at i on i nst r uct i on,  el ect r i cal  wi r i ng di agr am and spar e cover  
scr ews and seal s.

j .   The act uat or  must  be per f or mance t est ed and a t est  cer t i f i cat e must  be 
suppl i ed at  no ext r a char ge.   The t est  shoul d s i mul at e a t ypi cal  val ve 
l oad wi t h cur r ent ,  vol t age,  and speed measur ed.

2. 13. 4   HDPE TO STEEL TRASNSI TON FI TTI NG

The f i t t i ng shal l  be compat i bl e wi t h smoot h wal l  HDPE pi pe wi t h f usi on 
wel ded j oi nt s as speci f i ed i n Sect i on 33 40 00 STORMWATER UTI LI TI ES and 
car bon st eel  pi pe and f i t t i ngs out l i ned i n t hi s sect i on.
 
The f i t t i ng shal l  be desi gn and manuf act ur ed t o ASTM F1973- 05,  ASTM 
D2513- 05,  ASME B31. 3.

The f i t t i ng shal l  be const r uct ed wi t h a seal ed compr essi on sl eeve t hat  
f i t s  t he HDPE f usi on wel ded pi pe and t he st eel  pi eces t oget her  and 
pr event s cor r osi on at  t he t r ansi t i on.

2. 14   ACCESSORI ES
2. 14. 1   Bol t s and St uds

Car bon st eel  bol t s and st uds must  conf or m t o ASTM A307,  Gr ade B,  
hot - di pped gal vani zed.   St ai nl ess st eel  bol t s and st uds t hat  conf or m t o 
ASTM A193/ A193M,  Gr ade 8.

2. 14. 2   Nut s

Car bon st eel  nut s must  conf or m t o ASTM A563,  Gr ade A,  hex st y l e,  
hot - di pped gal vani zed.   St ai nl ess st eel  nut s must  conf or m t o 
ASTM A194/ A194M,  Gr ade 8.

2. 14. 3   Washer s

Pr ovi de f l at  c i r cul ar  washer s under  each bol t  head and each nut .   Washer  
mat er i al s must  be t he same as t he connect i ng bol t  and nut .   For  ASTM F1554 
concr et e anchor s,  use ASTM F436,  Type 1,  hot - di pped gal vani zed washer s.   
For  ASTM A307 bol t s and st uds,  car bon st eel  washer s must  conf or m t o 
ASTM F844,  hot - di pped gal vani zed.   St ai nl ess st eel  washer s must  conf or m t o 
ASTM A194/ A194M,  Gr ade 8.
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2. 14. 4   Pol yt et r af l uor oet hyl ene ( PTFE)  Tape

Tape must  conf or m t o ASTM D3308.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   Handl e st or age t anks wi t h 
ext r eme car e t o pr event  damage dur i ng pl acement  and i nst al l  i n accor dance 
wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons and NFPA 30,  NFPA 30A,   
or  NFPA 31 as appl i cabl e.   I nspect  t he ext er i or  sur f ace of  each t ank f or  
obvi ous vi sual  damage pr i or  t o and dur i ng t he pl acement  of  each st or age 
t ank.   Repai r  sur f ace damage t o a st or age t ank accor di ng t o manuf act ur er ' s 
r equi r ement s bef or e pr oceedi ng wi t h t he syst em i nst al l at i on.   Pr ovi de t he 
t er mi nat i on of  f i l l  l i nes wi t hi n a t ank wi t h an ant i spl ash def l ect or .   
Pr ovi de nyl on di el ect r i c bushi ngs on pi pe connect i ons t o a st eel  t ank.

3. 1. 1   Under gr ound St or age Tank

I nst al l  under gr ound st or age t anks i n accor dance wi t h API  RP 1615 except  as 
modi f i ed her ei n.   Pl ace t ank on a 1/ 8 i nch per  f oot  s l ope wi t h t he f i l l  
poi nt  at  t he l ow end and t he vent  connect i on at  t he hi gh end.   Locat e t ank 
so t hat  t he f uel  di schar ge pi pes sl ope up uni f or ml y t owar d t he f uel  
out l et .   I nst al l  cont ai nment  sumps pr i or  t o any backf i l l  bei ng added above 
t he st or age t anks.

3. 1. 1. 1   St eel  Under gr ound St or age Tank Handl i ng

St or e,  handl e,  and pl ace ext er nal l y coat ed st eel  t anks wi t h car e and i n a 
manner  t hat  wi l l  mi ni mi ze damage t o t he coat i ng and wi l l  not  r educe i t s 
pr ot ect i ve val ue.   Pl ace coat ed t anks i n posi t i on car ef ul l y and wi t h a 
mi ni mum of  handl i ng.   Pr i or  t o backf i l l i ng a t ank,  v i sual l y i nspect  t he 
t ank ext er i or  pr ot ect i ve coat i ng f or  damage.   Repai r  any damaged t ank 
coat i ng i n accor dance wi t h t he appr opr i at e UL or  STI  st andar d ( UL 1746,  
STI  020- 50- 1000,  or  UL 58) .

3. 1. 1. 2   St eel  Under gr ound St or age Tank I nst al l at i on Pr ocedur es

Set  t ank on a mi ni mum of  6 i nches of  backf i l l  mat er i al  as speci f i ed i n 
Sect i on 31 00 00 EARTHWORK.   Anchor  t ank t o a r ei nf or ced concr et e anchor  
pad as i ndi cat ed usi ng manuf act ur er ' s suppl i ed hol ddown st r aps.   Separ at e 
t ank f r om an anchor  pad by a mi ni mum of  12 i nches of  backf i l l  mat er i al .   
Coat  met al  st r aps,  t ur nbuckl es,  anchor s,  and accessor i es t o r esi st  
cor r osi on.   Uni f or ml y pl ace backf i l l  mat er i al  ar ound t he ent i r e t ank and 
ext end t o gr ade l evel .   I nspect  t ank cat hodi c pr ot ect i on anodes,  i f  
appl i cabl e,  t o ensur e i nt egr i t y dur i ng backf i l l  oper at i ons.

3. 1. 2   Syst em Component s

Pr oper l y l evel ,  al i gn,  and secur e syst em component s i n pl ace i n accor dance 
wi t h manuf act ur er ' s i nst r uct i ons.   Pr ovi de suppor t s f or  syst em component s,  
appur t enances,  and pi pe as r equi r ed.   I nst al l  anchor s,  bol t s,  nut s,  
washer s,  and scr ews wher e r equi r ed f or  secur i ng t he wor k i n pl ace.   Si zes,  
t ypes,  and spaci ngs of  anchor s and bol t s not  i ndi cat ed or  speci f i ed must  
be as r equi r ed f or  pr oper  i nst al l at i on.
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3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Under gr ound St or age Tank Ti ght ness Test s

Per f or m a t i ght ness t est  on each under gr ound st or age t ank on- si t e j ust  
pr i or  t o t hei r  pl acement  i nt o t he gr ound.   Pneumat i cal l y pr essur i ze t he 
st or age t ank t o 5 psi g and moni t or  f or  a dr op i n pr essur e over  a 2- hour  
per i od dur i ng whi ch t her e must  be no dr op i n pr essur e i n t he t ank gr eat er  
t han t hat  al l owed f or  t her mal  expansi on and cont r act i on.    Mai nt ai n t hi s 
pr essur e whi l e appl y i ng soapsuds or  equi val ent  mat er i al  over  t he ext er i or  
of  t he t ank.   Whi l e appl y i ng t he soapsuds,  v i sual l y i nspect  t he ent i r e 
t ank,  i ncl udi ng t he bot t om sur f aces,  f or  l eaks ( bubbl e f or mat i ons) .   
I nspect i on of  t he bot t om sur f aces of  a t ank may be per f or med by r ot at i ng 
t he t ank;  however ,  a t ank must  onl y be r ot at ed i n st r i ct  accor dance wi t h 
t he manuf act ur er ' s r ecommendat i ons.   Do not  r ot at e a t ank mor e t han 90 
degr ees f r om t he upr i ght  posi t i on.   Dur i ng t est i ng,  i nst al l  a pr essur e 
r el i ef  devi ce t hat  r el i eves at  t he t ank manuf act ur er ' s suggest ed pneumat i c 
pr essur e l i mi t .   Gauges used i n pneumat i c t est s must  have a scal e wi t h a 
maxi mum l i mi t  of  15 psi g.

3. 2. 1. 1   Repai r s

Repai r  l eaks di scover ed i n ei t her  t he pr i mar y chamber  i n accor dance wi t h 
t he t ank manuf act ur er ' s i nst r uct i ons.   Fol l owi ng any t ank r epai r s,  r e- t est  
t he t ank unt i l  t he t ank successf ul l y passes t he t est i ng r equi r ement s 
def i ned her ei n.

3. 2. 2   Tank Manuf act ur er ' s Test s

I n addi t i on t o t he t est s r equi r ed her ei n,  per f or m any addi t i onal  t est s 
( i . e. ,  l eak t est s,  cat hodi c pr ot ect i on ver i f i cat i on t est s,  et c. )  on each 
st or age t est  t hat  i s  r equi r ed by t he t ank manuf act ur er ' s wr i t t en t est  
pr ocedur es.   Manuf act ur er ' s t est s t hat  ar e r edundant  t o t est s al r eady 
r equi r ed by t hi s speci f i cat i on wi l l  onl y be per f or med once per  t ank.   
Repai r  al l  l eaks di scover ed dur i ng t he t est s i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons.   Fol l owi ng t ank r epai r s,  r e- t est  t he t ank 
unt i l  t he t ank successf ul l y passes t he manuf act ur er ' s t est i ng r equi r ement s.

3. 2. 3   Tank I nspect i on Repor t s

Pr i or  t o syst em commi ssi oni ng,  a STI  SP001 cer t i f i ed i nspect or  must  
i nspect  t he compl et ed under gr ound t ank i n accor dance wi t h STI  SP131 and 
del i ver  a f ul l  r epor t  t o t he Cont r act i ng Of f i cer .   The r epor t  must  i ncl ude 
a r ecor d of  ul t r asoni c t hi ckness measur ement s ( UTMs) ,  excl usi ve of  t he 
coat i ng,  of  each si ngl e wal l  under gr ound t ank shel l .  The r epor t  must  
i ncl ude t he t ank dat apl at e i nf or mat i on and phot ogr aph of  t he t ank dat a 
pl at e.  Pr ovi de el ect r oni c copi es of  t he t ank i nspect i on r epor t s t o Ser vi ce 
Headquar t er s,  Ser vi ce Cont r ol  Poi nt s,  and DLA- Ener gy.  The paper  and 
el ect r oni c copi es of  t he r epor t  and UTMs must  be pr ovi ded t o t he 
Cont r act i ng Of f i cer  f or  f i l i ng wi t h t he t ank' s " as- bui l t  dr awi ngs. "  Ref er  
t o Sect i on 01 45 00. 00 10 QUALI TY CONTROL f or  STI  SP001 I nspect or ' s 
Cer t i f i cat i on r equi r ement s.

3. 3   DEMONSTRATI ONS

Conduct  a t r ai ni ng sessi on f or  desi gnat ed Gover nment  per sonnel  i n t he 
oper at i on and mai nt enance pr ocedur es r el at ed t o t he syst em component s and 
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syst ems speci f i ed her ei n.   I ncl ude per t i nent  saf et y oper at i onal  pr ocedur es 
i n t he sessi on as wel l  as physi cal  demonst r at i ons of  t he r out i ne 
mai nt enance oper at i ons.   Fur ni sh i nst r uct or s who ar e f ami l i ar  wi t h t he 
i nst al l at i on/ syst em component s and syst ems,  bot h oper at i onal  and pr act i cal  
t heor i es,  and associ at ed r out i ne mai nt enance pr ocedur es.   The t r ai ni ng 
sessi on must  consi st  of  a t ot al  of  2 hour s of  nor mal  wor ki ng t i me and must  
st ar t  af t er  t he syst em i s f unct i onal l y compl et ed,  but  pr i or  t o f i nal  
syst em accept ance.   Submi t  a l et t er ,  at  l east  14 wor ki ng days pr i or  t o t he 
pr oposed t r ai ni ng dat e,  schedul i ng a pr oposed dat e f or  conduct i ng t he 
onsi t e t r ai ni ng.

3. 4   Tank Fi l l  Test s

Tank f i l l  t est s must  not  be per f or med unt i l  af t er  t he f l ushi ng,  c l eani ng,  
and adj ust i ng r equi r ement s def i ned i n t hi s sect i on.   For  t he t ank f i l l  
t est s,  i ni t i al l y  f i l l  each st or age t ank wi t h f uel  i n or der  t o ver i f y t he 
t ank l evel  al ar m syst em oper at es pr oper l y and t he t ank over f i l l  pr ot ect i on 
devi ce f unct i ons as desi gned.   St op f i l l i ng each t ank i mmedi at el y once t he 
over f i l l  devi ces oper at es.   Do not  over f i l l  any st or age t ank mor e t han t he 
98 per cent  l evel .   Dr ai n t he syst em bel ow t he hi gh l i qui d l evel  set poi nt  
t o ver i f y oper at i on of  t he hi gh l evel  al ar m.   Cor r ect  and r et est  any 
pr obl ems wi t h t he l evel  al ar m syst em or  t he over f i l l  devi ce unt i l  each 
oper at e as speci f i ed her ei n.   Dur i ng t he t est s,  ver i f y t hat  al l  t ank 
gauges ar e cal i br at ed and oper at i ng appr opr i at el y.

3. 5   FI ELD PAI NTI NG

Pai nt i ng r equi r ed f or  car bon st eel  pi pi ng i n t he t ank sump must  be f i el d 
pai nt ed as speci f i ed i n Sect i on 09 97 13. 28 HI GH PERFORMANCE COATI NG FOR 
STEEL STRUCTURES.  Do not  pai nt  st ai nl ess st eel  and al umi num sur f aces.   Do 
not  coat  syst em component s or  component s pr ovi ded wi t h a compl et e f act or y 
coat i ng.   Pr i or  t o any f i el d pai nt i ng,  c l ean sur f aces t o r emove dust ,  
di r t ,  r ust ,  oi l ,  and gr ease.

3. 6   FI ELD PAI NTI NG UNDERGROUND TANK PI PI NG

Car bon st eel  pi pi ng associ at ed wi t h under gr ound t ank syst em must  be coat ed 
i n accor dance wi t h Sect i on 09 97 13. 28 HI GH PERFORMANCE COATI NG FOR STEEL 
STRUCTURES -  FUEL PI PI NG ONLY

        - -  End of  Sect i on - -
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SECTI ON 33 71 02

UNDERGROUND ELECTRI CAL DI STRI BUTI ON
08/ 21

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO HB- 17 ( 2002;  Er r at a 2003;  Er r at a 2005,  17t h 
Edi t i on)  St andar d Speci f i cat i ons f or  
Hi ghway Br i dges

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  318M ( 2014;  ERTA 2015)  Bui l di ng Code 
Requi r ement s f or  St r uct ur al  Concr et e & 
Comment ar y

ACI  SP- 66 ( 2004)  ACI  Det ai l i ng Manual

ASTM I NTERNATI ONAL ( ASTM)

ASTM B1 ( 2013)  St andar d Speci f i cat i on f or  
Har d- Dr awn Copper  Wi r e

ASTM B3 ( 2013)  St andar d Speci f i cat i on f or  Sof t  or  
Anneal ed Copper  Wi r e

ASTM B8 ( 2011;  R 2017)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM C309 ( 2019)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds f or  Cur i ng 
Concr et e

ASTM C478 ( 2018)  St andar d Speci f i cat i on f or  Ci r cul ar  
Pr ecast  Rei nf or ced Concr et e Manhol e 
Sect i ons

ASTM C857 ( 2016)  St andar d Pr act i ce f or  Mi ni mum 
St r uct ur al  Desi gn Loadi ng f or  Under gr ound 
Pr ecast  Concr et e Ut i l i t y  St r uct ur es

ASTM C990 ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s
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ASTM F512 ( 2019)  St andar d Speci f i cat i on f or  
Smoot h- Wal l  Pol y ( Vi nyl  Chl or i de)  ( PVC)  
Condui t  and Fi t t i ngs f or  Under gr ound 
I nst al l at i on

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE St ds Di ct i onar y ( 2009)  I EEE St andar ds Di ct i onar y:  Gl ossar y 
of  Ter ms & Def i ni t i ons

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C119. 1 ( 2016)  El ect r i c Connect or s -  Seal ed 
I nsul at ed Under gr ound Connect or  Syst ems 
Rat ed 600 Vol t s

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

NEMA TC 6 & 8 ( 2020)  St andar d f or  Pol yvi nyl  Chl or i de 
( PVC)  Pl ast i c Ut i l i t i es Duct  f or  
Under gr ound I nst al l at i ons

NEMA TC 9 ( 2020)  St andar d f or  Fi t t i ngs f or  Pol yvi nyl  
Chl or i de ( PVC)  Pl ast i c Ut i l i t i es Duct  f or  
Under gr ound I nst al l at i on

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 70 ( 2023)  Nat i onal  El ect r i cal  Code

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 758 ( 2012b)  Cust omer - Owned Out si de Pl ant  
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

RUS Bul l  1751F- 644 ( 2002)  Under gr ound Pl ant  Const r uct i on

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
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Ri gi d Met al  Condui t - St eel

UL 44 ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Ther moset - I nsul at ed Wi r es and Cabl es

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

UL 94 ( 2013;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 486A- 486B ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Wi r e Connect or s

UL 510 ( 2020)  UL St andar d f or  Saf et y Pol yvi nyl  
Chl or i de,  Pol yet hyl ene and Rubber  
I nsul at i ng Tape

UL 514B ( 2012;  Repr i nt  May 2020)  Condui t ,  Tubi ng 
and Cabl e Fi t t i ngs

UL 651 ( 2011;  Repr i nt  May 2022)  UL St andar d f or  
Saf et y Schedul e 40,  80,  Type EB and A 
Ri gi d PVC Condui t  and Fi t t i ngs

UL 854 ( 2020)  St andar d f or  Ser vi ce- Ent r ance Cabl es

UL 1242 ( 2006;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y El ect r i cal  I nt er medi at e Met al  
Condui t  - -  St eel

1. 2   DEFI NI TI ONS

a.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs 
t er ms used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as 
def i ned i n I EEE St ds Di ct i onar y.

b.   I n t he t ext  of  t hi s sect i on,  t he wor ds condui t  and duct  ar e used 
i nt er changeabl y and have t he same meani ng.

c.   I n t he t ext  of  t hi s sect i on,  " medi um vol t age cabl e spl i ces, "  and 
" medi um vol t age cabl e j oi nt s"  ar e used i nt er changeabl y and have t he 
same meani ng.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:
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SD- 02 Shop Dr awi ngs

Pr ecast  Under gr ound St r uct ur es;  G,  AO

SD- 03 Pr oduct  Dat a

Pr ecast  Concr et e St r uct ur es;  G,  AO

Seal i ng Mat er i al

Handhol e Fr ames and Cover s;  G,  AO

SD- 06 Test  Repor t s

Fi el d Accept ance Checks and Test s;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Pr ecast  Under gr ound St r uct ur es

Submi t t al  r equi r ed f or  each t ype used.   Pr ovi de cal cul at i ons and dr awi ngs 
f or  pr ecast  manhol es and handhol es bear i ng t he seal  of  a r egi st er ed 
pr of essi onal  engi neer  i ncl udi ng:

a.   Mat er i al  descr i pt i on ( i . e. ,  f ' c  and Fy)

b.   Manuf act ur er ' s pr i nt ed assembl y and i nst al l at i on i nst r uct i ons

c.   Desi gn cal cul at i ons

d.   Rei nf or ci ng shop dr awi ngs i n accor dance wi t h ACI  SP- 66

e.   Pl ans and el evat i ons showi ng openi ng and pul l i ng- i n i r on l ocat i ons and 
det ai l s

1. 4. 2   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p must  be i n accor dance wi t h t he mandat or y and 
advi sor y pr ovi s i ons of  I EEE C2 and NFPA 70 unl ess mor e st r i ngent  
r equi r ement s ar e speci f i ed or  i ndi cat ed.

1. 4. 3   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr oduct s must  have been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o bi d openi ng.   The 2- year  
per i od must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  
c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  must  have been f or  sal e on 
t he commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  
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br ochur es dur i ng t he 2- year  per i od.   Wher e t wo or  mor e i t ems of  t he same 
cl ass of  equi pment  ar e r equi r ed,  t hese i t ems must  be pr oduct s of  a s i ngl e 
manuf act ur er ;  however ,  t he component  par t s of  t he i t em need not  be t he 
pr oduct s of  t he same manuf act ur er  unl ess st at ed i n t hi s sect i on.

1. 4. 3. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 4. 3. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
ar e not  accept abl e,  unl ess speci f i ed ot her wi se.

PART 2   PRODUCTS

2. 1   CONDUI T,  DUCTS,  AND FI TTI NGS

2. 1. 1   Ri gi d Met al  Condui t

UL 6.

2. 1. 1. 1   Ri gi d Met al l i c  Condui t ,  PVC Coat ed

NEMA RN 1,  Type A40,  except  t hat  har dness must  be nomi nal  85 Shor e A 
dur omet er ,  di el ect r i c st r engt h must  be mi ni mum 400 vol t s per  mi l  at  60 Hz,  
and t ensi l e st r engt h must  be mi ni mum 3500 psi .

2. 1. 2   I nt er medi at e Met al  Condui t

UL 1242.

2. 1. 2. 1   I nt er medi at e Met al  Condui t ,  PVC Coat ed

NEMA RN 1,  Type A40,  except  t hat  har dness must  be nomi nal  85 Shor e A 
dur omet er ,  di el ect r i c st r engt h must  be mi ni mum 400 vol t s per  mi l  at  60 Hz,  
and t ensi l e st r engt h must  be mi ni mum 3500 psi .

2. 1. 3   Pl ast i c Condui t  f or  Di r ect  Bur i al  and Ri ser  Appl i cat i ons

UL 651 and NEMA TC 2,  EPC- 40.

2. 1. 4   Pl ast i c Duct  f or  Concr et e Encasement

Pr ovi de Type EB- 20 per  UL 651,  ASTM F512,  and NEMA TC 6 & 8 or  Type EPC- 40 
per  UL 651 and NEMA TC 2.

2. 1. 5   Duct  Seal ant

UL 94,  Cl ass HBF.   Pr ovi de hi gh- expansi on ur et hane f oam duct  seal ant  t hat  
expands and har dens t o f or m a c l osed,  chemi cal l y and wat er  r esi st ant ,  
r i gi d st r uct ur e.   Seal ant  must  be compat i bl e wi t h common cabl e and wi r e 
j acket s and capabl e of  adher i ng t o met al s,  pl ast i cs and concr et e.   Seal ant  
must  be capabl e of  cur i ng i n t emper at ur e r anges of  35 degr ees F t o 95 
degr ees F.   Cur ed seal ant  must  wi t hst and t emper at ur e r anges of  - 20 degr ees 
F t o 200 degr ees F wi t hout  l oss of  f unct i on.
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2. 1. 6   Fi t t i ngs

2. 1. 6. 1   Met al  Fi t t i ngs

UL 514B.

2. 1. 6. 2   PVC Condui t  Fi t t i ngs

UL 514B,  UL 651.

2. 1. 6. 3   PVC Duct  Fi t t i ngs

NEMA TC 9.

2. 2   LOW VOLTAGE I NSULATED CONDUCTORS AND CABLES

I nsul at ed conduct or s must  be r at ed 600 vol t s and conf or m t o t he 
r equi r ement s of  NFPA 70,  i ncl udi ng l i s t i ng r equi r ement s.   Wi r es and cabl es 
manuf act ur ed mor e t han 24 mont hs pr i or  t o dat e of  del i ver y t o t he s i t e ar e 
not  accept abl e.   Ser vi ce ent r ance conduct or s must  conf or m t o UL 854,  t ype 
USE.

2. 2. 1   Conduct or  Types

Cabl e and duct  s i zes i ndi cat ed ar e f or  copper  conduct or s and THHN/ THWN 
unl ess ot her wi se not ed.   Conduct or s No.   10 AWG and smal l er  must  be 
sol i d.   Conduct or s No.  8 AWG and l ar ger  must  be st r anded.   Al l  conduct or s 
must  be copper .

2. 2. 2   Conduct or  Mat er i al

Unl ess speci f i ed or  i ndi cat ed ot her wi se or  r equi r ed by NFPA 70,  wi r es i n 
condui t ,  ot her  t han ser vi ce ent r ance,  must  be 600- vol t ,  Type THWN/ THHN 
conf or mi ng t o UL 83 or  RHW conf or mi ng t o UL 44.   Copper  conduct or s must  be 
anneal ed copper  compl yi ng wi t h ASTM B3 and ASTM B8.

2. 2. 3   Jacket s

Pr ovi de mul t i conduct or  cabl es wi t h an over al l  PVC out er  j acket .

2. 2. 4   I n Duct

Cabl es must  be si ngl e- conduct or  cabl e.

2. 2. 5   Cabl e Mar ki ng

I nsul at ed conduct or s must  have t he dat e of  manuf act ur e and ot her  
i dent i f i cat i on i mpr i nt ed on t he out er  sur f ace of  each cabl e at  r egul ar  
i nt er val s t hr oughout  t he cabl e l engt h.

I dent i f y each cabl e by means of  a f i ber ,  l ami nat ed pl ast i c,  or  non- f er r ous 
met al  t ags i n each manhol e,  handhol e,  j unct i on box,  and each t er mi nal .   
Each t ag must  cont ai n t he f ol l owi ng i nf or mat i on;  cabl e t ype,  conduct or  
s i ze,  c i r cui t  number ,  c i r cui t  vol t age,  cabl e dest i nat i on and phase 
i dent i f i cat i on.

Col or  code conduct or s.   Pr ovi de conduct or  i dent i f i cat i on wi t hi n each 
encl osur e wher e a t ap,  spl i ce,  or  t er mi nat i on i s made.   Conduct or  
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i dent i f i cat i on must  be by col or - coded i nsul at ed conduct or s,  pl ast i c- coat ed 
sel f - st i cki ng pr i nt ed mar ker s,  col or ed nyl on cabl e t i es and pl at es,  heat  
shr i nk t ype sl eeves, or  col or ed el ect r i cal  t ape.   Pr oper l y i dent i f y cont r ol  
c i r cui t  t er mi nat i ons.   Col or  must  be gr een f or  gr oundi ng conduct or s and 
whi t e f or  neut r al s;  except  wher e neut r al s of  mor e t han one syst em ar e 
i nst al l ed i n same r aceway or  box,  ot her  neut r al s may be whi t e wi t h a 
di f f er ent  col or ed ( not  gr een)  st r i pe f or  each.   Col or  of  ungr ounded 
conduct or s i n di f f er ent  vol t age syst ems ar e as f ol l ows:

a.   208/ 120 vol t ,  t hr ee- phase

( 1)  Phase A -  bl ack

( 2)  Phase B -  r ed

( 3)  Phase C -  bl ue

b.   480/ 277 vol t ,  t hr ee- phase

( 1)  Phase A -  br own

( 2)  Phase B -  or ange

( 3)  Phase C -  yel l ow

2. 3   LOW VOLTAGE WI RE CONNECTORS AND TERMI NALS

Pr ovi de a uni f or m compr essi on over  t he ent i r e conduct or  cont act  sur f ace.   
Use sol der l ess t er mi nal  l ugs on st r anded conduct or s.

a.   For  use wi t h copper  conduct or s:   UL 486A- 486B.

2. 4   LOW VOLTAGE SPLI CES

Pr ovi de spl i ces i n conduct or s wi t h a compr essi on connect or  on t he 
conduct or  and by i nsul at i ng and wat er pr oof i ng usi ng one of  t he f ol l owi ng 
met hods whi ch ar e sui t abl e f or  cont i nuous submer si on i n wat er  and compl y 
wi t h ANSI  C119. 1.

2. 4. 1   Heat  Shr i nkabl e Spl i ce

Pr ovi de heat  shr i nkabl e spl i ce i nsul at i on by means of  a t her mopl ast i c 
adhesi ve seal ant  mat er i al  appl i ed i n accor dance wi t h t he manuf act ur er ' s 
wr i t t en i nst r uct i ons.

2. 4. 2   Col d Shr i nk Rubber  Spl i ce

Pr ovi de a col d- shr i nk r ubber  spl i ce whi ch consi st s of  EPDM r ubber  t ube 
whi ch has been f act or y st r et ched ont o a spi r al ed cor e whi ch i s r emoved 
dur i ng spl i ce i nst al l at i on.   The i nst al l at i on must  not  r equi r e heat  or  
f l ame,  or  any addi t i onal  mat er i al s such as cover i ng or  adhesi ve.   I t  must  
be desi gned f or  use wi t h i nl i ne compr essi on t ype connect or s,  or  i ndoor ,  
out door ,  di r ect - bur i al  or  submer ged l ocat i ons.
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2. 5   TAPE

2. 5. 1   I nsul at i ng Tape

UL 510,  pl ast i c i nsul at i ng t ape,  capabl e of  per f or mi ng i n a cont i nuous 
t emper at ur e envi r onment  of  80 degr ees C.

2. 5. 2   Bur i ed War ni ng and I dent i f i cat i on Tape

Pr ovi de det ect abl e t ape i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

2. 6   PULL ROPE

Pl ast i c or  f l at  pul l  l i ne ( bul l  l i ne)  havi ng a mi ni mum t ensi l e st r engt h of  
200 pounds.

2. 7   GROUNDI NG AND BONDI NG

2. 7. 1   Dr i ven Gr ound Rods

Pr ovi de copper - c l ad st eel  gr ound r ods conf or mi ng t o UL 467 or  sol i d copper  
gr ound r ods conf or mi ng t o UL 467 not  l ess t han 3/ 4 i nch i n di amet er  by 10 
f eet  i n l engt h.   Sect i onal  t ype r ods may be used f or  r ods 20 f eet  or  
l onger .

2. 7. 2   Gr oundi ng Conduct or s

St r anded- bar e copper  conduct or s must  conf or m t o ASTM B8,  Cl ass B,  
sof t - dr awn unl ess ot her wi se i ndi cat ed.   Sol i d- bar e copper  conduct or s must  
conf or m t o ASTM B1 f or  s i zes No.  8 and smal l er .   I nsul at ed conduct or s must  
be of  t he same mat er i al  as phase conduct or s and gr een col or - coded,  except  
t hat  conduct or s must  be r at ed no mor e t han 600 vol t s.   Al umi num i s not  
accept abl e.

2. 8   CAST- I N- PLACE CONCRETE

Pr ovi de concr et e i n accor dance wi t h Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.   I n addi t i on,  pr ovi de concr et e f or  encasement  of  under gr ound 
duct s wi t h 3000 psi  mi ni mum 28- day compr essi ve st r engt h.   Concr et e 
associ at ed wi t h el ect r i cal  wor k f or  ot her  t han encasement  of  under gr ound 
duct s must  be 4000 psi  mi ni mum 28- day compr essi ve st r engt h unl ess 
speci f i ed ot her wi se.

2. 9   UNDERGROUND STRUCTURES

Pr ovi de pr ecast  concr et e under gr ound st r uct ur es or  st andar d t ype 
cast - i n- pl ace manhol e t ypes as i ndi cat ed,  conf or mi ng t o ASTM C857 and 
ASTM C478.   Top,  wal l s,  and bot t om must  consi st  of  r ei nf or ced concr et e.   
Wal l s and bot t om must  be of  monol i t hi c concr et e const r uct i on.   Locat e duct  
ent r ances and wi ndows near  t he cor ner s of  st r uct ur es t o f aci l i t at e cabl e 
r acki ng.   Cover s must  f i t  t he f r ames wi t hout  undue pl ay.   For m st eel  and 
i r on t o shape and si ze wi t h shar p l i nes and angl es.   Cast i ngs must  be f r ee 
f r om war p and bl ow hol es t hat  may i mpai r  st r engt h or  appear ance.   Exposed 
met al  must  have a smoot h f i ni sh and shar p l i nes and ar i ses.   Pr ovi de 
necessar y l ugs,  r abbet s,  and br acket s.   Set  pul l i ng- i n i r ons and ot her  
bui l t - i n i t ems i n pl ace bef or e deposi t i ng concr et e.   I nst al l  a pul l i ng- i n 
i r on i n t he wal l  opposi t e each duct  l i ne ent r ance.   Cabl e r acks,  i ncl udi ng 
r ack ar ms and i nsul at or s,  must  be adequat e t o accommodat e t he cabl e.
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2. 9. 1   Cast - I n- Pl ace Concr et e St r uct ur es

Concr et e must  conf or m t o Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.   
Const r uct  wal l s on a f oot i ng of  cast - i n- pl ace concr et e except  t hat  pr ecast  
concr et e base sect i ons may be used f or  pr ecast  concr et e handhol e r i ser s.

2. 9. 2   Pr ecast  Concr et e St r uct ur es,  Ri ser s and Tops

Pr ecast  concr et e under gr ound st r uct ur es may be pr ovi ded i n l i eu of  
cast - i n- pl ace subj ect  t o t he r equi r ement s speci f i ed bel ow.   Pr ecast  uni t s 
must  be t he pr oduct  of  a manuf act ur er  r egul ar l y engaged i n t he manuf act ur e 
of  pr ecast  concr et e pr oduct s,  i ncl udi ng pr ecast  manhol es.

2. 9. 2. 1   Gener al

Pr ecast  concr et e st r uct ur es must  have t he same accessor i es and f aci l i t i es 
as r equi r ed f or  cast - i n- pl ace st r uct ur es.   Li kewi se,  pr ecast  st r uct ur es 
must  have pl an ar ea and cl ear  hei ght s not  l ess t han t hose of  cast - i n- pl ace 
st r uct ur es.   Concr et e mat er i al s and met hods of  const r uct i on must  be t he 
same as f or  cast - i n- pl ace concr et e const r uct i on,  as modi f i ed her ei n.   
Sl ope i n f l oor  may be omi t t ed pr ovi ded pr ecast  sect i ons ar e pour ed i n 
r ei nf or ced st eel  f or ms.   Concr et e f or  pr ecast  wor k must  have a 28- day 
compr essi ve st r engt h of  not  l ess t han 4000 psi .   St r uct ur es may be pr ecast  
t o t he desi gn and det ai l s i ndi cat ed f or  cast - i n- pl ace const r uct i on,  
pr ecast  monol i t hi cal l y and pl aced as a uni t ,  or  st r uct ur es may be 
assembl ed sect i ons,  desi gned and pr oduced by t he manuf act ur er  i n 
accor dance wi t h t he r equi r ement s speci f i ed.   St r uct ur es must  be i dent i f i ed 
wi t h t he manuf act ur er ' s name embedded i n or  ot her wi se per manent l y at t ached 
t o an i nt er i or  wal l  f ace.

2. 9. 2. 2   Desi gn f or  Pr ecast  St r uct ur es

ACI  318M.   I n t he absence of  det ai l ed on- si t e soi l  i nf or mat i on,  desi gn f or  
t he f ol l owi ng soi l  par amet er s/ s i t e condi t i ons:

a.   Angl e of  I nt er nal  Fr i ct i on ( phi )  =  30 degr ees

b.   Uni t  Wei ght  of  Soi l  ( Dr y)  =  110 pcf ,  ( Sat ur at ed)
=  130 pcf

c.   Coef f i c i ent  of  Lat er al  Ear t h Pr essur e ( Ka)  = 0. 33

d.   Gr ound Wat er  Level  =  3 f eet  bel ow gr ound el evat i on

e.   Ver t i cal  desi gn l oads must  i ncl ude f ul l  dead,  super i mposed dead,  and 
l i ve l oads i ncl udi ng a 30 per cent  magni f i cat i on f act or  f or  i mpact .   
Li ve l oads must  consi der  al l  t ypes and magni t udes of  vehi cul ar  
( aut omot i ve,  i ndust r i al ,  or  ai r cr af t )  t r af f i c  t o be encount er ed.   The 
mi ni mum desi gn ver t i cal  l oad must  be f or  H20 hi ghway l oadi ng per  
AASHTO HB- 17.

f .   Hor i zont al  desi gn l oads must  i ncl ude f ul l  geost at i c and hydr ost at i c 
pr essur es f or  t he soi l  par amet er s,  wat er  t abl e,  and dept h of  
i nst al l at i on t o be encount er ed.   Al so,  hor i zont al  l oads i mposed by 
adj acent  st r uct ur e f oundat i ons,  and hor i zont al  l oad component s of  
ver t i cal  desi gn l oads,  i ncl udi ng i mpact ,  must  be consi der ed,  al ong 
wi t h a pul l i ng- i n i r on desi gn l oad of  6000 pounds.

g.   Each st r uct ur al  component  must  be desi gned f or  t he l oad combi nat i on 
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and posi t i oni ng r esul t i ng i n t he maxi mum shear  and moment  f or  t hat  
par t i cul ar  component .

h.   Desi gn must  al so consi der  t he l i ve l oads i nduced i n t he handl i ng,  
i nst al l at i on,  and backf i l l i ng of  t he manhol es.   Pr ovi de l i f t i ng 
devi ces t o ensur e st r uct ur al  i nt egr i t y dur i ng handl i ng and 
i nst al l at i on.

2. 9. 2. 3   Const r uct i on

Pr ovi de a uni f or m t hi ckness f or  st r uct ur e t op,  bot t om,  and wal l  not  l ess 
t han 6 i nches.   Thi n- wal l ed knock- out  panel s f or  desi gned or  f ut ur e duct  
bank ent r ances ar e not  per mi t t ed.   Pr ovi de quant i t y,  s i ze,  and l ocat i on of  
duct  bank ent r ance wi ndows as di r ect ed,  and cast  compl et el y open by t he 
pr ecast er .   Si ze of  wi ndows must  exceed t he nomi nal  duct  bank envel ope 
di mensi ons by at  l east  12 i nches ver t i cal l y and hor i zont al l y t o pr ecl ude 
i n- f i el d wi ndow modi f i cat i ons made necessar y by duct  bank mi sal i gnment .   
However ,  t he s i des of  pr ecast  wi ndows must  be a mi ni mum of  6 i nches f r om 
t he i nsi de sur f ace of  adj acent  wal l s,  f l oor s,  or  cei l i ngs.   For m t he 
per i met er  of  pr ecast  wi ndow openi ngs t o have a keyed or  i nwar d f l ar ed 
sur f ace t o pr ovi de a posi t i ve i nt er l ock wi t h t he mat i ng duct  bank 
envel ope.   Pr ovi de wel ded wi r e f abr i c r ei nf or ci ng t hr ough wi ndow openi ngs 
f or  i n- f i el d cut t i ng and f l ar i ng i nt o duct  bank envel opes.   Pr ovi de 
addi t i onal  r ei nf or ci ng st eel  compr i sed of  at  l east  t wo No.  4 bar s ar ound 
wi ndow openi ngs.   Pr ovi de dr ai n sumps a mi ni mum of  12 i nches i n di amet er  
and 4 i nches deep f or  pr ecast  st r uct ur es.

2. 9. 2. 4   Joi nt s

Pr ovi de t ongue- and- gr oove j oi nt s on mat i ng edges of  pr ecast  component s.   
Shi pl ap j oi nt s ar e not  al l owed.   Desi gn j oi nt s t o f i r ml y i nt er l ock 
adj oi ni ng component s and t o pr ovi de wat er pr oof  j unct i ons and adequat e 
shear  t r ansf er .   Seal  j oi nt s wat er t i ght  usi ng pr ef or med pl ast i c st r i p 
conf or mi ng t o ASTM C990.   I nst al l  seal i ng mat er i al  i n st r i ct  accor dance 
wi t h t he seal ant  manuf act ur er ' s pr i nt ed i nst r uct i ons.   Pr ovi de 
wat er pr oof i ng at  condui t / duct  ent r ances i nt o st r uct ur es,  and wher e access 
f r ame meet s t he t op sl ab,  pr ovi de cont i nuous gr out  seal .

2. 9. 3   Handhol e Fr ames and Cover s

Fr ames and cover s of  st eel  must  be wel ded by qual i f i ed wel der s i n 
accor dance wi t h st andar d commer ci al  pr act i ce.   Pr ovi de r ol l ed- st eel  f l oor  
pl at e cover s havi ng an appr oved ant i s l i p sur f ace.   Hi nges must  be of  
st ai nl ess st eel  wi t h br onze hi nge pi n,  5 by 5 i nches by appr oxi mat el y 3/ 16 
i nch t hi ck,  wi t hout  scr ew hol es,  and must  be f or  f ul l  sur f ace appl i cat i on 
by f i l l et  wel di ng.   Hi nges must  have nonr emovabl e pi ns and f i ve knuckl es.   
The sur f aces of  pl at es under  hi nges must  be t r ue af t er  t he r emoval  of  
r ai sed ant i s l i p sur f ace,  by gr i ndi ng or  ot her  appr oved met hod.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  equi pment  and devi ces i n accor dance wi t h t he manuf act ur er ' s 
publ i shed i nst r uct i ons and wi t h t he r equi r ement s and r ecommendat i ons of  
NFPA 70 and I EEE C2 as appl i cabl e.   I n addi t i on t o t hese r equi r ement s,  
i nst al l  t el ecommuni cat i ons i n accor dance wi t h TI A- 758 and 
RUS Bul l  1751F- 644.
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3. 2   CABLE I NSPECTI ON

I nspect  each cabl e r eel  f or  cor r ect  st or age posi t i ons,  s i gns of  physi cal  
damage,  and br oken end seal s pr i or  t o i nst al l at i on.   I f  end seal  i s  
br oken,  r emove moi st ur e f r om cabl e pr i or  t o i nst al l at i on i n accor dance 
wi t h t he cabl e manuf act ur er ' s r ecommendat i ons.

3. 3   UNDERGROUND FEEDERS SUPPLYI NG BUI LDI NGS

Ter mi nat e under gr ound f eeder s suppl y i ng bui l di ng i n accor dance wi t h t he 
dr awi ngs.   Coor di nat e connect i ons of  t he f eeder s t o t he ser vi ce ent r ance 
equi pment  wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

Encase t he under gr ound por t i on of  t he condui t  i n a concr et e envel ope and 
bur y as speci f i ed f or  under gr ound duct  wi t h concr et e encasement . 3. 4   

UNDERGROUND STRUCTURE CONSTRUCTI ON

Pr ovi de st andar d t ype cast - i n- pl ace const r uct i on as speci f i ed her ei n and 
as i ndi cat ed,  or  pr ecast  const r uct i on as speci f i ed her ei n.   Hor i zont al  
concr et e sur f aces of  f l oor s must  have a smoot h t r owel  f i ni sh.   Cur e 
concr et e by appl y i ng t wo coat s of  whi t e pi gment ed membr ane f or mi ng- cur i ng 
compound i n st r i ct  accor dance wi t h t he manuf act ur er ' s pr i nt ed 
i nst r uct i ons,  except  t hat  pr ecast  concr et e may be st eam cur ed.   Cur i ng 
compound must  conf or m t o ASTM C309.   Locat e duct  ent r ances and wi ndows i n 
t he cent er  of  end wal l s ( shor t er )  and near  t he cor ner s of  s i dewal l s 
( l onger )  t o f aci l i t at e cabl e r acki ng and spl i c i ng.   Cover s f or  under gr ound 
st r uct ur es must  f i t  t he f r ames wi t hout  undue pl ay.   For m st eel  and i r on t o 
shape and si ze wi t h shar p l i nes and angl es.   Cast i ngs must  be f r ee f r om 
war p and bl ow hol es t hat  may i mpai r  st r engt h or  appear ance.   Exposed met al  
must  have a smoot h f i ni sh and shar p l i nes and ar i ses.   Pr ovi de necessar y 
l ugs,  r abbet s,  and br acket s.   Set  pul l i ng- i n i r ons and ot her  bui l t - i n 
i t ems i n pl ace bef or e deposi t i ng concr et e.   Manhol e l ocat i ons,  as 
i ndi cat ed,  ar e appr oxi mat e.   Coor di nat e exact  manhol e l ocat i ons wi t h ot her  
ut i l i t i es and f i ni shed gr adi ng and pavi ng.

3. 4. 1   Pr ecast  Concr et e Const r uct i on

Set  commer ci al  pr ecast  st r uct ur es on 6 i nches of  l evel ,  90 per cent  
compact ed gr anul ar  f i l l ,  3/ 4 i nch t o 1 i nch si ze,  ext endi ng 12 i nches 
beyond t he st r uct ur e on each si de.   Compact  gr anul ar  f i l l  by a mi ni mum of  
f our  passes wi t h a pl at e t ype vi br at or .   I nst al l at i on must  addi t i onal l y 
conf or m t o t he manuf act ur er ' s i nst r uct i ons.

3. 4. 2   Fi el d Pai nt i ng

Cl ean cast - i r on f r ames and cover s not  bur i ed i n concr et e or  masonr y of  
mor t ar ,  r ust ,  gr ease,  di r t  and ot her  del et er i ous mat er i al s,  and coat  wi t h 
bi t umi nous pai nt .

3. 5   UNDERGROUND CONDUI T AND DUCT SYSTEMS

3. 5. 1   Requi r ement s

Run condui t  i n st r ai ght  l i nes except  wher e a change of  di r ect i on i s 
necessar y.   Pr ovi de number s and si zes of  duct s as i ndi cat ed.   Duct s must  
have a cont i nuous sl ope downwar d t owar d under gr ound st r uct ur es and away 
f r om bui l di ngs,  l ai d wi t h a mi ni mum sl ope of  4 i nches per  100 f eet .   
Dependi ng on t he cont our  of  t he f i ni shed gr ade,  t he hi gh- poi nt  may be at  a 
t er mi nal ,  a manhol e,  a handhol e,  or  bet ween manhol es or  handhol es.   
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Ter mi nat e al l  PVC condui t  end poi nt s i n ut i l i t y  hol es,  swi t chi ng cabi net s,  
t r ansf or m handhol es and bui l di ngs wi t h end bel l s.   The bel l  end of  t he 
condui t s t hat  ent er  manhol es and handhol es must  be f l ush wi t h t he wal l .

Per f or m changes i n duct bank di r ect i on as f ol l ows:

a.   Shor t - r adi us manuf act ur ed 90- degr ee duct  bends may be used onl y f or  
pol e or  equi pment  r i ser s,  unl ess speci f i cal l y i ndi cat ed as accept abl e.

b.   The mi ni mum manuf act ur ed bend r adi us must  be 18 i nches f or  duct s of  
l ess t han 3 i nch di amet er ,  and 36 i nches f or  duct s 3 i nches or  gr eat er  
i n di amet er .  

c.   As an except i on t o t he bend r adi us r equi r ed above,  pr ovi de f i el d 
manuf act ur ed l ongsweep bends havi ng a mi ni mum r adi us of  25 f eet  f or  a 
change of  di r ect i on of  mor e t han 5 degr ees,  ei t her  hor i zont al l y or  
ver t i cal l y,  usi ng a combi nat i on of  cur ved and st r ai ght  sect i ons.   
Maxi mum manuf act ur ed cur ved sect i ons al l owed f or  use i n f i el d 
manuf act ur ed l ongsweep bend:   30 degr ees.

3. 5. 2   Tr eat ment

Keep duct s c l ean of  concr et e,  di r t ,  or  f or ei gn subst ances dur i ng 
const r uct i on.   Make f i el d cut s r equi r i ng t aper s wi t h pr oper  t ool s and 
mat ch f act or y t aper s.   Use a coupl i ng r ecommended by t he duct  manuf act ur er  
whenever  an exi st i ng duct  i s connect ed t o a duct  of  di f f er ent  mat er i al  or  
shape.   St or e duct s t o avoi d war pi ng and det er i or at i on wi t h ends 
suf f i c i ent l y pl ugged t o pr event  ent r y of  any wat er  or  sol i d subst ances.   
Thor oughl y c l ean duct s bef or e bei ng l ai d.   St or e pl ast i c duct s on a f l at  
sur f ace and pr ot ect ed f r om t he di r ect  r ays of  t he sun.

3. 5. 3   Condui t  Cl eani ng

As each condui t  r un i s compl et ed,  f or  condui t  s i zes 3 i nches and l ar ger ,  
dr aw a f l exi bl e t est i ng mandr el  appr oxi mat el y 12 i nches l ong wi t h a 
di amet er  l ess t han t he i nsi de di amet er  of  t he condui t  t hr ough t he 
condui t .   Af t er  whi ch,  dr aw a st i f f  br i st l e br ush t hr ough unt i l  condui t  i s  
c l ear  of  par t i c l es of  ear t h,  sand and gr avel ;  t hen i mmedi at el y i nst al l  
condui t  pl ugs.   For  condui t  s i zes l ess t han 3 i nches,  dr aw a st i f f  br i st l e 
br ush t hr ough unt i l  condui t  i s  c l ear  of  par t i c l es of  ear t h,  sand and 
gr avel ;  t hen i mmedi at el y i nst al l  condui t  pl ugs.  

3. 5. 4   Gal vani zed Condui t  Concr et e Penet r at i ons

Gal vani zed condui t s whi ch penet r at e concr et e ( s l abs,  pavement ,  and wal l s)  
i n wet  l ocat i ons must  be PVC coat ed and ext end f r om at  l east  2 i nches 
wi t hi n t he concr et e t o t he f i r st  coupl i ng or  f i t t i ng out si de t he concr et e 
( mi ni mum of  6 i nches f r om penet r at i on) .

3. 5. 5   Mul t i pl e Condui t s

Separ at e mul t i pl e condui t s by a mi ni mum di st ance of  3 i nches,  except  t hat  
l i ght  and power  condui t s must  be separ at ed f r om cont r ol ,  s i gnal ,  and 
t el ephone condui t s by a mi ni mum di st ance of  12 i nches.   St agger  t he j oi nt s 
of  t he condui t s by r ows ( hor i zont al l y)  and l ayer s ( ver t i cal l y)  t o 
st r engt hen t he condui t  assembl y.   Pr ovi de pl ast i c duct  spacer s t hat  
i nt er l ock ver t i cal l y and hor i zont al l y.   Spacer  assembl y must  consi st  of  
base spacer s,  i nt er medi at e spacer s,  t i es,  and l ocki ng devi ce on t op t o 
pr ovi de a compl et el y encl osed and l ocked- i n condui t  assembl y.   I nst al l  
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spacer s per  manuf act ur er ' s i nst r uct i ons,  but  pr ovi de a mi ni mum of  t wo 
spacer  assembl i es per  10 f eet  of  condui t  assembl y.

3. 5. 6   Condui t  Pl ugs and Pul l  Rope

Pr ovi de new condui t  i ndi cat ed as bei ng unused or  empt y wi t h pl ugs on each 
end.   Pl ugs must  cont ai n a weephol e or  scr een t o al l ow wat er  dr ai nage.   
Pr ovi de a pl ast i c pul l  r ope havi ng 3 f eet  of  s l ack at  each end of  unused 
or  empt y condui t s.

3. 5. 7   Condui t  and Duct  Wi t hout  Concr et e Encasement

Dept hs t o t op of  t he condui t  must  be not  l ess t han 24 i nches bel ow 
f i ni shed gr ade.   Pr ovi de not  l ess t han 3 i nches cl ear ance f r om t he condui t  
t o each si de of  t he t r ench.   Gr ade bot t om of  t r ench smoot h;  wher e r ock,  
sof t  spot s,  or  shar p- edged mat er i al s ar e encount er ed,  excavat e t he bot t om 
f or  an addi t i onal  3 i nches,  f i l l  and t amp l evel  wi t h or i gi nal  bot t om wi t h 
sand or  ear t h f r ee f r om par t i c l es,  t hat  woul d be r et ai ned on a 1/ 4 i nch 
si eve.  The f i r st  6 i nch l ayer  of  backf i l l  cover  must  be sand compact ed as 
pr evi ousl y speci f i ed.   The r est  of  t he excavat i on must  be backf i l l ed and 
compact ed i n 3 t o 6 i nch l ayer s.  Pr ovi de col or ,  t ype and dept h of  war ni ng 
t ape as speci f i ed i n Sect i on 31 00 00 EARTHWORK.

3. 5. 7. 1   Encasement  Under  Roads and St r uct ur es

Under  r oads,  paved ar eas,  and r ai l r oad t r acks,  i nst al l  condui t s i n 
concr et e encasement  of  r ect angul ar  cr oss- sect i on pr ovi di ng a mi ni mum of  3 
i nch concr et e cover  ar ound duct s.   Ext end concr et e encasement  at  l east  5 
f eet  beyond t he edges of  paved ar eas and r oads,  and 12 f eet  beyond t he 
r ai l s on each si de of  r ai l r oad t r acks.   Dept hs t o t op of  t he concr et e 
envel ope must  be not  l ess t han 24 i nches bel ow f i ni shed gr ade.  

3. 5. 8   Duct  Encased i n Concr et e

Const r uct  under gr ound duct  l i nes of  i ndi v i dual  condui t s encased i n 
concr et e.   Dept hs t o t op of  t he concr et e envel ope must  be not  l ess t han 18 
i nches bel ow f i ni shed gr ade,  except  under  r oads and pavement ,  concr et e 
envel ope must  be not  l ess t han 24 i nches bel ow f i ni shed gr ade.   Do not  mi x 
di f f er ent  k i nds of  condui t  i n any one duct  bank.   Concr et e encasement  
sur r oundi ng t he bank must  be r ect angul ar  i n cr oss- sect i on and pr ovi de at  
l east  3 i nches of  concr et e cover  f or  duct s.   Separ at e condui t s by a 
mi ni mum concr et e t hi ckness of  3 i nches.   Bef or e pour i ng concr et e,  anchor  
duct  bank assembl i es,  pr event  f l oat i ng dur i ng concr et e pour i ng by dr i v i ng 
r ei nf or ci ng r ods adj acent  t o duct  spacer  assembl i es and at t achi ng t he r ods 
t o t he spacer  assembl y.   Pr ovi de col or ,  t ype and dept h of  war ni ng t ape as 
speci f i ed i n Sect i on 31 00 00 EARTHWORK

3. 5. 8. 1   Connect i ons t o Manhol es

Duct  bank envel opes connect i ng t o under gr ound st r uct ur es must  be f l ar ed t o 
have enl ar ged cr oss- sect i on at  t he manhol e ent r ance t o pr ovi de addi t i onal  
shear  st r engt h.   Di mensi ons of  t he f l ar ed cr oss- sect i on must  be l ar ger  
t han t he cor r espondi ng manhol e openi ng di mensi ons by no l ess t han 12 i nches
 i n each di r ect i on.   Per i met er  of  t he duct  bank openi ng i n t he under gr ound 
st r uct ur e must  be f l ar ed t owar d t he i nsi de or  keyed t o pr ovi de a posi t i ve 
i nt er l ock bet ween t he duct  bank and t he wal l  of  t he st r uct ur e.   Use 
vi br at or s when t hi s por t i on of  t he encasement  i s pour ed t o assur e a seal  
bet ween t he envel ope and t he wal l  of  t he st r uct ur e.
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3. 5. 8. 2   Connect i ons t o Exi st i ng Under gr ound St r uct ur es

For  duct  bank connect i ons t o exi st i ng st r uct ur es,  br eak t he st r uct ur e wal l  
out  t o t he di mensi ons r equi r ed and pr eser ve st eel  i n t he st r uct ur e wal l .  
Cut  st eel  and ext end i nt o t he duct  bank envel ope.   Chi p t he per i met er  
sur f ace of  t he duct  bank openi ng t o f or m a key or  f l ar ed sur f ace,  
pr ovi di ng a posi t i ve connect i on wi t h t he duct  bank envel ope.

3. 5. 8. 3   Connect i ons t o Exi st i ng Concr et e Pads

For  duct  bank connect i ons t o concr et e pads,  br eak an openi ng i n t he pad 
out  t o t he di mensi ons r equi r ed and pr eser ve st eel  i n pad.   Cut  t he st eel  
and ext end i nt o t he duct  bank envel ope.   Chi p out  t he openi ng i n t he pad 
t o f or m a key f or  t he duct  bank envel ope.

3. 5. 8. 4   Par t i al l y  Compl et ed Duct  Banks

Dur i ng const r uct i on wher ever  a const r uct i on j oi nt  i s  necessar y i n a duct  
bank,  pr event  debr i s such as mud,  and,  and di r t  f r om ent er i ng duct s by 
pr ovi di ng sui t abl e condui t  pl ugs.   Fi t  concr et e envel ope of  a par t i al l y  
compl et ed duct  bank wi t h r ei nf or ci ng st eel  ext endi ng a mi ni mum of  2 f eet  
back i nt o t he envel ope and a mi ni mum of  2 f eet  beyond t he end of  t he 
envel ope.   Pr ovi de one No.  4 bar  i n each cor ner ,  3 i nches f r om t he edge of  
t he envel ope.   Secur e cor ner  bar s wi t h t wo No.  3 t i es,  spaced appr oxi mat el y
 one f oot  apar t .   Rest r ai n r ei nf or ci ng assembl y f r om movi ng dur i ng 
concr et e pour i ng.

3. 5. 8. 5   Removal  of  Duct s

Wher e duct  l i nes ar e r emoved f r om exi st i ng under gr ound st r uct ur es,  c l ose 
t he openi ngs t o wat er pr oof  t he st r uct ur e.   Chi p out  t he wal l  openi ng t o 
pr ovi de a key f or  t he new sect i on of  wal l .

3. 5. 9   Duct  Seal i ng

Seal  al l  el ect r i cal  penet r at i ons f or  r adon mi t i gat i on,  mai nt ai ni ng 
i nt egr i t y of  t he vapor  bar r i er ,  and t o pr event  i nf i l t r at i on of  ai r ,  
i nsect s,  and ver mi n.

3. 6   CABLE PULLI NG

Pul l  cabl es down gr ade wi t h t he f eed- i n poi nt  at  t he manhol e or  bui l di ngs 
of  t he hi ghest  el evat i on.   Use f l exi bl e cabl e f eeds t o convey cabl es 
t hr ough manhol e openi ng and i nt o duct  r uns.   Do not  exceed t he speci f i ed 
cabl e bendi ng r adi i  when i nst al l i ng cabl e under  any condi t i ons,  i ncl udi ng 
t ur nups i nt o swi t ches,  t r ansf or mer s,  swi t chgear ,  swi t chboar ds,  and ot her  
encl osur es.   Cabl e wi t h t ape shi el d must  have a bendi ng r adi us not  l ess 
t han 12 t i mes t he over al l  di amet er  of  t he compl et ed cabl e.   I f  basket - gr i p 
t ype cabl e- pul l i ng devi ces ar e used t o pul l  cabl e i n pl ace,  cut  of f  t he 
sect i on of  cabl e under  t he gr i p bef or e spl i c i ng and t er mi nat i ng.

3. 6. 1   Cabl e Lubr i cant s

Use l ubr i cant s t hat  ar e speci f i cal l y r ecommended by t he cabl e manuf act ur er  
f or  assi st i ng i n pul l i ng j acket ed cabl es.

3. 7   CABLES I N UNDERGROUND STRUCTURES

Do not  i nst al l  cabl es ut i l i z i ng t he shor t est  pat h bet ween penet r at i ons,  
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but  r out e al ong t hose wal l s pr ovi di ng t he l ongest  r out e and t he maxi mum 
spar e cabl e l engt hs.  For m cabl es t o c l osel y par al l el  wal l s,  not  t o 
i nt er f er e wi t h duct  ent r ances,  and suppor t  on br acket s and cabl e 
i nsul at or s.   Suppor t  cabl e spl i ces i n under gr ound st r uct ur es by r acks on 
each si de of  t he spl i ce.   Locat e spl i ces t o pr event  cycl i c bendi ng i n t he 
spl i ced sheat h.   I nst al l  cabl es at  mi ddl e and bot t om of  cabl e r acks,  
l eavi ng t op space open f or  f ut ur e cabl es,  except  as ot her wi se i ndi cat ed 
f or  exi st i ng i nst al l at i ons.   Pr ovi de one spar e t hr ee- i nsul at or  r ack ar m 
f or  each cabl e r ack i n each under gr ound st r uct ur e.

3. 7. 1   Cabl e Tag I nst al l at i on

I nst al l  cabl e t ags i n each manhol e as speci f i ed,  i ncl udi ng each spl i ce.   
Tag wi r e and cabl e pr ovi ded by t hi s cont r act .   I nst al l  cabl e t ags over  t he 
f i r epr oof i ng,  i f  any,  and l ocat e t he t ags so t hat  t hey ar e c l ear l y v i s i bl e 
wi t hout  di st ur bi ng any cabl i ng or  wi r i ng i n t he manhol es.

3. 8   LOW VOLTAGE CABLE SPLI CI NG AND TERMI NATI NG

Make t er mi nat i ons and spl i ces wi t h mat er i al s and met hods as i ndi cat ed or  
speci f i ed her ei n and as desi gnat ed by t he wr i t t en i nst r uct i ons of  t he 
manuf act ur er .   Do not  al l ow t he cabl es t o be moved unt i l  af t er  t he 
spl i c i ng mat er i al  has compl et el y set .   Make spl i ces i n under gr ound 
di st r i but i on syst ems onl y i n accessi bl e l ocat i ons such as manhol es,  
handhol es,  or  abovegr ound t er mi nat i on pedest al s.

3. 9   GROUNDI NG SYSTEMS

NFPA 70 and I EEE C2,  except  pr ovi de gr oundi ng syst ems wi t h a r esi st ance t o 
sol i d ear t h gr ound not  exceedi ng 25 ohms.

3. 9. 1   Gr oundi ng El ect r odes

Pr ovi de cone poi nt ed dr i ven gr ound r ods dr i ven f ul l  dept h pl us 6 i nches,  
i nst al l ed t o pr ovi de an ear t h gr ound of  t he appr opr i at e val ue f or  t he 
par t i cul ar  equi pment  bei ng gr ounded.
I f  t he speci f i ed gr ound r esi st ance i s not  met ,  pr ovi de an addi t i onal  
gr ound r od i n accor dance wi t h t he r equi r ement s of  NFPA 70 ( pl aced not  l ess 
t han 6 f eet  f r om t he f i r st  r od) .   Shoul d t he r esul t ant  ( combi ned)  
r esi st ance exceed t he speci f i ed r esi st ance,  measur ed not  l ess t han 48 
hour s af t er  r ai nf al l ,  not i f y t he Cont r act i ng Of f i cer  i mmedi at el y.

3. 9. 2   Gr oundi ng Connect i ons

Make gr oundi ng connect i ons whi ch ar e bur i ed or  ot her wi se nor mal l y 
i naccessi bl e,  by exot her mi c wel d or  compr essi on connect or .

a.   Make exot her mi c wel ds st r i ct l y i n accor dance wi t h t he wel d 
manuf act ur er ' s wr i t t en r ecommendat i ons.   Wel ds whi ch ar e " puf f ed up"  
or  whi ch show convex sur f aces i ndi cat i ng i mpr oper  c l eani ng ar e not  
accept abl e.   Mechani cal  connect or s ar e not  r equi r ed at  exot her mi c 
wel ds.

b.   Make compr essi on connect i ons usi ng a hydr aul i c compr essi on t ool  t o 
pr ovi de t he cor r ect  c i r cumf er ent i al  pr essur e.   Tool s and di es must  be 
as r ecommended by t he manuf act ur er .   An embossi ng di e code or  ot her  
st andar d met hod must  pr ovi de vi s i bl e i ndi cat i on t hat  a connect or  has 
been adequat el y compr essed on t he gr ound wi r e.
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3. 9. 3   Gr oundi ng Conduct or s

Pr ovi de bar e gr oundi ng conduct or s,  except  wher e i nst al l ed i n condui t  wi t h 
associ at ed phase conduct or s.   Gr ound cabl e sheat hs,  cabl e shi el ds,  
condui t ,  and equi pment  wi t h No.  6 AWG.  Gr ound ot her  noncur r ent - car r y i ng 
met al  par t s and equi pment  f r ames of  met al - encl osed equi pment .   Gr ound 
met al l i c  f r ames and cover s of  handhol es and pul l  boxes wi t h a br ai ded,  
copper  gr ound st r ap wi t h equi val ent  ampaci t y of  No.  6 AWG.

3. 9. 4   Fence Gr oundi ng

Pr ovi de gr oundi ng f or  f ences as i ndi cat ed.

3. 10   EXCAVATI NG,  BACKFI LLI NG,  AND COMPACTI NG

Pr ovi de i n accor dance wi t h NFPA 70 and Sect i on 31 00 00 EARTHWORK.

3. 10. 1   Recondi t i oni ng of  Sur f aces

3. 10. 1. 1   Unpaved Sur f aces

Rest or e t o t hei r  or i gi nal  el evat i on and condi t i on unpaved sur f aces 
di st ur bed dur i ng i nst al l at i on of  duct .   Pr eser ve sod and t opsoi l  r emoved 
dur i ng excavat i on and r ei nst al l  af t er  backf i l l i ng i s compl et ed.   Repl ace 
sod t hat  i s damaged by sod of  qual i t y equal  t o t hat  r emoved.   When t he 
sur f ace i s di st ur bed i n a newl y seeded ar ea,  r e- seed t he r est or ed sur f ace 
wi t h t he same quant i t y and f or mul a of  seed as t hat  used i n t he or i gi nal  
seedi ng,  and pr ovi de t opsoi l i ng,  f er t i l i z i ng,  l i mi ng,  seedi ng,  soddi ng,  
spr i ggi ng,  or  mul chi ng.

3. 11   CAST- I N- PLACE CONCRETE

Pr ovi de concr et e i n accor dance wi t h Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.

3. 11. 1   Concr et e Sl abs ( Pads)  f or  Equi pment

Unl ess ot her wi se i ndi cat ed,  t he s l ab must  be at  l east  8 i nches t hi ck,  
r ei nf or ced wi t h a 6 by 6 -  W2. 9 by W2. 9 mesh,  pl aced uni f or ml y 4 i nches 
f r om t he t op of  t he s l ab.   Pl ace sl ab on a 6 i nch t hi ck,  wel l - compact ed 
gr avel  base.   Top of  concr et e s l ab must  be appr oxi mat el y 4 i nches above 
f i ni shed gr ade wi t h gr adual  s l ope f or  dr ai nage.   Edges above gr ade must  
have 1/ 2 i nch chamf er .   Sl ab must  be of  adequat e s i ze t o pr oj ect  at  l east  
8 i nches beyond t he equi pment .

St ub up condui t s,  wi t h bushi ngs,  2 i nches i nt o cabl e wel l s i n t he concr et e 
pad.   Coor di nat e di mensi ons of  cabl e wel l s wi t h t r ansf or mer  cabl e t r ai ni ng 
ar eas.

3. 11. 2   Seal i ng

When t he i nst al l at i on i s compl et e,  seal  al l  condui t  and ot her  ent r i es i nt o 
t he equi pment  encl osur e wi t h an appr oved seal i ng compound.   Seal s must  be 
of  suf f i c i ent  st r engt h and dur abi l i t y  t o pr ot ect  al l  ener gi zed l i ve par t s 
of  t he equi pment  f r om r odent s,  i nsect s,  or  ot her  f or ei gn mat t er .
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3. 12   FI ELD QUALI TY CONTROL

3. 12. 1   Per f or mance of  Fi el d Accept ance Checks and Test s

Per f or m i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons,  and i ncl ude 
t he f ol l owi ng vi sual  and mechani cal  i nspect i ons and el ect r i cal  t est s,  
per f or med i n accor dance wi t h NETA ATS.

3. 12. 1. 1   Low Vol t age Cabl es,  600- Vol t

Per f or m t est s af t er  i nst al l at i on of  cabl e,  spl i ces and t er mi nat i ons and 
bef or e t er mi nat i ng t o equi pment  or  spl i c i ng t o exi st i ng c i r cui t s.

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  I nspect  exposed cabl e sect i ons f or  physi cal  damage.

( 2)  Ver i f y t hat  cabl e i s suppl i ed and connect ed i n accor dance wi t h 
cont r act  pl ans and speci f i cat i ons.

( 3)  Ver i f y t i ght ness of  accessi bl e bol t ed el ect r i cal  connect i ons.

( 4)  I nspect  compr essi on- appl i ed connect or s f or  cor r ect  cabl e mat ch and 
i ndent at i on.

( 5)  Vi sual l y i nspect  j acket  and i nsul at i on condi t i on.

( 6)  I nspect  f or  pr oper  phase i dent i f i cat i on and ar r angement .

b.   El ect r i cal  Test s

( 1)  Per f or m i nsul at i on r esi st ance t est s on wi r i ng No.  6 AWG and l ar ger  
di amet er  usi ng i nst r ument  whi ch appl i es vol t age of  appr oxi mat el y 
1000 vol t s dc f or  one mi nut e.

( 2)  Per f or m cont i nui t y t est s t o i nsur e cor r ect  cabl e connect i on.

3. 12. 1. 2   Gr oundi ng Syst em

a.   Vi sual  and mechani cal  i nspect i on

I nspect  gr ound syst em f or  compl i ance wi t h cont r act  pl ans and 
speci f i cat i ons.

b.   El ect r i cal  t est s

Per f or m gr ound- i mpedance measur ement s ut i l i z i ng t he f al l - of - pot ent i al  
met hod i n accor dance wi t h I EEE 81.   On syst ems consi st i ng of  
i nt er connect ed gr ound r ods,  per f or m t est s af t er  i nt er connect i ons ar e 
compl et e.   On syst ems consi st i ng of  a s i ngl e gr ound r od per f or m t est s 
bef or e any wi r e i s connect ed.   Take measur ement s i n nor mal l y dr y 
weat her ,  not  l ess t han 48 hour s af t er  r ai nf al l .   Use a por t abl e gr ound 
r esi st ance t est er  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons t o 
t est  each gr ound or  gr oup of  gr ounds.   The i nst r ument  must  be equi pped 
wi t h a met er  r eadi ng di r ect l y i n ohms or  f r act i ons t her eof  t o i ndi cat e 
t he gr ound val ue of  t he gr ound r od or  gr oundi ng syst ems under  t est .   
Pr ovi de si t e di agr am i ndi cat i ng l ocat i on of  t est  pr obes wi t h 
associ at ed di st ances,  and pr ovi de a pl ot  of  r esi st ance vs.  di st ance.
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3. 12. 2   Fol l ow- Up Ver i f i cat i on

Upon compl et i on of  accept ance checks and t est s,  show by demonst r at i on i n 
ser vi ce t hat  c i r cui t s and devi ces ar e i n good oper at i ng condi t i on and 
pr oper l y per f or mi ng t he i nt ended f unct i on.   As an except i on t o 
r equi r ement s st at ed el sewher e i n t he cont r act ,  t he Cont r act i ng Of f i cer  
must  be gi ven 5 wor ki ng days advance not i ce of  t he dat es and t i mes of  
checki ng and t est i ng.

. . . .     - -  End of  Sect i on - -
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SECTI ON 34 73 16

AI RFI ELD GROUNDI NG
11/ 19

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.

ASTM I NTERNATI ONAL ( ASTM)

ASTM B8 ( 2011;  R 2017)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM B371/ B371M ( 2008;  R 2013)  St andar d Speci f i cat i on f or  
Copper - Zi nc- Si l i con Al l oy Rod

NATI ONAL FI RE PROTECTI ON ASSOCI ATI ON ( NFPA)

NFPA 407 ( 2022)  St andar d f or  Ai r cr af t  Fuel  Ser vi c i ng

UNDERWRI TERS LABORATORI ES ( UL)

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar ef or  
i nf or mat i on onl y.   When used,  a code f ol l owi ng t he " G"  c l assi f i cat i on 
i dent i f i es t he of f i ce t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .  
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

As- Bui l t  Dr awi ngs;  G

SD- 06 Test  Repor t s

Test s

SD- 07 Cer t i f i cat es

Gr oundi ng Rods

Copper  Conduct or s

Gr oundi ng Connect or s
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1. 3   AS- BUI LT DRAWI NGS

Submi t  as- bui l t  dr awngs t hat  pr ovi de cur r ent  f act ual  i nf or mat i on,  
i ncl udi ng devi at i ons f r om and amendment s t o t he dr awi ngs and changes i n 
t he wor k,  conceal ed and vi s i bl e.

PART 2   PRODUCTS

2. 1   METALS

Do not  use a combi nat i on of  mat er i al s t hat  f or ms an el ect r ol yt i c coupl e,  
whi ch accel er at es cor r osi on i n t he pr esence of  moi st ur e,  unl ess moi st ur e 
i s per manent l y excl uded f r om t he j unct i on of  such met al s.

2. 2   GROUNDI NG RODS

Use gr oundi ng r ods,  unl ess ot her wi se i ndi cat ed,  i n accor dance wi t h UL 467 
and made of  copper - c l ad st eel ,  copper ,  gal vani zed st eel ,  or  
copper - z i nc- si l i cone al l oy.  Use r ods not  l ess t han 3/ 4 i n i n di amet er  and 
not  l ess t han 10 f t  l ong.   Use copper  c l addi ng i n accor dance wi t h 
ASTM B371/ B371M,  Copper  Al l oy UNS No' s.  c 69400,  c 69430,  c 69440 or  c 
69450.  Use copper  c l addi ng not  l ess t han 0. 010 i n t hi ck at  any poi nt  and 
compl yi ng wi t h adher ence r equi r ement s and t he bandi ng r equi r ement s of  
UL 467.   Submi t  cer t i f i cat es of  compl i ance  st at i ng t hat  t he gr oundi ng 
r ods meet  t he speci f i ed r equi r ement s.   Pr ovi de r ods wi t h a c l osed eye or  
shepher d' s hook bend havi ng an i nsi de di amet er  of  not  l ess t han 1- 1/ 2 i n.  
Use poi nt ed r ods unl ess used f or  f l exi bl e pavement .  For  f l exi bl e pavement ,  
use r ods havi ng 3/ 4 i n Amer i can st andar d r ol l ed t hr eads f or  at t achment  of  
a bot t om anchor  and equi pped wi t h a scr ew- t ype bot t om havi ng a wi ng 
di amet er  of  not  l ess t han 5 i n.

2. 3   COPPER CONDUCTORS

Use copper  conduct or s t hat  bar e number  4 AWG copper  wi r e i n accor dance 
wi t h ASTM B8.  Submi t  cer t i f i cat es of  compl i ance st at i ng t hat  t he copper  
conduct or s meet  t he speci f i ed r equi r ement s.

2. 4   GROUNDI NG CONNECTORS

Use gr oundi ng connect or s t hat  compl y wi t h UL 467 f or  t he r equi r ed 
appl i cat i on.  Submi t  cer t i f i cat es of  compl i ance st at i ng t hat  t he gr oundi ng 
connect or s meet  t he speci f i ed r equi r ement s.

PART 3   EXECUTI ON

Pr i or  t o i nst al l i ng gr oundi ng r ods,  obt ai n appr oved di ggi ng per mi t s.

3. 1   GROUNDI NG POI NTS

Locat e t he gr oundi ng poi nt s as shown on t he dr awi ngs t o wi t hi n pl us or  
mi nus 2 i n.

3. 1. 1   Pavement  Recess

Set  t he t op of  t he gr oundi ng r od at  or  not  mor e t han 1/ 4 i n bel ow t he 
pavement  sur f ace gr ade.  Pr ovi de a r ecess 3 i n wi de,  and not  mor e t han 6 i n 
l ong,  wi t h a smoot h r ounded edge i n t he pavement  ar ound t he gr oundi ng 
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poi nt  anchor  eye t o per mi t  t he ent r ance of  l i nes i nt o t he eye and t o al l ow 
f or  at t achment  of  t he gr oundi ng cabl e.  Do not  al l ow t he dept h of  t he 
r ecess t o be deeper  t han t he bot t om of  t he openi ng of  t he gr oundi ng poi nt  
eye.

3. 1. 2   I nst al l at i on

3. 1. 2. 1   Exi st i ng Ri gi d Pavement

I nst al l  gr oundi ng r ods i n hol es cor ed t hr ough t he r i gi d pavement  usi ng 
r ot ar y,  non- per cussi on dr i l l i ng t echni ques.  Check t hat  t he cor e hol es have 
a mi ni mum di amet er  of  6 i n.  Check t hat  t he s i des of  t he cor e hol e ar e 
per pendi cul ar  t o t he pavement  sur f ace.  I nst al l  t he gr oundi ng r od by 
pushi ng or  dr i v i ng t he r od t hr ough t he pavement  base cour ses and subgr ade.  
Do not  al l ow t he i nst al l at i on t echni que chosen t o damage t he gr oundi ng r od 
or  t he pavement .  Compl et e i nst al l at i on by pl aci ng concr et e ar ound t he 
gr oundi ng r od i n l i f t s  not  t o exceed 6 i n i n dept h and consol i dat e each 
l i f t  usi ng spud vi br at or s.

3. 1. 3   I nt er connect i on

For  gr oundi ng r ods i nst al l ed at  f uel i ng hydr ant  out l et s,  el ect r i cal l y 
i nt er connect  wi t h t he f uel  pi pi ng wi t h not  l ess t han a number  4 AWG bar e 
copper  conduct or .

3. 2   TESTS

Submi t  an i ndependent  t est i ng agency' s cer t i f i ed r epor t s of  i nspect i ons 
and t est s,  i ncl udi ng anal ysi s and i nt er pr et at i on of  t est  r esul t s.  Pr oper l y 
i dent i f y each r epor t .  Descr i be t est  met hods and st andar ds used.   Measur e 
r esi st ance t o gr ound t est s as speci f i ed i n NFPA 407.  Submi t  t est  r esul t s 
t o t he Cont r act i ng Of f i cer .   Repor t  i mmedi at el y t o t he Cont r act i ng Of f i cer  
gr ound r ods t hat  have mor e t han 10, 000 ohms of  r esi st ance.

        - -  End of  Sect i on - -
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	2.3.7.9   Electrical Device Cover Plates



	PART 3   EXECUTION

	09 22 00 - SUPPORTS FOR PLASTER AND GYPSUM BOARD
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   DELIVERY, STORAGE, AND HANDLING

	PART 2   PRODUCTS
	2.1   MATERIALS
	2.1.1   Materials for Attachment of Lath
	2.1.1.1   Suspended and Furred Ceiling Systems and Wall Furring
	2.1.1.2   Non-load Bearing Wall Framing

	2.1.2   Materials for Attachment of Gypsum Wallboard
	2.1.2.1   Suspended and Furred Ceiling Systems
	2.1.2.2   Non-load Bearing Wall Framing and Furring
	2.1.2.3   Furring Structural Steel Columns
	2.1.2.4   Z-Furring Channels with Wall Insulation



	PART 3   EXECUTION
	3.1   INSTALLATION
	3.1.1   Systems for Attachment of Gypsum Wallboard
	3.1.1.1   Suspended and Furred Ceiling Systems
	3.1.1.2   Non-load Bearing Wall Framing and Furring


	3.2   ERECTION TOLERANCES


	09 29 00 - GYPSUM BOARD
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   CERTIFICATIONS
	1.3.1   Indoor Air Quality Certifications
	1.3.1.1   Adhesives and Sealants


	1.4   DELIVERY, STORAGE, AND HANDLING
	1.4.1   Delivery
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	1.5   QUALIFICATIONS
	1.6   ENVIRONMENTAL REQUIREMENTS
	1.7   FIRE RESISTIVE CONSTRUCTION

	PART 2   PRODUCTS
	2.1   MATERIALS
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	2.1.2.2   Type X Special Fire-Resistant

	2.1.3   Cementitious Backer Units
	2.1.4   Joint Treatment Materials
	2.1.4.1   Embedding Compound
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	2.1.4.5   Joint Tape

	2.1.5   Fasteners
	2.1.5.1   Nails
	2.1.5.2   Screws
	2.1.5.3   Staples

	2.1.6   Adhesives
	2.1.6.1   Adhesive for Fastening Gypsum Board to Metal Framing
	2.1.6.2   Adhesive for Fastening Gypsum Board to Wood Framing
	2.1.6.3   Adhesive for Laminating

	2.1.7   Accessories
	2.1.8   Asphalt Impregnated Building Felt
	2.1.9   Water


	PART 3   EXECUTION
	3.1   EXAMINATION
	3.1.1   Framing and Furring
	3.1.2   Building Construction Materials

	3.2   APPLICATION OF GYPSUM BOARD
	3.2.1   Application of Single-Ply Gypsum Board to Wood Framing
	3.2.2   Application of Two-Ply Gypsum Board to Wood Framing
	3.2.3   Adhesive Nail-On Application to Wood Framing
	3.2.4   Semi-Solid Gypsum Board Partitions
	3.2.5   Solid Gypsum Board Partitions
	3.2.6   Adhesive Application to Interior Masonry or Concrete Walls
	3.2.7   Application of Gypsum Board to Steel Framing and Furring
	3.2.8   Arches and Bending Radii
	3.2.9   Gypsum Board for Wall Tile or Tile Base Applied with Adhesive
	3.2.10   Exterior Application
	3.2.11   Glass Mat Covered or Fiber Reinforced Gypsum Sheathing
	3.2.12   Floating Interior Angles
	3.2.13   Control Joints

	3.3   APPLICATION OF CEMENTITIOUS BACKER UNITS
	3.3.1   Application
	3.3.2   Joint Treatment

	3.4   FINISHING OF GYPSUM BOARD
	3.4.1   Uniform Surface

	3.5   SEALING
	3.5.1   Sealing for Glass Mat or Reinforced Gypsum Board Sheathing

	3.6   FIRE-RESISTANT ASSEMBLIES
	3.7   PATCHING
	3.8   SHAFTWALL FRAMING


	09 30 10 - CERAMIC, QUARRY, AND GLASS TILING
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   CERTIFICATIONS
	1.3.1   Indoor Air Quality Certifications
	1.3.2   Water Absorption Rates Certification

	1.4   QUALITY ASSURANCE
	1.5   DELIVERY, STORAGE, AND HANDLING
	1.6   ENVIRONMENTAL REQUIREMENTS
	1.7   WARRANTY
	1.8   EXTRA MATERIALS

	PART 2   PRODUCTS
	2.1   TILE
	2.1.1   Porcelain Tile
	2.1.2   Mosaic Tile
	2.1.3   Glazed Ceramic Wall Tile

	2.2   SETTING-BED
	2.2.1   Aggregate for Concrete Fill
	2.2.2   Portland Cement
	2.2.3   Sand
	2.2.4   Hydrated Lime
	2.2.5   Metal Lath
	2.2.6   Reinforcing Wire Fabric

	2.3   WATER
	2.4   MORTAR, GROUT, AND ADHESIVE
	2.4.1   Dry-Set Portland Cement Mortar
	2.4.2   Latex-Portland Cement Mortar
	2.4.3   Ceramic Tile Grout
	2.4.4   Sealants

	2.5   SUBSTRATES
	2.5.1   Cementitious Backer Units
	2.5.2   Glass-Mat Gypsum Water-Resistant Backing Board

	2.6   MISCELLANEOUS TRIMS
	2.6.1   Transition Strips

	2.7   WATERPROOF MEMBRANE
	2.7.1   General
	2.7.2   Chlorinated-Polyethylene Shower Waterproof Membrane

	2.8   CRACK ISOLATION MEMBRANE
	2.8.1   General
	2.8.2   Chlorinated-Polyethylene Crack Isolation Membrane

	2.9   COLOR, TEXTURE, AND PATTERN

	PART 3   EXECUTION
	3.1   PREPARATORY WORK AND WORKMANSHIP
	3.2   GENERAL INSTALLATION REQUIREMENTS
	3.3   INSTALLATION OF SUBSTRATES
	3.3.1   Cementitious Backer Units and Glass-Mat Water-Resistant Backing Board

	3.4   INSTALLATION OF WALL TILE
	3.4.1   Workable or Cured Mortar Bed
	3.4.2    Latex-Portland Cement Mortar
	3.4.3   Ceramic Tile Grout

	3.5   INSTALLATION OF FLOOR TILE
	3.5.1   Installation of  Porcelain Tile
	3.5.2   Workable or Cured Mortar Bed
	3.5.3   Dry-Set and Latex-Portland Cement
	3.5.4   Ceramic Tile Grout
	3.5.5   Waterproof and Crack Isolation Membranes
	3.5.6   Concrete Fill

	3.6   INSTALLATION OF MISCELLANEOUS TRIMS
	3.6.1   Transition Strips
	3.6.2   Metal Trims

	3.7   EXPANSION JOINTS
	3.7.1   Walls
	3.7.2   Floors

	3.8   CLEANING AND PROTECTING


	09 51 00 - ACOUSTICAL CEILINGS
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   CERTIFICATIONS
	1.3.1   Indoor Air Quality Certifications
	1.3.1.1   Ceiling Tiles
	1.3.1.2   Adhesives and Sealants


	1.4   DELIVERY, STORAGE. AND HANDLING
	1.5   ENVIRONMENTAL REQUIREMENTS
	1.6   SCHEDULING
	1.7   WARRANTY
	1.8   EXTRA MATERIALS

	PART 2   PRODUCTS
	2.1   SYSTEM DESCRIPTION
	2.1.1   Acoustical Performance
	2.1.1.1   Ceiling Sound Transmission
	2.1.1.2   Ceiling Sound Absorption

	2.1.2   Light Reflectance

	2.2   ACOUSTICAL UNITS
	2.2.1   Units for Exposed-Grid System 
	2.2.1.1   Type
	2.2.1.2   Flame Spread
	2.2.1.3   Pattern
	2.2.1.4   Minimum NRC
	2.2.1.5   Minimum Light Reflectance Coefficient
	2.2.1.6   Nominal Size
	2.2.1.7   Edge Detail
	2.2.1.8   Finish
	2.2.1.9   Minimum CAC


	2.3   SUSPENSION SYSTEM
	2.4   HANGERS
	2.4.1   Wires
	2.4.2   Straps
	2.4.3   Rods
	2.4.4   Eyebolts
	2.4.5   Masonry Anchorage Devices

	2.5   ACCESS PANELS
	2.6   FINISHES
	2.7   COLORS AND PATTERNS
	2.8   ACOUSTICAL SEALANT

	PART 3   EXECUTION
	3.1   INSTALLATION
	3.1.1   Suspension System
	3.1.1.1   Plumb Hangers
	3.1.1.2   Splayed Hangers

	3.1.2   Wall Molding
	3.1.3   Acoustical Units
	3.1.4   Acoustical Sealant
	3.1.5   Adhesive Application

	3.2   CEILING ACCESS PANELS
	3.3   CLEANING


	09 67 23.16 - FUEL RESISTIVE RESINOUS FLOORING, 5-COAT SYSTEM
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   QUALITY ASSURANCE
	1.3.1   Qualifications of Certified Protective Coatings Specialist PCS
	1.3.2   Coating Work Plan
	1.3.3   Design Data
	1.3.3.1   Environmental Control System

	1.3.4   Test Reports
	1.3.4.1   Joint Sealant Test Report
	1.3.4.2   Daily Inspection Report

	1.3.5   Certificates
	1.3.5.1   Qualifications of Certified Industrial Hygienist CIH
	1.3.5.2   Qualifications of Certified Protective Coatings Specialist PCS
	1.3.5.3   Qualifications of Coating Inspection Company
	1.3.5.4   Qualifications of QC Specialist Coating Inspector
	1.3.5.5   Qualifications of Coating Contractors
	1.3.5.6   Joint Sealant Certificates
	1.3.5.7   Epoxy Mortar Flooring System Certificates

	1.3.6   Product Data
	1.3.6.1   Joint Sealant Manufacturer's Instructions
	1.3.6.2   Epoxy Mortar Flooring System Manufacturer's Instructions
	1.3.6.3   Water-Based Alkaline Degreaser


	1.4   DELIVERY, STORAGE, AND HANDLING
	1.5   COATING HAZARDS
	1.6   JOB SITE REFERENCES
	1.7   PATCH TEST DEMONSTRATION
	1.8   WARRANTY

	PART 2   PRODUCTS
	2.1   JOINT SEALANT
	2.2   EPOXY MORTAR FLOORING SYSTEM
	2.2.1   Primer Coat
	2.2.2   Epoxy Mortar Coat
	2.2.3   Grout Coat
	2.2.4   Urethane Topcoat

	2.3   WHITE ALUMINUM OXIDE NON-SKID GRIT

	PART 3   EXECUTION
	3.1   COATING SAMPLE COLLECTION
	3.2   JOINT MATERIAL REMOVAL, RE-SAW CUTTING, CRACK CHASING
	3.3   DEGREASING
	3.4   COATING SYSTEM REMOVAL
	3.5   SURFACE PREPARATION
	3.5.1   Concrete Masonry Units CMU Surface Preparation

	3.6   COVE STRIP INSTALLATION
	3.7   KEY-IN TERMINATIONS
	3.8   CRACK REPAIRS
	3.8.1   Install Bondbreaker
	3.8.2   Repair Cracks

	3.9   PRE-APPLICATION TESTING FOR CONTAMINATION
	3.10   COATING APPLICATION
	3.10.1   Isolation Expansion and Construction Joint Treatment
	3.10.2   Contraction Joint Treatment
	3.10.3   Primer Application
	3.10.4   Epoxy Mortar Application
	3.10.5   Primer Application to CMU Walls
	3.10.6   Epoxy Mortar Application to CMU Walls
	3.10.7   Grout Coat Application
	3.10.8   Grout Coat Sanding
	3.10.9   Saw Cutting and Sealing Joints
	3.10.9.1   Saw Cut Contraction Joints
	3.10.9.2   Saw Cut Isolation Expansion and Construction Joints
	3.10.9.3   Install Backer Rod
	3.10.9.4   Joint Sealant Application

	3.10.10   Application of Topcoats
	3.10.10.1   Non-Skid Grit Broadcast
	3.10.10.2   Grout Coat Cleaning
	3.10.10.3   First Topcoat
	3.10.10.4   Second Topcoat
	3.10.10.5   Walkway Stripes and Grounding Rod Markings


	3.11   CURING
	3.12   FIELD QUALITY CONTROL
	3.12.1   Coating Inspector
	3.12.2   Inspection
	3.12.2.1   Daily Inspection Report
	3.12.2.2   Inspection Logbook
	3.12.2.3   Inspection Equipment

	3.12.3   Adhesion Testing

	3.13   FINAL CLEANUP


	09 90 00 - PAINTS AND COATINGS
	PART 1   GENERAL
	1.1   RELATED REQUIREMENTS
	1.1.1   Painting Included
	1.1.1.1   Exterior Painting
	1.1.1.2   Interior Painting

	1.1.2   Painting Excluded
	1.1.3   Mechanical and Electrical Painting
	1.1.3.1   Fire Extinguishing Sprinkler Systems

	1.1.4   Exterior Painting of Site Work Items

	1.2   REFERENCES
	1.3   DEFINITIONS
	1.3.1   Qualification Testing
	1.3.2   Batch Quality Conformance Testing
	1.3.3   Coating
	1.3.4   DFT or dft
	1.3.5   DSD
	1.3.6   EXT
	1.3.7   INT
	1.3.8   Loose Paint
	1.3.9   mil / mils
	1.3.10   MPI Gloss Levels
	1.3.11   MPI System Number
	1.3.12   Paint
	1.3.13   REX
	1.3.14   RIN

	1.4   SUBMITTALS
	1.5   QUALITY ASSURANCE
	1.5.1   Regulatory Requirements
	1.5.1.1   Environmental Protection
	1.5.1.2   Lead Content
	1.5.1.3   Chromate Content
	1.5.1.4   Asbestos Content
	1.5.1.5   Mercury Content
	1.5.1.6   Silica 
	1.5.1.7   Human Carcinogens
	1.5.1.8   Carbon Based Fibers / Tubes

	1.5.2   SSPC QP 1 Certification
	1.5.3   Approved Products List
	1.5.4   Paints and Coatings Indoor Air Quality Certifications
	1.5.5   Field Samples and Tests
	1.5.5.1   Sampling Procedure
	1.5.5.2   Testing Procedure


	1.6   PACKAGING, LABELING, AND STORAGE
	1.7   SAFETY AND HEALTH
	1.7.1   Toxic Materials

	1.8   ENVIRONMENTAL REQUIREMENTS
	1.8.1   Coatings


	PART 2   PRODUCTS
	2.1   MATERIALS
	2.2   COLOR SELECTION OF FINISH COATS

	PART 3   EXECUTION
	3.1   PROTECTION OF AREAS AND SPACES NOT TO BE PAINTED
	3.2   SURFACE PREPARATION
	3.2.1   Additional Requirements for Preparation of Surfaces With Existing 
	3.2.2   Existing Coated Surfaces with Minor Defects
	3.2.3   Removal of Existing Coatings
	3.2.4   Substrate Repair

	3.3   PREPARATION OF METAL SURFACES
	3.3.1   Existing and New Ferrous Surfaces
	3.3.2   Final Ferrous Surface Condition:
	3.3.2.1   Tool Cleaned Surfaces
	3.3.2.2   Abrasive Blast Cleaned Surfaces
	3.3.2.3   Waterjet Cleaned Surfaces

	3.3.3   Galvanized Surfaces
	3.3.4   Non-Ferrous Metallic Surfaces
	3.3.5   Terne-Coated Metal Surfaces
	3.3.6   Existing Surfaces with a Bituminous or Mastic-Type Coating

	3.4   PREPARATION OF CONCRETE AND CEMENTITIOUS SURFACE
	3.4.1   Concrete and Masonry
	3.4.2   Gypsum Board, Plaster, and Stucco
	3.4.2.1   Surface Cleaning
	3.4.2.2   Repair of Minor Defects
	3.4.2.3   Allowable Moisture Content


	3.5   PREPARATION OF WOOD AND PLYWOOD SURFACES
	3.5.1   New Plywood and Wood Surfaces, Except Floors:
	3.5.2   Interior Wood Surfaces, Stain Finish

	3.6   APPLICATION
	3.6.1   Coating Application
	3.6.2   Mixing and Thinning of Paints
	3.6.3   Two-Component Systems
	3.6.4   Coating Systems

	3.7   COATING SYSTEMS FOR METAL
	3.8   COATING SYSTEMS FOR CONCRETE AND CEMENTITIOUS SUBSTRATES
	3.9   COATING SYSTEMS FOR WOOD AND PLYWOOD
	3.10   PIPING IDENTIFICATION
	3.11   INSPECTION AND ACCEPTANCE
	3.12   WASTE MANAGEMENT
	3.13   PAINT TABLES
	3.13.1   Exterior Paint Tables
	3.13.1.1   MPI Division 5:  Exterior Metal, Ferrous and Non-Ferrous Paint 
	3.13.1.2   MPI Division 10:  Exterior Cloth Coverings and Bituminous Coated 

	3.13.2   Interior Paint Tables
	3.13.2.1   MPI Division 3:  Interior Concrete Paint Table
	3.13.2.2   MPI Division 4:  Interior Concrete Masonry Units Paint Table
	3.13.2.3   MPI Division 5:  Interior Metal, Ferrous and Non-Ferrous Paint 
	3.13.2.4   MPI Division 6:  Interior Wood Paint Table
	3.13.2.5   MPI Division 9:  Interior Plaster, Gypsum Board, Textured 




	09 97 13.27 - HIGH PERFORMANCE COATING FOR STEEL STRUCTURES
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   DEFINITIONS
	1.3   SUBMITTALS
	1.4   QUALITY ASSURANCE
	1.4.1   Contract Errors, Omissions, and Other Discrepancies
	1.4.2   Corrective Action CA
	1.4.2.1   Corrective Action Procedures
	1.4.2.2   Implement Corrective Action

	1.4.3   Coating Work Plan
	1.4.4   Design Data
	1.4.4.1   Containment System

	1.4.5   Test Reports
	1.4.5.1   Joint Sealant Qualification Test Reports
	1.4.5.2   Coatings Qualification Test Reports
	1.4.5.3   Metallic Abrasive Qualification Test Reports
	1.4.5.4   Recycled Metallic Abrasive Field Test Reports Daily and Weekly

	1.4.6   Qualifications
	1.4.6.1   Qualifications of Certified Industrial Hygienist CIH
	1.4.6.2   Qualifications of Certified Protective Coatings Specialist PCS
	1.4.6.3   Qualifications of Coating Inspection Company
	1.4.6.4   Qualifications of QC Specialist Coating Inspector
	1.4.6.5   Qualifications Of Individuals Performing Abrasive Blasting
	1.4.6.6   Qualifications of Testing Laboratory for Coatings
	1.4.6.7   Qualifications of Testing Laboratory for Abrasive
	1.4.6.8   Qualifications of Coating Contractors
	1.4.6.9   Joint Sealant Materials
	1.4.6.10   Coating Materials
	1.4.6.11   Coating System Component Compatibility
	1.4.6.12   Non-metallic Abrasive
	1.4.6.13   Metallic Abrasive

	1.4.7   Protective Coating Specialist PCS
	1.4.8   Pre-Application Meeting

	1.5   PRODUCT DATA
	1.5.1   Joint Sealant Instructions
	1.5.2   Coating System Instructions

	1.6   DELIVERY AND STORAGE
	1.7   COATING HAZARDS
	1.8   JOB SITE REFERENCES

	PART 2   PRODUCTS
	2.1   JOINT SEALANT
	2.2   COATING SYSTEM
	2.2.1   Zinc-Rich Epoxy Primer Coat
	2.2.2   Epoxy Intermediate Coat
	2.2.3   Polyurethane Topcoat

	2.3   COATING SAMPLE COLLECTION AND SHIPPING KIT
	2.4   ABRASIVE SAMPLE COLLECTION AND SHIPPING KIT
	2.5   TEST KITS
	2.5.1   Test Kit for Measuring Chloride, Sulfate and Nitrate Ions on Steel 
	2.5.2   Test Kit for Identifying Amine Blush on Epoxy Surfaces

	2.6   ABRASIVE
	2.6.1   Non-metallic Abrasive
	2.6.2   Metallic Abrasive
	2.6.2.1   New and Remanufactured Steel Grit
	2.6.2.2   Recycled Steel Grit


	2.7   WHITE ALUMINUM OXIDE NON-SKID GRIT

	PART 3   EXECUTION
	3.1   COATING AND ABRASIVE SAMPLE COLLECTION AND TESTING
	3.1.1   Coating Sample Collection
	3.1.2   Abrasive Sample Collection
	3.1.3   Coating Sample Test Reports
	3.1.4   Abrasive Sample Test Reports

	3.2   SURFACES TO BE COATED
	3.3   LIGHTING
	3.4   ENVIRONMENTAL CONDITIONS
	3.4.1   Containment 
	3.4.2   Automated Monitoring Requirements

	3.5   SURFACE PREPARATION
	3.5.1   Abrasive Blasting Equipment
	3.5.2   Operational Evaluation of Abrasive
	3.5.3   Surface Standard
	3.5.4   Pre-Preparation Testing for Surface Contamination
	3.5.4.1   Pre-Preparation Testing for Oil and Grease Contamination
	3.5.4.2   Pre-Preparation Testing for Soluble Salts Contamination

	3.5.5   Abrasive Blasting
	3.5.6   Disposal of Used Abrasive
	3.5.7   Pre-Application Testing For Surface Contamination
	3.5.7.1   Pre-Application Testing for Oil and Grease Contamination
	3.5.7.2   Pre-Application Testing for Soluble Salts Contamination
	3.5.7.3   Pre-Application Testing for Surface Cleanliness


	3.6   MIXING AND APPLICATION OF SEALANT AND COATING SYSTEM
	3.6.1   Preparation of Sealant and Coating Materials for Application
	3.6.1.1   Mixing Sealant, Primer and Intermediate Coat Materials
	3.6.1.2   Mixing Topcoat Material
	3.6.1.3   Pot Life 
	3.6.1.4   Application Conditions and Recoat Windows

	3.6.2   Amine Blush Testing of Epoxy Coat Prior to Overcoating
	3.6.3   Application of Coating System and Joint Sealant
	3.6.3.1   Application of Primer
	3.6.3.2   Application of Stripe Coat
	3.6.3.3   Application of Intermediate Coat
	3.6.3.4   Non-skid for Stairs and Top
	3.6.3.5   Application of Topcoat
	3.6.3.6   Application of Joint Sealant
	3.6.3.7   Procedure for Holiday and Spot Repairs of Newly Applied Coating
	3.6.3.8   Structure Occupancy After Coating Application


	3.7   PROJECT IDENTIFICATION
	3.8   FIELD QUALITY CONTROL
	3.8.1   Coating Inspector
	3.8.2   Field Inspection
	3.8.2.1   Inspection Requirements
	3.8.2.2   Inspection Report Forms
	3.8.2.3   Daily Inspection Reports
	3.8.2.4   Inspection Logbook
	3.8.2.5   Inspection Equipment


	3.9   FINAL CLEANUP


	09 97 13.28 - HIGH PERFORMANCE COATING FOR STEEL STRUCTURES - FUEL PIPING ONLY
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   DEFINITIONS
	1.3   SUBMITTALS
	1.4   QUALITY ASSURANCE
	1.4.1   Contract Errors, Omissions, and Other Discrepancies
	1.4.2   Corrective Action CA
	1.4.2.1   Corrective Action Procedures
	1.4.2.2   Implement Corrective Action

	1.4.3   Coating Work Plan
	1.4.4   Test Reports
	1.4.4.1   Coatings Qualification Test Reports
	1.4.4.2   Metallic Abrasive Qualification Test Reports
	1.4.4.3   Recycled Metallic Abrasive Field Test Reports Daily and Weekly

	1.4.5   Qualifications
	1.4.5.1   Qualifications of Certified Industrial Hygienist CIH
	1.4.5.2   Qualifications of Certified Protective Coatings Specialist PCS
	1.4.5.3   Qualifications of Coating Inspection Company
	1.4.5.4   Qualifications of QC Specialist Coating Inspector
	1.4.5.5   Qualifications Of Individuals Performing Abrasive Blasting
	1.4.5.6   Qualifications of Testing Laboratory for Coatings
	1.4.5.7   Qualifications of Testing Laboratory for Abrasive
	1.4.5.8   Qualifications of Coating Contractors
	1.4.5.9   Coating Materials
	1.4.5.10   Coating System Component Compatibility
	1.4.5.11   Non-metallic Abrasive
	1.4.5.12   Metallic Abrasive

	1.4.6   Protective Coating Specialist PCS
	1.4.7   Pre-Application Meeting

	1.5   PRODUCT DATA
	1.5.1   Coating System Instructions

	1.6   DELIVERY AND STORAGE
	1.7   COATING HAZARDS
	1.8   JOB SITE REFERENCES

	PART 2   PRODUCTS
	2.1   COATING SYSTEM - BURIED CARBON STEEL PIPING
	2.1.1   SHOP APPLIED COATING
	2.1.2   FIELD APPLIED COATING

	2.2   COATING SYSTEM - ABOVE GROUND CARBON STEEL PIPING AND CARBON STEEL 
	2.2.1   Zinc-Rich Epoxy Primer Coat
	2.2.2   Epoxy Intermediate Coat
	2.2.3   Polyurethane Topcoat

	2.3   COATING SAMPLE COLLECTION AND SHIPPING KIT
	2.4   ABRASIVE SAMPLE COLLECTION AND SHIPPING KIT
	2.5   TEST KITS
	2.5.1   Test Kit for Measuring Chloride, Sulfate and Nitrate Ions on Steel 
	2.5.2   Test Kit for Identifying Amine Blush on Epoxy Surfaces

	2.6   ABRASIVE
	2.6.1   Non-metallic Abrasive
	2.6.2   Metallic Abrasive
	2.6.2.1   New and Remanufactured Steel Grit
	2.6.2.2   Recycled Steel Grit


	2.7   WHITE ALUMINUM OXIDE NON-SKID GRIT

	PART 3   EXECUTION
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	3.1.2   Abrasive Sample Collection
	3.1.3   Coating Sample Test Reports
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	3.12.3.1   Subgrade for Pavements


	3.13   FINISHING
	3.13.1   Subgrade and Embankments
	3.13.2   Capillary Water Barrier
	3.13.3   Grading Around Structures

	3.14   PLACING TOPSOIL
	3.15   TESTING
	3.15.1   Fill and Backfill Material Gradation
	3.15.2   In-Place Densities
	3.15.3   Moisture Contents
	3.15.4   Optimum Moisture and Laboratory Maximum Density
	3.15.5   Tolerance Tests for Subgrades
	3.15.6   Displacement of Sewers

	3.16   DISPOSITION OF SURPLUS MATERIAL


	31 11 00 - CLEARING AND GRUBBING
	PART 1   GENERAL
	1.1   SUBMITTALS
	1.2   DELIVERY, STORAGE, AND HANDLING

	PART 2   PRODUCTS
	PART 3   EXECUTION
	3.1   PREPARATION
	3.1.1   Protection
	3.1.1.1   Roads and Walks
	3.1.1.2   Trees, Shrubs, and Existing Facilities
	3.1.1.3   Utility Lines


	3.2   CLEARING
	3.2.1   Tree Removal
	3.2.2   Grubbing

	3.3   DISPOSAL OF MATERIALS
	3.3.1   Saleable Timber



	31 31 16.13 - CHEMICAL TERMITE CONTROL
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   ADMINISTRATIVE REQUIREMENTS
	1.3   SUBMITTALS
	1.4   QUALITY CONTROL
	1.4.1   Regulatory Requirements
	1.4.2   Qualifications
	1.4.3   Safety Requirements

	1.5   DELIVERY, STORAGE, AND HANDLING
	1.5.1   Delivery
	1.5.2   Inspection
	1.5.3   Storage
	1.5.4   Handling

	1.6   SITE CONDITIONS
	1.6.1   Soil Moisture
	1.6.2   Runoff and Wind Drift

	1.7   WARRANTY

	PART 2   PRODUCTS
	2.1   SYSTEM DESCRIPTION
	2.2   MATERIALS
	2.2.1   Termiticides


	PART 3   EXECUTION
	3.1   PREPARATION
	3.1.1   Verification
	3.1.2   Foundation Exterior
	3.1.3   Utilities and Vents
	3.1.4   Application Plan

	3.2   APPLICATION
	3.2.1   Equipment Calibration and Tank Measurement
	3.2.2   Mixing and Application
	3.2.2.1   Application Method
	3.2.2.1.1   Surface Application
	3.2.2.1.2   Rodding and Trenching


	3.2.3   Sampling
	3.2.4   Vapor Barriers and Waterproof Membranes
	3.2.5   Placement of Concrete
	3.2.6   Clean Up, Disposal, And Protection
	3.2.6.1   Clean Up
	3.2.6.2   Disposal of Termiticide


	3.3   FIELD QUALITY CONTROL
	3.3.1   Verification of Measurement
	3.3.2   Inspection
	3.3.2.1   Technical Representative


	3.4   CLOSEOUT ACTIVITIES
	3.5   PROTECTION
	3.5.1   Protection of Treated Area
	3.5.2   Disturbance of Treated Soils



	31 63 26.60 - GROUTED HELICAL PILES
	PART 1   GENERAL
	1.1   DESCRIPTION
	1.1.1   Definitions

	1.2   REFERENCES
	1.3   SUBSURFACE DATA
	1.4   BASIS OF BID
	1.4.1   Production Pile Acceptance Criteria
	1.4.2   Unit Price

	1.5   PAYMENT
	1.5.1   Furnishing and Delivering Grouted Helical Piles
	1.5.1.1   Payment
	1.5.1.2   Measurement
	1.5.1.3   Unit of Measure

	1.5.2   Installation of Grouted Helical Piles
	1.5.2.1   Payment
	1.5.2.2   Measurement
	1.5.2.3   Unit of Measure

	1.5.3   Pulled Grouted Helical Piles
	1.5.3.1   Payment
	1.5.3.2   Measurement
	1.5.3.3   Unit of Measure

	1.5.4   Grouted Helical Pile Installation Tests
	1.5.4.1   Payment
	1.5.4.2   Measurement
	1.5.4.3   Unit of Measure

	1.5.5   Grouted Helical Pile Static Axial Compressive Load Tests
	1.5.5.1   Payment
	1.5.5.2   Measurement
	1.5.5.3   Unit of Measure

	1.5.6   Grouted Helical Pile Static Tensile Load Tests
	1.5.6.1   Payment
	1.5.6.2   Measurement
	1.5.6.3   Unit of Measure

	1.5.7   Pulled Load Test Grouted Helical Piles
	1.5.7.1   Payment
	1.5.7.2   Measurement
	1.5.7.3   Unit of Measure

	1.5.8   Construction Instrumentation and Monitoring
	1.5.8.1   Payment
	1.5.8.2   Measurement
	1.5.8.3   Unit of Measure


	1.6   SUBMITTALS
	1.7   DELIVERY, STORAGE, AND HANDLING
	1.7.1   Damaged Piles

	1.8   QUALITY CONTROL
	1.8.1   Piles
	1.8.2   Grouted Helical Pile Design
	1.8.3   Pile Grout Mix Design
	1.8.4   Manufacturer's Quality Control Procedures
	1.8.5   Installation Procedures
	1.8.6   Contractor Certification for Helical Pile Installation
	1.8.7   Load Test Supporting Data


	PART 2   PRODUCTS
	2.1   GROUTED HELICAL PILE SYSTEM
	2.2   GROUT
	2.2.1   Cement
	2.2.2   Water
	2.2.3   Aggregates

	2.3   EQUIPMENT
	2.3.1   Installation Equipment
	2.3.2   Installation Tooling
	2.3.3   Torque Monitoring Equipment


	PART 3   EXECUTION
	3.1   PRELIMINARY WORK
	3.1.1   Order List

	3.2   INSTALLATION PROCEDURES
	3.2.1   Pre-Drilling
	3.2.2   Positioning, Alignment, and Advancing the Helical Lead Section
	3.2.3   Rejected Piles
	3.2.4   As-Installed Survey
	3.2.5   Termination Criteria
	3.2.6   Grouted Helical Pile Installation Records
	3.2.7   Protection of Existing Structures
	3.2.8   Disposal of Excavated Material

	3.3   FIELD TESTS
	3.3.1   Compression Tests
	3.3.2   Field Test Report
	3.3.3   Pile Records
	3.3.4   Testing Agency Qualifications
	3.3.5   Flow Cone Test
	3.3.6   Grout Specimens




	DIVISION 32 - EXTERIOR IMPROVEMENTS
	32 01 16.71 - COLD MILLING ASPHALT PAVING
	PART 1   GENERAL
	1.1   Payment
	1.1.1   Measurement

	1.2   REFERENCES
	1.3   DEFINITIONS
	1.3.1   Scabbing/Delamination
	1.3.2   Milling Machine
	1.3.3   Milling Drum

	1.4   TRAFFIC CONTROL
	1.5   SCHEDULING
	1.6   SUBMITTALS
	1.7   PROJECT/SITE CONDITIONS
	1.7.1   Environmental Requirements


	PART 2   PRODUCTS
	2.1   EQUIPMENT
	2.1.1   Cold Milling Machine
	2.1.2   Milling Drums
	2.1.2.1   Standard Milling Drum

	2.1.3   Sensors and Scanning Components
	2.1.4   Cleaning Equipment
	2.1.5   Straightedge


	PART 3   EXECUTION
	3.1   CONTRACTOR QUALITY CONTROL
	3.1.1   General Quality Control Requirements

	3.2   PROPOSED TECHNIQUES
	3.3   MILLING OPERATION
	3.3.1   Milling Machine and Drum Speed

	3.4   TEST SECTION
	3.5   SURFACE SMOOTHNESS
	3.5.1   Straightedge Testing

	3.6   ACCEPTABLE SURFACE TEXTURE
	3.6.1   Macrosurface Texture Acceptance

	3.7   CLEAN-UP OPERATIONS
	3.8   REMOVAL OF MILLED MATERIAL


	32 05 33 - LANDSCAPE ESTABLISHMENT
	PART 1   GENERAL
	1.1   DEFINITIONS
	1.1.1   Pesticide
	1.1.2   Stand of Turf

	1.2   RELATED REQUIREMENTS
	1.3   SUBMITTALS
	1.4   DELIVERY, STORAGE AND HANDLING
	1.4.1   Delivery
	1.4.2   Storage
	1.4.2.1   Fertilizer, Lime,Iron, MulchStorage
	1.4.2.2   Antidesiccant's Storage

	1.4.3   Handling


	PART 2   PRODUCTS
	2.1   POST-PLANT FERTILIZER
	2.1.1   Granular Fertilizer

	2.2   WATER

	PART 3   EXECUTION
	3.1   EXTENT OF WORK
	3.1.1   Policing
	3.1.2   Drainage System Maintenance

	3.2   IRRIGATION ESTABLISHMENT PERIOD
	3.2.1   Fire Hydrants
	3.2.2   Final Acceptance

	3.3   GROUNDCOVER ESTABLISHMENT PERIOD
	3.3.1   Frequency of Maintenance
	3.3.2   Promotion of Growth
	3.3.3   Mowing
	3.3.3.1   Turf
	3.3.3.2   Native Grasses

	3.3.4   Turf Edging and Trimming
	3.3.5   Post-Fertilizer Application
	3.3.6   Turf Watering
	3.3.7   Turf Aeration
	3.3.8   Replanting
	3.3.9   Final Inspection and Acceptance

	3.4   FIELD QUALITY CONTROL
	3.4.1   Maintenance Inspection Report
	3.4.2   Plant Quantities



	32 12 13 - BITUMINOUS TACK AND PRIME COATS
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   QUALITY ASSURANCE
	1.4   DELIVERY, STORAGE, AND HANDLING
	1.5   EQUIPMENT, TOOLS AND MACHINES
	1.5.1   General Requirements
	1.5.2   Bituminous Distributor
	1.5.3   Heating Equipment for Storage Tanks
	1.5.4   Power Brooms and Power Blowers

	1.6   ENVIRONMENTAL REQUIREMENTS

	PART 2   PRODUCTS
	2.1   PRIME COAT
	2.1.1   Cutback Asphalt
	2.1.2   Emulsified Asphalt

	2.2   TACK COAT
	2.2.1   Asphalt Cement
	2.2.2   Cutback Asphalt
	2.2.3   Emulsified Asphalt
	2.2.4   Local/Regional Materials


	PART 3   EXECUTION
	3.1   PREPARATION OF SURFACE
	3.2   APPLICATION RATE
	3.2.1   Tack Coat
	3.2.2   Prime Coat

	3.3   APPLICATION TEMPERATURE
	3.3.1   Viscosity Relationship
	3.3.2   Temperature Ranges

	3.4   APPLICATION
	3.4.1   General
	3.4.2   Prime Coat
	3.4.3   Tack Coat

	3.5   CURING PERIOD
	3.6   FIELD QUALITY CONTROL
	3.7   SAMPLING AND TESTING
	3.7.1   Sampling
	3.7.2   Calibration Test
	3.7.3   Trial Applications
	3.7.3.1   Tack Coat Trial Application Rate
	3.7.3.2   Prime Coat Trial Application Rate

	3.7.4   Sampling and Testing During Construction

	3.8   TRAFFIC CONTROLS


	32 12 16.16 - ROAD-MIX ASPHALT PAVING
	PART 1   GENERAL
	1.1   PAYMENT
	1.1.1   Method of Measurement
	1.1.2   Basis of Payment

	1.2   REFERENCES
	1.3   SUBMITTALS
	1.4   ACCEPTANCE
	1.4.1   Acceptability of Work
	1.4.2   Acceptance Requirements
	1.4.3   Pavement Lots
	1.4.4   Sublot Sampling
	1.4.5   Additional Sampling and Testing
	1.4.6   Theoretical Maximum Density TMD
	1.4.7   Laboratory Air Voids
	1.4.7.1   Tolerance
	1.4.7.2   Calculating Laboratory Air Voids

	1.4.8   In-place Density
	1.4.8.1   Tolerance

	1.4.9   Surface Smoothness
	1.4.9.1   Smoothness Requirements
	1.4.9.1.1   Straightedge Testing

	1.4.9.2   Testing Method
	1.4.9.2.1   Straightedge Testing
	1.4.9.2.2   Bumps "Must Grind" Areas


	1.4.10   Plan Grade
	1.4.11   Laboratory Accreditation and Validation

	1.5   ENVIRONMENTAL REQUIREMENTS

	PART 2   PRODUCTS
	2.1   SYSTEM DESCRIPTION
	2.1.1   Asphalt Mixing Plant
	2.1.1.1   Truck Scales
	2.1.1.2   Inspection of Plant
	2.1.1.3   Storage bins

	2.1.2   Hauling Equipment
	2.1.3   Asphalt Pavers
	2.1.3.1   Receiving Hopper

	2.1.4   Rollers
	2.1.5   Diamond Grinding

	2.2   AGGREGATES
	2.2.1   Coarse Aggregate
	2.2.2   Fine Aggregate
	2.2.3   Mineral Filler
	2.2.4   Aggregate Gradation

	2.3   ASPHALT CEMENT BINDER
	2.4   MIX DESIGN
	2.4.1   JMF Requirements
	2.4.2   Adjustments to JMF

	2.5   RECYCLED HOT MIX ASPHALT
	2.5.1   RAP Aggregates and Asphalt Cement
	2.5.2   RAP Mix


	PART 3   EXECUTION
	3.1   CONTRACTOR QUALITY CONTROL
	3.1.1   General Quality Control Requirements
	3.1.2   Testing Laboratory
	3.1.3   Quality Control Testing
	3.1.3.1   Asphalt Content
	3.1.3.2   Aggregate Properties
	3.1.3.3   Moisture Content of Aggregate
	3.1.3.4   Moisture Content of Asphalt Mixture
	3.1.3.5   Temperatures
	3.1.3.6   VMA
	3.1.3.7   In-Place Density
	3.1.3.8   Additional Testing
	3.1.3.9   QC Monitoring

	3.1.4   Sampling

	3.2   PREPARATION OF ASPHALT BINDER MATERIAL
	3.3   PREPARATION OF MINERAL AGGREGATE
	3.4   PREPARATION OF ASPHALT MIXTURE
	3.5   PREPARATION OF THE UNDERLYING SURFACE
	3.6   TRANSPORTING AND PLACING
	3.6.1   Transporting
	3.6.2   Placing

	3.7   COMPACTION OF MIXTURE
	3.7.1   General
	3.7.2   Segregation

	3.8   JOINTS
	3.8.1   Transverse Joints
	3.8.2   Longitudinal Joints



	32 16 19 - CONCRETE CURBS, GUTTERS AND SIDEWALKS
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   EQUIPMENT, TOOLS, AND MACHINES
	1.3.1   General Requirements
	1.3.2   Slip Form Equipment

	1.4   ENVIRONMENTAL REQUIREMENTS
	1.4.1   Placing During Cold Weather
	1.4.2   Placing During Warm Weather


	PART 2   PRODUCTS
	2.1   CONCRETE
	2.1.1   Air Content
	2.1.2   Slump

	2.2   CONCRETE CURING MATERIALS
	2.2.1   Impervious Sheet Materials
	2.2.2   Burlap
	2.2.3   White Pigmented Membrane-Forming Curing Compound

	2.3   CONCRETE PROTECTION MATERIALS
	2.4   JOINT FILLER STRIPS
	2.4.1   Contraction Joint Filler for Curb and Gutter
	2.4.2   Expansion Joint Filler, Premolded

	2.5   JOINT SEALANTS
	2.6   FORM WORK
	2.6.1   Wood Forms
	2.6.2   Steel Forms
	2.6.3   Sidewalk Forms
	2.6.4   Curb and Gutter Forms
	2.6.5   Biodegradable Form Release Agent

	2.7   Detectable Warning System

	PART 3   EXECUTION
	3.1   SUBGRADE PREPARATION
	3.1.1   Sidewalk Subgrade
	3.1.2   Curb and Gutter Subgrade
	3.1.3   Maintenance of Subgrade

	3.2   FORM SETTING
	3.2.1   Sidewalks
	3.2.2   Curbs and Gutters

	3.3   SIDEWALK CONCRETE PLACEMENT AND FINISHING
	3.3.1   Formed Sidewalks
	3.3.2   Concrete Finishing
	3.3.3   Edge and Joint Finishing
	3.3.4   Surface and Thickness Tolerances

	3.4   CURB AND GUTTER CONCRETE PLACEMENT AND FINISHING
	3.4.1   Formed Curb and Gutter
	3.4.2   Curb and Gutter Finishing
	3.4.3   Concrete Finishing
	3.4.4   Joint Finishing
	3.4.5   Surface and Thickness Tolerances

	3.5   SIDEWALK JOINTS
	3.5.1   Sidewalk Contraction Joints
	3.5.2   Sidewalk Expansion Joints

	3.6   CURB AND GUTTER JOINTS
	3.6.1   Contraction Joints
	3.6.2   Expansion Joints

	3.7   CURING AND PROTECTION
	3.7.1   General Requirements
	3.7.1.1   Mat Method
	3.7.1.2   Impervious Sheeting Method
	3.7.1.3   Membrane Curing Method

	3.7.2   Backfilling
	3.7.3   Protection

	3.8   FIELD QUALITY CONTROL
	3.8.1   General Requirements
	3.8.2   Concrete Testing
	3.8.2.1   Strength Testing
	3.8.2.2   Air Content
	3.8.2.3   Slump Test

	3.8.3   Thickness Evaluation
	3.8.4   Surface Evaluation

	3.9   SURFACE DEFICIENCIES AND CORRECTIONS
	3.9.1   Thickness Deficiency
	3.9.2   High Areas
	3.9.3   Appearance

	3.10   DETECTABLE WARNING SYSTEM


	32 17 23 - PAVEMENT MARKINGS
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   QUALITY ASSURANCE
	1.3.1   Regulatory Requirements
	1.3.2   Qualifications

	1.4   DELIVERY AND STORAGE
	1.5   PROJECT/SITE CONDITIONS
	1.5.1   Environmental Requirements
	1.5.1.1   Weather Limitations for Application
	1.5.1.2   Weather Limitations for Removal of Pavement Markings on Roads and 

	1.5.2   Traffic Controls
	1.5.3   Lighting


	PART 2   PRODUCTS
	2.1   EQUIPMENT
	2.1.1   Surface Preparation and Paint Removal
	2.1.1.1   Surface Preparation and Paint Removal Equipment for Airfield 
	2.1.1.2   Surface Preparation Equipment for Roads and Automotive Parking 
	2.1.1.2.1   Sandblasting Equipment
	2.1.1.2.2   Waterblasting Equipment
	2.1.1.2.3   Grinding or Scarifying Equipment
	2.1.1.2.4   Chemical Removal Equipment


	2.1.2   Application Equipment
	2.1.2.1   Paint Application Equipment
	2.1.2.1.1   Hand-Operated, Push-Type Machines

	2.1.2.2   Thermoplastic Application Equipment
	2.1.2.2.1   Thermoplastic Material
	2.1.2.2.2   Application Equipment
	2.1.2.2.3   Portable Application Equipment

	2.1.2.3   Reflective Media Dispenser
	2.1.2.4   Preformed Tape Application Equipment


	2.2   MATERIALS
	2.2.1   Waterborne Paint
	2.2.2   Preformed Tape


	PART 3   EXECUTION
	3.1   EXAMINATION
	3.1.1   Testing for Moisture
	3.1.2   Surface Preparation Demonstration
	3.1.3   Test Stripe Demonstration
	3.1.4   Application Rate Demonstration
	3.1.5   Level of Performance Demonstration

	3.2   EXTERIOR SURFACE PREPARATION
	3.2.1   Early Painting of Asphalt Pavements

	3.3   APPLICATION
	3.3.1   Paint
	3.3.1.1   Waterborne Paint
	3.3.1.1.1   Roads


	3.3.2   Preformed Tape
	3.3.3   Cleanup and Waste Disposal

	3.4   FIELD QUALITY CONTROL
	3.4.1   Sampling and Testing
	3.4.2   Material Inspection
	3.4.3   Dimensional Tolerances
	3.4.4   Bond Failure Verification



	32 31 13.53 - HIGH-SECURITY FENCES CHAIN LINK AND ORNAMENTAL AND GATES
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   SUBMITTALS
	1.3   DELIVERY, STORAGE, AND HANDLING

	PART 2   PRODUCTS
	2.1   COMPONENTS
	2.1.1   Ornamental Fence Systems

	2.2   MATERIALS
	2.2.1   Concrete


	PART 3   EXECUTION
	3.1   PREPARATION
	3.1.1   Line and Grade
	3.1.2   Excavation

	3.2   INSTALLATION
	3.2.1   Installation Drawings
	3.2.2   Security Fencing
	3.2.3   Posts
	3.2.3.1   Earth and Bedrock

	3.2.4   Rails
	3.2.5   Grounding

	3.3   CLOSEOUT ACTIVITIES
	3.3.1   Cleanup



	32 92 23 - SODDING
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   DEFINITIONS
	1.2.1   Stand of Turf

	1.3   RELATED REQUIREMENTS
	1.4   SUBMITTALS
	1.5   DELIVERY, STORAGE, AND HANDLING
	1.5.1   Delivery
	1.5.1.1   Sod Protection
	1.5.1.2   Fertilizer GypsumSulfur Iron andLime Delivery

	1.5.2   Storage
	1.5.2.1   Sod Storage
	1.5.2.2   Topsoil
	1.5.2.3   Handling


	1.6   TIME RESTRICTIONS AND PLANTING CONDITIONS
	1.6.1   Restrictions

	1.7   TIME LIMITATIONS
	1.7.1   Sod


	PART 2   PRODUCTS
	2.1   SODS
	2.1.1   Classification
	2.1.2   Purity
	2.1.3   Planting Dates
	2.1.4   Composition
	2.1.4.1   Proportion
	2.1.4.2   Sod Farm Overseeding


	2.2   TOPSOIL
	2.2.1   On-Site Topsoil
	2.2.2   Off-Site Topsoil
	2.2.3   Composition

	2.3   SOIL CONDITIONERS
	2.3.1   Lime
	2.3.2   Aluminum Sulfate
	2.3.3   Sulfur
	2.3.4   Iron
	2.3.5   Peat
	2.3.6   Sand
	2.3.7   Perlite
	2.3.8   Composted Derivatives
	2.3.8.1   Particle Size
	2.3.8.2   Nitrogen Content

	2.3.9   Gypsum
	2.3.10   Calcined Clay

	2.4   FERTILIZER
	2.4.1   Granular Fertilizer

	2.5   WATER

	PART 3   EXECUTION
	3.1   PREPARATION
	3.1.1   Extent Of Work
	3.1.2   Soil Preparation
	3.1.2.1   Soil Conditioner Application Rates
	3.1.2.2   Fertilizer Application Rates


	3.2   SODDING
	3.2.1   Finished Grade and Topsoil
	3.2.2   Placing
	3.2.3   Sodding Slopes and Ditches
	3.2.4   Finishing
	3.2.5   Rolling
	3.2.6   Watering

	3.3   PROTECTION OF TURF AREAS
	3.4   RENOVATION OF EXISTING TURF AREA
	3.4.1   Vertical Mowing
	3.4.2   Dethatching

	3.5   RESTORATION



	DIVISION 33 - UTILITIES
	33 11 00 - WATER UTILITY DISTRIBUTION PIPING
	PART 1   GENERAL
	1.1   REFERENCES
	1.2   DEFINITIONS
	1.2.1   Water Mains
	1.2.2   Water Service Lines
	1.2.3   Additional Definitions

	1.3   SUBMITTALS
	1.4   QUALITY CONTROL
	1.4.1   Regulatory Requirements
	1.4.2   Qualifications
	1.4.2.1   Fusion Technician Qualifications


	1.5   DELIVERY, STORAGE, AND HANDLING
	1.5.1   Delivery and Storage
	1.5.2   Handling


	PART 2   PRODUCTS
	2.1   MATERIALS
	2.1.1   Pipe, Fittings, Joints And Couplings
	2.1.1.1   Plastic Piping
	2.1.1.1.1   PVC Piping
	2.1.1.1.1.1   PVC Piping
	2.1.1.1.1.2   Fittings for PVC Pipe
	2.1.1.1.1.3   Joints and Jointing Material for PVC

	2.1.1.1.2   PVC Piping for Service Lines
	2.1.1.1.2.1   Pipe and Fittings
	2.1.1.1.2.2   Joints and Connections
	2.1.1.1.2.3   Solvent Joining


	2.1.1.2   Trenchless Piping
	2.1.1.2.1   PVC Pipe
	2.1.1.2.1.1   Butt Fusion



	2.1.2   Valves
	2.1.2.1   Gate Valves 3 Inch Size and Larger on Buried Piping
	2.1.2.2   Gate Valves 3 Inch Size and Larger in Valve Pits
	2.1.2.3   Water Service Valves
	2.1.2.3.1   Gate Valves Smaller than 3 Inch in Sizeon Buried Piping
	2.1.2.3.2   Gate Valves Smaller Than 3 Inch Size in Valve Pits

	2.1.2.4   Valve Boxes

	2.1.3   Fire Hydrants
	2.1.3.1   Fire Hydrants
	2.1.3.1.1   Dry-Barrel TypeFire Hydrants


	2.1.4   Disinfection

	2.2   ACCESSORIES
	2.2.1   Pipe Restraint
	2.2.1.1   Thrust Blocks
	2.2.1.2   Precast Thrust Blocks
	2.2.1.3   Joint Restraint

	2.2.2   Sleeve-Type Mechanical Couplings
	2.2.3   Insulating Joints
	2.2.4   Dielectric Fittings
	2.2.5   Tracer Wire for Nonmetallic Piping
	2.2.6   Water Service Line Appurtenances
	2.2.6.1   Corporation Stops
	2.2.6.2   Service Clamps
	2.2.6.3   Goosenecks
	2.2.6.4   Curb Boxes
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