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SECTI ON 21 13 13

WET PI PE SPRI NKLER SYSTEMS,  FI RE PROTECTI ON
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 1 ( 2022)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 4 ( 2021)  Gr ay I r on Thr eaded Fi t t i ngs;  
Cl asses 125 and 250

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

AMERI CAN SOCI ETY OF SANI TARY ENGI NEERI NG ( ASSE)

ASSE 1013 ( 2021)  Per f or mance Requi r ement s f or  
Reduced Pr essur e Pr i nci pl e Backf l ow 
Pr event i on Assembl i es

ASSE 1015 ( 2011)  Per f or mance Requi r ement s f or  Doubl e 
Check Backf l ow Pr event i on Assembl i es and 
Doubl e Check Fi r e Pr ot ect i on Backf l ow 
Pr event i on Assembl i es -  ( ANSI  appr oved 
2010)

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C104/ A21. 4 ( 2022)  Cement - Mor t ar  Li ni ng f or  
Duct i l e- I r on Pi pe and Fi t t i ngs f or  Wat er

AWWA C110/ A21. 10 ( 2021)  Duct i l e- I r on and Gr ay- I r on Fi t t i ngs

AWWA C111/ A21. 11 ( 2017)  Rubber - Gasket  Joi nt s f or  
Duct i l e- I r on Pr essur e Pi pe and Fi t t i ngs

AWWA C203 ( 2020)  Coal - Tar  Pr ot ect i ve Coat i ngs and 
Li ni ngs f or  St eel  Wat er  Pi pel i nes -  Enamel  
and Tape -  Hot - Appl i ed

AWWA M14 ( 4t h Ed)  Backf l ow Pr event i on and Cr oss-  
Connect i on Cont r ol ;  Recommended Pr act i ces

SECTI ON 21 13 13  Page 1



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

ASTM I NTERNATI ONAL ( ASTM)

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A135/ A135M ( 2009;  R2014)  St andar d Speci f i cat i on f or  
El ect r i c- Resi st ance- Wel ded St eel  Pi pe

ASTM A153/ A153M ( 2023)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A183 ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  Tr ack Bol t s and Nut s

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

I NTELLI GENCE COMMUNI TY STANDARD ( I CS)

I CS 705- 1 ( 2010)  Physi cal  and Techni cal  Secur i t y 
St andar d f or  Sensi t i ve Compar t ment ed 
I nf or mat i on Faci l i t i es

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 71 ( 2018)  Gr ay I r on Swi ng Check Val ves,  
Fl anged and Thr eaded Ends

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

NFPA 13 ( 2022)  St andar d f or  t he I nst al l at i on of  
Spr i nkl er  Syst ems

NFPA 20 ( 2022; TI A 21- 1;  TI A 21- 2)  St andar d f or  t he 
I nst al l at i on of  St at i onar y Pumps f or  Fi r e 
Pr ot ect i on

NFPA 24 ( 2022)  St andar d f or  t he I nst al l at i on of  
Pr i vat e Fi r e Ser vi ce Mai ns and Thei r  
Appur t enances

NFPA 101 ( 2021;  TI A 21- 1)  Li f e Saf et y Code

NFPA 291 ( 2022)  Recommended Pr act i ce f or  Fi r e Fl ow 
Test i ng and Mar ki ng of  Hydr ant s

SECTI ON 21 13 13  Page 2



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

NATI ONAL I NSTI TUTE FOR CERTI FI CATI ON I N ENGI NEERI NG TECHNOLOGI ES 
( NI CET)

NI CET 1014- 7 ( 2012)  Pr ogr am Det ai l  Manual  f or  
Cer t i f i cat i on i n t he Fi el d of  Fi r e 
Pr ot ect i on Engi neer i ng Technol ogy ( Fi el d 
Code 003)  Subf i el d of  Aut omat i c Spr i nkl er  
Syst em Layout

UNDERWRI TERS LABORATORI ES ( UL)

UL 199 ( 2020)  UL St andar d f or  Saf et y Aut omat i c 
Spr i nkl er s f or  Fi r e- Pr ot ect i on Ser vi ce

UL 262 ( 2004;  Repr i nt  Oct  2011)  Gat e Val ves f or  
Fi r e- Pr ot ect i on Ser vi ce

UL 312 ( 2010;  Repr i nt  Mar  2018)  UL St andar d f or  
Saf et y Check Val ves f or  Fi r e- Pr ot ect i on 
Ser vi ce

UL 789 ( 2004;  Repr i nt  May 2017)  UL St andar d f or  
Saf et y I ndi cat or  Post s f or  Fi r e- Pr ot ect i on 
Ser vi ce

UL Fi r e Pr ot  Di r ( 2012)  Fi r e Pr ot ect i on Equi pment  Di r ect or y

U. S.  DEPARTMENT OF DEFENSE ( DOD)

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

1. 2   SYSTEM DESCRI PTI ON

Pr ovi de wet  pi pe spr i nkl er  syst em( s)  i n ar eas i ndi cat ed on t he dr awi ngs.   
The syst em must  meet  t he r equi r ement s of  NFPA 13 and UFC 3- 600- 01.  Pi pe 
si zes must  be det er mi ned by hydr aul i c cal cul at i ons.

1. 2. 1   Hydr aul i c Desi gn

1. 2. 1. 1   Basi s f or  Cal cul at i ons

A wat er f l ow t est  was per f or med on t he pot abl e wat er  suppl y on 8/ 2/ 2017  
and r esul t ed i n a st at i c pr essur e of  70 psi  wi t h a r esi dual  pr essur e of  22 
psi  whi l e f l owi ng 2555 gpm.   Per f or m a new f i r e hydr ant  f l ow t est  pr i or  t o 
shop dr awi ng submi t t al  i n accor dance wi t h NFPA 291.   Resul t s must  i ncl ude 
hydr ant  el evat i ons r el at i ve t o t he bui l di ng and hydr ant  number / i dent i f i er s 
f or  t he t est ed hydr ant s,  i ncl udi ng whi ch wer e f l owed,  whi ch had a gauge.   
Thi s i nf or mat i on must  be pr esent ed i n a t abul ar  f or m i f  mul t i pl e hydr ant s 
wer e f l owed.   The r esul t s must  be i ncl uded wi t h t he hydr aul i c 
cal cul at i ons.   Hydr aul i c cal cul at i ons must  be based on cont r act or  per f or med
 f l ow t est  not ed i n t hi s par agr aph wi t h 15 psi  mar gi n of  saf et y.  Hydr aul i c 
cal cul at i ons must  be based upon t he Hazen- Wi l l i ams f or mul a wi t h a " C"  
val ue not ed i n NFPA 13 f or  pi pi ng,  and C=100 f or  exi st i ng under gr ound 
pi pi ng.

1. 2. 1. 2   Hydr aul i c Cal cul at i ons

a.   Wat er  suppl y cur ves and syst em r equi r ement s must  be pl ot t ed on 
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semi - l ogar i t hmi c gr aph ( N̂ 1. 85)  paper  so as t o pr esent  a summar y of  
t he compl et e hydr aul i c cal cul at i on.

b.   Pr ovi de a summar y sheet  l i s t i ng spr i nkl er s i n t he desi gn ar ea and 
t hei r  r espect i ve hydr aul i c r ef er ence poi nt s,  el evat i ons,  mi ni mum 
di schar ge pr essur es and mi ni mum f l ows.   El evat i ons of  hydr aul i c 
r ef er ence poi nt s ( nodes)  must  be i ndi cat ed.

c.   Document at i on must  i dent i f y each pi pe i ndi v i dual l y and t he nodes 
connect ed t her et o.   I ndi cat e t he di amet er ,  l engt h,  f l ow,  vel oci t y,  
f r i c t i on l oss,  number  and t ype f i t t i ngs,  t ot al  f r i c t i on l oss i n t he 
pi pe,  equi val ent  pi pe l engt h and Hazen- Wi l l i ams coef f i c i ent  f or  each 
pi pe.

d.   Al l  cal cul at i ons must  i ncl ude t he backf l ow pr event er  manuf act ur er ' s 
st at ed f r i ct i on l oss at  t he desi gn f l ow or  8 psi  f or  doubl e check 
backf l ow pr event er ,  whi chever  i s gr eat er .

e.   Al l  cal cul at i ons must  be per f or med back t o t he act ual  l ocat i on of  t he 
f l ow t est ,  t aki ng i nt o account  t he di r ect i on of  f l ow i n t he ser vi ce 
mai n at  t he t est  l ocat i on.

f .   For  gr i dded syst ems,  cal cul at i ons must  show peaki ng of  demand ar ea 
f r i ct i on l oss t o ver i f y t hat  t he hydr aul i cal l y most  demandi ng ar ea i s 
bei ng used.   A f l ow di agr am i ndi cat i ng t he quant i t y and di r ect i on of  
f l ows must  be i ncl uded.

1. 2. 1. 3   Desi gn Cr i t er i a

Hydr aul i cal l y desi gn t he syst em t o di schar ge a mi ni mum densi t y i n 
accor dance wi t h UFC 3- 600- 01,  Tabl e 9- 3,  f or  t he Hazar d Cl assi f i cat i on 
i ndi cat ed on t he dr awi ngs.   Hazar d c l assi f i cat i on shal l  meet  or  exceed 
t hat  r equi r ed by NFPA 13.  Hydr aul i c cal cul at i ons must  be i n accor dance 
wi t h t he Ar ea/ Densi t y Met hod of  NFPA 13.   Add an al l owance of  500 gpm at  
t he poi nt  of  connect i on f or  ext er i or  hose st r eams si nce t he hydr ant s ar e 
on t he pot abl e wat er  suppl y.  I ncl ude a 15 psi  mar gi n of  saf et y.

1. 2. 2   Spr i nkl er  Cover age

Spr i nkl er s must  be uni f or ml y spaced on br anch l i nes.   Pr ovi de cover age 
t hr oughout  100 per cent  of  t he ar ea not ed on t he Cont r act  dr awi ngs.   Thi s 
i ncl udes,  but  i s not  l i mi t ed t o,  t el ephone r ooms,  el ect r i cal  equi pment  
r ooms ( r egar dl ess of  t he f i r e r esi st ance r at i ng of  t he encl osur e) ,  boi l er  
r ooms,  swi t chgear  r ooms,  t r ansf or mer  r ooms,  at t ached el ect r i cal  vaul t s and 
ot her  el ect r i cal  and mechani cal  spaces.   Cover age per  spr i nkl er  must  be i n 
accor dance wi t h NFPA 13.   Pr ovi de spr i nkl er s bel ow al l  obst r uct i ons i n 
accor dance wi t h NFPA 13.   Except i ons ar e as f ol l ows:

a.   Spr i nkl er s may be omi t t ed f r om smal l  r ooms whi ch ar e exempt ed f or  
speci f i c  occupanci es i n accor dance wi t h NFPA 101.

1. 2. 3   Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)

An i ndi v i dual  who i s a l i censed pr of essi onal  engi neer  ( P. E. )  who has 
passed t he f i r e pr ot ect i on engi neer i ng wr i t t en exami nat i on admi ni st er ed by 
t he Nat i onal  Counci l  of  Exami ner s f or  Engi neer i ng and Sur veyi ng ( NCEES)  
and has r el evant  f i r e pr ot ect i on engi neer i ng exper i ence,  i ncl udi ng t hr ee 
pr oj ect s s i mi l ar  t o t hi s one whi ch have been i n sat i sf act or y use f or  at  
l east  s i x mont hs.   Ser vi ces of  t he QFPE must  i ncl ude:
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a.   Revi ewi ng SD- 02,  SD- 03,  and SD- 05 submi t t al  packages and pr el i mi nar y 
t est  pr ocedur es and r epor t s f or  compl et eness and compl i ance wi t h t he 
pr ovi s i ons of  t hi s speci f i cat i on.   Wor ki ng ( shop)  dr awi ngs and 
cal cul at i ons must  be pr epar ed by,  or  pr epar ed under  t he i mmedi at e 
super vi s i on of ,  t he QFPE.   The QFPE must  af f i x  t hei r  pr of essi onal  
engi neer i ng seal  or  submi t t al  r evi ew st amp wi t h s i gnat ur e t o t he shop 
dr awi ngs,  cal cul at i ons,  and mat er i al  dat a sheet s,  i ndi cat i ng appr oval  
pr i or  t o submi t t i ng t he shop dr awi ngs t o t he DFPE.

b.   Pr ovi de a l et t er  document i ng t hat  t he SD- 02,  SD- 03,  and SD- 05 
submi t t al  package has been r evi ewed and not i ng al l  out st andi ng 
comment s.

c.   Per f or mi ng i n- pr ogr ess const r uct i on sur vei l l ance pr i or  t o i nst al l at i on 
of  cei l i ngs ( r ough- i n i nspect i on) .

d.   Revi ewi ng SD- 06 t est  pl ans and pr ocedur es and t est  r epor t s f or  
compl et eness and compl i ance wi t h t he pr ovi s i ons of  t hi s 
speci f i cat i on.   The QFPE must  af f i x  t hei r  r evi ew st amp wi t h s i gnat ur e 
t o t he t est  pl ans and r epor t s i ndi cat i ng appr oval  bef or e submi t t i ng t o 
t he DFPE.   

e.   Wi t nessi ng pr e- Gover nment  and f i nal  Gover nment  f unct i onal  per f or mance 
t est i ng and per f or mi ng a f i nal  i nst al l at i on r evi ew.

f .   Si gni ng appl i cabl e cer t i f i cat es under  SD- 07.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  i nf or mat i on onl y.   When 
used,  a desi gnat i on f ol l owi ng t he " G"  desi gnat i on i dent i f i es t he of f i ce 
t hat  wi l l  r evi ew t he submi t t al  f or  t he Gover nment .   Par t i al  submi t t al s and 
submi t t al s not  f ul l y  compl yi ng wi t h NFPA 13 and t hi s speci f i cat i on sect i on 
must  be r et ur ned di sappr oved wi t hout  r evi ew.   SD- 02,  SD- 03 and SD- 05 must  
be submi t t ed s i mul t aneousl y.

Shop dr awi ngs ( SD- 02) ,  pr oduct  dat a ( SD- 03)  and cal cul at i ons ( SD- 05)  must  
be pr epar ed by t he desi gner  and combi ned and submi t t ed as one compl et e 
package,  wi t h t he SD- 03 pr oduct  dat a submi t t ed under  separ at e t r ansmi t t al .   
The QFPE must  r evi ew t he SD- 02/ SD- 03/ SD- 05 submi t t al  package f or  
compl et eness and compl i ance wi t h t he Cont r act  pr ovi s i ons pr i or  t o 
submi ssi on t o t he Gover nment .   The QFPE must  pr ovi de a Let t er  of  
Conf i r mat i on t hat  t hey have r evi ewed t he submi t t al  package f or  compl i ance 
wi t h t he cont r act  pr ovi s i ons.   Thi s l et t er  must  i ncl ude t hei r  pr of essi onal  
engi neer  st amp and si gnat ur e.   Par t i al  submi t t al s and submi t t al s not  
r evi ewed by t he QFPE wi l l  be r et ur ned di sappr oved wi t hout  r evi ew.

Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

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

Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) ;  G

Spr i nkl er  Syst em Desi gner ;  G

Spr i nkl er  Syst em I nst al l er ;  G
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SD- 02 Shop Dr awi ngs

Shop Dr awi ng;  G

SD- 03 Pr oduct  Dat a

Pi pe;  G

Fi t t i ngs;  G

Val ves,  i ncl udi ng gat e,  check,  but t er f l y,  and gl obe;  G

Ri ser  Check Val ves;  G

Rel i ef  Val ves;  G

Spr i nkl er s ;  G

Pi pe Hanger s and Suppor t s ;  G

Spr i nkl er  Al ar m Swi t ch;  G

Val ve Super vi sor y ( Tamper )  Swi t ch;  G

Fi r e Depar t ment  Connect i on;  G

Backf l ow Pr event i on Assembl y;  G

Ai r  Vent ;  G

Hose Val ve;  G

Namepl at es;  G

Test  Pr ocedur es

SD- 05 Desi gn Dat a

Hydr aul i c Cal cul at i ons;  G

SD- 06 Test  Repor t s

Pr el i mi nar y Test  Pr ocedur es;  G

Fi nal  Test  Pr ocedur es;  G

Pr el i mi nar y Test  Repor t ;  G

Fi nal  Test  Repor t ;  G

SD- 07 Cer t i f i cat es

Ver i f i cat i on of  Compl i ant  I nst al l at i on;  G

Request  f or  Gover nment  Fi nal  Test ;  G

SD- 10 Oper at i on and Mai nt enance Dat a
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Post ed Oper at i ng and Mai nt enance ( O&M)  I nst r uct i ons;  G

Oper at i ng and Mai nt enance ( O&M)  I nst r uct i ons;  G

Spar e Par t s Dat a;  G

SD- 11 Cl oseout  Submi t t al s

As- bui l t  dr awi ngs

1. 4   QUALI TY ASSURANCE

1. 4. 1   Pr econst r uct i on Submi t t al s

Wi t hi n 36 days of  cont r act  awar d but  no l ess t han 14 days pr i or  t o 
commenci ng wor k on si t e,  t he pr i me Cont r act or  must  submi t  t he SD- 01 
Pr econst r uct i on Submi t t al s wi t h document at i on of  qual i f i cat i ons f or  r evi ew 
and appr oval .   SD- 02,  SD- 03 and SD- 05 submi t t al s r ecei ved pr i or  t o t he 
r evi ew and appr oval  of  t he qual i f i cat i ons wi l l  be r et ur ned Di sappr oved 
Wi t hout  Revi ew.

1. 4. 1. 1   Shop Dr awi ng

Thr ee paper  copi es and one di gi t al  copy i n a f or mat  accept abl e t o t he 
Cont r act i ng Of f i cer  of  t he shop dr awi ngs,  no l at er  t han 28 days pr i or  t o 
t he st ar t  of  syst em i nst al l at i on.   Wor ki ng dr awi ngs conf or mi ng t o t he 
r equi r ement s pr escr i bed i n NFPA 13 and must  be no smal l er  t han t he 
Cont r act  Dr awi ngs.   Each set  of  dr awi ngs must  i ncl ude t he f ol l owi ng:

1.   A descr i pt i ve i ndex wi t h dr awi ngs l i s t ed i n sequence by number .   A 
l egend sheet  i dent i f y i ng devi ce symbol s,  nomencl at ur e,  and convent i ons 
used i n t he package.

2.   Fl oor  pl ans dr awn t o a scal e not  l ess t han 1/ 8- i nch equal s 1- f oot  
c l ear l y showi ng l ocat i ons of  devi ces,  equi pment ,  r i ser s,  and ot her  det ai l s 
r equi r ed t o c l ear l y descr i be t he pr oposed ar r angement .   Text  hei ght  shal l  
be mi ni mum 1/ 10" .

3.   Act ual  cent er - t o- cent er  di mensi ons bet ween spr i nkl er s on br anch l i nes 
and bet ween br anch l i nes;  f r om end spr i nkl er s t o adj acent  wal l s;  f r om 
wal l s t o br anch l i nes;  f r om spr i nkl er  f eed mai ns,  cr oss mai ns and br anch 
l i nes t o f i ni shed f l oor  and r oof  or  cei l i ng.   A det ai l  must  show t he 
di mensi on f r om t he spr i nkl er  and spr i nkl er  def l ect or  t o t he cei l i ng i n 
f i ni shed ar eas.

4.   Longi t udi nal  and t r ansver se bui l di ng sect i ons showi ng t ypi cal  br anch 
l i ne and cr oss mai n pi pe r out i ng,  el evat i on of  each t ypi cal  spr i nkl er  
above f i ni shed f l oor  and el evat i on of  " c l oud"  or  f al se cei l i ngs i n 
r el at i on t o t he bui l di ng cei l i ngs.

5.   Pl an and el evat i on v i ews whi ch est abl i sh t hat  t he equi pment  wi l l  f i t  
t he al l ot t ed spaces wi t h c l ear ance f or  i nst al l at i on and mai nt enance.

6.   Enl ar ged r i ser  l ayout  pl ans and sect i on dr awi ngs dr awn t o a scal e of  
not  l ess t han 1/ 2- i nch equal s 1- f oot  t o show det ai l s of  each syst em 
component ,  c l ear ances bet ween each ot her  and f r om ot her  equi pment  and 
const r uct i on i n t he r oom.

7.   Det ai l s of  each t ype of  r i ser  assembl y,  pi pe hanger ,  and r est r ai nt  of  

SECTI ON 21 13 13  Page 7



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

under gr ound wat er  mai n at  poi nt - of - ent r y i nt o t he bui l di ng,  and el ect r i cal  
devi ces and i nt er connect i ng wi r i ng.   The di mensi on f r om t he edge of  
ver t i cal  pi pi ng t o t he near est  adj acent  wal l ( s)  must  be i ndi cat ed on t he 
dr awi ngs when ver t i cal  pi pi ng i s l ocat ed i n st ai r s or  ot her  por t i ons of  
t he means of  egr ess.

8.   Det ai l s of  each t ype of  pi pe hanger ,  f or ce pr ot ect i on br aci ng/ r est r ai nt
 and r el at ed component s.

1. 4. 1. 2   Pr oduct  Dat a

Thr ee paper  and one di gi t al  copy of  annot at ed cat al og dat a t o show t he 
speci f i c  model ,  t ype,  and si ze of  each i t em.   Cat al og cut s must  al so 
i ndi cat e t he NRTL l i s t i ng.   The dat a must  be hi ghl i ght ed t o show model ,  
s i ze,  opt i ons,  and ot her  per t i nent  i nf or mat i on,  t hat  ar e i nt ended f or  
consi der at i on.   Dat a must  be adequat e t o demonst r at e compl i ance wi t h al l  
cont r act  r equi r ement s.   Pr oduct  dat a f or  al l  equi pment  must  be combi ned 
i nt o a s i ngl e submi t t al  and submi t t ed at  t he same t i me as t he shop 
dr awi ngs and cal cul at i ons submi t t al .

1. 4. 1. 3   Hydr aul i c Cal cul at i ons

Cal cul at i ons must  be as out l i ned i n NFPA 13 except  t hat  cal cul at i ons must  
be per f or med by comput er  usi ng sof t war e i nt ended speci f i cal l y f or  f i r e 
pr ot ect i on syst em desi gn usi ng t he desi gn dat a shown on t he dr awi ngs.   
Cal cul at i ons must  i ncl ude i somet r i c di agr am i ndi cat i ng hydr aul i c nodes and 
pi pe segment s.

1. 4. 1. 4   Oper at i ng and Mai nt enance ( O&M)  I nst r uct i ons

Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA 
as suppl ement ed and modi f i ed by t hi s speci f i cat i on sect i on.

Pr ovi de si x paper  manual s wi t h t abs and bookmar ks cor r espondi ng t o t he 
t abl e of  cont ent s and one pdf  ver si on on el ect r oni c medi a.   The manual s 
must  i ncl ude t he manuf act ur er ' s name,  model  number ,  par t s l i s t ,  l i s t  of  
par t s and t ool s t hat  shoul d be kept  i n st ock by t he owner  f or  r out i ne 
mai nt enance,  t r oubl eshoot i ng gui de,  and r ecommended ser vi ce or gani zat i on 
( i ncl udi ng addr ess and t el ephone number )  f or  each i t em of  equi pment .

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed.   The dat a must  i ncl ude a compl et e l i s t  of  par t s and suppl i es,  
and a l i s t  of  par t s r ecommended by t he manuf act ur er  t o be r epl aced af t er  
1- year  and 3 year s of  ser vi ce.   I ncl ude a l i s t  of  speci al  t ool s and t est  
equi pment  r equi r ed f or  mai nt enance and t est i ng of  t he pr oduct s suppl i ed.

1. 4. 1. 4. 1   Post ed Oper at i ng and Mai nt enance ( O&M)  I nst r uct i ons

Pr ovi de Post ed O&M I nst r uct i ons,  i n col or  wi t h pr of essi onal l y pr epar ed 
gr aphi cs,  15"  x 21"  or  l ar ger ,  f r amed i n heavy gauge ext r uded met al  
f r ames,  mount ed under  gl ass,  wat er / weat her pr oof .   Per manent l y mount  i n a 
r eser ved cl ear  wal l  ar ea as shown on t he shop dr awi ngs,  near  FACU and/ or  
spr i nkl er  r i ser .   I ncl ude compr ehensi ve schemat i cs f or  spr i nkl er  and f i r e 
al ar m syst ems,  f aci l i t y  f l oor  pl ans showi ng l ocat i on of  al l  f i r e equi pment  
and devi ces wi t h coor di nat ed i dent i f i cat i on.   I ncl ude f i r e r at ed wal l s,  
f i r e damper s,  f i r e al ar m r i ser  di agr am,  I / O mat r i x,  poi nt  l i s t ,  and al l  
component s.   I ncl ude val ve char t s,  equi pment  schedul e and wi r i ng di agr ams 
and schemat i cs.
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1. 4. 2   Qual i f i cat i ons

1. 4. 2. 1   Spr i nkl er  Syst em Desi gner

The spr i nkl er  syst em desi gner  must  be cer t i f i ed as a Level  I V Techni c i an 
by Nat i onal  I nst i t ut e f or  Cer t i f i cat i on i n Engi neer i ng Technol ogi es 
( NI CET)  i n t he Wat er - Based Syst ems Layout  subf i el d of  Fi r e Pr ot ect i on 
Engi neer i ng Technol ogy i n accor dance wi t h NI CET 1014- 7.

1. 4. 2. 2   Spr i nkl er  Syst em I nst al l er

The spr i nkl er  syst em i nst al l er  must  be r egul ar l y engaged i n t he 
i nst al l at i on of  t he t ype and compl exi t y of  syst em speci f i ed i n t he 
cont r act  document s,  and must  have ser ved i n a s i mi l ar  capaci t y f or  at  
l east  t hr ee syst ems t hat  have per f or med i n t he manner  i nt ended f or  a 
per i od of  not  l ess t han 6 mont hs.

1. 4. 3   Regul at or y Requi r ement s

Equi pment  and mat er i al  must  be l i s t ed or  appr oved.   Li st ed or  appr oved,  as 
used i n t hi s Sect i on,  means l i s t ed,  l abel ed or  appr oved by a Nat i onal l y 
Recogni zed Test i ng Labor at or y ( NRTL)  such as UL Fi r e Pr ot  Di r  or  
FM APP GUI DE.   The omi ssi on of  t hese t er ms under  t he descr i pt i on of  an 
i t em or  equi pment  descr i bed must  not  be const r ued as wai v i ng t hi s 
r equi r ement .   Al l  l i s t i ngs or  appr oval s by t est i ng l abor at or i es must  be 
f r om an exi st i ng ANSI  or  UL publ i shed st andar d.   The r ecommended pr act i ces 
st at ed i n t he manuf act ur er ' s l i t er at ur e or  document at i on ar e mandat or y 
r equi r ement s.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  al l  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
excessi ve humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  
cont ami nant s.   Al l  pi pes must  be ei t her  capped or  pl ugged unt i l  i nst al l ed.

1. 6   EXTRA MATERI ALS

Spar e spr i nkl er s and wr ench( es)  must  be pr ovi ded as spar e par t s i n 
accor dance wi t h NFPA 13.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

2. 1. 1   St andar d Pr oduct s

Pr ovi de mat er i al s,  equi pment ,  and devi ces l i s t ed f or  f i r e pr ot ect i on 
ser vi ce when so r equi r ed by NFPA 13 or  t hi s speci f i cat i on.   Sel ect  
mat er i al  f r om one manuf act ur er ,  wher e possi bl e,  and not  a combi nat i on of  
manuf act ur er s,  f or  a c l assi f i cat i on of  mat er i al .   Mat er i al  and equi pment  
must  be st andar d pr oduct s of  a manuf act ur er  r egul ar l y engaged i n t he 
manuf act ur e of  t he pr oduct s f or  at  l east  2 year s pr i or  t o bi d.

2. 1. 2   Namepl at es

Maj or  component s of  equi pment  must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  cat al og number ,  dat e of  
i nst al l at i on,  i nst al l i ng Cont r act or ' s name and addr ess,  and t he cont r act  
number  pr ovi ded on a new name pl at e per manent l y af f i xed t o t he i t em or  
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equi pment .   Namepl at es must  be et ched met al  or  pl ast i c,  per manent l y 
at t ached by scr ews t o cont r ol  uni t s,  panel s or  adj acent  wal l s.

2. 1. 3   I dent i f i cat i on and Mar ki ng

Pi pe and f i t t i ng mar ki ngs must  i ncl ude name or  i dent i f y i ng symbol  of  
manuf act ur er  and nomi nal  s i ze.   Pi pe must  be mar ked wi t h ASTM 
desi gnat i on.   Val ves and equi pment  mar ki ngs must  have name or  i dent i f y i ng 
symbol  of  manuf act ur er ,  speci f i c  model  number ,  nomi nal  s i ze,  name of  
devi ce,  ar r ow i ndi cat i ng di r ect i on of  f l ow,  and posi t i on of  i nst al l at i on 
( hor i zont al  or  ver t i cal ) ,  except  i f  val ve can be i nst al l ed i n ei t her  
posi t i on.   Mar ki ngs must  be i ncl uded on t he body cast i ng or  on an et ched 
or  st amped met al  namepl at e per manent l y on t he val ve or  cover  pl at e.

2. 1. 4   Pr essur e Rat i ngs

Val ves,  f i t t i ngs,  coupl i ngs,  al ar m swi t ches,  and si mi l ar  devi ces must  be 
r at ed f or  t he maxi mum wor ki ng pr essur es t hat  can be exper i enced i n t he 
syst em,  but  i n no case l ess t han 175 psi .

2. 2   UNDERGROUND PI PI NG COMPONENTS

2. 2. 1   Pi pe

Pi pe must  compl y wi t h NFPA 24.   Pi pi ng mor e t han 5 f eet  out si de t he 
bui l di ng wal l s must  compl y wi t h NFPA 24,  UFC 3- 600- 01,  Speci f i cat i ons 
Di v i s i on 33 and t he Ci vi l  dr awi ngs.   A cont i nuous sect i on of  wel ded 
st ai nl ess st eel  f i r e wat er  ser vi ce pi pi ng f r om a poi nt  out s i de t he 
bui l di ng per i met er  t o a f l anged f i t t i ng at  12 i nches above t he f i ni shed 
f l oor  wi t hi n t he bui l di ng i s r equi r ed.

2. 2. 2   Fi t t i ngs and Gasket s

Fi t t i ngs must  be duct i l e- i r on conf or mi ng t o AWWA C110/ A21. 10 wi t h cement  
mor t ar  l i ni ng conf or mi ng t o AWWA C104/ A21. 4.   Gasket s must  be sui t abl e i n 
desi gn and si ze f or  t he pi pe wi t h whi ch such gasket s ar e t o be used.   
Gasket s f or  duct i l e- i r on pi pe j oi nt s must  conf or m t o AWWA C111/ A21. 11.

2. 2. 3   Gat e Val ve and I ndi cat or  Post s

I nst al l at i on must  compl y wi t h NFPA 24.   Gat e val ves f or  use wi t h i ndi cat or  
post  must  conf or m t o UL 262.   I ndi cat or  post s must  conf or m t o UL 789 and 
shal l  be pr ovi ded wi t h super vi sor y swi t ches moni t or ed by t he f i r e al ar m 
syst em.   Pr ovi de each i ndi cat or  post  wi t h one coat  of  pr i mer  and t wo coat s 
of  r ed enamel  pai nt .

2. 2. 4   Val ve Boxes

Except  wher e i ndi cat or  post s ar e pr ovi ded,  f or  each bur i ed val ve,  pr ovi de 
a cast - i r on,  duct i l e- i r on,  or  pl ast i c val ve box of  a sui t abl e s i ze.   
Pl ast i c boxes must  be const r uct ed of  acr yl oni t r i l e- but adi ene- st yr ene ( ABS)  
or  i nor gani c f i ber - r ei nf or ced bl ack pol yol ef i n.   Pr ovi de cast - i r on,  
duct i l e- i r on,  or  pl ast i c cover  f or  val ve box wi t h t he wor d " WATER"  cast  on 
t he cover .   The mi ni mum box shaf t  di amet er  must  be 5. 25 i nches.   Coat  
cast - i r on and duct i l e- i r on boxes wi t h bi t umi nous pai nt  appl i ed t o a 
mi ni mum dr y- f i l m t hi ckness of  10 mi l s.
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2. 2. 5   Bur i ed Ut i l i t y  War ni ng and I dent i f i cat i on Tape

Pr ovi de det ect abl e al umi num f oi l  pl ast i c backed t ape or  det ect abl e 
magnet i c pl ast i c t ape manuf act ur ed speci f i cal l y f or  war ni ng and 
i dent i f i cat i on of  bur i ed pi pi ng.   Tape must  be det ect abl e by an el ect r oni c 
det ect i on i nst r ument .   Pr ovi de t ape,  3 i nches mi ni mum wi dt h,  col or  coded 
f or  t he ut i l i t y  i nvol ved wi t h war ni ng and i dent i f i cat i on i mpr i nt ed i n bol d 
bl ock l et t er s cont i nuousl y and r epeat edl y over  t he ent i r e t ape l engt h.   
War ni ng and i dent i f i cat i on must  r ead " CAUTI ON BURI ED WATER PI PI NG BELOW"  
or  s i mi l ar  wor di ng.   Use per manent  code and l et t er  col or i ng unaf f ect ed by 
moi st ur e and ot her  subst ances cont ai ned i n t r ench backf i l l  mat er i al .

2. 3   ABOVEGROUND PI PI NG COMPONENTS

2. 3. 1   St eel  Pi pi ng Component s

2. 3. 1. 1   St eel  Pi pe

Except  as modi f i ed her ei n,  pi pe must  be bl ack st eel  as per mi t t ed by NFPA 13
 and conf or m t o t he appl i cabl e pr ovi s i ons of  ASTM A53/ A53M,  ASTM A135/ A135M
 or  ASTM A153/ A153M.
St eel  pi pe must  be mi ni mum Schedul e 40.

2. 3. 1. 2   Fi t t i ngs

Fi t t i ngs must  be shop wel ded,  t hr eaded,  or  gr ooved- end t ype.   Thr eaded 
f i t t i ngs must  be cast - i r on conf or mi ng t o ASME B16. 4,  mal l eabl e- i r on 
conf or mi ng t o ASME B16. 3 or  duct i l e- i r on conf or mi ng t o ASTM A536.   
Pl ai n- end f i t t i ngs wi t h mechani cal  coupl i ngs,  f i t t i ngs t hat  use st eel  
gr i ppi ng devi ces t o bi t e i nt o t he pi pe,  st eel  pr ess f i t t i ngs and f i el d 
wel ded f i t t i ngs ar e not  per mi t t ed.   Fi t t i ngs,  mechani cal  coupl i ngs,  and 
r ubber  gasket s must  be suppl i ed by t he same manuf act ur er .   Thr eaded 
f i t t i ngs must  use Tef l on t ape or  manuf act ur er ' s appr oved j oi nt  compound.   
Saddl e t ees usi ng r ubber  gasket ed f i t t i ngs ar e pr ohi bi t ed.   Reduci ng 
coupl i ngs ar e not  per mi t t ed.

2. 3. 1. 3   Gr ooved Mechani cal  Joi nt s and Fi t t i ngs

Joi nt s and f i t t i ngs must  be desi gned f or  not  l ess t han 175 psi  ser vi ce and 
t he pr oduct  of  t he same manuf act ur er .   Fi el d wel ded f i t t i ngs must  not  be 
used.   Fi t t i ng and coupl i ng housi ng must  be mal l eabl e- i r on conf or mi ng t o 
ASTM A47/ A47M,  Gr ade 32510;  duct i l e- i r on conf or mi ng t o ASTM A536,  Gr ade 
65- 45- 12.   Rubber  gasket ed gr ooved- end pi pe and f i t t i ngs wi t h mechani cal  
coupl i ngs ar e per mi t t ed i n pi pe si zes 2 i nches and l ar ger .   Gasket  must  be 
t he f l ush t ype t hat  f i l l s  t he ent i r e cavi t y bet ween t he f i t t i ng and t he 
pi pe.   Nut s and bol t s must  be heat - t r eat ed st eel  conf or mi ng t o ASTM A183 
and must  be cadmi um- pl at ed or  z i nc- el ect r opl at ed.

2. 3. 1. 4   Fl anges

Fl anges must  conf or m t o NFPA 13 and ASME B16. 1.   Fl ange adapt er s ar e not  
per mi t t ed.   Gasket s must  be non- asbest os compr essed mat er i al  i n accor dance 
wi t h ASME B16. 21,  1/ 16- i nch t hi ck,  and f ul l  f ace or  sel f - cent er i ng f l at  
r i ng t ype.

2. 3. 2   Fl exi bl e Spr i nkl er  Hose

  Br ai ded f l exi bl e spr i nkl er  hose i s not  per mi t t ed.
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2. 3. 3   Pi pe Hanger s and Suppor t s

Pr ovi de gal vani zed pi pe hanger s and suppor t s i n accor dance wi t h NFPA 13.

2. 3. 4   Val ves

Pr ovi de val ves of  t ypes appr oved f or  f i r e ser vi ce.   Val ves must  open by 
count er cl ockwi se r ot at i on.

2. 3. 4. 1   Cont r ol  Val ve

Manual l y oper at ed spr i nkl er  cont r ol / gat e val ve must  be out si de st em and 
yoke ( OS&Y)  t ype or  but t er f l y t ype as i ndi cat ed on t he dr awi ngs and must  
be l i s t ed.

2. 3. 4. 2   Check Val ves

Check val ves must  compl y wi t h UL 312.   Check val ves 4 i nches and l ar ger  
must  be of  t he swi ng t ype,  have a c l ear  wat er way and meet  t he r equi r ement s 
of  MSS SP- 71,  f or  Type 3 or  4.   I nspect i on pl at e must  be pr ovi ded on 
val ves l ar ger  t han 6 i nches.

2. 3. 5   Ri ser  Check Val ves

Pr ovi de r i ser  check val ve,  pr essur e gauges and mai n dr ai n.   Pr ovi de 
pr essur e r el i ef  val ve,  i nspect or ' s t est ,  and ot her  component s as r equi r ed 
f or  a f ul l y  oper at i onal  syst em.

2. 4   ALARM I NI TI ATI NG AND SUPERVI SORY DEVI CES

2. 4. 1   Spr i nkl er  Al ar m Swi t ch

Vane f l ow swi t ch( es) .   Connect i on of  swi t ch must  be by t he f i r e al ar m 
i nst al l er .   Vane t ype al ar m act uat i ng devi ces must  have mechani cal  
di aphr agm cont r ol l ed r et ar d devi ce adj ust abl e f r om 10 t o 60 seconds and 
must  i nst ant l y r ecycl e.   Fl ow swi t ches f or  el evat or  power  shunt  must  not  
have a r et ar d f eat ur e.

2. 4. 2   Val ve Super vi sor y ( Tamper )  Swi t ch

Swi t ch must  be i nt egr al  t o t he cont r ol  val ve or  sui t abl e f or  mount i ng t o 
t he t ype of  cont r ol  val ve t o be super vi sed open.   The swi t ch must  be 
t amper  r esi st ant  and cont ai n SPDT ( For m C)  cont act s ar r anged t o t r ansf er  
upon r emoval  of  t he housi ng cover  or  c l osur e of  t he val ve of  mor e t han t wo 
r ot at i ons of  t he val ve st em.

2. 5   BACKFLOW PREVENTI ON ASSEMBLY

Doubl e- check val ve assembl y backf l ow pr event er  compl yi ng wi t h ASSE 1013,  
ASSE 1015 and AWWA M14.   Each check val ve must  have a dr ai n.   Backf l ow 
pr event i on assembl i es must  have cur r ent  " Cer t i f i cat e of  Appr oval  f r om t he 
Foundat i on f or  Cr oss- Connect i on Cont r ol  and Hydr aul i c Resear ch,  FCCCHR 
Li st "  and be l i s t ed f or  f i r e pr ot ect i on use.   Li st i ng of  t he speci f i c  
make,  model ,  desi gn,  and si ze i n t he FCCCHR Li st  i s  accept abl e as t he 
r equi r ed document at i on.

2. 5. 1   Backf l ow Pr event er  Test  Connect i on

Test  connect i on must  consi st  of  a ser i es of  l i s t ed hose val ves wi t h 2 
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1/ 2- i nch Nat i onal  St andar d mal e hose t hr eads wi t h cap and chai n.

2. 6   FI RE DEPARTMENT CONNECTI ON

Fi r e depar t ment  connect i on must  be 2. 5"  t ype wi t h al umi num body,  mat chi ng 
wal l  escut cheon l et t er ed " Aut o Spkr " .   The connect i on must  be a 2. 5"  wi t h 
cap and chai n,  t ur ned down 30 degr ees.  

2. 7   SPRI NKLERS

Spr i nkl er s must  compl y wi t h UL 199 and NFPA 13.   Spr i nkl er s wi t h i nt er nal  
O- r i ngs ar e not  accept abl e.   Spr i nkl er s i n hi gh heat  ar eas i ncl udi ng at t i c  
spaces or  i n c l ose pr oxi mi t y t o uni t  heat er s must  have t emper at ur e 
c l assi f i cat i on i n accor dance wi t h NFPA 13.   Ext ended cover age spr i nkl er s 
ar e per mi t t ed f or  l oadi ng docks,  r esi dent i al  occupanci es and hi gh- pi l ed 
st or age appl i cat i ons onl y.   

2. 7. 1   Pendent  Spr i nkl er

Pendent  spr i nkl er  must  be r ecessed qui ck- r esponse t ype wi t h mi ni mum 
nomi nal  K- f act or  of  5. 6,  8. 0,  or  11. 2,  per  UFC 3- 600- 01 Tabl e 9- 3.   
Pendent  spr i nkl er s must  have a pol i shed chr ome f i ni sh.   Assembl y must  
i ncl ude an i nt egr al  escut cheon.   Pr ovi de r ecessed pendent s wher e cei l i ngs 
ar e pr ovi ded unl ess conceal ed spr i nkl er s ar e i ndi cat ed.

2. 7. 2   Upr i ght  Spr i nkl er

Upr i ght  spr i nkl er  must  be br ass qui ck- r esponse t ype and have a mi ni mum 
nomi nal  K- f act or  of  5. 6,  8. 0 or  11. 2,  per  UFC 3- 600- 01.   Sel ect  K- f act or  
per  Tabl e 9- 3.

2. 7. 3   Si dewal l  Spr i nkl er

Si dewal l  spr i nkl er  must  be t he qui ck- r esponse  t ype.   Si dewal l  spr i nkl er  
must  have a mi ni mum nomi nal  K- f act or  of  5. 6,  8. 0 or  11. 2,  per  UFC 
3- 600- 01.   Sel ect  K- f act or  per  Tabl e 9- 3.   Si dewal l  spr i nkl er  must  have a 
br ass f i ni sh.   

2. 7. 4   Conceal ed Spr i nkl er

Conceal ed spr i nkl er  must  be qui ck- r esponse t ype and have a mi ni mum nomi nal  
K- f act or  of  5. 6 or  8. 0 per  UFC 3- 600- 01.   Sel ect  K- f act or  per  Tabl e 9- 3.   
Cover pl at e must  be whi t e unl ess not ed ot her wi se on dr awi ngs.

2. 8   ACCESSORI ES

2. 8. 1   Spr i nkl er  Cabi net

Pr ovi de spar e spr i nkl er s i n accor dance wi t h NFPA 13 and must  be pl aced i n 
a sui t abl e met al  or  pl ast i c cabi net  of  suf f i c i ent  s i ze t o accommodat e al l  
t he spar e spr i nkl er s and wr enches i n desi gnat ed l ocat i ons.   Spar e 
spr i nkl er s must  be r epr esent at i ve of ,  and i n pr opor t i on t o,  t he number  of  
each t ype and t emper at ur e r at i ng of  t he spr i nkl er s i nst al l ed as r equi r ed 
by NFPA 13.   At  l east  one wr ench of  each t ype r equi r ed must  be pr ovi ded.

2. 8. 2   Pendent  Spr i nkl er  Escut cheon

Escut cheon must  be one- pi ece met al l i c  t ype wi t h a dept h of  l ess t han 
3/ 4- i nch and sui t abl e f or  i nst al l at i on on pendent  spr i nkl er s.   The 
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escut cheon must  have a f act or y f i ni sh t hat  mat ches t he pendent  spr i nkl er .

2. 8. 3   Pi pe Escut cheon

Pr ovi de spl i t  hi nge met al  pl at es f or  pi pi ng ent er i ng wal l s,  f l oor s,  and 
cei l i ngs i n exposed spaces.   Pr ovi de pol i shed st ai nl ess st eel  pl at es or  
chr omi um- pl at ed f i ni sh on copper  al l oy pl at es i n f i ni shed spaces.   Pr ovi de 
pai nt  f i ni sh on met al  pl at es i n unf i ni shed spaces.

2. 8. 4   Spr i nkl er  Guar d

Li st ed guar d must  be a st eel  wi r e cage desi gned t o encase t he spr i nkl er  
and pr ot ect  i t  f r om mechani cal  damage.   Guar ds must  be pr ovi ded on 
spr i nkl er s l ocat ed i n r ooms wi t h el ect r i cal  or  communi cat i on equi pment  and 
on spr i nkl er s wi t hi n 7 f eet  of  t he f l oor  and wher e i ndi cat ed on dr awi ngs 
or  r equi r ed by NFPA 13.

2. 8. 5   Rel i ef  Val ve

Rel i ef  val ves must  be l i s t ed and i nst al l ed at  t he r i ser  i n accor dance wi t h 
NFPA 13.

2. 8. 6   Ai r  Vent

Ai r  vent s must  be of  t he aut omat i c t ype and pi ped t o dr ai n t o t he bui l di ng 
ext er i or .

2. 8. 7   I dent i f i cat i on Si gn

Val ve i dent i f i cat i on s i gn must  be mi ni mum 6 i nches wi de by 2 i nches hi gh 
wi t h enamel  baked f i ni sh on mi ni mum 18 gage st eel  or  0. 024- i nch al umi num 
wi t h r ed l et t er s on a whi t e backgr ound or  whi t e l et t er s on r ed 
backgr ound.   Wor di ng of  s i gn must  i ncl ude,  but  not  be l i mi t ed t o " mai n 
dr ai n" ,  " auxi l i ar y dr ai n" ,  " i nspect or ' s t est " ,  " al ar m t est " ,  " al ar m l i ne" ,  
and si mi l ar  wor di ng as r equi r ed t o i dent i f y oper at i onal  component s.   Wher e 
t her e i s mor e t han one spr i nkl er  syst em,  s i gnage must  i ncl ude speci f i c  
det ai l s as t o t he r espect i ve syst em.

2. 8. 8   Post ed Oper at i ng and Mai nt enance ( O&M)  I nst r uct i ons

O&M Manual s shal l  be compl et ed,  submi t t ed and appr oved no l at er  t han 30 
days pr i or  t o benef i c i al  occupancy.   Pr ovi de wat er pr oof  heavy met al  
ext r uded f r amed per manent  post ed O&M i nst r uct i ons under  gl ass t hat  ar e 
coor di nat ed wi t h and keyed t o t he O&M Manual s and t hat  ut i l i ze t he syst em 
and devi ce i dent i f i cat i on and oper at i ons i dent i f i cat i ons.   I nst r uct i ons 
shal l  have pr of essi onal l y pr epar ed gr aphi cs,  pr i nt ed on f ul l  s i zed sheet s,  
i n col or .   Post ed i nst r uct i ons shal l  show,  at  a mi ni mum:  
( a)  Compr ehensi ve schemat i c pi pi ng di agr ams i ncl udi ng wat er  suppl y,  and 
spr i nkl er  syst ems.  
( b)  Faci l i t y  f l oor  pl ans showi ng l ocat i on of  al l  f i r e equi pment  and 
devi ces wi t h coor di nat ed i dent i f i cat i on.   Show i t ems such as f i r e wal l s,  
f i r e bar r i er s,  f i r e damper s,  et c.  
( c)   Syst em di agr ams,  i ncl udi ng i somet r i cs of  speci al  equi pment  such as  
f i r e r i ser s and al l  appur t enances.   
( d)   Val ve char t s.   
( e)   Equi pment  schedul e.   
( f )   Wi r i ng di agr ams and schemat i cs.   
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PART 3   EXECUTI ON

3. 1   VERI FYI NG ACTUAL FI ELD CONDI TI ONS

Bef or e commenci ng wor k,  exami ne al l  adj oi ni ng wor k on whi ch t he 
cont r act or ' s wor k t hat  i s  dependent  f or  per f ect  wor kmanshi p accor di ng t o 
t he i nt ent  of  t hi s speci f i cat i on sect i on,  and r epor t  t o t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve a condi t i on t hat  pr event s per f or mance of  f i r st  
c l ass wor k.   No " wai ver  of  r esponsi bi l i t y"  f or  i ncompl et e,  i nadequat e or  
def ect i ve adj oi ni ng wor k wi l l  be consi der ed unl ess not i ce has been f i l ed 
bef or e submi t t al  of  a pr oposal .

3. 2   I NSTALLATI ON

The i nst al l at i on must  be i n accor dance wi t h t he appl i cabl e pr ovi s i ons of  
NFPA 13,  NFPA 24,  UFC 3- 600- 01,   and publ i cat i ons r ef er enced t her ei n.   
Locat e spr i nkl er s i n a consi st ent  pat t er n wi t h cei l i ng gr i d,  l i ght s,  and 
ai r  suppl y di f f user s.   I nst al l  spr i nkl er  syst em over  and under  duct s,  
pi pi ng and pl at f or ms when such equi pment  can negat i vel y af f ect  or  di sr upt  
t he spr i nkl er  di schar ge pat t er n and cover age.   Do not  l ocat e spr i nkl er  
pi pi ng bel ow f i ni shed cei l i ngs.

a.   Pi pi ng of f set s,  f i t t i ngs,  and ot her  accessor i es r equi r ed must  be 
f ur ni shed t o pr ovi de a compl et e i nst al l at i on and t o el i mi nat e 
i nt er f er ence wi t h ot her  const r uct i on.

b.   Wher ever  t he cont r act or ' s wor k i nt er connect s wi t h wor k of  ot her  t r ades 
t he Cont r act or  must  coor di nat e wi t h ot her  Cont r act or s t o ensur e al l  
Cont r act or s have t he i nf or mat i on necessar y so t hat  t hey may pr oper l y 
i nst al l  al l  necessar y connect i ons and equi pment .   I dent i f y al l  wor k 
i t ems needi ng access ( damper s and si mi l ar  equi pment )  t hat  ar e 
conceal ed above hung cei l i ngs by per manent  col or  coded pi ns/ t abs i n 
t he cei l i ng di r ect l y bel ow t he i t em.

c.   Pr ovi de r equi r ed suppor t s and hanger s f or  pi pi ng,  condui t ,  and 
equi pment  so t hat  l oadi ng wi l l  not  exceed al l owabl e l oadi ngs of  
st r uct ur e.   Submi t t al  of  a bi d must  be a deemed r epr esent at i on t hat  
t he cont r act or  submi t t i ng such bi d has ascer t ai ned al l owabl e l oadi ngs 
and has i ncl uded i n hi s est i mat es t he cost s associ at ed i n f ur ni shi ng 
r equi r ed suppor t s.

3. 2. 1   Wast e Removal

At  t he concl usi on of  each day' s wor k,  c l ean up and st ockpi l e on si t e al l  
wast e,  debr i s,  and t r ash whi ch may have accumul at ed dur i ng t he day as a 
r esul t  of  wor k by t he cont r act or  and of  hi s pr esence on t he j ob.   
Si dewal ks and st r eet s adj oi ni ng t he pr oper t y must  be kept  br oom cl ean and 
f r ee of  wast e,  debr i s,  t r ash and obst r uct i ons caused by wor k of  t he 
cont r act or ,  whi ch wi l l  af f ect  t he condi t i on and saf et y of  st r eet s,  wal ks,  
ut i l i t i es,  and pr oper t y.

3. 3   UNDERGROUND PI PI NG I NSTALLATI ON

The f i r e pr ot ect i on wat er  mai n must  be l ai d,  and j oi nt s anchor ed,  i n 
accor dance wi t h NFPA 24.   Mi ni mum dept h of  cover  must  be 6. 5 f eet  or  12"  
bel ow t he f r ost  l i ne,  whi chever  i s deeper .   The suppl y l i ne must  t er mi nat e 
i nsi de t he bui l di ng wi t h a f l anged pi ece,  t he bot t om of  whi ch must  be set  
at  12"  t o 13"  above t he f i ni shed f l oor .   A bl i nd f l ange must  be i nst al l ed 
t empor ar i l y  on t op of  t he f l anged pi ece t o pr event  t he ent r ance of  f or ei gn 
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mat t er  i nt o t he suppl y l i ne.   A concr et e t hr ust  bl ock must  be pr ovi ded at  
t he el bow wher e t he pi pe t ur ns up t owar d t he f l oor .   I n addi t i on,  j oi nt s 
must  be anchor ed i n accor dance wi t h NFPA 24.   Bur i ed st eel  component s must  
be pr ovi ded wi t h a cor r osi on pr ot ect i ve coat i ng i n accor dance wi t h 
AWWA C203.   Pi pi ng mor e t han 5 f eet  out si de t he bui l di ng wal l s see t he 
Ci vi l  dr awi ngs.

3. 4   ABOVEGROUND PI PI NG I NSTALLATI ON

The met hods of  f abr i cat i on and i nst al l at i on of  t he abovegr ound pi pi ng must  
f ul l y  compl y wi t h t he r equi r ement s and r ecommended pr act i ces of  NFPA 13 
and t hi s speci f i cat i on sect i on.

3. 4. 1   Pr ot ect i on of  Pi pi ng Agai nst  Ear t hquake Damage

Sei smi c r est r ai nt  i s  not  r equi r ed f or  spr i nkl er  pi pi ng.

3. 4. 2   Pi pi ng i n Exposed Ar eas

I nst al l  exposed pi pi ng wi t hout  di mi ni shi ng exi t  access wi dt hs,  cor r i dor s 
or  equi pment  access.   Exposed hor i zont al  pi pi ng,  i ncl udi ng dr ai n pi pi ng,  
must  be i nst al l ed t o pr ovi de maxi mum headr oom.

3. 4. 3   Pi pi ng i n Fi ni shed Ar eas

I n ar eas wi t h suspended or  dr opped cei l i ngs and i n ar eas wi t h conceal ed 
spaces above t he cei l i ng,  pi pi ng must  be conceal ed above cei l i ngs.   Pi pi ng 
must  be i nspect ed,  hydr ost at i cal l y t est ed and appr oved bef or e bei ng 
conceal ed.   Ri ser s and si mi l ar  ver t i cal  r uns of  pi pi ng i n f i ni shed ar eas 
must  be conceal ed.

3. 4. 4   Pendent  Spr i nkl er s

a.   Dr op ni ppl es t o pendent  spr i nkl er s must  consi st  of  mi ni mum 1- i nch pi pe 
wi t h a r educi ng coupl i ng i nt o whi ch t he spr i nkl er  must  be t hr eaded.

b.   Wher e spr i nkl er s ar e i nst al l ed bel ow suspended or  dr opped cei l i ngs,  
dr op ni ppl es must  be cut  such t hat  spr i nkl er  cei l i ng pl at es or  
escut cheons ar e of  a uni f or m dept h t hr oughout  t he f i ni shed space.   The 
out l et  of  t he r educi ng coupl i ng must  not  ext end bel ow t he under si de of  
t he cei l i ng.

c.   Recessed pendent  spr i nkl er s must  be i nst al l ed such t hat  t he di st ance 
f r om t he spr i nkl er  def l ect or  t o t he under si de of  t he cei l i ng must  not  
exceed t he manuf act ur er ' s l i s t ed r ange and must  be of  uni f or m dept h 
t hr oughout  t he f i ni shed ar ea.

d.   Pendent  spr i nkl er s i n suspended cei l i ngs must  be l ocat ed i n t he cent er  
of  t he t i l e ( +/ -  2 i nches) .

e.   Dr y pendent  spr i nkl er  assembl i es must  be such t hat  spr i nkl er  cei l i ng 
pl at es or  escut cheons ar e of  t he uni f or m dept h t hr oughout  t he f i ni shed 
space.

f .   Dr y pendent  spr i nkl er s must  be of  t he r equi r ed l engt h t o per mi t  t he 
spr i nkl er  t o be t hr eaded di r ect l y i nt o a br anch l i ne t ee.

g.   Wher e t he maxi mum st at i c or  f l owi ng pr essur e,  whi chever  i s gr eat er  at  
t he spr i nkl er ,  appl i ed ot her  t han t hr ough t he f i r e depar t ment  
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connect i on,  exceeds 100 psi  and a br anch l i ne above t he cei l i ng 
suppl i es spr i nkl er s i n a pendent  posi t i on bel ow t he cei l i ng,  t he 
cumul at i ve hor i zont al  l engt h of  an unsuppor t ed ar mover  t o a spr i nkl er  
or  spr i nkl er  dr op must  not  exceed 12 i nches.

3. 4. 5   Upr i ght  Spr i nkl er s

Ri ser  ni ppl es or  " spr i gs"  t o upr i ght  spr i nkl er s must  cont ai n no f i t t i ngs 
bet ween t he br anch l i ne t ee and t he r educi ng coupl i ng at  t he spr i nkl er .

3. 4. 6   Pi pe Joi nt s

Pi pe j oi nt s must  conf or m t o NFPA 13,  except  as modi f i ed her ei n.   Not  mor e 
t han f our  t hr eads must  show af t er  j oi nt  i s  made up.   Wel ded j oi nt s wi l l  be 
per mi t t ed,  onl y i f  wel di ng oper at i ons ar e per f or med as r equi r ed by NFPA 13 
at  t he Cont r act or ' s f abr i cat i on shop,  not  at  t he pr oj ect  const r uct i on 
s i t e.   Fl anged j oi nt s must  be pr ovi ded wher e i ndi cat ed or  r equi r ed by 
NFPA 13.   Gr ooved pi pe and f i t t i ngs must  be pr epar ed i n accor dance wi t h 
t he manuf act ur er ' s l at est  publ i shed speci f i cat i on accor di ng t o pi pe 
mat er i al ,  wal l  t hi ckness and si ze.   Gr ooved coupl i ngs,  f i t t i ngs and 
gr oovi ng t ool s must  be pr oduct s of  t he same manuf act ur er .   The di amet er  of  
gr ooves made i n t he f i el d must  be measur ed usi ng a " go/ no- go"  gauge,  
ver ni er  or  di al  cal i per ,  nar r ow- l and mi cr omet er ,  or  ot her  met hod 
speci f i cal l y appr oved by t he coupl i ng manuf act ur er  f or  t he i nt ended 
appl i cat i on.   Gr oove wi dt h and di mensi on of  gr oove f r om end of  pi pe must  
be measur ed and r ecor ded f or  each change i n gr oovi ng t ool  set up t o ver i f y 
compl i ance wi t h coupl i ng manuf act ur er ' s t ol er ances.

3. 4. 7   Reducer s

Reduct i ons i n pi pe si zes must  be made wi t h one- pi ece t aper ed r educi ng 
f i t t i ngs.  

3. 4. 8   Pi pe Penet r at i ons

a.   Cut t i ng st r uct ur al  member s f or  passage of  pi pes or  f or  pi pe- hanger  
f ast eni ngs wi l l  not  be per mi t t ed.   Pi pes t hat  must  penet r at e concr et e 
or  masonr y wal l s or  concr et e f l oor s must  be cor e- dr i l l ed and pr ovi ded 
wi t h pi pe sl eeves.   Each sl eeve must  be Schedul e 40 gal vani zed st eel ,  
duct i l e- i r on or  cast - i r on pi pe and ext end t hr ough i t s r espect i ve wal l  
or  f l oor  and be cut  f l ush wi t h each wal l  sur f ace.   Sl eeves must  
pr ovi de r equi r ed cl ear ance bet ween t he pi pe and t he sl eeve per  NFPA 13.   
The space bet ween t he sl eeve and t he pi pe must  be f i r ml y packed wi t h 
mi ner al  wool  i nsul at i on.

b.   Wher e pi pes and sl eeves penet r at e f i r e wal l s,  f i r e par t i t i ons,  or  
f l oor s,  pi pes/ s l eeves must  be f i r est opped by t he appr oved f i r est op 
i nst al l er  per  appr oved desi gns and f i r est op shop dr awi ngs,  i n 
accor dance wi t h Sect i on 07 84 00 FI RESTOPPI NG.

c.   I n penet r at i ons t hat  ar e not  f i r e- r at ed or  not  a f l oor  penet r at i on,  
t he space bet ween t he sl eeve and t he pi pe must  be seal ed at  bot h ends 
wi t h pl ast i c wat er pr oof  cement  t hat  wi l l  dr y t o a f i r m but  pl i abl e 
mass or  wi t h a mechani cal l y adj ust abl e segment ed el ast omer  seal . d.   
Al l  penet r at i ons t hr ough t he boundar y of  r ooms/ ar eas i dent i f i ed as 
Ar ea a space ar ea must  meet  I CS 705- 1.

e.  Al l  pi pi ng pent r at i ons t hr ough STC- r at ed wal l s must  be gr ounded t o 
ear t h wi t hi n 2"  of  wal l  wi t h #4 wi r e on bot h s i des of  t he wal l .
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3. 4. 9   Escut cheons

Escut cheons must  be pr ovi ded f or  pi pe penet r at i on i n f i ni shed ar eas of  
cei l i ngs,  f l oor s and wal l s.   Escut cheons must  be secur el y f ast ened t o t he 
pi pe at  sur f aces t hr ough whi ch pi pi ng passes.

3. 4. 10   I nspect or ' s Test  Connect i on

Unl ess ot her wi se i ndi cat ed,  t he t est  connect i on must  consi st  of  1- i nch 
pi pe connect ed at  t he r i ser  as a combi nat i on t est  and dr ai n val ve;  a f ul l y  
accessi bl e t est  val ve l ocat ed appr oxi mat el y 7 f eet  above t he f l oor ;  a 
smoot h bor e br ass out l et  equi val ent  t o t he smal l est  or i f i ce spr i nkl er  used 
i n t he syst em;  and a pai nt ed met al  i dent i f i cat i on s i gn af f i xed t o t he 
val ve wi t h t he wor ds " I nspect or ' s Test " .   Al l  t est  connect i on pi pi ng must  
be i nsi de of  t he bui l di ng and penet r at e t he ext er i or  wal l  at  t he l ocat i on 
of  t he di schar ge or i f i ce onl y.   The di schar ge or i f i ce must  be l ocat ed 
out si de t he bui l di ng wal l  no mor e t han 2 f eet  above f i ni shed gr ade,  
di r ect ed so as not  t o cause damage t o adj acent  const r uct i on or  l andscapi ng 
dur i ng f ul l  f l ow di schar ge,  or  t o t he sani t ar y sewer .   Di schar ge t o t he 
ext er i or  must  not  i nt er f er e wi t h exi t i ng f r om t he f aci l i t y .   Wat er  
di schar ge or  r unof f  must  not  cr oss t he pat h of  egr ess f r om t he bui l di ng.   
Do not  di schar ge t o t he r oof .   Di schar ge t o f l oor  dr ai ns,  j ani t or  s i nks or  
s i mi l ar  f i x t ur es i s not  per mi t t ed.

Pr ovi de concr et e spl ash bl ocks at  al l  dr ai n and i nspect or ' s t est  
connect i on di schar ge l ocat i ons i f  not  di schar gi ng t o a concr et e sur f ace.   
Spl ash bl ocks must  be l ar ge enough t o mi t i gat e er osi on and not  become 
di s l odged dur i ng a f ul l  f l ow of  t he dr ai n.   Ensur e al l  di schar ged wat er  
dr ai ns away f r om t he f aci l i t y  and does not  cause pr oper t y damage.

3. 4. 11   Backf l ow Pr event er

Locat e wi t hi n t he bui l di ng.

I nst al l  backf l ow pr event er s so t hat  t he bot t om of  t he assembl y i s a 
mi ni mum of  6 i nches above t he f i ni shed f l oor / gr ade.   I nst al l  hor i zont al  
backf l ow pr event er s so t hat  t he bot t om of  t he assembl y i s no gr eat er  t han 
24 i nches above t he f i ni shed f l oor / gr ade.   I nst al l  ver t i cal  backf l ow 
pr event er s so t hat  t he upper  oper at i ng handwheel  i s no mor e t han 6 f eet  
above t he f i ni shed f l oor / gr ade.   Cl ear ance ar ound cont r ol  val ve handl es 
must  be mi ni mum 6i nches above gr ade/ f i ni shed f l oor  and away f r om wal l s.

3. 4. 12   Dr ai ns

a.   Mai n dr ai n pi pi ng must  be pr ovi ded t o di schar ge at  a saf e poi nt  
out s i de t he bui l di ng,  no mor e t han 2 f eet  above f i ni shed gr ade.   
Pr ovi de a concr et e spl ash bl ock at  dr ai n out l et .   Di schar ge t o t he 
ext er i or  must  not  i nt er f er e wi t h exi t i ng f r om t he f aci l i t y .   Wat er  
di schar ge or  r unof f  must  not  cr oss t he pat h of  egr ess f r om t he 
bui l di ng.

b.   Auxi l i ar y dr ai ns must  be pr ovi ded as r equi r ed by NFPA 13 and must  be 
f ul l y accessi bl e.   Maxi mum hei ght  of  auxi l i ar y dr ai n val ves i s 7 f eet  
AFF.   Auxi l i ar y dr ai ns ar e per mi t t ed t o di schar ge t o a f l oor  dr ai n i f  
t he dr ai n i s s i zed t o accommodat e f ul l  f l ow or  40 gpm,  whi chever  i s 
gr eat er .   Di schar ge t o ser vi ce s i nks or  s i mi l ar  pl umbi ng f i xt ur es i s 
not  per mi t t ed.
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3. 4. 13   I nst al l at i on of  Fi r e Depar t ment  Connect i on

Connect i on must  be mount ed on t he ext er i or  wal l  appr oxi mat el y 3 f eet  above 
f i ni shed gr ade adj acent  t o and on t he spr i nkl er  syst em si de of  t he 
backf l ow pr event er .  The pi pi ng bet ween t he connect i on and t he FDC check 
val ve must  be pr ovi ded wi t h an aut omat i c dr i p i n accor dance wi t h NFPA 13 
and pi ped t o dr ai n t o t he out si de.

3. 4. 14   I dent i f i cat i on Si gns

Si gns must  be af f i xed t o each cont r ol  val ve,  i nspect or  t est  val ve,  mai n 
dr ai n,  auxi l i ar y dr ai n,  t est  val ve,  and si mi l ar  val ves as appr opr i at e or  
as r equi r ed by NFPA 13.   Mai n dr ai n t est  r esul t s must  be et ched i nt o mai n 
dr ai n i dent i f i cat i on s i gn.   Hydr aul i c desi gn dat a must  be et ched i nt o t he 
namepl at es and per manent l y af f i xed t o each spr i nkl er  r i ser  as speci f i ed i n 
NFPA 13.   Pr ovi de l abel i ng on t he sur f aces of  al l  f eed and cr oss mai ns t o 
show t he pi pe f unct i on ( e. g. ,  " Spr i nkl er  Syst em" ,  " Fi r e Depar t ment  
Connect i on" ,  " St andpi pe" )  and nor mal  val ve posi t i on ( e. g.  " Nor mal l y Open" ,  
" Nor mal l y Cl osed" ) .   For  pi pe si zes 4- i nch and l ar ger  pr ovi de whi t e 
pai nt ed st enci l ed l et t er s and ar r ows,  a mi ni mum of  2 i nches i n hei ght  and 
vi s i bl e f r om at  l east  t wo si des when vi ewed f r om t he f l oor .   For  pi pe 
si zes l ess t han 4- i nch,  pr ovi de whi t e pai nt ed st enci l ed l et t er s and 
ar r ows,  a mi ni mum of  0. 75- i nch i n hei ght  and vi s i bl e f r om t he f l oor .

3. 5   ELECTRI CAL

Except  as modi f i ed her ei n,  el ect r i c equi pment  and wi r i ng must  be i n 
accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Al ar m 
si gnal  wi r i ng connect ed t o t he bui l di ng f i r e al ar m cont r ol  syst em must  be 
by t he f i r e al ar m i nst al l er .

3. 6   PAI NTI NG

Col or  code mar k pi pi ng as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.
 Pi pi ng i n f i ni shed ar eas shal l  be pai nt ed t o mat ch sur r oundi ngs.   Pi pi ng 
above cei l i ngs,  i n unf i ni shed spaces and i n Fi r e Pr ot ect i on Room shal l  be 
pai nt ed r ed.

3. 7   FI ELD QUALI TY CONTROL

3. 7. 1   Test  Pr ocedur es

Submi t  det ai l ed t est  pr ocedur es,  pr epar ed and si gned by t he NI CET Level  I V 
Fi r e Spr i nkl er  Techni c i an or  QFPE,  and t he r epr esent at i ve of  t he 
i nst al l i ng company,  and r evi ewed by t he QFPE,  60 days pr i or  t o per f or mi ng 
syst em t est s.   Det ai l ed t est  pr ocedur es must  l i s t  al l  component s of  t he 
i nst al l ed syst em.   Test  pr ocedur es must  i ncl ude sequence of  t est i ng,  t i me 
est i mat e f or  each t est ,  and sampl e t est  dat a f or ms.   The t est  dat a f or ms 
must  be i n a check- of f  f or mat  ( pass/ f ai l  wi t h space t o add appl i cabl e t est  
dat a;  s i mi l ar  t o t he f or ms i n NFPA 13. )   The t est  pr ocedur es and 
accompanyi ng t est  dat a f or ms must  be used f or  t he pr e- Gover nment  t est i ng 
and t he Gover nment  f i nal  t est i ng.   Ref er  t o t he PAT/ FAT Checkl i st  
f ol l owi ng Sect i on 28 31 76 f or  addi t i onal  i nf or mat i on.

a.   Pr ovi de space t o i dent i f y t he dat e and t i me of  each t est .   Pr ovi de 
space t o i dent i f y t he names and si gnat ur es of  t he i ndi v i dual s 
conduct i ng and wi t nessi ng each t est .
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3. 7. 2   Pr e- Gover nment  Test i ng

3. 7. 2. 1   Ver i f i cat i on of  Compl i ant  I nst al l at i on

Conduct  i nspect i ons and t est s t o ensur e t hat  equi pment  i s f unct i oni ng 
pr oper l y.   Test s must  meet  t he r equi r ement s of  par agr aph ent i t l ed " Mi ni mum 
Syst em Test s"  and " Syst em Accept ance"  as not ed i n NFPA 13.   The Cont r act or  
and QFPE must  be i n at t endance at  t he pr e- Gover nment  t est i ng t o make 
necessar y adj ust ment s.   Af t er  i nspect i on and t est i ng i s compl et e,  pr ovi de 
a s i gned Ver i f i cat i on of  Compl i ant  I nst al l at i on l et t er  by t he QFPE t hat  
t he i nst al l at i on i s compl et e,  compl i ant  wi t h t he speci f i cat i on and f ul l y 
oper abl e.   The l et t er  must  i ncl ude t he names and t i t l es of  t he wi t nesses 
t o t he pr e- Gover nment  t est s.   Pr ovi de al l  compl et i on document at i on as 
r equi r ed by NFPA 13 and t he Pr el i mi nar y Test  Repor t  cer t i f i cat es not ed 
bel ow,  t abbed and bookmar ked per  t he Tabl e of  Cont ent s.

a.   NFPA 13 Cont r act or ' s Mat er i al  and Test  Cer t i f i cat es f or  Abovegr ound 
Pi pi ng

b.   NFPA 13 Cont r act or ' s Mat er i al  and Test  Cer t i f i cat es f or  Under gr ound 
Pi pi ng,  i ncl udi ng f l ushi ng pl an per  NFPA 20 and NFPA 24 and f l ushi ng 
r epor t  wi t h phot os of  f l ushi ng,  f l ushi ng appar at us and f l ushi ng f l ow 
measur ement .

3. 7. 2. 2   Request  f or  Gover nment  Fi nal  Test

When t he ver i f i cat i on of  compl i ant  i nst al l at i on has been compl et ed,  submi t  
a f or mal  r equest  f or  Gover nment  f i nal  t est  t o t he Desi gnat ed Fi r e 
Pr ot ect i on Engi neer  ( DFPE)  and Cont r act i ng Of f i cer ' s Desi gnat ed 
Repr esent at i ve ( COR) .   Gover nment  f i nal  t est i ng wi l l  not  be schedul ed 
unt i l  t he DFPE has r ecei ved copi es of  t he r equest  f or  Gover nment  Fi nal  
t est i ng and Ver i f i cat i on of  Compl i ant  I nst al l at i on l et t er  wi t h al l  
r equi r ed document at i on,  cer t i f i cat es and Test  Repor t s.   Gover nment  f i nal  
t est i ng wi l l  not  be per f or med unt i l  af t er  t he connect i ons t o t he 
i nst al l at i on f i r e al ar m r epor t i ng syst em  have been compl et ed and t est ed 
t o conf i r m communi cat i ons ar e f ul l y  f unct i onal .   Submi t  r equest  f or  t est  
at  l east  30 cal endar  days pr i or  t o t he r equest ed t est  dat e.

3. 7. 3   Cor r ect i on of  Def i c i enci es

I f  equi pment  was f ound t o be def ect i ve or  non- compl i ant  wi t h cont r act  
r equi r ement s,  per f or m cor r ect i ve act i ons and r epeat  t he t est s.   Test s must  
be conduct ed and r epeat ed i f  necessar y unt i l  t he syst em has been 
demonst r at ed t o compl y wi t h al l  cont r act  r equi r ement s.

3. 7. 4   Gover nment  Fi nal  Test s

The t est s must  be per f or med i n accor dance wi t h t he appr oved Fi nal  Test  
Pr ocedur es i n t he pr esence of  t he DFPE.   Fur ni sh i nst r ument s and per sonnel  
r equi r ed f or  t he t est s.   The f ol l owi ng must  be pr ovi ded at  t he j ob s i t e 
f or  Gover nment  Fi nal  Test i ng:

a.   The manuf act ur er ' s t echni cal  r epr esent at i ve.

b.   The cont r act or ' s Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .

 c.   Mar ked- up r ed l i ne dr awi ngs of  t he syst em as act ual l y i nst al l ed.

 Gover nment  Fi nal  Test s wi l l  be wi t nessed by t he Desi gnat ed Fi r e Pr ot ect i on 
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Engi neer , Cont r act i ng Of f i cer ,  and Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .   
At  t hi s t i me,  al l  r equi r ed t est s not ed i n t he par agr aph " Mi ni mum Syst em 
Test s"  must  be r epeat ed.

3. 8   MI NI MUM SYSTEM TESTS

The syst em,  i ncl udi ng t he under gr ound wat er  mai ns,  and t he abovegr ound 
pi pi ng and syst em component s,  must  be t est ed t o ensur e t hat  equi pment  and 
component s f unct i on as i nt ended.   The under gr ound and abovegr ound i nt er i or  
pi pi ng syst ems and at t ached appur t enances subj ect ed t o syst em wor ki ng 
pr essur e must  be t est ed i n accor dance wi t h NFPA 13,  NFPA 20 and NFPA 24.

3. 8. 1   Under gr ound Pi pi ng

3. 8. 1. 1   Fl ushi ng

Under gr ound pi pi ng must  be f l ushed at  a mi ni mum of  15 f ps or  150% of  pump 
r at ed capaci t y,  whi chever  i s gr eat er ,  wi t hout  t he use of  t he f i r e pump,  i n 
accor dance wi t h NFPA 24 and NFPA 20.   Compl y wi t h st at e and l ocal  
r equi r ement s r egar di ng di schar ge of  f l ushi ng wat er .   I ncl ude f l ushi ng pl an 
wi t h pr el i mi nar y t est  pl an.   Show f l ushi ng appar at us and how f l ow wi l l  be 
measur ed.

3. 8. 1. 2   Hydr ost at i c Test

New under gr ound pi pi ng must  be hydr ost at i cal l y t est ed i n accor dance wi t h 
NFPA 24.

3. 8. 2   Abovegr ound Pi pi ng

3. 8. 2. 1   Hydr ost at i c Test

Abovegr ound pi pi ng must  be hydr ost at i cal l y t est ed i n accor dance wi t h 
NFPA 13.   Ther e must  be no dr op i n gauge pr essur e or  v i s i bl e l eakage when 
t he syst em i s subj ect ed t o t he hydr ost at i c t est .   The t est  pr essur e must  
be r ead f r om a gauge l ocat ed at  t he l ow el evat i on poi nt  of  t he syst em or  
por t i on bei ng t est ed.

3. 8. 2. 2   Backf l ow Pr event i on Assembl y For war d Fl ow Test

Each backf l ow pr event i on assembl y must  be t est ed at  syst em f l ow demand,  
i ncl udi ng al l  appl i cabl e hose st r eams,  as speci f i ed i n NFPA 13.   The 
Cont r act or  must  pr ovi de al l  equi pment  and i nst r ument s necessar y t o conduct  
a compl et e f or war d f l ow t est ,  i ncl udi ng 2. 5- i nch di amet er  hoses,  pl aypi pe 
nozzl es or  f l ow di f f user s,  cal i br at ed pr essur e gauges,  and pi t ot  t ube 
gauge.   The Cont r act or  must  pr ovi de al l  necessar y suppor t s t o saf el y 
secur e hoses and nozzl es dur i ng t he t est .   At  t he syst em demand f l ow,  t he 
pr essur e r eadi ngs and pr essur e dr op ( f r i c t i on l oss)  acr oss t he assembl y 
must  be r ecor ded.   A met al  pl acar d must  be pr ovi ded on t he backf l ow 
pr event i on assembl y t hat  l i s t s t he pr essur e r eadi ngs bot h upst r eam and 
downst r eam of  t he assembl y,  t ot al  pr essur e dr op,  and t he syst em t est  f l ow 
r at e det er mi ned dur i ng t he pr el i mi nar y t est i ng.   The pr essur e dr op must  be 
compar ed t o t he manuf act ur er ' s dat a and t he r eadi ngs obser ved dur i ng t he 
f i nal  i nspect i ons and t est s.

3. 8. 3   Mai n Dr ai n Fl ow Test

Fol l owi ng f l ushi ng of  t he under gr ound pi pi ng,  a mai n dr ai n t est  must  be 
made t o ver i f y t he adequacy of  t he wat er  suppl y.   St at i c and r esi dual  
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pr essur es must  be r ecor ded on t he cer t i f i cat e speci f i ed i n par agr aph 
SUBMI TTALS.

3. 9   SYSTEM ACCEPTANCE

Fol l owi ng accept ance of  t he syst em,  as- bui l t  dr awi ngs and O&M manual s must  
be del i ver ed t o t he Cont r act i ng Of f i cer  f or  r evi ew and accept ance.   Submi t  
s i x set s of  det ai l ed as- bui l t  dr awi ngs.   The dr awi ngs must  show t he syst em 
as i nst al l ed,  i ncl udi ng devi at i ons f r om bot h t he pr oj ect  dr awi ngs and t he 
appr oved shop dr awi ngs.   These dr awi ngs must  be submi t t ed wi t hi n t wo weeks 
af t er  t he f i nal  accept ance t est  of  t he syst em.   At  l east  one set  of  
as- bui l t  ( mar ked- up)  dr awi ngs must  be pr ovi ded at  t he t i me of ,  or  pr i or  t o 
t he f i nal  accept ance t est .

a.   Pr ovi de one set  of  f ul l  s i ze paper  as- bui l t  dr awi ngs and schemat i cs.   
The dr awi ngs must  be pr epar ed el ect r oni cal l y and si zed no l ess t han 
t he cont r act  dr awi ngs. Fur ni sh one set  of  CDs or  DVDs  cont ai ni ng 
sof t war e back- up and CAD based dr awi ngs i n l at est  ver si on of  Aut oCAD,  
DXF and por t abl e document  f or mat s of  as- bui l t  dr awi ngs and schemat i cs.

b.   Pr ovi de oper at i ng and mai nt enance ( O&M)  i nst r uct i ons and Post ed 
Oper at i ng and Mai nt enance I nst r uct i ons.

3. 10   ONSI TE TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t he r espondi ng f i r e depar t ment  and oper at i ng 
and mai nt enance per sonnel  as desi gnat ed by t he Cont r act i ng Of f i cer .   
Tr ai ni ng must  be per f or med on t wo separ at e days ( t o accommodat e di f f er ent  
shi f t s of  Fi r e Depar t ment  per sonnel )  f or  a per i od of  4 hour s of  nor mal  
wor ki ng t i me and must  st ar t  af t er  t he syst em i s f unct i onal l y compl et e and 
af t er  t he f i nal  t est  r epor t .   The on- si t e t r ai ni ng must  cover  al l  of  t he 
i t ems cont ai ned i n t he appr oved Oper at i ng and Mai nt enance I nst r uct i ons.

        - -  End of  Sect i on - -
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SECTI ON 21 30 00

FI RE PUMPS
04/ 08

PART 1   GENERAL

1. 1   SUMMARY

Pr ovi de f i r e pumps i n conf or mance wi t h UFC 3- 600- 01,  NFPA 20,  NFPA 70,  
NFPA 24 and NFPA 72 and t he Cont r act  Document s.   Devi ces and equi pment  f or  
f i r e pr ot ect i on ser vi ce must  be UL Fi r e Pr ot  Di r  l i s t ed or  FM APP GUI DE 
appr oved.   I nt er pr et  al l  r ef er ence t o t he aut hor i t y havi ng j ur i sdi ct i on t o 
mean t he Cont r act i ng Of f i cer ' s Techni cal  Repr esent at i ve.

1. 2   SEQUENCI NG

1. 2. 1   Pr i mar y Fi r e Pump

Pr i mar y f i r e pump shal l  aut omat i cal l y oper at e when t he pr essur e dr ops t o 
i t s NFPA 20 set poi nt  or  manual l y when t he st ar t er  i s oper at ed.   Pump shal l  
cont i nue t o r un unt i l  shut  down manual l y.  

1. 2. 2   Pr essur e Mai nt enance Pump

Pr essur e mai nt enance pump shal l  oper at e when t he syst em pr essur e dr ops t o 
i t s NFPA 20 set poi nt .   Pump shal l  aut omat i cal l y st op when t he syst em 
pr essur e r eaches i t s NFPA 20 st op set poi nt  and af t er  t he pump has oper at ed 
f or  t he mi ni mum pump r un t i me speci f i ed her ei n.

1. 2. 3   Syst em Pr essur e Set t i ngs

I t  i s  t he f i r e spr i nkl er  cont r act or ' s r esponsi bi l i t y  t o pr ovi de pr essur e 
set  poi nt s t o mai nt ai n t he syst em i n accor dance wi t h NFPA 20 r equi r ement s 
f or  a compl et e and code compl i ant  oper at i on.

1. 3   FI RE PUMP I NSTALLATI ON RELATED SUBMI TTALS

The Qual i f i ed Fi r e Pr ot ect i on Engi neer  shal l  pr epar e a l i s t  of  t he 
submi t t al s,  f r om t he Cont r act  Submi t t al  Regi st er ,  t hat  r el at e t o t he 
successf ul  i nst al l at i on of  t he f i r e pump( s) ,  no l at er  t han 7 days af t er  
t he appr oval  of  t he Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)  and t he 
Manuf act ur er ' s Repr esent at i ve.   The submi t t al s i dent i f i ed on t hi s l i s t  
shal l  be accompani ed by a l et t er  of  appr oval  s i gned and dat ed by t he QFPE 
when submi t t ed t o t he Gover nment .

1. 4   REFERENCES

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

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C111/ A21. 11 ( 2017)  Rubber - Gasket  Joi nt s f or  
Duct i l e- I r on Pr essur e Pi pe and Fi t t i ngs
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AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASTM I NTERNATI ONAL ( ASTM)

ASTM A183 ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  Tr ack Bol t s and Nut s

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A449 ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Hex Cap Scr ews,  Bol t s,  and St uds,  St eel ,  
Heat  Tr eat ed,  120/ 105/ 90 ksi  Mi ni mum 
Tensi l e St r engt h,  Gener al  Use

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
Cast i ngs

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM A563 ( 2021;  E 2022a)  St andar d Speci f i cat i on f or  
Car bon and Al l oy St eel  Nut s

ASTM B135 ( 2010)  St andar d Speci f i cat i on f or  Seaml ess 
Br ass Tube

ASTM F436 ( 2011)  Har dened St eel  Washer s

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

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

NFPA 1963 ( 2019)  St andar d f or  Fi r e Hose Connect i ons
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NFPA 20 ( 2022; TI A 21- 1;  TI A 21- 2)  St andar d f or  t he 
I nst al l at i on of  St at i onar y Pumps f or  Fi r e 
Pr ot ect i on

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 72 ( 2022;  ERTA 22- 1)  Nat i onal  Fi r e Al ar m and 
Si gnal i ng Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 448 ( 2020)  Cent r i f ugal  St at i onar y Pumps f or  
Fi r e- Pr ot ect i on Ser vi ce

UL Fi r e Pr ot  Di r ( 2012)  Fi r e Pr ot ect i on Equi pment  Di r ect or y

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 101 ( 2014;  Rev C)  Col or  Code f or  Pi pel i nes and 
f or  Compr essed Gas Cyl i nder s

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

1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  
eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES.  

Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

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

Fi r e Pump I nst al l at i on Rel at ed Submi t t al s;  G

Manuf act ur er ' s Repr esent at i ve;  G

Qual i f i cat i ons of  Wel der s;  G

Qual i f i cat i ons of  I nst al l er ;  G

Qual i f i ed Fi r e Pr ot ect i on Engi neer ;  G

  No l at er  t han 14 days af t er  t he Not i ce t o Pr oceed and pr i or  t o 
t he submi t t al  of  t he f i r e pump i nst al l at i on dr awi ngs

SD- 02 Shop Dr awi ngs

I nst al l at i on Dr awi ngs;  G

  3 copi es
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As- Bui l t  Dr awi ngs;  G

Pi pi ng Layout ;  G

Pump Room;  G

SD- 03 Pr oduct  Dat a

Cat al og Dat a;  G

Spar e Par t s

Pr el i mi nar y Test s

Pump;  G

Fi el d Tr ai ni ng;  G

SD- 06 Test  Repor t s

Pr el i mi nar y Test  Pr ocedur es;  G

  At  l east  30 days pr i or  t o t he pr oposed dat e and t i me t o begi n 
Pr el i mi nar y Test s

Pr el i mi nar y Test  Repor t ;  G

  3 copi es of  t he compl et ed Test  Repor t ,  no l at er  t han 7 days 
af t er  t he compl et i on of  t he Pr el i mi nar y Test s.

Fi nal  Test  Pr ocedur es;  G

  At  l east  21 days bef or e st ar t i ng f i nal  t est s

Fi nal  Test  Repor t ;  G

SD- 07 Cer t i f i cat es

Pr el i mi nar y Test  Cer t i f i cat i on;  G

Fi nal  Test  Cer t i f i cat i on;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i ng and Mai nt enance I nst r uct i ons;  G

  At  l east  14 days pr i or  t o conduct i ng f i el d t r ai ni ng

Post ed Oper at i ng and Mai nt enance I nst r uct i ons;  G

Fl ow Met er ;  G

  Submi t  Dat a Package 2 f or  f l ow met er  and cont r ol l er s i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 6   EXTRA MATERI ALS

Submi t  Spar e Par t s dat a f or  each di f f er ent  i t em of  equi pment  and mat er i al  
speci f i ed.   The dat a shal l  i ncl ude a compl et e l i s t  of  par t s and suppl i es,  
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wi t h cur r ent  uni t  pr i ces and sour ce of  suppl y,  and a l i s t  of  par t s 
r ecommended by t he manuf act ur er  t o be r epl aced af t er  1 year  and 3 year s of  
ser vi ce.   I ncl ude a l i s t  of  speci al  t ool s and t est  equi pment  r equi r ed f or  
mai nt enance and t est i ng of  t he pr oduct s suppl i ed by t he Cont r act or .

1. 7   QUALI TY ASSURANCE

1. 7. 1   Qual i f i ed Fi r e Pr ot ect i on Engi neer

Wor k speci f i ed i n t hi s sect i on shal l  be per f or med under  t he super vi s i on of  
and cer t i f i ed by t he Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .   The QFPE 
shal l  be r egul ar l y engaged i n t he desi gn and i nst al l at i on of  t he t ype and 
compl exi t y of  syst em speci f i ed i n t he Cont r act  document s,  and shal l  have 
ser ved i n a s i mi l ar  capaci t y f or  at  l east  t hr ee syst ems t hat  have 
per f or med i n t he manner  i nt ended f or  a per i od of  not  l ess t han 6 mont hs.   
The Qual i f i ed Fi r e Pr ot ect i on Engi neer  shal l  be as appr oved i n Sect i on 
21 13 13 WET PI PE SPRI NKLER SYSTEM,  FI RE PROTECTI ON par agr aph 1. 4. 1,  wi t h 
t he same dut i es not ed i n Di v i s i on 21 speci f i cat i ons.   The QFPE shal l  
appr ove al l  submi t t al s and cer t i f y t he i nst al l at i on meet s t he r equi r ement s 
of  t he cont r act  document s and r ef er enced cr i t er i a.

1. 7. 2   Qual i f i cat i ons of  Wel der s

Submi t  cer t i f i cat es of  each wel der ' s qual i f i cat i ons pr i or  t o s i t e wel di ng;  
cer t i f i cat i ons shal l  not  be mor e t han one year  ol d.

1. 7. 3   Qual i f i cat i ons of  I nst al l er

Pr i or  t o i nst al l at i on,  submi t  dat a f or  appr oval  showi ng t hat  t he 
Cont r act or  has successf ul l y i nst al l ed f i r e pumps and associ at ed equi pment  
of  t he same t ype and desi gn as speci f i ed her ei n,  or  t hat  he has a f i r m 
cont r act ual  agr eement  wi t h a subcont r act or  havi ng such r equi r ed 
exper i ence.   The dat a shal l  i ncl ude t he names and l ocat i ons of  at  l east  
t wo i nst al l at i ons wher e t he Cont r act or ,  or  t he subcont r act or  r ef er r ed t o 
above,  has i nst al l ed such syst ems.   I ndi cat e t he t ype and desi gn of  each 
syst em and cer t i f y t hat  each syst em has per f or med sat i sf act or i l y  i n t he 
manner  i nt ended f or  a per i od of  not  l ess t han 18 mont hs.

1. 7. 4   Pr el i mi nar y Test  Cer t i f i cat i on

When pr el i mi nar y t est s have been compl et ed and cor r ect i ons made,  submi t  a 
s i gned and dat ed cer t i f i cat e wi t h a r equest  f or  a f or mal  i nspect i on and 
t est s.

1. 7. 5   Fi nal  Test  Cer t i f i cat i on

Concur r ent  wi t h t he Fi nal  Accept ance Test  Repor t ,  submi t  cer t i f i cat i on by 
t he QFPE t hat  t he f i r e pump i nst al l at i on i s i n accor dance wi t h t he 
cont r act  r equi r ement s,  i ncl udi ng si gned appr oval  of  t he Pr el i mi nar y and 
Fi nal  Accept ance Test  Repor t s.   Submi t  dat a f or  appr oval  showi ng t he name 
and cer t i f i cat i on of  al l  i nvol ved i ndi v i dual s wi t h such qual i f i cat i ons at  
or  pr i or  t o submi t t al  of  dr awi ngs.

1. 7. 6   Manuf act ur er ' s Repr esent at i ve

Wor k speci f i ed i n t hi s sect i on shal l  be per f or med under  t he super vi s i on of  
and cer t i f i ed by a r epr esent at i ve of  t he f i r e pump manuf act ur er .   Submi t  
t he name and document at i on of  cer t i f i cat i on of  t he pr oposed Manuf act ur er ' s 
Repr esent at i ve,  concur r ent  wi t h submi t t al  of  t he Qual i f i ed Fi r e Pr ot ect i on 
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Engi neer ' s Qual i f i cat i ons.   The Manuf act ur er ' s Repr esent at i ve shal l  be 
r egul ar l y engaged i n t he i nst al l at i on of  t he t ype and compl exi t y of  f i r e 
pump( s)  speci f i ed i n t he Cont r act  document s,  and shal l  have ser ved i n a 
s i mi l ar  capaci t y f or  at  l east  t hr ee syst ems t hat  have per f or med i n t he 
manner  i nt ended f or  a per i od of  not  l ess t han 6 mont hs.

1. 8   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  al l  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
excessi ve humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  
cont ami nant s.   Addi t i onal l y,  al l  pi pes shal l  be ei t her  capped or  pl ugged 
unt i l  i nst al l ed.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

a.   Mat er i al s and equi pment  shal l  be st andar d pr oduct s of  a manuf act ur er  
r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and shal l  
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  
l east  2 year s pr i or  t o bi d openi ng.

b.   Submi t  manuf act ur er ' s cat al og dat a i ncl uded wi t h t he Fi r e Pump 
I nst al l at i on Dr awi ngs f or  each separ at e pi ece of  equi pment  pr oposed 
f or  use i n t he syst em.   Cat al og dat a shal l  i ndi cat e t he name of  t he 
manuf act ur er  of  each i t em of  equi pment ,  wi t h dat a annot at ed t o 
i ndi cat e model  t o be pr ovi ded.   I n addi t i on,  a compl et e equi pment  l i s t  
t hat  i ncl udes equi pment  descr i pt i on,  model  number  and quant i t y shal l  
be pr ovi ded.   Cat al og dat a f or  mat er i al  and equi pment  shal l  i ncl ude,  
but  not  be l i mi t ed t o,  t he f ol l owi ng:

( 1)   Fi r e pumps,  dr i ver s and cont r ol l er s i ncl udi ng manuf act ur er ' s 
cer t i f i ed shop t est  char act er i st i c cur ve f or  each pump.   Shop t est  
cur ve may be submi t t ed af t er  appr oval  of  cat al og dat a but  shal l  be 
submi t t ed pr i or  t o t he f i nal  t est s.

( 2)   Pr essur e mai nt enance pump and cont r ol l er .

( 3)   Pi pi ng component s.  

( 4)   Val ves,  i ncl udi ng gat e,  check,  gl obe and r el i ef  val ves.

( 5)   Gauges.

( 6)   Hose val ve mani f ol d t est  header  and hose val ves.

( 7)   Fl ow met er .

( 8)   Rest r i ct i ve or i f i ce uni on.

( 9)   Associ at ed devi ces and equi pment .

c.   Al l  equi pment  shal l  have a namepl at e t hat  i dent i f i es t he 
manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model  or  ser i al  number ,  
cont r act  number  and accept ed dat e;  capaci t y or  s i ze;  syst em i n whi ch 
i nst al l ed and syst em whi ch i t  cont r ol s and cat al og number .   Pumps and 
mot or s shal l  have st andar d namepl at es secur el y af f i xed i n a 
conspi cuous pl ace and easy t o r ead.   Fi r e pump shal l  have namepl at es 
and mar ki ngs i n accor dance wi t h UL 448.  El ect r i c mot or  namepl at es 
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shal l  pr ovi de t he mi ni mum i nf or mat i on r equi r ed by NFPA 70,  Sect i on 
430- 7.

2. 2   FI RE PUMP

Fi r e pumps shal l  be el ect r i c mot or  dr i ven.   Fi r e pump capaci t y shal l  be 
r at ed at  mi ni mum 1, 250 gpm wi t h a r at ed net  pr essur e as r equi r ed t o 
sat i sf y t he f i r e pr ot ect i on demand wi t hout  exceedi ng 50 mot or  HP.   Fi r e 
pump shal l  f ur ni sh not  l ess t han 150 per cent  of  r at ed f l ow capaci t y at  not  
l ess t han 65 per cent  of  r at ed net  pr essur e.   Pump shal l  be cent r i f ugal  
hor i zont al  spl i t  case f i r e pump.   Pump shal l  be equi pped wi t h aut omat i c 
ai r  r el ease devi ces.   Pump shal l  be aut omat i c st ar t  and st op.   Pump shal l  
conf or m t o t he r equi r ement s of  UL 448.   Fi r e pump di schar ge and suct i on 
gauges shal l  be oi l - f i l l ed t ype.

2. 2. 1   Fi r e Pump

The f i r e pump shal l  be pr ovi ded compl et e wi t h f i r e pump el ect r i c mot or  
dr i ven,  f i r e pump cont r ol l er ,  j ockey pump,  j ockey pump cont r ol l er ,  doubl e 
check val ve backf l ow pr event er ,  f l ow met er ,  pump t est  header ,  f i r e 
depar t ment  connect i on,  and al l  r equi r ed accessor i es and appur t enances as 
r equi r ed f or  a compl et e f i r e pump i nst al l at i on.

2. 3   REQUI REMENTS FOR FI RE PROTECTI ON SERVI CE

2. 3. 1   Gener al  Requi r ement s

Mat er i al s and Equi pment  shal l  have been t est ed by Under wr i t er s 
Labor at or i es,  I nc.  and/ or  l i s t ed i n UL Fi r e Pr ot  Di r  or  appr oved by 
Fact or y Mut ual  and l i s t ed i n FM APP GUI DE.   Wher e t he t er ms " l i s t ed"  or  
" appr oved"  appear  i n t hi s speci f i cat i on,  such shal l  mean l i s t ed i n 
UL Fi r e Pr ot  Di r  or  FM APP GUI DE.

2. 3. 2   Al ar ms

Pr ovi de audi bl e and vi sual  al ar ms as r equi r ed by NFPA 20 on t he 
cont r ol l er .   Pr ovi de r emot e super vi s i on by bui l di ng f i r e al ar m cont r ol  uni t
 as r equi r ed by NFPA 20,  i n accor dance wi t h NFPA 72 under  Sect i on 
23. 8. 5. 9.   Al ar m si gnal  shal l  be act i vat ed upon t he f ol l owi ng condi t i ons:   
el ect r i c mot or  cont r ol l er  has oper at ed i nt o a pump r unni ng condi t i on,  l oss 
of  el ect r i cal  power  t o el ect r i c mot or  st ar t er ,  and phase r ever sal  on l i ne 
s i de of  mot or  st ar t er .   Ext er i or  al ar m devi ces shal l  be weat her pr oof  
t ype.   Pr ovi de al ar m si l enci ng swi t ch and r ed si gnal  l amp,  wi t h s i gnal  
l amp ar r anged t o come on when swi t ch i s pl aced i n OFF posi t i on.

2. 4   UNDERGROUND PI PI NG COMPONENTS

2. 4. 1   Ref er  Sect i on 21 13 13,  Wet  Pi pe Spr i nkl er  Syst ems.

2. 5   ABOVEGROUND PI PI NG COMPONENTS

2. 5. 1   Pi pe Si zes 2 i nches and Lar ger

2. 5. 1. 1   Pi pe

Pi pi ng shal l  be ASTM A53/ A53M or  ASTM A795/ A795M,  Wei ght  Cl ass STD 
( St andar d) ,  Schedul e 40,  Type E or  Type S,  Gr ade A;  bl ack st eel  pi pe.   
St eel  pi pe shal l  be j oi ned by means of  f l anges wel ded t o t he pi pe or  
mechani cal  gr ooved j oi nt s onl y.   Pi pi ng shal l  not  be j oi nt ed by wel di ng or  
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wel d f i t t i ngs.   Suct i on pi pi ng shal l  be gal vani zed on t he i nsi de i n 
accor dance wi t h NFPA 20.

2. 5. 1. 2   Gr ooved Mechani cal  Joi nt s and Fi t t i ngs

Joi nt s and f i t t i ngs shal l  be desi gned f or  not  l ess t han 175 psi  ser vi ce 
and shal l  be t he pr oduct  of  t he same manuf act ur er .   Fi t t i ng and coupl i ng 
houses shal l  be mal l eabl e i r on conf or mi ng t o ASTM A47/ A47M,  Gr ade 32510;  
duct i l e i r on conf or mi ng t o ASTM A536,  Gr ade 65- 45- 12.   Gasket  shal l  be t he 
f l ush t ype t hat  f i l l s  t he ent i r e cavi t y bet ween t he f i t t i ng and t he pi pe.   
Nut s and bol t s shal l  be heat - t r eat ed st eel  conf or mi ng t o ASTM A183 and 
shal l  be cadmi um pl at ed or  z i nc el ect r opl at ed.

2. 5. 1. 3   Fl anges

Fl anges shal l  be ASME B16. 5,  Cl ass 150 f l anges.   Fl anges shal l  be pr ovi ded 
at  val ves,  connect i ons t o equi pment ,  and wher e i ndi cat ed.

2. 5. 1. 4   Gasket s

Gasket s shal l  be AWWA C111/ A21. 11,  c l ot h i nser t ed r ed r ubber  gasket s.

2. 5. 1. 5   Bol t s

Bol t s shal l  be ASTM A449,  Type 1,  or  2,  or ASTM A193/ A193M,  Gr ade B7.   
Bol t s shal l  ext end no l ess t han t hr ee f ul l  t hr eads beyond t he nut  wi t h 
bol t s t i ght ened t o t he r equi r ed t or que.

2. 5. 1. 6   Nut s

Nut s shal l  be ASTM A194/ A194M,  Gr ade 7,  ASTM A193/ A193M,  Gr ade 5 ASTM A563,  
Gr ade C3,  or  DH3.

2. 5. 1. 7   Washer s

Washer s shal l  meet  t he r equi r ement s of  ASTM F436.   Fl at  c i r cul ar  washer s 
shal l  be pr ovi ded under  al l  bol t  heads and nut s.

2. 5. 2   Pi pi ng Si zes 2 i nches and Smal l er

2. 5. 2. 1   St eel  Pi pe

St eel  pi pi ng shal l  be ASTM A795/ A795M,  Wei ght  Cl ass STD ( St andar d) ,  
Schedul e 40,  Type E or  Type S,  Gr ade A or  ASTM A53/ A53M,  Wei ght  Cl ass XS 
( Ext r a St r ong) ,  z i nc- coat ed st eel  pi pe wi t h t hr eaded end connect i ons.   
Fi t t i ngs shal l  be ASME B16. 3,  Cl ass 150,  z i nc- coat ed t hr eaded f i t t i ngs.   
Uni ons shal l  be ASME B16. 39,  Cl ass 150,  z i nc- coat ed uni ons.

2. 5. 3   Pi pe Hanger s and Suppor t s

Pi pe hanger s and suppor t  shal l  be MSS SP- 58 or  UL l i s t ed UL Fi r e Pr ot  Di r  
or  FM appr oved FM APP GUI DE and shal l  be t he adj ust abl e t ype.   Fi ni sh of  
r ods,  nut s,  washer s,  hanger s,  and suppor t s shal l  be z i nc- pl at ed af t er  
f abr i cat i on.

2. 5. 4   Val ves

Val ves shal l  be UL l i s t ed UL Fi r e Pr ot  Di r  or  FM appr oved FM APP GUI DE f or  
f i r e pr ot ect i on ser vi ce.   Val ves shal l  have f l ange or  t hr eaded end 
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connect i ons.

2. 5. 4. 1   Gat e Val ves and Cont r ol  Val ves

Gat e val ves and cont r ol  val ves shal l  be out si de scr ew and yoke ( O. S. &Y. )  
t ype whi ch open by count er cl ockwi se r ot at i on.   But t er f l y- t ype cont r ol  
val ves ar e not  per mi t t ed.

2. 5. 4. 2   Tamper  Swi t ch

The suct i on cont r ol  val ves,  t he di schar ge cont r ol  val ves,  val ves t o t est  
header  and f l ow met er ,  and t he by- pass cont r ol  val ves shal l  be equi pped 
wi t h val ve t amper  swi t ches f or  moni t or i ng by t he f i r e al ar m syst em.

2. 5. 4. 3   Check Val ve

Check val ve shal l  be c l ear  open,  swi ng t ype check val ve wi t h f l ange or  
t hr eaded i nspect i on pl at e.

2. 5. 4. 4   Ci r cul at i ng Rel i ef  Val ve

An adj ust abl e c i r cul at i ng r el i ef  val ve shal l  be pr ovi ded f or  each f i r e 
pump i n accor dance wi t h NFPA 20.

2. 5. 5   Pi pe Sl eeves

A pi pe sl eeve shal l  be pr ovi ded at  each l ocat i on wher e pi pi ng passes 
ent i r el y t hr ough wal l s,  cei l i ngs,  r oof s,  and f l oor s,  i ncl udi ng pi pe 
ent er i ng bui l di ngs f r om t he ext er i or .   Secur e s l eeves i n posi t i on and 
l ocat i on dur i ng const r uct i on.   Pr ovi de sl eeves of  suf f i c i ent  l engt h t o 
pass t hr ough ent i r e t hi ckness of  wal l s,  cei l i ngs,  and f l oor s.   Pr ovi de one 
i nch mi ni mum cl ear ance bet ween ext er i or  of  pi pi ng or  pi pe i nsul at i on,  and 
i nt er i or  of  s l eeve or  cor e- dr i l l ed hol e.   Fi r ml y pack space wi t h mi ner al  
wool  i nsul at i on.   Seal  space at  bot h ends of  t he s l eeve or  cor e- dr i l l ed 
hol e wi t h pl ast i c wat er pr oof  cement  whi ch wi l l  dr y t o a f i r m but  pl i abl e 
mass,  or  pr ovi de a mechani cal l y adj ust abl e segment ed el ast omer i c seal .   I n 
f i r e wal l s and f i r e f l oor s,  a f i r e seal  shal l  be pr ovi ded bet ween t he pi pe 
and t he sl eeve i n accor dance wi t h Sect i on 07 84 00 FI RESTOPPI NG.   
Fi r est oppi ng mat er i al s must  be f ur ni shed and i nst al l ed by t he Fi r est oppi ng 
i nst al l er  and shal l  conf or m t o t he r equi r ement s i n Sect i on 07 84 00 
FI RESTOPPI NG.

a.   Sl eeves i n Masonr y and Concr et e Wal l s,  Cei l i ngs,  Roof s,  and Fl oor s:  
Pr ovi de hot - di p gal vani zed st eel ,  duct i l e- i r on,  or  cast - i r on pi pe 
sl eeves.   Cor e dr i l l i ng of  masonr y and concr et e may be pr ovi ded i n 
l i eu of  pi pe s l eeves pr ovi ded t hat  cavi t i es i n t he cor e- dr i l l ed hol e 
be compl et el y gr out ed smoot h.

b.   Sl eeves i n Ot her  Than Masonr y and Concr et e Wal l s,  Cei l i ngs,  Roof s,  and 
Fl oor s:   Pr ovi de gal vani zed st eel  sheet  pi pe not  l ess t han 0. 90 psf .

2. 5. 6   Escut cheon Pl at es

Pr ovi de one- pi ece or  spl i t - hi nge met al  pl at es f or  pi pi ng ent er i ng f l oor s,  
wal l s,  and cei l i ngs i n exposed ar eas.   Pr ovi de pol i shed st ai nl ess st eel  or  
chr omi um- pl at ed f i ni sh on copper  al l oy pl at es i n f i ni shed spaces.   Pr ovi de 
pai nt  f i ni sh on pl at es i n unf i ni shed spaces.   Pl at es shal l  be secur ed i n 
pl ace.
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2. 6   ELECTRI C MOTOR DRI VER

Mot or s,  cont r ol l er s,  cont act or s,  and di sconnect s shal l  be pr ovi ded wi t h 
t hei r  r espect i ve pi eces of  equi pment ,  as speci f i ed her ei n and shal l  have 
el ect r i cal  connect i ons pr ovi ded under  Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Cont r ol l er s and cont act or s shal l  have a maxi mum of  
120- vol t  cont r ol  c i r cui t s,  and auxi l i ar y cont act s f or  use wi t h t he 
cont r ol s f ur ni shed.   When mot or s and equi pment  f ur ni shed ar e l ar ger  t han 
si zes i ndi cat ed,  t he cost  of  pr ovi di ng addi t i onal  el ect r i cal  ser vi ce and 
r el at ed wor k shal l  be i ncl uded under  t hi s sect i on.   Mot or  shal l  conf or m t o 
NEMA MG 1 Desi gn B t ype.   I nt egr al  s i ze mot or s shal l  be t he pr emi um 
ef f i c i ency t ype i n accor dance wi t h NEMA MG 1.   Mot or  hor sepower  shal l  be 
of  suf f i c i ent  s i ze so t hat  t he namepl at e hor sepower  r at i ng wi l l  not  be 
exceeded t hr oughout  t he ent i r e publ i shed pump char act er i st i c cur ve.   The 
mot or  and f i r e pump cont r ol l er  shal l  be f ul l y  compat i bl e.   Al l  cont r ol l er s 
shal l  be sol i d st at e,  sof t  st ar t  dr i ve.

2. 7   FI RE PUMP CONTROLLERS

Cont r ol l er s shal l  be acr oss t he l i ne or  wye- del t a t ype and UL l i s t ed 
UL Fi r e Pr ot  Di r  or  FM appr oved FM APP GUI DE f or  f i r e pump ser vi ce.   Pump 
shal l  be ar r anged f or  aut omat i c st ar t ,  and manual  push- but t on st op.   
Cont r ol l er s shal l  be compl et el y t er mi nal l y wi r ed,  r eady f or  f i el d 
connect i ons,  and mount ed i n a NEMA Type 4 wat er t i ght  and dust  t i ght  
encl osur e ar r anged so t hat  cont r ol l er  cur r ent  car r y i ng par t s wi l l  not  be 
l ess t han 12 i nches above t he f l oor .   Cont r ol l er  shal l  be pr ovi ded wi t h 
vol t age sur ge ar r est er s i nst al l ed i n accor dance wi t h NFPA 20.   Cont r ol l er s 
shal l  be equi pped wi t h a bour don t ube pr essur e swi t ch or  a sol i d st at e 
pr essur e swi t ch wi t h i ndependent  hi gh and l ow adj ust ment s,  aut omat i c 
st ar t i ng r el ay act uat ed f r om nor mal l y c l osed cont act s,  v i sual  al ar m l amps 
and super vi sor y power  l i ght .   Cont r ol l er  shal l  be equi pped wi t h a 
t her most at  swi t ch wi t h adj ust abl e set t i ng t o moni t or  t he pump r oom 
t emper at ur e and t o pr ovi de an al ar m when t emper at ur es f al l s  bel ow 40 
degr ees F.  Cont r ol l er  shal l  be equi pped wi t h a sequent i al  st ar t  
t i mer / r el ay f eat ur e t o st ar t  mul t i pl e f i r e pumps i n sequence.

2. 7. 1   Cont r ol l er s f or  El ect r i c Mot or  Dr i ven Fi r e Pump

Cont r ol l er s shal l  be el ect r oni c st ar t i ng t ype.   Cont r ol l er s shal l  be 
desi gned f or  mi ni mum 50 HP at  480 vol t s.   Cont r ol l er s shal l  have a shor t  
c i r cui t  r at i ng of  100, 000 amps r . m. s.  symmet r i cal  at  480 vol t s a. c.  as 
i ndi cat ed.   Cont r ol l er  shal l  moni t or  pump r unni ng,  l oss of  a phase or  l i ne 
power ,  phase r ever sal ,  and pump r oom t emper at ur e.  Al ar ms shal l  be 
i ndi v i dual l y di spl ayed i n f r ont  of  panel  by l i ght i ng of  v i sual  l amps.  Each 
l amp shal l  be l abel ed wi t h r i gi d et ched pl ast i c l abel s.   Cont r ol l er  shal l  
be equi pped wi t h t er mi nal s f or  r emot e moni t or i ng of  pump r unni ng,  pump 
power  suppl y t r oubl e ( l oss of  power  or  phase and phase r ever sal ) ,  and pump 
r oom t r oubl e ( pump r oom t emper at ur e) .   Cont r ol l er  shal l  be equi pped wi t h a 
7- day el ect r i c pr essur e r ecor der  wi t h 24- hour  spr i ng wound back- up.   The 
pr essur e r ecor der  shal l  pr ovi de a r eadout  of  t he syst em pr essur e,  t i me,  
and dat e.  The cont r ol l er  shal l  be equi pped wi t h an ext er nal l y oper abl e 
i sol at i ng swi t ch whi ch manual l y oper at es t he mot or  c i r cui t .  Means shal l  be 
pr ovi ded i n t he cont r ol l er  f or  measur i ng cur r ent  f or  al l  mot or  c i r cui t  
conduct or s.

2. 8   PRESSURE SENSI NG LI NE

A compl et el y separ at e pr essur e sensi ng l i ne shal l  be pr ovi ded f or  each 
f i r e pump and f or  t he j ockey pump.   The sensi ng l i ne shal l  be ar r anged i n 
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accor dance wi t h Fi gur e A- 7- 5. 2. 1.  of  NFPA 20.   The sensi ng l i ne shal l  be 
1/ 2 i nch H58 br ass t ubi ng compl yi ng wi t h ASTM B135.   The sensi ng l i ne 
shal l  be equi pped wi t h t wo r est r i ct i ve or i f i ce uni ons each.   Rest r i ct ed 
or i f i ce uni ons shal l  be gr ound- f ace uni ons wi t h br ass r est r i ct ed 
di aphr agms dr i l l ed f or  a 3/ 32 i nch.   Rest r i ct ed or i f i ce uni ons shal l  be 
mount ed i n t he hor i zont al  posi t i on,  not  l ess t han 5 f eet  apar t  on t he 
sensi ng l i ne.   Two t est  connect i ons shal l  be pr ovi ded f or  each sensi ng 
l i ne.   Test  connect i ons shal l  consi st  of  t wo br ass 1/ 2 i nch gl obe val ves 
and 1/ 4 i nch gauge connect i on t ee ar r anged i n accor dance wi t h NFPA 20.   
One of  t he t est  connect i ons shal l  be equi pped wi t h a 0 t o 300 psi  wat er  
oi l - f i l l ed gauge.   Sensi ng l i ne shal l  be connect ed t o t he pump di schar ge 
pi pi ng bet ween t he di schar ge pi pi ng cont r ol  val ve and t he check val ve.

2. 9   PRESSURE MAI NTENANCE PUMP

2. 9. 1   Gener al

Pr essur e mai nt enance pump shal l  be el ect r i c mot or  dr i ven,  hor i zont al  shaf t  
or  i n- l i ne ver t i cal  shaf t ,  cent r i f ugal  t ype.   Pump shal l  dr af t  f r om t he 
suct i on suppl y s i de of  t he suct i on pi pe gat e val ve of  t he f i r e pump and 
shal l  di schar ge i nt o t he syst em at  t he downst r eam si de of  t he pump 
di schar ge gat e val ve.   An appr oved i ndi cat i ng gat e val ve of  t he out si de 
scr ew and yoke ( O. S. &Y. )  t ype shal l  be pr ovi ded i n t he mai nt enance pump 
di schar ge and suct i on pi pi ng.   Oi l - f i l l ed wat er  pr essur e gauge and 
appr oved check val ve i n t he mai nt enance pump di schar ge pi pi ng shal l  be 
pr ovi ded.   Check val ve shal l  be swi ng t ype wi t h r emovabl e i nspect i on pl at e.

2. 9. 2   Pr essur e Mai nt enance Pump Cont r ol l er

Pr essur e mai nt enance pump cont r ol l er  shal l  be ar r anged f or  aut omat i c and 
manual  st ar t i ng and st oppi ng and equi pped wi t h a " manual - of f - aut omat i c"  
swi t ch.   The cont r ol l er  shal l  be compl et el y pr ewi r ed,  r eady f or  f i el d 
connect i ons,  and wal l - mount ed i n a NEMA Type 2 dr i p- pr oof  encl osur e.  The 
cont r ol l er  shal l  be equi pped wi t h a bour don t ube pr essur e swi t ch or  a 
sol i d st at e pr essur e swi t ch wi t h i ndependent  hi gh and l ow adj ust ment s f or  
aut omat i c st ar t i ng and st oppi ng.   A sensi ng l i ne shal l  be pr ovi ded 
connect ed t o t he pr essur e mai nt enance pump di schar ge pi pi ng bet ween t he 
cont r ol  val ve and t he check val ve.   The sensi ng l i ne shal l  conf or m t o 
par agr aph,  PRESSURE SENSI NG LI NE.   The sensi ng l i ne shal l  be compl et el y 
separ at e f r om t he f i r e pump sensi ng l i nes.   An adj ust abl e r un t i mer  shal l  
be pr ovi ded t o pr event  f r equent  st ar t i ng and st oppi ng of  t he pump mot or .  
The r un t i mer  shal l  be set  f or  2 mi nut es.

2. 10   PUMP BASE PLATE AND PAD

Pr ovi de a common base pl at e f or  each hor i zont al - shaf t  f i r e pump f or  
mount i ng pump and dr i ver  uni t .   Const r uct  t he base pl at e of  cast  i r on wi t h 
r ai sed l i p t apped f or  dr ai nage or  wel ded st eel  shapes wi t h sui t abl e 
dr ai nage.   Pr ovi de each base pl at e f or  t he hor i zont al  f i r e pumps wi t h a 1 
i nch gal vani zed st eel  dr ai n l i ne pi ped t o t he near est  f l oor  dr ai n.   For  
ver t i cal  shaf t  pumps,  pump head shal l  be pr ovi ded wi t h a cast - i r on base 
pl at e and shal l  ser ve as t he sol e pl at e f or  mount i ng t he di schar ge head 
assembl y.   Mount  pump uni t s and bases on a r ai sed 4 or  6 i nches r ei nf or ced 
concr et e pad t hat  i s an i nt egr al  par t  of  t he r ei nf or ced concr et e f l oor .

2. 11   HOSE VALVE MANI FOLD TEST HEADER

Hose val ve t est  header  shal l  be connect ed by ASME B16. 5,  Cl ass 150 f l ange 
i nl et  connect i on.   Hose val ves shal l  be UL l i s t ed UL Fi r e Pr ot  Di r  or  FM 
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appr oved FM APP GUI DE br onze hose gat e val ves wi t h 2. 5 i nches Amer i can 
Nat i onal  Fi r e Hose Connect i on Scr ew St andar d Thr eads ( NH)  i n accor dance 
wi t h NFPA 1963.   Each shal l  be equi pped wi t h a cap and chai n,  and l ocat ed 
no mor e t han 3 f eet  and no l ess t han 2 f eet  above gr ade.   Pr ovi de dr ai n 
val ve f or  any t r apped pi pi ng.

2. 12   FLOW METER

Met er  shal l  be UL l i s t ed UL Fi r e Pr ot  Di r  or  FM appr oved FM APP GUI DE as 
f l ow met er s f or  f i r e pump i nst al l at i on wi t h di r ect  f l ow r eadout  devi ce.   
Fl ow met er  shal l  be capabl e of  met er i ng any wat er f l ow quant i t i es bet ween 
50 per cent  and 150 per cent  of  t he r at ed f l ow of  one pump.   Ar r ange pi pi ng 
t o per mi t  f l ow met er  t o di schar ge t o pump suct i on and t o di schar ge t hr ough 
t est  header .   The met er  t hr ot t l e val ve and t he met er  cont r ol  val ves shal l  
be O. S. &Y.  val ves.   Pr ovi de aut omat i c ai r  r el ease i f  f l ow met er  pi pi ng 
bet ween pump di schar ge and pump suct i on f or ms an i nver t ed " U" .   Met er  
shal l  be of  t he vent ur i  t ype.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng t he wor k.

3. 2   I NSPECTI ON BY QUALI FI ED FI RE PROTECTI ON ENGI NEER

The Qual i f i ed Fi r e Pr ot ect i on Engi neer  shal l  per i odi cal l y per f or m a 
t hor ough i nspect i on of  t he f i r e pump i nst al l at i on,  i ncl udi ng vi sual  
obser vat i on of  t he pump whi l e r unni ng,  t o assur e t hat  t he i nst al l at i on 
conf or ms t o t he cont r act  r equi r ement s.   Ther e shal l  be no excessi ve 
v i br at i on,  l eaks,  unusual  noi ses,  over heat i ng,  or  ot her  pot ent i al  
pr obl ems.   I nspect i on shal l  i ncl ude pi pi ng and equi pment  c l ear ance,  
access,  suppor t s,  and guar ds.   Any di scr epancy shal l  be br ought  t o t he 
at t ent i on of  t he Cont r act i ng Of f i cer  i n wr i t i ng,  no l at er  t han t hr ee 
wor ki ng days af t er  t he di scr epancy i s di scover ed.   The QFPE shal l  wi t ness 
t he pr el i mi nar y and f i nal  accept ance t est s and,  af t er  compl et i on of  t he 
i nspect i ons and a successf ul  f i nal  accept ance t est ,  shal l  s i gn t est  
r esul t s and cer t i f y i n wr i t i ng t hat  t he i nst al l at i on t he f i r e pump 
i nst al l at i on i s i n accor dance wi t h t he cont r act  r equi r ement s.

3. 3   I NSTALLATI ON

Equi pment ,  mat er i al s,  wor kmanshi p,  f abr i cat i on,  assembl y,  er ect i on,  
i nst al l at i on,  exami nat i on,  i nspect i on and t est i ng shal l  be i n accor dance 
NFPA 20,  except  as modi f i ed her ei n.   I n addi t i on,  t he f i r e pump shal l  be 
i nst al l ed i n accor dance wi t h t he wr i t t en i nst r uct i ons of  t he manuf act ur er .

3. 3. 1   I nst al l at i on Dr awi ngs

Submi t  Fi r e Pump I nst al l at i on Dr awi ngs consi st i ng of  a det ai l ed pl an vi ew,  
det ai l ed el evat i ons and sect i ons of  t he pump r oom,  equi pment  and pi pi ng,  
dr awn t o a scal e of  not  l ess t han 1/ 2 i nch = 1 f oot .   Dr awi ngs shal l  
i ndi cat e equi pment ,  pi pi ng,  and associ at ed pump equi pment  t o scal e.   
I ndi cat e al l  c l ear ance,  such as t hose bet ween pi pi ng and equi pment ;  
bet ween equi pment  and wal l s,  cei l i ng and f l oor s;  and f or  el ect r i cal  
wor ki ng di st ance cl ear ance ar ound al l  el ect r i cal  equi pment .   I ncl ude a 
l egend i dent i f y i ng al l  symbol s,  nomencl at ur es,  and abbr evi at i ons.   
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I ndi cat e a compl et e pi pi ng and equi pment  l ayout  i ncl udi ng el evat i ons 
and/ or  sect i on v i ews of  t he f ol l owi ng:

a.   Fi r e pumps,  cont r ol l er s,  pi pi ng,  val ves,  and associ at ed equi pment .

b.   Sensi ng l i ne f or  each pump i ncl udi ng t he pr essur e mai nt enance pump.

c.   Pi pe hanger s and suppor t s.

d.   A one- l i ne schemat i c di agr am i ndi cat i ng l ayout  and si zes of  al l  
pi pi ng,  devi ces,  val ves and f i t t i ngs.

e.   A compl et e poi nt - t o- poi nt  connect i on dr awi ng of  t he pump power ,  
cont r ol  and al ar m syst ems,  as wel l  as i nt er i or  wi r i ng schemat i cs of  
each cont r ol l er .

3. 3. 2   Pump Room Conf i gur at i on

Pr ovi de det ai l  pl an v i ew of  t he pump r oom i ncl udi ng el evat i ons and 
sect i ons showi ng t he f i r e pumps,  associ at ed equi pment ,  and pi pi ng.   Submi t  
wor ki ng dr awi ngs on sheet s not  smal l er  t han 24 by 36 i nches;  i ncl ude dat a 
f or  t he pr oper  i nst al l at i on of  each syst em.   Show pi pi ng schemat i c of  
pumps,  devi ces,  val ves,  pi pe,  and f i t t i ngs.   Pr ovi de an i somet r i c dr awi ng 
of  t he f i r e pump and al l  associ at ed pi pi ng.   Show poi nt  t o poi nt  
el ect r i cal  wi r i ng di agr ams.   Show pi pi ng l ayout  and sensi ng pi pi ng 
ar r angement .   I ncl ude:

a.   Pumps,  dr i ver s,  and cont r ol l er s

b.   Hose val ve mani f ol d t est  header

c.   Ci r cui t  di agr ams f or  pumps

d.   Wi r i ng di agr ams of  each cont r ol l er

3. 3. 3   Accessor i es

Tank suppor t s,  pi pi ng of f set s,  f i t t i ngs,  and any ot her  accessor i es 
r equi r ed shal l  be f ur ni shed as speci f i ed t o pr ovi de a compl et e 
i nst al l at i on and t o el i mi nat e i nt er f er ence wi t h ot her  const r uct i on.

3. 4   PI PE AND FI TTI NGS

Pi pi ng shal l  be i nspect ed,  t est ed and appr oved bef or e bur yi ng,  cover i ng,  
or  conceal i ng.   Fi t t i ngs shal l  be pr ovi ded f or  changes i n di r ect i on of  
pi pi ng and f or  al l  connect i ons.   Changes i n pi pi ng si zes shal l  be made 
usi ng t aper ed r educi ng pi pe f i t t i ngs.   Bushi ngs shal l  not  be used.   
Phot ogr aph al l  pi pi ng pr i or  t o bur yi ng,  cover i ng,  or  conceal i ng.

3. 4. 1   Cl eani ng of  Pi pi ng

I nt er i or  and ends of  pi pi ng shal l  be c l ean and f r ee of  any wat er  or  
f or ei gn mat er i al .   Pi pi ng shal l  be kept  c l ean dur i ng i nst al l at i on by means 
of  pl ugs or  ot her  appr oved met hods.   When wor k i s not  i n pr ogr ess,  open 
ends of  t he pi pi ng shal l  be secur el y c l osed so t hat  no wat er  or  f or ei gn 
mat t er  wi l l  ent er  t he pi pes or  f i t t i ngs.   Pi pi ng shal l  be i nspect ed bef or e 
pl aci ng i n posi t i on.
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3. 4. 2   Thr eaded Connect i ons

Joi nt i ng compound f or  pi pe t hr eads shal l  be pol yt et r af l uor oet hyl ene ( PTFE)  
pi pe t hr ead t ape conf or mi ng t o ASTM D3308 or  Tef l on pi pe t hr ead past e and 
shal l  be appl i ed t o mal e t hr eads onl y.   Exposed f er r ous pi pe t hr eads shal l  
be pr ovi ded wi t h one coat  of  z i nc mol ybdat e pr i mer  appl i ed t o a mi ni mum of  
dr y f i l m t hi ckness of  1 mi l .

3. 4. 3   Pi pe Hanger s and Suppor t s

Addi t i onal  hanger s and suppor t s shal l  be pr ovi ded f or  concent r at ed l oads 
i n abovegr ound pi pi ng,  such as f or  val ves and r i ser s.

3. 4. 3. 1   Ver t i cal  Pi pi ng

Pi pi ng shal l  be suppor t ed at  each f l oor ,  at  not  mor e t han 10 f oot  
i nt er val s.

3. 4. 4   Under gr ound Pi pi ng

See Sect i on 21 13 13,  Wet  Pi pe Spr i nkl er  Syst ems.   Fl ush l ead- i n per  
NFPA 20 wi t hout  t he use of  t he f i r e pump.

3. 4. 5   Gr ooved Mechani cal  Joi nt

Gr ooves shal l  be pr epar ed accor di ng t o t he coupl i ng manuf act ur er ' s 
i nst r uct i ons.   Gr ooved f i t t i ngs,  coupl i ngs,  and gr oovi ng t ool s shal l  be 
pr oduct s of  t he same manuf act ur er .   Pi pe and gr oove di mensi ons shal l  
compl y wi t h t he t ol er ances speci f i ed by t he coupl i ng manuf act ur er .   The 
di amet er  of  gr ooves made i n t he f i el d shal l  be measur ed usi ng a " go/ no- go"  
gauge,  ver ni er  or  di al  cal i per ,  nar r ow- l and mi cr omet er ,  or  ot her  met hod 
speci f i cal l y appr oved by t he coupl i ng manuf act ur er  f or  t he i nt ended 
appl i cat i on.   Gr oove wi dt h and di mensi on of  gr oove f r om end of  pi pe shal l  
be measur ed f or  each change i n gr oovi ng t ool  set up t o ver i f y compl i ance 
wi t h coupl i ng manuf act ur er ' s t ol er ances.   Gr ooved j oi nt s shal l  not  be used 
i n conceal ed l ocat i ons,  such as behi nd sol i d wal l s or  cei l i ngs,  unl ess an 
access panel  i s  shown on t he dr awi ngs f or  ser vi c i ng or  adj ust i ng t he j oi nt .

3. 5   ELECTRI CAL WORK

El ect r i c mot or  and cont r ol s shal l  be i n accor dance wi t h NFPA 20,  NFPA 72 
and NFPA 70,  unl ess mor e st r i ngent  r equi r ement s ar e speci f i ed her ei n or  
ar e i ndi cat ed on t he dr awi ngs.   El ect r i cal  wi r i ng and associ at ed equi pment  
shal l  be pr ovi ded i n accor dance wi t h NFPA 20 and Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Pr ovi de wi r i ng i n r i gi d met al  condui t  or  
i nt er medi at e met al  condui t ,  except  el ect r i cal  met al l i c  t ubi ng condui t  may 
be pr ovi ded i n dr y l ocat i ons not  encl osed i n concr et e or  wher e not  subj ect  
t o mechani cal  damage.

3. 6   PI PE COLOR CODE MARKI NG

Col or  code mar ki ng of  pi pi ng r ed as speci f i ed i n Sect i on 09 90 00 PAI NTS 
AND COATI NGS.  Pr ovi de wr ap ar ound l abel s per  MI L- STD- 101 i ndi cat i ng 
di r ect i on of  f l ow and t ype of  f l ui d.

3. 7   FLUSHI NG

The f i r e pump suct i on and di schar ge pi pi ng shal l  be f l ushed at  150 per cent  
of  r at ed capaci t y of  each pump.   The under gr ound pi pi ng upst r eam of  t he 
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pump shal l  not  be f l ushed by usi ng t he f i r e pumps.   Fl ushi ng oper at i ons 
shal l  cont i nue unt i l  wat er  i s c l ear ,  but  not  l ess t han 10 mi nut es.   Submi t  
a s i gned and dat ed f l ushi ng cer t i f i cat e bef or e r equest i ng f i el d t est i ng.

3. 8   Pr el i mi nar y Test  Pr ocedur es

Submi t  pr oposed pr ocedur es f or  Pr el i mi nar y Test s at  l east  30 days pr i or  t o 
t he pr oposed dat e and t i me t o begi n Pr el i mi nar y Test s.   I ncl ude t est  
agenda i ndi cat i ng t est s t o be per f or med,  dur at i on of  t est s,  t est  per sonnel  
and wi t nesses,  f l ushi ng pr ocedur es,  f l ow r at es,  met hod of  measur ement ,  
f l ushi ng l ayout  and appar at us,  pump t est  appar at us and bl ank t est  f or ms.

3. 9   Pr el i mi nar y Test s

The Qual i f i ed Fi r e Pr ot ect i on Engi neer  shal l  t ake al l  r eadi ngs and 
measur ement s.   The Manuf act ur er ' s Repr esent at i ve and a r epr esent at i ve of  
t he f i r e pump cont r ol l er  manuf act ur er  shal l  wi t ness t he compl et e 
oper at i onal  t est i ng of  t he f i r e pump and dr i ver s.   The f i r e pump 
cont r ol l er  manuf act ur er ' s r epr esent at i ve shal l  be an exper i enced 
t echni c i an empl oyed by t he r espect i ve manuf act ur er s and capabl e of  
demonst r at i ng oper at i on of  al l  f eat ur es of  r espect i ve component s i ncl udi ng 
t r oubl e al ar ms and oper at i ng f eat ur es.   Fi r e pumps,  dr i ver s and equi pment  
shal l  be t hor oughl y i nspect ed and t est ed t o i nsur e t hat  t he syst em i s 
cor r ect ,  compl et e,  and r eady f or  oper at i on.   

Test s shal l  ensur e t hat  pumps ar e oper at i ng at  r at ed capaci t y,  pr essur e 
and speed.   Test s shal l  i ncl ude manual  st ar t i ng and r unni ng t o ensur e 
pr oper  oper at i on and t o det ect  l eakage or  ot her  abnor mal  condi t i ons,  f l ow 
t est i ng,  aut omat i c st ar t  t est i ng,  t est i ng of  aut omat i c set t i ngs,  sequence 
of  oper at i on check,  t est  of  r equi r ed accessor i es;  t est  of  pump al ar ms 
devi ces and super vi sor y s i gnal s,  t est  of  pump cool i ng,  oper at i onal  t est  of  
r el i ef  val ves,  and t est  of  aut omat i c power  t r ansf er ,  i f  pr ovi ded.   Pumps 
shal l  r un wi t hout  abnor mal  noi se,  v i br at i on or  heat i ng.   I f  any component  
or  syst em was f ound t o be def ect i ve,  i noper at i ve,  or  not  i n compl i ance 
wi t h t he cont r act  r equi r ement s dur i ng t he t est s and i nspect i on,  t he 
cor r ect i ons shal l  be made and t he ent i r e pr el i mi nar y t est  shal l  be 
r epeat ed.   

Pi pi ng shal l  be hydr ost at i cal l y t est ed at  200 psi g f or  a per i od of  
2- hour s,  or  at  l east  50 psi  i n excess of  t he maxi mum pr essur e,  when t he 
maxi mum pr essur e i n t he syst em i s i n excess of  150 psi  i n accor dance wi t h 
NFPA 20.

Test  Equi pment :   Pr ovi de al l  equi pment  and i nst r ument s necessar y t o 
conduct  a compl et e f i nal  t est ,  i ncl udi ng 2. 5 i nch di amet er  hoses,  pl aypi pe 
nozzl es,  pi t ot  t ube gauges,  por t abl e di gi t al  t achomet er ,  vol t age and 
amper e met er s,  and cal i br at ed oi l - f i l l ed wat er  pr essur e gauges.   Pr ovi de 
al l  necessar y suppor t s t o saf el y secur e hoses and nozzl es dur i ng t he 
t est .   The Gover nment  wi l l  f ur ni sh wat er  f or  t he t est s.

Ful l y encl ose or  pr oper l y guar d coupl i ng,  r ot at i ng par t s,  gear s,  
pr oj ect i ng equi pment ,  et c.  so as t o pr event  possi bl e i nj ur y t o per sons 
t hat  come i n c l ose pr oxi mi t y of  t he equi pment .   Conduct  t est i ng of  t he 
f i r e pumps i n a saf e manner  and ensur e t hat  al l  equi pment  i s saf el y 
secur ed.   Hoses and nozzl es used t o conduct  f l ow t est s shal l  be i n 
excel l ent  condi t i on and shal l  be saf el y anchor ed and secur ed t o pr event  
any mi sdi r ect i on of  t he hose st r eams.
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3. 10   Pr el i mi nar y Test s

Submi t  Pr el i mi nar y Test  Repor t ,  t o i ncl ude t he Cont r act or ' s Mat er i al  and 
Test  Cer t i f i cat e f or  Under gr ound Pi pi ng and t he Cont r act or ' s Mat er i al  and 
Test  Cer t i f i cat e f or  Abovegr ound Pi pi ng,  as wel l  as t he NFPA 20 
Cont r act or ' s Mat er i al  and Test  Cer t i f i cat e f or  Fi r e Pump Syst ems,  f i r e 
pump t est  dat a,  gauge cal i br at i on cer t i f i cat es,  s i gn- i n sheet  and 
Cer t i f i ed Cur ve.  I ncl ude f l ushi ng t est  r esul t s.   Al l  i t ems i n t he Repor t  
shal l  be s i gned by t he QFPE and t he Manuf act ur er ' s Repr esent at i ve.

3. 11   Fi nal  Test  Pr ocedur es

Submi t  pr oposed pr ocedur es f or  Fi nal  Test s at  l east  21 days pr i or  t o t he 
pr oposed dat e and t i me t o begi n Fi nal  Test s.   I ncl ude t est  agenda 
i ndi cat i ng t est s t o be per f or med,  dur at i on of  t est s,  t est  per sonnel  and 
wi t nesses,  pump t est  appar at us and pump t est  f or ms f r om pr el i mi nar y 
t est i ng.   Fi nal  Test s shal l  be wi t nessed by t he QFPE and t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve.

3. 12   Fi nal  Test s

Test s shal l  ensur e t hat  pumps ar e oper at i ng at  r at ed capaci t y,  pr essur e 
and speed.   Test s shal l  i ncl ude manual  st ar t i ng and r unni ng t o ensur e 
pr oper  oper at i on and t o det ect  l eakage or  ot her  abnor mal  condi t i ons,  f l ow 
t est i ng,  aut omat i c st ar t  t est i ng,  t est i ng of  aut omat i c set t i ngs,  sequence 
of  oper at i on check,  t est  of  r equi r ed accessor i es;  t est  of  pump al ar ms,  
devi ces and super vi sor y s i gnal s,  t est  of  pump cool i ng,  oper at i onal  t est  of  
r el i ef  val ves,  and t est  of  aut omat i c power  t r ansf er ,  i f  pr ovi ded.   Pumps 
shal l  r un wi t hout  abnor mal  noi se,  v i br at i on or  heat i ng.   I f  any component  
or  syst em was f ound t o be def ect i ve,  i noper at i ve,  or  not  i n compl i ance 
wi t h t he cont r act  r equi r ement s dur i ng t he t est s and i nspect i on,  t he 
cor r ect i ons shal l  be made and t he ent i r e f i nal  t est  shal l  be r epeat ed.

Test  Equi pment :  Pr ovi de al l  equi pment  and i nst r ument s necessar y t o conduct  
a compl et e f i nal  t est ,  i ncl udi ng 2. 5 i nch di amet er  hoses,  pl aypi pe 
nozzl es,  pi t ot  t ube gauges,  por t abl e di gi t al  t achomet er ,  vol t age and 
amper e met er s,  and cal i br at ed oi l - f i l l ed wat er  pr essur e gauges.   Pr ovi de 
al l  necessar y suppor t s t o saf el y secur e hoses and nozzl es dur i ng t he t est .  
The Gover nment  wi l l  f ur ni sh wat er  f or  t he t est s.  

Fl ushi ng of  t he under gr ound and hydr ost at i c t est i ng ar e not  r equi r ed t o be 
r epeat ed dur i ng f i nal  t est i ng.   I f  t he quant i t y of  NFPA 20 r equi r ed st ar t s 
and st ops wer e accompl i shed i n Pr el i mi nar y Test i ng,  t hey ar e not  r equi r ed 
t o be r epeat ed i n Fi nal  Test i ng,  ot her wi se,  compl et e t he ser i es.   

3. 13   Fi nal  Test  Repor t

Submi t  Fi nal  Test  Repor t ,  t o i ncl ude t he Cont r act or ' s Mat er i al  and Test  
Cer t i f i cat e f or  Under gr ound Pi pi ng and t he Cont r act or ' s Mat er i al  and Test  
Cer t i f i cat e f or  Abovegr ound Pi pi ng,  as wel l  as t he NFPA 20 Cont r act or ' s 
Mat er i al  and Test  Cer t i f i cat e f or  Fi r e Pump Syst ems,  f i r e pump t est  dat a,  
gauge cal i br at i on cer t i f i cat es,  s i gn- i n sheet  and Cer t i f i ed Cur ve.  I ncl ude 
f l ushi ng t est  r esul t s.   Al l  i t ems i n t he Repor t  shal l  be s i gned by t he 
QFPE.   I ncl ude a copy of  t he Test  Repor t  i n t he Oper at i on and Mai nt enance 
Manual .

3. 14   Post ed Oper at i ng and Mai nt enance I nst r uct i ons

Submi t  syst em di agr ams t hat  show t he l ayout  of  equi pment ,  pi pi ng,  and 
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t yped condensed sequence of  oper at i on,  wi r i ng and cont r ol  di agr ams,  and 
oper at i on manual s expl ai ni ng pr event at i ve mai nt enance pr ocedur es,  met hods 
of  checki ng t he syst em f or  nor mal ,  saf e oper at i on,  and pr ocedur es f or  
saf el y st ar t i ng and st oppi ng t he syst em shal l  be f r amed under  gl ass or  
l ami nat ed pl ast i c.   Af t er  appr oval ,  t hese Post ed Oper at i ng and Mai nt enance 
I nst r uct i ons shal l  be post ed wher e di r ect ed.   Post ed O&M I nst r uct i ons 
shal l  be f r amed,  under  gl ass,  f or  pumps,  dr i ver s,  cont r ol l er s,  and f l ow 
met er s.   I ncl ude syst em schemat i c,  pl ans and sect i ons,  HVAC and t hei r  
cont r ol s.

3. 15   CLOSEOUT ACTI VI TI ES

3. 15. 1   Fi el d Tr ai ni ng

The QFPE and t he Manuf act ur er ' s Repr esent at i ve shal l  conduct  a t r ai ni ng 
cour se f or  oper at i ng and mai nt enance per sonnel  as desi gnat ed by t he 
Cont r act i ng Of f i cer .   Submi t  t he pr oposed schedul e f or  f i el d t r ai ni ng at  
l east  14 days pr i or  t o t he st ar t  of  r el at ed t r ai ni ng.   Tr ai ni ng shal l  be 
pr ovi ded f or  a per i od of  8 hour s of  nor mal  wor ki ng t i me and shal l  st ar t  
af t er  t he f i r e pump i nst al l at i on i s f unct i onal l y compl et e and af t er  t he 
Fi nal  Accept ance Test .   The f i el d i nst r uct i on shal l  cover  al l  of  t he i t ems 
cont ai ned i n t he appr oved Oper at i ng and Mai nt enance I nst r uct i ons.   Submi t  
manual s l i s t i ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  
oper at i on,  shut down,  and r out i ne mai nt enance.   The manual s shal l  i ncl ude 
t he manuf act ur er ' s name,  model  number ,  par t s l i s t ,  l i s t  of  par t s and t ool s 
t hat  shoul d be kept  i n st ock by t he owner  f or  r out i ne mai nt enance 
i ncl udi ng t he name of  a l ocal  suppl i er ,  s i mpl i f i ed wi r i ng and cont r ol s 
di agr ams,  t r oubl eshoot i ng gui de,  and r ecommended ser vi ce or gani zat i on 
( i ncl udi ng addr ess and t el ephone number )  f or  each i t em of  equi pment .   Dat a 
Package 3 shal l  be submi t t ed f or  f i r e pumps and dr i ver s i n accor dance wi t h 
Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.   Each ser vi ce 
or gani zat i on submi t t ed shal l  be capabl e of  pr ovi di ng 4 hour  onsi t e 
r esponse t o a ser vi ce cal l  on an emer gency basi s.

3. 15. 2   As- Bui l t  Dr awi ngs

Submi t  As- Bui l t  Dr awi ngs,  no l at er  t han 14 days af t er  compl et i on of  t he 
Fi nal  Test s.   Updat e t he Fi r e Pump I nst al l at i on Dr awi ngs t o r ef l ect  
as- bui l t  condi t i ons af t er  al l  r el at ed wor k i s compl et ed and shal l  be 
el ect r oni c on CDs.

3. 16   PROTECTI ON

Car ef ul l y r emove mat er i al s so as not  t o damage mat er i al  whi ch i s t o 
r emai n.   Repl ace exi st i ng wor k damaged by t he Cont r act or ' s oper at i ons wi t h 
new wor k of  t he same const r uct i on.

        - -  End of  Sect i on - -
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SECTI ON 22 00 00

PLUMBI NG,  GENERAL PURPOSE
05/ 24

PART 1   GENERAL

1. 1   REFERENCES

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

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

ANSI / AHRI  1160 I - P ( 2022)  Per f or mance Rat i ng of  Heat  Pump 
Pool  Heat er s

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 10. 1/ CSA 4. 1 ( 2019)  Gas Wat er  Heat er s Vol .  I ,  St or age 
Wat er  Heat er s wi t h I nput  Rat i ngs of  75, 000 
Bt u Per  Hour  or  Less

ANSI  Z21. 10. 3/ CSA 4. 3 ( 2019)  Gas- Fi r ed Wat er  Heat er s Vol . I I I ,  
St or age Wat er  Heat er s Wi t h I nput  Rat i ngs 
Above 75, 000 Bt u Per  Hour ,  Ci r cul at i ng and 
I nst ant aneous

ANSI  Z21. 22/ CSA 4. 4 ( 2015;  R 2020)  Rel i ef  Val ves f or  Hot  Wat er  
Suppl y Syst ems

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ANSI / ASHRAE 18 ( 2008;  R 2013)  Met hods Of  Test i ng For  
Rat i ng Dr i nki ng Wat er  Cool er s Wi t h 
Sel f - Cont ai ned Mechani cal  Ref r i ger at i on

ASHRAE 90. 1 -  I P ( 2019)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

ASHRAE 146 ( 2020)  Met hod of  Test i ng and Rat i ng Pool  
Heat er s ( ANSI  Appr oved)

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME A112. 1. 2 ( 2012;  R 2017;  R 2022)  Ai r  Gaps i n 
Pl umbi ng Syst ems ( For  Pl umbi ng Fi xt ur es 
and Wat er - Connect ed Recept or s)

ASME A112. 6. 1M ( 1997;  R 2017)  Fl oor  Af f i xed Suppor t s f or  
Of f - t he- Fl oor  Pl umbi ng Fi xt ur es f or  Publ i c 
Use

ASME A112. 6. 3 ( 2022)  Fl oor  Dr ai ns

ASME A112. 6. 4 ( 2022)  Roof ,  Deck and Bal cony Dr ai ns
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ASME A112. 14. 1 ( 2003;  R 2017;  R 2022)  Backwat er  Val ves

ASME A112. 18. 1/ CSA B125. 1 ( 2018)  Pl umbi ng Suppl y Fi t t i ngs

ASME A112. 19. 2/ CSA B45. 1 ( 2018;  ERTA 2018)  St andar d f or  Vi t r eous 
Chi na Pl umbi ng Fi xt ur es and Hydr aul i c 
Requi r ement s f or  Wat er  Cl oset s and Ur i nal s

ASME A112. 19. 3/ CSA B45. 4 ( 2022)  St ai nl ess St eel  Pl umbi ng Fi xt ur es

ASME A112. 36. 2M ( 2022)  Cl eanout s

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 4 ( 2021)  Gr ay I r on Thr eaded Fi t t i ngs;  
Cl asses 125 and 250

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 12 ( 2019)  Cast  I r on Thr eaded Dr ai nage Fi t t i ngs

ASME B16. 15 ( 2018)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 23 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Dr ai nage Fi t t i ngs -  DWV

ASME B16. 24 ( 2022)  Cast  Copper  Al l oy Pi pe Fl anges,  
Fl anged Fi t t i ngs,  and Val ves Cl asses 150,  
300,  600,  900,  1500,  and 2500

ASME B16. 29 ( 2022)  Wr ought  Copper  and Wr ought  Copper  
Al l oy Sol der - Joi nt  Dr ai nage Fi t t i ngs -  DWV

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B16. 50 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Br aze- Joi nt  Pr essur e Fi t t i ngs

ASME B16. 51 ( 2013)  Copper  and Copper  Al l oy 
Pr ess- Connect  Pr essur e Fi t t i ngs

ASME B31. 1 ( 2022)  Power  Pi pi ng
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ASME B31. 5 ( 2022)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

ASME B31. 9 ( 2020)  Bui l di ng Ser vi ces Pi pi ng

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC SEC I V ( 2017)  BPVC Sect i on I V- Rul es f or  
Const r uct i on of  Heat i ng Boi l er s

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

ASME CSD- 1 ( 2021)  Cont r ol  and Saf et y Devi ces f or  
Aut omat i cal l y Fi r ed Boi l er s

AMERI CAN SOCI ETY OF SANI TARY ENGI NEERI NG ( ASSE)

ASSE 1001 ( 2021)  Per f or mance Requi r ement s f or  
At mospher i c Type Vacuum Br eaker s

ASSE 1010 ( 2021)  Per f or mance Requi r ement s f or  Wat er  
Hammer  Ar r est er s

ASSE 1011 ( 2017)  Per f or mance Requi r ement s f or  Hose 
Connect i on Vacuum Br eaker s

ASSE 1012 ( 2023)  Per f or mance Requi r ement s f or  
Backf l ow Pr event er  wi t h an I nt er medi at e 
At mospher i c Vent

ASSE 1013 ( 2021)  Per f or mance Requi r ement s f or  
Reduced Pr essur e Pr i nci pl e Backf l ow 
Pr event i on Assembl i es

ASSE 1016 ( 2017)  Per f or mance Requi r ement s f or  
Aut omat i c Compensat i ng Val ves f or  
i ndi v i dual  Shower s and Tub/ Shower  
Combi nat i ons

ASSE 1017 ( 2023)  Per f or mance Requi r ement s f or  
Temper at ur e Act uat ed Mi xi ng Val ves f or  Hot  
Wat er  Di st r i but i on Syst ems -  ( ANSI  
appr oved 2010)

ASSE 1018 ( 2023)  Per f or mance Requi r ement s f or  Tr ap 
Seal  Pr i mer  Val ves -  Pot abl e Wat er  
Suppl i ed ( ANSI  Appr oved 2002

ASSE 1019 ( 2023)  Per f or mance Requi r ement s f or  Wal l  
Hydr ant  wi t h Backf l ow Pr ot ect i on and 
Fr eeze Resi st ance
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ASSE 1020 ( 2020)  Per f or mance Requi r ement s f or  
Pr essur e Vacuum Br eaker  Assembl i es

ASSE 1044 ( 2023)  Per f or mance Requi r ement s f or  Tr ap 
Seal  Pr i mer  -  Dr ai nage Types and El ect r i c 
Desi gn Types

ASSE 1069 ( 2020)  Per f or mance Requi r ement s f or  
Aut omat i c Temper at ur e Cont r ol  Mi xi ng Val ves

ASSE 1070 ( 2020)  Per f or mance Requi r ement s f or  Wat er  
Temper at ur e Li mi t i ng Devi ces

ASSE 1071 ( 2012)  Per f or mance Requi r ement s f or  
Temper at ur e Act uat ed Mi xi ng Val ves f or  
Pl umbed Emer gency Equi pment

ASSE 1072 ( 2020)  Per f or mance Requi r ement s f or  
Bar r i er  Type Tr ap Seal  Pr ot ect i on f or  
Fl oor  Dr ai ns

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA B300 ( 2018)  Hypochl or i t es

AWWA B301 ( 2018)  Li qui d Chl or i ne

AWWA C203 ( 2020)  Coal - Tar  Pr ot ect i ve Coat i ngs and 
Li ni ngs f or  St eel  Wat er  Pi pel i nes -  Enamel  
and Tape -  Hot - Appl i ed

AWWA C606 ( 2022)  Gr ooved and Shoul der ed Joi nt s

AWWA C651 ( 2014)  St andar d f or  Di s i nf ect i ng Wat er  
Mai ns

AWWA C652 ( 2019)  Di s i nf ect i on of  Wat er - St or age 
Faci l i t i es

AWWA C700 ( 2020)  Col d- Wat er  Met er s -  Di spl acement  
Type,  Met al  Al l oy Mai n Case

AWWA C701 ( 2019)  Col d- Wat er  Met er s -  Tur bi ne Type 
f or  Cust omer  Ser vi ce

AWWA D100 ( 2021)  Wel ded St eel  Tanks f or  Wat er  St or age

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS B2. 2/ B2. 2M ( 2016)  Speci f i cat i on f or  Br azi ng Pr ocedur e 
and Per f or mance Qual i f i cat i on

ASTM I NTERNATI ONAL ( ASTM)

ASTM A47/ A47M ( 1999;  R 2022;  E 2022)  St andar d 
Speci f i cat i on f or  Fer r i t i c  Mal l eabl e I r on 
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Cast i ngs

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A74 ( 2021)  St andar d Speci f i cat i on f or  Cast  
I r on Soi l  Pi pe and Fi t t i ngs

ASTM A105/ A105M ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  For gi ngs f or  Pi pi ng Appl i cat i ons

ASTM A183 ( 2014;  R 2020)  St andar d Speci f i cat i on f or  
Car bon St eel  Tr ack Bol t s and Nut s

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A515/ A515M ( 2017;  R2022)  St andar d Speci f i cat i on f or  
Pr essur e Vessel  Pl at es,  Car bon St eel ,  f or  
I nt er medi at e-  and Hi gher - Temper at ur e 
Ser vi ce

ASTM A516/ A516M ( 2017)  St andar d Speci f i cat i on f or  Pr essur e 
Vessel  Pl at es,  Car bon St eel ,  f or  Moder at e-  
and Lower - Temper at ur e Ser vi ce

ASTM A518/ A518M ( 1999;  R 2022)  St andar d Speci f i cat i on f or  
Cor r osi on- Resi st ant  Hi gh- Si l i con I r on 
Cast i ngs

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM A888 ( 2023)  St andar d Speci f i cat i on f or  Hubl ess 
Cast  I r on Soi l  Pi pe and Fi t t i ngs f or  
Sani t ar y and St or m Dr ai n,  Wast e,  and Vent  
Pi pi ng Appl i cat i ons

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B42 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Pi pe,  St andar d Si zes

ASTM B43 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Red Br ass Pi pe,  St andar d Si zes

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM B111/ B111M ( 2018)  St andar d Speci f i cat i on f or  Copper  
and Copper - Al l oy Seaml ess Condenser  Tubes 
and Fer r ul e St ock
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ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B152/ B152M ( 2019)  St andar d Speci f i cat i on f or  Copper  
Sheet ,  St r i p,  Pl at e,  and Rol l ed Bar

ASTM B306 ( 2020)  St andar d Speci f i cat i on f or  Copper  
Dr ai nage Tube ( DWV)

ASTM B370 ( 2022)  St andar d Speci f i cat i on f or  Copper  
Sheet  and St r i p f or  Bui l di ng Const r uct i on

ASTM B584 ( 2022)  St andar d Speci f i cat i on f or  Copper  
Al l oy Sand Cast i ngs f or  Gener al  
Appl i cat i ons

ASTM B813 ( 2016)  St andar d Speci f i cat i on f or  Li qui d 
and Past e Fl uxes f or  Sol der i ng of  Copper  
and Copper  Al l oy Tube

ASTM C564 ( 2020a)  St andar d Speci f i cat i on f or  Rubber  
Gasket s f or  Cast  I r on Soi l  Pi pe and 
Fi t t i ngs

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM C1053 ( 2000;  R 2010)  St andar d Speci f i cat i on f or  
Bor osi l i cat e Gl ass Pi pe and Fi t t i ngs f or  
Dr ai n,  Wast e,  and Vent  ( DWV)  Appl i cat i ons

ASTM D1248 ( 2016)  St andar d Speci f i cat i on f or  
Pol yet hyl ene Pl ast i cs Ext r usi on Mat er i al s 
f or  Wi r e and Cabl e

ASTM D2000 ( 2018)  St andar d Cl assi f i cat i on Syst em f or  
Rubber  Pr oduct s i n Aut omot i ve Appl i cat i ons

ASTM D2235 ( 2004;  R 2016)  St andar d Speci f i cat i on f or  
Sol vent  Cement  f or  
Acr yl oni t r i l e- But adi ene- St yr ene ( ABS)  
Pl ast i c Pi pe and Fi t t i ngs

ASTM D2564 ( 2020)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D2657 ( 2007;  R 2015)  Heat  Fusi on Joi ni ng 
Pol yol ef i n Pi pe and Fi t t i ngs

ASTM D2661 ( 2014;  E 2018)  St andar d Speci f i cat i on f or  
Acr yl oni t r i l e- But adi ene- St yr ene ( ABS)  
Schedul e 40,  Pl ast i c Dr ai n,  Wast e,  and 
Vent  Pi pe and Fi t t i ngs

ASTM D2665 ( 2014)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Dr ai n,  
Wast e,  and Vent  Pi pe and Fi t t i ngs
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ASTM D2855 ( 2015)  St andar d Pr act i ce f or  Maki ng 
Sol vent - Cement ed Joi nt s wi t h Pol y( Vi nyl  
Chl or i de)  ( PVC)  Pi pe and Fi t t i ngs

ASTM D2996 ( 2017)  St andar d Speci f i cat i on f or  
Fi l ament - Wound " Fi ber gl ass"  
( Gl ass- Fi ber - Rei nf or ced 
Ther moset t i ng- Resi n)  Pi pe

ASTM D3122 ( 1995;  R 2009)  Sol vent  Cement s f or  
St yr ene- Rubber  ( SR)  Pl ast i c Pi pe and 
Fi t t i ngs

ASTM D3138 ( 2004;  R 2016)  St andar d Speci f i cat i on f or  
Sol vent  Cement s f or  Tr ansi t i on Joi nt s 
Bet ween Acr yl oni t r i l e- But adi ene- St yr ene 
( ABS)  and Pol y( Vi nyl  Chl or i de)  ( PVC)  
Non- Pr essur e Pi pi ng Component s

ASTM D3139 ( 2019)  Joi nt s f or  Pl ast i c Pr essur e Pi pes 
Usi ng Fl exi bl e El ast omer i c Seal s

ASTM D3212 ( 2020)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Dr ai n and Sewer  Pl ast i c Pi pes Usi ng 
Fl exi bl e El ast omer i c Seal s

ASTM D3311 ( 2017)  St andar d Speci f i cat i on f or  Dr ai n,  
Wast e,  and Vent  ( DWV)  Pl ast i c Fi t t i ngs 
Pat t er ns

ASTM D4101 ( 2017)  St andar d Cl assi f i cat i on Syst em and 
Basi s f or  Speci f i cat i on f or  Pol ypr opyl ene 
I nj ect i on and Ext r usi on Mat er i al s

ASTM D4586/ D4586M ( 2007;  R 2018)  Asphal t  Roof  Cement ,  
Asbest os- Fr ee

ASTM E1 ( 2014)  St andar d Speci f i cat i on f or  ASTM 
Li qui d- i n- Gl ass Ther momet er s

ASTM F477 ( 2014;  R 2021)  St andar d Speci f i cat i on f or  
El ast omer i c Seal s ( Gasket s)  f or  Joi ni ng 
Pl ast i c Pi pe

ASTM F493 ( 2022)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Chl or i nat ed Pol y ( Vi nyl  
Chl or i de)  ( CPVC)  Pl ast i c Pi pe and Fi t t i ngs

ASTM F628 ( 2023)  St andar d Speci f i cat i on f or  
Acr yl oni t r i l e- But adi ene- St yr ene ( ABS)  
Schedul e 40 Pl ast i c Dr ai n,  Wast e,  and Vent  
Pi pe wi t h a Cel l ul ar  Cor e

ASTM F891 ( 2023)  St andar d Speci f i cat i on f or  
Coext r uded Pol y ( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pe wi t h a Cel l ul ar  Cor e

ASTM F1290 ( 2019)  St andar d Pr act i ce f or  El ect r of usi on 
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Joi ni ng Pol yol ef i n Pi pe and Fi t t i ngs

ASTM F1760 ( 2016;  R 2020)  St andar d Speci f i cat i on f or  
Coext r uded Pol y( Vi nyl  Chl or i de)  ( PVC)  
Non- Pr essur e Pl ast i c Pi pe Havi ng 
Repr ocessed- Recycl ed Cont ent

ASTM F2389 ( 2023)  St andar d Speci f i cat i on f or  
Pr essur e- r at ed Pol ypr opyl ene ( PP)  Pi pi ng 
Syst ems

CAST I RON SOI L PI PE I NSTI TUTE ( CI SPI )

CI SPI  301 ( 2018)  Hubl ess Cast  I r on Soi l  Pi pe and 
Fi t t i ngs f or  Sani t ar y and St or m Dr ai n,  
Wast e,  and Vent  Pi pi ng Appl i cat i ons

CI SPI  310 ( 2012)  Coupl i ng f or  Use i n Connect i on wi t h 
Hubl ess Cast  I r on Soi l  Pi pe and Fi t t i ngs 
f or  Sani t ar y and St or m Dr ai n,  Wast e,  and 
Vent  Pi pi ng Appl i cat i ons

COPPER DEVELOPMENT ASSOCI ATI ON ( CDA)

CDA A4015 ( 2016;  14/ 17)  Copper  Tube Handbook

I NTERNATI ONAL ASSOCI ATI ON OF PLUMBI NG AND MECHANI CAL OFFI CI ALS 
( I APMO)

I APMO PS 117 ( 2021)  Pr ess Connect i ons

I APMO UPC ( 2024)  Uni f or m Pl umbi ng Code

I NTERNATI ONAL CODE COUNCI L ( I CC)

I CC A117. 1 ( 2017)  St andar d And Comment ar y Accessi bl e 
and Usabl e Bui l di ngs and Faci l i t i es

I CC I PC ( 2024)  I nt er nat i onal  Pl umbi ng Code

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

ANSI / I SEA Z358. 1 ( 2014;  R 2020)  Amer i can Nat i onal  St andar d 
f or  Emer gency Eyewash and Shower  Equi pment

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 25 ( 2018)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 67 ( 2022)  But t er f l y Val ves

MSS SP- 70 ( 2011)  Gr ay I r on Gat e Val ves,  Fl anged and 
Thr eaded Ends
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MSS SP- 71 ( 2018)  Gr ay I r on Swi ng Check Val ves,  
Fl anged and Thr eaded Ends

MSS SP- 72 ( 2010a)  Bal l  Val ves wi t h Fl anged or  
But t - Wel di ng Ends f or  Gener al  Ser vi ce

MSS SP- 78 ( 2011)  Cast  I r on Pl ug Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves

MSS SP- 85 ( 2011)  Gr ay I r on Gl obe & Angl e Val ves 
Fl anged and Thr eaded Ends

MSS SP- 110 ( 2010)  Bal l  Val ves Thr eaded,  
Socket - Wel di ng,  Sol der  Joi nt ,  Gr ooved and 
Fl ar ed Ends

NACE I NTERNATI ONAL ( NACE)

NACE SP0169 ( 2013)  Cont r ol  of  Ext er nal  Cor r osi on on 
Under gr ound or  Submer ged Met al l i c  Pi pi ng 
Syst ems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

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

NFPA 31 ( 2024;  TI A 23- 1)  St andar d f or  t he 
I nst al l at i on of  Oi l - Bur ni ng Equi pment

NFPA 54 ( 2024)  Nat i onal  Fuel  Gas Code

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NSF I NTERNATI ONAL ( NSF)

NSF 372 ( 2022)  Dr i nki ng Wat er  Syst em Component s -  
Lead Cont ent

NSF/ ANSI  14 ( 2023)  Pl ast i cs Pi pi ng Syst em Component s 
and Rel at ed Mat er i al s

NSF/ ANSI  61 ( 2022)  Dr i nki ng Wat er  Syst em Component s -  
Heal t h Ef f ect s
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PLASTI C PI PE AND FI TTI NGS ASSOCI ATI ON ( PPFA)

PPFA Fi r e Man ( 2016)  Fi r est oppi ng:  Pl ast i c Pi pe i n Fi r e 
Resi st i ve Const r uct i on

PLUMBI NG AND DRAI NAGE I NSTI TUTE ( PDI )

PDI  WH 201 ( 2010)  Wat er  Hammer  Ar r est er s St andar d

POOL & HOT TUB ALLI ANCE ( PHTA)

ANSI / APSP- 16 ( 2017)  Amer i can Nat i onal  St andar d f or  
Suct i on Out l et  Fi t t i ng Assembl i es ( SOFA)  
f or  Use i n Pool s,  Spas and Hot  Tubs

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE J1508 ( 2023)  Hose Cl amp Speci f i cat i ons

U. S.  DEPARTMENT OF ENERGY ( DOE)

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

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

EPA SM 9223 ( 2004)  Enzyme Subst r at e Col i f or m Test

PL 93- 523 ( 1974;  A 1999)  Saf e Dr i nki ng Wat er  Act

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

10 CFR 430 Ener gy Conser vat i on Pr ogr am f or  Consumer  
Pr oduct s

21 CFR 175 I ndi r ect  Food Addi t i ves:  Adhesi ves and 
Component s of  Coat i ngs

40 CFR 141. 80 Nat i onal  Pr i mar y Dr i nki ng Wat er  
Regul at i ons;  Cont r ol  of  Lead and Copper ;  
Gener al  Requi r ement s

UNDERWRI TERS LABORATORI ES ( UL)

UL 174 ( 2004;  Repr i nt  Oct  2023)  UL St andar d f or  
Saf et y Househol d El ect r i c St or age Tank 
Wat er  Heat er s

UL 399 ( 2017;  Repr i nt  May 2019)  UL St andar d f or  
Saf et y Dr i nki ng Wat er  Cool er s

UL 499 ( 2014;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y El ect r i c Heat i ng Appl i ances

UL 732 ( 2023)  UL St andar d f or  Saf et y Oi l - Fi r ed 
St or age Tank Wat er  Heat er s

UL 1951 ( 2011;  Repr i nt  Jun 2020)  UL St andar d f or  
Saf et y El ect r i c Pl umbi ng Accessor i es
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1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Pl umbi ng Syst em;  G

SD- 03 Pr oduct  Dat a

Backf l ow Pr event i on Assembl i es;  G

Recycl ed Cont ent  f or  St eel  Pi pe;  S

Recycl ed Cont ent  f or  Cast  I r on Pi pe;  S

Swi mmi ng Pool  Suct i on Fi t t i ngs;  G

Pr ess Fi t t i ngs;  G

Fi xt ur es

Shower  Faucet s;  G

Fl ush Val ve Wat er  Cl oset s

Wat er Sense Label  f or  Fl ush Val ve Wat er  Cl oset ;  S

Fl ush Val ve Ur i nal s

Wat er Sense Label  f or  Ur i nal ;  S

Wal l  Hung Lavat or i es

Count er t op Lavat or i es

Ki t chen Si nks

Ser vi ce Si nks

Dr i nki ng- Wat er  Cool er s;  G

Ener gy St ar  Label  f or  Fr eest andi ng Bot t l ed Wat er  Cool er s/ Di spenser s;  
S

Wat er Sense Label  f or  Shower head;  S
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Wat er  Heat er s;  G

Ener gy St ar  Label  f or  Gas St or age Wat er  Heat er ;  S

Ener gy St ar  Label  f or  Gas I nst ant aneous Wat er  Heat er ;  S

Pumps;  G

Wel di ng

Vi br at i on- Absor bi ng Feat ur es;  G

Pl umbi ng Syst em

Ther most at i c Mi xi ng Val ves

Temper at ur e Cont r ol l ed Mi xi ng Val ve

Poi nt - Of - Use Mi xi ng Val ve

Aut omat i c Temper at ur e And/ Or  Pr essur e Compensat i ng Val ve

Temper at ur e Act uat ed Mi xi ng Val ve

Si ngl e Suppl y Li ne Aut omat i c Temper at ur e Cont r ol

SD- 06 Test  Repor t s

Test s,  Fl ushi ng and Di si nf ect i on

Test  of  Backf l ow Pr event i on Assembl i es;  G.

SD- 07 Cer t i f i cat es

Mat er i al s and Equi pment

Bol t s

SD- 10 Oper at i on and Mai nt enance Dat a

Pl umbi ng Syst em;  G

1. 3   SHOP DRAWI NGS

Submi t  Pl umbi ng Syst em Det ai l  dr awi ngs consi st i ng of  schedul es,  
per f or mance char t s,  i nst r uct i ons,  di agr ams,  and ot her  i nf or mat i on t o 
i l l ust r at e t he r equi r ement s and oper at i ons of  syst ems t hat  ar e not  cover ed 
by t he Pl umbi ng Code.   Submi t  Pl umbi ng Syst em Det ai l  dr awi ngs f or  t he 
compl et e pl umbi ng syst em i ncl udi ng pi pi ng l ayout s and l ocat i ons of  
connect i ons;  di mensi ons f or  r oughi ng- i n,  f oundat i on,  and suppor t  poi nt s;  
schemat i c di agr ams and wi r i ng di agr ams or  connect i on and i nt er connect i on 
di agr ams.   Det ai l  dr awi ngs must  i ndi cat e c l ear ances r equi r ed f or  
mai nt enance and oper at i on.   Wher e pi pi ng and equi pment  ar e t o be suppor t ed 
ot her  t han as i ndi cat ed,  det ai l s must  i ncl ude l oadi ngs and pr oposed 
suppor t  met hods.   Mechani cal  dr awi ng pl ans,  el evat i ons,  v i ews,  and 
det ai l s,  must  be dr awn t o scal e.
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1. 4   STANDARD PRODUCTS

Speci f i ed mat er i al s and equi pment  must  be st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s.   
Speci f i ed equi pment  must  essent i al l y  dupl i cat e equi pment  t hat  has 
per f or med sat i sf act or i l y  at  l east  2 year s pr i or  t o bi d openi ng.   St andar d 
pr oduct s must  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 
year s pr i or  t o bi d openi ng.   The 2- year  use must  i ncl ude appl i cat i ons of  
equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   
The pr oduct  must  have been f or  sal e on t he commer ci al  mar ket  t hr ough 
adver t i sement s,  manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2 year  
per i od.

Wher e equi pment  i s speci f i ed t o conf or m t o r equi r ement s of  t he ASME Boi l er  
and Pr essur e Vessel  Code,  t he desi gn,  f abr i cat i on,  and i nst al l at i on must  
conf or m t o t he code and a cer t i f i cat e must  be submi t t ed f or  t he equi pment .

1. 4. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er ' s f act or y or  l abor at or y t est s,  
can be shown.

1. 4. 2   Ser vi ce Suppor t

The equi pment  i t ems must  be suppor t ed by ser vi ce or gani zat i ons.   Submi t  a 
cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons f or  suppor t  of  
t he equi pment  whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons.   These 
ser vi ce or gani zat i ons must  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he equi pment  on a 
r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

1. 4. 3   Manuf act ur er ' s Namepl at e

Each i t em of  equi pment  must  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

1. 4. 4   Modi f i cat i on of  Ref er ences

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on" ,  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .

1. 4. 4. 1   Def i ni t i ons

For  t he I nt er nat i onal  Code Counci l  ( I CC)  Codes r ef er enced i n t he cont r act  
document s,  advi sor y pr ovi s i ons must  be consi der ed mandat or y,  t he wor d 
" shoul d"  must  be i nt er pr et ed as " must . "   Ref er ence t o t he " code of f i c i al "  
must  be i nt er pr et ed t o mean t he " Cont r act i ng Of f i cer . "   For  Navy owned 
pr oper t y,  r ef er ences t o t he " owner "  must  be i nt er pr et ed t o mean t he 
" Cont r act i ng Of f i cer . "   For  l eased f aci l i t i es,  r ef er ences t o t he " owner "  
must  be i nt er pr et ed t o mean t he " l essor . "   Ref er ences t o t he " per mi t  
hol der "  must  be i nt er pr et ed t o mean t he " Cont r act or . "
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1. 4. 4. 2   Admi ni st r at i ve I nt er pr et at i ons

For  I CC Codes r ef er enced i n t he cont r act  document s,  t he pr ovi s i ons of  
Chapt er  1,  " Admi ni st r at or , "  do not  appl y.   These admi ni st r at i ve 
r equi r ement s ar e cover ed by t he appl i cabl e Feder al  Acqui s i t i on Regul at i ons 
( FAR)  i ncl uded i n t hi s cont r act  and by t he aut hor i t y gr ant ed t o t he 
Of f i cer  i n Char ge of  Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s 
pr oj ect .   Ref er ences i n t he I CC Codes t o sect i ons of  Chapt er  1,  must  be 
appl i ed appr opr i at el y by t he Cont r act i ng Of f i cer  as aut hor i zed by hi s 
admi ni st r at i ve cogni zance and t he FAR.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s t o pr event  damage 
bef or e and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .   Repl ace 
damaged or  def ect i ve i t ems.

1. 6   PERFORMANCE REQUI REMENTS

1. 6. 1   Wel di ng

Pi pi ng must  be wel ded i n accor dance wi t h qual i f i ed pr ocedur es usi ng 
per f or mance- qual i f i ed wel der s and wel di ng oper at or s.   Submi t  a copy of  
qual i f i ed pr ocedur es and a l i s t  of  names and i dent i f i cat i on symbol s of  
qual i f i ed wel der s and wel di ng oper at or s.   Pr ocedur es and wel der s must  be 
qual i f i ed i n accor dance wi t h ASME BPVC SEC I X.   Wel di ng pr ocedur es 
qual i f i ed by ot her s,  and wel der s and wel di ng oper at or s qual i f i ed by 
anot her  empl oyer ,  may be accept ed as per mi t t ed by ASME B31. 9,  unl ess 
t emper at ur e and pr essur e l i mi t s speci f i ed t hen may be accept ed as 
per mi t t ed by ASME B31. 1.   The Cont r act i ng Of f i cer  must  be not i f i ed 24 
hour s i n advance of  t est s,  and t he t est s must  be per f or med at  t he wor k 
s i t e i f  pr act i cabl e.   Wel der s or  wel di ng oper at or s must  appl y t hei r  
assi gned symbol s near  each wel d t hey make as a per manent  r ecor d.

1. 6. 2   Cat hodi c Pr ot ect i on and Pi pe Joi nt  Bondi ng

Cat hodi c pr ot ect i on and pi pe j oi nt  bondi ng syst ems must  be i n accor dance 
wi t h

???.

1. 7   REGULATORY REQUI REMENTS

Unl ess ot her wi se r equi r ed her ei n,  pl umbi ng wor k must  be i n accor dance wi t h 
I CC I PC.

1. 8   PROJECT/ SI TE CONDI TI ONS

The Cont r act or  must  become f ami l i ar  wi t h det ai l s of  t he wor k,  ver i f y 
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 9   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

Fur ni sh t he ser vi ces of  compet ent  i nst r uct or s t o gi ve f ul l  i nst r uct i on t o 
t he desi gnat ed Gover nment  per sonnel  i n t he adj ust ment ,  oper at i on,  and 
mai nt enance,  i ncl udi ng per t i nent  saf et y r equi r ement s,  of  t he speci f i ed 
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equi pment  or  syst em.   I nst r uct or s must  be t hor oughl y f ami l i ar  wi t h al l  
par t s of  t he i nst al l at i on and must  be t r ai ned i n oper at i ng t heor y as wel l  
as pr act i cal  oper at i on and mai nt enance wor k.   Submi t  Pl umbi ng Syst em 
Oper at i on and Mai nt enance Dat a i n accor dance wi t h Sect i on 01 78 23 
OPERATI ON AND MAI NTENANCE DATA.

I nst r uct i on must  be gi ven dur i ng t he f i r st  r egul ar  wor k week af t er  t he 
equi pment  or  syst em has been accept ed and t ur ned over  t o t he Gover nment  
f or  r egul ar  oper at i on.   The number  of  man- days ( 8 hour s per  day)  of  
i nst r uct i on f ur ni shed must  be as speci f i ed i n t he i ndi v i dual  sect i on.   
When mor e t han 4 man- days of  i nst r uct i on ar e speci f i ed,  use appr oxi mat el y 
hal f  of  t he t i me f or  c l assr oom i nst r uct i on.   Use ot her  t i me f or  
i nst r uct i on wi t h t he equi pment  or  syst em.   When si gni f i cant  changes or  
modi f i cat i ons i n t he equi pment  or  syst em ar e made under  t he t er ms of  t he 
cont r act ,  pr ovi de addi t i onal  i nst r uct i on t o acquai nt  t he oper at i ng 
per sonnel  wi t h t he changes or  modi f i cat i ons.

1. 10   ACCESSI BI LI TY OF EQUI PMENT

I nst al l  al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   I nst al l  conceal ed val ves,  
expansi on j oi nt s,  cont r ol s,  damper s,  and equi pment  r equi r i ng access,  i n 
l ocat i ons f r eel y accessi bl e t hr ough access door s.

PART 2   PRODUCTS

2. 1   MATERI ALS

Mat er i al s f or  var i ous ser vi ces must  be i n accor dance wi t h TABLES I  and I I .
  Cement  pi pe must  cont ai n r ecycl ed cont ent  as speci f i ed i n Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE.   Pi pe schedul es must  be sel ect ed based on 
ser vi ce r equi r ement s.   Pi pe f i t t i ngs must  be compat i bl e wi t h t he 
appl i cabl e pi pe mat er i al s.   Pl ast i c pi pe,  f i t t i ngs,  and sol vent  cement  
must  meet  NSF/ ANSI  14 and must  be NSF l i st ed f or  t he ser vi ce i nt ended.   
Pl ast i c pi pe,  f i t t i ngs,  and sol vent  cement  used f or  pot abl e hot  and col d 
wat er  ser vi ce must  bear  t he NSF seal  " NSF- PW. "   Pol ypr opyl ene pi pe and 
f i t t i ngs must  conf or m t o di mensi onal  r equi r ement s of  Schedul e 40,  I r on 
Pi pe si ze and must  compl y wi t h NSF/ ANSI  14,  NSF/ ANSI  61 and ASTM F2389.   
Pol ypr opyl ene pi pi ng t hat  wi l l  be exposed t o UV l i ght  must  be pr ovi ded 
wi t h a Fact or y appl i ed UV r esi st ant  coat i ng.   Pi pe t hr eads ( except  dr y 
seal )  must  conf or m t o ASME B1. 20. 1.   Gr ooved pi pe coupl i ngs and f i t t i ngs 
must  be f r om t he same manuf act ur er .   Mat er i al  or  used i n any pot abl e wat er  
syst em i nt ended f or  human consumpt i on  be cer t i f i ed i n accor dance wi t h 
NSF 372 wi t h t he except i on of  br azi ng mat er i al s.   I n l i ne devi ces such as 
wat er  met er s,  bui l di ng val ves,  check val ves,  met er  st ops,  val ves,  f i t t i ngs 
and back f l ow pr event er s must  compl y wi t h PL 93- 523 and NSF/ ANSI  61,  
Sect i on 8.   End poi nt  devi ces such as dr i nki ng wat er  f ount ai ns,  l avat or y 
f aucet s,  k i t chen and bar  f aucet s,  r esi dent i al  i ce maker s,  suppl y st ops and 
end poi nt  cont r ol  val ves used t o di spense wat er  f or  dr i nki ng must  meet  t he 
r equi r ement s of  NSF/ ANSI  61,  Sect i on 9.   Hubl ess cast - i r on soi l  pi pe must  
not  be i nst al l ed under gr ound,  under  concr et e f l oor  s l abs,  or  i n cr awl  
spaces bel ow ki t chen f l oor s ( f or  Ai r  For ce/ Ar my/ Navy pr oj ect s) .   Pl ast i c 
pi pe must  not  be i nst al l ed i n ai r  pl enums.   Pl ast i c pi pe must  not  be 
i nst al l ed i n a pr essur e pi pi ng syst em i n bui l di ngs gr eat er  t han t hr ee 
st or i es i ncl udi ng any basement  l evel s.

2. 1. 1   Pi pe Joi nt  Mat er i al s

Gr ooved pi pe and hubl ess cast - i r on soi l  pi pe must  not  be used 
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under gr ound.   Sol der  cont ai ni ng l ead must  not  be used wi t h copper  pi pe.   
Cast  i r on soi l  pi pe and f i t t i ngs must  be mar ked wi t h t he col l ect i ve 
t r ademar k of  t he Cast  I r on Soi l  I nst i t ut e.   Joi nt s and gasket  mat er i al s 
must  conf or m t o t he f ol l owi ng:

a.   Coupl i ng f or  Cast - I r on Pi pe:   f or  hub and spi got  t ype ASTM A74,  
AWWA C606.   For  hubl ess t ype:   CI SPI  310.

b.   Coupl i ng f or  St eel  Pi pe:   AWWA C606.

c.   Coupl i ngs f or  Gr ooved Pi pe:   Duct i l e I r on ASTM A536 ( Gr ade 65- 45- 12) .  
Copper  ASTM B584.

d.   Fl ange Gasket s:   Gasket s must  be made of  non- asbest os mat er i al  i n 
accor dance wi t h ASME B16. 21.   Gasket s must  be f l at ,  1/ 16 i nch t hi ck,  
and cont ai n Ar ami d f i ber s bonded wi t h St yr ene But adi ene Rubber  ( SBR)  
or  Ni t r o But adi ene Rubber  ( NBR) .   Gasket s must  be t he f ul l  f ace or  
sel f  cent er i ng f l at  r i ng t ype.   Gasket s used f or  hydr ocar bon ser vi ce 
must  be bonded wi t h NBR.

e.   Br azi ng Mat er i al :   Br azi ng mat er i al  must  conf or m t o AWS A5. 8/ A5. 8M,  
BCuP- 5.

f .   Br azi ng Fl ux:   Fl ux must  be i n past e or  l i qui d f or m appr opr i at e f or  
use wi t h br azi ng mat er i al .   Fl ux must  be as f ol l ows:   l ead- f r ee;  have 
a 100 per cent  f l ushabl e r esi due;  cont ai n s l i ght l y aci di c r eagent s;  
cont ai n pot assi um bor i des;  and cont ai n f l uor i des.

g.   Sol der  Mat er i al :   Sol der  met al  must  conf or m t o ASTM B32.

h.   Sol der  Fl ux:   Fl ux must  be l i qui d f or m,  non- cor r osi ve,  and conf or m t o 
ASTM B813,  St andar d Test  1.

i .   PTFE Tape:   PTFE Tape,  f or  use wi t h Thr eaded Met al  or  Pl ast i c Pi pe.

j .   Rubber  Gasket s f or  Cast - I r on Soi l - Pi pe and Fi t t i ngs ( hub and spi got  
t ype and hubl ess t ype) :   ASTM C564.

k.   Rubber  Gasket s f or  Gr ooved Pi pe:   ASTM D2000,  maxi mum t emper at ur e 230 
degr ees F.

l .   Fl exi bl e El ast omer i c Seal s:   ASTM D3139,  ASTM D3212 or  ASTM F477.

m.   Bol t s and Nut s f or  Gr ooved Pi pe Coupl i ngs:   Heat - t r eat ed car bon st eel ,  
ASTM A183.

n.   Sol vent  Cement  f or  Tr ansi t i on Joi nt s bet ween ABS and PVC Nonpr essur e 
Pi pi ng Component s:   ASTM D3138.

o.   Pl ast i c Sol vent  Cement  f or  ABS Pl ast i c Pi pe:   ASTM D2235.

p.   Pl ast i c Sol vent  Cement  f or  PVC Pl ast i c Pi pe:   ASTM D2564 and ASTM D2855.

q.   Pl ast i c Sol vent  Cement  f or  CPVC Pl ast i c Pi pe:   ASTM F493.

r .   Fl anged f i t t i ngs i ncl udi ng,  but  not  l i mi t ed t o,  f l anges,  bol t s,  nut s 
and bol t  pat t er ns must  be i n accor dance wi t h ASME B16. 5 c l ass 150 and 
must  have t he manuf act ur er ' s t r ademar k af f i xed i n accor dance wi t h 
MSS SP- 25.   Fl ange mat er i al  must  conf or m t o ASTM A105/ A105M.   Bl i nd 
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f l ange mat er i al  must  conf or m t o ASTM A516/ A516M col d ser vi ce and 
ASTM A515/ A515M f or  hot  ser vi ce.   Bol t s must  be hi gh st r engt h or  
i nt er medi at e st r engt h wi t h mat er i al  conf or mi ng t o ASTM A193/ A193M.   
Submi t  wr i t t en cer t i f i cat i on by t he bol t  manuf act ur er  t hat  t he bol t s 
f ur ni shed compl y wi t h t he speci f i ed r equi r ement s.

s.   Pl ast i c Sol vent  Cement  f or  St yr ene Rubber  Pl ast i c Pi pe:   ASTM D3122.

t .   Pr ess f i t t i ngs f or  Copper  Pi pe and Tube:  Copper  pr ess f i t t i ngs must  
conf or m t o t he mat er i al  and si z i ng r equi r ement s of  ASME B16. 51 and 
per f or mance cr i t er i a of  I APMO PS 117.   Seal i ng el ement s f or  copper  
pr ess f i t t i ngs must  be EPDM,  FKM or  HNBR.   Seal i ng el ement s must  be 
f act or y i nst al l ed or  an al t er nat i ve suppl i ed f i t t i ng manuf act ur er .   
Seal i ng el ement  must  be sel ect ed based on manuf act ur er ' s appr oved 
appl i cat i on gui del i nes.   Pr ovi de manuf act ur er  dat a t o show pr oduct  has 
been i nst al l ed on mul t i pl e pr oj ect s of  s i mi l ar  t ype.

u.   Copper  t ubi ng must  conf or m t o ASTM B88,  Type K,  L or  M.

v.   Heat - f usi on j oi nt s f or  pol ypr opyl ene pi pi ng:   ASTM F2389.

2. 1. 2   Mi scel l aneous Mat er i al s

Mi scel l aneous mat er i al s must  conf or m t o t he f ol l owi ng:

a.   Wat er  Hammer  Ar r est er :   PDI  WH 201.   Wat er  hammer  ar r est er  must  be 
di aphr agm t ype.

b.   Copper ,  Sheet  and St r i p f or  Bui l di ng Const r uct i on:   ASTM B370.

c.   Asphal t  Roof  Cement :   ASTM D4586/ D4586M.

d.   Hose Cl amps:   SAE J1508.

e.   Suppor t s f or  Of f - The- Fl oor  Pl umbi ng Fi xt ur es:   ASME A112. 6. 1M.

f .   Met al l i c  Cl eanout s:   ASME A112. 36. 2M.

g.   Pl umbi ng Fi xt ur e Set t i ng Compound:   A pr ef or med f l exi bl e r i ng seal  
mol ded f r om hydr ocar bon wax mat er i al .   The seal  mat er i al  must  be 
nonvol at i l e nonasphal t i c  and cont ai n ger mi ci de and pr ovi de wat er t i ght ,  
gast i ght ,  odor pr oof  and ver mi npr oof  pr oper t i es.

h.   Coal - Tar  Pr ot ect i ve Coat i ngs and Li ni ngs f or  St eel  Wat er  Pi pel i nes:  
AWWA C203.

i .   Hypochl or i t es:   AWWA B300.

j .   Li qui d Chl or i ne:   AWWA B301.

k.   Gauges -  Pr essur e and Vacuum I ndi cat i ng Di al  Type -  El ast i c El ement :   
ASME B40. 100.

l .   Ther momet er s:   ASTM E1.   Mer cur y must  not  be used i n t her momet er s.

2. 1. 3   Pi pe I nsul at i on Mat er i al

I nsul at i on must  be as speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.
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2. 2   PI PE HANGERS,  I NSERTS,  AND SUPPORTS

Pi pe hanger s,  i nser t s,  and suppor t s must  conf or m t o MSS SP- 58.

2. 3   VALVES

Val ves must  be pr ovi ded on suppl i es t o equi pment  and f i xt ur es.   Val ves 
2- 1/ 2 i nches and smal l er  must  be br onze wi t h t hr eaded bodi es f or  pi pe and 
sol der - t ype connect i ons f or  t ubi ng.   Val ves 3 i nches and l ar ger  must  have 
f l anged i r on bodi es and br onze t r i m.   Pr essur e r at i ngs must  be based upon 
t he appl i cat i on.   Gr ooved end val ves may be pr ovi ded i f  t he manuf act ur er  
cer t i f i es t hat  t he val ves meet  t he per f or mance r equi r ement s of  appl i cabl e 
MSS st andar d.   Val ves must  conf or m t o t he f ol l owi ng st andar ds:

Descr i pt i on St andar d

But t er f l y Val ves MSS SP- 67

Cast - I r on Gat e Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 70

Cast - I r on Swi ng Check Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 71

Bal l  Val ves wi t h Fl anged But t - Wel di ng 
Ends f or  Gener al  Ser vi ce

MSS SP- 72

Bal l  Val ves Thr eaded,  Socket - Wel di ng,  
Sol der  Joi nt ,  Gr ooved and Fl ar ed Ends

MSS SP- 110

Cast - I r on Pl ug Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 78

Br onze Gat e,  Gl obe,  Angl e,  and Check 
Val ves

MSS SP- 80

St eel  Val ves,  Socket  Wel di ng and Thr eaded 
Ends

ASME B16. 34

Cast - I r on Gl obe and Angl e Val ves,  Fl anged 
and Thr eaded Ends

MSS SP- 85

Backwat er  Val ves ASME A112. 14. 1

Vacuum Rel i ef  Val ves ANSI  Z21. 22/ CSA 4. 4
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Wat er  Heat er  Dr ai n Val ves ASME BPVC SEC I V,  Par t  HLW- 810:  
Requi r ement s f or  Pot abl e- Wat er  Heat er s 
Bot t om Dr ai n Val ve

Tr ap Seal  Pr i mer  Val ves ASSE 1018

Temper at ur e and Pr essur e Rel i ef  Val ves 
f or  Hot  Wat er  Suppl y Syst ems

ANSI  Z21. 22/ CSA 4. 4

Temper at ur e and Pr essur e Rel i ef  Val ves 
f or  Aut omat i cal l y Fi r ed Hot  Wat er  Boi l er s 

ASME CSD- 1
Saf et y Code No. ,  Par t  CW,  Ar t i c l e 5

2. 3. 1   Backwat er  Val ves

Backwat er  val ves must  be ei t her  separ at e f r om t he f l oor  dr ai n or  a 
combi nat i on f l oor  dr ai n,  P- t r ap,  and backwat er  val ve,  as i ndi cat ed on 
dr awi ngs.   Val ves must  have cast - i r on bodi es wi t h c l eanout s l ar ge enough 
t o per mi t  r emoval  of  i nt er i or  par t s.   Val ves must  be of  t he f l ap t ype,  
hi nged or  pi vot ed,  wi t h r evol v i ng di sks.   Hi nge pi vot s,  di sks,  and seat s 
must  be nonf er r ous met al .   Di sks must  be sl i ght l y open i n a no- f l ow 
no- backwat er  condi t i on.   Cl eanout s must  ext end t o f i ni shed f l oor  and be 
f i t t ed wi t h t hr eaded count er sunk pl ugs.

2. 3. 2   Wal l  Faucet s

Wal l  f aucet s wi t h vacuum- br eaker  backf l ow pr event er  must  be br ass wi t h 3/ 4 
i nch mal e i nl et  t hr eads,  hexagon shoul der ,  and 3/ 4 i nch hose connect i on.   
Faucet  handl e must  be secur el y at t ached t o st em.

2. 3. 3   Wal l  Hydr ant s ( Fr ost pr oof )

ASSE 1019 wi t h vacuum- br eaker  backf l ow pr event er  must  have a ni ckel - br ass 
or  ni ckel - br onze wal l  pl at e and f l ange wi t h nozzl e and det achabl e key 
handl e.   A br ass or  br onze oper at i ng r od must  be pr ovi ded wi t hi n a 
gal vani zed i r on casi ng of  suf f i c i ent  l engt h t o ext end t hr ough t he wal l  so 
t hat  t he val ve i s i nsi de t he bui l di ng,  and t he por t i on of  t he hydr ant  
bet ween t he out l et  and val ve i s sel f - dr ai ni ng.   A br ass or  br onze val ve 
wi t h coupl i ng and uni on el bow havi ng met al - t o- met al  seat  must  be 
pr ovi ded.   Val ve r od and seat  washer  must  be r emovabl e t hr ough t he f ace of  
t he hydr ant .   The hydr ant  must  have 3/ 4 i nch exposed hose t hr ead on spout  
and 3/ 4 i nch mal e pi pe t hr ead on i nl et .

2. 3. 4   Lawn Faucet s

Lawn f aucet s must  be br ass,  wi t h ei t her  st r ai ght  or  angl e bodi es,  and must  
be of  t he compr essi on t ype.   Body f l ange must  be pr ovi ded wi t h i nt er nal  
pi pe t hr ead t o sui t  3/ 4 i nch pi pe.   Body must  be sui t abl e f or  wr ench 
gr i p.   Faucet  spout  must  have 3/ 4 i nch exposed hose t hr eads.   Faucet  
handl e must  be secur el y at t ached t o st em.
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2. 3. 5   Yar d Hydr ant s

Yar d box or  post  hydr ant s must  have val ve housi ngs l ocat ed bel ow f r ost  
l i nes.   Wat er  f r om t he casi ng must  be dr ai ned af t er  val ve i s shut  of f .  
Hydr ant  must  be br onze wi t h cast - i r on box or  casi ng guar d.   " T"  handl e key 
must  be pr ovi ded.

2. 3. 6   Out l et  Boxes

2. 3. 6. 1   Washer  Box

One- pi ece,  r ecessed,  met al  box wi t h quar t er  t ur n shut - of f  val ves,  wat er  
hammer  ar r est er s 1/ 2 i nch hot  and col d suppl i es,  2 i nch dr ai n.

2. 3. 6. 2   I ce Maker  Box

One- pi ece,  r ecessed,  met al  box wi t h quar t er  t ur n shut - of f  val ves,  1/ 2 i nch 
suppl y.

2. 3. 7   Rel i ef  Val ves

Wat er  heat er s and hot  wat er  st or age t anks must  have a combi nat i on pr essur e 
and t emper at ur e ( P&T)  r el i ef  val ve.   The pr essur e r el i ef  el ement  of  a P&T 
r el i ef  val ve must  have adequat e capaci t y t o pr event  excessi ve pr essur e 
bui l dup i n t he syst em when t he syst em i s oper at i ng at  t he maxi mum r at e of  
heat  i nput .   The t emper at ur e el ement  of  a P&T r el i ef  val ve must  have a 
r el i evi ng capaci t y whi ch i s at  l east  equal  t o t he t ot al  i nput  of  t he 
heat er s when oper at i ng at  t hei r  maxi mum capaci t y.   Rel i ef  val ves must  be 
r at ed accor di ng t o ANSI  Z21. 22/ CSA 4. 4.   Rel i ef  val ves f or  syst ems wher e 
t he maxi mum r at e of  heat  i nput  i s l ess t han 200, 000 Bt uh must  have 3/ 4 i nch
 mi ni mum i nl et s,  and 3/ 4 i nch out l et s.   Rel i ef  val ves f or  syst ems wher e 
t he maxi mum r at e of  heat  i nput  i s gr eat er  t han 200, 000 Bt uh must  have 1 
i nch mi ni mum i nl et s,  and 1 i nch out l et s.   The di schar ge pi pe f r om t he 
r el i ef  val ve must  be t he si ze of  t he val ve out l et .

2. 3. 8   Ther most at i c Mi xi ng Val ves

Each val ve must  be const r uct ed t o cont r ol  t he mi xi ng of  hot  and col d wat er  
and t o del i ver  wat er  at  a desi r ed t emper at ur e r egar dl ess of  pr essur e or  
i nput  t emper at ur e changes.   The cont r ol  el ement  must  be of  an appr oved 
t ype.   The body must  be of  heavy cast  br onze,  and i nt er i or  par t s must  be 
br ass,  br onze,  cor r osi on- r esi st i ng st eel  or  copper .   The val ve must  be 
equi pped wi t h necessar y st ops,  check val ves,  uni ons,  and sedi ment  
st r ai ner s on t he i nl et s.

2. 3. 9   Temper at ur e Cont r ol l ed Mi xi ng Val ve

Pr ovi de an ASSE 1017 t emper at ur e cont r ol l ed ( mast er  mi xi ng val ve)  t o l ower  
t emper at ur e per  UFC 3- 420- 01 i mmedi at el y downst r eam of  t he wat er  heat er  or  
st or age t ank as c l ose t o t he f i x t ur e( s)  as possi bl e i n or der  t o r educe t he 
amount  of  st or ed t emper ed wat er  i n t he pi pes i n accor dance wi t h ASSE 1017.

2. 3. 10   Poi nt - of - Use Mi xi ng Val ve

Pr ovi de a poi nt - of - use mi xi ng val ve i n accor dance wi t h ASSE 1070 at  
l avat or i es,  hand- wash si nks,  and washf ount ai n l ocat i ons.   Poi nt - of - use 
mi xi ng val ve must  l i mi t  t he t emper ed wat er  t o not  gr eat er  t han 110 degr ees 
F.
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2. 3. 11   Aut omat i c Temper at ur e and/ or  Pr essur e Compensat i ng Val ve

Pr ovi de aut omat i c t emper at ur e and/ or  pr essur e compensat i ng val ve i nst al l ed 
at  each i ndi v i dual  shower  or  t ub/ shower  combi nat i on i n accor dance wi t h 
ASSE 1016.   The compensat i ng val ve must  be i nt egr at ed wi t h each i ndi v i dual  
shower  or  t ub/ shower  combi nat i on val ve and must  be i nst al l ed at  poi nt  of  
use.   The val ve must  be equi pped wi t h a devi ce t o l i mi t  t he maxi mum 
t emper at ur e t o 120 degr ees F.

2. 3. 12   Temper at ur e Act uat ed Mi xi ng Val ve

Pr ovi de ASSE 1071 t emper at ur e act uat ed mi xi ng val ve t o pr ovi de t epi d wat er  
f or  emer gency eyewash,  shower / eyewash,  dr ench shower  and combi nat i on uni t s 
t hat  compl y wi t h ANSI / I SEA Z358. 1.   Val ves must  have a means t o l i mi t  t he 
maxi mum out l et  t emper at ur e and must  i ncl ude a means of  pr event i ng 
cr oss- f l ow.   Val ves can be l ocat ed i n a wal l - mount ed br acket .

2. 3. 13   Si ngl e Suppl y Li ne Aut omat i c Temper at ur e Cont r ol

Pr ovi de ASSE 1069 aut omat i c t emper at ur e cont r ol  val ve on si ngl e suppl y 
l i ne t o gang shower s or  s i t z bat hs t o pr ovi de t emper ed wat er  cont r ol  t o 
mul t i pl e f i x t ur es.   Val ves must  be i nst al l ed wher e end user  does not  have 
means t o adj ust  t emper at ur e set t i ng.   Temper at ur e set t i ng must  be set  as 
i ndi cat ed wi t h a maxi mum set  poi nt  of  120 degr ees F.

2. 4   FI XTURES

Submi t  l i s t  of  f i x t ur es wi t h manuf act ur er ,  model ,  and f l ow r at e.   Wat er  
c l oset  r epl acement s i n maj or  r enovat i ons may have a f l ush val ve of  up t o 
1. 6 GPF t o accommodat e exi st i ng pl umbi ng capaci t y.   Fi xt ur es f or  use by 
t he physi cal l y handi capped must  be i n accor dance wi t h I CC A117. 1.  Vi t r eous 
Chi na,  nonabsor bent ,  har d- bur ned,  and vi t r i f i ed t hr oughout  t he body must  
be pr ovi ded.   Por cel ai n enamel ed war e must  have speci al l y sel ect ed,  c l ear  
whi t e,  aci d- r esi st i ng enamel  coat i ng evenl y appl i ed on sur f aces.   No 
f i xt ur e wi l l  be accept ed t hat  shows cr acks,  cr azes,  bl i st er s,  t hi n spot s,  
or  ot her  f l aws.   Fi xt ur es must  be equi pped wi t h appur t enances such as 
t r aps,  f aucet s,  st op val ves,  and dr ai n f i t t i ngs.   Each f i xt ur e and pi ece 
of  equi pment  r equi r i ng connect i ons t o t he dr ai nage syst em,  except  gr ease 
i nt er cept or s,  must  be equi pped wi t h a t r ap.   Br ass expansi on or  t oggl e 
bol t s capped wi t h acor n nut s must  be pr ovi ded f or  suppor t s,  and pol i shed 
chr omi um- pl at ed pi pe,  val ves,  and f i t t i ngs must  be pr ovi ded wher e exposed 
t o v i ew.   Fi xt ur es wi t h t he suppl y di schar ge bel ow t he r i m must  be 
equi pped wi t h backf l ow pr event er s.   I nt er nal  par t s of  f l ush val ves and 
f l ushomet er  val ves,  shower  mi xi ng val ves,  shower  head f ace pl at es,  pop- up 
st opper s of  l avat or y wast e dr ai ns,  and pop- up st opper s and over f l ow t ees 
and shoes of  bat ht ub wast e dr ai ns must  be copper  al l oy wi t h al l  v i s i bl e 
sur f aces chr ome pl at ed. 2. 4. 1   Fl ush Val ve Wat er  Cl oset s

2. 4. 1. 1   Fl ush Val ve Wat er  Cl oset  Type and Mount

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,  s i phon j et ,  el ongat ed bowl ,
 wal l  mount ed,  wal l  out l et ,  pr ovi de wi t h car r i er .   Top of  t oi l et  seat  
hei ght  above f l oor  must  be 14 t o 15 i nches,  except  17 t o 19 i nches f or  
wheel chai r  wat er  c l oset s.   Pr ovi de wax bowl  r i ng i ncl udi ng pl ast i c 
s l eeve.   Pr ovi de whi t e sol i d pl ast i c el ongat ed.

2. 4. 1. 2   Fl ush Val ve Wat er  Cl oset  Fl ush and Fl ow

Wat er  f l ushi ng vol ume of  t he wat er  c l oset  and f l ush val ve combi nat i on must  
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not  exceed 1. 28 gal l ons per  f l ush.   Wat er  c l oset s must  meet  t he EPA 
Wat er Sense pr oduct  def i ni t i on and must  be EPA Wat er Sense l abel ed 
pr oduct s.   Pr ovi de dat a i dent i f y i ng Wat er Sense l abel  f or  f l ush val ve wat er  
c l oset .   Fi xt ur es t hat  r equi r e t he Wat er Sense l abel  but  ar e l ocat ed i n 
count r i es wher e t he l abel  i s  unavai l abl e,  see t abl e bel ow or  see 
ht t ps: / / uwl a. eu/ f or  Wat er Sense l abel  subst i t ut es.

Wat er Sense Equi val enci es

Aust r al i a WELs

Canada Wat er Sense

Non- Mandat or y Label s*

Eur opean Uni on Eur opean Wat er  Label

Tai wan Wat er  Savi ng Label

Chi na,  Hong Kong WELS

* Wat er  ef f i c i ency l abel s r ecogni zed as mar ket  t r ansf or mat i onal ,  and ar e 
r ecommended,  but  not  r equi r ed f or  LEED pr oj ect s.

2. 4. 1. 3   Fl ush Val ve Wat er  Cl oset  Cont r ol  Val ve

Pr ovi de l ar ge di amet er  f l ush val ve i ncl udi ng angl e cont r ol - st op val ve,  
vacuum br eaker ,  t ai l  pi eces,  s l i p nut s,  and wal l  pl at es;  exposed t o v i ew 
component s must  be chr omi um- pl at ed or  pol i shed st ai nl ess st eel .   Fl ush 
val ves must  be nonhol d- open t ype.   Mount  f l ush val ves not  l ess t han 11 
i nches above t he f i xt ur e.   Mount ed hei ght  of  f l ush val ve must  not  
i nt er f er e wi t h t he hand r ai l  i n ADA st al l s.

2. 4. 2   Fl ush Val ve Ur i nal s

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,   wal l - mount ed,  wal l  
out l et ,  s i phon j et ,  i nt egr al  t r ap,  and ext ended si de shi el ds.   Pr ovi de 
ur i nal  wi t h t he r i m 24 i nches above t he f l oor .   Wat er  f l ushi ng vol ume of  
t he ur i nal  and f l ush val ve combi nat i on must  not  exceed 0. 5 gal l ons per  
f l ush.   Ur i nal s must  be EPA Wat er Sense l abel ed pr oduct s.   Pr ovi de dat a 
i dent i f y i ng Wat er Sense l abel  f or  ur i nal .   Fi xt ur es t hat  r equi r e t he 
Wat er Sense l abel  but  ar e l ocat ed i n count r i es wher e t he l abel  i s  
unavai l abl e,  see t abl e bel ow or  see ht t ps: / / uwl a. eu/ f or  Wat er Sense l abel  
subst i t ut es.

Wat er Sense Equi val enci es

Aust r al i a WELs

Canada Wat er Sense
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Non- Mandat or y Label s*

Eur opean Uni on Eur opean Wat er  Label

Tai wan Wat er  Savi ng Label

Chi na,  Hong Kong WELS

* Wat er  ef f i c i ency l abel s r ecogni zed as mar ket  t r ansf or mat i onal ,  and ar e 
r ecommended,  but  not  r equi r ed f or  LEED pr oj ect s.

Pr ovi de ASME A112. 6. 1M conceal ed chai r  car r i er s wi t h ver t i cal  st eel  pi pe 
suppor t s.   Pr ovi de l ar ge di amet er  f l ush val ve i ncl udi ng angl e cont r ol - st op 
val ve,  vacuum br eaker ,  t ai l  pi eces,  s l i p nut s,  and wal l  pl at es;  exposed t o 
v i ew component s must  be chr omi um- pl at ed or  pol i shed st ai nl ess st eel .   
Fl ush val ves must  be nonhol d- open t ype.   Mount  f l ush val ves not  l ess t han 
11 i nches above t he f i xt ur e.

2. 4. 3   Wal l  Hung Lavat or i es

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na,  t ype,  mi ni mum di mensi ons of
 16 i nches wi de by 16 i nches f r ont  t o r ear ,  wi t h suppl y openi ngs f or  use 
wi t h t op mount ed cent er set  f aucet s,  and openi ngs f or  conceal ed ar m car r i er  
i nst al l at i on.   Pr ovi de aer at or  wi t h f aucet .   Pr ovi de l avat or y f aucet s and 
accessor i es meet i ng t he f l ow r at e and pr oduct  r equi r ement s of  t he 
par agr aph LAVATORI ES.   Pr ovi de ASME A112. 6. 1M conceal ed chai r  car r i er s 
wi t h ver t i cal  st eel  pi pe suppor t s and conceal ed ar ms f or  t he l avat or y.   
Mount  l avat or y wi t h t he f r ont  r i m 34 i nches above f l oor  and wi t h 29 i nches 
mi ni mum cl ear ance f r om bot t om of  t he f r ont  r i m t o f l oor .   Pr ovi de t op 
mount ed washer l ess cent er set  l avat or y f aucet s.  Pr ovi de pi pi ng cover s f or  
P- t r aps,  val ves,  and exposed dr ai n pi pi ng per  ADA r equi r ement .

2. 4. 4   Count er t op Lavat or i es

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na, ,  mi ni mum di mensi ons of  19 
i nches wi de by 17 i nches f r ont  t o r ear ,  wi t h suppl y openi ngs f or  use wi t h 
t op mount ed cent er set  f aucet s.   Fur ni sh t empl at e and mount i ng k i t  by 
l avat or y manuf act ur er . Pr ovi de l avat or y f aucet s and accessor i es meet i ng t he 
f l ow r at e and pr oduct  r equi r ement s of  t he par agr aph LAVATORI ES.   Mount  
count er  wi t h t he t op sur f ace 34 i nches above f l oor  and wi t h 29 i nches 
mi ni mum cl ear ance f r om bot t om of  t he count er  f ace t o f l oor .   Pr ovi de t op 
mount ed washer l ess cent er set  l avat or y f aucet s.

2. 4. 5   Lavat or y Syst ems,  Si ngl e or  Mul t i pl e St at i ons

ASME A112. 18. 1/ CSA B125. 1,  pr ovi de wal l  hung,  sol i d sur f ace count er  wi t h 
i nt egr al  bowl s and 16- 1/ 8 i nches access panel .   Pr ovi de wi t h one bowl s.   
Hei ght  t o r i m di mensi ons 34 i nches ,  pr ovi de manuf act ur er ' s st andar d,  
chr ome pl at ed sol i d br ass f aucet  at  each bowl  wi t h har d wi r ed,  sensor  
act i vat ed cont r ol .   Pr ovi de ASSE 1070 poi nt - of - use mi xi ng val ve wi t h check 
st ops per  s i ngl e user  st at i on,  set  t o maxi mum 110 degr ees F.

2. 4. 6   Ki t chen Si nks

ASME A112. 19. 3/ CSA B45. 4,  s i ngl e compar t ment ,  20 gage st ai nl ess st eel  wi t h 
i nt egr al  mount i ng r i m f or  f l ush i nst al l at i on,  mi ni mum di mensi ons of  30 
i nches wi de by 21 i nches f r ont  t o r ear ,  wi t h under si des f ul l y sound 
deadened,  wi t h suppl y openi ngs f or  use wi t h t op mount ed washer l ess s i nk 

SECTI ON 22 00 00  Page 23



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

f aucet s wi t h hose spr ay,  and wi t h 3. 5 i nch dr ai n out l et .   Pr ovi de aer at or  
wi t h f aucet .   Wat er  f l ow r at e must  not  exceed 2. 2 gpm when measur ed at  a 
f l owi ng wat er  pr essur e of  60 psi .   Pr ovi de st ai nl ess st eel  dr ai n out l et s 
and st ai nl ess st eel  cup st r ai ner s.   Pr ovi de separ at e 1. 5 i nch P- t r ap and 
dr ai n pi pi ng t o ver t i cal  vent  pi pi ng f r om each compar t ment .  Pr ovi de t op 
mount ed washer l ess s i nk f aucet s wi t h hose spr ay.

2. 4. 7   Ser vi ce Si nks

ASME A112. 19. 2/ CSA B45. 1,  whi t e v i t r eous chi na ASME A112. 19. 3/ CSA B45. 4 
302 st ai nl ess st eel  wi t h i nt egr al  back and wal l  hanger  suppor t s,  mi ni mum 
di mensi ons of  22 i nches wi de by 20 i nches f r ont  t o r ear ,  wi t h t wo suppl y 
openi ngs i n 10 i nch hi gh back.   Pr ovi de f l oor  suppor t ed wal l  out l et  cast  
i r on P- t r ap and st ai nl ess st eel  r i m guar ds as r ecommended by ser vi ce s i nk 
manuf act ur er .   Pr ovi de back mount ed washer l ess ser vi ce s i nk f aucet s wi t h 
vacuum br eaker  and 0. 75 i nch ext er nal  hose t hr eads.

2. 4. 8   Dr i nki ng- Wat er  Cool er s f or  St andi ng Per son

ANSI / ASHRAE 18,  UL 399,  NSF/ ANSI  61,  ADA and I CC A117. 1.   Dual  or  Bi - Level  
wat er  cool er s t o conf or m t o t he r equi r ement s of  DRI NKI NG- WATER COOLER FOR 
STANDI NG PERSON and WHEELCHAI R DRI NKI NG WATER COOLER conf or mi ng t o 
I CC A117. 1,  ANSI / ASHRAE 18,  UL 399,  NSF/ ANSI  61.   Wal l  mount ed hei ght  
wat er  cool er  wi t h mor e t han a s i ngl e t hi ckness of  met al  bet ween t he 
pot abl e wat er  and t he r ef r i ger ant  i n t he heat  exchanger ,  wal l - hung,  
bubbl er  st y l e,  ai r - cool ed condensi ng uni t ,  8 gph mi ni mum capaci t y,  
st ai nl ess st eel  spl ash r ecept or  and basi n,  bot t l e f i l l er ,  and st ai nl ess 
st eel  cabi net .   Bubbl er s must  be cont r ol l ed by push l ever s or  push bar s,  
f r ont  mount ed or  s i de mount ed near  t he f r ont  edge of  t he cabi net .   Bubbl er  
spout s must  be mount ed at  maxi mum of  38 i nches t o 43 i nches above f l oor .   
Spout s must  di r ect  wat er  f l ow at  l east  4 i nches above uni t  basi n and 
t r aj ect or y par al l el  or  near l y par al l el  t o t he f r ont  of  uni t .   Pr ovi de 
f i l t er s f or  chl or i ne i n suppl y pi pi ng t o f aucet s.   Pr ovi de ASME A112. 6. 1M 
conceal ed st eel  pi pe chai r  car r i er s.

2. 4. 9   Ener gy St ar  Label  f or  Fr eest andi ng Bot t l ed Wat er  Cool er s/ Di spenser s

2. 4. 9. 1   Bot t l el ess Wat er  Di spenser

Ener gy St ar  Label ed,  col d bot t l el ess wat er  di spenser  wi t h f i l t er s,  0. 5 gpm 
f l ow r at e,  f l oor  st andi ng uni t .   Pr ovi de wi t h a col d wat er  t emper at ur e of  
47 degr ees F.

2. 4. 10   Shower  Faucet s

Pr ovi de bal l  j oi nt  sel f - c l eani ng shower  heads.  Pr ovi de Wat er Sense l abel ed 
shower head wi t h a maxi mum f l ow r at e of  1. 75 gpm.   Pr ovi de dat a i dent i f y i ng 
Wat er Sense l abel  f or  shower head.   Fi xt ur es t hat  r equi r e t he Wat er Sense 
l abel  but  ar e l ocat ed i n count r i es wher e t he l abel  i s  unavai l abl e,  see 
t abl e bel ow or  see ht t ps: / / uwl a. eu/  f or  Wat er Sense l abel  subst i t ut es.

Wat er Sense Equi val enci es

Aust r al i a WELs

Canada Wat er Sense
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Non- Mandat or y Label s*

Eur opean Uni on Eur opean Wat er  Label

Tai wan Wat er  Savi ng Label

Chi na,  Hong Kong WELS

* Wat er  ef f i c i ency l abel s r ecogni zed as mar ket  t r ansf or mat i onal ,  and ar e 
r ecommended,  but  not  r equi r ed f or  LEED pr oj ect s.

2. 4. 11   Pr ecast  Ter r azzo Shower  Fl oor s

Ter r azzo must  be made of  mar bl e chi ps cast  i n whi t e por t l and cement  t o 
pr oduce 3000 psi  mi ni mum compr essi ve st r engt h 7 days af t er  cast i ng.   
Pr ovi de f l oor  or  wal l  out l et  copper  al l oy body dr ai n cast  i nt egr al  wi t h 
t er r azzo,  wi t h pol i shed st ai nl ess st eel  st r ai ner s.

2. 4. 12   Pr ecast  Ter r azzo Mop Si nks

Ter r azzo must  be made of  mar bl e chi ps cast  i n whi t e por t l and cement  t o 
pr oduce 3000 psi  mi ni mum compr essi ve st r engt h 7 days af t er  cast i ng.   
Ter r azzo can i ncl ude st ai nl ess st eel  cur b cap addi t i ons wi t h mi ni mum 
di mensi ons of  24 i nches  wi de by 24 i nches  l engt h by 12 i nches  hei ght .   
Pr ovi de f l oor  or  wal l  out l et  copper  al l oy body dr ai n cast  i nt egr al  wi t h 
t er r azzo,  wi t h pol i shed st ai nl ess st eel  st r ai ner s.

2. 4. 13   Emer gency Eyewash and Shower

ANSI / I SEA Z358. 1,  f l oor  suppor t ed f r ee st andi ng f r eeze pr ot ect ed uni t  wi t h 
pr i vacy cur t ai n.   Pr ovi de del uge shower  head,  st ay- open bal l  val ve 
oper at ed by pul l  r od and r i ng or  t r i angul ar  handl e.   Pr ovi de eyewash dust  
caps and st ay- open bal l  val ve oper at ed by f oot  t r eadl e or  push handl e.   
Uni t  must  del i ver  a mi ni mum of  20 gpm of  wat er  at  30 psi g f l ow pr essur e 
f or  15 mi nut es.   Eye wash uni t  must  have a mi ni mum of  0. 4 gpm of  wat er  at  
30 psi g f l ow pr essur e f or  15 mi nut es.   Posi t i on eye wash nozzl es 33 i nches 
t o 45 i nches above f i ni shed f l oor .   Pr ovi de copper  al l oy cont r ol  val ves.  
Pr ovi de an ai r - gap wi t h t he l owest  pot abl e eye wash wat er  out l et  l ocat ed 
above t he over f l ow r i m by not  l ess t han t he I nt er nat i onal  Pl umbi ng Code 
mi ni mum.  Pr ovi de a pr essur e- compensat ed t emper i ng val ve,  wi t h l eavi ng 
wat er  t emper at ur e set poi nt  adj ust abl e t hr oughout  t he r ange 60 degr ees F t o 
95 degr ees F.  

2. 4. 14   Emer gency Eye and Face Wash

ANSI / I SEA Z358. 1,  f l oor ,  sel f - c l eani ng,  noncl oggi ng eye and f ace wash wi t h 
qui ck openi ng,  f ul l - f l ow val ves,  dust  cover s,  eye and f ace wash r ecept or .   
Uni t  must  del i ver  a mi ni mum of  3 gpm of  aer at ed wat er  at  30 psi g f l ow 
pr essur e,  wi t h eye and f ace wash nozzl es 33 t o 45 i nches above f i ni shed 
f l oor .   Pr ovi de copper  al l oy cont r ol  val ves.   Pr ovi de an ai r - gap wi t h t he 
l owest  pot abl e eye and f ace wash wat er  out l et  l ocat ed above t he over f l ow 
r i m by not  l ess t han t he I nt er nat i onal  Pl umbi ng Code mi ni mum.   Pr ovi de a 
pr essur e- compensat ed t emper i ng val ve,  wi t h l eavi ng wat er  t emper at ur e 
set poi nt  adj ust abl e t hr oughout  t he r ange 60 t o 95 degr ees F.

2. 4. 15   Emer gency Eyewash

ANSI / I SEA Z358. 1,  f l oor ,  f r eeze pr ot ect ed,  noncl oggi ng eye- wash wi t h qui ck 
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openi ng,  f ul l - f l ow val ves,  dust  cover s,  eye- wash r ecept or .   Uni t  must  
del i ver  a mi ni mum of  0. 4 gpm of  wat er  at  30 psi g f l ow pr essur e,  wi t h eye 
wash nozzl es 33 i nches t o 45 i nches above f i ni shed f l oor .   Pr ovi de copper  
al l oy cont r ol  val ves.  Pr ovi de an ai r - gap wi t h t he l owest  pot abl e eye  wash 
wat er  out l et  l ocat ed above t he over f l ow r i m by not  l ess t han t he 
I nt er nat i onal  Pl umbi ng Code mi ni mum.   Pr ovi de a pr essur e- compensat ed 
t emper i ng val ve,  wi t h l eavi ng wat er  t emper at ur e set poi nt  adj ust abl e 
t hr oughout  t he r ange 60 degr ees F t o 95 degr ees F.

2. 5   BACKFLOW PREVENTERS

Backf l ow pr event i on devi ces must  be appr oved by t he St at e or  l ocal  
r egul at or y agenci es.  I f  t her e i s no St at e or  l ocal  r egul at or y agency 
r equi r ement s,  t he backf l ow pr event i on devi ces must  be l i s t ed by t he 
Foundat i on f or  Cr oss- Connect i on Cont r ol  & Hydr aul i c Resear ch,  or  any ot her  
appr oved t est i ng l abor at or y havi ng equi val ent  capabi l i t i es f or  bot h 
l abor at or y and f i el d eval uat i on of  backf l ow pr event i on devi ces and 
assembl i es.    Reduced pr essur e pr i nci pl e assembl i es,  doubl e check val ve 
assembl i es,  at mospher i c ( nonpr essur e)  t ype vacuum br eaker s,  and pr essur e 
t ype vacuum br eaker s must  be meet  t he above r equi r ement s.

Backf l ow pr event er s wi t h i nt er medi at e at mospher i c vent  must  conf or m t o 
ASSE 1012.   Reduced pr essur e pr i nci pl e backf l ow pr event er s must  conf or m t o 
ASSE 1013.   Hose connect i on vacuum br eaker s must  conf or m t o ASSE 1011.   
Pi pe appl i ed at mospher i c t ype vacuum br eaker s must  conf or m t o ASSE 1001.   
Pr essur e vacuum br eaker  assembl y must  conf or m t o ASSE 1020.   Ai r  gaps i n 
pl umbi ng syst ems must  conf or m t o ASME A112. 1. 2.

2. 6   DRAI NS

2. 6. 1   Fl oor  and Shower  Dr ai ns

Fl oor  and shower  dr ai ns must  consi st  of  a gal vani zed body,  i nt egr al  
seepage pan,  and adj ust abl e per f or at ed or  s l ot t ed chr omi um- pl at ed br onze,  
ni ckel - br onze,  or  ni ckel - br ass st r ai ner ,  consi st i ng of  gr at e and t hr eaded 
col l ar .   Fl oor  dr ai ns must  be cast  i r on except  wher e met al l i c  
wat er pr oof i ng membr ane i s i nst al l ed.   Dr ai ns must  be of  doubl e dr ai nage 
pat t er n f or  embeddi ng i n t he f l oor  const r uct i on.   The seepage pan must  
have weep hol es or  channel s f or  dr ai nage t o t he dr ai npi pe.   The seepage 
pan and weep hol es must  not  be f i l l ed or  pl ugged and have per vi ous 
mat er i al s ( such as pea gr avel )  or  a weep hol e pr ot ect i on devi ce t o al l ow 
dr ai nage.   The st r ai ner  must  be adj ust abl e t o f l oor  t hi ckness.   A c l ampi ng 
devi ce f or  at t achi ng f l ashi ng or  wat er pr oof i ng membr ane t o t he seepage pan 
wi t hout  damagi ng t he f l ashi ng or  wat er pr oof i ng membr ane must  be pr ovi ded 
when r equi r ed.   Dr ai ns must  be pr ovi ded wi t h t hr eaded connect i on.   Bet ween 
t he dr ai n out l et  and wast e pi pe,  a neopr ene r ubber  gasket  conf or mi ng t o 
ASTM C564 may be i nst al l ed,  pr ovi ded t hat  t he dr ai n i s speci f i cal l y 
desi gned f or  t he r ubber  gasket  compr essi on t ype j oi nt .   Fl oor  and shower  
dr ai ns must  conf or m t o ASME A112. 6. 3.   Pr ovi de dr ai n wi t h t r ap pr i mer  
connect i on,  t r ap pr i mer ,  and connect i on pi pi ng.   Pr i mer  must  meet  ASSE 1018.

2. 6. 1. 1   Met al l i c  Shower  Pan Dr ai ns

Wher e met al l i c  shower  pan membr ane i s i nst al l ed,  pol yet hyl ene dr ai n wi t h 
cor r osi on- r esi st ant  scr ews secur i ng t he cl ampi ng devi ce must  be pr ovi ded.   
Pol yet hyl ene dr ai ns must  have f i t t i ngs t o adapt  dr ai n t o wast e pi pi ng.   
Pol yet hyl ene f or  f l oor  dr ai ns must  conf or m t o ASTM D1248.   Dr ai ns must  
have separ at e cast - i r on " P"  t r ap,  c i r cul ar  body,  seepage pan,  and 
st r ai ner ,  unl ess ot her wi se i ndi cat ed.
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2. 6. 1. 2   Dr ai ns and Backwat er  Val ves

Dr ai ns and backwat er  val ves i nst al l ed i n connect i on wi t h wat er pr oof ed 
f l oor s or  shower  pans must  be equi pped wi t h bol t ed- t ype devi ce t o secur el y 
c l amp f l ashi ng.

2. 6. 2   Bat ht ub and Shower  Faucet s and Dr ai n Fi t t i ngs

Pr ovi de si ngl e cont r ol  pr essur e equal i z i ng bat ht ub and shower  f aucet s wi t h 
body mount ed f r om behi nd t he wal l  wi t h t hr eaded connect i ons.   Pr ovi de bal l  
j oi nt  sel f - c l eani ng shower  heads.   Pr ovi de Wat er Sense l abel ed shower head 
wi t h a maxi mum f l ow r at e of  1. 75 gpm.    Pr ovi de shower heads meet i ng t he 
r equi r ement s i n t he par agr aph SHOWER FAUCETS.   Pr ovi de t ubi ng mount ed f r om 
behi nd t he wal l  bet ween bat ht ub f aucet s and shower  heads and bat ht ub 
di ver t er  spout s.   Pr ovi de separ at e gl obe val ves or  angl e val ves wi t h uni on 
connect i ons i n each suppl y t o f aucet .   Pr ovi de t r i p- l ever  pop- up dr ai n 
f i t t i ngs f or  above- t he- f l oor  dr ai n i nst al l at i ons.  The t op of  dr ai n 
pop- ups,  dr ai n out l et s,  t ub over f l ow out l et ,  and;  cont r ol  handl e f or  
pop- up dr ai n must  be chr omi um- pl at ed or  pol i shed st ai nl ess st eel .   Li nkage 
bet ween dr ai n pop- up and pop- up cont r ol  handl e at  bat ht ub over f l ow out l et  
must  be copper  al l oy or  st ai nl ess st eel .   Pr ovi de 1. 5 i nch copper  al l oy 
adj ust abl e t ubi ng wi t h s l i p nut s and gasket s bet ween bat ht ub over f l ow and 
dr ai n out l et ;  chr omi um- pl at ed f i ni sh i s not  r equi r ed.   Pr ovi de bat ht ub and 
shower  val ve wi t h bal l  t ype cont r ol  handl e.

2. 6. 3   Ar ea Dr ai ns

Ar ea dr ai ns must  be pl ai n pat t er n wi t h pol i shed st ai nl ess st eel  per f or at ed 
or  s l ot t ed gr at e and bot t om out l et .   The dr ai n must  be ci r cul ar  or  squar e 
wi t h a 12 i nch nomi nal  over al l  wi dt h or  di amet er  and 10 i nch nomi nal  
over al l  dept h.   Dr ai ns must  be cast  i r on wi t h manuf act ur er ' s st andar d 
coat i ng.   Gr at e must  be easi l y l i f t ed out  f or  c l eani ng.   Out l et  must  be 
sui t abl e f or  i nsi de caul ked connect i on t o dr ai n pi pe.   Dr ai ns must  conf or m 
t o ASME A112. 6. 3.

2. 6. 4   Fl oor  Si nks

Fl oor  s i nks must  be squar e,  wi t h 12 i nch nomi nal  over al l  wi dt h or  di amet er  
and 10 i nch nomi nal  over al l  dept h.   Fl oor  s i nk must  have an aci d- r esi st ant  
enamel  i nt er i or  f i ni sh wi t h cast - i r on body,  al umi num sedi ment  bucket ,  and 
per f or at ed gr at e of  cast  i r on i n i ndust r i al  ar eas and st ai nl ess st eel  i n 
f i ni shed ar eas.   The out l et  pi pe s i ze must  be as i ndi cat ed or  of  t he same 
si ze as t he connect i ng pi pe.

2. 6. 5   Boi l er  Room Dr ai ns

Boi l er  r oom dr ai ns must  have combi ned dr ai n and t r ap,  hi nged gr at e,  
r emovabl e bucket ,  and t hr eaded br ass c l eanout  wi t h br ass backwat er  val ve.   
The r emovabl e gal vani zed cast - i r on sedi ment  bucket  must  have r ounded 
cor ner s t o el i mi nat e f oul i ng and must  be equi pped wi t h hand gr i ps.   Dr ai n 
must  have a mi ni mum wat er  seal  of  4 i nches.   The gr at e ar ea must  be not  
l ess t han 100 squar e i nches.

2. 6. 6   Pi t  Dr ai ns

Pi t  dr ai ns must  consi st  of  a body,  i nt egr al  seepage pan,  and nont i l t i ng 
per f or at ed or  s l ot t ed gr at e.   Dr ai ns must  be of  doubl e dr ai nage pat t er n 
sui t abl e f or  embeddi ng i n t he f l oor  const r uct i on.   The seepage pan must  
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have weep hol es or  channel s f or  dr ai nage t o t he dr ai n pi pe.   Membr ane or  
f l ashi ng cl ampi ng devi ce must  be pr ovi ded when r equi r ed.   Dr ai ns must  be 
cast  i r on wi t h manuf act ur er ' s st andar d coat i ng.   Dr ai ns must  be ci r cul ar  
and pr ovi ded wi t h bot t om out l et  sui t abl e f or  i nsi de caul ked connect i on,  
unl ess ot her wi se i ndi cat ed.   Dr ai ns must  be pr ovi ded wi t h separ at e 
cast - i r on " P"  t r aps,  unl ess ot her wi se i ndi cat ed.

2. 6. 7   Si ght  Dr ai ns

Si ght  dr ai ns must  consi st  of  body,  i nt egr al  seepage pan,  and adj ust abl e 
st r ai ner  wi t h per f or at ed or  s l ot t ed gr at e and f unnel  ext ensi on.   The 
st r ai ner  must  have a t hr eaded col l ar  t o per mi t  adj ust ment  t o f l oor  
t hi ckness.   Dr ai ns must  be of  doubl e dr ai nage pat t er n sui t abl e f or  
embeddi ng i n t he f l oor  const r uct i on.   A c l ampi ng devi ce f or  at t achi ng 
f l ashi ng or  wat er pr oof i ng membr ane t o t he seepage pan wi t hout  damagi ng t he 
f l ashi ng or  membr ane must  be pr ovi ded f or  ot her  t han concr et e 
const r uct i on.   Dr ai ns must  have a gal vani zed heavy cast - i r on body and 
seepage pan and chr omi um- pl at ed br onze,  ni ckel - br onze,  or  ni ckel - br ass 
st r ai ner  and f unnel  combi nat i on.   Dr ai ns must  be pr ovi ded wi t h t hr eaded 
connect i on and wi t h a separ at e cast - i r on " P"  t r ap,  unl ess ot her wi se 
i ndi cat ed.   Dr ai ns must  be ci r cul ar ,  unl ess ot her wi se i ndi cat ed.   The 
f unnel  must  be secur el y mount ed over  an openi ng i n t he cent er  of  t he 
st r ai ner .   Mi ni mum di mensi ons must  be as f ol l ows:

Ar ea of  st r ai ner  and col l ar :   36 squar e i nches

Hei ght  of  f unnel :              3- 3/ 4 i nches

Di amet er  of  l ower  por t i on:     2 i nches of  f unnel

Di amet er  of  upper  por t i on:     4 i nches of  f unnel

2. 6. 8   Roof  Dr ai ns and Expansi on Joi nt s

Roof  dr ai ns must  conf or m t o ASME A112. 6. 4,  wi t h dome and i nt egr al  f l ange,  
and must  have a devi ce f or  maki ng a wat er t i ght  connect i on bet ween r oof i ng 
and f l ashi ng.   The whol e assembl y must  be gal vani zed heavy pat t er n cast  
i r on.   For  aggr egat e sur f ace r oof i ng,  t he dr ai n must  be pr ovi ded wi t h a 
gr avel  st op.   On r oof s ot her  t han concr et e const r uct i on,  r oof  dr ai ns must  
be compl et e wi t h under deck cl amp,  sump r ecei ver ,  and an ext ensi on f or  t he 
i nsul at i on t hi ckness wher e appl i cabl e.   A c l ampi ng devi ce f or  at t achi ng 
f l ashi ng or  wat er pr oof i ng membr ane t o t he seepage pan wi t hout  damagi ng t he 
f l ashi ng or  membr ane must  be pr ovi ded when r equi r ed t o sui t  t he bui l di ng 
const r uct i on.   St r ai ner  openi ngs must  have a combi ned ar ea equal  t o t wi ce 
t hat  of  t he dr ai n out l et .   The out l et  must  be equi pped t o make a pr oper  
connect i on t o t hr eaded pi pe of  t he same si ze as t he downspout .   An 
expansi on j oi nt  of  pr oper  s i ze t o r ecei ve t he conduct or  pi pe must  be 
pr ovi ded.   The expansi on j oi nt  must  consi st  of  a heavy cast - i r on housi ng,  
br ass or  br onze sl eeve,  br ass or  br onze f ast eni ng bol t s and nut s,  and 
gasket s or  packi ng.   The sl eeve must  have a nomi nal  t hi ckness of  not  l ess 
t han 0. 134 i nch.   Gasket s and packi ng must  be cl ose- cel l  neopr ene,  O- r i ng 
packi ng must  be cl ose- cel l  neopr ene of  70 dur omet er .   Packi ng must  be hel d 
i n pl ace by a packi ng gl and secur ed wi t h bol t s.

2. 6. 9   Swi mmi ng Pool  Suct i on Fi t t i ngs

Pool  wat er  suct i on f i t t i ngs i n swi mmi ng pool s must  compl y wi t h ANSI / APSP- 16.   
The compl i ance of  t he f i t t i ng must  i ncl ude of  t he associ at ed dr ai n cover ,  
sump,  and har dwar e.   The f i t t i ng must  be per manent l y mar ked t o i ndi cat e 
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compl i ance wi t h t he ASME st andar d,  or  per manent l y mar ked wi t h t he symbol  
" VGB 2008" .

2. 6. 10   Tr ap Seal  Pr ot ect i on

2. 6. 10. 1   Pot abl e Wat er - Suppl i ed Tr ap Seal  Val ve

Tr ap must  be suppl i ed wi t h a sour ce of  pot abl e wat er .   The t r ap seal  
pr i mer  val ve must  conf or m t o ASSE 1018.   The di schar ge f r om t he val ve must  
connect  t o t he t r ap seal  on t he i nl et  s i de of  t he t r ap.

2. 6. 10. 2   Recl ai med Or  Gr ay Wat er - Suppl i ed Tr ap Seal  Val ve

Tr ap must  be suppl i ed wi t h a sour ce of  r ecl ai med or  gr ay wat er  i n 
accor dance wi t h manuf act ur er  of  val ve.   The t r ap seal  pr i mer  val ve must  
conf or m t o ASSE 1018.   The di schar ge f r om t he val ve must  connect  t o t he 
t r ap seal  on t he i nl et  s i de of  t he t r ap.

2. 6. 10. 3   Wast e Wat er - Suppl i ed Tr ap Seal  Devi ce

Tr ap wi l l  be suppl i ed wi t h a sour ce of  wast e wat er  conf or mi ng t o ASSE 1044.   
The di schar ge f r om t he devi ce must  connect  t o t he t r ap above t he t r ap seal  
on t he i nl et  s i de of  t he t r ap.

2. 6. 10. 4   Bar r i er - Type Tr ap Seal  Pr ot ect i on Devi ce

Tr ap must  be pr ot ect ed wi t h a bar r i er - t ype t r ap seal  pr ot ect i on devi ce 
conf or mi ng t o ASSE 1072 and must  be i nst al l ed i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons.

2. 6. 10. 5   El ect r oni c Tr ap Seal  Pr i mer

El ect r oni c r ecessed t r ap pr i mer  consi st i ng of  a sol enoi d val ve,  vacuum 
br eaker  and t i mer  wi l l  del i ver  a t i med di schar ge of  wat er  t o t r ap.   
Pr ovi de el ect r oni c t r ap seal  pr i mer  wi t h  por t s and hi nged access door .   
ASSE and UL 1951 l i s t ed.

2. 7   TRAPS

Unl ess ot her wi se speci f i ed,  t r aps must  be copper - al l oy adj ust abl e t ube 
t ype wi t h s l i p j oi nt  i nl et  and swi vel .   Tr aps must  be wi t hout  a c l eanout .   
Pr ovi de t r aps wi t h r emovabl e access panel s f or  easy c l ean- out  at  s i nks and 
l avat or i es.   Tubes must  be copper  al l oy wi t h wal l s not  l ess t han 0. 032 i nch
 t hi ck wi t hi n commer ci al  t ol er ances,  except  on t he out si de of  bends wher e 
t he t hi ckness may be r educed sl i ght l y i n manuf act ur e by usual  commer ci al  
met hods.   I nl et s must  have r ubber  washer  and copper  al l oy nut s f or  s l i p 
j oi nt s above t he di schar ge l evel .   Swi vel  j oi nt s must  be bel ow t he 
di schar ge l evel  and must  be of  met al - t o- met al  or  met al - t o- pl ast i c t ype as 
r equi r ed f or  t he appl i cat i on.   Nut s must  have f l at s f or  wr ench gr i p.   
Out l et s must  have i nt er nal  pi pe t hr ead,  except  t hat  when r equi r ed f or  t he 
appl i cat i on,  t he out l et s must  have socket s f or  sol der - j oi nt  connect i ons.   
The dept h of  t he wat er  seal  must  be not  l ess t han 2 i nches.   The i nt er i or  
di amet er  must  be not  mor e t han 1/ 8 i nch over  or  under  t he nomi nal  s i ze,  
and i nt er i or  sur f aces must  be r easonabl y smoot h t hr oughout .   A copper  
al l oy " P"  t r ap assembl y consi st i ng of  an adj ust abl e " P"  t r ap and t hr eaded 
t r ap wal l  ni ppl e wi t h cast  br ass wal l  f l ange must  be pr ovi ded f or  
l avat or i es.   The assembl y must  be a st andar d manuf act ur ed uni t  and may 
have a r ubber - gasket ed swi vel  j oi nt .
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2. 8   I NTERCEPTORS

2. 8. 1   Oi l  I nt er cept or

Cast  i r on or  wel ded st eel ,  coat ed i nsi de and out si de wi t h whi t e aci d 
r esi st ant  epoxy,  wi t h i nt er nal  ai r  r el i ef  bypass,  br onze cl eanout  pl ug,  
doubl e wal l  t r ap seal ,  r emovabl e combi nat i on pr essur e equal i z i ng and f l ow 
di f f usi ng baf f l e and sedi ment  bucket ,  hor i zont al  baf f l e,  adj ust abl e oi l  
dr aw- of f  and vent  connect i ons on ei t her  s i de,  gas and wat er t i ght  gasket ed 
nonski d cover ,  and f l ow cont r ol  f i t t i ng.

2. 9   WATER HEATERS

Wat er  heat er  t ypes and capaci t i es must  be as i ndi cat ed.   Each wat er  heat er  
must  have r epl aceabl e anodes.   Each pr i mar y wat er  heat er  must  have 
cont r ol s wi t h an adj ust abl e r ange t hat  i ncl udes 90 t o 160 degr ees F.   Each 
gas- f i r ed wat er  heat er  and boost er  wat er  heat er  must  have cont r ol s wi t h an 
adj ust abl e r ange t hat  i ncl udes 120 t o 180 degr ees F.   Hot  wat er  syst ems 
ut i l i z i ng r eci r cul at i on syst ems must  be t i ed i nt o bui l di ng of f - hour  
cont r ol s.   The t her mal  ef f i c i enci es and st andby heat  l osses must  conf or m 
t o TABLE I I I  i n PART 3 of  t hi s Sect i on f or  each t ype of  wat er  heat er  
speci f i ed.   The onl y except i on i s t hat  st or age wat er  heat er s and hot  wat er  
st or age t anks havi ng mor e t han 500 gal l ons st or age capaci t y need not  meet  
t he st andar d l oss r equi r ement  i f  t he t ank sur f ace ar ea i s i nsul at ed t o 
R- 12. 5 and i f  a st andi ng l i ght  i s  not  used.   Pl ast i c mat er i al s 
pol yet her i mi de ( PEI )  and pol yet her sul f one ( PES)  ar e f or bi dden t o be used 
f or  vent  pi pi ng of  combust i on gases.   A f act or y pr e- char ged expansi on t ank 
must  be i nst al l ed on t he col d wat er  suppl y t o each wat er  heat er .   
Expansi on t anks must  be speci f i cal l y desi gned f or  use on pot abl e wat er  
syst ems and must  be r at ed f or  200 degr ees F wat er  t emper at ur e and 150 psi  
wor ki ng pr essur e.   The expansi on t ank si ze and accept ance vol ume must  be 
as i ndi cat ed.

2. 9. 1   Aut omat i c St or age Type

Heat er s must  be compl et e wi t h cont r ol  syst em,  t emper at ur e gauge,  and 
pr essur e gauge,  and must  have ASME r at ed combi nat i on pr essur e and 
t emper at ur e r el i ef  val ve.

2. 9. 1. 1   Oi l - Fi r ed Type

Oi l - f i r ed t ype wat er  heat er s must  conf or m t o UL 732.   

2. 9. 1. 2   Gas- Fi r ed Type

Gas- f i r ed wat er  heat er s must  conf or m t o ANSI  Z21. 10. 1/ CSA 4. 1 when i nput  i s
 75, 000 BTU per  hour  or  l ess or  ANSI  Z21. 10. 3/ CSA 4. 3 f or  heat er s wi t h 
i nput  gr eat er  t han 75, 000 BTU per  hour .   Pr ovi de Ener gy St ar  l abel ed gas 
st or age wat er  heat er .   Pr ovi de dat a i dent i f y i ng Ener gy St ar  l abel  f or  gas 
st or age wat er  heat er .

2. 9. 1. 3   El ect r i c Type

El ect r i c t ype wat er  heat er s must  conf or m t o UL 174 wi t h dual  heat i ng 
el ement s.    Each el ement  must  be 4. 5 KW.   The el ement s must  be wi r ed so 
t hat  onl y one el ement  can oper at e at  a t i me.   
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2. 9. 1. 4   I ndi r ect  Heat er  Type

St eam and hi gh t emper at ur e hot  wat er  ( HTHW)  heat er s wi t h st or age syst em 
must  be t he assembl ed pr oduct  of  one manuf act ur er ,  and  be ASME t est ed and 
" U"  st amped t o code r equi r ement s under  ASME BPVC SEC VI I I  D1.   The st or age 
t ank must  be as speci f i ed i n par agr aph HOT- WATER STORAGE TANKS.   The heat  
exchanger  must  be doubl e wal l  t ype t hat  separ at es t he pot abl e wat er  f r om 
t he heat  t r ansf er  medi um wi t h a space vent ed t o t he at mospher e i n 
accor dance wi t h I CC I PC.

a.   HTHW Ener gy Sour ce:   The heat er  el ement  must  have a wor ki ng pr essur e of
 400 psi g wi t h wat er  at  a t emper at ur e of  400 degr ees F.   The heat i ng 
sur f ace must  be based on 1 squar e f oot  of  heat i ng sur f ace t o heat  20 
gal l ons or  mor e of  wat er  i n 1 hour  f r om 40 t o 180 degr ees F usi ng hot  
wat er  at  a t emper at ur e of  350 degr ees F.   Car bon st eel  heads must  be 
used.   Tubi ng must  conf or m t o ASTM B111/ B111M,  Copper  Al l oy No.  706 
( 90- 10 copper - ni ckel ) .   Heat i ng el ement s must  wi t hst and an i nt er nal  
hydr ost at i c pr essur e of  600 psi g f or  not  l ess t han 15 seconds wi t hout  
l eaki ng or  any evi dence of  damage.

b.   St eam Ener gy Sour ce:   The heat er  el ement  must  have a wor ki ng pr essur e 
of  150 pounds per  squar e i nchgauge ( psi g)  wi t h st eam at  a t emper at ur e 
of  365 degr ees F.   The heat i ng sur f ace must  be based on 1 squar e f oot  
of  heat i ng sur f ace t o heat  20 gal l ons or  mor e of  wat er  i n 1 hour  f r om 
40 t o 180 degr ees F usi ng st eam at  at mospher i c pr essur e.  br onze heads 
must  be used.   Tubi ng must  be l i ght - dr awn copper  t ubi ng conf or mi ng t o 
ASTM B75/ B75M.   Heat i ng el ement s must  wi t hst and an i nt er nal  
hydr ost at i c pr essur e of  225 psi g f or  not  l ess t han 15 seconds wi t hout  
l eaki ng or  any evi dence of  damage.

2. 9. 2   I nst ant aneous Wat er  Heat er

Heat er  must  be cr ossf l ow desi gn wi t h ser vi ce wat er  i n t he coi l  and hot  
wat er  i n t he shel l .   An i nt egr al  i nt er nal  cont r ol l er  must  be pr ovi ded,  
ant i c i pat i ng a change i n demand so t hat  t he f i nal  t emper at ur e can be 
mai nt ai ned under  al l  nor mal  l oad condi t i ons when used i n conj unct i on wi t h 
pi l ot - oper at ed t emper at ur e cont r ol  syst em.   Nor mal  l oad condi t i ons must  be 
as speci f i ed by t he manuf act ur er  f or  t he heat er .   Uni t  must  be 
manuf act ur ed i n accor dance wi t h ASME BPVC SEC VI I I  D1,  and must  be 
cer t i f i ed f or  150 psi  wor ki ng pr essur e i n t he shel l  and 150 psi  wor ki ng 
pr essur e i n t he coi l s.   Shel l  must  be car bon st eel  wi t h copper  l i ni ng.   
Heads must  be car bon st eel  pl at e wi t h copper  l i ni ng.   Coi l s must  be copper  .   
Shel l  must  have met al  sheat hed f i ber gl ass i nsul at i on,  combi nat i on pr essur e 
and t emper at ur e r el i ef  val ve,  and t her momet er .   I nsul at i on must  be as 
speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.   
For  gas ser vi ce,  pr ovi de Ener gy St ar  l abel ed gas i nst ant aneous wat er  
heat er .   Pr ovi de dat a i dent i f y i ng Ener gy St ar  l abel  f or  gas i nst ant aneous 
wat er  heat er .

2. 9. 3   El ect r i c I nst ant aneous Wat er  Heat er s ( Tankl ess)

UL 499 and UL l i s t ed f l ow swi t ch act i vat ed,  t ankl ess el ect r i c 
i nst ant aneous wat er  heat er  f or  wal l  mount i ng bel ow si nk or  l avat or y.   
Temper at ur e r i se at  Fl ow Rat e:  as i ndi cat ed on dr awi ngs.

2. 9. 4   Phenol i c Resi n Coat i ngs f or  Heat er  Tubes

The phenol i c r esi n coat i ng syst em must  be appl i ed at  ei t her  t he coi l  or  
coat i ng manuf act ur er ' s f act or y i n accor dance wi t h manuf act ur er ' s st andar d 
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pr oven pr oduct i on pr ocess.   The coat i ng syst em must  be a pr oduct  
speci f i cal l y i nt ended f or  use on t he mat er i al  t he wat er  heat i ng 
t ubes/ coi l s ar e made of  and must  be accept abl e f or  use i n pot abl e wat er  
syst ems.   The coat i ng syst em must  be capabl e of  wi t hst andi ng t emper at ur es 
up t o 400 degr ees F dr y bul b;  and meet  t he r equi r ement s of  21 CFR 175.

The ent i r e ext er i or  sur f ace of  each coi l  must  be coat ed wi t h phenol i c 
r esi n coat i ng syst em.

2. 9. 4. 1   St andar d Pr oduct

Pr ovi de a phenol i c r esi n coat i ng syst em t hat  i s a st andar d pr oduct  of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  pr oduct s t hat  ar e 
of  a s i mi l ar  mat er i al ,  desi gn,  and wor kmanshi p.

St andar d pr oduct s ar e def i ned as component s and equi pment  t hat  have been 
i n sat i sf act or y commer ci al  or  i ndust r i al  use i n s i mi l ar  appl i cat i ons of  
s i mi l ar  s i ze f or  at  l east  2 year s bef or e bi d openi ng.   Pr i or  t o t hi s 2 
year  per i od,  t hese st andar d pr oduct s wer e sol d on t he commer ci al  mar ket  
usi ng adver t i sement s i n manuf act ur er s '  cat al ogs or  br ochur es.   These 
manuf act ur er s '  cat al ogs,  or  br ochur es must  have been copyr i ght ed document s 
or  be i dent i f i ed wi t h a manuf act ur er ' s document  number .

2. 9. 4. 2   Expansi on Tank

Pr ovi de a ASME pot abl e wat er  expansi on t ank of  st eel  const r uct i on wi t h a 
NSF/ ANSI  61 But yl  di aphr agm separ at i ng t he ai r  chamber  f r om t he wat er  
cont ai ni ng cont ai ner .   Tank must  have a st ai nl ess st eel  i nl et  connect or .   
Di aphr agm must  be FDA appr oved.   Maxi mum oper at i ng t emper at ur e 200 degr ees 
F,  Maxi mum Wor ki ng Pr essur e:  150 PSI G ( 10. 3 bar ) .

2. 10   HOT- WATER STORAGE TANKS

Hot - wat er  st or age t anks must  be const r uct ed by one manuf act ur er ,  ASME 
st amped f or  t he wor ki ng pr essur e,  and must  have t he Nat i onal  Boar d ( ASME)  
r egi st r at i on.   The speci f i cat i on AWWA D100 pr ovi des st andar ds f or  wat er  
st or age t anks,  not  domest i c hot  wat er  st or age t anks under  domest i c wat er  
pr essur e.   The st at ement  pr i or  descr i bes t he t anks bei ng ASME,  i t  must  be 
ASME BPVC ( Boi l er  and Pr essur e Vessel  Code) ,  st amped f or  wor ki ng 
pr essur e.   The t wo st at ement s combi ned descr i be a hot  wat er  st or age t ank 
under  domest i c wat er  pr essur e.   The t ank must  be cement - l i ned or  
gl ass- l i ned st eel  t ype i n accor dance wi t h AWWA D100.   The heat  l oss must  
conf or m t o TABLE I I I  i n PART 3 of  t hi s Sect i on as det er mi ned by t he 
r equi r ement s of  ASHRAE 90. 1 -  I P.   Each t ank must  be equi pped wi t h a 
t her momet er ,  conf or mi ng t o ASTM E1,  Type I ,  Cl ass 3,  Range C,  st y l e and 
f or m as r equi r ed f or  t he i nst al l at i on,  and wi t h 7 i nch scal e.   Ther momet er  
must  have a separ abl e socket  sui t abl e f or  a 3/ 4 i nch t apped openi ng.   
Tanks must  be equi pped wi t h a pr essur e gauge 6 i nch mi ni mum di amet er  
f ace.   I nsul at i on must  be as speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   St or age t ank capaci t y must  be as 
shown.   I nst al l  hot  wat er  st or age t anks wi t h access hat ches i n or der  t o 
f aci l i t at e annual  c l eani ng and i nspect i ons.

2. 11   PUMPS

2. 11. 1   Sump Pumps

Sump pumps must  be of  capaci t i es i ndi cat ed.   The pumps must  be of  t he 
aut omat i c,  el ect r i c mot or - dr i ven,  submer ged t ype,  compl et e wi t h necessar y 
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cont r ol  equi pment  and wi t h a spl i t  or  sol i d cast - i r on or  st eel  cover  
pl at e.  The pumps must  be di r ect - connect ed by an appr oved f l exi bl e coupl i ng 
t o a ver t i cal  el ect r i c mot or  havi ng a cont i nuous oi l i ng devi ce or  packed 
bear i ngs seal ed agai nst  di r t  and moi st ur e.   Mot or s must  be t ot al l y 
encl osed,  f an- cool ed of  s i zes as i ndi cat ed and must  be equi pped wi t h an 
acr oss- t he- l i ne magnet i c cont r ol l er  i n a NEMA 250,  Type 1 encl osur e.   
I nt egr al  s i ze mot or s must  be t he pr emi um ef f i c i ency t ype i n accor dance 
wi t h NEMA MG 1.   Each pump must  be f i t t ed wi t h a hi gh- gr ade t hr ust  bear i ng 
mount ed above t he f l oor .   Each shaf t  must  have an al i gnment  bear i ng at  
each end,  and t he suct i on i nl et  must  be bet ween 3 and 6 i nches above t he 
sump bot t om.   The suct i on s i de of  each pump must  have a st r ai ner  of  ampl e 
capaci t y.   A f l oat  swi t ch assembl y,  wi t h t he swi t ch compl et el y encl osed i n 
a NEMA 250,  Type 1 encl osur e,  must  st ar t  and st op each mot or  at  
pr edet er mi ned wat er  l evel s.   Dupl ex pumps must  be equi pped wi t h an 
aut omat i c al t er nat or  t o change t he l ead oper at i on f r om one pump t o t he 
ot her ,  and f or  st ar t i ng t he second pump i f  t he f l ow exceeds t he capaci t y 
of  t he f i r st  pump.   The di schar ge l i ne f r om each pump must  be pr ovi ded 
wi t h a uni on or  f l ange,  a noncl og swi ng check val ve,  and a st op val ve i n 
an accessi bl e l ocat i on near  t he pump.

2. 11. 2   Ci r cul at i ng Pumps

Domest i c hot  wat er  c i r cul at i ng pumps must  be el ect r i cal l y dr i ven,  
s i ngl e- st age,  cent r i f ugal ,  wi t h mechani cal  seal s,  sui t abl e f or  t he 
i nt ended ser vi ce.   Pump and mot or  must  be cl ose- coupl ed wi t h an over hung 
i mpel l er ,  or  suppor t ed by t he pi pi ng on whi ch i t  i s  i nst al l ed.   The shaf t  
must  be one- pi ece,  heat - t r eat ed,  cor r osi on- r esi st i ng st eel  wi t h i mpel l er  
and smoot h- sur f aced housi ng of  br onze.

2. 11. 2. 1   Ci r cul at i ng Pump Encl osur e

Mot or  must  be t ot al l y encl osed,  f an- cool ed and must  have suf f i c i ent  
hor sepower  f or  t he ser vi ce r equi r ed.   Each pump mot or  must  be equi pped 
wi t h an acr oss- t he- l i ne magnet i c cont r ol l er  i n a NEMA 250,  Type 1 
encl osur e wi t h " START- STOP"  swi t ch i n cover .

2. 11. 2. 2   Ci r cul at i ng Pump Si ze and Ef f i c i ency

I nt egr al  s i ze mot or s must  be pr emi um ef f i c i ency t ype i n accor dance wi t h 
NEMA MG 1.   Pump mot or s smal l er  t han 1 hp Fr act i onal  hor sepower  pump mot or s
 must  have i nt egr al  t her mal  over l oad pr ot ect i on i n accor dance wi t h Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Guar ds must  shi el d exposed movi ng 
par t s.

2. 11. 3   Boost er  Pumps

2. 11. 3. 1   Cent r i f ugal  Pumps

Hor i zont al  spl i t - case cent r i f ugal - t ype boost er  pumps must  be f ur ni shed.  
The capaci t i es must  be as i ndi cat ed on dr awi ngs,  and t he speed must  not  
exceed 1800 r pm.  Pumps must  have a casi ng of  c l ose- gr ai ned i r on or  st eel  
wi t h smoot h wat er  passages.   A gasket  must  be pr ovi ded bet ween t he upper  
and l ower  hal ves of  t he casi ng.   Suct i on and di schar ge connect i ons must  be 
f l anged.   I mpel l er s must  be nonover l oadi ng,  br onze,  bal anced t o el i mi nat e 
v i br at i on,  and must  be keyed t o cor r osi on- r esi st i ng st eel  shaf t s.   The 
casi ngs must  be f i t t ed wi t h br onze wear i ng or  seal i ng r i ngs.   Bear i ngs 
must  be car t r i dge t ype,  enabl i ng t he ent i r e r ot at i ng el ement  t o be r emoved 
wi t hout  di st ur bi ng al i gnment  or  exposi ng t he bear i ngs t o di r t ,  wat er ,  and 
ot her  f or ei gn mat t er .   Pumps must  be pr ovi ded wi t h mechani cal  seal s.   Seal  
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boxes must  be machi ned i n t he pump casi ng and at  bot h s i des of  t he pump,  
and must  be of  suf f i c i ent  dept h t o i ncl ude a convent i onal  br onze seal  r i ng 
and r ows of  shaf t  packi ng.   Bedpl at es must  be cl ose- gr ai n cast  i r on or  
st eel  wi t h r i bs and l ugs,  compl et e wi t h f oundat i on bol t s,  and must  have a 
dr i p l i p wi t h dr ai n hol e.   Each pump must  be t est ed at  t he manuf act ur er ' s 
pl ant  f or  oper at i ng char act er i st i cs at  t he r at ed capaci t y and under  
speci f i ed oper at i ng condi t i ons.   Test  cur ves must  be f ur ni shed showi ng 
capaci t y i n gpm,  head i n f eet ,  ef f i c i ency,  br ake hor sepower ,  and oper at i on 
i n par al l el  wi t h s i mi l ar  pumps.   Mul t i pl e pump i nst al l at i ons must  have 
pump char act er i st i cs compat i bl e f or  oper at i on i n par al l el  wi t h s i mi l ar  
pumps.   The el ect r i c mot or  must  be si zed f or  non- over l oad when oper at i ng 
at  any poi nt  al ong t he char act er i st i c cur ve of  t he pump.   Guar ds must  
shi el d exposed bel t s and movi ng par t s.

2. 11. 3. 2   Cont r ol s

Each pump mot or  must  be pr ovi ded wi t h encl osed acr oss- t he- l i ne- t ype 
magnet i c cont r ol l er  compl et e i n a NEMA 250 Type 1 encl osur e wi t h t hr ee 
posi t i on,  " HAND- OFF- AUTOMATI C, "  sel ect or  swi t ch i n cover .   Pumps must  be 
aut omat i cal l y st ar t ed and st opped by f l oat  or  pr essur e swi t ches,  as 
i ndi cat ed.   The pumps must  st ar t  and st op at  t he l evel s and pr essur es 
i ndi cat ed.   A mul t i posi t i on sequence sel ect or  swi t ch must  be pr ovi ded so 
t hat  any t wo pumps may be oper at ed si mul t aneousl y keepi ng a t hi r d pump as 
a st andby.

2. 11. 4   Fl exi bl e Connect or s

Fl exi bl e connect or s must  be pr ovi ded at  t he suct i on and di schar ge of  each 
pump t hat  i s 1 hp or  l ar ger .   Connect or s must  be const r uct ed of  neopr ene,  
r ubber ,  or  br ai ded br onze,  wi t h Cl ass 150 st andar d f l anges.   Fl exi bl e 
connect or s must  be l i ne s i ze and sui t abl e f or  t he pr essur e and t emper at ur e 
of  t he i nt ended ser vi ce.

2. 11. 5   Sewage Pumps

Pr ovi de si ngl e t ype dupl ex t ype wi t h aut omat i c cont r ol s t o al t er nat e t he 
oper at i on f r om one pump t o t he ot her  pump and t o st ar t  t he second pump i n 
t he event  t he f i r st  pump cannot  handl e t he i ncomi ng f l ow.   Pr ovi de hi gh 
wat er  al ar m and check val ve.

2. 12   WATER PRESSURE BOOSTER SYSTEM

2. 12. 1   Const ant  Speed Pumpi ng Syst em

Const ant  speed pumpi ng syst em wi t h pr essur e- r egul at i ng val ves must  empl oy 
one l ead pump f or  l ow f l ows,  and one or  mor e l ag pumps f or  hi gher  f l ows.   
Pr essur e- r egul at i ng val ves must  be pr ovi ded wi t h nonsl am check f eat ur e.   
The f act or y pr epi ped and pr ewi r ed assembl y must  be mount ed on a st eel  
f r ame,  compl et e wi t h pumps,  mot or s,  and aut omat i c cont r ol s.   The syst em 
capaci t y and capaci t y of  i ndi v i dual  pumps must  be as i ndi cat ed.   Cur r ent  
sensi ng r el ays must  pr ovi de st agi ng of  t he pumps.   The pumps must  be 
pr ot ect ed f r om t her mal  bui l dup,  when r unni ng at  no- f l ow,  by a common 
t her mal  r el i ef  val ve.   Pr essur e gauges must  be mount ed on t he suct i on and 
di schar ge header s.   The cont r ol  panel  must  bear  t he UL l i s t i ng l abel  f or  
i ndust r i al  cont r ol  panel s and must  be i n a NEMA 250,  Type 1 encl osur e.   
The cont r ol  panel  must  i ncl ude t he f ol l owi ng:   No- f l ow shut down;  7- day 
t i me cl ock;  audi ovi sual  al ar m;  ext er nal  r eset s;  manual  al t er nat i on;  
magnet i c mot or  cont r ol l er s;  t i me del ays;  t r ansf or mer ;  cur r ent  r el ays;  
" HAND- OFF- AUTOMATI C"  swi t ches f or  each pump;  mi ni mum r un t i mer s;  l ow 
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suct i on pr essur e cut out ;  and i ndi cat i ng l i ght s f or  power  on,  i ndi v i dual  
mot or  over l oad,  and l ow suct i on pr essur e.   The cont r ol  c i r cui t  must  be 
i nt er l ocked so t hat  t he f ai l ur e of  any cont r ol l er  must  ener gi ze t he 
succeedi ng cont r ol l er .

2. 12. 2   Hydr o- Pneumat i c Wat er  Pr essur e Syst em

An ASME code const r uct ed t ank st amped f or  125 psi g wat er  wor ki ng pr essur e 
must  be pr ovi ded.   The t ank must  have a f l exi bl e di aphr agm made of  
mat er i al  conf or mi ng t o FDA r equi r ement s f or  use wi t h pot abl e wat er  and 
must  be f act or y pr echar ged t o meet  r equi r ed syst em pr essur e.

2. 12. 3   Var i abl e Speed Pumpi ng Syst em

Var i abl e speed pumpi ng syst em must  pr ovi de syst em pr essur e by var yi ng 
speed and number  of  oper at i ng pumps.   The f act or y pr epi ped and pr ewi r ed 
assembl y must  be mount ed on a st eel  f r ame compl et e wi t h pumps,  var i abl e 
speed dr i ves,  mot or s,  and cont r ol s.   The var i abl e speed dr i ves must  be t he 
oi l - f i l l ed t ype capabl e of  power  t r ansmi ssi on t hr oughout  t hei r  compl et e 
speed r ange wi t hout  v i br at i on,  noi se,  or  shock l oadi ng.   Each var i abl e 
speed dr i ve must  be r un- t est ed by t he manuf act ur er  f or  r at ed per f or mance,  
and t he manuf act ur er  must  f ur ni sh wr i t t en per f or mance cer t i f i cat i on.   
Syst em must  have suppr essor s t o pr event  noi se t r ansmi ssi on over  el ect r i c 
f eed l i nes.   Requi r ed el ect r i cal  cont r ol  c i r cui t r y and syst em f unct i on 
sensor s must  be suppl i ed by t he var i abl e speed dr i ve manuf act ur er .   The 
pr i mar y power  cont r ol s and magnet i c mot or  cont r ol l er s must  be i nst al l ed i n 
t he cont r ol s suppl i ed by t he dr i ve manuf act ur er .   The sensor s must  be 
l ocat ed i n t he syst em t o cont r ol  dr i ve speed as a f unct i on of  const ant  
pump di schar ge pr essur e.   Connect i on bet ween t he sensor s and t he var i abl e 
speed dr i ve cont r ol s must  be accompl i shed wi t h copper  wi r i ng.   Cont r ol s 
must  be i n NEMA 250,  Type 1 encl osur es.

2. 13   COMPRESSED AI R SYSTEM

2. 13. 1   Ai r  Compr essor s

Ai r  compr essor  uni t  must  be a f act or y- packaged assembl y,  i ncl udi ng 3 
phase,  480 vol t  mot or  cont r ol s,  swi t ches,  wi r i ng,  accessor i es,  and mot or  
cont r ol l er s,  i n a NEMA 250,  Type 1 encl osur e.   Tank- mount ed ai r  
compr essor s must  be manuf act ur ed t o compl y wi t h UL l i s t i ng r equi r ement s.   
Ai r  compr essor s must  have manuf act ur er ' s name and addr ess,  t oget her  wi t h 
t r ade name,  and cat al og number  on a namepl at e secur el y at t ached t o t he 
equi pment .   Each compr essor  must  have a manual - of f - aut omat i c swi t ch t hat  
when i n t he manual  posi t i on,  t he compr essor  l oads and unl oads t o meet  t he 
demand and,  i n t he aut omat i c posi t i on,  a t i me del ay r el ay must  al l ow t he 
compr essor  t o oper at e f or  an adj ust abl e l engt h of  t i me unl oaded,  t hen st op 
t he uni t .   Guar ds must  shi el d exposed movi ng par t s.   Each dupl ex 
compr essor  syst em must  be pr ovi ded wi t h aut omat i c al t er nat i on syst em.   
Each compr essor  mot or  must  be pr ovi ded wi t h an acr oss- t he- l i ne- t ype 
magnet i c cont r ol l er ,  compl et e wi t h l ow- vol t age r el ease.   An i nt ake ai r  
f i l t er  and si l encer  must  be pr ovi ded wi t h each compr essor .   Af t er cool er  
and moi st ur e separ at or  must  be i nst al l ed bet ween compr essor s and ai r  
r ecei ver  t o r emove moi st ur e and oi l  condensat e bef or e t he ai r  ent er s t he 
r ecei ver .   Af t er cool er s must  be ei t her  ai r -  or  wat er - cool ed,  as 
i ndi cat ed.   The ai r  must  pass t hr ough a suf f i c i ent  number  of  t ubes t o 
af f ect  cool i ng.   Tubes must  be si zed t o gi ve maxi mum heat  t r ansf er .   Wat er  
t o uni t  must  be cont r ol l ed by a sol enoi d or  pneumat i c val ve,  whi ch opens 
when t he compr essor s st ar t  and cl oses when t he compr essor s shut  down.   
Cool i ng capaci t y of  t he af t er cool er  must  be si zed f or  t he t ot al  capaci t y 
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of  t he compr essor s.   Means must  be pr ovi ded f or  dr ai ni ng condensed 
moi st ur e f r om t he r ecei ver  by an aut omat i c f l oat  t ype t r ap.   Capaci t i es of  
ai r  compr essor s and r ecei ver s must  be as i ndi cat ed.

2. 13. 2   Lubr i cat ed Compr essor s

Compr essor s must  be t wo- st age,  V- bel t  dr i ve,  capabl e of  oper at i ng 
cont i nuousl y agai nst  t hei r  desi gned di schar ge pr essur e,  and must  oper at e 
at  a speed not  i n excess of  1800 r pm.   Compr essor s must  have t he capaci t y 
and di schar ge pr essur e i ndi cat ed.   Compr essor s must  be assembl ed compl et e 
on a common subbase.   The compr essor  mai n bear i ngs must  be ei t her  r ol l er  
or  bal l .   The di schar ge passage of  t he hi gh pr essur e ai r  must  be pi ped t o 
t he ai r  r ecei ver  wi t h a copper  pi pe or  t ubi ng.   A pr essur e gauge 
cal i br at ed t o 150 psi  and equi pped wi t h a gauge cock and pul sat i on 
dampener  must  be f ur ni shed f or  i nst al l at i on adj acent  t o pr essur e swi t ches.

2. 13. 3   Ai r  Recei ver s

Recei ver s must  be desi gned f or  200 psi  wor ki ng pr essur e.   Recei ver s must  
be f act or y ai r  t est ed t o 1- 1/ 2 t i mes t he wor ki ng pr essur e.   Recei ver s must  
be equi pped wi t h saf et y r el i ef  val ves and accessor i es,  i ncl udi ng pr essur e 
gauges and aut omat i c and manual  dr ai ns.   The out si de of  ai r  r ecei ver s may 
be gal vani zed or  suppl i ed wi t h commer ci al  enamel  f i ni sh.   Recei ver s must  
be desi gned and const r uct ed i n accor dance wi t h ASME BPVC SEC VI I I  D1 and 
must  have t he desi gn wor ki ng pr essur es speci f i ed her ei n.   A di spl ay of  t he 
ASME seal  on t he r ecei ver  or  a cer t i f i ed t est  r epor t  f r om an appr oved 
i ndependent  t est i ng l abor at or y i ndi cat i ng conf or mance t o t he ASME Code 
must  be pr ovi ded.

2. 13. 4   I nt ake Ai r  Suppl y Fi l t er

Dr y t ype ai r  f i l t er  must  be pr ovi ded havi ng a col l ect i on ef f i c i ency of  99 
per cent  of  par t i c l es l ar ger  t han 10 mi cr ons.   Fi l t er  body and medi a must  
wi t hst and a maxi mum 125 psi ,  capaci t y as i ndi cat ed.

2. 13. 5   Pr essur e Regul at or s

The ai r  syst em must  be pr ovi ded wi t h t he necessar y r egul at or  val ves t o 
mai nt ai n t he desi r ed pr essur e f or  t he i nst al l ed equi pment .   Regul at or s 
must  be desi gned f or  a maxi mum i nl et  pr essur e of  125 psi  and a maxi mum 
t emper at ur e of  200 degr ees F.   Regul at or s must  be si ngl e- seat ed,  
pi l ot - oper at ed wi t h val ve pl ug,  br onze body and t r i m or  equal ,  and 
t hr eaded connect i ons.   The r egul at or  val ve must  i ncl ude a pr essur e gauge 
and must  be pr ovi ded wi t h an adj ust ment  scr ew f or  adj ust i ng t he pr essur e 
di f f er ent i al  f r om 0 t o 125 psi .   Regul at or  must  be si zed as i ndi cat ed.

2. 14   DOMESTI C WATER SERVI CE METER

The r equi r ement s f or  met er i ng and submet er i ng ar e speci f i ed.

Col d wat er  met er s 2 i nches and smal l er  must  be posi t i ve di spl acement  t ype 
conf or mi ng t o AWWA C700.   Col d wat er  met er s 2- 1/ 2 i nches and l ar ger  must  
be t ur bi ne t ype conf or mi ng t o AWWA C701.   Wat er  met er s must  be posi t i ve 
di spl acement ,  t ype.   Met er  r egi st er  may be r ound or  st r ai ght  r eadi ng t ype,  
as pr ovi ded by t he l ocal  ut i l i t y .   Met er  must  be pr ovi ded wi t h a pul se 
gener at or ,  r emot e r eadout  r egi st er  and al l  necessar y wi r i ng and 
accessor i es.   Met er s must  be connect ed t o t he base wi de ener gy and ut i l i t y  
moni t or i ng and cont r ol  syst em ( i f  t hi s syst em exi st s)  usi ng t he 
i nst al l at i on' s advanced met er i ng pr ot ocol s.
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2. 15   ELECTRI CAL WORK

Pr ovi de el ect r i cal  mot or  dr i ven equi pment  speci f i ed compl et e wi t h mot or s,  
mot or  st ar t er s,  and cont r ol s as speci f i ed her ei n and i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de i nt er nal  wi r i ng f or  component s of  
packaged equi pment  as an i nt egr al  par t  of  t he equi pment .   Pr ovi de hi gh 
ef f i c i ency t ype,  s i ngl e- phase,  f r act i onal - hor sepower  al t er nat i ng- cur r ent  
mot or s,  i ncl udi ng mot or s t hat  ar e par t  of  a syst em,  cor r espondi ng t o t he 
appl i cat i ons i n accor dance wi t h NEMA MG 11.   I n addi t i on t o t he 
r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM,  pr ovi de 
pol yphase,  squi r r el - cage medi um i nduct i on mot or s wi t h cont i nuous r at i ngs,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em,  t hat  meet  t he ef f i c i ency 
r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h NEMA MG 1.   
Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad at  t he speci f i ed capaci t y wi t hout  exceedi ng t he namepl at e 
r at i ng of  t he mot or .

2. 15. 1   El ect r i cal  Requi r ement s f or  Mot or s

Mot or s must  be r at ed f or  cont i nuous dut y wi t h t he encl osur e speci f i ed.   
Mot or  dut y r equi r ement s must  al l ow f or  maxi mum f r equency st ar t - st op 
oper at i on and mi ni mum encount er ed i nt er val  bet ween st ar t  and st op.   Mot or  
t or que must  be capabl e of  accel er at i ng t he connect ed l oad wi t hi n 20 
seconds wi t h 80 per cent  of  t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s 
dur i ng one st ar t i ng per i od.   Mot or  bear i ngs must  be f i t t ed wi t h gr ease 
suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  t he encl osur e.

2. 15. 2   El ect r i cal  Requi r ement s f or  Cont r ol l er s and Cont act or s

Cont r ol l er s and cont act or s must  have auxi l i ar y cont act s f or  use wi t h t he 
cont r ol s pr ovi ded.   Manual  or  aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  
devi ces r equi r ed f or  t he oper at i on speci f i ed and any cont r ol  wi r i ng 
r equi r ed f or  cont r ol s and devi ces speci f i ed,  but  not  shown,  must  be 
pr ovi ded.   For  packaged equi pment ,  t he manuf act ur er  must  pr ovi de 
cont r ol l er s,  i ncl udi ng t he r equi r ed moni t or s and t i med r est ar t .

2. 15. 3   El ect r i cal  Requi r ement s f or  Power  Wi r i ng

Power  wi r i ng and condui t  f or  f i el d i nst al l ed equi pment  must  be pr ovi ded 
under  and conf or m t o t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.

2. 16   MI SCELLANEOUS PI PI NG I TEMS

2. 16. 1   Escut cheon Pl at es

Pr ovi de one pi ece or  spl i t  hi nge met al  pl at es f or  pi pi ng ent er i ng f l oor s,  
wal l s,  and cei l i ngs i n exposed spaces.   Pr ovi de chr omi um- pl at ed on copper  
al l oy pl at es or  pol i shed st ai nl ess st eel  f i ni sh i n f i ni shed spaces.   
Pr ovi de pai nt  f i ni sh on pl at es i n unf i ni shed spaces.

2. 16. 2   Pi pe Sl eeves

Pr ovi de wher e pi pi ng passes ent i r el y t hr ough wal l s,  cei l i ngs,  r oof s,  and 
f l oor s.   Sl eeves ar e not  r equi r ed wher e suppl y dr ai n,  wast e,  and vent  
( DWV)  pi pi ng passes t hr ough concr et e f l oor  s l abs l ocat ed on gr ade,  except  
wher e penet r at i ng a membr ane wat er pr oof  f l oor .   For  mul t i pl e pi pe 
penet r at i ons t hr ough l oad bear i ng masonr y or  concr et e wal l s,  mi ni mum 
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spaci ng must  be 6 i nches cent er  of  pi pe t o cent er  of  pi pe.

2. 16. 2. 1   Sl eeves i n Masonr y and Concr et e

Pr ovi de st eel  pi pe s l eeves or  schedul e 40 PVC pl ast i c pi pe sl eeves.   
Sl eeves ar e not  r equi r ed wher e dr ai n,  wast e,  and vent  ( DWV)  pi pi ng passes 
t hr ough concr et e f l oor  s l abs l ocat ed on gr ade.   Cor e dr i l l i ng of  masonr y 
and concr et e may be pr ovi ded i n l i eu of  pi pe s l eeves when cavi t i es i n t he 
cor e- dr i l l ed hol e ar e compl et el y gr out ed smoot h.

2. 16. 2. 2   Sl eeves Not  i n Masonr y and Concr et e

Pr ovi de 26 gage gal vani zed st eel  sheet  or  PVC pl ast i c pi pe sl eeves.

2. 16. 3   Pi pe Hanger s ( Suppor t s)

Pr ovi de MSS SP- 58 Type 1 wi t h adj ust abl e t ype st eel  suppor t  r ods,  except  
as speci f i ed or  i ndi cat ed ot her wi se.   At t ach t o st eel  j oi st s wi t h Type 19 
or  23 cl amps and r et ai ni ng st r aps.   At t ach t o St eel  W or  S beams wi t h Type 
21,  28,  29,  or  30 cl amps.   At t ach t o st eel  angl es and ver t i cal  web st eel  
channel s wi t h Type 20 cl amp wi t h beam cl amp channel  adapt er .   At t ach t o 
hor i zont al  web st eel  channel  and wood wi t h dr i l l ed hol e on cent er l i ne and 
doubl e nut  and washer .   At t ach t o concr et e wi t h Type 18 i nser t  or  dr i l l ed 
expansi on anchor .   Pr ovi de Type 40 i nsul at i on pr ot ect i on shi el d f or  
i nsul at ed pi pi ng.

2. 16. 4   Namepl at es

Pr ovi de 0. 125 i nch t hi ck mel ami ne l ami nat ed pl ast i c namepl at es,  bl ack 
mat t e f i ni sh wi t h whi t e cent er  cor e,  f or  equi pment ,  gages,  t her momet er s,  
and val ves;  val ves i n suppl i es t o f aucet s wi l l  not  r equi r e namepl at es.   
Accur at el y al i gn l et t er i ng and engr ave mi ni mum of  0. 25 i nch hi gh nor mal  
bl ock l et t er i ng i nt o t he whi t e cor e.   Mi ni mum si ze of  namepl at es must  be 
1. 0 by 2. 5 i nches.   Key namepl at es t o a char t  and schedul e f or  each 
syst em.  Fr ame char t s and schedul es under  gl ass and pl ace wher e di r ect ed 
near  each syst em.   Fur ni sh t wo copi es of  each char t  and schedul e.

PART 3   EXECUTI ON

3. 1   GENERAL I NSTALLATI ON REQUI REMENTS

Pi pi ng l ocat ed i n ai r  pl enums must  conf or m t o NFPA 90A r equi r ement s.   
Pi pi ng l ocat ed i n shaf t s t hat  const i t ut e ai r  duct s or  t hat  encl ose ai r  
duct s must  be noncombust i bl e i n accor dance wi t h NFPA 90A.   I nst al l at i on of  
pl ast i c pi pe wher e i n compl i ance wi t h NFPA may be i nst al l ed i n accor dance 
wi t h PPFA Fi r e Man.   The pl umbi ng syst em must  be i nst al l ed compl et e wi t h 
necessar y f i x t ur es,  f i t t i ngs,  t r aps,  val ves,  and accessor i es.   Submi t  
di agr ams,  i nst r uct i ons,  and ot her  sheet s pr oposed f or  post i ng f or  Pl umbi ng 
Syst em.   Submi t  f or  Pl umbi ng Syst em manuf act ur er ' s r ecommendat i ons f or  t he 
i nst al l at i on of  bel l  and spi got  and hubl ess j oi nt s f or  cast  i r on soi l  
pi pe.   Wat er  and dr ai nage pi pi ng must  be ext ended 5 f eet  out si de t he 
bui l di ng,  unl ess ot her wi se i ndi cat ed.   A f ul l  por t  bal l  val ve and dr ai n 
must  be i nst al l ed on t he wat er  ser vi ce l i ne i nsi de t he bui l di ng 
appr oxi mat el y 6 i nches above t he f l oor  f r om poi nt  of  ent r y.   Pi pi ng must  
be connect ed t o t he ext er i or  ser vi ce l i nes or  capped or  pl ugged i f  t he 
ext er i or  ser vi ce i s not  i n pl ace.   Sewer  and wat er  pi pes must  be l ai d i n 
separ at e t r enches,  except  when ot her wi se shown.   Ext er i or  under gr ound 
ut i l i t i es must  be at  l east  12 i nches bel ow t he aver age l ocal  f r ost  dept h 
or  as i ndi cat ed on t he dr awi ngs.   I f  t r enches ar e c l osed or  t he pi pes ar e 
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ot her wi se cover ed bef or e bei ng connect ed t o t he ser vi ce l i nes,  t he 
l ocat i on of  t he end of  each pl umbi ng ut i l i t y  must  be mar ked wi t h a st ake 
or  ot her  accept abl e means.   Val ves must  be i nst al l ed wi t h cont r ol  no l ower  
t han t he val ve body.   Avoi d t he use of  combi nat i on doubl e wye and 
one- ei ght h bend f i t t i ngs i n t he hor i zont al  or i ent at i on bel ow gr ade or  
bel ow sl ab.

3. 1. 1   Wat er  Pi pe,  Fi t t i ngs,  and Connect i ons

3. 1. 1. 1   Ut i l i t i es

The pi pi ng must  be ext ended t o f i x t ur es,  out l et s,  and equi pment .   The 
hot - wat er  and col d- wat er  pi pi ng syst em must  be ar r anged and i nst al l ed t o 
per mi t  dr ai ni ng.   The suppl y l i ne t o each i t em of  equi pment  or  f i x t ur e,  
except  f aucet s,  f l ush val ves,  or  ot her  cont r ol  val ves whi ch ar e suppl i ed 
wi t h i nt egr al  st ops,  must  be equi pped wi t h a shut of f  val ve t o enabl e 
i sol at i on of  t he i t em f or  r epai r  and mai nt enance wi t hout  i nt er f er i ng wi t h 
oper at i on of  ot her  equi pment  or  f i x t ur es.   Suppl y pi pi ng t o f i x t ur es,  
f aucet s,  hydr ant s,  shower  heads,  and f l ushi ng devi ces must  be anchor ed t o 
pr event  movement .

3. 1. 1. 2   Cut t i ng and Repai r i ng

The wor k must  be car ef ul l y l ai d out  i n advance,  and unnecessar y cut t i ng of  
const r uct i on must  be avoi ded.   Damage t o bui l di ng,  pi pi ng,  wi r i ng,  or  
equi pment  as a r esul t  of  cut t i ng must  be r epai r ed by mechani cs ski l l ed i n 
t he t r ade i nvol ved.

3. 1. 1. 3   Pr ot ect i on of  Fi xt ur es,  Mat er i al s,  and Equi pment

Pi pe openi ngs must  be cl osed wi t h caps or  pl ugs dur i ng i nst al l at i on.  
Fi xt ur es and equi pment  must  be t i ght l y cover ed and pr ot ect ed agai nst  di r t ,  
wat er ,  chemi cal s,  and mechani cal  i nj ur y.   Upon compl et i on of  t he wor k,  t he 
f i x t ur es,  mat er i al s,  and equi pment  must  be t hor oughl y c l eaned,  adj ust ed,  
and oper at ed.   Saf et y guar ds must  be pr ovi ded f or  exposed r ot at i ng 
equi pment .

3. 1. 1. 4   Mai ns,  Br anches,  and Runout s

Pi pi ng must  be i nst al l ed as i ndi cat ed.   Pi pe must  be accur at el y cut  and 
wor ked i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng.   St r uct ur al  por t i ons of  
t he bui l di ng must  not  be weakened.   Abovegr ound pi pi ng must  r un par al l el  
wi t h t he l i nes of  t he bui l di ng,  unl ess ot her wi se i ndi cat ed.   Br anch pi pes 
f r om ser vi ce l i nes may be t aken f r om t op,  bot t om,  or  s i de of  mai n,  usi ng 
cr ossover  f i t t i ngs r equi r ed by st r uct ur al  or  i nst al l at i on condi t i ons.   
Suppl y pi pes,  val ves,  and f i t t i ngs must  be kept  a suf f i c i ent  di st ance f r om 
ot her  wor k and ot her  ser vi ces t o per mi t  not  l ess t han 1/ 2 i nch bet ween 
f i ni shed cover i ng on t he di f f er ent  ser vi ces.   Bar e and i nsul at ed wat er  
l i nes must  not  bear  di r ect l y agai nst  bui l di ng st r uct ur al  el ement s so as t o 
t r ansmi t  sound t o t he st r uct ur e or  t o pr event  f l exi bl e movement  of  t he 
l i nes.   Wat er  pi pe must  not  be bur i ed i n or  under  f l oor s unl ess 
speci f i cal l y i ndi cat ed or  appr oved.   Changes i n pi pe si zes must  be made 
wi t h r educi ng f i t t i ngs.   Use of  bushi ngs wi l l  not  be per mi t t ed except  f or  
use i n s i t uat i ons i n whi ch st andar d f act or y f abr i cat ed component s ar e 
f ur ni shed t o accommodat e speci f i c  accept ed i nst al l at i on pr act i ce.   Change 
i n di r ect i on must  be made wi t h f i t t i ngs,  except  t hat  bendi ng of  pi pe 4 
i nches and smal l er  wi l l  be per mi t t ed,  pr ovi ded a pi pe bender  i s used and 
wi de sweep bends ar e f or med.   The cent er - l i ne r adi us of  bends must  be not  
l ess t han si x di amet er s of  t he pi pe.   Bent  pi pe showi ng ki nks,  wr i nkl es,  
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f l at t eni ng,  or  ot her  mal f or mat i ons wi l l  not  be accept abl e.

3. 1. 1. 5   Pi pe Dr ai ns

Pi pe dr ai ns i ndi cat ed must  consi st  of  3/ 4 i nch hose bi bb wi t h r enewabl e 
seat  and f ul l  por t  bal l  val ve ahead of  hose bi bb.   At  ot her  l ow poi nt s,  
3/ 4 i nch br ass pl ugs or  caps must  be pr ovi ded.   Di sconnect i on of  t he 
suppl y pi pi ng at  t he f i x t ur e i s an accept abl e dr ai n.

3. 1. 1. 6   Expansi on and Cont r act i on of  Pi pi ng

Al l owance must  be made t hr oughout  f or  expansi on and cont r act i on of  wat er  
pi pe.   Each hot - wat er  and hot - wat er  c i r cul at i on r i ser  must  have expansi on 
l oops or  ot her  pr ovi s i ons such as of f set s and changes i n di r ect i on  wher e 
i ndi cat ed and r equi r ed.   Ri ser s must  be secur el y anchor ed as r equi r ed or  
wher e i ndi cat ed t o f or ce expansi on t o l oops.   Br anch connect i ons f r om 
r i ser s must  be made wi t h ampl e swi ng or  of f set  t o avoi d undue st r ai n on 
f i t t i ngs or  shor t  pi pe l engt hs.   Hor i zont al  r uns of  pi pe over  50 f eet  i n 
l engt h must  be anchor ed t o t he wal l  or  t he suppor t i ng const r uct i on about  
mi dway on t he r un t o f or ce expansi on,  evenl y di v i ded,  t owar d t he ends.   
Suf f i c i ent  f l exi bi l i t y  must  be pr ovi ded on br anch r unout s f r om mai ns and 
r i ser s t o pr ovi de f or  expansi on and cont r act i on of  pi pi ng.   Fl exi bi l i t y  
must  be pr ovi ded by i nst al l i ng one or  mor e t ur ns i n t he l i ne so t hat  
pi pi ng wi l l  spr i ng enough t o al l ow f or  expansi on wi t hout  st r ai ni ng.   I f  
mechani cal  gr ooved pi pe coupl i ng syst ems ar e pr ovi ded,  t he devi at i on f r om 
desi gn r equi r ement s f or  expansi on and cont r act i on may be al l owed pendi ng 
appr oval  of  Cont r act i ng Of f i cer .

3. 1. 1. 7   Thr ust  Rest r ai nt

Pl ugs,  caps,  t ees,  val ves and bends def l ect i ng 11. 25 degr ees or  mor e,  
ei t her  ver t i cal l y or  hor i zont al l y,  i n wat er l i nes 4 i nches i n di amet er  or  
l ar ger  must  be pr ovi ded wi t h t hr ust  bl ocks,  wher e i ndi cat ed,  t o pr event  
movement .   Thr ust  bl ocki ng must  be concr et e of  a mi x not  l eaner  t han:   1 
cement ,  2- 1/ 2 sand,  5 gr avel ;  and havi ng a compr essi ve st r engt h of  not  
l ess t han 2000 psi  af t er  28 days.   Bl ocki ng must  be pl aced bet ween sol i d 
gr ound and t he f i t t i ng t o be anchor ed.   Unl ess ot her wi se i ndi cat ed or  
di r ect ed on dr awi ngs,  t he base and t hr ust  bear i ng s i des of  t he t hr ust  
bl ock must  be pour ed agai nst  undi st ur bed ear t h.   The si de of  t he t hr ust  
bl ock not  subj ect  t o t hr ust  must  be pour ed agai nst  f or ms.   The ar ea of  
bear i ng wi l l  be as i ndi cat ed on dr awi ngs.   Bl ocki ng must  be pl aced so t hat  
t he j oi nt s of  t he f i t t i ng ar e accessi bl e f or  r epai r .   St eel  r ods and 
cl amps,  pr ot ect ed by gal vani z i ng or  by coat i ng wi t h bi t umi nous pai nt ,  must  
be used t o anchor  ver t i cal  down bends i nt o gr avi t y t hr ust  bl ocks.

3. 1. 1. 8   Commer ci al - Type Wat er  Hammer  Ar r est er s

Commer ci al - t ype wat er  hammer  ar r est er s must  be pr ovi ded on hot -  and 
col d- wat er  suppl i es and must  be l ocat ed as gener al l y i ndi cat ed,  wi t h 
pr eci se l ocat i on and si z i ng t o be i n accor dance wi t h PDI  WH 201.   Wat er  
hammer  ar r est er s,  wher e conceal ed,  must  be accessi bl e by means of  access 
door s or  r emovabl e panel s.   Commer ci al - t ype wat er  hammer  ar r est er s must  
conf or m t o ASSE 1010.   Ver t i cal  capped pi pe col umns wi l l  not  be per mi t t ed.

3. 1. 2   Compr essed Ai r  Pi pi ng ( Non- Oi l  Fr ee)

Compr essed ai r  pi pi ng must  have suppl y l i nes and di schar ge t er mi nal s 
l egi bl y and per manent l y mar ked at  bot h ends wi t h t he name of  t he syst em 
and t he di r ect i on of  f l ow.
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3. 1. 3   Joi nt s

I nst al l at i on of  pi pe and f i t t i ngs must  be made i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.   Mi t er i ng of  j oi nt s f or  el bows and 
not chi ng of  st r ai ght  r uns of  pi pe f or  t ees wi l l  not  be per mi t t ed.   Joi nt s 
must  be made up wi t h f i t t i ngs of  compat i bl e mat er i al  and made f or  t he 
speci f i c  pur pose i nt ended.

3. 1. 3. 1   Thr eaded

Thr eaded j oi nt s must  have Amer i can St andar d t aper  pi pe t hr eads conf or mi ng 
t o ASME B1. 20. 1.   Onl y mal e pi pe t hr eads must  be coat ed wi t h gr aphi t e or  
wi t h an appr oved gr aphi t e compound,  or  wi t h an i ner t  f i l l er  and oi l ,  or  
must  have a pol yt et r af l uor oet hyl ene t ape appl i ed.

3. 1. 3. 2   Mechani cal  Coupl i ngs

Mechani cal  coupl i ngs may be used i n conj unct i on wi t h gr ooved pi pe f or  
abovegr ound,  f er r ous or  non- f er r ous,  domest i c hot  and col d wat er  syst ems,  
i n l i eu of  uni ons,  br azed,  sol der ed,  wel ded,  f l anged,  or  t hr eaded j oi nt s.

3. 1. 3. 2. 1   Mechani cal  Coupl i ng Per mi ssi bi l i t y

Mechani cal  coupl i ngs ar e per mi t t ed i n accessi bl e l ocat i ons i ncl udi ng 
behi nd access pl at es.   Fl exi bl e gr ooved j oi nt s wi l l  not  be per mi t t ed,  
except  as v i br at i on i sol at or s adj acent  t o mechani cal  equi pment .   Ri gi d 
gr ooved j oi nt s must  i ncor por at e an angl e bol t  pad desi gn whi ch mai nt ai ns 
met al - t o- met al  cont act  wi t h equal  amount  of  pad of f set  of  housi ngs upon 
i nst al l at i on t o ensur e posi t i ve r i gi d c l ampi ng of  t he pi pe.   Desi gns whi ch 
can onl y c l amp on t he bot t om of  t he gr oove or  whi ch ut i l i ze gr i ppi ng t eet h 
or  j aws,  or  whi ch use mi sal i gned housi ng bol t  hol es,  or  whi ch r equi r e a 
t or que wr ench or  t or que speci f i cat i ons wi l l  not  be per mi t t ed.

3. 1. 3. 2. 2   Gr ooved Fi t t i ngs and Coupl i ngs

Gr ooved f i t t i ngs and coupl i ngs,  and gr oovi ng t ool s must  be pr ovi ded f r om 
t he same manuf act ur er .   Segment al l y wel ded el bows must  not  be used.   
Gr ooves must  be pr epar ed i n accor dance wi t h t he coupl i ng manuf act ur er ' s 
l at est  publ i shed st andar ds.   Gr oovi ng must  be per f or med by qual i f i ed 
gr oovi ng oper at or s havi ng demonst r at ed pr oper  gr oovi ng pr ocedur es i n 
accor dance wi t h t he t ool  manuf act ur er ' s r ecommendat i ons.   The Cont r act i ng 
Of f i cer  must  be not i f i ed 24 hour s i n advance of  t est  t o demonst r at e 
oper at or ' s capabi l i t y ,  and t he t est  must  be per f or med at  t he wor k s i t e,  i f  
pr act i cal ,  or  at  a s i t e agr eed upon.   The oper at or  must  demonst r at e t he 
abi l i t y  t o pr oper l y adj ust  t he gr oovi ng t ool ,  gr oove t he pi pe,  and t o 
ver i f y t he gr oove di mensi ons i n accor dance wi t h t he coupl i ng 
manuf act ur er ' s speci f i cat i ons.

3. 1. 3. 3   Uni ons and Fl anges

Uni ons,  f l anges and mechani cal  coupl i ngs must  not  be conceal ed i n wal l s,  
cei l i ngs,  or  par t i t i ons.   Uni ons must  be used on pi pe si zes 2- 1/ 2 i nches 
and smal l er ;  f l anges must  be used on pi pe si zes 3 i nches and l ar ger .

3. 1. 3. 4   Gr ooved Mechani cal  Joi nt s

Gr ooves must  be pr epar ed accor di ng t o t he coupl i ng manuf act ur er ' s 
i nst r uct i ons.   Gr ooved f i t t i ngs,  coupl i ngs,  and gr oovi ng t ool s must  be 
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pr oduct s of  t he same manuf act ur er .   Pi pe and gr oove di mensi ons must  compl y 
wi t h t he t ol er ances speci f i ed by t he coupl i ng manuf act ur er .   The di amet er  
of  gr ooves made i n t he f i el d must  be measur ed usi ng a " go/ no- go"  gauge,  
ver ni er  or  di al  cal i per ,  nar r ow- l and mi cr omet er ,  or  ot her  met hod 
speci f i cal l y appr oved by t he coupl i ng manuf act ur er  f or  t he i nt ended 
appl i cat i on.   Gr oove wi dt h and di mensi on of  gr oove f r om end of  pi pe must  
be measur ed and r ecor ded f or  each change i n gr oovi ng t ool  set up t o ver i f y 
compl i ance wi t h coupl i ng manuf act ur er ' s t ol er ances.   Gr ooved j oi nt s must  
not  be used i n conceal ed l ocat i ons.

3. 1. 3. 5   Cast  I r on Soi l ,  Wast e and Vent  Pi pe

Bel l  and spi got  compr essi on and hubl ess gasket ed cl amp j oi nt s f or  soi l ,  
wast e and vent  pi pi ng must  be i nst al l ed per  t he manuf act ur er ' s 
r ecommendat i ons.

3. 1. 3. 6   Copper  Tube and Pi pe

a.   Br azed.   Br azed j oi nt s must  be made i n conf or mance wi t h AWS B2. 2/ B2. 2M,  
ASME B16. 50,  and CDA A4015 wi t h f l ux and ar e accept abl e f or  al l  pi pe 
s i zes.   Copper  t o copper  j oi nt s must  i ncl ude t he use of  
copper - phosphor us or  copper - phosphor us- si l ver  br azi ng met al  wi t hout  
f l ux.   Br azi ng of  di ssi mi l ar  met al s ( copper  t o br onze or  br ass)  must  
i ncl ude t he use of  f l ux wi t h ei t her  a copper - phosphor us,  
copper - phosphor us- si l ver  or  a s i l ver  br azi ng f i l l er  met al .

b.   Sol der ed.   Sol der ed j oi nt s must  be made wi t h f l ux and ar e onl y 
accept abl e f or  pi pi ng 2 i nches and smal l er .   Sol der ed j oi nt s must  
conf or m t o ASME B31. 5 and CDA A4015.   Sol der ed j oi nt s must  not  be used 
i n compr essed ai r  pi pi ng bet ween t he ai r  compr essor  and t he r ecei ver .

c.   Copper  Tube Ext r act ed Joi nt .   Mechani cal l y ext r act ed j oi nt s must  be 
made i n accor dance wi t h I CC I PC.

d.   Pr ess connect i on.   Copper  pr ess connect i ons must  be made i n st r i ct  
accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons f or  
manuf act ur ed r at ed si ze.   The j oi nt s must  be pr essed usi ng t he t ool ( s)  
appr oved by t he manuf act ur er  of  t hat  j oi nt .   Mi ni mum di st ance bet ween 
f i t t i ngs must  be i n accor dance wi t h t he manuf act ur er ' s r equi r ement s.

3. 1. 3. 7   Pl ast i c Pi pe

Acr yl oni t r i l e- But adi ene- St yr ene ( ABS)  pi pe must  have j oi nt s made wi t h 
sol vent  cement .   PVC and CPVC pi pe must  have j oi nt s made wi t h sol vent  
cement  el ast omer i c,  t hr eadi ng,  ( t hr eadi ng of  Schedul e 80 Pi pe i s al l owed 
onl y wher e r equi r ed f or  di sconnect i on and i nspect i on;  t hr eadi ng of  
Schedul e 40 Pi pe i s not  al l owed) ,  or  mat ed f l anged.

3. 1. 3. 8   Gl ass Pi pe

Joi nt s f or  cor r osi ve wast e gl ass pi pe and f i t t i ngs must  be made wi t h 
cor r osi on- r esi st i ng st eel  compr essi on- t ype coupl i ngs wi t h acr yl oni t r i l e 
r ubber  gasket s l i ned wi t h pol yt et r af l uor oet hyl ene.

3. 1. 3. 9   Cor r osi ve Wast e Pl ast i c Pi pe

Joi nt s f or  pol yol ef i n pi pe and f i t t i ngs must  be made by mechani cal  j oi nt  
or  el ect r i cal  f usi on coi l  met hod i n accor dance wi t h ASTM D2657 and 
ASTM F1290.   Joi nt s f or  f i l ament - wound r ei nf or ced t her moset t i ng r esi n pi pe 
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must  be made i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.   Uni ons or  
f l anges must  be used wher e r equi r ed f or  di sconnect i on and i nspect i on.

3. 1. 3. 10   Pol ypr opyl ene Pi pe

Joi nt s f or  pol ypr opyl ene pi pe and f i t t i ngs must  be made by heat  f usi on 
wel di ng socket - t ype or  but t - f usi on t ype f i t t i ngs and must  compl y wi t h 
ASTM F2389.

3. 1. 4   Di ssi mi l ar  Pi pe Mat er i al s

Connect i ons bet ween f er r ous and non- f er r ous copper  wat er  pi pe must  be made 
wi t h di el ect r i c uni ons or  f l ange wat er ways.   Di el ect r i c wat er ways must  
have t emper at ur e and pr essur e r at i ng equal  t o or  gr eat er  t han t hat  
speci f i ed f or  t he connect i ng pi pi ng.   Wat er ways must  have met al  
connect i ons on bot h ends sui t ed t o mat ch connect i ng pi pi ng.   Di el ect r i c 
wat er ways must  be i nt er nal l y l i ned wi t h an i nsul at or  speci f i cal l y desi gned 
t o pr event  cur r ent  f l ow bet ween di ssi mi l ar  met al s.   Di el ect r i c f l anges 
must  meet  t he per f or mance r equi r ement s descr i bed her ei n f or  di el ect r i c 
wat er ways.   Connect i ng j oi nt s bet ween pl ast i c and met al l i c  pi pe must  be 
made wi t h t r ansi t i on f i t t i ng f or  t he speci f i c  pur pose.

3. 1. 5   Cor r osi on Pr ot ect i on f or  Bur i ed Pi pe and Fi t t i ngs

Duct i l e i r on,  cast  i r on,  and st eel  pi pe,  f i t t i ngs,  and j oi nt s must  have a 
pr ot ect i ve coat i ng.   Addi t i onal l y,  duct i l e i r on,  cast  i r on,  and st eel  
pr essur e pi pe must  have a cat hodi c pr ot ect i on syst em and j oi nt  bondi ng.   
The cat hodi c pr ot ect i on syst em,  pr ot ect i ve coat i ng syst em,  and j oi nt  
bondi ng f or  cat hodi cal l y pr ot ect ed pi pe.   Coat i ngs must  be sel ect ed,  
appl i ed,  and i nspect ed i n accor dance wi t h NACE SP0169 and as ot her wi se 
speci f i ed.   The pi pe must  be cl eaned and t he coat i ng syst em appl i ed pr i or  
t o pi pe t i ght ness t est i ng.   Joi nt s and f i t t i ngs must  be cl eaned and t he 
coat i ng syst em appl i ed af t er  pi pe t i ght ness t est i ng.   For  t ape coat i ng 
syst ems,  t he t ape must  conf or m t o AWWA C203 and must  be appl i ed wi t h a 50 
per cent  over l ap.   Pr i mer  ut i l i zed wi t h t ape t ype coat i ng syst ems must  be 
as r ecommended by t he t ape manuf act ur er .

3. 1. 6   Pi pe Sl eeves and Fl ashi ng

Pi pe sl eeves must  be f ur ni shed and set  i n t hei r  pr oper  and per manent  
l ocat i on.

3. 1. 6. 1   Sl eeve Requi r ement s

Unl ess i ndi cat ed ot her wi se,  pr ovi de pi pe sl eeves meet i ng t he f ol l owi ng 
r equi r ement s:

a.   Secur e s l eeves i n posi t i on and l ocat i on dur i ng const r uct i on.   Pr ovi de 
sl eeves of  suf f i c i ent  l engt h t o pass t hr ough ent i r e t hi ckness of  
wal l s,  cei l i ngs,  r oof s,  and f l oor s.

b.   A modul ar  mechani cal  t ype seal i ng assembl y may be i nst al l ed i n l i eu of  
a wat er pr oof i ng c l ampi ng f l ange and caul k i ng and seal i ng of  annul ar  
space bet ween pi pe and sl eeve.   The seal s must  consi st  of  i nt er l ocki ng 
synt het i c r ubber  l i nks shaped t o cont i nuousl y f i l l  t he annul ar  space 
bet ween t he pi pe and sl eeve usi ng gal vani zed st eel  bol t s,  nut s,  and 
pr essur e pl at es.   The l i nks must  be l oosel y assembl ed wi t h bol t s t o 
f or m a cont i nuous r ubber  bel t  ar ound t he pi pe wi t h a pr essur e pl at e 
under  each bol t  head and each nut .   Af t er  t he seal  assembl y i s 
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pr oper l y posi t i oned i n t he s l eeve,  t i ght eni ng of  t he bol t  must  cause 
t he r ubber  seal i ng el ement s t o expand and pr ovi de a wat er t i ght  seal  
bet ween t he pi pe and t he sl eeve.   Each seal  assembl y must  be si zed as 
r ecommended by t he manuf act ur er  t o f i t  t he pi pe and sl eeve i nvol ved.

c.   Sl eeves must  not  be i nst al l ed i n st r uct ur al  member s,  except  wher e 
i ndi cat ed or  appr oved.   Rect angul ar  and squar e openi ngs must  be as 
det ai l ed.   Each sl eeve must  ext end t hr ough i t s r espect i ve f l oor ,  or  
r oof ,  and must  be cut  f l ush wi t h each sur f ace,  except  f or  speci al  
c i r cumst ances.  Pi pe sl eeves passi ng t hr ough f l oor s i n wet  ar eas such 
as mechani cal  equi pment  r ooms,  l avat or i es,  k i t chens,  and ot her  
pl umbi ng f i xt ur e ar eas must  ext end a mi ni mum of  4 i nches above t he 
f i ni shed f l oor .

d.   Unl ess ot her wi se i ndi cat ed,  s l eeves must  be of  a s i ze t o pr ovi de a 
mi ni mum of  1 i nch cl ear ance bet ween bar e pi pe or  i nsul at i on and i nsi de 
of  s l eeve or  bet ween i nsul at i on and i nsi de of  s l eeve.   Sl eeves i n 
bear i ng wal l s and concr et e s l ab on gr ade f l oor s must  be st eel  pi pe or  
cast - i r on pi pe.   Sl eeves i n nonbear i ng wal l s or  cei l i ngs may be st eel  
pi pe,  cast - i r on pi pe,  gal vani zed sheet  met al  wi t h l ock- t ype 
l ongi t udi nal  seam,  or  pl ast i c.

e.   Except  as ot her wi se speci f i ed,  t he annul ar  space bet ween pi pe and 
sl eeve,  or  bet ween j acket  over  i nsul at i on and sl eeve,  must  be seal ed 
as i ndi cat ed wi t h seal ant s conf or mi ng t o ASTM C920 and wi t h a pr i mer ,  
backst op mat er i al  and sur f ace pr epar at i on as speci f i ed i n Sect i on 
07 92 00 JOI NT SEALANTS.   The annul ar  space bet ween pi pe and sl eeve,  
bet ween bar e i nsul at i on and sl eeve or  bet ween j acket  over  i nsul at i on 
and sl eeve must  not  be seal ed f or  i nt er i or  wal l s whi ch ar e not  
desi gnat ed as f i r e r at ed.

f .   Sl eeves t hr ough bel ow- gr ade wal l s i n cont act  wi t h ear t h must  be 
r ecessed 1/ 2 i nch f r om wal l  sur f aces on bot h s i des.   Annul ar  space 
bet ween pi pe and sl eeve must  be f i l l ed wi t h backi ng mat er i al  and 
seal ant s i n t he j oi nt  bet ween t he pi pe and concr et e wal l  as speci f i ed 
above.   Seal ant  sel ect ed f or  t he ear t h s i de of  t he wal l  must  be 
compat i bl e wi t h damppr oof i ng/ wat er pr oof i ng mat er i al s t hat  ar e t o be 
appl i ed over  t he j oi nt  seal ant .   Pi pe sl eeves i n f i r e- r at ed wal l s must  
conf or m t o t he r equi r ement s i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 1. 6. 2   Fl ashi ng Requi r ement s

Pi pes passi ng t hr ough r oof  must  be i nst al l ed t hr ough a 16 ounce copper  
f l ashi ng,  each wi t hi n an i nt egr al  ski r t  or  f l ange.   Fl ashi ng must  be 
sui t abl y f or med,  and t he ski r t  or  f l ange must  ext end not  l ess t han 8 i nches
 f r om t he pi pe and must  be set  over  t he r oof  or  f l oor  membr ane i n a sol i d 
coat i ng of  bi t umi nous cement .   The f l ashi ng must  ext end up t he pi pe a 
mi ni mum of  10 i nches.   For  c l eanout s,  t he f l ashi ng must  be t ur ned down 
i nt o t he hub and caul ked af t er  pl aci ng t he f er r ul e.   Pi pes passi ng t hr ough 
pi t ched r oof s must  be f l ashed,  usi ng l ead or  copper  f l ashi ng,  wi t h an 
adj ust abl e i nt egr al  f l ange of  adequat e s i ze t o ext end not  l ess t han 8 
i nches f r om t he pi pe i n al l  di r ect i ons and l apped i nt o t he r oof i ng t o 
pr ovi de a wat er t i ght  seal .   The annul ar  space bet ween t he f l ashi ng and t he 
bar e pi pe or  bet ween t he f l ashi ng and t he met al - j acket - cover ed i nsul at i on 
must  be seal ed as i ndi cat ed.   Fl ashi ng f or  dr y vent s must  be t ur ned down 
i nt o t he pi pe t o f or m a wat er pr oof  j oi nt .   Pi pes,  up t o and i ncl udi ng 10 
i nches i n di amet er ,  passi ng t hr ough r oof  or  f l oor  wat er pr oof i ng membr ane 
may be i nst al l ed t hr ough a cast - i r on s l eeve wi t h caul k i ng r ecess,  anchor  
l ugs,  f l ashi ng- cl amp devi ce,  and pr essur e r i ng wi t h br ass bol t s.   Fl ashi ng 
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shi el d must  be f i t t ed i nt o t he s l eeve cl ampi ng devi ce.   Pi pes passi ng 
t hr ough wal l  wat er pr oof i ng membr ane must  be sl eeved as descr i bed above.   A 
wat er pr oof i ng c l ampi ng f l ange must  be i nst al l ed.

3. 1. 6. 3   Wat er pr oof i ng

Wat er pr oof i ng at  f l oor - mount ed wat er  c l oset s must  be accompl i shed by 
f or mi ng a f l ashi ng guar d f r om sof t - t emper ed sheet  copper .   The cent er  of  
t he sheet  must  be per f or at ed and t ur ned down appr oxi mat el y 1- 1/ 2 i nches t o 
f i t  bet ween t he out si de di amet er  of  t he dr ai npi pe and t he i nsi de di amet er  
of  t he cast - i r on or  st eel  pi pe s l eeve.   The t ur ned- down por t i on of  t he 
f l ashi ng guar d must  be embedded i n seal ant  t o a dept h of  appr oxi mat el y 
1- 1/ 2 i nches;  t hen t he seal ant  must  be f i ni shed of f  f l ush t o f l oor  l evel  
bet ween t he f l ashi ng guar d and dr ai npi pe.   The f l ashi ng guar d of  sheet  
copper  must  ext end not  l ess t han 8 i nches f r om t he dr ai npi pe and must  be 
l apped bet ween t he f l oor  membr ane i n a sol i d coat i ng of  bi t umi nous 
cement .   I f  cast - i r on wat er  c l oset  f l oor  f l anges ar e used,  t he space 
bet ween t he pi pe sl eeve and dr ai npi pe must  be seal ed wi t h seal ant  and t he 
f l ashi ng guar d must  be upt ur ned appr oxi mat el y 1- 1/ 2 i nches t o f i t  t he 
out si de di amet er  of  t he dr ai npi pe and t he i nsi de di amet er  of  t he wat er  
c l oset  f l oor  f l ange.   The upt ur ned por t i on of  t he sheet  f i t t ed i nt o t he 
f l oor  f l ange must  be seal ed.

3. 1. 6. 4   Opt i onal  Count er f l ashi ng

I nst ead of  t ur ni ng t he f l ashi ng down i nt o a dr y vent  pi pe,  or  caul k i ng and 
seal i ng t he annul ar  space bet ween t he pi pe and f l ashi ng or  
met al - j acket - cover ed i nsul at i on and f l ashi ng,  count er f l ashi ng may be 
accompl i shed by ut i l i z i ng t he f ol l owi ng:

a.   A st andar d r oof  coupl i ng f or  t hr eaded pi pe up t o 6 i nches i n di amet er .

b.   A t ack- wel ded or  banded- met al  r ai n shi el d ar ound t he pi pe.

3. 1. 6. 5   Pi pe Penet r at i ons of  Sl ab on Gr ade Fl oor s

Wher e pi pes,  f i x t ur e dr ai ns,  f l oor  dr ai ns,  c l eanout s or  s i mi l ar  i t ems 
penet r at e s l ab on gr ade f l oor s,  except  at  penet r at i ons of  f l oor s wi t h 
wat er pr oof i ng membr ane as speci f i ed i n par agr aphs FLASHI NG REQUI REMENTS 
and WATERPROOFI NG,  a gr oove 1/ 4 t o 1/ 2 i nch wi de by 1/ 4 t o 3/ 8 i nch deep 
must  be f or med ar ound t he pi pe,  f i t t i ng or  dr ai n.   The gr oove must  be 
f i l l ed wi t h a seal ant  as speci f i ed i n Sect i on 07 92 00 JOI NT SEALANTS.

3. 1. 6. 6   Pi pe Penet r at i ons

Pr ovi de seal ant s f or  al l  pi pe penet r at i ons.   Al l  pi pe penet r at i ons must  be 
seal ed t o pr event  i nf i l t r at i on of  ai r ,  i nsect s,  and ver mi n.

3. 1. 7   Fi r e Seal

Wher e pi pes pass t hr ough f i r e wal l s,  f i r e- par t i t i ons,  f i r e- r at ed pi pe 
chase wal l s or  f l oor s above gr ade,  a f i r e seal  must  be pr ovi ded as 
speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 1. 8   Suppor t s

3. 1. 8. 1   Gener al

Hanger s used t o suppor t  pi pi ng 2 i nches and l ar ger  must  be f abr i cat ed t o 
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per mi t  adequat e adj ust ment  af t er  er ect i on whi l e st i l l  suppor t i ng t he 
l oad.   Pi pe gui des and anchor s must  be i nst al l ed t o keep pi pes i n accur at e 
al i gnment ,  t o di r ect  t he expansi on movement ,  and t o pr event  buckl i ng,  
swayi ng,  and undue st r ai n.   Pi pi ng subj ect ed t o ver t i cal  movement  when 
oper at i ng t emper at ur es exceed ambi ent  t emper at ur es must  be suppor t ed by 
var i abl e spr i ng hanger s and suppor t s or  by const ant  suppor t  hanger s.   I n 
t he suppor t  of  mul t i pl e pi pe r uns on a common base member ,  a c l i p or  c l amp 
must  be used wher e each pi pe cr osses t he base suppor t  member .   Spaci ng of  
t he base suppor t  member s must  not  exceed t he hanger  and suppor t  spaci ng 
r equi r ed f or  an i ndi v i dual  pi pe i n t he mul t i pl e pi pe r un.   Thr eaded 
sect i ons of  r ods must  not  be f or med or  bent .

3. 1. 8. 2   Pi pe Suppor t s and St r uct ur al  Br aci ng,  Sei smi c Requi r ement s

Pi pi ng and at t ached val ves must  be suppor t ed and br aced t o r esi st  sei smi c 
l oads.   St r uct ur al  st eel  r equi r ed f or  r ei nf or cement  t o pr oper l y suppor t  
pi pi ng,  header s,  and equi pment ,  but  not  shown,  must  be pr ovi ded.   Mat er i al  
used f or  suppor t s must  be as speci f i ed i n Sect i on 05 12 00 STRUCTURAL STEEL.

3. 1. 8. 3   Pi pe Hanger s,  I nser t s,  and Suppor t s

I nst al l at i on of  pi pe hanger s,  i nser t s and suppor t s must  conf or m t o 
MSS SP- 58 except  as modi f i ed her ei n.

a.   Types 5,  12,  and 26 must  not  be used.

b.   Type 3 must  not  be used on i nsul at ed pi pe.

c.   Type 18 i nser t s must  be secur ed t o concr et e f or ms bef or e concr et e i s 
pl aced.   Cont i nuous i nser t s whi ch al l ow mor e adj ust ment  may be used i f  
t hey ot her wi se meet  t he r equi r ement s f or  t ype 18 i nser t s.

d.   Type 19 and 23 C- cl amps must  be t or qued per  MSS SP- 58 and must  have 
bot h l ocknut s and r et ai ni ng devi ces f ur ni shed by t he manuf act ur er .   
Fi el d- f abr i cat ed C- cl amp bodi es or  r et ai ni ng devi ces ar e not  
accept abl e.

e.   Type 20 at t achment s used on angl es and channel s must  be f ur ni shed wi t h 
an added mal l eabl e- i r on heel  pl at e or  adapt er .

f .   Type 24 may be used onl y on t r apeze hanger  syst ems or  on f abr i cat ed 
f r ames.

g.   Type 39 saddl es must  be used on i nsul at ed pi pe 4 i nches and l ar ger  
when t he t emper at ur e of  t he medi um i s 60 degr ees F or  hi gher .   Type 39 
saddl es must  be wel ded t o t he pi pe.

h.   Type 40 shi el ds must :

( 1)  Be used on i nsul at ed pi pe l ess t han 4 i nches.

( 2)  Be used on i nsul at ed pi pe 4 i nches and l ar ger  when t he t emper at ur e 
of  t he medi um i s 60 degr ees F or  l ess.

( 3)  Have a hi gh densi t y i nser t  f or  al l  pi pe s i zes.   Hi gh densi t y 
i nser t s must  have a densi t y of  8 pcf  or  gr eat er .

i .   Hor i zont al  pi pe suppor t s must  be spaced as speci f i ed i n MSS SP- 58 and 
a suppor t  must  be i nst al l ed not  over  1 f oot  f r om t he pi pe f i t t i ng 
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j oi nt  at  each change i n di r ect i on of  t he pi pi ng.   Pi pe suppor t s must  
be spaced not  over  5 f eet  apar t  at  val ves.   Oper at i ng t emper at ur es i n 
det er mi ni ng hanger  spaci ng f or  PVC or  CPVC pi pe must  be 120 degr ees F 
f or  PVC and 180 degr ees F f or  CPVC.   Hor i zont al  pi pe r uns must  i ncl ude 
al l owances f or  expansi on and cont r act i on.

j .   Ver t i cal  pi pe must  be suppor t ed at  each f l oor ,  except  at  
s l ab- on- gr ade,  at  i nt er val s of  not  mor e t han 15 f eet  nor  mor e t han 8 
f eet  f r om end of  r i ser s,  and at  vent  t er mi nat i ons.   Ver t i cal  pi pe 
r i ser s must  i ncl ude al l owances f or  expansi on and cont r act i on.

k.   Type 35 gui des usi ng st eel ,  r ei nf or ced pol yt et r af l uor oet hyl ene ( PTFE)  
or  gr aphi t e s l i des must  be pr ovi ded t o al l ow l ongi t udi nal  pi pe 
movement .   Sl i de mat er i al s must  be sui t abl e f or  t he syst em oper at i ng 
t emper at ur es,  at mospher i c condi t i ons,  and bear i ng l oads encount er ed.   
Lat er al  r est r ai nt s must  be pr ovi ded as needed.   Wher e st eel  s l i des do 
not  r equi r e pr ovi s i ons f or  l at er al  r est r ai nt  t he f ol l owi ng may be used:

( 1)  On pi pe 4 i nches and l ar ger  when t he t emper at ur e of  t he medi um i s 
60 degr ees F or  hi gher ,  a Type 39 saddl e,  wel ded t o t he pi pe,  may 
f r eel y r est  on a st eel  pl at e.

( 2)  On pi pe l ess t han 4 i nches a Type 40 shi el d,  at t ached t o t he pi pe 
or  i nsul at i on,  may f r eel y r est  on a st eel  pl at e.

( 3)  On pi pe 4 i nches and l ar ger  car r y i ng medi um l ess t hat  60 degr ees F 
a Type 40 shi el d,  at t ached t o t he pi pe or  i nsul at i on,  may f r eel y 
r est  on a st eel  pl at e.

l .   Pi pe hanger s on hor i zont al  i nsul at ed pi pe must  be t he si ze of  t he 
out si de di amet er  of  t he i nsul at i on.   The i nsul at i on must  be cont i nuous 
t hr ough t he hanger  on al l  pi pe s i zes and appl i cat i ons.

m.   Wher e t her e ar e hi gh syst em t emper at ur es and wel di ng t o pi pi ng i s not  
desi r abl e,  t he t ype 35 gui de must  i ncl ude a pi pe cr adl e,  wel ded t o t he 
gui de st r uct ur e and st r apped secur el y t o t he pi pe.   The pi pe must  be 
separ at ed f r om t he sl i de mat er i al  by at  l east  4 i nches or  by an amount  
adequat e f or  t he i nsul at i on,  whi chever  i s gr eat er .

n.   Hanger s and suppor t s f or  pl ast i c pi pe must  not  compr ess,  di st or t ,  cut  
or  abr ade t he pi pi ng,  and must  al l ow f r ee movement  of  pi pe except  
wher e ot her wi se r equi r ed i n t he cont r ol  of  expansi on/ cont r act i on.

3. 1. 8. 4   St r uct ur al  At t achment s

At t achment  t o bui l di ng st r uct ur e concr et e and masonr y must  be by cast - i n 
concr et e i nser t s,  bui l t - i n anchor s,  or  masonr y anchor  devi ces.   I nser t s 
and anchor s must  be appl i ed wi t h a saf et y f act or  not  l ess t han 5.   
Suppor t s must  not  be at t ached t o met al  decki ng.   Suppor t s must  not  be 
at t ached t o t he under si de of  concr et e f i l l ed f l oor  or  concr et e r oof  decks 
unl ess appr oved by t he Cont r act i ng Of f i cer .   Masonr y anchor s f or  over head 
appl i cat i ons must  be const r uct ed of  f er r ous mat er i al s onl y.

3. 1. 9   Wel ded I nst al l at i on

Pl umbi ng pi pe wel dment s must  be as i ndi cat ed.   Changes i n di r ect i on of  
pi pi ng must  be made wi t h wel di ng f i t t i ngs onl y;  mi t er i ng or  not chi ng pi pe 
t o f or m el bows and t ees or  ot her  s i mi l ar  t ype const r uct i on wi l l  not  be 
per mi t t ed.   Br anch connect i on may be made wi t h ei t her  wel di ng t ees or  
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f or ged br anch out l et  f i t t i ngs.   Br anch out l et  f i t t i ngs must  be f or ged,  
f l ar ed f or  i mpr ovement  of  f l ow wher e at t ached t o t he r un,  and r ei nf or ced 
agai nst  ext er nal  st r ai ns.   Bevel i ng,  al i gnment ,  heat  t r eat ment ,  and 
i nspect i on of  wel d must  conf or m t o ASME B31. 1.   Wel d def ect s must  be 
r emoved and r epai r s made t o t he wel d,  or  t he wel d j oi nt s must  be ent i r el y 
r emoved and r ewel ded.   Af t er  f i l l er  met al  has been r emoved f r om i t s 
or i gi nal  package,  i t  must  be pr ot ect ed or  st or ed so t hat  i t s 
char act er i st i cs or  wel di ng pr oper t i es ar e not  af f ect ed.   El ect r odes t hat  
have been wet t ed or  t hat  have l ost  any of  t hei r  coat i ng must  not  be used.

3. 1. 10   Pi pe Cl eanout s

Pi pe cl eanout s must  be t he same si ze as t he pi pe except  t hat  c l eanout  
pl ugs l ar ger  t han 4 i nches wi l l  not  be r equi r ed.   A c l eanout  i nst al l ed i n 
connect i on wi t h cast - i r on soi l  pi pe must  consi st  of  a l ong- sweep 1/ 4 bend 
or  one or  t wo 1/ 8 bends ext ended t o t he pl ace shown.   An ext r a- heavy 
cast - br ass or  cast - i r on f er r ul e wi t h count er sunk cast - br ass head scr ew 
pl ug must  be caul ked i nt o t he hub of  t he f i t t i ng and must  be f l ush wi t h 
t he f l oor .   Cl eanout s i n connect i on wi t h ot her  pi pe,  wher e i ndi cat ed,  must  
be T- pat t er n,  90- degr ee br anch dr ai nage f i t t i ngs wi t h cast - br ass scr ew 
pl ugs,  except  pl ast i c pl ugs must  be i nst al l ed i n pl ast i c pi pe.   Pl ugs must  
be t he same si ze as t he pi pe up t o and i ncl udi ng 4 i nches.   Cl eanout  t ee 
br anches wi t h scr ew pl ug must  be i nst al l ed at  t he f oot  of  soi l  and wast e 
st acks,  at  t he f oot  of  i nt er i or  downspout s,  on each connect i on t o bui l di ng 
st or m dr ai n wher e i nt er i or  downspout s ar e i ndi cat ed,  and on each bui l di ng 
dr ai n out si de t he bui l di ng.   Cl eanout  t ee br anches may be omi t t ed on 
st acks i n s i ngl e st or y bui l di ngs wi t h s l ab- on- gr ade const r uct i on or  wher e 
l ess t han 18 i nches of  cr awl  space i s pr ovi ded under  t he f l oor .   Cl eanout s 
on pi pe conceal ed i n par t i t i ons must  be pr ovi ded wi t h chr omi um pl at ed 
br onze,  ni ckel  br onze,  ni ckel  br ass or  st ai nl ess st eel  f l ush t ype access 
cover  pl at es.   Round access cover s must  be pr ovi ded and secur ed t o pl ugs 
wi t h secur i ng scr ew.   Squar e access cover s may be pr ovi ded wi t h mat chi ng 
f r ames,  anchor i ng l ugs and cover  scr ews.   Cl eanout s i n f i ni shed wal l s must  
have access cover s and f r ames i nst al l ed f l ush wi t h t he f i ni shed wal l .   
Cl eanout s i nst al l ed i n f i ni shed f l oor s subj ect  t o f oot  t r af f i c  must  be 
pr ovi ded wi t h a chr ome- pl at ed cast  br ass,  ni ckel  br ass,  or  ni ckel  br onze 
cover  secur ed t o t he pl ug or  cover  f r ame and set  f l ush wi t h t he f i ni shed 
f l oor .   Heads of  f ast eni ng scr ews must  not  pr oj ect  above t he cover  
sur f ace.   Wher e cl eanout s ar e pr ovi ded wi t h adj ust abl e heads,  t he heads 
must  be cast  i r on.

3. 1. 11   Condensat e Dr ai n Pi pi ng f or  Tr opi cal  Envi r onment s

Condensat e dr ai n pi pi ng mat er i al s must  be r at ed f or  Dr ai n,  Wast e and Vent  
ser vi ce.   Above gr ade use Copper  Type DWV ASTM B306.   Condensat e pi pi ng 
must  mai nt ai n a hor i zont al  s l ope i n t he di r ect i on of  di schar ge of  not  l ess 
t han one- ei ght h uni t  ver t i cal  i n 12 uni t s hor i zont al  ( 1 per cent ) .   Do not  
use PVC above gr ade i n mechani cal  r ooms,  f i r e r i ser  r ooms,  gener at or  r ooms 
or  ot her  hi gh- abuse ar eas.   The f ol l owi ng condensat e pi pe di amet er s must  
be si zed i n accor dance wi t h equi pment  capaci t y r ef r i ger at i on shown bel ow:

EQUI PMENT CAPACI TY MI NI MUM CONDENSATE PI PE DI AMETER

Up t o 5 t ons  1 i nch

Over  5 t ons t o 40 t ons  1- 1/ 4 i nch
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EQUI PMENT CAPACI TY MI NI MUM CONDENSATE PI PE DI AMETER

Over  40 t ons t o 90 t ons  1- 1/ 2 i nch

Over  90 t ons t o 125 t ons  2 i nch

Over  125 t ons t o 250 t ons of  r ef r i ger at i on  2- 1/ 2 i nch

3. 2   WATER HEATERS AND HOT WATER STORAGE TANKS

3. 2. 1   Rel i ef  Val ves

No val ves must  be i nst al l ed bet ween a r el i ef  val ve and i t s wat er  heat er  or  
st or age t ank.   The P&T r el i ef  val ve must  be i nst al l ed wher e t he val ve 
act uat or  comes i n cont act  wi t h t he hot t est  wat er  i n t he heat er .   Whenever  
possi bl e,  t he r el i ef  val ve must  be i nst al l ed di r ect l y i n a t appi ng i n t he 
t ank or  heat er ;  ot her wi se,  t he P&T val ve must  be i nst al l ed i n t he 
hot - wat er  out l et  pi pi ng.   A vacuum r el i ef  val ve must  be pr ovi ded on t he 
col d wat er  suppl y l i ne t o t he hot - wat er  st or age t ank or  wat er  heat er  and 
mount ed above and wi t hi n 6 i nches above t he t op of  t he t ank or  wat er  
heat er .

3. 2. 2   I nst al l at i on of  Gas-  and Oi l - Fi r ed Wat er  Heat er

I nst al l at i on must  conf or m t o NFPA 54 f or  gas f i r ed and NFPA 31 f or  oi l  
f i r ed.   St or age wat er  heat er s t hat  ar e not  equi pped wi t h i nt egr al  heat  
t r aps and havi ng ver t i cal  pi pe r i ser s must  be i nst al l ed wi t h heat  t r aps 
di r ect l y on bot h t he i nl et  and out l et .   Ci r cul at i ng syst ems need not  have 
heat  t r aps i nst al l ed.   An accept abl e heat  t r ap may be a pi pi ng ar r angement  
such as el bows connect ed so t hat  t he i nl et  and out l et  pi pi ng make 
ver t i cal l y upwar d r uns of  not  l ess t han 24 i nches j ust  bef or e t ur ni ng 
downwar d or  di r ect l y hor i zont al  i nt o t he wat er  heat er ' s i nl et  and out l et  
f i t t i ngs.   Commer ci al l y avai l abl e heat  t r aps,  speci f i cal l y desi gned by t he 
manuf act ur er  f or  t he pur pose of  ef f ect i vel y r est r i ct i ng t he nat ur al  
t endency of  hot  wat er  t o r i se t hr ough ver t i cal  i nl et  and out l et  pi pi ng 
dur i ng st andby per i ods may al so be appr oved.

3. 2. 3   Heat  Tr aps

Pi pi ng t o and f r om each wat er  heat er  and hot  wat er  st or age t ank must  be 
r out ed hor i zont al l y and downwar d a mi ni mum of  24 i nches bef or e t ur ni ng i n 
an upwar d di r ect i on.

3. 2. 4   Connect i ons t o Wat er  Heat er s

Connect i ons of  met al l i c  pi pe t o wat er  heat er s must  be made wi t h di el ect r i c 
uni ons or  f l anges.   Use of  di el ect r i c ni ppl es i s pr ohi bi t ed unl ess 
i nt er nal l y l i ned and speci f i cal l y desi gned t o l i mi t  cur r ent  f l ow bet ween 
di ssi mi l ar  met al s.

3. 2. 5   Expansi on Tank

A pr e- char ged expansi on t ank must  be i nst al l ed on t he col d wat er  suppl y 
bet ween t he wat er  heat er  i nl et  and t he col d wat er  suppl y shut - of f  val ve.   
The Cont r act or  must  adj ust  t he expansi on t ank ai r  pr essur e,  as r ecommended 
by t he t ank manuf act ur er ,  t o mat ch i ncomi ng wat er  pr essur e.
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3. 3   FI XTURES AND FI XTURE TRI MMI NGS

Pol i shed chr omi um- pl at ed pi pe,  val ves,  and f i t t i ngs must  be pr ovi ded wher e 
exposed t o v i ew.   Angl e st ops,  st r ai ght  st ops,  st ops i nt egr al  wi t h t he 
f aucet s,  or  conceal ed t ype of  l ock- shi el d,  and l oose- key pat t er n st ops f or  
suppl i es wi t h t hr eaded,  sweat  or  sol vent  wel d i nl et s must  be f ur ni shed and 
i nst al l ed wi t h f i x t ur es.   Wher e connect i ons bet ween copper  t ubi ng and 
f aucet s ar e made by r ubber  compr essi on f i t t i ngs,  a beadi ng t ool  must  be 
used t o mechani cal l y def or m t he t ubi ng above t he compr essi on f i t t i ng.   
Exposed t r aps and suppl y pi pes f or  f i x t ur es and equi pment  must  be 
connect ed t o t he r ough pi pi ng syst ems at  t he wal l ,  unl ess ot her wi se 
speci f i ed under  t he i t em.   Fl oor  and wal l  escut cheons must  be as 
speci f i ed.   Dr ai n l i nes and hot  wat er  l i nes of  f i x t ur es f or  handi capped 
per sonnel  must  be i nsul at ed and do not  r equi r e pol i shed chr ome f i ni sh.   
Pl umbi ng f i xt ur es and accessor i es must  be i nst al l ed wi t hi n t he space shown.

3. 3. 1   Fi xt ur e Connect i ons

Wher e space l i mi t at i ons pr ohi bi t  st andar d f i t t i ngs i n conj unct i on wi t h t he 
cast - i r on f l oor  f l ange,  speci al  shor t - r adi us f i t t i ngs must  be pr ovi ded.   
Connect i ons bet ween ear t henwar e f i xt ur es and f l anges on soi l  pi pe must  be 
made gast i ght  and wat er t i ght  wi t h a c l oset - set t i ng compound or  neopr ene 
gasket  and seal .   Use of  nat ur al  r ubber  gasket s or  put t y wi l l  not  be 
per mi t t ed.   Fi xt ur es wi t h out l et  f l anges must  be set  t he pr oper  di st ance 
f r om f l oor  or  wal l  t o make a f i r st - c l ass j oi nt  wi t h t he c l oset - set t i ng 
compound or  gasket  and f i xt ur e used.

3. 3. 2   Fl ushomet er  Val ves

Fl ushomet er  val ves must  be secur ed t o pr event  movement  by anchor i ng t he 
l ong f i ni shed t op spud connect i ng t ube t o wal l  adj acent  t o val ve wi t h 
appr oved met al  br acket .   Fl ushomet er  val ves f or  wat er  c l oset s must  be 
i nst al l ed 39 i nches above t he f l oor ,  except  at  wat er  c l oset s i nt ended f or  
use by t he physi cal l y handi capped wher e f l ushomet er  val ves must  be mount ed 
at  appr oxi mat el y 30 i nches above t he f l oor  and ar r anged t o avoi d 
i nt er f er ence wi t h gr ab bar s.   I n addi t i on,  f or  wat er  c l oset s i nt ended f or  
handi cap use,  t he f l ush val ve handl e must  be i nst al l ed on t he wi de si de of  
t he encl osur e.

3. 3. 3   Hei ght  of  Fi xt ur e Ri ms Above Fl oor

Lavat or i es must  be mount ed wi t h r i m 31 i nches above f i ni shed f l oor .   
Wal l - hung dr i nki ng f ount ai ns and wat er  cool er s must  be i nst al l ed wi t h r i m 
42 i nches above f l oor .   Wal l - hung ser vi ce s i nks must  be mount ed wi t h r i m 
28 i nches above t he f l oor .   I nst al l at i on of  f i x t ur es f or  use by t he 
physi cal l y handi capped must  be i n accor dance wi t h I CC A117. 1.

3. 3. 4   Shower  Bat h Out f i t s

The ar ea ar ound t he wat er  suppl y pi pi ng t o t he mi xi ng val ves and behi nd 
t he escut cheon pl at e must  be made wat er t i ght  by caul k i ng or  gasket i ng.

3. 3. 5   Fi xt ur e Suppor t s

Fi xt ur e suppor t s f or  of f - t he- f l oor  l avat or i es,  ur i nal s,  wat er  c l oset s,  and 
ot her  f i x t ur es of  s i mi l ar  s i ze,  desi gn,  and use,  must  be of  t he 
chai r - car r i er  t ype.   The car r i er  must  pr ovi de t he necessar y means of  
mount i ng t he f i xt ur e,  wi t h a f oot  or  f eet  t o anchor  t he assembl y t o t he 
f l oor  s l ab.   Adj ust abi l i t y  must  be pr ovi ded t o l ocat e t he f i x t ur e at  t he 
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desi r ed hei ght  and i n pr oper  r el at i on t o t he wal l .   Suppor t  pl at es,  i n 
l i eu of  chai r  car r i er ,  must  be f ast ened t o t he wal l  st r uct ur e onl y wher e 
i t  i s  not  possi bl e t o anchor  a f l oor - mount ed chai r  car r i er  t o t he f l oor  
s l ab.

3. 3. 5. 1   Suppor t  f or  Sol i d Masonr y Const r uct i on

Chai r  car r i er  must  be anchor ed t o t he f l oor  s l ab.   Wher e a f l oor - anchor ed 
chai r  car r i er  cannot  be used,  a sui t abl e wal l  pl at e must  be i mbedded i n 
t he masonr y wal l .

3. 3. 5. 2   Suppor t  f or  Concr et e- Masonr y Wal l  Const r uct i on

Chai r  car r i er  must  be anchor ed t o f l oor  s l ab.   Wher e a f l oor - anchor ed 
chai r  car r i er  cannot  be used,  a sui t abl e wal l  pl at e must  be f ast ened t o 
t he concr et e wal l  usi ng t hr ough bol t s and a back- up pl at e.

3. 3. 5. 3   Suppor t  f or  St eel  St ud Fr ame Par t i t i ons

Chai r  car r i er  must  be used.   The anchor  f eet  and t ubul ar  upr i ght s must  be 
of  t he heavy dut y desi gn;  and f eet  ( bases)  must  be st eel  and wel ded t o a 
squar e or  r ect angul ar  st eel  t ube upr i ght .   Wal l  pl at es,  i n l i eu of  
f l oor - anchor ed chai r  car r i er s,  must  be used onl y i f  adj oi ni ng st eel  
par t i t i on st uds ar e sui t abl y r ei nf or ced t o suppor t  a wal l  pl at e bol t ed t o 
t hese st uds.

3. 3. 5. 4   Suppor t  f or  Wood St ud Const r uct i on

Wher e f l oor  i s a concr et e s l ab,  a f l oor - anchor ed chai r  car r i er  must  be 
used.   Wher e ent i r e const r uct i on i s wood,  wood cr osspi eces must  be 
i nst al l ed.   Fi xt ur e hanger  pl at es,  suppor t s,  br acket s,  or  mount i ng l ugs 
must  be f ast ened wi t h not  l ess t han No.  10 wood scr ews,  1/ 4 i nch t hi ck 
mi ni mum st eel  hanger ,  or  t oggl e bol t s wi t h nut .   The wood cr osspi eces must  
ext end t he f ul l  wi dt h of  t he f i x t ur e and must  be secur el y suppor t ed.

3. 3. 5. 5   Wal l - Mount ed Wat er  Cl oset  Gasket s

Wher e wal l - mount ed wat er  c l oset s ar e pr ovi ded,  r ei nf or ced wax,  t r eat ed 
f el t ,  or  neopr ene gasket s must  be pr ovi ded.   The t ype of  gasket  f ur ni shed 
must  be as r ecommended by t he chai r - car r i er  manuf act ur er .

3. 3. 6   Backf l ow Pr event i on Devi ces

Pl umbi ng f i xt ur es,  equi pment ,  and pi pe connect i ons must  not  cr oss connect  
or  i nt er connect  bet ween a pot abl e wat er  suppl y and any sour ce of  
nonpot abl e wat er .   Backf l ow pr event er s must  be i nst al l ed wher e i ndi cat ed 
and i n accor dance wi t h I APMO UPC at  al l  ot her  l ocat i ons necessar y t o 
pr ecl ude a cr oss- connect  or  i nt er connect  bet ween a pot abl e wat er  suppl y 
and any nonpot abl e subst ance.   I n addi t i on backf l ow pr event er s must  be 
i nst al l ed at  al l  l ocat i ons wher e t he pot abl e wat er  out l et  i s  bel ow t he 
f l ood l evel  of  t he equi pment ,  or  wher e t he pot abl e wat er  out l et  wi l l  be 
l ocat ed bel ow t he l evel  of  t he nonpot abl e subst ance.   Backf l ow pr event er s 
must  be l ocat ed so t hat  no par t  of  t he devi ce wi l l  be submer ged.   Backf l ow 
pr event er s must  be of  suf f i c i ent  s i ze t o al l ow unr est r i ct ed f l ow of  wat er  
t o t he equi pment ,  and pr ecl ude t he backf l ow of  any nonpot abl e subst ance 
i nt o t he pot abl e wat er  syst em.   Bypass pi pi ng must  not  be pr ovi ded ar ound 
backf l ow pr event er s.   Access must  be pr ovi ded f or  mai nt enance and 
t est i ng.   Each devi ce must  be a st andar d commer ci al  uni t .
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3. 3. 7   Access Panel s

Access panel s must  be pr ovi ded f or  conceal ed val ves and cont r ol s,  or  any 
i t em r equi r i ng i nspect i on or  mai nt enance.   Access panel s must  be of  
suf f i c i ent  s i ze and l ocat ed so t hat  t he conceal ed i t ems may be ser vi ced,  
mai nt ai ned,  or  r epl aced.   Access panel s must  be as speci f i ed i n Sect i on 
08 31 00 ACCESS DOORS AND PANELS.

3. 3. 8   Si ght  Dr ai ns

Si ght  dr ai ns must  be i nst al l ed so t hat  t he i ndi r ect  wast e wi l l  t er mi nat e 2 
i nches above t he f l ood r i m of  t he f unnel  t o pr ovi de an accept abl e ai r  gap.

3. 3. 9   Tr aps

Each t r ap must  be pl aced as near  t he f i x t ur e as possi bl e,  and no f i xt ur e 
must  be doubl e- t r apped.   Tr aps i nst al l ed on cast - i r on soi l  pi pe must  be 
cast  i r on.   Tr aps i nst al l ed on st eel  pi pe or  copper  t ubi ng must  be 
r ecess- dr ai nage pat t er n,  or  br ass- t ube t ype.   Tr aps i nst al l ed on pl ast i c 
pi pe may be pl ast i c conf or mi ng t o ASTM D3311.   Tr aps f or  aci d- r esi st i ng 
wast e must  be of  t he same mat er i al  as t he pi pe.

3. 3. 10   Shower  Pans

Bef or e i nst al l i ng shower  pan,  subf l oor  must  be f r ee of  pr oj ect i ons such as 
nai l  heads or  r ough edges of  aggr egat e.   Dr ai n must  be a bol t - down,  
c l ampi ng- r i ng t ype wi t h weephol es,  i nst al l ed so t he l i p of  t he subdr ai n i s 
f l ush wi t h subf l oor .

3. 3. 10. 1   Gener al

The f l oor  of  each i ndi v i dual  shower ,  t he shower - ar ea por t i on of  
combi nat i on shower  and dr yi ng r oom,  and t he ent i r e shower  and dr yi ng r oom 
wher e t he t wo ar e not  separ at ed by cur b or  par t i t i on,  must  be made 
wat er t i ght  wi t h a shower  pan f abr i cat ed i n pl ace.   The shower  pan mat er i al  
must  be cut  t o s i ze and shape of  t he ar ea i ndi cat ed,  i n one pi ece t o t he 
maxi mum ext ent  pr act i cabl e,  al l owi ng a mi ni mum of  6 i nches f or  t ur nup on 
wal l s or  par t i t i ons,  and must  be f ol ded over  t he cur b wi t h an appr oxi mat e 
r et ur n of  1/ 4 of  cur b hei ght .   The upst ands must  be pl aced behi nd any wal l  
or  par t i t i on f i ni sh.   Subf l oor i ng must  be smoot h and cl ean,  wi t h nai l heads 
dr i ven f l ush wi t h sur f ace,  and must  be sl oped t o dr ai n.   Shower  pans must  
be cl amped t o dr ai ns wi t h t he dr ai n c l ampi ng r i ng.

3. 3. 10. 2   Met al  Shower  Pans

When a shower  pan of  r equi r ed si ze cannot  be f ur ni shed i n one pi ece,  met al  
pi eces must  be j oi ned wi t h a f l i nt l ock seam and sol der ed or  bur ned.   The 
cor ner s must  be f ol ded,  not  cut ,  and t he cor ner  seam must  be sol der ed or  
bur ned.   Pans,  i ncl udi ng upst ands,  must  be coat ed on al l  sur f aces wi t h one 
br ush coat  of  asphal t .   Asphal t  must  be appl i ed evenl y at  not  l ess t han 1 
gal l on per  50 squar e f eet .   A l ayer  of  f el t  cover ed wi t h bui l di ng paper  
must  be pl aced bet ween shower  pans and wood f l oor s.   The j oi ni ng sur f aces 
of  met al  pan and dr ai n must  be gi ven a br ush coat  of  asphal t  af t er  t he pan 
i s connect ed t o t he dr ai n.

3. 3. 10. 3   Pl ast i c i zed Chl or i nat ed Pol yet hyl ene Shower  Pans

Cor ner s of  pl ast i c i zed chl or i nat ed pol yet hyl ene shower  pans must  be f ol ded 
agai nst  t he upst and by maki ng a pi g- ear  f ol d.   Hot - ai r  gun or  heat  l amp 
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must  be used i n maki ng cor ner  f ol ds.   Each pi g- ear  cor ner  f ol d must  be 
nai l ed or  st apl ed 1/ 2 i nch f r om t he upper  edge t o hol d i t  i n pl ace.   Nai l s 
must  be gal vani zed l ar ge- head r oof i ng nai l s.   On met al  f r ami ng or  st uds,  
appr oved duct  t ape must  be used t o secur e pi g- ear  f ol d and membr ane.   
Wher e no backi ng i s pr ovi ded bet ween t he st uds,  t he membr ane sl ack must  be 
t aken up by pl eat i ng and st apl i ng or  nai l i ng t o st uddi ng 1/ 2 i nch f r om 
upper  edge.   To adher e t he membr ane t o ver t i cal  sur f aces,  t he back of  t he 
membr ane and t he sur f ace t o whi ch i t  wi l l  be appl i ed must  be coat ed wi t h 
adhesi ve t hat  becomes dr y t o t he t ouch i n 5 t o 10 mi nut es,  af t er  whi ch t he 
membr ane must  be pr essed i nt o pl ace.   Sur f aces t o be sol vent - wel ded must  
be cl ean.   Sur f aces t o be j oi ned wi t h xyl ene must  be i ni t i al l y  spr ayed and 
vi gor ousl y c l eaned wi t h a cot t on cl ot h,  f ol l owed by f i nal  coat i ng of  
xyl ene and t he j oi ni ng of  t he sur f aces by r ol l er  or  equi val ent  means.   I f  
ambi ent  or  membr ane t emper at ur es ar e bel ow 40 degr ees F t he membr ane and 
t he j oi nt  must  be heat ed pr i or  t o appl i cat i on of  xyl ene.   Heat  may be 
appl i ed wi t h hot - ai r  gun or  heat  l amp,  t aki ng pr ecaut i ons not  t o scor ch 
t he membr ane.   Adequat e vent i l at i on and wear i ng of  gl oves ar e r equi r ed 
when wor ki ng wi t h xyl ene.   Membr ane must  be pr essed i nt o posi t i on on t he 
dr ai n body,  and must  be cut  and f i t  t o mat ch so t hat  membr ane can be 
pr oper l y c l amped and an ef f ect i ve gasket - t ype seal  pr ovi ded.   On wood 
subf l oor i ng,  t wo l ayer s of  15 pound dr y f el t  must  be i nst al l ed pr i or  t o 
i nst al l at i on of  shower  pan t o ensur e a smoot h sur f ace f or  i nst al l at i on.

3. 3. 10. 4   Nonpl ast i c i zed Pol yvi nyl  Chl or i de ( PVC)  Shower  Pans

Nonpl ast i c i zed PVC must  be t ur ned up behi nd wal l s or  wal l  sur f aces a 
di st ance of  not  l ess t han 6 i nches i n r oom ar eas and 3 i nches above cur b 
l evel  i n cur bed spaces wi t h suf f i c i ent  mat er i al  t o f ol d over  and f ast en t o 
out si de f ace of  cur b.   Cor ner s must  be pi g- ear  t ype and f ol ded bet ween pan 
and st uds.   Onl y t op 1 i nch of  upst and must  be nai l ed t o hol d i n pl ace.   
Nai l s must  be gal vani zed l ar ge- head r oof i ng t ype.   Appr oved duct  t ape must  
be used on met al  f r ami ng or  st uds t o secur e pi g- ear  f ol d and membr ane.   
Wher e no backi ng i s pr ovi ded bet ween st uds,  t he membr ane sl ack must  be 
t aken up by pl eat i ng and st apl i ng or  nai l i ng t o st uddi ng at  t op i nch of  
upst and.   To adher e t he membr ane t o ver t i cal  sur f aces,  t he back of  t he 
membr ane and t he sur f ace t o whi ch i t  i s  t o be appl i ed must  be coat ed wi t h 
adhesi ve t hat  becomes dr y t o t he t ouch i n 5 t o 10 mi nut es,  af t er  whi ch t he 
membr ane must  be pr essed i nt o pl ace.   Tr i m f or  dr ai n must  be exact l y t he 
s i ze of  dr ai n openi ng.   Bol t  hol es must  be pi er ced t o accommodat e bol t s 
wi t h a t i ght  f i t .   Adhesi ve must  be used bet ween pan and subdr ai n.   
Cl ampi ng r i ng must  be bol t ed f i r ml y.   A smal l  amount  of  gr avel  or  por ous 
mat er i al s must  be pl aced at  weephol es so t hat  hol es r emai n c l ear  when 
set t i ng bed i s pour ed.   Membr ane must  be sol vent  wel ded wi t h PVC sol vent  
cement .   Sur f aces t o be sol vent  wel ded must  be cl ean ( f r ee of  gr ease and 
gr i me) .   Sheet s must  be l ai d on a f l at  sur f ace wi t h an over l ap of  about  2 
i nches.   Top edge must  be f ol ded back and sur f ace pr i med wi t h a PVC 
pr i mer .   PVC cement  must  be appl i ed and sur f aces i mmedi at el y pl aced 
t oget her ,  whi l e st i l l  wet .   Joi nt  must  be l i ght l y r ol l ed wi t h a pai nt  
r ol l er ,  t hen as t he j oi nt  set s must  be r ol l ed f i r ml y but  not  so har d as t o 
di st or t  t he mat er i al .   I n l ong l engt hs,  about  2 or  3 f eet  at  a t i me must  
be wel ded.   On wood subf l oor i ng,  t wo l ayer s of  15 pound f el t  must  be 
i nst al l ed pr i or  t o i nst al l at i on of  shower  pan t o ensur e a smoot h sur f ace 
i nst al l at i on.

3. 4   VI BRATI ON- ABSORBI NG FEATURES

Mechani cal  equi pment ,  i ncl udi ng compr essor s and pumps,   must  be i sol at ed 
f r om t he bui l di ng st r uct ur e by appr oved vi br at i on- absor bi ng f eat ur es,  
unl ess ot her wi se shown.   Submi t  det ai l s of  v i br at i on- absor bi ng f eat ur es,  
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i ncl udi ng ar r angement ,  f oundat i on pl an,  di mensi ons and speci f i cat i ons.   
Each f oundat i on must  i ncl ude an adequat e number  of  st andar d i sol at i on 
uni t s.   Each uni t  must  consi st  of  machi ne and f l oor  or  f oundat i on 
f ast eni ng,  t oget her  wi t h i nt er medi at e i sol at i on mat er i al ,  and must  be a 
st andar d pr oduct  wi t h pr i nt ed l oad r at i ng.   Pi pi ng connect ed t o mechani cal  
equi pment  must  be pr ovi ded wi t h f l exi bl e connect or s.   I sol at i on uni t  
i nst al l at i on must  l i mi t  v i br at i on t o  per cent  of  t he l owest  equi pment  r pm.

3. 4. 1   Tank-  or  Ski d- Mount ed Compr essor s

Fl oor  at t achment  must  be as r ecommended by compr essor  manuf act ur er .

3. 4. 2   Foundat i on- Mount ed Compr essor s

Foundat i on at t achment  must  be as r ecommended by t he compr essor  
manuf act ur er .   

3. 5   WATER METER REMOTE READOUT REGI STER

The r emot e r eadout  r egi st er  must  be mount ed at  t he l ocat i on i ndi cat ed or  
as di r ect ed by t he Cont r act i ng Of f i cer .

3. 6   I DENTI FI CATI ON SYSTEMS

3. 6. 1   I dent i f i cat i on Tags

I dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c,  or  engr aved 
anodi zed al umi num,  i ndi cat i ng ser vi ce and val ve number  must  be i nst al l ed 
on val ves,  except  t hose val ves i nst al l ed on suppl i es at  pl umbi ng f i xt ur es.  
Tags must  be 1- 3/ 8 i nch mi ni mum di amet er ,  and mar ki ng must  be st amped or  
engr aved.   I ndent at i ons must  be bl ack,  f or  r eadi ng cl ar i t y.   Tags must  be 
at t ached t o val ves wi t h No.  12 AWG,  copper  wi r e,  chr ome- pl at ed beaded 
chai n,  or  pl ast i c st r aps desi gned f or  t hat  pur pose.

3. 6. 2   Pi pe Col or  Code Mar ki ng

Col or  code mar ki ng of  pi pi ng must  be as speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.

3. 6. 3   Col or  Codi ng Scheme f or  Locat i ng Hi dden Ut i l i t y  Component s

Scheme must  be pr ovi ded i n bui l di ngs havi ng suspended gr i d cei l i ngs.   The 
col or  codi ng scheme must  i dent i f y poi nt s of  access f or  mai nt enance and 
oper at i on of  oper abl e component s whi ch ar e not  v i s i bl e f r om t he f i ni shed 
space and i nst al l ed i n t he space di r ect l y above t he suspended gr i d 
cei l i ng.  The oper abl e component s must  i ncl ude val ves,  damper s,  swi t ches,  
l i nkages and t her most at s.   The col or  codi ng scheme must  consi st  of  a col or  
code boar d and col or ed met al  di sks.   Each col or ed met al  di sk must  be 
appr oxi mat el y 3/ 8 i nch i n di amet er  and secur ed t o r emovabl e cei l i ng panel s 
wi t h f ast ener s.   The f ast ener s must  be i nser t ed i nt o t he cei l i ng panel s so 
t hat  t he f ast ener s wi l l  be conceal ed f r om vi ew.   The f ast ener s must  be 
manual l y r emovabl e wi t hout  t ool s and must  not  separ at e f r om t he cei l i ng 
panel s when panel s ar e dr opped f r om cei l i ng hei ght .   I nst al l at i on of  
col or ed met al  di sks must  f ol l ow compl et i on of  t he f i ni shed sur f ace on 
whi ch t he di sks ar e t o be f ast ened.   The col or  code boar d must  have t he 
appr oxi mat e di mensi ons of  3 f oot  wi dt h,  30 i nches hei ght ,  and 1/ 2 i nch 
t hi ckness.   The boar d must  be made of  wood f i ber boar d and f r amed under  
gl ass or  1/ 16 i nch t r anspar ent  pl ast i c cover .   Unl ess ot her wi se di r ect ed,  
t he col or  code symbol s must  be appr oxi mat el y 3/ 4 i nch i n di amet er  and t he 
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r el at ed l et t er i ng i n 1/ 2 i nch hi gh capi t al  l et t er s.   The col or  code boar d 
must  be mount ed and l ocat ed i n t he mechani cal  or  equi pment  r oom.   The 
col or  code syst em must  be as i ndi cat ed bel ow:

Col or Syst em I t em Locat i on

3. 7   ESCUTCHEONS

Escut cheons must  be pr ovi ded at  f i ni shed sur f aces wher e bar e or  i nsul at ed 
pi pi ng,  exposed t o v i ew,  passes t hr ough f l oor s,  wal l s,  or  cei l i ngs,  except  
i n boi l er ,  ut i l i t y ,  or  equi pment  r ooms.   Escut cheons must  be f ast ened 
secur el y t o pi pe or  pi pe cover i ng and must  be sat i n- f i ni sh,  
cor r osi on- r esi st i ng st eel ,  pol i shed chr omi um- pl at ed zi nc al l oy,  or  
pol i shed chr omi um- pl at ed copper  al l oy.   Escut cheons must  be ei t her  
one- pi ece or  spl i t - pat t er n,  hel d i n pl ace by i nt er nal  spr i ng t ensi on or  
set scr ew.

3. 8   PAI NTI NG

Pai nt i ng of  pi pes,  hanger s,  suppor t s,  and ot her  i r on wor k,  ei t her  i n 
conceal ed spaces or  exposed spaces,  i s speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.

3. 8. 1   Pai nt i ng of  New Equi pment

New equi pment  pai nt i ng must  be f act or y appl i ed or  shop appl i ed,  and must  
be as speci f i ed her ei n,  and pr ovi ded under  each i ndi v i dual  sect i on.

3. 8. 1. 1   Fact or y Pai nt i ng Syst ems

Manuf act ur er ' s st andar d f act or y pai nt i ng syst ems may be pr ovi ded subj ect  
t o cer t i f i cat i on t hat  t he f act or y pai nt i ng syst em appl i ed wi l l  wi t hst and 
125 hour s i n a sal t - spr ay f og t est ,  except  t hat  equi pment  l ocat ed out door s 
must  wi t hst and 500 hour s i n a sal t - spr ay f og t est .   Sal t - spr ay f og t est  
must  be i n accor dance wi t h ASTM B117,  and f or  t hat  t est  t he accept ance 
cr i t er i a must  be as f ol l ows:   i mmedi at el y af t er  compl et i on of  t he t est ,  
t he pai nt  must  show no si gns of  bl i s t er i ng,  wr i nkl i ng,  or  cr acki ng,  and no 
l oss of  adhesi on;  and t he speci men must  show no si gns of  r ust  cr eepage 
beyond 0. 125 i nch on ei t her  s i de of  t he scr at ch mar k.

The f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed on t he equi pment  
must  not  be l ess t han t he f i l m t hi ckness used on t he t est  speci men.   I f  
manuf act ur er ' s st andar d f act or y pai nt i ng syst em i s bei ng pr oposed f or  use 
on sur f aces subj ect  t o t emper at ur es above 120 degr ees F,  t he f act or y 
pai nt i ng syst em must  be desi gned f or  t he t emper at ur e ser vi ce.

3. 8. 1. 2   Shop Pai nt i ng Syst ems f or  Met al  Sur f aces

Cl ean,  pr et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  met al  sur f aces 
subj ect  t o t emper at ur es i n excess of  120 degr ees F must  be cl eaned t o bar e 
met al .

Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he second coat  
af t er  t he pr ecedi ng coat  i s t hor oughl y dr y.   Li ght l y sand damaged pai nt i ng 
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and r et ouch bef or e appl y i ng t he succeedi ng coat .  Col or  of  f i ni sh coat  must  
be al umi num or  l i ght  gr ay.

a.   Temper at ur es Less Than 120 Degr ees F:  I mmedi at el y af t er  c l eani ng,  t he 
met al  sur f aces subj ect  t o t emper at ur es l ess t han 120 degr ees F must  
r ecei ve one coat  of  pr et r eat ment  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  0. 3 mi l ,  one coat  of  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  one mi l ;  and t wo coat s of  enamel  appl i ed t o a mi ni mum dr y 
f i l m t hi ckness of  one mi l  per  coat .

b.   Temper at ur es Bet ween 120 and 400 Degr ees F:   Met al  sur f aces subj ect  t o 
t emper at ur es bet ween 120 and 400 degr ees F must  r ecei ve t wo coat s of  
400 degr ees F heat - r esi st i ng enamel  appl i ed t o a t ot al  mi ni mum 
t hi ckness of  2 mi l s.

c.   Temper at ur es Gr eat er  Than 400 Degr ees F:  Met al  sur f aces subj ect  t o 
t emper at ur es gr eat er  t han 400 degr ees F must  r ecei ve t wo coat s of  600 
degr ees F heat - r esi st i ng pai nt  appl i ed t o a t ot al  mi ni mum dr y f i l m 
t hi ckness of  2 mi l s.

3. 9   TESTS,  FLUSHI NG AND DI SI NFECTI ON

Submi t  t est  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s per f or med t o 
adj ust  each component  and al l  f i el d t est s per f or med t o pr ove compl i ance 
wi t h t he speci f i ed per f or mance cr i t er i a,  compl et i on and t est i ng of  t he 
i nst al l ed syst em.   Each t est  r epor t  must  i ndi cat e t he f i nal  posi t i on of  
cont r ol s.

3. 9. 1   Pl umbi ng Syst em

The f ol l owi ng t est s must  be per f or med on t he pl umbi ng syst em i n accor dance 
wi t h I APMO UPC,  except  t hat  t he dr ai nage and vent  syst em f i nal  t est  must  
i ncl ude t he smoke t est .   The Cont r act or  has t he opt i on t o per f or m a 
pepper mi nt  t est  i n l i eu of  t he smoke t est .   I f  a pepper mi nt  t est  i s  
chosen,  t he Cont r act or  must  submi t  a t est i ng pr ocedur e and r easons f or  
choosi ng t hi s opt i on i n l i eu of  t he smoke t est  t o t he Cont r act i ng Of f i cer  
f or  appr oval .

a.   Dr ai nage and Vent  Syst ems Test .   The f i nal  t est  must  i ncl ude a smoke 
t est .

b.   Bui l di ng Sewer s Test s.

c.   Wat er  Suppl y Syst ems Test s.

3. 9. 1. 1   Test  of  Backf l ow Pr event i on Assembl i es

Cer t i f i cat i on of  pr oper  oper at i on must  be submi t t ed and must  be as 
accompl i shed i n accor dance wi t h st at e r egul at i ons by an i ndi v i dual  
cer t i f i ed by t he st at e t o per f or m such t est s.   I f  no st at e r equi r ement  
exi st s,  t he Cont r act or  must  have t he manuf act ur er ' s r epr esent at i ve t est  
t he devi ce t o ensur e t he uni t  i s  pr oper l y i nst al l ed and per f or mi ng as 
i nt ended.   The Cont r act or  must  pr ovi de wr i t t en document at i on of  t he t est s 
per f or med and si gned by t he i ndi v i dual  per f or mi ng t he t est s.   Backf l ow 
pr event i on assembl y must  be t est ed usi ng gauges speci f i cal l y desi gned f or  
t he t est i ng of  backf l ow pr event i on assembl i es.

Backf l ow pr event i on assembl y t est  gauges must  be t est ed annual l y f or  
accur acy i n accor dance wi t h t he r equi r ement s of  St at e or  l ocal  r egul at or y 
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agenci es.  I f  t her e i s no St at e or  l ocal  r egul at or y agency r equi r ement s,  
gauges must  be t est ed annual l y f or  accur acy i n accor dance wi t h t he 
r equi r ement s of  Uni ver si t y of  Sout her n Cal i f or ni a' s Foundat i on of  Cr oss 
Connect i on Cont r ol  and Hydr aul i c Resear ch or  t he Amer i can Wat er  Wor ks 
Associ at i on Manual  of  Cr oss Connect i on ( Manual  M- 14) ,  or  any ot her  
appr oved t est i ng l abor at or y havi ng equi val ent  capabi l i t i es f or  bot h 
l abor at or y and f i el d eval uat i on of  backf l ow pr event i on assembl y t est  
gauges.   Repor t  f or m f or  each assembl y must  i ncl ude,  as a mi ni mum,  t he 
f ol l owi ng:

Dat a on Devi ce Dat a on Test i ng Fi r m

Type of  Assembl y Name

Manuf act ur er Addr ess

Model  Number Cer t i f i ed Test er

Ser i al  Number Cer t i f i ed Test er  No.

Si ze Dat e of  Test

Locat i on

Test  Pr essur e Readi ngs Ser i al  Number  and Test  Dat a of  Gauges

I f  t he uni t  f ai l s  t o meet  speci f i ed r equi r ement s,  t he uni t  must  be 
r epai r ed and r et est ed.

3. 9. 1. 2   Shower  Pans

Af t er  i nst al l at i on of  t he pan and f i ni shed f l oor ,  t he dr ai n must  be 
t empor ar i l y  pl ugged bel ow t he weep hol es.   The f l oor  ar ea must  be f l ooded 
wi t h wat er  t o a mi ni mum dept h of  1 i nch f or  a per i od of  24 hour s.   Any 
dr op i n t he wat er  l evel  dur i ng t est ,  except  f or  evapor at i on,  wi l l  be 
r eason f or  r ej ect i on,  r epai r ,  and r et est .

3. 9. 1. 3   Compr essed Ai r  Pi pi ng ( Nonoi l - Fr ee)

Pi pi ng syst ems must  be f i l l ed wi t h oi l - f r ee dr y ai r  or  gaseous ni t r ogen t o 
150 psi g and hol d t hi s pr essur e f or  2 hour s wi t h no dr op i n pr essur e.

3. 9. 2   Def ect i ve Wor k

I f  i nspect i on or  t est  shows def ect s,  such def ect i ve wor k or  mat er i al  must  
be r epl aced or  r epai r ed as necessar y and i nspect i on and t est s must  be 
r epeat ed.   Repai r s t o pi pi ng must  be made wi t h new mat er i al s.   Caul k i ng of  
scr ewed j oi nt s or  hol es wi l l  not  be accept abl e.

3. 9. 3   Syst em Fl ushi ng

3. 9. 3. 1   Dur i ng Fl ushi ng

Bef or e oper at i onal  t est s or  di s i nf ect i on,  pot abl e wat er  pi pi ng syst em must  
be f l ushed wi t h hot  pot abl e wat er .   Suf f i c i ent  wat er  must  be used t o 
pr oduce a wat er  vel oci t y t hat  i s  capabl e of  ent r ai ni ng and r emovi ng debr i s 
i n al l  por t i ons of  t he pi pi ng syst em.   Thi s r equi r es s i mul t aneous 
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oper at i on of  al l  f i x t ur es on a common br anch or  mai n i n or der  t o pr oduce a 
f l ushi ng vel oci t y of  appr oxi mat el y 4 f ps t hr ough al l  por t i ons of  t he 
pi pi ng syst em.   I n t he event  t hat  t hi s i s i mpossi bl e due t o s i ze of  
syst em,  t he Cont r act i ng Of f i cer  ( or  t he desi gnat ed r epr esent at i ve)  must  
speci f y t he number  of  f i x t ur es t o be oper at ed dur i ng f l ushi ng.   Cont r act or  
must  pr ovi de adequat e per sonnel  t o moni t or  t he f l ushi ng oper at i on and t o 
ensur e t hat  dr ai n l i nes ar e unobst r uct ed i n or der  t o pr event  f l oodi ng of  
t he f aci l i t y .   Cont r act or  must  be r esponsi bl e f or  any f l ood damage 
r esul t i ng f r om f l ushi ng of  t he syst em.   Fl ushi ng must  be cont i nued unt i l  
ent r ai ned di r t  and ot her  f or ei gn mat er i al s have been r emoved and unt i l  
di schar ge wat er  shows no di scol or at i on.   Al l  f aucet s and dr i nki ng wat er  
f ount ai ns,  t o i ncl ude any devi ce consi der ed as an end poi nt  devi ce by 
NSF/ ANSI  61,  Sect i on 9,  must  be f l ushed a mi ni mum of  0. 25 gal l ons per  24 
hour  per i od,  t en t i mes over  a 14 day per i od.

3. 9. 3. 2   Af t er  Fl ushi ng

Syst em must  be dr ai ned at  l ow poi nt s.   St r ai ner  scr eens must  be r emoved,  
c l eaned,  and r epl aced.   Af t er  f l ushi ng and cl eani ng,  syst ems must  be 
pr epar ed f or  t est i ng by i mmedi at el y f i l l i ng wat er  pi pi ng wi t h c l ean,  f r esh 
pot abl e wat er .   Any st oppage,  di scol or at i on,  or  ot her  damage t o t he 
f i ni sh,  f ur ni shi ngs,  or  par t s of  t he bui l di ng due t o t he Cont r act or ' s 
f ai l ur e t o pr oper l y c l ean t he pi pi ng syst em must  be r epai r ed by t he 
Cont r act or .   When t he syst em f l ushi ng i s compl et e,  t he hot - wat er  syst em 
must  be adj ust ed f or  uni f or m ci r cul at i on.   Fl ushi ng devi ces and aut omat i c 
cont r ol  syst ems must  be adj ust ed f or  pr oper  oper at i on accor di ng t o 
manuf act ur er ' s i nst r uct i ons.   Fl ow r at es on f i xt ur es must  not  exceed t hose 
st at ed i n PART 2 of  t hi s Sect i on.   Unl ess mor e st r i ngent  l ocal  
r equi r ement s exi st ,  l ead l evel s must  not  exceed l i mi t s est abl i shed by 
40 CFR 141. 80 ( c) ( 1) .   The wat er  suppl y t o t he bui l di ng must  be t est ed 
separ at el y t o ensur e t hat  any l ead cont ami nat i on f ound dur i ng pot abl e 
wat er  syst em t est i ng i s due t o wor k bei ng per f or med i nsi de t he bui l di ng.

3. 9. 4   Oper at i onal  Test

Upon compl et i on of  f l ushi ng and pr i or  t o di s i nf ect i on pr ocedur es,  t he 
Cont r act or  must  subj ect  t he pl umbi ng syst em t o oper at i ng t est s t o 
demonst r at e sat i sf act or y i nst al l at i on,  connect i ons,  adj ust ment s,  and 
f unct i onal  and oper at i onal  ef f i c i ency.   Such oper at i ng t est s must  cover  a 
per i od of  not  l ess t han 8 hour s f or  each syst em and must  i ncl ude t he 
f ol l owi ng i nf or mat i on i n a r epor t  wi t h concl usi on as t o t he adequacy of  
t he syst em:

a.   Ti me,  dat e,  and dur at i on of  t est .

b.   Wat er  pr essur es at  t he most  r emot e and t he hi ghest  f i x t ur es.

c.   Oper at i on of  each f i xt ur e and f i xt ur e t r i m.

d.   Oper at i on of  each val ve,  hydr ant ,  and f aucet .

e.   Pump suct i on and di schar ge pr essur es.

f .   Temper at ur e of  each domest i c hot - wat er  suppl y.

g.   Oper at i on of  each f l oor  and r oof  dr ai n by f l oodi ng wi t h wat er .

h.   Oper at i on of  each vacuum br eaker  and backf l ow pr event er .
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j .   Compr essed ai r  r eadi ngs at  each compr essor  and at  each out l et .  Each 
i ndi cat i ng i nst r ument  must  be r ead at  1/ 2 hour  i nt er val s.   The r epor t  
of  t he t est  must  be submi t t ed i n quadr upl i cat e.   The Cont r act or  must  
f ur ni sh i nst r ument s,  equi pment ,  and per sonnel  r equi r ed f or  t he t est s;  
t he Gover nment  wi l l  f ur ni sh t he necessar y wat er  and el ect r i c i t y.

3. 9. 5   Di s i nf ect i on

Af t er  al l  syst em component s ar e pr ovi ded and oper at i onal  t est s ar e 
compl et e,  t he ent i r e domest i c hot -  and col d- wat er  di st r i but i on syst em must  
be di s i nf ect ed.   Bef or e i nt r oduci ng di s i nf ect i ng chl or i nat i on mat er i al ,  
ent i r e syst em must  be f l ushed wi t h pot abl e wat er  unt i l  any ent r ai ned di r t  
and ot her  f or ei gn mat er i al s have been r emoved.

Wat er  chl or i nat i on pr ocedur e must  be i n accor dance wi t h AWWA C651 and 
AWWA C652 as modi f i ed and suppl ement ed by t hi s speci f i cat i on.   The 
chl or i nat i ng mat er i al  must  be hypochl or i t es or  l i qui d chl or i ne.   The 
chl or i nat i ng mat er i al  must  be f ed i nt o t he wat er  pi pi ng syst em at  a 
const ant  r at e at  a concent r at i on of  at  l east  50 par t s per  mi l l i on ( ppm) .   
Feed a pr oper l y adj ust ed hypochl or i t e sol ut i on i nj ect ed i nt o t he syst em 
wi t h a hypochl or i nat or ,  or  i nj ect  l i qui d chl or i ne i nt o t he syst em t hr ough 
a sol ut i on- f eed chl or i nat or  and boost er  pump unt i l  t he ent i r e syst em i s 
compl et el y f i l l ed.

3. 9. 5. 1   Wat er  Chl or i nat i on Moni t or i ng

Test  t he chl or i ne r esi dual  l evel  i n t he wat er  at  6 hour  i nt er val s f or  a 
cont i nuous per i od of  24 hour s.   I f  at  t he end of  a 6 hour  i nt er val ,  t he 
chl or i ne r esi dual  has dr opped t o l ess t han 25 ppm,  f l ush t he pi pi ng 
i ncl udi ng t anks wi t h pot abl e wat er ,  and r epeat  t he above chl or i nat i on 
pr ocedur es.   Dur i ng t he chl or i nat i on per i od,  each val ve and f aucet  must  be 
opened and cl osed sever al  t i mes.   Af t er  t he second 24 hour  per i od,  ver i f y 
t hat  no l ess t han 25 ppm chl or i ne r esi dual  r emai ns i n t he t r eat ed syst em.   
The 24 hour  chl or i nat i on pr ocedur e must  be r epeat ed unt i l  no l ess t han 25 
ppm chl or i ne r esi dual  r emai ns i n t he t r eat ed syst em.

3. 9. 5. 2   Wat er  Chl or i nat i on Fl ushi ng

Upon t he speci f i ed ver i f i cat i on,  t he syst em i ncl udi ng t anks must  t hen be 
f l ushed wi t h pot abl e wat er  unt i l  t he r esi dual  chl or i ne l evel  i s  r educed t o 
l ess t han one par t  per  mi l l i on.   Dur i ng t he f l ushi ng per i od,  each val ve 
and f aucet  must  be opened and cl osed sever al  t i mes.

3. 9. 5. 3   Sampl e Test i ng

Take addi t i onal  sampl es of  wat er  i n di s i nf ect ed cont ai ner s,  f or  bact er i al  
exami nat i on,  at  l ocat i ons speci f i ed by t he Cont r act i ng Of f i cer .   Test  
t hese sampl es f or  t ot al  col i f or m or gani sms ( col i f or m bact er i a,  f ecal  
col i f or m,  st r ept ococcal ,  and ot her  bact er i a)  i n accor dance wi t h EPA SM 9223.   
The t est i ng met hod used must  be EPA appr oved f or  dr i nki ng wat er  syst ems 
and must  compl y wi t h appl i cabl e l ocal  and st at e r equi r ement s.

3. 9. 5. 4   Di s i nf ect i on Accept ance

Di si nf ect i on must  be r epeat ed unt i l  bact er i al  t est s i ndi cat e t he absence 
of  col i f or m or gani sms ( zer o mean col i f or m densi t y per  100 mi l l i l i t er s)  i n 
t he sampl es f or  at  l east  2 f ul l  days.   The syst em wi l l  not  be accept ed 
unt i l  sat i sf act or y bact er i ol ogi cal  r esul t s have been obt ai ned.
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3. 10   POSTED I NSTRUCTI ONS

Fr amed i nst r uct i ons under  gl ass or  i n l ami nat ed pl ast i c,  i ncl udi ng wi r i ng 
and cont r ol  di agr ams showi ng t he compl et e l ayout  of  t he ent i r e syst em,  
must  be post ed wher e di r ect ed.   Condensed oper at i ng i nst r uct i ons 
expl ai ni ng pr event i ve mai nt enance pr ocedur es,  met hods of  checki ng t he 
syst em f or  nor mal  saf e oper at i on,  and pr ocedur es f or  saf el y st ar t i ng and 
st oppi ng t he syst em must  be pr epar ed i n t yped f or m,  f r amed as speci f i ed 
above f or  t he wi r i ng and cont r ol  di agr ams and post ed besi de t he di agr ams.   
The f r amed i nst r uct i ons must  be post ed bef or e accept ance t est i ng of  t he 
syst ems.

3. 11   PERFORMANCE OF WATER HEATI NG EQUI PMENT

St andar d r at i ng condi t i on t er ms ar e as f ol l ows:

DP = Dr aw pat t er n

EF = Ener gy f act or ,  mi ni mum over al l  ef f i c i ency.

ET = Mi ni mum t her mal  ef f i c i ency wi t h 70 degr ees F del t a T.

SL = St andby l oss i s maxi mum ( Bt u/ h)  based on a 70 degr ees F 
t emper at ur e di f f er ence bet ween st or ed wat er  and ambi ent  r equi r ement s.

UEF = Uni f or m ener gy f act or

V = Rat ed vol ume i n gal l ons

Q = Namepl at e i nput  r at e i n kW ( Bt u/ h)

3. 11. 1   St or age Wat er  Heat er s

3. 11. 1. 1   El ect r i c

a.   St or age capaci t y mor e t han or  equal  t o 20 gal l ons and l ess t han or  
equal  t o 55 gal l ons wi t h a dr aw pat t er n ( DP)  of :  ver y smal l  must  have 
a uni f or m ener gy f act or  ( UEF)  of  0. 8808 -  ( 0. 0008 x V) ,  l ow must  have 
a uni f or m ener gy f act or  ( UEF)  of  0. 9254 -  ( 0. 0003 x V) ,  medi um must  
have a uni f or m ener gy f act or  ( UEF)  of  0. 9307 -  ( 0. 0002 x V) ,  hi gh must  
have a uni f or m ener gy f act or  ( UEF)  of  0. 9349 -  ( 0. 0001 x V)  per  
10 CFR 430.

b.   St or age capaci t y mor e t han 55 gal l ons and l ess t han or  equal  t o 120 
gal l ons wi t h a dr aw pat t er n ( DP)  of :  ver y smal l  must  have a uni f or m 
ener gy f act or  ( UEF)  of  1. 9236 -  ( 0. 0011 x V) ,  l ow must  have a uni f or m 
ener gy f act or  ( UEF)  of  2. 0440 -  ( 0. 0011 x V) ,  medi um must  have a 
uni f or m ener gy f act or  ( UEF)  of  2. 1171 -  ( 0. 0011 x V) ,  hi gh must  have a 
uni f or m ener gy f act or  ( UEF)  of  2. 418 -  ( 0. 0011 x V)  per  10 CFR 430.

3. 11. 1. 2   Gas

a.   St or age capaci t y mor e t han or  equal  t o 20 gal l ons and l ess t han or  
equal  t o 55 gal l ons wi t h a dr aw pat t er n ( DP)  of :  ver y smal l  must  have 
a uni f or m ener gy f act or  ( UEF)  of  0. 3456 -  ( 0. 0020 x V) ,  l ow must  have 
a uni f or m ener gy f act or  ( UEF)  of  0. 5982 -  ( 0. 0019 x V) ,  medi um must  
have a uni f or m ener gy f act or  ( UEF)  of  0. 6483 -  ( 0. 0017 x V) ,  hi gh must  
have a uni f or m ener gy f act or  ( UEF)  of  0. 6920 -  ( 0. 0013 x V)  per  
10 CFR 430.
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b.   St or age capaci t y mor e t han 55 gal l ons and l ess t han or  equal  t o 100 
gal l ons wi t h a dr aw pat t er n ( DP)  of :  ver y smal l  must  have a uni f or m 
ener gy f act or  ( UEF)  of  0. 6470 -  ( 0. 0006 x V) ,  l ow must  have a uni f or m 
ener gy f act or  ( UEF)  of  0. 7689 -  ( 0. 0005 x V) ,  medi um must  have a 
uni f or m ener gy f act or  ( UEF)  of  0. 7897 -  ( 0. 0004 x V) ,  hi gh must  have a 
uni f or m ener gy f act or  ( UEF)  of  0. 8702 -  ( 0. 0003 x V)  per  10 CFR 430.

c.  St or age capaci t y l ess t han or  equal  t o 120 gal l ons wi t h i nput  r at i ng 
mor e t han 75, 000 Bt u/ h and l ess t han 105, 000 Bt u/ h wi t h a dr aw pat t er n 
( DP)  of :  ver y smal l  must  have a uni f or m ener gy f act or  ( UEF)  of  0. 2674 
-  ( 0. 0009 x V) ,  l ow must  have a uni f or m ener gy f act or  ( UEF)  of  0. 5362 
-  ( 0. 0012 x V) ,  medi um must  have a uni f or m ener gy f act or  ( UEF)  of  
0. 6002 -  ( 0. 0011 x V) ,  hi gh must  have a uni f or m ener gy f act or  ( UEF)  of  
0. 6597 -  ( 0. 0009 x V)  per  10 CFR 430.

3. 11. 1. 3   Oi l

a.   St or age capaci t y l ess t han or  equal  t o 50 gal l ons wi t h a dr aw pat t er n 
( DP)  of :  ver y smal l  must  have a uni f or m ener gy f act or  ( UEF)  of  0. 2509 
-  ( 0. 0012 x V) ,  l ow must  have a uni f or m ener gy f act or  ( UEF)  of  0. 5330 
-  ( 0. 0016 x V) ,  medi um must  have a uni f or m ener gy f act or  ( UEF)  of  
0. 6078 -  ( 0. 0016 x V) ,  hi gh must  have a uni f or m ener gy f act or  ( UEF)  of  
0. 6815 -  ( 0. 0014 x V)  per  10 CFR 430.

b.   St or age capaci t y l ess t han or  equal  t o 120 gal l ons wi t h i nput  r at i ng 
mor e t han 105, 000 Bt u/ h and l ess t han or  equal  t o 140, 000 Bt u/ h wi t h a 
dr aw pat t er n ( DP)  of :  ver y smal l  must  have a uni f or m ener gy f act or  
( UEF)  of  0. 2932 -  ( 0. 0015 x V) ,  l ow must  have a uni f or m ener gy f act or  
( UEF)  of  0. 5596 -  ( 0. 0018 x V) ,  medi um must  have a uni f or m ener gy 
f act or  ( UEF)  of  0. 6194 -  ( 0. 0016 x V) ,  hi gh must  have a uni f or m ener gy 
f act or  ( UEF)  of  0. 6740 -  ( 0. 0013 x V)  per  10 CFR 430.

3. 11. 2   Unf i r ed Hot  Wat er  St or age

Al l  vol umes and i nput s:   must  meet  or  exceed R- 12. 5.

3. 11. 3   I nst ant aneous Wat er  Heat er

3. 11. 3. 1   El ect r i c

a.   St or age capaci t y l ess t han 2 gal l ons wi t h a dr aw pat t er n ( DP)  of :  ver y 
smal l  must  have a uni f or m ener gy f act or  ( UEF)  of  0. 91,  l ow must  have a 
uni f or m ener gy f act or  ( UEF)  of  0. 91,  medi um must  have a uni f or m ener gy 
f act or  ( UEF)  of  0. 91,  hi gh must  have a uni f or m ener gy f act or  ( UEF)  of  
0. 92 per  10 CFR 430.

3. 11. 3. 2   Gas

a.   St or age capaci t y l ess t han 2 gal l ons i nput  r at i ng gr eat er  t han 50, 000 
Bt u/ h wi t h a dr aw pat t er n ( DP)  of :  ver y smal l  must  have a uni f or m 
ener gy f act or  ( UEF)  of  0. 80,  l ow must  have a uni f or m ener gy f act or  
( UEF)  of  0. 81,  medi um must  have a uni f or m ener gy f act or  ( UEF)  of  0. 81,  
hi gh must  have a uni f or m ener gy f act or  ( UEF)  of  0. 81 per  10 CFR 430.

b.   Rat i ng of  4, 000 Bt u/ h/ gal  and st or age capaci t y l ess t han 10 gal l ons 
wi t h an i nput  of  200, 000 Bt u/ h must  have a mi ni mum t her mal  ef f i c i ency 
( ET)  of  80 per cent  per  ANSI  Z21. 10. 3/ CSA 4. 3.
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c.   Rat i ng of  4, 000 BTU/ h/ gal  and st or age capaci t y mor e t han 10 gal l ons 
wi t h an i nput  mor e t han 200, 000 Bt u/ h must  have a mi ni mum t her mal  
ef f i c i ency ( ET)  of  80 per cent  and t he maxi mum SL must  be 
Q/ 800+110x( V^^1/ 2) )  per  ANSI  Z21. 10. 3/ CSA 4. 3.

3. 11. 3. 3   Oi l

a.   Rat i ng of  4, 000 Bt u/ h/ gal  and st or age capaci t y l ess t han 2 gal l ons 
wi t h an i nput  mor e t han 50, 000 Bt u/ h and l ess t han 210, 000 Bt u/ h must  
have an ener gy f act or  ( EF)  of 0. 59 -  ( 0. 0005 x V per  10 CFR 430.

b.   Rat i ng of  4, 000 Bt u/ h/ gal  and st or age capaci t y l ess t han 10 gal l ons 
wi t h an i nput  mor e t han 10 gal l ons wi t h an i nput  mor e t han 210, 000 
Bt u/ h must  have a mi ni mum t her mal  ef f i c i ency ( ET)  of  80 per cent  per  
ANSI  Z21. 10. 3/ CSA 4. 3.

c.   Rat i ng of  4, 000 Bt u/ h/ gal  and st or age capaci t y mor e t han 10 gal l ons 
wi t h an i nput  of  mor e t han 210, 000 Bt u/ h must  have a mi ni mum t her mal  
ef f i c i ency ( ET)  of  78 per cent  and t he 
maxi mum SL must  be Q/ 800+110x( V^^1/ 2) )  per  ANSI  Z21. 10. 3/ CSA 4. 3.

3. 11. 4   Pool  Heat er s

a.   Gas/ oi l  f uel ,  capaci t i es and i nput s:   ET must  be 78 per cent  per  
ASHRAE 146.

b.   Heat  Pump,   Al l  capaci t i es and i nput s must  meet  a COP of  4. 0 per  
ASHRAE 146

3. 12   TABLES

TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG
SYSTEMS

I t em
#

Pi pe and Fi t t i ng Mat er i al s SERVI CE
A

SERVI CE
B

SERVI CE
C

SERVI CE
D

SERVI CE
E

SERVI CE
F

SERVI CE
G

1 Cast  i r on soi l  pi pe and 
f i t t i ngs,  hub and spi got ,  
ASTM A74 wi t h compr essi on 
gasket s.   Pi pe and 
f i t t i ngs must  be mar ked 
wi t h t he CI SPI  t r ademar k.

X X X X X
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TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG
SYSTEMS

I t em
#

Pi pe and Fi t t i ng Mat er i al s SERVI CE
A

SERVI CE
B

SERVI CE
C

SERVI CE
D

SERVI CE
E

SERVI CE
F

SERVI CE
G

2 Cast  i r on soi l  pi pe and 
f i t t i ngs hubl ess,  
CI SPI  301 and ASTM A888.  
Pi pe and f i t t i ngs must  be 
mar ked wi t h t he CI SPI  
t r ademar k.

X X X

3 Cast  i r on dr ai nage 
f i t t i ngs,  t hr eaded,  
ASME B16. 12 f or  use wi t h 
I t em 10

X X X

4 Cast  i r on scr ewed 
f i t t i ngs ( t hr eaded)  
ASME B16. 4 f or  use wi t h 
I t em 10

X X

5 Gr ooved pi pe coupl i ngs,  
f er r ous and non- f er r ous 
pi pe ASTM A536 And 
ASTM A47/ A47M

X X X X

6 Duct i l e i r on gr ooved 
j oi nt  f i t t i ngs f or  
f er r ous pi pe ASTM A536 
and ASTM A47/ A47M f or  use 
wi t h I t em 5

X X X X
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TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG
SYSTEMS

I t em
#

Pi pe and Fi t t i ng Mat er i al s SERVI CE
A

SERVI CE
B

SERVI CE
C

SERVI CE
D

SERVI CE
E

SERVI CE
F

SERVI CE
G

7 Br onze sand cast i ng 
gr ooved j oi nt  pr essur e 
f i t t i ngs f or  non- f er r ous 
pi pe ASTM B584,  f or  use 
wi t h I t em 5

X X X X

8 Wr ought  copper  gr ooved 
j oi nt  pr essur e f i t t i ngs 
f or  non- f er r ous pi pe 
ASTM B75/ B75M C12200,  
ASTM B152/ B152M,  C11000,  
ASME B16. 22 ASME B16. 22 
f or  use wi t h I t em 5

X X

9 Mal l eabl e- i r on t hr eaded 
f i t t i ngs,  gal vani zed 
ASME B16. 3 f or  use wi t h 
I t em 10

X X

10 St eel  pi pe,  seaml ess 
gal vani zed,  ASTM A53/ A53M,  
Type S,  Gr ade B

X X

11 Seaml ess r ed br ass pi pe,  
ASTM B43

X X X
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TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG
SYSTEMS

I t em
#

Pi pe and Fi t t i ng Mat er i al s SERVI CE
A

SERVI CE
B

SERVI CE
C

SERVI CE
D

SERVI CE
E

SERVI CE
F

SERVI CE
G

12 Br onzed f l anged f i t t i ngs,  
ASME B16. 24 f or  use wi t h 
I t ems 11 and 14

X X X

13 Cast  copper  al l oy sol der  
j oi nt  pr essur e f i t t i ngs,  
ASME B16. 18f or  use wi t h 
I t em 14

X X X

14 Seaml ess copper  pi pe,  
ASTM B42

X X

15 Cast  br onze t hr eaded 
f i t t i ngs,  ASME B16. 15

X X

16 Copper  dr ai nage t ube,  
( DWV) ,  ASTM B306

X* X X* X X X

17 Wr ought  copper  and 
wr ought  al l oy 
sol der - j oi nt  dr ai nage 
f i t t i ngs.   ASME B16. 29

X X X X X X

18 Cast  copper  al l oy sol der  
j oi nt  dr ai nage f i t t i ngs,  
DWV,  ASME B16. 23

X X X X X X
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TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG
SYSTEMS

I t em
#

Pi pe and Fi t t i ng Mat er i al s SERVI CE
A

SERVI CE
B

SERVI CE
C

SERVI CE
D

SERVI CE
E

SERVI CE
F

SERVI CE
G

19 Acr yl oni t r i l e- But adi ene
- St yr ene ( ABS)  pl ast i c 
dr ai n,  wast e,  and vent  
pi pe and f i t t i ngs 
ASTM D2661,  ASTM F628

X X X X X X

20 Pol yvi nyl  Chl or i de 
pl ast i c dr ai n,  wast e and 
vent  pi pe and f i t t i ngs,  
ASTM D2665,  ASTM F891,  
( Sch 40)  ASTM F1760

X X X X X X X

21 Pr ocess gl ass pi pe and 
f i t t i ngs,  ASTM C1053

X

22 Hi gh- si l i con cont ent  cast  
i r on pi pe and f i t t i ngs 
( hub and spi got ,  and  
mechani cal  j oi nt ) ,  
ASTM A518/ A518M

X X X

23 Pol ypr opyl ene ( PP)  wast e 
pi pe and f i t t i ngs,  
ASTM D4101

X

24 Fi l ament - wound r ei nf or ced 
t her moset t i ng r esi n 
( RTRP)  pi pe,  ASTM D2996

X
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TABLE I

PI PE AND FI TTI NG MATERI ALS FOR DRAI NAGE,  WASTE,  VENT AND CONDENSATE DRAI N PI PI NG
SYSTEMS

I t em
#

Pi pe and Fi t t i ng Mat er i al s SERVI CE
A

SERVI CE
B

SERVI CE
C

SERVI CE
D

SERVI CE
E

SERVI CE
F

SERVI CE
G

25 Cast  I r on pi pe and 
f i t t i ngs,  CEN EN 877 
pi pi ng

X X X X X X

SERVI CE:

    A -  Under gr ound Bui l di ng Soi l ,  Wast e and St or m Dr ai n
    B -  Abovegr ound Soi l ,  Wast e,  Dr ai n I n Bui l di ngs
    C -  Under gr ound Vent
    D -  Abovegr ound Vent
    E -  I nt er i or  Rai nwat er  Conduct or s Abovegr ound
    F -  Cor r osi ve Wast e And Vent  Above And Bel owgr ound
    G -  Condensat e Dr ai n Abovegr ound

*  -  Har d Temper
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TABLE I I I

STANDARD RATI NG CONDI TI ONS AND MI NI MUM PERFORMANCE RATI NGS FOR WATER HEATI NG
EQUI PMENT

FUEL STORAGE
CAPACI TY

OR RATI NG
CONDI TI ON

I NPUT
RATI NG

TEST PROCEDURE REQUI RED PERFORMANCE

A.   STORAGE WATER HEATERS

El ect . >20 gal  
and <55 
gal

10 CFR 430 DP UEF

Ver y Smal l 0. 8808 -  
( 0. 0008 x V)

Low 0. 9254 -  
( 0. 0003 x V)

Medi um 0. 9307 -  
( 0. 0002 x V)

Hi gh 0. 9349 -  
( 0. 0001 x V)

El ect . >55 gal  
and <120 
gal

10 CFR 430 DP UEF

Ver y Smal l 1. 9236 -  
( 0. 0011 x V)

Low 2. 0440 -  
( 0. 0011 x V)

Medi um 2. 1171 -  
( 0. 0011 x V)

Hi gh 2. 2418 -  
( 0. 0011 x V)

El ect .  
Heat  
Pump

<24 Amps 
and <250 
Vol t s

10 CFR 430 Rat i ng Condi t i on UEF

I nt egr at ed heat  
pump wat er  
heat er  ( HPWH)

UEF >3. 3 and 
Fi r st  Hour  
Rat i ng >45 
gal / h

I nt egr at ed 
HPWH,  >120 V/ 15 
Amp Ci r cui t  or  
Spl i t - Syst em 
HPWH

UEF >2. 2 and 
Fi r st  Hour  
Rat i ng >45 
gal / h

El ect .  
Heat  
Pump

>12 kW 10 CFR 430 HPWH COP >3. 0
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TABLE I I I

STANDARD RATI NG CONDI TI ONS AND MI NI MUM PERFORMANCE RATI NGS FOR WATER HEATI NG
EQUI PMENT

FUEL STORAGE
CAPACI TY

OR RATI NG
CONDI TI ON

I NPUT
RATI NG

TEST PROCEDURE REQUI RED PERFORMANCE

Gas >20 gal  
and <55 
gal

10 CFR 430 DP UEF

Ver y Smal l 0. 3456 -  
( 0. 0020 x V)

Low 0. 5982 -  
( 0. 0019 x V)

Medi um 0. 6483 -  
( 0. 0017 x V)

Hi gh 0. 6920 -  
( 0. 0013 x V)

Gas >55 gal  
and <100 
gal

10 CFR 430 DP UEF

Ver y Smal l 0. 6470 -  
( 0. 0006 x V)

Low 0. 7689 -  
( 0. 0005 x V)

Medi um 0. 7897 -  
( 0. 0004 x V)

Hi gh 0. 8072 -  
( 0. 0003 x V)

Gas <120 gal 75, 000 
Bt u/ h

10 CFR 430 DP UEF

Ver y Smal l 0. 2674 -  
( 0. 0009 x V)

Low 0. 5362 -  
( 0. 0012 x V)

Medi um 0. 6002 -  
( 0. 0011 x V)

Hi gh 0. 6597 -  
( 0. 0009 x V)

Oi l <50 gal 10 CFR 430 DP UEF

Ver y Smal l 0. 2509 -  
( 0. 0012 x V)

Low 0. 5330 -  
( 0. 0016 x V)

Medi um 0. 6078 -  
( 0. 0016 x V)

Hi gh 0. 6815 -  
( 0. 0014 x V)
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TABLE I I I

STANDARD RATI NG CONDI TI ONS AND MI NI MUM PERFORMANCE RATI NGS FOR WATER HEATI NG
EQUI PMENT

FUEL STORAGE
CAPACI TY

OR RATI NG
CONDI TI ON

I NPUT
RATI NG

TEST PROCEDURE REQUI RED PERFORMANCE

Oi l <120 gal >105, 000 
Bt u/ h and <
140, 000 
Bt u/ h

10 CFR 430 DP UEF

Ver y Smal l 0. 2932 -  
( 0. 0015 x V)

Low 0. 5596 -  
( 0. 0018 x V)

Medi um 0. 6194 -  
( 0. 0016 x V)

Hi gh 0. 6740 -  
( 0. 0013 x V)

B.   Unf i r ed Hot  Wat er  St or age,  R- 12. 5 mi n.

C.   I nst ant aneous Wat er  Heat er

El ect . <2 gal 10 CFR 430 DP UEF

Ver y Smal l 0. 91

Low 0. 91

Medi um 0. 91

Hi gh 0. 92

Gas <2 gal  
and 
>50, 000 
Bt u/ h

10 CFR 430 DP UEF

Ver y Smal l 0. 80

Low 0. 81

Medi um 0. 81

Hi gh 0. 81

Gas 4, 000 
( bt u/ h) / gal  
and 10 
gal  max.

200, 000 
Bt u/ h mi n.

ANSI  Z21. 10. 3/ CSA 4. 3ET = 80 per cent

Gas 4, 000 
( bt u/ h) / gal  
and 10 
gal  max.

200, 000 
Bt u/ h mi n.

ANSI  Z21. 10. 3/ CSA 4. 3ET = 80 per cent
SL = ( Q/ 800+110x( V^^1/ 2) )

Oi l 4, 000 
( bt u/ h) / gal  
and 2 gal  
max.

50, 000 
Bt u/ h mi n.
210, 000 
Bt u/ h max.

10 CFR 430 ET = 80 per cent  and
EF = 0. 59- 0. 0005V 
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TABLE I I I

STANDARD RATI NG CONDI TI ONS AND MI NI MUM PERFORMANCE RATI NGS FOR WATER HEATI NG
EQUI PMENT

FUEL STORAGE
CAPACI TY

OR RATI NG
CONDI TI ON

I NPUT
RATI NG

TEST PROCEDURE REQUI RED PERFORMANCE

Oi l 4, 000 
( bt u/ h) / gal  
and 10 
gal  max.

210, 000 
Bt u/ h mi n.

ANSI  Z21. 10. 3/ CSA 4. 3ET = 80 per cent

Oi l 4, 000 
( bt u/ h) / gal  
and 10 
gal  max.

210, 000 
Bt u/ h mi n.

ANSI  Z21. 10. 3/ CSA 4. 3ET = 78 per cent
SL = ( Q/ 800+110x( V^^1/ 2) )  max.

D.   Pool  Heat er

Gas or  
Oi l

Al l Al l ASHRAE 146 ET = 82 per cent

Heat  
Pump 
Al l

Al l Al l ANSI / AHRI  1160 I - PCOP = 4. 0

TERMS:

DP = Dr aw Pat t er n
EF = Ener gy f act or ,  mi ni mum over al l  ef f i c i ency.
ET = Mi ni mum t her mal  ef f i c i ency wi t h 70 degr ees F del t a T.
SL = St andby l oss i s maxi mum Bt u/ h based on a 70 degr ee F t emper at ur e 
di f f er ence bet ween st or ed wat er  and ambi ent  r equi r ement s.
UEF = Uni f or m ener gy f act or
V = Rat ed st or age vol ume i n gal l ons
Q = Namepl at e i nput  r at e i n Bt u/ h

        - -  End of  Sect i on - -
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SECTI ON 22 15 19. 19 20

NONLUBRI CATED ROTARY SCREW AI R COMPRESSORS ( 100 HP AND LARGER)
05/ 11

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs

AMERI CAN GEAR MANUFACTURERS ASSOCI ATI ON ( AGMA)

AGMA 2011 ( 2014B)  Cyl i ndr i cal  Wor mgear i ng Tol er ance 
and I nspect i on Met hods

ANSI / AGMA 2009 ( 2001B;  R 2008)  Bevel  Gear  Cl assi f i cat i on,  
Tol er ances,  and I nspect i on Met hods

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  St d 619 ( 2010)  Rot ar y- Type Posi t i ve Di spl acement  
Compr essor s f or  Pet r ol eum,  Pet r ochemi cal ,  
and Nat ur al  Gas I ndust r i es

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 1 ( 2020)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

ASME PTC 9 ( 1970;  R 1997)  Di spl acement  Compr essor s,  
Vacuum Pumps and Bl ower s ( f or  hi st or i cal  
r ef er ence onl y)
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ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM B111/ B111M ( 2018)  St andar d Speci f i cat i on f or  Copper  
and Copper - Al l oy Seaml ess Condenser  Tubes 
and Fer r ul e St ock

ASTM B171/ B171M ( 2012)  St andar d Speci f i cat i on f or  
Copper - Al l oy Pl at e and Sheet  f or  Pr essur e 
Vessel s,  Condenser s and Heat  Exchanger s

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM C553 ( 2013;  R 2019)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Bl anket  Ther mal  I nsul at i on 
f or  Commer ci al  and I ndust r i al  Appl i cat i ons

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

COMPRESSED GAS ASSOCI ATI ON ( CGA)

CGA G- 7. 1 ( 2011)  Commodi t y Speci f i cat i on f or  Ai r ;  
5t h Edi t i on

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 112 ( 2017)  St andar d Test  Pr ocedur e f or  
Pol yphase I nduct i on Mot or s and Gener at or s

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 2151 ( 2004)  Acoust i cs -  Noi se Test  Code f or  
Compr essor s and Vacuum Pumps -  Engi neer i ng 
Met hod ( Gr ade 2)

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- A- 3316 ( 1987;  Rev C;  Am 2 1990)  Adhesi ves,  
Fi r e- Resi st ant ,  Ther mal  I nsul at i on

MI L- T- 19646 ( 1990;  Rev A;  Not i ce 1 2021)  Ther momet er ,  
Gas Act uat ed,  Remot e Readi ng
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U. S.  NATI ONAL ARCHI VES AND RECORDS ADMI NI STRATI ON ( NARA)

29 CFR 1910. 219 Mechani cal  Power  Tr ansmi ssi on Appar at us

1. 2   GENERAL REQUI REMENTS

Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS,  appl i es t o 
t hi s sect i on except  as speci f i ed her ei n.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Ai r  Compr essor  Syst em

SD- 03 Pr oduct  Dat a

Ai r  Compr essor

I nl et  Ai r  Fi l t er s

Li ne Si l encer

Ai r  Fl ow Rat e and Pr essur e Recor der

Car bon Monoxi de Moni t or

Fi l t er  Housi ng

  Submi t  manuf act ur er ' s cat al og dat a f or  compr essor  and auxi l i ar y 
equi pment  i n t he f or mat  pr ovi ded i n API  St d 619,  Appendi x A.   For  
ai r  compr essor s,  i ncl ude i nt er cool er s,  oi l  cool er ,  l ubr i cat i on 
syst em,  and cont r ol  val ves.  Submi t  ai r  compr essor ,  i nt er cool er ,  
af t er cool er ,  and bypass cool er  per f or mance cur ves at  speci f i ed 
summer  and wi nt er  desi gn condi t i ons.   For  el ect r i c mot or s i ncl ude 
over al l  physi cal  f eat ur es di mensi ons,  r at i ngs,  ser vi ce 
r equi r ement s,  ef f i c i ency,  and wei ght  of  equi pment .

SD- 06 Test  Repor t s

Ai r  compr essor  per f or mance t est s

Sound Level  Test s

  Obt ai n appr oval  pr i or  t o shi ppi ng compr essor .

  Gover nment  must  have t he opt i on t o obser ve t est  pr ocedur es and 
vendor  wi l l  pr ovi de t wo ( 2)  copi es of  t est  r esul t s and t wo ( 2)  
copi es of  mai nt enance manual s.

Ai r  Compr essor  Per f or mance Test s
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I nst r ument at i on Test

Sound Level  and Run- i n Test s

Ai r  Compr essor  Syst em Test

  The t est  super vi sor  must  cer t i f y per f or mance by t est  t o be i n 
compl i ance wi t h speci f i cat i ons.

SD- 07 Cer t i f i cat es

Wor k Pl an

Fact or y Test  Pr ocedur es

Fact or y Test i ng Cer t i f i cat i on

Qual i f i cat i ons of  Fi el d Super vi sor s

Fi el d Test  Pr ocedur es

Tr ai ni ng Mat er i al

Ai r  Compr essor  Syst em

Ai r  Compr essor  Syst em I nst al l at i on

SD- 10 Oper at i on and Mai nt enance Dat a

Ai r  Compr essor  Syst em,  Dat a Package 3

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.   Dat a must  cont ai n i nf or mat i on r equi r ed f or  
mai nt enance and r epai r  and must  cont ai n no evi dence t hat  
pr opr i et ar y mai nt enance ar r angement s wi t h t he manuf act ur er  wi l l  be 
necessar y.  Compr essor s whi ch wi l l  r equi r e pr opr i et ar y mai nt enance 
ar r angement  wi t h t he manuf act ur er  r equi r e Gover nment  r evi ew and 
appr oval .   The compr essor s may be di sappr oved i f  c i r cumst ances do 
not  j ust i f y appr oval  of  compr essor s wi t h l i mi t ed avai l abi l i t y  of  
mai nt enance.

SD- 11 Cl oseout  Submi t t al s

Post ed Oper at i ng I nst r uct i ons f or  Ai r  Compr essor

  Submi t  t ext .

1. 4   QUALI TY ASSURANCE

1. 4. 1   Wor k Pl an

Submi t  a wr i t t en schedul e of  dat es of  i nst al l at i on,  st ar t - up,  checkout ,  
and t est  of  equi pment .

1. 4. 2   Fact or y Test i ng Cer t i f i cat i on

Submi t  a st at ement  t hat  t he ai r  compr essor  f act or y i s equi pped t o per f or m 
al l  r equi r ed f act or y t est s.   Submi t  i n accor dance wi t h par agr aph ent i t l ed 
" Manuf act ur er ' s Cer t i f i cat i ons. "
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1. 4. 3   Qual i f i cat i ons of  Fi el d Super vi sor s

Submi t  t he name and cer t i f i ed wr i t t en r esume of  t he engi neer  or  
t echni c i an,  l i s t i ng educat i on,  f act or y t r ai ni ng and i nst al l at i on,  
st ar t - up,  and t est i ng super vi s i on exper i ence f or  at  l east  t wo pr oj ect s 
i nvol v i ng compr essor s s i mi l ar  t o t hose i n t hi s cont r act .

1. 4. 4   Tr ai ni ng Mat er i al

Submi t  a det ai l ed t r ai ni ng pr ogr am syl l abus f or  t r ai ni ng gover nment  
per sonnel ,  i ncl udi ng i nst r uct i onal  mat er i al s at  l east  t hr ee weeks pr i or  t o 
st ar t  of  t est s.

1. 4. 5   Syst em I nst al l at i on

Submi t  cer t i f i cat i on of  per f or mance conf or mi ng t o ASME PTC 9 and 
ASME BPVC SEC VI I I  D1.   Submi t  cer t i f i cat i on of  pr oper  i nst al l at i on i n 
accor dance wi t h par agr aph ent i t l ed " Super vi s i on. "

1. 5   SAFETY

Const r uct  al l  component s of  t he uni t  i n accor dance wi t h t he r equi r ement s 
of  OSHA 29 CFR 1910. 219.   Requi r ement s i ncl ude shaf t  coupl i ng guar ds as 
speci f i ed i n Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS 
i nsul at i on and j acket i ng wi t h manuf act ur er  st andar d cover i ng or  al umi num 
sheet  of  al l  sur f aces at  125 degr ees F and hi gher  wi t hi n a hei ght  of  7 f eet
 f r om f l oor  l evel ,  and use of  el ect r i cal  saf et y devi ces.   Ther mal  
i nsul at i on,  f ur ni shed by equi pment  manuf act ur er ,  must  conf or m t o ASTM C553,  
Type I  ( f l exi bl e r esi l i ent ) ,  Cl ass B- 5 ( up t o 400 degr ees F) ,  2 pcf  
nomi nal .   Cement  i nsul at i on t o sur f ace wi t h MI L- A- 3316,  Cl ass 2,  adhesi ve 
and f ast en wi t h 16- gage wi r e bands at  maxi mum 16 i nches on cent er  
spaci ng.   Cover  i nsul at i on wi t h ASTM B209 sheet  al umi num j acket .   However ,  
i nsul at i on i s not  r equi r ed f or  hot  pi pi ng i nsi de sound encl osur e.

1. 6   EQUI PMENT ARRANGEMENT

Ar r angement  sel ect ed must  mai nt ai n 3 f oot  c l ear ance f or  access passage and 
4 f oot  c l ear ance f or  per sonnel  t o oper at e equi pment .   Ther e ar e 
subst ant i al  physi cal  and connect i on poi nt  di f f er ences among t he sever al  
ai r  compr essor s whi ch compl y wi t h t hi s speci f i cat i on.   The Cont r act or  must  
be r esponsi bl e f or  sel ect i ng equi pment  and submi t t i ng ar r angement  dr awi ngs 
cover i ng r equi r ed changes f or  appr oval  by t he Cont r act i ng Of f i cer .   
Changes f r om t he equi pment  ar r angement  shown on t he cont r act  dr awi ngs must  
be per f or med by t he Cont r act or  at  no addi t i onal  cost  t o t he Gover nment .

1. 6. 1   Ai r  Compr essor  Syst em

I ncl ude wi r i ng di agr ams of  t he ai r  compr essor  wi t h al l  accessor i es.   The 
mi ni mum accept abl e scal e i s  1/ 4 i nch t o one f oot  .

1. 7   ELECTRI CAL REQUI REMENTS

Compl y wi t h t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM .

1. 8   SUPERVI SI ON

The Cont r act or  must  obt ai n t he ser vi ces of  a qual i f i ed engi neer  or  
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t echni c i an f r om t he compr essor  manuf act ur er  t o super vi se i nst al l at i on,  
st ar t - up,  and t est i ng of  t he compr essor .   Af t er  sat i sf act or y i nst al l at i on 
of  t he equi pment ,  t he engi neer  or  t echni c i an must  pr ovi de a s i gned 
cer t i f i cat i on t hat  t he equi pment  i s i nst al l ed i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.

1. 9   DEFI NI TI ONS

Conf or m t o API  St d 619 and t he f ol l owi ng:

Compr essor  power  i s shaf t  power  at  shaf t  coupl i ng,  i ncl udi ng al l  l osses 
and connect ed appur t enances.

1. 10   I NSULATI ON

Ther mal  and acoust i cal  i nsul at i on must  have f l ame spr ead r at i ng not  hi gher  
t han 75,  and smoke devel oped r at i ng not  hi gher  t han 150 when t est ed i n 
accor dance wi t h ASTM E84.

1. 11   POSTED OPERATI NG I NSTRUCTI ONS

Pr ovi de f or  ai r  compr essor .   I ncl ude st ar t - up and shut down sequence 
i nst r uct i ons.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Mat er i al s and equi pment  compl et e wi t h accessor i es must  be sel ect ed by t he 
Cont r act or  f or  per f or mance compat i bi l i t y .

2. 2   AI R COMPRESSOR

The ai r  compr essor s must  be packaged,  posi t i ve di spl acement  r ot ar y scr ew 
compr essor s capabl e of  del i ver i ng oi l - f r ee ai r .   No l ubr i cant  must  be used 
wi t hi n t he compr essi on chamber .   I ncl ude ai r  compr essor ,  el ect r i c mot or  
dr i ver ,  cool er s,  l ubr i cat i on syst em,  and r egul at i on and cont r ol  syst ems 
mount ed on a common base f r ame,  and compl et el y encl osed f or  noi se cont r ol .

2. 2. 1   Manuf act ur er ' s Cer t i f i cat i ons

The manuf act ur er  must  cer t i f y t hat  t he ai r  compr essor s pr oposed ar e of  t he 
same desi gn,  const r uct i on,  s i ze,  and of  equal  or  not  mor e t han 10 per cent  
smal l er  i n capaci t y as compr essor s whi ch have been i n sat i sf act or y 
cont i nuous ser vi ce f or  at  l east  2 year s at  not  l ess t han t wo l ocat i ons.  
Fur ni sh t he name of  t he owner ,  t he addr ess of  t he i nst al l at i on,  and t he 
name of  a per son at  t he i nst al l at i on who can be cont act ed f or  
ver i f i cat i on.  The manuf act ur er  must  al so cer t i f y t hat  t he f act or y i s 
equi pped t o per f or m al l  r equi r ed f act or y t est s.

2. 2. 2   Guar ant eed Per f or mance

a.   Net  compr essed ai r  out put  ( Al l  seal  l osses must  be consi der ed i nt er nal  
and not  i ncl uded i n t he net  out put )  ( pl us or  mi nus 2 per cent ) :    SCFM

b.   Out put  pr essur e i mmedi at el y downst r eam of  af t er cool er  ( mi nus zer o pl us 
4 per cent ) :   125 psi g

c.   Out put  ai r  maxi mum t emper at ur e downst r eam of  af t er cool er :   100 degr ees 
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F

f .   I nl et  ai r  f i l t r at i on ef f i c i ency:   99. 9 per cent  of  0. 5 mi cr on si ze

n.   Maxi mum sound l evel s one met er  hor i zont al  f r om compr essor  and 1. 5 
met er s above f l oor  as measur ed per  I SO 2151 Test  Code f or  t he 
Measur ement  of  Sound f r om Pneumat i c Equi pment :   84 dBA,  90dB f or  any 
oct ave band.

2. 2. 3   Addi t i onal  Per f or mance Requi r ement s

2. 2. 3. 1   Ai r  Qual i t y

Ai r  at  compr essor  i nt ake wi l l  be consi der ed br eat hi ng ai r  qual i t y 
conf or mi ng t o CGA G- 7. 1,  Type I ,  Gr ade D or  bet t er .   Ai r  compr essor s must  
i nt r oduce no mat er i al ,  gases,  or  par t i c l es,  or  chemi cal l y al t er  any 
mat er i al s t hat  wi l l  adver sel y af f ect  or  r educe t he qual i t y of  t he ai r  
passi ng t hr ough t he uni t .

2. 2. 3. 2   Ambi ent  and I nl et  Condi t i ons Oper at i ng Ranges

Al l owi ng f or  r at i onal  engi neer i ng per f or mance adj ust ment s due t o 
var i at i ons i n ambi ent  and i nl et  condi t i ons,  t he compr essor  must  be 
desi gned,  equi pped,  and f ur ni shed t o be f ul l y oper at i onal  wi t hout  abnor mal  
wear  t hr oughout  t he ent i r e r ange bet ween and i ncl udi ng t he l i mi t s of  t he 
wi nt er  and summer  desi gn condi t i ons speci f i ed.

a.   Summer  Desi gn Condi t i ons:

I nl et  Ai r :   99. 1 degr ees F dr y bul b and 74. 2 degr ees F wet  bul b 
t emper at ur es,       F,  Ambi ent  Compr essor  Room Temper at ur e:   100 degr ees F,  

b.   Wi nt er  Desi gn Condi t i ons:

I nl et  Ai r :   33. 0 degr ees F dr y bul b and  degr ees F ,    F,  Ambi ent  
Compr essor  Room Temper at ur e:   55. 0 degr ees F,  .

2. 2. 3. 3   Cr i t i cal  Speeds

Act ual  cr i t i cal  speeds must  not  encr oach upon oper at i ng speed r anges at  
speci f i ed l oads r anges.   Rot or s must  be of  a st i f f  shaf t  const r uct i on wi t h 
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t he f i r st  act ual  r ot or  bendi ng cr i t i cal  speed at  l east  120 per cent  of  t he 
maxi mum oper at i ng speed.

2. 2. 3. 4   Vi br at i on and Bal ance

Maj or  par t s of  r ot at i ng el ement s,  such as r ot or s,  gear s,  and si mi l ar  i t ems 
must  be i ndi v i dual l y dynami cal l y bal anced.   Dur i ng t he f act or y and si t e 
t est s of  t he assembl ed machi ne at  oper at i ng speed,  t he doubl e ampl i t ude of  
v i br at i on i n any pl ane measur ed on t he shaf t  adj acent  and r el at i ve t o a 
r adi al  bear i ng must  not  exceed t he l i mi t s of  API  St d 619,  par agr aph 
2. 7. 2. 5.   For  shaf t s whi ch ar e not  accessi bl e,  t he manuf act ur er  must  
submi t  a t est i ng pr ocedur e t o t he Cont r act i ng Of f i cer  f or  appr oval .

2. 2. 4   El ect r i cal  Ser vi ce Condi t i ons

2. 2. 4. 1   Ai r  Compr essor  Dr i ve Mot or

480 vol t s,  3 phase,  3 wi r e,  60 her t z el ect r i cal  ser vi ce.

2. 2. 4. 2   Accessor y el ect r i cal  Ser vi ce

See Tabl e I .

TABLE I  -  COMPRESSOR ACCESSORY ELECTRI CAL SERVI CE SCHEDULE

I t em Vol t age Phase Fr equency

Cont r ol  Power  and 
Mot or s under  1/ 2 hp

120 1 60 Hz

Accessor y Power 460 3 60 Hz

2. 2. 5   Compr essor  Cont r ol s

Pr ovi de a compl et e l oad r egul at i on and cont r ol  syst em wi t h t he compr essor .  
Pr ovi de addi t i onal  el ect r i cal ,  el ect r o- pneumat i c,  or  sol i d st at e 
el ect r oni c cont r ol s f or  ot her  speci f i ed cont r ol  and moni t or  f unct i ons.   
Al l  el ect r i cal  cont r ol s must  conf or m t o NEMA I CS 2 as sel ect ed by t he 
compr essor  manuf act ur er .   Cont r ol  syst em encl osur e must  conf or m t o 
NEMA I CS 6.   Cont r ol s must  be sui t abl e f or  i ndi v i dual  oper at i on of  t he 
compr essor  or  par al l el  oper at i on wi t h one or  mor e ot her  compr essor s.

2. 2. 5. 1   Compr essor  St ar t - Up

The compr essor  must  st ar t  unl oaded.   The manual  st ar t i ng c i r cui t  f or  t he 
compr essor  must  have i nt er l ocks t o pr event  t he compr essor  dr i ve mot or  f r om 
st ar t i ng unt i l  pr e- l ubr i cat i on pump ( i f  pr ovi ded) ,  oi l  pr essur e,  and 
cool i ng wat er  pump wat er  f l ow have been est abl i shed t o t he r equi r ed val ues 
f or  saf e oper at i on as det er mi ned by t he compr essor  manuf act ur er .

2. 2. 5. 2   Load Regul at i on

The compr essor  must  oper at e cont i nuousl y at  const ant  speed af t er  bei ng 
st ar t ed.   Pr ovi de means t o l oad and unl oad t he compr essor  aut omat i cal l y at  
pr eset  mi ni mum and maxi mum pr essur e set t i ngs.   Mi ni mum pr essur e must  be 
100 psi g,  and maxi mum pr essur e must  be 125 psi g.   Unl oadi ng must  be 
accompl i shed by a combi nat i on of  c l osi ng t he i nl et  val ve and bypassi ng or  
vent i ng t he out l et  of  t he compr essor ;  however ,  i nput  power  at  f ul l y  
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unl oaded oper at i on must  not  exceed 20 per cent  of  f ul l  l oad i nput .  Bypassed 
ai r  must  be cool ed by t he bypass cool er  and i f  r et ur ned t o t he i nl et  of  
t he f i r st  st age t hr ough an i nt er nal  l oop and must  be l i mi t ed t o t he 
mi ni mum f l ow r equi r ed t o mai nt ai n compr essor  cool i ng.   Ai r  vent ed t o t he 
at mospher e when unl oadi ng need not  be cool ed.

2. 2. 5. 3   Moni t or  and Saf et y Cont r ol s

Pr ovi de suppl ement ar y el ect r i c,  el ect r o- pneumat i c,  or  sol i d st at e 
el ect r oni c cont r ol s t o pr ovi de al ar m and shut down r equi r ement s,  pl us 
i nt er l ocks wi t h accessor i es.   Requi r ement s ar e as f ol l ows:

a.   Shut down r equi r ement s must  cause t he cont r ol l ed compr essor  t o shut  
down,  ener gi ze al ar ms,  and l i ght  l abel ed r ed l i ght s.

b.   Al ar m onl y r equi r ement s must  not  cause t he cont r ol l ed compr essor  t o 
shut  down,  but  must  sound t he same al ar ms and l i ght  l abel ed amber  
l i ght s.

c.   Li ght  onl y r equi r ement s must  not  cause t he cont r ol l ed compr essor  t o 
shut  down,  but  must  l i ght  l abel ed amber  l i ght s.

d.   The i ndi v i dual  moni t or  and saf et y cont r ol s must  be as shown on Tabl e 2.

TABLE 2 -  MONI TOR AND SAFETY CONTROL SCHEDULE

I t em Li ght  and
Shut down

I ndi cat i ng
Al ar m

Li ght  Onl y

1.   Hi gh Di schar ge Ai r  Temper at ur e  275 
degr ees F

Yes Yes -

2.   Hi gh I nt er cool er  Di schar ge Wat er  
Temper at ur e,  Each I nt er cool er

No Yes -

3.   Hi gh Af t er cool er  Di schar ge Wat er  
Temper at ur e

No Yes -

4.   Hi gh Cool i ng Wat er  Suppl y Temper at ur e No Yes -

5.   Hi gh Lube Oi l  Temper at ur e Yes Yes -

6.   Low Lube Oi l  Pr essur e Yes Yes -

7.   Low Cool i ng Wat er  Fl ow No Yes -

8.   Low Oi l  Reser voi r  Level No Yes -

9.   Hi gh Condensat e Level  I nt er cool er  
( wi r ed t o one l i ght )

No No Yes

10.  Hi gh Bl eed- Of f  Ai r  Pr essur e Yes Yes -
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11.   Hi gh Mot or  St at or  Temper at ur e Yes Yes -

12.  Hi gh Condensat e Level  Af t er cool er No No Yes

13.  Hi gh I nl et  Pr essur e Dr op Acr oss I nl et  
Ai r  Fi l t er s ( combi ned,  3 st age)

No Yes -

14.  Hi gh CO Level Yes Yes -

2. 2. 5. 4   Moni t or i ng I nst r ument s

Pr ovi de t he f ol l owi ng moni t or i ng i nst r ument s i n addi t i on t o t he moni t or  
and saf et y cont r ol s.   Pr essur e gages must  conf or m t o ASME B40. 100,  4 1/ 2 
i nch di amet er ,  r ed mar ki ng poi nt er ,  s i ngl e bour don t ube,  br ass case,  bl ack 
enamel  f i ni sh.   Pr ovi de pr essur e gages wi t h a pr essur e snubber  and a 
st ai nl ess st eel  bar st ock needl e i sol at i on val ve.  Ther momet er s must  be 
ext ended st ai nl ess st eel  sheat hed bi met al l i c  st em,  3 1/ 2 i nch di al ,  and 
separ abl e 4 i nchst ai nl ess st eel  wel l s.   Temper at ur e measur ement s at  
i naccessi bl e l ocat i ons must  be made wi t h r emot e r eadi ng t her momet er s 
conf or mi ng t o MI L- T- 19646,  Cl ass C separ abl e wel l  of  Type 304 st ai nl ess 
st eel .   Sel ect  pr essur e and t emper at ur e gage r anges t o gi ve a nor mal  
oper at i ng r eadi ng near  t he mi dpoi nt  of  t he scal e r ange.

a.   Oi l  cool er  out l et  t emper at ur e gages f or  oi l .

b.   Oi l  cool er  i nl et  t emper at ur e gages f or  wat er .

c.   Lubr i cat i on oi l  bear i ng suppl y pr essur e gage.

d.   Compr essor  seal  ai r  pr essur e gage ( i f  appl i cabl e) .

e.   I nl et  ai r  f i l t er  di f f er ent i al  pr essur e gage wi t h 8,  zer o,  8 i nch wat er  
gage.   Pr ovi de sel ect or  val ve,  t ubi ng,  and t ap t o measur e st at i c gage 
pr essur e downst r eam of  each f i l t er  st age.

f .   Tot al  r unni ng t i me r eadout .

g.   Cool i ng wat er  suppl y t o compr essor  pr essur e gage.

h.   Cool i ng wat er  r et ur n f r om compr essor  pr essur e gage.

i .   I nt er st age ai r  pr essur e gages f or  each i nt er st age.

j .   Compr essed ai r  pr essur e downst r eam of  af t er cool er  pr essur e gage.

k.   Compr essed ai r  t emper at ur e downst r eam of  af t er cool er  t emper at ur e gage.

l .   Compr essed ai r  t emper at ur e at  di schar ge of  each st age of  compr essi on 
bef or e cool i ng t emper at ur e gages.

m.   I nt er st age ai r  t emper at ur e af t er  i nt er cool er  of  each st age t emper at ur e 
gages.

n.   Compr essor  i nl et  ai r  t emper at ur e gage.

o.   Cool i ng wat er  t o compr essor  t emper at ur e gage.
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p.   Cool i ng wat er  out l et  t emper at ur e at  each out l et  of  each i nt er cool er ,  
af t er cool er ,  and bypass ai r  cool er  t emper at ur e gages.

2. 2. 6   Compr essor  Desi gn Feat ur es

The compr essor  must  be a mul t i st age,  oi l - f r ee r ot ar y scr ew compr essor ,  
wi t h a mi ni mum of  t wo compr essor  st ages,  f l anged t o an i nt egr al  speed 
i ncr easer .   Each st age must  be dr i ven f r om a common bul l  gear  t o ensur e 
opt i mum speed and ef f i c i ency.   An i nt er cool er  must  be pr ovi ded bet ween 
st ages and af t er cool er  must  be pr ovi ded af t er  t he f i nal  st age of  
compr essi on.   Si l encer s,  l ubr i cat i ng syst em,  cool i ng syst em,  cont r ol  
syst em,  and dr i ver  must  be mount ed as par t  of  t he package.   Pr ovi de a 
common base f r ame f or  t he compr essor  syst em and dr i ver .   Pr ovi de a sound 
encl osur e over  t he compr essor  and dr i ver .   Equi pment  must  be desi gned f or  
economi cal  and r api d mai nt enance.   Casi ng component s,  bear i ng housi ngs,  
and ot her  maj or  par t s must  be shoul der ed,  dowel l ed,  or  desi gned wi t h ot her  
pr ovi s i ons t o f aci l i t at e accur at e al i gnment  or  r eassembl y.   Shaf t  seal s 
and bear i ngs must  be accessi bl e f or  i nspect i on or  r epl acement  wi t h a 
mi ni mum of  di sassembl y;  however ,  compr essor s wi t h compr essi on el ement s 
( ai r  end)  pr ovi ded as a f act or y- assembl ed not  r epai r abl e i n t he f i el d may 
be appr oved by t he Cont r act i ng Of f i cer  i f  det er mi ned t o be i n t he i nt er est  
of  t he Gover nment .

2. 2. 6. 1   Casi ngs

Casi ngs must  be cast  i r on,  duct i l e i r on,  cast  st eel ,  or  f abr i cat ed st eel .  
Casi ng st r esses must  be wi t hi n t he l i mi t s al l owed by ASME BPVC SEC VI I I  D1.   
Casi ngs,  suppor t s,  and basepl at es must  be desi gned and f abr i cat ed t o 
pr ecl ude excessi ve and i nj ur i ous di st or t i on f r om t emper at ur es,  pr essur es,  
and f or ces encount er ed i n ser vi ce condi t i ons.   Pr ovi de j ackscr ews,  l i f t i ng 
l ugs,  eyebol t s,  gui de dowel s,  and casi ng al i gnment  dowel s t o f aci l i t at e 
di sassembl y and r eassembl y.   When usi ng j ackscr ews f or  par t i ng cont act i ng 
f aces,  r el i eve one of  t he f aces by count er bor i ng or  r ecessi ng t o pr event  
mar r i ng t he f ace,  whi ch r esul t  i n l eaki ng or  i mpr oper  f i t .   Pr ovi de 
l i f t i ng l ugs or  eyebol t s f or  r emovabl e por t i ons of  t he casi ngs.   Fl anged 
casi ng connect i ons f or  ext er nal  pi pi ng must  conf or m t o ASME B16. 1 or  
ASME B16. 5.   Thr eaded connect i ons f or  ext er nal  pi pi ng must  conf or m t o 
ASME B1. 20. 1.   Ai r  compr essi on por t i on of  t he casi ng must  be one- pi ece and 
must  be pr ovi ded wi t h i nt egr al  cool ant  passages and a l ar ge i nl et  por t .  
Gear  cases must  be encl osed,  accessi bl e,  f or ce l ubr i cat ed,  and desi gned 
wi t h seal s and sl i nger s t o keep oi l  out  of  ai r  syst em.

2. 2. 6. 2   Shaf t s

Shaf t s must  be of  f or ged or  r ol l ed al l oy st eel  and must  have a machi ned 
f i ni sh t hr oughout  t hei r  ent i r e l engt h.   Al l  r ot at i ng component s must  be 
posi t i vel y secur ed t o shaf t s by appr oved mechani cal  means or  i nt er f er ence 
shr i nk f i t s .

2. 2. 6. 3   Rot or s

Rot or s must  be st eel ,  and of  one- pi ece const r uct i on,  wi t h an asymmet r i c 
pr of i l e t o mi ni mi ze l eakage l osses,  and ensur e hi gh ef f i c i ency.   Rot or s 
must  be t r eat ed f or  cor r osi on r esi st ance.   I t  r ot or s ar e wel ded t o t he 
shaf t ,  t he assembl y must  be st r ess r el i eved and heat  t r eat ed f or  pr oper  
st r engt h.   Rot or s must  be dynami cal l y bal anced t o ensur e v i br at i on- f r ee 
oper at i on.
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2. 2. 6. 4   Gear s

Gear s must  be of  al l oy st eel ,  ANSI / AGMA 2009 and AGMA 2011 Qual i t y Number  
12 or  bet t er  f or  bot h bul l  and pi ni on gear s.   Gear s must  be har dened t o 
275 Br i nel l  f or  bul l  gear  and 320 Br i nel l  f or  pi ni on,  unl ess ot her wi se 
appr oved.   Gear s must  be gr ound t o t he r equi r ed cont our s,  checked f or  
pr oper  cont act  dur i ng assembl y at  t he f act or y,  and must  not  r equi r e a 
br eak- i n per i od i n t he f i el d f or  pr oper  oper at i on.   Al l  gear s must  be 
pr essur e l ubr i cat ed.

Ti mi ng gear s must  be pr ovi ded on t he r ot or  shaf t s t o mai nt ai n t he r ot or s 
i n cor r ect  r el at i ve posi t i on.   The compr essor  desi gn must  al l ow t he t i mi ng 
gear s t o absor b no mor e t han 10 per cent  of  t he t ot al  i nput  power  at  f ul l  
l oad.

2. 2. 6. 5   Seal s

Separ at e ai r  and oi l  shaf t  seal s must  be pr ovi ded t o conf i ne ai r  i n t he 
casi ng and pr event  cont ami nat i on of  t he ai r  st r eam by l ubr i cat i ng oi l .  
Shaf t  seal s must  be t he r est r i ct i ve r i ng t ype.   The seal  r i ngs must  be 
st ai nl ess st eel ,  br ass,  or  car bon,  and r et ai ner s must  be made of  st ai nl ess 
st eel .   Pr ovi de an ai r  space vent ed t o t he at mospher e bet ween t he ai r  and 
oi l  seal s.   Seal s must  be sui t abl e f or  al l  oper at i ng condi t i ons i ncl udi ng 
suct i on t hr ot t l i ng,  st ar t - up,  and shut down.

2. 2. 6. 6   Thr ust  Bear i ngs

Thr ust  bear i ngs must  be ant i - f r i c t i on bal l  or  r ol l er  t ype or  hydr odynami c 
( f l ui d f i l m)  t ype.   Ant i - f r i c t i on bear i ngs must  have an L- 10 l i f e of  
80, 000 hour s i n accor dance wi t h ABMA 9 or  ABMA 11.   Axi al  r ot or  t hr ust s 
due t o ai r  compr essi on must  be absor bed by mai n t hr ust  bear i ngs or  
t r ansf er r ed t o auxi l i ar y t hr ust  bear i ngs by a l oad bal anci ng ar r angement .   
Hydr odynami c t hr ust  bear i ngs must  be Ki ngsbur y t ype or  ot her  appr oved t ype 
and must  be adequat e t o accommodat e al l  oper at i ng condi t i ons.   Speed 
i ncr easer  bul l  gear  t hr ust  bear i ngs must  be si zed f or  equal  t hr ust  i n bot h 
di r ect i ons and must  be adequat e f or  any axi al  l oads t r ansmi t t ed t hr ough 
t he dr i ver  coupl i ng.

2. 2. 6. 7   Radi al  Bear i ngs

Radi al  bear i ngs must  be ant i - f r i c t i on r ol l er  or  bal l  t ype or  hydr odynami c 
t ype.   Ant i - f r i c t i on bear i ngs must  have an L- 10 l i f e of  40, 000 hour s i n 
accor dance wi t h ABMA 9 or  ABMA 11.   Hydr odynami c bear i ngs must  be 
pr eci s i on bor ed sl eeve or  pad t ype,  desi gned f or  easy r epl acement  by a 
spl i t  desi gn or  axi al l y r emovabl e ar r angement .   Hi gh speed hydr odynami c 
pi ni on bear i ngs must  be ant i - oi l  whi p,  t i l t i ng pad t ype.  Hydr odynami c 
bear i ng desi gn must  pr ovi de l ow vi br at i on and suf f i c i ent  dampi ng at  r at ed 
speed and al l  oper at i ng modes,  i ncl udi ng r at ed capaci t y and unl oadi ng down 
t o 20 per cent  of  unl oaded power .

2. 2. 6. 8   Speed I ncr easer

The speed i ncr easer  must  be an i nt egr al  par t  of  t he compr essor  uni t  and 
must  i ncl ude t he mai n dr i ve shaf t  and bul l  gear .   The mai n dr i ve shaf t  
must  be suppor t ed t hr ough ant i - f r i c t i on bear i ngs.

2. 2. 6. 9   I nt er cool er s,  Af t er cool er ,  Bypass Cool er ,  and Oi l  Cool er s

I nt er cool er s,  af t er cool er ,  bypass cool er ,  and oi l  cool er  must  i ncl ude 
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ASTM B111/ B111M admi r al t y br ass or  ot her  cor r osi on r esi st ant  t ubes i n
ASTM B171/ B171M admi r al t y or  st eel  t ube sheet s and baf f l es f or  opt i mum 
cool i ng and f oul i ng r esi st ance usi ng f r esh wat er .   Pr ovi de an i nt er cool er  
bet ween st ages of  compr essi on f act or y assembl ed on uni t  base wi t h pi pi ng.  
The af t er cool er  must  be mount ed on t he uni t  base.   I nt er cool er s,  
af t er cool er ,  bypass cool er ,  and oi l  cool er  must  be f act or y t est ed at  1. 5 
t i mes oper at i ng pr essur e.   Ext er nal  i nt er cool er s and af t er cool er  must  be 
const r uct ed i n accor dance wi t h ASME BPVC SEC VI I I  D1 r equi r ement s and be 
ASME code st amped f or  150 psi g wor ki ng pr essur e.   I nt er cool er s and 
af t er cool er  must  be capabl e of  one pi ece bundl e r emoval .   I nt er cool er s and 
af t er cool er  must  be equi pped wi t h an i nt egr al  or  di r ect  connect ed moi st ur e 
separ at or  wi t h condensat e t r ap assembl y.   Desi gn i nt er cool er s and 
af t er cool er  f or  20 and 15 degr ees F appr oach,  r espect i vel y;  however ,  t he 
appr oach t emper at ur e used t o s i ze t he cool er s must  be r educed i f  r equi r ed 
t o meet  af t er cool er  maxi mum ai r  out l et  t emper at ur e speci f i ed.   Nonst andar d 
cool er s must  be pr ovi ded i f  r equi r ed t o meet  t he af t er cool er  maxi mum ai r  
out l et  t emper at ur e r equi r ement .   Al l  cool er s must  be of  count er - f l ow 
desi gn,  wi t h a f oul i ng f act or  of  0. 002 f or  bot h s i des of  t he cool er s.

2. 2. 6. 10   Lubr i cat i on Syst em

I ncl ude an i nt egr al  sump,  posi t i ve di spl acement  pump,  oi l  cool er ,  and t wi n 
f i l t er \ st r ai ner  ( r eadi l y r epl aceabl e car t r i dges whi l e oper at i ng) .   Pr ovi de 
a pr el ube l ubr i cat i on oi l  pump f or  st ar t - up and st andby f or  hydr odynami c 
bear i ngs or  i f  r equi r ed by t he compr essor  desi gn.   Syst em must  be f act or y 
assembl ed and t est ed.   Lubr i cat i ng oi l  must  conf or m t o r ecommendat i ons of  
t he compr essor  manuf act ur er .   Spr ay l ubr i cat e dr i ve gear ,  ant i - f r i c t i on 
bear i ngs,  and t i mi ng gear  i n each st age.   Pr essur e l ubr i cat e hydr odynami c 
bear i ngs.   Pr ovi de t he oi l  sump wi t h a l evel  i ndi cat or  and dr ai n and f i l l  
connect i ons.

a.   Pr el ubr i cat i on pump,  i f  r equi r ed,  or  mot or - dr i ven mai n l ubr i cat i on 
pump must  be si zed by ai r  compr essor  manuf act ur er  f or  t he r equi r ement s 
of  t he syst em,  but  must  meet  t he f ol l owi ng r equi r ement s.   Pump must  be 
posi t i ve di spl acement  gear  pump separ at el y mount ed wi t h mot or  on a 
common base pl at e wi t h dr i p l i p and dr ai n.

( 1)  Per f or mance:   Pump must  have separ at e saf et y val ve bypass set  at  
25 psi  above peak expect ed pr essur e.

( 2)  Mat er i al s must  be har dened st eel  gear s and shaf t ,  cast  i r on case,  
br onze bear i ngs,  mechani cal  seal .

( 3)  Fl exi bl e coupl i ng wi t h shaf t  guar d must  be pr ovi ded,  except  t hat  
t hese i t ems ar e not  r equi r ed f or  a c l ose- coupl ed pump.

( 4)  Mot or  must  be NEMA MG 1,  Desi gn A or  B,  Cl ass B i nsul at i on,  of  
open dr i p- pr oof  t ype.   Fur ni sh combi nat i on t ype st ar t er  f or  mot or .

b.   Lube Oi l  Heat er :   Pr ovi de t her most at i cal l y cont r ol l ed el ect r i c heat er  
i n l ubr i cat i on oi l  sump of  suf f i c i ent  capaci t y t o heat  up and mai nt ai n 
manuf act ur er ' s r ecommended oi l  t emper at ur e when uni t  i s  col d at  32 
degr ees F ambi ent .   Pr ovi de l ow oi l  l evel  i ndi cat or  wi t h l i ght  f or  
pr ot ect i on of  heat er .
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2. 2. 7   El ect r i c Mot or s

2. 2. 7. 1   Mai n El ect r i c Dr i ve Mot or

The mai n dr i ve mot or  f or  each compr essor  must  be an i nduct i on,  or  a 
synchr onous mot or ,  50 hor sepower  ( hp) ,  wi t h a cont i nuous ser vi ce f act or  of  
1. 0.   Si ze t he mot or  so t hat  t he name pl at e hp r at i ng i s not  exceeded 
under  t he ent i r e r ange of  oper at i ng condi t i ons speci f i ed.   Ef f i c i ency and 
l osses must  be det er mi ned i n accor dance wi t h I EEE 112.   Unl ess ot her wi se 
speci f i ed hor i zont al  pol yphase squi r r el  cage mot or s r at ed one t o 125 
hor sepower  must  be t est ed by dynamomet er  Met hod B as descr i bed i n Sect i on 
6. 4  of  I EEE 112.   Mot or  ef f i c i ency must  be cal cul at ed usi ng For m B of  
I EEE 112 cal cul at i on pr ocedur es.   Pol yphase mot or s l ar ger  t han 125 
hor sepower  must  be t est ed i n accor dance wi t h I EEE 112 wi t h st r ay l oad l oss 
det er mi ned by di r ect  measur ement  or  i ndi r ect  measur ement  ( t est  l oss mi nus 
convent i onal  l oss) .   The ef f i c i ency must  be i dent i f i ed on t he mot or  
namepl at e by t he capt i on NEMA Nomi nal  ef f i c i ency or  NEMA Nom ef f .   
El ect r i cal  ser vi ce wi l l  be as speci f i ed.   Mot or  must  be desi gned f or  
r educed vol t age st ar t i ng at  50 per cent  of  f ul l  vol t age,  al l owi ng f or  
char act er i st i cs of  t he connect ed l oad,  and must  st ar t  wi t hout  under vol t age 
t r i ppi ng.  Pr ovi de r esi st ance t emper at ur e det ect or s ( RTD)  at t ached t o or  
i mbedded i n mot or  wi ndi ng f or  cont r ol  syst em.   The mot or  must  meet  t he 
r equi r ement s of  NEMA MG 1 wi t h Cl ass F i nsul at i on.   Pr ovi de space heat er s 
f or  pr ot ect i on of  wi ndi ngs dur i ng mot or  shut downs.

2. 2. 7. 2   Accessor y and Rel at ed Equi pment  Mot or s

Mot or s l ess t han 1/ 2 hp must  be si ngl e- phase i nduct i on mot or s and must  
conf or m t o NEMA MG 1.   Mot or s 1/ 2 t hr ough 5 hp must  be t hr ee- phase 
i nduct i on mot or s and must  conf or m t o NEMA MG 1.   Si ngl e- phase and 
t hr ee- phase mot or s must  have bi met al l i c  di sk t her most at s at t ached t o or  
i mbedded i n t he mot or  wi ndi ng.   Mot or s must  have NEMA MG 1 Cl ass B 
i nsul at i on.

2. 2. 8   Cont r ol  Panel

Cont r ol  uni t  panel  must  conf or m t o NEMA I CS 6,  f l oor  or  f r ame mount ed,  
f act or y desi gned,  and assembl ed,  and must  be pr ovi ded compl et e.   The panel  
must  be f abr i cat ed of  f or med st r et cher  l evel ed sheet  st eel ,  r ei nf or ced,  
and assembl ed i nt o a r i gi d uni t .   Gasket ed access door s must  be pr ovi ded 
as r equi r ed.   Panel  must  be f act or y f i ni sh pai nt ed.   The panel  must  meet  
NEMA 12,  r equi r ement s.

a.   Panel  must  cont ai n el ect r i c and saf et y cont r ol  wor k r equi r ed,  
i ncl udi ng ei t her  al ar m annunci at or  or  i ndi v i dual  l abel ed pi l ot  l i ght s 
ar r anged i n a gr oup.   Panel  must  cont ai n al ar m devi ce wi t h l i ght  and 
si l enci ng.   Gener al i zed ar r angement  i n accor dance wi t h dr awi ngs.

b.   Panel  must  cont ai n st ar t  and st op but t ons ( t he l at t er  wi t h l ockout  
f eat ur e) ,  di schar ge ai r  pr essur e gage,  cont r ol  t est  swi t ch and l i ght s,  
r eset  but t on,  gr een uni t  r unni ng l i ght ,  and cont r ol  sel ect or  swi t ch.

c.   Oi l  pr essur e gages must  be mount ed separ at el y f r om panel .

2. 2. 9   Accessor i es

Requi r ed accessor i es i ncl ude:
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2. 2. 9. 1   Cont r ol  Val ves

Pneumat i cal l y or  hydr aul i cal l y cont r ol l ed val ves on suct i on i nl et  of  
compr essor  and on bypass or  vent  l i ne.

2. 2. 9. 2   I nt ake Devi ces

Compr essor  ai r  i nl et  must  be pi ped t o t he out si de of  t he bui l di ng and 
consi st  of  t he f ol l owi ng:

a.   I nt ake weat her  hood wi t h r ai n hood and bi r d scr een.   Mat er i al  must  be 
gal vani zed st eel  or  al umi num al l oy,  mi ni mum 20 gage.

b.   I nt ake pi pe,  ASTM A36/ A36M st eel  gal vani zed,  12 gage or  Schedul e 5 
mi ni mum,  f r om i nt ake weat her  hood t o f i l t er  housi ng f l ange,  wel ded 
const r uct i on.

c.   Fi l t er  housi ng by f i l t er  manuf act ur er  t o i ncl ude f i l t er  f r ames,  access 
door ( s) .   Mat er i al  f or  housi ng must  be 0. 065 i nch t hi ck,  Cl ass 5000 
al umi num al l oy.   Uni t  must  be r i gi d and f r ee f r om di st r ess wi t h al l  
seams seal ed.

d.   I nt ake Pi pe f r om Fi l t er  Encl osur e t o Compr essor :   Al umi num al l oy 
ASTM B209,  Al c l ad al l oy 5052- H32 or  equi val ent ,  mi ni mum 10 gage,  
f l anged,  wel ded wi t h 5XXX wel di ng r od usi ng TI G met hod and i ncl udi ng 
expansi on bel l ows.

2. 2. 9. 3   Out l et  Connect or s

Compr essor  ai r  out l et  f l exi bl e connect i on of  st ai nl ess st eel  bel l ows wi t h 
br ai ded st eel  cover  j acket ,  wi t h st ai nl ess st eel  l i ner  s l eeve,  18- i nch 
( 457- mm)  nomi nal  l engt h bel l ows,  f l anged ends,  Cl ass 150.   I f  ai r  bypass 
connect s separ at el y t o t he compr essor  f r om t he out l et  l i ne,  pr ovi de a 
second f l exi bl e connect i on of  st ai nl ess st eel  bel l ows wi t h br ai ded j acket  
f or  t he bypass.

2. 2. 10   I nl et  Ai r  Fi l t er s

Pr ovi de a t hr ee- st age f i l t er  syst em,  compl et e wi t h mount i ng r acks 
( hor i zont al  f l ow) ,  i nt er st age seal s,  and r epl aceabl e f i l t er s.   Fi l t er  uni t  
must  be pr ovi ded compl et e i ncl udi ng encl osur e or  housi ng,  and f r ames.  
Encl osur e must  be Cl ass 5000 al umi num al l oy wi t h i nl et  and out l et  f l anges.  
Const r uct i on must  be wel ded or ,  wher e wel di ng i s not  pr act i cal ,  c l ose 
r i vet ed and caul ked,  weat her t i ght ,  wi t h access door s f or  f i l t er  
r epl acement  and cl eani ng.   Access door s must  be r ei nf or ced,  f ul l y  gasket ed 
wi t h cont i nuous f l exi bl e neopr ene gasket s,  cor r osi on- r esi st ant  cont i nuous 
hi nges and quar t er - t ur n l at ches t o ensur e t i ght ness.   Al l  i nt er nal  f er r ous 
sur f aces,  i ncl udi ng gal vani zed,  must  r ecei ve a f act or y- appl i ed epoxy pr i me 
and f i ni sh coat  f or  cor r osi on r esi st ance.   Fi l t er s must  consi st  of  t hr ee 
separ at e st ages and si zed t o f i t  t he avai l abl e space.

2. 2. 10. 1   Fi r st - St age

Fi r st - st age f i l t er  must  be f l at ,  2 i nch t hi ckness,  r epl aceabl e medi a,  and 
r at ed f or  t he r equi r ed ai r  quant i t y at  500 FPM nomi nal  f ace vel oci t y,  
f r i c t i on c l ean 0. 25 i nch wat er  gage,  ef f i c i ency 98 per cent  of  15 mi cr ons 
and 90 per cent  of  5 mi cr ons.
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2. 2. 10. 2   Second- St age

Second- st age f i l t er  must  be deep pl eat ed t ype,  9 i nchesnomi nal  dept h and 
r at ed f or  t he r equi r ed ai r  quant i t y at  350 FPM nomi nal  f ace vel oci t y,  
f r i c t i on c l ean 0. 20 i nch wat er gage,  ef f i c i ency 98 per cent  of  5 mi cr ons and 
90 per cent  of  3 mi cr ons.

2. 2. 10. 3   Thi r d- St age

Thi r d- st age f i l t er  must  be deep pl eat ed t ype 12 i nchesmi ni mum dept h and 
r at ed f or  t he r equi r ed ai r  quant i t y at  350 FPM nomi nal  f ace vel oci t y,  
f r i c t i on c l ean 0. 30 i nch wat er gage,  ef f i c i ency 99. 9 per cent  of  0. 5 mi cr on.

2. 2. 10. 4   Fi l t er  Rat i ngs

Fi l t er  medi a must  be r at ed and l i s t ed UL Cl ass 2.   Fi l t er  ef f i c i enci es 
must  be based on Nat i onal  Bur eau of  St andar ds ( NBS)  t ype di scol or at i on 
gr avi met r i c t est  met hod usi ng at mospher i c dust .

2. 2. 11   Bypass or  Vent  Li ne Si l encer

A bypass or  vent  l i ne s i l encer  must  be f ur ni shed wi t h each compr essor  as 
sel ect ed by compr essor  manuf act ur er  f or  suf f i c i ent  noi se at t enuat i on t o 
meet  OSHA sound l evel  cr i t er i a,  but  not  gr eat er  t han 84 dBA measur ed at  an 
el evat i on of  5 f eet ,  and 10 f eet hor i zont al l y f r om si l encer .

2. 2. 12   Sound At t enuat i ng Encl osur e

The compr essor  package,  i ncl udi ng t he dr i ver  mot or ,  must  be cont ai ned 
wi t hi n a noi se r educi ng encl osur e.   Desi gn of  t he encl osur e must  be such 
as t o l i mi t  noi se t r ansmi ssi on t o 84 dBA or  l ess at  a di st ance of  one 
met er  f r om t he compr essor  i n any di r ect i on.

2. 2. 12. 1   Encl osur e Fr ame

The encl osur e f r ame must  be desi gned t o suppor t  t he wei ght  of  t he sound 
suppr essi on panel s and easi l y demount abl e.   Connect i ons t o t he base f r ame 
must  be desi gned t o al l ow t he encl osur e f r ame t o be det ached and l i f t ed 
away wi t hout  damage t o t he connect i ons,  encl osur e f r ame or  base f r ame,  and 
t o al l ow accessi bi l i t y  and r epl acement  of  any component .

2. 2. 12. 2   Panel s

The panel s must  be of  r i gi d const r uct i on t o al l ow r epeat ed access wi t hout  
damage or  di st or t i on.   Sound absor bi ng mat er i al  must  be mi ner al  f i ber ,  
t r eat ed t o pr ecl ude sheddi ng of  f i ber s.   Ot her  appr oved i nsul at i on may be 
used except  t hat  pol yur et hane f oam must  not  be per mi t t ed.   Top panel s must  
be secur ed t o t he encl osur e f r ame wi t h qui ck di sconnect  f i t t i ngs and 
f abr i cat ed t o al l ow easy hand r emoval  f or  mai nt enance.   End and si de 
panel s must  be hi nged or  l i f t  out  wi t h posi t i ve c l osur e l at ches.   Panel s 
must  be desi gned t o al l ow t he maxi mum access ar ea when opened.   Pr ovi de 
acoust i c seal s as r equi r ed.   Cont r ol s and i nst r ument at i on mount ed on t he 
panel s must  have f l exi bl e connect i ons f or  panel  openi ng and di sconnect s 
f or  encl osur e r emoval .   Di sconnect s must  be of  t he mal e- f emal e pl ug t ype.  
Panel s must  spl i t  ar ound al l  pi pi ng connect i ons t o al l ow encl osur e r emoval  
wi t hout  det achi ng pi pi ng.   Cont r ol s must  be vi s i bl e and oper abl e f r om 
out si de t he encl osur e.
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2. 2. 12. 3   Vent i l at i on

Fan( s)  and sound baf f l ed vent i l at i on gr i l l es must  be pr ovi ded as par t  of  
t he encl osur e.   Vent i l at i on must  be suf f i c i ent  t o l i mi t  i nt er i or  
t emper at ur e t o t hat  r equi r ed f or  cool i ng t he mot or .

2. 2. 13   I sol at i ng Pad

I f  speci f i cal l y r ecommended by t he compr essor  manuf act ur er ,  each 
compr essor  st eel  or  i r on base f r ame must  be mount ed on a neopr ene waf f l e 
or  r i b t ype i sol at or  pad whi ch ext ends uni f or ml y and cont i nuousl y al ong 
t he base mount i ng sur f ace.   The neopr ene mat er i al  must  be of  br i dge 
bear i ng pad qual i t y neopr ene and must  be f or mul at ed f or  40 dur omet er  
har dness.   The maxi mum bear i ng pr essur e on t he i sol at i ng pad must  be 50 psi .   
The pads must  be composed of  t wo l ayer s or  5/ 16 i nchneopr ene bonded t o and 
sandwi chi ng 16 gage gal vani zed st eel .   Compr essor  bol t  down t hr ough t he 
pad must  be accompl i shed usi ng 1/ 4 i ncht hi ck neopr ene i mpr egnat ed duck 
washer s.   Neopr ene bushi ngs ar e not  accept abl e.

2. 3   AI R FLOW RATE AND PRESSURE RECORDER AND MEASUREMENT

Pr ovi de a compl et e f l ow and pr essur e measur ement  and r ecor di ng package.  
Pr ovi de or i f i ce f l anges wi t h pr essur e t aps,  squar e edged st ai nl ess st eel  
paddl e or i f i ce pl at e.   The or i f i ce pl at e must  be concent r i c t ype,  of  0. 125 
i nch t hi ckness and must  meet  ASME St andar ds.   Or i f i ce must  be si zed f or  40 
i nch wat er  col umn di f f er ent i al  at  a f ul l  scal e f l ow r at e of  235 SCFM at  
compr essor  based on 120 psi g upst r eam pr essur e.   St at i c gage pr essur e 
measur ement  devi ce of  t he r ecor der  must  have a r ange of  zer o t o 200 psi g.   
Pr ovi de copper  i nt er connect i ng t ubi ng bet ween t he pr essur e t aps and t he 
r ecor der  as par t  of  t hi s measur ement  and r ecor di ng package.   Pr ovi de a 
t wo- pen r ecor der  f or  t he measur ement  st at i on.   Pens must  r ecor d pr essur e 
( 0 t o 200 psi g r ange)  and ai r  f l ow ( 0 t o 300 SCFM) .   Recor der  must  be 
el ect r i c dr i ve and housed i n dust - t i ght  st eel  cabi net .   Char t s must  be 12 
i nchdi amet er  wi t h evenl y di v i ded gr aduat i ons.   Dr i ve must  be 7 day 
ci r c l e.   Pr ovi de cont i nuous f l ow i nt egr at i on of  a 7 di gi t  count er  t ype.   
Pens must  be suppl i ed wi t h l ong- l i f e car t r i dges and capi l l ar y suppl y.   
Char t  case must  be i nt er nal l y i l l umi nat ed.   Access t o char t s must  be 
t hr ough f r ont  access wi ndow door .   Cal i br at ed over al l  accur acy of  t he 
r ecor ded measur ement s must  be wi t hi n pl us or  mi nus 1. 0 per cent  of  f ul l  
scal e.   Fur ni sh a suppl y of  400 char t s wi t h t he r ecor der .

2. 4   CARBON MONOXI DE MONI TOR

The car bon monoxi de ( CO)  moni t or  uni t  must  be of  t he pr essur e t ype wi t h 
at t ached sampl i ng syst em.   The uni t  must  be sol i d st at e t ype oper at i on,  2 
t o 50 ppm r ange,  CO i ndi cat i ng,  wi t h pr ovi s i ons f or  mi l l i amp si gnal  t o 
r emot e r ecor der ,  adj ust abl e set  poi nt ,  and nor mal l y open/ nor mal l y c l osed 
cont act s f or  r emot e s i gnal .   Power  must  be 120 vol t ,  s i ngl e phase,  60 
her t z wi t h power  cor d and pl ug.   Response t i me nor mal l y 2 mi nut es per  
sampl e/ pur ge.   Uni t  must  be mount ed i n a gasket ed encl osur e wi t h f ace gage 
i ndi cat i ng CO r eadi ngs.

2. 4. 1   Sampl i ng Syst em

Sampl i ng syst em must  i ncl ude shut of f  val ve f i l t er / r egul at or ,  pr essur e 
gage,  manual  dr ai ner ,  and l i ne humi di f i er  set  at  50 per cent .   Dr aw sampl e 
f r om compr essor  di schar ge.
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2. 4. 2   Test  Syst em

Test  syst em must  i ncl ude cal i br at i on gas ( 20 ppm CO)  cyl i nder  t est  gas 
( 200 ppm CO)  cyl i nder ,  and cal i br at i on connect or s wi t h qui ck di sconnect .

2. 5   SOURCE QUALI TY CONTROL

2. 5. 1   Fact or y Test  Pr ocedur es

The compl et el y assembl ed ai r  compr essor  package i ncl udi ng t he act ual  
cont r act  dr i ve mot or ,  i nt er cool er ,  l ubr i cat i on syst em,  and cont r ol  panel  
must  be subj ect ed t o per f or mance t est s and sound l evel  and r un- i n t est s.   
Uni t  must  compl y wi t h guar ant ee r equi r ement s appl y i ng engi neer i ng 
adj ust ment s t o guar ant ee condi t i ons.   Test  must  be cer t i f i ed by t he 
manuf act ur er .  Test  may be r un on t he manuf act ur er ' s t est  st and usi ng 
dr i ver  f or  t hi s cont r act .   Test s must  be i n accor dance wi t h ASME PTC 9 
f or mat .   Ful l - r ange per f or mance t est s must  i ndi cat e per f or mance at  maxi mum 
r at ed f l ow,  r at i ng poi nt ,  and unl oaded condi t i ons.   Mot or  per f or mance 
condi t i ons must  be r epor t ed,  i ncl udi ng mot or  ef f i c i ency and l osses,  mot or  
power  f act or ,  mot or  ser vi ce f act or ,  mot or  t emper at ur e r i se,  mot or  noi se 
and bal ance,  and mot or  t or que at  f ul l  l oad,  l ocked r ot or ,  pul l  up,  and 
br eak down.   I ncl ude i nt er cool er s,  af t er cool er s,  and l ubr i cat i on and 
cont r ol  syst ems per f or mance.   Compl et ed uni t  must  be f act or y t est ed wi t h 
sound met er s i n accor dance wi t h I SO 2151.   Locat i on must  be one hor i zont al  
met er  f r om uni t  at  1. 5 met er s above t he f l oor .   Test  must  i ncl ude r eadi ngs 
at  each oct ave band mi dpoi nt  and t he " A"  scal e,  and must  not  exceed 84 dBA 
and 90 deci bel s at  any oct ave band.   Resul t s of  t est  must  be i ncl uded i n 
t he f act or y t est  r epor t  on t he I SO 2151 f or mat .   Fact or y t est  dat a may be 
cor r ect ed t o t he l evel s of  an equi val ent  backgr ound noi se l evel  of  60 dBA 
showi ng cal cul at i ons f or  r ef er ence use.

2. 5. 2   Super vi s i on of  Test i ng

Syst em and component s t est i ng must  be conduct ed or  super vi sed by ei t her  a 
desi gnat ed aut hor i zed and f act or y t r ai ned r epr esent at i ve of  t he compr essor  
manuf act ur er  suppl y i ng t he uni t  or  a r egi st er ed Mechani cal  Engi neer  
exper i enced i n such wor k.

2. 5. 3   Syst em Test

Test i ng of  syst em must  conf or m t o r equi r ement s out l i ned and must  be 
wi t nessed by t he Cont r act i ng Of f i cer .

2. 5. 4   Appr oval  of  Test i ng Pr ocedur e

Pr oposed t est i ng pr ocedur e must  be appr oved by t he Cont r act i ng Of f i cer  and 
t he i ndi v i dual  i n char ge of  t est i ng pr i or  t o conduct i ng t est s.

2. 5. 5   Cer t i f i cat i on of  Per f or mance Test s

The t est  super vi sor  must  cer t i f y per f or mance by t est  t o be i n compl i ance 
wi t h speci f i cat i ons.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

The Cont r act or  must  i nst al l  t he ai r  compr essor s and accessor i es i n 
accor dance wi t h manuf act ur er ' s r ecommendat i ons and as i ndi cat ed on t he 
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dr awi ngs.   Al l  equi pment  must  be i nst al l ed pl umb and l evel  and anchor ed t o 
st r uct ur e,  mat chi ng hol es pr ovi ded.   I nst al l  t he compr essor  under  t he 
di r ect  super vi s i on of  an aut hor i zed r epr esent at i ve of  t he manuf act ur er .

3. 2   GENERAL REQUI REMENTS FOR I NSTALLI NG AI R COMPRESSORS

Ai r  compr essor s wi t h cont r act  mot or  and accessor i es must  be f act or y 
assembl ed,  r un i n,  and t est ed compl et e bef or e shi pment  t o j ob s i t e.    
Shoul d t he uni t  r equi r e di sassembl y f or  i nst al l at i on,  r eassembl y must  be 
under  t he di r ect  super vi s i on of  t he compr essor  manuf act ur er ' s aut hor i zed 
r epr esent at i ve.  Compl et e uni t  must  be mount ed on a r i gi d s i ngl e or  
equi val ent  mechani cal l y j oi ned st eel  or  i r on base.   Submi t  i nst al l at i on 
sequence pl ans t o t he Cont r act i ng Of f i cer  f or  appr oval  pr i or  t o 
i nst al l at i on.   

3. 2. 1   Pr ompt  I nst al l at i on

The Cont r act or  i s advi sed t hat  any compr essor  r ecei ved must  be i nst al l ed 
and pl aced i n oper at i on pr ompt l y t o pr event  t i me det er i or at i on when not  
i nst al l ed.   Shoul d t he Cont r act or  sust ai n a del ay exceedi ng 90 days pr i or  
t o act ual  i nst al l at i on,  t he Cont r act i ng Of f i cer  must  have t he opt i on of  
r equi r i ng br eakdown and r eassembl y t o i nspect  and cl ean pr i or  t o pl aci ng 
i n oper at i on.   Thi s wor k must  be at  no addi t i onal  cost  t o t he Gover nment .

3. 2. 2   St ar t - Up Ser vi ces

The Cont r act or  must  f ur ni sh t he ser vi ces of  a compr essor  manuf act ur er ' s 
aut hor i zed r epr esent at i ve t o super vi se pr est ar t  checkout ,  i ni t i al  
st ar t - up,  per f or mance t est i ng,  and oper at or  i nst r uct i on.   Ti me avai l abl e 
must  be as r equi r ed t o pr oper l y st ar t  up but  not  l ess t han 3 consecut i ve 
days f or  t he compr essor .

3. 3   FI ELD QUALI TY CONTROL

3. 3. 1   Fi el d Test  Pr ocedur es

Compl et e f i el d per f or mance t est i ng of  t he t ot al  syst em must  be per f or med 
by t he Cont r act or  and wi t nessed by t he Cont r act i ng Of f i cer .   Ai r  
compr essor  syst em t est  must  be conduct ed by ei t her  a compr essor  
manuf act ur er ' s f act or y t r ai ned and aut hor i zed r epr esent at i ve appr oved by 
t he Cont r act i ng Of f i cer  or  a qual i f i ed r egi st er ed Mechani cal  Engi neer .   
Test s may be r un on i ndi v i dual  component s or  on t he syst em as a whol e at  
Cont r act or  opt i on.   Fi el d t est s r equi r e use of  t he act ual  compr essor  dr i ve 
mot or .  Test  must  i ncl ude oper at i on at  r at ed capaci t y f or  not  l ess t han 4 
hour s.

3. 3. 1. 1   Ai r  Compr essor  Per f or mance Test s

Compl et e per f or mance t est  must  be r un at  maxi mum l oad,  r at ed l oad,  at  
poi nt  of  unl oad but  pr i or  t o unl oad,  and unl oaded condi t i on.   Dat a must  be 
r ecor ded l i s t i ng:

a.   Ai r  f l ow,  i nl et  pr essur e and t emper at ur e,  humi di t y;  di schar ge pr essur e 
and t emper at ur e.

b.   I nt er cool er  wat er  f l ows,  t emper at ur es,  and pr essur es.

c.   Af t er cool er  wat er  f l ow,  t emper at ur es,  and pr essur es.
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d.   Bypass cool er  wat er  f l ow,  t emper at ur es,  and pr essur es.

e.   Lube oi l  cool i ng wat er  f l ow,  t emper at ur es,  and pr essur es.

f .   Lube oi l  f l ow,  pr essur es,  and t emper at ur e.

i .   El ect r i cal  l oad i n vol t s and amper es f or  compr essor  mot or  ( l oaded and 
unl oaded) ,  pr el ube oi l  pump mot or ,  and compr essor  auxi l i ar i es.

j .   I nt ake f i l t er  pr essur e di f f er ent i al  ( c l ean) .

k.   St ar t - up sequence,  al ar m si gnal s and aut omat i c syst em shut down.

l .   Test  compr essor  i nt ake and di schar ge f or  conf or mance t o CGA G- 7. 1.   
Compr essor  di schar ge must  show no i ncr ease i n cont ami nant s.

3. 3. 1. 2   I nst r ument at i on Test

The Cont r act or  may use i nst r ument at i on pr ovi ded i n t he cont r act  and 
i nst r ument at i on pr ovi ded by t he Cont r act or  t o conduct  t he t est .   The 
t est i ng pr ocedur e and i nst r ument at i on must  be submi t t ed t o t he Cont r act i ng 
Of f i cer  f or  appr oval  pr i or  t o conduct i ng t est s.   The f or mat  of  ASME PTC 9 
i s r equi r ed.   I t  i s  i nt ended t hat  a f ul l  f i el d t est  be per f or med.   
However ,  i n l i eu of  pr eci se i nst r ument at i on,  t he Cont r act or  may use 
cer t i f i ed cool i ng wat er  pump cur ves.   Shut down si gnal s must  be caused by 
t hr ot t l i ng sel ect ed f l ui ds.   Test  dat a,  such as ai r  i nt ake t emper at ur e and 
humi di t y,  must  be mat hemat i cal l y cor r ect ed t o per f or mance t est  r equi r ement  
l evel s.

3. 3. 1. 3   Sound Level  Test s

Sound l evel  t est s must  be conduct ed concur r ent l y.   Br oad Band " A"  scal e 
r eadi ngs and Oct ave Band r eadi ngs must  be t aken and r ecor ded at  t he same 
posi t i ons as on t he f act or y t est i ng.   Maxi mum per mi ssi bl e l evel  must  be 84 
deci bel s one hor i zont al  met er  f r om t he compr essor  and 1. 5 met er s above t he 
f l oor ,  wi t h uni t  i n oper at i on and al l  ot her  s i gni f i cant  equi pment  not  
r equi r ed f or  t est  wi t hi n t he same bui l di ng bay shut down at  t he same 
l ocat i on pr evi ousl y descr i bed.   A backgr ound noi se cor r ect i on t o 60 
deci bel s i s per mi ssi bl e.

3. 3. 1. 4   Oper at i onal  Def i c i enci es

Any oper at i onal  def i c i enci es not ed i n t he t est s must  be pr ompt l y cor r ect ed 
and af f ect ed por t i ons of  t he t est  r er un.

3. 3. 1. 5   Test i ng Tol er ances

A t ol er ance of  pl us or  mi nus 2 per cent  on f l ow,  pl us or  mi nus 4 per cent  on 
power ,  or  pl us or  mi nus 5 per cent  on any ot her  var i abl e f or  each i t em of  
equi pment  or  f l ui d wi t h al l  ot her s conf or mi ng i s per mi ssi bl e on f i el d t est  
r esul t s when compar ed t o f act or y t est  dat a and t o guar ant ee per f or mance 
dat a except  t hat  compr essor  ai r  f l ow,  di schar ge pr essur e,  and mot or  power  
must  be met .
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3. 3. 2   Appr oval  of  Test i ng Pr ocedur e

Pr oposed t est i ng pr ocedur e must  be appr oved by t he Cont r act i ng Of f i cer  and 
t he i ndi v i dual  i n char ge of  t est i ng pr i or  t o conduct i ng t est s.

3. 4   TRAI NI NG OF GOVERNMENT PERSONNEL

Dur i ng st ar t - up and f i el d t est i ng,  t r ai n Gover nment  st at i on per sonnel  i n 
t he oper at i on and mai nt enance of  compr essor ,   associ at ed equi pment ,  and 
al l  cont r ol  and saf et y devi ces.  Tr ai ni ng must  not  commence unt i l  equi pment  
i s oper at i onal  and st at i on per sonnel  ar e i n at t endance.   At  l east  one day 
of  c l assr oom t r ai ni ng and one day of  f i el d t r ai ni ng must  be f ur ni shed f or  
each desi gnat ed Gover nment  per sonnel .   When f act or y t r ai ni ng i s r equi r ed 
by t he compr essor  manuf act ur er  f or  pr oper  mai nt enance and over haul  of  t he 
compr essor s,  such t r ai ni ng must  be f ur ni shed by t he compr essor  
manuf act ur er  at  no addi t i onal  cost  t o t he Gover nment .   The Gover nment  wi l l  
bear  t he cost  of  t r avel  and l i v i ng expenses f or  Gover nment  per sonnel  as 
necessar y f or  t he f act or y t r ai ni ng.

        - -  End of  Sect i on - -
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HI GH AND MEDI UM PRESSURE COMPRESSED AI R PI PI NG
04/ 06

PART 1   GENERAL

1. 1   REFERENCES

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

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

ANSI / AHRI  520 ( 2004)  Per f or mance Rat i ng of  Posi t i ve 
Di spl acement  Condensi ng Uni t s

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 9 ( 2018)  Fact or y- Made Wr ought  But t wel di ng 
Fi t t i ngs

ASME B16. 11 ( 2022)  For ged Fi t t i ngs,  Socket - Wel di ng and 
Thr eaded

ASME B16. 20 ( 2023)  Met al l i c  Gasket s f or  Pi pe Fl anges

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME B46. 1 ( 2020)  Sur f ace Text ur e,  Sur f ace Roughness,  
Wavi ness and Lay

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel
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AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A106/ A106M ( 2019a)  St andar d Speci f i cat i on f or  
Seaml ess Car bon St eel  Pi pe f or  
Hi gh- Temper at ur e Ser vi ce

ASTM A182/ A182M ( 2024)  St andar d Speci f i cat i on f or  For ged 
or  Rol l ed Al l oy and St ai nl ess St eel  Pi pe 
Fl anges,  For ged Fi t t i ngs,  and Val ves and 
Par t s f or  Hi gh- Temper at ur e Ser vi ce

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A380/ A380M ( 2017)  St andar d Pr act i ce f or  Cl eani ng,  
Descal i ng,  and Passi vat i on of  St ai nl ess 
St eel  Par t s,  Equi pment ,  and Syst ems

ASTM B127 ( 2019)  St andar d Speci f i cat i on f or  
Ni ckel - Copper  Al l oy ( UNS N04400)  Pl at e,  
Sheet ,  and St r i p

ASTM B164 ( 2003;  R 2014)  St andar d Speci f i cat i on f or  
Ni ckel - Copper  Al l oy Rod,  Bar ,  and Wi r e

ASTM E11 ( 2022)  St andar d Speci f i cat i on f or  Woven 
Wi r e Test  Si eve Cl ot h and Test  Si eves

ASTM E381 ( 2022)  St andar d Met hod of  Macr oet ch 
Test i ng St eel  Bar s,  Bi l l et s,  Bl ooms,  and 
For gi ngs

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 69 ( 2003;  Not i ce 2012)  Pi pe Hanger s and 
Suppor t s -  Sel ect i on and Appl i cat i on ( ANSI  
Appr oved Amer i can Nat i onal  St andar d)

MSS SP- 71 ( 2018)  Gr ay I r on Swi ng Check Val ves,  
Fl anged and Thr eaded Ends
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MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NATI ONAL FLUI D POWER ASSOCI ATI ON ( NFLPA)

ANSI / NFLPA T3. 12. 3 ( 1992;  Rev 2)  Pneumat i c Fl ui d Power  -  
Pr essur e Regul at or  -  I ndust r i al  Type

PI PE FABRI CATI ON I NSTI TUTE ( PFI )

PFI  ES 22 ( 2016)  Recommended Pr act i ce f or  Col or  
Codi ng of  Pi pi ng Mat er i al s

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1981 ( 2008)  Sei smi c Rest r ai nt  Manual  Gui del i nes 
f or  Mechani cal  Syst ems,  3r d Edi t i on

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- C- 15726 ( 1988;  Rev F;  Am 1 1991;  Not i ce 1 2020)  
Copper - Ni ckel  Al l oy,  Sheet ,  Pl at e,  St r i p,  
Bar ,  Rod,  and Wi r e

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 1689 ( Rev B)  Tape,  Pr essur e- Sensi t i ve Adhesi ve,  
( Pl ast i c Fi l m)

CI D A- A- 58092 ( Basi c;  Not i ce 1;  Not i ce 2)  Tape,  
Ant i sei ze,  Pol yt et r af l uor oet hyl ene

CI D A- A- 60001 ( Rev A)  Tr aps,  St eam

FS WW- S- 2739 ( Basi c;  Not i ce 1;  Not i ce 2)  St r ai ner s,  
Sedi ment :   Pi pel i ne,  Wat er ,  Ai r ,  Gas,  Oi l ,  
or  St eam

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

29 CFR 1910. 219 Mechani cal  Power  Tr ansmi ssi on Appar at us

1. 2   RELATED REQUI REMENTS

Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS,  appl i es t o 
t hi s sect i on,  wi t h t he addi t i ons and modi f i cat i ons speci f i ed her ei n.
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1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Hi gh Pr essur e Compr essed Ai r  Syst em

SD- 03 Pr oduct  Dat a

Ai r  Compr essor

Ai r  Dr yer

Ai r  Recei ver s 

Desi ccant  Ai r  Dr yer s

Fi t t i ngs

Val ves

Pr essur e gages

Tr aps

St r ai ner s

Uni ons

Fl exi bl e connect i ons

Hanger s and Suppor t s

Val ve box

I dent i f i cat i on Label s For  Pi pi ng

  For  r ecei ver s i ncl ude Manuf act ur er ' s Dat a Repor t  For m U- 1 or  
U- 1A.

SD- 06 Test  Repor t s

Non- Dest r uct i ve Exami nat i on ( NDE)  Repor t  For  Wel di ng of  Pi pi ng

Leak Ti ght ness Test

SD- 07 Cer t i f i cat es

Empl oyer ' s Recor d Document s

Wel di ng Pr ocedur es and Qual i f i cat i ons
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SD- 08 Manuf act ur er ' s I nst r uct i ons

Ai r  r ecei ver s 

  I ncl ude r ecommended cer t i f i cat i on t est  pr ocedur e and pr ocedur e 
f or  c l eani ng,  ext er nal  pai nt i ng,  and del i ver y pr epar at i on.

SD- 10 Oper at i on and Mai nt enance Dat a

Ai r  Compr essor ,  Dat a Package 4

Ai r  Dr yer ,  Dat a Package 4

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

SD- 11 Cl oseout  Submi t t al s

Post ed Oper at i ng I nst r uct i ons f or  Ai r  Compr essor

Post ed Oper at i ng I nst r uct i ons f or  Ai r  Dr yer

Post ed Oper at i ng I nst r uct i ons f or  Compr essed Ai r  Syst ems

1. 4   QUALI TY ASSURANCE

Pr ovi de al l  wor k speci f i ed i n t hi s sect i on,  i ncl udi ng desi gn,  mat er i al s,  
f abr i cat i on,  assembl y,  er ect i on,  i nst al l at i on,  and exami nat i on,  i nspect i on 
and t est i ng of  compr essed ai r  syst ems i n conf or mance wi t h ASME B31. 1,  
ASME BPVC SEC VI I I  D1 ASME BPVC SEC I X and SMACNA 1981,  as modi f i ed and 
suppl ement ed by t hi s speci f i cat i on sect i on and accompanyi ng dr awi ngs.   I n 
ASME B31. 1,  ASME BPVC SEC VI I I  D1 and ASME BPVC SEC I X,  t he advi sor y 
pr ovi s i ons must  be consi der ed mandat or y,  as t hough t he wor d " must "  had 
been subst i t ut ed f or  " shoul d"  wher ever  i t  appear s;  r ef er ence t o t he 
" aut hor i t y havi ng j ur i sdi ct i on"  and " owner "  must  be i nt er pr et ed t o mean 
t he Cont r act i ng Of f i cer .

1. 4. 1   Equi pment  Dat a

Submi t  t he f ol l owi ng dat a f or  equi pment  l i s t ed f or  " Oper at i on and 
Mai nt enance I nst r uct i ons,  Par t s and Test i ng. "

a.   Name and addr ess of  aut hor i zed br anch or  ser vi ce depar t ment .

b.   Char act er i st i c cur ves.

c.   Fol l owi ng appl i cabl e dat a compl et el y f i l l ed i n:

Manuf act ur er  and model  number   

Oper at i ng speed  

Capaci t y  ( CFM)

Type of  bear i ngs i n uni t   

Type of  l ubr i cat i on  

Type and adj ust ment  of  dr i ve  
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Capaci t y of  t ank 

El ect r i c mot or :   Manuf act ur er ,  f r ame and t ype 

Mot or  speed   RPM

Cur r ent  char act er i st i cs and HP of  mot or    Ther mal  cut - out  swi t ch:   
Manuf act ur er ,  t ype and model  

St ar t er :   Manuf act ur er :   Type and model   

1. 4. 2   Hi gh Pr essur e Compr essed Ai r  Syst em

Show l ocat i on,  l engt h,  and t ype of  wel ds or  br azes,  and i ndi cat e wel di ng 
and br azi ng pr ocedur es t o be used,  pr eheat ,  post wel d heat  t r eat ment ,  and 
nondest r uct i ve wel di ng and br azi ng t est i ng r equi r ed.

1. 4. 3   Labor at or y Test  Repor t s and Mat er i al  Cont r ol

Labor at or y Test  Repor t s and Mat er i al  Cont r ol  f or  hi gh Pr essur e Compr essed 
Ai r  Syst ems:

1. 4. 3. 1   Labor at or y Test  Repor t s

Fur ni sh t he f ol l owi ng l abor at or y t est  r epor t s f or  pi pe,  t ube,  f i t t i ngs,  
val ves,  and ot her  pr essur e cont ai ni ng component s ( except  pr essur e gages)  
f or  each heat  and l ot  of  mat er i al .

a.   Ful l  chemi cal  anal yses.

b.   Physi cal  pr oper t i es.

c.   Et ch t est  per  ASTM E381 as modi f i ed f or  t he al l oy t o ver i f y pi pe and 
t ube ar e seaml ess and f r ee of  def ect s.

1. 4. 3. 2   Mat er i al  Cont r ol

Wher e mor e t han one t ype of  cor r osi on r esi st ant  al l oy ( st ai nl ess st eel  and 
copper - ni ckel  or  ni ckel - copper  f or  exampl e)  i s t o be i nst al l ed at  pr oj ect  
s i t e,  t he Cont r act or  must  i mpl ement  and mai nt ai n a mat er i al  cont r ol  syst em 
wi t h mar ki ngs and/ or  t ags t o i dent i f y posi t i vel y each pi ece as t o t he t ype 
of  met al .

1. 4. 4   Wel di ng Requi r ement s

Pr ovi de al l  wel di ng wor k speci f i ed i n t hi s sect i on f or  compr essed ai r  
pi pi ng syst ems and i n conf or mance wi t h ASME B31. 1,  as modi f i ed and 
suppl ement ed by t hi s speci f i cat i on sect i on and t he accompanyi ng dr awi ngs.   
The wel di ng wor k i ncl udes:  qual i f i cat i on of  wel di ng pr ocedur es,  br azi ng 
pr ocedur es,  wel der s,  br azer s,  wel di ng oper at or s,  br azi ng oper at or s,  
i nspect i on per sonnel ,  nondest r uct i ve exami nat i on per sonnel ,  mai nt enance of  
wel di ng r ecor ds,  and exami nat i on met hods f or  wel ds.

1. 4. 4. 1   But t  Wel ded Joi nt s

But t  wel ded j oi nt s must  be f ul l  penet r at i on j oi nt s.   But t  wel ded j oi nt s i n 
syst ems wi t h wor ki ng pr essur es over  300 psi g must  be f ul l  penet r at i on 
wel ds wi t h consumabl e i nser t s or  backi ng r i ngs.
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1. 4. 5   Empl oyer ' s Recor d Document s

Submi t  t o t he ROI CC f or  hi s r evi ew and appr oval  t he f ol l owi ng 
document at i on.   Thi s document at i on and t he subj ect  qual i f i cat i ons must  be 
i n compl i ance wi t h ASME B31. 1.

a.   Li st  of  qual i f i ed wel di ng pr ocedur es t hat  i s pr oposed t o be used t o 
pr ovi de t he wor k speci f i ed i n t hi s speci f i cat i on sect i on.

b.   Li st  of  qual i f i ed wel der s,  br azer s,  wel di ng oper at or s,  and br azi ng 
oper at or s t hat  ar e pr oposed t o be used t o pr ovi de t he wor k speci f i ed 
i n t hi s speci f i cat i on sect i on.

c.   Li st  of  qual i f i ed wel d i nspect i on per sonnel  t hat  ar e pr oposed t o be 
used t o pr ovi de t he wor k speci f i ed i n t hi s speci f i cat i on sect i on.

1. 4. 6   Wel di ng Pr ocedur es and Qual i f i cat i ons

Det er mi ne per f or mance qual i f i cat i on i n accor dance wi t h ASME B31. 1 and as 
speci f i ed.

1. 4. 6. 1   Speci f i cat i ons and Test  Resul t s

Submi t  copi es of  t he wel di ng pr ocedur e
 speci f i cat i ons and pr ocedur e qual i f i cat i on t est  r esul t s f or  each t ype of  
wel di ng r equi r ed.   Appr oval  of  any pr ocedur e does not  r el i eve t he 
Cont r act or  of  t he r esponsi bi l i t y  f or  pr oduci ng accept abl e wel ds.   Submi t  
t hi s i nf or mat i on on t he f or ms pr i nt ed i n ASME BPVC SEC I X or  t hei r  
equi val ent .

1. 4. 6. 2   Cer t i f i cat i on

Bef or e assi gni ng wel der s or  wel di ng oper at or s t o t he wor k,  submi t  a l i s t  
of  qual i f i ed wel der s,  t oget her  wi t h dat a and cer t i f i cat i on t hat  each 
i ndi v i dual  i s  per f or mance qual i f i ed as speci f i ed.   Do not  st ar t  wel di ng 
wor k pr i or  t o submi t t i ng wel der ,  and wel di ng oper at or  qual i f i cat i ons.   The 
cer t i f i cat i on must  st at e t he t ype of  wel di ng and posi t i ons f or  whi ch each 
i s qual i f i ed,  t he code and pr ocedur e under  whi ch each i s qual i f i ed,  dat e 
qual i f i ed,  and t he f i r m and i ndi v i dual  cer t i f y i ng t he qual i f i cat i on t est s.

1. 4. 6. 3   Renewal  of  Qual i f i cat i on

Requal i f i cat i on of  a br azer  or  br azi ng oper at or  must  be r equi r ed under  any 
of  t he f ol l owi ng condi t i ons:

a.   When a br azer  or  br azi ng oper at or  has not  used t he speci f i c  br azi ng 
pr ocess f or  a per i od of  6 mont hs.

b.   Ther e i s speci f i c  r eason t o quest i on hi s abi l i t y  t o make br azes t hat  
wi l l  meet  t he r equi r ement s of  t he speci f i cat i ons.

1. 4. 7   Exper i ence f or  I nst al l at i on and Test i ng

Exper i ence f or  I nst al l at i on and Test i ng Of  Medi um Pr essur e Ai r  Syst em:   
I nst al l  and t est  medi um pr essur e ai r  pi pi ng and equi pment  i n accor dance 
wi t h ASME B31. 1 and onl y wi t h compet ent  per sonnel  speci al l y t r ai ned and 
exper i enced i n i nst al l at i on and t est i ng of  medi um pr essur e ai r  syst ems.   
The super vi sor s and per sonnel  per f or mi ng i nst al l at i on and t est i ng must  
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have had pr evi ous exper i ence i n t he sat i sf act or y i nst al l at i on and t est i ng 
of  at  l east  t wo medi um pr essur e ai r  syst ems.   Submi t  dat a subst ant i at i ng 
t hi s exper i ence t o t he Cont r act i ng Of f i cer  f or  appr oval  pr i or  t o 
per f or mi ng any wor k.   Super vi sor s and per sonnel  wi t h exper i ence not  
accept abl e t o t he Cont r act i ng Of f i cer  wi l l  be pr ohi bi t ed f r om wor ki ng on 
t hese syst ems.   Exper i ence dat a must  i ncl ude t he f ol l owi ng.

a.   Name of  empl oyee

b.   Empl oyer

c.   Li st  educat i onal  backgr ound and speci al i zed t r ai ni ng on i nst al l at i on 
and t est i ng medi um pr essur e syst ems,  i ncl udi ng saf et y pr ecaut i ons.

d.   Li st  at  l east  t wo i nst al l at i ons of  each t ype of  syst em wor ked on and 
i nst al l ed and t est ed sat i sf act or i l y .

( 1)  Type of  syst em and oper at i ng or  desi gn pr essur e;  f or  medi um 
pr essur e 126 t o 399 psi g;  f or  hi gh pr essur e 400 psi g and hi gher .

( 2)  Company or  owner .

( 3)  Locat i on.

( 4)  Name,  addr ess,  and phone number  of  a per son who can be cont act ed 
f or  ver i f i cat i on at  t he i nst al l at i on.

e.   I f  r egi st er ed engi neer ,  gi ve t he st at e i n whi ch r egi st r at i on i s hel d,  
and br anch of  engi neer i ng.   An engi neer  i s r equi r ed t o super vi se 
saf et y dur i ng t est i ng of  medi um and hi gh pr essur e ai r  syst ems.

1. 4. 8   Qual i f i cat i on of  Pr essur e Vessel  ( Recei ver )  I nspect or s

St at e Cer t i f i cat i on of  Compet ency and act i ve commi ssi on f r om t he Nat i onal  
Boar d of  Boi l er  and Pr essur e Vessel  I nspect or s ( NBBI ) ,  Col umbus,  Ohi o.

1. 4. 9   Tr ai ni ng

Wher e speci al  c l eani ng,  f l ushi ng,  mat er i al  cont r ol ,  t est i ng,  and ot her  
speci al  r equi r ement s ar e used on a cont r act ,  such as r equi r ed f or  hi gh 
pr essur e compr essed ai r  syst ems,  conduct  f or mal  t r ai ni ng pr ogr ams f or  
empl oyees on t he speci al  r equi r ement s.   Mai nt ai n r ecor ds on such t r ai ni ng 
whi ch must  be avai l abl e f or  i nspect i on by t he Cont r act i ng Of f i cer .   
Cer t i f y t hat  empl oyees have sat i sf act or i l y  compl et ed t he r equi r ed t r ai ni ng 
pr i or  t o per f or mi ng wor k on t he cont r act .

1. 5   SAFETY PRECAUTI ONS

1. 5. 1   Temper at ur e Rest r i ct i on

Compr essor s or  ot her  equi pment  must  not  di schar ge compr essed ai r  t o t he 
pi pi ng syst ems above 100 degr ees F unl ess appr oved by t he Cont r act i ng 
Of f i cer .   Af t er cool er s or  ot her  devi ces must  be pr ovi ded t o compl y wi t h 
t he t emper at ur e r est r i ct i on.

1. 5. 2   Rot at i ng Equi pment

Ful l y guar d coupl i ngs,  mot or  shaf t s,  gear s and ot her  exposed r ot at i ng or  
r api dl y movi ng par t s i n accor dance wi t h OSHA 29 CFR 1910. 219.   Pr ovi de 
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r i gi d and sui t abl y secur ed guar d par t s r eadi l y r emovabl e wi t hout  
di sassembl i ng guar ded uni t .

1. 5. 3   Wel di ng and Br azi ng

Saf et y i n wel di ng,  cut t i ng,  and br azi ng of  pi pe must  conf or m t o AWS Z49. 1.

PART 2   PRODUCTS

2. 1   MEDI UM PRESSURE AI R COMPRESSOR

126 t o 399 psi g syst em.   Mul t i - st age,  ai r  cool ed r eci pr ocat i ng,  di r ect  
dr i ven t ype,  sui t abl e f or  suppl y i ng compr essed ai r  at  pr essur es 
i ndi cat ed.   Pr ovi de compr essor  wi t h bal l  or  r ol l er  t ype bear i ng,  pr essur e 
l ubr i cat ed,  t her mal  over l oad pr ot ect i on as r equi r ed by NEMA,  pr essur e 
swi t ch,  i nl et  f i l t er - muf f l er s,  v i br at i on i sol at or s,  i nt er cool er s,  
af t er cool er ,  and f l exi bl e connect or s.   Pr ovi de saf et y cont r ol  f or  shut down 
and al ar m on hi gh di schar ge ai r  t emper at ur e or  l ow oi l  pr essur e.   Capaci t y 
and oper at i ng pr essur e as i ndi cat ed on dr awi ngs.   Mount  compr essor  and 
mot or  on a base pl at e.

2. 1. 1   Recei ver

Bui l d r ecei ver  ( t ank)  of  wel ded st eel ,  i n accor dance wi t h 
ASME BPVC SEC VI I I  D1,  Unf i r ed Pr essur e Vessel s,  f or  399 psi g wor ki ng 
pr essur e at  450 degr ees F,  compl et e wi t h pr essur e gage,  
ASME BPVC SEC VI I I  D1 and ASME BPVC SEC I X code st amped saf et y val ve,  
check val ve,  shut - of f  val ve on t ank out l et ,  and aut omat i c t ank dr ai n on 
t ank.   Pr ovi de t ank wi t h st eel  suppor t s and bol t  t o a concr et e 
f oundat i on.   Capaci t y as i ndi cat ed.

2. 1. 2   Mot or  and St ar t er

Pr ovi de mot or  and st ar t er  72 degr ees F ambi ent  t emper at ur e r i se,  
cont i nuous dut y,  dr i p- pr oof  t ype mot or ,  bal l  bear i ngs,  f or  oper at i on wi t h 
cur r ent  of  vol t age,  phase,  and cycl e i ndi cat ed on t he el ect r i cal  
dr awi ngs.   Mot or  of  such capaci t y t hat  br ake hor sepower  r equi r ed by dr i ven 
equi pment  at  nor mal  r at ed capaci t y wi l l  not  exceed namepl at e r at i ng of  
mot or .   Pr ovi de each mot or  wi t h aut omat i c,  f ul l y  encl osed,  magnet i c 
st ar t er .   Conf or m t o NEMA MG 1 f or  mot or  and NEMA I CS 2and NEMA I CS 6 f or  
st ar t er  and cont r ol s.

2. 1. 3   Cont r ol s

Pr ovi de st ar t - and- st op cont r ol .   Mot or  must  st op aut omat i cal l y when 
di schar ge pr essur e r eaches maxi mum pr essur e set t i ng and st ar t  
aut omat i cal l y when di schar ge pr essur e f al l s  t o mi ni mum set t i ng.   Cyl i nder s 
must  unl oad aut omat i cal l y dur i ng per i ods of  mot or  shut down.

2. 1. 3. 1   St ar t - and- St op Cont r ol

When set  f or  st ar t - and- st op cont r ol ,  mot or  must  st op aut omat i cal l y when 
di schar ge pr essur e r eaches maxi mum pr essur e set t i ng and st ar t  
aut omat i cal l y when di schar ge pr essur e f al l s  t o mi ni mum set t i ng.   Cyl i nder s 
must  unl oad dur i ng per i ods of  mot or  shut down.

SECTI ON 22 15 26. 00 20  Page 9



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

2. 1. 3. 2   Const ant  Speed Cont r ol

Compr essor  must  oper at e cont i nuousl y at  const ant  speed.   Pr ovi de means t o 
aut omat i cal l y l oad and unl oad compr essor  at  pr eset  mi ni mum and maxi mum 
pr essur e set t i ngs,  r espect i vel y.   Pr ovi de means f or  aut omat i c r el ease of  
pr essur e wi t hi n cyl i nder s when t he uni t  i s  oper at i ng wi t hout  l oad.   Al so 
pr ovi de means f or  manual  or  aut omat i c unl oadi ng of  cyl i nder s dur i ng 
st ar t i ng of  uni t .   Equi p compr essor  wi t h a t i med cont r ol  t o st op 
compr essor  af t er  a 10- mi nut e unl oaded per i od i f  ai r  i s  not  used.

2. 1. 4   I nt er cool er s and Af t er cool er s

Pr ovi de i nt er cool er s bet ween al l  i nt er medi at e st ages of  mul t i - st age 
compr essor s and pr ovi de af t er cool er s wi t h compr essor s.   I nt er cool er s f or  
ai r - cool ed compr essor s must  be t he t ube- and- f i n t ype.   I nt er cool er s f or  
wat er - cool ed compr essor s must  be t he shel l - and- t ube t ype,  except  t hat  
t ube- and- f i n t ype may be used when t he i nt er cool er  i s suppor t ed by t he 
compr essor  f r ame or  at t ached t o t he compr essor .   Ai r  or  wat er  cool ed 
i nt er cool er s may be t he i nt egr al  cast  t ype when compr essor  i s 25 hp or  
l ess.   Af t er cool er s must  be of  t he wat er - cool ed shel l - and- t ube t ype or  
ai r - cool ed t ube- and- f i n t ype.   Wat er - cool ed af t er cool er s and i nt er cool er s 
must  be of  suf f i c i ent  capaci t y t o cool  t he compr essed ai r  t o wi t hi n 15 
degr ees F and 20 degr ees F,  r espect i vel y,  of  t he t emper at ur e of  t he wat er  
ent er i ng t he cool er s.   Ai r - cool ed i nt er cool er s and af t er cool er s must  have 
suf f i c i ent  capaci t y t o cool  t he compr essed ai r  t o wi t hi n 20 degr ees F of  
t he ambi ent  t emper at ur e under  t he at mospher i c condi t i ons i ndi cat ed.   
Pr ovi de wat er - cool ed i nt er cool er s and af t er cool er s wi t h s i ght - f l ow 
i ndi cat or  t o v i sual l y obser ve t he f l ow of  wat er  t o t he cool er .   The 
pr essur e dr op of  compr essed ai r  t hr ough t he cool er  must  not  exceed one psi .   
Pr ovi de i nt er cool er s and af t er cool er s wi t h a moi st ur e separ at or  and dr ai n 
t r ap t o r emove t he condensed moi st ur e and oi l  f r om t he ai r  l eavi ng t he 
cool er .

2. 1. 4. 1   Shel l - and- Tube

Fl oat i ng- head t ype consi st i ng of  a r emovabl e and cl eanabl e nest  of  
cor r osi on- r esi st ant  t ubes wi t hi n a st eel  shel l .   Ai r  may pass ei t her  
t hr ough t he t ubes or  t he shel l .

2. 1. 4. 2   Tube- and- Fi n

Copper ,  al umi num,  copper - al umi num,  or  copper - al l oy const r uct i on.   Fi ns 
must  be secur el y bonded t o t he t ubi ng.   Pr ovi de t ube- and- f i n cool er s wi t h 
a f an f or  c i r cul at i on of  t he cool i ng ai r .   The f an must  be adequat el y 
guar ded f or  saf et y and be dr i ven ei t her  f r om t he compr essor  cr ankshaf t  or  
by an i ndependent  el ect r i c mot or .

2. 1. 5   Noi se

84 dBA maxi mum sound l evel  one met er  f r om compr essor  uni t .

2. 2   MEDI UM PRESSURE Ai r  r ecei ver s 

ASME BPVC SEC VI I I  D1,  l abel ed and r at ed f or  275 psi g,  equi pped wi t h 
r equi r ed val ves and t r i mmi ngs,  i ncl udi ng gage and aut omat i c dr ai n val ve 
and ASME BPVC SEC VI I I  D1 and ASME BPVC SEC I X pr essur e saf et y r el i ef  
val ve.   Pr essur e as i ndi cat ed.     Ext er i or  f i ni sh must  be st andar d f act or y 
f i ni sh .
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2. 3   MEDI UM PRESSURE COMPRESSED AI R DRYERS

Pr ovi de medi um pr essur e compr essed ai r  dr yer s of  t he mechani cal  
r ef r i ger at i on t ype,  equi pped wi t h an aut omat i c t emper at ur e shut down swi t ch 
t o pr event  f r eezi ng,  a r egener at i ve ai r  t o ai r  exchanger  ( i n capaci t y 
s i zes above 10 or  60 scf m as st andar d wi t h t he manuf act ur er ) ,  and a mai n 
compr essed ai r  cool i ng exchanger .   Ref r i ger at i on syst em must  cool  
compr essed ai r  t o dr y t he ai r .   Dr yer  must  have no i nt er nal  t r aps or  
f i l t er s and must  have pr essur e dr op not  gr eat er  t han 3 psi  .   Pr ovi de 
i nt er nal  t ubi ng,  wi r i ng,  and pi pi ng compl et e,  such t hat  onl y connect i ons 
t o ai r  i nl et  and out l et ,  t o r ef r i ger ant  compr essor  cont act or ,  and t o 
condensat e dr ai n ar e necessar y.

2. 3. 1   Ai r  Ci r cui t

a.   Regener at i ve heat  exchanger :   I nl et  compr essed ai r  t o out l et  
compr essed ai r  heat  exchanger  ( i n capaci t y s i zes above 10 or  60 scf m 
as st andar d wi t h t he manuf act ur er )  desi gned t o r educe cool i ng l oad at  
desi gn condi t i ons 20 degr ees F by i nl et  ai r  pr ecool i ng.

b.   Mai n heat  exchanger :   Si ngl e- pass,  wi t h ai r  i n t he t ubes,  heat  s i nk,  
di r ect  expansi on,  or  f l ooded cool er  t ype.

c.   Separ at or :   Fabr i cat ed i n accor dance wi t h ASME B31. 1;  code st amp not  
r equi r ed;  moi st ur e separ at or  l ow vel oci t y t ype i ncor por at i ng change of  
ai r  f l ow di r ect i on t o pr event  moi st ur e car r yover .

d.   Dr yer  oper at i ng pr essur e:   275 psi g wor ki ng pr essur e.

e.   Dr ai n l i ne:   Pr ovi de wi t h ext er i or  mount ed condensat e t r ap t o 
f aci l i t at e ser vi c i ng.

2. 3. 2   Ref r i ger at i on Syst em

a.   Ref r i ger at i on compr essor :   ANSI / AHRI  520.   Her met i c,  semi - her met i c,  or  
open r eci pr ocat i ng t ype equi pped wi t h aut omat i c st ar t - st op or  
unl oadi ng capaci t y cont r ol ;  st andar d component s i ncl ude i nher ent  mot or  
pr ot ect i on,  cr ankcase oi l  st r ai ner ,  and suct i on scr een.   .

b.   Dr yer  cont r ol s:   Capabl e of  aut omat i c 0 t o 100 per cent  capaci t y 
cont r ol .   Ref r i ger at i on cont r ol s must  mai nt ai n pr essur e dew poi nt  
wi t hi n t he speci f i ed r ange wi t hout  f r eezi ng of  condensat e.   Cont r ol s 
must  i ncl ude such devi ces as capi l l ar y t ube,  expansi on val ve,  suct i on 
pr essur e r egul at or ,  t her most at ,  or  ot her  appr oved devi ces as st andar d 
wi t h t he manuf act ur er .   Dr yer  must  have aut omat i c shut down swi t ch 
sensor  l ocat ed at  poi nt  of  l owest  t emper at ur e t o pr event  f r eezi ng.

c.   Ref r i ger ant  dr yer  and suct i on l i ne st r ai ner .

d.   Ai r - cool ed condenser ,  wi t h condenser  f an and mot or .

2. 3. 3   I nst r ument at i on and Cont r ol

I ncl ude cont r ol  panel  i n dr yer  cabi net  cont ai ni ng:

a.   I ndi cat or s f or  t he f ol l owi ng ser vi ces:   I nl et  ai r  pr essur e gage,  
di schar ge ai r  pr essur e gage,  i nl et  ai r  t emper at ur e gage,  mai n 
exchanger  t emper at ur e gage,  r ef r i ger at i on compr essor  suct i on pr essur e 
gage,  r ef r i ger at i on compr essor  di schar ge pr essur e gage,  gr een " Power  
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On"  l i ght ,  power  i nt er r upt i on l i ght ,  and hi gh t emper at ur e l i ght .

b.   El ect r i cal  r el ays:   Locat e i n an encl osed por t i on of  t he panel ,  
accessi bl e f or  ease of  ser vi c i ng.

c.   Cont r ol s and i nt er l ocks:   To mai nt ai n r equi r ed compr essed ai r  dew 
poi nt  and t o cycl e ai r - cool ed condenser  wi t h r ef r i ger at i on compr essor  
whi l e mai nt ai ni ng head pr essur e cont r ol  wi t h l ow ambi ent  t emper at ur e.

2. 4   DESI CCANT AI R DRYERS

Chamber  of  wel ded st eel ,   psi g wor ki ng pr essur e,  ASME l abel ed conf or mi ng 
t o ASME BPVC SEC VI I I  D1,  wi t h f l anged or  t hr eaded f i t t i ngs,  and aut omat i c 
dr ai n val ve.   Manuf act ur er ' s r ecommended desi ccant  i n t abl et  f or m whi ch 
wi l l  not  nest  or  cake.   Cont r act or  must  pr ovi de a suppl y of  desi ccant  f or  
i ni t i al  oper at i ons i n unbr oken shi ppi ng cont ai ner s equal  t o not  l ess t han 
f our  char ges of  desi ccant  f or  t he dr yer .

2. 5   MEDI UM PRESSURE COMPRESSED AI R PI PI NG AND ACCESSORI ES

Medi um pr essur e compr essed ai r  pi pi ng and accessor i es 126 t o 399 psi g at  
150 degr ees F must  conf or m t o t he f ol l owi ng:

2. 5. 1   Pi pe

ASTM A53/ A53M or  ASTM A106/ A106M,  seaml ess car bon st eel ,  Schedul e 40,  
bl ack.

2. 5. 2   Fi t t i ngs,  Si ze 2 I nches and Lar ger

ASME B16. 9,  car bon st eel ,  but t  wel di ng,  Schedul e 40,  or  ASME B46. 1,  car bon 
st eel  wel di ng neck f l anges,  Cl ass 300,  ASME B46. 1,  f l anged f i t t i ngs,  
car bon st eel ,  Cl ass 300,  gasket s ASME B16. 20,  spi r al  wound met al l i c ,  Cl ass 
300,  bol t s ASTM A193/ A193M,  Gr ade B7,  and nut s,  ASTM A194/ A194M,  Gr ade 7.   
But t  wel ded j oi nt s must  be f ul l  penet r at i on consumabl e i nser t  or  backi ng 
r i ng t ype.

2. 5. 3   Fi t t i ngs,  Si ze 1 1/ 2 I nches and Smal l er

ASME B16. 11,  f or ged car bon st eel ,  Cl ass 3000 socket  wel di ng or  Cl ass 2000 
t hr eaded.   Seal  wel d t hr eaded j oi nt s not  r equi r ed t o di sassembl e pi pi ng 
f or  mai nt enance.   Joi nt s may al so be but t  wel ded or  f l anged,  as speci f i ed 
f or  s i zes 2 i nches and l ar ger .

2. 5. 4   Fl at - f aced St eel  Fl anges

Wher e connect i ons ar e made t o Cl ass 250 cast  i r on f l anges wi t h st eel  
f l anges,  use onl y f l at - f aced Cl ass 300 st eel  f l anges.

2. 5. 5   Uni ons

ASME B16. 39,  Cl ass 2 (  500 psi g WOG,  col d,  non- shock) .

2. 5. 6   Val ves

2. 5. 6. 1   Gl obe and Angl e Val ves

Si zes 2 i nches and smal l er ,  br onze,  MSS SP- 80,  Type 3 ( Met al l i c  Di sc,  
Renewabl e Seat ) ,  Cl ass 300,  t hr eaded ends,  or  car bon st eel ,  ASME B16. 34,  
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Cl ass 300,  t hr eaded ends.   Si zes l ar ger  t han 2 i nches,  ASME B16. 34,  car bon 
st eel ,  t aper ed di sk,  Cl ass 300,  f l anged ends.

2. 5. 6. 2   Check Val ves

ASME B16. 34 or  MSS SP- 71,  Cl ass 300,  st eel ,  l i f t  or  swi ng t ype.

2. 5. 6. 3   Pr essur e Reduci ng Val ves

ANSI / NFLPA T3. 12. 3,  wi t h nomi nal  pr essur e r at i ng of  not  l ess t han i nl et  
syst em pr essur e i ndi cat ed.   Pr ovi de pr essur e r educi ng val ves capabl e of  
bei ng adj ust ed t o speci f i ed f l ow and pr essur e,  and sui t abl e f or  i nt ended 
ser vi ce.   Pr ovi de pi l ot  val ve f or  dome l oaded t ype i f  r equi r ed f or  pr oper  
oper at i on.

2. 5. 6. 4   Saf et y Val ves

ASME BPVC SEC VI I I  D1 and ASME BPVC SEC I X,  Code st amped saf et y val ve,  
br onze body wi t h br onze t r i m,  f or  unf i r ed pr essur e vessel s,  t hr eaded or  
f l anged connect i on;  f act or y set  and seal ed.

2. 5. 7   Pr essur e Gages

ASME B40. 100,  Accur acy Gr ade A,  f or  ai r ,  wi t h st eel  or  br ass case,  and 
nonshat t er abl e saf et y gl ass,  and a pr essur e bl owout  back t o pr event  gl ass 
f r om f l y i ng out  i n case of  an expl osi on.   Gages must  have a 3 1/ 2 i nch 
mi ni mum di amet er  di al  and a di al  r ange of  appr oxi mat el y t wi ce wor ki ng 
pr essur e.

2. 5. 8   Pi pe Hanger s and Suppor t s

MSS SP- 58,  MSS SP- 69,  and ASME B31. 1,  except  as speci f i ed or  i ndi cat ed 
ot her wi se.   Pr ovi de zi nc pl at ed pi pe hanger s and suppor t s.   Pr ovi de t ubi ng 
suppor t s of  U- shaped st eel  bol t s and nut s f i r ml y secur ed t o adequat el y 
suppor t  st r uct ur es such as wal l s,  col umns,  f l oor s,  or  br acket s.   Cl i ps 
must  f i t  c l osel y ar ound pi pi ng but  must  have suf f i c i ent  c l ear ance t o 
per mi t  l ongi t udi nal  movement  of  pi pi ng dur i ng nor mal  expansi on and 
cont r act i on.   Pr ovi de suppor t s at  val ves,  f i t t i ngs,  br anch l i nes,  out l et s,  
changes i n di r ect i on,  equi pment ,  and accessor i es.

2. 5. 9   St r ai ner s

FS WW- S- 2739,  Cl ass 250,  St yl e Y,  s i mpl ex t ype,  wi t h 20- mesh Monel  or  
st ai nl ess st eel  scr een.

2. 5. 10   Tr aps

CI D A- A- 60001,  t o dr ai n wat er  and ot her  l i qui ds f r om syst em.   Type of  
t r aps,  as i ndi cat ed,  and r at ed wor ki ng pr essur e not  l ess t han syst em 
oper at i ng pr essur e.

2. 5. 11   Fl exi bl e Connect i ons

Vi br at i on i sol at i on,  wi r e br ai d r ei nf or ced cor r ugat ed met al  hose t ype,  
l i ne- si zed,  wi t h br onze end connect i ons,  sui t abl e f or  pr essur e i ndi cat ed.   
Lengt h as r ecommended by manuf act ur er  but  not  l ess t han 18 i nches.
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2. 5. 12   Tet r af l uor oet hyl ene Tape

CI D A- A- 58092 f or  scr ew- j oi nt ed pi pe.

2. 6   SLEEVES

2. 6. 1   Fl oor  Sl abs,  Roof  Sl abs,  and Out si de Wal l s Above and Bel ow Gr ade

Gal vani zed- st eel  pi pe havi ng an i nsi de di amet er  at  l east  1/ 2 i nch l ar ger  
t han t he out si de di amet er  of  t he pi pe passi ng t hr ough i t .   Pr ovi de 
suf f i c i ent  s l eeve l engt h t o ext end compl et el y t hr ough f l oor s,  r oof s,  and 
wal l s,  so t hat  s l eeve ends ar e f l ush wi t h f i ni shed sur f aces except  t hat  
ends of  s l eeves f or  f l oor  s l abs must  ext end 1/ 2 i nch above f i ni shed f l oor  
sur f ace.   Sl eeves l ocat ed i n wat er pr oof ed const r uct i on must  i ncl ude f l ange 
and cl ampi ng r i ng.

2. 6. 2   Par t i t i ons

Gal vani zed sheet  st eel ,  26 gage or  heavi er ,  of  suf f i c i ent  l engt h t o 
compl et el y ext end t hr ough par t i t i on t hi ckness wi t h s l eeve ends f l ush wi t h 
par t i t i on f i ni shed sur f ace.

2. 7   VALVE BOX

Pr ovi de r ect angul ar  concr et e desi gn wi t h wor ds " Compr essed Ai r "  cast  or  
ot her wi se mar ked on t he cover .   Si ze must  be l ar ge enough f or  r emoval  of  
val ve wi t hout  r emovi ng box.   Pr ovi de val ve box f or  ar eas as f ol l ows:

a.   Roads and t r af f i c  ar eas:   Heavy Dut y,  cast  i r on cover

b.   Ot her  ar eas:   St andar d dut y,  heavy st eel  pl at e or  concr et e cover

2. 8   I DENTI FI CATI ON LABELS FOR PI PI NG

Label s f or  pi pes 3/ 4 i nch O. D.  and l ar ger  must  bear  pr i nt ed l egends t o 
i dent i f y cont ent s of  pi pes and ar r ows t o show di r ect i on of  f l ow.   Except  
t hat  of  pi pes smal l er  t han 3/ 4 i nch O. D. ,  l abel s must  have col or  coded 
backgr ounds t o s i gni f y l evel s of  hazar d i n accor dance wi t h PFI  ES 22.   
Legends and t ype and si ze or  char act er s must  al so conf or m t o PFI  ES 22.   
Label s must  be made of  pl ast i c sheet  i n conf or mance wi t h CI D A- A- 1689 wi t h 
pr essur e- sensi t i ve adhesi ve sui t abl e f or  t he i nt ended appl i cat i ons or  t hey 
may be pr emol ded of  pl ast i c t o f i t  over  speci f i c  pi pe out si de di amet er s 
3/ 4 i nch and l ar ger .   For  pi pes smal l er  t han 3/ 4 i nch O. D. ,  f ur ni sh br ass 
i dent i f i cat i on t ags 1 1/ 2 i nches i n di amet er  wi t h l egends i n depr essed 
bl ack- f i l l ed char act er s.

2. 9   BURI ED UTI LI TY WARNI NG AND I DENTI FI CATI ON TAPE

Pol yet hyl ene pl ast i c t ape manuf act ur ed speci f i cal l y f or  war ni ng and 
i dent i f i cat i on of  bur i ed ut i l i t y  l i nes.   Tape must  be of  t he t ype pr ovi ded 
i n r ol l s,  6 i nches mi ni mum wi dt h,  col or  codes f or  compr essed ai r  ( gr ay)  
wi t h war ni ng and i dent i f i cat i on i mpr i nt ed i n bol d bl ack l et t er s 
cont i nuousl y and r epeat edl y over  ent i r e t ape l engt h.   War ni ng and 
i dent i f i cat i on must  be " CAUTI ON BURI ED COMPRESSED AI R LI NE BELOW"  or  
s i mi l ar  wor di ng.   Code and l et t er  col or i ng must  be per manent ,  unaf f ect ed 
by moi st ur e and ot her  subst ances cont ai ned i n t r ench backf i l l  mat er i al .
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2. 10   FRESH WATER

Fr esh wat er  f or  c l eani ng,  f l ushi ng,  and t est i ng must  be cl ean and pot abl e.

2. 11   BASI C PI PI NG AND COMPONENT MATERI ALS

Conf or m t o t he f ol l owi ng wher e mat er i al  i s  speci f i ed by gener i c t ype and 
no speci f i cat i on i s l i s t ed.

2. 11. 1   St ai nl ess St eel

Aust eni t i c  t ype,  anneal ed,  ASTM A182/ A182M.

2. 11. 2   Ni ckel - Copper

70- 30 ni ckel - copper ,  anneal ed,  ASTM B164,  al l oy N04400,  ASTM B127.

2. 11. 3   Copper - Ni ckel

70- 30 copper - ni ckel ,  sof t  t emper ,  MI L- C- 15726.

2. 11. 4   Ot her  Mat er i al s

For  mat er i al s wher e no speci f i cat i on i s l i s t ed above,  conf or m t o mat er i al  
speci f i cat i ons l i s t ed i n ASME B31. 1 or  ASME BPVC SEC VI I I  D1.

2. 12   SOURCE QUALI TY CONTROL

Test  ai r  compr essor s and compr essed ai r  dr yer s at  t he f act or y t o assur e 
pr oper  oper at i on.   Cer t i f y sat i sf act or y accompl i shment  of  t est s.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  mat er i al s and equi pment  as i ndi cat ed and i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.

3. 1. 1   Excavat i on and Backf i l l i ng

Sect i on 31 00 00 EARTHWORK.

3. 1. 2   Pi pi ng

Pr ovi de Non- Dest r uct i ve Exami nat i on ( NDE)  r epor t  f or  wel di ng of  pi pi ng.   
Unl ess speci f i cal l y st at ed t o t he cont r ar y,  f abr i cat i on,  assembl y,  
wel di ng,  and br azi ng must  conf or m t o ASME B31. 1 f or  al l  pi pi ng of  t he ai r  
syst em.   Pi pi ng must  f ol l ow t he gener al  ar r angement  shown.   Cut  pi pi ng 
accur at el y t o measur ement s est abl i shed f or  t he wor k.   Wor k pi pi ng i nt o 
pl ace wi t hout  spr i ngi ng or  f or c i ng,  except  wher e col d- spr i ngi ng i s 
speci f i ed.   Pi pi ng and equi pment  wi t hi n bui l di ngs must  be ent i r el y out  of  
t he way of  l i ght i ng f i x t ur es and door s,  wi ndows,  and ot her  openi ngs.   
Locat e over head pi pi ng i n bui l di ngs i n t he most  i nconspi cuous posi t i ons.   
Do not  bur y or  conceal  pi pi ng unt i l  i t  has been i nspect ed,  t est ed,  and 
appr oved.   Wher e pi pe passes t hr ough bui l di ng st r uct ur e,  pi pe j oi nt s must  
not  be conceal ed,  but  must  be l ocat ed wher e t hey may be r eadi l y i nspect ed 
and bui l di ng st r uct ur e must  not  be weakened.   Avoi d i nt er f er ence wi t h 
ot her  pi pi ng,  condui t ,  or  equi pment .   Except  wher e speci f i cal l y shown 
ot her wi se,  ver t i cal  pi pi ng must  r un pl umb and st r ai ght  and par al l el  t o 
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wal l s.   Pi pi ng connect ed t o equi pment  must  be i nst al l ed t o pr ovi de 
f l exi bi l i t y  f or  v i br at i on.   Adequat el y suppor t  and anchor  pi pi ng so t hat  
st r ai n f r om wei ght  of  pi pi ng i s not  i mposed on t he equi pment .

3. 1. 2. 1   Fi t t i ngs

Use l ong r adi us el l s wher e appr opr i at e t o r educe pr essur e dr ops.   Pi pe 
bends i n l i eu of  f i t t i ngs may be used f or  pi pi ng wher e space per mi t s.   
Pi pe bends must  have a uni f or m r adi us of  at  l east  f i ve t i mes t he pi pe 
di amet er  and must  be f r ee f r om any appr eci abl e f l at t eni ng,  wr i nkl i ng,  or  
t hi nni ng of  t he pi pe.   Mi t er i ng of  pi pe t o f or m el bows,  not chi ng st r ai ght  
r uns t o f or m f ul l  s i zed t ees,  or  any si mi l ar  const r uct i on must  not  be 
used.   Make br anch connect i ons wi t h wel di ng t ees,  except  f act or y made 
f or ged wel di ng br anch out l et s or  nozzl es havi ng i nt egr al  r ei nf or cement s 
conf or mi ng t o ASME B31. 1 may be used.

Bendi ng of  Hi gh Pr essur e Pi pe:   Pr i or  t o bendi ng pi pe f or  hi gh pr essur e 
syst ems,  t he Cont r act or  must  submi t  f or  appr oval  wr i t t en f abr i cat i on and 
i nspect i on pr ocedur es and cal cul at i ons showi ng t he r equi r ed mi ni mum wal l  
t hi ckness of  pi pe af t er  bendi ng.   Onl y col d bendi ng must  be per mi t t ed.   
The f abr i cat i on pr ocedur e must  i ndi cat e t he r equi r ed pi pe wal l  t hi ckness 
pr i or  t o bendi ng,  equi pment  t o be used,  set  up and bendi ng pr ocedur es,  and 
i nspect i on and accept ance cr i t er i a.   I nspect i on must  i ncl ude ver i f i cat i on 
of  mi ni mum wal l  t hi ckness by ul t r asoni c or  ot her  met hods i f  deemed 
necessar y by t he Cont r act i ng Of f i cer .   No wr i nkl es or  ot her  cont our  
i r r egul ar i t i es wi l l  be per mi t t ed i n t he bent  pi pe.   Check f l at t eni ng i n 
accor dance wi t h ASME B31. 1.   I ncl ude r equi r ed di mensi onal  checks i n 
i nspect i on pr ocedur es and accept abl e val ues t abul at ed f or  each pi pe si ze 
t o be bent .   Qual i f i ed per sonnel  must  per f or m nondest r uct i ve exami nat i ons 
r equi r ed i n accor dance wi t h qual i f i ed pr ocedur es.

3. 1. 2. 2   Cl ear ances f or  Wel di ng

Pr ovi de cl ear ances f r om wal l s,  cei l i ngs,  and f l oor s t o per mi t  t he 
i nst al l at i on of  j oi nt s.   The cl ear ances must  be at  l east  6 i nches f or  pi pe 
si zes 4 i nches and l ess,  10 i nches f or  pi pe si zes over  4 i nches,  and 
suf f i c i ent  i n cor ner s.   However ,  t he speci f i ed c l ear ances must  not  wai ve 
r equi r ement s f or  wel der s t o be qual i f i ed f or  t he posi t i ons t o be wel ded.

3. 1. 2. 3   Cl eani ng

Bef or e j oi nt i ng and er ect i on of  pi pi ng or  t ubi ng,  t hor oughl y c l ean 
i nt er i or s of  pi pe sect i ons,  t ube,  and component s.   I n st eel  pi pe,  l oosen 
scal e and ot her  f or ei gn mat t er  by r appi ng shar pl y and expel  by wi r e br ush 
and swab.   Bl ow out  bot h st eel  pi pe and copper  t ube and component s wi t h 
compr essed ai r  at  100 psi g or  mor e.   Mai nt ai n c l eanl i ness by c l osur e of  
pi pe/ t ube openi ngs wi t h caps or  pl ugs.   Bef or e maki ng f i nal  t er mi nal  
connect i ons,  bl ow out  compl et e syst em wi t h compr essed ai r  at  100 psi g or  
mor e.   Cl eani ng and cl eanness of  medi um pr essur e syst ems over  250 psi g and 
hi gh pr essur e syst ems must  conf or m t o t he par agr aph ent i t l ed " Cl eani ng and 
Cl eanness Requi r ement s. "

3. 1. 2. 4   Changes i n Pi pe Si ze

Use r educi ng f i t t i ngs f or  changes i n pi pe si ze.   The use of  bushi ngs wi l l  
not  be per mi t t ed.   I n hor i zont al  l i nes,  2 1/ 2 i nches and l ar ger ,  r educi ng 
f i t t i ngs must  be of  t he eccent r i c t ype t o mai nt ai n t he bot t om of  t he l i nes 
i n t he same pl ane.
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3. 1. 2. 5   Dr ai nage and Fl exi bi l i t y

Compr essed ai r  pi pi ng must  be f r ee of  unnecessar y pocket s and pi t ched 
appr oxi mat el y 3 i nches per  100 f eet  i n t he di r ect i on of  f l ow t o l ow 
poi nt s.   Wher e pi pes must  be sl oped so t hat  condensat e f l ows i n opposi t e 
di r ect i on t o ai r  f l ow,  s l ope 6 i nches per  100 f eet  or  gr eat er .   Pr ovi de 
f l exi bi l i t y  by use of  f i t t i ngs,  l oops,  and of f set s i n pi pi ng.   I nst al l  
br anches at  t op of  a mai n t o pr event  car r yover  of  condensat e and f or ei gn 
mat t er .

3. 1. 3   Thr eaded Joi nt s

Wher e possi bl e use pi pe wi t h f act or y cut  t hr eads,  ot her wi se cut  pi pe ends 
squar e,  r emove f i ns and bur r s,  and cut  t aper  pi pe t hr eads i n accor dance 
wi t h ASME B1. 20. 1.   Thr eads must  be smoot h,  c l ean,  and f ul l  cut .   Appl y 
t hr ead t ape t o mal e t hr eads onl y.   Wor k pi pi ng i nt o pl ace wi t hout  
spr i ngi ng or  spr i ngi ng or  f or c i ng.   Backi ng of f  t o per mi t  al i gnment  of  
t hr eaded j oi nt s wi l l  not  be per mi t t ed.   Engage t hr eads so t hat  not  mor e 
t han t hr ee t hr eads r emai n exposed.

3. 1. 4   Fl anged Joi nt s i n Hi gh Pr essur e Syst em

I nst al l  usi ng cal i br at ed t or que wr enches or  f eel er  gage met hods t o assur e 
pr oper  gasket  compr essi on.   Cal i br at e t or que wr ench i mmedi at el y pr i or  t o 
use.

3. 1. 5   Wel di ng and Br azi ng

Per f or m wel di ng and br azi ng i n accor dance wi t h qual i f i ed pr ocedur es usi ng 
qual i f i ed wel der s and wel di ng oper at or s and br azer s.   Do not  per f or m 
wel di ng and br azi ng when t he qual i t y of  t he compl et ed wel d or  br aze coul d 
be i mpai r ed by t he pr evai l i ng wor ki ng or  weat her  condi t i ons.   The 
Cont r act i ng Of f i cer  wi l l  det er mi ne when weat her  or  wor ki ng condi t i ons ar e 
unsui t abl e f or  wel di ng.   Wel di ng of  hanger s,  suppor t s,  and pl at es t o 
st r uct ur al  member s must  be i n accor dance wi t h AWS D1. 1/ D1. 1M.   Mar k 
wel di ng and br azi ng det ai l  dr awi ngs t o i dent i f y t he wel der  or  br azer  
maki ng t he j oi nt .

3. 1. 5. 1   Cl eani ng f or  Wel di ng and Br azi ng

Sur f aces t o be wel ded or  br azed must  be f r ee f r om l oose scal e,  s l ag,  r ust ,  
pai nt ,  oi l ,  and ot her  f or ei gn mat er i al .   Joi nt  sur f aces must  be smoot h and 
f r ee f r om def ect s whi ch mi ght  af f ect  pr oper  wel di ng.   Cl ean each l ayer  of  
wel d met al  t hor oughl y by wi r e br ushi ng,  gr i ndi ng,  or  chi ppi ng pr i or  t o 
i nspect i on or  deposi t i on of  addi t i onal  wel d met al .   Conf or m t o par agr aph 
ent i t l ed " Cl eani ng and Cl eanness Requi r ement s"  f or  medi um pr essur e syst ems 
over  250 psi g syst ems.

3. 1. 5. 2   St r ess Cr acki ng Dur i ng Br azi ng

For  aust eni t i c  st ai nl ess st eel  and ot her  mat er i al  suscept i bl e t o st r ess 
cor r osi on cr acki ng f r om mol t en br azi ng f i l l er  met al ,  avoi d appl y i ng st r ess 
dur i ng br azi ng.

3. 1. 5. 3   Wel di ng or  Br azi ng of  Val ves

Wel di ng or  Br azi ng of  Val ves:   Di sassembl e val ves subj ect  t o damage f r om 
heat  dur i ng wel di ng or  br azi ng and r eassembl e af t er  i nst al l at i on.   Open 
val ves t wo or  t hr ee t ur ns of f  t he seat  when not  subj ect  t o heat  damage 
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dur i ng wel di ng or  br azi ng;  do not  backseat  val ve.

3. 1. 6   Val ves

I nst al l  val ves i n conf or mance wi t h ASME B31. 1 at  t he l ocat i ons i ndi cat ed 
and el sewher e as r equi r ed f or  t he pr oper  f unct i oni ng of  t he syst em.

3. 1. 6. 1   Gl obe Val ves

I nst al l  gl obe val ves so t hat  t he pr essur e wi l l  be bel ow t he di sk.   I nst al l  
gl obe val ves wi t h t he st ems ver t i cal .

3. 1. 6. 2   Pr essur e- Reduci ng Val ves

Pr ovi de compr essed ai r  ent er i ng each pr essur e- r educi ng val ve wi t h a 
st r ai ner .   Pr ovi de each pr essur e- r educi ng val ve uni t  wi t h t wo bl ock val ves 
and wi t h a gl obe or  angl e bypass val ve and bypass pi pe.   Pr ovi de a bypass 
ar ound a r educi ng val ve of  r educed si ze t o r est r i ct  i t s  capaci t y t o 
appr oxi mat el y t hat  of  t he r educi ng val ve.   Pr ovi de each pr essur e r educi ng 
val ve uni t  wi t h an i ndi cat i ng gage t o show t he r educed pr essur e,  and a 
saf et y val ve on t he l ower  pr essur e s i de.   These r equi r ement s do not  appl y 
t o smal l  pr essur e r egul at i ng val ves used t o adj ust  pr essur e f or  pneumat i c 
equi pment .

3. 1. 7   Hanger s and Suppor t s

Sel ect i on,  f abr i cat i on,  and i nst al l at i on of  pi pi ng hanger s and suppor t s 
must  conf or m t o MSS SP- 58,  MSS SP- 69  except  t hat  spaci ng of  t he hanger s 
and suppor t s must  be as per  Tabl e I .

TABLE I .   MAXI MUM SPAN FOR PI PE

DI AMETER I NCHES STD.  WT.  STEEL PI PE
SCHEDULE 40

EX.  STRONG STEEL
PI PE SCHEDULE 80

1/ 2 5' - 0" 5' - 0"

3/ 4 5' - 9" 5' - 9"

1 6' - 6" 6' - 6"

1- 1/ 2 7' - 6" 7' - 9"

2 8' - 6" 8' - 6"

2- 1/ 2 9' - 3" 9' - 6"

3 10' - 3" 10' - 6"

3- 1/ 2 11' - 0" 11' - 0"

4 11' - 6" 11' - 9"

5 12' - 9" 13' - 0"
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6 13' - 9" 14' - 0"

8 15' - 6" 16' - 0"

10 17' - 0" 17' - 6"

12 18' - 3" 19' - 0"

3. 1. 8   Pr essur e Gages

Pr ovi de pr essur e gauges wi t h a shut - of f  val ve or  pet cock i nst al l ed bet ween 
t he gage and t he l i ne.

3. 1. 9   St r ai ner s

Pr ovi de st r ai ner s wi t h meshes sui t abl e f or  t he ser vi ces wher e i ndi cat ed,  
or  wher e di r t  mi ght  i nt er f er e wi t h t he pr oper  oper at i on of  val ve par t s,  
or i f i ces,  or  movi ng par t s of  equi pment .

3. 1. 10   Equi pment  Foundat i ons

Pr ovi de equi pment  f oundat i ons of  suf f i c i ent  s i ze and wei ght  and of  pr oper  
desi gn t o pr ecl ude shi f t i ng of  equi pment  under  oper at i ng condi t i ons or  
under  any abnor mal  condi t i ons whi ch coul d be i mposed upon t he equi pment .   
Pr ovi de f oundat i ons whi ch meet  t he r equi r ement s of  t he equi pment  
manuf act ur er ,  and when r equi r ed by t he Cont r act i ng Of f i cer ,  obt ai n f r om 
t he equi pment  manuf act ur er  appr oval  of  t he f oundat i on desi gn and 
const r uct i on f or  t he equi pment  i nvol ved.   Equi pment  v i br at i on must  be 
mai nt ai ned wi t hi n accept abl e l i mi t s,  and must  be sui t abl y dampened and 
i sol at ed.

3. 1. 11   Equi pment  I nst al l at i on

I nst al l  equi pment  st r i ct l y i n accor dance wi t h t hese speci f i cat i ons,  and 
t he manuf act ur er s '  i nst al l at i on i nst r uct i ons.   Gr out  equi pment  mount ed on 
concr et e f oundat i ons bef or e pi pi ng i s i nst al l ed.   I nst al l  pi pi ng i n a 
manner  t hat  does not  pl ace a st r ai n on any of  t he equi pment .   Do not  bol t  
f l anged j oi nt s t i ght  unl ess t hey mat ch pr oper l y.   Ext end expansi on bends 
adequat el y bef or e i nst al l at i on.   Gr ade,  anchor ,  gui de and suppor t  pi pi ng 
wi t hout  l ow pocket s.

3. 1. 12   Cl eani ng of  Syst em

Cl ean t he var i ous syst em component s bef or e f i nal  c l osi ng as t he 
i nst al l at i ons ar e compl et ed.   Remove f or ei gn mat t er  f r om equi pment  and 
sur r oundi ng ar eas.   Cl eani ng and cl eanl i ness must  conf or m t o par agr aph 
ent i t l ed " Cl eani ng and Cl eanl i ness Requi r ement s"  f or  pr essur es over  250 
psi g.   Pr el i mi nar y or  f i nal  t est s wi l l  not  be per mi t t ed unt i l  t he c l eani ng 
i s appr oved by t he Cont r act i ng Of f i cer .

3. 1. 13   Pi pe Sl eeves

Pr ovi de pi pe sl eeves wher e pi pes and t ubi ng pass t hr ough masonr y or  
concr et e wal l s,  f l oor s,  r oof s,  and par t i t i ons.   Hol d s l eeves secur el y i n 
pr oper  posi t i on and l ocat i on bef or e and dur i ng const r uct i on.   Al l  s l eeves 
must  be of  suf f i c i ent  l engt h t o pass t hr ough ent i r e t hi ckness of  wal l s,  
par t i t i ons,  or  s l abs.   Ext end sl eeves i n f l oor  s l abs 2 i nches above t he 
f i ni shed f l oor .   Pack space bet ween t he pi pe or  t ubi ng and t he sl eeve 
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f i r ml y wi t h oakum and caul k bot h ends of  t he s l eeve wi t h el ast i c cement .

3. 1. 14   Fl oor ,  Wal l ,  and Cei l i ng Pl at es

Pr ovi de chr omi um- pl at ed st eel  or  ni ckel - pl at ed cast  i r on pl at es on pi pes 
passi ng t hr ough f l oor s and par t i t i ons of  f i ni shed r ooms.   Pr ovi de pai nt ed 
cast - i r on,  mal l eabl e i r on,  or  st eel  f or  ot her  ar eas.

3. 1. 15   Fl ashi ng f or  Bui l di ngs

Pr ovi de f l ashi ng i n accor dance wi t h Sect i on 07 60 00 FLASHI NG AND SHEET 
METAL wher e pi pes pass t hr ough bui l di ng r oof s and out si de wal l s.

3. 1. 16   Uni ons and Fl anges

Pr ovi de uni ons and f l anges wher e necessar y t o per mi t  easy di sconnect i on of  
pi pi ng and appar at us,  and as i ndi cat ed.   Pr ovi de a uni on f or  each 
connect i on havi ng a scr ewed- end val ve.   Pr ovi de uni ons or  f l anges not  
f ar t her  apar t  t han 100 f eet .   Pr ovi de uni ons on pi pi ng under  2 i nches i n 
di amet er ,  and pr ovi de f l anges on pi pi ng 2 i nches and over  i n di amet er .   
I nst al l  di el ect r i c uni ons or  f l anges bet ween f er r ous and non- f er r ous 
pi pi ng,  equi pment ,  and f i t t i ngs;  except  t hat  br onze val ves and f i t t i ngs 
may be used wi t hout  di el ect r i c coupl i ngs f or  f er r ous- t o- f er r ous or  
non- f er r ous t o non- f er r ous connect i ons.

3. 1. 17   Pai nt i ng of  Pi pi ng and Equi pment

Pai nt  pi pi ng and equi pment  i n accor dance wi t h Sect i on 09 90 00 PAI NTS AND 
COATI NGS.

3. 1. 18   I dent i f i cat i on of  Pi pi ng

I dent i f y pi pi ng i n accor dance wi t h PFI  ES 22.   Use commer ci al l y 
manuf act ur ed pi pi ng i dent i f i cat i on l abel s.   Space i dent i f i cat i on mar ki ng 
on r uns not  f ar t her  apar t  t han 50 f eet .   Pr ovi de t wo copi es of  t he pi pi ng 
i dent i f i cat i on code f r amed under  gl ass and i nst al l  wher e di r ect ed.

3. 1. 19   War ni ng and I dent i f i cat i on Tape

Coor di nat e i nst al l at i on of  ut i l i t y  war ni ng and i dent i f i cat i on t ape wi t h 
backf i l l  oper at i on.   Pr ovi de t ape above bur i ed l i nes at  a dept h of  8 t o 12 
i nches bel ow f i ni sh gr ade.

3. 2   CLEANI NG AND CLEANNESS REQUI REMENTS

Cl eani ng and cl eanness r equi r ement s must  conf or m t o ASTM A380/ A380M and 
t he f ol l owi ng.

3. 2. 1   Subst i t ut i on

The wor d " must "  must  be subst i t ut ed f or  " shoul d"  i n ASTM A380/ A380M.

3. 2. 2   Pr ohi bi t ed Met hods and Pr ocesses

The f ol l owi ng met hods and pr ocesses must  not  be used.

a.   Chemi cal  descal i ng ( aci d pi ckl i ng) .

b.   Abr asi ve bl ast i ng and vapor  bl ast i ng.
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c.   Al kal i ne c l eani ng.

d.   Emul si on cl eani ng.

e.   Chel at e c l eani ng.

f .   Aci d c l eani ng.

g.   Passi vat i on.

h.   Cor r osi on i nhi bi t or s must  not  be used.

3. 2. 3   Appr oval  of  Met hods and Pr ocedur es

Pr epar e and submi t  wr i t t en c l eani ng pr ocedur es f or  appr oval .   Per f or m 
pr oduct i on c l eani ng i n accor dance wi t h appr oved pr ocedur es.

3. 2. 4   Tool s Used on Cor r osi on- Resi st ant  Al l oys

Tool s used on cor r osi on- r esi st ant  al l oys such as gr i ndi ng,  pol i shi ng,  
f i l i ng,  debur r i ng,  and br ushi ng t ool s must  be vi sual l y c l ean and must  not  
have been used on car bon or  l ow al l oy st eel s,  al umi num,  l ead or  mat er i al s 
cont ai ni ng l ead or  l ead component s,  or  ot her  l ow mel t i ng poi nt  mat er i al s.   
Wi r e br ushes must  be 300 ser i es st ai nl ess st eel .   Unl ess ot her wi se 
appr oved,  each t ool  must  be used on onl y one t ype of  cor r osi on- r esi st ant  
met al .

3. 2. 5   Cl eani ng Bef or e I nst al l at i on

Cl ean pi pi ng,  component s,  and equi pment  bef or e i nst al l at i on.

3. 2. 6   Cl eani ng Requi r ement s

Cl ean sur f aces cont ai ni ng no cr evi ces or  i naccessi bl e ar eas by any of  t he 
pr ocedur es descr i bed her ei n.   Cl ean sur f aces cont ai ni ng cr evi ces by 
i mmer si on i n unused or  r edi st i l l ed acet one,  et hanol ,  or  i sopr opanol  onl y.

3. 2. 6. 1   Vapor  Degr easi ng

Vapor  degr easi ng may be used on sur f aces cont ai ni ng no cr evi ces or  
i naccessi bl e ar eas and must  be accompl i shed by t he f ol l owi ng pr ocedur es:

a.   Dr y al l  par t s ent er i ng degr easer .

b.   Load par t s ont o r acks i n t he condensi ng zone so t hat  t hey do not  t ouch 
each ot her ,  and i n such a manner  t o i nsur e compl et e dr ai ni ng of  
sol vent s.

c.   Use per chl or oet hyl ene bat h.   Mai nt ai n bat h at  250 t o 260 degr ees F.   
The bat h must  cont ai n a neut r al  i nhi bi t or  t o pr event  aci d f or mat i on 
due t o hydr ol ysi s.   Ot her  t ypes of  i nhi bi t or s ar e not  per mi t t ed.

d.   Change sol vent  when boi l i ng poi nt  of  per chl or oet hyl ene exceeds 260 
degr ees F.   Dump sol vent  ear l i er  i f  c l eanl i ness st andar ds ar e not  
at t ai ned.

e.   Lower  or  r ai se par t s i n t he degr easer  at  a r at e not  t o exceed 12 
i nches per  mi nut e and i mmer se i n vapor  phase.   Spr ay wi t h c l ean 
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sol vent  dur i ng i mmer si on t i me.   Keep t he spr ay nozzl e at  l east  one f oot
 bel ow t he vapor  l i ne dur i ng spr ayi ng.   Al l ow par t  t o r emai n i n vapor  
unt i l  condensat i on ceases ( 3 t o 5 mi nut es) .   Dr y par t s compl et el y 
bef or e r emovi ng f r om degr easer .

3. 2. 6. 2   Degr easi ng by I mmer si on or  Wi pi ng

Degr easi ng of  par t s havi ng no i naccessi bl e ar eas or  cr evi ces may be 
per f or med by i mmer si on i n sol vent  or  by wi pi ng wi t h a c l ean l i nt l ess 
wi pi ng cl ot h sat ur at ed wi t h t he sol vent  per chl or oet hyl ene,  unused or  
r edi st i l l ed acet one,  et hanol ,  or  i sopr opanol ,  or  St oddar d sol vent  f or  
pr el i mi nar y degr easi ng.   Dr y i n accor dance wi t h par agr aph ent i t l ed " Dr yi ng 
Requi r ement s. "

3. 2. 6. 3   Tr i sodi um- Phosphat e Det er gent  Cl eani ng ( Degr easi ng)

Tr i sodi um- phosphat e det er gent  c l eani ng may be used on sur f aces cont ai ni ng 
no cr evi ces or  i naccessi bl e ar eas and must  be accompl i shed as f ol l ows:

a.   Remove heavy di r t  by ei t her  scr ubbi ng wi t h a non- sheddi ng br i st l e 
br ush usi ng a sol ut i on of  up t o one f l ui d ounce of  noni oni c det er gent  
per  gal l on of  t ap wat er  or  i mmer si ng t he par t s i n a hot  ( appr oxi mat el y 
160 -  190 degr ees F)  sol ut i on consi st i ng of  7 t o 10 ounces of  
t r i sodi um phosphat e and up t o one f l ui d ounce of  t he noni oni c 
det er gent  per  gal l on of  t ap wat er  f or  about  20 mi nut es.   Agi t at e and 
use br ush as necessar y.

b.   Ri nse par t s t hor oughl y i n hot  wat er  at  a mi ni mum of  120 degr ee F.

c.   Dr y t he par t s i n accor dance wi t h par agr aph ent i t l ed " Dr yi ng 
Requi r ement s. "

3. 2. 6. 4   Ul t r asoni c Cl eani ng

Cl eani ng met hods usi ng ul t r asoni c equi pment  may be used.

3. 2. 7   Dr yi ng Requi r ement s

Accompl i sh dr yi ng by st i l l  or  f or ced cl ean ai r  or  i ner t  gas,  dr y i ng oven,  
or  by evacuat i on.   When usi ng evacuat i on,  exer ci se car e t o pr event  
evacuat i ng- pump l ubr i cant  f r om ent er i ng t he equi pment .   Check compr essed 
ai r  used f or  dr yi ng t o ensur e c l eanl i ness by bl owi ng t hr ough a c l ean,  
whi t e,  cot t on f i l t er  c l ot h f or  about  5 mi nut es at  f ul l  dr y i ng vel oci t y.

3. 2. 8   I nspect i on and Accept ance Cr i t er i a f or  Cl eanl i ness

Conf or m t o ASTM A380/ A380M and t he f ol l owi ng:

3. 2. 8. 1   Cl eanness Cr i t er i a

Al l  sur f aces of  pi pi ng mat er i al ,  equi pment ,  i nst r ument s,  and ot her  
component s whi ch wi l l  come i n cont act  wi t h compr essed ai r  must  be cl ean t o 
t he ext ent  t hat  no cont ami nat i on i s v i s i bl e t o a per son wi t h nor mal  v i sual  
acui t y ( nat ur al  or  cor r ect ed)  under  a l i ght i ng l evel  of  at  l east  100 
f oot candl es on t he sur f ace bei ng i nspect ed.   Cl eanness of  sur f ace whi ch 
cannot  be vi sual l y i nspect ed due t o i naccessi bi l i t y  or  geomet r y must  be 
det er mi ned by an i nt er pr et at i on of  t he di scol or at i on or  di r t  obt ai ned by 
wi pi ng wi t h a c l ean,  whi t e,  wet  or  dr y c l ot h.   Fr ee of  cont ami nat i on must  
mean f r ee of  oi l ,  di r t ,  met al l i c  f l akes,  pr eser vat i ves,  pai nt ,  and any 
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ot her  subst ances whi ch may pr esent  a saf et y hazar d or  i mpai r  t he qual i t y 
of  t he compr essed ai r .

3. 2. 8. 2   Cr i t i cal  Sur f aces

No r ust  must  be al l owed on val ve seat s,  or i f i ce pl at es or  ot her  cr i t i cal  
sur f aces.   Thi n f i l ms of  r ust  ar e accept abl e on ot her  cor r osi on- r esi st ant  
mat er i al  sur f aces pr ovi ded t her e i s no vi s i bl e t hi ckness or  evi dence of  
pi t t i ng and t he t ot al  ar ea i nvol ved does not  exceed one per cent  of  t he 
t ot al  sur f ace ar ea of  t he component  i n cont act  wi t h compr essed ai r .

3. 2. 8. 3   Car bon and Low Al l oy St eel s

A uni f or m l i ght  r ust  t hat  can be r emoved by br ushi ng or  wi pi ng i s 
accept abl e.

3. 2. 9   Mai nt ai ni ng Cl eanness Dur i ng I nst al l at i on

Mai nt ai n c l eanness of  pi pi ng,  component s,  and equi pment  dur i ng 
i nst al l at i on.   Di r t  and debr i s pr oduci ng oper at i ons must  be per f or med so 
t hat  di r t  and debr i s f al l  away f r om syst em openi ngs;  ot her wi se,  pr ovi de 
cover s over  openi ngs t o pr ecl ude cont ami nat i on.   Cap,  pl ug,  cover ,  or  bag 
openi ngs and pi pe ends and secur e wi t h t ape when t hey ar e not  r equi r ed t o 
be open f or  t he per f or mance of  wor k.   Met al  caps,  pl ugs,  and cover s must  
be aust eni t i c  st ai nl ess st eel .   Pl ast i c i t ems and t ape must  be f r ee of  
subst ances t hat  can have a har mf ul  ef f ect  on st ai nl ess st eel  and ot her  
cor r osi on- r esi st ant  met al s i n t he syst em.

3. 2. 10   Cl eanness Ver i f i cat i on Fl ushes

Af t er  i nst al l at i on,  check t he syst ems f or  c l eanness by f l ushi ng wi t h 
wat er .   Per f or m f l ushi ng so t hat  t he mi ni mum vel oci t y t hr ough any par t  of  
t he syst em i s not  l ess t han 3. 6 f eet  per  second.   Pass f l ush wat er  t hr ough 
a f i l t er  f or  c l eanness eval uat i on.   Fi l t er  el ement  must  be 
cor r osi on- r esi st ant  wi r e c l ot h wi t h mesh si ze conf or mi ng t o ASTM E11,  No.  
20 ( 850 mi cr omet er s) ,  No.  25 ( 710 mi cr omet er s) ,  or  No.  30 ( 600 
mi cr omet er s) .   Fi l t er  ar ea must  be suf f i c i ent  t o l i mi t  pr essur e dr op so 
t hat  r equi r ed f l ushi ng vel oci t y can be at t ai ned.

3. 2. 10. 1   Fl ush Accept ance Cr i t er i a

The syst em must  be f l ushed unt i l  t her e i s no mor e t han sl i ght  speckl i ng of  
par t i cul at es on t he f i l t er  scr een.   Ther e must  be no par t i c l es l ar ger  t han 
1/ 32 by 1/ 16 i nch l ong.   The f l ush wat er  must  show no vi sual  evi dence of  
cont ami nat i on such as oi l  par t i c l es,  di scol or at i on,  or  i r i descent  sur f ace 
f i l m char act er i st i c of  oi l .

3. 2. 10. 2   Recl eani ng of  Syst ems

Syst ems whi ch f ai l  t o meet  accept ance f l ush cr i t er i a af t er  f l ushi ng f or  
mor e t han 4 hour s must  be r ecl eaned by t he Cont r act or  at  no addi t i onal  
cost  t o t he Gover nment .   Pr epar e r ecl eani ng pr ocedur es and submi t  t o t he 
Cont r act i ng Of f i cer  f or  appr oval .   Remove i nst r ument s,  component s,  and any 
ot her  i t ems t hat  may be damaged by r ecl eani ng.   Per f or m r ecl eani ng by 
f l ushi ng wi t h hot  wat er  at  not  l ess t han 140 degr ees F.

3. 3   CLEANI NG SI LVERBRAZED PI PI NG

Cl ean si l ver br azed pi pi ng t o r emove r esi dual  f l ux r emai ni ng i n t he syst em 
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af t er  f abr i cat i on.   Use one of  t he pr ocedur es bel ow.   The hot  f l ush and 
hot  r eci r cul at i ng f l ush ar e pr ef er r ed.   Mi ni mum f l ow r at e t hr ough any par t  
of  t he syst em i n gal l ons per  mi nut e must  be 1. 5 t i mes t he i nsi de di amet er  
of  t he pi pe i n i nches.   For  any f l ushi ng met hod used,  t he syst em must  be 
f ul l  of  wat er  so t hat  j oi nt s ar e compl et el y submer ged at  al l  t i mes.

3. 3. 1   Hot  Fl ushi ng Met hod

Hot  f l ush t he syst em f or  one hour  usi ng heat ed f r esh wat er .   No par t  of  
t he syst em must  go bel ow 110 degr ees F.

3. 3. 2   Hot  Reci r cul at i ng Fl ush Met hod

Per f or m hot  r eci r cul at i ng f l ush f or  one hour .   Heat  wat er  dur i ng f l ushi ng 
so t hat  no par t  of  t he syst em f al l s bel ow 110 degr ees F.   Af t er  compl et i ng 
t he hot  r eci r cul at i ng f l ush,  f l ush t he syst em wi t h col d f r esh wat er  f or  15 
mi nut es.

3. 3. 3   Col d Soak Met hod

Col d soak t he syst em usi ng f r esh wat er  at  not  l ess t han 60 degr ees F f or  
12 hour s.   Fol l owi ng t he 12 hour  soak,  f l ush t he syst em wi t h f r esh wat er  
at  not  l ess t han 60 degr ees F f or  4 hour s.

3. 4   FI ELD QUALI TY CONTROL

3. 4. 1   Exami nat i ons

3. 4. 1. 1   Wel di ng Exami nat i ons

The Cont r act or  must  per f or m vi sual  and nondest r uct i ve exami nat i ons t o 
det ect  sur f ace and i nt er nal  di scont i nui t i es i n compl et ed wel ds,  and submi t  
a Non- Dest r uct i ve Exami nat i on ( NDE)  r epor t  meet i ng t he r equi r ement s 
speci f i ed i n ASME B31. 1.   Vi sual l y exami ne wel ds.   Per f or m l i qui d 
penet r ant ,   or  magnet i c par t i c l e exami nat i on as speci f i ed i n Tabl e I I  of  
t hi s sect i on.   For  syst ems oper at i ng at  1000 psi g or  hi gher ,  al l  wel ds 
must  be exami ned.   For  hi gh pr essur e syst ems oper at i ng l ess t han 1000 psi g,  
per f or m r andom NDE.   When exami nat i on and t est i ng i ndi cat e def ect s i n a 
wel d j oi nt ,  t he wel d must  be r epai r ed by a qual i f i ed wel der .   Remove and 
r epl ace def ect s as speci f i ed i n ASME B31. 1,  unl ess ot her wi se speci f i ed.   
Repai r  def ect s di scover ed bet ween wel d passes bef or e addi t i onal  wel d 
mat er i al  i s  deposi t ed.   Whenever  a def ect  i s  r emoved,  and r epai r  by 
wel di ng i s not  r equi r ed,  bl end t he af f ect ed ar ea i nt o t he sur r oundi ng 
sur f ace,  el i mi nat i ng shar p not ches,  cr evi ces,  or  cor ner s.   Af t er  def ect  
r emoval  i s  compl et e and bef or e r ewel di ng,  exami ne t he ar ea by t he same 
t est  met hods whi ch f i r st  r eveal ed t he def ect  t o ensur e t hat  t he def ect  has 
been el i mi nat ed.   Af t er  r ewel di ng,  r eexami ne t he r epai r ed ar ea by t he same 
t est  met hods or i gi nal l y used f or  t hat  ar ea.   Any i ndi cat i on of  a def ect  
must  be r egar ded as a def ect  unl ess r eeval uat i on by sur f ace condi t i oni ng 
and NDE shows t hat  no unaccept abl e def ect s ar e pr esent .   The use of  any 
f or ei gn mat er i al  t o mask,  f i l l  i n,  seal ,  or  di sgui se wel di ng def ect s wi l l  
not  be per mi t t ed.

3. 4. 1. 2   Br azi ng Exami nat i ons

The Cont r act or  must  per f or m br azi ng exami nat i ons.

a.   Vi sual  Exami nat i ons
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Vi sual l y exami ne al l  compr essed ai r  syst ems as f ol l ows:

( 1)  Check br azed j oi nt  f i t - up.   Di amet r i cal  c l ear ances must  conf or m t o 
br azi ng pr ocedur e r equi r ement s.

( 2)  Check base mat er i al  of  pi pe and f i t t i ng f or  conf or mance t o t he 
appl i cabl e dr awi ng or  speci f i cat i on.

( 3)  Check gr ade of  br azi ng al l oy f or  conf or mance t o t he br azi ng 
pr ocedur e bef or e f i t - up or  br azi ng.

( 4)  Check compl et ed br azed j oi nt  f or  a compl et e r i ng of  br azi ng al l oy 
bet ween t he out si de sur f ace of  t he pi pe and t he f ace of  t he 
f i t t i ng,  and f or  a v i s i bl e f i l l et .

( 5)  Check st ai nl ess st eel  and ot her  suscept i bl e mat er i al  f or  evi dence 
of  st r ess cr acks.   Check i nsi de of  j oi nt  i f  possi bl e wi t h 
bor escope or  ot her  ai ds.

b.   Nondest r uct i ve Exami nat i on

For  hi gh pr essur e compr essed ai r  syst ems,  any f i t t i ng,  copper - ni ckel  pi pe,  
or  st ai nl ess st eel  t ubi ng whi ch i s r eused af t er  unsweat i ng a br azed j oi nt  
must  be l i qui d penet r ant  exami ned f or  cr acks.   Any cr ack det ect ed must  be 
cause f or  r ej ect i on of  t he f i t t i ng or  pi pe.   Li qui d penet r ant  exami nat i on 
must  be per f or med by qual i f i ed per sonnel .

c.   Repai r  of  Br azed Joi nt s

Def ect i ve j oi nt s may be r epai r ed.   However ,  no mor e t han t wo at t empt s t o 
r epai r  by r eheat i ng and addi t i onal  f ace f eedi ng of  br azi ng f i l l er  met al  
wi l l  be per mi t t ed,  af t er  whi ch t he def ect i ve j oi nt  must  be unsweat ed,  
r epr epar ed as a new j oi nt ,  exami ned f or  def ect s on pi pe and f i t t i ngs,  and 
r ebr azed.   Per f or m r equi r ed NDE.

3. 4. 2   Test i ng

3. 4. 2. 1   Gener al  Requi r ement s,  Test i ng

Per f or m t est i ng af t er  c l eani ng and accept ance of  c l eanness.   Cont r act or  
must  pr ovi de ever yt hi ng r equi r ed f or  t est s.  Test s must  be subj ect  t o t he 
appr oval  of  t he Cont r act i ng Of f i cer .   Cal i br at e t he t est  pr essur e gage 
wi t h a dead wei ght  t est er  wi t hi n 15 days bef or e use and cer t i f y by i ni t i al  
and dat e on a st i cker  appl i ed t o di al  f ace.   Pr essur i ze each pi pi ng syst em 
i ndi v i dual l y and check t o assur e t hat  t her e ar e no cr oss- connect i ons 
bet ween di f f er ent  syst ems pr i or  t o hydr ost at i c and oper at i onal  t est s.

Super vi s i on of  Test i ng

For  medi um pr essur e syst em,  an exper i enced r egi st er ed pr of essi onal  
engi neer  r esponsi bl e f or  saf et y and empl oyed by t he Cont r act or  must  be 
pr esent  dur i ng t est i ng.

3. 4. 2. 2   Hydr ost at i c and Leak Ti ght ness Test s

a.   Pr el i mi nar y Pr epar at i on

Remove or  i sol at e f r om t he syst em t he compr essor ,  ai r  dr yer ,  f i l t er s,  
i nst r ument s,  and equi pment  whi ch woul d be damaged by wat er  dur i ng 

SECTI ON 22 15 26. 00 20  Page 25



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

hydr ost at i c t est s and r ei nst al l  af t er  successf ul  compl et i on of  t est s.

b.   Per f or mance of  Hydr ost at i c Test s

Hydr ost at i cal l y t est  pi pi ng syst ems i n accor dance wi t h ASME B31. 1.   Vent  
or  f l ush ai r  f r om t he pi pi ng syst em.   Pr essur i ze syst em f or  10 mi nut es 
wi t h wat er  at  one and one- hal f  t i mes desi gn wor ki ng pr essur e,  t hen r educe 
t o desi gn wor ki ng pr essur e and check f or  l eaks and weeps.

c.   Compr essed Ai r  Leak Ti ght ness Test

Af t er  sat i sf act or y compl et i on of  hydr ost at i c pr essur e t est ,  bl ow syst ems 
dr y wi t h c l ean,  oi l - f r ee compr essed ai r ,  and t est  wi t h c l ean,  dr y ai r  at  
desi gn wor ki ng pr essur e.   Br ush j oi nt s wi t h soapy wat er  sol ut i on t o check 
f or  l eaks.   I nst al l  a cal i br at ed t est  pr essur e gage i n pi pi ng syst em t o 
obser ve any l oss i n pr essur e.   Mai nt ai n r equi r ed t est  pr essur e f or  a 
suf f i c i ent  l engt h of  t i me t o enabl e an i nspect i on of  j oi nt s and 
connect i ons.

d.   Compr essed Ai r  Pr essur e Test  For  Hi gh Pr essur e Syst ems

For  hi gh pr essur e syst ems,  compr essed ai r  at  syst em desi gn pr essur e must  
t hen st and i n a syst em t o equal i ze t emper at ur e.   Pr essur e dr op,  cor r ect ed 
f or  t emper at ur e change,  must  not  be mor e t han one per cent  i n 24 hour s f or  
a t est  pr essur e 1000 psi g and above,  and not  over  5 per cent  i n 6 hour s f or  
t est  pr essur es f r om 400 t o 1000 psi g.   Use f or mul a bel ow t o cor r ect  
pr essur e f or  t emper at ur e change.

 PF + 14. 7 = ( PI  + 14. 7) ( TF + 460) / ( TI  + 460)

Wher e PF  =  Fi nal  Pr essur e,  ( psi g)

Wher e PI   =  I ni t i al  Pr essur e,  ( psi g)

Wher e TF  =  Fi nal  Temper at ur e,  ( degr ees F)

Wher e TI   =  I ni t i al  Temper at ur e ( degr ees F)

3. 4. 2. 3   Oper at i onal  Test s

Test  equi pment  as i n ser vi ce t o det er mi ne compl i ance wi t h cont r act  
r equi r ement s and war r ant y.   Dur i ng t he t est s,  t est  equi pment  under  ever y 
condi t i on of  oper at i on.   Test  saf et y cont r ol s t o demonst r at e per f or mance 
of  t hei r  r equi r ed f unct i on.   Compl et el y t est  syst em f or  compl i ance wi t h 
speci f i cat i ons.

3. 5   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

Pr ovi de 2 man- days of  i nst r uct i on t o 2 Gover nment  per sonnel  i n accor dance 
wi t h Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS f or  
each t ype of  compr essor  and compr essed ai r  dr yer  i n t he pr oj ect .
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TABLE I I

HP Pi pi ng ( 400 psi g and Hi gher )  I nspect i on Requi r ement s 1/

Requi r ed Nondest r uct i ve Exami nat i on

Wel ded Joi nt
t ype and pi pe
si ze,  i nches

VI SUAL EXAMI NATI ON T/ PT TEST RADI OGRAPHY

Root  Layer Compl et ed
Wel d

Root  Layer Compl et ed
Wel d

Compl et ed
Wel d

Ext ent  Of

But t  4 and 
gr eat er

X2/ X X2/ X3/ X 360 degr ees

But t  2- 1/ 2 t o 
3- 1/ 2 i ncl .

X2/ X X2/ X3/ X4/ 5/ At  l east  60 
degr ees

But t  l ess t han 
2- 1/ 2

X2/ X X2/ X3/ X4/ 5/ 6/ At  l east  60 
degr ees

Al l  socket  and 
f i l l et s

X2/ X X2/ X - - - -

Legend:   X -  I ndi cat es t hat  t est  i s r equi r ed.

         MT   Magnet i c Par t i c l e I nspect i on

         PT   Li qui d Penet r ant  I nspect i on

         RT   Radi ogr aphi c Exami nat i on

NOTES:

  1/   Wher e new wel ds i n pi pi ng i nt er sect s exi st i ng or  ol der  wel ds,  t he l at t er  wel ds 
must  be i nspect ed f or  a di st ance of  6 i nches or  a di st ance equal  t o 50 per cent  of  
t he pi pe si ze di amet er ,  whi chever  i s l ess,  as measur ed f r om poi nt s of  i nt er sect i on.   
The exi st i ng or  ol der  wel d and adj acent  base mat er i al  must  be f r ee f r om cr acks.   
Wher e non- i nt er sect i ng adj acent  exi st i ng wel ds ar e i nadver t ent l y r adi ogr aphed,  onl y 
cr acks must  be cause f or  r ej ect i on.

  2/   MT/ PT i nspect  t he f i r st  or  r oot  pass of  wel ds and when accessi bl e,  t he r ever se 
or  back- chi pped gr ound,  gouged or  machi ned si de pr i or  t o deposi t i ng met al  on t he 
r ever se si de.   Vi sual  exami nat i on at  5X magni f i cat i on may be subst i t ut ed f or  MT/ PT 
i nspect i on.   Li near  di scont i nui t i es must  be unaccept abl e.   Use 5X i nspect i on wher e 
cr evi ces cannot  be cl eaned t hor oughl y.
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  3/   MT/ PT t est  must  be per f or med onl y when post - wel d heat  t r eat ment  i s r equi r ed 
and when speci f i ed on dr awi ng.   The t est  must  be conduct ed af t er  heat  t r eat ment  and 
must  i ncl ude 360 degr ees of  c i r cumf er ent i al  wel d sur f ace and adj acent  base 
mat er i al .   Wher e 360 degr ees RT i s per f or med af t er  heat  t r eat ment ,  MT/ PT i s not  
r equi r ed,  except  wher e speci f i ed on dr awi ng.

  4/   RT of  wel ds on pi pi ng i n t he hor i zont al  f i xed posi t i on must  r epr esent  a sect or  
whi ch was wel ded i n t he ver t i cal  or  over head posi t i on.

  5/   I n l i eu of  60 degr ee RT,  PT or  MT may be per f or med on t he i nsi de of  a j oi nt  
wher e wel d i s wi t hi n 2 1/ 2 nomi nal  pi pe di amet er s f r om t he open end i s back wel ded,  
has backi ng r i ng r emoved or  used consumabl e i nser t .

  6/   RT i s r equi r ed wher e t he wor ki ng pr essur e exceeds 575 psi g.   For  wor ki ng 
pr essur e 575 psi g and bel ow,  i nspect i on may be per f or med i n l i eu of  RT.

        - -  End of  Sect i on - -
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SECTI ON 23 03 00. 00 20

BASI C MECHANI CAL MATERI ALS AND METHODS
08/ 10,  CHG 3:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 10 ( 2017)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Fi xed Fr equency 
Medi um AC Squi r r el - Cage Pol yphase 
I nduct i on Mot or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

1. 2   RELATED REQUI REMENTS

Thi s sect i on appl i es t o al l  sect i ons of  Di v i s i ons:  21,  FI RE SUPPRESSI ON;  
22,  PLUMBI NG;  and 23,  HEATI NG,  VENTI LATI NG,  AND AI R CONDI TI ONI NG of  t hi s 
pr oj ect  speci f i cat i on,  unl ess speci f i ed ot her wi se i n t he i ndi v i dual  
sect i on.

1. 3   QUALI TY ASSURANCE

1. 3. 1   Mat er i al  and Equi pment  Qual i f i cat i ons

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  
manuf act ur er s r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s,  whi ch 
ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   St andar d pr oduct s must  
have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s pr i or  
t o bi d openi ng.   The 2- year  use must  i ncl ude appl i cat i ons of  equi pment  and 
mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  
must  have been f or  sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2 year  per i od.
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1. 3. 2   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a t wo- year  f i el d ser vi ce r ecor d wi l l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  
l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er ' s f act or y or  
l abor at or y t est s,  can be shown.

1. 3. 3   Ser vi ce Suppor t

The equi pment  i t ems must  be suppor t ed by ser vi ce or gani zat i ons.   Submi t  a 
cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons f or  suppor t  of  
t he equi pment  whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons.   These 
ser vi ce or gani zat i ons must  be r easonabl y conveni ent  t o t he equi pment  
i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he equi pment  on a 
r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

1. 3. 4   Manuf act ur er ' s Namepl at e

For  each i t em of  equi pment ,  pr ovi de a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

1. 3. 5   Modi f i cat i on of  Ref er ences

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on" ,  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .

1. 3. 5. 1   Def i ni t i ons

For  t he I nt er nat i onal  Code Counci l  ( I CC)  Codes r ef er enced i n t he cont r act  
document s,  advi sor y pr ovi s i ons must  be consi der ed mandat or y,  t he wor d 
" shoul d"  i s i nt er pr et ed as " must . "   Ref er ence t o t he " code of f i c i al "  must  
be i nt er pr et ed t o mean t he " Cont r act i ng Of f i cer . "   For  Navy owned 
pr oper t y,  r ef er ences t o t he " owner "  must  be i nt er pr et ed t o mean t he 
" Cont r act i ng Of f i cer . "   For  l eased f aci l i t i es,  r ef er ences t o t he " owner "  
must  be i nt er pr et ed t o mean t he " l essor . "   Ref er ences t o t he " per mi t  
hol der "  must  be i nt er pr et ed t o mean t he " Cont r act or . "

1. 3. 5. 2   Admi ni st r at i ve I nt er pr et at i ons

For  I CC Codes r ef er enced i n t he cont r act  document s,  t he pr ovi s i ons of  
Chapt er  1,  " Admi ni st r at or , "  do not  appl y.   These admi ni st r at i ve 
r equi r ement s ar e cover ed by t he appl i cabl e Feder al  Acqui s i t i on Regul at i ons 
( FAR)  i ncl uded i n t hi s cont r act  and by t he aut hor i t y gr ant ed t o t he 
Of f i cer  i n Char ge of  Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s 
pr oj ect .   Ref er ences i n t he I CC Codes t o sect i ons of  Chapt er  1,  must  be 
appl i ed appr opr i at el y by t he Cont r act i ng Of f i cer  as aut hor i zed by hi s 
admi ni st r at i ve cogni zance and t he FAR.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s t o pr event  damage 
bef or e and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .   Repl ace 
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damaged or  def ect i ve i t ems.

1. 5   ELECTRI CAL REQUI REMENTS

Fur ni sh mot or s,  cont r ol l er s,  di sconnect s and cont act or s wi t h t hei r  
r espect i ve pi eces of  equi pment .   Mot or s,  cont r ol l er s,  di sconnect s and 
cont act or s must  conf or m t o and have el ect r i cal  connect i ons pr ovi ded under  
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Fur ni sh i nt er nal  wi r i ng 
f or  component s of  packaged equi pment  as an i nt egr al  par t  of  t he equi pment .  
Ext ended vol t age r ange mot or s wi l l  not  be per mi t t ed.   Cont r ol l er s and 
cont act or s shal l  have a maxi mum of  120 vol t  cont r ol  c i r cui t s,  and must  
have auxi l i ar y cont act s f or  use wi t h t he cont r ol s f ur ni shed.   When mot or s 
and equi pment  f ur ni shed ar e l ar ger  t han si zes i ndi cat ed,  t he cost  of  
addi t i onal  el ect r i cal  ser vi ce and r el at ed wor k must  be i ncl uded under  t he 
sect i on t hat  speci f i ed t hat  mot or  or  equi pment .   Power  wi r i ng and condui t  
f or  f i el d i nst al l ed equi pment  must  be pr ovi ded under  and conf or m t o t he 
r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

1. 6   ELECTRI CAL I NSTALLATI ON REQUI REMENTS

El ect r i cal  i nst al l at i ons must  conf or m t o I EEE C2,  NFPA 70,  and 
r equi r ement s speci f i ed her ei n.

1. 6. 1   New Wor k

Pr ovi de el ect r i cal  component s of  mechani cal  equi pment ,  such as mot or s,  
mot or  st ar t er s ( except  st ar t er s/ cont r ol l er s whi ch ar e i ndi cat ed as par t  of  
a mot or  cont r ol  cent er ) ,  cont r ol  or  push- but t on st at i ons,  f l oat  or  
pr essur e swi t ches,  sol enoi d val ves,  i nt egr al  di sconnect s,  and ot her  
devi ces f unct i oni ng t o cont r ol  mechani cal  equi pment ,  as wel l  as cont r ol  
wi r i ng and condui t  f or  c i r cui t s r at ed 100 vol t s or  l ess,  t o conf or m wi t h 
t he r equi r ement s of  t he sect i on cover i ng t he mechani cal  equi pment .   
Ext ended vol t age r ange mot or s ar e not  t o be per mi t t ed.   The 
i nt er connect i ng power  wi r i ng and condui t ,  cont r ol  wi r i ng r at ed 120 vol t s 
( nomi nal )  and condui t ,  t he mot or  cont r ol  equi pment  f or mi ng a par t  of  mot or  
cont r ol  cent er s,  and t he el ect r i cal  power  c i r cui t s must  be pr ovi ded under  
Di v i s i on 26,  except  i nt er nal  wi r i ng f or  component s of  package equi pment  
must  be pr ovi ded as an i nt egr al  par t  of  t he equi pment .   When mot or s and 
equi pment  f ur ni shed ar e l ar ger  t han si zes i ndi cat ed,  pr ovi de any r equi r ed 
changes t o t he el ect r i cal  ser vi ce as may be necessar y and r el at ed wor k as 
a par t  of  t he wor k f or  t he sect i on speci f y i ng t hat  mot or  or  equi pment .

1. 6. 2   Modi f i cat i ons t o Exi st i ng Syst ems

Wher e exi st i ng mechani cal  syst ems and mot or - oper at ed equi pment  r equi r e 
modi f i cat i ons,  pr ovi de el ect r i cal  component s under  Di v i s i on 26.

1. 6. 3   Hi gh Ef f i c i ency Mot or s

1. 6. 3. 1   Hi gh Ef f i c i ency Si ngl e- Phase Mot or s

Unl ess ot her wi se speci f i ed,  s i ngl e- phase f r act i onal - hor sepower  
al t er nat i ng- cur r ent  mot or s must  be hi gh ef f i c i ency t ypes cor r espondi ng t o 
t he appl i cat i ons l i s t ed i n NEMA MG 11.

1. 6. 3. 2   Hi gh Ef f i c i ency Pol yphase Mot or s

Unl ess ot her wi se speci f i ed,  pol yphase mot or s must  be sel ect ed based on 
hi gh ef f i c i ency char act er i st i cs r el at i ve t o t he appl i cat i ons as l i s t ed i n 
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NEMA MG 10.   Addi t i onal l y,  pol yphase squi r r el - cage medi um i nduct i on mot or s 
wi t h cont i nuous r at i ngs must  meet  or  exceed ener gy ef f i c i ent  r at i ngs i n 
accor dance wi t h Tabl e 12- 6C of  NEMA MG 1.

1. 6. 4   Thr ee- Phase Mot or  Pr ot ect i on

Pr ovi de cont r ol l er s f or  mot or s r at ed one 1 hor sepower  and l ar ger  wi t h 
el ect r oni c phase- vol t age moni t or s desi gned t o pr ot ect  mot or s f r om 
phase- l oss,  under vol t age,  and over vol t age.   Pr ovi de pr ot ect i on f or  mot or s 
f r om i mmedi at e r est ar t  by a t i me adj ust abl e r est ar t  r el ay.

1. 7   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

When speci f i ed i n ot her  sect i ons,  f ur ni sh t he ser vi ces of  compet ent  
i nst r uct or s t o gi ve f ul l  i nst r uct i on t o t he desi gnat ed Gover nment  
per sonnel  i n t he adj ust ment ,  oper at i on,  and mai nt enance,  i ncl udi ng 
per t i nent  saf et y r equi r ement s,  of  t he speci f i ed equi pment  or  syst em.   
I nst r uct or s must  be t hor oughl y f ami l i ar  wi t h al l  par t s of  t he i nst al l at i on 
and must  be t r ai ned i n oper at i ng t heor y as wel l  as pr act i cal  oper at i on and 
mai nt enance wor k.

I nst r uct i on must  be gi ven dur i ng t he f i r st  r egul ar  wor k week af t er  t he 
equi pment  or  syst em has been accept ed and t ur ned over  t o t he Gover nment  
f or  r egul ar  oper at i on.   The number  of  man- days ( 8 hour s per  day)  of  
i nst r uct i on f ur ni shed must  be as speci f i ed i n t he i ndi v i dual  sect i on.   
When mor e t han 4 man- days of  i nst r uct i on ar e speci f i ed,  use appr oxi mat el y 
hal f  of  t he t i me f or  c l assr oom i nst r uct i on.   Use ot her  t i me f or  
i nst r uct i on wi t h t he equi pment  or  syst em.

When si gni f i cant  changes or  modi f i cat i ons i n t he equi pment  or  syst em ar e 
made under  t he t er ms of  t he cont r act ,  pr ovi de addi t i onal  i nst r uct i on t o 
acquai nt  t he oper at i ng per sonnel  wi t h t he changes or  modi f i cat i ons.

1. 8   ACCESSI BI LI TY

I nst al l  al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   I nst al l  conceal ed val ves,  
expansi on j oi nt s,  cont r ol s,  damper s,  and equi pment  r equi r i ng access,  i n 
l ocat i ons f r eel y accessi bl e t hr ough access door s.

PART 2   PRODUCTS

Not  Used

PART 3   EXECUTI ON

3. 1   PAI NTI NG OF NEW EQUI PMENT

New equi pment  pai nt i ng must  be f act or y appl i ed or  shop appl i ed,  and must  
be as speci f i ed her ei n,  and pr ovi ded under  each i ndi v i dual  sect i on.

3. 1. 1   Fact or y Pai nt i ng Syst ems

Manuf act ur er ' s st andar d f act or y pai nt i ng syst ems may be pr ovi ded subj ect  
t o cer t i f i cat i on t hat  t he f act or y pai nt i ng syst em appl i ed wi l l  wi t hst and 
125 hour s i n a sal t - spr ay f og t est ,  except  t hat  equi pment  l ocat ed out door s 
must  wi t hst and 500 hour s i n a sal t - spr ay f og t est .   Sal t - spr ay f og t est  
must  be i n accor dance wi t h ASTM B117,  and f or  t hat  t est  t he accept ance 
cr i t er i a must  be as f ol l ows:   i mmedi at el y af t er  compl et i on of  t he t est ,  
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t he pai nt  must  show no si gns of  bl i s t er i ng,  wr i nkl i ng,  or  cr acki ng,  and no 
l oss of  adhesi on;  and t he speci men must  show no si gns of  r ust  cr eepage 
beyond 0. 125 i nch on ei t her  s i de of  t he scr at ch mar k.

The f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed on t he equi pment  
must  not  be l ess t han t he f i l m t hi ckness used on t he t est  speci men.   I f  
manuf act ur er ' s st andar d f act or y pai nt i ng syst em i s bei ng pr oposed f or  use 
on sur f aces subj ect  t o t emper at ur es above 120 degr ees F,  t he f act or y 
pai nt i ng syst em must  be desi gned f or  t he t emper at ur e ser vi ce.

3. 1. 2   Shop Pai nt i ng Syst ems f or  Met al  Sur f aces

Cl ean,  pr et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  met al  sur f aces 
subj ect  t o t emper at ur es i n excess of  120 degr ees F must  be cl eaned t o bar e 
met al .

Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he second coat  
af t er  t he pr ecedi ng coat  i s t hor oughl y dr y.   Li ght l y sand damaged pai nt i ng 
and r et ouch bef or e appl y i ng t he succeedi ng coat .  Col or  of  f i ni sh coat  must  
be al umi num or  l i ght  gr ay.

a.   Temper at ur es Less Than 120 Degr ees F:  I mmedi at el y af t er  c l eani ng,  t he 
met al  sur f aces subj ect  t o t emper at ur es l ess t han 120 degr ees F must  
r ecei ve one coat  of  pr et r eat ment  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  0. 3 mi l ,  one coat  of  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  1 mi l ;  and t wo coat s of  enamel  appl i ed t o a mi ni mum dr y 
f i l m t hi ckness of  1 mi l  per  coat .

b.   Temper at ur es Bet ween 120 and 400 Degr ees F:   Met al  sur f aces subj ect  t o 
t emper at ur es bet ween 120 and 400 degr ees F must  r ecei ve t wo coat s of  
400 degr ees F heat - r esi st i ng enamel  appl i ed t o a t ot al  mi ni mum 
t hi ckness of  2 mi l s.

c.   Temper at ur es Gr eat er  Than 400 Degr ees F:  Met al  sur f aces subj ect  t o 
t emper at ur es gr eat er  t han 400 degr ees F must  r ecei ve t wo coat s of  600 
degr ees F heat - r esi st i ng pai nt  appl i ed t o a t ot al  mi ni mum dr y f i l m 
t hi ckness of  2 mi l s.

        - -  End of  Sect i on - -
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SECTI ON 23 05 15

COMMON PI PI NG FOR HVAC
05/ 22,  CHG 1:  02/ 24

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 325 ( 2017)  St eel  Const r uct i on Manual

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME A112. 18. 1/ CSA B125. 1 ( 2018)  Pl umbi ng Suppl y Fi t t i ngs

ASME A112. 19. 2/ CSA B45. 1 ( 2018;  ERTA 2018)  St andar d f or  Vi t r eous 
Chi na Pl umbi ng Fi xt ur es and Hydr aul i c 
Requi r ement s f or  Wat er  Cl oset s and Ur i nal s

ASME B1. 20. 7 ( 1991;  R 2013)  St andar d f or  Hose Coupl i ng 
Scr ew Thr eads ( I nch)

ASME B16. 1 ( 2020)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 3 ( 2021)  Mal l eabl e I r on Thr eaded Fi t t i ngs,  
Cl asses 150 and 300

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 9 ( 2018)  Fact or y- Made Wr ought  But t wel di ng 
Fi t t i ngs

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 25 ( 2022)  But t wel di ng Ends

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B31. 3 ( 2022;  Er r at a 2023)  Pr ocess Pi pi ng

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 

SECTI ON 23 05 15  Page 1



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS WHB- 2. 9 ( 2004)  Wel di ng Handbook;  Vol ume 2,  Wel di ng 
Pr ocesses,  Par t  1

ASTM I NTERNATI ONAL ( ASTM)

ASTM A6/ A6M ( 2017)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  Rol l ed St r uct ur al  St eel  
Bar s,  Pl at es,  Shapes,  and Sheet  Pi l i ng

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A126 ( 2004;  R 2023)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Val ves,  Fl anges,  
and Pi pe Fi t t i ngs

ASTM A197/ A197M ( 2020;  R 2023;  E 2023)  St andar d 
Speci f i cat i on f or  Cupol a Mal l eabl e I r on

ASTM A234/ A234M ( 2023a)  St andar d Speci f i cat i on f or  Pi pi ng 
Fi t t i ngs of  Wr ought  Car bon St eel  and Al l oy 
St eel  f or  Moder at e and Hi gh Temper at ur e 
Ser vi ce

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM A480/ A480M ( 2023b)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  Fl at - Rol l ed St ai nl ess and 
Heat - Resi st i ng St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A563 ( 2021;  E 2022a)  St andar d Speci f i cat i on f or  
Car bon and Al l oy St eel  Nut s

ASTM A888 ( 2023)  St andar d Speci f i cat i on f or  Hubl ess 
Cast  I r on Soi l  Pi pe and Fi t t i ngs f or  
Sani t ar y and St or m Dr ai n,  Wast e,  and Vent  
Pi pi ng Appl i cat i ons

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube
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ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B370 ( 2022)  St andar d Speci f i cat i on f or  Copper  
Sheet  and St r i p f or  Bui l di ng Const r uct i on

ASTM B749 ( 2020)  St andar d Speci f i cat i on f or  Lead and 
Lead Al l oy St r i p,  Sheet  and Pl at e Pr oduct s

ASTM C67/ C67M ( 2023a)  St andar d Test  Met hods f or  Sampl i ng 
and Test i ng Br i ck and St r uct ur al  Cl ay Ti l e

ASTM C109/ C109M ( 2023)  St andar d Test  Met hod f or  
Compr essi ve St r engt h of  Hydr aul i c Cement  
Mor t ar s ( Usi ng 2- i n.  or  ( 50- mm)  Cube 
Speci mens)

ASTM C404 ( 2024)  St andar d Speci f i cat i on f or  
Aggr egat es f or  Masonr y Gr out

ASTM C476 ( 2023)  St andar d Speci f i cat i on f or  Gr out  
f or  Masonr y

ASTM C553 ( 2013;  R 2019)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Bl anket  Ther mal  I nsul at i on 
f or  Commer ci al  and I ndust r i al  Appl i cat i ons

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D2308 ( 2007;  R 2013)  St andar d Speci f i cat i on f or  
Ther mopl ast i c Pol yet hyl ene Jacket  f or  
El ect r i cal  Wi r e and Cabl e

ASTM E1 ( 2014)  St andar d Speci f i cat i on f or  ASTM 
Li qui d- i n- Gl ass Ther momet er s

ASTM E814 ( 2023a)  St andar d Test  Met hod f or  Fi r e 
Test s of  Penet r at i on Fi r est op Syst ems

ASTM F104 ( 2011;  R 2020)  St andar d Cl assi f i cat i on 
Syst em f or  Nonmet al l i c  Gasket  Mat er i al s

ASTM F2389 ( 2023)  St andar d Speci f i cat i on f or  
Pr essur e- r at ed Pol ypr opyl ene ( PP)  Pi pi ng 
Syst ems

CAST I RON SOI L PI PE I NSTI TUTE ( CI SPI )

CI SPI  310 ( 2012)  Coupl i ng f or  Use i n Connect i on wi t h 
Hubl ess Cast  I r on Soi l  Pi pe and Fi t t i ngs 
f or  Sani t ar y and St or m Dr ai n,  Wast e,  and 
Vent  Pi pi ng Appl i cat i ons

FLUI D SEALI NG ASSOCI ATI ON ( FSA)

FSA- 0017 ( 1995e6)  St andar d f or  Non- Met al l i c  
Expansi on Joi nt s and Fl exi bl e Pi pe 
Connect or s Techni cal  Handbook
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I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 515 ( 2017)  St andar d f or  t he Test i ng,  Desi gn,  
I nst al l at i on,  and Mai nt enance of  
El ect r i cal  Resi st ance Heat  Tr aci ng f or  
I ndust r i al  Appl i cat i ons

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MSS SP- 67 ( 2022)  But t er f l y Val ves

MSS SP- 70 ( 2011)  Gr ay I r on Gat e Val ves,  Fl anged and 
Thr eaded Ends

MSS SP- 72 ( 2010a)  Bal l  Val ves wi t h Fl anged or  
But t - Wel di ng Ends f or  Gener al  Ser vi ce

MSS SP- 80 ( 2019)  Br onze Gat e,  Gl obe,  Angl e and Check 
Val ves

MSS SP- 110 ( 2010)  Bal l  Val ves Thr eaded,  
Socket - Wel di ng,  Sol der  Joi nt ,  Gr ooved and 
Fl ar ed Ends

MSS SP- 125 ( 2010)  Gr ay I r on and Duct i l e I r on I n- Li ne,  
Spr i ng- Loaded,  Cent er - Gui ded Check Val ves

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- C- 18480 ( 1982;  Rev B;  Not i ce 2 2009;  Not i ce 3 
2022)  Coat i ng Compound,  Bi t umi nous,  
Sol vent ,  Coal - Tar  Base

MI L- DTL- 17813 ( 2009;  Rev H;  Supp 1 2009;  Not i ce 1 2013;  
Not i ce 2 2018;  Not i ce 3 2023)  Expansi on 
Joi nt s,  Pi pe,  Met al l i c  Bel l ows,  Gener al  
Speci f i cat i on f or

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 1922 ( Rev A;  Not i ce 1;  Not i ce 2;  Not i ce 3;  
Not i ce 4)  Shi el d,  Expansi on ( Caul k i ng 
Anchor s,  Si ngl e Lead)

CI D A- A- 1923 ( Rev A;  Not i ce 1;  Not i ce 2;  Not i ce 3;  
Not i ce 4)  Shi el d,  Expansi on ( Lag,  Machi ne 
and Ext er nal l y Thr eaded Wedge Bol t  Anchor s)

CI D A- A- 1924 ( Rev A;  Not i ce 3)  Shi el d,  Expansi on ( Sel f  
Dr i l l i ng Tubul ar  Expansi on Shel l  Bol t  
Anchor s

CI D A- A- 1925 ( Rev A;  Not i ce 1;  Not i ce 2;  Not i ce 3;  
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Not i ce 4)  Shi el d Expansi on ( Nai l  Anchor s)

CI D A- A- 55614 ( Basi c;  Not i ce 2)  Shi el d,  Expansi on 
( Non- Dr i l l i ng Expansi on Anchor s)

CI D A- A- 55615 ( Basi c;  Not i ce 1;  Not i ce 2;  Not i ce 3;  
Not i ce 4)  Shi el d,  Expansi on ( Wood Scr ew 
and Lag Bol t  Sel f - Thr eadi ng Anchor s

UNDERWRI TERS LABORATORI ES ( UL)

UL 1479 ( 2015;  Repr i nt  May 2021)  Fi r e Test s of  
Thr ough- Penet r at i on Fi r est ops

1. 2   GENERAL REQUI REMENTS

a.   Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON appl i es t o wor k speci f i ed i n 
t hi s sect i on

d.   Submi t  Recor ds of  Exi st i ng Condi t i ons consi st i ng of  t he r esul t s of  
Cont r act or ' s sur vey of  wor k ar ea condi t i ons and f eat ur es of  exi st i ng 
st r uct ur es and f aci l i t i es wi t hi n and adj acent  t o t he j obsi t e.   
Commencement  of  wor k const i t ut es accept ance of  t he exi st i ng condi t i ons.

e.   I ncl ude wi t h Equi pment  Foundat i on Dat a f or  pi pi ng syst ems al l  pl an 
di mensi ons of  f oundat i ons and r el at i ve el evat i ons,  equi pment  wei ght  
and oper at i ng l oads,  hor i zont al  and ver t i cal  l oads,  hor i zont al  and 
ver t i cal  c l ear ances f or  i nst al l at i on,  and si ze and l ocat i on of  anchor  
bol t s.

f .   Submi t  Fabr i cat i on Dr awi ngs f or  pi pes,  val ves and speci al t i es 
consi st i ng of  f abr i cat i on and assembl y det ai l s t o be per f or med i n t he 
f act or y.

g.   Submi t  Mat er i al ,  Equi pment ,  and Fi xt ur e Li st s f or  pi pes,  val ves and 
speci al t i es i ncl udi ng manuf act ur er ' s st y l e or  cat al og number s,  
speci f i cat i on and dr awi ng r ef er ence number s,  war r ant y i nf or mat i on,  and 
f abr i cat i on s i t e i nf or mat i on.   Pr ovi de a compl et e l i s t  of  const r uct i on 
equi pment  t o be used.

h.   Submi t  Manuf act ur er ' s St andar d Col or  Char t s f or  pi pes,  val ves and 
speci al t i es showi ng t he manuf act ur er ' s r ecommended col or  and f i ni sh 
sel ect i ons.

i .   I ncl ude wi t h Li st i ng of  Pr oduct  I nst al l at i ons f or  pi pi ng syst ems 
i dent i f i cat i on of  at  l east  5 uni t s,  s i mi l ar  t o t hose pr oposed f or  use,  
t hat  have been i n successf ul  ser vi ce f or  a mi ni mum per i od of  5 year s.   
I ncl ude i n t he l i s t  pur chaser ,  addr ess of  i nst al l at i on,  ser vi ce 
or gani zat i on,  and dat e of  i nst al l at i on.

j .   Submi t  Recor d Dr awi ngs f or  pi pes,  val ves and accessor i es pr ovi di ng 
cur r ent  f act ual  i nf or mat i on i ncl udi ng devi at i ons and amendment s t o t he 
dr awi ngs,  and conceal ed and vi s i bl e changes i n t he wor k.

k.   Submi t  Connect i on Di agr ams f or  pi pes,  val ves and speci al t i es 
i ndi cat i ng t he r el at i ons and connect i ons of  devi ces and appar at us by 
showi ng t he gener al  physi cal  l ayout  of  al l  cont r ol s,  t he 
i nt er connect i on of  one syst em ( or  por t i on of  syst em)  wi t h anot her ,  and 
i nt er nal  t ubi ng,  wi r i ng,  and ot her  devi ces.
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l .   Submi t  Coor di nat i on Dr awi ngs f or  pi pes,  val ves and speci al t i es showi ng 
coor di nat i on of  wor k bet ween di f f er ent  t r ades and wi t h t he st r uct ur al  
and ar chi t ect ur al  el ement s of  wor k.   Det ai l  al l  dr awi ngs suf f i c i ent l y 
t o show over al l  di mensi ons of  r el at ed i t ems,  c l ear ances,  and r el at i ve 
l ocat i ons of  wor k i n al l ot t ed spaces.   I ndi cat e on dr awi ngs wher e 
conf l i c t s or  c l ear ance pr obl ems exi st  bet ween var i ous t r ades.

1. 3   SUBMI TTALS

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

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

Mat er i al ,  Equi pment ,  and Fi xt ur e Li st s;  G

SD- 02 Shop Dr awi ngs

Recor d Dr awi ngs;  G

Connect i on Di agr ams;  G

Coor di nat i on Dr awi ngs;  G

Fabr i cat i on Dr awi ngs;  G

I nst al l at i on Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Pi pe and Fi t t i ngs;  G

Pi pi ng Speci al t i es;  G

Val ves;  G

Mi scel l aneous Mat er i al s;  G

Suppor t i ng El ement s;  G

Equi pment  Foundat i on Dat a;  G

SD- 04 Sampl es

Manuf act ur er ' s St andar d Col or  Char t s;  G

SD- 05 Desi gn Dat a

Pi pe and Fi t t i ngs;  G

Pi pi ng Speci al t i es;  G

Val ves;  G

SD- 06 Test  Repor t s
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Hydr ost at i c Test s;  G

Ai r  Test s;  G

Val ve- Oper at i ng Test s;  G

Dr ai nage Test s;  G

Pneumat i c Test s;  G

Non- Dest r uct i ve El ect r i c Test s;  G

Syst em Oper at i on Test s;  G

SD- 07 Cer t i f i cat es

Recor d of  Sat i sf act or y Fi el d Oper at i on;  G

Li st  of  Qual i f i ed Per manent  Ser vi ce Or gani zat i ons;  G

Li st i ng of  Pr oduct  I nst al l at i ons;  G

Recor ds of  Exi st i ng Condi t i ons;  G

Sur f ace Resi st ance;  G

Shear  and Tensi l e St r engt hs;  G

Temper at ur e Rat i ngs;  G

Bendi ng Test s;  G

Fl at t eni ng Test s;  G

Tr ansver se Gui ded Wel d Bend Test s;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Mat er i al  and Equi pment  Qual i f i cat i ons

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  
manuf act ur er s r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s,  whi ch 
ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   Pr ovi de st andar d 
pr oduct s i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o 
bi d openi ng.   The 2- year  use i ncl udes appl i cat i ons of  equi pment  and 
mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   Ensur e t he 
pr oduct  has been f or  sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2 year  per i od.

1. 4. 2   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a t wo- year  f i el d ser vi ce r ecor d ar e accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er ' s f act or y or  l abor at or y t est s,  
can be shown.
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1. 4. 3   Ser vi ce Suppor t

Ensur e t he equi pment  i t ems ar e suppor t ed by ser vi ce or gani zat i ons.   Submi t  
a cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons f or  suppor t  
of  t he equi pment  whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons.   
Sel ect  ser vi ce or gani zat i ons t hat  ar e r easonabl y conveni ent  t o t he 
equi pment  i nst al l at i on and abl e t o r ender  sat i sf act or y ser vi ce t o t he 
equi pment  on a r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  
t he cont r act .

1. 4. 4   Manuf act ur er ' s Namepl at e

Pr ovi de a namepl at e on each i t em of  equi pment  bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  i s not  
accept abl e.

1. 4. 5   Modi f i cat i on of  Ref er ences

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .

1. 4. 5. 1   Def i ni t i ons

For  t he I nt er nat i onal  Code Counci l  ( I CC)  Codes r ef er enced i n t he cont r act  
document s,  advi sor y pr ovi s i ons ar e consi der ed mandat or y,  t he wor d " shoul d"  
i s i nt er pr et ed as " shal l . "   Ref er ence t o t he " code of f i c i al "  i s  
i nt er pr et ed t o mean t he " Cont r act i ng Of f i cer . "   For  Navy owned pr oper t y,  
i nt er pr et  r ef er ences t o t he " owner "  t o mean t he " Cont r act i ng Of f i cer . "   
For  l eased f aci l i t i es,  r ef er ences t o t he " owner "  i s i nt er pr et ed t o mean 
t he " l essor . "   Ref er ences t o t he " per mi t  hol der "  ar e i nt er pr et ed t o mean 
t he " Cont r act or . "

1. 4. 5. 2   Admi ni st r at i ve I nt er pr et at i ons

For  I CC Codes r ef er enced i n t he cont r act  document s,  t he pr ovi s i ons of  
Chapt er  1,  " Admi ni st r at or , "  do not  appl y.   These admi ni st r at i ve 
r equi r ement s ar e cover ed by t he appl i cabl e Feder al  Acqui s i t i on Regul at i ons 
( FAR)  i ncl uded i n t hi s cont r act  and by t he aut hor i t y gr ant ed t o t he 
Of f i cer  i n Char ge of  Const r uct i on t o admi ni st er  t he const r uct i on of  t hi s 
pr oj ect .   Ref er ences i n t he I CC Codes t o sect i ons of  Chapt er  1,  ar e 
appl i ed as appr opr i at e by t he Cont r act i ng Of f i cer  and as aut hor i zed by hi s 
admi ni st r at i ve cogni zance and t he FAR.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Handl e,  st or e,  and pr ot ect  equi pment  and mat er i al s t o pr event  damage 
bef or e and dur i ng i nst al l at i on i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons,  and as appr oved by t he Cont r act i ng Of f i cer .   Repl ace 
damaged or  def ect i ve i t ems.

1. 6   ELECTRI CAL REQUI REMENTS

Fur ni sh mot or s,  cont r ol l er s,  di sconnect s and cont act or s wi t h t hei r  
r espect i ve pi eces of  equi pment .   Ensur e mot or s,  cont r ol l er s,  di sconnect s 
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and cont act or s conf or m t o and have el ect r i cal  connect i ons pr ovi ded under  
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Fur ni sh i nt er nal  wi r i ng 
f or  component s of  packaged equi pment  as an i nt egr al  par t  of  t he equi pment .  
Ext ended vol t age r ange mot or s i s not  per mi t t ed.   Pr ovi de cont r ol l er s and 
cont act or s wi t h a maxi mum of  120 vol t  cont r ol  c i r cui t s,  and auxi l i ar y 
cont act s f or  use wi t h t he cont r ol s f ur ni shed.   When mot or s and equi pment  
f ur ni shed ar e l ar ger  t han si zes i ndi cat ed,  i ncl ude t he cost  of  addi t i onal  
el ect r i cal  ser vi ce and r el at ed wor k under  t he sect i on t hat  speci f i ed t hat  
mot or  or  equi pment .   Pr ovi de power  wi r i ng and condui t  f or  f i el d i nst al l ed 
equi pment  under  and conf or m t o t he r equi r ement s of  Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.

1. 7   I NSTRUCTI ON TO GOVERNMENT PERSONNEL

When speci f i ed i n ot her  sect i ons,  f ur ni sh t he ser vi ces of  compet ent  
i nst r uct or s t o gi ve f ul l  i nst r uct i on t o t he desi gnat ed Gover nment  
per sonnel  i n t he adj ust ment ,  oper at i on,  and mai nt enance,  i ncl udi ng 
per t i nent  saf et y r equi r ement s,  of  t he speci f i ed equi pment  or  syst em.   
Pr ovi de i nst r uct or s t hor oughl y f ami l i ar  wi t h al l  par t s of  t he i nst al l at i on 
and t r ai ned i n oper at i ng t heor y as wel l  as pr act i cal  oper at i on and 
mai nt enance wor k.

Gi ve i nst r uct i on dur i ng t he f i r st  r egul ar  wor k week af t er  t he equi pment  or  
syst em has been accept ed and t ur ned over  t o t he Gover nment  f or  r egul ar  
oper at i on.   The number  of  man- days ( 8 hour s per  day)  of  i nst r uct i on 
f ur ni shed i s as speci f i ed i n t he i ndi v i dual  sect i on.   When mor e t han f our  
man- days of  i nst r uct i on ar e speci f i ed,  use appr oxi mat el y hal f  of  t he t i me 
f or  c l assr oom i nst r uct i on.   Use ot her  t i me f or  i nst r uct i on wi t h t he 
equi pment  or  syst em.

When si gni f i cant  changes or  modi f i cat i ons i n t he equi pment  or  syst em ar e 
made under  t he t er ms of  t he cont r act ,  pr ovi de addi t i onal  i nst r uct i on t o 
acquai nt  t he oper at i ng per sonnel  wi t h t he changes or  modi f i cat i ons.

1. 8   ACCESSI BI LI TY

I nst al l  al l  wor k so t hat  par t s r equi r i ng per i odi c i nspect i on,  oper at i on,  
mai nt enance,  and r epai r  ar e r eadi l y accessi bl e.   I nst al l  conceal ed val ves,  
expansi on j oi nt s,  cont r ol s,  damper s,  and equi pment  r equi r i ng access,  i n 
l ocat i ons f r eel y accessi bl e t hr ough access door s.

PART 2   PRODUCTS

2. 1   ELECTRI CAL HEAT TRACI NG

Pr ovi de heat  t r ace syst ems f or  pi pes,  val ves,  and f i t t i ngs t hat  ar e i n 
accor dance wi t h I EEE 515 and be UL l i s t ed.   Syst em i ncl ude al l  necessar y 
component s,  i ncl udi ng heat er s and cont r ol s t o pr event  f r eezi ng.

Pr ovi de sel f - r egul at i ng heat er s consi st i ng of  t wo 16 AWG t i nned- copper  bus 
wi r es embedded i n par al l el  i n a sel f - r egul at i ng pol ymer  cor e t hat  var i es 
i t s power  out put  t o r espond t o t emper at ur e al ong i t s l engt h.   Ensur e 
heat er  i s abl e t o be cr ossed over  i t sel f  wi t hout  over heat i ng.   Obt ai n 
appr oval  bef or e used di r ect l y on pl ast i c pi pe.   Cover  heat er  wi t h a 
r adi at i on cr oss- l i nked modi f i ed pol yol ef i n di el ect r i c j acket  i n accor dance 
wi t h ASTM D2308.

Pr ovi de heat er  wi t h sel f - r egul at i ng f act or  of  at  l east  90 per cent ,  i n 
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or der  t o pr ovi de ener gy conser vat i on and t o pr event  over heat i ng.

Oper at e heat er  on l i ne vol t ages of  120 vol t s wi t hout  t he use of  
t r ansf or mer s.

Si ze Heat er  accor di ng t o t he f ol l owi ng t abl e:

Pi pe Si ze

( I nch,  Di amet er ) Mi nus 10 degr ees F Mi nus 20 degr ees F

3 i nches or  l ess 5 wat t s per  f oot  ( wpf ) 5 wpf

4 i nch 5 wpf 8 wpf

6 i nch 8 wpf 8 wpf

8 i nch 2 st r i ps/ 5 wpf 2 st r i ps/ 8 wpf

12 i nch 2 st r i ps/ 8 wpf 2 st r i ps/ 8 wpf

Cont r ol  syst ems by an ambi ent  sensi ng t her most at  set  at  40 degr ees F 
ei t her  di r ect l y or  t hr ough an appr opr i at e cont act or .

2. 2   PI PE AND FI TTI NGS

Submi t  equi pment  and per f or mance dat a f or  pi pe and f i t t i ngs consi st i ng of  
cor r osi on r esi st ance,  l i f e expect ancy,  gage t ol er ances,  and gr ade l i ne 
anal ysi s.   Submi t  desi gn anal ysi s and cal cul at i ons consi st i ng of  sur f ace 
r esi st ance,  r at es of  f l ow,  head l osses,  i nl et  and out l et  desi gn,  r equi r ed 
r adi us of  bend,  and pr essur e cal cul at i ons.   Al so i ncl ude i n dat a pi pe 
si ze,  shape,  and di mensi ons,  as wel l  as t emper at ur e r at i ngs,  v i br at i on and 
t hr ust  l i mi t at i ons mi ni mum bur st  pr essur es,  shut - of f  and non- shock 
pr essur es and wel d char act er i st i cs.

2. 2. 1   Type BCS,  Bl ack Car bon St eel

Ensur e pi pe 1/ 8 t hr ough 12 i nches i s Schedul e 40 bl ack car bon st eel ,  
conf or mi ng t o ASTM A53/ A53M.

Ensur e pi pe 1/ 8 t hr ough 10 i nches i s Schedul e 40 seaml ess or  
el ect r i c- r esi st ance wel ded bl ack car bon st eel ,  conf or mi ng t o ASTM A53/ A53M,  
Type E,  Gr ade B ( el ect r i c- r esi st ance wel ded)  .   Gr ade A shoul d be used f or  
per mi ssi bl e f i el d bendi ng,  i n bot h cases.

Ensur e pi pe 12 t hr ough 24 i nches i s 0. 375- i nch wal l  seaml ess bl ack car bon 
st eel ,  conf or mi ng t o ASTM A53/ A53M,  Type S ( seaml ess) .

Ensur e f i t t i ngs 2 i nches and under  ar e 150- pounds per  squar e i nch,  gage 
( psi g)  wor ki ng st eam pr essur e ( wsp)  banded bl ack mal l eabl e i r on scr ewed,  
conf or mi ng t o ASTM A197/ A197M and ASME B16. 3.

Ensur e uni ons 2 i nches and under  ar e 250 pounds per  squar e i nch,  wsp 
f emal e,  scr ewed,  bl ack mal l eabl e i r on wi t h br ass- t o- i r on seat ,  and gr ound 
j oi nt ,  conf or mi ng t o ASME B16. 39.

Ensur e f i t t i ngs 2- 1/ 2 i nches and over  ar e St eel  but t  wel d,  conf or mi ng t o 
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ASTM A234/ A234M and ASME B16. 9 t o mat ch pi pe wal l  t hi ckness.

Ensur e f l anges 2- 1/ 2 i nches and over  ar e 150- pound f or ged- st eel  conf or mi ng 
t o ASME B16. 5,  wel di ng neck t o mat ch pi pe wal l  t hi ckness.

2. 2. 2   Type CI SP- DWV,  Cast - I r on Dr ai n,  Wast e and Vent

Pr ovi de soi l  pi pe dr ai n,  wast e,  and vent  hubl ess cast  i r on pi pe and 
f i t t i ngs,  conf or mi ng t o ASTM A888.   Joi nt s shal l  be heavywei ght  no- hub 
coupl i ngs wi t h st ai nl ess st eel  c l amps,  conf or mi ng t o CI SPI  310.

2. 2. 3   Type CPR,  Copper

2. 2. 3. 1   Type CPR- A,  Copper  Above Gr ound

Ensur e t ubi ng 2 i nches and under  i s seaml ess copper  t ubi ng,  conf or mi ng t o 
ASTM B88,  Type L ( har d- dr awn f or  al l  hor i zont al  and al l  exposed ver t i cal  
l i nes,  anneal ed f or  conceal ed ver t i cal  l i nes) .

Ensur e f i t t i ngs 2 i nches and under  ar e 150- psi g wsp wr ought - copper  sol der  
j oi nt  f i t t i ngs conf or mi ng t o ASME B16. 22.

Ensur e uni ons 2 i nches and under  ar e 150- psi g wsp wr ought - copper  sol der  
j oi nt ,  conf or mi ng t o ASME B16. 22.

Pr ovi de br azi ng r od wi t h Cl assi f i cat i on BCuP- 5,  conf or mi ng t o 
AWS A5. 8/ A5. 8M.

2. 3   PI PI NG SPECI ALTI ES

Submi t  equi pment  and per f or mance dat a f or  pi pi ng speci al t i es consi st i ng of  
cor r osi on r esi st ance,  l i f e expect ancy,  gage t ol er ances,  and gr ade l i ne 
anal ysi s.   Submi t  desi gn anal ysi s and cal cul at i ons consi st i ng of  sur f ace 
r esi st ance,  r at es of  f l ow,  head l osses,  i nl et  and out l et  desi gn,  r equi r ed 
r adi us of  bend,  and pr essur e cal cul at i ons.   Al so i ncl ude i n dat a pi pe 
si ze,  shape,  and di mensi ons,  as wel l  as t emper at ur e r at i ngs,  v i br at i on and 
t hr ust  l i mi t at i ons mi ni mum bur st  pr essur es,  shut - of f  and non- shock 
pr essur es and wel d char act er i st i cs.

2. 3. 1   Ai r  Separ at or

Ai r  separ at ed f r om conver t er  di schar ge wat er  i s ej ect ed by a 
r educed- vel oci t y devi ce vent ed t o t he compr essi on t ank.

Pr ovi de a commer ci al l y const r uct ed separ at or ,  desi gned and cer t i f i ed t o 
separ at e not  l ess t han 80 per cent  of  ent r ai ned ai r  on t he f i r st  passage of  
wat er  and not  l ess t han 80 per cent  of  r esi dual  on each successi ve pass.  
Pr ovi de shop dr awi ngs det ai l i ng al l  pi pi ng connect i ons pr oposed f or  t hi s 
wor k.

2. 3. 2   Ai r  Vent s

Pr ovi de manual  ai r  vent s usi ng 3/ 8- i nch gl obe val ves.

Pr ovi de aut omat i c ai r  vent s on pumps,  mai ns,  and wher e i ndi cat ed usi ng 
bal l - f l oat  const r uct i on.   Ensur e t he vent  i nl et  i s  not  l ess t han 3/ 4- i nch 
i ps and t he out l et  not  l ess t han 1/ 4- i nch i ps.   Or i f i ce s i ze i s 1/ 8 i nch.   
Pr ovi de cor r osi on- r esi st ant  st eel  t r i m conf or mi ng t o ASTM A480/ A480M.   Fi t  
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vent  wi t h t r y- cock.   Ensur e vent  di schar ges ai r  at  any pr essur e up t o 150 
psi .   Ensur e out l et  i s  copper  t ube r out ed.

2. 3. 3   Compr essi on Tank

Pr ovi de compr essi on t ank desi gned,  f abr i cat ed,  t est ed,  and st amped f or  a 
wor ki ng pr essur e of  not  l ess t han 125 psi  i n accor dance wi t h 
ASME BPVC SEC VI I I  D1.   Ensur e t ank i s hot - di p gal vani zed af t er  
f abr i cat i on t o pr oduce not  l ess t han 1. 5 ounces of  z i nc coat i ng per  squar e 
f oot  of  s i ngl e- si de sur f ace.

Tank accessor i es i ncl ude r ed- l i ned gage- gl ass compl et e wi t h gl ass 
pr ot ect or s and shut of f  val ves,  ai r  char ger  and dr ai ner ,  and manual  vent .

2. 3. 4   Di el ect r i c Connect i ons

El ect r i cal l y i sol at e di ssi mi l ar  pi pe met al s f r om each ot her  by coupl i ngs,  
uni ons,  or  f l anges commer ci al l y manuf act ur ed f or  t hat  pur pose and r at ed 
f or  t he ser vi ce pr essur e and t emper at ur e.

2. 3. 5   Expansi on Vi br at i on I sol at i on Joi nt s

Const r uct  s i ngl e or  mul t i pl e ar ch- f l anged expansi on vi br at i on i sol at i on 
j oi nt s of  st eel - r i ng r ei nf or ced chl or opr ene- i mpr egnat ed cl ot h mat er i al s.   
Desi gn j oi nt  t o absor b t he movement  of  t he pi pe sect i ons i n whi ch 
i nst al l ed wi t h no det r i ment al  ef f ect  on t he pi pe or  connect ed equi pment .   
Back f l anges wi t h f er r ous- met al  backi ng r i ngs.   Pr ovi de cont r ol  r od 
assembl i es t o r est r i ct  j oi nt  movement .   Coat  al l  nonmet al l i c  ext er i or  
sur f aces of  t he j oi nt  wi t h chl or osul phonat ed pol yet hyl ene.   Pr ovi de 
gr ommet s i n l i mi t  bol t  hol e t o absor b noi se t r ansmi t t ed t hr ough t he bol t s.

Ensur e j oi nt s ar e sui t abl e f or  cont i nuous- dut y wor ki ng t emper at ur e of  at  
l east  250 degr ees F.

Fi l l  ar ches wi t h sof t  chl or opr ene.

Ensur e j oi nt ,  s i ngl e- ar ch,  movement  l i mi t at i ons and si ze- r el at ed,  pr essur e 
char act er i st i cs conf or m t o FSA- 0017.

2. 3. 6   Fl exi bl e Pi pe

Const r uct  f l exi bl e pi pe vi br at i on and pi pe- noi se el i mi nat or s of  
wi r e- r ei nf or ced,  r ubber - i mpr egnat ed cl ot h and cor d mat er i al s and be 
f l anged.   Back t he f l anges wi t h f er r ous- met al  backi ng r i ngs.   Ensur e 
ser vi ce pr essur e- r at i ng i s a mi ni mum 1. 5 t i mes act ual  ser vi ce,  wi t h sur ge 
pr essur e at  180 degr ees F.

Const r uct  f l exi bl e pi pe vi br at i on and pi pe noi se el i mi nat or s of  
wi r e- r ei nf or ced chl or opr ene- i mpr egnat ed cl ot h and cor d mat er i al s.   Ensur e 
t he pi pe i s f l anged.   Pr ovi de al l  f l anges backed wi t h f er r ous- met al  
backi ng r i ngs.   Coat  nonmet al l i c  ext er i or  sur f aces of  t he f l exi bl e pi pe 
wi t h an aci d-  and oxi dat i on- r esi st ant  chl or osul phonat ed pol yet hyl ene.   
Rat e t he f l exi bl e pi pe f or  cont i nuous dut y at  130 psi  and 250 degr ees F.

Ensur e uni t  pi pe l engt hs,  f ace- t o- f ace,  ar e not  l ess t han t he f ol l owi ng:

                I NSI DE DI AMETER                UNI T PI PE LENGTH

            To 2- 1/ 2 i nches,  i ncl usi ve          12 i nches
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                I NSI DE DI AMETER                UNI T PI PE LENGTH

            3 t o 4 i nches,  i ncl usi ve             18 i nches

            5 t o 12 i nches,  i ncl usi ve            24 i nches  

            To 3 i nches,  i ncl usi ve              18 i nches

            4 t o 10 i nches,  i ncl usi ve            24 i nches

            12 i nches and l ar ger                  36 i nches  

2. 3. 7   Fl exi bl e Met al l i c  Pi pe

Ensur e f l exi bl e pi pe i s t he bel l ows- t ype wi t h wi r e br ai d cover  and 
desi gned,  const r uct ed,  and r at ed i n accor dance wi t h t he appl i cabl e 
r equi r ement s of  ASME B31. 3.

Mi ni mum wor ki ng pr essur e r at i ng i s 50 psi  at  300 degr ees F.

Ensur e mi ni mum bur st  pr essur e i s f our  t i mes wor ki ng pr essur e at  300 
degr ees F.   Bel l ows mat er i al  i s  AI SI  Type 316L cor r osi on- r esi st ant  st eel .   
Ensur e br ai d i s AI SI  300 ser i es cor r osi on- r esi st ant  st eel  wi r e.

2. 3. 8   Met al l i c  Expansi on Joi nt s

Pr ovi de met al l i c- bel l ows expansi on j oi nt s conf or mi ng t o MI L- DTL- 17813.

Desi gn and const r uct  j oi nt s t o absor b al l  of  t he movement s of  t he pi pe 
sect i ons i n whi ch i nst al l ed,  wi t h no det r i ment al  ef f ect  on pi pe or  
suppor t i ng st r uct ur e.

Rat e,  desi gn,  and const r uct  j oi nt s f or  pr essur es t o 125 psi g and 
t emper at ur es t o 500 degr ees F.

Ensur e j oi nt s have a desi gned bur st i ng st r engt h i n excess of  f our  t i mes 
t hei r  r at ed pr essur e.

Ensur e j oi nt s ar e capabl e of  wi t hst andi ng a hydr ost at i c t est  of  1. 5 t i mes 
t hei r  r at ed pr essur e whi l e hel d at  t hei r  uncompr essed l engt h wi t hout  
l eakage or  di st or t i on t hat  may adver sel y af f ect  t hei r  l i f e cycl e.

Ensur e l i f e expect ancy i s not  l ess t han 10, 000 cycl es.

Ensur e movement  capabi l i t y  of  each j oi nt  exceeds cal cul at ed movement  of  
pi pi ng by 100 per cent .

Pr ovi de bel l ows and i nt er nal  s l eeve mat er i al  of  AI SI  Type 304,  304L,  or  
321 cor r osi on- r esi st ant  st eel .

End connect i ons r equi r e no f i el d pr epar at i on ot her  t han cl eani ng.

But t  wel d end pr epar at i on of  expansi on j oi nt s conf or m t o t he same codes 
and st andar ds r equi r ement s as appl i cabl e t o t he pi pi ng syst em mat er i al s at  
t he i ndi cat ed j oi nt  l ocat i on.

Pr ovi de j oi nt s,  2- 1/ 2 i nches and smal l er ,  wi t h i nt er nal  gui des and l i mi t  
st ops.
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Pr ovi de j oi nt s,  3 i nches and l ar ger ,  wi t h r emovabl e ext er nal  cover s,  
i nt er nal  s l eeves,  and pur gi ng connect i on.   Si ze s l eeves t o accommodat e 
l at er al  c l ear ance r equi r ed,  wi t h mi ni mum r educt i on of  f l ow ar ea,  and wi t h 
over si zed bel l ows wher e necessar y.   When a s l eeve r equi r es a gasket  as 
par t  of  a l ocki ng ar r angement ,  pr ovi de t he gasket  used by t he 
manuf act ur er .   Joi nt s wi t hout  pur gi ng connect i on may be pr ovi ded;  however ,  
r emove t hese f r om t he l i ne pr i or  t o,  or  not  i nst al l ed unt i l ,  c l eani ng 
oper at i ons ar e compl et e.

Pr ovi de t he cyl i ndr i cal  end por t i on of  t he r ei nf or ced bel l ows el ement  wi t h 
a t hr ust  s l eeve of  suf f i c i ent  t hi ckness t o br i ng t hat  por t i on wi t hi n 
appl i cabl e code- al l owabl e st r ess.   Pr ovi de 360 degr ees suppor t  f or  t he 
el ement  and end- r ei nf or ci ng r i ng wi t h t he s l eeve.

Ensur e each expansi on j oi nt  has adj ust abl e c l amps or  yokes pr ovi ded at  
quar t er  poi nt s,  st r addl i ng t he bel l ows.   Over al l  j oi nt  l engt h i s set  by 
t he manuf act ur er  t o mai nt ai n j oi nt s i n manuf act ur er ' s r ecommended posi t i on 
dur i ng i nst al l at i on.

Per manent l y and l egi bl y mar k each j oi nt  wi t h t he manuf act ur er ' s name or  
t r ademar k and ser i al  number ;  t he s i ze,  ser i es,  or  cat al og number ;  bel l ows 
mat er i al ;  and di r ect i onal - f l ow ar r ow.

2. 3. 9   Hose Faucet s

Const r uct  hose f aucet s wi t h 1/ 2 i nch mal e i nl et  t hr eads,  hexagon shoul der ,  
and 3/ 4 i nch hose connect i on,  conf or mi ng t o ASME A112. 18. 1/ CSA B125. 1.   
Ensur e hose- coupl i ng scr ew t hr eads conf or m t o ASME B1. 20. 7.

Pr ovi de vandal  pr oof ,  at mospher i c- t ype vacuum br eaker  on t he di schar ge of  
al l  pot abl e wat er  l i nes.

2. 3. 10   Pr essur e Gages

Ensur e pr essur e gages conf or m t o ASME B40. 100 and t o r equi r ement s 
speci f i ed her ei n.   Pr essur e- gage si ze i s 3- 1/ 2 i nches nomi nal  di amet er .   
Ensur e case i s cor r osi on- r esi st ant  st eel ,  conf or mi ng t o any of  t he AI SI  
300 ser i es of  ASTM A6/ A6M,  wi t h an ASM No.  4 st andar d commer ci al  pol i sh or  
bet t er .   Equi p gages wi t h adj ust abl e r ed mar ki ng poi nt er  and damper - scr ew 
adj ust ment  i n i nl et  connect i on.   Al i gn ser vi ce- pr essur e r eadi ng at  
mi dpoi nt  of  gage r ange.   Ensur e al l  gages ar e Gr ade B or  bet t er  and be 
equi pped wi t h gage i sol at or s.

2. 3. 11   Si ght - Fl ow I ndi cat or s

Const r uct  s i ght - f l ow i ndi cat or s f or  pr essur e ser vi ce on 3- i nch i ps and 
smal l er  of  br onze wi t h speci al l y t r eat ed si ngl e-  or  doubl e- gl ass s i ght  
wi ndows and have a br onze,  nyl on,  or  t et r af l uor oet hyl ene r ot at i ng f l ow 
i ndi cat or  mount ed on an AI SI  Type 304 cor r osi on- r esi st ant  st eel  shaf t .   
Body may have scr ewed or  f l anged end.   Pr ovi de pr essur e-  and 
t emper at ur e- r at ed assembl y f or  t he appl i ed ser vi ce.   Fl apper  f l ow- t ype 
i ndi cat or s ar e not  accept abl e.

2. 3. 12   Sl eeve Coupl i ngs

Sl eeve coupl i ngs f or  pl ai n- end pi pe consi st  of  one st eel  mi ddl e r i ng,  t wo 
st eel  f ol l ower s,  t wo chl or opr ene or  Buna- N el ast omer  gasket s,  and t he 
necessar y st eel  bol t s and nut s.
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2. 3. 13   Ther momet er s

Ensur e t her momet er s conf or m t o ASTM E1,  except  f or  bei ng f i l l ed wi t h a r ed 
or gani c l i qui d.   Pr ovi de an i ndust r i al  pat t er n ar mor ed gl ass t her momet er ,  
( wel l - t hr eaded and seal - wel ded) .   Ensur e t her momet er s i nst al l ed 6 f eet  or  
hi gher  above t he f l oor  have an adj ust abl e angl e body.   Ensur e scal e i s not  
l ess t han 7 i nches l ong and t he case f ace i s manuf act ur ed f r om 
manuf act ur er ' s st andar d pol i shed al umi num or  AI SI  300 ser i es pol i shed 
cor r osi on- r esi st ant  st eel .   Ther momet er  r ange i s .   Pr ovi de t her momet er s 
wi t h nonf er r ous separ abl e wel l s.   Pr ovi de l aggi ng ext ensi on t o accommodat e 
i nsul at i on t hi ckness.

2. 3. 14   Pump Suct i on St r ai ner s

Pr ovi de a cast  i r on st r ai ner  body,  r at ed f or  not  l ess t han 25 psi g at  100 
degr ees F,  wi t h f l anges conf or mi ng t o ASME B16. 1,  Cl ass 125.   St r ai ner  
const r uct i on i s such t hat  t her e i s a machi ned sur f ace j oi nt  bet ween body 
and basket  t hat  i s  nor mal  t o t he cent er l i ne of  t he basket .

Ensur e mi ni mum r at i o of  open ar ea of  each basket  t o pi pe ar ea i s 3 t o 1.   
Pr ovi de a basket  wi t h AI SI  300 ser i es cor r osi on- r esi st ant  st eel  wi r e mesh 
wi t h per f or at ed backi ng.

Ensur e mesh i s capabl e of  r et ai ni ng al l  par t i c l es l ar ger  t han 1, 000 
mi cr omet er ,  wi t h a pr essur e dr op acr oss t he st r ai ner  body of  not  mor e t han 
0. 5 psi  when t he basket  i s t wo- t hi r ds di r t y at  maxi mum syst em f l ow r at e.   
Pr ovi de r educi ng f i t t i ngs f r om st r ai ner - f l ange si ze t o pi pe si ze.

Pr ovi de a di f f er ent i al - pr essur e gage f i t t ed wi t h a t wo- way br ass cock 
acr oss t he st r ai ner .

Pr ovi de manual  ai r  vent  cocks i n cap of  each st r ai ner .

2. 3. 15   Li ne St r ai ner s,  Wat er  Ser vi ce

Pr ovi de Y- t ype st r ai ner s wi t h r emovabl e basket .   Ensur e st r ai ner s i n s i zes 
2- i nch i ps and smal l er  have scr ewed ends;  i n s i zes 2- 1/ 2- i nch i ps and 
l ar ger ,  st r ai ner s have f l anged ends.   Ensur e body wor ki ng- pr essur e r at i ng 
exceeds maxi mum ser vi ce pr essur e of  i nst al l ed syst em by at  l east  50 
per cent .   Ensur e body has cast - i n ar r ows t o i ndi cat e di r ect i on of  f l ow.   
Ensur e al l  st r ai ner  bodi es f i t t ed wi t h scr ewed scr een r et ai ner s have 
st r ai ght  t hr eads and gasket ed wi t h nonf er r ous met al .   For  st r ai ner  bodi es 
2- 1/ 2- i nches and l ar ger ,  f i t t ed wi t h bol t ed- on scr een r et ai ner s,  pr ovi de 
of f set  bl owdown hol es.   Fi t  al l  s t r ai ner s l ar ger  t han 2- 1/ 2- i nches wi t h 
manuf act ur er ' s st andar d bal l - t ype bl owdown val ve.   Ensur e body mat er i al  i s  
cast  br onze conf or mi ng t o ASTM B62.   Wher e syst em mat er i al  i s  nonf er r ous,  
use nonf er r ous met al  f or  t he met al  st r ai ner  body mat er i al .

Ensur e mi ni mum f r ee- hol e ar ea of  st r ai ner  el ement  i s equal  t o not  l ess 
t han 3. 4 t i mes t he i nt er nal  ar ea of  connect i ng pi pi ng.   St r ai ner  scr eens 
per f or at i on s i ze i s not  t o exceed 0. 045- i nch.   Ensur e st r ai ner  scr eens 
have f i ni shed ends f i t t ed t o machi ned scr een chamber  sur f aces t o pr ecl ude 
bypass f l ow.   St r ai ner  el ement  mat er i al  i s  AI SI  Type 304 
cor r osi on- r esi st ant  st eel .

2. 4   VALVES

Submi t  equi pment  and per f or mance dat a f or  val ves consi st i ng of  cor r osi on 
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r esi st ance and l i f e expect ancy.   Submi t  desi gn anal ysi s and cal cul at i ons 
consi st i ng of  r at es of  f l ow,  head l osses,  i nl et  and out l et  desi gn,  and 
pr essur e cal cul at i ons.   Al so i ncl ude i n dat a,  pi pe di mensi ons,  as wel l  as 
t emper at ur e r at i ngs,  v i br at i on and t hr ust  l i mi t at i ons,  mi ni mum bur st  
pr essur es,  shut - of f  and non- shock pr essur es and wel d char act er i st i cs.

Pol ypr opyl ene val ves wi l l  compl y wi t h t he per f or mance r equi r ement s of  
ASTM F2389.   Val ves shal l  conf or m t o ASME B16. 34.

2. 4. 1   Bal l  and But t er f l y Val ves

Ensur e bal l  val ves conf or m t o MSS SP- 72 f or  f l anged val ves and MSS SP- 110 
f or  scr ewed- end val ves f or  Fi gur e 1A 1 pi ece body,  1B ver t i cal l y spl i t  
body,  1C t op ent r y 1D t hr ee pi ece body and ar e r at ed f or  ser vi ce at  not  
l ess t han 175 psi g at  200 degr ees F.   For  val ve bodi es i n s i zes 2 i nches 
and smal l er ,  use scr ewed- end connect i on- t ype const r uct ed of  Cl ass A copper  
al l oy.   For  val ve bodi es i n s i zes 2- 1/ 2 i nches and l ar ger ,  use f l anged- end 
connect i on t ype,  const r uct ed of  Cl ass D mat er i al .   Bal l s and st ems of  
val ves 2 i nches and smal l er  ar e manuf act ur er ' s st andar d wi t h har d chr ome 
pl at i ng f i ni sh.   Bal l s and st ems of  val ves 2- 1/ 2 i nches and l ar ger  ar e 
manuf act ur er ' s st andar d Cl ass C cor r osi on- r esi st ant  st eel  al l oy wi t h har d 
chr ome pl at i ng.   Bal l s of  val ves 6 i nches and l ar ger  may be Cl ass D wi t h 
900 Br i nel l  har d chr ome pl at i ng.   Ensur e val ves ar e sui t abl e f or  f l ow f r om 
ei t her  di r ect i on and seal  equal l y t i ght  i n ei t her  di r ect i on.   Val ves wi t h 
bal l  seal s hel d i n pl ace by spr i ng washer s ar e not  accept abl e.   Ensur e al l  
val ves have adj ust abl e packi ng gl ands.   Seat s and seal s ar e f abr i cat ed 
f r om t et r af l uor oet hyl ene.

Ensur e but t er f l y val ves conf or m t o MSS SP- 67 and ar e t he waf er  t ype f or  
mount i ng bet ween speci f i ed f l anges.   Ensur e val ves ar e r at ed f or  150- psi g 
shut of f  and nonshock wor ki ng pr essur e.   Sel ect  bodi es of  cast  f er r ous 
met al  conf or mi ng t o ASTM A126,  Cl ass B,  and t o ASME B16. 1 f or  body wal l  
t hi ckness.   Seat s and seal s ar e f abr i cat ed f r om r esi l i ent  el ast omer  
desi gned f or  f i el d r emoval  and r epl acement .

2. 4. 2   Dr ai n,  Vent ,  and Gage Cocks

Pr ovi de l ever  handl e dr ai n,  vent ,  and gage cocks,  gr ound key t ype,  wi t h 
washer  and scr ew,  const r uct ed of  pol i shed ASTM B62 br onze,  and r at ed 
125- psi  wsp.   Ensur e end connect i ons ar e r at ed f or  speci f i ed ser vi ce 
pr essur e.

Ensur e pump vent  cocks,  and wher e spr ay cont r ol  i s  r equi r ed,  ar e UL 
umbr el l a- hood t ype,  const r uct ed of  manuf act ur er ' s st andar d pol i shed br ass.  
Ensur e cocks ar e 1/ 2- i nch i ps mal e,  end t hr eaded,  and r at ed at  not  l ess 
t han 125 psi  at  225 degr ees F.

2. 4. 3   Gat e Val ves ( GAV)

Ensur e gat e val ves 2 i nches and smal l er  conf or m t o MSS SP- 80.   For  val ves 
l ocat ed i n t unnel s,  equi pment  r ooms,  f act or y- assembl ed equi pment ,  and 
wher e i ndi cat ed use uni on- r i ng bonnet ,  scr ewed- end t ype.   Make packi ng of  
non- asbest os t ype mat er i al s.   Use r i s i ng st em t ype val ves.

Ensur e gat e val ves 2- 1/ 2 i nches and l ar ger ,  ar e Type I ,  ( sol i d wedge di sc,  
t aper ed seat s,  st eam r at ed) ;  Cl ass 125 ( 125- psi g st eam- wor ki ng pr essur e at  
353 degr ees F sat ur at i on) ;  and 200- psi g,  wog ( nonshock) ,  conf or mi ng t o 
MSS SP- 70 and t o r equi r ement s speci f i ed her ei n.   Sel ect  f l anged val ves,  
wi t h br onze t r i m and out si de scr ew and yoke ( OS&Y)  const r uct i on.   Make 
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packi ng of  non- asbest os t ype mat er i al s.

2. 4. 4   Gl obe and Angl e Val ves ( GLV- ANV)

Ensur e gl obe and angl e val ves 2 i nches and smal l er ,  ar e 125- pound,  125- psi  
conf or mi ng t o MSS SP- 80 and t o r equi r ement s speci f i ed her ei n.   For  val ves 
l ocat ed i n t unnel s,  equi pment  r ooms,  f act or y- assembl ed equi pment ,  and 
wher e i ndi cat ed,  use uni on- r i ng bonnet ,  scr ewed- end t ype.   Ensur e di sc i s 
f r ee t o swi vel  on t he st em i n al l  val ve s i zes.   Composi t i on 
seat i ng- sur f ace di sc const r uct i on may be subst i t ut ed f or  al l  met al - di sc 
const r uct i on.   Make packi ng of  non- asbest os t ype mat er i al s.   Ensur e di sk 
and packi ng ar e sui t abl e f or  pi pe ser vi ce i nst al l ed.

Ensur e gl obe and angl e val ves,  2- 1/ 2 i nches and l ar ger ,  ar e cast  i r on wi t h 
br onze t r i m.   Ensur e val ve bodi es ar e cast  i r on conf or mi ng t o ASTM A126,  
Cl ass A,  as speci f i ed f or  Cl ass 1 val ves under  MSS SP- 80.   Sel ect  f l anged 
val ves i n conf or mance wi t h ASME B16. 1.   Val ve const r uct i on i s out si de 
scr ew and yoke ( OS&Y)  t ype.   Make packi ng of  non- asbest os t ype mat er i al s.

2. 4. 5   St andar d Check Val ves ( SCV)

Ensur e st andar d check val ves i n s i zes 2 i nches and smal l er  ar e 125- psi  
swi ng check val ves except  as ot her wi se speci f i ed.   Pr ovi de l i f t  checks 
wher e i ndi cat ed.   Ensur e swi ng- check pi ns ar e nonf er r ous and sui t abl y har d 
f or  t he ser vi ce.   Sel ect  composi t i on t ype di scs.   Ensur e t he swi ng- check 
angl e of  c l osur e i s manuf act ur er ' s st andar d unl ess a speci f i c  angl e i s 
needed.

Use cast  i r on,  br onze t r i m,  swi ng t ype check val ves i n s i zes 2- 1/ 2 i nches 
and l ar ger .   Ensur e val ve bodi es ar e cast  i r on,  conf or mi ng t o ASTM A126,  
Cl ass A and val ve ends ar e f l anged i n conf or mance wi t h ASME B16. 1.   
Swi ng- check pi n i s AI SI  Type or  appr oved equal  cor r osi on- r esi st ant  st eel .   
Angl e of  c l osur e i s manuf act ur er ' s st andar d unl ess a speci f i c  angl e i s 
needed.   Ensur e val ves have bol t ed and gasket ed cover s.

Pr ovi de check val ves wi t h ext er nal  spr i ng- l oaded ,  posi t i ve- cl osur e 
devi ces and val ve ends ar e mechani cal  j oi nt  .

2. 4. 6   Nonsl am Check Val ves ( NSV)

Pr ovi de check val ves at  pump di schar ges i n s i zes 2 i nches and l ar ger  wi t h 
nonsl am or  s i l ent - check oper at i on conf or mi ng t o MSS SP- 125.   Sel ect  a 
val ve di sc or  pl at e t hat  c l oses bef or e l i ne f l ow can r ever se t o el i mi nat e 
s l am and wat er - hammer  due t o check- val ve c l osur e.   Ensur e val ve i s Cl ass 
125 r at ed f or  200- psi  maxi mum,  nonshock pr essur e at  150 degr ees F i n s i zes 
t o 12 i nches.   Use val ves t hat  ar e waf er  t ype t o f i t  bet ween f l anges 
conf or mi ng t o ASME B16. 1.   Val ve body may be cast  i r on,  or  equi val ent  
st r engt h duct i l e i r on.   Sel ect  di sks usi ng manuf act ur er ' s st andar d br onze,  
al umi num br onze,  or  cor r osi on- r esi st ant  st eel .   Ensur e pi ns,  spr i ngs,  and 
mi scel l aneous t r i m ar e manuf act ur er ' s st andar d cor r osi on- r esi st ant  st eel .   
Di sk and shaf t  seal s ar e Buna- N el ast omer  t et r af l uor oet hyl ene.

2. 5   MI SCELLANEOUS MATERI ALS

Submi t  equi pment  and per f or mance dat a f or  mi scel l aneous mat er i al s 
consi st i ng of  cor r osi on r esi st ance,  l i f e expect ancy,  gage t ol er ances,  and 
gr ade l i ne anal ysi s.
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2. 5. 1   Bi t umi nous Coat i ng

Ensur e t he bi t umi nous coat i ng i s a sol vent  cut back,  heavy- bodi ed mat er i al  
t o pr oduce not  l ess t han a 12- mi l  dr y- f i l m t hi ckness i n one coat ,  and i s 
r ecommended by t he manuf act ur er  t o be compat i bl e wi t h f act or y- appl i ed 
coat i ng and r ubber  j oi nt s.

For  pr evi ousl y coal - t ar  coat ed and uncoat ed f er r ous sur f aces under gr ound,  
use bi t umi nous coat i ng sol vent  cut back coal - t ar  t ype,  conf or mi ng t o 
MI L- C- 18480.

2. 5. 2   Bol t i ng

Ensur e f l ange and gener al  pur pose bol t i ng i s hex- head and conf or ms t o 
ASTM A307,  Gr ade B ( bol t s,  f or  f l anged j oi nt s i n pi pi ng syst ems wher e one 
or  bot h f l anges ar e cast  i r on) .   Heavy hex- nut s conf or m t o ASTM A563.   
Squar e- head bol t s and nut s ar e not  accept abl e.   Ensur e t hr eads ar e 
coar se- t hr ead ser i es.

2. 5. 3   El ast omer  Caul k

Use t wo- component  pol ysul f i de-  or  pol yur et hane- base el ast omer  caul k i ng 
mat er i al ,  conf or mi ng t o ASTM C920.

2. 5. 4   Escut cheons

Manuf act ur e escut cheons f r om nonf er r ous met al s and chr ome- pl at ed except  
when AI SI  300 ser i es cor r osi on- r esi st ant  st eel  i s  pr ovi ded.   Ensur e met al s 
and f i ni sh conf or ms t o ASME A112. 19. 2/ CSA B45. 1.

Use one- pi ece escut cheons wher e mount ed on chr ome- pl at ed pi pe or  t ubi ng,  
and one- pi ece of  spl i t - pat t er n t ype el sewher e.   Ensur e al l  escut cheons 
have pr ovi s i ons consi st i ng of  i nt er nal  spr i ng- t ensi on devi ces f or  
mai nt ai ni ng a f i xed posi t i on agai nst  a sur f ace.

2. 5. 5   Fl ashi ng

Ensur e sheet l ead conf or ms t o ASTM B749,  UNS Al l oy Number  L50049 ( i nt ended 
f or  use i n l abor at or i es and shops i n gener al  appl i cat i on) .

Ensur e sheet  copper  conf or ms t o ASTM B370 and be not  l ess t han 16 ounces 
per  squar e f oot  wei ght .

2. 5. 6   Fl ange Gasket s

Pr ovi de compr essed non- asbest os sheet s,  conf or mi ng t o ASTM F104,  coat ed on 
bot h s i des wi t h gr aphi t e or  s i mi l ar  l ubr i cant ,  wi t h ni t r i l e composi t i on,  
bi nder  r at ed t o 750 degr ees F.

2. 5. 7   Gr out

Pr ovi de shr i nk- r esi st ant  gr out  as a pr emi xed and packaged 
met al l i c- aggr egat e,  mor t ar - gr out i ng compound conf or mi ng t o ASTM C404 and 
ASTM C476.

Ensur e shr i nk- r esi st ant  gr out  i s a combi nat i on of  pr e- measur ed and 
packaged epoxy pol yami de or  ami ne r esi ns and sel ect ed aggr egat e mor t ar  
gr out i ng compound conf or mi ng t o t he f ol l owi ng r equi r ement s:
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Tensi l e st r engt h                            1, 900 psi ,  mi ni mum

Compr essi ve st r engt h  ASTM C109/ C109M     14, 000 psi ,  mi ni mum

Shr i nkage,  l i near                            0. 00012 i nch per  i nch,  maxi mum

Wat er  absor pt i on      ASTM C67/ C67M              0. 1 per cent ,  maxi mum

Bond st r engt h t o                            1, 000 psi ,  mi ni mum st eel  i n shear
                                            mi ni mum

2. 5. 8   Pi pe Thr ead Compounds

Use pol yt et r af l uor oet hyl ene t ape not  l ess t han 2 t o 3 mi l s t hi ck i n 
pot abl e and pr ocess wat er  and i n chemi cal  syst ems f or  pi pe si zes t o and 
i ncl udi ng 1- i nch i ps.   Use pol yt et r af l uor oet hyl ene di sper si ons and ot her  
sui t abl e compounds f or  al l  ot her  appl i cat i ons upon appr oval  by t he 
Cont r act i ng Of f i cer ;  however ,  do not  use l ead- cont ai ni ng compounds i n 
pot abl e wat er  syst ems.

2. 6   SUPPORTI NG ELEMENTS

Submi t  equi pment  and per f or mance dat a f or  t he suppor t i ng el ement s 
consi st i ng of  cor r osi on r esi st ance,  l i f e expect ancy,  gage t ol er ances,  and 
gr ade l i ne anal ysi s.

Pr ovi de al l  necessar y pi pi ng syst ems and equi pment  suppor t i ng el ement s,  
i ncl udi ng but  not  l i mi t ed t o:   bui l di ng st r uct ur e at t achment s;  
suppl ement ar y st eel ;  hanger  r ods,  st anchi ons,  and f i xt ur es;  ver t i cal  pi pe 
at t achment s;  hor i zont al  pi pe at t achment s;  anchor s;  gui des;  and 
spr i ng- cushi on,  var i abl e,  or  const ant  suppor t s.   Ensur e suppor t i ng 
el ement s ar e sui t abl e f or  st r esses i mposed by syst ems pr essur es and 
t emper at ur es and nat ur al  and ot her  ext er nal  f or ces nor mal  t o t hi s f aci l i t y  
wi t hout  damage t o suppor t i ng el ement  syst em or  t o wor k bei ng suppor t ed.

Ensur e suppor t i ng el ement s conf or m t o r equi r ement s of  ASME B31. 3,  and 
MSS SP- 58,  except  as not ed.

Ensur e at t achment s wel ded t o pi pe ar e made of  mat er i al s i dent i cal  t o t hat  
of  pi pe or  mat er i al s accept ed as per mi ssi bl e r aw mat er i al s by r ef er enced 
code or  st andar d speci f i cat i on.

Ensur e suppor t i ng el ement s exposed t o weat her  ar e hot - di p gal vani zed or  
st ai nl ess st eel .  Sel ect  mat er i al s of  such a nat ur e t hat  t hei r  appar ent  and 
l at ent - st r engt h char act er i st i cs ar e not  r educed due t o gal vani z i ng 
pr ocess.   El ect r opl at e suppor t i ng el ement s i n cont act  wi t h copper  t ubi ng 
wi t h copper .

Type desi gnat i ons speci f i ed her ei n ar e based on MSS SP- 58.   Ensur e masonr y 
anchor  gr oup- ,  t ype- ,  and st y l e- combi nat i on desi gnat i ons ar e i n accor dance 
wi t h CI D A- A- 1922,  CI D A- A- 1923,  CI D A- A- 1924,  CI D A- A- 1925 ,  CI D A- A- 55614,  
and CI D A- A- 55615.   Pr ovi de suppor t  el ement s,  except  f or  suppl ement ar y 
st eel ,  t hat  ar e cat al oged,  l oad r at ed,  commer ci al l y manuf act ur ed pr oduct s.

2. 6. 1   Bui l di ng St r uct ur e At t achment s

2. 6. 1. 1   Anchor  Devi ces,  Concr et e and Masonr y

Ensur e anchor  devi ces conf or m t o CI D A- A- 1922,  CI D A- A- 1923,  CI D A- A- 1924,  
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CI D A- A- 1925,  CI D A- A- 55614,  and CI D A- A- 55615

For  cast - i n,  f l oor  mount ed,  equi pment  anchor  devi ces,  pr ovi de adj ust abl e 
posi t i ons.

Pr ovi de bui l t - i n masonr y anchor  devi ces.

Do not  use powder - act uat ed anchor i ng devi ces t o suppor t  any mechani cal  
syst ems component s.

2. 6. 1. 2   Beam Cl amps

Ensur e beam cl amps ar e cent er - l oadi ng MSS SP- 58 Type 20 .

When i t  i s  not  possi bl e t o use cent er - l oadi ng beam cl amps,  
eccent r i c- l oadi ng beam cl amps,  MSS SP- 58 Type 19 may be used f or  pi pi ng 
si zes 2 i nches and l ess and f or  pi pi ng si zes 2 t hr ough 10 i nches pr ovi ded 
t wo count er bal anci ng cl amps ar e used per  poi nt  of  pi pe suppor t .   Wher e 
mor e t han one r od i s used per  poi nt  of  pi pe suppor t ,  det er mi ne r od 
di amet er  i n accor dance wi t h r ef er enced st andar ds.

2. 6. 1. 3   C- Cl amps

Do not  use C- cl amps.

2. 6. 1. 4   I nser t s,  Concr et e

Use concr et e MSS SP- 58 Type 18 i nser t s  When appl i ed t o pi pi ng i n s i zes 2 
i nches i ps and l ar ger  and wher e ot her wi se r equi r ed by i mposed l oads,  
i nser t  and wi r e a 1- f oot  l engt h of  1/ 2- i nch r ei nf or ci ng r od t hr ough wi ng 
sl ot s.   Submi t  pr opr i et ar y- t ype cont i nuous i nser t s f or  appr oval .

2. 6. 2   Hor i zont al  Pi pe At t achment s

2. 6. 2. 1   Si ngl e Pi pes

Suppor t  pi pi ng i n s i zes t o and i ncl udi ng 2- i nch i ps by MSS SP- 58 Type 6 
sol i d mal l eabl e i r on pi pe r i ngs,  except  t hat ,  use spl i t - band- t ype r i ngs i n 
s i zes up t o 1- i nch i ps.

Suppor t  pi pi ng i n s i zes t hr ough 8- i nch i ps i ncl usi ve by MSS SP- 58 Type 1 
at t achment s.

Use MSS SP- 58 Type 1 and Type 6 assembl i es on vapor - seal ed i nsul at ed 
pi pi ng and have an i nsi de di amet er  l ar ger  t han pi pe bei ng suppor t ed t o 
pr ovi de adequat e c l ear ance dur i ng pi pe movement .

Wher e t her mal  movement  of  a poi nt  i n a pi pi ng syst em 4 i nches and l ar ger  
woul d cause a hanger  r od t o def l ect  mor e t han 4 degr ees f r om t he ver t i cal  
or  wher e a hor i zont al  poi nt  movement  exceeds 1/ 2 i nch,  use MSS SP- 58 Type 
41 pi pe r ol l s.

Suppor t  pi pi ng i n s i zes l ar ger  t han 8- i nch i ps wi t h MSS SP- 58 Type 41 pi pe 
r ol l s.

Use MSS SP- 58 Type 40 shi el ds on al l  i nsul at ed pi pi ng.   Ensur e ar ea of  t he 
suppor t i ng sur f ace i s such t hat  compr essi on def or mat i on of  i nsul at ed 
sur f aces does not  occur .   Rol l  away l ongi t udi nal  and t r ansver se shi el d 
edges f r om t he i nsul at i on.
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Pr ovi de i nsul at ed pi pi ng wi t hout  vapor  bar r i er  on r ol l  suppor t s wi t h 
MSS SP- 58 Type 39 saddl es.

Pr ovi de spr i ng suppor t s as i ndi cat ed.

2. 6. 2. 2   Par al l el  Pi pes

Use t r apeze hanger s f abr i cat ed f r om st r uct ur al  st eel  shapes,  wi t h U- bol t s,  
i n congest ed ar eas and wher e mul t i pl e pi pe r uns occur .   Ensur e st r uct ur al  
st eel  shapes conf or m t o suppl ement ar y st eel  r equi r ement s.

2. 6. 3   Ver t i cal  Pi pe At t achment s

Ensur e ver t i cal  pi pe at t achment s ar e MSS SP- 58 Type 8.

I ncl ude compl et e f abr i cat i on and at t achment  det ai l s of  any spr i ng suppor t s 
i n shop dr awi ngs.

2. 6. 4   Hanger  Rods and Fi xt ur es

Use onl y c i r cul ar  cr oss sect i on r od hanger s t o connect  bui l di ng st r uct ur e 
at t achment s t o pi pe suppor t  devi ces.   Use pi pe,  st r aps,  or  bar s of  
equi val ent  st r engt h f or  hanger s onl y wher e appr oved by t he Cont r act i ng 
Of f i cer .

Pr ovi de t ur nbuckl es,  swi ng eyes,  and cl evi ses as r equi r ed by suppor t  
syst em t o accommodat e t emper at ur e change,  pi pe accessi bi l i t y ,  and 
adj ust ment  f or  l oad and pi t ch.   Rod coupl i ngs ar e not  accept abl e.

2. 6. 5   Suppl ement ar y St eel

Wher e i t  i s  necessar y t o f r ame st r uct ur al  member s bet ween exi st i ng member s 
or  wher e st r uct ur al  member s ar e used i n l i eu of  commer ci al l y r at ed 
suppor t s,  desi gn and f abr i cat e such suppl ement ar y st eel  i n accor dance wi t h 
AI SC 325.

PART 3   EXECUTI ON

3. 1   PI PE I NSTALLATI ON

Submi t  cer t i f i cat es f or  pi pes,  val ves and speci al t i es showi ng conf or mance 
wi t h t est  r equi r ement s as cont ai ned i n t he r ef er ence st andar ds cont ai ned 
i n t hi s sect i on.   Pr ovi de cer t i f i cat es ver i f y i ng Sur f ace Resi st ance,  Shear  
and Tensi l e St r engt hs,  Temper at ur e Rat i ngs,  Bendi ng Test s,  Fl at t eni ng Test s
 and Tr ansver se Gui ded Wel d Bend Test s.

Pr ovi de t est  r epor t s f or  Hydr ost at i c Test s,  Ai r  Test s,  Val ve- Oper at i ng 
Test s,  Dr ai nage Test s,  Pneumat i c Test s,  Non- Dest r uct i ve El ect r i c Test s and 
Syst em Oper at i on Test s,  i n compl i ance wi t h r ef er enced st andar ds cont ai ned 
wi t hi n t hi s sect i on.

Fabr i cat e and i nst al l  pi pi ng syst ems i n accor dance wi t h ASME B31. 3,  
MSS SP- 58,  and AWS WHB- 2. 9.

Submi t  I nst al l at i on Dr awi ngs f or  pi pes,  val ves and speci al t i es.   Dr awi ngs 
i ncl ude t he manuf act ur er ' s desi gn and const r uct i on cal cul at i ons,  f or ces 
r equi r ed t o obt ai n r at ed axi al ,  l at er al ,  or  angul ar  movement s,  
i nst al l at i on cr i t er i a,  anchor  and gui de r equi r ement s f or  equi pment ,  and 
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equi pment  r oom l ayout  and desi gn.   Ensur e dr awi ngs speci f i cal l y advi se on 
pr ocedur es t o be f ol l owed and pr ovi s i ons r equi r ed t o pr ot ect  expansi on 
j oi nt s dur i ng speci f i ed hydr ost at i c t est i ng oper at i ons.

Ensur e connect i ons bet ween st eel  pi pi ng and copper  pi pi ng ar e el ect r i cal l y 
i sol at ed f r om each ot her .   Di el ect r i c pi pe uni ons shal l  be i nst al l ed t o 
pr event  gal vani c cor r osi on.   The di el ect r i c uni ons shal l  have met al  
connect i ons on bot h ends.   The ends shal l  be t hr eaded,  f l anged,  or  br azed 
t o mat ch adj acent  pi pi ng.   The met al  par t s of  t he uni on shal l  be separ at ed 
so t hat  t he el ect r i cal  cur r ent  i s bel ow one per cent  of  t he gal vani c 
cur r ent  whi ch woul d exi st  upon met al - t o- met al  cont act .   Gasket s,  f l anges,  
and uni ons shal l  be i nst al l ed i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons.

Make f i nal  connect i ons t o equi pment  wi t h uni ons i nst al l ed ever y 100 f eet  
of  st r ai ght  r un.   I nst al l  uni ons i n t he l i ne downst r eam of  scr ewed-  and 
wel ded- end val ves.

Ream al l  pi pe ends bef or e j oi nt  connect i ons ar e made.

Make scr ewed j oi nt s wi t h speci f i ed j oi nt  compound wi t h not  mor e t han t hr ee 
t hr eads showi ng af t er  j oi nt  i s  made up.

Appl y j oi nt  compounds t o t he mal e t hr ead onl y and exer ci se car e t o pr event  
compound f r om r eachi ng t he unt hr eaded i nt er i or  of  t he pi pe.

I nst al l  scr ewed uni ons,  wel ded uni ons,  or  bol t ed f l anges wher ever  r equi r ed 
t o per mi t  conveni ent  r emoval  of  equi pment ,  val ves,  and pi pi ng accessor i es 
f r om t he pi pi ng syst em f or  mai nt enance.

Secur el y suppor t  pi pi ng syst ems wi t h due al l owance f or  t hr ust  f or ces,  
t her mal  expansi on and cont r act i on.   Do not  subj ect  t he syst em t o 
mechani cal ,  chemi cal ,  v i br at i onal  or  ot her  damage as speci f i ed i n 
ASME B31. 3.

Ensur e f i el d wel ded j oi nt s conf or m t o t he r equi r ement s of  t he AWS WHB- 2. 9,  
ASME B31. 3,  and ASME BPVC SEC I X.

Make pi pi ng syst ems but t  wel d j oi nt s wi t h backi ng r i ngs.   Use compat i bl e 
backi ng r i ng mat er i al s wi t h mat er i al s bei ng j oi ned.   Ensur e j oi nt  
conf i gur at i on conf or ms t o ASME B16. 25.

For  pol ypr opyl ene pi pe,  make f usi on- wel d j oi nt s i n accor dance wi t h t he 
pi pe and f i t t i ng manuf act ur er ' s speci f i cat i ons and pr oduct  st andar ds.   Use 
f usi on- wel d t ool i ng,  wel di ng machi nes,  and el ect r of usi on devi ces speci f i ed 
by t he pi pe and f i t t i ngs manuf act ur er .   Pr i or  t o j oi ni ng,  pr epar e t he pi pe 
and f i t t i ngs i n accor dance wi t h ASTM F2389 and t he manuf act ur er ' s 
speci f i cat i ons.   Ensur e j oi nt  pr epar at i on,  set t i ng and al i gnment ,  f usi on 
pr ocess,  cool i ng t i mes and wor ki ng pr essur e ar e i n accor dance wi t h t he 
pi pe and f i t t i ng manuf act ur er ' s speci f i cat i ons.

Accompl i sh pr eheat  and post heat  t r eat ment  of  wel ds i n accor dance wi t h 
ASME BPVC SEC I X and ASME B31. 3.

3. 2   VALVES

I nst al l  val ves i n pi pi ng mai ns and al l  br anches and at  equi pment  wher e 
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i ndi cat ed and as speci f i ed.

I nst al l  val ves t o per mi t  i sol at i on of  br anch pi pi ng and each equi pment  
i t em f r om t he bal ance of  t he syst em.

I nst al l  r i ser  and downcomer  dr ai ns above pi pi ng shut of f  val ves i n pi pi ng 
2- 1/ 2 i nches and l ar ger .   Tap and f i t  shut of f  val ve body wi t h a 1/ 2- i nch 
pl ugged gl obe val ve.

I nst al l  val ves unavoi dabl y l ocat ed i n f ur r ed or  ot her  nor mal l y 
i naccessi bl e pl aces wi t h access panel s adequat el y s i zed f or  t he l ocat i on 
and l ocat ed so t hat  conceal ed i t ems may be ser vi ced,  mai nt ai ned,  or  
r epl aced.

3. 3   SUPPORTI NG ELEMENTS I NSTALLATI ON

I nst al l  suppor t i ng el ement s i n accor dance wi t h t he r ef er enced codes and 
st andar ds.

Suppor t  pi pi ng f r om bui l di ng st r uct ur e.   Do not  suppor t  pi pi ng f r om r oof  
deck or  f r om ot her  pi pe.

Run pi pi ng par al l el  wi t h t he l i nes of  t he bui l di ng.   Space and i nst al l  
pi pi ng and component s so t hat  a t hr eaded pi pe f i t t i ng may be r emoved 
bet ween adj acent  pi pes and so t hat  t her e i s no l ess t han 1/ 2 i nch of  c l ear  
space bet ween t he f i ni shed sur f ace and ot her  wor k and bet ween t he f i ni shed 
sur f ace of  par al l el  adj acent  pi pi ng.   Ar r ange hangar s on di f f er ent  
adj acent  ser vi ce l i nes r unni ng par al l el  wi t h each ot her  i n l i ne wi t h each 
ot her  and par al l el  t o t he l i nes of  t he bui l di ng.

I nst al l  pi pi ng suppor t  el ement s at  i nt er val s speci f i ed her ei naf t er ,  at  
l ocat i ons not  mor e t han 3 f eet  f r om t he ends of  each r unout ,  and not  over  
1 f oot  f r om each change i n di r ect i on of  pi pi ng.

Base l oad r at i ng f or  al l  pi pe- hanger  suppor t s on i nsul at ed wei ght  of  l i nes 
f i l l ed wi t h wat er  and f or ces i mposed.   Def l ect i on per  span i s not  exceed 
sl ope gr adi ent  of  pi pe.   Ensur e suppor t s ar e i n accor dance wi t h t he 
f ol l owi ng mi ni mum r od si ze and maxi mum al l owabl e hanger  spaci ng f or  
speci f i ed pi pe.   For  concent r at ed l oads such as val ves,  r educe t he 
al l owabl e span pr opor t i onat el y:

            PI PE SI ZE         ROD SI ZE     STEEL PI PE     COPPER PI PE
             I NCHES            I NCHES         FEET           FEET

            1 and smal l er        3/ 8             8              6

            1- 1/ 4 t o 1- 1/ 2      3/ 8            10              8

            2                   3/ 8            10              8

            2- 1/ 2 t o 3- 1/ 2      1/ 2            12             12

            4 t o 5              5/ 8            16             14

            6                   3/ 4            16             16

            8 t o 12             7/ 8            20             20

            14 t o 18            1              20             20
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            PI PE SI ZE         ROD SI ZE     STEEL PI PE     COPPER PI PE
             I NCHES            I NCHES         FEET           FEET

            20 and over          1- 1/ 4          20             20

I nst al l  v i br at i on i sol at i on suppor t s wher e needed.   Ref er  t o Sect i on 
23 05 48. 00 40 VI BRATI ON AND SEI SMI C CONTROLS FOR HVAC PI PI NG AND 
EQUI PMENT wher e A/ C equi pment  and pi pi ng i s i nst al l ed.

Suppor t  ver t i cal  r i ser s i ndependent l y of  connect ed hor i zont al  pi pi ng,  
whenever  pr act i cabl e,  wi t h f i xed or  spr i ng suppor t s at  t he base and at  
i nt er val s t o accommodat e syst em r ange of  t her mal  condi t i ons.   Ensur e 
r i ser s have gui des f or  l at er al  st abi l i t y .   For  r i ser s subj ect  t o 
expansi on,  i nst al l  onl y one r i gi d suppor t  at  a poi nt  appr oxi mat el y 
one- t hi r d down f r om t he t op.   Pl ace cl amps under  f i t t i ngs unl ess ot her wi se 
speci f i ed.   Suppor t  car bon- st eel  pi pe at  each f l oor  and at  not  mor e t han 
15- f oot  i nt er val s f or  pi pe 2 i nches and smal l er  and at  not  mor e t han 
20- f oot  i nt er val s f or  pi pe 2- 1/ 2 i nches and l ar ger .

3. 4   PENETRATI ONS

I nst al l  ef f ect i ve sound st oppi ng and adequat e oper at i ng c l ear ance t o 
pr event  st r uct ur e cont act  wher e pi pi ng penet r at es wal l s,  f l oor s,  or  
cei l i ngs i nt o occupi ed spaces adj acent  t o equi pment  r ooms;  wher e s i mi l ar  
penet r at i ons occur  bet ween occupi ed spaces;  and wher e penet r at i ons occur  
f r om pi pe chases i nt o occupi ed spaces.   Occupi ed spaces i ncl ude space 
above cei l i ngs wher e no speci al  acoust i c t r eat ment  of  cei l i ng i s pr ovi ded.  
Fi ni sh penet r at i ons t o be compat i bl e wi t h sur f ace bei ng penet r at ed.

Accompl i sh sound st oppi ng and vapor - bar r i er  seal i ng of  pi pe shaf t s and 
l ar ge f l oor  and wal l  openi ngs by packi ng t o hi gh densi t y wi t h pr oper l y 
suppor t ed f i br ous- gl ass i nsul at i on or ,  wher e ambi ent  or  sur f ace 
t emper at ur es do not  exceed 120 degr ees F,  by f oami ng- i n- pl ace wi t h 
sel f - ext i ngui shi ng,  2- pound densi t y pol yur et hane f oam t o a dept h not  l ess 
t han 6 i nches.   Fi ni sh f oam wi t h a r asp.   Ensur e vapor  bar r i er  i s  not  l ess 
t han 1/ 8- i nch t hi ck v i nyl  coat i ng appl i ed t o v i s i bl e and accessi bl e 
sur f aces.   Wher e hi gh t emper at ur es and f i r e st oppi ng ar e a consi der at i on,  
use onl y mi ner al  wool  wi t h openi ngs cover ed by 16- gage sheet  met al .

3. 5   SLEEVES

I nst al l  s l eeves wher e pi pi ng passes t hr ough r oof s,  masonr y,  concr et e wal l s 
and f l oor s.

Cont i nuousl y wel d s l eeves passi ng t hr ough st eel  decks t o t he deck.

Ensur e s l eeves t hat  ext end t hr ough f l oor s,  r oof s,  l oad bear i ng wal l s,  and 
f i r e bar r i er s ar e cont i nuous and f abr i cat ed f r om Schedul e 40 st eel  pi pe,  
wi t h wel ded anchor  l ugs.   For m al l  ot her  s l eeves by mol ded l i near  
pol yet hyl ene l i ner s or  s i mi l ar  mat er i al s t hat  ar e r emovabl e.  Ensur e 
di amet er  of  s l eeves i s l ar ge enough t o accommodat e pi pe,  i nsul at i on,  and 
j acket i ng wi t hout  t ouchi ng t he sl eeve and pr ovi des a mi ni mum 3/ 8- i nch 
cl ear ance.   I nst al l  a s l eeve si ze t o accommodat e mechani cal  and t her mal  
mot i on of  pi pe pr ecl udi ng t r ansmi ssi on of  v i br at i on t o wal l s and t he 
gener at i on of  noi se.

Pack t he space bet ween a pi pe,  bar e or  i nsul at ed,  and t he i nsi de of  a pi pe 
sl eeve or  a const r uct i on sur f ace penet r at i on sol i d wi t h a mi ner al  f i ber  
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conf or mi ng t o ASTM C553 Type V ( f l exi bl e bl anket ) ,  t o 1, 000 degr ees F.   
I nst al l  t hi s packi ng wher ever  t he pi pi ng passes t hr ough f i r ewal l s,  
equi pment  r oom wal l s,  f l oor s,  and cei l i ngs connect ed t o occupi ed spaces,  
and ot her  l ocat i ons wher e sl eeves or  const r uct i on- sur f ace penet r at i ons 
occur  bet ween occupi ed spaces.   Wher e sl eeves or  const r uct i on sur f ace 
penet r at i ons occur  bet ween condi t i oned and uncondi t i oned spaces,  f i l l  t he 
space bet ween a pi pe,  bar e or  i nsul at ed,  and t he i nsi de of  a pi pe sl eeve 
or  const r uct i on sur f ace penet r at i on wi t h an el ast omer  caul k t o a dept h of  
1/ 2 i nch.   Ensur e al l  caul ked sur f aces ar e oi l -  and gr ease- f r ee.

Ensur e t hr ough- penet r at i on f i r e st op mat er i al s and met hods ar e i n 
accor dance wi t h ASTM E814 and UL 1479.

Caul k ext er i or  wal l  s l eeves wat er t i ght  wi t h l ead and oakum or  mechani cal l y 
expandabl e chl or opr ene i nser t s wi t h mast i c- seal ed met al  component s.

Ensur e s l eeve hei ght  above r oof  sur f ace i s a mi ni mum of  12 and a maxi mum of
 18- i nches.

3. 6   ESCUTCHEONS

I nst al l  escut cheons at  al l  penet r at i ons of  pi pi ng i nt o f i ni shed ar eas.   
Wher e f i ni shed ar eas ar e separ at ed by par t i t i ons t hr ough whi ch pi pi ng 
passes,  i nst al l  escut cheons on bot h s i des of  t he par t i t i on.   Wher e 
suspended cei l i ngs ar e i nst al l ed,  i nst al l  pl at es at  t he under si de onl y of  
such cei l i ngs.   For  i nsul at ed pi pes,  sel ect  pl at es l ar ge enough t o f i t  
ar ound t he i nsul at i on.   Use chr ome- pl at ed escut cheons i n al l  occupi ed 
spaces and of  s i ze suf f i c i ent  t o ef f ect i vel y conceal  openi ngs i n bui l di ng 
const r uct i on.   Fi r ml y at t ach escut cheons wi t h set scr ews.

3. 7   FLASHI NGS

I nst al l  f l ashi ngs at  penet r at i ons of  bui l di ng boundar i es by mechani cal  
syst ems and r el at ed wor k.

3. 8   UNDERGROUND PI PI NG I NSTALLATI ON

Pr i or  t o bei ng l ower ed i nt o a t r ench,  c l ean al l  pi pi ng,  v i sual l y i nspect ed 
f or  appar ent  def ect s,  and t apped wi t h a hammer  t o audi bl y det ect  hi dden 
def ect s.

Fur t her  i nspect  suspect  cast - f er r ous pi pi ng by pai nt i ng wi t h ker osene on 
ext er nal  sur f aces t o r eveal  cr acks.

Di st i nct l y mar k def ect i ve mat er i al s f ound usi ng a r oad- t r af f i c  qual i t y 
yel l ow pai nt ;  pr ompt l y r emove def ect i ve mat er i al  f r om t he si t e.

Af t er  condui t  has been i nspect ed,  and not  l ess t han 48 hour s pr i or  t o 
bei ng l ower ed i nt o a t r ench,  coat  al l  ext er nal  sur f aces of  cast  f er r ous 
condui t  wi t h a compat i bl e bi t umi nous coat i ng f or  pr ot ect i on agai nst  
br acki sh gr ound wat er .   Appl y a s i ngl e coat ,  i n accor dance wi t h t he 
manuf act ur er ' s i nst r uct i ons,  t o r esul t  i n a dr y- f i l m t hi ckness of  not  l ess 
t han 12 mi l s.

Ensur e excavat i ons ar e dr y and cl ear  of  ext r aneous mat er i al s when pi pe i s 
bei ng l ai d.

Use wheel  cut t er s f or  cut t i ng of  pi pi ng or  ot her  machi nes desi gned 
speci f i cal l y f or  t hat  pur pose.   El ect r i c- ar c and oxyacet yl ene cut t i ng i s 
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not  per mi t t ed.

Begi n l ayi ng of  pi pe at  t he l ow poi nt  of  a syst em.   When i n f i nal  
accept ance posi t i on,  ensur e i t  i s  t r ue t o t he gr ades and al i gnment  
i ndi cat ed,  wi t h unbr oken cont i nui t y of  i nver t .   Bl ocki ng and wedgi ng i s 
not  per mi t t ed.

Poi nt  bel l  or  gr ooved ends of  pi pi ng upst r eam.

Make changes i n di r ect i on wi t h l ong sweep f i t t i ngs.

I nst al l  necessar y socket  c l ampi ng,  pi er s,  bases,  anchor s,  and t hr ust  
bl ocki ng.   Pr ot ect  r ods,  c l amps,  and bol t i ng wi t h a coat i ng of  bi t umen.

Suppor t  under gr ound pi pi ng bel ow suppor t ed or  suspended sl abs f r om t he 
sl ab wi t h a mi ni mum of  t wo suppor t s per  l engt h of  pi pe.   Pr ot ect  suppor t s 
wi t h a coat i ng of  bi t umen.

On excavat i ons t hat  occur  near  and bel ow bui l di ng f oot i ngs,  i nst al l  
backf i l l i ng mat er i al  consi st i ng of  2, 000- psi  cur ed compr essi ve- st r engt h 
concr et e pour ed or  pr essur e- gr out ed up t o t he l evel  of  t he f oot i ng.

Pr oper l y suppor t  ver t i cal  downspout s;  soi l ,  wast e,  and vent  st acks;  wat er  
r i ser s;  and si mi l ar  wor k on appr oved pi er s at  t he base and pr ovi ded wi t h 
appr oved st r uct ur al  suppor t s at t ached t o bui l di ng const r uct i on.

Pr ovi de cl eanout ,  f l ushi ng,  and obser vat i on r i ser s.

3. 9   HEAT TRACE CABLE I NSTALLATI ON

Fi el d appl y heat er  t ape and cut  t o f i t  as necessar y,  l i near l y al ong t he 
l engt h of  pi pe af t er  pi pi ng has been pr essur e t est ed and appr oved by t he 
Cont r act i ng Of f i cer .   Secur e t he heat er  t o pi pi ng wi t h cabl e t i es .   Label  
t her mal  i nsul at i on on t he out si de,  " El ect r i cal  Heat  Tr ace. "

I nst al l  power  connect i on,  end seal s,  spl i ce k i t s and t ee ki t  component s i n 
accor dance wi t h I EEE 515 t o pr ovi de a compl et e wor kabl e syst em.   Ter mi nat e 
connect i on t o t he t her most at  and ends of  t he heat  t ape i n a j unct i on box.   
Ensur e cabl e and condui t  connect i ons ar e r ai nt i ght .

3. 10   DI SI NFECTI ON

Di si nf ect  wat er  pi pi ng,  i ncl udi ng al l  val ves,  f i t t i ngs,  and ot her  devi ces,  
wi t h a sol ut i on of  chl or i ne and wat er .   Ensur e t he sol ut i on cont ai ns not  
l ess t han 50 par t s per  mi l l i on ( ppm)  of  avai l abl e chl or i ne.   Hol d sol ut i on 
f or  a per i od of  not  l ess t han 8 hour s,  af t er  whi ch t he sol ut i on cont ai ns 
not  l ess t han 10 ppm of  avai l abl e chl or i ne or  r edi s i nf ect  t he pi pi ng.   
Af t er  successf ul  st er i l i zat i on,  t hor oughl y f l ush t he pi pi ng bef or e pl aci ng 
i nt o ser vi ce.   Fl ushi ng i s compl et e when t he f l ush wat er  cont ai ns l ess 
t han 0. 5 ppm of  avai l abl e chl or i ne.   Wat er  f or  di s i nf ect ed wi l l  be 
f ur ni shed by t he Gover nment .   Appr ove di sposal  of  cont ami nat ed f l ush wat er  
i n accor dance wi t h wr i t t en i nst r uct i ons r ecei ved f r om t he Envi r onment al  
aut hor i t y havi ng j ur i sdi ct i on t hr ough t he Cont r act i ng Of f i cer  and al l  
l ocal ,  St at e and Feder al  Regul at i ons.

3. 11   HEAT TRACE CABLE TESTS

Test  heat  t r ace cabl e syst em i n accor dance wi t h I EEE 515 af t er  
i nst al l at i on and bef or e and af t er  i nst al l at i on of  t he t her mal  i nsul at i on.   
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Test  heat er  cabl e usi ng a 1000 vdc megger .   Mi ni mum i nsul at i on r esi st ance 
i s 20 t o 1000 megohms r egar dl ess of  cabl e l engt h.

3. 12   OPERATI ON AND MAI NTENANCE

Pr ovi de Oper at i on and Mai nt enance Manual s consi st ent  wi t h manuf act ur er ' s 
st andar d br ochur es,  schemat i cs,  pr i nt ed i nst r uct i ons,  gener al  oper at i ng 
pr ocedur es and saf et y pr ecaut i ons.   Submi t  t est  dat a t hat  i s  c l ear  and 
r eadi l y l egi bl e.

3. 13   PAI NTI NG OF NEW EQUI PMENT

Fact or y or  shop appl y new equi pment  pai nt i ng,  as speci f i ed her ei n,  and 
pr ovi ded under  each i ndi v i dual  sect i on.

3. 13. 1   Fact or y Pai nt i ng Syst ems

Manuf act ur er ' s st andar d f act or y pai nt i ng syst ems may be pr ovi ded subj ect  
t o cer t i f i cat i on t hat  t he f act or y pai nt i ng syst em appl i ed wi t hst ands 125 
hour s i n a sal t - spr ay f og t est ,  except  t hat  equi pment  l ocat ed out door s 
wi t hst and 500 hour s i n a sal t - spr ay f og t est .   Conduct  sal t - spr ay f og t est  
i s  i n accor dance wi t h ASTM B117,  and f or  t hat  t est  t he accept ance cr i t er i a 
i s as f ol l ows:   i mmedi at el y af t er  compl et i on of  t he t est ,  t he i nspect ed 
pai nt  shows no si gns of  bl i s t er i ng,  wr i nkl i ng,  or  cr acki ng,  and no l oss of  
adhesi on;  and t he speci men shows no si gns of  r ust  cr eepage beyond 0. 125 
i nch on ei t her  s i de of  t he scr at ch mar k.

Ensur e t he f i l m t hi ckness of  t he f act or y pai nt i ng syst em appl i ed on t he 
equi pment  i s not  l ess t han t he f i l m t hi ckness used on t he t est  speci men.   
I f  manuf act ur er ' s st andar d f act or y pai nt i ng syst em i s bei ng pr oposed f or  
use on sur f aces subj ect  t o t emper at ur es above 120 degr ees F,  desi gn t he 
f act or y pai nt i ng syst em f or  t he t emper at ur e ser vi ce.

3. 13. 2   Shop Pai nt i ng Syst ems f or  Met al  Sur f aces

Cl ean,  pr et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  c l ean t o bar e 
met al ,  sur f aces subj ect  t o t emper at ur es i n excess of  120 degr ees F.

Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he second coat  
af t er  t he pr ecedi ng coat  i s t hor oughl y dr y.   Li ght l y sand damaged pai nt i ng 
and r et ouch bef or e appl y i ng t he succeedi ng coat .   Sel ect ed col or  of  f i ni sh 
coat  i s al umi num or  l i ght  gr ay.

a.   Temper at ur es Less Than 120 Degr ees F:   I mmedi at el y af t er  c l eani ng,  t he 
met al  sur f aces subj ect  t o t emper at ur es l ess t han 120 degr ees F 
r ecei ves one coat  of  pr et r eat ment  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  0. 3 mi l ,  one coat  of  pr i mer  appl i ed t o a mi ni mum dr y f i l m 
t hi ckness of  one mi l ;  and t wo coat s of  enamel  appl i ed t o a mi ni mum dr y 
f i l m t hi ckness of  one mi l  per  coat .

b.   Temper at ur es Bet ween 120 and 400 Degr ees F:   Met al  sur f aces subj ect  t o 
t emper at ur es bet ween 120 and 400 degr ees F Recei ves t wo coat s of  400 
degr ees F heat - r esi st i ng enamel  appl i ed t o a t ot al  mi ni mum t hi ckness of
 2 mi l s.

c.   Temper at ur es Gr eat er  Than 400 Degr ees F:   Met al  sur f aces subj ect  t o 
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t emper at ur es gr eat er  t han 400 degr ees F r ecei ves t wo coat s of  600 
degr ees F heat - r esi st i ng pai nt  appl i ed t o a t ot al  mi ni mum dr y f i l m 
t hi ckness of  2 mi l s.

        - -  End of  Sect i on - -
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SECTI ON 23 05 93

TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC
11/ 15

PART 1   GENERAL

1. 1   REFERENCES

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

ACOUSTI CAL SOCI ETY OF AMERI CA ( ASA)

ASA S1. 4 ( 1983;  Amendment  1985;  R 2006)  
Speci f i cat i on f or  Sound Level  Met er s ( ASA 
47)

ASA S1. 11 PART 1 ( 2014)  Amer i can Nat i onal  St andar d 
El ect r oacoust i cs – Oct ave- Band and 
Fr act i onal - Oct ave- Band Fi l t er s – Par t  1:  
Speci f i cat i ons

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE HVAC APP I P HDBK ( 2016)  HVAC Appl i cat i ons Handbook,  I - P 
Edi t i on

ASSOCI ATED AI R BALANCE COUNCI L ( AABC)

AABC MN- 1 ( 2002;  6t h ed)  Nat i onal  St andar ds f or  
Tot al  Syst em Bal ance

AABC MN- 4 ( 1996)  Test  and Bal ance Pr ocedur es

NATI ONAL ENVI RONMENTAL BALANCI NG BUREAU ( NEBB)

NEBB MASV ( 2006)  Pr ocedur al  St andar ds f or  
Measur ement s and Assessment  of  Sound and 
Vi br at i on

NEBB PROCEDURAL STANDARDS ( 2015)  Pr ocedur al  St andar ds f or  TAB 
( Test i ng,  Adj ust i ng and Bal anci ng)  
Envi r onment al  Syst ems

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1780 ( 2002)  HVAC Syst ems -  Test i ng,  Adj ust i ng 
and Bal anci ng,  3r d Edi t i on

SMACNA 1858 ( 2004)  HVAC Sound And Vi br at i on Manual  -  
Fi r st  Edi t i on

SMACNA 1972 CD ( 2012)  HVAC Ai r  Duct  Leakage Test  Manual  -  
2nd Edi t i on
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1. 2   DEFI NI TI ONS

a.   AABC:   Associ at ed Ai r  Bal ance Counci l

b.   COTR:   Cont r act i ng Of f i cer ' s Techni cal  Repr esent at i ve

c.   DALT:   Duct  ai r  l eakage t est

d.   DALT' d:   Duct  ai r  l eakage t est ed

e.   HVAC:   Heat i ng,  vent i l at i ng,  and ai r  condi t i oni ng;  or  heat i ng,  
vent i l at i ng,  and cool i ng

f .   NEBB:   Nat i onal  Envi r onment al  Bal anci ng Bur eau

g.   Out - of - t ol er ance dat a:   Per t ai ns onl y t o f i el d accept ance t est i ng of  
Fi nal  DALT or  TAB r epor t .   When appl i ed t o DALT wor k,  t hi s phase 
means   When appl i ed t o TAB wor k t hi s phase means " a measur ement  t aken 
dur i ng TAB f i el d accept ance t est i ng whi ch does not  f al l  wi t hi n t he 
r ange of  pl us 5 t o mi nus 5 per cent  of  t he or i gi nal  measur ement  
r epor t ed on t he TAB Repor t  f or  a speci f i c  par amet er . "

h.   Season of  maxi mum heat i ng l oad:   The t i me of  year  when t he out door  
t emper at ur e at  t he pr oj ect  s i t e r emai ns wi t hi n pl us or  mi nus 30 
degr ees Fahr enhei t  of  t he pr oj ect  s i t e' s wi nt er  out door  desi gn 
t emper at ur e,  t hr oughout  t he per i od of  TAB dat a r ecor di ng.

i .   Season of  maxi mum cool i ng l oad:   The t i me of  year  when t he out door  
t emper at ur e at  t he pr oj ect  s i t e r emai ns wi t hi n pl us or  mi nus 5 degr ees 
Fahr enhei t  of  t he pr oj ect  s i t e' s summer  out door  desi gn t emper at ur e,  
t hr oughout  t he per i od of  TAB dat a r ecor di ng.

j .   Season 1,  Season 2:   Dependi ng upon when t he pr oj ect  HVAC i s compl et ed 
and r eady f or  TAB,  Season 1 i s def i ned,  t her eby def i ni ng Season 2.   
Season 1 coul d be t he season of  maxi mum heat i ng l oad,  or  t he season of  
maxi mum cool i ng l oad.

k.   Sound measur ement s t er mi nol ogy:   Def i ned i n AABC MN- 1,  NEBB MASV,  or  
SMACNA 1858 ( TABB) .

l .   TAB:   Test i ng,  adj ust i ng,  and bal anci ng ( of  HVAC syst ems)

m.   TAB' d:   HVAC Test i ng/ Adj ust i ng/ Bal anci ng pr ocedur es per f or med

n.   TAB Agency:   TAB Fi r m
r .   TABB:   Test i ng Adj ust i ng and Bal anci ng Bur eau

1. 2. 1   Si mi l ar  Ter ms

I n some i nst ances,  t er mi nol ogy di f f er s bet ween t he Cont r act  and t he TAB 
St andar d pr i mar i l y because t he i nt ent  of  t hi s Sect i on i s t o use t he 
i ndust r y st andar ds speci f i ed,  al ong wi t h addi t i onal  r equi r ement s l i s t ed 
her ei n t o pr oduce opt i mal  r esul t s.

The f ol l owi ng t abl e of  s i mi l ar  t er ms i s pr ovi ded f or  c l ar i f i cat i on onl y.   
Cont r act  r equi r ement s t ake pr ecedent  over  t he cor r espondi ng AABC,  NEBB,  or  
TABB r equi r ement s wher e di f f er ences exi st .
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SI MI LAR TERMS

Cont r act  Ter m AABC Ter m NEBB Ter m TABB Ter m

TAB St andar d Nat i onal  St andar ds 
f or  Test i ng and 
Bal anci ng Heat i ng,  
Vent i l at i ng,  and Ai r  
Condi t i oni ng Syst ems

Pr ocedur al  St andar ds 
f or  Test i ng,  
Adj ust i ng and 
Bal anci ng of  
Envi r onment al  Syst ems

I nt er nat i onal  
St andar ds f or  
Envi r onment al  
Syst ems Bal ance

TAB Speci al i st TAB Engi neer TAB Super vi sor TAB Super vi sor

Syst ems Readi ness 
Check

Const r uct i on Phase 
I nspect i on

Fi el d Readi ness 
Check & Pr el i mi nar y 
Fi el d Pr ocedur es

Fi el d Readi ness 
Check & Pr el i m.  
Fi el d Pr ocedur es

1. 3   WORK DESCRI PTI ON 

The wor k i ncl udes duct  ai r  l eakage t est i ng ( DALT)  and t est i ng,  adj ust i ng,  
and bal anci ng ( TAB)  of  new heat i ng,  vent i l at i ng,  and cool i ng ( HVAC)  ai r  
di st r i but i on syst ems i ncl udi ng equi pment  and per f or mance dat a,  duct s,  and 
pi pi ng whi ch ar e l ocat ed wi t hi n,  on,  under ,  bet ween,  and adj acent  t o 
bui l di ngs.

Per f or m TAB i n accor dance wi t h t he r equi r ement s of  t he TAB pr ocedur al  
st andar d r ecommended by t he TAB t r ade associ at i on t hat  appr oved t he TAB 
Fi r m' s qual i f i cat i ons.   Compl y wi t h r equi r ement s of  AABC MN- 1,  
NEBB PROCEDURAL STANDARDS,  or  SMACNA 1780 ( TABB)  as suppl ement ed and 
modi f i ed by t hi s speci f i cat i on sect i on.   Al l  r ecommendat i ons and suggest ed 
pr act i ces cont ai ned i n t he TAB pr ocedur al  st andar ds ar e consi der ed 
mandat or y.

Conduct  DALT and TAB of  t he i ndi cat ed exi st i ng syst ems and equi pment  and 
submi t  t he speci f i ed DALT and TAB r epor t s f or  appr oval .   Conduct  DALT 
t est i ng i n compl i ance wi t h t he r equi r ement s speci f i ed i n SMACNA 1972 CD,  
except  as suppl ement ed and modi f i ed by t hi s sect i on.   Conduct  DALT and TAB 
wor k i n accor dance wi t h t he r equi r ement s of  t hi s sect i on.

1. 3. 1   Ai r  Di st r i but i on Syst ems

Test ,  adj ust ,  and bal ance syst em ( TAB)  i n compl i ance wi t h t hi s sect i on.   
Obt ai n Cont r act i ng Of f i cer ' s wr i t t en appr oval  bef or e appl y i ng i nsul at i on 
t o ext er i or  of  ai r  di st r i but i on syst ems as speci f i ed under  Sect i on 23 07 00
 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

1. 3. 2   Wat er  Di st r i but i on Syst ems

TAB syst em i n compl i ance wi t h t hi s sect i on.   Obt ai n Cont r act i ng Of f i cer ' s 
wr i t t en appr oval  bef or e appl y i ng i nsul at i on t o wat er  di st r i but i on syst ems 
as speci f i ed under  Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL 
SYSTEMS.   At  Cont r act or ' s opt i on and wi t h Cont r act i ng Of f i cer ' s wr i t t en 
appr oval ,  t he pi pi ng syst ems may be i nsul at ed bef or e syst ems ar e TAB' d.

Ter mi nat e pi pi ng i nsul at i on i mmedi at el y adj acent  t o each f l ow cont r ol  
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val ve,  aut omat i c cont r ol  val ve,  or  devi ce.   Seal  t he ends of  pi pe 
i nsul at i on and t he space bet ween ends of  pi pe i nsul at i on and pi pi ng,  wi t h 
wat er pr oof  vapor  bar r i er  coat i ng.

Af t er  compl et i on of  wor k under  t hi s sect i on,  i nsul at e t he f l ow cont r ol  
val ves and devi ces as speci f i ed under  Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.

1. 3. 3   TAB SCHEMATI C DRAWI NGS

Show t he f ol l owi ng i nf or mat i on on TAB Schemat i c Dr awi ngs:

1.   A uni que number  or  mar k f or  each pi ece of  equi pment  or  t er mi nal .

2.   Ai r  quant i t i es at  ai r  t er mi nal s.

3.   Ai r  quant i t i es and t emper at ur es i n ai r  handl i ng uni t  schedul es.

4.   Wat er  quant i t i es and t emper at ur es i n t her mal  ener gy t r ansf er  equi pment  
schedul es.

5.   Wat er  quant i t i es and heads i n pump schedul es.

6.   Wat er  f l ow measur ement  f i t t i ngs and bal anci ng f i t t i ngs.

7.   Duct wor k Const r uct i on and Leakage Test i ng Tabl e t hat  def i nes t he DALT 
t est  r equi r ement s,  i ncl udi ng each appl i cabl e HVAC duct  syst em I D or  
mar k,  duct  pr essur e c l ass,  duct  seal  c l ass,  and duct  l eakage t est  
pr essur e.   Thi s t abl e i s i ncl uded i n t he f i l e f or  Gr aphi cs f or  Uni f i ed 
Faci l i t i es Gui de Speci f i cat i ons:
ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ f or ms- gr aphi cs- t abl es

Submi t  t hr ee copi es of  t he TAB Schemat i c Dr awi ngs and Repor t  For ms t o t he 
Cont r act i ng Of f i cer ,  no l at er  t han 21 days pr i or  t o t he st ar t  of  TAB f i el d 
measur ement s.

1. 3. 4   Rel at ed Requi r ement s

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

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

SD- 02 Shop Dr awi ngs

TAB Schemat i c Dr awi ngs and Repor t  For ms;  G

SD- 03 Pr oduct  Dat a
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Equi pment  and Per f or mance Dat a;  G

SD- 06 Test  Repor t s

Compl et ed Pr e- Fi nal  DALT Repor t ;  G

Cer t i f i ed Fi nal  DALT Repor t ;  G

SD- 07 Cer t i f i cat es

I ndependent  TAB Agency and Per sonnel  Qual i f i cat i ons;  G

1. 5   QUALI TY ASSURANCE

1. 5. 1   I ndependent  TAB Agency and Per sonnel  Qual i f i cat i ons

To secur e appr oval  f or  t he pr oposed agency,  submi t  i nf or mat i on cer t i f y i ng 
t hat  t he TAB agency i s a f i r st  t i er  subcont r act or  who i s not  af f i l i at ed 
wi t h any ot her  company par t i c i pat i ng i n wor k on t hi s cont r act ,  i ncl udi ng 
desi gn,  f ur ni shi ng equi pment ,  or  const r uct i on.   Fur t her ,  submi t  t he 
f ol l owi ng,  f or  t he agency,  t o Cont r act i ng Of f i cer  f or  appr oval :  

a.   I ndependent  AABC or  NEBB or  TABB TAB agency:

    TAB agency:   AABC r egi st r at i on number  and expi r at i on dat e of  
cur r ent  cer t i f i cat i on;  or  NEBB cer t i f i cat i on number  and expi r at i on 
dat e of  cur r ent  cer t i f i cat i on;  or  TABB cer t i f i cat i on number  and 
expi r at i on dat e of  cur r ent  cer t i f i cat i on.

    TAB t eam super vi sor :   Name and copy of  AABC or  NEBB or  TABB TAB 
super vi sor  cer t i f i cat e and expi r at i on dat e of  cur r ent  
cer t i f i cat i on.

    TAB t eam f i el d l eader :   Name and document ed evi dence t hat  t he t eam 
f i el d l eader  has sat i sf act or i l y  per f or med f ul l - t i me super vi s i on of  
TAB wor k i n t he f i el d f or  not  l ess t han 3 year s i mmedi at el y 
pr ecedi ng t hi s cont r act ' s bi d openi ng dat e.

    TAB t eam f i el d t echni c i ans:   Names and document ed evi dence t hat  
each f i el d t echni c i an has sat i sf act or i l y  assi st ed a TAB t eam f i el d 
l eader  i n per f or mance of  TAB wor k i n t he f i el d f or  not  l ess t han 
one year  i mmedi at el y pr ecedi ng t hi s cont r act ' s bi d openi ng dat e.

    Cur r ent  cer t i f i cat es:   Regi st r at i ons and cer t i f i cat i ons ar e 
cur r ent ,  and val i d f or  t he dur at i on of  t hi s cont r act .   Renew 
Cer t i f i cat i ons whi ch expi r e pr i or  t o compl et i on of  t he TAB wor k,  
i n a t i mel y manner  so t hat  t her e i s no l apse i n r egi st r at i on or  
cer t i f i cat i on.   TAB agency or  TAB t eam per sonnel  wi t hout  a cur r ent  
r egi st r at i on or  cur r ent  cer t i f i cat i on ar e not  t o per f or m TAB wor k 
on t hi s cont r act .
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b.   TAB Team Member s:   TAB t eam appr oved t o accompl i sh wor k on t hi s 
cont r act  ar e f ul l - t i me empl oyees of  t he TAB agency.   No ot her  
per sonnel  i s  al l owed t o do TAB wor k on t hi s cont r act .

c.   Repl acement  of  TAB t eam member s:   Repl acement  of  member s may occur  i f  
each new member  compl i es wi t h t he appl i cabl e per sonnel  qual i f i cat i ons 
and each i s appr oved by t he Cont r act i ng Of f i cer .

PART 2   PRODUCTS

Not  Used

PART 3   EXECUTI ON

3. 1   WORK DESCRI PTI ONS OF PARTI CI PANTS

Compl y wi t h r equi r ement s of  t hi s sect i on.

3. 2   PRE- DALT/ TAB MEETI NG

Meet  wi t h t he Cont r act i ng Of f i cer ' s t echni cal  r epr esent at i ve ( COTR)  t o 
devel op a mut ual  under st andi ng r el at i ve t o t he det ai l s of  t he DALT wor k 
and TAB wor k r equi r ement s.   Ensur e t hat  t he TAB super vi sor  i s pr esent  at  
t hi s meet i ng.   Requi r ement s t o be di scussed i ncl ude r equi r ed submi t t al s,  
wor k schedul e,  and f i el d qual i t y cont r ol .

3. 3   DALT PROCEDURES

3. 3. 1   I nst r ument s,  Consumabl es and Per sonnel   

Pr ovi de i nst r ument s,  consumabl es and per sonnel  r equi r ed t o accompl i sh t he 
DALT f i el d wor k.   Fol l ow t he same basi c pr ocedur e speci f i ed bel ow f or  TAB 
Fi el d Wor k,  i ncl udi ng mai nt enance and cal i br at i on of  i nst r ument s,  accur acy 
of  measur ement s,  pr el i mi nar y pr ocedur es,  f i el d wor k,  wor kmanshi p and 
t r eat ment  of  def i c i enci es.   Cal i br at e and mai nt ai n i nst r ument s i n 
accor dance wi t h manuf act ur er ' s wr i t t en pr ocedur es.

3. 3. 2   [ Ent er  Appr opr i at e Subpar t  Ti t l e Her e]

On compl et i on of  t he i nst al l at i on of  each duct  syst em i ndi cat ed t o be 
DALT' d,  not i f y t he Cont r act i ng Of f i cer  i n wr i t i ng pr i or  t o t he COTR' s duct  
sel ect i on f i el d v i s i t .

3. 3. 3   Duct wor k To Be DALT' d

Fr om each duct  syst em i ndi cat ed as subj ect  t o DALT,  t he COTR wi l l  r andoml y 
sel ect  sect i ons of  each compl et ed duct  syst em f or  t est i ng by t he 
Cont r act or ' s TAB Fi r m.   The sect i ons sel ect ed wi l l  not  exceed 20 per cent  
of  t he t ot al  measur ed l i near  f oot age of  duct  syst ems i ndi cat ed as subj ect  
t o DALT.   Sect i ons of  duct  syst ems subj ect  t o DALT wi l l  i ncl ude 20 per cent  
of  mai n duct s,  br anch mai n duct s,  br anch duct s and pl enums f or  suppl y,  
r et ur n,  exhaust ,  and pl enum duct wor k.

3. 3. 4   DALT Test i ng

Per f or m DALT on t he HVAC duct  sect i ons of  each syst em as sel ect ed by t he 
COTR.   Use t he duct  c l ass,  seal  c l ass,  l eakage cl ass and t he l eak t est  
pr essur e dat a i ndi cat ed on t he dr awi ngs,  t o compl y wi t h t he pr ocedur es 
speci f i ed i n SMACNA 1972 CD.
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I n spi t e of  speci f i cat i ons of  SMACNA 1972 CD t o t he cont r ar y,  DALT 
duct wor k of  const r uct i on c l ass of  3- i nch wat er  gauge st at i c pr essur e and 
bel ow i f  i ndi cat ed t o be DALT' d.   Compl et e DALT wor k on t he COTR sel ect ed 
duct wor k wi t hi n 48 hour s af t er  t he par t i cul ar  duct wor k was sel ect ed f or  
DALT.   Separ at el y conduct  DALT wor k f or  l ar ge duct  syst ems t o enabl e t he 
DALT wor k t o be compl et ed i n 48 hour s.

3. 3. 5   Compl et ed Pr e- Fi nal  DALT Repor t

3. 3. 6   Qual i t y Assur ance -  COTR DALT Fi el d Accept ance Test i ng

I n t he pr esence of  t he COTR and TAB t eam f i el d l eader ,  ver i f y f or  accur acy 
Pr e- f i nal  DALT Repor t  dat a sel ect ed by t he COTR.   For  each duct  syst em,  
t hi s accept ance t est i ng shal l  be conduct ed on  a maxi mum of  50 per cent  of  
t he duct  sect i ons DALT' d.

Fur t her ,  i f  any dat a on t he Pr e- f i nal  DALT r epor t  f or m f or  a gi ven duct  
sect i on i s out - of - t ol er ance,  t hen f i el d accept ance t est i ng shal l  be 
conduct ed on dat a f or  one addi t i onal  duct  sect i on,  pr ef er abl y i n t he same 
duct  syst em,  i n t he pr esence of  t he COTR.

3. 3. 7   Addi t i onal  COTR Fi el d Accept ance Test i ng

I f  any of  t he duct  sect i ons checked f or  a gi ven syst em ar e det er mi ned t o 
have a l eakage r at e measur ed t hat  exceeds t he l eakage r at e al l owed by 
SMACNA Leak Test  Manual  f or  an i ndi cat ed duct  const r uct i on c l ass and 
seal ant  c l ass,  t er mi nat e dat a checki ng f or  t hat  sect i on.   The associ at ed 
Pr e- f i nal  DALT Repor t  dat a f or  t he gi ven duct  syst em wi l l  be di sappr oved.   
Make t he necessar y cor r ect i ons and pr epar e a r evi sed Pr e- f i nal  DALT 
Repor t .   Reschedul e a f i el d check of  t he r evi sed r epor t  dat a wi t h t he COTR.

3. 3. 8   Cer t i f i ed Fi nal  DALT Repor t

3. 3. 9   Pr er equi s i t e f or  TAB Fi el d Wor k

Do not  commence TAB f i el d wor k pr i or  t o t he compl et i on and appr oval ,  f or  
al l  syst ems,  of  t he Fi nal  DALT Repor t .

3. 4   TAB PROCEDURES

3. 4. 1   TAB Fi el d Wor k

Test ,  adj ust ,  and bal ance t he HVAC syst ems  unt i l  measur ed f l ow r at es ( ai r  
and wat er  f l ow)  ar e wi t hi n pl us or  mi nus 5 per cent  of  t he desi gn f l ow 
r at es as speci f i ed or  i ndi cat ed on t he cont r act  document s.

That  i s,  compl y wi t h t he t he r equi r ement s of  AABC MN- 1  or  SMACNA 1780 
( TABB)  and SMACNA 1858 ( TABB) , except  as suppl ement ed and modi f i ed by t hi s 
sect i on.

Pr ovi de i nst r ument s and consumabl es r equi r ed t o accompl i sh t he TAB wor k.   
Cal i br at e and mai nt ai n i nst r ument s i n accor dance wi t h manuf act ur er ' s 
wr i t t en pr ocedur es.
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Test ,  adj ust ,  and bal ance t he HVAC syst ems  unt i l  measur ed f l ow r at es ( ai r  
and wat er  f l ow)  ar e wi t hi n pl us or  mi nus 5 per cent  of  t he desi gn f l ow 
r at es as speci f i ed or  i ndi cat ed on t he cont r act  document s.  Conduct  TAB 
wor k,  i ncl udi ng measur ement  accur acy,  and sound measur ement  wor k i n 
conf or mance wi t h t he AABC MN- 1 and AABC MN- 4,  or  NEBB TABES and NEBB MASV,  
or  SMACNA 1780 ( used by TABB)  and  SMACNA 1858 sound measur ement  
pr ocedur es,  except  as suppl ement ed and modi f i ed by t hi s sect i on.   The onl y 
wat er  f l ow and ai r  f l ow r epor t i ng whi ch can be def er r ed unt i l  t he Season 2 
i s t hat  dat a whi ch woul d be af f ect ed i n t er ms of  accur acy due t o out si de 
ambi ent  condi t i ons.

3. 4. 2   Pr el i mi nar y Pr ocedur es

Use t he appr oved pr e- f i el d engi neer i ng r epor t  as i nst r uct i ons and 
pr ocedur es f or  accompl i shi ng TAB f i el d wor k.   TAB engi neer  i s t o l ocat e,  
i n t he f i el d,  t est  por t s r equi r ed f or  t est i ng.   I t  i s  t he r esponsi bi l i t y  
of  t he sheet  met al  cont r act or  t o pr ovi de and i nst al l  t est  por t s as 
r equi r ed by t he TAB engi neer .

3. 4. 3   TAB Ai r  Di st r i but i on Syst ems

3. 4. 3. 1   Uni t s Wi t h Coi l s

Repor t  heat i ng and cool i ng per f or mance capaci t y t est s f or  hot  wat er ,  
chi l l ed wat er ,  DX and st eam coi l s f or  t he pur pose of  ver i f y i ng t hat  t he 
coi l s meet  t he i ndi cat ed desi gn capaci t y.   Submi t  t he f ol l owi ng dat a and 
cal cul at i ons wi t h t he coi l  t est  r epor t s:

a.   For  ai r  handl er s wi t h capaci t i es gr eat er  t han 7. 5 t ons ( 90, 000 Bt u)  
cool i ng,  such as f act or y manuf act ur ed uni t s,  cent r al  bui l t - up uni t s 
and r oof t op uni t s,  conduct  capaci t y t est s i n accor dance wi t h AABC MN- 4,  
pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng. "

    Do not  det er mi ne ent er i ng and l eavi ng wet  and dr y bul b t emper at ur es by 
s i ngl e poi nt  measur ement ,  but  by t he aver age of  mul t i pl e r eadi ngs i n 
compl i ance wi t h par agr aph 3. 5- 5,  " Pr ocedur es" ,  ( i n subpar agr aph d. )  of  
AABC MN- 4,  Pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng. "

    Submi t  par t - l oad coi l  per f or mance dat a f r om t he coi l  manuf act ur er  
conver t i ng t est  condi t i ons t o desi gn condi t i ons;  use t he dat a  f or  t he 
pur pose of  ver i f y i ng t hat  t he coi l s meet  t he i ndi cat ed desi gn capaci t y 
i n compl i ance wi t h AABC MN- 4,  Pr ocedur e 3. 5,  " Coi l  Capaci t y Test i ng, "  
par agr aph 3. 5. 7,  " Act ual  Capaci t y Vs.  Desi gn Capaci t y"  ( i n 
subpar agr aph c. ) .

b.   For  uni t s wi t h capaci t i es of  7. 5 t ons ( 90, 000 Bt u)  or  l ess,  such as 
f an coi l  uni t s,  duct  mount ed r eheat  coi l s associ at ed wi t h VAV t er mi nal  
uni t s,  and uni t ar y uni t s,  such as t hr ough- t he- wal l  heat  pumps:

    Det er mi ne t he appar ent  coi l  capaci t y by cal cul at i ons usi ng si ngl e 
poi nt  measur ement  of  ent er i ng and l eavi ng wet  and dr y bul b 
t emper at ur es;  submi t  t he cal cul at i ons wi t h t he coi l  r epor t s.

3. 4. 3. 2   Ai r  Handl i ng Uni t s

Ai r  handl i ng uni t  syst ems i ncl udi ng f ans ( ai r  handl i ng uni t  f ans,  exhaust  
f ans and wi nt er  vent i l at i on f ans) ,  coi l s,  duct s,  pl enums,  mi xi ng boxes,  
t er mi nal  uni t s,  var i abl e ai r  vol ume boxes,  and ai r  di st r i but i on devi ces 
f or  suppl y ai r ,  r et ur n ai r ,  out s i de ai r ,  mi xed ai r  r el i ef  ai r ,  and makeup 
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ai r .

3. 4. 3. 3   Roof t op Ai r  Condi t i oni ng

Roof t op ai r  condi t i oni ng syst ems i ncl udi ng f ans,  coi l s,  duct s,  pl enums,  
and ai r  di st r i but i on devi ces f or  suppl y ai r ,  r et ur n ai r ,  and out si de ai r .

For  r ef r i ger at i on compr essor s/ condenser s/ condensi ng uni t s/ evapor at or s,  
r epor t  dat a as r equi r ed by NEBB,  AABC,  and TABB st andar d pr ocedur es,  
i ncl udi ng r ef r i ger at i on oper at i onal  dat a.

3. 4. 3. 4   Heat i ng and Vent i l at i ng Uni t s

Heat i ng and vent i l at i ng uni t  syst ems i ncl udi ng f ans,  coi l s,  duct s,  
pl enums,  r oof  vent s,  r egi st er s,  di f f user s,  gr i l l es,  and l ouver s f or  suppl y 
ai r ,  r et ur n ai r ,  out s i de ai r ,  and mi xed ai r .

3. 4. 3. 5   Makeup Ai r  Uni t s

Makeup ai r  uni t  syst ems i ncl udi ng f ans,  coi l s,  duct s,  pl enums,  r egi st er s,  
di f f user s,  gr i l l es,  and l ouver s f or  suppl y ai r ,  r et ur n ai r ,  out s i de ai r ,  
and mi xed ai r .

3. 4. 3. 6   Exhaust  Fans

Exhaust  f an syst ems i ncl udi ng f ans,  duct s,  pl enums,  gr i l l es,  and hoods f or  
exhaust  ai r .

3. 4. 4   TAB Wat er  Di st r i but i on Syst ems

3. 4. 4. 1   Heat i ng Hot  Wat er

Heat i ng hot  wat er  syst ems i ncl udi ng boi l er s,  hot  wat er  conver t er s ( e. g. ,  
heat  exchanger s) ,  pumps,  coi l s,  syst em bal anci ng val ves and f l ow measur i ng 
devi ces.

3. 4. 4. 2   Dual  Temper at ur e Wat er

Dual  t emper at ur e wat er  syst ems i ncl udi ng boi l er s ,  pumps,  coi l s,  and 
syst em bal anci ng val ves,  and f l ow measur i ng devi ces.

3. 4. 5   Sound Measur ement  Wor k

3. 4. 5. 1   Ar eas To Be Sound Measur ed

I n t he f ol l owi ng spaces,  measur e and r ecor d t he sound power  l evel  f or  each 
oct ave band l i s t ed i n ASHRAE HVAC APP I P HDBK Noi se Cr i t er i a:

a.   Al l  HVAC mechani cal  r ooms,  i ncl udi ng machi ner y spaces and ot her  spaces 
cont ai ni ng HVAC power  dr i ver s and power  dr i ven equi pment .

b.   Al l  spaces shar i ng a common bar r i er  wi t h each mechani cal  r oom,  
i ncl udi ng r ooms over head,  r ooms on t he ot her  s i de of  s i de wal l s,  and 
r ooms beneat h t he mechani cal  r oom f l oor .

3. 4. 5. 2   Pr ocedur e

Measur e sound l evel s i n each r oom,  when unoccupi ed except  f or  t he TAB 
t eam,  wi t h al l  HVAC syst ems t hat  woul d cause sound r eadi ngs i n t he r oom 
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oper at i ng i n t hei r  noi s i est  mode.   Recor d t he sound l evel  i n each oct ave 
band.   At t empt  t o mi t i gat e t he sound l evel  and br i ng t he l evel  t o wi t hi n 
t he speci f i ed ASHRAE HVAC APP I P HDBK noi se cr i t er i a goal s,  i f  such 
mi t i gat i on i s wi t hi n t he TAB t eam' s cont r ol .   St at e i n t he r epor t  t he 
ASHRAE HVAC APP I P HDBK noi se cr i t er i a goal s.   I f  sound l evel  cannot  be 
br ought  i nt o compl i ance,  pr ovi de wr i t t en not i ce of  t he def i c i ency t o t he 
Cont r act or  f or  r esol ut i on or  cor r ect i on.

3. 4. 5. 3   Ti mi ng

Measur e sound l evel s at  t i mes pr escr i bed by AABC or  NEBB or  TABB.

3. 4. 5. 4   Met er s

Measur e sound l evel s wi t h a sound met er  compl yi ng wi t h ASA S1. 4,  Type 1 or  
2,  and an oct ave band f i l t er  set  compl yi ng wi t h ASA S1. 11 PART 1.   Use 
measur ement  met hods f or  over al l  sound l evel s and f or  oct ave band sound 
l evel s as pr escr i bed by NEBB.

3. 4. 5. 5   Cal i br at i on

Cal i br at e sound l evel s as pr escr i bed by AABC or  NEBB or  TABB,  except  t hat  
cal i br at or s emi t t i ng a sound pr essur e l evel  t one of  94 dB at  1000 her t z 
( Hz)  ar e al so accept abl e.

3. 4. 5. 6   Backgr ound Noi se Cor r ect i on

Det er mi ne backgr ound noi se component  of  r oom sound ( noi se)  l evel s f or  each 
( of  ei ght )  oct ave bands as pr escr i bed by AABC or  NEBB or  TABB.

3. 4. 6   TAB Wor k on Per f or mance Test s Wi t hout  Seasonal  Li mi t at i ons

3. 4. 6. 1   Per f or mance Test s

I n addi t i on t o t he TAB pr opor t i onat e bal anci ng wor k on t he ai r  
di st r i but i on syst ems and t he wat er  di st r i but i on syst ems,  accompl i sh TAB 
wor k on t he HVAC syst ems whi ch di r ect l y t r ansf er  t her mal  ener gy.   TAB t he 
oper at i onal  per f or mance of  t he heat i ng syst ems and cool i ng syst ems.

3. 4. 6. 2   Ambi ent  Temper at ur es

On each t ab r epor t  f or m used f or  r ecor di ng dat a,  r ecor d t he out door  and 
i ndoor  ambi ent  dr y bul b t emper at ur e r ange and t he out door  and i ndoor  
ambi ent  wet  bul b t emper at ur e r ange wi t hi n whi ch t he r epor t  f or m' s dat a was 
r ecor ded.   Recor d t hese t emper at ur es at  begi nni ng and at  t he end of  dat a 
t aki ng.
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3. 4. 7   TAB Wor k on Per f or mance Test s Wi t h Seasonal  Li mi t at i ons

3. 4. 7. 1   Per f or mance Test s

3. 4. 7. 2   Season Of  Maxi mum Load

3. 4. 7. 3   Ambi ent  Temper at ur es

On each t ab r epor t  f or m used f or  r ecor di ng dat a,  r ecor d t he out door  and 
i ndoor  ambi ent  dr y bul b t emper at ur e r ange and t he out door  and i ndoor  
ambi ent  wet  bul b t emper at ur e r ange wi t hi n whi ch t he r epor t  f or m' s dat a was 
r ecor ded.   Recor d t hese t emper at ur es at  begi nni ng and at  t he end of  dat a 
t aki ng.

3. 4. 7. 4   Sound Measur ement s

Compl y wi t h t he par agr aph SOUND MEASUREMENT WORK,  speci f i cal l y,  t he 
r equi r ement  t hat  a r oom must  be oper at i ng i n i t s noi s i est  mode at  t he t i me 
of  sound measur ement s i n t he r oom.   The maxi mum noi se l evel  measur ement s 
coul d depend on seasonal l y r el at ed heat  or  cool i ng t r ansf er  equi pment .

3. 4. 8   Wor kmanshi p

Conduct  TAB wor k on t he HVAC syst ems unt i l  measur ed f l ow r at es ar e wi t hi n 
pl us or  mi nus 5 per cent  of  t he desi gn f l ow r at es as speci f i ed or  i ndi cat ed 
on t he cont r act  document s.   Thi s TAB wor k i ncl udes adj ust ment  of  bal anci ng 
val ves,  bal anci ng damper s,  and sheaves.   Fur t her ,  t hi s TAB wor k i ncl udes 
changi ng out  f an sheaves and pump i mpel l er s i f  r equi r ed t o obt ai n ai r  and 
wat er  f l ow r at es speci f i ed or  i ndi cat ed.   I f ,  wi t h t hese adj ust ment s and 
equi pment  changes,  t he speci f i ed or  i ndi cat ed desi gn f l ow r at es cannot  be 
at t ai ned,  cont act  t he Cont r act i ng Of f i cer  f or  di r ect i on.

3. 4. 9   Def i c i enci es

St r i ve t o meet  t he i nt ent  of  t hi s sect i on t o maxi mi ze t he per f or mance of  
t he equi pment  as desi gned and i nst al l ed.   However ,  i f  def i c i enci es i n 
equi pment  desi gn or  i nst al l at i on pr event  TAB wor k f r om bei ng accompl i shed 
wi t hi n t he r ange of  desi gn val ues speci f i ed i n t he par agr aph WORKMANSHI P,  
pr ovi de wr i t t en not i ce as soon as possi bl e t o t he Cont r act or  and t he 
Cont r act i ng Of f i cer  descr i bi ng t he def i c i ency and r ecommended cor r ect i on.

Responsi bi l i t y  f or  cor r ect i on of  i nst al l at i on def i c i enci es i s t he 
Cont r act or ' s.   I f  a def i c i ency i s i n equi pment  desi gn,  cal l  t he TAB t eam 
super vi sor  f or  t echni cal  assi st ance.   Responsi bi l i t y  f or  r epor t i ng desi gn 
def i c i enci es t o Cont r act or  i s t he TAB t eam super vi sor ' s.

3. 4. 10   TAB Repor t s

3. 4. 11   Qual i t y Assur ance -  COTR TAB Fi el d Accept ance Test i ng

3. 4. 11. 1   TAB Fi el d Accept ance Test i ng

Dur i ng t he f i el d accept ance t est i ng,  ver i f y,  i n t he pr esence of  t he COTR,  
r andom sel ect i ons of  dat a ( wat er ,  ai r  quant i t i es,  ai r  mot i on,  )  r ecor ded 
i n t he TAB Repor t .    Poi nt s and ar eas f or  f i el d accept ance t est i ng ar e t o 
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be sel ect ed by t he COTR.   Measur ement  and t est  pr ocedur es ar e t he same as 
appr oved f or  TAB wor k f or  t he TAB Repor t .

Fi el d accept ance t est i ng i ncl udes ver i f i cat i on of  TAB Repor t  dat a r ecor ded 
f or  t he f ol l owi ng equi pment  gr oups:

    Gr oup 1:   Al l  chi l l er s,  boi l er s,  r et ur n f ans,  comput er  r oom uni t s,  and 
ai r  handl i ng uni t s ( r oof t op and cent r al  st at i ons) .

    Gr oup 2:   25 per cent  of  t he VAV t er mi nal  boxes and associ at ed 
di f f user s and r egi st er s.

    Gr oup 3:   25 per cent  of  t he suppl y di f f user s,  r egi st er s,  gr i l l es 
associ at ed wi t h const ant  vol ume ai r  handl i ng uni t s.

    Gr oup 4:   25 per cent  of  t he r et ur n gr i l l es,  r et ur n r egi st er s,  exhaust  
gr i l l es and exhaust  r egi st er s.

    Gr oup 5:   25 per cent  of  t he suppl y f ans,  exhaust  f ans,  and pumps.

Fur t her ,  i f  any dat a on t he TAB Repor t  f or  Gr oups 2 t hr ough 5 i s f ound not  
t o f al l  wi t hi n t he r ange of  pl us 5 t o mi nus 5 per cent  of  t he TAB Repor t  
dat a,  addi t i onal  gr oup dat a ver i f i cat i on i s r equi r ed i n t he pr esence of  
t he COTR.   Ver i f y TAB Repor t  dat a f or  one addi t i onal  pi ece of  equi pment  i n 
t hat  gr oup.   Cont i nue t hi s addi t i onal  gr oup dat a ver i f i cat i on unt i l  
out - of - t ol er ance dat a ceases t o be f ound.

3. 4. 11. 2   Addi t i onal  COTR TAB Fi el d Accept ance Test i ng

I f  any of  t he accept ance t est i ng measur ement s f or  a gi ven equi pment  gr oup 
i s f ound not  t o f al l  wi t hi n t he r ange of  pl us 5 t o mi nus 5 per cent  of  t he 
TAB Repor t  dat a,  t er mi nat e dat a ver i f i cat i on f or  al l  af f ect ed dat a f or  
t hat  gr oup.   The af f ect ed dat a f or  t he gi ven gr oup wi l l  be di sappr oved.   
Make t he necessar y cor r ect i ons and pr epar e a r evi sed TAB Repor t .   
Reschedul e accept ance t est i ng of  t he r evi sed r epor t  dat a wi t h t he COTR.

3. 4. 11. 3   Pr er equi s i t e f or  Appr oval

Compl i ance wi t h t he f i el d accept ance t est i ng r equi r ement s of  t hi s sect i on 
i s a pr er equi s i t e f or  t he f i nal  Cont r act i ng Of f i cer  appr oval  of  t he TAB 
Repor t  submi t t ed.

3. 5   MARKI NG OF SETTI NGS

Upon t he f i nal  TAB wor k appr oval ,  per manent l y mar k t he set t i ngs of  HVAC 
adj ust ment  devi ces i ncl udi ng val ves,  gauges,  spl i t t er s,  and damper s so 
t hat  adj ust ment  can be r est or ed i f  di st ur bed at  any t i me.   Pr ovi de 
per manent  mar ki ngs cl ear l y i ndi cat i ng t he set t i ngs on t he adj ust ment  
devi ces whi ch r esul t  i n t he dat a r epor t ed on t he submi t t ed TAB r epor t .

3. 6   MARKI NG OF TEST PORTS

The TAB t eam i s t o per manent l y and l egi bl y mar k and i dent i f y t he l ocat i on 
poi nt s of  t he duct  t est  por t s.   I f  t he duct s have ext er i or  i nsul at i on,  
make t hese mar ki ngs on t he ext er i or  s i de of  t he duct  i nsul at i on.   Show t he 
l ocat i on of  t est  por t s on t he as- bui l t  mechani cal  dr awi ngs wi t h di mensi ons 
gi ven wher e t he t est  por t  i s  cover ed by ext er i or  i nsul at i on.

        - -  End of  Sect i on - -
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SECTI ON 23 07 00

THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS
02/ 13,  CHG 7:  05/ 20

PART 1   GENERAL

1. 1   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.   At  t he di scr et i on of  t he Gover nment ,  t he 
manuf act ur er  of  any mat er i al  suppl i ed wi l l  be r equi r ed t o f ur ni sh t est  
r epor t s per t ai ni ng t o any of  t he t est s necessar y t o assur e compl i ance wi t h 
t he st andar d or  st andar ds r ef er enced i n t hi s speci f i cat i on.

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 90. 2 ( 2018;  Addenda A- B 2021;  Addenda C- K 2023;  
Addenda L 2024)  Ener gy- Ef f i c i ent  Desi gn of  
Low- Ri se Resi dent i al  Bui l di ngs

ASTM I NTERNATI ONAL ( ASTM)

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A240/ A240M ( 2023a)  St andar d Speci f i cat i on f or  
Chr omi um and Chr omi um- Ni ckel  St ai nl ess 
St eel  Pl at e,  Sheet ,  and St r i p f or  Pr essur e 
Vessel s and f or  Gener al  Appl i cat i ons

ASTM A580/ A580M ( 2023)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Wi r e

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM C195 ( 2007;  R 2013)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Ther mal  I nsul at i ng Cement

ASTM C450 ( 2008)  St andar d Pr act i ce f or  Fabr i cat i on 
of  Ther mal  I nsul at i ng Fi t t i ng Cover s f or  
NPS Pi pi ng,  and Vessel  Laggi ng

ASTM C533 ( 2017;  R 2023)  St andar d Speci f i cat i on f or  
Cal c i um Si l i cat e Bl ock and Pi pe Ther mal  
I nsul at i on

ASTM C534/ C534M ( 2023)  St andar d Speci f i cat i on f or  
Pr ef or med Fl exi bl e El ast omer i c Cel l ul ar  
Ther mal  I nsul at i on i n Sheet  and Tubul ar  
For m

ASTM C547 ( 2022a)  St andar d Speci f i cat i on f or  Mi ner al  
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Fi ber  Pi pe I nsul at i on

ASTM C552 ( 2022)  St andar d Speci f i cat i on f or  Cel l ul ar  
Gl ass Ther mal  I nsul at i on

ASTM C591 ( 2022)  St andar d Speci f i cat i on f or  Unf aced 
Pr ef or med Ri gi d Cel l ul ar  Pol y i socyanur at e 
Ther mal  I nsul at i on

ASTM C610 ( 2017;  R 2023)  St andar d Speci f i cat i on f or  
Mol ded Expanded Per l i t e Bl ock and Pi pe 
Ther mal  I nsul at i on

ASTM C647 ( 2008;  R 2013)  Pr oper t i es and Test s of  
Mast i cs and Coat i ng Fi ni shes f or  Ther mal  
I nsul at i on

ASTM C755 ( 2019b)  St andar d Pr act i ce f or  Sel ect i on of  
Wat er  Vapor  Ret ar der s f or  Ther mal  
I nsul at i on

ASTM C795 ( 2008;  R 2023)  St andar d Speci f i cat i on f or  
Ther mal  I nsul at i on f or  Use i n Cont act  wi t h 
Aust eni t i c  St ai nl ess St eel

ASTM C916 ( 2020)  St andar d Speci f i cat i on f or  
Adhesi ves f or  Duct  Ther mal  I nsul at i on

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM C921 ( 2010;  R 2015)  St andar d Pr act i ce f or  
Det er mi ni ng t he Pr oper t i es of  Jacket i ng 
Mat er i al s f or  Ther mal  I nsul at i on

ASTM C1126 ( 2018)  St andar d Speci f i cat i on f or  Faced or  
Unf aced Ri gi d Cel l ul ar  Phenol i c Ther mal  
I nsul at i on

ASTM C1136 ( 2023)  St andar d Speci f i cat i on f or  
Fl exi bl e,  Low Per meance Vapor  Ret ar der s 
f or  Ther mal  I nsul at i on

ASTM C1710 ( 2011)  St andar d Gui de f or  I nst al l at i on of  
Fl exi bl e Cl osed Cel l  Pr ef or med I nsul at i on 
i n Tube and Sheet  For m

ASTM D882 ( 2012)  Tensi l e Pr oper t i es of  Thi n Pl ast i c 
Sheet i ng

ASTM D2863 ( 2019)  St andar d Test  Met hod f or  Measur i ng 
t he Mi ni mum Oxygen Concent r at i on t o 
Suppor t  Candl e- Li ke Combust i on of  Pl ast i cs 
( Oxygen I ndex)

ASTM D5590 ( 2017;  R 2021)  St andar d Test  Met hod f or  
Det er mi ni ng t he Resi st ance of  Pai nt  Fi l ms 
and Rel at ed Coat i ngs t o Fungal  Def acement  
by Accel er at ed Four - Week Agar  Pl at e Assay
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ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E96/ E96M ( 2024)  St andar d Test  Met hods f or  
Gr avi met r i c Det er mi nat i on of  Wat er  Vapor  
Tr ansmi ssi on Rat e of  Mat er i al s

ASTM E2231 ( 2021)  St andar d Pr act i ce f or  Speci men 
Pr epar at i on and Mount i ng of  Pi pe and Duct  
I nsul at i on Mat er i al s t o Assess Sur f ace 
Bur ni ng Char act er i st i cs

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2017;  Ver si on 1. 2)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

GREEN SEAL ( GS)

GS- 36 ( 2013)  Adhesi ves f or  Commer ci al  Use

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 2758 ( 2014)  Paper  -  Det er mi nat i on of  Bur st i ng 
St r engt h

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

MI DWEST I NSULATI ON CONTRACTORS ASSOCI ATI ON ( MI CA)

MI CA I nsul at i on St ds ( 8t h Ed)  Nat i onal  Commer ci al  & I ndust r i al  
I nsul at i on St andar ds

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

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NFPA 90B ( 2024)  St andar d f or  t he I nst al l at i on of  
War m Ai r  Heat i ng and Ai r  Condi t i oni ng 
Syst ems

NFPA 96 ( 2024)  St andar d f or  Vent i l at i on Cont r ol  
and Fi r e Pr ot ect i on of  Commer ci al  Cooki ng 
Oper at i ons
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SCI ENTI FI C CERTI FI CATI ON SYSTEMS ( SCS)

SCS SCS Gl obal  Ser vi ces ( SCS)  I ndoor  Advant age

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- A- 3316 ( 1987;  Rev C;  Am 2 1990)  Adhesi ves,  
Fi r e- Resi st ant ,  Ther mal  I nsul at i on

MI L- A- 24179 ( 1969;  Rev A;  Am 2 1980;  Not i ce 1 1987;  
Not i ce 2 2020)  Adhesi ve,  Fl exi bl e 
Uni cel l ul ar - Pl ast i c Ther mal  I nsul at i on

MI L- PRF- 19565 ( 1988;  Rev C)  Coat i ng Compounds,  Ther mal  
I nsul at i on,  Fi r e-  and Wat er - Resi st ant ,  
Vapor - Bar r i er

UNDERWRI TERS LABORATORI ES ( UL)

UL 94 ( 2023;  Repr i nt  Jan 2024)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 723 ( 2020)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

UL 2818 ( 2022)  GREENGUARD Cer t i f i cat i on Pr ogr am 
For  Chemi cal  Emi ssi ons For  Bui l di ng 
Mat er i al s,  Fi ni shes And Fur ni shi ngs

1. 2   SYSTEM DESCRI PTI ON

1. 2. 1   Gener al

Pr ovi de f i el d- appl i ed i nsul at i on and accessor i es on mechani cal  syst ems as 
speci f i ed her ei n;  f act or y- appl i ed i nsul at i on i s speci f i ed under  t he 
pi pi ng,  duct  or  equi pment  t o be i nsul at ed.     Fur ni sh and i nst al l  f i el d 
appl i ed i nsul at i on mat er i al s r equi r ed f or  use on Gover nment - f ur ni shed 
i t ems as l i s t ed i n t he SPECI AL CONTRACT REQUI REMENTS.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

Submi t  t he t hr ee SD t ypes,  SD- 02 Shop Dr awi ngs,  SD- 03 Pr oduct  Dat a,  and 
SD- 08 Manuf act ur er ' s I nst r uct i ons at  t he same t i me f or  each syst em.
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SD- 02 Shop Dr awi ngs

MI CA Pl at es;  G

Pi pe I nsul at i on Syst ems and Associ at ed Accessor i es

Duct  I nsul at i on Syst ems and Associ at ed Accessor i es

Recycl ed cont ent  f or  i nsul at i on mat er i al s;  S

SD- 03 Pr oduct  Dat a

Pi pe I nsul at i on Syst ems;  G

Duct  I nsul at i on Syst ems;  G

SD- 04 Sampl es

Ther mal  I nsul at i on;  G

Di spl ay Sampl es;  G

SD- 07 Cer t i f i cat es

I ndoor  ai r  qual i t y f or  adhesi ves;  S

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

Pi pe I nsul at i on Syst ems;  G

Duct  I nsul at i on Syst ems;  G

1. 4   CERTI FI CATI ONS

1. 4. 1   Adhesi ves and Seal ant s

Pr ovi de pr oduct s cer t i f i ed t o meet  i ndoor  ai r  qual i t y r equi r ement s by 
UL 2818 ( Gr eenguar d)  Gol d,  SCS Gl obal  Ser vi ces I ndoor  Advant age Gol d or  
pr ovi de cer t i f i cat i on or  val i dat i on by ot her  t hi r d- par t y pr ogr ams t hat  
pr oduct s meet  t he r equi r ement s of  t hi s Sect i on.  Pr ovi de cur r ent  pr oduct  
cer t i f i cat i on document at i on f r om cer t i f i cat i on body.  When pr oduct  does not  
have cer t i f i cat i on,  pr ovi de val i dat i on t hat  pr oduct  meet s t he i ndoor  ai r  
qual i t y pr oduct  r equi r ement s c i t ed her ei n.

1. 5   QUALI TY ASSURANCE

1. 5. 1   I nst al l er  Qual i f i cat i on

Qual i f i ed i nst al l er s wi l l  have successf ul l y compl et ed t hr ee or  mor e 
si mi l ar  t ype j obs wi t hi n t he l ast  5 year s.
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1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

Del i ver  mat er i al s i n t he manuf act ur er ' s unopened cont ai ner s.   Pr ot ect  
mat er i al s del i ver ed and pl aced i n st or age f r om weat her ,  humi di t y,  di r t ,  
dust  and ot her  cont ami nant s.   The Cont r act i ng Of f i cer  may r ej ect  
i nsul at i on mat er i al  and suppl i es t hat  become di r t y,  dust y,  wet ,  or  
cont ami nat ed by some ot her  means.   At t ach manuf act ur er ' s st amp or  l abel  
gi v i ng t he name of  t he manuf act ur er  and br and,  and a descr i pt i on of  t he 
mat er i al ,  dat e codes,  and appr oxi mat e shel f  l i f e ( i f  appl i cabl e)  t o 
packages or  st andar d cont ai ner s of  i nsul at i on,  j acket  mat er i al ,  cement s,  
adhesi ves,  and coat i ngs del i ver ed f or  use,  and sampl es r equi r ed f or  
appr oval .   I nsul at i on packages and cont ai ner s must  be asbest os f r ee.

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

Pr ovi de mat er i al s whi ch ar e t he st andar d pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he manuf act ur e of  such pr oduct s and t hat  essent i al l y  
dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  l east  2 year s 
pr i or  t o bi d openi ng.   Submi t  a compl et e l i s t  of  mat er i al s,  i ncl udi ng 
manuf act ur er ' s descr i pt i ve t echni cal  l i t er at ur e,  per f or mance dat a,  cat al og 
cut s,  and i nst al l at i on i nst r uct i ons.   I ncl ude t he pr oduct  number ,  k- val ue,  
t hi ckness and f ur ni shed accessor i es i ncl udi ng adhesi ves,  seal ant s and 
j acket s f or  each mechani cal  syst em r equi r i ng i nsul at i on.   The pr oduct  dat a 
must  be copyr i ght ed,  have an i dent i f y i ng or  publ i cat i on number ,  and have 
been publ i shed pr i or  t o t he i ssuance dat e of  t hi s sol i c i t at i on.   Submi t  
mat er i al s f ur ni shed under  t hi s sect i on t oget her  i n a bookl et .

2. 1. 1   I nsul at i on Syst em

Pr ovi de i nsul at i on syst ems i n accor dance wi t h t he appr oved MI CA Nat i onal  
I nsul at i on St andar ds pl at es as suppl ement ed by t hi s speci f i cat i on.   
Pr ovi de f i el d- appl i ed i nsul at i on f or  heat i ng,  vent i l at i ng,  and cool i ng 
( HVAC)  ai r  di st r i but i on syst ems and pi pi ng syst ems t hat  ar e l ocat ed 
wi t hi n,  on,  under ,  and adj acent  t o bui l di ngs;  and f or  pl umbi ng syst ems.   
Pr ovi de CFC and HCFC f r ee i nsul at i on.

2. 1. 2   Sur f ace Bur ni ng Char act er i st i cs

Unl ess ot her wi se speci f i ed,  i nsul at i on must  have a maxi mum f l ame spr ead 
i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 when t est ed i n 
accor dance wi t h ASTM E84.   Det er mi ne f l ame spr ead,  and smoke devel oped 
i ndexes,  by ASTM E84 or  UL 723.   Test  i nsul at i on i n t he same densi t y and 
i nst al l ed t hi ckness as t he mat er i al  t o be used i n t he act ual  
const r uct i on.   Pr epar e and mount  t est  speci mens accor di ng t o ASTM E2231.

2. 2   MATERI ALS

Pr ovi de i nsul at i on t hat  meet s or  exceed t he r equi r ement s of  ASHRAE 90. 2.   
Ensur e i nsul at i on ext er i or  i s  c l eanabl e,  gr ease r esi st ant ,  non- f l aki ng and 
non- peel i ng.   Pr ovi de compat i bl e mat er i al s t hat  do not  cont r i but e t o 
cor r osi on,  sof t en,  or  ot her wi se at t ack sur f aces t o whi ch appl i ed i n ei t her  
wet  or  dr y st at e.   Use mat er i al s on st ai nl ess st eel  sur f aces meet i ng 
ASTM C795 r equi r ement s.   Do not  use cal c i um si l i cat e on chi l l ed or  col d 
wat er  syst ems.   Use asbest os f r ee mat er i al s.   Pr ovi de pr oduct  r ecogni zed 
under  UL 94 ( i f  cont ai ni ng pl ast i c)  and l i s t ed i n FM APP GUI DE.
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2. 2. 1   Adhesi ves

Pr ovi de non- aer osol  adhesi ve pr oduct s used on t he i nt er i or  of  t he bui l di ng 
( def i ned as i nsi de of  t he weat her pr oof i ng syst em)  t hat  meet  ei t her  
emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  
ei t her  of f i ce or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  SCAQMD Rul e 1168 ( HVAC duct  seal ant s must  meet  l i mi t  
r equi r ement s of  " Ot her "  cat egor y wi t hi n SCAQMD Rul e 1168 seal ant s t abl e) .   
Pr ovi de aer osol  adhesi ves used on t he i nt er i or  of  t he bui l di ng t hat  meet  
ei t her  emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( use t he of f i ce or  
c l assr oom r equi r ement s,  r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  GS- 36.   Pr ovi de cer t i f i cat i on or  val i dat i on of  i ndoor  ai r  
qual i t y f or  adhesi ves.

2. 2. 1. 1   Acoust i cal  Li ni ng I nsul at i on Adhesi ve

Pr ovi de a nonf l ammabl e,  f i r e- r esi st ant  adhesi ve conf or mi ng t o ASTM C916,  
Type I .

2. 2. 1. 2   Mi ner al  Fi ber  I nsul at i on Cement

Pr ovi de cement  i n accor dance wi t h ASTM C195.

2. 2. 1. 3   Laggi ng Adhesi ve

Laggi ng i s t he mat er i al  used f or  t her mal  i nsul at i on,  especi al l y ar ound a 
cyl i ndr i cal  obj ect .   Thi s may i ncl ude t he i nsul at i on as wel l  as t he 
c l ot h/ mat er i al  cover i ng t he i nsul at i on.   To r esi st  mol d/ mi l dew,  use 
l aggi ng adhesi ve meet i ng ASTM D5590 wi t h 0 gr owt h r at i ng.   Pr ovi de 
nonf l ammabl e and f i r e- r esi st ant  l aggi ng adhesi ves t hat  have a maxi mum 
f l ame spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 when 
t est ed i n accor dance wi t h ASTM E84.   Ensur e adhesi ve i s MI L- A- 3316,  Cl ass 
1,  pi gment ed whi t e and sui t abl e f or  bondi ng f i br ous gl ass c l ot h t o f aced 
and unf aced f i br ous gl ass i nsul at i on boar d;  f or  bondi ng cot t on br at t i ce 
c l ot h t o f aced and unf aced f i br ous gl ass i nsul at i on boar d;  f or  seal i ng 
edges of  and bondi ng gl ass t ape t o j oi nt s of  f i br ous gl ass boar d;  f or  
bondi ng l aggi ng cl ot h t o t her mal  i nsul at i on;  or  Cl ass 2 f or  at t achi ng 
f i br ous gl ass i nsul at i on t o met al  sur f aces.   Appl y l aggi ng adhesi ves i n 
st r i ct  accor dance wi t h t he manuf act ur er ' s r ecommendat i ons f or  pi pe and 
duct  i nsul at i on.

2. 2. 1. 4   Cont act  Adhesi ve

Adhesi ves may be any of ,  but  not  l i mi t ed t o,  t he neopr ene based,  r ubber  
based,  or  el ast omer i c t ype t hat  have a maxi mum f l ame spr ead i ndex of  25 
and a maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance wi t h 
ASTM E84.   Ensur e adhesi ve does not  adver sel y af f ect ,  i ni t i al l y  or  i n 
ser vi ce,  t he i nsul at i on t o whi ch i t  i s  appl i ed,  nor  cause any cor r osi ve 
ef f ect  on met al  t o whi ch i t  i s  appl i ed.   Ensur e t hat  any sol vent  
di sper si ng medi um or  vol at i l e component  of  t he adhesi ve has no 
obj ect i onabl e odor  and does not  cont ai n any benzene or  car bon 
t et r achl or i de.   Ensur e dr i ed adhesi ve does not  emi t  nauseous,  i r r i t at i ng,  
or  t oxi c vol at i l e mat t er s or  aer osol s when t he adhesi ve i s heat ed t o any 
t emper at ur e up t o 212 degr ees F.   The dr i ed adhesi ve must  be nonf l ammabl e 
and f i r e r esi st ant .   Fl exi bl e El ast omer i c Adhesi ve:   Compl y wi t h 
MI L- A- 24179,  Type I I ,  Cl ass I .   Pr ovi de pr oduct  l i s t ed i n FM APP GUI DE.
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2. 2. 2   Caul k i ng

ASTM C920,  Type S,  Gr ade NS,  Cl ass 25,  Use A.

2. 2. 3   Cor ner  Angl es

Nomi nal  0. 016 i nch al umi num 1 by 1 i nch wi t h f act or y appl i ed kr af t  
backi ng.   Al umi num must  be ASTM B209,  Al l oy 3003,  3105,  or  5005.

2. 2. 4   Fi t t i ngs

Fabr i cat ed Fi t t i ngs ar e t he pr ef abr i cat ed f i t t i ngs f or  f l exi bl e 
el ast omer i c pi pe i nsul at i on syst ems i n accor dance wi t h ASTM C1710.   
Toget her  wi t h t he f l exi bl e el ast omer i c t ubes,  t hey pr ovi de compl et e syst em 
i nt egr i t y f or  r et ar di ng heat  gai n and cont r ol l i ng condensat i on dr i p f r om 
chi l l ed- wat er  and r ef r i ger at i on syst ems.  Fl exi bl e el ast omer i c,  f abr i cat ed 
f i t t i ngs pr ovi de t her mal  pr ot ect i on ( 0. 25 k)  and condensat i on r esi st ance 
( 0. 05 Wat er  Vapor  Tr ansmi ssi on f act or ) .   For  sat i sf act or y per f or mance,  use 
pr oper l y i nst al l ed pr ot ect i ve vapor  r et ar der / bar r i er s and vapor  st ops on 
hi gh r el at i ve humi di t y and bel ow ambi ent  t emper at ur e appl i cat i ons t o 
r educe movement  of  moi st ur e t hr ough or  ar ound t he i nsul at i on t o t he col der  
i nt er i or  sur f ace.

2. 2. 5   Fi ni shi ng Cement

ASTM C450:  Mi ner al  f i ber  hydr aul i c- set t i ng t her mal  i nsul at i ng and 
f i ni shi ng cement .   Al l  cement s t hat  may come i n cont act  wi t h Aust eni t i c  
st ai nl ess st eel  must  compl y wi t h ASTM C795.

2. 2. 6   Fi br ous Gl ass Cl ot h and Gl ass Tape

Pr ovi de f i br ous gl ass c l ot h,  wi t h 20X20 maxi mum mesh si ze,  and gl ass t ape 
wi t h maxi mum f l ame spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex 
of  50 when t est ed i n accor dance wi t h ASTM E84.   Pr ovi de t ape consi st i ng of  
4 i nch wi de r ol l s.   Pr ovi de Cl ass 3 t ape t hat  i s 4. 5 ounces/ squar e yar d.   
El ast omer i c Foam Tape:  Bl ack vapor - r et ar der  f oam t ape wi t h acr yl i c 
adhesi ve cont ai ni ng an ant i - mi cr obi al  addi t i ve.

2. 2. 7   St apl es

Out war d cl i nchi ng t ype ASTM A167,  Type 304 or  316 st ai nl ess st eel .

2. 2. 8   Jacket s

2. 2. 8. 1   Al umi num Jacket s

Pr ovi de al umi num j acket s consi st i ng of  cor r ugat ed,  embossed or  smoot h 
sheet ,   0. 016 i nch nomi nal  t hi ckness;   ASTM B209,  Temper  H14,  Temper  H16,  
Al l oy 3003,  5005,  or  3105.   Do not  use cor r ugat ed al umi num j acket  
out door s.   Al umi num j acket  secur i ng bands must  be Type 304 st ai nl ess 
st eel ,   0. 015 i nch t hi ck,   1/ 2 i nch wi de f or  pi pe under  12 i nch di amet er  
and 3/ 4 i nch wi de f or  pi pe over  12 i nch and l ar ger  di amet er .   Al umi num 
j acket  c i r cumf er ent i al  seam bands must  be 2 by 0. 016 i nch al umi num 
mat chi ng j acket  mat er i al .   Ensur e bands f or  i nsul at i on bel ow gr ound ar e 
3/ 4 by 0. 020 i nch t hi ck st ai nl ess st eel ,  or  f i ber gl ass r ei nf or ced t ape.   
The j acket  may,  at  t he opt i on of  t he Cont r act or ,  be pr ovi ded wi t h a 
f act or y f abr i cat ed Pi t t sbur gh or  " Z"  t ype l ongi t udi nal  j oi nt .   When t he 
" Z"  j oi nt  i s  used,  use bands at  t he c i r cumf er ent i al  j oi nt s t hat  ar e 
desi gned by t he manuf act ur er  t o seal  t he j oi nt s and hol d t he j acket  i n 
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pl ace.

2. 2. 8. 2   Pol yvi nyl  Chl or i de ( PVC)  Jacket s

Pol yvi nyl  chl or i de ( PVC)  j acket  and f i t t i ng cover s must  have hi gh i mpact  
st r engt h,  ul t r avi ol et  ( UV)  r esi st ant  r at i ng or  t r eat ment  and moder at e 
chemi cal  r esi st ance wi t h mi ni mum t hi ckness 0. 030 i nch.

2. 2. 8. 3   Vapor  Bar r i er / Weat her pr oof i ng Jacket

Pr ovi de l ami nat ed sel f - adhesi ve vapor  bar r i er / weat her pr oof i ng j acket ,  
gr eat er  t han 3 pl i es st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed or  
gr eat er  t han 8 pl y ( mi ni mum 2. 9 mi l s adhesi ve) ;  wi t h 0. 0000 per meabi l i t y  
when t est ed i n accor dance wi t h ASTM E96/ E96M,  usi ng t he wat er  t r ansmi ssi on 
r at e t est  met hod;  heavy dut y,  whi t e or  nat ur al ;  and UV r esi st ant .   
Fl exi bl e El ast omer i c ext er i or  f oam wi t h f act or y appl i ed,  UV Jacket  made 
wi t h a col d weat her  acr yl i c adhesi ve.   Const r uct i on of  l ami nat e desi gned 
t o pr ovi de UV r esi st ance,  hi gh punct ur e,  t ear  r esi st ance and excel l ent  
Wat er  Vapor  Tr ansmi ssi on ( WVT)  r at e.

2. 2. 8. 4   Vapor  Bar r i er / Vapor  Ret ar der

Appl y t he f ol l owi ng cr i t er i a t o det er mi ne whi ch syst em i s r equi r ed.

a.   On duct s,  equi p pi pi ng and equi pment  oper at i ng bel ow 55 degr ees F or  
l ocat ed out si de wi t h a vapor  bar r i er .

b.   I nst al l  duct s,  pi pes and equi pment  t hat  ar e l ocat ed i nsi de and t hat  
al ways oper at e above 55 degr ees F wi t h a vapor  r et ar der  wher e r equi r ed 
as st at ed i n par agr aph VAPOR RETARDER REQUI RED.

2. 2. 9   Vapor  Ret ar der  Requi r ed

ASTM C921,  Type I ,  mi ni mum punct ur e r esi st ance 50 Beach uni t s on al l  
sur f aces except  conceal ed duct wor k,  wher e a mi ni mum punct ur e r esi st ance of  
25 Beach uni t s i s accept abl e.   Mi ni mum t ensi l e st r engt h,   35 pounds/ i nch 
wi dt h.   ASTM C921,  Type I I ,  mi ni mum punct ur e r esi st ance 25 Beach uni t s,  
t ensi l e st r engt h mi ni mum 20 pounds/ i nch wi dt h.   Use j acket s on i nsul at i on 
exposed i n f i ni shed ar eas t hat  have whi t e f i ni sh sui t abl e f or  pai nt i ng 
wi t hout  s i z i ng.   Based on t he appl i cat i on,  i nsul at i on mat er i al s t hat  
r equi r e manuf act ur er  or  f abr i cat or  appl i ed pi pe i nsul at i on j acket s ar e 
cel l ul ar  gl ass,  when al l  j oi nt s ar e seal ed wi t h a vapor  bar r i er  mast i c,  
and mi ner al  f i ber .   Ensur e al l  non- met al l i c  j acket s have a maxi mum f l ame 
spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 when t est ed 
i n accor dance wi t h ASTM E84.   Fl exi bl e el ast omer i cs r equi r e ( i n addi t i on 
t o vapor  bar r i er  ski n)  vapor  r et ar der  j acket i ng f or  hi gh r el at i ve humi di t y 
and bel ow ambi ent  t emper at ur e appl i cat i ons.

2. 2. 9. 1   Whi t e Vapor  Ret ar der  Al l  Ser vi ce Jacket  ( ASJ)

ASJ i s f or  use on hot / col d pi pes,  duct s,  or  equi pment  i ndoor s or  out door s 
i f  cover ed by a sui t abl e pr ot ect i ve j acket .   Pr ovi de pr oduct  whi ch meet s 
al l  physi cal  pr oper t y and per f or mance r equi r ement s of  ASTM C1136,  Type I ,  
except  a mi ni mum bur st  st r engt h of  85 psi .   ASTM D2863 Li mi t ed Oxygen 
I ndex ( LOI )  i s a mi ni mum of  31.

I n addi t i on,  do not  use paper  or  ot her  moi st ur e- sensi t i ve mat er i al  f or  t he 
out er  exposed sur f ace or  t he i nner - most  sur f ace cont act i ng t he 
i nsul at i on.   Ensur e t he out er  exposed sur f ace i s whi t e and has an 
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emi t t ance no l ess t han 0. 80.   Ensur e t he out er  exposed sur f ace i s 
pai nt abl e.

2. 2. 9. 2   Vapor  Ret ar der / Vapor  Bar r i er  Mast i c Coat i ngs

2. 2. 9. 2. 1   Vapor  Bar r i er

The vapor  bar r i er  must  be sel f  adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  gr eat er  t han 3 pl i es st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed whi t e j acket  f or  use on hot / col d pi pes.   Ensur e per meabi l i t y  i s  
l ess t han 0. 02 when t est ed i n accor dance wi t h ASTM E96/ E96M.   Pr ovi de 
pr oduct s meet i ng UL 723 or  ASTM E84 f l ame and smoke r equi r ement s and t hat  
ar e UV r esi st ant .

2. 2. 9. 2. 2   Vapor  Ret ar der

Pr ovi de f i r e and wat er  r esi st ant  vapor  r et ar der  coat i ng appr opr i at el y 
sel ect ed f or  ei t her  out door  or  i ndoor  ser vi ce.   Col or  must  be whi t e.   
Ensur e t he wat er  vapor  per meance of  t he compound i s i n accor dance wi t h 
ASTM C755,  Sect i on 7. 2. 2,  Tabl e 2,  f or  i nsul at i on t ype and ser vi ce 
condi t i ons.   Pr ovi de nonf l ammabl e,  f i r e r esi st ant  coat i ng.   To r esi st  
mol d/ mi l dew,  pr ovi de coat i ng meet i ng ASTM D5590 wi t h 0 gr owt h r at i ng.   
Ensur e coat i ng meet s MI L- PRF- 19565 Type I I  ( i f  sel ect ed f or  i ndoor  
ser vi ce)  and i s Qual i f i ed Pr oduct s Dat abase l i s t ed.   Det er mi ne al l  ot her  
appl i cat i on and ser vi ce pr oper t i es pur suant  t o ASTM C647.

2. 2. 9. 3   Lami nat ed Fi l m Vapor  Ret ar der

ASTM C1136,  Type I ,  maxi mum moi st ur e vapor  t r ansmi ssi on 0. 02 per ms,  
mi ni mum punct ur e r esi st ance 50 Beach uni t s on al l  sur f aces except  
conceal ed duct wor k;  wher e Type I I ,  maxi mum moi st ur e vapor  t r ansmi ssi on 
0. 02 per ms,  a mi ni mum punct ur e r esi st ance of  25 Beach uni t s i s 
accept abl e.   Pr ovi de vapor  r et ar der  wi t h a maxi mum f l ame spr ead i ndex of  
25 and a maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance 
wi t h ASTM E84.   Fl exi bl e El ast omer i c ext er i or  f oam wi t h f act or y appl i ed UV 
Jacket .   Const r uct i on of  l ami nat e desi gned t o pr ovi de UV r esi st ance,  hi gh 
punct ur e,  t ear  r esi st ance and an excel l ent  WVT r at e.

2. 2. 9. 4   Pol yvi nyl i dene Chl or i de ( PVDC)  Fi l m Vapor  Ret ar der

Pr ovi de PVDC f i l m vapor  r et ar der  wi t h a maxi mum moi st ur e vapor  
t r ansmi ssi on of  0. 02 per ms,  mi ni mum punct ur e r esi st ance of  150 Beach 
uni t s,  a mi ni mum t ensi l e st r engt h i n any di r ect i on of  30 l b/ i nch when 
t est ed i n accor dance wi t h ASTM D882,  and a maxi mum f l ame spr ead i ndex of  
25 and a maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance 
wi t h ASTM E84.

2. 2. 9. 5   Pol yvi nyl i dene Chl or i de Vapor  Ret ar der  Adhesi ve Tape

Requi r ement s must  meet  t he same as speci f i ed f or  Lami nat ed Fi l m Vapor  
Ret ar der  above.

2. 2. 9. 6   Vapor  Bar r i er / Weat her  Bar r i er

Ensur e t he vapor  bar r i er  i s  gr eat er  t han 3 pl y sel f  adhesi ve l ami nat e 
- whi t e vapor  bar r i er  j acket -  super i or  per f or mance ( l ess t han 0. 0000 
per meabi l i t y  when t est ed i n accor dance wi t h ASTM E96/ E96M) .   Pr ovi de vapor  
bar r i er  meet i ng UL 723 or  ASTM E84 25 f l ame and 50 smoke r equi r ement s;  and 
UV r esi st ant .   Mi ni mum bur st  st r engt h 185 psi  i n accor dance wi t h I SO 2758.   
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Tensi l e st r engt h 68 l b/ i nch wi dt h ( PSTC- 1000) .   Pr ovi de t ape as speci f i ed 
f or  l ami nat ed f i l m vapor  bar r i er  above.

2. 2. 10   Vapor  Ret ar der  Not  Requi r ed

ASTM C921,  Type I I ,  Cl ass D,  mi ni mum punct ur e r esi st ance 50 Beach uni t s on 
al l  sur f aces except  duct wor k,  wher e Type I V,  maxi mum moi st ur e vapor  
t r ansmi ssi on 0. 10,  a mi ni mum punct ur e r esi st ance of  25 Beach uni t s i s 
accept abl e.   Pr ovi de j acket  wi t h a maxi mum f l ame spr ead i ndex of  25 and a 
maxi mum smoke devel oped i ndex of  50 when t est ed i n accor dance wi t h ASTM E84.

2. 2. 11   Wi r e

Sof t  anneal ed ASTM A580/ A580M Type 302,  304 or  316 st ai nl ess st eel ,  16 or  
18 gauge.

2. 2. 12   I nsul at i on Bands

Pr ovi de 1/ 2 i nch wi de;  26 gauge st ai nl ess st eel  i nsul at i on bands.

2. 2. 13   Seal ant s

Choose seal ant s f r om t he but yl  pol ymer  t ype,  t he st yr ene- but adi ene r ubber  
t ype,  or  t he but yl  t ype of  seal ant s.   Pr ovi de seal ant s wi t h a maxi mum 
per meance of  0. 02 per ms based on Pr ocedur e B f or  ASTM E96/ E96M,  and a 
maxi mum f l ame spr ead i ndex of  25 and a maxi mum smoke devel oped i ndex of  50 
when t est ed i n accor dance wi t h ASTM E84.

2. 3   PI PE I NSULATI ON SYSTEMS

Conf or m i nsul at i on mat er i al s t o Tabl e 1 and mi ni mum i nsul at i on t hi ckness 
as l i s t ed i n Tabl e 2 and meet  or  exceed t he r equi r ement s of  ASHRAE 90. 2.  
Li mi t  pi pe i nsul at i on mat er i al s t o t hose l i s t ed her ei n and meet i ng t he 
f ol l owi ng r equi r ement s:

2. 3. 1   Recycl ed Mat er i al s

Pr ovi de i nsul at i on mat er i al s cont ai ni ng t he f ol l owi ng mi ni mum per cent age 
of  r ecycl ed mat er i al  cont ent  by wei ght :

Rock Wool :  75 per cent  s l ag of  wei ght
Fi ber gl ass:   20 per cent  gl ass cul l et
Ri gi d Foam:   9 per cent  r ecover ed mat er i al
Phenol i c Ri gi d Foam:   9 per cent  r ecover ed mat er i al

Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  f or  i nsul at i on 
mat er i al s.

2. 3. 2   Abovegr ound Col d Pi pel i ne (  - 30 t o 60 deg.  F)

Pr ovi de i nsul at i on f or  out door ,  i ndoor ,  exposed or  conceal ed appl i cat i ons,  
as f ol l ows:

2. 3. 2. 1   Cel l ul ar  Gl ass

ASTM C552,  Type I I ,  and Type I I I .   Suppl y t he i nsul at i on f r om t he 
f abr i cat or  wi t h ( par agr aph WHI TE VAPOR RETARDER ALL SERVI CE JACKET ( ASJ) )  
ASJ vapor  r et ar der  and i nst al l ed wi t h al l  l ongi t udi nal  over l aps seal ed and 
al l  c i r cumf er ent i al  j oi nt s ASJ t aped or  suppl y t he i nsul at i on unf aced f r om 
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t he f abr i cat or  and i nst al l  wi t h al l  l ongi t udi nal  and ci r cumf er ent i al  
j oi nt s seal ed wi t h vapor  bar r i er  mast i c.

2. 3. 2. 2   Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

Cl osed- cel l ,  f oam-  or  expanded- r ubber  mat er i al s cont ai ni ng ant i - mi cr obi al  
addi t i ve,  compl yi ng wi t h ASTM C534/ C534M,  Gr ade 1,  Type I  or  I I .   Type I ,  
Gr ade 1 f or  t ubul ar  mat er i al s.   Type I I ,  Gr ade 1,  f or  sheet  mat er i al s.   
Ensur e Type I  and I I  have vapor  r et ar der / vapor  bar r i er  ski n on one or  bot h 
s i des of  t he i nsul at i on,  and r equi r e an addi t i onal  ext er i or  vapor  r et ar der  
cover i ng f or  hi gh r el at i ve humi di t y and bel ow ambi ent  t emper at ur e 
appl i cat i ons.

2. 3. 2. 3   Mi ner al  Fi ber  I nsul at i on wi t h I nt egr al  Wi cki ng Mat er i al  ( MFI WM)

ASTM C547.   I nst al l  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.   Do 
not  use i n appl i cat i ons exposed t o out door  ambi ent  condi t i ons i n c l i mat i c 
zones 1 t hr ough 4.

2. 3. 2. 4   Pol y i socyanur at e I nsul at i on

ASTM C591,  Type I .   Suppl y t he i nsul at i on wi t h a f act or y appl i ed vapor  
r et ar der / bar r i er  t hat  compl i es wi t h Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.   The i nsul at i on and al l  cover i ng must  pass t he 
f l ame spr ead i ndex of  25 and t he smoke devel oped i ndex of  50 when t est ed 
i n accor dance wi t h ASTM E84.

2. 3. 3   Abovegr ound Hot  Pi pel i ne ( Above 60 deg.  F)

Pr ovi de i nsul at i on f or  out door ,  i ndoor ,  exposed or  conceal ed appl i cat i ons 
meet i ng t he f ol l owi ng r equi r ement s.   Suppl y t he i nsul at i on wi t h 
manuf act ur er ' s r ecommended f act or y- appl i ed j acket / vapor  bar r i er .

2. 3. 3. 1   Mi ner al  Fi ber

ASTM C547,  Types I ,  I I  or  I I I ,  suppl y t he i nsul at i on wi t h manuf act ur er ' s 
r ecommended f act or y- appl i ed j acket .

2. 3. 3. 2   Cal c i um Si l i cat e

ASTM C533,  Type I  i ndoor  onl y,  or  out door s above 250 degr ees F pi pe 
t emper at ur e.   Suppl y i nsul at i on wi t h t he manuf act ur er ' s r ecommended 
f act or y- appl i ed j acket / vapor  bar r i er .

2. 3. 3. 3   Cel l ul ar  Gl ass

ASTM C552,  Type I I  and Type I I I .   Suppl y t he i nsul at i on wi t h 
manuf act ur er ' s r ecommended f act or y- appl i ed j acket .

2. 3. 3. 4   Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

Cl osed- cel l ,  f oam-  or  expanded- r ubber  mat er i al s cont ai ni ng ant i - mi cr obi al  
addi t i ve,  compl yi ng wi t h ASTM C534/ C534M,  Gr ade 1,  Type I  or  I I  t o 220 
degr ees F ser vi ce.   Type I  f or  t ubul ar  mat er i al s.  Type I I  f or  sheet  
mat er i al s.

2. 3. 3. 5   Phenol i c I nsul at i on

ASTM C1126 Type I I I  t o 250 degr ees F ser vi ce must  compl y wi t h ASTM C795.   
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Suppl y t he i nsul at i on wi t h manuf act ur er ' s r ecommended f act or y- appl i ed 
j acket / vapor  bar r i er .

2. 3. 3. 6   Per l i t e I nsul at i on

ASTM C610

2. 3. 3. 7   Pol y i socyanur at e I nsul at i on

ASTM C591,  Type I .   Suppl y t he i nsul at i on wi t h a f act or y appl i ed vapor  
r et ar der / bar r i er  t hat  compl i es wi t h Sect i on 23 07 00 THERMAL I NSULATI ON 
FOR MECHANI CAL SYSTEMS.   The i nsul at i on and al l  cover i ng must  pass t he 
f l ame spr ead i ndex of  25 and t he smoke devel oped i ndex of  50 when t est ed 
i n accor dance wi t h ASTM E84.

2. 3. 4   Abovegr ound Dual  Temper at ur e Pi pel i ne

Sel ect  i nsul at i on f or  use over  a dual  t emper at ur e pi pel i ne syst em 
( Out door ,  I ndoor  -  Exposed or  Conceal ed)  i n accor dance wi t h t he most  
l i mi t i ng/ r est r i ct i ve case.   Fi nd an al l owabl e mat er i al  f r om par agr aph PI PE 
I NSULATI ON MATERI ALS and det er mi ne t he r equi r ed t hi ckness f r om t he most  
r est r i ct i ve case.   Use t he t hi ckness l i s t ed i n par agr aphs I NSULATI ON 
THI CKNESS f or  col d & hot  pi pe appl i cat i ons.

2. 3. 5   Bel ow- gr ound Pi pel i ne I nsul at i on

For  bel ow- gr ound pi pel i ne i nsul at i on,  use cel l ul ar  gl ass,  ASTM C552,  t ype 
I I .

2. 4   DUCT I NSULATI ON SYSTEMS

2. 4. 1   Fact or y Appl i ed I nsul at i on

Pr ovi de f act or y- appl i ed ASTM C552,  cel l ul ar  gl ass t her mal  i nsul at i on 
accor di ng t o manuf act ur er ' s r ecommendat i ons f or  i nsul at i on wi t h i nsul at i on 
manuf act ur er ' s st andar d r ei nf or ced f i r e- r et ar dant  vapor  bar r i er ,  wi t h 
i dent i f i cat i on of  i nst al l ed t her mal  r esi st ance ( R)  val ue and 
out - of - package R val ue.

2. 4. 1. 1   Ri gi d I nsul at i on

Cal cul at e t he mi ni mum t hi ckness i n accor dance wi t h ASHRAE 90. 2.

2. 4. 1. 2   Bl anket  I nsul at i on

Cal cul at e mi ni mum t hi ckness i n accor dance wi t h ASHRAE 90. 2.

2. 4. 2   Acoust i cal  Duct  Li ni ng

2. 4. 2. 1   Gener al

For  duct wor k i ndi cat ed or  speci f i ed i n Sect i on 23 30 00 HVAC AI R 
DI STRI BUTI ON t o be acoust i cal l y l i ned,  pr ovi de ext er nal  i nsul at i on i n 
accor dance wi t h t hi s speci f i cat i on sect i on and i n addi t i on t o t he 
acoust i cal  duct  l i ni ng.   Do not  use acoust i cal  l i ni ng i n pl ace of  duct  
wr ap or  r i gi d boar d i nsul at i on ( i nsul at i on on t he ext er i or  of  t he duct ) .
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2. 4. 2. 2   Duct  Li ner

Fl exi bl e El ast omer i c Acoust i cal  and Conf or mabl e Duct  Li ner  Mat er i al s:  
Fl exi bl e El ast omer i c Ther mal ,  Acoust i cal  and Conf or mabl e I nsul at i on 
Compl i ance wi t h ASTM C534/ C534M Gr ade 1,  Type I I ;  and NFPA 90A or  NFPA 90B 
as appl i cabl e.

2. 4. 3   Duct  I nsul at i on Jacket s

2. 4. 3. 1   Al l - Pur pose Jacket

Pr ovi de i nsul at i on wi t h i nsul at i on manuf act ur er ' s st andar d r ei nf or ced 
f i r e- r et ar dant  j acket  wi t h or  wi t hout  i nt egr al  vapor  bar r i er  as r equi r ed 
by t he ser vi ce.   I n exposed l ocat i ons,  pr ovi de j acket  wi t h a whi t e sur f ace 
sui t abl e f or  f i el d pai nt i ng.

2. 4. 3. 2   Met al  Jacket s

2. 4. 3. 2. 1   Al umi num Jacket s

 ASTM B209,  Temper  H14,  mi ni mum t hi ckness of  27 gauge (  0. 016 i nch) ,  wi t h 
f act or y- appl i ed pol yet hyl ene and kr af t  paper  moi st ur e bar r i er  on i nsi de 
sur f ace.   Pr ovi de smoot h sur f ace j acket s f or  j acket  out si de di mensi on 8 
i nches and l ar ger .   Pr ovi de cor r ugat ed sur f ace j acket s f or  j acket  out si de 
di mensi on 8 i nches and l ar ger .   Pr ovi de st ai nl ess st eel  bands,  mi ni mum 
wi dt h of  1/ 2 i nch.

2. 4. 3. 2. 2   St ai nl ess St eel  Jacket s

ASTM A167 or  ASTM A240/ A240M;  Type 304,  mi ni mum t hi ckness of  33 gauge (  
0. 010 i nch) ,  smoot h sur f ace wi t h f act or y- appl i ed pol yet hyl ene and kr af t  
paper  moi st ur e bar r i er  on i nsi de sur f ace.   Pr ovi de st ai nl ess st eel  bands,  
mi ni mum wi dt h of  1/ 2 i nch.

2. 4. 3. 3   Vapor  Bar r i er / Weat her pr oof i ng Jacket

Pr ovi de vapor  bar r i er / weat her pr oof i ng j acket  t hat  i s  l ami nat ed 
sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  l ess t han 0. 0000 
per meabi l i t y ,  ( gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack 
and embossed or  gr eat er  t han 8 pl y ( mi ni mum 2. 9 mi l s adhesi ve) ,  heavy dut y 
whi t e or  nat ur al ) .

2. 4. 4   Weat her pr oof  Duct  I nsul at i on

Pr ovi de ASTM C552,  cel l ul ar  gl ass t her mal  i nsul at i on ,  and weat her pr oof i ng 
as speci f i ed i n manuf act ur er ' s i nst r uct i on.   Mul t i - pl y,  Pol ymer i c Bl end 
Lami nat e Jacket i ng:   Const r uct i on of  l ami nat e desi gned t o pr ovi de UV 
r esi st ance,  hi gh punct ur e,  t ear  r esi st ance and an excel l ent  WVT r at e.

PART 3   EXECUTI ON

3. 1   APPLI CATI ON -  GENERAL

Appl y i nsul at i on t o unheat ed and uncool ed pi pi ng and equi pment .   Do not  
compr ess f l exi bl e el ast omer i c cel l ul ar  i nsul at i on at  j oi st s,  st uds,  
col umns,  duct s,  and hanger s.   The i nsul at i on must  not  pul l  apar t  af t er  a 
one hour  per i od;  r epl ace any i nsul at i on f ound t o pul l  apar t  af t er  one hour .
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3. 1. 1   Di spl ay Sampl es

Submi t  and di spl ay,  af t er  appr oval  of  mat er i al s,  act ual  sect i ons of  
i nst al l ed syst ems,  pr oper l y i nsul at ed i n accor dance wi t h t he speci f i cat i on 
r equi r ement s.   Such act ual  sect i ons must  r emai n accessi bl e t o i nspect i on 
t hr oughout  t he j ob and wi l l  be r evi ewed f r om t i me t o t i me f or  cont r ol l i ng 
t he qual i t y of  t he wor k t hr oughout  t he const r uct i on s i t e.   I dent i f y each 
mat er i al  used by i ndi cat i ng on an at t ached sheet  t he speci f i cat i on 
r equi r ement  f or  t he mat er i al  and t he mat er i al  by each manuf act ur er  
i nt ended t o meet  t he r equi r ement .   The Cont r act i ng Of f i cer  wi l l  i nspect  
di spl ay sampl e sect i ons at  t he j obsi t e.   Keep appr oved di spl ay sampl e 
sect i ons on di spl ay at  t he j obsi t e dur i ng t he const r uct i on per i od.   Upon 
compl et i on of  const r uct i on,  t he di spl ay sampl e sect i ons wi l l  be c l osed and 
seal ed.

3. 1. 1. 1   Pi pe I nsul at i on Di spl ay Sect i ons

I ncl ude as a mi ni mum an el bow or  t ee,  a val ve,  di el ect r i c wat er ways and 
f l anges,  a hanger  wi t h pr ot ect i on shi el d and i nsul at i on i nser t ,  or  dowel  
as r equi r ed,  at  suppor t  poi nt ,  met hod of  f ast eni ng and seal i ng i nsul at i on 
at  l ongi t udi nal  l ap,  c i r cumf er ent i al  l ap,  but t  j oi nt s at  f i t t i ngs and on 
pi pe r uns,  and t er mi nat i ng poi nt s f or  each t ype of  pi pe i nsul at i on used on 
t he j ob,  and f or  hot  pi pel i nes and col d pi pel i nes,  bot h i nt er i or  and 
ext er i or ,  even when t he same t ype of  i nsul at i on i s used f or  t hese ser vi ces.

3. 1. 1. 2   Duct  I nsul at i on Di spl ay Sect i ons

Di spl ay sampl e sect i ons f or  r i gi d and f l exi bl e duct  i nsul at i on used on t he 
j ob.   Use a t empor ar y cover i ng t o encl ose and pr ot ect  di spl ay sect i ons f or  
duct  i nsul at i on exposed t o weat her

3. 1. 2   I nst al l at i on

Except  as ot her wi se speci f i ed,  i nst al l  mat er i al  i n accor dance wi t h t he 
manuf act ur er ' s wr i t t en i nst r uct i ons.   Do not  appl y i nsul at i on mat er i al s 
unt i l  t est s and heat  t r aci ng speci f i ed i n ot her  sect i ons of  t hi s 
speci f i cat i on ar e compl et ed.   Remove mat er i al  such as r ust ,  scal e,  di r t  
and moi st ur e f r om sur f aces t o r ecei ve i nsul at i on.   Keep i nsul at on cl ean 
and dr y.   Do not  r emove i nsul at i on f r om i t s shi ppi ng cont ai ner s unt i l  t he 
day i t  i s  r eady t o use and r et ur n t o l i ke cont ai ner s or  equal l y pr ot ect  
f r om di r t  and moi st ur e at  t he end of  each wor kday.   Thor oughl y c l ean 
i nsul at i on t hat  becomes di r t y pr i or  t o use.   I f  i nsul at i on becomes wet  or  
i f  c l eani ng does not  r est or e t he sur f aces t o l i ke new condi t i on,  r ej ect  
t he i nsul at i on,  and i mmedi at el y r emove f r om t he j obsi t e.   St agger  j oi nt s 
on mul t i  l ayer  i nsul at i on.   Mi x mi ner al  f i ber  t her mal  i nsul at i ng cement  
wi t h demi ner al i zed wat er  when used on st ai nl ess st eel  sur f aces.   I nst al l  
i nsul at i on,  j acket i ng and accessor i es i n accor dance wi t h 
MI CA I nsul at i on St ds pl at es except  wher e modi f i ed her ei n or  on t he 
dr awi ngs.

3. 1. 3   Fi r est oppi ng

Wher e pi pes and duct s pass t hr ough f i r e wal l s,  f i r e par t i t i ons,  above 
gr ade f l oor s,  and f i r e r at ed chase wal l s,  seal  t he penet r at i on wi t h f i r e 
st oppi ng mat er i al s as speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.   The 
pr ot ect i on of  duct s at  poi nt  of  passage t hr ough f i r ewal l s must  be i n 
accor dance wi t h NFPA 90A and/ or  NFPA 90B.  Al l  ot her  penet r at i ons,  such as 
pi pi ng,  condui t ,  and wi r i ng,  t hr ough f i r ewal l s must  be pr ot ect ed wi t h a 
mat er i al  or  syst em of  t he same hour l y r at i ng t hat  i s l i s t ed by UL,  FM,  or  
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a NRTL.

3. 1. 4   Pai nt i ng and Fi ni shi ng

Pai nt  as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 1. 5   I nst al l at i on of  Fl exi bl e El ast omer i c Cel l ul ar  I nsul at i on

I nst al l  f l exi bl e el ast omer i c cel l ul ar  i nsul at i on wi t h seams and j oi nt s 
seal ed wi t h r ubber i zed cont act  adhesi ve.   Do not  use f l exi bl e el ast omer i c 
cel l ul ar  i nsul at i on on sur f aces gr eat er  t han 220 degr ees F.   St agger  seams 
when appl y i ng mul t i pl e l ayer s of  i nsul at i on.   Pr ot ect  i nsul at i on exposed 
t o weat her  and not  shown t o have vapor  bar r i er  weat her pr oof  j acket i ng wi t h 
t wo coat s of  UV r esi st ant  f i ni sh or  PVC or  met al  j acket i ng as r ecommended 
by t he manuf act ur er  af t er  t he adhesi ve i s dr y and cur ed.

3. 1. 5. 1   Adhesi ve Appl i cat i on

Appl y a br ush coat i ng of  adhesi ve t o bot h but t  ends t o be j oi ned and t o 
bot h s l i t  sur f aces t o be seal ed.   Al l ow t he adhesi ve t o set  unt i l  dr y t o 
t ouch but  t acky under  s l i ght  pr essur e bef or e j oi ni ng t he sur f aces.   Ensur e 
i nsul at i on seal s at  seams and j oi nt s ar e not  capabl e of  bei ng pul l ed apar t  
one hour  af t er  appl i cat i on.   Repl ace i nsul at i on t hat  can be pul l ed apar t  
one hour  af t er  i nst al l at i on.

3. 1. 5. 2   Adhesi ve Saf et y Pr ecaut i ons

Use nat ur al  cr oss- vent i l at i on,  l ocal  ( mechani cal )  pi ckup,  and/ or  gener al  
ar ea ( mechani cal )  vent i l at i on t o pr event  an accumul at i on of  sol vent  
vapor s,  keepi ng i n mi nd t he vent i l at i on pat t er n must  r emove any 
heavi er - t han- ai r  sol vent  vapor s f r om l ower  l evel s of  t he wor kspaces.   
Gl oves and spect acl e- t ype saf et y gl asses ar e r ecommended i n accor dance 
wi t h saf e i nst al l at i on pr act i ces.

3. 1. 6   Wel di ng

Wel di ng i s not  per mi t t ed on pi pi ng,  duct  or   wi t hout  wr i t t en appr oval  of  
t he Cont r act i ng Of f i cer .   The capaci t or  di schar ge wel di ng pr ocess may be 
used f or  secur i ng met al  f ast ener s t o duct .

3. 1. 7   Pi pes/ Duct s/  That  Requi r e I nsul at i on

I nsul at i on i s r equi r ed on al l  pi pes,  duct s,  or   except  f or  omi t t ed i t ems 
as speci f i ed.

3. 2   PI PE I NSULATI ON SYSTEMS I NSTALLATI ON

3. 2. 1   Pi pe I nsul at i on

3. 2. 1. 1   Gener al

I nst al l  pi pe i nsul at i on on abovegr ound hot  and col d pi pel i ne syst ems as 
speci f i ed bel ow t o f or m a cont i nuous t her mal  r et ar der / bar r i er ,  i ncl udi ng 
st r ai ght  r uns,  f i t t i ngs and appur t enances unl ess speci f i ed ot her wi se.   
I nst al l  f ul l  l engt h uni t s of  i nsul at i on usi ng a s i ngl e cut  pi ece t o 
compl et e a r un.   Do not  use cut  pi eces or  scr aps abut t i ng each ot her .   
Omi t  pi pe i nsul at i on on t he f ol l owi ng:
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a.   Pi pe used sol el y f or  f i r e pr ot ect i on.

b.   Chr omi um pl at ed pi pe t o pl umbi ng f i xt ur es.   However ,  f or  f i x t ur es used 
by t he physi cal l y handi capped,  i nsul at e t he hot  wat er  suppl y and 
dr ai n,  i ncl udi ng t he t r ap,  wher e exposed.

c.   Sani t ar y dr ai n l i nes.

d.   Ai r  chamber s.

e.   Adj acent  i nsul at i on.

f .   ASME st amps.

g.   Access pl at es of  f an housi ngs.

h.   Cl eanout s or  handhol es.

3. 2. 1. 2   Pi pes Passi ng Thr ough Wal l s,  Roof s,  and Fl oor s

Pr ovi de cont i nuous pi pe i nsul at i on t hr ough t he sl eeve.

Pr ovi de an al umi num j acket  or  vapor  bar r i er / weat her pr oof i ng sel f  adhesi ve 
j acket  ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  l ess t han 0. 0000 
per meabi l i t y ,  gr eat er  t han 3 pl y st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed wi t h f act or y appl i ed moi st ur e r et ar der  over  t he i nsul at i on 
wher ever  penet r at i ons r equi r e seal i ng.

3. 2. 1. 2. 1   Penet r at e I nt er i or  Wal l s

Pr ovi de al umi num j acket  or  vapor  bar r i er / weat her pr oof i ng -  sel f  adhesi ve 
j acket  ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  l ess t han 0. 0000 
per meabi l i t y ,  gr eat er  t han 3 pl i es st andar d gr ade,  s i l ver ,  whi t e,  bl ack 
and embossed whi ch ext ends 2 i nches beyond ei t her  s i de of  t he wal l  and 
secur e on each end wi t h a band.

3. 2. 1. 2. 2   Penet r at i ng Fl oor s

Ext end t he al umi num j acket  f r om a poi nt  bel ow t he backup mat er i al  t o a 
poi nt  10 i nches above t he f l oor  wi t h one band at  t he f l oor  and one not  
mor e t han 1 i nch f r om t he end of  t he al umi num j acket .

3. 2. 1. 2. 3   Penet r at i ng Wat er pr oof ed Fl oor s

Ext end t he al umi num j acket  r om bel ow t he backup mat er i al  t o a poi nt  2 
i nches above t he f l ashi ng wi t h a band 1 i nch f r om t he end of  t he al umi num 
j acket .

3. 2. 1. 2. 4   Penet r at i ng Ext er i or  Wal l s

Cont i nue t he al umi num j acket  r equi r ed f or  pi pe exposed t o weat her  t hr ough 
t he sl eeve t o a poi nt  2 i nches beyond t he i nt er i or  sur f ace of  t he wal l .

3. 2. 1. 2. 5   Penet r at i ng Roof s

I nsul at e pi pe as r equi r ed f or  i nt er i or  ser vi ce t o a poi nt  f l ush wi t h t he 
t op of  t he f l ashi ng and seal ed wi t h f l ashi ng seal ant .   Ti ght l y but t  t he 
i nsul at i on f or  ext er i or  appl i cat i on t o t he t op of  f l ashi ng and i nt er i or  
i nsul at i on.   Ext end t he ext er i or  al umi num j acket  2 i nches down beyond t he 
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end of  t he i nsul at i on t o f or m a count er  f l ashi ng.   Seal  t he f l ashi ng and 
count er  f l ashi ng under neat h wi t h met al  j acket i ng/ f l ashi ng seal ant .

3. 2. 1. 2. 6   Hot  Wat er  Pi pes Suppl y i ng Lavat or i es or  Ot her  Si mi l ar  Heat ed 
Ser vi ce

Ter mi nat e t he i nsul at i on on t he backsi de of  t he f i ni shed wal l .   Pr ot ect  
t he i nsul at i on t er mi nat i on wi t h t wo coat s of  vapor  bar r i er  coat i ng wi t h a 
mi ni mum t ot al  t hi ckness of  1/ 16 i nch appl i ed wi t h gl ass t ape embedded 
bet ween coat s ( i f  appl i cabl e) .   Ext end t he coat i ng out  ont o t he i nsul at i on 
2 i nches and seal  t he end of  t he i nsul at i on.   Over l ap gl ass t ape seams 1 
i nch.   Caul k t he annul ar  space bet ween t he pi pe and wal l  penet r at i on wi t h 
appr oved f i r e st op mat er i al .   Cover  t he pi pe and wal l  penet r at i on wi t h a 
pr oper l y s i zed ( wel l  f i t t i ng)  escut cheon pl at e.   Ensur e t he escut cheon 
pl at e over l aps t he wal l  penet r at i on at  l east  3/ 8 i nches.

3. 2. 1. 2. 7    Domest i c Col d Wat er  Pi pes Suppl y i ng Lavat or i es or  Ot her  Si mi l ar  
Cool i ng Ser vi ce

Ter mi nat e t he i nsul at i on on t he f i ni shed si de of  t he wal l  ( i . e. ,  
i nsul at i on must  cover  t he pi pe t hr oughout  t he wal l  penet r at i on) .   Pr ot ect  
t he i nsul at i on wi t h t wo coat s of  weat her  bar r i er  mast i c ( br eat her  emul si on 
t ype weat her pr oof  mast i c i mper meabl e t o wat er  and per meabl e t o ai r )  wi t h a 
mi ni mum t ot al  t hi ckness of  1/ 16 i nch.   Ext end t he mast i c out  ont o t he 
i nsul at i on 2 i nches and seal  t he end of  t he i nsul at i on.   Caul k t he annul ar  
space bet ween t he out er  sur f ace of  t he pi pe i nsul at i on and t he wal l  
penet r at i on wi t h an appr oved f i r e st op mat er i al  havi ng vapor  r et ar der  
pr oper t i es.   Cover  t he pi pe and wal l  penet r at i on wi t h a pr oper l y s i zed 
( wel l  f i t t i ng)  escut cheon pl at e.   Ensur e t he escut cheon pl at e over l aps t he 
wal l  penet r at i on by at  l east  3/ 8 i nches.

3. 2. 1. 3   Pi pes Passi ng Thr ough Hanger s

Ensur e i nsul at i on,  whet her  hot  or  col d appl i cat i on,  i s  cont i nuous t hr ough 
hanger s.   Suppor t  al l  hor i zont al  pi pes 2 i nches and smal l er  on hanger s 
wi t h t he addi t i on of  a Type 40 pr ot ect i on shi el d t o pr ot ect  t he i nsul at i on 
i n accor dance wi t h MSS SP- 58.   Whenever  i nsul at i on shows si gns of  bei ng 
compr essed,  or  when t he i nsul at i on or  j acket  shows vi s i bl e s i gns of  
di st or t i on at  or  near  t he suppor t  shi el d,  i nst al l  i nsul at i on i nser t s as 
speci f i ed bel ow f or  pi pi ng l ar ger  t han 2 i nches,  or  f act or y i nsul at ed 
hanger s ( desi gned wi t h a l oad bear i ng cor e)  can be used.

3. 2. 1. 3. 1   Hor i zont al  Pi pes Lar ger  Than 2 I nches at  60 Degr ees F and Above

Suppor t ed on hanger s i n accor dance wi t h MSS SP- 58,  and Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.

3. 2. 1. 3. 2   Hor i zont al  Pi pes Lar ger  Than 2 I nches and Bel ow 60 Degr ees F

Suppor t ed on hanger s wi t h t he addi t i on of  a Type 40 pr ot ect i on shi el d i n 
accor dance wi t h MSS SP- 58.   I nst al l  an i nsul at i on i nser t  of  cel l ul ar  
gl ass,  pr ef abr i cat ed i nsul at i on pi pe hanger s,  or  per l i t e above 80 degr ees F
 above each shi el d.   Ensur e i nser t  cover s no l ess t han t he bot t om 
180- degr ee ar c of  t he pi pe.   Pr ovi de i nser t s t hat  ar e t he same t hi ckness 
as t he i nsul at i on,  and ext end 2 i nches on each end beyond t he pr ot ect i on 
shi el d.   When i nsul at i on i nser t s ar e r equi r ed i n accor dance wi t h t he 
above,  and t he i nsul at i on t hi ckness i s l ess t han 1 i nch,  wooden or  cor k 
dowel s or  bl ocks may be i nst al l ed bet ween t he pi pe and t he shi el d t o 
pr event  t he wei ght  of  t he pi pe f r om cr ushi ng t he i nsul at i on,  as an opt i on 
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t o i nst al l i ng i nsul at i on i nser t s.   Ensur e t he i nsul at i on j acket  i s 
cont i nuous over  t he wooden dowel ,  wooden bl ock,  or  i nsul at i on i nser t .

3. 2. 1. 3. 3   Ver t i cal  Pi pes

Suppor t ed wi t h ei t her  Type 8 or  Type 42 r i ser  c l amps wi t h t he addi t i on of  
t wo Type 40 pr ot ect i on shi el ds i n accor dance wi t h MSS SP- 58 cover i ng t he 
360- degr ee ar c of  t he i nsul at i on.   I nst al l  an i nsul at i on i nser t  of  
cel l ul ar  gl ass or  cal c i um si l i cat e bet ween each shi el d and t he pi pe.   
Ensur e t he i nser t  cover s t he 360- degr ee ar c of  t he pi pe.   Pr ovi de i nser t s 
t hat  ar e t he same t hi ckness as t he i nsul at i on,  and ext end 2 i nches on each 
end beyond t he pr ot ect i on shi el d.   When i nsul at i on i nser t s ar e r equi r ed i n 
accor dance wi t h t he above,  and t he i nsul at i on t hi ckness i s l ess t han 1 i nch,  
wooden or  cor k dowel s or  bl ocks may be i nst al l ed bet ween t he pi pe and t he 
shi el d t o pr event  t he hanger  f r om cr ushi ng t he i nsul at i on,  as an opt i on 
i nst ead of  i nst al l i ng i nsul at i on i nser t s.   Ensur e t he i nsul at i on j acket  i s 
cont i nuous over  t he wooden dowel ,  wooden bl ock,  or  i nsul at i on i nser t .   
Suppor t  t he ver t i cal  wei ght  of  t he pi pe wi t h hanger s l ocat ed i n a 
hor i zont al  sect i on of  t he pi pe.   When t he pi pe r i ser  i s l onger  t han 30 f eet ,  
suppor t  t he wei ght  of  t he pi pe addi t i onal l y wi t h hanger s i n t he ver t i cal  
r un of  t he pi pe t hat  ar e di r ect l y c l amped t o t he pi pe,  penet r at i ng t he 
pi pe i nsul at i on.   Use i nsul at ed hanger s and seal  t he i nsul at i on j acket  as 
i ndi cat ed her ei n f or  anchor s i n a s i mi l ar  ser vi ce.

3. 2. 1. 3. 4   I nser t s

Cover ed wi t h a j acket  mat er i al  of  t he same appear ance and qual i t y as t he 
adj oi ni ng pi pe i nsul at i on j acket ,  over l ap t he adj oi ni ng pi pe j acket  1- 1/ 2 
i nches,  and seal  as r equi r ed f or  t he pi pe j acket .   Use j acket  mat er i al  t o 
cover  i nser t s i n f l exi bl e el ast omer i c cel l ul ar  i nsul at i on conf or mi ng t o 
ASTM C1136,  Type 1,  and i s al l owed t o be of  a di f f er ent  mat er i al  t han t he 
adj oi ni ng i nsul at i on mat er i al .

3. 2. 1. 4   Fl exi bl e El ast omer i c Cel l ul ar  Pi pe I nsul at i on

Use t ubul ar  f or m f l exi bl e el ast omer i c cel l ul ar  pi pe i nsul at i on f or  pi pe 
si zes 6 i nches and l ess.   Gr ade 1,  Do not  st r et ch Type I I  sheet  i nsul at i on 
used on pi pes l ar ger  t han 6 i nches ar ound t he pi pe.   On pi pes l ar ger  t han 
12 i nches,  adher e t he i nsul at i on di r ect l y t o t he pi pe on t he l ower  1/ 3 of  
t he pi pe.   St agger  seams when appl y i ng mul t i pl e l ayer s of  i nsul at i on.   
I nsul at e sweat  f i t t i ngs wi t h mi t er - cut  pi eces t he same si ze as on adj acent  
pi pi ng.   I nsul at e scr ewed f i t t i ngs wi t h s l eeved f i t t i ng cover s f abr i cat ed 
f r om mi t er - cut  pi eces and over l ap and seal  t o t he adj acent  pi pe 
i nsul at i on.   Type I I  r equi r es an addi t i onal  ext er i or  vapor  
r et ar der / bar r i er  cover i ng f or  hi gh r el at i ve humi di t y and bel ow ambi ent  
t emper at ur e appl i cat i ons.

3. 2. 1. 5   Pi pes i n hi gh abuse ar eas.

I n hi gh abuse ar eas such as j ani t or  c l oset s and t r af f i c  ar eas i n equi pment  
r ooms,  k i t chens,  and mechani cal  r ooms,  ut i l i ze st ai nl ess st eel ,  al umi num 
or  f l exi bl e l ami nat e c l addi ng ( compr i sed of  el ast omer i c,  pl ast i c or  met al  
f oi l  l ami nat e)  l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  vapor  bar r i er / weat her pr oof i ng j acket ,  -  l ess t han 0. 0000 
per meabi l i t y ;  ( gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack 
and embossed)  al umi num j acket s.   Pr ot ect  pi pe i nsul at i on t o t he 6 f oot  
l evel .   Ot her  ar eas t hat  speci f i cal l y r equi r e pr ot ect i on t o t he 6 f oot  
l evel  ar e .
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3. 2. 1. 6   Pi pe I nsul at i on Mat er i al  and Thi ckness

Pi pe i nsul at i on mat er i al s must  be as l i s t ed i n Tabl e 1 and must  meet  or  
exceed t he r equi r ement s of  ASHRAE 90. 2.   

TABLE 1

I nsul at i on Mat er i al  f or  Pi pi ng

Ser vi ce

Mat er i al Speci f i cat i on Type Cl ass VR/ VB 
Req' d

Chi l l ed Wat er  ( Suppl y & Ret ur n,  Dual  Temper at ur e Pi pi ng,  40 F nomi nal )

Cel l ul ar  Gl ass ASTM C552 I I 2 Yes

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I Yes

Heat i ng Hot  Wat er  Suppl y & Ret ur n,  Heat ed Oi l  ( Max 250 F)

Mi ner al  Fi ber ASTM C547 I 1 No

Cal ci um Si l i cat e ASTM C533 I No

Cel l ul ar  Gl ass ASTM C552 I I 2 No

Faced Phenol i c Foam ASTM C1126 I I I Yes

Per l i t e ASTM C610 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I 2 No

Col d Domest i c Wat er  Pi pi ng,  Makeup Wat er  & Dr i nki ng Fount ai n Dr ai n Pi pi ng

Cel l ul ar  Gl ass ASTM C552 I I 2 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Hot  Domest i c Wat er  Suppl y & Reci r cul at i ng Pi pi ng ( Max 200 F)

Mi ner al  Fi ber ASTM C547 I 1 No

Cel l ul ar  Gl ass ASTM C552 I I 2 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Faced Phenol i c Foam ASTM C1126 I I I Yes

Ref r i ger ant  Suct i on Pi pi ng ( 35 degr ees F nomi nal )
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TABLE 1

I nsul at i on Mat er i al  f or  Pi pi ng

Ser vi ce

Mat er i al Speci f i cat i on Type Cl ass VR/ VB 
Req' d

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Cel l ul ar  Gl ass ASTM C552 I I 1 Yes

Compr essed Ai r  Di schar ge,  St eam and Condensat e Ret ur n ( 201 t o 250 Degr ees F

Cel l ul ar  Gl ass ASTM C552 I I No

Mi ner al  Fi ber ASTM C547 I 1 No

Cal ci um Si l i cat e ASTM C533 I No

Faced Phenol i c Foam ASTM C1126 I I I Yes

Per l i t e ASTM C610 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I 2 No

Exposed Lavat or y Dr ai ns,  Exposed Domest i c Wat er  Pi pi ng & Dr ai ns t o Ar eas f or  
Handi capped Per sonnel

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Hor i zont al  Roof  Dr ai n Leader s ( I ncl udi ng Under si de of  Roof  Dr ai n Fi t t i ngs)

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Faced Phenol i c Foam ASTM C1126 I I I Yes

Cel l ul ar  Gl ass ASTM C552 I I I Yes

Condensat e Dr ai n Locat ed I nsi de Bui l di ng

Cel l ul ar  Gl ass ASTM C552 I I 2 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Medi um Temper at ur e Hot  Wat er ,  St eam and Condensat e ( 251 t o 350 Degr ees F)

Mi ner al  Fi ber ASTM C547 I 1 No

Cal ci um Si l i cat e ASTM C533 I No

Cel l ul ar  Gl ass ASTM C552 I  or  I I No

Per l i t e ASTM C610 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I 2 No

Hi gh Temper at ur e Hot  Wat er  & St eam ( 351 t o 700 Degr ees F)
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TABLE 1

I nsul at i on Mat er i al  f or  Pi pi ng

Ser vi ce

Mat er i al Speci f i cat i on Type Cl ass VR/ VB 
Req' d

Mi ner al  Fi ber ASTM C547 I 2 No

Cal ci um Si l i cat e ASTM C533 I No

Per l i t e ASTM C610 No

Cel l ul ar  Gl ass ASTM C552 No

Br i ne Syst ems Cr yogeni cs ( - 30 t o 0 Degr ees F)

Cel l ul ar  Gl ass ASTM C552 I I 2 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Br i ne Syst ems Cr yogeni cs ( 0 t o 34 Degr ees F)

Cel l ul ar  Gl ass ASTM C552 I I 2 No

Fl exi bl e El ast omer i c Cel l ul ar ASTM C534/ C534M I No

Not e:  VR/ VB = Vapor  Ret ar der / Vapor  Bar r i er

TABLE 2

Pi pi ng I nsul at i on Thi ckness ( i nch)
  Do not  use i nt egr al  wi cki ng mat er i al  i n  Chi l l ed wat er  appl i cat i ons exposed t o

out door  ambi ent  condi t i ons i n cl i mat i c zones 1 t hr ough 4.

Ser vi ce

Mat er i al Tube And Pi pe Si ze ( i nch)

<1 1- <1. 5 1. 5- <4 4- <8 > or  = >8

Chi l l ed Wat er  ( Suppl y & Ret ur n,  Dual  Temper at ur e Pi pi ng,  40 Degr ees F nomi nal )

Cel l ul ar  Gl ass 1. 5 2 2 2. 5 3

Mi ner al  Fi ber  wi t h Wi cki ng 
Mat er i al

1 1. 5 1. 5 2 2

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Chi l l ed Wat er  ( Suppl y & Ret ur n,  Dual  Temper at ur e Pi pi ng,  40 Degr ees F nomi nal )
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TABLE 2

Pi pi ng I nsul at i on Thi ckness ( i nch)
  Do not  use i nt egr al  wi cki ng mat er i al  i n  Chi l l ed wat er  appl i cat i ons exposed t o

out door  ambi ent  condi t i ons i n cl i mat i c zones 1 t hr ough 4.

Ser vi ce

Mat er i al Tube And Pi pe Si ze ( i nch)

<1 1- <1. 5 1. 5- <4 4- <8 > or  = >8

Cel l ul ar  Gl ass 1. 5 1. 5 1. 5 1. 5 2

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Mi ner al  Fi ber  wi t h Wi cki ng 
Mat er i al

1 1. 5 1. 5 2 2

Heat i ng Hot  Wat er  Suppl y & Ret ur n,  Heat ed Oi l  ( Max 250 F)

Mi ner al  Fi ber 1. 5 1. 5 2 2 2

Cal ci um Si l i cat e 2. 5 2. 5 3 3 3

Cel l ul ar  Gl ass 2 2. 5 3 3 3

Per l i t e 2. 5 2. 5 3 3 3

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Col d Domest i c Wat er  Pi pi ng,  Makeup Wat er  & Dr i nki ng Fount ai n Dr ai n Pi pi ng

Cel l ul ar  Gl ass 1. 5 1. 5 1. 5 1. 5 1. 5

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Hot  Domest i c Wat er  Suppl y & Reci r cul at i ng Pi pi ng ( Max 200 F)

Mi ner al  Fi ber 1 1 1 1. 5 1. 5

Cel l ul ar  Gl ass 1. 5 1. 5 1. 5 2 2

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Ref r i ger ant  Suct i on Pi pi ng ( 35 degr ees F nomi nal )

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Cel l ul ar  Gl ass 1. 5 1. 5 1. 5 1. 5 1. 5
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TABLE 2

Pi pi ng I nsul at i on Thi ckness ( i nch)
  Do not  use i nt egr al  wi cki ng mat er i al  i n  Chi l l ed wat er  appl i cat i ons exposed t o

out door  ambi ent  condi t i ons i n cl i mat i c zones 1 t hr ough 4.

Ser vi ce

Mat er i al Tube And Pi pe Si ze ( i nch)

<1 1- <1. 5 1. 5- <4 4- <8 > or  = >8

Compr essed Ai r  Di schar ge,  St eam and Condensat e Ret ur n ( 201 t o 250 Degr ees F

Mi ner al  Fi ber 1. 5 1. 5 2 2 2

1. 5* 2* 2. 5* 3* 3. 5*

Cal ci um Si l i cat e 2. 5 3 4 4 4. 5

Cel l ul ar  Gl ass 2 2. 5 3 3 3

Per l i t e 2. 5 3 4 4 4. 5

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Exposed Lavat or y Dr ai ns,  Exposed Domest i c Wat er  Pi pi ng & Dr ai ns t o Ar eas f or  
Handi capped Per sonnel

Fl exi bl e El ast omer i c Cel l ul ar 0. 5 0. 5 0. 5 0. 5 0. 5

Hor i zont al  Roof  Dr ai n Leader s ( I ncl udi ng Under si de of  Roof  Dr ai n Fi t t i ngs)

Cel l ul ar  Gl ass 1. 5 1. 5 1. 5 1. 5 1. 5

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Faced Phenol i c Foam 1 1 1 1 1

Condensat e Dr ai n Locat ed I nsi de Bui l di ng

Cel l ul ar  Gl ass 1. 5 1. 5 1. 5 1. 5 1. 5

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Medi um Temper at ur e Hot  Wat er ,  St eam and Condensat e ( 251 t o 350 Degr ees F)

Mi ner al  Fi ber 1. 5 3 3 4 4

2. 5* * 3. 5*
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TABLE 2

Pi pi ng I nsul at i on Thi ckness ( i nch)
  Do not  use i nt egr al  wi cki ng mat er i al  i n  Chi l l ed wat er  appl i cat i ons exposed t o

out door  ambi ent  condi t i ons i n cl i mat i c zones 1 t hr ough 4.

Ser vi ce

Mat er i al Tube And Pi pe Si ze ( i nch)

<1 1- <1. 5 1. 5- <4 4- <8 > or  = >8

Cal ci um Si l i cat e 2. 5 3. 5 4. 5 4. 5 5

Per l i t e 2. 5 3. 5 4. 5 4. 5 5

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

Hi gh Temper at ur e Hot  Wat er  & St eam ( 351 t o 700 Degr ees F)

Mi ner al  Fi ber 2. 5 3 3 4 4

Cal ci um Si l i cat e 4 4. 5 6 6 6

Per l i t e 4 4. 5 6 6 6

Br i ne Syst ems Cr yogeni cs ( - 30 t o 0 Degr ees F)

Cel l ul ar  Gl ass 2. 5 2. 5 3 3 3. 5

Fl exi bl e El ast omer i c Cel l ul ar 1 1 N/ A N/ A N/ A

Br i ne Syst ems Cr yogeni cs ( 0 t o 34 Degr ees F)

Cel l ul ar  Gl ass 2 2 2 2. 5 3

Fl exi bl e El ast omer i c Cel l ul ar 1 1 1 N/ A N/ A

3. 2. 2   Abovegr ound Col d Pi pel i nes

I nsul at e t he f ol l owi ng col d pi pel i nes f or  mi nus 30 t o pl us 60 degr ees F i n 
accor dance wi t h Tabl e 2 except  t hose pi pi ng l i s t ed i n subpar agr aph Pi pe 
I nsul at i on i n PART 3 as t o be omi t t ed.   Thi s i ncl udes but  i s not  l i mi t ed 
t o t he f ol l owi ng:

a.   Make- up wat er .

b.   Hor i zont al  and ver t i cal  por t i ons of  i nt er i or  r oof  dr ai ns.

c.   Ref r i ger ant  suct i on l i nes.
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d.   Chi l l ed wat er .

e.   Dual  t emper at ur e wat er ,  i . e.  HVAC hot / chi l l ed wat er .

f .   Ai r  condi t i oner  condensat e dr ai ns.

g.   Br i ne syst em cr yogeni cs

h.   Exposed l avat or y dr ai ns and domest i c wat er  l i nes ser vi ng pl umbi ng 
f i xt ur es f or  handi cap per sons.

i .   Domest i c col d and chi l l ed dr i nki ng wat er .

3. 2. 2. 1   I nsul at i on Mat er i al  and Thi ckness

Det er mi ne i nsul at i on t hi ckness f or  col d pi pel i nes usi ng Tabl e 2.

3. 2. 2. 2   Fact or y or  Fi el d appl i ed Jacket

Cover  i nsul at i on wi t h a f act or y appl i ed vapor  r et ar der  j acket / vapor  
bar r i er  or  f i el d appl i ed seal  wel ded PVC j acket  or  gr eat er  t han 3 pl y 
l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 per meabi l i t y ,  st andar d 
gr ade,  s l i ver ,  whi t e,  bl ack and embossed f or  use wi t h Mi ner al  Fi ber ,  
Cel l ul ar  Gl ass,  and Phenol i c Foam I nsul at ed Pi pe.   For  i nsul at i on i nsi de 
t he bui l di ng,  t o be pr ot ect ed wi t h an al umi num j acket  or  gr eat er  t han 3 
pl y vapor  bar r i er / weat her pr oof i ng sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   
3 mi l s embossed)  pr oduct ,  l ess t han 0. 0000 per meabi l i t y ,  st andar d gr ade,  
Embossed Si l ver ,  Whi t e & Bl ack,  i nst al l  t he i nsul at i on and vapor  r et ar der  
j acket  as speci f i ed her ei n.   I nst al l  t he al umi num j acket  or  gr eat er  t han 3 
pl y vapor  bar r i er / weat her pr oof i ng sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   
3 mi l s embossed)  pr oduct ,  l ess t han 0. 0000 per meabi l i t y ,  st andar d gr ade,  
embossed si l ver ,  Whi t e & Bl ack,  as speci f i ed f or  pi pi ng exposed t o 
weat her ,  except  seal i ng of  t he l aps of  t he al umi num j acket  i s not  
r equi r ed.   I n hi gh abuse ar eas such as j ani t or  c l oset s and t r af f i c  ar eas 
i n equi pment  r ooms,  k i t chens,  and mechani cal  r ooms,  pr ovi de al umi num 
j acket s or  gr eat er  t han 3 pl y vapor  bar r i er / weat her pr oof i ng sel f - adhesi ve 
( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  pr oduct ,  l ess t han 0. 0000 
per meabi l i t y ,  st andar d gr ade,  embossed si l ver ,  whi t e & bl ack,  f or  pi pe 
i nsul at i on t o t he 6 f t  l evel .   Ot her  ar eas t hat  speci f i cal l y r equi r e 
pr ot ect i on t o t he 6 f t  l evel  ar e .

3. 2. 2. 3   I nst al l i ng I nsul at i on f or  St r ai ght  Runs Hot  and Col d Pi pe

Appl y i nsul at i on t o t he pi pe wi t h t i ght  but t  j oi nt s.   Seal  al l  but t ed 
j oi nt s and ends wi t h j oi nt  seal ant  and seal  wi t h a vapor  r et ar der  coat i ng,  
gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape 
or  PVDC adhesi ve t ape.

3. 2. 2. 3. 1   Longi t udi nal  Laps of  t he Jacket  Mat er i al

Over l ap not  l ess t han 1- 1/ 2 i nches.   Pr ovi de but t  st r i ps 3 i nches wi de f or  
c i r cumf er ent i al  j oi nt s.

3. 2. 2. 3. 2   Laps and But t  St r i ps

Secur e wi t h adhesi ve and st apl e on 4 i nch cent er s i f  not  f act or y 
sel f - seal i ng.   I f  st apl es ar e used,  seal  i n accor dance wi t h par agr aph 
STAPLES bel ow.   Not e t hat  st apl es ar e not  r equi r ed wi t h cel l ul ar  gl ass 
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syst ems.

3. 2. 2. 3. 3   Fact or y Sel f - Seal i ng Lap Syst ems

May be used when t he ambi ent  t emper at ur e i s bet ween 40 and 120 degr ees F 
dur i ng i nst al l at i on.   I nst al l  t he l ap syst em i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.   Use a st apl er  onl y i f  speci f i cal l y 
r ecommended by t he manuf act ur er .   Wher e gaps occur ,  r epl ace t he sect i on or  
r epai r  t he gap by appl y i ng adhesi ve under  t he l ap and t hen st apl i ng.

3. 2. 2. 3. 4   St apl es

Coat  al l  st apl es,  i ncl udi ng t hose used t o r epai r  f act or y sel f - seal  l ap 
syst ems,  wi t h a vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  
t han 3 pl y l ami nat e j acket  -  0. 0000 per m adhesi ve t ape.   Coat  al l  seams,  
except  t hose on f act or y sel f - seal  syst ems,  wi t h vapor  r et ar der  coat i ng or  
PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 
0. 0000 per m adhesi ve t ape.

3. 2. 2. 3. 5   Br eaks and Punct ur es i n t he Jacket  Mat er i al

Pat ch by wr appi ng a st r i p of  j acket  mat er i al  ar ound t he pi pe and secur e i t  
wi t h adhesi ve,  st apl e,  and coat  wi t h vapor  r et ar der  coat i ng or  PVDC 
adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 
per m adhesi ve t ape.   Ext end t he pat ch not  l ess t han 1- 1/ 2 i nches past  t he 
br eak.

3. 2. 2. 3. 6   Penet r at i ons Such as Ther momet er s

Fi l l  t he voi ds i n t he i nsul at i on and seal  wi t h vapor  r et ar der  coat i ng or  
PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 
0. 0000 per m adhesi ve t ape.

3. 2. 2. 3. 7   Fl exi bl e El ast omer i c Cel l ul ar  Pi pe I nsul at i on

I nst al l  by s l i t t i ng t he t ubul ar  sect i ons and appl y i ng t hem ont o t he pi pi ng 
or  t ubi ng.   Al t er nat el y,  whenever  possi bl e s l i de un- sl i t  sect i ons over  t he 
open ends of  pi pi ng or  t ubi ng.   Secur e al l  seams and but t  j oi nt s and seal  
wi t h adhesi ve.   When usi ng sel f  seal  pr oduct s,  secur e onl y t he but t  j oi nt s 
wi t h adhesi ve.   Push i nsul at i on on t he pi pe,  never  pul l ed.   St r et chi ng of  
i nsul at i on may r esul t  i n open seams and j oi nt s.   Cl ean cut  al l  edges.   
Rough or  j agged edges of  t he i nsul at i on ar e not  be per mi t t ed.   Use pr oper  
t ool s such as shar p kni ves.   Do not  st r et ch Gr ade 1,  Type I I  sheet  
i nsul at i on ar ound t he pi pe when used on pi pe l ar ger  t han 6 i nches.   On 
pi pes l ar ger  t han 12 i nches,  adher e sheet  i nsul at i on di r ect l y t o t he pi pe 
on t he l ower  1/ 3 of  t he pi pe.

3. 2. 2. 4   I nsul at i on f or  Fi t t i ngs and Accessor i es

a.   But t  pi pe i nsul at i on t i ght l y t o t he i nsul at i on of  t he f i t t i ngs and 
accessor i es.   Seal  t he but t ed j oi nt s and ends wi t h j oi nt  seal ant  and 
seal  wi t h a vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  
t han 3 pl y l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape.

b.   Pl ace pr ecut  or  pr ef or med i nsul at i on ar ound al l  f i t t i ngs and 
accessor i es and conf or m t o MI CA pl at es except  as modi f i ed her ei n:   5 
f or  anchor s;  10,  11,  and 13 f or  f i t t i ngs;  14 f or  val ves;  and 17 f or  
f l anges and uni ons.   I nsul at i on must  be t he same i nsul at i on as t he 
pi pe i nsul at i on,  i ncl udi ng same densi t y,  t hi ckness,  and t her mal  
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conduct i v i t y.   Wher e pr ecut / pr ef or med i s unavai l abl e,  r i gi d pr ef or med 
pi pe i nsul at i on sect i ons may be segment ed i nt o t he shape r equi r ed.   
Use i nsul at i on of  t he same t hi ckness and conduct i v i t y as t he adj oi ni ng 
pi pe i nsul at i on.   I f  nest i ng s i ze i nsul at i on i s used,  over l ap t he 
i nsul at i on 2 i nches or  one pi pe di amet er .   El bows i nsul at ed usi ng 
segment s must  conf or m t o MI CA Tabl es 12. 20 " Mi t er ed I nsul at i on 
El bow' .   Submi t  a bookl et  cont ai ni ng compl et ed MI CA I nsul at i on St ds 
pl at es det ai l i ng each i nsul at i ng syst em f or  each pi pe,  duct ,   
i nsul at i ng syst em,  af t er  appr oval  of  mat er i al s and pr i or  t o appl y i ng 
i nsul at i on.

( 1)   Ensur e MI CA pl at es det ai l  t he mat er i al s t o be i nst al l ed and t he 
speci f i c  i nsul at i on appl i cat i on.   Submi t  al l  MI CA pl at es r equi r ed 
showi ng t he ent i r e i nsul at i ng syst em,  i ncl udi ng pl at es r equi r ed t o 
show i nsul at i on penet r at i ons,  vessel  bot t om and t op heads,  l egs,  
and ski r t  i nsul at i on as appl i cabl e.   Pr esent  al l  var i at i ons of  
i nsul at i on syst ems i ncl udi ng l ocat i ons,  mat er i al s,  vapor pr oof i ng,  
j acket s and i nsul at i on accessor i es.

( 2)   I f  t he Cont r act or  el ect s t o submi t  det ai l ed dr awi ngs i nst ead of  
edi t ed MI CA Pl at es,  ensur e t he det ai l  dr awi ngs ar e t echni cal l y 
equi val ent  t o t he edi t ed MI CA Pl at e submi t t al .

c.   Upon compl et i on of  i nsul at i on i nst al l at i on on f l anges,  uni ons,  val ves,  
anchor s,  f i t t i ngs and accessor i es,  t er mi nat i ons,  seams,  j oi nt s and 
i nsul at i on not  pr ot ect ed by f act or y vapor  r et ar der  j acket s or  PVC 
f i t t i ng cover s must  be pr ot ect ed wi t h PVDC or  gr eat er  t han 3 pl y 
l ami nat e j acket  -  l ess t han 0. 0000 per m adhesi ve t ape or  t wo coat s of  
vapor  r et ar der  coat i ng wi t h a mi ni mum t ot al  t hi ckness of  1/ 16 i nch,  
appl i ed wi t h gl ass t ape embedded bet ween coat s.   Over l ap t ap seams 1 
i nch.   Ext end t he coat i ng out  ont o t he adj oi ni ng pi pe i nsul at i on 2 
i nches.   Pr ot ect  f abr i cat ed i nsul at i on wi t h a f act or y vapor  r et ar der  
j acket  wi t h ei t her  gr eat er  t han 3 pl y l ami nat e j acket  -  l ess t han 
0. 0000 per m adhesi ve t ape,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed or  PVDC adhesi ve t ape or  t wo coat s of  vapor  r et ar der  coat i ng 
wi t h a mi ni mum t hi ckness of  1/ 16 i nch and wi t h a 2 i nch wi de gl ass 
t ape embedded bet ween coat s.   Wher e f i t t i ng i nsul at i on but t s t o pi pe 
i nsul at i on,  seal  t he j oi nt s wi t h a vapor  r et ar der  coat i ng and a 4 i nch 
wi de ASJ t ape whi ch mat ches t he j acket  of  t he pi pe i nsul at i on.

d.   I nsul at e anchor s at t ached di r ect l y t o t he pi pe f or  a suf f i c i ent  
di st ance t o pr event  condensat i on but  no l ess t han 6 i nches f r om t he 
i nsul at i on sur f ace.

e.   Mar k i nsul at i on t o show t he l ocat i on of  uni ons,  st r ai ner s,  and check 
val ves.

3. 2. 2. 5   Opt i onal  PVC Fi t t i ng Cover s

At  t he opt i on of  t he Cont r act or ,  pr emol ded,  one or  t wo pi ece PVC f i t t i ng 
cover s may be used i n l i eu of  t he vapor  r et ar der  and embedded gl ass t ape.   
Use f act or y pr ecut  or  pr emol ded i nsul at i on segment s under  t he f i t t i ng 
cover s f or  el bows.   Use i nsul at i on segment swhi ch ar e t he same i nsul at i on 
as t he pi pe i nsul at i on i ncl udi ng same densi t y,  t hi ckness,  and t her mal  
conduct i v i t y.   Secur e t he cover s by PVC vapor  r et ar der  t ape,  adhesi ve,  
seal  wel di ng or  wi t h t acks made f or  secur i ng PVC cover s.   Seal  seams i n 
t he cover ,  and t acks and l aps t o adj oi ni ng pi pe i nsul at i on j acket ,  wi t h 
vapor  r et ar der  t ape t o ensur e t hat  t he assembl y has a cont i nuous vapor  
seal .
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3. 2. 3   Abovegr ound Hot  Pi pel i nes

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

I nsul at e al l  hot  pi pe l i nes above 60 degr ees F,  except  t hose pi pi ng l i s t ed 
i n subpar agr aph Pi pe I nsul at i on i n PART 3 as t o be omi t t ed,  i n accor dance 
wi t h Tabl e 2.   Thi s i ncl udes but  i s not  l i mi t ed t o t he f ol l owi ng:

a.   Domest i c hot  wat er  suppl y & r e- ci r cul at i ng syst em.

b.   St eam.

c.   Condensat e & compr essed ai r  di schar ge.

d.   Hot  wat er  heat i ng.

e.   Heat ed oi l .

f .   Wat er  def r ost  l i nes i n r ef r i ger at ed r ooms.

Cover  i nsul at i on,  i n accor dance wi t h manuf act ur er ' s r ecommendat i ons,  wi t h 
a f act or y appl i ed Type I  j acket  or  f i el d appl i ed al umi num wher e r equi r ed 
or  seal  wel ded PVC.

3. 2. 3. 2   I nsul at i on f or  Fi t t i ngs and Accessor i es

But t  pi pe i nsul at i on t i ght l y t o t he i nsul at i on of  t he f i t t i ngs and 
accessor i es.   Seal  but t ed j oi nt s and ends wi t h j oi nt  seal ant .   Mar k 
i nsul at i on t o show t he l ocat i on of  uni ons,  st r ai ner s,  check val ves and 
ot her  component s t hat  woul d ot her wi se be hi dden f r om vi ew by t he 
i nsul at i on.

3. 2. 3. 2. 1   Pr ecut  or  Pr ef or med

Pl ace pr ecut  or  pr ef or med i nsul at i on ar ound al l  f i t t i ngs and accessor i es.   
Use t he same i nsul at i on as t he pi pe i nsul at i on,  i ncl udi ng same densi t y,  
t hi ckness,  and t her mal  conduct i v i t y.

3. 2. 3. 2. 2   Ri gi d Pr ef or med

Wher e pr ecut / pr ef or med i s unavai l abl e,  r i gi d pr ef or med pi pe i nsul at i on 
sect i ons may be segment ed i nt o t he shape r equi r ed.   Use i nsul at i on t hat  i s 
t he same t hi ckness and conduct i v i t y as t he adj oi ni ng pi pe i nsul at i on.   I f  
nest i ng s i ze i nsul at i on i s used,  do not  over l ap i nsul at i on 2 i nches or  one 
pi pe di amet er .   El bows i nsul at ed usi ng segment s must  conf or m t o MI CA 
Tabl es 12. 20 " Mi t er ed I nsul at i on El bow" .

3. 2. 4   Pi pi ng Exposed t o Weat her

I nsul at e and j acket  pi pi ng exposed t o weat her  as speci f i ed f or  t he 
appl i cabl e ser vi ce i nsi de t he bui l di ng.   Af t er  t hi s pr ocedur e,  appl y a 
l ami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 per meabi l i t y  ( gr eat er  
t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed al umi num 
j acket ,  st ai nl ess st eel  or  PVC j acket .

PVC j acket i ng r equi r es no f act or y- appl i ed j acket  beneat h i t ,  however  appl y 
an al l  ser vi ce j acket  i f  f act or y appl i ed j acket i ng i s not  f ur ni shed.   
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Tr eat  f l exi bl e el ast omer i c cel l ul ar  i nsul at i on exposed t o weat her  i n 
accor dance wi t h par agr aph I NSTALLATI ON OF FLEXI BLE ELASTOMERI C CELLULAR 
I NSULATI ON i n PART 3.

3. 2. 4. 1   Al umi num Jacket

The j acket  f or  hot  pi pi ng may be f act or y appl i ed.   Over l ap t he j acket  no 
l ess t han 2 i nches at  l ongi t udi nal  and ci r cumf er ent i al  j oi nt s and secur e 
wi t h bands at  no mor e t han 12 i nch cent er s.   Over l ap l ongi t udi nal  j oi nt s 
down t o shed wat er  and l ocat e at  4 or  8 o' c l ock posi t i ons.   Seal  j oi nt s on 
pi pi ng 60 degr ees F and bel ow wi t h met al  j acket i ng/ f l ashi ng seal ant  whi l e 
over l appi ng t o pr event  moi st ur e penet r at i on.   Wher e j acket i ng on pi pi ng 60 
degr ees F and bel ow abut s an un- i nsul at ed sur f ace,  caul k j oi nt s t o pr event  
moi st ur e penet r at i on.   Seal  j oi nt s on pi pi ng above 60 degr ees F wi t h a 
moi st ur e r et ar der .

3. 2. 4. 2   I nsul at i on f or  Fi t t i ngs

I nsul at e and f i ni sh f l anges,  uni ons,  val ves,  f i t t i ngs,  and accessor i es as 
speci f i ed f or  t he appl i cabl e ser vi ce.   Appl y t wo coat s of  br eat her  
emul si on t ype weat her pr oof  mast i c ( i mper meabl e t o wat er ,  per meabl e t o ai r )  
r ecommended by t he i nsul at i on manuf act ur er  wi t h gl ass t ape embedded 
bet ween coat s.   Over l ap t ap no l ess t han 1 i nch and t he adj oi ni ng al umi num 
j acket  no l ess t han 2 i nches.   Fact or y pr ef or med al umi num j acket s may be 
used i n l i eu of  t he above.   Pr ovi de mol ded PVC f i t t i ng cover s when PVC 
j acket s ar e used f or  st r ai ght  r uns of  pi pe.   Pr ovi de PVC f i t t i ng cover s 
t hat  have adhesi ve wel ded j oi nt s and ar e weat her pr oof  l ami nat ed 
sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  l ess t han 0. 0000 per meabi l i t y ,  ( gr eat er  
t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed,  and UV 
r esi st ant .

3. 2. 4. 3   PVC Jacket

Pr ovi de ul t r avi ol et  r esi st ant  PVC j acket  t hat  i s  adhesi ve wel ded weat her  
t i ght  wi t h manuf act ur er ' s r ecommended adhesi ve.   I ncl ude pr ovi s i on f or  
t her mal  expansi on.

3. 2. 4. 4   St ai nl ess St eel  Jacket s

ASTM A167 or  ASTM A240/ A240M;  Type 304,  mi ni mum t hi ckness of  33 gauge (
0. 010 i nch) ,  smoot h sur f ace wi t h f act or y- appl i ed pol yet hyl ene and kr af t  
paper  moi st ur e bar r i er  on i nsi de sur f ace.   Pr ovi de st ai nl ess st eel  bands,  
mi ni mum wi dt h of  1/ 2 i nch.

3. 2. 5   Bel ow Gr ound Pi pe I nsul at i on

I nsul at e bel ow gr ound pi pes i n accor dance wi t h Tabl e 2,  except  as 
pr ecl uded i n subpar agr aph Pi pe I nsul at i on i n PART 3.   Thi s i ncl udes,  but  
i s not  l i mi t ed t o t he f ol l owi ng:

a.   Heat ed oi l .

b.   Domest i c hot  wat er .

c.   Heat i ng hot  wat er .

d.   Dual  t emper at ur e wat er .
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e.   St eam.

f .   Condensat e.

3. 2. 5. 1   Type of  I nsul at i on

I nsul at e bel ow gr ound pi pe wi t h Cel l ul ar  Gl ass i nsul at i on,  i n accor dance 
wi t h manuf act ur er ' s i nst r uct i ons f or  appl i cat i on wi t h t hi ckness as 
det er mi ned f r om Tabl e 2 ( whi chever  i s t he most  r est r i ct i ve) .

3. 2. 5. 2   I nst al l at i on of  Bel ow gr ound Pi pe I nsul at i on

a.   Coat  bor e sur f aces of  t he i nsul at i on wi t h a t hi n coat  of  gypsum cement  
of  a t ype r ecommended by t he i nsul at i on manuf act ur er .   Ensur e coat i ng 
t hi ckness i s suf f i c i ent  t o f i l l  sur f ace cel l s of  i nsul at i on.   Do not  
use mast i c t ype mat er i al s f or  t hi s coat i ng.   Not e t hat  unl ess t hi s i s 
f or  a cycl i c appl i cat i on ( i . e. ,  one t hat  f l uct uat es bet ween hi gh and 
l ow t emper at ur e on a dai l y pr ocess basi s)  t her e i s no need t o bor e 
coat  t he mat er i al .

b.   Use st ai nl ess st eel  bands,   3/ 4 i nch wi de by 0. 020 i nch t hi ck t o 
secur e i nsul at i on i n pl ace.   Appl y a mi ni mum of  t wo bands per  sect i on 
of  i nsul at i on.   As an al t er nat e,  f i ber gl ass r ei nf or ced t ape may be 
used t o secur e i nsul at i on on pi pi ng up t o 12 i nches i n di amet er .   
Appl y a mi ni mum of  t wo bands per  sect i on of  i nsul at i on.

c.   Ter mi nat e i nsul at i on at  anchor  bl ocks but  cont i nue t hr ough sl eeves and 
manhol es.

d.   At  poi nt  of  ent r y t o bui l di ngs,  t er mi nat e under gr ound i nsul at i on 2 
i nches i nsi de t he wal l  or  f l oor ,  but t  t i ght l y agai nst  t he abovegr ound 
i nsul at i on and seal  t he but t  j oi nt  wi t h hi gh t emper at ur e s i l i cone 
seal ant  and cover  wi t h f i br ous gl ass t ape.

e.   Make pr ovi s i on f or  expansi on and cont r act i on of  t he i nsul at i on syst em 
i n accor dance wi t h t he i nsul at i on manuf act ur er ' s r ecommendat i ons.

f .   I nsul at e f l anges,  coupl i ngs,  val ves,  and f i t t i ngs wi t h f act or y 
pr e- mol ded,  pr ef abr i cat ed,  or  f i el d- f abr i cat ed sect i ons of  i nsul at i on 
of  t he same mat er i al  and t hi ckness as t he adj oi ni ng pi pe i nsul at i on.   
Secur e i nsul at i on sect i ons as r ecommended by t he manuf act ur er .

g.   Fi ni sh i nsul at i on,  i ncl udi ng f i t t i ngs,  wi t h t hr ee coat s of  asphal t i c  
mast i c,  wi t h 6 by 5. 5 mesh synt het i c r ei nf or ci ng f abr i c embedded 
bet ween coat s.   Over l ap f abr i c a mi ni mum of  2 i nches at  j oi nt s.   
Ensur e t ot al  f i l m t hi ckness i s a mi ni mum of  3/ 16 i nch.   As an 
al t er nat e,  appl y a pr ef abr i cat ed bi t umi nous l ami nat ed j acket ,  
r ei nf or ced wi t h i nt er nal  r ei nf or cement  mesh,  t o t he i nsul at i on.   Use 
j acket i ng mat er i al  and appl i cat i on pr ocedur es t hat  mat ch 
manuf act ur er ' s wr i t t en i nst r uct i ons.   Vapor  bar r i er  -  l ess t han 0. 0000 
per meabi l i t y  sel f  adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  
j acket  gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and 
embossed or  gr eat er  t han 8 pl y ( mi ni mum 2. 9 mi l s adhesi ve) ,  heavy 
dut y,  whi t e or  nat ur al ) .   Use appl i cat i on pr ocedur es t hat  mat ch t he 
manuf act ur er ' s wr i t t en i nst r uct i ons.

h.   At  t er mi nat i on poi nt s,  ot her  t han bui l di ng ent r ances,  use mast i c and 
cl ot h or  t ape t o cover  t he ends of  i nsul at i on and ext end 2 i nches 
al ong t he bar e pi pe.
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3. 3   DUCT I NSULATI ON SYSTEMS I NSTALLATI ON

Except  f or  oven hood exhaust  duct  i nsul at i on,  i nst al l  cor ner  angl es on 
ext er nal  cor ner s of  i nsul at i on on duct wor k i n exposed f i ni shed spaces 
bef or e cover i ng wi t h j acket .     Ai r  condi t i oned spaces ar e def i ned as 
t hose spaces di r ect l y suppl i ed wi t h cool ed condi t i oned ai r  ( or  pr ovi ded 
wi t h a cool i ng devi ce such as a f an- coi l  uni t )  and heat ed condi t i oned ai r  
( or  pr ovi ded wi t h a heat i ng devi ce such as a uni t  heat er ,  r adi at or  or  
convect or ) .

3. 3. 1   Duct  I nsul at i on Mi ni mum Thi ckness

Duct  i nsul at i on mi ni mum t hi ckness i n accor dance wi t h Tabl e 4.

Tabl e 4 -  Mi ni mum Duct  I nsul at i on ( i nches)

Col d Ai r  Duct s  2. 0

Rel i ef  Duct s  1. 5

Fr esh Ai r  I nt ake Duct s  1. 5

War m Ai r  Duct s  2. 0

Rel i ef  Duct s  1. 5

Fr esh Ai r  I nt ake Duct s  1. 5

3. 3. 2   I nsul at i on and Vapor  Ret ar der / Vapor  Bar r i er  f or  Col d Ai r  Duct

Pr ovi de i nsul at i on and vapor  r et ar der / vapor  bar r i er  f or  t he f ol l owi ng col d 
ai r  duct s and associ at ed equi pment .

a.   Suppl y duct s.

b.   Ret ur n ai r  duct s.

c.   Rel i ef  duct s.

d.   Fl exi bl e r un- out s ( f i el d- i nsul at ed) .

e.   Pl enums.

f .   Duct - mount ed coi l  casi ngs.

g.   Coi l  header s and r et ur n bends.

h.   Coi l  casi ngs.

i .   Fr esh ai r  i nt ake duct s.

j .   Fi l t er  boxes.

k.   Mi xi ng boxes ( f i el d- i nsul at ed) .
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l .   Suppl y f ans ( f i el d- i nsul at ed) .

m.   Si t e- er ect ed ai r  condi t i oner  casi ngs.

n.   Duct s exposed t o weat her .

o.   Combust i on ai r  i nt ake duct s.

Use i nsul at i on f or  r ect angul ar  duct s t hat  i s  f l exi bl e t ype wher e 
conceal ed,  mi ni mum densi t y 3/ 4 pcf ,  and r i gi d t ype wher e exposed,  mi ni mum 
densi t y 3 pcf .   Pr ovi de i nsul at i on f or  bot h conceal ed or  exposed 
r ound/ oval  duct s t hat  i s  f l exi bl e t ype,  mi ni mum densi t y 3/ 4 pcf  or  a semi  
r i gi d boar d,  mi ni mum densi t y 3 pcf ,  f or med or  f abr i cat ed t o a t i ght  f i t ,  
edges bevel ed and j oi nt s t i ght l y but t ed and st agger ed.   Pr ovi de i nsul at i on 
f or  al l  exposed duct s wi t h ei t her  a whi t e,  pai nt - abl e,  f act or y- appl i ed 
Type I  j acket  or  a f i el d appl i ed vapor  r et ar der / vapor  bar r i er  j acket  
coat i ng f i ni sh as speci f i ed.   Ensur e t he t ot al  f i el d appl i ed dr y f i l m 
t hi ckness i s appr oxi mat el y 1/ 16 i nch.   Pr ovi de i nsul at i on on al l  conceal ed 
duct  wi t h a f act or y- appl i ed Type I  or  I I  vapor  r et ar der / vapor  bar r i er  
j acket .   Cont i nue duct  i nsul at i on t hr ough sl eeves and pr epar e openi ngs 
except  f i r ewal l  penet r at i ons.   Duct  i nsul at i on t er mi nat i ng at  f i r e 
damper s,  must  be cont i nuous over  t he damper  col l ar  and r et ai ni ng angl e of  
f i r e damper s,  whi ch ar e exposed t o uncondi t i oned ai r  and whi ch may be 
pr one t o condensat e f or mat i on.   Pr ovi de duct  i nsul at i on and vapor  
r et ar der / vapor  bar r i er  t o cover  t he col l ar ,  neck,  and un- i nsul at ed 
sur f aces of  di f f user s,  r egi st er s and gr i l l s .   Appl y vapor  r et ar der / vapor  
bar r i er  mat er i al s t o f or m a compl et e unbr oken vapor  seal  over  t he 
i nsul at i on.   Seal  sheet  met al  duct  i n accor dance wi t h Sect i on 23 30 00 
HVAC AI R DI STRI BUTI ON.

3. 3. 2. 1   I nst al l at i on on Conceal ed Duct

a.   For  r ect angul ar ,  oval  or  r ound duct s,  at t ach f l exi bl e i nsul at i on by 
appl y i ng adhesi ve ar ound t he ent i r e per i met er  of  t he duct  i n 6 i nch 
wi de st r i ps on 12 i nch cent er s.

b.   For  r ect angul ar  and oval  duct s,   24 i nches and l ar ger ,  addi t i onal l y 
secur e i nsul at i on t o bot t om of  duct s usi ng mechani cal  f ast ener s.   
Space f ast ener s on 16 i nch cent er s and no mor e t han 16 i nches f r om 
duct  cor ner s.

c.   For  r ect angul ar ,  oval  and r ound duct s,  pr ovi de mechani cal  f ast ener s on 
si des of  duct  r i ser s f or  al l  duct  s i zes.   Space f ast ener s on 16 i nch 
cent er s and no mor e t han 16 i nches f r om duct  cor ner s.

d.   I mpal e i nsul at i on on t he mechani cal  f ast ener s ( sel f  st i ck pi ns)  wher e 
used and pr ess t hor oughl y i nt o t he adhesi ve.   Take car e t o ensur e 
vapor  r et ar der / vapor  bar r i er  j acket  j oi nt s over l ap 2 i nches.   Do not  
compr ess i nsul at i on t o a t hi ckness l ess t han t hat  speci f i ed.   Car r y 
i nsul at i on over  st andi ng seams and t r apeze- t ype duct  hanger s.

e.   Wher e mechani cal  f ast ener s ar e used,  i nst al l  sel f - l ocki ng washer s  and 
t r i m and bend t he pi n over .

f .   Secur e j acket  over l aps wi t h st apl es and t ape as necessar y t o ensur e a 
secur e seal .   Coat  st apl es,  t ape and seams wi t h a br ush coat  of  vapor  
r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  t han 3 pl y l ami nat e 
( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  -  l ess t han 0. 0000 per m 
adhesi ve t ape.
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g.   Cover  br eaks i n t he j acket  mat er i al  wi t h pat ches of  t he same mat er i al  
as t he vapor  r et ar der  j acket .   Do not  ext end pat ches l ess t han 2 i nches
 beyond t he br eak or  penet r at i on i n al l  di r ect i ons and secur e wi t h 
t ape and st apl es.   Seal  st apl es and t ape j oi nt s wi t h a br ush coat  of  
vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape or  gr eat er  t han 3 pl y 
l ami nat e ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  -  l ess t han 
0. 0000 per m adhesi ve t ape.

h.   At  j acket  penet r at i ons such as hanger s,  t her momet er s,  and damper  
oper at i ng r ods,  f i l l  voi ds i n t he i nsul at i on and seal  t he penet r at i on 
wi t h a br ush coat  of  vapor  r et ar der  coat i ng or  PVDC adhesi ve t ape 
gr eat er  t han 3 pl y l ami nat e ( mi ni mum 2 mi l s adhesi ve,   3 mi l s 
embossed)  -  l ess t han 0. 0000 per m adhesi ve t ape.

i .   Seal  i nsul at i on t er mi nat i ons and pi n punct ur es and f l ash wi t h a 
r ei nf or ced vapor  r et ar der  coat i ng f i ni sh or  t ape wi t h a br ush coat  of  
vapor  r et ar der  coat i ng. .   Ensur e t he coat i ng over l aps t he adj oi ni ng 
i nsul at i on and un- i nsul at ed sur f ace 2 i nches.   Ext end pi n punct ur e 
coat i ngs 2 i nches f r om t he punct ur e i n al l  di r ect i ons.

j .   Wher e i nsul at i on st andof f  br acket s occur ,  ext end i nsul at i on under  t he 
br acket  and t er mi nat e t he j acket  at  t he br acket .

3. 3. 2. 2   I nst al l at i on on Exposed Duct  Wor k

a.   For  r ect angul ar  duct s,  secur e r i gi d i nsul at i on t o t he duct  by 
mechani cal  f ast ener s on al l  f our  s i des of  t he duct ,  space no mor e t han 
12 i nches apar t  and no mor e t han 3 i nches f r om t he edges of  t he 
i nsul at i on j oi nt s.   Pr ovi de a mi ni mum of  t wo r ows of  f ast ener s f or  
each si de of  duct  12 i nches and l ar ger .   Pr ovi de one r ow f or  each si de 
of  duct  l ess t han 12 i nches.   Pr ovi de mechani cal  f ast ener s t hat  ar e 
cor r osi on r esi st ant  as G60 coat ed gal vani zed st eel ,  and i ndef i ni t el y 
sust ai n a 50 l b t ensi l e dead l oad t est  per pendi cul ar  t o t he duct  wal l .

b.   For m duct  i nsul at i on wi t h mi ni mum j acket  seams.   Fast en each pi ece of  
r i gi d i nsul at i on t o t he duct  usi ng mechani cal  f ast ener s.   When t he 
hei ght  of  pr oj ect i ons i s l ess t han t he i nsul at i on t hi ckness,  br i ng 
i nsul at i on up t o st andi ng seams,  r ei nf or ci ng,  and ot her  ver t i cal  
pr oj ect i ons and do not  car r y over .   Cont i nue vapor  r et ar der / bar r i er  
j acket  acr oss seams,  r ei nf or ci ng,  and pr oj ect i ons.   When hei ght  of  
pr oj ect i ons i s gr eat er  t han t he i nsul at i on t hi ckness,  car r y over  
i nsul at i on and j acket  .   Appl y i nsul at i on wi t h j oi nt s t i ght l y but t ed.   
Neat l y bevel  i nsul at i on ar ound name pl at es and access pl at es and door s.

c.   I mpal e i nsul at i on on t he f ast ener s;  i nst al l  sel f - l ocki ng washer s and 
t r i m and bend t he pi n over .

d.   Seal  j oi nt s i n t he i nsul at i on j acket  wi t h a 4 i nch wi de st r i p of  
t ape.   Seal  t aped seams wi t h a br ush coat  of  vapor  r et ar der  coat i ng.

e.   Cover  br eaks and r i bs or  st andi ng seam penet r at i ons i n t he j acket  
mat er i al  wi t h a pat ch of  t he same mat er i al  as t he j acket .   Do not  
ext end pat ches l ess t han 2 i nches beyond t he br eak or  penet r at i on and 
secur e wi t h t ape and st apl e.   Seal  st apl es and j oi nt s wi t h a br ush 
coat  of  vapor  r et ar der  coat i ng.

f .   At  j acket  penet r at i ons such as hanger s,  t her momet er s,  and damper  
oper at i ng r ods,  f i l l  t he voi ds i n t he i nsul at i on and seal  t he 
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penet r at i ons wi t h a f l ashi ng seal ant .

g.   Seal  and f l ash i nsul at i on t er mi nat i ons and pi n punct ur es wi t h a 
r ei nf or ced vapor  r et ar der  coat i ng f i ni sh.   Ensur e coat i ng over l aps t he 
adj oi ni ng i nsul at i on and un- i nsul at ed sur f ace 2 i nches.   Ext end pi n 
punct ur e coat i ngs 2 i nches f r om t he punct ur e i n al l  di r ect i ons.

h.   I nsul at e oval  and r ound duct s,  f l exi bl e t ype,  wi t h f act or y Type I  
j acket  i nsul at i on wi t h mi ni mum densi t y of  3/ 4 pcf ,  at t ach i n 
accor dance wi t h MI CA st andar ds.

3. 3. 3   I nsul at i on f or  War m Ai r  Duct

Pr ovi de i nsul at i on and vapor  bar r i er  f or  t he f ol l owi ng war m ai r  duct s and 
associ at ed equi pment : .

a.   Suppl y duct s.

b.   Ret ur n ai r  duct s.

c.   Rel i ef  ai r  duct s

d.   Fl exi bl e r un- out s ( f i el d i nsul at ed) .

e.   Pl enums.

f .   Duct - mount ed coi l  casi ngs.

g.   Coi l - header s and r et ur n bends.

h.   Coi l  casi ngs.

i .   Fr esh ai r  i nt ake duct s.

j .   Fi l t er  boxes.

k.   Mi xi ng boxes.

l .   Suppl y f ans.

m.   Si t e- er ect ed ai r  condi t i oner  casi ngs.

n.   Duct s exposed t o weat her .

o.   Exhaust  duct s passi ng t hr ough conceal ed spaces exhaust i ng condi t i oned 
ai r .

Pr ovi de i nsul at i on f or  r ect angul ar  duct s t hat  i s  f l exi bl e t ype wher e 
conceal ed,  and r i gi d t ype wher e exposed.   Pr ovi de i nsul at i on on exposed 
duct s wi t h a whi t e,  pai nt - abl e,  f act or y- appl i ed Type I I  j acket ,  or  f i ni sh 
wi t h adhesi ve f i ni sh.   Use f l exi bl e t ype i nsul at i on f or  r ound duct s,  wi t h 
a f act or y- appl i ed Type I I  j acket .   Pr ovi de i nsul at i on on conceal ed duct  
wi t h a f act or y- appl i ed Type I I  j acket .   Accompl i sh adhesi ve f i ni sh wher e 
i ndi cat ed t o be used by appl y i ng t wo coat s of  adhesi ve wi t h a l ayer  of  
gl ass c l ot h embedded bet ween t he coat s.   Ensur e t ot al  dr y f i l m t hi ckness 
i s appr oxi mat el y 1/ 16 i nch.   Cont i nue duct  i nsul at i on t hr ough sl eeves and 
pr epar e openi ngs.   Ter mi nat e duct  i nsul at i on at  f i r e damper s and f l exi bl e 
connect i ons.
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3. 3. 3. 1   I nst al l at i on on Conceal ed Duct

a.   For  r ect angul ar ,  oval  and r ound duct s,  at t ach i nsul at i on by appl y i ng 
adhesi ve ar ound t he ent i r e per i met er  of  t he duct  i n 6 i nch wi de st r i ps 
on 12 i nch cent er s.

b.   For  r ect angul ar  and oval  duct s 24 i nches and l ar ger ,  secur e i nsul at i on 
t o t he bot t om of  duct s usi ng mechani cal  f ast ener s.   Space f ast ener s on 
18 i nch cent er s and no mor e t han 18 i nches f r om duct  cor ner .

c.   For  r ect angul ar ,  oval  and r ound duct s,  pr ovi de mechani cal  f ast ener s on 
si des of  duct  r i ser s f or  al l  duct  s i zes.   Space f ast ener s on 18 i nch 
cent er s and no mor e t han 18 i nches f r om duct  cor ner s.

d.   I mpal e i nsul at i on on t he mechani cal  f ast ener s wher e used.   Do not  
compr ess i nsul at i on t o a t hi ckness l ess t han t hat  speci f i ed.   Car r y 
i nsul at i on over  st andi ng seams and t r apeze- t ype hanger s.

e.   I nst al l  sel f - l ocki ng washer s wher e mechani cal  f ast ener s ar e used and 
t r i m and bend t he pi n over .

f .   Do not  over l ap i nsul at i o j acket  l ess t han 2 i nches at  j oi nt s and 
secur e t he l ap and st apl e on 4 i nch cent er s.

3. 3. 3. 2   I nst al l at i on on Exposed Duct

a.   For  r ect angul ar  duct s,  secur e t he r i gi d i nsul at i on t o t he duct  usi ng 
mechani cal  f ast ener s on al l  f our  s i des of  t he duct ,  space no mor e t han 
16 i nches apar t  and no mor e t han 6 i nches f r om t he edges of  t he 
i nsul at i on j oi nt s.   Pr ovi de a mi ni mum of  t wo r ows of  f ast ener s f or  
each si de of  duct  12 i nches and l ar ger  and a mi ni mum of  one r ow f or  
each si de of  duct  l ess t han 12 i nches.

b.   For m duct  i nsul at i on wi t h f act or y- appl i ed j acket  wi t h mi ni mum j acket  
seams,  and f ast en each pi ece of  r i gi d i nsul at i on t o t he duct  usi ng 
mechani cal  f ast ener s.   When t he hei ght  of  pr oj ect i on i s l ess t han t he 
i nsul at i on t hi ckness,  br i ng i nsul at i on up t o st andi ng seams,  
r ei nf or ci ng,  and ot her  ver t i cal  pr oj ect i ons and do not  car r y over  t he 
pr oj ect i on.   Cont i nue j acket  acr oss seams,  r ei nf or ci ng,  and 
pr oj ect i ons.   Wher e t he hei ght  of  pr oj ect i ons i s gr eat er  t han t he 
i nsul at i on t hi ckness,  car r y i nsul at i on and j acket  over  t he pr oj ect i on.

c.   I mpal e i nsul at i on on t he f ast ener s;  i nst al l  sel f - l ocki ng washer s and 
t r i m and bend t he pi n over .

d.   Seal  j oi nt s on j acket ed i nsul at i on wi t h a 4 i nch wi de st r i p of  t ape 
and br ush wi t h vapor  r et ar der  coat i ng.

e.   Cover  br eaks and penet r at i ons i n t he j acket  mat er i al  wi t h a pat ch of  
t he same mat er i al  as t he j acket .   Ext end pat ches no l ess t han 2 i nches 
beyond t he br eak or  penet r at i on and secur e wi t h adhesi ve and st apl e.

f .   Seal  i nsul at i on t er mi nat i ons and pi n punct ur es wi t h t ape and br ush 
wi t h vapor  r et ar der  coat i ng.

g.   I nsul at e oval  and r ound duct s,  f l exi bl e t ype,  wi t h f act or y Type I  
j acket  i nsul at i on,  mi ni mum densi t y of  3/ 4 pcf  at t ach by st apl es spaced 
no mor e t han 16 i nches and no mor e t han 6 i nches f r om t he degr ees of  
j oi nt s.   Seal  j oi nt s i n accor dance wi t h i t em " d. "  above.

SECTI ON 23 07 00  Page 36



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

3. 3. 4   Duct s Handl i ng Ai r  f or  Dual  Pur pose

For  ai r  handl i ng duct s f or  dual  pur pose bel ow and above 60 degr ees F,  
i nsul at e duct s as speci f i ed f or  col d ai r  duct .

3. 3. 5   I nsul at i on f or  Evapor at i ve Cool i ng Duct

I nsul at e evapor at i ve cool i ng suppl y duct  l ocat ed i n spaces not  
evapor at i vel y cool ed.   Use mat er i al  and i nst al l at i on r equi r ement s as 
speci f i ed f or  duct  i nsul at i on f or  war m ai r  duct .

3. 3. 6   Duct  Test  Hol es

Af t er  duct  syst ems have been t est ed,  adj ust ed,  and bal anced,  r epai r  br eaks 
i n t he i nsul at i on and j acket  i n accor dance wi t h t he appl i cabl e sect i on of  
t hi s speci f i cat i on f or  t he t ype of  duct  i nsul at i on t o be r epai r ed.

3. 3. 7   Duct  Exposed t o Weat her

3. 3. 7. 1   I nst al l at i on

I nsul at e and f i ni sh duct s exposed t o weat her  as speci f i ed f or  t he 
appl i cabl e ser vi ce f or  exposed duct  i nsi de t he bui l di ng.   Af t er  t he above 
i s accompl i shed,  f ur t her  f i ni sh t he i nsul at i on as det ai l ed i n t he 
f ol l owi ng subpar agr aphs.

3. 3. 7. 2   Round Duct

Lami nat ed sel f - adhesi ve ( mi ni mum 2 mi l s adhesi ve,   3 mi l s embossed)  vapor  
bar r i er / weat her pr oof i ng j acket  -  Less t han 0. 0000 per meabi l i t y ,  ( gr eat er  
t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  bl ack and embossed or  gr eat er  
t han 8 pl y,  heavy dut y,  whi t e and nat ur al )  membr ane must  be appl i ed 
over l appi ng mat er i al  by 3 i nches no bands or  caul k i ng needed -  see 
manuf act ur er ' s r ecommended i nst al l at i on i nst r uct i ons.   Al umi num j acket  
wi t h f act or y appl i ed moi st ur e r et ar der  must  be appl i ed wi t h t he j oi nt s 
l apped no l ess t han 3 i nches and secur ed wi t h bands l ocat ed at  
c i r cumf er ent i al  l aps and at  no mor e t han 12 i nch i nt er val s t hr oughout .   
Lap hor i zont al  j oi nt s down t o shed wat er  and l ocat ed at  4 or  8 o' c l ock 
posi t i on.   Seal  j oi nt s wi t h met al  j acket i ng seal ant  t o pr event  moi st ur e 
penet r at i on.   Wher e j acket i ng abut s an un- i nsul at ed sur f ace,  seal  j oi nt s 
wi t h met al  j acket i ng seal ant .

3. 3. 7. 3   Fi t t i ngs

Fi ni sh f i t t i ngs and ot her  i r r egul ar  shapes as speci f i ed f or  r ect angul ar  
duct s.

3. 3. 7. 4   Rect angul ar  Duct s

Appl y t wo coat s of  weat her  bar r i er  mast i c r ei nf or ced wi t h f abr i c or  mesh 
f or  out door  appl i cat i on t o t he ent i r e sur f ace.   Ensur e each coat  of  
weat her pr oof  mast i c has a mi ni mum t hi ckness of  1/ 16 i nch.   Ensur e ext er i or  
i s  a met al  j acket i ng appl i ed f or  mechani cal  abuse and weat her  pr ot ect i on,  
and secur e wi t h scr ews or  vapor  bar r i er / weat her pr oof i ng j acket  l ess t han 
0. 0000 per meabi l i t y  gr eat er  t han 3 pl y,  st andar d gr ade,  s i l ver ,  whi t e,  
bl ack,  and embossed or  gr eat er  t han 8 pl y,  heavy dut y whi t e and nat ur al .  
Appl y membr ane over l appi ng mat er i al  by 3 i nches.   No bands or  caul k i ng 
needed- see manuf act ur i ng r ecommend i nst al l at i on i nst r uct i ons.
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3. 3. 8   Ki t chen Exhaust  Duct  I nsul at i on

NFPA 96 f or  .   Pr ovi de i nsul at i on wi t h 3/ 4 i nch wi de,  mi ni mum 0. 15 i nch 
t hi ck gal vani zed st eel  bands spaced not  over  12 i nches o. c. ;  or  16 gauge 
gal vani zed st eel  wi r e wi t h cor ner  c l i ps under  t he wi r e;  or  wi t h heavy 
wel ded pi ns spaced not  over  12 i nches apar t  each way.   Do not  use 
adhesi ves.

        - -  End of  Sect i on - -
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SECTI ON 23 08 00. 00 20

COMMI SSI ONI NG OF MECHANI CAL AND PLUMBI NG SYSTEMS
02/ 21,  CHG 1:  05/ 21

PART 1   GENERAL

Tot al  Bui l di ng Commi ssi oni ng ( TBCx)  i s a syst emat i c,  qual i t y- f ocused 
pr ocess f or  enhanci ng t he del i ver y of  a pr oj ect  t hat  f ocuses on ver i f y i ng 
and document i ng t hat  al l  of  t he commi ssi oned syst ems and assembl i es ar e 
pl anned,  desi gned,  i nst al l ed,  t est ed,  oper at ed,  and mai nt ai ned t o meet  t he 
pr oj ect  r equi r ement s.   The pur pose i s t o r educe t he cost  and per f or mance 
r i sks associ at ed wi t h del i ver i ng f aci l i t i es pr oj ect s,  and t o i ncr ease 
val ue t o owner s,  occupant s,  and user s.

1. 1   DEFI NI TI ONS

Commi ssi oni ng Pr ocess ( Cx)  -  a qual i t y- f ocused pr ocess f or  enhanci ng t he 
del i ver y of  a pr oj ect .   Ref er  t o ASHRAE 202 f or  a compr ehensi ve 
descr i pt i on of  t he commi ssi oni ng pr ocess.

Commi ssi oni ng Pr ovi der  ( CxC) -  The ent i t y who l eads,  pl ans,  and coor di nat es 
t he Commi ssi oni ng Team.   The t er ms Commi ssi oni ng Pr ovi der ,  Commi ssi oni ng 
Fi r m,  Lead Commi ssi oni ng Speci al i st ,  Commi ssi oni ng Speci al i st ,  and 
Commi ssi oni ng Aut hor i t y ( CA or  CxA)  when used by sust ai nabl e Thi r d Par t y 
Cer t i f i cat i on ( TPC)  pr ogr ams,  ar e i nt er changeabl e.

Commi ssi oni ng Aut hor i t y -  The Gover nment  r et ai ns t he aut hor i t y f or  
over si ght  and assur ance of  t he ent i r e commi ssi oni ng pr ocess,  and f i nal  
appr oval  of  al l  commi ssi oni ng del i ver abl es.

1. 2   SEQUENCI NG AND SCHEDULI NG

Compl et e t he f ol l owi ng pr i or  t o st ar t i ng Funct i onal  Per f or mance Test s of  
mechani cal  syst ems:

a.   Al l  equi pment  and syst ems compl et ed,  c l eaned,  f l ushed,  di s i nf ect ed,  
cal i br at ed,  t est ed,  and oper at e i n accor dance wi t h cont r act  document s 
and const r uct i on pl ans and speci f i cat i ons

b.   Fi nal  DALT Repor t  submi t t ed and appr oved i n accor dance wi t h Sect i on 
23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC

d.   The Cer t i f i cat e of  Readi ness submi t t ed and appr oved i n accor dance wi t h 
Sect i on  TOTAL BUI LDI NG COMMI SSI ONI NG

e.   Pr e- f i nal  Test i ng,  Adj ust i ng,  and Bal anci ng Repor t  submi t t ed i n 
accor dance wi t h Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR 
HVAC

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
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01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Test  Equi pment ;  G

SD- 06 Test  Repor t s

Pi pe Fl ushi ng,  Test i ng,  And Wat er  Tr eat ment  Repor t s;  G

Ful l - Load Test  Repor t ;  G1. 4   ACCESSI BI LI TY REQUI REMENTS

Equi pment ,  syst ems,  and devi ces f or  commi ssi oned syst ems must  be 
accessi bl e.   Make necessar y modi f i cat i ons i f  syst ems and devi ces ar e not  
accessi bl e f or  i nspect i ons and t est i ng.

Assi st  commi ssi oni ng t eam i n t est i ng by r emovi ng equi pment  cover s,  openi ng 
access panel s,  and ot her  r equi r ed act i v i t i es t hat  assi st  wi t h v i sual  
over si ght .   Fur ni sh l adder s,  f l ashl i ght s,  met er s,  gauges,  or  ot her  
i nspect i on equi pment  as necessar y.

1. 5   COORDI NATI ON

Ref er  t o Sect i on TOTAL BUI LDI NG COMMI SSI ONI NG f or  r equi r ement s per t ai ni ng 
t o coor di nat i on dur i ng t he commi ssi oni ng pr ocess.   Coor di nat e wi t h t he 
Commi ssi oni ng Pr ovi der  i n accor dance wi t h Sect i on and i n accor dance wi t h 
t he Commi ssi oni ng Pl an t o schedul e i nspect i ons as r equi r ed t o suppor t  t he 
commi ssi oni ng pr ocess.   Fur ni sh addi t i onal  i nf or mat i on r equest ed by t he 
Commi ssi oni ng Pr ovi der .   Coor di nat e schedul i ng of  Funct i onal  Per f or mance 
Test i ng wi t h t he commi ssi oni ng t eam.   Upl oad pl ans,  r epor t s,  not es,  and 
ot her  document at i on t o t he Commi ssi oni ng Pr ovi der ' s web- based 
commi ssi oni ng sof t war e,  or  as speci f i ed i n t he commi ssi oni ng pl an,  as i t  
i s  compl et ed.

1. 6   PI PE FLUSHI NG,  TESTI NG,  AND WATER TREATMENT REPORTS

Test  r equi r ement s ar e speci f i ed i n Di v i s i on 22 and 23 pi pi ng Sect i ons.   
Pr epar e a pi pe syst em cl eani ng,  f l ushi ng,  and hydr ost at i c t est i ng l og.   
Pr ovi de cl eani ng,  f l ushi ng,  t est i ng,  and wat er  t r eat ment  l og and f i nal  
r epor t s.

I ncl ude t he f ol l owi ng i n t he pi pe syst em cl eani ng,  f l ushi ng,  and 
hydr ost at i c t est i ng l og:

a.   Mi ni mum f l ushi ng wat er  vel oci t y.

b.   Wat er  t r eat ment  r epor t s.

c.   Tr acki ng checkl i st  f or  managi ng and ensur i ng t hat  al l  pi pe sect i ons 
have been cl eaned,  f l ushed,  hydr ost at i cal l y t est ed,  and chemi cal l y 
t r eat ed.

1. 7   CERTI FI CATE OF READI NESS DOCUMENTATI ON

Submi t  Cer t i f i cat e of  Readi ness document at i on i n accor dance wi t h Sect i on 
TOTAL BUI LDI NG COMMI SSI ONI NG f or  al l  equi pment  and syst ems i ncl udi ng 
st ar t - up r epor t s;  compl et ed Pr e- Funct i onal  Checkl i st s;  Test i ng,  Adj ust i ng,  
and Bal anci ng ( TAB)  Repor t ;  HVAC Cont r ol s St ar t - Up Repor t s.   Do not  
schedul e Funct i onal  Per f or mance Test s f or  t he syst em unt i l  t he Cer t i f i cat e 
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of  Readi ness f or  t hat  syst em r ecei ves appr oval  by t he Cont r act i ng 
Of f i cer .   The Mechani cal ,  El ect r i cal ,  Cont r ol s,  and TAB subcont r act or  
r epr esent at i ves must  s i gn and dat e t he Cer t i f i cat e of  Readi ness.

PART 2   PRODUCTS

2. 1   TEST EQUI PMENT

Pr ovi de al l  t est i ng equi pment  r equi r ed t o per f or m t est i ng f or  t he syst ems 
t o be commi ssi oned,  except  f or  equi pment  speci f i c  t o and used by TAB as 
r equi r ed by Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC.   
Pr ovi de a suf f i c i ent  quant i t y of  t wo- way r adi os f or  each subcont r act or .   
Submi t  l i s t  of  Test  Equi pment  and i nst r ument at i on t o be used f or  t est i ng 
i ncl udi ng equi pment / i nst r ument  i dent i f i cat i on number ,  equi pment  
appl i cat i on or  pl anned use,  manuf act ur er ,  make,  model ,  and ser i al  number ,  
and cal i br at i on hi st or y wi t h cer t i f i cat es.   Al so l i s t  speci al  equi pment  
and pr opr i et ar y t ool s speci f i c  t o a pi ece of  equi pment  r equi r ed f or  
t est i ng.

2. 1. 1   Pr opr i et ar y Equi pment

Pr ovi de manuf act ur er ' s pr opr i et ar y t est  equi pment  and sof t war e r equi r ed by 
any equi pment  manuf act ur er  f or  pr ogr ammi ng and/ or  st ar t - up,  whet her  
speci f i ed or  not .   Pr ovi de manuf act ur er  t est  equi pment ,  demonst r at e i t s 
use,  and assi st  i n t he commi ssi oni ng pr ocess as needed.   Pr ovi de dat a 
l oggi ng equi pment  and sof t war e r equi r ed t o t est  equi pment .

2. 1. 2   Cal i br at i on and Accur acy

Compl y wi t h equi pment  manuf act ur er ' s t est  equi pment  cal i br at i on pr ocedur es 
and i nt er val s.   Recal i br at e t est  i nst r ument s i mmedi at el y af t er  i nst r ument s 
have been r epai r ed r esul t i ng f r om bei ng dr opped or  damaged.   Af f i x  
cal i br at i on t ags t o t est  i nst r ument s.   Fur ni sh cal i br at i on r ecor ds t o 
Cont r act i ng Of f i cer  upon r equest .

Pr ovi de al l  t est i ng equi pment  of  suf f i c i ent  qual i t y and accur acy t o t est  
and/ or  measur e syst em per f or mance wi t h t he t ol er ances speci f i ed.   Unl ess 
ot her wi se not ed,  t he f ol l owi ng mi ni mum r equi r ement s appl y:   Pr ovi de 
t emper at ur e sensor s and di gi t al  t her momet er s wi t h a cer t i f i ed cal i br at i on 
wi t hi n t he past  year  t o an accur acy of  0. 5 degr ees F and a r esol ut i on of  
pl us or  mi nus 0. 1 degr ees F.   Pr ovi de pr essur e sensor s wi t h an accur acy of  
pl us or  mi nus 2. 0 per cent  of  t he val ue r ange bei ng measur ed ( not  f ul l  
r ange of  met er )  and cal i br at ed wi t hi n t he l ast  year .

PART 3   EXECUTI ON

3. 1   MEETI NGS
At t end al l  meet i ngs i n accor dance wi t h Sect i on TOTAL BUI LDI NG 
COMMI SSI ONI NG.

Pr ovi de t i mel y updat es on const r uct i on schedul e changes so Commi ssi oni ng 
Pr ovi der  has schedul i ng i nf or mat i on needed t o execut e commi ssi oni ng 
pr ocess ef f i c i ent l y.   Not i f y Cont r act i ng Of f i cer  of  ant i c i pat ed 
const r uct i on del ays t o commi ssi oni ng act i v i t i es not  yet  per f or med or  not  
yet  schedul ed.

3. 2   PREFUNCTI ONAL CHECKS

Compl et e and si gn Pr e- Funct i onal  Checkl i st s usi ng t he Commi ssi oni ng 
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Pr ovi der ' s web- based commi ssi oni ng sof t war e,  or  as speci f i ed by t he 
commi ssi oni ng pl an.   Pr ovi de manuf act ur er ' s i nst al l at i on manual  f or  each 
t ype of  uni t .   Per f or m al l  wor k i n accor dance wi t h t he manuf act ur er ' s 
publ i shed di agr ams,  r ecommendat i ons,  and equi pment  war r ant y r equi r ement s.

3. 3   STARTUP AND I NI TI AL CHECKOUT

Document  st ar t - up and i ni t i al  t est i ng pr ocedur es i ncl udi ng:

a.   St ar t up t est s and f act or y t est i ng r epor t s.

b.   Manuf act ur er ' s r epr esent at i ve st ar t - up,  oper at i ng,  t r oubl eshoot i ng and 
mai nt enance pr ocedur es.

d.   Per f or m and cl ear l y document  syst em oper at i onal  checks and qual i t y 
cont r ol  checks as t hey ar e compl et ed,  and pr ovi di ng a copy t o t he 
commi ssi oni ng t eam.

e.   Cor r ect  def i c i enci es and si gn t he Cer t i f i cat e of  Readi ness f or  each 
syst em bef or e f unct i onal  per f or mance t est i ng

3. 4   COMMI SSI ONI NG TESTI NG

Conduct  Funct i onal  Per f or mance Test i ng i n accor dance wi t h Sect i on TOTAL 
BUI LDI NG COMMI SSI ONI NG and r equi r ement s i n t hi s sect i on.   Pr i or  t o 
Funct i onal  Per f or mance Test i ng,  compl et e al l  pr er equi s i t es i n accor dance 
wi t h par agr aph SEQUENCI NG AND SCHEDULI NG.

3. 4. 1   Pr epar at i on

Put  equi pment  and syst ems i nt o oper at i on and cont i nue oper at i on dur i ng 
each wor ki ng day of  commi ssi oni ng,  as r equi r ed.   Ver i f y t emper at ur e and 
pr essur e t aps i n accor dance wi t h Cont r act  Document s.   Pr ovi de a 
pr essur e/ t emper at ur e pl ug at  each wat er  sensor  whi ch i s an i nput  poi nt  t o 
cont r ol  syst em.

Per f or m mi nor  adj ust ment s t o equi pment  and syst ems dur i ng Funct i onal  
Per f or mance Test s as deemed necessar y by t he commi ssi oni ng t eam.   Wher e 
cal i br at ed DDC sensor s cannot  be used t o r ecor d t est  dat a,  pr ovi de 
measur i ng i nst r ument s,  l oggi ng devi ces,  and dat a acqui s i t i on equi pment  t o 
r ecor d dat a f or  t he compl et e r ange of  t est  dat a f or  t he r equi r ed t est  
per i od.

3. 4. 2   Test  Set up

Per f or m each t est  under  condi t i ons t hat  s i mul at e act ual  condi t i ons as 
c l ose as i s pr act i cal l y possi bl e.   Pr ovi de al l  necessar y mat er i al s and 
syst em modi f i cat i ons t o pr oduce t he necessar y f l ows,  pr essur es,  
t emper at ur es,  and ot her  condi t i ons necessar y t o execut e t he t est  accor di ng 
t o t he speci f i ed condi t i ons.   At  compl et i on of  t he t est ,  r et ur n t he 
af f ect ed bui l di ng equi pment  and syst ems t o t hei r  pr e- t est  condi t i on.

3. 4. 3   Manuf act ur er ' s Repr esent at i ve

Pr ovi de a f act or y t r ai ned r epr esent at i ve aut hor i zed by t he equi pment  
manuf act ur er  t o per f or m Funct i onal  Per f or mance Test i ng f or  t he f ol l owi ng 
equi pment :

Boi l er s
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Packaged Di r ect - Expansi on Ref r i ger at i on Equi pment ,  i ncl udi ng var i abl e 
r ef r i ger ant  f l ow ( VRF)  syst ems

Boost er  Pumps

Packaged Ai r  Compr essor s

Wat er  Qual i t y and Chemi cal  Tr eat ment  Syst ems

3. 4. 4   Sampl e St r at egy

Per f or m Funct i onal  Per f or mance Test s usi ng t he sampl e st r at egy descr i bed 
i n Sect i on TOTAL BUI LDI NG COMMI SSI ONI NG.   Pr epar e and compl et e a 
Funct i onal  Per f or mance Test  f or  each i t em of  equi pment  or  syst em t o be 
t est ed.   Dur i ng t est i ng,  Gover nment  r epr esent at i ves may sel ect  t he 
speci f i c  equi pment  or  syst em t o be t est ed f or  sampl e s i zes l ess t han 100 
per cent .

3. 4. 5   Si mul at i ng Condi t i ons

Funct i onal  per f or mance t est i ng i s conduct ed by s i mul at i ng condi t i ons at  
cont r ol  devi ces t o i ni t i at e a cont r ol  syst em r esponse.   Bef or e t est i ng,  
cal i br at e al l  sensor s,  t r ansducer s and devi ces.   Over - wr i t i ng cont r ol  
i nput  val ues t hr ough t he cont r ol  syst em i s not  accept abl e unl ess appr oved 
by t he Cont r act i ng Of f i cer .   Speci f i c  exampl es of  s i mul at i ng condi t i ons 
ar e pr ovi ded bel ow.   Do not  s i mul at e condi t i ons when damage t o t he syst em 
or  bui l di ng may r esul t .

a.   When var yi ng st at i c pr essur es i nsi de duct wor k cannot  be si mul at ed 
wi t hi n t he duct ,  and wher e a sensor  s i gnal s t he cont r ol s syst em t o 
i ni t i at e sequences at  var i ous duct  st at i c pr essur es,  i t  i s  accept abl e 
t o s i mul at e t he var i ous pr essur es wi t h a Pneumat i c Squeeze- Bul b Type 
Si gnal i ng Devi ce wi t h gauge t empor ar i l y  at t ached t o t he sensi ng t ube 
l eadi ng t o t he t r ansmi t t er .   I t  i s  not  accept abl e t o r eset  t he var i ous 
set - poi nt s,  nor  t o s i mul at e an el ect r i c anal og si gnal  ( unl ess appr oved 
as not ed above) .

b.   Di r t y f i l t er  pr essur e dr ops can be si mul at ed by par t i al l y  bl ocki ng 
f i l t er  f ace.

c.   Fr eeze- st at  saf et i es can be si mul at ed by packi ng por t i on of  sensor  
wi t h i ce.

d.   Hi gh out si de ai r  t emper at ur es can be si mul at ed wi t h a hai r  bl ower .

e.   Rai s i ng ent er i ng cool i ng coi l  t emper at ur es by act i vat i ng a 
heat i ng/ pr eheat  coi l  can be used t o s i mul at e ent er i ng cool i ng coi l  
condi t i ons.

f .   Do not  use si gnal  gener at or s t o s i mul at e sensor  s i gnal s unl ess 
appr oved by t he Cont r act i ng Of f i cer ,  as not ed above,  f or  speci al  cases.

g.   Cont r ol  set  poi nt s can be al t er ed.   For  exampl e,  t o see t he ai r  
condi t i oni ng compr essor  l ockout  wor k at  an out si de ai r  t emper at ur e 
bel ow 55 degr ees F,  when t he out si de ai r  t emper at ur e i s above 55 
degr ees F,  t empor ar i l y  change t he l ockout  set  poi nt  t o be 0 degr ees F 
above t he cur r ent  out si de ai r  t emper at ur e.   Caut i on:   Set  poi nt s ar e 
not  t o be r ai sed or  l ower ed t o a poi nt  t o cause damage t o t he 
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component s,  syst ems,  or  t he bui l di ng st r uct ur e and/ or  cont ent s.

h.   Test  duct  mount ed smoke det ect or s i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.   Per f or m t he t est s wi t h ai r  syst em at  
mi ni mum ai r f l ow condi t i on.

i .   Test  cur r ent  sensi ng r el ays used f or  f an and pump st at us s i gnal s t o 
cont r ol  syst em t o i ndi cat e uni t  f ai l ur e and r un st at us by r eset t i ng 
t he set  poi nt  on t he r el ay t o s i mul at e a l ost  bel t  or  uni t  f ai l ur e 
whi l e t he uni t  i s  r unni ng.   Conf i r m t hat  t he f ai l ur e al ar m was 
gener at ed and r ecei ved at  t he cont r ol  syst em.   Af t er  t he t est  i s  
conduct ed,  r et ur n t he set  poi nt  t o i t s or i gi nal  set - poi nt  or  a 
set - poi nt  as i ndi cat ed by t he Cont r act i ng Of f i cer .

3. 4. 6   Duct  Ai r  Leakage Test  ( DALT)  Repor t  Revi ew

Al l  def i c i enci es must  be r esol ved pr i or  t o DALT Repor t  appr oval .

3. 4. 7   Test i ng,  Adj ust i ng,  and Bal anci ng ( TAB)  Repor t  Ver i f i cat i on

Al l  def i c i enci es must  be r esol ved pr i or  t o TAB Repor t  appr oval .

3. 4. 8   HVAC Cont r ol s Test  Pr ocedur es,  Repor t s,  and Tr ends Revi ew

Al l  def i c i enci es must  be r esol ved pr i or  t o f i nal  accept ance.

3. 5   RETESTI NG REQUI REMENTS

Abor t  t est s i f  any def i c i ency pr event s successf ul  compl et i on of  t he t est  
or  i f  any r equi r ed commi ssi oni ng t eam member  i s not  pr esent  f or  t he t est .   
Re- t est  onl y af t er  al l  def i c i enci es i dent i f i ed dur i ng t he or i gi nal  t est s 
have been cor r ect ed.

I f  sequence of  oper at i on i n any of  Funct i onal  Per f or mance Test s f ai l s ,  t he 
Gover nment ' s cost s f or  wi t nessi ng f ur t her  demonst r at i on of  t hat  t est  
pr ocedur e may be assi gned t o t he Cont r act or  as a deduct  t o t hei r  
cont r act ed pr i ce,  i ncl udi ng sal ar y,  t r avel  cost s,  and per  di em f or  
Gover nment  commi ssi oni ng t eam member s.   Cor r ect  def i c i enci es as i dent i f i ed 
by t he commi ssi oni ng t eam and r et est  t he syst ems t o be commi ssi oned.

3. 6   SYSTEM ACCEPTANCE

Syst ems may be par t i al l y  accept ed pr i or  t o seasonal  t est i ng i f  t hey compl y 
wi t h al l  const r uct i on cont r act  and accept ed desi gn r equi r ement s t hat  can 
be t est ed dur i ng i ni t i al  Funct i onal  Per f or mance Test s.   Al l  t est  
pr ocedur es must  be successf ul  compl et ed pr i or  t o f ul l  syst ems accept ance.

3. 7   FULL- LOAD TESTS

Per f or m I ni t i al  Funct i onal  Per f or mance Test s as soon as al l  cont r act  wor k 
i s compl et ed,  but  pr i or  t o f aci l i t y  t ur nover .   I n addi t i on t o t he I ni t i al  
Funct i onal  Per f or mance Test s,  per f or m Funct i onal  Per f or mance Test s of  HVAC 
syst ems under  f ul l - l oad condi t i ons.   Devel op and i mpl ement  means of  
ar t i f i c i al  l oadi ng t o demonst r at e t he abi l i t y  of  t he pr ocess cool i ng 
syst ems t o handl e peak pr ocess l oads.   Schedul e Ful l - Load Funct i onal  
Per f or mance Test s i n coor di nat i on wi t h t he Cont r act i ng Of f i cer .   Submi t  
Ful l - Load Test  Repor t  wi t hi n 14 days of  t est  compl et i on.

Execut e f ul l - l oad f unct i onal  per f or mance t est i ng,  wi t nessed by t he 
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Cont r act i ng Of f i cer .  Cor r ect  def i c i enci es and make adj ust ment s t o O&M 
manual s and as- bui l t  dr awi ngs f or  appl i cabl e i ssues i dent i f i ed i n any f ul l  
l oad t est i ng.

3. 8   TRAI NI NG

Coor di nat e,  schedul e,  and document  al l  r equi r ed t r ai ni ng.   At  a mi ni mum,  
i ncl ude t he f ol l owi ng i t ems i n t he t r ai ni ng r epor t  f or  commi ssi oned 
syst ems:

a.   Compl et e commi ssi oni ng document at i on

b.   Compl et e O&M dat a

c.   Compl et e Tr ai ni ng

d.   Pur pose of  equi pment .

e.   Pr i nci pl e of  how t he equi pment  wor ks.

f .   I mpor t ant  par t s and assembl i es.

g.   How t he equi pment  achi eves i t s pur pose and necessar y oper at i ng 
condi t i ons.

h.   Most  l i kel y f ai l ur e modes,  causes and cor r ect i ons.

i .   On si t e demonst r at i on.

j .   Pr ovi de updat es t o O&M manual s based on f i el d modi f i cat i ons.

k.   Pr ovi de t r ai ni ng of  t he post - occupancy oper at i ons and mai nt enance 
st af f .

        - -  End of  Sect i on - -
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SECTI ON 23 08 01. 00 20

TESTI NG I NDUSTRI AL VENTI LATI ON SYSTEMS
04/ 06

PART 1   GENERAL

1. 1   REFERENCES

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

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 201 ( 2002;  R 2011)  Fans and Syst ems

AMERI CAN CONFERENCE OF GOVERNMENTAL I NDUSTRI AL HYGI ENI STS ( ACGI H)

ACGI H- 2092S ( 2004)  I ndust r i al  Vent i l at i on:   A Manual  
of  Recommended Pr act i ce

1. 2   DEFI NI TI ONS

a.   Capt ur e vel oci t y:   Ai r  vel oci t y at  any poi nt  i n f r ont  of  t he hood or  
at  t he hood openi ng necessar y t o over come opposi ng ai r  cur r ent s and t o 
capt ur e cont ami nat ed ai r  at  t hat  poi nt  t o cause i t  t o f l ow i nt o t he 
hood.

b.   Capt ur e zone:   Cont r ol l ed space ar ound an i ndust r i al  pr ocess t hat  
pr ovi des a saf e and heal t hy wor kspace.

c.   Equi l i br i um per f or mance poi nt :   The oper at i ng condi t i on af t er  
suf f i c i ent  st ar t - up t i me t hat  an ai r  pol l ut i on cont r ol  devi ce r eaches 
opt i mum ef f i c i ency.   The manuf act ur er  r ecommends t he mi ni mum st ar t - up 
t i me f or  each devi ce.

d.   Faci l i t y :   A bui l di ng or  por t i on of  a bui l di ng i n whi ch cont ami nat ed 
ai r  i s  cont r ol l ed by t he i ndust r i al  vent i l at i on syst em.   Thi s i ncl udes 
t he shop space,  equi pment  r oom,  of f i ces,  r est r ooms and l ocker  r ooms 
af f ect ed by t he i ndust r i al  pr ocess.

e.   Ful l  l oad condi t i on:   Condi t i on i n t he f aci l i t y  wher e exhaust  and 
r epl acement  ai r  syst ems oper at e s i mul t aneousl y,  as i nst al l ed by t he 
Cont r act or  accor di ng t o t he desi gn pl ans and speci f i cat i ons.

f .   Heat i ng and cool i ng equi pment :   Equi pment  used t o t emper  ai r  i n t he 
f aci l i t y .   Equi pment  i ncl udes,  but  i s not  l i mi t ed t o:  condenser s,  
chi l l er s,  pumps,  heat  exchanger s,  heat i ng and cool i ng coi l s,  heat  
pumps,  cool i ng t ower s,  and duct  heat er s.

g.   Hood st at i c pr essur e:   St at i c pr essur e,  i n i nches of  wat er  gage ( wg) ,  
t aken at  3 duct  di amet er s f r om a f l anged or  pl ai n hood or  1 duct  
di amet er  f r om a t aper ed hood.

h.   Manomet er :   An i nst r ument  f or  measur i ng pr essur e.   El ect r oni c or  
U- t ube manomet er s wi t h wat er  or  l i ght  oi l  ar e accept abl e.
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i .   Repl acement  ai r  syst em:   The mechani cal  syst em suppl y i ng ai r  t o a 
f aci l i t y  t o r epl ace exhaust ed ai r .

j .   St andar d Temper at ur e and Pr essur e:   Ai r  at  st andar d condi t i ons of  70 
degr ees Fahr enhei t  and 1 at mospher e.

k.   St at i c Pr essur e:   The pot ent i al  pr essur e exer t ed i n al l  di r ect i ons by 
a f l ui d at  r est .   For  a f l ui d i n mot i on,  i t  i s  measur ed i n a di r ect i on 
nor mal  t o t he di r ect i on of  f l ow.   Usual l y expr essed i n i nches of  wg.

l .   Syst em Ef f ect :   The est i mat ed l oss i n f an per f or mance f r om non- uni f or m 
ai r  f l ow at  t he f an' s i nl et  or  out l et .

m.   Test  agency:   A f i r st  t i er  subcont r act or  who i s i ndependent  f r om t he 
Cont r act or  and t he mechani cal  Sub- cont r act or  except  by t he af f i l i at i on 
est abl i shed by t hi s cont r act .

n.   Tr anspor t  vel oci t y:   Mi ni mum ai r  vel oci t y,  i n f eet  per  mi nut e ( f pm) ,  
r equi r ed t o pr event  cont ami nant s f r om set t l i ng,  condensi ng,  or  
pocket i ng i n t he duct wor k.

o.   Vel oci t y pr essur e:   The ki net i c pr essur e i n t he di r ect i on of  f l ow 
necessar y t o cause a f l ui d at  r est  t o f l ow at  a gi ven vel oci t y.   
Usual l y expr essed i n i nches of  wg.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 06 Test  Repor t s

Pr el i mi nar y r evi ew r epor t ;  G

Smoke t est s r epor t ;  G

Fan oper at i ng poi nt s r epor t ;  G

St at i c pr essur e r epor t ;  G

Vol ume and vel oci t y f l ow r at es r epor t ;  G

Pi t ot  t r aver se r epor t ;  G

  Submi t  6 copi es of  an or gani zed r epor t  bound i n a dur abl e,  
3- r i ng wat er - r esi st ant  bi nder .   The r epor t  shal l  cont ai n a t abl e 
of  cont ent s,  an execut i ve summar y,  an i nt r oduct i on,  a r esul t s 
sect i on and a di scussi on of  t he r esul t s.   I ncl ude t he r epor t s 
speci f i ed i n par agr aphs ent i t l ed " Pr el i mi nar y Revi ew Repor t , "  
" Smoke Test  Repor t s, " " Fan Oper at i ng Poi nt s Repor t s, "  " St at i c 
Pr essur e Repor t , "  " Vol ume and Vel oci t y Fl ow Rat es Repor t , "  
and" Pi t ot  Tr aver se Repor t "  as appendi ces.

  Submi t  f i el d dat a and r epor t  f or ms i n appendi ces separ at ed by 
t he f an syst em t est ed.   Use t he sampl e f or ms,  " Repl acement  Ai r  
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Syst em Test  Dat a"  and " Exhaust  Ai r  Syst em Test  Dat a, "  t o summar i ze 
t he t est s f or  t he appr opr i at e f an.   For ms ot her  t han t hose l i s t ed 
may be used;  however ,  i ncl ude al l  i nf or mat i on r equi r ed by t hese 
f or ms.

  Document  def i c i enci es and unmet  desi gn r equi r ement s i dent i f i ed 
dur i ng t est i ng.   Not i f y t he Pr i me Cont r act or  i n wr i t i ng,  no l at er  
t han 5 cal endar  days af t er  encount er i ng def i c i ency,  descr i be t he 
nat ur e of  t he def i c i ency and a r ecommended cour se of  act i on f or  
r esol ut i on.   Repor t  dai l y t emper at ur e,  humi di t y and bar omet r i c 
pr essur e r eadi ngs.   Not e ext r eme weat her  and bar omet r i c pr essur e 
changes dur i ng t he day.

SD- 07 Cer t i f i cat es

Test  agency Qual i f i cat i ons;  G

Recor d of  Document  Submi t t al  t o Test i ng Agency;  G

Wor k pl an;  G

Li st  of  t est  i nst r ument s;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Modi f i cat i on of  Ref er ences

Test  t he i ndust r i al  vent i l at i on syst em accor di ng t o t he r ef er enced 
publ i cat i ons l i s t ed i n par agr aph ent i t l ed " Ref er ences"  and as modi f i ed by 
t hi s sect i on.   Consi der  t he advi sor y or  r ecommended pr ovi s i ons,  of  t he 
r ef er r ed r ef er ences,  as mandat or y.

1. 4. 2   Cer t i f i cat i on

1. 4. 2. 1   Test  Agency Qual i f i cat i ons

Submi t ,  no l at er  t han 15 cal endar  days af t er  cont r act  awar d,  i nf or mat i on 
cer t i f y i ng t hat  t he t est  agency i s not  af f i l i at ed wi t h any ot her  company 
par t i c i pat i ng i n wor k on t hi s cont r act .   The wor k of  t he t est  agency shal l  
be l i mi t ed t o t est i ng and maki ng mi nor  adj ust ment s t o t he i ndust r i al  
vent i l at i on syst em.

Use t he sampl e f or m,  " Test  Agency Qual i f i cat i ons Sheet , "  t o submi t  t he 
f ol l owi ng i nf or mat i on:

a.   Ver i f i cat i on of  5 year s of  exper i ence as an agency i n t est i ng 
i ndust r i al  vent i l at i on syst ems or  cur r ent  member  of  ei t her  AABC or  
NEBB.

b.   Ref er ences f r om f i ve Cont r act i ng Of f i cer s of  f aci l i t i es wi t h 
i ndust r i al  vent i l at i on syst ems t hat  t he agency has t est ed.   A mi ni mum 
of  one f aci l i t y  shal l  have pr ocesses and cont ami nant s s i mi l ar  t o t hose 
gener at ed by t he f aci l i t y  i n t hi s pr oj ect .

c.   Regi st r at i on f or  Pr of essi onal  Engi neer  ( PE)  l i cense or  Cer t i f i cat i on 
f or  an I ndust r i al  Hygi eni st  ( CI H)  or  Test  and Bal ance ( TAB)  Engi neer  
f or  t he l ead t est  engi neer .   Submi t  PE l i cense,  CI H r egi st r at i on 
number ,  or  TAB cer t i f i cat i on number .   I ncl ude t he di sci pl i ne,  dat e of  
i ssue,  and expi r at i on dat e.   Engi neer s shal l  i ncl ude t he st at e of  
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i ssue.

d.   Conf i r mat i on of  5 year s of  i ndust r i al  vent i l at i on t est  exper i ence f or  
t he l ead t est  engi neer .   Ref er ences f r om f i ve Cont r act i ng Of f i cer s f or  
f aci l i t i es wher e t he l ead engi neer  has super vi sed i ndust r i al  
vent i l at i on syst ems t est s i n t he l ast  5 year s.

e.   Ver i f i cat i on of  l engt h of  t i me l ead engi neer  has been empl oyed by a 
t est  and bal ance agency.

1. 4. 2. 2   Recor d of  Document  Submi t t al  t o Test i ng Agency

Submi t  not  l at er  t han 30 cal endar  days pr i or  t o t he wor k pl an submi t t al  
due dat e,  a r ecor d of  t r ansmi t t al  of  t he f ol l owi ng document s t o t he 
appr oved i ndependent  t est i ng agency.   I nf or mat i on i s r equi r ed t o devel op a 
t est i ng wor k pl an and pr epar e f or  f i el d t est i ng.

a.   Copy of  wor ki ng as- bui l t  pr oj ect  dr awi ngs and speci f i cat i ons,  
i ncl udi ng mar ked desi gn changes.   Changes cur r ent  as of  t he dat e of  
t r ansmi ssi on.

b.   Copi es of  al l  pr oj ect  submi t t al s r el at i ng t o t he i ndust r i al  
vent i l at i on syst em.   Tr ansmi t  copi es of  f i nal  r ecor d submi t t al s 
i ncl udi ng appr oval  sheet s.

1. 4. 2. 3   Wor k Pl an

Submi t  not  l at er  t han 120 cal endar  days af t er  cont r act  awar d,  but  bef or e 
st ar t  of  wor k,  st eps t o be t aken by t he l ead engi neer  t o accompl i sh t he 
r equi r ed t est i ng.  Submi t  t he f ol l owi ng:

a.   Memor andum of  t est  pr ocedur e.

( 1)   Pr oposed dat es f or  t he pr el i mi nar y r evi ew and t est .

( 2)   Pl an vi ew showi ng pr oposed t est  l ocat i ons ( i . e.  st at i c pr essur e 
l ocat i ons) .

( 3)   Pr oposed pi t ot  t r aver se r eadi ng l ocat i ons.

b.   Test  equi pment  t o be used.

c.   Scaf f ol di ng and ot her  Cont r act or ' s suppor t  equi pment  r equi r ed t o 
per f or m t est .

d.   Fact or y r epr esent at i ves and ot her  Cont r act or ' s suppor t  per sonnel  who 
wi l l  be on si t e f or  t est i ng.

1. 4. 2. 4   Li st  of  Test  I nst r ument s

Submi t  a s i gned and dat ed l i s t  of  t est  i nst r ument s,  t hei r  appl i cat i on,  
manuf act ur er ,  model ,  ser i al  number ,  r ange of  oper at i on,  accur acy and dat e 
of  cal i br at i on.

1. 4. 3   Test  Requi r ement s

The Cont r act or  shal l  adj ust  and bal ance t he i ndust r i al  vent i l at i on syst em 
accor di ng t o Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC.   
An i ndependent  t est  agency shal l  t est  t he i ndust r i al  vent i l at i on syst em 
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accor di ng t o ACGI H- 2092S and t hi s sect i on under  f ul l  l oad condi t i ons.   For  
t emper ed suppl y ai r  r epeat  t he i ndust r i al  vent i l at i on syst ems t est  f or  t he 
f ol l owi ng condi t i ons:   pl us or  mi nus 20 per cent  mi ni mum out door  
t emper at ur e desi gn condi t i on,  .

1. 4. 4   Test  Engi neer

1. 4. 4. 1   Fi el d Wor k

The l ead t est  engi neer  shal l  be pr esent  at  t he pr oj ect  s i t e whi l e t est i ng 
i s per f or med and shal l  be r esponsi bl e f or  conduct i ng,  super vi s i ng,  and 
managi ng of  t est  wor k.   Management  i ncl udes heal t h and saf et y of  t est  
agency empl oyees.

1. 4. 4. 2   Repor t i ng Wor k

The l ead t est  engi neer  shal l  pr epar e,  s i gn,  and dat e t he t est  agenda,  
equi pment  l i s t ,  and cer t i f i ed r epor t .

1. 4. 5   Test  Repor t

1. 4. 5. 1   Pr el i mi nar y Revi ew Repor t

Submi t  a pr el i mi nar y r evi ew r epor t ,  see par agr aph ent i t l ed " Pr el i mi nar y 
Revi ew"  15 cal endar  days pr i or  t o begi nni ng t he t est .

1. 4. 5. 2   Smoke Test s Repor t

Descr i be t ur bul ent  ai r  f l ow and dead ai r  spaces i n and ar ound t he hood 
capt ur e zone.   Descr i be ai r  f l ow exi t i ng f r om t he r epl acement  ai r  
di st r i but i on devi ce and t he ef f ect  of  r oom ai r  cur r ent s on smoke capt ur e.   
Repor t  l eaks i n t he duct wor k,  access door ,  and duct  connect or s t o f an.   
Repor t  smoke behavi or  as i t  exi t s f r om t he exhaust  st ack and descr i be 
ent r ai nment  ar ound t he t est ed f aci l i t y ,  near by st r uct ur es and any 
geogr aphi cal  f eat ur es.

1. 4. 5. 3   Fan Oper at i ng Poi nt s Repor t

Det er mi ne t he di f f er ence bet ween measur ed and desi gn vol ume f l ow r at e.   
Compar e measur ed f an st at i c pr essur e t o manuf act ur er ' s per f or mance dat a.   
Show t he desi gn and measur ed oper at i ng poi nt  f or  each f an on t he 
cor r espondi ng f an cur ve.   Repor t  f ans t hat  cannot  oper at e at  speeds 25 
per cent  f ast er  t han t he measur ed speed whi l e r emai ni ng wi t hi n t he 
boundar i es of  t he f an cur ve and f an cl ass.   I dent i f y f an mot or s t hat  ar e 
oper at i ng at  or  near  f ul l  l oad amper age.

1. 4. 5. 4   St at i c Pr essur e Repor t

I ncl ude t he f ol l owi ng:

a.   Hood st at i c pr essur es.   Use t abl es t o summar i ze t est  r esul t s by syst em.

b.   Fan st at i c pr essur e,  as def i ned by ACGI H- 2092S,  f or  r epl acement  and 
exhaust  ai r  syst ems.

c.   Room st at i c pr essur e,  as compar ed t o at mospher e ,  f or  each r oom i n t he 
f aci l i t y .

d.   St at i c pr essur es t hat  ar e i nconsi st ent  and t he pr obabl e r eason.    For  

SECTI ON 23 08 01. 00 20  Page 5



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

exampl e:

( 1)   I nconsi st ent  st at i c pr essur e dr op or  i ncr ease i n one or  a ser i es 
of  hoods on t he same br anch;

( 2)   Di f f er ent  st at i c pr essur es f or  s i mi l ar  syst ems i n t he f aci l i t y ;  
and

( 3)   Decr easi ng st at i c pr essur es as t he hoods get  c l oser  t o t he 
exhaust  f an i nl et .

e.   Di f f er ent i al  pr essur e acr oss ai r  pol l ut i on cont r ol  devi ces.

1. 4. 5. 5   Vol ume and Vel oci t y Fl ow Rat es Repor t

Repor t  vol ume f l ow r at es and vel oci t i es i n st andar d cubi c f eet  per  mi nut e 
( cf m)  and f eet  per  mi nut e ( f pm) ,  r espect i vel y,  on t he " Exhaust  Ai r  Syst em 
Test  Dat a"  sampl e f or m or  compar abl e f or m.

Conver t  measur ed vol ume f l ow r at es t o st andar d vol ume f l ow r at es f or  
l ocat i ons wi t h oper at i ng condi t i ons ot her  t han st andar d t emper at ur e and 
pr essur e.   The conver si on may be i gnor ed i f  t he vol ume f l ow r at e changes 
l ess t han pl us or  mi nus one per cent .   Show bot h t he act ual  and st andar d 
val ue f or  t est  poi nt s.   Show a sampl e conver si on equat i on.

Compar e measur ed vol ume f l ow r at es wi t h t he desi gn val ue f or  each hood,  
t he t ot al  exhaust  ai r  syst em,  each r epl acement  ai r  di st r i but i on poi nt  and 
t he t ot al  r epl acement  ai r  syst em.   Li st  t he measur ed and desi gn val ues i n 
t abul ar  f or m.   Repor t  t he t r anspor t  vel oci t y f or  each br anch submai n and 
mai n duct  i n t he exhaust  ai r  syst em.

I ndi cat e i f  t he t est  val ue i s adequat e or  i nadequat e.   Adequat e hood 
vol ume f l ow r at es and duct  vel oci t i es ar e t hose wi t h measur ed val ues 
wi t hi n pl us or  mi nus 10 per cent  of  desi gn val ues.   Adequat e t ot al  syst em 
vol ume f l ow r at es ar e t hose wi t h measur ed val ues wi t hi n pl us or  mi nus 10 
per cent  of  t he desi gn val ues.

1. 4. 5. 6   Pi t ot  Tr aver se Repor t

Use t he " Pi t ot  Tr aver se Dat a"  sampl e f or m or  compar abl e f or m t o r ecor d 
pi t ot  t r aver se r eadi ngs.   Submi t  t he f ol l owi ng dat a,  as a mi ni mum,  f or  
each t est  l ocat i on:

a.   Vel oci t y pr essur e and t hei r  cor r espondi ng vel oci t i es;

b.   Aver age vel oci t y;

c.   Duct  di mensi ons and ar ea;

d.   Tot al  measur ed vol ume f l ow r at e;  and

e.   St at i c pr essur e r eadi ng.

1. 4. 5. 7   Deadl i ne

Pr ovi de a s i mpl i f i ed pass/ f ai l  r epor t  wi t hi n 3 days af t er  compl et i on of  
t est i ng.   Pr ovi de a compl et e t est  r epor t  15 days af t er  compl et i on of  
t est i ng.   The onl y except i on i s f or  t he l ast  seasonal  wor k sessi on whi ch 
shal l  be compl et ed by .
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1. 5   SAMPLE FORMS

1. 5. 1   Test  Agency Qual i f i cat i on Sheet
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TEST AGENCY QUALI FI CATI ON SHEET

DATE: COMPLETED BY:

A.   Agency Qual i f i cat i ons

Agency Name:

Addr ess:

Tel ephone Number :

Year s of  exper i ence t est i ng i ndust r i al  vent i l at i on syst ems:

I ndust r i al  f aci l i t i es t est ed ( 5 r equi r ed) .   I ncl ude t he f ol l owi ng:

Faci l i t y Name,  Addr ess,  Poi nt  of  cont act  wi t h t el ephone number ;

Dat es of  t est ;

Type of  oper at i on t est ed;

Li st  of  Cont ami nant s;

Number  of  f ans;

Type of  exhaust  hoods;

Ai r  c l eani ng devi ces;  and

Per sonnel  per f or mi ng t he t est .

At t ach l et t er s of  r ecommendat i on f or  t est s per f or med at  t hese f aci l i t i es.   Thr ee 
f aci l i t i es shal l  be of  t he t ype of  oper at i on t o be t est ed.

B.   Lead Test  Engi neer  Qual i f i cat i ons
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TEST AGENCY QUALI FI CATI ON SHEET

Name:

Lengt h of  t i me l ead engi neer  has wor ked wi t h Agency:

Year s of  exper i ence t est i ng i ndust r i al  vent i l at i on syst ems:

Pr of essi onal  Engi neer i ng I nf or mat i on:

di sci pl i ne:

l i cense number :

i ssue dat e:

r ecer t i f i cat i on dat e:

st at e of  r egi st r at i on:

I ndust r i al  f aci l i t i es t est ed ( 5 r equi r ed) .   I ncl ude t he f ol l owi ng:

Faci l i t y Name,  Addr ess,  Poi nt  of  cont act  wi t h t el ephone number ;

Dat es of  Test ;

Type of  Oper at i on;

Li st  of  Cont ami nant s;

Number  of  Fans;

Type of  Exhaust  Hoods;  and

Ai r  Cl eani ng Devi ces.
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1. 5. 2   Pi t ot  Tr aver se Dat a -  Rect angul ar  Duct

PI TOT TRAVERSE DATA -  Rect angul ar  Duct

Test  Dat e:

Readi ngs By: Tr aver se By:

St at i c Pr essur e:

Room: Ai r  Temper at ur e:

Tr aver se Locat i on: I nsi de/ Out si de Duct  Wi dt h:

Di st ance t o Resi st ance 
Component :

Causi ng Component  
Di st ance:

I nsi de/ Out si de Duct  Hei ght :

I nsi de Duct  Ar ea:

bef or e: bef or e: Requi r ed Vel oci t y:

af t er : af t er : Requi r ed Act ual  Vol ume Fl ow Rat e:

Vel oci t y Pr essur e Repor t ed as i n. w. c.  Uni t s

Pi t ot  Tr aver se Mat r i x

 Vel oci t y |  Pr essur e Readi ngs ( mi ni mum cent er  di st ance i s 6 i nches

Poi nt
Posi t i on

1 2 3 4 5 6 7 8 9 10 Conf i r m

A

B

C

D

E

F

G

H

I

J
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Pi t ot  Tr aver se Mat r i x

Pr essur e Readi ngs Conver t ed t o Vel oci t y ( FPM)

Vel oci t y 
Poi nt  
Posi t i on

1 2 3 4 5 6 7 8 9 10

A

B

C

D

E

F

G

H

I

J

Subt ot al :

Tot al  Vel oci t y/ # Readi ngs = Avg.  Vel oci t y x Duct  Ar ea = Act ual  Vol ume Fl ow Rat e:

 ______FPM /  _______ = _______ FPM x ______ SQ.  FEET  = ________ ACFM
*  ACFM -  act ual  cubi c f eet  per  mi nut e

REMARKS

SECTI ON 23 08 01. 00 20  Page 11



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

1. 5. 3   Pi t ot  Tr aver se Dat a -  Round Duct

PI TOT TRAVERSE DATA -  Round Duct

Test  Dat e:

Readi ngs By: Tr aver se By:

St at i c Pr essur e:

Room Number : Ai r  Temper at ur e:

Syst em/ Uni t : Bar omet r i c Pr essur e:

Tr aver se Locat i on: I nsi de/ Out si de Duct  DI A:

Di st ance t o Resi st ance 
Component :

Causi ng Component  
Di st ance:

I nsi de Duct  Ar ea:

bef or e: bef or e: Requi r ed Vel oci t y:

af t er : af t er : Requi r ed Act ual  Vol ume Fl ow Rat e:

Vel oci t y Pr essur e Repor t ed as i n. w. c.  Uni t s

Pi t ot  Tr aver se Mat r i x

Duct  
Di amet er

0- 6 i n. 6- 48 i n. >48 i n.  or  unst abl e
vel oci t y

Readi ngs 12 ( 6/ t r aver se) 20 ( 10/ t r aver se) 40 ( 20/ t r aver se)

TEST POI NT Vel oci t y Pr essur e Vel oci t y TEST POI NT Vel oci t y
Pr essur e

Vel oci t y

1 21

2 22

2 22

3 23

4 24

5 25

6 26

7 27

8 28

9 29

10 30
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Pi t ot  Tr aver se Mat r i x

11 31

12 32

13 33

14 34

15 35

16 36

17 37

18 38

19 39

20 40

Conf i r m 1: Conf i r m 1:

Conf i r m 2: Conf i r m 2:

Vel oci t y Sum:

( Wi t hout  Conf i r m Val ue)

Vel oci t y Sum/ # Readi ngs = Aver age Vel oci t y x  Duct  Ar ea = Act ual  Vol ume Fl ow

Rat e  FPM /    =   FPM  x   SQ.  Feet  =  ACFM

REMARKS
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1. 5. 4   Exhaust  Ai r  Syst em Test  Dat a

EXHAUST AI R SYSTEM TEST DATA

Test  Dat es:

Readi ngs By:

Uni t  Number : Pr essur es ( Pa)

Uni t  Locat i on: Fan I nl et  St at i c:

Make Model : Fan Out l et  St at i c:

Model : Fan I nl et  Vel oci t y:

Ser i al  Number : Fan St at i c:

Fan Tot al :

Damper  Posi t i ons

Hoods: Di f f er ent i al  Pr essur e acr oss ai r  c l eani ng 
devi ce

Submai ns: Devi ce Del t a P ( Pa)

Tot al  Vol ume Test  Locat i on

Duct  di a.  bef or e f an

Duct  di a.  af t er  f an

Fan Speed ( RPM or  RPS)  

Mot or  Speed ( RPM or  RPS)  

Resi st ance Causi ng El ement s

Type Rel at i onshi p t o Fan Pul l ey -  Cent er  t o 
Cent er  Di st ance

bef or e/ af t er # Duct  di a.

el bow

damper

expansi on Amper age -  T1,  T2,  
T3 

cont r act i on Vol t age -  T1- 2,  
T2- 3, T3- 1 

pl enum
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EXHAUST AI R SYSTEM TEST DATA

Temper at ur e 
( W. B. / D. B. )

Out si de Ai r  

Repl acement  Ai r  

*  RPM -  r evol ut i ons per  mi nut e W. B.  -  wet  bul b

RPS -  r adi ans per  second D. B.  -  dr y bul b

EXHAUST AI R SYSTEM TEST DATA

Test  Dat es:

Readi ngs By:

Uni t  Number : Pr essur es ( i nches of  wg)

Uni t  Locat i on: Fan I nl et  St at i c:

Make Model : Fan Out l et  St at i c:

Model : Fan I nl et  Vel oci t y:

Ser i al  Number : Fan St at i c:

Fan Tot al :

Damper  Posi t i ons

Hoods: Di f f er ent i al  Pr essur e acr oss ai r  c l eani ng 
devi ce

Submai ns: Devi ce Del t a P ( i n.  wg)

Tot al  Vol ume Test  Locat i on

Duct  di a.  bef or e f an

Duct  di a.  af t er  f an

Fan Speed ( RPM or  RPS)  

Mot or  Speed ( RPM or  RPS)  

Resi st ance Causi ng El ement s

Type Rel at i onshi p t o Fan Pul l ey -  Cent er  t o 
Cent er  Di st ance

bef or e/ af t er # Duct  di a.

SECTI ON 23 08 01. 00 20  Page 15



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

EXHAUST AI R SYSTEM TEST DATA

el bow

damper

expansi on Amper age -  T1,  T2,  
T3 

cont r act i on Vol t age -  T1- 2,  
T2- 3, T3- 1 

pl enum

Temper at ur e 
( W. B. / D. B. )

Out si de Ai r  

Repl acement  Ai r  

*  RPM -  r evol ut i ons per  mi nut e W. B.  -  wet  bul b

RPS -  r adi ans per  second D. B.  -  dr y bul b
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VOLUME FLOW RATES ( St andar d Cubi c Feet  per  Mi nut e)

SYSTEM ACTUAL DESI GN ADEQUATE I NADEQUATE

Tot al  Vol ume

SUBMAI N

Submai n name

Submai n name

Submai n name

HOODS

Hood name

Hood name

Hood name

Hood name

Hood name

Hood name

Hood name

Hood name

Hood name

Hood name
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1. 5. 5   Repl acement  Ai r  Syst em Test  Dat a

REPLACEMENT AI R SYSTEM TEST DATA

Test  Dat es:

Readi ngs By:

Uni t  Number :   Pr essur es  ( i nches of  wg)

Uni t  Locat i on: Fan I nl et  St at i c:

Make Model : Fan Out l et  St at i c:

Model : Fan I nl et  Vel oci t y:

Ser i al  Number : Fan St at i c:

Fan Tot al :

Damper  Posi t i ons

Di f f er ent i al  Pr essur e

Ter mi nal s: acr oss Fi l t er s 

Submai ns: acr oss Reheat  Coi l

acr oss Cool i ng Coi l  

acr oss Pr eheat  Coi l  

  Tot al  Vol ume Test  Locat i on

Tot al  Vol ume Test  Locat i on

Duct  di a.  bef or e f an Fan Speed ( RPM or  RPS)  

Duct  di a.  af t er  f an Mot or  Speed ( RPM or  RPS)  

Resi st ance Causi ng El ement s

Type Rel at i onshi p t o Fan Pul l ey -  Cent er  t o 
Cent er  Di st ance

bef or e/ af t er # Duct  di a.

el bow

damper

expansi on Amper age -  T1,  T2,  
T3 

SECTI ON 23 08 01. 00 20  Page 18



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

REPLACEMENT AI R SYSTEM TEST DATA

cont r act i on Vol t age -  T1- 2,  
T2- 3, T3- 1 

pl enum

Temper at ur e 
( W. B. / D. B. )

Out si de Ai r  

Repl acement  Ai r  

Mi xed Ai r  

*  RPM -  r evol ut i ons per  mi nut e W. B.  -  wet  bul b

RPS -  r adi ans per  second D. B.  -  dr y bul b
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VOLUME FLOW RATES ( St andar d Cubi c Feet  per  Mi nut e)

SYSTEM ACTUAL DESI GN ADEQUATE I NADEQUATE

Tot al  Vol ume

Out si de Ai r  
Vol ume

Ret ur n Ai r

Rat i o:   
Out si de/ Ret ur n

BRANCH

Br anch name

Br anch name

Br anch name

Br anch name

Br anch name

Br anch name

Br anch name
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PART 2   PRODUCTS

Not  used.

PART 3   EXECUTI ON

3. 1   TEST PROCEDURE

Det er mi ne t he st at i c pr essur e of  t he wor k ar ea r el at i ve t o t he out door s and
 t he f ol l owi ng r ooms:   .   Repor t  t he r esul t s.

3. 1. 1   Pr el i mi nar y Revi ew

Conduct  a pr el i mi nar y r evi ew of  t he f aci l i t y  45 cal endar  days pr i or  t o 
begi nni ng t he t est .   Per f or m t he f ol l owi ng t asks and r epor t  t he r esul t s of  
each t ask i n t he Pr el i mi nar y Revi ew Repor t .

a.   Locat e i ndust r i al  vent i l at i on syst em component s i ncl udi ng hoods,  hood 
t r ansi t i ons,  duct wor k,  br anch t o mai n duct  ent r i es,  el bows,  expansi ons 
and cont r act i ons,  f ans,  ai r  pol l ut i on cont r ol  devi ces,  exhaust  st acks,  
weat her  pr ot ect i on,  r epl acement  ai r  pl enums,  and di st r i but i on 
devi ces.   Show component s on a s i ngl e l i ne dr awi ng f or  each f an syst em.

b.   Revi ew desi gn dr awi ngs,  speci f i cat i ons,  and shop dr awi ngs t o ver i f y 
t hat  t est i ng can be per f or med on t he syst em.   Recor d,  on t he si ngl e 
l i ne dr awi ngs,  l ocat i ons of  pl anned pi t ot  t r aver ses of  mai ns and 
br anches and desi gn vel oci t i es.   Repor t  pot ent i al  t est  pr obl ems,  such 
as i nadequat e space,  t o t he Cont r act i ng Of f i cer .

c.   I dent i f y on t he si ngl e l i ne dr awi ngs t he l ocat i on of  syst em f i r e 
pr ot ect i on component s t hat  may al t er  ai r  f l ow,  such as f i r e damper s.

d.   I dent i f y on t he si ngl e l i ne dr awi ngs t he l ocat i on of  emer gency and 
spi l l  sensor s.

e.   I dent i f y on t he si ngl e l i ne dr awi ngs t he l ocat i on of  pr essur e 
di f f er ent i al  sensor s .

f .   Use AMCA 201 t o i dent i f y syst em ef f ect s t hat  occur  at  t he i nl et  and 
out l et  of  each r epl acement  and exhaust  ai r  f an.

g.   Ver i f y t hat  duct wor k s i zes,  el bows and f i t t i ngs,  exhaust  st acks and 
weat her  pr ot ect i on meet  t he desi gn pl ans and speci f i cat i ons f or  bot h 
r epl acement  and exhaust  ai r  syst ems.

h.   Ver i f y t hat  f ans ar e r ot at i ng i n t he pr oper  di r ect i on.

i .   I dent i f y equi pment  such as f ans,  ai r  pol l ut i on devi ces,  heat i ng coi l s,  
and cont r ol s,  t hat  do not  meet  t he desi gn pl ans and speci f i cat i ons.

j .   Obt ai n f an per f or mance dat a.

k.   Ver i f y t hat  r epl acement  ai r  t er mi nal s i ncl udi ng di f f user s,  l ouver s,   
and gr i l l es ar e i nst al l ed accor di ng t o desi gn pl ans and speci f i cat i ons.

l .   Obt ai n t he di f f er ent i al  pr essur e dat a and maxi mum oper at i ng pr essur es 
f or  ai r  f i l t r at i on devi ces i ncl udi ng di r t y and cl ean r epl acement  ai r  
f i l t er s .
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m.   Obt ai n t he t emper at ur e and pr essur e cont r ol  di agr ams f or  t he suppl y 
and exhaust  i ndust r i al  vent i l at i on syst em.

n.   Recor d t he namepl at e dat a f r om each f an,  mot or ,  ai r  c l eani ng devi ce 
and .

o.   Recor d mot or  st ar t er  s i zes and t he t ype of  t her mal  over l oad pr ot ect i on 
devi ces.

p.   Ver i f y t he f ol l owi ng r equi r ement s unl ess ot her wi se speci f i ed i n t he 
i ndi v i dual  sect i on:

( 1)   Fan bear i ngs have a mi ni mum r at ed aver age l i f e of  200, 000 hour s.

( 2)   Fan bases ar e l evel .

( 3)   Fan wheel s ar e bal anced and cl ear  t he housi ng.

( 4)   Fan shaf t s ar e of  uni f or m di amet er  .

( 5)   Access t o f an gr ease f i t t i ngs and ot her  r out i ne mai nt enance 
equi pment .

( 6)   Bear i ngs ar e gr eased and t he t ube i s f ul l  upon i nst al l at i on.

( 7)   Saf et y equi pment ,  such as f an bel t  guar ds,  ar e i n pl ace.

3. 2   FI ELD TESTS

3. 2. 1   Pr el i mi nar y Pr ocedur es

Pr ovi de i nst r ument s and consumabl e equi pment  r equi r ed t o t est  t he 
i ndust r i al  vent i l at i on syst em.

Bef or e begi nni ng t he t est :

a.   Cl ose al l  wi ndows and door s i n t he f aci l i t y .

b.   Ensur e t hat  exhaust  and r epl acement  ai r  duct wor k and ai r  i nt ake 
sour ces ar e f r ee f r om debr i s and di r t ,  t hr ough a v i sual  i nspect i on.

c.   Load t he r epl acement  ai r  pr ef i l t er s t o t he manuf act ur er ' s r ecommended 
maxi mum l oad condi t i on.

d.   Run t he exhaust  ai r  syst ems,  cont ai ni ng ai r  pol l ut i on cont r ol  devi ces,  
f or  a suf f i c i ent  t i me t o obt ai n t he manuf act ur er ' s r ecommended 
equi l i br i um per f or mance poi nt .

e.   Ensur e t hat  a duct  l eakage t est  i s  compl et e and accept ed by t he 
Cont r act i ng Of f i cer .

3. 2. 2   Test  Met hod

Test  t he vent i l at i on under  f ul l  l oad condi t i ons accor di ng t o ACGI H- 2092S,  
Chapt er  9 and t hi s sect i on.   Recor d quant i t at i ve r eadi ngs on sampl e f or ms,  
" Pi t ot  Tr aver se Dat a,  Round Duct , "  " Exhaust  Ai r  Syst em Test  Dat a, "  and 
" Repl acement  Ai r  Syst em Test  Dat a. "

The t est  engi neer  i s aut hor i zed t o r eadj ust  and r ebal ance t he syst em i f  
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mi nor  adj ust ment s wi l l  br i ng t he syst em i nt o compl i ance wi t h t he desi gn.    
Mi nor  adj ust ment s i ncl ude cor r ect i ng f an r ot at i on .

3. 2. 2. 1   Ai r  Quant i t y Readi ngs

Use a pi t ot  t ube and manomet er  t o measur e t he vel oci t y pr essur es f or  t he 
exhaust  and r epl acement  ai r  syst ems.   Det er mi ne t he number  and l ocat i on of  
vel oci t y pr essur e r eadi ngs r equi r ed f or  r ound and r ect angul ar  duct s 
accor di ng t o ACGI H- 2092S.   Dr i l l  t r aver se access hol es.  Round duct s 
r equi r e t wo t r aver se access hol es posi t i oned 90 degr ees apar t .  

Take pi t ot  t r aver ses away f r om ai r  di st ur bi ng devi ces ( i . e.  el bows,  br anch 
ent r i es,  duct  expansi ons,  and hood t r ansi t i ons) .   Mi ni mum di st ances ar e:

a.   Fi ve ( 5)  duct  di amet er  of  st r ai ght  duct  af t er  t he f an out l et ;  and

b.   Seven and one- hal f  ( 7. 5)  duct  di amet er s of  st r ai ght  duct  af t er  an ai r  
di st ur bi ng devi ce.

When t hese di st ances of  st r ai ght  duct  ar e not  avai l abl e,  use a schemat i c 
dr awi ng t o not e t he di st ur bance pr oduci ng devi ce,  and di st ance bet ween t he 
pi t ot  t r aver se and t he devi ce.

Conf i r m one vel oci t y pr essur e r eadi ng f or  each access hol e af t er  
compl et i ng a t r aver se.   Accept  t r aver se dat a when t he di f f er ence bet ween 
t he or i gi nal  and conf i r mat i on measur ement  i s pl us or  mi nus 10 per cent ;  
ot her wi se r epeat  t he t r aver se.   Pl ug hol es wi t h cap pl ugs i mmedi at el y 
af t er  each t r aver se.

Conver t  vel oci t y pr essur e r eadi ngs t o vel oci t y bef or e aver agi ng t he duct  
vel oci t y.   Cal cul at e aver age vel oci t y f r om vel oci t y pr essur e r eadi ngs and 
vol ume f l ow r at es f or  t he f ol l owi ng l ocat i ons:

a.   Repl acement  ai r  f an out l et ;

b.   Repl acement  ai r  duct  br anch;

c.   Exhaust  ai r  duct  br anch,  i ncl udi ng hoods and submai ns;

d.   Exhaust  f an i nl et  or  out l et ;

f .   Out si de and r et ur n ai r  duct s i n r eci r cul at i ng r epl acement  ai r  syst em.

3. 2. 2. 2   Ai r  Vel oci t y Met er  Readi ngs

A f l ow hood may be used f or  measur i ng of f i ce and r est r oom r epl acement  ai r  
quant i t i es.   Do not  subst i t ut e ai r  vel oci t y met er  r eadi ngs f or  manomet er  
and pi t ot  t ube r eadi ngs.   Use ai r  vel oci t y met er s t o est i mat e t he 
f ol l owi ng:

a.   Vel oci t y exi t i ng f r om r epl acement  ai r  syst ems wi t hout  duct wor k;

b.   Cr ossdr af t s i n a r oom;

c.   Hood capt ur e vel oci t y;

d.   Duct  vel oci t i es l ess t han 600 f pm;  and

e.   Sl ot  vel oci t i es.
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3. 2. 2. 3   St at i c Pr essur e Readi ngs

Take st at i c pr essur e r eadi ngs usi ng a pi t ot  t ube and manomet er .   The 
f ol l owi ng r eadi ngs ar e r equi r ed:

a.   Hood st at i c pr essur e.   Take r eadi ngs at  a di st ance of  one duct  
di amet er  f r om t aper ed hoods,  and 3 di amet er s f r om pl ai n or  f l anged 
hoods;

b.   Repl acement  and exhaust  f an i nl et  and out l et  st at i c pr essur e;

c.   Room st at i c pr essur e as compar ed t o out si de t he ar ea cont r ol l ed by 
i ndust r i al  vent i l at i on;

e.   Br anch st at i c pr essur e i n t he r epl acement  and exhaust  ai r  syst em 
submai n duct wor k.

Ver i f y t est  i nst r ument  r eadi ngs cor r espond wi t h at t ached st at i c pr essur e 
gages

3. 2. 2. 4   Cont r ol  Syst em Check- Out

Test  war ni ng syst em cont r ol s f or  t he i ndust r i al  vent i l at i on syst em 
i ncl udi ng t he f ol l owi ng:

a.   Above and bel ow r ange al ar ms f or  r oom st at i c pr essur e.

b.   Fan mot or  oper at i ng l i ght s.

c.   Damper s oper at ed by t he cont r ol  mot or .

3. 2. 2. 5   Ot her  Readi ngs

Take t he f ol l owi ng r eadi ngs on each day t est i ng i s per f or med:

a.   Temper at ur e r eadi ngs af t er  t he syst em has st abi l i zed and has been 
r unni ng f or  at  l east  4 hour s:

( 1)   Wet  bul b and dr y bul b t emper at ur e of  anci l l ar y r ooms,  wor kspaces,  
r epl acement  ai r ,  out s i de ai r ,  r et ur n ai r ,  .

( 2)   Ext er nal  t emper at ur e f or  f an and mot or  bear i ngs on vent i l at i on 
equi pment .

b.   Recor d bar omet r i c pr essur e and al t i t ude.

3. 2. 3   Syst em Mar ki ngs

Mar k t he set t i ngs and t est  por t s t o r e- eval uat e t he i ndust r i al  vent i l at i on 
syst em dur i ng f ol l ow- up t est s.   Label  t est  poi nt s bef or e submi t t i ng t he 
r epor t .   Use spr ay pai nt  or  anot her  accept abl e pr act i ce,  i . e.  per manent  
mar ker ,  t o mar k t he ai r f l ow adj ust i ng devi ces such as val ves,  spl i t t er s,  
damper s,  and bl ast  gat es,  so t he devi ces can be r et ur ned t o t hei r  or i gi nal  
posi t i on i f  an unaut hor i zed adj ust ment  i s made.
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3. 2. 4   Test  Ver i f i cat i on

Not i f y Cont r act i ng Of f i cer  30 cal endar  days pr i or  t o conduct i ng t he Test  
Ver i f i cat i on.   I n t he pr esence of  t he Cont r act i ng Of f i cer ,  t he t est  
engi neer  shal l  r epeat  at  l east  10 per cent  of  t he t est  f or  each r epl acement  
and exhaust  ai r  syst em t o ver i f y t he r esul t s.   As a mi ni mum,  r e- t est  t he 
f ol l owi ng r eadi ngs:

a.   Tot al  vol ume f l ow f or  each f an;

b.   I nl et  and out l et  st at i c pr essur e f or  each f an;

c.   Vol ume f l ow and hood st at i c pr essur e f or  t he hood wi t h t he l ongest  
duct  r un f r om t he exhaust  f an;  and

d.   Hood vol ume f l ow r at es and t ot al  syst em vol ume f l ow r at es whi ch 
di sagr ee wi t h t he desi gn val ue;  

e.   Di f f er ent i al  pr essur e acr oss each ai r  pol l ut i on cont r ol  devi ce.

3. 2. 4. 1   Test  Resul t  Di sagr eement s

St at i c and vel oci t y pr essur e t est  r eadi ngs shal l  be wi t hi n pl us or  mi nus 10
 per cent  of  t he ver i f i cat i on r eadi ngs.   When t he di f f er ence bet ween t est  
and ver i f i cat i on r eadi ngs ar e gr eat er  t han t hese accept abl e val ues,  t he 
t est  engi neer  shal l :

a.   Recal cul at e t he t est  and ver i f i cat i on r esul t s.

b.   Recal i br at e t est  equi pment .

c.   Ret est  t he ent i r e syst em.

d.   Ver i f y t he r esul t s.

3. 2. 5   Test  Engi neer s Out - Br i ef

Pr ovi de a ver bal  summar y f or  t he Cont r act i ng Of f i cer  descr i bi ng t he 
condi t i on of  t he i ndust r i al  vent i l at i on syst em.   Repor t  t est  dat a t hat  
does not  meet  t he desi gn cr i t er i a as def i ned i n par agr aph ent i t l ed " Fi el d 
Test  Repor t s. "

        - -  End of  Sect i on - -
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SECTI ON 23 09 00

I NSTRUMENTATI ON AND CONTROL FOR HVAC
02/ 19,  CHG 3:  05/ 21

PART 1   GENERAL

1. 1   SUMMARY

Pr ovi de a compl et e Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em,  except  f or  t he 
Fr ont  End whi ch i s speci f i ed i n Sect i on 25 10 10 UTI LI TY MONI TORI NG AND 
CONTROL ( UMCS)  FRONT END AND I NTEGRATI ON,  sui t abl e f or  t he cont r ol  of  t he 
heat i ng,  vent i l at i ng and ai r  condi t i oni ng ( HVAC)  and ot her  bui l di ng- l evel  
syst ems as i ndi cat ed and shown and i n accor dance wi t h Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS f or  
BACnet  or  Ni agar a BACnet  syst ems,  and ot her  r ef er enced Sect i ons.

1. 1. 1   Pr opr i et ar y Syst ems

1. 1. 1. 1   Pr opr i et ar y Syst ems Exempt ed Fr om Open Pr ot ocol  Requi r ement s

The f ol l owi ng syst ems ar e speci f i cal l y exempt ed f r om t he open pr ot ocol  
r equi r ement s of  Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS:  

  
a.   A s i mpl e spl i t  ( DX)  syst em consi st i ng of  a s i ngl e i ndoor  uni t  and a 

s i ngl e out door  uni t  f r om t he same manuf act ur er .

b.   Syst ems i n Tabl e I  ( pr evi ousl y appr oved by t he desi gner  i n accor dance 
wi t h UFC 3- 410- 02) .

TABLE I :  Syst ems Appr oved t o Use Pr opr i et ar y Communi cat i ons

Syst em Type ( Mul t i - Spl i t / VRF or  
Chi l l er / Boi l er  Pl ant )

Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng 
Tool  Sof t war e Requi r ed ( f or  
Mul t i - Spl i t / VRF onl y)

c.   A syst em ( not  al r eady shown Tabl e I )  of  mul t i pl e boi l er s or  mul t i pl e 
chi l l er s communi cat i ng wi t h a pr opr i et ar y net wor k f or  whi ch an 
appr oved r equest  has been obt ai ned and f or  whi ch:  al l  uni t s ar e f r om 
t he same manuf act ur er ,  t hey ar e al l  co- l ocat ed i n t he same r oom,  t he 
net wor k connect i ng t hem i s f ul l y  cont ai ned i n t hat  r oom,  and t he uni t s 
ar e oper at i ng usi ng a common " pl ant "  sequence of  oper at i on whi ch 
st ages t he uni t s i n a manner  t hat  r equi r es oper at i onal  par amet er s be 
shar ed bet ween t hem and whi ch cannot  be accompl i shed wi t h a s i ngl e 
l ead- l ag command f r om a t hi r d- par t y cont r ol l er .

1. 1. 1. 2   I mpl ement at i on of  Pr opr i et ar y Syst ems

For  pr opr i et ar y syst ems exempt ed f r om open pr ot ocol  r equi r ement s,  a 
pr opr i et ar y net wor k and DDC har dwar e communi cat i ng v i a pr opr i et ar y 
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pr ot ocol  ar e per mi t t ed.   For  t hese syst ems a bui l di ng cont r ol  net wor k 
meet i ng t he r equi r ement s of  Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL 
CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS must  al so be pr ovi ded,  
al ong wi t h a gat eway or  i nt er f ace t o connect  t he pr opr i et ar y syst em t o t he 
open bui l di ng cont r ol  net wor k.

The pr opr i et ar y syst em gat eway or  i nt er f ace must  pr ovi de t he r equi r ed 
f unct i onal i al i t y  as shown on t he poi nt s schedul e.   Schedul i ng,  al ar mi ng,  
t r endi ng,  over r i des,  net wor k i nput s,  net wor k out put s and ot her  pr ot ocol  
r el at ed r equi r ement s must  be met  on t he open pr ot ocol  cont r ol  syst em as 
speci f i ed i n Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS.

1. 1. 1. 3   Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng Tool  Sof t war e

For  each per mi t t ed pr opr i et ar y syst ems i n Tabl e 1 shown as r equi r i ng 
Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng Tool  Sof t war e,  pr ovi de t he sof t war e 
needed t o r epl ace a uni t  and conf i gur e t he r epl acement .   Submi t  har d 
copi es of  t he sof t war e user  manual s wi t h t he sof t war e submi t t al .

Submi t  Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng Tool  Sof t war e on CD- ROM as a 
Techni cal  Dat a Package.   Submi t   2 har d copi es of  t he sof t war e user  manual  
f or  each pi ece of  sof t war e.

1. 1. 2   Syst em Requi r ement s

Pr ovi de syst ems meet i ng t he r equi r ement s t hi s Sect i on and ot her  Sect i ons 
r ef er enced by t hi s Sect i on,  and whi ch have t he f ol l owi ng char act er i st i cs:

a.   The syst em i mpl ement s t he cont r ol  sequences of  oper at i on shown i n t he 
Cont r act  Dr awi ngs usi ng DDC har dwar e t o cont r ol  mechani cal  and 
el ect r i cal  equi pment

b.   The syst em meet  t he r equi r ement s of  t hi s speci f i cat i on as a 
st and- al one syst em and does not  r equi r e connect i on t o any ot her  syst em.

c.   Cont r ol  sequences r esi de i n DDC har dwar e i n t he bui l di ng.   The 
bui l di ng cont r ol  net wor k i s not  dependent  upon connect i on t o a Ut i l i t y  
Moni t or i ng and Cont r ol  Syst em ( UMCS)  Fr ont  End or  t o any ot her  syst em 
f or  per f or mance of  cont r ol  sequences.   To t he gr eat est  ext ent  
pr act i cal ,  t he har dwar e per f or ms cont r ol  sequences wi t hout  r el i ance on 
t he bui l di ng net wor k,  unl ess ot her wi se pr e- appr oved by t he Cont r act i ng 
Of f i cer .

d.   The har dwar e i s i nst al l ed such t hat  i ndi v i dual  cont r ol  equi pment  can 
be r epl aced by s i mi l ar  cont r ol  equi pment  f r om ot her  equi pment  
manuf act ur er s wi t h no l oss of  syst em f unct i onal i t y.

e.   Al l  necessar y document at i on,  conf i gur at i on i nf or mat i on,  pr ogr ammi ng 
t ool s,  pr ogr ams,  dr i ver s,  and ot her  sof t war e ar e l i censed t o and 
ot her wi se r emai n wi t h t he Gover nment  such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and 
expansi ons of  t he syst em wi t hout  subsequent  or  f ut ur e dependence on 
t he Cont r act or ,  Vendor  or  Manuf act ur er .

f .   Suf f i c i ent  document at i on and dat a,  i ncl udi ng r i ght s t o document at i on 
and dat a,  ar e pr ovi ded such t hat  t he Gover nment  or  t hei r  agent s can 
execut e wor k t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons 
of  t he syst em wi t hout  subsequent  or  f ut ur e dependence on t he 
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Cont r act or ,  Vendor  or  Manuf act ur er .

g.   Har dwar e i s i nst al l ed and conf i gur ed such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  and upgr ades of  
i ndi v i dual  har dwar e wi t hout  f ur t her  i nt er act i on wi t h t he Cont r act or ,  
Vendor  or  Manuf act ur er .

1. 1. 3   End t o End Accur acy

Sel ect  pr oduct s,  i nst al l  and conf i gur e t he syst em such t hat  t he maxi mum 
er r or  of  a measur ed val ue as r ead f r om t he DDC Har dwar e over  t he net wor k 
i s l ess t han t he maxi mum al l owabl e er r or  speci f i ed f or  t he sensor  or  
i nst r ument at i on.

1. 1. 4   Ver i f i cat i on of  Di mensi ons

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 1. 5   Dr awi ngs

The Gover nment  wi l l  not  i ndi cat e al l  of f set s,  f i t t i ngs,  and accessor i es 
t hat  may be r equi r ed on t he dr awi ngs.   Car ef ul l y i nvest i gat e t he 
mechani cal ,  el ect r i cal ,  and f i ni sh condi t i ons t hat  coul d af f ect  t he wor k 
t o be per f or med,  ar r ange such wor k accor di ngl y,  and pr ovi de al l  wor k 
necessar y t o meet  such condi t i ons.

1. 2   RELATED SECTI ONS

Rel at ed wor k speci f i ed el sewher e:

a.   Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER 
BUI LDI NG CONTROL SYSTEMS f or  BACnet  syst ems wi t h or  wi t hout  Ni agar a 
Fr amewor k.

b.   Sect i on 23 09 13 I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC

c.   Sect i on 23 09 93 SEQUENCES OF OPERATI ONS FOR HVAC CONTROLS

e.   Sect i on 25 10 10 UTI LI TY MONI TORI NG AND CONTROL SYSTEMS ( UMCS)  FRONT 
END AND I NTEGRATI ON

g.   Sect i on 01 91 00. 15 10 TOTAL BUI LDI NG COMMI SSI ONI NG

1. 3   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.
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AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
2021;  Addenda CD 2021;  Addenda BV- CE 2022;  
I nt er pr et at i on 9- 12 2022;  I nt er pr et at i on 
13- 24 2023;  Addenda BV- CF 2023;  Er r at a 3 
2023)  BACnet —A Dat a Communi cat i on Pr ot ocol  
f or  Bui l di ng Aut omat i on and Cont r ol  
Net wor ks

ASHRAE FUN I P ( 2021)  Fundament al s Handbook,  I - P Edi t i on

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C62. 41 ( 1991;  R 1995)  Recommended Pr act i ce on 
Sur ge Vol t ages i n Low- Vol t age AC Power  
Ci r cui t s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 410- 02 ( 2018;  wi t h Change 2,  2021)  Di r ect  Di gi t al  
Cont r ol  f or  HVAC and Ot her  Bui l di ng 
Cont r ol  Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 5085- 3 ( 2006;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Low Vol t age Tr ansf or mer s -  Par t  3:  
Cl ass 2 and Cl ass 3 Tr ansf or mer s

1. 4   DEFI NI TI ONS

The f ol l owi ng l i s t  of  def i ni t i ons i ncl udes t er ms used i n Sect i ons 
r ef er enced by t hi s Sect i on and ar e i ncl uded her e f or  compl et eness. The 
def i ni t i ons cont ai ned i n t hi s Sect i on may di sagr ee wi t h how t er ms ar e 
def i ned or  used i n ot her  document s,  i ncl udi ng document s r ef er enced by t hi s 
Sect i on.   The def i ni t i ons i ncl uded her e ar e t he aut hor i t at i ve def i ni t i ons 
f or  t hi s Sect i on and al l  Sect i ons r ef er enced by t hi s Sect i on.

Af t er  each t er m t he pr ot ocol  r el at ed t o t hat  t er m i s i ncl uded i n 
par ent hesi s.

1. 4. 1   Al ar m Gener at i on ( Al l  pr ot ocol s)

Al ar m Gener at i on i s t he moni t or i ng of  a val ue,  compar i son of  t he val ue t o 
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al ar m condi t i ons and t he cr eat i on of  an al ar m when t he condi t i ons set  f or  
t he al ar m ar e met .   Not e t hat  t hi s does NOT i ncl ude del i ver y of  t he al ar m 
t o t he f i nal  dest i nat i on ( such as a user  i nt er f ace)  -  see par agr aph ALARM 
ROUTI NG i n Sect i on 25 10 10 UTI LI TY MONI TORI NG AND CONTROL SYSTEM ( UMCS)  
FRONT END AND I NTEGRATI ON.

1. 4. 2   Bui l di ng Aut omat i on and Cont r ol  Net wor k ( BACnet )  ( BACnet )

The t er m BACnet  i s used i n t wo ways.  Fi r st  meani ng t he BACnet  Pr ot ocol  
St andar d -  t he communi cat i on r equi r ement s as def i ned by ASHRAE 135 
i ncl udi ng al l  annexes and addenda.  The second t o r ef er  t o t he over al l  
t echnol ogy r el at ed t o t he ASHRAE 135 pr ot ocol .

1. 4. 3   BACnet  Advanced Appl i cat i on Cont r ol l er  ( B- AAC)  ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- AAC,  whi ch i s r equi r ed t o suppor t  
BACnet  I nt er oper abi l i t y  Bui l di ng Bl ocks ( BI BBs)  f or  schedul i ng and 
al ar mi ng,  but  i s not  r equi r ed t o suppor t  as many BI BBs as a B- BC.

1. 4. 4   BACnet  Appl i cat i on Speci f i c  Cont r ol l er  ( B- ASC)   ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- ASC,  wi t h f ewer  BI BB r equi r ement s t han 
a B- AAC.   I t  i s  i nt ended f or  use i n a speci f i c  appl i cat i on.

1. 4. 5   BACnet  Bui l di ng Cont r ol l er  ( B- BC)  ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- BC.   A gener al - pur pose,  
f i el d- pr ogr ammabl e devi ce capabl e of  car r y i ng out  a var i et y of  bui l di ng 
aut omat i on and cont r ol  t asks i ncl udi ng cont r ol  and moni t or i ng v i a di r ect   
di gi t al  cont r ol  ( DDC)  of  speci f i c  syst ems and dat a st or age f or  t r end  
i nf or mat i on,  t i me schedul es,  and al ar m dat a.  Li ke t he ot her  BTL Li st ed  
cont r ol l er  t ypes ( B- AAC,  B- ASC et c. )  a B- BC devi ce i s r equi r ed t o suppor t  
t he ser ver  ( " B" )  s i de of  t he ReadPr oper t y and Wr i t ePr oper t y ser vi ces,  but  
unl i ke t he ot her  cont r ol l er  t ypes i t  i s  al so r equi r ed t o suppor t  t he 
c l i ent  ( " A" )  s i de of  t hese ser vi ces.  Communi cat i on bet ween cont r ol l er s 
r equi r es t hat  one of  t hem suppor t  t he c l i ent  s i de and t he ot her  suppor t  
t he ser ver  s i de,  so a B- BC i s of t en used when communi cat i on bet ween 
cont r ol l er s i s needed.

1. 4. 6   BACnet  Br oadcast  Management  Devi ce ( BBMD)  ( BACnet )

A communi cat i ons devi ce,  t ypi cal l y combi ned wi t h a BACnet  r out er .    A BBMD 
f or war ds BACnet  br oadcast  messages t o BACnet / I P devi ces and ot her  BBMDs 
connect ed t o t he same BACnet / I P net wor k.  Each I P subnet  t hat  i s  par t  of  a 
BACnet / I P net wor k must  have at  l east  one BBMD.   Not e t her e ar e addi t i onal  
r est r i ct i ons when mul t i pl e BBMDs shar e an I P subnet .

1. 4. 7   BACnet / I P ( BACnet )

An ext ensi on of  BACnet ,  Annex J,  def i nes t he use of  a r eser ved UDP socket  
t o t r ansmi t  BACnet  messages over  I P net wor ks.  A BACnet / I P net wor k i s a 
col l ect i on of  one or  mor e I P subnet s t hat  shar e t he same BACnet  net wor k 
number .  See al so par agr aph BACNET BROADCAST MANAGEMENT DEVI CE.

1. 4. 8   BACnet  I nt er net wor k ( BACnet )

Two or  mor e BACnet  net wor ks,  connect ed wi t h BACnet  r out er s.    I n a BACnet  
I nt er net wor k,  t her e exi st s onl y one message pat h bet ween devi ces.
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1. 4. 9   BACnet  I nt er oper abi l i t y  Bui l di ng Bl ocks ( BI BBs)  ( BACnet )

A BI BB i s a col l ect i on of  one or  mor e ASHRAE 135 Ser vi ces i nt ended t o 
def i ne a hi gher  l evel  of  i nt er oper abi l i t y .  BI BBs ar e combi ned t o bui l d t he 
BACnet  f unct i onal  r equi r ement s f or  a devi ce i n a speci f i cat i on.  Some BI BBs 
def i ne addi t i onal  r equi r ement s ( beyond r equi r i ng suppor t  f or  speci f i c  
ser vi ces)  i n or der  t o achi eve a l evel  of  i nt er oper abi l i t y .  For  exampl e,  
t he BI BB DS- V- A ( Dat a Shar i ng- Vi ew- A) ,  whi ch woul d t ypi cal l y be used by a 
f r ont - end,  not  onl y r equi r es t he c l i ent  t o suppor t  t he ReadPr oper t y 
Ser vi ce,  but  al so pr ovi des a l i s t  of  dat a t ypes ( Obj ect  /  Pr oper t i es)  
whi ch t he cl i ent  must  be abl e t o i nt er pr et  and di spl ay f or  t he user .

I n t he BI BB shor t hand not at i on,  - A i s t he c l i ent  s i de and - B i s t he ser ver  
s i de.

The f ol l owi ng i s a l i st  of  some BI BBs used by t hi s or  r ef er enced Sect i ons:

DS- COV- A Dat a Shar i ng- Change of  Val ue ( A s i de)

DS- COV- B Dat a Shar i ng- Change of  Val ue ( B s i de)

NM- RC- B Net wor k Management - Rout er  Conf i gur at i on ( B si de)

DS- RP- A Dat a Shar i ng- Read Pr oper t y ( A si de)

DS- RP- B Dat a Shar i ng- Read Pr oper t y ( B si de)

DS- RPM- A Dat a Shar i ng- Read Pr oper t y Mul t i pl e ( A Si de)

DS- RPM- B Dat a Shar i ng- Read Pr oper t y Mul t i pl e ( B Si de)

DS- WP- A Dat a Shar i ng- Wr i t e Pr oper t y ( A Si de)

DM- TS- B Devi ce Management - Ti me Synchr oni zat i on ( B Si de)

DM- UTC- B Devi ce Management - UTC Ti me Synchr oni zat i on ( B Si de)

DS- WP- B Dat a Shar i ng- Wr i t e Pr oper t y ( B si de)

SCHED- E- B Schedul i ng- Ext er nal  ( B si de)

DM- OCD- B Devi ce Management - Obj ect  Cr eat i on and Del et i on ( B si de)

AE- N- I - B Al ar m and Event - Not i f i cat i on I nt er nal  ( B Si de)

AE- N- E- B Al ar m and Event - Not i f i cat i on Ext er nal  ( B Si de)

T- VMT- I - B Tr endi ng- Vi ewi ng and Modi f y i ng Tr ends I nt er nal  ( B Si de)

T- VMT- E- B Tr endi ng- Vi ewi ng and Modi f y i ng Tr ends Ext er nal  ( B Si de)

1. 4. 10   BACnet  Net wor k ( BACnet )

I n BACnet ,  a por t i on of  t he cont r ol  I nt er net wor k consi st i ng of  one or  mor e 
segment s connect ed by r epeat er s.  Net wor ks ar e separ at ed by r out er s.
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1. 4. 11   BACnet  Oper at or  Di spl ay ( B- OD)  ( BACnet )

A basi c oper at or  i nt er f ace wi t h l i mi t ed capabi l i t i es r el at i ve t o a B- OWS.   
I t  i s  not  i nt ended t o per f or m di r ect  di gi t al  cont r ol .   A B- OD pr of i l e 
coul d be used f or  LCD devi ces,  di spl ays af f i xed t o BACnet  devi ces,  
handhel d t er mi nal s or  ot her  ver y s i mpl e user  i nt er f aces.

1. 4. 12   BACnet  Segment  ( BACnet )

One or  mor e physi cal  segment s i nt er connect ed by r epeat er s ( ASHRAE 135) .

1. 4. 13   BACnet  Smar t  Act uat or  ( B- SA)  ( BACnet )

A si mpl e act uat or  devi ce wi t h l i mi t ed r esour ces i nt ended f or  speci f i c  
appl i cat i ons.

1. 4. 14   BACnet  Smar t  Sensor  ( B- SS)  ( BACnet )

A si mpl e sensi ng devi ce wi t h l i mi t ed r esour ces.

1. 4. 15   BACnet  Test i ng Labor at or i es ( BTL)  ( BACnet )

Est abl i shed by BACnet  I nt er nat i onal  t o suppor t  compl i ance t est i ng and 
i nt er oper abi l i t y  t est i ng act i v i t i es and consi st s of  BTL Manager  and t he 
BTL Wor ki ng Gr oup ( BTL- WG) .   BTL al so publ i shes I mpl ement at i on Gui del i nes.

1. 4. 16   BACnet  Test i ng Labor at or i es ( BTL)  Li st ed ( BACnet )

A devi ce t hat  has been l i s t ed by BACnet  Test i ng Labor at or y.   Devi ces may 
be cer t i f i ed t o a speci f i c  devi ce pr of i l e,  i n whi ch case t he l i s t i ng 
i ndi cat es t hat  t he devi ce suppor t s t he r equi r ed capabi l i t i es f or  t hat  
pr of i l e,  or  may be l i s t ed as " ot her " .

1. 4. 17   Bi nar y ( Al l  pr ot ocol s)
 

A t wo- st at e syst em wher e an " ON"  condi t i on i s r epr esent ed by a hi gh si gnal  
l evel  and an " OFF"  condi t i on i s r epr esent ed by a l ow si gnal  l evel .   
' Di gi t al '  i s  somet i mes used i nt er changeabl y wi t h ' bi nar y ' .

1. 4. 18   Br oadcast  ( BACnet )

Unl i ke most  messages,  whi ch ar e i nt ended f or  a speci f i c  r eci pi ent  devi ce,  
a br oadcast  message i s i nt ended f or  al l  devi ces on t he net wor k.

1. 4. 19   Bui l di ng Cont r ol  Net wor k ( BCN)  ( Al l  pr ot ocol s)
 

The net wor k connect i ng al l  DDC Har dwar e wi t hi n a bui l di ng ( or  speci f i c  
gr oup of  bui l di ngs) .

1. 4. 20   Bui l di ng Poi nt  of  Connect i on ( BPOC)  ( Al l  pr ot ocol s)
 

A FPOC f or  a Bui l di ng Cont r ol  Syst em.   ( Thi s t er m i s bei ng phased out  of  
use i n pr ef er ence f or  FPOC but  i s st i l l  used i n some speci f i cat i ons and 
cr i t er i a.   When i t  was used,  i t  t ypi cal l y r ef er r ed t o a pi ece of  cont r ol  
har dwar e.   The cur r ent  FPOC def i ni t i on t ypi cal l y r ef er s i nst ead t o I T 
har dwar e. )
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1. 4. 21   Commandabl e ( Al l  pr ot ocol s)
 

See Over r i dabl e.

1. 4. 22   Commandabl e Obj ect s ( BACnet )

Commandabl e Obj ect s have a Commandabl e Pr oper t y,  Pr i or i t y_Ar r ay,  and 
Rel i nqui sh_Def aul t  Pr oper t y as def i ned i n ASHRAE 135,  Cl ause 19. 2,  Command 
Pr i or i t i zat i on.

1. 4. 23   Conf i gur abl e ( Al l  pr ot ocol s)

A pr oper t y,  set t i ng,  or  val ue i s conf i gur abl e i f  i t  can be changed vi a 
har dwar e set t i ngs on t he devi ce,  v i a t he use of  engi neer i ng sof t war e or  
over  t he cont r ol  net wor k f r om t he f r ont  end,  and i s r et ai ned t hr ough 
( af t er )  l oss of  power .

I n a BACnet  syst em,  a pr oper t y,  set t i ng,  or  val ue i s conf i gur abl e i f  i t  
can be changed vi a one or  mor e of :  

1)   v i a BACnet  ser vi ces ( i ncl udi ng pr opr i et ar y BACnet  ser vi ces)  
2)   v i a har dwar e set t i ngs on t he devi ce

Not e t hi s i s mor e st r i ngent  t han t he ASHRAE 135 def i ni t i on.

1. 4. 24   Cont r ol  Logi c Di agr am ( Al l  pr ot ocol s)

 A gr aphi cal  r epr esent at i on of  cont r ol  l ogi c f or  mul t i pl e pr ocesses t hat  
make up a syst em.

1. 4. 25   Devi ce ( BACnet )

A Di gi t al  Cont r ol l er  t hat  cont ai ns a BACnet  Devi ce Obj ect  and uses BACnet  
t o communi cat e wi t h ot her  devi ces.

1. 4. 26   Devi ce Obj ect  ( BACnet )

Ever y BACnet  devi ce r equi r es one Devi ce Obj ect ,  whose pr oper t i es r epr esent  
t he net wor k v i s i bl e pr oper t i es of  t hat  devi ce.  Ever y Devi ce Obj ect  
r equi r es a uni que Obj ect  I dent i f i er  number  on t he BACnet  I nt er net wor k.  
Thi s number  i s of t en r ef er r ed t o as t he devi ce i nst ance or  devi ce I D.

1. 4. 27   Devi ce Pr of i l e ( BACnet )

A col l ect i on of  BI BBs det er mi ni ng mi ni mum BACnet  capabi l i t i es of  a devi ce,  
def i ned i n ASHRAE 135.  St andar d devi ce pr of i l es i ncl ude BACnet  Advanced 
Wor kst at i ons ( B- AWS) ,  BACnet  Bui l di ng Cont r ol l er s ( B- BC) ,  BACnet  Advanced 
Appl i cat i on Cont r ol l er s ( B- AAC) ,  BACnet  Appl i cat i on Speci f i c  Cont r ol l er s 
( B- ASC) ,  BACnet  Smar t  Act uat or  ( B- SA) ,  and BACnet  Smar t  Sensor  ( B- SS) .

1. 4. 28   Di gi t al  Cont r ol l er  ( Al l  pr ot ocol s)

An el ect r oni c cont r ol l er ,  usual l y wi t h i nt er nal  pr ogr ammi ng l ogi c and 
di gi t al  and anal og i nput / out put  capabi l i t y ,  whi ch per f or ms cont r ol  
f unct i ons.

1. 4. 29   Di r ect  Di gi t al  Cont r ol  ( DDC)  ( Al l  pr ot ocol s)

Di gi t al  cont r ol l er s per f or mi ng cont r ol  l ogi c.  Usual l y t he cont r ol l er  
di r ect l y senses physi cal  val ues,  makes cont r ol  deci s i ons wi t h i nt er nal  
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pr ogr ams,  and out put s cont r ol  s i gnal s t o di r ect l y oper at e swi t ches,  
val ves,  damper s,  and mot or  cont r ol l er s.

1. 4. 30   Fi el d Poi nt  of  Connect i on ( FPOC)  ( Al l  pr ot ocol s)

The FPOC i s t he poi nt  of  connect i on bet ween t he UMCS I P Net wor k and t he 
f i el d cont r ol  net wor k ( ei t her  an I P net wor k,  a non- I P net wor k,  or  a 
combi nat i on of  bot h) .   The har dwar e at  t hi s l ocat i on whi ch pr ovi des t he 
connect i on i s gener al l y an I T devi ce such as a swi t ch,  I P r out er ,  or  
f i r ewal l .

I n gener al ,  t he t er m " FPOC Locat i on"  means t he pl ace wher e t hi s connect i on 
occur s,  and " FPOC Har dwar e"  means t he devi ce t hat  pr ovi des t he 
connect i on.   Somet i mes t he t er m " FPOC"  i s used t o mean ei t her  and i t s 
act ual  meani ng ( i . e.  l ocat i on or  har dwar e)  i s det er mi ned by t he cont ext  i n 
whi ch i t  i s  used.

1. 4. 31   Gat eway ( Al l  pr ot ocol s)

A devi ce t hat  t r ansl at es f r om one pr ot ocol  appl i cat i on dat a f or mat  t o 
anot her .   Devi ces t hat  change onl y t he t r anspor t  mechani sm of  t he pr ot ocol  
-  " t r ansl at i ng"  f r om TP/ FT- 10 t o Et her net / I P  or  f r om BACnet  MS/ TP t o 
BACnet  over  I P f or  exampl e -  ar e not  gat eways as t he under l y i ng dat a 
f or mat  does not  change.  Gat eways ar e al so cal l ed Communi cat i ons Br i dges or  
Pr ot ocol  Tr ansl at or s.

1. 4. 32   I EEE 802. 3 Et her net  ( Al l  pr ot ocol s)

A f ami l y of  l ocal - ar ea- net wor k t echnol ogi es pr ovi di ng hi gh- speed 
net wor ki ng f eat ur es over  var i ous medi a,  t ypi cal l y Cat  5,  5e or  Cat  6 
t wi st ed pai r  copper  or  f i ber  opt i c cabl e.

1. 4. 33   I nt er net  Pr ot ocol  ( I P,  TCP/ I P,  UDP/ I P)  ( Al l  pr ot ocol s)

A communi cat i on met hod,  t he most  common use i s t he Wor l d Wi de Web.  At  t he 
l owest  l evel ,  i t  i s  based on I nt er net  Pr ot ocol  ( I P) ,  a met hod f or  
conveyi ng and r out i ng packet s of  i nf or mat i on over  var i ous LAN medi a.  Two 
common pr ot ocol s usi ng I P ar e User  Dat agr am Pr ot ocol  ( UDP)  and 
Tr ansmi ssi on Cont r ol  Pr ot ocol  ( TCP) .  UDP conveys i nf or mat i on t o wel l - known 
" socket s"  wi t hout  conf i r mat i on of  r ecei pt .  TCP est abl i shes connect i ons,  
al so known as " sessi ons" ,  whi ch have end- t o- end conf i r mat i on and 
guar ant eed sequence of  del i ver y.

1. 4. 34   I nput / Out put  ( I / O)  ( Al l  pr ot ocol s)

Physi cal  i nput s and out put s t o and f r om a devi ce,  al t hough t he t er m 
somet i mes descr i bes net wor k or  " v i r t ual "  i nput s or  out put s.  See al so 
" Poi nt s" .

1. 4. 35   I / O Expansi on Uni t  ( Al l  pr ot ocol s)

An I / O expansi on uni t  pr ovi des addi t i onal  poi nt  capaci t y t o a di gi t al  
cont r ol l er

1. 4. 36   I P subnet  ( Al l  pr ot ocol s)

A gr oup of  devi ces whi ch shar e a def i ned r ange I P addr esses.  Devi ces on a 
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common I P subnet  can shar e dat a ( i ncl udi ng br oadcast s)  di r ect l y wi t hout  
t he need f or  t he t r af f i c  t o t r aver se an I P r out er .

1. 4. 37   Local - Ar ea Net wor k ( LAN)  ( Al l  pr ot ocol s)

A communi cat i on net wor k t hat  spans a l i mi t ed geogr aphi c ar ea and uses t he 
same basi c communi cat i on t echnol ogy t hr oughout .

1. 4. 38   Local  Di spl ay Panel s ( LDPs)  ( Al l  pr ot ocol s)

A DDC Har dwar e wi t h a di spl ay and navi gat i on but t ons,  and must  pr ovi de 
di spl ay and adj ust ment  of  poi nt s as shown on t he Poi nt s Schedul e and as  
i ndi cat ed.

1. 4. 39   MAC Addr ess ( Al l  pr ot ocol s)

Medi a Access Cont r ol  addr ess.   The physi cal  devi ce addr ess t hat  i dent i f i es 
a devi ce on a Local  Ar ea Net wor k.

1. 4. 40   Mast er - Sl ave/ Token- Passi ng ( MS/ TP)  ( BACnet )

Dat a l i nk pr ot ocol  as def i ned by t he BACnet  st andar d.   Mul t i pl e speeds 
( dat a r at es)  ar e per mi t t ed by t he BACnet  MS/ TP st andar d.

1. 4. 41   Moni t or i ng and Cont r ol  ( M&C)  Sof t war e ( Al l  pr ot ocol s)
 

The UMCS ' f r ont  end'  sof t war e whi ch per f or ms super vi sor y f unct i ons such as 
al ar m handl i ng,  schedul i ng and dat a l oggi ng and pr ovi des a user  i nt er f ace 
f or  moni t or i ng t he syst em and conf i gur i ng  t hese f unct i ons.

1. 4. 42   Net wor k Number  ( BACnet )

A si t e- speci f i c  number  assi gned t o each net wor k.  Thi s net wor k number  must  
be uni que t hr oughout  t he BACnet  I nt er net wor k.

1. 4. 43   Obj ect  ( BACnet )

An ASHRAE 135 Obj ect .   The concept  of  or gani z i ng BACnet  i nf or mat i on i nt o 
st andar d component s wi t h var i ous associ at ed Pr oper t i es.   Exampl es i ncl ude  
Anal og I nput  obj ect s and Bi nar y Out put  obj ect s.

1. 4. 44   Obj ect  I dent i f i er  ( BACnet )

A gr oupi ng of  t wo Obj ect  pr oper t i es:  Obj ect  Type ( e. g.  Anal og Val ue,   
Schedul e,  et c. )  and Obj ect  I nst ance ( i n t hi s case,  a number ) .   Obj ect  
I dent i f i er s must  be uni que wi t hi n a devi ce.

1. 4. 45   Obj ect  I nst ance  ( BACnet )

See par agr aph OBJECT I DENTI FI ER

1. 4. 46   Obj ect  Pr oper t i es ( BACnet )

At t r i but es of  an obj ect .   Exampl es i ncl ude pr esent  val ue and hi gh l i mi t  
pr oper t i es of  an anal og i nput  obj ect .  Pr oper t i es ar e def i ned i n ASHRAE 135;  
some ar e opt i onal  and some ar e r equi r ed.   Obj ect s ar e cont r ol l ed by 
r eadi ng f r om and wr i t i ng t o obj ect  pr oper t i es.
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1. 4. 47   Oper at or  Conf i gur abl e ( Al l  pr ot ocol s)

Oper at or  conf i gur abl e val ues ar e val ues t hat  can be changed f r om a si ngl e 
common f r ont  end user  i nt er f ace acr oss mul t i pl e vendor  syst ems.

For  non Ni agar a- based BACnet  syst ems,  a pr oper t y,  set t i ng,  or  val ue i n a 
devi ce i s Oper at or  Conf i gur abl e when i t  i s  Conf i gur abl e and i s ei t her :

a.   a Wr i t abl e Pr oper t y of  a St andar d BACnet  Obj ect ;  or  
 
  b.   a Pr oper t y of  a St andar d BACnet  Obj ect  t hat  i s  Wr i t abl e when

     Out _Of _Ser vi ce i s TRUE and Out _Of _Ser vi ce i s Wr i t abl e.

1. 4. 48   Over r i de ( Al l  pr ot ocol s)

Changi ng t he val ue of  a poi nt  out s i de of  t he nor mal  sequence of  oper at i on 
wher e t he change has pr i or i t y over  t he sequence and wher e t her e i s a 
mechani sm f or  r el easi ng t he change such t hat  t he poi nt  r et ur ns t o t he 
nor mal  val ue.   Over r i des per si st  unt i l  r el eased or  over r i dden at  t he same 
or  hi gher  pr i or i t y but  ar e not  r equi r ed t o per si st  t hr ough a l oss of  power .
Over r i des ar e of t en used by oper at or s t o change val ues,  and gener al l y 
or i gi nat e at  a user  i nt er f ace ( wor kst at i on or  l ocal  di spl ay panel ) .

1. 4. 49   Packaged Equi pment  ( Al l  pr ot ocol s)

Packaged equi pment  i s a s i ngl e pi ece of  equi pment  pr ovi ded by a 
manuf act ur er  i n a subst ant i al l y  compl et e and oper abl e condi t i on,  wher e t he 
cont r ol s ( DDC Har dwar e)  ar e f act or y i nst al l ed,  and t he equi pment  i s sol d 
and shi pped f r om t he manuf act ur er  as a s i ngl e ent i t y.   Di sassembl y and 
r eassembl y of  a l ar ge pi ece of  equi pment  f or  shi ppi ng does not  pr event  i t  
f r om bei ng packaged equi pment .   Package uni t s may r equi r e f i el d 
i nst al l at i on of  r emot e sensor s.   Packaged equi pment  i s al so cal l ed a 
" packaged uni t " .   

Not e i ndust r y may use t he t er m " Packaged Syst em"  t o mean a col l ect i on of  
equi pment  t hat  i s  desi gned t o wor k t oget her  wher e each pi ece of  equi pment  
i s packaged equi pment  and t her e i s a net wor k t hat  connect s t he equi pment  
t oget her .   A " packaged syst em"  of  t hi s t ype i s NOT packaged equi pment ;  i t  
i s  a col l ect i on of  packaged equi pment ,  and each pi ece of  equi pment  must  
i ndi v i dual l y meet  speci f i cat i on r equi r ement s.

1. 4. 50   Packaged Uni t  ( Al l  pr ot ocol s)

See packaged equi pment .

1. 4. 51   Per f or mance Ver i f i cat i on Test  ( PVT)  ( Al l  pr ot ocol s)

The pr ocedur e f or  det er mi ni ng i f  t he i nst al l ed BAS meet s desi gn cr i t er i a 
pr i or  t o f i nal  accept ance.   The PVT i s per f or med af t er  i nst al l at i on,  
t est i ng,  and bal anci ng of  mechani cal  syst ems.  Typi cal l y t he PVT i s 
per f or med by t he Cont r act or  i n t he pr esence of  t he Gover nment .

1. 4. 52   Physi cal  Segment  ( BACnet )

A si ngl e cont i guous medi um t o whi ch BACnet  devi ces ar e at t ached ( ASHRAE 135
) .
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1. 4. 53   Pol l i ng ( Al l  pr ot ocol s)

 A devi ce per i odi cal l y r equest i ng dat a f r om anot her  devi ce.

1. 4. 54   Poi nt s ( Al l  pr ot ocol s)

Physi cal  and vi r t ual  i nput s and out put s.  See al so par agr aph I NPUT/ OUTPUT 
( I / O) .

1. 4. 55   Pr opor t i onal ,  I nt egr al ,  and Der i vat i ve ( PI D)  Cont r ol  Loop ( Al l  
pr ot ocol s)

Thr ee par amet er s used t o cont r ol  modul at i ng equi pment  t o mai nt ai n a 
set poi nt .  Der i vat i ve cont r ol  i s  of t en not  r equi r ed f or  HVAC syst ems 
( l eavi ng " PI "  cont r ol ) .

1. 4. 56   Pr opr i et ar y ( BACnet )

Wi t hi n t he cont ext  of  BACnet ,  any ext ensi on of  or  addi t i on t o obj ect  
t ypes,  pr oper t i es,  Pr i vat eTr ansf er  ser vi ces,  or  enumer at i ons speci f i ed i n 
ASHRAE 135.    Obj ect s wi t h Obj ect _Type val ues of  128 and above ar e 
Pr opr i et ar y Obj ect s.   Pr oper t i es wi t h Pr oper t y_I dent i f i er  of  512 and above 
ar e pr opr i et ar y Pr oper t i es.

1. 4. 57   Pr ot ocol  I mpl ement at i on Conf or mance St at ement  ( PI CS)  ( BACnet )

A document ,  cr eat ed by t he manuf act ur er  of  a devi ce,  whi ch descr i bes whi ch 
por t i ons of  t he BACnet  st andar d may be i mpl ement ed by a gi ven devi ce.   
ASHRAE 135 r equi r es t hat  al l  ASHRAE 135 devi ces have a PI CS,  and al so 
def i nes a mi ni mum set  of  i nf or mat i on t hat  must  be i n i t .   A devi ce as 
i nst al l ed f or  a speci f i c  pr oj ect  may not  i mpl ement  ever yt hi ng i n i t s PI CS.

1. 4. 58   Repeat er  ( Al l  pr ot ocol s)

 A devi ce t hat  connect s t wo cont r ol  net wor k segment s and r et r ansmi t s al l  
i nf or mat i on r ecei ved on one si de ont o t he ot her .

1. 4. 59   Rout er  ( Al l  pr ot ocol s)

 A devi ce t hat  connect s t wo ASHRAE 135 net wor ks and cont r ol s t r af f i c  
bet ween t he t wo by r et r ansmi t t i ng s i gnal s r ecei ved f r om one si de ont o t he 
ot her  based on t he si gnal  dest i nat i on.   Rout er s ar e used t o subdi v i de a 
BACnet  i nt er net wor k and t o l i mi t  net wor k t r af f i c .

1. 4. 60   Segment  ( Al l  pr ot ocol s)

 A ' s i ngl e'  sect i on of  a cont r ol  net wor k t hat  cont ai ns no r epeat er s or  
r out er s.   Ther e i s gener al l y a l i mi t  on t he number  of  devi ces on a 
segment ,  and t hi s l i mi t  i s  dependent  on t he t opol ogy/ medi a and devi ce 
t ype.   

1. 4. 61   St andar d BACnet  Obj ect s ( BACnet )

Obj ect s wi t h Obj ect _Type val ues bel ow 128 and speci f i cal l y enumer at ed i n 
Cl ause 21 of  ASHRAE 135.   Obj ect s whi ch ar e not  pr opr i et ar y.   See 
par agr aph PROPRI ETARY.
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1. 4. 62   St andar d BACnet  Pr oper t i es ( BACnet )

Pr oper t i es wi t h Pr oper t y_I dent i f i er  val ues bel ow 512 and speci f i cal l y 
enumer at ed i n Cl ause 21 of  ASHRAE 135.   Pr oper t i es whi ch ar e not  
pr opr i et ar y.   See Pr opr i et ar y.

1. 4. 63   St andar d BACnet  Ser vi ces ( BACnet )

ASHRAE 135 ser vi ces ot her  t han Conf i r medPr i vat eTr ansf er  or  
Unconf i r medPr i vat eTr ansf er .   See par agr aph PROPRI ETARY.

1. 4. 64   UMCS ( Al l  pr ot ocol s)

UMCS st ands f or  Ut i l i t y  Moni t or i ng and Cont r ol  Syst em.   The t er m r ef er s t o 
al l  component s by whi ch a pr oj ect  s i t e moni t or s,  manages,  and cont r ol s 
r eal - t i me oper at i on of  HVAC and ot her  bui l di ng syst ems.  These component s 
i ncl ude t he UMCS " f r ont - end"  and al l  f i el d bui l di ng cont r ol  syst ems 
connect ed t o t he f r ont - end.   The f r ont - end consi st s of  Moni t or i ng and 
Cont r ol  Sof t war e ( user  i nt er f ace sof t war e) ,  br owser - based user  i nt er f aces 
and net wor k i nf r ast r uct ur e.  

The net wor k i nf r ast r uct ur e ( t he " UMCS Net wor k" ) ,  i s  an I P net wor k 
connect i ng mul t i pl e bui l di ng or  f aci l i t y  cont r ol  net wor ks t o t he 
Moni t or i ng and Cont r ol  Sof t war e.

1. 4. 65   UMCS Net wor k ( Al l  pr ot ocol s)

The UMCS Net wor k connect s mul t i pl e bui l di ng or  f aci l i t y  cont r ol  net wor ks 
t o t he Moni t or i ng and Cont r ol  Sof t war e.

1. 4. 66   Wr i t abl e Pr oper t y ( BACnet )

A Pr oper t y i s Wr i t abl e when i t  can be changed t hr ough t he use of  one or  
mor e of  t he Wr i t ePr oper t y ser vi ces def i ned i n ASHRAE 135,  Cl ause 15 
r egar dl ess of  t he val ue of  any ot her  Pr oper t y.   Not e t hat  i n t he ASHRAE 135
 st andar d,  some Pr oper t i es may be wr i t abl e when t he Out  of  Ser vi ce 
Pr oper t y i s TRUE;  f or  pur poses of  t hi s Sect i on,  Pr oper t i es t hat  ar e onl y 
wr i t abl e when t he Out  of  Ser vi ce Pr oper t y i s TRUE ar e not  consi der ed t o be 
Wr i t abl e.

1. 5   PROJECT SEQUENCI NG

TABLE I I :  PROJECT SEQUENCI NG l i st s t he sequenci ng of  submi t t al s as 
speci f i ed i n par agr aph SUBMI TTALS ( denot ed by an ' S'  i n t he ' TYPE'  col umn)  
and act i v i t i es as speci f i ed i n PART 3 EXECUTI ON ( denot ed by an ' E'  i n t he 
' TYPE'  col umn) .   TABLE I I  does not  speci f y over al l  pr oj ect  mi l est one and 
compl et i on dat es.

a.   Sequenci ng f or  Submi t t al s:  The sequenci ng speci f i ed f or  submi t t al s i s 
t he deadl i ne by whi ch t he submi t t al  must  be i ni t i al l y  submi t t ed t o t he 
Gover nment .   Fol l owi ng submi ssi on t her e wi l l  be a Gover nment  r evi ew 
per i od as speci f i ed i n Sect i on 01 33 00 SUBMI TTAL PROCEDURES.   I f  t he 
submi t t al  i s  not  accept ed by t he Gover nment ,  r evi se t he submi t t al  and 
r esubmi t  i t  t o t he Gover nment  wi t hi n 14 days of  not i f i cat i on t hat  t he 
submi t t al  has been r ej ect ed.   Upon r esubmi t t al  t her e wi l l  be an 
addi t i onal  Gover nment  r evi ew per i od.   I f  t he submi t t al  i s  not  accept ed 
t he pr ocess r epeat s unt i l  t he submi t t al  i s  accept ed by t he Gover nment .

b.   Sequenci ng f or  Act i v i t i es:   The sequenci ng speci f i ed f or  act i v i t i es 
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i ndi cat es t he ear l i est  t he act i v i t y may begi n.

c.   Abbr evi at i ons:   I n TABLE I I  t he abbr evi at i on AAO i s used f or  ' af t er  
appr oval  of '  and ' ACO'  i s used f or  ' af t er  compl et i on of ' .

TABLE I I .  PROJECT SEQUENCI NG

I TEM
#

TYPE DESCRI PTI ON SEQUENCI NG ( START OF
ACTI VI TY OR DEADLI NE FOR

SUBMI TTAL)
1 S Exi st i ng Condi t i ons Repor t

2 S DDC Cont r act or  Desi gn Dr awi ngs

3 S Manuf act ur er ' s Pr oduct  Dat a

4 S Pr e- const r uct i on QC Checkl i st

5 E I nst al l  Bui l di ng Cont r ol  Syst em AAO #1 t hr u #4

6 E St ar t - Up and St ar t - Up Test i ng ACO #5

7 S Post - Const r uct i on QC Checkl i st ACO #6

8 S Pr ogr ammi ng Sof t war e
Conf i gur at i on Sof t war e

ACO #6

9 S Dr af t  As- Bui l t  Dr awi ngs ACO #6

10 S St ar t - Up Test i ng Repor t ACO #6

11 S PVT Pr ocedur es bef or e schedul e st ar t  of  
#12 and AAO #10

12 E Execut e PVT AAO #9 and #11
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TABLE I I .  PROJECT SEQUENCI NG

I TEM
#

TYPE DESCRI PTI ON SEQUENCI NG ( START OF
ACTI VI TY OR DEADLI NE FOR

SUBMI TTAL)
13 S PVT Repor t ACO #12

14 S Cont r ol l er  Appl i cat i on Pr ogr ams
Cont r ol l er  Conf i gur at i on Set t i ngs

AAO #13

15 S Fi nal  As- Bui l t  Dr awi ngs AAO #13

16 S O&M I nst r uct i ons AAO #15

17 S Tr ai ni ng Document at i on AAO #10 and bef or e 
schedul ed st ar t  of  #18

18 E Tr ai ni ng AAO #16 and #17

19 S Cl oseout  QC Checkl i st ACO #18

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

DDC Cont r act or  Desi gn Dr awi ngs;  G

Dr af t  As- Bui l t  Dr awi ngs;  G

Fi nal  As- Bui l t  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Pr ogr ammi ng Sof t war e;  G
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Cont r ol l er  Appl i cat i on Pr ogr ams;  G

Conf i gur at i on Sof t war e;  G

Cont r ol l er  Conf i gur at i on Set t i ngs;  G

Pr opr i et ar y Mul t i - Spl i t  Engi neer i ng Tool  Sof t war e;  G

Manuf act ur er ' s Pr oduct  Dat a;  G

SD- 05 Desi gn Dat a

Boi l er  Or  Chi l l er  Pl ant  Gat eway Request

SD- 06 Test  Repor t s

Pr e- Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st ;  G

Post - Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st ;  G

St ar t - Up Test i ng Repor t ;  G

PVT Pr ocedur es;  G

PVT Repor t ;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons;  G

Tr ai ni ng Document at i on;  G

SD- 11 Cl oseout  Submi t t al s

Encl osur e Keys;  G

Passwor d Summar y Repor t ;  G

Cl oseout  Qual i t y Cont r ol  ( QC)  Checkl i st ;  G

1. 7   DATA PACKAGE AND SUBMI TTAL REQUI REMENTS

Techni cal  dat a packages consi st i ng of  t echni cal  dat a and comput er  sof t war e 
( meani ng t echni cal  dat a whi ch r el at es t o comput er  sof t war e)  whi ch ar e 
speci f i cal l y i dent i f i ed i n t hi s pr oj ect  and whi ch may be def i ned/ r equi r ed 
i n ot her  speci f i cat i ons must  be del i ver ed st r i ct l y i n accor dance wi t h t he 
CONTRACT CLAUSES and i n accor dance wi t h t he Cont r act  Dat a Requi r ement s 
Li st ,  DD For m 1423.   Dat a del i ver ed must  be i dent i f i ed by r ef er ence t o t he 
par t i cul ar  speci f i cat i on par agr aph agai nst  whi ch i t  i s  f ur ni shed.   Al l  
submi t t al s not  speci f i ed as t echni cal  dat a packages ar e consi der ed ' shop 
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dr awi ngs'  under  t he Feder al  Acqui s i t i on Regul at i on Suppl ement  ( FARS)  and 
must  cont ai n no pr opr i et ar y i nf or mat i on and be del i ver ed wi t h unr est r i ct ed 
r i ght s.

1. 8   SOFTWARE FOR DDC HARDWARE AND GATEWAYS

Pr ovi de al l  sof t war e r el at ed t o t he pr ogr ammi ng and conf i gur at i on of  DDC 
Har dwar e and Gat eways as i ndi cat ed.   Li cense al l  Sof t war e t o t he pr oj ect  
s i t e.   The t er m " cont r ol l er "  as used i n t hese r equi r ement s means bot h DDC 
Har dwar e and Gat eways.

1. 8. 1   Conf i gur at i on Sof t war e

For  each t ype of  cont r ol l er ,  pr ovi de t he conf i gur at i on t ool  sof t war e i n 
accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS.    Submi t  har d copi es of  t he sof t war e 
user  manual s f or  each sof t war e wi t h t he sof t war e submi t t al .

Submi t  Conf i gur at i on Sof t war e on CD- ROM as a Techni cal  Dat a Package.   
Submi t    har d copi es of  t he sof t war e user  manual  f or  each pi ece of  
sof t war e.

1. 8. 2   Cont r ol l er  Conf i gur at i on Set t i ngs

For  each cont r ol l er ,  pr ovi de copi es of  t he i nst al l ed conf i gur at i on 
set t i ngs as sour ce code compat i bl e wi t h t he conf i gur at i on t ool  sof t war e 
f or  t hat  cont r ol l er  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Cont r ol l er  Conf i gur at i on Set t i ngs on CD- ROM as a Techni cal  Dat a 
Package.   I ncl ude on t he CD- ROM a l i s t  or  t abl e of  cont ent s c l ear l y 
i ndi cat i ng whi ch f i l es ar e associ at ed wi t h each devi ce.   Submi t  2 copi es 
of  t he Cont r ol l er  Conf i gur at i on Set t i ngs CD- ROM.

1. 8. 3   Pr ogr ammi ng Sof t war e

For  each t ype of  pr ogr ammabl e cont r ol l er ,  pr ovi de t he pr ogr ammi ng sof t war e 
i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR 
HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.   Submi t  har d copi es of  sof t war e 
user  manual s f or  each sof t war e wi t h t he sof t war e submi t t al .

Submi t  Pr ogr ammi ng Sof t war e on CD- ROM as a Techni cal  Dat a Package.   
Submi t    har d copi es of  t he sof t war e user  manual  f or  each pi ece of  
sof t war e.

1. 8. 4   Cont r ol l er  Appl i cat i on Pr ogr ams

For  each pr ogr ammabl e cont r ol l er ,  pr ovi de copi es of  t he appl i cat i on 
pr ogr am as sour ce code compat i bl e wi t h t he pr ogr ammi ng sof t war e f or  t hat  
cont r ol l er  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL 
CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Cont r ol l er  Appl i cat i on Pr ogr ams on CD- ROM as a Techni cal  Dat a 
Package.   I ncl ude on t he CD- ROM a l i s t  or  t abl e of  cont ent s c l ear l y 
i ndi cat i ng whi ch appl i cat i on pr ogr am i s associ at ed wi t h each devi ce.   
Submi t  2 copi es of  t he Cont r ol l er  Appl i cat i on Pr ogr ams CD- ROM.
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1. 9   BOI LER OR CHI LLER PLANT GATEWAY REQUEST

I f  r equest i ng t he use of  a gat eway t o a boi l er  or  chi l l er  pl ant  as 
i ndi cat ed i n par agr aph Pr opr i et ar y Syst ems Exempt ed Fr om Open Pr ot ocol  
Requi r ement s,  submi t  a Boi l er  or  Chi l l er  Pl ant  Gat eway Request  descr i bi ng 
t he conf i gur at i on of  t he boi l er s or  chi l l er s i ncl udi ng model  number s f or  
equi pment  and cont r ol l er s,  t he sequence of  oper at i on f or  t he uni t s,  and a 
j ust i f i cat i on f or  t he need t o oper at e t he uni t s on a shar ed non- BACnet  
net wor k.  

1. 10   QUALI TY CONTROL CHECKLI STS

The QC Checkl i st  f or  BACnet  Syst ems i n APPENDI X A of  t hi s Sect i on must  be 
compl et ed by t he Cont r act or ' s Chi ef  Qual i t y Cont r ol  ( QC)  Repr esent at i ve 
and submi t t ed as i ndi cat ed.

The QC Repr esent at i ve must  ver i f y each i t em i ndi cat ed and i ni t i al  i n t he 
space pr ovi ded t o i ndi cat e t hat  t he r equi r ement  has been met .   The QC 
Repr esent at i ve must  s i gn and dat e t he Checkl i st  pr i or  t o submi ssi on t o t he 
Gover nment .

1. 10. 1   Pr e- Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Pr e- Const r uct i on QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Pr e- Const r uct i on QC Checkl i st .  

1. 10. 2   Post - Const r uct i on Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Post - Const r uct i on QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Post - Const r uct i on QC Checkl i st .  

1. 10. 3   Cl oseout  Qual i t y Cont r ol  ( QC)  Checkl i st

Compl et e i t ems i ndi cat ed as Cl oseout  QC Checkl i st  i t ems i n t he QC 
Checkl i st .   Submi t  f our  copi es of  t he Cl oseout  QC Checkl i st .  

PART 2   PRODUCTS

Pr ovi de pr oduct s meet i ng t he r equi r ement s of  Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS f or  
BACnet  or  Ni agar a BACnet  syst ems,  ot her  r ef er enced Sect i ons,  and t hi s 
Sect i on.

2. 1   GENERAL PRODUCT REQUI REMENTS

Uni t s of  t he same t ype of  equi pment  must  be pr oduct s of  a s i ngl e 
manuf act ur er .   Each maj or  component  of  equi pment  must  have t he 
manuf act ur er ' s name and addr ess,  and t he model  and ser i al  number  i n a 
conspi cuous pl ace.   Mat er i al s and equi pment  must  be st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  t hese and si mi l ar  
pr oduct s.   The st andar d pr oduct s must  have been i n a sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  t wo year s pr i or  t o use on t hi s pr oj ect .   
The t wo year  use must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   DDC Har dwar e not  meet i ng 
t he t wo- year  f i el d ser vi ce r equi r ement  i s accept abl e pr ovi ded i t  has been 
successf ul l y used by t he Cont r act or  i n a mi ni mum of  t wo pr evi ous 
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pr oj ect s.   The equi pment  i t ems must  be suppor t ed by a ser vi ce 
or gani zat i on.   I t ems of  t he same t ype and pur pose must  be i dent i cal ,  
i ncl udi ng equi pment ,  assembl i es,  par t s and component s.

2. 2   PRODUCT DATA

Pr ovi de manuf act ur er ' s pr oduct  dat a sheet s document i ng compl i ance wi t h 
pr oduct  speci f i cat i ons f or  each pr oduct  pr ovi ded under  Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS,  or  
t hi s Sect i on.   Pr ovi de pr oduct  dat a f or  al l  pr oduct s i n a s i ngl e i ndexed 
compendi um,  or gani zed by pr oduct  t ype.   

For  al l  BACnet  har dwar e:  f or  each manuf act ur er ,  model  and ver si on 
( r evi s i on)  of  DDC Har dwar e pr ovi de t he Pr ot ocol  I mpl ement at i on Conf or mance 
St at ement  ( PI CS)  i n accor dance wi t h Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

Submi t  Manuf act ur er ' s Pr oduct  Dat a on CD- ROM.

2. 3   OPERATI ON ENVI RONMENT

Unl ess ot her wi se speci f i ed,  pr ovi de pr oduct s r at ed f or  cont i nuous 
oper at i on under  t he f ol l owi ng condi t i ons:

a.   Pr essur e:  Pr essur e condi t i ons nor mal l y encount er ed i n t he i nst al l ed 
l ocat i on.

b.   Vi br at i on:  Vi br at i on condi t i ons nor mal l y encount er ed i n t he i nst al l ed 
l ocat i on.

c.   Temper at ur e:

( 1)   Pr oduct s i nst al l ed i ndoor s:  Ambi ent  t emper at ur es i n t he r ange of  
32 t o 112 degr ees F and t emper at ur e condi t i ons out si de t hi s r ange 
nor mal l y encount er ed at  t he i nst al l ed l ocat i on.

( 2)   Pr oduct s i nst al l ed out door s or  i n uncondi t i oned i ndoor  spaces:  
Ambi ent  t emper at ur es i n t he r ange of   - 35 t o +151 degr ees F and 
t emper at ur e condi t i ons out si de t hi s r ange nor mal l y encount er ed at  
t he i nst al l ed l ocat i on.

d.   Humi di t y:  10 t o 95 per cent  r el at i ve humi di t y,  noncondensi ng and 
humi di t y condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he 
i nst al l ed l ocat i on.

2. 4   WI RELESS CAPABI LI TY

For  pr oduct s i ncor por at i ng any wi r el ess capabi l i t y  ( i ncl udi ng but  not  
l i mi t ed t o r adi o f r equency ( RF) ,  i nf r ar ed and opt i cal ) ,  pr ovi de pr oduct s 
f or  whi ch wi r el ess capabi l i t y  can be per manent l y di sabl ed at  t he devi ce.   
Opt i cal  and i nf r ar ed capabi l i t i es may be di sabl ed vi a a per manent l y 
af f i xed opaque cover  pl at e.

2. 5   ENCLOSURES

Encl osur es suppl i ed as an i nt egr al  ( pr e- packaged)  par t  of  anot her  pr oduct  
ar e accept abl e.   Pr ovi de t wo Encl osur e Keys f or  each l ockabl e encl osur e on 
a s i ngl e r i ng per  encl osur e wi t h a t ag i dent i f y i ng t he encl osur e t he keys 
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oper at e.   Pr ovi de encl osur es meet i ng t he f ol l owi ng mi ni mum r equi r ement s:

2. 5. 1   Out door s

For  encl osur es l ocat ed out door s,  pr ovi de encl osur es meet i ng NEMA 250 Type 3
 r equi r ement s.

2. 5. 2   Mechani cal  and El ect r i cal  Rooms

For  encl osur es l ocat ed i n mechani cal  or  el ect r i cal  r ooms,  pr ovi de 
encl osur es meet i ng NEMA 250 Type 2 r equi r ement s.

2. 5. 3   Ot her  Locat i ons

For  encl osur es i n ot her  l ocat i ons i ncl udi ng but  not  l i mi t ed t o occupi ed 
spaces,  above cei l i ngs,  and i n pl enum r et ur ns,  pr ovi de encl osur es meet i ng 
NEMA 250 Type 1 r equi r ement s.

2. 6   WI RE AND CABLE

Pr ovi de wi r e and cabl e meet i ng t he r equi r ement s of  NFPA 70 and NFPA 90A i n 
addi t i on t o t he r equi r ement s of  t hi s speci f i cat i on and r ef er enced 
speci f i cat i ons.

2. 6. 1   Ter mi nal  Bl ocks

For  t er mi nal  bl ocks whi ch ar e not  i nt egr al  t o ot her  equi pment ,  pr ovi de 
t er mi nal  bl ocks whi ch ar e i nsul at ed,  modul ar ,  f eed- t hr ough,  c l amp st y l e 
wi t h r ecessed capt i ve scr ew- t ype cl ampi ng mechani sm,  sui t abl e f or  DI N r ai l  
mount i ng,  and whi ch have encl osed si des or  end pl at es and par t i t i on pl at es 
f or  separ at i on.

2. 6. 2   Cont r ol  Wi r i ng f or  Bi nar y Si gnal s

For  Cont r ol  Wi r i ng f or  Bi nar y Si gnal s,  pr ovi de  18 AWG copper  or  t hi cker  
wi r e r at ed f or  300- vol t  ser vi ce.

2. 6. 3   Cont r ol  Wi r i ng f or  Anal og Si gnal s

For  Cont r ol  Wi r i ng f or  Anal og Si gnal s,  pr ovi de  18 AWG or  t hi cker ,  copper ,  
s i ngl e-  or  mul t i pl e- t wi st ed wi r e meet i ng t he f ol l owi ng r equi r ement s:

a.  mi ni mum 2 i nch l ay of  t wi st

b.  100 per cent  shi el ded pai r s

c.  at  l east  300- vol t  i nsul at i on

d.  each pai r  has a 20 AWG t i nned- copper  dr ai n wi r e and i ndi v i dual  over al l  
pai r  i nsul at i on

e.  cabl es have an over al l  al umi num- pol yest er  or  t i nned- copper  cabl e- shi el d 
t ape,  over al l  20 AWG t i nned- copper  cabl e dr ai n wi r e,  and over al l  cabl e 
i nsul at i on.

2. 6. 4   Power  Wi r i ng f or  Cont r ol  Devi ces

For  24- vol t  c i r cui t s,  pr ovi de i nsul at ed copper  18 AWG or  t hi cker  wi r e 
r at ed f or  300 VAC ser vi ce.   For  120- vol t  c i r cui t s,  pr ovi de 14 AWG or  
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t hi cker  st r anded copper  wi r e r at ed f or  600- vol t  ser vi ce.

2. 6. 5   Tr ansf or mer s

Pr ovi de UL 5085- 3 appr oved t r ansf or mer s.   Sel ect  t r ansf or mer s s i zed so 
t hat  t he connect ed l oad i s no gr eat er  t han 80 per cent  of  t he t r ansf or mer  
r at ed capaci t y.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Ful l y i nst al l  and t est  t he cont r ol  syst em i n accor dance Sect i on 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC,  Sect i on 23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS f or  
BACnet  or  Ni agar a BACnet  syst ems,  and t hi s Sect i on.  

3. 1. 1   Di el ect r i c I sol at i on

Pr ovi de di el ect r i c i sol at i on wher e di ssi mi l ar  met al s ar e used f or  
connect i on and suppor t .   I nst al l  cont r ol  syst em i n a mat t er  t hat  pr ovi des 
cl ear ance f or  cont r ol  syst em mai nt enance by mai nt ai ni ng access space 
r equi r ed t o cal i br at e,  r emove,  r epai r ,  or  r epl ace cont r ol  syst em devi ces.   
I nst al l  cont r ol  syst em such t hat  i t  does not  i nt er f er e wi t h t he c l ear ance 
r equi r ement s f or  mechani cal  and el ect r i cal  syst em mai nt enance.

3. 1. 2   Penet r at i ons i n Bui l di ng Ext er i or

Make al l  penet r at i ons t hr ough and mount i ng hol es i n t he bui l di ng ext er i or  
wat er t i ght .

3. 1. 3   Devi ce Mount i ng Cr i t er i a

I nst al l  devi ces i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and 
as i ndi cat ed and shown.   Pr ovi de a weat her shi el d f or  al l  devi ces i nst al l ed 
out door s.   Pr ovi de cl ear ance f or  cont r ol  syst em mai nt enance by mai nt ai ni ng 
access space r equi r ed t o cal i br at e,  r emove,  r epai r ,  or  r epl ace cont r ol  
syst em devi ces.   Pr ovi de cl ear ance f or  mechani cal  and el ect r i cal  syst em 
mai nt enance;   do not  not  i nt er f er e wi t h t he c l ear ance r equi r ement s f or  
mechani cal  and el ect r i cal  syst em mai nt enance.

3. 1. 4   Label s and Tags

Key al l  l abel s and t ags t o t he uni que i dent i f i er s shown on t he As- Bui l t  
dr awi ngs.  For  l abel s ext er i or  t o pr ot ect i ve encl osur es pr ovi de engr aved 
pl ast i c l abel s mechani cal l y at t ached t o t he encl osur e or  DDC Har dwar e.   
Label s i nsi de pr ot ect i ve encl osur es may be at t ached usi ng adhesi ve,  but  
must  not  be hand wr i t t en.  For  t ags,  pr ovi de pl ast i c or  met al  t ags 
mechani cal l y at t ached di r ect l y t o each devi ce or  at t ached by a met al  chai n 
or  wi r e.  

a.   Label  al l  Encl osur es and DDC Har dwar e.

b.   Tag Ai r f l ow measur ement  ar r ays ( AFMA)  wi t h f l ow r at e r ange f or  s i gnal  
out put  r ange,  duct  s i ze,  and pi t ot  t ube AFMA f l ow coef f i c i ent .

c.   Tag duct  st at i c pr essur e t aps at  t he l ocat i on of  t he pr essur e t ap
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3. 1. 5   Sur ge Pr ot ect i on

3. 1. 5. 1   Power - Li ne Sur ge Pr ot ect i on

Pr ot ect  equi pment  connect ed t o AC ci r cui t s t o wi t hst and power - l i ne sur ges 
i n accor dance wi t h I EEE C62. 41.   Do not  use f uses f or  sur ge pr ot ect i on.

3. 1. 5. 2   Sur ge Pr ot ect i on f or  Tr ansmi t t er  and Cont r ol  Wi r i ng

Pr ot ect  DDC har dwar e agai nst  or  pr ovi ded DDC har dwar e capabl e of  
wi t hst andi ng sur ges i nduced on cont r ol  and t r ansmi t t er  wi r i ng i nst al l ed 
out door s and as shown.   Pr ot ect  equi pment  agai nst  t he f ol l owi ng t wo 
wavef or ms:

a.   A wavef or m wi t h a 10- mi cr osecond r i se t i me,  a 1000- mi cr osecond decay 
t i me and a peak cur r ent  of  60 amps.

b.   A wavef or m wi t h an 8- mi cr osecond r i se t i me,  a 20- mi cr osecond decay 
t i me and a peak cur r ent  of  500 amper es.

3. 1. 6   Basi c Cyber secur i t y Requi r ement s

3. 1. 6. 1   Passwor ds

For  al l  devi ces wi t h a passwor d,  change t he passwor d f r om t he def aul t  
passwor d.   Do not  use t he same passwor d f or  mor e t han one devi ce.   
Coor di nat e sel ect i on of  passwor ds wi t h .   Pr ovi de a Passwor d Summar y Repor t
 document i ng t he passwor d f or  each devi ce and descr i bi ng t he pr ocedur e t o 
change t he passwor d f or  each devi ce.

Pr ovi de t wo har dcopi es of  t he Passwor d Summar y Repor t ,  each copy i n i t s 
own seal ed envel ope.  

3. 1. 6. 2   Wi r el ess Capabi l i t y

Unl ess ot her wi se i ndi cat ed,  di sabl e wi r el ess capabi l i t y  ( i ncl udi ng but  not  
l i mi t ed t o r adi o f r equency ( RF) ,  i nf r ar ed and opt i cal )  f or  al l  devi ces 
wi t h wi r el ess capabi l i t y .   Opt i cal  and i nf r ar ed capabi l i t i es may be 
di sabl ed vi a a per manent l y af f i xed opaque cover  pl at e.   Passwor d 
pr ot ect i ng a wi r el ess connect i ons does not  meet  t hi s r equi r ement ;  t he 
wi r el ess capabi l i t y  must  be di sabl ed.

3. 1. 6. 3   I P Net wor k Physi cal  Secur i t y

I nst al l  al l  I P Net wor k medi a i n condui t .   I nst al l  al l  I P devi ces i ncl udi ng 
but  not  l i mi t ed t o I P- enabl ed DDC har dwar e and I P Net wor k Har dwar e i n 
l ockabl e encl osur es.

3. 2   DRAWI NGS AND CALCULATI ONS

Pr ovi de dr awi ngs i n t he f or m and ar r angement  i ndi cat ed and shown.   Use t he 
same abbr evi at i ons,  symbol s,  nomencl at ur e and i dent i f i er s shown.   Assi gn a 
uni que i dent i f i er  as shown t o each cont r ol  syst em el ement  on a dr awi ng.   
When packagi ng dr awi ngs,  gr oup schedul es by syst em.  When space al l ows,  i t  
i s  per mi ssi bl e t o i ncl ude mul t i pl e schedul es f or  t he same syst em on a 
s i ngl e sheet .  Except  f or  dr awi ngs cover i ng al l  syst ems,  do not  put  
i nf or mat i on f or  di f f er ent  syst ems on t he same sheet .   

Submi t  har dcopy dr awi ngs on I SO A1 34 by 22 i nches sheet s,  and el ect r oni c 
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dr awi ngs i n PDF and i n Aut odesk Revi t  2023 f or mat .   I n addi t i on,  submi t  
el ect r oni c dr awi ngs i n edi t abl e Excel  f or mat  f or  al l  dr awi ngs t hat  ar e 
t abul ar ,  i ncl udi ng but  not  l i mi t ed t o t he Poi nt  Schedul e and Equi pment  
Schedul e.

a.   Submi t  DDC Cont r act or  Desi gn Dr awi ngs consi st i ng of  each dr awi ng 
i ndi cat ed wi t h pr e- const r uct i on i nf or mat i on depi ct i ng t he i nt ended 
cont r ol  syst em desi gn and pl ans.   Submi t  DDC Cont r act or  Desi gn 
Dr awi ngs as a s i ngl e compl et e package:    har d copi es and  copi es on 
CD- ROM.  

b.   Submi t  Dr af t  As- Bui l t  Dr awi ngs consi st i ng of  each dr awi ng i ndi cat ed  
updat ed wi t h as- bui l t  dat a f or  t he syst em pr i or  t o PVT.   Submi t  Dr af t  
As- Bui l t  Dr awi ngs as a s i ngl e compl et e package:    har d copi es and  
copi es on CD- ROM.    

c.   Submi t  Fi nal  As- Bui l t  Dr awi ngs consi st i ng of  each dr awi ng i ndi cat ed 
updat ed wi t h al l  f i nal  as- bui l t  dat a.  Fi nal  As- Bui l t  Dr awi ngs as a 
s i ngl e compl et e package:    har d copi es and  copi es on CD- ROM.

3. 2. 1   Sampl e Dr awi ngs

Sampl e dr awi ngs i n el ect r oni c f or mat  ar e avai l abl e at  t he Whol e Bui l di ng 
Desi gn Gui de page f or  t hi s sect i on:  
ht t p: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 23- 09- 00
These dr awi ngs may pr ove usef ul  i n demonst r at i ng expect ed dr awi ng 
f or mat t i ng and exampl e cont ent   and ar e pr ovi ded f or  i l l ust r at i ve pur poses 
onl y.   Not e t hat  t hese dr awi ngs do not  meet  t he cont ent  r equi r ement s of  
t hi s Sect i on and must  be compl et ed t o meet  pr oj ect  r equi r ement s.

3. 2. 2   Dr awi ng I ndex and Legend

Pr ovi de an HVAC Cont r ol  Syst em Dr awi ng I ndex showi ng t he name and number  
of  t he bui l di ng,  mi l i t ar y s i t e,  St at e or  ot her  s i mi l ar  desi gnat i on,  and 
Count r y.   I n t he Dr awi ng I ndex,  l i s t  al l  Cont r act or  Desi gn Dr awi ngs,  
i ncl udi ng t he dr awi ng number ,  sheet  number ,  dr awi ng t i t l e,  and comput er  
f i l ename when used.   I n t he Desi gn Dr awi ng Legend,  show and descr i be al l  
symbol s,  abbr evi at i ons and acr onyms used on t he Desi gn Dr awi ngs.   Pr ovi de 
a s i ngl e I ndex and Legend f or  t he ent i r e dr awi ng package.  

3. 2. 3   Ther most at  and Occupancy Sensor  Schedul e

Pr ovi de a t her most at  and occupancy sensor  schedul e cont ai ni ng each 
t her most at ' s uni que i dent i f i er ,  r oom i dent i f i er  and cont r ol  f eat ur es and 
f unct i ons as shown.   Pr ovi de a s i ngl e t her most at  and occupancy sensor  
schedul e f or  t he ent i r e pr oj ect .

3. 2. 4   Val ve Schedul e

Pr ovi de a val ve schedul e cont ai ni ng each val ve' s uni que i dent i f i er ,  s i ze,  
f l ow coef f i c i ent  Kv ( Cv) ,  pr essur e dr op at  speci f i ed f l ow r at e,  spr i ng 
r ange,  posi t i ve posi t i oner  r ange,  act uat or  s i ze,  c l ose- of f  pr essur e t o 
t or que dat a,  di mensi ons,  and access and cl ear ance r equi r ement s dat a.   I n 
t he val ve schedul e i ncl ude act uat or  sel ect i on dat a suppor t ed by 
cal cul at i ons of  t he f or ce r equi r ed t o move and seal  t he val ve,  access and 
cl ear ance r equi r ement s.   Pr ovi de a s i ngl e val ve schedul e f or  t he ent i r e 
pr oj ect .
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3. 2. 5   Damper  Schedul e

Pr ovi de a damper  schedul e cont ai ni ng each damper ' s uni que i dent i f i er ,  t ype 
( opposed or  par al l el  bl ade) ,  nomi nal  and act ual  s i zes,  or i ent at i on of  axi s 
and f r ame,  di r ect i on of  bl ade r ot at i on,  act uat or  s i ze and spr i ng r anges,  
oper at i on r at e,  posi t i ve posi t i oner  r ange,  l ocat i on of  act uat or s and 
damper  end swi t ches,  ar r angement  of  sect i ons i n mul t i - sect i on damper s,  and 
met hods of  connect i ng damper s,  act uat or s,  and l i nkages.   I ncl ude t he AMCA 
511 maxi mum l eakage r at e at  t he oper at i ng st at i c- pr essur e di f f er ent i al  f or  
each damper  i n t he Damper  Schedul e.   Pr ovi de a s i ngl e damper  schedul e f or  
t he ent i r e pr oj ect .

3. 2. 6   Pr oj ect  Summar y Equi pment  Schedul e

Pr ovi de a pr oj ect  summar y equi pment  schedul e cont ai ni ng t he manuf act ur er ,  
model  number ,  par t  number  and descr i pt i ve name f or  each cont r ol  devi ce,  
har dwar e and component  pr ovi ded under  t hi s speci f i cat i on.   Pr ovi de a 
s i ngl e pr oj ect  equi pment  schedul e f or  t he ent i r e pr oj ect .

3. 2. 7   Equi pment  Schedul e

Pr ovi de syst em equi pment  schedul es cont ai ni ng t he uni que i dent i f i er ,  
manuf act ur er ,  model  number ,  par t  number  and descr i pt i ve name f or  each 
cont r ol  devi ce,  har dwar e and component  pr ovi ded under  t hi s speci f i cat i on.   
Pr ovi de a separ at e equi pment  schedul e f or  each HVAC syst em.

3. 2. 8   Occupancy Schedul e

Pr ovi de an occupancy schedul e dr awi ng cont ai ni ng t he same f i el ds as t he 
occupancy schedul e Cont r act  Dr awi ng wi t h Cont r act or  updat ed i nf or mat i on.  
Pr ovi de a s i ngl e occupancy schedul e f or  t he ent i r e pr oj ect .

3. 2. 9   DDC Har dwar e Schedul e

Pr ovi de a s i ngl e DDC Har dwar e Schedul e f or  t he ent i r e pr oj ect  and 
i ncl udi ng f ol l owi ng i nf or mat i on f or  each devi ce.

3. 2. 9. 1   DDC Har dwar e I dent i f i er

The Uni que DDC Har dwar e I dent i f i er  f or  t he devi ce.

3. 2. 9. 2   HVAC Syst em

The syst em " name"  used t o i dent i f y a speci f i c  syst em ( t he name used on t he 
syst em schemat i c dr awi ng f or  t hat  syst em) .   

3. 2. 9. 3   BACnet  Devi ce I nf or mat i on

3. 2. 9. 3. 1   Devi ce Obj ect  I dent i f i er

The Devi ce Obj ect  I dent i f i er :   The Obj ect _I dent i f i er  of  t he Devi ce Obj ect

3. 2. 9. 3. 2   Net wor k Number

The Net wor k Number  f or  t he devi ce.

3. 2. 9. 3. 3   MAC Addr ess

The MAC Addr ess f or  t he devi ce
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3. 2. 9. 3. 4   BTL Li st i ng

The BTL Li st i ng of  t he devi ce.   I f  t he devi ce i s l i s t ed under  mul t i pl e BTL 
Pr of i l es,  i ndi cat e t he pr of i l e t hat  mat ches t he use and conf i gur at i on of  
t he devi ce as i nst al l ed.

3. 2. 9. 3. 5   Pr opr i et ar y Ser vi ces I nf or mat i on

I f  t he devi ce uses non- st andar d ASHRAE 135 ser vi ces as def i ned and 
per mi t t ed i n Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC 
AND OTHER BUI LDI NG CONTROL SYSTEMS,  i ndi cat e t hat  t he devi ce uses 
non- st andar d ser vi ces and i ncl ude a descr i pt i on of  al l  non- st andar d 
ser vi ces used.   Descr i be usage and cont ent  such t hat  a devi ce f r om anot her  
vendor  can i nt er oper at e wi t h t he devi ce usi ng t he non- st andar d ser vi ce.   
Pr ovi de descr i pt i ons wi t h suf f i c i ent  det ai l  t o al l ow a devi ce f r om a 
di f f er ent  manuf act ur er  t o be pr ogr ammed t o bot h r ead and wr i t e t he 
non- st andar d ser vi ce r equest :  

a.   r ead:  i nt er pr et  t he dat a cont ai ned i n t he non- st andar d ser vi ce 
and;

b.   wr i t e:  gi ven si mi l ar  dat a,  gener at e t he appr opr i at e non- st andar d 
ser vi ce r equest .

3. 2. 9. 3. 6   Al ar mi ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  al ar m gener at i on,  and whi ch t ypes 
of  al ar m gener at i on t he devi ce i mpl ement s:   i nt r i nsi c,  l ocal  al gor i t hmi c,   
r emot e al gor i t hmi c.

3. 2. 9. 3. 7   Schedul i ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  schedul i ng.

3. 2. 9. 3. 8   Tr endi ng I nf or mat i on

I ndi cat e whet her  t he devi ce i s used f or  t r endi ng,  and i ndi cat e i f  t he 
devi ce i s used t o t r end l ocal  val ues,  r emot e val ues,  or  bot h.

3. 2. 10   Poi nt s Schedul e

Pr ovi de a Poi nt s Schedul e i n t abul ar  f or m f or  each HVAC syst em,  wi t h t he 
i ndi cat ed col umns and wi t h each r ow r epr esent i ng a har dwar e poi nt ,  net wor k 
poi nt  or  conf i gur at i on poi nt  i n t he syst em.   

a.   When a Poi nt s Schedul e was i ncl uded i n t he Cont r act  Dr awi ng package,  
use t he same f i el ds as t he Cont r act  Dr awi ng wi t h updat ed i nf or mat i on 
i n addi t i on t o t he i ndi cat ed f i el ds.  

b.   When Poi nt  Schedul es ar e i ncl uded i n t he cont r act  package,  i t ems 
r equi r i ng cont r act or  ver i f i cat i on or  i nput  have been shown i n angl e 
br acket s ( " <"  and " >" ) ,  such as <___> f or  a r equi r ed ent r y or  <val ue> 
f or  a val ue r equi r i ng conf i r mat i on.   Compl et e al l  i t ems i n br acket s as 
wel l  as any bl ank cel l s.   Do not  modi f y val ues whi ch ar e not  i n 
br acket s wi t hout  appr oval .   

Poi nt s Schedul e Col umns must  i ncl ude:
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3. 2. 10. 1   Poi nt  Name

The abbr evi at ed name f or  t he poi nt  usi ng t he i ndi cat ed nami ng convent i on.

3. 2. 10. 2   Descr i pt i on

A br i ef  f unct i onal  descr i pt i on of  t he poi nt  such as " Suppl y Ai r  
Temper at ur e" .

3. 2. 10. 3   DDC Har dwar e I dent i f i er

The Uni que DDC Har dwar e I dent i f i er  shown on t he DDC Har dwar e Schedul e and 
used acr oss al l  dr awi ngs f or  t he DDC Har dwar e cont ai ni ng t he poi nt .

3. 2. 10. 4   Set t i ngs

The val ue and uni t s of  any set poi nt s,  conf i gur ed set poi nt s,  conf i gur at i on 
par amet er s,  and set t i ngs r el at ed t o each poi nt .

3. 2. 10. 5   Range

The r ange of  val ues,  i ncl udi ng uni t s,  associ at ed wi t h t he poi nt ,  i ncl udi ng 
but  not  l i mi t ed t o a zone t emper at ur e set poi nt  adj ust ment  r ange,  a sensor  
measur ement  r ange,  occupancy val ues f or  an occupancy i nput ,  or  t he st at us 
of  a saf et y.

3. 2. 10. 6   I nput  or  Out put  ( I / O)  Type

The t ype of  i nput  or  out put  s i gnal  associ at ed wi t h t he poi nt .   Use t he 
f ol l owi ng abbr evi at i ons f or  ent r i es i n t hi s col umn:

a.   AI :   The val ue comes f r om a har dwar e ( physi cal )  Anal og I nput  

b.   AO:  The val ue i s out put  as a har dwar e ( physi cal )  Anal og Out put

c.   BI :   The val ue comes f r om a har dwar e ( physi cal )  Bi nar y I nput

d.   BO:  The val ue i s out put  as a har dwar e ( physi cal )  Bi nar y Out put

e.   PULSE:  The val ue comes f r om a har dwar e ( physi cal )  Pul se Accumul at or  
I nput

f .   NET- I N:   The val ue i s pr ovi ded f r om t he net wor k ( gener al l y f r om 
anot her  devi ce) .   Use t hi s ent r y onl y when t he val ue i s r ecei ved f r om 
anot her  devi ce as par t  of  schedul i ng or  as par t  of  a sequence of  
oper at i on,  not  when t he val ue i s r ecei ved on t he net wor k f or  
super vi sor y f unct i ons such as t r endi ng,  al ar mi ng,  over r i de or  di spl ay 
at  a user  i nt er f ace.

g.   NET- OUT:  The val ue i s pr ovi ded t o anot her  cont r ol l er  over  t he 
net wor k.   Use t hi s ent r y onl y when t he val ue i s t r ansmi t t ed t o anot her  
devi ce as par t  of  schedul i ng or  as par t  of  a sequence of  oper at i on,  
not  when t he val ue i s t r ansmi t t ed on t he net wor k f or  super vi sor y 
f unct i ons such as t r endi ng,  al ar mi ng,  over r i de or  di spl ay at  a user  
i nt er f ace.

3. 2. 10. 7   Obj ect  and Pr oper t y I nf or mat i on

The Obj ect  Type and I nst ance Number  f or  t he Obj ect  associ at ed wi t h t he 
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poi nt .   I f  t he val ue of  t he poi nt  i s  not  i n t he Pr esent _Val ue Pr oper t y,  
t hen al so pr ovi de t he Pr oper t y I D f or  t he Pr oper t y cont ai ni ng t he val ue of  
t he poi nt .   Any poi nt  t hat  i s  di spl ayed at  t he f r ont  end or  on an LDP,  i s 
t r ended,  i s used by anot her  devi ce on t he net wor k,  or  has an al ar m 
condi t i on must  be document ed her e.

3. 2. 10. 8   Net wor k Dat a Exchange I nf or mat i on ( Get s Dat a Fr om,  Sends Dat a To)

Pr ovi de t he DDC Har dwar e I dent i f i er  of  ot her  DDC Har dwar e t he poi nt  i s  
shar ed wi t h.

3. 2. 10. 9   Over r i de I nf or mat i on ( Obj ect  Type and I nst ance Number )

For  each poi nt  r equi r i ng an Over r i de,  i ndi cat e i f  t he Obj ect  f or  t he poi nt  
i s  Commandabl e or ,  i f  t he use of  a separ at e Obj ect  was speci f i cal l y 
appr oved by t he Cont r act i ng Of f i cer ,  pr ovi de t he Obj ect  Type and I nst ance 
Number  of  t he Obj ect  t o be used i n over r i di ng t he poi nt .

3. 2. 10. 10   Tr end Obj ect  I nf or mat i on

For  each poi nt  r equi r i ng a t r end,  i ndi cat e i f  t he t r end i s Local  or  
Remot e,  t he t r end Obj ect  t ype and t he t r end Obj ect  i nst ance number .   For  
r emot e t r ends pr ovi de t he DDC Har dwar e I dent i f i er  f or  t he devi ce 
cont ai ni ng t he t r end Obj ect  i n t he Poi nt s Schedul e not es.

3. 2. 10. 11   Al ar m I nf or mat i on

I ndi cat e t he Al ar m Gener at i on Type,  Event  Enr ol l ment  Obj ect  I nst ance 
Number ,  and Not i f i cat i on Cl ass Obj ect  I nst ance Number  f or  each poi nt  
r equi r i ng an al ar m.   ( Not e t hat  not  al l  al ar ms wi l l  have Event  Enr ol l ment  
Obj ect s. )

3. 2. 10. 12   Conf i gur at i on I nf or mat i on

I ndi cat e t he means of  conf i gur at i on associ at ed wi t h each poi nt .   

a.  For  Oper at or  Conf i gur abl e Poi nt s i ndi cat e BACnet  Obj ect  and Pr oper t y 
i nf or mat i on ( Name,  Type,  I dent i f i er s)  cont ai ni ng t he conf i gur abl e 
val ue.   I ndi cat e whet her  t he pr oper t y i s wr i t abl e al ways,  or  onl y when 
Out _Of _Ser vi ce i s TRUE.  

b.  For  Conf i gur abl e Poi nt s i ndi cat e t he BACnet  Obj ect  and Pr oper t y 
i nf or mat i on as f or  Oper at or  Conf i gur abl e poi nt s,  or  i dent i f i cat i on of  
t he conf i gur abl e set t i ngs f r om wi t hi n t he engi neer i ng sof t war e f or  t he 
devi ce or  i dent i f i cat i on of  t he har dwar e set t i ngs on t he devi ce.

3. 2. 11   Ri ser  Di agr am

The Ri ser  Di agr am of  t he Bui l di ng Cont r ol  Net wor k may be i n t abul ar  f or m,  
and must  show al l  DDC Har dwar e and al l  Net wor k Har dwar e,  i ncl udi ng net wor k 
t er mi nat or s.   For  each i t em,  pr ovi de t he uni que i dent i f i er ,  common 
descr i pt i ve name,  physi cal  sequent i al  or der  ( pr evi ous and next  devi ce on 
t he net wor k) ,  r oom i dent i f i er  and l ocat i on wi t hi n r oom.  A si ngl e r i ser  
di agr am must  be submi t t ed f or  t he ent i r e syst em.
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3. 2. 12   Cont r ol  Syst em Schemat i cs

Pr ovi de cont r ol  syst em schemat i cs i n t he same f or m as t he cont r ol  syst em 
schemat i c Cont r act  Dr awi ng wi t h Cont r act or  updat ed i nf or mat i on.   Pr ovi de a 
cont r ol  syst em schemat i c f or  each HVAC syst em.

3. 2. 13   Sequences of  Oper at i on I ncl udi ng Cont r ol  Logi c Di agr ams

Pr ovi de HVAC cont r ol  syst em sequence of  oper at i on and cont r ol  l ogi c 
di agr ams i n t he same f or mat  as t he Cont r act  Dr awi ngs.   Wi t hi n t hese 
dr awi ngs,  r ef er  t o devi ces by t hei r  uni que i dent i f i er s.  Submi t  sequences 
of  oper at i on and cont r ol  l ogi c di agr ams f or  each HVAC syst em

3. 2. 14   Cont r ol l er ,  Mot or  St ar t er  and Rel ay Wi r i ng Di agr am

Pr ovi de cont r ol l er  wi r i ng di agr ams as f unct i onal  wi r i ng di agr ams whi ch 
show t he i nt er connect i on of  conduct or s and cabl es t o each cont r ol l er  and 
t o t he i dent i f i ed t er mi nal s of  i nput  and out put  devi ces,  st ar t er s and 
package equi pment .   Show necessar y j umper s and gr ound connect i ons and t he 
l abel s of  al l  conduct or s.   I dent i f y sour ces of  power  r equi r ed f or  cont r ol  
syst ems and f or  packaged equi pment  cont r ol  syst ems back t o t he panel  boar d 
c i r cui t  br eaker  number ,  cont r ol l er  encl osur es,  magnet i c st ar t er ,  or  
packaged equi pment  cont r ol  c i r cui t .   Show each power  suppl y and 
t r ansf or mer  not  i nt egr al  t o a cont r ol l er ,  st ar t er ,  or  packaged equi pment .   
Show t he connect ed vol t - amper e l oad and t he power  suppl y vol t - amper e 
r at i ng.   Pr ovi de wi r i ng di agr ams f or  each HVAC syst em.

3. 3   CONTROLLER TUNI NG

Tune each cont r ol l er  i n a manner  consi st ent  wi t h t hat  descr i bed i n t he 
ASHRAE FUN I P and i n t he manuf act ur er ' s i nst r uct i on manual .   Tuni ng must  
consi st  of  adj ust ment  of  t he pr opor t i onal ,  i nt egr al ,  and wher e appl i cabl e,  
t he der i vat i ve ( PI D)  set t i ngs t o pr ovi de st abl e c l osed- l oop cont r ol .   Each 
l oop must  be t uned whi l e t he syst em or  pl ant  i s oper at i ng at  a hi gh gai n 
( wor st  case)  condi t i on,  wher e hi gh gai n can gener al l y be def i ned as a 
l ow- f l ow or  l ow- l oad condi t i on.   Upon f i nal  adj ust ment  of  t he PI D 
set t i ngs,  i n r esponse t o a change i n cont r ol l er  set poi nt ,  t he cont r ol l ed 
var i abl e must  set t l e out  at  t he new set poi nt  wi t h no mor e t han t wo ( 2)  
osci l l at i ons above and bel ow set poi nt .   Upon set t l i ng out  at  t he new 
set poi nt  t he cont r ol l er  out put  must  be st eady.   Wi t h t he except i on of  
nat ur al l y s l ow pr ocesses such as zone t emper at ur e cont r ol ,  t he cont r ol l er  
must  set t l e out  at  t he new set poi nt  wi t hi n f i ve ( 5)  mi nut es.   Set  t he 
cont r ol l er  t o i t s cor r ect  set poi nt  and r ecor d and submi t  t he f i nal  PI D 
conf i gur at i on set t i ngs wi t h t he O&M I nst r uct i ons and on t he associ at ed 
Poi nt s Schedul e.

3. 4   START- UP

3. 4. 1   St ar t - Up Test

Per f or m t he f ol l owi ng st ar t up t est s f or  each cont r ol  syst em t o ensur e t hat  
t he descr i bed cont r ol  syst em component s ar e i nst al l ed and f unct i oni ng per  
t hi s speci f i cat i on.

Adj ust ,  cal i br at e,  measur e,  pr ogr am,  conf i gur e,  set  t he t i me schedul es,  
and ot her wi se per f or m al l  necessar y act i ons t o ensur e t hat  t he syst ems 
f unct i on as i ndi cat ed and shown i n t he sequence of  oper at i on and ot her  
cont r act  document s.
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3. 4. 1. 1   Syst ems Check

An i t em- by- i t em check must  be per f or med f or  each HVAC syst em

3. 4. 1. 1. 1   St ep 1 -  Syst em I nspect i on

Wi t h t he syst em i n unoccupi ed mode and wi t h f an hand- of f - aut o swi t ches i n 
t he OFF posi t i on,  ver i f y t hat  power  and mai n ai r  ar e avai l abl e wher e 
r equi r ed and t hat  al l  out put  devi ces ar e i n t hei r  f ai l saf e and nor mal  
posi t i ons.   I nspect  each l ocal  di spl ay panel  and each M&C Cl i ent  t o ver i f y 
t hat  al l  di spl ays i ndi cat e shut down condi t i ons.

3. 4. 1. 1. 2   St ep 2 -  Cal i br at i on Accur acy Check

Per f or m a t wo- poi nt  accur acy check of  t he cal i br at i on of  each HVAC cont r ol  
syst em sensi ng el ement  and t r ansmi t t er  by compar i ng t he val ue f r om t he 
t est  i nst r ument  t o t he net wor k val ue pr ovi ded by t he DDC Har dwar e.   Use 
di gi t al  i ndi cat i ng t est  i nst r ument s,  such as di gi t al  t her momet er s,  
mot or - dr i ven psychr omet er s,  and t achomet er s.   Use t est  i nst r ument s wi t h 
accur acy at  l east  t wi ce as accur at e as t he speci f i ed sensor  accur acy and 
wi t h cal i br at i on t r aceabl e t o Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy st andar ds.   Check one t he f i r st  check poi nt  i n t he bot t om 
one- t hi r d of  t he sensor  r ange,  and t he second i n t he t op one- t hi r d of  t he 
sensor  r ange.   Ver i f y t hat  t he sensi ng el ement - t o- DDC r eadout  accur aci es 
at  t wo poi nt s ar e wi t hi n t he speci f i ed pr oduct  accur acy t ol er ances,  and i f  
not  r ecal i br at e or  r epl ace t he devi ce and r epeat  t he cal i br at i on check.

3. 4. 1. 1. 3   St ep 3 -  Act uat or  Range Check

Wi t h t he syst em r unni ng,  appl y a s i gnal  t o each act uat or  t hr ough t he DDC 
Har dwar e cont r ol l er .   Ver i f y pr oper  oper at i on of  t he act uat or s and 
posi t i oner s f or  al l  act uat ed devi ces and r ecor d t he s i gnal  l evel s f or  t he 
ext r eme posi t i ons of  each devi ce.   Var y t he s i gnal  over  i t s f ul l  r ange,  
and ver i f y t hat  t he act uat or s t r avel  f r om zer o st r oke t o f ul l  s t r oke 
wi t hi n t he s i gnal  r ange.   Wher e appl i cabl e,  ver i f y t hat  al l  sequenced 
act uat or s move f r om zer o st r oke t o f ul l  s t r oke i n t he pr oper  di r ect i on,  
and move t he connect ed devi ce i n t he pr oper  di r ect i on f r om one ext r eme 
posi t i on t o t he ot her .   For  val ve act uat or s and damper  act uat or s,  per f or m 
t he act uat or  r ange check under  nor mal  syst em pr essur es.

3. 4. 1. 2   Weat her  Dependent  Test

Per f or m weat her  dependent  t est  pr ocedur es i n t he appr opr i at e c l i mat i c 
season.

3. 4. 2   St ar t - Up Test i ng Repor t

Submi t  4 copi es of  t he St ar t - Up Test i ng Repor t .   The r epor t  may be 
submi t t ed as a Techni cal  Dat a Package document i ng t he r esul t s of  t he t est s 
per f or med and cer t i f y i ng t hat  t he syst em i s i nst al l ed and f unct i oni ng per  
t hi s speci f i cat i on,  and i s r eady f or  t he Per f or mance Ver i f i cat i on Test  
( PVT) .
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3. 5   PERFORMANCE VERI FI CATI ON TEST ( PVT)

3. 5. 1   PVT Pr ocedur es

Pr epar e PVT Pr ocedur es based on Sect i on 25 08 10 UTI LI TY MONI TORI NG AND 
CONTROL SYSTEM TESTI NG expl ai ni ng st ep- by- st ep,  t he act i ons and expect ed 
r esul t s t hat  wi l l  demonst r at e t hat  t he cont r ol  syst em per f or ms i n 
accor dance wi t h t he sequences of  oper at i on,  and ot her  cont r act  document s.   
Submi t  4 copi es of  t he PVT Pr ocedur es.   The PVT Pr ocedur es may be 
submi t t ed as a Techni cal  Dat a Package.

3. 5. 1. 1   Sensor  Accur acy Checks

I ncl ude a one- poi nt  accur acy check of  each sensor  i n t he PVT pr ocedur es.

3. 5. 1. 2   Endur ance Test

I ncl ude a one- week endur ance t est  as par t  of  t he PVT dur i ng whi ch t he 
syst em i s oper at ed cont i nuousl y.   

Use t he bui l di ng cont r ol  syst em BACnet  Tr end Log or  Tr end Log Mul t i pl e 
Obj ect s t o t r end al l  poi nt s shown as r equi r i ng a t r end on t he Poi nt  
Schedul e f or  t he ent i r e endur ance t est .   I f  i nsuf f i c i ent  buf f er  capaci t y 
exi st s t o t r end t he ent i r e endur ance t est ,  upl oad t r end l ogs dur i ng t he 
cour se of  t he endur ance t est  t o ensur e t hat  no t r end dat a i s l ost .

3. 5. 1. 3   PVT Equi pment  Li st

I ncl ude i n t he PVT pr ocedur es a cont r ol  syst em per f or mance ver i f i cat i on 
t est  equi pment  l i s t  t hat  l i s t s t he equi pment  t o be used dur i ng per f or mance 
ver i f i cat i on t est i ng.   For  each pi ece of  equi pment ,  i ncl ude manuf act ur er  
name,  model  number ,  equi pment  f unct i on,  t he dat e of  t he l at est  
cal i br at i on,  and t he r esul t s of  t he l at est  cal i br at i on

3. 5. 2   PVT Execut i on

Demonst r at e compl i ance of  t he cont r ol  syst em wi t h t he cont r act  document s.   
Usi ng t est  pl ans and pr ocedur es appr oved by t he Gover nment ,  sof t war e 
capabl e of  r eadi ng and wr i t i ng COV Not i f i cat i on Subscr i pt i ons,  
Not i f i cat i on Cl ass Reci pi ent  Li st  Pr oper t i es,  event  enr ol l ment s,  
demonst r at e al l  physi cal  and f unct i onal  r equi r ement s of  t he pr oj ect .   
Show,  st ep- by- st ep,  t he act i ons and r esul t s demonst r at i ng t hat  t he cont r ol  
syst ems per f or m i n accor dance wi t h t he sequences of  oper at i on.  Do not  
st ar t  t he per f or mance ver i f i cat i on t est  unt i l  af t er  r ecei pt  of  wr i t t en 
per mi ssi on by t he Gover nment ,  based on Gover nment  appr oval  of  t he PVT Pl an 
and Dr af t  As- Bui l t s and compl et i on of  bal anci ng.   UNLESS GOVERNMENT 
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL 
TESTS WI TH A GOVERNMENT WI TNESS.   Do not  conduct  t est s dur i ng schedul ed 
seasonal  of f  per i ods of  base heat i ng and cool i ng syst ems.   I f  t he syst em 
exper i ences any f ai l ur es dur i ng t he endur ance t est  por t i on of  t he PVT,  
r epai r  t he syst em r epeat  t he endur ance t est  por t i on of  t he PVT unt i l  t he 
syst em oper at es cont i nuousl y and wi t hout  f ai l ur e f or  t he speci f i ed 
endur ance t est  per i od.
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3. 5. 3   PVT Repor t

Pr epar e and submi t  a PVT r epor t  document i ng al l  t est s per f or med dur i ng t he 
PVT and t hei r  r esul t s.   I ncl ude al l  t est s i n t he PVT pr ocedur es and any 
addi t i onal  t est s per f or med dur i ng PVT.   Document  t est  f ai l ur es and r epai r s 
conduct ed wi t h t he t est  r esul t s.

Submi t  f our  copi es of  t he PVT Repor t .   The PVT Repor t  may be submi t t ed as 
a Techni cal  Dat a Package.

3. 6   OPERATI ON AND MAI NTENANCE ( O&M)  I NSTRUCTI ONS

Pr ovi de HVAC cont r ol  Syst em Oper at i on and Mai nt enance I nst r uct i ons whi ch 
i ncl ude:

a.   " Dat a Package 3"  as i ndi cat ed i n Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA f or  each pi ece of  cont r ol  equi pment .

b.   " Dat a Package 4"  as descr i bed i n Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA f or  al l  ai r  compr essor s.

c.   HVAC cont r ol  syst em sequences of  oper at i on f or mat t ed as i ndi cat ed.

d.   Pr ocedur es f or  t he HVAC syst em st ar t - up,  oper at i on and shut - down 
i ncl udi ng t he manuf act ur er ' s suppl i ed pr ocedur es f or  each pi ece of  
equi pment ,  and pr ocedur es f or  t he over al l  HVAC syst em.

e.   As- bui l t  HVAC cont r ol  syst em det ai l  dr awi ngs f or mat t ed as i ndi cat ed.

f .   Rout i ne mai nt enance checkl i st .   Pr ovi de t he r out i ne mai nt enance 
checkl i st  ar r anged i n a col umnar  f or mat ,  wher e t he f i r st  col umn l i s t s 
al l  i nst al l ed devi ces,  t he second col umn st at es t he mai nt enance 
act i v i t y or  t hat  no mai nt enance r equi r ed,  t he t hi r d col umn st at es t he 
f r equency of  t he mai nt enance act i v i t y,  and t he f our t h col umn i s used 
f or  addi t i onal  comment s or  r ef er ence.

g.   Qual i f i ed ser vi ce or gani zat i on l i s t ,  i ncl udi ng at  a mi ni mum company 
name,  cont act  name and phone number .

h.   St ar t - Up Test i ng Repor t .

i .   Per f or mance Ver i f i cat i on Test  ( PVT)  Pr ocedur es and Repor t .

Submi t  2 copi es of  t he Oper at i on and Mai nt enance I nst r uct i ons,  i ndexed and 
i n bookl et  f or m.   The Oper at i on and Mai nt enance I nst r uct i ons may be 
submi t t ed as a Techni cal  Dat a Package.  

3. 7   TRAI NI NG

Conduct  a t r ai ni ng cour se f or   oper at i ng st af f  member s desi gnat ed by t he 
Gover nment  i n t he mai nt enance and oper at i on of  t he syst em,  i ncl udi ng 
speci f i ed har dwar e and sof t war e.   Conduct  32 hour s of  t r ai ni ng at  t he 
pr oj ect  s i t e wi t hi n 30 days af t er  successf ul  compl et i on of  t he per f or mance 
ver i f i cat i on t est .   The Gover nment  r eser ves t he r i ght  t o make audi o and 
vi sual  r ecor di ngs ( usi ng Gover nment  suppl i ed equi pment ) of  t he t r ai ni ng 
sessi ons f or  l at er  use.   Pr ovi de audi ovi sual  equi pment  and ot her  t r ai ni ng 
mat er i al s and suppl i es r equi r ed t o conduct  t r ai ni ng.   A t r ai ni ng day i s 
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def i ned as 8 hour s of  c l assr oom i nst r uct i on,  i ncl udi ng t wo 15 mi nut e 
br eaks and excl udi ng l uncht i me,  Monday t hr ough Fr i day,  dur i ng t he dayt i me 
shi f t  i n ef f ect  at  t he t r ai ni ng f aci l i t y .

3. 7. 1   Tr ai ni ng Document at i on

Pr epar e t r ai ni ng document at i on consi st i ng of :

a.   Cour se At t endee Li st :  Devel op t he l i s t  of  cour se at t endees i n 
coor di nat i on wi t h and si gned by t he Cont r ol s shop super vi sor .

b.   Tr ai ni ng Manual s:  Pr ovi de t r ai ni ng manual s whi ch i ncl ude an agenda,  
def i ned obj ect i ves f or  each l esson,  and a det ai l ed descr i pt i on of  t he 
subj ect  mat t er  f or  each l esson.   When pr esent i ng por t i ons of  t he 
cour se mat er i al  by audi ovi sual s,  del i ver  copi es of  t hose audi ovi sual s 
as a par t  of  t he pr i nt ed t r ai ni ng manual s.   

3. 7. 2   Tr ai ni ng Cour se Cont ent

For  gui dance i n pl anni ng t he r equi r ed i nst r uct i on,  assume t hat  at t endees 
wi l l  have a hi gh school  educat i on,  and ar e f ami l i ar  wi t h HVAC syst ems.   
Dur i ng t he t r ai ni ng cour se,  cover  al l  of  t he mat er i al  cont ai ned i n t he 
Oper at i ng and Mai nt enance I nst r uct i ons,  t he l ayout  and l ocat i on of  each 
cont r ol l er  encl osur e,  t he l ayout  of  one of  each t ype of  equi pment  and t he 
l ocat i ons of  each,  t he l ocat i on of  each cont r ol  devi ce ext er nal  t o t he 
panel s,  t he l ocat i on of  t he compr essed ai r  st at i on,  pr event i ve 
mai nt enance,  t r oubl eshoot i ng,  di agnost i cs,  cal i br at i on,  adj ust ment ,  
commi ssi oni ng,  t uni ng,  and r epai r  pr ocedur es.   Typi cal  syst ems and si mi l ar  
syst ems may be t r eat ed as a gr oup,  wi t h i nst r uct i on on t he physi cal  l ayout  
of  one such syst em.   Pr esent  t he r esul t s of  t he per f or mance ver i f i cat i on 
t est  and t he St ar t - Up Test i ng Repor t  as benchmar ks of  HVAC cont r ol  syst em 
per f or mance by whi ch t o measur e oper at i on and mai nt enance ef f ect i veness.

3. 7. 3   Tr ai ni ng Document at i on Submi t t al  Requi r ement s

Submi t  har dcopy t r ai ni ng manual s and al l  t r ai ni ng mat er i al s on CD- ROM.   
Pr ovi de one har dcopy manual  f or  each t r ai nee on t he Cour se At t endee Li st  
and 2 addi t i onal  copi es f or  ar chi ve at  t he pr oj ect  s i t e.   Pr ovi de 2 copi es 
of  t he Cour se At t endee Li st  wi t h t he ar chi val  copi es.   Tr ai ni ng 
Document at i on may be submi t t ed as a Techni cal  Dat a Package.
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APPENDI X A

QC CHECKLI ST FOR BACNET SYSTEMS

Thi s checkl i st  i s not  al l - i ncl usi ve of  t he r equi r ement s of  t hi s speci f i cat i on and 
shoul d not  be i nt er pr et ed as such.

I nst r uct i ons:  I ni t i al  each i t em i n t he space pr ovi ded ( | ____| )  ver i f y i ng t hat  t he 
r equi r ement  has been met .

Thi s checkl i st  i s f or  ( c i r c l e one: )
                
      Pr e- Const r uct i on QC Checkl i st  Submi t t al

      Post - Const r uct i on QC Checkl i st  Submi t t al           

      Cl ose- out  QC Checkl i st  Submi t t al

I t ems ver i f i ed f or  Pr e- Const r uct i on,  Post - Const r uct i on and Cl oseout  QC Checkl i st  
Submi t t al s:

1 Al l  DDC Har dwar e i s number ed on Cont r ol  Syst em Schemat i c Dr awi ngs. | ____|

2 Si gnal  l i nes on Cont r ol  Syst em Schemat i c ar e l abel ed wi t h t he si gnal  
t ype.

| ____|

3 Local  Di spl ay Panel  ( LDP)  Locat i ons ar e shown on Cont r ol  Syst em 
Schemat i c dr awi ngs.

| ____|

I t ems ver i f i ed f or  Post - Const r uct i on and Cl oseout  QC Checkl i st  Submi t t al s:

4 Al l  sequences ar e per f or med as speci f i ed usi ng DDC Har dwar e. | ____|

5 Tr ai ni ng schedul e and cour se at t endee l i st  has been devel oped and 
coor di nat ed wi t h shops and submi t t ed.

| ____|

I t ems ver i f i ed f or  Cl oseout  QC Checkl i st  Submi t t al :

6 Fi nal  As- bui l t  Dr awi ngs,  i ncl udi ng al l  Poi nt s Schedul e dr awi ngs,  
accur at el y r epr esent  t he f i nal  i nst al l ed syst em.

| ____|

7 Pr ogr ammi ng sof t war e has been submi t t ed f or  al l  pr ogr ammabl e cont r ol l er s. | ____|

8 Al l  sof t war e has been l i censed t o t he Gover nment .
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QC CHECKLI ST FOR BACNET SYSTEMS

9 O&M I nst r uct i ons have been compl et ed and submi t t ed. | ____|

10 Tr ai ni ng cour se has been compl et ed. | ____|

11 Al l  DDC Har dwar e i s i nst al l ed on a BACnet  ASHRAE 135 net wor k usi ng 
ei t her  MS/ TP i n accor dance wi t h Cl ause 9 or  I P i n accor dance wi t h Annex 
J.

| ____|

12 Al l  DDC Har dwar e i s BTL l i st ed. | ____|

13 Communi cat i on bet ween DDC Har dwar e i s onl y vi a BACnet  usi ng st andar d 
ser vi ces,  except  as speci f i cal l y  per mi t t ed by t he speci f i cat i on.   
Non- st andar d ser vi ces have been f ul l y document ed i n t he DDC Har dwar e 
Schedul e.

| ____|

14 Schedul i ng,  Al ar mi ng,  and Tr endi ng have been i mpl ement ed usi ng t he 
st andar d BACnet  Obj ect s f or  t hese f unct i ons.

| ____|

15 Al l  Pr oper t i es i ndi cat ed as r equi r ed t o be Wr i t abl e ar e Wr i t abl e and 
Over r i des have been pr ovi ded as i ndi cat ed

| ____|

___________________________________________      __________________

( QC Repr esent at i ve Si gnat ur e)                       ( Dat e)

        - -  End of  Sect i on - -  
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SECTI ON 23 09 13. 34 40

CONTROL VALVES,  SELF- CONTAI NED
02/ 17

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 1 ( 2020)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASTM I NTERNATI ONAL ( ASTM)

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM B61 ( 2015;  R 2021)  St andar d Speci f i cat i on f or  
St eam or  Val ve Br onze Cast i ngs

1. 2   ADMI NI STRATI VE REQUI REMENTS

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON appl i es t o wor k speci f i ed i n t hi s 
sect i on.

Submi t  f abr i cat i on dr awi ngs f or  sel f - cont ai ned cont r ol  and r el i ef  val ves,  
i ncl udi ng par t  number s and expl oded vi ews.

Submi t  a l i s t  of  pr oduct  i nst al l at i ons f or  sel f - cont ai ned cont r ol  and 
r el i ef  val ves,  i dent i f y i ng a mi ni mum of  f i ve i nst al l ed uni t s,  s i mi l ar  t o 
t hose pr oposed f or  use,  t hat  have been i n successf ul  ser vi ce f or  a mi ni mum 
per i od of  5 year s.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Fabr i cat i on Dr awi ngs;  G

I nst al l at i on Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Sel f - Cont ai ned Temper at ur e Cont r ol  Val ves;  G
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Sel f - Cont ai ned Temper at ur e- Regul at or  Val ves;  G

Pi l ot - Oper at ed Pr essur e Rel i ef  Val ve;  G

Sampl e War r ant y;  G

SD- 07 Cer t i f i cat es

Li st  of  Pr oduct  I nst al l at i ons;  G

Cer t i f i cat es of  Conf or mance;  G

Manuf act ur er ' s War r ant y;  G

SD- 06 Test  Repor t s

Test  Repor t s;  G

1. 4   QUALI TY ASSURANCE

Submi t  cer t i f i cat es of  conf or mance f or  t he f ol l owi ng i t ems,  showi ng 
conf or mance wi t h t he r ef er enced st andar ds cont ai ned i n t hi s sect i on:

a.   Sel f - Cont ai ned Temper at ur e Cont r ol  Val ves

b.   Sel f - Cont ai ned Temper at ur e Regul at or  Val ves

c.   Rat e- of - Fl ow Cont r ol l er

d.   Nonmodul at i ng Fl oat  Val ve

e.   Wat er  Pr essur e Regul at i ng Val ve

f .   Wat er  Pr essur e Rel i ef  Val ve

g.   Pi l ot - Oper at ed Pr essur e Rel i ef  Val ve
3

h.   Rel i ef  Val ves f or  El ect r i c Wat er  Heat er s

Submi t  a copy of  t he manuf act ur er ' s sampl e war r ant y t o t he Cont r act i ng 
Of f i cer  f or  r evi ew.

PART 2   PRODUCTS

2. 1   SELF- CONTAI NED TEMPERATURE- CONTROL VALVES

Pr ovi de sel f - cont ai ned t emper at ur e- cont r ol  val ves t hat  meet  t he f ol l owi ng 
r equi r ement s:

a.   Type I ,  Cl ass I I  ( i nt egr al  t emper at ur e- sensi ng uni t s f or  ver y hot  
wat er ) .

Mount  t he set - poi nt  adj ust ment  on t he cabi net  of  t he convect or ;  ensur e 
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t hat  t he cont r ol  knob i s accessi bl e on t he cabi net  sur f ace.

Wal l - mount  t he set - poi nt  adj ust ment  and t her most at  f or  f i nned- t ube 
r adi at i on.   Pr ovi de ni ckel - pl at ed br ass t her most at  sur f aces.

Pr ovi de ar mor ed capi l l ar y t ubi ng,  wi t h t he r emot e el ement  at  l east  18 
i nches l ong and cont ai ned wi t hi n a guar d.

Pr ovi de r enewabl e val ve di sks.

2. 2   SELF- CONTAI NED TEMPERATURE- REGULATOR VALVES

Pr ovi de di r ect - oper at ed,  sel f - cont ai ned val ves,  wi t h an ASTM B61,  ( br onze)  
body r at ed not  l ess t han 125 pounds per  squar e i nch ( psi )  of  sat ur at ed 
wor ki ng st eam pr essur e.   Pr ovi de wi t h scr ewed body end connect i ons.   
Ensur e t hat  t he t r i m i s cor r osi on- r esi st ant  AI SI  Type 300 Ser i es st eel .   
Pr ovi de val ves t hat  have a har dened r epl aceabl e seat  and pl ug,  or  f aced 
wi t h a cobal t - chr omi um- t ungst en al l oy t o pr oduce a sur f ace wi t h r esi st ance 
t o i mpact  and wi r e- dr awi ng and wi t h a Br i nel l  har dness of  at  l east  450.   
Fi t  packed st eam val ves wi t h t et r af l uor oet hyl ene packi ng,  and spr i ng- l oad 
and sel f - adj ust .   Ensur e t hat  t he val ves ar e s i ngl e- seat ed,  sui t abl e f or  
dead- end ser vi ce,  and f ai l - saf e.   Mount  a r emot e Cl ass I  or  Cl ass I I I  
f i l l ed- bul b el ement  i n a nonf er r ous separ abl e socket .   Ensur e t hat  val ves 
mai nt ai n t he set - poi nt  t emper at ur e,  pl us or  mi nus 5 degr ees F,  wi t h t he 
set  poi nt  at  or  near  t he mi dpoi nt  of  t he adj ust abl e el ement  r ange.

2. 3   PI LOT- OPERATED PRESSURE- RELI EF VALVE

Pr ovi de a pi l ot - oper at ed pr essur e- r el i ef  val ve t hat  i s hydr aul i cal l y 
oper at ed and has  pi l ot - cont r ol l ed modul at i ng,  wi t h an adj ust abl e set  
poi nt  over  t he i ndi cat ed r ange.   Pr ovi de a cast - i r on val ve body conf or mi ng 
t o ASTM A48/ A48M,  wi t h 125 psi  ASME B16. 1 f l anges.   I ncl ude t he wi t h 
manuf act ur er ' s st andar d br ass,  br onze,  or  cor r osi on- r esi st ant  st eel  val ve 
t r i m.   Pr ovi de pi l ot  cont r ol  wi t h AI SI  Type 303 or  304 cor r osi on- r esi st ant  
st eel  t r i m wi t h Buna- N di aphr agm and seal  mat er i al .   Ensur e t hat  t hi s 
val ve has a maxi mum- ser vi ce- pr essur e r at i ng of  at  l east  175 psi  at  180 
degr ees F.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Submi t  i nst al l at i on dr awi ngs f or  sel f - cont ai ned cont r ol  and r el i ef  
val ves.   I nst al l  val ves as speci f i ed i n accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons and Sect i on 23 05 15 COMMON PI PI NG FOR HVAC.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Test  Repor t s

Af t er  t he i nst al l at i on has been compl et ed,  t est  t he syst em component s and 
submi t  2 copi es of  t he t est  r epor t s t o t he Cont r act i ng Of f i cer .   Remove 
and r epl ace def ect i ve component s at  no cost  t o t he Gover nment .   Ret est  
component s and submi t  r epor t s t o t he Cont r act i ng Of f i cer .

3. 3   CLOSEOUT ACTI VI TI ES

Submi t  2 copi es of  t he manuf act ur er ' s war r ant y,  t o t he Cont r act i ng Of f i cer  
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bef or e pr oj ect  c l oseout .   Ensur e t hat  t he war r ant y has been si gned by t he 
Aut hor i t y Havi ng Jur i sdi ct i on ( AHJ)  and i s assi gned t o t he Gover nment .

        - -  End of  Sect i on - -
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SECTI ON 23 09 13

I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC
11/ 15,  CHG 2:  05/ 21

PART 1   GENERAL

1. 1   SUMMARY

Thi s sect i on pr ovi des f or  t he i nst r ument at i on cont r ol  syst em component s 
excl udi ng di r ect  di gi t al  cont r ol l er s,  net wor k cont r ol l er s,  gat eways et c.  
t hat  ar e necessar y f or  a compl et el y f unct i onal  aut omat i c cont r ol  syst em.   
When combi ned wi t h a Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em,  t he 
I nst r ument at i on and Cont r ol  Devi ces cover ed under  t hi s sect i on must  be a 
compl et e syst em sui t abl e f or  t he cont r ol  of  t he heat i ng,  vent i l at i ng and 
ai r  condi t i oni ng ( HVAC)  and ot her  bui l di ng- l evel  syst ems as speci f i ed and 
i ndi cat ed.

a.   I nst al l  har dwar e t o per f or m t he cont r ol  sequences as speci f i ed and 
i ndi cat ed and t o pr ovi de cont r ol  of  t he equi pment  as speci f i ed and 
i ndi cat ed.

b.   I nst al l  har dwar e such t hat  i ndi v i dual  cont r ol  equi pment  can be 
r epl aced by s i mi l ar  cont r ol  equi pment  f r om ot her  equi pment  
manuf act ur er s wi t h no l oss of  syst em f unct i onal i t y.

c.   I nst al l  and conf i gur e har dwar e such t hat  t he Gover nment  or  t hei r  
agent s ar e abl e t o per f or m r epai r ,  r epl acement ,  and upgr ades of  
i ndi v i dual  har dwar e wi t hout  f ur t her  i nt er act i on wi t h t he i nst al l i ng 
Cont r act or .

1. 1. 1   Ver i f i cat i on of  Di mensi ons

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

1. 1. 2   Dr awi ngs

The Gover nment  wi l l  not  i ndi cat e al l  of f set s,  f i t t i ngs,  and accessor i es 
t hat  may be r equi r ed on t he dr awi ngs.   Car ef ul l y i nvest i gat e t he 
mechani cal ,  el ect r i cal ,  and f i ni sh condi t i ons t hat  coul d af f ect  t he wor k 
t o be per f or med,  ar r ange such wor k accor di ngl y,  and pr ovi de al l  wor k 
necessar y t o meet  such condi t i ons.

1. 2   RELATED SECTI ONS

Rel at ed wor k speci f i ed el sewher e.

Sect i on 01 30 00 ADMI NI STRATI VE REQUI REMENTS

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON

Sect i on 23 05 15 COMMON PI PI NG FOR HVAC

Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM
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1. 3   REFERENCES

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

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMCA 511 ( 2010;  R 2016)  Cer t i f i ed Rat i ngs Pr ogr am 
f or  Ai r  Cont r ol  Devi ces

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  C12. 1 ( 2014;  Er r at a 2016)  El ect r i c Met er s -  Code 
f or  El ect r i c i t y Met er i ng

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 15 ( 2018)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

ASTM I NTERNATI ONAL ( ASTM)

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

FLUI D CONTROLS I NSTI TUTE ( FCI )

FCI  70- 2 ( 2021)  Cont r ol  Val ve Seat  Leakage

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 142 ( 2007;  Er r at a 2014)  Recommended Pr act i ce 
f or  Gr oundi ng of  I ndust r i al  and Commer ci al  
Power  Syst ems -  I EEE Gr een Book

I NTERNATI ONAL SOCI ETY OF AUTOMATI ON ( I SA)

I SA 7. 0. 01 ( 1996)  Qual i t y St andar d f or  I nst r ument  Ai r

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C12. 20 ( 2015;  E 2018)  El ect r i c i t y Met er s -  0. 1,  
0. 2,  and 0. 5 Accur acy Cl asses

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA/ ANSI  C12. 10 ( 2011;  R 2021)  Physi cal  Aspect s of  
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Wat t hour  Met er s -  Saf et y St andar d

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 555 ( 2006;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Fi r e Damper s

UL 555S ( 2014;  Repr i nt  Oct  2020)  UL St andar d f or  
Saf et y Smoke Damper s

UL 5085- 3 ( 2006;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Low Vol t age Tr ansf or mer s -  Par t  3:  
Cl ass 2 and Cl ass 3 Tr ansf or mer s

1. 4   SUBMI TTALS

Submi t t al  r equi r ement s ar e speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON 
AND CONTROL FOR HVAC.

1. 5   DELI VERY AND STORAGE

St or e and pr ot ect  pr oduct s f r om t he weat her ,  humi di t y,  and t emper at ur e 
var i at i ons,  di r t  and dust ,  and ot her  cont ami nant s,  wi t hi n t he st or age 
condi t i on l i mi t s publ i shed by t he equi pment  manuf act ur er .

1. 6   I NPUT MEASUREMENT ACCURACY

Sel ect ,  i nst al l  and conf i gur e sensor s,  t r ansmi t t er s and DDC Har dwar e such 
t hat  t he maxi mum er r or  of  t he measur ed val ue at  t he i nput  of  t he DDC 
har dwar e i s l ess t han t he maxi mum al l owabl e er r or  speci f i ed f or  t he sensor  
or  i nst r ument at i on.

1. 7   SUBCONTRACTOR SPECI AL REQUI REMENTS

Per f or m al l  wor k i n t hi s sect i on i n accor dance wi t h t he par agr aph ent i t l ed 
CONTRACTOR SPECI AL REQUI REMENTS i n Sect i on 01 30 00 ADMI NI STRATI VE 
REQUI REMENTS.

PART 2   PRODUCTS

2. 1   EQUI PMENT

2. 1. 1   Gener al  Requi r ement s

Al l  pr oduct s used t o meet  t hi s speci f i cat i on must  meet  t he i ndi cat ed 
r equi r ement s,  but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by 
ever y pr oj ect .   Al l  pr oduct s must  meet  t he r equi r ement s bot h Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on.
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2. 1. 2   Oper at i on Envi r onment  Requi r ement s

Unl ess ot her wi se speci f i ed,  pr ovi de pr oduct s r at ed f or  cont i nuous 
oper at i on under  t he f ol l owi ng condi t i ons:

2. 1. 2. 1   Pr essur e

Pr essur e condi t i ons nor mal l y encount er ed i n t he i nst al l ed l ocat i on.

2. 1. 2. 2   Vi br at i on

Vi br at i on condi t i ons nor mal l y encount er ed i n t he i nst al l ed l ocat i on.

2. 1. 2. 3   Temper at ur e

a.   Pr oduct s i nst al l ed i ndoor s:  Ambi ent  t emper at ur es i n t he r ange of  32 t o 
112 degr ees F and t emper at ur e condi t i ons out si de t hi s r ange nor mal l y 
encount er ed at  t he i nst al l ed l ocat i on.

b.   Pr oduct s i nst al l ed out door s or  i n uncondi t i oned i ndoor  spaces:  Ambi ent  
t emper at ur es i n t he r ange of  - 35 t o +151 degr ees F and t emper at ur e 
condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he i nst al l ed 
l ocat i on.

2. 1. 2. 4   Humi di t y

10 t o 95 per cent  r el at i ve humi di t y,  non- condensi ng and al so humi di t y 
condi t i ons out si de t hi s r ange nor mal l y encount er ed at  t he i nst al l ed 
l ocat i on.

2. 2   WEATHERSHI ELDS

Pr ovi de weat her shi el ds const r uct ed of  gal vani zed st eel  pai nt ed whi t e,  
unpai nt ed al umi num,  al umi num pai nt ed whi t e,  or  whi t e PVC.

2. 3   WI RE AND CABLE

Pr ovi de wi r e and cabl e meet i ng t he r equi r ement s of  NFPA 70 and NFPA 90A i n 
addi t i on t o t he r equi r ement s of  t hi s speci f i cat i on and r ef er enced 
speci f i cat i ons.

2. 3. 1   Ter mi nal  Bl ocks

For  t er mi nal  bl ocks whi ch ar e not  i nt egr al  t o ot her  equi pment ,  pr ovi de 
t er mi nal  bl ocks whi ch ar e i nsul at ed,  modul ar ,  f eed- t hr ough,  c l amp st y l e 
wi t h r ecessed capt i ve scr ew- t ype cl ampi ng mechani sm,  sui t abl e f or  DI N r ai l  
mount i ng,  and whi ch have encl osed si des or  end pl at es and par t i t i on pl at es 
f or  separ at i on.

2. 3. 2   Cont r ol  Wi r i ng f or  Bi nar y Si gnal s

For  Cont r ol  Wi r i ng f or  Bi nar y Si gnal s,  pr ovi de  18 AWG copper  or  t hi cker  
wi r e r at ed f or  300- vol t  ser vi ce.

2. 3. 3   Cont r ol  Wi r i ng f or  Anal og Si gnal s

For  Cont r ol  Wi r i ng f or  Anal og Si gnal s,  pr ovi de  18 AWG or  t hi cker ,  copper ,  
s i ngl e-  or  mul t i pl e- t wi st ed wi r e meet i ng t he f ol l owi ng r equi r ement s:
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a.  mi ni mum 2 i nch l ay of  t wi st

b.  100 per cent  shi el ded pai r s

c.  at  l east  300- vol t  i nsul at i on

d.  each pai r  has a 20 AWG t i nned- copper  dr ai n wi r e and i ndi v i dual  over al l  
pai r  i nsul at i on

e.  cabl es have an over al l  al umi num- pol yest er  or  t i nned- copper  cabl e- shi el d 
t ape,  over al l  20 AWG t i nned- copper  cabl e dr ai n wi r e,  and over al l  cabl e 
i nsul at i on.

2. 3. 4   Power  Wi r i ng f or  Cont r ol  Devi ces

For  24- vol t  c i r cui t s,  pr ovi de i nsul at ed copper  18 AWG or  t hi cker  wi r e 
r at ed f or  300 VAC ser vi ce.   For  120- vol t  c i r cui t s,  pr ovi de 14 AWG or  
t hi cker  st r anded copper  wi r e r at ed f or  600- vol t  ser vi ce.

2. 3. 5   Tr ansf or mer s

Pr ovi de UL 5085- 3 appr oved t r ansf or mer s.   Sel ect  t r ansf or mer s s i zed so 
t hat  t he connect ed l oad i s no gr eat er  t han 80 per cent  of  t he t r ansf or mer  
r at ed capaci t y.

2. 4   AUTOMATI C CONTROL VALVES

Pr ovi de val ves wi t h st ai nl ess- st eel  st ems and st uf f i ng boxes wi t h ext ended 
necks t o c l ear  t he pi pi ng i nsul at i on.   Pr ovi de val ves wi t h bodi es meet i ng 
ASME B16. 34 or  ASME B16. 15 pr essur e and t emper at ur e c l ass r at i ngs based on 
t he desi gn oper at i ng t emper at ur e and 150 per cent  of  t he syst em desi gn 
oper at i ng pr essur e.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  pr ovi de 
val ves meet i ng FCI  70- 2 Cl ass I I I  l eakage r at i ng.   Pr ovi de val ves r at ed 
f or  modul at i ng or  t wo- posi t i on ser vi ce as i ndi cat ed,  whi ch c l ose agai nst  a 
di f f er ent i al  pr essur e i ndi cat ed as t he Cl ose- Of f  pr essur e and whi ch ar e 
Nor mal l y- Open,  Nor mal l y- Cl osed,  or  Fai l - I n- Last - Posi t i on as i ndi cat ed.

2. 4. 1   Val ve Type

2. 4. 1. 1   Li qui d Ser vi ce 150 Degr ees F or  Less

Use ei t her  gl obe val ves or  bal l  val ves except  t hat  but t er f l y val ves may be 
used f or  s i zes 4 i nch and l ar ger .

2. 4. 1. 2   Li qui d Ser vi ce Above 150 Degr ees F

a.   Two- posi t i on val ves:  Use ei t her  gl obe val ves or  bal l  val ves except  
t hat  but t er f l y val ves may be used f or  s i zes 4 i nch and l ar ger .

b.   Modul at i ng val ves:  Use gl obe val ves except  t hat  but t er f l y val ves may 
be used f or  s i zes 4 i nch and l ar ger .

2. 4. 1. 3   St eam Ser vi ce

Use gl obe val ves except  t hat  but t er f l y val ves may be used f or  s i zes 4 i nch 
and l ar ger .
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2. 4. 2   Val ve Fl ow Coef f i c i ent  and Fl ow Char act er i st i c

2. 4. 2. 1   Two- Way Modul at i ng Val ves

Pr ovi de t he val ve coef f i c i ent  ( Cv)  i ndi cat ed.   Pr ovi de equal - per cent age 
f l ow char act er i st i c f or  l i qui d ser vi ce except  f or  but t er f l y val ves.   
Pr ovi de l i near  f l ow char act er i st i c f or  st eam ser vi ce except  f or  but t er f l y 
val ves.

2. 4. 2. 2   Thr ee- Way Modul at i ng Val ves

Pr ovi de t he val ve coef f i c i ent  ( Cv)  i ndi cat ed.   Pr ovi de l i near  f l ow 
char act er i st i c wi t h const ant  t ot al  f l ow t hr oughout  f ul l  pl ug t r avel .

2. 4. 3   Two- Posi t i on Val ves

Use f ul l  l i ne s i ze f ul l  por t  val ves wi t h maxi mum avai l abl e ( Cv) .

2. 4. 4   Gl obe Val ves

2. 4. 4. 1   Li qui d Ser vi ce Not  Exceedi ng 150 Degr ees F

a.   Val ve body and body connect i ons:

( 1)  val ves 1- 1/ 2 i nches and smal l er :   br ass or  br onze body,  wi t h 
t hr eaded or  uni on ends 

( 2)  val ves f r om 2 i nches t o 3 i nches i ncl usi ve:   br ass,  br onze,  or  
i r on bodi es.  2 i nch val ves wi t h t hr eaded connect i ons;   2- 1/ 2 t o 3 
i nches val ves wi t h f l anged connect i ons  

b.   I nt er nal  val ve t r i m:  Br ass or  br onze.

c.   St ems:   St ai nl ess st eel .

d.   Pr ovi de val ves compat i bl e wi t h a sol ut i on of  50 per cent  et hyl ene or  
pr opyl ene gl ycol .

2. 4. 4. 2   Li qui d Ser vi ce Not  Exceedi ng 250 Degr ees F

a.   Val ve body and body connect i ons:

( 1)  val ves 1- 1/ 2 i nches and smal l er :   br ass or  br onze body,  wi t h 
t hr eaded or  uni on ends 

( 2)  val ves f r om 2 i nches t o 3 i nches i ncl usi ve:   br ass,  br onze,  or  
i r on bodi es.  2 i nch val ves wi t h t hr eaded connect i ons;   2- 1/ 2 t o 3 
i nches val ves wi t h f l anged connect i ons  

b.   I nt er nal  t r i m:   Type 316 st ai nl ess st eel  i ncl udi ng seat s,  seat  r i ngs,  
modul at i on pl ugs,  val ve st ems,  and spr i ngs.

c.   Pr ovi de val ves wi t h non- met al l i c  par t s sui t abl e f or  a mi ni mum 
cont i nuous oper at i ng t emper at ur e of  250 degr ees F or  50 degr ees F 
above t he syst em desi gn t emper at ur e,  whi chever  i s hi gher .

d.   Pr ovi de val ves compat i bl e wi t h a sol ut i on of  50 per cent  et hyl ene or  
pr opyl ene gl ycol
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2. 4. 4. 3   Hot  wat er  ser vi ce 250 Degr ees F and above

a.   Pr ovi de val ve bodi es conf or mi ng t o ASME B16. 34 Cl ass 300.   For  val ves 
1 i nch and l ar ger  pr ovi de val ves wi t h bodi es whi ch ar e car bon st eel ,  
gl obe t ype wi t h wel ded ends.  For  val ves smal l er  t han 1 i nch pr ovi de 
val ves wi t h socket - wel d ends.   Pr ovi de val ves wi t h v i r gi n 
pol yt et r af l uor oet hyl ene ( PTFE)  packi ng.   Pr ovi de val ve and act uat or  
combi nat i ons whi ch ar e nor mal l y c l osed.

b.   I nt er nal  t r i m:   Type 316 st ai nl ess st eel  i ncl udi ng seat s,  seat  r i ngs,  
modul at i on pl ugs,  val ve st ems,  and spr i ngs.

2. 4. 4. 4   St eam Ser vi ce

For  st eam ser vi ce,  pr ovi de val ves meet i ng t he f ol l owi ng r equi r ement s:

a.   Val ve body and connect i ons:    

( 1)  val ves 1- 1/ 2 i nches and smal l er :  compl et e body of  br ass or  
br onze,  wi t h t hr eaded or  uni on ends

( 2)  val ves f r om 2 i nches t o 3 i nches i ncl usi ve:  body of  br ass,  
br onze,  or  car bon st eel

( 3)  val ves 4 i nches and l ar ger :  body of  car bon st eel .   2 i nch 
val ves wi t h t hr eaded connect i ons;  val ves2- 1/ 2 i nches and l ar ger  
wi t h f l anged connect i ons.

b.   I nt er nal  Tr i m:  Type 316 st ai nl ess st eel  i ncl udi ng seat s,  seat  r i ngs,  
modul at i on pl ugs,  val ve st ems,  and spr i ngs.

c.   Val ve s i z i ng:   s i zed f or  15 psi g i nl et  st eam pr essur e wi t h a maxi mum 
12 psi  di f f er ent i al  t hr ough t he val ve at  r at ed f l ow,  except  wher e 
i ndi cat ed ot her wi se.

2. 4. 5   Bal l  Val ves

2. 4. 5. 1   Li qui d Ser vi ce Not  Exceedi ng 150 Degr ees F

a.   Val ve body and connect i ons:

( 1)  val ves 1- 1/ 2 i nches and smal l er :  bodi es of  br ass or  br onze,  
wi t h t hr eaded or  uni on ends

( 2)  val ves f r om 2 i nches t o 3 i nches i ncl usi ve:   bodi es of  br ass,  
br onze,  or  i r on.   2 i nch val ves wi t h t hr eaded connect i ons;  val ves 
f r om  2- 1/ 2 t o 3 i nches wi t h f l anged connect i ons.

b.   Bal l :   St ai nl ess st eel  or  ni ckel - pl at ed br ass or  chr ome- pl at ed br ass.  

c.   Seal s:  Rei nf or ced Tef l on seal s and EPDM O- r i ngs.

d.   St em:   St ai nl ess st eel ,  bl ow- out  pr oof .

e.   Pr ovi de val ves compat i bl e wi t h a sol ut i on of  50 per cent  et hyl ene or  
pr opyl ene gl ycol .
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2. 4. 6   But t er f l y Val ves

Pr ovi de but t er f l y val ves whi ch ar e t hr eaded l ug t ype sui t abl e f or  dead- end 
ser vi ce and modul at i on t o t he f ul l y- c l osed posi t i on,  wi t h car bon- st eel  
bodi es or  wi t h duct i l e i r on bodi es i n accor dance wi t h ASTM A536.   Pr ovi de 
but t er f l y val ves wi t h non- cor r osi ve di scs,  st ai nl ess st eel  shaf t s 
suppor t ed by bear i ngs,  and EPDM seat s sui t abl e f or  t emper at ur es f r om - 20 
t o +250 degr ees F.   Pr ovi de val ves wi t h r at ed Cv of  t he  Cv at  70 per cent  
( 60 degr ees)  open posi t i on.   Pr ovi de val ves meet i ng FCI  70- 2 Cl ass VI  
l eakage r at i ng.

2. 4. 7   Pr essur e I ndependent  Cont r ol  Val ves ( PI CV)

Pr ovi de pr essur e i ndependent  cont r ol  val ves whi ch i ncl ude a r egul at or  
val ve whi ch mai nt ai ns t he di f f er ent i al  pr essur e acr oss a f l ow cont r ol  
val ve.   Pr essur e i ndependent  cont r ol  val ves must  accur at el y cont r ol  t he 
f l ow f r om 0- 100 per cent  f ul l  r at ed f l ow r egar dl ess of  changes i n t he 
pi pi ng pr essur e and not  var y t he f l ow mor e t han pl us or  mi nus 5 per cent  at  
any gi ven f l ow cont r ol  val ve posi t i on when t he PI CV di f f er ent i al  pr essur e 
l i es bet ween t he manuf act ur er ' s st at ed mi ni mum and maxi mum.   The r at ed 
mi ni mum di f f er ent i al  pr essur e f or  st eady f l ow must  not  exceed 5 psi d 
acr oss t he PI CV.   Pr ovi de ei t her  gl obe or  bal l  t ype val ves meet i ng t he 
i ndi cat ed r equi r ement s f or  gl obe and bal l  val ves.    Pr ovi de val ves wi t h a 
f l ow t ag l i s t i ng f ul l  r at ed f l ow and mi ni mum r equi r ed pr essur e dr op.   
Pr ovi de val ves wi t h f act or y i nst al l ed Pr essur e/ Temper at ur e por t s ( " Pet e' s 
Pl ugs" )  t o measur e t he pr essur e dr op t o det er mi ne t he val ve f l ow r at e.

2. 4. 8   Duct - Coi l  and Ter mi nal - Uni t - Coi l  Val ves

For  duct  or  t er mi nal - uni t  coi l s pr ovi de cont r ol  val ves wi t h ei t her  
f l ar e- t ype or  sol der - t ype ends.   Pr ovi de f l ar e nut s f or  each f l ar e- t ype 
end val ve.

2. 5   DAMPERS

2. 5. 1   Damper  Assembl y

Pr ovi de si ngl e damper  sect i ons wi t h bl ades no l onger  t han 48 i nches and 
whi ch ar e no hi gher  t han 72 i nches and damper  bl ade wi dt h of   8 i nches or  
l ess.   When l ar ger  s i zes ar e r equi r ed,  combi ne damper  sect i ons.   Pr ovi de 
damper s made of  st eel ,  or  ot her  mat er i al s wher e i ndi cat ed and wi t h 
assembl y f r ames const r uct ed of  0. 07 i nch mi ni mum t hi ckness st ai nl ess st eel  
channel s wi t h mi t er ed and wel ded cor ner s.   St eel  channel  f r ames 
const r uct ed of  0. 06 i nch mi ni mum t hi ckness ar e accept abl e pr ovi ded t he 
cor ner s ar e r ei nf or ced.

a.   Fl at  bl ades must  be made r i gi d by f ol di ng t he edges.   Bl ade- oper at i ng 
l i nkages must  be wi t hi n t he f r ame so t hat  bl ade- connect i ng devi ces 
wi t hi n t he same damper  sect i on must  not  be l ocat ed di r ect l y i n t he ai r  
st r eam.   

b.   Damper  axl es must  be 1/ 2 i nch mi ni mum,  pl at ed st eel  r ods suppor t ed i n 
t he damper  f r ame by st ai nl ess st eel  or  br onze bear i ngs.   Bl ades 
mount ed ver t i cal l y must  be suppor t ed by t hr ust  bear i ngs.

c.   Pr ovi de damper s whi ch do not  exceed a pr essur e dr op t hr ough t he damper  
of   0. 04 i nches wat er  gauge at  1000 f t / mi n i n t he wi de- open posi t i on.   
Pr ovi de damper s wi t h f r ames not  l ess t han 2 i nch i n wi dt h.   Pr ovi de 
damper s whi ch have been t est ed i n accor dance wi t h AMCA 500- D.
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2. 5. 2   Oper at i ng Li nkages

For  oper at i ng l i nks ext er nal  t o damper s,  such as cr ank ar ms,  connect i ng 
r ods,  and l i ne shaf t i ng f or  t r ansmi t t i ng mot i on f r om damper  act uat or s t o 
damper s,  pr ovi de l i nks abl e t o wi t hst and a l oad equal  t o at  l east  300 
per cent  of  t he maxi mum r equi r ed damper - oper at i ng f or ce wi t hout  def or mi ng.   
Rod l engt hs must  be adj ust abl e.   Li nks must  be br ass,  br onze,  z i nc- coat ed 
st eel ,  or  st ai nl ess st eel .   Wor ki ng par t s of  j oi nt s and cl evi ses must  be 
br ass,  br onze,  or  st ai nl ess st eel .   Adj ust ment s of  cr ank ar ms must  cont r ol  
t he open and cl osed posi t i ons of  damper s.

2. 5. 3   Damper  Types

2. 5. 3. 1   Fl ow Cont r ol  Damper s

Pr ovi de par al l el - bl ade or  opposed bl ade t ype damper s f or  out si de ai r ,  
r et ur n ai r ,  r el i ef  ai r ,  exhaust ,  f ace and bypass damper s as i ndi cat ed on 
t he Damper  Schedul e.   Bl ades must  have i nt er l ocki ng edges.   The channel  
f r ames of  t he damper s must  be pr ovi ded wi t h j amb seal s t o mi ni mi ze ai r  
l eakage.   Unl ess ot her wi se i ndi cat ed,  damper s must  meet  AMCA 511 Cl ass 1A 
r equi r ement s.   Out si de ai r  damper  seal s must  be sui t abl e f or  an oper at i ng 
t emper at ur e r ange of  - 40 t o +167 degr ees F.   Damper s must  be r at ed at  not  
l ess t han 2000 f t / mi n ai r  vel oci t y.

2. 5. 3. 2   Mechani cal  Rooms and Ot her  Ut i l i t y  Space Vent i l at i on Damper s

Pr ovi de ut i l i t y  space vent i l at i on damper s as i ndi cat ed.   Unl ess ot her wi se 
i ndi cat ed pr ovi de AMCA 511 cl ass 3 damper s.   Pr ovi de damper s r at ed at  not  
l ess t han 1500 f t / mi n ai r  vel oci t y.

2. 5. 3. 3   Smoke Damper s

Pr ovi de smoke- damper  and act uat or  assembl i es  whi ch meet  t he cur r ent  
r equi r ement s of  NFPA 90A,  UL 555,  and UL 555S.   For  combi nat i on f i r e and 
smoke damper s pr ovi de damper s r at ed f or  250 degr ees F Cl ass I I  l eakage per  
UL 555S.

2. 6   SENSORS AND I NSTRUMENTATI ON

Unl ess ot her wi se speci f i ed,  pr ovi de sensor s and i nst r ument at i on whi ch 
i ncor por at e an i nt egr al  t r ansmi t t er .   Sensor s and i nst r ument at i on,  
i ncl udi ng t hei r  t r ansmi t t er s,  must  meet  t he speci f i ed accur acy and dr i f t  
r equi r ement s at  t he i nput  of  t he connect ed DDC Har dwar e' s 
anal og- t o- di gi t al  conver si on.

2. 6. 1   Anal og and Bi nar y Tr ansmi t t er s

Pr ovi de t r ansmi t t er s whi ch mat ch t he char act er i st i cs of  t he sensor .   
Tr ansmi t t er s pr ovi di ng anal og val ues must  pr oduce a l i near  4- 20 mAdc,  0- 10 
Vdc si gnal  cor r espondi ng t o t he r equi r ed oper at i ng r ange and must  have 
zer o and span adj ust ment .   Tr ansmi t t er s pr ovi di ng bi nar y val ues must  have 
dr y cont act s r at ed at  1A at  24 Vol t s AC.

2. 6. 2   Net wor k Tr ansmi t t er s

Sensor s and I nst r ument at i on i ncor por at i ng an i nt egr al  net wor k connect i on 
ar e consi der ed DDC Har dwar e and must  meet  t he DDC Har dwar e r equi r ement s of  
Sect i on  23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER 
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BUI LDI NG CONTROL SYSTEMS when used i n a BACnet  net wor k.

2. 6. 3   Temper at ur e Sensor s

Pr ovi de t he same sensor  t ype t hr oughout  t he pr oj ect .   Temper at ur e sensor s 
may be pr ovi ded wi t hout  t r ansmi t t er s.   Wher e t r ansmi t t er s ar e used,  t he 
r ange must  be t he smal l est  avai l abl e f r om t he manuf act ur er  and sui t abl e 
f or  t he appl i cat i on such t hat  t he r ange encompasses t he expect ed r ange of  
t emper at ur es t o be measur ed.   The end t o end accur acy i ncl udes t he 
combi ned ef f ect  of  sensi t i v i t y,  hyst er esi s,  l i near i t y and r epeat abi l i t y  
bet ween t he measur ed var i abl e and t he end user  i nt er f ace ( gr aphi c 
pr esent at i on)  i ncl udi ng t r ansmi t t er s i f  used.

2. 6. 3. 1   Sensor  Accur acy and St abi l i t y  of  Cont r ol

2. 6. 3. 1. 1   Condi t i oned Space Temper at ur e

Pl us or  mi nus 0. 5 degr ee F over  t he oper at i ng r ange.

2. 6. 3. 1. 2   Uncondi t i oned Space Temper at ur e

a.   Pl us or  mi nus 1 degr ee F over  t he r ange of  30 t o 131 degr ees F AND

b.   Pl us or  mi nus 4 degr ees F over  t he r est  of  t he oper at i ng r ange.

2. 6. 3. 1. 3   Duct  Temper at ur e

Pl us or  mi nus 0. 5 degr ee F

2. 6. 3. 1. 4   Out si de Ai r  Temper at ur e

a.   Pl us or  mi nus 2 degr ees F over  t he r ange of  - 30 t o +130 degr ees F AND

b.   Pl us or  mi nus 1 degr ee F over  t he r ange of  30 t o 130 degr ees F.

2. 6. 3. 1. 5   Hi gh Temper at ur e Hot  Wat er

Pl us or  mi nus 3. 6 degr ees F.

2. 6. 3. 1. 6   Chi l l ed Wat er

Pl us or  mi nus 0. 8 degr ees F over  t he r ange of  35 t o 65 degr ees F.

2. 6. 3. 1. 7   Dual  Temper at ur e Wat er

Pl us or  mi nus 2 degr ees F.

2. 6. 3. 1. 8   Heat i ng Hot  Wat er

Pl us or  mi nus 2 degr ees F.

2. 6. 3. 1. 9   Condenser  Wat er

Pl us or  mi nus 2 degr ees F.

2. 6. 3. 2   Tr ansmi t t er  Dr i f t

The maxi mum al l owabl e t r ansmi t t er  dr i f t :   0. 25 degr ees F per  year .  
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2. 6. 3. 3   Poi nt  Temper at ur e Sensor s

Poi nt  Sensor s must  be encapsul at ed i n epoxy,  ser i es 300 st ai nl ess st eel ,  
anodi zed al umi num,  or  copper .

2. 6. 3. 4   Temper at ur e Sensor  Det ai l s

2. 6. 3. 4. 1   Room Type

Pr ovi de t he sensi ng el ement  component s wi t hi n a decor at i ve pr ot ect i ve 
cover  sui t abl e f or  sur r oundi ng decor .

2. 6. 3. 4. 2   Duct  Pr obe Type

Ensur e t he pr obe i s l ong enough t o pr oper l y sense t he ai r  st r eam 
t emper at ur e.

2. 6. 3. 4. 3   Duct  Aver agi ng Type

Cont i nuous aver agi ng sensor s must  be one f oot  i n l engt h f or  each 1 squar e 
f oot  of  duct  cr oss- sect i onal  ar ea,  and a mi ni mum l engt h of  5 f eet .

2. 6. 3. 4. 4   Pi pe I mmer si on Type

For  pi pes wi t h l ar ger  t han 3 i nch di amet er ,  pr ovi de mi ni mum  3 i nch 
i mmer si on.   For  pi pes wi t h l ess t han 3 i nch di amet er ,  pr ovi de i mmer si on at  
l east  hal f  t he di amet er  of  t he pi pe.   Pr ovi de each sensor  wi t h a 
cor r espondi ng pi pe- mount ed sensor  wel l ,  unl ess i ndi cat ed ot her wi se.   
Sensor  wel l s must  be st ai nl ess st eel  when used i n st eel  pi pi ng,  and br ass 
when used i n copper  pi pi ng.

2. 6. 3. 4. 5   Out si de Ai r  Type

Pr ovi de t he sensi ng el ement  r at ed f or  out door  use

2. 6. 4   Rel at i ve Humi di t y Sensor

Rel at i ve humi di t y sensor s must  use bul k pol ymer  r esi st i ve or  t hi n f i l m 
capaci t i ve t ype non- sat ur at i ng sensi ng el ement s capabl e of  wi t hst andi ng a 
sat ur at ed condi t i on wi t hout  per manent l y af f ect i ng cal i br at i on or  
sust ai ni ng damage.   The sensor s must  i ncl ude r emovabl e pr ot ect i ve membr ane 
f i l t er s.   Wher e r equi r ed f or  ext er i or  i nst al l at i on,  sensor s must  be 
capabl e of  sur vi v i ng bel ow f r eezi ng t emper at ur es and di r ect  cont act  wi t h 
moi st ur e wi t hout  af f ect i ng sensor  cal i br at i on.   When used i ndoor s,  t he 
sensor  must  be capabl e of  bei ng exposed t o a condensi ng ai r  st r eam ( 100 
per cent  r el at i ve humi di t y)  wi t h no adver se ef f ect  t o t he sensor ' s 
cal i br at i on or  ot her  har m t o t he i nst r ument .   The sensor  must  be of  t he 
wal l - mount ed or  duct - mount ed t ype,  as r equi r ed by t he appl i cat i on,  and 
must  be pr ovi ded wi t h any r equi r ed accessor i es.   Sensor s used i n duct  
hi gh- l i mi t  appl i cat i ons must  have a bul k pol ymer  r esi st i ve sensi ng 
el ement .   Duct - mount ed sensor s must  be pr ovi ded wi t h a duct  pr obe desi gned 
t o pr ot ect  t he sensi ng el ement  f r om dust  accumul at i on and mechani cal  
damage.   Rel at i ve humi di t y ( RH)  sensor s must  measur e r el at i ve humi di t y 
over  a r ange of  0 per cent  t o 100 per cent  wi t h an accur acy of  pl us or  mi nus 
2 per cent .   RH sensor s must  f unct i on over  a t emper at ur e r ange of  40 t o 135 
degr ees F and must  not  dr i f t  mor e t han 1 per cent  per  year .
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2. 6. 5   Car bon Di oxi de ( CO2)  Sensor s

Pr ovi de phot omet r i c t ype CO2 sensor s wi t h i nt egr al  t r ansducer s and l i near  
out put .  Car bon di oxi de ( CO2)  sensor s must  measur e CO2 concent r at i ons 
bet ween 0 t o 2000 par t s per  mi l l i on ( ppm)  usi ng non- di sper si bl e i nf r ar ed 
( NDI R)  t echnol ogy wi t h an accur acy of  pl us or  mi nus 50 ppm and a maxi mum 
r esponse t i me of  1 mi nut e.   The sensor  must  be r at ed f or  oper at i on at  
ambi ent  ai r  t emper at ur es wi t hi n t he r ange of  32 t o 122 degr ees F and 
r el at i ve humi di t y wi t hi n t he r ange of  20 t o 95 per cent  ( non- condensi ng) .   
The sensor  must  have a maxi mum dr i f t  of  2 per cent  per  year .   The sensor  
chamber  must  be manuf act ur ed wi t h a non- cor r osi ve mat er i al  t hat  does not  
af f ect  car bon di oxi de sampl e concent r at i on.   Duct  mount ed sensor s must  be 
pr ovi ded wi t h a duct  pr obe desi gned t o pr ot ect  t he sensi ng el ement  f r om 
dust  accumul at i on and mechani cal  damage.   The sensor  must  have a 
cal i br at i on i nt er val  no l ess t han 5 year s.

2. 6. 6   Di f f er ent i al  Pr essur e I nst r ument at i on

2. 6. 6. 1   Di f f er ent i al  Pr essur e Sensor s

Pr ovi de Di f f er ent i al  Pr essur e Sensor s wi t h r anges as i ndi cat ed or  as 
r equi r ed f or  t he appl i cat i on.   Pr essur e sensor  r anges must  not  exceed t he 
hi gh end r ange i ndi cat ed on t he Poi nt s Schedul e by mor e t han 50 per cent .   
The over  pr essur e r at i ng must  be a mi ni mum of  150 per cent  of  t he hi ghest  
desi gn pr essur e of  ei t her  i nput  t o t he sensor .   The accur acy must  be pl us 
or  mi nus 1 per cent  of  f ul l  scal e.  The sensor  must  have a maxi mum dr i f t  of  
2 per cent  per  year

2. 6. 6. 2   Di f f er ent i al  Pr essur e Swi t ch

Pr ovi de di f f er ent i al  pr essur e swi t ches wi t h a user - adj ust abl e set poi nt  
whi ch ar e s i zed f or  t he appl i cat i on such t hat  t he set poi nt  i s  bet ween 25 
per cent  and 75 per cent  of  t he f ul l  r ange.   The over  pr essur e r at i ng must  
be a mi ni mum of  150 per cent  of  t he hi ghest  desi gn pr essur e of  ei t her  i nput  
t o t he sensor .   The swi t ch must  have t wo set s of  cont act s and each cont act  
must  have a r at i ng gr eat er  t han i t ' s  connect ed l oad.   Cont act s must  open 
or  c l ose upon r i se of  pr essur e above t he set poi nt  or  dr op of  pr essur e 
bel ow t he set poi nt  as i ndi cat ed.

2. 6. 7   Fl ow Sensor s

2. 6. 7. 1   Ai r f l ow Measur ement  Ar r ay ( AFMA)

2. 6. 7. 1. 1   Ai r f l ow St r ai ght ener

Pr ovi de AFMAs whi ch cont ai n an ai r f l ow st r ai ght ener  i f  r equi r ed by t he 
AFMA manuf act ur er ' s publ i shed i nst al l at i on i nst r uct i ons.   The st r ai ght ener  
must  be cont ai ned i nsi de a f l anged sheet  met al  casi ng,  wi t h t he AFMA 
l ocat ed as speci f i ed accor di ng t o t he publ i shed r ecommendat i on of  t he AFMA 
manuf act ur er .   I n t he absence of  publ i shed document at i on,  pr ovi de ai r f l ow 
st r ai ght ener s i f  t her e i s any duct  obst r uct i on wi t hi n 5 duct  di amet er s 
upst r eam of  t he AFMA.   Ai r - f l ow st r ai ght ener s,  wher e r equi r ed,  must  be 
const r uct ed of  0. 125 i nch al umi num honeycomb and t he dept h of  t he 
st r ai ght ener  must  not  be l ess t han 1. 5 i nches.

2. 6. 7. 1. 2   Resi st ance t o Ai r f l ow

The r esi st ance t o ai r  f l ow t hr ough t he AFMA,  i ncl udi ng t he ai r f l ow 
st r ai ght ener  must  not  exceed 0. 085 i nch wat er  gauge at  an ai r f l ow of  2, 000 
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f pm.   AFMA const r uct i on must  be sui t abl e f or  oper at i on at  ai r f l ows of  up t o
 5000 f pm over  a t emper at ur e r ange of  40 t o 120 degr ees F.

2. 6. 7. 1. 3   Out si de Ai r  Temper at ur e

I n out si de ai r  measur ement  or  i n l ow- t emper at ur e ai r  del i ver y 
appl i cat i ons,  pr ovi de an AFMA cer t i f i ed by t he manuf act ur er  t o be accur at e 
as speci f i ed over  a t emper at ur e r ange of  - 20 t o +120 degr ees F .

2. 6. 7. 1. 4   Pi t ot  Tube AFMA

Each Pi t ot  Tube AFMA must  cont ai n an ar r ay of  vel oci t y sensi ng el ement s.   
The vel oci t y sensi ng el ement s must  be of  t he mul t i pl e pi t ot  t ube t ype wi t h 
aver agi ng mani f ol ds.   The sensi ng el ement s must  be di st r i but ed acr oss t he 
duct  cr oss sect i on i n t he quant i t y and pat t er n speci f i ed or  r ecommended by 
t he publ i shed i nst al l at i on i nst r uct i ons of  t he AFMA manuf act ur er .

a.   Pi t ot  Tube AFMAs f or  use i n ai r f l ows over  600 f pm must  have an 
accur acy of  pl us or  mi nus 5 per cent  over  a r ange of  500 t o 2500 f pm.  

b.   Pi t ot  Tube AFMAs f or  use i n ai r f l ows under  600 f pm must  have an 
accur acy of  pl us or  mi nus 5 per cent  over  a r ange of  125 t o 2500 f pm.  

2. 6. 7. 1. 5   El ect r oni c AFMA

Each el ect r oni c AFMA must  consi st  of  an ar r ay of  vel oci t y sensi ng el ement s 
of  t he r esi st ance t emper at ur e det ect or  ( RTD)  or  t her mi st or  t ype.   The 
sensi ng el ement s must  be di st r i but ed acr oss t he duct  cr oss sect i on i n t he 
quant i t y and pat t er n speci f i ed or  r ecommended by t he publ i shed appl i cat i on 
dat a of  t he AFMA manuf act ur er .   El ect r oni c AFMAs must  have an accur acy of  
pl us or  mi nus 5 per cent  over  a r ange of  125 t o 5, 000 f pm and t he out put  
must  be t emper at ur e compensat ed over  a r ange of  32 t o 212 degr ees F.

2. 6. 7. 1. 6   Fan I nl et  Measur ement  Devi ces

Fan i nl et  measur ement  devi ces cannot  be used unl ess i ndi cat ed on t he 
dr awi ngs or  schedul es.

2. 6. 7. 2   Or i f i ce Pl at e

Or i f i ce pl at e must  be made of  an aust eni t i c  st ai nl ess st eel  sheet  of  0. 125 
i nch nomi nal  t hi ckness wi t h an accur acy of  pl us or  mi nus 1 per cent  of  f ul l  
f l ow.   The or i f i ce pl at e must  be f l at  wi t hi n 0. 002 i nches.   The or i f i ce 
sur f ace r oughness must  not  exceed 20 mi cr o- i nches.   The t hi ckness of  t he 
cyl i ndr i cal  f ace of  t he or i f i ce must  not  exceed 2 per cent  of  t he pi pe 
i nsi de di amet er  or  12. 5 per cent  of  t he or i f i ce di amet er ,  whi chever  i s 
smal l er .   The upst r eam edge of  t he or i f i ce must  be squar e and shar p.   
Wher e or i f i ce pl at es ar e used,  concent r i c or i f i ce pl at es must  be used i n 
al l  appl i cat i ons except  st eam f l ow measur ement  i n hor i zont al  pi pel i nes.

2. 6. 7. 3   Fl ow Nozzl e

Fl ow nozzl e must  be made of  aust eni t i c  st ai nl ess st eel  wi t h an accur acy of  
pl us or  mi nus 1 per cent  of  f ul l  f l ow.   The i nl et  nozzl e f or m must  be 
el l i pt i cal  and t he nozzl e t hr oat  must  be t he quadr ant  of  an el l i pse.   The 
t hi ckness of  t he nozzl e wal l  and f l ange must  be such t hat  di st or t i on of  
t he nozzl e t hr oat  f r om st r ai ns caused by t he pi pel i ne t emper at ur e and 
pr essur e,  f l ange bol t i ng,  or  ot her  met hods of  i nst al l i ng t he nozzl e i n t he 
pi pel i ne must  not  cause t he accur acy t o degr ade beyond t he speci f i ed 
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l i mi t .   The out si de di amet er  of  t he nozzl e f l ange or  t he desi gn of  t he 
f l ange f aci ng must  be such t hat  t he nozzl e t hr oat  must  be cent er ed 
accur at el y i n t he pi pe.

2. 6. 7. 4   Vent ur i  Tube

Vent ur i  t ube must  be made of  cast  i r on or  cast  st eel  and must  have an 
accur acy of  pl us or  mi nus 1 per cent  of  f ul l  f l ow.   The t hr oat  sect i on must  
be l i ned wi t h aust eni t i c  st ai nl ess st eel .   Ther mal  expansi on 
char act er i st i cs of  t he l i ni ng must  be t he same as t hat  of  t he t hr oat  
cast i ng mat er i al .   The sur f ace of  t he t hr oat  l i ni ng must  be machi ned t o a 
pl us or  mi nus 50 mi cr o i nch f i ni sh,  i ncl udi ng t he shor t  cur vat ur e l eadi ng 
f r om t he conver gi ng ent r ance sect i on i nt o t he t hr oat .

2. 6. 7. 5   Annul ar  Pi t ot  Tube

Annul ar  pi t ot  t ube must  be made of  aust eni t i c  st ai nl ess st eel  wi t h an 
accur acy of  pl us or  mi nus 2 per cent  of  f ul l  f l ow and a r epeat abi l i t y  of  
pl us or  mi nus 0. 5 per cent  of  measur ed val ue.   The uni t  must  have at  l east  
one st at i c por t  and no l ess t han f our  t ot al  head pr essur e por t s wi t h an 
aver agi ng mani f ol d.

2. 6. 7. 6   I nser t i on Tur bi ne Fl owmet er

Pr ovi de dual  axi al  t ur bi ne f l owmet er  wi t h al l  i nst al l at i on har dwar e 
necessar y t o enabl e i nser t i on and r emoval  of  t he met er  wi t hout  syst em 
shut down.   Al l  par t s must  meet  or  exceed t he pr essur e c l assi f i cat i on of  
t he pi pe syst em i t  i s  i nst al l ed i n.   I nser t i on Tur bi ne Fl owmet er  accur acy 
must  be pl us or  mi nus 0. 5 per cent  of  r at e at  cal i br at ed vel oci t y. ,  wi t hi n 
pl us or  mi nus of  r at e over  a 10: 1 t ur ndown and wi t hi n pl us or  mi nus 2 
per cent  of  r at e over  a 50: 1 t ur ndown.   Repeat abi l i t y  must  be pl us or  mi nus 
0. 25 per cent  of  r eadi ng.   The met er  f l ow sensi ng el ement  must  oper at e over  
a r ange sui t abl e f or  t he i nst al l ed l ocat i on wi t h a pr essur e l oss l i mi t ed 
t o 1 per cent  of  oper at i ng pr essur e at  maxi mum f l ow r at e.   The f l owmet er  , must  
i ncl ude ei t her  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc 
out put s.   The t ur bi ne r ot or  assembl y must  be const r uct ed of  Ser i es 300 
st ai nl ess st eel  and use Tef l on seal s.

2. 6. 7. 7   Vor t ex Sheddi ng Fl owmet er

Vor t ex Sheddi ng Fl owmet er  accur acy must  be wi t hi n pl us or  mi nus 0. 8 
per cent  of  t he act ual  r eadi ng over  t he r ange of  t he met er .   St eam met er s 
must  cont ai n densi t y compensat i on by di r ect  measur ement  of  t emper at ur e.   
Mass f l ow i nf er r ed f r om speci f i ed st eam pr essur e ar e not  accept abl e.   The 
f l ow met er  body must  be made of  aust eni t i c  st ai nl ess st eel  and i ncl ude a 
weat her  t i ght  NEMA 4X el ect r oni cs encl osur e.   The vor t ex sheddi ng 
f l owmet er  body must  not  r equi r e r emoval  f r om t he pi pi ng i n or der  t o 
r epl ace t he sheddi ng sensor .

2. 6. 7. 8   Ul t r asoni c Fl ow Met er

Pr ovi de Ul t r asoni c Fl ow Met er s compl et e wi t h mat ched t r ansducer s,  sel f  
al i gni ng i nst al l at i on har dwar e and t r ansducer  cabl es.   Ul t r asoni c 
t r ansducer s must  be opt i mi zed f or  t he speci f i c  pi pe and pr ocess condi t i ons 
f or  t he appl i cat i on.   The f l ow met er  accur acy must  pl us or  mi nus 1 per cent  
of  r at e f r om 0 t o 40 f t / sec.   The f l owmet er  must  i ncl ude ei t her  dr y 
cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc out put .
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2. 6. 7. 9   I nser t i on Magnet i c Fl ow Met er

Pr ovi de i nser t i on t ype magnet i c f l owmet er s wi t h al l  i nst al l at i on har dwar e 
necessar y t o enabl e i nser t i on and r emoval  of  t he met er  wi t hout  syst em 
shut down.   Al l  par t s must  meet  or  exceed t he pr essur e c l assi f i cat i on of  
t he pi pe syst em i t  i s  i nst al l ed i n.   Fl owmet er  accur acy must  be no gr eat er  
t han pl us or  mi nus 1 per cent  of  r at e f r om 2 t o 20 f eet / sec.   Wet t ed 
mat er i al  par t s must  be 300 ser i es st ai nl ess st eel .   The f l owmet er  must  
i ncl ude ei t her  dr y cont act  pul se out put s,  4- 20mA,  0- 10Vdc or  0- 5Vdc 
out put s.

2. 6. 7. 10   Posi t i ve Di spl acement  Fl ow Met er

The f l ow met er  must  be a di r ect  r eadi ng,  ger ot or ,  nut at i ng di sc or  vane 
t ype di spl acement  devi ce r at ed f or  l i qui d ser vi ce as i ndi cat ed.   A count er  
must  be mount ed on t op of  t he met er ,  and must  consi st  of  a non- r eset t abl e 
mechani cal  t ot al i zer  f or  l ocal  r eadi ng,  and a pul se t r ansmi t t er  f or  r emot e 
r eadi ng.   The t ot al i zer  must  have a s i x di gi t  r egi st er  t o i ndi cat e t he 
vol ume passed t hr ough t he met er  i n gal l ons,  and a sweep- hand di al  t o 
i ndi cat e down t o 0. 25 gal l ons.   The pul se t r ansmi t t er  must  have a 
her met i cal l y seal ed r eed swi t ch whi ch i s act i vat ed by magnet s f i xed on 
gear s of  t he count er .   The met er  must  have a br onze body wi t h t hr eaded or  
f l anged connect i ons as r equi r ed f or  t he appl i cat i on.   Out put  accur acy must  
be pl us or  mi nus 2 per cent  of  t he f l ow r ange.   The maxi mum pr essur e dr op 
at  f ul l  f l ow must  be 5 psi g.

2. 6. 7. 11   Fl ow Met er s,  Paddl e Type

Sensor  must  be non- magnet i c,  wi t h f or war d cur ved i mpel l er  bl ades desi gned 
f or  wat er  cont ai ni ng debr i s.   Sensor  accur acy must  be pl us or  mi nus 1 
per cent  of  r at e of  f l ow,  mi ni mum oper at i ng f l ow vel oci t y must  be 1 f oot  
per  second.   Sensor  r epeat abi l i t y  and l i near i t y must  be pl us or  mi nus 1 
per cent .   Mat er i al s whi ch wi l l  be wet t ed must  be made f r om non- cor r osi ve 
mat er i al s and must  not  cont ami nat e wat er .   The sensor  must  be r at ed f or  
i nst al l at i on i n pi pes of  3 t o 40 i nch di amet er s.   The t r ansmi t t er  housi ng 
must  be a NEMA 250 Type 4 encl osur e.

2. 6. 7. 12   Fl ow Swi t ch

Fl ow swi t ch must  have a r epet i t i ve accur acy of  pl us or  mi nus 10 per cent  of  
act ual  f l ow set t i ng.   Swi t ch act uat i on must  be adj ust abl e over  t he 
oper at i ng f l ow r ange,  and must  be si zed f or  t he appl i cat i on such t hat  t he 
set poi nt  i s  bet ween 25 per cent  and 75 per cent  of  t he f ul l  r ange. .   The 
swi t ch must  have For m C snap- act i on cont act s,  r at ed f or  t he appl i cat i on.   
The f l ow swi t ch must  have non f l exi bl e paddl e wi t h magnet i cal l y act uat ed 
cont act s and be r at ed f or  ser vi ce at  a pr essur e gr eat er  t han t he i nst al l ed 
condi t i ons.   Fl ow swi t ch f or  use i n sewage syst em must  be r at ed f or  use i n 
cor r osi ve envi r onment s encount er ed.

2. 6. 7. 13   Gas Fl ow Met er

Gas f l ow met er  must  be di aphr agm or  bel l ows t ype ( gas posi t i ve 
di spl acement  met er s)  f or  f l ows up t o 2500 SCFH and axi al  f l ow t ur bi ne t ype 
f or  f l ows above 2500 SCFH,  desi gned speci f i cal l y f or  nat ur al  gas suppl y 
met er i ng,  and r at ed f or  t he pr essur e,  t emper at ur e,  and f l ow r at es of  t he 
i nst al l at i on.   Met er  must  have a mi ni mum t ur ndown r at i o of  10 t o 1 wi t h an 
accur acy of  pl us or  mi nus 1 per cent  of  act ual  f l ow r at e.   The met er  i ndex 
must  i ncl ude a di r ect  r eadi ng mechani cal  t ot al i z i ng r egi st er  and 
el ect r i cal  i mpul se dr y cont act  out put  f or  r emot e moni t or i ng.  The 
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el ect r i cal  i mpul se dr y cont act  out put  must  not  r equi r e f i el d adj ust ment  or  
cal i br at i on.   The el ect r i cal  i mpul se dr y cont act  out put  must  have a 
mi ni mum r esol ut i on of  100 cubi c f eet  of  gas per  pul se and must  not  exceed 
15 pul ses per  second at  t he desi gn f l ow.

2. 6. 8   El ect r i cal  I nst r ument s

Pr ovi de El ect r i cal  I nst r ument s wi t h an i nput  r ange as i ndi cat ed or  s i zed 
f or  t he appl i cat i on.   Unl ess ot her wi se speci f i ed,  AC i nst r ument at i on must  
be sui t abl e f or  60 Hz oper at i on.

2. 6. 8. 1   Cur r ent  Tr ansducer s

Cur r ent  t r ansducer s must  accept  an AC cur r ent  i nput  and must  have an 
accur acy of  pl us or  mi nus 2 per cent  of  f ul l  scal e.   The devi ce must  have a 
means f or  cal i br at i on.   Cur r ent  t r ansducer s f or  var i abl e f r equency 
appl i cat i ons must  be r at ed f or  var i abl e f r equency oper at i on.

2. 6. 8. 2   Cur r ent  Sensi ng Rel ays ( CSRs)

Cur r ent  sensi ng r el ays ( CSRs)  must  pr ovi de a nor mal l y- open cont act  wi t h a 
vol t age and amper age r at i ng gr eat er  t han i t s connect ed l oad.   Cur r ent  
sensi ng r el ays must  be of  spl i t - cor e desi gn.   The CSR must  be r at ed f or  
oper at i on at  200 per cent  of  t he connect ed l oad.   Vol t age i sol at i on must  be 
a mi ni mum of  600 vol t s.   The CSR must  aut o- cal i br at e t o t he connect ed l oad 
or  be adj ust abl e and f i el d cal i br at ed.   Cur r ent  sensor s f or  var i abl e 
f r equency appl i cat i ons must  be r at ed f or  var i abl e f r equency oper at i on.

2. 6. 8. 3   Vol t age Tr ansducer s

Vol t age t r ansducer s must  accept  an AC vol t age i nput  and have an accur acy 
of  pl us or  mi nus 0. 25 per cent  of  f ul l  scal e.   The devi ce must  have a means 
f or  cal i br at i on.   Li ne s i de f uses f or  t r ansducer  pr ot ect i on must  be 
pr ovi ded.

2. 6. 8. 4   Ener gy Met er i ng

2. 6. 8. 4. 1   Wat t  or  Wat t hour  Tr ansducer s

Wat t  t r ansducer s must  measur e vol t age and cur r ent  and must  out put  kW or   
kWh or  bot h kW and kWh as i ndi cat ed.   kW out put s must  have an accur acy of  
pl us or  mi nus 0. 5 per cent  over  a power  f act or  r ange of  0. 1 t o 1.   kWh 
out put s must  have an accur acy of  pl us or  mi nus 0. 5 per cent  over  a power  
f act or  r ange of  0. 1 t o 1.

2. 6. 8. 4. 2   Wat t hour  Revenue Met er  ( wi t h and wi t hout  Demand Regi st er )

Al l  Wat t hour  r evenue met er s must  measur e vol t age and cur r ent  and must  be 
i n accor dance wi t h ANSI  C12. 1 wi t h an ANSI  C12. 20 Accur acy c l ass of  0. 5 
and must  have pul se i ni t i at or s f or  r emot e moni t or i ng of  Wat t hour  
consumpt i on.   Pul se i ni t i at or s must  consi st  of  f or m C cont act s wi t h a 
cur r ent  r at i ng not  t o exceed t wo amper es and vol t age not  t o exceed 500 V,  
wi t h combi nat i ons of  VA not  t o exceed 100 VA,  and a l i f e r at i ng of  one 
bi l l i on oper at i ons.   Met er  socket s must  be i n accor dance wi t h 
NEMA/ ANSI  C12. 10.   Wat t hour  r evenue met er s wi t h demand r egi st er s must  
out put  i nst ant aneous demand i n addi t i on t o t he pul se i ni t i at or s.
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2. 6. 8. 4. 3   St eam Met er s

St eam met er s must  be t he vor t ex t ype,  wi t h pr essur e compensat i on,  a 
mi ni mum t ur ndown r at i o of  10 t o 1,  and an out put  s i gnal  compat i bl e wi t h 
t he DDC syst em.

2. 6. 8. 4. 4   Hydr oni c BTU Met er s

The BTU met er  i s t o be suppl i ed wi t h wal l  mount  har dwar e and be capabl e of  
bei ng i nst al l ed r emot e f r om t he f l ow met er .  The BTU met er  must  i ncl ude an 
LCD di spl ay f or  l ocal  i ndi cat i on of  ener gy r at e and f or  di spl ay of  
par amet er s and set t i ngs dur i ng conf i gur at i on.  Each BTU met er  must  be 
f act or y conf i gur ed f or  i t s speci f i c  appl i cat i on and be compl et el y f i el d 
conf i gur abl e by t he user  v i a a f r ont  panel  keypad ( no speci al  i nt er f ace 
devi ce or  comput er  r equi r ed) .  The uni t  must  out put  Ener gy Rat e,  Ener gy 
Tot al ,  Fl ow Rat e,  Suppl y Temper at ur e,  and Ret ur n Temper at ur e.  An i nt egr al  
t r ansmi t t er  i s  t o pr ovi de a l i near  anal og or  conf i gur abl e pul se out put  
s i gnal  r epr esent i ng t he ener gy r at e;  and t he si gnal  must  be compat i bl e 
wi t h bui l di ng aut omat i on syst em DDC Har dwar e t o whi ch t he out put  i s 
connect ed.

2. 6. 9   pH Sensor

The sensor  must  be sui t abl e f or  appl i cat i ons and chemi cal s encount er ed i n 
wat er  t r eat ment  syst ems of  boi l er s,  chi l l er s and condenser  wat er  syst ems.   
Const r uct i on,  wi r i ng,  f i t t i ngs and accessor i es must  be cor r osi on and 
chemi cal  r esi st ant  wi t h f i t t i ngs f or  t ank or  suspensi on i nst al l at i on.   
Housi ng must  be pol yvi nyl i dene f l uor i de wi t h O- r i ngs made of  chemi cal  
r esi st ant  mat er i al s whi ch do not  cor r ode or  det er i or at e wi t h ext ended 
exposur e t o chemi cal s.   The sensor  must  be encapsul at ed.   Per i odi c 
r epl acement  must  not  be r equi r ed f or  cont i nued sensor  oper at i on.   Sensor s 
must  use a cer ami c j unct i on and pH sensi t i ve gl ass membr ane capabl e of  
wi t hst andi ng a pr essur e of  100 psi g at  150 degr ees F.   The r ef er ence cel l  
must  be doubl e j unct i on conf i gur at i on.   Sensor  r ange must  be 0 t o 12 pH,  
st abi l i t y  0. 05,  sensi t i v i t y 0. 02,  and r epeat abi l i t y  of  pl us or  mi nus 0. 05 
pH val ue,  r esponse of  90 per cent  of  f ul l  scal e i n one second and a 
l i near i t y of  99 per cent  of  t heor et i cal  el ect r ode out put  measur ed at  76 
degr ees F.

2. 6. 10   Oxygen Anal yzer

Oxygen anal yzer  must  consi st  of  a z i r coni um oxi de sensor  f or  cont i nuous 
sampl i ng and an ai r - power ed aspi r at or  t o dr aw f l ue gas sampl es.   The 
anal yzer  must  be equi pped wi t h f i l t er s t o r emove f l ue ai r  par t i c l es.   
Sensor  pr obe t emper at ur e r at i ng must  be 815 degr ees F.   The sensor  
assembl y must  be equi pped f or  f l ue f l ange mount i ng.

2. 6. 11   Car bon Monoxi de Anal yzer

Car bon monoxi de anal yzer  must  consi st  of  an i nf r ar ed l i ght  sour ce i n a 
weat her  pr oof  st eel  encl osur e f or  duct  or  st ack mount i ng.   An opt i cal  
det ect or / anal yzer  i n a s i mi l ar  encl osur e,  sui t abl e f or  duct  or  st ack 
mount i ng must  be pr ovi ded.   Bot h assembl i es must  i ncl ude i nt er nal  bl ower  
syst ems t o keep opt i cal  wi ndows f r ee of  dust  and ash at  al l  t i mes.   The 
t hi r d component  of  t he anal yzer  must  be t he el ect r oni cs cabi net .   
Aut omat i c f l ue gas t emper at ur e compensat i on and manual / aut omat i c zer oi ng 
devi ces must  be pr ovi ded.   Uni t  must  r ead par t s per  mi l l i on ( ppm)  of  
car bon monoxi de i n t he r ange of   t o  ppm and t he r esponse t i me must  be 
l ess t han 3 seconds t o 90 per cent  val ue.   Uni t  measur ement  r ange must  not  
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exceed speci f i ed r ange by mor e t hat  50 per cent .   Repeat abi l i t y  must  be 
pl us or  mi nus 1 per cent  of  f ul l  scal e wi t h an accur acy of  pl us or  mi nus 1 
per cent  of  f ul l  scal e.

2. 6. 12   Occupancy Sensor s

Occupancy sensor s must  have occupancy- sensi ng sensi t i v i t y adj ust ment  and 
an adj ust abl e of f - del ay t i mer  wi t h a set poi nt  of  15 mi nut es.   Adj ust ment s 
accessi bl e f r om t he f ace of  t he uni t  ar e pr ef er r ed.   Occupancy sensor s 
must  be r at ed f or  oper at i on i n ambi ent  ai r  t emper at ur es r angi ng f r om 40 t o 
95 degr ees F or  t emper at ur es nor mal l y encount er ed i n t he i nst al l ed 
l ocat i on.   Sensor s i nt egr al  t o wal l  mount  on- of f  l i ght  swi t ches must  have 
an aut o- of f  swi t ch.   Wal l  swi t ch sensor s must  be decor at or  st y l e and must  
f i t  behi nd a st andar d decor at or  t ype wal l  pl at e.   Al l  occupancy sensor s,  
power  packs,  and sl ave packs must  be UL l i s t ed.   I n addi t i on t o any 
out put s r equi r ed f or  l i ght i ng cont r ol ,  t he occupancy sensor  must  pr ovi de 
an out put  f or  t he HVAC cont r ol  syst em.

2. 6. 12. 1   Passi ve I nf r ar ed ( PI R)  Occupancy Sensor s

PI R occupancy sensor s must  have a mul t i - l evel ,  mul t i - segment ed vi ewi ng 
l ens and a coni cal  f i el d of  v i ew wi t h a v i ewi ng angl e of  180 degr ees and a 
det ect i on of  at  l east  20 f eet  unl ess ot her wi se i ndi cat ed or  speci f i ed.   
PI R Sensor s must  pr ovi de f i el d- adj ust abl e backgr ound l i ght - l evel  
adj ust ment  wi t h an adj ust ment  r ange sui t abl e t o t he l i ght  l evel  i n t he 
sensed ar ea,  r oom or  space.   PI R sensor s must  be i mmune t o f al se 
t r i gger i ng f r om RFI  and EMI .

2. 6. 12. 2   Ul t r asoni c Occupancy Sensor s

Ul t r asoni c sensor s must  oper at e at  a mi ni mum f r equency 32 kHz and must  be 
desi gned t o not  i nt er f er e wi t h hear i ng ai ds.

2. 6. 12. 3   Dual - Technol ogy Occupancy Sensor  ( PI R and Ul t r asoni c)

Dual - Technol ogy Occupancy Sensor s must  meet  t he r equi r ement s of  bot h PI R 
and Ul t r asoni c Occupancy Sensor s.

2. 6. 13   Vi br at i on Swi t ch

Vi br at i on swi t ch must  be sol i d st at e,  encl osed i n a NEMA 250 Type 4 or  
Type 4X housi ng wi t h seal ed wi r e ent r y.   Uni t  must  have t wo i ndependent  
set s of  For m C swi t ch cont act s wi t h one set  t o shut down equi pment  upon 
excessi ve v i br at i on and a second set  f or  moni t or i ng al ar m l evel  
v i br at i on.   The vi br at i on sensi ng r ange must  be a t r ue r ms r eadi ng,  
sui t abl e f or  t he appl i cat i on.   The uni t  must  i ncl ude ei t her  di spl acement  
r esponse f or  l ow speed or  vel oci t y r esponse f or  hi gh speed appl i cat i on.   
The f r equency r ange must  be at  l east  3 Hz t o 500 Hz.   Cont act  t i me del ay 
must  be 3 seconds.   The uni t  must  have i ndependent  st ar t - up and r unni ng 
del ay on each swi t ch cont act .   Al ar m l i mi t s must  be adj ust abl e and 
set poi nt  accur acy must  be pl us or  mi nus 10 per cent  of  set t i ng wi t h 
r epeat abi l i t y  of  pl us or  mi nus 2 per cent .

2. 6. 14   Conduct i v i t y Sensor

Sensor  must  i ncl ude l ocal  i ndi cat i ng met er  and must  be sui t abl e f or  
measur ement  of  conduct i v i t y of  wat er  i n boi l er s,  chi l l ed wat er  syst ems,  
condenser  wat er  syst ems,  di st i l l at i on syst ems,  or  pot abl e wat er  syst ems as 
i ndi cat ed.   Sensor  must  sense f r om 0 t o 10 mi cr oSei mens per  cent i met er  

SECTI ON 23 09 13  Page 18



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

( µS/ cm)  f or  di st i l l at i on syst ems,  0 t o 100 µS/ cm f or  boi l er ,  chi l l ed 
wat er ,  and pot abl e wat er  syst ems and 0 t o 1000 µS/ cm f or  condenser  wat er  
syst ems.   Cont r act or  must  f i el d ver i f y t he r anges f or  par t i cul ar  
appl i cat i ons and adj ust  t he r ange as r equi r ed.   The out put  must  be 
t emper at ur e compensat ed over  a r ange of  32 t o 212 degr ees F.   The accur acy 
must  be pl us or  mi nus 2 per cent  of  t he f ul l  scal e r eadi ng.   Sensor  must  
have aut omat i c zer oi ng and must  r equi r e no per i odi c mai nt enance or  
r ecal i br at i on.

2. 6. 15   Compr essed Ai r  Dew Poi nt  Sensor

Sensor  must  be sui t abl e f or  measur ement  of  dew poi nt  f r om - 40 +80 degr ees F
 over  a pr essur e r ange of  0 t o 150 psi g.   The t r ansmi t t er  must  pr ovi de 
bot h dr y bul b and dew poi nt  t emper at ur es on separ at e out put s.   The end t o 
end accur acy of  t he dew poi nt  must  be pl us or  mi nus 5 degr ees F and t he 
dr y bul b must  be pl us or  mi nus 1 degr ee F.   Sensor  must  be aut omat i c 
zer oi ng and must  r equi r e no nor mal  mai nt enance or  per i odi c r ecal i br at i on.

2. 6. 16   NOx Moni t or

Moni t or  must  cont i nuousl y moni t or  and gi ve l ocal  i ndi cat i on of  boi l er  
st ack gas f or  NOx cont ent .   I t  must  be a compl et e syst em desi gned t o 
ver i f y compl i ance wi t h t he Cl ean Ai r  Act  st andar ds f or  NOx nor mal i zed t o a 
3 per cent  oxygen basi s and must  have a r ange of  f r om 0 t o 100 ppm.   Sensor  
must  be accur at e t o pl us or  mi nus 5 ppm.   Sensor  must  out put  NOx and 
oxygen l evel s and bi nar y out put  t hat  changes st at e when t he NOx l evel  i s  
above a l ocal l y adj ust abl e NOx set poi nt .   Sensor  must  have nor mal ,  t r oubl e 
and al ar m l i ght s.   Sensor  must  have heat  t r aced l i nes i f  t he st ack pi ckup 
i s r emot e f r om t he sensor .   Sensor  must  be compl et e wi t h aut omat i c zer o 
and span cal i br at i on usi ng a t i med cal i br at i on gas syst em,  and must  not  
r equi r e per i odi c mai nt enance or  r ecal i br at i on.

2. 6. 17   Tur bi di t y Sensor

Sensor  must  i ncl ude a l ocal  i ndi cat i ng met er  and must  be sui t abl e f or  
measur ement  of  t ur bi di t y of  wat er .   Sensor  must  sense f r om 0 t o 1000 
Nephel omet r i c Tur bi di t y Uni t s ( NTU) .   Range must  be f i el d- ver i f i ed f or  t he 
par t i cul ar  appl i cat i on and adj ust ed as r equi r ed.   The out put  must  be 
t emper at ur e compensat ed over  a r ange of  32 t o 212 degr ees F.   The accur acy 
must  be pl us or  mi nus 5 per cent  of  f ul l  scal e r eadi ng.   Sensor  must  have 
aut omat i c zer oi ng and must  not  r equi r e per i odi c mai nt enance or  
r ecal i br at i on.

2. 6. 18   Chl or i ne Det ect or

The det ect or  must  measur e concent r at i ons of  chl or i ne i n wat er  i n t he r ange 
0 t o 20 ppm wi t h a r epeat abi l i t y  of  pl us or  mi nus 1 per cent  of  f ul l  scal e 
and an accur acy of  pl us or  mi nus 2 per cent  of  f ul l  scal e.   The Chl or i ne 
Det ect or  t r ansmi t t er  must  be housed i n a non- cor r osi ve NEMA 250 Type 4X 
encl osur e.   Det ect or  must  i ncl ude a l ocal  panel  wi t h adj ust abl e al ar m t r i p 
l evel ,  l ocal  audi o and vi sual  al ar m wi t h s i l ence f unct i on.

2. 6. 19   Fl oor  Mount ed Leak Det ect or

Leak det ect or s must  use el ect r odes mount ed at  s l ab l evel  wi t h a mi ni mum 
bui l t - i n- ver t i cal  adj ust ment  of  0. 125 i nches.   Det ect or  must  have a bi nar y 
out put .   The i ndi cat or  must  be manual  r eset  t ype.
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2. 6. 20   Temper at ur e Swi t ch

2. 6. 20. 1   Duct  Mount  Temper at ur e Low Li mi t  Saf et y Swi t ch ( Fr eezest at )

Duct  mount  t emper at ur e l ow l i mi t  swi t ches ( Fr eezest at s)  must  be manual  
r eset ,  l ow t emper at ur e saf et y swi t ches at  l east  1 f oot  l ong per  squar e f oot
 of  cover age whi ch must  r espond t o t he col dest  18 i nch segment  wi t h an 
accur acy of  pl us or  mi nus 3. 6 degr ees F.   The swi t ch must  have a 
f i el d- adj ust abl e set poi nt  wi t h a r ange of  at  l east  30 t o 50 degr ees F.   
The swi t ch must  have t wo set s of  cont act s,  and each cont act  must  have a 
r at i ng gr eat er  t han i t s connect ed l oad.   Cont act s must  open or  c l ose upon 
dr op of  t emper at ur e bel ow set poi nt  as i ndi cat ed and must  r emai n i n t hi s 
st at e unt i l  r eset .

2. 6. 20. 2   Pi pe Mount  Temper at ur e Li mi t  Swi t ch ( Aquast at )

Pi pe mount  t emper at ur e l i mi t  swi t ches ( aquast at s)  must  have a f i el d 
adj ust abl e set poi nt  bet ween 60 and 90 degr ees F,  an accur acy of  pl us or  
mi nus 3. 6 degr ees F and a 10 degr ees F f i xed deadband.   The swi t ch must  
have t wo set s of  cont act s,  and each cont act  must  have a r at i ng gr eat er  
t han i t s connect ed l oad.   Cont act s must  open or  c l ose upon change of  
t emper at ur e above or  bel ow set poi nt  as i ndi cat ed.

2. 6. 21   Damper  End Swi t ches

Each end swi t ch must  be a her met i cal l y seal ed swi t ch wi t h a t r i p l ever  and 
over - t r avel  mechani sm.   The swi t ch encl osur e must  be sui t abl e f or  mount i ng 
on t he duct  ext er i or  and must  per mi t  set t i ng t he posi t i on of  t he t r i p 
l ever  t hat  act uat es t he swi t ch.   The t r i p l ever  must  be al i gned wi t h t he 
damper  bl ade.

End swi t ches i nt egr al  t o an el ect r i c damper  act uat or  ar e al l owed as l ong 
as at  l east  one i s adj ust abl e over  t he t r avel  of  t he act uat or .

2. 6. 22   Ai r  Qual i t y Sensor s

Pr ovi de f ul l  spect r um ai r  qual i t y sensor s usi ng a hot  wi r e el ement  based 
on t he Taguchi  pr i nci pl e.   The sensor  must  moni t or  a wi de r ange of  gaseous 
vol at i l e or gani c component s common i n i ndoor  ai r  cont ami nant s l i ke pai nt  
f umes,  sol vent s,  c i gar et t e smoke,  and vehi c l e exhaust .   The sensor  must  
aut omat i cal l y compensat e f or  t emper at ur e and humi di t y,  have span and 
cal i br at i on pot ent i omet er s,  oper at e on 24 VDC power  wi t h out put  of  0- 10 
VDC,  and have a ser vi ce r at i ng of  32 t o 140 degr ees F and 5 t o 95 per cent  
r el at i ve humi di t y.

2. 7   OUTPUT DEVI CES

2. 7. 1   Act uat or s

Act uat or s must  be el ect r i c ( el ect r oni c)  .   Al l  act uat or s must  be nor mal l y 
open ( NO) ,  nor mal l y c l osed ( NC)  or  f ai l - i n- l ast - posi t i on ( FI LP)  as 
i ndi cat ed.   Nor mal l y open and nor mal l y c l osed act uat or s must  be of  
mechani cal  spr i ng r et ur n t ype.   El ect r i c act uat or s must  have an el ect r oni c 
cut  of f  or  ot her  means t o pr ovi de bur nout  pr ot ect i on i f  st al l ed.   
Act uat or s must  have a v i s i bl e posi t i on i ndi cat or .   El ect r i c act uat or s must  
pr ovi de posi t i on f eedback t o t he cont r ol l er  as i ndi cat ed.  Act uat or s must  
smoot hl y and f ul l y open or  c l ose t he devi ces t o whi ch t hey ar e appl i ed.   
El ect r i c act uat or s must  have a f ul l  s t r oke r esponse t i me i n bot h 
di r ect i ons of  90 seconds or  l ess at  r at ed l oad.   El ect r i c act uat or s must  
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be of  t he f oot - mount ed t ype wi t h an oi l - i mmer sed gear  t r ai n or  t he 
di r ect - coupl ed t ype.   Wher e mul t i pl e el ect r i c act uat or s oper at e f r om a 
common si gnal ,  t he act uat or s must  pr ovi de an out put  s i gnal  i dent i cal  t o 
i t s i nput  s i gnal  t o t he addi t i onal  devi ces.     Al l  act uat or s must  be r at ed 
f or  t hei r  oper at i ng envi r onment .   Act uat or s used out door s must  be desi gned 
and r at ed f or  out door  use.   Act uat or s under  cont i nuous exposur e t o wat er ,  
such as t hose used i n sumps,  must  be submer si bl e.

Act uat or s i ncor por at i ng an i nt egr al  net wor k connect i on ar e consi der ed DDC 
Har dwar e and must  meet  t he DDC Har dwar e r equi r ement s of  Sect i on 23 09 23. 02
 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

2. 7. 1. 1   Val ve Act uat or s

Val ve act uat or s must  pr ovi de shut of f  pr essur es and t or ques as i ndi cat ed on 
t he Val ve Schedul e.

2. 7. 1. 2   Damper  Act uat or s

Damper  act uat or s must  pr ovi de t he t or que necessar y per  damper  
manuf act ur er ' s i nst r uct i ons t o modul at e t he damper s smoot hl y over  i t s f ul l  
r ange of  oper at i on and t or que must  be at  l east  6 i nch- pounds/ 1 squar e f oot  
of  damper  ar ea f or  opposed bl ade damper s and 9 i nch- pounds/ 1 squar e f oot  
of  damper  ar ea f or  par al l el  bl ade damper s.

2. 7. 1. 3   El ect r i c Act uat or s

  Each act uat or  must  have di st i nct  mar ki ngs i ndi cat i ng t he f ul l - open and 
f ul l - c l osed posi t i on  Each act uat or  must  del i ver  t he t or que r equi r ed f or  
cont i nuous uni f or m mot i on and must  have i nt er nal  end swi t ches t o l i mi t  t he 
t r avel ,  or  be capabl e of  wi t hst andi ng cont i nuous st al l i ng wi t hout  damage.   
Act uat or s must  f unct i on pr oper l y wi t hi n 85 t o 110 per cent  of  r at ed l i ne 
vol t age.   Pr ovi de act uat or s wi t h har dened st eel  r unni ng shaf t s and gear s 
of  st eel  or  copper  al l oy.   Fi ber  or  r ei nf or ced nyl on gear s may be used f or  
t or ques l ess t han 16 i nch- pounds. .

a.   Two- posi t i on act uat or s must  be si ngl e di r ect i on,  spr i ng r et ur n,  or  
r ever si ng t ype.   Two posi t i on act uat or  s i gnal s may ei t her  be t he 
cont r ol  power  vol t age or  l i ne vol t age as needed f or  t or que or  
appr opr i at e i nt er l ock c i r cui t s.

b.   Modul at i ng act uat or s must  be capabl e of  st oppi ng at  any poi nt  i n t he 
cycl e,  and st ar t i ng i n ei t her  di r ect i on f r om any poi nt .   Act uat or s 
must  be equi pped wi t h a swi t ch f or  r ever si ng di r ect i on,  and a but t on 
t o di sengage t he cl ut ch t o al l ow manual  adj ust ment s.   Pr ovi de t he 
act uat or  wi t h a hand cr ank f or  manual  adj ust ment s,  as appl i cabl e.   
Modul at i ng act uat or  i nput  s i gnal s can ei t her  be a 4 t o 20 mAdc or  a 
0- 10 VDC si gnal .

c.   Fl oat i ng or  pul se wi dt h modul at i on act uat or s ar e accept abl e f or  
non- f ai l  saf e appl i cat i ons unl ess i ndi cat ed ot her wi se pr ovi ded t hat  
t he f l oat i ng poi nt  cont r ol  ( t i med act uat i on)  must  have a schedul ed 
r e- cal i br at i on of  span and posi t i on no mor e t han once a day and no 
l ess t han once a week.   The schedul e f or  t he r e- cal i br at i on shoul d not  
af f ect  occupi ed condi t i ons and be st agger ed bet ween equi pment  t o 
pr event  f al sel y l oadi ng or  unl oadi ng cent r al  pl ant  equi pment .
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2. 7. 2   Sol enoi d- Oper at ed El ect r i c t o Pneumat i c Swi t ch ( EPS)

Sol enoi d- Oper at ed El ect r i c t o Pneumat i c Swi t ches ( EPS)  must  accept  a 
vol t age i nput  t o act uat e i t s ai r  val ve.   Each val ve must  have t hr ee- por t  
oper at i on:   common,  nor mal l y open,  and nor mal l y c l osed.   Each val ve must  
have an out er  cast  al umi num body and i nt er nal  par t s of  br ass,  br onze,  or  
st ai nl ess st eel .   The ai r  connect i on must  be a 0. 38 i nch NPT t hr eaded 
connect i on.   Val ves must  be r at ed f or  50 psi g.

2. 7. 3   El ect r i c t o Pneumat i c Tr ansducer s ( EP)

El ect r i c t o Pneumat i c Tr ansducer s ( EPs)  must  conver t  ei t her  a 4- 20 mAdc 
i nput  s i gnal ,  a 0- 10 Vdc i nput  s i gnal  t o a pr opor t i onal  0 t o 20 psi g 
pneumat i c out put .   The EP must  wi t hst and pr essur es at  l east  150 per cent  of  
t he syst em suppl y ai r  pr essur e ( mai n ai r ) .   EPs must  i ncl ude i ndependent  
of f set  and span adj ust ment .   St eady st at e ai r  consumpt i on must  not  be 
gr eat er  t han 0. 05 scf m.   EPs must  have a manual  adj ust abl e over r i de f or  
t he EP pneumat i c out put .   EPs must  have suf f i c i ent  out put  capaci t y t o 
pr ovi de f ul l  r ange st r oke of  t he act uat ed devi ce i n bot h di r ect i ons wi t hi n 
90 seconds.

2. 7. 4   Rel ays

Rel ays must  have cont act s r at ed f or  t he i nt ended appl i cat i on,  i ndi cat or  
l i ght ,  and dust  pr oof  encl osur e.   The i ndi cat or  l i ght  must  be l i t  when t he 
coi l  i s  ener gi zed and of f  when coi l  i s  not  ener gi zed.

Cont r ol  r el ay cont act s must  have ut i l i zat i on cat egor y and r at i ngs sel ect ed 
f or  t he appl i cat i on.   Each set  of  cont act s must  i ncor por at e a nor mal l y 
open ( NO) ,  nor mal l y c l osed ( NC)  and common cont act .   Rel ays must  be r at ed 
f or  a mi ni mum l i f e of  one mi l l i on oper at i ons.   

2. 8   USER I NPUT DEVI CES

User  I nput  Devi ces,  i ncl udi ng pot ent i omet er s,  swi t ches and moment ar y 
cont act  push- but t ons.   Pot ent i omet er s must  be of  t he t humb wheel  or  
s l i di ng bar  t ype.   Moment ar y Cont act  Push- But t ons may i ncl ude an 
adj ust abl e t i mer  f or  t hei r  out put .   User  i nput  devi ces must  be l abel ed f or  
t hei r  f unct i on.

2. 9   MULTI FUNCTI ON DEVI CES

Mul t i f unct i on devi ces ar e pr oduct s whi ch combi ne t he f unct i ons of  mul t i pl e 
sensor ,  user  i nput  or  out put  devi ces i nt o a s i ngl e pr oduct .   Unl ess 
ot her wi se speci f i ed,  t he mul t i f unct i on devi ce must  meet  al l  r equi r ement s 
of  each component  devi ce.   Wher e t he r equi r ement s f or  t he component  
devi ces conf l i c t ,  t he mul t i f unct i on devi ce must  meet  t he most  st r i ngent  of  
t he r equi r ement s.

2. 9. 1   Cur r ent  Sensi ng Rel ay Command Swi t ch

The Cur r ent  Sensi ng Rel ay por t i on must  meet  al l  r equi r ement s of  t he 
Cur r ent  Sensi ng Rel ay i nput  devi ce.   The Command Swi t ch por t i on must  meet  
al l  r equi r ement s of  t he Rel ay out put  devi ce except  t hat  i t  must  have at  
l east  one nor mal l y- open ( NO)  cont act .

Cur r ent  Sensi ng Rel ays used f or  Var i abl e Fr equency Dr i ves must  be r at ed 
f or  Var i abl e Fr equency appl i cat i ons unl ess i nst al l ed on t he sour ce si de of  
t he dr i ve.   I f  used i n t hi s s i t uat i on,  t he t hr eshol d f or  showi ng st at us 
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must  be set  t o al l ow f or  t he VFD' s cont r ol  power  when t he dr i ve i s not  
enabl ed and pr ovi de i ndi cat i on of  oper at i on when t he dr i ve i s enabl ed at  
mi ni mum speed.

2. 9. 2   Space Sensor  Modul e

Space Sensor  Modul es must  be mul t i f unct i on devi ces i ncor por at i ng a 
t emper at ur e sensor  and one or  mor e of  t he f ol l owi ng as speci f i ed and 
i ndi cat ed on t he Space Sensor  Modul e Schedul e:

a.   A t emper at ur e i ndi cat i ng devi ce.

b.   A User  I nput  Devi ce whi ch must  adj ust  a t emper at ur e set poi nt  out put .

c.   A User  I nput  Moment ar y Cont act  But t on and an out put  t o t he cont r ol  
syst em i ndi cat i ng zone occupancy.

d.   A t hr ee posi t i on User  I nput  Swi t ch l abel ed t o i ndi cat e heat i ng,  
cool i ng and of f  posi t i ons ( ' HEAT- COOL- OFF'  swi t ch)  and pr ovi di ng 
cor r espondi ng out put s t o t he cont r ol  syst em.  

e.   A t wo posi t i on User  I nput  Swi t ch l abel ed wi t h ' AUTO'  and ' ON'  
posi t i ons and pr ovi di ng cor r espondi ng out put  t o t he cont r ol  syst em. .

f .   A mul t i - posi t i on User  I nput  Swi t ch wi t h ' OFF'  and at  l east  t wo f an 
speed posi t i ons and pr ovi di ng cor r espondi ng out put s t o t he cont r ol  
syst em.

Space Sensor  Modul es cannot  cont ai n mer cur y ( Hg) .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Gener al  I nst al l at i on Requi r ement s

Per f or m t he i nst al l at i on under  t he super vi s i on of  compet ent  t echni c i ans 
r egul ar l y empl oyed i n t he i nst al l at i on of  DDC syst ems.

3. 1. 1. 1   Devi ce Mount i ng Cr i t er i a

Al l  devi ces must  be i nst al l ed i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons and as speci f i ed and i ndi cat ed.   Cont r ol  devi ces t o be 
i nst al l ed i n pi pi ng and duct wor k must  be pr ovi ded wi t h r equi r ed gasket s,  
f l anges,  t her mal  compounds,  i nsul at i on,  pi pi ng,  f i t t i ngs,  and manual  
val ves f or  shut of f ,  equal i zat i on,  pur gi ng,  and cal i br at i on.   St r ap- on 
t emper at ur e sensi ng el ement s must  not  be used except  as speci f i ed.   Spar e 
t her mowel l s must  be i nst al l ed adj acent  t o each t her mowel l  cont ai ni ng a 
sensor  and as i ndi cat ed.   Devi ces l ocat ed out door s must  have a 
weat her shi el d.

3. 1. 1. 2   Label s and Tags

Mat ch l abel s and t ags t o t he uni que i dent i f i er s i ndi cat ed on t he As- Bui l t  
dr awi ngs.   Label  al l  encl osur es and i nst r ument at i on.   Tag al l  sensor s and 
act uat or s i n mechani cal  r ooms.   Tag ai r f l ow measur ement  ar r ays t o show 
f l ow r at e r ange f or  s i gnal  out put  r ange,  duct  s i ze,  and pi t ot  t ube AFMA 
f l ow coef f i c i ent .   Tag duct  st at i c pr essur e t aps at  t he l ocat i on of  t he 
pr essur e t ap.   Pr ovi de pl ast i c or  met al  t ags,  mechani cal l y at t ached 
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di r ect l y t o each devi ce or  at t ached by a met al  chai n or  wi r e.   Label s 
ext er i or  t o pr ot ect i ve encl osur es must  be engr aved pl ast i c and 
mechani cal l y at t ached t o t he encl osur e or  i nst r ument at i on.   Label s i nsi de 
pr ot ect i ve encl osur es may at t ached usi ng adhesi ve,  but  must  not  be hand 
wr i t t en.

3. 1. 2   Weat her shi el d

Pr ovi de weat her shi el ds f or  sensor s l ocat ed out door s.   I nst al l  
weat her shi el ds such t hat  t hey pr event  t he sun f r om di r ect l y st r i k i ng t he 
sensor  and pr event  r ai n f r om di r ect l y st r i k i ng or  dr i ppi ng ont o t he 
sensor .   I nst al l  weat her  shi el ds wi t h adequat e vent i l at i on so t hat  t he 
sensi ng el ement  r esponds t o t he ambi ent  condi t i ons of  t he sur r oundi ngs.     
When i nst al l i ng weat her shi el ds near  out si de ai r  i nt ake duct s,  i nst al l  t hem 
such t hat  nor mal  out si de ai r  f l ow does not  cause r ai nwat er  t o st r i ke t he 
sensor .   

3. 1. 3   Room I nst r ument  Mount i ng

Mount  r oom i nst r ument s,  i ncl udi ng but  not  l i mi t ed t o wal l  mount ed 
non- adj ust abl e space sensor  modul es and sensor s l ocat ed i n occupi ed spaces,
 48 i nches above t he f l oor  unl ess ot her wi se i ndi cat ed.   I nst al l  adj ust abl e 
devi ces t o be ADA compl i ant  unl ess ot her wi se i ndi cat ed on t he Room Sensor  
Schedul e:

a.   Space Sensor  Modul es f or  Fan Coi l  Uni t s may be ei t her  uni t  or  wal l  
mount ed but  not  mount ed on an ext er i or  wal l .

b.   Wal l  mount  al l  ot her  Space Sensor  Modul es.

3. 1. 4   I ndi cat i on Devi ces I nst al l ed i n Pi pi ng and Li qui d Syst ems

Pr ovi de snubber s f or  gauges i n pi pi ng syst ems subj ect  t o pul sat i on.   For  
gauges f or  st eam ser vi ce use pi gt ai l  f i t t i ngs wi t h cock.   I nst al l  
t her momet er s and t emper at ur e sensi ng el ement s i n l i qui d syst ems i n 
t her mowel l s.  Pr ovi de spar e Pr essur e/ Temper at ur e Por t s ( Pet e' s Pl ug)  f or  
al l  t emper at ur e and pr essur e sensi ng el ement s i nst al l ed i n l i qui d syst ems 
f or  cal i br at i on/ t est i ng.

3. 1. 5   Occupancy Sensor s

Pr ovi de a suf f i c i ent  quant i t y of  occupancy sensor s t o pr ovi de compl et e 
cover age of  t he ar ea ( r oom or  space) .   Occupancy sensor s ar e t o be cei l i ng 
mount ed.   I nst al l  occupancy sensor s i n accor dance wi t h NFPA 70 
r equi r ement s and t he manuf act ur er ' s i nst r uct i ons.   Do not  l ocat e occupancy 
sensor s wi t hi n 6 f eet  of  HVAC out l et s or  heat i ng duct s,  or  wher e t hey can 
" see"  beyond any door way.   I nst al l at i on above door way( s)  i s pr ef er r ed.   Do 
not  use ul t r asoni c sensor s i n spaces cont ai ni ng cei l i ng f ans.   I nst al l  
sensor s t o det ect  mot i on t o wi t hi n 2 f eet  of  al l  r oom ent r ances and t o not  
t r i gger  due t o mot i on out si de t he r oom.   Set  t he of f - del ay t i mer  t o 15 
mi nut es unl ess ot her wi se i ndi cat ed.   Adj ust  sensor s pr i or  t o benef i c i al  
occupancy,  but  af t er  i nst al l at i on of  f ur ni t ur e syst ems,  shel v i ng,  
par t i t i ons,  et c.   For  each cont r ol l ed ar ea,  pr ovi de one hundr ed per cent  
cover age capabl e of  det ect i ng smal l  hand- mot i on movement s,  accommodat i ng 
al l  occupancy habi t s of  s i ngl e or  mul t i pl e occupant s at  any l ocat i on 
wi t hi n t he cont r ol l ed r oom.
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3. 1. 6   Swi t ches

3. 1. 6. 1   Temper at ur e Li mi t  Swi t ch

Pr ovi de a t emper at ur e l i mi t  swi t ch ( f r eezest at )  t o sense t he t emper at ur e 
at  t he l ocat i on i ndi cat ed.  Pr ovi de a suf f i c i ent  number  of  t emper at ur e 
l i mi t  swi t ches ( f r eezest at s)  t o pr ovi de compl et e cover age of  t he duct  
sect i on but  no l ess t han 1 f oot  i n l engt h per  squar e f oot  of  cr oss 
sect i onal  ar ea.   I nst al l  manual  r eset  l i mi t  swi t ches i n appr oved,  
accessi bl e l ocat i ons wher e t hey can be r eset  easi l y.   I nst al l  t emper at ur e 
l i mi t  swi t ch ( f r eezest at )  sensi ng el ement s i n a s i de- t o- si de ( not  
t op- t o- bot t om)  ser pent i ne pat t er n wi t h t he r el ay sect i on at  t he hi ghest  
poi nt  and i n accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons.

3. 1. 6. 2   Hand- Of f  Aut o Swi t ches

Wi r e saf et y cont r ol s such as smoke det ect or s and f r eeze pr ot ect i on 
t her most at s t o pr ot ect  t he equi pment  dur i ng bot h hand and aut o oper at i on.

3. 1. 7   Temper at ur e Sensor s

I nst al l  t emper at ur e sensor s i n l ocat i ons t hat  ar e accessi bl e and pr ovi de a 
good r epr esent at i on of  sensed medi a.   I nst al l at i ons i n dead spaces ar e not  
accept abl e.   Cal i br at e and i nst al l  sensor s accor di ng t o manuf act ur er ’ s 
i nst r uct i ons.   Sel ect  sensor s onl y f or  i nt ended appl i cat i on as desi gnat ed 
or  r ecommended by manuf act ur er .

3. 1. 7. 1   Room Temper at ur e Sensor s

Mount  t he sensor s on i nt er i or  wal l s t o sense t he aver age r oom t emper at ur e 
at  t he l ocat i ons i ndi cat ed.   Avoi d l ocat i ons near  heat  sour ces such as 
copy machi nes or  l ocat i ons by suppl y ai r  out l et  dr af t s.   Mount  t he cent er  
of  al l  user - adj ust abl e sensor s 48 i nches above t he f l oor  t o meet  ADA 
r equi r ement s.   Non user - adj ust abl e sensor s can be mount ed as i ndi cat ed i n 
par agr aph ROOM I NSTRUMENT MOUNTI NG.

3. 1. 7. 2   Duct  Temper at ur e Sensor s

3. 1. 7. 2. 1   Pr obe Type

Pl ace t i p of  t he sensor  i n t he mi ddl e of  t he ai r st r eam or  i n accor dance 
wi t h manuf act ur er ' s r ecommendat i ons or  i nst r uct i ons. Pr ovi de a gasket  
bet ween t he sensor  housi ng and t he duct  wal l .   Seal  t he duct  penet r at i on 
ai r  t i ght .   When i nst al l ed i n i nsul at ed duct ,  pr ovi de encl osur e or  st and 
of f  f i t t i ng t o accommodat e t he t hi ckness of  duct  i nsul at i on t o al l ow f or  
mai nt enance or  r epl acement  of  t he sensor  and wi r i ng t er mi nat i ons.   Seal  
t he duct  i nsul at i on penet r at i on vapor  t i ght .

3. 1. 7. 2. 2   Aver agi ng Type

Weave t he sensi ng el ement  i n a ser pent i ne f ashi on f r om si de t o s i de 
per pendi cul ar  t o t he f l ow,  acr oss t he duct  or  ai r  handl er  cr oss- sect i on,  
usi ng dur abl e non- met al  suppor t s i n accor dance wi t h manuf act ur er ' s 
i nst al l at i on i nst r uct i ons.   Avoi d t i ght  r adi us bends or  k i nki ng of  t he 
sensi ng el ement .   Pr event  cont act  bet ween t he sensi ng el ement  and t he duct  
or  ai r  handl er  i nt er nal s.   Pr ovi de a duct  access door  at  t he sensor  
l ocat i on.   The access door  must  be hi nged on t he si de,  f act or y i nsul at ed,  
have cam t ype l ocks,  and be as l ar ge as t he duct  wi l l  per mi t ,  maxi mum 18 
by 18 i nches.   For  sensor s i nsi de ai r  handl er s,  t he sensor s must  be f ul l y 
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accessi bl e t hr ough t he ai r  handl er ' s access door s wi t hout  r emovi ng any of  
t he ai r  handl er ' s i nt er nal s.

3. 1. 7. 3   I mmer si on Temper at ur e Sensor s

Pr ovi de t her mowel l s f or  sensor s measur i ng pi pi ng,  t ank,  or  pr essur e vessel  
t emper at ur es.   Locat e wel l s t o sense cont i nuous f l ow condi t i ons.   Do not  
i nst al l  wel l s usi ng ext ensi on coupl i ngs.   When i nst al l ed on i nsul at ed 
pi pi ng,  pr ovi de st and encl osur e or  st and of f  f i t t i ng t o accommodat e t he 
t hi ckness of  t he pi pe i nsul at i on and al l ow f or  mai nt enance or  r epl acement  
of  t he sensor  or  wi r i ng t er mi nat i ons.   Wher e pi pi ng di amet er s ar e smal l er  
t han t he l engt h of  t he wel l s,  pr ovi de wel l s i n pi pi ng at  el bows t o sense 
f l ow acr oss ent i r e ar ea of  wel l .   Wel l s must  not  r est r i ct  f l ow ar ea t o 
l ess t han 70 per cent  of  pi pe ar ea.   I ncr ease pi pi ng si ze as r equi r ed t o 
avoi d r est r i ct i on.   Pr ovi de t he sensor  wel l  wi t h a heat - sensi t i ve t r ansf er  
agent  bet ween t he sensor  and t he wel l  i nt er i or  ensur i ng cont act  bet ween 
t he sensor  and t he wel l .

3. 1. 7. 4   Out si de Ai r  Temper at ur e Sensor s

Pr ovi de out si de ai r  t emper at ur e sensor s on t he bui l di ng' s nor t h s i de wi t h 
a pr ot ect i ve weat her  shade t hat  does not  i nhi bi t  f r ee ai r  f l ow acr oss t he 
sensi ng el ement ,  and pr ot ect s t he sensor  f r om snow,  i ce,  and r ai n.   
Locat i on must  not  be near  exhaust  hoods and ot her  ar eas such t hat  i t  i s  
not  i nf l uenced by r adi at i on or  convect i on sour ces whi ch may af f ect  t he 
r eadi ng.   Pr ovi de a shi el d t o shade t he sensor  f r om di r ect  sunl i ght .

3. 1. 8   Ai r  Fl ow Measur ement  Ar r ays ( AFMA)

Locat e Out si de Ai r  AFMAs downst r eam f r om t he Out si de Ai r  f i l t er s.

I nst al l  AFMAs wi t h t he manuf act ur er ' s r ecommended mi ni mum di st ances 
bet ween upst r eam and downst r eam di st ur bances.   Ai r f l ow st r ai ght ener s may 
be used t o r educe mi ni mum di st ances as r ecommended by t he AFMA 
manuf act ur er .

3. 1. 9   Duct  St at i c Pr essur e Sensor s

Locat e t he duct  st at i c pr essur e sensi ng t ap at  75 per cent  of  t he di st ance 
bet ween t he f i r st  and l ast  ai r  t er mi nal  uni t s .   I f  t he t r ansmi t t er  out put  
i s a 0- 10Vdc si gnal ,  l ocat e t he t r ansmi t t er  i n t he same encl osur e as t he 
ai r  handl i ng uni t  ( AHU)  cont r ol l er  f or  t he AHU ser vi ng t he t er mi nal  
uni t s.   I f  a r emot e duct  st at i c pr essur e sensor  i s t o be used,  r un t he 
si gnal  wi r e back t o t he cont r ol l er  f or  t he ai r  handl i ng uni t .

3. 1. 10   Rel at i ve Humi di t y Sensor s

I nst al l  r el at i ve humi di t y sensor s i n suppl y ai r  duct s at  l east  10 f eet  
downst r eam of  humi di t y i nj ect i on el ement s.

3. 1. 11   Met er s

3. 1. 11. 1   Fl owmet er s

I nst al l  f l owmet er s t o ensur e mi ni mum st r ai ght  unobst r uct ed pi pi ng f or  at  
l east  10 pi pe di amet er s upst r eam and at  l east  5 pi pe di amet er s downst r eam 
of  t he f l owmet er ,  and i n accor dance wi t h t he manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.
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3. 1. 11. 2   Ener gy Met er s

Locat e ener gy met er s as i ndi cat ed.   Connect  each met er  out put  t o t he DDC 
syst em,  t o measur e bot h i nst ant aneous demand/ ener gy and ot her  var i abl es as 
i ndi cat ed.

3. 1. 12   Damper s

3. 1. 12. 1   Damper  Act uat or s

Pr ovi de spr i ng r et ur n act uat or s whi ch f ai l  t o a posi t i on t hat  pr ot ect s t he 
ser ved equi pment  and space on al l  cont r ol  damper s r el at ed t o f r eeze 
pr ot ect i on or  f or ce pr ot ect i on.   For  al l  out s i de,  makeup and r el i ef  
damper s pr ovi de damper s whi ch f ai l  c l osed.   Ter mi nal  f an coi l  uni t s,  
t er mi nal  VAV uni t s,  convect or s,  and uni t  heat er s nay be non- spr i ng r et ur n 
unl ess i ndi cat ed ot her wi se.   Do not  mount  act uat or s i n t he ai r  st r eam.   Do 
not  connect  mul t i pl e act uat or s t o a common dr i ve shaf t .   I nst al l  act uat or s 
so t hat  t hei r  act i on seal  t he damper  t o t he ext ent  r equi r ed t o mai nt ai n 
l eakage at  or  bel ow t he speci f i ed r at e and so t hat  t hey move t he bl ades 
smoot hl y t hr oughout  t he f ul l  r ange of  mot i on.

3. 1. 12. 2   Damper  I nst al l at i on

I nst al l  damper s st r ai ght  and t r ue,  l evel  i n al l  pl anes,  and squar e i n al l  
di mensi ons.   Damper s must  move f r eel y wi t hout  undue st r ess due t o 
t wi st i ng,  r acki ng ( par al l el ogr ammi ng) ,  bowi ng,  or  ot her  i nst al l at i on 
er r or .   Ext er nal  l i nkages must  oper at e smoot hl y over  t he ent i r e r ange of  
mot i on,  wi t hout  def or mat i on or  s l i ppi ng of  any connect i ng r ods,  j oi nt s or  
br acket s t hat  wi l l  pr event  a r et ur n t o i t ' s  nor mal  posi t i on.   Bl ades must  
c l ose compl et el y and l eakage must  not  exceed t hat  speci f i ed at  t he r at ed 
st at i c pr essur e.   Pr ovi de st r uct ur al  suppor t  f or  mul t i - sect i on damper s.   
Accept abl e met hods of  st r uct ur al  suppor t  i ncl ude but  ar e not  l i mi t ed t o 
U- channel ,  angl e i r on,  cor ner  angl es and bol t s,  bent  gal vani zed st eel  
st i f f ener s,  s l eeve at t achment s,  br aces,  and bui l di ng st r uct ur e.   Wher e 
mul t i - sect i on damper s ar e i nst al l ed i n duct s or  s l eeves,  t hey must  not  sag 
due t o l ack of  suppor t .   Do not  use j ackshaf t s t o l i nk mor e t han t hr ee 
damper  sect i ons.   Do not  use bl ade t o bl ade l i nkages.   I nst al l  out s i de and 
r et ur n ai r  damper s such t hat  t hei r  bl ades di r ect  t hei r  r espect i ve ai r  
st r eams t owar ds each ot her  t o pr ovi de f or  maxi mum mi xi ng of  ai r  st r eams.

3. 1. 13   Val ves

I nst al l  t he val ves i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   

3. 1. 13. 1   Val ve Act uat or s

Pr ovi de spr i ng r et ur n act uat or s on al l  cont r ol  val ves wher e f r eeze 
pr ot ect i on i s r equi r ed.   Spr i ng r et ur n act uat or s f or  t er mi nal  f an coi l  
uni t s,  t er mi nal  VAV uni t s,  convect or s,  and uni t  heat er s ar e not  r equi r ed 
unl ess i ndi cat ed ot her wi se.

3. 1. 14   Ther momet er s and Gauges

3. 1. 14. 1   Ther momet er s

Mount  devi ces t o al l ow r eadi ng whi l e st andi ng on t he f l oor  or  gr ound,  as 
appl i cabl e.
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3. 1. 15   Wi r e and Cabl e

Pr ovi de compl et e el ect r i cal  wi r i ng f or  t he Cont r ol  Syst em,  i ncl udi ng 
wi r i ng t o t r ansf or mer  pr i mar i es.  Wi r e and Cabl e must  be i nst al l ed wi t hout  
spl i ces bet ween cont r ol  devi ces and i n accor dance wi t h NFPA 70 and NFPA 90A.   
I nst r ument at i on gr oundi ng must  be i nst al l ed per  t he devi ce manuf act ur er ' s 
i nst r uct i ons and as necessar y t o pr event  gr ound l oops,  noi se,  and sur ges 
f r om adver sel y af f ect i ng oper at i on of  t he syst em.   Test  i nst al l ed gr ound 
r ods as speci f i ed i n I EEE 142.   Cabl es and conduct or  wi r es must  be t agged 
at  bot h ends,  wi t h t he i dent i f i er  i ndi cat ed on t he shop dr awi ngs.   
El ect r i cal  wor k must  be as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM and as i ndi cat ed.   Wi r i ng ext er nal  t o encl osur es must  
be r un i n r aceways,  except  l ow- vol t age cont r ol  and l ow- vol t age net wor k 
wi r i ng may be i nst al l ed as f ol l ows:

a.   pl enum r at ed cabl e i n suspended cei l i ngs over  occupi ed spaces may be 
r un wi t hout  r aceways

b.   nonmet al l i c- sheat hed cabl es or  met al l i c- ar mor ed cabl es may be 
i nst al l ed as per mi t t ed by NFPA 70.

I nst al l  cont r ol  c i r cui t  wi r i ng not  i n r aceways i n a neat  and saf e manner .   
Wi r i ng must  not  use t he suspended cei l i ng syst em ( i ncl udi ng t i l es,  f r ames 
or  hanger s)  f or  suppor t .   Wher e condui t  or  r aceways ar e r equi r ed,  cont r ol  
c i r cui t  wi r i ng must  not  r un i n t he same condui t / r aceway as power  wi r i ng 
over  50 vol t s.   Run al l  c i r cui t s over  50 vol t s i n condui t ,  met al l i c  
t ubi ng,  cover ed met al  r aceways,  or  ar mor ed cabl e.

3. 1. 16   Copper  Tubi ng

Pr ovi de har d- dr awn copper  t ubi ng i n exposed ar eas and ei t her  har d- dr awn or  
anneal ed copper  t ubi ng i n conceal ed ar eas.   Use onl y t ool - made bends.   Use 
onl y br ass or  copper  sol der  j oi nt  t ype f i t t i ngs,  except  f or   connect i ons 
t o appar at us.   For  connect i ons t o appar at us use br ass compr essi on t ype 
f i t t i ngs.

3. 1. 17   Pl ast i c Tubi ng

I nst al l  pl ast i c t ubi ng wi t hi n cover ed r aceways or  condui t  except  when 
ot her wi se speci f i ed.   Do not  use pl ast i c t ubi ng f or  appl i cat i ons wher e t he 
t ubi ng coul d be subj ect ed t o a t emper at ur e exceedi ng 130 degr ees F.   For  
f i t t i ngs,  use br ass or  acet al  r esi n of  t he compr essi on or  bar bed push- on 
t ype f or  i nst r ument  ser vi ce.   Except  i n wal l s and exposed l ocat i ons,  
pl ast i c mul t i t ube i nst r ument  t ubi ng bundl e wi t hout  condui t  or  r aceway 
pr ot ect i on may be used wher e a number  of  ai r  l i nes r un t o t he same poi nt s,  
pr ovi ded t he mul t i t ube bundl e i s encl osed i n a pr ot ect i ve sheat h,  i s  r un 
par al l el  t o t he bui l di ng l i nes and i s adequat el y suppor t ed as speci f i ed.

3. 1. 18   Compr essed Ai r  St at i ons

Mount  t he ai r  compr essor  assembl y on vi br at i on el i mi nat or s,  i n accor dance 
wi t h ASME BPVC SEC VI I I  D1 f or  t ank c l ear ance.   Connect  t he ai r  l i ne t o 
t he t ank wi t h a f l exi bl e pi pe connect or .   Pr ovi de compr essed ai r  st at i on 
speci al t i es wi t h r equi r ed t ubi ng,  i ncl udi ng condensat e t ubi ng t o a f l oor  
dr ai n.   Compr essed ai r  st at i ons must  del i ver  cont r ol  ai r  meet i ng t he 
r equi r ement s of  I SA 7. 0. 01.   Pr ovi de f oundat i ons and housekeepi ng pads f or  
t he HVAC cont r ol  syst em ai r  compr essor s i n accor dance wi t h t he ai r  
compr essor  manuf act ur er ' s i nst r uct i ons.
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        - -  End of  Sect i on - -
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SECTI ON 23 09 23. 02

BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS
02/ 19,  CHG 1:  02/ 20

PART 1   GENERAL

1. 1   SUMMARY

Pr ovi de a compl et e Di r ect  Di gi t al  Cont r ol  ( DDC)  syst em,  except  f or  t he 
f r ont  end whi ch i s speci f i ed i n Sect i on 25 10 10 UTI LI TY MONI TORI NG AND 
CONTROL ( UMCS)  FRONT END AND I NTEGRATI ON,  sui t abl e f or  t he cont r ol  of  t he 
heat i ng,  vent i l at i ng and ai r  condi t i oni ng ( HVAC)  and ot her  bui l di ng- l evel  
syst ems as speci f i ed and shown and i n accor dance wi t h Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.

1. 1. 1   Syst em Requi r ement s

Pr ovi de a syst em meet i ng t he r equi r ement s of  bot h Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on and wi t h t he 
f ol l owi ng char act er i st i cs:

a.   
Except  f or  Gat eways,  t he cont r ol  syst em must  be an open i mpl ement at i on 
of  BACnet  t echnol ogy usi ng ASHRAE 135 as t he communi cat i ons pr ot ocol .   
The syst em must  use st andar d ASHRAE 135 Obj ect s and Pr oper t i es.   The 
syst em must  use st andar d ASHRAE 135 Ser vi ces excl usi vel y f or  
communi cat i on over  t he net wor k.   Gat eways t o packaged uni t s must  
communi cat e wi t h ot her  DDC har dwar e usi ng  ASHRAE 135 excl usi vel y and 
may communi cat e wi t h packaged equi pment  usi ng ot her  pr ot ocol s.  The 
cont r ol  syst em must  be i nst al l ed such t hat  any t wo devi ces on t he 
I nt er net wor k can communi cat e usi ng st andar d ASHRAE 135 Ser vi ces.

b.   I nst al l  and conf i gur e cont r ol  har dwar e t o pr ovi de ASHRAE 135 Obj ect s 
and Pr oper t i es as i ndi cat ed and as needed t o meet  t he r equi r ement s of  
t hi s speci f i cat i on.

1. 1. 2   Ver i f i cat i on of  Speci f i cat i on Requi r ement s

Revi ew al l  speci f i cat i ons r el at ed t o t he cont r ol  syst em i nst al l at i on and 
advi se t he Cont r act i ng Of f i cer  of  any di scr epanci es bef or e per f or mi ng any 
wor k.   I f  Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC or  any 
ot her  Sect i on r ef er enced i n t hi s speci f i cat i on i s not  i ncl uded i n t he 
pr oj ect  speci f i cat i ons advi se t he Cont r act i ng Of f i cer  and ei t her  obt ai n 
t he mi ssi ng Sect i on or  obt ai n Cont r act i ng Of f i cer  appr oval  bef or e 
per f or mi ng any wor k.

1. 2   REFERENCES

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

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
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2021;  Addenda CD 2021;  Addenda BV- CE 2022;  
I nt er pr et at i on 9- 12 2022;  I nt er pr et at i on 
13- 24 2023;  Addenda BV- CF 2023;  Er r at a 3 
2023)  BACnet —A Dat a Communi cat i on Pr ot ocol  
f or  Bui l di ng Aut omat i on and Cont r ol  
Net wor ks

BACNET TESTI NG LABORATORI ES ( BTL)

BTL Gui de ( v. 50;  2022)  BACnet  Test i ng Labor at or y 
I mpl ement at i on Gui del i nes

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 3 ( 2022)  Et her net

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 485 ( 1998a;  R 2012)  El ect r i cal  Char act er i st i cs 
of  Gener at or s and Recei ver s f or  Use i n 
Bal anced Di gi t al  Mul t i poi nt  Syst ems

U. S.  FEDERAL COMMUNI CATI ONS COMMI SSI ON ( FCC)

FCC Par t  15 Radi o Fr equency Devi ces ( 47 CFR 15)

UNDERWRI TERS LABORATORI ES ( UL)

UL 916 ( 2015;  Repr i nt  Oct  2021)  UL St andar d f or  
Saf et y Ener gy Management  Equi pment

1. 3   DEFI NI TI ONS

For  def i ni t i ons r el at ed t o t hi s sect i on,  see Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.

1. 4   SUBMI TTALS

Submi t t al  r equi r ement s r el at ed t o t hi s Sect i on ar e speci f i ed i n Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

PART 2   PRODUCTS

Al l  pr oduct s used t o meet  t hi s speci f i cat i on must  meet  t he i ndi cat ed 
r equi r ement s,  but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by 
ever y pr oj ect .   Al l  pr oduct s must  meet  t he r equi r ement s bot h Sect i on 
23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC and t hi s Sect i on.

2. 1   NETWORK HARDWARE

2. 1. 1   BACnet  Rout er

Al l  BACnet  Rout er s must  be BACnet / I P Rout er s and must  per f or m l ayer  3 
r out i ng of  ASHRAE 135 packet s over  an I P net wor k i n accor dance wi t h 
ASHRAE 135 Annex J and Cl ause 6.   The r out er  must  pr ovi de t he appr opr i at e 
connect i on t o t he I P net wor k and connect i ons t o one or  mor e ASHRAE 135 
MS/ TP net wor ks.    Devi ces used as BACnet  Rout er s must  meet  t he 
r equi r ement s f or  DDC Har dwar e,  and must  suppor t  t he NM- RC- B BI BB.
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2. 1. 2   BACnet  Gat eways

I n addi t i on t o t he r equi r ement s f or  DDC Har dwar e,  t he BACnet  Gat eway must  
meet  t he f ol l owi ng r equi r ement s:

a.   I t  must  per f or m bi - di r ect i onal  pr ot ocol  t r ansl at i on f r om one non-
ASHRAE 135 pr ot ocol  t o ASHRAE 135.    BACnet  Gat eways must  i ncor por at e 
a net wor k connect i on t o an ASHRAE 135 net wor k ( ei t her  BACnet  over  I P 
i n accor dance wi t h Annex J or  MS/ TP)  and a separ at e connect i on 
appr opr i at e f or  t he non- ASHRAE 135 pr ot ocol  and medi a.

b.   I t  must  r et ai n i t s conf i gur at i on af t er  a power  l oss of  an i ndef i ni t e 
t i me,  and must  aut omat i cal l y r et ur n t o t hei r  pr e- power  l oss st at e once 
power  i s r est or ed.

c.   I t  must  al l ow bi - di r ect i onal  mappi ng of  dat a bet ween t he non- ASHRAE 135
 pr ot ocol  and St andar d Obj ect s as def i ned i n ASHRAE 135.   I t  must  
suppor t  t he DS- RP- B BI BB f or  Obj ect s r equi r i ng r ead access and t he 
DS- WP- B BI BB f or  Obj ect s r equi r i ng wr i t e access.

d.   I t  must  suppor t  t he DS- COV- B BI BB.

Al t hough Gat eways must  meet  DDC Har dwar e r equi r ement s t hey ar e not  DDC 
Har dwar e and must  not  be used when DDC Har dwar e i s r equi r ed.   

2. 1. 3   Et her net  Swi t ch

Et her net  Swi t ches must  be managed swi t ches and must  aut oconf i gur e bet ween 
10, 100 and 1000 megabi t s per  second ( MBPS) .

2. 2   CONTROL NETWORK WI RI NG

a.   BACnet  MS/ TP communi cat i ons wi r i ng must  be i n accor dance wi t h 
ASHRAE 135.   The wi r i ng must  use shi el ded,  t hr ee wi r e ( t wi st ed- pai r  
wi t h r ef er ence)  cabl e wi t h char act er i st i c i mpedance bet ween 100 and 
120 ohms.  Di st r i but ed capaci t ance bet ween conduct or s must  be l ess t han 
30 pF per  f oot .

b.   Bui l di ng Cont r ol  Net wor k Backbone I P Net wor k must  use Et her net  medi a.   
Et her net  cabl es must  be CAT- 5e at  a mi ni mum and meet  al l  r equi r ement s 
of  I EEE 802. 3 .

2. 3   DI RECT DI GI TAL CONTROL ( DDC)  HARDWARE

2. 3. 1   Gener al  Requi r ement s

Al l  DDC Har dwar e must  meet  t he f ol l owi ng r equi r ement s:  

a.   I t  must  be l ocal l y power ed and must  i ncor por at e a l i ght  t o i ndi cat e 
t he devi ce i s r ecei v i ng power .

b.   I t  must  conf or m t o t he BTL Gui de

c.   I t  must  be BACnet  Test i ng Labor at or y ( BTL)  Li st ed.

d.   The Manuf act ur er ' s Pr oduct  Dat a submi t t al  f or  each pi ece of  DDC 
Har dwar e must  i ncl ude t he Pr ot ocol  I mpl ement at i on Conf or mance 
St at ement  ( PI CS)  f or  t hat  har dwar e as speci f i ed i n Sect i on 23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC.
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e.   I t  must  communi cat e and be i nt er oper abl e i n accor dance wi t h ASHRAE 135 
and have connect i ons f or  BACnet  I P or  MS/ TP cont r ol  net wor k wi r i ng.

f .   Ot her  t han devi ces cont r ol l i ng t er mi nal  uni t s or  f unct i oni ng sol el y as 
a BACnet  Rout er ,  i t  must  suppor t  DS- COV- B,  DS- RPM- A and DS- RPM- B BI BBs.

g.   Devi ces suppor t i ng t he DS- RP- A BI BB must  al so suppor t  t he DS- COV- A 
BI BB.

h.   Appl i cat i on pr ogr ams,  conf i gur at i on set t i ngs and communi cat i on 
i nf or mat i on must  be st or ed i n a manner  such t hat  t hey per si st  t hr ough 
l oss of  power :

( 1)  Appl i cat i on pr ogr ams must  per si st  r egar dl ess of  t he l engt h of  t i me 
power  i s l ost .

( 2)  Conf i gur ed set t i ngs must  per si st  f or  any l oss of  power  l ess t han 
2, 500 hour s.

( 3)  Communi cat i on i nf or mat i on,  i ncl udi ng but  not  l i mi t ed t o COV 
subscr i pt i ons,  event  r epor t i ng dest i nat i ons,  Not i f i cat i on Cl ass 
Obj ect  set t i ngs,  and i nt er nal  communi cat i on set t i ngs,  must  per si st  
f or  any l oss of  power  l ess t han 2, 500 hour s.

i .   I nt er nal  Cl ocks:

( 1)  Cl ocks i n DDC Har dwar e i ncor por at i ng a Cl ock must  cont i nue t o 
f unct i on f or  120 hour s upon l oss of  power  t o t he DDC Har dwar e.

( 2)  DDC Har dwar e i ncor por at i ng a Cl ock must  suppor t  t he DM- TS- B or  
DM- UTC- B BI BB.

j .   I t  must  have al l  f unct i onal i t y i ndi cat ed and r equi r ed t o suppor t  t he 
appl i cat i on ( Sequence of  Oper at i on or  por t i on t her eof )  i n whi ch i t  i s  
used,  i ncl udi ng but  not  l i mi t ed t o pr ovi di ng Obj ect s as speci f i ed and 
as i ndi cat ed on t he Poi nt s Schedul e.

k.   I n addi t i on t o t hese gener al  r equi r ement s and t he DDC Har dwar e 
I nput - Out put  ( I / O)  Funct i on r equi r ement s,  al l  DDC Har dwar e must  al so 
meet  any addi t i onal  r equi r ement s f or  t he appl i cat i on i n whi ch i t  i s  
used ( e. g.  schedul i ng,  al ar mi ng,  t r endi ng,  et c. ) .

l .   I t  must  meet  FCC Par t  15 r equi r ement s and have UL 916 or  equi val ent  
saf et y l i s t i ng.

m.   Devi ce must  suppor t  Commandabl e Obj ect s t o suppor t  Over r i de 
r equi r ement s as det ai l ed i n PART 3 EXECUTI ON

n.  User  i nt er f aces whi ch al l ow f or  modi f i cat i on of  Pr oper t i es or  set t i ngs 
must  be passwor d- pr ot ect ed.

o.   Devi ces communi cat i ng BACnet  MS/ TP must  meet  t he f ol l owi ng 
r equi r ement s:

( 1)  Must  have a conf i gur abl e Max_Mast er  Pr oper t y.

( 2)  DDC Har dwar e ot her  t han har dwar e cont r ol l i ng a s i ngl e t er mi nal  
uni t  must  have a conf i gur abl e Max_I nf o_Fr ames Pr oper t y.

SECTI ON 23 09 23. 02  Page 4



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

( 3)  Must  r espond t o any val i d r equest  wi t hi n 50 msec wi t h ei t her  t he 
appr opr i at e r esponse or  wi t h a r esponse of  " Repl y Post poned" .  

( 4)  Must  use t wi st ed pai r  wi t h r ef er ence and shi el d ( 3- wi r e medi a)  
wi r i ng,  or  t wi st ed pai r  wi t h shi el d ( 2- wi r e medi a)  wi r i ng and use 
hal f - wave r ect i f i cat i on.

p.   Devi ces communi cat i ng BACnet / I P must  use UDP Por t  0xBAC0.   Devi ces 
wi t h conf i gur abl e UDP Por t s must  def aul t  t o 0xBAC0.

q.   Al l  Devi ce I Ds,  Net wor k Number s,  and BACnet  MAC addr esses of  devi ces 
must  be f ul l y conf i gur abl e wi t hout  l i mi t at i on,  except  MS/ TP MAC 
addr esses may be l i mi t ed by ASHRAE 135 r equi r ement s.

r .   DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t  must  have:

( 1)  Obj ect s ( i ncl udi ng t he Devi ce Obj ect )  wi t h an Obj ect  Name Pr oper t y 
of  at  l east  8 char act er s i n l engt h.

( 2)  A conf i gur abl e Devi ce Obj ect  Name.

( 3)  A conf i gur abl e Devi ce Obj ect  Descr i pt i on Pr oper t y at  l east  16 
char act er s i n l engt h.

s.   Except  f or  Obj ect s i n DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  
al l  Obj ect s ( i ncl udi ng Devi ce Obj ect s)  must :

( 1)   Have a conf i gur abl e Obj ect  Name Pr oper t y of  at  l east  12 
char act er s i n l engt h.

( 2)  Have a conf i gur abl e Obj ect  Descr i pt i on Pr oper t y of  at  l east  24 
char act er s i n l engt h.

t .   For  pr ogr ammabl e DDC Har dwar e,  pr ovi de and l i cense t o t he pr oj ect  s i t e 
al l  pr ogr ammi ng sof t war e r equi r ed t o pr ogr am t he Har dwar e i n 
accor dance wi t h Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.  

u.   For  pr ogr ammabl e DDC Har dwar e,  pr ovi de copi es of  t he i nst al l ed 
appl i cat i on pr ogr ams ( al l  sof t war e t hat  i s not  common t o ever y 
cont r ol l er  of  t he same manuf act ur er  and model )  as sour ce code 
compat i bl e wi t h t he suppl i ed pr ogr ammi ng sof t war e i n accor dance wi t h 
Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.   The submi t t ed 
appl i cat i on pr ogr am must  be t he compl et e appl i cat i on necessar y f or  
cont r ol l er  t o f unct i on as i nst al l ed and be suf f i c i ent  t o al l ow 
r epl acement  of  t he i nst al l ed cont r ol l er  wi t h anot her  cont r ol l er  of  t he 
same t ype.

2. 3. 2   Har dwar e I nput - Out put  ( I / O)  Funct i ons

DDC Har dwar e i ncor por at i ng har dwar e i nput - out put  ( I / O)  f unct i ons must  meet  
t he f ol l owi ng r equi r ement s:

2. 3. 2. 1   Anal og I nput s

DC Har dwar e anal og i nput s ( AI s)  must  be i mpl ement ed usi ng ASHRAE 135 
Anal og I nput  Obj ect s and per f or m anal og t o di gi t al  ( A- t o- D)  conver si on 
wi t h a mi ni mum r esol ut i on of  8 bi t s pl us s i gn or  bet t er  as needed t o meet  
t he accur acy r equi r ement s speci f i ed i n Sect i on 23 09 00.   Si gnal  
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condi t i oni ng i ncl udi ng t r ansi ent  r ej ect i on must  be pr ovi ded f or  each 
anal og i nput .   Anal og i nput s must  be capabl e of  bei ng i ndi v i dual l y 
cal i br at ed f or  zer o and span.   Cal i br at i on v i a sof t war e scal i ng per f or med 
as par t  of  poi nt  conf i gur at i on i s accept abl e.   The AI  must  i ncor por at e 
common mode noi se r ej ect i on of  at  l east  50 dB f r om 0 t o 100 Hz f or  
di f f er ent i al  i nput s,  and nor mal  mode noi se r ej ect i on of  at  l east  20 dB at  
60 Hz f r om a sour ce i mpedance of  10, 000 ohms.

2. 3. 2. 2   Anal og Out put s

DDC Har dwar e anal og out put s ( AOs)  must  be i mpl ement ed usi ng ASHRAE 135 
Anal og Out put  Obj ect s and per f or m di gi t al  t o anal og ( D- t o- A)  conver si on 
wi t h a mi ni mum r esol ut i on of  8 bi t s pl us s i gn,  and out put  a s i gnal  wi t h a 
r ange of  4- 20 mAdc or  0- 10 Vdc.   Anal og out put s must  be capabl e of  bei ng 
i ndi v i dual l y cal i br at ed f or  zer o and span.   Cal i br at i on v i a sof t war e 
scal i ng per f or med as par t  of  poi nt  conf i gur at i on i s accept abl e.  DDC 
Har dwar e wi t h Hand- Of f - Aut o ( H- O- A)  swi t ches f or  anal og out put s must  
pr ovi de f or  over r i di ng t he out put  t o 0 per cent  and t o 100 per cent

2. 3. 2. 3   Bi nar y I nput s

DDC Har dwar e bi nar y i nput s ( BI s)  must  be i mpl ement ed usi ng ASHRAE 135 
Bi nar y I nput  Obj ect s and accept  cont act  c l osur es and must  i gnor e 
t r ansi ent s of  l ess t han 5 mi l l i - second dur at i on.   Pr ot ect i on agai nst  a 
t r ansi ent  50VAC must  be pr ovi ded.

2. 3. 2. 4   Bi nar y Out put s

DDC Har dwar e bi nar y out put s ( BOs)  must  be i mpl ement ed usi ng ASHRAE 135 
Bi nar y Out put  Obj ect s and pr ovi de r el ay cont act  c l osur es or  t r i ac out put s 
f or  moment ar y and mai nt ai ned oper at i on of  out put  devi ces.  DDC Har dwar e 
wi t h H- O- A swi t ches f or  bi nar y out put s must  pr ovi de f or  over r i di ng t he 
out put  open or  c l osed.

2. 3. 2. 4. 1   Rel ay Cont act  Cl osur es

Cl osur es must  have a mi ni mum dur at i on of  0. 1 second.   Rel ays must  pr ovi de 
at  l east  180V of  i sol at i on.   El ect r omagnet i c i nt er f er ence suppr essi on must  
be pr ovi ded on al l  out put  l i nes t o l i mi t  t r ansi ent s t o 50 Vac.   Mi ni mum 
cont act  r at i ng must  be 0. 5 amper es at  24 Vac.

2. 3. 2. 4. 2   Tr i ac Out put s

Tr i ac out put s must  pr ovi de at  l east  180 V of  i sol at i on.   Mi ni mum cont act  
r at i ng must  be 0. 5 amper es at  24 Vac.

2. 3. 2. 5   Pul se Accumul at or

DDC Har dwar e pul se accumul at or s must  be i mpl ement ed usi ng ei t her  an 
ASHRAE 135 Accumul at or  Obj ect  or  an  ASHRAE 135 Anal og Val ue Obj ect  wher e 
t he Pr esent _Val ue i s t he t ot al i zed pul se count .   Pul se accumul at or s must  
accept  cont act  c l osur es,  i gnor e t r ansi ent s l ess t han 5 msec dur at i on,  
pr ot ect  agai nst
t r ansi ent s of  50 VAC,  and accept  r at es of  at  l east  20 pul ses per  second.

2. 3. 2. 6   ASHRAE 135 Obj ect s f or  Har dwar e I nput s and Out put s

The r equi r ement s f or  use of  ASHRAE 135 obj ect s f or  har dwar e i nput  and 
out put s i ncl udes devi ces wher e t he har dwar e sensor  or  act uat or  i s i nt egr al  
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t o t he cont r ol l er  ( e. g.  a VAV box wi t h i nt egr al  damper  act uat or ,  a smar t  
sensor ,  a VFD,  et c. )

2. 3. 2. 7   I nt egr at ed H- O- A Swi t ches

 Wher e i nt egr at ed H- O- A swi t ches ar e pr ovi ded on har dwar e out put s,  
cont r ol l er  must  pr ovi de means of  moni t or i ng posi t i on or  st at us of  H- O- A 
swi t ch.   Thi s f eedback may be pr ovi ded vi a any val i d BACnet  met hod,  
i ncl udi ng t he use of  pr opr i et ar y Obj ect s,  Pr oper t i es,  or  Ser vi ces.

2. 3. 3   Local  Di spl ay Panel  ( LDP)

The Local  Di spl ay Panel s ( LDPs)  must  be DDC Har dwar e wi t h a di spl ay and 
navi gat i on but t ons or  a t ouch scr een di spl ay,  and must  pr ovi de di spl ay and 
adj ust ment  of  ASHRAE 135  Pr oper t i es as i ndi cat ed on t he Poi nt s Schedul e 
and as speci f i ed.   LDPs must  be ei t her  BTL Li st ed as a B- OD,  B- OWS,  B- AWS,  
or  be an i nt egr al  par t  of  anot her  pi ece of  DDC Har dwar e l i s t ed as a B- BC.   
For  LDPs l i s t ed as B- OWS or  B- AWS,  t he har dwar e must  be BTL l i s t ed and t he 
pr oduct  must  come f act or y i nst al l ed wi t h al l  appl i cat i ons necessar y f or  
t he devi ce t o f unct i on as an LDP.   

The adj ust ment  of  val ues usi ng di spl ay and navi gat i on but t ons must  be 
passwor d pr ot ect ed.

2. 3. 4   Expansi on Modul es and Tet her ed Har dwar e

A si ngl e pi ece of  DDC Har dwar e may consi st  of  a base uni t  and al so:

a.   An unl i mi t ed number  of  har dwar e expansi on modul es,  wher e t he 
i ndi v i dual  har dwar e expansi on modul es ar e desi gned t o di r ect l y 
connect ,  bot h mechani cal l y and el ect r i cal l y,  t o t he base uni t  
har dwar e.   The expansi on modul es must  be commer ci al l y avai l abl e as an 
opt i onal  add- on t o t he base uni t .

b.   A s i ngl e pi ece of  har dwar e connect ed ( t et her ed)  t o a base uni t  by a 
s i ngl e cabl e wher e t he cabl e car r i es a pr opr i et ar y pr ot ocol  bet ween 
t he base uni t  and t et her ed har dwar e.     The t et her ed har dwar e must  not  
cont ai n cont r ol  l ogi c and be commer ci al l y avai l abl e as an opt i onal  
add- on t o t he base uni t  as a s i ngl e package.  

Not e t hat  t hi s r est r i ct i on on t et her ed har dwar e does not  appl y t o 
sensor s or  act uat or s usi ng st andar d bi nar y or  anal og si gnal s ( not  a 
communi cat i ons pr ot ocol ) ;   sensor s or  act uat or s usi ng st andar d bi nar y 
or  anal og si gnal s ar e not  consi der ed par t  of  t he DDC Har dwar e.

Har dwar e capabl e of  bei ng i nst al l ed st and- al one,  or  wi t hout  a separ at e 
base uni t ,  i s  DDC Har dwar e and must  not  be used as expansi on modul es or  
t et her ed har dwar e.

2. 3. 5   Super vi sor y Cont r ol  Requi r ement s

2. 3. 5. 1   Schedul i ng Har dwar e

DDC Har dwar e used f or  schedul i ng must  meet  t he f ol l owi ng r equi r ement s:

a.   I t  must  be BTL Li st ed as a B- BC and suppor t  t he SCHED- E- B BI BB.

b.   I t  i s  pr ef er r ed,  but  not  r equi r ed,  t hat  devi ces suppor t  t he DM- OCD- B 
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BI BB on al l  Cal endar  and Schedul e Obj ect s,  such t hat  a f r ont  end BTL 
l i s t ed as a B- AWS may cr eat e or  del et e Cal endar  and Schedul e Obj ect s.   
I t  i s  al so pr ef er r ed but  not  r equi r ed t hat  devi ces suppor t i ng t he 
DM- OCD- B BI BB accept  any val i d val ue f or  pr oper t i es of  Cal endar  and 
Schedul e Obj ect s.   Not e t hat  t her e ar e addi t i onal  r equi r ement s i n t he 
EXECUTI ON Par t  of  t hi s Sect i on f or  Devi ces whi ch do not  suppor t  t he 
DM- OCD- B BI BB as speci f i ed.

c.   The Dat e_Li st  pr oper t y of  al l  Cal endar  Obj ect s must  be wr i t abl e.

d.   The Pr esent _Val ue Pr oper t y of  Schedul e must  suppor t  t he f ol l owi ng 
val ues:  1,  2,  3,  4.

2. 3. 5. 2   Al ar m Gener at i on Har dwar e

DDC Har dwar e used f or  al ar m gener at i on must  meet  t he f ol l owi ng 
r equi r ement s:

a.   Devi ce must  suppor t  t he AE- N- I - B BI BB

b.   The Reci pi ent _Li st  Pr oper t y must  be Wr i t abl e f or  al l  Not i f i cat i on 
Cl ass Obj ect s used f or  al ar m gener at i on.

c.   For  al l  Obj ect s i mpl ement i ng I nt r i nsi c Al ar mi ng,  t he f ol l owi ng 
Pr oper t i es must  be Wr i t abl e:

( 1)  Ti me_Del ay
( 2)  Hi gh_Li mi t
( 3)  Low_Li mi t
( 4)  Deadband
( 5)  Event _Enabl e
( 6)  I f  t he i ssue dat e of  t hi s pr oj ect  speci f i cat i on i s af t er  1 Januar y 

2016,  Ti me_Del ay_Nor mal  must  be wr i t abl e.

d.   For  Event  Enr ol l ment  Obj ect s used f or  al ar m gener at i on,  t he f ol l owi ng 
Pr oper t i es must  be Wr i t abl e:

( 1)  Event _Par amet er s
( 2)  Event _Enabl e
( 3)  I f  t he i ssue dat e of  t hi s pr oj ect  speci f i cat i on i s af t er  1 Januar y 

2016,  Ti me_Del ay_Nor mal  must  be wr i t abl e.

e.   I t  i s  pr ef er r ed,  but  not  r equi r ed,  t hat  devi ces suppor t  t he DM- OCD- B 
BI BB on al l  Not i f i cat i on Cl ass Obj ect s and Event  Enr ol l ment  Obj ect s,  
such t hat  a f r ont  end BTL l i s t ed as a B- AWS may cr eat e or  del et e 
Not i f i cat i on Cl ass Obj ect s and Event  Enr ol l ment  Obj ect s.  I t  i s  al so 
pr ef er r ed,  but  not  r equi r ed t hat  devi ces suppor t i ng t he DM- OCD- B BI BB  
accept  any val i d val ue as an i ni t i al  val ue f or  pr oper t i es of  
Not i f i cat i on Cl ass Obj ect s and Event  Enr ol l ment  Obj ect s.   Not e t hat  
t her e ar e addi t i onal  r equi r ement s i n t he EXECUTI ON Par t  of  t hi s 
Sect i on f or  devi ces whi ch do not  suppor t  t he DM- OCD- B BI BB as 
speci f i ed.

f .   Devi ces pr ovi ded t o meet  t he t he r equi r ement s i ndi cat ed under  " Suppor t  
f or  Fut ur e Al ar m Gener at i on"  i n t he EXECUTI ON par t  of  t hi s 
speci f i cat i on must  suppor t  t he AE- N- E- B BI BB.  

SECTI ON 23 09 23. 02  Page 8



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

2. 3. 5. 3   Tr endi ng Har dwar e

DDC Har dwar e used f or  col l ect i ng t r end dat a must  meet  t he f ol l owi ng 
r equi r ement s:

a.   Devi ce must  suppor t  Tr end Log or  Tr end Log Mul t i pl e Obj ect s.

b.   Devi ce must  suppor t  t he T- VMT- I - B BI BB.

c.   Devi ces pr ovi ded t o meet  t he EXECUTI ON r equi r ement  f or  suppor t  of  
Fut ur e Tr endi ng must  suppor t  t he T- VMT- E- B BI BB.  

d.   The f ol l owi ng pr oper t i es of  al l  Tr end Log or  Tr end Log Mul t i pl e 
Obj ect s must  be pr esent  and Wr i t abl e:

St ar t _Ti me
St op_Ti me
Log_Devi ceObj ect Pr oper t y
Log I nt er val   Log i nt er val  must  suppor t  an i nt er val  of  at  l east  60 
mi nut es dur at i on.

e.   Tr end Log Obj ect s must  suppor t  usi ng I nt r i nsi c Repor t i ng t o send a 
BUFFER_FULL event .

f .   The devi ce must  have a Not i f i cat i on Cl ass Obj ect  f or  t he BUFFER_FULL 
event .   The Reci pi ent _Li st  Pr oper t y must  be Wr i t abl e.

g.   Devi ces must  suppor t  val ues of  at  l east  1, 000 f or  Buf f er _Si ze 
Pr oper t i es.  

h.   I t  i s  pr ef er r ed,  but  not  r equi r ed,  t hat  devi ces suppor t  t he DM- OCD- B 
BI BB on al l  Tr end Log Obj ect s,  such t hat  a f r ont  end BTL l i s t ed as a 
A- AWS may cr eat e or  del et e Tr end Log Obj ect s.  I t  i s  al so pr ef er r ed,  
but  not  r equi r ed t hat  devi ces suppor t i ng t he DM- OCD- B BI BB accept  any 
val i d val ue as an i ni t i al  val ue f or  pr oper t i es of  Tr end Log Obj ect s.   
Not e t hat  t her e ar e addi t i onal  EXECUTI ON r equi r ement s f or  devi ces 
whi ch do not  suppor t  t he DM- OCD- B BI BB as speci f i ed.

PART 3   EXECUTI ON

3. 1    CONTROL SYSTEM I NSTALLATI ON3. 1. 1   Bui l di ng Cont r ol  Net wor k ( BCN)

I nst al l  t he Bui l di ng Cont r ol  Net wor k ( BCN)  as a s i ngl e BACnet  I nt er net wor k 
consi st i ng of  a s i ngl e I P net wor k as t he BCN Backbone and zer o or  mor e 
BACnet  MS/ TP net wor ks.   Not e t hat  i n some cases t her e may onl y be a s i ngl e 
devi ce on t he BCN Backbone.

Except  as per mi t t ed f or  t he non- BACnet  s i de of  Gat eways,  use excl usi vel y 
ASHRAE 135 net wor ks.

3. 1. 1. 1   Bui l di ng Cont r ol  Net wor k I P Backbone

I nst al l  I P Net wor k Cabl i ng i n condui t .   I nst al l  Et her net  Swi t ches i n 
l ockabl e encl osur es.   I nst al l  t he Bui l di ng Cont r ol  Net wor k ( BCN)  I P 
Backbone such t hat  i t  i s  avai l abl e at  t he Faci l i t y  Poi nt  of  Connect i on 
( FPOC)  l ocat i on as i ndi cat ed.   When t he FPOC l ocat i on i s a r oom number ,  
pr ovi de suf f i c i ent  addi t i onal  medi a t o ensur e t hat  t he Bui l di ng Cont r ol  
Net wor k ( BCN)  I P Backbone can be ext ended t o any l ocat i on i n t he r oom.

Use UDP por t  0xBAC0 f or  al l  BACnet  t r af f i c  on t he I P net wor k.  
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3. 1. 1. 2   BACnet  MS/ TP Net wor ks

When usi ng MS/ TP,  pr ovi de MS/ TP net wor ks i n accor dance wi t h ASHRAE 135 and 
i n accor dance wi t h t he ASHRAE 135 f i gur e " Mi xed Devi ces on 3- Conduct or  
Cabl e wi t h Shi el d"  ( Fi gur e 9- 1. 4 i n t he 2012 ver si on of  ASHRAE 135) .   
Gr ound t he shi el d at  t he BACnet  Rout er  and at  no ot her  poi nt .   Gr ound t he 
r ef er ence wi r e at  t he BACnet  Rout er  t hr ough a 100 ohm r esi st or  and do not  
gr ound i t  at  any ot her  poi nt .   I n addi t i on:

a.   Pr ovi de each segment  i n a doubl y t er mi nat ed bus t opol ogy i n accor dance 
wi t h TI A- 485.

b.   Pr ovi de each segment  wi t h 2 set s of  net wor k bi as r esi st or s i n 
accor dance wi t h ASHRAE 135,  wi t h one set  of  r esi st or s at  each end of  
t he MS/ TP net wor k.

c.   Use 3 wi r e ( t wi st ed pai r  and r ef er ence)  wi t h shi el d medi a f or  al l  
MS/ TP medi a i nst al l ed i nsi de.   Use f i ber  opt i c i sol at i on i n accor dance 
wi t h ASHRAE 135 f or  al l  MS/ TP medi a i nst al l ed out si de bui l di ngs,  or  
bet ween mul t i pl e bui l di ngs.

d.   For  18 AWG cabl e,  use segment s wi t h a maxi mum l engt h of  4000 f t .  When 
usi ng gr eat er  di st ances or  di f f er ent  wi r e gauges compl y wi t h t he 
el ect r i cal  speci f i cat i ons of  TI A- 485.

e.   For  each cont r ol l er  t hat  does not  use t he r ef er ence wi r e pr ovi de 
t r ansi ent  suppr essi on at  t he net wor k connect i on of  t he cont r ol l er  i f  
t he cont r ol l er  i t sel f  does not  i ncor por at e t r ansi ent  suppr essi on.

f .   I nst al l  no mor e t han 32 devi ces on each MS/ TP segment .  Do not  use 
MS/ TP t o MS/ TP r out er s.

g.   Connect  each MS/ TP net wor k t o t he BCN backbone vi a a BACnet  Rout er .

h.   For  BACnet  Rout er s,  conf i gur e t he MS/ TP MAC addr ess t o 0.   Assi gn MAC 
Addr esses t o ot her  devi ces consecut i vel y begi nni ng at  1,  wi t h no 
gaps.   

i .   Conf i gur e t he Max_Mast er  Pr oper t y of  al l  devi ces t o be 31.  

3. 1. 1. 3   Bui l di ng Cont r ol  Net wor k ( BCN)  I nst al l at i on

Pr ovi de a bui l di ng cont r ol  net wor k meet i ng t he f ol l owi ng r equi r ement s:

a.   I nst al l  al l  DDC Har dwar e connect ed t o t he Bui l di ng Cont r ol  Net wor k.

b.   Wher e mul t i pl e pi eces of  DDC Har dwar e ar e used t o execut e one 
sequence,  i nst al l  al l  DDC Har dwar e execut i ng t hat  sequence on a s i ngl e 
MS/ TP net wor k dedi cat ed t o t hat  sequence.

c.   Tr af f i c  bet ween BACnet  net wor ks must  be excl usi vel y v i a BACnet  r out er s.

3. 1. 2   DDC Har dwar e

I nst al l  al l  DDC Har dwar e t hat  connect s t o an I P net wor k i n l ockabl e 
encl osur e.   I nst al l  ot her  DDC Har dwar e t hat  i s not  i n suspended cei l i ngs i n 
l ockabl e encl osur es.   For  al l  DDC har dwar e wi t h a user  i nt er f ace,  coor di nat e 
wi t h s i t e t o det er mi ne pr oper  passwor ds and conf i gur e passwor ds i nt o devi ce.
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a.   Except  f or  zone sensor s ( t her most at s) ,  i nst al l  al l  Tet her ed Har dwar e 
wi t hi n 6 f eet  of  i t s  base uni t .

b.   I nst al l  and conf i gur e al l  BTL- Li st ed devi ces i n a manner  consi st ent  
wi t h t hei r  BTL Li st i ng such t hat  t he devi ce as pr ovi ded st i l l  meet s 
al l  r equi r ement s necessar y f or  i t s  BTL Li st i ng.   

c.   I nst al l  and conf i gur e al l  BTL- Li st ed devi ces i n a manner  consi st ent  
wi t h t he BTL Devi ce I mpl ement at i on Gui del i nes such t hat  t he devi ce as 
pr ovi ded meet s al l  t hose Gui del i nes.

3. 1. 2. 1    Devi ce I dent i f i er s,  Net wor k Addr esses,  and I P addr esses

a.   Do not  use any Devi ce I dent i f i er  or  Net wor k Number  al r eady used by 
anot her  BACnet  syst em at  t he pr oj ect  s i t e.   Coor di nat e Devi ce I Ds and 
Net wor k Number s wi t h t he i nst al l at i on.   The i nst al l at i on POC i s  .

b.   Coor di nat e devi ce I P addr esses wi t h i nst al l at i on.   The i nst al l at i on 
POC i s .

3. 1. 2. 2   Obj ect  Name Pr oper t y and Obj ect  Descr i pt i on Pr oper t y

Conf i gur e t he Obj ect _Names and Obj ect _Descr i pt i ons pr oper t i es of  al l  
Obj ect s ( i ncl udi ng Devi ce Obj ect s)  as i ndi cat ed on t he Poi nt s Schedul e 
( Poi nt  Name and Poi nt  Descr i pt i on)  and as speci f i ed.  At  a mi ni mum:

a.   Except  f or  DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  conf i gur e 
t he Obj ect _Name and Obj ect _Descr i pt i on pr oper t i es of  al l  Obj ect s 
( i ncl udi ng Devi ce Obj ect s)  as i ndi cat ed on t he Poi nt s Schedul e and as 
speci f i ed.

b.   I n DDC Har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t ,  conf i gur e t he 
Devi ce Obj ect _Name and Devi ce Obj ect _Descr i pt i on as i ndi cat ed on t he 
Poi nt s Schedul e and as speci f i ed.

When Poi nt s Schedul e ent r i es exceed t he l engt h l i mi t at i ons i n t he devi ce,  
not i f y Engi neer  and pr ovi de r ecommended al t er nat i ves f or  appr oval .

3. 1. 2. 3   Hand- Of f - Aut o ( H- O- A)  Swi t ches

Pr ovi de Hand- Of f - Aut o ( H- O- A)  swi t ches f or  al l  DDC Har dwar e anal og out put s 
and bi nar y out put s used f or  cont r ol  of  syst ems ot her  t han t er mi nal  uni t s,  
as speci f i ed and as i ndi cat ed on t he Poi nt s Schedul e.  Pr ovi de H- O- A 
swi t ches t hat  ar e i nt egr al  t o t he cont r ol l er  har dwar e,  an ext er nal  devi ce 
co- l ocat ed wi t h ( i n t he same encl osur e as)  t he cont r ol l er ,  i nt egr al  t o t he 
cont r ol l ed equi pment ,  or  an ext er nal  devi ce co- l ocat ed wi t h ( i n t he same 
encl osur e as)  t he cont r ol l ed equi pment .

a.   For  H- O- A swi t ches i nt egr al  t o DDC Har dwar e,  meet  t he r equi r ement s 
speci f i ed i n par agr aph DI RECT DI GI TAL CONTROL ( DDC)  HARDWARE.

b.   For  ext er nal  H- O- A swi t ches used f or  bi nar y out put s,  pr ovi de f or  
over r i di ng t he out put  open or  c l osed.

c.   For  et er nal  H- O- A swi t ches used f or  anal og out put s,  pr ovi de f or  
over r i di ng t o 0 per cent  or  100 per cent .
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3. 1. 2. 4   Local  Di spl ay Panel s

Pr ovi de LDPs t o di spl ay and over r i de val ues of  ASHRAE 135 Obj ect  
Pr oper t i es as i ndi cat ed on t he Poi nt s Schedul e.   I nst al l  LDPs di spl ayi ng 
poi nt s f or  anyt hi ng ot her  t han a t er mi nal  uni t  i n t he same r oom as t he 
equi pment .   I nst al l  LDPs di spl ayi ng poi nt s f or  onl y t er mi nal  uni t s i n a 
mechani cal  r oom cent r al  t o t he gr oup of  t er mi nal  uni t s i t  ser ves.   For  
LDPs usi ng Wr i t ePr oper t y t o commandabl e obj ect s t o i mpl ement  an over r i de,  
wr i t e val ues wi t h pr i or i t y 9.

3. 1. 2. 5   MS/ TP Sl ave Devi ces

Conf i gur e al l  MS/ TP devi ces as Mast er  devi ces.   Do not  conf i gur e any 
devi ces t o act  as s l ave devi ces.

3. 1. 2. 6   Change of  Val ue ( COV)  and Read Pr oper t y

a.   To t he gr eat est  ext ent  possi bl e,  conf i gur e al l  devi ces t o suppor t  t he 
Subscr i beCOV ser vi ce ( t he DS- COV- B BI BB) .   At  a mi ni mum,  al l  devi ces 
suppor t i ng t he DS- RP- B BI BB,  ot her  t han devi ces cont r ol l i ng onl y a 
s i ngl e t er mi nal  uni t ,  must  be conf i gur ed t o suppor t  t he DS- COV- B BI BB.

b.   Whenever  suppor t ed by t he ser ver  s i de,  conf i gur e c l i ent  devi ces t o use 
t he DS- COV- A BI BB.

3. 1. 2. 7   Engi neer i ng Uni t s

Conf i gur e devi ces t o use Engl i sh ( I nch- Pound)  engi neer i ng uni t s as f ol l ows:

a.   Temper at ur e i n degr ees F

b.   Ai r  or  nat ur al  gas f l ows i n cubi c f eet  per  mi nut e ( CFM)

c.   Wat er  i n gal l ons per  mi nut e ( GPM)

d.   St eam f l ow i n pounds per  hour  ( pph)

e.   Di f f er ent i al  Ai r  pr essur es i n i nches of  wat er  col umn ( I WC)

f .   Wat er ,  st eam,  and nat ur al  gas pr essur es i n PSI

g.   Ent hal py i n BTU/ l b

h.   Heat i ng and cool i ng ener gy i n MBTU ( 1MBTU = 1, 000, 000 BTU) )

i .   Cool i ng l oad i n t ons ( 1 t on = 12, 000 BTU/ hour )

j .   Heat i ng l oad i n MBTU/ hour  ( 1MBTU = 1, 000, 000 BTU)

k.   El ect r i cal  Power :   k i l owat t s ( kW)

l .   El ect r i cal  Ener gy:   k i l owat t - hour s ( kWh)

3. 1. 2. 8   Occupancy Modes

Use t he f ol l owi ng cor r espondence bet ween val ue and occupancy mode whenever  
an occupancy st at e or  val ue i s r equi r ed:

a.   OCCUPI ED mode:  a val ue of  one 
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b.   UNOCCUPI ED mode:   a val ue of  t wo
c.   WARM- UP/ COOL- DOWN ( PRE- OCCUPANCY)  mode:  a val ue of  t hr ee

  
 Not e t hat  el sewher e i n t hi s Sect i on t he Schedul e Obj ect  i s  r equi r ed t o 

al so suppor t  a val ue of  f our ,  whi ch i s r eser ved f or  f ut ur e use.   Al so not e 
t hat  t he behavi or  of  a syst em i n each of  t hese occupancy modes i s 
i ndi cat ed i n t he sequence of  oper at i on f or  t he syst em.

3. 1. 2. 9   Use of  BACnet  Obj ect s

 Use onl y st andar d non- pr opr i et ar y ASHRAE 135 Obj ect s and ser vi ces t o 
accompl i sh t he pr oj ect  scope of  wor k as f ol l ows:

a.   Use Anal og I nput  or  Anal og Out put  Obj ect s f or  al l  anal og har dwar e 
I / O.   Do not  use Anal og Val ue Obj ect  f or  anal og har dwar e I / O)  .

b.   Use Bi nar y I nput  or  Bi nar y Out put  Obj ect s f or  al l  bi nar y har dwar e 
I / O.   Do not  use Bi nar y Val ue Obj ect s f or  bi nar y har dwar e I / O.

c.   Use Anal og Val ue Obj ect s f or  anal og set poi nt s.  

d.   Use Accumul at or  Obj ect s or  Anal og Val ue Obj ect s f or  pul se i nput s.

e.   For  occupancy modes,  use Mul t i st at e Val ue Obj ect s and t he 
cor r espondence bet ween val ue and occupancy mode speci f i ed i n par agr aph 
OCCUPANCY MODES.

f .   Use Schedul e Obj ect s and Cal endar  Obj ect s f or  al l  schedul i ng.   Use 
Tr end Log Obj ect s or  Tr end Log Mul t i pl e Obj ect s f or  al l  t r endi ng and 
Not i f i cat i on Cl ass Obj ect s f or  t r end l og upl oad.   Use a combi nat i on of  
Event  Enr ol l ment  Obj ect s, I nt r i nsi c Al ar mi ng,  and Not i f i cat i on Cl ass 
Obj ect s f or  al ar m gener at i on.   

g.   For  al l  ot her  poi nt s shown on t he Poi nt s Schedul e as r equi r i ng an 
ASHRAE 135 Obj ect ,  use t he Obj ect  t ype shown on t he Poi nt s Schedul e 
or ,  i f  no Obj ect  Type i s shown,  use a st andar d Obj ect  appr opr i at e t o 
t he poi nt .

3. 1. 2. 10   Use of  St andar d BACnet  Ser vi ces

Except  as not ed i n t hi s par agr aph,  f or  al l  DDC Har dwar e use St andar d 
BACnet  Ser vi ces as def i ned i n t hi s speci f i cat i on ( whi ch excl udes some 
ASHRAE 135 ser vi ces)  excl usi vel y f or  appl i cat i on cont r ol  f unct i onal i t y and 
communi cat i on.

DDC Har dwar e t hat  cannot  meet  t hi s r equi r ement  may use non- st andar d 
ser vi ces pr ovi ded t hey can pr ovi de i dent i cal  f unct i onal i t y usi ng St andar d 
BACnet  Ser vi ces when communi cat i ng wi t h BACnet  devi ces f r om a di f f er ent  
vendor .   When i mpl ement i ng non- st andar d ser vi ces,  document  al l  
non- st andar d ser vi ces i n t he DDC Har dwar e Schedul e as speci f i ed and as 
speci f i ed i n Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

3. 1. 2. 11   Devi ce Appl i cat i on Conf i gur at i on

a.   For  ever y pr oper t y,  set t i ng or  val ue shown on t he Poi nt s Schedul e or  
ot her wi se i ndi cat ed as Conf i gur abl e,  pr ovi de a val ue t hat  i s r et ai ned 
t hr ough l oss of  power  and can be changed vi a one or  mor e of :
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( 1)  BACnet  ser vi ces ( i ncl udi ng pr opr i et ar y ser vi ces)

( 2)  Har dwar e set t i ngs on t he devi ce

b.   For  ever y pr oper t y,  set t i ng or  val ue  shown on t he Poi nt s Schedul e or  
ot her wi se i ndi cat ed as Oper at or  Conf i gur abl e,  pr ovi de a val ue t hat  i s 
r et ai ned t hr ough l oss of  power  and can be changed vi a one or  mor e of :

( 1)  A Wr i t abl e Pr oper t y of  a st andar d BACnet  Obj ect

( 2)  A Pr oper t y of  a st andar d BACnet  Obj ect  t hat  i s  Wr i t abl e when 
Out _Of _Ser vi ce i s TRUE and Out _Of _Ser vi ce i s Wr i t abl e.

3. 1. 3   Schedul i ng,  Al ar mi ng,  Tr endi ng,  and Over r i des

3. 1. 3. 1   Schedul i ng

Conf i gur e schedul es i n BACnet  Schedul i ng Obj ect s t o schedul e syst ems as 
i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed usi ng t he i ndi cat ed 
cor r espondence bet ween val ue and occupancy mode.   I f  no devi ces suppor t s 
bot h t he SCHED- E- B and DM- OCD- B BI BBS f or  Schedul e Obj ect s,  pr ovi de 5 
bl ank Schedul e Obj ect s i n DDC Har dwar e BTL l i s t ed as B- BCs and suppor t i ng 
t he SCHED- E- B BI BB f or  l at er  use by t he s i t e.

Pr ovi de a separ at e schedul e f or  each AHU i ncl udi ng i t ' s  associ at ed 
Ter mi nal  Uni t s and f or  each st and- al one Ter mi nal  Uni t  ( t hose not  dependent  
upon AHU ser vi ce)  or  gr oup of  st and- al one Ter mi nal  Uni t s act i ng accor di ng 
t o a common schedul e.

3. 1. 3. 2   Conf i gur at i on of  Al ar m Gener at i on

a.   Send al ar m event s as Al ar ms ( not  Event s) .

b.   Use t he Conf i r medNot i f i cat i on Ser vi ce f or  al ar m event s.

c.   For  al ar m gener at i on,  suppor t  t wo pr i or i t y l evel s f or  al ar ms:  cr i t i cal  
and non- cr i t i cal .   Conf i gur e t he Pr i or i t y of  Not i f i cat i on Cl ass 
Obj ect s t o use Pr i or i t y 112 f or  cr i t i cal  and 224 f or  non- cr i t i cal  
al ar ms.

d.   Number  of  Not i f i cat i on Cl ass Obj ect s f or  Al ar m Gener at i on:

( 1)  I f  t he devi ce i mpl ement s non- cr i t i cal  al ar ms,  or  i f  any Obj ect  i n 
t he devi ce suppor t s I nt r i nsi c Al ar ms,  t hen pr ovi de a s i ngl e 
Not i f i cat i on Cl ass Obj ect  speci f i cal l y f or  ( shar ed by)  al l  
non- cr i t i cal  al ar ms.   

( 2)  I f  t he devi ce i mpl ement s cr i t i cal  al ar ms,  pr ovi de a s i ngl e 
Not i f i cat i on Cl ass Obj ect  speci f i cal l y f or  ( shar ed by)  al l  
cr i t i cal  al ar ms.

( 3)  I f  t he devi ce i mpl ement s bot h cr i t i cal  and non- cr i t i cal  al ar ms,  
pr ovi de bot h Not i f i cat i on Cl ass Obj ect s ( one f or  cr i t i cal ,  one f or  
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non- cr i t i cal ) .

( 4)  I f  t he devi ce cont r ol s equi pment  ot her  t han a s i ngl e t er mi nal  
uni t ,  pr ovi de bot h Not i f i cat i on Cl ass Obj ect s ( one f or  cr i t i cal ,  
one f or  non- cr i t i cal )  even i f  no al ar m gener at i on i s r equi r ed at  
t i me of  i nst al l at i on.

e.   For  al l  i nt r i nsi c al ar ms conf i gur e t he Li mi t _Enabl e Pr oper t y t o set  
bot h Hi ghLi mi t Enabl e and LowLi mi t Enabl e t o TRUE.   I f  t he speci f i ed 
al ar m condi t i ons ar e f or  a s i ngl e- si ded al ar m ( onl y Hi gh_Li mi t  used or  
onl y Low_Li mi t  used)  assi gn a val ue t o t he unused l i mi t  such t hat  t he 
unused al ar m condi t i on wi l l  not  occur .

f .   For  al l  obj ect s suppor t i ng i nt r i nsi c al ar mi ng,  even i f  no al ar m 
gener at i on i s r equi r ed dur i ng i nst al l at i on,  conf i gur e t he f ol l owi ng 
Pr oper t i es as f ol l ows:

( 1)  Not i f i cat i on_Cl ass t o poi nt  t o t he non- Cr i t i cal  Not i f i cat i on Cl ass 
Obj ect  i n t hat  devi ce.

( 2)  Li mi t _Enabl e t o enabl e bot h t he Hi ghLi mi t Enabl e and LowLi mi t Enabl e

( 3)  Not i f y_Type t o Al ar m

g.   Use of  al ar m gener at i on t ypes:

( 1)  Onl y use al gor i t hmi c al ar m gener at i on when i nt r i nsi c al ar m 
gener at i on i s not  suppor t ed by t he devi ce or  obj ect ,  or  when t he 
speci f i c  al ar m condi t i ons cannot  be i mpl ement ed usi ng i nt r i nsi c 
al ar m gener at i on.

( 2)  Onl y use r emot e al ar m gener at i on when t he al ar m cannot  be 
gener at ed usi ng i nt r i nsi c or  l ocal  al gor i t hmi c al ar m gener at i on on 
t he devi ce cont ai ni ng t he r ef er enced pr oper t y.   I f  r emot e al ar m 
gener at i on i s used,  use t he same DDC Har dwar e f or  al l  r emot e al ar m 
gener at i on wi t hi n a s i ngl e sequence.

3. 1. 3. 3   Suppor t  f or  Fut ur e Al ar m Gener at i on

For  ever y pi ece of  DDC Har dwar e,  suppor t  f ut ur e al ar m gener at i on 
capabi l i t i es by suppor t i ng ei t her  i nt r i nsi c or  addi t i onal  al gor i t hmi c 
al ar mi ng.   Pr ovi de one of  t he f ol l owi ng:

a.  Suppor t  i nt r i nsi c al ar mi ng f or  ever y Obj ect  used by t he appl i cat i on i n 
t hat  devi ce.

b.  Suppor t  addi t i onal  Event _Enr ol l ment  Obj ect s.   For  DDC har dwar e 
cont r ol l i ng a s i ngl e t er mi nal  uni t ,  suppor t  at  l east  one addi t i onal  
obj ect .   Ot her wi se,  suppor t  at  l east  4 addi t i onal  Obj ect s.   Suppor t  
addi t i onal  Event _Enr ol l ment  Obj ect s v i a one of  t he f ol l owi ng:

( 1)  Pr ovi de unused Event _Enr ol l ment  Obj ect s on t hat  devi ce.

( 2)  Suppor t  t he DM- OCD- B BI BB and t he cr eat i on of  suf f i c i ent  
Event _Enr ol l ment  Obj ect s on t hat  devi ce.

( 3)  Pr ovi de one or  mor e devi ces i n t he I P net wor k t hat  suppor t  t he 
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AE- N- E- B BI BB and have unused Event _Enr ol l ment  Obj ect s.

( 4)  Pr ovi de one or  mor e devi ces on t he I P net wor k t hat  suppor t  t he 
AE- N- E- B BI BB,  t he DM- OCD- B BI BB,  and t he cr eat i on of  suf f i c i ent  
Event _Enr ol l ment  Obj ect s.

The t ot al  number  of  Event _Enr ol l ment  Obj ect s r equi r ed by t he pr oj ect  i s  
t he sum of  t he i ndi v i dual  devi ce r equi r ement s,  and t he di st r i but i on of  
Event _Enr ol l ment  Obj ect s among devi ces i s not  f ur t her  r est r i ct ed.   ( Not e 
t hi s al l ows a s i ngl e devi ce t o cont ai n many Event _Enr ol l ment  Obj ect s 
sat i sf y i ng t he r equi r ement s f or  mul t i pl e devi ces. )

3. 1. 3. 4   Tr end Log Conf i gur at i on

a.   Conf i gur e t r ends i n Tr end Log or  Tr end Log Mul t i pl e Obj ect s as 
i ndi cat ed on t he Poi nt s Schedul e and as speci f i ed.

b.   Conf i gur e al l  t r end l ogs ( i ncl udi ng any pr ovi ded t o suppor t  f ut ur e 
t r ends)  t o save dat a on r egul ar  i nt er val s usi ng t he BUFFER_FULL event  
t o r equest  t r end upl oad f r om t he f r ont  end.

c.   Conf i gur e Tr end Log Obj ect s wi t h a mi ni mum Buf f er _Si ze pr oper t y val ue 
of  1, 000 and Tr end Log Mul t i pl e Obj ect s wi t h a mi ni mum Buf f er _Si ze 
pr oper t y val ue of  1, 000 per  poi nt  t r ended ( f or  exampl e,  a Tr end Log 
Mul t i pl e Obj ect  used t o t r end 3 poi nt s must  have a Buf f er _Si ze 
Pr oper t y val ue of  at  l east  3, 000) .  

d.   Conf i gur e a Not i f i cat i on Cl ass Obj ect  i n devi ces doi ng t r endi ng 
( i ncl udi ng devi ces suppor t i ng f ut ur e t r ends)  t o handl e t he BUFFER_FULL 
event .

e.   When possi bl e,  t r end each poi nt  usi ng an Obj ect  i n t he devi ce 
cont ai ni ng t he poi nt .   When i t  i s  necessar y t o t r end usi ng a an Obj ect  
i n anot her  devi ce,  al l  t r ends not  on t he same Devi ce as t he Obj ect  
bei ng t r ended must  be on a s i nge devi ce ( i . e.  al l  Tr end Log and Tr end 
Log Mul t i pl e Obj ect s used f or  r emot e t r endi ng wi t hi n a sequence must  
be on t he same devi ce) .

f .   For  each t r end l og,  i ncl udi ng any t r end l ogs pr ovi ded t o suppor t  
f ut ur e t r endi ng,  conf i gur e t he f ol l owi ng pr oper t i es as speci f i ed:

( 1)  Loggi ng_Type:   Set  t o Pol l i ng

( 2)  St op_When_Ful l :   Set  t o Wr ap Ar ound

( 3)  Buf f er _Si ze:   Set  t o 400 or  gr eat er .

( 4)  Not i f i cat i on_Thr eshol d:   Set  t o 90 per cent  of  f ul l

( 5)  Not i f i cat i on_Cl ass:   Set  t o t he Not i f i cat i on Cl ass Obj ect  i n t hat  
devi ce

( 6)  Event _Enabl e:   Set  t o TRUE

( 7)  Log_I nt er val :   Set  t o 15 mi nut es.

g.  Fut ur e Tr endi ng suppor t .   Pr ovi de suppor t  f or  f ut ur e t r endi ng:

( 1)  Pr ovi de one or  mor e devi ces on t he Bui l di ng Cont r ol  Net wor k 
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Backbone I P net wor k whi ch suppor t  bot h t he T- VMT- E- B and DM- OCD- B 
BI BBs f or  Tr end Log Obj ect s.   Pr ovi de suf f i c i ent  devi ces t o 
suppor t  t he cr eat i on of  at  l east  one addi t i onal  Tr end Log Obj ect  
f or  ever y t er mi nal  uni t  pl us 4 addi t i onal  Tr end Log Obj ect s f or  
ever y non- t er mi nal  uni t .

( 2)  Pr ovi de one addi t i onal  Tr end Log Obj ect  f or  ever y t er mi nal  uni t  
pl us 4 addi t i onal  Tr end Log Obj ect s f or  ever y non- t er mi nal  uni t  i n 
one or  mor e devi ces on t he Bui l di ng Cont r ol  Net wor k Backbone I P 
net wor k t hat  suppor t  t he T- VMT- E- B BI BB f or  l at er  use by t he s i t e.

    ( 3)  A combi nat i on of  t hese t wo met hods i s per mi t t ed pr ovi ded t he t ot al  
r equi r ed number  of  Tr end Log Obj ect s i s met .

3. 1. 3. 5   Over r i des

Pr ovi de an over r i de f or  each poi nt  shown on t he Poi nt s Schedul e as 
r equi r i ng an over r i de.   

Unl ess ot her wi se appr oved,  pr ovi de Commandabl e Obj ect s t o suppor t  al l  
Over r i des .   Wi t h speci f i c  appr oval  f r om t he Cont r act i ng Of f i cer ,  
Over r i des f or  poi nt s whi ch ar e not  har dwar e out put s and whi ch ar e i n DDC 
har dwar e cont r ol l i ng a s i ngl e t er mi nal  uni t  may suppor t  over r i des v i a an 
addi t i onal  Obj ect  pr ovi ded f or  t he over r i de.  No ot her  means of  
i mpl ement i ng Over r i des may be used.

a.   Wher e Commandabl e Obj ect s ar e used,  ensur e t hat  Wr i t ePr oper t y ser vi ce 
r equest s wi t h a Pr i or i t y of  10 or  l ess t ake pr ecedence over  t he 
SEQUENCE VALUE and t hat  Wr i t ePr oper t y ser vi ce r equest  wi t h a pr i or i t y 
of  11 or  mor e have a l ower  pr ecedence t han t he SEQUENCE VALUE.

b.   For  devi ces i mpl ement i ng over r i des v i a addi t i onal  Obj ect s,  pr ovi de 
Obj ect s whi ch ar e NOT Wr i t t en t o as par t  of  t he nor mal  Sequence of  
Oper at i ons and ar e Wr i t abl e when Out _Of _Ser vi ce i s TRUE and 
Out _Of _Ser vi ce i s Wr i t abl e.  Use t hi s poi nt  as an Over r i de of  t he 
nor mal  val ue when Out _Of _Ser vi ce i s TRUE and t he nor mal  val ue 
ot her wi se.   Not e t hese Obj ect s may be modi f i ed as par t  of  t he sequence 
vi a l ocal  pr ocesses,  but  must  not  be modi f i ed by l ocal  pr ocesses when 
Out _Of _Ser vi ce i s TRUE.

3. 1. 4   BACnet  Gat eways

The r equi r ement s i n t hi s par agr aph do not  t hemsel ves per mi t  t he 
i nst al l at i on of  har dwar e not  meet i ng t he ot her  r equi r ement s of  t hi s 
sect i on.   Except  f or  pr opr i et ar y syst ems speci f i cal l y i ndi cat ed i n Sect i on 
23 09 00,  al l  cont r ol  har dwar e i nst al l ed under  t hi s pr oj ect  must  meet  t he 
r equi r ement s of  t hi s speci f i cat i on,  i ncl udi ng t he cont r ol  har dwar e 
pr ovi di ng t he net wor k i nt er f ace f or  a package uni t  or  spl i t  syst em  
speci f i ed under  anot her  sect i on.    Onl y use gat eways t o connect  t o 
pr e- exi st i ng cont r ol  devi ces,  and t o pr opr i et ar y syst ems speci f i cal l y 
per mi t t ed by Sect i on 23 09 00.

3. 1. 4. 1   Gener al  Gat eway Requi r ement s

Pr ovi de BACnet  Gat eways t o connect  non- BACnet  cont r ol  har dwar e i n 
accor dance wi t h t he f ol l owi ng:

a.   Conf i gur e gat eways t o map wr i t abl e dat a poi nt s i n t he cont r ol l ed 
equi pment  t o Wr i t abl e Pr oper t i es of  St andar d Obj ect s as i ndi cat ed i n 
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t he Poi nt s Schedul e and as speci f i ed.

b.   Conf i gur e gat eway t o map r eadabl e dat a poi nt s i n t he cont r ol l ed 
equi pment  t o Readabl e Pr oper t i es of  St andar d Obj ect s as i ndi cat ed i n 
t he Poi nt s Schedul e and as speci f i ed.

c.   Conf i gur e gat eway t o suppor t  t he DS- COV- B BI BB f or  al l  poi nt s mapped 
t o BACnet  Obj ect s.

d.   Do not  use non- BACnet  cont r ol  har dwar e f or  cont r ol l i ng bui l t - up uni t s 
or  any ot her  equi pment  t hat  was not  f ur ni shed wi t h f act or y- i nst al l ed 
cont r ol s.  

e.   Do not  use non- BACnet  cont r ol  har dwar e f or  syst em schedul i ng f unct i ons.

f .   Each gat eway must  communi cat e wi t h and per f or m pr ot ocol  t r ansl at i on 
f or  non- BACnet  cont r ol  har dwar e cont r ol l i ng one and onl y one package 
uni t  or  a s i ngl e non- BACnet  syst em speci f i cal l y per mi t t ed by Sect i on 
23 09 00.

g.   Connect  one net wor k por t  on t he gat eway t o t he Bui l di ng Cont r ol  
Backbone I P Net wor k or  t o a BACnet  MS/ TP net wor k and t he ot her  por t  t o 
t he s i ngl e pi ece of  cont r ol l ed equi pment  or  t he non- BACnet  syst em 
speci f i cal l y per mi t t ed by Sect i on 23 09 00. .

h.   For  gat eways t o exi st i ng package uni t s or  s i mpl e spl i t  syst ems,  
non- BACnet  net wor k wi r i ng connect i ng t he gat eway t o t he package uni t  
must  not  exceed 10 f eet  i n l engt h and must  connect  t o exact l y t wo 
devi ces:  t he cont r ol l ed equi pment  ( packaged uni t )  or  spl i t  syst em 
i nt er f ace and t he gat eway.

     - -  End of  Sect i on - -
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SECTI ON 23 09 53. 00 20

SPACE TEMPERATURE CONTROL SYSTEMS
02/ 10,  CHG 2:  08/ 17

PART 1   GENERAL

1. 1   REFERENCES

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

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE FUN I P ( 2021)  Fundament al s Handbook,  I - P Edi t i on

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 1 ( 2020)  Gr ay I r on Pi pe Fl anges and Fl anged 
Fi t t i ngs Cl asses 25,  125,  and 250

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 15 ( 2018)  Cast  Copper  Al l oy Thr eaded Fi t t i ngs 
Cl asses 125 and 250

ASME B16. 18 ( 2021)  Cast  Copper  Al l oy Sol der  Joi nt  
Pr essur e Fi t t i ngs

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B16. 34 ( 2021)  Val ves -  Fl anged,  Thr eaded and 
Wel di ng End

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B31. 5 ( 2022)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s

ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC ( 2010)  Boi l er  and Pr essur e Vessel s Code
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ASTM I NTERNATI ONAL ( ASTM)

ASTM A126 ( 2004;  R 2023)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs f or  Val ves,  Fl anges,  
and Pi pe Fi t t i ngs

ASTM B32 ( 2020)  St andar d Speci f i cat i on f or  Sol der  
Met al

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

ASTM D635 ( 2018)  St andar d Test  Met hod f or  Rat e of  
Bur ni ng and/ or  Ext ent  and Ti me of  Bur ni ng 
of  Pl ast i cs i n a Hor i zont al  Posi t i on

ASTM D638 ( 2014)  St andar d Test  Met hod f or  Tensi l e 
Pr oper t i es of  Pl ast i cs

ASTM D792 ( 2013)  Densi t y and Speci f i c  Gr avi t y 
( Rel at i ve Densi t y)  of  Pl ast i cs by 
Di spl acement

ASTM D1238 ( 2013)  Mel t  Fl ow Rat es of  Ther mopl ast i cs 
by Ext r usi on Pl ast omet er

ASTM D1693 ( 2015)  St andar d Test  Met hod f or  
Envi r onment al  St r ess- Cr acki ng of  Et hyl ene 
Pl ast i cs

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA ST 1 ( 1988;  R 1994;  R 1997)  Speci al t y 
Tr ansf or mer s ( Except  Gener al  Pur pose Type)

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1780 ( 2002)  HVAC Syst ems -  Test i ng,  Adj ust i ng 
and Bal anci ng,  3r d Edi t i on

SMACNA 1966 ( 2020)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  4t h Edi t i on

SECTI ON 23 09 53. 00 20  Page 2



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

U. S.  FEDERAL COMMUNI CATI ONS COMMI SSI ON ( FCC)

FCC Par t  15 Radi o Fr equency Devi ces ( 47 CFR 15)

UNDERWRI TERS LABORATORI ES ( UL)

UL 508 ( 2018;  Repr i nt  Jul  2021)  UL St andar d f or  
Saf et y I ndust r i al  Cont r ol  Equi pment

UL 555S ( 2014;  Repr i nt  Oct  2020)  UL St andar d f or  
Saf et y Smoke Damper s

UL 916 ( 2015;  Repr i nt  Oct  2021)  UL St andar d f or  
Saf et y Ener gy Management  Equi pment

1. 2   SUBCONTRACTOR SPECI AL REQUI REMENTS

Per f or m al l  wor k i n t hi s sect i on i n accor dance wi t h t he par agr aph 
SUBCONTRACTOR SPECI AL REQUI REMENTS i n Sect i on 01 30 00 ADMI NI STRATI VE 
REQUI REMENTS.   The par agr aph speci f i es t hat  al l  cont r act  r equi r ement s of  
t hi s sect i on shal l  be accompl i shed di r ect l y by a f i r st  t i er  
subcont r act or .   No wor k r equi r ed shal l  be accompl i shed by a second t i er  
subcont r act or .

1. 3   SYSTEM DESCRI PTI ON

Pr ovi de  space t emper at ur e cont r ol  syst ems compl et e and r eady f or  
oper at i on.

1. 4   SYSTEM REQUI REMENTS

Pr ovi de cont r ol  syst ems composed of  any combi nat i on of  el ect r i c,  anal og 
el ect r oni c or  pneumat i c devi ces.   I ndi cat ed cont r ol  syst em devi ces of  a 
par t i cul ar  t ype do not  i nt end a r equi r ement  f or  t he devi ce unl ess t he 
r equi r ement  i s speci f i cal l y i ndi cat ed.   Requi r ement s appl y t o f i el d 
i nst al l ed cont r ol  syst ems.

1. 5   CENTRALI ZED DI RECT DI GI TAL CONTROL ( DDC)  SYSTEMS

DDC syst ems ar e not  per mi t t ed.   Mi cr opr ocessor - based si ngl e- l oop 
cont r ol l er s,  uni t ar y cont r ol  syst em,  var i abl e- ai r - vol ume ( VAV)  boxes,  and 
r oom t her most at s may be used pr ovi ded t hat  t he devi ces ar e manual l y 
conf i gur abl e by t he use of  devi ce f i r mwar e and r equi r e no sof t war e wr i t t en 
by t he Cont r act or  f or  t hei r  appl i cat i on and use.

1. 6   PERFORMANCE REQUI REMENTS

Pr ovi de cont r ol  syst ems t o mai nt ai n t he r equi r ed heat i ng,  vent i l at i ng,  and 
cool i ng ( HVAC)  condi t i ons by per f or mi ng t he f unct i ons and sequences of  
oper at i ons i ndi cat ed.   Cont r ol  syst ems shal l  be compl et e,  i ncl udi ng al l  
equi pment  and appur t enances,  and r eady f or  oper at i on.   Cont r ol  syst ems 
shal l  be f ur ni shed,  i nst al l ed,  t est ed,  cal i br at ed,  and st ar t ed up by,  or  
under  t he super vi s i on of  t r ai ned t echni c i ans cer t i f i ed by t he Cont r act or  
as qual i f i ed and r egul ar l y empl oyed i n such wor k.   Cont r ol  syst em 
equi pment ,  val ves,  panel s and damper s shal l  bear  t he manuf act ur er ' s 
namepl at e.
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1. 7   DESI GN REQUI REMENTS

1. 7. 1   Cont r ol  Syst em Di agr ams

For  each syst em,  i ndi cat e HVAC pr ocess f l ow and l ocat i on of  devi ces 
r el at i ve t o f l ow and t o t he HVAC cont r ol  panel ,  t he connect i ons of  cont r ol  
devi ces i n cont r ol  l oops,  r ef er ences of  cont r ol  devi ce cont act s and devi ce 
oper at i ng coi l s t o l i ne number s of  a l adder  di agr am and sequenci ng 
di agr ams showi ng t he oper at i on of  val ves,  damper s,  and cont act s r el at i ve 
t o cont r ol l er  out put ,  and HVAC pr ocess var i abl es.

1. 7. 2   Ladder  Di agr am

I ndi cat e connect i ons and i nt er l ocks t o cont r ol  syst em devi ces and ot her  
devi ces such as st ar t er s,  dr i ves,  HVAC cont r ol  syst em panel s,  and HVAC 
equi pment  panel s.   Di agr am shal l  be coor di nat ed by l i ne number  and devi ce 
number  wi t h each cont r ol  syst em di agr am.

1. 7. 3   Oper at i ng Par amet er s

I ndi cat e oper at i ng par amet er s f or  devi ces shown on t he cont r ol  syst em 
di agr am such as set poi nt s,  r anges,  l i mi t s,  di f f er ent i al s,  out s i de ai r  
t emper at ur e schedul es,  cont act  oper at i ng poi nt s,  and HVAC equi pment  
oper at i ng t i me schedul es.

1. 7. 4   Aut omat i c Cont r ol  Val ve Schedul es

I ndi cat e val ve s i ze,  Cv,  f l ow r at e,  pr essur e dr op,  t op s i ze,  spr i ng r ange,  
posi t i oner  r ange,  oper at i ng s i gnal  char act er i st i cs,  and power  sour ce.

1. 7. 5   Damper  Schedul es

I ndi cat e damper  s i zes,  quant i t i es and si zes of  act uat or s,  spr i ng r anges,  
posi t i oner  r anges,  oper at i ng s i gnal  char act er i st i cs,  and power  sour ce.

1. 7. 6   Wi r i ng Di agr am

I ndi cat e t er mi nal  bl ocks,  wi r e mar ker  i dent i f i cat i on,  connect i ons t o 
cont r ol  syst em devi ces,  ext er nal  and i nt er nal  power  sour ces,  and 
connect i ons t o ext er nal  devi ces,  st ar t er s,  dr i ves,  cont r ol  panel s,  
j umper s,  and gr ound connect i ons.

1. 7. 7   Compr essed Ai r  St at i on Schemat i c

I ndi cat e compr essor s,  mot or s and hor sepower  r at i ng,  vol t age,  st ar t er ,  
i sol at or s,  manual  bypasses,  t ubi ng si zes,  dr ai n pi pi ng and dr ai n t r aps,  
r educi ng val ves,  dr yer ,  manuf act ur er s '  names and model  number s,  mount i ng,  
access,  and cl ear ance r equi r ement s.   Al so i ncl ude cont r ol  panel  schemat i cs 
f or  pneumat i c cont r ol .

1. 7. 8   Sequence of  Oper at i on

Sequence of  oper at i on f or  each HVAC cont r ol  syst em coor di nat ed wi t h devi ce 
i dent i f i er s on cont r ol  syst em di agr am and l adder  di agr am.

1. 7. 9   Ar r angement  Dr awi ng

Ar r angement  di agr am of  each HVAC cont r ol  syst em panel  coor di nat ed wi t h 
devi ce i dent i f i er s on t he cont r ol  syst em di agr am and t he l adder  di agr am.
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1. 8   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Cont r ol  Syst em Di agr ams f or  each HVAC syst em;  G

Ladder  Di agr am;  G

Oper at i ng Par amet er s;  G

Aut omat i c Cont r ol  Val ve Schedul es;  G

Damper  Schedul es;  G

Sequence of  Oper at i on;  G

Ar r angement  Dr awi ng;  G

Wi r i ng Di agr am;  G

Compr essed Ai r  St at i on Schemat i c;  G

Cont r ol  Panel  Schemat i cs f or  pneumat i c cont r ol ;  G

SD- 03 Pr oduct  Dat a

Act uat or s;  G

Val ves;  G

Damper s;  G

Fi r e Pr ot ect i on Devi ces;  G

Sensor s;  G

Ther most at s;  G

Sunshi el ds;  G

Pr essur e Swi t ches;  G

I ndi cat i ng Devi ces;  G

Cont r ol l er s;  G

Pr essur e Gages;  G

Cont r ol  Panel s;  G

Ai r  Compr essor ;  G
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Ref r i ger at ed Ai r  Dr yer ;  G

Ai r  Fi l t r at i on Syst em;  G

Compr essed Ai r  St at i on Speci al t i es;  G

VAV Ter mi nal  Uni t  Cont r ol s;  G

SD- 06 Test  Repor t s

Commi ssi oni ng Pr ocedur es;  G

Cal i br at i on Adj ust ment  And Commi ssi oni ng Repor t s;  G

Si t e Test i ng Pr ocedur es I dent i f y i ng Each I t em Test ed and 
Descr i bi ng Each Test ;  G

Per f or mance Ver i f i cat i on Test  pl ans and pr ocedur es;  G

SD- 07 Cer t i f i cat es

Cer t i f i cat i on of  Compl et i on;  G

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

Tr ai ni ng Cour se Document at i on;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Space Temper at ur e Cont r ol  Syst em,  Dat a Package 3;  G

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

SD- 11 Cl oseout  Submi t t al s

Qual i f i ed Ser vi ce Or gani zat i on Li st ;  G

1. 9   QUALI TY ASSURANCE

1. 9. 1   St andar d Pr oduct s

a.   Mat er i al  and equi pment  shal l  be st andar d pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  usi ng 
si mi l ar  mat er i al s,  desi gn and wor kmanshi p.   The st andar d pr oduct s 
shal l  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 
year s pr i or  t o bi d openi ng.   The 2- year  use shal l  i ncl ude 
appl i cat i ons of  s i mi l ar l y s i zed equi pment  and mat er i al s used under  
s i mi l ar  c i r cumst ances.

    The 2 year s exper i ence must  be sat i sf act or i l y  compl et ed by a 
pr oduct  whi ch has been sol d or  i s of f er ed f or  sal e on t he 
commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  
or  br ochur es.   Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce 
r ecor d wi l l  be accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y 
f i el d oper at i on,  f or  not  l ess t han 6000 hour s excl usi ve of  t he 
manuf act ur er ' s f act or y t est s,  can be shown.
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b.   The equi pment  i t ems shal l  be suppor t ed by a ser vi ce or gani zat i on.

1. 9. 2   Namepl at es and Tags

a.   Pr ovi de namepl at es bear i ng l egends as shown and t ags bear i ng 
devi ce uni que i dent i f i er s as shown shal l  have engr aved or  st amped 
char act er s.  Namepl at es shal l  be mechani cal l y at t ached t o HVAC 
cont r ol  panel  door s.

b.   A pl ast i c or  met al  t ag shal l  be mechani cal l y at t ached di r ect l y t o 
each f i el d- mount ed devi ce or  at t ached by a met al  chai n or  wi r e.

c.   Each ai r f l ow measur ement  st at i on shal l  have a t ag showi ng f l ow 
r at e r ange f or  s i gnal  out put  r ange,  duct  s i ze,  and devi ce 
i dent i f i er  wher e shown.

1. 9. 3   Ver i f i cat i on of  Di mensi ons

Cont r act or  shal l  become f ami l i ar  wi t h det ai l s of  wor k,  shal l  ver i f y 
di mensi ons i n t he f i el d,  and shal l  advi se Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng wor k.

1. 9. 4   Modi f i cat i on of  Ref er ences

Accompl i sh wor k i n accor dance wi t h ASME B31. 1,  ASME B31. 5,  NFPA 70,  and 
NFPA 90A,  except  as modi f i ed her ei n or  i ndi cat ed ot her wi se f or  equi pment ,  
mat er i al s,  i nst al l at i on,  exami nat i on,  i nspect i on,  and t est i ng.   Consi der  
t he advi sor y or  r ecommended pr ovi s i ons t o be mandat or y,  as t hough t he wor d 
" shal l "  had be subst i t ut ed f or  t he wor ds " shoul d"  or  " coul d"  or  " may, "  
wher ever  t hey appear .   I nt er pr et  r ef er ence t o " aut hor i t y havi ng 
j ur i sdi ct i on"  and " owner "  t o mean t he Cont r act i ng Of f i cer .

1. 9. 5   Si t e Test i ng Pr ocedur es

I ndi cat e t est  equi pment  t o be used i ncl udi ng manuf act ur er s '  names and 
model  number s,  dat e of  l ast  cal i br at i on,  and accur acy of  cal i br at i on.

1. 9. 6   Commi ssi oni ng Pr ocedur es

Def i ne pr ocedur es speci f i c  t o each cont r ol  syst em i ncl udi ng i nst r uct i ons 
on how t o set  cont r ol  par amet er s and set poi nt s,  pr opor t i onal ,  i nt egr al  and 
der i vat i ve mode const ant s,  cont act  out put  set t i ngs,  posi t i oner  r ange 
adj ust ment s,  and cal i br at i on checks of  t r ansmi t t er s

1. 9. 7   Cal i br at i on Adj ust ment  and Commi ssi oni ng Repor t s

Submi t  speci f i c  t o each HVAC cont r ol  syst em,  i ncl udi ng set t i ngs 
adj ust ment s and r esul t s of  cal i br at i on checks

1. 9. 8   Space Temper at ur e Cont r ol  Syst em

I n addi t i on t o t he r equi r ement s speci f i ed i n t he par agr aph SUBMI TTALS,  
meet  t he f ol l owi ng r equi r ement s.   Submi t  Oper at i on and Mai nt enance Manual s 
f or  i t ems of  equi pment  l i s t ed under  par agr aph PRODUCT DATA.   Manual  shal l  
cont ai n f ul l  har dwar e suppor t  document at i on,  whi ch shal l  i ncl ude but  not  
be l i mi t ed t o t he f ol l owi ng:

a.   Gener al  descr i pt i on and speci f i cat i ons
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b.   I nst al l at i on and i ni t i al  checkout  pr ocedur es

c.   Det ai l ed el ect r i cal  and l ogi cal  descr i pt i on

d.   Tr oubl eshoot i ng pr ocedur es,  di agr ams,  and gui del i nes

e.   Al i gnment  and cal i br at i on pr ocedur es f or  component s

f .   Pr event i ve mai nt enance r equi r ement s and a mai nt enance checkl i st

g.   Det ai l ed schemat i cs and assembl y dr awi ngs

h.   Spar e par t s l i s t  dat a,  i ncl udi ng r equi r ed t ool  k i t s and suggest ed 
met hod of  r epai r s such as f i el d r epai r ,  f act or y r epai r ,  or  i t em 
r epl acement

i .   Si gnal  i dent i f i cat i on and t i mi ng di agr ams

j .   Compl et e as- bui l t  cont r ol  dr awi ngs,  schedul es,  and sequence of  
oper at i on

k.   Cont r ol l er  conf i gur at i on and par amet er  set t i ng pr ocedur es

l .   St ep- by- st ep pr ocedur es r equi r ed f or  each HVAC cont r ol  syst ems 
st ar t up,  oper at i on,  shut down,  r ecover y,  and f aul t  di agnosi s

m.   Manuf act ur er  suppl i ed oper at or  manual s f or  equi pment

n.   Qual i f i ed ser vi ce or gani zat i on l i s t

PART 2   PRODUCTS

2. 1   COMPONENTS

Pr ovi de component s f act or y or der ed f or  t hi s pr oj ect .   Rebui l t  equi pment ,  
war ehoused equi pment ,  or  ear l i er  gener at i on equi pment  shal l  not  be 
accept abl e.   El ect r i cal ,  el ect r oni c,  and el ect r opneumat i c devi ces not  
l ocat ed wi t hi n cont r ol  panel s shal l  have a NEMA 250 Type 1 encl osur e i n 
accor dance wi t h NEMA 250 unl ess ot her wi se speci f i ed.   Act uat or s and 
posi t i ve posi t i oner s,  and t r ansmi t t er s shal l  oper at e wi t hi n t emper at ur e 
l i mi t  r at i ngs of  pl us 35 t o 150 degr ees F.   Panel  mount ed i nst r ument s 
shal l  oper at e wi t hi n l i mi t  r at i ngs of  35 t o 120 degr ees F and 10 per cent  
t o 95 per cent  r el at i ve humi di t y,  noncondensi ng.   Devi ces i nst al l ed 
out door s shal l  oper at e wi t hi n l i mi t  r at i ngs of  mi nus 35 t o 150 degr ees F.

2. 2   ACTUATORS

Pr ovi de pneumat i c,  el ect r i c,  or  el ect r oni c act uat or s.   Act uat or s shal l  
f unct i on as r equi r ed wi t hi n 85 t o 110 per cent  of  t hei r  power  suppl y 
r at i ng.  Act uat or s shal l  f ai l  t o t hei r  spr i ng r et ur n posi t i ons on si gnal  or  
power  f ai l ur e unl ess i ndi cat ed as t i med,  power  r et ur n act uat or s.   
Act uat or s shal l  have vi s i bl e posi t i on i ndi cat or s.   Wher e act uat or s do not  
have posi t i ve spr i ng r et ur ns f or  f ai l - saf e oper at i on,  pr ovi de capaci t y 
t anks,  r est r i ct or s,  check val ves,  and r el ays,  or  r eser ve power  as r equi r ed 
t o achi eve pr oper  t i med posi t i oni ng f or  up t o 4 mi nut es af t er  pr i mar y 
power  f ai l ur e.   Act uat or s shal l  open or  c l ose t he devi ces t o whi ch t hey 
ar e appl i ed wi t hi n 60 seconds af t er  a f ul l  scal e s i gnal  i nput  change.   
Pneumat i c act uat or s shal l  be r at ed f or  25 psi g oper at i ng pr essur e except  
f or  hi gh pr essur e cyl i nder  t ype act uat or s.
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2. 2. 1   Damper  Act uat or s

Damper  act uat or s shal l  be r at ed f or  at  l east  125 per cent  of  t he mot i ve 
power  necessar y t o oper at e t he connect ed damper .   The act uat or  st r oke 
shal l  be l i mi t ed by an adj ust abl e st op i n t he di r ect i on of  t he r et ur n 
st r oke.   Act uat or s shal l  be pr ovi ded wi t h mount i ng and connect i ng har dwar e.

2. 2. 2   Val ve Act uat or s

Val ve act uat or s shal l  be r at ed f or  at  l east  125 per cent  of  t he mot i ve 
power  necessar y t o oper at e t he val ves over  t hei r  f ul l  r ange of  oper at i on 
agai nst  t he t ot al  and di f f er ent i al  pr essur es.

2. 2. 3   Posi t i ve Posi t i oner s

Posi t i ve posi t i oner s shal l  be pneumat i c r el ays wi t h mechani cal  f eedback 
mechani sms,  adj ust abl e oper at i ng r anges,  and st ar t i ng poi nt s.

2. 3   AUTOMATI C CONTROL VALVES

Pr ovi de aut omat i c cont r ol  val ves.

2. 3. 1   Val ve Assembl y

Val ves shal l  have st ai nl ess st eel  st ems and st uf f i ng boxes wi t h ext ended 
necks t o c l ear  t he pi pi ng i nsul at i on.   Val ve bodi es shal l  be desi gned f or  
not  l ess t han 125 psi g wor ki ng pr essur e or  150 per cent  of  t he syst em 
oper at i ng pr essur e,  whi chever  i s gr eat er .   Maxi mum r at ed shut of f  pr essur e 
of  t he val ve shal l  exceed t he r at ed deadhead pr essur e of  t he pump t hat  
suppl i es i t .   Val ve l eakage r at i ng shal l  be 0. 01 per cent  of  r at ed Cv f or  
sof t - seat ed val ves and 0. 05 per cent  f or  met al - t o- met al  seat ed val ves.   
Cl ass 125 copper  al l oy val ve bodi es and Cl ass 150 st eel  or  st ai nl ess st eel  
val ves shal l  conf or m t o ASME B16. 5 as a mi ni mum.   Component s of  cast  i r on 
val ves shal l  conf or m t o ASTM A126 Cl ass B or  C as a mi ni mum.

2. 3. 2   But t er f l y Val ve Assembl y

But t er f l y val ves shal l  be t hr eaded l ug t ype sui t abl e f or  dead- end ser vi ce,  
and f or  modul at i on t o t he f ul l y c l osed posi t i on,  wi t h car bon st eel  bodi es 
or  cast  i r on Cl ass 125 and noncor r osi ve di scs,  st ai nl ess st eel  shaf t s 
suppor t ed by bear i ngs,  and EPDM seat s sui t abl e f or  t emper at ur es f r om mi nus
20 degr ees t o pl us 250 degr ees F.   Val ves shal l  have a manual  means of  
oper at i on i ndependent  of  t he act uat or .

2. 3. 3   Two- Way Val ves

Two- way modul at i ng val ves shal l  have equal  per cent age char act er i st i cs.

2. 3. 4   Thr ee- Way Val ves

Thr ee- way val ves shal l  pr ovi de const ant  t ot al  f l ow t hr oughout  f ul l  pl ug 
t r avel .

2. 3. 5   Duct - Coi l  and Ter mi nal - Uni t - Coi l  Val ves

Cont r ol  val ves wi t h ei t her  f l ar e- t ype or  sol der - t ype ends shal l  be 
pr ovi ded f or  duct  or  t er mi nal - uni t  coi l s.   Fl ar e nut s shal l  be pr ovi ded 
f or  each f l ar e- t ype end val ve.
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2. 3. 6   Val ves f or  Chi l l ed Wat er ,  Condenser  Wat er ,  and Gl ycol  Ser vi ce

ASME B16. 1.   Bodi es f or  val ves 2 i nches and smal l er  shal l  be br ass or  
br onze,  wi t h t hr eaded- end or  uni on- end connect i ons.    Bodi es f or  val ves 
f r om 2. 5 i nches and l ar ger  shal l  be cast  i r on.   Bodi es f or  val ves 2. 5 
i nches and l ar ger  shal l  have f l anged- end connect i ons.   I nt er nal  val ve t r i m 
shal l  be br ass or  br onze except  t hat  val ve st ems may be Type 316 st ai nl ess 
st eel .   Wat er  val ves shal l  be s i zed f or  a 3 psi  di f f er ent i al  t hr ough t he 
val ve at  r at ed f l ow,  except  as i ndi cat ed ot her wi se.   Sel ect  val ve f l ow 
coef f i c i ent  ( Cv)  f or  an act ual  pr essur e dr op not  l ess t han 50 per cent  or  
gr eat er  t han 125 per cent  of  t he desi gn pr essur e dr op at  desi gn f l ow.    
Val ves 4 i nches and l ar ger  shal l  be but t er f l y val ves.

2. 3. 7   Val ves f or  Hot  Wat er  Ser vi ce

Val ves f or  hot  wat er  ser vi ce bel ow 250 Degr ees F shal l  conf or m t o 
ASME B16. 1.   Bodi es f or  val ves 2 i nches and smal l er  shal l  be br ass or  
br onze,  wi t h t hr eaded- end or  uni on- end connect i ons.   Bodi es f or  val ves 2. 5 
i nches and l ar ger  shal l  be cast  i r on.   Bodi es f or  2. 5 i nches and l ar ger  
shal l  have f l anged- end connect i ons.   Wat er  val ves shal l  be s i zed f or  a 3 
psi  di f f er ent i al  t hr ough t he val ve at  r at ed f l ow,  except  as i ndi cat ed 
ot her wi se.   Sel ect  val ve f l ow coef f i c i ent  ( Cv)  f or  an act ual  pr essur e dr op 
not  l ess t han 50 per cent  or  gr eat er  t han 125 per cent  of  t he desi gn 
pr essur e dr op at  desi gn f l ow.   I nt er nal  t r i m,  i ncl udi ng seat s,  seat  r i ngs,  
modul at i ng pl ugs,  and spr i ngs,  of  val ves cont r ol l i ng wat er  hot t er  t han 210 
degr ees F shal l  be Type 316 st ai nl ess st eel .   I nt er nal  t r i m f or  val ves 
cont r ol l i ng wat er  210 degr ees F or  l ess shal l  be br ass or  br onze.   
Non- met al l i c  par t s of  hot  wat er  cont r ol  val ves shal l  be sui t abl e f or  a 
mi ni mum cont i nuous oper at i ng t emper at ur e of  250 degr ees F or  50 degr ees F 
above t he syst em desi gn t emper at ur e,  whi chever  i s hi gher .   Val ves 4 i nches 
and l ar ger  shal l  be but t er f l y val ves.

2. 3. 8   Val ves f or  St eam Ser vi ce

ASME B16. 1.   Bodi es f or  val ves 1. 5 i nches and smal l er  shal l  be br ass or  
br onze,  wi t h t hr eaded or  uni on ends.   Bodi es f or  val ves 2 t o 3 i nches 
i ncl usi ve shal l  be br ass,  br onze,  or  cast  i r on.   Bodi es f or  val ves 4 i nches
 and l ar ger  shal l  be cast  i r on.   Bodi es f or  2 i nch val ves shal l  have 
t hr eaded ends.   Bodi es f or  val ves 2. 5 i nches and l ar ger  shal l  be pr ovi ded 
wi t h f l anged- end connect i ons.   I nt er nal  val ve t r i m shal l  be Type 316 
st ai nl ess st eel .   St eam val ves shal l  be s i zed f or  15 psi g i nl et  st eam 
pr essur e wi t h a maxi mum 13 psi  di f f er ent i al  t hr ough t he val ve at  r at ed 
f l ow,  except  as i ndi cat ed ot her wi se.

2. 3. 9   Val ves f or  Hi gh Temper at ur e Hot  Wat er  Ser vi ce

Val ves f or  hi gh t emper at ur e hot  wat er  ser vi ce above 250 degr ees F.   Val ve 
bodi es shal l  conf or m t o ASME B16. 34 Cl ass 300.   Val ve and act uat or  
combi nat i on shal l  be nor mal l y c l osed.   Bodi es shal l  be car bon st eel ,  gl obe 
t ype wi t h wel ded ends on val ves one i nch and l ar ger .   Val ves smal l er  t han 
one i nch shal l  have socket - wel d ends.   Packi ng shal l  be v i r gi n 
pol yt et r af l uor oet hyl ene ( PTFE) .   I nt er nal  val ve t r i m shal l  be Type 316 
st ai nl ess st eel .   Wat er  val ves shal l  be s i zed f or  a 3 psi  di f f er ent i al  
pr essur e t hr ough t he val ve at  r at ed f l ow,  except  as i ndi cat ed ot her wi se.   
Sel ect  val ve f l ow coef f i c i ent  ( Cv)  f or  an act ual  pr essur e dr op not  l ess 
t han 50 per cent  or  gr eat er  t han 125 per cent  of  t he desi gn pr essur e dr op at  
desi gn f l ow.
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2. 3. 10   Val ves f or  Compr essed Ai r  Ser vi ce

Val ves used f or  swi t chi ng compr essed ai r  suppl i ed t o pneumat i c syst ems 
shal l  be br ass body,  t hr ee- way val ves whi ch shal l  conf or m t o ASME B16. 15 
Cl ass 250.

2. 4   DAMPERS

Pr ovi de damper s i n ai r  duct s.

2. 4. 1   Damper  Assembl y

Damper  shal l  conf or m t o SMACNA 1966.   A s i ngl e damper  sect i on shal l  have 
bl ades no l onger  t han 48 i nches and shal l  be no hi gher  t han 72 i nches.   
Maxi mum damper  bl ade wi dt h shal l  be 8 i nches.   Lar ger  s i zes shal l  consi st  
of  a combi nat i on of  sect i ons.   Damper s shal l  be st eel  or  ot her  mat er i al s 
wher e i ndi cat ed.   Fl at  bl ades shal l  be made r i gi d by f ol di ng t he edges.   
Pr ovi de bl ades wi t h compr essi bl e seal s at  poi nt s of  cont act .   Pr ovi de 
channel  f r ames of  damper s wi t h j amb seal s t o mi ni mi ze ai r  l eakage.   
Damper s shal l  not  l eak i n excess of  10 cf m per  squar e f oot  at  4 i nches 
wat er  gage st at i c pr essur e when cl osed.   Seal s shal l  be sui t abl e f or  an 
oper at i ng t emper at ur e r ange of  mi nus 40 degr ees F t o 200 degr ees F.   
Damper s shal l  be r at ed at  not  l ess t han 2000 f pm ai r  vel oci t y.   Movi ng 
par t s of  t he oper at i ng l i nkage i n cont act  wi t h each ot her  shal l  consi st  of  
di ssi mi l ar  mat er i al s.   Damper  axl es shal l  be 0. 5 i nch mi ni mum pl at ed st eel  
r ods suppor t ed i n t he damper  f r ame by st ai nl ess st eel  or  br onze bear i ngs.   
Bl ades mount ed ver t i cal l y shal l  be suppor t ed by a non- f er r ous di ssi mi l ar  
t hr ust  bear i ngs.    Pr essur e dr op t hr ough damper s shal l  not  exceed 0. 05 
i nch wat er  gage at  1, 000 f pm i n t he wi de- open posi t i on.   Fr ames shal l  not  
be l ess t han 2 i nches wi de.   Damper s shal l  be t est ed i n accor dance wi t h 
AMCA 500- D.

2. 4. 2   Oper at i ng Li nks

Oper at i ng l i nks ext er nal  t o damper s,  such as cr ankar ms,  connect i ng r ods,  
and l i ne shaf t i ng f or  t r ansmi t t i ng mot i on f r om damper  act uat or s t o 
damper s,  shal l  wi t hst and a l oad equal  t o at  l east  t wi ce t he maxi mum 
r equi r ed damper - oper at i ng f or ce.   Rod l engt hs shal l  be adj ust abl e.   Li nks 
shal l  be br ass,  br onze,  z i nc- coat ed st eel ,  or  st ai nl ess st eel .   Mat i ng 
par t s shal l  consi st  of  di ssi mi l ar  mat er i al s.   Wor ki ng par t s of  j oi nt s and 
cl evi ses shal l  be br ass,  br onze,  or  st ai nl ess st eel .   Adj ust ment s of  
cr ankar ms shal l  cont r ol  t he open and cl osed posi t i on of  damper s.

2. 5   FI RE PROTECTI ON DEVI CES

Pr ovi de smoke det ect or s i n r et ur n and suppl y ai r  duct s on t he downst r eam 
si de of  t he f i l t er s i n accor dance wi t h NFPA 90A,  except  as ot her wi se 
i ndi cat ed.   Pr ovi de UL l i s t ed or  FM appr oved det ect or s f or  duct  
i nst al l at i on.

2. 5. 1   Smoke Det ect or s

Pr ovi de i n each ai r - handl i ng syst em wi t h suppl y ai r  capaci t y gr eat er  t han 
2000 cf m i n accor dance wi t h NFPA 90A.  Locat e downst r eam of  t he suppl y ai r  
f i l t er s and pr i or  t o any br anch connect i on i n accor dance wi t h NFPA 72.  
Pr ovi de i n each ai r - handl i ng syst em,  ser vi ng mor e t han one st or y,  and 
havi ng a r et ur n ai r  capaci t y gr eat er  t han 15000 cf m i n accor dance wi t h 
NFPA 90A.  Locat e at  each st or y pr i or  t o connect i on t o common r et ur n and at  
r et ur n connect i on t o ai r  handl er  pr i or  t o any f r esh ai r  i nl et  connect i on 
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and pr i or  t o any r eci r cul at i on connect i on i n accor dance wi t h NFPA 72.   
Smoke cont r ol  and exhaust  syst ems shal l  have pr ovi s i on f or  aut omat i c and 
manual  oper at i on by means of  a key- oper at ed swi t ch t o over r i de any ot her  
shut down f eat ur es and shal l  be l ocat ed adj acent  t o t he f i r e al ar m syst em 
cont r ol  panel  .

Pr ovi de i n each ai r - handl i ng syst em wi t h suppl y ai r  capaci t y gr eat er  t han 
944 L/ s 2000 cf m i n accor dance wi t h NFPA 90A.  Locat e downst r eam of  t he 
suppl y ai r  f i l t er s and pr i or  t o any br anch connect i on i n accor dance wi t h 
NFPA 72.

Pr ovi de i n each ai r - handl i ng syst em,  ser vi ng mor e t han one st or y,  and 
havi ng a r et ur n ai r  capaci t y gr eat er  t han 7079 L/ s 15000 cf m i n accor dance 
wi t h NFPA 90A.  Locat e at  each st or y pr i or  t o connect i on t o common r et ur n 
and at  r et ur n connect i on t o ai r  handl er  pr i or  t o any f r esh ai r  i nl et  
connect i on and pr i or  t o any r eci r cul at i on connect i on i n accor dance wi t h 
NFPA 72.   Desi gn f or  det ect i on of  abnor mal  smoke densi t i es by t he 
i oni zat i on or  phot oel ect r i c pr i nci pl e,  r esponsi ve t o bot h i nvi s i bl e and 
vi s i bl e par t i c l es of  combust i on,  and not  suscept i bl e t o undesi r ed 
oper at i on by changes t o r el at i ve humi di t y.  

Pr ovi de UL l i s t ed or  FM appr oved det ect or s f or  duct  i nst al l at i on.  Pr ovi de 
duct  det ect or s wi t h an appr oved duct  housi ng,  mount ed ext er i or  t o t he 
duct ,  and wi t h per f or at ed sampl i ng t ubes ext endi ng acr oss t he wi dt h of  t he 
duct .  Pr ovi de per manent  descr i pt i ve zone l abel s i ndi cat i ng i n whi ch 
ai r - handl i ng uni t s t he det ect or s i n al ar m ar e l ocat ed.

Pr ovi de det ect or s wi t h a t est  por t  ,  r emot e keyed t est  devi ce.  Pr ovi de 
cont r ol  and power  modul es r equi r ed f or  oper at i on of  det ect or s i nt egr al  
wi t h t he mai n bui l di ng f i r e al ar m cont r ol  panel .  A gr ound f aul t  or  s i ngl e 
br eak or  open condi t i on i n el ect r i cal  c i r cui t r y t o any det ect or  or  i t s 
cont r ol  or  power  uni t s shal l  cause act i vat i on of  bui l di ng f i r e al ar m 
cont r ol  panel  t r oubl e s i gnal s.

El ect r i cal  super vi s i on of  wi r i ng used excl usi vel y f or  ai r - handl i ng uni t  
shut down i s not  r equi r ed pr ovi ded a br eak i n wi r i ng woul d cause shut down 
of  t he associ at ed uni t .  Equi pment  and devi ces shal l  be compat i bl e and 
oper abl e i n al l  r espect s wi t h,  and shal l  i n no way i mpai r  r el i abi l i t y  or  
oper at i onal  f unct i ons of ,  t he exi st i ng bui l di ng f i r e al ar m syst em.  The 
exi st i ng f i r e al ar m cont r ol  panel  was manuf act ur ed by .

Smoke cont r ol  and exhaust  syst ems shal l  have pr ovi s i ons f or  aut omat i c and 
manual  oper at i on by means of  a key- oper at ed swi t ch t o over r i de any ot her  
shut down f eat ur es and shal l  be l ocat ed adj acent  t o t he f i r e al ar m syst em 
cont r ol  panel  .

2. 5. 2   Smoke Damper s and Combi nat i on Smoke/ Fi r e Damper s

Smoke damper s and act uat or  assembl i es as r equi r ed i n accor dance wi t h 
NFPA 90A shal l  meet  t he Cl ass I I  l eakage r equi r ement s of  UL 555S.   Damper s 
shal l  be f act or y f abr i cat ed,  gal vani zed st eel  or  st ai nl ess st eel  wi t h 
l ubr i cat ed bear i ngs,  l i nkages,  and seal s t o wi t hst and t emper at ur es f r om 
mi nus 20 t o 250 degr ees F.   Pr ovi de r epl aceabl e seal s.   Combi nat i on 
smoke/ f i r e damper s shal l  have a UL 1. 5 hour  r at i ng and shal l  be equi pped 
wi t h el ect r i c/ t her mal  l i nks whi ch c l ose t he damper  at  165 degr ees F and 
t hen aut omat i cal l y r eset  af t er  nor mal  t emper at ur e i s r est or ed by cycl i ng 
damper  act uat or .   Equi p damper s wi t h pneumat i c or  el ect r i c act uat or s whi ch 
c l ose smoke damper s t i ght l y when act i vat ed.   Af t er  t he smoke has cl ear ed,  
t he damper s shal l  aut omat i cal l y r eset .
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2. 6   SENSORS

2. 6. 1   Spans and Ranges

Tr ansmi t t er s shal l  be cal i br at ed t o pr ovi de an el ect r i c or  el ect r oni c 
out put  s i gnal  of  4 t o 20 mA el ect r i c or  el ect r oni c and 3 t o 15 psi  out put  
f or  pneumat i cs over  t he i ndi cat ed span or  r ange.

a.   Condi t i oned space t emper at ur e,  f r om 50 t o 100 degr ees F.

b.   Duct  t emper at ur e,  f r om 40 t o 140 degr ees F.

f .   Heat i ng hot  wat er  t emper at ur e,  f r om 100 t o 250 degr ees F.

h.   Out si de ai r  t emper at ur e,  f r om mi nus 30 t o 130 degr ees F.

i .   Rel at i ve humi di t y,  f r om 0 t o 100 per cent  f or  hi gh/ l ow l i mi t  
appl i cat i ons;  f r om 20 t o 80 per cent  f or  space appl i cat i ons.

j .   Di f f er ent i al  pr essur e f or  VAV suppl y duct  st at i c pr essur e f r om 0 
t o 2. 0 i nches wat er  gage.

l .   El ect r oni c ai r f l ow measur ement  st at i on and t r ansmi t t er ,  f r om 125 
t o 2500 f pm,  1500 t o 4500 f pm,  or  3000 t o 6000 f pm as r equi r ed by 
t he duct  syst em.

2. 6. 2   Temper at ur e Sensor s

2. 6. 2. 1   Resi st ance Temper at ur e Det ect or s ( RTD' s)

RTD shal l  be pl at i num wi t h a t ol er ance of  pl us or  mi nus 0. 25 per cent  at  32 
degr ees F,  and shal l  be encapsul at ed i n epoxy,  Ser i es 300 st ai nl ess st eel ,  
anodi zed al umi num,  or  copper .   RTD shal l  be f ur ni shed wi t h RTD t r ansmi t t er  
as speci f i ed,  i nt egr al l y- mount ed unl ess ot her wi se i ndi cat ed.

2. 6. 2. 2   Cont i nuous Aver agi ng RTD' s

Cont i nuous aver agi ng RTD' s shal l  have a t ol er ance of  pl us or  mi nus 1. 0 
degr ees F at  t he r ef er ence t emper at ur e,  and shal l  be of  suf f i c i ent  l engt h 
t o ensur e t hat  t he r esi st ance r epr esent s an aver age over  t he cr oss sect i on 
i n whi ch i t  i s  i nst al l ed.   Sensi ng el ement  shal l  have a bendabl e copper  
sheat h.   Aver agi ng RTD shal l  be f ur ni shed wi t h RTD t r ansmi t t er  as 
speci f i ed,  t o mat ch t he r esi st ance r ange of  t he aver agi ng RTD.   El ement  
l engt h shal l  be a mi ni mum of  one l i near  f oot  per  squar e f oot  of  coi l  f ace 
ar ea.

2. 6. 2. 3   RTD Tr ansmi t t er

RTD t r ansmi t t er  shal l  be sel ect ed t o mat ch t he r esi st ance r ange of  t he 
RTD.    Tr ansmi t t er  shal l  be a t wo- wi r e,  l oop- power ed devi ce.   Tr ansmi t t er  
shal l  pr oduce a l i near  4 t o 20 mA dc out put  cor r espondi ng t o r equi r ed 
t emper at ur e measur ement .   Out put  er r or  shal l  not  exceed 0. 1 per cent  of  t he 
cal i br at ed measur ement .   Tr ansmi t t er  shal l  i ncl ude of f set  and span 
adj ust ment s.

2. 6. 2. 4   Pneumat i c Temper at ur e Tr ansmi t t er

Tr ansmi t t i ng sensi ng el ement s shal l  be bi - met al ,  aver agi ng el ement  and 
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capi l l ar y,  r od and t ube,  or  bul b and capi l l ar y.   Tr ansmi t t er s shal l  
oper at e wi t hi n t he r ange of  40 t o 240 degr ees F.   Pr ovi de t he f ol l owi ng 
spans and al l owabl e devi at i ons f or  appl i cat i ons l i s t ed.

a.   Room sensor s,  25 degr ees F,  pl us or  mi nus 0. 5 degr ees F

b.   Room,  chi l l ed wat er ,  dew poi nt ,  r et ur n ai r  sensor s,  50 degr ees F,  
pl us or  mi nus 0. 75 degr ee F

c.   Out si de ai r ,  hot  wat er ,  coi l  di schar ge sensor s,  100 degr ees F,  
pl us or  mi nus 1. 0 degr ee F

d.   Hi gh t emper at ur e hot  wat er ,  chi l l ed hot  wat er  syst em sensor s,  200 
degr ees F,  pl us or  mi nus 2. 0 degr ees F.

2. 6. 3   Rel at i ve Humi di t y I nst r ument s

2. 6. 3. 1   Rel at i ve Humi di t y Sensor

Pr ovi de r el at i ve humi di t y sensor .   Use nonsat ur at i ng sensi ng el ement s 
capabl e of  wi t hst andi ng a sat ur at ed condi t i on wi t hout  per manent l y 
af f ect i ng cal i br at i on or  sust ai ni ng damage.   Sensi ng el ement s shal l  be 
bul k pol ymer  or  t hi n f i l m pol ymer .   Sensi ng el ement s shal l  have an 
accur acy of  pl us or  mi nus 2 per cent  of  f ul l  scal e wi t hi n t he r ange of  20 
t o 80 per cent  r el at i ve humi di t y.   Pr ovi de a t wo- wi r e,  l oop- power ed 
t r ansmi t t er  l ocat ed at  t he sensi ng el ement s t o conver t  t he sensi ng 
el ement s out put  t o a l i near  4 t o 20 mA dc out put  cor r espondi ng t o r equi r ed 
humi di t y measur ement .   Out put  er r or  shal l  not  exceed 0. 1 per cent  of  
cal i br at ed measur ement .   Tr ansmi t t er  shal l  i ncl ude of f set  and span 
adj ust ment s.   Tr ansmi t t er  shal l  have abi l i t y  t o be cal i br at ed 
el ect r oni cal l y by usi ng a one- poi nt ,  i n- s i t u met hod whi ch al l ows f or  er r or  
cor r ect i on wi t h a s i ngl e pot ent i omet er .  

2. 6. 4   Dew Poi nt  I nst r ument s

Pr ovi de anal og sal t - phase t r ansi t i on or  dual  chi l l ed,  mi r r or  t ype sensor .   
Sensor  shal l  have an al l owabl e devi at i on of  pl us or  mi nus one degr ees F 
dew poi nt  over  t he r ange of  10 t o 80 degr ees F dew poi nt .

2. 6. 5   Ai r f l ow Sensor s

Pr ovi de ai r f l ow sensor s.

2. 6. 5. 1   El ect r oni c Ai r f l ow Measur ement  St at i ons and Tr ansmi t t er s

a.   St at i ons shal l  cont ai n an ar r ay of  vel oci t y sensi ng el ement s and 
st r ai ght eni ng vanes i nsi de a f l anged sheet  met al  casi ng.   Vel oci t y 
sensi ng el ement s shal l  be RTD or  t her mi st or  t ype,  wi t h l i near i z i ng 
means.   Sensi ng el ement s shal l  be di st r i but ed acr oss t he duct  
cr oss sect i on i n t he quant i t y and pat t er n set  f or t h f or  
measur ement s and i nst r ument s i n accor dance wi t h ASHRAE FUN I P and 
SMACNA 1780,  f or  t r aver si ng of  duct ed ai r f l ows.   Resi st ance t o 
ai r f l ow t hr ough t he ai r f l ow measur ement  st at i on shal l  not  exceed 
0. 08 i nch wat er  gage at  ai r f l ow of  2000 f pm.   St at i on const r uct i on 
shal l  be sui t abl e f or  oper at i on at  ai r f l ows of  up t o 5000 f pm over  
a t emper at ur e r ange of  40 t o 120 degr ees F,  and accur acy shal l  be 
pl us or  mi nus 3 per cent  over  a r ange of  125 t o 2500 f pm scal ed t o 
ai r  vol ume.   Use st at i ons i f  r equi r ed vel oci t y measur ement  i s bel ow
 500 f eet  per  mi nut e.
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b.   Tr ansmi t t er s shal l  pr oduce a l i near ,  t emper at ur e compensat ed 4 t o 
20 mA dc out put  cor r espondi ng t o r equi r ed vel oci t y pr essur e 
measur ement .   Tr ansmi t t er s shal l  be a t wo- wi r e,  l oop- power ed 
devi ce.   Out put  er r or  of  t r ansmi t t er s shal l  not  exceed 0. 5 per cent  
of  cal i br at ed measur ement .   Tr ansmi t t er s shal l  have of f set  and 
span adj ust ment s.

2. 6. 5. 2   Pi t ot  Tube Ai r f l ow Measur ement  St at i ons and Tr ansmi t t er s

a.   St at i ons shal l  cont ai n an ar r ay of  vel oci t y sensi ng el ement s and 
st r ai ght eni ng vanes i nsi de a f l anged sheet  met al  casi ng.  Vel oci t y 
sensi ng el ement s shal l  be mul t i pl e pi t ot  t ube t ype wi t h aver agi ng 
mani f ol ds.   Sensi ng el ement s shal l  be di st r i but ed acr oss t he duct  
cr oss sect i on i n t he quant i t y and pat t er n set  f or t h f or  
measur ement s and i nst r ument s i n accor dance wi t h ASHRAE FUN I P or  
SMACNA 1780,  f or  t r aver si ng of  duct ed ai r f l ows.   Resi st ance t o 
ai r f l ow t hr ough t he ai r f l ow measur ement  st at i on shal l  not  exceed 
0. 08 i nch wat er  gage at  ai r f l ow of  2000 f pm.   St at i on const r uct i on 
shal l  be sui t abl e f or  oper at i on at  ai r f l ows of  up t o 5000 f pm over  
a t emper at ur e r ange of  40 t o 120 degr ees F,  and accur acy shal l  be 
pl us or  mi nus 3 per cent  over  a r ange of  500 t o 2500 f pm scal ed t o 
ai r  vol ume.   Do not  use st at i ons i f  r equi r ed vel oci t y measur ement  
i s bel ow 500 f eet  per  mi nut e.

b.   Tr ansmi t t er s shal l  pr oduce a l i near  4 t o 20 mA dc out put  
cor r espondi ng t o t he r equi r ed vel oci t y pr essur e measur ement .   Each 
t r ansmi t t er  shal l  have a l ow- r ange di f f er ent i al  pr essur e sensi ng 
el ement  and a squar e r oot  ext r act or .   The t r ansmi t t er  shal l  be a 
t wo- wi r e,  l oop power ed devi ce.   Sensi ng el ement  accur acy shal l  be 
pl us or  mi nus 1 per cent  of  f ul l  scal e,  and over al l  t r ansmi t t er  
accur acy shal l  be pl us or  mi nus 0. 25 per cent  of  t he cal i br at ed 
measur ement .   Each t r ansmi t t er  shal l  have of f set  and span 
adj ust ment s.

2. 6. 6   Pr essur e Sensor s

Pr ovi de el ect r oni c pr essur e sensor  and t r ansmi t t er .   Sensor  shal l  be a 
pr essur e t r ansmi t t er  wi t h an i nt egr al  sensi ng el ement .   Sensor  over  
pr essur e r at i ng shal l  be 25 psi g above i t s nor mal  oper at i ng r ange.   
Sensi ng el ement  accur acy shal l  be pl us or  mi nus one per cent  of  f ul l  
scal e.   Tr ansmi t t er  accur acy shal l  be pl us or  mi nus 0. 1 per cent  of  t he 
cal i br at ed measur ement .   Tr ansmi t t er  shal l  be a t wo- wi r e,  l oop- power ed 
devi ce.   Tr ansmi t t er  shal l  pr oduce a l i near  4 t o 20 mA dc out put  
cor r espondi ng t o r equi r ed pr essur e measur ement .   Tr ansmi t t er  shal l  have 
of f set  and span adj ust ment s.

2. 7   THERMOWELLS

Pr ovi de br ass or  Ser i es 300 st ai nl ess st eel  t her mowel l s wi t h t hr eaded 
br ass pl ug and chai n,  2 i nch l aggi ng neck and ext ensi on t ype wel l ,  and 
i nsi de di amet er  and i nser t i on l engt h as r equi r ed f or  t he appl i cat i on.   
Pr ovi de t her mowel l s f or  i mmer si on sensor s wi t h conduct i ng mat er i al  i nsi de 
t he wel l .

2. 8   THERMOSTATS

Pr ovi de t her most at s.
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2. 8. 1   Ranges

Ther most at  r anges shal l  be sel ect ed so t hat  t he set poi nt  i s  adj ust abl e 
wi t hout  t ool s bet ween pl us or  mi nus 10 degr ees F of  t he set poi nt  i ndi cat ed.

2. 8. 2   Nonmodul at i ng El ect r i c Room Ther most at s

Cont act s shal l  be s i ngl e- pol e doubl e- t hr ow ( SPDT) ,  her met i cal l y seal ed,  
and wi r ed t o i dent i f i ed t er mi nal s.   Maxi mum di f f er ent i al  shal l  be 2 
degr ees F.   Ther most at  cover s shal l  consi st  of  l ocki ng met al  or  heavy- dut y 
pl ast i c,  and shal l  be capabl e of  bei ng l ocked by an Al l en wr ench or  
speci al  t ool .  Ther most at s shal l  have manual  swi t ches as r equi r ed by t he 
appl i cat i on and a mi ni mum r ange of  55 t o 90 degr ees F.

2. 8. 3   Mi cr opr ocessor - Based Room Ther most at s

Mi cr opr ocessor - based r oom t her most at s shal l  have bui l t - i n keypads f or  
schedul i ng of  day and ni ght  t emper at ur e set t i ngs.   Access t o t he 
schedul i ng mode shal l  be by passwor d cont r ol  code.   When out  of  t he 
schedul i ng mode,  t her most at s shal l  have cont i nuous 12- hour  t i me di spl ay,  
wi t h AM and PM i ndi cat i on,  cont i nuous di spl ay of  day of  t he week,  and 
ei t her  cont i nuous di spl ay of  r oom t emper at ur e wi t h di spl ay of  t emper at ur e 
set poi nt  on demand,  or  cont i nuous di spl ay of  t emper at ur e set poi nt  wi t h 
di spl ay of  r oom t emper at ur e on demand.   I n t he pr ogr ammabl e mode,  use t he 
di spl ay f or  set t i ng and i nt er r ogat i ng t i me pr ogr am ON- OFF set poi nt s f or  
each day of  t he week.   The t i me pr ogr am shal l  al l ow t wo separ at e 
t emper at ur e set back i nt er val s per  day.   Ther most at s shal l  have a means f or  
t empor ar y and manual  over r i de of  pr ogr am schedul e,  wi t h aut omat i c pr ogr am 
r est or at i on on t he f ol l owi ng day.   Ther most at s shal l  have a r epl aceabl e 
bat t er y t o mai nt ai n t i mi ng and t o mai nt ai n t he schedul e i n memor y f or  one 
year  i n t he event  of  a power  out age.   Maxi mum di f f er ent i al  shal l  be 2 
degr ees F.   Wher e used f or  heat  pump appl i cat i ons,  t her most at  shal l  have 
an emer gency heat  swi t ch.

2. 8. 4   Nonmodul at i ng Capi l l ar y Ther most at s and Aquast at s

a.   Ther most at  shal l  have a capi l l ar y l engt h of  at  l east  5 f eet ,  
adj ust abl e di r ect  r eadi ng scal es f or  bot h set poi nt  and 
di f f er ent i al ,  and a di f f er ent i al  adj ust abl e f r om 6 t o 16 degr ees F.

b.   Aquast at s shal l  be st r ap- on t ype,  wi t h 10 degr ees F f i xed 
di f f er ent i al .

2. 8. 5   Low- Temper at ur e Pr ot ect i on Ther most at s ( Fr eezest at s)

Low- t emper at ur e pr ot ect i on t her most at s shal l  be manual l y r eset  
l ow- t emper at ur e saf et y t her most at s,  wi t h NO and NC cont act s or  a 
t wo- posi t i on pneumat i c out put  s i gnal  and a 20 f oot  el ement  whi ch shal l  
r espond t o t he col dest  18 i nch segment .

2. 8. 6   Modul at i ng Capi l l ar y Ther most at s

Ther most at s shal l  have ei t her  one out put  s i gnal ,  t wo out put  s i gnal s 
oper at i ng i n uni son,  or  t wo out put  s i gnal s oper at i ng i n sequence,  as 
r equi r ed f or  t he appl i cat i on.   Ther most at s shal l  have adj ust abl e 
t hr ot t l i ng r anges of  4 t o 8 degr ees F f or  each out put .
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2. 8. 7   Modul at i ng Pneumat i c Room Ther most at s

Two- t emper at ur e combi nat i on t her most at s shal l  be adj ust abl e pr opor t i oni ng 
t ype wi t h dual  set poi nt s cont ai ni ng t wo t emper at ur e sensi ng el ement s:   one 
f or  heat i ng cont r ol  and one f or  cool i ng cont r ol ;  t wo f or  heat i ng cont r ol  
or  t wo f or  cool i ng cont r ol .   Changeover  f or  t wo- t emper at ur e combi nat i on 
t her most at s shal l  be accompl i shed by a change i n cont r ol  ai r  suppl y 
pr essur e whi ch sel ect s pr oper  set poi nt  and pr oper  cont r ol l er  act i on.   
Si ngl e- t emper at ur e t her most at s shal l  be adj ust abl e pr opor t i oni ng t ype wi t h 
one t emper at ur e sensi ng el ement :  one set poi nt  and pr oper  cont r ol l er  
act i on.   " Dead- band"  t her most at s shal l  have one adj ust abl e pr opor t i oni ng 
t ype cont r ol l er  wi t h t wo set poi nt s,  adj ust abl e dead- band,  and one 
cont r ol l er  out put  or  t wo adj ust abl e pr opor t i oni ng t ype cont r ol l er s mount ed 
on a common backpl at e wi t h t wo set poi nt s,  adj ust abl e dead- band,  and t wo 
cont r ol l er  out put s.   Temper at ur e sensi ng el ement s shal l  be sel ect ed f or  
pr oper  cont r ol l er  act i on.   I ndi v i dual  t emper at ur e- sensi ng el ement s shal l  
have a separ at e adj ust abl e t hr ot t l i ng r ange of  2 t o 10 degr ees F;  
t her most at  shal l  have a mi ni mum r ange of  55 t o 90 degr ees F and mi ni mum 
saf e ai r  i nput  pr essur e of  25 psi g.   Dead- band set t i ng shal l  have a 
mi ni mum adj ust abl e r ange of  4 t o 15 degr ees F.   Room t her most at  shal l  have 
conceal ed set poi nt  di al  ,  aspi r at or  t ype wal l  box wi t h f l ush pl at e and 
l ocki ng scr ews ,  and pl ug- i n gage por t s.

2. 8. 8   Modul at i ng,  I nser t i on,  I mmer si on,  & Aver agi ng Pneumat i c Ther most at s

Ther most at s shal l  be t wo- pi pe,  pi l ot - oper at ed t ype wi t h pneumat i c 
f eedback,  pr opor t i onal  act i on and shal l  have an adj ust abl e t hr ot t l i ng 
r ange of  2 t o 100 degr ees F wi t h a mi ni mum r ange of  10 t o 250 degr ees F.   
Aver agi ng el ement s shal l  be 1 f oot  i n l engt h f or  each 4 squar e f eet  of  
duct wor k cr oss- sect i onal  ar ea wi t h a mi ni mum l engt h of  8 f eet .

2. 8. 9   Nonmodul at i ng Pneumat i c Ther most at s

Ther most at s shal l  have i nt egr al  posi t i ve act i ng r el ays,  zer o or  maxi mum 
out put  pr essur e.   Remot e el ement  t her most at s shal l  have st andar d or  
aver agi ng bul bs.   Aver agi ng bul bs shal l  be one f oot  i n l engt h f or  each 4 
squar e f eet  of  duct wor k cr oss- sect i onal  ar ea and a mi ni mum l engt h of  8 f eet .   
Di f f er ent i al  r anges shal l  be f i el d adj ust abl e.   Remot e el ement  t her most at  
di f f er ent i al  r ange shal l  be 2 t o 25 degr ees F wi t h mi ni mum cont r ol  r anges 
of  mi nus 10 t o pl us 250 degr ees F.   Room t her most at  di f f er ent i al  r ange 
shal l  be 2 t o 10 degr ees F wi t h mi ni mum cont r ol  r anges of  55 t o 90 degr ees 
F.

2. 9   SUNSHI ELDS

Pr ovi de sunshi el ds f or  out si de ai r  t emper at ur e sensi ng el ement s t o pr event  
t he sun f r om di r ect l y st r i k i ng t emper at ur e sensi ng el ement s.   Pr ovi de 
sunshi el ds wi t h adequat e vent i l at i on so t hat  t he sensi ng el ement  r esponds 
t o t he ambi ent  t emper at ur e of  sur r oundi ngs.   The t op of  each sunshi el d 
shal l  have gal vani zed met al  or  al umi num r ai nshi el d pr oj ect i ng over  t he 
f ace of  t he sunshi el d.   Sunshi el ds shal l  be pai nt ed whi t e or  shal l  be 
unpai nt ed al umi num.

2. 10   PRESSURE SWI TCHES AND SOLENOI D VALVES

Pr ovi de pr essur e swi t ches and sol enoi d val ves.
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2. 10. 1   Pr essur e Swi t ches

Swi t ches shal l  have an adj ust abl e set poi nt  wi t h v i s i bl e set poi nt  scal e.   
Range shal l  be as i ndi cat ed.   Di f f er ent i al  adj ust ment  shal l  span 20 t o 40 
per cent  of  t he r ange of  t he devi ce.

2. 10. 2   Di f f er ent i al  Pr essur e Swi t ches

Swi t ches shal l  be an adj ust abl e di aphr agm- oper at ed devi ce wi t h t wo SPDT 
cont act s,  wi t h t aps f or  sensi ng l i nes t o be connect ed t o duct  pr essur e 
f i t t i ngs desi gned t o sense ai r  pr essur e.   Fi t t i ngs shal l  be angl ed- t i p 
t ype wi t h t i ps poi nt i ng i nt o t he ai r st r eam.   Range shal l  be 0. 5 t o 6 
i nches wat er  gage.   Di f f er ent i al  shal l  be a maxi mum of  0. 15 i nch wat er  
gage at  t he l ow end of  t he r ange and 0. 35 i nch wat er  gage at  t he hi gh end 
of  t he r ange.

2. 10. 3   Pneumat i c El ect r i c ( PE)  Swi t ches

Swi t ches shal l  have an adj ust abl e set poi nt  r ange of  3 t o 20 psi g,  and 
di f f er ent i al  adj ust abl e f r om 2 t o 6 psi .

2. 10. 4   Sol enoi d Oper at ed Pneumat i c ( EP)  Val ves

Val ves shal l  have t hr ee- por t  oper at i on:   common,  nor mal l y open,  and 
nor mal l y c l osed.   Val ves shal l  have an out er  cast  al umi num body.   The ai r  
connect i on shal l  be a 1/ 4 i nch NPT t hr eaded connect i on.   Val ves shal l  be 
r at ed f or  50 psi g wher e used i n a cont r ol  syst em whi ch oper at es at  25 psi g 
or  l ess,  or  150 psi g wher e used i n a cont r ol  syst em whi ch oper at es i n t he 
r ange of  25 t o 100 psi g.

2. 11   I NDI CATI NG DEVI CES

Pr ovi de i ndi cat i ng devi ces.

2. 11. 1   Ther momet er s

a.   Ther momet er s f or  i nser t i on i n duct wor k and pi pi ng syst ems shal l  
have br ass,  mal l eabl e i r on,  or  al umi num al l oy case and f r ame,  
c l ear  pr ot ect i ve f ace,  and per manent l y st abi l i zed gl ass t ube wi t h 
an i ndi cat i ng f l ui d col umn,  whi t e f ace,  bl ack number s,  and a 9 i nch
 scal e.

b.   Ther momet er s f or  pi pi ng syst ems shal l  have r i gi d st ems wi t h 
st r ai ght ,  angul ar ,  or  i ncl i ned pat t er n.

c.   Ther momet er  st ems shal l  have expansi on heads as r equi r ed t o 
pr event  br eakage at  ext r eme t emper at ur es.   On r i gi d st em 
t her momet er s,  t he space bet ween bul b and st em shal l  be f i l l ed wi t h 
a heat  t r ansf er  medi um.

d.   Ai r  duct  t her momet er s shal l  have per f or at ed st em guar ds and 45 
degr ee adj ust abl e duct  f l anges wi t h l ocki ng mechani sms.

e.   Aver agi ng t her momet er s shal l  have 3. 5 i nch ( nomi nal )  di al ,  wi t h 
bl ack l egend on whi t e backgr ound,  and poi nt er  t r avel i ng t hr ough a 
270 degr ee ar c.

f .   Ther momet er s shal l  have an accur acy of  pl us or  mi nus one per cent  
of  scal e r ange.   Ther momet er s shal l  have t he f ol l owi ng r anges:
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( 1)   Mi xed ai r  t emper at ur e:   0 t o 100 degr ees F i n 1 degr ee F 
gr aduat i ons.

( 2)   Ret ur n ai r  t emper at ur e:   0 t o 100 degr ees F i n 1 degr ee F 
gr aduat i ons.

( 3)   Cool i ng coi l  di schar ge t emper at ur e:   0 t o 100 degr ees F i n 1 
degr ee F gr aduat i ons.

( 4)   Heat i ng coi l  di schar ge t emper at ur e:   30 t o 180 degr ees F i n 2 
degr ee F gr aduat i ons.

( 5)   Hydr oni c heat i ng syst ems bel ow 220 degr ees F:   40 t o 240 
degr ees F i n 2 degr ee gr aduat i ons.

( 6)   Chi l l ed wat er  t emper at ur e:   0 t o 100 degr ees F i n one degr ee F
 gr aduat i ons.

( 7)   Condenser  wat er  t emper at ur e:   40 t o 140 degr ees i n one degr ee 
F gr aduat i ons.

( 8)   Gl ycol  t emper at ur e:   0 t o 100 degr ees Ff or  cool i ng ser vi ce i n 
one degr ee F gr aduat i ons,  and 40 t o 240 degr ees F f or  heat i ng 
ser vi ce i n 2 degr ee F gr aduat i ons.

( 9)   Hi gh t emper at ur e hot  wat er :   100 t o 550 degr ees F i n 5 degr ee 
F gr aduat i ons.

2. 11. 2   Pr essur e Gages

Pr ovi de pr essur e gages wi t h gage cock,  snubber ,  and syphon.

a.   ASME B40. 100.   Gages shal l  be 2 1/ 2 i nch ( nomi nal )  s i ze,  
back- connect ed,  sui t abl e f or  f i el d or  panel  mount i ng as r equi r ed,  
shal l  have bl ack l egend on whi t e backgr ound,  and shal l  have a 
poi nt er  t r avel i ng t hr ough a 270 degr ee ar c.   Accur acy shal l  be 
pl us or  mi nus 3 per cent  of  scal e r ange.

b.   Gages f or  i ndi cat i ng s i gnal  out put  t o pneumat i c act uat or s and mai n 
ai r  gages shal l  have scal e of  0 t o 30 psi g i n 1 psi g gr aduat i ons.

c.   Gages f or  ai r  st or age t anks and f or  use bef or e and af t er  di r t  and 
oi l  f i l t er s or  dr yer s,  shal l  have a scal e of  0 t o 160 psi g wi t h 2 
psi g gr aduat i ons.

d.   Gages f or  hydr oni c syst em appl i cat i ons shal l  have r anges and 
gr aduat i ons as i ndi cat ed.

e.   Pneumat i c t r ansmi ssi on r ecei ver  gages shal l  have a r ange t o mat ch 
t he r espect i ve t r ansmi t t er s.

2. 12   LOW- DI FFERENTI AL PRESSURE GAGES

Gages f or  l ow- di f f er ent i al  pr essur e measur ement s shal l  be 4 1/ 2 i nch 
( nomi nal )  s i ze wi t h t wo seat s of  pr essur e t aps,  and shal l  have a 
di aphr agm- act uat ed poi nt er ,  whi t e di al  wi t h bl ack f i gur es,  and poi nt er  
zer o adj ust ment .   Gages shal l  have r anges and gr aduat i ons as i ndi cat ed.   
Accur acy shal l  be pl us or  mi nus 2 per cent  of  scal e r ange.
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2. 13   CONTROLLERS

2. 13. 1   Si ngl e- Loop Cont r ol l er s

2. 13. 1. 1   Cont r ol l er  Feat ur es

Cont r ol l er  shal l  be a mi cr opr ocessor - based,  s i ngl e- l oop devi ce t hat  does 
not  r equi r e Cont r act or - gener at ed sof t war e.   Cont r ol l er  shal l  conf or m t o 
FCC Par t  15.   Cont r ol l er  panel  cut out  shal l  be 3. 62 by 3. 62 i nches.   
Cont r ol l er  shal l  have f i el d sel ect abl e r ange f or  pr ocess var i abl es,  a 
r emot e set poi nt  anal og i nput  and anal og out put  wi t h adj ust abl e hi gh and 
l ow end l i mi t s,  and pr opor t i onal  cont r ol  manual  r eset  adj ust ment .    Anal og 
out put  shal l  r esul t  f r om PI D cont r ol .   Anal og out put  shal l  be conf i gur abl e 
as di r ect  act i ng and r ever se act i ng.   Cont r ol l er  shal l  have keyboar d,  
di spl ay,  aut o/ manual  sel ect i on f or  cont r ol  of  anal og out put ,  and r emot e 
set poi nt  adj ust ment / l ocal  set poi nt  adj ust ment  sel ect i on.   Cont r ol l er  shal l  
have adj ust abl e hi gh- end and l ow- end l i mi t s,  r at i o,  and bi as adj ust ment s 
on r emot e set poi nt  i nput ;  oper at or  i ni t i at ed sel f - t une/ manual - t une 
sel ect i on,  ant i - r eset  wi nd- up f eat ur e,  and t wo conf i gur abl e i ndependent  
SPDT wi t h adj ust abl e syst em cont act  c l osur e out put s.   Cont r ol l er  shal l  be 
conf i gur abl e t o power - up i n manual  wi t h l ocal  set poi nt  cont r ol ,  i n 
aut omat i c wi t h l ocal  set poi nt  cont r ol ,  and i n aut omat i c wi t h r emot e 
set poi nt  cont r ol .   Cont act  c l osur es shal l  be act i vat ed by a pr ocess 
var i abl e and by a pr ocess var i abl e devi at i on f r om set poi nt  as conf i gur ed.   
The r ange of  hyst er esi s adj ust ment  shal l  not  be smal l er  t han 1 per cent  t o 
5 per cent  of  pr ocess var i abl e i nput  span.   Cont r ol l er  shal l  power  t he 
anal og out put  l oop t o 20 mA wher e connect ed t o a l oad of  600 ohms.   
Cont r ol l er  shal l  have 5- year  bat t er y backup or  shal l  have nonvol at i l e 
memor y t o st or e oper at i ng par amet er s.

2. 13. 1. 2   Cont r ol l er  Par amet er  I nput  and Di spl ay

Cont r ol  par amet er s shal l  be ent er ed and di spl ayed di r ect l y,  i n t he cor r ect  
engi neer i ng uni t s,  t hr ough a ser i es of  keyst r okes on a f r ont  panel  di spl ay 
wi t h a 3 1/ 2- di gi t ,  seven- segment  di spl ay,  wi t h deci mal  poi nt  and pol ar i t y 
i ndi cat i on.   Use of  t he di spl ay shal l  al l ow manual  i nt er r ogat i on of  
set poi nt ,  mode const ant s,  and val ues of  pr ocess var i abl es and out put s.

2. 13. 1. 3   Cont r ol l er  El ect r i cal  Requi r ement s

Cont r ol l er  shal l  be power ed by 120 Vac.   Cont r ol l er  shal l  pr ovi de 
el ect r i cal  noi se i sol at i on,  not  l ess t han 100 dB at  60 Hz common mode 
r ej ect i on r at i o,  and not  l ess t han 60 dB at  60 Hz nor mal  mode r ej ect i on 
r at i o bet ween ac power  l i ne and pr ocess var i abl e i nput ,  r emot e set poi nt  
i nput ,  and out put  s i gnal s.

2. 13. 1. 4   Cont r ol l er  Accur acy

Cont r ol l er  shal l  have an accur acy of  pl us or  mi nus 0. 30 per cent  of  i nput  
span,  pl us or  mi nus one di gi t .

2. 13. 1. 5   Cont r ol l er  Sel f  Tuni ng

Cont r ol l er  sel f - t uni ng oper at i on shal l  appl y pr opor t i onal ,  i nt egr al ,  and 
der i vat i ve modes of  cont r ol ;  mode const ant s shal l  be modi f i ed as 
r equi r ed.    Sel f  t uni ng shal l  onl y oper at e when sel ect ed f r om t he f r ont  
panel .
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2. 13. 1. 6   Cont r ol l er  Manual  Tuni ng

Cont r ol l er  manual  t uni ng oper at i on shal l  pr ovi de pr opor t i onal ,  i nt egr al ,  
and der i vat i ve cont r ol  modes,  or  any combi nat i on t her eof ,  by means of  
i ndi v i dual  mode const ant  adj ust ment s.   Adj ust ment s shal l  be set  f or  t he 
appr opr i at e val ue i f  a par t i cul ar  cont r ol  mode act i on i s desi r ed,  or  t o 
zer o f or  t he par t i cul ar  mode not  desi r ed.   The pr opor t i onal  mode const ant  
shal l  be adj ust abl e f r om 0 t o 200 per cent  of  i nput  s i gnal  r ange;  t he 
i nt egr al  mode const ant  shal l  be adj ust abl e f r om 0 t o 20 r epet i t i ons per  
mi nut e;  and t he der i vat i ve mode const ant  shal l  be adj ust abl e f r om 0 t o 5 
mi nut es.

2. 13. 2   Pneumat i c Cont r ol l er s

Cont r ol l er s shal l  be t wo- pi pe devi ces whi ch use mai n ai r  suppl i ed t o 
cont r ol l er  and pneumat i c r el ay t o pr oduce t he cont r ol l er  out put  s i gnal .  
Cont r ol l er s shal l  have f i el d sel ect abl e l ocal  and r emot e adj ust abl e 
set poi nt s,  and an adj ust abl e pr opor t i onal  band f or  anal og ( pr opor t i onal )  
cont r ol  or  an adj ust abl e di f f er ent i al  f or  bi nar y ( t wo- posi t i on or  
f l oat i ng)  cont r ol .   Cont r ol l er s shal l  have si ngl e-  or  dual - i nput  por t s as 
r equi r ed f or  t he appl i cat i on and f i el d sel ect abl e di r ect  or  r ever se act i on 
f or  i nput s.   Dual  i nput  cont r ol l er s shal l  have adj ust abl e secondar y i nput  
aut hor i t y.   Cont r ol l er s shal l  have i nt egr al  gage or  t est  connect i ons f or  
t est i ng or  i ndi cat i on of  i nput  and out put  s i gnal s.

2. 13. 3   Anal og El ect r oni c Cont r ol l er s

Cont r ol l er s shal l  be sol i d- st at e el ect r oni c devi ces whi ch sense t he 
di f f er ence bet ween i nput  sensor  anal og val ues ( r esi st ance or  vol t age)  and 
set poi nt  adj ust ment  anal og val ues ( r esi st ance or  vol t age) ,  and shal l  
ampl i f y t he di f f er ence si gnal  t o pr ovi de t he out put  s i gnal .   Cont r ol l er s 
shal l  i ncl ude t he f ol l owi ng:

a.   Pr opor t i onal  band:   2. 5 t o 33 per cent  of  i nput  devi ce span.

b.   Aut hor i t y:   mi ni mum of  33 t o 200 per cent .

c.   I nput s:   t her mi st or ,  r esi st ance,  t r ansmi t t er ,  or  out put  of  ot her  
el ect r oni c cont r ol l er s.

d.   Out put s:   wi t hi n t he r ange of  mi nus 5 t o 20 Vdc or  a 4 t o 20 mA dc 
cur r ent  l oop.

e.   Remot e set poi nt  adj ust ment  ( SPA) :   pl us or  mi nus 10 per cent  of  
i nput  devi ce span.

2. 13. 4   Uni t ar y Cont r ol  Syst ems

Uni t ar y cont r ol  syst ems shal l  be ener gy- ef f i c i ent ,  mi cr o- pr ocessor - based 
t emper at ur e cont r ol l er s and associ at ed devi ces t hat  do not  r equi r e 
Cont r act or - gener at ed sof t war e.   Pr ovi de cont r ol  syst ems wi t h i nt egr al  or  
r emot e sensor  as i ndi cat ed.   Cont r ol l er s shal l  oper at e heat i ng,  cool i ng,  
and vent i l at i ng modes wi t h i ndependent  occupi ed and unoccupi ed set t i ngs 
f or  each of  7 consecut i ve days.   Cool i ng shal l  be cont r ol l ed i n t wo st eps 
and heat i ng shal l  be cont r ol l ed i n t wo st eps wi t h modul at i ng cont r ol  
pr ovi ded f or  t he vent i l at i on mode.   Pr ovi de t emper at ur e changeover  cont r ol  
t o l i mi t  t he vent i l at i on mode when out door  ai r  t emper at ur e i s not  
suf f i c i ent l y l ow f or  " f r ee- cool i ng. "   Pr ovi s i on shal l  be made f or  aut omat i c
 changeover  bet ween heat i ng and cool i ng modes,  pr ovi di ng a one mi nut e 
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mi ni mum t i me del ay bet ween t he st ar t  and st op oper at i on of  heat i ng and 
cool i ng st ages upon st ar t up and af t er  power  f ai l ur e t o pr event  shor t  
cycl i ng and power  sur ges.   Pr ovi de an opt i mum st ar t up pr ogr am t o mi ni mi ze 
war m- up or  cool - down per i ods pr i or  t o t he occupi ed mode.   Out si de ai r  
damper s shal l  be c l osed dur i ng t he opt i mum st ar t up pr ogr am unl ess out si de 
ai r  i s  benef i c i al  f or  cool - down i n l i eu of  mechani cal  cool i ng.   Fan shal l  
oper at e cont i nuousl y dur i ng t he occupi ed mode and shal l  cycl e dur i ng t he 
unoccupi ed mode f or  heat i ng or  cool i ng.   Pr ovi de bat t er y backup t o r et ai n 
pr ogr ams and mai nt ai n c l ock oper at i on f or  48 hour s mi ni mum dur i ng power  
out ages.   Cont r ol l er  shal l  have a sel f - di agnost i c pr ogr am t o i ndi cat e 
er r or s and l ocki ng cover s t o pr event  unaut hor i zed pr ogr am ent r i es.   
Pr ovi de a conveni ent  means t o r est or e t he occupi ed mode of  oper at i on f or  a 
mi ni mum 2- hour  per i od wi t hout  r emovi ng cover s.   An i ndexi ng swi t ch shal l  
al l ow oper at i on i n a cont i nuous unoccupi ed mode dur i ng abnor mal  per i ods 
wi t hout  changi ng nor mal  pr ogr ams.   Ser vi c i ng t ool  r equi r ed t o pl ace t he 
uni t ar y cont r ol  syst em i n use shal l  be a hand- hel d devi ce used t o adj ust  
and moni t or  set poi nt s,  cont r ol l ed devi ce posi t i ons,  i nput  sensor  val ues,  
and ot her  cont r ol  syst em par amet er s.

2. 13. 5   Pneumat i c Low- Range Pr essur e Cont r ol l er s f or  Duct wor k Appl i cat i ons

Cont r ol l er s shal l  pr ovi de t wo- pi pe,  pi l ot - oper at ed cont r ol  wi t h pneumat i c 
f eedback and pr opor t i onal  act i on.   Sensi ng el ement s shal l  be di f f er ent i al  
t ype wi t h pr essur e r anges appr opr i at e f or  i nt ended ser vi ce.   One el ement  
shal l  measur e t he var i abl e whi l e t he ot her  el ement  measur es t he st andar d 
r ef er ence.   St at i c pr essur e cont r ol l er s shal l  have sl ack di aphr agms wi t h 
st andar d r anges bet ween 0 t o 6 i nches wat er  gage and an adj ust abl e 
t hr ot t l i ng r ange of  0. 02 t o 0. 5 i nch wat er  gage.   Sensi ng el ement  shal l  be 
mount abl e i n duct wor k and shal l  measur e st at i c pr essur e wi t hout  pul sat i ons.

2. 13. 6   Pneumat i c Di f f er ent i al  Pr essur e Cont r ol l er s f or  Li qui d Appl i cat i ons

Di f f er ent i al  pr essur e cont r ol l er s shal l  have a mi ni mum r ange of  0 t o 50 
psi g or  0 t o 250 psi g as speci f i ed or  r equi r ed f or  t he appl i cat i on and 
shal l  have an adj ust abl e t hr ot t l i ng r ange of  1 t o 25 psi g.   Sensi ng 
el ement  shal l  be f i l l ed di aphr agm t ype wi t h t hr ee- val ve mani f ol d f or  
i sol at i on and nul l i ng.   Pr ovi de syphons and pr essur e snubber s.

2. 14   CONTROL DEVI CES AND ACCESSORI ES

Pr ovi de cont r ol  devi ces and accessor i es.

2. 14. 1   Funct i on Modul es

Funct i on modul es shal l  accept  mA dc anal og i nput  s i gnal s t o pr oduce anal og 
out put  s i gnal s or  cont act  out put  s i gnal s.   Modul es shal l  have zer o and 
span adj ust ment s f or  anal og out put s,  and set poi nt  adj ust ment s f or  cont act  
out put s.

2. 14. 1. 1   Mi ni mum Posi t i on Swi t ches and Temper at ur e Set poi nt  Devi ces

Mi ni mum posi t i on swi t ches and t emper at ur e set poi nt  devi ces shal l  accept  
manual  i nput  and shal l  pr oduce st eady anal og out put .   Swi t ches and devi ces 
shal l  be sui t abl e f or  r ecessed wal l  mount i ng or  panel  mount i ng and shal l  
have a gr aduat ed di al .

2. 14. 1. 2   Si gnal  I nver t er  Modul es

Si gnal  i nver t er  modul es shal l  accept  anal og i nput  s i gnal  and pr oduce 
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anal og out put  s i gnal  t hat  l i near l y r ever ses t he di r ect i on of  s i gnal  change 
of  i nput  ver sus out put .

2. 14. 1. 3   Hi gh- Low Si gnal  Sel ect or  Modul es

Hi gh- l ow si gnal  sel ect or  modul es shal l  accept  anal og i nput  s i gnal s and 
sel ect  ei t her  t he hi ghest  or  t he l owest  i nput  s i gnal  as t he out put  s i gnal .

2. 14. 1. 4   Sequencer  Modul es

Sequencer  modul es shal l  pr ovi de f i xed t i me del ayed sequenci ng of  one or  
mor e cont act  t r ansf er s f r om an anal og i nput  s i gnal .   Sequencer s shal l  
r et ur n cont act s t o t hei r  zer o i nput  s i gnal  condi t i on when power  i s 
i nt er r upt ed.

2. 14. 2   Rel ays

Rel ays shal l  be t wo- pol e,  doubl e- t hr ow ( DPDT)  wi t h a 10- amper e r esi st i ve 
r at i ng at  24 Vac,  and shal l  have an encl osed coi l .   Pr ovi de wi t h a l i ght  
i ndi cat or  whi ch i s l i t  when t he coi l  i s  ener gi zed and i s not  l i t  when t he 
coi l  i s  not  ener gi zed.

2. 14. 3   Ti me- Del ay Rel ays

Ti me- del ay r el ays shal l  be DPDT wi t h oct al  connect or s and dust  cover s.   
The adj ust abl e t i mi ng r ange shal l  be 0 t o 3 mi nut es .

2. 14. 4   Ti me Cl ocks

Ti me cl ocks shal l  be a 24- hour ,  365- day pr ogr ammabl e t i mi ng devi ce wi t h 
t wo i ndependent l y t i med ci r cui t s.   Cl ocks shal l  have a manual  schedul i ng 
keypad and al phanumer i c di spl ay of  t i mi ng par amet er s.   Ti mi ng par amet er s 
shal l  i ncl ude Gr egor i an cal endar  dat e f or  mont h,  day and day- of - mont h 
i ndi cat i on;  and 24- hour  t i me- of - day di spl ay,  wi t h one- mi nut e r esol ut i on 
f or  pr ogr ammi ng t he ON and OFF t i mes f or  each ci r cui t .   Ci r cui t s shal l  
have pr ogr ammabl e t i med over r i de f r om 1 t o 99 mi nut es.   Cl ocks shal l  have 
capaci t y f or  pr ogr ammi ng f our  ON event s and f our  OFF event s f or  each 
ci r cui t .   Pr ogr ammed event s shal l  be assi gnabl e t o a 365- day schedul e.   
Cl ocks shal l  have aut omat i c st andar d t i me and dayl i ght  savi ng t i me 
adj ust ment s,  keyed t o i nput  of  appr opr i at e dat es.   Pr ovi de cl ocks wi t h 
4- day bat t er y backup.

2. 14. 5   Over r i de Ti mer

Over r i de t i mer s shal l  be manual l y set ,  mechani cal l y dr i ven t i mer s,  or  
el ect r oni c t i mer s,  wi t hout  a " hol d"  f eat ur e.   Ti me i nt er val s shal l  be 
sel ect abl e f or  up t o 12 hour s of  oper at i on and shal l  expi r e unl ess r eset .

2. 14. 6   Cur r ent - t o- Pneumat i c ( I P)  Tr ansducer s

Tr ansducer s shal l  be t wo- wi r e t r ansmi t t er s whi ch conver t  an i nput  s i gnal  t o
 3 t o 15 psi g or  15 t o 3 psi g pneumat i c out put ,  wi t h a conver si on accur acy 
of  pl us or  mi nus 2 per cent  of  f ul l  scal e,  i ncl udi ng l i near i t y and 
hyst er esi s.   Ai r  consumpt i on shal l  not  be gr eat er  t han 0. 25 scf m.

2. 14. 7   Regul at ed Power  Suppl i es

Power  suppl i es shal l  pr ovi de a 24- Vdc l i near  suppl y at  not  l ess t han 2 
amper es,  wi t h r egul at i on t o 0. 05 per cent  of  out put  vol t age.   Power  
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suppl i es shal l  have a f used i nput ,  and shal l  be pr ot ect ed f r om vol t age 
sur ges and power - l i ne t r ansi ent s.   Power  suppl y out put  shal l  be pr ot ect ed 
agai nst  over vol t age and shor t  c i r cui t s.   Power  suppl y l oadi ng shal l  not  be 
gr eat er  t han 1. 2 amper es.

2. 14. 8   Tr ansf or mer s

UL 508 and NEMA ST 1 as appl i cabl e.   Tr ansf or mer s,  ot her  t han t r ansf or mer s 
i n br i dge ci r cui t s,  shal l  have pr i mar i es wound f or  avai l abl e vol t age and 
secondar i es wound f or  cor r ect  cont r ol  c i r cui t  vol t age.    Tr ansf or mer s 
shal l  be s i zed so t hat  connect ed l oads equal  80 per cent  of  r at ed 
capaci t y.   Tr ansf or mer s shal l  be encl osed i n r ust pr oof ,  gal vani zed st eel  
cabi net s wi t h condui t  connect i ons.   Di sconnect  swi t ch shal l  be pr ovi ded on 
t he pr i mar y s i de,  and a f use cut out  on t he secondar y s i de.    For  syst ems 
ser vi ng  ,  pr ovi de backup power  suppl y i ncl udi ng t r ansf or mer s connect ed t o 
t he emer gency power  sour ce .   Pr ovi de f or  aut omat i c swi t chover  and al ar m 
upon f ai l ur e of  pr i mar y cont r ol  c i r cui t .

2. 14. 9   Pi l ot  Li ght s and Manual  Swi t ches

Devi ce i l l umi nat i on shal l  be by l i ght - emi t t i ng di ode ( LED)  or  neon l amp.   
Swi t ches shal l  have oper at i ng l ever s and i ndex pl at es showi ng swi t ch 
posi t i ons and names of  appar at us cont r ol l ed or  ot her  appr opr i at e 
desi gnat i ons.

2. 15   HVAC SYSTEM CONTROL PANELS

Pr ovi de HVAC syst em cont r ol  panel s.

2. 15. 1   Panel  Assembl y

Panel  shal l  be f abr i cat ed f or  bot t om ent r y connect i on f or  cont r ol  syst em 
el ect r i c power ,  cont r ol  syst em mai n ai r  sour ce,  cont r ol  syst em wi r i ng,  
pneumat i c t ubi ng,  i nt er connect i on of  cont r ol  syst ems,  i nt er connect i on of  
st ar t er s,  and ext er nal  shut down devi ces.   Panel  shal l  have an oper at i ng 
t emper at ur e r i se of  not  gr eat er  t han 20 degr ees F above an ambi ent  
t emper at ur e of  100 degr ees F.

2. 15. 2   Panel  El ect r i cal  Requi r ement s

Cont r ol  panel  shal l  be power ed by nomi nal  120 Vac t er mi nat i ng at  panel  on 
t er mi nal  bl ocks.   I nst r ument  cases shal l  be gr ounded.   I nt er i or  and 
ext er i or  panel  encl osur es shal l  be gr ounded.

2. 15. 3   Encl osur es

Encl osur es f or  each panel  shal l  be a s i ngl e door ,  wal l - mount ed box 
conf or mi ng t o NEMA 250 wi t h a cont i nuous hi nged and gasket ed ext er i or  door  
wi t h a pr i nt  pocket ,  key l ock,  and i nt er i or  back panel .   I nsi de f i ni sh 
shal l  be whi t e enamel ,  and out si de f i ni sh shal l  be gr ay pr i mer  over  
phosphat i zed sur f aces.

2. 15. 4   Mount i ng and Label i ng

Pr ovi de pi l ot  l i ght s,  swi t ches,  panel - mount ed cont r ol  devi ces,  and 
pr essur e gages shal l  be mount ed on t he door .   Power  condi t i oner s,  f uses,  
and dupl ex out l et s shal l  be mount ed on t he i nt er i or  of  t he cabi net .   Ot her  
component s housed i n t he panel  shal l  be mount ed on t he i nt er i or  back panel  
sur f ace of  t he encl osur e and shal l  be i dent i f i ed by pl ast i c or  met al  
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namepl at es whi ch ar e mechani cal l y at t ached t o t he panel .   Let t er i ng shal l  
be cut  or  st amped i nt o t he namepl at e t o a dept h of  not  l ess t han 1/ 64 i nch,  
and shal l  have cont r ast i ng col or ,  pr oduced by f i l l i ng wi t h enamel  or  
l acquer  or  by use of  l ami nat ed mat er i al .   Pai nt i ng of  l et t er i ng di r ect l y 
on t he sur f ace of  t he door  or  i nt er i or  back panel  i s  not  per mi t t ed.

2. 15. 5   Wi r i ng and Tubi ng

a.   Pneumat i c devi ce i nput s and out put s shal l  be pi ped t o bul khead 
f i t t i ngs i n t he bot t om of  t he panel  wi t h a 2 i nch l oop t o 
f aci l i t at e r epl acement .   El ect r i c,  el ect r oni c,  and 
el ect r opneumat i c devi ce s i gnal s ent er i ng and l eavi ng t he panel  
shal l  be wi r ed t o i dent i f i ed t er mi nal  bl ocks.

b.   Wi r i ng shal l  be i nst al l ed i n wi r i ng duct s so t hat  devi ces can be 
added or  r epl aced wi t hout  di st ur bi ng exi st i ng wi r i ng t hat  i s not  
af f ect ed by t he change.   Wi r i ng t o s i ngl e- l oop cont r ol l er s shal l  
have a 4 i nch wi r i ng l oop i n t he hor i zont al  wi r i ng duct  at  each 
wi r i ng connect i on.   Ther e shal l  be no wi r i ng spl i ces wi t hi n t he 
cont r ol  panel .   I nt er connect i ons r equi r ed f or  power  or  s i gnal s 
shal l  be made on devi ce t er mi nal s,  i f  avai l abl e,  or  panel  t er mi nal  
bl ocks,  wi t h not  mor e t han t wo wi r es connect ed t o each t er mi nal .

c.   I nst r ument  s i gnal  gr ounds at  t he same r ef er ence l evel  shal l  end at  
a gr oundi ng t er mi nal  connect ed t o a common gr ound poi nt  f or  t hat  
l evel .   Wi r i ng shi el d gr ounds at  t he same r ef er ence l evel  shal l  
end at  a gr oundi ng t er mi nal  connect ed t o a common gr ound poi nt  f or  
t hat  l evel .   Gr oundi ng t er mi nal  bl ocks shal l  be i dent i f i ed by 
r ef er ence l evel .

d.   Wi r i ng connect ed t o cont r ol l er s shal l  be i dent i f i ed by f unct i on 
and pol ar i t y,  e. g. ,  pr ocess var i abl e i nput  and r emot e set poi nt  
i nput  and out put .

2. 16   COMPRESSED AI R STATI ONS

Pr ovi de compr essed ai r  st at i ons.

2. 16. 1   Ai r  Compr essor  Assembl y

a.   Compr essor  shal l  be equi pped wi t h an el ect r i c mot or  wi t h a t ot al l y 
encl osed bel t  guar d,  oper at i ng pr essur e swi t ch,  saf et y r el i ef  
val ves,  gages,  i nt ake f i l t er ,  and i nt ake si l encer .   Compr essor  
shal l  have combi nat i on t ype magnet i c st ar t er  wi t h under vol t age 
pr ot ect i on and t her mal  over l oad pr ot ect i on f or  each phase.    
Compr essor  shal l  be suppor t ed by a st eel  base mount ed on an ai r  
st or age t ank.   Ai r  compr essor  shal l  be s i zed t o suppl y compr essed 
ai r  r equi r ed by t he cont r ol  syst em whi l e oper at i ng not  mor e t han 
one- t hi r d of  t he t i me.

c.   Compr essed ai r  st or age t ank shal l  be f abr i cat ed f or  wor ki ng 
pr essur e of  not  l ess t han 200 psi g,  and const r uct ed and cer t i f i ed 
i n accor dance wi t h ASME BPVC.   Tank shal l  be of  suf f i c i ent  vol ume 
so t hat  no mor e t han si x compr essor  st ar t s per  hour  ar e r equi r ed 
wi t h t he st ar t i ng pr essur e swi t ch di f f er ent i al  set  at  20 psi  
di f f er ent i al .   Tank shal l  be pr ovi ded wi t h an aut omat i c condensat e 
dr ai n t r ap wi t h a manual  over r i de f eat ur e.
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2. 16. 2   Compr essed Ai r  St at i on Speci al t i es

a.   Pr essur e r egul at or  and r ef r i ger at ed ai r  dr yer  shal l  be pr ovi ded i n 
t he ai r  out l et  l i ne of  t he ai r  st or age t ank.   Dr yer  shal l  be s i zed 
f or  f ul l  ai r  del i ver y capaci t y of  compr essor .   Ai r  shal l  be dr i ed 
at  a pr essur e of  not  l ess t han 70 psi g t o a t emper at ur e not  
gr eat er  t han 35 degr ees F.   Dr yer  shal l  be pr ovi ded wi t h an 
aut omat i c condensat e dr ai n t r ap wi t h a manual  over r i de f eat ur e.

b.   Two par al l el  combi nat i on di r t  and coal esci ng t ype oi l  f i l t er s wi t h 
shut of f  val ves and pr essur e r egul at or s shal l  be pr ovi ded i n t he 
dr yer  di schar ge.   Ai r  f i l t r at i on syst em shal l  be r at ed f or  f ul l  
del i ver y capaci t y of  compr essor .   Fi l t er  shal l  be 100 per cent  
ef f i c i ent  f or  par t i c l e di amet er s down t o 0. 3 mi cr ons.   Fi l t er  bowl  
shal l  be r at ed f or  150 psi g maxi mum wor ki ng pr essur e.   One of  t he 
f i l t er s shal l  ser ve as a st andby.   Pr essur e r egul at or  and saf et y 
val ve shal l  be pr ovi ded downst r eam of  t he f i l t er .

c.   Fl exi bl e pi pe connect or s shal l  be desi gned f or  150 psi  and 250 
degr ees F ser vi ce,  and shal l  be const r uct ed of  r ubber ,  
t et r af l uor oet hyl ene r esi n,  or  br ai ded cor r osi on- r esi st ant  st eel ,  
br onze,  monel ,  or  gal vani zed st eel .   Connect or s shal l  be sui t abl e 
f or  ser vi ce i nt ended and may have t hr eaded or  sol der ed ends.   
Lengt h of  connect or s shal l  be as r ecommended by t he manuf act ur er  
f or  ser vi ce i nt ended.

d.   Vi br at i on i sol at i on uni t s shal l  be st andar d pr oduct s wi t h 
publ i shed l oadi ng r at i ngs,  and shal l  be s i ngl e r ubber - i n- shear ,  
doubl e r ubber - i n- shear ,  or  spr i ng t ype.

2. 17   ELECTRONI C VARI ABLE AI R VOLUME VAV TERMI NAL UNI T CONTROLS

Pr ovi de el ect r oni c VAV t er mi nal  uni t  cont r ol s.

2. 17. 1   VAV Ter mi nal  Uni t s

VAV t er mi nal  uni t s shal l  be as speci f i ed i n Sect i on 23 30 00 HVAC AI R 
DI STRI BUTI ON.

2. 17. 2   Ter mi nal  Uni t  Cont r ol s

a.   UL 916 and FCC Par t  15.   Cont r ol s f or  pr essur e i ndependent  boxes 
shal l  consi st  of  a vel oci t y sensi ng devi ce i n t he pr i mar y ai r  
ent er i ng box,  a r oom t emper at ur e sensi ng el ement ,  a damper  
act uat or ,  and an adj ust abl e mi cr opr ocessor - based VAV box 
cont r ol l er .   Cont r ol s shal l  oper at e a damper  f or  cool i ng and a 
duct  coi l  f or  heat i ng.   Act uat or  shal l  open or  c l ose t he devi ce t o 
whi ch i t  i s  appl i ed wi t hi n 6 mi nut es.

b.   Cont r ol s f or  pr essur e i ndependent  boxes wi t h r eci r cul at i ng f ans 
shal l  consi st  of  a vel oci t y sensi ng devi ce i n t he pr i mar y ai r  
ent er i ng t he box,  a r oom t emper at ur e sensi ng el ement ,  an 
adj ust abl e mi cr opr ocessor - based VAV box cont r ol l er ,  a damper  wi t h 
act uat or ,  and a duct  pr essur e swi t ch t o oper at e t he r eci r cul at i on 
f an.    Cont r ol l er  shal l  oper at e t he damper  f or  cool i ng and t he 
r eci r cul at i ng f an and duct  coi l  f or  heat i ng.

c.   One hand- hel d communi cat i on and pr ogr ammi ng devi ce wi t h an 
i nst r uct i on manual ,  pl us one addi t i onal  hand- hel d communi cat i on 

SECTI ON 23 09 53. 00 20  Page 26



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

devi ce and i nst r uct i on manual  per  100 t er mi nal  uni t s,  shal l  be 
pr ovi ded.   Communi cat i on and pr ogr ammi ng devi ce shal l  connect  
di r ect l y t o t he cont r ol l er  or  t o a j ack at  t he r oom t emper at ur e 
sensi ng el ement  l ocat i on.   Communi cat i on and pr ogr ammi ng devi ce 
shal l  be used t o r ead and set  mi ni mum vel oci t y,  maxi mum vel oci t y,  
heat i ng set poi nt ,  and cool i ng set poi nt ,  and t o r ead ai r  vel oci t y 
and space t emper at ur e.

2. 18   CONTROL TUBI NG AND WI RI NG

Pr ovi de HVAC cont r ol  t ubi ng and wi r i ng.

2. 18. 1   Tube and Fi t t i ngs

2. 18. 1. 1   Copper  Tubi ng

ASTM B75/ B75M or  ASTM B88.   Tubi ng 0. 375 i nch out si de di amet er  and l ar ger  
shal l  have a mi ni mum wal l  t hi ckness equal  t o ASTM B88,  Type M.  Tubi ng l ess 
t han 0. 375 i nch out si de di amet er  shal l  have a mi ni mum wal l  t hi ckness of  
0. 025 i nch.   Conceal ed t ubi ng shal l  be har d or  sof t  copper ;  mul t i pl e 
t ubi ng shal l  be r acked or  bundl ed.   Exposed t ubi ng shal l  be har d copper ;  
r ack mul t i pl e t ubi ng.   Tubi ng f or  wor ki ng pr essur es gr eat er  t han 30 psi g 
shal l  be har d copper .  Bundl ed t ubi ng shal l  have each t ube number ed each 
si x f eet  mi ni mum.  Racked and i ndi v i dual  t ubes shal l  be per manent l y 
i dent i f i ed at  each end.  Fi t t i ngs shal l  be sol der  t ype ASME B16. 18 or  
ASME B16. 22,  usi ng ASTM B32,  Pl umbi ng Code appr oved l ead- f r ee sol der ,  or  
compr essi on t ype ASME B16. 26.

2. 18. 1. 2   Pol yet hyl ene Tubi ng

Pol yet hyl ene t ubi ng shal l  be pr ovi ded onl y f or  syst ems wi t h wor ki ng 
pr essur e of  30 psi g or  l ess.  Pr ovi de f l ame- r esi st ant ,  mul t i pl e 
pol yet hyl ene t ubi ng i n f l ame- r esi st ant  pr ot ect i ve sheat h wi t h Myl ar  
bar r i er ,  or  unsheat hed f l ame- r esi st ant  pol yet hyl ene t ubi ng i n r i gi d met al ,  
i nt er medi at e met al ,  or  el ect r i cal  met al l i c  t ubi ng condui t  f or  ar eas wher e 
t ubi ng i s exposed.  Si ngl e,  unsheat hed,  f l ame- r esi st ant  pol yet hyl ene t ubi ng 
may be used wher e conceal ed i n wal l s or  above cei l i ngs and wi t hi n cont r ol  
panel s,  except  pr ohi bi t ed i n cr awl  spaces,  at t i cs,  and above- cei l i ng 
spaces t hat  ar e vent ed t o t he out door s.  Do not  pr ovi de pol yet hyl ene t ubi ng 
f or   smoke r emoval  syst ems.  Number  each t ube i n sheat hi ng each t wo f eet  
mi ni mum.  Per manent l y i dent i f y unsheat hed t ubi ng at  each end.  Pr ovi de 
compr essi on or  bar bed push- on t ype f i t t i ngs.  Ext r uded seaml ess 
pol yet hyl ene t ubi ng shal l  conf or m t o t he f ol l owi ng:

a.   Mi ni mum bur st  pr essur e r equi r ement s:   100 psi g at  75 degr ees F t o 
25 psi g at  150 degr ees F.

b.   St r ess cr ack r esi st ance:   ASTM D1693,  200 hour s mi ni mum.

c.   Tensi l e st r engt h ( mi ni mum) :  ASTM D638,  1100 psi .

d.   Fl ow r at e ( aver age) :   ASTM D1238,  0. 30 deci gr am per  mi nut e.

e.   Densi t y ( aver age) :   ASTM D792,  57. 5 pounds per  cubi c f eet .

f .   Bur n r at e:   ASTM D635.
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2. 18. 2   Wi r i ng

a.   Ter mi nal  bl ocks shal l  be i nsul at ed,  modul ar ,  f eed- t hr ough,  c l amp 
st y l e wi t h r ecessed capt i ve scr ew- t ype cl ampi ng mechani sms.   
Ter mi nal  bl ocks shal l  be r ai l  mount ed,  and shal l  have end pl at es,  
par t i t i on pl at es or  encl osed si des f or  separ at i on.

b.   Cont r ol  wi r i ng f or  24- V ci r cui t s shal l  be 18 AWG mi ni mum and shal l  
be r at ed f or  300- V ser vi ce.

c.   Wi r i ng f or  c i r cui t s oper at i ng at  mor e t han 100 V shal l  be 14 AWG 
mi ni mum and shal l  be r at ed f or  600- V ser vi ce.

d.   Anal og si gnal  wi r i ng c i r cui t s wi t hi n cont r ol  panel s shal l  not  be 
l ess t han 20 AWG and shal l  be r at ed f or  300- V ser vi ce.

e.   I nst r ument at i on cabl e shal l  be 18 AWG,  st r anded copper ,  s i ngl e or  
mul t i pl e t wi st ed,  mi ni mum 2- i nch l ay of  t wi st ,  100 per cent  
shi el ded pai r s,  and shal l  have 300- V i nsul at i on.   Each pai r  shal l  
have a 20- AWG t i nned copper  dr ai n wi r e,  i ndi v i dual  pai r ,  and 
over al l  i nsul at i on.   Cabl es shal l  have an over al l  al umi num 
pol yest er  or  t i nned over al l  copper  cabl e shi el d t ape,  20- AWG 
t i nned- copper  cabl e dr ai n wi r e,  and over al l  cabl e i nsul at i on.

f .   Nonconduct i ng wi r i ng duct s i n cont r ol  panel s shal l  have sl ot t ed 
s i de snap- on cover s,  f i t t i ngs f or  connect i ng duct s,  mount i ng c l i ps 
f or  secur i ng duct s,  and wi r e r et ai ni ng cl i ps.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Per f or m i nst al l at i on under  t he super vi s i on of  compet ent  t echni c i ans 
r egul ar l y empl oyed i n t he i nst al l at i on of  cont r ol  syst ems.   Pr ovi de 
component s f or  a compl et e and oper at i onal  cont r ol  syst em.   Pr ovi de cont r ol  
syst em compl et e and r eady f or  oper at i on,  as speci f i ed and i ndi cat ed.    
Pr ovi de di el ect r i c i sol at i on wher e di ssi mi l ar  met al s ar e used f or  
connect i on and suppor t .   Penet r at i ons t hr ough and mount i ng hol es i n t he 
bui l di ng ext er i or  shal l  be wat er t i ght .   Cont r ol  syst em i nst al l at i on shal l  
pr ovi de adequat e c l ear ance f or  cont r ol  syst em mai nt enance by mai nt ai ni ng 
access spaces bet ween coi l s,  t o mi xed- ai r  pl enums,  and as r equi r ed t o 
cal i br at e,  r emove,  r epai r ,  or  r epl ace cont r ol  syst em devi ces.   Cont r ol  
syst em i nst al l at i on shal l  not  i nt er f er e wi t h t he c l ear ance r equi r ement s 
f or  mechani cal  and el ect r i cal  syst em mai nt enance.   I nst al l  devi ces mount ed 
i n or  on pi pi ng or  duct wor k,  on bui l di ng sur f aces,  i n mechani cal  and 
el ect r i cal  spaces,  or  i n occupi ed space cei l i ngs i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons and as i ndi cat ed on cont r act  document s.   
Pr ovi de cont r ol  devi ces t o be i nst al l ed i n pi pi ng and duct wor k wi t h 
r equi r ed gasket s,  f l anges,  t her mal  compounds,  i nsul at i on,  pi pi ng,  
f i t t i ngs,  and manual  val ves f or  shut of f ,  equal i zat i on,  pur gi ng,  and 
cal i br at i on.   Cer t i f y t hat  i nst al l at i on of  cont r ol  syst em i s compl et e and 
t echni cal  r equi r ement s of  t hi s sect i on have been met .

3. 1. 1   Sensor s

Pr ovi de sensor s i n l ocat i ons t o sense t he appr opr i at e condi t i on.   I nst al l  
sensor  and t r ansmi t t er  wher e easi l y accessi bl e and ser vi ceabl e wi t hout  
speci al  t ool s.   Sensor s shal l  be cal i br at ed t o t he accur acy speci f i ed i n 
t he cont r act ,  and oper at e cor r ect l y when i nst al l ed.   Do not  i nst al l  
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sensor s desi gned f or  one appl i cat i on i n t he pl ace of  anot her  appl i cat i on 
( e. g. ,  r epl aci ng a duct  sensor  wi t h a r oom sensor ) .

3. 1. 1. 1   Room Sensor s

Pr ovi de on i nt er i or  wal l s t o sense aver age r oom condi t i ons.   Avoi d 
l ocat i ons whi ch may be cover ed by of f i ce f ur ni t ur e.   Do not  mount  r oom 
sensor s on ext er i or  wal l s i f  ot her  l ocat i ons ar e avai l abl e.   Mount  
cent er l i ne of  sensor  5 f eet  above f i ni shed f l oor .

3. 1. 1. 2   Duct  Temper at ur e Sensor s

Pr ovi de sensor s i n duct wor k i n gener al  l ocat i ons as i ndi cat ed.   Sel ect  
speci f i c  sensor  l ocat i on wi t hi n duct  t o accur at el y sense appr opr i at e ai r  
t emper at ur es.   Locat e sensor  connect i on boxes i n posi t i on not  obst r uct ed 
by duct s or  equi pment .   I nst al l  gasket s bet ween sensor  housi ng and duct  
wal l .    Seal  duct  and i nsul at i on penet r at i ons.   I nst al l  duct  aver agi ng 
sensor s bet ween t wo r i gi d suppor t s i n ser pent i ne posi t i on t o sense aver age 
condi t i ons.   Sensor  shal l  have a t ot al  mi ni mum l engt h of  one l i near  f oot  
per  4 squar e f eet  of  duct  ar ea.   Sensor  shal l  be mount ed a mi ni mum of  3 
i nches f r om out si de wal l  sur f ace.   Ther mal l y i sol at e t emper at ur e sensi ng 
el ement s f r om suppor t s.    Pr ovi de duct  access door s t o aver agi ng sensor s.

3. 1. 1. 3   I mmer si on Temper at ur e Sensor s

Pr ovi de t her mowel l s f or  sensor s measur i ng t emper at ur es i n l i qui d 
appl i cat i ons or  pr essur e vessel s.   Locat e wel l s t o sense cont i nuous f l ow 
condi t i ons.   Do not  i nst al l  wel l s usi ng ext ensi on coupl i ngs.   Wher e pi pi ng 
di amet er s ar e smal l er  t han t he l engt h of  t he wel l s,  pr ovi de wel l s i n 
pi pi ng at  el bows t o ef f ect  pr oper  f l ow acr oss ent i r e ar ea of  t he wel l .   
Wel l s shal l  not  r est r i ct  f l ow ar ea t o l ess t han 70 per cent  of  pi pe ar ea.   
I ncr ease pi pi ng si ze as r equi r ed t o avoi d r est r i ct i on.   Temper at ur e 
sensor s shal l  be i nst al l ed i n t her mowel l s wi t h t her mal  t r ansmi ssi on 
mat er i al  t o speed t he r esponse of  t emper at ur e measur ement .   Pr ovi de 
t her mowel l s wi t h seal i ng nut s t o cont ai n t her mal  t r ansmi ssi on mat er i al .

3. 1. 1. 4   St r ap- on Temper at ur e Sensor s

St r ap- on t emper at ur e sensor s,  usi ng hel i cal  scr ew st ai nl ess st eel  c l amps,  
shal l  be per mi t t ed on new hot  wat er  pi pi ng f or  on- of f  oper at i on,  and f or  
exi st i ng hot  wat er  pi pi ng si zes not  gr eat er  t han 3 i nches.   Cl ean t he pi pe 
t o br i ght  met al .   I nsul at e st r ap- on bul b and pi pe af t er  i nst al l at i on.   
Pr ovi de ot her  l i qui d t emper at ur e sensor s wi t h t her mowel l s.   Pr ovi de 
NEMA 250 Type 4 encl osur es f or  out door  i nst al l at i ons.   Pr ovi de br ushed 
al umi num or  br ushed st ai nl ess st eel  encl osur es f or  sensor s l ocat ed i n 
f i ni shed spaces.

3. 1. 1. 5   Out si de Ai r  Temper at ur e Sensor s

Pr ovi de out si de ai r  t emper at ur e sensor  on nor t h s i de of  bui l di ng,  away 
f r om exhaust  hoods,  ai r  i nt akes,  and ot her  ar eas whi ch may af f ect  
t emper at ur e r eadi ngs.   I nst al l  sunshi el ds t o pr ot ect  out s i de ai r  
t emper at ur e sensor  f r om di r ect  sunl i ght .

3. 1. 1. 6   Low- Temper at ur e Pr ot ect i on Ther most at s ( Fr eezest at s)

Pr ovi de t her most at  f or  each 80 squar e f eet  of  coi l - f ace ar ea t o sense t he 
t emper at ur e at  l ocat i on i ndi cat ed.   I nst al l  t her most at  sensi ng el ement  i n 
ser pent i ne pat t er n.
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3. 1. 2   Ther momet er s

Pr ovi de t her momet er s whi ch ar e i nst al l ed i n l i qui d syst ems i n t her mowel l s 
wi t h t her mal  t r ansmi t t i ng mat er i al s wi t hi n t he wel l  t o speed t he r esponse 
of  t emper at ur e measur ement .

3. 1. 3   Pr essur e Sensor s

3. 1. 3. 1   Duct  St at i c Pr essur e

Duct  st at i c pr essur e sensor  shal l  be l ocat ed wher e i ndi cat ed on dr awi ngs.   
I f  no l ocat i on i s i ndi cat ed,  i t  shoul d be l ocat ed appr oxi mat el y t wo- t hi r ds 
of  di st ance f r om suppl y f an t o t he end of  duct  wi t h gr eat est  pr essur e dr op.

3. 1. 3. 2   St eam Pr essur e

Pr ovi de snubber s and i sol at i on val ves on st eam pr essur e sensi ng 
appl i cat i ons.

3. 1. 4   Pr essur e Gages

Pr ovi de snubber s f or  gages i n pi pi ng syst ems subj ect  t o pul sat i on.   Gages 
f or  st eam ser vi ce shal l  have pi gt ai l  f i t t i ngs wi t h cocks.   I nst al l  
pr essur e gages at  l ocat i ons i ndi cat ed.   Pneumat i c out put  l i nes shal l  have 
pr essur e gages mount ed near  t he cont r ol  panel .

3. 1. 5   Val ves

Pr ovi de val ve wi t h st ems upr i ght  wher e possi bl e but  wi t h st ems not  l ower  
t han hor i zont al .   Pr ovi de posi t i oner s wher e i ndi cat ed and wher e necessar y 
t o pr event  over l ap of  heat i ng and cool i ng wher e one cont r ol l er  oper at es 
mor e t han one pneumat i c devi ce and t o mai nt ai n t he pr oper  dead band 
bet ween heat i ng and cool i ng.

3. 1. 6   Damper  Act uat or s

Pr ovi de damper  act uat or s so t hat  t he damper  seal i ng act i on i s smoot h and 
suf f i c i ent  t o mai nt ai n l eakage at  or  bel ow speci f i ed l eakage r at e.   
Mul t i pl e act uat or s oper at i ng a common damper  shal l  be connect ed t o a 
common dr i ve shaf t .   Pr ovi de posi t i oner s wher e i ndi cat ed and wher e 
necessar y t o pr event  over l ap of  heat i ng and cool i ng wher e one cont r ol l er  
oper at es mor e t han one pneumat i c devi ce and t o mai nt ai n t he pr oper  dead 
band bet ween heat i ng and cool i ng.

3. 1. 7   Access Door s

Pr ovi de access door s i n duct wor k t o ser vi ce ai r f l ow moni t or i ng devi ces,  
devi ces wi t h aver agi ng el ement s,  and l ow- t emper at ur e pr ot ect i on 
t her most at s ( f r eezest at s) .

3. 1. 8   Tubi ng

a.   Pr ovi de cont r ol  syst em so t hat  pneumat i c l i nes ar e not  exposed t o 
ai r  t emper at ur es bel ow 25 degr ees F.   I nst al l  t ubes and t ube 
bundl es exposed t o v i ew neat l y i n l i nes par al l el  t o l i nes of  t he 
bui l di ng.   Rout e t ubi ng bet ween panel s and act uat or s i n mechani cal  
and el ect r i cal  spaces so t hat  l i nes ar e easi l y t r aceabl e.   Tubes 
shal l  be per manent l y t agged on bot h ends wi t h an i dent i f i er  

SECTI ON 23 09 53. 00 20  Page 30



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

i ndi cat ed on shop dr awi ngs.   I nst al l  conceal ed t ubi ng i n f i ni shed 
ar eas,  and i nst al l  exposed t ubi ng i n unf i ni shed ar eas such as 
mechani cal  equi pment  r ooms.

b.   Pneumat i c l i nes i n mechani cal  and el ect r i cal  spaces shal l  be 
pl ast i c t ubi ng or  copper  t ubi ng.   I nst al l  hor i zont al  and ver t i cal  
r uns of  pl ast i c t ubes or  sof t  copper  t ubi ng i n r aceways dedi cat ed 
t o t ubi ng.   Dedi cat ed r aceways shal l  be suppor t ed ever y 6 f eet  of  
hor i zont al  r un and ever y 8 f eet  f or  ver t i cal  r uns.   Tubi ng not  
i nst al l ed i n r aceways shal l  be har d- dr awn copper  t ubi ng wi t h sweat  
f i t t i ngs and val ves,  suppor t ed ever y 6 f eet  of  hor i zont al  r un and 
ever y 8 f eet  f or  ver t i cal  r uns.

c.   Tubi ng f or  connect i ng sensi ng el ement s and t r ansmi t t er s t o l i qui d 
and st eam l i nes shal l  be copper  wi t h br ass compr essi on f i t t i ngs.

d.   Tubi ng f or  f i nal  connect i on of  sensi ng el ement s and t r ansmi t t er s 
t o duct wor k shal l  be pl ast i c wi t h a maxi mum l engt h of  12 i nches.

e.   Tubi ng ext er nal  t o mechani cal  and el ect r i cal  spaces,  wher e r un i n 
pl enum cei l i ngs,  shal l  be sof t  copper  wi t h sweat  f i t t i ngs,  
suppor t ed ever y 8 f eet .   Tubi ng not  i n pl enum spaces shal l  be sof t  
copper  wi t h sweat  f i t t i ngs suppor t ed ever y 8 f eet  or  shal l  be 
pl ast i c t ubi ng i n r aceways dedi cat ed t o t ubi ng.

f .   Pr ovi de t ubi ng i n concr et e i n r i gi d condui t .   I nst al l  t ubi ng i n 
wal l s cont ai ni ng i nsul at i on,  f i l l ,  or  ot her  packi ng mat er i al s i n 
r aceways dedi cat ed t o t ubi ng.

g.   Fi nal  connect i ons t o act uat or s shal l  be pl ast i c t ubi ng,  a maxi mum 
of  12 i nches l ong and unsuppor t ed at  t he act uat or .

h.   Pr ovi de a manual  val ve at  each HVAC cont r ol  panel  t o al l ow shut of f  
of  mai n ai r .   Pneumat i c connect i ons t o HVAC cont r ol  panel s shal l  
be made usi ng bul khead f i t t i ngs except  wher e bundl ed t ubi ng i s 
bei ng used.

i .   Fi nal  connect i ons t o HVAC cont r ol  panel  bul khead f i t t i ngs shal l  be 
exposed t ubi ng appr oxi mat el y 12 i nches l ong.

j .   Tubi ng and t wo i nsul at ed copper  phone wi r es f or  i nst al l at i on 
checkout  may be r un i n t he same condui t .   Tubi ng and el ect r i cal  
power  conduct or s shal l  not  be r un i n t he same condui t .   Cont r ol  
c i r cui t  conduct or s,  24 V or  l ess,  may be r un i n t he same condui t  
as pol yet hyl ene t ubi ng.

3. 1. 9   Wi r i ng

a.   Pr ovi de wi r i ng ext er nal  t o cont r ol  panel s,  i ncl udi ng l ow- vol t age 
wi r i ng,  i n met al l i c  r aceways.   I nst al l  wi r i ng wi t hout  spl i ces 
bet ween sensor s,  t r ansmi t t er s,  cont r ol  devi ces,  and HVAC cont r ol  
panel s.   I nst al l  i nst r ument at i on gr oundi ng as necessar y t o pr event  
gr ound l oops,  noi se,  and sur ges adver sel y af f ect i ng oper at i on of  
t he syst em.   Tag cabl es,  conduct or s,  and wi r es at  bot h ends,  wi t h 
i dent i f i er s i ndi cat ed on shop dr awi ngs.

b.   Ot her  el ect r i cal  wor k shal l  be speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de st ep- down t r ansf or mer s 
wher e cont r ol  equi pment  oper at es at  l ower  t han l i ne c i r cui t  
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vol t ages.   Tr ansf or mer s ser vi ng i ndi v i dual  heat i ng,  vent i l at i ng,  
and ai r - condi t i oni ng uni t s shal l  be f ed f r om f an mot or  l eads,  or  
f ed f r om t he near est  di st r i but i on panel boar d or  mot or  cont r ol  
cent er ,  usi ng ci r cui t s pr ovi ded f or  t hat  pur pose.

c.   Gr ound cont r ol  panel s and cabi net s as speci f i ed i n Sect i on 26 20 00
 I NTERI OR DI STRI BUTI ON SYSTEM.   Gr oundi ng of  t he gr een ac gr ound 
wi r e at  t he br eaker  panel  al one i s not  adequat e.   I nst al l  gr ound 
wi r e f r om each cont r ol  panel  t o adequat e bui l di ng gr ound.

3. 1. 10   Foundat i ons and Housekeepi ng Pads

Pr ovi de 3 i nch hi gh concr et e f oundat i ons and housekeepi ng pads f or  t he 
HVAC cont r ol  syst em ai r  compr essor s.

3. 1. 11   Compr essed Ai r  St at i ons

Mount  ai r  compr essor  assembl y on vi br at i on el i mi nat or s,  i n accor dance wi t h 
ASME BPVC f or  t ank c l ear ance.   Connect  ai r  l i ne t o t he t ank wi t h a 
f l exi bl e pi pe connect or .   I nst al l  compr essed ai r  st at i on speci al t i es wi t h 
r equi r ed t ubi ng,  i ncl udi ng condensat e t ubi ng t o a f l oor  dr ai n.

3. 1. 12   Cont r ol  Dr awi ngs

Post  l ami nat ed copi es of  as- bui l t  cont r ol  syst em dr awi ngs i n each 
mechani cal  r oom.

3. 2   ADJUSTMENTS

Cal i br at e i nst r ument at i on and cont r ol s,  and ver i f y speci f i ed accur acy 
usi ng t est  equi pment  t r aceabl e t o Nat i onal  I nst i t ut e f or  Sci ence and 
Technol ogy ( NI ST)  st andar ds.   Adj ust  cont r ol s and equi pment  t o mai nt ai n 
condi t i ons i ndi cat ed,  t o per f or m t he f unct i ons i ndi cat ed,  and t o oper at e 
i n t he sequence speci f i ed.

3. 3   FI ELD QUALI TY CONTROL

a.   Demonst r at e compl i ance of  HVAC cont r ol  syst ems.   Fur ni sh 
per sonnel ,  equi pment ,  i nst r ument at i on,  and suppl i es necessar y t o 
per f or m cal i br at i on and si t e t est i ng.   Cal i br at e t est  equi pment  i n 
accor dance wi t h NI ST st andar ds.   Ensur e t hat  t est s ar e per f or med 
or  super vi sed by compet ent  empl oyees of  t he cont r ol  syst em 
i nst al l er  or  t he cont r ol  syst em manuf act ur er  r egul ar l y empl oyed i n 
t est i ng and cal i br at i on of  cont r ol  syst ems.

b.   Test i ng shal l  i ncl ude f i el d t est s and t he per f or mance ver i f i cat i on 
t est .   Fi el d t est s shal l  demonst r at e pr oper  cal i br at i on of  
i nst r ument at i on,  i nput  and out put  devi ces,  and oper at i on of  
speci f i c  equi pment .   The per f or mance ver i f i cat i on t est  shal l  
ensur e pr oper  execut i on of  sequence of  oper at i on and pr oper  t uni ng 
of  cont r ol  l oops.

c.   The pl an f or  each phase of  f i el d accept ance t est i ng shal l  be 
appr oved i n wr i t i ng bef or e begi nni ng t hat  phase of  t est i ng.   
Fur ni sh wr i t t en not i f i cat i on of  pl anned t est i ng t o Cont r act i ng 
Of f i cer  at  l east  21 days pr i or  t o t est i ng.   I ncl ude pr oposed t est  
pr ocedur es wi t h not i f i cat i on.   The Cont r act or  wi l l  not  be al l owed 
t o st ar t  t est i ng wi t hout  wr i t t en Gover nment  appr oval  of  t est  
pr ocedur es.   Test  pr ocedur es shal l  consi st  of  det ai l ed 
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i nst r uct i ons f or  compl et e t est i ng t o pr ove t he per f or mance of  
heat i ng,  vent i l at i ng,  and ai r - condi t i oni ng syst em and cont r ol  
syst em.    I ncl ude t he f ol l owi ng t est s i n t est  pr ocedur es.

d.   Submi t  or i gi nal  copi es of  dat a pr oduced,  i ncl udi ng r esul t s of  each 
t est  pr ocedur e,  t o t he Gover nment  at  t he concl usi on of  each phase 
of  t est i ng.   Test s ar e subj ect  t o super vi s i on and appr oval  by 
Cont r act i ng Of f i cer .   Do not  per f or m t est i ng dur i ng schedul ed 
seasonal  of f - per i ods of  heat i ng and cool i ng syst ems.

3. 3. 1   Test  Repor t i ng

Af t er  compl et i on or  t er mi nat i on of  f i el d t est s and agai n af t er  t he 
per f or mance ver i f i cat i on t est ,  i dent i f y,  det er mi ne causes,  r epl ace,  
r epai r ,  or  cal i br at e equi pment  whi ch f ai l s t o meet  t he speci f i cat i on;  and 
del i ver  a wr i t t en r epor t  t o t he Gover nment .   The r epor t  shal l  document  
t est  r esul t s,  expl ai n i n det ai l  t he nat ur e of  each f ai l ur e,  and cor r ect i ve 
act i on t aken.   Af t er  del i ver i ng t he per f or mance ver i f i cat i on t est  r epor t ,  
t he Cont r act or  shal l  convene a t est  r evi ew meet i ng at  t he j ob s i t e t o 
pr esent  r esul t s and r ecommendat i ons t o t he Gover nment .   As a par t  of  t he 
t est  r evi ew meet i ng,  t he Cont r act or  shal l  demonst r at e by per f or mi ng 
appr opr i at e por t i ons of  f i el d t est s or  t he per f or mance ver i f i cat i on t est  
t hat  f ai l ur es have been cor r ect ed.   Based on Cont r act or ' s r epor t  and t est  
r evi ew meet i ng,  t he Gover nment  wi l l  det er mi ne ei t her  t he r est ar t  poi nt  or  
successf ul  compl et i on of  t est i ng.   Do not  commence r equi r ed r et est i ng 
unt i l  af t er  r ecei pt  of  wr i t t en not i f i cat i on by t he Gover nment .   At  t he 
concl usi on of  r et est i ng,  r epeat  t he assessment .

3. 3. 2   Cont r act or ' s Fi el d Test i ng

Cal i br at e f i el d equi pment  and ver i f y equi pment  and syst em oper at i on bef or e 
syst em i s pl aced on- l i ne.   I ncl ude t he f ol l owi ng t est s i n f i el d t est i ng.

3. 3. 2. 1   Tubi ng and Wi r i ng I nt egr i t y Test s

Test  t ubi ng syst em pneumat i cal l y at  1. 5 t i mes t he desi gn wor ki ng pr essur e 
f or  24 hour s.   Al l owabl e l eakage r at e i s t hat  whi ch pr oduces a pr essur e 
dr op 1 psi g i n 24 hour s wi t h compr essed ai r  suppl y t ur ned of f .   Test  
wi r i ng f or  cont i nui t y,  gr ound f aul t s,  and open and shor t  c i r cui t s.

3. 3. 2. 2   Syst em I nspect i on

Obser ve HVAC cont r ol  syst em i n shut down condi t i on.   Check damper s and 
val ves f or  pr oper  nor mal  posi t i ons.   Document  posi t i ons f or  t he 
per f or mance ver i f i cat i on t est  r epor t .

3. 3. 2. 3   Cal i br at i on Accur acy and Oper at i on of  I nput  Test

Ver i f y cor r ect  cal i br at i on and oper at i on of  i nput  i nst r ument .   For  each 
sensor  and t r ansmi t t er ,  i ncl udi ng f or  t emper at ur e,  pr essur e,  r el at i ve 
humi di t y,  and dew poi nt  i nput s,  r ecor d t he r eadi ng at  t he sensor  or  
t r ansmi t t er  l ocat i on usi ng cal i br at ed t est  equi pment .   Recor d t he out put  
r eadi ng pr ovi ded by t hat  sensor  or  t r ansmi t t er .   Document  each of  t hese 
l ocat i on and out put  r eadi ngs f or  t he per f or mance ver i f i cat i on t est  
r epor t .    The t est  equi pment  shal l  have been cal i br at ed wi t hi n one year  of  
t he dat e of  use i n t he f i el d.   Test  equi pment  cal i br at i on shal l  be 
t r aceabl e t o t he measur ement  st andar d of  t he Nat i onal  I nst i t ut e of  
St andar ds and Technol ogy.
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3. 3. 2. 4   Oper at i on of  Out put  Test

Check t he oper at i on of  out put  t o ver i f y cor r ect  oper at i on.   Oper at e anal og 
devi ce t o mi ni mum r ange ( e. g. ,  4 mA)  and maxi mum r ange ( e. g. ,  20 mA) ,  and 
measur e and r ecor d act ual  out put  val ues.

3. 3. 2. 5   Act uat or  Range Adj ust ment

Wi t h t he cont r ol l er ,  appl y a cont r ol  s i gnal  t o each act uat or  and ver i f y 
t hat  t he act uat or  oper at es pr oper l y f r om i t s nor mal  posi t i on t hr ough t o 
t he f ul l  r ange of  st r oke posi t i on.   Recor d act ual  spr i ng r anges and nor mal  
posi t i ons f or  modul at i ng cont r ol  val ves and damper s.

3. 3. 3   Coor di nat i on Wi t h HVAC Syst em Bal anci ng

Tune t he cont r ol  syst em af t er  ai r  and hydr oni c syst ems have been bal anced,  
mi ni mum damper  posi t i ons have been set ,  and a r epor t  has been i ssued.

3. 3. 4   Fi el d Test  Document at i on

Bef or e schedul i ng t he per f or mance ver i f i cat i on t est ,  pr ovi de f i el d t est  
document at i on and wr i t t en cer t i f i cat i on of  compl et i on t o Cont r act i ng 
Of f i cer  and t he Naval  Ener gy and Envi r onment al  Suppor t  Act i v i t y ( NEESA) ,  
t hat  t he i nst al l ed syst em has been cal i br at ed,  t est ed,  and i s r eady t o 
begi n t he per f or mance ver i f i cat i on t est .   Do not  st ar t  t he per f or mance 
ver i f i cat i on t est  pr i or  t o r ecei v i ng wr i t t en per mi ssi on f r om t he 
Gover nment .

3. 3. 5   Per f or mance Ver i f i cat i on Test

Conduct  t he per f or mance ver i f i cat i on t est s t o demonst r at e t hat  t he cont r ol  
syst em mai nt ai ns set poi nt s and t hat  t he cont r ol  l oops ar e t uned f or  t he 
cor r ect  sequence of  oper at i on.   Conduct  t he per f or mance ver i f i cat i on t est  
dur i ng one week of  cont i nuous HVAC and cont r ol  syst ems oper at i on and 
bef or e f i nal  accept ance of  wor k.   Speci f i cal l y,  t he per f or mance 
ver i f i cat i on t est  shal l  demonst r at e t hat  t he HVAC syst em oper at es pr oper l y 
t hr ough t he compl et e sequence of  oper at i on ( e. g. ,  seasonal ,  occupi ed and 
unoccupi ed,  war m up,  et c. ) ,  f or  speci f i ed cont r ol  sequences.   Demonst r at e 
pr oper  cont r ol  syst em r esponse f or  abnor mal  condi t i ons f or  whi ch t her e i s 
a speci f i ed syst em or  cont r ol s r esponse by s i mul at i ng t hese condi t i ons.   
Demonst r at e t hat  har dwar e i nt er l ocks and saf et y devi ces wor k as desi gned.   
Demonst r at e t hat  t he cont r ol  syst em per f or ms t he cor r ect  sequence of  
cont r ol .

3. 3. 6   Opposi t e Season Test

Repeat  t he per f or mance ver i f i cat i on t est  dur i ng an opposi t e season t o t he 
f i r st  per f or mance ver i f i cat i on t est .

3. 4   TRAI NI NG

Pr ovi de a qual i f i ed i nst r uct or  t o conduct  t r ai ni ng cour ses f or  desi gnat ed 
per sonnel  i n mai nt enance and oper at i on of  HVAC and cont r ol  syst ems.   
Or i ent at e t r ai ni ng t o t he speci f i c  syst em bei ng i nst al l ed under  t he 
cont r act .   Fur ni sh audi ovi sual  equi pment  and ot her  t r ai ni ng mat er i al s and 
suppl i es.   A t r ai ni ng day i s def i ned as 8 hour s of  c l assr oom or  l ab 
i nst r uct i on,  i ncl udi ng t wo 15- mi nut e br eaks and excl udi ng l unch t i me,  
Monday t hr ough Fr i day,  dur i ng t he dayt i me shi f t  i n ef f ect  at  t he t r ai ni ng 
f aci l i t y .   For  gui dance,  assume t hat  t he at t endees have a hi gh school  
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educat i on and ar e f ami l i ar  wi t h HVAC syst ems.   Submi t  pl anned t r ai ni ng 
schedul e,  agenda,  and cl ass mat er i al s t o t he Gover nment  at  l east  45 days 
pr i or  t o t r ai ni ng.

3. 4. 1   Tr ai ni ng Cour se Document at i on

Tr ai ni ng shal l  be based on t he oper at i on and mai nt enance manual s and 
cont r ol  syst em t r ai ni ng manual .   Del i ver  manual s f or  each t r ai nee wi t h t wo 
addi t i onal  set s f or  ar chi v i ng at  t he pr oj ect  s i t e.   I ncl ude an agenda,  
def i ned obj ect i ves,  and a det ai l ed descr i pt i on of  subj ect  mat t er  f or  each 
l esson.

3. 4. 2   Oper at or  Tr ai ni ng I

The f i r st  c l ass shal l  be t aught  f or  a per i od of  5 consecut i ve t r ai ni ng 
days at  l east  1 mont h pr i or  t o t he schedul ed per f or mance ver i f i cat i on 
t est .   The f i r st  cour se shal l  be t aught  i n a Gover nment - pr ovi ded f aci l i t y  
on base.  Tr ai ni ng shal l  be c l assr oom i nst r uct i on,  but  have hands- on 
oper at i on of  s i mi l ar  di gi t al  cont r ol l er s.   Maxi mum of  5 per sonnel  shal l  
at t end t he cour se.   Upon compl et i on of  cour se,  each st udent ,  usi ng 
appr opr i at e document at i on,  shal l  be abl e t o per f or m el ement ar y oper at i ons,  
wi t h gui dance,  and descr i be gener al  har dwar e and f unct i onal i t y of  t he 
syst em.   Cour se shal l  i ncl ude but  not  be l i mi t ed t o descr i pt i on of  
har dwar e and oper at i on of  t he syst em.

3. 4. 3   Oper at or  Tr ai ni ng I I

The second cour se shal l  be t aught  i n t he f i el d,  usi ng t he oper at i ng 
equi pment  at  pr oj ect  s i t es f or  a t ot al  of  16 hour s of  i nst r uct i on per  
st udent ,  i n bl ocks of  4 hour s.   Maxi mum of  5 per sonnel  shal l  at t end t he 
cour se.   I ncl ude hands- on t r ai ni ng under  const ant  moni t or i ng of  
i nst r uct or .   Cour se cont ent  shal l  dupl i cat e t he Oper at or  Tr ai ni ng I  cour se 
as appl i ed t o t he i nst al l ed syst em.   I nst r uct or  shal l  det er mi ne t he l evel  
of  t he passwor d t o be i ssued t o each st udent  bef or e each sessi on.   Upon 
compl et i on of  t he cour se,  st udent s shal l  be pr of i c i ent  i n syst em 
oper at i on.  Pr epar e a wr i t t en r epor t  descr i bi ng t he ski l l  l evel  of  each 
st udent  at  t he end of  t he cour se.

3. 4. 4   Oper at or  Tr ai ni ng I I I

The t hi r d cour se shal l  be t aught  i n t he f i el d,  at  t he pr oj ect  s i t e,  f or  a 
per i od of  3 t r ai ni ng days no l at er  t han 6 mont hs af t er  compl et i on of  
endur ance t est .   Maxi mum of  5 per sonnel  shal l  at t end t he cour se.    Cour se 
shal l  be st r uct ur ed t o addr ess speci f i c  t opi cs t hat  t he st udent s need t o 
di scuss and t o answer  quest i ons concer ni ng oper at i on of  t he syst em.    Upon 
compl et i on of  t he cour se,  st udent s shal l  be pr of i c i ent  i n syst em oper at i on 
and shal l  have no unanswer ed quest i ons r egar di ng oper at i on of  t he 
i nst al l ed syst em.

3. 4. 5   Syst em Mai nt enance Tr ai ni ng

Cour se shal l  be t aught  at  t he pr oj ect  s i t e wi t hi n one mont h af t er  
compl et i on of  endur ance t est  f or  a per i od of  2 t r ai ni ng days.   Maxi mum of   
per sonnel  shal l  at t end t he cour se.   Cour se shal l  i ncl ude but  not  be 
l i mi t ed t o t he f ol l owi ng:

a.   Physi cal  l ayout  f or  each pi ece of  har dwar e

b.   Tr oubl eshoot i ng and di agnost i cs pr ocedur es
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c.   Repai r  i nst r uct i ons

d.   Pr event i ve mai nt enance pr ocedur es and schedul e

e.   Cal i br at i on pr ocedur es

3. 5   QUALI FI ED SERVI CE ORGANI ZATI ON LI ST

The qual i f i ed ser vi ce or gani zat i on l i s t  shal l  i ncl ude names and t el ephone 
number s of  or gani zat i ons qual i f i ed t o ser vi ce HVAC cont r ol  syst ems.

3. 6   COMMI SSI ONI NG

Commi ssi oni ng of  cont r ol  syst ems i s speci f i ed i n t he pr e- f i el d TAB 
engi neer i ng r epor t  descr i bed i n Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND 
BALANCI NG.

        - -  End of  Sect i on - -
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SECTI ON 23 09 93

SEQUENCES OF OPERATI ON FOR HVAC CONTROL
11/ 15

PART 1   GENERAL

1. 1   DEFI NI TI ONS

For  def i ni t i ons r el at ed t o t hi s Sect i on,  see Sect i on 23 09 00 
I NTRUMENTATI ON AND CONTROL FOR HVAC.

1. 2   SUBMI TTALS

Submi t t al s r el at ed t o t hi s Sect i on ar e speci f i ed i n Sect i on 23 09 00 
I NTRUMENTATI ON AND CONTROL FOR HVAC.

PART 2   PRODUCTS

Pr oduct s r el at ed t o t hi s Sect i on ar e speci f i ed i n Sect i on 23 09 00 
I NTRUMENTATI ON AND CONTROL FOR HVAC and r el at ed Sect i ons 23 09 13 
I NSTRUMENTATI ON AND CONTROL DEVI CES FOR HVAC and  23 09 23. 02 BACNET 
DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

PART 3   EXECUTI ON

3. 1   SEQUENCES OF OPERATI ON FOR OCCUPANCY SCHEDULI NG

3. 1. 1   Syst em Mode

Oper at e ai r  handl i ng uni t s ( AHUs)  i n Occupi ed,  War m- Up- Cool - Down,  or  
Unoccupi ed modes as speci f i ed.  VAV boxes,  Fan Coi l s,  and oper at e ot her  
t er mi nal  equi pment  i n Occupi ed or  Unoccupi ed modes as speci f i ed.   
Chi l l er s,  boi l er s,  and ot her  sour ces of  heat i ng/ cool i ng f or  hydr oni c l oads 
do not  r equi r e schedul i ng;  t hese syst ems r ecei ve r equest s f or  
heat i ng/ cool i ng f r om t hei r  l oads.

3. 1. 2   Syst em Schedul er  Requi r ement s

The Syst em Schedul er  f unct i onal i t y must  r esi de i n ei t her  a pi ece of  DDC 
Har dwar e dedi cat ed t o t hi s f unct i onal i t y or  i n t he DDC Har dwar e 
cont r ol l i ng t he syst em AHU.   A s i ngl e pi ece of  DDC Har dwar e dedi cat ed t o 
schedul i ng ( per f or mi ng no ot her  cont r ol  f unct i onal i t y)  may cont ai n 
mul t i pl e Syst em Schedul er s.   Pr ovi de a uni que Syst em Schedul er  f or :   each 
AHU i ncl udi ng i t ' s  associ at ed Ter mi nal  Uni t s,  and each st and- al one 
Ter mi nal  Uni t  ( t hose not  dependent  upon AHU ser vi ce)  or  gr oup of  
st and- al one Ter mi nal  Uni t s act i ng accor di ng t o a common schedul e.   Each 
Syst em Schedul er  must  pr ovi de t he f ol l owi ng f unct i onal i t y:

3. 1. 2. 1   Schedul ed Occupancy I nput

Accept  net wor k var i abl e of  t ype SNVT_occupancy.   Suppor t  t he f ol l owi ng 
possi bl e val ues:   OC_STANDBY,  OC_OCCUPI ED and OC_UNOCCUPI ED.

3. 1. 2. 2   Occupancy Over r i de I nput

Accept  net wor k var i abl e of  t ype SNVT_occupancy.   Suppor t  t he f ol l owi ng 
possi bl e val ues:   OC_STANDBY,  OC_OCCUPI ED,  OC_UNOCCUPI ED,  and OC_NUL.  
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3. 1. 2. 3   Space Occupancy I nput s

For  syst ems wi t h mul t i pl e occupancy sensor s,  accept  mul t i pl e i nput s of  
net wor k var i abl e t ype SNVT_Occupancy.   Suppor t  t he f ol l owi ng possi bl e 
val ues:   OC_OCCUPI ED,  OC_UNOCCUPI ED,  and OC_NUL.   For  syst ems wi t h a 
s i ngl e occupancy sensor ,  accept  a net wor k var i abl e i nput  of  t ype 
SNVT_Occupancy or  a har dwar e bi nar y i nput  ( BI )  i ndi cat i ng t he space 
occupancy st at us as Occupi ed or  Unoccupi ed.  

3. 1. 2. 4   Ai r  Handl er  Occupancy Out put

For  a Syst em Schedul er  f or  a syst em cont ai ni ng an ai r  handl er ,  out put  one 
or  mor e SNVTs i ndi cat i ng t he desi r ed occupancy st at us as one of  t he 
f ol l owi ng possi bl e val ues:   War m- Up- Cool - Down ( when r equi r ed by t he AHU 
Sequence of  Oper at i on) ,  Occupi ed and Unoccupi ed.

3. 1. 2. 5   Ter mi nal  Uni t  Occupancy Out put

For  a Syst em Schedul er  f or  a st and- al one t er mi nal  uni t ,  a gr oup of  
st and- al one t er mi nal  uni t s act i ng accor di ng t o a common schedul e,  or  a 
gr oup of  t er mi nal  uni t s ser ved by a s i ngl e ai r  handl er ,   out put  one or  
mor e SNVTs i ndi cat i ng t he desi r ed occupancy st at us as one of  t he f ol l owi ng 
possi bl e val ues:   Occupi ed and Unoccupi ed.

3. 1. 2. 6   Def aul t  Schedul e

I ncor por at e a 24- hour  7- day def aul t  schedul e as shown on t he dr awi ngs 
whi ch may be act i vat ed and deact i vat ed by t he Syst em Schedul er  Logi c.

3. 1. 2. 7   Communi cat i on Det er mi nat i on

Det er mi ne t he t i me el apsed bet ween r ecei pt s of  t he schedul ed occupancy 
i nput  SNVT,  and use t hi s el apsed t i me t o act i vat e and deact i vat e t he 
Def aul t  Schedul e as speci f i ed.   ( Thi s pr ovi des t he capabi l i t y  f or  t he 
syst em schedul er  t o use i t s Def aul t  Schedul e i f  i t  l oses communi cat i on 
wi t h t he UMCS) .

3. 1. 3   Syst em Schedul er  Out put  Det er mi nat i on

For  cont r ol l i ng an Ai r  Handl er ,  i nt er pr et  a SNVT i nput  of  OC_STANDBY as 
War m- Up- Cool - Down i f  t he sequence of  oper at i on suppor t s t hat  mode,  
ot her wi se i nt er pr et  OC_STANDBY as Occupi ed.   For  Ter mi nal  Uni t s,  i nt er pr et  
OC_STANDBY as Occupi ed.

3. 1. 3. 1   Ai r  Handl er  Occupancy Out put

I f  mor e t han 95 mi nut es have passed si nce t he l ast  r ecei pt  of  t he 
Schedul ed Occupancy i nput ,  det er mi ne t he Ai r  Handl er  Occupancy Out put  by 
t he def aul t  schedul e and t he Space Occupancy I nput s.   Ot her wi se,  det er mi ne 
t he out put  as f ol l ows:

a.   I f  t he Over r i de Occupancy I nput  i s not  OC_NUL,  det er mi ne t he Ai r  
Handl er  Occupancy Out put  f r om t he Over r i de Occupancy I nput .

b.   Ot her wi se,  i f  at  l east  t he r equi r ed number  ( as shown on t he Occupancy 
Schedul e Dr awi ng)  of  Space Occupancy I nput s ar e OC_OCCUPI ED or  t he 
har dwar e BI  i s Occupi ed t he Ai r  Handl er  Occupancy Out put  must  be 
OC_OCCUPI ED.
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c.   Ot her wi se,  det er mi ne t he Ai r  Handl er  Occupancy Out put  f r om t he 
Schedul ed Occupancy I nput  SNVT.

3. 1. 3. 2   Ter mi nal  Uni t  Occupancy Out put

I f  mor e t han 95 mi nut es have passed si nce t he l ast  r ecei pt  of  t he 
Schedul ed Occupancy i nput ,  det er mi ne t he Ter mi nal  Uni t  Occupancy Out put  by 
t he def aul t  schedul e.   Ot her wi se,  det er mi ne t he out put  as f ol l ows:

a.   I f  t he Over r i de Occupancy I nput  i s not  OC_NUL,  det er mi ne t he Ter mi nal  
Uni t  Occupancy Out put  f r om t he Over r i de Occupancy I nput  SNVT:

b.   Ot her wi se,  det er mi ne t he Ter mi nal  Uni t  Occupancy Out put  f r om t he 
Schedul ed Occupancy SNVT.

3. 1. 4   Ai r  Handl er  Syst em Schedul i ng

a.   Bi nd t he AHU Occupancy Out put  SNVT f r om t he Syst em Schedul er  t o t he 
DDC Har dwar e t hat  execut es t he Occupancy Mode Det er mi nat i on par t  of  
t he Ai r  Handl er  Sequence of  Oper at i on

b.   For  Ai r  Handl er s usi ng occupancy sensor s,  bi nd t he  out put  SNVT ( of  
t ype SNVT_Occupancy)  of  each occupancy sensor  t o a Space Occupancy 
I nput  of  t he Syst em Schedul er .

c.   Bi nd t he Ter mi nal  Uni t  Occupancy Out put  SNVT f r om t he Syst em Schedul er  
t o each AHU- Dependent  Ter mi nal  Uni t .

d.   AHU- Dependent  Ter mi nal  Uni t s wi t h occupancy sensor s must  have t he 
Ef f ect i ve Occupancy SNVT ( of  t ype SNVT_Occupancy)  of  each Ter mi nal  
Uni t  bound t o a Space Occupancy I nput  of  t he Syst em Schedul er .

3. 1. 5   St and- Al one Ter mi nal  Uni t  Schedul i ng

Bi nd t he Ter mi nal  Uni t  Occupancy Out put  f r om t he Syst em Schedul er  t o t he 
DDC Har dwar e t hat  execut es t he Occupancy Mode Det er mi nat i on par t  of  t he 
Ter mi nal  Uni t  Sequence of  Oper at i on.

3. 2   SEQUENCES OF OPERATI ON FOR AI R HANDLI NG UNI TS

3. 2. 1   Al l - Ai r  Smal l  Package Uni t ar y Syst em

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  must  be 
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 2. 1. 1   Fan ON- AUTO Swi t ch

3. 2. 1. 1. 1   ON

Wi t h t he t her most at  f an ON- AUTO swi t ch i n t he ON posi t i on,  t he DDC 
Har dwar e must  st ar t  and cont i nuousl y r un t he f an.

3. 2. 1. 1. 2   AUTO

Wi t h t he t her most at  f an ON- AUTO swi t ch i n t he AUTO posi t i on,  t he DDC 
Har dwar e oper at es t he f an accor di ng t o HEAT- OFF- COOL swi t ch.
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3. 2. 1. 2   HEAT- OFF- COOL Swi t ch

3. 2. 1. 2. 1   HEAT- COOL

Wi t h t he t her most at  swi t ch i n t he HEAT or  COOL  posi t i ons,  use t he DDC 
Har dwar e t o oper at e t he package uni t  accor di ng t o t he Occupancy Mode.

3. 2. 1. 2. 2   OFF

Wi t h t he t her most at  swi t ch i n t he OFF posi t i on,  de- ener gi ze t he heat i ng 
uni t  and cool i ng uni t   wi t h t he DDC Har dwar e.

3. 2. 1. 3   Occupancy Modes

3. 2. 1. 3. 1   Occupi ed

The uni t  DDC Har dwar e must  be i n t he Occupi ed Mode when t he l ocal  space 
occupancy i nput ( s)  i ndi cat e t hat  t he space i s occupi ed or  when t he i nput  
f r om t he Syst em Schedul er  i s occupi ed.

3. 2. 1. 3. 2   Unoccupi ed

The uni t  DDC Har dwar e must  be i n t he Unoccupi ed Mode when t he l ocal  space 
occupancy i nput ( s)  i ndi cat e t hat  t he space i s unoccupi ed and when t he 
i nput  f r om t he Syst em Schedul er  i s unoccupi ed.

3. 2. 1. 4   Saf et i es

Run t he uni t  subj ect  t o t he uni t  manuf act ur er ' s saf et i es.

3. 2. 1. 5   Zone Temper at ur e Cont r ol

a.   I n t he Occupi ed Mode t he zone t emper at ur e set poi nt  ( ZN- T- SP)  must  be 
at  t he conf i gur ed set poi nt  or  at  t he occupant - adj ust abl e set poi nt  v i a 
t he wal l - mount ed t her most at ,  as i ndi cat ed.

b.   I n t he Unoccupi ed Mode t he zone t emper at ur e set poi nt  ( ZN- T- SP- UNOCC)  
must  be at  t he conf i gur ed set poi nt  ( ZN- T- SP- UNOCC)  as i ndi cat ed.

c.   Cycl e t he f an,  cool i ng uni t ,  heat i ng uni t  wi t h t he DDC Har dwar e,  i n 
accor dance wi t h t he HEAT- COOL swi t ch set t i ng,  t o mai nt ai n zone 
t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP) .

3. 2. 2   Heat i ng and Vent i l at i ng Uni t  ( or  Uni t  Vent i l at or )

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  must  be 
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 2. 2. 1   HAND- OFF- AUTO Swi t ches

Pr ovi de suppl y f an mot or  st ar t er  t o accept  a Fi r e Al ar m Panel  ( FAP)  s i gnal  
t hat  t akes pr ecedence over  al l  ot her  st ar t er  i nput s and swi t ches and 
st ar t s t he f an.   Pr ovi de f an mot or  st ar t er  whi ch accept s an occupant  
accessi bl e emer gency shut of f  swi t ch as i ndi cat ed.   Pr ovi de suppl y f an 
mot or  st ar t er  wi t h an H- O- A swi t ch:  
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3. 2. 2. 1. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  t he suppl y f an st ar t s and r uns 
cont i nuousl y,  subj ect  t o Saf et i es.

3. 2. 2. 1. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  t he suppl y f an st ops.

3. 2. 2. 1. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  t he suppl y f an r uns subj ect  t o t he 
Suppl y Fan St ar t / St op ( SF- SS)  command and Saf et i es.

3. 2. 2. 2   Occupancy Modes

Obt ai n t he syst em' s Occupancy Mode i nput  f r om t he Syst em Schedul er  as 
speci f i ed and i ndi cat ed.   Oper at e t he syst em i n one of  t he f ol l owi ng modes:

3. 2. 2. 2. 1   Occupi ed

The Uni t ' s  DDC Har dwar e must  be i n t he Occupi ed Mode when t he i nput  f r om 
t he Syst em Schedul er  ( SYS- OCC)  i s occupi ed or  when t he l ocal  space 
occupancy i nput ( s)  ( ZN- OCC)  i ndi cat e t hat  t he space i s occupi ed.

3. 2. 2. 2. 2   Unoccupi ed

The Uni t ' s  DDC Har dwar e must  be i n t he Unoccupi ed Mode when t he i nput  f r om 
t he Syst em Schedul er  ( SYS- OCC)  i s unoccupi ed and when t he l ocal  space 
occupancy i nput ( s)  ( ZN- OCC)  i ndi cat e t hat  t he space i s unoccupi ed.

3. 2. 2. 3   Syst em Enabl e and Loop Enabl e

3. 2. 2. 3. 1   Occupi ed Mode

Enabe t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS) .   Enabl e t he 
Zone Temper at ur e Cont r ol  l oop and Mi xed Ai r  Damper  Cont r ol .

3. 2. 2. 3. 2   Unoccupi ed Mode

Di sabl e al l  cont r ol  l oops.   When BLDG- T dr ops bel ow BLDG- T- LL- SP ( wi t h a 5 
degr ees F deadband)  enabl e t he suppl y f an ( SYS- ENA)  and command t o r un 
( SF- SS)  and enabl e t he Zone Temper at ur e Cont r ol  l oop.

3. 2. 2. 4   Pr oof s and Saf et i es

Subj ect  t he suppl y f an and al l  DDC Har dwar e cont r ol  l oops t o Pr oof s and 
Saf et i es.   Di r ect - har dwi r e i nt er l ock saf et i es t o t he f an st ar t er  c i r cui t  
as i ndi cat ed.   DDC Har dwar e must  moni t or  al l  pr oof s and saf et i es and 
f ai l ur e of  any pr oof  or  act i vat i on of  any saf et y must  r esul t  i n al l  
cont r ol  l oops bei ng di sabl ed and t he AHU f an bei ng commanded of f  unt i l  
r eset .

3. 2. 2. 4. 1   Pr oof s

Suppl y f an st at us ( pr oof )  ( SF- S)
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3. 2. 2. 4. 2   Saf et i es

a.   Heat i ng Coi l  di schar ge ai r  t emper at ur e l ow l i mi t  ( f r eeze st at )  
( HTG- DA- T- LL)

b.   Suppl y ai r  smoke ( SA- SMK)

c.   Ret ur n ai r  smoke ( RA- SMK)

3. 2. 2. 4. 3   DDC Har dwar e

DDC Har dwar e r eset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on 
( RST- BUT)  i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC 
Har dwar e vi a SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  
f unct i ons and t he oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as 
i ndi cat ed on t he Poi nt s Schedul e dr awi ng.

3. 2. 2. 5   Zone Temper at ur e Cont r ol

3. 2. 2. 5. 1   Enabl ed Loop

When t hi s l oop i s enabl ed,  t he DDC Har dwar e must  modul at e t he heat i ng 
val ve and out si de ai r ,  r el i ef ,  and r et ur n ai r  damper s i n sequence t o 
mai nt ai n zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP) .   Pr ovi de 
sequenci ng as i ndi cat ed:   Upon a r i se i n zone t emper at ur e above zone 
t emper at ur e set poi nt  ( ZN- T- SP) ,  subj ect  t o t he zone t emper at ur e set poi nt  
deadband as i ndi cat ed,  mocul at e t he out si de ai r ,  r el i ef ,  and r et ur n ai r  
damper s t o mai nt ai n zone t emper at ur e at  set poi nt .   Dur i ng occupi ed mode,  
ensur e out si de ai r  damper  mi ni mum posi t i on ( OA- D- MI N)  i s as i ndi cat ed.   
Upon a f al l  i n zone t emper at ur e bel ow zone t emper at ur e set poi nt ,  subj ect  
t o t he deadband as i ndi cat ed,  modul at e t he heat i ng val ve t owar ds open t o 
mai nt ai n zone t emper at ur e set poi nt .

3. 2. 2. 5. 2   Di sabl ed Loop

When t hi s l oop i s di sabl ed,  c l ose t he heat i ng val ve and cl ose t he out si de 
ai r  damper  and r el i ef  damper  and open t he r et ur n damper .

3. 2. 2. 6   Mi xed Ai r  Damper  Cont r ol

When t hi s i s enabl ed,  open t he out si de ai r  and r el i ef  ai r  damper s and 
cl ose t he r et ur n ai r  damper .   When t hi s i s di sabl ed,  c l ose t he out si de ai r  
and r el i ef  ai r  damper s and open t he r et ur n ai r  damper .

3. 2. 3   Si ngl e Zone wi t h Heat i ng and DXCool i ng Coi l s

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  must  be 
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 2. 3. 1   HAND- OFF- AUTO Swi t ch

Pr ovi de suppl y f an mot or  st ar t er  t o accept  a Fi r e Al ar m Panel  ( FAP)  s i gnal  
t hat  t akes pr ecedence over  al l  ot her  st ar t er  i nput s and swi t ches and 
st ar t s t he f an.   Pr ovi de f an mot or  st ar t er  whi ch accept s an occupant  
accessi bl e emer gency shut of f  swi t ch as i ndi cat ed.   Pr ovi de suppl y f an 
mot or  st ar t er  wi t h an H- O- A swi t ch:
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3. 2. 3. 1. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  t he suppl y f an st ar t s and r uns 
cont i nuousl y,  subj ect  t o Saf et i es.

3. 2. 3. 1. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  t he suppl y f an st ops.

3. 2. 3. 1. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  t he suppl y f an r uns subj ect  t o t he 
Suppl y Fan St ar t / St op ( SF- SS)  command and Saf et i es.

3. 2. 3. 2   Occupancy Modes

Obt ai n t he syst em' s Occupancy Mode i nput  f r om t he Syst em Schedul er  as 
speci f i ed and i ndi cat ed.   Oper at e t he syst em i n one of  t he f ol l owi ng 
modes:  Occupi ed,  Unoccupi ed.

3. 2. 3. 3   Syst em Enabl e and Loop Enabl e

3. 2. 3. 3. 1   Occupi ed Mode

Enabl e t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS)  and enabl e al l  
cont r ol  l oops.

3. 2. 3. 3. 2   Unoccupi ed Mode

Whi l e t he bui l di ng t emper at ur e ( BLDG- T)  i s above t he l ow l i mi t  set poi nt  
( BLDG- T- LL)  di sabl e al l  cont r ol  l oops and t he suppl y f an does not  r un.   
When BLDG- T dr ops bel ow BLDG- T- LL ( wi t h a 5 degr ees F deadband)  enabl e t he 
suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS)  and enabl e t he Heat i ng 
Coi l  Temper at ur e Cont r ol  l oop.   Di sabl e t he Out si de Ai r  Fl ow Cont r ol ,  
Economi zer  Damper  Cont r ol ,  and DX Cool i ng Coi l  Cont r ol  l oops.

3. 2. 3. 4   Pr oof s and Saf et i es

The suppl y f an and al l  DDC Har dwar e cont r ol  l oops ar e subj ect  t o Pr oof s 
and Saf et i es.   Saf et i es must  be di r ect - har dwi r e i nt er l ocked t o t he f an 
st ar t er  c i r cui t  as i ndi cat ed.   DDC Har dwar e must  moni t or  al l  pr oof s and 
saf et i es and f ai l ur e of  any pr oof  or  act i vat i on of  any saf et y r esul t  i n 
al l  cont r ol  l oops bei ng di sabl ed and t he AHU f an bei ng commanded of f  unt i l  
r eset .

3. 2. 3. 4. 1   Pr oof s
 

Suppl y f an st at us ( pr oof )  ( SF- S)

3. 2. 3. 4. 2   Saf et i es

a.   Heat i ng coi l  di schar ge ai r  t emper at ur e l ow l i mi t  ( f r eeze st at )  
( HTG- DA- T- LL)

b.   Suppl y ai r  smoke ( SA- SMK)

c.   Ret ur n ai r  smoke ( RA- SMK)
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3. 2. 3. 4. 3   DDC Har dwar e

Pr ovi de DDC Har dwar e r eset  of  al l  pr oof s and saf et i es v i a a l ocal  bi nar y 
push- but t on ( RST- BUT)  i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o 
t he DDC Har dwar e vi a SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h 
r eset  f unct i ons and t he oper at or  can use ei t her  one t o per f or m t he r eset ) ,  
as shown on t he Poi nt s Schedul e dr awi ng.

3. 2. 3. 5   Mi ni mum Out si de Ai r  Fl ow Cont r ol

When t hi s l oop i s enabl ed,  open t he 2- posi t i on mi ni mum out si de ai r  damper  
t o i nt r oduce t he mi ni mum out si de ai r  f l ow quant i t y as shown.   When t hi s 
l oop i s di sabl ed,  t he mi ni mum out si de ai r  damper  wi l l  be c l osed.

3. 2. 3. 6   Economi zer  Damper  Cont r ol

3. 2. 3. 6. 1   Enabl ed Loop

When t hi s l oop i s enabl ed,  and t he Economi zer  i s ON as det er mi ned by t he 
Economi zer  Enabl e Logi c,  t he DDC Har dwar e wi l l  modul at e t he economi zer  
out si de ai r ,  r el i ef ,  and r et ur n ai r  damper s ( Economi zer  damper s)  i n 
sequence wi t h t he DX cool i ng coi l  cont r ol  and heat i ng coi l  cont r ol  val ve 
as shown t o mai nt ai n zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  as 
shown.

3. 2. 3. 6. 2   Di sabl ed Loop

When t hi s l oop i s di sabl ed,  or  t he Economi zer  i s OFF as det er mi ned by t he 
Economi zer  Enabl e Logi c,  t he economi zer  out si de ai r  and r el i ef  ai r  damper s 
wi l l  be c l osed,  and t he r et ur n ai r  damper  wi l l  be open.

3. 2. 3. 6. 3   Economi zer  Enabl e Logi c

Ensur e t he economi zer  i s ON when t he out si de ai r  dr y bul b t emper at ur e i s 
bet ween t he hi gh l i mi t  ( ECO- HL- SP)  and l ow l i mi t  ( ECO- LL- SP)  set poi nt s as 
shown.   Ot her wi se t he Economi zer  i s OFF.  Ensur e ECO- HL- SP and ECO- LL- SP 
each have a 2 degr ees F deadband.

3. 2. 3. 7   Heat i ng Coi l  Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he heat i ng coi l  cont r ol  val ve i n 
sequence wi t h t he DX st agi ng cont r ol  and economi zer  damper s as shown t o 
mai nt ai n zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  as shown.   When 
t hi s l oop i s di sabl ed,  t he heat i ng coi l  cont r ol  val ve i s c l osed.

3. 2. 3. 8   DX Cool i ng Coi l  Cont r ol

When t hi s l oop i s enabl ed t he DDC Har dwar e must  st age t he DX Uni t  i n 
sequence wi t h t he heat i ng coi l  val ve and economi zer  damper s as shown t o 
mai nt ai n zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  as shown.   When 
t hi s l oop i s di sabl ed,  t he DX uni t  i s  of f  .

3. 2. 4   Si ngl e Zone wi t h Dual - Temper at ur e Coi l

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  must  be 
pr opor t i onal - i nt egr al  ( PI )  cont r ol .
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3. 2. 4. 1   HAND- OFF- AUTO Swi t ch

Pr ovi de suppl y f an mot or  st ar t er  t o accept  a Fi r e Al ar m Panel  ( FAP)  s i gnal  
t hat  t akes pr ecedence over  al l  ot her  st ar t er  i nput s and swi t ches and 
st ar t s t he f an.   Pr ovi de f an mot or  st ar t er  whi ch accept s an occupant  
accessi bl e emer gency shut of f  swi t ch as i ndi cat ed.   Pr ovi de suppl y f an 
mot or  st ar t er  wi t h an H- O- A swi t ch:

3. 2. 4. 1. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  t he suppl y f an st ar t s and r uns 
cont i nuousl y,  subj ect  t o Saf et i es.

3. 2. 4. 1. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  t he suppl y f an st ops.

3. 2. 4. 1. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  t he suppl y f an r uns subj ect  t o t he 
Suppl y Fan St ar t / St op ( SF- SS)  command and Saf et i es.

3. 2. 4. 2   Occupancy Modes

Obt ai n Occupancy Mode i nput  f r om t he Syst em Schedul er  as speci f i ed and 
shown.   Oper at e t he syst em i n one of  t he f ol l owi ng modes:  Occupi ed,  
Unoccupi ed.

3. 2. 4. 3   Syst em Enabl e and Loop Enabl e

3. 2. 4. 3. 1   Occupi ed Mode

Enabl e t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS)  and enabl e al l  
cont r ol  l oops.

3. 2. 4. 3. 2   Unoccupi ed Mode

Whi l e t he bui l di ng t emper at ur e ( BLDG- T)  i s above t he bui l di ng l ow l i mi t  
set poi nt  ( BLDG- T- LL) ,  di sabl e al l  cont r ol  l oops and do not  r un t he suppl y 
f an.   When BLDG- T dr ops bel ow BLDG- T- LL ( wi t h a 5 degr ees F deadband) ,  
enabl e t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS)  and enabl e t he 
Dual  Temper at ur e Coi l  Temper at ur e Cont r ol  l oop.   Di sabl e t he Mi ni mum 
Out si de Ai r  Fl ow Cont r ol  and Economi zer  Damper  Cont r ol  l oops.

3. 2. 4. 4   Pr oof s and Saf et i es

The suppl y f an and al l  DDC Har dwar e cont r ol  l oops ar e subj ect  t o Pr oof s 
and Saf et i es.   Di r ect - har dwi r e i nt er l ock saf et i es t o t he f an st ar t er  
c i r cui t  as shown.  Moni t or  al l  pr oof s and saf et i es,  and di sabl e al l  cont r ol  
l oops and command t he AHU f an of f  unt i l  r eset  due t o f ai l ur e of  any pr oof  
or  act i vat i on of  any saf et y.

3. 2. 4. 4. 1   Pr oof s

Suppl y f an st at us ( pr oof )  ( SF- S)

3. 2. 4. 4. 2   Saf et i es

a.   Dual  Temper at ur e coi l  di schar ge ai r  t emper at ur e l ow l i mi t  ( f r eeze 
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st at )  ( DT- DA- T- LL)

b.   Suppl y ai r  smoke ( SA- SMK)

c.   Ret ur n ai r  smoke ( RA- SMK)

3. 2. 4. 4. 3   DDC Har dwar e

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  f unct i ons and t he 
oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as shown on t he Poi nt s 
Schedul e dr awi ng.

3. 2. 4. 5   Mi ni mum Out si de Ai r  Fl ow Cont r ol

When t hi s l oop i s enabl ed,  open t he 2- posi t i on mi ni mum out si de ai r  damper  
t o i nt r oduce t he mi ni mum out si de ai r  f l ow quant i t y as shown.   When t hi s 
l oop i s di sabl ed,  c l ose t he mi ni mum out si de ai r  damper .

3. 2. 4. 6   Economi zer  Damper  Cont r ol

3. 2. 4. 6. 1   Enabl ed Loop

When t hi s l oop i s enabl ed,  and t he Economi zer  i s ON as det er mi ned by t he 
Economi zer  Enabl e Logi c,  modul at e t he economi zer  out si de ai r ,  r el i ef ,  and 
r et ur n ai r  damper s ( Economi zer  damper s)  i n sequence wi t h t he dual  
t emper at ur e coi l  t o mai nt ai n zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  
as shown.

3. 2. 4. 6. 2   Di sabl ed Loop

When t hi s l oop i s di sabl ed,  or  t he Economi zer  i s OFF as det er mi ned by t he 
Economi zer  Enabl e Logi c,  c l ose t he economi zer  out si de ai r  and r el i ef  ai r  
damper s,  and open t he r et ur n ai r  damper .

3. 2. 4. 6. 3   Economi zer  Enabl e Logi c

Ensur e t he economi zer  i s ON when t he out si de ai r  dr y bul b t emper at ur e i s 
bet ween t he hi gh l i mi t  ( ECO- HL- SP)  and l ow l i mi t  ( ECO- LL- SP)  set poi nt s as 
shown.   Ot her wi se t he Economi zer  i s OFF.  Ensur e ECO- HL- SP and ECO- LL- SP 
each have a 2 degr ees F deadband.

3. 2. 4. 7   Dual  Temper at ur e Coi l  Cont r ol

3. 2. 4. 7. 1   Enabl ed Loop

When t hi s l oop i s enabl ed,  sel ect  heat i ng or  cool i ng mode based on a 
pi pe- mount ed dual - t emper at ur e suppl y wat er  sensor .   A s i ngl e sensor  may be 
used f or  mul t i pl e i nst ances of  t hi s sequence.

3. 2. 4. 7. 2   DDC Har dwar e

Modul at e t he coi l  cont r ol  val ve i n sequence wi t h t he economi zer  damper s as 
shown t o mai nt ai n zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  as shown.

3. 2. 4. 7. 3   Di sabl ed Loop

When t hi s l oop i s di sabl ed,  c l ose t he cont r ol  val ve.
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3. 2. 5   Si ngl e Zone wi t h Heat i ng and Cool i ng Coi l s and Ret ur n Ai r  Bypass

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  ar e 
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 2. 5. 1   HAND- OFF- AUTO Swi t ch

Pr ovi de suppl y f an mot or  st ar t er  t o accept  a Fi r e Al ar m Panel  ( FAP)  s i gnal  
t hat  t akes pr ecedence over  al l  ot her  st ar t er  i nput s and swi t ches and 
st ar t s t he f an.   Pr ovi de f an mot or  st ar t er  whi ch accept s an occupant  
accessi bl e emer gency shut of f  swi t ch as i ndi cat ed.   Pr ovi de suppl y f an 
mot or  st ar t er  wi t h an H- O- A swi t ch:

3. 2. 5. 1. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  st ar t  t he suppl y f an and r un 
cont i nuousl y,  subj ect  t o Saf et i es.

3. 2. 5. 1. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  st op t he suppl y f an.

3. 2. 5. 1. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  r un t he suppl y f an subj ect  t o t he 
Suppl y Fan St ar t / St op ( SF- SS)  command and Saf et i es.

3. 2. 5. 2   Occupancy Modes

Obt ai n t he Occupancy Mode i nput  f r om t he Syst em Schedul er  as speci f i ed and 
shown.   Oper at e t he syst em i n one of  t he f ol l owi ng modes:  Occupi ed,  
Unoccupi ed.

3. 2. 5. 3   Syst em Enabl e and Loop Enabl e

3. 2. 5. 3. 1   Occupi ed Mode

Enabl e t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS)  and enabl e al l  
cont r ol  l oops.

3. 2. 5. 3. 2   Unoccupi ed Mode

Whi l e t he bui l di ng t emper at ur e ( BLDG- T)  i s above t he l ow l i mi t  set poi nt  
( BLDG- T- LL)  di sabl e al l  cont r ol  l oops and do not  r un t he suppl y f an.   When 
BLDG- T dr ops bel ow BLDG- T- LL ( wi t h a 5 degr ees F deadband) ,  enabl e t he 
suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS)  and enabl e t he Heat i ng 
Coi l  Temper at ur e Cont r ol  l oop.   Di sabl e al l  ot her  cont r ol  l oops.

3. 2. 5. 4   Pr oof s and Saf et i es

The suppl y f an and al l  DDC Har dwar e cont r ol  l oops ar e subj ect  t o Pr oof s 
and Saf et i es.   Di r ect - har dwi r e i nt er l ock saf et i es t o t he f an st ar t er  
c i r cui t  as shown.   Moni t or  al l  pr oof s and saf et i es and di sabl e al l  cont r ol  
l oops and command t he AHU f an of f  unt i l  r eset  due t o f ai l ur e of  any pr oof  
or  act i vat i on of  any saf et y.
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3. 2. 5. 4. 1   Pr oof s

Suppl y f an st at us ( pr oof )  ( SF- S)

3. 2. 5. 4. 2   Saf et i es

a.   Heat i ng coi l  di schar ge ai r  t emper at ur e l ow l i mi t  ( f r eezest at )  
( HTG- DA- T- LL)

b.   Suppl y ai r  smoke ( SA- SMK)

c.   Ret ur n ai r  smoke ( RA- SMK)

3. 2. 5. 4. 3   DDC Har dwar e

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  f unct i ons and t he 
oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as shown on t he Poi nt s 
Schedul e dr awi ng.

3. 2. 5. 5   Mi ni mum Out si de Ai r  Fl ow Cont r ol

When t hi s l oop i s enabl ed t he DDC Har dwar e,  open t he 2- posi t i on mi ni mum 
out si de ai r  damper  t o i nt r oduce t he mi ni mum out si de ai r  f l ow quant i t y as 
shown.   When t hi s l oop i s di sabl ed,  c l ose t he mi ni mum out si de ai r  damper .

3. 2. 5. 6   Economi zer  Damper  Cont r ol

3. 2. 5. 6. 1   Enabl ed Loop

When t hi s l oop i s enabl ed,  and t he Economi zer  i s ON as det er mi ned by t he 
Economi zer  Enabl e Logi c,  modul at e t he economi zer  out si de ai r ,  r et ur n ai r ,  
and r el i ef  ai r  damper s ( Economi zer  damper s)  i n sequence wi t h t he bypass 
and suppl y damper s and t he heat i ng coi l  cont r ol  val ve as shown t o mai nt ai n 
zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  as shown.

3. 2. 5. 6. 2   Di sabl ed Loop

When t hi s l oop i s di sabl ed,  or  t he Economi zer  i s OFF as det er mi ned by t he 
Economi zer  Enabl e Logi c,  c l ose t he economi zer  out si de ai r  and r el i ef  ai r  
damper s,  and open t he r et ur n ai r  damper .

3. 2. 5. 6. 3   Economi zer  Enabl e Logi c

Ensur e t he economi zer  i s ON when t he out si de ai r  dr y bul b t emper at ur e i s 
bet ween t he hi gh l i mi t  ( ECO- HL- SP)  and l ow l i mi t  ( ECO- LL- SP)  set poi nt s as 
shown.   Ot her wi se t he Economi zer  i s OFF.   Ensur e ECO- HL- SP and ECO- LL- SP 
each have a 2 degr ees F deadband.

3. 2. 5. 7   Temper at ur e Cont r ol  Loop Heat i ng Coi l  Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he heat i ng coi l  cont r ol  val ve,  
modul at e t he economi zer  damper s i f  enabl ed,  open and cl ose t he 2- posi t i on 
cool i ng coi l  val ve and modul at e t he bypass and suppl y ai r  damper s i n 
sequence t o mai nt ai n zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  as 
shown.   When t hi s l oop i s di sabl ed,  c l ose bot h val ves and posi t i on t he 
bypass and suppl y ai r  damper s t o bypass ai r .
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3. 2. 6   Si ngl e Zone wi t h Humi di t y Cont r ol

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  ar e 
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 2. 6. 1   HAND- OFF- AUTO Swi t ch

Pr ovi de suppl y f an mot or  st ar t er  t o accept  a Fi r e Al ar m Panel  ( FAP)  s i gnal  
t hat  t akes pr ecedence over  al l  ot her  st ar t er  i nput s and swi t ches and 
st ar t s t he f an.   Pr ovi de f an mot or  st ar t er  whi ch accept s an occupant  
accessi bl e emer gency shut of f  swi t ch as i ndi cat ed.   Pr ovi de suppl y f an 
mot or  st ar t er  wi t h an H- O- A swi t ch:

3. 2. 6. 1. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  st ar t  t he suppl y f an and r un 
cont i nuousl y,  subj ect  t o Saf et i es.

3. 2. 6. 1. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  st op t he suppl y f an.

3. 2. 6. 1. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  r un t he suppl y f an subj ect  t o t he 
Suppl y Fan St ar t / St op ( SF- SS) command and Saf et i es.

3. 2. 6. 2   Occupancy Modes

Obt ai n Occupancy Mode i nput  f r om t he Syst em Schedul er  as speci f i ed and 
shown.   Oper at e t he syst em i n one of  t he f ol l owi ng modes:  Occupi ed,  
Unoccupi ed.

3. 2. 6. 3   Syst em Enabl e and Loop Enabl e

3. 2. 6. 3. 1   Occupi ed Mode

Enabl e t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS)  and enabl e al l  
cont r ol  l oops.

3. 2. 6. 3. 2   Unoccupi ed Mode

Whi l e t he bui l di ng t emper at ur e ( BLDG- T)  i s above t he l ow l i mi t  set poi nt  
( BLDG- T- LL) ,  di sabl e  al l  cont r ol  l oops and do not  r un t he suppl y f an.   
When BLDG- T dr ops bel ow BLDG- T- LL ( wi t h a 5 degr ees F deadband) ,  enabl e 
t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS) ,  enabl e t he Pr eheat  
Coi l  Cont r ol  l oop and Reheat  Coi l  Cont r ol  l oop and di sabl e al l  ot her  l oops.

3. 2. 6. 4   Pr oof s and Saf et i es

The suppl y f an and al l  DDC Har dwar e cont r ol  l oops ar e subj ect  t o Pr oof s 
and Saf et i es.   Di r ect - har dwi r e i nt er l ock saf et i es t o t he f an st ar t er  
c i r cui t  as shown.  Moni t or  al l  pr oof s and saf et i es and di sabl e al l  cont r ol  
l oops and command t he AHU f an of f  unt i l  r eset  due t o f ai l ur e of  any pr oof  
or  act i vat i on of  any saf et y.
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3. 2. 6. 4. 1   Pr oof s

Suppl y f an st at us ( pr oof )  ( SF- S)

3. 2. 6. 4. 2   Saf et i es

a.   Pr eheat  coi l  di schar ge ai r  t emper at ur e l ow l i mi t  ( f r eezest at )  
( PH- DA- T- LL)

b.   Suppl y ai r  smoke ( SA- SMK)

c.   Ret ur n ai r  smoke ( RA- SMK)

3. 2. 6. 4. 3   DDC Har dwar e

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e bot h r eset  f unct i ons ar e pr ovi ded and t he oper at or  can 
use ei t her  one t o per f or m t he r eset ) ,  as shown on t he Poi nt s Schedul e 
dr awi ng.

3. 2. 6. 5   Mi ni mum Out si de Ai r  Fl ow Cont r ol

When t hi s l oop i s enabl ed,  open t he 2- posi t i on mi ni mum out si de ai r  damper  
t o i nt r oduce t he mi ni mum out si de ai r  f l ow quant i t y as shown.   When t hi s 
l oop i s di sabl ed,  c l ose t he mi ni mum out si de ai r  damper .

3. 2. 6. 6   Pr eheat  Coi l  Cont r ol  Loop

When t hi s l oop i s enabl ed,  modul at e t he pr eheat  coi l  val ve t o mai nt ai n t he 
pr eheat  coi l  di schar ge ai r  t emper at ur e ( PH- DA- T)  at  set poi nt  ( PH- DA- T- SP)  
as shown.   When t hi s l oop i s di sabl ed,  c l ose t he pr eheat  coi l  val ve.

3. 2. 6. 7   Cool i ng- and- Dehumi di f i cat i on Coi l  Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he cool i ng and dehumi di f i cat i on val ve 
t o mai nt ai n ei t her  t he zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  or  
zone r el at i ve humi di t y ( ZN- RH)  at  set poi nt  ( ZN- RH- SP) ,  whi chever  cal l s f or  
mor e chi l l ed wat er  f l ow.   Modul at e t he val ve i n sequence wi t h t he r eheat  
val ve and humi di f i cat i on val ve as shown t o avoi d s i mul t aneous cool i ng and 
r eheat i ng,  and si mul t aneous dehumi di f i cat i on and humi di f i cat i on.   When 
t hi s l oop i s di sabl ed,  c l ose t he coi l  val ve.

3. 2. 6. 8   Reheat  Coi l  Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he r eheat  coi l  val ve t o mai nt ai n t he 
zone t emper at ur e ( ZN- T)  at  set poi nt  ( ZN- T- SP)  as shown.   Modul at e t he 
val ve i n sequence wi t h t he cool i ng- and- dehumi di f i cat i on val ve as shown t o 
avoi d s i mul t aneous cool i ng and r eheat i ng.   When t hi s l oop i s di sabl ed,  
c l ose t he coi l  val ve.

3. 2. 6. 9   Humi di f i cat i on Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he humi di f i er  val ve t o mai nt ai n zone 
r el at i ve humi di t y ( ZN- RH)  at  set poi nt  ( ZN- RH- SP) .   Modul at e t he val ve i n 
sequence wi t h t he cool i ng- and- dehumi di f i cat i on val ve as shown t o avoi d 
s i mul t aneous dehumi di f i cat i on and humi di f i cat i on.   When t he suppl y ai r  
duct  humi di t y ( SA- RH)  r i ses above 80 per cent  r el at i ve humi di t y,  begi n 
modul at i ng t he humi di f i er  val ve t owar ds cl osed and cont i nue t o gr adual l y 
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move t owar ds cl osed unt i l  t he suppl y ai r  duct  humi di t y r eaches 90 per cent  
r el at i ve humi di t y,  at  whi ch poi nt  t he humi di f i er  val ve i s f ul l y  c l osed.   
When t hi s l oop i s di sabl ed,  c l ose t he humi di f i er  val ve.

3. 2. 7   Mul t i zone wi t hout  Ret ur n Fan

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  ar e 
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 2. 7. 1   HAND- OFF- AUTO swi t ches and Fi r e Al ar m Panel  ( FAP)  Si gnal :

Suppl y Fan VFD.  Pr ovi de suppl y f an mot or  st ar t er  t o accept  a Fi r e Al ar m 
Panel  ( FAP)  s i gnal  t hat  t akes pr ecedence over  al l  ot her  st ar t er  i nput s and 
swi t ches and st ar t s t he f an.   Pr ovi de f an mot or  st ar t er  whi ch accept s an 
occupant  accessi bl e emer gency shut of f  swi t ch as shown.   Pr ovi de suppl y f an 
mot or  st ar t er  wi t h an H- O- A swi t ch:

3. 2. 7. 1. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  t he suppl y f an st ar t s and r uns 
cont i nuousl y,  subj ect  t o Saf et i es.

3. 2. 7. 1. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  t he suppl y f an st ops.

3. 2. 7. 1. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  t he suppl y f an r uns subj ect  t o t he 
Suppl y Fan St ar t / St op ( SF- SS) command and Saf et i es.

3. 2. 7. 2   Occupancy Modes

Obt ai n Occupancy Mode i nput  f r om t he Syst em Schedul er  as speci f i ed and 
shown.   Oper at e t he syst em i n one of  t he f ol l owi ng modes:  Occupi ed,  
Unoccupi ed.

3. 2. 7. 3   Syst em Enabl e and Loop Enabl e

3. 2. 7. 3. 1   Occupi ed Mode

Enabl e t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS) .   Enabl e al l  
cont r ol  l oops.   Al so enabl e t he Zone Temper at ur e Cont r ol  l oops ser vi ced by 
t he AHU.

3. 2. 7. 3. 2   Unoccupi ed Mode

Whi l e t he bui l di ng t emper at ur e ( BLDG- T)  i s above t he l ow l i mi t  set poi nt  
( BLDG- T- LL) ,  di sabl e al l  cont r ol  l oops and do not  r un t he suppl y f an.   
When BLDG- T dr ops bel ow BLDG- T- LL ( wi t h a 5 degr ees F deadband) ,  enabl e 
t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS) ,  enabl e t he Hot  Deck 
Coi l  Cont r ol  l oop and al l  Zone Temper at ur e Cont r ol  l oops,  and di sabl e al l  
ot her  cont r ol  l oops.

3. 2. 7. 4   Pr oof s and Saf et i es

The suppl y f an and al l  DDC Har dwar e cont r ol  l oops ar e subj ect  t o Pr oof s 
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and Saf et i es.   Di r ect - har dwi r e i nt er l ock saf et i es t o t he f an st ar t er  
c i r cui t  as shown.   Moni t or  al l  pr oof s and saf et i es and di sabl e al l  cont r ol  
l oops and command t he AHU f an of f  unt i l  r eset  due t o f ai l ur e of  any pr oof  
or  act i vat i on of  any saf et y.

3. 2. 7. 4. 1   Pr oof s

a.   Suppl y f an st at us ( pr oof )  ( SF- S)

3. 2. 7. 4. 2   Saf et i es

a.   Mi xed ai r  t emper at ur e l ow l i mi t  ( f r eeze st at )  ( MA- T- LL)

c.   Ret ur n ai r  smoke ( RA- SMK)

3. 2. 7. 4. 3   DDC Har dwar e Reset

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  f unct i ons and t he 
oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as shown on t he Poi nt s 
Schedul e dr awi ng.

3. 2. 7. 5   Mi ni mum Out si de Ai r  Fl ow Cont r ol

When t hi s l oop i s enabl ed,  open t he 2- posi t i on mi ni mum out si de ai r  damper  
t o i nt r oduce t he mi ni mum out si de ai r  f ol l ow quant i t y as shown.   When t hi s 
l oop i s di sabl ed,  c l ose t he mi ni mum out si de ai r  damper .

3. 2. 7. 6   Mi xed Ai r  Temper at ur e Cont r ol  Wi t h Economi zer

3. 2. 7. 6. 1   Enabl ed Loop

When t hi s l oop i s enabl ed,  and t he Economi zer  i s ON as det er mi ned by t he 
Economi zer  Enabl e Logi c,  modul at e t he economi zer  out si de ai r ,  r el i ef ,  and 
r et ur n ai r  damper s t o mai nt ai n t he mi xed ai r  t emper at ur e ( MA- T)  at  
set poi nt  ( MA- T- SP)  as shown.

3. 2. 7. 6. 2   Di sabl ed Loop

When t hi s l oop i s di sabl ed,  or  t he Economi zer  i s OFF as det er mi ned by t he 
Economi zer  Enabl e Logi c,  c l ose t he economi zer  out si de ai r  and r el i ef  ai r  
damper s,  and open t he r et ur n ai r  damper .

3. 2. 7. 6. 3   Economi zer  Enabl e Logi c

Ensur e t he economi zer  i s ON when t he out si de ai r  dr y bul b t emper at ur e i s 
bet ween t he hi gh l i mi t  ( ECO- HL- SP)  and l ow l i mi t  ( ECO- LL- SP)  set poi nt s as 
shown.   Ot her wi se t he Economi zer  i s OFF.  Ensur e ECO- HL- SP and ECO- LL- SP 
each have a 2 degr ees F deadband.

3. 2. 7. 7   Hot  Deck Coi l  Cont r ol

3. 2. 7. 7. 1   Enabl ed Loop

When t hi s l oop i s enabl ed,  modul at e t he hot  deck heat i ng coi l  val ve t o 
mai nt ai n t he hot  deck t emper at ur e ( HD- T)  at  set poi nt  ( HD- T- SP)  as shown.   
When t hi s l oop i s di sabl ed,  c l ose t he hot  deck coi l  val ve.
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3. 2. 7. 7. 2   DDC Har dwar e Reset

Reset  t he hot  deck t emper at ur e set poi nt  ( HD- T- SP)  usi ng a l i near  r eset  
schedul e as shown.   Base r eset  of  t he set poi nt  ( HD- T- SP)  on Out si de Ai r  
Temper at ur e .

3. 2. 7. 8   Col d Deck Coi l  Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he col d deck cool i ng coi l  val ve t o 
mai nt ai n t he col d deck t emper at ur e ( CD- T)  at  set poi nt  ( CD- T- SP)  as shown.   
When t hi s l oop i s di sabl ed,  c l ose t he col d deck cool i ng coi l  val ve.

3. 2. 7. 9   Zone Temper at ur e Cont r ol

When t hi s l oop i s enabl ed:

3. 2. 7. 9. 1   Zone Temper at ur e Set poi nt

Ensur e zone t emper at ur e set poi nt  ( ZN- T- SP)  i s at  t he conf i gur ed set poi nt  
or  at  t he occupant - adj ust abl e set poi nt  v i a t he wal l - mount ed t her most at ,  as 
shown.

3. 2. 7. 9. 2   DDC Har dwar e Modul at i on

Modul at e t he hot  deck and col d deck damper s t o mai nt ai n zone t emper at ur e 
( ZN- T)  at  set poi nt  ( ZN- T- SP) .

3. 2. 8   Var i abl e Ai r  Vol ume Syst em wi t hout  Ret ur n Fan

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 2. 8. 1   HAND- OFF- AUTO Swi t ches

Pr ovi de suppl y f an var i abl e f r equency dr i ve ( VFD)  uni t  t o accept  a Fi r e 
Al ar m Panel  ( FAP)  s i gnal  t hat  t akes pr ecedence over  al l  ot her  VFD i nput s 
and swi t ches and causes t he VFD t o r un at  100 per cent  speed.   Pr ovi de VFD 
t hat  accept s an occupant  accessi bl e emer gency shut of f  swi t ch as shown.   
Pr ovi de suppl y f an var i abl e f r equency dr i ve ( VFD)  uni t  wi t h an i nt egr al  
H- O- A swi t ch:  

3. 2. 8. 1. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  st ar t  t he suppl y f an and r un 
cont i nuousl y,  subj ect  t o Saf et i es.  Ensur e f an speed i s under  
manual - oper at or  cont r ol .

3. 2. 8. 1. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  st op t he suppl y f an.

3. 2. 8. 1. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  r un t he suppl y f an subj ect  t o t he 
Suppl y Fan St ar t / St op Si gnal  ( SF- SS)  and Saf et i es.   Ensur e f an speed i s 
under  cont r ol  of  t he DDC Har dwar e.
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3. 2. 8. 2   Occupancy Modes

Obt ai n Occupancy Mode i nput  f r om t he Syst em Schedul er  as speci f i ed and 
shown.   Oper at e t he syst em i n one of  t he f ol l owi ng modes:  Occupi ed,  
Unoccupi ed.

3. 2. 8. 3   Pr oof s and Saf et i es

The suppl y f an and al l  DDC Har dwar e cont r ol  l oops ar e subj ect  t o Pr oof s 
and Saf et i es.   Di r ect - har dwi r e i nt er l ock saf et i es t o t he VFD as shown.   
Moni t or  al l  pr oof s and saf et i es and di sabl e al l  cont r ol  l oops and command 
t he AHU f an of f  unt i l  r eset  due t o f ai l ur e of  any pr oof  or  act i vat i on of  
any saf et y.

3. 2. 8. 3. 1   Pr oof s

a.   Suppl y f an st at us ( SF- S)

3. 2. 8. 3. 2   Saf et i es

a.   Pr eheat  coi l  di schar ge ai r  t emper at ur e l ow l i mi t  ( f r eezest at )  
( PH- DA- T- LL)  f or  syst ems wi t h a pr eheat  coi l .   Cool i ng coi l  di schar ge 
ai r  t emper at ur e l ow l i mi t  ( f r eezest at )  ( CLG- DA- T- LL)  f or  al l  ot her  
syst ems

b.   Suppl y ai r  duct  pr essur e hi gh l i mi t  ( SA- P- HL)

c.   Suppl y ai r  smoke ( SA- SMK)

d.   Ret ur n ai r  smoke ( RA- SMK)

3. 2. 8. 3. 3   DDC Har dwar e Reset

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  f unct i ons and t he 
oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as shown on t he Poi nt s 
Schedul e dr awi ng.

3. 2. 8. 4   Syst em Enabl e and Loop Enabl e

3. 2. 8. 4. 1   Occupi ed Mode

Enabl e t he suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS) .   Enabl e al l  
cont r ol  l oops.  

3. 2. 8. 4. 2   Unoccupi ed Mode

Whi l e t he bui l di ng t emper at ur e ( BLDG- T)  i s above t he l ow l i mi t  set poi nt  
( BLDG- T- LL)  di sabl e al l  cont r ol  l oops and do not  r un t he suppl y f an.   When 
BLDG- T dr ops bel ow BLDG- T- LL ( wi t h a 5 degr ees F deadband) ,  enabl e t he 
suppl y f an ( SYS- ENA)  and command t o r un ( SF- SS) ,  enabl e t he Suppl y Duct  
St at i c Pr essur e Cont r ol  l oops.   Di sabl e t he Mi ni mum Out si de Ai r  Fl ow 
Cont r ol ,  Mi xed Ai r  Temper at ur e Cont r ol ,  and Cool i ng Coi l  Cont r ol  l oops.
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3. 2. 8. 5   Fan Capaci t y Cont r ol

3. 2. 8. 5. 1   Suppl y Duct  St at i c Pr essur e Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he suppl y f an var i abl e f r equency 
dr i ve uni t  t o mai nt ai n t he duct  st at i c pr essur e ( SA- P)  at  set poi nt  
( SA- P- SP)  as shown,  as measur ed by t he duct  st at i c pr essur e t ap and sensor  
as shown.   When t hi s l oop i s di sabl ed,  ensur e t he DDC Har dwar e capaci t y 
modul at i on out put  t o t he VFD i s zer o per cent .

3. 2. 8. 6   Mi ni mum Out si de Ai r  Fl ow Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he mi ni mum out si de ai r  damper  t o 
mai nt ai n t he mi ni mum OA vol umet r i c f l ow ( MI NOA- F)  at  set poi nt  ( MI NOA- F- SP)  
as shown.   When t hi s l oop i s di sabl ed,  c l ose t he mi ni mum out si de ai r  
damper .

3. 2. 8. 7   Mi xed Ai r  Temper at ur e Cont r ol  Wi t h Economi zer

3. 2. 8. 7. 1   Enabl ed Loop

When t hi s l oop i s enabl ed,  and t he Economi zer  i s ON as det er mi ned by t he 
Economi zer  Enabl e Logi c,  modul at e t he economi zer  out si de ai r ,  r el i ef ,  and 
r et ur n ai r  damper s t o mai nt ai n t he mi xed ai r  t emper at ur e ( MA- T)  at  
set poi nt  ( MA- T- SP)  as shown.

3. 2. 8. 7. 2   Di sabl ed Loop

When t hi s l oop i s di sabl ed,  or  t he Economi zer  i s OFF as det er mi ned by t he 
Economi zer  Enabl e Logi c,  c l ose t he economi zer  out si de ai r  and r el i ef  ai r  
damper s,  and open t he r et ur n ai r  damper .

3. 2. 8. 7. 3   Economi zer  Enabl e Logi c

Ensur e t he economi zer  i s ON when t he out si de ai r  dr y bul b t emper at ur e i s 
bet ween t he hi gh l i mi t  ( ECO- HL- SP)  and l ow l i mi t  ( ECO- LL- SP)  set poi nt s as 
shown.   Ot her wi se t he Economi zer  i s OFF.  Ensur e ECO- HL- SP and ECO- LL- SP 
each have a 2 degr ees F deadband.

3. 2. 8. 8   Cool i ng Coi l  Cont r ol

When t hi s l oop i s enabl ed,  modul at e t he cool i ng coi l  val ve t o mai nt ai n t he 
suppl y ai r  t emper at ur e ( SA- T)  set poi nt  ( SA- T- SP)  as shown.   When t hi s l oop 
i s di sabl ed,  c l ose t he cool i ng coi l  val ve.

3. 3   SEQUENCES OF OPERATI ON FOR TERMI NAL UNI TS

3. 3. 1   Zone Temper at ur e Cont r ol  -  Cool i ng- Onl y VAV Box

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 3. 1. 1   Occupancy Modes

3. 3. 1. 1. 1   Occupi ed

Ensur e t he VAV box DDC Har dwar e i s i n t he Occupi ed Mode when t he l ocal  
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space occupancy i nput ( s)  ( ZN- OCC)  i ndi cat e t hat  t he space i s occupi ed or  
when t he i nput  f r om t he Syst em Schedul er  ( SYS- OCC)  i s occupi ed.

3. 3. 1. 1. 2   Unoccupi ed

The VAV box DDC Har dwar e must  be i n t he Unoccupi ed Mode when t he l ocal  
space occupancy i nput ( s)  ( ZN- OCC)  i ndi cat e t hat  t he space i s unoccupi ed 
and t he i nput  f r om t he Syst em Schedul er  ( SYS- OCC)  i s unoccupi ed.

Saf et i es

Thi s syst em has no saf et i es.

3. 3. 1. 2   Zone Temper at ur e Cont r ol

3. 3. 1. 2. 1   Occupi ed Mode

I n t he Occupi ed Mode t he zone t emper at ur e set poi nt  ( ZN- T- SP)  must  be at  
t he conf i gur ed set poi nt  or  at  t he occupant - adj ust abl e set poi nt  v i a t he 
wal l - mount ed t her most at ,  as shown.   The DDC Har dwar e must  modul at e t he VAV 
box damper  t o mai nt ai n VAV box suppl y ai r  f l ow ( VAV- SA- F)  at  set poi nt  as 
measur ed by a mul t i - poi nt  f l ow sensi ng el ement  at  t he i nl et  t o t he VAV 
box.   Sequenceas i ndi cat ed:   Upon a r i se i n zone t emper at ur e ( ZN- T)  above 
zone set poi nt  ( ZN- T- SP) ,  subj ect  t o t he zone t emper at ur e set poi nt  deadband 
as i ndi cat ed,  adj ust  t he ai r f l ow set poi nt  bet ween mi ni mum and maxi mum f l ow 
based on t he di f f er ence bet ween zone t emper at ur e and zone t emper at ur e 
set poi nt  as i ndi cat ed.

3. 3. 1. 2. 2   Unoccupi ed Mode

I n t he Unoccupi ed Mode,  ensur e t he VAV box damper  i s at  i t s  mi ni mum 
posi t i on.

3. 3. 2   Zone Temper at ur e Cont r ol  -  VAV Box wi t h Reheat

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 3. 2. 1   Occupancy Modes

3. 3. 2. 1. 1   Occupi ed

Ensur e t he VAV box DDC Har dwar e i s i n t he Occupi ed Mode when t he l ocal  
space occupancy i nput ( s)  ( ZN- OCC)  i ndi cat e t hat  t he space i s occupi ed or  
when t he i nput  f r om t he Syst em Schedul er  ( SYS- OCC)  i s occupi ed.

3. 3. 2. 1. 2   Unoccupi ed

Ensur e t he VAV box DDC Har dwar e i s i n t he Unoccupi ed Mode when t he l ocal  
space occupancy i nput ( s)  ( ZN- OCC)  i ndi cat e t hat  t he space i s unoccupi ed 
and t he i nput  f r om t he Syst em Schedul er  ( SYS- OCC)  i s unoccupi ed.

3. 3. 2. 2   Saf et i es

For  VAV boxes wi t h el ect r i c r esi st ance heat i ng el ement s,  r equi r e pr oof  of  
ai r  f l ow bef or e act i vat i ng t he heat i ng el ement s.
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3. 3. 2. 3   Zone Temper at ur e Cont r ol

a.   I n t he Occupi ed Mode,  ensur e t he zone t emper at ur e set poi nt  ( ZN- T- SP)  
i s at  t he conf i gur ed set poi nt  or  at  t he occupant - adj ust abl e set poi nt  
v i a t he wal l - mount ed t her most at ,  as shown.  

b.   I n t he Unoccupi ed Mode,  ensur e t he zone t emper at ur e set poi nt  ( ZN- T- SP)  
i s at  t he conf i gur ed set poi nt  as shown.

c.   Modul at e t he VAV box damper  t o mai nt ai n VAV box suppl y ai r  f l ow 
( VAV- SA- F)  at  set poi nt  as measur ed by a mul t i - poi nt  f l ow sensi ng 
el ement  at  t he i nl et  t o t he VAV box.   Per f or m sequenci ng as shown:  
Upon a r i se i n zone t emper at ur e above zone t emper at ur e set poi nt  
( ZN- T- SP) ,  subj ect  t o t he zone t emper at ur e set poi nt  deadband as shown,  
adj ust  t he ai r f l ow set poi nt bet ween mi ni mum and maxi mum f l ow based on 
t he di f f er ence bet ween zone t emper at ur e and zone t emper at ur e set poi nt  
as shown.   Upon a f al l  i n zone t emper at ur e bel ow zone t emper at ur e 
set poi nt ,  subj ect  t o t he deadband as shown,  mai nt ai n t he ai r f l ow at  a 
f i xed ai r  f l ow set poi nt  ( wi t h a set t i ng i ndependent  of  t he cool i ng 
mi ni mum ai r  f l ow) ,  and modul at e t he heat i ng val ve t owar ds open or  
c i c l e t he st aged el ect r i c r esi st ance heat i ng coi l ( s)  on i n sequence.

3. 3. 3   Zone Temper at ur e Cont r ol  -  Fan Power ed VAV Box

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 3. 3. 1   Occupancy Modes

3. 3. 3. 1. 1   Occupi ed

Ensur e t he VAV box DDC Har dwar e i s i n t he Occupi ed Mode when t he l ocal  
space occupancy i nput ( s)  ( ZN- OCC)  i ndi cat e t hat  t he space i s occupi ed or  
when t he i nput  f r om t he Syst em Schedul er  ( SYS- OCC)  i s occupi ed.

3. 3. 3. 1. 2   Unoccupi ed

Ensur e t he VAV box DDC Har dwar e i s i n t he Unoccupi ed Mode when t he l ocal  
space occupancy i nput ( s)  ( ZN- OCC)  i ndi cat e t hat  t he space i s unoccupi ed 
and t he i nput  f r om t he Syst em Schedul er  ( SYS- OCC)  i s unoccupi ed.

3. 3. 3. 2   Saf et i es

For  VAV boxes wi t h el ect r i c r esi st ance heat i ng el ement s,  r equi r e pr oof  of  
ai r  f l ow bef or e act i vat i ng t he heat i ng el ement s.

3. 3. 3. 3   Fan Cont r ol

3. 3. 3. 4   Zone Temper at ur e Cont r ol

3. 3. 3. 4. 1   Occupi ed Mode

I n t he Occupi ed Mode,  ensur e t he zone t emper at ur e set poi nt  ( ZN- T- SP)  i s at  
t he conf i gur ed set poi nt  or  at  t he occupant - adj ust abl e set poi nt  v i a t he 
wal l - mount ed t her most at ,  as shown.
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3. 3. 3. 4. 2   Unoccupi ed Mode

I n t he Unoccupi ed Mode,  ensur e t he zone t emper at ur e set poi nt  ( ZN- T- SP) i s 
at  t he conf i gur ed set poi nt  as shown.

3. 3. 3. 4. 3   Sequenci ng

3. 3. 3. 4. 3. 1   Cool i ng Mode

Upon a r i se i n zone t emper at ur e above zone t emper at ur e set poi nt  ( ZN- T- SP) ,  
subj ect  t o t he zone t emper at ur e set poi nt  deadband as shown,  adj ust  t he 
ai r f l ow set poi nt  bet ween mi ni mum and maxi mum based on t he di f f er ence 
bet ween zone t emper at ur e and zone t emper at ur e set poi nt  as shown.  Modul at e 
t he VAV box damper  t o mi x suppl y and pl enum r et ur n ai r  as i t  mai nt ai ns VAV 
box suppl y ai r f l ow ( VAV- SA- F)  at  set poi nt  as measur ed by a mul t i - poi nt  
f l ow sensi ng el ement  at  t he i nl et  t o t he VAV box.

3. 3. 3. 4. 3. 2   Heat i ng Mode

Upon a f al l  i n zone t emper at ur e bel ow zone t emper at ur e set poi nt ,  subj ect  
t o t he deadband as shown,  t he DDC Har dwar e must  modul at e t he VAV box 
damper  t o mi x suppl y and pl enum r et ur n ai r  t o mai nt ai n a f i xed ai r  f l ow 
set poi nt  ( wi t h a set t i ng i ndependent  of  t he cool i ng mi ni mum ai r  f l ow) ,  and 
modul at e t he heat i ng val ve t owar ds open or  cycl e t he st aged el ect r i c 
r esi st ance heat i ng coi l ( s)  on i n sequence.

3. 3. 4   Per i met er  Radi at i on Cont r ol  Sequence

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 3. 4. 1   Occupancy Modes

3. 3. 4. 1. 1   Occupi ed

Ensur e t he r adi at or  DDC Har dwar e i s i n t he Occupi ed Mode when t he l ocal  
space occupancy i nput ( s)  i ndi cat e t hat  t he space i s occupi ed or  when t he 
i nput  f r om t he Syst em Schedul er  i s occupi ed.

3. 3. 4. 1. 2   Unoccupi ed

Ensur e t he r adi at or  DDC Har dwar e i s i n t he Unoccupi ed Mode when t he l ocal  
space occupancy i nput ( s)  i ndi cat e t hat  t he space i s unoccupi ed and when 
t he i nput  f r om t he Syst em Schedul er  i s unoccupi ed.

3. 3. 4. 2   Saf et i es

Thi s syst em has no saf et i es.  

3. 3. 4. 3   Space Temper at ur e Cont r ol

3. 3. 4. 3. 1   Occupi eed Mode

I n t he Occupi ed Mode,  modul at e t he heat i ng cont r ol  val ve t o mai nt ai n space 
t emper at ur e at  t he conf i gur ed set poi nt  or  at  t he occupant - adj ust abl e 
set poi nt  v i a t he wal l - mount ed t her most at ,  as shown.  
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3. 3. 4. 3. 2   Unoccupi ed Mode

I n t he Unoccupi ed Mode,  modul at e t he heat i ng cont r ol  val ve t o mai nt ai n 
space t emper at ur e at  t he conf i gur ed set poi nt  as shown.

3. 3. 5   Uni t  Heat er  and Cabi net  Uni t  Heat er

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 3. 5. 1   Of f - Aut o Swi t ch

3. 3. 5. 1. 1   OFF

Wi t h t he t her most at  OFF- AUTO swi t ch i n t he OFF posi t i on,  st op t he f an and 
cl ose t he heat i ng cont r ol  val ve.

3. 3. 5. 1. 2   AUTO

Wi t h t he t her most at  OFF- AUTO swi t ch i n t he AUTO posi t i on,  cont r ol  t he uni t  
i n accor dance wi t h i t s Occupancy Mode.

3. 3. 5. 2   Occupancy Modes

3. 3. 5. 2. 1   Occupi ed

Ensur e t he uni t  heat er  DDC Har dwar e i s i n t he Occupi ed Mode when t he l ocal  
space occupancy i nput ( s)  i ndi cat e t hat  t he space i s occupi ed or  when t he 
i nput  f r om t he Syst em Schedul er  i s occupi ed.

3. 3. 5. 2. 2   Unoccupi ed

Ensur e t he uni t  heat er  DDC Har dwar e i s i n t he Unoccupi ed Mode when t he 
l ocal  space occupancy i nput ( s)  i ndi cat e t hat  t he space i s unoccupi ed and 
when t he i nput  f r om t he Syst em Schedul er  i s unoccupi ed.

3. 3. 5. 3   Saf et i es

Run t he uni t  subj ect  t o t he uni t  manuf act ur er ' s saf et i es.

3. 3. 5. 4   Space Temper at ur e Cont r ol

3. 3. 5. 4. 1   Occupi ed Mode

I n t he Occupi ed Mode,  modul at e t he heat i ng cont r ol  val ve and cycl e t he 
mul t i - speed f an t o mai nt ai n space t emper at ur e at  t he conf i gur ed set poi nt  
or  at  t he occupant - adj ust abl e set poi nt  v i a t he wal l - mount ed t her most at ,  as 
shown.

3. 3. 5. 4. 2   Unoccupi ed Mode

I n t he Unoccupi ed Mode,  modul at e t he heat i ng cont r ol  val ve and cycl e t he 
mul t i - speed f an t o mai nt ai n space t emper at ur e at  t he conf i gur ed set poi nt  
as shown.
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3. 3. 6   Gas- Fi r ed I nf r ar ed Heat er

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 3. 6. 1   On- Of f - Aut o Swi t ch

3. 3. 6. 1. 1   ON

Wi t h t he t her most at  ON- OFF- AUTO swi t ch i n t he ON posi t i on,  ener gi ze t he 
heat er  and r un t he heat er  cont i nuousl y.

3. 3. 6. 1. 2   OFF

Wi t h t he t her most at  ON- OFF- AUTO swi t ch i n t he OFF posi t i on,  de- ener gi ze 
t he heat er .

3. 3. 6. 1. 3   AUTO

Wi t h t he t her most at  ON- OFF- AUTO swi t ch i n t he AUTO posi t i on,  cont r ol  t he 
heat er  i n accor dance wi t h i t s Occupancy Mode.

3. 3. 6. 2   Occupancy Modes

3. 3. 6. 2. 1   Occupi ed

Ensur e t he uni t  DDC Har dwar e i s i n t he Occupi ed Mode when t he l ocal  space 
occupancy i nput ( s)  i ndi cat e t hat  t he space i s occupi ed.

3. 3. 6. 2. 2   Unoccupi ed

Ensur e t he uni t  DDC Har dwar e i s i n t he Unoccupi ed Mode when t he l ocal  
space occupancy i nput ( s)  i ndi cat e t hat  t he space i s unoccupi ed.

3. 3. 6. 3   Saf et i es

Run t he heat er  subj ect  t o t he uni t  manuf act ur er ' s saf et i es.

3. 3. 6. 4   Space Temper at ur e Cont r ol

3. 3. 6. 4. 1   Occupi ed Mode

I n t he Occupi ed Mode,  oper at e t he heat er  t o mai nt ai n space t emper at ur e at  
t he conf i gur ed set poi nt  or  at  t he occupant - adj ust abl e set poi nt  v i a t he 
wal l - mount ed t her most at ,  as i ndi cat ed.

3. 3. 6. 4. 2   Unoccupi ed Mode

I n t he Unoccupi ed Mode,  oper at e t he heat er  t o mai nt ai n space set poi nt  at  
t he conf i gur ed unoccupi ed set poi nt  as i ndi cat ed.

3. 3. 7   Dual  Temper at ur e Fan- Coi l  Uni t

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .
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3. 3. 7. 1   Of f - Aut o Swi t ch

3. 3. 7. 1. 1   OFF

Wi t h t he t her most at  OFF- AUTO swi t ch i n t he OFF posi t i on,  st op t he f an and 
cl ose t he dual - t emper at ur e cont r ol  val ve.

3. 3. 7. 1. 2   AUTO

Wi t h t he t her most at  OFF- AUTO swi t ch i n t he AUTO posi t i on,  cont r ol  t he uni t  
i n accor dance wi t h i t s Occupancy Mode.

3. 3. 7. 2   Occupancy Modes

3. 3. 7. 2. 1   Occupi ed

Ensur e t he uni t  DDC Har dwar e i s i n t he Occupi ed Mode when t he l ocal  space 
occupancy i nput ( s)  i ndi cat e t hat  t he space i s occupi ed or  when t he i nput  
f r om t he Syst em Schedul er  i s occupi ed.

3. 3. 7. 2. 2   Unoccupi ed

Ensur e t he uni t  DDC Har dwar e i s i n t he Unoccupi ed Mode when t he l ocal  
space occupancy i nput ( s)  i ndi cat e t hat  t he space i s unoccupi ed and when 
t he i nput  f r om t he Syst em Schedul er  i s unoccupi ed.

3. 3. 7. 3   Heat / Cool  Modes

Aut omat i cal l y swi t ch t he f an coi l  uni t  DDC Har dwar e bet ween t he heat i ng 
and cool i ng modes and t he r esul t ant  cont r ol  act i on,  based on a 
pi pe- mount ed dual - t emper at ur e suppl y wat er  t emper at ur e sensor .

3. 3. 7. 4   Saf et i es

Run t he uni t  subj ect  t o t he uni t  manuf act ur er ' s saf et i es.

3. 3. 7. 5   Space Temper at ur e Cont r ol

3. 3. 7. 5. 1   Occupi ed Mode

I n t he Occupi ed Mode,  modul at e t he dual - t emper at ur e cont r ol  val ve and 
modul at e t he mul t i - speed f an t o mai nt ai n space t emper at ur e at  t he 
conf i gur ed set poi nt  or  at  t he occupant - adj ust abl e set poi nt  v i a t he 
wal l - mount ed t her most at ,  as i ndi cat ed.

3. 3. 7. 5. 2   Unoccupi ed Mode

I n t he Unoccupi ed Mode,  modul at e t he dual - t emper at ur e cont r ol  val ve and 
modul at e t he mul t i - speed f an t o mai nt ai n space t emper at ur e at  t he 
conf i gur ed set poi nt  as i ndi cat ed.

3. 4   SEQUENCES OF OPERATI ON FOR HYDRONI C SYSTEMS

3. 4. 1   Hydr oni c Heat i ng Hot  Wat er  f r om Di st r i but ed HTHW Conver t er

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  must  be 
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pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 4. 1. 1   Syst em Enabl e and Loop Enabl e

a.   Moni t or  t he enabl ed st at us of  al l  syst ems ser ved by t hi s syst em.   .

b.   When t hi s syst em i s enabl ed ( SYS- ENA)  command t he hot  wat er  pump on 
vi a t he Hot  Wat er  Pump St ar t / St op ( HW- PMP- SS)  command.

c.   When t hi s syst em i s enabl ed ( SYS- ENA)  and t he hot  wat er  pump i s 
pr oof ed on,  enabl e t he Heat  Exchanger  Cont r ol  l oop.

3. 4. 1. 2   HAND- OFF- AUTO Swi t ch

Pr ovi de hot  wat er  pump mot or  st ar t er  wi t h an H- O- A swi t ch:

3. 4. 1. 2. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  t he pump st ar t s and r uns 
cont i nuousl y.

3. 4. 1. 2. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  t he pump st ops.

3. 4. 1. 2. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  t he pump r uns subj ect  t o t he Hot  
Wat er  Pump St ar t / St op ( HW- PMP- SS)  command.

3. 4. 1. 3   Pr oof s and Saf et i es

DDC Har dwar e must  moni t or  al l  pr oof s and saf et i es.

3. 4. 1. 3. 1   Pr oof s

Hot  wat er  pump st at us ( HW- PMP- S)

3. 4. 1. 3. 2   Saf et i es

None

3. 4. 1. 3. 3   DDC Har dwar e Reset

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  f unct i ons and t he 
oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as i ndi cat ed on t he 
Poi nt s Schedul e dr awi ng.

3. 4. 1. 4   Heat  Exchanger  Val ve Cont r ol

When t hi s l oop i s enabl ed modul at e t he hi gh t emper at ur e hot  wat er  val ve t o 
mai nt ai n t he Hot  Wat er  Suppl y Temper at ur e ( HWS- T)  at  set poi nt  ( HWS- T- SP) .   
The Hot  Wat er  Suppl y Temper at ur e Set poi nt  ( HW- T- SP)  must  be det er mi ned 
f r om a l i near  r eset  schedul e as shown.   When t hi s l oop i s di sabl ed,  c l ose 
t he val ve.
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3. 4. 2   Hydr oni c Heat i ng Hot  Wat er  Fr om Si ngl e- Bui l di ng Boi l er

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 4. 2. 1   Syst em Enabl e and Loop Enabl e

a.   Moni t or  t he enabl ed st at us of  al l  syst ems ser ved by t hi s syst em.   I f  
one or  mor e syst ems ser ved by t hi s syst em ar e enabl ed,  enabl e t hi s 
syst em ( SYS- ENA) .   I f  no syst ems ser ved by t hi s syst em ar e enabl ed,  
di sabl e t hi s syst em.

b.   When t hi s syst em i s enabl ed ( SYS- ENA)  and t he hot  wat er  pump i s 
pr oof ed on,  enabl e t he boi l er  cont r ol  and hot  wat er  t emper at ur e 
cont r ol  l oops.

3. 4. 2. 2   HAND- OFF- AUTO Swi t ch

Pr ovi de hot  wat er  pump mot or  st ar t er  wi t h an H- O- A swi t ch:

3. 4. 2. 2. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  st ar t  t he pump and r un 
cont i nuousl y.  

3. 4. 2. 2. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  st op t he pump.

3. 4. 2. 2. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  r un t he pump subj ect  t o t he Hot  
Wat er  Pump St ar t / St op ( HW- PMP- SS)  command.

3. 4. 2. 3   Pr oof s and Saf et i es

DDC Har dwar e must  moni t or  al l  pr oof s and saf et i es.

3. 4. 2. 3. 1   Pr oof s

Hot  wat er  pump

3. 4. 2. 3. 2   Saf et i es

None

3. 4. 2. 3. 3   DDC Har dwar e Reset

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  f unct i ons and t he 
oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as shown on t he Poi nt s 
Schedul e dr awi ng.

3. 4. 2. 4   Boi l er  Cont r ol

When t hi s l oop i s enabl ed,  t ur n t he boi l er  on.   When t hi s l oop i s 
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di sabl ed,  t he boi l er  i s  t ur ned of f .

3. 4. 2. 5   Hot  Wat er  Temper at ur e Cont r ol

When t hi s l oop i s enabl ed modul at e t he 3- way mi xi ng val ve t o mai nt ai n hot  
wat er  suppl y t emper at ur e ( HWS- T)  at  set poi nt  ( HWS- T- SP) .   The Hot  Wat er  
Suppl y Temper at ur e Set poi nt  ( HWS- T- SP)  must  be det er mi ned f r om a l i near  
r eset  schedul e as shown.   When t hi s l oop i s di sabl ed,  t he val ve i s i n i t s 
nor mal  ( f ai l saf e)  posi t i on.

3. 4. 3   Hydr oni c Dual - Temper at ur e Syst em wi t h Hi gh Temper at ur e Hot  Wat er  
Heat  Exchanger  and Chi l l ed Wat er

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 4. 3. 1   Syst em Enabl e and Loop Enabl e

a.   Moni t or  t he enabl ed st at us of  al l  syst ems ser ved by t hi s syst em.   I f  
one or  mor e syst ems ser ved by t hi s syst em ar e enabl ed,  enabl e t hi s 
syst em ( SYS- ENA) .   I f  al l  syst ems ser ved by t hi s syst em ar e not  
enabl ed,  do not  enabl e t hi s syst em.

b.   When t he syst em i s enabl ed ( SYS- ENA) ,  r un t he pump.

c.   When t hi s syst em i s enabl ed ( SYS- ENA) ,  and t he HEATI NG/ COOLI NG swi t ch 
i s i n HEATI NG t he Heat  Exchanger  Cont r ol  l oop i s enabl ed.

3. 4. 3. 2   Swi t chover  Val ve Oper at i on

Moni t or  t he st at us of  t he DTWR- T- LL and DTWR- T- HL swi t ches.

3. 4. 3. 2. 1   HEATI NG/ COOLI NG Swi t ch i n t he HEATI NG Posi t i on

Wi t h t he HEATI NG/ COOLI NG swi t ch i n t he HEATI NG posi t i on,  t he swi t chover  
val ve must  open t he heat - cool  syst em pi pi ng t o t he heat  exchanger  and 
cl ose t he heat - cool  syst em pi pi ng t o t he .

3. 4. 3. 2. 2   HEATI NG/ COOLI NG Swi t ch i n t he COOLI NG Posi t i on

Wi t h t he HEATI NG/ COOLI NG swi t ch i n t he COOLI NG posi t i on,  t he swi t chover  
val ve must  open t he heat - cool  syst em pi pi ng t o t he  and cl ose t he 
heat - cool  syst em pi pi ng t o t he heat  exchanger  whenever  t he 
dual - t emper at ur e r et ur n wat er  t emper at ur e ( DTWR- T)  i s bel ow t he 
dual - t emper at ur e r et ur n wat er  hi gh- l i mi t  t emper at ur e ( DTWR- T- HL) .

3. 4. 3. 3   HAND- OFF- AUTO Swi t ch

Pr ovi de Dual - Temper at ur e wat er  pump mot or  st ar t er  wi t h an H- O- A swi t ch:

3. 4. 3. 3. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  t he pump st ar t s and r uns 
cont i nuousl y.
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3. 4. 3. 3. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  t he pump st ops.

3. 4. 3. 3. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  t he pump r uns subj ect  t o t he 
Dual - Temper at ur e Wat er  Pump St ar t / St op ( DTW- PMP- SS)  Syst em Enabl e 
( SYS- ENA)  command.

3. 4. 3. 4   Pr oof s and Saf et i es

DDC Har dwar e must  moni t or  al l  pr oof s and saf et i es.

3. 4. 3. 4. 1   Pr oof s

None

3. 4. 3. 4. 2   Saf et i es

Di r ect - har dwi r e i nt er l ock heat  exchanger  di f f er ent i al  pr essur e swi t ch 
( HX- P- LL)  t o t he hi gh t emper at ur e hot  wat er  val ve.

3. 4. 3. 4. 3   DDC Har dwar e Reset

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  f unct i ons and t he 
oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as shown on t he Poi nt s 
Schedul e dr awi ng.

3. 4. 4   Hydr oni c Secondar y wi t h Var i abl e Speed Pump

I nst al l  DDC har dwar e t o per f or m t hi s Sequence of  Oper at i on and t o pr ovi de 
SNVT i nput s and out put s as speci f i ed and shown on t he Poi nt s Schedul e.   
Unl ess ot her wi se speci f i ed,  al l  modul at i ng cont r ol  i s  
pr opor t i onal - i nt egr al  ( PI )  cont r ol .

3. 4. 4. 1   Syst em Enabl e and Loop Enabl e:

a.   Moni t or  t he enabl ed st at us of  al l  syst ems ser ved by t hi s syst em.  I f  
one or  mor e syst ems ser ved by t hi s syst em ar e enabl ed,  enabl e t hi s 
syst em ( SYS- ENA) .   I f  al l  syst ems ser ved by t hi s syst em ar e not  
enabl ed,  do not  enabl e t hi s syst em.

b.   When t hi s syst em i s enabl ed ( SYS- ENA)  t he Pr essur e Cont r ol  l oop must  
be enabl ed.

3. 4. 4. 2   HAND- OFF- AUTO Swi t ch

Pr ovi de hot  wat er  pump var i abl e f r equency dr i ve ( VFD)  uni t  wi t h an 
i nt egr al  H- O- A swi t ch:

3. 4. 4. 2. 1   HAND

Wi t h t he H- O- A swi t ch i n HAND posi t i on,  t he pump st ar t s and r uns 
cont i nuousl y.   Ensur e pump speed i s under  manual - oper at or  cont r ol .
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3. 4. 4. 2. 2   OFF

Wi t h t he H- O- A swi t ch i n OFF posi t i on,  t he pump st ops.

3. 4. 4. 2. 3   AUTO

Wi t h t he H- O- A swi t ch i n AUTO posi t i on,  r un t he pump subj ect  t o t he Hot  
Wat er  Pump St ar t / St op ( HW- PMP- SS)  command and ensur e pump speed i s under  
cont r ol  of  t he DDC syst em.

3. 4. 4. 3   Pr oof s and Saf et i es

DDC Har dwar e must  moni t or  al l  pr oof s and saf et i es.

3. 4. 4. 3. 1   Pr oof s

None

3. 4. 4. 3. 2   Saf et i es

None

3. 4. 4. 3. 3   DDC Har dwar e Reset

Reset  al l  pr oof s and saf et i es v i a a l ocal  bi nar y push- but t on ( RST- BUT)  
i nput  t o t he DDC Har dwar e,  v i a a r emot e command t o t he DDC Har dwar e vi a 
SNVT or  bot h ( wher e t he Cont r act or  pr ovi des bot h r eset  f unct i ons and t he 
oper at or  can use ei t her  one t o per f or m t he r eset ) ,  as shown on t he Poi nt s 
Schedul e dr awi ng.

3. 4. 4. 4   Pr essur e Cont r ol

When t hi s l oop i s enabl ed modul at e t he pump var i abl e f r equency dr i ve uni t  
t o mai nt ai n t he pi pe syst em  pr essur e at  set poi nt  as shown,  as measur ed by 
t he di f f er ent i al  pr essur e t ap and sensor  as shown.   When t hi s l oop i s 
di sabl ed,  ensur e t he DDC Har dwar e capaci t y modul at i on out put  t o t he VFD i s 
zer o per cent .

         - -  End of  Sect i on - -
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SECTI ON 23 11 20

FACI LI TY GAS PI PI NG
05/ 20

PART 1   GENERAL

1. 1   SUMMARY

Thi s speci f i cat i on sect i on appl i es t o gas pi pi ng i nst al l ed wi t hi n 
bui l di ngs i nci dent al  under gr ound pi pi ng under  bui l di ng,  above gr ound st eel  
pi pi ng and cor r ugat ed st ai nl ess st eel  t ubi ng ( CSST)  bot h out si de ( up t o 5 
f eet  beyond ext er i or  wal l s)  and wi t hi n bui l di ngs i n compl i ance wi t h NFPA 54
/ AGA Z223. 1,  " Nat i onal  Fuel  Gas Code"  ,  " Fuel  Gas Pi pi ng" .

1. 2   REFERENCES

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

AMERI CAN GAS ASSOCI ATI ON ( AGA)

AGA XR0603 ( 2006;  8t h Ed)  AGA Pl ast i c Pi pe Manual  f or  
Gas Ser vi ce

AGA Z223. 1 ( 2012)  Nat i onal  Fuel  Gas Code

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 15/ CSA 9. 1 ( 2021)  Manual l y Oper at ed Gas Val ves f or  
Appl i ances,  Appl i ance Connect or  Val ves and 
Hose End Val ves

ANSI  Z21. 24/ CSA 6. 10 ( 2022)  Connect or s f or  Gas Appl i ances

ANSI  Z21. 41/ CSA 6. 9 ( 2014;  R 2019)  Qui ck- Di sconnect  Devi ces 
f or  Use wi t h Gas Fuel  Appl i ances

ANSI  Z21. 69/ CSA 6. 16 ( 2015;  R 2020)  Connect or s f or  Movabl e Gas 
Appl i ances

ANSI  Z21. 78/ CSA 6. 20 ( 2010;  R 2020)  St andar d Speci f i cat i on f or  
Combi nat i on Gas Cont r ol s f or  Gas Appl i ances

AMERI CAN PETROLEUM I NSTI TUTE ( API )

API  570 ( 2016;  Addendum 1 2017;  Addendum 2 2018;  
ERTA 1 2018)  Pi pi ng I nspect i on Code:  
I n- Ser vi ce I nspect i on,  Rat i ng,  Repai r ,  and 
Al t er at i on of  Pi pi ng Syst ems

API  RP 2009 ( 2002;  R 2007;  7t h Ed)  Saf e Wel di ng,  
Cut t i ng,  and Hot  Wor k Pr act i ces i n 
Ref i ner i es,  Gasol i ne Pl ant s,  and 
Pet r ochemi cal  Pl ant s

API  Spec 6D ( June 2018,  4t h Ed;  Er r at a 1 Jul y 2018;  
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Er r at a 2 August  2018)  Speci f i cat i on f or  
Pi pel i ne and Pi pi ng Val ves

API  St d 598 ( 2009)  Val ve I nspect i ng and Test i ng

API  St d 607 ( 2016)  Fi r e Test  f or  Quar t er - t ur n Val ves 
and Val ves Equi pped wi t h Non- met al l i c  Seat s

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

ASCE 25- 16 ( 2016)  Ear t hquake- Act i vat ed Aut omat i c Gas 
Shut of f  Devi ces

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME A13. 1 ( 2020)  Scheme f or  t he I dent i f i cat i on of  
Pi pi ng Syst ems

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 33 ( 2012;  R 2017)  Manual l y Oper at ed Met al l i c  
Gas Val ves f or  Use i n Gas Pi pi ng Syst ems 
Up t o 125 psi ,  ( Si zes NPS 1/ 2 -  NPS 2)

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASME B31. 8 ( 2018;  Suppl ement  2018)  Gas Tr ansmi ssi on 
and Di st r i but i on Pi pi ng Syst ems

ASME B31. 9 ( 2020)  Bui l di ng Ser vi ces Pi pi ng

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS WHB- 2. 9 ( 2004)  Wel di ng Handbook;  Vol ume 2,  Wel di ng 
Pr ocesses,  Par t  1

ASTM I NTERNATI ONAL ( ASTM)

ASTM A193/ A193M ( 2023)  St andar d Speci f i cat i on f or  
Al l oy- St eel  and St ai nl ess St eel  Bol t i ng 
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Mat er i al s f or  Hi gh- Temper at ur e Ser vi ce and 
Ot her  Speci al  Pur pose Appl i cat i ons

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM F2015 ( 2000;  R 2013)  St andar d Speci f i cat i on f or  
Lap Joi nt  Fl ange Pi pe End Appl i cat i ons

CSA GROUP ( CSA)

ANSI  LC 1/ CSA 6. 26 ( 2019)  Fuel  Gas Pi pi ng Syst ems Usi ng 
Cor r ugat ed St ai nl ess St eel  Tubi ng ( CSST)

CGA 3. 11- M88 ( 2015)  Lever  Oper at ed Pr essur e Lubr i cat ed 
Pl ug Type Gas Shut - Of f  Val ves

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 25 ( 2018)  St andar d Mar ki ng Syst em f or  Val ves,  
Fi t t i ngs,  Fl anges and Uni ons

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

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

NFPA 54 ( 2024)  Nat i onal  Fuel  Gas Code

NFPA 58 ( 2020;  TI A 20- 1;  TI A 20- 2;  TI A 20- 3)  
Li quef i ed Pet r ol eum Gas Code

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 101 ( 2014;  Rev C)  Col or  Code f or  Pi pel i nes and 
f or  Compr essed Gas Cyl i nder s

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

49 CFR 192 Tr anspor t at i on of  Nat ur al  and Ot her  Gas by 
Pi pel i ne:   Mi ni mum Feder al  Saf et y St andar ds

UNDERWRI TERS LABORATORI ES ( UL)

UL FLAMMABLE & COMBUSTI BLE ( 2012)  Fl ammabl e and Combust i bl e Li qui ds 
and Gases Equi pment  Di r ect or y
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1. 3   SYSTEM DESCRI PTI ON

The gas pi pi ng syst em i ncl udes nat ur al  gas pi pi ng and appur t enances f r om 
poi nt  of  connect i on wi t h suppl y syst em,  as i ndi cat ed,  t o gas oper at ed 
equi pment  wi t hi n t he f aci l i t y .   Submi t  oper at i on and mai nt enance dat a i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA,  i n t hr ee 
separ at e packages.   

1. 3. 1   Gas Faci l i t y  Syst em and Equi pment  Oper at i on

I ncl ude shop dr awi ngs showi ng pi pi ng l ayout ,  l ocat i ons of  syst em val ves,  
gas l i ne mar ker s and cat hodi c pr ot ect i on syst em;  st ep- by- st ep pr ocedur es 
f or  syst em st ar t  up,  oper at i on and shut down ( i ndex syst em component s and 
equi pment  t o t he syst em dr awi ngs) ;  i sol at i on pr ocedur es i ncl udi ng val ve 
oper at i on t o shut down or  i sol at e each sect i on of  t he syst em ( i ndex val ves 
t o t he syst em maps and pr ovi de separ at e pr ocedur es f or  nor mal  oper at i on 
and emer gency shut down i f  r equi r ed t o be di f f er ent ) .   Submi t  Dat a package 
No.  4.

1. 3. 2   Gas Faci l i t y  Syst em Mai nt enance

I ncl ude mai nt enance pr ocedur es and f r equency f or  syst em and equi pment ;  
i dent i f i cat i on of  pi pe mat er i al s and manuf act ur er  by l ocat i ons,  pi pe 
r epai r  pr ocedur es,  and j oi nt i ng pr ocedur es at  t r ansi t i ons t o ot her  pi pi ng 
mat er i al  or  mat er i al  f r om a di f f er ent  manuf act ur er .   Submi t  Dat a Package 
No. 4.

1. 3. 3   Gas Faci l i t y  Equi pment  Mai nt enance

I ncl ude i dent i f i cat i on of  val ves,  shut - of f s,  di sconnect s,  and ot her  
equi pment  by mat er i al s,  manuf act ur er ,  vendor  i dent i f i cat i on and l ocat i on;  
mai nt enance pr ocedur es and r ecommended t ool  k i t s f or  val ves and equi pment ;  
r ecommended r epai r  met hods ( i . e. ,  f i el d r epai r ,  f act or y r epai r ,  or  
r epl acement )  f or  each val ve and pi ece of  equi pment ;  and pr event i ve 
mai nt enance pr ocedur es,  possi bl e f ai l ur e modes and t r oubl eshoot i ng gui de.   
Submi t  Dat a Package No.  3.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Gas Pi pi ng Syst em;  G

SD- 03 Pr oduct  Dat a

Pi pe and Fi t t i ngs;  G

Gas Equi pment  Connect or s;  G

Gas Pi pi ng Syst em;  G
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Pi pe Coat i ng Mat er i al s;  G

Pr essur e Regul at or s;  G

Ri ser s;  G

Tr ansi t i on Fi t t i ngs;  G

Val ves;  G

War ni ng and I dent i f i cat i on Tape;  G

SD- 06 Test  Repor t s

Test i ng;  G

Pr essur e Test s;  G

Test  wi t h Gas;  G

SD- 07 Cer t i f i cat es

Wel der s Pr ocedur es and Qual i f i cat i ons;  G

Assi gned Number ,  Let t er ,  or  Symbol ;  G

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

PE Pi pe and Fi t t i ngs;  G

Pi pe Coat i ng Mat er i al s;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Gas Faci l i t y  Syst em and Equi pment  Oper at i on;  G

Gas Faci l i t y  Syst em Mai nt enance;  G

Gas Faci l i t y  Equi pment  Mai nt enance;  G

1. 5   QUALI TY ASSURANCE

Submi t  manuf act ur er ' s descr i pt i ve dat a and i nst al l at i on i nst r uct i ons f or  
appr oval  f or  compr essi on- t ype mechani cal  j oi nt s used i n j oi ni ng di ssi mi l ar  
mat er i al s and f or  i nsul at i ng j oi nt s.   Mar k al l  val ves,  f l anges and 
f i t t i ngs i n accor dance wi t h MSS SP- 25.

1. 5. 1   Wel di ng Qual i f i cat i ons

a.   Wel d pi pi ng i n accor dance wi t h qual i f i ed pr ocedur es usi ng per f or mance 
qual i f i ed wel der s and wel di ng oper at or s i n accor dance wi t h API  RP 2009,  
ASME BPVC SEC I X,  and ASME B31. 9.   Wel di ng pr ocedur es qual i f i ed by 
ot her s,  and wel der s and wel di ng oper at or s qual i f i ed by anot her  
empl oyer  may be accept ed as per mi t t ed by ASME B31. 9.   Not i f y t he 
Cont r act i ng Of f i cer  at  l east  24 hour s i n advance of  t est s,  and per f or m 
at  t he wor k s i t e i f  pr act i cabl e.

SECTI ON 23 11 20  Page 5



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

b.   Submi t  a cer t i f i ed copy of  wel der s pr ocedur es and qual i f i cat i ons met al  
and PE i n conf or mance wi t h ASME B31. 9 f or  each wel der  and wel di ng 
oper at or .   Submi t  t he assi gned number ,  l et t er ,  or  symbol  t hat  wi l l  be 
used i n i dent i f y i ng t he wor k of  each wel der  t o t he Cont r act i ng Of f i cer .
  Wel d al l  st r uct ur al  member s i n accor dance  and i n conf or mance wi t h 
AWS A5. 8/ A5. 8M,  and AWS WHB- 2. 9.

1. 5. 2   Joi nt i ng Ther mopl ast i c and Fi ber gl ass Pi pi ng

Per f or m al l  j oi nt i ng of  pi pi ng usi ng qual i f i ed j oi ner s and qual i f i ed 
pr ocedur es i n accor dance wi t h AGA XR0603.   Fur ni sh t he Cont r act i ng Of f i cer  
wi t h a copy of  qual i f i ed pr ocedur es and l i s t  of  and i dent i f i cat i on symbol s 
of  qual i f i ed j oi ner s.   Submi t  manuf act ur er ' s i nst al l at i on i nst r uct i ons and 
manuf act ur er ' s v i sual  j oi nt  appear ance char t ,  i ncl udi ng al l  PE pi pe and 
f i t t i ngs.

1. 5. 3   Shop Dr awi ngs

Submi t  dr awi ngs f or  compl et e Gas Pi pi ng Syst em,  wi t hi n 30 days of  cont r act  
awar d,  showi ng l ocat i on,  s i ze and al l  br anches of  pi pel i ne;  l ocat i on of  
al l  r equi r ed shut of f  val ves;  and i nst r uct i ons necessar y f or  t he 
i nst al l at i on of  gas equi pment  connect or s and suppor t s.

1. 6   DELI VERY,  STORAGE,  AND HANDLI NG

1. 6. 1   Pl ast i c Pi pe

Handl e,  t r anspor t ,  and st or e pl ast i c pi pe and f i t t i ngs car ef ul l y.   Pl ug or  
cap pi pe and f i t t i ngs ends dur i ng t r anspor t at i on or  st or age t o mi ni mi ze 
di r t  and moi st ur e ent r y.   Do not  subj ect  pi pi ng t o abr asi on or  
concent r at ed ext er nal  l oads.   Di scar d PE pi pe sect i ons and f i t t i ngs t hat  
have been damaged.

1. 6. 2   CSST Tubi ng

Handl e,  t r anspor t  and st or e CSST t ubi ng on t he wooden spool  or  shi ppi ng 
cont ai ner  pr ovi ded by t he manuf act ur er .   I nsur e t ubi ng ends ar e capped 
dur i ng t r anspor t at i on and st or age t o mi ni mi ze di r t  and moi st ur e ent r y.  
Di scar d any t ubi ng segment  and f i t t i ng t hat  has been damaged.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct s and t hat  
essent i al l y  dupl i cat e i t ems t hat  have been i n sat i sf act or y use f or  at  
l east  2 year s pr i or  t o bi d openi ng.   Asbest os or  pr oduct s cont ai ni ng 
asbest os ar e not  al l owed.   Submi t  cat al og dat a and i nst al l at i on 
i nst r uct i ons f or  pi pe,  val ves,  al l  r el at ed syst em component s,  pi pe coat i ng 
mat er i al s and appl i cat i on pr ocedur es.   Conf or m t o NFPA 54 and wi t h 
r equi r ement s speci f i ed her ei n.   Pr ovi de suppl y pi pi ng t o appl i ances or  
equi pment  at  l east  as l ar ge as t he i nl et s t her eof .

SECTI ON 23 11 20  Page 6



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

2. 2   GAS PI PI NG SYSTEM AND FI TTI NGS

2. 2. 1   St eel  Pi pe,  Joi nt s,  and Fi t t i ngs
2. 2. 2   Cor r ugat ed St ai nl ess St eel  Tubi ng,  Fi t t i ngs and Accessor i es

Pr ovi de cor r ugat ed st ai nl ess st eel  t ubi ng conf or mi ng t o ANSI  LC 1/ CSA 6. 26 
( aust eni t i c  st ai nl ess st eel  of  ser i es 300)  wi t h t ubi ng j oi nt s made wi t h 
speci al  mechani cal  f i t t i ngs as suppl i ed by t he t ubi ng manuf act ur er .

2. 2. 2. 1   Tubi ng

Aust eni t i c  st ai nl ess al l oy of  ser i es 300 wi t h pol yet hyl ene j acket / coat i ng 
i n accor dance wi t h ANSI  LC 1/ CSA 6. 26 f or  s i zes 3/ 8- i nch t hr ough 2- i nch

2. 2. 2. 2   Mechani cal  Fi t t i ngs

Copper  al l oy wi t h one end mat ched t o t he cor r ugat ed t ubi ng and one end 
wi t h NPT t hr eads i n accor dance wi t h ASME B1. 20. 1

2. 2. 2. 3   St r i ker  Pl at es

Har dened st eel  desi gned t o pr ot ect  t ubi ng f r om mechani cal  damage i n 
accor dance wi t h ANSI  LC 1/ CSA 6. 26

2. 2. 2. 4   Mani f ol ds

Mal l eabl e i r on,  st eel  or  copper  al l oy wi t h t hr eaded connect i ons/ por t s i n 
accor dance wi t h ASME B1. 20. 1

2. 2. 3   Seal ant s f or  St eel  Pi pe Thr eaded Joi nt s

Pr ovi de j oi nt  seal i ng compound as l i s t ed i n UL FLAMMABLE & COMBUSTI BLE,  
Cl ass 20 or  l ess.   For  t api ng,  use t et r af l uor oet hyl ene t ape conf or mi ng t o 
UL FLAMMABLE & COMBUSTI BLE.

2. 2. 4   War ni ng and I dent i f i cat i on

Pr ovi de pi pe f l ow mar ki ngs,  war ni ng and i dent i f i cat i on t ape,  and met al  
t ags as r equi r ed.

2. 2. 5   Fl ange Gasket s

Pr ovi de gasket s of  nonasbest os compr essed mat er i al  i n accor dance wi t h 
ASME B16. 21,   1/ 16 i nch t hi ckness,  f ul l  f ace or  sel f - cent er i ng f l at  r i ng 
t ype,  cont ai ni ng ar ami d f i ber s bonded wi t h st yr ene but adi ene r ubber  ( SBR)  
or  ni t r i l e but adi ene r ubber  ( NBR)  sui t abl e f or  a maxi mum 600 degr ee F 
ser vi ce,  t o be used f or  hydr ocar bon ser vi ce.

2. 2. 6   Pi pe Thr eads

Pr ovi de pi pe t hr eads conf or mi ng t o ASME B1. 20. 1.

2. 2. 7   Escut cheons

Pr ovi de chr omi um- pl at ed st eel  or  chr omi um- pl at ed br ass escut cheons,  ei t her  
one pi ece or  spl i t  pat t er n,  hel d i n pl ace by i nt er nal  spr i ng t ensi on or  
set  scr ew.
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2. 2. 8   Gas Tr ansi t i on Fi t t i ngs

c.   Pr ovi de l ever  oper at ed pr essur e l ubr i cat ed pl ug t ype gas shut - of f  
val ve conf or mi ng t o CGA 3. 11- M88.

2. 2. 9   I nsul at i ng Pi pe Joi nt s

2. 2. 9. 1   I nsul at i ng Joi nt  Mat er i al

Pr ovi de i nsul at i ng j oi nt  mat er i al  bet ween f l anged or  t hr eaded met al l i c  
pi pe syst ems wher e shown t o cont r ol  gal vani c or  el ect r i cal  act i on.

2. 2. 9. 2   Thr eaded Pi pe Joi nt s

Pr ovi de t hr eaded pi pe j oi nt s of  st eel  body nut  t ype di el ect r i c uni ons wi t h 
i nsul at i ng gasket s.

2. 2. 9. 3   Fl anged Pi pe Joi nt s

Pr ovi de j oi nt s f or  f l anged pi pe consi st i ng of  f ul l  f ace sandwi ch- t ype 
f l ange i nsul at i ng gasket  of  t he di el ect r i c t ype,  i nsul at i ng s l eeves f or  
f l ange bol t s,  and i nsul at i ng washer s f or  f l ange nut s.   Pr ovi de l ap j oi nt  
f l ange pi pe ends conf or mi ng t o ASTM F2015.

2. 2. 10   Fl exi bl e Connect or s

a.   Pr ovi de f l exi bl e connect or s f or  connect i ng gas ut i l i zat i on equi pment  
t o bui l di ng gas pi pi ng conf or mi ng t o ANSI  Z21. 24/ CSA 6. 10 or  
ANSI  Z21. 41/ CSA 6. 9 f or  qui ck di sconnect  devi ces,  and f l exi bl e 
connect or s f or  movabl e f ood ser vi ce equi pment  conf or mi ng t o 
ANSI  Z21. 69/ CSA 6. 16.   Pr ovi de combi nat i on gas cont r ol s f or  gas 
appl i ances conf or mi ng t o ANSI  Z21. 78/ CSA 6. 20.

b.   Do not  i nst al l  t he f l exi bl e connect or  t hr ough t he appl i ance cabi net  
f ace.   Pr ovi de r i gi d met al l i c  pi pe and f i t t i ngs t o ext end t he f i nal  
connect i on beyond t he cabi net ,  except  when appl i ance i s pr ovi ded wi t h 
an ext er nal  connect i on poi nt .

2. 3   VALVES

Pr ovi de l ockabl e shut of f  or  ser vi ce i sol at i on val ves conf or mi ng t o t he 
f ol l owi ng:

2. 3. 1   Val ves 2 I nches and Smal l er

Pr ovi de val ves 2 i nches and smal l er  conf or mi ng t o ASME B16. 33 of  mat er i al s 
and manuf act ur e compat i bl e wi t h syst em mat er i al s used.

2. 3. 2   Val ves 2- 1/ 2 I nches and Lar ger

Pr ovi de val ves 2- 1/ 2 i nches and l ar ger  of  car bon st eel  conf or mi ng t o 
API  Spec 6D,  Cl ass 150.

2. 4   RI SERS

Pr ovi de manuf act ur er ' s st andar d r i ser ,  t r ansi t i on f r om pl ast i c t o st eel  
pi pe wi t h 7 t o 12 mi l  t hi ck epoxy coat i ng.   Use swaged gas- t i ght  
const r uct i on wi t h O- r i ng seal s,  met al  i nser t ,  and pr ot ect i ve s l eeve.   
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Pr ovi de wal l - mount ed r i ser  suppor t s .

2. 5   PI PE HANGERS AND SUPPORTS

Pr ovi de pi pe hanger s and suppor t s conf or mi ng t o MSS SP- 58.

2. 6   LI NE AND APPLI ANCE REGULATORS AND SHUTOFF VALVES

Pr ovi de r egul at or s conf or mi ng t o ANSI  Z21. 78/ CSA 6. 20 f or  combi nat i on gas 
cont r ol s f or  gas appl i ances .   Pr ovi de shut of f  val ves conf or mi ng t o 
ANSI  Z21. 15/ CSA 9. 1 f or  manual l y cont r ol l ed gas shut of f  val ves .

2. 7   AUTOMATI C GAS SHUT- OFF

2. 8   BOLTI NG ( BOLTS AND NUTS)

St ai nl ess st eel  bol t i ng;  ASTM A193/ A193M,  Gr ade B8M or  B8MA,  Type 316,  f or  
bol t s;  and ASTM A194/ A194M,  Gr ade 8M,  Type 316,  f or  nut s.   Di mensi ons of  
bol t s,  st uds,  and nut s must  conf or m wi t h ASME B18. 2. 1 and ASME B18. 2. 2 
wi t h coar se t hr eads conf or mi ng t o ASME B1. 1,  wi t h Cl ass 2A f i t  f or  bol t s 
and st uds and Cl ass 2B f i t  f or  nut s.   Bol t s or  bol t - st uds must  ext end 
t hr ough t he nut s and may have r educed shanks of  a di amet er  not  l ess t han 
t he di amet er  at  r oot  of  t hr eads.   Bol t s must  have Amer i can St andar d 
r egul ar  squar e or  heavy hexagon heads;  nut s must  be Amer i can St andar d 
heavy semi f i ni shed hexagonal .

2. 9   GASKETS

Fl uor i nat ed el ast omer ,  compat i bl e wi t h f l ange f aces.

2. 10   I DENTI FI CATI ON FOR ABOVEGROUND PI PI NG

MI L- STD- 101 f or  l egends and t ype and si ze of  char act er s.   For  pi pes 3/ 4 
i nch od and l ar ger ,  pr ovi de pr i nt ed l egends t o i dent i f y cont ent s of  pi pes 
and ar r ows t o show di r ect i on of  f l ow.   Col or  code l abel  backgr ounds t o 
s i gni f y l evel s of  hazar d.   Make l abel s of  pl ast i c sheet  wi t h 
pr essur e- sensi t i ve adhesi ve sui t abl e f or  t he i nt ended appl i cat i on.   For  
pi pes smal l er  t han 3/ 4 i nch od,  pr ovi de br ass i dent i f i cat i on t ags 1 1/ 2 
i nches i n di amet er  wi t h l egends i n depr essed bl ack- f i l l ed char act er s.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy or  ar eas of  conf l i c t  bef or e per f or mi ng t he wor k.

3. 2   EXCAVATI ON AND BACKFI LLI NG

Pr ovi de r equi r ed excavat i on,  backf i l l i ng,  and compact i on as speci f i ed i n 
Sect i on 31 00 00 EARTHWORK.

3. 3   GAS PI PI NG SYSTEM

Pr ovi de a gas pi pi ng syst em f r om t he poi nt  of  del i ver y,  def i ned as t he 
out l et  of  t he shut of f  val ve,  as speci f i ed under  " Gas Ser vi ce"  wi t hi n t hi s 
speci f i cat i on,  t o t he connect i ons t o each gas ut i l i zat i on devi ce t hat  i s 
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i n compl i ance wi t h NFPA 54NFPA 58. .

3. 3. 1   Pr ot ect i on and Cl eani ng of  Mat er i al s and Component s

Pr ot ect  equi pment ,  pi pe,  and t ube openi ngs by c l osi ng wi t h caps or  pl ugs 
dur i ng i nst al l at i on.   At  t he compl et i on of  al l  wor k,  t hor oughl y c l ean t he 
ent i r e syst em.

3. 3. 2   Wor kmanshi p and Def ect s

Pi pi ng,  t ubi ng and f i t t i ngs must  be cl ear  and f r ee of  cut t i ng bur r s and 
def ect s i n st r uct ur e or  t hr eadi ng and must  be t hor oughl y br ushed and 
chi p- and scal e- bl own.   Repai r  of  def ect s i n pi pi ng,  t ubi ng or  f i t t i ngs i s 
not  al l owed;  r epl ace def ect i ve i t ems when f ound.

3. 4   PROTECTI VE COVERI NG

3. 4. 1   Under gr ound Met al l i c  Pi pe

Pr ot ect  bur i ed met al l i c  pi pi ng and t ubi ng f r om cor r osi on by ei t her :   ( 1)  
encasement  i n a wat er  t i ght  pl ast i c condui t ;  or  ( 2)  encasement  i n a 
pr ot ect i ve syst em desi gned and l i s t ed by t he manuf act ur er  f or  t hi s 
appl i cat i on.   When di ssi mi l ar  met al s ar e j oi ned under gr ound,  use gast i ght  
i nsul at i ng f i t t i ngs.

3. 4. 2   Abovegr ound Met al l i c  Pi pi ng Syst ems

3. 4. 2. 1   Fer r ous Sur f aces

Touch up shop pr i med sur f aces wi t h f er r ous met al  pr i mer .   Sol vent  c l ean 
sur f aces t hat  have not  been shop pr i med .   Mechani cal l y c l ean sur f aces 
t hat  cont ai n l oose r ust ,  l oose mi l l  scal e and ot her  f or ei gn subst ances by 
power  wi r e br ushi ng and pr i me wi t h f er r ous met al  pr i mer  .   Fi ni sh pr i med 
sur f aces wi t h t wo coat s of  ext er i or  oi l  pai nt  or  v i nyl  pai nt .

3. 4. 2. 2   Nonf er r ous Sur f aces

Except  f or  al umi num al l oy pi pe,  do not  pai nt  nonf er r ous sur f aces.   Pai nt  
sur f aces of  al umi num al l oy pi pe and f i t t i ngs t o pr ot ect  agai nst  ext er nal  
cor r osi on wher e t hey cont act  masonr y,  pl ast er ,  i nsul at i on,  or  ar e subj ect  
t o r epeat ed wet t i ngs by such l i qui ds as wat er ,  det er gent s or  sewage.   
Sol vent - c l ean t he sur f aces and t r eat  wi t h v i nyl  t ype wash coat .   Appl y a 
f i r st  coat  of  al umi num pai nt  and a second coat  of  al kyd gl oss enamel  or  
s i l i cone al kyd copol ymer  enamel .

3. 5   I NSTALLATI ON

I nst al l  t he gas syst em i n conf or mance wi t h t he manuf act ur er ' s 
r ecommendat i ons and appl i cabl e pr ovi s i ons of  NFPA 54AGA XR0603,  and as 
i ndi cat ed.   Per f or m al l  pi pe cut t i ng wi t hout  damage t o t he pi pe,  wi t h an 
appr oved t ype of  mechani cal  cut t er ,  unl ess ot her wi se aut hor i zed.   Use 
wheel  cut t er s wher e pr act i cabl e.   On st eel  pi pe 6 i nches and l ar ger ,  an 
appr oved gas cut t i ng and bevel i ng machi ne may be used.   Cut  t her mopl ast i c 
and f i ber gl ass pi pe i n accor dance wi t h AGA XR0603.

3. 5. 1   Met al l i c  Pi pi ng I nst al l at i on

Bur y under gr ound pi pi ng a mi ni mum of  18 i nches bel ow gr ade.   Make changes 
i n di r ect i on of  pi pi ng wi t h f i t t i ngs onl y;  mi t er i ng or  not chi ng pi pe t o 
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f or m el bows and t ees or  ot her  s i mi l ar  t ype const r uct i on i s not  per mi t t ed.   
Br anch connect i on may be made wi t h ei t her  t ees or  f or ged br anch out l et  
f i t t i ngs.   Pr ovi de br anch out l et  f i t t i ngs whi ch ar e f or ged,  f l ar ed f or  
i mpr ovement  of  f l ow wher e at t ached t o t he r un,  and r ei nf or ced agai nst  
ext er nal  st r ai ns.   Do not  use al umi num al l oy pi pe i n ext er i or  l ocat i ons or  
under gr ound.

3. 5. 2   Met al l i c  Tubi ng I nst al l at i on

I nst al l  met al l i c  t ubi ng usi ng gas t ubi ng f i t t i ngs appr oved by t he t ubi ng 
manuf act ur er .   CSST gas pi pi ng syst ems must  be i nst al l ed by cont r act or s 
who have compl et ed t he manuf act ur er ' s t r ai ni ng pr ogr am as i ndi cat ed on a 
cer t i f i cat i on car d.   Make br anch connect i ons wi t h t ees.   Pr epar e al l  
t ubi ng ends wi t h t ool s desi gned f or  t hat  pur pose.   Do not  use al umi num 
al l oy t ubi ng i n ext er i or  l ocat i ons or  under gr ound.   Mai nt ai n el ect r i cal  
cont i nui t y of  gas pi pi ng syst em i n accor dance wi t h NFPA 54 NFPA 58,  
par agr aph ent i t l ed ' El ect r i cal  Bondi ng and Gr oundi ng' .

3. 5. 3   Ther mopl ast i c and Fi ber gl ass Pi pi ng,  Tubi ng,  and Fi t t i ngs

I nst al l at i on of  t her mopl ast i c and f i ber gl ass pi pi ng,  t ubi ng,  and f i t t i ngs 
i s per mi t t ed onl y out si de and under gr ound.   Bur y pi pi ng a mi ni mum of  18 
i nches bel ow gr ade.   I nst al l  t he pi pi ng t o avoi d excessi ve st r esses due t o 
t her mal  cont r act i on,  and use onl y wher e i ndi cat ed.   I nst al l at i ons must  be 
made usi ng qual i f i ed pr ocedur es,  by qual i f i ed i nst al l er s,  and i n 
compl i ance wi t h AGA XR0603 and NFPA 54 NFPA 58,  and must  be i nspect ed by a 
qual i f i ed i nspect or .

3. 5. 4   Connect i ons Bet ween Met al l i c  and Pl ast i c Pi pi ng

Connect i ons bet ween met al l i c  and pl ast i c pi pi ng ar e onl y al l owed out si de,  
under gr ound,  and wi t h appr oved t r ansi t i on f i t t i ngs.

3. 5. 5   Pi pi ng and Tubi ng Bur i ed Under  Bui l di ngs

Run under gr ound pi pi ng and t ubi ng i nst al l ed beneat h bui l di ngs i n a st eel  
pi pe casi ng pr ot ect ed f r om cor r osi on  i nst al l ed wi t hi n a wat er  t i ght  
pl ast i c condui t  or  as par t  of  a l i s t ed encasement  syst em.   Ext end casi ng 
or  encasement  syst em at  l east  4 i nches out si de t he bui l di ng,  and pr ovi de 
t he pi pe wi t h spacer s and end bushi ngs t o seal  at  bot h ends t o pr event  t he 
ent r ance of  wat er  and/ or  t he escape of  gas.   Ext end a vent  l i ne f r om t he 
annul ar  space above gr ade out si de t o a poi nt  wher e gas wi l l  not  be a 
hazar d,  and t er mi nat e i n a r ai n/ i nsect - r esi st ant  f i t t i ng.

3. 5. 6   Conceal ed Pi pi ng i n Bui l di ngs

Do not  use combi nat i ons of  f i t t i ngs (  uni ons,  t ubi ng f i t t i ngs,  r unni ng 
t hr eads,  r i ght -  and l ef t - hand coupl i ngs,  bushi ngs,  and swi ng j oi nt s)  t o 
conceal  pi pi ng wi t hi n bui l di ngs.

3. 5. 6. 1   Pi pi ng and Tubi ng i n Par t i t i ons

Locat e conceal ed pi pi ng and t ubi ng i n hol l ow,  r at her  t han sol i d,  
par t i t i ons.   Pr ot ect  t ubi ng passi ng t hr ough wal l s or  par t i t i ons agai nst  
physi cal  damage bot h dur i ng and af t er  const r uct i on,  and pr ovi de 
appr opr i at e saf et y mar ki ngs and l abel s.   Pr ovi de pr ot ect i on of  conceal ed 
pi pe and t ubi ng i n accor dance wi t h ANSI  LC 1/ CSA 6. 26.
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3. 5. 6. 2   Pi pi ng i n Fl oor s

Lay pi pi ng i n sol i d f l oor s  i n channel s sui t abl y cover ed t o per mi t  access 
t o t he pi pi ng wi t h mi ni mum damage t o t he bui l di ng.   

3. 5. 7   Abovegr ound Pi pi ng

Run abovegr ound pi pi ng as st r ai ght  as pr act i cabl e al ong t he al i gnment  and 
el evat i on i ndi cat ed,  wi t h a mi ni mum of  j oi nt s,  and separ at el y suppor t ed 
f r om ot her  pi pi ng syst em and equi pment .   I nst al l  exposed hor i zont al  pi pi ng 
no f ar t her  t han 6 i nches f r om near est  par al l el  wal l  and at  an el evat i on 
whi ch pr event s st andi ng,  s i t t i ng,  or  pl acement  of  obj ect s on t he pi pi ng.

3. 5. 8   Fi nal  Gas Connect i ons

Unl ess ot her wi se speci f i ed,  make f i nal  connect i ons wi t h r i gi d met al l i c  
pi pe and f i t t i ngs.   Fl exi bl e connect or s may be used f or  f i nal  connect i ons 
t o gas ut i l i zat i on equi pment .   I n addi t i on t o caut i ons l i s t ed i n 
i nst r uct i ons r equi r ed by ANSI  st andar ds f or  f l exi bl e connect or s,  i nsur e 
t hat  f l exi bl e connect or s do not  pass t hr ough equi pment  cabi net .   Pr ovi de 
accessi bl e gas shut of f  val ve and coupl i ng f or  each gas equi pment  i t em.

3. 5. 9   Sei smi c Requi r ement s

Suppor t  and br ace pi pi ng and at t ached val ves t o r esi st  sei smi c l oads i n 
conf or mance wi t h ASCE 25- 16.   CSST t ubi ng and f i t t i ngs t hat  ar e 
sei smi cal l y qual i f i ed i n accor dance wi t h t he FM APP GUI DE:  Fl exi bl e Pi pi ng 
Syst ems f or  Fl ammabl e Gases must  meet  t he sei smi c r equi r ement s i n 
accor dance wi t h t he manuf act ur er ' s i nst al l at i on i nst r uct i ons.

3. 6   PI PE JOI NTS

Desi gn and i nst al l  pi pe j oi nt s t o ef f ect i vel y sust ai n t he l ongi t udi nal  
pul l - out  f or ces caused by cont r act i on of  t he pi pi ng or  super i mposed l oads.

3. 6. 1   Thr eaded Met al l i c  Joi nt s

Pr ovi de t hr eaded j oi nt s i n met al l i c  pi pe wi t h t aper ed t hr eads evenl y cut  
and made wi t h UL appr oved gr aphi t e j oi nt  seal i ng compound f or  gas ser vi ce 
or  t et r af l uor oet hyl ene t ape appl i ed t o t he mal e t hr eads onl y.   Thr eaded 
j oi nt s up t o 1- 1/ 2 i nches i n di amet er  may be made wi t h appr oved 
t et r af l uor oet hyl ene t ape.   Thr eaded j oi nt s up t o 2 i nches i n di amet er  may 
be made wi t h appr oved j oi nt  seal i ng compound.   Af t er  cut t i ng and bef or e 
t hr eadi ng,  r eam pi pe and r emove al l  bur r s.   Caul k i ng of  t hr eaded j oi nt s t o 
st op or  pr event  l eaks i s not  per mi t t ed.

3. 6. 2   Wel ded Met al l i c  Joi nt s

Conf or m bevel i ng,  al i gnment ,  heat  t r eat ment ,  and i nspect i on of  wel ds t o 
NFPA 54.   Remove wel d def ect s and make r epai r s t o t he wel d,  or  r emove t he 
wel d j oi nt s ent i r el y and r ewel d.   Af t er  f i l l er  met al  has been r emoved f r om 
i t s or i gi nal  package,  pr ot ect  and st or e so t hat  i t s char act er i st i cs or  
wel di ng pr oper t i es ar e not  af f ect ed adver sel y.   Do not  use el ect r odes t hat  
have been wet t ed or  have l ost  any of  t hei r  coat i ng.
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3. 6. 3   Ther mopl ast i c and Fi ber gl ass Joi nt s

3. 6. 3. 1   Ther mopl ast i c and Fi ber gl ass

Conf or m j oi nt i ng pr ocedur es t o AGA XR0603.   Do not  make j oi nt s wi t h 
sol vent  cement  or  heat  of  f usi on bet ween di f f er ent  k i nds of  pl ast i cs.

3. 6. 3. 2   PE Fusi on Wel di ng I nspect i on

Vi sual l y i nspect  but t  j oi nt s by compar i ng wi t h,  manuf act ur er ' s v i sual  
j oi nt  appear ance char t .   I nspect  f usi on j oi nt s f or  pr oper  f used 
connect i on.  Repl ace def ect i ve j oi nt s by cut t i ng out  def ect i ve j oi nt s or  
r epl aci ng f i t t i ngs.   I nspect ,  i n conf or mance wi t h API  570,  100 per cent  of  
al l  j oi nt s and r e- i nspect  al l  cor r ect i ons.   Ar r ange wi t h t he pi pe 
manuf act ur er ' s r epr esent at i ve i n t he pr esence of  t he Cont r act i ng Of f i cer  
t o make f i r st  t i me i nspect i on.

3. 6. 4   Fl ar ed Met al l i c  Tubi ng Joi nt s

Make f l ar ed j oi nt s i n met al l i c  t ubi ng wi t h speci al  t ool s r ecommended by 
t he t ubi ng manuf act ur er .   Use f l ar ed j oi nt s onl y i n syst ems const r uct ed 
f r om nonf er r ous pi pe and t ubi ng,  when exper i ence or  t est s have 
demonst r at ed t hat  t he j oi nt  i s  sui t abl e f or  t he condi t i ons,  and when 
adequat e pr ovi s i ons ar e made i n t he desi gn t o pr event  separ at i on of  t he 
j oi nt s.   Do not  use met al l i c  bal l  s l eeve compr essi on- t ype t ubi ng f i t t i ngs 
f or  t ubi ng j oi nt s.

3. 6. 5   Sol der  or  Br azed Joi nt s

Make al l  j oi nt s i n met al l i c  t ubi ng and f i t t i ngs wi t h mat er i al s and 
pr ocedur es r ecommended by t he t ubi ng suppl i er .   Br aze j oi nt s wi t h mat er i al  
havi ng a mel t i ng poi nt  above 1000 degr ees F,  cont ai ni ng no phosphor ous.

3. 6. 6   Joi ni ng Ther mopl ast i c or  Fi ber gl ass t o Met al l i c  Pi pi ng or  Tubi ng

When compr essi on t ype mechani cal  j oi nt s ar e used,  pr ovi de gasket  mat er i al  
i n t he f i t t i ngs compat i bl e wi t h t he pl ast i c pi pi ng and wi t h t he gas i n t he 
syst em.   Use an i nt er nal  t ubul ar  r i gi d st i f f ener  i n conj unct i on wi t h t he 
f i t t i ng,  f l ush wi t h end of  t he pi pe or  t ubi ng,  ext endi ng at  l east  t o t he 
out si de end of  t he compr essi on f i t t i ng when i nst al l ed.   Remove al l  r ough 
or  shar p edges f r om st i f f ener .   Do not  f or ce f i t  st i f f ener  i n t he 
pl ast i c.   Spl i t  t ubul ar  st i f f ener s ar e not  al l owed.

3. 6. 7   Pr ess Connect i ons

Make pr ess connect i ons i n accor dance wi t h manuf act ur er ' s i nst al l at i on 
i nst r uct i ons usi ng t ool s appr oved by t he manuf act ur er .   Ful l y i nser t  t he 
t ubi ng i nt o t he f i t t i ng and t hen mar k at  t he shoul der  of  t he f i t t i ng.   
Check t he f i t t i ng al i gnment  agai nst  t he mar k on t he t ubi ng t o assur e t he 
t ubi ng i s f ul l y  i nser t ed bef or e t he j oi nt  i s  pr essed.

3. 7   PI PE SLEEVES

Pr ovi de pi pes passi ng t hr ough concr et e or  masonr y wal l s or  concr et e f l oor s 
or  r oof s wi t h pi pe sl eeves f i t t ed i nt o pl ace at  t he t i me of  const r uct i on.   
Do not  i nst al l  s l eeves i n st r uct ur al  member s except  wher e i ndi cat ed or  
appr oved.   Make al l  r ect angul ar  and squar e openi ngs as det ai l ed.   Ext end 
each sl eeve t hr ough i t s r espect i ve wal l ,  f l oor  or  r oof ,  and cut  f l ush wi t h 
each sur f ace,  except  i n mechani cal  r oom f l oor s not  l ocat ed on gr ade wher e 
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cl ampi ng f l anges or  r i ser  pi pe cl amps ar e used.   Ext end sl eeves i n 
mechani cal  r oom f l oor s above gr ade at  l east  4 i nches above f i ni sh f l oor .   
Unl ess ot her wi se i ndi cat ed,  use sl eeves l ar ge enough t o pr ovi de a mi ni mum 
cl ear ance of  1/ 4 i nch al l  ar ound t he pi pe.   Pr ovi de st eel  pi pe f or  s l eeves 
i n bear i ng wal l s,  wat er pr oof i ng membr ane f l oor s,  and wet  ar eas .   Pr ovi de 
sl eeves i n nonbear i ng wal l s,  f l oor s,  or  cei l i ngs of  st eel  pi pe,  gal vani zed 
sheet  met al  wi t h l ock- t ype l ongi t udi nal  seam,  or  moi st ur e- r esi st ant  f i ber  
or  pl ast i c.   For  penet r at i ons of  f i r e wal l s,  f i r e par t i t i ons and f l oor s 
whi ch ar e not  on gr ade,  seal  t he annul ar  space bet ween t he pi pe and sl eeve 
wi t h f i r e- st oppi ng mat er i al  and seal ant  t hat  meet  t he r equi r ement  of  
Sect i on 07 84 00 FI RESTOPPI NGG.

3. 8   PI PES PENETRATI NG WATERPROOFI NG MEMBRANES

I nst al l  pi pes penet r at i ng wat er pr oof i ng membr anes as speci f i ed i n Sect i on 
22 00 00 PLUMBI NG,  GENERAL PURPOSE.

3. 9   FI RE SEAL

Fi r e seal  al l  penet r at i ons of  f i r e r at ed par t i t i ons,  wal l s and f l oor s i n 
accor dance wi t h Sect i on 07 84 00 FI RESTOPPI NG.

3. 10   ESCUTCHEONS

Pr ovi de escut cheons f or  al l  f i ni shed sur f aces wher e gas pi pi ng passes 
t hr ough f l oor s,  wal l s,  or  cei l i ngs except  i n boi l er ,  ut i l i t y ,  or  equi pment  
r ooms.

3. 11   SPECI AL REQUI REMENTS

Pr ovi de dr i ps,  gr adi ng of  t he l i nes,  f r eeze pr ot ect i on,  and br anch out l et  
l ocat i ons as shown and conf or mi ng t o t he r equi r ement s of  NFPA 54.

3. 12   BUI LDI NG STRUCTURE

Do not  weaken any bui l di ng st r uct ur e by t he i nst al l at i on of  any gas 
pi pi ng.   Do not  cut  or  not ch beams,  j oi st s or  col umns.   At t ach pi pi ng 
suppor t s t o met al  decki ng.   Do not  at t ach suppor t s t o t he under si de of  
concr et e f i l l ed f l oor s or  concr et e r oof  decks unl ess appr oved by t he 
Cont r act i ng Of f i cer .

3. 13   PI PI NG SYSTEM SUPPORTS

Suppor t  gas pi pi ng syst ems i n bui l di ngs wi t h pi pe hooks,  met al  pi pe 
st r aps,  bands or  hanger s sui t abl e f or  t he s i ze of  pi pi ng or  t ubi ng.   Do 
not  suppor t  any gas pi pi ng syst em by ot her  pi pi ng.   Conf or m spaci ng of  
suppor t s i n gas pi pi ng and t ubi ng i nst al l at i ons t o t he r equi r ement s of  
NFPA 54.   Conf or m t he sel ect i on and appl i cat i on of  suppor t s i n gas pi pi ng 
and t ubi ng i nst al l at i ons t o t he r equi r ement s of  MSS SP- 58.   I n t he suppor t  
of  mul t i pl e pi pe r uns on a common base member ,  use a c l i p or  c l amp wher e 
each pi pe cr osses t he base suppor t  member .   Spaci ng of  t he base suppor t  
member s i s not  t o exceed t he hanger  and suppor t  spaci ng r equi r ed f or  any 
of  t he i ndi v i dual  pi pes i n t he mul t i pl e pi pe r un.   Ri gi dl y connect  t he 
c l i ps or  c l amps t o t he common base member .   Pr ovi de a c l ear ance of  1/ 8 i nch
 bet ween t he pi pe and cl i p or  c l amp f or  al l  pi pi ng whi ch may be subj ect ed 
t o t her mal  expansi on.
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3. 14   ELECTRI CAL BONDI NG AND GROUNDI NG

Pr ovi de a gas pi pi ng syst em wi t hi n t he bui l di ng t hat  i s el ect r i cal l y 
cont i nuous and bonded t o a gr oundi ng el ect r ode as r equi r ed by NFPA 54,  
NFPA 58,  and NFPA 70.

3. 15   SHUTOFF VALVE

I nst al l  t he mai n gas shut of f  val ve cont r ol l i ng t he gas pi pi ng syst em t o be 
easi l y accessi bl e f or  oper at i on,  as i ndi cat ed,  pr ot ect ed f r om physi cal  
damage,  and mar ked wi t h a met al  t ag t o c l ear l y i dent i f y t he pi pi ng syst em 
cont r ol l ed.   I nst al l  val ves appr oxi mat el y at  l ocat i ons i ndi cat ed.   Or i ent  
st ems ver t i cal l y,  wi t h oper at or s on t op,  or  hor i zont al l y.   Pr ovi de st op 
val ve on ser vi ce br anch at  connect i on t o mai n and shut - of f  val ve on r i ser  
out si de of  bui l di ng.

3. 16   LI NE AND APPLI ANCE PRESSURE REGULATORS

I nst al l  l i ne pr essur e r egul at or s and appl i ance r egul at or s i n accor dance 
wi t h t he manuf act ur er ' s r equi r ement s and i n accor dance wi t h NFPA 54NFPA 58.   
I nst al l  each r egul at or  i n an accessi bl e l ocat i on and i nst al l  shut of f  
val ves ahead of  each l i ne and appl i ance r egul at or  t o al l ow f or  
mai nt enance.   Wher e vent  l i mi t i ng devi ces ar e not  i ncl uded i n t he 
r egul at or s,  i nst al l  a vent  pi pe t o t he ext er i or  of  t he bui l di ng.   
Ter mi nat e al l  ser vi ce r egul at or  vent s and r el i ef  vent s i n t he out si de ai r  
i n r ai n and i nsect  r esi st ant  f i t t i ngs.   Locat e t he open end of  t he vent  
wher e gas can escape f r eel y i nt o t he at mospher e,  away f r om any openi ngs 
i nt o t he bui l di ng and above ar eas subj ect  t o f l oodi ng.

3. 17   GAS SERVI CE I NSTALLATI ON

Gas ser vi ce l i ne,  ser vi ce r egul at or  and gas company met er  must  be 
i nst al l ed    i n accor dance wi t h 49 CFR 192 and ASME B31. 8.   Cont r act or  
must  submi t  and use onl y t est ed and appr oved wor k pr ocedur es.   Cont r act or  
must  use onl y wel der s and j oi nt er s who have been r ecent l y qual i f i ed by 
t r ai ni ng and t est  f or  j oi ni ng and i nst al l i ng t he gas pi pe mat er i al  used on 
t hi s j ob.   The f i ni shed pr oduct  must  be i nspect ed by a per son qual i f i ed t o 
i nspect  j oi nt s made by t he par t i cul ar  pr ocedur es used t o make j oi nt s.

3. 17. 1   Ser vi ce Li ne

I nst al l  ser vi ce l i ne,  br anch connect i on t o t he mai n,  and r i ser  i n 
accor dance wi t h 49 CFR 192 and ASME B31. 8.   Pr ovi de a mi ni mum of   18 i nches
 cover  or  encase t he ser vi ce l i ne so t hat  i t  i s  pr ot ect ed.   I nst al l  
ser vi ce l i ne so t hat  no undue st r ess i s appl i ed t o t he pi pe,  connect i on,  
or  r i ser .   I nst al l  appr oved r i ser  and t er mi nat e wi t h an appr oved i sol at i on 
val ve,  EFV and aut omat i c shut of f  devi ce.   Af t er  l ayi ng of  pi pe and 
t est i ng,  backf i l l  t he t r ench i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

Wer e st eel  pi pe i s used as ser vi ce l i ne,  i nst al l  cor r osi on pr event i on 
coat i ng and cat hodi c pr ot ect  f or  t he st eel  ser vi ce l i ne.   Wher e connect ed 
t o an exi st i ng cat hodi cal l y pr ot ect ed st eel  pi pe,  ensur e el ect r i cal  
cont i nui t y f r om t he r i ser  t o t he br anch connect i on t o t he mai n.   I nst al l  a 
di el ect r i c f i t t i ng on t he r i ser  t o pr event  el ect r i cal  cont i nui t y t o t he 
above gr ound pi pi ng.

Wher e pl ast i c pi pe i s used as t he ser vi ce l i ne,  make j oi nt s i n accor dance 
wi t h pr ocedur es qual i f i ed by t est .  Per sonnel  j oi ni ng pl ast i c pi pe must  be 
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qual i f i ed by maki ng a sat i sf act or y speci men j oi nt  t hat  passes t he r equi r ed 
i nspect i on and t est  l i s t ed i n 49 CFR 192. 285.   I nspect i on must  be made by 
i nspect or s qual i f i ed i n eval uat i ng j oi nt s made under  t he speci f i c  j oi ni ng 
pr ocedur e,  as r equi r ed by 49 CFR 192. 287.

3. 17. 2   Ser vi ce Regul at or

I nst al l  ser vi ce r egul at or  i n accor dance wi t h 49 CFR 192 and ASME B31. 8 and 
t hi s speci f i cat i on ensur i ng t hat  t he cust omer ' s pi pi ng i s pr ot ect ed f r om 
over  pr essur i zat i on shoul d t he ser vi ce r egul at or  f ai l .   A 3/ 8 i nch t apped 
f i t t i ng equi pped wi t h a pl ug must  be pr ovi ded on bot h s i des of  t he ser vi ce 
r egul at or  f or  i nst al l at i on of  pr essur e gauges f or  adj ust i ng t he 
r egul at or .   For  i nsi de i nst al l at i ons,  r out e t he r egul at or  vent  pi pe 
t hr ough t he ext er i or  wal l  t o t he at mospher e,  and seal  bui l di ng 
penet r at i ons f or  ser vi ce l i ne and vent .   Ter mi nat e t he r egul at or  vent  so 
t hat  i t  i s  pr ot ect ed f r om pr eci pi t at i on and i nsect  i nt r usi on,  so t hat  i t  
i s  not  submer ged dur i ng f l oods,  and so t hat  gas escapi ng wi l l  not  cr eat e a 
hazar d or  ent er  t he bui l di ng t hr ough openi ngs.

3. 17. 3   Gas Met er

I nst al l  shut of f  val ve,  met er  set  assembl y,  and ser vi ce r egul at or  on t he 
ser vi ce l i ne out si de t he bui l di ng ,  18 i nches above t he f i ni shed f l oor  on 
t he r i ser .   An i nsul at i ng j oi nt  ( di el ect r i c connect i on)  must  be i nst al l ed 
on t he i nl et  s i de of  t he met er  set  assembl y and ser vi ce r egul at or  and must  
be const r uct ed t o pr event  f l ow of  el ect r i cal  cur r ent .

3. 18   CATHODI C PROTECTI ON

Pr ovi de cat hodi c pr ot ect i on f or  under gr ound f er r ous gas pi pi ng as 
speci f i ed i n .

3. 19   TESTI NG

Submi t  t est  pr ocedur es and r epor t s i n bookl et  f or m t abul at i ng t est  and 
measur ement s per f or med;  dat ed af t er  awar d of  t hi s cont r act ,  and st at i ng 
t he Cont r act or ' s name and addr ess,  t he pr oj ect  name and l ocat i on,  and a 
l i s t  of  t he speci f i c  r equi r ement s whi ch ar e bei ng cer t i f i ed.   Test  ent i r e 
gas pi pi ng syst em t o ensur e t hat  i t  i s  gast i ght  pr i or  t o put t i ng i nt o 
ser vi ce.   Pr i or  t o t est i ng,  pur ge t he syst em,  c l ean,  and cl ear  al l  f or ei gn 
mat er i al .   Test  each j oi nt  wi t h an appr oved gas det ect or ,  soap and wat er ,  
or  an equi val ent  nonf l ammabl e sol ut i on.   I nspect  and t est  each val ve i n 
conf or mance wi t h API  St d 598 and API  St d 607.   Compl et e t est i ng bef or e any 
wor k i s cover ed,  encl osed,  or  conceal ed,  and per f or m wi t h due r egar d f or  
t he saf et y of  empl oyees and t he publ i c dur i ng t he t est .   I nst al l  
bul kheads,  anchor age and br aci ng sui t abl y desi gned t o r esi st  t est  
pr essur es i f  necessar y,  and as di r ect ed and or  appr oved by t he Cont r act i ng 
Of f i cer .   Do not  use oxygen as a t est i ng medi um.

3. 19. 1   Pr essur e Test s

Submi t  t est  pr ocedur es and r epor t s i n bookl et  f or m t abul at i ng t est  and 
measur ement s per f or med;  dat ed af t er  awar d of  t hi s cont r act ,  and st at i ng 
t he Cont r act or ' s name and addr ess,  t he pr oj ect  name and l ocat i on,  and a 
l i s t  of  t he speci f i c  r equi r ement s whi ch ar e bei ng cer t i f i ed.   Bef or e 
appl i ances ar e connect ed,  t est  by f i l l i ng t he pi pi ng syst ems wi t h ai r  or  
an i ner t  gas t o wi t hst and a mi ni mum pr essur e of  3 pounds gauge f or  a 
per i od of  not  l ess t han 10 mi nut es as speci f i ed i n NFPA 54 wi t hout  showi ng 
any dr op i n pr essur e.   Do not  use Oxygen f or  t est .   Measur e pr essur e wi t h 
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a mer cur y manomet er ,  s l ope gauge,  or  an equi val ent  devi ce cal i br at ed t o be 
r ead i n i ncr ement s of  not  gr eat er  t han 0. 1 pound.   I sol at e t he sour ce of  
pr essur e bef or e t he pr essur e t est s ar e made.

3. 19. 2   Test  Wi t h Gas

Bef or e t ur ni ng on gas under  pr essur e i nt o any pi pi ng,  c l ose al l  openi ngs 
f r om whi ch gas can escape.   I mmedi at el y af t er  t ur ni ng on t he gas,  check 
t he pi pi ng syst em f or  l eakage by usi ng a l abor at or y- cer t i f i ed gas met er ,  
an appl i ance or i f i ce,  a manomet er ,  or  equi val ent  devi ce.   Conf or m al l  
t est i ng t o t he r equi r ement s of  NFPA 54.   I f  l eakage i s r ecor ded,  shut  of f  
t he gas suppl y,  r epai r  t he l eak ,  and r epeat  t he t est s unt i l  al l  l eaks 
have been st opped.

3. 19. 3   Pur gi ng

Af t er  t est i ng i s compl et ed,  and bef or e connect i ng any appl i ances,  f ul l y  
pur ge al l  gas pi pi ng.   Do not  pur ge pi pi ng i nt o t he combust i on chamber  of  
an appl i ance.   Do not  pur ge t he open end of  pi pi ng syst ems i nt o conf i ned 
spaces or  ar eas wher e t her e ar e i gni t i on sour ces unl ess t he saf et y 
pr ecaut i ons r ecommended i n NFPA 54 ar e f ol l owed.

3. 19. 4   Labor ,  Mat er i al s and Equi pment

Fur ni sh al l  l abor ,  mat er i al s and equi pment  necessar y f or  conduct i ng t he 
t est i ng and pur gi ng.

3. 20   PI PE COLOR CODE MARKI NG

Pr ovi de col or  code mar ki ng of  pi pi ng as speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS,  conf or mi ng t o ASME A13. 1.

        - -  End of  Sect i on - -
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SECTI ON 23 23 00

REFRI GERANT PI PI NG
08/ 21

PART 1   GENERAL

1. 1   REFERENCES

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

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

AHRI  710 I - P ( 2009)  Per f or mance Rat i ng of  Li qui d- Li ne 
Dr i er s

AHRI  720 ( 2002)  Ref r i ger ant  Access Val ves and Hose 
Connect or s

AHRI  750 I - P ( 2016)  Per f or mance Rat i ng of  Ther most at i c 
Ref r i ger ant  Expansi on Val ves

AHRI  760 I - P ( 2014)  Per f or mance Rat i ng of  Sol enoi d 
Val ves f or  Use wi t h Vol at i l e Ref r i ger ant s

AHRI  1370 I - P ( 2017)  Per f or mance Rat i ng of  El ect r oni c 
Expansi on Val ves

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 15 & 34 ( 2013)  ASHRAE St andar d 34- 2016 Saf et y 
St andar d f or  Ref r i ger at i on Syst ems/ ASHRAE 
St andar d 34- 2016 Desi gnat i on and Saf et y 
Cl assi f i cat i on of  Ref r i ger ant s- ASHRAE 
St andar d 34- 2016

ASHRAE 17 ( 2015)  Met hod of  Test i ng Capaci t y of  
Ther most at i c Ref r i ger ant  Expansi on Val ves

ASHRAE 90. 1 -  I P ( 2019)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 22 ( 2021)  Wr ought  Copper  and Copper  Al l oy 
Sol der  Joi nt  Pr essur e Fi t t i ngs

ASME B16. 26 ( 2018)  St andar d f or  Cast  Copper  Al l oy 
Fi t t i ngs f or  Fl ar ed Copper  Tubes

ASME B31. 1 ( 2022)  Power  Pi pi ng

ASME B31. 5 ( 2022)  Ref r i ger at i on Pi pi ng and Heat  
Tr ansf er  Component s
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ASME B40. 100 ( 2022)  Pr essur e Gauges and Gauge 
At t achment s

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

AWS A5. 31/ A5. 31M ( 2012)  Speci f i cat i on f or  Fl uxes f or  
Br azi ng and Br aze Wel di ng

AWS BRH ( 2007;  5t h Ed)  Br azi ng Handbook

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2022)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM B62 ( 2017)  St andar d Speci f i cat i on f or  
Composi t i on Br onze or  Ounce Met al  Cast i ngs

ASTM B75/ B75M ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B280 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube f or  Ai r  Condi t i oni ng and 
Ref r i ger at i on Fi el d Ser vi ce

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM D3308 ( 2012;  R 2017)  St andar d Speci f i cat i on f or  
PTFE Resi n Ski ved Tape

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s
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MANUFACTURERS STANDARDI ZATI ON SOCI ETY OF THE VALVE AND FI TTI NGS 
I NDUSTRY ( MSS)

MSS SP- 58 ( 2018)  Pi pe Hanger s and Suppor t s -  
Mat er i al s,  Desi gn and Manuf act ur e,  
Sel ect i on,  Appl i cat i on,  and I nst al l at i on

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 301- 01 ( 2023;  wi t h Change 1,  2023)  St r uct ur al  
Engi neer i ng

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Ref r i ger ant  Pi pi ng Syst em;  G

SD- 03 Pr oduct  Dat a

Ref r i ger ant  Pi pi ng Syst em

Spar e Par t s

Qual i f i cat i ons

Ref r i ger ant  Pi pi ng Test s

Ver i f i cat i on of  Di mensi ons

SD- 06 Test  Repor t s

Ref r i ger ant  Pi pi ng Test s

SD- 07 Cer t i f i cat es

Ser vi ce Or gani zat i on

SD- 10 Oper at i on and Mai nt enance Dat a

Mai nt enance;  G

Oper at i on and Mai nt enance Manual s;  G

Demonst r at i ons;  G

1. 3   QUALI TY ASSURANCE

1. 3. 1   Qual i f i cat i ons

Submi t  2 copi es of  qual i f i ed pr ocedur es,  and l i s t  of  names and 
i dent i f i cat i on symbol s of  qual i f i ed wel der s and wel di ng oper at or s,  pr i or  
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t o non- f act or y wel di ng oper at i ons.   Wel d pi pi ng i n accor dance wi t h t he 
qual i f i ed pr ocedur es usi ng per f or mance qual i f i ed wel der s and wel di ng 
oper at or s.   Pr ocedur es and wel der s must  be qual i f i ed i n accor dance wi t h 
ASME BPVC SEC I X.   Wel di ng pr ocedur es qual i f i ed by ot her s,  and wel der s and 
wel di ng oper at or s qual i f i ed by anot her  empl oyer  may be accept ed as 
per mi t t ed by ASME B31. 1.   Not i f y t he Cont r act i ng Of f i cer  24 hour s i n 
advance of  t est s t o be per f or med at  t he wor k s i t e,  i f  pr act i cal .   The 
wel der  or  wel di ng oper at or  must  appl y t he per sonal l y assi gned symbol  near  
each wel d made,  as a per manent  r ecor d.

1. 3. 2   Cont r act  Dr awi ngs

Because of  t he smal l  scal e of  t he dr awi ngs,  i t  i s  not  possi bl e t o i ndi cat e 
al l  of f set s,  f i t t i ngs,  and accessor i es t hat  may be r equi r ed.   Car ef ul l y 
i nvest i gat e t he pl umbi ng,  f i r e pr ot ect i on,  el ect r i cal ,  st r uct ur al  and 
f i ni sh condi t i ons t hat  woul d af f ect  t he wor k t o be per f or med and ar r ange 
such wor k accor di ngl y,  f ur ni shi ng r equi r ed of f set s,  f i t t i ngs,  and 
accessor i es t o meet  such condi t i ons.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed i t ems f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper  pr ot ect i on and 
car e of  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on i s t he 
Cont r act or ' s r esponsi bi l i t y .   Repl ace any mat er i al s f ound t o be damaged at  
t he Cont r act or ' s expense.   Dur i ng i nst al l at i on,  cap pi pi ng and si mi l ar  
openi ngs t o keep out  di r t  and ot her  f or ei gn mat t er .

1. 5   MAI NTENANCE

1. 5. 1   Gener al

Submi t  Dat a Package 2 pl us oper at i on and mai nt enance dat a compl yi ng wi t h 
t he r equi r ement s of  Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA and as 
speci f i ed her ei n.

1. 5. 2   Ext r a Mat er i al s

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  equi pment  speci f i ed,  
af t er  appr oval  of  det ai l  dr awi ngs and not  l at er  t han 1 mont hs pr i or  t o t he 
dat e of  benef i c i al  occupancy.   I ncl ude a compl et e l i s t  of  par t s and 
suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce of  suppl y,  a r ecommended 
spar e par t s l i s t  f or  1 year  of  oper at i on,  and a l i s t  of  t he par t s 
r ecommended by t he manuf act ur er  t o be r epl aced on a r out i ne basi s i n t he 
dat a.

PART 2   PRODUCTS

2. 1   STANDARD COMMERCI AL PRODUCTS

a.   Pr ovi de mat er i al s and equi pment  whi ch ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  
t hat  ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p and t hat  have 
been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o 
bi d openi ng.

b.   The 2 year  use must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The 2 year s '  
exper i ence must  be sat i sf act or i l y  compl et ed by a pr oduct  whi ch has 
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been sol d or  i s of f er ed f or  sal e on t he commer ci al  mar ket  t hr ough 
adver t i sement s,  manuf act ur er ' s cat al ogs,  or  br ochur es.   Pr oduct s 
havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e i f  a 
cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on,  f or  not  l ess t han 
6000 hour s excl usi ve of  t he manuf act ur er ' s f act or y t est s,  can be shown.

c.   Pr oduct s must  be suppor t ed by a ser vi ce or gani zat i on.   Syst em 
component s must  be envi r onment al l y sui t abl e f or  t he i ndi cat ed 
l ocat i ons.   Submi t  a cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce 
or gani zat i ons f or  suppor t  of  t he equi pment  whi ch i ncl udes t hei r  
addr esses and qual i f i cat i ons.   The ser vi ce or gani zat i ons must  be 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on and be abl e t o 
r ender  sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and 
emer gency basi s dur i ng t he war r ant y per i od of  t he cont r act .

d.   Exposed equi pment  movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng 
t emper at ur e,  par t s whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  
may be a hazar d t o oper at i ng per sonnel  must  be i nsul at ed,  f ul l y  
encl osed,  guar ded,  or  f i t t ed wi t h ot her  t ypes of  saf et y devi ces.   
I nst al l  saf et y devi ces so t hat  pr oper  oper at i on of  equi pment  i s not  
i mpai r ed.   Wel di ng and cut t i ng saf et y r equi r ement s must  be i n 
accor dance wi t h AWS Z49. 1.

e.   Pr ovi de t he manuf act ur er ' s st andar d cat al og dat a,  at  l east  5 weeks 
pr i or  t o t he pur chase or  i nst al l at i on of  a par t i cul ar  component .   
Hi ghl i ght  t he dat a t o show i nf or mat i on such as,  but  not  l i mi t ed t o,  
mat er i al ,  s i ze,  opt i ons,  per f or mance char t s,  and cur ves i n adequat e 
det ai l  t o demonst r at e compl i ance wi t h cont r act  r equi r ement s.   I ncl ude 
t he manuf act ur er ' s r ecommended i nst al l at i on i nst r uct i ons and 
pr ocedur es i n t he dat a pr ovi ded.   Pr ovi de dat a f or  t he f ol l owi ng 
component s as a mi ni mum:

( 1)   Pi pi ng and Fi t t i ngs
( 2)   Val ves
( 3)   Pi pi ng Accessor i es
( 4)   Pi pe Hanger s,  I nser t s,  and Suppor t s

2. 2   ELECTRI CAL WORK

El ect r i cal  equi pment  and wi r i ng must  be i n accor dance wi t h Sect i on 26 20 00
 I NTERI OR DI STRI BUTI ON SYSTEM.   Fi el d wi r i ng must  be i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons.  Manual  or  aut omat i c cont r ol  and pr ot ect i ve or  
s i gnal  devi ces r equi r ed f or  t he oper at i on speci f i ed and any cont r ol  wi r i ng 
r equi r ed f or  cont r ol s and devi ces speci f i ed,  but  not  shown,  must  be 
pr ovi ded.

2. 3   REFRI GERANT PI PI NG SYSTEM

Pr ovi de r ef r i ger ant  pi pi ng,  val ves,  f i t t i ngs,  and accessor i es i n 
accor dance wi t h ASHRAE 15 & 34 and ASME B31. 5,  except  as speci f i ed 
her ei n.   Ref r i ger ant  pi pi ng,  val ves,  f i t t i ngs,  and accessor i es must  be 
compat i bl e wi t h t he f l ui ds used and capabl e of  wi t hst andi ng t he pr essur es 
and t emper at ur es of  t he ser vi ce.   Ref r i ger ant  pi pi ng,  val ves,  and 
accessor i es used f or  r ef r i ger ant  ser vi ce must  be cl eaned,  dehydr at ed,  and 
seal ed ( capped or  pl ugged)  pr i or  t o shi pment  f r om t he manuf act ur er ' s 
pl ant .   Submi t  dr awi ngs,  at  l east  5 weeks pr i or  t o begi nni ng const r uct i on,  
pr ovi ded i n adequat e det ai l  t o demonst r at e compl i ance wi t h cont r act  
r equi r ement s.   Dr awi ngs must  consi st  of :
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a.   Pi pi ng l ayout s whi ch i dent i f y al l  val ves and f i t t i ngs.

b.   Pl ans and el evat i ons whi ch i dent i f y c l ear ances r equi r ed f or  
mai nt enance and oper at i on.

2. 4   PI PE,  FI TTI NGS AND END CONNECTI ONS ( JOI NTS)

2. 4. 1   Copper  Tubi ng

Pr ovi de copper  t ubi ng conf or mi ng t o ASTM B280 anneal ed or  har d dr awn as 
r equi r ed.   Copper  t ubi ng must  bear  t he pr oduct  i dent i f i cat i on mar ki ngs i n 
accor dance wi t h ASTM B280,  " ACR"  must  be pr esent  on copper  t ubi ng.   Copper  
t ubi ng must  be sof t  anneal ed wher e bendi ng i s r equi r ed and har d dr awn 
wher e no bendi ng i s r equi r ed.   Sof t  anneal ed copper  t ubi ng must  not  be 
used i n s i zes l ar ger  t han 1- 3/ 8 i nches.   Joi nt s must  be br azed except  t hat  
j oi nt s on l i nes 7/ 8 i nchand smal l er  may be f l ar ed.   Cast  copper  al l oy 
f i t t i ngs f or  f l ar ed copper  t ube must  conf or m t o ASME B16. 26 and ASTM B62.   
Wr ought  copper  and br onze sol der - j oi nt  pr essur e f i t t i ngs must  conf or m t o 
ASME B16. 22 and ASTM B75/ B75M.   Joi nt s and f i t t i ngs f or  br azed j oi nt  must  
be wr ought - copper  or  f or ged- br ass sweat  f i t t i ngs.   Cast  sweat - t ype j oi nt s 
and f i t t i ngs ar e not  al l owed f or  br azed j oi nt s.   Br ass or  br onze adapt er s 
f or  br azed t ubi ng may be used f or  connect i ng t ubi ng t o f l anges and t o 
t hr eaded ends of  val ves and equi pment .

2. 4. 2   Br azi ng Fi l l er  Met al

Fi l l er  met al  must  conf or m t o AWS A5. 8/ A5. 8M,  Type BAg- 5 wi t h AWS Type 
FB3- A or  Type FB3- C f l ux,  except  Type BCuP- 3,  BCuP- 4,   or  BCuP- 5 may be 
used f or  br azi ng copper - t o- copper  j oi nt s.   BAl Si - 4 wi t h AWS Type FB1- A 
f l ux may be used when j oi ni ng copper  pi pi ng t o al umi num component s.

2. 4. 3   Br azi ng Fl ux

Br azi ng f l ux must  conf or m t o AWS A5. 31/ A5. 31M,  Type FB3- A or  Type FB3- C 
when usi ng Type BAg- 5 f i l l er  met al .   Type FB1- A i s t o be used wi t h Type 
BAl Si - 4 f i l l er  met al .

2. 5   VALVES

Val ves must  be desi gned,  manuf act ur ed,  and t est ed speci f i cal l y f or  
r ef r i ger ant  ser vi ce.   The val ve mat er i al  and al l  i nt er nal  component s must  
be compat i bl e wi t h t he speci f i c  r ef r i ger ant  and l ubr i cant  used.   Val ve 
bodi es must  be of  br ass,  br onze,  st eel ,  or  duct i l e i r on const r uct i on.   
Val ves 1 i nch and smal l er  must  have br azed or  socket  wel ded connect i ons.   
Val ves l ar ger  t han 1 i nch must  have but t  wel ded end connect i ons.   Do not  
use t hr eaded end connect i ons,  except  i n pi l ot  pr essur e or  gauge l i nes 
wher e mai nt enance di sassembl y i s r equi r ed and wel ded f l anges cannot  be 
used.   I nt er nal  par t s must  be r emovabl e f or  i nspect i on or  r epl acement  
wi t hout  appl y i ng heat  or  br eaki ng pi pe connect i ons.   Val ve st ems exposed 
t o t he at mospher e must  be st ai nl ess st eel  or  cor r osi on r esi st ant  met al  
pl at ed car bon st eel .   Di r ect i on of  f l ow must  be l egi bl y and per manent l y 
i ndi cat ed on t he val ve body.   Cont r ol  val ve i nl et s must  be f i t t ed wi t h 
i nt egr al  or  adapt ed st r ai ner  or  f i l t er  wher e r ecommended or  r equi r ed by 
t he manuf act ur er .   Pur ge,  char ge and r ecei ver  val ves must  be of  
manuf act ur er ' s st andar d conf i gur at i on.

2. 5. 1   Ref r i ger ant  St op Val ves

Val ve must  be t he gl obe or  f ul l - por t  bal l  t ype wi t h a back- seat i ng st em 
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especi al l y packed f or  r ef r i ger ant  ser vi ce.   Val ve packi ng must  be 
r epl aceabl e under  l i ne pr essur e.   Pr ovi de val ve wi t h a wr ench oper at or  and 
a seal  cap.   Val ve must  be t he st r ai ght  or  angl e pat t er n desi gn as 
i ndi cat ed.

2. 5. 2   Check Val ves

Val ve must  be t he swi ng or  l i f t  t ype as r equi r ed t o pr ovi de posi t i ve 
shut of f  at  t he di f f er ent i al  pr essur e i ndi cat ed.   Val ve must  be pr ovi ded 
wi t h r esi l i ent  seat .

2. 5. 3   Li qui d Sol enoi d Val ves

Pr ovi de val ves t hat  compl y wi t h AHRI  760 I - P and ar e sui t abl e f or  
cont i nuous dut y wi t h appl i ed vol t ages 15 per cent  under  and 5 per cent  over  
nomi nal  r at ed vol t age at  maxi mum and mi ni mum encount er ed pr essur e and 
t emper at ur e ser vi ce condi t i ons.   Val ves must  be di r ect - act i ng or  
pi l ot - oper at i ng t ype,  packl ess,  except  t hat  packed st em,  seal  capped,  
manual  l i f t i ng pr ovi s i ons must  be f ur ni shed.   Pr ovi de sol enoi d coi l s t hat  
ar e moi st ur e- pr oof ,  UL appr oved,  t ot al l y encapsul at ed or  encapsul at ed and 
met al  j acket ed as r equi r ed.   Val ves must  have saf e wor ki ng pr essur e of  610 
psi  and a maxi mum oper at i ng pr essur e di f f er ent i al  of  at  l east  200 psi  at  
85 per cent  r at ed vol t age.   Val ves must  have an oper at i ng pr essur e 
di f f er ent i al  sui t abl e f or  t he r ef r i ger ant  used.

2. 5. 4   Expansi on Val ves

Pr ovi de val ve conf or mi ng t o AHRI  750 I - P and ASHRAE 17.   Val ve must  be t he 
di aphr agm and spr i ng- l oaded t ype wi t h i nt er nal  or  ext er nal  equal i zer s,  and 
bul b and capi l l ar y t ubi ng.   Pr ovi de val ve wi t h an ext er nal  super heat  
adj ust ment  al ong wi t h a seal  cap.   I nt er nal  equal i zer s may be ut i l i zed 
wher e f l owi ng r ef r i ger ant  pr essur e dr op bet ween out l et  of  t he val ve and 
i nl et  t o t he evapor at or  coi l  i s  negl i gi bl e and pr essur e dr op acr oss t he 
evapor at or  i s l ess t han t he pr essur e di f f er ence cor r espondi ng t o 2 degr ees 
F of  sat ur at ed suct i on t emper at ur e at  evapor at or  condi t i ons.   Bul b char ge 
must  be det er mi ned by t he manuf act ur er  f or  t he appl i cat i on and such t hat  
l i qui d wi l l  r emai n i n t he bul b at  al l  oper at i ng condi t i ons.   Do not  use 
gas l i mi t ed l i qui d char ged val ves and ot her  val ve devi ces f or  l i mi t i ng 
evapor at or  pr essur e wi t hout  a di st r i but or  or  di schar ge t ube or  ef f ect i ve 
means t o pr event  l oss of  cont r ol  when bul b becomes war mer  t han val ve 
body.   Pi l ot - oper at ed val ves must  have a char act er i zed pl ug t o pr ovi de 
r equi r ed modul at i ng cont r ol .   A de- ener gi zed sol enoi d val ve may be used i n 
t he pi l ot  l i ne t o c l ose t he mai n val ve i n l i eu of  a sol enoi d val ve i n t he 
mai n l i qui d l i ne.   Pr ovi de an i sol at abl e pr essur e gauge i n t he pi l ot  l i ne,  
at  t he mai n val ve.   Aut omat i c pr essur e r educi ng or  const ant  pr essur e 
r egul at i ng expansi on val ves may be used onl y wher e i ndi ct ed or  f or  
const ant  evapor at or  l oads.

2. 5. 5   El ect r oni c Expansi on Val ves

Val ve must  conf or m t o AHRI  1370 I - P and ASHRAE 17.   The val ve must  pr event  
t he r et ur n of  l i qui d t o t he compr essor  i n t he event  of  power  l oss or  l ow 
super heat .

2. 5. 6   Saf et y Rel i ef  Val ves

Val ve must  be t he t wo- way t ype,  unl ess i ndi cat ed ot her wi se.   Val ve must  
bear  t he ASME code symbol .   Val ve capaci t y must  be cer t i f i ed by t he 
Nat i onal  Boar d of  Boi l er  and Pr essur e Vessel  I nspect or s.   Val ve must  be of  
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an aut omat i cal l y r eseat i ng desi gn af t er  act i vat i on.

2. 5. 7   Evapor at or  Pr essur e Regul at or s,  Di r ect - Act i ng

Val ve must  i ncl ude a di aphr agm/ spr i ng assembl y,  ext er nal  pr essur e 
adj ust ment  wi t h seal  cap,  and pr essur e gauge por t .   Val ve must  mai nt ai n a 
const ant  i nl et  pr essur e by bal anci ng i nl et  pr essur e on di aphr agm agai nst  
an adj ust abl e spr i ng l oad.   Pr essur e dr op at  syst em desi gn l oad must  not  
exceed t he pr essur e di f f er ence cor r espondi ng t o a 2 degr ees F change i n 
sat ur at ed r ef r i ger ant  t emper at ur e at  evapor at or  oper at i ng suct i on 
t emper at ur e.   Spr i ng must  be sel ect ed f or  i ndi cat ed maxi mum al l owabl e 
suct i on pr essur e r ange.

2. 5. 8   Ref r i ger ant  Access Val ves

Pr ovi de r ef r i ger ant  access val ves and hose connect i ons i n accor dance wi t h 
AHRI  720.

2. 6   PI PI NG ACCESSORI ES

2. 6. 1   Fi l t er  Dr i er s

Dr i er s must  conf or m t o AHRI  710 I - P.   Si zes 5/ 8 i nch and l ar ger  must  be 
t he f ul l  f l ow,  r epl aceabl e cor e t ype.   Si zes 1/ 2 i nch and smal l er  must  be 
t he seal ed t ype.   Cor es must  be of  sui t abl e desi ccant  t hat  wi l l  not  pl ug,  
cake,  dust ,  channel ,  or  br eak down,  and must  r emove wat er ,  aci d,  and 
f or ei gn mat er i al  f r om t he r ef r i ger ant .   Const r uct f i l t er  dr i er s so t hat  
none of  t he desi ccant  wi l l  pass i nt o t he r ef r i ger ant  l i nes.   Mi ni mum 
bur st i ng pr essur e must  be 1, 500 psi .

2. 6. 2   Si ght  Gl ass and Li qui d Level  I ndi cat or

2. 6. 2. 1   Assembl y and Component s

Assembl y must  be pr essur e-  and t emper at ur e- r at ed and const r uct ed of  
mat er i al s sui t abl e f or  t he ser vi ce.   Gl ass must  be bor osi l i cat e t ype.   
Fer r ous component s subj ect  t o condensat i on must  be el ect r o- gal vani zed.

2. 6. 2. 2   Gauge Gl ass

Gauge gl ass must  i ncl ude t op and bot t om i sol at i on val ves f i t t ed wi t h 
aut omat i c checks,  and packi ng f ol l ower s;  r ed- l i ne or  gr een- l i ne gauge 
gl ass;  el ast omer  or  pol ymer  packi ng t o sui t  t he ser vi ce;  and gauge gl ass 
guar d.

2. 6. 2. 3   Bul l ' s- Eye and I nl i ne Si ght  Gl ass Ref l ex Lens

Pr ovi de bul l ' s- eye and i nl i ne s i ght  gl ass r ef l ex l ens f or  dead- end l i qui d 
ser vi ce.   For  pi pe l i ne mount i ng,  pr ovi de t wo pl ai n l enses i n one body 
sui t abl e f or  backl i ght ed vi ewi ng.

2. 6. 2. 4   Moi st ur e I ndi cat or

I ndi cat or  must  be a sel f - r ever si bl e act i on,  moi st ur e r eact i ve,  col or  
changi ng medi a.   I ndi cat or  must  be f ur ni shed wi t h f ul l - col or - pr i nt i ng t ag 
cont ai ni ng col or ,  moi st ur e,  and t emper at ur e cr i t er i a.   Unl ess ot her wi se 
i ndi cat ed,  t he moi st ur e i ndi cat or  must  be an i nt egr al  par t  of  each 
cor r espondi ng si ght  gl ass.
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2. 6. 3   Vi br at i on Dampener s

Dampener s must  be of  t he al l - met al l i c  bel l ows and woven- wi r e t ype.

2. 6. 4   Fl exi bl e Pi pe Connect or s

Connect or  must  be a composi t e of  i nt er i or  cor r ugat ed phosphor  br onze or  
Type 300 Ser i es st ai nl ess st eel ,  as r equi r ed f or  f l ui d ser vi ce,  wi t h 
ext er i or  r ei nf or cement  of  br onze,  st ai nl ess st eel  or  monel  wi r e br ai d.   
Assembl y must  be const r uct ed wi t h a saf et y f act or  of  not  l ess t han 4 at 300 
degr ees F.   Unl ess ot her wi se i ndi cat ed,  t he l engt h of  a f l exi bl e connect or  
must  be as r ecommended by t he manuf act ur er  f or  t he ser vi ce i nt ended.

2. 6. 5   St r ai ner s

St r ai ner s used i n r ef r i ger ant  ser vi ce must  have br ass or  cast - i r on body,  
Y- or  angl e- pat t er n,  c l eanabl e,  not  l ess t han 60- mesh noncor r odi ng scr een 
of  an ar ea t o pr ovi de net  f r ee ar ea not  l ess t han t en t i mes t he pi pe 
di amet er  wi t h pr essur e r at i ng compat i bl e wi t h t he r ef r i ger ant  ser vi ce.   
Scr eens must  be st ai nl ess st eel  or  monel  and r ei nf or ced spr i ng- l oaded 
wher e necessar y f or  bypass- pr oof  const r uct i on.

2. 6. 6   Pr essur e and Vacuum Gauges

Pr ovi de gauges conf or mi ng t o ASME B40. 100 wi t h t hr ot t l i ng t ype needl e 
val ve or  a pul sat i on dampener  and shut - of f  val ve.   Gauge must  be a mi ni mum 
of  3- 1/ 2 i nches i n di amet er  wi t h a r ange f r om 0 psi g t o appr oxi mat el y 1. 5 
t i mes t he maxi mum syst em wor ki ng pr essur e.   Sel ect  each gauge r ange so 
t hat  at  nor mal  oper at i ng pr essur e,  t he needl e i s wi t hi n t he mi ddl e- t hi r d 
of  t he r ange.

2. 6. 7   Temper at ur e Gauges

Pr ovi de i ndust r i al  dut y t ype t emper at ur e gauges f or  t he r equi r ed 
t emper at ur e r ange.   Gauges must  have Fahr enhei t  scal e i n 2 degr ees 
gr aduat i ons scal e ( bl ack number s)  on a whi t e f ace.   The poi nt er  must  be 
adj ust abl e.   Pr ovi de r i gi d st em t ype t emper at ur e gauges i n t her mowel l s 
l ocat ed wi t hi n 5 f eet  of  t he f i ni shed f l oor .   Pr ovi de uni ver sal  adj ust abl e 
angl e t ype or  r emot e el ement  t ype t emper at ur e gauges i n t her mowel l s l ocat ed
 5 t o 7 f eet  above t he f i ni shed f l oor .   Pr ovi de r emot e el ement  t ype 
t emper at ur e gauges i n t her mowel l s l ocat ed 7 f eet  above t he f i ni shed f l oor .

2. 6. 7. 1   St em Cased- Gl ass

Pr ovi de st em cased- gl ass case composed of  pol i shed st ai nl ess st eel  or  cast  
al umi num,   9 i nches l ong,  wi t h c l ear  acr yl i c l ens,  and non- mer cur y f i l l ed 
gl ass t ube wi t h i ndi cat i ng- f l ui d col umn.

2. 6. 7. 2   Bi met al l i c  Di al

Pr ovi de bi met al l i c  di al  t ype case t hat  i s gr eat er  t han 3- 1/ 2 i nches,  
st ai nl ess st eel ,  and her met i cal l y seal ed wi t h c l ear  acr yl i c l ens.   
Bi met al l i c  el ement  must  be si l i cone dampened and uni t  f i t t ed wi t h ext er nal  
cal i br at or  adj ust ment .   Accur acy must  be one per cent  of  di al  r ange.

2. 6. 7. 3   Li qui d- ,  Sol i d- ,  and Vapor - Fi l l ed Di al

Pr ovi de l i qui d- ,  sol i d- ,  and vapor - f i l l ed di al  t ype cases t hat  ar e gr eat er  
t han 3- 1/ 2 i nches,  st ai nl ess st eel  or  cast  al umi num wi t h c l ear  acr yl i c 
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l ens.   Fi l l  must  be nonmer cur y,  sui t abl e f or  encount er ed cr oss- ambi ent s,  
and connect i ng capi l l ar y t ubi ng must  be doubl e- br ai ded br onze.

2. 6. 7. 4   Ther mowel l

Ther mowel l  must  be i dent i cal  s i ze,   1/ 2 or  3/ 4 i nch NPT connect i on,  br ass 
or  st ai nl ess st eel .   Wher e t est  wel l s ar e i ndi cat ed,  pr ovi de capt i ve 
pl ug- f i t t ed t ype 1/ 2 i nch NPT connect i on sui t abl e f or  use wi t h ei t her  
engr aved st em or  st andar d separ abl e socket  t her momet er  or  t her most at .   
Mer cur y must  not  be used i n t her momet er s.   Ext ended neck t her mowel l s must  
be of  suf f i c i ent  l engt h t o c l ear  i nsul at i on t hi ckness by 1 i nch.

2. 6. 8   Pi pe Hanger s,  I nser t s,  and Suppor t s

Pr ovi de pi pe hanger s,  i nser t s,  gui des,  and suppor t s conf or mi ng t o MSS SP- 58.

2. 6. 9   Escut cheons

Escut cheons must  be chr omi um- pl at ed i r on or  chr omi um- pl at ed br ass,  ei t her  
one pi ece or  spl i t  pat t er n,  hel d i n pl ace by i nt er nal  spr i ng t ensi on or  
set  scr ews.

2. 7   FABRI CATI ON

2. 7. 1   Fact or y Coat i ng

Unl ess ot her wi se speci f i ed,  equi pment  and component  i t ems,  when f abr i cat ed 
f r om f er r ous met al ,  must  be f act or y f i ni shed wi t h t he manuf act ur er ' s 
st andar d f i ni sh,  except  t hat  i t ems l ocat ed out si de of  bui l di ngs must  have 
weat her  r esi st ant  f i ni shes t hat  wi l l  wi t hst and 125 hour s exposur e t o t he 
sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um chl or i de 
sol ut i on.   I mmedi at el y af t er  compl et i on of  t he t est ,  t he speci men must  
show no si gns of  bl i s t er i ng,  wr i nkl i ng,  cr acki ng,  or  l oss of  adhesi on and 
no si gn of  r ust  cr eepage beyond 1/ 8 i nch on ei t her  s i de of  t he scr at ch 
mar k.   Cut  edges of  gal vani zed sur f aces wher e hot - di p gal vani zed sheet  
st eel  i s  used must  be coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o 
ASTM D520,  Type I .

2. 7. 2   Fact or y Appl i ed I nsul at i on

Fact or y i nst al l ed i nsul at i on must  be i n accor dance wi t h ASHRAE 90. 1 -  I P.   
Ref r i ger ant  suct i on l i nes bet ween t he cool er  and each compr essor   must  be 
i nsul at ed wi t h not  l ess t han 1/ 2 i nch t hi ck uni cel l ul ar  pl ast i c f oam.   
Fact or y i nsul at ed i t ems i nst al l ed out door s ar e not  r equi r ed t o be 
f i r e- r at ed.   As a mi ni mum,  f act or y i nsul at ed i t ems i nst al l ed i ndoor s must  
have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke devel oped i ndex no 
hi gher  t han 50.   Fact or y i nsul at ed i t ems ( no j acket )  i nst al l ed i ndoor s and 
whi ch ar e l ocat ed i n ai r  pl enums,  i n cei l i ng spaces,  and i n at t i c  spaces 
must  have a f l ame spr ead i ndex no hi gher  t han 25 and a smoke devel oped 
i ndex no hi gher  t han 50.   Fl ame spr ead and smoke devel oped i ndexes must  be 
det er mi ned by ASTM E84.   Test  i nsul at i on i n t he same densi t y and i nst al l ed 
t hi ckness as t he mat er i al  t o be used i n t he act ual  const r uct i on.   Test  
mat er i al  suppl i ed by a manuf act ur er  wi t h a j acket  as a composi t e 
mat er i al .   Pr ovi de j acket s,  f aci ngs,  and adhesi ves t hat  have a f l ame 
spr ead i ndex l ess t han 25 and a smoke devel oped i ndex l ess t han 50 when 
t est ed i n accor dance wi t h ASTM E84.
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PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  per f or m a 
ver i f i cat i on of  di mensi ons i n t he f i el d.   Submi t  a l et t er ,  at  l east  2 
weeks pr i or  t o begi nni ng const r uct i on,  i ncl udi ng t he dat e t he s i t e was 
vi s i t ed,  conf or mat i on of  exi st i ng condi t i ons,  and any di scr epanci es f ound 
bef or e per f or mi ng any wor k.

3. 2   I NSTALLATI ON

Pi pe and f i t t i ng i nst al l at i on must  conf or m t o t he r equi r ement s of  
ASME B31. 1.   Cut  pi pe accur at el y t o measur ement s est abl i shed at  t he 
j obsi t e,  and wor k i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng,  compl et el y 
c l ear i ng al l  wi ndows,  door s,  and ot her  openi ngs.   Cut t i ng or  ot her  
weakeni ng of  t he bui l di ng st r uct ur e t o f aci l i t at e pi pi ng i nst al l at i on i s 
not  per mi t t ed wi t hout  wr i t t en appr oval .   Cut  pi pe or  t ubi ng squar e,  r emove 
by r eami ng,  and per mi t  f r ee expansi on and cont r act i on wi t hout  causi ng 
damage t o t he bui l di ng st r uct ur e,  pi pe,  j oi nt s,  or  hanger s.

3. 2. 1   Di r ect i onal  Changes

Make changes i n di r ect i on wi t h f i t t i ngs,  except  t hat  bendi ng of  pi pe 4 
i nches and smal l er  i s  per mi t t ed,  pr ovi ded a pi pe bender  i s used and wi de 
weep bends ar e f or med.   Mi t er i ng or  not chi ng pi pe or  ot her  s i mi l ar  
const r uct i on t o f or m el bows or  t ees i s not  per mi t t ed.   The cent er l i ne 
r adi us of  bends must  not  be l ess t han 6 di amet er s of  t he pi pe.   Bent  pi pe 
showi ng ki nks,  wr i nkl es,  f l at t eni ng,  or  ot her  mal f or mat i ons wi l l  not  be 
accept ed.

3. 2. 2   Funct i onal  Requi r ement s

I nst al l  pi pi ng  1/ 2 i nch/ 10 f eet  of  pi pe i n t he di r ect i on of  f l ow t o 
ensur e adequat e oi l  dr ai nage.   Pr oper l y cap or  pl ug open ends of  
r ef r i ger ant  l i nes or  equi pment  dur i ng i nst al l at i on t o keep moi st ur e,  di r t ,  
or  ot her  f or ei gn mat er i al  out  of  t he syst em.   Pi pi ng must  r emai n capped 
unt i l  i nst al l at i on.   Equi pment  pi pi ng must  be i n accor dance wi t h t he 
equi pment  manuf act ur er ' s r ecommendat i ons and t he cont r act  dr awi ngs.   
Equi pment  and pi pi ng ar r angement s must  f i t  i nt o space al l ot t ed and al l ow 
adequat e accept abl e c l ear ances f or  i nst al l at i on,  r epl acement ,  ent r y,  
ser vi c i ng,  and mai nt enance.

3. 2. 3   Fi t t i ngs and End Connect i ons

3. 2. 3. 1   Thr eaded Connect i ons

Make t hr eaded connect i ons wi t h t aper ed t hr eads and make t i ght  wi t h PTFE 
t ape compl yi ng wi t h ASTM D3308 or  equi val ent  t hr ead- j oi nt  compound appl i ed 
t o t he mal e t hr eads onl y.   Do not  show mor e t han t hr ee t hr eads af t er  t he 
j oi nt  i s  made.

3. 2. 3. 2   Br azed Connect i ons

Per f or m br azi ng i n accor dance wi t h AWS BRH,  except  as modi f i ed her ei n.   
Dur i ng br azi ng,  f i l l  t he pi pe and f i t t i ngs wi t h a pr essur e r egul at ed i ner t  
gas,  such as ni t r ogen,  t o pr event  t he f or mat i on of  scal e.   Bef or e br azi ng 
copper  j oi nt s,  c l ean bot h t he out si de of  t he t ube and t he i nsi de of  t he 
f i t t i ng wi t h a wi r e f i t t i ng br ush unt i l  t he ent i r e j oi nt  sur f ace i s br i ght  
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and cl ean.   Do not  use br azi ng f l ux on copper - t o- copper  connect i ons.   
Remove sur pl us br azi ng mat er i al  at  al l  j oi nt s.   Make st eel  t ubi ng j oi nt s 
i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   Pai nt  j oi nt s i n 
st eel  t ubi ng wi t h t he same mat er i al  as t he baked- on coat i ng wi t hi n 8 hour s 
af t er  j oi nt s ar e made.   Pr ot ect  t ubi ng agai nst  oxi dat i on dur i ng br azi ng by 
cont i nuous pur gi ng of  t he i nsi de of  t he pi pi ng usi ng ni t r ogen.   Suppor t  
pi pi ng pr i or  t o br azi ng and do not  spr i ng or  f or ce.

3. 2. 3. 3   Wel ded Connect i ons

Fusi on- wel d j oi nt s i n st eel  r ef r i ger ant  pi pi ng.   Make br anch connect i ons 
wi t h wel di ng t ees or  f or ged wel di ng br anch out l et s.   Thor oughl y c l ean pi pe 
of  al l  scal e and f or ei gn mat t er  bef or e t he pi pi ng i s assembl ed.   Dur i ng 
wel di ng,  f i l l  t he pi pe and f i t t i ngs wi t h an i ner t  gas,  such as ni t r ogen,  
t o pr event  t he f or mat i on of  scal e.   Bevel i ng,  al i gnment ,  heat  t r eat ment ,  
and i nspect i on of  wel d must  conf or m t o ASME B31. 1.   Remove and r ewel d wel d 
def ect s at  no addi t i onal  cost  t o t he Gover nment .   St or e and dr y el ect r odes 
i n accor dance wi t h AWS D1. 1/ D1. 1M or  as r ecommended by t he manuf act ur er .   
Do not  use el ect r odes t hat  have been wet t ed or  t hat  have l ost  any of  t hei r  
coat i ng

3. 2. 3. 4   Fl ar ed Connect i ons

When f l ar ed connect i ons ar e used,  use a sui t abl e l ubr i cant  bet ween t he 
back of  t he f l ar e and t he nut  i n or der  t o avoi d t ear i ng t he f l ar e whi l e 
t i ght eni ng t he nut .

3. 2. 3. 5   Fl anged Connect i ons

When st eel  r ef r i ger ant  pi pi ng i s used,  pr ovi de uni on or  f l ange j oi nt s i n 
each l i ne i mmedi at el y pr ecedi ng t he connect i on t o each pi ece of  equi pment  
r equi r i ng mai nt enance,  such as compr essor s,  coi l s,  chi l l er s,  cont r ol  
val ves,  and ot her  s i mi l ar  i t ems.   Fl anged j oi nt s must  be assembl ed squar e 
end t i ght  wi t h mat ched f l anges,  gasket s,  and bol t s.   Pr ovi de gasket s t hat  
ar e sui t abl e f or  use wi t h t he r ef r i ger ant s t o be handl ed.

3. 2. 4   Val ves

3. 2. 4. 1   Gener al

I nst al l  r ef r i ger ant  st op val ves on each si de of  each pi ece of  equi pment  
such as compr essor s condenser s,  evapor at or s,  r ecei ver s,  and ot her  s i mi l ar  
i t ems i n mul t i pl e- uni t  i nst al l at i on,  t o pr ovi de par t i al  syst em i sol at i on 
as r equi r ed f or  mai nt enance or  r epai r .   I nst al l  st op val ves wi t h st ems 
hor i zont al  unl ess ot her wi se i ndi cat ed.   I nst al l  bal l  val ves must  be 
i nst al l ed wi t h st ems posi t i oned t o f aci l i t at e oper at i on and mai nt enance.   
I sol at i ng val ves f or  pr essur e gauges and swi t ches must  be ext er nal  t o 
t her mal  i nsul at i on.   Saf et y swi t ches must  not  be f i t t ed wi t h i sol at i on 
val ves.   Fi l t er  dr yer s havi ng access por t s may be consi der ed a poi nt  of  
i sol at i on.   Pur ge val ves must  be pr ovi ded at  al l  poi nt s of  syst ems wher e 
accumul at ed non- condensabl e gases woul d pr event  pr oper  syst em oper at i on.   
Val ves must  be f ur ni shed t o mat ch l i ne s i ze,  unl ess ot her wi se i ndi cat ed or  
appr oved.

3. 2. 4. 2   Expansi on Val ves

I nst al l  expansi on val ves wi t h t he t her most at i c expansi on val ve bul b 
l ocat ed on t op of  t he suct i on l i ne when t he suct i on l i ne i s l ess t han 
2- 1/ 8 i nches i n di amet er  and at  t he 4 o' c l ock or  8 o' c l ock posi t i on on 
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l i nes l ar ger  t han 2- 1/ 8 i nches.   Fast en t he bul b secur el y wi t h t wo 
cl amps.   I nsul at e ehe bul b .   I nst al l  t he bul b i n a hor i zont al  por t i on of  
t he suct i on l i ne,  i f  possi bl e,  wi t h t he pi gt ai l  on t he bot t om.   I f  t he 
bul b must  be i nst al l ed i n a ver t i cal  l i ne,  t he bul b t ubi ng must  be f aci ng 
up.

3. 2. 4. 3   Val ve I dent i f i cat i on

Tag each syst em val ve,  i ncl udi ng t hose whi ch ar e par t  of  a f act or y 
assembl y.   Tags must  be i n al phanumer i c sequence,  pr ogr essi ng i n di r ect i on 
of  f l ui d f l ow.   Tags must  be embossed,  engr aved,  or  st amped pl ast i c or  
nonf er r ous met al  of  var i ous shapes,  s i zed appr oxi mat el y 1- 3/ 8 i nch 
di amet er ,  or  equi val ent  di mensi on,  subst ant i al l y  at t ached t o a component  
or  i mmedi at el y adj acent  t her et o.   At t ach t ags wi t h nonf er r ous,  heavy dut y,  
bead or  l i nk chai n,   14 gauge anneal ed wi r e,  nyl on cabl e bands or  as 
appr oved.   Ref er ence t ag number s i n Oper at i on and Mai nt enance Manual s and 
syst em di agr ams.

3. 2. 5   Vi br at i on Damper s

Pr ovi de vi br at i on damper  i n t he suct i on and di schar ge l i nes on spr i ng 
mount ed compr essor s.   I nst al l  v i br at i on damper s par al l el  wi t h t he shaf t  of  
t he compr essor  and anchor  f i r ml y at  t he upst r eam end on t he suct i on l i ne 
and t he downst r eam end i n t he di schar ge l i ne.

3. 2. 6   St r ai ner s

Pr ovi de st r ai ner s i mmedi at el y ahead of  sol enoi d val ves and expansi on 
devi ces.   St r ai ner s may be an i nt egr al  par t  of  an expansi on val ve.

3. 2. 7   Fi l t er  Dr yer

Pr ovi de a l i qui d l i ne f i l t er  dr yer  on each r ef r i ger ant  c i r cui t  l ocat ed 
such t hat  al l  l i qui d r ef r i ger ant  passes t hr ough a f i l t er  dr yer .   Si ze 
dr yer s i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons f or  t he 
syst em i n whi ch i t  i s  i nst al l ed.   I nst al l  dr yer s such t hat  i t  can be 
i sol at ed f r om t he syst em,  t he i sol at ed por t i on of  t he syst em evacuat ed,  
and t he f i l t er  dr yer  r epl aced.   I nst al l  dr yer s i n t he hor i zont al  posi t i on 
except  r epl aceabl e cor e f i l t er  dr yer s may be i nst al l ed i n t he ver t i cal  
posi t i on wi t h t he access f l ange on t he bot t om.

3. 2. 8   Si ght  Gl ass

I nst al l  a moi st ur e i ndi cat i ng s i ght  gl ass i n al l  r ef r i ger ant  c i r cui t s down 
st r eam of  al l  f i l t er  dr yer s and wher e i ndi cat ed.   Pr ovi de f ul l  l i ne s i ze 
s i ght  gl asses.

3. 2. 9   Di schar ge Li ne Oi l  Separ at or

Pr ovi de di schar ge l i ne oi l  separ at or  i n t he di schar ge l i ne f r om each 
compr essor .   Connect  t he oi l  r et ur n l i ne t o t he compr essor  as r ecommended 
by t he compr essor  manuf act ur er .

3. 2. 10   Accumul at or

Pr ovi de accumul at or s i n t he suct i on l i ne t o each compr essor .
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3. 2. 11   Fl exi bl e Pi pe Connect or s

I nst al l  connect or s per pendi cul ar  t o l i ne of  mot i on bei ng i sol at ed.   Fi t  
pi pi ng f or  equi pment  wi t h bi di r ect i onal  mot i on wi t h t wo f l exi bl e 
connect or s,  i n per pendi cul ar  pl anes.   I nst al l  r ei nf or ced el ast omer  
f l exi bl e connect or s i n accor dance wi t h manuf act ur er ' s i nst r uct i ons.   
Pr ovi de pi pi ng gui des and r est r ai nt s r el at ed t o f l exi bl e connect or s as 
r equi r ed.

3. 2. 12   Temper at ur e Gauges

Locat e t emper at ur e gauges speci f i cal l y on,  but  not  l i mi t ed t o t he 
f ol l owi ng:   t he sensi ng el ement  of  each aut omat i c t emper at ur e cont r ol  
devi ce wher e a t her momet er  i s not  an i nt egr al  par t  t her eof  t he l i qui d l i ne 
l eavi ng a r ecei ver  and t he suct i on l i ne at  each evapor at or  or  l i qui d cool er .   
Ther mowel l s f or  i nser t i on t her momet er s and t her most at s must  ext end beyond 
t her mal  i nsul at i on sur f ace not  l ess t han 1 i nch.

3. 2. 13   Pi pe Hanger s,  I nser t s,  and Suppor t s

Pi pe hanger s,  i nser t s,  and suppor t s must  conf or m t o MSS SP- 58,  except  as 
modi f i ed her ei n.   Do not  use pi pe hanger  t ypes 5,  12,  and 26.   Fabr i cat e 
hanger s used t o suppor t  pi pi ng 2 i nches and l ar ger  t o per mi t  adequat e 
adj ust ment  af t er  er ect i on whi l e st i l l  suppor t i ng t he l oad.   Suppor t  pi pi ng 
subj ect ed t o ver t i cal  movement ,  when oper at i ng t emper at ur es exceed ambi ent  
t emper at ur es,  by var i abl e spr i ng hanger s and suppor t s or  by const ant  
suppor t  hanger s.

3. 2. 13. 1   Hanger s

Do not  use Type 3 on i nsul at ed pi pi ng.   Type 24 may be used onl y on 
t r apeze hanger  syst ems or  on f abr i cat ed f r ames.

3. 2. 13. 2   I nser t s

Secur e Type 18 i nser t s t o concr et e f or ms bef or e concr et e i s pl aced.   
Cont i nuous i nser t s whi ch al l ow mor e adj ust ment s may be used i f  t hey 
ot her wi se meet  t he r equi r ement s f or  Type 18 i nser t s.

3. 2. 13. 3   C- Cl amps

Tor que Type 19 and 23 C- cl amps i n accor dance wi t h MSS SP- 58 and have bot h 
l ocknut s and r et ai ni ng devi ces,  f ur ni shed by t he manuf act ur er .   
Fi el d- f abr i cat ed C- cl amp bodi es or  r et ai ni ng devi ces ar e not  accept abl e.

3. 2. 13. 4   Angl e At t achment s

Fur ni sh Type 20 at t achment s used on angl es and channel s wi t h an added 
mal l eabl e- i r on heel  pl at e or  adapt er .

3. 2. 13. 5   Saddl es and Shi el ds

Wher e Type 39 saddl e or  Type 40 shi el d ar e per mi t t ed f or  a par t i cul ar  pi pe 
at t achment  appl i cat i on,  t he Type 39 saddl e,  connect ed t o t he pi pe,  must  be 
used on al l  pi pe 4 i nches and l ar ger  when t he t emper at ur e of  t he medi um i s 
60 degr ees F or  hi gher .   Use Type 40 shi el ds on al l  pi pi ng l ess t han 4 
i nches and al l  pi pi ng 4 i nches and l ar ger  car r y i ng medi um l ess t han 60 
degr ees F.   Use a hi gh- densi t y i nsul at i on i nser t  of  cel l ul ar  gl ass under  
t he Type 40 shi el d f or  pi pi ng 2 i nches and l ar ger .
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3. 2. 13. 6   Hor i zont al  Pi pe Suppor t s

Space hor i zont al  pi pe suppor t s as speci f i ed i n MSS SP- 58 and i nst al l  a 
suppor t  no mor e t han 1 f oot  f r om t he pi pe f i t t i ng j oi nt  at  each change i n 
di r ect i on of  t he pi pi ng.   Space pi pe suppor t s no mor e t han 5 f eet  apar t  at  
val ves.   Pi pe hanger  l oads suspended f r om st eel  j oi st  wi t h hanger  l oads 
bet ween panel  poi nt s i n excess of  50 pounds must  have t he excess hanger  
l oads suspended f r om panel  poi nt s.

3. 2. 13. 7   Ver t i cal  Pi pe Suppor t s

Suppor t  ver t i cal  pi pe at  each f l oor ,  except  at  s l ab- on- gr ade,  and at  
i nt er val s of  not  mor e t han 15 f eet  not  mor e t han 8 f eet  f r om end of  
r i ser s,  and at  vent  t er mi nat i ons.

3. 2. 13. 8   Pi pe Gui des

Pr ovi de Type 35 gui des usi ng,  st eel ,  r ei nf or ced pol yt et r af l uor oet hyl ene 
( PTFE)  or  gr aphi t e s l i des wher e r equi r ed t o al l ow l ongi t udi nal  pi pe 
movement .   Pr ovi de l at er al  r est r ai nt s as r equi r ed.   Pr ovi de sl i de 
mat er i al s t hat  ar e sui t abl e f or  t he syst em oper at i ng t emper at ur es,  
at mospher i c condi t i ons,  and bear i ng l oads encount er ed.

3. 2. 13. 9   St eel  Sl i des

Wher e st eel  s l i des do not  r equi r e pr ovi s i ons f or  r est r ai nt  of  l at er al  
movement ,  an al t er nat e gui de met hod may be used.   On pi pi ng 4 i nches and 
l ar ger ,  usea Type 39 saddl e.   On pi pi ng under  4 i nches,  a Type 40 
pr ot ect i on shi el d may be at t ached t o t he pi pe or  i nsul at i on and f r eel y 
r est  on a st eel  s l i de pl at e.

3. 2. 13. 10   Hi gh Temper at ur e Gui des wi t h Cr adl es

Wher e t her e ar e hi gh syst em t emper at ur es and wel di ng t o pi pi ng i s not  
desi r abl e,  t he Type 35 gui de must  i ncl ude a pi pe cr adl e,  wel ded t o t he 
gui de st r uct ur e and st r apped secur el y t o t he pi pe.   Separ at e t he pi pe f r om 
t he sl i de mat er i al  by at  l east  4 i nches,  or  by an amount  adequat e f or  t he 
i nsul at i on,  whi chever  i s gr eat er .

3. 2. 13. 11   Mul t i pl e Pi pe Runs

I n t he suppor t  of  mul t i pl e pi pe r uns on a common base member ,  use a c l i p 
or  c l amp wher e each pi pe cr osses t he base suppor t  member .   Spaci ng of  t he 
base suppor t  member s must  not  exceed t he hanger  and suppor t  spaci ng 
r equi r ed f or  an i ndi v i dual  pi pe i n t he mul t i pl e pi pe r un.

3. 2. 13. 12   Sei smi c Requi r ement s

Suppor t  and br ace pi pi ng and at t ached val ves t o r esi st  sei smi c l oads as 
speci f i ed under  UFC 3- 301- 01.   Pr ovi de st r uct ur al  st eel  r equi r ed f or  
r ei nf or cement  t o pr oper l y suppor t  pi pi ng,  header s,  and equi pment  but  not  
shown under  t hi s sect i on.   Speci f y mat er i al  used f or  suppor t  under  Sect i on 
05 12 00 STRUCTURAL STEEL.

3. 2. 13. 13   St r uct ur al  At t achment s

At t achment  t o bui l di ng st r uct ur e concr et e and masonr y must  be by cast - i n 
concr et e i nser t s,  bui l t - i n anchor s,  or  masonr y anchor  devi ces.   I nser t s 

SECTI ON 23 23 00  Page 15



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

and anchor s must  be appl i ed wi t h a saf et y f act or  not  l ess t han 5.   Do not  
at t ach suppor t s t o met al  decki ng.   Const r uct  masonr y anchor s f or  over head 
appl i cat i ons of  f er r ous mat er i al s onl y.   Pr ovi de st r uct ur al  st eel  br acket s 
r equi r ed t o suppor t  pi pi ng,  header s,  and equi pment ,  but  not  shown,  under  
t hi s sect i on.   Speci f y mat er i al  used f or  suppor t  under  Sect i on 05 12 00 
STRUCTURAL STEEL.

3. 2. 14   Pi pe Al i gnment  Gui des

Pr ovi de pi pe al i gnment  gui des wher e i ndi cat ed f or  expansi on l oops,  
of f set s,  and bends and as r ecommended by t he manuf act ur er  f or  expansi on 
j oi nt s,  not  t o exceed 5 f eet  on each si de of  each expansi on j oi nt ,  and i n 
l i nes 4 i nches or  smal l er  not  mor e t han 2 f eet  on each si de of  t he j oi nt .

3. 2. 15   Pi pe Anchor s

Pr ovi de anchor s wher ever  necessar y or  i ndi cat ed t o l ocal i ze expansi on or  
t o pr event  undue st r ai n on pi pi ng.   Pr ovi de anchor s consi st i ng of  heavy 
st eel  col l ar s wi t h l ugs and bol t s f or  c l ampi ng and at t achi ng anchor  
br aces,  unl ess ot her wi se i ndi cat ed.   I nst al l  anchor  br aces i n t he most  
ef f ect i ve manner  t o secur e t he desi r ed r esul t s usi ng t ur nbuckl es wher e 
r equi r ed.   Do not  at t ach suppor t s,  anchor s,  or  st ays wher e t hey wi l l  
i nj ur e t he st r uct ur e or  adj acent  const r uct i on dur i ng i nst al l at i on or  by 
t he wei ght  of  expansi on of  t he pi pel i ne.   Wher e pi pe and condui t  
penet r at i ons of  vapor  bar r i er  seal ed sur f aces occur ,  i mmedi at el y anchor  
t hese i t ems adj acent  t o each penet r at ed sur f ace,  t o pr ovi de essent i al l y  
zer o movement  wi t hi n penet r at i on seal .   Submi t  det ai l ed dr awi ngs of  pi pe 
anchor s f or  appr oval  bef or e i nst al l at i on.

3. 2. 16   Bui l di ng Sur f ace Penet r at i ons

Do not  i nst al l  s l eeves i n st r uct ur al  member s except  wher e i ndi cat ed or  
appr oved.   Pr ovi de gal vani zed sheet  met al  s l eeves i n non- l oad bear i ng 
sur f aces conf or mi ng t o ASTM A653/ A653M,  Coat i ng Cl ass G- 90,   20 gauge.   
Pr ovi de uncoat ed car bon st eel  pi pe s l eeves i n l oad bear i ng sur f aces 
conf or mi ng t o ASTM A53/ A53M,  St andar d wei ght .   Appl y seal ant s t o moi st ur e 
and oi l - f r ee sur f aces and el ast omer s t o not  l ess t han 1/ 2 i nch dept h.   Do 
not  i nst al l  s l eeves i n st r uct ur al  member s.

3. 2. 16. 1   Ref r i ger at ed Space

Fi t  r ef r i ger at ed space bui l di ng sur f ace penet r at i ons wi t h s l eeves 
f abr i cat ed f r om hand- l ay- up or  hel i cal l y wound,  f i br ous gl ass r ei nf or ced 
pol yest er  or  epoxy r esi n wi t h a mi ni mum t hi ckness equal  t o equi val ent  s i ze 
Schedul e 40 st eel  pi pe.   Const r uct  s l eeves wi t h i nt egr al  col l ar  or  f i t  
col d s i de wi t h a bonded sl i p- on f l ange or  ext ended col l ar .   I n t he case of  
masonr y penet r at i ons wher e sl eeve i s not  cast - i n,  f i l l  voi ds wi t h l at ex 
mi xed mor t ar  cast  t o shape of  s l eeve and assembl e f l ange/ ext er nal  col l ar  
t ype sl eeve wi t h but yl  el ast omer  vapor  bar r i er  seal ant  t hr ough penet r at i on 
t o col d s i de sur f ace vapor  bar r i er  over l ap and f ast ened t o sur f ace wi t h 
masonr y anchor s.   Fl ash i nt egr al  cast - i n col l ar  t ype sl eeve wi t h not  l ess 
t han 4 i nches of  col d s i de vapor  bar r i er  over l ap of  s l eeve sur f ace.   
Nor mal l y seal  noni nsul at ed penet r at i ng r ound sur f aces t o s l eeve bor e wi t h 
mechani cal l y expandabl e seal s i n vapor  t i ght  manner  and i nsul at e r emai ni ng 
war m and col d s i de s l eeve dept h wi t h not  l ess t han 4 i nches of  
f oamed- i n- pl ace r i gi d pol yur et hane or  f oamed- i n- pl ace si l i cone el ast omer .   
Appl y vapor  bar r i er  seal ant  t o f i ni sh war m si de i nsul at i on sur f ace.   
I nsul at e war m si de of  penet r at i ng sur f ace beyond vapor  bar r i er  seal ed 
sl eeve i nsul at i on f or  a di st ance whi ch pr event s condensat i on.   Seal  wi r es 
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i n r ef r i ger at ed space sur f ace penet r at i ng condui t  wi t h vapor  bar r i er  pl ugs 
or  compound t o pr event  moi st ur e mi gr at i on t hr ough condui t  and condensat i on 
t her ei n.

3. 2. 16. 2   Gener al  Ser vi ce Ar eas

Ext end each sl eeve t hr ough i t s r espect i ve wal l ,  f l oor ,  or  r oof ,  and cut  
f l ush wi t h each sur f ace.   Pr ovi de pi pes passi ng t hr ough concr et e or  
masonr y wal l  or  concr et e f l oor s or  r oof s wi t h pi pe sl eeves f i t t ed i nt o 
pl ace at  t he t i me of  const r uct i on.   Pr ovi de sl eeves t hat  al l ow a mi ni mum of
 1/ 4 i nch al l - ar ound cl ear ance bet ween bar e pi pe and sl eeves or  bet ween 
j acket ed- i nsul at i on and sl eeves.   Except  i n pi pe chases or  i nt er i or  wal l s,  
seal  t he annul ar  space bet ween pi pe and sl eeve or  bet ween j acket  
over - i nsul at i on and sl eeve i n accor dance wi t h Sect i on 07 92 00 JOI NT 
SEALANTS.

3. 2. 16. 3   Wat er pr oof  Penet r at i ons

I nst al l  pi pes passi ng t hr ough r oof  or  f l oor  wat er pr oof i ng membr ane t hr ough 
a 17 ounce copper  s l eeve,  or  a 0. 032 i nch t hi ck al umi num sl eeve,  each 
wi t hi n an i nt egr al  ski r t  or  f l ange.   For m f l ashi ng sl eeve,  and ext end 
ski r t  or  f l ange gr eat er  t han 8 i nches f r om t he pi pe and set  over  t he r oof  
or  f l oor  membr ane i n a t r owel ed coat i ng of  bi t umi nous cement .   Ext end t he 
f l ashi ng sl eeve up t he pi pe a mi ni mum of  2 i nches above t he r oof  or  f l oor  
penet r at i on.   Seal  t he annul ar  space bet ween t he f l ashi ng sl eeve and t he 
bar e pi pe or  bet ween t he f l ashi ng sl eeve and t he met al - j acket - cover ed 
i nsul at i on as i ndi cat ed.   Seal  penet r at i ons by ei t her  one of  t he f ol l owi ng 
met hods.

3. 2. 16. 3. 1   Wat er pr oof i ng Cl ampi ng Fl ange

Pi pes up t o and i ncl udi ng 10 i nches i n di amet er  passi ng t hr ough r oof  or  
f l oor  wat er pr oof i ng membr ane may be i nst al l ed t hr ough a cast  i r on s l eeve 
wi t h caul k i ng r ecess,  anchor  l ugs,  f l ashi ng cl amp devi ce,  and pr essur e 
r i ng wi t h br ass bol t s.   Cl amp wat er pr oof i ng membr ane i nt o pl ace and pl ace 
seal ant  i n t he caul k i ng r ecess.

3. 2. 16. 3. 2   Modul ar  Mechani cal  Type Seal i ng Assembl y

I n l i eu of  a wat er pr oof i ng c l ampi ng f l ange and caul k i ng and seal i ng of  
annul ar  space bet ween pi pe and sl eeve or  condui t  and sl eeve,  a modul ar  
mechani cal  t ype seal i ng assembl y may be i nst al l ed.   Pr ovi de seal s 
consi st i ng of  i nt er l ocki ng synt het i c r ubber  l i nks shaped t o cont i nuousl y 
f i l l  t he annul ar  space bet ween t he pi pe/ condui t  and sl eeve wi t h cor r osi on 
pr ot ect ed car bon st eel  bol t s,  nut s,  and pr essur e pl at es.   Loosel y assembl e 
l i nks wi t h bol t s t o f or m a cont i nuous r ubber  bel t  ar ound t he pi pe wi t h a 
pr essur e pl at e under  each bol t  head and each nut .   Af t er  t he seal  assembl y 
i s pr oper l y posi t i oned i n t he s l eeve,  t i ght en t he bol t  t o cause t he r ubber  
seal i ng el ement s t o expand and pr ovi de a wat er t i ght  seal  bet ween t he 
pi pe/ condui t  and t he sl eeve.   Si ze each seal  assembl y as r ecommended by 
t he manuf act ur er  t o f i t  t he pi pe/ condui t  and sl eeve i nvol ved.   The 
Cont r act or  el ect i ng t o use t he modul ar  mechani cal  t ype seal s must  pr ovi de 
sl eeves of  t he pr oper  di amet er s.

3. 2. 16. 4   Fi r e- Rat ed Penet r at i ons

Seal  penet r at i on of  f i r e- r at ed wal l s,  par t i t i ons,  and f l oor s as speci f i ed 
i n Sect i on 07 84 00 FI RESTOPPI NG.
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3. 2. 16. 5   Escut cheons

Pr ovi de escut cheons f or  f i ni shed sur f aces wher e exposed pi pi ng,  bar e or  
i nsul at ed,  pass t hr ough f l oor s,  wal l s,  or  cei l i ngs,  except  i n boi l er ,  
ut i l i t y ,  or  equi pment  r ooms.   Wher e sl eeves pr oj ect  s l i ght l y f r om f l oor s,  
use speci al  deep- t ype escut cheons.   Secur e escut cheon t o pi pe or  pi pe 
cover i ng.

3. 2. 17   Access Panel s

Pr ovi de access panel s f or  al l  conceal ed val ves,  vent s,  cont r ol s,  and i t ems 
r equi r i ng i nspect i on or  mai nt enance.   Pr ovi de access panel s of  suf f i c i ent  
s i ze and l ocat e so t hat  t he conceal ed i t ems may be ser vi ced and mai nt ai ned 
or  compl et el y r emoved and r epl aced.   Pr ovi de access panel s as speci f i ed i n 
Sect i on 08 31 00 ACCESS DOORS AND PANELS.

3. 2. 18   Fi el d Appl i ed I nsul at i on

Fi el d i nst al l ed i nsul at i on i s speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS,  except  as def i ned di f f er ent l y her ei n.

3. 2. 19   Fi el d Pai nt i ng

Pai nt i ng r equi r ed f or  sur f aces not  ot her wi se speci f i ed,  and f i ni sh 
pai nt i ng of  i t ems onl y pr i med at  t he f act or y ar e speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.

3. 2. 19. 1   Col or  Codi ng

Col or  codi ng f or  pi pi ng i dent i f i cat i on i s speci f i ed i n Sect i on 09 90 00 
PAI NTS AND COATI NGS.

3. 2. 19. 2   Col or  Codi ng Scheme

Pr ovi de a col or  codi ng scheme f or  l ocat i ng hi dden pi pi ng i n accor dance 
wi t h Sect i on 22 00 00 PLUMBI NG,  GENERAL PURPOSE.

3. 2. 20   I dent i f i cat i on Tags

Pr ovi de i dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c or  
engr aved anodi zed al umi num  i ndi cat i ng ser vi ce and i t em number  on al l  
val ves and damper s.   Tags must  be 1- 3/ 8 i nch mi ni mum di amet er  and mar ki ng 
must  be st amped or  engr aved.   I ndent at i ons must  be bl ack f or  r eadi ng 
cl ar i t y.   At t ach t ags t o val ves wi t h No.  12 AWG copper  wi r e,  chr ome- pl at ed 
beaded chai n or  pl ast i c st r aps desi gned f or  t hat  pur pose.

3. 3   CLEANI NG AND ADJUSTI NG

Cl ean uncont ami nat ed syst em( s)  by evacuat i on and pur gi ng pr ocedur es 
cur r ent l y r ecommended by r ef r i ger ant  and r ef r i ger ant  equi pment  
manuf act ur er s,  and as speci f i ed her ei n,  t o r emove smal l  amount s of  ai r  and 
moi st ur e.   Syst ems cont ai ni ng moder at e amount s of  ai r ,  moi st ur e,  
cont ami nat ed r ef r i ger ant ,  or  any f or ei gn mat t er  ar e consi der ed 
cont ami nat ed syst ems.   Rest or e cont ami nat ed syst ems t o c l ean condi t i on 
i ncl udi ng di sassembl y,  component  r epl acement ,  evacuat i on,  f l ushi ng,  
pur gi ng,  and r e- char gi ng,  usi ng cur r ent l y appr oved r ef r i ger ant  and 
r ef r i ger at i on manuf act ur er ' s pr ocedur es.   Rest or e cont ami nat ed syst ems at  
no addi t i onal  cost  t o t he Gover nment  as det er mi ned by t he Cont r act i ng 
Of f i cer .   Do not  use wat er  i n any pr ocedur e or  t est .
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3. 4   TRAI NI NG COURSE

a.   Submi t  a schedul e,  at  l east  2 weeks pr i or  t o t he dat e of  t he pr oposed 
t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on f or  t he 
t r ai ni ng.   Conduct  a t r ai ni ng cour se f or   member s of  t he oper at i ng 
st af f  as desi gnat ed by t he Cont r act i ng Of f i cer .   The t r ai ni ng per i od 
must  consi st  of  a t ot al  4 hour s of  nor mal  wor ki ng t i me and st ar t  af t er  
t he syst em i s f unct i onal l y compl et ed but  pr i or  t o f i nal  accept ance 
t est s.

b.   Cover  al l  of  t he i t ems cont ai ned i n t he appr oved oper at i on and 
mai nt enance manual s as wel l  as demonst r at i ons of  r out i ne mai nt enance 
oper at i ons i n t he f i el d post ed i nst r uct i ons. .

c.   Submi t  6 compl et e copi es of  an oper at i on manual  i n bound 8 1/ 2 by 11 
i nch bookl et s l i s t i ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em 
st ar t up,  oper at i on,  abnor mal  shut down,  emer gency shut down,  and nor mal  
shut down at  l east  4 weeks pr i or  t o t he f i r st  t r ai ni ng cour se.   I ncl ude 
t he manuf act ur er ' s name,  model  number ,  and par t s l i s t  i n t he 
bookl et s.   I ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce 
manual ,  and a br i ef  descr i pt i on of  al l  equi pment  and t hei r  basi c 
oper at i ng f eat ur es i n t he manual s.

d.   Submi t  6 compl et e copi es of  mai nt enance manual  i n bound 8 1/ 2 x 11 i nch
 bookl et s l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e br eakdowns 
and r epai r s,  and a t r oubl e shoot i ng gui de.   I ncl ude pi pi ng l ayout s and 
si mpl i f i ed wi r i ng and cont r ol  di agr ams of  t he syst em as i nst al l ed i n 
t he manual s.

3. 5   REFRI GERANT PI PI NG TESTS

Af t er  al l  component s of  t he r ef r i ger ant  syst em have been i nst al l ed and 
connect ed,  subj ect  t he ent i r e r ef r i ger at i on syst em t o pneumat i c,  
evacuat i on,  and st ar t up t est s as descr i bed her ei n.   Submi t  a schedul e,  at  
l east  2 weeks pr i or  t o t he st ar t  of  r el at ed t est i ng,  f or  each t est .   
I dent i f y t he pr oposed dat e,  t i me,  and l ocat i on f or  each t est .   Conduct  
t est s i n t he pr esence of  t he Cont r act i ng Of f i cer .   Wat er  and el ect r i c i t y 
r equi r ed f or  t he t est s wi l l  be f ur ni shed by t he Gover nment .   Pr ovi de al l  
mat er i al ,  equi pment ,  i nst r ument s,  and per sonnel  r equi r ed f or  t he t est .   
Pr ovi de t he ser vi ces of  a qual i f i ed t echni c i an,  as r equi r ed,  t o per f or m 
al l  t est s and pr ocedur es i ndi cat ed her ei n.   Coor di nat e f i el d t est s wi t h 
Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.   
Submi t  6 copi es of  t he t est s r epor t  i n bound 8 1/ 2 by 11 i nch bookl et s 
document i ng al l  phases of  t he t est s per f or med.   I ncl ude i ni t i al  t est  
summar i es,  al l  r epai r s/ adj ust ment s made,  and t he f i nal  t est  r esul t s i n t he 
r epor t .

3. 5. 1   Pr el i mi nar y Pr ocedur es

Pr i or  t o pneumat i c t est i ng,  i sol at e equi pment  whi ch has been f act or y 
t est ed and r ef r i ger ant  char ged as wel l  as equi pment  whi ch coul d be damaged 
or  cause per sonnel  i nj ur y by i mposed t est  pr essur e,  posi t i ve or  negat i ve,  
f r om t he t est  pr essur e,  or  r emove f r om t he syst em.   Remove saf et y r el i ef  
val ves and r upt ur e di scs t hat  ar e not  par t  of  f act or y seal ed syst ems,  and 
cap or  pl ug openi ngs.
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3. 5. 2   Pneumat i c Test

Pr ovi de pr essur e cont r ol  and excess pr essur e pr ot ect i on at  t he sour ce of  
t est  pr essur e.   Val ves must  be wi de open,  except  t hose l eadi ng t o t he 
at mospher e.   Test  gas must  be dr y ni t r ogen,  wi t h mi nus 70 degr ee F 
dewpoi nt  and l ess t han 5 ppm oi l .   Appl y t est  pr essur e i n t wo st ages 
bef or e any r ef r i ger ant  pi pe i s i nsul at ed or  cover ed.   I n accor dance wi t h 
ASME B31. 5,  a pr el i mi nar y t est  not  t o exceed 25 psi  must  be appl i ed as a 
means of  l ocat i ng maj or  l eaks.   Ever y j oi nt  bei ng t est ed must  be coat ed 
wi t h a t hi ck soap or  col or  i ndi cat i ng sol ut i on.   The second st age t est  
pr essur e must  be at  l east  110 per cent  of  t he desi gn pr essur e,  but  cannot  
exceed 130 per cent  of  t he desi gn pr essur e of  any component  i n t he syst em.   
For  l ar ge syst ems t hat  ar e not  compl et el y v i s i bl e,  t he pr essur e i n t he 
syst em must  be gr adual l y i ncr eased t o one- hal f  of  t he t est  pr essur e af t er  
whi ch t he pr essur e must  be i ncr eased i n st eps of  one- t ent h of  t he t est  
pr essur e,  unt i l  t he r equi r ed t est  pr essur e has been r eached.   The t est  
pr essur e must  be cont i nuousl y mai nt ai ned f or  at  l eas 24 hour s,  af t er  whi ch 
i t  can be r educed t o t he l eak t est  pr essur e.   A cor r ect i on f act or  of  0. 3 
psi  wi l l  be al l owed f or  each degr ee F change bet ween t est  space i ni t i al  
and f i nal  ambi ent  t emper at ur e,  pl us f or  i ncr ease and mi nus f or  a 
decr ease.   The l eak t est  pr essur e must  be t he desi gn pr essur e,  or  a 
pr essur e speci f i ed i n t he engi neer i ng desi gn.   To r epai r  l eaks,  t he j oi nt  
must  be t aken apar t ,  t hor oughl y c l eaned,  and r econst r uct ed as a new 
j oi nt .   Joi nt s r epai r ed by caul k i ng,  r e- mel t i ng,  or  back- wel di ng/ br azi ng 
ar e not  accept abl e.   Fol l owi ng r epai r ,  t he ent i r e syst em must  be r et est ed 
usi ng t he pneumat i c t est s descr i bed above.   Reassembl e t he ent i r e syst em 
once t he pneumat i c t est s ar e sat i sf act or i l y  compl et ed.

3. 5. 3   Evacuat i on Test

Fol l owi ng sat i sf act or y compl et i on of  t he pneumat i c t est s,  r el i eve t he 
pr essur e and evacuat e t he ent i r e syst em t o an absol ut e pr essur e of  300 
mi cr omet er s.   Dur i ng evacuat i on of  t he syst em,  t he ambi ent  t emper at ur e 
must  be hi gher  t han 35 degr ees F.   Do not  evacuat e no mor e t han one syst em 
at  one t i me by one vacuum pump.   Once t he desi r ed vacuum has been r eached,  
c l ose t he vacuum l i ne and al l ow t he syst em t o st and f or  1 hour .   I f  t he 
pr essur e r i ses over  500 mi cr omet er s af t er  t he 1 hour  per i od,  evacuat e t he 
syst em agai n down t o 300 mi cr omet er s and l et  set  f or  anot her  1 hour  
per i od.   Do not  char ge t he syst em unt i l  a vacuum of  at  l east  500 
mi cr omet er s i s mai nt ai ned f or  a per i od of  1 hour  wi t hout  t he assi st ance of  
a vacuum l i ne.   I f  dur i ng t he t est i ng t he pr essur e r i ses above 500 
mi cr omet er s,  cont i nue t o r epeat  t he evacuat i on pr ocedur es unt i l  al l  
r esi dual  moi st ur e has been r emoved.   Dur i ng evacuat i on,  r ecor d pr essur es 
by a t her mocoupl e- t ype,  el ect r oni c- t ype,  or  a cal i br at ed- mi cr omet er  t ype 
gauge.

3. 5. 4   Syst em Char gi ng and St ar t up Test

Fol l owi ng sat i sf act or y compl et i on of  t he evacuat i on t est s,  char ge t he 
syst em wi t h t he r equi r ed amount  of  r ef r i ger ant  by r ai s i ng pr essur e t o 
nor mal  oper at i ng pr essur e and i n accor dance wi t h manuf act ur er ' s 
pr ocedur es.   Fol l owi ng char gi ng,  t he syst em must  oper at e wi t h hi gh- si de 
and l ow- si de pr essur es and cor r espondi ng r ef r i ger ant  t emper at ur es,  at  
desi gn or  i mpr oved val ues.   Test  t he ent i r e syst em t est ed f or  l eaks.   Test  
f l uor ocar bon syst ems wi t h hal i de t or ch or  el ect r oni c l eak det ect or s.

3. 5. 5   Ref r i ger ant  Leakage

I f  a r ef r i ger ant  l eak i s di scover ed af t er  t he syst em has been char ged,  t he 
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l eaki ng por t i on of  t he syst em must  be i mmedi at el y i sol at ed f r om t he 
r emai nder  of  t he syst em and t he r ef r i ger ant  pumped i nt o t he syst em 
r ecei ver  or  ot her  sui t abl e cont ai ner .   The r ef r i ger ant  must  not  be 
di schar ged i nt o t he at mospher e.

3. 5. 6   Cont r act or ' s Responsi bi l i t y

At  al l  t i mes dur i ng t he i nst al l at i on and t est i ng of  t he r ef r i ger at i on 
syst em,  t ake st eps t o pr event  t he r el ease of  r ef r i ger ant s i nt o t he 
at mospher e.   The st eps must  i ncl ude,  but  not  be l i mi t ed t o,  pr ocedur es 
whi ch wi l l  mi ni mi ze t he r el ease of  r ef r i ger ant s t o t he at mospher e and t he 
use of  r ef r i ger ant  r ecover y devi ces t o r emove r ef r i ger ant  f r om t he syst em 
and st or e t he r ef r i ger ant  f or  r euse or  r ecl ai m.   At  no t i me wi l l  t he 
al l owabl e l eak r at e exceed t he l eak r at es al l owed i n Sect i on 608 of  t he 
Cl ean Ai r  Act :   30 per cent  of  t he f ul l  char ge per  year  f or  i ndust r i al  
r ef r i ger at i on,  20 per cent  of  t he f ul l  char ge per  year  f or  commer ci al  
r ef r i ger at i on,  and 10 per cent  of  t he f ul l  char ge per  year  f or  comf or t  
cool i ng.   Any syst em l eaks wi t hi n t he f i r st  year  must  be r epai r ed i n 
accor dance wi t h t he r equi r ement s her ei n at  no cost  t o t he Gover nment  
i ncl udi ng mat er i al ,  l abor ,  and r ef r i ger ant  i f  t he l eak i s t he r esul t  of  
def ect i ve equi pment ,  mat er i al ,  or  i nst al l at i on.

        - -  End of  Sect i on - -
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SECTI ON 23 30 00

HVAC AI R DI STRI BUTI ON
05/ 20,  CHG 1:  02/ 22

PART 1   GENERAL

1. 1   REFERENCES

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

ACOUSTI CAL SOCI ETY OF AMERI CA ( ASA)

ASA S12. 51 ( 2012;  R 2017)  Amer i can Nat i onal  St andar d 
Acoust i cs -  Det er mi nat i on of  Sound Power  
Level s and Sound Ener gy Level s of  Noi se 
Sour ces usi ng Sound Pr essur e -  Pr eci s i on 
Met hods f or  Rever ber at i on Test  Rooms

AI R CONDI TI ONI NG CONTRACTORS OF AMERI CA ( ACCA)

ACCA Manual  4 ( 2001)  I nst al l at i on Techni ques f or  
Per i met er  Heat i ng and Cool i ng;  11t h Edi t i on

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 201 ( 2002;  R 2011)  Fans and Syst ems

AMCA 210 ( 2016)  Labor at or y Met hods of  Test i ng Fans 
f or  Aer odynami c Per f or mance Rat i ng

AMCA 220 ( 2005; R 2012)  Test  Met hods f or  Ai r  Cur t ai n 
Uni t s

AMCA 300 ( 2014)  Rever ber ant  Room Met hod f or  Sound 
Test i ng of  Fans

AMCA 301 ( 2014)  Met hods f or  Cal cul at i ng Fan Sound 
Rat i ngs f r om Labor at or y Test  Dat a

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

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

AHRI  260 I - P ( 2012)  Sound Rat i ng of  Duct ed Ai r  Movi ng 
and Condi t i oni ng Equi pment

AHRI  350 ( 2015)  Sound Rat i ng of  Non- Duct ed I ndoor  
Ai r - Condi t i oni ng Equi pment

AHRI  410 ( 2001;  Addendum 1 2002;  Addendum 2 2005;  
Addendum 3 2011)  For ced- Ci r cul at i on 
Ai r - Cool i ng and Ai r - Heat i ng Coi l s

AHRI  430 ( 2009)  Cent r al - St at i on Ai r - Handl i ng Uni t s
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AHRI  440 ( 2008)  Per f or mance Rat i ng of  Room Fan- Coi l s

AHRI  880 I - P ( 2011)  Per f or mance Rat i ng of  Ai r  Ter mi nal s

AHRI  885 ( 2008;  Addendum 2011)  Pr ocedur e f or  
Est i mat i ng Occupi ed Space Sound Level s i n 
t he Appl i cat i on of  Ai r  Ter mi nal s and Ai r  
Out l et s

AHRI  Gui del i ne D ( 1996)  Appl i cat i on and I nst al l at i on of  
Cent r al  St at i on Ai r - Handl i ng Uni t s

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 52. 2 ( 2012)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASHRAE 62. 1 ( 2016)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y

ASHRAE 68 ( 1997)  Labor at or y Met hod of  Test i ng t o 
Det er mi ne t he Sound Power  I n a Duct

ASHRAE 70 ( 2006;  R 2021)  Met hod of  Test i ng t he 
Per f or mance of  Ai r  Out l et s and I nl et s

ASHRAE 84 ( 2020;  Er r at a 2021)  Met hod of  Test i ng 
Ai r - t o- Ai r  Heat / Ener gy Exchanger s

ASHRAE 90. 1 -  I P ( 2019)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME A13. 1 ( 2020)  Scheme f or  t he I dent i f i cat i on of  
Pi pi ng Syst ems

ASTM I NTERNATI ONAL ( ASTM)

ASTM A53/ A53M ( 2024)  St andar d Speci f i cat i on f or  Pi pe,  
St eel ,  Bl ack and Hot - Di pped,  Zi nc- Coat ed,  
Wel ded and Seaml ess

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
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St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A924/ A924M ( 2022a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B152/ B152M ( 2019)  St andar d Speci f i cat i on f or  Copper  
Sheet ,  St r i p,  Pl at e,  and Rol l ed Bar

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

ASTM B280 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Tube f or  Ai r  Condi t i oni ng and 
Ref r i ger at i on Fi el d Ser vi ce

ASTM B766 ( 1986;  R 2015)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Cadmi um

ASTM C553 ( 2013;  R 2019)  St andar d Speci f i cat i on f or  
Mi ner al  Fi ber  Bl anket  Ther mal  I nsul at i on 
f or  Commer ci al  and I ndust r i al  Appl i cat i ons

ASTM C916 ( 2020)  St andar d Speci f i cat i on f or  
Adhesi ves f or  Duct  Ther mal  I nsul at i on

ASTM C1071 ( 2019)  St andar d Speci f i cat i on f or  Fi br ous 
Gl ass Duct  Li ni ng I nsul at i on ( Ther mal  and 
Sound Absor bi ng Mat er i al )

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM D1654 ( 2008;  R 2016;  E 2017)  St andar d Test  
Met hod f or  Eval uat i on of  Pai nt ed or  Coat ed 
Speci mens Subj ect ed t o Cor r osi ve 
Envi r onment s

ASTM D1785 ( 2015;  E 2018)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC) ,  Pl ast i c Pi pe,  
Schedul es 40,  80,  and 120

ASTM D2466 ( 2017)  St andar d Speci f i cat i on f or  
Pol y( Vi nyl  Chl or i de)  ( PVC)  Pl ast i c Pi pe 
Fi t t i ngs,  Schedul e 40

ASTM D2564 ( 2020)  St andar d Speci f i cat i on f or  Sol vent  
Cement s f or  Pol y( Vi nyl  Chl or i de)  ( PVC)  
Pl ast i c Pi pi ng Syst ems

ASTM D2855 ( 2015)  St andar d Pr act i ce f or  Maki ng 
Sol vent - Cement ed Joi nt s wi t h Pol y( Vi nyl  
Chl or i de)  ( PVC)  Pi pe and Fi t t i ngs

ASTM D3359 ( 2017)  St andar d Test  Met hods f or  Rat i ng 
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Adhesi on by Tape Test

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E2016 ( 2022)  St andar d Speci f i cat i on f or  
I ndust r i al  Woven Wi r e Cl ot h

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2017;  Ver si on 1. 2)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

I NSTI TUTE OF ENVI RONMENTAL SCI ENCES AND TECHNOLOGY ( I EST)

I EST RP- CC- 001 ( 2016;  Rev 6)  HEPA and ULPA Fi l t er s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 10 ( 2017)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Fi xed Fr equency 
Medi um AC Squi r r el - Cage Pol yphase 
I nduct i on Mot or s

NEMA MG 11 ( 1977;  R 2012)  Ener gy Management  Gui de f or  
Sel ect i on and Use of  Si ngl e Phase Mot or s

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

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NFPA 96 ( 2024)  St andar d f or  Vent i l at i on Cont r ol  
and Fi r e Pr ot ect i on of  Commer ci al  Cooki ng 
Oper at i ons

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

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1819 ( 2002)  Fi r e,  Smoke and Radi at i on Damper  
I nst al l at i on Gui de f or  HVAC Syst ems,  5t h 
Edi t i on

SMACNA 1966 ( 2020)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  4t h Edi t i on

SMACNA 1972 CD ( 2012)  HVAC Ai r  Duct  Leakage Test  Manual  -  
2nd Edi t i on

SMACNA 1981 ( 2008)  Sei smi c Rest r ai nt  Manual  Gui del i nes 
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f or  Mechani cal  Syst ems,  3r d Edi t i on

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  DEPARTMENT OF ENERGY FEDERAL ENERGY MANAGEMENT PROGRAM ( FEMP)

PL- 109- 58 ( 1992;  R 2005)  Ener gy Ef i i c i ent  Pr ocument  
Requi r ement s

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

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

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 94 ( 2023;  Repr i nt  Jan 2024)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 181 ( 2013;  Repr i nt  Dec 2021)  UL St andar d f or  
Saf et y Fact or y- Made Ai r  Duct s and Ai r  
Connect or s

UL 555 ( 2006;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Fi r e Damper s

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

UL 705 ( 2017;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et y Power  Vent i l at or s

UL 723 ( 2020)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

UL 900 ( 2015;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et ySt andar d f or  Ai r  Fi l t er  Uni t s

UL 1995 ( 2015;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et y Heat i ng and Cool i ng Equi pment

UL Bl d Mat  Di r ( updat ed cont i nuousl y onl i ne)  Bui l di ng 
Mat er i al s Di r ect or y

UL El ect r i cal  Const r uct i on ( 2012)  El ect r i cal  Const r uct i on Equi pment  
Di r ect or y

UL Fi r e Resi st ance ( 2014)  Fi r e Resi st ance Di r ect or y
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1. 2   SYSTEM DESCRI PTI ON

Fur ni sh duct wor k,  pi pi ng of f set s,  f i t t i ngs,  and accessor i es as r equi r ed t o 
pr ovi de a compl et e i nst al l at i on.   Coor di nat e t he wor k of  t he di f f er ent  
t r ades t o avoi d i nt er f er ence bet ween pi pi ng,  equi pment ,  st r uct ur al ,  and 
el ect r i cal  wor k.   Pr ovi de compl et e,  i n pl ace,  al l  necessar y of f set s i n 
pi pi ng and duct wor k,  and al l  f i t t i ngs,  and ot her  component s,  r equi r ed t o 
i nst al l  t he wor k as i ndi cat ed and speci f i ed.

1. 2. 1   Mechani cal  Equi pment  I dent i f i cat i on

The number  of  char t s and di agr ams must  be equal  t o or  gr eat er  t han t he 
number  of  mechani cal  equi pment  r ooms.   Wher e mor e t han one char t  or  
di agr am per  space i s r equi r ed,  mount  t hese i n edge pi vot ed,  swi ngi ng l eaf ,  
ext r uded al umi num f r ame hol der s whi ch open t o 170 degr ees.

1. 2. 1. 1   Char t s

Pr ovi de char t  l i s t i ng of  equi pment  by desi gnat i on number s and capaci t i es 
such as f l ow r at es,  pr essur e and t emper at ur e di f f er ences,  heat i ng and 
cool i ng capaci t i es,  hor sepower ,  pi pe s i zes,  and vol t age and cur r ent  
char act er i st i cs.

1. 2. 1. 2   Di agr ams

Submi t  pr oposed di agr ams,  at  l east  2 weeks pr i or  t o st ar t  of  r el at ed 
t est i ng.   pr ovi de neat  mechani cal  dr awi ngs pr ovi ded wi t h ext r uded al umi num 
f r ame under   1/ 8- i nch gl ass or  l ami nat ed pl ast i c,  syst em di agr ams t hat  
show t he l ayout  of  equi pment ,  pi pi ng,  and duct wor k,  and t yped condensed 
oper at i on manual s expl ai ni ng pr event at i ve mai nt enance pr ocedur es,  met hods 
of  checki ng t he syst em f or  nor mal ,  saf e oper at i on,  and pr ocedur es f or  
saf el y st ar t i ng and st oppi ng t he syst em.   Af t er  appr oval ,  post  t hese i t ems 
wher e di r ect ed.

1. 2. 2   Ser vi ce Label i ng

Label  equi pment ,  i ncl udi ng f ans,  ai r  handl er s,  t er mi nal  uni t s,  et c.  wi t h 
l abel s made of  sel f - st i cki ng,  pl ast i c f i l m desi gned f or  per manent  
i nst al l at i on.   Pr ovi de l abel s i n accor dance wi t h t he t ypi cal  exampl es 
bel ow:

SERVI CE LABEL AND TAG DESI GNATI ON

Ai r  handl i ng uni t  Number AHU -  

Cont r ol  and i nst r ument  ai r CONTROL AND I NSTR.

Exhaust  Fan Number EF -   

VAV Box Number VAV -  

Fan Coi l  Uni t  Number FC -   

Ter mi nal  Box Number TB -   
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SERVI CE LABEL AND TAG DESI GNATI ON

Uni t  Vent i l at or  Number UV -   

I dent i f y s i mi l ar  ser vi ces wi t h di f f er ent  t emper at ur es or  pr essur es.   Wher e 
pr essur es coul d exceed 125 pounds per  squar e i nch,  gage,  i ncl ude t he 
maxi mum syst em pr essur e i n t he l abel .   Label  and ar r ow pi pi ng i n 
accor dance wi t h t he f ol l owi ng:

a.   Each poi nt  of  ent r y and exi t  of  pi pe passi ng t hr ough wal l s.

b.   Each change i n di r ect i on,  i . e. ,  el bows,  t ees.

c.   I n congest ed or  hi dden ar eas and at  al l  access panel s at  each poi nt  
r equi r ed t o c l ar i f y ser vi ce or  i ndi cat ed hazar d.

d.   I n l ong st r ai ght  r uns,  l ocat e l abel s at  di st ances wi t hi n eyesi ght  of  
each ot her  not  t o exceed 75 f eet .   Al l  l abel s must  be vi s i bl e and 
l egi bl e f r om t he pr i mar y ser vi ce and oper at i ng ar ea.

For  Bar e or  I nsul at ed Pi pes

f or  Out si de Di amet er s of Let t er i ng

1/ 2 t hr u 1- 3/ 8 i nch 1/ 2 i nch 

1- 1/ 2 t hr u 2- 3/ 8 i nch 3/ 4 i nch

2- 1/ 2 i nch and l ar ger 1- 1/ 4 i nch

1. 2. 3   Col or  Codi ng

Col or  codi ng of  al l  pi pi ng syst ems must  be i n accor dance wi t h ASME A13. 1 .

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Met al l i c  Fl exi bl e Duct

I nsul at ed Nonmet al l i c  Fl exi bl e Duct  Runout s

Duct  Connect or s
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Duct  Access Door s;  G

Fi r e Damper s

Manual  Bal anci ng Damper s;  G

Sound At t enuat i on Equi pment

Acoust i cal  Duct  Li ner

Di f f user s

Regi st er s and Gr i l l es

Louver s

Ai r  Vent s,  Pent houses,  and Goosenecks

Cent r i f ugal  Fans

I n- Li ne Cent r i f ugal  Fans

Axi al  Fl ow Fans

Panel  Type Power  Wal l  Vent i l at or s

Cent r i f ugal  Type Power  Wal l  Vent i l at or s

Cent r i f ugal  Type Power  Roof  Vent i l at or s

Pr opel l er  Type Power  Roof  Vent i l at or s

Ai r - Cur t ai n Fans

Cei l i ng Exhaust  Fans

PL- 109- 58 l abel  f or  cei l i ng exhaust  f an pr oduct ;  S

Ai r  Handl i ng Uni t s;  G

Room Fan- Coi l  Uni t s;  G

Coi l  I nduct i on Uni t s;  G

Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s;  G

Dual  Duct  Ter mi nal  Uni t s;  G

Cei l i ng I nduct i on Ter mi nal  Uni t s;  G

Uni t  Vent i l at or s

Ener gy Recover y Devi ces;  G

Test  Pr ocedur es

Di agr ams;  G
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I ndoor  Ai r  Qual i t y f or  Duct  Seal ant s;  S

SD- 06 Test  Repor t s

Per f or mance Test s;  G

Damper  Accept ance Test ;  G

SD- 07 Cer t i f i cat es

Bol t s

Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

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

Manuf act ur er ' s I nst al l at i on I nst r uct i ons

Oper at i on and Mai nt enance Tr ai ni ng

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

Fi r e Damper s;  G

Manual  Bal anci ng Damper s;  G

Cent r i f ugal  Fans;  G

I n- Li ne Cent r i f ugal  Fans;  G

Axi al  Fl ow Fans;  G

Panel  Type Power  Wal l  Vent i l at or s;  G

Cent r i f ugal  Type Power  Wal l  Vent i l at or s;  G

Cent r i f ugal  Type Power  Roof  Vent i l at or s;  G

Pr opel l er  Type Power  Roof  Vent i l at or s;  G

Ai r - Cur t ai n Fans;  G

Cei l i ng Exhaust  Fans;  G

Ai r  Handl i ng Uni t s;  G

Room Fan- Coi l  Uni t s;  G

Coi l  I nduct i on Uni t s;  G

Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s;  G

Dual  Duct  Ter mi nal  Uni t s;  G
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Cei l i ng I nduct i on Ter mi nal  Uni t s;  G

 

Uni t  Vent i l at or s;  G

Ener gy Recover y Devi ces;  G

SD- 11 Cl oseout  Submi t t al s

I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on;  S

1. 4   QUALI TY ASSURANCE

Except  as ot her wi se speci f i ed,  appr oval  of  mat er i al s and equi pment  i s 
based on manuf act ur er ' s publ i shed dat a.

a.   Wher e mat er i al s and equi pment  ar e speci f i ed t o conf or m t o t he 
st andar ds of  t he Under wr i t er s Labor at or i es,  t he l abel  of  or  l i s t i ng 
wi t h r eexami nat i on i n UL Bl d Mat  Di r ,  and UL 6 i s accept abl e as 
suf f i c i ent  evi dence t hat  t he i t ems conf or m t o Under wr i t er s 
Labor at or i es r equi r ement s.   I n l i eu of  such l abel  or  l i s t i ng,  submi t  a 
wr i t t en cer t i f i cat e f r om any nat i onal l y r ecogni zed t est i ng agency,  
adequat el y equi pped and compet ent  t o per f or m such ser vi ces,  st at i ng 
t hat  t he i t ems have been t est ed and t hat  t he uni t s conf or m t o t he 
speci f i ed r equi r ement s.   Out l i ne met hods of  t est i ng used by t he 
speci f i ed agenci es.

b.   Wher e mat er i al s or  equi pment  ar e speci f i ed t o be const r uct ed or  
t est ed,  or  bot h,  i n accor dance wi t h t he st andar ds of  t he ASTM 
I nt er nat i onal  ( ASTM) ,  t he ASME I nt er nat i onal  ( ASME) ,  or  ot her  
st andar ds,  a manuf act ur er ' s cer t i f i cat e of  compl i ance of  each i t em i s 
accept abl e as pr oof  of  compl i ance.

c.   Conf or mance t o such agency r equi r ement s does not  r el i eve t he i t em f r om 
compl i ance wi t h ot her  r equi r ement s of  t hese speci f i cat i ons.

d.   Wher e pr oduct s ar e speci f i ed t o meet  or  exceed t he speci f i ed ener gy 
ef f i c i ency r equi r ement  of  FEMP- desi gnat ed or  ENERGY STAR cover ed 
pr oduct  cat egor i es,  equi pment  sel ect ed must  have as a mi ni mum t he 
ef f i c i ency r at i ng i dent i f i ed under  " Ener gy- Ef f i c i ent  Pr oduct s"  at  
ht t p: / / f emp. ener gy. gov/ pr ocur ement .

1. 4. 1   Pr event i on of  Cor r osi on

Pr ot ect  met al l i c  mat er i al s agai nst  cor r osi on.   Pr ovi de r ust - i nhi bi t i ng 
t r eat ment  and st andar d f i ni sh f or  t he equi pment  encl osur es.   Do not  use 
al umi num i n cont act  wi t h ear t h,  and wher e connect ed t o di ssi mi l ar  met al .   
Pr ot ect  al umi num by appr oved f i t t i ngs,  bar r i er  mat er i al ,  or  t r eat ment .   
Pr ovi de hot - di p gal vani zed f er r ous par t s such as anchor s,  bol t s,  br aces,  
boxes,  bodi es,  c l amps,  f i t t i ngs,  guar ds,  nut s,  pi ns,  r ods,  shi ms,  
t hi mbl es,  washer s,  and mi scel l aneous par t s not  of  cor r osi on- r esi st ant  
st eel  or  nonf er r ous mat er i al s i n accor dance wi t h ASTM A123/ A123M f or  
ext er i or  l ocat i ons and cadmi um- pl at ed i n conf or mance wi t h ASTM B766 f or  
i nt er i or  l ocat i ons.
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1. 4. 2   Asbest os Pr ohi bi t i on

Do not  use asbest os and asbest os- cont ai ni ng pr oduct s.

1. 4. 3   Ozone Depl et i ng Subst ances Techni c i an Cer t i f i cat i on

Al l  t echni c i ans wor ki ng on equi pment  t hat  cont ai n ozone depl et i ng 
r ef r i ger ant s must  be cer t i f i ed as a Sect i on 608 Techni c i an t o meet  
r equi r ement s i n 40 CFR 82,  Subpar t  F.   Pr ovi de copi es of  t echni c i an 
cer t i f i cat i ons t o t he Cont r act i ng Of f i cer  at  l east  14 cal endar  days pr i or  
t o wor k on any equi pment  cont ai ni ng t hese r ef r i ger ant s.

1. 4. 4   Det ai l  Dr awi ngs

Submi t  det ai l  dr awi ngs showi ng equi pment  l ayout ,  i ncl udi ng assembl y and 
i nst al l at i on det ai l s and el ect r i cal  connect i on di agr ams;  duct wor k l ayout  
showi ng t he l ocat i on of  al l  suppor t s and hanger s,  t ypi cal  hanger  det ai l s,  
gauge r ei nf or cement ,  r ei nf or cement  spaci ng r i gi di t y c l assi f i cat i on,  and 
st at i c pr essur e and seal  c l assi f i cat i ons.   I ncl ude any i nf or mat i on 
r equi r ed t o demonst r at e t hat  t he syst em has been coor di nat ed and f unct i ons 
pr oper l y as a uni t  on t he dr awi ngs and show equi pment  r el at i onshi p t o 
ot her  par t s of  t he wor k,  i ncl udi ng cl ear ances r equi r ed f or  oper at i on and 
mai nt enance.   Submi t  dr awi ngs showi ng bol t - set t i ng i nf or mat i on,  and 
f oundat i on bol t s pr i or  t o concr et e f oundat i on const r uct i on f or  al l  
equi pment  i ndi cat ed or  r equi r ed t o have concr et e f oundat i ons.   Submi t  
f unct i on desi gnat i on of  t he equi pment  and any ot her  r equi r ement s speci f i ed 
t hr oughout  t hi s Sect i on wi t h t he shop dr awi ngs.

1. 4. 5   Test  Pr ocedur es

Conduct  per f or mance t est s as r equi r ed i n Sect i on 23 05 93 Test i ng,  
Adj ust i ng and Bal anci ng f or  HVAC and Sect i on 23 09 00 I nst r ument at i on and 
Cont r ol  f or  HVAC.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed equi pment  at  t he j obsi t e f r om t he weat her ,  humi di t y and 
t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   
Addi t i onal l y,  cap or  pl ug al l  pi pes unt i l  i nst al l ed.

PART 2   PRODUCTS

2. 1   STANDARD PRODUCTS

Pr ovi de component s and equi pment  t hat  ar e " st andar d pr oduct s"  of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  pr oduct s t hat  ar e 
of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   " St andar d pr oduct s"  i s 
def i ned as bei ng i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
bef or e bi d openi ng,  i ncl udi ng appl i cat i ons of  component s and equi pment  
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze,  sat i sf act or i l y  compl et ed 
by a pr oduct  t hat  i s  sol d on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es.   Pr oduct s havi ng l ess t han a 2- year  
f i el d ser vi ce r ecor d ar e accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y 
f i el d oper at i on,  f or  not  l ess t han 6000 hour s excl usi ve of  t he 
manuf act ur er ' s f act or y t est s,  can be shown.   Pr ovi de equi pment  i t ems t hat  
ar e suppor t ed by a ser vi ce or gani zat i on.   I n pr oduct  cat egor i es cover ed by 
ENERGY STAR or  t he Feder al  Ener gy Management  Pr ogr am,  pr ovi de equi pment  
t hat  i s  l i s t ed on t he ENERGY STAR Qual i f i ed Pr oduct s Li st  or  t hat  meet s or  
exceeds t he FEMP- desi gnat ed Ef f i c i ency Requi r ement s.
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2. 2   I DENTI FI CATI ON PLATES

I n addi t i on t o st andar d manuf act ur er ' s i dent i f i cat i on pl at es,  pr ovi de 
engr aved l ami nat ed phenol i c i dent i f i cat i on pl at es f or  each pi ece of  
mechani cal  equi pment .   I dent i f i cat i on pl at es ar e t o desi gnat e t he f unct i on 
of  t he equi pment .   Submi t  desi gnat i on wi t h t he shop dr awi ngs.   Pr ovi de 
i dent i f i cat i on pl at es t hat  ar e l ayer s,  bl ack- whi t e- bl ack,  engr aved t o show 
whi t e l et t er s on bl ack backgr ound.   Let t er s must  be upper  case.   
I dent i f i cat i on pl at es t hat  ar e 1- 1/ 2- i nches hi gh and smal l er  must  be 
1/ 16- i nch t hi ck,  wi t h engr aved l et t er i ng 1/ 8- i nch hi gh;  i dent i f i cat i on 
pl at es l ar ger  t han 1- 1/ 2- i nches hi gh must  be 1/ 8- i nch t hi ck,  wi t h engr aved 
l et t er i ng of  sui t abl e hei ght .   I dent i f i cat i on pl at es 1- 1/ 2- i nches hi gh and 
l ar ger  must  have bevel ed edges.   I nst al l  i dent i f i cat i on pl at es usi ng a 
compat i bl e adhesi ve.

2. 3   EQUI PMENT GUARDS AND ACCESS

Ful l y encl ose or  guar d bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  
pr oj ect i ng set scr ews,  keys,  and ot her  r ot at i ng par t s exposed t o per sonnel  
cont act  accor di ng t o OSHA r equi r ement s.   Pr oper l y guar d or  cover  wi t h 
i nsul at i on of  a t ype speci f i ed,  hi gh t emper at ur e equi pment  and pi pi ng 
exposed t o cont act  by per sonnel  or  wher e i t  cr eat es a pot ent i al  f i r e 
hazar d.   The r equi r ement s f or  cat wal ks,  oper at i ng pl at f or ms,  l adder s,  and 
guar dr ai l s ar e speci f i ed i n Sect i on 08 31 00 ACCESS DOORS AND PANELS.

2. 4   ELECTRI CAL WORK

a.   Pr ovi de mot or s,  cont r ol l er s,  i nt egr al  di sconnect s,  cont act or s,  and 
cont r ol s wi t h t hei r  r espect i ve pi eces of  equi pment ,  except  cont r ol l er s 
i ndi cat ed as par t  of  mot or  cont r ol  cent er s.   Pr ovi de el ect r i cal  
equi pment ,  i ncl udi ng mot or s and wi r i ng,  as speci f i ed i n Sect i on 
26 20 00I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de manual  or  aut omat i c 
cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he oper at i on 
speci f i ed and cont r ol  wi r i ng r equi r ed f or  cont r ol s and devi ces 
speci f i ed,  but  not  shown.   For  packaged equi pment ,  i ncl ude 
manuf act ur er  pr ovi ded cont r ol l er s wi t h t he r equi r ed moni t or s and t i med 
r est ar t .

b.   For  s i ngl e- phase mot or s,  pr ovi de hi gh- ef f i c i ency t ype,  
f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s,  i ncl udi ng mot or s 
t hat  ar e par t  of  a syst em,  i n accor dance wi t h NEMA MG 11.   Pr ovi de 
pr emi um ef f i c i ency t ype i nt egr al  s i ze mot or s i n accor dance wi t h 
NEMA MG 1.

c.   For  pol yphase mot or s,  pr ovi de squi r r el - cage medi um i nduct i on mot or s,  
i ncl udi ng mot or s t hat  ar e par t  of  a syst em ,  and t hat  meet  t he 
ef f i c i ency r at i ngs f or  pr emi um ef f i c i ency mot or s i n accor dance wi t h 
NEMA MG 1.   Sel ect  pr emi um ef f i c i ency pol yphase mot or s i n accor dance 
wi t h NEMA MG 10.

d.   Pr ovi de mot or s i n accor dance wi t h NEMA MG 1 and of  suf f i c i ent  s i ze t o 
dr i ve t he l oad at  t he speci f i ed capaci t y wi t hout  exceedi ng t he 
namepl at e r at i ng of  t he mot or .   Pr ovi de mot or s r at ed f or  cont i nuous 
dut y wi t h t he encl osur e speci f i ed.   Pr ovi de mot or  dut y t hat  al l ows f or  
maxi mum f r equency st ar t - st op oper at i on and mi ni mum encount er ed 
i nt er val  bet ween st ar t  and st op.   Pr ovi de mot or  t or que capabl e of  
accel er at i ng t he connect ed l oad wi t hi n 20 seconds wi t h 80 per cent  of  
t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s dur i ng one st ar t i ng 
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per i od.   Pr ovi de mot or  st ar t er s compl et e wi t h t her mal  over l oad 
pr ot ect i on and ot her  necessar y appur t enances.   Fi t  mot or  bear i ngs wi t h 
gr ease suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  t he encl osur e.

e.   Wher e t wo- speed or  var i abl e- speed mot or s ar e i ndi cat ed,  sol i d- st at e 
var i abl e- speed cont r ol l er s ar e al l owed t o accompl i sh t he same 
f unct i on.   Use sol i d- st at e var i abl e- speed cont r ol l er s f or  mot or s r at ed 
10 hp or  l ess and adj ust abl e f r equency dr i ves f or  l ar ger  mot or s.   
Pr ovi de var i abl e f r equency dr i ves f or  mot or s as speci f i ed i n Sect i on 
26 29 23 ADJUSTABLE SPEED DRI VE SYSTEMS UNDER 600 VOLTS.

2. 5   ANCHOR BOLTS

Pr ovi de anchor  bol t s f or  equi pment  pl aced on concr et e equi pment  pads or  on 
concr et e s l abs.   Bol t s t o be of  t he s i ze and number  r ecommended by t he 
equi pment  manuf act ur er  and l ocat ed by means of  sui t abl e t empl at es.   
I nst al l at i on of  anchor  bol t s must  not  degr ade t he sur r oundi ng concr et e.

2. 6   SEI SMI C ANCHORAGE

Anchor  equi pment  i n accor dance wi t h appl i cabl e sei smi c cr i t er i a f or  t he 
ar ea and as def i ned i n SMACNA 1981

2. 7   PAI NTI NG

Pai nt  equi pment  uni t s i n accor dance wi t h appr oved equi pment  manuf act ur er ' s 
st andar ds unl ess speci f i ed ot her wi se.   Fi el d r et ouch onl y i f  appr oved.   
Ot her wi se,  r et ur n equi pment  t o t he f act or y f or  r ef i ni shi ng.

2. 8   I NDOOR AI R QUALI TY

Pr ovi de equi pment  and component s t hat  compl y wi t h t he r equi r ement s of  
ASHRAE 62. 1 unl ess mor e st r i ngent  r equi r ement s ar e speci f i ed her ei n.

2. 9   DUCT SYSTEMS

2. 9. 1   Met al  Duct wor k

Pr ovi de met al  duct wor k const r uct i on,  i ncl udi ng al l  f i t t i ngs and 
component s,  t hat  compl i es wi t h SMACNA 1966,  as suppl ement ed and modi f i ed 
by t hi s speci f i cat i on .

b.   Pr ovi de r adi us t ype el bows wi t h a cent er l i ne r adi us of  1. 5 t i mes t he 
wi dt h or  di amet er  of  t he duct  wher e space per mi t s.   Ot her wi se,  el bows 
havi ng a mi ni mum r adi us equal  t o t he wi dt h or  di amet er  of  t he duct  or  
squar e el bows wi t h f act or y f abr i cat ed t ur ni ng vanes ar e al l owed.

c.   Pr ovi de duct wor k t hat  meet s t he r equi r ement s of  Seal  Cl ass C.   Pr ovi de 
duct wor k i n VAV syst ems upst r eam of  t he VAV boxes t hat  meet s t he 
r equi r ement s of  Seal  Cl ass A.

e.   Pr ovi de seal ant s t hat  conf or m t o f i r e hazar d c l assi f i cat i on speci f i ed 
i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS and ar e 
sui t abl e f or  t he r ange of  ai r  di st r i but i on and ambi ent  t emper at ur es t o 
whi ch i t  i s  exposed.   Do not  use pr essur e sensi t i ve t ape as a 
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seal ant .   Pr ovi de duct  seal ant  pr oduct s t hat  meet  ei t her  emi ssi ons 
r equi r ement s of  CDPH SECTI ON 01350 ( l i mi t  r equi r ement s f or  ei t her  
of f i ce or  c l assr oom spaces r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  SCAQMD Rul e 1168 ( HVAC duct  seal ant s ar e c l assi f i ed as 
" Ot her "  wi t hi n t he SCAQMD Rul e 1168 seal ant s t abl e) .   Pr ovi de 
val i dat i on of  i ndoor  ai r  qual i t y f or  duct  seal ant s.

f .   Make spi r al  l ock seam duct ,  and f l at  oval  wi t h duct  seal ant  and l ock 
wi t h not  l ess t han 3 equal l y spaced dr i ve scr ews or  ot her  appr oved 
met hods i ndi cat ed i n SMACNA 1966.   Appl y t he seal ant  t o t he exposed 
mal e par t  of  t he f i t t i ng col l ar  so t hat  t he seal er  i s on t he i nsi de of  
t he j oi nt  and f ul l y pr ot ect ed by t he met al  of  t he duct  f i t t i ng.   Appl y 
one br ush coat  of  t he seal ant  over  t he out si de of  t he j oi nt  t o at  l east
 2 i nch band wi dt h cover i ng al l  scr ew heads and j oi nt  gap.   Dent s i n 
t he mal e por t i on of  t he s l i p f i t t i ng col l ar  ar e not  accept abl e.

g.   Fabr i cat e out door  ai r  i nt ake duct s and pl enums wi t h wat er t i ght  
sol der ed or  br azed j oi nt s and seams.

2. 9. 1. 1   Met al l i c  Fl exi bl e Duct

a.   Pr ovi de duct  t hat  conf or ms t o UL 181 and NFPA 90A wi t h f act or y- appl i ed 
i nsul at i on,  vapor  bar r i er ,  and end connect i ons.   Pr ovi de duct  assembl y 
t hat  does not  exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped.   
Pr ovi de duct s desi gned f or  wor ki ng pr essur es of  2 i nches wat er  gauge 
posi t i ve and 1. 5 i nches wat er  gauge negat i ve.   Pr ovi de f l exi bl e r ound 
duct  l engt h t hat  does not  exceed 5 f eet .   Secur e connect i ons by 
appl y i ng adhesi ve f or  2 i nches over  r i gi d duct ,  appl y f l exi bl e duct  2 
i nches over  r i gi d duct ,  appl y met al  c l amp,  and pr ovi de mi ni mum of  
t hr ee No.  8 sheet  met al  scr ews t hr ough cl amp and r i gi d duct .

b.   I nner  duct  cor e:   Pr ovi de i nt er l ocki ng spi r al  or  hel i cal l y cor r ugat ed 
f l exi bl e cor e const r uct ed of  z i nc- coat ed st eel ,  al umi num,  or  st ai nl ess 
st eel ;  or  const r uct ed of  i nner  l i ner  of  cont i nuous gal vani zed spr i ng 
st eel  wi r e hel i x f used t o cont i nuous,  f i r e- r et ar dant ,  f l exi bl e vapor  
bar r i er  f i l m,  i nner  duct  cor e.

c.   I nsul at i on:   Pr ovi de i nner  duct  cor e t hat  i s i nsul at ed wi t h mi ner al  
f i ber  bl anket  t ype f l exi bl e i nsul at i on,  mi ni mum of  1 i nch t hi ck.   
Pr ovi de i nsul at i on cover ed on ext er i or  wi t h manuf act ur er ' s st andar d 
f i r e r et ar dant  vapor  bar r i er  j acket  f or  f l exi bl e r ound duct .

2. 9. 1. 2   I nsul at ed Nonmet al l i c  Fl exi bl e Duct  Runout s

Use f l exi bl e duct  r unout s onl y wher e i ndi cat ed.   Runout  l engt h i s 
i ndi cat ed on t he dr awi ngs,  and i s not  t o exceed 5 f eet .   Pr ovi de r unout s 
t hat  ar e pr ei nsul at ed,  f act or y f abr i cat ed,  and t hat  compl y wi t h NFPA 90A 
and UL 181.   Pr ovi de ei t her  f i el d or  f act or y appl i ed vapor  bar r i er .   
Pr ovi de not  l ess t han 20 ounce gl ass f abr i c duct  connect or s coat ed on bot h 
s i des wi t h neopr ene.   Wher e coi l  i nduct i on or  hi gh vel oci t y uni t s ar e 
suppl i ed wi t h ver t i cal  ai r  i nl et s,  use a st r eaml i ned,  vaned and mi t er ed 
el bow t r ansi t i on pi ece f or  connect i on t o t he f l exi bl e duct  or  hose.   
Pr ovi de a di e- st amped el bow and not  a f l exi bl e connect or  as t he l ast  el bow 
t o t hese uni t s ot her  t han t he ver t i cal  ai r  i nl et  t ype.   I nsul at ed f l exi bl e 
connect or s ar e al l owed as r unout s.   Pr ovi de i nsul at ed mat er i al  and vapor  
bar r i er  t hat  conf or m t o t he r equi r ement s of  Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Do not  expose t he i nsul at i on mat er i al  
sur f ace t o t he ai r  st r eam.
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2. 9. 1. 3   Gener al  Ser vi ce Duct  Connect or s

Pr ovi de a f l exi bl e duct  connect or  appr oxi mat el y 6 i nches i n wi dt h wher e 
sheet  met al  connect i ons ar e made t o f ans or  wher e duct s of  di ssi mi l ar  
met al s ar e connect ed.   For  r ound/ oval  duct s,  secur e t he f l exi bl e mat er i al  
by st ai nl ess st eel  or  z i nc- coat ed,  i r on c l i nch- t ype dr aw bands.   For  
r ect angul ar  duct s,  i nst al l  t he f l exi bl e mat er i al  l ocked t o met al  col l ar s 
usi ng nor mal  duct  const r uct i on met hods.   Pr ovi de a composi t e connect or  
syst em t hat  compl i es wi t h NFPA 701 and i s c l assi f i ed as " f l ame- r et ar dent  
f abr i cs"  i n UL Bl d Mat  Di r .

2. 9. 1. 4   Hi gh Temper at ur e Ser vi ce Duct  Connect i ons

Pr ovi de mat er i al  t hat  i s  appr oxi mat el y 3/ 32 i nch t hi ck,   35 t o 40- ounce 
per  squar e yar d wei ght ,  pl ai n weave f i br ous gl ass c l ot h wi t h,  
ni ckel / chr ome wi r e r ei nf or cement  f or  ser vi ce i n excess of  1200 degr ees F.

2. 9. 1. 5   Al umi num Duct s

 ASTM B209,  al l oy 3003- H14 f or  al umi num sheet  and al l oy 6061- T6 or  
equi val ent  st r engt h f or  al umi num connect or s and bar  st ock.

2. 9. 1. 6   Copper  Sheet s

ASTM B152/ B152M,  l i ght  col d r ol l ed t emper .

2. 9. 1. 7   Cor r osi on Resi st i ng ( St ai nl ess)  St eel  Sheet s

ASTM A167

2. 9. 2   Duct  Access Door s

Pr ovi de hi nged access door s conf or mi ng t o SMACNA 1966 i n duct wor k and 
pl enums wher e i ndi cat ed and at  al l  ai r  f l ow measur i ng pr i mar i es,  aut omat i c 
damper s,  f i r e damper s,  coi l s,  t her most at s,  and ot her  appar at us r equi r i ng 
ser vi ce and i nspect i on i n t he duct  syst em.   Pr ovi de access door s upst r eam 
and downst r eam of  ai r  f l ow measur i ng pr i mar i es and heat i ng and cool i ng 
coi l s.   Pr ovi de door s t hat  ar e a mi ni mum 15 by 18 i nches,  unl ess ot her wi se 
shown.   Wher e duct  s i ze does not  accommodat e t hi s s i ze door ,  make t he 
door s as l ar ge as pr act i cabl e.   Equi p door s 24 by 24 i nches or  l ar ger  wi t h 
f ast ener s oper abl e f r om i nsi de and out si de t he duct .   Use i nsul at ed t ype 
door s i n i nsul at ed duct s.

2. 9. 3   Fi r e Damper s

Use 1. 5 hour  r at ed f i r e damper s unl ess ot her wi se i ndi cat ed.   Pr ovi de f i r e 
damper s t hat  conf or m t o t he r equi r ement s of  NFPA 90A and UL 555.   Per f or m 
t he f i r e damper  t est  as out l i ned i n NFPA 90A.   Pr ovi de a pr essur e r el i ef  
door  upst r eam of  t he f i r e damper .   I f  t he duct wor k connect ed t o t he f i r e 
damper  i s t o be i nsul at ed t hen pr ovi de a f act or y i nst al l ed pr essur e r el i ef  
damper .   Pr ovi de aut omat i c oper at i ng f i r e damper s wi t h a dynami c r at i ng 
sui t abl e f or  t he maxi mum ai r  vel oci t y and pr essur e di f f er ent i al  t o whi ch 
i t  i s  subj ect ed.   Pr ovi de f i r e damper s appr oved f or  t he speci f i c  
appl i cat i on,  and i nst al l  accor di ng t o t hei r  l i s t i ng.   Equi p f i r e damper s 
wi t h a st eel  s l eeve or  adequat el y s i zed f r ame i nst al l ed i n such a manner  
t hat  di sr upt i on of  t he at t ached duct wor k,  i f  any,  does not  i mpai r  t he 
oper at i on of  t he damper .   Equi p s l eeves or  f r ames wi t h per i met er  mount i ng 
angl es at t ached on bot h s i des of  t he wal l  or  f l oor  openi ng.   Const r uct  
duct wor k i n f i r e- r at ed f l oor - cei l i ng or  r oof - cei l i ng assembl y syst ems wi t h 
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ai r  duct s t hat  pi er ce t he cei l i ng of  t he assembl i es i n conf or mance wi t h 
UL Fi r e Resi st ance.   Pr ovi de i n t he ai r  st r eam f i r e damper s.   I nst al l  
damper s t hat  do not  r educe t he duct  or  t he ai r  t r ansf er  openi ng 
cr oss- sect i onal  ar ea.   I nst al l  damper s so t hat  t he cent er l i ne of  t he 
damper  dept h or  t hi ckness i s l ocat ed i n t he cent er l i ne of  t he wal l ,  
par t i t i on or  f l oor  s l ab dept h or  t hi ckness.   Unl ess ot her wi se i ndi cat ed,  
compl y wi t h t he i nst al l at i on det ai l s gi ven i n SMACNA 1819 and i n 
manuf act ur er ' s i nst r uct i ons f or  f i r e damper s.   Per f or m accept ance t est i ng 
of  f i r e damper s accor di ng t o par agr aph Fi r e Damper  Accept ance Test  and 
NFPA 90A.

2. 9. 4   Manual  Bal anci ng Damper s

Fur ni sh manual  bal anci ng damper s wi t h accessi bl e oper at i ng mechani sms.   
Use chr omi um pl at ed oper at or s ( wi t h al l  exposed edges r ounded)  i n f i ni shed 
por t i ons of  t he bui l di ng.   Pr ovi de manual  vol ume cont r ol  damper s t hat  ar e 
oper at ed by l ocki ng- t ype quadr ant  oper at or s.   I nst al l  damper s t hat  ar e 2 
gauges heavi er  t han t he duct  i n whi ch i nst al l ed.   Unl ess ot her wi se 
i ndi cat ed,  pr ovi de opposed bl ade t ype mul t i l eaf  damper s wi t h maxi mum bl ade 
wi dt h of  12 i nches.   Pr ovi de access door s or  panel s f or  al l  conceal ed 
damper  oper at or s and l ocki ng set scr ews.   Pr ovi de st and- of f  mount i ng 
br acket s,  bases,  or  adapt er s not  l ess t han t he t hi ckness of  t he i nsul at i on 
when t he l ocki ng- t ype quadr ant  oper at or s f or  damper s ar e i nst al l ed on 
duct s t o be t her mal l y i nsul at ed,  t o pr ovi de cl ear ance bet ween t he duct  
sur f ace and t he oper at or .   Pr ovi de st and- of f  mount i ng i t ems t hat  ar e 
i nt egr al  wi t h t he oper at or  or  st andar d accessor y of  t he damper  
manuf act ur er .

2. 9. 5   Ai r  Suppl y And Exhaust  Ai r  Damper s

Pr ovi de out door  ai r  suppl y and exhaust  ai r  damper s t hat  have a maxi mum 
l eakage r at e when t est ed i n accor dance wi t h AMCA 500- D as r equi r ed by 
ASHRAE 90. 1 -  I P,  i ncl udi ng maxi mum Damper  Leakage f or :  

a.   Cl i mat e Zones 1, 2, 6, 7, 8 t he maxi mum damper  l eakage at  1. 0 i nch w. g.  
f or  mot or i zed damper s i s 4 cf m per  squar e f oot  of  damper  ar ea and 
non- mot or i zed damper s ar e not  al l owed.  

b.   Al l  ot her  Cl i mat e Zones t he maxi mum damper  l eakage at  1. 0 i nch w. g.  i s  
10 cf m per  squar e f oot  and f or  non- mot or i zed damper s i s 20 cf m per  
squar e f oot  of  damper  ar ea.

Damper s smal l er  t han 24 i nches i n ei t her  di r ect i on may have l eakage of  40 
cf m per  squar e f oot .

2. 9. 6   Ai r  Def l ect or s ( Vol ume Ext r act or s)  and Br anch Connect i ons

Pr ovi de ai r  def l ect or s ( vol ume ext r act or s)  at  al l  duct  mount ed suppl y 
out l et s,  at  t akeof f  or  ext ensi on col l ar s t o suppl y out l et s,  at  duct  br anch 
t akeof f  connect i ons,  and at  90 degr ee el bows,  as wel l  as at  l ocat i ons as 
i ndi cat ed on t he dr awi ngs or  ot her wi se speci f i ed.   Coni cal  br anch 
connect i ons or  45 degr ee ent r y connect i ons ar e al l owed i n l i eu of  
def l ect or s f or  br anch connect i ons.   Fur ni sh al l  ai r  def l ect or s ( vol ume 
ext r act or s) ,  except  t hose i nst al l ed i n 90 degr ee el bows,  wi t h an appr oved 
means of  adj ust ment .   Pr ovi de easi l y accessi bl e means f or  adj ust ment  
i nsi de t he duct  or  f r om an adj ust ment  wi t h st ur dy l ock on t he f ace of  t he 
duct .   When i nst al l ed on duct s t o be t her mal l y i nsul at ed,  pr ovi de ext er nal  
adj ust ment s wi t h st and- of f  mount i ng br acket s,  i nt egr al  wi t h t he adj ust ment  
devi ce,  t o pr ovi de cl ear ance bet ween t he duct  sur f ace and t he adj ust ment  
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devi ce not  l ess t han t he t hi ckness of  t he t her mal  i nsul at i on.   Pr ovi de 
f act or y- f abr i cat ed ai r  def l ect or s consi st i ng of  cur ved t ur ni ng vanes or  
l ouver  bl ades desi gned t o pr ovi de uni f or m ai r  di st r i but i on and change of  
di r ect i on wi t h mi ni mum t ur bul ence or  pr essur e l oss.   Pr ovi de f act or y or  
f i el d assembl ed ai r  def l ect or s ( vol ume ext r act or s) .   Make adj ust ment  f r om 
t he f ace of  t he di f f user  or  by posi t i on adj ust ment  and l ock ext er nal  t o 
t he duct .   Pr ovi de st and- of f  br acket s on i nsul at ed duct s as descr i bed 
her ei n.   Pr ovi de f i xed ai r  def l ect or s ( vol ume ext r act or s) ,  al so cal l ed 
t ur ni ng vanes,  i n 90 degr ee el bows.

2. 9. 7   Pl enums and Casi ngs f or  Fi el d- Fabr i cat ed Uni t s

2. 9. 7. 1   Pl enum and Casi ngs

Fabr i cat e and er ect  pl enums and casi ngs as shown i n SMACNA 1966,  as 
appl i cabl e.   Const r uct  syst em casi ng of  not  l ess t han 16 gauge gal vani zed 
sheet  st eel .   Fur ni sh cool i ng coi l  dr ai n pans wi t h 1 i nch t hr eaded out l et  
t o col l ect  condensat i on f r om t he cool i ng coi l s.   Fabr i cat e dr ai n pans f r om 
not  l i ght er  t han 16 gauge st eel ,  gal vani zed af t er  f abr i cat i on or  of  18 
gauge cor r osi on- r esi st i ng sheet  st eel  conf or mi ng t o ASTM A167,  Type 304,  
wel ded and st i f f ened.   Ther mal l y i nsul at e dr ai n pans exposed t o t he 
at mospher e t o pr event  condensat i on.   Coat  i nsul at i on wi t h a f l ame 
r esi st ant  wat er pr oof i ng mat er i al .   Pr ovi de separ at e dr ai n pans f or  each 
ver t i cal  coi l  sect i on,  and a separ at e dr ai n l i ne f or  each pan.   Si ze pans 
t o ensur e capt ur e of  ent r ai ned moi st ur e on t he downst r eam- ai r  s i de of  t he 
coi l .   Seal  openi ngs i n t he casi ng,  such as f or  pi pi ng connect i ons,  t o 
pr event  ai r  l eakage.   Si ze t he wat er  seal  f or  t he dr ai n t o mai nt ai n a 
pr essur e of  at  l east  2 i nch wat er  gauge gr eat er  t han t he maxi mum negat i ve 
pr essur e i n t he coi l  space.

2. 9. 7. 2   Casi ng

Ter mi nat e casi ngs at  t he cur b l i ne and bol t  each t o t he cur b usi ng 
gal vani zed angl e,  as i ndi cat ed i n SMACNA 1966.

2. 9. 7. 3   Access Door s

Pr ovi de access door s i n each sect i on of  t he casi ng.   Wel d door f r ames i n 
pl ace,  gasket  each door  wi t h neopr ene,  hi nge wi t h mi ni mum of  t wo br ass 
hi nges,  and f ast en wi t h a mi ni mum of  t wo br ass t ensi on f ast ener s oper abl e 
f r om i nsi de and out si de of  t he casi ng.   Wher e possi bl e,  make door s 36 by 
18 i nches and l ocat e t hem 18 i nches above t he f l oor .   Wher e t he space 
avai l abl e does not  accommodat e door s of  t hi s s i ze,  use door s as l ar ge as 
t he space accommodat es.   Swi ng door s so t hat  f an suct i on or  pr essur e hol ds 
door s i n c l osed posi t i on,  ai r t i ght .   Pr ovi de a push- but t on st at i on,  
l ocat ed i nsi de t he casi ng,  t o st op t he suppl y.

2. 9. 7. 4   Fact or y- Fabr i cat ed I nsul at ed Sheet  Met al  Panel s

Fact or y- f abr i cat ed component s ar e al l owed f or  f i el d- assembl ed uni t s,  
pr ovi ded al l  r equi r ement s speci f i ed f or  f i el d- f abr i cat ed pl enums and 
casi ngs ar e met .   Pr ovi de panel s of  modul ar  desi gn,  pr et est ed f or  
st r uct ur al  st r engt h,  t her mal  cont r ol ,  condensat i on cont r ol ,  and acoust i cal  
cont r ol .   Seal  and i nsul at e panel  j oi nt s.   Pr ovi de and gasket  access door s 
t o pr event  ai r  l eakage.   Pr ovi de panel  const r uct i on t hat  i s not  l ess t han 
20 gauge gal vani zed sheet  st eel ,  assembl ed wi t h f ast ener s t r eat ed agai nst  
cor r osi on.   Pr ovi de st andar d l engt h panel s t hat  def l ect  not  mor e t han 1/ 2 
i nch under  oper at i on.   Const r uct  det ai l s,  i ncl udi ng j oi nt  seal i ng,  not  
speci f i cal l y cover ed,  as i ndi cat ed i n SMACNA 1966.   Const r uct  t he pl enums 
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and casi ngs t o wi t hst and t he speci f i ed i nt er nal  pr essur e of  t he ai r  
syst ems.

2. 9. 7. 5   Duct  Li ner

Unl ess ot her wi se speci f i ed,  duct  l i ner  i s not  per mi t t ed.

2. 9. 8   Sound At t enuat i on Equi pment

2. 9. 8. 1   Syst ems wi t h t ot al  pr essur e above 4 I nches Wat er  Gauge

Pr ovi de sound at t enuat or s on t he di schar ge duct  of  each f an oper at i ng at  a 
t ot al  pr essur e above 4 i nch wat er  gauge,  and,  when i ndi cat ed,  at  t he 
i nt ake of  each f an syst em.   Pr ovi de sound at t enuat or s el sewher e as 
i ndi cat ed.   Pr ovi de f act or y f abr i cat ed sound at t enuat or s,  t est ed by an 
i ndependent  l abor at or y f or  sound and per f or mance char act er i st i cs.   Pr ovi de 
a net  sound r educt i on as i ndi cat ed.   Maxi mum per mi ssi bl e pr essur e dr op i s 
not  t o exceed 0. 63 i nch wat er  gauge.   Const r uct  t r aps t o be ai r t i ght  when 
oper at i ng under  an i nt er nal  st at i c pr essur e of  10 i nch wat er  gauge.   
Pr ovi de ai r - s i de sur f ace capabl e of  wi t hst andi ng ai r  vel oci t y of  10, 000 f pm.   
Cer t i f y t hat  t he equi pment  can obt ai n t he sound r educt i on val ues speci f i ed 
af t er  t he equi pment  i s i nst al l ed i n t he syst em and coor di nat ed wi t h t he 
sound i nf or mat i on of  t he syst em f an t o be pr ovi ded.   Pr ovi de sound 
absor bi ng mat er i al  conf or mi ng t o ASTM C1071,  Type I  or  I I .   Pr ovi de sound 
absor bi ng mat er i al  t hat  meet s t he f i r e hazar d r at i ng r equi r ement s f or  
i nsul at i on speci f i ed i n Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL 
SYSTEMS.   For  connect i on t o duct wor k,  pr ovi de a duct  t r ansi t i on sect i on.   
Fact or y f abr i cat ed doubl e- wal l ed i nt er nal l y i nsul at ed spi r al  l ock seam and 
r ound duct  and f i t t i ngs desi gned f or  hi gh pr essur e ai r  syst em can be 
pr ovi ded i f  compl yi ng wi t h r equi r ement s speci f i ed f or  f act or y f abr i cat ed 
sound at t enuat or s,  i n l i eu of  f act or y f abr i cat ed sound at t enuat or s.   
Const r uct  t he doubl e- wal l ed duct  and f i t t i ngs f r om an out er  met al  pr essur e 
shel l  of  z i nc- coat ed st eel  sheet ,  1 i nch t hi ck acoust i cal  bl anket  
i nsul at i on,  and an i nt er nal  per f or at ed zi nc- coat ed met al  l i ner .   Pr ovi de a 
suf f i c i ent  l engt h of  r un t o obt ai n t he noi se r educt i on coef f i c i ent  
speci f i ed.   Cer t i f y t hat  t he sound r educt i on val ue speci f i ed can be 
obt ai ned wi t hi n t he l engt h of  duct  r un pr ovi ded.   Pr ovi de wel ded or  spi r al  
l ock seams on t he out er  sheet  met al  of  t he doubl e- wal l ed duct  t o pr event  
wat er  vapor  penet r at i on.   Pr ovi de duct  and f i t t i ngs wi t h an out er  sheet  
t hat  conf or ms t o t he met al  t hi ckness of  hi gh- pr essur e spi r al  and r ound 
duct s and f i t t i ngs shown i n SMACNA 1966.   Pr ovi de acoust i cal  i nsul at i on 
wi t h a t her mal  conduct i v i t y " k"  of  not  mor e t han 0. 27 Bt u/ i nch/ squar e 
f oot / hour / degr ee F at  75 degr ees F mean t emper at ur e.   Pr ovi de an i nt er nal  
per f or at ed zi nc- coat ed met al  l i ner  t hat  i s  not  l ess t han 24 gauge wi t h 
per f or at i ons not  l ar ger  t han 1/ 4 i nch i n di amet er  pr ovi di ng a net  open 
ar ea not  l ess t han 10 per cent  of  t he sur f ace.

2. 9. 8. 2   Syst em wi t h t ot al  pr essur e of  4 I nch Wat er  Gauge and Lower

Use sound at t enuat or s onl y wher e i ndi cat ed.   Pr ovi de f act or y f abr i cat ed 
sound at t enuat or s t hat  ar e const r uct ed of  gal vani zed st eel  sheet s.   
Pr ovi de at t enuat or  wi t h out er  casi ng t hat  i s not  l ess t han 22 gauge.   
Pr ovi de f i br ous gl ass acoust i cal  f i l l .   Pr ovi de net  sound r educt i on 
i ndi cat ed.   Obt ai n val ues on a t est  uni t  not  l ess t han 24 by 24 i nches 
out si de di mensi ons made by a cer t i f i ed nat i onal l y r ecogni zed i ndependent  
acoust i cal  l abor at or y.   Pr ovi de ai r  f l ow capaci t y as i ndi cat ed or  
r equi r ed.   Pr ovi de pr essur e dr op t hr ough t he at t enuat or  t hat  does not  
exceed t he val ue i ndi cat ed,  or  t hat  i s  not  i n excess of  15 per cent  of  t he 
t ot al  ext er nal  st at i c pr essur e of  t he ai r  handl i ng syst em,  whi chever  i s 
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l ess.   Acoust i cal l y t est  at t enuat or s wi t h met al  duct  i nl et  and out l et  
sect i ons whi l e under  t he r at ed ai r  f l ow condi t i ons.   I ncl ude wi t h t he 
noi se r educt i on dat a t he ef f ect s of  f l anki ng pat hs and vi br at i on 
t r ansmi ssi on.   Const r uct  sound at t enuat or s t o be ai r t i ght  when oper at i ng 
at  t he i nt er nal  st at i c pr essur e i ndi cat ed or  speci f i ed f or  t he duct  
syst em,  but  i n no case l ess t han 2 i nch wat er  gauge.

2. 9. 8. 3   Acoust i cal  Duct  Li ner

Use f i br ous gl ass desi gned or  f l exi bl e el ast omer i c duct  l i ner  f or  l i ni ng 
duct wor k and conf or mi ng t o t he r equi r ement s of  ASTM C1071,  Type I  and I I .   
Pr ovi de uni f or m densi t y,  gr aduat ed densi t y,  or  dual  densi t y l i ner  
composi t i on,  as st andar d wi t h t he manuf act ur er .   Pr ovi de not  l ess t han 1 
i nch t hi ck coat ed l i ni ng.   Wher e acoust i cal  duct  l i ner  i s used,  pr ovi de 
t he t her mal  equi val ent  of  t he i nsul at i on speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS f or  l i ner  or  combi nat i on of  
l i ner  and i nsul at i on appl i ed t o t he ext er i or  of  t he duct wor k.   I ncr ease 
duct  s i zes shown t o compensat e f or  t he t hi ckness of  t he l i ni ng used.   I n 
l i eu of  sheet  met al  duct  wi t h f i el d- appl i ed acoust i cal  l i ni ng,  pr ovi de 
acoust i cal l y equi val ent  l engt hs of  f i br ous gl ass duct ,  el ast omer i c duct  
l i ner  or  f act or y f abr i cat ed doubl e- wal l ed i nt er nal l y i nsul at ed duct  wi t h 
per f or at ed l i ner .

2. 9. 9   Di f f user s,  Regi st er s,  and Gr i l l es

Pr ovi de f act or y- f abr i cat ed uni t s of  cor r osi on- r esi st ant  st eel  t hat  
di st r i but e t he speci f i ed quant i t y of  ai r  evenl y over  space i nt ended 
wi t hout  causi ng not i ceabl e dr af t s,  ai r  movement  f ast er  t han 50 f pm i n 
occupi ed zone,  or  dead spot s anywher e i n t he condi t i oned ar ea.   Pr ovi de 
out l et s f or  di f f usi on,  spr ead,  t hr ow,  and noi se l evel  as r equi r ed f or  
speci f i ed per f or mance.   Cer t i f y per f or mance accor di ng t o ASHRAE 70.   
Pr ovi de sound r at ed and cer t i f i ed i nl et s and out l et s accor di ng t o ASHRAE 70.   
Pr ovi de sound power  l evel  as i ndi cat ed.   Pr ovi de di f f user s and r egi st er s 
wi t h vol ume damper  wi t h accessi bl e oper at or ,  unl ess ot her wi se i ndi cat ed;  
or  i f  st andar d wi t h t he manuf act ur er ,  an aut omat i cal l y cont r ol l ed devi ce 
i s accept abl e.   Pr ovi de opposed bl ade t ype vol ume damper s f or  al l  
di f f user s and r egi st er s,  except  l i near  s l ot  di f f user s.   Pr ovi de l i near  
s l ot  di f f user s wi t h r ound or  el l i pt i cal  bal anci ng damper s.   Wher e t he 
i nl et  and out l et  openi ngs ar e l ocat ed l ess t han 7 f eet  above t he f l oor ,  
pr ot ect  t hem by a gr i l l e or  scr een accor di ng t o NFPA 90A.

2. 9. 9. 1   Di f f user s

Pr ovi de di f f user  t ypes i ndi cat ed.   Fur ni sh cei l i ng mount ed uni t s wi t h 
ant i - smudge devi ces,  unl ess t he di f f user  uni t  mi ni mi zes cei l i ng smudgi ng 
t hr ough desi gn f eat ur es.   Pr ovi de di f f user s wi t h ai r  def l ect or s of  t he 
t ype i ndi cat ed.   Pr ovi de ai r  handl i ng t r of f er s or  combi nat i on l i ght  and 
cei l i ng di f f user s conf or mi ng t o t he r equi r ement s of  
UL El ect r i cal  Const r uct i on f or  t he i nt er changeabl e use as cool ed or  heat ed 
ai r  suppl y di f f user s or  r et ur n ai r  uni t s.   I nst al l  cei l i ng mount ed uni t s 
wi t h r i ms t i ght  agai nst  cei l i ng.   Pr ovi de sponge r ubber  gasket s bet ween 
cei l i ng and sur f ace mount ed di f f user s f or  ai r  l eakage cont r ol .   Pr ovi de 
sui t abl e t r i m f or  f l ush mount ed di f f user s.   For  connect i ng t he duct  t o 
di f f user ,  pr ovi de duct  col l ar  t hat  i s  ai r t i ght  and does not  i nt er f er e wi t h 
vol ume cont r ol l er .   Pr ovi de r et ur n or  exhaust  uni t s t hat  ar e s i mi l ar  t o 
suppl y di f f user s.
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2. 9. 9. 2   Regi st er s and Gr i l l es

Pr ovi de uni t s t hat  ar e f our - way di r ect i onal - cont r ol  t ype,  except  pr ovi de 
r et ur n and exhaust  r egi st er s t hat  ar e f i xed hor i zont al  or  ver t i cal  l ouver  
t ype si mi l ar  i n appear ance t o t he suppl y r egi st er  f ace.   Fur ni sh r egi st er s 
wi t h sponge- r ubber  gasket  bet ween f l anges and wal l  or  cei l i ng.   I nst al l  
wal l  suppl y r egi st er s at  l east  6 i nches bel ow t he cei l i ng unl ess ot her wi se 
i ndi cat ed.   Locat e r et ur n and exhaust  r egi st er s 6 i nches above t he f l oor  
unl ess ot her wi se i ndi cat ed.   Achi eve f our - way di r ect i onal  cont r ol  by a 
gr i l l e f ace whi ch can be r ot at ed i n 4 posi t i ons or  by adj ust ment  of  
hor i zont al  and ver t i cal  vanes.   Pr ovi de gr i l l es as speci f i ed f or  
r egi st er s,  wi t hout  vol ume cont r ol  damper .

2. 9. 10   Louver s

Pr ovi de l ouver s f or  i nst al l at i on i n ext er i or  wal l s t hat  ar e associ at ed 
wi t h t he ai r  suppl y and di st r i but i on syst em  as speci f i ed i n Sect i on 
07 60 00 FLASHI NG AND SHEET METAL .

2. 9. 11   Ai r  Vent s,  Pent houses,  and Goosenecks

Fabr i cat e ai r  vent s,  pent houses,  and goosenecks f r om gal vani zed st eel  or  
al umi num sheet s wi t h gal vani zed or  al umi num st r uct ur al  shapes.   Pr ovi de 
sheet  met al  t hi ckness,  r ei nf or cement ,  and f abr i cat i on t hat  conf or m t o 
SMACNA 1966.   Accur at el y f i t  and secur e l ouver  bl ades t o f r ames.   Fol d or  
bead edges of  l ouver  bl ades f or  r i gi di t y and baf f l e t hese edges t o excl ude 
dr i v i ng r ai n.   Pr ovi de ai r  vent s,  pent houses,  and goosenecks wi t h bi r d 
scr een.

2. 9. 12   Bi r d Scr eens and Fr ames

Pr ovi de bi r d scr eens t hat  conf or m t o ASTM E2016,  No.  2 mesh,  al umi num or  
st ai nl ess st eel .   Pr ovi de " medi um- l i ght "  r at ed al umi num scr eens.   Pr ovi de 
" l i ght "  r at ed st ai nl ess st eel  scr eens.   Pr ovi de r emovabl e t ype f r ames 
f abr i cat ed f r om ei t her  st ai nl ess st eel  or  ext r uded al umi num.

2. 9. 13   Radon Exhaust  Duct wor k

Fabr i cat e r adon exhaust  duct wor k i nst al l ed i n or  beneat h s l abs f r om 
Schedul e 40 PVC pi pe t hat  conf or ms t o ASTM D1785.   Pr ovi de f i t t i ngs t hat  
conf or m t o ASTM D2466.   Use sol vent  cement  conf or mi ng t o ASTM D2564 t o 
make j oi nt s.   Ot her wi se pr ovi de met al  r adon exhaust  duct wor k as speci f i ed 
her ei n.

2. 10   AI R SYSTEMS EQUI PMENT

2. 10. 1   Fans

Test  and r at e f ans accor di ng t o AMCA 210.   Cal cul at e syst em ef f ect  on ai r  
movi ng devi ces i n accor dance wi t h AMCA 201 wher e i nst al l ed duct wor k 
di f f er s f r om t hat  i ndi cat ed on dr awi ngs.   I nst al l  ai r  movi ng devi ces t o 
mi ni mi ze f an syst em ef f ect .   Wher e syst em ef f ect  i s  unavoi dabl e,  det er mi ne 
t he most  ef f ect i ve way t o accommodat e t he i nef f i c i enci es caused by syst em 
ef f ect  on t he i nst al l ed ai r  movi ng devi ce.   The sound power  l evel  of  t he 
f ans must  not  exceed 85 dBA when t est ed accor di ng t o AMCA 300 and r at ed i n 
accor dance wi t h AMCA 301.   Pr ovi de al l  f ans wi t h an AMCA seal .   Connect  
f ans t o t he mot or s ei t her  di r ect l y or  i ndi r ect l y wi t h V- bel t  dr i ve.   Use 
V- bel t  dr i ves desi gned f or  not  l ess t han 150 per cent  of  t he connect ed 
dr i v i ng capaci t y.   Pr ovi de var i abl e pi t ch mot or  sheaves f or  15 hp and 
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bel ow,  and f i xed pi t ch as def i ned by AHRI  Gui del i ne D ( A f i xed- pi t ch 
sheave i s pr ovi ded on bot h t he f an shaf t  and t he mot or  shaf t .  Thi s i s a 
non- adj ust abl e speed dr i ve. ) .   Sel ect  var i abl e pi t ch sheaves t o dr i ve t he 
f an at  a speed whi ch can pr oduce t he speci f i ed capaci t y when set  at  t he 
appr oxi mat e mi dpoi nt  of  t he sheave adj ust ment .   When f i xed pi t ch sheaves 
ar e f ur ni shed,  pr ovi de a r epl aceabl e sheave when needed t o achi eve syst em 
ai r  bal ance.   Pr ovi de mot or s f or  V- bel t  dr i ves wi t h adj ust abl e r ai l s or  
bases.   Pr ovi de r emovabl e met al  guar ds f or  al l  exposed V- bel t  dr i ves,  and 
pr ovi de speed- t est  openi ngs at  t he cent er  of  al l  r ot at i ng shaf t s.   Pr ovi de 
f ans wi t h per sonnel  scr eens or  guar ds on bot h suct i on and suppl y ends,  
except  t hat  t he scr eens need not  be pr ovi ded,  unl ess ot her wi se i ndi cat ed,  
wher e duct s ar e connect ed t o t he f an.   Pr ovi de f an and mot or  assembl i es 
wi t h v i br at i on- i sol at i on suppor t s or  mount i ngs as i ndi cat ed.   Use 
vi br at i on- i sol at i on uni t s t hat  ar e st andar d pr oduct s wi t h publ i shed 
l oadi ng r at i ngs.   Sel ect  each f an t o pr oduce t he capaci t y r equi r ed at  t he 
f an st at i c pr essur e i ndi cat ed.   Pr ovi de sound power  l evel  as i ndi cat ed.   
Obt ai n t he sound power  l evel  val ues accor di ng t o AMCA 300.   Pr ovi de 
st andar d AMCA ar r angement ,  r ot at i on,  and di schar ge as i ndi cat ed.   Pr ovi de 
power  vent i l at or s t hat  conf or m t o UL 705 and have a UL l abel .

2. 10. 1. 1   Cent r i f ugal  Fans

Pr ovi de f ul l y encl osed,  s i ngl e- wi dt h s i ngl e- i nl et ,  or  doubl e- wi dt h 
doubl e- i nl et  cent r i f ugal  f ans,  wi t h AMCA Pr essur e Cl ass I ,  I I ,  or  I I I  as 
r equi r ed or  i ndi cat ed f or  t he desi gn syst em pr essur e.   Pr ovi de i mpel l er  
wheel s t hat  ar e r i gi dl y const r uct ed and accur at el y bal anced bot h 
st at i cal l y and dynami cal l y.   Pr ovi de f or war d cur ved or  backwar d- i ncl i ned 
ai r f oi l  desi gn f an bl ades i n wheel  s i zes up t o 30 i nches.   Pr ovi de 
backwar d- i ncl i ned ai r f oi l  desi gn f an bl ades f or  wheel s over  30 i nches i n 
di amet er .     Pr ovi de f an wheel s over  36 i nches i n di amet er  wi t h over hung 
pul l eys and a bear i ng on each si de of  t he wheel .   Pr ovi de f an wheel s 36 
i nches or  l ess i n di amet er  t hat  have one or  mor e ext r a l ong bear i ngs 
bet ween t he f an wheel  and t he dr i ve.   Pr ovi de sl eeve t ype,  sel f - al i gni ng 
and sel f - oi l i ng bear i ngs wi t h oi l  r eser voi r s,  or  pr eci s i on sel f - al i gni ng 
r ol l er  or  bal l - t ype wi t h accessi bl e gr ease f i t t i ngs or  per manent l y 
l ubr i cat ed t ype.   Connect  gr ease f i t t i ngs t o t ubi ng f or  ser vi ceabi l i t y  
f r om a si ngl e accessi bl e poi nt .   Pr ovi de L50 r at ed bear i ng l i f e at  not  
l ess t han 200, 000 hour s as def i ned by ABMA 9 and ABMA 11.   Pr ovi de st eel ,  
accur at el y f i ni shed f an shaf t s,  wi t h key seat s and keys f or  i mpel l er  hubs 
and f an pul l eys.   Pr ovi de f an out l et s of  ampl e pr opor t i ons,  desi gned f or  
t he at t achment  of  angl es and bol t s f or  at t achi ng f l exi bl e connect i ons.   
Pr ovi demanual l y oper at ed i nl et  vanes on suct i on i nl et s.   Pr ovi de manual l y 
oper at ed out l et  damper s.   Unl ess ot her wi se i ndi cat ed,  pr ovi de mot or s t hat  
do not  exceed 1800 r pm and have dr i ppr oof  encl osur es.   Pr ovi de magnet i c 
r educed- vol t age- st ar t  t ype mot or  st ar t er s wi t h weat her - r esi st ant  encl osur e.
 

2. 10. 1. 2   I n- Li ne Cent r i f ugal  Fans

Pr ovi de i n- l i ne f ans wi t h cent r i f ugal  backwar d i ncl i ned bl ades,  st at i onar y 
di schar ge conver si on vanes,  i nt er nal  and ext er nal  bel t  guar ds,  and 
adj ust abl e mot or  mount s.   Mount  f ans i n a wel ded t ubul ar  casi ng.   Pr ovi de 
a f an t hat  axi al l y f l ows t he ai r  i n and out .   St r eaml i ne i nl et s wi t h 
conver si on vanes t o el i mi nat e t ur bul ence and pr ovi de smoot h di schar ge ai r  
f l ow.   Encl ose and i sol at e f an bear i ngs and dr i ve shaf t s f r om t he ai r  
st r eam.   Pr ovi de pr eci s i on,  sel f  al i gni ng bal l  or  r ol l er  t ype f an bear i ngs 
t hat  ar e seal ed agai nst  dust  and di r t  and ar e per manent l y l ubr i cat ed.   
Pr ovi de L50 r at ed bear i ng l i f e at  not  l ess t han 200, 000 hour s as def i ned 
by ABMA 9 and ABMA 11.   Pr ovi de mot or s wi t h dr i ppr oof  encl osur e.  
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2. 10. 1. 3   Axi al  Fl ow Fans

Pr ovi de axi al  f l ow f ans compl et e wi t h dr i ve component s and bel t  guar d,  
wi t h st eel  housi ng,  cast  f an wheel ,  cast  or  wel ded st eel  di f f user s,  f an 
shaf t ,  bear i ngs,  and mount i ng f r ame as a f act or y- assembl ed uni t .   Pr ovi de 
f an wheel s t hat  ar e dynami cal l y bal anced and keyed t o t he f an shaf t ,  wi t h 
r adi al l y pr oj ect i ng bl ades of  ai r f oi l  cr oss- sect i on.   Encl ose and i sol at e 
f an bear i ngs and dr i ve shaf t s f r om t he ai r  st r eam.   Per manent l y l ubr i cat e 
f an bear i ngs or  pr ovi de t hem wi t h accessi bl e gr ease f i t t i ngs.   Pr ovi de 
pr eci s i on sel f - al i gni ng bal l  or  r ol l er  t ype f an bear i ngs t hat  ar e seal ed 
agai nst  dust  and di r t .   Pr ovi de f an bear i ngs t hat  have a L50 r at ed bear i ng 
l i f e at  not  l ess t han 200, 000 hour s of  oper at i on as def i ned by ABMA 9 and 
ABMA 11.   Pr ovi de f an i nl et s wi t h an aer odynami cal l y shaped bel l  and an 
i nl et  cone.   I nst al l  di f f user  or  st r ai ght eni ng vanes at  t he f an di schar ge 
t o mi ni mi ze t ur bul ence and pr ovi de smoot h di schar ge ai r  f l ow.   Fur ni sh f an 
uni t  wi t h i nl et  scr een,  and manual  oper at i on adj ust abl e i nl et  vanes.   
Unl ess ot her wi se i ndi cat ed,  pr ovi de mot or s t hat  do not  exceed 1800 r pm and 
have dr i ppr oof  encl osur e.   Pr ovi de magnet i c mot or  st ar t er s acr oss- t he- l i ne 
wi t h weat her - r esi st ant  encl osur e.  

2. 10. 1. 4   Panel  Type Power  Wal l  Vent i l at or s

Pr ovi de pr opel l er  t ype f ans,  assembl ed on a r ei nf or ced met al  panel  wi t h 
vent ur i  openi ng spun i nt o panel .   Pr ovi de di r ect  or  V- bel t  dr i ven f ans 
wi t h wheel s l ess t han 24 i nches i n di amet er  and pr ovi de V- bel t  dr i ven f ans 
wi t h wheel s 24 i nches i n di amet er  and l ar ger .   Pr ovi de f ans wi t h wal l  
mount i ng col l ar .   Pr ovi de l ubr i cat ed bear i ngs.   Equi p f ans wi t h wheel  and 
mot or  s i de met al  or  wi r e guar ds whi ch have a cor r osi on- r esi st ant  f i ni sh.   
Pr ovi de dr i ppr oof  t ype mot or  encl osur e.   I nst al l  mot or  oper at ed backdr af t  
damper s wher e i ndi cat ed.

2. 10. 1. 5   Cent r i f ugal  Type Power  Wal l  Vent i l at or s

Pr ovi de di r ect  dr i ven cent r i f ugal  t ype f ans wi t h backwar d i ncl i ned,  
non- over l oadi ng wheel .   Pr ovi de r emovabl e and weat her pr oof  mot or  housi ng.   
Pr ovi de uni t  housi ng t hat  i s desi gned f or  seal i ng t o bui l di ng sur f ace and 
f or  di schar ge and condensat e dr i ppage away f r om bui l di ng sur f ace.   
Const r uct  housi ng of  heavy gauge al umi num.   Equi p uni t  wi t h an al umi num or  
pl at ed st eel  wi r e di schar ge bi r d scr een,  di sconnect  swi t ch,  manuf act ur er ' s 
st andar d mot or - oper at ed damper ,  an ai r t i ght  and l i qui d- t i ght  met al l i c  wal l  
s l eeve.   Pr ovi de dr i ppr oof  t ype mot or  encl osur e.   Use onl y l ubr i cat ed 
bear i ngs.

2. 10. 1. 6   Cent r i f ugal  Type Power  Roof  Vent i l at or s

Pr ovi de di r ect  dr i ven cent r i f ugal  t ype f ans wi t h backwar d i ncl i ned,  
non- over l oadi ng wheel .   Pr ovi de hi nged or  r emovabl e and weat her pr oof  mot or  
compar t ment  housi ng,  const r uct ed of  heavy gauge al umi num.   Pr ovi de f ans 
wi t h bi r dscr een,  di sconnect  swi t ch,   mot or i zed damper s,  and .   Pr ovi de 
dr i ppr oof  t ype mot or  encl osur e.   Pr ovi de cent r i f ugal  t ype ki t chen exhaust  
f ans accor di ng t o UL 705 and NFPA 96,  f i t t ed wi t h V- bel t  dr i ve,  r ound 
hood,  and wi ndband upbl ast  di schar ge conf i gur at i on,  i nt egr al  r esi due 
t r ough and col l ect i on devi ce,  wi t h mot or  and power  t r ansmi ssi on component s 
l ocat ed i n out si de posi t i vel y ai r  vent i l at ed compar t ment .   Use onl y 
l ubr i cat ed bear i ngs.   I f  t her e i s a conf l i c t  bet ween NFPA 96 and UL 705 
t he most  st r i ngent  wor di ng must  be adher ed t o.
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2. 10. 1. 7   Pr opel l er  Type Power  Roof  Vent i l at or s

Pr ovi de di r ect  dr i ven f ans.   Pr ovi de hi nged or  r emovabl e weat her t i ght  f an 
housi ng,  f i t t ed wi t h f r amed r ect angul ar  base const r uct ed of  al umi num or  
gal vani zed st eel .   Pr ovi de t ot al l y encl osed f an cool ed t ype mot or s.   
Fur ni sh mot or s wi t h nonf usi bl e,  hor sepower  r at ed,  manual  di sconnect  mount  
on uni t .   Fur ni sh f ans wi t h mot or  oper at ed damper s,  bi r dscr een.   Use onl y 
l ubr i cat ed bear i ngs.

2. 10. 1. 8   Ai r - Cur t ai n Fans

Pr ovi de f ans t hat  conf or m t o AMCA 220 wi t h AMCA seal .   Fur ni sh ai r  
cur t ai ns wi t h a weat her pr oof  housi ng const r uct ed of  hi gh i mpact  pl ast i c or  
mi ni mum 18 gauge r i gi d wel ded st eel .   Pr ovi de backwar d cur ved,  
non- over l oadi ng,  cent r i f ugal  t ype f an wheel s,  accur at el y bal anced 
st at i cal l y and dynami cal l y.   Pr ovi de mot or s wi t h t ot al l y encl osed f an 
cool ed encl osur es.   Pr ovi de r emot e manual  t ype mot or  st ar t er s wi t h 
weat her - r esi st ant  encl osur e act uat ed when t he door way ser ved i s open.   
Pr ovi de ai r  cur t ai ns t hat  at t ai n t he ai r  vel oci t i es speci f i ed wi t hi n 2 
seconds f ol l owi ng act i vat i on.   Pr ovi de bi r d scr eens at  ai r  i nt ake and 
di schar ge openi ngs.   Pr ovi de ai r  cur t ai n uni t  or  a mul t i pl e uni t  
i nst al l at i on t hat  i s at  l east  as wi de as t he openi ng t o be pr ot ect ed.   
Pr ovi de t he ai r  di schar ge openi ngs t o per mi t  out war d adj ust ment  of  t he 
di schar ge ai r .   Pl ace i nst al l at i on and adj ust  accor di ng t o t he 
manuf act ur er ' s wr i t t en r ecommendat i on.   Fur ni sh di r ect i onal  cont r ol s on 
ai r  cur t ai ns f or  ser vi ce wi ndows f or  easy cl ean or  conveni ent  r emoval .   
Desi gn ai r  cur t ai ns t o pr event  t he adj ust ment  of  t he ai r  vel oci t i es 
speci f i ed.   Make t he i nt er i or  sur f aces of  t he ai r  cur t ai n uni t s accessi bl e 
f or  c l eani ng.   Pr ovi de cer t i f i ed t est  dat a i ndi cat i ng t hat  t he f an can 
pr ovi de t he ai r  vel oci t i es r equi r ed when f an i s mount ed as i ndi cat ed.   
Pr ovi de ai r  cur t ai ns desi gned as f l y  f ans unl ess ot her wi se i ndi cat ed.   

2. 10. 1. 9   Cei l i ng Exhaust  Fans

Pr ovi de cent r i f ugal  t ype,  di r ect  dr i ven suspended cabi net - t ype cei l i ng 
exhaust  f ans.   Pr ovi de f ans wi t h acoust i cal l y i nsul at ed housi ng.   Pr ovi de 
chat t er - pr oof  backdr af t  damper .   Pr ovi de egg- cr at e desi gn or  l ouver  desi gn 
i nt egr al  f ace gr i l l e.   Mount  f an mot or s on vi br at i on i sol at or s.   Fur ni sh 
uni t  wi t h mount i ng f l ange f or  hangi ng uni t  f r om above.   Pr ovi de U. L.  
l i s t ed f ans.   Pr ovi de PL- 109- 58 l abel ed cei l i ng exhaust  f an pr oduct .   
Pr ovi de pr oof  of  PL- 109- 58 l abel  f or  cei l i ng exhaust  f an pr oduct .

2. 10. 2   Coi l s

Pr ovi de f i n- and- t ube t ype coi l s const r uct ed of  seaml ess copper  t ubes and 
al umi num f i ns mechani cal l y bonded or  sol der ed t o t he t ubes.   Pr ovi de 
copper  t ube wal l  t hi ckness t hat  i s a mi ni mum of  0. 020 i nches. .     Pr ovi de 
casi ng and t ube suppor t  sheet s t hat  ar e not  l i ght er  t han 16 gauge 
gal vani zed st eel ,  f or med t o pr ovi de st r uct ur al  st r engt h.   When r equi r ed,  
pr ovi de mul t i pl e t ube suppor t s t o pr event  t ube sag.   Mount  coi l s f or  
count er f l ow ser vi ce.   Rat e and cer t i f y coi l s t o meet  t he r equi r ement s of  
AHRI  410.

2. 10. 2. 1   Di r ect - Expansi on Coi l s

Pr ovi de sui t abl e di r ect - expansi on coi l s f or  t he r ef r i ger ant  i nvol ved.   
Pr ovi de r ef r i ger ant  pi pi ng t hat  conf or ms t o ASTM B280 and cl ean,  dehydr at e 
and seal .   Pr ovi de seaml ess copper  t ubi ng suct i on header s or  seaml ess or  
r esi st ance wel ded st eel  t ube suct i on header s wi t h copper  connect i ons.   
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Pr ovi de suppl y header s t hat  consi st  of  a di st r i but or  whi ch di st r i but es t he 
r ef r i ger ant  t hr ough seaml ess copper  t ubi ng equal l y t o al l  c i r cui t s i n t he 
coi l .   Pr ovi de ci r cui t ed t ubes t o ensur e mi ni mum pr essur e dr op and maxi mum 
heat  t r ansf er .   Pr ovi de ci r cui t i ng t hat  per mi t s r ef r i ger ant  f l ow f r om 
i nl et  t o suct i on out l et  wi t hout  causi ng oi l  s l uggi ng or  r est r i ct i ng 
r ef r i ger ant  f l ow i n coi l .   Pr ovi de f i el d i nst al l ed coi l s whi ch ar e 
compl et el y dehydr at ed and seal ed at  t he f act or y upon compl et i on of  
pr essur e t est s.   Pr essur e t est  coi l s i n accor dance wi t h UL 1995.

2. 10. 2. 2   Wat er  Coi l s

I nst al l  wat er  coi l s wi t h a pi t ch of  not  l ess t han 1/ 8 i nch/ f oot  of  t he 
t ube l engt h t owar d t he dr ai n end.   Use header s const r uct ed of  cast  i r on,  
wel ded st eel  or  copper .   Fur ni sh each coi l  wi t h a pl ugged vent  and dr ai n 
connect i on ext endi ng t hr ough t he uni t  casi ng.   Pr ovi de r emovabl e wat er  
coi l s wi t h dr ai n pans.   Pr essur e t est  coi l s i n accor dance wi t h UL 1995.

2. 10. 2. 3   St eam Heat i ng Coi l s

Const r uct  st eam coi l s f r om cast  semi st eel ,  wel ded st eel  or  copper  header s,  
and copper  t ubes.   Const r uct  header s f r om cast  i r on,  wel ded st eel  or  
copper .   Pr ovi de f i n t ube and header  sect i on t hat  f l oat  wi t hi n t he casi ng 
t o al l ow f r ee expansi on of  t ubi ng f or  coi l s subj ect  t o hi gh pr essur e st eam 
ser vi ce.   Pr ovi de each coi l  wi t h a f i el d or  f act or y i nst al l ed vacuum 
br eaker .   Pr ovi de si ngl e- t ube t ype coi l s wi t h t ubes not  l ess t han 1/ 2 i nch 
out si de di amet er ,  except  f or  st eam pr eheat  coi l s.   Pr ovi de suppl y header s 
t hat  di st r i but e st eam evenl y t o al l  t ubes at  t he i ndi cat ed st eam 
pr essur e.   Fact or y t est  coi l s t o ensur e t hat ,  when suppl i ed wi t h a uni f or m 
f ace vel oci t y,  t emper at ur e acr oss t he l eavi ng si de i s uni f or m wi t h a 
maxi mum var i at i on of  no mor e t han 5 per cent .   Pr essur e t est coi l s i n 
accor dance wi t h UL 1995.

2. 10. 2. 4   St eam Pr eheat  ( Nonf r eeze)  Coi l s

Pr ovi de st eam- di st r i but i on- t ube t ype st eam ( nonf r eeze)  coi l s wi t h 
condensi ng t ubes not  l ess t han 1 i nch out si de di amet er  f or  t ube l engt hs 60 
i nches and over  and 1/ 2 i nch out si de di amet er  f or  t ube l engt hs under  60 
i nches.   Const r uct  header s f r om cast  i r on,  wel ded st eel ,  or  copper .   
Pr ovi de di st r i but i on t ubes t hat  ar e not  l ess t han 5/ 8 i nch out si de 
di amet er  f or  t ube l engt hs 60 i nches and over  and 3/ 8 i nch out si de di amet er  
f or  t ube l engt hs under  60 i nches wi t h or i f i ces t o di schar ge st eam t o 
condensi ng t ubes.   I nst al l  di st r i but i on t ubes concent r i c i nsi de of  
condensi ng t ubes and hol d secur el y i n al i gnment .   Li mi t  maxi mum l engt h of  
a s i ngl e coi l  t o 144 i nches.   Fact or y t est  coi l s t o ensur e t hat ,  when 
suppl i ed wi t h a uni f or m f ace vel oci t y,  t emper at ur e acr oss t he l eavi ng si de 
i s uni f or m wi t h a maxi mum var i at i on of  no mor e t han 5 per cent .   Pr essur e 
t est  coi l s i n accor dance wi t h UL 1995.

2. 10. 3   Ai r  Fi l t er s

Li st  ai r  f i l t er s accor di ng t o r equi r ement s of  UL 900,  except  l i s t  hi gh 
ef f i c i ency par t i cul at e ai r  f i l t er s of  99. 97 per cent  ef f i c i ency by t he DOP 
Test  met hod under  t he Label  Ser vi ce t o meet  t he r equi r ement s of  UL 586.

2. 10. 3. 1   Ext ended Sur f ace Pl eat ed Panel  Fi l t er s

Pr ovi de 2 i nch dept h,  sect i onal ,  di sposabl e t ype f i l t er s of  t he s i ze 
i ndi cat ed wi t h a MERV of  8 when t est ed accor di ng t o ASHRAE 52. 2.   Pr ovi de 
i ni t i al  r esi st ance at  500 f pm t hat  does not  exceed 0. 36 i nches wat er  gauge.   
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Pr ovi de UL Cl ass 2 f i l t er s,  and nonwoven cot t on and synt het i c f i ber  mat  
medi a.   At t ach a wi r e suppor t  gr i d bonded t o t he medi a t o a moi st ur e 
r esi st ant  f i ber boar d f r ame.   Bond al l  f our  edges of  t he f i l t er  medi a t o 
t he i nsi de of  t he f r ame t o pr event  ai r  bypass and i ncr ease r i gi di t y.

2. 10. 3. 2   Ext ended Sur f ace Nonsuppor t ed Pocket  Fi l t er s

Pr ovi de 30 i nch dept h,  sect i onal ,  r epl aceabl e dr y medi a t ype f i l t er s of  
t he s i ze i ndi cat ed wi t h a MERV of  13 when t est ed accor di ng t o ASHRAE 52. 2.   
Pr ovi de i ni t i al  r esi st ance at  500 f pm t hat  does not  exceed 0. 45 i nches 
wat er  gauge.   Pr ovi de UL Cl ass 1 f i l t er s.   Pr ovi de f i br ous gl ass medi a,  
suppor t ed i n t he ai r  st r eam by a wi r e or  non- woven synt het i c backi ng and 
secur ed t o a gal vani zed st eel  met al  header .   Pr ovi de pocket s t hat  do not  
sag or  f l ap at  ant i c i pat ed ai r  f l ows.   I nst al l  each f i l t er   i n a f act or y 
pr eassembl ed,  s i de access housi ng or  a f act or y- made sect i onal  f r ame bank,  
as i ndi cat ed.

2. 10. 3. 3   Car t r i dge Type Fi l t er s

Pr ovi de 12 i nch dept h,  sect i onal ,  r epl aceabl e dr y medi a t ype f i l t er s of  
t he s i ze i ndi cat ed wi t h a MERV of  13 when t est ed accor di ng t o ASHRAE 52. 2.   
Pr ovi de i ni t i al  r esi st ance at  500 f pm t hat  does not  exceed 0. 56 i nches,  
wat er  gauge.   Pr ovi de UL cl ass 1 f i l t er s,  and pl eat ed mi cr ogl ass paper  
medi a wi t h cor r ugat ed al umi num separ at or s,  seal ed i nsi de t he f i l t er  cel l  
t o f or m a t ot al l y r i gi d f i l t er  assembl y.   Fl uct uat i ons i n f i l t er  f ace 
vel oci t y or  t ur bul ent  ai r f l ow have no ef f ect  on f i l t er  i nt egr i t y or  
per f or mance.   I nst al l  each f i l t er   i n a f act or y pr eassembl ed si de access 
housi ng,  or  a f act or y- made sect i onal  f r ame bank,  as i ndi cat ed.

2. 10. 3. 4   Sect i onal  Cl eanabl e Fi l t er s

Pr ovi de 2 i nch t hi ck c l eanabl e f i l t er s.   Pr ovi de vi scous adhesi ve i n 5 
gal l on cont ai ner s i n suf f i c i ent  quant i t y f or  12 c l eani ng oper at i ons and 
not  l ess t han one quar t  f or  each f i l t er  sect i on.   Pr ovi de one washi ng and 
char gi ng t ank f or  ever y 100 f i l t er  sect i ons or  f r act i on t her eof ;  wi t h each 
washi ng and char gi ng uni t  consi st i ng of  a t ank and si ngl e dr ai n r ack 
mount ed on l egs and dr ai n r ack wi t h di v i der s and par t i t i ons t o pr oper l y 
suppor t  t he f i l t er s i n t he dr ai ni ng posi t i on.

2. 10. 3. 5   Repl aceabl e Medi a Fi l t er s

Pr ovi de t he dr y- medi a t ype r epl aceabl e medi a f i l t er s,  of  t he s i ze r equi r ed 
t o sui t  t he appl i cat i on.   Pr ovi de f i l t er i ng medi a t hat  i s  not  l ess t han 2 
i nches t hi ck f i br ous gl ass medi a pad suppor t ed by a st r uct ur al  wi r e gr i d 
or  woven wi r e mesh.   Encl ose pad i n a hol di ng f r ame of  not  l ess t han 16 
gauge gal vani zed st eel ,  equi pped wi t h qui ck- openi ng mechani sm f or  changi ng 
f i l t er  medi a.   Base t he ai r  f l ow capaci t y of  t he f i l t er  on net  f i l t er  f ace 
vel oci t y not  exceedi ng 300 f pm,  wi t h i ni t i al  r esi st ance of  0. 13 i nches 
wat er  gauge.   Pr ovi de MERV t hat  i s not  l ess t han 8 when t est ed accor di ng 
t o ASHRAE 52. 2.

2. 10. 3. 6   Aut omat i c Renewabl e Medi a Fi l t er s

Pr ovi de t he f ol l owi ng:

a.   Aut omat i c,  r enewabl e medi a f i l t er s consi st i ng of  a hor i zont al  or  
ver t i cal  t r avel i ng cur t ai n of  adhesi ve- coat ed bonded f i br ous gl ass 
suppl i ed i n conveni ent  r ol l  f or m,  and f i l t er  t hat  does not  r equi r e 
wat er  suppl y,  sewer  connect i ons,  adhesi ve r eser voi r ,  or  spr i nkl er  
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equi pment  as par t  of  t he oper at i on and mai nt enance r equi r ement s.

b.   Basi c f r ame t hat  i s f abr i cat ed of  not  l ess t han 14 gauge gal vani zed 
st eel ,  and sect i onal  desi gn f i l t er s wi t h each sect i on of  each f i l t er  
f ul l y  f act or y assembl ed,  r equi r i ng no f i el d assembl y ot her  t han 
set t i ng i n pl ace next  t o any adj acent  sect i ons and t he i nst al l at i on of  
medi a i n r ol l  f or m.

c.   Each f i l t er  compl et e wi t h i ni t i al  l oadi ng of  f i l t er  medi a dr i ve mot or  
adequat e t o handl e t he number  of  sect i ons i nvol ved,  and pai nt ed st eel  
cont r ol  box cont ai ni ng a war ni ng l i ght  t o i ndi cat e medi a r unout ,  a 
r unout  swi t ch,  and a Hand- Of f - Aut o sel ect or  swi t ch.

d.   Medi a f eed acr oss t he f i l t er  f ace i n i ncr ement s aut omat i cal l y 
cont r ol l ed as det er mi ned by f i l t er  pr essur e di f f er ent i al  t o pr ovi de 
subst ant i al l y  const ant  oper at i ng r esi st ance t o ai r f l ow and var yi ng not  
mor e t han pl us or  mi nus 10 per cent .   Rol l  or  encl ose medi a i n such a 
way t hat  col l ect ed par t i cul at es can not  r e- ent r ai n.

e.   Rol l s of  c l ean medi a,  no l ess t han 65 f eet  l ong,  r er ol l ed on 
di sposabl e spool s i n t he r ewi nd sect i on of  t he f i l t er  af t er  t he medi a 
has accumul at ed i t s desi gn di r t  l oad.   Equi p r ewi nd sect i on wi t h a 
compr essi on panel  t o t i ght l y r ewi nd used medi a f or  ease of  handl i ng.   
Pr ovi de medi a made of  cont i nuous,  bonded f i br ous gl ass mat er i al ,  UL 
Cl ass 2,  t hat  does not  compr ess mor e t han 1/ 4 i nch when subj ect ed t o 
ai r  f l ow at  500 f pm.   Fact or y char ge medi a wi t h an odor l ess and f l ame 
r et ar dant  adhesi ve whi ch does not  f l ow whi l e i n st or age nor  when 
subj ect ed t o t emper at ur es up t o 175 degr ees F.   Suppor t  medi a on bot h 
t he l eavi ng and ent er i ng ai r  f aces.   Cl ean medi a must  have i ni t i al  
r esi st ance t hat  does not  exceed 0. 18 i nch wat er  gauge at  i t s  r at ed 
vel oci t y of  500 f pm.   Set  cont r ol  so t hat  t he r esi st ance t o ai r  f l ow 
i s bet ween 0. 40- and 0. 50 i nch wat er  gauge unl ess ot her wi se i ndi cat ed.

f .   Dust  hol di ng capaci t y,  of  80 per cent  aver age ar r est ance under  t hese 
oper at i ng condi t i ons,  when oper at i ng at  a st eady st at e wi t h an upper  
oper at i ng r esi st ance of  0. 50 i nch wat er  gauge,  t hat  i s  at  l east  592 
( 55)  gr ams of  ASHRAE St andar d Test  Dust  per  squar e f oot  of  medi a ar ea,  
when t est ed accor di ng t o t he dynami c t est i ng pr ovi s i ons of  ASHRAE 52. 2.

g.   The hor i zont al  t ype aut omat i c r enewabl e medi a f i l t er s,  when used i n 
conj unct i on wi t h f act or y f abr i cat ed ai r  handl i ng uni t s,  t hat  ar e 
di mensi onal l y compat i bl e wi t h t he connect i ng ai r  handl i ng uni t s,  and 
hor i zont al  t ype f i l t er  housi ngs wi t h al l  exposed sur f aces f act or y 
i nsul at ed i nt er nal l y wi t h 1 i nch,   1- 1/ 2 pound densi t y neopr ene coat ed 
f i br ous gl ass wi t h t her mal  conduct i v i t y not  gr eat er  t han 0. 27 
Bt u/ hour / degr ee F/ squar e f oot / i nch of  t hi ckness.

h.   Access door s f or  hor i zont al  f i l t er s wi t h doubl e wal l  const r uct i on as 
speci f i ed f or  pl enums and casi ngs f or  f i el d- f abr i cat ed uni t s i n 
par agr aph DUCT SYSTEMS.

2. 10. 3. 7   El ect r ost at i c Fi l t er s

Pr ovi de t he f ol l owi ng:

a.   The combi nat i on dr y aggl omer at or / ext ended sur f ace,  nonsuppor t ed pocket  
el ect r ost at i c f i l t er s or  t he combi nat i on dr y aggl omer at or / aut omat i c 
r enewabl e,  medi a ( r ol l )  t ype el ect r ost at i c f i l t er s,  as i ndi cat ed 
( except  as modi f i ed) .   Suppl y each dr y aggl omer at or  el ect r ost at i c ai r  
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f i l t er  wi t h t he cor r ect  quant i t y of  f ul l y  housed power  packs and equi p 
wi t h s i l i con r ect i f i er s,  manual  r eset  c i r cui t  br eaker s,  l ow vol t age 
saf et y cut out ,  r el ays f or  f i el d wi r i ng t o r emot e i ndi cat i on of  pr i mar y 
and secondar y vol t ages,  wi t h l amps mount ed i n t he cover  t o i ndi cat e 
t hese f unct i ons l ocal l y.   Equi p power  pack encl osur e wi t h ext er nal  
mount i ng br acket s,  and l ow and hi gh vol t age t er mi nal s f ul l y  exposed 
wi t h access cover  r emoved f or  ease of  i nst al l at i on.   Fur ni sh i nt er l ock 
saf et y swi t ches f or  each access door  and access panel  t hat  per mi t s 
access t o ei t her  s i de of  t he f i l t er ,  so t hat  t he f i l t er  i s  
de- ener gi zed i n t he event  t hat  a door  or  panel  i s  opened.

b.   Ozone gener at i on wi t hi n t he f i l t er  t hat  does not  exceed f i ve par t s per  
one hundr ed mi l l i on par t s of  ai r .   Locat e hi gh vol t age i nsul at or s i n a 
ser vi ceabl e l ocat i on out si de t he movi ng ai r  st r eam or  on t he cl ean ai r  
s i de of  t he uni t .   Ful l y expose i oni zer  wi r e suppor t s and f ur ni sh 
i oni zer  wi r es pr ecut  t o s i ze and wi t h f or med l oops at  each end t o 
f aci l i t at e i oni zer  wi r e r epl acement .

c.   Aggl omer at or  cel l  pl at es t hat  al l ow pr oper  ai r  st r eam ent r ai nment  of  
aggl omer at es and pr event  excessi ve r esi dual  dust  bui l d- up,  wi t h cel l s 
t hat  ar e open at  t he t op and bot t om t o pr event  accumul at i on of  
aggl omer at es whi ch set t l e by gr avi t y.   Wher e t he dr y aggl omer at or  
el ect r ost at i c f i l t er  i s  i ndi cat ed t o be t he aut omat i c r enewabl e medi a 
t ype,  pr ovi de a st or age sect i on t hat  ut i l i zes a hor i zont al  or  ver t i cal  
t r avel i ng cur t ai n of  adhesi ve- coat ed bonded f i br ous gl ass f or  dr y 
aggl omer at or  st or age sect i on ser vi ce suppl i ed i n 65 f oot  l engt hs i n 
conveni ent  r ol l  f or m.   Ot her wi se,  pr ovi de sect i on const r uct i on and 
r ol l  medi a char act er i st i cs as speci f i ed f or  aut omat i c r enewabl e medi a 
f i l t er s.   Al so a dr y aggl omer at or / r enewabl e medi a combi nat i on wi t h an 
i ni t i al  ai r  f l ow r esi st ance,  af t er  i nst al l at i on of  c l ean medi a,  t hat  
does not  exceed 0. 25 i nch wat er  gauge at  500 f pm f ace vel oci t y.

d.   A MERV of  t he combi nat i on t hat  i s not  l ess t han 15 when t est ed 
accor di ng t o ASHRAE 52. 2 at  an aver age oper at i ng r esi st ance of  0. 50 
i nch wat er  gauge.   Wher e t he dr y aggl omer at or  el ect r ost at i c f i l t er  i s  
i ndi cat ed t o be of  t he ext ended sur f ace nonsuppor t ed pocket  f i l t er  
t ype,  pr ovi de a st or age sect i on as speci f i ed f or  ext ended sur f ace 
non- suppor t ed pocket  f i l t er s,  wi t h sect i onal  hol di ng f r ames or  s i de 
access housi ngs as i ndi cat ed.

e.   A dr y aggl omer at or / ext ended sur f ace nonsuppor t ed pocket  f i l t er  sect i on 
combi nat i on wi t h i ni t i al  ai r  f l ow r esi st ance,  af t er  i nst al l at i on of  
c l ean f i l t er s,  t hat  does not  exceed 0. 65 i nch wat er  gauge at  500 f pm 
f ace vel oci t y,  wi t h a MERV of  t he combi nat i on not  l ess t han 16 when 
t est ed accor di ng t o ASHRAE 52. 2.   Fur ni sh f r ont  access f i l t er s wi t h 
f ul l  hei ght  ai r  di st r i but i on baf f l es and upper  and l ower  mount i ng 
t r acks t o per mi t  t he baf f l es t o be moved f or  aggl omer at or  cel l  
i nspect i on and ser vi ce.   When used i n conj unct i on wi t h f act or y 
f abr i cat ed ai r  handl i ng uni t s,  suppl y s i de access housi ngs whi ch have 
di mensi onal  compat i bi l i t y .

2. 10. 3. 8   Hi gh- Ef f i c i ency Par t i cul at e Ai r  ( HEPA)  Fi l t er s

Pr ovi de HEPA f i l t er s t hat  meet  t he r equi r ement s of  I EST RP- CC- 001 and ar e 
i ndi v i dual l y t est ed and cer t i f i ed t o have an ef f i c i ency of  not  l ess t han 95
 per cent ,  and an i ni t i al  r esi st ance at   f pm t hat  does not  exceed  i nches 
wat er  gauge.   Pr ovi de f i l t er s t hat  ar e const r uct ed by pl eat i ng a 
cont i nuous sheet  of  f i l t er  medi um i nt o c l osel y spaced pl eat s separ at ed by 
cor r ugat ed al umi num or  mi ner al - f i ber  i nser t s,  st r i ps of  f i l t er  medi um,  or  
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by honeycomb const r uct i on of  t he pl eat ed f i l t er  medi um.   Pr ovi de 
i nt er l ocki ng,  dovet ai l ed,  mol ded neopr ene r ubber  gasket s of  5- 10 dur omet er  
t hat  ar e cement ed t o t he per i met er  of  t he upst r eam f ace of  t he f i l t er  cel l  
s i des.   Pr ovi de sel f - ext i ngui shi ng r ubber - base t ype adhesi ve or  ot her  
mat er i al s conf or mi ng t o f i r e hazar d c l assi f i cat i on speci f i ed i n Sect i on 
23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.   Pr ovi de f i l t er  cel l  
s i des t hat  ar e gal vani zed st eel  assembl ed i n a r i gi d manner .   Pr ovi de 
over al l  cel l  s i de di mensi ons t hat  ar e cor r ect  t o 1/ 16 i nch,  and squar eness 
t hat  i s mai nt ai ned t o wi t hi n 1/ 8 i nch.   Pr ovi de hol di ng f r ames t hat  use 
spr i ng l oaded f ast ener s or  ot her  devi ces t o seal  t he f i l t er  t i ght l y wi t hi n 
i t  and t hat  pr event  any bypass l eakage ar ound t he f i l t er  dur i ng i t s 
i nst al l ed l i f e.   Pr ovi de ai r  capaci t y and t he nomi nal  dept h of  t he f i l t er  
as i ndi cat ed.   I nst al l  each f i l t er  i n a f act or y pr eassembl ed si de access 
housi ng or  a f act or y- made sect i onal  suppor t i ng f r ame as i ndi cat ed.   
Pr ovi de pr ef i l t er s of  t he t ype,  const r uct i on and ef f i c i ency i ndi cat ed.

2. 10. 3. 9   Hol di ng Fr ames

Fabr i cat e f r ames f r om not  l i ght er  t han 16 gauge sheet  st eel  wi t h 
r ust - i nhi bi t or  coat i ng.   Equi p each hol di ng f r ame wi t h sui t abl e f i l t er  
hol di ng devi ces.   Pr ovi de gasket ed hol di ng f r ame seat s.   Make al l  j oi nt s 
ai r t i ght .

2. 10. 3. 10   Fi l t er  Gauges

Pr ovi de di al  t ype f i l t er  gauges,  di aphr agm act uat ed dr af t  f or  al l  f i l t er  
st at i ons,  i ncl udi ng t hose f i l t er s whi ch ar e f ur ni shed as i nt egr al  par t s of  
f act or y f abr i cat ed ai r  handl i ng uni t s.   Pr ovi de gauges t hat  ar e at  l east  
3- 7/ 8 i nches i n di amet er ,  wi t h whi t e di al s wi t h bl ack f i gur es,  and 
gr aduat i ons wi t h a mi ni mum r ange of  1 i nch of  wat er  beyond t he speci f i ed 
f i nal  r esi st ance f or  t he f i l t er  bank on whi ch each gauge i s appl i ed.   
Pr ovi de each gauge wi t h a scr ew oper at ed zer o adj ust ment  and t wo st at i c 
pr essur e t i ps wi t h i nt egr al  compr essi on f i t t i ngs,  t wo mol ded pl ast i c vent  
val ves,  t wo 5 f oot  mi ni mum l engt hs of  1/ 4 i nch di amet er  al umi num t ubi ng,  
and al l  har dwar e and accessor i es f or  gauge mount i ng.

2. 11   AI R HANDLI NG UNI TS

2. 11. 1   Fact or y- Fabr i cat ed Ai r  Handl i ng Uni t s

Pr ovi de si ngl e- zone dr aw- t hr ough t ype uni t s as i ndi cat ed.   Uni t s must  
i ncl ude f ans,  coi l s,  ai r t i ght  i nsul at ed casi ng,  secondar y f i l t er  sect i ons,  
adj ust abl e V- bel t  dr i ves,  bel t  guar ds f or  ext er nal l y mount ed mot or s,  
access sect i ons wher e i ndi cat ed,  combi nat i on sect i onal  f i l t er - mi xi ng box,  
v i br at i on- i sol at or s,  and appur t enances r equi r ed f or  speci f i ed oper at i on.   
Pr ovi de vi br at i on i sol at or s as i ndi cat ed.   Physi cal  di mensi ons of  each ai r  
handl i ng uni t  must  be sui t abl e t o f i t  space al l ot t ed t o t he uni t  wi t h t he 
capaci t y i ndi cat ed.   Pr ovi de ai r  handl i ng uni t  t hat  i s  r at ed i n accor dance 
wi t h AHRI  430 and AHRI  cer t i f i ed f or  cool i ng.

2. 11. 1. 1   Casi ngs

Pr ovi de t he f ol l owi ng:

a.   I nner  casi ng of  doubl e- wal l  uni t s t hat  ar e a mi ni mum 20 gauge sol i d 
gal vani zed st eel  or  cor r osi on- r esi st i ng sheet  st eel  conf or mi ng t o 
ASTM A167,  Type 304.   Desi gn and const r uct  casi ng wi t h an i nt egr al  
i nsul at ed st r uct ur al  gal vani zed st eel  f r ame such t hat  ext er i or  panel s 
ar e non- l oad bear i ng.
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b.   I ndi v i dual l y r emovabl e ext er i or  panel s wi t h st andar d t ool s.   Removal  
must  not  af f ect  t he st r uct ur al  i nt egr i t y of  t he uni t .   Fur ni sh casi ngs 
wi t h access sect i ons,  accor di ng t o par agr aph AI R HANDLI NG UNI TS,  
i nspect i on door s,  and access door s,  al l  capabl e of  openi ng a mi ni mum 
of  90 degr ees,  as i ndi cat ed.

c.   I nsul at ed,  f ul l y  gasket ed,  doubl e- wal l  t ype i nspect i on and access 
door s,  of  a mi ni mum 18 gauge out er  and 20 gauge i nner  panel s made of  
ei t her  gal vani zed st eel  or  cor r osi on- r esi st i ng sheet  st eel  conf or mi ng 
t o ASTM A167,  Type 304.   Pr ovi de r i gi d door s wi t h heavy dut y hi nges 
and l at ches.   I nspect i on door s must  be a mi ni mum 12 i nches wi de by 12 
i nches hi gh.   Access door s must  be a mi ni mum 24 i nches wi de,  t he f ul l  
hei ght  of  t he uni t  casi ng or  a mi ni mum of  6 f oot ,  whi chever  i s l ess.   
I nst al l  a mi ni mum 8 by 8 i nches seal ed gl ass wi ndow sui t abl e f or  t he 
i nt ended appl i cat i on,  i n al l  access door s.

d.   Doubl e- wal l  i nsul at ed t ype dr ai n pan ( t hi ckness equal  t o ext er i or  
casi ng)  const r uct ed of  16 gauge cor r osi on r esi st i ng sheet  st eel  
conf or mi ng t o ASTM A167,  Type 304,  conf or mi ng t o ASHRAE 62. 1.   
Const r uct  dr ai n pans wat er  t i ght ,  t r eat ed t o pr event  cor r osi on,  and 
desi gned f or  posi t i ve condensat e dr ai nage.   When 2 or  mor e cool i ng 
coi l s ar e used,  wi t h one st acked above t he ot her ,  condensat e f r om t he 
upper  coi l s must  not  f l ow acr oss t he f ace of  l ower  coi l s.   Pr ovi de 
i nt er medi at e dr ai n pans or  condensat e col l ect i on channel s and 
downspout s,  as r equi r ed t o car r y condensat e t o t he uni t  dr ai n pan out  
of  t he ai r  st r eam and wi t hout  moi st ur e car r yover .   Const r uct  dr ai n pan 
t o al l ow f or  easy vi sual  i nspect i on,  i ncl udi ng under neat h t he coi l  
wi t hout  r emoval  of  t he coi l  and t o al l ow compl et e and easy physi cal  
c l eani ng of  t he pan under neat h t he coi l  wi t hout  r emoval  of  t he coi l .   
Pr ovi de coi l s t hat  ar e i ndi v i dual l y r emovabl e f r om t he casi ng.

e.   Casi ng i nsul at i on t hat  conf or ms t o NFPA 90A.   I nsul at e s i ngl e- wal l  
casi ng sect i ons handl i ng condi t i oned ai r  wi t h not  l ess t han 1 i nch 
t hi ck,   1- 1/ 2 pound densi t y coat ed f i br ous gl ass mat er i al  havi ng a 
t her mal  conduct i v i t y not  gr eat er  t han 0. 23 Bt u/ hr - sf - F.   I nsul at e 
doubl e- wal l  casi ng sect i ons handl i ng condi t i oned ai r  wi t h not  l ess t han
 2 i nches of  t he same i nsul at i on speci f i ed f or  s i ngl e- wal l  casi ngs.   
Foi l - f aced i nsul at i on i s not  an accept abl e subst i t ut e f or  use wi t h 
doubl e wal l  casi ng.   Seal  doubl e wal l  i nsul at i on compl et el y by i nner  
and out er  panel s.

f .   Fact or y appl i ed f i br ous gl ass i nsul at i on t hat  conf or ms t o ASTM C1071,  
except  t hat  t he mi ni mum t hi ckness and densi t y r equi r ement s do not  
appl y,  and t hat  meet s t he r equi r ement s of  NFPA 90A.   Make ai r  handl i ng 
uni t  casi ng i nsul at i on uni f or m over  t he ent i r e casi ng.   Foi l - f aced 
i nsul at i on i s not  an accept abl e subst i t ut e f or  use on doubl e- wal l  
access door s and i nspect i ons door s and casi ng sect i ons.

g.   Duct  l i ner  mat er i al ,  coat i ng,  and adhesi ve t hat  conf or ms t o 
f i r e- hazar d r equi r ement s speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS.   Pr ot ect  exposed i nsul at i on edges 
and j oi nt s wher e i nsul at i on panel s ar e but t ed wi t h a met al  nosi ng 
st r i p or  coat  t o meet  er osi on r esi st ance r equi r ement s of  ASTM C1071.

h.   A l at ched and hi nged i nspect i on door ,  i n t he f an and coi l  sect i ons.   
Pl us addi t i onal  i nspect i on door s,  access door s and access sect i ons 
wher e i ndi cat ed.
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2. 11. 1. 2   Heat i ng and Cool i ng Coi l s

Pr ovi de coi l s as speci f i ed i n par agr aph AI R SYSTEMS EQUI PMENT.

2. 11. 1. 3   Ai r  Fi l t er s

Pr ovi de ai r  f i l t er s as speci f i ed i n par agr aph AI R SYSTEMS EQUI PMENT f or  
t ypes and t hi ckness i ndi cat ed.

2. 11. 1. 4   Fans

Pr ovi de t he f ol l owi ng:

a.   Fans t hat  ar e doubl e- i nl et ,  cent r i f ugal  t ype wi t h each f an i n a 
separ at e scr ol l .   Dynami cal l y bal ance f ans and shaf t s pr i or  t o 
i nst al l at i on i nt o ai r  handl i ng uni t ,  t hen af t er  i t  has been i nst al l ed 
i n t he ai r  handl i ng uni t ,  st at i cal l y and dynami cal l y bal ance t he 
ent i r e f an assembl y.   Mount  f ans on st eel  shaf t s,  accur at el y gr ound 
and f i ni shed.

b.   Fan bear i ngs t hat  ar e seal ed agai nst  dust  and di r t  and ar e pr eci s i on 
sel f - al i gni ng bal l  or  r ol l er  t ype,  wi t h L50 r at ed bear i ng l i f e at  not  
l ess t han 200, 000 hour s as def i ned by ABMA 9 and ABMA 11.   Pr ovi de 
bear i ngs t hat  ar e per manent l y l ubr i cat ed or  l ubr i cat ed t ype wi t h 
l ubr i cat i on f i t t i ngs r eadi l y accessi bl e at  t he dr i ve s i de of  t he 
uni t .   Suppor t  bear i ngs by st r uct ur al  shapes,  or  di e f or med sheet  
st r uct ur al  member s,  or  suppor t  pl at es secur el y at t ached t o t he uni t  
casi ng.   Do not  f ast en bear i ngs di r ect l y t o t he uni t  sheet  met al  
casi ng.   Fur ni sh f ans and scr ol l s wi t h coat i ng i ndi cat ed.

c.   Fans t hat  ar e dr i ven by a uni t - mount ed,  or  a f l oor - mount ed mot or  
connect ed t o f ans by V- bel t  dr i ve compl et e wi t h bel t  guar d f or  
ext er nal l y mount ed mot or s.   Fur ni sh bel t  guar ds t hat  ar e t he 
t hr ee- si ded encl osed t ype wi t h sol i d or  expanded met al  f ace.   Desi gn 
bel t  dr i ves f or  not  l ess t han a 1. 3 ser vi ce f act or  based on mot or  
namepl at e r at i ng.

d.     Wher e f i xed sheaves ar e r equi r ed,  t he use of  var i abl e pi t ch sheaves 
i s al l owed dur i ng ai r  bal ance,  but  r epl ace t hem wi t h an appr opr i at e 
f i xed sheave af t er  ai r  bal ance i s compl et ed.   Sel ect  var i abl e pi t ch 
sheaves t o dr i ve t he f an at  a speed t hat  pr oduces t he speci f i ed 
capaci t y when set  at  t he appr oxi mat e mi dpoi nt  of  t he sheave 
adj ust ment .   Fur ni sh mot or s f or  V- bel t  dr i ves wi t h adj ust abl e bases,  
and wi t h spl ashpr oof  encl osur es.

e.   Mot or  st ar t er s of  magnet i c t ype wi t h weat her - r esi st ant  encl osur e.   
Sel ect  uni t  f an or  f ans t o pr oduce t he r equi r ed capaci t y at  t he f an 
st at i c pr essur e wi t h sound power  l evel  as i ndi cat ed.   Obt ai n t he sound 
power  l evel  val ues accor di ng t o AMCA 300,  ASHRAE 68,  or  AHRI  260 I - P.

2. 11. 1. 5   Access Sect i ons and Fi l t er / Mi xi ng Boxes

Pr ovi de access sect i ons wher e i ndi cat ed and f ur ni sh wi t h access door s as 
shown.   Const r uct  access sect i ons and f i l t er / mi xi ng boxes i n a manner  
i dent i cal  t o t he r emai nder  of  t he uni t  casi ng and equi p wi t h access 
door s.   Desi gn mi xi ng boxes t o mi ni mi ze ai r  st r at i f i cat i on and t o pr omot e 
t hor ough mi xi ng of  t he ai r  st r eams.
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2. 11. 1. 6   Di f f user  Sect i ons

Fur ni sh di f f user  sect i ons bet ween t he di schar ge of  al l  housed suppl y f ans 
and cool i ng coi l s of  bl ow- t hr ough si ngl e zone uni t s.   Pr ovi de di f f user  
sect i ons t hat  ar e f abr i cat ed by t he uni t  manuf act ur er  i n a manner  
i dent i cal  t o t he r emai nder  of  t he uni t  casi ng,  desi gned t o be ai r t i ght  
under  posi t i ve st at i c pr essur es up t o 8 i nches wat er  gauge and wi t h an 
access door  on each si de f or  i nspect i on pur poses.   Pr ovi de a di f f user  
sect i on t hat  cont ai ns a per f or at ed di f f usi on pl at e,  f abr i cat ed of  
gal vani zed st eel ,  Type 316 st ai nl ess st eel ,  al umi num,  or  st eel  t r eat ed f or  
cor r osi on wi t h manuf act ur er ' s st andar d cor r osi on- r esi st i ng f i ni sh,  and 
desi gned t o accompl i sh uni f or m ai r  f l ow acr oss t he down- st r eam coi l  whi l e 
r educi ng t he hi gher  f an out l et  vel oci t y t o wi t hi n pl us or  mi nus 5 per cent  
of  t he r equi r ed f ace vel oci t y of  t he downst r eam component .

2. 12   TERMI NAL UNI TS

2. 12. 1   Room Fan- Coi l  Uni t s

Pr ovi de base uni t s t hat  i ncl ude gal vani zed coi l  casi ng,  coi l  assembl y 
dr ai n pan out si de ai r  damper ,  ai r  f i l t er ,  f ans,  mot or ,  f an dr i ve,  mot or  
swi t ch,  an encl osur e f or  cabi net  model s and casi ng f or  conceal ed model s,  
l evel i ng devi ces i nt egr al  wi t h t he uni t  f or  ver t i cal  t ype uni t s,  and sound 
power  l evel s as i ndi cat ed.   Obt ai n sound power  l evel  dat a or  val ues f or  
t hese uni t s accor di ng t o t est  pr ocedur es based on AHRI  350.   Sound power  
val ues appl y t o uni t s pr ovi ded wi t h f act or y f abr i cat ed cabi net  encl osur es 
and st andar d gr i l l es.   Val ues obt ai ned f or  t he st andar d cabi net  model s ar e 
accept abl e f or  conceal ed model s wi t hout  separ at e t est  pr ovi ded t her e i s no 
var i at i on bet ween model s as t o t he coi l  conf i gur at i on,  bl ower s,  mot or  
speeds,  or  r el at i ve ar r angement  of  par t s.   Pr ovi de aut omat i c val ves and 
cont r ol s as speci f i ed i n par agr aph SUPPLEMENTAL COMPONENTS/ SERVI CES,  
subpar agr aph CONTROLS.   Fast en each uni t  secur el y t o t he bui l di ng 
st r uct ur e.   Pr ovi de uni t s wi t h capaci t y i ndi cat ed.   Pr ovi de r oom f an- coi l  
uni t s t hat  ar e cer t i f i ed as compl yi ng wi t h AHRI  440,  and meet  t he 
r equi r ement s of  UL 1995.

2. 12. 1. 1   Encl osur es

Fabr i cat e encl osur es f r om not  l i ght er  t han 18 gauge st eel ,  r ei nf or ced and 
br aced.   Pr ovi de encl osur es wi t h f r ont  panel s t hat  ar e r emovabl e and have 
1/ 4 i nch cl osed cel l  i nsul at i on or  1/ 2 i nch t hi ck dual  densi t y f oi l  f aced 
f i br ous gl ass i nsul at i on.   Make t he exposed si de of  a hi gh densi t y,  
er osi on- pr oof  mat er i al  sui t abl e f or  use i n ai r  st r eams wi t h vel oci t i es up 
t o 4, 500 f pm.   Pr ovi de a di schar ge gr i l l e t hat  i s  f i xed and t hat  i s of  
such desi gn as t o pr oper l y di st r i but e ai r  t hr oughout  t he condi t i oned 
space.   Pl ast i c di schar ge and r et ur n gr i l l es ar e accept abl e pr ovi ded t he 
pl ast i c mat er i al  i s  cer t i f i ed by t he manuf act ur er  t o be cl assi f i ed as 
f l ame r esi st ant  accor di ng t o UL 94 and t he mat er i al  compl i es wi t h t he heat  
def l ect i on cr i t er i a speci f i ed i n UL 1995.   Pr ovi de gal vani zed or  f act or y 
f i ni shed f er r ous met al  sur f aces wi t h cor r osi on r esi st ant  enamel ,  and 
access door s or  r emovabl e panel s f or  pi pi ng and cont r ol  compar t ment s,  pl us 
easy access f or  f i l t er  r epl acement .   Pr ovi de duct  di schar ge col l ar  f or  
conceal ed model s.

2. 12. 1. 2   Fans

Pr ovi de st eel  or  al umi num,  mul t i bl ade,  cent r i f ugal  t ype f ans.   I n l i eu of  
met al ,  f ans and scr ol l s coul d be of  non- met al l i c  mat er i al s of  sui t abl y 
r ei nf or ced compounds wi t h smoot h sur f aces.   Dynami cal l y and st at i cal l y 
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bal ance t he f ans.   Pr ovi de accessi bl e assembl i es f or  mai nt enance.   
Di sassembl e and r e- assembl e by means of  mechani cal  f ast eni ng devi ces and 
not  by epoxi es or  cement s.

2. 12. 1. 3   Coi l s

Fabr i cat e coi l s f r om not  l ess t han 3/ 8 i nch out si de di amet er  seaml ess 
copper  t ubi ng,  wi t h copper  or  al umi num f i ns mechani cal l y bonded or  
sol der ed t o t he t ubes.   Pr ovi de coi l s wi t h not  l ess t han 1/ 2 i nch out si de 
di amet er  f l ar e or  sweat  connect or s,  accessor y pi pi ng package wi t h t her mal  
connect i ons sui t abl e f or  connect i on t o t he t ype of  cont r ol  val ve suppl i ed,  
and manual  ai r  vent .   Test  coi l s hydr ost at i cal l y at  300 psi  or  under  wat er  
at  250 psi  ai r  pr essur e.   Pr ovi de coi l s sui t abl e f or  200 psi  wor ki ng 
pr essur e.   Make pr ovi s i ons f or  coi l  r emoval .

2. 12. 1. 4   Dr ai n Pans

Si ze and l ocat e dr ai n and dr i p pans t o col l ect  al l  wat er  condensed on and 
dr i ppi ng f r om any i t em wi t hi n t he uni t  encl osur e or  casi ng.   Pr ovi de 
condensat e dr ai n pans desi gned f or  sel f - dr ai nage t o pr ecl ude t he bui l dup 
of  mi cr obi al  s l i me and t her mal l y i nsul at ed t o pr event  condensat i on and 
const r uct ed of  not  l i ght er  t han 21 gauge t ype 304 st ai nl ess st eel  or  
noncor r osi ve ABS pl ast i c.   Pr ovi de i nsul at i on wi t h a f l ame spr ead r at i ng 
not  over  25 wi t hout  evi dence of  cont i nued pr ogr essi ve combust i on,  a smoke 
devel oped r at i ng no hi gher  t han 50,  and of  a wat er pr oof  t ype or  coat ed 
wi t h a wat er pr oof i ng mat er i al .   Desi gn dr ai n pans so as t o al l ow no 
st andi ng wat er  and pi t ch t o dr ai n.   Pr ovi de mi ni mum 3/ 4 i nch NPT or  5/ 8 
i nch OD dr ai n connect i on i n dr ai n pan.   Pr ovi de pl ast i c or  met al  auxi l i ar y 
dr ai n pans t o cat ch dr i ps f r om cont r ol  and pi pi ng packages,  el i mi nat i ng 
i nsul at i on of  t he packages;  i f  met al ,  pr ovi de auxi l i ar y pans t hat  compl y 
wi t h t he r equi r ement s speci f i ed above.   Ext end i nsul at i on at  cont r ol  and 
pi pi ng connect i ons 1 i nch mi ni mum over  t he auxi l i ar y dr ai n pan.

2. 12. 1. 5   Manual l y Oper at ed Out si de Ai r  Damper s

Pr ovi de manual l y oper at ed out si de ai r  damper s accor di ng t o t he ar r angement  
i ndi cat ed,  and par al l el  ai r f oi l  t ype damper s of  gal vani zed const r uct i on.   
Pr ovi de bl ades t hat  r ot at e on st ai nl ess st eel  or  nyl on sl eeve bear i ngs.

2. 12. 1. 6   Fi l t er s

Pr ovi de di sposabl e t ype f i l t er  t hat  compl i es wi t h ASHRAE 52. 2.   Pr ovi de 
f i l t er s i n each uni t  t hat  ar e r emovabl e wi t hout  t he use of  t ool s.

2. 12. 1. 7   Mot or s

Pr ovi de mot or s of  t he per manent  spl i t - capaci t or  t ype wi t h bui l t - i n t her mal  
over l oad pr ot ect i on,  di r ect l y connect ed t o uni t  f ans.   Pr ovi de mot or  
swi t ch wi t h t wo or  t hr ee speeds and of f ,  manual l y oper at ed,  and mount ed on 
an i dent i f i ed pl at e i nsi de t he uni t  bel ow or  behi nd an access door  or  
adj acent  t o t he r oom t her most at .   I n l i eu of  t he above f an speed cont r ol ,  
a sol i d- st at e var i abl e- speed cont r ol l er  havi ng a mi ni mum speed r educt i on 
of  50 per cent  i s al l owed.   Pr ovi de mot or s wi t h per manent l y- l ubr i cat ed or  
oi l abl e s l eeve- t ype or  combi nat i on bal l  and sl eeve- t ype bear i ngs wi t h 
v i br at i on i sol at i ng mount i ngs sui t abl e f or  cont i nuous dut y.   Pr ovi de a 
mot or  power  consumpt i on,  shown i n wat t s,  at  t he f an oper at i ng speed 
sel ect ed t o meet  t he speci f i ed capaci t y t hat  does not  exceed t he f ol l owi ng 
val ues:
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Fr ee Di schar ge Mot or s

Uni t  Capaci t y ( cf m) Maxi mum Power  Consumpt i on ( Wat t s)

115V 230V 277V

200 70 110 90

300 100 110 110

400 170 150 150

600 180 210 220

800 240 240 230

1000 310 250 270

1200 440 400 440

Hi gh St at i c Mot or s

Uni t  Capaci t y ( cf m) Maxi mum Power  Consumpt i on ( Wat t s)

200 145

300 145

400 210

600 320

800 320

1000 530

1200 530

2. 12. 2   Coi l  I nduct i on Uni t s

Pr ovi de base uni t  t hat  i ncl udes ai r  pl enums,  ai r - di schar ge nozzl es,  ai r  
di schar ge gr i l l es,  r eci r cul at i on gr i l l es,  wat er  coi l  assembl y,  val ve and 
pi pi ng package,  condensat e dr ai n pan,  and adj ust abl e ai r - bal anci ng 
damper s,  pl us an encl osur e f or  cabi net  model s and casi ng f or  conceal ed 
model s.   Make each uni t  capabl e of  pr oduci ng not  l ess t han t he capaci t y 
i ndi cat ed wi t hout  exceedi ng t he i ndi cat ed st at i c pr essur e.   Pr ovi de a 
sound power  l evel  as i ndi cat ed wi t h power  l evel  dat a or  val ues f or  t hese 
uni t s based on t est s conduct ed accor di ng t o ASA S12. 51.   Sound power  
val ues appl y t o uni t s pr ovi ded wi t h f act or y f abr i cat ed cabi net  encl osur es 
and st andar d gr i l l es.   The val ues obt ai ned f or  t he st andar d cabi net  model s 
ar e accept abl e f or  conceal ed model s wi t hout  separ at e t est s,  pr ovi ded t her e 
i s no var i at i on bet ween model s as t o coi l  conf i gur at i on,  ai r  di schar ge 
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nozzl es,  ai r  bal anci ng damper s,  or  r el at i ve ar r angement  of  par t s.   Pr ovi de 
aut omat i c val ves and cont r ol s as speci f i ed i n par agr aph SUPPLEMENTAL 
COMPONENTS/ SERVI CES,  subpar agr aph CONTROLS.   Secur e each uni t  t o t he 
bui l di ng st r uct ur e.   Pr ovi de uni t s wi t h capaci t y i ndi cat ed.

2. 12. 2. 1   Encl osur es

Fabr i cat e encl osur es f r om not  l i ght er  t han 18 gauge st eel ,  r ei nf or ced and 
br aced.   Pr ovi de a r emovabl e f r ont  panel  of  encl osur e  and i nsul at e when 
r equi r ed acoust i cal l y and t o pr event  condensat i on.   Pr ovi de di schar ge 
gr i l l es t hat  ar e i nt egr al l y st amped and pr oper l y di st r i but e ai r  t hr oughout  
t he condi t i oned space.   Pl ast i c di schar ge and r et ur n gr i l l es ar e not  
accept abl e.   Pr ovi de access door s f or  al l  pi pi ng and cont r ol  compar t ment s.

2. 12. 2. 2   Ai r  Pl enums

Fabr i cat e pl enums f r om gal vani zed st eel  wi t h i nt er i or  acoust i cal l y baf f l ed 
and l i ned wi t h sound absor bi ng mat er i al  t o at t enuat e t he sound power  f r om 
t he pr i mar y ai r  suppl y t o t he r oom.   Pr ovi de heat - r esi st ant  nozzl es t hat  
ar e i nt egr al  wi t h or  at t ached ai r t i ght  t o t he pl enum.   Wher e coi l  
i nduct i on uni t s ar e suppl i ed wi t h ver t i cal  r unout s,  f ur ni sh a st r eaml i ned,  
vaned,  mi t er ed el bow t r ansi t i on pi ece f or  connect i on bet ween t he uni t  and 
duct wor k.   Pr ovi de an adj ust abl e ai r - bal anci ng damper  i n each uni t .

2. 12. 2. 3   Coi l s

Fabr i cat e coi l s f r om not  l ess t han 3/ 8 i nch out si de di amet er  seaml ess 
copper  t ubi ng,  wi t h copper  or  al umi num f i ns,  mechani cal l y bonded or  
sol der ed t o t he t ubes.   Fur ni sh coi l  connect i ons wi t h not  l ess t han 1/ 2 
i nch out si de di amet er  f l ar e or  sweat  connect or s,  accessor y pi pi ng package 
wi t h t er mi nal  connect i ons sui t abl e f or  connect i on t o t he t ype of  cont r ol  
val ve suppl i ed,  and manual  ai r  vent .   Test  coi l s hydr ost at i cal l y at  300 psi
 or  under  wat er  at  250 psi  ai r  pr essur e and pr ovi de coi l s sui t abl e f or  200 
psi  wor ki ng pr essur e.

2. 12. 2. 4   Scr eens

Pr ovi de easi l y accessi bl e l i nt  scr eens or  t hr owaway f i l t er s f or  each uni t .

2. 12. 2. 5   Dr ai n Pan

Si ze and l ocat e dr ai n and dr i p pans t o col l ect  condensed wat er  dr i ppi ng 
f r om any i t em wi t hi n t he uni t  encl osur e.   Pr ovi de dr ai n pans const r uct ed 
of  not  l i ght er  t han 21 gauge st eel ,  gal vani zed af t er  f abr i cat i on,  and 
t her mal l y i nsul at ed t o pr event  condensat i on.   Pr ovi de i nsul at i on t hat  has 
a f l ame spr ead r at i ng not  over  25 wi t hout  evi dence of  cont i nued 
pr ogr essi ve combust i on,  a smoke devel oped r at i ng no hi gher  t han 50,  and 
t hat  i s a wat er pr oof  t ype or  coat ed wi t h a wat er pr oof i ng mat er i al .   I n 
l i eu of  t he above,  dr ai n pans const r uct ed of  di e- f or med 22 gauge st eel  ar e 
al l owed,  f or med f r om a si ngl e sheet  and gal vani zed af t er  f abr i cat i on and 
i nsul at ed and coat ed as f or  t he 21 gauge st eel  mat er i al  or  of  di e- f or med 
21 gauge t ype 304 st ai nl ess st eel  i nsul at ed as speci f i ed above.   Pi t ch 
dr ai n pans t o dr ai n.   Pr ovi de dr ai n connect i on when a condensat e dr ai n 
syst em i s i ndi cat ed.   Make connect i on a mi ni mum 3/ 4 i nch NPT or  5/ 8 i nch 
OD.

2. 12. 3   Var i abl e Ai r  Vol ume ( VAV)  and Dual  Duct  Ter mi nal  Uni t s

a.   Pr ovi de VAV and dual  duct  t er mi nal  uni t s t hat  ar e t he t ype,  s i ze,  and 
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capaci t y shown,  mount ed i n t he cei l i ng or  wal l  cavi t y,  pl us uni t s t hat  
ar e sui t abl e f or  s i ngl e or  dual  duct  syst em appl i cat i ons.   Pr ovi de 
act uat or s and cont r ol s as speci f i ed i n par agr aph SUPPLEMENTAL 
COMPONENTS/ SERVI CES,  subpar agr aph CONTROLS.   

b.   Pr ovi de uni t  encl osur es t hat  ar e const r uct ed of  gal vani zed st eel  not  
l i ght er  t han 22 gauge or  al umi num sheet  not  l i ght er  t han 18 gauge.   
Pr ovi de si ngl e or  mul t i pl e di schar ge out l et s as r equi r ed.   Uni t s wi t h 
f l ow l i mi t er s ar e not  accept abl e.   Pr ovi de uni t  ai r  vol ume t hat  i s 
f act or y pr eset  and r eadi l y f i el d adj ust abl e wi t hout  speci al  t ool s.   
Pr ovi de r eheat  coi l s as i ndi cat ed.   

c.   At t ach a f l ow char t  t o each uni t .   Base acoust i c per f or mance of  t he 
t er mi nal  uni t s upon uni t s t est ed accor di ng t o AHRI  880 I - P wi t h t he 
cal cul at i ons pr epar ed i n accor dance wi t h AHRI  885.   Pr ovi de sound 
power  l evel  as i ndi cat ed.   Show di schar ge sound power  f or  mi ni mum and 
1- 1/ 2 i nches wat er  gauge i nl et  st at i c pr essur e.   Pr ovi de acoust i cal  
l i ni ng accor di ng t o NFPA 90A.

2. 12. 3. 1   Var i abl e Vol ume,  Si ngl e Duct  Ter mi nal  Uni t s

Pr ovi de var i abl e vol ume,  s i ngl e duct ,  t er mi nal  uni t s wi t h a cal i br at ed ai r  
vol ume sensi ng devi ce,  ai r  val ve or  damper ,  act uat or ,  and accessor y 
r el ays.   Pr ovi de uni t s t hat  cont r ol  ai r  vol ume t o wi t hi n pl us or  mi nus 5 
per cent  of  each ai r  set  poi nt  vol ume as det er mi ned by t he t her most at  wi t h 
var i at i ons i n i nl et  pr essur es f r om 3/ 4 t o 6 i nch wat er  gauge.   Pr ovi de 
uni t s wi t h an i nt er nal  r esi st ance not  exceedi ng 0. 4 i nch wat er  gauge at  
maxi mum f l ow r ange.   Pr ovi de ext er nal  di f f er ent i al  pr essur e t aps separ at e 
f r om t he cont r ol  pr essur e t aps f or  ai r  f l ow measur ement  wi t h a 0 t o 1 i nch 
wat er  gauge r ange.

2. 12. 3. 2   Cei l i ng I nduct i on Ter mi nal  Uni t s

Pr ovi de cei l i ng i nduct i on uni t  wi t h a cal i br at ed pr i mar y ai r  vol ume 
sensi ng devi ce,  pr i mar y ai r  val ve,  i nduced ai r  damper ,  and i nsul at ed 
i nduct i on t ube.   Ar r ange uni t  t o i nduce ai r  f r om t he cei l i ng pl enum t o 
mai nt ai n a maxi mum t ot al  f l ow ci r cul at ed t o t he condi t i oned space.   Var y 
pr i mar y ai r  upon demand of  t he r oom t her most at .   Upon a demand f or  maxi mum 
cool i ng,  pr ovi de a uni t  t hat  del i ver s 100 per cent  pr i mar y ai r  and,  at  
mi ni mum cool i ng,  del i ver s 50 per cent  pr i mar y ai r .   Pr ovi de a t er mi nal  uni t  
capabl e of  c l osi ng t o f ul l  shut  of f  wi t hout  addi t i onal  act uat or s or  
l i nkage changes.   Pr ovi de t er mi nal s t hat  r eset  pr i mar y ai r  vol ume wi t hi n 
pl us or  mi nus 5 per cent  det er mi ned by t he t her most at  r egar dl ess of  
upst r eam changes i n t he st at i c pr essur e.   Pr ovi de a mi ni mum i nl et  st at i c 
pr essur e t hat  does not  exceed 1 i nch wat er  gauge,  i ncl udi ng a maxi mum of  
0. 3 i nch wat er  gauge downst r eam st at i c pr essur e.   Pr ovi de ext er nal  
di f f er ent i al  pr essur e t aps separ at e f r om cont r ol  pr essur e t aps f or  pr i mar y 
ai r  f l ow measur ement  wi t h 0 t o 1 i nch wat er  gauge r ange.   Make each uni t  
nor mal l y open upon l oss of  pneumat i c pr essur e.   Fact or y pi pe act uat or  and 
accur acy cont r ol s r equi r i ng onl y f i el d i nst al l at i on of  20 psi  pneumat i c 
mai n ai r  and r oom t her most at .

2. 12. 4   Uni t  Vent i l at or s

Pr ovi de uni t  vent i l at or s t hat  i ncl ude an encl osur e,  gal vani zed casi ng,  
coi l  assembl y,  val ve and pi pi ng package,  dr ai n pan,  ai r  f i l t er s,  f an 
assembl y,  f an dr i ve,  mot or ,  mot or  cont r ol l er ,  damper s,  damper  oper at or s,  
and sound power  l evel  as i ndi cat ed.   Obt ai n sound power  l evel  dat a or  
val ues f or  t hese uni t s accor di ng t o t est  pr ocedur es based on AHRI  350.   
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Sound power  val ues appl y t o uni t s pr ovi ded wi t h f act or y f abr i cat ed cabi net  
encl osur es and st andar d gr i l l es,  when handl i ng st andar d f l ow f or  whi ch t he 
uni t  ai r  capaci t y i s r at ed.   Secur e each uni t  t o t he bui l di ng st r uct ur e.   
Pr ovi de t he uni t  vent i l at or s wi t h capaci t y i ndi cat ed.   Pr ovi de t he 
year - r ound cl assr oom t ype uni t  vent i l at or  wi t h aut omat i c cont r ol s ar r anged 
t o pr oper l y heat ,  cool ,  and vent i l at e t he r oom.   Pr ovi de aut omat i c val ves 
and cont r ol s as speci f i ed i n par agr aph SUPPLEMENTAL COMPONENTS/ SERVI CES,  
subpar agr aph CONTROLS.   Make t he sequence of  cont r ol  any one of  t he 
st andar d ANSI  cycl es speci f i ed i n par agr aph CONTROLS.

2. 12. 4. 1   Encl osur es

Fabr i cat e encl osur es f r om not  l i ght er  t han 16 gauge gal vani zed st eel ,  
r ei nf or ced and br aced,  or  al l  wel ded f r amewor k wi t h panel s t o pr ovi de 
equi val ent  st r engt h.   Pr ovi de casi ng t hat  i s acoust i cal l y and t her mal l y 
i nsul at ed i nt er nal l y wi t h not  l ess t han 1/ 2 i nch t hi ck dual  densi t y 
f i br ous gl ass i nsul at i on.   Make t he exposed si de a hi gh densi t y,  
er osi on- pr oof  mat er i al  sui t abl e f or  use i n ai r  st r eams wi t h vel oci t i es up 
t o 4500 f pm.   Fast en t he i nsul at i on wi t h wat er pr oof ,  f i r e- r esi st ant  
adhesi ve.   Desi gn f r ont  panel  f or  easy r emoval  by one per son.   Pr ovi de 
di schar ge gr i l l es t hat  pr oper l y di st r i but e ai r  t hr oughout  t he condi t i oned 
space.   Pr ovi de r et ur n gr i l l es t hat  ar e r emovabl e wher e f r ont  panel  does 
not  pr ovi de access t o i nt er i or  component s.   Pl ast i c di schar ge or  r et ur n 
gr i l l es ar e not  accept abl e.   Fur ni sh r emovabl e panel s or  access door s f or  
al l  pi pi ng and cont r ol  compar t ment s.   Pr ovi de f an swi t ch t hat  i s key 
oper at ed or  accessi bl e t hr ough a l ocked access panel .   I nst al l  gasket s at  
t he back and bot t om of  t he uni t  f or  ef f ect i ve ai r  seal ,  as r equi r ed.

2. 12. 4. 2   El ect r i c Resi st ance Heat i ng El ement s

Pr ovi de el ect r i c r esi st ance heat i ng el ement s t hat  ar e of  t he sheat hed,  
f i nned,  t ubul ar  t ype,  or  of  t he open r esi st ance t ype desi gned f or  di r ect  
exposur e t o t he ai r  st r eam.   Pr ovi de heat i ng el ement  el ect r i cal  
char act er i st i cs as i ndi cat ed.   Wher e f an mot or  or  cont r ol  vol t age i s l ower  
t han r equi r ed f or  t he el ect r i c- r esi st ance heat i ng el ement ,  i nst al l  a f used 
f act or y mount ed and wi r ed t r ansf or mer .

2. 12. 4. 3   Fans

Pr ovi de f ans t hat  meet  t he r equi r ement s as speci f i ed i n par agr aph AI R 
SYSTEMS EQUI PMENT.   Pr ovi de gal vani zed st eel  or  al umi num,  mul t i bl ade,  
cent r i f ugal  t ype f ans,  dynami cal l y and st at i cal l y bal anced.   Equi p f an 
housi ngs wi t h r esi l i ent  mount ed,  sel f - al i gni ng per manent l y l ubr i cat ed bal l  
bear i ngs,  s l eeve bear i ngs,  or  combi nat i on bal l  and sl eeve bear i ngs,  
capabl e of  not  l ess t han 2000 hour s of  oper at i on on one oi l i ng.   Pr ovi de 
di r ect - connect ed f ans.

2. 12. 4. 4   Coi l s

Pr ovi de coi l s t hat  ar e c i r cui t ed f or  a maxi mum wat er  vel oci t y of  8 f ps 
wi t hout  excessi ve pr essur e dr op and ar e ot her wi se as speci f i ed f or  hot  
wat er  coi l s i n par agr aph TERMI NAL UNI TS.

2. 12. 4. 5   Dr ai n Pans

Si ze and l ocat e dr ai n and dr i p pans t o col l ect  al l  condensed wat er  
dr i ppi ng f r om any i t em wi t hi n t he uni t  encl osur e.   Pr ovi de dr ai n pans 
const r uct ed of  not  l i ght er  t han 18 gauge st eel ,  gal vani zed af t er  
f abr i cat i on,  and t her mal l y i nsul at ed t o pr event  condensat i on.   Pr ovi de 
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i nsul at i on t hat  i s coat ed wi t h a f i r e- r esi st ant  wat er pr oof i ng mat er i al .   
I n l i eu of  t he above,  dr ai n pans const r uct ed of  di e- f or med 20 gauge st eel  
i s  al l owed,  f or med f r om a si ngl e sheet  and gal vani zed af t er  f abr i cat i on 
and i nsul at ed and coat ed as f or  t he 18 gauge st eel  mat er i al ,  or  of  
di e- f or med 18 gauge t ype 304 st ai nl ess st eel  i nsul at ed as speci f i ed 
above.   Pi t ch dr ai n pans t o dr ai n.   Fur ni sh dr ai n connect i on unl ess 
ot her wi se i ndi cat ed.   Make t he mi ni mum connect i on 3/ 4 i nch NDT or  5/ 8 i nch 
OD.

2. 12. 4. 6   Fi l t er s

Di sposabl e t ype r at ed i n accor dance wi t h ASHRAE 52. 2,  i nst al l ed upst r eam 
of  coi l .

2. 12. 4. 7   Damper s

Pr ovi de an out si de ai r  pr opor t i oni ng damper  on each uni t .   I n addi t i on,  
pr ovi de a vane t o pr event  excessi ve out si de ai r  f r om ent er i ng uni t  and t o 
pr event  bl ow- t hr ough of  out s i de ai r  t hr ough t he r et ur n ai r  gr i l l e under  
hi gh wi nd pr essur es.   Wher e out si de ai r  and r eci r cul at ed ai r  pr opor t i oni ng 
damper s ar e pr ovi ded on t he uni t ,  an addi t i onal  vane i s not  r equi r ed.   
Pr ovi de f ace and bypass damper s f or  each uni t  t o ensur e const ant  ai r  
vol ume at  al l  posi t i ons of  t he damper s.   Fur ni sh each uni t  wi t h a f act or y 
i nst al l ed cont r ol  cam assembl y,  pneumat i c mot or ,  or  el ect r i c mot or  t o 
oper at e t he f ace and bypass damper s and out si de ai r  damper  or  out si de ai r  
and r eci r cul at ed ai r  damper s i n t he sequence as speci f i ed i n par agr aph 
SUPPLEMENTAL COMPONENTS/ SERVI CES,  subpar agr aph CONTROLS.

2. 12. 4. 8   Mot or s

Pr ovi de per manent  spl i t - capaci t or  t ype mot or s wi t h bui l t - i n t her mal  
over l oad pr ot ect i on and aut omat i c r eset .   Mount  mot or  on a r esi l i ent  
mount i ng,  i sol at ed f r om t he casi ng and sui t abl e f or  oper at i on on el ect r i c 
ser vi ce avai l abl e.   Pr ovi de a manual l y oper at ed mot or  swi t ch t hat  pr ovi des 
f or  2 or  3 speeds and of f ,  mount ed on an i dent i f i ed pl at e i nsi de t he uni t  
bel ow or  behi nd an access door  or  adj acent  t o t he r oom t her most at .   I n 
l i eu of  speed cont r ol ,  pr ovi de a sol i d st at e var i abl e speed cont r ol l er  
havi ng mi ni mum speed r educt i on of  50 per cent .

2. 12. 4. 9   Out si de Ai r  I nt akes

Pr ovi de t he manuf act ur er ' s st andar d desi gn out si de ai r  i nt akes f ur ni shed 
wi t h 1/ 2 i nch mesh bi r d scr een or  l ouver s on 1/ 2 i nch cent er s.

2. 13   ENERGY RECOVERY DEVI CES

2. 13. 1   Rot ar y Wheel

Pr ovi de uni t  t hat  i s  a f act or y f abr i cat ed and t est ed assembl y f or  
ai r - t o- ai r  ener gy r ecover y by t r ansf er  of  sensi bl e heat  f r om exhaust  ai r  
t o suppl y ai r  st r eam,  wi t h devi ce per f or mance accor di ng t o ASHRAE 84 and 
t hat  del i ver s an ener gy t r ansf er  ef f ect i veness of  not  l ess t han 85 per cent  
wi t h cr oss- cont ami nat i on not  i n excess of  1. 0 per cent  of  exhaust  ai r f l ow 
r at e at  syst em desi gn di f f er ent i al  pr essur e,  i ncl udi ng pur gi ng sect or  i f  
pr ovi ded wi t h wheel .   Pr ovi de exchange medi a t hat  i s  chemi cal l y i ner t ,  
moi st ur e- r esi st ant ,  f i r e- r et ar dant ,  l ami nat ed,  nonmet al l i c  mat er i al  whi ch 
compl i es wi t h NFPA 90A.   I sol at e exhaust  and suppl y st r eams by seal s whi ch 
ar e st at i c,  f i el d adj ust abl e,  and r epl aceabl e.   Equi p chai n dr i ve 
mechani sms wi t h r at chet i ng t or que l i mi t er  or  s l i p- c l ut ch pr ot ect i ve 
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devi ce.   Fabr i cat e encl osur e f r om gal vani zed st eel  and i ncl ude pr ovi s i ons 
f or  mai nt enance access.   Pr ovi de r ecover y cont r ol  and r ot at i on f ai l ur e 
pr ovi s i ons as i ndi cat ed.

2. 13. 2   Desi ccant  Wheel

Pr ovi de count er f l ow suppl y,  r egener at i on ai r st r eams,  a r ot ar y t ype 
dehumi di f i er  desi gned f or  cont i nuous oper at i on,  and ext ended sur f ace t ype 
wheel  st r uct ur e i n t he axi al  f l ow di r ect i on wi t h a geomet r y t hat  al l ows 
f or  l ami nar  f l ow over  t he oper at i ng r ange f or  mi ni mum ai r  pr essur e 
di f f er ent i al s.   Pr ovi de t he dehumi di f i er  compl et e wi t h a dr i ve syst em 
ut i l i z i ng a f r act i onal - hor sepower  el ect r i c mot or  and speed r educer  
assembl y dr i v i ng t he r ot or .   I ncl ude a s l ack- si de t ensi oner  f or  aut omat i c 
t ake- up f or  bel t - dr i ven wheel s.   Pr ovi de an adsor bi ng t ype desi ccant  
mat er i al .   Appl y t he desi ccant  mat er i al  t o t he wheel  such t hat  t he ent i r e 
sur f ace i s act i ve as a desi ccant  and t he desi ccant  mat er i al  does not  
degr ade or  det ach f r om t he sur f ace of  t he wheel  whi ch i s f i t t ed wi t h 
f ul l - f ace,  l ow- f r i ct i on cont act  seal s on bot h s i des t o pr event  cr oss 
l eakage.   Pr ovi de r ot ar y st r uct ur e t hat  has under heat ,  over heat  and 
r ot at i on f aul t  c i r cui t r y.   Pr ovi de wheel  assembl y wi t h a war r ant y f or  a 
mi ni mum of  f i ve year s.

2. 14   FACTORY PAI NTI NG

Fact or y pai nt  new equi pment ,  whi ch ar e not  of  gal vani zed const r uct i on.   
Pai nt  wi t h a cor r osi on r esi st i ng pai nt  f i ni sh accor di ng t o ASTM A123/ A123M 
or  ASTM A924/ A924M.   Cl ean,  phosphat i ze and coat  i nt er nal  and ext er nal  
f er r ous met al  sur f aces wi t h a pai nt  f i ni sh whi ch has been t est ed accor di ng 
t o ASTM B117,  ASTM D1654,  and ASTM D3359.   Submi t  evi dence of  sat i sf act or y 
pai nt  per f or mance f or  a mi ni mum of  125 hour s f or  uni t s t o be i nst al l ed 
i ndoor s and 500 hour s f or  uni t s t o be i nst al l ed out door s.   Pr ovi de r at i ng 
of  f ai l ur e at  t he scr i be mar k t hat  i s not  l ess t han 6,  aver age cr eepage 
not  gr eat er  t han 1/ 8 i nch.   Pr ovi de r at i ng of  t he i nscr i bed ar ea t hat  i s 
not  l ess t han 10,  no f ai l ur e.   On uni t s const r uct ed of  gal vani zed st eel  
t hat  have been wel ded,  pr ovi de a f i nal  shop docket  of  z i nc- r i ch pr ot ect i ve 
pai nt  on ext er i or  sur f aces of  wel ds or  wel ds t hat  have bur ned t hr ough f r om 
t he i nt er i or  accor di ng t o ASTM D520 Type I .

Fi el d pai nt  f act or y pai nt i ng t hat  has been damaged pr i or  t o accept ance by 
t he Cont r act i ng Of f i cer  i n compl i ance wi t h t he r equi r ement s of  par agr aph 
FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT.  

2. 15   SUPPLEMENTAL COMPONENTS/ SERVI CES

2. 15. 1   Ref r i ger ant  Pi pi ng

The r equi r ement s f or  r ef r i ger ant  pi pi ng ar e speci f i ed i n Sect i on 23 23 00 
REFRI GERANT PI PI NG.

2. 15. 2   Condensat e Dr ai n Li nes

Pr ovi de and i nst al l  condensat e dr ai nage f or  each i t em of  equi pment  t hat  
gener at es condensat e i n accor dance wi t h Sect i on 22 00 00 PLUMBI NG,  GENERAL 
PURPOSE except  as modi f i ed her ei n.

2. 15. 3   Backf l ow Pr event er s

The r equi r ement s f or  backf l ow pr event er s ar e speci f i ed i n Sect i on 22 00 00 
PLUMBI NG,  GENERAL PURPOSE.
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2. 15. 4   I nsul at i on

The r equi r ement s f or  shop and f i el d appl i ed i nsul at i on ar e speci f i ed i n 
Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 15. 5   Cont r ol s

The r equi r ement s f or  cont r ol s ar e speci f i ed i n Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y al l  
di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng t he wor k.

3. 2   I NSTALLATI ON

a.   I nst al l  mat er i al s and equi pment  i n accor dance wi t h t he r equi r ement s of  
t he cont r act  dr awi ngs and appr oved manuf act ur er ' s i nst al l at i on 
i nst r uct i ons.   Accompl i sh i nst al l at i on by wor ker s ski l l ed i n t hi s t ype 
of  wor k.   Per f or m i nst al l at i on so t hat  t her e i s no degr adat i on of  t he 
desi gned f i r e r at i ngs of  wal l s,  par t i t i ons,  cei l i ngs,  and f l oor s.

b.   No i nst al l at i on i s per mi t t ed t o bl ock or  ot her wi se i mpede access t o 
any exi st i ng machi ne or  syst em.   I nst al l  al l  hi nged door s t o swi ng 
open a mi ni mum of  120 degr ees.   Pr ovi de an ar ea i n f r ont  of  al l  access 
door s t hat  c l ear s a mi ni mum of  3 f eet .   I n f r ont  of  al l  access door s 
t o el ect r i cal  c i r cui t s,  c l ear  t he ar ea t he mi ni mum di st ance t o 
ener gi zed ci r cui t s as speci f i ed i n OSHA St andar ds,  par t  1910. 333 
( El ect r i cal - Saf et y Rel at ed wor k pr act i ces) and an addi t i onal  3 f eet .

c.   Except  as ot her wi se i ndi cat ed,  i nst al l  emer gency swi t ches and al ar ms 
i n conspi cuous l ocat i ons.   Mount  al l  i ndi cat or s,  t o i ncl ude gauges,  
met er s,  and al ar ms i n or der  t o be easi l y v i s i bl e by peopl e i n t he ar ea.

3. 2. 1   Condensat e Dr ai n Li nes

Pr ovi de wat er  seal s i n t he condensat e dr ai n f r om al l  uni t s .   Pr ovi de a 
dept h of  each seal  of  2 i nches pl us t he number  of  i nches,  measur ed i n 
wat er  gauge,  of  t he t ot al  st at i c pr essur e r at i ng of  t he uni t  t o whi ch t he 
dr ai n i s connect ed.   Pr ovi de wat er  seal s t hat  ar e const r uct ed of  2 t ees 
and an appr opr i at e U- bend wi t h t he open end of  each t ee pl ugged.   Pr ovi de 
pi pe cap or  pl ug cl eanout s wher e i ndi cat ed.   Connect  dr ai ns i ndi cat ed t o 
connect  t o t he sani t ar y wast e syst em usi ng an i ndi r ect  wast e f i t t i ng.   
I nsul at e ai r  condi t i oner  dr ai n l i nes as speci f i ed i n Sect i on 23 07 00 
THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

3. 2. 2   Equi pment  and I nst al l at i on

Pr ovi de f r ames and suppor t s f or  t anks,  compr essor s,  pumps,  val ves,  ai r  
handl i ng uni t s,  f ans,  coi l s,  damper s,  and ot her  s i mi l ar  i t ems r equi r i ng 
suppor t s.   Fl oor  mount  or  cei l i ng hang ai r  handl i ng uni t s as i ndi cat ed.   
Anchor  and f ast en as det ai l ed.   Set  f l oor - mount ed equi pment  on not  l ess 
t han 6 i nch concr et e pads or  cur bs dowel ed i n pl ace unl ess ot her wi se 
i ndi cat ed.   Make concr et e f oundat i ons heavy enough t o mi ni mi ze t he 
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i nt ensi t y of  t he v i br at i ons t r ansmi t t ed t o t he pi pi ng,  duct  wor k and t he 
sur r oundi ng st r uct ur e,  as r ecommended i n wr i t i ng by t he equi pment  
manuf act ur er .   I n l i eu of  a concr et e pad f oundat i on,  bui l d a concr et e 
pedest al  bl ock wi t h i sol at or s pl aced bet ween t he pedest al  bl ock and t he 
f l oor .   Make t he concr et e f oundat i on or  concr et e pedest al  bl ock a mass not  
l ess t han t hr ee t i mes t he wei ght  of  t he component s t o be suppor t ed.   
Pr ovi de t he l i nes connect ed t o t he pump mount ed on pedest al  bl ocks wi t h 
f l exi bl e connect or s.   Submi t  f oundat i on dr awi ngs as speci f i ed i n par agr aph 
DETAI L DRAWI NGS.   Pr ovi de concr et e f or  f oundat i ons as speci f i ed i n Sect i on 
03 30 00 CAST- I N- PLACE CONCRETE.

3. 2. 3   Access Panel s

I nst al l  access panel s f or  conceal ed val ves,  vent s,  cont r ol s,  damper s,  and 
i t ems r equi r i ng i nspect i on or  mai nt enance of  suf f i c i ent  s i ze,  and l ocat e 
t hem so t hat  t he conceal ed i t ems ar e easi l y ser vi ced and mai nt ai ned or  
compl et el y r emoved and r epl aced.   Pr ovi de access panel s as speci f i ed i n 
Sect i on 08 31 00 ACCESS DOORS AND PANELS.

3. 2. 4   Fl exi bl e Duct

I nst al l  pr e- i nsul at ed f l exi bl e duct  i n accor dance wi t h t he l at est  pr i nt ed 
i nst r uct i ons of  t he manuf act ur er  t o ensur e a vapor  t i ght  j oi nt .   Pr ovi de 
hanger s,  when r equi r ed t o suspend t he duct ,  of  t he t ype r ecommended by t he 
duct  manuf act ur er  and set  at  t he i nt er val s r ecommended.

3. 2. 5   Met al  Duct wor k

I nst al l  accor di ng t o SMACNA 1966 unl ess ot her wi se i ndi cat ed.   I nst al l  duct  
suppor t s f or  sheet  met al  duct wor k accor di ng t o SMACNA 1966,  unl ess 
ot her wi se speci f i ed.   Do not  use f r i ct i on beam cl amps i ndi cat ed i n 
SMACNA 1966.   Anchor  r i ser s on hi gh vel oci t y duct s i n t he cent er  of  t he 
ver t i cal  r un t o al l ow ends of  r i ser  t o move due t o t her mal  expansi on.   
Er ect  suppor t s on t he r i ser s t hat  al l ow f r ee ver t i cal  movement  of  t he 
duct .   At t ach suppor t s onl y t o st r uct ur al  f r ami ng member s and concr et e 
s l abs.   Do not  anchor  suppor t s t o met al  decki ng unl ess a means i s pr ovi ded 
and appr oved f or  pr event i ng t he anchor  f r om punct ur i ng t he met al  decki ng.   
Wher e suppor t s ar e r equi r ed bet ween st r uct ur al  f r ami ng member s,  pr ovi de 
sui t abl e i nt er medi at e met al  f r ami ng.   Wher e C- cl amps ar e used,  pr ovi de 
r et ai ner  c l i ps.

3. 2. 5. 1   Under gr ound Duct wor k

Pr ovi de PVC pl ast i sol  coat ed gal vani zed st eel  under gr ound duct wor k wi t h 
coat i ng on i nt er i or  and ext er i or  sur f aces and wat er t i ght  j oi nt s.   I nst al l  
duct wor k as i ndi cat ed,  accor di ng t o ACCA Manual  4 and manuf act ur er ' s 
i nst r uct i ons.   Maxi mum bur i al  dept h i s 6 f eet .

3. 2. 5. 2   Radon Exhaust  Duct wor k

Per f or at e subsl ab suct i on pi pi ng wher e i ndi cat ed.   I nst al l  PVC j oi nt s as 
speci f i ed i n ASTM D2855.

3. 2. 5. 3   Li ght  Dut y Cor r osi ve Exhaust  Duct wor k

For  l i ght  dut y cor r osi ve exhaust  duct wor k,  use PVC pl ast i sol  coat ed 
gal vani zed st eel  wi t h PVC coat i ng on i nt er i or  sur f aces and ext er i or  
sur f aces.
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3. 2. 6   Acoust i cal  Duct  Li ni ng

Appl y l i ni ng i n cut - t o- s i ze pi eces at t ached t o t he i nt er i or  of  t he duct  
wi t h nonf l ammabl e f i r e r esi st ant  adhesi ve conf or mi ng t o ASTM C916,  Type I ,  
NFPA 90A,  UL 723,  and ASTM E84.   Pr ovi de t op and bot t om pi eces t hat  l ap 
t he s i de pi eces and ar e secur ed wi t h wel ded pi ns,  adher ed cl i ps of  met al ,  
nyl on,  or  hi gh i mpact  pl ast i c,  and speed washer s or  wel di ng cup- head pi ns 
i nst al l ed accor di ng t o SMACNA 1966.   Pr ovi de wel ded pi ns,  cup- head pi ns,  
or  adher ed cl i ps t hat  do not  di st or t  t he duct ,  bur n t hr ough,  nor  mar  t he 
f i ni sh or  t he sur f ace of  t he duct .   Make pi ns and washer s f l ush wi t h t he 
sur f aces of  t he duct  l i ner  and seal  al l  br eaks and punct ur es of  t he duct  
l i ner  coat i ng wi t h t he nonf l ammabl e,  f i r e r esi st ant  adhesi ve.   Coat  
exposed edges of  t he l i ner  at  t he duct  ends and at  ot her  j oi nt s wher e t he 
l i ni ng i s subj ect  t o er osi on wi t h a heavy br ush coat  of  t he nonf l ammabl e,  
f i r e r esi st ant  adhesi ve,  t o pr event  del ami nat i on of  gl ass f i ber s.   Appl y 
duct  l i ner  t o f l at  sheet  met al  pr i or  t o f or mi ng duct  t hr ough t he sheet  
met al  br ake.   Addi t i onal l y secur e l i ni ng at  t he t op and bot t om sur f aces of  
t he duct  by wel ded pi ns or  adher ed cl i ps as speci f i ed f or  cut - t o- s i ze 
pi eces.   Ot her  met hods i ndi cat ed i n SMACNA 1966 t o obt ai n pr oper  
i nst al l at i on of  duct  l i ner s i n sheet  met al  duct s,  i ncl udi ng adhesi ves and 
f ast ener s,  ar e accept abl e.

3. 2. 7   Dust  Cont r ol

To pr event  t he accumul at i on of  dust ,  debr i s and f or ei gn mat er i al  dur i ng 
const r uct i on,  per f or m t empor ar y dust  cont r ol  pr ot ect i on.   Pr ot ect  t he 
di st r i but i on syst em ( suppl y and r et ur n)  wi t h t empor ar y seal - of f s at  al l  
i nl et s and out l et s at  t he end of  each day' s wor k.   Keep t empor ar y 
pr ot ect i on i n pl ace unt i l  syst em i s r eady f or  st ar t up.

3. 2. 8   I nsul at i on

Pr ovi de t hi ckness and appl i cat i on of  i nsul at i on mat er i al s f or  duct wor k,  
pi pi ng,  and equi pment  accor di ng t o Sect i on 23 07 00 THERMAL I NSULATI ON FOR 
MECHANI CAL SYSTEMS.   Ext er nal l y i nsul at e out door  ai r  i nt ake duct s and 
pl enums up t o t he poi nt  wher e t he out door  ai r  r eaches t he condi t i oni ng uni t
 or  up t o t he poi nt  wher e t he out door  ai r  mi xes wi t h t he r et ur n ai r  st r eam.

3. 2. 9   Duct  Test  Hol es

Pr ovi de hol es wi t h c l osur es or  t hr eaded hol es wi t h pl ugs i n duct s and 
pl enums as i ndi cat ed or  wher e necessar y f or  t he use of  pi t ot  t ube i n 
bal anci ng t he ai r  syst em.   Pl ug i nsul at ed duct  at  t he duct  sur f ace,  
pat ched over  wi t h i nsul at i on and t hen mar ked t o i ndi cat e l ocat i on of  t est  
hol e i f  needed f or  f ut ur e use.

3. 2. 10   Power  Roof  Vent i l at or  Mount i ng

Pr ovi de f oamed 1/ 2 i nch t hi ck,  c l osed- cel l ,  f l exi bl e el ast omer  i nsul at i on 
t o cover  wi dt h of  r oof  cur b mount i ng f l ange.   Wher e wood nai l er s ar e used,  
pr edr i l l  hol es f or  f ast ener s.

3. 2. 11   Power  Tr ansmi ssi on Component s Adj ust ment

Test  V- bel t s and sheaves f or  pr oper  al i gnment  and t ensi on pr i or  t o 
oper at i on and af t er  72 hour s of  oper at i on at  f i nal  speed.   Uni f or ml y l oad 
bel t s on dr i ve s i de t o pr event  bounci ng.   Make al i gnment  of  di r ect  dr i ven 
coupl i ngs t o wi t hi n 50 per cent  of  manuf act ur er ' s maxi mum al l owabl e r ange 
of  mi sal i gnment .
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3. 3   EQUI PMENT PADS

Pr ovi de equi pment  pads t o t he di mensi ons shown or ,  i f  not  shown,  t o 
conf or m t o t he shape of  each pi ece of  equi pment  ser ved wi t h a mi ni mum 
3- i nch mar gi n ar ound t he equi pment  and suppor t s.   Al l ow equi pment  bases 
and f oundat i ons,  when const r uct ed of  concr et e or  gr out ,  t o cur e a mi ni mum 
of  14 cal endar  days bef or e bei ng l oaded.

3. 4   CUTTI NG AND PATCHI NG

I nst al l  wor k i n such a manner  and at  such t i me t hat  a mi ni mum of  cut t i ng 
and pat chi ng of  t he bui l di ng st r uct ur e i s r equi r ed.   Make hol es i n exposed 
l ocat i ons,  i n or  t hr ough exi st i ng f l oor s,  by dr i l l i ng and smoot h by 
sandi ng.   Use of  a j ackhammer  i s per mi t t ed onl y wher e speci f i cal l y 
appr oved.   Make hol es t hr ough masonr y wal l s t o accommodat e s l eeves wi t h an 
i r on pi pe masonr y cor e saw.

3. 5   CLEANI NG

Thor oughl y c l ean sur f aces of  pi pi ng and equi pment  t hat  have become cover ed 
wi t h di r t ,  pl ast er ,  or  ot her  mat er i al  dur i ng handl i ng and const r uct i on 
bef or e such sur f aces ar e pr epar ed f or  f i nal  f i ni sh pai nt i ng or  ar e 
encl osed wi t hi n t he bui l di ng st r uct ur e.   Bef or e f i nal  accept ance,  c l ean 
mechani cal  equi pment ,  i ncl udi ng pi pi ng,  duct i ng,  and f i xt ur es,  and f r ee 
f r om di r t ,  gr ease,  and f i nger  mar ks.   When t he wor k ar ea i s i n an occupi ed 
space such as of f i ce,  l abor at or y or  war ehouse  pr ot ect  al l  f ur ni t ur e and 
equi pment  f r om di r t  and debr i s.   I ncor por at e housekeepi ng f or  f i el d 
const r uct i on wor k whi ch l eaves al l  f ur ni t ur e and equi pment  i n t he af f ect ed 
ar ea f r ee of  const r uct i on gener at ed dust  and debr i s;  and,  al l  f l oor  
sur f aces vacuum- swept  c l ean.

3. 6   PENETRATI ONS

Pr ovi de sl eeves and pr epar ed openi ngs f or  duct  mai ns,  br anches,  and ot her  
penet r at i ng i t ems,  and i nst al l  dur i ng t he const r uct i on of  t he sur f ace t o 
be penet r at ed.   Cut  s l eeves f l ush wi t h each sur f ace.   Pl ace sl eeves f or  
r ound duct  15 i nches and smal l er .   Bui l d f r amed,  pr epar ed openi ngs f or  
r ound duct  l ar ger  t han 15 i nches and squar e,  r ect angul ar  or  oval  duct s.   
Sl eeves and f r amed openi ngs ar e al so r equi r ed wher e gr i l l es,  r egi st er s,  
and di f f user s ar e i nst al l ed at  t he openi ngs.   Pr ovi de one i nch cl ear ance 
bet ween penet r at i ng and penet r at ed sur f aces except  at  gr i l l es,  r egi st er s,  
and di f f user s.   Pack spaces bet ween sl eeve or  openi ng and duct  or  duct  
i nsul at i on wi t h mi ner al  f i ber  conf or mi ng wi t h ASTM C553,  Type 1,  Cl ass B- 2.

3. 6. 1   Sl eeves

Fabr i cat e s l eeves,  except  as ot her wi se speci f i ed or  i ndi cat ed,  f r om 20 
gauge t hi ck mi l l  gal vani zed sheet  met al .   Wher e sl eeves ar e i nst al l ed i n 
bear i ng wal l s or  par t i t i ons,  pr ovi de bl ack st eel  pi pe conf or mi ng wi t h 
ASTM A53/ A53M,  Schedul e 20.

3. 6. 2   Fr amed Pr epar ed Openi ngs

Fabr i cat e f r amed pr epar ed openi ngs f r om 20 gauge gal vani zed st eel ,  unl ess 
ot her wi se i ndi cat ed.
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3. 6. 3   I nsul at i on

Pr ovi de duct  i nsul at i on i n accor dance wi t h Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS cont i nuous t hr ough sl eeves and pr epar ed 
openi ngs except  f i r ewal l  penet r at i ons.   Ter mi nat e duct  i nsul at i on at  f i r e 
damper s and f l exi bl e connect i ons.   For  duct  handl i ng ai r  at  or  bel ow 60 
degr ees F,  pr ovi de i nsul at i on cont i nuous over  t he damper  col l ar  and 
r et ai ni ng angl e of  f i r e damper s,  whi ch ar e exposed t o uncondi t i oned ai r .

3. 6. 4   Cl osur e Col l ar s

Pr ovi de cl osur e col l ar s of  a mi ni mum 4 i nches wi de,  unl ess ot her wi se 
i ndi cat ed,  f or  exposed duct s and i t ems on each si de of  penet r at ed sur f ace,  
except  wher e equi pment  i s i nst al l ed.   I nst al l  col l ar  t i ght  agai nst  t he 
sur f ace and f i t  snugl y ar ound t he duct  or  i nsul at i on.   Gr i nd shar p edges 
smoot h t o pr event  damage t o penet r at i ng sur f ace.   Fabr i cat e col l ar s f or  
r ound duct s 15 i nches i n di amet er  or  l ess f r om 20 gauge gal vani zed st eel .   
Fabr i cat e col l ar s f or  squar e and r ect angul ar  duct s,  or  r ound duct s wi t h 
mi ni mum di mensi on over  15 i nches f r om 18 gauge gal vani zed st eel .   
Fabr i cat e col l ar s f or  squar e and r ect angul ar  duct s wi t h a maxi mum si de of  
15 i nches or  l ess f r om 20 gauge gal vani zed st eel .   I nst al l  col l ar s wi t h 
f ast ener s a maxi mum of  6 i nches on cent er .   At t ach t o col l ar s a mi ni mum of  
4 f ast ener s wher e t he openi ng i s 12 i nches i n di amet er  or  l ess,  and a 
mi ni mum of  8 f ast ener s wher e t he openi ng i s 20 i nches i n di amet er  or  l ess.

3. 6. 5   Fi r est oppi ng

Wher e duct s pass t hr ough f i r e- r at ed wal l s,  f i r e par t i t i ons,  and f i r e r at ed 
chase wal l s,  seal  t he penet r at i on wi t h f i r e st oppi ng mat er i al s as 
speci f i ed i n Sect i on 07 84 00 FI RESTOPPI NG.

3. 7   FI ELD PAI NTI NG OF MECHANI CAL EQUI PMENT

Cl ean,  pr et r eat ,  pr i me and pai nt  met al  sur f aces;  except  al umi num sur f aces 
need not  be pai nt ed.   Appl y coat i ngs t o c l ean dr y sur f aces.   Cl ean t he 
sur f aces t o r emove dust ,  di r t ,  r ust ,  oi l  and gr ease by wi r e br ushi ng and 
sol vent  degr easi ng pr i or  t o appl i cat i on of  pai nt ,  except  c l ean t o bar e 
met al  on met al  sur f aces subj ect  t o t emper at ur es i n excess of  120 degr ees F.   
Wher e mor e t han one coat  of  pai nt  i s  speci f i ed,  appl y t he second coat  
af t er  t he pr ecedi ng coat  i s t hor oughl y dr y.   Li ght l y sand damaged pai nt i ng 
and r et ouch bef or e appl y i ng t he succeedi ng coat .   Pr ovi de al umi num or  
l i ght  gr ay f i ni sh coat .

3. 7. 1   Temper at ur es l ess t han 120 degr ees F

I mmedi at el y af t er  c l eani ng,  appl y one coat  of  pr et r eat ment  pr i mer  appl i ed 
t o a mi ni mum dr y f i l m t hi ckness of  0. 3 mi l ,  one coat  of  pr i mer  appl i ed t o 
a mi ni mum dr y f i l m t hi ckness of  one mi l ;  and t wo coat s of  enamel  appl i ed 
t o a mi ni mum dr y f i l m t hi ckness of  one mi l  per  coat  t o met al  sur f aces 
subj ect  t o t emper at ur es l ess t han 120 degr ees F.

3. 7. 2   Temper at ur es bet ween 120 and 400 degr ees F

Appl y t wo coat s of  400 degr ees F heat - r esi st i ng enamel  appl i ed t o a t ot al  
mi ni mum t hi ckness of  t wo mi l s t o met al  sur f aces subj ect  t o t emper at ur es 
bet ween 120 and 400 degr ees F.
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3. 7. 3   Temper at ur es gr eat er  t han 400 degr ees F

Appl y t wo coat s of  315 degr ees C 600 degr ees F heat - r esi st i ng pai nt  
appl i ed t o a t ot al  mi ni mum dr y f i l m t hi ckness of  t wo mi l s t o met al  
sur f aces subj ect  t o t emper at ur es gr eat er  t han 400 degr ees F.

3. 7. 4   Fi ni sh Pai nt i ng

The r equi r ement s f or  f i ni sh pai nt i ng of  i t ems onl y pr i med at  t he f act or y,  
and sur f aces not  speci f i cal l y not ed ot her wi se,  ar e speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.

3. 7. 5   Col or  Codi ng Scheme f or  Locat i ng Hi dden Ut i l i t y  Component s

Use scheme i n bui l di ngs havi ng suspended gr i d cei l i ngs.   Pr ovi de col or  
codi ng scheme t hat  i dent i f i es poi nt s of  access f or  mai nt enance and 
oper at i on of  component s and equi pment  t hat  ar e not  v i s i bl e f r om t he 
f i ni shed space and ar e accessi bl e f r om t he cei l i ng gr i d,  consi st i ng of  a 
col or  code boar d and col or ed met al  di sks.   Make each col or ed met al  di sk 
appr oxi mat el y 3/ 8 i nch di amet er  and secur e t o r emovabl e cei l i ng panel s 
wi t h f ast ener s.   I nser t  each f ast ener  i nt o t he cei l i ng panel  so as t o be 
conceal ed f r om vi ew.   Pr ovi de f ast ener s t hat  ar e manual l y r emovabl e 
wi t hout  t he use of  t ool s and t hat  do not  separ at e f r om t he cei l i ng panel s 
when t he panel s ar e dr opped f r om cei l i ng hei ght .   Make i nst al l at i on of  
col or ed met al  di sks f ol l ow compl et i on of  t he f i ni shed sur f ace on whi ch t he 
di sks ar e t o be f ast ened.   Pr ovi de col or  code boar d t hat  i s appr oxi mat el y 
3 f oot  wi de,   30 i nches hi gh,  and 1/ 2 i nches t hi ck.   Make t he boar d of  
wood f i ber boar d and f r ame under  gl ass or  1/ 16 i nch t r anspar ent  pl ast i c 
cover .   Make t he col or  code symbol s appr oxi mat el y 3/ 4 i nch i n di amet er  and 
t he r el at ed l et t er i ng i n 1/ 2 i nch hi gh capi t al  l et t er s.   Mount  t he col or  
code boar d i n t he mechani cal  or  equi pment  r oom.   Make t he col or  code 
syst em as i ndi cat ed bel ow:

  
Col or Syst em I t em Locat i on

3. 8   I DENTI FI CATI ON SYSTEMS

Pr ovi de i dent i f i cat i on t ags made of  br ass,  engr aved l ami nat ed pl ast i c,  or  
engr aved anodi zed al umi num,  i ndi cat i ng ser vi ce and i t em number  on al l  
val ves and damper s.   Pr ovi de t ags t hat  ar e 1- 3/ 8 i nch mi ni mum di amet er  
wi t h st amped or  engr aved mar ki ngs.   Make i ndent at i ons bl ack f or  r eadi ng 
cl ar i t y.   At t ach t ags t o val ves wi t h No.  12 AWG 0. 0808- i nch di amet er  
cor r osi on- r esi st ant  st eel  wi r e,  copper  wi r e,  chr ome- pl at ed beaded chai n or  
pl ast i c st r aps desi gned f or  t hat  pur pose.

3. 9   DUCTWORK LEAK TEST

Per f or m duct wor k l eak t est  f or  t he ent i r e ai r  di st r i but i on and exhaust  
syst em,  i ncl udi ng f ans,  coi l s,  f i l t er s,  et c.  Pr ovi de t est  pr ocedur e,  
appar at us,  and r epor t  t hat  conf or m t o SMACNA 1972 CD.   The maxi mum 
al l owabl e l eakage r at e i s  cf m.   Compl et e duct wor k l eak t est  wi t h 
sat i sf act or y r esul t s pr i or  t o appl y i ng i nsul at i on t o duct wor k ext er i or  or  
conceal i ng duct wor k.
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3. 10   DAMPER ACCEPTANCE TEST

Submi t  t he pr oposed schedul e,  at  l east  2 weeks pr i or  t o t he st ar t  of  
t est .   Oper at e al l  f i r e damper s and smoke damper s under  nor mal  oper at i ng 
condi t i ons,  pr i or  t o t he occupancy of  a bui l di ng t o det er mi ne t hat  t hey 
f unct i on pr oper l y.   Test  each f i r e damper  equi pped wi t h f usi bl e l i nk by 
havi ng t he f usi bl e l i nk cut  i n pl ace.   Test  dynami c f i r e damper s wi t h t he 
ai r  handl i ng and di st r i but i on syst em r unni ng.   Reset  al l  f i r e damper s wi t h 
t he f usi bl e l i nks r epl aced af t er  accept ance t est i ng.   To ensur e opt i mum 
oper at i on and per f or mance,  i nst al l  t he damper  so i t  i s  squar e and f r ee 
f r om r acki ng.

3. 11   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

The r equi r ement s f or  t est i ng,  adj ust i ng,  and bal anci ng ar e speci f i ed i n 
Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND BALANCI NG FOR HVAC.   Begi n 
t est i ng,  adj ust i ng,  and bal anci ng onl y when t he ai r  suppl y and 
di st r i but i on,  i ncl udi ng cont r ol s,  has been compl et ed,  wi t h t he except i on 
of  per f or mance t est s.

3. 12   PERFORMANCE TESTS

Conduct  per f or mance t est s as r equi r ed i n Sect i on 23 05 93 Test i ng,  
Adj ust i ng and Bal anci ng f or  HVAC and Sect i on 23 09 00 I nst r ument at i on and 
Cont r ol  f or  HVAC.

3. 13   CLEANI NG AND ADJUSTI NG

Pr ovi de a t empor ar y bypass f or  wat er  coi l s t o pr event  f l ushi ng wat er  f r om 
passi ng t hr ough coi l s.   I nsi de of  ai r  t er mi nal  uni t s,  t hor oughl y c l ean 
duct s,  pl enums,  and casi ng of  debr i s and bl ow f r ee of  smal l  par t i c l es of  
r ubbi sh and dust  and t hen vacuum cl ean bef or e i nst al l i ng out l et  f aces.   
Wi pe equi pment  c l ean,  wi t h no t r aces of  oi l ,  dust ,  di r t ,  or  pai nt  spot s.   
Pr ovi de t empor ar y f i l t er s pr i or  t o st ar t up of  al l  f ans t hat  ar e oper at ed 
dur i ng const r uct i on,  and pr ovi de new f i l t er s af t er  al l  const r uct i on di r t  
has been r emoved f r om t he bui l di ng,  and t he duct s,  pl enums,  casi ngs,  and 
ot her  i t ems speci f i ed have been vacuum cl eaned.   Per f or m and document  t hat  
pr oper  " I ndoor  Ai r  Qual i t y Dur i ng Const r uct i on"  pr ocedur es have been 
f ol l owed;  pr ovi de document at i on showi ng t hat  af t er  const r uct i on ends,  and 
pr i or  t o occupancy,  new f i l t er s wer e pr ovi ded and i nst al l ed.   Mai nt ai n 
syst em i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   Pr oper l y l ubr i cat e 
bear i ngs wi t h oi l  or  gr ease as r ecommended by t he manuf act ur er .   Ti ght en 
bel t s t o pr oper  t ensi on.   Adj ust  cont r ol  val ves and ot her  mi scel l aneous 
equi pment  r equi r i ng adj ust ment  t o set t i ng i ndi cat ed or  di r ect ed.   Adj ust  
f ans t o t he speed i ndi cat ed by t he manuf act ur er  t o meet  speci f i ed 
condi t i ons.   Mai nt ai n al l  equi pment  i nst al l ed under  t he cont r act  unt i l  
c l ose out  document at i on i s r ecei ved,  t he pr oj ect  i s  compl et ed and t he 
bui l di ng has been document ed as benef i c i al l y  occupi ed.

3. 14   OPERATI ON AND MAI NTENANCE

3. 14. 1   Oper at i on and Mai nt enance Manual s

Submi t  s i x manual s at  l east  2 weeks pr i or  t o f i el d t r ai ni ng.   Submi t  dat a 
compl yi ng wi t h t he r equi r ement s speci f i ed i n Sect i on 01 78 23 OPERATI ON 
AND MAI NTENANCE DATA.   Submi t  Dat a Package 3 f or  t he i t ems/ uni t s l i s t ed 
under  SD- 10 Oper at i on and Mai nt enance Dat a
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3. 14. 2   Oper at i on And Mai nt enance Tr ai ni ng

Conduct  a t r ai ni ng cour se f or  t he member s of  t he oper at i ng st af f  as 
desi gnat ed by t he Cont r act i ng Of f i cer .    Make t he t r ai ni ng per i od consi st  
of  a t ot al  of  4 hour s of  nor mal  wor ki ng t i me and st ar t  i t  af t er  al l  wor k 
speci f i ed her ei n i s f unct i onal l y compl et ed and t he Per f or mance Test s have 
been appr oved.   Conduct  f i el d i nst r uct i on t hat  cover s al l  of  t he i t ems 
cont ai ned i n t he Oper at i on and Mai nt enance Manual s as wel l  as 
demonst r at i ons of  r out i ne mai nt enance oper at i ons.   Submi t  t he pr oposed 
On- si t e Tr ai ni ng schedul e concur r ent l y wi t h t he Oper at i on and Mai nt enance 
Manual s and at  l east  14 days pr i or  t o conduct i ng t he t r ai ni ng cour se.

         - -  End of  Sect i on - -
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SECTI ON 23 31 13. 00 40

METAL DUCTS
08/ 22

PART 1   GENERAL

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON appl y t o wor k speci f i ed i n t hi s 
sect i on.

1. 1   REFERENCES

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

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 325 ( 2017)  St eel  Const r uct i on Manual

AI SC 360 ( 2016)  Speci f i cat i on f or  St r uct ur al  St eel  
Bui l di ngs

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE EQUI P I P HDBK ( 2012)  Handbook,  HVAC Syst ems and 
Equi pment  ( I P Edi t i on)

ASHRAE FUN I P ( 2021)  Fundament al s Handbook,  I - P Edi t i on

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS A5. 8/ A5. 8M ( 2019)  Speci f i cat i on f or  Fi l l er  Met al s f or  
Br azi ng and Br aze Wel di ng

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A924/ A924M ( 2022a)  St andar d Speci f i cat i on f or  Gener al  
Requi r ement s f or  St eel  Sheet ,  
Met al l i c- Coat ed by t he Hot - Di p Pr ocess

ASTM C1071 ( 2019)  St andar d Speci f i cat i on f or  Fi br ous 
Gl ass Duct  Li ni ng I nsul at i on ( Ther mal  and 
Sound Absor bi ng Mat er i al )
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ASTM D257 ( 2014)  St andar d Test  Met hods f or  D- C 
Resi st ance or  Conduct ance of  I nsul at i ng 
Mat er i al s

ASTM E477 ( 2020)  St andar d Test  Met hod f or  Labor at or y 
Measur ement s of  Acoust i cal  and Ai r f l ow 
Per f or mance of  Duct  Li ner  Mat er i al s and 
Pr ef abr i cat ed Si l encer s

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

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST HB 150 ( 2016)  Nat i onal  Vol unt ar y Labor at or y 
Accr edi t at i on Pr ogr am Pr ocedur es and 
Gener al  Requi r ement s

NI ST HB 150- 8 ( 2018)  NVLAP Acoust i cal  Test i ng Ser vi ces

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1966 ( 2020)  HVAC Duct  Const r uct i on St andar ds 
Met al  and Fl exi bl e,  4t h Edi t i on

SMACNA 1987 ( 2006)  HVAC Duct  Syst ems I nspect i on Gui de,  
3r d Edi t i on

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC Pai nt i ng Manual ( 2002)  Good Pai nt i ng Pr act i ce,  St eel  
St r uct ur es Pai nt i ng Manual ,  Vol ume 1

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AMS 2480 ( 2009;  Rev H)  Phosphat e Tr eat ment ,  Pai nt ,  
Base

UNDERWRI TERS LABORATORI ES ( UL)

UL 181 ( 2013;  Repr i nt  Dec 2021)  UL St andar d f or  
Saf et y Fact or y- Made Ai r  Duct s and Ai r  
Connect or s

UL 555 ( 2006;  Repr i nt  Aug 2016)  UL St andar d f or  
Saf et y Fi r e Damper s

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:
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SD- 01 Pr econst r uct i on Submi t t al s

Mat er i al ,  Equi pment ,  and Fi xt ur e Li st s;  G

Recor ds of  Exi st i ng Condi t i ons;  G

SD- 02 Shop Dr awi ngs

Connect i on Di agr ams;  G

Of f set  Fi t t i ng Conf i gur at i ons;  G

SD- 03 Pr oduct  Dat a

Equi pment  and Per f or mance Dat a

Gal vani zed St eel  Duct wor k Mat er i al s;  G

Br azi ng Mat er i al s

Mi l l - Rol l ed Rei nf or ci ng and Suppor t i ng Mat er i al s

Round Sheet  Met al  Duct  Fi t t i ngs;  G

Round,  Hi gh- Pr essur e,  Doubl e- Wal l  Sheet  Met al  Duct s;  G

Tur ni ng Vanes;  G

Sound At t enuat or s;  G

Fl exi bl e Connect or s;  G

Fl exi bl e Duct  Mat er i al s

Power - Oper at ed Damper s;  G

Fi r e Damper s and Wal l  Col l ar s;  G

Gr avi t y Backdr af t  and Rel i ef  Damper s;  G

Manual  Vol ume Damper s;  G

SD- 05 Desi gn Dat a

Desi gn Anal ysi s and Cal cul at i ons;  G

SD- 06 Test  Repor t s

Duct wor k Leakage Test s;  G

SD- 07 Cer t i f i cat es

Li st i ng of  Pr oduct  I nst al l at i ons

Gal vani zed St eel  Duct wor k Mat er i al s

Br azi ng Mat er i al s

Mi l l - Rol l ed Rei nf or ci ng and Suppor t i ng Mat er i al s
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Round Sheet  Met al  Duct  Fi t t i ngs

Round,  Hi gh- Pr essur e,  Doubl e- Wal l  Sheet  Met al  Duct s

Tur ni ng Vanes

Damper s

Sound At t enuat or s

Fl exi bl e Connect or s

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

Power  Oper at ed Damper s;  G

Fi r e Damper s and Wal l  Col l ar s;  G

SD- 11 Cl oseout  Submi t t al s

Recor d Dr awi ngs;  G

1. 3   QUALI TY CONTROL

When f ur ni shi ng t he l i s t i ng of  pr oduct  i nst al l at i ons f or  medi um and hi gh 
pr essur e duct wor k syst ems i ncl ude i dent i f i cat i on of  at  l east  5 uni t s,  
s i mi l ar  t o t hose pr oposed f or  use,  t hat  have been i n successf ul  ser vi ce 
f or  a mi ni mum per i od of  5 year s.   I ncl ude pur chaser ,  addr ess of  
i nst al l at i on,  ser vi ce or gani zat i on,  and dat e of  i nst al l at i on.

PART 2   PRODUCTS

I ncl ude t he manuf act ur er ' s st y l e or  cat al og number s,  speci f i cat i on and 
dr awi ng r ef er ence number s,  war r ant y i nf or mat i on,  and f abr i cat i on s i t e 
i nf or mat i on wi t hi n mat er i al ,  equi pment ,  and f i xt ur e l i s t s.

2. 1   SYSTEM DESCRI PTI ON

Pr ovi de l ow- pr essur e syst ems duct wor k and pl enums wher e maxi mum ai r  
vel oci t y i s 2, 000- f eet  per  mi nut e( f pm)  and maxi mum st at i c pr essur e i s 
2- i nches wat er  gage ( wg) ,  posi t i ve or  negat i ve.

Submi t  connect i on di agr ams f or  l ow pr essur e duct wor k syst ems i ndi cat i ng 
t he r el at i on and connect i on of  devi ces and appar at us by showi ng t he 
gener al  physi cal  l ayout  of  al l  cont r ol s,  t he i nt er connect i on of  one syst em 
( or  por t i on of  syst em)  wi t h anot her ,  and i nt er nal  t ubi ng,  wi r i ng,  and 
ot her  devi ces.

Hi gh vel oci t y syst ems duct wor k encompass syst ems wher e:

a.   Mi ni mum ai r  vel oci t y exceeds 2, 000- f eet  per  mi nut e ( f pm)  or  st at i c 
pr essur e exceeds 2- i nches wat er  gage ( wg) .

b.   Medi um st at i c pr essur e r anges f r om over  2- i nches wg t hr ough 3- i nches wg,  
posi t i ve or  negat i ve,  or  over  3- i nches wg t hr ough 6- i nches wg posi t i ve.
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d.   Do not  use r i gi d f i br ous- gl ass duct wor k.

2. 1. 1   Desi gn Requi r ement s

Submi t  r ecor ds of  exi st i ng condi t i ons i ncl udi ng t he r esul t s of  a sur vey 
consi st i ng of  wor k ar ea condi t i ons,  and f eat ur es of  exi st i ng st r uct ur es 
and f aci l i t i es wi t hi n and adj acent  t o t he j obsi t e.

Submi t  equi pment  and per f or mance dat a f or  medi um and hi gh pr essur e 
duct wor k syst ems consi st i ng of  use l i f e,  syst em f unct i onal  f l ows,  saf et y 
f eat ur es,  and mechani cal  aut omat ed det ai l s.   Submi t  t est  r esponse and 
per f or mance char act er i st i cs cur ves f or  cer t i f i ed equi pment .

Submi t  desi gn anal ysi s and cal cul at i ons f or  duct wor k syst ems i ndi cat i ng 
t he manuf act ur er ' s r ecommended ai r  vel oci t i es,  maxi mum st at i c pr essur e,  
and t emper at ur e cal cul at i ons.

2. 2   COMPONENTS

2. 2. 1   Round Sheet  Met al  Duct  Fi t t i ngs

Submi t  of f set  f i t t i ng conf i gur at i ons f or  appr oval .   Shop f abr i cat e 
f i t t i ngs.

2. 2. 1. 1   Fi t t i ngs Const r uct i on

Manuf act ur e as separ at e f i t t i ngs,  not  as t ap col l ar s wel ded or  br azed i nt o 
duct  sect i ons.

Pr ovi de t wo- pi ece t ype mi t er  el bows f or  angl es l ess t han 31 degr ees,  
t hr ee- pi ece t ype f or  angl es 31 t hr ough 60 degr ees,  and f i ve- pi ece t ype f or  
angl es 61 t hr ough 90 degr ees.   Ensur e cent er l i ne r adi us of  el bows i s 1- 1/ 2 
t i mes f i t t i ng cr oss sect i on di amet er .

Pr ovi de coni cal  t ype cr osses,  i ncr easer s,  r educer s,  r educi ng t ees,  and 
90- degr ee t ees.

Ensur e cut out s i n f i t t i ng body ar e equal  t o br anch t ap di mensi on or ,  wher e 
smal l er ,  excess mat er i al  i s  f l ar ed and r ol l ed i nt o smoot h r adi us nozzl e 
conf i gur at i on.

2. 2. 2   Round,  Hi gh- Pr essur e,  Doubl e- Wal l  Sheet  Met al  Duct s

Shop f abr i cat e duct s and f i t t i ngs.

Const r uct i on compr i ses of  an ai r t i ght ,  vapor  bar r i er ,  out er  pr essur e 
shel l ,  a 1 i nch i nsul at i on l ayer ,  and a met al  i nner  l i ner  t hat  compl et el y 
cover s t he i nsul at i on t hr oughout  t he syst em.

Pr ovi de i nsul at i on conf or mi ng t o NFPA 90A and ASTM C1071 f or  t her mal  
conduct i v i t y i n accor dance wi t h ASTM D257.

2. 2. 3   Rei nf or cement

Suppor t  i nner  l i ner s of  bot h duct  and f i t t i ngs by met al  spacer s wel ded i n 
posi t i on t o mai nt ai n spaci ng and concent r i c i t y.
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2. 2. 4   Fi t t i ngs

Make di v i ded f l ow f i t t i ngs as separ at e f i t t i ngs,  not  t ap col l ar s i nt o duct  
sect i ons,  wi t h t he f ol l owi ng const r uct i on r equi r ement s:

a.   Sound,  ai r t i ght ,  cont i nuous wel ds at  i nt er sect i on of  f i t t i ng body and 
t ap

b.   Tap l i ner  secur el y wel ded t o i nner  l i ner ,  wi t h wel d spaci ng not  t o 
exceed 3- i nches.

c.   Pack i nsul at i on ar ound t he br anch t ap ar ea f or  compl et e cavi t y f i l l i ng.

d.   Car ef ul l y f i t  br anch connect i on t o cut out  openi ngs i n i nner  l i ner  
wi t hout  spaces f or  ai r  er osi on of  i nsul at i on and wi t hout  shar p 
pr oj ect i ons t hat  cause noi se and ai r f l ow di st ur bance.

Cont i nuousl y br aze seams i n t he pr essur e shel l  of  f i t t i ngs.   Pr ot ect  
gal vani zed ar eas t hat  have been damaged by wel di ng wi t h manuf act ur er ' s 
st andar d cor r osi on- r esi st ant  coat i ng.

Const r uct  t wo- pi ece t ype el bows f or  angl es t hr ough 35 degr ees,  t hr ee- pi ece 
t ype f or  angl es 36 t hr ough 71 degr ees,  and f i ve- pi ece t ype f or  angl es 72 
t hr ough 90 degr ees.

Pr ovi de coni cal  t ype cr osses,  i ncr easer s,  r educer s,  r educi ng t ees,  and 
90- degr ee t ees.

2. 2. 5   Tur ni ng Vanes

Pr ovi de doubl e- wal l  t ype t ur ni ng vanes,  commer ci al l y manuf act ur ed f or  
hi gh- vel oci t y syst em ser vi ce.

2. 2. 6   Damper s

Const r uct  l ow pr essur e dr op,  hi gh- vel oci t y manual  vol ume damper s,  and 
hi gh- vel oci t y f i r e damper s i n accor dance wi t h ASHRAE EQUI P I P HDBK,  
Chapt er  16,  ASHRAE FUN I P,  Chapt er  32 and SMACNA 1966.

2. 2. 7   Sound At t enuat or s

Pr ovi de sound at t enuat or s.

Ensur e t he pr essur e dr op at  t he r at ed f l ow does not  exceed r at i ngs i n 
accor dance wi t h ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,  Chapt er  
32 and SMACNA 1966 or  desi gn cr i t er i a.

Ensur e t he sound at t enuat or s i s ai r t i ght  when oper at i ng under  an i nt er nal  
pr essur e of  0. 37 pounds per  squar e i nch.   Pr ovi de an ai r - s i de sur f ace 
capabl e of  wi t hst andi ng ai r  vel oci t i es of  10, 000- f eet  per  mi nut e wi t hout  
any par t i cul at e mat t er  l eavi ng t he t r ap and bei ng car r i ed downst r eam.

2. 2. 7. 1   At t enuat i on

Fact or y f abr i cat e sound at t enuat or s.   Conf i r m pr essur e dr op measur ement s 
i n accor dance wi t h ASHRAE EQUI P I P HDBK,  Chapt er  18.   Uni t s shal l  be 
t est ed i n accor dance wi t h ASTM E477 si l encer  t est  st andar d i n 
aer o- acoust i cal  t est  f aci l i t y  whi ch i s NVLAP accr edi t ed f or  ASTM E477 
st andar d.   Submi t  copy of  l abor at or y ' s NVLAP accr edi t at i on cer t i f i cat e on 
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dynami c i nser t i on l oss,  sel f - noi se power  l evel s,  and aer odynami c 
per f or mance accor di ng t o t he r equi r ement s of  NI ST HB 150 and NI ST HB 150- 8.   
Conduct  t est s wi t h st andar d met al  i nl et  and out l et  connect i ons under  
i ndi cat ed capaci t y f l ow.

Ensur e at t enuat i on i s i n accor dance wi t h ASHRAE FUN I P.   I ncl ude a gr aphi c 
syst em noi se spect r um cer t i f i cat i on i ndi cat i ng pr oposed f an sound power  
l evel .   At t enuat i on of  duct i ng syst em pr oposed f or  i nst al l at i on i s based 
on ASHRAE FUN I P f or  bends,  br anches,  and ot her  duct  syst em const r uct i on 
noi se cr i t er i a cur ve.

Reduce f an- r at ed sound- power  l evel  t o not  l ess t han 65 deci bel s i n t he 
250- her t z t hi r d oct ave band when measur ed at  t he sound at t enuat i on 
di schar ge end.

2. 2. 7. 2   Const r uct i on of  Sound At t enuat or s

Pr ovi de doubl e- met al  wal l ed,  r ect angul ar  sound at t enuat or s.   Pr ovi de 
mi l l - gal vani zed sheet  met al  st eel  wi t h commer ci al  wei ght  of  z i nc,  
conf or mi ng t o ASTM A653/ A653M.   Ext er i or  met al  act s as a vapor  bar r i er .   
Met al  t hi ckness i s not  l ess t han t hat  r equi r ed f or  t he pr essur e ser vi ce,  
i n accor dance wi t h ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,  
Chapt er  32 and SMACNA 1966,  but  not  l ess t han 22- gage.   Cover  absor bi ng 
mat er i al ,  on t he sound- i mpi ngi ng si de,  wi t h f or med per f or at ed 
mi l l - gal vani zed st eel  of  not  l ess t han 24- gage.   Ensur e al l  ext er i or  sheet  
j oi nt s ar e cont i nuousl y wel ded,  or  const r uct  wi t h l ockset s f i l l ed wi t h 
neopr ene mast i c pr i or  t o f or mi ng.

Spot  wel d i nt er i or  sur f aces not  mor e t han 3- i nches on cent er .   Ensur e al l  
connect i ons t o duct  t r ansi t i ons ar e f l anged wi t h t hr ough- bol t ed 1/ 8- i nch 
by 1- i nch cont i nuous r ubber  gasket i ng.   Pr ovi de vi br at i on i sol at ed t r apeze 
t ype suppor t s.

Pr ovi de f i br ous gl ass absor pt i on mat er i al .   Ensur e sur f aces exposed t o 
ai r st r eam ar e neopr ene coat ed or  pr ot ect ed wi t h woven f i br ous- gl ass c l ot h 
conf or mi ng t o ASTM C1071.   Ensur e t he t ot al  compr essed t hi ckness gi ves t he 
r equi r ed at t enuat i on,  and t her mal  i nsul at i on t o pr ecl ude condensat i on on 
ext er i or  sur f ace under  nor mal  oper at i ng condi t i ons.   Compr essed mat er i al  
densi t y i s appr oxi mat el y 4. 5 pounds per  cubi c f oot .   Sel ect  mat er i al s 
conf or mi ng t o f i r e hazar d r equi r ement s of  NFPA 90A.

2. 2. 8   Fl exi bl e Connect or s f or  Sheet  Met al

Use UL l i s t ed connect or s,  30- ounce per  squar e yar d,  wat er pr oof ,  
f i r e- r et ar dant ,  ai r t i ght ,  woven f i br ous- gl ass c l ot h,  doubl e coat ed wi t h 
neopr ene.   Cl ear  wi dt h,  not  i ncl udi ng cl ampi ng sect i on,  i s  6 t o 8- i nches.

Pr ovi de l eaded vi nyl  sheet s as a second l ayer  f or  sound at t enuat i on.   
Ensur e l eaded vi nyl  i s  not  l ess t han 0. 055- i nch t hi ck,  wei ghi ng not  l ess 
t han 0. 87 pound per  squar e f oot ,  and capabl e of  appr oxi mat el y 10- deci bel  
at t enuat i on i n t he 10-  t o 10, 000- her t z r ange.

2. 2. 9   Duct  Hanger s

For  duct  hanger s i n cont act  wi t h gal vani zed duct  sur f aces,  pr ovi de 
gal vani zed st eel  pai nt ed wi t h i nor gani c z i nc.
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2. 2. 10   Mi l l - Rol l ed Rei nf or ci ng and Suppor t i ng Mat er i al s

Pr ovi de mi l l - r ol l ed st r uct ur al  st eel  conf or mi ng t o ASTM A36/ A36M.   
Whenever  i n cont act  wi t h sheet  met al  duct i ng,  pr ovi de gal vani zed st eel  i n 
accor dance wi t h ASTM A123/ A123M.

I n l i eu of  mi l l - r ol l ed st r uct ur al  st eel ,  submi t  equi val ent  st r engt h,  
pr opr i et ar y- desi gn,  r ol l ed- st eel  st r uct ur al  suppor t  syst ems f or  appr oval .

2. 2. 11   Fl exi bl e Duct  Mat er i al s

Ensur e f l exi bl e duct  connect or s compl y wi t h NFPA 90A,  and conf or m wi t h 
UL 181,  Cl ass 1 mat er i al .

Pr ovi de car bon st eel  z i nc- coat ed ASTM A123/ A123M met al  duct ;  bendabl e 
t hr ough 180 degr ees wi t hout  damage,  wi t h an i nsi de bend r adi us not  gr eat er  
t han one- hal f  t he di amet er  of  duct .

2. 2. 12   Manual  Vol ume Damper s

Conf or m t o SMACNA 1966 f or  vol ume damper  const r uct i on.

Equi p damper s wi t h an i ndi cat i ng quadr ant  r egul at or  wi t h a l ocki ng f eat ur e 
ext er nal l y l ocat ed and easi l y accessi bl e f or  adj ust ment  and st andof f  
br acket s t o al l ow mount i ng out si de ext er nal  i nsul at i on.   Wher e damper  r od 
l engt hs exceed 30- i nches,  pr ovi de a r egul at or  at  each end of  damper  shaf t .

2. 2. 12. 1   Damper  Const r uct i on

Pr ovi de al l  damper  shaf t s wi t h t wo- end bear i ngs.

Ensur e spl i t t er  damper  i s 22 - gage sheet  met al .   Hi nges ar e 1/ 8- i nch t hi ck 
door  t ype.

Pr ovi de a f ul l  l engt h damper  shaf t  and ext end i t  beyond t he damper  bl ade.   
use a 3/ 8 - i nch squar e shaf t  f or  damper  l engt hs up t o 20 - i nches and a 1/ 2 
- i nch squar e shaf t  f or  damper  l engt hs 20 - i nches and l ar ger .   Wher e 
necessar y t o pr event  damper  v i br at i on or  s l i ppage,  pr ovi de adj ust abl e 
suppor t  r ods wi t h l ocki ng pr ovi s i ons ext er nal  t o duct  at  damper  bl ade end.

Pr ovi de damper s i n duct s havi ng a wi dt h per pendi cul ar  t o t he axi s of  t he 
damper  t hat  i s  gr eat er  t han 12 - i nches of  mul t i bl ade t ype havi ng a 
subst ant i al  f r ame wi t h bl ades f abr i cat ed of  16 - gage met al .   Pr ovi de 
bl ades not  exceedi ng 10 - i nches i n wi dt h and 48 - i nches i n l engt h,  pi nned 
t o 1/ 2 - i nch di amet er  shaf t s.   Ensur e damper s gr eat er  t han 48 - i nches i n 
wi dt h ar e made i n t wo or  mor e sect i ons wi t h i nt er medi at e mul l i ons,  each 
sect i on bei ng mechani cal l y i nt er l ocked wi t h t he adj oi ni ng sect i on or  
sect i ons.   Pr ovi de bl ades wi t h oi l - i mpr egnat ed si nt er ed br onze bear i ngs 
and connect  so t hat  adj oi ni ng bl ades r ot at e i n opposi t e di r ect i ons.

2. 2. 13   Gr avi t y Backdr af t  and Rel i ef  Damper s

Const r uct  f r ames of  not  l ess t han 1- 1/ 2-  by 4- i nch r ei nf or ced 16- gage 
gal vani zed car bon st eel .   Sol i dl y secur e f r ames and mul l i ons i n pl ace and 
seal  wi t h el ast omer  caul k i ng agai nst  ai r  bypass.

Pr ovi de shaf t  bear i ngs wi t h oi l - i mpr egnat ed br onze.

Equi p count er bal anced damper s wi t h f i xed or  adj ust abl e count er bal anci ng 

SECTI ON 23 31 13. 00 40  Page 8



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

wei ght s.

Gr avi t y backdr af t  damper s may be equi pment  manuf act ur er ' s st andar d 
const r uct i on i n s i zes18 by 18- i nch or  smal l er ,  when f ur ni shed i nt egr al  
wi t h ai r  movi ng equi pment .

2. 2. 13. 1   Bl ade Const r uct i on

Maxi mum bl ade wi dt h i s 9 i nches,  and maxi mum bl ade l engt h i s 36 - i nches.   
Bl ade mat er i al  i s  16- gage gal vani zed st eel .   Pr ovi de bl ades wi t h 
mechani cal l y r et ai ned seal s and 90- degr ee l i mi t  st ops.

Bl ades l i nked t oget her  f or  r el i ef  ser vi ce damper s ar e t o open not  l ess 
t han 30 degr ees on 0. 05- i nch wg di f f er ent i al  pr essur e.

2. 2. 14   Power - Oper at ed Damper s

2. 2. 15   Fi r e Damper s and Wal l  Col l ar s

Ensur e f i r e damper  l ocat i ons ar e i n accor dance wi t h NFPA 90A.

Pr ovi de f i r e damper s i n duct wor k at  f i r ewal l  bar r i er s.

Const r uct  and l abel  f i r e damper s i n accor dance wi t h UL 555 t o pr ovi de 
damper  and mount i ng f i r e- r esi st ance t hat  equal s or  exceeds f i r e- r esi st ance 
of  t he const r uct i on i n whi ch i nst al l ed.   For  l i nk l oads i n excess of  20 
pounds,  pr ovi de UL- appr oved quar t zoi d l i nks.

Const r uct  wal l  col l ar s i n accor dance wi t h UL 555.

2. 3   MATERI ALS

2. 3. 1   Gal vani zed St eel  Duct wor k Mat er i al s

Pr ovi de hot - di p gal vani zed car bon st eel  duct wor k sheet  met al  of  
l ock- f or mi ng qual i t y,  wi t h r egul ar  spangl e- t ype zi nc coat i ng,  conf or mi ng 
t o ASTM A924/ A924M and ASTM A653/ A653M,  Desi gnat i on G90.   Tr eat  duct  
sur f aces t o be pai nt ed by anneal i ng.

Conf or m t o ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,  Chapt er  32 and 
SMACNA 1966 f or  sheet  met al  gages and r ei nf or cement  t hi ckness.

Low pr essur e duct wor k mi ni mum t hi cknesses ar e:

MI NI MUM SHEET METAL THI CKNESS

DUCT WI DTH
I NCHES

GAGE

0- 12 26

13- 30 24

31- 60 22

2. 3. 2   Br azi ng Mat er i al s

Pr ovi de si l i con br onze br azi ng mat er i al s conf or mi ng t o AWS A5. 8/ A5. 8M.
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2. 3. 3   Mi l l - Rol l ed Rei nf or ci ng and Suppor t i ng Mat er i al s

Conf or m t o ASTM A36/ A36M f or  mi l l - r ol l ed st r uct ur al  st eel .   Wher ever  i n 
cont act  wi t h sheet  met al  duct i ng,  gal vani ze t o conf or mi ng wi t h 
ASTM A123/ A123M SSPC Pai nt i ng Manual .

I n l i eu of  mi l l - r ol l ed st r uct ur al  st eel ,  submi t  f or  appr oval ,  equi val ent  
st r engt h,  pr opr i et ar y desi gn,  r ol l ed- st eel  st r uct ur al  suppor t  syst ems.

2. 3. 4   Manuf act ur ed Round Duct wor k ( Posi t i ve Pr essur e)

Duct  and f i t t i ngs sui t abl e t o posi t i ve 10 i nches WG.   Duct s shal l  be 
machi ne f or med r ound and/ or  f l at  oval  as shown on dr awi ngs,  const r uct ed of  
G90 gal vani zed st eel .   Use spi r al  l ockseam const r uct i on.   Longi t udi nal  
seam const r uct i on may be used f or  duct wor k over  80 i nches di amet er  wi t h 
mi ni mum 16 ga.   Use f i t t i ngs as i ndi cat ed on dr awi ngs,  as speci f i ed,  and 
as r equi r ed i n accor dance wi t h manuf act ur er ' s publ i shed dat a.

Unl ess ot her wi se i ndi cat ed,  connect i on shal l  be s l i p t ype wi t h mi ni mum 2 
i nches i nser t i on l engt h or  f l anged j oi nt  i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons.   When f l ange j oi nt s ar e r equi r ed,  use Van St one angl e 
r i ngs wel ded t o duct .   I nt er nal  br aci ng i s not  al l owed.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

For  sheet  met al  sur f aces t o be pai nt ed,  and sur f aces t o whi ch adhesi ves 
ar e t o be appl i ed,  c l ean sur f ace of  oi l ,  gr ease,  and del et er i ous 
subst ances.

Ensur e st r engt h i s adequat e t o pr event  f ai l ur e under  ser vi ce pr essur e or  
vacuum cr eat ed by f ast  c l osur e of  duct  devi ces.   Pr ovi de l eakt i ght ,  
aut omat i c r el i ef  devi ces.

3. 1. 1   Const r uct i on St andar ds

Pr ovi de sheet  met al  const r uct i on i n accor dance wi t h t he r ecommendat i ons 
f or  best  pr act i ces i n ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,  
Chapt er  32,  SMACNA 1966,  and NFPA 90A.

Desi gn and f abr i cat e suppl ement ar y st eel  i n accor dance wi t h AI SC 360 and 
AI SC 325.

Wher e const r uct i on met hods f or  cer t ai n i t ems ar e not  descr i bed i n t he 
r ef er enced st andar ds or  her ei n,  per f or m t he wor k i n accor dance wi t h 
r ecommendat i ons f or  best  pr act i ce def i ned i n ASHRAE EQUI P I P HDBK.

3. 2   I NSTALLATI ON

Fabr i cat e an ai r t i ght  syst em.   I ncl ude r ei nf or cement s,  br aci ng,  suppor t s,  
f r ami ng,  gasket i ng,  seal i ng,  and f ast eni ng t o pr ovi de r i gi d const r uct i on 
and f r eedom f r om vi br at i on,  ai r f l ow- i nduced mot i on and noi se,  and 
excessi ve def l ect i on at  speci f i ed maxi mum syst em ai r  pr essur e and vel oci t y.

Pr ovi de of f set s and t r ansf or mat i ons as r equi r ed t o avoi d i nt er f er ence wi t h 
t he bui l di ng const r uct i on,  pi pi ng,  or  equi pment .

Make pl enum anchor age pr ovi s i ons,  sheet  met al  j oi nt s,  and ot her  ar eas 
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ai r t i ght  and wat er t i ght  by caul k i ng,  mat i ng gal vani zed st eel  and concr et e 
sur f aces wi t h a t wo- component  el ast omer .

3. 2. 1   Joi nt i ng

Encl ose damper s l ocat ed behi nd ar chi t ect ur al  i nt ake or  exhaust  l ouver s by 
a r i gi d sheet  met al  col l ar  and seal ed t o bui l di ng const r uct i on wi t h 
el ast omer s f or  compl et e ai r  t i ght ness.

Pr ovi de out si de ai r - i nt ake duct s and pl enums made f r om sheet  met al  wi t h 
sol der ed wat er t i ght  j oi nt s.

3. 2. 2   Duct s

Wher ever  duct s pass t hr ough f i r ewal l s or  t hr ough wal l s or  f l oor s di v i di ng 
condi t i oned spaces f r om uncondi t i oned spaces,  pr ovi de a f l anged segment  i n 
t hat  sur f ace dur i ng sur f ace const r uct i on.

Wher e i nt er i or s of  duct i ng may be vi ewed t hr ough ai r  di f f usi on devi ces,  
const r uct  t he v i ewed i nt er i or  wi t h sheet  met al  and pai nt  f l at  bl ack.

3. 2. 2. 1   Duct wor k Cl eani ng Pr ovi s i ons

Pr ot ect  open duct i ng f r om const r uct i on dust  and debr i s i n a manner  
appr oved by t he Cont r act i ng Of f i cer .   Cl ean di r t y assembl ed duct i ng by 
subj ect i ng al l  mai n and br anch i nt er i or  sur f aces t o ai r st r eams movi ng at  
vel oci t i es t wo t i mes speci f i ed wor ki ng vel oci t i es,  at  st at i c pr essur es 
wi t hi n maxi mum r at i ngs.   Thi s may be accompl i shed by:   f i l t er - equi pped 
por t abl e bl ower s whi ch r emai n t he Cont r act or ' s pr oper t y;  wheel - mount ed,  
compr essed- ai r  oper at ed per i met er  l ances whi ch di r ect  t he compr essed ai r  
and whi ch ar e pul l ed i n t he di r ect i on of  nor mal  ai r f l ow;  or  ot her  means 
appr oved by t he Cont r act i ng Of f i cer .   Use wat er -  and oi l -  f r ee compr essed 
ai r  f or  c l eani ng duct i ng.   Af t er  const r uct i on i s compl et e,  and pr i or  t o 
accept ance of  t he wor k,  r emove const r uct i on dust  and debr i s f r om ext er i or  
sur f aces.   Cl ean i n conf or mance wi t h SMACNA 1987.

3. 3   APPLI CATI ON

3. 3. 1   Low Pr essur e Sheet  Met al  Duct s

Wel d angl e i r on f r ames at  cor ner s and ends,  whenever  possi bl e.   Ri vet  or  
wel d angl e i r on r ei nf or cement s t o duct s not  mor e t han 6- i nches  on cent er ,  
wi t h not  l ess t han t wo poi nt s of  at t achment .   Spot  wel di ng,  wher e used,  i s 
3- i nches on cent er .

Seal  st andar d seam j oi nt s wi t h an el ast omer  compound t o compl y wi t h 
SMACNA 1966 Seal  Cl ass A,  B or  C as appl i cabl e.

Li mi t  cr ossbr eaki ng t o 4- f eet  and pr ovi de on al l  duct s 8- i nches wi de and 
wi der .   Pr ovi de bead r ei nf or cement  i n l i eu of  cr ossbr eaki ng wher e panel  
poppi ng may occur .   Wher e r i gi d i nsul at i on i s appl i ed,  cr ossbr eaki ng i s 
not  r equi r ed.

3. 3. 1. 1   Longi t udi nal  Duct  Seams

Pr ovi de Pi t t sbur gh l ock  cor ner  seams.
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3. 3. 1. 2   Joi nt s and Gasket s

Bol t  compani on angl e f l anges t oget her  wi t h 1/ 4 - i nch di amet er  bol t s and 
nut s spaced 6 - i nches on cent er .   Gasket  f l anged j oi nt s wi t h neopr ene 
f ul l - f ace gasket s 1/ 8 - i nch t hi ck,  wi t h Shor e A 40 dur omet er  har dness.   
Use one pi ece gasket s,  vul cani zed at  j oi nt s.

3. 3. 1. 3   Fl exi bl e Duct  Joi nt s

Bet ween f l exi bl e duct  wi t hout  sheet  met al  col l ar s and r ound met al  duct wor k 
connect i ons make j oi nt s by t r i mmi ng t he ends,  coat i ng t he i nsi de of  t he 
f l exi bl e duct  f or  a di st ance equal  t o dept h of  i nser t i on wi t h el ast omer  
caul k,  and by secur i ng wi t h sheet  met al  scr ews or  bi ndi ng wi t h a st r ap 
cl amp.

3. 3. 1. 4   Squar e El bows

Pr ovi de si ngl e- vane duct  t ur ns i n accor dance wi t h SMACNA 1966,  use on 
duct s  12 i nches i n wi dt h and nar r ower .

3. 3. 1. 5   Radi us El bows

Conf or m t o SMACNA 1966 f or  r adi us el bows.   Pr ovi de an i nsi de r adi us equal  
t o t he wi dt h of  t he duct .   Wher e i nst al l at i on condi t i ons pr ecl ude use of  
st andar d el bows,  t he i nsi de r adi us may be r educed t o a mi ni mum of  0. 25 
t i mes duct  wi dt h.   I nst al l  t ur ni ng vanes i n accor dance wi t h t he f ol l owi ng 
schedul e.

RADI US OF TURNI NG VANES I N PERCENT OF DUCT WI DTH

WI DTH OF ELBOWS
I NCHES

VANE NO.  1 VANE NO.  2 VANE NO.  3

Up t o 16 56 - - - -

17 t o 48 43 73 - -

49 and over 37 55 83

Wher e t wo el bows ar e pl aced t oget her  i n t he same pl ane f or  duct s 30- i nches 
wi de and l ar ger ,  cont i nue t he gui de vanes t hr ough bot h el bows r at her  t han 
spaced i n accor dance wi t h above schedul e.

3. 3. 1. 6   Out l et s,  I nl et s,  and Duct  Br anches

I nst al l  br anches,  i nl et s,  and out l et s so t hat  ai r  t ur bul ence i s r educed t o 
a mi ni mum and ai r  vol ume pr oper l y appor t i oned.   I nst al l  adj ust abl e 
spl i t t er  damper s at  al l  suppl y j unct i ons t o per mi t  adj ust ment  of  t he 
amount  of  ai r  ent er i ng t he br anch.   Wher ever  an ai r - di f f usi on devi ce i s 
shown as bei ng i nst al l ed on t he si de,  t op,  or  bot t om of  a duct ,  and 
whenever  a br anch t ake- of f  i s  not  of  t he spl i t t er  t ype;  pr ovi de a 
commer ci al l y manuf act ur ed 45 degr ee si de- t ake- of f  ( STO)  f i t t i ng wi t h 
manual  vol ume damper  t o al l ow adj ust ment  of  t he ai r  quant i t y and t o 
pr ovi de an even f l ow of  ai r  acr oss t he devi ce or  duct  i t  ser vi ces.

Wher e a duct  br anch i s t o handl e mor e t han 25 per cent  of  t he ai r  handl ed 
by t he duct  mai n,  use a compl et e 90- degr ee i ncr easi ng el bow wi t h an i nsi de 
r adi us of  0. 75 t i mes br anch duct  wi dt h.   Si ze of  t he l eadi ng end of  t he 
i ncr easi ng el bow wi t hi n t he mai n duct  wi t h t he same r at i o t o t he mai n duct  
s i ze as t he r at i o of  t he r el at ed ai r  quant i t i es handl ed.
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Wher e a duct  br anch i s t o handl e 25 per cent  or  l ess of  t he ai r  handl ed by 
t he duct  mai n,  const r uct  t he br anch connect i on wi t h a 45 degr ee si de 
t ake- of f  ent r y i n accor dance wi t h SMACNA 1966.

3. 3. 1. 7   Duct  Tr ansi t i ons

Wher e t he shape of  a duct  changes,  ensur e t he angl e of  t he s i de of  t he 
t r ansi t i on pi ece does not  exceed 15 degr ees f r om t he st r ai ght  r un of  duct  
connect ed t her et o.

Wher e equi pment  i s i nst al l ed i n duct wor k,  ensur e t he angl e of  t he s i de of  
t he t r ansi t i on pi ece f r om t he st r ai ght  r un of  duct  connect ed t her et o does 
not  exceed 15 degr ees on t he upst r eam si de of  t he equi pment  and 22- 1/ 2 
degr ees on t he downst r eam si de of  t he equi pment .

3. 3. 1. 8   Br anch Connect i ons

Const r uct  r adi us t ap- i ns i n accor dance wi t h SMACNA 1966.

3. 3. 1. 9   Access Openi ngs

Const r uct  access door  i n accor dance wi t h SMACNA 1966,  except  t hat  s l i di ng 
door s may be used onl y f or  speci al  condi t i ons upon pr i or  appr oval .   
Pr ovi de doubl e- panel  t ype door s.

I nst al l  access door s and panel s i n duct wor k at  cont r ol s or  at  any i t em 
r equi r i ng per i odi c i nspect i on,  adj ust ment ,  mai nt enance,  or  c l eani ng ,  and 
ever y 20- f eet  f or  i ndoor  ai r  qual i t y housekeepi ng pur poses.

Mi ni mum access openi ng si ze i s 12 by 18 - i nches,  unl ess pr ecl uded by duct  
di mensi ons or  ot her wi se i ndi cat ed.

Make ai r t i ght  access door s t hat  l eak by addi ng or  r epl aci ng hi nges and 
l at ches or  by const r uct i on of  new door s adequat el y r ei nf or ced,  hi nged,  and 
l at ched.

3. 3. 1. 10   Pl enum Const r uct i on

Pr ovi de i nt ake and di schar ge pl enum compani on angl e j oi nt s wi t h t he 
f ol l owi ng mi ni mum t hi ckness of  mat er i al s:

LONGEST ANGLES
 SI DE
I NCHES

SHEET METAL
 USS GAGE
ALL SI DES

COMPANI ON ANGLES

I NCHES

REI NFORCEMENT
24 I NCHES ON

CENTER MAXI MUM

To 48 20 1- 1/ 2 by 1- 1/ 2 by 
1/ 8

1- 1/ 2 by 1- 1/ 2 by 1/ 8

49 t o 84 18 2 by 2 by 1/ 8 2 by 2 by 3/ 16

85 t o 120 16 2 by 2 by 1/ 8 2 by 2 by 1/ 8

121 and l ar ger 14 2 by 2 by 3/ 16 2 by 2 by 3/ 16

At  t he f l oor  l i ne and ot her  poi nt s wher e pl enums j oi n masonr y 
const r uct i on,  bol t  panel s 12 - i nches on cent er  t o 2-  by 2-  by 3/ 16 - i nch 
t hi ck hot - di p gal vani zed st eel  angl e t hat  has been secur ed t o t he masonr y 
wi t h masonr y anchor s and bol t s 24- i nches on cent er  and caul ked t i ght  t o 
t he masonr y.
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Anchor  panel s t o cur bi ng wi t h hot - di p gal vani zed st eel  angl e i r on of  a 
s i ze not  l ess t han 2-  by 2-  by 3/ 16 - i nch t hi ck.   Concr et e cur bi ng 
i ncl udes angl e i r on nosi ng wi t h wel ded st uds f or  t he anchor i ng of  panel s.   
Level  nosi ng at  cur b hei ght  wi t hi n pl us or  mi nus 1/ 16 - i nch.

Wel d and gr i nd mi t er  cor ner s f or  angl e i r on and channel  i r on.

3. 3. 1. 11   Pl enum Door  Const r uct i on

Const r uct  pl enum access door s i n accor dance wi t h SMACNA 1966 except  t hat  
access door s smal l er  t han man- access door s have door  openi ngs f r amed wi t h 
angl e i r on t hat  i s one commer ci al  s i ze smal l er  t han t he speci f i ed panel  
r ei nf or cement .

Ensur e man- access door  s i ze conf or ms t o SMACNA 1966 and par agr aph ACCESS 
OPENI NGS.   I nsul at ed and uni nsul at ed const r uct i on i s per  SMACNA 1966.   
Fr ame door  openi ngs wi t h channel  i r on.   Fr ame door s wi t h angl e i r on.   Si ze 
channel  i r on and angl e i r on appr oxi mat el y t he same si ze as speci f i ed panel  
r ei nf or cement .   Pr ovi de ext er i or  door  ski n 16 gage.   Fabr i cat e l at ches 
f r om st eel  wi t h hi nges at  l east  4 - i nches l ong,  and bol t s at  l east  3/ 8 
- i nch di amet er .

3. 3. 1. 12   Manual  Vol ume Damper s

Pr ovi de bal anci ng damper s of  t he spl i t t er ,  but t er f l y,  or  mul t i l ouver  t ype,  
t o bal ance each r espect i ve mai n and br anch duct .

For  damper s r egul at ed t hr ough cei l i ngs pr ovi de a r egul at or  conceal ed i n a 
box mount ed i n t he cei l i ng,  wi t h a cover  f i ni sh aest het i cal l y compat i bl e 
wi t h cei l i ng sur f ace.   Wher e cei l i ng i s of  r emovabl e const r uct i on,  set  
r egul at or s above t he cei l i ng,  and mar k t he l ocat i on on cei l i ng i n a manner  
accept abl e t o t he Cont r act i ng Of f i cer .

3. 3. 1. 13   Fl exi bl e Connect or s f or  Sheet  Met al

Connect  ai r  handl i ng equi pment ,  duct s cr ossi ng bui l di ng expansi on j oi nt s,  
and f an i nl et s and out l et s t o upst r eam and downst r eam component s by 
t r eat ed woven- cl ot h connect or s.

I nst al l  connect or s onl y af t er  syst em f ans ar e oper at i ve,  and vi br at i on 
i sol at i on mount i ngs have been adj ust ed.   When syst em f ans ar e oper at i ng,  
ensur e connect or s ar e f r ee of  wr i nkl es caused by mi sal i gnment  or  f an 
r eact i on.   Wi dt h of  sur f ace i s cur vi l i near .

3. 3. 2   Rect angul ar  Sheet  Met al  Duct s

3. 3. 2. 1   Medi um- Pr essur e Gages,  Joi nt s,  and Rei nf or cement

Ensur e mi ni mum sheet  met al  gages,  j oi nt s,  and r ei nf or cement s bet ween 
j oi nt s ar e i n accor dance wi t h ASHRAE EQUI P I P HDBK,  Chapt er  16,   
ASHRAE FUN I P,  Chapt er  32 and SMACNA 1966.

Ensur e sheet  met al  mi ni mum t hi ckness,  t r ansver se r ei nf or cement  bet ween 
j oi nt s,  and j oi nt s of  duct s ar e i n accor dance wi t h t he f ol l owi ng:
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LONGEST
SI DE

( I NCHES)

SHEET
METAL
GAGE

ALL SI DES

COMPANI ON ANGLE

( I NCHES)

REI NFORCEMENT ANGLES
24 I NCHES ON

CENTER MAXI MUM
( BACK TO BACK)

97 t o 108 16 2 by 2 by 1/ 8,
t wo t i e r ods 
al ong angl e

Two 2 by 2 by 1/ 8,
t wo t i e r ods al ong 
angl e

109 t o 132 16 2 by 2 by 3/ 16,
t wo t i e r ods 
al ong angl e

Two 2 by 2 by 3/ 16,
t wo t i e r ods al ong 
angl e

133 and l onger 14 2 by 2 by 3/ 16,
wi t h t i e r ods ever y
48 i nches

Two 2 by 2 by 3/ 16,
wi t h t i e r ods ever y 48 
i nches

3. 3. 2. 2   Medi um-  And Hi gh- Pr essur e Br anches,  I nl et s,  Out l et s

I nst al l  br anches,  i nl et s,  and out l et s t o mi ni mi ze ai r  t ur bul ence and t o 
ensur e pr oper  ai r f l ow.

I nst al l  damper s so t hat  t he amount  of  ai r  ent er i ng duct  mai ns i s 
adj ust abl e.

Pr ovi de commer ci al l y manuf act ur ed ai r  ext r act or s t o al l ow adj ust ment  of  
t he ai r  quant i t y and t o pr ovi de an even f l ow of  ai r  acr oss t he devi ce or  
duct  ser ved.

3. 3. 2. 3   Duct  Br anch Tr ansi t i on

Wher e a duct  br anch handl es over  25 per cent  of  t he ai r  t r anspor t ed by t he 
duct  mai n,  use a compl et e 90- degr ee i ncr easi ng el bow,  wi t h an i nsi de 
r adi us of  0. 75 t i mes duct  br anch wi dt h.   Ensur e t he s i ze of  t he t r ai l i ng 
end of  t he i ncr easi ng el bow wi t hi n t he mai n duct  has t he same r at i o t o t he 
mai n duct  s i ze as t he r at i o of  t he r el at i ve ai r  quant i t i es handl ed.

Wher e a duct  br anch i s t o handl e 25 per cent  or  l ess of  t he ai r  handl ed by 
t he duct  mai n,  pr ovi de a br anch connect i on wi t h an i nsi de r adi us of  0. 75 
t i mes br anch duct  wi dt h,  a mi ni mum ar c l engt h of  45 degr ees,  and an 
out si de r adi us of  1. 75 t i mes duct  br anch wi dt h.   Pl ace ar c t angent  t o duct  
mai n.

3. 3. 2. 4   Hi gh- Pr essur e Gages,  Joi nt s,  and Rei nf or cement

Ensur e sheet  met al  mi ni mum t hi ckness,  j oi nt s,  and r ei nf or cement  bet ween 
j oi nt s ar e i n accor dance wi t h ASHRAE EQUI P I P HDBK,  Chapt er  16,  
ASHRAE FUN I P,  Chapt er  32 and SMACNA 1966.

Use t he f ol l owi ng t ypes of  ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,  
Chapt er  32 and SMACNA 1966 j oi nt s and seams:

Tr ansver se Joi nt s:

a.   Wel ded f l ange j oi nt  wi t h angl e

b.   Compani on angl e f l anged j oi nt

Longi t udi nal  Seams:
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a.   Appr oved l ock seams,  back br azed,  or  cont i nuousl y br azed seams f or  
duct s wi t h l ar gest  di mensi on up t o 72- i nches

b.   Cont i nuousl y wel ded or  br azed seams f or  duct s wi t h l ar gest  di mensi on 
gr eat er  t han 72- i nches

Sheet  met al  mi ni mum t hi ckness,  t r ansver se r ei nf or cement  bet ween j oi nt s,  
and compani on angl e j oi nt s of  duct s wi t h l ongest  s i de gr eat er  t han 96 
i nches ar e i n accor dance wi t h t he f ol l owi ng:

LONGEST
SI DE

( i nches)

SHEET METAL
GAGE

ALL SI DES

COMPANI ON ANGLE

( i nches)

REI NFORCEMENT ANGLES
24 I NCHES ON

CENTER MAXI MUM
( BACK TO BACK)

97 t o 108 16 2 by 2 by 1/ 8,
t wo t i e r ods 
al ong angl e

* Two 2 by 2 by 1/ 8,
t wo t i e r ods
al ong angl e

109 t o 132 16 2 by 2 by 3/ 16,
t wo t i e r ods 
al ong angl e

* Two 2 by 2 by 3/ 16,
t wo t i e r ods
al ong angl e

133 and l onger 14 2- 1/ 2 by 2- 1/ 2
by 3/ 16,
wi t h t i e r ods ever y 
24 i nches

* Two 2- 1/ 2 by 2- 1/ 2 by 
3/ 16,
wi t h t i e r ods
ever y 24 i nches

3. 3. 3   Round Sheet  Met al  Duct s

3. 3. 3. 1   Duct  Gages and Rei nf or cement

Sheet  met al  mi ni mum t hi ckness,  j oi nt s,  and r ei nf or cement  bet ween j oi nt s 
shal l  be i n accor dance wi t h ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,
 Chapt er  32 and SMACNA 1966.

Pr ovi de duct s wi t h suppl ement al  gi r t h angl e suppor t s,  r i vet ed wi t h br azed 
t o duct .   Locat e gi r t h angl es as f ol l ows:

DI AMETER,  I NCHES REI NFORCEMENT- MAXI MUM SPACI NG
I NCHES

25 t o 36 1- 1/ 4 by 1- 1/ 4,  1/ 8 t hi ck,  72 i nches on 
cent er

37 t o 50 1- 1/ 4 by 1- 1/ 4,  1/ 8 t hi ck,  60 i nches on 
cent er

51 t o 60 1- 1/ 2 by 1- 1/ 2,  1/ 8 t hi ck,  48 i nches on 
cent er

Use hex- shaped bol t  heads and nut s,  5/ 16- i nch di amet er  f or  duct s up t o 
50- i nch di amet er ,  and 3/ 8- i nch di amet er  f or  51- i nch di amet er  duct s and 
l ar ger .

 Br aze f l anges t o duct  on out si de of  duct  and i nt er mi t t ent l y wel ded wi t h 
1- i nch wel ds ever y 4- i nches on i nsi de j oi nt  f ace.   Remove excess f i l l er  
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met al  f r om i nsi de f ace.   Pr ot ect  gal vani zed ar eas t hat  have been damaged 
by wel di ng wi t h manuf act ur er ' s st andar d cor r osi on- r esi st ant  coat i ng.

3. 3. 3. 2   Duct  Joi nt s

Pr ovi de duct  j oi nt s manuf act ur ed by machi ne,  wi t h spi r al  l ockset s up t o 
and i ncl udi ng 60- i nch di amet er s,  and t o di mensi onal  t ol er ances compat i bl e 
wi t h f i t t i ngs pr ovi ded.   Dr aw- band gi r t h j oi nt s ar e not  accept abl e.

Pr epar e s l i p j oi nt s by coat i ng t he mal e f i t t i ng wi t h el ast omer  seal i ng 
mat er i al s,  exer ci s i ng car e t o pr event  mast i c f r om ent er i ng f i t t i ng bor e.   
Leave onl y a t hi n annul ar  mast i c l i ne exposed i nt er nal l y.   Use sheet  met al  
scr ews t o make assembl y r i gi d,  not  l ess t han f our  scr ews per  j oi nt ,  
maxi mum spaci ng 6- i nches.   Do not  use pop r i vet s.   Tape and heat  seal  al l  
j oi nt s.

3. 3. 3. 3   Duct  Tr ansi t i ons

Wher e t he shape of  a duct  changes,  ensur e t he angl e of  t he s i de of  t he 
t r ansi t i on pi ece does not  exceed 15 degr ees f r om t he st r ai ght  r un of  duct  
connect ed t her et o.

Wher e equi pment  i s i nst al l ed i n duct wor k,  ensur e t he angl e of  t he s i de of  
t he t r ansi t i on pi ece f r om t he st r ai ght  r un of  duct  connect ed t her et o does 
not  exceed 15 degr ees on t he upst r eam si de of  t he equi pment  and 22- 1/ 2 
degr ees on t he downst r eam si de of  t he equi pment .

3. 3. 4   Round,  Hi gh Pr essur e,  Sheet  Met al  Duct  I nst al l at i on

3. 3. 4. 1   Joi nt s

Pr ovi de an i nner  coupl i ng t o al i gn t he i nner  l i ni ng t o mai nt ai n good 
ai r f l ow condi t i ons equi val ent  t o st andar d r ound hi gh- pr essur e duct  
j oi nt s.   But t  j oi nt s ar e not  sui t abl e f or  t he i nner  l i ner .   Accompl i sh 
t hi s al i gnment  by ext endi ng t he l i ner  of  t he f i t t i ng f or  s l i p j oi nt  i nt o 
t he pi pe .   For  duct s over  34- i nches i nsi de di amet er ,  pr ovi de a separ at e 
coupl i ng f or  i nner  al i gnment ,  wi t h t he pr essur e shel l s j oi ned by 
angl e- r i ng f l anged connect i ons.

3. 3. 4. 2   I nsul at i on Ends

At  t he end of  an uni nsul at ed sect i on or  r un wher e i nt er nal l y i nsul at ed 
duct  connect s t o uni nsul at ed spi r al  duct ,  f i t t i ng,  f i r e damper  or  f l exi bl e 
duct ,  i nst al l  an i nsul at ed end- f i t t i ng t o br i ng t he out er  pr essur e shel l  
down t o nomi nal  s i ze.

3. 3. 5   Tr ansver se Rei nf or cement  Joi nt s

Pr ovi de t r ansver se r ei nf or cement s t hat  ar e spot  wel ded 4 i nches on cent er .   
Wel d t r ansver se r ei nf or cement  at  al l  cor ner s t o f or m cont i nuous f r ames.

3. 3. 6   Joi nt  Gasket s

For  f l anged j oi nt s,  use neopr ene f ul l - f ace gasket s 1/ 8- i nch t hi ck,  wi t h 
Shor e A 40 dur omet er  har dness.   Use one- pi ece gasket s,  vul cani zed at  
j oi nt s.
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3. 3. 7   Radi us El bows

Fabr i cat e el bow pr opor t i ons and r adi us el bows i n accor dance wi t h 
ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,  Chapt er  32 and SMACNA 1966.

3. 3. 8   Pl enum Connect i ons

Ensur e r ound duct  connect i ons ar e wel ded j oi nt  bel l mout h t ype.

Ensur e r ect angul ar  duct  connect i ons ar e bel l mout h t ype,  const r uct ed i n 
accor dance wi t h  ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,  Chapt er  
32 and SMACNA 1966.

3. 3. 9   Access Openi ngs

I nst al l  access panel s i n duct wor k adj acent  t o f i r e damper s.

Mi ni mum si ze of  access openi ng i s 12 by 18 i nches,  unl ess pr ecl uded by 
duct  di mensi on.

Fr ame access openi ngs wi t h wel ded and gr ound mi t er  j oi nt s,  1/ 8- i nch t hi ck 
st r ap st eel  ,  wi t h 1/ 4 - i nch st uds wel ded t o f r ame.   Ensur e cover  pl at es 
ar e not  l ess t han 16- gage,  r ei nf or ced as necessar y f or  l ar ger  s i zes .

I n l i eu of  access door s,  use r eadi l y accessi bl e f l anged duct  sect i ons upon 
appr oval .   Pr ovi de st abl e hanger  suppor t s f or  di sconnect ed duct  t er mi nal .

3. 3. 10   Duct  Suppor t s

I nst al l  duct  suppor t  i n accor dance wi t h ASHRAE EQUI P I P HDBK,  Chapt er  16,  
ASHRAE FUN I P,  Chapt er  32 and SMACNA 1966.   Meet  t he mi ni mum si ze f or  duct  
hanger s as speci f i ed i n ASHRAE EQUI P I P HDBK,  Chapt er  16,  ASHRAE FUN I P,  
Chapt er  32 and SMACNA 1966.   Pr ovi de t wo hanger s wher e necessar y t o 
el i mi nat e sway.   Suppor t  at t achment  t o duct  sur f aces by bol t  4- i nches on 
cent er .

Take t he f ol l owi ng i nt o account  i n sel ect i on of  a hangi ng syst em:

a.   Locat i on and pr ecedence of  wor k under  ot her  sect i ons

b.   I nt er f er ences of  var i ous pi pi ng and el ect r i cal  condui t

c.   Equi pment ,  and bui l di ng conf i gur at i on

d.   St r uct ur al  and saf et y f act or  r equi r ement s

e.   Vi br at i on,  and i mposed l oads under  nor mal  and abnor mal  ser vi ce 
condi t i ons

Suppor t  s i zes,  conf i gur at i ons,  and spaci ng ar e gi ven t o show t he mi ni mal  
t ype of  suppor t i ng component s r equi r ed.   I f  i nst al l ed l oads ar e excessi ve 
f or  t he speci f i ed hanger  spaci ng,  hanger s,  and accessor i es r educe hanger  
spaci ng.   Af t er  syst em st ar t up,  r epl ace any duct  suppor t  devi ce whi ch due 
t o l engt h,  conf i gur at i on,  or  s i ze,  v i br at es or  causes possi bl e f ai l ur e of  
a member .   Do not  use a duct wor k suppor t  syst em t hat  al l ows a cascade- t ype 
f ai l ur e t o occur .

Do not  hang duct wor k and equi pment  f r om r oof  deck,  pi pi ng,  or  ot her  duct s 
or  equi pment .   Maxi mum span bet ween any t wo poi nt s i s 10- f eet ,  wi t h l esser  
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spans as r equi r ed by duct  assembl i es,  i nt er f er ences,  and per mi t t ed l oads 
i mposed.

Wher e suppor t  f r om met al  deck syst ems i s i nvol ved,  coor di nat e suppor t  
r equi r ement s wi t h i nst al l at i on of  met al  deck.

3. 3. 10. 1   Doubl e- wal l  Duct s

Pr ovi de r ound,  doubl e- wal l  duct  suppor t s as r ecommended by t he 
manuf act ur er  except  t hat  mi ni mum hanger  r i ng and st r ap si ze i s 1- 1/ 2 
i nches by 1/ 8 i nch.

3. 3. 10. 2   Hangar s

At t ach hanger  r ods,  angl es,  and st r aps t o beam cl amps.   Recei ve appr oval  
f r om t he Cont r act i ng Of f i cer  f or  concr et e i nser t s,  masonr y anchor s,  and 
f ast ener s f or  t he appl i cat i on.

Har dened hi gh- car bon spr i ng- st eel  f ast ener s f i t t ed ont o beams and 
mi scel l aneous st r uct ur al  st eel  ar e accept abl e upon pr i or  appr oval  of  each 
pr oposed appl i cat i on and upon f i el d demonst r at i on of  conf or mance t o 
speci f i cat i on r equi r ement s.   Make f ast ener s f r om st eel  conf or mi ng t o AI SI  
Type 1055 ,  t r eat ed and f i ni shed i n conf or mance wi t h SAE AMS 2480,  Type Z 
( z i nc phosphat e base) ,  Cl ass 2 ( suppl ement ar y t r eat ment ) .   Ver i f y a 
72- hour  l oad- car r y i ng capaci t y by a cer t i f i ed i ndependent  l abor at or y.

Wher e duct wor k syst em cont ai ns heavy equi pment ,  excl udi ng ai r - di f f usi on 
devi ces and si ngl e- l eaf  damper s,  hang such equi pment  i ndependent l y of  t he 
duct wor k by means of  r ods or  angl es of  s i zes adequat e t o suppor t  t he l oad.

Cr oss- br ace hanger s t o pr ecl ude swayi ng bot h ver t i cal l y and l at er al l y.

3. 3. 10. 3   I nst al l at i on

Ensur e hanger  spaci ng gi ves a 20- t o- 1 saf et y f act or  f or  suppor t ed l oad.

Maxi mum l oad suppor t ed by any t wo f ast ener s i s 100 pounds.

I nst al l  hanger s on bot h s i des of  al l  duct  t ur ns,  br anch f i t t i ngs,  and 
t r ansi t i ons.

Fr i ct i on r od assembl i es ar e not  accept abl e.

3. 3. 10. 4   St r ap- t ype Hangar s

Suppor t  r ect angul ar  duct s up t o 36- i nches by st r ap- t ype hanger s at t ached 
at  not  l ess t han t hr ee pl aces t o not  l ess t han t wo duct  sur f aces i n 
di f f er ent  pl anes.

Per f or at ed st r ap hanger s ar e not  accept abl e.

3. 3. 10. 5   Tr apeze Hangar s

Suppor t  r ect angul ar  duct i ng,  36- i nches and l ar ger ,  by t r apeze hanger s.   
Suppor t  duct s s i t uat ed i n uncondi t i oned ar eas and r equi r ed t o have 
i nsul at i on wi t h a vapor - seal ed f aci ng on t r apeze hanger s.   Space hanger s 
f ar  enough out  f r om t he si de of  t he duct  t o per mi t  t he duct  i nsul at i on t o 
be pl aced on t he duct  i nsi de t he t r apeze.   Do not  penet r at e t he 
vapor - seal ed f aci ng wi t h duct  hanger s.
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Wher e t r apeze hanger s ar e used,  suppor t  t he bot t om of  t he duct  on angl es 
s i zed as f ol l ows:

WI DTH OF DUCT,
 I NCHES

MI NI MUM BOTTOM ANGLE SI ZE,
 I NCHES

30 and smal l er 1- 1/ 4 by 1- 1/ 4 by 1/ 8

31 t o 48 1- 1/ 2 by 1- 1/ 2 by 1/ 8

49 t o 72 1- 1/ 2 by 1- 1/ 2 by 3/ 16

73 t o 96 2 by 2 by 1/ 4

97 and wi der 3 by 3 by 1/ 4

3. 3. 10. 6   Pur l i ns

Do not  suppor t  duct i ng f r om r oof  pur l i ns at  poi nt s gr eat er  t han one- si xt h 
of  t he pur l i n span f r om t he r oof  t r uss.   Do not  exceed 400 pounds l oad per  
hanger .

I f  t he hanger  l oad must  exceed t he above l i mi t ,  pr ovi de r ei nf or ci ng of  
pur l i n( s)  or  addi t i onal  suppor t  beam( s) .   When an addi t i onal  beam i s used,  
have t he beam bear  on t he t op chor d of  t he r oof  t r usses,  and al so bear  
over  t he gusset  pl at es of  t op chor d.   St abi l i ze t he beam by connect i on t o 
r oof  pur l i n al ong bot t om f l ange.

Pur l i ns used f or  suppor t i ng f i r e- pr ot ect i on spr i nkl er  mai ns,  el ect r i cal  
l i ght i ng f i x t ur es,  el ect r i cal  power  duct s,  or  cabl e t r ays ar e consi der ed 
f ul l y l oaded.   Pr ovi de suppl ement al  r ei nf or ci ng or  auxi l i ar y suppor t  st eel  
f or  t hese pur l i ns when used t o suppor t  duct wor k.

3. 3. 10. 7   Vi br at i on I sol at i on

3. 3. 11   Fl exi bl e Connect or s f or  St eel  Met al

Connect  ai r - handl i ng equi pment ,  duct s cr ossi ng bui l di ng expansi on j oi nt s,  
and f an i nl et s and out l et s t o upst r eam and downst r eam component s wi t h 
t r eat ed woven- cl ot h connect or s.

I nst al l  connect or s onl y af t er  syst em f ans ar e oper at i ve and al l  v i br at i on 
i sol at i on mount i ngs have been adj ust ed.   When syst em f ans ar e oper at i ng,  
ensur e connect or s ar e f r ee of  wr i nkl es caused by mi sal i gnment  or  f an 
r eact i on.   Wi dt h of  sur f ace i s cur vi l i near .

3. 3. 12   I nsul at i on Pr ot ect i on Angl es

Pr ovi de gal vani zed 20- gage sheet ,  f or med i nt o an angl e wi t h a 2- i nch 
exposed l ong l eg wi t h a 3/ 8- i nch st i f f eni ng br eak at  out er  edge,  and wi t h 
a var i abl e conceal ed l eg,  dependi ng upon i nsul at i on t hi ckness.

I nst al l  angl es over  al l  i nsul at i on edges t er mi nat i ng by but t i ng agai nst  a 
wal l ,  f l oor  f oundat i on,  f r ame,  and si mi l ar  const r uct i on.   Fast en angl es i n 
pl ace wi t h bl i nd r i vet s t hr ough t he pr ot ect i on angl e,  i nsul at i on,  and 
sheet  met al  duct  or  pl enum.   I nst al l  angl es af t er  f i nal  i nsul at i on 
cover i ng has been appl i ed.
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3. 3. 13   Duct  Pr obe Access

Pr ovi de hol es wi t h neat  pat ches,  t hr eaded pl ugs,  or  t hr eaded or  t wi st - on 
caps f or  ai r - bal anci ng pi t ot  t ube access.   Pr ovi de ext ended- neck f i t t i ngs 
wher e pr obe access ar ea i s i nsul at ed.

3. 3. 14   Openi ngs I n Roof s and Wal l s

Exi st i ng bui l di ng openi ngs ar e f i xed i n s i ze and cannot  be r esi zed wi t hout  
aut hor i zat i on.   Pr ovi de equi pment  t o sui t  exi st i ng openi ng si ze.

3. 4   FI ELD QUALI TY CONTROL

3. 4. 1   Duct wor k Leakage Test s

Conduct  compl et e l eakage t est  of  new duct wor k i n accor dance wi t h Sect i on 
23 05 93 TESTI NG,  ADJUSTI NG,  AND BALANCI NG FOR HVAC.   Per f or m t est s pr i or  
t o i nst al l i ng duct wor k i nsul at i on.

3. 4. 2   I nspect i on

I nspect  duct wor k i n accor dance wi t h SMACNA 1987.

3. 5   CLOSEOUT ACTI VI TI ES

3. 5. 1   Oper at i on and Mai nt enance

Submi t  6 copi es of  t he oper at i on and mai nt enance manual s 30 cal endar  days 
pr i or  t o t est i ng t he medi um and hi gh pr essur e duct wor k syst ems.   Updat e 
dat a and r esubmi t  f or  f i nal  appr oval  no l at er  t han 30 cal endar  days pr i or  
t o cont r act  compl et i on.

Ensur e oper at i on and mai nt enance manual s ar e consi st ent  wi t h 
manuf act ur er ' s st andar d br ochur es,  schemat i cs,  pr i nt ed i nst r uct i ons,  
gener al  oper at i ng pr ocedur es and saf et y pr ecaut i ons.

3. 5. 2   Recor d Dr awi ngs

Pr ovi de r ecor d dr awi ngs wi t h cur r ent  f act ual  i nf or mat i on.   I ncl ude 
devi at i ons f r om,  and amendment s t o,  t he dr awi ngs.   I ncl ude conceal ed or  
v i s i bl e changes i n t he wor k.   Label  dr awi ngs " As- Bui l t " .

        - -  End of  Sect i on - -
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SECTI ON 23 34 23. 00 40

HVAC POWER VENTI LATORS
02/ 17

PART 1   GENERAL

Pr ovi de a power  r oof  vent i l at or s compl et e wi t h al l  component s and 
accessor y equi pment  as speci f i ed i n t hi s sect i on.

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON appl i es t o wor k speci f i ed i n t hi s 
sect i on.

1. 1   REFERENCES

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

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

ASCE 7- 16 ( 2017;  Er r at a 2018;  Supp 1 2018)  Mi ni mum 
Desi gn Loads and Associ at ed Cr i t er i a f or  
Bui l di ngs and Ot her  St r uct ur es

ASTM I NTERNATI ONAL ( ASTM)

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM B37 ( 2018)  St andar d Speci f i cat i on f or  Al umi num 
f or  Use i n I r on and St eel  Manuf act ur e

ASTM B209 ( 2014)  St andar d Speci f i cat i on f or  Al umi num 
and Al umi num- Al l oy Sheet  and Pl at e

NATI ONAL AERONAUTI CS AND SPACE ADMI NI STRATI ON ( NASA)

RCBEA GUI DE ( 2004)  NASA Rel i abi l i t y  Cent er ed Bui l di ng 
and Equi pment  Accept ance Gui de

UNDERWRI TERS LABORATORI ES ( UL)

UL 705 ( 2017;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et y Power  Vent i l at or s

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs
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Shop Dr awi ngs;  G

I nst al l at i on Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Housi ng;  G

Fan;  G

Mot or ;  G

Bases;  G

Roof  Cur bs;  G

Damper s;  G

Scr eens;  G

Sound Baf f l es;  G

SD- 06 Test  Repor t s

SD- 11 Cl oseout  Submi t t al s

Recor d Dr awi ngs;  G

1. 3   QUALI TY CONTROL

Rat e and l abel  vent i l at or s i n accor dance wi t h t he appl i cabl e st andar ds of  
t he Ai r  Movement  Cont r ol  Associ at i on ( AMCA) ,  and i ndi cat e i f  t he l i cense 
bear s t he AMCA seal  f or  bot h ai r  and sound.

1. 3. 1   Pr edi ct i ve Test i ng and I nspect i on Technol ogy Requi r ement s

Thi s sect i on cont ai ns syst ems or  equi pment  component s r egul at ed by NASA' s 
Rel i abi l i t y  Cent er ed Bui l di ng and Equi pment  Accept ance Pr ogr am ( RCBEA) .   
Thi s pr ogr am r equi r es t he use of  Pr edi ct i ve Test i ng and I nspect i on ( PT&I )  
t echnol ogi es i n conf or mance wi t h t he RCBEA GUI DE t o ensur e t hat  bui l di ng 
equi pment  and syst ems have been i nst al l ed pr oper l y and cont ai n no 
i dent i f i abl e def ect s t hat  shor t en t he desi gn l i f e of  a syst em or  i t s 
component s.   Sat i sf act or y compl et i on of  al l  accept ance r equi r ement s i s 
r equi r ed t o obt ai n Gover nment  appr oval  and accept ance of  t he Cont r act or ' s 
wor k.

Per f or m PT&I  t est s and pr ovi de submi t t al s.  

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Desi gn Requi r ement s

Submi t  t he manuf act ur er ' s cat al og dat a,  i ncl udi ng equi pment  and 
per f or mance dat a,  f or  power  r oof  vent i l at or ( s) .   As a mi ni mum,  i ncl ude t he 
f ol l owi ng dat a:
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a.   Fan Type

b.   Fan Speci f i cat i ons,  i ncl udi ng:

( 1)  Number  of  r ot at i ng f an bl ades/ vanes

( 2)  Number  of  st at i onar y f an bl ades/ vanes

( 3)  Rot at i ng speed( s)

( 4)  Number  of  bel t s ( i f  bel t - dr i ven)

( 5)  Bel t  l engt hs-  measur ed at  t he pi t ch l i ne ( i f  bel t - dr i ven)

( 6)  Di amet er  of  t he dr i ve sheave at  t he dr i ve pi t ch l i ne ( i f  
bel t - dr i ven)

( 7)  Di amet er  of  t he dr i ven sheave at  t he dr i ve pi t ch l i ne ( i f  
bel t - dr i ven)

c.   Locat i on of  I nst al l at i on

d.    I dent i f i cat i on Number

e.   Dat e of  I nst al l at i on ( Requi r ed or  Act ual  Accept ance Dat e)

f .   Appl i cabl e  r ef er ence dr awi ng number ( s)

Submi t  det ai l ed shop dr awi ngs f or  power  r oof  vent i l at or  syst ems.

Pr ovi de r oof  vent i l at or s t hat  compl y wi t h UL 705 and ar e f ur ni shed 
compl et e wi t h bases,  cur bs,  f l ashi ng f l anges,  noi se baf f l es,  damper s,  
damper  cont r ol s,  l ouver s,  and scr eens,  as i ndi cat ed.

Pr ovi de vent i l at or s t hat  ar e desi gned f or  wi ndl oads i n accor dance wi t h 
ASCE 7- 16 wi t h t he i nst al l ed desi gn not  l ess t han 130 mi l es per  hour  
wi ndl oad.   Ensur e t hat  t he st r uct ur al  br aci ng i s pr oper l y spaced t o 
accommodat e t hi s l oadi ng and meet s t he desi gn r equi r ement s of  t he cover i ng 
mat er i al .   Ensur e t hat  vent i l at or s ar e adequat el y r ei nf or ced and 
wel l - br aced wi t h t he j oi nt s pr oper l y f or med.   Ensur e t hat  t he edges ar e 
wi r ed or  beaded wher e necessar y t o ensur e r i gi di t y.   Pr event  gal vani c 
act i on bet ween di f f er ent  met al s i n di r ect  cont act  by pr ovi di ng  
nonconduct i ve separ at or s.   Make al l  sol der i ng even and smoot h.

Pr ovi de cor r osi on- r esi st ant  st eel  bol t s,  r i vet s,  and ot her  f ast eni ngs used 
i n connect i on wi t h pr ot ect ed met al .

2. 2   COMPONENTS

2. 2. 1   Housi ng St yl e

Pr ovi de r ound- mushr oom st y l e power  r oof  vent i l at or  as i ndi cat ed.

2. 2. 2   Fan Type

Pr ovi de f ans of  t he f ol l owi ng t ypes:
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2. 2. 2. 1   Type C- PRV Cent r i f ugal ,  Di r ect  Dr i ve

For  Type C- PRV vent i l at or s,  pr ovi de a cent r i f ugal  r oof  vent i l at or  wi t h 
di r ect  dr i ve,  nonover l oadi ng,  backwar d- i ncl i ned wheel .   Pr ovi de a 
v i br at i on- i sol at ed dr i ve wi t h an el ast omer .   Pr ovi de dr i ve component s t hat  
ar e mount ed i n a compar t ment  i sol at ed f r om t he ai r st r eam.

2. 2. 2. 2   Type CB- PRV Cent r i f ugal ,  V- Bel t  Dr i ve

For  Type CB- PRV vent i l at or s pr ovi de a cent r i f ugal  r oof  vent i l at or  wi t h 
V- bel t  dr i ve,  nonover l oadi ng,  backwar d- i ncl i ned wheel .   Pr ovi de a 
v i br at i on- i sol at ed dr i ve wi t h an el ast omer .   Pr ovi de dr i ve component s t hat  
ar e mount ed i n a compar t ment  i sol at ed f r om t he ai r st r eam.

2. 2. 2. 3   Type P- PRV Pr opel l er ,  Di r ect  Dr i ve

For  Type P- PRV vent i l at or s,  pr ovi de a pr opel l er  r oof  vent i l at or  wi t h 
di r ect  dr i ve t hat  i s v i br at i on- i sol at ed wi t h an el ast omer .   Pr ovi de dr i ve 
component s t hat  ar e mount ed i n a compar t ment  i sol at ed f r om t he ai r st r eam.

2. 2. 2. 4   Type PB- PRV Pr opel l er ,  V- Bel t  Dr i ve

For  Type PB- PRV vent i l at or s,  pr ovi de a pr opel l er  r oof  vent i l at or  wi t h 
V- bel t  dr i ve t hat  i s v i br at i on- i sol at ed wi t h an el ast omer .   Pr ovi de dr i ve 
component s t hat  ar e mount ed i n a compar t ment  i sol at ed f r om t he ai r st r eam.

2. 2. 2. 5   Type VA- PRV Vane Axi al ,  Di r ect  Dr i ve

For  Type VA- PRV vent i l at or s,  pr ovi de a vane axi al  r oof  vent i l at or  wi t h 
di r ect  dr i ve t hat  i s v i br at i on- i sol at ed wi t h an el ast omer .

2. 2. 2. 6   Type VAB- PRV Vane Axi al ,  V- Bel t  Dr i ve

For  Type VAB- PRV vent i l at or s,  pr ovi de a vane axi al  r oof  vent i l at or  wi t h 
V- bel t  dr i ve t hat  i s v i br at i on- i sol at ed wi t h an el ast omer .

2. 2. 2. 7   Type TA- PRV Tube Axi al ,  Di r ect  Dr i ve

For  Type TA- PRV vent i l at or s,  pr ovi de a t ube axi al  r oof  vent i l at or  wi t h 
di r ect  dr i ve t hat  i s v i br at i on- i sol at ed wi t h an el ast omer .

2. 2. 2. 8   Type TAV- PRV Tube Axi al ,  V- Bel t  Dr i ve

For  Type TAV- PRV vent i l at or s,  pr ovi de a t ube axi al  r oof  vent i l at or  wi t h 
V- bel t  dr i ve t hat  i s v i br at i on- i sol at ed wi t h an el ast omer .

2. 2. 3   Fan Mot or

Pr ovi de si ngl e- phase,  120 V,  60 Hz,  spl i t - phase,  bel t - dr i ven mot or s l ess 
t han 1/ 2 hor sepower ,  wi t h per manent l y l ubr i cat ed bal l  bear i ngs.

Pr ovi de t hr ee- phase ,  460  V,  60 Hz mot or s 1/ 2 hor sepower  and l ar ger .

Pr ovi de mot or s wi t h l ocal  di sconnect s t o al l ow f or  f an and mot or  
mai nt enance.   Pr ovi de al l  mot or s wi t h t her mal - over l oad pr ot ect i on.   For  
mot or s l ocat ed i n ai r st r eams,  use a t ot al l y encl osed t ype.

Use ener gy ef f i c i ent  per manent  spl i t  capaci t or  mot or s,  s i ngl e phase,  60 Hz 
di r ect - dr i ve mot or s 1/ 2 hor sepower  or  l ess.
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2. 2. 4   Bases

When bases ar e pr ovi ded wi t h t he vent i l at or s,  use f act or y- f or med bases of  
t he t ype i ndi cat ed,  const r uct ed of  t he same mat er i al  as t he hoods,  and of  
t he t hi ckness necessar y t o meet  t he desi gn r equi r ement  f or  connect i on t o 
t he r oof .   Pr ovi de bases t hat  ar e sui t abl e f or  r ai sed- cur b mount i ng wher e 
i ndi cat ed.   For m cur b f l anges of  t he base as cap f l ashi ng,  ext endi ng at  
l east  2 i nches over  t he r oof i ng base.   Wher e i ndi cat ed or  r equi r ed,  ext end 
t he shaf t s of  vent i l at or s a suf f i c i ent  di st ance t hr ough t he suppor t i ng 
const r uct i on t o per mi t  at t achment  of  vent  duct s.

2. 2. 5   Roof  Cur bs

Pr ovi de f act or y- f or med met al  vent i l at or  cur bs of  t he t ype and desi gn 
r equi r ed f or  t he vent i l at or  and sui t abl e f or  t he r oof  conf i gur at i on and 
f l ashi ng.

Pr ovi de j ob- bui l t  cur bs t hat  conf or m t o t he r ecommendat i ons of  t he 
vent i l at or  manuf act ur er ,  t hat  ar e s i zed cor r ect l y f or  t he vent i l at or ,  and 
t hat  ar e sui t abl e f or  t he t ype of  suppor t i ng r oof  const r uct i on.

2. 2. 6   Back- Dr af t  Damper s

Pr ovi de gr avi t y- oper at ed back- dr af t  damper s wi t h adj ust abl e count er wei ght s 
const r uct ed of  t he same mat er i al  as f an housi ng.

Pr ovi de mot or - oper at ed back- dr af t  damper s const r uct ed of  t he same mat er i al  
as f an housi ng.

I nt er l ock damper - act uat i ng mot or  wi t h t he f an mot or .

2. 2. 7   Scr eens

Pr ovi de bi r d scr eens wi t h f r ames const r uct ed of  t he same mat er i al  as t hat  
used i n t he vent i l at or s and ensur e t he scr eens ar e secur el y at t ached i n a 
manner  t hat  per mi t s easy r emoval  f or  access and cl eani ng.

2. 2. 8   Sound Baf f l es

Pr ovi de per manent l y const r uct ed sound baf f l es t hat  ar e i mper vi ous t o 
moi st ur e.   Pr ovi de r emovabl e baf f l es.

2. 3   MATERI ALS

Pr ovi de manuf act ur er s '  st andar d mat er i al s.

2. 3. 1   Al umi num Al l oy

Pr ovi de al umi num al l oy i n accor dance wi t h ASTM B209 and ASTM B37.

2. 3. 2   Zi nc- Coat ed St eel

Pr ovi de zi nc- coat ed st eel  i n accor dance wi t h ASTM A653/ A653M.

2. 3. 3   Fi br ous Gl ass

Pr ovi de f i br ous gl ass vent i l at or s t hat  ar e mol ded f r om a 
gl ass- f i ber - r ei nf or ced pol yest er  r esi n wi t h a pi gment ed pol yest er  r esi n 
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gel  coat  i n t he manuf act ur er ' s st andar d col or ,  and t hat  ar e bet ween 0. 02 
i nches and 0. 06 i nches t hi ck.   Pr ovi de a mat r i x mat er i al  t hat  i s  not  l ess 
t han 30 per cent ,  by wei ght ,  of  chopped- f i ber  and r andom- st r and gl ass 
f i ber s,  and t hat  i s t hor oughl y sat ur at ed and i mpr egnat ed wi t h not  mor e 
t han 70 per cent  hi gh- sol i ds pol yest er  r esi n wi t h not  l ess t han 5 per cent  
ant i mony t r i oxi de f i r e- r et ar dant  addi t i ve.   Pr ovi de mat er i al  t hat  i s  
smoot h and uni f or m i n t ext ur e,  and col or  t hr oughout  t he cr oss sect i on and 
t hat  i s shat t er - r esi st ant .   Ensur e t hat  t he mat er i al  i s  f r ee f r om vi sual  
def ect s,  f or ei gn i ncl usi ons,  cr acks,  cr azi ng,  di e l i nes,  pi nhol es,  and 
st r i at i ons.   Ensur e t hat  t he mat er i al  has no ar eas t hat  ar e unsat ur at ed or  
l acki ng r esi n,  and no ar eas wi t h excessi ve r esi n.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Submi t  i nst al l at i on dr awi ngs f or  power  r oof  vent i l at or s.

I nst al l  power  r oof  vent i l at or s i n accor dance wi t h t he manuf act ur er ' s 
i nst al l at i on i nst r uct i ons.   Coor di nat e i nst al l at i on of  vent i l at or s wi t h 
ot her  wor k.   Coor di nat e anchor s,  at t achment s,  and ot her  i t ems t o be bui l t  
f or  i nst al l at i on as t he wor k pr ogr esses.   Ri gi dl y i nst al l  vent i l at or s i n a 
weat her t i ght  and wat er t i ght  manner  t hat  i s  f r ee f r om vi br at i on.  

3. 1. 1   Lubr i cat i on

Ensur e t he movabl e par t s of  damper s and r el at ed oper at i ng har dwar e ar e 
l ubr i cat ed i n accor dance wi t h manuf act ur er ' s pr i nt ed i nst r uct i ons and t hat  
t hey oper at e smoot hl y and qui et l y wi t hout  bi ndi ng.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Test s

Per f or m PT&I  t est s and pr ovi de submi t t al s.

Af t er  i nst al l at i on,  t est  each power  r oof  vent i l at or  t o demonst r at e pr oper  
oper at i on at  i ndi cat ed and speci f i ed per f or mance r equi r ement s,  i ncl udi ng 
t he r unni ng,  bal ance,  noi se,  and pr oper  di r ect i on of  f an r ot at i on.

3. 2. 2   Accept ance

Pr i or  t o f i nal  accept ance,  use pr eci s i on al i gnment  devi ces t o demonst r at e 
t hat  t he f an and mot or  ar e al i gned as speci f i ed by t he manuf act ur er .

Pr i or  t o f i nal  accept ance,  ver i f y conf or mance t o speci f i cat i ons wi t h 
v i br at i on anal ysi s.   Ensur e v i br at i on l evel s ar e not  mor e t han . 075 i n/ sec 
at  1 t i mes t he r un speed and at  t he f an/ bl ade f r equency,  and not  mor e t han 
0. 04 i n/ sec at  ot her  mul t i pl es of  t he r un speed.

3. 3   CLOSEOUT ACTI VI TI ES

Submi t  det ai l ed r ecor d dr awi ngs upon compl et i on of  t he i nst al l at i on.

        - -  End of  Sect i on - -
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SECTI ON 23 35 19. 00 20

I NDUSTRI AL VENTI LATI ON AND EXHAUST
02/ 10,  CHG 2:  08/ 18

PART 1   GENERAL

1. 1   REFERENCES

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

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 99 ( 2016)  St andar ds Handbook

AMCA 99- 0401 ( 1986)  Cl assi f i cat i ons f or  Spar k Resi st ant  
Const r uct i on

AMCA 201 ( 2002;  R 2011)  Fans and Syst ems

AMCA 210 ( 2016)  Labor at or y Met hods of  Test i ng Fans 
f or  Aer odynami c Per f or mance Rat i ng

AMCA 211 ( 2013;  Rev 2017)  Cer t i f i ed Rat i ngs Pr ogr am 
Pr oduct  Rat i ng Manual  f or  Fan Ai r  
Per f or mance

AMCA 300 ( 2014)  Rever ber ant  Room Met hod f or  Sound 
Test i ng of  Fans

AMCA 301 ( 2014)  Met hods f or  Cal cul at i ng Fan Sound 
Rat i ngs f r om Labor at or y Test  Dat a

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMCA CRP ( Onl i ne)  Di r ect or y of  Pr oduct s Li censed 
Under  t he AMCA I nt er nat i onal  Cer t i f i ed 
Rat i ngs Pr ogr am

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

AHRI  1060 I - P ( 2014)  Per f or mance Rat i ng of  Ai r - t o- Ai r  
Heat  Exchanger s f or  Ener gy Recover y 
Vent i l at i on Heat  Equi pment

AMERI CAN BEARI NG MANUFACTURERS ASSOCI ATI ON ( ABMA)

ABMA 9 ( 2015)  Load Rat i ngs and Fat i gue Li f e f or  
Bal l  Bear i ngs

ABMA 11 ( 2014)  Load Rat i ngs and Fat i gue Li f e f or  
Rol l er  Bear i ngs
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AMERI CAN CONFERENCE OF GOVERNMENTAL I NDUSTRI AL HYGI ENI STS ( ACGI H)

ACGI H- 2092S ( 2004)  I ndust r i al  Vent i l at i on:   A Manual  
of  Recommended Pr act i ce

AMERI CAN I NSTI TUTE OF STEEL CONSTRUCTI ON ( AI SC)

AI SC 360 ( 2016)  Speci f i cat i on f or  St r uct ur al  St eel  
Bui l di ngs

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

AWS D1. 3/ D1. 3M ( 2018)  St r uct ur al  Wel di ng Code -  Sheet  
St eel

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A167 ( 2011)  St andar d Speci f i cat i on f or  
St ai nl ess and Heat - Resi st i ng 
Chr omi um- Ni ckel  St eel  Pl at e,  Sheet ,  and 
St r i p

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A1011/ A1011M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet  and St r i p,  Hot - Rol l ed,  Car bon,  
St r uct ur al ,  Hi gh- St r engt h Low- Al l oy,  
Hi gh- St r engt h Low- Al l oy wi t h I mpr oved 
For mabi l i t y ,  and Ul t r a- Hi gh St r engt h

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM B152/ B152M ( 2019)  St andar d Speci f i cat i on f or  Copper  
Sheet ,  St r i p,  Pl at e,  and Rol l ed Bar

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D1330 ( 2004;  R 2010)  Rubber  Sheet  Gasket s

ASTM D1654 ( 2008;  R 2016;  E 2017)  St andar d Test  
Met hod f or  Eval uat i on of  Pai nt ed or  Coat ed 
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Speci mens Subj ect ed t o Cor r osi ve 
Envi r onment s

ASTM D2000 ( 2018)  St andar d Cl assi f i cat i on Syst em f or  
Rubber  Pr oduct s i n Aut omot i ve Appl i cat i ons

CALI FORNI A DEPARTMENT OF PUBLI C HEALTH ( CDPH)

CDPH SECTI ON 01350 ( 2017;  Ver si on 1. 2)  St andar d Met hod f or  
t he Test i ng and Eval uat i on of  Vol at i l e 
Or gani c Chemi cal  Emi ssi ons f r om I ndoor  
Sour ces usi ng Envi r onment al  Chamber s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

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

NFPA 65 ( 1993)  Pr ocessi ng and Fi ni shi ng of  Al umi num

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 91 ( 2020)  St andar d f or  Exhaust  Syst ems f or  
Ai r  Conveyi ng of  Vapor s,  Gases,  Mi st s and 
Noncombust i bl e Par t i cul at e Sol i ds

NFPA 664 ( 2020)  St andar d f or  t he Pr event i on of  
Fi r es and Expl osi ons i n Wood Pr ocessi ng 
and Woodwor ki ng Faci l i t i es

RUBBER MANUFACTURERS ASSOCI ATI ON ( RMA)

RMA I P- 20 ( 2007)  Speci f i cat i ons f or  Dr i ves Usi ng 
Cl assi cal  V- Bel t s and Sheaves.  
Speci f i cat i ons f or  A,  B,  C,  and D Cr oss 
Sect i ons

RMA I P- 22 ( 2007)  Speci f i cat i ons f or  Dr i ves Usi ng 
Nar r ow V- Bel t s and Sheaves ( Joi nt  
RMA/ MPTA) ,  4t h Edi t i on

SHEET METAL AND AI R CONDI TI ONI NG CONTRACTORS'  NATI ONAL ASSOCI ATI ON 
( SMACNA)

SMACNA 1378 ( 1995)  Ther mopl ast i c Duct  ( PVC)  
Const r uct i on Manual ,  2nd Edi t i on
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SMACNA 1403 ( 2008)  Accept ed I ndust r y Pr act i ce f or  
I ndust r i al  Duct  Const r uct i on,  2nd Edi t i on

SMACNA 1520 ( 1999)  Round I ndust r i al  Duct  Const r uct i on 
St andar ds,  3r d Edi t i on

SMACNA 1922 ( 2004)  Rect angul ar  I ndust r i al  Duct  
Const r uct i on St andar ds,  2nd Edi t i on

SMACNA 1972 CD ( 2012)  HVAC Ai r  Duct  Leakage Test  Manual  -  
2nd Edi t i on

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC Pai nt  20 ( 2019)  Zi nc- Ri ch Pr i mer s ( Type I ,  
I nor gani c,  and Type I I ,  Or gani c)

SSPC SP 5/ NACE No.  1 ( 2007)  Whi t e Met al  Bl ast  Cl eani ng

SOUTH COAST AI R QUALI TY MANAGEMENT DI STRI CT ( SCAQMD)

SCAQMD Rul e 1168 ( 2017)  Adhesi ve and Seal ant  Appl i cat i ons

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- DTL- 12276 ( 2006;  Rev E;  Not i ce 1 2011;  Not i ce 2 
2016;  Not i ce 3 2021)  Var ni sh,  Phenol i c,  
Baki ng

MI L- DTL- 24441 ( 2009;  Rev D;  Not i ce 1 2021)  Pai nt ,  
Epoxy- Pol yami de,  Gener al  Speci f i cat i on f or

MI L- P- 21035 ( 1991;  Rev B;  Not i ce 2 2003;  Not i ce 3 
2021)  Pai nt ,  Hi gh Zi nc Dust  Cont ent ,  
Gal vani z i ng Repai r  ( Met r i c)

MI L- PRF- 23236 ( 2009;  Rev D)  Coat i ng Syst ems f or  Shi p 
St r uct ur es

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

CI D A- A- 272 ( Rev B;  Not i ce 1)  Caul k i ng Compounds

FS TT- S- 001543 ( Rev B;  Not i ce 1)  Seal i ng Compound:   
Si l i cone Rubber  Base ( For  Cal k i ng,  
Seal i ng,  and Gl azi ng i n Bui l di ngs and 
Ot her  St r uct ur es)

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

29 CFR 1910. 219 Mechani cal  Power  Tr ansmi ssi on Appar at us

UNDERWRI TERS LABORATORI ES ( UL)

UL 33 ( 2010;  Repr i nt  Apr  2020)  Heat  Responsi ve 
Li nks f or  Fi r e- Pr ot ect i on Ser vi ce

UL 181 ( 2013;  Repr i nt  Dec 2021)  UL St andar d f or  
Saf et y Fact or y- Made Ai r  Duct s and Ai r  
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Connect or s

UL 214 ( 1997;  Rev t hr u Aug 2001)  Test s f or  
Fl ame- Pr opagat i on of  Fabr i cs and Fi l ms

1. 2   GENERAL REQUI REMENTS

1. 2. 1   SMACNA Duct  Const r uct i on Manual s

The r ecommendat i ons i n t he Sheet  Met al  and Ai r  Condi t i oni ng Cont r act or s '  
Nat i onal  Associ at i on ( SMACNA)  duct  const r uct i on manual s must  be consi der ed 
mandat or y r equi r ement s.   Subst i t ut e t he wor d " must "  f or  " shoul d"  i n t hese 
manual s.

1. 2. 2   Fan Dat a

For  f ans i ncl ude f an cur ves or  r at i ng t abl es and der at i ng f act or s.   
Pr ovi de cer t i f i ed per f or mance cur ves showi ng t ot al  pr essur e,  power ,  and 
mechani cal  ef f i c i ency ver sus f l ow r at e of  t he oper at i ng densi t y and f an 
speed.   Al l  ar eas of  unst abl e oper at i on must  be i ndi cat ed.   For  f ans 
equi pped wi t h adj ust abl e capaci t y cont r ol s such as var i abl e i nl et  or  
vaneaxi al  f ans wi t h adj ust abl e bl ade set t i ngs,  mi ni mum and maxi mum 
per f or mance must  be i ndi cat ed al ong wi t h per f or mance f or  f i r e i nt er medi at e 
set t i ngs.

1. 2. 3   Nat ur al  Vent i l at i on

Eval uat e nat ur al  vent i l at i on f or  appr opr i at e spaces,  and desi gn ai r  
di st r i but i on syst ems t o oper at e i n t he same di r ect i on as nat ur al  
vent i l at i on t o r educe ener gy cost  of  pumpi ng out door  ai r .

1. 2. 4   I ndust r i al  Vent i l at i on and Exhaust  Syst ems

Submi t  dr awi ngs i ncl udi ng f an i nst al l at i on dr awi ngs;  duct  syst ems;  
suppor t s and anchor  l ocat i on and l oad i mposed.

1. 2. 5   St ar t - Up Test s

Submi t  st ar t - up t est s r epor t s i n accor dance wi t h t he par agr aph TESTI NG,  
ADJUSTI NG,  AND BALANCI NG.   Submi t  f i nal  t est  r epor t  f or   syst ems t est ed,  
descr i bi ng al l  t est  appar at us,  i nst r ument at i on cal cul at i ons,  f act or s,  f l ow 
coef f i c i ent s,  sound l evel s,  and equi pment  dat a based on ACGI H- 2092S 
r ecommended f or ms or  r easonabl e f acsi mi l es t her eof  t o sui t  pr oj ect  
condi t i ons.   Adj ust ment  and set t i ng dat a must  be i ncl uded i n t est  r epor t .   
Submi t  sound l evel  t est  r epor t s f or  hi gh noi se l evel  equi pment .

1. 2. 6   Rel at ed Requi r ement s

Conf or m t o Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS 
as wel l  as addi t i onal  r equi r ement s speci f i ed her ei n.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:
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SD- 02 Shop Dr awi ngs

I ndust r i al  Vent i l at i on and Exhaust  Syst ems;  G

SD- 03 Pr oduct  Dat a

Fans;  G

Damper s;  G

Fl exi bl e Connect or s

Fl exi bl e Duct ;  G

Gasket s

Pr ot ect i ve Coat i ng Mat er i al s

Seal ant s

Access Por t s;  G

Damper  Regul at or s;  G

Bl ast  Gat es;  G

Vi br at i on I sol at or s;  G

Duct wor k,  Dust   Col l ect i on

St eel  Duct s;  G

Recycl ed Cont ent  of  Duct wor k St eel  Component s;  S

Recycl ed Cont ent  of  Pr ot ect i vel y Coat ed St eel  Duct s;  S

I ndoor  Ai r  Qual i t y f or  Duct  Seal ant s;  S

SD- 06 Test  Repor t s

Fan Test s,  i ncl udi ng Sound Power  Level  Test s;  G

Vent i l at i on and Exhaust  Syst em St ar t - Up Test s;  G

Sound Level  Test s;  G

SD- 07 Cer t i f i cat es

Wel di ng Pr ocedur es;  G

Wel di ng Test  Agenda;  G

Wel di ng Test  Pr ocedur es;  G

Wel der s '  I dent i f i cat i on;  G

Fi ber gl ass Fan Ser vi cer  Exper i ence I nf or mat i on;  G
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SD- 10 Oper at i on and Mai nt enance Dat a

Fans,  Dat a Package 2;  G

I ndust r i al  Vent i l at i on and Exhaust  Syst ems,  Dat a Package 2;  G

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

SD- 11 Cl oseout  Submi t t al s

Post ed Oper at i ng I nst r uct i ons

  Submi t  t ext  of  post ed oper at i ng i nst r uct i ons f or  vent i l at i on and 
exhaust  syst ems.

1. 4   QUALI TY ASSURANCE

1. 4. 1   Wel der s '  I dent i f i cat i on

Submi t  a l i s t i ng of  t he names and i dent i f i cat i on symbol s t o be used t o 
i dent i f y t he wor k per f or med by t he wel der  or  wel di ng oper at or  who af t er  
compl et i ng a wel ded j oi nt  must  i dent i f y i t  as hi s wor k by appl y i ng hi s 
assi gned symbol  f or  a per manent  r ecor d.

1. 4. 2   Fi ber gl ass Fan Ser vi cer  Exper i ence I nf or mat i on

Submi t  t ext .

1. 4. 3   Qual i f i ed Per sonnel

Oper at i ons i nvol v i ng j oi ni ng t her mopl ast i c duct wor k by sol vent  or  hot  gas 
and j oi ni ng f i ber gl ass duct wor k by l ami nat i ng must  be per f or med by 
per sonnel  cer t i f i ed by t he manuf act ur er  as qual i f i ed f or  t he wor k.

1. 4. 4   Qual i f i cat i on of  Wel der s

Qual i f y each wel der  or  wel di ng oper at or  by t est s usi ng equi pment ,  wel di ng 
pr ocedur es and a base met al  and el ect r ode or  f i l l er  wi r e f r om t he same 
compat i bl e gr oup number  t hat  wi l l  be encount er ed i n t he appl i cabl e wel di ng 
t est  pr ocedur es.   Wel der s or  wel di ng oper at or s who make accept abl e 
pr ocedur e qual i f i cat i on t est  wel ds wi l l  be consi der ed per f or mance 
qual i f i ed f or  t he wel di ng pr ocedur e used.   Det er mi ne per f or mance 
qual i f i cat i on i n accor dance wi t h AWS D1. 1/ D1. 1M.   Not i f y t he Cont r act i ng 
Of f i cer  24 hour s i n advance as t o t he t i me and pl ace of  t est s and wher ever  
pr act i cal  per f or m t he t est s at  t he wor k s i t e.

1. 4. 5   TAB Requi r ement s

Requi r ement s ar e speci f i ed i n Sect i on 23 05 93 TESTI NG,  ADJUSTI NG AND 
BALANCI NG and Sect i on 23 08 01. 00 20 TESTI NG I NDUSTRI AL VENTI LATI ON 
SYSTEMS.

1. 5   POSTED OPERATI NG I NSTRUCTI ONS

Pr ovi de f or  vent i l at i on and exhaust  syst em.   I n addi t i on,  per manent l y 
mar k,  dr i l l ,  and pi n as an i nt egr al  par t  of  devi ce,  f i nal  adj ust ment  and 
set t i ngs pur suant  t o t est i ng,  adj ust i ng,  and bal anci ng.
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1. 6   SAFETY PRECAUTI ONS

1. 6. 1   Guar ds and Scr eens

Pr ovi de met al  per sonnel  saf et y guar ds f or  nor mal l y accessi bl e unduct ed f an 
i nl et s and di schar ges and movi ng power  t r ansmi ssi on component s i n 
accor dance wi t h OSHA 29 CFR 1910. 219.

1. 6. 2   Wel di ng

Conf or m t o AWS Z49. 1 f or  saf et y i n wel di ng and cut t i ng.

PART 2   PRODUCTS

2. 1   FANS,  GENERAL REQUI REMENTS FOR

2. 1. 1   Gener al  Per f or mance,  Component ,  and Ot her  Requi r ement s

Fans must  have cer t i f i ed per f or mance r at i ngs as evi denced by conf or mance 
t o t he r equi r ement s of  AMCA 211,  and must  be l i s t ed i n AMCA CRP,  or  must  
be cur r ent l y el i gi bl e f or  such l i s t i ng.   Fans must  gener al l y be i n 
accor dance wi t h AMCA 99 unl ess super seded by ot her  r equi r ement s st at ed 
el sewher e her ei n.   Det er mi ne per f or mance dat a f or  f ans i n accor dance wi t h 
AMCA 210.   Sel ect  f ans t o mi ni mi ze t he exposur e of  per sonnel  wor ki ng i n or  
occupyi ng t he i mmedi at e i nst al l at i on ar ea.   The t ot al  sound power  l evel  of  
t he f an t est s must  not  exceed 90 dBA when t est ed per  AMCA 300 and r at ed 
per  AMCA 301,  or  i t  must  be pr ovi ded wi t h an appr opr i at e at t enuat i on 
devi ce or  devi ces.   Schedul ed f an per f or mance i s t he per f or mance r equi r ed 
under  speci f i ed or  i ndi cat ed i nst al l at i on condi t i ons wi t h speci f i ed or  
i ndi cat ed accessor i es.   The net  i nst al l ed ai r  per f or mance of  t he f an,  wi t h 
accessor i es/ appur t enances i n pl ace,  must  be suf f i c i ent  t o meet  t he 
schedul ed per f or mance wi t hi n t he l i mi t s of  t he f an r at i ng cer t i f i cat i on 
t ol er ance.   Af f i x  t he manuf act ur er ' s pr oduct  i dent i f i cat i on namepl at e t o 
each uni t .   Appl y addi t i onal  r equi r ement s f or  speci f i c  ser vi ce or  gener i c 
t ype or  c l ass of  f an.   I f  nonuni f or m ai r  f l ow condi t i ons ar e l i kel y t o be 
encount er ed,  cont act  t he f an manuf act ur er  t o ensur e t hat  t he f an i s r at ed 
f or  t he addi t i onal  f an i nl et  and out l et  ef f ect .   I nst al l  f ans t o mi ni mi ze 
f an syst em ef f ect  i n accor dance wi t h AMCA 201.   Fans must  be l i s t ed i n t he 
Di r ect or y of  Pr oduct s l i censed t o use AMCA seal .

2. 1. 2   Bear i ngs and Lubr i cat i on

Pr eci s i on ant i - f r i c t i on or  s l eeve t ype wi t h pr ovi s i ons f or  sel f - al i gnment  
and f or  r adi al  and t hr ust  l oads i mposed by t he ser vi ce.   Pr ovi de 
wat er - cool ed bear i ngs wher e r equi r ed f or  t he ser vi ce or  r ecommended by t he 
manuf act ur er .

2. 1. 2. 1   Ant i - f r i c t i on Bear i ngs

Const r uct ed of  st eel  al l oys wi t h a cer t i f i ed L- 10 mi ni mum r at ed l i f e of  
20, 000 hour s under  l oad condi t i ons i mposed by t he ser vi ce.   Rat ed and 
sel ect ed i n accor dance wi t h ABMA 9 and ABMA 11.   Pr ovi de wi t h dust - t i ght  
seal s sui t abl e f or  envi r onment  and l ubr i cant  pr essur es encount er ed;  cast  
f er r ous met al  housi ng,  bol t ed- spl i t  pi l l ow bl ock t ype wher e l ocat ed wi t hi n 
f an casi ngs;  gr ease l ubr i cat ed wi t h pr ovi s i ons t o pr event  over heat i ng due 
t o excess l ubr i cant ;  sur f ace bal l  check t ype gr ease suppl y f i t t i ngs.   
Pr ovi de manual  or  aut omat i c gr ease pr essur e r el i ef  f i t t i ngs v i s i bl e f r om 
nor mal  mai nt enance l ocat i ons.   I ncl ude l ubr i cat i on ext ensi on t ubes wher e 
necessar y t o f aci l i t at e saf e mai nt enance dur i ng oper at i on and f i l l  t ubes 
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wi t h l ubr i cant  pr i or  t o equi pment  oper at i on.   Pr el ubr i cat ed,  seal ed,  
ant i - f r i c t i on bear i ngs,  whi ch conf or m t o above speci f i ed mat er i al s and 
L- 10 l i f e r equi r ement s,  may be pr ovi ded f or  f ans r equi r i ng l ess t han 1/ 2 
hor sepower .

2. 1. 2. 2   Sl eeve Bear i ngs

Pr emount ed,  sel f - al i gni ng,  cont i nuous oi l  suppl y,  s i ngl e or  doubl e r i ng 
l ubr i cat ed,  i nser t  t ype,  wi t h sui t abl e pr ovi s i ons f or  shaf t  expansi on and 
such t hr ust  as may be i mposed by ser vi ce l oads.   Pr ovi de wat er  cool i ng f or  
shaf t  sur f ace speed exceedi ng 1200 f eet  per  mi nut e.   Pr ovi de each sl eeve 
bear i ng wi t h appr oxi mat el y 16 ounce capaci t y const ant  l evel  oi l er  and oi l  
l evel  gage.   I ncl ude on sl eeve bear i ng submi t t al  dat a:   Bear i ng 
manuf act ur i ng sour ce,  t ype,  l ubr i cant ,  c l ear ances,  " L/ D"  r at i o,  
ant i f r i c t i on met al ,  bel t  angl e,  shaf t  speed,  shaf t  cr i t i cal  speed,  Br i nel l  
har dness at  j our nal ,  and shaf t  sur f ace f i ni sh at  j our nal  i n mi cr o- i nches.

2. 1. 3   Mot or s and Mot or  St ar t er s

Conf or m t o NEMA MG 1 and NEMA I CS 1 and NEMA I CS 2.   Mot or s l ess t han one 
hp must  meet  NEMA Hi gh Ef f i c i ency r equi r ement s.   Mot or s one hp and l ar ger  
must  meet  NEMA Pr emi um Ef f i c i ency r equi r ement s.   Mot or s must  not  exceed 
1800 r pm,  unl ess ot her wi se i ndi cat ed,  and must  be var i abl e- speed,   
dr i ppr oof  encl osur e t ype.   Pr ovi de r educed vol t age t ype mot or  st ar t er s 
wi t h weat her  r esi st ant  NEMA 3R encl osur e i n accor dance wi t h NEMA I CS 6.   
Pr ovi de si ngl e- phase mot or s wi t h i nher ent  t her mal  over l oad pr ot ect i on wi t h 
manual  r eset .  Pr ovi de t hr ee- phase mot or s wi t h t her mal  over l oad pr ot ect i on 
i n t he cont r ol  panel .  Pr ovi de per manent l y l ubr i cat ed or  gr ease- l ubr i cat ed 
bal l  or  r ol l er  bear i ngs;  auxi l i ar y l ubr i cat i on and r el i ef  f i t t i ngs on 
out si de of  f an casi ng;  ar r ange gr ease l i nes t o mi ni mi ze pr essur e on 
bear i ng seal s.   Mot or  power  must  not  be l ess t han br ake power  r equi r ed 
wi t h bl ades set  at  maxi mum pi t ch angl e at  any ai r  del i ver y f r om t he 
i ndi cat ed amount  down t o 50 per cent  t her eof .

2. 1. 4   Guar ds and Scr eens

Const r uct  guar ds and scr eens t o pr ovi de,  as appl i cabl e:   r equi r ed st r engt h 
and cl ear ance wi t h mi ni mal  r educt i on i n f r ee ar ea at  f an i nl et s and 
di schar ges;  cool i ng;  access panel s f or  t achomet er  r eadi ngs;  ease of  
sect i onal  di sassembl y f or  mai nt enance and i nspect i on f unct i ons wher e guar d 
t ot al  wei ght  exceeds 50 pounds;  weat her  pr ot ect i on wher e component s ar e 
weat her  exposed.   I nst al l ed guar ds and scr eens must  not  negat e noi se 
cont r ol  and vi br at i on i sol at i on pr ovi s i ons.   For  bur n pr ot ect i on,  i nsul at e 
sur f aces when ser vi ce t emper at ur es exceed 140 degr ees F as par t  of  wor k 
under  Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 1. 5   Power  Tr ansmi ssi on Component s

2. 1. 5. 1   Fan Dr i ves

Di r ect  t ype as i ndi cat ed.   V- bel t  dr i ves must  conf or m t o RMA I P- 20 and 
RMA I P- 22.   Dr i ves must  be appl i ed i n accor dance wi t h t he manuf act ur er ' s 
publ i shed r ecommendat i ons,  unl ess speci f i ed ot her wi se.   Base power  r at i ng 
of  a V- bel t  dr i ve on maxi mum pi t ch di amet er  of  sheaves.   Pr ovi de cl assi cal  
bel t  sect i on adj ust abl e sheave t ype,  wi t h a mi ni mum ser vi ce f act or  of  1. 5 
f or  dr i ves wi t h mot or s r at ed up t o and i ncl udi ng 30 hp.   Pr ovi de cl assi cal  
sect i on or  nar r ow sect i on,  f i xed sheave or  adj ust abl e sheave t ype wi t h a 
mi ni mum 1. 5 ser vi ce f act or  f or  dr i ves wi t h mot or s r at ed over  30 hp.
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2. 1. 5. 2   Sheaves

St at i cal l y and dynami cal l y bal anced,  machi ned cast  f er r ous met al  or  
machi ned car bon st eel ,  bushi ng t ype,  secur ed by key and keyway.   Pi t ch 
di amet er  or  f i xed sheaves and adj ust abl e sheaves,  when adj ust ed t o 
speci f i ed l i mi t s,  must  not  be l ess t han t hat  r ecommended by NEMA MG 1.   
Sel ect  adj ust abl e sheaves t hat  pr ovi de t he r equi r ed oper at i ng speed wi t h 
t he sheave set  at  mi dpoi nt  of  i t s  adj ust ment  r ange.   The adj ust ment  r ange 
f or  var i ous s i ze and t ype bel t s must  be:   16 per cent ,  mi ni mum f or  
Cl assi cal  sect i on bel t s;  12 per cent ,  mi ni mum f or  Nar r ow sect i on bel t s.    
Pr ovi de compani on sheaves f or  adj ust abl e sheave dr i ves wi t h wi de gr oove 
spaci ng t o mat ch dr i v i ng sheaves,  except  t hat  st andar d f i xed pi t ch spaci ng 
may be used f or  al l  t wo- t hr ough- f our  gr oove dr i ves whose cent er - t o- cent er  
di mensi ons exceed t he f ol l owi ng:   " A"  and " B"  Sect i on 16 i nches;  " C"  
Sect i on 25 i nches;  " D"  Sect i on 36 i nches.   Fur ni sh endl ess,  st at i c 
di ssi pat i ng,  oi l - r esi st ant ,  synt het i c c l ot h or  f i l ament  r ei nf or ced 
el ast omer  const r uct i on bel t s.

2. 1. 6   Speci al  Const r uct i on f or  Hazar dous Ar eas

2. 1. 6. 1   Spar k- Resi st ant

Const r uct   uni t s i n accor dance wi t h AMCA 99- 0401;  Type A .   Pr ovi de Type B 
const r uct i on and el ect r i cal  gr oundi ng of  f an par t s and gr oundi ng t o 
bui l di ng st r uct ur e wher e f ume or  vapor  handl i ng syst ems conf or mi ng t o 
NFPA 91 ar e speci f i ed.   Do not  pl ace bear i ngs i n t he ai r  st r eam.

2. 1. 6. 2   Expl osi on Pr oof

Const r uct  f ans t o AMCA 99- 0401,  Type A spar k- r esi st ant  r equi r ement s wher e 
expl osi on- pr oof  el ect r i cal  component s ar e speci f i ed or  i ndi cat ed t o 
conf or m t o NFPA 70,  Cl ass ,  Gr oup ,  Di v i s i on  r equi r ement s.

2. 1. 7   Pr ot ect i ve Coat i ng f or  Fans

Pr epar e and coat  f ans as f ol l ows:   Repl ace bol t s r equi r ed t o pr ovi de 
access or  adj ust ment  and nor mal l y t hr eaded i nt o t he coat ed sur f ace wi t h 
st uds or  bol t s havi ng heads cont i nuousl y wel ded i nsi de.   Omi t  shar p edges,  
sel f - t appi ng scr ews,  and per manent  t hr eads pr ot r udi ng i nt o t he coat ed 
sur f ace.   El i mi nat e hai r l i ne cr acks and shar p i nsi de cor ner s by cont i nuous 
wel di ng,  br azi ng,  or  f i l l i ng wi t h hi gh mel t i ng poi nt  sol der .   Seal  
i mpel l er  hub t o t he shaf t .   Const r uct  housi ng spl i t  t o use ext er nal  
t hr oughbol t s.  Fl ange i nl et  and out l et  and consi der  as f an i nt er i or .   Peen 
or  gr i nd wel ds smoot h,  and gr i nd out si de cor ner s t o appr oxi mat el y 1/ 16 i nch
 r adi us.  Sandbl ast  met al  sur f aces t o whi t e met al  i n accor dance wi t h 
SSPC SP 5/ NACE No.  1.   Coat  i nt er i or  sur f aces of  housi ng i n cont act  wi t h 
ai r st r eam,  i ncl udi ng i nl et ,  i mpel l er  and shaf t ,  f l ange f aces,  shaf t  seal ,  
ext er i or  sur f aces of  housi ng .   Do not  coat  bear i ngs,  coupl i ng,  mot or ,  
dr i ve,  or  ot her  auxi l i ar i es.   St at i cal l y and dynami cal l y bal ance t he f an 
i n t wo pl anes af t er  coat i ng and f i ni shi ng,  and wher e mat er i al  has been 
r emoved,  r ef i ni sh and r ebal ance t he f an as speci f i ed her ei n.

2. 2   CENTRI FUGAL FANS

2. 2. 1   Gener al  Requi r ement s f or  Cent r i f ugal  Fans

Pr ovi de f an of  backwar d i ncl i ned t ype bl ades wi t h aut omat i c i nl et  vanes .   
Ar r ange f ans f or  i ndi cat ed ser vi ce,  and const r uct  f or  t he appl i cabl e 
AMCA 99Cl ass pr essur e r at i ngs as i ndi cat ed f or  syst em desi gn pr essur e and 
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t emper at ur e.   Fan shaf t  must  be sol i d st eel ,  gr ound and f i ni shed as 
r equi r ed f or  t he ser vi ce,  wi t h f i r st  cr i t i cal  speed a mi ni mum 25 per cent  
hi gher  t han cat al oged f an speed.   Sel ect  f an f or  maxi mum ef f i c i ency,  
mi ni mum noi se,  and st abi l i t y  dur i ng al l  modes of  syst em oper at i on.  
Vi br at i on i sol at i on mount i ngs must  be spr i ng t ype and l i mi t  v i br at i on 
t r ansmi ssi bi l i t y  t o a maxi mum 5 per cent  of  t he unbal anced f or ce at  l owest  
equi pment  speed,  unl ess ot her wi se speci f i ed or  i ndi cat ed.  Ar r angement  and 
dr i ves must  be as i ndi cat ed.

2. 2. 2   I n- l i ne Cent r i f ugal  Fans

Wel ded st eel  casi ngs,  cent r i f ugal  backwar d i ncl i ned bl ades,  st at i onar y 
di schar ge conver si on vanes,  i nt er nal  and ext er nal  bel t  guar ds and 
adj ust abl e mot or  mount s.   I nl et  and out l et  connect i ons f or  f an casi ngs t o 
duct  wor k and equi pment  casi ngs,  may be of  t he s l i p f i t  or  f l anged t ype.  
Pr ovi de guar ds f or  di schar ges.   Rat e f ans wi t h guar ds i n pl ace.   Ai r  must  
ent er  and l eave t he f an axi al l y.   I nl et  must  be st r eaml i ned and conver si on 
vanes must  el i mi nat e t ur bul ence and pr ovi de smoot h di schar ge ai r  f l ow.   
Encl ose f an bear i ngs and dr i ve shaf t s,  and i sol at e f r om t he ai r  st r eam.   
Fan bear i ngs must  be mechani cal l y seal ed agai nst  dust  and di r t  and must  be 
sel f - al i gni ng,  pi l l ow bl ock bal l  or  r ol l er  t ype.   Mot or  and dr i ve must  be 
pr ovi ded by f an manuf act ur er .

2. 3    TUBEAXI AL FANS

Di r ect - connect ed wi t h adj ust abl e bl ade i mpel l er  or  V- bel t  dr i ven.   When 
di r ect  connect ed,  f ans must  be dr i ven by t ot al l y- encl osed,  ai r - over  
( TEAO) ,  f l anged or  end mount ed mot or s.   When bel t - dr i ven,  pr ovi de i nt er nal  
and ext er nal  bel t  guar ds and adj ust abl e mot or  mount s.

2. 3. 1   Fan I mpel l er  Bl ades

Ai r - f oi l  t ype ,  desi gned t o pr ovi de t he ef f i c i ency and sound l evel  
i ndi cat ed.   I n f an sel ect i on,  consi der  and account  f or  any l osses due t o 
t he s i ze of  t he mot or  i n r el at i on t o t he f an hub di amet er .   I mpel l er  
bl ades of  di r ect - dr i ven f ans must  be adj ust abl e t o per mi t  var yi ng 
per f or mance over  a r ange of  vol ume and pr essur e.   I ndex t he hub t o 
f aci l i t at e set t i ng t he angl e of  t he bl ades uni f or ml y and accur at el y f r om 
mi ni mum t o maxi mum angl e;  pr ovi de st ops t o avoi d over l oadi ng mot or .   
Fur ni sh mot or  wi t h t he f act or y bl ade maxi mum set t i ng i ncl uded i n t he f an 
namepl at e dat a.

2. 3. 2   Fan Casi ngs

Cyl i ndr i cal ,  or  wel ded st eel  const r uct i on,  wi t h f l anged i nl et s and 
out l et s.  Assembl e mot or  suppor t  and gui de vanes by wel di ng.   Pr ovi de 
casi ngs wi t h bol t ed or  hi nged access pl at es adequat e f or  i nspect i on and 
ser vi c i ng of  i nt er nal  par t s.

2. 4   BATHROOM AND KI TCHEN FANS

Power  used must  be a maxi mum of  13 wat t s f or  50 cf m f ans;  15 wat t s f or  70 
cf m f ans;  17 wat t s f or  90 cf m f ans;  and 20 wat t s f or  100 cf m f ans.   Noi se 
l evel s must  not  exceed 0. 5 sones f or  50 t o 70 cf m f ans;  1. 0 sones f or  90 
cf m f ans;  and 1. 5 sones f or  100 cf m f ans.   Fan l i ght s must  be compact  
f l uor escent .
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2. 5   BASI C MATERI ALS

2. 5. 1   Coat ed and Uncoat ed Car bon St eel  Sheet s,  Pl at es,  and Shapes

2. 5. 1. 1   Mi l l  Gal vani zed St eel  Sheet

ASTM A653/ A653M,  l ock f or mi ng qual i t y,  Coat i ng G- 90,  400 degr ees F,  maxi mum.

2. 5. 1. 2   Mi l l  Gal vani zed St eel  Shapes

ASTM A36/ A36M gal vani zed i n accor dance wi t h ASTM A123/ A123M .

2. 5. 1. 3   Uncoat ed ( Bl ack)  Car bon St eel  Sheet

ASTM A1011/ A1011M.

2. 5. 1. 4   Uncoat ed ( Bl ack)  Car bon St eel  Pl at es and Shapes

ASTM A36/ A36M.

2. 5. 2   Cor r osi on Resi st ant  ( St ai nl ess)  St eel

ASTM A167,  Type 304L or  Type 316L wi t h mi l l  f i ni sh,  except  as ot her wi se 
speci f i ed.

2. 5. 3   Cor r osi on Pr ot ect i on

Tr eat  equi pment  f abr i cat ed f r om f er r ous met al s t hat  do not  have a z i nc 
coat i ng conf or mi ng t o ASTM A123/ A123M f or  pr event i on of  cor r osi on wi t h a 
f act or y coat i ng or  pai nt  syst em t hat  wi l l  wi t hst and 125 hour s i n a 
sal t - spr ay f og t est  except  t hat  equi pment  l ocat ed out door s must  wi t hst and 
500 hour s.   Per f or m sal t - spr ay f og t est  i n accor dance wi t h ASTM B117.   
Each speci men must  have a st andar d scr i be mar k as def i ned i n ASTM D1654.   
Upon compl et i on of  exposur e,  eval uat e and r at e t he coat i ng or  pai nt  syst em 
i n accor dance wi t h pr ocedur es A and B of  ASTM D1654.   The r at i ng of  
f ai l ur e at  t he scr i be mar k must  be not  l ess t han si x ( aver age cr eepage not  
gr eat er  t han 1/ 8 i nch) .   The r at i ng of  t he unscr i bed ar ea must  be l ess 
t han t en ( no f ai l ur e) .   Thi ckness of  coat i ng or  pai nt  syst em on t he act ual  
equi pment  must  be i dent i cal  t o t hat  on t he t est  speci mens wi t h r espect  t o 
mat er i al s,  condi t i ons of  appl i cat i on,  and dr y- f i l m t hi ckness.

2. 6   HEAT RECOVERY SYSTEMS

Heat  r ecover y syst ems must  be ut i l i zed i n vent i l at i on uni t s ( 100 per cent  
out si de ai r  uni t s)  wher e t he t emper at ur e di f f er ent i al s bet ween suppl y ai r  
and exhaust  ai r  i s  s i gni f i cant .   Heat  r ecover y syst ems must  oper at e at  a 
mi ni mum of  70 per cent  ef f i c i ency.   The heat  r ecover y syst ems must  have 
f act or y- i nst al l ed mi cr opr ocessor  cont r ol l er  t hat  i n t ur n can be connect ed 
t o a Di r ect  Di gi t al  Cont r ol  ( DDC)  Bui l di ng Aut omat i on Syst em t o moni t or  
t emper at ur es,  wheel  oper at i on,  f i l t er  c l eanl i ness,  def r ost  cont r ol ,  and 
ot her  cr i t i cal  condi t i ons.   Pr ef i l t er s must  be pr ovi ded i n al l  heat  
r ecover y syst ems bef or e t he heat  r ecover y equi pment .

2. 6. 1   Uni t  Casi ng

Pr ovi de a sel f  suppor t i ng uni t  casi ng const r uct ed of  mi ni mum 0. 04 i nches 
t hi ck ext r uded al umi num pr of i l es and al umi num zi nc sheet  st eel  t hat  cr eat e 
a doubl e wal l .   The base of  t he casi ng must  be const r uct ed as a cont i nuous 
condensat e dr ai n wi t h a t ot al  of  f our  connect i on possi bi l i t i es.   The 

SECTI ON 23 35 19. 00 20  Page 12



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

casi ng bot t om,  t op,  and si des must  be i nsul at ed wi t h 2 i nch t hi ck f i br ous 
gl ass i nsul at i on wi t h a mi ni mum densi t y of  6 l b per  cubi c f oot  or  anot her  
mat er i al  wi t h equi val ent  i nsul at i ng val ue.   Pr ovi de a par t i t i on t o i sol at e 
t he exhaust  and suppl y ai r st r eams f r om each ot her  t o avoi d cr oss 
cont ami nat i on.   Par t i t i on must  be a mi ni mum of  0. 075 i nches gal vani zed 
st eel  .   Pr ovi de st ai nl ess st eel  casi ng f or  cor r osi ve ai r  st r eams.   The 
casi ng must  be desi gned f or  di agonal  mount i ng of  t he heat  exchanger  access 
f r om t he si de f or  mai nt enance and cl eani ng.   The casi ng must  be desi gned 
wi t h an i nt egr al  def r ost  cont r ol  damper  on t he heat  exchanger  sect i on f or  
def r ost  cont r ol .   Pr ovi de f ul l  s i ze access door s f or  checki ng t he heat  
exchanger  sect i on.

2. 6. 2   Heat  Exchanger  Sect i on

2. 6. 2. 1   Ent hal py Wheel

A desi ccant - i mpr egnat ed ent hal py wheel  wi t h var i abl e speed r ot ar y wheel  
must  be used i n t he suppl y and exhaust  syst ems.   Wheel s must  cont ai n medi a 
made of  a l i ght wei ght  pol ymer  t hat  i s  coat ed wi t h a cor r osi on- r esi st ant  
f i ni sh.   Et ched or  oxi di zed sur f aces ar e not  accept abl e.   Heat  t r ansf er  
sur f aces must  be coat ed wi t h a non- mi gr at i ng ( per manent l y bonded)  
absor bent .   Desi ccant  must  be si l i ca gel  f or  maxi mum l at ent  ener gy 
t r ansf er .   Wheel  must  al l ow l ami nar  f l ow but  not  r adi al ,  and pr event  
l eakage,  bypassi ng,  and cr oss cont ami nat i on by cr oss f l ow wi t hi n wheel .   
The wheel  must  have r ot or  seal s speci f i cal l y desi gned t o l i mi t  
cr oss- cont ami nat i on,  and a r ot at i on det ect or .   Shoul d r ot at i on st op,  t he 
r ot at i on det ect or  must  al ar m t he HVAC cont r ol  syst em.   Wheel  must  not  
condense wat er  di r ect l y or  r equi r e a condensat e dr ai n f or  summer  or  wi nt er  
oper at i on.   Per f or mance r at i ng must  be i n accor dance wi t h AHRI  1060 I - P.

2. 6. 3   Def r ost  Cont r ol  Damper  Sect i on

Pr ovi de an i nt egr al  def r ost  cont r ol  damper  sect i on wi t h el ect r i c damper  
mot or  f or  def r ost  cont r ol  of  t he heat  exchanger  sect i on.   The def r ost  
cont r ol  damper s must  be mount ed upst r eam of  t he heat  exchanger  sect i on and 
must  be capabl e of  pr event i ng f r ost  bui l d- up on t he pl at es of  t he heat  
exchanger .   Dr ai n pan must  be st ai nl ess st eel .   The damper  mot or  must  be 
l ocat ed out si de of  bot h ai r st r eams.

2. 6. 4   Angl e Fi l t er  Box

Pr ovi de a s i de access,  gal vani zed st eel  duct  mount ed f i l t er  box assembl y 
wi t h i nt egr al  hol di ng f r ames sui t abl e f or  accommodat i ng 2 i nch t hi ck 
f i l t er s wi t h a mi ni mum ef f i c i ency r epor t i ng val ue of  13.   Pr ovi de f i l t er  
box const r uct ed of  mi ni mum 0. 05 i nch t hi ck gal vani zed st eel  wi t h ext r uded 
al umi num t r acks and i ndi v i dual  uni ver sal  hol di ng f r ames wi t h pol yur et hane 
f oam gasket s and posi t i ve seal i ng c l i ps desi gned t o accommodat e var i ous 
st andar d s i ze f i l t er s i n var i ous ef f i c i ency r anges.   Pr ovi de access door s 
wi t h posi t i ve seal i ng,  heavy dut y qui ck openi ng hal f - t wi st  l at ches and 
sponge neopr ene gasket i ng on each si de of  f i l t er  box f or  r emoval  and 
r epl acement  of  f i l t er s.   For  each f i l t er  box pr ovi de one magnehel i c gauge 
or  i ncl i ned manomet er  wi t h st at i c pr essur e t aps,  shut - of f  and vent  cocks,  
and al umi num t ubi ng wi t h r ange 0. 0073 t o 0. 21 psi .

2. 7   FI RE DAMPERS

Pr ovi de gui l l ot i ne const r uct ed and r at ed i n accor dance wi t h AMCA 500- D.   
Fur ni sh damper s f or  i ndi cat ed st r eam f l ow,  t o equal  or  exceed f i r e 
r esi st ance r at i ng of  1 1/ 2 hour s .   Fi r e damper  must  be r at t l e- f r ee and 
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must  cause a mi ni mum 5 per cent  i ncr ease i n st r eam vel oci t y or  syst em 
st at i c pr essur e.  Pr ovi de bui l di ng penet r at i on col l ar s i n accor dance wi t h 
AMCA 500- D and NFPA 91,  unl ess ot her wi se i ndi cat ed.   Pr ovi de one spar e 
f usi bl e l i nk f or  t est i ng of  each f i r e damper  oper at i on and one spar e 
f usi bl e l i nk f or  each 10 f i r e damper s,  but  not  l ess t han t wo.

2. 8   MI SCELLANEOUS MATERI ALS

2. 8. 1   Fi l l er  Met al ,  Wel di ng

AWS f i l l er  met al  speci f i cat i on and gr ade compat i bl e wi t h base mat er i al s t o 
devel op f ul l  j oi nt  st r engt h.

2. 8. 2   Fl ashi ng Mat er i al s

Mi l l  gal vani zed,  phosphat i zed,  st eel  sheet  wi t h mi ni mum spangl e,  
conf or mi ng t o ASTM A653/ A653M,  Coat i ng G90,  24 gage mi ni mum t hi ckness.   
Mi l l  No.  1 or  2D f i ni shed,  st ai nl ess st eel ,  f ul l y  anneal ed,  sof t  t emper ,  
conf or mi ng t o ASTM A167,  Type 304,  0. 015 i nch mi ni mum t hi ckness.   Mi l l  
f i ni shed copper ,  conf or mi ng t o ASTM B152/ B152M,  mi ni mum 16 ounces per  
squar e f oot .

2. 8. 3   Fl exi bl e Connect or s

2. 8. 3. 1   Gener al  Ser vi ce

Ai r t i ght ,  f i r e- r et ar dant ,  f ume and vapor  r esi st ant ,  chl or opr ene or  
chl or osul f onat ed pol yet hyl ene i mpr egnat ed,  woven f i br ous gl ass f abr i c,  
r at ed f or  cont i nuous ser vi ce at  250 degr ees F,  conf or mi ng t o UL 214,  wi t h 
20 ounce per  squar e yar d wei ght  f or  ser vi ce at  2 i nches wat er  gage and 
under  and 30 ounce per  squar e yar d wei ght  f or  ser vi ce over  2 i nches wat er  
gage.   Pr ovi de wi t h or  wi t hout  i nt egr al  24 gage mi l l  gal vani zed sheet  
met al  connect or s.

2. 8. 3. 2   Acoust i c Ser vi ce

Pr ovi de as second l ayer  f or  nonpr essur e ser vi ce t o 140 degr ees F,  l eaded 
sheet  v i nyl ,  a mi ni mum 0. 055 i nches t hi ck,  wei ghi ng a mi ni mum 0. 87 pounds 
per  squar e f oot ,  capabl e of  10 dBA at t enuat i on i n 10 t o 10, 000 Hz r ange,  
sui t abl e f or  sol vent  seam or  over l ap j oi ni ng and bandi ng.

2. 8. 3. 3    Ser vi ce

1/ 8 i nch t hi ck,  s i ngl e- pl y,  synt het i c f abr i c r ei nf or ced chl or opr ene 
sui t abl e f or  225 degr ees F.

2. 8. 3. 4   Hi gh Temper at ur e Ser vi ce

a.   Bel l ows t ype met al  expansi on j oi nt s,  t emper at ur e r ange mi nus 20 
degr ees F t o 800 degr ees F,  pl us or  mi nus 100 i nches wat er  gage .

b.   Fabr i c r ei nf or ced,  i nsul at ed,  el ast omer i c cover  expansi on j oi nt  f or  
oper at i ng t emper at ur e up t o 400 degr ees F t ype f or  40 i nches wat er  gage
 posi t i ve or  negat i ve pr essur e ,  wi t h i nt er i or  l i ner  or  baf f l e.
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2. 8. 4   Fl exi bl e Duct

2. 8. 4. 1   Met al l i c  Type

Si ngl e- pl y z i nc- coat ed car bon st eel  ,  sel f - suppor t i ng t o 8 f oot  spans wi t h 
cor r ugat ed and i nt er l ocked,  f ol ded and knur l ed t ype seam const r uct i on,  
bendabl e wi t hout  damage t hr ough 180 degr ees wi t h a t hr oat  r adi us 
appr oxi mat el y 10 t i mes t he duct  di amet er ,  ai r t i ght ,  r at ed f or  posi t i ve or  
negat i ve wor ki ng pr essur e of  15 i nches wat er  gage at  650 degr ees F f or  
gal vani zed st eel  and st ai nl ess st eel  UL 181,  Cl ass 1 r at ed,  conf or mi ng t o 
NFPA 91.

2. 8. 4. 2   Wi r e Rei nf or ced Fabr i c Type

El ast omer  i mpr egnat ed woven synt het i c f abr i c,  bonded t o and suppor t ed by 
cor r osi on pr ot ect ed or  cor r osi on r esi st ant  spr i ng st eel  hel i x,  r at ed f or  
posi t i ve or  negat i ve wor ki ng pr essur e of  15 i nches wat er  gage at  250 
degr ees F UL 181,  Cl ass 1 l abel ed.   Pr ovi de wi t h manuf act ur er ' s st andar d 
met al l i c  connect i on col l ar  and cl ampi ng f ast ener  assembl y f i t t ed wi t h 
damper s .

2. 8. 4. 3   Bal l  Joi nt s

Fabr i cat ed f r om cast  i r on or  f or med sheet  met al  wi t h out er  sect i ons 
secur ed wi t h bol t s.   Pr ovi de each hal f  of  t he bal l  j oi nt  wi t h t ubul ar  
st ubs f or  connect i ng duct s.

2. 8. 4. 4   Sl i p Joi nt s

Fabr i cat ed f r om t ubul ar  sheet  met al  sect i ons.   Pr ovi de out er  t ube wi t h 
f or med st eel  f l at  bar  c l amps.   Wher e r equi r ed or  i ndi cat ed,  pr ovi de a 
chai n or  ot her  means t o f i x  r el at i ve l ongi t udi nal  posi t i on of  out er  and 
i nner  j oi nt  sect i ons.

2. 8. 5   Gasket s

2. 8. 5. 1   El ast omer  Buna N

Sheet ,  1/ 8 i nch t hi ck,  conf or mi ng t o ASTM D2000,  Type 2BG410B14.

2. 8. 5. 2   El ast omer  Chl or opr ene

Sheet ,  1/ 8 i nch t hi ck,  conf or mi ng t o ASTM D2000,  Type 2BE410B14.

2. 8. 5. 3   Rubber

Sheet ,  1/ 8 i nch t hi ck r ed or  bl ack,  nat ur al ,  r ecl ai med,  synt het i c r ubber  
or  mi xt ur e t her eof ,  conf or mi ng t o ASTM D1330.

2. 8. 6   Pr ot ect i ve Coat i ng Mat er i al s

2. 8. 6. 1   Baked Unmodi f i ed Phenol i c

MI L- DTL- 12276,  Type I I .

2. 8. 6. 2   Epoxy Coat i ng

Conf or m t o MI L- PRF- 23236,  Type I ,  Cl ass 1 or  MI L- DTL- 24441 syst em,  For mul a 
150 gr een pr i mer  3 mi l s,  For mul a 151 haze gr ay 3 mi l s,  and For mul a 152 
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whi t e 3 mi l s.

2. 8. 6. 3   I nor gani c Zi nc Coat i ng

SSPC Pai nt  20,  Type I - C ( Sel f - cur e t ype) .

2. 8. 6. 4   Gal vani z i ng Repai r  Pai nt

Conf or m t o MI L- P- 21035.

2. 8. 7   Seal ant s

2. 8. 7. 1   El ast omer i c

Seal ant  speci f i ed i n t hese speci f i cat i ons or  r ef er enced st andar ds as 
el ast omer i c or  wi t hout  f ur t her  qual i f i cat i on,  must  be si l i cone,  
pol yur et hane,  pol ysul f i de,  pol y i sobut yl ene,  or  acr yl i c t er pol ymer  sui t abl e 
f or  t he ser vi ce.   For  seal i ng of  nongasket ed duct  j oi nt s dur i ng 
f abr i cat i on or  assembl y,  seal ant  must  be pol yur et hane,  acr yl i c t er pol ymer  
or  pol ysul f i de.   Seal ant s must  conf or m t o t he f ol l owi ng:

a.   Si l i cone:   Conf or mi ng t o FS TT- S- 001543,  s i ngl e component  t ype,  not  
r equi r i ng pr i med subst r at e,  wi t h manuf act ur er  publ i shed est i mat ed l i f e 
of  30 year s and a maxi mum 5 per cent  shr i nkage when cur ed.

b.   Pol yur et hane:   Conf or mi ng t o ASTM C920,  Type 2,  Cl ass A,  s i ngl e 
component  t ype,  not  r equi r i ng pr i med subst r at e,  wi t h manuf act ur er  
publ i shed est i mat ed l i f e of  20 year s and a maxi mum 10 per cent  
shr i nkage when cur ed.

c.   Pol ysul f i de:   Conf or mi ng t o ASTM C920,  Type 2,  Cl ass A,  s i ngl e 
component  t ype,  not  r equi r i ng pr i med subst r at e,  wi t h manuf act ur er  
publ i shed est i mat ed l i f e of  20 year s and a maxi mum 10 per cent  
shr i nkage when cur ed.

d.   Pol y i sobut yl ene/ But yl :   Conf or mi ng t o CI D A- A- 272,  Type 1,  s i ngl e 
component  t ype,  not  r equi r i ng pr i med subst r at e,  wi t h manuf act ur er  
publ i shed est i mat ed l i f e of  10 year s and a maxi mum 15 per cent  
shr i nkage when cur ed.

e.   Acr yl i c Ter pol ymer :   Conf or mi ng t o ASTM C920,  s i ngl e component  t ype,  
not  r equi r i ng pr i med subst r at e,  wi t h manuf act ur er ' s publ i shed 
est i mat ed l i f e of  20 year s and a maxi mum 10 per cent  shr i nkage when 
cur ed.

f .   Pr ovi de seal ant s and non- aer osol  adhesi ve pr oduct s meet i ng ei t her  
emi ssi ons r equi r ement s of  CDPH SECTI ON 01350 ( use t he of f i ce or  
c l assr oom r equi r ement s,  r egar dl ess of  space t ype)  or  VOC cont ent  
r equi r ement s of  SCAQMD Rul e 1168 ( HVAC duct  seal ant s must  be 
cl assi f i ed i n t he " Ot her "  cat egor y wi t hi n t he SCAQMD Rul e 1160 
seal ant s t abl e) .   Pr ovi de val i dat i on of  i ndoor  ai r  qual i t y f or  duct  
seal ant s.

2. 8. 7. 2   Heat  Shr i nki ng over  Round Ext er i or  Duct

Hi gh mol ecul ar  wei ght ,  i r r adi at ed pol yet hyl ene band wi t h i nt er i or  heat  
act i vat ed epoxy adhesi ve coat i ng f or  heat  shr i nki ng and epoxy ext r usi on 
over  r ound,  ext er i or ,  duct  j oi nt s.
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2. 8. 7. 3   Har d Cast  Caul k i ng f or  Ext er i or  Duct s

Mi ner al  and adhesi ve i mpr egnat ed woven f i ber  t ape wi t h adhesi ve act i vat or  
f or  ext er i or  r ound or  r ect angul ar  duct  j oi nt s.

2. 8. 7. 4   Caul k i ng of  Bui l di ng Sur f ace Penet r at i on

Foamed si l i cones,  t wo- component ,  f i r e- r esi st ant ,  ,  l ow- exot her m,  r oom 
t emper at ur e vul cani z i ng s i l i cone.

2. 9   SPECI ALTI ES

St eel ,  cast  i r on,  st ai nl ess st eel ,  nonf er r ous met al ,  or  pl ast i c t o mat ch 
duct  const r uct i on,  or  as i ndi cat ed.

2. 9. 1   Access Por t s,  Test

Wi t h gasket ed scr ew cap and f l ange,  t o sui t  exhaust  ser vi ce,  one i nch 
nomi nal  pi pe s i ze.

2. 9. 2   Damper  Regul at or s

I ncr ement al  posi t i on i ndi cat i ng and l ocki ng t ype,  wi t h sat i n f i ni sh chr ome 
pl at ed,  f l ush sur f ace mount i ng cover  and r egul at or  box wher e conceal ment  
i s r equi r ed i n f i ni shed spaces.   For  spl i t t er  damper s,  pr ovi de spl i t t er  
t i p mount ed t r unni on br acket s wi t h sel f - l ocki ng scr ew r egul at or  or  r ods 
wi t h ext er nal  swi vel  j oi nt  br acket s.

2. 9. 3   Bl ast  Gat es

Pr ovi de means f or  l ocki ng i n adj ust ed posi t i on wi t h bol t  and nut .

2. 9. 4   Cast  I r on Access Door

Cast  i r on f r ame,  hi nged and gasket ed cast  i r on door ,  qui ck c l osi ng cl amps 
f or  wat er t i ght  seal i ng,  s i ze as i ndi cat ed.

2. 10   SUPPORTS AND HANGERS

2. 10. 1   Gener al  Requi r ement s f or  Suppor t i ng El ement s

Pr ovi de duct i ng syst ems and equi pment  suppor t i ng el ement s i ncl udi ng but  
not  l i mi t ed t o bui l di ng st r uct ur e at t achment s;  suppl ement ar y st eel ;  hanger  
r ods,  st anchi ons and f i xt ur es;  ver t i cal  duct  at t achment s;  hor i zont al  duct  
at t achment s;  anchor s;  suppor t s.   Desi gn suppor t i ng el ement s f or  st r esses 
i mposed by syst ems,  wi t h a mi ni mum saf et y f act or  of  4. 0 based on duct  
bei ng 50 per cent  f ul l  of  par t i cul at e conveyed.   Suppor t i ng el ement s must  
conf or m t o SMACNA 1403,  SMACNA 1922,  SMACNA 1520,  SMACNA 1378,  and NFPA 91,  
as appl i cabl e,  and modi f i ed and suppl ement ar y r equi r ement s speci f i ed 
her ei n.   Do not  use wel d st uds and powder  act uat ed anchor i ng devi ces t o 
suppor t  mechani cal  syst ems component s wi t hout  pr i or  appr oval .

2. 10. 2   Ver t i cal  At t achment s

Pr ovi de i n accor dance wi t h SMACNA St andar ds,  except  mi l l  gal vani zed i r on 
st r aps must  be a mi ni mum of  one i nch wi de,  16 gage t hi ck.
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2. 10. 3   Hor i zont al  At t achment s

Pr ovi de as i ndi cat ed i n accor dance wi t h SMACNA St andar ds.

2. 10. 4   Suppl ement ar y St eel

Pr ovi de wher e r equi r ed t o f r ame st r uct ur al  member s bet ween exi st i ng 
member s or  wher e st r uct ur al  member s ar e used i n l i eu of  commer ci al l y r at ed 
suppor t s.   Such suppl ement ar y st eel  must  be f abr i cat ed i n accor dance wi t h 
t he AI SC 360.

2. 10. 5   Vi br at i on I sol at or s

Pr ovi de vi br at i on i sol at or s wi t h i n- ser i es,  cont ai ned,  st eel  spr i ngs,  
chl or opr ene el ast omer  el ement s,  and f ast ener s f or  connect i ng t o bui l di ng 
st r uct ur e at t achment s.   Devi ces must  be l oaded by suppor t  syst em i n 
oper at i ng condi t i on t o pr oduce r equi r ed st at i c spr i ng def l ect i on wi t hout  
exceedi ng 75 per cent  of  devi ce maxi mum l oad r at i ng.  

2. 11   DUCTWORK,  DUST  COLLECTI ON

2. 11. 1   Gener al  Requi r ement s f or  Dust   Col l ect i on Duct wor k

Wher e speci f i ed or  i ndi cat ed f abr i cat e syst em duct wor k f r om bl ack car bon 
st eel  ,  wi t h wel ded seams and f l anged and gasket ed j oi nt s.   Pr ovi de st eel  
wi t h a mi ni mum of  70 per cent  r ecycl ed cont ent .   Pr ovi de dat a i dent i f y i ng 
per cent age of  r ecycl ed cont ent  of  duct wor k st eel  component s.   Const r uct  
duct  t o handl e  par t i cul at e wi t h an i nf l uent  l oadi ng of  .   Pr ovi de 
duct wor k i n accor dance wi t h best  pr act i ce r ecommendat i ons and r equi r ement s 
of  SMACNA 1922 and SMACNA 1520,  f or  Cl ass I  duct  and r equi r ement s 
speci f i ed or  i ndi cat ed.

2. 11. 2   Fabr i cat i on of  Dust  and Fume Col l ect i on Duct wor k

Pr ovi de i ndi cat ed si zes,  l engt hs and conf i gur at i on wi t hout  devi at i on 
unl ess ot her wi se appr oved.   Assembl e duct wor k ai r t i ght  as def i ned under  
par agr aph DUCTWORK STRUCTURAL I NTEGRI TY AND LEAKAGE TESTI NG i n t hi s sect i on
 and i ncl ude necessar y r ei nf or cement s,  br aci ng,  suppor t s,  f r ami ng,  
gasket i ng and f ast eni ng t o guar ant ee r i gi d const r uct i on and f r eedom f r om 
vi br at i on,  ai r f l ow i nduced mot i on,  and excessi ve def l ect i on.   For   syst em,  
pr ovi de SMACNA Cl ass 1 const r uct i on wi t h any of  t he r ef er ence st andar d 
seams and connect i ons bei ng accept abl e .   For   syst em,  pr ovi de SMACNA 
Cl ass 2 const r uct i on wi t h wel ded duct  and f i t t i ng seams and wel ded 
compani on angl e or  Van- St one f l anges.   Wel di ng must  conf or m t o 
r equi r ement s speci f i ed her ei n.   Pr ovi de f l anges at  br anches wher e 
necessar y f or  ease of  access t o equi pment  or  mai nt enance di sassembl y,  and 
wher e i ndi cat ed.   Pr ovi de el bows and f i t t i ngs a mi ni mum 2 gages heavi er  
t han st r ai ght  duct s of  equal  di amet er .

2. 11. 3   Radi us El bows

Fabr i cat ed f r om but t  wel ded speci f i ed pi ece gor e sect i ons or  f r om f or med 
wel ded or  seaml ess t ubi ng t o a mi ni mum cent er l i ne r adi us of  2. 0 
di amet er s.   Assembl e,  wel d,  and f i ni sh gr ound gor e sect i ons t o el i mi nat e 
i nt er nal  pr oj ect i ons.   Const r uct  gor ed el bow i n accor dance wi t h t he 
f ol l owi ng:
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  16 i nches di amet er  and l ess  Over  16 i nches di amet er

90 degr ee -  5 pi ece mi ni mum 90 degr ee -  7 pi ece mi ni mum

60 degr ee -  4 pi ece mi ni mum 60 degr ee -  6 pi ece mi ni mum

45 degr ee -  3 pi ece mi ni mum 45 degr ee -  5 pi ece mi ni mum

30 degr ee -  3 pi ece mi ni mum 30 degr ee -  4 pi ece mi ni mum

15 degr ee -  2 pi ece mi ni mum 15 degr ee -  3 pi ece mi ni mum

2. 11. 4   Fl anged Joi nt s

Gasket ed wi t h f ul l  f ace gasket s 1/ 8 i nch t hi ck r ed or  bl ack r ubber  as 
speci f i ed under  par agr aph MI SCELLANEOUS MATERI ALS i n t hi s sect i on.

2. 11. 5   Access Door s

Pr ovi de hi nged,  gasket ed,  and f i t t ed wi t h snap- act i on c l osur es access 
door s.   Equi p access door  wi t h gasket s of  common weat her  st r i ppi ng t ype,  
f oamed,  c l osed- cel l ,  el ast omer  wi t h pr essur e sensi t i ve adhesi ve back.  
Pr ovi de cl eanout  adj acent  t o ever y bend and ver t i cal  r i ser .   I n hor i zont al  
duct  r uns,  l ocat e c l eanout  door  wi t h maxi mum of  spaci ng of  12 f eet  f or  
duct s 12 i nches or  l ess i n di amet er  and 20 f eet  f or  l ar ger  duct s.

2. 11. 6   Fl exi bl e Connect or s

Pr ovi de dr awband secur ed f l exi bl e connect or s,  conf or mi ng t o r equi r ement s 
speci f i ed under  par agr aph MI SCELLANEOUS MATERI ALS i n t hi s sect i on,  
ut i l i z i ng 1/ 8 i nch t hi ck r ei nf or ced el ast omer ,  f abr i cat ed i nt o a 
cyl i ndr i cal  shape by vul cani z i ng or  ot her wi se bondi ng l ongi t udi nal  seam.  

2. 12   PROTECTI VELY COATED STEEL DUCTS

Duct wor k,  Pr ot ect i vel y Coat ed St eel ,  For  Cor r osi ve Fume and Vapor  Exhaust :

2. 12. 1   Gener al  Requi r ement s f or  Pr ot ect i vel y Coat ed St eel  Duct wor k

Fabr i cat e  syst em duct wor k f r om bl ack car bon st eel  wi t h wel ded seams,  
f l anged and gasket ed j oi nt s and pr ot ect i vel y coat ed i nt er i or  sur f aces 
i ncl udi ng f l ange f aces,  pr ovi de st eel  wi t h a mi ni mum of  70 per cent  
r ecycl ed cont ent .   Pr ovi de dat a i dent i f y i ng per cent age of  r ecycl ed cont ent  
of  pr ot ect i vel y coat ed st eel  duct s.   Const r uct  duct wor k t o handl e f umes 
cont ai ni ng .   Spi r al  wel ded duct  i s pr ohi bi t ed.   Pr ovi ded duct wor k i n 
accor dance wi t h best  pr act i ce r ecommendat i ons and r equi r ement s of  
SMACNA 1922 and SMACNA 1520,  f or  Cl ass I V duct .

2. 12. 2   Pr ot ect i ve Coat i ng

Pr ovi de and pr ot ect i ve coat i ngs as speci f i ed under  PROTECTI VE COATI NG 
MATERI ALS,  a subpar agr aph of  MI SCELLANEOUS MATERI ALS i n t hi s sect i on.   
Pr ovi de  coat i ng t o i nt er i or  of  duct  and r el at ed f an sur f aces.   Coat  
ext er i or  duct  and r el at ed f an sur f aces wi t h same pr ot ect i ve coat i ng as 
speci f i ed f or  ext er i or  sur f aces i nor gani c z i nc coat i ng .   Ext er i or  f an 
sur f aces must  be f i ni shed pr ot ect i vel y coat ed 
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2. 12. 3   Fabr i cat i on of  Pr ot ect i vel y Coat ed Duct wor k

Const r uct  pr ot ect i vel y coat ed duct wor k f or  cor r osi ve f ume and vapor  
exhaust  i n accor dance wi t h SMACNA 1922 and SMACNA 1520 and as speci f i ed 
her ei n.   Pr ovi de i ndi cat ed si zes,  l engt hs and conf i gur at i on wi t hout  
devi at i on,  unl ess ot her wi se appr oved.   Spi r al  wel ded duct  i s pr ohi bi t ed.   
I nst al l  duct wor k t o be wat er  washabl e,  wat er t i ght ,  sel f - dr ai ni ng,  and 
ai r t i ght  as def i ned under  par agr aph DUCTWORK STRUCTURAL I NTEGRI TY AND 
LEAKAGE TESTI NG i n t hi s sect i on.   Pr ovi de necessar y r ei nf or cement s,  
br aci ng suppor t s,  f r ami ng,  gasket i ng,  and dr ai nage pr ovi s i ons,  and 
f ast eni ng t o guar ant ee r i gi d const r uct i on and f r eedom f r om vi br at i on,  
ai r f l ow i nduced mot i on,  and excessi ve def l ect i on.   Ri gi d const r uct i on i s 
r equi r ed t o pr event  damage t o or  f ai l ur e of  pr ot ect i ve coat i ng dur i ng 
const r uct i on,  t r anspor t ,  er ect i on,  and on- of f  syst em oper at i on.   Onl y 
compani on angl e f l anged j oi nt s must  be per mi t t ed.  Wel d duct i ng and 
f i t t i ngs seams.   Avoi d seams i n bot t om 3 i nchesof  duct i ng and i n cor ner s 
wher ever  pr act i cal  by bendi ng of  cor ner s and ar r angi ng seams hi gh i n t he 
s i de sheet s or  t op sheet .   Cr acks,  l aps,  shar p i nsi de cor ner s,  shar p 
shear ed edges,  wel d " i c i c l es, "  f l ux,  pi t s,  wel d spat t er ,  bur r s,  and 
si mi l ar  def ect s whi ch cont r i but e t o coat i ng di scont i nui t i es must  be 
el i mi nat ed by t he f ol l owi ng:   a)   wel di ng cont i nuousl y,  b)   gr i ndi ng of  
met al  f l ush wi t h sur f ace or  t o 1/ 32 i nch r adi us or  t o maxi mum r adi us 
per mi t t ed by t hi nner  met al s,  c)  Ut i l i z i ng ot her  f abr i cat i on t echni ques and 
subsequent  sur f ace pr epar at i on abr asi ve bl ast i ng.   Removed f r om t he j ob 
s i t e f or  r epai r  r ej ect ed duct i ng not  conf or mi ng t o t hese r equi r ement s and 
whi ch exhi bi t  coat i ng t hi ckness def i c i ency.   Wel di ng must  conf or m t o 
r equi r ement s speci f i ed her ei n.   Cont i nuousl y wel d compani on f l ange angl es 
t o t he i nsi de of  t he duct  and i nt er mi t t ent l y wel d wi t h one i nch wel ds ever y
 4 i nches on out si de of  duct .   I nt er mi t t ent l y wel d gi r t h and t r ansver se 
r ei nf or cement s t o duct  sur f ace f or  one i nch on 6 i nch cent er s or  spot  
wel ded on 4 i nch cent er s.   Wel d and gr i nd f l ange and r ei nf or cement  angl es 
at  cor ner s or  ends t o f or m cont i nuous f r ames.   Pr ovi de f l anges at  br anches,
 wher e necessar y f or  ease of  access t o equi pment  or  mai nt enance 
di sassembl y,  and wher e i ndi cat ed.   Li mi t  duct  l engt hs i n accor dance wi t h 
s i ze,  t o per mi t  compl et e and r eady access f or  wel di ng,  gr i ndi ng,  bl ast i ng,  
coat i ng,  coat i ng cont i nui t y checki ng and t est i ng,  and vi sual  i nspect i on 
dur i ng f abr i cat i on and i mmedi at el y pr i or  t o er ect i on.

2. 12. 4   Radi us El bows

Fabr i cat ed r adi us el bows f r om but t  wel ded speci f i ed pi ece gor e sect i ons or  
f r om f or med wel ded or  seaml ess t ubi ng t o a mi ni mum cent er l i ne r adi us of  2. 0
 di amet er s and pr ef er abl y 2. 5 t i mes t he duct  di amet er .  Assembl e,  wel d,  and 
f i ni sh gr ound gor e sect i ons t o pr event  i nt er nal  cr evi ces and pr oj ect i ons.   
Const r uct  gor ed el bow i n accor dance wi t h t he f ol l owi ng:

  16 i nches di amet er  and l ess  Over  16 i nches di amet er

90 degr ee -  5 pi ece mi ni mum 90 degr ee -  6 pi ece mi ni mum

60 degr ee -  4 pi ece mi ni mum 60 degr ee -  5 pi ece mi ni mum

45 degr ee -  3 pi ece mi ni mum 45 degr ee -  4 pi ece mi ni mum
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  16 i nches di amet er  and l ess  Over  16 i nches di amet er

30 degr ee -  3 pi ece mi ni mum 30 degr ee -  3 pi ece mi ni mum

15 degr ee -  2 pi ece mi ni mum 15 degr ee -  2 pi ece mi ni mum

2. 12. 5   Fl anged Joi nt s

Gasket ed wi t h f ul l - f ace gasket s whi ch ar e one- pi ece,  heat ,  adhesi ve or  
sol vent  vul cani zed,  or  bonded and assembl ed t o pr event  dr ai nage and l i mi t  
ext r usi on or  cavi t y at  j oi nt .

2. 12. 6   Access and Cl eanout  Door  Openi ngs

Pr ovi de access pl at es upst r eam and downst r eam of  equi pment  i nst al l ed i n 
duct wor k,  at  l ocat i ons t o f aci l i t at e duct  c l eani ng ( such as i n hor i zont al  
r uns,  near  el bow j unct i ons,  and ver t i cal  r uns) ,  and wher e i ndi cat ed.   For  
duct s 12 i nches di amet er  or  l ess,  l ocat e c l eanout  or  access openi ngs a 
mi ni mum of  12 f eet  apar t .   Pr ovi de 10 by 12 i nches mi ni mum si ze access 
openi ng;  unl ess ot her wi se i ndi cat ed or  pr event ed by duct  di mensi on.   
Locat e openi ng a mi ni mum of  3 i nches f r om bot t om of  duct .   Fr ame access 
openi ngs by wel ded and gr ound mi t er  j oi nt  3/ 16 i nch t hi ck st r ap i r on,  or  
angl e i r on,  wi t h 1/ 4 i nch st ai nl ess st eel  bol t  or  st ud assembl y t o duct  on 
4 i nch cent er s.   Fabr i cat e pl at es out  of  300 ser i es cor r osi on- r esi st ant  
st eel  or  pol yvi nyl  chl or i de f aced sheet  backed by 16 gage sheet  met al ,  
r ei nf or ced as r equi r ed f or  l ar ger  s i zes,  or  const r uct ed of  heavi er  gage 
met al .   Ensur e onl y cor r osi on r esi st ant  mat er i al s ar e expose t o duct  
i nt er i or .   Pr ovi de one " U"  handl e on access pl at es t hr ough 10 by 12 i nches 
and t wo " U"  handl es on l ar ger  s i zes.   Locat e access openi ngs at  poi nt s 
whi ch wi l l  per mi t  r eady access t o duct  i nt er nal s wi t h no duct  cut t i ng.   
Wher e access t hr ough equi pment  or  access door s speci f i ed her ei n i s not  
avai l abl e at  a speci f i c  poi nt ,  pr ovi de 8 i nch di amet er  gasket ed access 
pl at es spaced on maxi mum 10 f oot  cent er s.   Wher e penet r at i on of  duct  
sur f aces i s appr oved or  speci f i ed,  pr ovi de 300 ser i es cor r osi on r esi st ant  
st eel  f ast ener  assembl i es.   Pr ovi de hex t ype,  cadmi um pl at ed f l ange 
f ast ener  bol t s and nut s and 1/ 8 i nch t hi ck aci d r esi st ant  chl or opr ene 
j oi nt  gasket s.

2. 13   STACKHEADS

Pr ovi de SMACNA 1403 no l oss t ype st ackheads f or  ver t i cal  di schar ge t o t he 
at mospher e unl ess i ndi cat ed ot her wi se.   Weat her  caps ar e pr ohi bi t ed.   
Pr ovi de br aci ng or  guy wi r es f or  wi nd l oads on st acks as i ndi cat ed.   
Di schar ge st acks shoul d be ver t i cal  and t er mi nat e at  a poi nt  wher e hei ght  
or  vel oci t y pr event s r eent r y of  exhaust  ai r .

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   I nst al l at i on Requi r ement s

I nst al l  i n accor dance t o NFPA 91,  and SMACNA 1922,  and SMACNA 1520.   
Pr ovi de mount i ng and suppor t s f or  equi pment ,  duct wor k,  and accessor i es,  
i ncl udi ng st r uct ur al  suppor t s,  hanger s,  v i br at i on i sol at or s,  st ands,  
c l amps and br acket s,  access door s,  bl ast  gat es,  and damper s.   I nst al l  
accessor i es i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   Const r uct  
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posi t i ve pr essur e duct  i nsi de bui l di ngs ai r t i ght .

3. 1. 1. 1   Wood Faci l i t i es

For   f aci l i t i es,  conf or m t o NFPA 664.

3. 1. 1. 2   Al umi num Faci l i t i es

For  al umi num pr ocessi ng f i ni shi ng f aci l i t i es,  conf or m t o NFPA 65.

3. 1. 2   El ect r i cal  Gr ound Cont i nui t y

Wher e el ect r i cal  gr ound cont i nui t y i s r equi r ed,  pr ovi de br azed connect i on 
i nsul at ed,  mul t i - st r and,  copper  wi r e j umper s acr oss poi nt s of  
di scont i nui t y.   Pr ovi de connect i on t o gr ound and cont i nui t y t est i ng as 
par t  of  t he wor k of  Di v i s i on 16.

3. 1. 3   Mi scel l aneous Sheet  Met al  Wor k

Pr ovi de  and ,  f abr i cat ed f r om mi l l  gal vani zed st eel  ,  as i ndi cat ed.   
Sheet  met al  t hi ckness,  r ei nf or cement  and f abr i cat i on,  wher e not  i ndi cat ed,  
must  conf or m t o SMACNA 1403.

3. 1. 4   Bui l di ng Penet r at i ons

3. 1. 4. 1   Gener al  Penet r at i on Requi r ement s

Pr ovi de pr oper l y s i zed,  f abr i cat ed,  l ocat ed,  and t r ade coor di nat ed sl eeves 
and pr epar ed openi ngs,  f or  duct  mai ns,  br anches,  and ot her  i t em 
penet r at i ons,  dur i ng t he const r uct i on of  t he sur f ace t o be penet r at ed.  
Pr ovi de sl eeves f or  r ound duct  15 i nches and smal l er  and pr epar ed openi ngs 
f or  r ound duct  l ar ger  t han 15 i nches and squar e or  r ect angul ar  duct .   
Fabr i cat e s l eeves,  except  as ot her wi se speci f i ed or  i ndi cat ed,  f r om 20 
gage,  0. 0396 i nch t hi ck mi l l  gal vani zed sheet  met al .  Sl eeves penet r at i ng 
l oad bear i ng sur f aces must  be st andar d wei ght  gal vani zed st eel  pi pe.   
Pr ovi de r oof  penet r at i ons as shown i n SMACNA 1403.

3. 1. 4. 2   Fr amed Openi ng

Pr ovi de f r amed openi ngs i n accor dance wi t h appr oved shop dr awi ngs.   Ref er  
t o par agr aph FI RE DAMPERS i n t hi s sect i on,  f or  r el at ed wor k.

3. 1. 4. 3   Cl ear ances

Pr ovi de a mi ni mum one i nch cl ear ance bet ween penet r at i ng and penet r at ed 
sur f aces.   Fi l l  c l ear ance space wi t h bul k f i br ous gl ass or  mi ner al  wood  
and seal  and cl ose.

3. 1. 4. 4   Ti ght ness

Penet r at i on must  be weat her t i ght  .

3. 1. 4. 5   Seal ant s

Pr ovi de seal ant  of  el ast omer i c t ype or  f oamed si l i cone t ype,  as speci f i ed 
under  par agr aph SEALANTS i n t hi s sect i on.   Appl y t o oi l  f r ee sur f aces t o a 
mi ni mum 3/ 8 i nch dept h.
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3. 1. 4. 6   Cl osur e Col l ar s

Pr ovi de a mi ni mum 4 i nches wi de,  unl ess ot her wi se i ndi cat ed,  f or  exposed 
duct s and i t ems on each si de of  penet r at ed sur f ace,  except  wher e equi pment  
i s i nst al l ed.   I nst al l  col l ar  t i ght  agai nst  t he sur f ace and f i t  snugl y 
ar ound penet r at i ng i t em wi t hout  cont act .   Gr i nd shar p edges smoot h t o 
pr event  damage t o penet r at i ng sur f ace.   Fabr i cat e col l ar s f or  r ound duct s 
15 i nches i n di amet er  or  l ess f r om 20 gage,  0. 0396 i nch nomi nal  t hi ckness,  
mi l l  gal vani zed st eel .   At t ach col l ar s a mi ni mum of  4 f ast ener s t o wher e 
t he openi ng i s 12 i nches i n di amet er  or  l ess,  and a mi ni mum of  8 f ast ener s 
wher e t he openi ng i s 20 i nches i n di amet er  or  l ess.   Fabr i cat e col l ar s f or  
squar e and r ect angul ar  duct s wi t h a maxi mum si de of  15 i nches or  l ess f r om 
20 gage,  0. 0396 i nch nomi nal  t hi ckness,  mi l l  gal vani zed st eel .   Fabr i cat e 
col l ar s f or  r ound,  squar e,  and r ect angul ar  duct s wi t h mi ni mum di mensi on 
over  15 i nches f r om 18 gage,  0. 0516 i nch i n nomi nal  t hi ckness,  mi l l  
gal vani zed st eel .   I nst al l  col l ar s wi t h f ast ener s a maxi mum of  6 i ncheson 
cent er .   Wher e penet r at i ng i t ems ar e i r r egul ar l y shaped and wher e 
appr oved,  smoot hl y f i ni shed,  f i r e- r et ar dant ,  f oamed si l i cone el ast omer  may 
be ut i l i zed wi t hout  c l osur e col l ar .

3. 1. 5   I nst al l at i on of  Fi r e Damper s

I nst al l  f i r e damper s at  l ocat i ons i ndi cat ed.   Pr ovi de uni t s and connect i ng 
duct wor k i n accor dance wi t h appl i cabl e pr ovi s i ons of  NFPA 91,  AMCA 500- D 
and UL 33,  and as i ndi cat ed.   I nst al l  r et ai ni ng angl es,  s l eeves,  
br eak- away connect i ons,  and duct  access door s at  each damper ,  as 
r equi r ed.   Mi ni mum t hi ckness of  s l eeves must  be 14 gage ,  except  as 
ot her wi se i ndi cat ed.   Duct  access door s must  be hi nged and f i t t ed wi t h UL 
l i s t ed gl ass v i ewi ng por t  assembl y.   Pr i or  t o accept ance,  s i mul at e 
condi t i ons t o cause each uni t  t o f unct i on aut omat i cal l y.   Appl y saf e,  
nonf l ame,  heat  sour ce t o f usi bl e l i nks and r epl ace t est  act i vat ed f usi bl e 
l i nks.

3. 1. 6   I nst al l at i on of  Fl exi bl e Connect or s

Fl exi bl y connect  duct  connect ed and vi br at i on i sol at ed f ans ,  duct s 
cr ossi ng bui l di ng expansi on j oi nt s and speci f i ed or  i ndi cat ed component s ,  
except  wher e di r ect  connect i ons ar e speci f i ed or  i ndi cat ed.   When f ans ar e 
st ar t ed,  st opped,  or  oper at i ng,  f l exi bl e connect or  sur f aces must  be 
cur vi l i near ,  f r ee of  st r ess i nduced by mi sal i gnment  or  f an r eact i on 
f or ces,  and must  not  t r ansmi t  v i br at i on.   Leakage must  not  be per cept i bl e 
t o t he hand when pl aced wi t hi n 6 i nches of  t he f l exi bl e connect or  sur f ace 
or  j oi nt .   Pr ovi de a mi ni mum of  6 i nches and a maxi mum of  2 f eet  act i ve 
l engt h wi t h a mi ni mum of  one i nch of  s l ack,  secur ed at  each end by f ol di ng 
i n t o 24 gage sheet  met al  or  by met al  col l ar  f r ames.

3. 1. 7   I nst al l at i on of  Suppor t s

3. 1. 7. 1   Sel ect i on

Sel ect  duct  and equi pment  suppor t  syst em t aki ng i nt o account  t he best  
pr act i ce r ecommendat i ons and r equi r ement s of  SMACNA 1922,  SMACNA 1520,  and 
NFPA 91;  l ocat i on and pr ecedence of  wor k under  ot her  sect i ons;  
i nt er f er ences of  var i ous pi pi ng and el ect r i cal  wor k;  f aci l i t y  equi pment ;  
bui l di ng conf i gur at i on;  st r uct ur al  and saf et y f act or  r equi r ement s;  
v i br at i on and i mposed l oads under  nor mal  and abnor mal  ser vi ce condi t i ons.   
I ndi cat ed suppor t  s i zes,  conf i gur at i ons,  and spaci ngs ar e t he mi ni mal  t ype 
of  suppor t i ng component  r equi r ed f or  nor mal  l oads.   Wher e i nst al l ed l oads 
ar e excessi ve f or  t he nor mal  suppor t  spaci ngs,  pr ovi de heavi er  dut y 
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component s or  r educe t he el ement  spaci ng.   Af t er  syst em st ar t - up,  r epl ace 
or  cor r ect  suppor t  el ement s whi ch v i br at e and cause noi se or  possi bl e 
f at i gue f ai l ur e.   Exer ci se speci al  car e t o pr event  cascadi ng f ai l ur e.

3. 1. 7. 2   Gener al  Requi r ement  f or  Suppor t s

Secur el y at t ach suppor t i ng el ement s t o bui l di ng st r uct ur al  st eel  or  
st r uct ur al  s l abs.   Wher e suppor t s ar e r equi r ed bet ween bui l di ng st r uct ur al  
member s pr ovi de suppl ement ar y st r uct ur al  st eel  as speci f i ed f or  wor k under  
t hi s sect i on.   On submi t t al s show l ocat i on of  suppor t s and anchor s and 
l oads i mposed on each poi nt  of  suppor t  or  anchor .   Do not  hang duct wor k or  
equi pment  f r om pi pi ng,  or  ot her  duct s or  equi pment .   At t ach suppor t s t o 
st r uct ur al  f r ami ng member  and concr et e s l ab.   Do not  anchor  suppor t s t o 
met al  decki ng unl ess a means i s pr ovi ded and appr oved f or  pr event i ng t he 
anchor  f r om punct ur i ng t he met al  decki ng.   Wher e suppor t s ar e r equi r ed,  
bet ween st r uct ur al  f r ami ng member s,  pr ovi de sui t abl e i nt er medi at e met al  
f r ami ng.   Wher e C- cl amps ar e used,  pr ovi de r et ai ner  c l i ps.   A maxi mum span 
of  10 f eet  must  exi st  bet ween any t wo poi nt s,  wi t h l esser  spans as 
speci f i ed or  as r equi r ed by duct  assembl i es,  i nt er f er ences,  and l oads 
i mposed or  per mi t t ed.   Pr ovi de a mi ni mum one set  of  t wo ver t i cal  suppor t  
el ement s f or  each poi nt  of  suppor t  and each l engt h of  duct ,  except  as 
ot her wi se speci f i ed.   I nst al l  suppor t s on bot h s i des of  al l  duct  t ur ns,  
br anch f i t t i ngs,  and t r ansi t i ons.   Cr oss- br ace hanger s suf f i c i ent l y t o 
el i mi nat e sway.   Per f or at ed st r ap hanger s ar e pr ohi bi t ed.   Wher e duct wor k 
syst em cont ai ns heavy equi pment ,  hang such equi pment  i ndependent l y of  t he 
duct wor k.   Duct  suppor t s must  be vi br at i on i sol at ed f r om st r uct ur e at  
poi nt s i ndi cat ed.

3. 1. 7. 3   Met hods of  At t achment

Cl amp,  or  wel d when appr oved,  at t achment  t o bui l di ng st r uct ur al  st eel  i n 
accor dance wi t h AWS D1. 1/ D1. 1M.   Const r uct  masonr y anchor s sel ect ed f or  
over head appl i cat i ons of  f er r ous mat er i al s onl y.   I nst al l  masonr y anchor s 
i n r ot ar y,  non- per cussi on,  el ect r i c dr i l l ed hol es.   Sel f - dr i l l i ng anchor s 
may be used pr ovi ded masonr y dr i l l i ng i s per f or med wi t h el ect r i c hammer s 
sel ect ed and appl i ed i n such a manner  as t o pr event  concr et e spal l i ng or  
cr acki ng.   Pneumat i c t ool s ar e pr ohi bi t ed.

3. 1. 8   Wel di ng

Wel di ng t est  agenda must  be done i n accor dance wi t h t he appl i cabl e 
pr ovi s i ons of  AWS D1. 1/ D1. 1M and AWS D1. 3/ D1. 3M.

3. 1. 9   Test  Por t s

Pr ovi de t est  access por t s at  poi nt s r equi r ed f or  wor k under  par agr aph 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG i n t hi s sect i on.   Locat e t est  por t s i n 
st r ai ght  duct  as f ar  as pr act i cal  downst r eam of  f ans,  change of  di r ect i on 
f i t t i ngs,  t akeof f s,  i nt er i or  t o duct  accessor i es,  and l i ke t ur bul ent  f l ow 
ar eas.

3. 1. 10   Duct wor k Cl eani ng

Pr ot ect  duct  openi ngs f r om const r uct i on debr i s usi ng t empor ar y caps,  
f l anges,  or  ot her  appr oved means.   Cl ean duct wor k i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons and t he Nor t h Amer i can I nsul at i on 
Manuf act ur er s Associ at i on ( NAI MA)  Gui de on Cl eani ng of  Duct  Boar d Mat er i al s.
  Cl ean di r t y duct  i nt er i or  wi t h hi gh vel oci t y wat er  and oi l - f r ee ai r  
st r eams or  by vacuum cl eani ng as r equi r ed by pr oj ect  condi t i ons.    Af t er  
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const r uct i on i s compl et e but  accessi bl e and pr i or  t o accept ance,  r emove 
al l  const r uct i on debr i s f r om ext er i or  sur f aces.   Do not  c l ose duct  
i nspect i on por t s unt i l  i nspect ed by t he Cont r act i ng Of f i cer .

3. 1. 11   Fact or y and Fi el d Pai nt i ng and Fi ni shi ng

3. 1. 11. 1   Fact or y Wor k

Fact or y f i ni sh i nt er i or  f er r ous met al  and ot her  speci f i ed met al l i c  
equi pment  and component  sur f aces wi t h manuf act ur er ' s st andar d sur f ace 
pr epar at i on,  pr i mer ,  and f i ni sh coat i ng.   Fact or y f i ni sh ext er i or  t o 
bui l di ng space f er r ous met al  sur f aces and ot her  ext er i or  t o bui l di ng and 
i nt er i or  t o bui l di ng met al l i c  or  nonmet al l i c  sur f aces wi t h speci f i ed 
pr ot ect i ve coat i ng syst em i n accor dance wi t h t he par agr aph PROTECTI VE 
COATI NG MATERI AL i n t hi s sect i on and ot her wi se wi t h manuf act ur er ' s 
st andar d sur f ace pr epar at i on,  pr i mer  and f i ni sh whi ch meet  t he 
r equi r ement s of  par agr aph CORROSI ON PREVENTI ON.

3. 1. 11. 2   Fi el d Wor k

Touch- up or  i f  necessar y,  r epai nt  f act or y appl i ed f i ni shes whi ch ar e 
mar r ed,  damaged,  or  degr aded dur i ng shi ppi ng,  st or age,  handl i ng,  or  
i nst al l at i on t o mat ch t he or i gi nal  f i ni sh.   Cl ean and pr i me f i el d or  shop 
f abr i cat ed f er r ous met al s r equi r ed f or  t he i nst al l at i on speci f i ed under  
t hi s sect i on i n accor dance wi t h t he appl i cabl e pr ovi s i ons of  Sect i on 
09 90 00 PAI NTS AND COATI NGS.   Pai nt i ng of  sur f aces not  ot her wi se 
speci f i ed and f i ni sh pai nt i ng of  i t ems onl y pr i med at  t he f act or y or  
el sewher e,  ar e speci f i ed as par t  of  t he wor k under  Sect i on 09 90 00 PAI NTS 
AND COATI NGS.

3. 2   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

3. 2. 1   Duct wor k St r uct ur al  I nt egr i t y and Leakage Test i ng

I nspect  and t est  syst ems pr essur e r at ed hi gher  t han 2 i nches wat er  gage 
f or  st r uct ur al  i nt egr i t y and l eakage as syst ems or  sect i ons dur i ng 
const r uct i on but  af t er  er ect i on,  as wor k pr ogr esses,  i n syst em or  sect i on 
l engt hs not  exceedi ng 100 f eet .   Test  f or  st r uct ur al  i nt egr i t y at   per cent  
i n excess of  syst em f an posi t i ve or  negat i ve t ot al  pr essur e.   Test  f or  
l eakage at  2 per cent  i n excess of  syst em f an posi t i ve or  negat i ve t ot al  
pr essur e.   Leakage t est  pr ocedur e and appar at us must  be i n accor dance wi t h 
SMACNA 1972 CD.   Tot al  l eakage,  pr or at ed t o l engt h of  duct  under  t est ,  
must  not  exceed one per cent  of  syst em capaci t y.  Do not  per mi t  l eakage i n 
posi t i ve pr essur e duct s i n bui l di ngs car r y i ng f l ammabl e or  t oxi c mat er i al s.

3. 2. 2   Power  Tr ansmi ssi on Component s Adj ust ment

Test  and adj ust  V- bel t s and sheaves f or  pr oper  al i gnment  and t ensi on 
pr el i mi nar y t o oper at i on and af t er  72 hour s of  oper at i on at  f i nal  speed,  
i n t he pr esence of  t he Cont r act i ng Of f i cer .   Bel t s on dr i ve s i de must  be 
uni f or ml y l oaded,  not  bounci ng.   Al i gn di r ect - dr i ve coupl i ngs t o l ess t han 
hal f  of  manuf act ur er ' s al l owabl e r ange of  mi sal i gnment .

3. 2. 3   Pr el i mi nar y Test s

Conduct  an oper at i onal  t est  on t he ent i r e exhaust  duct  syst ems,  
component s,  and equi pment  f or  a per i od of  not  l ess t han 6 hour s af t er  
power  t r ansmi ssi on component s ar e adj ust ed.   Repl ace f i l t er s,  i f  any,  
af t er  pr el i mi nar y t est s and pr i or  t o conduct i ng f i nal  accept ance t est s.
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3. 2. 4   Test i ng,  Adj ust i ng,  and Bal anci ng Wor k

Per f or m wor k i n accor dance wi t h t he appl i cabl e and r ecommended pr ocedur es 
of :   ACGI H- 2092S.   Pr ovi de appar at us,  cer t i f i ed,  cal i br at ed,  
i nst r ument at i on i ncl udi ng t hat  t o measur e sound l evel s,  mot or  cur r ent ,  and 
power  f act or .   Unl ess appr oved ot her wi se,  i nst r ument s must  be l i mi t ed t o 
manomet er s and appr oved aner oi d t ype gages ( such as a Magnehel i c) .  
Vel omet er s may be used f or  l ow vel oci t y measur ement s i f  appr oved by t he 
Cont r act i ng Of f i cer .

3. 2. 5   Syst ems Vol ume Accept ance Cr i t er i a

Syst ems f i nal  vol ume must  be wi t hi n t he f ol l owi ng l i mi t s:

Fan:   Pl us 10 per cent ,  mi nus zer o per cent  of  desi gn vol ume at  desi gn 
t emper at ur e

Hood or  Equi pment :   Pl us or  mi nus 5 per cent  of  desi gn vol ume at  desi gn 
t emper at ur e

Not e:   Tol er ances must  be t aken on cl ean or  di r t y condi t i ons as i ndi cat ed 
on t he dr awi ngs.

3. 2. 6   Sound Level  Test s

Repor t  t o t he Cont r act i ng Of f i cer  i n wr i t i ng,  sound l evel s hi gher  t han 84 
dBA at  hoods or  at  wor ker s '  nor mal  oper at i ng posi t i ons at  equi pment  i n 
addi t i on t o bei ng i ncl uded i n t he r equi r ed t est  r epor t s.

3. 3   SYSTEMS OPERATI ON DEMONSTRATI ON

Af t er  syst ems and equi pment  t est i ng,  adj ust i ng,  and bal anci ng has been 
compl et ed and accept ed,  demonst r at e t he compl et e and cor r ect  f unct i oni ng 
of  syst ems equi pment  and cont r ol s by oper at i on t hr ough nor mal  r anges and 
sequences,  and by s i mul at i on of  abnor mal  condi t i ons,  i ncl udi ng t he manual  
t r i ppi ng of  f i r e damper s.   Manual l y and aut omat i cal l y cause ever y devi ce 
t o f unct i on as i nt ended.   Readj ust ,  as necessar y,  any set t i ngs and af t er  
suf f i c i ent  oper at i ng t i me,  but  not  l ess t han 6 hour s,  ver i f y abi l i t y  of  
equi pment  and cont r ol s t o est abl i sh and mai nt ai n st abl e and accur at e 
oper at i on and r equi r ed syst em per f or mance.   Not e any abnor mal  devi at i ons,  
such as excessi ve v i br at i on,  noi se,  and heat ,  bi ndi ng damper  mechani sms,  
and i ncor r ect  f an r ot at i on.   Make any necessar y r epai r s,  r epl acement s or  
adj ust ment s.

        - -  End of  Sect i on - -
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SECTI ON 23 37 13. 00 40

DI FFUSERS,  REGI STERS,  AND GRI LLES
08/ 22

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 113 ( 2013)  Met hod of  Test i ng f or  Room Ai r  
Di f f usi on

ASHRAE EQUI P I P HDBK ( 2012)  Handbook,  HVAC Syst ems and 
Equi pment  ( I P Edi t i on)

ASHRAE FUN I P ( 2021)  Fundament al s Handbook,  I - P Edi t i on

1. 2   ADMI NI STRATI VE REQUI REMENTS

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON appl i es t o wor k speci f i ed i n t hi s 
sect i on.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

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

Mat er i al ,  Equi pment ,  and Fi xt ur e Li st s;  G

Recor ds of  Exi st i ng Condi t i ons

SD- 02 Shop Dr awi ngs

Fabr i cat i on Dr awi ngs

I nst al l at i on Dr awi ngs

SD- 03 Pr oduct  Dat a

Equi pment  and Per f or mance Dat a

SD- 04 Sampl es

Manuf act ur er ' s St andar d Col or  Char t
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SD- 10 Oper at i on and Mai nt enance Dat a

Type TS Suppl y Tr of f er

Type TSR Combi nat i on Suppl y and Ret ur n Tr of f er

PART 2   PRODUCTS

2. 1   PERFORMANCE REQUI REMENTS

Cer t i f y ai r  di f f usi on devi ces havi ng been t est ed and r at ed i n accor dance 
wi t h  Chapt er  19- ASHRAE EQUI P I P HDBK,  Chapt er  16- ASHRAE FUN I P,  and 
ASHRAE 113,  wher e such cer t i f i cat i on i s r equi r ed.

Submi t  equi pment  and per f or mance dat a f or  ai r - di f f usi on devi ces consi st i ng 
of  sound dat a i n t er ms of  Noi se Cr i t er i a ( NC)  i ndex f or  t he capaci t y r ange 
of  t he devi ce.

2. 2   COMPONENTS

2. 2. 1   Ai r  Di f f usi on Devi ce Const r uct i on

Pr ecl ude f l ut t er ,  r at t l e,  or  v i br at i on on ai r - di f f usi on devi ce 
const r uct i on and mount i ng.    Modi f y devi ces and pr ovi de accessor i es 
necessar y f or  mount i ng i n i ndi cat ed sur f ace const r uct i on.

Sel ect  col or  f r om manuf act ur er ' s st andar d col or  char t  whi ch i ndi cat es t he 
manuf act ur er ' s st andar d col or  sel ect i ons and f i ni shes f or  ai r - di f f usi on 
devi ces.

Pr ovi de suppl y di f f user s wi t h combi nat i on damper  and equal i z i ng gr i d.   
Ensur e damper s ar e ext r act i ng- spl i t t er  t ype,  except  as ot her wi se 
i ndi cat ed.   Equal i z i ng gr i ds shal l  consi st  of  i ndi v i dual l y adj ust abl e 
vanes desi gned f or  equal i z i ng ai r f l ow i nt o di f f user  neck and pr ovi di ng 
di r ect i onal  cont r ol  of  ai r f l ow.

Ensur e ai r - di f f usi on devi ce vol ume and pat t er n adj ust ment s can be made 
f r om t he f ace of  t he devi ce.   Make vol ume adj ust ment s by r emovabl e key .

Pr ovi de gasket s f or  suppl y- t er mi nal  ai r  devi ces mount ed i n f i ni shed 
sur f aces.

I ncl ude wi t hi n t he mat er i al ,  equi pment ,  and f i xt ur e l i s t s t he 
manuf act ur er ' s st y l e or  cat al og number s,  speci f i cat i on and dr awi ng 
r ef er ence number s,  war r ant y i nf or mat i on,  and f abr i cat i on s i t e i nf or mat i on.

Submi t  r ecor ds of  exi st i ng condi t i ons consi st i ng of  t he r esul t s of  
Cont r act or ' s sur vey of  wor k ar ea condi t i ons and f eat ur es of  exi st i ng 
st r uct ur es and f aci l i t i es wi t hi n and adj acent  t o t he j obsi t e.   
Commencement  of  wor k const i t ut es accept ance of  exi st i ng condi t i ons.

Submi t  f abr i cat i on dr awi ngs f or  ai r - di f f usi on devi ces consi st i ng of  
f abr i cat i on and assembl y det ai l s t o be per f or med i n t he f act or y.

2. 2. 2   Types of  Ai r  Di f f usi on Devi ces

2. 2. 2. 1   Type DRA

Pr ovi de t ype DRA suppl y di f f user ,  r ound wi t h f i ve or  mor e expandi ng cones 

SECTI ON 23 37 13. 00 40  Page 2



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

wi t h beaded edges t o pr ovi de hemi spher i cal l y di f f used di schar ge ai r .   
Ar r ange cones t o pr ovi de a mi ni mum of  f our  ai r  pat hs whi ch s i mul t aneousl y 
di f f use ai r  at  20 t o 50 f eet  per  mi nut e ( f pm)  and aspi r at e r oom ai r  at  25 
t o 35 per cent  of  di schar ge vol ume.

Pr ovi de al umi num di f f user  wi t h baked enamel  f i ni sh.

Pr ovi de ant i smudge r i ngs and ext ended cones.

2. 2. 2. 2   Type DRB

Pr ovi de t ype DRB suppl y di f f user ,  r ound wi t h f our  mor e expandi ng cones t o 
pr ovi de hemi spher i cal l y di f f used di schar ge ai r .   Ar r ange cones t o pr ovi de 
a mi ni mum of  t hr ee ai r  pat hs whi ch s i mul t aneousl y di f f use ai r  at  20 t o 50 
f pm.   Pr ovi de a pat t er n adj ust ment  r ange f r om hor i zont al  t o downwar d 
pr oj ect i on,  and any i nt er medi at e poi nt ,  when mount ed on exposed duct wor k.

Pr ovi de al umi num di f f user  wi t h baked enamel  f i ni sh.

Pr ovi de I nt egr al  ant i smudge r i ngs and ext ended cones.

2. 2. 2. 3   Type DRC

Pr ovi de t ype DRC combi nat i on suppl y and r et ur n di f f user ,  r ound wi t h f our  
expandi ng cones.   Ar r ange cones t o pr ovi de one r et ur n ai r  pat h and t wo 
suppl y ai r  pat hs.   Pr ovi de a but t er f l y suppl y- ai r  damper  and an annul ar  
r et ur n- ai r  damper .   Pr ovi de a baked enamel  f i ni sh

2. 2. 2. 4   Type DRE

Pr ovi de t ype DRE suppl y di f f user ,  r ound wi t h t hr ee expandi ng cones t o 
pr ovi de di schar ge ai r  pat hs,  mi ni mal l y,  t wo- posi t i on adj ust abl e f or  
hor i zont al  or  ver t i cal  di schar ge.   Pr ovi de a baked enamel  f i ni sh.

2. 2. 2. 5   Type DRH

Pr ovi de t ype DRH suppl y di f f user ,  hal f - r ound wi t h f our  semi coni cal  
expandi ng member s t o di schar ge di f f used ai r  i n a 180- degr ee pat t er n.   
Ar r ange cones t o pr ovi de a mi ni mum of  t hr ee ai r  pat hs whi ch s i mul t aneousl y 
di f f use ai r  at  20 t o 50 f pm.   Pr ovi de opposed- bl ade vol ume cont r ol .

Pr ovi de a baked enamel  f i ni sh.

2. 2. 2. 6   Type DP Ser i es

Pr ovi de t ype DP ser i es suppl y di f f user  wi t h a squar e ,  per f or at ed,  f ace 
pl at e wi t h opposed bl ade vol ume cont r ol ,  whi t e baked enamel  ext er i or  
f i ni sh,  and bl ack mat t e f i ni sh on exposed- t o- vi ew i nt er i or  sur f ace.   
Pr ovi de hi nges and l at ches f or  r emoval  of  per f or at ed f ace pl at es t o al l ow 
f or  c l eani ng and adj ust ment  of  baf f l e or  damper .

Pr ovi de t wo- way opposed def l ect i on.

2. 2. 2. 7   Type DLB

Pr ovi de t ype DLB suppl y di f f user ,  l i near  bar  t ype,  f r ame mount ed,  wi t h 
ext r uded- al umi num bar  and f r ame.

Ensur e bar s ar e 1/ 4 i nch t hi ck by 3/ 4 i nch hi gh,  1/ 2 i nch on cent er ,  
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penci l pr oof  spaci ng,  wi t h zer o degr ee bar  def l ect i on angl e.

For  f l oor -  and si l l - mount ed di f f user s pr ovi de heavy- dut y r ei nf or ced 
const r uct i on t o car r y l oads of  not  l ess t han 100 pounds per  squar e f oot .

Pr ovi de cont i nuous l engt h di f f user  wi t h hai r l i ne but t  j oi nt s.

Pr ovi de mi t er ed end caps wher e di f f user  r un t er mi nat es.

Pr ovi de opposed- bl ade t ype damper s.

Pr ovi de an i nt egr al ,  pi vot ed,  bar - t ype access door  wher e i ndi cat ed.

Pr ovi de st r ai ght eni ng gr i ds wher e i ndi cat ed.

2. 2. 2. 8   Type DLS

Pr ovi de t ype DLS suppl y di f f user ,  l i near  s l ot  t ype,  ext r uded al umi num 
const r uct i on,  wi t h f ul l y  adj ust abl e i nt egr al  ai r  pat t er n and vol ume 
cont r ol  vanes t hat  def l ect  ai r  pat t er n f r om hor i zont al  al ong cei l i ng t o 
st r ai ght  down.   Ensur e any i nt er medi at e set t i ng and a pat t er n cont r ol  
el ement  t hat  per mi t s compl et e bl anki ng- of f  of  s l ot .

Sl ot  wi dt h:   3/ 4 i nch.

Pr ovi de number  of  s l ot s per  uni t  r un as i ndi cat ed.

Al i gn but t s i n cont i nuous r uns f or  hai r l i ne j oi nt s.

But t  ends of  di f f user  agai nst  wal l s wi t hout  mi t er ed end caps.   Pr ovi de end 
caps wher e sl ot  t er mi nat es.

Pr ovi de exposed- t o- vi ew par t  of  f r ame wi t h anodi zed al umi num,  and al l  
i nt er i or  exposed- t o- vi ew component s wi t h a bl ack mat t e f i ni sh.

2. 2. 2. 9   Type DSA

Pr ovi de t ype DSA suppl y di f f user ,  squar e wi t h f our  expandi ng f l ar ed 
member s t o pr ovi de r adi al l y di f f used di schar ge ai r .   Ar r ange f l ar ed 
member s t o pr ovi de a mi ni mum of  f our  ai r  pat hs whi ch s i mul t aneousl y 
di f f use ai r  at  20 t o 50 f pm.   I ncl ude pat t er n adj ust ment s hor i zont al ,  
ver t i cal  pr oj ect i on,  and an i nt er medi at e posi t i on or  r ange.

Pr ovi de a baked enamel  f i ni sh.

2. 2. 2. 10   Type GS

Pr ovi de t ype GS suppl y gr i l l es doubl e def l ect i on t ype wi t h adj ust abl e f ace 
bar s par al l el  t o shor t  di mensi on and adj ust abl e r ear  bar s par al l el  t o l ong 
di mensi on.

Pr ovi de a baked enamel  f i ni sh.

2. 2. 2. 11   Type GSP

Pr ovi de t ype GSP ser i es suppl y gr i l l e wi t h a squar e ,  per f or at ed f ace 
pl at e,  whi t e baked enamel  ext er i or  f i ni sh,  bl ack mat t e f i ni sh on 
exposed- t o- vi ew i nt er i or  sur f ace f or  l ay- i n or  sur f ace mount i ng.  
Per f or at ed f ace pl at e t o be r emoveabl e,  hi nged or  unl at ched,  f or  c l eani ng.
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Pr ovi de al umi num const r uct i on.

2. 2. 2. 12   Type GEP

Pr ovi de t ype GEP ser i es r et ur n or  gener al  exhaust  gr i l l e wi t h a squar e,  
per f or at ed f ace pl at e,  whi t e baked enamel  ext er i or  f i ni sh,  bl ack mat t e 
f i ni sh on exposed- t o- vi ew i nt er i or  sur f ace f or  l ay- i n or  sur f ace mount i ng.  
Per f or at ed f ace pl at e t o be r emoveabl e,  hi nged or  unl at ched f or  c l eani ng.

Pr ovi de al umi num const r uct i on.

2. 2. 2. 13   Type GSE

Pr ovi de t ype GSE ser i es r et ur n or  gener al  exhaust  gr i l l e wi t h a squar e,  
eggcr at e f ace wi t h a1/ 2 by 1/ 2 by 1/ 2 i nch al umi num cor e,  whi t e baked 
enamel  ext er i or  f i ni sh,  bl ack mat t e f i ni sh on exposed- t o- vi ew i nt er i or  
sur f ace f or  l ay- i n mount i ng.

Pr ovi de al umi num bor der .

2. 2. 2. 14   Type GR

Pr ovi de t ype GR r et ur n gr i l l es,  s i ngl e def l ect i on t ype wi t h f i xed f ace 
bar s.

Pr ovi de gr i l l es i nst al l ed i n ver t i cal  sur f aces wi t h hor i zont al  f ace bar s 
set  downwar d at  45 degr ees f r om ver t i cal .

Pr ovi de gr i l l es i nst al l ed i n hor i zont al  sur f aces wi t h f ace bar s st r ai ght  
and par al l el  t o shor t  di mensi on.

Pr ovi de al umi num const r uct i on.

2. 2. 2. 15   Type GCA

Pr ovi de t ype GCA wi t h an i ndi v i dual l y adj ust abl e,  hor i zont al ,  cur ved- bl ade 
gr i l l es and a one- way pat t er n.

Pr ovi de al umi num const r uct i on.

2. 2. 2. 16   Type GCB

Pr ovi de t ype GCB wi t h an i ndi v i dual l y adj ust abl e,  ver t i cal ,  cur ved- bl ade 
gr i l l es and a one- way pat t er n.

Pr ovi de al umi num const r uct i on.

2. 2. 2. 17   Type GCD

Pr ovi de t ype GCD wi t h an i ndi v i dual l y adj ust abl e,  ver t i cal ,  cur ved- bl ade 
gr i l l es and a t wo- way pat t er n.

Pr ovi de al umi num const r uct i on.

2. 2. 2. 18   Type GCE

Pr ovi de t ype GCE wi t h an i ndi v i dual l y adj ust abl e,  ver t i cal  and hor i zont al ,  
cur ved- bl ade gr i l l es and a t hr ee- way pat t er n.
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Pr ovi de al umi num const r uct i on.

2. 2. 2. 19   Type GCF

Pr ovi de t ype GCF wi t h an i ndi v i dual l y adj ust abl e,  ver t i cal  and hor i zont al ,  
cur ved- bl ade gr i l l es and a f our - way pat t er n.

Pr ovi de al umi num const r uct i on.

2. 2. 2. 20   Type RS

Pr ovi de t ype RS suppl y r egi st er ,  doubl e- def l ect i on t ype,  wi t h adj ust abl e 
f ace bar s par al l el  t o shor t  di mensi on and adj ust abl e r ear  bar s par al l el  t o 
l ong di mensi on wi t h opposed- bl ade t ype damper s.

Pr ovi de al umi num const r uct i on.

2. 2. 2. 21   Type RR

Pr ovi de t ype RR r et ur n r egi st er ,  s i ngl e- def l ect i on t ype wi t h f i xed f ace 
bar s wi t h opposed- bl ade damper s.

Pr ovi de r egi st er s i nst al l ed i n ver t i cal  sur f aces wi t h hor i zont al  f ace bar s 
set  downwar d at  appr oxi mat el y 45 degr ees f r om ver t i cal .

Pr ovi de r egi st er s i nst al l ed i n hor i zont al  sur f aces wi t h f ace bar s set  
st r ai ght  and par al l el  t o shor t  di mensi on.

Pr ovi de a baked enamel  f i ni sh.

2. 2. 2. 22   Type RCA

Pr ovi de t ype RCA wi t h an i ndi v i dual l y adj ust abl e,  hor i zont al ,  cur ved- bl ade 
r egi st er  and a one- way pat t er n wi t h opposed- bl ade damper .

Pr ovi de al umi num const r uct i on.

2. 2. 2. 23   Type RCB

Pr ovi de t ype RCB wi t h i ndi v i dual l y adj ust abl e,  ver t i cal ,  cur ved- bl ade 
r egi st er  and a one- way pat t er n wi t h opposed bl ade damper .

Pr ovi de al umi num const r uct i on.

2. 2. 2. 24   Type RCC

Pr ovi de t ype RCC wi t h an i ndi v i dual l y adj ust abl e,  hor i zont al ,  cur ved- bl ade 
r egi st er  and a t wo- way pat t er n wi t h opposed bl ade damper .

Pr ovi de al umi num const r uct i on.

2. 2. 2. 25   Type RCD

Pr ovi de t ype RCD wi t h an i ndi v i dual l y adj ust abl e,  ver t i cal ,  cur ved- bl ade 
r egi st er  and a t wo- way pat t er n wi t h opposed bl ade damper .

Pr ovi de al umi num const r uct i on.
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2. 2. 2. 26   Type RCE

Pr ovi de t ype RCE wi t h an i ndi v i dual l y adj ust abl e,  ver t i cal  and hor i zont al ,  
cur ved- bl ade r egi st er  and a t hr ee- way pat t er n wi t h opposed- bl ade damper .

Pr ovi de al umi num const r uct i on.

2. 2. 2. 27   Type RCF

Pr ovi de t ype RCF wi t h an i ndi v i dual l y adj ust abl e,  ver t i cal  and hor i zont al ,  
cur ved- bl ade r egi st er  and a f our - way pat t er n wi t h opposed- bl ade damper .

Pr ovi de al umi num const r uct i on.

2. 2. 2. 28   Type TS

Pr ovi de t ype TS suppl y t r of f er  compl et e assembl y as speci f i ed i n Sect i on 
26 51 00 I NTERI OR LI GHTI NG and as i ndi cat ed.   I nst al l  ai r  handl i ng sect i on 
of  uni t  under  t hi s sect i on.

2. 2. 2. 29   Type TR

Pr ovi de t ype TR r et ur n t r of f er  conf or mi ng t o r equi r ement s f or  Type TS 
suppl y t r of f er .

2. 2. 2. 30   Type TSR

Pr ovi de t ype TSR combi nat i on suppl y and r et ur n t r of f er  assembl y as 
speci f i ed i n Sect i on 26 51 00 I NTERI OR LI GHTI NG and as i ndi cat ed.   I nst al l  
ai r  handl i ng sect i on of  uni t  under  t hi s sect i on.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  equi pment  as i ndi cat ed and speci f i ed and i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.

Mount  wal l - mount ed suppl y r egi st er s 6 i nches bel ow cei l i ng.

Submi t  i nst al l at i on dr awi ngs f or  ai r - di f f usi on devi ces.   I ndi cat e on 
dr awi ngs over al l  physi cal  f eat ur es,  di mensi ons,  r at i ngs,  ser vi ce 
r equi r ement s,  and equi pment  wei ght s.

Unl ess ot her wi se i ndi cat ed,  s i ze duct wor k dr op t o di f f user s or  gr i l l es t o 
mat ch uni t  col l ar  s i zes.

Seal  connect i ons bet ween duct wor k dr ops t o di f f user s or  gr i l l es ai r t i ght .

Suppor t  i ndependent l y di f f user s and gr i l l es f or  T- bar  mount i ng t hat  exceed 
wei ght  l i mi t  of  cei l i ng suspensi on syst em i n whi ch t hey ar e t o be 
i nst al l ed.

3. 1. 1   Oper at i ons and Mai nt enance Manual s
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Pr ovi de oper at i on and mai nt enance manual s consi st ent  wi t h manuf act ur er ' s 
st andar d br ochur es,  schemat i cs,  pr i nt ed i nst r uct i ons,  gener al  oper at i ng 
pr ocedur es and saf et y pr ecaut i ons.

        - -  End of  Sect i on - -
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SECTI ON 23 80 20. 00 10

GAS- FI RED HEATI NG EQUI PMENT
05/ 20

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  Z21. 66/ CGA 6. 14 ( 2015;  R 2020)  Aut omat i c Vent  Damper  
Devi ces f or  Use wi t h Gas- Fi r ed Appl i ances

ANSI  Z21. 86/ CSA 2. 32 ( 2016)  Vent ed Gas- Fi r ed Space Heat i ng 
Appl i ances

ANSI  Z83. 4/ CSA 3. 7 ( 2017;  R 2022)  Non- Reci r cul at i ng Di r ect  
Gas- Fi r ed Heat i ng and For ced Vent i l at i on 
Appl i ances f or  Commer ci al  and I ndust r i al  
Appl i cat i on

ANSI  Z83. 8/ CSA 2. 6 ( 2016;  R 2021)  Gas Uni t  Heat er s,  Gas 
Packaged Heat er s,  Gas Ut i l i t y  Heat er s,  and 
Gas- Fi r ed Duct  Fur naces

ANSI  Z83. 19/ CSA 2. 35 ( 2017;  R 2022)  Gas- Fi r ed Hi gh- I nt ensi t y 
I nf r ar ed Heat er s

CSA GROUP ( CSA)

CSA Di r ect or y ( updat ed cont i nuousl y onl i ne)  Pr oduct  I ndex

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

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

NFPA 54 ( 2024)  Nat i onal  Fuel  Gas Code

NFPA 211 ( 2019)  St andar d f or  Chi mneys,  Fi r epl aces,  
Vent s,  and Sol i d Fuel - Bur ni ng Appl i ances

UNDERWRI TERS LABORATORI ES ( UL)

UL FLAMMABLE & COMBUSTI BLE ( 2012)  Fl ammabl e and Combust i bl e Li qui ds 
and Gases Equi pment  Di r ect or y

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
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Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Det ai l  Dr awi ngs
I nst al l at i on

SD- 03 Pr oduct  Dat a

Spar e Par t s

SD- 06 Test  Repor t s

Test i ng,  Adj ust i ng,  and Bal anci ng

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance I nst r uct i ons

1. 3   QUALI TY ASSURANCE

Submi t  det ai l  dr awi ngs consi st i ng of  i l l ust r at i ons,  schedul es,  per f or mance 
char t s,  i nst r uct i ons,  br ochur es,  di agr ams,  and ot her  i nf or mat i on t o 
i l l ust r at e t he r equi r ement s and oper at i on of  t he syst em.   Det ai l  dr awi ngs 
f or  space heat i ng equi pment ,  cont r ol s,  associ at ed equi pment ,  and f or  
pi pi ng and wi r i ng.   Show pr oposed l ayout  and anchor age of  equi pment  and 
appur t enances,  and equi pment  r el at i onshi p t o ot her  par t s of  t he wor k 
i ncl udi ng cl ear ances f or  mai nt enance and oper at i on.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  al l  equi pment  del i ver ed and pl aced i n st or age f r om weat her ,  
humi di t y and t emper at ur e var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.

1. 5   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  mat er i al  and equi pment  
speci f i ed,  af t er  appr oval  of  t he det ai l  dr awi ngs,  and not  l at er  t han 2 
mont hs pr i or  t o t he dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a 
compl et e l i s t  of  par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce 
of  suppl y.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

2. 1. 1   Gener al

Pr ovi de mat er i al s and equi pment  whi ch ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n manuf act ur i ng of  t he pr oduct s and t hat  
essent i al l y  dupl i cat e equi pment  t hat  has been i n sat i sf act or y use at  l east  
2 year s pr i or  t o bi d openi ng.   Al l  gas f i r ed appl i ances must  meet  t he 
r equi r ement s of  NFPA 54.

2. 1. 2   Namepl at es

Secur e a pl at e t o each maj or  component  of  equi pment  cont ai ni ng t he 
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manuf act ur er ' s name,  addr ess,  t ype or  st y l e,  model  or  ser i al  number ,  and 
cat al og number .   Al so,  af f i x  an ENERGY STAR l abel  as appl i cabl e.

2. 1. 3   Equi pment  Guar ds

Compl et el y encl ose or  guar d bel t s,  pul l eys,  chai ns,  gear s,  coupl i ngs,  
pr oj ect i ng set scr ews,  keys,  and ot her  r ot at i ng par t s so l ocat ed t hat  any 
per son may come i n c l ose pr oxi mi t y t her et o.   Guar d or  cover  
hi gh- t emper at ur e equi pment  and pi pi ng so l ocat ed as t o endanger  per sonnel  
or  cr eat e a f i r e hazar d wi t h i nsul at i on of  t ype speci f i ed f or  ser vi ce.

2. 2   ELECTRI CAL WORK

Pr ovi de el ect r i cal  mot or  dr i ven equi pment  compl et e wi t h mot or s,  mot or  
st ar t er s,  and cont r ol s.   Pr ovi de mot or s conf or mi ng t o NEMA MG 1.   Pr ovi de 
el ect r i cal  equi pment  and wi r i ng accor dance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Pr ovi de el ect r i cal  char act er i st i cs as speci f i ed or  
i ndi cat ed.   Pr ovi de pr emi um ef f i c i ency i nt egr al  s i ze mot or s i n accor dance 
wi t h NEMA MG 1.   Pr ovi de mot or  st ar t er s compl et e wi t h t her mal  over l oad 
pr ot ect i on and ot her  appur t enances necessar y f or  t he mot or  cont r ol  
speci f i ed.   Each mot or  must  be of  suf f i c i ent  s i ze t o dr i ve t he equi pment  
at  t he speci f i ed capaci t y wi t hout  exceedi ng t he namepl at e r at i ng of  t he 
mot or .   Manual  or  aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  devi ces 
r equi r ed f or  t he oper at i on speci f i ed and any cont r ol  wi r i ng r equi r ed f or  
cont r ol s and devi ces speci f i ed,  but  not  shown,  must  be pr ovi ded.

2. 3   HEATERS

Equi p heat er s f or  and adj ust  t o bur n nat ur al  gas.   Pr ovi de each heat er  
wi t h a gas pr essur e r egul at or  t hat  wi l l  sat i sf act or i l y  l i mi t  t he mai n gas 
bur ner  suppl y pr essur e.   Heat er s must  have an i nt er mi t t ent  or  i nt er r upt ed 
el ect r i cal l y i gni t ed pi l ot  or  a di r ect  el ect r i c i gni t i on syst em.   Pr ovi de 
saf et y cont r ol s t hat  conf or m t o t he ANSI  st andar d speci f i ed f or  each 
heat er .   Fur ni sh mount i ng br acket s and har dwar e by t he heat er  manuf act ur er  
and f act or y f i ni sh t o mat ch t he suppor t ed equi pment .

2. 3. 1   Di r ect  Fi r ed Make- Up Ai r  Heat er s

Fur ni sh heat er s i n accor dance wi t h ANSI  Z83. 4/ CSA 3. 7.   Di r ect  f i r ed 
make- up ai r  heat er s use out si de ai r  di r ect l y duct ed t o t he heat er .   The 
pr oduct s of  combust i on gener at ed by t he heat er  ar e r el eased i nt o t he 
out si de ai r  st r eam bei ng heat ed.   Equi p heat er s wi t h mot or i zed i nl et  
damper s,  ai r  f i l t er s,  and bi r d scr een.   Pr ovi de modul at i ng gas cont r ol  
val ve.   Maxi mum ai r  t emper at ur e r i se dur i ng mi ni mum bur ner  f i r e must  be 7 
degr ees F.    Fan must  be var i abl e speed.   Pr ovi de weat her i zed out door  
heat er s wi t h manuf act ur er ' s st andar d ext er i or  f i ni sh f or  out door  uni t s.   
Pr ovi de mot or i zed  out l et  damper s t hat  c l ose when t he uni t  i s  shut  down.   
Damper s must  be i nt er l ocked t o pr event  bur ner  oper at i on when damper s ar e 
c l osed.   Pr ovi de heat er s wi t h a space t her most at ,  a l ow l i mi t  ai r  st r eam 
t her most at ,  and an ambi ent  ai r  t her most at .   The space t her most at  must  
cont r ol  t he gas cont r ol  val ve.   Pr ovi de l ow l i mi t  ai r  st r eam t her most at  t o 
shut  down t he ent i r e uni t  i f  t he di schar ge ai r  t emper at ur e dr ops bel ow t he 
space t her most at  set t i ng.   Pr ovi de ambi ent  ai r  t her most at  t o shut  down t he 
bur ner  i f  t he out si de ai r  exceeds t he space t her most at  set t i ng.

2. 3. 2   I ndi r ect  Fi r ed Make- Up Heat er s

Pr ovi de heat er s i n accor dance wi t h ANSI  and CSA St andar ds.   Equi p heat er s 
wi t h mot or i zed i nl et  damper s,  duct  col l ar ,  and ai r  f i l t er s.   Pr ovi de 
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modul at i ng gas cont r ol  val ve.   Maxi mum ai r  t emper at ur e r i se dur i ng mi ni mum 
bur ner  f i r e must  be 7 degr ees F.   Fan must  be t wo speed,  wi t h l ow speed 
appr oxi mat el y t wo- t hi r ds of  hi gh speed.   Pr ovi de mot or i zed i nl et  damper s 
t hat  c l ose when t he uni t  i s  shut  down.   Damper s must  be i nt er l ocked t o 
pr event  bur ner  oper at i on when damper s ar e c l osed.   Pr ovi de heat er s wi t h a 
space t her most at ,  a l ow l i mi t  ai r  st r eam t her most at ,  and an ambi ent  ai r  
t her most at .   The space t her most at  must  cont r ol  t he modul at i ng gas cont r ol  
val ve.   Pr ovi de l ow l i mi t  ai r  st r eam t her most at  t o shut  down t he ent i r e 
uni t  i f  t he di schar ge ai r  t emper at ur e dr ops  bel ow t he space t her most at  
set t i ng.   Pr ovi de ambi ent  ai r  t her most at  t o shut  down t he bur ner  i f  t he 
out si de ai r  exceeds t he space t her most at  set t i ng.

2. 3. 3   Uni t  Heat er s

Pr ovi de heat er s conf or mi ng t o r equi r ement s of  ANSI  Z83. 8/ CSA 2. 6.   Pr ovi de 
al umi ni zed st eel  or  st ai nl ess st eel  heat  exchanger s.   Equi p ai r  di schar ge 
sect i on wi t h adj ust abl e hor i zont al  l ouver s.   Fan shaf t s must  be ei t her  
di r ect l y connect ed t o t he dr i v i ng mot or ,  or  i ndi r ect l y connect ed by 
mul t i pl e V- bel t  dr i ve.   Fans i n one uni t  must  be of  t he same si ze.   
Fur ni sh power - vent ed heat er s,  sui t abl e f or  s i dewal l  vent  di schar ge and 
si ngl e- wal l - t hi ckness vent  pi pi ng.   Pr ovi de heat er s t hat  have aut omat i c 
i gni t i on.   Heat er s must  empl oy met er ed combust i on ai r  wi t h encl osed dr af t  
di ver t er  ( no open f l ue col l ar ) .   Pr ovi de heat er s wi t h a space t her most at  
whi ch cont r ol s bot h uni t ' s  f an and bur ner .

2. 3. 4   Wal l  Fur nace

Pr ovi de gr avi t y wal l  f ur nace i n accor dance wi t h ANSI  Z21. 86/ CSA 2. 32 and 
as i ndi cat ed.   Pr ovi de a space t her most at  whi ch cont r ol s bot h t he uni t ' s  
f an and bur ner .

2. 3. 5   Duct  Fur nace

Pr ovi de duct  f ur nace i n accor dance wi t h ANSI  Z83. 8/ CSA 2. 6.   Pr ovi de 
power - vent ed f ur nace,  sui t abl e f or  s i dewal l  vent  di schar ge and si ngl e wal l  
t hi ckness vent  pi pi ng.   Pr ovi de f ur nace wi t h aut omat i c i gni t i on.   Fur nace 
must  empl oy met er ed combust i on ai r  wi t h encl osed dr af t  di ver t er  ( no open 
f l ue col l ar ) .   Pr ovi de st ai nl ess st eel  f ur nace heat  exchanger s.   Pr ovi de 
f ur nace wi t h mi ni mum st eady st at e t her mal  ef f i c i ency of  80 per cent  at  
maxi mum r at ed capaci t y and 75 per cent  at  mi ni mum r at ed capaci t y t hat  i s  
pr ovi ded and al l owed by t he cont r ol s.   Pr ovi de f ur nace wi t h a space 
t her most at  whi ch cont r ol s t he uni t ' s  bur ner .

2. 3. 6   I nf r ar ed Heat er s

Fur ni sh heat er s conf or mi ng t o t he r equi r ement s of  ANSI  Z83. 19/ CSA 2. 35 and 
vent ed t ype.   Vent ed heat er s must  be vent ed t o t he out si de at mospher e.   
Heat er  st y l e must  be t ubul ar  t ype.   Ref l ect or  shape must  be par abol i c.   
Pr ovi de heat er s wi t h space t her most at s whi ch cont r ol  t he uni t ' s  bur ner .   
Cover  t her most at s l ocat ed i n t he di r ect  r adi at i on pat t er n wi t h a met al  
shi el d.

2. 4   THERMOSTATS

Pr ovi de adj ust abl e el ect r i c or  el ect r oni c t her most at s.   I ncl ude cont r ol  
wi r i ng r equi r ed t o compl et e t he space t emper at ur e cont r ol  syst em.   Pr ovi de 
t her most at s t hat  have a  3 degr ee F di f f er ent i al  and a set  poi nt  r ange of   
40 t o 75 degr ees F.   Pr ovi de t wo st age t her most at s.
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2. 5   VENT PI PI NG

Pr ovi de vent  pi pi ng conf or mi ng t o t he r equi r ement s of  NFPA 54.   Pl ast i c 
mat er i al  pol yet her i mi de ( PEI )  and pol yet her sul f one ( PES)  ar e f or bi dden t o 
be used f or  vent  pi pi ng of  combust i on gases.

2. 6   ELECTRI C AUTOMATI C VENT DAMPERS

Pr ovi de el ect r i c aut omat i c vent  damper s conf or mi ng t o t he r equi r ement s of  
ANSI  Z21. 66/ CGA 6. 14 and pr ovi de i n t he vent s of  heat er s except  unvent ed 
i nf r ar ed heat er s usi ng i ndoor  ai r  f or  combust i on ai r .

2. 7   I NSULATI ON

Pr ovi de i nsul at i on f or  pi pi ng and equi pment  and appl i cat i on i n accor dance 
wi t h Sect i on 23 07 00 THERMAL I NSULATI ON FOR MECHANI CAL SYSTEMS.

2. 8   FACTORY FI NI SHES

Equi pment  and component  i t ems,  when f abr i cat ed f r om f er r ous met al ,  must  be 
f act or y f i ni shed wi t h t he manuf act ur er ' s st andar d f i ni sh.

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng t hor oughl y f ami l i ar  wi t h al l  det ai l s of  t he wor k,  ver i f y 
al l  di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

3. 2   I NSTALLATI ON

i nst al l  equi pment  as i ndi cat ed and i n accor dance wi t h t he r ecommendat i ons 
of  t he equi pment  manuf act ur er  and t he l i s t i ng agency,  except  as ot her wi se 
speci f i ed.

3. 2. 1   Heat i ng Equi pment

I nst al l  heat er s wi t h c l ear ance t o combust i bl es,  compl yi ng wi t h mi ni mum 
di st ances as det er mi ned by CSA Di r ect or y,  UL FLAMMABLE & COMBUSTI BLE and 
as i ndi cat ed on each heat er  appr oval  and l i s t i ng pl at e.   Suppor t  heat er s 
i ndependent l y f r om t he bui l di ng st r uct ur e,  as i ndi cat ed,  but  not  r el y i ng 
on suspended cei l i ng syst ems f or  suppor t .

3. 2. 2   Vent s

Locat e vent  damper s,  pi pi ng and st r uct ur al  penet r at i ons as i ndi cat ed.   
Per f or m vent  damper  i nst al l at i on i n conf or mance t o ANSI  Z21. 66/ CGA 6. 14.   
Ext end vent  pi pes,  wher e not  connect ed t o a masonr y chi mney conf or mi ng t o 
NFPA 211,  t hr ough t he r oof  or  an out si de wal l  and t er mi nat e,  i n compl i ance 
wi t h NFPA 54.   Pr ovi de vent s passi ng t hr ough wat er pr oof  membr anes wi t h t he 
necessar y f l ashi ngs t o obt ai n wat er pr oof  i nst al l at i ons.

3. 2. 3   Gas Pi pi ng

Connect  gas pi pi ng as i ndi cat ed,  compl yi ng wi t h t he appl i cabl e 
r equi r ement s at  Sect i on 23 11 20 FACI LI TY GAS PI PI NG.
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3. 3   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t he mai nt enance and oper at i ng st af f .   The 
t r ai ni ng per i od of  2 hour s nor mal  wor ki ng t i me must  st ar t  af t er  t he syst em 
i s f unct i onal l y compl et e but  bef or e t he f i nal  accept ance t est s.   Gi ve t he 
Cont r act i ng Of f i cer  at  l east  t wo weeks advance not i ce of  such t r ai ni ng.   
I ncl ude al l  of  t he i t ems cont ai ned i n t he appr oved oper at i on and 
mai nt enance i nst r uct i ons as wel l  as demonst r at i ons of  r out i ne mai nt enance 
oper at i ons.   Submi t  6 compl et e copi es of  oper at i ng i nst r uct i ons out l i ni ng 
t he st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on and 
shut down.   I ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  
par t s l i s t ,  and br i ef  descr i pt i on of  al l  equi pment  and basi c oper at i ng 
f eat ur es.   Submi t  6 compl et e copi es of  mai nt enance i nst r uct i ons l i s t i ng 
r out i ne mai nt enance,  possi bl e br eakdowns,  r epai r s and t r oubl eshoot i ng 
gui de.   I ncl ude si mpl i f i ed pi pi ng,  wi r i ng,  and cont r ol  di agr ams f or  t he 
syst em as i nst al l ed.

3. 4   TESTI NG,  ADJUSTI NG,  AND BALANCI NG

Per f or m t est i ng,  adj ust i ng,  and bal anci ng as speci f i ed i n Sect i on 23 05 93 
TESTI NG,  ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.   Submi t  t est  r epor t s i n 
bookl et  f or m showi ng al l  f i el d t est s per f or med t o adj ust  each component  
and al l  f i el d t est s per f or med t o pr ove compl i ance wi t h t he speci f i ed 
per f or mance cr i t er i a,  upon compl et i on and t est i ng of  t he i nst al l ed 
syst em.   I ndi cat e t he f i nal  posi t i on of  cont r ol s.

        - -  End of  Sect i on - -

SECTI ON 23 80 20. 00 10  Page 6



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

SECTI ON 23 81 00

DECENTRALI ZED UNI TARY HVAC EQUI PMENT
05/ 18,  CHG 1:  02/ 21

PART 1   GENERAL

1. 1   RELATED REQUI REMENTS

Sect i on 23 03 00. 00 20 BASI C MECHANI CAL MATERI ALS AND METHODS,  appl i es t o 
t hi s sect i on wi t h t he addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 2   REFERENCES

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

AI R MOVEMENT AND CONTROL ASSOCI ATI ON I NTERNATI ONAL,  I NC.  ( AMCA)

AMCA 500- D ( 2018)  Labor at or y Met hods of  Test i ng 
Damper s f or  Rat i ng

AMCA 500- L ( 2015)  Labor at or y Met hods of  Test i ng 
Louver s f or  Rat i ng

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

AHRI  540 ( 2015)  Per f or mance Rat i ng Of  Posi t i ve 
Di spl acement  Ref r i ger ant  Compr essor s And 
Compr essor  Uni t s

AHRI  700 ( 2016)  Speci f i cat i ons f or  Fl uor ocar bon 
Ref r i ger ant s

ANSI / AHRI  210/ 240 ( 2008;  Add 1 2011;  Add 2 2012)  Per f or mance 
Rat i ng of  Uni t ar y Ai r - Condi t i oni ng & 
Ai r - Sour ce Heat  Pump Equi pment

ANSI / AHRI  340/ 360 ( 2007;  Addendum 1 2010;  Addendum 2 2011)  
Per f or mance Rat i ng of  Commer ci al  and 
I ndust r i al  Uni t ar y Ai r - Condi t i oni ng and 
Heat  Pump Equi pment

ANSI / AHRI  370 ( 2015;  Addendum 1 2016)  Sound Rat i ng of  
Lar ge Out door  Ref r i ger at i ng and 
Ai r - Condi t i oni ng Equi pment

ANSI / AHRI  460 ( 2005)  Per f or mance Rat i ng of  Remot e 
Mechani cal - Dr af t  Ai r - Cool ed Ref r i ger ant  
Condenser s

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ANSI / ASHRAE 15 & 34 ( 2013)  ANSI / ASHRAE St andar d 15- Saf et y 
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St andar d f or  Ref r i ger at i on Syst ems and 
ANSI / ASHRAE St andar d 34- Desi gnat i on and 
Saf et y Cl assi f i cat i on of  Ref r i ger ant s

ASHRAE 15 & 34 ( 2013)  ASHRAE St andar d 34- 2016 Saf et y 
St andar d f or  Ref r i ger at i on Syst ems/ ASHRAE 
St andar d 34- 2016 Desi gnat i on and Saf et y 
Cl assi f i cat i on of  Ref r i ger ant s- ASHRAE 
St andar d 34- 2016

ASHRAE 52. 2 ( 2012)  Met hod of  Test i ng Gener al  
Vent i l at i on Ai r - Cl eani ng Devi ces f or  
Removal  Ef f i c i ency by Par t i c l e Si ze

ASHRAE 55 ( 2017)  Ther mal  Envi r onment al  Condi t i ons 
f or  Human Occupancy

ASHRAE 62. 1 ( 2016)  Vent i l at i on f or  Accept abl e I ndoor  
Ai r  Qual i t y

ASHRAE 90. 1 -  I P ( 2019)  Ener gy St andar d f or  Bui l di ngs 
Except  Low- Ri se Resi dent i al  Bui l di ngs

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME BPVC SEC I X ( 2017;  Er r at a 2018)  BPVC Sect i on 
I X- Wel di ng,  Br azi ng and Fusi ng 
Qual i f i cat i ons

ASME BPVC SEC VI I I  D1 ( 2019)  BPVC Sect i on VI I I - Rul es f or  
Const r uct i on of  Pr essur e Vessel s Di v i s i on 1

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS Z49. 1 ( 2021)  Saf et y i n Wel di ng and Cut t i ng and 
Al l i ed Pr ocesses

ASTM I NTERNATI ONAL ( ASTM)

ASTM B117 ( 2019)  St andar d Pr act i ce f or  Oper at i ng 
Sal t  Spr ay ( Fog)  Appar at us

ASTM C1071 ( 2019)  St andar d Speci f i cat i on f or  Fi br ous 
Gl ass Duct  Li ni ng I nsul at i on ( Ther mal  and 
Sound Absor bi ng Mat er i al )

ASTM D520 ( 2000;  R 2011)  Zi nc Dust  Pi gment

ASTM E84 ( 2023)  St andar d Test  Met hod f or  Sur f ace 
Bur ni ng Char act er i st i cs of  Bui l di ng 
Mat er i al s

ASTM E2129 ( 2018)  St andar d Pr act i ce f or  Dat a 
Col l ect i on f or  Sust ai nabi l i t y  Assessment  
of  Bui l di ng Pr oduct s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
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Syst ems:   Encl osur es

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA MG 2 ( 2014)  Saf et y St andar d f or  Const r uct i on 
and Gui de f or  Sel ect i on,  I nst al l at i on and 
Use of  El ect r i c Mot or s and Gener at or s

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

NFPA 54 ( 2024)  Nat i onal  Fuel  Gas Code

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- DTL- 5541 ( 2006;  Rev F)  Chemi cal  Conver si on Coat i ngs 
on Al umi num and Al umi num Al l oys

UNDERWRI TERS LABORATORI ES ( UL)

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

UL 900 ( 2015;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et ySt andar d f or  Ai r  Fi l t er  Uni t s

UL 1995 ( 2015;  Repr i nt  Aug 2022)  UL St andar d f or  
Saf et y Heat i ng and Cool i ng Equi pment

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  Cont r act or  
Qual i t y Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Spar e Par t s

Post ed I nst r uct i ons

Coi l  Cor r osi on Pr ot ect i on

Syst em Per f or mance Test s

Tr ai ni ng;  G

I nvent or y

Envi r onment al  Dat a

Suppl i ed Pr oduct s
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Manuf act ur er ' s St andar d Cat al og Dat a

SD- 06 Test  Repor t s

Ref r i ger ant  Test s,  Char gi ng,  and St ar t - Up;  G

Syst em Per f or mance Test s;  G

SD- 07 Cer t i f i cat es

Ser vi ce Or gani zat i ons

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

SD- 11 Cl oseout  Submi t t al s

Ozone Depl et i ng Subst ances;  S

1. 4   QUALI TY ASSURANCE

Car ef ul l y i nvest i gat e t he pl umbi ng,  f i r e pr ot ect i on,  el ect r i cal ,  
st r uct ur al  and f i ni sh condi t i ons t hat  woul d af f ect  t he wor k t o be 
per f or med and ar r ange such wor k accor di ngl y,  f ur ni shi ng r equi r ed of f set s,  
f i t t i ngs,  and accessor i es t o meet  such condi t i ons.   Submi t  dr awi ngs 
consi st i ng of :

a.   Equi pment  l ayout s whi ch i dent i f y assembl y and i nst al l at i on det ai l s.

b.   Pl ans and el evat i ons whi ch i dent i f y c l ear ances r equi r ed f or  
mai nt enance and oper at i on.

c.   Wi r i ng di agr ams whi ch i dent i f y each component  i ndi v i dual l y and 
i nt er connect ed or  i nt er l ocked r el at i onshi ps bet ween component s.

d.   Foundat i on dr awi ngs,  bol t - set t i ng i nf or mat i on,  and f oundat i on bol t s 
pr i or  t o concr et e f oundat i on const r uct i on f or  equi pment  i ndi cat ed or  
r equi r ed t o have concr et e f oundat i ons.

e.   Det ai l s,  i f  pi pi ng and equi pment  ar e t o be suppor t ed ot her  t han as 
i ndi cat ed,  whi ch i ncl ude l oadi ngs and t ype of  f r ames,  br acket s,  
st anchi ons,  or  ot her  suppor t s.

f .   Aut omat i c t emper at ur e cont r ol  di agr ams and cont r ol  sequences.

g.   I nst al l at i on det ai l s whi ch i ncl udes t he amount  of  f act or y set  
super heat  and cor r espondi ng r ef r i ger ant  pr essur e/ t emper at ur e.

h.   Equi pment  schedul es

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  st or ed i t ems f r om t he weat her ,  humi di t y and t emper at ur e 
var i at i ons,  di r t  and dust ,  or  ot her  cont ami nant s.   Pr oper l y pr ot ect  and 
car e f or  al l  mat er i al  bot h bef or e and dur i ng i nst al l at i on.  Submi t  an 
i nvent or y of  al l  t he st or ed i t ems.   Repl ace any mat er i al s f ound t o be 
damaged,  at  no addi t i onal  cost  t o t he Gover nment .   Dur i ng i nst al l at i on,  
cap pi pi ng and si mi l ar  openi ngs capped t o keep out  di r t  and ot her  f or ei gn 
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mat t er .

1. 6   ENVI RONMENTAL REQUI REMENTS

For  pr oper  I ndoor  Envi r onment al  Qual i t y,  mai nt ai n pr essur e wi t hi n t he 
bui l di ng as i ndi cat ed.   Vent i l at i on must  meet  or  exceed ASHRAE 62. 1 and 
al l  publ i shed addenda.   Meet  or  exceed f i l t er  medi a ef f i c i ency as t est ed 
i n accor dance wi t h ASHRAE 52. 2.   Ther mal  comf or t  must  meet  or  exceed 
ASHRAE 55 .

1. 7   WARRANTY

Pr ovi de equi pment  wi t h t he Manuf act ur er ' s St andar d War r ant y.  

PART 2   PRODUCTS

2. 1   ENERGY EFFI CI ENCY REQUI REMENTS

42 USC 8259b r equi r es t he pr ocur ement  of  ener gy ef f i c i ent  pr oduct s i n 
pr oduct  cat egor i es cover ed by t he Ener gy St ar  pr ogr am or  t he Feder al  
Ener gy Management  Pr ogr am f or  desi gnat ed pr oduct s.   A l i s t  of  cover ed 
pr oduct  cat egor i es i s avai l abl e f r om t he Feder al  Ener gy Management  Web 
si t e at  ht t p: / / ener gy. gov/ eer e/ f emp/ cover ed- pr oduct - cat egor i es.

Submi t  Mat er i al ,  Equi pment ,  and Fi xt ur es Li st  of  al l  suppl i ed pr oduct s 
wi t hi n a cover ed pr oduct  cat egor y,  i ncl udi ng manuf act ur er ' s cat al og 
number s,  speci f i cat i on and dr awi ng r ef er ence number ,  war r ant y i nf or mat i on,  
f abr i cat i on s i t e,  and ener gy per f or mance dat a.  For  pr oduct  cat egor i es 
cover ed by t he Feder al  Ener gy Management  Pr ogr am,  submi t  document at i on 
t hat  t he pr oduct  meet s or  exceeds FEMP- desi gnat ed ef f i c i ency r equi r ement s.

2. 2   MATERI ALS

Pr ovi de Manuf act ur er ' s st andar d cat al og dat a,  at  l east  5 weeks pr i or  t o 
t he pur chase or  i nst al l at i on of  a par t i cul ar  component ,  hi ghl i ght ed t o 
show mat er i al ,  s i ze,  opt i ons,  per f or mance char t s and cur ves,  et c.  i n 
adequat e det ai l  t o demonst r at e compl i ance wi t h cont r act  r equi r ement s.   
Dat a i ncl udes manuf act ur er ' s r ecommended i nst al l at i on i nst r uct i ons and 
pr ocedur es.   I f  v i br at i on i sol at i on i s speci f i ed f or  a uni t ,  i ncl ude 
vi br at i on i sol at or  l i t er at ur e cont ai ni ng cat al og cut s and cer t i f i cat i on 
t hat  t he i sol at i on char act er i st i cs of  t he i sol at or s pr ovi ded meet  t he 
manuf act ur er ' s r ecommendat i ons.   Submi t  dat a f or  each speci f i ed 
component .   Mi ni mum ef f i c i ency r equi r ement s must  be i n accor dance wi t h 
ASHRAE 90. 1 -  I P.

2. 2. 1   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur i ng of  such pr oduct s,  
whi ch ar e of  a s i mi l ar  mat er i al ,  desi gn and wor kmanshi p.   The st andar d 
pr oduct s must  have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 
year s pr i or  t o bi d openi ng .   The 2 year  use i ncl udes appl i cat i ons of  
equi pment  and mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   
The 2 year s '  exper i ence must  be sat i sf act or i l y  compl et ed by a pr oduct  
whi ch has been sol d or  i s of f er ed f or  sal e on t he commer ci al  mar ket  
t hr ough adver t i sement s,  manuf act ur er ' s cat al ogs,  or  br ochur es.   Pr oduct s 
havi ng l ess t han a 2 year  f i el d ser vi ce r ecor d wi l l  be accept abl e i f  a 
cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on,  f or  not  l ess t han 6000 
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hour s excl usi ve of  t he manuf act ur er ' s f act or y t est s,  can be shown.   
Pr oduct s must  be suppor t ed by a ser vi ce or gani zat i on.   Ensur e syst em 
component s ar e envi r onment al l y sui t abl e f or  t he i ndi cat ed geogr aphi c 
l ocat i ons.

2. 2. 2   Pr oduct  Sust ai nabi l i t y  Cr i t er i a

2. 2. 2. 1   Ener gy Ef f i c i ent  Equi pment

Pr ovi de equi pment  meet i ng t he ef f i c i ency r equi r ement s as st at ed wi t hi n 
t hi s sect i on and pr ovi de document at i on i n conf or mance wi t h Sect i on 01 33 29
 SUSTAI NABI LI TY REQUI REMENTS AND REPORTI NG par agr aph ENERGY EFFI CI ENT 
EQUI PMENT.

2. 2. 2. 2   El ect r i cal  Equi pment  /  Mot or s

Pr ovi de el ect r i cal  equi pment ,  mot or s,  mot or  ef f i c i enci es,  and wi r i ng whi ch 
ar e i n accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   
El ect r i cal  mot or  dr i ven equi pment  speci f i ed must  be pr ovi ded compl et e wi t h 
mot or s,  mot or  st ar t er s,  and cont r ol s.   El ect r i cal  char act er i st i cs must  be 
as shown,  and unl ess ot her wi se i ndi cat ed,  al l  mot or s of  1 hor sepower  and 
above wi t h open,  dr i ppr oof ,  t ot al l y encl osed,  or  expl osi on pr oof  f an 
cool ed encl osur es,  must  be t he pr emi um ef f i c i ency t ype i n accor dance wi t h 
NEMA MG 1.   Fi el d wi r i ng must  be i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.   Each mot or  must  conf or m t o NEMA MG 1 and NEMA MG 2 and be 
of  suf f i c i ent  s i ze t o dr i ve t he equi pment  at  t he speci f i ed capaci t y 
wi t hout  exceedi ng t he namepl at e r at i ng of  t he mot or .   Mot or s must  be 
cont i nuous dut y wi t h t he encl osur e speci f i ed.   Mot or  st ar t er s must  be 
pr ovi ded compl et e wi t h t her mal  over l oad pr ot ect i on and ot her  appur t enances 
necessar y f or  t he mot or  cont r ol  i ndi cat ed.   Mot or s must  be f ur ni shed wi t h 
a magnet i c acr oss- t he- l i ne or  r educed vol t age t ype st ar t er  as r equi r ed by 
t he manuf act ur er .   Mot or  dut y r equi r ement s must  al l ow f or  maxi mum 
f r equency st ar t - st op oper at i on and mi ni mum encount er ed i nt er val  bet ween 
st ar t  and st op.   Mot or s must  be si zed f or  t he appl i cabl e l oads.   Mot or  
t or que must  be capabl e of  accel er at i ng t he connect ed l oad wi t hi n 20 
seconds wi t h 80 per cent  of  t he r at ed vol t age mai nt ai ned at  mot or  t er mi nal s 
dur i ng one st ar t i ng per i od.   Mot or  bear i ngs must  be f i t t ed wi t h gr ease 
suppl y f i t t i ngs and gr ease r el i ef  t o out si de of  encl osur e.   Manual  or  
aut omat i c cont r ol  and pr ot ect i ve or  s i gnal  devi ces r equi r ed f or  t he 
oper at i on speci f i ed and any cont r ol  wi r i ng r equi r ed f or  cont r ol s and 
devi ces speci f i ed,  but  not  shown,  must  be pr ovi ded.

2. 2. 2. 3   Ozone Depl et i ng Subst ances

Uni t ar y ai r  condi t i oni ng equi pment  must  not  use CFC- based r ef r i ger ant s.   
Ref r i ger ant  may be an appr oved al t er nat i ve r ef r i ger ant  i n accor dance wi t h 
EPA' s Si gni f i cant  New Al t er nat i ve Pol i cy ( SNAP)  l i s t i ng.   Pr ovi de 
document at i on i n conf or mance wi t h Sect i on 01 33 29 SUSTAI NABI LI TY 
REQUI REMENTS AND REPORTI NG par agr aph OZONE DEPLETI NG SUBSTANCES.

2. 2. 2. 4   Local / Regi onal  Mat er i al s

Use mat er i al s or  pr oduct s ext r act ed,  har vest ed,  or  r ecover ed,  as wel l  as 
manuf act ur ed,  wi t hi n a 500 mi l er adi us f r om t he pr oj ect  s i t e,  i f  avai l abl e 
f r om a mi ni mum of  t hr ee sour ces.

2. 2. 2. 5   Envi r onment al  Dat a

Submi t  Tabl e 1 of  ASTM E2129 f or  t he f ol l owi ng pr oduct s:  .
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2. 2. 3   Namepl at es

Maj or  equi pment  i ncl udi ng compr essor s,  condenser s,  r ecei ver s,  heat  
exchanges,  f ans,  and mot or s must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  and cat al og number  on a pl at e 
secur ed t o t he i t em of  equi pment .   Pl at es must  be dur abl e and l egi bl e 
t hr oughout  equi pment  l i f e and made of  anodi zed al umi num .   Fi x pl at es i n 
pr omi nent  l ocat i ons wi t h nonf er r ous scr ews or  bol t s.

2. 2. 4   Saf et y Devi ces

Exposed movi ng par t s,  par t s t hat  pr oduce hi gh oper at i ng t emper at ur e,  par t s 
whi ch may be el ect r i cal l y ener gi zed,  and par t s t hat  may be a hazar d t o 
oper at i ng per sonnel  must  be i nsul at ed,  f ul l y  encl osed,  guar ded,  or  f i t t ed 
wi t h ot her  t ypes of  saf et y devi ces.   Saf et y devi ces must  be i nst al l ed so 
t hat  pr oper  oper at i on of  equi pment  i s not  i mpai r ed.   Wel di ng and cut t i ng 
saf et y r equi r ement s must  be i n accor dance wi t h AWS Z49. 1.

2. 3   EQUI PMENT

2. 3. 1   Sel f - Cont ai ned Ai r  Condi t i oner s 

2. 3. 1. 1   Smal l - Capaci t y Sel f - Cont ai ned ai r  condi t i oner s  ( Not  exceedi ng 
65, 000 Bt u/ h)

2. 3. 1. 1. 1   Gener al

Uni t  must  be an ai r - cool ed,  f act or y assembl ed,  weat her pr oof  packaged uni t  
as i ndi cat ed.   Uni t  must  be t he ai r  condi t i oni ng t ype conf or mi ng t o 
appl i cabl e Under wr i t er s Labor at or i es ( UL)  st andar ds i ncl udi ng UL 1995.   
Uni t  must  be r at ed i n accor dance wi t h ANSI / AHRI  340/ 360.   Uni t  must  be 
pr ovi ded wi t h equi pment  as speci f i ed i n par agr aph UNI TARY EQUI PMENT 
COMPONENTS.   Evapor at or  or  suppl y f ans must  be di r ect  dr i ve f or war d cur ved 
cent r i f ugal  scr ol l  t ype.   Condenser  f ans must  be manuf act ur er ' s st andar d 
f or  t he uni t  speci f i ed and may be ei t her  pr opel l er  or  cent r i f ugal  scr ol l  
t ype.   Uni t  must  be pr ovi ded wi t h a f ul l  f act or y oper at i ng char ge of  
r ef r i ger ant .   Uni t  must  have an Ener gy St ar  l abel .   Ai r  Condi t i oner s must  
have a mi ni mum seasonal  ener gy ef f i c i ency r at i o ( SEER)  of  14,  and 

2. 3. 1. 1. 2   Ai r - t o- Ref r i ger ant  Coi l s

Ai r - t o- r ef r i ger ant  coi l s must  have seaml ess copper  t ubes of  5/ 16 i nch 
mi ni mum di amet er  wi t h al umi num f i ns t hat  ar e mechani cal l y bonded or  
sol der ed t o t he t ubes.   Casi ng must  be gal vani zed st eel  or  al umi num.   
Cont act  of  di ssi mi l ar  met al s must  be avoi ded.   Coi l s must  be t est ed i n 
accor dance wi t h ANSI / ASHRAE 15 & 34 at  t he f act or y and be sui t abl e f or  t he 
wor ki ng pr essur e of  t he i nst al l ed syst em.   Each coi l  must  be f act or y 
pr essur e and l eak t est ed.   Separ at e expansi on devi ces must  be pr ovi ded f or  
each compr essor  c i r cui t .

2. 3. 1. 1. 3   Fan Sect i on

Fan must  be t he cent r i f ugal  t ype i n accor dance wi t h par agr aph FANS.   Do 
not  l ocat e f an and f an mot or  i n t he di schar ge ai r st r eam of  t he uni t .   
Mot or s must  have spl ash pr oof  encl osur e and be sui t abl e f or  t he i ndi cat ed 
ser vi ce.   The uni t  desi gn must  pr event  wat er  f r om ent er i ng i nt o t he f an 
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sect i on.

2. 3. 1. 1. 4   Compr essor

Pr ovi de di r ect  dr i ve,  var i abl e speed t ype Compr essor .   Compr essor  must  
have i nt er nal  over  cur r ent  and over  t emper at ur e pr ot ect i on,  i nt er nal  
pr essur e r el i ef ,  r ot or  l ock suct i on and di schar ge r ef r i ger ant  connect i ons,  
cent r i f ugal  oi l  pump,  v i br at i on i sol at i on,  and di schar ge r ef r i ger ant  
connect i ons.

2. 3. 1. 1. 5   Ref r i ger at i on Ci r cui t

Ref r i ger ant  cont ai ni ng component s must  compl y wi t h ANSI / ASHRAE 15 & 34 and 
be f act or y t est ed,  c l eaned,  dehydr at ed,  char ged,  and seal ed.   Ref r i ger ant  
l i nes must  have ser vi ce pr essur e t ap por t s and r ef r i ger ant  l i ne f i l t er .

2. 3. 1. 1. 6   Uni t  Cont r ol s

Pr ovi de uni t s i nt er nal l y pr ewi r ed by manuf act ur er  wi t h a 24 vol t  cont r ol  
c i r cui t  power ed by an i nt er nal  t r ansf or mer .   Ter mi nal  bl ocks must  be 
pr ovi ded f or  power  wi r i ng and ext er nal  cont r ol  wi r i ng.   Uni t  must  be 
i nt er nal l y pr ot ect ed by f uses or  a c i r cui t  br eaker  i n accor dance wi t h 
UL 1995.

a.   Uni t  must  be pr ovi ded wi t h mi cr opr ocessor  cont r ol s t o pr ovi de al l  24V 
cont r ol  f unct i ons.   Uni t  must  be cont r ol l ed by a t wo st age heat i ng 
/ cool i ng t her most at  wi t h aut omat i c changeover .   Uni t  must  be 
cont r ol l ed by a pr ogr ammabl e el ect r oni c t her most at  wi t h heat i ng 
set back and cool i ng set up wi t h 7- day pr ogr ammi ng capabi l i t y .

b.   Cont r ol s must  i ncl ude a cont r ol  syst em i nt er f ace t o a BACnet  Cont r ol  
syst em.  The cont r ol  syst em i nt er f ace must  meet  DDC Har dwar e 
r equi r ement s of  Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR 
HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

2. 3. 1. 1. 7   Roof  Cur b

Pr ovi de a r oof  cur b t hat  mat es wi t h t he uni t  t o pr ovi de suppor t  and be 
compl et el y weat her  t i ght .   Pr ovi de cur b wi t h seal i ng st r i ps t o ensur e an 
ai r t i ght  seal  bet ween suppl y and r et ur n openi ngs of  t he cur b and uni t .   
Desi gn cur b t o al l ow duct wor k t o be di r ect l y connect ed t o t he cur b.   The 
r oof  cur b must  be pr ovi ded by t he Manuf act ur er  of  t he equi pment .

2. 3. 1. 1. 8   Pr i mar y/ Suppl ement al  Heat

Pr ovi de heat i ng uni t  wi t h i nt er nal  t her mal  i nsul at i on havi ng a f i r e hazar d 
r at i ng not  t o exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped as 
det er mi ned by ASTM E84.

2. 3. 1. 1. 8. 1   Gas- Fi r ed Heat i ng Sect i on

Pr ovi de f act or y assembl ed heat i ng sect i on as an i nt egr al  par t  of  t he 
packaged uni t .   Desi gn must  be UL cer t i f i ed f or  out door  appl i cat i on.   Uni t  
must  have t hr eaded gas connect i on.   Pr ovi de heat i ng sect i on wi t h an 
el ect r oni c i gni t i on syst em t o l i ght  bur ner  each t i me t her most at  cal l s f or  
heat .   A f l ame sensor  must  pr ove f l ame and keep mai n bur ner  on.   The mai n 
val ve must  c l ose shoul d a l oss of  f l ame occur .   When t he t her most at  i s  
sat i sf i ed,  ext i ngui sh t he mai n bur ner .   Pr ovi de a f or ced combust i on bl ower  
t o suppl y combust i on ai r  t o t he heat i ng sect i on.   Const r uct  t he heat  
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exchanger  and bur ner s of  st ai nl ess st eel .

2. 3. 1. 1. 9   Si ngl e Sour ce Power  Ent r y

Pr ovi de si ngl e sour ce power  ent r y t o al l ow si ngl e sour ce power  connect i on 
t o uni t  and heat er  combi nat i on.   Si ngl e sour ce power  ent r y k i t  i ncl udes 
speci f i c  mat chi ng heat er ( s) ,  hi gh vol t age t er mi nal  bl ocks,  f use bl ocks and 
f uses,  cut - t o- l engt h i nt er connect i ng wi r i ng,  and j unct i on box ( i f  r equi r ed)
 t o pr ovi de power  sour ces wi t h f use pr ot ect i on as r equi r ed f or  bot h t he 
uni t  and accessor y heat er .   The equi pment  di sconnect  must  be pr ovi ded by 
t he Manuf act ur er  of  t he equi pment .

2. 3. 1. 1. 10   Ful l y Modul at i ng Economi zer

Pr ovi de a f ul l y  modul at i ng economi zer  wi t h 0- 100 per cent  f r esh ai r  damper ,  
damper  dr i ve mot or ,  and f i xed dr y bul b ent hal py cont r ol  sol i d st at e 
ent hal py cont r ol  .   Cont r ol  economi zer  oper at i ons by t he pr e- set  posi t i on 
of  t he ent hal py cont r ol .   I ncl ude a bar omet r i c r el i ef  damper  wi t h t he down 
f l ow economi zer  t o pr ovi de a pr essur e oper at ed damper  t hat  i s  gr avi t y 
c l osi ng and pr ohi bi t s ent r ance of  out s i de ai r  on equi pment  " of f "  cycl e.

Use wat er  economi zer  i n l i eu of  ai r  economi zer s wher e possi bl e.   Wher e ai r  
economi zer s ar e used,  pr ovi de separ at e damper s f or  vent i l at i on ai r  and 
mi ni mum out door  ai r  r equi r ement s.   Ai r  economi zer s must  not  be used i n 
ASHRAE cl i mat e zones 1,  2,  3a,  and 4a.  

2. 3. 1. 1. 11   Manual  Out si de Ai r  Damper

Pr ovi de manual  out si de ai r  damper  wi t h r ai n hood and scr een sui t abl e f or  
up t o 25 per cent  out si de ai r .   Damper s must  have a maxi mum l eakage r at e of  
3 CFM/ f t 2 at  1 i nch w. g.  st at i c pr essur e

2. 3. 1. 1. 12   Low Ambi ent  Cont r ol

Pr ovi de l ow ambi ent  cont r ol  t o al l ow cycl i ng of  compr essor  f or  cool i ng 
oper at i on at  l ow ambi ent  t emper at ur es down t o 0 degr ees F.

2. 3. 1. 1. 13   Fi l t er s

Pr ovi de a 1 i nch MERV 8,  t hr owaway f i l t er .

2. 3. 1. 2   Lar ge- Capaci t y Sel f - Cont ai ned ai r  condi t i oner s  ( Gr eat er  t han 
65, 000 Bt u/ h)

2. 3. 1. 2. 1   Gener al

Pr ovi de an ai r - cool ed,  f act or y assembl ed,  weat her pr oof  packaged uni t  f or  
hor i zont al  ai r f l ow.   Ext er i or  panel s must  be zi nc coat ed gal vani zed st eel  
phosphat i zed and pai nt ed.   Al l  access door s and panel s must  be hi nged wi t h 
neopr ene gasket s.   Uni t  must  be l i s t ed,  l abel ed,  and cl assi f i ed i n 
accor dance wi t h UL 1995.   Uni t  must  be r at ed i n accor dance wi t h 
ANSI / AHRI  340/ 360.   Pr ovi de uni t  wi t h equi pment  as speci f i ed i n par agr aph 
UNI TARY EQUI PMENT COMPONENTS.   Evapor at or  or  suppl y f ans must  be di r ect  
dr i ve f or war d cur ved cent r i f ugal  scr ol l  t ype.   Condenser  f ans must  be 
manuf act ur er ' s st andar d f or  t he uni t  speci f i ed and may be pr opel l er  t ype.   
UPr ovi de uni t  wi t h a f ul l  f act or y oper at i ng char ge of  r ef r i ger ant .   Uni t  
must  be 100 per cent  r un t est ed at  t he f act or y.   No penet r at i ons ar e 
al l owed wi t hi n t he per i met er  of  t he cur b i n t he down f l ow uni t ' s  base pan 
ot her  t han t he r ai sed 1- 1/ 8 i nch hi gh suppl y/ r et ur n openi ngs t o pr ovi de 

SECTI ON 23 81 00  Page 9



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

added wat er  i nt egr i t y pr ecaut i on f r om condensat e dr ai n back up.

Pr ovi de a bel t  dr i ven,  f or war d cur ved cent r i f ugal  i ndoor  f an wi t h 
adj ust abl e mot or  sheaves.   Ther mal l y pr ot ect  al l  mot or s.   Pr ovi de uni t  
wi t h a r emovabl e,  r ever si bl e,  doubl e- sl oped condensat e dr ai n pan.   Ai r  
condi t i oner s must  have a mi ni mum seasonal  ener gy ef f i c i ency r at i o ( SEER)  
of  14,  and 

2. 3. 1. 2. 2   Casi ng

Const r uct  ext er i or  casi ngs f or  t he speci f i ed uni t ar y equi pment  of  f act or y 
phosphat i zed and pai nt ed gal vani zed st eel  or  al umi num sheet  met al  and 
gal vani zed or  al umi num st r uct ur al  member s.   Fi t  casi ng wi t h l i f t i ng 
pr ovi s i ons,  access panel s or  door s,  f an v i br at i on i sol at or s,  el ect r i cal  
cont r ol  panel ,  cor r osi on- r esi st ant  component s,  st r uct ur al  suppor t  member s,  
i nsul at ed condensat e dr i p pan and dr ai n,  and i nt er nal  i nsul at i on i n t he 
col d sect i on of  t he casi ng.   Al l  access door s and panel s must  have 
neopr ene gasket s.   Casi ng must  have doubl e- wal l ,  hi nged access door s f or  
f i l t er s,  heat i ng,  r et ur n/ exhaust  ai r ,  and suppl y f an sect i on.   I ncor por at e 
pr ovi s i ons t o per mi t  r epl acement  of  maj or  uni t  component s.   Seal  
penet r at i ons of  cabi net  sur f aces,  i ncl udi ng t he f l oor .   Uni t  base must  be 
wat er t i ght .   Fi t  uni t  wi t h a dr ai n pan whi ch ext ends under  al l  ar eas wher e 
wat er  may accumul at e.   Fabr i cat e dr ai n pan f r om Type 30X st ai nl ess st eel ,  
gal vani zed st eel  wi t h pr ot ect i ve coat i ng,  or  an appr oved pl ast i c 
mat er i al .   Pan i nsul at i on must  be wat er  i mper vi ous.   Ext ent  and 
ef f ect i veness of  t he i nsul at i on of  uni t  ai r  cont ai nment  sur f aces must  
pr event ,  wi t hi n l i mi t s of  t he speci f i ed i nsul at i on,  heat  t r ansf er  bet ween 
t he uni t  ext er i or  and ambi ent  ai r ,  heat  t r ansf er  bet ween t he t wo 
condi t i oned ai r  st r eams,  and condensat i on on sur f aces.   I nsul at i on must  
conf or m t o ASTM C1071.

2. 3. 1. 2. 3   Ai r - t o- Ref r i ger ant  Coi l s

Pr ovi de ai r - t o- r ef r i ger ant  coi l s wi t h seaml ess copper  t ubes of  5/ 16 i nch 
mi ni mum di amet er  wi t h al umi num f i ns t hat  ar e mechani cal l y bonded or  
sol der ed t o t he t ubes.   Casi ng must  be gal vani zed st eel  or  al umi num.   
Avoi d cont act  of  di ssi mi l ar  met al s.   Test  coi l s i n accor dance wi t h 
ANSI / ASHRAE 15 & 34 at  t he f act or y and must  be sui t abl e f or  t he wor ki ng 
pr essur e of  t he i nst al l ed syst em.   Fact or y pr essur e and l eak t est  each 
coi l .

a.   Pr ovi de separ at e expansi on devi ces f or  each compr essor  c i r cui t .     
Condensat e dr ai n pans must  be r emovabl e and doubl e- sl oped.

b.   Dual  compr essor  uni t s must  have i nt er mi ngl ed evapor at or  coi l s.

c.   Condensat e dr ai n pans must  be r emovabl e and doubl e- sl oped.

d.   Pr ovi de condenser  coi l s wi t h hai l  pr ot ect i on guar ds.

2. 3. 1. 2. 4   Compr essor

Pr ovi de di r ect  dr i ve,  scr ol l  t ype compr essor .   Compr essor  must  have 
i nt er nal  over  cur r ent  and over  t emper at ur e pr ot ect i on,  i nt er nal  pr essur e 
r el i ef ,  hi gh pr essur e cut out ,  r ot or  l ock suct i on and di schar ge r ef r i ger ant  
connect i ons,  cent r i f ugal  oi l  pump,  v i br at i on i sol at i on,  and di schar ge 
r ef r i ger ant  connect i ons.   Compr essor s must  have cr ankcase heat er s.   Mot or  
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must  be suct i on gas- cool ed.   Cool i ng par t i al  l oad capaci t y must  be 
pr ovi ded by a var i abl e speed compr essor .

2. 3. 1. 2. 5   Ref r i ger at i on Ci r cui t

Ref r i ger ant  cont ai ni ng component s must  compl y wi t h ANSI / ASHRAE 15 & 34 and 
be f act or y t est ed,  c l eaned,  dehydr at ed,  char ged,  and seal ed.   Pr ovi de 
r ef r i ger ant  l i nes wi t h ser vi ce pr essur e t ap por t s and r ef r i ger ant  l i ne 
f i l t er .

2. 3. 1. 2. 6   Uni t  Cont r ol s

Pr ovi de uni t s i nt er nal l y pr ewi r ed by manuf act ur er  wi t h a 24 vol t  
el ect r omechani cal  cont r ol  c i r cui t  power ed by an i nt er nal  t r ansf or mer .   
Pr ovi de t er mi nal  bl ocks f or  power  wi r i ng and ext er nal  cont r ol  wi r i ng.   
I nt er nal l y pr ot ect  uni t  by f uses or  a c i r cui t  br eaker  i n accor dance wi t h 
UL 1995.   Uni t s wi t h t hr ee- phase power  must  be equi pped wi t h phase 
moni t or i ng pr ot ect i on t o pr ot ect  agai nst  pr obl ems caused by phase l oss,  
phase i mbal ance and phase r ever sal .

a.   Pr ovi de uni t  wi t h mi cr opr ocessor  cont r ol s t o pr ovi de al l  24V cont r ol  
f unct i ons.   Cont r ol  uni t  by a t wo st age heat i ng / cool i ng t her most at  
wi t h aut omat i c changeover .   Cont r ol  uni t  by a pr ogr ammabl e el ect r oni c 
t her most at  wi t h heat i ng set back and cool i ng set up wi t h 7- day 
pr ogr ammi ng capabi l i t y .

b.   Cont r ol s must  i ncl ude a cont r ol  syst em i nt er f ace t o a BACnet  Cont r ol  
syst em.  The cont r ol  syst em i nt er f ace must  meet  DDC Har dwar e 
r equi r ement s of  Sect i on 23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR 
HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS.

2. 3. 1. 2. 7   Suppl y Ai r  Fan

Uni t s havi ng AHRI  cool i ng capaci t y equal  or  gr eat er  t han 110, 000 Bt u/ h 
must  have suppl y f ans cont r ol l ed by var i abl e speed mot or s.

Pr ovi de suppl y ai r  pl enum f an wi t h backwar d- cur ved f an wheel .

2. 3. 1. 2. 8   Roof  Cur b

Pr ovi de a r oof  cur b t hat  mat es wi t h t he uni t  t o pr ovi de suppor t  and be 
compl et el y weat her  t i ght .   Pr ovi de cur b wi t h seal i ng st r i ps t o ensur e an 
ai r t i ght  seal  bet ween suppl y and r et ur n openi ngs of  t he cur b and uni t .   
Desi gn cur b t o al l ow duct wor k t o be di r ect l y connect ed t o t he cur b.   The 
r oof  cur b must  be pr ovi ded by t he Manuf act ur er  of  t he equi pment .

2. 3. 1. 2. 9   Pr i mar y/ Suppl ement al  Heat

Pr ovi de heat i ng uni t  wi t h i nt er nal  t her mal  i nsul at i on havi ng a f i r e hazar d 
r at i ng not  t o exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped as 
det er mi ned by ASTM E84.

2. 3. 1. 2. 9. 1   Gas- Fi r ed Heat i ng Sect i on

Const r uct  gas- f i r ed heat  exchanger  and bur ner  of  st ai nl ess st eel  sui t abl e 
f or  nat ur al  gas f uel  suppl y.   Pr ovi de bur ner  wi t h di r ect  spar k i gni t i on.   
Heat i ng sect i on must  have modul at i on wi t h a t ur n down r at i o of  at  l east  4 
t o 1.   Pr ovi de heat i ng sect i on compl et el y assembl ed and i nt egr al  t o uni t .   
Fi r e t est  al l  uni t s pr i or  t o shi pment .   Val ve must  i ncl ude a pr essur e 
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r egul at or .   Suppl y combust i on ai r  wi t h a cent r i f ugal  combust i on ai r  bl ower  
wi t h bui l t - i n t her mal  over  l oad pr ot ect i on.   Saf et y cont r ol s must  i ncl ude 
a f l ame sensor  and ai r  pr essur e swi t ch.   Mount  heat er  sect i on t o el i mi nat e 
noi se f r om expansi on and cont r act i on and compl et el y accessi bl e f or  
ser vi ce.   Gas equi pment  must  bear  t he AGA l abel  f or  t he t ype of  ser vi ce 
i nvol ved.   Pr ovi de bur ner  i n accor dance wi t h NFPA 54.

2. 3. 1. 2. 10   Si ngl e Sour ce Power  Ent r y

Pr ovi de si ngl e sour ce power  ent r y t o al l ow si ngl e sour ce power  connect i on 
t o uni t  and heat er  combi nat i on.   Si ngl e sour ce power  ent r y k i t  i ncl udes 
speci f i c  mat chi ng heat er ( s) ,  hi gh vol t age t er mi nal  bl ocks,  f use bl ocks and 
f uses,  cut - t o- l engt h i nt er connect i ng wi r i ng,  and j unct i on box ( i f  r equi r ed)
 t o pr ovi de power  sour ces wi t h f use pr ot ect i on as r equi r ed f or  bot h t he 
uni t  and accessor y heat er .   The equi pment  di sconnect  must  be pr ovi ded by 
t he Manuf act ur er  of  t he equi pment .

2. 3. 1. 2. 11   Ful l y Modul at i ng Economi zer

Pr ovi de f ul l y modul at i ng economi zer  t o i ncl ude 0- 100 per cent  f r esh ai r  
damper ,  damper  dr i ve mot or ,  and di f f er ent i al  ent hal py cont r ol .   Cont r ol  
economi zer  oper at i ons by t he pr e- set  posi t i on of  t he ent hal py cont r ol .   
I ncl ude a bar omet r i c r el i ef  damper  wi t h t he down f l ow economi zer  t o 
pr ovi de a pr essur e oper at ed damper  t hat  i s  gr avi t y c l osi ng and pr ohi bi t s 
ent r ance of  out s i de ai r  on equi pment  " of f "  cycl e.   Economi zer  damper s must  
be ul t r a l ow- l eak t ype wi t h l eakage r at e of  one per cent  based on t est i ng 
dat a compl et ed i n accor dance wi t h AMCA 500- D.

2. 3. 1. 2. 12   Manual  Out si de Ai r  Damper

Pr ovi de manual  out si de ai r  damper  wi t h r ai n hood and scr een sui t abl e f or  
up t o 25 per cent  out si de ai r .   Test  Louver s i n accor dance wi t h AMCA 500- L.

2. 3. 1. 2. 13   Low Ambi ent  Cont r ol

Pr ovi de l ow ambi ent  cont r ol  t o al l ow cycl i ng of  compr essor  f or  cool i ng 
oper at i on at  l ow ambi ent  t emper at ur es down t o 0 degr ees F.

2. 3. 1. 2. 14   Fi l t er s

Pr ovi de  2 i nch t hi ck hi gh ef f i c i ency t hr owaway t ype f i l t er s t hat  ar e MERV 
8 .   Fi l t er s must  have an aver age dust  spot  ef f i c i ency of  25- 35 per cent  
and an aver age ar r est ance of  90 per cent  when t est ed i n accor dance wi t h 
ASHRAE 52. 2.   Fi l t er s must  be UL Cl ass 1.

2. 3. 2   Mi ni - Spl i t - Syst em Ai r  Condi t i oner s Heat  Pumps

2. 3. 2. 1   Smal l - Capaci t y Spl i t - Syst em Ai r - Condi t i oner s ( Not  Exceedi ng 65, 000 
Bt u/ hr )

Pr ovi de an ai r - cool ed,  spl i t  syst em whi ch empl oys a r emot e condensi ng 
uni t ,  a separ at e wal l  mount ed i ndoor  uni t ,  and i nt er connect i ng r ef r i ger ant  
pi pi ng.   Pr ovi de t he heat  pump t ype uni t  conf or mi ng t o appl i cabl e 
Under wr i t er s Labor at or i es ( UL)  st andar ds i ncl udi ng UL 1995.   Uni t  must  be 
r at ed i n accor dance wi t h ANSI / AHRI  210/ 240.   Pr ovi de i ndoor  uni t  wi t h 
necessar y f ans,  ai r  f i l t er s,  and gal vani zed st eel  cabi net  const r uct i on.   
The r emot e uni t  must  be as speci f i ed i n par agr aph CONDENSI NG UNI T.   
Pr ovi de doubl e- wi dt h,  doubl e i nl et ,  f or war d cur ved backwar d i ncl i ned,  or  
ai r f oi l  bl ade,  cent r i f ugal  scr ol l  t ype evapor at or  or  suppl y f ans.   Pr ovi de 
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t he manuf act ur er ' s st andar d condenser  or  out door  f ans f or  t he uni t  
speci f i ed and may be ei t her  pr opel l er  or  cent r i f ugal  scr ol l  t ype.   Fan and 
condenser  mot or s must  have dr i p pr oof  encl osur es.   Desi gn uni t  t o oper at e 
at  out door  ambi ent  t emper at ur es up t o 115 degr ees F.

2. 3. 2. 1. 1   Ener gy Ef f i c i ency

Pr ovi de uni t  wi t h an Ener gy St ar  l abel .   Ai r  Condi t i oner s must  have a 
mi ni mum seasonal  ener gy ef f i c i ency r at i o ( SEER)  of  14,  and 

2. 3. 2. 1. 2   Ai r - t o- Ref r i ger ant  Coi l

Pr ovi de condensi ng coi l s wi t h copper  t ubes of  3/ 8 i nch mi ni mum di amet er  
wi t h al umi num f i ns t hat  ar e mechani cal l y bonded or  sol der ed t o t he t ubes.   
Casi ng must  be gal vani zed st eel  .   Avoi d cont act  of  di ssi mi l ar  met al s.   
Test  coi l s i n accor dance wi t h ASHRAE 15 & 34 at  t he f act or y and ensur e 
sui t abi l i t y  f or  t he wor ki ng pr essur e of  t he i nst al l ed syst em.   Dehydr at e 
and seal  each coi l  t est i ng and pr i or  t o eval uat i on and char gi ng.

Coat  condenser  coi l  wi t h a uni f or ml y appl i ed  t ype coat i ng t o al l  coi l  
sur f ace ar eas wi t hout  mat er i al  br i dgi ng bet ween f i ns.   Appl y coat i ng at  
ei t her  t he coi l  or  coat i ng manuf act ur er ' s f act or y.   Coat i ng pr ocess must  
ensur e compl et e coi l  encapsul at i on and be capabl e of  wi t hst andi ng a 
mi ni mum 500 hour s exposur e t o t he sal t  spr ay t est  speci f i ed i n ASTM B117 
usi ng a 5 per cent  sodi um chl or i de sol ut i on.

2. 3. 2. 1. 3   Compr essor

Pr ovi de di r ect  dr i ve scr ol l  t ype compr essor . Pr ovi de compr essor  wi t h 
i nt er nal  over  t emper at ur e and pr essur e pr ot ect or ;  sump heat er ;  oi l  pump;  
hi gh pr essur e and l ow pr essur e cont r ol s;  and l i qui d l i ne dr yer .

2. 3. 2. 1. 4   Ref r i ger at i on Ci r cui t

Ref r i ger ant - cont ai ni ng component s must  compl y wi t h ASHRAE 15 & 34 and be 
f act or y t est ed,  c l eaned,  dehydr at ed,  char ged,  and seal ed.   Pr ovi de each 
uni t  wi t h a f act or y oper at i ng char ge of  r ef r i ger ant  and oi l  or  a hol di ng 
char ge.   Fi el d char ge uni t  shi pped wi t h a hol di ng char ge.   Pr ovi de 
r ef r i ger ant  char gi ng val ves.   Pr ovi de f i l t er - dr i er  i n l i qui d l i ne. t o 
pr event  f r eeze- up i n event  of  l oss of  wat er  f l ow dur i ng heat i ng cycl e.

2. 3. 2. 1. 5   Uni t  Cont r ol s

Pr ovi de uni t  i nt er nal l y pr ewi r ed wi t h a 24 vol t  cont r ol  c i r cui t  power ed by 
an i nt er nal  t r ansf or mer .   Pr ovi de t er mi nal  bl ocks f or  power  wi r i ng and 
ext er nal  cont r ol  wi r i ng.   I nt er nal l y pr ot ect  uni t  by f uses or  a c i r cui t  
br eaker  i n accor dance wi t h UL 1995.   Equi p uni t s wi t h t hr ee- phase power  
wi t h phase moni t or i ng pr ot ect i on t o pr ot ect  agai nst  pr obl ems caused by 
phase l oss,  phase i mbal ance and phase r ever sal .   Pr ovi de uni t  wi t h 
mi cr opr ocessor  cont r ol s t o pr ovi de al l  24V cont r ol  f unct i ons.  

Cont r ol s must  i ncl ude a cont r ol  syst em i nt er f ace t o a BACnet  Cont r ol  
syst em.  The cont r ol  syst em i nt er f ace,  as wel l  as any net wor k bet ween 
physi cal l y separ at e uni t s,  must  meet  t he r equi r ement s of  Sect i on 
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS.

Communi cat i on net wor ks bet ween physi cal l y separ at e uni t s i n a spl i t  syst em 
must  be i n accor dance wi t h ei t her  Sect i on 23 09 23. 02 BACNET DI RECT 
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DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS or  Sect i on 
23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS.  and must  mat ch t he pr ot ocol  used by t he cont r ol  syst em 
i nt er f ace.

2. 3. 2. 1. 6   Condensi ng Coi l

Pr ovi de coi l s wi t h copper  t ubes of  3/ 8 i nch mi ni mum di amet er  wi t h al umi num 
f i ns t hat  ar e mechani cal l y bonded or  sol der ed t o t he t ubes.     Pr ovi de 
gal vani zed st eel  or  al umi num casi ng.   Avoi d cont act  of  di ssi mi l ar  met al s.   
Test  coi l s i n accor dance wi t h ANSI / ASHRAE 15 & 34 at  t he f act or y and 
ensur e sui t abi l i t y  f or  t he wor ki ng pr essur e of  t he i nst al l ed syst em.   
Dehydr at e and seal  eacj  coi l  af t er  t est i ng and pr i or  t o eval uat i on and 
char gi ng.   Pr ovi de separ at e expansi on devi ces f or  each compr essor  c i r cui t .

2. 3. 2. 1. 7   Remot e Condenser  or  Condensi ng Uni t

Fi t  each r emot e condenser  coi l  f i t t ed wi t h a manual  i sol at i on val ve and an 
access val ve on t he coi l  s i de.   Sat ur at ed r ef r i ger ant  condensi ng 
t emper at ur e must  not  exceed 120 degr ees F at  104 degr ees F ambi ent .   
Pr ovi de uni t  wi t h l ow ambi ent  condenser  cont r ol s t o ensur e pr oper  
oper at i on i n an ambi ent  t emper at ur e of  20degr ees F.   Pr ovi de f an and 
cabi net  const r uct i on as speci f i ed i n par agr aph UNI TARY EQUI PMENT 
ACCESSORI ES.   Fan and condenser  mot or s must  have dr i p pr oof  encl osur es.   
Condensi ng uni t  must  have cont r ol s t o i ni t i at e a r ef r i ger ant  pump down 
cycl e at  syst em shut  down on each r ef r i ger ant  c i r cui t .

2. 3. 2. 1. 7. 1   Ai r - Cool ed Condenser

Pr ovi de Uni t  i n accor dance wi t h ANSI / AHRI  460 and conf or m t o t he 
r equi r ement s of  UL 1995.   Pr ovi de f act or y f abr i cat ed,  t est ed,  packaged,  
and sel f - cont ai ned uni t ;  compl et e wi t h casi ng,  pr opel l er  t ype f ans,  heat  
r ej ect i on coi l s,  connect i ng pi pi ng and wi r i ng,  and al l  necessar y 
accessor i es.

2. 3. 2. 1. 8   Pr i mar y/ Suppl ement al  Heat

Pr ovi de heat i ng uni t  wi t h i nt er nal  t her mal  i nsul at i on havi ng a f i r e hazar d 
r at i ng not  t o exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped as 
det er mi ned by ASTM E84.

2. 3. 2. 1. 8. 1   Gas- Fi r ed Heat i ng Sect i on

Const r uct  t he gas- f i r ed heat  exchanger  and bur ner  of  st ai nl ess st eel  
sui t abl e f or  nat ur al  gas f uel  suppl y.   Bur ner  must  have di r ect  spar k .   
Heat i ng sect i on must  be compl et el y assembl ed and i nt egr al  t o uni t ,  havi ng 
modul at i on wi t h a t ur n down r at i o of  at  l east  4 t o 1.   Fi r e t est  al l  uni t s 
pr i or  t o shi pment .   Val ve must  i ncl ude a pr essur e r egul at or .   Suppl y 
combust i on ai r  wi t h a cent r i f ugal  combust i on ai r  bl ower  wi t h bui l t - i n 
t her mal  over  l oad pr ot ect i on.   Saf et y cont r ol s must  i ncl ude a f l ame sensor  
and ai r  pr essur e swi t ch.   Mount  heat er  sect i on t o el i mi nat e noi se f r om 
expansi on and cont r act i on,  and al l ow accessi bi l i t y  f or  ser vi ce.   Gas 
equi pment  must  bear  t he AGA l abel  f or  t he t ype of  ser vi ce i nvol ved.   
Pr ovi de bur ner  i n accor dance wi t h NFPA 54.

2. 3. 2. 1. 9   Ai r  Fi l t er s

Pr ovi de f i l t er s of  t he sect i onal  or  panel  t ype t hat  ar e capabl e of  
f i l t er i ng t he ent i r e ai r  suppl y.   Mount  f i l t er ( s)  i nt egr al  wi t hi n t he uni t  
and make accessi bl e by hi nged access panel ( s) .   1 i nch MERV 7,  pr ovi de 
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t hr owaway f i l t er  on al l  uni t s bel ow 6 Tons.

Pr ovi de f i l t er  r ack t hat  can be conver t ed t o 2. 0 i nch capabi l i t y .   Fi l t er s 
must  have an aver age dust  spot  ef f i c i ency of  25- 35 per cent  and an aver age 
ar r est ance of  90 per cent  when t est ed i n accor dance wi t h ASHRAE 52. 2.   
Pr ovi de UL Cl ass 1 f i l t er s.

2. 3. 2. 1. 10   Fans

Pr ovi de di r ect  dr i ven,  st at i cal l y and dynami cal l y bal anced,  cent r i f ugal or
pr opel l er  t ype f ans.   Desi gn t he out door  f an so t hat  condensat e wi l l  
evapor at e wi t hout  dr i p,  spl ash,  or  spr ay on bui l di ng ext er i or .   Pr ovi de 
i ndoor  f an wi t h a mi ni mum t wo- speed mot or  wi t h bui l t - i n over l oad 
pr ot ect i on.   Fan mot or s must  be t he i nher ent l y pr ot ect ed,  per manent  
spl i t - capaci t or  t ype.

2. 3. 2. 2   Lar ge- Capaci t y Spl i t - Syst em Ai r  Condi t i oner s ( Gr eat er  Than 65, 000 
Bt u/ h)

Pr ovi de an ai r - cool ed,  spl i t  syst em whi ch empl oys a r emot e condensi ng 
uni t ,  a separ at e f l oor  mount ed i ndoor  uni t ,  and i nt er connect i ng 
r ef r i ger ant  pi pi ng.   Pr ovi de t he ai r  condi t i oni ng t ype uni t  conf or mi ng t o 
appl i cabl e Under wr i t er s Labor at or i es ( UL)  st andar ds i ncl udi ng UL 1995.   
Uni t  must  be r at ed i n accor dance wi t h ANSI / AHRI  210/ 240.   Pr ovi de uni t  
wi t h necessar y f ans,  ai r  f i l t er s,  and cabi net  const r uct i on as speci f i ed i n 
par agr aph UNI TARY EQUI PMENT ACCESSORI ES.   Pr ovi de doubl e- wi dt h,  doubl e 
i nl et ,  f or war d cur ved cent r i f ugal  scr ol l  t ype evapor at or  or  suppl y f ans.   
Pr ovi de t he manuf act ur er ' s st andar d f or  t he uni t  speci f i ed and may be 
pr opel l er  t ype condenser  or  out door  f ans.   Encl ose f an condenser  mot or s i n 
dr i p pr oof  encl osur es and per manent l y l ubr i cat e bal l  bear i ngs.   Ai r  
Condi t i oner s must  have a mi ni mum seasonal  ener gy ef f i c i ency r at i o ( SEER)  
of  14,  and 

2. 3. 2. 2. 1   Ai r - To- Ref r i ger ant  Coi l

Pr ovi de coi l s wi t h copper  t ubes t ubes of  3/ 8 i nch mi ni mum di amet er  wi t h 
al umi num f i ns t hat  ar e mechani cal l y bonded or  sol der ed t o t he t ubes.   
Pr ovi de casi ng of  gal vani zed st eel  .   Avoi d cont act  of  di ssi mi l ar  met al s.   
Test  coi l s i n accor dance wi t h ASHRAE 15 & 34 at  t he f act or y and ensur e 
sui t abi l i t y  f or  t he wor ki ng pr essur e of  t he i nst al l ed syst em.   Dehydr at e 
and seal  each coi l  t est i ng and pr i or  t o eval uat i on and char gi ng.   Pr ovi de 
each uni t  wi t h a f act or y oper at i ng char ge of  r ef r i ger ant  and oi l  .   Fi el d 
char ge uni t  shi pped wi t h a hol di ng char ge wi t h r ef r i ger ant  and oi l .   
Pr ovi de separ at e expansi on devi ces f or  each compr essor  c i r cui t .   Condenser  
coi l  must  have an i nt egr al  sub- cool er .   

2. 3. 2. 2. 2   Compr essor

Pr ovi de di r ect  dr i ve,  semi - her met i c or  her met i c r eci pr ocat i ng,  or  scr ol l  
t ype compr essor  capabl e of  oper at i ng at  par t i al  l oad condi t i ons.   
Compr essor  must  be capabl e of  cont i nuous oper at i on down t o t he l owest  st ep 
of  unl oadi ng as speci f i ed.   Equi p compr essor s of  10 t ons and l ar ger  wi t h 
capaci t y r educt i on devi ces t o pr oduce aut omat i c capaci t y r educt i on of  at  
l east  50 per cent .   I f  st andar d wi t h t he manuf act ur er ,  t wo or  mor e 
compr essor s may be used i n l i eu of  a s i ngl e compr essor  wi t h unl oadi ng 
capabi l i t i es,  i n whi ch case t he compr essor s oper at e i n sequence,  and each 
compr essor  has an i ndependent  r ef r i ger at i on c i r cui t  t hr ough t he condenser  
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and evapor at or .   St ar t  compr essor s i n t he unl oaded posi t i on.   Pr ovi de each 
compr essor  wi t h v i br at i on i sol at or s,  cr ankcase heat er ,  t her mal  over l oads,  
hi gh and l ow pr essur e saf et y cut of f s and pr ot ect i on agai nst  shor t  cycl i ng.

2. 3. 2. 2. 3   Ref r i ger at i on Ci r cui t

Ref r i ger ant - cont ai ni ng component s must  compl y wi t h ASHRAE 15 & 34 and be 
f act or y t est ed,  c l eaned,  dehydr at ed,  char ged,  and seal ed.   Pr ovi de 
r ef r i ger ant  char gi ng val ves and connect i ons,  and pumpdown val ves f or  each 
ci r cui t .   Pr ovi de r ever si bl e- f l ow t ype f i l t er - dr i er  i n each l i qui d l i ne.   
Ref r i ger ant  f l ow cont r ol  devi ces must  be an adj ust abl e super heat  
t her most at i c expansi on val ve wi t h ext er nal  equal i zer  mat ched t o coi l ,  
capi l l ar y or  t her most at i c cont r ol ,  and a pi l ot  sol enoi d cont r ol l ed,  
l eak- t i ght ,  f our - way r ef r i ger ant  f l ow r ever si ng val ve.   Pr ovi de a 
r ef r i ger ant  suct i on l i ne t her most at i c cont r ol  t o pr event  f r eeze- up i n 
event  of  l oss of  wat er  f l ow dur i ng heat i ng cycl e.

2. 3. 2. 2. 4   Pr i mar y/ Suppl ement al  Heat

Pr ovi de heat i ng uni t  wi t h i nt er nal  t her mal  i nsul at i on havi ng a f i r e hazar d 
r at i ng not  t o exceed 25 f or  f l ame spr ead and 50 f or  smoke devel oped as 
det er mi ned by ASTM E84.

2. 3. 2. 2. 4. 1   Gas- Fi r ed Heat i ng Sect i on

Const r uct  t he gas- f i r ed heat  exchanger  and bur ner  of  st ai nl ess st eel  
sui t abl e f or  nat ur al  gas f uel  suppl y.   Bur ner  must  have di r ect  spar k .   
Heat i ng sect i on must  be compl et el y assembl ed and i nt egr al  t o uni t ,  havi ng 
modul at i on wi t h a t ur n down r at i o of  at  l east  4 t o 1.   Fi r e t est  al l  uni t s 
pr i or  t o shi pment .   Val ve must  i ncl ude a pr essur e r egul at or .   Suppl y 
combust i on ai r  wi t h a cent r i f ugal  combust i on ai r  bl ower  wi t h bui l t - i n 
t her mal  over  l oad pr ot ect i on.   Saf et y cont r ol s must  i ncl ude a f l ame sensor  
and ai r  pr essur e swi t ch.   Mount  heat er  sect i on t o el i mi nat e noi se f r om 
expansi on and cont r act i on,  and al l ow accessi bi l i t y  f or  ser vi ce.   Gas 
equi pment  must  bear  t he AGA l abel  f or  t he t ype of  ser vi ce i nvol ved.   
Pr ovi de bur ner  i n accor dance wi t h NFPA 54.

2. 3. 2. 2. 5   Uni t  Cont r ol s

Pr ovi de uni t  i nt er nal l y pr ewi r ed wi t h a 24 vol t  cont r ol  c i r cui t  power ed by 
an i nt er nal  t r ansf or mer .   Pr ovi de t er mi nal  bl ocks f or  power  wi r i ng and 
ext er nal  cont r ol  wi r i ng.   Uni t  must  have cut of f s f or  hi gh pr essur e,  and 
l ow oi l  pr essur e f or  compr essor s wi t h posi t i ve di spl acement  oi l  pumps,  
suppl y f an f ai l ur e,  and saf et y i nt er l ocks on al l  ser vi ce panel s.   Head 
pr essur e cont r ol s must  sust ai n uni t  oper at i on wi t h ambi ent  t emper at ur e of  
20degr ees F.   Adj ust abl e- cycl e t i mer s must  pr event  shor t - cycl i ng.   St age 
mul t i pl e compr essor s by means of  a t i me del ay.   I nt er nal l y pr ot ect  uni t  by 
a c i r cui t  br eaker  i n accor dance wi t h UL 1995.   Make l ow cost  cool i ng 
possi bl e by means of  a cont r ol  c i r cui t  whi ch wi l l  modul at e damper s t o 
pr ovi de 100 per cent  out si de ai r  whi l e l ocki ng out  compr essor s.

Cont r ol s must  i ncl ude a cont r ol  syst em i nt er f ace t o a BACnet  Cont r ol  
syst em.  The cont r ol  syst em i nt er f ace,  as wel l  as any net wor k bet ween 
physi cal l y separ at e uni t s,  must  meet  t he r equi r ement s of  Sect i on 
23 09 23. 02 BACNET DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS.
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Communi cat i on net wor ks bet ween physi cal l y separ at e uni t s i n a spl i t  syst em 
must  be i n accor dance wi t h ei t her  Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS or  Sect i on 
23 09 23. 01 LONWORKS DI RECT DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG 
CONTROL SYSTEMS.  and must  mat ch t he pr ot ocol  used by t he cont r ol  syst em 
i nt er f ace.

2. 3. 2. 2. 6   Remot e Condenser  or  Condensi ng Uni t

Uni t s wi t h capaci t i es 135, 000 Bt uh or  gr eat er  must  pr oduce a maxi mum AHRI  
sound r at i ng of  85 dB when r at ed i n accor dance wi t h ANSI / AHRI  370.   Fi t  
each r emot e condenser  coi l  wi t h a manual  i sol at i on val ve and an access 
val ve on t he coi l  s i de.   Sat ur at ed r ef r i ger ant  condensi ng t emper at ur e must  
not  exceed 120 degr ees F at  95 degr ees F ambi ent .   Pr ovi de uni t  wi t h l ow 
ambi ent  condenser  cont r ol s t o ensur e pr oper  oper at i on i n an ambi ent  
t emper at ur e of  20 degr ees F.   Pr ovi de f an and cabi net  const r uct i on must  be 
pr ovi ded as speci f i ed i n par agr aph UNI TARY EQUI PMENT COMPONENTS.   Fan and 
condenser  mot or s must  have dr i ppr oof  encl osur es.   Condensi ng uni t  must  
have cont r ol s t o i ni t i at e a r ef r i ger ant  pump down cycl e at  syst em shut  
down on each r ef r i ger ant  c i r cui t .

2. 3. 2. 2. 6. 1   Ai r - Cool ed Condenser

Pr ovi de uni t  r at ed i n accor dance wi t h ANSI / AHRI  460 and conf or m t o t he 
r equi r ement s of  UL 1995.   Pr ovi de f act or y f abr i cat ed,  t est ed,  packaged,  
and sel f - cont ai ned uni t .   Uni t  must  be compl et e wi t h casi ng,  pr opel l er  or  
cent r i f ugal  t ype f ans,  heat  r ej ect i on coi l s,  connect i ng pi pi ng and wi r i ng,  
and al l  necessar y appur t enances.

a.   Pr ovi de i nt er connect i ng r ef r i ger at i on pi pi ng,  el ect r i cal  power ,  and 
cont r ol  wi r i ng bet ween t he condensi ng uni t  and t he i ndoor  uni t  as 
r equi r ed and as i ndi cat ed.   Pr ovi de el ect r i cal  and r ef r i ger at i on 
pi pi ng t er mi nal  connect i ons bet ween condensi ng uni t  and evapor at or  
uni t s.

b.   Low ambi ent  cont r ol  f or  mul t i - c i r cui t ed uni t s ser vi ng mor e t han one 
evapor at or  coi l  must  pr ovi de i ndependent  condenser  pr essur e cont r ol s 
f or  each r ef r i ger ant  c i r cui t .   Set  cont r ol s t o pr oduce a mi ni mum of  95 
degr ees F sat ur at ed r ef r i ger ant  condensi ng t emper at ur e.   Pr ovi de uni t  
wi t h a l i qui d subcool i ng c i r cui t  t hat  ensur es pr oper  l i qui d 
r ef r i ger ant  f l ow t o t he expansi on devi ce over  t he speci f i ed 
appl i cat i on r ange of  t he condenser .   Uni t  must  be pr ovi ded wi t h 
manuf act ur er ' s st andar d l i qui d subcool i ng.   Li qui d seal  t he subcool i ng 
c i r cui t .

c.   Coi l s must  have copper  or  al umi num t ubes of  3/ 8 i nch mi ni mum di amet er  
wi t h copper  or  al umi num f i ns t hat  ar e mechani cal l y bonded or  sol der ed 
t o t he t ubes.   Casi ng must  be gal vani zed st eel  or  al umi num.   Avoi d 
cont act  of  di ssi mi l ar  met al s.   Test  coi l s i n accor dance wi t h 
ASHRAE 15 & 34 at  t he f act or y and ensur e sui t abi l i t y  f or  t he wor ki ng 
pr essur e of  t he i nst al l ed syst em.   Dehydr at e and seal  each coi l  af t er  
t est i ng and pr i or  t o eval uat i on and char gi ng.   Pr ovi de each uni t  wi t h 
a f act or y oper at i ng char ge of  r ef r i ger ant  and oi l  or  a hol di ng 
char ge.   Fi el d char ge uni t  shi pped wi t h a hol di ng char ge.   Pr ovi de 
separ at e expansi on devi ces f or  each compr essor  c i r cui t .

d.   Pr ovi de a compl et e cont r ol  syst em wi t h r equi r ed accessor i es f or  
r egul at i ng condenser  pr essur e by f an cycl i ng,  sol i d- st at e var i abl e f an 
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speed,  modul at i ng condenser  coi l  or  f an damper s,  f l oodi ng t he 
condenser ,  or  a combi nat i on of  t he above.   Const r uct  uni t  mount ed 
cont r ol  panel s or  encl osur es i n accor dance wi t h appl i cabl e 
r equi r ement s of  NFPA 70 and house i n NEMA I CS 6,  Cl ass 1 or  3A 
encl osur es.   Cont r ol s must  i ncl ude cont r ol  t r ansf or mer ,  over l oad 
pr ot ect i ve devi ces,  i nt er f ace wi t h l ocal  and r emot e component s,  and 
i nt er component  wi r i ng t o t er mi nal  bl ock poi nt s.

2. 3. 2. 2. 6. 2   Compr essor

Pr ovi de compr essor  r at ed i n accor dance wi t h AHRI  540.   Pr ovi de di r ect  
dr i ve,  semi - her met i c or  her met i c r eci pr ocat i ng,  or  scr ol l  t ype compr essor  
capabl e of  oper at i ng at  par t i al  l oad condi t i ons.   Compr essor  must  be 
capabl e of  cont i nuous oper at i on down t o t he l owest  st ep of  unl oadi ng as 
speci f i ed.   Pr ovi de uni t s 120, 000 Bt uh and l ar ger  wi t h capaci t y r educt i on 
devi ces t o pr oduce aut omat i c capaci t y r educt i on of  at  l east  50 per cent .   
I f  st andar d wi t h t he manuf act ur er ,  t wo or  mor e compr essor s may be used i n 
l i eu of  a s i ngl e compr essor  wi t h unl oadi ng capabi l i t i es,  i n whi ch case t he 
compr essor s oper at e i n sequence,  and each compr essor  must  have an 
i ndependent  r ef r i ger at i on c i r cui t  t hr ough t he condenser  and evapor at or .   
Each compr essor  must  st ar t  i n t he unl oaded posi t i on.   Pr ovi de each 
compr essor  wi t h v i br at i on i sol at or s,  cr ankcase heat er ,  t her mal  over l oads,  
and hi gh and l ow pr essur e saf et y cut of f s and pr ot ect i on agai nst  shor t  
cycl i ng.

2. 3. 2. 2. 6. 3   Fans

Pr ovi de f an wheel  shaf t s suppor t ed by ei t her  mai nt enance- accessi bl e gr ease 
l ubr i cat ed ant i f r i c t i on bl ock- t ype bear i ngs,  or  per manent l y l ubr i cat ed 
bal l  bear i ngs.  Mount  f an mot or  and f an assembl y on a common base t o al l ow 
consi st ent  bel t  t ensi on wi t h no r el at i ve mot i on bet ween f an and mot or  
shaf t s.   The ent i r e f an mot or  and f an assembl y must  be compl et el y 
v i br at i onal l y i sol at ed f r om t he uni t .   Sel ect  uni t  f ans t o pr oduce t he cf m 
r equi r ed at  t he f an t ot al  pr essur e.   Mot or  st ar t er s,  i f  appl i cabl e,  must  
be magnet i c acr oss- t he- l i ne t ype wi t h a open dr i p- pr oof  encl osur e.   
Pr ovi de manual  t ype t her mal  over l oad pr ot ect i on.   Const r uct  f an wheel s of  
al umi num or  gal vani zed st eel .   Pr ovi de cent r i f ugal  f an wheel  housi ngs of  
gal vani zed st eel ,  and const r uct  cent r i f ugal  f an casi ngs of  al umi num or  
gal vani zed st eel .   St eel  el ement s of  f ans,  except  f an shaf t s,  must  be 
f abr i cat ed of  mi l l  gal vani zed st eel .   Recoat  mi l l - gal vani zed st eel  
sur f aces and edges damaged or  cut  dur i ng f abr i cat i on by f or mi ng,  punchi ng,  
dr i l l i ng,  wel di ng,  or  cut t i ng wi t h an appr oved zi nc- r i ch compound.   
St at i cal l y and dynami cal l y bal ance f an wheel s or  pr opel l er s.   Pr ovi de 
doubl e i nl et  f or war d- cur ved t ype f an wheel s.   Fan must  r each r at ed r pm 
bef or e t he f an shaf t  passes t hr ough t he f i r st  cr i t i cal  speed.   Fans must  
be bel t - dr i ven wi t h adj ust abl e sheaves.   Sel ect  t he sheave si ze so t hat  
t he f an speed at  t he appr oxi mat e mi dpoi nt  of  t he sheave adj ust ment  
pr oduces t he speci f i ed ai r  quant i t y.   Pr ovi de cent r i f ugal  scr ol l - t ype f ans 
wi t h st r eaml i ned or i f i ce i nl et  and V- bel t  dr i ve.   Each dr i ve must  be 
i ndependent  of  any ot her  dr i ve.   Condenser  f ans must  be pr opel l er  t ype,  
di r ect  dr i ve,  st at i cal l y bal anced wi t h gal vani zed st eel  bl ades and 
per manent l y l ubr i cat ed bal l  bear i ngs.   Pr ot ect  condenser  f an mot or  dr i ve 
bear i ngs wi t h wat er  s l i nger s or  shi el ds.   Fi t  al l  bel t  dr i ves wi t h guar ds 
wher e exposed t o cont act  by per sonnel .

2. 3. 2. 2. 7   Fi l t er s

Pr ovi de f i l t er s of  t he sect i onal  or  panel  t ype,  capabl e of  f i l t er i ng t he 
ent i r e ai r  suppl y.   Mount  f i l t er ( s)  i nt egr al  wi t hi n t he uni t  and make 
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accessi bl e by hi nged access panel ( s) .  Fact or y suppl y  2. 0 i nch,  MERV 8,  
t hr owaway f i l t er s.   Fi l t er s must  have an aver age dust  spot  ef f i c i ency of  
90- 95 per cent  and an aver age ar r est ance of  90 per cent  when t est ed i n 
accor dance wi t h ASHRAE 52. 2.   Pr ovi de UL Cl ass 1 f i l t er s.

2. 4   COMPONENTS

2. 4. 1   Ref r i ger ant  and Oi l

Ref r i ger ant  must  be one of  t he f l uor ocar bon gases.   Ref r i ger ant s must  have 
number  desi gnat i ons and saf et y c l assi f i cat i ons i n accor dance wi t h 
ASHRAE 15 & 34.   Ref r i ger ant s must  meet  t he r equi r ement s of  AHRI  700 as a 
mi ni mum.   Pr ovi de a compl et e char ge of  r ef r i ger ant  f or  t he i nst al l ed 
syst em as r ecommended by t he manuf act ur er .   Lubr i cat i ng oi l  must  be of  a 
t ype and gr ade r ecommended by t he manuf act ur er  f or  each compr essor .   Wher e 
col or  l eak i ndi cat or  dye i s i ncor por at ed,  char ge must  be i n accor dance 
wi t h manuf act ur er ' s r ecommendat i on.

2. 4. 2   Fans

Fan wheel  shaf t s must  be suppor t ed by ei t her  mai nt enance- accessi bl e 
l ubr i cat ed ant i f r i c t i on bl ock- t ype bear i ngs,  or  per manent l y l ubr i cat ed 
bal l  bear i ngs.   Uni t  f ans must  be sel ect ed t o pr oduce t he cf m r equi r ed at  
t he f an t ot al  pr essur e.   Mot or  st ar t er s,  i f  appl i cabl e,  must  be magnet i c 
acr oss- t he- l i ne t ype wi t h a dr i ppr oof  encl osur e.   Ther mal  over l oad 
pr ot ect i on must  be of  t he manual  or  aut omat i c- r eset  t ype.   Fan wheel s or  
pr opel l er s must  be const r uct ed of  al umi num or  gal vani zed st eel .   
Cent r i f ugal  f an wheel  housi ngs must  be of  gal vani zed st eel ,  and bot h 
cent r i f ugal  and pr opel l er  f an casi ngs must  be const r uct ed of  al umi num or  
gal vani zed st eel .   St eel  el ement s of  f ans,  except  f an shaf t s,  must  be 
hot - di pped gal vani zed af t er  f abr i cat i on or  f abr i cat ed of  mi l l  gal vani zed 
st eel .   Mi l l - gal vani zed st eel  sur f aces and edges damaged or  cut  dur i ng 
f abr i cat i on by f or mi ng,  punchi ng,  dr i l l i ng,  wel di ng,  or  cut t i ng must  be 
r ecoat ed wi t h an appr oved zi nc- r i ch compound.   Fan wheel s or  pr opel l er s 
must  be st at i cal l y and dynami cal l y bal anced.   For war d cur ved f an wheel s 
must  be l i mi t ed t o  i nches.   Di r ect - dr i ve f an mot or s must  be of  t he 
mul t i pl e- speed var i et y.   Bel t - dr i ven f ans must  have adj ust abl e sheaves t o 
pr ovi de not  l ess t han  per cent  f an- speed adj ust ment .   The sheave si ze must  
be sel ect ed so t hat  t he f an speed at  t he appr oxi mat e mi dpoi nt  of  t he 
sheave adj ust ment  wi l l  pr oduce t he speci f i ed ai r  quant i t y.   Cent r i f ugal  
scr ol l - t ype f ans must  be pr ovi ded wi t h st r eaml i ned or i f i ce i nl et  and 
V- bel t  dr i ve.   Each dr i ve wi l l  be i ndependent  of  any ot her  dr i ve.   
Pr opel l er  f ans must  be di r ect - dr i ve dr i ve t ype wi t h adj ust abl e pi t ch 
bl ades.   V- bel t  dr i ven f ans must  be mount ed on a cor r osi on pr ot ect ed dr i ve 
shaf t  suppor t ed by ei t her  mai nt enance- accessi bl e l ubr i cat ed ant i f r i c t i on 
bl ock- t ype bear i ngs,  or  per manent l y l ubr i cat ed bal l  bear i ngs.   Each dr i ve 
wi l l  be i ndependent  of  any ot her  dr i ve.   Dr i ve bear i ngs must  be pr ot ect ed 
wi t h wat er  s l i nger s or  shi el ds.   V- bel t  dr i ves must  be f i t t ed wi t h guar ds 
wher e exposed t o cont act  by per sonnel  and f i xed pi t ch sheaves.

2. 4. 3   Pr i mar y/ Suppl ement al  Heat i ng

2. 4. 3. 1   Gas- Fi r ed Heat i ng Sect i on

Gas- f i r ed heat  exchanger  must  be const r uct ed of  al umi ni zed st eel ,  cer ami c 
coat ed col d- r ol l ed st eel  or  st ai nl ess st eel  sui t abl e f or  nat ur al  gas f uel  
suppl y.   Bur ner  must  have di r ect  spar k or  hot  sur f ace i gni t i on.   Val ve 
must  i ncl ude a pr essur e r egul at or .   Combust i on ai r  must  be suppl i ed wi t h a 
cent r i f ugal  combust i on ai r  bl ower .   Saf et y cont r ol s must  i ncl ude a f l ame 
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sensor  and ai r  pr essur e swi t ch.   Heat er  sect i on must  be mount ed t o 
el i mi nat e noi se f r om expansi on and cont r act i on and must  be compl et el y 
accessi bl e f or  ser vi ce.   Gas equi pment  must  bear  t he AGA l abel  f or  t he 
t ype of  ser vi ce i nvol ved.   Bur ner  must  be i n accor dance wi t h NFPA 54.

2. 4. 4   Ai r  Fi l t er s

Pr ovi de f i l t er s t o f i l t er  out s i de ai r  and r et ur n ai r  and l ocat e as 
i ndi cat ed .   Pr ovi de r epl aceabl e ( t hr ow- away)  t ype.   Fi l t er s must  conf or m 
t o UL 900,  Cl ass 1 .   Pol yur et hane f i l t er s cannot  be used on uni t s wi t h 
mul t i f r ame f i l t er s.

Ai r  f i l t er s must  be l i s t ed i n accor dance wi t h r equi r ement s of  UL 900,  
except  hi gh ef f i c i ency par t i cul at e ai r  f i l t er s of  99. 97 per cent  ef f i c i ency 
by t he DOP Test  Met hod must  be as l i s t ed under  t he l abel  ser vi ce and must  
meet  t he r equi r ement s of  UL 586.

2. 4. 4. 1   Ext ended Sur f ace Pl eat ed Panel  Fi l t er s

Fi l t er s must  be 2 i nch dept h sect i onal  t ype of  t he s i ze i ndi cat ed and must  
have an aver age ef f i c i ency of  25 t o 30 per cent  when t est ed i n accor dance 
wi t h ASHRAE 52. 2.   I ni t i al  r esi st ance at  500 f eet / mi nut e must  not  exceed 
0. 36 i nches wat er  gauge.   Fi l t er s must  be UL Cl ass 2.   Medi a must  be 
nonwoven cot t on and synt het i c f i ber  mat .   A wi r e suppor t  gr i d bonded t o 
t he medi a must  be at t ached t o a moi st ur e r esi st ant  f i ber boar d f r ame.   Four  
edges of  t he f i l t er  medi a must  be bonded t o t he i nsi de of  t he f r ame t o 
pr event  ai r  bypass and i ncr ease r i gi di t y.

2. 4. 4. 2   Repl aceabl e Medi a Fi l t er s

Pr ovi de r epl aceabl e medi a f i l t er s of  t he dr y- medi a t ype,  of  t he s i ze 
r equi r ed t o sui t  t he appl i cat i on.   Fi l t er i ng medi a must  not  be l ess t han 2 
i nches t hi ck f i br ous gl ass medi a pad suppor t ed by a st r uct ur al  wi r e gr i d 
or  woven wi r e mesh.   Pad must  be encl osed i n a hol di ng f r ame of  not  l ess 
t han 16 gauge gal vani zed st eel ,  and equi pped wi t h qui ck- openi ng mechani sm 
f or  changi ng f i l t er  medi a.   Base t he ai r  f l ow capaci t y of  t he f i l t er  on 
net  f i l t er  f ace vel oci t y not  exceedi ng 300 f eet / mi nut e,  wi t h i ni t i al  
r esi st ance of  0. 13 i nches wat er  gauge.   Aver age ef f i c i ency must  be not  
l ess t han 5 per cent  when t est ed i n accor dance wi t h ASHRAE 52. 2.

2. 4. 4. 3   Sect i onal  Cl eanabl e Fi l t er s

Pr ovi de suf f i c i ent  oi l  t o coat  f i l t er s s i x t i mes based on 1 pi nt  of  oi l  
per  each 10 squar e f eet  of  f i l t er  ar ea.  Pr ovi de washi ng and char gi ng t anks 
f or  c l eani ng and coat i ng f i l t er s.   Fi l t er s must  have a MERV of  8 when 
t est ed i n accor dance wi t h ASHRAE 52. 2.

Cl eanabl e f i l t er s must  be 1 i nches t hi ck.   Vi scous adhesi ve must  be 
pr ovi ded i n 5 gal l on cont ai ner s i n suf f i c i ent  quant i t y f or  12 c l eani ng 
oper at i ons and not  l ess t han one quar t  f or  each f i l t er  sect i on.   One 
washi ng and char gi ng t ank must  be pr ovi ded f or  ever y 100 f i l t er  sect i ons 
or  f r act i on t her eof .   Each washi ng and char gi ng uni t  must  consi st  of  a 
t ank and doubl e dr ai n r ack mount ed on l egs.   Dr ai n r ack must  be pr ovi ded 
wi t h di v i der s and par t i t i ons t o pr oper l y suppor t  t he f i l t er s i n t he 
dr ai ni ng posi t i on.

2. 4. 4. 4   Hi gh Ef f i c i ency Fi l t er s

Fi l t er s must  have a MERV of  17 when t est ed i n accor dance wi t h ASHRAE 52. 2.   
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Fi l t er  assembl y must  i ncl ude;  hol di ng f r ame and f ast ener  assembl y,  f i l t er  
car t r i dge,  mount i ng f r ame,  and r et ai ner  assembl y.   Rei nf or ce f i l t er  medi a 
wi t h gl ass f i ber  mat .   Pr essur e dr op acr oss c l ean f i l t er  exceedi ng 2. 0 
i nches of  wat er  gage i s not  per mi t t ed.   Pr ecede hi gh ef f i c i ency f i l t er s 
wi t h a UL Cl ass 2 r epl aceabl e t ype f i l t er .

2. 4. 4. 5   Manomet er s

Pr ovi de i ncl i ned- t ype manomet er s f or  f i l t er  st at i ons of  2, 000 cf m capaci t y 
or  l ar ger  i ncl udi ng f i l t er s f ur ni shed as i nt egr al  par t s of  ai r - handl i ng 
uni t s and f i l t er s i nst al l ed separ at el y.   Pr ovi de suf f i c i ent  l engt h t o r ead 
at  l east  one i nch of  wat er  col umn wi t h 10 maj or  gr aduat i ons,  and equi pped 
wi t h spi r i t  l evel .   Equi p manomet er s wi t h over pr essur e saf et y t r aps t o 
pr event  l oss of  f l ui d,  and t wo t hr ee- way vent  val ves f or  checki ng zer o 
set t i ng.   Mer cur y cannot  be used as t he oper at i ng f l ui d.

2. 4. 5   Coi l  Fr ost  Pr ot ect i on

Pr ovi de each ci r cui t  wi t h a manuf act ur er ' s st andar d coi l  f r ost  pr ot ect i on 
syst em.   The coi l  f r ost  pr ot ect i on syst em must  use a t emper at ur e sensor  i n 
t he suct i on l i ne of  t he compr essor  t o shut  t he compr essor  of f  when coi l  
f r ost i ng occur s.   Use t i mer s t o pr event  t he compr essor  f r om r api d cycl i ng.

2. 4. 6   I nt er nal  Damper s

Damper s must  be par al l el  bl ade t ype wi t h r enewabl e bl ade seal s and be 
i nt egr al  t o t he uni t ar y uni t .   Damper  pr ovi s i ons must  be pr ovi ded f or  each 
out si de ai r  i nt ake,  exhaust ,  economi zer ,  and mi xi ng boxes.   Damper s must  
have mi ni mum posi t i on st ops and oper at e as speci f i ed.

2. 4. 7   Mi xi ng Boxes

Mi xi ng boxes must  mat ch t he base uni t  i n physi cal  s i ze and must  i ncl ude 
equal l y- s i zed f l anged openi ngs,  each capabl e of  f ul l  ai r  f l ow.  Ar r angement  
must  be as i ndi cat ed.

2. 4. 8   Cabi net  Const r uct i on

Casi ngs f or  t he speci f i ed uni t ar y equi pment  must  be const r uct ed of  
gal vani zed st eel  or  al umi num sheet  met al  and gal vani zed or  al umi num 
st r uct ur al  member s.   Mi ni mum t hi ckness of  s i ngl e wal l  ext er i or  sur f aces 
must  be 18 gauge gal vani zed st eel  or  0. 071 i nch t hi ck al umi num on uni t s 
wi t h a capaci t y above 20 t ons and 20 gauge gal vani zed st eel  or  0. 064 i nch 
t hi ck al umi num on uni t s wi t h a capaci t y l ess t han 20 t ons.   Casi ng must  be 
f i t t ed wi t h l i f t i ng pr ovi s i ons,  access panel s or  door s,  f an v i br at i on 
i sol at or s,  el ect r i cal  cont r ol  panel ,  cor r osi on- r esi st ant  component s,  
st r uct ur al  suppor t  member s,  i nsul at ed condensat e dr i p pan and dr ai n,  and 
i nt er nal  i nsul at i on i n t he col d sect i on of  t he casi ng.   Wher e doubl e- wal l  
i nsul at ed const r uct i on i s pr oposed,  mi ni mum ext er i or  gal vani zed sheet  
met al  t hi ckness must  be 20 gauge.   Pr ovi s i ons t o per mi t  r epl acement  of  
maj or  uni t  component s must  be i ncor por at ed.   Penet r at i ons of  cabi net  
sur f aces,  i ncl udi ng t he f l oor ,  must  be seal ed.   Uni t  must  be f i t t ed wi t h a 
dr ai n pan whi ch ext ends under  al l  ar eas wher e wat er  may accumul at e.   Dr ai n 
pan must  be f abr i cat ed f r om Type 300 st ai nl ess st eel ,  gal vani zed st eel  
wi t h pr ot ect i ve coat i ng as r equi r ed,  or  an appr oved pl ast i c mat er i al .   Pan 
i nsul at i on must  be wat er  i mper vi ous.   Ext ent  and ef f ect i veness of  t he 
i nsul at i on of  uni t  ai r  cont ai nment  sur f aces must  pr event ,  wi t hi n l i mi t s of  
t he speci f i ed i nsul at i on,  heat  t r ansf er  bet ween t he uni t  ext er i or  and 
ambi ent  ai r ,  heat  t r ansf er  bet ween t he t wo condi t i oned ai r  st r eams,  and 
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condensat i on on sur f aces.   I nsul at i on must  conf or m t o ASTM C1071.   Pai nt  
and f i ni shes must  compl y wi t h t he r equi r ement s speci f i ed i n par agr aph 
FACTORY COATI NG.

2. 4. 8. 1   I ndoor  Cabi net

I ndoor  cabi net s must  be sui t abl e f or  t he speci f i ed i ndoor  ser vi ce and 
encl ose al l  uni t  component s.

2. 4. 8. 2   Out door  Cabi net

Out door  cabi net s must  be sui t abl e f or  out door  ser vi ce wi t h a weat her t i ght ,  
i nsul at ed and cor r osi on- pr ot ect ed st r uct ur e.   Cabi net s const r uct ed 
excl usi vel y f or  i ndoor  ser vi ce whi ch have been modi f i ed f or  out door  
ser vi ce ar e not  accept abl e.

2. 4. 9   Condenser  Wat er  Pi pi ng And Accessor i es

2. 4. 10   Ref r i ger ant  Pi pi ng

Pr ovi de r ef r i ger ant  pi pi ng i n accor dance wi t h Sect i on 23 23 00 REFRI GERANT 
PI PI NG.

2. 4. 11   Condensat e Dr ai n Pi pi ng

2. 4. 12   Duct wor k

Pr ovi de duct wor k i n accor dance wi t h Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON.

2. 4. 13   Temper at ur e Cont r ol s

Pr ovi de t emper at ur e cont r ol s .

2. 5   UNI TARY EQUI PMENT ACCESSORI ES AND MI SCELLANEOUS EQUI PMENT

2. 5. 1   Ai r  Economi zer

Pr ovi de f act or y i nst al l ed economi zer  wi t h f ul l y  modul at i ng 0- 100 per cent  
mot or  and damper s,  bar omet r i c r el i ef ,  mi ni mum posi t i on set t i ng and f i xed 
dr y bul b.   Fi el d i nst al l  sol i d st at e ent hal py and di f f er ent i al  ent hal py 
cont r ol .

2. 6   FI NI SHES

2. 6. 1   Coi l  Cor r osi on Pr ot ect i on

Pr ovi de coi l  wi t h a uni f or ml y appl i ed epoxy el ect r odeposi t i on t ype coat i ng 
t o al l  coi l  sur f ace ar eas wi t hout  mat er i al  br i dgi ng bet ween f i ns.   Submi t  
pr oduct  dat a on t he t ype coat i ng sel ect ed,  t he coat i ng t hi ckness,  t he 
appl i cat i on pr ocess used,  t he est i mat ed heat  t r ansf er  l oss of  t he coi l ,  
and ver i f i cat i on of  conf or mance wi t h t he sal t  spr ay t est  r equi r ement .   
Coat i ng must  be appl i ed at  ei t her  t he coi l  or  coat i ng manuf act ur er ' s 
f act or y.   Coat i ng pr ocess must  ensur e compl et e coi l  encapsul at i on.   
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Coat i ng must  be capabl e of  wi t hst andi ng a mi ni mum 1, 000 hour s exposur e t o 
t he sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um 
chl or i de sol ut i on.

2. 6. 2   Equi pment  and Component s Fact or y Coat i ng

Unl ess ot her wi se speci f i ed,  equi pment  and component  i t ems,  when f abr i cat ed 
f r om f er r ous met al ,  must  be f act or y f i ni shed wi t h t he manuf act ur er ' s 
st andar d f i ni sh,  except  t hat  i t ems l ocat ed out si de of  bui l di ngs must  have 
weat her  r esi st ant  f i ni shes t hat  wi l l  wi t hst and 125 hour s exposur e t o t he 
sal t  spr ay t est  speci f i ed i n ASTM B117 usi ng a 5 per cent  sodi um chl or i de 
sol ut i on.   I mmedi at el y af t er  compl et i on of  t he t est ,  t he speci men must  
show no si gns of  bl i s t er i ng,  wr i nkl i ng,  cr acki ng,  or  l oss of  adhesi on and 
no si gn of  r ust  cr eepage beyond 1/ 8 i nch on ei t her  s i de of  t he scr at ch 
mar k.   Cut  edges of  gal vani zed sur f aces wher e hot - di p gal vani zed sheet  
st eel  i s  used must  be coat ed wi t h a z i nc- r i ch coat i ng conf or mi ng t o 
ASTM D520,  Type I .

Wher e st i pul at ed i n equi pment  speci f i cat i ons of  t hi s sect i on,  coat  f i nned 
t ube coi l s of  t he af f ect ed equi pment  as speci f i ed bel ow.   Appl y coat i ng at  
t he pr emi ses of  a company speci al i z i ng i n such wor k.  Degr ease and pr epar e 
f or  coat i ng i n accor dance wi t h t he coat i ng appl i cat or ' s pr ocedur es f or  t he 
t ype of  met al s i nvol ved.  Compl et ed coat i ng must  show no evi dence of  
sof t eni ng,  bl i st er i ng,  cr acki ng,  cr azi ng,  f l aki ng,  l oss of  adhesi on,  or  
" br i dgi ng"  bet ween t he f i ns.

2. 6. 2. 1   Phenol i c Coat i ng

Pr ovi de a r esi n base t her moset t i ng phenol i c coat i ng.   Appl y coat i ng by 
i mmer si on di ppi ng of  t he ent i r e coi l .   Pr ovi de a mi ni mum of  t wo coat s.   
Bake or  heat  dr y coi l s f ol l owi ng i mmer si ons.   Af t er  f i nal  i mmer si on and 
pr i or  t o f i nal  baki ng,  spr ay ent i r e coi l  wi t h par t i cul ar  emphasi s gi ven t o 
bui l di ng up coat i ng on shear ed edges.   Tot al  dr y f i l m t hi ckness must  be 
2. 5 t o 3. 0 mi l s.

2. 6. 2. 2   Chemi cal  Conver si on Coat i ng wi t h Pol yel ast omer  Fi ni sh Coat

Di p coi l s i n a chemi cal  conver si on sol ut i on t o mol ecul ar l y deposi t  a 
cor r osi on r esi st ant  coat i ng by el ect r ol ysi s act i on.   Chemi cal  conver si on 
coat i ngs must  conf or m t o MI L- DTL- 5541,  Cl ass 1A.   Cur e conver si on coat i ng 
at  a t emper at ur e of  110 t o 140 degr ees F f or  a mi ni mum of  3 hour s.   Coat  
coi l  sur f aces wi t h a compl ex pol ymer  pr i mer  wi t h a dr y f i l m t hi ckness of  1 
mi l .   Cur e pr i mer  coat  f or  a mi ni mum of  1 hour .   Usi ng di p t ank met hod,  
pr ovi de t hr ee coat s of  a compl ex pol yel ast omer  f i ni sh coat .   Af t er  each of  
t he f i r st  t wo f i ni sh coat s,  cur e t he coi l s f or  1 hour .   Fol l owi ng t he 
t hi r d coat ,  spr ay a f og coat  of  an i ner t  seal er  on t he coi l  sur f aces.   
Tot al  dr y f i l m t hi ckness must  be 2. 5 t o 3. 0 mi l s.   Cur e f i ni sh coat  f or  a 
mi ni mum of  3 hour s.  Coat i ng mat er i al s must  have 300 per cent  f l exi bi l i t y ,  
oper at e i n t emper at ur es of  mi nus 50 t o pl us 220 degr ees F,  and pr ot ect  
agai nst  at mospher es of  a pH r ange of  1 t o 14.

2. 6. 2. 3   Vi nyl  Coat i ng

Appl y coat i ng usi ng an ai r l ess f og nozzl e.  For  each coat ,  make at  l east  
t wo passes wi t h t he nozzl e.  Mat er i al s t o be appl i ed ar e as f ol l ows:

a.   Tot al  dr y f i l m t hi ckness,  6. 5 mi l s maxi mum

b.   Vi nyl  Pr i mer ,  24 per cent  sol i ds by vol ume:  One coat  2 mi l s t hi ck
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c.   Vi nyl  Copol ymer ,  30 per cent  sol i ds by vol ume:  One coat  4. 5 mi l s t hi ck

2. 6. 3   Fact or y Appl i ed I nsul at i on

Ref r i ger at i on equi pment  must  be pr ovi ded wi t h f act or y i nst al l ed i nsul at i on 
on sur f aces subj ect  t o sweat i ng i ncl udi ng t he suct i on l i ne pi pi ng.   Wher e 
mot or s ar e t he gas- cool ed t ype,  f act or y i nst al l ed i nsul at i on must  be 
pr ovi ded on t he col d- gas i nl et  connect i on t o t he mot or  i n accor dance wi t h 
manuf act ur er ' s st andar d pr act i ce.   Fact or y i nsul at ed i t ems i nst al l ed 
out door s ar e not  r equi r ed t o be f i r e- r at ed.   As a mi ni mum,  f act or y 
i nsul at ed i t ems i nst al l ed i ndoor s must  have a f l ame spr ead i ndex no hi gher  
t han 75 and a smoke devel oped i ndex no hi gher  t han 150.   Fact or y i nsul at ed 
i t ems ( no j acket )  i nst al l ed i ndoor s and whi ch ar e l ocat ed i n ai r  pl enums,  
i n cei l i ng spaces,  and i n at t i c  spaces must  have a f l ame spr ead i ndex no 
hi gher  t han 25 and a smoke devel oped i ndex no hi gher  t han 50.   Fl ame 
spr ead and smoke devel oped i ndexes must  be det er mi ned by ASTM E84.   
I nsul at i on must  be t est ed i n t he same densi t y and i nst al l ed t hi ckness as 
t he mat er i al  t o be used i n t he act ual  const r uct i on.   Mat er i al  suppl i ed by 
a manuf act ur er  wi t h a j acket  must  be t est ed as a composi t e mat er i al .   
Jacket s,  f aci ngs,  and adhesi ves must  have a f l ame spr ead i ndex no hi gher  
t han 25 and a smoke devel oped i ndex no hi gher  t han 50 when t est ed i n 
accor dance wi t h ASTM E84.

2. 7   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

Al l  manuf act ur ed uni t s must  be i nspect ed and t est ed,  and document at i on 
pr ovi ded t o demonst r at e t hat  each uni t  i s  i n compl i ance wi t h ANSI / AHRI  and 
UL r equi r ement s and t hat  t he mi ni mum ef f i c i ency r equi r ement s of  
ASHRAE 90. 1 -  I P have been met .

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

Af t er  becomi ng f ami l i ar  wi t h al l  det ai l s of  t he wor k,  per f or m Ver i f i cat i on 
of  Di mensi ons i n t he f i el d,  and advi se t he Cont r act i ng Of f i cer  of  any 
di scr epancy bef or e per f or mi ng any wor k.

3. 2   I NSTALLATI ON

Per f or m wor k i n accor dance wi t h t he manuf act ur er ' s publ i shed di agr ams,  
r ecommendat i ons,  and equi pment  war r ant y r equi r ement s.   Wher e equi pment  i s 
speci f i ed t o conf or m t o t he r equi r ement s of  ASME BPVC SEC VI I I  D1and 
ASME BPVC SEC I X,  t he desi gn,  f abr i cat i on,  and i nst al l at i on of  t he syst em 
must  conf or m t o ASME BPVC SEC VI I I  D1 and ASME BPVC SEC I X.

3. 2. 1   Equi pment

Pr ovi de r ef r i ger at i on equi pment  conf or mi ng t o ASHRAE 15 & 34.   Pr ovi de 
necessar y suppor t s f or  al l  equi pment ,  appur t enances,  and pi pe as r equi r ed,  
i ncl udi ng f r ames or  suppor t s f or  compr essor s,  pumps,  cool i ng t ower s,  
condenser s,  and si mi l ar  i t ems.   I sol at e compr essor s f r om t he bui l di ng 
st r uct ur e.   I f  mechani cal  v i br at i on i sol at or s ar e not  pr ovi ded,  pr ovi de 
vi br at i on absor bi ng f oundat i ons.   Each f oundat i on must  i ncl ude i sol at i on 
uni t s consi st i ng of  machi ne and f l oor  or  f oundat i on f ast eni ngs,  t oget her  
wi t h i nt er medi at e i sol at i on mat er i al .   Ot her  f l oor - mount ed equi pment  must  
be set  on not  l ess t han a 6 i nch concr et e pad dowel ed i n pl ace.   Concr et e 
f oundat i ons f or  f l oor  mount ed pumps must  have a mass equi val ent  t o t hr ee 
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t i mes t he wei ght  of  t he component s,  pump,  base pl at e,  and mot or  t o be 
suppor t ed.   I n l i eu of  concr et e pad f oundat i on,  concr et e pedest al  bl ock 
wi t h i sol at or s pl aced bet ween t he pedest al  bl ock and t he f l oor  may be 
pr ovi ded.   Concr et e pedest al  bl ock must  be of  mass not  l ess t han t hr ee 
t i mes t he combi ned pump,  mot or ,  and base wei ght s.   I sol at or s must  be 
sel ect ed and si zed based on l oad- bear i ng r equi r ement s and t he l owest  
f r equency of  v i br at i on t o be i sol at ed.   I sol at or s must  l i mi t  v i br at i on t o 
10 per cent  at  l owest  equi pment  r pm.   Pr ovi de l i nes connect ed t o pumps 
mount ed on pedest al  bl ocks wi t h f l exi bl e connect or s.   Pr ovi de f oundat i on 
dr awi ngs,  bol t - set t i ng i nf or mat i on,  and f oundat i on bol t s pr i or  t o concr et e 
f oundat i on const r uct i on f or  al l  equi pment  i ndi cat ed or  r equi r ed t o have 
concr et e f oundat i ons.   Concr et e f or  f oundat i ons must  be as speci f i ed i n 
Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.   Equi pment  must  be pr oper l y 
l evel ed,  al i gned,  and secur ed i n pl ace i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.

3. 2. 2   Mechani cal  Room Vent i l at i on

Pr ovi de mechani cal  vent i l at i on syst ems i n accor dance wi t h Sect i on 23 30 00 
HVAC AI R DI STRI BUTI ON.

3. 2. 3   Fi el d Appl i ed I nsul at i on

Appl y f i el d appl i ed i nsul at i on as speci f i ed i n Sect i on 23 07 00 THERMAL 
I NSULATI ON FOR MECHANI CAL SYSTEMS,  except  as def i ned di f f er ent l y her ei n.

3. 2. 4   Fi el d Pai nt i ng

Pai nt i ng r equi r ed f or  sur f aces not  ot her wi se speci f i ed,  and f i ni sh 
pai nt i ng of  i t ems onl y pr i med at  t he f act or y ar e speci f i ed i n Sect i on 
09 90 00 PAI NTS AND COATI NGS.

3. 3   CLEANI NG AND ADJUSTI NG

Equi pment  must  be wi ped cl ean,  wi t h al l  t r aces of  oi l ,  dust ,  di r t ,  or  
pai nt  spot s r emoved.   Tempor ar y f i l t er s must  be pr ovi ded f or  al l  f ans t hat  
ar e oper at ed dur i ng const r uct i on,  and new f i l t er s must  be i nst al l ed af t er  
al l  const r uct i on di r t  has been r emoved f r om t he bui l di ng.   Syst em must  be 
mai nt ai ned i n t hi s c l ean condi t i on unt i l  f i nal  accept ance.   Bear i ngs must  
be pr oper l y l ubr i cat ed wi t h oi l  or  gr ease as r ecommended by t he 
manuf act ur er .   Bel t s must  be t i ght ened t o pr oper  t ensi on.   Cont r ol  val ves 
and ot her  mi scel l aneous equi pment  r equi r i ng adj ust ment  must  be adj ust ed t o 
set t i ng i ndi cat ed or  di r ect ed.   Fans must  be adj ust ed t o t he speed 
i ndi cat ed by t he manuf act ur er  t o meet  speci f i ed condi t i ons.   Test i ng,  
adj ust i ng,  and bal anci ng must  be as speci f i ed i n Sect i on 23 05 93 TESTI NG,  
ADJUSTI NG,  AND BALANCI NG OF HVAC SYSTEMS.

3. 4   TRAI NI NG

Conduct  a t r ai ni ng cour se f or  t he oper at i ng st af f  as desi gnat ed by t he 
Cont r act i ng Of f i cer .   The t r ai ni ng per i od must  consi st  of  a t ot al  8 hour s 
of  nor mal  wor ki ng t i me and st ar t  af t er  t he syst em i s f unct i onal l y 
compl et ed but  pr i or  t o f i nal  accept ance t est s.

a.   Submi t  a schedul e,  at  l east  2 weeks pr i or  t o t he dat e of  t he pr oposed 
t r ai ni ng cour se,  whi ch i dent i f i es t he dat e,  t i me,  and l ocat i on f or  t he 
t r ai ni ng.

b.   Submi t  t he f i el d post ed i nst r uct i ons,  at  l east  2 weeks pr i or  t o 
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const r uct i on compl et i on,  i ncl udi ng equi pment  l ayout ,  wi r i ng and 
cont r ol  di agr ams,  pi pi ng,  val ves and cont r ol  sequences,  and t yped 
condensed oper at i on i nst r uct i ons.   The condensed oper at i on 
i nst r uct i ons must  i ncl ude pr event at i ve mai nt enance pr ocedur es,  met hods 
of  checki ng t he syst em f or  nor mal  and saf e oper at i on,  and pr ocedur es 
f or  saf el y st ar t i ng and st oppi ng t he syst em.   The post ed i nst r uct i ons 
must  be f r amed under  gl ass or  l ami nat ed pl ast i c and be post ed wher e 
i ndi cat ed by t he Cont r act i ng Of f i cer .

c.   The post ed i nst r uct i ons must  cover  al l  of  t he i t ems cont ai ned i n t he 
appr oved oper at i on and mai nt enance manual s as wel l  as demonst r at i ons 
of  r out i ne mai nt enance oper at i ons.   Submi t  6 compl et e copi es of  an 
oper at i on manual  i n bound 8- 1/ 2 by 11 i nch bookl et s l i s t i ng 
st ep- by- st ep pr ocedur es r equi r ed f or  syst em st ar t up,  oper at i on,  
abnor mal  shut down,  emer gency shut down,  and nor mal  shut down at  l east  4 
weeks pr i or  t o t he f i r st  t r ai ni ng cour se.   The bookl et s must  i ncl ude 
t he manuf act ur er ' s name,  model  number ,  and par t s l i s t .   The manual s 
must  i ncl ude t he manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  
and a br i ef  descr i pt i on of  al l  equi pment  and t hei r  basi c oper at i ng 
f eat ur es.

d.   Submi t  6 compl et e copi es of  mai nt enance manual  i n bound 8- 1/ 2 by 11 
i nch bookl et s l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e 
br eakdowns and r epai r s,  and a t r oubl e shoot i ng gui de.   The manual s 
must  i ncl ude pi pi ng and equi pment  l ayout s and si mpl i f i ed wi r i ng and 
cont r ol  di agr ams of  t he syst em as i nst al l ed.

3. 5   REFRI GERANT TESTS,  CHARGI NG,  AND START- UP

Spl i t - syst em r ef r i ger ant  pi pi ng syst ems must  be t est ed and char ged as 
speci f i ed i n Sect i on 23 23 00 REFRI GERANT PI PI NG.   Packaged r ef r i ger ant  
syst ems whi ch ar e f act or y char ged must  be checked f or  r ef r i ger ant  and oi l  
capaci t y t o ver i f y pr oper  r ef r i ger ant  l evel s i n accor dance wi t h 
manuf act ur er ' s r ecommendat i ons.   Fol l owi ng char gi ng,  packaged syst ems must  
be t est ed f or  l eaks wi t h a hal i de t or ch or  an el ect r oni c l eak det ect or .   
Submi t  6 copi es of  each t est  cont ai ni ng t he i nf or mat i on descr i bed bel ow i n 
bound 8- 1/ 2 by 11 i nch bookl et s.   I ndi v i dual  r epor t s must  be submi t t ed f or  
t he r ef r i ger ant  syst em t est s.

a.   The dat e t he t est s wer e per f or med.
b.   A l i s t  of  equi pment  used,  wi t h cal i br at i on cer t i f i cat i ons.
c.   I ni t i al  t est  summar i es.
d.   Repai r s/ adj ust ment s per f or med.
e.   Fi nal  t est  r esul t s.

3. 5. 1   Ref r i ger ant  Leakage

I f  a r ef r i ger ant  l eak i s di scover ed af t er  t he syst em has been char ged,  t he 
l eaki ng por t i on of  t he syst em must  i mmedi at el y be i sol at ed f r om t he 
r emai nder  of  t he syst em and t he r ef r i ger ant  pumped i nt o t he syst em 
r ecei ver  or  ot her  sui t abl e cont ai ner .   Under  no ci r cumst ances must  t he 
r ef r i ger ant  be di schar ged i nt o t he at mospher e.

3. 5. 2   Cont r act or ' s Responsi bi l i t y

Take st eps,  at  al l  t i mes dur i ng t he i nst al l at i on and t est i ng of  t he 
r ef r i ger at i on syst em,  t o pr event  t he r el ease of  r ef r i ger ant s i nt o t he 
at mospher e.   The st eps must  i ncl ude,  but  not  be l i mi t ed t o,  pr ocedur es 
whi ch wi l l  mi ni mi ze t he r el ease of  r ef r i ger ant s t o t he at mospher e and t he 
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use of  r ef r i ger ant  r ecover y devi ces t o r emove r ef r i ger ant  f r om t he syst em 
and st or e t he r ef r i ger ant  f or  r euse or  r ecl ai m.   At  no t i me must  mor e t han 
3 ounces of  r ef r i ger ant  be r el eased t o t he at mospher e i n any one 
occur r ence.   Any syst em l eaks wi t hi n t he f i r st  year  must  be r epai r ed i n 
accor dance wi t h t he r equi r ement s her ei n at  no cost  t o t he Gover nment  
i ncl udi ng mat er i al ,  l abor ,  and r ef r i ger ant  i f  t he l eak i s t he r esul t  of  
def ect i ve equi pment ,  mat er i al ,  or  i nst al l at i on.

3. 6   SYSTEM PERFORMANCE TESTS

Bef or e each r ef r i ger at i on syst em i s accept ed,  conduct  t est s t o demonst r at e 
t he gener al  oper at i ng char act er i st i cs of  al l  equi pment  by a r egi st er ed 
pr of essi onal  engi neer  or  an appr oved manuf act ur er ' s st ar t - up 
r epr esent at i ve exper i enced i n syst em st ar t - up and t est i ng,  at  such t i mes 
as di r ect ed.   Si x copi es of  t he r epor t  pr ovi ded i n bound 8- 1/ 2 by 11 i nch 
bookl et s.   The r epor t  must  document  compl i ance wi t h t he speci f i ed 
per f or mance cr i t er i a upon compl et i on and t est i ng of  t he syst em.   The 
r epor t  must  i ndi cat e t he number  of  days cover ed by t he t est s and any 
concl usi ons as t o t he adequacy of  t he syst em.

For  equi pment  pr ovi di ng heat i ng and cool i ng t he syst em per f or mance t est s 
must  be per f or med dur i ng t he heat i ng and cool i ng seasons.

a.   Submi t  a schedul e,  at  l east  2 weeks pr i or  t o t he st ar t  of  r el at ed 
t est i ng,  f or  t he syst em per f or mance t est s.   The schedul es must  
i dent i f y t he pr oposed dat e,  t i me,  and l ocat i on f or  each t est .   Test s 
must  cover  a per i od of  not  l ess t han 48 hour s f or  each syst em and must  
demonst r at e t hat  t he ent i r e syst em i s f unct i oni ng i n accor dance wi t h 
t he dr awi ngs and speci f i cat i ons.

b.   Make cor r ect i ons and adj ust ment s,  as necessar y,  t est s must  be 
r e- conduct ed t o demonst r at e t hat  t he ent i r e syst em i s f unct i oni ng as 
speci f i ed.   Pr i or  t o accept ance,  i nst al l  and t i ght en ser vi ce val ve 
seal  caps and bl anks over  gauge poi nt s.   Repl ace any r ef r i ger ant  l ost  
dur i ng t he syst em st ar t up.

c.   I f  t est s do not  demonst r at e sat i sf act or y syst em per f or mance,  cor r ect  
def i c i enci es and r et est  t he syst em.   Conduct  t est s i n t he pr esence of  
t he Cont r act i ng Of f i cer .   Wat er  and el ect r i c i t y r equi r ed f or  t he t est s 
wi l l  be f ur ni shed by t he Gover nment .   Pr ovi de al l  mat er i al ,  equi pment ,  
i nst r ument s,  and per sonnel  r equi r ed f or  t he t est .

d.   Coor di nat e f i el d t est s wi t h Sect i on 23 05 93 TESTI NG,  ADJUSTI NG,  AND 
BALANCI NG OF HVAC SYSTEMS.   Submi t  6 copi es of  t he r epor t  pr ovi ded i n 
bound 8- 1/ 2 by 11 i nch bookl et s.   The r epor t  must  document  compl i ance 
wi t h t he speci f i ed per f or mance cr i t er i a upon compl et i on and t est i ng of  
t he syst em.   The r epor t  must  i ndi cat e t he number  of  days cover ed by 
t he t est s and any concl usi ons as t o t he adequacy of  t he syst em.   
Submi t  t he r epor t  i ncl udi ng t he f ol l owi ng i nf or mat i on ( wher e val ues 
ar e t aken at  l east  t hr ee di f f er ent  t i mes at  out s i de dr y- bul b 
t emper at ur es t hat  ar e at  l east  5 degr ees F apar t ) :

( 1)   Dat e and out si de weat her  condi t i ons.

( 2)   The l oad on t he syst em based on t he f ol l owi ng:

( a)   The r ef r i ger ant  used i n t he syst em.
( b)   Condensi ng t emper at ur e and pr essur e.
( c)   Suct i on t emper at ur e and pr essur e.
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( d)   Ambi ent ,  condensi ng and cool ant  t emper at ur es.
( e)   Runni ng cur r ent ,  vol t age and pr oper  phase sequence f or  each 
phase of  al l  mot or s.

( 3)   The act ual  on- si t e set t i ng of  oper at i ng and saf et y cont r ol s.

( 4)   Ther most at i c expansi on val ve super heat  -  val ue as det er mi ned by 
f i el d t est .

( 5)   Subcool i ng.

( 6)   Hi gh and l ow r ef r i ger ant  t emper at ur e swi t ch set - poi nt s

( 7)   Low oi l  pr essur e swi t ch set - poi nt .

( 8)   Def r ost  syst em t i mer  and t her most at  set - poi nt s.

( 9)   Moi st ur e cont ent .

( 10)   Capaci t y cont r ol  set - poi nt s.

( 11)   Fi el d dat a and adj ust ment s whi ch af f ect  uni t  per f or mance and 
ener gy consumpt i on.

( 12)   Fi el d adj ust ment s and set t i ngs whi ch wer e not  per manent l y mar ked 
as an i nt egr al  par t  of  a devi ce.

3. 7   MAI NTENANCE

3. 7. 1   EXTRA MATERI ALS

Submi t  spar e par t s dat a f or  each di f f er ent  i t em of  equi pment  speci f i ed,  
af t er  appr oval  of  det ai l  dr awi ngs and not  l at er  t han 2 mont hs pr i or  t o t he 
dat e of  benef i c i al  occupancy.   I ncl ude i n t he dat a a compl et e l i s t  of  
par t s and suppl i es,  wi t h cur r ent  uni t  pr i ces and sour ce of  suppl y,  a 
r ecommended spar e par t s l i s t  f or  1 year  of  oper at i on,  and a l i s t  of  t he 
par t s r ecommended by t he manuf act ur er  t o be r epl aced on a r out i ne basi s.

3. 7. 2   Mai nt enance Ser vi ce

Submi t  a cer t i f i ed l i s t  of  qual i f i ed per manent  ser vi ce or gani zat i ons,  
whi ch i ncl udes t hei r  addr esses and qual i f i cat i ons,  f or  suppor t  of  t he 
equi pment .   The ser vi ce or gani zat i ons must  be r easonabl y conveni ent  t o t he 
equi pment  i nst al l at i on and be abl e t o r ender  sat i sf act or y ser vi ce t o t he 
equi pment  on a r egul ar  and emer gency basi s dur i ng t he war r ant y per i od of  
t he cont r act .

        - -  End of  Sect i on - -
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SECTI ON 23 82 16. 00 40

AI R COI LS
08/ 22

PART 1   GENERAL

Sect i on 23 30 00 HVAC AI R DI STRI BUTI ON appl i es t o wor k speci f i ed i n t hi s 
sect i on.

1. 1   REFERENCES

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

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

AHRI  410 ( 2001;  Addendum 1 2002;  Addendum 2 2005;  
Addendum 3 2011)  For ced- Ci r cul at i on 
Ai r - Cool i ng and Ai r - Heat i ng Coi l s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM B43 ( 2020)  St andar d Speci f i cat i on f or  Seaml ess 
Red Br ass Pi pe,  St andar d Si zes

ASTM B88 ( 2022)  St andar d Speci f i cat i on f or  Seaml ess 
Copper  Wat er  Tube

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

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

Recor d of  Exi st i ng Condi t i ons

SD- 02 Shop Dr awi ngs

Fabr i cat i on Dr awi ngs;  G

Connect i on Di agr ams;  G

Cont r ol s Layout ;  G

I nt er nal  Tubi ng and Wi r i ng;  G
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I nst al l at i on Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

St eam Heat i ng;  G

Hot - Wat er  Heat i ng;  G

Chi l l ed- Wat er  Cool i ng;  G

Vol at i l e Ref r i ger ant  Cool i ng;  G

SD- 05 Desi gn Dat a

Desi gn Anal ysi s and Cal cul at i ons

SD- 06 Test  Repor t s

Fi nal  Test  Repor t s

SD- 07 Cer t i f i cat es

Cer t i f i cat es of  Conf or mance

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s

SD- 11 Cl oseout  Submi t t al s

Recor d Dr awi ngs

1. 3   QUALI TY CONTROL

Submi t  a r ecor d of  exi st i ng condi t i ons consi st i ng of  t he r esul t s of  a 
sur vey of  wor k ar ea condi t i ons and f eat ur es of  exi st i ng st r uct ur es and 
f aci l i t i es wi t hi n and adj acent  t o t he j obsi t e.

Pr ovi de coi l s t hat  bear  t he ARI  cer t i f i cat i on seal  i ndi cat i ng compl i ance 
wi t h AHRI  410.   Submi t  Cer t i f i cat es of  Conf or mance f or  f ol l owi ng i t ems 
showi ng conf or mance wi t h AHRI  410:

a.   Coi l

b.   Coi l  casi ngs

c.   Coi l  header s

d.   Coi l  t ubi ng

e.   Coi l  c i r cui t i ng

I ndi cat e t he gener al  physi cal  cont r ol s l ayout ,  and i nt er nal  t ubi ng and 
wi r i ng det ai l s on t he dr awi ngs.   Submi t  desi gn anal ysi s and cal cul at i ons 
f or  coi l s.
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PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Submi t  manuf act ur er ' s cat al og dat a f or  t he f ol l owi ng coi l  t ypes 
i ndi cat i ng,  when appl i cabl e,  coi l  pr essur e and t emper at ur e r at i ngs,  coi l  
casi ngs,  header s,  t ubi ng,  c i r cui t i ng,  and dr ai nabl e coi l s.

a.   St eam heat i ng

b.   Hot - wat er  heat i ng

c.   Chi l l ed- wat er  cool i ng

d.   Vol at i l e r ef r i ger ant  cool i ng

Submi t  f abr i cat i on dr awi ngs f or  coi l  uni t s consi st i ng of  f abr i cat i on and 
assembl y det ai l s t o be per f or med i n t he f act or y.   I ncl ude connect i on 
di agr ams i ndi cat i ng t he r el at i ons and connect i ons of  t he f ol l owi ng i t ems:

a.   Coi l

b.   Coi l  casi ngs

c.   Coi l  header s

d.   Coi l  t ubi ng

e.   Coi l  c i r cui t i ng

2. 1. 1   Coi l  Pr essur e and Temper at ur e Rat i ngs

Pr ovi de coi l s desi gned f or  t he f ol l owi ng f l ui d oper at i ng pr essur es and 
t emper at ur es:

Ser vi ce Pr essur e
( psi )

Temper at ur e
( Degr ees F)

St eam -  l ow pr essur e 25 267

St eam -  hi gh pr essur e 150 366

St eam -  super heat ed 350 500
Hot  wat er 200 250
Chi l l ed wat er 200 45

Vol at i l e r ef r i ger ant 200 300

Ai r - pr essur e t est  coi l s under  wat er  at  t he f ol l owi ng mi ni mum pr essur es:

Ser vi ce Pr essur e
( psi )

St eam 250

Hot  wat er 250

Chi l l ed wat er 250
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Ser vi ce Pr essur e
( psi )

Vol at i l e r ef r i ger ant 400

2. 2   COMPONENTS

2. 2. 1   Coi l  Casi ngs

Pr ovi de coi l  casi ngs t hat  ar e mi l l - gal vani zed,  16- gage,  mi ni mum.   Ensur e 
sheet  met al  has not  l ess t han 1. 25- ounces of  z i nc per  squar e f oot  of  
t wo- si ded met al  sur f ace conf or mi ng t o ASTM A653/ A653M.   Pr ovi de a casi ng 
f l anged on f our  s i des f or  bol t ed assembl y,  except  as ot her wi se speci f i ed.

Wher e coi l s ar e st acked,  pr ovi de a doubl e- bend const r uct i on casi ng.

Pr ovi de casi ngs wi t h end suppor t s and t op and bot t om channel s of  r i gi d 
const r uct i on t hat  pr ovi de al l owance f or  t her mal  expansi on and 
cont r act i on.   Coi l  suppor t s,  channel s and bl ank- of f  pl at es shal l  be t he 
same met al  as t he coi l  casi ng.

Pr ovi de duct - mount ed r eheat  coi l  casi ngs not  over  36- i nches i n l engt h,  
f abr i cat ed f r om a mi ni mum 20- gage gal vani zed st eel  conf or mi ng t o above 
speci f i ed r equi r ement s.   Pr ovi de casi ngs t hat  ar e f l anged or  sui t abl e f or  
dr i ve- sl i p assembl y.

Pr ovi de coi l  mount i ng wi t hi n t he housi ng t hat  i s ei t her  f i xed or  s l i de- out  
t ype,  except  as ot her wi se speci f i ed.   Pr ovi de sl i de- out  t ype coi l s f or  
cei l i ng- suspended package uni t s,  and f or  ot her  package uni t s whose 
capaci t y exceeds 15, 000 cubi c- f eet  per  mi nut e.

2. 2. 2   Coi l  Header s

Pr ovi de di r ect  expansi on,  vol at i l e r ef r i ger ant  coi l s wi t h necessar y 
cont r ol  connect i ons.

Fi t  st eam and wat er  coi l  header s wi t h 1/ 4- i nch i r on pi pe si ze( i ps)  
spr i ng- l oaded pl ug dr ai ns and vent  pet cocks.   Pr ovi de aut omat i c vent s 
wher e i ndi cat ed.

2. 2. 3   Coi l  Tubi ng

I nst al l  coi l s const r uct ed of  copper  t ubi ng wi t h al umi num or  copper  f i ns.   
Pr ovi de hel i cal  coi l  f i ns t hat  ar e wound t i ght  t o t he t ubes and 
sol der - coat ed.   Pr ovi de pl at e f i ns t hat  have spacer  col l ar s i n met al l i c  
cont act  wi t h t he adj acent  f i n.   Pl at e f i ns shal l  be cont i nuous.   Ensur e 
f i ns ar e mechani cal l y bonded t o t he t ube.   Ensur e bar e t ube sur f ace i s not  
v i s i bl e wi t hi n t he f i nned por t i on of  t he coi l .

Pr ovi de sol der - coat ed cool i ng coi l s of  hel i cal  wound copper  desi gn.

For  coi l  t ubes i n wat er  or  vol at i l e r ef r i ger ant  ser vi ce,  pr ovi de t ubes 
t hat  ar e par al l el .   Ensur e coi l  t ubes have suf f i c i ent  i nt er medi at e f ul l  
coi l  dept h suppor t s t o pr event  saggi ng of  unsuppor t ed span due t o:   
wor ki ng f l ui d pr essur es,  t emper at ur es,  and summer  and wi nt er  coi l - ambi ent  
condi t i ons.   Saggi ng i s unaccept abl e i f  t ube cent er l i ne i s di spl aced by 
mor e t han 3/ 16- i nch f r om cent er l i ne of  t ube connect i on at  out l et  header  
when coi l s ar e mor e t han t wo r ows deep and when i nst al l ed i n accor dance 
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wi t h t he manuf act ur er ' s i nst r uct i ons.   Make adequat e pr ovi s i on f or  
expansi on and cont r act i on t hat  pr ecl udes saggi ng and di st or t i on under  
t her mal  l oads appl i ed i n i ndi cat ed or  speci f i ed ser vi ce.   Sl ope t ubes t o 
be f r ee dr ai ni ng.

Pr ovi de maxi mum heat i ng- coi l  f ace t ube spaci ng of  3- i nches on cent er  f or  
1- i nch out si de- di amet er  ( od)  t ubes,  2- i nches f or  3/ 4- i nch od t ubes,  and 
1- 1/ 2- i nches f or  5/ 8- i nch od t ubes.

Pr ovi de coi l  f ace t ube spaci ng f or  cool i ng coi l s and f or  hel i cal l y wound 
heat i ng coi l s i mmedi at el y f ol l owed by wat er - cool i ng coi l s t hat  do not  
exceed  1- 1/ 2- i nches on cent er .

Ensur e t ubes ar e st r ai ght ,  wi t h t ur ns made t hr ough header s or  r et ur n 
U- bends,  wi t h br azed connect i ons and j oi nt s,  except  as ot her wi se speci f i ed.

Ensur e coi l  t ube mat er i al  i s  seaml ess deoxi di zed copper .

Ensur e coi l  t ube mat er i al  i s  seaml ess 90- 10 copper - ni ckel  wi t h 0. 035- i nch 
wal l  t hi ckness f or  super heat ed- st eam ser vi ce t o 350- pounds per  squar e i nch 
( psi )  at  500 degr ees F.

Pr ovi de r aw coi l  t ube st ock wal l  wi t h a mi ni mum t hi ckness of  0. 025- i nch.

Pr ovi de r aw coi l  t ube st ock wal l  wi t h a mi ni mum t hi ckness of  0. 035- i nch.

Wher e mechani cal  i nser t  devi ces ar e used t o i ncr ease l i qui d t ur bul ence 
wi t hi n t ubes,  i ncr ease t he wal l  t hi ckness of  t hese t ubes by 0. 010- i nch 
over  t he mi ni mum r aw coi l  t ube st ock speci f i ed f or  t he ser vi ce.

Pr ovi de mi ni mum t ube out si de di amet er  of  1/ 2- i nch.

2. 2. 4   Coi l  Ci r cui t i ng

Pr ovi de st andar d or  f ul l - c i r cui t ed wat er  coi l s t hat  have as many 
f ul l - l engt h t ubes i n each ci r cui t  as t he number  of  t ubes i n t he dept h of  
t he coi l  f ace.   

Pr ovi de count er f l ow t ype coi l s when mor e t han t wo r ows deep,  except  t hat  
i n t he case of  doubl e-  or  hal f - c i r cui t  coi l s,  r easonabl e devi at i on f r om 
count er f l ow ar r angement  i s per mi t t ed,  pr ovi ded t he pr essur e dr op and 
capaci t y r equi r ement s ar e met .

2. 2. 5   Dr ai nabl e Coi l s

Pr ovi de dr ai nabl e coi l s t hat  ar e capabl e of  bei ng pur ged f r ee of  wat er  
wi t h compr essed ai r .

Pr ovi de sel f - dr ai ni ng coi l s wi t h a dr ai n poi nt  at  t he end of  ever y t ube 
and sl oped t o t hat  poi nt .   Pr ovi de dr ai n pr ovi s i ons t hat  i ncl ude:   dr ai ned 
header s,  U- bends wi t h i nt egr al  pl ugs;  or  nonf er r ous pl ugs i n cast - i r on 
header s.   Pr ovi de t ubes t hat  dr ai n subst ant i al l y  dr y by gr avi t y al one when 
dr ai ns and vent s ar e open.

Wher e necessar y,  f i l l  t he coi l  wi t h wat er  t o t he end of  t he manuf act ur er ' s 
header  connect i ons and check dr ai nage vol ume agai nst  t he manuf act ur er ' s 
dat a.
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2. 2. 6   Coi l  Types

2. 2. 6. 1   Hot - Wat er  Heat i ng

Casi ngs shal l  be mi ni mum 16- gauge,  gal vani zed st eel .

Coi l  header s shal l  be Type L seaml ess copper  conf or mi ng t o ASTM B88,  wi t h 
t ubes br azed t o header .

Coi l  connect i ons shal l  be Schedul e 40 r ed br ass conf or mi ng t o ASTM B43,  
t hr eaded end f or  2- i nch and smal l er  and f l anged end f or  2- 1/ 2- i nch and 
l ar ger .

2. 2. 6. 2   Vol at i l e Ref r i ger ant  Cool i ng

For  Type DX,  pr ovi de count er f l ow t ype,  desi gned f or  use wi t h r ef r i ger ant  
speci f i ed,  wi t h equal  l engt h c i r cui t i ng ar r angement .   Pr ovi de t he number  
of  di st r i but or s t hat  sui t  i ndi cat ed r ef r i ger ant  and t hat  el i mi nat e 
t r appi ng of  r ef r i ger ant  and oi l .   Obt ai n coi l  capaci t y wi t h an expansi on 
val ve set  f or  not  l ess t han 8 degr ees F of  super heat .   Pr ovi de a 
r ef r i ger ant  di st r i but or  t hat  i s  f ur ni shed and i nst al l ed by t he coi l  
manuf act ur er .   Pr ovi de a t ube out si de di amet er  t hat  i s  ei t her  5/ 8- i nch or  
3/ 4- i nch.

Coi l s shal l  be const r uct ed of  1/ 2- i nch OD mi n.  seaml ess copper  t ubes wi t h 
al umi num f i ns and t est ed at  250 psi  pr i or  t o dehydr at i on af t er  whi ch t hey 
ar e t o be pur ged and seal ed wi t h i ner t  gas pr i or  t o shi pment .

Suct i on header  shal l  be const r uct ed of  ext r a heavy seaml ess copper  t ubi ng.

Di st r i but or s shal l  be l ow pr essur e dr op Vent ur i  t ype desi gn wi t h mal e 
sweat  connect i on t o di st r i but e r ef r i ger at i on equal l y t o mul t i pl e c i r cui t s.

Pr ovi de r ef r i ger ant  di st r i but or  t hat  i s  sui t abl e f or  t he t her most at i c 
expansi on val ve r ecommended by t he manuf act ur er  f or  t he ser vi ce and 
capaci t y speci f i ed or  i ndi cat ed.   Ensur e ar r angement  i s capabl e of  st abl e 
oper at i on down t o 40 per cent  or  l ess of  desi gn capaci t y.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  coi l s i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.

Submi t  i nst al l at i on dr awi ngs f or  coi l  syst ems.   I ndi cat e over al l  physi cal  
f eat ur es,  di mensi ons,  r at i ngs,  ser vi ce r equi r ement s,  equi pment  wei ght s and 
l ayout  and ar r angement  det ai l s of  equi pment  r oom on dr awi ngs.

Cl ean oi l  f i l m f r om coi l  f i ns wi t h hot  wat er / det er gent  as r ecommended by 
coi l  manuf act ur er .

Comb out  f i ns when bent  or  cr ushed bef or e encl osi ng coi l s i n housi ng.   
Cl ean dust  and debr i s f r om each coi l  t o ensur e i t s c l eanl i ness.

Pr ovi de of f set s i n pi pi ng and physi cal  space adj acent  t o t he i nst al l ed 
coi l  t o f aci l i t at e coi l  r emoval .

Pr ovi de f l exi bl e pi pi ng connect i ons and/ or  pi pi ng vi br at i on i sol at i on 
suppor t s wher e speci f i ed or  shown.

SECTI ON 23 82 16. 00 40  Page 6



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

Pr ovi de wher e i ndi cat ed cool i ng coi l s wi t h 1- 1/ 2- i nch deep wel ded 
st ai nl ess st eel  dr ai n pans.  Dr ai n pans shal l  be an i nt egr al  par t  of  t he 
coi l  suppor t .  Pr ovi de condensat e dr ai n pi pi ng wi t h dr ai n t r aps t o t he 
i ndi cat ed dr ai n l ocat i on.

3. 2   FI ELD QUALI TY CONTROL

For  dr ai nabl e coi l s:

a.   Fi el d check coi l  pi t ch and l evel i ng f or  dr ai nabi l i t y  i n t he 
pr esence of  t he Cont r act i ng Of f i cer .

b.   Per f or m pr essur e t est s and dehydr at e coi l s.

c.   Per f or m vacuum t est s,  pur ge wi t h i ner t  gas,  and seal  coi l s.

Pr ovi de f i nal  t est  r epor t s t o t he Cont r act i ng Of f i cer .   Pr ovi de r epor t s 
wi t h a cover  l et t er / sheet  c l ear l y mar ked wi t h t he Syst em name,  Dat e,  and 
t he wor ds " Fi nal  Test  Repor t s -  For war d t o t he Syst ems Engi neer / Condi t i on 
Moni t or i ng Of f i ce/ Pr edi ct i ve Test i ng Gr oup f or  i ncl usi on i n t he 
Mai nt enance Dat abase. "

3. 3   CLOSEOUT ACTI VI TI ES

3. 3. 1   Oper at i on and Mai nt enance

Submi t  6 copi es of  t he oper at i on and mai nt enance manual s 30 cal endar  days 
pr i or  t o t est i ng t he coi l  syst ems.   Updat e and r esubmi t  dat a f or  f i nal  
appr oval  no l at er  t han 30 cal endar  days pr i or  t o cont r act  compl et i on.

3. 3. 2   Recor d Dr awi ngs

Submi t  r ecor d dr awi ngs f or  coi l  syst ems pr ovi di ng cur r ent  f act ual  
i nf or mat i on i ncl udi ng devi at i ons f r om,  and amendment s t o,  t he dr awi ngs and 
conceal ed and vi s i bl e changes i n t he wor k.

        - -  End of  Sect i on - -
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SECTI ON 25 05 11. 01

CYBERSECURI TY FOR LOW I MPACT HVAC CONTROL SYSTEMS
05/ 21,  CHG 1:  08/ 23

PART 1   GENERAL

Many subpar t s i n t hi s Sect i on cont ai n t ext  i n cur l y br aces ( " { "  and " } " )  
i ndi cat i ng whi ch cyber secur i t y cont r ol  and cont r ol  cor r el at i on i dent i f i er  
( CCI )  t he r equi r ement s of  t he subpar t  r el at e t o.   The t ext  i nsi de t hese 
cur l y br aces i s f or  Gover nment  r ef er ence onl y and enabl es coor di nat i on of  
t he r equi r ement s of  t hi s Sect i on wi t h t he RMF pr ocess t hr oughout  t he 
desi gn and const r uct i on pr ocess.   Text  i n cur l y br aces ar e not  cont r act or  
r equi r ement s.

Thi s Sect i on r ef er s t o Secur i t y Requi r ement s Gui de ( SRGs)  and Secur i t y 
Techni cal  I mpl ement at i on Gui de ( STI Gs) .   STI Gs and SRGs ar e avai l abl e 
onl i ne at  t he I nf or mat i on Assur ance Suppor t  Envi r onment  ( I ASE)  websi t e at   
ht t ps: / / publ i c. cyber . mi l / st i gs/ downl oads/  and an SRG/ STI G Appl i cabi l i t y  
Gui de and Col l ect i on Tool  i s  avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ .  Not  al l  cont r ol  syst em component s 
have appl i cabl e STI Gs or  SRGs.   The " Cont r ol  Syst ems SRG"  does not  appl y 
t o wor k per f or med under  t hi s Sect i on;  al l  r equi r ement s wi t hi n t hi s sect i on 
t o appl y appl i cabl e SRGs DO NOT i ncl ude t he " Cont r ol  Syst ems SRG" .

1. 1   CONTROL SYSTEM APPLI CABI LI TY

Ther e ar e mul t i pl e ver si ons of  t hi s Sect i on associ at ed wi t h t hi s pr oj ect .   
Di f f er ent  ver si ons have r equi r ement s appl i cabl e t o di f f er ent  cont r ol  
syst ems.   Thi s speci f i c  Sect i on appl i es onl y t o t he f ol l owi ng cont r ol  
syst ems:  Low I mpact  HVAC Cont r ol  Syst em.

1. 2   RELATED REQUI REMENTS

Thi s sect i on does not  cont ai n suf f i c i ent  r equi r ement s t o pr ocur e a cont r ol  
syst em and must  be used i n conj unct i on wi t h ot her  Sect i ons whi ch speci f y 
cont r ol  syst ems.   Thi s Sect i on adds cyber secur i t y r equi r ement s t o t he 
cont r ol  syst ems speci f i ed i n ot her  Sect i ons,  and as t hese r equi r ement s ar e 
condi t i oned on t he cont r ol  syst em bei ng pr ovi ded,  t her e may be 
r equi r ement s i n t hi s Sect i on t hat  wi l l  not  appl y t o t hi s pr oj ect .   Al l  
Sect i ons cont ai ni ng f aci l i t y- r el at ed cont r ol  syst ems or  cont r ol  syst em 
component s ar e r el at ed t o t he r equi r ement s of  t hi s Sect i on.   Revi ew al l  
speci f i cat i on sect i ons t o det er mi ne r el at ed r equi r ement s.

I n cases wher e a r equi r ement  i s speci f i ed i n bot h t hi s Sect i on and i n 
anot her  Sect i on,  t he mor e st r i ngent  r equi r ement  must  be met .   I n cases 
wher e a r equi r ement  i n t hi s Sect i on conf l i c t s wi t h t he r equi r ement s of  
anot her  Sect i on such t hat  bot h r equi r ement s cannot  be met  at  t he same 
t i me,  r equest  di r ect i on f r om t he Cont r act i ng Of f i cer  Repr esent at i ve t o 
det er mi ne whi ch r equi r ement  appl i es t o t he pr oj ect .
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1. 3   REFERENCES

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

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
2021;  Addenda CD 2021;  Addenda BV- CE 2022;  
I nt er pr et at i on 9- 12 2022;  I nt er pr et at i on 
13- 24 2023;  Addenda BV- CF 2023;  Er r at a 3 
2023)  BACnet —A Dat a Communi cat i on Pr ot ocol  
f or  Bui l di ng Aut omat i on and Cont r ol  
Net wor ks

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 1x ( 2010)  Local  and Met r opol i t an Ar ea 
Net wor ks -  Por t  Based Net wor k Access 
Cont r ol

I NTERNET ENGI NEERI NG TASK FORCE ( I ETF)

I ETF RFC 2819 ( 2000)  Remot e Net wor k Moni t or i ng ( RMON)  
Management  I nf or mat i on Base ( MI B)

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST FI PS 140- 2 ( 2001)  Secur i t y Requi r ement s f or  
Cr ypt ogr aphi c Modul es

NI ST FI PS 201- 2 ( 2013)  Per sonal  I dent i t y Ver i f i cat i on 
( PI V)  of  Feder al  Empl oyees and Cont r act or s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DODI  8551. 01 ( 2014)  Por t s,  Pr ot ocol s,   and Ser vi ces 
Management  ( PPSM)

DTM 08- 060 ( 2008)  Pol i cy on Use of  Depar t ment  of  
Def ense ( DoD)  I nf or mat i on Syst ems -  
St andar d Consent  Banner  and User  Agr eement

1. 4   DEFI NI TI ONS

1. 4. 1   Admi ni st r at or  Account

An admi ni st r at or  account  i s an account  wi t h f ul l  per mi ssi ons t o a devi ce,  
appl i cat i on,  or  oper at i ng syst em,  i ncl udi ng t he abi l i t y  t o cr eat e and 
modi f y ot her  user  account s.

Not e t hat  t he oper at i ng syst em Admi ni st r at or  Account  may be di f f er ent  t han 
Admi ni st r at or  Account s f or  appl i cat i ons host ed on t hat  oper at i ng syst em.   
Al so,  most  cont r ol l er s wi l l  not  have any suppor t  f or  account s and wi l l  
t her ef or e not  have an ' Admi ni st r at or  Account ' .
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1. 4. 2   Comput er

A comput er  i s one of  t he f ol l owi ng:

a.   a devi ce r unni ng a non- embedded deskt op or  ser ver  ver si on of  Mi cr osof t  
Wi ndows

b.   a devi ce r unni ng a non- embedded ver si on of  MacOS

c.   a devi ce r unni ng a non- embedded ver si on of  Li nux

d.   a devi ce r unni ng a ver si on or  der i vat i ve of  t he Andr oi d Oper at i ng 
Syst em,  wher e Andr oi d i s consi der ed separ at e f r om Li nux

e.   a devi ce r unni ng a ver si on of  Appl e i OS

Unl ess ot her wi se i ndi cat ed or  c l ear  f r om cont ext  use of  t he wor d " devi ce"  
i n t hi s Sect i on i ncl udes comput er s.

1. 4. 3   Cont r ol l er

A devi ce ot her  t han a comput er  or  Et her net  swi t ch.   

1. 4. 4   Mi ssi on Space

A devi ce or  medi a i s i n mi ssi on space i f  physi cal  access t o t he devi ce or  
medi a i s cont r ol l ed by t he or gani zat i on ser ved by t he devi ce.   For  
exampl e,  a VAV box cont r ol l er  i n a suspended cei l i ng i s i n mi ssi on space 
i f  t he VAV box ser ves t hat  r oom;  an el ect r i cal  swi t chgear  i n an el ect r i cal  
r oom or  an AHU i n a mechani cal  r oom or  on a r oof t op may st i l l  be 
consi der ed t o be i n mi ssi on space i f  t he or gani zat i on ( mi ssi on)  ser ved by 
t hat  swi t chgear  or  AHU cont r ol s access t o t he el ect r i cal  r oom,  mechani cal  
r oom or  r oof t op.

1. 4. 5   Net wor k

A net wor k i s a gr oup of  t wo or  mor e devi ces t hat  can communi cat e usi ng a 
net wor k pr ot ocol .   Net wor k pr ot ocol s must  pr ovi de a met hod f or  addr essi ng 
devi ces on t he net wor k;  a communi cat i on met hod t hat  does not  pr ovi de an 
addr essi ng scheme i s not  a net wor ked f or m of  communi cat i on.   Devi ces t hat  
communi cat e usi ng a met hod of  communi cat i on t hat  does not  suppor t  devi ce 
addr essi ng ar e not  usi ng a net wor k.

1. 4. 6   Net wor k Connect ed

A component  i s net wor k connect ed ( or  " connect ed t o a net wor k" )  onl y when 
t he devi ce has a net wor k t r anscei ver  whi ch i s di r ect l y connect ed t o t he 
net wor k and i mpl ement s t he net wor k pr ot ocol .   A devi ce l acki ng a net wor k 
t r anscei ver  ( and accompanyi ng pr ot ocol  i mpl ement at i on)  can never  be 
consi der ed net wor k connect ed.   Not e t hat  ( unl i ke many I T def i ni t i ons of  
" Net wor k Connect ed" )  a devi ce connect ed t o a non- I P net wor k i s st i l l  
consi der ed net wor k connect ed ( an I P connect i on or  I P addr ess i s not  
r equi r ed f or  a devi ce t o be net wor k connect ed) .
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1. 4. 6. 1   Wi r el ess Net wor k Connect ed

Any devi ce t hat  suppor t s wi r el ess net wor k communi cat i on i s net wor k 
connect ed t o a wi r el ess net wor k,  r egar dl ess of  whet her  t he devi ce i s 
communi cat i ng usi ng wi r el ess.   Unl ess physi cal l y di sabl ed,  devi ces wi t h 
wi r el ess t r anscei ver s suppor t  wi r el ess,  i t  i s  not  suf f i c i ent  t o di sabl e 
t he wi r el ess i n sof t war e.

1. 4. 7   Net wor k Medi a

 The t hi ng t hat  pr ovi des t he communi cat i on channel  bet ween t he devi ces on 
a net wor k.   Typi cal l y wi r e,  but  mi ght  i ncl ude wi r el ess,  f i ber  opt i c,  or  
even power  l i ne ( some net wor k pr ot ocol s al l ow sendi ng net wor k s i gnal s over  
power  wi r i ng) .

1. 4. 8   User  Account  Suppor t  Level s

The suppor t  f or  user  account s i s cat egor i zed i n t hi s Sect i on as one of  
t hr ee l evel s:   

1. 4. 8. 1   FULLY Suppor t ed

Devi ce suppor t s conf i gur abl e i ndi v i dual  account s.   Account s can be 
cr eat ed,  del et ed,  modi f i ed,  et c.   Pr i v i l eges can be assi gned t o account s.   
These devi ces suppor t  user - based ( as opposed t o r ol e- based)  aut hent i cat i on.

1. 4. 8. 2   MI NI MALLY Suppor t ed

Devi ce suppor t s a smal l ,  f i xed number  of  account s ( per haps onl y one) .   
Account s cannot  be modi f i ed.   A devi ce wi t h onl y a " User "  and an 
" Admi ni st r at or "  account  woul d f i t  t hi s cat egor y.   Si mi l ar l y,  a devi ce wi t h 
t wo PI Ns f or  l ogon -  one f or  r est r i ct ed and one f or  unr est r i ct ed r i ght s 
woul d f i t  her e ( i n ot her  wor ds,  t he account s do not  have t o be t he 
t r adi t i onal  " user name and passwor d"  st r uct ur e) .   These devi ces t ypi cal l y 
onl y suppor t  r ol e- based aut hent i cat i on.

Exampl es of  devi ces whi ch MI NI MALLY suppor t  account s ar e a)  a var i abl e 
f r equency dr i ve wi t h a s i ngl e account  whi ch r equi r es a PI N f or  access t o 
conf i gur at i on;  and b)  a r oom l i ght i ng cont r ol  t ouchpad i nt er f ace t hat  has 
a s i ngl e account .

1. 4. 8. 3   NOT Suppor t ed

Devi ce does not  suppor t  any Access Enf or cement  t her ef or e t he whol e concept  
of  " account "  i s  meani ngl ess.

1. 4. 9   Manual  Local  I nput

Manual  Local  I nput s ar e syst em anal og or  bi nar y i nput s t hat  ar e adj ust abl e 
by a per son but  ar e,  by i nt r i nsi c har dwar e desi gn,  ver y l i mi t ed i n 
pot ent i al  capabi l i t i es.   Manual  Local  I nput s do not  have t ouch scr eens or  
f ul l  keyboar ds,  but  may have a f ew but t ons or  di al s t o al l ow i nput .   
Manual  Local  I nput s do not  have f ul l  gr aphi c scr eens or  dot - mat r i x 
di spl ays,  but  may have si mpl e l i ght s ( LEDs)  or  7- segment  di spl ays.   Manual  
Local  I nput s do not  have any sor t  of  menu st r uct ur e,  each but t on has a 
s i ngl e wel l - def i ned f unct i on.  

Exampl es of  Manual  Local  I nput s ar e H- O- A swi t ches,  s i mpl e t her most at s,  
and di sconnect  swi t ches.
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1. 4. 10   Car d Reader

A car d r eader  i s an i nput / out put  devi ce whose pr i mar y f unct i on i s t o 
assi st  i n t wo- f act or  aut hent i cat i on.   A car d r eader  must  have an i nt er f ace 
t o r ead dat a f r om a car d and may be abl e t o wr i t e dat a t o a car d.   A car d 
r eader  may have a means ( such as but t ons,  keypad,  t ouchscr een,  et c. )  f or  a 
user  t o i nput  a PI N or  passwor d,  as wel l  as a l i mi t ed di spl ay.   

1. 4. 11   User  I nt er f ace

A User  I nt er f ace ( UI )  i s  somet hi ng ot her  t han a Manual  Local  I nput  or  Car d 
Reader  t hat  al l ows a per son t o i nt er act  wi t h t he syst em or  devi ce.   Not e 
t hat  whi l e a Car d Reader  i s not  by i t sel f  a User  I nt er f ace,  a User  
I nt er f ace may cont ai n a Car d Reader  i n or der  f or  i t  t o aut hent i cat e i t s 
user .   Wi t hi n cont r ol  syst ems,  t her e ar e a wi de r ange of  User  I nt er f aces.  

Two i mpor t ant  di st i nct i ons ar e 1)  whet her  t he user  i nt er f ace i s Local  or  
Remot e,  and 2)  t he ef f ect i ve capabi l i t i es of  t he User  I nt er f ace t o al t er  
dat a,  whi ch i s t he " pr i v i l ege"  of  t he user  i nt er f ace ( wher e ef f ect i ve 
pr i v i l ege avai l abl e t o a speci f i c  user  at  a speci f i c  user  i nt er f ace i s t he 
combi nat i on of  t he gr eat est  pr i v i l ege of f er ed by t he user  i nt er f ace and 
t he speci f i c  account  t he user  i s l ogged i nt o) .

1. 4. 11. 1   Local  User  I nt er f ace

A Local  User  I nt er f ace i s a user  i nt er f ace wher e t he physi cal  har dwar e t he 
user  i nt er act s wi t h ( keyboar d,  but t ons,  di spl ay,  et c. )  i s  physi cal l y par t  
of  t he devi ce bei ng af f ect ed.   Al l  of  t he r el evant  char act er i st i cs of  t he 
user  i nt er f ace ar e embodi ed wi t hi n a s i ngl e devi ce.

Not e t hat  a Local  UI  may be abl e t o access dat a i n a di f f er ent  devi ce,  
Local  ver sus Remot e i n t hi s cont ext  r ef er s t o t he user  i nt er f ace i t sel f ;  
t he capabi l i t y  t o access dat a i n a di f f er ent  devi ce i s cover ed under  " Ful l  
User  I nt er f ace" .

1. 4. 11. 2   Remot e User  I nt er f ace

A Remot e User  I nt er f ace i mpl ement s a Cl i ent / Ser ver  model  wher e t he 
physi cal  har dwar e t he user  i nt er act s wi t h ( Cl i ent )  i s  physi cal l y di st i nct  
f r om t he devi ce bei ng af f ect ed ( Ser ver ) .   Most  or  al l  of  t he secur i t y and 
f unct i onal i t y char act er i st i cs of  t he user  i nt er f ace ar e def i ned by t he 
Ser ver ,  not  t he Cl i ent .   The Cl i ent  and Ser ver  communi cat e v i a a net wor k 
connect i on.   A common exampl e of  a r emot e user  i nt er f ace i s a web- based 
i nt er f ace wher e t he br owser  ( c l i ent )  i s  gener al l y on di f f er ent  har dwar e 
t han t he web ser ver  ( ser ver ) .   A Remot e UI  r emai ns a Remot e UI  even i f  t he 
user  happens t o be at  a Cl i ent  on t he same har dwar e as t he Ser ver .   What  
i s i mpor t ant  i s t hat  a)  t he Cl i ent  may be on di f f er ent  har dwar e t han t he 
Ser ver  and b)  t he maj or i t y of  t he secur i t y and f unct i onal  char act er i st i cs 
of  t he i nt er f ace ar e def i ned at  t he Ser ver .

Not e t hat  t hi s def i ni t i on of  " r emot e"  i s consi st ent  wi t h t hat  gener al l y 
used i n t he cont r ol  i ndust r y but  i s not  al i gned wi t h t he NI ST 800- 53 
def i ni t i on of  " Remot e" ,  whi ch r ef er s t o " out si de t he syst em" .   The t er m 
" Remot e"  her e bet t er  al i gns wi t h t he NI ST 800- 53 def i ni t i on of  " Net wor k"  
( r emot e f r om wi t hi n t he syst em)  Access.  
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1. 4. 11. 3   Types of  User  I nt er f ace ( by capabi l i t y)

User  i nt er f aces ar e al so cat egor i zed by t hei r  capabi l i t i es as bei ng Read 
Onl y,  Li mi t ed,  or  Ful l .

1. 4. 11. 3. 1   Read- Onl y User  I nt er f ace

A Read Onl y User  I nt er f ace ( al so r ef er r ed t o as a Vi ew- Onl y User  
I nt er f ace)  i s a user  i nt er f ace t hat  onl y al l ows f or  r eadi ng dat a,  i t  does 
not  al l ow ( have t he capabi l i t y  t o)  modi f y dat a.   A Read Onl y User  
I nt er f ace may be ei t her  Local  or  Remot e.  A User  I nt er f ace t hat  i s 
conf i gur ed t o be Read Onl y ( by some ot her  means t han t he i nt er f ace i t sel f ,  
such as usi ng conf i gur at i on sof t war e on a l apt op)  i s a Read- Onl y 
I nt er f ace.  Not e a Read Onl y User  I nt er f ace may have but t ons ( or  t ouch 
scr een,  et c. )  al l owi ng t he user  t o navi gat e t hr ough t he pr esent at i on of  
dat a.

Exampl es of  a Read Onl y User  I nt er f aces ar e a)  a publ i c l y v i ewabl e " ener gy 
dashboar d"  showi ng weat her  dat a and ener gy usage wi t hi n a bui l di ng and b)  
di gi t al  wayf i ndi ng si gnage.

1. 4. 11. 3. 2   Li mi t ed User  I nt er f ace

A Li mi t ed User  I nt er f ace i s a user  i nt er f ace t hat  -  by desi gn -  can onl y 
al t er  i nf or mat i on l ocal  t o t he user  i nt er f ace.  Not e t hat  t he det er mi nat i on 
of  " al t er "  i ncl udes onl y di r ect  i nt er act i ons,  i t  expl i c i t l y  excl udes 
i nt er act i ons t hat  mi ght  occur  as secondar y ef f ect s.   For  exampl e,  an 
i nt er f ace changi ng t he f l ow set poi nt  i n a pump cont r ol l er  i s  a di r ect  
i nt er act i on,  t he subsequent  change i n f l ow ( as wel l  as any subsequent  
downst r eam changes i n val ve posi t i on)  ar e not  di r ect  i nt er act i ons.

Two exampl es of  LI MI TED UI s ar e:    a)  a var i abl e speed dr i ve has a Li mi t ed 
Local  User  I nt er f ace whi ch al l ows t he user  t o change pr oper t i es wi t hi n t he 
dr i ve,  but  does not  al l ow af f ect i ng t hi ngs out si de t he dr i ve;  and b)  a 
t ypi cal  home Wi Fi  Rout er  has a Li mi t ed Remot e User  I nt er f ace whi ch al l ows 
conf i gur at i on of  t he Rout er ,  but  does not  al l ow di r ect  i nt er act i on wi t h 
ot her  devi ces.

1. 4. 11. 3. 3   Ful l  User  I nt er f ace

A Ful l  User  I nt er f ace can al t er  i nf or mat i on i n devi ces out si de t he devi ce 
wi t h t he user  i nt er f ace.   For  exampl e,  a t ypi cal  Local  Di spl ay Panel  i s  a 
Ful l  Local  User  I nt er f ace whi l e a br owser - based f r ont  end i s a Ful l  Remot e 
User  I nt er f ace.

1. 4. 11. 3. 4   Vi ew- Onl y User  I nt er f ace

See Read- Onl y User  I nt er f ace

1. 4. 11. 4   Ot her  User  I nt er f ace Ter mi nol ogy

I n addi t i on t o def i ni ng whet her  a user  i nt er f ace i s a Har dwar e Li mi t ed,  
Read- Onl y,  Li mi t ed or  Ful l ,  and whet her  i t  i s  Local  or  Remot e,  user  
i nt er f aces ar e c l assi f i ed by whet her  t hey ar e wr i t abl e or  pr i v i l eged.

1. 4. 11. 4. 1   Wr i t abl e User  I nt er f ace

Any User  I nt er f ace t hat  i s not  Read- Onl y i s Wr i t abl e.  ( Li mi t ed User  
I nt er f aces and Ful l  User  I nt er f aces ar e bot h wr i t abl e user  i nt er f aces ( as 
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t hey ar e capabl e of  changi ng a val ue) ) .

1. 4. 11. 4. 2   Pr i v i l eged User  I nt er f ace

A Pr i v i l eged UI  i s a UI  t hat  has suf f i c i ent  capabi l i t i es or  f unct i onal i t y 
t hat  i t  r equi r es speci f i c  cyber secur i t y measur es t o be put  i n pl ace t o 
l i mi t  i t s  unaut hor i zed use.   Ul t i mat el y,  whet her  a speci f i c  user  i nt er f ace 
i s consi der ed a Pr i v i l eged User  I nt er f ace must  be det er mi ned by usage.   
Unl ess ot her wi se speci f i ed,  user  i nt er f aces can be det er mi ned t o be 
pr i v i l eged or  not  usi ng t he f ol l owi ng:

a.   Read- Onl y User  I nt er f aces ar e not  pr i v i l eged user  i nt er f aces.  

b.   Ful l  User  I nt er f aces ar e pr i v i l eged user  i nt er f aces.

c.   User  i nt er f aces t hat  al l ow f or  conf i gur at i on of  audi t i ng or  al l ows f or  
modi f i cat i on or  del et i on of  audi t  l ogs ar e pr i v i l eged user  i nt er f ace.

d.   User  i nt er f aces t hat  al l ow f or  r epr ogr ammi ng a net wor k connect ed 
devi ce i s a pr i v i l eged user  i nt er f ace.

e.   Except  as speci f i ed above,  a Li mi t ed User  I nt er f ace must  be det er mi ned 
t o be pr i v i l eged or  not  based on t he speci f i c  capabi l i t i es and use 
case of  t he user  i nt er f ace.   I n gener al  however ,  user  i nt er f aces t hat  
do not  of f er  s i gni f i cant  capabi l i t i es above and beyond t hose avai l abl e 
at  t hat  l ocat i on v i a ot her  means ( e. g.  such as a di sconnect  swi t ch,  
br eaker ,  or  hand- of f - aut o swi t ch,  or  physi cal  at t ack)  ar e not  
pr i v i l eged.

1. 4. 12   Wi r el ess Net wor k

Any net wor k t hat  communi cat es wi t hout  usi ng wi r es or  f i ber  opt i cs as t he 
communi cat i on medi a.  Wi r el ess net wor ks i ncl ude:  Wi Fi ,  Bl uet oot h,  Zi gBee,  
cel l ul ar ,  sat el l i t e,  900 MHz r adi o,  2. 4 GHz,  f r ee space opt i cal ,  
poi nt - t o- poi nt  l aser ,  and I R.   

1. 4. 13   Wi r ed Br oadcast  Net wor k

Wi r ed Br oadcast  Net wor ks ar e any net wor k,  such as power l i ne car r i er  
net wor ks and modem ( wi r ed t el ephony) ,  t hat  use wi r e- based t echnol ogi es 
wher e t her e i s not  a c l ear l y def i ned boundar y f or  s i gnal  pr opagat i on.  

1. 5   ADMI NI STRATI VE REQUI REMENTS

1. 5. 1   Poi nt s of  Cont act

Coor di nat e wi t h t he f ol l owi ng Poi nt s of  Cont act  as i ndi cat ed i n t hi s 
Sect i on and as r equi r ed.   Not  al l  pr oj ect s wi l l  r equi r e coor di nat i on wi t h 
al l  Poi nt s of  Cont act .   When coor di nat i on i s r equi r ed and no Poi nt  of  
Cont act  i s  i ndi cat ed,  coor di nat e wi t h The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR) .

a.   Gover nment  Comput er  Access Poi nt  of  Cont act :  The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)

b.   HTTPS Cer t i f i cat e Poi nt  of  Cont act :   The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)
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c.   Emai l  Addr ess Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve 
( COR)

d.   Passwor d Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve ( COR)

e.   Mobi l e Code Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve 
( COR)

f .   PKI  I nf r ast r uct ur e Poi nt  of  Cont act :    The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)

1. 5. 2   Coor di nat i on

Coor di nat e t he execut i on of  t hi s Sect i on wi t h t he execut i on of  al l  ot her  
Sect i ons r el at ed t o cont r ol  syst ems as i ndi cat ed i n t he par agr aph RELATED 
REQUI REMENTS.   I t ems t hat  must  be consi der ed when coor di nat i ng pr oj ect  
ef f or t s i ncl ude but  ar e not  l i mi t ed t o:  

a.   I f  r equest i ng per mi ssi on f or  wi r el ess or  wi r ed br oadcast  
communi cat i on,  t he Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request  
submi t t al  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on 
and i nst al l at i on.

b.   I f  r equest i ng per mi ssi on f or  al t er nat e account  l ock per mi ssi ons,  t he 
Devi ce Account  Lock Except i on Request  must  be appr oved pr i or  t o 
cont r ol  syst em devi ce sel ect i on and i nst al l at i on.

c.   I f  r equest i ng per mi ssi on f or  t he use of  a devi ce wi t h mul t i pl e 
physi cal  connect i ons t o I P net wor ks,  t he Mul t i pl e I P Connect i on Devi ce 
Request  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on and 
i nst al l at i on.

d.   Wi r el ess t est i ng may be r equi r ed as par t  of  t he cont r ol  syst em 
t est i ng.   See r equi r ement s f or  t he Wi r el ess Communi cat i on Test  Repor t  
submi t t al .

e.   I f  t he Devi ce Audi t  Recor d Upl oad Sof t war e i s t o be i nst al l ed on a 
comput er  not  bei ng pr ovi ded as par t  of  t he cont r ol  syst em,  
coor di nat i on i s r equi r ed t o i dent i f y t he comput er  on whi ch t o i nst al l  
t he sof t war e.

f .   The Cyber secur i t y I nt er connect i on Schedul e must  be coor di nat ed wi t h 
ot her  wor k t hat  wi l l  be i nt er connect ed t o,  and i nt er connect i ons must  
be appr oved by t he Gover nment  bef or e r el y i ng on t hem f or  syst em 
f unct i onal i t y.

g.   Cyber secur i t y t est i ng suppor t  must  be coor di nat ed acr oss cont r ol  
syst ems and wi t h t he Gover nment  cyber secur i t y t est i ng schedul e.

h.   Passwor ds must  be coor di nat ed wi t h t he i ndi cat ed cont act  f or  t he 
pr oj ect  s i t e.

i .   I f  appl i cabl e,  HTTPS web ser ver  cer t i f i cat es must  be obt ai ned f r om t he 
i ndi cat ed HTTPS Cer t i f i cat e Poi nt  of  Cont act .

j .   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s must  be 
pr ovi ded f or  each cont r act or  usi ng cont r act or  owned comput er s.
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1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

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

Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request ;  GDevi ce 
Account  Lock Except i on Request ;  G

Mul t i pl e Et her net  Connect i on Devi ce Request ;  G

Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s;  G

Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s;  G

Cyber secur i t y I nt er connect i on Schedul e;  G
Pr oposed STI G and SRG Appl i cabi l i t y  Repor t ;  G

SD- 02 Shop Dr awi ngs

Net wor k Communi cat i on Repor t ;  G

Cyber secur i t y Ri ser  Di agr am;  G

SD- 03 Pr oduct  Dat a

Cont r ol  Syst em Cyber secur i t y Document at i on;  G

SD- 06 Test  Repor t s

Wi r el ess Communi cat i on Test  Repor t ;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Repor t ;  G

SD- 07 Cer t i f i cat es

Sof t war e Li censes;  G

SD- 11 Cl oseout  Submi t t al s

Passwor d Change Summar y Repor t ;  G

Encl osur e Keys;  G

Sof t war e and Conf i gur at i on Backups;  G

Audi t i ng Fr ont  End Sof t war e;  G

Devi ce Audi t  Recor d Upl oad Sof t war e;  G

Syst em Mai nt enance Tool  Sof t war e;  G
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Cont r ol  Syst em Scanni ng Tool s;  G

STI G,  SRG and Vendor  Gui de Compl i ance Resul t  Repor t ;  G

Cont r ol  Syst em I nvent or y Repor t ;  G

1. 7   QUALI TY CONTROL

1. 7. 1   Cyber secur i t y Subj ect  Mat t er  Exper t  Qual i f i cat i ons

For  t he Low I mpact  HVAC cont r ol  syst em:   For  t he posi t i on l i s t ed bel ow 
r esumes shoul d be submi t t ed t o t he Gover nment  wi t hi n 14 days af t er  not i ce 
t o pr oceed.   Al l  cer t i f i cat i ons must  be i n ef f ect  pr i or  t o bei ng hi r ed.

These posi t i ons may ser ve acr oss t he cont r act  and pr ovi de on- si t e suppor t  
as r equi r ed. .

1. 7. 1. 1   Cyber secur i t y Subj ect  Mat t er  Exper t

The i ndi v i dual  wi l l  over  see al l  wor k wi t hi n t hese speci f i cat i on.   Thi s 
posi t i on r equi r es t hat  t he i ndi v i dual  cur r ent l y meet s I nf or mat i on 
Assur ance Management  Level  I I  Cer t i f i cat i on i n accor dance wi t h DODD 8140 
Cyber secur i t y Wor kf or ce Management  and DODI  8570 I nf or mat i on Wor kf or ce 
I mpr ovement  Pr ogr am.   

I ndi v i dual s f or  t hi s posi t i on shoul d have exper i ence secur i ng DoD Syst ems 
and wi t h Ri sk Management  Fr amewor k

1. 8   CYBERSECURI TY DOCUMENTATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 7;  CCI - 003071}

1. 8. 1   Pr oposed STI G and SRG Appl i cabi l i t y  Repor t

For  each model  of  net wor k connect ed or  net wor k i nf r ast r uct ur e devi ce,  use 
t he DI SA SRG/ STI G Appl i cabi l i t y  Gui de and Col l ect i on Tool  ( avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ t o i dent i f y appl i cabl e STI Gs or  SRGs 
and pr ovi de a r epor t  i ndi cat i ng appl i cabl e STI Gs and SRGs f or  each model .

1. 8. 2   Cyber secur i t y I nt er connect i on Schedul e

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CA- 3( b) ,  PL- 8,  
SC- 7( 9) ,  SC- 7( 11) ;  CCI - 000258,  CCI - 003072,  CCI - 003073,  CCI - 003075,  
CCI - 002398,  CCI - 002399,  CCI - 002401,  CCI - 002402,  CCI - 002403. }

Pr ovi de a compl et ed Cyber secur i t y I nt er connect i on Schedul e document i ng 
net wor k connect i ons bet ween t he i nst al l ed syst em and ot her  syst ems.  
Pr ovi de t he f ol l owi ng i nf or mat i on f or  each devi ce di r ect l y communi cat i ng 
bet ween syst ems:  Devi ce I dent i f i er ,  Devi ce Descr i pt i on,  Tr anspor t  l ayer  
Pr ot ocol ,  Net wor k Addr ess,  Por t  ( i f  appl i cabl e) ,  MAC ( Layer  2)  addr ess ( i f  
appl i cabl e) ,  Medi a,  Appl i cat i on Pr ot ocol ,  Ser vi ce ( i f  appl i cabl e) ,  
Descr i pt i ve Pur pose of  communi cat i on.  For  communi cat i on wi t h ot her  
aut hor i zed syst ems al so pr ovi de t he For ei gn Dest i nat i on and POC f or  
Dest i nat i on.    I f  ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  
i ncl ude submi t t al s document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose 
submi t t al s t o meet  t hi s r equi r ement .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cyber secur i t y I nt er connect i on Schedul e as an edi t abl e 
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Mi cr osof t  Excel  f i l e ( a t empl at e Cyber secur i t y I nt er connect i on Schedul e i n 
Excel  f or mat  i s avai l abl e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11

1. 8. 3   Net wor k Communi cat i on Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CA- 9,  PL- 8;  CCI - 002102,  CCI - 002103,  CCI - 002104,  CCI - 002105,  CCI - 003072,  
CCI - 003073,  CCI - 003075 and al so t he submi t t al  r equi r ement s associ at ed wi t h 
CM- 6,  CM- 7,  SC- 8 and SC- 41 i ncl udi ng CM- 7( 3) ,  CCI - 000388. }

Pr ovi de a net wor k communi cat i on r epor t .   For  each net wor ked devi ce,  
document  t he communi cat i on char act er i st i cs of  t he devi ce i ncl udi ng 
communi cat i on pr ot ocol s,  ser vi ces used,  encr ypt i on empl oyed,  and a gener al  
descr i pt i on of  what  i nf or mat i on i s communi cat ed over  t he net wor k.   For  
each devi ce usi ng I P,  document  al l  TCP and UDP por t s used.   For  non- I P 
communi cat i ons,  document  communi cat i on pr ot ocol  and medi a used.     I f  
ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  i ncl ude submi t t al s 
document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose submi t t al s t o meet  
t hi s r equi r ement .   

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Net wor k Communi cat i on Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 4   Cont r ol  Syst em I nvent or y Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CM- 8( a) ,  SI - 17,  I A- 3;  CCI - 000389,  CCI - 000392,  CCI - 000398,  CCI - 002773,  
CCI - 002774,  CCI - 002775,  CCI - 000777,  CCI - 000778,  CCI - 001958}

Pr ovi de a Cont r ol  Syst em I nvent or y r epor t  usi ng t he I nvent or y Spr eadsheet  
l i s t ed under  t hi s Sect i on at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 document i ng al l  devi ces,  i ncl udi ng net wor ked devi ces,  net wor k 
i nf r ast r uct ur e devi ces,  non- net wor ked devi ces,  i nput  devi ces ( e. g.  
sensor s)  and out put  devi ces ( e. g.  act uat or s) .   For  each devi ce pr ovi de al l  
appl i cabl e i nf or mat i on f or  whi ch t her e i s a f i el d on t he spr eadsheet  i n 
accor dance wi t h t he i nst r uct i ons on t he spr eadsheet .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cont r ol  Syst em I nvent or y Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 5   Sof t war e and Conf i gur at i on Backups

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 10;  CCI - 000550,  CCI - 000551,  CCI - 000552}

For  each comput er  on whi ch sof t war e i s i nst al l ed under  t hi s pr oj ect ,  
pr ovi de a r ecover y i mage of  t he f i nal  as- bui l t  comput er .   Thi s i mage must  
al l ow f or  bar e- met al  r est or e such t hat  r est or at i on of  t he i mage i s 
suf f i c i ent  t o r est or e syst em oper at i on t o t he i maged st at e wi t hout  t he 
need f or  r e- i nst al l at i on of  sof t war e.   I f  addi t i onal  user  per mi ssi ons ar e 
r equi r ed t o meet  t hi s r equi r ement ,  coor di nat e t he cr eat i on of  t he i mage 
wi t h t he i dent i f i ed Gover nment  Comput er  Access Poi nt  of  Cont act .

SECTI ON 25 05 11. 01  Page 11



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

For  al l  et her net  swi t ches pr ovi de a backup of  t he swi t ch conf i gur at i on.   
For  al l  cont r ol l er s,  pr ovi de a backup of  t he cont r ol l er  conf i gur at i on and 
t he sour ce code f or  al l  l oaded appl i cat i on pr ogr ams ( al l  sof t war e
t hat  i s not  common t o ever y cont r ol l er  of  t he same manuf act ur er  and
model ) .

I f  any or  al l  of  t hese ar e pr ovi ded under  anot her  Sect i on,  pr ovi de 
document at i on i ndi cat i ng t hi s and r ef er enci ng t hose submi t t al s.

1. 8. 6   Cyber secur i t y Ri ser  Di agr am

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 2( a) ,  PL- 8;  CCI - 003051,  CCI - 003053,  CCI - 003072,  CCI - 003073,  
CCI - 003075}

Pr ovi de a cyber secur i t y r i ser  di agr am of  t he compl et e cont r ol  syst em 
i ncl udi ng al l  net wor k and devi ce har dwar e.   I f  t he cont r ol  syst em 
speci f i cat i ons r equi r e a r i ser  di agr am submi t t al ,  pr ovi de a copy of  t hat  
submi t t al  as t he cyber secur i t y r i ser  di agr am.   Ot her wi se,  pr ovi de a r i ser  
di agr am i n one- l i ne f or mat .

1. 8. 7   STI G,  SRG and Vendor  Gui de Compl i ance Resul t  Repor t

For  ever y component  ( devi ce or  sof t war e)  wi t h an appl i cabl e STI G or  SRG i n 
t he Pr oposed STI G and SRG Appl i cabi l i t y  Repor t ,  pr ovi de a r esul t  r epor t  
document i ng compl i ance wi t h t he STI G or  SRG r equi r ement s.   For  component s 
whi ch ar e scannabl e by t he SCAP ( secur i t y cont ent  aut omat i on pr ot ocol )  
t ool  ( avai l abl e onl i ne at  ht t ps: / / publ i c. cyber . mi l / st i gs/ scap) ,  pr ovi de 
t he SCAP r epor t  and r aw scan r esul t s.

For  ever y component  ( devi ce or  sof t war e)  wi t h manuf act ur er  pr ovi ded 
cyber secur i t y document at i on,  pr ocedur e,  or  met hod f or  secur e conf i gur at i on 
or  i nst al l at i on,  pr ovi de a r epor t  document i ng how t he component  was 
conf i gur ed and any devi at i on f r om t he manuf act ur er  i nst r uct i ons.

1. 8. 8   Cont r ol  Syst em Cyber secur i t y Document at i on

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
SA- 5( a) , SA- 5( b) , SA- 5( c) ,  SA- 22( b) ;  CCI s:   CCI - 003124,  CCI - 003125,  
CCI - 003126,  CCI - 003127,  CCI - 003128,  CCI - 003129,  CCI - 003130,  CCI - 003131,  
CCI - 003374}

Pr ovi de a Cont r ol  Syst em Cyber secur i t y Document at i on submi t t al  cont ai ni ng 
t he i ndi cat ed i nf or mat i on f or  each devi ce and sof t war e appl i cat i on.

1. 8. 8. 1   Sof t war e Appl i cat i ons

For  al l  sof t war e appl i cat i ons r unni ng on comput er s pr ovi de:

a.   admi ni st r at or  document at i on t hat  descr i bes secur e conf i gur at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   admi ni st r at or  document at i on t hat  descr i bes secur e i nst al l at i on of  t he 
sof t war e and sof t war e updat es.  { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003125}

c.   admi ni st r at or  document at i on t hat  descr i bes secur e oper at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}
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d.   admi ni st r at or  document at i on t hat  descr i bes ef f ect i ve use and 
mai nt enance of  secur i t y f unct i ons or  mechani sms f or  t he sof t war e { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

e.   admi ni st r at or  document at i on t hat  descr i bes known vul ner abi l i t i es 
r egar di ng conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  
f unct i ons f or  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003128}

f .   user  document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons 
or  mechani sms i n t he sof t war e and how t o ef f ect i vel y use t hose 
secur i t y f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003129}

g.   user  document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he sof t war e i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   user  document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng 
t he secur i t y of  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003131}

1. 8. 8. 2   For  HVAC Cont r ol  Syst em Devi ces

1. 8. 8. 2. 1   HVAC Cont r ol  Syst em Devi ces FULLY Suppor t i ng User  Account s

For  al l  HVAC Cont r ol  Syst em Devi ces whi ch FULLY suppor t  user  account s,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

c.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

d.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

e.   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms;  or  a speci f i c  i ndi cat i on t hat  t her e ar e no 
user - accessi bl e secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003129}

f .   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

1. 8. 8. 2. 2   Al l  Ot her  HVAC Cont r ol  Syst em Devi ces

For  al l  HVAC Cont r ol  Syst em Devi ces whi ch do not  FULLY suppor t  user  
account s,  pr ovi de:
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a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce;  or  a 
speci f i c  i ndi cat i on t hat  t her e ar e no secur e conf i gur at i on st eps t hat  
appl y { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce;  or  a speci f i c  i ndi cat i on t hat  
t her e ar e no secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

c.   For  devi ces whi ch i ncl ude a user  i nt er f ace,  document at i on t hat  
descr i bes met hods f or  user  i nt er act i on whi ch enabl es i ndi v i dual s t o 
use t he devi ce i n a mor e secur e manner  { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003130}

1. 8. 8. 3   Def aul t  Requi r ement s f or  Cont r ol  Syst em Devi ces

For  cont r ol  syst em devi ces wher e Cont r ol  Syst em Cyber secur i t y 
Document at i on r equi r ement s ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e i nst al l at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

e.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

f .   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003129}

g.   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   Document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng t he 
secur i t y of  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003131}

i .   Document at i on of  t he publ i shed l ast  dat e of  suppor t  by t he 
manuf act ur er  or  i ndi cat i on t hat  a publ i shed dat e i s not  avai l abl e.  
{ For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003374}
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1. 9   SOFTWARE LI CENSI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 2( a) ,  SI - 2( c) ,  SI - 7( 14) ;  CCI - 001227,  CCI - 002605,  CCI - 002737}

For  al l  sof t war e pr ovi ded t hat  has not  al r eady been l i censed t o t he 
gover nment  or  pr oj ect  s i t e,  pr ovi de a l i cense t o t he Gover nment  f or  a 
per i od of  no l ess t han 5 year s,  and t he l i cense must  al so i ncl ude t he 
f ol l owi ng sof t war e updat es:

a.   Secur i t y and bug- f i x pat ches i ssued by t he sof t war e manuf act ur er .  

b.   Secur i t y pat ches t o addr ess any vul ner abi l i t y  i dent i f i ed i n t he 
Nat i onal  Vul ner abi l i t y  Dat abase at  ht t p: / / nvd. ni st . gov wi t h a Common 
Vul ner abi l i t y  Scor i ng Syst em ( CVSS)  sever i t y r at i ng of  MEDI UM or  
hi gher .

Pr ovi de a s i ngl e Sof t war e Li censes submi t t al  wi t h document at i on of  t he 
sof t war e l i censes f or  al l  sof t war e pr ovi ded

1. 10   CYBERSECURI TY DURI NG CONSTRUCTI ON

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
AC- 18,  SA- 3;  CCI - 000258}

I n addi t i on t o t he cont r ol  syst em cyber secur i t y r equi r ement s i ndi cat ed i n 
t hi s sect i on,  meet  f ol l owi ng r equi r ement  t hr oughout  t he const r uct i on 
pr ocess.

1. 10. 1   Cont r act or  Comput er  Equi pment

Cont r act or  owned comput er s may be used f or  const r uct i on.   Cont r act or  
comput er s connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a 
cont r ol  syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he 
f ol l owi ng r equi r ement s:

1. 10. 1. 1   Oper at i ng Syst em

The oper at i ng syst em must  be an oper at i ng syst em cur r ent l y suppor t ed by 
t he manuf act ur er  of  t he oper at i ng syst em.  The oper at i ng syst em must  be 
cur r ent  on secur i t y pat ches and oper at i ng syst em manuf act ur er  r equi r ed 
updat es.  

1. 10. 1. 2   Ant i - Mal war e Sof t war e

The comput er  must  r un ant i - mal war e sof t war e f r om a r eput abl e sof t war e 
manuf act ur er .   Ant i - mal war e sof t war e must  be a ver si on cur r ent l y suppor t ed 
by t he sof t war e manuf act ur er ,  must  be cur r ent  on al l  pat ches and updat es,  
and must  use t he l at est  def i ni t i ons f i l e.   Comput er s used on t hi s pr oj ect  
must  be scanned usi ng t he i nst al l ed sof t war e at  l east  once per  day.

1. 10. 1. 3   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  comput er s,  appl i cat i ons,  and web- based 
appl i cat i ons suppor t i ng passwor ds must  be changed f r om t hei r  def aul t  
val ues.   Passwor ds must  be a mi ni mum of  ei ght  char act er s wi t h a mi ni mum of  
one upper case l et t er ,  one l ower case l et t er ,  one number  and one speci al  
char act er .
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1. 10. 1. 4   User - Based Aut hent i cat i on

Each user  must  have a uni que account ;  shar i ng of  a s i ngl e account  bet ween 
mul t i pl e user s i s pr ohi bi t ed.

1. 10. 1. 5   Demonst r at i on of  Compl i ance

The Gover nment  has t he r i ght  t o r equi r e demonst r at i on of  comput er  
compl i ance wi t h t hese r equi r ement s at  any t i me dur i ng t he pr oj ect .

1. 10. 1. 6   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Comput er  
Cyber secur i t y Compl i ance St at ement s f or  each company usi ng cont r act or  
owned comput er s.  Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s 
must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.

1. 10. 2   Tempor ar y I P Net wor ks

Tempor ar y cont r act or - i nst al l ed I P net wor ks may be used dur i ng 
const r uct i on.  When used,  t empor ar y cont r act or - i nst al l ed I P net wor ks 
connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a cont r ol  
syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he f ol l owi ng 
r equi r ement s:

1. 10. 2. 1   Net wor k Boundar i es and Connect i ons

The net wor k must  not  ext end out si de t he pr oj ect  s i t e and must  not  connect  
t o any I P net wor k ot her  t han t hose speci f i cal l y pr ovi ded or  f ur ni shed f or  
t hi s pr oj ect .   Any and al l  access t o t he net wor k f r om out si de t he pr oj ect  
s i t e i s pr ohi bi t ed.

1. 10. 3   Gover nment  Access t o Net wor k

Gover nment  per sonnel  must  be al l owed t o have compl et e and i mmedi at e access 
t o t he net wor k at  any t i me i n or der  t o ver i f y compl i ance wi t h t hi s 
speci f i cat i on.

1. 10. 4   Tempor ar y Wi r el ess I P Net wor ks

I n addi t i on t o t he ot her  r equi r ement s on t empor ar y I P net wor ks,  t empor ar y 
wi r el ess I P ( Wi Fi )  net wor ks,  when per mi t t ed,  must  not  i nt er f er e wi t h 
exi st i ng wi r el ess net wor ks,  must  use WPA2 secur i t y and must  not  br oadcast  
t he net wor k name ( SSI D) .   Net wor k names ( SSI D)  f or  wi r el ess net wor ks must  
be changed f r om t hei r  def aul t  val ues.

1. 10. 5   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  al l  net wor k devi ces and net wor k access 
must  be changed f r om t hei r  def aul t  val ues.  Passwor ds must  be a mi ni mum 8 
char act er s wi t h a mi ni mum of  one upper case l et t er ,  one l ower case l et t er ,  
one number  and one speci al  char act er .
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1. 10. 6   Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Tempor ar y 
Net wor k Cyber secur i t y Compl i ance St at ement s f or  each company i mpl ement i ng 
a t empor ar y I P net wor k.   Cont r act or  Tempor ar y Net wor k Cyber secur i t y 
Compl i ance St at ement s must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.   I f  no t empor ar y I P net wor ks wi l l  be used,  pr ovi de a 
s i ngl e copy of  t he St at ement  i ndi cat i ng t hi s.

1. 11   CYBERSECURI TY DURI NG WARRANTY PERI OD

Al l  wor k per f or med on t he cont r ol  syst em af t er  accept ance must  be 
per f or med usi ng Gover nment  Fur ni shed Equi pment  or  equi pment  speci f i cal l y 
and i ndi v i dual l y appr oved by t he Gover nment .

PART 2   PRODUCTS

Al l  pr oduct s used on t hi s pr oj ect  must  meet  t he i ndi cat ed r equi r ement s,  
but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by ever y pr oj ect .

2. 1   ETHERNET SWI TCH

Pr ovi de Open Syst ems I nt er connect i on ( OSI )  Layer  2 Et her net  swi t ches wi t h 
t he f ol l owi ng capabi l i t i es,  and wi t h an i nt er f ace t o suppor t  swi t ch 
conf i gur at i on f or  t hese capabi l i t i es:

2. 1. 1   Requi r ed Funct i onal i t y

Swi t ches must :

a.  Copper  Et her net  por t s must  aut o negot i at e f or  10,  100 and 1000 
megabi t s- per - second l i nks.

b.  Be capabl e of  i mpl ement i ng por t  l evel  access cont r ol  by MAC addr ess and 
l i mi t  t he number  of  MAC addr esses t o one MAC addr ess per  por t .

c.  For  LOW I mpact  Syst ems,  be capabl e of  i mpl ement i ng per - por t  access 
cont r ol  l i s t s ( ACLs)  wher e t he l i s t  can be f i l t er ed by sour ce and 
dest i nat i on I P addr esses,  and by sour ce and dest i nat i on UDP or  TCP 
por t s.

d.  Suppor t  Remot e Net wor k Moni t or i ng ( RMON)  Por t  Anal ysi s i n accor dance 
wi t h I ETF RFC 2819

e.  Conf i gur e t ar get  por t  and anal ysi s por t  such t hat  swi t ch c l ones al l  
t ar get  por t  t r af f i c  t o anal ysi s por t .

2. 1. 2   Conf i gur at i on Requi r ement s

Swi t ches must :

a.   Suppor t  conf i gur at i on save and r est or e.

b.   Suppor t  bot h manual  I P addr ess assi gnment  and acqui s i t i on of  a dynami c 
I P addr ess v i a Dynami c Host  Conf i gur at i on Pr ot ocol  ( DHCP) .
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c.   Be capabl e of  l i mi t i ng access f or  conf i gur at i on t o one or  mor e of :  a 
web i nt er f ace usi ng HTTPS,  a command l i ne i nt er f ace usi ng SSH,  or  an 
SNMP connect i on usi ng SNMP ver si on 3 or  l at er .

d.  Suppor t  t he abi l i t y  t o l ock conf i gur at i on capabi l i t y  t o a dedi cat ed 
management  por t .

2. 2   DAI SY CHAI N I P CONTROLLERS

Cont r ol l er s used as Dai sy Chai n I P Cont r ol l er s must  be I P cont r ol l er s wi t h 
exact l y t wo Et her net  net wor k connect i ons and basi c bui l t - i n swi t ch 
capabi l i t i es t o al l ow i mpl ement at i on of  an Et her net  net wor k i n a dai sy 
chai n ar chi t ect ur e.   Swi t ches i ncor por at ed by Dai sy Chai n I P Cont r ol l er s 
ar e not  r equi r ed t o meet  t he r equi r ement s f or  Et her net  Swi t ches as def i ned 
i n t hi s Sect i on.

PART 3   EXECUTI ON

3. 1   CYBERSECURI TY HARDENI NG AND CONFI GURATI ON GUI DES

I nst al l ,  conf i gur e,  and har den al l  har dwar e and sof t war e f ur ni shed on t hi s 
pr oj ect  i n accor dance wi t h manuf act ur er  pr ovi ded document at i on,  
pr ocedur es,  or  met hods f or  secur e conf i gur at i on or  i nst al l at i on.   Do not  
i mpl ement  speci f i c  har deni ng act i ons i f  t hat  act i on woul d conf l i c t  wi t h 
r equi r ed f unct i onal i t y or  anot her  r equi r ement  of  t hi s Sect i on.

3. 2   NETWORK REQUI REMENTS

3. 2. 1   Wi r el ess and Wi r ed Br oadcast  Communi cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 18,  AC- 18( 3) ;  CCI - 001438,  CCI - 001439,  CCI - 002323,  CCI - 001441,  
CCI - 001449}

Unl ess expl i c i t l y  aut hor i zed by t he Gover nment ,  do not  use any wi r el ess or  
wi r ed br oadcast  communi cat i on.   I f  r equest i ng aut hor i zat i on f or  wi r el ess 
or  wi r ed br oadcast  communi cat i on,  wi r ed br oadcast  medi a such as power l i ne 
car r i er  i s  pr ef er r ed t o wi r el ess.   

3. 2. 1. 1   Wi r el ess and Wi r ed Br oadcast  I P Communi cat i ons

Unl ess speci f i cal l y appr oved and i nst al l ed i n accor dance wi t h t he pr oj ect  
s i t e r equi r ement s,  Do not  i nst al l  wi r el ess or  wi r ed br oadcast  I P net wor ks,  
i ncl udi ng:   do not  i nst al l  a wi r el ess access poi nt ;  do not  i nst al l  or  
conf i gur e an ad- hoc wi r el ess net wor k;  do not  i nst al l  or  conf i gur e a Wi Fi  
Di r ect  communi cat i on.

When expl i c i t l y  aut hor i zed by t he Gover nment ,  wi r el ess I P communi cat i on 
may be used t o communi cat e wi t h an exi st i ng wi r el ess net wor k.

3. 2. 1. 2   Non- I P Wi r el ess Communi cat i on

For  LOW I mpact  Syst ems:   When non- I P wi r el ess communi cat i on i s expl i c i t l y  
aut hor i zed by t he Gover nment ,  use t he maxi mum l evel  of  encr ypt i on 
suppor t ed by t he speci f i c  pr ot ocol  empl oyed and sel ect  s i gnal  st r engt h and 
r adi at ed power  t o t he mi ni mum necessar y f or  r el i abl e communi cat i on.
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3. 2. 1. 3   Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request

Pr ovi de a r epor t  document i ng t he pr oposed use of  wi r el ess or  wi r ed 
br oadcast  communi cat i on pr i or  t o devi ce sel ect i on usi ng t he Wi r el ess and 
Wi r ed Br oadcast  Communi cat i on Request  Schedul e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
I f  t her e i s no pr oposed use of  wi r el ess or  wi r ed br oadcast  communi cat i on,  
pr ovi de a document  i ndi cat i ng t hi s i nst ead of  t he Request  Schedul e.

For  each devi ce pr oposed t o use wi r el ess or  wi r ed br oadcast  communi cat i on 
show:   t he devi ce i dent i f i er ,  a descr i pt i on of  t he devi ce,  t he l ocat i on of  
t he devi ce,  t he devi ce i dent i f i er s of  ot her  devi ces communi cat i ng wi t h t he 
devi ce,  t he pr ot ocol  used f or  communi cat i on,  encr ypt i on t ype and 
st r engt h.   For  wi r el ess communi cat i on,  al so show:  RF Fr equency,  Radi at ed 
Power  i n dBm ( deci bel  wi t h a mi l l i wat t  r ef er ence) ,  f r ee- space r ange,  and 
t he expect ed as- i nst al l ed r ange.

3. 2. 1. 4   Wi r el ess Communi cat i on Test i ng

As par t  of  Per f or mance Ver i f i cat i on Test i ng ( PVT) ,  conduct  t est i ng of  
wi r el ess communi cat i on f or  al l  devi ces i ndi cat ed on t he appr oved Wi r el ess 
and Wi r ed Br oadcast  Communi cat i on Request  as r equi r i ng t est i ng.

To t est  wi r el ess communi cat i on,  t est  f or  wi r el ess net wor k r ecept i on at  
mul t i pl e poi nt s al ong t he wi r el ess t est  boundar y i n t he v i c i ni t y of  t he 
wi r el ess devi ce,  and r ecor d whet her  a net wor k connect i on can be 
est abl i shed at  each poi nt .   The wi r el ess t est  boundar y i s t he bui l di ng 
ext er i or  wal l s.   I f  wi r el ess t est i ng i s r equi r ed,  pr ovi de a Wi r el ess 
Communi cat i on Test  Repor t  document i ng t he t est i ng poi nt s and r esul t s at  
each poi nt  f or  each wi r el ess devi ce.

3. 2. 2   Non- I P Cont r ol  Net wor ks

When cont r ol  syst em speci f i cat i ons r equi r e par t i cul ar  communi cat i on 
pr ot ocol s,  use onl y t hose communi cat i on pr ot ocol s and onl y as speci f i ed.   
Do not  i mpl ement  any ot her  communi cat i on pr ot ocol .

When cont r ol  syst em speci f i cat i ons do not  i ndi cat e r equi r ement s f or  
communi cat i on pr ot ocol s,  use onl y t hose pr ot ocol s r equi r ed f or  oper at i on 
of  t he syst em as speci f i ed.

3. 2. 3   I P Cont r ol  Net wor ks

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CM- 6( a) ,  CM- 7( a) ,  
CM- 7( b) ,  CM- 7( 1) ( b) ,  SC- 41;  CCI - 001588,  CCI - 000381,  CCI - 000380,  
CCI - 000381,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546. }

I P Net wor ks must  be Et her net  net wor ks and must  use swi t ches whi ch ar e 
Et her net  Swi t ches or  Dai sy Chai n I P Cont r ol l er s as def i ned i n t hi s 
Sect i on.   Do not  use nonsecur e f unct i ons,  por t s,  pr ot ocol s and ser vi ces as 
def i ned i n DODI  8551. 01 unl ess t hose por t s,  pr ot ocol s and ser vi ces ar e 
speci f i cal l y r equi r ed by t he cont r ol  syst em speci f i cat i ons or  ot her wi se 
speci f i cal l y aut hor i zed by t he Gover nment .   Do not  use por t s,  pr ot ocol s 
and ser vi ces t hat  ar e not  speci f i ed i n t he cont r ol  syst em speci f i cat i ons 
or  r equi r ed f or  oper at i on of  t he cont r ol  syst em.
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3. 2. 3. 1   I P Net wor k Rout er s

Do not  i nst al l  any devi ce t hat  per f or ms I P r out i ng.

3. 2. 3. 2   I P Devi ces Wi t h Mul t i pl e Et her net  Connect i on

Except  f or  Et her net  Swi t ches and Dai sy Chai n I P Cont r ol l er s,  devi ces must  
not  have mor e t han one Et her net  connect i on t o I P net wor ks unl ess doi ng so 
i s r equi r ed by t he pr oj ect  speci f i cat i ons and t he speci f i c  appl i cat i on i s 
appr oved.   I f  a devi ce wi t h Mul t i pl e Et her net  Connect i ons t o I P net wor ks 
i s r equi r ed,  pr ovi de a Mul t i pl e Et her net  Connect i on Devi ce Request  usi ng 
t he Mul t i pl e Et her net  Connect i on Devi ce Request  Templ at e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 t o r equest  appr oval  f or  each devi ce.  I f  a devi ce wi t h Mul t i pl e Et her net  
Connect i ons t o I P net wor ks i s not  r equi r ed,  i nst ead pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed.

3. 2. 4   Cr ypt ogr aphi c Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 2( 9) ,  I A- 3( 1) ,  
SC- 8,  SC- 13,  SC- 23( 1) ,  SC- 23( 3) ;  CCI - 001942,  CCI - 001959,  CCI - 001967,  
CCI - 002418,  CCI - 002449,  CCI - 002450,  CCI - 001185,  CCI - 001188,  CCI - 001664. }

Al l  r emot e user  i nt er f aces must  use HTTPS f or  al l  t r af f i c  bet ween t he user  
i nt er f ace cl i ent  and user  i nt er f ace ser ver .

For  devi ces t hat  have STI G/ SRGs r el at ed t o cr ypt ogr aphi c pr ot ect i on 
( CCI - 002450) ,  compl y wi t h t he r equi r ement s of  t hose STI G/ SRGs.   Ensur e 
t hat  al l  net wor k t r af f i c  i s  encr ypt ed usi ng NSA- appr oved cr ypt ogr aphy;  
pr ovi s i on of  di gi t al  s i gnat ur es and hashi ng,  and FI PS- val i dat ed 
cr ypt ogr aphy.

3. 2. 5   Devi ce I dent i f i cat i on and Aut hent i cat i on
                                               

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 3;  CCI - 000777,  CCI - 000778,  CCI - 001958. }

Al l  comput er s must  suppor t  and i mpl ement  I EEE 802. 1x f or  devi ce 
aut hent i cat i on t o t he net wor k.

3. 2. 5. 1   For  HVAC Cont r ol  Syst em Devi ces

Devi ces usi ng HTTP as a cont r ol  pr ot ocol  must  use HTTPS i nst ead.  Devi ces 
usi ng BACnet  must  suppor t  net wor k secur i t y as speci f i ed f or  BACnet  Secur e 
Connect  i n ASHRAE 135.

3. 2. 5. 2   Def aul t  Requi r ement s f or  Cont r ol  Syst em Devi ces

For  cont r ol  syst em devi ces wher e Devi ce I dent i f i cat i on and Aut hent i cat i on 
r equi r ement s ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on:  Devi ces usi ng 
HTTP as a cont r ol  pr ot ocol  must  use HTTPS i nst ead.

3. 2. 6   Cr ypt ogr aphi c Modul e Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 7;  CCI - 000803}
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For  devi ces ( i ncl udi ng but  not  l i mi t ed t o NI ST FI PS 140- 2 compl i ant  
r adi os)  t hat  have STI G/ SRGs r el at ed t o cr ypt ogr aphi c modul e aut hent i cat i on 
( CCI - 000803) ,  compl y wi t h t he r equi r ement s of  t hose STI G/ SRGs.

3. 3   ACCESS CONTROL REQUI REMENTS

3. 3. 1   User  Account s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 2( a) ,  AC- 3,  AC- 6( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) ,  CM- 11( 2) ,  and I A- 2;  
CCI - 002110,  CCI - 000213,  CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  
CCI - 002235,  CCI - 000039,  CCI - 001419,  CCI - 002234,  CCI - 001812,  and CCI - 000764.
}

Any user  i nt er f ace suppor t i ng user  account s ( ei t her  FULLY or  MI NI MALLY)  
must  l i mi t  access accor di ng t o speci f i ed l i mi t at i ons f or  each account .   
I nst al l  and conf i gur e any devi ce havi ng a STI G or  SRG i n accor dance wi t h 
t hat  STI G or  SRG.

Al l  user  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  user - based 
aut hent i cat i on wher e each account  i s uni quel y assi gned t o a speci f i c  
user .   User  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  at  l east  
t hr ee ( 3)  l evel s of  user  account  pr i v i l ege i ncl udi ng:   1)  an account  wi t h 
r ead- onl y per mi ssi ons 2)  an account  wi t h f ul l  per mi ssi ons i ncl udi ng 
account  cr eat i on and modi f i cat i on and 3)  an account  wi t h gr eat er  
per mi ssi ons t han r ead- onl y but  wi t hout  account  cr eat i on and modi f i cat i on.

3. 3. 1. 1   Comput er s

Al l  comput er  oper at i ng syst ems must  FULLY suppor t  user  account s and 
i mpl ement  account s f or  access.   Each cont r ol  syst em sof t war e appl i cat i on 
not  suppor t i ng account s and r unni ng on a comput er  must  be i nst al l ed such 
t hat  use of  t he sof t war e i s r est r i ct ed by t he comput er  oper at i ng syst em t o 
speci f i c  user s.

Appl i cat i ons r unni ng on comput er s must  not  r equi r e t he user  be l ogged i n 
t o a comput er  oper at i ng syst em admi ni st r at or  account  f or  nor mal  
oper at i on.    I t  i s  per mi ssi bl e t o r equi r e t he comput er  oper at i ng syst em 
admi ni st r at or  account  f or  i ni t i al  appl i cat i on i nst al l at i on and 
conf i gur at i on.

3. 3. 1. 2   Cont r ol l er s

For  user  i nt er f aces pr ovi ded by cont r ol l er s,  pr ovi de access cont r ol  i n 
accor dance wi t h t he User  I nt er f ace Requi r ement s t abl e f or  t he appl i cabl e 
cont r ol  syst em and user  i nt er f ace t ype.

a.  For  t abl e ent r i es of  " NA" :   NA means Not  Appl i cabl e,  t her e ar e no 
i nt er f aces i n t hi s cat egor y.

b.  For  t abl e ent r i es of  " None Requi r ed" :   The user  i nt er f ace i s not  
r equi r ed t o suppor t  user  account s.

c.  For  t abl e ent r i es of  " MI NI MALLY" :  The user  i nt er f ace must  at  l east  
MI NI MALLY suppor t  user  account s.
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d.  For  t abl e ent r i es of  " FULLY" :  The user  i nt er f ace must  at  FULLY suppor t  
user  account s.

e.  For  t abl e ent r i es of  " KEY" :  The user  i nt er f ace must  have physi cal  
secur i t y i n t he f or m of  ei t her  a key l ock on t he i nt er f ace i t sel f  or  
be f ur ni shed i nsi de a l ocked encl osur e.   Wher e t hi s i s r equi r ed f or  a 
r ead onl y i nt er f ace,  t hi s l ock must  pr event  v i ewi ng of  dat a on t he 
i nt er f ace;  f or  ot her  i nt er f aces,  t hi s l ock must  pr event  usi ng t he 
i nt er f ace t o al t er  dat a.   

f .  For  t abl e ent r i es of  " Physi cal  Secur i t y" :  For  Local  FULL i nt er f aces,  
t he i nt er f ace must  be l ocat ed i nsi de mi ssi on space.  For  Local  Li mi t ed 
( not  FULL)  i nt er f aces,  t he user  i nt er f ace must  ei t her  a)  be l ocat ed 
wi t hi n mi ssi on space or  b)  be pr ot ect ed by physi cal  secur i t y at  l east  
as good as t he cont r ol  devi ces ( and equi pment  cont r ol l ed by t he 
cont r ol  devi ces)  af f ect ed by t he i nt er f ace.   For  pur poses of  t hi s 
r equi r ement ,  ' af f ect ed'  i ncl udes cont r ol l er s wi t h dat a t hat  can be 
di r ect l y al t er ed by t he i nt er f ace,  as wel l  as mechani cal  and/ or  
el ect r i cal  equi pment  di r ect l y cont r ol l ed by t hose cont r ol l er s,  but  
does not  i ncl ude ot her  i nt er act i ons.   

g.   Ent r i es of  t he f or m " X and Y"  must  meet  bot h t he r equi r ement  i ndi cat ed 
f or  X and t he r equi r ement  i ndi cat ed f or  Y.   For  exampl e,  an ent r y of  
" MI NI MALLY and Physi cal  Secur i t y"  i ndi cat es t he user  i nt er f ace must  
bot h MI NI MALLY suppor t  account s and have physi cal  secur i t y.

h.  Ent r i es of  t he f or m " X or  Y"  must  meet  ei t her  t he r equi r ement  i ndi cat ed 
f or  X or  t he r equi r ement  i ndi cat ed f or  Y.   

3. 3. 1. 2. 1   HVAC Cont r ol  Syst ems

User  I nt er f ace Requi r ement s f or  LOW I mpact  HVAC Cont r ol  Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Local  Read Onl y ( see not e 1) None Requi r ed

Local  Li mi t ed,  Non- pr i v i l eged MI NI MALLY

Local  Li mi t ed,  Pr i v i l eged Physi cal  Secur i t y

Local  Ful l MI NI MALLY

Remot e Read Onl y None Requi r ed

Remot e Li mi t ed,  Non- Pr i v i l eged MI NI MALLY

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l  ( see not e 2)

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Remot e Ful l  User  I nt er f aces ar e al ways Pr i v i l eged 
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3. 3. 1. 2. 2   Def aul t  Requi r ement s f or  Ot her  Cont r ol  Syst ems

For  cont r ol  syst em devi ces wher e User  I nt er f ace Requi r ement s ar e not  
ot her wi se i ndi cat ed i n t hi s Sect i on,  use t he Def aul t  User  I nt er f ace 
Requi r ement s t abl es.

Def aul t  User  I nt er f ace Requi r ement s f or  LOW I mpact  Cont r ol  Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Local  Read Onl y ( see not e 1) None Requi r ed

Local  Li mi t ed,  Non- pr i v i l eged MI NI MALLY

Local  Li mi t ed,  Pr i v i l eged Physi cal  Secur i t y

Local  Ful l MI NI MALLY

Remot e Read Onl y None Requi r ed

Remot e Li mi t ed,  Non- Pr i v i l eged MI NI MALLY

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l  ( see not e 2)

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Remot e Ful l  User  I nt er f aces ar e al ways Pr i v i l eged

3. 3. 2   Unsuccessf ul  Logon At t empt s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 7 ( a) ,  AC- 7 ( b) ;   CCI - 000043,  CCI - 000044,  CCI - 001423,  CCI - 002236,  
CCI - 002237,  CCI - 002238}

Except  f or  hi gh avai l abi l i t y  user  i nt er f aces i ndi cat ed as exempt ,  devi ces 
must  meet  t he i ndi cat ed r equi r ement s f or  handl i ng unsuccessf ul  l ogon 
at t empt s.  I f  a devi ce cannot  meet  t hese r equi r ement s,  document  devi ce 
capabi l i t i es t o pr ot ect  f r om subsequent  l ogon at t empt s and pr opose 
al t er nat e pr ot ect i ons i n a Devi ce Account  Lock Except i on Request  
submi t t al .  Do not  i mpl ement  al t er nat e pr ot ect i on measur es i n l i eu of  t he 
i ndi cat ed r equi r ement s wi t hout  expl i c i t  per mi ssi on f r om t he Gover nment .   
I f  no Devi ce Account  Lock Except i ons ar e r equest ed,  pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed as t he Devi ce Account  Lock 
Except i on Request .

3. 3. 2. 1   Devi ces MI NI MALLY Suppor t i ng Account s

For  LOW I mpact  Syst ems:   Devi ces whi ch MI NI MALLY ( but  not  FULLY)  suppor t  
account s ar e not  r equi r ed t o l ock based on unsuccessf ul  l ogon at t empt s.
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3. 3. 2. 2   Devi ces FULLY Suppor t i ng Account s

Devi ces whi ch FULLY suppor t  account s must  meet  t he f ol l owi ng 
r equi r ement s.   

a.   I t  must  l ock t he user  account  when t hr ee unsuccessf ul  l ogon at t empt s 
occur  wi t hi n a 15 mi nut e i nt er val .

b.   Once an account  i s l ocked,  t he account  must  st ay l ocked unt i l  unl ocked 
by an admi ni st r at or .   I f  t he account  bei ng l ocked i s t he sol e 
admi ni st r at or  account  on t he devi ce,  t he account  must  st ay l ocked f or  
1 hour  and t hen aut omat i cal l y unl ock.  

c.   Once t he i ndi cat ed number  of  unsuccessf ul  l ogon at t empt s occur s,  del ay 
f ur t her  l ogon pr ompt s by 5 seconds.

3. 3. 2. 3   Hi gh Avai l abi l i t y  I nt er f aces Exempt  f r om Unsuccessf ul  Logon 
At t empt s Requi r ement s

Ther e ar e no hi gh avai l abi l i t y  i nt er f aces whi ch ar e exempt  f r om 
unsuccessf ul  l ogon at t empt s r equi r ement s.

3. 3. 3   Syst em Use Not i f i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 8;  CCI - 000048,  CCI - 002247,  CCI - 002243,  CCI - 002244,  CCI - 002245,  
CCI - 002246,  CCI - 000050,  CCI - 002248}

3. 3. 3. 1   Syst em Use Not i f i cat i on f or  Remot e User  I nt er f aces

Remot e user  i nt er f aces must  di spl ay a war ni ng banner  meet i ng t he 
r equi r ement s of  DTM 08- 060 on scr een.

3. 3. 3. 2   Syst em Use Not i f i cat i on f or  Local  User  I nt er f aces

Devi ces whi ch ar e connect ed t o a net wor k and have a l ocal  user  i nt er f ace 
must  di spl ay a war ni ng banner  meet i ng t he r equi r ement s of  DTM 08- 060 on 
t he user  i nt er f ace scr een i f  capabl e of  doi ng so and must  have a 
per manent l y af f i xed l abel  wi t h an appr oved banner  f r om DTM 08- 060 i f  
unabl e t o di spl ay t he war ni ng banner  on t he scr een.   Wher e i t  i s  
i mpr act i cal  ( per haps due t o devi ce s i ze)  t o af f i x  t he l abel  t o t he devi ce,  
af f i x  t he l abel  t o t he devi ce encl osur e.

Label s must  be machi ne pr i nt ed or  engr aved,  pl ast i c or  met al ,  desi gned f or  
per manent  i nst al l at i on,  must  use a f ont  no smal l er  t han 14 poi nt ,  and must  
pr ovi de a hi gh cont r ast  bet ween f ont  and backgr ound col or s.

3. 3. 4   Per mi t t ed Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 14;  CCI - 000061,  CCI - 000232}

The cont r ol  syst em must  r equi r e i dent i f i cat i on and aut hent i cat i on bef or e 
al l owi ng any act i ons except  r ead- onl y act i ons by a user  act i ng f r om a user  
i nt er f ace whi ch MI NI MALLY or  FULLY suppor t s account s.
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3. 3. 5   Encl osur es

Pr i or  t o f i nal  accept ance of  t he syst em,  l ock al l  l ockabl e encl osur es.   
Submi t  an Encl osur e Keys submi t t al  wi t h al l  copi es of  keys f or  al l  
encl osur es and a key i nvent or y l i s t  document i ng al l  keys.   Label  each key 
wi t h t he mat chi ng encl osur e i dent i f i er .

3. 4   USER I DENTI FI CATI ON AND AUTHENTI CATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 2,  I A- 2( 1) , I A- 2( 12) ,  I A- 5 I A- 5( b) ,  I A- 5( c) ,  I A- 5( e) ,  I A- 5( g) ,  
I A- 5( 1) ,  I A- 5( 11) ;  CCI - 000764,  CCI - 000765,  CCI - 001953,  CCI - 001954,  
CCI - 001544,  CCI - 001989,  CCI - 000182,  CCI - 001610,  CCI - 000192,  CCI - 000193,  
CCI - 000194,  CCI - 000205,  CCI - 001619,  CCI - 001611,  CCI - 001612,  CCI - 001613,  
CCI - 001614,  CCI - 000195,  CCI - 001615,  CCI - 000196,  CCI - 000197,  CCI - 000199,  
CCI - 000198,  CCI - 001616,  CCI - 001617,  CCI - 000200,  CCI - 001618,  CCI - 002041,  
CCI - 002002,  CCI - 002003.  }

Thi s subpar t  i ndi cat es r equi r ement s f or  speci f i c  met hods of  i dent i f i cat i on 
and aut hent i cat i on f or  user s and user  account s.   Wher e t hese r equi r ement s 
conf l i c t  appl y t he f ol l owi ng or der  of  pr ecedence:   1)  I f  pr esent ,  Devi ce 
Speci f i c  Requi r ement s t ake pr ecedence over  any ot her  r equi r ement s;  and 
t hen 2)  mul t i f act or  aut hent i cat i on r equi r ement s t ake pr ecedence over  
passwor d r equi r ement s.

3. 4. 1   User  I dent i f i cat i on and Aut hent i cat i on f or  Al l  Syst em Types

Unl ess ot her wi se i ndi cat ed,  al l  user  i nt er f aces suppor t i ng account s 
( ei t her  FULLY or  MI NI MALLY)  must  i mpl ement  I dent i f i cat i on and 
Aut hor i zat i on v i a passwor ds.  

For  LOW I mpact  Syst ems:  User  i nt er f aces pr ovi ded by comput er  oper at i ng 
syst ems must  i mpl ement  mul t i f act or  aut hent i cat i on v i a PI V.

3. 4. 2   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Syst em Types

Syst em speci f i c  r equi r ement s ar e i n addi t i on t o and super sede t hose 
i ndi cat ed f or  al l  syst em t ypes.   When no addi t i onal  r equi r ement s ar e 
i ndi cat ed f or  a speci f i c  syst em t ype t he r equi r ement s f or  al l  syst ems 
st i l l  appl y t o t hat  syst em t ype.

3. 4. 2. 1   HVAC Cont r ol  Syst ems Devi ces

No addi t i onal  syst em speci f i c  r equi r ement s appl y.

3. 4. 3   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Devi ces

Ther e ar e no addi t i onal  devi ce speci f i c  user  i nt er f ace r equi r ement s

3. 4. 4   I mpl ement at i on of  I dent i f i cat i on and Aut hor i zat i on Requi r ement s

I dent i f i cat i on and Aut hor i zat i on must  be met  by one of  t he f ol l owi ng 
met hods:

a.   Di r ect  i mpl ement at i on i n t he user  i nt er f ace.  
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b.   For  user  i nt er f aces on a comput er :   i nher i t i ng t he I dent i f i cat i on and 
Aut hor i zat i on f r om t he comput er  oper at i ng syst em,  ei t her  by t he 
oper at i ng syst em l i mi t i ng access t o speci f i c  appl i cat i ons by user ,  or  
by t he appl i cat i on i t sel f  havi ng per mi ssi ons based on t he user  l ogged 
i nt o t he comput er .

c.   For  r emot e i nt er f aces:   an i mpl ement at i on shar ed bet ween t he r emot e 
user  i nt er f ace ser ver  and t he r emot e user  i nt er f ace cl i ent .   For  
exampl e,  a r equi r ement  f or  PI V aut hent i cat i on may be met  on a r emot e 
user  i nt er f ace by a PI V r eader  on a web br owser  c l i ent  whi ch sends t he 
aut hent i cat i on i nf or mat i on v i a HTTPS t o t he r emot e ser ver .

3. 4. 5   Passwor d- Based Aut hent i cat i on Requi r ement s

3. 4. 5. 1   Passwor ds f or  Sof t war e and Appl i cat i ons Runni ng on Comput er s

Al l  sof t war e and appl i cat i ons r unni ng on comput er s suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  12 char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a mi ni mum l i f et i me of  24 hour s.

g.  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

h.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

i .  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 2   Passwor ds f or  Cont r ol l er s FULLY Suppor t i ng Account s

Al l  cont r ol l er s FULLY suppor t i ng account s and suppor t i ng passwor d- based 
aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .
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e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  s i xt y ( 60)  days.  When 
passwor ds expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock 
account s due t o expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve ( 5)  passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  f i f t y  per cent  of  t he char act er s.

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 3   Passwor ds f or  Remot e I nt er f aces

Passwor ds f or  connect i ng t o a Remot e User  I nt er f ace suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 4   Passwor ds f or  Devi ces Mi ni mal l y Suppor t i ng Account s

Devi ces MI NI MALLY suppor t i ng account s must  suppor t  passwor ds wi t h a 
mi ni mum l engt h of  f our  char act er s.

3. 4. 5. 5   Passwor d Conf i gur at i on and Repor t i ng

For  al l  devi ces wi t h a passwor d,  coor di nat e t he changi ng of  passwor ds wi t h
t he pr oj ect  s i t e f ol l owi ng t est i ng of  t he syst em but  pr i or  t o t ur nover  t o
t he Gover nment .  Coor di nat e wi t h Passwor d Poi nt  of  Cont act  t o det er mi ne 
appr opr i at e pr oj ect  s i t e per sonnel  t o compl et e passwor d changes.  Accompany 
i dent i f i ed per sonnel  t o each devi ce wi t h a passwor d and i nst r uct  per sonnel  
on t he pr ocess of  changi ng passwor d.  Recor d t he t i me,  dat e and per sonnel  
pr esent  when each devi ce' s passwor d i s changed and submi t  a Passwor d 
Change Summar y Repor t  document i ng t hi s i nf or mat i on.
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Pr ovi de t he Passwor d Summar y Repor t  el ect r oni cal l y i n bot h PDF and
Mi cr osof t  Excel .

3. 4. 6   Aut hent i cat or  Feedback

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 6;  CCI - 000206}

Devi ces must  never  show aut hent i cat i on i nf or mat i on,  i ncl udi ng passwor ds,  
on a di spl ay.   Devi ces t hat  moment ar i l y  di spl ay a char act er  as i t  i s  
ent er ed,  and t hen obscur e t he char act er ,  ar e accept abl e.   For  devi ces t hat  
have STI Gs or  SRGs r el at ed t o obscur i ng of  aut hent i cat or  f eedback 
( CCI - 000206) ,  compl y wi t h t he r equi r ement s of  t hose STI GS/ SRGs.

3. 5   CYBERSECURI TY AUDI TI NG

Wher e an audi t i ng r equi r ement  exi st s f or  emai l  not i f i cat i on,  not i f y v i a 
emai l  t he appl i cat i on admi ni st r at or  and I nf or mat i on Syst em Secur i t y 
Of f i cer  ( I SSO)  of  t he event .   Coor di nat e wi t h t he Emai l  Addr ess Poi nt  of  
Cont act  f or  emai l  addr esses.   I f  out goi ng emai l  i s  not  avai l abl e t o t he 
syst em,  conf i gur e t he syst em f or  t hese not i f i cat i ons f or  f ut ur e suppor t  of  
out goi ng emai l .

3. 5. 1   Audi t  Event s,  Cont ent  of  Audi t  Recor ds,  and Audi t  Gener at i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 2( a) ,  AU- 2( c) ,  AU- 2( d) ,  AU- 3,  AU- 10,  AU- 12,  AU- 13( 3) ,  AU- 14( b) ,  
AU- 14( 1) ,  AU- 14( 2) ,  AU- 14( 3) ,  CM- 5( 1) ,  SC- 7 ( 9) ;   CCI - 000123,  CCI - 001571,  
CCI - 000125,  CCI - 001485,  CCI - 000130,  CCI - 000131,  CCI - 000132,  CCI - 001230,  
CCI - 000133,  CCI - 000134,  CCI - 001487,  CCI - 000166,  CCI - 001899,  CCI - 000169,  
CCI - 001459,  CCI - 000171,  CCI - 000172,  CCI - 001910,  CCI - 001914,  CCI - 001919,  
CCI - 001464,  CCI - 001462,  CCI - 001920,  CCI - 001814,  CCI - 002400.  }

For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  event s,  cont ent  of  audi t  
r ecor ds or  audi t  gener at i on,  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

I f  audi t i ng r equi r ement s can be met  usi ng exi st i ng cont r ol  syst em al ar m or  
event  capabi l i t i es,  t hose exi st i ng capabi l i t i es may be used t o meet  t hese 
r equi r ement s.

3. 5. 1. 1   Comput er s

For  each comput er ,  pr ovi de t he capabi l i t y  t o sel ect  audi t ed event s and t he 
cont ent  of  audi t  l ogs.   Conf i gur e comput er s t o audi t  t he i ndi cat ed event s,  
and t o r ecor d t he i ndi cat ed i nf or mat i on f or  each audi t abl e event  

3. 5. 1. 1. 1   Audi t ed Event s

Conf i gur e each comput er  t o audi t  t he f ol l owi ng event s:

a.   Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.   Successf ul  and unsuccessf ul  l ogon at t empt s

c.   Successf ul  l ogout s
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 d.   Pr i v i l eged act i v i t i es or  ot her  syst em l evel  access

e.   Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

f .   Successf ul  and unsuccessf ul  accesses t o obj ect s

g.   Al l  pr ogr am i ni t i at i ons

h.   Al l  di r ect  access t o t he i nf or mat i on syst em

i .   Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   

j .   Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

3. 5. 1. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each comput er  t o r ecor d,  f or  each audi t abl e event ,  t he f ol l owi ng 
i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.   What  t ype of  event  occur r ed

b.   When t he event  occur r ed

c.   Wher e t he event  occur r ed

d.   The sour ce of  t he event

e.   The out come of  t he event

f .   The i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 5. 1. 2   For  HVAC Cont r ol  Syst em Cont r ol l er s

3. 5. 1. 2. 1   HVAC Cont r ol  Syst em Cont r ol l er s FULLY Suppor t i ng User  Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 5. 1. 2. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:

a.  Successf ul  and unsuccessf ul  l ogon at t empt s t o t he cont r ol l er
   

b.  Successf ul  l ogout s

c.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   

d.  Al l  cont r ol l er  shut down and st ar t up

3. 5. 1. 2. 1. 2   Audi t  Event  I nf or mat i on To Recor d

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.  what  t ype of  event  occur r ed
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b.  when t he event  occur r ed

c.  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 5. 1. 2. 2   Ot her  HVAC Cont r ol  Syst em Cont r ol l er s

Ther e ar e no r equi r ement s t o per f or m audi t i ng at  HVAC f i el d cont r ol l er s 
t hat  do not  FULLY suppor t  account s.

3. 5. 1. 3   Def aul t  Requi r ement s f or  Cont r ol  Syst em Cont r ol l er s

For  cont r ol  syst em cont r ol l er s wher e Audi t  Event s,  Cont ent  of  Audi t  
Recor ds,  and Audi t  Gener at i on ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on:

3. 5. 1. 3. 1   Cont r ol l er s Whi ch FULLY Suppor t  Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 5. 1. 3. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:

a.  Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.  Successf ul  and unsuccessf ul  l ogon at t empt s

c.  Successf ul  l ogout s

d.  Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

e.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.  

f .  Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

3. 5. 1. 3. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.  what  t ype of  event  occur r ed

b.  when t he event  occur r ed

c.  wher e t he event  occur r ed

d.  t he sour ce of  t he event

e.  t he out come of  t he event

f .  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event
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3. 5. 1. 3. 2   Cont r ol l er s Whi ch Do Not  FULLY Suppor t  Account s

For  each cont r ol l er  whi ch does not  FULLY suppor t  account s conf i gur e t he 
cont r ol l er  t o audi t  al l  cont r ol l er  shut down and st ar t up event s and t o 
r ecor d f or  each event  t he t ype of  event  and when t he event  occur r ed.

3. 5. 2   Audi t  Ti me St amps

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 8;  CCI - 000159,  CCI - 001889,  CCI - 001890. }

Any devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds must  have an 
i nt er nal  c l ock capabl e of  pr ovi di ng t i me wi t h a r esol ut i on of  one second.   
Cl ocks must  not  dr i f t  mor e t han 10 seconds per  day.   Conf i gur e t he syst em 
so t hat  each devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds 
mai nt ai ns accur at e t i me t o wi t hi n 1 second.   Not e t hat  i f  t he cont r ol  
syst em speci f i cat i ons i ncl ude r equi r ement  f or  c l ocks,  t he most  st r i ngent  
r equi r ement  appl i es.

3. 5. 3   Audi t i ng Fr ont  End Sof t war e

I f  t her e i s no exi st i ng audi t i ng f r ont  end sof t war e or  t he sof t war e i s not  
compat i bl e wi t h t he pr ovi ded cont r ol  syst ems,  pr ovi de Audi t i ng Fr ont  End 
Sof t war e wi t h audi t  l og i mpor t  and upl oad,  expor t ,  not i f i cat i on,  and 
anal ysi s f unct i onal i t y.   The Audi t i ng Fr ont  End Sof t war e may be pr ovi ded 
as a component  of  t he cont r ol  syst em f r ont  end or  as a separ at e sof t war e 
package,  and a s i ngl e package may ser ve mul t i pl e cont r ol  syst ems pr ovi ded 
under  t he same pr oj ect s i f  t hey ar e shar i ng a cyber secur i t y aut hor i zat i on.

When t he Audi t i ng Fr ont  End Sof t war e i s nei t her  exi st i ng nor  i nst al l ed 
under  t he r equi r ement s of  anot her  Sect i on,  f ur ni sh t he Audi t i ng Fr ont  End 
Sof t war e medi a and l i cense f or  subsequent  Gover nment  i nst al l at i on.   Submi t  
copi es of  Audi t i ng Fr ont  End Sof t war e i f  t hi s f unct i on i s not  par t  of  t he 
sof t war e pr ovi ded wi t h t he cont r ol  syst em t o meet  r equi r ement s of  ot her  
Sect i ons.  

3. 5. 3. 1   I mpor t  and Upl oad Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  i mpor t i ng audi t  l ogs f r om 
t he Devi ce Audi t  Recor d Upl oad Sof t war e and of  upl oadi ng audi t  l ogs over  
t he net wor k f r om al l  cont r ol  syst em devi ces suppor t i ng net wor k upl oad of  
audi t  l ogs.  

3. 5. 3. 2   Expor t  Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  expor t i ng t o a f i l e f or mat  
suppor t ed by Mi cr osof t  Excel .

3. 5. 4   Audi t  St or age Capaci t y and Audi t  Upl oad

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 4;  CCI - 001848,  CCI - 001849}

The cr eat i on of  audi t  r ecor ds must  never  i nt er f er e wi t h nor mal  devi ce 
oper at i on.   Devi ces must  cease col l ect i on of  audi t i ng i nf or mat i on i f  
r equi r ed t o mai nt ai n nor mal  oper at i on.
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a.   For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  st or age capaci t y 
( CCI - 001848 or  CCI - 001849)  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

b.   For  cont r ol l er s capabl e of  gener at i ng audi t  r ecor ds,  pr ovi de 60 days 
wor t h of  secur e l ocal  st or age,  assumi ng 10 audi t abl e event s per  day.   

c.   For  comput er s,  pr ovi de st or age f or  at  l east  120 days of  audi t  r ecor ds.

3. 5. 4. 1   Devi ce Audi t  Recor d Upl oad Sof t war e

For  each devi ce ( comput er  or  cont r ol l er )  r equi r ed t o audi t  event s and f or  
whi ch audi t  l ogs cannot  be upl oaded over  t he net wor k by t he Audi t i ng Fr ont  
End Sof t war e,  pr ovi de and l i cense t o t he Gover nment  sof t war e i mpl ement i ng 
a secur e mechani sm of  upl oadi ng audi t  r ecor ds f r om t he devi ce and 
expor t i ng t hem t o t he Audi t i ng Fr ont  End Sof t war e.   Wher e di f f er ent  
devi ces use di f f er ent  sof t war e,  pr ovi de sof t war e of  each t ype r equi r ed t o 
upl oad audi t  l ogs f r om al l  devi ces.

When Devi ce Audi t  Recor d Upl oad Sof t war e i s capabl e of  upl oadi ng audi t  
l ogs over  t he net wor k,  i nst al l  Devi ce Audi t  Recor d Upl oad Sof t war e on t he 
same comput er  as t he Audi t i ng Fr ont  End Sof t war e.   Submi t  copi es of  devi ce 
audi t  r ecor d upl oad sof t war e i f  t hi s f unct i on i s not  par t  of  t he sof t war e 
pr ovi ded wi t h t he cont r ol  syst em t o meet  r equi r ement s of  ot her  Sect i ons.   
I f  t her e ar e no devi ces r equi r i ng t hi s sof t war e,  pr ovi de a document  
st at i ng t hi s i n l i eu of  t hi s submi t t al .

3. 5. 5   Response t o Audi t  Pr ocessi ng Fai l ur es

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 5;  CCI - 000139,  CCI - 000140,  CCI - 001490. }

I n t he case of  a f ai l ur e i n t he audi t i ng syst em,  comput er s associ at ed wi t h 
audi t i ng must  pr ovi de emai l  not i f i cat i on.   I n case of  an audi t  f ai l ur e,  i f  
possi bl e,  cont i nue t o col l ect  audi t  r ecor ds by over wr i t i ng exi st i ng audi t  
r ecor ds.

3. 6   REQUI REMENTS FOR LEAST FUNCTI ONALI TY

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s) ,  al ong 
wi t h t he net wor k communi cat i on r epor t  submi t t al  speci f i ed el sewher e i n 
t hi s sect i on,  r el at es t o CM- 6( a) ,  CM- 6( c) ,  CM- 7,  CM- 7( 1) ( b) ,  SC- 41;   
CCI - 000363,  CCI - 000364,  CCI - 000365,  CCI - 001588,  CCI - 001755,  CCI - 000381,  
CCI - 000380,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.   }

For  devi ces t hat  have a STI G or  SRG r el at ed t o Requi r ement s f or  Least  
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  and devi ce I / O 
access f or  l east  f unct i onal i t y) ,  i nst al l  and conf i gur e t he devi ce i n 
accor dance wi t h t hat  STI G or  SRGs.

3. 6. 1   Devi ce Capabi l i t i es

For  HVAC Cont r ol  Syst ems:  Do not  pr ovi de devi ces wi t h r emot e user  
i nt er f aces or  wi t h f ul l  user  i nt er f aces wher e one was not  r equi r ed.   Do 
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not  use a net wor ked sensor  or  act uat or  wher e a non- net wor ked sensor  or  
act uat or  woul d suf f i ce.  

For  Ot her  Cont r ol  Syst ems:  Do not  pr ovi de devi ces wi t h r emot e user  
i nt er f aces or  wi t h f ul l  user  i nt er f aces wher e one was not  r equi r ed.   Do 
not  use a net wor ked sensor  or  act uat or  wher e a non- net wor ked sensor  or  
act uat or  woul d suf f i ce.

3. 6. 2   Sof t war e

For  sof t war e t hat  has a STI G or  SRG r el at ed t o Requi r ement s f or  Least
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  access f or  l east
f unct i onal i t y) ,  i nst al l  and conf i gur e t he sof t war e i n accor dance wi t h t hat
STI G or  SRG.

3. 7   SYSTEM AND COMMUNI CATI ON PROTECTI ON

3. 7. 1   Col l abor at i ve Comput i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 15( a) ,  
SC- 15( b) ;  CCI - 001150,  CCI - 001152. }

Wi t hout  expl i c i t  appr oval  f r om t he pr oj ect  s i t e,  cont r ol  syst ems must  not  
use col l abor at i ve comput i ng t echnol ogi es.

3. 7. 2   Deni al  of  Ser vi ce Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 5,  SC- 39,  
SC- 7( a) ;  CCI - 001093,  CCI - 002385,  CCI - 002386,  CCI - 002430,  CCI - 001097.  }

To t he gr eat est  ext ent  pr act i cal ,  i mpl ement  cont r ol  l ogi c wi t hout  r el i ance 
on t he net wor k.   Except  when r equi r ed t o meet  t he r equi r ement s of  t he 
cont r ol  syst em Sect i on ( wher e t he r equi r ement  can onl y be met  usi ng 
comput er  har dwar e) ,  do not  i mpl ement  cont r ol  l ogi c i n comput er s.

3. 7. 2. 1   Def aul t  Requi r ement s f or  MODERATE I mpact  Cont r ol  Syst ems

Except  f or  net wor ked i nput  and out put s on i nput - out put  buses speci f i cal l y 
desi gned t o pr ovi de hi gh r el i abi l i t y  or  r edundancy,  sensor s and act uat or s 
must  not  r el y on t he net wor k t o exchange dat a wi t h t he cont r ol l er  
execut i ng t he sequence of  oper at i on whi ch uses t he sensor  val ue or  
det er mi nes t he act uat or  command.   

Sensor  val ues r equi r ed by mul t i pl e devi ces may be shar ed over  t he net wor k 
pr ovi ded t hey ar e connect ed t o a cont r ol l er  r equi r i ng t he val ue f or  
execut i on of  t he sequence and t hat  cont r ol l er  shar es t he val ue on t he 
net wor k.  

3. 8   SAFE MODE AND FAI L SAFE OPERATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 12,  SI - 10( 3) ,  SI - 17;  CCI - 002855,  CCI - 002856,  CCI - 002857,  CCI - 002754,  
CCI - 002773,  CCI - 002774,  CCI - 002775}
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For  al l  cont r ol  syst em component s wi t h an appl i cabl e STI G or  SRG,  
conf i gur e t he component  i n accor dance wi t h al l  appl i cabl e STI Gs and SRGs.

3. 9   SYSTEM MAI NTENANCE TOOL SOFTWARE

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
MA- 3;  CCI - 000865. }

Submi t  and l i cense t o t he Gover nment  al l  sof t war e r equi r ed t o oper at e,
mai nt ai n and modi f y t he cont r ol  syst em such t he Gover nment  or  t hei r  agent s 
ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons of  t he 
syst em wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or ,  Vendor  
or  Manuf act ur er .  Submi t  har d copi es of  user  manual s f or  each sof t war e wi t h 
t he sof t war e submi t t al .

For  sof t war e pr ovi ded and l i censed t o t he Gover nment  under  t he
r equi r ement s of  anot her  Sect i on,  submi t  a st at ement  i ndi cat i ng t he
Sect i on and Submi t t al  under  whi ch t he sof t war e was pr ovi ded.  For
sof t war e pr ovi ded t o meet  t he r equi r ement s of  t hi s Sect i on and not  
pr ovi ded and l i censed under  anot her  Sect i on,  submi t  sof t war e and sof t war e 
user  manual s on DVD or  CD as a Techni cal  Dat a Package and submi t  3 har d 
copi es of  t he sof t war e user  manual  f or  each pi ece of  sof t war e.

3. 10   DEVI CE POWER

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PE- 11,  PE- 11( 1) ;  CCI - 002955,  CCI - 000961.   }

For  LOW I mpact  Syst ems:  Pr ovi de emer gency power  i n accor dance wi t h t he 
cont r ol  syst em and equi pment  speci f i cat i on Sect i ons i n
 Di v i s i on 23

3. 11   VULNERABI LI TY SCANNI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o RA- 5 RA- 5( a) , RA- 5( b) , RA- 5( c) , RA- 5( d) ;  CCI - 001054,  CCI - 001055,  
CCI - 000156,  CCI - 001641,  CCI - 001643,  CCI - 001057,  CCI - 001058,  CCI - 001059.  }

Al l  I P devi ces must  be scannabl e,  such t hat  t he devi ce can be scanned by 
i ndust r y st andar d I P net wor k scanni ng ut i l i t i es wi t hout  har m t o t he 
devi ce,  appl i cat i on,  or  f unct i onal i t y.  

3. 11. 1   Comput er s and Sof t war e Runni ng on Comput er s

Comput er s and appl i cat i ons r unni ng on comput er s must  meet  r el evant  
vul ner abi l i t y  scanni ng STI Gs/ SRGs and r espond t o appr oved DoD 
vul ner abi l i t y  scanni ng t ool s.

3. 11. 2   Cont r ol l er s

Pr ovi de cont r ol l er s t hat  ar e scannabl e by st andar d cont r ol  syst em 
di scover y t ool s or  cont r ol  syst em br owser s and r et ur n meani ngf ul  st at us 
i nf or mat i on i ncl udi ng t he net wor k i nput s and out put s f or  t he cont r ol l er .   
Thi s i nf or mat i on must  cont ai n suf f i c i ent  det ai l  t o det ect  vul ner abi l i t i es 
or  expl oi t s of  t he cont r ol l er .

Pr ovi de al l  sof t war e needed t o scan t he cont r ol  syst em as t he Cont r ol  
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Syst em Scanni ng Tool s submi t t al .   I f  t he sof t war e r equi r ed t o scan t he 
syst em i s al r eady i nst al l ed at  t he pr oj ect  s i t e or  i s pr ovi ded under  a 
separ at e sect i on i nst ead pr ovi de a st at ement  i ndi cat i ng t hi s.

3. 12   FI PS 201- 2 REQUI REMENT

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SA- 4 ( 10) ;  CCI - 003116}

Devi ces i n t he f ol l owi ng syst ems whi ch i mpl ement  PI V must  be on t he 
NI ST FI PS 201- 2 appr oved pr oduct  l i s t  (
ht t ps: / / www. i dmanagement . gov/ appr oved- pr oduct s- l i s t / ) :   NONE.

3. 13   SYSTEM AND I NTEGRATI ON I NTEGRI TY

3. 13. 1   Mal i c i ous Code Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 3( c) ;  CCI - 001241,  CCI - 002623}

For  al l  comput er s i nst al l ed under  t hi s pr oj ect ,  pr ovi de mal war e pr ot ect i on 
sof t war e medi a,  pr ovi de l i censes,  and i nst al l  and conf i gur e mal war e 
pr ot ect i on sof t war e as i ndi cat ed.   Coor di nat e wi t h t he Gover nment  Comput er  
Access Poi nt  of  Cont act  as r equi r ed.

a.  Pr ovi de mal war e pr ot ect i on sof t war e l i censes.

b.  Pr ovi de mal war e pr ot ect i on sof t war e medi a.

c.  I nst al l  and conf i gur e mal war e pr ot ect i on sof t war e i n accor dance wi t h 
t he r el evant  STI Gs.

3. 14   CONTROL SYSTEM CYBERSECURI TY TESTI NG

3. 14. 1   Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es

Pr epar e Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es expl ai ni ng
st ep- by- st ep,  t he act i ons and expect ed r esul t s t hat  wi l l  demonst r at e t hat
t he cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.

Submi t  4 copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Pr ocedur es.  The Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es may be
submi t t ed as a Techni cal  Dat a Package.

3. 14. 2   Cont r ol  Syst em Cyber secur i t y Test i ng Execut i on

Usi ng t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es ver i f y t hat  t he
cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.  UNLESS GOVERNMENT
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL
TESTS WI TH A GOVERNMENT WI TNESS.  I f  t est i ng r eveal s def i c i enci es i n t he
syst em,  cor r ect  t he def i c i ency and r et est  unt i l  successf ul .

3. 14. 3   Cont r ol  Syst em Cyber secur i t y Test i ng Repor t

Pr epar e and submi t  a Cont r ol  Syst em Cyber secur i t y Test i ng Repor t
document i ng al l  t est s per f or med and t hei r  r esul t s.  I ncl ude al l  t est s i n
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t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es and any addi t i onal
t est s per f or med dur i ng t est i ng.  Document  t est  f ai l ur es and r epai r s
conduct ed wi t h t he t est  r esul t s.

Submi t  f our  copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Repor t .  The Cont r ol  Syst em Cyber secur i t y Test i ng Repor t  may be submi t t ed
as a Techni cal  Dat a Package.

3. 15   FI ELD QUALI TY CONTROL,  CYBERSECURI TY VALI DATI ON SUPPORT

I n addi t i on t o t est i ng and t est i ng suppor t  r equi r ed by ot her  Sect i ons,  
pr ovi de a mi ni mum of  24
 hour s of  t echni cal  suppor t  f or  cyber secur i t y t est i ng of  cont r ol  syst ems 
t o suppor t  t he DoD Ri sk Management  Fr amewor k pr ocess Cyber secur i t y 
assessment  of  t he cont r ol  syst em.   Thi s suppor t  i s  i ndependent  of  ( and i n 
addi t i on t o)  t he Cont r ol  Syst em Cyber secur i t y Test i ng speci f i ed i n t hi s 
sect i on.

3. 16   CYBERSECURI TY TRAI NI NG

Pr ovi de ei ght  hour s of  c l assr oom and hands- on t r ai ni ng f or  s i x Gover nment  
per sonnel  on t he cyber secur i t y oper at i on and mai nt enance of  t he cont r ol  
syst em pr ovi ded.   Thi s t r ai ni ng i s i n addi t i on t o and must  be coor di nat ed 
wi t h cont r ol  syst em t r ai ni ng speci f i ed i n ot her  Sect i ons.  

The Gover nment  wi l l  pr ovi de t he t r ai ni ng l ocat i on.  Tr ai ni ng must  cover ,  at  
a mi ni mum:   ( a)  appl y i ng sof t war e and f i r mwar e updat es,  ( b)  user  account  
cr eat i on,  modi f i cat i on and del et i on,  ( c)  audi t  l og upl oad pr ocedur es and 
( d)  i dent i f i cat i on of  pr i v i l eged user  i nt er f aces and syst em i mpact  of  
t hose i nt er f aces.   Tr ai ni ng sessi on must  i ncl ude a quest i on and answer  
per i od dur i ng whi ch gover nment  st af f  quest i ons about  cyber secur i t y aspect s 
of  t he cont r ol  syst em ar e answer ed.  

        - -  End of  Sect i on - -
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SECTI ON 25 05 11. 02

CYBERSECURI TY FOR LOW I MPACT LI GHTI NG CONTROL SYSTEMS
05/ 21,  CHG 1:  08/ 23

PART 1   GENERAL

Many subpar t s i n t hi s Sect i on cont ai n t ext  i n cur l y br aces ( " { "  and " } " )  
i ndi cat i ng whi ch cyber secur i t y cont r ol  and cont r ol  cor r el at i on i dent i f i er  
( CCI )  t he r equi r ement s of  t he subpar t  r el at e t o.   The t ext  i nsi de t hese 
cur l y br aces i s f or  Gover nment  r ef er ence onl y and enabl es coor di nat i on of  
t he r equi r ement s of  t hi s Sect i on wi t h t he RMF pr ocess t hr oughout  t he 
desi gn and const r uct i on pr ocess.   Text  i n cur l y br aces ar e not  cont r act or  
r equi r ement s.

Thi s Sect i on r ef er s t o Secur i t y Requi r ement s Gui de ( SRGs)  and Secur i t y 
Techni cal  I mpl ement at i on Gui de ( STI Gs) .   STI Gs and SRGs ar e avai l abl e 
onl i ne at  t he I nf or mat i on Assur ance Suppor t  Envi r onment  ( I ASE)  websi t e at   
ht t ps: / / publ i c. cyber . mi l / st i gs/ downl oads/  and an SRG/ STI G Appl i cabi l i t y  
Gui de and Col l ect i on Tool  i s  avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ .  Not  al l  cont r ol  syst em component s 
have appl i cabl e STI Gs or  SRGs.   The " Cont r ol  Syst ems SRG"  does not  appl y 
t o wor k per f or med under  t hi s Sect i on;  al l  r equi r ement s wi t hi n t hi s sect i on 
t o appl y appl i cabl e SRGs DO NOT i ncl ude t he " Cont r ol  Syst ems SRG" .

1. 1   CONTROL SYSTEM APPLI CABI LI TY

Ther e ar e mul t i pl e ver si ons of  t hi s Sect i on associ at ed wi t h t hi s pr oj ect .   
Di f f er ent  ver si ons have r equi r ement s appl i cabl e t o di f f er ent  cont r ol  
syst ems.   Thi s speci f i c  Sect i on appl i es onl y t o t he f ol l owi ng cont r ol  
syst ems:  Li ght i ng Cont r ol  Syst em.

1. 2   RELATED REQUI REMENTS

Thi s sect i on does not  cont ai n suf f i c i ent  r equi r ement s t o pr ocur e a cont r ol  
syst em and must  be used i n conj unct i on wi t h ot her  Sect i ons whi ch speci f y 
cont r ol  syst ems.   Thi s Sect i on adds cyber secur i t y r equi r ement s t o t he 
cont r ol  syst ems speci f i ed i n ot her  Sect i ons,  and as t hese r equi r ement s ar e 
condi t i oned on t he cont r ol  syst em bei ng pr ovi ded,  t her e may be 
r equi r ement s i n t hi s Sect i on t hat  wi l l  not  appl y t o t hi s pr oj ect .   Al l  
Sect i ons cont ai ni ng f aci l i t y- r el at ed cont r ol  syst ems or  cont r ol  syst em 
component s ar e r el at ed t o t he r equi r ement s of  t hi s Sect i on.   Revi ew al l  
speci f i cat i on sect i ons t o det er mi ne r el at ed r equi r ement s.

I n cases wher e a r equi r ement  i s speci f i ed i n bot h t hi s Sect i on and i n 
anot her  Sect i on,  t he mor e st r i ngent  r equi r ement  must  be met .   I n cases 
wher e a r equi r ement  i n t hi s Sect i on conf l i c t s wi t h t he r equi r ement s of  
anot her  Sect i on such t hat  bot h r equi r ement s cannot  be met  at  t he same 
t i me,  r equest  di r ect i on f r om t he Cont r act i ng Of f i cer  Repr esent at i ve t o 
det er mi ne whi ch r equi r ement  appl i es t o t he pr oj ect .
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1. 3   REFERENCES

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

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST FI PS 201- 2 ( 2013)  Per sonal  I dent i t y Ver i f i cat i on 
( PI V)  of  Feder al  Empl oyees and Cont r act or s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DTM 08- 060 ( 2008)  Pol i cy on Use of  Depar t ment  of  
Def ense ( DoD)  I nf or mat i on Syst ems -  
St andar d Consent  Banner  and User  Agr eement

1. 4   DEFI NI TI ONS

1. 4. 1   Admi ni st r at or  Account

An admi ni st r at or  account  i s an account  wi t h f ul l  per mi ssi ons t o a devi ce,  
appl i cat i on,  or  oper at i ng syst em,  i ncl udi ng t he abi l i t y  t o cr eat e and 
modi f y ot her  user  account s.

Not e t hat  t he oper at i ng syst em Admi ni st r at or  Account  may be di f f er ent  t han 
Admi ni st r at or  Account s f or  appl i cat i ons host ed on t hat  oper at i ng syst em.   
Al so,  most  cont r ol l er s wi l l  not  have any suppor t  f or  account s and wi l l  
t her ef or e not  have an ' Admi ni st r at or  Account ' .

1. 4. 2   Comput er

A comput er  i s one of  t he f ol l owi ng:

a.   a devi ce r unni ng a non- embedded deskt op or  ser ver  ver si on of  Mi cr osof t  
Wi ndows

b.   a devi ce r unni ng a non- embedded ver si on of  MacOS

c.   a devi ce r unni ng a non- embedded ver si on of  Li nux

d.   a devi ce r unni ng a ver si on or  der i vat i ve of  t he Andr oi d Oper at i ng 
Syst em,  wher e Andr oi d i s consi der ed separ at e f r om Li nux

e.   a devi ce r unni ng a ver si on of  Appl e i OS

Unl ess ot her wi se i ndi cat ed or  c l ear  f r om cont ext  use of  t he wor d " devi ce"  
i n t hi s Sect i on i ncl udes comput er s.

1. 4. 3   Cont r ol l er

A devi ce ot her  t han a comput er  or  Et her net  swi t ch.   

1. 4. 4   Mi ssi on Space

A devi ce or  medi a i s i n mi ssi on space i f  physi cal  access t o t he devi ce or  
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medi a i s cont r ol l ed by t he or gani zat i on ser ved by t he devi ce.   For  
exampl e,  a VAV box cont r ol l er  i n a suspended cei l i ng i s i n mi ssi on space 
i f  t he VAV box ser ves t hat  r oom;  an el ect r i cal  swi t chgear  i n an el ect r i cal  
r oom or  an AHU i n a mechani cal  r oom or  on a r oof t op may st i l l  be 
consi der ed t o be i n mi ssi on space i f  t he or gani zat i on ( mi ssi on)  ser ved by 
t hat  swi t chgear  or  AHU cont r ol s access t o t he el ect r i cal  r oom,  mechani cal  
r oom or  r oof t op.

1. 4. 5   Net wor k

A net wor k i s a gr oup of  t wo or  mor e devi ces t hat  can communi cat e usi ng a 
net wor k pr ot ocol .   Net wor k pr ot ocol s must  pr ovi de a met hod f or  addr essi ng 
devi ces on t he net wor k;  a communi cat i on met hod t hat  does not  pr ovi de an 
addr essi ng scheme i s not  a net wor ked f or m of  communi cat i on.   Devi ces t hat  
communi cat e usi ng a met hod of  communi cat i on t hat  does not  suppor t  devi ce 
addr essi ng ar e not  usi ng a net wor k.

1. 4. 6   Net wor k Connect ed

A component  i s net wor k connect ed ( or  " connect ed t o a net wor k" )  onl y when 
t he devi ce has a net wor k t r anscei ver  whi ch i s di r ect l y connect ed t o t he 
net wor k and i mpl ement s t he net wor k pr ot ocol .   A devi ce l acki ng a net wor k 
t r anscei ver  ( and accompanyi ng pr ot ocol  i mpl ement at i on)  can never  be 
consi der ed net wor k connect ed.   Not e t hat  ( unl i ke many I T def i ni t i ons of  
" Net wor k Connect ed" )  a devi ce connect ed t o a non- I P net wor k i s st i l l  
consi der ed net wor k connect ed ( an I P connect i on or  I P addr ess i s not  
r equi r ed f or  a devi ce t o be net wor k connect ed) .

1. 4. 6. 1   Wi r el ess Net wor k Connect ed

Any devi ce t hat  suppor t s wi r el ess net wor k communi cat i on i s net wor k 
connect ed t o a wi r el ess net wor k,  r egar dl ess of  whet her  t he devi ce i s 
communi cat i ng usi ng wi r el ess.   Unl ess physi cal l y di sabl ed,  devi ces wi t h 
wi r el ess t r anscei ver s suppor t  wi r el ess,  i t  i s  not  suf f i c i ent  t o di sabl e 
t he wi r el ess i n sof t war e.

1. 4. 7   Net wor k Medi a

 The t hi ng t hat  pr ovi des t he communi cat i on channel  bet ween t he devi ces on 
a net wor k.   Typi cal l y wi r e,  but  mi ght  i ncl ude wi r el ess,  f i ber  opt i c,  or  
even power  l i ne ( some net wor k pr ot ocol s al l ow sendi ng net wor k s i gnal s over  
power  wi r i ng) .

1. 4. 8   User  Account  Suppor t  Level s

The suppor t  f or  user  account s i s cat egor i zed i n t hi s Sect i on as one of  
t hr ee l evel s:   

1. 4. 8. 1   FULLY Suppor t ed

Devi ce suppor t s conf i gur abl e i ndi v i dual  account s.   Account s can be 
cr eat ed,  del et ed,  modi f i ed,  et c.   Pr i v i l eges can be assi gned t o account s.   
These devi ces suppor t  user - based ( as opposed t o r ol e- based)  aut hent i cat i on.

1. 4. 8. 2   MI NI MALLY Suppor t ed

Devi ce suppor t s a smal l ,  f i xed number  of  account s ( per haps onl y one) .   
Account s cannot  be modi f i ed.   A devi ce wi t h onl y a " User "  and an 
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" Admi ni st r at or "  account  woul d f i t  t hi s cat egor y.   Si mi l ar l y,  a devi ce wi t h 
t wo PI Ns f or  l ogon -  one f or  r est r i ct ed and one f or  unr est r i ct ed r i ght s 
woul d f i t  her e ( i n ot her  wor ds,  t he account s do not  have t o be t he 
t r adi t i onal  " user name and passwor d"  st r uct ur e) .   These devi ces t ypi cal l y 
onl y suppor t  r ol e- based aut hent i cat i on.

Exampl es of  devi ces whi ch MI NI MALLY suppor t  account s ar e a)  a var i abl e 
f r equency dr i ve wi t h a s i ngl e account  whi ch r equi r es a PI N f or  access t o 
conf i gur at i on;  and b)  a r oom l i ght i ng cont r ol  t ouchpad i nt er f ace t hat  has 
a s i ngl e account .

1. 4. 8. 3   NOT Suppor t ed

Devi ce does not  suppor t  any Access Enf or cement  t her ef or e t he whol e concept  
of  " account "  i s  meani ngl ess.

1. 4. 9   Manual  Local  I nput

Manual  Local  I nput s ar e syst em anal og or  bi nar y i nput s t hat  ar e adj ust abl e 
by a per son but  ar e,  by i nt r i nsi c har dwar e desi gn,  ver y l i mi t ed i n 
pot ent i al  capabi l i t i es.   Manual  Local  I nput s do not  have t ouch scr eens or  
f ul l  keyboar ds,  but  may have a f ew but t ons or  di al s t o al l ow i nput .   
Manual  Local  I nput s do not  have f ul l  gr aphi c scr eens or  dot - mat r i x 
di spl ays,  but  may have si mpl e l i ght s ( LEDs)  or  7- segment  di spl ays.   Manual  
Local  I nput s do not  have any sor t  of  menu st r uct ur e,  each but t on has a 
s i ngl e wel l - def i ned f unct i on.  

Exampl es of  Manual  Local  I nput s ar e H- O- A swi t ches,  s i mpl e t her most at s,  
and di sconnect  swi t ches.

1. 4. 10   Car d Reader

A car d r eader  i s an i nput / out put  devi ce whose pr i mar y f unct i on i s t o 
assi st  i n t wo- f act or  aut hent i cat i on.   A car d r eader  must  have an i nt er f ace 
t o r ead dat a f r om a car d and may be abl e t o wr i t e dat a t o a car d.   A car d 
r eader  may have a means ( such as but t ons,  keypad,  t ouchscr een,  et c. )  f or  a 
user  t o i nput  a PI N or  passwor d,  as wel l  as a l i mi t ed di spl ay.   

1. 4. 11   User  I nt er f ace

A User  I nt er f ace ( UI )  i s  somet hi ng ot her  t han a Manual  Local  I nput  or  Car d 
Reader  t hat  al l ows a per son t o i nt er act  wi t h t he syst em or  devi ce.   Not e 
t hat  whi l e a Car d Reader  i s not  by i t sel f  a User  I nt er f ace,  a User  
I nt er f ace may cont ai n a Car d Reader  i n or der  f or  i t  t o aut hent i cat e i t s 
user .   Wi t hi n cont r ol  syst ems,  t her e ar e a wi de r ange of  User  I nt er f aces.  

Two i mpor t ant  di st i nct i ons ar e 1)  whet her  t he user  i nt er f ace i s Local  or  
Remot e,  and 2)  t he ef f ect i ve capabi l i t i es of  t he User  I nt er f ace t o al t er  
dat a,  whi ch i s t he " pr i v i l ege"  of  t he user  i nt er f ace ( wher e ef f ect i ve 
pr i v i l ege avai l abl e t o a speci f i c  user  at  a speci f i c  user  i nt er f ace i s t he 
combi nat i on of  t he gr eat est  pr i v i l ege of f er ed by t he user  i nt er f ace and 
t he speci f i c  account  t he user  i s l ogged i nt o) .

1. 4. 11. 1   Local  User  I nt er f ace

A Local  User  I nt er f ace i s a user  i nt er f ace wher e t he physi cal  har dwar e t he 
user  i nt er act s wi t h ( keyboar d,  but t ons,  di spl ay,  et c. )  i s  physi cal l y par t  
of  t he devi ce bei ng af f ect ed.   Al l  of  t he r el evant  char act er i st i cs of  t he 
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user  i nt er f ace ar e embodi ed wi t hi n a s i ngl e devi ce.

Not e t hat  a Local  UI  may be abl e t o access dat a i n a di f f er ent  devi ce,  
Local  ver sus Remot e i n t hi s cont ext  r ef er s t o t he user  i nt er f ace i t sel f ;  
t he capabi l i t y  t o access dat a i n a di f f er ent  devi ce i s cover ed under  " Ful l  
User  I nt er f ace" .

1. 4. 11. 2   Remot e User  I nt er f ace

A Remot e User  I nt er f ace i mpl ement s a Cl i ent / Ser ver  model  wher e t he 
physi cal  har dwar e t he user  i nt er act s wi t h ( Cl i ent )  i s  physi cal l y di st i nct  
f r om t he devi ce bei ng af f ect ed ( Ser ver ) .   Most  or  al l  of  t he secur i t y and 
f unct i onal i t y char act er i st i cs of  t he user  i nt er f ace ar e def i ned by t he 
Ser ver ,  not  t he Cl i ent .   The Cl i ent  and Ser ver  communi cat e v i a a net wor k 
connect i on.   A common exampl e of  a r emot e user  i nt er f ace i s a web- based 
i nt er f ace wher e t he br owser  ( c l i ent )  i s  gener al l y on di f f er ent  har dwar e 
t han t he web ser ver  ( ser ver ) .   A Remot e UI  r emai ns a Remot e UI  even i f  t he 
user  happens t o be at  a Cl i ent  on t he same har dwar e as t he Ser ver .   What  
i s i mpor t ant  i s t hat  a)  t he Cl i ent  may be on di f f er ent  har dwar e t han t he 
Ser ver  and b)  t he maj or i t y of  t he secur i t y and f unct i onal  char act er i st i cs 
of  t he i nt er f ace ar e def i ned at  t he Ser ver .

Not e t hat  t hi s def i ni t i on of  " r emot e"  i s consi st ent  wi t h t hat  gener al l y 
used i n t he cont r ol  i ndust r y but  i s not  al i gned wi t h t he NI ST 800- 53 
def i ni t i on of  " Remot e" ,  whi ch r ef er s t o " out si de t he syst em" .   The t er m 
" Remot e"  her e bet t er  al i gns wi t h t he NI ST 800- 53 def i ni t i on of  " Net wor k"  
( r emot e f r om wi t hi n t he syst em)  Access.  

1. 4. 11. 3   Types of  User  I nt er f ace ( by capabi l i t y)

User  i nt er f aces ar e al so cat egor i zed by t hei r  capabi l i t i es as bei ng Read 
Onl y,  Li mi t ed,  or  Ful l .

1. 4. 11. 3. 1   Read- Onl y User  I nt er f ace

A Read Onl y User  I nt er f ace ( al so r ef er r ed t o as a Vi ew- Onl y User  
I nt er f ace)  i s a user  i nt er f ace t hat  onl y al l ows f or  r eadi ng dat a,  i t  does 
not  al l ow ( have t he capabi l i t y  t o)  modi f y dat a.   A Read Onl y User  
I nt er f ace may be ei t her  Local  or  Remot e.  A User  I nt er f ace t hat  i s 
conf i gur ed t o be Read Onl y ( by some ot her  means t han t he i nt er f ace i t sel f ,  
such as usi ng conf i gur at i on sof t war e on a l apt op)  i s a Read- Onl y 
I nt er f ace.  Not e a Read Onl y User  I nt er f ace may have but t ons ( or  t ouch 
scr een,  et c. )  al l owi ng t he user  t o navi gat e t hr ough t he pr esent at i on of  
dat a.

Exampl es of  a Read Onl y User  I nt er f aces ar e a)  a publ i c l y v i ewabl e " ener gy 
dashboar d"  showi ng weat her  dat a and ener gy usage wi t hi n a bui l di ng and b)  
di gi t al  wayf i ndi ng si gnage.

1. 4. 11. 3. 2   Li mi t ed User  I nt er f ace

A Li mi t ed User  I nt er f ace i s a user  i nt er f ace t hat  -  by desi gn -  can onl y 
al t er  i nf or mat i on l ocal  t o t he user  i nt er f ace.  Not e t hat  t he det er mi nat i on 
of  " al t er "  i ncl udes onl y di r ect  i nt er act i ons,  i t  expl i c i t l y  excl udes 
i nt er act i ons t hat  mi ght  occur  as secondar y ef f ect s.   For  exampl e,  an 
i nt er f ace changi ng t he f l ow set poi nt  i n a pump cont r ol l er  i s  a di r ect  
i nt er act i on,  t he subsequent  change i n f l ow ( as wel l  as any subsequent  
downst r eam changes i n val ve posi t i on)  ar e not  di r ect  i nt er act i ons.
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Two exampl es of  LI MI TED UI s ar e:    a)  a var i abl e speed dr i ve has a Li mi t ed 
Local  User  I nt er f ace whi ch al l ows t he user  t o change pr oper t i es wi t hi n t he 
dr i ve,  but  does not  al l ow af f ect i ng t hi ngs out si de t he dr i ve;  and b)  a 
t ypi cal  home Wi Fi  Rout er  has a Li mi t ed Remot e User  I nt er f ace whi ch al l ows 
conf i gur at i on of  t he Rout er ,  but  does not  al l ow di r ect  i nt er act i on wi t h 
ot her  devi ces.

1. 4. 11. 3. 3   Ful l  User  I nt er f ace

A Ful l  User  I nt er f ace can al t er  i nf or mat i on i n devi ces out si de t he devi ce 
wi t h t he user  i nt er f ace.   For  exampl e,  a t ypi cal  Local  Di spl ay Panel  i s  a 
Ful l  Local  User  I nt er f ace whi l e a br owser - based f r ont  end i s a Ful l  Remot e 
User  I nt er f ace.

1. 4. 11. 3. 4   Vi ew- Onl y User  I nt er f ace

See Read- Onl y User  I nt er f ace

1. 4. 11. 4   Ot her  User  I nt er f ace Ter mi nol ogy

I n addi t i on t o def i ni ng whet her  a user  i nt er f ace i s a Har dwar e Li mi t ed,  
Read- Onl y,  Li mi t ed or  Ful l ,  and whet her  i t  i s  Local  or  Remot e,  user  
i nt er f aces ar e c l assi f i ed by whet her  t hey ar e wr i t abl e or  pr i v i l eged.

1. 4. 11. 4. 1   Wr i t abl e User  I nt er f ace

Any User  I nt er f ace t hat  i s not  Read- Onl y i s Wr i t abl e.  ( Li mi t ed User  
I nt er f aces and Ful l  User  I nt er f aces ar e bot h wr i t abl e user  i nt er f aces ( as 
t hey ar e capabl e of  changi ng a val ue) ) .

1. 4. 11. 4. 2   Pr i v i l eged User  I nt er f ace

A Pr i v i l eged UI  i s a UI  t hat  has suf f i c i ent  capabi l i t i es or  f unct i onal i t y 
t hat  i t  r equi r es speci f i c  cyber secur i t y measur es t o be put  i n pl ace t o 
l i mi t  i t s  unaut hor i zed use.   Ul t i mat el y,  whet her  a speci f i c  user  i nt er f ace 
i s consi der ed a Pr i v i l eged User  I nt er f ace must  be det er mi ned by usage.   
Unl ess ot her wi se speci f i ed,  user  i nt er f aces can be det er mi ned t o be 
pr i v i l eged or  not  usi ng t he f ol l owi ng:

a.   Read- Onl y User  I nt er f aces ar e not  pr i v i l eged user  i nt er f aces.  

b.   Ful l  User  I nt er f aces ar e pr i v i l eged user  i nt er f aces.

c.   User  i nt er f aces t hat  al l ow f or  conf i gur at i on of  audi t i ng or  al l ows f or  
modi f i cat i on or  del et i on of  audi t  l ogs ar e pr i v i l eged user  i nt er f ace.

d.   User  i nt er f aces t hat  al l ow f or  r epr ogr ammi ng a net wor k connect ed 
devi ce i s a pr i v i l eged user  i nt er f ace.

e.   Except  as speci f i ed above,  a Li mi t ed User  I nt er f ace must  be det er mi ned 
t o be pr i v i l eged or  not  based on t he speci f i c  capabi l i t i es and use 
case of  t he user  i nt er f ace.   I n gener al  however ,  user  i nt er f aces t hat  
do not  of f er  s i gni f i cant  capabi l i t i es above and beyond t hose avai l abl e 
at  t hat  l ocat i on v i a ot her  means ( e. g.  such as a di sconnect  swi t ch,  
br eaker ,  or  hand- of f - aut o swi t ch,  or  physi cal  at t ack)  ar e not  
pr i v i l eged.
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1. 4. 12   Wi r el ess Net wor k

Any net wor k t hat  communi cat es wi t hout  usi ng wi r es or  f i ber  opt i cs as t he 
communi cat i on medi a.  Wi r el ess net wor ks i ncl ude:  Wi Fi ,  Bl uet oot h,  Zi gBee,  
cel l ul ar ,  sat el l i t e,  900 MHz r adi o,  2. 4 GHz,  f r ee space opt i cal ,  
poi nt - t o- poi nt  l aser ,  and I R.   

1. 4. 13   Wi r ed Br oadcast  Net wor k

Wi r ed Br oadcast  Net wor ks ar e any net wor k,  such as power l i ne car r i er  
net wor ks and modem ( wi r ed t el ephony) ,  t hat  use wi r e- based t echnol ogi es 
wher e t her e i s not  a c l ear l y def i ned boundar y f or  s i gnal  pr opagat i on.  

1. 5   ADMI NI STRATI VE REQUI REMENTS

1. 5. 1   Poi nt s of  Cont act

Coor di nat e wi t h t he f ol l owi ng Poi nt s of  Cont act  as i ndi cat ed i n t hi s 
Sect i on and as r equi r ed.   Not  al l  pr oj ect s wi l l  r equi r e coor di nat i on wi t h 
al l  Poi nt s of  Cont act .   When coor di nat i on i s r equi r ed and no Poi nt  of  
Cont act  i s  i ndi cat ed,  coor di nat e wi t h The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR) .

a.   Gover nment  Comput er  Access Poi nt  of  Cont act :  The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)

b.   HTTPS Cer t i f i cat e Poi nt  of  Cont act :   The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)

c.   Emai l  Addr ess Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve 
( COR)

d.   Passwor d Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve ( COR)

e.   Mobi l e Code Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve 
( COR)

f .   PKI  I nf r ast r uct ur e Poi nt  of  Cont act :    The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)

1. 5. 2   Coor di nat i on

Coor di nat e t he execut i on of  t hi s Sect i on wi t h t he execut i on of  al l  ot her  
Sect i ons r el at ed t o cont r ol  syst ems as i ndi cat ed i n t he par agr aph RELATED 
REQUI REMENTS.   I t ems t hat  must  be consi der ed when coor di nat i ng pr oj ect  
ef f or t s i ncl ude but  ar e not  l i mi t ed t o:  

a.   I f  r equest i ng per mi ssi on f or  wi r el ess or  wi r ed br oadcast  
communi cat i on,  t he Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request  
submi t t al  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on 
and i nst al l at i on.

b.   I f  r equest i ng per mi ssi on f or  al t er nat e account  l ock per mi ssi ons,  t he 
Devi ce Account  Lock Except i on Request  must  be appr oved pr i or  t o 
cont r ol  syst em devi ce sel ect i on and i nst al l at i on.

c.   I f  r equest i ng per mi ssi on f or  t he use of  a devi ce wi t h mul t i pl e 
physi cal  connect i ons t o I P net wor ks,  t he Mul t i pl e I P Connect i on Devi ce 
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Request  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on and 
i nst al l at i on.

d.   Wi r el ess t est i ng may be r equi r ed as par t  of  t he cont r ol  syst em 
t est i ng.   See r equi r ement s f or  t he Wi r el ess Communi cat i on Test  Repor t  
submi t t al .

e.   I f  t he Devi ce Audi t  Recor d Upl oad Sof t war e i s t o be i nst al l ed on a 
comput er  not  bei ng pr ovi ded as par t  of  t he cont r ol  syst em,  
coor di nat i on i s r equi r ed t o i dent i f y t he comput er  on whi ch t o i nst al l  
t he sof t war e.

f .   The Cyber secur i t y I nt er connect i on Schedul e must  be coor di nat ed wi t h 
ot her  wor k t hat  wi l l  be i nt er connect ed t o,  and i nt er connect i ons must  
be appr oved by t he Gover nment  bef or e r el y i ng on t hem f or  syst em 
f unct i onal i t y.

g.   Cyber secur i t y t est i ng suppor t  must  be coor di nat ed acr oss cont r ol  
syst ems and wi t h t he Gover nment  cyber secur i t y t est i ng schedul e.

h.   Passwor ds must  be coor di nat ed wi t h t he i ndi cat ed cont act  f or  t he 
pr oj ect  s i t e.

i .   I f  appl i cabl e,  HTTPS web ser ver  cer t i f i cat es must  be obt ai ned f r om t he 
i ndi cat ed HTTPS Cer t i f i cat e Poi nt  of  Cont act .

j .   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s must  be 
pr ovi ded f or  each cont r act or  usi ng cont r act or  owned comput er s.

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

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

Devi ce Account  Lock Except i on Request ;  G

Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s;  G

Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s;  G

Pr oposed STI G and SRG Appl i cabi l i t y  Repor t ;  G

SD- 02 Shop Dr awi ngs

Cyber secur i t y Ri ser  Di agr am;  G

SD- 03 Pr oduct  Dat a
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Cont r ol  Syst em Cyber secur i t y Document at i on;  G

SD- 06 Test  Repor t s

Wi r el ess Communi cat i on Test  Repor t ;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Repor t ;  G

SD- 07 Cer t i f i cat es

Sof t war e Li censes;  G

SD- 11 Cl oseout  Submi t t al s

Passwor d Change Summar y Repor t ;  G

Encl osur e Keys;  G

Sof t war e and Conf i gur at i on Backups;  G

Audi t i ng Fr ont  End Sof t war e;  G

Devi ce Audi t  Recor d Upl oad Sof t war e;  G

Syst em Mai nt enance Tool  Sof t war e;  G

Cont r ol  Syst em Scanni ng Tool s;  G

STI G,  SRG and Vendor  Gui de Compl i ance Resul t  Repor t ;  G

Cont r ol  Syst em I nvent or y Repor t ;  G

1. 7   QUALI TY CONTROL

1. 7. 1   Qual i f i cat i ons

For  t he Li ght i ng cont r ol  syst em:

  For  t he posi t i on l i s t ed bel ow r esumes shoul d be submi t t ed t o t he 
Gover nment  wi t hi n 14 days af t er  not i ce t o pr oceed.   Al l  cer t i f i cat i ons 
must  be i n ef f ect  pr i or  t o bei ng hi r ed.

These posi t i ons may ser ve acr oss t he cont r act  and pr ovi de on- si t e suppor t  
as r equi r ed. .

1. 7. 1. 1   Cyber secur i t y Subj ect  Mat t er  Exper t

The i ndi v i dual  wi l l  over  see al l  wor k wi t hi n t hese speci f i cat i on.   Thi s 
posi t i on r equi r es t hat  t he i ndi v i dual  cur r ent l y meet s I nf or mat i on 
Assur ance Management  Level  I I  Cer t i f i cat i on i n accor dance wi t h DODD 8140 
Cyber secur i t y Wor kf or ce Management  and DODI  8570 I nf or mat i on Wor kf or ce 
I mpr ovement  Pr ogr am.   
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I ndi v i dual s f or  t hi s posi t i on shoul d have exper i ence secur i ng DoD Syst ems 
and wi t h Ri sk Management  Fr amewor k

1. 8   CYBERSECURI TY DOCUMENTATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 7;  CCI - 003071}

1. 8. 1   Pr oposed STI G and SRG Appl i cabi l i t y  Repor t

For  each model  of  net wor k connect ed or  net wor k i nf r ast r uct ur e devi ce,  use 
t he DI SA SRG/ STI G Appl i cabi l i t y  Gui de and Col l ect i on Tool  ( avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ t o i dent i f y appl i cabl e STI Gs or  SRGs 
and pr ovi de a r epor t  i ndi cat i ng appl i cabl e STI Gs and SRGs f or  each model .

1. 8. 2   Cont r ol  Syst em I nvent or y Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CM- 8( a) ,  SI - 17,  I A- 3;  CCI - 000389,  CCI - 000392,  CCI - 000398,  CCI - 002773,  
CCI - 002774,  CCI - 002775,  CCI - 000777,  CCI - 000778,  CCI - 001958}

Pr ovi de a Cont r ol  Syst em I nvent or y r epor t  usi ng t he I nvent or y Spr eadsheet  
l i s t ed under  t hi s Sect i on at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 document i ng al l  devi ces,  i ncl udi ng net wor ked devi ces,  net wor k 
i nf r ast r uct ur e devi ces,  non- net wor ked devi ces,  i nput  devi ces ( e. g.  
sensor s)  and out put  devi ces ( e. g.  act uat or s) .   For  each devi ce pr ovi de al l  
appl i cabl e i nf or mat i on f or  whi ch t her e i s a f i el d on t he spr eadsheet  i n 
accor dance wi t h t he i nst r uct i ons on t he spr eadsheet .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cont r ol  Syst em I nvent or y Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 3   Sof t war e and Conf i gur at i on Backups

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 10;  CCI - 000550,  CCI - 000551,  CCI - 000552}

For  each comput er  on whi ch sof t war e i s i nst al l ed under  t hi s pr oj ect ,  
pr ovi de a r ecover y i mage of  t he f i nal  as- bui l t  comput er .   Thi s i mage must  
al l ow f or  bar e- met al  r est or e such t hat  r est or at i on of  t he i mage i s 
suf f i c i ent  t o r est or e syst em oper at i on t o t he i maged st at e wi t hout  t he 
need f or  r e- i nst al l at i on of  sof t war e.   I f  addi t i onal  user  per mi ssi ons ar e 
r equi r ed t o meet  t hi s r equi r ement ,  coor di nat e t he cr eat i on of  t he i mage 
wi t h t he i dent i f i ed Gover nment  Comput er  Access Poi nt  of  Cont act .

For  al l  et her net  swi t ches pr ovi de a backup of  t he swi t ch conf i gur at i on.   
For  al l  cont r ol l er s,  pr ovi de a backup of  t he cont r ol l er  conf i gur at i on and 
t he sour ce code f or  al l  l oaded appl i cat i on pr ogr ams ( al l  sof t war e
t hat  i s not  common t o ever y cont r ol l er  of  t he same manuf act ur er  and
model ) .

I f  any or  al l  of  t hese ar e pr ovi ded under  anot her  Sect i on,  pr ovi de 
document at i on i ndi cat i ng t hi s and r ef er enci ng t hose submi t t al s.
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1. 8. 4   Cyber secur i t y Ri ser  Di agr am

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 2( a) ,  PL- 8;  CCI - 003051,  CCI - 003053,  CCI - 003072,  CCI - 003073,  
CCI - 003075}

Pr ovi de a cyber secur i t y r i ser  di agr am of  t he compl et e cont r ol  syst em 
i ncl udi ng al l  net wor k and devi ce har dwar e.   I f  t he cont r ol  syst em 
speci f i cat i ons r equi r e a r i ser  di agr am submi t t al ,  pr ovi de a copy of  t hat  
submi t t al  as t he cyber secur i t y r i ser  di agr am.   Ot her wi se,  pr ovi de a r i ser  
di agr am i n one- l i ne f or mat .

1. 8. 5   STI G,  SRG and Vendor  Gui de Compl i ance Resul t  Repor t

For  ever y component  ( devi ce or  sof t war e)  wi t h an appl i cabl e STI G or  SRG i n 
t he Pr oposed STI G and SRG Appl i cabi l i t y  Repor t ,  pr ovi de a r esul t  r epor t  
document i ng compl i ance wi t h t he STI G or  SRG r equi r ement s.   For  component s 
whi ch ar e scannabl e by t he SCAP ( secur i t y cont ent  aut omat i on pr ot ocol )  
t ool  ( avai l abl e onl i ne at  ht t ps: / / publ i c. cyber . mi l / st i gs/ scap) ,  pr ovi de 
t he SCAP r epor t  and r aw scan r esul t s.

For  ever y component  ( devi ce or  sof t war e)  wi t h manuf act ur er  pr ovi ded 
cyber secur i t y document at i on,  pr ocedur e,  or  met hod f or  secur e conf i gur at i on 
or  i nst al l at i on,  pr ovi de a r epor t  document i ng how t he component  was 
conf i gur ed and any devi at i on f r om t he manuf act ur er  i nst r uct i ons.

1. 8. 6   Cont r ol  Syst em Cyber secur i t y Document at i on

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
SA- 5( a) , SA- 5( b) , SA- 5( c) ,  SA- 22( b) ;  CCI s:   CCI - 003124,  CCI - 003125,  
CCI - 003126,  CCI - 003127,  CCI - 003128,  CCI - 003129,  CCI - 003130,  CCI - 003131,  
CCI - 003374}

Pr ovi de a Cont r ol  Syst em Cyber secur i t y Document at i on submi t t al  cont ai ni ng 
t he i ndi cat ed i nf or mat i on f or  each devi ce and sof t war e appl i cat i on.

1. 8. 6. 1   Sof t war e Appl i cat i ons

For  al l  sof t war e appl i cat i ons r unni ng on comput er s pr ovi de:

a.   admi ni st r at or  document at i on t hat  descr i bes secur e conf i gur at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   admi ni st r at or  document at i on t hat  descr i bes secur e i nst al l at i on of  t he 
sof t war e and sof t war e updat es.  { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003125}

c.   admi ni st r at or  document at i on t hat  descr i bes secur e oper at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   admi ni st r at or  document at i on t hat  descr i bes ef f ect i ve use and 
mai nt enance of  secur i t y f unct i ons or  mechani sms f or  t he sof t war e { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

e.   admi ni st r at or  document at i on t hat  descr i bes known vul ner abi l i t i es 
r egar di ng conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  
f unct i ons f or  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o 
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CCI - 003128}

f .   user  document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons 
or  mechani sms i n t he sof t war e and how t o ef f ect i vel y use t hose 
secur i t y f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003129}

g.   user  document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he sof t war e i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   user  document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng 
t he secur i t y of  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003131}

1. 8. 6. 2   For  Li ght i ng Cont r ol  Syst em Devi ces

1. 8. 6. 2. 1   Li ght i ng Cont r ol  Syst em Devi ces FULLY Suppor t i ng User  Account s

For  al l  Li ght i ng Cont r ol  Syst em Devi ces whi ch FULLY suppor t  user  account s,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

c.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

d.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

e.   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms;  or  a speci f i c  i ndi cat i on t hat  t her e ar e no 
user - accessi bl e secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003129}

f .   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

1. 8. 6. 2. 2   Al l  Ot her  Li ght i ng Cont r ol  Syst em Devi ces

For  al l  Li ght i ng Cont r ol  Syst em Devi ces whi ch do not  FULLY suppor t  user  
account s,  pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce;  or  a 
speci f i c  i ndi cat i on t hat  t her e ar e no secur e conf i gur at i on st eps t hat  
appl y { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce;  or  a speci f i c  i ndi cat i on t hat  
t her e ar e no secur i t y f unct i ons or  mechani sms i n t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}
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c.   For  devi ces whi ch i ncl ude a user  i nt er f ace,  document at i on t hat  
descr i bes met hods f or  user  i nt er act i on whi ch enabl es i ndi v i dual s t o 
use t he devi ce i n a mor e secur e manner  { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003130}

1. 8. 6. 3   Def aul t  Requi r ement s f or  Cont r ol  Syst em Devi ces

For  cont r ol  syst em devi ces wher e Cont r ol  Syst em Cyber secur i t y 
Document at i on r equi r ement s ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e i nst al l at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

e.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

f .   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003129}

g.   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   Document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng t he 
secur i t y of  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003131}

i .   Document at i on of  t he publ i shed l ast  dat e of  suppor t  by t he 
manuf act ur er  or  i ndi cat i on t hat  a publ i shed dat e i s not  avai l abl e.  
{ For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003374}

1. 9   SOFTWARE LI CENSI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 2( a) ,  SI - 2( c) ,  SI - 7( 14) ;  CCI - 001227,  CCI - 002605,  CCI - 002737}

For  al l  sof t war e pr ovi ded t hat  has not  al r eady been l i censed t o t he 
gover nment  or  pr oj ect  s i t e,  pr ovi de a l i cense t o t he Gover nment  f or  a 
per i od of  no l ess t han 5 year s,  and t he l i cense must  al so i ncl ude t he 
f ol l owi ng sof t war e updat es:
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a.   Secur i t y and bug- f i x pat ches i ssued by t he sof t war e manuf act ur er .  

b.   Secur i t y pat ches t o addr ess any vul ner abi l i t y  i dent i f i ed i n t he 
Nat i onal  Vul ner abi l i t y  Dat abase at  ht t p: / / nvd. ni st . gov wi t h a Common 
Vul ner abi l i t y  Scor i ng Syst em ( CVSS)  sever i t y r at i ng of  MEDI UM or  
hi gher .

Pr ovi de a s i ngl e Sof t war e Li censes submi t t al  wi t h document at i on of  t he 
sof t war e l i censes f or  al l  sof t war e pr ovi ded

1. 10   CYBERSECURI TY DURI NG CONSTRUCTI ON

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
AC- 18,  SA- 3;  CCI - 000258}

I n addi t i on t o t he cont r ol  syst em cyber secur i t y r equi r ement s i ndi cat ed i n 
t hi s sect i on,  meet  f ol l owi ng r equi r ement  t hr oughout  t he const r uct i on 
pr ocess.

1. 10. 1   Cont r act or  Comput er  Equi pment

Cont r act or  owned comput er s may be used f or  const r uct i on.   Cont r act or  
comput er s connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a 
cont r ol  syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he 
f ol l owi ng r equi r ement s:

1. 10. 1. 1   Oper at i ng Syst em

The oper at i ng syst em must  be an oper at i ng syst em cur r ent l y suppor t ed by 
t he manuf act ur er  of  t he oper at i ng syst em.  The oper at i ng syst em must  be 
cur r ent  on secur i t y pat ches and oper at i ng syst em manuf act ur er  r equi r ed 
updat es.  

1. 10. 1. 2   Ant i - Mal war e Sof t war e

The comput er  must  r un ant i - mal war e sof t war e f r om a r eput abl e sof t war e 
manuf act ur er .   Ant i - mal war e sof t war e must  be a ver si on cur r ent l y suppor t ed 
by t he sof t war e manuf act ur er ,  must  be cur r ent  on al l  pat ches and updat es,  
and must  use t he l at est  def i ni t i ons f i l e.   Comput er s used on t hi s pr oj ect  
must  be scanned usi ng t he i nst al l ed sof t war e at  l east  once per  day.

1. 10. 1. 3   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  comput er s,  appl i cat i ons,  and web- based 
appl i cat i ons suppor t i ng passwor ds must  be changed f r om t hei r  def aul t  
val ues.   Passwor ds must  be a mi ni mum of  ei ght  char act er s wi t h a mi ni mum of  
one upper case l et t er ,  one l ower case l et t er ,  one number  and one speci al  
char act er .

1. 10. 1. 4   User - Based Aut hent i cat i on

Each user  must  have a uni que account ;  shar i ng of  a s i ngl e account  bet ween 
mul t i pl e user s i s pr ohi bi t ed.

1. 10. 1. 5   Demonst r at i on of  Compl i ance

The Gover nment  has t he r i ght  t o r equi r e demonst r at i on of  comput er  
compl i ance wi t h t hese r equi r ement s at  any t i me dur i ng t he pr oj ect .
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1. 10. 1. 6   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Comput er  
Cyber secur i t y Compl i ance St at ement s f or  each company usi ng cont r act or  
owned comput er s.  Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s 
must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.

1. 10. 2   Tempor ar y I P Net wor ks

Tempor ar y cont r act or - i nst al l ed I P net wor ks may be used dur i ng 
const r uct i on.  When used,  t empor ar y cont r act or - i nst al l ed I P net wor ks 
connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a cont r ol  
syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he f ol l owi ng 
r equi r ement s:

1. 10. 2. 1   Net wor k Boundar i es and Connect i ons

The net wor k must  not  ext end out si de t he pr oj ect  s i t e and must  not  connect  
t o any I P net wor k ot her  t han t hose speci f i cal l y pr ovi ded or  f ur ni shed f or  
t hi s pr oj ect .   Any and al l  access t o t he net wor k f r om out si de t he pr oj ect  
s i t e i s pr ohi bi t ed.

1. 10. 3   Gover nment  Access t o Net wor k

Gover nment  per sonnel  must  be al l owed t o have compl et e and i mmedi at e access 
t o t he net wor k at  any t i me i n or der  t o ver i f y compl i ance wi t h t hi s 
speci f i cat i on.

1. 10. 4   Tempor ar y Wi r el ess I P Net wor ks

I n addi t i on t o t he ot her  r equi r ement s on t empor ar y I P net wor ks,  t empor ar y 
wi r el ess I P ( Wi Fi )  net wor ks,  when per mi t t ed,  must  not  i nt er f er e wi t h 
exi st i ng wi r el ess net wor ks,  must  use WPA2 secur i t y and must  not  br oadcast  
t he net wor k name ( SSI D) .   Net wor k names ( SSI D)  f or  wi r el ess net wor ks must  
be changed f r om t hei r  def aul t  val ues.

1. 10. 5   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  al l  net wor k devi ces and net wor k access 
must  be changed f r om t hei r  def aul t  val ues.  Passwor ds must  be a mi ni mum 8 
char act er s wi t h a mi ni mum of  one upper case l et t er ,  one l ower case l et t er ,  
one number  and one speci al  char act er .

1. 10. 6   Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Tempor ar y 
Net wor k Cyber secur i t y Compl i ance St at ement s f or  each company i mpl ement i ng 
a t empor ar y I P net wor k.   Cont r act or  Tempor ar y Net wor k Cyber secur i t y 
Compl i ance St at ement s must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.   I f  no t empor ar y I P net wor ks wi l l  be used,  pr ovi de a 
s i ngl e copy of  t he St at ement  i ndi cat i ng t hi s.
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1. 11   CYBERSECURI TY DURI NG WARRANTY PERI OD

Al l  wor k per f or med on t he cont r ol  syst em af t er  accept ance must  be 
per f or med usi ng Gover nment  Fur ni shed Equi pment  or  equi pment  speci f i cal l y 
and i ndi v i dual l y appr oved by t he Gover nment .

PART 2   PRODUCTS

Al l  pr oduct s used on t hi s pr oj ect  must  meet  t he i ndi cat ed r equi r ement s,  
but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by ever y pr oj ect .

PART 3   EXECUTI ON

3. 1   ACCESS CONTROL REQUI REMENTS

3. 1. 1   User  Account s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 2( a) ,  AC- 3,  AC- 6( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) ,  CM- 11( 2) ,  and I A- 2;  
CCI - 002110,  CCI - 000213,  CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  
CCI - 002235,  CCI - 000039,  CCI - 001419,  CCI - 002234,  CCI - 001812,  and CCI - 000764.
}

Any user  i nt er f ace suppor t i ng user  account s ( ei t her  FULLY or  MI NI MALLY)  
must  l i mi t  access accor di ng t o speci f i ed l i mi t at i ons f or  each account .   
I nst al l  and conf i gur e any devi ce havi ng a STI G or  SRG i n accor dance wi t h 
t hat  STI G or  SRG.

Al l  user  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  user - based 
aut hent i cat i on wher e each account  i s uni quel y assi gned t o a speci f i c  
user .   User  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  at  l east  
t hr ee ( 3)  l evel s of  user  account  pr i v i l ege i ncl udi ng:   1)  an account  wi t h 
r ead- onl y per mi ssi ons 2)  an account  wi t h f ul l  per mi ssi ons i ncl udi ng 
account  cr eat i on and modi f i cat i on and 3)  an account  wi t h gr eat er  
per mi ssi ons t han r ead- onl y but  wi t hout  account  cr eat i on and modi f i cat i on.

3. 1. 1. 1   Comput er s

Al l  comput er  oper at i ng syst ems must  FULLY suppor t  user  account s and 
i mpl ement  account s f or  access.   Each cont r ol  syst em sof t war e appl i cat i on 
not  suppor t i ng account s and r unni ng on a comput er  must  be i nst al l ed such 
t hat  use of  t he sof t war e i s r est r i ct ed by t he comput er  oper at i ng syst em t o 
speci f i c  user s.

Appl i cat i ons r unni ng on comput er s must  not  r equi r e t he user  be l ogged i n 
t o a comput er  oper at i ng syst em admi ni st r at or  account  f or  nor mal  
oper at i on.    I t  i s  per mi ssi bl e t o r equi r e t he comput er  oper at i ng syst em 
admi ni st r at or  account  f or  i ni t i al  appl i cat i on i nst al l at i on and 
conf i gur at i on.

3. 1. 1. 2   Cont r ol l er s

For  user  i nt er f aces pr ovi ded by cont r ol l er s,  pr ovi de access cont r ol  i n 
accor dance wi t h t he User  I nt er f ace Requi r ement s t abl e f or  t he appl i cabl e 
cont r ol  syst em and user  i nt er f ace t ype.

a.  For  t abl e ent r i es of  " NA" :   NA means Not  Appl i cabl e,  t her e ar e no 

SECTI ON 25 05 11. 02  Page 16



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

i nt er f aces i n t hi s cat egor y.

b.  For  t abl e ent r i es of  " None Requi r ed" :   The user  i nt er f ace i s not  
r equi r ed t o suppor t  user  account s.

c.  For  t abl e ent r i es of  " MI NI MALLY" :  The user  i nt er f ace must  at  l east  
MI NI MALLY suppor t  user  account s.

d.  For  t abl e ent r i es of  " FULLY" :  The user  i nt er f ace must  at  FULLY suppor t  
user  account s.

e.  For  t abl e ent r i es of  " KEY" :  The user  i nt er f ace must  have physi cal  
secur i t y i n t he f or m of  ei t her  a key l ock on t he i nt er f ace i t sel f  or  
be f ur ni shed i nsi de a l ocked encl osur e.   Wher e t hi s i s r equi r ed f or  a 
r ead onl y i nt er f ace,  t hi s l ock must  pr event  v i ewi ng of  dat a on t he 
i nt er f ace;  f or  ot her  i nt er f aces,  t hi s l ock must  pr event  usi ng t he 
i nt er f ace t o al t er  dat a.   

f .  For  t abl e ent r i es of  " Physi cal  Secur i t y" :  For  Local  FULL i nt er f aces,  
t he i nt er f ace must  be l ocat ed i nsi de mi ssi on space.  For  Local  Li mi t ed 
( not  FULL)  i nt er f aces,  t he user  i nt er f ace must  ei t her  a)  be l ocat ed 
wi t hi n mi ssi on space or  b)  be pr ot ect ed by physi cal  secur i t y at  l east  
as good as t he cont r ol  devi ces ( and equi pment  cont r ol l ed by t he 
cont r ol  devi ces)  af f ect ed by t he i nt er f ace.   For  pur poses of  t hi s 
r equi r ement ,  ' af f ect ed'  i ncl udes cont r ol l er s wi t h dat a t hat  can be 
di r ect l y al t er ed by t he i nt er f ace,  as wel l  as mechani cal  and/ or  
el ect r i cal  equi pment  di r ect l y cont r ol l ed by t hose cont r ol l er s,  but  
does not  i ncl ude ot her  i nt er act i ons.   

g.   Ent r i es of  t he f or m " X and Y"  must  meet  bot h t he r equi r ement  i ndi cat ed 
f or  X and t he r equi r ement  i ndi cat ed f or  Y.   For  exampl e,  an ent r y of  
" MI NI MALLY and Physi cal  Secur i t y"  i ndi cat es t he user  i nt er f ace must  
bot h MI NI MALLY suppor t  account s and have physi cal  secur i t y.

h.  Ent r i es of  t he f or m " X or  Y"  must  meet  ei t her  t he r equi r ement  i ndi cat ed 
f or  X or  t he r equi r ement  i ndi cat ed f or  Y.   

3. 1. 1. 2. 1   Li ght i ng Cont r ol  Syst ems

User  I nt er f ace Requi r ement s f or  LOW I mpact  Li ght i ng Cont r ol  Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Local  Read Onl y ( see not e 1) None Requi r ed

Local  Li mi t ed,  Non- pr i v i l eged None Requi r ed

Local  Li mi t ed,  Pr i v i l eged Physi cal  Secur i t y

Local  Ful l MI NI MALLY

Remot e Read Onl y None Requi r ed

Remot e Li mi t ed,  Non- Pr i v i l eged MI NI MALLY
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User  I nt er f ace Requi r ement s f or  LOW I mpact  Li ght i ng Cont r ol  Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l  ( see not e 2)

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Remot e Ful l  User  I nt er f aces ar e al ways Pr i v i l eged

3. 1. 1. 2. 2   Def aul t  Requi r ement s f or  Ot her  Cont r ol  Syst ems

For  cont r ol  syst em devi ces wher e User  I nt er f ace Requi r ement s ar e not  
ot her wi se i ndi cat ed i n t hi s Sect i on,  use t he Def aul t  User  I nt er f ace 
Requi r ement s t abl es.

Def aul t  User  I nt er f ace Requi r ement s f or  LOW I mpact  Cont r ol  Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement

Local  Read Onl y ( see not e 1) None Requi r ed

Local  Li mi t ed,  Non- pr i v i l eged None Requi r ed

Local  Li mi t ed,  Pr i v i l eged Physi cal  Secur i t y

Local  Ful l FULLY

Remot e Read Onl y None Requi r ed

Remot e Li mi t ed,  Non- Pr i v i l eged MI NI MALLY

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l  ( see not e 2)

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Remot e Ful l  User  I nt er f aces ar e al ways Pr i v i l eged

3. 1. 2   Unsuccessf ul  Logon At t empt s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 7 ( a) ,  AC- 7 ( b) ;   CCI - 000043,  CCI - 000044,  CCI - 001423,  CCI - 002236,  
CCI - 002237,  CCI - 002238}

Except  f or  hi gh avai l abi l i t y  user  i nt er f aces i ndi cat ed as exempt ,  devi ces 
must  meet  t he i ndi cat ed r equi r ement s f or  handl i ng unsuccessf ul  l ogon 
at t empt s.  I f  a devi ce cannot  meet  t hese r equi r ement s,  document  devi ce 
capabi l i t i es t o pr ot ect  f r om subsequent  l ogon at t empt s and pr opose 
al t er nat e pr ot ect i ons i n a Devi ce Account  Lock Except i on Request  
submi t t al .  Do not  i mpl ement  al t er nat e pr ot ect i on measur es i n l i eu of  t he 
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i ndi cat ed r equi r ement s wi t hout  expl i c i t  per mi ssi on f r om t he Gover nment .   
I f  no Devi ce Account  Lock Except i ons ar e r equest ed,  pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed as t he Devi ce Account  Lock 
Except i on Request .

3. 1. 2. 1   Devi ces MI NI MALLY Suppor t i ng Account s

For  LOW I mpact  Syst ems:   Devi ces whi ch MI NI MALLY ( but  not  FULLY)  suppor t  
account s ar e not  r equi r ed t o l ock based on unsuccessf ul  l ogon at t empt s.

3. 1. 2. 2   Devi ces FULLY Suppor t i ng Account s

Devi ces whi ch FULLY suppor t  account s must  meet  t he f ol l owi ng 
r equi r ement s.   

a.   I t  must  l ock t he user  account  when t hr ee unsuccessf ul  l ogon at t empt s 
occur  wi t hi n a 15 mi nut ei nt er val .

b.   Once an account  i s l ocked,  t he account  must  st ay l ocked unt i l  unl ocked 
by an admi ni st r at or .   I f  t he account  bei ng l ocked i s t he sol e 
admi ni st r at or  account  on t he devi ce,  t he account  must  st ay l ocked f or  
1 hour  and t hen aut omat i cal l y unl ock.  

c.   Once t he i ndi cat ed number  of  unsuccessf ul  l ogon at t empt s occur s,  del ay 
f ur t her  l ogon pr ompt s by 5 seconds.

3. 1. 2. 3   Hi gh Avai l abi l i t y  I nt er f aces Exempt  f r om Unsuccessf ul  Logon 
At t empt s Requi r ement s

Ther e ar e no hi gh avai l abi l i t y  i nt er f aces whi ch ar e exempt  f r om 
unsuccessf ul  l ogon at t empt s r equi r ement s.

3. 1. 3   Syst em Use Not i f i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 8;  CCI - 000048,  CCI - 002247,  CCI - 002243,  CCI - 002244,  CCI - 002245,  
CCI - 002246,  CCI - 000050,  CCI - 002248}

3. 1. 3. 1   Syst em Use Not i f i cat i on f or  Remot e User  I nt er f aces

Remot e user  i nt er f aces must  di spl ay a war ni ng banner  meet i ng t he 
r equi r ement s of  DTM 08- 060 on scr een.

3. 1. 3. 2   Syst em Use Not i f i cat i on f or  Local  User  I nt er f aces

Devi ces whi ch ar e connect ed t o a net wor k and have a l ocal  user  i nt er f ace 
must  di spl ay a war ni ng banner  meet i ng t he r equi r ement s of  DTM 08- 060 on 
t he user  i nt er f ace scr een i f  capabl e of  doi ng so and must  have a 
per manent l y af f i xed l abel  wi t h an appr oved banner  f r om DTM 08- 060 i f  
unabl e t o di spl ay t he war ni ng banner  on t he scr een.   Wher e i t  i s  
i mpr act i cal  ( per haps due t o devi ce s i ze)  t o af f i x  t he l abel  t o t he devi ce,  
af f i x  t he l abel  t o t he devi ce encl osur e.

Label s must  be machi ne pr i nt ed or  engr aved,  pl ast i c or  met al ,  desi gned f or  
per manent  i nst al l at i on,  must  use a f ont  no smal l er  t han 14 poi nt ,  and must  
pr ovi de a hi gh cont r ast  bet ween f ont  and backgr ound col or s.
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3. 1. 4   Per mi t t ed Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 14;  CCI - 000061,  CCI - 000232}

The cont r ol  syst em must  r equi r e i dent i f i cat i on and aut hent i cat i on bef or e 
al l owi ng any act i ons except  r ead- onl y act i ons by a user  act i ng f r om a user  
i nt er f ace whi ch MI NI MALLY or  FULLY suppor t s account s.

3. 1. 5   Encl osur es

Pr i or  t o f i nal  accept ance of  t he syst em,  l ock al l  l ockabl e encl osur es.   
Submi t  an Encl osur e Keys submi t t al  wi t h al l  copi es of  keys f or  al l  
encl osur es and a key i nvent or y l i s t  document i ng al l  keys.   Label  each key 
wi t h t he mat chi ng encl osur e i dent i f i er .

3. 2   USER I DENTI FI CATI ON AND AUTHENTI CATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 2,  I A- 2( 1) , I A- 2( 12) ,  I A- 5 I A- 5( b) ,  I A- 5( c) ,  I A- 5( e) ,  I A- 5( g) ,  
I A- 5( 1) ,  I A- 5( 11) ;  CCI - 000764,  CCI - 000765,  CCI - 001953,  CCI - 001954,  
CCI - 001544,  CCI - 001989,  CCI - 000182,  CCI - 001610,  CCI - 000192,  CCI - 000193,  
CCI - 000194,  CCI - 000205,  CCI - 001619,  CCI - 001611,  CCI - 001612,  CCI - 001613,  
CCI - 001614,  CCI - 000195,  CCI - 001615,  CCI - 000196,  CCI - 000197,  CCI - 000199,  
CCI - 000198,  CCI - 001616,  CCI - 001617,  CCI - 000200,  CCI - 001618,  CCI - 002041,  
CCI - 002002,  CCI - 002003.  }

Thi s subpar t  i ndi cat es r equi r ement s f or  speci f i c  met hods of  i dent i f i cat i on 
and aut hent i cat i on f or  user s and user  account s.   Wher e t hese r equi r ement s 
conf l i c t  appl y t he f ol l owi ng or der  of  pr ecedence:   1)  I f  pr esent ,  Devi ce 
Speci f i c  Requi r ement s t ake pr ecedence over  any ot her  r equi r ement s;  and 
t hen 2)  mul t i f act or  aut hent i cat i on r equi r ement s t ake pr ecedence over  
passwor d r equi r ement s.

3. 2. 1   User  I dent i f i cat i on and Aut hent i cat i on f or  Al l  Syst em Types

Unl ess ot her wi se i ndi cat ed,  al l  user  i nt er f aces suppor t i ng account s 
( ei t her  FULLY or  MI NI MALLY)  must  i mpl ement  I dent i f i cat i on and 
Aut hor i zat i on v i a passwor ds.  

For  LOW I mpact  Syst ems:  User  i nt er f aces pr ovi ded by comput er  oper at i ng 
syst ems must  i mpl ement  mul t i f act or  aut hent i cat i on v i a PI V.

3. 2. 2   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Syst em Types

Syst em speci f i c  r equi r ement s ar e i n addi t i on t o and super sede t hose 
i ndi cat ed f or  al l  syst em t ypes.   When no addi t i onal  r equi r ement s ar e 
i ndi cat ed f or  a speci f i c  syst em t ype t he r equi r ement s f or  al l  syst ems 
st i l l  appl y t o t hat  syst em t ype.

3. 2. 2. 1   Li ght i ng Cont r ol  Syst ems Devi ces

No addi t i onal  syst em speci f i c  r equi r ement s appl y.
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3. 2. 3   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Devi ces

3. 2. 4   I mpl ement at i on of  I dent i f i cat i on and Aut hor i zat i on Requi r ement s

I dent i f i cat i on and Aut hor i zat i on must  be met  by one of  t he f ol l owi ng 
met hods:

a.   Di r ect  i mpl ement at i on i n t he user  i nt er f ace.  

b.   For  user  i nt er f aces on a comput er :   i nher i t i ng t he I dent i f i cat i on and 
Aut hor i zat i on f r om t he comput er  oper at i ng syst em,  ei t her  by t he 
oper at i ng syst em l i mi t i ng access t o speci f i c  appl i cat i ons by user ,  or  
by t he appl i cat i on i t sel f  havi ng per mi ssi ons based on t he user  l ogged 
i nt o t he comput er .

c.   For  r emot e i nt er f aces:   an i mpl ement at i on shar ed bet ween t he r emot e 
user  i nt er f ace ser ver  and t he r emot e user  i nt er f ace cl i ent .   For  
exampl e,  a r equi r ement  f or  PI V aut hent i cat i on may be met  on a r emot e 
user  i nt er f ace by a PI V r eader  on a web br owser  c l i ent  whi ch sends t he 
aut hent i cat i on i nf or mat i on v i a HTTPS t o t he r emot e ser ver .

3. 2. 5   Passwor d- Based Aut hent i cat i on Requi r ement s

3. 2. 5. 1   Passwor ds f or  Sof t war e and Appl i cat i ons Runni ng on Comput er s

Al l  sof t war e and appl i cat i ons r unni ng on comput er s suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  12 char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a mi ni mum l i f et i me of  24 hour s.

g.  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

h.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

i .  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.
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3. 2. 5. 2   Passwor ds f or  Cont r ol l er s FULLY Suppor t i ng Account s

Al l  cont r ol l er s FULLY suppor t i ng account s and suppor t i ng passwor d- based 
aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  s i xt y ( 60)  days.  When 
passwor ds expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock 
account s due t o expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve ( 5)  passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  f i f t y  per cent  of  t he char act er s.

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 2. 5. 3   Passwor ds f or  Remot e I nt er f aces

Passwor ds f or  connect i ng t o a Remot e User  I nt er f ace suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 2. 5. 4   Passwor ds f or  Devi ces Mi ni mal l y Suppor t i ng Account s

Devi ces MI NI MALLY suppor t i ng account s must  suppor t  passwor ds wi t h a 
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mi ni mum l engt h of  f our  char act er s.

3. 2. 5. 5   Passwor d Conf i gur at i on and Repor t i ng

For  al l  devi ces wi t h a passwor d,  coor di nat e t he changi ng of  passwor ds wi t h
t he pr oj ect  s i t e f ol l owi ng t est i ng of  t he syst em but  pr i or  t o t ur nover  t o
t he Gover nment .  Coor di nat e wi t h Passwor d Poi nt  of  Cont act  t o det er mi ne 
appr opr i at e pr oj ect  s i t e per sonnel  t o compl et e passwor d changes.  Accompany 
i dent i f i ed per sonnel  t o each devi ce wi t h a passwor d and i nst r uct  per sonnel  
on t he pr ocess of  changi ng passwor d.  Recor d t he t i me,  dat e and per sonnel  
pr esent  when each devi ce' s passwor d i s changed and submi t  a Passwor d 
Change Summar y Repor t  document i ng t hi s i nf or mat i on.

Pr ovi de t he Passwor d Summar y Repor t  el ect r oni cal l y i n bot h PDF and
Mi cr osof t  Excel .

3. 2. 6   Aut hent i cat or  Feedback

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 6;  CCI - 000206}

Devi ces must  never  show aut hent i cat i on i nf or mat i on,  i ncl udi ng passwor ds,  
on a di spl ay.   Devi ces t hat  moment ar i l y  di spl ay a char act er  as i t  i s  
ent er ed,  and t hen obscur e t he char act er ,  ar e accept abl e.   For  devi ces t hat  
have STI Gs or  SRGs r el at ed t o obscur i ng of  aut hent i cat or  f eedback 
( CCI - 000206) ,  compl y wi t h t he r equi r ement s of  t hose STI GS/ SRGs.

3. 3   CYBERSECURI TY AUDI TI NG

Wher e an audi t i ng r equi r ement  exi st s f or  emai l  not i f i cat i on,  not i f y v i a 
emai l  t he appl i cat i on admi ni st r at or  and I nf or mat i on Syst em Secur i t y 
Of f i cer  ( I SSO)  of  t he event .   Coor di nat e wi t h t he Emai l  Addr ess Poi nt  of  
Cont act  f or  emai l  addr esses.   I f  out goi ng emai l  i s  not  avai l abl e t o t he 
syst em,  conf i gur e t he syst em f or  t hese not i f i cat i ons f or  f ut ur e suppor t  of  
out goi ng emai l .

3. 3. 1   Audi t  Event s,  Cont ent  of  Audi t  Recor ds,  and Audi t  Gener at i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 2( a) ,  AU- 2( c) ,  AU- 2( d) ,  AU- 3,  AU- 10,  AU- 12,  AU- 13( 3) ,  AU- 14( b) ,  
AU- 14( 1) ,  AU- 14( 2) ,  AU- 14( 3) ,  CM- 5( 1) ,  SC- 7 ( 9) ;   CCI - 000123,  CCI - 001571,  
CCI - 000125,  CCI - 001485,  CCI - 000130,  CCI - 000131,  CCI - 000132,  CCI - 001230,  
CCI - 000133,  CCI - 000134,  CCI - 001487,  CCI - 000166,  CCI - 001899,  CCI - 000169,  
CCI - 001459,  CCI - 000171,  CCI - 000172,  CCI - 001910,  CCI - 001914,  CCI - 001919,  
CCI - 001464,  CCI - 001462,  CCI - 001920,  CCI - 001814,  CCI - 002400.  }

For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  event s,  cont ent  of  audi t  
r ecor ds or  audi t  gener at i on,  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

I f  audi t i ng r equi r ement s can be met  usi ng exi st i ng cont r ol  syst em al ar m or  
event  capabi l i t i es,  t hose exi st i ng capabi l i t i es may be used t o meet  t hese 
r equi r ement s.

3. 3. 1. 1   Comput er s

For  each comput er ,  pr ovi de t he capabi l i t y  t o sel ect  audi t ed event s and t he 
cont ent  of  audi t  l ogs.   Conf i gur e comput er s t o audi t  t he i ndi cat ed event s,  
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and t o r ecor d t he i ndi cat ed i nf or mat i on f or  each audi t abl e event  

3. 3. 1. 1. 1   Audi t ed Event s

Conf i gur e each comput er  t o audi t  t he f ol l owi ng event s:

a.   Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.   Successf ul  and unsuccessf ul  l ogon at t empt s

c.   Successf ul  l ogout s

 d.   Pr i v i l eged act i v i t i es or  ot her  syst em l evel  access

e.   Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

f .   Successf ul  and unsuccessf ul  accesses t o obj ect s

g.   Al l  pr ogr am i ni t i at i ons

h.   Al l  di r ect  access t o t he i nf or mat i on syst em

i .   Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   

j .   Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

3. 3. 1. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each comput er  t o r ecor d,  f or  each audi t abl e event ,  t he f ol l owi ng 
i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.   What  t ype of  event  occur r ed

b.   When t he event  occur r ed

c.   Wher e t he event  occur r ed

d.   The sour ce of  t he event

e.   The out come of  t he event

f .   The i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 3. 1. 2   For  Li ght i ng Cont r ol  Syst em Cont r ol l er

3. 3. 1. 2. 1   Li ght i ng Cont r ol  Syst em Cont r ol l er s FULLY Suppor t i ng User  
Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 3. 1. 2. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:
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a.  Successf ul  and unsuccessf ul  l ogon at t empt s t o t he cont r ol l er
   

b.  Successf ul  l ogout s

c.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   

d.  Al l  cont r ol l er  shut down and st ar t up

3. 3. 1. 2. 1. 2   Audi t  Event  I nf or mat i on To Recor d

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.  what  t ype of  event  occur r ed

b.  when t he event  occur r ed

c.  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 3. 1. 2. 2   Ot her  Li ght i ng Cont r ol  Syst em Cont r ol l er s

Ther e ar e no r equi r ement s t o per f or m audi t i ng at  Li ght i ng f i el d 
cont r ol l er s t hat  do not  FULLY suppor t  account s.

3. 3. 1. 3   Def aul t  Requi r ement s f or  Cont r ol  Syst em Cont r ol l er s

For  cont r ol  syst em cont r ol l er s wher e Audi t  Event s,  Cont ent  of  Audi t  
Recor ds,  and Audi t  Gener at i on ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on:

3. 3. 1. 3. 1   Cont r ol l er s Whi ch FULLY Suppor t  Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 3. 1. 3. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:

a.  Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.  Successf ul  and unsuccessf ul  l ogon at t empt s

c.  Successf ul  l ogout s

d.  Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

e.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.  

f .  Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

3. 3. 1. 3. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :
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a.  what  t ype of  event  occur r ed

b.  when t he event  occur r ed

c.  wher e t he event  occur r ed

d.  t he sour ce of  t he event

e.  t he out come of  t he event

f .  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

3. 3. 1. 3. 2   Cont r ol l er s Whi ch Do Not  FULLY Suppor t  Account s

For  each cont r ol l er  whi ch does not  FULLY suppor t  account s conf i gur e t he 
cont r ol l er  t o audi t  al l  cont r ol l er  shut down and st ar t up event s and t o 
r ecor d f or  each event  t he t ype of  event  and when t he event  occur r ed.

3. 3. 2   Audi t  Ti me St amps

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 8;  CCI - 000159,  CCI - 001889,  CCI - 001890. }

Any devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds must  have an 
i nt er nal  c l ock capabl e of  pr ovi di ng t i me wi t h a r esol ut i on of  one second.   
Cl ocks must  not  dr i f t  mor e t han 10 seconds per  day.   Conf i gur e t he syst em 
so t hat  each devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds 
mai nt ai ns accur at e t i me t o wi t hi n 1 second.   Not e t hat  i f  t he cont r ol  
syst em speci f i cat i ons i ncl ude r equi r ement  f or  c l ocks,  t he most  st r i ngent  
r equi r ement  appl i es.

3. 3. 3   Audi t i ng Fr ont  End Sof t war e

  I f  t her e i s no exi st i ng audi t i ng f r ont  end sof t war e or  t he sof t war e i s 
not  compat i bl e wi t h t he pr ovi ded cont r ol  syst ems,  pr ovi de Audi t i ng Fr ont  
End Sof t war e wi t h audi t  l og i mpor t  and upl oad,  expor t ,  not i f i cat i on,  and 
anal ysi s f unct i onal i t y.   The Audi t i ng Fr ont  End Sof t war e may be pr ovi ded 
as a component  of  t he cont r ol  syst em f r ont  end or  as a separ at e sof t war e 
package,  and a s i ngl e package may ser ve mul t i pl e cont r ol  syst ems pr ovi ded 
under  t he same pr oj ect s i f  t hey ar e shar i ng a cyber secur i t y aut hor i zat i on.

When t he Audi t i ng Fr ont  End Sof t war e i s nei t her  exi st i ng nor  i nst al l ed 
under  t he r equi r ement s of  anot her  Sect i on,  f ur ni sh t he Audi t i ng Fr ont  End 
Sof t war e medi a and l i cense f or  subsequent  Gover nment  i nst al l at i on.   Submi t  
copi es of  Audi t i ng Fr ont  End Sof t war e i f  t hi s f unct i on i s not  par t  of  t he 
sof t war e pr ovi ded wi t h t he cont r ol  syst em t o meet  r equi r ement s of  ot her  
Sect i ons.  

3. 3. 3. 1   I mpor t  and Upl oad Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  i mpor t i ng audi t  l ogs f r om 
t he Devi ce Audi t  Recor d Upl oad Sof t war e and of  upl oadi ng audi t  l ogs over  
t he net wor k f r om al l  cont r ol  syst em devi ces suppor t i ng net wor k upl oad of  
audi t  l ogs.  

3. 3. 3. 2   Expor t  Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  expor t i ng t o a f i l e f or mat  
suppor t ed by Mi cr osof t  Excel .
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3. 3. 4   Audi t  St or age Capaci t y and Audi t  Upl oad

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 4;  CCI - 001848,  CCI - 001849}

The cr eat i on of  audi t  r ecor ds must  never  i nt er f er e wi t h nor mal  devi ce 
oper at i on.   Devi ces must  cease col l ect i on of  audi t i ng i nf or mat i on i f  
r equi r ed t o mai nt ai n nor mal  oper at i on.

a.   For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  st or age capaci t y 
( CCI - 001848 or  CCI - 001849)  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

b.   For  cont r ol l er s capabl e of  gener at i ng audi t  r ecor ds,  pr ovi de 60 days 
wor t h of  secur e l ocal  st or age,  assumi ng 10 audi t abl e event s per  day.

3. 3. 4. 1   Devi ce Audi t  Recor d Upl oad Sof t war e

For  each devi ce ( comput er  or  cont r ol l er )  r equi r ed t o audi t  event s and f or  
whi ch audi t  l ogs cannot  be upl oaded over  t he net wor k by t he Audi t i ng Fr ont  
End Sof t war e,  pr ovi de and l i cense t o t he Gover nment  sof t war e i mpl ement i ng 
a secur e mechani sm of  upl oadi ng audi t  r ecor ds f r om t he devi ce and 
expor t i ng t hem t o t he Audi t i ng Fr ont  End Sof t war e.   Wher e di f f er ent  
devi ces use di f f er ent  sof t war e,  pr ovi de sof t war e of  each t ype r equi r ed t o 
upl oad audi t  l ogs f r om al l  devi ces.

When Devi ce Audi t  Recor d Upl oad Sof t war e i s capabl e of  upl oadi ng audi t  
l ogs over  t he net wor k,  i nst al l  Devi ce Audi t  Recor d Upl oad Sof t war e on t he 
same comput er  as t he Audi t i ng Fr ont  End Sof t war e.   Submi t  copi es of  devi ce 
audi t  r ecor d upl oad sof t war e i f  t hi s f unct i on i s not  par t  of  t he sof t war e 
pr ovi ded wi t h t he cont r ol  syst em t o meet  r equi r ement s of  ot her  Sect i ons.   
I f  t her e ar e no devi ces r equi r i ng t hi s sof t war e,  pr ovi de a document  
st at i ng t hi s i n l i eu of  t hi s submi t t al .

3. 3. 5   Response t o Audi t  Pr ocessi ng Fai l ur es

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 5;  CCI - 000139,  CCI - 000140,  CCI - 001490. }

I n t he case of  a f ai l ur e i n t he audi t i ng syst em,  comput er s associ at ed wi t h 
audi t i ng must  pr ovi de emai l  not i f i cat i on.   I n case of  an audi t  f ai l ur e,  i f  
possi bl e,  cont i nue t o col l ect  audi t  r ecor ds by over wr i t i ng exi st i ng audi t  
r ecor ds.

3. 4   REQUI REMENTS FOR LEAST FUNCTI ONALI TY

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s) ,  al ong 
wi t h t he net wor k communi cat i on r epor t  submi t t al  speci f i ed el sewher e i n 
t hi s sect i on,  r el at es t o CM- 6( a) ,  CM- 6( c) ,  CM- 7,  CM- 7( 1) ( b) ,  SC- 41;   
CCI - 000363,  CCI - 000364,  CCI - 000365,  CCI - 001588,  CCI - 001755,  CCI - 000381,  
CCI - 000380,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.   }
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For  devi ces t hat  have a STI G or  SRG r el at ed t o Requi r ement s f or  Least  
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  and devi ce I / O 
access f or  l east  f unct i onal i t y) ,  i nst al l  and conf i gur e t he devi ce i n 
accor dance wi t h t hat  STI G or  SRGs.

3. 4. 1   Devi ce Capabi l i t i es

For  Li ght i ng Cont r ol  Syst ems:  Do not  pr ovi de devi ces wi t h r emot e user  
i nt er f aces or  wi t h f ul l  user  i nt er f aces wher e one was not  r equi r ed.   

For  Ot her  Cont r ol  Syst ems:  Do not  pr ovi de devi ces wi t h r emot e user  
i nt er f aces or  wi t h f ul l  user  i nt er f aces wher e one was not  r equi r ed.  Do not  
use a net wor ked sensor  or  act uat or  wher e a non- net wor ked sensor  or  
act uat or  woul d suf f i ce.

3. 4. 2   Sof t war e

For  sof t war e t hat  has a STI G or  SRG r el at ed t o Requi r ement s f or  Least
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  access f or  l east
f unct i onal i t y) ,  i nst al l  and conf i gur e t he sof t war e i n accor dance wi t h t hat
STI G or  SRG.

3. 5   SYSTEM AND COMMUNI CATI ON PROTECTI ON

3. 5. 1   Col l abor at i ve Comput i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 15( a) ,  
SC- 15( b) ;  CCI - 001150,  CCI - 001152. }

Wi t hout  expl i c i t  appr oval  f r om t he pr oj ect  s i t e,  cont r ol  syst ems must  not  
use col l abor at i ve comput i ng t echnol ogi es.

3. 5. 2   Deni al  of  Ser vi ce Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 5,  SC- 39,  
SC- 7( a) ;  CCI - 001093,  CCI - 002385,  CCI - 002386,  CCI - 002430,  CCI - 001097.  }

To t he gr eat est  ext ent  pr act i cal ,  i mpl ement  cont r ol  l ogi c wi t hout  r el i ance 
on t he net wor k.   Except  when r equi r ed t o meet  t he r equi r ement s of  t he 
cont r ol  syst em Sect i on ( wher e t he r equi r ement  can onl y be met  usi ng 
comput er  har dwar e) ,  do not  i mpl ement  cont r ol  l ogi c i n comput er s.

3. 5. 2. 1   Def aul t  Requi r ement s f or  MODERATE I mpact  Cont r ol  Syst ems

Except  f or  net wor ked i nput  and out put s on i nput - out put  buses speci f i cal l y 
desi gned t o pr ovi de hi gh r el i abi l i t y  or  r edundancy,  sensor s and act uat or s 
must  not  r el y on t he net wor k t o exchange dat a wi t h t he cont r ol l er  
execut i ng t he sequence of  oper at i on whi ch uses t he sensor  val ue or  
det er mi nes t he act uat or  command.   

Sensor  val ues r equi r ed by mul t i pl e devi ces may be shar ed over  t he net wor k 
pr ovi ded t hey ar e connect ed t o a cont r ol l er  r equi r i ng t he val ue f or  
execut i on of  t he sequence and t hat  cont r ol l er  shar es t he val ue on t he 
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net wor k.  

3. 6   SAFE MODE AND FAI L SAFE OPERATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 12,  SI - 10( 3) ,  SI - 17;  CCI - 002855,  CCI - 002856,  CCI - 002857,  CCI - 002754,  
CCI - 002773,  CCI - 002774,  CCI - 002775}

For  al l  cont r ol  syst em component s wi t h an appl i cabl e STI G or  SRG,  
conf i gur e t he component  i n accor dance wi t h al l  appl i cabl e STI Gs and SRGs.

3. 7   SYSTEM MAI NTENANCE TOOL SOFTWARE

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
MA- 3;  CCI - 000865. }

Submi t  and l i cense t o t he Gover nment  al l  sof t war e r equi r ed t o oper at e,
mai nt ai n and modi f y t he cont r ol  syst em such t he Gover nment  or  t hei r  agent s 
ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons of  t he 
syst em wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or ,  Vendor  
or  Manuf act ur er .  Submi t  har d copi es of  user  manual s f or  each sof t war e wi t h 
t he sof t war e submi t t al .

For  sof t war e pr ovi ded and l i censed t o t he Gover nment  under  t he
r equi r ement s of  anot her  Sect i on,  submi t  a st at ement  i ndi cat i ng t he
Sect i on and Submi t t al  under  whi ch t he sof t war e was pr ovi ded.  For
sof t war e pr ovi ded t o meet  t he r equi r ement s of  t hi s Sect i on and not  
pr ovi ded and l i censed under  anot her  Sect i on,  submi t  sof t war e and sof t war e 
user  manual s on DVD or  CD as a Techni cal  Dat a Package and submi t  one har d 
copy of  t he sof t war e user  manual  f or  each pi ece of  sof t war e.

3. 8   DEVI CE POWER

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PE- 11,  PE- 11( 1) ;  CCI - 002955,  CCI - 000961.   }

For  LOW I mpact  Syst ems:  Pr ovi de emer gency power  i n accor dance wi t h t he 
cont r ol  syst em and equi pment  speci f i cat i on Sect i ons.

3. 9   VULNERABI LI TY SCANNI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o RA- 5 RA- 5( a) , RA- 5( b) , RA- 5( c) , RA- 5( d) ;  CCI - 001054,  CCI - 001055,  
CCI - 000156,  CCI - 001641,  CCI - 001643,  CCI - 001057,  CCI - 001058,  CCI - 001059.  }

Al l  I P devi ces must  be scannabl e,  such t hat  t he devi ce can be scanned by 
i ndust r y st andar d I P net wor k scanni ng ut i l i t i es wi t hout  har m t o t he 
devi ce,  appl i cat i on,  or  f unct i onal i t y.  

3. 9. 1   Comput er s and Sof t war e Runni ng on Comput er s

Comput er s and appl i cat i ons r unni ng on comput er s must  meet  r el evant  
vul ner abi l i t y  scanni ng STI Gs/ SRGs and r espond t o appr oved DoD 
vul ner abi l i t y  scanni ng t ool s.
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3. 9. 2   Cont r ol l er s

Pr ovi de cont r ol l er s t hat  ar e scannabl e by st andar d cont r ol  syst em 
di scover y t ool s or  cont r ol  syst em br owser s and r et ur n meani ngf ul  st at us 
i nf or mat i on i ncl udi ng t he net wor k i nput s and out put s f or  t he cont r ol l er .   
Thi s i nf or mat i on must  cont ai n suf f i c i ent  det ai l  t o det ect  vul ner abi l i t i es 
or  expl oi t s of  t he cont r ol l er .

Pr ovi de al l  sof t war e needed t o scan t he cont r ol  syst em as t he Cont r ol  
Syst em Scanni ng Tool s submi t t al .   I f  t he sof t war e r equi r ed t o scan t he 
syst em i s al r eady i nst al l ed at  t he pr oj ect  s i t e or  i s pr ovi ded under  a 
separ at e sect i on i nst ead pr ovi de a st at ement  i ndi cat i ng t hi s.

3. 10   FI PS 201- 2 REQUI REMENT

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SA- 4 ( 10) ;  CCI - 003116}

Devi ces i n t he f ol l owi ng syst ems whi ch i mpl ement  PI V must  be on t he 
NI ST FI PS 201- 2 appr oved pr oduct  l i s t  (
ht t ps: / / www. i dmanagement . gov/ appr oved- pr oduct s- l i s t / ) :   NONE.

3. 11   SYSTEM AND I NTEGRATI ON I NTEGRI TY

3. 11. 1   Mal i c i ous Code Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 3( c) ;  CCI - 001241,  CCI - 002623}

For  al l  comput er s i nst al l ed under  t hi s pr oj ect ,  pr ovi de mal war e pr ot ect i on 
sof t war e medi a,  pr ovi de l i censes,  and i nst al l  and conf i gur e mal war e 
pr ot ect i on sof t war e as i ndi cat ed.   Coor di nat e wi t h t he Gover nment  Comput er  
Access Poi nt  of  Cont act  as r equi r ed.

a.  Pr ovi de mal war e pr ot ect i on sof t war e l i censes.

b.  Pr ovi de mal war e pr ot ect i on sof t war e medi a.

c.  Mal war e pr ot ect i on sof t war e wi l l  be Gover nment  i nst al l ed.

3. 12   CONTROL SYSTEM CYBERSECURI TY TESTI NG

3. 12. 1   Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es

Pr epar e Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es expl ai ni ng
st ep- by- st ep,  t he act i ons and expect ed r esul t s t hat  wi l l  demonst r at e t hat
t he cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.

Submi t  4 copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Pr ocedur es.  The Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es may be
submi t t ed as a Techni cal  Dat a Package.

3. 12. 2   Cont r ol  Syst em Cyber secur i t y Test i ng Execut i on

Usi ng t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es ver i f y t hat  t he
cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.  UNLESS GOVERNMENT
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WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL
TESTS WI TH A GOVERNMENT WI TNESS.  I f  t est i ng r eveal s def i c i enci es i n t he
syst em,  cor r ect  t he def i c i ency and r et est  unt i l  successf ul .

3. 12. 3   Cont r ol  Syst em Cyber secur i t y Test i ng Repor t

Pr epar e and submi t  a Cont r ol  Syst em Cyber secur i t y Test i ng Repor t
document i ng al l  t est s per f or med and t hei r  r esul t s.  I ncl ude al l  t est s i n
t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es and any addi t i onal
t est s per f or med dur i ng t est i ng.  Document  t est  f ai l ur es and r epai r s
conduct ed wi t h t he t est  r esul t s.

Submi t  f our  copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Repor t .  The Cont r ol  Syst em Cyber secur i t y Test i ng Repor t  may be submi t t ed
as a Techni cal  Dat a Package.

3. 13   FI ELD QUALI TY CONTROL,  CYBERSECURI TY VALI DATI ON SUPPORT

I n addi t i on t o t est i ng and t est i ng suppor t  r equi r ed by ot her  Sect i ons,  
pr ovi de a mi ni mum of  8 hour s of  t echni cal  suppor t  f or  cyber secur i t y 
t est i ng of  cont r ol  syst ems t o suppor t  t he DoD Ri sk Management  Fr amewor k 
pr ocess Cyber secur i t y assessment  of  t he cont r ol  syst em.   Thi s suppor t  i s  
i ndependent  of  ( and i n addi t i on t o)  t he Cont r ol  Syst em Cyber secur i t y 
Test i ng speci f i ed i n t hi s sect i on.

3. 14   CYBERSECURI TY TRAI NI NG

Pr ovi de ei ght  hour s of  c l assr oom and hands- on t r ai ni ng f or  s i x Gover nment  
per sonnel  on t he cyber secur i t y oper at i on and mai nt enance of  t he cont r ol  
syst em pr ovi ded.   Thi s t r ai ni ng i s i n addi t i on t o and must  be coor di nat ed 
wi t h cont r ol  syst em t r ai ni ng speci f i ed i n ot her  Sect i ons.  

The Gover nment  wi l l  pr ovi de t he t r ai ni ng l ocat i on.  Tr ai ni ng must  cover ,  at  
a mi ni mum:   ( a)  appl y i ng sof t war e and f i r mwar e updat es,  ( b)  user  account  
cr eat i on,  modi f i cat i on and del et i on,  ( c)  audi t  l og upl oad pr ocedur es and 
( d)  i dent i f i cat i on of  pr i v i l eged user  i nt er f aces and syst em i mpact  of  
t hose i nt er f aces.   Tr ai ni ng sessi on must  i ncl ude a quest i on and answer  
per i od dur i ng whi ch gover nment  st af f  quest i ons about  cyber secur i t y aspect s 
of  t he cont r ol  syst em ar e answer ed.  

        - -  End of  Sect i on - -
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SECTI ON 25 05 11. 04

CYBERSECURI TY FOR MODERATE I MPACT FI RE PROTECTI ON CONTROL SYSTEMS
05/ 21,  CHG 1:  08/ 23

PART 1   GENERAL

Many subpar t s i n t hi s Sect i on cont ai n t ext  i n cur l y br aces ( " { "  and " } " )  
i ndi cat i ng whi ch cyber secur i t y cont r ol  and cont r ol  cor r el at i on i dent i f i er  
( CCI )  t he r equi r ement s of  t he subpar t  r el at e t o.   The t ext  i nsi de t hese 
cur l y br aces i s f or  Gover nment  r ef er ence onl y and enabl es coor di nat i on of  
t he r equi r ement s of  t hi s Sect i on wi t h t he RMF pr ocess t hr oughout  t he 
desi gn and const r uct i on pr ocess.   Text  i n cur l y br aces ar e not  cont r act or  
r equi r ement s.

Thi s Sect i on r ef er s t o Secur i t y Requi r ement s Gui de ( SRGs)  and Secur i t y 
Techni cal  I mpl ement at i on Gui de ( STI Gs) .   STI Gs and SRGs ar e avai l abl e 
onl i ne at  t he I nf or mat i on Assur ance Suppor t  Envi r onment  ( I ASE)  websi t e at   
ht t ps: / / publ i c. cyber . mi l / st i gs/ downl oads/  and an SRG/ STI G Appl i cabi l i t y  
Gui de and Col l ect i on Tool  i s  avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ .  Not  al l  cont r ol  syst em component s 
have appl i cabl e STI Gs or  SRGs.   The " Cont r ol  Syst ems SRG"  does not  appl y 
t o wor k per f or med under  t hi s Sect i on;  al l  r equi r ement s wi t hi n t hi s sect i on 
t o appl y appl i cabl e SRGs DO NOT i ncl ude t he " Cont r ol  Syst ems SRG" .

1. 1   CONTROL SYSTEM APPLI CABI LI TY

Ther e ar e mul t i pl e ver si ons of  t hi s Sect i on associ at ed wi t h t hi s pr oj ect .   
Di f f er ent  ver si ons have r equi r ement s appl i cabl e t o di f f er ent  cont r ol  
syst ems.   Thi s speci f i c  Sect i on appl i es onl y t o t he f ol l owi ng cont r ol  
syst ems:  MODERATE I MPACT FI RE PROTECTI ON CONTROL SYSTEM.

1. 2   RELATED REQUI REMENTS

Thi s sect i on does not  cont ai n suf f i c i ent  r equi r ement s t o pr ocur e a cont r ol  
syst em and must  be used i n conj unct i on wi t h ot her  Sect i ons whi ch speci f y 
cont r ol  syst ems.   Thi s Sect i on adds cyber secur i t y r equi r ement s t o t he 
cont r ol  syst ems speci f i ed i n ot her  Sect i ons,  and as t hese r equi r ement s ar e 
condi t i oned on t he cont r ol  syst em bei ng pr ovi ded,  t her e may be 
r equi r ement s i n t hi s Sect i on t hat  wi l l  not  appl y t o t hi s pr oj ect .   Al l  
Sect i ons cont ai ni ng f aci l i t y- r el at ed cont r ol  syst ems or  cont r ol  syst em 
component s ar e r el at ed t o t he r equi r ement s of  t hi s Sect i on.   Revi ew al l  
speci f i cat i on sect i ons t o det er mi ne r el at ed r equi r ement s.

I n cases wher e a r equi r ement  i s speci f i ed i n bot h t hi s Sect i on and i n 
anot her  Sect i on,  t he mor e st r i ngent  r equi r ement  must  be met .   I n cases 
wher e a r equi r ement  i n t hi s Sect i on conf l i c t s wi t h t he r equi r ement s of  
anot her  Sect i on such t hat  bot h r equi r ement s cannot  be met  at  t he same 
t i me,  r equest  di r ect i on f r om t he Cont r act i ng Of f i cer  Repr esent at i ve t o 
det er mi ne whi ch r equi r ement  appl i es t o t he pr oj ect .
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1. 3   REFERENCES

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

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 802. 1x ( 2010)  Local  and Met r opol i t an Ar ea 
Net wor ks -  Por t  Based Net wor k Access 
Cont r ol

I NTERNET ENGI NEERI NG TASK FORCE ( I ETF)

I ETF RFC 2819 ( 2000)  Remot e Net wor k Moni t or i ng ( RMON)  
Management  I nf or mat i on Base ( MI B)

NATI ONAL I NSTI TUTE OF STANDARDS AND TECHNOLOGY ( NI ST)

NI ST FI PS 140- 2 ( 2001)  Secur i t y Requi r ement s f or  
Cr ypt ogr aphi c Modul es

NI ST FI PS 201- 2 ( 2013)  Per sonal  I dent i t y Ver i f i cat i on 
( PI V)  of  Feder al  Empl oyees and Cont r act or s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

DODI  8551. 01 ( 2014)  Por t s,  Pr ot ocol s,   and Ser vi ces 
Management  ( PPSM)

DTM 08- 060 ( 2008)  Pol i cy on Use of  Depar t ment  of  
Def ense ( DoD)  I nf or mat i on Syst ems -  
St andar d Consent  Banner  and User  Agr eement

1. 4   DEFI NI TI ONS

1. 4. 1   Admi ni st r at or  Account

An admi ni st r at or  account  i s an account  wi t h f ul l  per mi ssi ons t o a devi ce,  
appl i cat i on,  or  oper at i ng syst em,  i ncl udi ng t he abi l i t y  t o cr eat e and 
modi f y ot her  user  account s.

Not e t hat  t he oper at i ng syst em Admi ni st r at or  Account  may be di f f er ent  t han 
Admi ni st r at or  Account s f or  appl i cat i ons host ed on t hat  oper at i ng syst em.   
Al so,  most  cont r ol l er s wi l l  not  have any suppor t  f or  account s and wi l l  
t her ef or e not  have an ' Admi ni st r at or  Account ' .

1. 4. 2   Comput er

A comput er  i s one of  t he f ol l owi ng:

a.   a devi ce r unni ng a non- embedded deskt op or  ser ver  ver si on of  Mi cr osof t  
Wi ndows

b.   a devi ce r unni ng a non- embedded ver si on of  MacOS

c.   a devi ce r unni ng a non- embedded ver si on of  Li nux
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d.   a devi ce r unni ng a ver si on or  der i vat i ve of  t he Andr oi d Oper at i ng 
Syst em,  wher e Andr oi d i s consi der ed separ at e f r om Li nux

e.   a devi ce r unni ng a ver si on of  Appl e i OS

Unl ess ot her wi se i ndi cat ed or  c l ear  f r om cont ext  use of  t he wor d " devi ce"  
i n t hi s Sect i on i ncl udes comput er s.

1. 4. 3   Cont r ol l er

A devi ce ot her  t han a comput er  or  Et her net  swi t ch.   For  Fi r e Pr ot ect i on 
syst ems t hi s i ncl udes f i r e al ar m cont r ol  panel s,  r emot e oper at i ng 
consol es,  and r emot e annunci at or s.

1. 4. 4   Mi ssi on Space

A devi ce or  medi a i s i n mi ssi on space i f  physi cal  access t o t he devi ce or  
medi a i s cont r ol l ed by t he or gani zat i on ser ved by t he devi ce.   For  
exampl e,  a VAV box cont r ol l er  i n a suspended cei l i ng i s i n mi ssi on space 
i f  t he VAV box ser ves t hat  r oom;  an el ect r i cal  swi t chgear  i n an el ect r i cal  
r oom or  an AHU i n a mechani cal  r oom or  on a r oof t op may st i l l  be 
consi der ed t o be i n mi ssi on space i f  t he or gani zat i on ( mi ssi on)  ser ved by 
t hat  swi t chgear  or  AHU cont r ol s access t o t he el ect r i cal  r oom,  mechani cal  
r oom or  r oof t op.

1. 4. 5   Net wor k

A net wor k i s a gr oup of  t wo or  mor e devi ces t hat  can communi cat e usi ng a 
net wor k pr ot ocol .   Net wor k pr ot ocol s must  pr ovi de a met hod f or  addr essi ng 
devi ces on t he net wor k;  a communi cat i on met hod t hat  does not  pr ovi de an 
addr essi ng scheme i s not  a net wor ked f or m of  communi cat i on.   Devi ces t hat  
communi cat e usi ng a met hod of  communi cat i on t hat  does not  suppor t  devi ce 
addr essi ng ar e not  usi ng a net wor k.

1. 4. 6   Net wor k Connect ed

A component  i s net wor k connect ed ( or  " connect ed t o a net wor k" )  onl y when 
t he devi ce has a net wor k t r anscei ver  whi ch i s di r ect l y connect ed t o t he 
net wor k and i mpl ement s t he net wor k pr ot ocol .   A devi ce l acki ng a net wor k 
t r anscei ver  ( and accompanyi ng pr ot ocol  i mpl ement at i on)  can never  be 
consi der ed net wor k connect ed.   Not e t hat  ( unl i ke many I T def i ni t i ons of  
" Net wor k Connect ed" )  a devi ce connect ed t o a non- I P net wor k i s st i l l  
consi der ed net wor k connect ed ( an I P connect i on or  I P addr ess i s not  
r equi r ed f or  a devi ce t o be net wor k connect ed) .

1. 4. 6. 1   Wi r el ess Net wor k Connect ed

Any devi ce t hat  suppor t s wi r el ess net wor k communi cat i on i s net wor k 
connect ed t o a wi r el ess net wor k,  r egar dl ess of  whet her  t he devi ce i s 
communi cat i ng usi ng wi r el ess.   Unl ess physi cal l y di sabl ed,  devi ces wi t h 
wi r el ess t r anscei ver s suppor t  wi r el ess,  i t  i s  not  suf f i c i ent  t o di sabl e 
t he wi r el ess i n sof t war e.

1. 4. 7   Net wor k Medi a

 The t hi ng t hat  pr ovi des t he communi cat i on channel  bet ween t he devi ces on 
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a net wor k.   Typi cal l y wi r e,  but  mi ght  i ncl ude wi r el ess,  f i ber  opt i c,  or  
even power  l i ne ( some net wor k pr ot ocol s al l ow sendi ng net wor k s i gnal s over  
power  wi r i ng) .

1. 4. 8   User  Account  Suppor t  Level s

The suppor t  f or  user  account s i s cat egor i zed i n t hi s Sect i on as one of  
t hr ee l evel s:   

1. 4. 8. 1   FULLY Suppor t ed

Devi ce suppor t s conf i gur abl e i ndi v i dual  account s.   Account s can be 
cr eat ed,  del et ed,  modi f i ed,  et c.   Pr i v i l eges can be assi gned t o account s.   
These devi ces suppor t  user - based ( as opposed t o r ol e- based)  aut hent i cat i on.

1. 4. 8. 2   MI NI MALLY Suppor t ed

Devi ce suppor t s a smal l ,  f i xed number  of  account s ( per haps onl y one) .   
Account s cannot  be modi f i ed.   A devi ce wi t h onl y a " User "  and an 
" Admi ni st r at or "  account  woul d f i t  t hi s cat egor y.   Si mi l ar l y,  a devi ce wi t h 
t wo PI Ns f or  l ogon -  one f or  r est r i ct ed and one f or  unr est r i ct ed r i ght s 
woul d f i t  her e ( i n ot her  wor ds,  t he account s do not  have t o be t he 
t r adi t i onal  " user name and passwor d"  st r uct ur e) .   These devi ces t ypi cal l y 
onl y suppor t  r ol e- based aut hent i cat i on.

Exampl es of  devi ces whi ch MI NI MALLY suppor t  account s ar e a)  a var i abl e 
f r equency dr i ve wi t h a s i ngl e account  whi ch r equi r es a PI N f or  access t o 
conf i gur at i on;  and b)  a r oom l i ght i ng cont r ol  t ouchpad i nt er f ace t hat  has 
a s i ngl e account .

1. 4. 8. 3   NOT Suppor t ed

Devi ce does not  suppor t  any Access Enf or cement  t her ef or e t he whol e concept  
of  " account "  i s  meani ngl ess.

1. 4. 9   Manual  Local  I nput

Manual  Local  I nput s ar e syst em anal og or  bi nar y i nput s t hat  ar e adj ust abl e 
by a per son but  ar e,  by i nt r i nsi c har dwar e desi gn,  ver y l i mi t ed i n 
pot ent i al  capabi l i t i es.   Manual  Local  I nput s do not  have t ouch scr eens or  
f ul l  keyboar ds,  but  may have a f ew but t ons or  di al s t o al l ow i nput .   
Manual  Local  I nput s do not  have f ul l  gr aphi c scr eens or  dot - mat r i x 
di spl ays,  but  may have si mpl e l i ght s ( LEDs)  or  7- segment  di spl ays.   Manual  
Local  I nput s do not  have any sor t  of  menu st r uct ur e,  each but t on has a 
s i ngl e wel l - def i ned f unct i on.  

Exampl es of  Manual  Local  I nput s ar e H- O- A swi t ches,  s i mpl e t her most at s,  
and di sconnect  swi t ches.

1. 4. 10   Car d Reader

A car d r eader  i s an i nput / out put  devi ce whose pr i mar y f unct i on i s t o 
assi st  i n t wo- f act or  aut hent i cat i on.   A car d r eader  must  have an i nt er f ace 
t o r ead dat a f r om a car d and may be abl e t o wr i t e dat a t o a car d.   A car d 
r eader  may have a means ( such as but t ons,  keypad,  t ouchscr een,  et c. )  f or  a 
user  t o i nput  a PI N or  passwor d,  as wel l  as a l i mi t ed di spl ay.   
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1. 4. 11   User  I nt er f ace

A User  I nt er f ace ( UI )  i s  somet hi ng ot her  t han a Manual  Local  I nput  or  Car d 
Reader  t hat  al l ows a per son t o i nt er act  wi t h t he syst em or  devi ce.   Not e 
t hat  whi l e a Car d Reader  i s not  by i t sel f  a User  I nt er f ace,  a User  
I nt er f ace may cont ai n a Car d Reader  i n or der  f or  i t  t o aut hent i cat e i t s 
user .   Wi t hi n cont r ol  syst ems,  t her e ar e a wi de r ange of  User  I nt er f aces.  

Two i mpor t ant  di st i nct i ons ar e 1)  whet her  t he user  i nt er f ace i s Local  or  
Remot e,  and 2)  t he ef f ect i ve capabi l i t i es of  t he User  I nt er f ace t o al t er  
dat a,  whi ch i s t he " pr i v i l ege"  of  t he user  i nt er f ace ( wher e ef f ect i ve 
pr i v i l ege avai l abl e t o a speci f i c  user  at  a speci f i c  user  i nt er f ace i s t he 
combi nat i on of  t he gr eat est  pr i v i l ege of f er ed by t he user  i nt er f ace and 
t he speci f i c  account  t he user  i s l ogged i nt o) .

1. 4. 11. 1   Local  User  I nt er f ace

A Local  User  I nt er f ace i s a user  i nt er f ace wher e t he physi cal  har dwar e t he 
user  i nt er act s wi t h ( keyboar d,  but t ons,  di spl ay,  et c. )  i s  physi cal l y par t  
of  t he devi ce bei ng af f ect ed.   Al l  of  t he r el evant  char act er i st i cs of  t he 
user  i nt er f ace ar e embodi ed wi t hi n a s i ngl e devi ce.

Not e t hat  a Local  UI  may be abl e t o access dat a i n a di f f er ent  devi ce,  
Local  ver sus Remot e i n t hi s cont ext  r ef er s t o t he user  i nt er f ace i t sel f ;  
t he capabi l i t y  t o access dat a i n a di f f er ent  devi ce i s cover ed under  " Ful l  
User  I nt er f ace" .

1. 4. 11. 2   Remot e User  I nt er f ace

A Remot e User  I nt er f ace i mpl ement s a Cl i ent / Ser ver  model  wher e t he 
physi cal  har dwar e t he user  i nt er act s wi t h ( Cl i ent )  i s  physi cal l y di st i nct  
f r om t he devi ce bei ng af f ect ed ( Ser ver ) .   Most  or  al l  of  t he secur i t y and 
f unct i onal i t y char act er i st i cs of  t he user  i nt er f ace ar e def i ned by t he 
Ser ver ,  not  t he Cl i ent .   The Cl i ent  and Ser ver  communi cat e v i a a net wor k 
connect i on.   A common exampl e of  a r emot e user  i nt er f ace i s a web- based 
i nt er f ace wher e t he br owser  ( c l i ent )  i s  gener al l y on di f f er ent  har dwar e 
t han t he web ser ver  ( ser ver ) .   A Remot e UI  r emai ns a Remot e UI  even i f  t he 
user  happens t o be at  a Cl i ent  on t he same har dwar e as t he Ser ver .   What  
i s i mpor t ant  i s t hat  a)  t he Cl i ent  may be on di f f er ent  har dwar e t han t he 
Ser ver  and b)  t he maj or i t y of  t he secur i t y and f unct i onal  char act er i st i cs 
of  t he i nt er f ace ar e def i ned at  t he Ser ver .

Not e t hat  t hi s def i ni t i on of  " r emot e"  i s consi st ent  wi t h t hat  gener al l y 
used i n t he cont r ol  i ndust r y but  i s not  al i gned wi t h t he NI ST 800- 53 
def i ni t i on of  " Remot e" ,  whi ch r ef er s t o " out si de t he syst em" .   The t er m 
" Remot e"  her e bet t er  al i gns wi t h t he NI ST 800- 53 def i ni t i on of  " Net wor k"  
( r emot e f r om wi t hi n t he syst em)  Access.  

1. 4. 11. 3   Types of  User  I nt er f ace ( by capabi l i t y)

User  i nt er f aces ar e al so cat egor i zed by t hei r  capabi l i t i es as bei ng Read 
Onl y,  Li mi t ed,  or  Ful l .

1. 4. 11. 3. 1   Read- Onl y User  I nt er f ace

A Read Onl y User  I nt er f ace ( al so r ef er r ed t o as a Vi ew- Onl y User  
I nt er f ace)  i s a user  i nt er f ace t hat  onl y al l ows f or  r eadi ng dat a,  i t  does 
not  al l ow ( have t he capabi l i t y  t o)  modi f y dat a.   A Read Onl y User  
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I nt er f ace may be ei t her  Local  or  Remot e.  A User  I nt er f ace t hat  i s 
conf i gur ed t o be Read Onl y ( by some ot her  means t han t he i nt er f ace i t sel f ,  
such as usi ng conf i gur at i on sof t war e on a l apt op)  i s a Read- Onl y 
I nt er f ace.  Not e a Read Onl y User  I nt er f ace may have but t ons ( or  t ouch 
scr een,  et c. )  al l owi ng t he user  t o navi gat e t hr ough t he pr esent at i on of  
dat a.

Exampl es of  a Read Onl y User  I nt er f aces ar e a)  a publ i c l y v i ewabl e " ener gy 
dashboar d"  showi ng weat her  dat a and ener gy usage wi t hi n a bui l di ng and b)  
di gi t al  wayf i ndi ng si gnage.

1. 4. 11. 3. 2   Li mi t ed User  I nt er f ace

A Li mi t ed User  I nt er f ace i s a user  i nt er f ace t hat  -  by desi gn -  can onl y 
al t er  i nf or mat i on l ocal  t o t he user  i nt er f ace.  Not e t hat  t he det er mi nat i on 
of  " al t er "  i ncl udes onl y di r ect  i nt er act i ons,  i t  expl i c i t l y  excl udes 
i nt er act i ons t hat  mi ght  occur  as secondar y ef f ect s.   For  exampl e,  an 
i nt er f ace changi ng t he f l ow set poi nt  i n a pump cont r ol l er  i s  a di r ect  
i nt er act i on,  t he subsequent  change i n f l ow ( as wel l  as any subsequent  
downst r eam changes i n val ve posi t i on)  ar e not  di r ect  i nt er act i ons.

Two exampl es of  LI MI TED UI s ar e:    a)  a var i abl e speed dr i ve has a Li mi t ed 
Local  User  I nt er f ace whi ch al l ows t he user  t o change pr oper t i es wi t hi n t he 
dr i ve,  but  does not  al l ow af f ect i ng t hi ngs out si de t he dr i ve;  and b)  a 
t ypi cal  home Wi Fi  Rout er  has a Li mi t ed Remot e User  I nt er f ace whi ch al l ows 
conf i gur at i on of  t he Rout er ,  but  does not  al l ow di r ect  i nt er act i on wi t h 
ot her  devi ces.

1. 4. 11. 3. 3   Ful l  User  I nt er f ace

A Ful l  User  I nt er f ace can al t er  i nf or mat i on i n devi ces out si de t he devi ce 
wi t h t he user  i nt er f ace.   For  exampl e,  a t ypi cal  Local  Di spl ay Panel  i s  a 
Ful l  Local  User  I nt er f ace whi l e a br owser - based f r ont  end i s a Ful l  Remot e 
User  I nt er f ace.

1. 4. 11. 3. 4   Vi ew- Onl y User  I nt er f ace

See Read- Onl y User  I nt er f ace

1. 4. 11. 4   Ot her  User  I nt er f ace Ter mi nol ogy

I n addi t i on t o def i ni ng whet her  a user  i nt er f ace i s a Har dwar e Li mi t ed,  
Read- Onl y,  Li mi t ed or  Ful l ,  and whet her  i t  i s  Local  or  Remot e,  user  
i nt er f aces ar e c l assi f i ed by whet her  t hey ar e wr i t abl e or  pr i v i l eged.

1. 4. 11. 4. 1   Wr i t abl e User  I nt er f ace

Any User  I nt er f ace t hat  i s not  Read- Onl y i s Wr i t abl e.  ( Li mi t ed User  
I nt er f aces and Ful l  User  I nt er f aces ar e bot h wr i t abl e user  i nt er f aces ( as 
t hey ar e capabl e of  changi ng a val ue) ) .

1. 4. 11. 4. 2   Pr i v i l eged User  I nt er f ace

A Pr i v i l eged UI  i s a UI  t hat  has suf f i c i ent  capabi l i t i es or  f unct i onal i t y 
t hat  i t  r equi r es speci f i c  cyber secur i t y measur es t o be put  i n pl ace t o 
l i mi t  i t s  unaut hor i zed use.   Ul t i mat el y,  whet her  a speci f i c  user  i nt er f ace 
i s consi der ed a Pr i v i l eged User  I nt er f ace must  be det er mi ned by usage.   
Unl ess ot her wi se speci f i ed,  user  i nt er f aces can be det er mi ned t o be 
pr i v i l eged or  not  usi ng t he f ol l owi ng:
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a.   Read- Onl y User  I nt er f aces ar e not  pr i v i l eged user  i nt er f aces.  

b.   User  I nt er f aces t hat  can i nhi bi t  or  f or ce t he act i vat i on of  a f i r e 
suppr essi on syst em ( e. g.  such as f or  a pr e- act i on or  del uge syst em)  
ar e al ways pr i v i l eged user  i nt er f aces.   Ot her  Ful l  User  i nt er f aces f or  
Fi r e Al ar m Syst ems ar e pr i v i l eged user  i nt er f aces as i ndi cat ed and 
shown,  or  when anot her  r equi r ement  of  t hi s Sect i on est abl i shes t hey 
ar e pr i v i l eged.   For  al l  ot her  syst ems,  Ful l  User  I nt er f aces ar e 
pr i v i l eged user  i nt er f aces.

c.   User  i nt er f aces t hat  al l ow f or  conf i gur at i on of  audi t i ng or  al l ows f or  
modi f i cat i on or  del et i on of  audi t  l ogs ar e pr i v i l eged user  i nt er f ace.

d.   User  i nt er f aces t hat  al l ow f or  r epr ogr ammi ng a net wor k connect ed 
devi ce i s a pr i v i l eged user  i nt er f ace.

e.   Except  as speci f i ed above,  a Li mi t ed User  I nt er f ace must  be det er mi ned 
t o be pr i v i l eged or  not  based on t he speci f i c  capabi l i t i es and use 
case of  t he user  i nt er f ace.   I n gener al  however ,  user  i nt er f aces t hat  
do not  of f er  s i gni f i cant  capabi l i t i es above and beyond t hose avai l abl e 
at  t hat  l ocat i on v i a ot her  means ( e. g.  such as a di sconnect  swi t ch,  
br eaker ,  or  hand- of f - aut o swi t ch,  or  physi cal  at t ack)  ar e not  
pr i v i l eged.

1. 4. 12   Wi r el ess Net wor k

Any net wor k t hat  communi cat es wi t hout  usi ng wi r es or  f i ber  opt i cs as t he 
communi cat i on medi a.  Wi r el ess net wor ks i ncl ude:  Wi Fi ,  Bl uet oot h,  Zi gBee,  
cel l ul ar ,  sat el l i t e,  900 MHz r adi o,  2. 4 GHz,  f r ee space opt i cal ,  
poi nt - t o- poi nt  l aser ,  and I R.   

1. 4. 13   Wi r ed Br oadcast  Net wor k

Wi r ed Br oadcast  Net wor ks ar e any net wor k,  such as power l i ne car r i er  
net wor ks and modem ( wi r ed t el ephony) ,  t hat  use wi r e- based t echnol ogi es 
wher e t her e i s not  a c l ear l y def i ned boundar y f or  s i gnal  pr opagat i on.  

1. 5   ADMI NI STRATI VE REQUI REMENTS

1. 5. 1   Poi nt s of  Cont act

Coor di nat e wi t h t he f ol l owi ng Poi nt s of  Cont act  as i ndi cat ed i n t hi s 
Sect i on and as r equi r ed.   Not  al l  pr oj ect s wi l l  r equi r e coor di nat i on wi t h 
al l  Poi nt s of  Cont act .   When coor di nat i on i s r equi r ed and no Poi nt  of  
Cont act  i s  i ndi cat ed,  coor di nat e wi t h The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR) .

a.   Gover nment  Comput er  Access Poi nt  of  Cont act :  The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)

b.   HTTPS Cer t i f i cat e Poi nt  of  Cont act :   The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)

c.   Emai l  Addr ess Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve 
( COR)

d.   Passwor d Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve ( COR)
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e.   Mobi l e Code Poi nt  of  Cont act :   The Cont r act i ng Of f i ce Repr esent at i ve 
( COR)

f .   PKI  I nf r ast r uct ur e Poi nt  of  Cont act :    The Cont r act i ng Of f i ce 
Repr esent at i ve ( COR)

1. 5. 2   Coor di nat i on

Coor di nat e t he execut i on of  t hi s Sect i on wi t h t he execut i on of  al l  ot her  
Sect i ons r el at ed t o cont r ol  syst ems as i ndi cat ed i n t he par agr aph RELATED 
REQUI REMENTS.   I t ems t hat  must  be consi der ed when coor di nat i ng pr oj ect  
ef f or t s i ncl ude but  ar e not  l i mi t ed t o:  

a.   I f  r equest i ng per mi ssi on f or  wi r el ess or  wi r ed br oadcast  
communi cat i on,  t he Wi r el ess and Wi r ed Br oadcast  Communi cat i on Request  
submi t t al  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on 
and i nst al l at i on.

b.   I f  r equest i ng per mi ssi on f or  al t er nat e account  l ock per mi ssi ons,  t he 
Devi ce Account  Lock Except i on Request  must  be appr oved pr i or  t o 
cont r ol  syst em devi ce sel ect i on and i nst al l at i on.

c.   I f  r equest i ng per mi ssi on f or  t he use of  a devi ce wi t h mul t i pl e 
physi cal  connect i ons t o I P net wor ks,  t he Mul t i pl e I P Connect i on Devi ce 
Request  must  be appr oved pr i or  t o cont r ol  syst em devi ce sel ect i on and 
i nst al l at i on.

d.   Wi r el ess t est i ng may be r equi r ed as par t  of  t he cont r ol  syst em 
t est i ng.   See r equi r ement s f or  t he Wi r el ess Communi cat i on Test  Repor t  
submi t t al .

e.   I f  t he Devi ce Audi t  Recor d Upl oad Sof t war e i s t o be i nst al l ed on a 
comput er  not  bei ng pr ovi ded as par t  of  t he cont r ol  syst em,  
coor di nat i on i s r equi r ed t o i dent i f y t he comput er  on whi ch t o i nst al l  
t he sof t war e.

f .   The Cyber secur i t y I nt er connect i on Schedul e must  be coor di nat ed wi t h 
ot her  wor k t hat  wi l l  be i nt er connect ed t o,  and i nt er connect i ons must  
be appr oved by t he Gover nment  bef or e r el y i ng on t hem f or  syst em 
f unct i onal i t y.

g.   Cyber secur i t y t est i ng suppor t  must  be coor di nat ed acr oss cont r ol  
syst ems and wi t h t he Gover nment  cyber secur i t y t est i ng schedul e.

h.   Passwor ds must  be coor di nat ed wi t h t he i ndi cat ed cont act  f or  t he 
pr oj ect  s i t e.

i .   I f  appl i cabl e,  HTTPS web ser ver  cer t i f i cat es must  be obt ai ned f r om t he 
i ndi cat ed HTTPS Cer t i f i cat e Poi nt  of  Cont act .

j .   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s must  be 
pr ovi ded f or  each cont r act or  usi ng cont r act or  owned comput er s.

1. 6   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  i nf or mat i on onl y.   

SECTI ON 25 05 11. 04  Page 8



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  eNot ebook,  
i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   Submi t  t he 
f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

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

Devi ce Account  Lock Except i on Request ;  G

Mul t i pl e Et her net  Connect i on Devi ce Request ;  G

Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s;  G

Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s;  G

Cyber secur i t y I nt er connect i on Schedul e;  G

Pr ot ect i on of  I nf or mat i on At  Rest  Pr oposal ;  G

Pr oposed STI G and SRG Appl i cabi l i t y  Repor t ;  G

SD- 02 Shop Dr awi ngs

Net wor k Communi cat i on Repor t ;  G

Cyber secur i t y Ri ser  Di agr am;  G

SD- 03 Pr oduct  Dat a

Cont r ol  Syst em Cyber secur i t y Document at i on;  G

SD- 06 Test  Repor t s

Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es;  G

Cont r ol  Syst em Cyber secur i t y Test i ng Repor t ;  G

SD- 07 Cer t i f i cat es

Sof t war e Li censes;  G

SD- 11 Cl oseout  Submi t t al s

Passwor d Change Summar y Repor t ;  G

Encl osur e Keys;  G

Sof t war e and Conf i gur at i on Backups;  G

Audi t i ng Fr ont  End Sof t war e;  G

Devi ce Audi t  Recor d Upl oad Sof t war e;  G

Syst em Mai nt enance Tool  Sof t war e;  G

Cont r ol  Syst em Scanni ng Tool s;  G

STI G,  SRG and Vendor  Gui de Compl i ance Resul t  Repor t ;  G

Cont r ol  Syst em I nvent or y Repor t ;  G
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I nt egr i t y Ver i f i cat i on Sof t war e;  G

1. 7   QUALI TY CONTROL

1. 7. 1   Subj ect  Mat t er  Exper t  Qual i f i cat i ons

For  t he Moder at e I mpact  Fi r e Pr ot ect i on cont r ol  syst em:   

For  t he posi t i on l i s t ed bel ow r esumes shoul d be submi t t ed t o t he 
Gover nment  wi t hi n 14 days af t er  not i ce t o pr oceed.   Al l  cer t i f i cat i ons 
must  be i n ef f ect  pr i or  t o bei ng hi r ed.

These posi t i ons may ser ve acr oss t he cont r act  and pr ovi de on- si t e suppor t  
as r equi r ed. .

1. 7. 1. 1   Cyber secur i t y Subj ect  Mat t er  Exper t

The i ndi v i dual  wi l l  over  see al l  wor k wi t hi n t hese speci f i cat i on.   Thi s 
posi t i on r equi r es t hat  t he i ndi v i dual  cur r ent l y meet s I nf or mat i on 
Assur ance Management  Level  I I  Cer t i f i cat i on i n accor dance wi t h DODD 8140 
Cyber secur i t y Wor kf or ce Management  and DODI  8570 I nf or mat i on Wor kf or ce 
I mpr ovement  Pr ogr am.   

I ndi v i dual s f or  t hi s posi t i on shoul d have exper i ence secur i ng DoD Syst ems 
and wi t h Ri sk Management  Fr amewor k

1. 8   CYBERSECURI TY DOCUMENTATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 7;  CCI - 003071}

1. 8. 1   Pr oposed STI G and SRG Appl i cabi l i t y  Repor t

For  each model  of  net wor k connect ed or  net wor k i nf r ast r uct ur e devi ce,  use 
t he DI SA SRG/ STI G Appl i cabi l i t y  Gui de and Col l ect i on Tool  ( avai l abl e at  
ht t ps: / / publ i c. cyber . mi l / st i gs/ SCAP/ t o i dent i f y appl i cabl e STI Gs or  SRGs 
and pr ovi de a r epor t  i ndi cat i ng appl i cabl e STI Gs and SRGs f or  each model .

1. 8. 2   Cyber secur i t y I nt er connect i on Schedul e

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CA- 3( b) ,  PL- 8,  
SC- 7( 9) ,  SC- 7( 11) ;  CCI - 000258,  CCI - 003072,  CCI - 003073,  CCI - 003075,  
CCI - 002398,  CCI - 002399,  CCI - 002401,  CCI - 002402,  CCI - 002403.  For  MODERATE 
I mpact  syst ems,  t hi s subpar t  al so r el at es t o SC- 7;  CCI - 001126,  CCI - 001109}

Pr ovi de a compl et ed Cyber secur i t y I nt er connect i on Schedul e document i ng 
net wor k connect i ons bet ween t he i nst al l ed syst em and ot her  syst ems.  
Pr ovi de t he f ol l owi ng i nf or mat i on f or  each devi ce di r ect l y communi cat i ng 
bet ween syst ems:  Devi ce I dent i f i er ,  Devi ce Descr i pt i on,  Tr anspor t  l ayer  
Pr ot ocol ,  Net wor k Addr ess,  Por t  ( i f  appl i cabl e) ,  MAC ( Layer  2)  addr ess ( i f  
appl i cabl e) ,  Medi a,  Appl i cat i on Pr ot ocol ,  Ser vi ce ( i f  appl i cabl e) ,  
Descr i pt i ve Pur pose of  communi cat i on.  For  communi cat i on wi t h ot her  
aut hor i zed syst ems al so pr ovi de t he For ei gn Dest i nat i on and POC f or  
Dest i nat i on.   For  MODERATE I mpact  Syst ems:  Al so descr i be t he i mpact  of  
l oss of  t he connect i on on t he cont r ol  syst em.  I f  ot her  cont r ol  syst em 
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Sect i ons used on t hi s pr oj ect  i ncl ude submi t t al s document i ng t hi s 
i nf or mat i on,  pr ovi de copi es of  t hose submi t t al s t o meet  t hi s r equi r ement .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cyber secur i t y I nt er connect i on Schedul e as an edi t abl e 
Mi cr osof t  Excel  f i l e ( a t empl at e Cyber secur i t y I nt er connect i on Schedul e i n 
Excel  f or mat  i s avai l abl e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11

1. 8. 3   Net wor k Communi cat i on Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CA- 9,  PL- 8;  CCI - 002102,  CCI - 002103,  CCI - 002104,  CCI - 002105,  CCI - 003072,  
CCI - 003073,  CCI - 003075 and al so t he submi t t al  r equi r ement s associ at ed wi t h 
CM- 6,  CM- 7,  SC- 8 and SC- 41 i ncl udi ng CM- 7( 3) ,  CCI - 000388. }

Pr ovi de a net wor k communi cat i on r epor t .   For  each net wor ked devi ce,  
document  t he communi cat i on char act er i st i cs of  t he devi ce i ncl udi ng 
communi cat i on pr ot ocol s,  ser vi ces used,  encr ypt i on empl oyed,  and a gener al  
descr i pt i on of  what  i nf or mat i on i s communi cat ed over  t he net wor k.   For  
each devi ce usi ng I P,  document  al l  TCP and UDP por t s used.   For  non- I P 
communi cat i ons,  document  communi cat i on pr ot ocol  and medi a used.     I f  
ot her  cont r ol  syst em Sect i ons used on t hi s pr oj ect  i ncl ude submi t t al s 
document i ng t hi s i nf or mat i on,  pr ovi de copi es of  t hose submi t t al s t o meet  
t hi s r equi r ement .   

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Net wor k Communi cat i on Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 4   Cont r ol  Syst em I nvent or y Repor t

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CM- 8( a) ,  SI - 17,  I A- 3;  CCI - 000389,  CCI - 000392,  CCI - 000398,  CCI - 002773,  
CCI - 002774,  CCI - 002775,  CCI - 000777,  CCI - 000778,  CCI - 001958}

Pr ovi de a Cont r ol  Syst em I nvent or y r epor t  usi ng t he I nvent or y Spr eadsheet  
l i s t ed under  t hi s Sect i on at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 document i ng al l  net wor ked devi ces,  i ncl udi ng net wor k i nf r ast r uct ur e 
devi ces.   For  each devi ce pr ovi de al l  appl i cabl e i nf or mat i on f or  whi ch 
t her e i s a f i el d on t he spr eadsheet  i n accor dance wi t h t he i nst r uct i ons on 
t he spr eadsheet .  

I n addi t i on t o t he r equi r ement s of  Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  
pr ovi de t he Cont r ol  Syst em I nvent or y Repor t  as an edi t abl e Mi cr osof t  Excel  
f i l e.

1. 8. 5   Sof t war e and Conf i gur at i on Backups

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 10;  CCI - 000550,  CCI - 000551,  CCI - 000552}

For  each comput er  on whi ch sof t war e i s i nst al l ed under  t hi s pr oj ect ,  
pr ovi de a r ecover y i mage of  t he f i nal  as- bui l t  comput er .   Thi s i mage must  
al l ow f or  bar e- met al  r est or e such t hat  r est or at i on of  t he i mage i s 
suf f i c i ent  t o r est or e syst em oper at i on t o t he i maged st at e wi t hout  t he 
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need f or  r e- i nst al l at i on of  sof t war e.   I f  addi t i onal  user  per mi ssi ons ar e 
r equi r ed t o meet  t hi s r equi r ement ,  coor di nat e t he cr eat i on of  t he i mage 
wi t h t he i dent i f i ed Gover nment  Comput er  Access Poi nt  of  Cont act .

For  al l  et her net  swi t ches pr ovi de a backup of  t he swi t ch conf i gur at i on.   
For  al l  cont r ol l er s,  pr ovi de a backup of  t he cont r ol l er  conf i gur at i on and 
t he sour ce code f or  al l  l oaded appl i cat i on pr ogr ams ( al l  sof t war e
t hat  i s not  common t o ever y cont r ol l er  of  t he same manuf act ur er  and
model ) .

I f  any or  al l  of  t hese ar e pr ovi ded under  anot her  Sect i on,  pr ovi de 
document at i on i ndi cat i ng t hi s and r ef er enci ng t hose submi t t al s.

1. 8. 6   Cyber secur i t y Ri ser  Di agr am

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PL- 2( a) ,  PL- 8;  CCI - 003051,  CCI - 003053,  CCI - 003072,  CCI - 003073,  
CCI - 003075}

Pr ovi de a cyber secur i t y r i ser  di agr am of  t he compl et e cont r ol  syst em 
i ncl udi ng al l  net wor k and devi ce har dwar e.   I f  t he cont r ol  syst em 
speci f i cat i ons r equi r e a r i ser  di agr am submi t t al ,  pr ovi de a copy of  t hat  
submi t t al  as t he cyber secur i t y r i ser  di agr am.   Ot her wi se,  pr ovi de a r i ser  
di agr am i n one- l i ne f or mat .

1. 8. 7   STI G,  SRG and Vendor  Gui de Compl i ance Resul t  Repor t

For  ever y component  ( devi ce or  sof t war e)  wi t h an appl i cabl e STI G or  SRG i n 
t he Pr oposed STI G and SRG Appl i cabi l i t y  Repor t ,  pr ovi de a r esul t  r epor t  
document i ng compl i ance wi t h t he STI G or  SRG r equi r ement s.   For  component s 
whi ch ar e scannabl e by t he SCAP ( secur i t y cont ent  aut omat i on pr ot ocol )  
t ool  ( avai l abl e onl i ne at  ht t ps: / / publ i c. cyber . mi l / st i gs/ scap) ,  pr ovi de 
t he SCAP r epor t  and r aw scan r esul t s.

For  ever y component  ( devi ce or  sof t war e)  wi t h manuf act ur er  pr ovi ded 
cyber secur i t y document at i on,  pr ocedur e,  or  met hod f or  secur e conf i gur at i on 
or  i nst al l at i on,  pr ovi de a r epor t  document i ng how t he component  was 
conf i gur ed and any devi at i on f r om t he manuf act ur er  i nst r uct i ons.

1. 8. 8   Cont r ol  Syst em Cyber secur i t y Document at i on

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
SA- 5( a) , SA- 5( b) , SA- 5( c) ,  SA- 22( b) ;  CCI s:   CCI - 003124,  CCI - 003125,  
CCI - 003126,  CCI - 003127,  CCI - 003128,  CCI - 003129,  CCI - 003130,  CCI - 003131,  
CCI - 003374}

Pr ovi de a Cont r ol  Syst em Cyber secur i t y Document at i on submi t t al  cont ai ni ng 
t he i ndi cat ed i nf or mat i on f or  each devi ce and sof t war e appl i cat i on.

1. 8. 8. 1   Sof t war e Appl i cat i ons

For  al l  sof t war e appl i cat i ons r unni ng on comput er s pr ovi de:

a.   admi ni st r at or  document at i on t hat  descr i bes secur e conf i gur at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   admi ni st r at or  document at i on t hat  descr i bes secur e i nst al l at i on of  t he 
sof t war e and sof t war e updat es.  { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003125}
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c.   admi ni st r at or  document at i on t hat  descr i bes secur e oper at i on of  t he 
sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   admi ni st r at or  document at i on t hat  descr i bes ef f ect i ve use and 
mai nt enance of  secur i t y f unct i ons or  mechani sms f or  t he sof t war e { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003127}

e.   admi ni st r at or  document at i on t hat  descr i bes known vul ner abi l i t i es 
r egar di ng conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  
f unct i ons f or  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003128}

f .   user  document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons 
or  mechani sms i n t he sof t war e and how t o ef f ect i vel y use t hose 
secur i t y f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003129}

g.   user  document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he sof t war e i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   user  document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng 
t he secur i t y of  t he sof t war e { For  Gover nment  Ref er ence Onl y:  r el at es 
t o CCI - 003131}

1. 8. 8. 2   Def aul t  Requi r ement s f or  Cont r ol  Syst em Devi ces

For  cont r ol  syst em devi ces wher e Cont r ol  Syst em Cyber secur i t y 
Document at i on r equi r ement s ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on,  
pr ovi de:

a.   Document at i on t hat  descr i bes secur e conf i gur at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

b.   Document at i on t hat  descr i bes secur e i nst al l at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003125}

c.   Document at i on t hat  descr i bes secur e oper at i on of  t he devi ce { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003124}

d.   Document at i on t hat  descr i bes ef f ect i ve use and mai nt enance of  secur i t y 
f unct i ons or  mechani sms f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  
r el at es t o CCI - 003127}

e.   Document at i on t hat  descr i bes known vul ner abi l i t i es r egar di ng 
conf i gur at i on and use of  admi ni st r at i ve ( i . e.  pr i v i l eged)  f unct i ons 
f or  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003128}

f .   Document at i on t hat  descr i bes user - accessi bl e secur i t y f unct i ons or  
mechani sms i n t he devi ce and how t o ef f ect i vel y use t hose secur i t y 
f unct i ons or  mechani sms { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003129}

g.   Document at i on t hat  descr i bes met hods f or  user  i nt er act i on whi ch 
enabl es i ndi v i dual s t o use t he devi ce i n a mor e secur e manner  { For  
Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003130}

h.   Document at i on t hat  descr i bes user  r esponsi bi l i t i es i n mai nt ai ni ng t he 
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secur i t y of  t he devi ce { For  Gover nment  Ref er ence Onl y:  r el at es t o 
CCI - 003131}

i .   Document at i on of  t he publ i shed l ast  dat e of  suppor t  by t he 
manuf act ur er  or  i ndi cat i on t hat  a publ i shed dat e i s not  avai l abl e.  
{ For  Gover nment  Ref er ence Onl y:  r el at es t o CCI - 003374}

1. 9   SOFTWARE LI CENSI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 2( a) ,  SI - 2( c) ,  SI - 7( 14) ;  CCI - 001227,  CCI - 002605,  CCI - 002737}

For  al l  sof t war e pr ovi ded t hat  has not  al r eady been l i censed t o t he 
gover nment  or  pr oj ect  s i t e,  pr ovi de a l i cense t o t he Gover nment  f or  a 
per i od of  no l ess t han 5 year s,  and t he l i cense must  al so i ncl ude t he 
f ol l owi ng sof t war e updat es:

a.   Secur i t y and bug- f i x pat ches i ssued by t he sof t war e manuf act ur er .  

b.   Secur i t y pat ches t o addr ess any vul ner abi l i t y  i dent i f i ed i n t he 
Nat i onal  Vul ner abi l i t y  Dat abase at  ht t p: / / nvd. ni st . gov wi t h a Common 
Vul ner abi l i t y  Scor i ng Syst em ( CVSS)  sever i t y r at i ng of  MEDI UM or  
hi gher .

Pr ovi de a s i ngl e Sof t war e Li censes submi t t al  wi t h document at i on of  t he 
sof t war e l i censes f or  al l  sof t war e pr ovi ded

1. 10   CYBERSECURI TY DURI NG CONSTRUCTI ON

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
AC- 18,  SA- 3;  CCI - 000258}

I n addi t i on t o t he cont r ol  syst em cyber secur i t y r equi r ement s i ndi cat ed i n 
t hi s sect i on,  meet  f ol l owi ng r equi r ement  t hr oughout  t he const r uct i on 
pr ocess.

1. 10. 1   Cont r act or  Comput er  Equi pment

Cont r act or  owned comput er s may be used f or  const r uct i on.   Cont r act or  
comput er s connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a 
cont r ol  syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he 
f ol l owi ng r equi r ement s:

1. 10. 1. 1   Oper at i ng Syst em

The oper at i ng syst em must  be an oper at i ng syst em cur r ent l y suppor t ed by 
t he manuf act ur er  of  t he oper at i ng syst em.  The oper at i ng syst em must  be 
cur r ent  on secur i t y pat ches and oper at i ng syst em manuf act ur er  r equi r ed 
updat es.  

1. 10. 1. 2   Ant i - Mal war e Sof t war e

The comput er  must  r un ant i - mal war e sof t war e f r om a r eput abl e sof t war e 
manuf act ur er .   Ant i - mal war e sof t war e must  be a ver si on cur r ent l y suppor t ed 
by t he sof t war e manuf act ur er ,  must  be cur r ent  on al l  pat ches and updat es,  
and must  use t he l at est  def i ni t i ons f i l e.   Comput er s used on t hi s pr oj ect  
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must  be scanned usi ng t he i nst al l ed sof t war e at  l east  once per  day.

1. 10. 1. 3   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  comput er s,  appl i cat i ons,  and web- based 
appl i cat i ons suppor t i ng passwor ds must  be changed f r om t hei r  def aul t  
val ues.   Passwor ds must  be a mi ni mum of  ei ght  char act er s wi t h a mi ni mum of  
one upper case l et t er ,  one l ower case l et t er ,  one number  and one speci al  
char act er .

1. 10. 1. 4   User - Based Aut hent i cat i on

Each user  must  have a uni que account ;  shar i ng of  a s i ngl e account  bet ween 
mul t i pl e user s i s pr ohi bi t ed.

1. 10. 1. 5   Demonst r at i on of  Compl i ance

The Gover nment  has t he r i ght  t o r equi r e demonst r at i on of  comput er  
compl i ance wi t h t hese r equi r ement s at  any t i me dur i ng t he pr oj ect .

1. 10. 1. 6   Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Comput er  
Cyber secur i t y Compl i ance St at ement s f or  each company usi ng cont r act or  
owned comput er s.  Cont r act or  Comput er  Cyber secur i t y Compl i ance St at ement s 
must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.

1. 10. 2   Tempor ar y I P Net wor ks

Tempor ar y cont r act or - i nst al l ed I P net wor ks may be used dur i ng 
const r uct i on.  When used,  t empor ar y cont r act or - i nst al l ed I P net wor ks 
connect ed t o t he cont r ol  syst em,  cont r ol  syst em net wor k,  or  a cont r ol  
syst em component  at  any poi nt  dur i ng const r uct i on must  meet  t he f ol l owi ng 
r equi r ement s:

1. 10. 2. 1   Net wor k Boundar i es and Connect i ons

The net wor k must  not  ext end out si de t he pr oj ect  s i t e and must  not  connect  
t o any I P net wor k ot her  t han t hose speci f i cal l y pr ovi ded or  f ur ni shed f or  
t hi s pr oj ect .   Any and al l  access t o t he net wor k f r om out si de t he pr oj ect  
s i t e i s pr ohi bi t ed.

1. 10. 3   Gover nment  Access t o Net wor k

Gover nment  per sonnel  must  be al l owed t o have compl et e and i mmedi at e access 
t o t he net wor k at  any t i me i n or der  t o ver i f y compl i ance wi t h t hi s 
speci f i cat i on.

1. 10. 4   Tempor ar y Wi r el ess I P Net wor ks

I n addi t i on t o t he ot her  r equi r ement s on t empor ar y I P net wor ks,  t empor ar y 
wi r el ess I P ( Wi Fi )  net wor ks,  when per mi t t ed,  must  not  i nt er f er e wi t h 
exi st i ng wi r el ess net wor ks,  must  use WPA2 secur i t y and must  not  br oadcast  
t he net wor k name ( SSI D) .   Net wor k names ( SSI D)  f or  wi r el ess net wor ks must  
be changed f r om t hei r  def aul t  val ues.
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1. 10. 5   Passwor ds and Passphr ases

The passwor ds and passphr ases f or  al l  net wor k devi ces and net wor k access 
must  be changed f r om t hei r  def aul t  val ues.  Passwor ds must  be a mi ni mum 8 
char act er s wi t h a mi ni mum of  one upper case l et t er ,  one l ower case l et t er ,  
one number  and one speci al  char act er .

1. 10. 6   Cont r act or  Tempor ar y Net wor k Cyber secur i t y Compl i ance St at ement s

Pr ovi de a s i ngl e submi t t al  cont ai ni ng compl et ed Cont r act or  Tempor ar y 
Net wor k Cyber secur i t y Compl i ance St at ement s f or  each company i mpl ement i ng 
a t empor ar y I P net wor k.   Cont r act or  Tempor ar y Net wor k Cyber secur i t y 
Compl i ance St at ement s must  use t he t empl at e publ i shed at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
Each St at ement  must  be si gned by a cyber secur i t y r epr esent at i ve f or  t he 
r el evant  company.   I f  no t empor ar y I P net wor ks wi l l  be used,  pr ovi de a 
s i ngl e copy of  t he St at ement  i ndi cat i ng t hi s.

1. 11   CYBERSECURI TY DURI NG WARRANTY PERI OD

Al l  wor k per f or med on t he cont r ol  syst em af t er  accept ance must  be 
per f or med usi ng Gover nment  Fur ni shed Equi pment  or  equi pment  speci f i cal l y 
and i ndi v i dual l y appr oved by t he Gover nment .

PART 2   PRODUCTS

Al l  pr oduct s used on t hi s pr oj ect  must  meet  t he i ndi cat ed r equi r ement s,  
but  not  al l  pr oduct s speci f i ed her e wi l l  be r equi r ed by ever y pr oj ect .

2. 1   ETHERNET SWI TCH

Pr ovi de Open Syst ems I nt er connect i on ( OSI )  Layer  2 Et her net  swi t ches wi t h 
t he f ol l owi ng capabi l i t i es,  and wi t h an i nt er f ace t o suppor t  swi t ch 
conf i gur at i on f or  t hese capabi l i t i es:

2. 1. 1   Requi r ed Funct i onal i t y

Swi t ches must :

a.  Copper  Et her net  por t s must  aut o negot i at e f or  10,  100 and 1000 
megabi t s- per - second l i nks.

b.  Be capabl e of  i mpl ement i ng por t  l evel  access cont r ol  by MAC addr ess and 
l i mi t  t he number  of  MAC addr esses t o one MAC addr ess per  por t .

c.  For  MODERATE I mpact  Syst ems,  be capabl e of  i mpl ement i ng per - por t  access 
cont r ol  l i s t s ( ACLs)  wher e t he l i s t  can be f i l t er ed by sour ce and 
dest i nat i on I P addr esses,  and by sour ce and dest i nat i on UDP or  TCP 
por t s.

d.  Suppor t  Remot e Net wor k Moni t or i ng ( RMON)  Por t  Anal ysi s i n accor dance 
wi t h I ETF RFC 2819

e.  Conf i gur e t ar get  por t  and anal ysi s por t  such t hat  swi t ch c l ones al l  
t ar get  por t  t r af f i c  t o anal ysi s por t .
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2. 1. 2   Conf i gur at i on Requi r ement s

Swi t ches must :

a.   Suppor t  conf i gur at i on save and r est or e.

b.   Suppor t  bot h manual  I P addr ess assi gnment  and acqui s i t i on of  a dynami c 
I P addr ess v i a Dynami c Host  Conf i gur at i on Pr ot ocol  ( DHCP) .

c.   Be capabl e of  l i mi t i ng access f or  conf i gur at i on t o one or  mor e of :  a 
web i nt er f ace usi ng HTTPS,  a command l i ne i nt er f ace usi ng SSH,  or  an 
SNMP connect i on usi ng SNMP ver si on 3 or  l at er .

2. 2   DAI SY CHAI N I P CONTROLLERS

Cont r ol l er s used as Dai sy Chai n I P Cont r ol l er s must  be I P cont r ol l er s wi t h 
exact l y t wo Et her net  net wor k connect i ons and basi c bui l t - i n swi t ch 
capabi l i t i es t o al l ow i mpl ement at i on of  an Et her net  net wor k i n a dai sy 
chai n ar chi t ect ur e.   Swi t ches i ncor por at ed by Dai sy Chai n I P Cont r ol l er s 
ar e not  r equi r ed t o meet  t he r equi r ement s f or  Et her net  Swi t ches as def i ned 
i n t hi s Sect i on.

2. 3   DATABASE AND WEB SERVER SOFTWARE FOR MODERATE I MPACT SYSTEMS

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
RA- 5( 1) ,  RA- 5( 5) ;  CCI - 001062,  CCI - 001067,  CCI - 001645,  CCI - 002906}

Al l  comput er - based dat abases must  use Mi cr osof t  SQL Ser ver  or  Or acl eor  
MySQL.   Al l  comput er - based web i nt er f aces must  use I nt er net  I nf or mat i on 
Ser vi ces ( I I S)  or  Apache as t he web ser ver .

PART 3   EXECUTI ON

3. 1   CYBERSECURI TY HARDENI NG AND CONFI GURATI ON GUI DES

I nst al l ,  conf i gur e,  and har den al l  har dwar e and sof t war e f ur ni shed on t hi s 
pr oj ect  i n accor dance wi t h manuf act ur er  pr ovi ded document at i on,  
pr ocedur es,  or  met hods f or  secur e conf i gur at i on or  i nst al l at i on.   Do not  
i mpl ement  speci f i c  har deni ng act i ons i f  t hat  act i on woul d conf l i c t  wi t h 
r equi r ed f unct i onal i t y or  anot her  r equi r ement  of  t hi s Sect i on.

3. 2   NETWORK REQUI REMENTS

3. 2. 1   I nf or mat i on Fl ow Enf or cement  I n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 4;   CCI - 001368,  CCI - 001414,  CCI - 001548,  CCI - 001549,  CCI - 001550,  
CCI - 001551}

I nst al l  and conf i gur e Et her net  swi t ches t o bl ock al l  t r af f i c  on al l  por t s 
not  r equi r ed by t he cont r ol  pr ot ocol .
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3. 2. 2   Wi r el ess and Wi r ed Br oadcast  Communi cat i on f or  Fi r e Pr ot ect i on 
Syst ems

The use of  wi r el ess and wi r ed br oadcast  communi cat i on f or  f i r e pr ot ect i on 
syst ems wi t hi n a f aci l i t y  i s  pr ohi bi t ed.   Wi r el ess communi cat i on may be 
used t o pr ovi de communi cat i on f r om t he f i r e pr ot ect i on syst em i n a 
f aci l i t y  t o t he cent r al  moni t or i ng st at i on.   Communi cat i on bet ween t he 
f i r e pr ot ect i on syst em and t he cent r al  moni t or i ng st at i on must  be vi a FI PS 
140- 2 cer t i f i ed devi ces.

3. 2. 3   Non- I P Cont r ol  Net wor ks

When cont r ol  syst em speci f i cat i ons r equi r e par t i cul ar  communi cat i on 
pr ot ocol s,  use onl y t hose communi cat i on pr ot ocol s and onl y as speci f i ed.   
Do not  i mpl ement  any ot her  communi cat i on pr ot ocol .

When cont r ol  syst em speci f i cat i ons do not  i ndi cat e r equi r ement s f or  
communi cat i on pr ot ocol s,  use onl y t hose pr ot ocol s r equi r ed f or  oper at i on 
of  t he syst em as speci f i ed.

3. 2. 4   I P Cont r ol  Net wor ks

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o CM- 6( a) ,  CM- 7( a) ,  
CM- 7( b) ,  CM- 7( 1) ( b) ,  SC- 41;  CCI - 001588,  CCI - 000381,  CCI - 000380,  
CCI - 000381,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.  For  Moder at e I mpact  Syst ems,  t hi s subpar t  ( and i t s subpar t s)  
al so r el at es t o SC- 5( 1) ,  SC- 5( 2) ;  CCI - 001094 CCI - 001095}

I P Net wor ks must  be Et her net  net wor ks and must  use swi t ches whi ch ar e 
Et her net  Swi t ches or  Dai sy Chai n I P Cont r ol l er s as def i ned i n t hi s 
Sect i on.   Do not  use nonsecur e f unct i ons,  por t s,  pr ot ocol s and ser vi ces as 
def i ned i n DODI  8551. 01 unl ess t hose por t s,  pr ot ocol s and ser vi ces ar e 
speci f i cal l y r equi r ed by t he cont r ol  syst em speci f i cat i ons or  ot her wi se 
speci f i cal l y aut hor i zed by t he Gover nment .   Do not  use por t s,  pr ot ocol s 
and ser vi ces t hat  ar e not  speci f i ed i n t he cont r ol  syst em speci f i cat i ons 
or  r equi r ed f or  oper at i on of  t he cont r ol  syst em.

For  MODERATE I mpact  Syst ems,  unl ess expl i c i t l y  aut hor i zed,  do not  use I P 
net wor ks i f  t he same cont r ol  f unct i onal i t y i s avai l abl e t hr ough t he use of  
non- I P net wor ks.

3. 2. 4. 1   I P Net wor k Rout er s

Do not  i nst al l  any devi ce t hat  per f or ms I P r out i ng.

3. 2. 4. 2   I P Devi ces Wi t h Mul t i pl e Et her net  Connect i on

Except  f or  Et her net  Swi t ches and Dai sy Chai n I P Cont r ol l er s,  devi ces must  
not  have mor e t han one Et her net  connect i on t o I P net wor ks unl ess doi ng so 
i s r equi r ed by t he pr oj ect  speci f i cat i ons and t he speci f i c  appl i cat i on i s 
appr oved.   I f  a devi ce wi t h Mul t i pl e Et her net  Connect i ons t o I P net wor ks 
i s r equi r ed,  pr ovi de a Mul t i pl e Et her net  Connect i on Devi ce Request  usi ng 
t he Mul t i pl e Et her net  Connect i on Devi ce Request  Templ at e at  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 05- 11
 t o r equest  appr oval  f or  each devi ce.  I f  a devi ce wi t h Mul t i pl e Et her net  
Connect i ons t o I P net wor ks i s not  r equi r ed,  i nst ead pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed.
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3. 2. 5   Cr ypt ogr aphi c Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 2( 9) ,  I A- 3( 1) ,  
SC- 8,  SC- 13,  SC- 23( 1) ,  SC- 23( 3) ;  CCI - 001942,  CCI - 001959,  CCI - 001967,  
CCI - 002418,  CCI - 002449,  CCI - 002450,  CCI - 001185,  CCI - 001188,  CCI - 001664. }

Al l  r emot e user  i nt er f aces must  use HTTPS f or  al l  t r af f i c  bet ween t he user  
i nt er f ace cl i ent  and user  i nt er f ace ser ver .

For  devi ces t hat  have STI G/ SRGs r el at ed t o cr ypt ogr aphi c pr ot ect i on 
( CCI - 002450) ,  compl y wi t h t he r equi r ement s of  t hose STI G/ SRGs.   Ensur e 
t hat  al l  net wor k t r af f i c  i s  encr ypt ed usi ng NSA- appr oved cr ypt ogr aphy;  
pr ovi s i on of  di gi t al  s i gnat ur es and hashi ng,  and FI PS- val i dat ed 
cr ypt ogr aphy.

3. 2. 6   Devi ce I dent i f i cat i on and Aut hent i cat i on
                                               

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 3;  CCI - 000777,  CCI - 000778,  CCI - 001958.   For  MODERATE I mpact  syst ems,  
t hi s subpar t  ( and i t s subpar t s)  al so r el at es t o SC- 23,  SC- 23( 5) ;  
CCI - 001184,  CCI - 002470. }

Al l  comput er s must  suppor t  and i mpl ement  I EEE 802. 1x f or  devi ce 
aut hent i cat i on t o t he net wor k.

3. 2. 6. 1   Def aul t  Requi r ement s f or  Cont r ol  Syst em Devi ces

For  cont r ol  syst em devi ces wher e Devi ce I dent i f i cat i on and Aut hent i cat i on 
r equi r ement s ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on:  Devi ces usi ng 
Et her net  must  suppor t  I EEE 802. 1x.   Devi ces usi ng HTTP as a cont r ol  
pr ot ocol  must  use HTTPS i nst ead.

3. 2. 7   Cr ypt ogr aphi c Modul e Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 7;  CCI - 000803}

For  devi ces ( i ncl udi ng but  not  l i mi t ed t o NI ST FI PS 140- 2 compl i ant  
r adi os)  t hat  have STI G/ SRGs r el at ed t o cr ypt ogr aphi c modul e aut hent i cat i on 
( CCI - 000803) ,  compl y wi t h t he r equi r ement s of  t hose STI G/ SRGs.

3. 3   ACCESS CONTROL REQUI REMENTS

3. 3. 1   User  Account s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 2( a) ,  AC- 3,  AC- 6( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) ,  CM- 11( 2) ,  and I A- 2;  
CCI - 002110,  CCI - 000213,  CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  
CCI - 002235,  CCI - 000039,  CCI - 001419,  CCI - 002234,  CCI - 001812,  and CCI - 000764.
  For  MODERATE I mpact  syst ems,  t hi s subpar t  ( and i t s subpar t s)  al so r el at e 
t o AC- 2 ( 2) ,  AC- 2( 3) ,  AC- 2( 4) ,  AC- 6( 1) ,  and CM- 5( 1) ;  CCI - 001361,  
CCI - 000017,  CCI - 000217,  CCI - 000018,  CCI - 001403,  CCI - 001404,  CCI - 001405,  
CCI - 002130,  CCI - 001683,  CCI - 001684,  CCI - 001685,  CCI - 001686,  CCI - 002132,  
CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  CCI - 001813. }

Any user  i nt er f ace suppor t i ng user  account s ( ei t her  FULLY or  MI NI MALLY)  
must  l i mi t  access accor di ng t o speci f i ed l i mi t at i ons f or  each account .   
I nst al l  and conf i gur e any devi ce havi ng a STI G or  SRG i n accor dance wi t h 
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t hat  STI G or  SRG.

Al l  user  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  user - based 
aut hent i cat i on wher e each account  i s uni quel y assi gned t o a speci f i c  
user .   User  i nt er f aces FULLY suppor t i ng account s must  i mpl ement  at  l east  
t hr ee ( 3)  l evel s of  user  account  pr i v i l ege i ncl udi ng:   1)  an account  wi t h 
r ead- onl y per mi ssi ons 2)  an account  wi t h f ul l  per mi ssi ons i ncl udi ng 
account  cr eat i on and modi f i cat i on and 3)  an account  wi t h gr eat er  
per mi ssi ons t han r ead- onl y but  wi t hout  account  cr eat i on and modi f i cat i on.

3. 3. 1. 1   Comput er s

Al l  comput er  oper at i ng syst ems must  FULLY suppor t  user  account s and 
i mpl ement  account s f or  access.   Each cont r ol  syst em sof t war e appl i cat i on 
not  suppor t i ng account s and r unni ng on a comput er  must  be i nst al l ed such 
t hat  use of  t he sof t war e i s r est r i ct ed by t he comput er  oper at i ng syst em t o 
speci f i c  user s.

Appl i cat i ons r unni ng on comput er s must  not  r equi r e t he user  be l ogged i n 
t o a comput er  oper at i ng syst em admi ni st r at or  account  f or  nor mal  
oper at i on.    I t  i s  per mi ssi bl e t o r equi r e t he comput er  oper at i ng syst em 
admi ni st r at or  account  f or  i ni t i al  appl i cat i on i nst al l at i on and 
conf i gur at i on.

3. 3. 1. 2   Cont r ol l er s

For  user  i nt er f aces pr ovi ded by cont r ol l er s,  pr ovi de access cont r ol  i n 
accor dance wi t h t he User  I nt er f ace Requi r ement s t abl e f or  t he appl i cabl e 
cont r ol  syst em and user  i nt er f ace t ype.

a.  For  t abl e ent r i es of  " NA" :   NA means Not  Appl i cabl e,  t her e ar e no 
i nt er f aces i n t hi s cat egor y.

b.  For  t abl e ent r i es of  " None Requi r ed" :   The user  i nt er f ace i s not  
r equi r ed t o suppor t  user  account s.

c.  For  t abl e ent r i es of  " MI NI MALLY" :  The user  i nt er f ace must  at  l east  
MI NI MALLY suppor t  user  account s.

d.  For  t abl e ent r i es of  " FULLY" :  The user  i nt er f ace must  at  FULLY suppor t  
user  account s.

e.  For  t abl e ent r i es of  " KEY" :  The user  i nt er f ace must  have physi cal  
secur i t y i n t he f or m of  ei t her  a key l ock on t he i nt er f ace i t sel f  or  
be f ur ni shed i nsi de a l ocked encl osur e.   Wher e t hi s i s r equi r ed f or  a 
r ead onl y i nt er f ace,  t hi s l ock must  pr event  v i ewi ng of  dat a on t he 
i nt er f ace;  f or  ot her  i nt er f aces,  t hi s l ock must  pr event  usi ng t he 
i nt er f ace t o al t er  dat a.   

f .  For  t abl e ent r i es of  " Physi cal  Secur i t y" :  For  Local  FULL i nt er f aces,  
t he i nt er f ace must  be l ocat ed i nsi de mi ssi on space.  For  Local  Li mi t ed 
( not  FULL)  i nt er f aces,  t he user  i nt er f ace must  ei t her  a)  be l ocat ed 
wi t hi n mi ssi on space or  b)  be pr ot ect ed by physi cal  secur i t y at  l east  
as good as t he cont r ol  devi ces ( and equi pment  cont r ol l ed by t he 
cont r ol  devi ces)  af f ect ed by t he i nt er f ace.   For  pur poses of  t hi s 
r equi r ement ,  ' af f ect ed'  i ncl udes cont r ol l er s wi t h dat a t hat  can be 
di r ect l y al t er ed by t he i nt er f ace,  as wel l  as mechani cal  and/ or  
el ect r i cal  equi pment  di r ect l y cont r ol l ed by t hose cont r ol l er s,  but  
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does not  i ncl ude ot her  i nt er act i ons.   

g.   Ent r i es of  t he f or m " X and Y"  must  meet  bot h t he r equi r ement  i ndi cat ed 
f or  X and t he r equi r ement  i ndi cat ed f or  Y.   For  exampl e,  an ent r y of  
" MI NI MALLY and Physi cal  Secur i t y"  i ndi cat es t he user  i nt er f ace must  
bot h MI NI MALLY suppor t  account s and have physi cal  secur i t y.

h.  Ent r i es of  t he f or m " X or  Y"  must  meet  ei t her  t he r equi r ement  i ndi cat ed 
f or  X or  t he r equi r ement  i ndi cat ed f or  Y.   

3. 3. 1. 2. 1   Fi r e Pr ot ect i on Syst ems

User  I nt er f ace Requi r ement s f or  MODERATE I mpact  Fi r e Pr ot ect i on Syst ems

User  I nt er f ace Type Access Cont r ol  Requi r ement
( See not e 2)

Local  Read Onl y None Requi r ed

Local  Li mi t ed,  Non- pr i v i l eged None Requi r ed

Local  Li mi t ed,  Pr i v i l eged KEY and Physi cal  Secur i t y

Local  Ful l KEY

Remot e Read Onl y None Requi r ed

Remot e Li mi t ed,  Non- Pr i v i l eged FULLY

Remot e Li mi t ed,  Pr i v i l eged
AND

Remot e Ful l

FULLY

Not es:
1) Local  Read Onl y User  I nt er f aces ar e al ways Non- Pr i v i l eged
2) Devi ces out si de mi ssi on space r equi r e physi cal  secur i t y pr ot ect i ons as i ndi cat ed 
( i n " PHYSI CAL SECURI TY I N MODERATE I MPACT SYSTEMS" )

3. 3. 1. 3   Addi t i onal  User  Account  Expi r at i on Requi r ement s I n MODERATE I mpact  
Syst ems:

I n addi t i on t o ot her  user  account  r equi r ement s,  user  account  expi r at i on 
and audi t i ng must  be conf i gur ed as i ndi cat ed.

3. 3. 1. 3. 1   For  Cont r ol  Syst em Appl i cat i ons Runni ng on Comput er s

I f  t empor ar y account s ar e suppor t ed,  expi r e t empor ar y account s 72 hour s 
af t er  cr eat i on.   Expi r e al l  ot her  account s af t er  35 days of  i nact i v i t y.

3. 3. 1. 3. 2   For  Ot her  Cont r ol  Syst em Devi ces FULLY Suppor t i ng Account s

I f  t empor ar y account s ar e suppor t ed,  expi r e t empor ar y account s 72 hour s 
af t er  cr eat i on.   Expi r e al l  ot her  account s af t er  365 days of  i nact i v i t y.
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3. 3. 2   Unsuccessf ul  Logon At t empt s

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at e t o 
AC- 7 ( a) ,  AC- 7 ( b) ;   CCI - 000043,  CCI - 000044,  CCI - 001423,  CCI - 002236,  
CCI - 002237,  CCI - 002238}

Except  f or  hi gh avai l abi l i t y  user  i nt er f aces i ndi cat ed as exempt ,  devi ces 
must  meet  t he i ndi cat ed r equi r ement s f or  handl i ng unsuccessf ul  l ogon 
at t empt s.  I f  a devi ce cannot  meet  t hese r equi r ement s,  document  devi ce 
capabi l i t i es t o pr ot ect  f r om subsequent  l ogon at t empt s and pr opose 
al t er nat e pr ot ect i ons i n a Devi ce Account  Lock Except i on Request  
submi t t al .  Do not  i mpl ement  al t er nat e pr ot ect i on measur es i n l i eu of  t he 
i ndi cat ed r equi r ement s wi t hout  expl i c i t  per mi ssi on f r om t he Gover nment .   
I f  no Devi ce Account  Lock Except i ons ar e r equest ed,  pr ovi de a document  
st at i ng t hat  no appr oval  i s  bei ng r equest ed as t he Devi ce Account  Lock 
Except i on Request .

3. 3. 2. 1   Devi ces MI NI MALLY Suppor t i ng Account s

For  MODERATE I mpact  Syst ems:  Devi ces whi ch MI NI MALLY ( but  not  FULLY)  
suppor t  account s must  l ock t he user  account  account af t er  f i ve consecut i ve 
f ai l ed l ogi n at t empt s and must  unl ock t he user  account  af t er  60 mi nut es 
have el apsed wi t hout  an unsuccessf ul  l ogi n at t empt  or  by a successf ul  
l ogi n t o a separ at e admi ni st r at or  account .

3. 3. 2. 2   Devi ces FULLY Suppor t i ng Account s

Devi ces whi ch FULLY suppor t  account s must  meet  t he f ol l owi ng 
r equi r ement s.   

a.   I t  must  l ock t he user  account  when t hr ee unsuccessf ul  l ogon at t empt s 
occur  wi t hi n a 15 mi nut e i nt er val .

b.   Once an account  i s l ocked,  t he account  must  st ay l ocked unt i l  unl ocked 
by an admi ni st r at or .   I f  t he account  bei ng l ocked i s t he sol e 
admi ni st r at or  account  on t he devi ce,  t he account  must  st ay l ocked f or  
1 hour  and t hen aut omat i cal l y unl ock.  

c.   Once t he i ndi cat ed number  of  unsuccessf ul  l ogon at t empt s occur s,  del ay 
f ur t her  l ogon pr ompt s by 5 seconds.

3. 3. 2. 3   Hi gh Avai l abi l i t y  I nt er f aces Exempt  f r om Unsuccessf ul  Logon 
At t empt s Requi r ement s

Ther e ar e no hi gh avai l abi l i t y  i nt er f aces whi ch ar e exempt  f r om 
unsuccessf ul  l ogon at t empt s r equi r ement s.

3. 3. 3   Syst em Use Not i f i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 8;  CCI - 000048,  CCI - 002247,  CCI - 002243,  CCI - 002244,  CCI - 002245,  
CCI - 002246,  CCI - 000050,  CCI - 002248}
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3. 3. 3. 1   Syst em Use Not i f i cat i on f or  Remot e User  I nt er f aces

Remot e user  i nt er f aces must  di spl ay a war ni ng banner  meet i ng t he 
r equi r ement s of  DTM 08- 060 on scr een.

3. 3. 3. 2   Syst em Use Not i f i cat i on f or  Local  User  I nt er f aces

Devi ces whi ch ar e connect ed t o a net wor k and have a l ocal  user  i nt er f ace 
must  di spl ay a war ni ng banner  meet i ng t he r equi r ement s of  DTM 08- 060 on 
t he user  i nt er f ace scr een i f  capabl e of  doi ng so and must  have a 
per manent l y af f i xed l abel  wi t h an appr oved banner  f r om DTM 08- 060 i f  
unabl e t o di spl ay t he war ni ng banner  on t he scr een.   Wher e i t  i s  
i mpr act i cal  ( per haps due t o devi ce s i ze)  t o af f i x  t he l abel  t o t he devi ce,  
af f i x  t he l abel  t o t he devi ce encl osur e.

Label s must  be machi ne pr i nt ed or  engr aved,  pl ast i c or  met al ,  desi gned f or  
per manent  i nst al l at i on,  must  use a f ont  no smal l er  t han 14 poi nt ,  and must  
pr ovi de a hi gh cont r ast  bet ween f ont  and backgr ound col or s.

3. 3. 4   Sessi on Lock and Sessi on Ter mi nat i on Requi r ement s I n MODERATE I mpact  
Syst ems:

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 11( a) ,  AC- 11( b) ,  AC- 11( 1) ,  AC- 12,  SC- 10;  AC- 10;  CCI - 000058,  
CCI - 000059,  CCI - 000056,  CCI - 000057,  CCI - 000060,  CCI - 002360,  CCI - 002361,  
CCI - 001133,  CCI - 001134,  CCI - 000054,  CCI - 000055,  CCI - 002252}

3. 3. 4. 1   Sessi on Ter mi nat i on

When sessi on t er mi nat i on i s r equi r ed f or  a User  I nt er f ace,  t he User  
I nt er f ace must  i mpl ement  sessi on t er mi nat i on a)  based on manual  
i ni t i at i on,  or  b)  based on l ack of  act i v i t y,  or  c)  based on ei t her  manual  
i ni t i at i on or  l ack of  act i v i t y,  as i ndi cat ed.

Sessi on Ter mi nat i on must  r esul t  i n l oggi ng out  t he user .   A l ogged out  
User  I nt er f ace may onl y per f or m act i ons as i ndi cat ed i n t he " Per mi t t ed 
Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on"  subpar t  of  t hi s Sect i on 
or  di spl ay a publ i c l y v i ewabl e i mage or  bl ank scr een.  User  I nt er f aces must  
r emai n l ogged out  ( sessi on t er mi nat ed)  unt i l  a user  ent er s cor r ect  
aut hent i cat i on i nf or mat i on,  whi ch must  i ni t i at e a new sessi on.   Al l  User  
I nt er f aces r unni ng on comput er s and al l  Remot e User  I nt er f aces must  al so 
t er mi nat e net wor k connect i ons as par t  of  sessi on t er mi nat i on.

3. 3. 4. 2   Sessi on Lock

When sessi on l ock i s r equi r ed f or  a User  I nt er f ace,  t he User  I nt er f ace 
must  i mpl ement  sessi on l ock a)  based on manual  i ni t i at i on,  or  b)  based on 
l ack of  act i v i t y,  or  c)  based on ei t her  manual  i ni t i at i on or  l ack of  
act i v i t y,  as i ndi cat ed.

Sessi on l ock must  r esul t  i n t he User  I nt er f ace bei ng suspended and t he 
user  i nt er f ace must  di spl ay a publ i c l y v i ewabl e i mage or  bl ank scr een.    
No i nt er act i on wi t h t he user  i nt er f ace must  be possi bl e unt i l  ei t her  a)  
t he same user  ent er s val i d aut hent i cat i on i nf or mat i on,  i n whi ch case t hat  
sessi on must  be cont i nued,  or  b)  unt i l  a di f f er ent  user  ent er s val i d 
aut hent i cat i on i nf or mat i on at  whi ch poi nt  t he f i r st  sessi on must  be 
t er mi nat ed and a new sessi on i ni t i at ed f or  t he new user .
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3. 3. 5   Per mi t t ed Act i ons Wi t hout  I dent i f i cat i on or  Aut hent i cat i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AC- 14;  CCI - 000061,  CCI - 000232}

The cont r ol  syst em must  r equi r e i dent i f i cat i on and aut hent i cat i on bef or e 
al l owi ng any act i ons except  r ead- onl y act i ons by a user  act i ng f r om a user  
i nt er f ace whi ch MI NI MALLY or  FULLY suppor t s account s.

3. 3. 6   Physi cal  Secur i t y i n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  r el at es t o PE- 3( 1) ,  PE- 4,  
PE- 5,  SC- 7( a) ,  SC- 7( c) ,  SC- 8,  SC- 8( 1) ;  CCI - 000928,  CCI - 002926,  CCI - 000936,  
CCI - 002930,  CCI - 002931,  CCI - 000937,  CCI - 001097,  CCI - 001109,  CCI - 002418,  
CCI - 002419,  CCI - 002421. }

3. 3. 6. 1   Physi cal  Secur i t y f or  Medi a

3. 3. 6. 1. 1   Physi cal  Secur i t y f or  Medi a I nsi de Mi ssi on Space

I nst al l  al l  non- I P net wor k medi a l ocat ed i nsi de of  t he mi ssi on space i n 
condui t .   I nst al l  al l  I P net wor k medi a l ocat ed i nsi de of  t he mi ssi on space 
i n i nt er medi at e met al l i c  condui t .

3. 3. 6. 1. 2   Physi cal  Secur i t y f or  Medi a Out si de Mi ssi on Space

I nst al l  al l  net wor k medi a ( bot h I P and non- I P)  l ocat ed out si de of  t he 
mi ssi on space i n r i gi d met al l i c  condui t .   

3. 3. 6. 1. 3   Physi cal  Secur i t y f or  Non- Net wor k Medi a i n Fi r e Pr ot ect i on 
Syst ems

For  Fi r e Suppr essi on Syst ems whi ch can be i nhi bi t ed or  f or ced t o act i vat e 
by mani pul at i on of  non- net wor k wi r i ng,  i nst al l  al l  non- net wor k medi a 
out si de of  mi ssi on space,  i ncl udi ng anal og and bi nar y i nst r ument at i on 
wi r i ng and power  wi r i ng,  i n r i gi d met al l i c  condui t .

3. 3. 6. 2   Physi cal  Secur i t y f or  Devi ces

I nst al l  al l  devi ces ( comput er s and cont r ol l er s)  whi ch ar e l ocat ed out si de 
of  mi ssi on space i n l ockabl e encl osur es.   ( Recal l  t hat  per  def i ni t i on of  
mi ssi on space,  a r oom cont r ol l ed by t he mi ssi on i s mi ssi on space 
r egar dl ess of  whet her  i t  i s  cont i guous wi t h ot her  mi ssi on space. )

I nst al l  al l  cont r ol l er s connect ed t o an I P net wor k i n l ockabl e encl osur es 
( bot h i nsi de and out si de of  mi ssi on space) .

3. 3. 6. 2. 1   Physi cal  Secur i t y f or  Devi ces i n Fi r e Pr ot ect i on Syst ems

For  Fi r e Suppr essi on syst ems wi t h a r el ease panel ,  i nst al l  al l  component s 
of  t he suppr essi on syst em ei t her  i nsi de mi ssi on space,  or  wi t hi n l ocked 
encl osur es.   Component s of  t hese syst ems i ncl ude:   r el ease panel ,  any 
r el ay or  i nt er f ace panel s,  anal og and bi nar y i nput s or  out put s,  cont r ol  
val ves,  manual  val ves.

3. 3. 6. 3   Physi cal  Secur i t y f or  User  I nt er f aces

Physi cal  secur i t y r equi r ement s f or  User  I nt er f aces ar e speci f i ed i n t he 
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pr ecedi ng par agr aphs of  t hi s Sect i on.

3. 3. 7   Encl osur es

Pr i or  t o f i nal  accept ance of  t he syst em,  l ock al l  l ockabl e encl osur es.   
Submi t  an Encl osur e Keys submi t t al  wi t h al l  copi es of  keys f or  al l  
encl osur es and a key i nvent or y l i s t  document i ng al l  keys.   Label  each key 
wi t h t he mat chi ng encl osur e i dent i f i er .

3. 4   USER I DENTI FI CATI ON AND AUTHENTI CATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o I A- 2,  I A- 2( 1) , I A- 2( 12) ,  I A- 5 I A- 5( b) ,  I A- 5( c) ,  I A- 5( e) ,  I A- 5( g) ,  
I A- 5( 1) ,  I A- 5( 11) ;  CCI - 000764,  CCI - 000765,  CCI - 001953,  CCI - 001954,  
CCI - 001544,  CCI - 001989,  CCI - 000182,  CCI - 001610,  CCI - 000192,  CCI - 000193,  
CCI - 000194,  CCI - 000205,  CCI - 001619,  CCI - 001611,  CCI - 001612,  CCI - 001613,  
CCI - 001614,  CCI - 000195,  CCI - 001615,  CCI - 000196,  CCI - 000197,  CCI - 000199,  
CCI - 000198,  CCI - 001616,  CCI - 001617,  CCI - 000200,  CCI - 001618,  CCI - 002041,  
CCI - 002002,  CCI - 002003.  For  MODERATE I mpact  syst ems,  t hi s subpar t  al so 
r el at es t o AC- 6 ( 1) ,  AC- 6( 10) ,  AC- 6( 2) ,  AC- 6( 9) I A- 2( 4) ,  I A- 5( 13) ;  
CCI - 001558,  CCI - 002221,  CCI - 002222,  CCI - 002223,  CCI - 002235,  CCI - 000039,  
CCI - 001419,  CCI - 002234,  CCI - 000768,  CCI - 002007. }

Thi s subpar t  i ndi cat es r equi r ement s f or  speci f i c  met hods of  i dent i f i cat i on 
and aut hent i cat i on f or  user s and user  account s.   Wher e t hese r equi r ement s 
conf l i c t  appl y t he f ol l owi ng or der  of  pr ecedence:   1)  I f  pr esent ,  Devi ce 
Speci f i c  Requi r ement s t ake pr ecedence over  any ot her  r equi r ement s;  and 
t hen 2)  mul t i f act or  aut hent i cat i on r equi r ement s t ake pr ecedence over  
passwor d r equi r ement s.

3. 4. 1   User  I dent i f i cat i on and Aut hent i cat i on f or  Al l  Syst em Types

Unl ess ot her wi se i ndi cat ed,  al l  user  i nt er f aces suppor t i ng account s 
( ei t her  FULLY or  MI NI MALLY)  must  i mpl ement  I dent i f i cat i on and 
Aut hor i zat i on v i a passwor ds.  

For  MODERATE I mpact  Syst ems: User  i nt er f aces pr ovi ded by comput er  oper at i ng 
syst ems must  i mpl ement  mul t i f act or  aut hent i cat i on v i a PI V.   User  
i nt er f aces suppor t i ng account s ( FULLY or  MI NI MALLY)  on comput er s must  
i mpl ement  mul t i f act or  aut hent i cat i on v i a PI V.   Devi ces wi t h wr i t abl e 
r emot e user  i nt er f aces must  i mpl ement  mul t i f act or  aut hent i cat i on v i a PI V.   
Devi ces wi t h Pr i v i l eged Remot e User  I nt er f aces must  i mpl ement  mul t i f act or  
aut hent i cat i on v i a PI V.  Sof t war e r unni ng on comput er s and comput er  
oper at i ng syst ems must  manage cached aut hent i cat or s i n accor dance wi t h t he 
r el evant  STI Gs.  Al l  ot her  devi ces and sof t war e must  not  use cached 
aut hent i cat or s.  

3. 4. 2   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Syst em Types

Syst em speci f i c  r equi r ement s ar e i n addi t i on t o and super sede t hose 
i ndi cat ed f or  al l  syst em t ypes.   When no addi t i onal  r equi r ement s ar e 
i ndi cat ed f or  a speci f i c  syst em t ype t he r equi r ement s f or  al l  syst ems 
st i l l  appl y t o t hat  syst em t ype.

3. 4. 3   User  I dent i f i cat i on and Aut hent i cat i on f or  Speci f i c  Devi ces

Ther e ar e no addi t i onal  devi ce speci f i c  user  i nt er f ace r equi r ement s
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3. 4. 4   I mpl ement at i on of  I dent i f i cat i on and Aut hor i zat i on Requi r ement s

I dent i f i cat i on and Aut hor i zat i on must  be met  by one of  t he f ol l owi ng 
met hods:

a.   Di r ect  i mpl ement at i on i n t he user  i nt er f ace.  

b.   For  user  i nt er f aces on a comput er :   i nher i t i ng t he I dent i f i cat i on and 
Aut hor i zat i on f r om t he comput er  oper at i ng syst em,  ei t her  by t he 
oper at i ng syst em l i mi t i ng access t o speci f i c  appl i cat i ons by user ,  or  
by t he appl i cat i on i t sel f  havi ng per mi ssi ons based on t he user  l ogged 
i nt o t he comput er .

c.   For  r emot e i nt er f aces:   an i mpl ement at i on shar ed bet ween t he r emot e 
user  i nt er f ace ser ver  and t he r emot e user  i nt er f ace cl i ent .   For  
exampl e,  a r equi r ement  f or  PI V aut hent i cat i on may be met  on a r emot e 
user  i nt er f ace by a PI V r eader  on a web br owser  c l i ent  whi ch sends t he 
aut hent i cat i on i nf or mat i on v i a HTTPS t o t he r emot e ser ver .

3. 4. 5   Passwor d- Based Aut hent i cat i on Requi r ement s

3. 4. 5. 1   Passwor ds f or  Sof t war e and Appl i cat i ons Runni ng on Comput er s

Al l  sof t war e and appl i cat i ons r unni ng on comput er s suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  12 char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a mi ni mum l i f et i me of  24 hour s.

g.  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

h.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

i .  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 2   Passwor ds f or  Cont r ol l er s FULLY Suppor t i ng Account s

Al l  cont r ol l er s FULLY suppor t i ng account s and suppor t i ng passwor d- based 
aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s
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b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  s i xt y ( 60)  days.  When 
passwor ds expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock 
account s due t o expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve ( 5)  passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  f i f t y  per cent  of  t he char act er s.

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 3   Passwor ds f or  Remot e I nt er f aces

Passwor ds f or  connect i ng t o a Remot e User  I nt er f ace suppor t i ng 
passwor d- based aut hent i cat i on must  enf or ce t he f ol l owi ng r equi r ement s:

a.  Mi ni mum passwor d l engt h of  t wel ve ( 12)  char act er s

b.  Passwor d must  cont ai n at  l east  one upper case char act er .

c.  Passwor d must  cont ai n at  l east  one l ower case char act er .

d.  Passwor d must  cont ai n at  l east  one numer i c char act er .

e.  Passwor d must  cont ai n at  l east  one speci al  char act er .   The l i s t  of  
suppor t ed speci al  char act er s must  i ncl ude at  l east  4 separ at e 
char act er s.

f .  Passwor d must  have a maxi mum l i f et i me of  60 days.  When passwor ds 
expi r e,  pr ompt  user s t o change passwor ds.   Do not  l ock account s due t o 
expi r ed passwor ds.

g.  Passwor d must  di f f er  f r om pr evi ous f i ve passwor ds,  wher e di f f er  i s  
def i ned as changi ng at  l east  50 per cent  of  t he char act er s ( wher e 
l ocat i on i s s i gni f i cant ,  a char act er  may be r eused i f  i t  i s  i n a 
di f f er ent  posi t i on) .

h.  Passwor ds must  be cr ypt ogr aphi cal l y pr ot ect ed dur i ng st or age and 
t r ansmi ssi on.

3. 4. 5. 4   Passwor ds f or  Devi ces Mi ni mal l y Suppor t i ng Account s

Devi ces MI NI MALLY suppor t i ng account s must  suppor t  passwor ds wi t h a 
mi ni mum l engt h of  f our  char act er s.

3. 4. 5. 5   Passwor d Conf i gur at i on and Repor t i ng

For  al l  devi ces wi t h a passwor d,  coor di nat e t he changi ng of  passwor ds wi t h
t he pr oj ect  s i t e f ol l owi ng t est i ng of  t he syst em but  pr i or  t o t ur nover  t o
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t he Gover nment .  Coor di nat e wi t h Passwor d Poi nt  of  Cont act  t o det er mi ne 
appr opr i at e pr oj ect  s i t e per sonnel  t o compl et e passwor d changes.  Accompany 
i dent i f i ed per sonnel  t o each devi ce wi t h a passwor d and i nst r uct  per sonnel  
on t he pr ocess of  changi ng passwor d.  Recor d t he t i me,  dat e and per sonnel  
pr esent  when each devi ce' s passwor d i s changed and submi t  a Passwor d 
Change Summar y Repor t  document i ng t hi s i nf or mat i on.

Pr ovi de t he Passwor d Summar y Repor t  el ect r oni cal l y i n bot h PDF and
Mi cr osof t  Excel .

3. 4. 6   Aut hent i cat or  Feedback

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o I A- 6;  CCI - 000206}

Devi ces must  never  show aut hent i cat i on i nf or mat i on,  i ncl udi ng passwor ds,  
on a di spl ay.   Devi ces t hat  moment ar i l y  di spl ay a char act er  as i t  i s  
ent er ed,  and t hen obscur e t he char act er ,  ar e accept abl e.   For  devi ces t hat  
have STI Gs or  SRGs r el at ed t o obscur i ng of  aut hent i cat or  f eedback 
( CCI - 000206) ,  compl y wi t h t he r equi r ement s of  t hose STI GS/ SRGs.

3. 5   CYBERSECURI TY AUDI TI NG

Wher e an audi t i ng r equi r ement  exi st s f or  emai l  not i f i cat i on,  not i f y v i a 
emai l  t he appl i cat i on admi ni st r at or  and I nf or mat i on Syst em Secur i t y 
Of f i cer  ( I SSO)  of  t he event .   Coor di nat e wi t h t he Emai l  Addr ess Poi nt  of  
Cont act  f or  emai l  addr esses.   I f  out goi ng emai l  i s  not  avai l abl e t o t he 
syst em,  conf i gur e t he syst em f or  t hese not i f i cat i ons f or  f ut ur e suppor t  of  
out goi ng emai l .

3. 5. 1   Audi t  Event s,  Cont ent  of  Audi t  Recor ds,  and Audi t  Gener at i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 2( a) ,  AU- 2( c) ,  AU- 2( d) ,  AU- 3,  AU- 10,  AU- 12,  AU- 13( 3) ,  AU- 14( b) ,  
AU- 14( 1) ,  AU- 14( 2) ,  AU- 14( 3) ,  CM- 5( 1) ,  SC- 7 ( 9) ;   CCI - 000123,  CCI - 001571,  
CCI - 000125,  CCI - 001485,  CCI - 000130,  CCI - 000131,  CCI - 000132,  CCI - 001230,  
CCI - 000133,  CCI - 000134,  CCI - 001487,  CCI - 000166,  CCI - 001899,  CCI - 000169,  
CCI - 001459,  CCI - 000171,  CCI - 000172,  CCI - 001910,  CCI - 001914,  CCI - 001919,  
CCI - 001464,  CCI - 001462,  CCI - 001920,  CCI - 001814,  CCI - 002400.  For  MODERATE 
I mpact  syst ems,  t hi s subpar t  ( and i t s subpar t s)  al so r el at es t o AU- 3 ( 1) ;  
CCI - 000135,  CCI - 001488}

For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  event s,  cont ent  of  audi t  
r ecor ds or  audi t  gener at i on,  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

I f  audi t i ng r equi r ement s can be met  usi ng exi st i ng cont r ol  syst em al ar m or  
event  capabi l i t i es,  t hose exi st i ng capabi l i t i es may be used t o meet  t hese 
r equi r ement s.

3. 5. 1. 1   Comput er s

For  each comput er ,  pr ovi de t he capabi l i t y  t o sel ect  audi t ed event s and t he 
cont ent  of  audi t  l ogs.   Conf i gur e comput er s t o audi t  t he i ndi cat ed event s,  
and t o r ecor d t he i ndi cat ed i nf or mat i on f or  each audi t abl e event  
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3. 5. 1. 1. 1   Audi t ed Event s

Conf i gur e each comput er  t o audi t  t he f ol l owi ng event s:

a.   Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.   Successf ul  and unsuccessf ul  l ogon at t empt s

c.   Successf ul  l ogout s

 d.   Pr i v i l eged act i v i t i es or  ot her  syst em l evel  access

e.   Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

f .   Successf ul  and unsuccessf ul  accesses t o obj ect s

g.   Al l  pr ogr am i ni t i at i ons

h.   Al l  di r ect  access t o t he i nf or mat i on syst em

i .   Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.   
For  MODERATE I mpact  Syst ems,  al so pr ovi de emai l  not i f i cat i on when 
t hese audi t  event s occur .

j .   Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

3. 5. 1. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each comput er  t o r ecor d,  f or  each audi t abl e event ,  t he f ol l owi ng 
i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.   What  t ype of  event  occur r ed

b.   When t he event  occur r ed

c.   Wher e t he event  occur r ed

d.   The sour ce of  t he event

e.   The out come of  t he event

f .   The i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

h.   For  MODERATE I mpact  Syst ems:  For  al l  pr i v i l eged commands,  f ul l - t ext  
r ecor di ng of  t he execut ed command and t he user  execut i ng t he command

For  MODERATE I mpact  Syst ems:  Audi t  r ecor ds must  pr ovi de suf f i c i ent  det ai l  
t o r econst r uct  event s t o det er mi ne cause of  compr omi se and magni t ude of  
damage,  mal f unct i on,  or  secur i t y v i ol at i on.

3. 5. 1. 2   Def aul t  Requi r ement s f or  Cont r ol  Syst em Cont r ol l er s

For  cont r ol  syst em cont r ol l er s wher e Audi t  Event s,  Cont ent  of  Audi t  
Recor ds,  and Audi t  Gener at i on ar e not  ot her wi se i ndi cat ed i n t hi s Sect i on:
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3. 5. 1. 2. 1   Cont r ol l er s Whi ch FULLY Suppor t  Account s

For  each cont r ol l er  whi ch FULLY suppor t s account s,  pr ovi de t he capabi l i t y  
t o sel ect  audi t ed event s and t he cont ent  of  audi t  l ogs.   Conf i gur e 
cont r ol l er s t o audi t  t he i ndi cat ed event s,  and t o r ecor d t he i ndi cat ed 
i nf or mat i on f or  each audi t abl e event .

3. 5. 1. 2. 1. 1   Audi t ed Event s

Conf i gur e each cont r ol l er  t o audi t  t he f ol l owi ng event s:

a.  Successf ul  and unsuccessf ul  at t empt s t o access,  modi f y,  or  del et e 
pr i v i l eges,  secur i t y obj ect s,  secur i t y l evel s,  or  cat egor i es of  
i nf or mat i on ( e. g.  c l assi f i cat i on l evel s)

b.  Successf ul  and unsuccessf ul  l ogon at t empt s

c.  Successf ul  l ogout s

d.  Concur r ent  l ogons f r om di f f er ent  wor kst at i ons

e.  Al l  account  cr eat i ons,  modi f i cat i ons,  di sabl i ng,  and t er mi nat i ons.  For  
MODERATE I mpact  Syst ems,  al so pr ovi de emai l  not i f i cat i on when t hese 
audi t  event s occur .

f .  Al l  ker nel  modul e l oad,  unl oad,  and r est ar t

g.  For  pr i v i l eged user  i nt er f aces i n MODERATE I mpact  Syst ems:  Al l  user  
commands.

3. 5. 1. 2. 1. 2   Audi t  Event  I nf or mat i on To Recor d 

Conf i gur e each cont r ol l er  t o r ecor d,  f or  each audi t abl e event ,  t he 
f ol l owi ng i nf or mat i on ( wher e appl i cabl e t o t he event ) :

a.  what  t ype of  event  occur r ed

b.  when t he event  occur r ed

c.  wher e t he event  occur r ed

d.  t he sour ce of  t he event

e.  t he out come of  t he event

f .  t he i dent i t y of  any i ndi v i dual s or  subj ect s associ at ed wi t h t he event

g.  For  pr i v i l eged user  i nt er f aces i n  MODERATE I mpact  Syst ems:  Ful l  t ext  
r ecor di ng of  t he execut ed command and t he user  execut i ng t he command.

For  MODERATE I mpact  Syst ems:  Audi t  r ecor ds must  pr ovi de suf f i c i ent  det ai l  
t o r econst r uct  event s t o det er mi ne cause of  compr omi se and magni t ude of  
damage,  mal f unct i on,  or  secur i t y v i ol at i on 

3. 5. 1. 2. 2   Cont r ol l er s Whi ch Do Not  FULLY Suppor t  Account s

For  each cont r ol l er  whi ch does not  FULLY suppor t  account s conf i gur e t he 
cont r ol l er  t o audi t  al l  cont r ol l er  shut down and st ar t up event s and t o 
r ecor d f or  each event  t he t ype of  event  and when t he event  occur r ed.
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3. 5. 2   Audi t  Ti me St amps

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 8;  CCI - 000159,  CCI - 001889,  CCI - 001890.   For  MODERATE I mpact  syst ems,  
t hi s subpar t  ( and i t s subpar t s)  al so r el at es t o AU- 8 ( 1) ;  CCI - 001891,  
CCI - 001892,  CCI - 002046. }

Any devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds must  have an 
i nt er nal  c l ock capabl e of  pr ovi di ng t i me wi t h a r esol ut i on of  one second.   
Cl ocks must  not  dr i f t  mor e t han 10 seconds per  day.   Conf i gur e t he syst em 
so t hat  each devi ce ( comput er  or  cont r ol l er )  gener at i ng audi t  r ecor ds 
mai nt ai ns accur at e t i me t o wi t hi n 1 second.   Not e t hat  i f  t he cont r ol  
syst em speci f i cat i ons i ncl ude r equi r ement  f or  c l ocks,  t he most  st r i ngent  
r equi r ement  appl i es.

3. 5. 3   Audi t i ng Fr ont  End Sof t war e

  I f  t her e i s no exi st i ng audi t i ng f r ont  end sof t war e or  t he sof t war e i s 
not  compat i bl e wi t h t he pr ovi ded cont r ol  syst ems,  pr ovi de Audi t i ng Fr ont  
End Sof t war e wi t h audi t  l og i mpor t  and upl oad,  expor t ,  not i f i cat i on,  and 
anal ysi s f unct i onal i t y.   The Audi t i ng Fr ont  End Sof t war e may be pr ovi ded 
as a component  of  t he cont r ol  syst em f r ont  end or  as a separ at e sof t war e 
package,  and a s i ngl e package may ser ve mul t i pl e cont r ol  syst ems pr ovi ded 
under  t he same pr oj ect s i f  t hey ar e shar i ng a cyber secur i t y aut hor i zat i on.

When t he Audi t i ng Fr ont  End Sof t war e i s nei t her  exi st i ng nor  i nst al l ed 
under  t he r equi r ement s of  anot her  Sect i on,  f ur ni sh t he Audi t i ng Fr ont  End 
Sof t war e medi a and l i cense f or  subsequent  Gover nment  i nst al l at i on.   Submi t  
copi es of  Audi t i ng Fr ont  End Sof t war e i f  t hi s f unct i on i s not  par t  of  t he 
sof t war e pr ovi ded wi t h t he cont r ol  syst em t o meet  r equi r ement s of  ot her  
Sect i ons.  

3. 5. 3. 1   I mpor t  and Upl oad Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  i mpor t i ng audi t  l ogs f r om 
t he Devi ce Audi t  Recor d Upl oad Sof t war e and of  upl oadi ng audi t  l ogs over  
t he net wor k f r om al l  cont r ol  syst em devi ces suppor t i ng net wor k upl oad of  
audi t  l ogs.  

3. 5. 3. 2   Expor t  Requi r ement s

Audi t i ng Fr ont  End Sof t war e must  be capabl e of  expor t i ng t o a f i l e f or mat  
suppor t ed by Mi cr osof t  Excel .

3. 5. 3. 3   Not i f i cat i on Of  Audi t  Fai l ur e i n Devi ces i n MODERATE I mpact  Syst ems

The audi t i ng f r ont  end sof t war e must  be capabl e of  r ecei v i ng not i f i cat i ons 
of  audi t  f ai l ur e f r om cont r ol  syst em devi ces and comput er s and be abl e t o 
pr ovi de emai l  not i f i cat i on based on r ecei pt  of  t he not i f i cat i on.  

3. 5. 3. 4   Audi t  Reduct i on and Repor t  Gener at i on I n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 6( 4) ,  AU- 7( a) ,  AU- 7( b) ,  AU- 7( 1) ,  AU- 12( 1) ;  CCI - 000154,  CCI - 001875,  
CCI - 001876,  CCI - 001877,  CCI - 001878,  CCI - 001879,  CCI - 001880,  CCI - 001881,  
CCI - 001882,  CCI - 000158,  CCI - 000173,  CCI - 000174,  CCI - 001577. }

Audi t i ng Fr ont  End Sof t war e must  pr ovi de audi t  r educt i on and r epor t i ng 
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capabi l i t i es t hat  suppor t s on- demand r evi ew and anal ysi s,  on demand 
r epor t i ng,  and af t er  t he f act  i nvest i gat i ons of  secur i t y i nci dent s.   The 
sof t war e must  be abl e t o combi ne  audi t  r ecor ds f r om al l  component s wi t hi n 
t he syst em and anal yze t hem as a s i ngl e audi t  r ecor d.   The sof t war e must  
cor r ect  f or  di scr epanci es i n t i mest amps of  audi t  l ogs f r om di f f er ent  
sour ces and be abl e t o account  f or  di scr epanci es up t o 2 seconds bet ween 
sour ces.   The sof t war e must  not  al t er  or i gi nal  audi t  r ecor d cont ent  or  
t i me or der i ng of  audi t  r ecor ds.   The sof t war e must  have t he capabi l i t y  t o 
f i l t er  audi t  r ecor ds usi ng user - def i ned f i el ds wi t hi n t he audi t  r ecor ds.

The audi t  r educt i on and r epor t i ng capabi l i t i es may i ncor por at e t hi r d par t y 
appl i cat i on,  such as Excel  or  Access.  

3. 5. 4   Audi t  St or age Capaci t y and Audi t  Upl oad

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 4;  CCI - 001848,  CCI - 001849}

The cr eat i on of  audi t  r ecor ds must  never  i nt er f er e wi t h nor mal  devi ce 
oper at i on.   Devi ces must  cease col l ect i on of  audi t i ng i nf or mat i on i f  
r equi r ed t o mai nt ai n nor mal  oper at i on.

a.   For  devi ces t hat  have STI G/ SRGs r el at ed t o audi t  st or age capaci t y 
( CCI - 001848 or  CCI - 001849)  compl y wi t h t he r equi r ement s of  t hose 
STI G/ SRGs.

b.   For  cont r ol l er s capabl e of  gener at i ng audi t  r ecor ds,  pr ovi de 60 days 
wor t h of  secur e l ocal  st or age,  assumi ng 10 audi t abl e event s per  day.

3. 5. 4. 1   Audi t  Log St or age Not i f i cat i on I n MODERATE I mpact  Syst ems

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 5( 1) ;  CCI - 001855. }

Cont r ol l er s st or i ng audi t  l ogs must  pr ovi de not i f i cat i on when audi t  l ogs 
r each 75 per cent  of  capaci t y ei t her  di r ect l y t hr ough emai l  or  i ndi r ect l y 
by sendi ng a not i f i cat i on t o a comput er ,  and t he comput er  sendi ng an 
emai l .   Comput er s st or i ng audi t  l ogs must  pr ovi de not i f i cat i on when audi t  
l ogs r each 75 per cent  of  capaci t y di r ect l y t hr ough emai l .

3. 5. 4. 2   Devi ce Audi t  Recor d Upl oad Sof t war e

For  each devi ce ( comput er  or  cont r ol l er )  r equi r ed t o audi t  event s and f or  
whi ch audi t  l ogs cannot  be upl oaded over  t he net wor k by t he Audi t i ng Fr ont  
End Sof t war e,  pr ovi de and l i cense t o t he Gover nment  sof t war e i mpl ement i ng 
a secur e mechani sm of  upl oadi ng audi t  r ecor ds f r om t he devi ce and 
expor t i ng t hem t o t he Audi t i ng Fr ont  End Sof t war e.   Wher e di f f er ent  
devi ces use di f f er ent  sof t war e,  pr ovi de sof t war e of  each t ype r equi r ed t o 
upl oad audi t  l ogs f r om al l  devi ces.

When Devi ce Audi t  Recor d Upl oad Sof t war e i s capabl e of  upl oadi ng audi t  
l ogs over  t he net wor k,  i nst al l  Devi ce Audi t  Recor d Upl oad Sof t war e on t he 
same comput er  as t he Audi t i ng Fr ont  End Sof t war e.   Submi t  copi es of  devi ce 
audi t  r ecor d upl oad sof t war e i f  t hi s f unct i on i s not  par t  of  t he sof t war e 
pr ovi ded wi t h t he cont r ol  syst em t o meet  r equi r ement s of  ot her  Sect i ons.   
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I f  t her e ar e no devi ces r equi r i ng t hi s sof t war e,  pr ovi de a document  
st at i ng t hi s i n l i eu of  t hi s submi t t al .

3. 5. 5   Response t o Audi t  Pr ocessi ng Fai l ur es

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o AU- 5;  CCI - 000139,  CCI - 000140,  CCI - 001490. }

I n t he case of  a f ai l ur e i n t he audi t i ng syst em,  comput er s associ at ed wi t h 
audi t i ng must  pr ovi de emai l  not i f i cat i on.  For  MODERATE I mpact  syst ems,  t he 
comput er  must  al so not i f y t he associ at ed audi t i ng f r ont  end sof t war e.   I n 
case of  an audi t  f ai l ur e,  i f  possi bl e,  cont i nue t o col l ect  audi t  r ecor ds 
by over wr i t i ng exi st i ng audi t  r ecor ds.

For  MODERATE I mpact  Syst ems:  I n t he case of  an audi t  f ai l ur e at  a 
cont r ol l er  per f or mi ng audi t i ng,  t he devi ce must  not i f y t he associ at ed 
audi t i ng f r ont  end sof t war e of  t he audi t  f ai l ur e i f  abl e,  and must  
cont i nue t o col l ect  audi t  r ecor ds by over wr i t i ng exi st i ng audi t  r ecor ds i f  
abl e.   The audi t i ng f r ont  end sof t war e must  pr ovi de not i f i cat i on as 
i ndi cat ed,  t r eat i ng t he not i f i cat i on of  f ai l ur e f r om t he devi ce as a 
f ai l ur e i n t he audi t i ng syst em.

3. 6   REQUI REMENTS FOR LEAST FUNCTI ONALI TY

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s) ,  al ong 
wi t h t he net wor k communi cat i on r epor t  submi t t al  speci f i ed el sewher e i n 
t hi s sect i on,  r el at es t o CM- 6( a) ,  CM- 6( c) ,  CM- 7,  CM- 7( 1) ( b) ,  SC- 41;   
CCI - 000363,  CCI - 000364,  CCI - 000365,  CCI - 001588,  CCI - 001755,  CCI - 000381,  
CCI - 000380,  CCI - 000382,  CCI - 001761,  CCI - 001762,  CCI - 002544,  CCI - 002545,  
CCI - 002546.   For  MODERATE I mpact  syst ems,  t hi s subpar t  ( and i t s subpar t s)  
al so r el at es t o CM- 7( 2) ,  CM- 7( 5) ( a) ,  CM- 7( 5) ( b) ;  CCI - 000381,  CCI - 000380,  
CCI - 000382,  CCI - 001761,  CCI - 001762}

For  devi ces t hat  have a STI G or  SRG r el at ed t o Requi r ement s f or  Least  
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  and devi ce I / O 
access f or  l east  f unct i onal i t y) ,  i nst al l  and conf i gur e t he devi ce i n 
accor dance wi t h t hat  STI G or  SRGs.

3. 6. 1   Devi ce Capabi l i t i es

Do not  pr ovi de devi ces wi t h r emot e user  i nt er f aces or  f ul l  user  i nt er f aces 
wher e one was not  r equi r ed.   Do not  use a net wor ked sensor  or  act uat or  
wher e a non- net wor ked sensor  or  act uat or  woul d suf f i ce.

Unl ess speci f i cal l y r equi r ed by t he gover nment ,  do not  pr ovi de a 
capabi l i t y  t o updat e devi ce f i r mwar e over  t he net wor k.

3. 6. 2   Sof t war e

For  sof t war e t hat  has a STI G or  SRG r el at ed t o Requi r ement s f or  Least
Funct i onal i t y ( such as conf i gur at i on set t i ngs and por t  access f or  l east
f unct i onal i t y) ,  i nst al l  and conf i gur e t he sof t war e i n accor dance wi t h t hat
STI G or  SRG.

For  MODERATE I mpact  Syst ems:  Do not  pr ovi de ( i nst al l )  sof t war e t hat  i s not  
speci f i cal l y r equi r ed t o meet  a cont r act  r equi r ement .  Do not  i mpl ement  
f unct i onal i t y wi t hi n sof t war e
t hat  i s not  speci f i cal l y r equi r ed t o meet  cont r act  r equi r ement s.
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3. 7   SYSTEM AND COMMUNI CATI ON PROTECTI ON

3. 7. 1   Col l abor at i ve Comput i ng

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 15( a) ,  
SC- 15( b) ;  CCI - 001150,  CCI - 001152. }

Wi t hout  expl i c i t  appr oval  f r om t he pr oj ect  s i t e,  cont r ol  syst ems must  not  
use col l abor at i ve comput i ng t echnol ogi es.

3. 7. 2   Deni al  of  Ser vi ce Pr ot ect i on and Appl i cat i on Par t i t i oni ng I n 
MODERATE I mpact  Syst ems:

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  r el at es t o SC- 5,  SC- 39,  
SC- 7( a) ;  CCI - 001093,  CCI - 002385,  CCI - 002386,  CCI - 002430,  CCI - 001097.  For  
MODERATE I mpact  syst ems,  t hi s subpar t  al so r el at es t o SC- 2;  CCI - 001082. }

To t he gr eat est  ext ent  pr act i cal ,  i mpl ement  cont r ol  l ogi c wi t hout  r el i ance 
on t he net wor k.   Except  when r equi r ed t o meet  t he r equi r ement s of  t he 
cont r ol  syst em Sect i on ( wher e t he r equi r ement  can onl y be met  usi ng 
comput er  har dwar e) ,  do not  i mpl ement  cont r ol  l ogi c i n comput er s.   For  
MODERATE I mpact  syst ems,  do not  i mpl ement  cont r ol  l ogi c i n a devi ce 
pr ovi di ng ( i . e.  act i ng as a ser ver  f or )  a Ful l  Remot e User  I nt er f ace.

3. 7. 2. 1   Def aul t  Requi r ement s f or  MODERATE I mpact  Cont r ol  Syst ems

Except  f or  net wor ked i nput  and out put s on i nput - out put  buses speci f i cal l y 
desi gned t o pr ovi de hi gh r el i abi l i t y  or  r edundancy,  sensor s and act uat or s 
must  not  r el y on t he net wor k t o exchange dat a wi t h t he cont r ol l er  
execut i ng t he sequence of  oper at i on whi ch uses t he sensor  val ue or  
det er mi nes t he act uat or  command.   

Sensor  val ues r equi r ed by mul t i pl e devi ces may be shar ed over  t he net wor k 
pr ovi ded t hey ar e connect ed t o a cont r ol l er  r equi r i ng t he val ue f or  
execut i on of  t he sequence and t hat  cont r ol l er  shar es t he val ue on t he 
net wor k.  

3. 7. 3   Mobi l e Code I n MODERATE I mpact  Syst ems:

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  r el at es t o SC- 18( a) ,  SC- 18( b) ,
SC- 18( c) ,  SC- 18( 1) ,  SC- 18( 3) ,  SC- 18( 4) ;  CCI - 001160,  CCI - 001161,  
CCI - 001162,  CCI - 001163,  CCI - 001164,  CCI - 001165,  CCI - 001166,  CCI - 001662,  
CCI - 002457,  CCI - 002458,  CCI - 001169,  CCI - 001695,  CCI - 001170,  CCI - 002469}

Devi ces wi t h STI Gs/ SRGs r el at ed t o Mobi l e Code and t o Secur i t y Cont r ol
SC- 18 must  be i nst al l ed i n accor dance wi t h t he r el evant  STI Gs/ SRGs.  Al l  
r emot e user  i nt er f aces must  meet  t he r equi r ement s of  t he " Web
Br owser s and Appl i cat i on SRG" .

Mobi l e code may onl y be downl oaded f r om a speci f i cal l y aut hor i zed mobi l e
code r eposi t or y.  Coor di nat e wi t h t he Mobi l e Code Poi nt  of  Cont act  f or  t he 
l ocat i on of  a r eposi t or y.
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3. 7. 4   Pr ot ect i on of  I nf or mat i on at  Rest  I n MODERATE I mpact  Syst ems:

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  r el at es t o SC- 28,  SC- 28( 1) ;  
CCI - 001199,
CCI - 002472,  CCI - 002475,  CCI - 002476}

Comput er s must  pr ot ect  i nf or mat i on at  r est  i n accor dance wi t h appl i cabl e 
STI Gs.   

Any cont r ol  syst em devi ce st or i ng per sonal l y i dent i f i abl e i nf or mat i on 
( PI I ) ,  cont r ol l ed uncl assi f i ed i nf or mat i on ( CUI ) ,  or  c l assi f i ed 
i nf or mat i on must  be pr ot ect ed by an I nf or mat i on At  Rest  encr ypt i on 
sol ut i on or  by a physi cal  secur i t y sol ut i on.  Pr ovi de a Pr ot ect i on of  
I nf or mat i on At  Rest  Pr oposal  i ndi cat i ng each devi ce st or i ng PI I ,  CUI ,  or  
c l assi f i ed i nf or mat i on and t he encr ypt i on or  physi cal  secur i t y sol ut i on 
pr oposed f or  t hat  devi ce f or  gover nment  appr oval .  I f  no devi ces st or es 
PI I ,  CUI ,  or  c l assi f i ed i nf or mat i on,  pr ovi de a document  st at i ng t hi s as 
t he Pr ot ect i on of  I nf or mat i on At  Rest  Pr oposal  submi t t al .   Do pr oceed wi t h 
devi ce sel ect i on and i nst al l at i on unt i l  t he Pr ot ect i on of  I nf or mat i on At  
Rest  Pr oposal  i s  appr oved.   Once appr oved,  i mpl ement  appr oved I nf or mat i on 
At  Rest  pr ot ect i ons.

3. 7. 5   Pr ocess I sol at i on and Boundar y Pr ot ect i on i n Moder at e I mpact  Fi r e 
Pr ot ect i on Syst ems

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  r el at es t o SC- 7( a) ,  SC- 7( c) ,  
SC- 7( 4) ( a) ,  SC- 7( 4) ( c) ,  SC- 7( 5) ,  SC- 7( 7) ,  SC- 7( 9) ( a) ,  SC- 7( 11) ,  SC- 7( 13) ,  
SC- 7( 13) ,  SC- 7( 18) ;   CCI - 001097,  CCI - 001098,  CCI - 001102,  CCI - 002396,  
CCI - 001109,  CCI - 002397,  CCI - 002398,  CCI - 002399,  CCI - 002403,  CCI - 001120,  
CCI - 001119,  CCI - 001126}  

3. 7. 5. 1   Radi o I nt er f aces f or  Fi r e Pr ot ect i on Syst ems

When r adi os i nt er f aci ng a l ocal  f i r e pr ot ect i on syst em t o a super vi sor y 
syst em ar e not  NI ST FI PS 140- 2 val i dat ed,  use a r el ay panel  i nt er f ace 
bet ween t he l ocal  f i r e pr ot ect i on syst em and t he r adi o.    I nst al l  and 
conf i gur e t he r el ay panel  t o pr ohi bi t  i ni t i at i ng any act i on wi t hi n t he 
l ocal  f i r e pr ot ect i on syst em ot her  t han causi ng t he syst em t o pl ay a 
pr e- r ecor ded message or  causi ng t he syst em t o pl ay a l i ve audi o message.   
I nst al l  r el ays usi ng t he nor mal l y open cont act  such t hat  t hey pass a 
s i gnal  when t hey cl ose,  and so t hat  a r el ay t hat  l oses power  or  has a 
f ai l ed coi l  does not  pass a s i gnal

3. 7. 5. 2   Fi r e Suppr essi on Syst em Net wor k I sol at i on

For  f i r e suppr essi on syst ems i ncl udi ng a r el ease panel ,  any net wor k used 
i n t hese syst ems must  be dedi cat ed t o t hese syst ems and must  be i sol at ed 
f r om any ot her  net wor k,  i ncl udi ng ot her  component s of  t he Fi r e Al ar m and 
Fi r e Suppr essi on syst ems.   Use onl y dr y cont act s and r el ays t o t r ansf er  
s i gnal s f r om t hese syst ems t o any ot her  syst ems.   I nst al l  r el ays usi ng t he 
nor mal l y open cont act  such t hat  t hey pass a s i gnal  when t hey cl ose,  and so 
t hat  a r el ay t hat  l oses power  or  has a f ai l ed coi l  does not  pass a s i gnal

3. 8   SAFE MODE AND FAI L SAFE OPERATI ON

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o CP- 12,  SI - 10( 3) ,  SI - 17;  CCI - 002855,  CCI - 002856,  CCI - 002857,  CCI - 002754,  
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CCI - 002773,  CCI - 002774,  CCI - 002775}

For  al l  cont r ol  syst em component s wi t h an appl i cabl e STI G or  SRG,  
conf i gur e t he component  i n accor dance wi t h al l  appl i cabl e STI Gs and SRGs.

3. 9   SYSTEM MAI NTENANCE TOOL SOFTWARE

{ For  Gover nment  Ref er ence Onl y:  Thi s subpar t  ( and i t s subpar t s)  r el at es t o 
MA- 3;  CCI - 000865. }

Submi t  and l i cense t o t he Gover nment  al l  sof t war e r equi r ed t o oper at e,
mai nt ai n and modi f y t he cont r ol  syst em such t he Gover nment  or  t hei r  agent s 
ar e abl e t o per f or m r epai r ,  r epl acement ,  upgr ades,  and expansi ons of  t he 
syst em wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or ,  Vendor  
or  Manuf act ur er .  Submi t  har d copi es of  user  manual s f or  each sof t war e wi t h 
t he sof t war e submi t t al .

For  sof t war e pr ovi ded and l i censed t o t he Gover nment  under  t he
r equi r ement s of  anot her  Sect i on,  submi t  a st at ement  i ndi cat i ng t he
Sect i on and Submi t t al  under  whi ch t he sof t war e was pr ovi ded.  For
sof t war e pr ovi ded t o meet  t he r equi r ement s of  t hi s Sect i on and not  
pr ovi ded and l i censed under  anot her  Sect i on,  submi t  sof t war e and sof t war e 
user  manual s on DVD or  CD as a Techni cal  Dat a Package and submi t  one har d 
copyhar d copi es of  t he sof t war e user  manual  f or  each pi ece of  sof t war e.

3. 10   DEVI CE POWER

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o PE- 11,  PE- 11( 1) ;  CCI - 002955,  CCI - 000961.   For  MODERATE I mpact  syst ems,  
t hi s subpar t  ( and i t s subpar t s)  al so r el at es t o PE- 9,  PE- 9( 1) ;  CCI - 000952,  
CCI - 002953,  CCI - 002954. }

For  MODERATE I mpact  Syst ems:  Pr ovi de cont r ol  syst em wi t h power  suppl y 
meet i ng or  exceedi ng t he r el i abi l i t y  of  t he cont r ol l ed equi pment .  Power i ng 
cont r ol  syst em devi ces usi ng t he same power  sour ce as t he equi pment  
cont r ol l ed by t he devi ce i s a per mi ssi bl e met hod of  meet i ng t hi s 
r equi r ement .  Wi t hout  expl i c i t  appr oval  f r om t he gover nment ,  do not  i nst al l  
l ocal  uni nt er r upt i bl e power  suppl i es ( UPSs)  as a sour ce of  devi ce power .

3. 10. 1   Devi ce Behavi or  on Loss of  Power  I n MODERATE I mpact  Syst ems:

Appl i cat i on pr ogr ams and conf i gur at i on set t i ngs must  be st or ed i n devi ces 
i n manner  such t hat  a l oss of  power  does not  r esul t  i n a l oss of  t he 
appl i cat i on pr ogr am or  conf i gur at i on set t i ngs:  Loss of  power  must  never  
r esul t  i n t he l oss of  appl i cat i on pr ogr ams,  r egar dl ess of  t he l engt h of  
t i me power  i s l ost ;  and l oss of  power  f or  l ess t han 2, 500 hour s must  not  
r esul t  i n t he l oss of  conf i gur ed set t i ngs.

I n t he event  of  a l oss of  power ,  when power  i s r est or ed,  cont r ol l er s and 
comput er s execut i ng cont r ol  l ogi c ( and t he under l y i ng equi pment )  must  
r ecover  and r esume t hei r  nor mal  sequences of  oper at i on.   Not e t hat  t he 
sequence of  oper at i on may r equi r e speci f i c  act i ons ( e. g.  st ar t up 
sequences)  upon r ecover y f r om l oss of  power .
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3. 11   VULNERABI LI TY SCANNI NG

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o RA- 5 RA- 5( a) , RA- 5( b) , RA- 5( c) , RA- 5( d) ;  CCI - 001054,  CCI - 001055,  
CCI - 000156,  CCI - 001641,  CCI - 001643,  CCI - 001057,  CCI - 001058,  CCI - 001059.  
For  MODERATE I mpact  syst ems,  t hi s subpar t  ( and i t s subpar t s)  al so r el at es 
t o  RA- 5( 1) ,  RA- 5( 5) ;  CCI - 001062,  CCI - 001067,  CCI - 001645,  CCI - 002906. }

Al l  I P devi ces must  be scannabl e,  such t hat  t he devi ce can be scanned by 
i ndust r y st andar d I P net wor k scanni ng ut i l i t i es wi t hout  har m t o t he 
devi ce,  appl i cat i on,  or  f unct i onal i t y.  

3. 11. 1   Comput er s and Sof t war e Runni ng on Comput er s

Comput er s and appl i cat i ons r unni ng on comput er s must  meet  r el evant  
vul ner abi l i t y  scanni ng STI Gs/ SRGs and r espond t o appr oved DoD 
vul ner abi l i t y  scanni ng t ool s.

3. 11. 2   Cont r ol l er s

Pr ovi de cont r ol l er s t hat  ar e scannabl e by st andar d cont r ol  syst em 
di scover y t ool s or  cont r ol  syst em br owser s and r et ur n meani ngf ul  st at us 
i nf or mat i on i ncl udi ng t he net wor k i nput s and out put s f or  t he cont r ol l er .   
Thi s i nf or mat i on must  cont ai n suf f i c i ent  det ai l  t o det ect  vul ner abi l i t i es 
or  expl oi t s of  t he cont r ol l er .

Pr ovi de al l  sof t war e needed t o scan t he cont r ol  syst em as t he Cont r ol  
Syst em Scanni ng Tool s submi t t al .   I f  t he sof t war e r equi r ed t o scan t he 
syst em i s al r eady i nst al l ed at  t he pr oj ect  s i t e or  i s pr ovi ded under  a 
separ at e sect i on i nst ead pr ovi de a st at ement  i ndi cat i ng t hi s.

3. 12   FI PS 201- 2 REQUI REMENT

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SA- 4 ( 10) ;  CCI - 003116}

Devi ces i n t he f ol l owi ng syst ems whi ch i mpl ement  PI V must  be on t he 
NI ST FI PS 201- 2 appr oved pr oduct  l i s t  (
ht t ps: / / www. i dmanagement . gov/ appr oved- pr oduct s- l i s t / ) :   NONE.

3. 13   SYSTEM AND I NTEGRATI ON I NTEGRI TY

3. 13. 1   Mal i c i ous Code Pr ot ect i on

{ For  Gover nment  Ref er ence Onl y:   Thi s subpar t  ( and i t s subpar t s)  r el at es 
t o SI - 3( c) ;  CCI - 001241,  CCI - 002623}

For  al l  comput er s i nst al l ed under  t hi s pr oj ect ,  pr ovi de mal war e pr ot ect i on 
sof t war e medi a,  pr ovi de l i censes,  and i nst al l  and conf i gur e mal war e 
pr ot ect i on sof t war e as i ndi cat ed.   Coor di nat e wi t h t he Gover nment  Comput er  
Access Poi nt  of  Cont act  as r equi r ed.

a.  Pr ovi de mal war e pr ot ect i on sof t war e l i censes.

b.  Pr ovi de mal war e pr ot ect i on sof t war e medi a.

c.  I nst al l  and conf i gur e mal war e pr ot ect i on sof t war e i n accor dance wi t h 
t he r el evant  STI Gs.
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3. 13. 2   Sof t war e,  Fi r mwar e,  and I nf or mat i on
I nt egr i t y I n MODERATE I mpact  Syst ems:

{ For  Gover nment  Ref er ence Onl y:    Thi s subpar t  r el at es t o CM- 5( 3) ;  
CCI - 001749,  CCI - 002704,  CCI - 002726}

I f  t her e exi st s I nt egr i t y Ver i f i cat i on Sof t war e t hat  can check boot  
pr ocess,  sof t war e,
f i r mwar e,  or  i nf or mat i on i n t he cont r ol  syst em and ver i f y i t s i nt egr i t y,
pr ovi de i t .  I f  no such sof t war e exi st s pr ovi de a st at ement  t o t hi s af f ect
i n l i eu of  t he sof t war e.

The syst em pr event s t he i nst al l at i on of  sof t war e and f i r mwar e wi t hout  
ver i f i cat i on of  t he di gi t al  s i gnat ur e usi ng an appr oved cer t i f i cat e.

3. 14   CONTROL SYSTEM CYBERSECURI TY TESTI NG

{ For  Gover nment  Ref er ence Onl y:  For  MODERATE I mpact  syst ems,  t hi s subpar t  
( and i t s subpar t s)  r el at es t o SA- 11( a) ,  SA- 11( b) ,  SA- 11( c) ,  SA- 11( d) ,  
SA- 11( e) ;  CCI - 003171,  CCI - 003172,  CCI - 003173,  CCI - 003174,  CCI - 003175,  
CCI - 003176,  CCI - 003177,  CCI - 003178. }

3. 14. 1   Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es

Pr epar e Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es expl ai ni ng
st ep- by- st ep,  t he act i ons and expect ed r esul t s t hat  wi l l  demonst r at e t hat
t he cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.

Submi t  4 copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Pr ocedur es.  The Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es may be
submi t t ed as a Techni cal  Dat a Package.

3. 14. 2   Cont r ol  Syst em Cyber secur i t y Test i ng Execut i on

Usi ng t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es ver i f y t hat  t he
cont r ol  syst em meet s t he r equi r ement s of  t hi s Sect i on.  UNLESS GOVERNMENT
WI TNESSI NG OF A TEST I S SPECI FI CALLY WAI VED BY THE GOVERNMENT,  PERFORM ALL
TESTS WI TH A GOVERNMENT WI TNESS.  I f  t est i ng r eveal s def i c i enci es i n t he
syst em,  cor r ect  t he def i c i ency and r et est  unt i l  successf ul .

3. 14. 3   Cont r ol  Syst em Cyber secur i t y Test i ng Repor t

Pr epar e and submi t  a Cont r ol  Syst em Cyber secur i t y Test i ng Repor t
document i ng al l  t est s per f or med and t hei r  r esul t s.  I ncl ude al l  t est s i n
t he Cont r ol  Syst em Cyber secur i t y Test i ng Pr ocedur es and any addi t i onal
t est s per f or med dur i ng t est i ng.  Document  t est  f ai l ur es and r epai r s
conduct ed wi t h t he t est  r esul t s.

Submi t  f our  copi es of  t he Cont r ol  Syst em Cyber secur i t y Test i ng
Repor t .  The Cont r ol  Syst em Cyber secur i t y Test i ng Repor t  may be submi t t ed
as a Techni cal  Dat a Package.

3. 15   FI ELD QUALI TY CONTROL,  CYBERSECURI TY VALI DATI ON SUPPORT

I n addi t i on t o t est i ng and t est i ng suppor t  r equi r ed by ot her  Sect i ons,  
pr ovi de a mi ni mum of  16 hour s of  t echni cal  suppor t  f or  cyber secur i t y 
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t est i ng of  cont r ol  syst ems t o suppor t  t he DoD Ri sk Management  Fr amewor k 
pr ocess Cyber secur i t y assessment  of  t he cont r ol  syst em.   Thi s suppor t  i s  
i ndependent  of  ( and i n addi t i on t o)  t he Cont r ol  Syst em Cyber secur i t y 
Test i ng speci f i ed i n t hi s sect i on.

3. 16   CYBERSECURI TY TRAI NI NG

Pr ovi de ei ght  hour s of  c l assr oom and hands- on t r ai ni ng f or  s i x Gover nment  
per sonnel  on t he cyber secur i t y oper at i on and mai nt enance of  t he cont r ol  
syst em pr ovi ded.   Thi s t r ai ni ng i s i n addi t i on t o and must  be coor di nat ed 
wi t h cont r ol  syst em t r ai ni ng speci f i ed i n ot her  Sect i ons.  

The Gover nment  wi l l  pr ovi de t he t r ai ni ng l ocat i on.  Tr ai ni ng must  cover ,  at  
a mi ni mum:   ( a)  appl y i ng sof t war e and f i r mwar e updat es,  ( b)  user  account  
cr eat i on,  modi f i cat i on and del et i on,  ( c)  audi t  l og upl oad pr ocedur es and 
( d)  i dent i f i cat i on of  pr i v i l eged user  i nt er f aces and syst em i mpact  of  
t hose i nt er f aces.   Tr ai ni ng sessi on must  i ncl ude a quest i on and answer  
per i od dur i ng whi ch gover nment  st af f  quest i ons about  cyber secur i t y aspect s 
of  t he cont r ol  syst em ar e answer ed.  

        - -  End of  Sect i on - -
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SECTI ON 25 08 10

UTI LI TY MONI TORI NG AND CONTROL SYSTEM TESTI NG
05/ 21

PART 1   GENERAL

1. 1   DEFI NI TI ONS

I n addi t i on t o t he def i ni t i ons pr ovi ded i n t hi s Sect i on,  23 09 00 
I NSTRUMENTATI ON AND CONTROL FOR HVAC and 25 10 10 UTI LI TY MONI TORI NG AND 
CONTROL ( UMCS)  FRONT END AND I NTEGRATI ON cont ai n def i ni t i ons r el at ed t o 
t hi s Sect i on.

1. 1. 1   Al gor i t hm

A set  of  wel l - def i ned r ul es or  pr ocedur es f or  sol v i ng a pr obl em or  
pr ovi di ng an out put  f r om a speci f i c  set  of  i nput s.

1. 1. 2   Anal og

A si gnal  t hat  can t ake on cont i nuous ( as opposed t o di scr et e)  val ues.  
Sensor s ( e. g.  t emper at ur e,  pr essur e,  f l ow)  t ypi cal l y pr ovi de anal og 
si gnal s as out put s t o r epr esent  t he measur ed var i abl e.    Wi t hi n t he UMCS,  
anal og si gnal s ar e gener al l y r epr esent ed by ei t her  0- 10 vol t  or  a 4- 20 
mi l l i amp si gnal .

1. 1. 3   Bi nar y

A t wo- st at e syst em wher e an " ON"  condi t i on i s r epr esent ed by a hi gh si gnal  
l evel  and an " OFF"  condi t i on i s r epr esent ed by a l ow si gnal  l evel .

1. 1. 4   Change- Of - Val ue ( COV)

A t ype of  dat a t r ansmi ssi on over  t he net wor k wher e t he poi nt    val ue i s 
t r ansmi t t ed over  t he net wor k onl y when i t s val ue changes.    COV i s an 
ef f i c i ent  use of  net wor k bandwi dt h.

1. 1. 5   Cont r ol  Wi r i ng

Thi s i ncl udes condui t ,  wi r e,  and wi r i ng devi ces t o i nst al l  compl et e HVAC 
cont r ol  syst ems,  i ncl udi ng mot or  cont r ol  c i r cui t s,  i nt er l ocks,  sensor s,  PE 
and EP swi t ches,  and l i ke devi ces.    Thi s al so i ncl udes al l  wi r i ng f r om 
node t o node,  and nodes t o al l  sensor s and poi nt s def i ned i n t he I / O 
summar y shown on dr awi ngs or  speci f i ed her ei n,  and r equi r ed t o execut e t he 
sequence of  oper at i on.    Does not  i ncl ude l i ne vol t age power  wi r i ng.

1. 1. 6   Demand

The maxi mum r at e of  use of  el ect r i cal  ener gy aver aged over  a speci f i c  
i nt er val  of  t i me,  usual l y expr essed i n kW.

1. 1. 7   Gr aphi cal  User  I nt er f ace ( GUI )

Human- machi ne i nt er f aci ng al l ows t he oper at or  t o manage,  command,  moni t or ,  
and pr ogr am t he syst em.
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1. 1. 8   I nt egr at i on

Est abl i shi ng communi cat i on bet ween t wo or  mor e syst ems t o cr eat e a s i ngl e 
syst em.

1. 1. 9   Pr ot ocol

I n cont r ol  syst ems,  " pr ot ocol "  i s  gener al l y shor t hand f or  " communi cat i on 
pr ot ocol " ;  a def i ned met hod by whi ch di gi t al  i nf or mat i on i s exchanged 
el ect r oni cal l y.    Of t en mor e t han one pr ot ocol  i s  used i n a BAS,  f or  
exampl e,  a t ypi cal  BACnet  syst em wi l l  use at  a mi ni mum ( i n addi t i on t o 
BACnet / I P and BACnet  MS/ TP)  I P,  UDP,  ARP,  Et her net ,  and RS- 485 pr ot ocol s 
( and t hi s does not  i ncl ude any pr ot ocol s used i nt er nal l y i n t he f r ont  end 
or  f or  communi cat i on wi t h f r ont  end cl i ent  wor kst at i ons) .

1. 2   ADMI NI STRATI VE REQUI REMENTS

1. 2. 1   Sequenci ng

Per f or mance Ver i f i cat i on Test i ng r equi r ed by t hi s Sect i on must  be 
pr oceeded by successf ul  and accept ed " cont r act or s f i el d t est i ng"  or  
" st ar t - up and st ar t - up t est i ng"  of  t he cont r ol  syst em t o be t est ed.

1. 2. 2   Schedul i ng

Coor di nat e t est i ng schedul es wi t h t he Gover nment  and wi t h wor k i n ot her  
Sect i ons per f or med on t he component s or  syst ems t o be t est ed.

1. 3   SUBMI TTALS

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

SD- 06 Test  Repor t s

PVT Pl an;  G

PVT Phase I  Repor t ;  G

PVT Phase I I  Repor t ;  G

SD- 07 Cer t i f i cat es

Test  I nst r ument at i on Cal i br at i on Cer t i f i cat es;  G

1. 4   TEST EQUI PMENT

Pr ovi de al l  t est  equi pment  unl ess ot her wi se not ed i n t he cont r act  
document s.  Use onl y t est  equi pment  wi t h cur r ent  cal i br at i on t r aceabl e t o 
t he Nat i onal  I nst i t ut e of  Sci ence and Technol ogy ( NI ST) .   For  each t est  
i nst r ument ,  submi t  Test  I nst r ument at i on Cal i br at i on Cer t i f i cat es 
demonst r at i ng cal i br at i on t r aceabl e t o NI ST.    Use t est  equi pment  and t est  
met hods such t hat  t he over al l  accur acy of  t he t est  met hod,  i ncl udi ng al l  
t est  i nst r ument at i on and any er r or s i nher ent  i n t he t est  pr ocedur e,  i s  at  
l east  50 per cent  bet t er  t han t he accur acy speci f i ed f or  t he sensor .    For  
exampl e,  i f  a t emper at ur e sensor  has an accur acy r equi r ement  of  pl us or  
mi nus 1 degr ee Far enhei t  degr ee over al l  accur acy of  t he t est  met hod,  must  
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be 0. 5 degr ee Far enhei t  or  bet t er .

When val i dat i ng sensor  accur acy,  t he t est  i nst r ument  i s t r eat ed as i f  i t  
i s  per f ect l y accur at e;  t hat  i s ,  t he measur ed val ue f r om t he t est  
i nst r ument  must  l i e wi t hi n t he bounds of  t he speci f i ed accur acy of  t he 
sensor .   Expr essed mat hemat i cal l y:

Gi ven:
   Sensor  accur acy:  Pl us or  mi nus X
   Sensor  r eadi ng:  Y
   Test  equi pment  r eadi ng:  Z
   Wher e X,  Y and Z ar e r eal  number t s.

Then
   Sensor  passes i f :  ( Y- X)  <= Z <= ( Y+X)
   ot her wi se,  sensor  f ai l s    

PART 2   PRODUCTS

Not  appl i cabl e

PART 3   EXECUTI ON

3. 1   PERFORMANCE VERI FI CATI ON TEST ( PVT)

Per f or m a Per f or mance Ver i f i cat i on Test  ( PVT)  t o demonst r at e t hat  t he 
i nst al l ed cont r ol  syst em meet s al l  r equi r ement s of  t he pr oj ect  
speci f i cat i ons.   Coor di nat e schedul i ng of  t he PVT wi t h t he Gover nment ,  and 
do not  begi n t he PVT unt i l  t he PVT Pl an submi t t al  i s  accept ed.

3. 1. 1   PVT PLAN

Pr ovi de a PVT Pl an i ncl udi ng syst em document at i on and PVT Pr ocedur es.

3. 1. 1. 1   PVT Pl an Syst em Document at i on

I ncl ude t he f ol l owi ng syst em document at i on i n t he PVT Pl an:

a.  Copi es of  t he most  r ecent  as- bui l t  dr awi ngs f or  t he syst em,  i ncl udi ng 
but  not  l i mi t ed t o one- l i ne dr awi ngs and Poi nt s Schedul es as speci f i ed 
i n Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC showi ng 
devi ce addr ess,  poi nt  descr i pt i ons,  net wor k poi nt  names and t ypes,  
har dwar e poi nt  t ypes,  set t i ngs and r anges i ncl udi ng uni t s.

b.  Copi es of  manuf act ur er ' s pr oduct  dat a sheet s when needed t o demonst r at e 
compl i ance wi t h pr oj ect  r equi r ement s.   I n par t i cul ar ,  pr ovi de dat a 
sheet s showi ng t hat  sur ge pr ot ect i on r equi r ement s have been met .

c.  Oper at i on or  user  manual s f or  al l  sof t war e and al l  DDC Har dwar e t o be 
t est ed.

d.  Li st  of  t est  equi pment .

3. 1. 1. 2   PVT Equi pment  Li st

I ncl ude i n t he PVT pr ocedur es a cont r ol  syst em per f or mance ver i f i cat i on 
t est  equi pment  l i s t  t hat  l i s t s t he equi pment  t o be used dur i ng per f or mance 
ver i f i cat i on t est i ng.   For  each pi ece of  equi pment  i ncl ude manuf act ur er  
name,  model  number ,  equi pment  f unct i on,  t he dat e of  t he l at est  
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cal i br at i on,  and t he r esul t s of  t he l at est  cal i br at i on

3. 1. 1. 3   PVT Pr ocedur es

Devel op PVT pr ocedur es usi ng t he t est  pr ocedur es i n t hi s Sect i on,  
modi f y i ng t he pr ocedur es and addi ng t est s as appr opr i at e t o devel op 
pr ocedur es t hat  t est  al l  r equi r ement s of  t he pr oj ect  speci f i cat i ons.    The 
t est  pr ocedur es must  consi st  of  det ai l ed i nst r uct i ons f or  t est  set up,  
execut i on,  and eval uat i on of  t est  r esul t s.

When devel opi ng addi t i onal  pr ocedur es,  pr ovi de t he same i nf or mat i on and 
f i el ds as shown i n t he Test  Templ at e.

3. 1. 2   PVT Phases

Conduct  PVT t est i ng i n t wo phases:

I .  Fi el d t est i ng f or  devi ces,  component s,  subsyst ems and t he over al l  
syst em usi ng t he appr oved PVT Pr ocedur es.

I I .  A one- week endur ance t est  dur i ng whi ch t he syst em i s oper at ed 
cont i nuousl y.

3. 1. 2. 1   PVT Phase I  ( Fi el d Test s)

Demonst r at e compl i ance of  t he cont r ol  syst em wi t h t he cont r act  document s.   
Usi ng t est  pl ans and pr ocedur es appr oved by t he Gover nment ,  demonst r at e 
al l  physi cal  and f unct i onal  r equi r ement s of  t he pr oj ect .   Show,  
st ep- by- st ep,  t he act i ons and r esul t s demonst r at i ng t hat  t he cont r ol  
syst ems f ul l y and cor r ect l y i mpl ement  t he sequences of  oper at i on.   PVT f or  
sur ge pr ot ect i on i s not  r equi r ed t o i ncl ude i nt r oduci ng a sur ge t o t he 
equi pment ;  sur ge pr ot ect i on may i nst ead be demonst r at ed t hr ough pr oduct  
document at i on.

Do not  st ar t  t he per f or mance ver i f i cat i on t est  unt i l  af t er  r ecei pt  of  
wr i t t en per mi ssi on by t he Gover nment ,  based on Gover nment  appr oval  of  t he 
PVT Pl an and Dr af t  As- Bui l t s and compl et i on of  bal anci ng of  t he HVAC 
Syst em.   Do not  conduct  t est s dur i ng schedul ed seasonal  of f  per i ods of  
base heat i ng and cool i ng syst ems.   At  t he compl et i on PVT Phase I  and i n 
accor dance wi t h t he pr oj ect  schedul e and pr oj ect  sequenci ng pr ovi de a PVT 
Phase I  Repor t  document i ng al l  PVT t est i ng i ncl udi ng al l  appr oved t est  
pr ocedur es wi t h t est  r esul t s i ndi cat ed on t he pr ocedur es,  and a r ecor d of  
al l  act i ons t aken t o addr ess PVT t est  f ai l ur es.

3. 1. 2. 2   PVT Phase I I  ( Endur ance Test )

Compl et e an endur ance t est  as par t  of  t he PVT i n whi ch t he syst em i s 
oper at ed cont ui nuousl y f or  one- week wi t hout  f ai l ur e.   Dur i ng t he endur ance 
t est  t r end al l  poi nt s shown as r equi r i ng a t r end on t he Poi nt s Schedul e 
f or  t he ent i r e dur at i on of  t he endur ance t est .   I f  i nsuf f i c i ent  buf f er  or  
st or age capaci t y exi st s t o t r end t he ent i r e endur ance t est ,  of f l oad t r end 
l ogs dur i ng t he cour se of  t he endur ance t est  t o ensur e t hat  no t r end dat a 
i s l ost .   I f  t he cont r ol  syst em speci f i cat i on i ncl udes bandwi dt h 
r equi r ement s f or  bandwi dt h usage on a non- I P net wor k,  measur e and r ecor d 
t he net wor k bandwi dt h usage on each non- I P channel  dur i ng t he endur ance 
t est .

I f  t he syst em exper i ences any f ai l ur es dur i ng t he endur ance t est  por t i on 
of  t he PVT,  r epai r  t he syst em and r epeat  t he endur ance t est  por t i on of  t he 
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PVT unt i l  t he syst em oper at es cont i nuousl y and wi t hout  f ai l ur e f or  t he 
speci f i ed endur ance t est  per i od.   At  t he compl et i on of  PVT Phase I I  and i n 
accor dance wi t h t he pr oj ect  schedul e and pr oj ect  sequenci ng pr ovi de a PVT 
Phase I I  Repor t  document i ng f ai l ur es and r epai r  act i ons t aken dur i ng PVT 
Phase I I .

3. 1. 2. 2. 1   Tempor ar y Tr endi ng Capabi l i t y

Unl ess t r endi ng capabi l i t y  exi st s,  ei t her  wi t hi n t he bui l di ng cont r ol  
syst em or  t hr ough a connect ed Ut i l i t y  Moni t or i ng and Cont r ol  Syst em ( UMCS)  
Fr ont  End,  t empor ar i l y  i nst al l  har dwar e on t he bui l di ng cont r ol  net wor k t o 
per f or m t r endi ng dur i ng t he endur ance t est  as i ndi cat ed.   Remove t he 
t empor ar y har dwar e at  t he compl et i on of  al l  t est i ng and commi ssi oni ng 
act i v i t i es.

3. 2   FACTORY TEST

Per f or m a Fact or y Test  t o demonst r at e t he capabi l i t y  of  t he pr oposed 
cont r ol  syst em sol ut i on t o meet  t he r equi r ement s of  pr oj ect  
speci f i cat i ons.   Coor di nat e schedul i ng of  t he Fact or y Test  wi t h t he 
Gover nment ,  and do not  begi n t he Fact or y Test  uni l  t he Fact or y Test  Pl an 
submi t t al  i s  accept ed.

3. 2. 1   Fact or y Test  Set up

Desi gn t he Fact or y Test  Set up t o r epr esent  t he syst em as i t  wi l l  be 
f i el ded and t o demonst r at e t he capabi l i t y  of  t he syst em t o meet  t he 
r equi r ement s of  t he pr oj ect  speci f i cat i on.   At  a mi ni mum:

a.  I ncl ude at  l east  one of  each model  of  DDC har dwar e,  i nst r ument at i on and 
cont r ol  devi ce t o be used on t he pr oj ect .

b.  I ncl ude at  l east  one net wor k of  each t ype t o bue used on t he pr oj ect .

c.  I ncl ude a pr ogr ammabl e cont r ol l er  pr ogr ammed as i t  wi l l  be i nst al l ed,  
or ,  i f  no pr ogr ammabl e cont r ol l er  i s  t o be i nst al l ed on t he pr oj ect ,  
i ncl ude a pr ogr ammabl e cont r ol l er  wi t h a sampl e appl i cat i on.

d.  I ncl ude sampl e har dwar e t o pr ovi de a mock f i el d cont r ol  syst em f or  t he 
f r ont  end t o communi cat e wi t h i f  t he pr oj ect  r equi r es a f r ont  end but  
does not  r equi r e a f i el d cont r ol  syst em.

3. 2. 2   Fact or y Test  Pl an

Pr ovi de a Fact or y Test  Pl an document i ng t he t est  set up and pr ocedur es.

3. 2. 2. 1   Fact or y Test  Pl an Set up Document at i on

I ncl ude t he f ol l owi ng i nf or mat i on,  at  a mi ni mum,  t o document  t he f act or y 
t est  set up:

a.   Syst em one- l i ne bl ock di agr am of  equi pment  used i n t he f act or y t est  
i dent i f y i ng comput er s ( ser ver s and wor kst at i ons) ,  net wor k har dwar e,  
DDC har dwar e,  and ot her  i nst r ument at i on i ncl udi ng,  but  not  l i mi t ed t o,  
sensor s,  act uat or s,  t est  s i gnal  gener at or s,  and met er s.   

b.  Syst em har dwar e descr i pt i on used i n t he f act or y t est .

c.  Syst em sof t war e descr i pt i on used i n t he f act or y t est .
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d.  Poi nt s Schedul es f or  each cont r ol l er  showi ng t he conf i gur at i on t o be 
used dur i ng t he t est .   Poi nt s Schedul es must  be as speci f i ed i n 
Sect i on 23 09 00 I NSTRUMENTATI ON AND CONTROL FOR HVAC.

e.  Requi r ed passwor ds f or  each oper at or  access l evel .

f .  Li st  of  ot her  t est  equi pment .

3. 2. 2. 2   Test  Pr ocedur es

Devel op f act or y t est  pr ocedur es usi ng t he Test  Pr ocedur es i n t hi s Sect i on,  
modi f y i ng t he pr ocedur es and addi ng t est s as appr opr i at e t o devel op t est  
pr ocedur es t hat  t est  al l  r equi r ement s of  t he speci f i cat i on.    The t est  
pr ocedur es must  consi st  of  det ai l ed i nst r uct i ons f or  t est  set up,  
execut i on,  and eval uat i on of  t est  r esul t s.    Fact or y t est  pr ocedur es must  
i ncl ude t est i ng of  sur ge pr ot ect i on by i nt r oduci ng a sur ge t o t he 
equi pment  and demonst r at i ng t hat  t he equi pment  sur vi ves.

When devel opi ng addi t i onal  pr ocedur es,  pr ovi de t he same i nf or mat i on and 
f i el ds as shown i n t he Test  Templ at e.

3. 2. 3   Fact or y Test  Repor t

Upon compl et i on of  t he Fact or y Test  pr ovi de a compl et e t est  r epor t ,  
consi st i ng of  a shor t  summar y of  t he f act or y t est ,  a copy of  t he Fact or y 
Test  Pl an,  and copi es of  t he execut ed t est  pr ocedur es separ at ed by t est .   
For  each t est ,  i ncl ude dat e per f or med and i dent i f y t he Gover nment  
r epr esent at i ve who wi t nessed and appr oved t he t est .

I f  a por t i on of  any t est  f ai l ed,  document  t he f ai l ur e and cor r ect i ve 
act i on.

3. 2. 4   Fat or y Test  Execut i on

Conduct  t he Fact or y Test  at  a l ocat i on and t i me appr oved by t he 
Gover nment .  The Gover nment  wi l l  wi t ness t he f act or y t est .

I f  t he syst em f ai l s a por t i on of  a t est ,  t he Gover nment  wi l l  det er mi ne 
whet her  t he ent i r e t est  or  onl y t he por t i on t hat  f ai l ed must  be r epeat ed.

3. 3   TEST PROCEDURES

Devel op t est  pr ocedur es usi ng t he t empl at e pr ocedur e i n t he Appendi x.  A 
t est  t empl at e and sampl e t est  pr ocedur es i n el ect r oni c f or mat  ar e 
avai l abl e at  t he Whol e Bui l di ng Desi gn Gui de page f or  t hi s sect i on:  
ht t ps: / / www. wbdg. or g/ f f c/ dod/ uni f i ed- f aci l i t i es- gui de- speci f i cat i ons- uf gs/ uf gs- 25- 08- 10
Ref er  t o t he Sampl e Test  Pr ocedur es Tabl e t o v i ew t he exi st i ng sampl e 
t est s.

Sampl e Test  Pr ocedur es

Test  No. Test  Ti t l e

1 Syst em Equi pment  Ver i f i cat i on
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Sampl e Test  Pr ocedur es

Test  No. Test  Ti t l e

2 Syst em St ar t - up

3 Moni t or i ng and Cont r ol  ( M&C)  Sof t war e Passwor ds

4 Gr aphi c Di spl ay of  Dat a

5 Gr aphi c Navi gat i on Scheme

6 Command Funct i ons

7 Command I nput  Er r or s

8 Speci al  Funct i ons

9 Sof t war e Edi t i ng Tool s

10 Schedul i ng

11 Al ar m f unct i on

12 Tr endi ng

13 Demand Li mi t i ng

14 Repor t  Gener at i on

15 Uni nt er r upt abl e Power  Suppl y ( UPS)  Test

16 Rout er s and Repeat er s

17 Gat eways ( Bui l di ng Level )

18 Gat eways ( Devi ce Level )

19 Local  Di spl ay Panel  ( LDP)

20 Open Net wor k Poi nt  Ver i f i cat i on

21 Cust om Test  Templ at e
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APPENDI X A
  TEST NUMBER:   <TEST NUMBER>
  TEST TI TLE:   <TEST TI TLE>

  OBJECTI VE:  <STATE TEST OBJECTI VE>

I NI TI AL REQUI REMENTS/ CONDI TI ONS

   1.   Submi t t al s:  <LI ST REQUI RED SUBMI TTALS>

   2.   Equi pment :  <LI ST EQUI PMENT REQUI RED FOR TEST>

   3.   Ref er ence Document at i on:  <LI ST REQUI RED REFERENCE DOCUMENTATI ON>

Dat e of  Test :   __________
Ti me of  Test :   __________
Cont r act or ' s Repr esent at i ve:   ____________________
Gover nment ' s Repr esent at i ve:   ____________________

Speci f i cat i on Ref er ences f or  t hi s ver i f i cat i on:
<LI ST SECTI ONS REFERENCED FOR THI S TEST>

TEST PROCEDURES:  <USE THE FOLLOWI NG FORMAT FOR TEST PROCEDURES,  EXPAND AS 
NECESSARY TO CAPTURE ALL TEST I TEMS>

I t em Act i on Expect ed Resul t s Appr oved

1

2

3

4
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I t em Act i on Expect ed Resul t s Appr oved

Not es:

       - -  End of  Sect i on - -
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SECTI ON 25 10 10

UTI LI TY MONI TORI NG AND CONTROL SYSTEM ( UMCS)  FRONT END AND I NTEGRATI ON
02/ 19,  CHG 1:  05/ 21

PART 1   GENERAL

1. 1   SUMMARY

Pr ovi de a Ut i l i t y  Moni t or i ng and Cont r ol  Syst em ( UMCS)  whi ch per f or ms 
super vi sor y moni t or i ng and super vi sor y cont r ol  of  base- wi de bui l di ng 
cont r ol  syst ems and ut i l i t y  cont r ol  syst ems usi ng one or  mor e of :  
CEA- 709. 1- D ( LonWor ks)  wi t h LonWor ks Net wor k Ser vi ces ( LNS) ,  ASHRAE 135 
( BACnet ) ,  MODBUS Pr ot ocol ,  MODBUS TCP/ I P,  OPC DA,  or  t he Ni agar a Fr amewor k 
wi t h Fox pr ot ocol  as i ndi cat ed and shown.  I nt egr at e ASHRAE 135 ( BACnet )  
f i el d cont r ol  syst ems i nst al l ed per  Sect i on 23 09 23. 02 BACNET DI RECT 
DI GI TAL CONTROL FOR HVAC AND OTHER BUI LDI NG CONTROL SYSTEMS as speci f i ed.  

1. 1. 1   Syst em Requi r ement s

Pr ovi de a UMCS as speci f i ed and i ndi cat ed,  and i n accor dance wi t h t he 
f ol l owi ng char act er i st i cs:

1. 1. 1. 1   Gener al  Syst em Requi r ement s

a.   The syst em per f or ms super vi sor y moni t or i ng and cont r ol  f unct i ons 
i ncl udi ng but  not  l i mi t ed t o Schedul i ng,  Al ar m Handl i ng,  Tr endi ng,  
Over r i des,  Repor t  Gener at i on,  and El ect r i cal  Demand Li mi t i ng as 
speci f i ed.

b.   The syst em i ncl udes a Gr aphi cal  User  I nt er f ace whi ch al l ows f or  
gr aphi cal  navi gat i on bet ween syst ems,  gr aphi cal  r epr esent at i ons of  
syst ems,  access t o r eal - t i me dat a f or  syst ems,  abi l i t y  t o over r i de 
poi nt s i n a syst em,  and access t o al l  super vi sor y moni t or i ng and 
cont r ol  f unct i ons.

c.   Al l  sof t war e used by t he UMCS and al l  sof t war e used t o i nst al l  and 
conf i gur e t he UMCS i s l i censed t o and del i ver ed t o t he i nst al l at i on.

d.   Al l  necessar y document at i on,  conf i gur at i on i nf or mat i on,  conf i gur at i on 
t ool s,  pr ogr ams,  dr i ver s,  and ot her  sof t war e i s l i censed t o and 
ot her wi se r emai ns wi t h t he Gover nment  such t hat  t he Gover nment  or  
t hei r  agent s ar e abl e t o r epai r ,  r epl ace,  upgr ade,  and expand t he 
syst em wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or .   
Sof t war e l i censes must  not  r equi r e per i odi c f ees and must  be val i d i n 
per pet ui t y.

e.   Pr ovi de suf f i c i ent  document at i on and dat a,  i ncl udi ng r i ght s t o 
document at i on and dat a,  such t hat  t he Gover nment  or  t hei r  agent s can 
execut e wor k t o r epai r ,  r epl ace,  upgr ade,  and expand t he syst em 
wi t hout  subsequent  or  f ut ur e dependence on t he Cont r act or .

f .   The UMCS i nt er f aces di r ect l y t o ASHRAE 135,  CEA- 709. 1- D,  
MODBUS Pr ot ocol ,  MODBUS TCP/ I P,  OPC DA,  and Ni agar a Fr amewor k f i el d 
cont r ol  syst ems as speci f i ed and may i nt er f ace t o f i el d cont r ol  
syst ems usi ng ot her  pr ot ocol s v i a an M&C Sof t war e pr ot ocol  dr i ver  or  a 
Gat eway.
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g.   For  UMCS syst ems wi t h Moni t or i ng and Cont r ol  Sof t war e f unct i onal i t y 
i mpl ement ed i n Moni t or i ng and Cont r ol  ( M&C)  Cont r ol l er  Har dwar e,  
pr ovi de suf f i c i ent  addi t i onal  cont r ol l er  har dwar e t o suppor t  t he f ul l  
capaci t y r equi r ement s as speci f i ed.

1. 1. 1. 2   BACnet  Requi r ement s

a.   The UMCS must  communi cat e usi ng ASHRAE 135 Annex J over  t he Gover nment  
f ur ni shed I P net wor k as speci f i ed.

b.   Al l  communi cat i on bet ween t he UMCS and ASHRAE 135 f i el d cont r ol  
net wor ks must  be vi a t he ASHRAE 135 pr ot ocol  over  t he I P net wor k.

c.   Al l  communi cat i on bet ween t he M&C Sof t war e and t he f i el d cont r ol  
syst em devi ces must  be vi a st andar d ASHRAE 135 ser vi ces ot her  t han 
Pr i vat eTr ansf er  and Conf i r medPr i vat eTr ansf er  except  as f ol l ows:

( 1)  Pr i vat eTr ansf er  and Conf i r medPr i vat eTr ansf er  may be used f or  
devi ce conf i gur at i on and devi ce pr ogr ammi ng.

( 2)  Pr i vat eTr ansf er  and Conf i r medPr i vat eTr ansf er  may be used f or  
communi cat i on bet ween t he M&C Sof t war e and t he f i el d cont r ol  
syst em i f  and onl y i f  bot h t he M&C Sof t war e and t he f i el d cont r ol  
syst em devi ces aut omat i cal l y ( wi t hout  r equi r i ng r econf i gur at i on)  
r ever t  t o t he use of  ot her  st andar d ASHRAE 135 ser vi ces when one 
of  t he component s i s modi f i ed or  r epl aced.

1. 1. 1. 3   Modbus Requi r ement s

The UMCS must  communi cat e usi ng MODBUS Pr ot ocol ,  MODBUS TCP/ I P over  t he 
Gover nment  f ur ni shed I P net wor k as speci f i ed.

Modbus communi cat i ons must  suppor t  al l  of  t he f ol l owi ng Modbus dat a t ypes:

a.   The f our  st andar d dat a t ypes def i ned by MODBUS Pr ot ocol ,  MODBUS TCP/ I P:   
Di scr et e I nput s,  Coi l s,  I nput  Regi st er s,  and Hol di ng Regi st er s.   ( Not e 
t hat  t hese f our  dat a t ypes ar e i ncl uded i n t he MODBUS Pr ot ocol ,  
MODBUS TCP/ I P st andar d.   The r emai ni ng dat a t ypes i ndi cat ed i n t hi s 
Sect i on ar e not  i ncl uded i n t he MODBUS Pr ot ocol ,  MODBUS TCP/ I P 
st andar d but  ar e def i ned by t hi s Sect i on t o pr ovi de a st andar d f or  
communi cat i on bet ween syst ems. )

b.   Char act er :   Char act er  dat a usi ng a s i ngl e I nput  Regi st er  or  s i ngl e 
Hol di ng Regi st er  wher e t hat  Modbus r egi st er  i s i nt er pr et ed as t wo 8 
bi t  I SO 8859- 1 char act er s,  wi t h t he l ow or der  bi t s r epr esent i ng t he 
r i ght - hand char act er .  

c.   Fl oat i ng Poi nt :   Fl oat i ng poi nt  dat a usi ng t wo consecut i ve I nput  
Regi st er s or  t wo consecut i ve Hol di ng Regi st er s wher e t he r esul t i ng 32 
bi t s ar e i nt er pr et ed as a Bi nar y32 ( Si ngl e Pr eci s i on Fl oat i ng poi nt )  
number  as speci f i ed i n I EEE 754.   Use t he f i r st  Regi st er  f or  t he 
hi gher  16 bi t s,  and t he second Regi st er  f or  t he l ower  16 bi t s.

d.   I nt eger  Dat e:   Dat e dat a usi ng t hr ee consecut i ve I nput  Regi st er s or  
t hr ee consecut i ve Hol di ng Regi st er s wher e t he r esul t i ng 48 bi t s ar e 
i nt er pr et ed as a 48- bi t  unsi gned bi g- endi an i nt eger .   The val ue i s t he 
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number  of  mi l l i seconds,  not  i ncl udi ng l eap seconds,  f r om 
1970- 01- 01T00: 00: 00. 000 ( 12AM,  Januar y 1,  1970) .   Use t he f i r st  
Regi st er  f or  t he hi ghest  16 bi t s and t he t hi r d Regi st er  f or  t he l owest  
16 bi t s.

e.   Char act er  Dat e:   Dat e dat a usi ng t he f or mat  speci f i ed i n I SO 8601 of  
" YYYY- MM- DDTHH: MM: SS. SSS" ,  wher e t he i ndi v i dual  char act er s ar e 
f or mat t ed as speci f i ed f or  char act er  dat a.

1. 1. 1. 4   OPC Requi r ement s

The UMCS must  communi cat e usi ng OPC DA over  t he Gover nment  f ur ni shed I P 
net wor k as shown and speci f i ed.

1. 1. 2   Symbol s,  Def i ni t i on and Abbr evi at i ons

Use symbol s,  def i ni t i ons,  and engi neer i ng uni t  abbr evi at i ons i ndi cat ed i n 
t he cont r act  dr awi ngs f or  di spl ays,  submi t t al s and r epor t s.   For  symbol s,  
def i ni t i ons and abbr evi at i ons not  i n t he cont r act  dr awi ngs use t er ms 
conf or mi ng at  a mi ni mum t o I EEE St ds Di ct i onar y and t he ASHRAE FUN I P,  as 
appl i cabl e.

1. 1. 3   Syst em Uni t s and Accur acy

Use Engl i sh ( i nch- pound)  uni t s f or  di spl ays,  pr i nt - out s and cal cul at i ons.   
Per f or m cal cul at i ons wi t h an accur acy of  at  l east  t hr ee si gni f i cant  
f i gur es.   For  di spl ays and pr i nt out s pr esent  val ues t o at  l east  t hr ee 
si gni f i cant  f i gur es.

1. 1. 4   Dat a Packages/ Submi t t al s Requi r ement s

Techni cal  dat a packages consi st i ng of  comput er  sof t war e and t echni cal  dat a 
( meani ng t echni cal  dat a whi ch r el at es t o comput er  sof t war e)  whi ch ar e 
speci f i cal l y i dent i f i ed i n t hi s pr oj ect  and whi ch may be def i ned/ r equi r ed 
i n ot her  speci f i cat i ons must  be del i ver ed st r i ct l y i n accor dance wi t h t he 
CONTRACT CLAUSES and i n accor dance wi t h t he Cont r act  Dat a Requi r ement s 
Li st ,  DD For m 1423.   Dat a del i ver ed must  be i dent i f i ed by r ef er ence t o t he 
par t i cul ar  speci f i cat i on par agr aph agai nst  whi ch i t  i s  f ur ni shed.   Al l  
submi t t al s not  speci f i ed as t echni cal  dat a packages ar e consi der ed shop 
dr awi ngs under  t he Feder al  Acqui s i t i on Regul at i on Suppl ement  ( FARS)  and 
must  cont ai n no pr opr i et ar y i nf or mat i on and must  be del i ver ed wi t h 
unr est r i ct ed r i ght s.

1. 2   RELATED SECTI ONS

Cyber secur i t y r equi r ement s r el at ed t o t hi s Sect i on ar e speci f i ed i n a 
separ at e cyber secur i t y speci f i cat i on der i ved f r om UFGS 25 05 11.   Sect i on 
25 05 11 CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS speci f i es 
cyber secur i t y r equi r ement s r el at ed t o t hi s Sect i on.

1. 3   REFERENCES

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

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  I NCI TS 154 ( 1988;  R 2004)  Of f i ce Machi nes and 
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Suppl i es -  Al phanumer i c Machi nes -  
Keyboar d Ar r angement

AMERI CAN SOCI ETY OF HEATI NG,  REFRI GERATI NG AND AI R- CONDI TI ONI NG 
ENGI NEERS ( ASHRAE)

ASHRAE 135 ( 2020;  I nt er pr et at i on 1- 8 2021;  Er r at a 1- 2 
2021;  Addenda CD 2021;  Addenda BV- CE 2022;  
I nt er pr et at i on 9- 12 2022;  I nt er pr et at i on 
13- 24 2023;  Addenda BV- CF 2023;  Er r at a 3 
2023)  BACnet —A Dat a Communi cat i on Pr ot ocol  
f or  Bui l di ng Aut omat i on and Cont r ol  
Net wor ks

ASHRAE FUN I P ( 2021)  Fundament al s Handbook,  I - P Edi t i on

CONSUMER ELECTRONI CS ASSOCI ATI ON ( CEA)

CEA- 709. 1- D ( 2014)  Cont r ol  Net wor k Pr ot ocol  
Speci f i cat i on

CEA- 709. 3 ( 1999;  R 2015)  Fr ee- Topol ogy Twi st ed- Pai r  
Channel  Speci f i cat i on

CEA- 852- C ( 2014)  Tunnel i ng Devi ce Ar ea Net wor k 
Pr ot ocol s Over  I nt er net  Pr ot ocol  Channel s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 754 ( 2008)  Fl oat i ng- Poi nt  Ar i t hmet i c -  I EEE 
Comput er  Soci et y

I EEE 802. 11 ( 2020;  BD 2022)  I nf or mat i on 
Technol ogy- Tel ecommuni cat i ons and 
I nf or mat i on Exchange Bet ween Syst ems Local  
and Met r opol i t an Ar ea Net wor ks -  Speci f i c  
Requi r ement s Par t  11:   Wi r el ess LAN Medi um 
Access Cont r ol  ( MAC)  and Physi cal  Layer  
( PHY)  Speci f i cat i ons Amendment  3:   Wake- Up 
Radi o Oper at i on

I EEE 1815 ( 2015;  CORR 2016)  Exchangi ng I nf or mat i on 
Bet ween Net wor ks I mpl ement i ng I EC 61850 
and I EEE St d 1815 Di st r i but ed Net wor k 
Pr ot ocol  ( DNP3)

I EEE C62. 41 ( 1991;  R 1995)  Recommended Pr act i ce on 
Sur ge Vol t ages i n Low- Vol t age AC Power  
Ci r cui t s

I EEE St ds Di ct i onar y ( 2009)  I EEE St andar ds Di ct i onar y:  Gl ossar y 
of  Ter ms & Def i ni t i ons

I NTERNATI ONAL ORGANI ZATI ON FOR STANDARDI ZATI ON ( I SO)

I SO 8601 ( 2004)  Dat a El ement s and I nt er change 
For mat s -  I nf or mat i on I nt er change -  
Repr esent at i on of  Dat es and Ti mes
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I SO 8859- 1 ( 1998)  I nf or mat i on Technol ogy -  8- Bi t  
Si ngl e- Byt e Coded Gr aphi c Char act er  Set s -  
Par t  1:  Lat i n Al phabet  No.  1

I NTERNET ENGI NEERI NG TASK FORCE ( I ETF)

I ETF RFC 4361 ( 2006)  Node- speci f i c  Cl i ent  I dent i f i er s 
f or  Dynami c Host  Conf i gur at i on Pr ot ocol  
Ver si on Four  ( DHCPv4)

I ETF RFC 7465 ( 2015)  Pr ohi bi t i ng RC4 Ci pher  Sui t es

RFC 821 ( 2001)  Si mpl e Mai l  Tr ansf er  Pr ot ocol  ( SMTP)

LONMARK I NTERNATI ONAL ( LonMar k)

LonMar k I nt er oper abi l i t y  Gui de ( 2005)  LonMar k Appl i cat i on- Layer  
I nt er oper abi l i t y  Gui de and LonMar k Layer  
1- 6 I nt er oper abi l i t y  Gui de;  Ver si on 3. 4

LonMar k SNVT Li st ( 2014)  LonMar k SNVT Mast er  Li st ;  Ver si on 15

LonMar k XI F Gui de ( 2001)  LonMar k Ext er nal  I nt er f ace Fi l e 
Ref er ence Gui de;  Revi s i on 4. 402

MODBUS ORGANI ZATI ON,  I NC ( MODBUS)

MODBUS Pr ot ocol ( 2012)  Modbus Appl i cat i on Pr ot ocol  
Speci f i cat i on;  Ver si on 1. 1b3

MODBUS TCP/ I P ( 2006)  Modbus Messagi ng on TCP/ I P 
I mpl ement at i on Gui de;  Ver si on V1. 0b

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 262 ( 2023)  St andar d Met hod of  Test  f or  Fl ame 
Tr avel  and Smoke of  Wi r es and Cabl es f or  
Use i n Ai r - Handl i ng Spaces

OPC FOUNDATI ON ( OPC)

OPC DA ( Ver  3. 0;  Er r at a)  OPC Dat a Access ( DA)

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 568. 1 ( 2020e)  Commer ci al  Bui l di ng 
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A- 606 ( 2021d)  Admi ni st r at i on St andar d f or  
Tel ecommuni cat i ons I nf r ast r uct ur e
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TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses

TRI DI UM,  I NC ( TRI DI UM)

Ni agar a Fr amewor k ( 2021)  Ni agar aAX User ' s Gui de

U. S.  FEDERAL COMMUNI CATI ONS COMMI SSI ON ( FCC)

FCC EMC ( 2002)  FCC El ect r omagnet i c Compl i ance 
Requi r ement s

FCC Par t  15 Radi o Fr equency Devi ces ( 47 CFR 15)

UNDERWRI TERS LABORATORI ES ( UL)

UL 1778 ( 2014;  Repr i nt  Apr  2023)  UL St andar d f or  
Saf et y Uni nt er r upt i bl e Power  Syst ems

UL 60950 ( 2000;  Repr i nt  Oct  2007)  Saf et y of  
I nf or mat i on Technol ogy Equi pment

1. 4   DEFI NI TI ONS

The f ol l owi ng l i s t  of  def i ni t i ons may cont ai n t er ms not  f ound el sewher e i n 
t hi s Sect i on but  ar e i ncl uded her e f or  compl et eness.   Some t er ms ar e 
f ol l owed wi t h a pr ot ocol  r ef er ence i n par ent hesi s i ndi cat i ng t o whi ch 
pr ot ocol  t he t er m and def i ni t i on appl i es.   I ncl usi on of  pr ot ocol - speci f i c  
def i ni t i ons does not  cr eat e a r equi r ement  t o suppor t  t hat  pr ot ocol ,  nor  
does i t  r el ax any r equi r ement s t o suppor t  speci f i c  pr ot ocol s as i ndi cat ed 
el sewher e i n t hi s sect i on.

1. 4. 1   Al ar m Gener at i on

The pr ocess of  compar i ng a poi nt  val ue ( t he poi nt  bei ng al ar med)  wi t h a 
pr e- def i ned al ar m condi t i on ( e. g.  a Hi gh Li mi t )  and per f or mi ng some act i on 
based on t he r esul t  of  t he compar i son.

1. 4. 2   Al ar m Handl i ng

see Al ar m Rout i ng

1. 4. 3   Al ar m Rout i ng

Al ar m r out i ng i s M&C sof t war e f unct i onal i t y t hat  st ar t s wi t h a 
not i f i cat i on t hat  an al ar m exi st s ( t ypi cal l y as t he out put  of  an Al ar m 
Gener at i on pr ocess)  and sends a speci f i c  message t o a speci f i c  al ar m 
r eci pi ent  or  devi ce.

1. 4. 4   Appl i cat i on Gener i c Cont r ol l er  ( AGC) ( LonWor ks)

A devi ce t hat  i s f ur ni shed wi t h a ( l i mi t ed)  pr e- est abl i shed appl i cat i on 
t hat  al so has t he capabi l i t y  of  bei ng pr ogr ammed.   Fur t her ,  t he Pr ogr amI D 
and XI F f i l e of  t he devi ce ar e f i xed.  The pr ogr ammi ng capabi l i t y  of  an AGC 
may be l ess f l exi bl e t han t hat  of  a Gener al  Pur pose Pr ogr ammabl e 
Cont r ol l er  ( GPPC) .
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1. 4. 5   Appl i cat i on Speci f i c  Cont r ol l er  ( ASC) ( LonWor ks)

A devi ce t hat  i s f ur ni shed wi t h a pr e- est abl i shed bui l t  i n appl i cat i on 
t hat  i s conf i gur abl e but  not  r e- pr ogr ammabl e.   An ASC has a f i xed 
f act or y- i nst al l ed appl i cat i on pr ogr am ( i . e Pr ogr am I D)  wi t h conf i gur abl e 
set t i ngs.

1. 4. 6   BACnet  ( BACnet )

The t er m BACnet  i s used i n t wo ways.   Fi r st  meani ng t he BACnet  Pr ot ocol  
St andar d -  t he communi cat i on r equi r ement s as def i ned by ASHRAE 135 
i ncl udi ng al l  annexes and addenda.   The second t o r ef er  t o  t he over al l  
t echnol ogy r el at ed t o t he ASHRAE 135 pr ot ocol .

1. 4. 7   BACnet  Advanced Appl i cat i on Cont r ol l er  ( B- AAC) ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- AAC.  A cont r ol  devi ce whi ch cont ai ns 
BI BBs i n suppor t  of  schedul i ng and al ar mi ng but  ot her wi se has l i mi t ed 
r esour ces r el at i ve t o a B- BC.  I t  may be i nt ended f or  speci f i c  appl i cat i ons 
and suppor t s some degr ee of  pr ogr ammabi l i t y .

1. 4. 8   BACnet  Advanced Oper at or  Wor kst at i on ( B- AWS) ( BACnet )

Moni t or i ng and Cont r ol  ( M&C)  Sof t war e BTL Li st ed as an Advanced Oper at or  
Wor kst at i on and i ncl udes t he abi l i t y  t o manage schedul i ng,  al ar mi ng and 
t r endi ng i n an open manner .  The B- AWS i s t he advanced oper at or ' s wi ndow 
i nt o a BACnet  syst em.  I t  i s  pr i mar i l y used t o moni t or  t he per f or mance of  a 
syst em and t o modi f y par amet er s t hat  af f ect  t he oper at i on of  a syst em.

1. 4. 9   BACnet  Appl i cat i on Speci f i c  Cont r ol l er  ( B- ASC) ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- ASC.  A cont r ol l er  wi t h l i mi t ed 
r esour ces r el at i ve t o a B- AAC.  I t  i s  i nt ended f or  use i n a speci f i c  
appl i cat i on and suppor t s l i mi t ed pr ogr ammabi l i t y .

1. 4. 10   BACnet  Bui l di ng Cont r ol l er  ( B- BC) ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- BC.   A gener al - pur pose,  
f i el d- pr ogr ammabl e devi ce capabl e of  car r y i ng out  a var i et y of  bui l di ng 
aut omat i on and cont r ol  t asks i ncl udi ng cont r ol  and moni t or i ng v i a di r ect  
di gi t al  cont r ol  ( DDC)  of  speci f i c  syst ems and dat a st or age f or  t r end 
i nf or mat i on,  t i me schedul es,  and al ar m dat a.   Li ke t he ot her  BTL Li st ed 
cont r ol l er  t ypes ( B- AAC,  B- ASC et c. )  a B- BC devi ce i s r equi r ed t o suppor t  
t he ser ver  ( " B" )  s i de of  t he ReadPr oper t y and Wr i t ePr oper t y ser vi ces,  but  
unl i ke t he ot her  cont r ol l er  t ypes i t  i s  al so r equi r ed t o suppor t  t he 
c l i ent  ( " A" )  s i de of  t hese ser vi ces.   Communi cat i on bet ween cont r ol l er s 
r equi r es t hat  one of  t hem suppor t  t he c l i ent  s i de and t he ot her  suppor t  
t he ser ver  s i de,  so a B- BC i s of t en used when communi cat i on bet ween 
cont r ol l er s i s needed.

1. 4. 11   BACnet  I nt er net wor k ( BACnet )

Two or  mor e BACnet  net wor ks connect ed wi t h BACnet  r out er s.   I n a BACnet  
I nt er net wor k,  t her e exi st s onl y one message pat h bet ween devi ces.

1. 4. 12   BACnet  I nt er oper abi l i t y  Bui l di ng Bl ocks ( BI BBs)  ( BACnet )

A BI BB i s a col l ect i on of  one or  mor e BACnet  ser vi ces i nt ended t o def i ne a 
hi gher  l evel  of  i nt er oper abi l i t y .   BI BBs ar e combi ned t o bui l d t he BACnet  
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f unct i onal  r equi r ement s f or  a devi ce i n a speci f i cat i on.   Some BI BBs 
def i ne addi t i onal  r equi r ement s ( beyond r equi r i ng suppor t  f or  speci f i c  
ser vi ces)  i n or der  t o achi eve a l evel  of  i nt er oper abi l i t y .   For  exampl e,  
t he BI BB DS- V- A ( Dat a Shar i ng- Vi ew- A) ,  whi ch woul d t ypi cal l y be used by an 
M&C cl i ent ,  not  onl y r equi r es t he c l i ent  t o suppor t  t he ReadPr oper t y 
Ser vi ce,  but  al so pr ovi des a l i s t  of  dat a t ypes ( Obj ect  /  Pr oper t i es)  
whi ch t he cl i ent  must  be abl e t o i nt er pr et  and di spl ay f or  t he user .

1. 4. 13   BACnet  Oper at or  Di spl ay ( B- OD) ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- OD.   A basi c oper at or  i nt er f ace wi t h 
l i mi t ed capabi l i t i es r el at i ve t o a B- OWS.   I t  i s  not  i nt ended t o per f or m 
di r ect  di gi t al  cont r ol .   The B- OD pr of i l e coul d be used f or  wal l - mount ed 
LCD devi ces,  di spl ays af f i xed t o BACnet  devi ces;  hand- hel d t er mi nal s or  
ot her  ver y s i mpl e user  i nt er f aces.

1. 4. 14   BACnet  Oper at or  Wor kst at i on ( B- OWS) ( BACnet )

Moni t or i ng and Cont r ol  ( M&C)  Sof t war e BTL Li st ed as a B- OWS.   An oper at or  
i nt er f ace wi t h l i mi t ed capabi l i t i es r el at i ve t o a B- AWS.   The B- OWS i s 
used f or  moni t or i ng and basi c cont r ol  of  a syst em,  but  di f f er s f r om a 
B- AWS i n t hat  i t  does not  suppor t  conf i gur at i on act i v i t i es,  nor  does i t  
pr ovi de advanced t r oubl eshoot i ng capabi l i t i es.

1. 4. 15   BACnet  Smar t  Act uat or  ( B- SA) ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- SA.  A si mpl e cont r ol  out put  devi ce 
wi t h l i mi t ed r esour ces;  i t  i s  i nt ended f or  speci f i c  appl i cat i ons.

1. 4. 16   BACnet  Smar t  Sensor  ( B- SS) ( BACnet )

A har dwar e devi ce BTL Li st ed as a B- SS.  A si mpl e sensi ng devi ce wi t h ver y 
l i mi t ed r esour ces.

1. 4. 17   BACnet  Test i ng Labor at or i es ( BTL) ( BACnet )

Est abl i shed by BACnet  I nt er nat i onal  t o suppor t  compl i ance t est i ng and 
i nt er oper abi l i t y  t est i ng act i v i t i es and consi st s of  BTL Manager  and t he 
BTL Wor ki ng Gr oup ( BTL- WG) .   BTL al so publ i shes I mpl ement at i on Gui del i nes.

1. 4. 18   BACnet  Test i ng Labor at or i es ( BTL)  Li st ed ( BACnet )

A devi ce t hat  has been cer t i f i ed by BACnet ® Test i ng Labor at or y.   Devi ces 
may be cer t i f i ed t o a speci f i c  devi ce pr of i l e,  i n whi ch case t he 
cer t i f i cat i on i ndi cat es t hat  t he devi ce suppor t s t he r equi r ed capabi l i t i es 
f or  t hat  pr of i l e,  or  may be cer t i f i ed as " ot her " .

1. 4. 19   Bi nar y

A t wo- st at e syst em or  s i gnal ;  f or  exampl e one wher e an " ON"  condi t i on i s 
r epr esent ed by a hi gh si gnal  l evel  and an " OFF"  condi t i on i s r epr esent ed 
by a l ow si gnal  l evel .   ' Di gi t al '  i s  somet i mes used i nt er changeabl y wi t h 
' bi nar y ' .

1. 4. 20   Bi ndi ng ( LonWor ks)

The act  of  est abl i shi ng communi cat i ons bet ween CEA- 709. 1- D devi ces by 
associ at i ng t he out put  of  a devi ce t o t he i nput  of  anot her  so t hat  
i nf or mat i on i s aut omat i cal l y ( and r egul ar l y)  sent  wi t hout  bei ng r equest ed 
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by t he r eci pi ent .

1. 4. 21   Br oadcast

Unl i ke most  messages,  whi ch ar e i nt ended f or  a speci f i c  r eci pi ent  devi ce,  
a br oadcast  message i s i nt ended f or  al l  devi ces on t he net wor k.

1. 4. 22   Bui l di ng Cont r ol  Net wor k ( BCN)

The net wor k used by t he Bui l di ng Cont r ol  Syst em.   Typi cal l y t he BCN i s a 
BACnet  ASHRAE 135 or  LonWor ks CEA- 709. 1- D net wor k i nst al l ed by t he 
bui l di ng cont r ol  syst em cont r act or .

1. 4. 23   Bui l di ng Cont r ol  Syst em ( BCS)

One t ype of  Fi el d Cont r ol  Syst em.   A cont r ol  syst em f or  bui l di ng 
el ect r i cal  and mechani cal  syst ems,  t ypi cal l y HVAC ( i ncl udi ng cent r al  
pl ant s)  and l i ght i ng.   A BCS gener al l y uses Di r ect  Di gi t al  Cont r ol  ( DDC)  
Har dwar e and gener al l y does NOT i ncl ude i t s own l ocal  f r ont  end.

1. 4. 24   Bui l di ng Poi nt  of  Connect i on ( BPOC)

A FPOC f or  a Bui l di ng Cont r ol  Syst em.   ( Thi s t er m i s bei ng phased out  of  
use i n pr ef er ence f or  FPOC but  i s st i l l  used i n some speci f i cat i ons and 
cr i t er i a.   When i t  was used,  i t  t ypi cal l y r ef er r ed t o a pi ece of  cont r ol  
har dwar e.   The cur r ent  FPOC def i ni t i on t ypi cal l y r ef er s i nst ead t o I T 
har dwar e)

1. 4. 25   Channel  ( LonWor ks)

A por t i on of  t he cont r ol  net wor k consi st i ng of  one or  mor e segment s 
connect ed by r epeat er s.   Channel s ar e separ at ed by r out er s.  The devi ce 
quant i t y l i mi t at i on i s dependent  on t he t opol ogy/ medi a and devi ce t ype.   
For  exampl e,  a TP/ FT- 10 net wor k wi t h l ocal l y power ed devi ces i s l i mi t ed t o 
128 devi ces per  channel .

1. 4. 26   Commandabl e ( BACnet )

A poi nt  ( Obj ect )  i s  commandabl e i f  i t s  Pr esent _Val ue Pr oper t y i s wr i t abl e 
and i t  suppor t s t he opt i onal  Pr i or i t y_Ar r ay Pr oper t y.   Thi s f unct i onal i t y 
i s usef ul  f or  Over r i des.

1. 4. 27   Conf i gur at i on Pr oper t y ( LonWor ks)

Cont r ol l er  par amet er  used by t he appl i cat i on whi ch i s usual l y set  dur i ng 
i nst al l at i on/ t est i ng and sel dom changed.   For  exampl e,  t he P and I  
set t i ngs of  a P- I  cont r ol  l oop.   Al so see ' St andar d Conf i gur at i on Pr oper t y 
Type ( SCPT) '

1. 4. 28   Cont r ol  Logi c Di agr am

A gr aphi cal  r epr esent at i on of  cont r ol  l ogi c f or  mul t i pl e pr ocesses t hat  
make up a syst em.

1. 4. 29   Devi ce Obj ect  ( BACnet )

Ever y BACnet  devi ce r equi r es one Devi ce Obj ect ,  whose pr oper t i es r epr esent  
t he net wor k v i s i bl e pr oper t i es of  t hat  devi ce.   Ever y Devi ce Obj ect  
r equi r es a uni que Obj ect _I dent i f i er  number  on t he BACnet  I nt er net wor k.   
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Thi s number  i s of t en r ef er r ed t o as t he devi ce i nst ance or  devi ce I D.

1. 4. 30   Expl i c i t  Messagi ng ( LonWor ks)

A non- st andar d and of t en vendor  ( appl i cat i on)  speci f i c  met hod of  
communi cat i on bet ween devi ces.

1. 4. 31   Ext er nal  I nt er f ace Fi l e ( XI F)  ( LonWor ks)

A f i l e whi ch document s a devi ce' s ext er nal  i nt er f ace,  speci f i cal l y t he 
number  and t ypes of  LonMar k obj ect s,  t he number ,  t ypes,  di r ect i ons,  and 
connect i on at t r i but es of  net wor k var i abl es,  and t he number  of  message t ags.

1. 4. 32   Fi el d Poi nt  Of  Connect i on ( FPOC)

The FPOC i s par t  of  t he UMCS I P net wor k and act s as t he poi nt  of  
connect i on bet ween t he UMCS I P Net wor k and t he f i el d cont r ol  I P net wor k.   
The FPOC i s an I T devi ce such as a swi t ch,  I P r out er ,  or  f i r ewal l ,  
t ypi cal l y managed by t he s i t e I T st af f .  ( Not e t hat  t he f i el d cont r ol  I P 
net wor k may consi st  of  a s i ngl e I P devi ce,  or  t hat  i nt egr at i on may r equi r e 
i nst al l at i on of  a f i el d cont r ol  net wor k I P devi ce. )

1. 4. 33   Fi el d Cont r ol  Net wor k

The net wor k used by a f i el d cont r ol  syst em.

1. 4. 34   Fi el d Cont r ol  Syst em ( FCS)

A bui l di ng cont r ol  syst em or  ut i l i t y  cont r ol  syst em.

1. 4. 35   Fox Pr ot ocol  ( Ni agar a Fr amewor k)

The pr ot ocol  used f or  communi cat i on bet ween component s i n t he Ni agar a 
Fr amewor k.   By def aul t ,  Fox uses TCP por t  1911

1. 4. 36   Funct i onal  Pr of i l e ( LonWor ks)

A st andar d descr i pt i on,  def i ned by LonMar k I nt er nat i onal ,  of  a LonMar k 
Obj ect  used t o c l assi f y and cer t i f y devi ces.

1. 4. 37   Gat eway

A devi ce t hat  t r ansl at es f r om one pr ot ocol  t o anot her .   Devi ces t hat  
change onl y t he t r anspor t  mechani sm of  t he pr ot ocol  -  " t r ansl at i ng"  f r om 
LonWor ks over  TP/ FT- 10 t o LonWor ks over  I P f or  exampl e -  ar e not  gat eways 
as t he under l y i ng pr ot ocol  ( dat a f or mat )  does not  change.   Gat eways ar e 
al so cal l ed Communi cat i ons Br i dges or  Pr ot ocol  Tr ansl at or s.

1. 4. 38   Gener al  Pur pose Pr ogr ammabl e Cont r ol l er  ( GPPC)  ( LonWor ks)

Unl i ke an ASC or  AGC,  a GPPC i s not  f ur ni shed wi t h a f i xed appl i cat i on 
pr ogr am and does not  have a f i xed Pr ogr amI D or  XI F f i l e.   A GPPC can be 
( r e- ) pr ogr ammed,  usual l y usi ng vendor - suppl i ed sof t war e.   When a change t o 
t he pr ogr am af f ect s t he ext er nal  i nt er f ace ( and t he XI F f i l e)  t he 
Pr ogr amI D wi l l  change.

1. 4. 39   I nt er net wor k ( BACnet )

See BACnet  I nt er net wor k.

SECTI ON 25 10 10  Page 10



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

1. 4. 40   JACE ( Ni agar a Fr amewor k)

Java Appl i cat i on Cont r ol  Engi ne.   See Ni agar a Fr amewor k Super vi sor y Gat eway

1. 4. 41   LonMar k Obj ect  ( LonWor ks)

A col l ect i on of  net wor k var i abl es,  conf i gur at i on pr oper t i es,  and 
associ at ed behavi or  def i ned by LonMar k I nt er nat i onal  and descr i bed by a 
Funct i onal  Pr of i l e.   I t  def i nes how i nf or mat i on i s exchanged bet ween 
devi ces on a net wor k ( i nput s f r om and out put s t o t he net wor k) .

1. 4. 42   LNS Pl ug- i n ( LonWor ks)

Sof t war e whi ch r uns i n an LNS compat i bl e sof t war e t ool ,  t ypi cal l y a 
net wor k conf i gur at i on t ool .   Devi ce conf i gur at i on pl ug- i ns pr ovi de a ' user  
f r i endl y '  met hod t o edi t  a devi ce' s conf i gur at i on pr oper t i es.

1. 4. 43   LonMar k ( LonWor ks)

See LonMar k I nt er nat i onal .   Al so,  a cer t i f i cat i on i ssued by LonMar k 
I nt er nat i onal  t o CEA- 709. 1- D devi ces.

1. 4. 44   LonMar k I nt er nat i onal  ( LonWor ks)

St andar ds commi t t ee consi st i ng of  i ndependent  pr oduct  devel oper s,  syst em 
i nt egr at or s and end user s dedi cat ed t o det er mi ni ng and mai nt ai ni ng t he 
i nt er oper abi l i t y  gui del i nes f or  LonWor ks.   Mai nt ai ns gui del i nes f or  t he 
i nt er oper abi l i t y  of  CEA- 709. 1- D devi ces and i ssues t he LonMar k 
Cer t i f i cat i on f or  CEA- 709. 1- D devi ces.

1. 4. 45   LonWor ks ( LonWor ks)

The t er m used t o r ef er  t o t he over al l  t echnol ogy r el at ed t o t he CEA- 709. 1- D
 pr ot ocol  ( somet i mes cal l ed " LonTal k" ) ,  i ncl udi ng t he pr ot ocol  i t sel f ,  
net wor k management ,  i nt er oper abi l i t y  gui del i nes and pr oduct s.

1. 4. 46   LonWor ks Net wor k Ser vi ces ( LNS)  ( LonWor ks)

A net wor k management  and dat abase st andar d f or  CEA- 709. 1- D devi ces.

1. 4. 47   LonWor ks Net wor k Ser vi ces ( LNS)  Dat abase ( LonWor ks)

The st andar d dat abase cr eat ed and used by LonWor ks Net wor k Ser vi ces ( LNS)  
compat i bl e t ool s,  such as LNS Net wor k Conf i gur at i on t ool s.

1. 4. 48   Modbus

A basi c pr ot ocol  f or  cont r ol  net wor k communi cat i ons gener al l y used i n 
ut i l i t y  cont r ol  syst ems.   The Modbus pr ot ocol  st andar d i s mai nt ai ned by 
The Modbus Or gani zat i on.

1. 4. 49   Mast er - Sl ave/ Token Passi ng ( MS/ TP) ( BACnet )

Dat a l i nk pr ot ocol  as def i ned by t he BACnet  st andar d.   Mul t i pl e speeds 
( dat a r at es)  ar e per mi t t ed by t he BACnet  MS/ TP st andar d.
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1. 4. 50   Moni t or i ng and Cont r ol  ( M&C)  Sof t war e

The UMCS ' f r ont  end'  sof t war e whi ch per f or ms super vi sor y f unct i ons such as 
al ar m handl i ng,  schedul i ng and dat a l oggi ng and pr ovi des a user  i nt er f ace 
f or  moni t or i ng t he syst em and conf i gur i ng t hese f unct i ons.

1. 4. 51   Net wor k ( BACnet )

I n BACnet ,  a por t i on of  t he cont r ol  i nt er net wor k consi st i ng of  one or  mor e 
segment s of  t he same medi a connect ed by r epeat er s.   Net wor ks ar e separ at ed 
by r out er s.

1. 4. 52   Net wor k Var i abl e ( LonWor ks)

See ' St andar d Net wor k Var i abl e Type ( SNVT) ' .

1. 4. 53   Net wor k Conf i gur at i on Tool  ( LonWor ks)

The sof t war e used t o conf i gur e t he cont r ol  net wor k and set  devi ce 
conf i gur at i on pr oper t i es.   Thi s sof t war e cr eat es and modi f i es t he cont r ol  
net wor k dat abase ( LNS Dat abase) .

1. 4. 54   Ni agar a Fr amewor k

A set  of  har dwar e and sof t war e speci f i cat i ons f or  bui l di ng and ut i l i t y  
cont r ol  owned by Tr i di um I nc.  and l i censed t o mul t i pl e vendor s.   The 
Fr amewor k consi st s of  f r ont  end ( M&C)  sof t war e,  web based cl i ent s,  f i el d 
l evel  cont r ol  har dwar e,  and engi neer i ng t ool s.   Whi l e t he Ni agar a 
Fr amewor k i s not  adopt ed by a r ecogni zed st andar ds body and does not  use 
an open l i censi ng model ,  i t  i s  suf f i c i ent l y wel l - suppor t ed by mul t i pl e 
HVAC vendor s t o be consi der ed a de- f act o Open St andar d.

1. 4. 55   Ni agar a Fr amewor k Super vi sor y Gat eway ( Ni agar a Fr amewor k)

DDC Har dwar e component  of  t he Ni agar a Fr amewor k.   A t ypi cal  Ni agar a 
ar chi t ect ur e has Ni agar a speci f i c  super vi sor y gat eways at  t he I P l evel  and 
ot her  ( non- Ni agar a speci f i c)  cont r ol l er s on f i el d net wor ks ( TP/ FT- 10,  
MS/ TP,  et c. )  beneat h t he Ni agar a super vi sor y gat eways.   The Ni agar a 
speci f i c  cont r ol l er s f unct i on as a gat eway bet ween t he Ni agar a f r amewor k 
pr ot ocol  ( Fox)  and t he f i el d net wor k beneat h.   These super vi sor y gat eways 
may al so be used as gener al  pur pose cont r ol l er s and al so have t he 
capabi l i t y  t o pr ovi de a web- br owser  based user  i nt er f ace.

Not e t hat  di f f er ent  vendor s r ef er  t o t hi s component  by di f f er ent  names.   
The most  common name i s " JACE" ;  ot her  names i ncl ude " EC- BOS" ,  " FX- 40" ,  and 
" UNC" .  

1. 4. 56   Node ( LonWor ks)

A devi ce t hat  communi cat es usi ng t he CEA- 709. 1- D pr ot ocol  and i s connect ed 
t o a CEA- 709. 1- D net wor k.

1. 4. 57   Node Addr ess ( LonWor ks)

The l ogi cal  addr ess of  a node on t he net wor k,  consi st i ng of  a Domai n 
number ,  Subnet  number  and Node number .   Not e t hat  t he " Node number "  
por t i on of  t he addr ess i s t he number  assi gned t o t he devi ce dur i ng 
i nst al l at i on and i s uni que wi t hi n a subnet .   Thi s i s not  t he f act or y- set  
uni que Node I D ( see Node I D) .

SECTI ON 25 10 10  Page 12



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

1. 4. 58   Node I D ( LonWor ks)

A uni que 48- bi t  i dent i f i er  assi gned ( at  t he f act or y)  t o each CEA- 709. 1- D 
devi ce.  Somet i mes cal l ed t he Neur on I D.

1. 4. 59   Obj ect  ( BACnet )

A BACnet  Obj ect .   The concept  of  or gani z i ng BACnet  i nf or mat i on i nt o 
st andar d component s wi t h var i ous associ at ed Pr oper t i es.   Exampl es i ncl ude 
Anal og I nput  obj ect s and Bi nar y Out put  obj ect s.

1. 4. 60   Over r i de

To change t he val ue of  a poi nt  out s i de of  t he nor mal  sequence of  oper at i on 
wher e t hi s change has pr i or i t y over  t he sequence.   An over r i de can be 
accompl i shed i n one of  t wo ways:  t he poi nt  i t sel f  may be Commandabl e and 
wr i t t en t o wi t h a pr i or i t y or  t her e may be a separ at e poi nt  on t he 
cont r ol l er  f or  t he expr ess pur pose of  i mpl ement i ng t he over r i de.

Typi cal l y t hi s over r i de i s f r om t he Ut i l i t y  Moni t or i ng and Cont r ol  Syst em 
( UMCS)  Moni t or i ng and Cont r ol  ( M&C)  Sof t war e.   Not e t hat  t hi s def i ni t i on 
i s not  st andar d t hr oughout  i ndust r y.

1. 4. 61   Poi nt ,  Cal cul at ed

A val ue wi t hi n t he M&C Sof t war e t hat  i s not  a net wor k poi nt  but  has been 
cal cul at ed by l ogi c wi t hi n t he sof t war e based on t he val ue of  net wor k 
poi nt s or  ot her  cal cul at ed poi nt s.   Cal cul at ed poi nt s ar e somet i mes cal l ed 
v i r t ual  poi nt s or  i nt er nal  poi nt s.

1. 4. 62   Poi nt ,  Net wor k

A val ue t hat  t he M&C Sof t war e r eads f r om or  wr i t es t o a f i el d cont r ol  
net wor k.

1. 4. 63   Pol l i ng

A r equest ed t r ansmi ssi on of  dat a bet ween devi ces,  r at her  t han an 
unr equest ed t r ansmi ssi on such as Change- Of - Val ue ( COV)  or  Bi ndi ng wher e 
dat a i s aut omat i cal l y t r ansmi t t ed under  cer t ai n condi t i ons.

1. 4. 64   Pr ogr am I D ( LonWor ks)

An i dent i f i er  ( number )  st or ed i n t he devi ce ( usual l y EEPROM)  t hat  
i dent i f i es t he node manuf act ur er ,  f unct i onal i t y of  devi ce ( appl i cat i on & 
sequence) ,  t r anscei ver  used,  and i nt ended devi ce usage.

1. 4. 65   Pr oper t y ( BACnet )

A BACnet  Pr oper t y -  a dat a el ement  associ at ed wi t h an Obj ect .   Di f f er ent  
Obj ect s have di f f er ent  Pr oper t i es,  f or  exampl e an Anal og I nput  Obj ect  has 
a Pr esent _Val ue Pr oper t y ( whi ch pr ovi des t he val ue of  t he under l y i ng 
har dwar e anal og i nput ) ,  a Hi gh_Li mi t  Pr oper t y ( whi ch cont ai ns a hi gh l i mi t  
f or  al ar mi ng) ,  as wel l  as ot her  pr oper t i es.

1. 4. 66   Pr ot ocol  I mpl ement at i on Conf or mance St at ement  ( PI CS) ( BACnet )

A document ,  cr eat ed by t he manuf act ur er  of  a devi ce,  whi ch descr i bes whi ch 
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pot i ons of  t he BACnet  st andar d ar e i mpl ement ed by a gi ven devi ce.

1. 4. 67   Repeat er

A devi ce t hat  connect s t wo cont r ol  net wor k segment s and r et r ansmi t s al l  
i nf or mat i on r ecei ved on one si de ont o t he ot her .

1. 4. 68   Rout er  ( LonWor ks)

A devi ce t hat  connect s t wo channel s and cont r ol s t r af f i c  bet ween t he 
channel s by r et r ansmi t t i ng s i gnal s r ecei ved f r om one subnet  ont o t he ot her  
based on t he si gnal  dest i nat i on.   Rout er s ar e used t o subdi v i de a cont r ol  
net wor k and t o cont r ol  bandwi dt h usage.

1. 4. 69   Rout er  ( BACnet )

A devi ce t hat  connect s t wo or  mor e BACnet  net wor ks and cont r ol s t r af f i c  
bet ween t he net wor ks by r et r ansmi t t i ng s i gnal s r ecei ved f r om one net wor k 
ont o anot her  based on t he si gnal  dest i nat i on.   Rout er s ar e used t o 
subdi v i de an i nt er net wor k and t o cont r ol  bandwi dt h usage.

1. 4. 70   Segment

A ' s i ngl e'  sect i on of  a cont r ol  net wor k t hat  cont ai ns no r epeat er s or  
r out er s.   Ther e i s gener al l y a l i mi t  on t he number  of  devi ces on a 
segment ,  and t hi s l i mi t  i s  dependent  on t he t opol ogy/ medi a and devi ce 
t ype.   For  exampl e,  a TP/ FT- 10 segment  wi t h l ocal l y power ed devi ces i s 
l i mi t ed t o 64 devi ces,  and a BACnet  MS/ TP segment  i s l i mi t ed t o 32 devi ces.

1. 4. 71   Ser vi ce ( BACnet )

A BACnet  Ser vi ce.   A def i ned met hod f or  sendi ng a speci f i c  t ype of  dat a 
bet ween devi ces.   Ser vi ces ar e al ways def i ned i n a Cl i ent - Ser ver  manner ,  
wi t h a Cl i ent  i ni t i at i ng a Ser vi ce r equest  and a Ser ver  Execut i ng t he 
Ser vi ce.   Some exampl es ar e ReadPr oper t y ( a c l i ent  r equest s a dat a val ue 
f r om a ser ver ) ,  Wr i t ePr oper t y ( a c l i ent  wr i t es a dat a val ue t o a ser ver ) ,  
and Cr eat eObj ect  ( a c l i ent  r equest s t hat  a ser ver  cr eat e a new obj ect  
wi t hi n t he ser ver  devi ce) .

1. 4. 72   Ser vi ce Pi n ( LonWor ks)

A har dwar e push- but t on on a devi ce whi ch causes t he devi ce t o br oadcast  a 
message cont ai ni ng i t s Node I D and Pr ogr am I D.   Thi s br oadcast  can al so be 
i ni t i at ed vi a sof t war e.

1. 4. 73   St andar d BACnet  Obj ect / Pr oper t y/ Ser vi ce ( BACnet )

BACnet  Obj ect s,  Pr oper t i es,  or  Ser vi ces t hat  ar e st andar d Obj ect s,  
Pr oper t i es,  or  Ser vi ces enumer at ed and def i ned i n ASHRAE 135.   Cl ause 23 
of  ASHRAE 135 def i nes met hods t o ext end ASHRAE 135 t o non- st andar d or  
pr opr i et ar y i nf or mat i on.   St andar d BACnet  Obj ect s/ Pr oper t i es/ Ser vi ces 
speci f i cal l y excl ude any vendor  speci f i c  ext ensi ons.

1. 4. 74   St andar d Conf i gur at i on Pr oper t y Type ( SCPT)  ( LonWor ks)

Pr onounced ' ski p- i t ' .   A st andar d f or mat  t ype ( mai nt ai ned by LonMar k 
I nt er nat i onal )  f or  Conf i gur at i on Pr oper t i es.

SECTI ON 25 10 10  Page 14



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

1. 4. 75   St andar d Net wor k Var i abl e Type ( SNVT)  ( LonWor ks)

Pr onounced ' sni vet ' .   A st andar d f or mat  t ype ( mai nt ai ned by LonMar k 
I nt er nat i onal )  used t o def i ne dat a i nf or mat i on t r ansmi t t ed and r ecei ved by 
t he i ndi v i dual  nodes.   The t er m SNVT i s used i n t wo ways.   Techni cal l y i t  
i s  t he acr onym f or  St andar d Net wor k Var i abl e Type,  and i s somet i mes used 
i n t hi s manner .   However ,  i t  i s  of t en used t o i ndi cat e t he net wor k 
var i abl e i t sel f  ( i . e.  i t  can mean " a net wor k var i abl e of  a st andar d 
net wor k var i abl e t ype" ) .   I n gener al ,  t he i nt ended meani ng shoul d be cl ear  
f r om t he cont ext .

1. 4. 76   Subnet  ( LonWor ks)

Consi st s of  a l ogi cal  gr oupi ng of  up t o 127 nodes,  wher e t he l ogi cal  
gr oupi ng i s def i ned by node addr essi ng.   Each subnet  i s assi gned a number  
whi ch i s uni que wi t hi n t he Domai n.   See al so Node Addr ess.

1. 4. 77   Super vi sor y Cont r ol l er

A cont r ol l er  i mpl ement i ng a combi nat i on of  super vi sor y l ogi c ( gl obal  
cont r ol  st r at egi es or  opt i mi zat i on st r at egi es) ,  schedul i ng,  al ar mi ng,  
event  management ,  t r endi ng,  web ser vi ces or  net wor k management .   Not e t hi s 
i s def i ned by use;  many super vi sor y cont r ol l er s have t he capabi l i t y  t o 
al so di r ect l y cont r ol  equi pment .

1. 4. 78   Super vi sor y Gat eway

A devi ce t hat  i s bot h a super vi sor y cont r ol l er  and a gat eway.

1. 4. 79   TP/ FT- 10 ( LonWor ks)

A Fr ee Topol ogy Twi st ed Pai r  net wor k ( at  78 kbps)  def i ned by CEA- 709. 3.   
Thi s i s t he most  common medi a t ype f or  a CEA- 709. 1- D cont r ol  net wor k.

1. 4. 80   TP/ XF- 1250 ( LonWor ks)

A hi gh speed ( 1. 25 Mbps)  t wi st ed pai r ,  doubl y- t er mi nat ed bus net wor k 
def i ned by t he LonMar k I nt er oper abi l i t y  Gui del i nes.   Thi s medi a i s 
t ypi cal l y used onl y as a backbone medi a t o connect  mul t i pl e TP/ FT- 10 
net wor ks.

1. 4. 81   UMCS Net wor k

An I P net wor k connect i ng mul t i pl e f i el d cont r ol  syst ems t o t he Moni t or i ng 
and Cont r ol  Sof t war e usi ng one or  mor e of :   LonWor ks ( CEA- 709. 1- D and 
CEA- 852- C) ,  BACnet  ( ASHRAE 135 Annex J) ,  MODBUS Pr ot ocol ,  MODBUS TCP/ I P or  
OPC DA.

1. 4. 82   User - def i ned Conf i gur at i on Pr oper t y Type ( UCPT)  ( LonWor ks)

Pr onounced ' u- keep- i t ' .   A Conf i gur at i on Pr oper t y f or mat  t ype t hat  i s 
def i ned by t he devi ce manuf act ur er .

1. 4. 83   User - def i ned Net wor k Var i abl e Type ( UNVT)  ( LonWor ks)

A net wor k var i abl e f or mat  def i ned by t he devi ce manuf act ur er .   Not e t hat  
UNVTs cr eat e non- st andar d communi cat i ons ( ot her  vendor ' s devi ces may not  
cor r ect l y i nt er pr et  i t )  and may cl ose t he syst em and t her ef or e ar e not  
per mi t t ed by t hi s speci f i cat i on.
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1. 4. 84   Ut i l i t y  Cont r ol  Syst em ( UCS)

One t ype of  f i el d cont r ol  syst em.   Used f or  cont r ol  of  ut i l i t y  syst ems 
such as an el ect r i cal  subst at i on,  sani t ar y sewer  l i f t  s t at i on,  wat er  pump 
st at i on,  et c.   Bui l di ng cont r ol s ar e excl uded f r om a UCS,  however  i t  i s  
possi bl e t o have a Ut i l i t y  Cont r ol  Syst em and a Bui l di ng Cont r ol  Syst em i n 
t he same f aci l i t y ,  and f or  t hose syst ems t o shar e component s such as t he 
FPOC.   A UCS may i ncl ude i t s own l ocal  f r ont - end.

1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .  Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES and TABLE 1:  PROJECT SEQUENCI NG:

SD- 02 Shop Dr awi ngs

UMCS Cont r act or  Desi gn Dr awi ngs;  G

  UMCS Cont r act or  Desi gn Dr awi ngs as a s i ngl e compl et e package:   2 
har d copi es and 1 copi es on CDROM.   Submi t  har dcopy dr awi ngs on 
I SO A1 34 by 22 i nches sheet s,  and el ect r oni c dr awi ngs i n bot h PDF 
and Aut oCAD f or mat .

Dr af t  As- Bui l t  Dr awi ngs;  G

  Dr af t  As- Bui l t  Dr awi ngs as a s i ngl e compl et e package:   2 har d 
copi es and 1 copi es on CDROM.   Submi t  har dcopy dr awi ngs must  on 
I SO A1 34 by 22 i nches sheet s,  and el ect r oni c dr awi ngs i n bot h PDF 
and Aut oCAD f or mat .

Fi nal  As- Bui l t  Dr awi ngs;  G

  Fi nal  As- Bui l t  Dr awi ngs as a s i ngl e compl et e package:   2 har d 
copi es and 1 copi es on CDROM.   Submi t  har dcopy dr awi ngs on I SO A1 
34 by 22 i nches sheet s,  and el ect r oni c dr awi ngs i n bot h PDF and 
Aut oCAD f or mat .

SD- 03 Pr oduct  Dat a

Pr oduct  Dat a Sheet s;  G

Comput er  Sof t war e;  G

  The most  r ecent  ver si ons of  al l  comput er  sof t war e pr ovi ded under  
t hi s speci f i cat i on del i ver ed as a Techni cal  Dat a Package.   Submi t  
t he user  manual s f or  al l  sof t war e del i ver ed f or  t hi s pr oj ect  wi t h 
t he sof t war e.

Encl osur e Keys;  G

SD- 05 Desi gn Dat a

UMCS I P Net wor k Bandwi dt h Usage Est i mat e;  G

  Four   copi es of  t he UMCS I P Net wor k Bandwi dt h Usage Est i mat e.

SECTI ON 25 10 10  Page 16



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

SD- 06 Test  Repor t s

Pr e- Const r uct i on QC Checkl i st ;  G

  Four  copi es of  t he Pr e- Const r uct i on QC Checkl i st .

Post - Const r uct i on QC Checkl i st ;  G

  Four  copi es of  t he Post - Const r uct i on QC Checkl i st .
Exi st i ng Condi t i ons Repor t ;  G

  Four  copi es of  t he Exi st i ng Condi t i ons Repor t .

St ar t - Up and St ar t - Up Test i ng Repor t ;  G

  Four  copi es of  t he St ar t - Up and St ar t - Up Test i ng Repor t .   The 
St ar t - Up and Test i ng r epor t  may be submi t t ed as a Techni cal  Dat a 
Package.

PVT Phase I  Pr ocedur es;  G

  Four  copi es of  t he PVT Phase I  Pr ocedur es.   The PVT Pr ocedur es 
may be submi t t ed as a Techni cal  Dat a Package.

PVT Phase I  Repor t ;  G

  Four  copi es of  t he PVT Phase I  Repor t .   The PVT Phase I  Repor t  
may be submi t t ed as a Techni cal  Dat a Package.

PVT Phase I I  Repor t ;  G

  Four  copi es of  t he PVT Phase I I  Repor t .   The PVT Phase I I  Repor t  
may be submi t t ed as a Techni cal  Dat a Package.

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons;  G

  Four  bound O&M I nst r uct i ons and 2 copi es of  t he I nst r uct i ons i n 
PDF f or mat  on opt i cal  di sc.   I ndex and t ab bound i nst r uct i ons.   
Submi t  i nst r uct i ons i n PDF f or m as a s i ngl e PDF f i l e,  or  as 
mul t i pl e PDF f i l es wi t h a PDF f i l e t abl e of  cont ent s cont ai ni ng 
l i nks t o t he ot her  f i l es.   O&M I nst r uct i ons may be submi t t ed as a 
Techni cal  Dat a Package.

Pr event i ve Mai nt enance Wor k Pl an;  G

  Four  copi es of  t he Pr event i ve Mai nt enance Wor k Pl an.   The 
Pr event i ve Mai nt enance Wor k Pl an may be submi t t ed as a Techni cal  
Dat a Package.

Basi c Tr ai ni ng Document at i on;  G

  Tr ai ni ng manual s f or  Basi c Tr ai ni ng del i ver ed f or  each t r ai nee 
on t he Cour se At t endance Li st  wi t h t wo addi t i onal  copi es del i ver ed 
f or  ar chi val  at  t he pr oj ect  s i t e.   Submi t  t wo copi es of  t he Cour se 
At t endance Li st  wi t h t he ar chi val  copi es.   The Basi c Tr ai ni ng 
Document at i on may be submi t t ed as a Techni cal  Dat a Package.
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Advanced Tr ai ni ng Document at i on;  G

  One set  of  t r ai ni ng manual s del i ver ed f or  each t r ai nee on t he 
Cour se At t endance Li st  wi t h t wo addi t i onal  copi es del i ver ed f or  
ar chi val  at  t he pr oj ect  s i t e.   Submi t  t wo copi es of  t he Cour se 
At t endance Li st  wi t h t he ar chi val  copi es.   The Advanced Tr ai ni ng 
Document at i on may be submi t t ed as a Techni cal  Dat a Package.

Ref r esher  Tr ai ni ng Document at i on;  G

  One set  of  t r ai ni ng manual s del i ver ed f or  each t r ai nee on t he 
Cour se At t endance Li st  wi t h t wo addi t i onal  copi es del i ver ed f or  
ar chi val  at  t he pr oj ect  s i t e.   Submi t  t wo copi es of  t he Cour se 
At t endance Li st  wi t h t he ar chi val  copi es.   The Ref r esher  Tr ai ni ng 
Document at i on may be submi t t ed as a Techni cal  Dat a Package.

SD- 11 Cl oseout  Submi t t al s

Cl oseout  QC Checkl i st ;  G

  Four  copi es of  t he Cl oseout  QC Checkl i st .

1. 6   PROJECT SEQUENCI NG

TABLE I :  PROJECT SEQUENCI NG speci f i es t he sequenci ng of  submi t t al s as 
speci f i ed i n par agr aph SUBMI TTALS ( denot ed by an ' S'  i n t he ' TYPE'  col umn)  
and act i v i t i es as speci f i ed i n PART 3 EXECUTI ON ( denot ed by an ' E'  i n t he 
' TYPE'  col umn) .

1. 6. 1   Sequenci ng f or  Submi t t al s

The sequenci ng speci f i ed f or  submi t t al s i s t he deadl i ne by whi ch t he 
submi t t al  must  be i ni t i al l y  submi t t ed t o t he Gover nment .   Fol l owi ng 
submi ssi on t her e wi l l  be a Gover nment  r evi ew per i od as speci f i ed i n 
Sect i on 01 33 00 SUBMI TTAL PROCEDURES.   I f  t he submi t t al  i s  not  accept ed 
by t he Gover nment ,  r evi se t he submi t t al  and r esubmi t  i t  t o t he Gover nment  
wi t hi n 14 days of  not i f i cat i on t hat  t he submi t t al  has been r ej ect ed.   Upon 
r e- submi t t al  t her e wi l l  be an addi t i onal  Gover nment  r evi ew per i od.   I f  t he 
submi t t al  i s  not  accept ed t he pr ocess r epeat s unt i l  t he submi t t al  i s  
accept ed by t he Gover nment .

1. 6. 2   Sequenci ng f or  Act i v i t i es

The sequenci ng speci f i ed f or  act i v i t i es i ndi cat es t he ear l i est  t he 
act i v i t y may begi n.

1. 6. 3   Abbr evi at i ons

I n TABLE I  t he abbr evi at i on AAO i s used f or  ' af t er  appr oval  of '  and ' ACO'  
i s used f or  ' af t er  compl et i on of ' .
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TABLE I .  PROJECT SEQUENCI NG

I TEM TYPE DESCRI PTI ON SEQUENCI NG
( START OF ACTI VI TY or

DEADLI NE FOR SUBMI TTAL)

1 Not i ce t o pr oceed

2 S Exi st i ng Condi t i ons Repor t 14 days af t er   #1

3 S Desi gn Dr awi ngs 14 days af t er  #1

4 S Pr oduct  Dat a Sheet s 14 days af t er  #1

5 S UMCS I P Net wor k Bandwi dt h Usage 
Est i mat e

14 days af t er  #1

6 S Pr e- const r uct i on QC Checkl i st 14 days af t er  #1

7 E I nst al l  UMCS AAO #2 t hr u #6

8 E St ar t - Up and St ar t - Up Test i ng ACO #7

9 S Post - Const r uct i on QC Checkl i st 14 days ACO #8

10 S Comput er  Sof t war e 14 days ACO #8

11 S St ar t - Up and St ar t - Up Test i ng 
Repor t

14 days ACO #8

12 S Dr af t  As- Bui l t  Dr awi ngs 14 days ACO #8

13 S PVT Phase I  Pr ocedur es 14 days bef or e schedul ed st ar t  of  
#14 and AAO #11

14 E PVT Phase I AAO #13 and #12

15 S PVT Phase I  Repor t 14 days ACO #14

16 S Pr event i ve Mai nt enance Wor k Pl an AAO #11

17 S O&M I nst r uct i ons AAO #11

18 S Basi c Tr ai ni ng Document at i on AAO #11 and 14 days bef or e 
schedul ed st ar t  of  #19
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TABLE I .  PROJECT SEQUENCI NG

I TEM TYPE DESCRI PTI ON SEQUENCI NG
( START OF ACTI VI TY or

DEADLI NE FOR SUBMI TTAL)

19 E Basi c Tr ai ni ng ( PVT Phase I I ) AAO #16,  #17 and #18

20 S PVT Phase I I  Repor t 14 days ACO #19

21 S Fi nal  As- Bui l t  Dr awi ngs 14 days AAO #20

22 S Advanced Tr ai ni ng Document at i on 14 days bef or e schedul e st ar t  of  
#23 and AAO #18

23 E Advanced Tr ai ni ng ACO #19,  14 days AAO #22,  and no 
l at er  t han 60 days ACO #19

24 S Ref r esher  Tr ai ni ng Document at i on 14 days bef or e #25 and AAO #18 and 
#22

25 E Ref r esher  Tr ai ni ng bet ween 14 and 14 days ACO #19 and 
AAO #24

26 S Cl oseout  QC Checkl i st ACO #23

1. 7   QUALI TY CONTROL ( QC)  CHECKLI STS

The Cont r act or ' s Chi ef  Qual i t y Cont r ol  ( QC)  Repr esent at i ve must  compl et e 
t he QC Checkl i st  i n APPENDI X A,  and must  submi t  t he Pr e- Const r uct i on QC 
Checkl i st ,  Post - Const r uct i on QC Checkl i st  and Cl oseout  QC Checkl i st  as 
speci f i ed.   The QC Repr esent at i ve must  ver i f y each i t em i n t he Checkl i st  
and i ni t i al  i n t he pr ovi ded ar ea t o i ndi cat e t hat  t he r equi r ement  has been 
met .   The QC Repr esent at i ve must  s i gn and dat e t he Checkl i st  pr i or  t o 
submi ssi on t o t he Gover nment .

1. 8   OPERATI ON AND MAI NTENANCE ( O&M)  I NSTRUCTI ONS

Pr ovi de UMCS Oper at i on and Mai nt enance I nst r uct i ons whi ch i ncl ude:

a.   Pr ocedur es f or  t he UMCS syst em st ar t - up,  oper at i on and shut - down.

b.   Fi nal  As- Bui l t  dr awi ngs.  

c.   Rout i ne mai nt enance checkl i st ,  ar r anged i n a col umnar  f or mat :   The 
f i r st  col umn l i s t i ng al l  i nst al l ed devi ces,  t he second col umn st at i ng 
t he mai nt enance act i v i t y or  st at i ng t hat  no mai nt enance r equi r ed,  t he 
t hi r d col umn st at i ng t he f r equency of  t he mai nt enance act i v i t y,  and 
t he f our t h col umn pr ovi di ng any addi t i onal  comment s or  r ef er ence.

d.   Qual i f i ed ser vi ce or gani zat i on l i s t  i ncl udi ng poi nt s of  cont act  wi t h 
phone number s.
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e.   St ar t - Up and St ar t - Up Test i ng Repor t .

f .   Per f or mance Ver i f i cat i on Test  ( PVT)  Pr ocedur es and Repor t s.

PART 2   PRODUCTS

2. 1   EQUI PMENT REQUI REMENTS

2. 1. 1   Pr oduct  Cer t i f i cat i ons

For  comput i ng devi ces,  as def i ned i n FCC Par t  15,  suppl i ed as par t  of  t he 
UMCS pr ovi de devi ces whi ch ar e cer t i f i ed t o compl y wi t h t he r equi r ement s 
of  Cl ass B comput i ng devi ces.

2. 1. 2   Pr oduct  Sour ci ng

For  uni t s of  t he same t ype of  equi pment ,  pr ovi de pr oduct s of  a s i ngl e 
manuf act ur er .   For  each maj or  component  of  equi pment  pr ovi de equi pment  
wi t h t he manuf act ur er ' s name and t he model  and ser i al  number  i n a 
conspi cuous pl ace.   For  mat er i al s and equi pment ,  pr ovi de new st andar d 
unmodi f i ed pr oduct s of  a manuf act ur er  r egul ar l y engaged i n t he 
manuf act ur i ng of  such pr oduct s.

2. 1. 3   Gener al  Requi r ement s

Pr ovi de component s t hat  meet  t he f ol l owi ng r equi r ement s:

a.   Por t i ons of  t he dat a communi cat i ons equi pment  syst em i nst al l ed i n 
uncondi t i oned spaces must  oper at e pr oper l y i n an envi r onment  wi t h 
ambi ent  t emper at ur es bet ween 32 and 120 degr ees F and ambi ent  r el at i ve 
humi di t y bet ween 10 per cent  and 90 per cent  noncondensi ng.

b.   Component s must  accept  100 t o 125 vol t s AC ( Vac) ,  60 Hz,  s i ngl e phase,  
t hr ee wi r e wi t h a t hr ee- pr onged,  dedi cat ed ci r cui t  out l et  or  be 
pr ovi ded wi t h a t r ansf or mer  t o meet  t he component ' s power  r equi r ement s.

c.   The equi pment  must  meet  t he r equi r ement s of  NFPA 70,  UL 60950,  NFPA 262,  
FCC EMC,  and FCC Par t  15.

2. 1. 4   Namepl at es

Pr ovi de namepl at es of  l ami nat ed pl ast i c i dent i f y i ng t he f unct i on,  net wor k 
addr ess,  i f  appl i cabl e,  and i dent i f i er  of  t he devi ce.   Lami nat ed pl ast i c 
must  be at  l east  0. 125 i nch t hi ck,  whi t e wi t h bl ack cent er  cor e.   
Namepl at es must  be a mi ni mum of  1 by 3 i nch wi t h mi ni mum 0. 25 i nch hi gh 
engr aved bl ock l et t er i ng.

2. 1. 5   Pr oduct  Dat a Sheet s

For  al l  pr oduct s ( equi pment )  speci f i ed i n PART 2 and suppl i ed under  t hi s 
cont r act ,  submi t  copi es of  al l  manuf act ur er  cat al og cut s and speci f i cat i on 
sheet s t o i ndi cat e conf or mance t o pr oduct  r equi r ement s.   For  Moni t or i ng 
and Cont r ol  ( M&C)  Sof t war e al so i ncl ude t he PI CS ver i f y i ng BTL Li st i ng as 
a B- AWS.
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2. 2   CONTROL HARDWARE

2. 2. 1   Cont r ol  Pr ot ocol  Rout er s

2. 2. 1. 1   LonWor ks/ I P Rout er

Pr ovi de LonWor ks/ I P Rout er s whi ch per f or m l ayer  3 r out i ng of  CEA- 709. 1- D 
packet s over  an I P net wor k i n accor dance wi t h CEA- 852- C.   The r out er  must  
pr ovi de t he appr opr i at e connect i on t o t he I P net wor k and connect i ons t o 
t he CEA- 709. 3 TP/ FT- 10 or  TP/ XF- 1250 net wor k.   LonWor ks/ I P Rout er s must  
suppor t  t he Dynami c Host  Conf i gur at i on Pr ot ocol  ( DHCP;  I ETF RFC 4361)  f or  
I P conf i gur at i on and t he use of  an CEA- 852- C Conf i gur at i on Ser ver  ( f or  
CEA- 852- C conf i gur at i on) ,  but  must  not  r el y on t hese ser vi ces f or  
conf i gur at i on.   LonWor ks/ I P Rout er s must  be capabl e of  manual  
conf i gur at i on v i a a consol e RS- 232 por t .

2. 2. 1. 2   BACnet / I P Rout er

Pr ovi de BACnet / I P Rout er s whi ch per f or m l ayer  3 r out i ng of  ASHRAE 135 
packet s over  an I P net wor k i n accor dance wi t h ASHRAE 135 Annex J and 
Cl ause 6.   The r out er  must  pr ovi de t he appr opr i at e connect i on t o t he I P 
net wor k and connect i ons t o a ASHRAE 135 MS/ TP net wor k.     Devi ces used as 
BACnet / I P Rout er s must  be BTL Li st ed and must  suppor t  t he Net wor k 
Management - Rout er  Conf i gur at i on- B ( NM- RC- B)  BI BB.  

2. 2. 1. 3   Modbus/ I P Rout er

Pr ovi de Modbus/ I P Rout er s whi ch per f or m l ayer  3 r out i ng of  MODBUS Pr ot ocol /
MODBUS TCP/ I P packet s over  an I P net wor k i n accor dance wi t h MODBUS Pr ot ocol
/ MODBUS TCP/ I P.   The r out er  must  pr ovi de t he appr opr i at e connect i on t o t he 
I P net wor k and connect i ons t o a non- I P MODBUS Pr ot ocol / MODBUS TCP/ I P 
net wor k.   Modbus/ I P Rout er s must  suppor t  t he Dynami c Host  Conf i gur at i on 
Pr ot ocol  ( DHCP;  I ETF RFC 4361)  f or  I P conf i gur at i on but  must  not  r el y on 
t hi s ser vi ce f or  conf i gur at i on.   Modbus/ I P Rout er s must  be capabl e of  
di sabl i ng t he capabi l i t y  f or  r emot e conf i gur at i on of  Modbus r out i ng 
i nf or mat i on f r om t he I P net wor k.

2. 2. 2   Moni t or i ng and Cont r ol  ( M&C)  Cont r ol l er  Har dwar e

Pr ovi de Moni t or i ng and Cont r ol  ( M&C)  Cont r ol l er  Har dwar e whi ch i s  a 
mi cr opr ocessor - based di r ect  di gi t al  cont r ol  har dwar e and whi ch 
communi cat es over  t he UMCS I P net wor k usi ng one of :

a.  CEA- 709. 1- D i n accor dance wi t h CEA- 852- C and usi ng onl y St andar d 
Net wor k Var i abl e Types ( SNVTs)  as def i ned by t he LonMar k SNVT Li st .

b.  ASHRAE 135 i n accor dance wi t h ASHRAE 135 Annex J and usi ng onl y 
St andar d ASHRAE 135 ser vi ces.

Moni t or i ng and Cont r ol  ( M&C)  Cont r ol l er  Har dwar e must  ei t her  meet  t he 
r equi r ement s of  t he LonMar k I nt er oper abi l i t y  Gui de or  be BTL Li st ed.

2. 2. 3   BACnet  Super vi sor y Cont r ol l er  Har dwar e

Pr ovi de BACnet  Super vi sor y Cont r ol l er  Har dwar e whi ch i s di r ect  di gi t al  
cont r ol  har dwar e and whi ch:

a.   i s  BTL Li st ed
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b.   communi cat es usi ng ASHRAE 135 over  an I P net wor k i n accor dance wi t h 
ASHRAE 135 Annex J

c.   has a conf i gur abl e Obj ect _Name Pr oper t y

d.   suppor t s t he f ol l owi ng BI BBS

( 1)  DS- RP- B ( Dat a Shar i ng–Read Pr oper t y–B)  BI BB f or  Obj ect s r equi r i ng 
r ead access f r om t he M&C Sof t war e

( 2)  DS- WP- B ( Dat a Shar i ng–Wr i t e Pr oper t y–B)  BI BB f or  Obj ect s r equi r i ng 
wr i t e access f r om t he M&C Sof t war e.

( 3)  SCHED- E- B ( Schedul i ng- Ext er nal - B)

( 4)  AE- N- I - B ( Al ar m and Event - Not i f i cat i on I nt er nal - B)

( 5)  AE- ACK- B ( Al ar m and Event - ACK- B)

( 6)  T- VMT- I - B ( Tr endi ng- Vi ewi ng and Modi f y i ng Tr ends- I nt er nal - B)

( 7)  T- ATR- B ( Tr endi ng- Aut omat ed Tr end Ret r i eval - B)

e.   has a Wr i t abl e Reci pi ent _Li st  Pr oper t y of  t he Not i f i cat i on Cl ass Obj ect

2. 2. 4   Cont r ol  Pr ot ocol  Gat eways

Pr ovi de Cont r ol  Pr ot ocol  Gat eways whi ch per f or m bi - di r ect i onal  pr ot ocol  
t r ansl at i on bet ween t wo of  t he f ol l owi ng pr ot ocol s,  or  bet ween one of  t he 
f ol l owi ng pr ot ocol s and anot her  pr ot ocol :  CEA- 709. 1- D,  ASHRAE 135,  
MODBUS Pr ot ocol ,  MODBUS TCP/ I P,  and OPC DA.  Pr ovi de Cont r ol  Pr ot ocol  
Gat eways whi ch al so meet  t he f ol l owi ng r equi r ement s.

a.   Gat eways must  have t wo or  mor e separ at e net wor k connect i ons,  each 
appr opr i at e f or  t he pr ot ocol  and medi a used.   A s i ngl e net wor k 
connect i on must  not  be used f or  bot h pr ot ocol s.  

b.   Gat eways must  be capabl e of  bei ng i nst al l ed,  conf i gur ed and pr ogr ammed 
t hr ough t he use of  i nst r uct i ons i n t he manual  suppl i ed by t he 
Cont r act or .  

c.   Pr ovi de and l i cense t o t he Gover nment  al l  sof t war e r equi r ed f or  
gat eway conf i gur at i on.  

d.   Gat eways must  r et ai n t hei r  conf i gur at i on af t er  a power  l oss of  an 
i ndef i ni t e t i me,  and must  aut omat i cal l y r et ur n t o t hei r  pr e- power  l oss 
st at e once power  i s r est or ed.  

e.   Gat eways must  pr ovi de capaci t y f or  mappi ng al l  r equi r ed poi nt s as 
i ndi cat ed pl us an addi t i onal  10 per cent  bet ween t he t wo pr ot ocol s i t  
uses.  

f .   Gat eways must ,  i n addi t i on,  meet  al l  r equi r ement s speci f i ed ( i n t he 
f ol l owi ng subpar agr aphs)  f or  each of  t he t wo pr ot ocol s i t  t r ansl at es.

2. 2. 4. 1   Gat eway f or  CEA- 709. 1

For  a gat eways usi ng CEA- 709. 1- D pr ovi de gat eways whi ch meet  t he f ol l owi ng 
r equi r ement s i n addi t i on t o t he r equi r ement s f or  al l  gat eways:
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a.   I t  must  al l ow bi - di r ect i onal  mappi ng of  dat a i n t he Gat eway t o 
St andar d Net wor k Var i abl e Types ( SNVTs)  accor di ng t o t he 
LonMar k SNVT Li st .

b.   Gat eways communi cat i ng CEA- 709. 1- D over  an I P net wor k must  communi cat e 
i n accor dance wi t h CEA- 852- C.

c.   I t  must  al l ow of  i t s  st andar d net wor k var i abl es ( SNVTs)  and suppor t  
t r ansmi t t i ng dat a usi ng t he " mi n,  max,  and del t a"  ( t hr ot t l i ng and 
hear t beat )  met hodol ogy.

d.   I t  must  pr ovi de t he abi l i t y  t o l abel  SNVTs.

e.   I t  must  suppl y a LonMar k ext er nal  i nt er f ace f i l e ( XI F)  as def i ned i n 
t he LonMar k XI F Gui de f or  use wi t h LNS t ool s and ut i l i t i es.

f .   I t  must  have a  " ser vi ce pi n"  whi ch,  when pr essed,  wi l l  cause t he 
Gat eway t o br oadcast  i t s 48- bi t  NodeI D and Pr ogr amI D over  t he net wor k.

g.   I t  must  pr ovi de a conf i gur abl e sel f - document i ng st r i ng.

2. 2. 4. 2   Gat eway f or  ASHRAE 135

For  gat eways usi ng ASHRAE 135 pr ovi de gat eways whi ch meet s t he f ol l owi ng 
r equi r ement s i n addi t i on t o t he r equi r ement s f or  al l  gat eways:

a.   I t  must  al l ow bi - di r ect i onal  mappi ng of  dat a i n t he Gat eway t o 
St andar d Obj ect s as def i ned i n ASHRAE 135.

b.   Al l  ASHRAE 135 Obj ect s must  have a conf i gur abl e Obj ect _Name Pr oper t y.

c.   I t  must  be BTL Li st ed.

d.   Gat eways communi cat i ng ASHRAE 135 over  an I P net wor k must  communi cat e 
i n accor dance wi t h ASHRAE 135 Annex J.

e.   Gat eways communi cat i ng ASHRAE 135 t o a f i el d cont r ol  syst ems must  
suppor t  t he DS- RP- A ( Dat a Shar i ng–Read Pr oper t y–A)  BI BB and t he 
DS- WP- A ( Dat a Shar i ng–Wr i t e Pr oper t y–A)  BI BB.

f .   Gat eways communi cat i ng ASHRAE 135 t o t he M&C Sof t war e or  t o a BACnet  
Super vi sor y Cont r ol l er  must  suppor t  t he DS- RP- B ( Dat a Shar i ng–Read 
Pr oper t y–B)  BI BB f or  Obj ect s r equi r i ng r ead access f r om t he M&C 
Sof t war e and t he DS- WP- B ( Dat a Shar i ng–Wr i t e Pr oper t y–B)  BI BB f or  
Obj ect s r equi r i ng wr i t e access f r om t he M&C Sof t war e

2. 2. 4. 3   Gat eway f or  Modbus

For  gat eways t hat  use MODBUS Pr ot ocol / MODBUS TCP/ I P pr ovi de gat eways t hat  
meet  t he r equi r ement s speci f i ed f or  al l  gat eways and whi ch al l ow 
bi - di r ect i onal  mappi ng of  dat a i n t he Gat eway t o MODBUS Pr ot ocol /
MODBUS TCP/ I P r egi st er s usi ng t he f our  st andar d Modbus r egi st er  t ypes 
( Di scr et e I nput ,  Coi l ,  I nput  Regi st er , and Hol di ng Regi st er ) .   Gat eways 
communi cat i ng MODBUS Pr ot ocol / MODBUS TCP/ I P t o t he M&C Sof t war e must  
communi cat e v i a MODBUS Pr ot ocol / MODBUS TCP/ I P over  TCP/ I P and must  pr esent  
f l oat i ng poi nt  val ues,  char act er  val ues,  and dat e val ues usi ng t he 
appr opr i at e dat a t ype as speci f i ed i n par agr aph MODBUS REQUI REMENTS.   
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2. 2. 4. 4   Gat eway f or  OPC

For  gat eways t hat  use OPC DA,  pr ovi de gat eways t hat  meet  t he r equi r ement s 
speci f i ed f or  al l  gat eways and whi ch al l ow bi - di r ect i onal  mappi ng of  dat a 
i n t he Gat eway usi ng OPC DA t ags and whi ch communi cat e over  an I P net wor k 
i n accor dance wi t h OPC DA.

2. 2. 4. 5   Gat eway f or  DNP3

For  gat eways t hat  use DNP3,  pr ovi de gat eways t hat  meet  t he r equi r ement s 
speci f i ed f or  al l  gat eways and whi ch al l ow bi - di r ect i onal  mappi ng of  dat a 
i n t he Gat eway t o DNP3 obj ect  gr oups and var i at i ons as def i ned by I EEE 1815.   
Gat eways communi cat i ng DNP3 over  an I P net wor k must  communi cat e i n 
accor dance wi t h t he LAN/ WAN Net wor ki ng vol ume of  I EEE 1815.  

2. 3   COMPUTER HARDWARE
For  comput er  har dwar e f ur ni shed under  t hi s speci f i cat i on pr ovi de st andar d 
pr oduct s of  a s i ngl e manuf act ur er  whi ch adver t i ses ser vi ce i n al l  48 
cont i guous st at es,  and pr ovi de onl y model  cur r ent l y i n pr oduct i on.  Except  
f or  PCI - E car ds i nst al l ed i nt o expansi on sl ot s pr ovi ded i n a deskt op or  
ser ver  comput er  i n or der  t o meet  t he r equi r ement s of  t hi s speci f i cat i on,  
do not  modi f y comput er  har dwar e f r om t he manuf act ur er  conf i gur at i on.

2. 3. 1   Ser ver  Har dwar e

Comput er  Ser ver  Har dwar e ( ser ver )  wi l l  be f ur ni shed by t he Gover nment  

2. 3. 2   Wor kst at i on Har dwar e ( Deskt op and Lapt op)

The Gover nment  wi l l  pr ovi de t he Comput er  Wor kst at i on Har dwar e 
( wor kst at i on)  .

2. 3. 2. 1   Pr ocessor

2. 3. 2. 1. 1   Deskt op

Quad- cor e pr ocessor  desi gned f or  deskt op appl i cat i ons.   Pr ocessor  speed 
must  be at  l east  75 per cent  of  t he speed of  t he f ast est  I nt el  deskt op 
pr ocessor  commer ci al l y avai l abl e.

2. 3. 2. 1. 2   Lapt op

Quad- cor e pr ocessor  desi gned f or  l apt op appl i cat i ons.   Pr ocessor  speed 
must  be at  l east  50 per cent  of  t he speed of  t he f ast est  I nt el  l apt op 
pr ocessor  commer ci al l y avai l abl e.

2. 3. 2. 2   Random Access Memor y ( RAM)

300 per cent  of  t he r ecommended r equi r ement s of  t he sof t war e t o be 
i nst al l ed on t he ser ver  and no l ess t han 8GB.

2. 3. 2. 3   Communi cat i ons Por t s

2. 3. 2. 3. 1   Deskt op

Si x USB por t s.
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2. 3. 2. 3. 2   Lapt op

Two USB por t s,  pl us a PCMCI A car d s l ot  or  an addi t i onal  USB por t ,  pl us an 
i nt egr al  RS- 232 ser i al  por t  or  an addi t i onal  USB por t  and a USB t o RS- 232 
ser i al  adapt er .

2. 3. 2. 4   Har d Dr i ve and Cont r ol l er

2. 3. 2. 4. 1   Deskt op

1. 5TB or  l ar ger  wi t h a SATA- 3 cont r ol l er .

2. 3. 2. 4. 2   Lapt op

250GB or  l ar ger  sol i d st at e dr i ve.

2. 3. 2. 5   Opt i cal  Dr i ve

DVD- RW dr i ve

2. 3. 2. 6   Vi deo Out put   

2. 3. 2. 6. 1   Deskt op

32- bi t  col or  wi t h dual  moni t or  suppor t  mi ni mum r esol ut i ons of  1920 by 1080 
at  mi ni mum r ef r esh r at es of  70 Hz and dual  DVI  or  di spl ay por t  out put s.

2. 3. 2. 6. 2   Lapt op

32- bi t  col or  wi t h a mi ni mum r esol ut i on of  1920 by 1080 at  mi ni mum r ef r esh 
r at es of  70 Hz and VGA or  HDMI  out put .

2. 3. 2. 7   Net wor k I nt er f ace

2. 3. 2. 7. 1   Deskt op

I nt egr at ed 1000Base- T Et her net  wi t h RJ45 connect or .

2. 3. 2. 7. 2   Lapt op

I nt egr at ed 1000Base- T Et her net  wi t h RJ45 connect or  and an i nt egr at ed 
I EEE 802. 11b/ g/ n wi r el ess i nt er f ace.   The Lapt op must  have a physi cal  
swi t ch f or  act i vat i on and deact i vat i on of  t he wi r el ess i nt er f ace.

2. 3. 2. 8   Moni t or

2. 3. 2. 8. 1   Deskt op

Dual  wi descr een f l at  panel  LCD moni t or s s i zed as i ndi cat ed but  no l ess t han
 24 i nch nomi nal  wi t h mi ni mum r esol ut i ons of  1920 by 1080 pi xel s and a 
mi ni mum r ef r esh r at e of  70Hz.

2. 3. 2. 8. 2   Lapt op

LCD Scr een si zed as i ndi cat ed but  no l ess t han 325 mm 13 i nch nomi nal  wi t h 
a maxi mum suppor t ed r esol ut i on of  no l ess t han 1600 by 900 pi xel s.
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2. 3. 2. 9   Keyboar d and Smar t  Car d Reader

2. 3. 2. 9. 1   Deskt op

101 key wi r ed USB keyboar d havi ng a mi ni mum 64 char act er  st andar d ASCI I  
char act er  set  based on ANSI  I NCI TS 154 and an i nt egr al  smar t  car d r eader  
compat i bl e wi t h a Depar t ment  of  Def ense Common Access Car d ( CAC) .

2. 3. 2. 9. 2   Lapt op

St andar d l apt op keyboar d.   I nt er nal  smar t  car d r eader  compat i bl e wi t h a 
Depar t ment  of  Def ense Common Access Car d ( CAC) .

2. 3. 2. 10   Mouse

2. 3. 2. 10. 1   Deskt op

2- but t on wi r ed USB opt i cal  scr ol l  mouse wi t h a mi ni mum r esol ut i on of  400 
dot s per  i nch.

2. 3. 2. 10. 2   Lapt op

I nt egr at ed t ouch- pad pl us a 2- but t on wi r ed USB opt i cal  scr ol l  mouse wi t h a 
mi ni mum r esol ut i on of  400 dot s per  i nch.

2. 3. 3   Pr i nt er s

Pr ovi de l ocal  or  net wor k pr i nt er s as i ndi cat ed.   Pr ovi de l ocal  pr i nt er s 
whi ch have a USB i nt er f ace.   Pr ovi de net wor k pr i nt er s whi ch have a 
100Base- T or  f ast er  i nt er f ace wi t h an RJ45 connect i on and a f i r mwar e pr i nt  
spool er  compat i bl e wi t h t he Oper at i ng Syst em pr i nt  spool er .

2. 3. 3. 1   Al ar m Pr i nt er

Pr ovi de al ar m pr i nt er s whi ch use spr ocket - f ed f anf ol d paper  wi t h 
adj ust abl e spr ocket s f or  paper  wi dt h up t o 11 i nches.   Al r m pr i nt er s must  
have pr ogr ammabl e cont r ol  of  t op- of - f or m.   Pr ovi de f l oor  st ands wi t h paper  
r acks f or  al ar m pr i nt er s.

2. 3. 3. 2   Laser  Pr i nt er

Pr ovi de l aser  pr i nt er s as i ndi cat ed meet i ng t he f ol l owi ng mi ni mum 
r equi r ement s:

Resol ut i on 600 by 600 dot s per  i nch

Pr i nt i ng Ti me 10 pages per  mi nut e

Dat a Buf f er  Si ze 16 Megabyt es

Medi a Type Paper  and t r anspar ency f i l m

Medi a Si ze ANSI  A(  8. 5 by 11 i nches)  and ot her  
si zes as i ndi cat ed
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Paper  Casset t e 250 sheet  capaci t y

2. 4   COMPUTER SOFTWARE

2. 4. 1   Oper at i ng Syst em ( OS)

Pr ovi de t he l at est  ver si on of  t he DI SAGol d Mast er  Wi ndows Oper at i ng 
Syst em.   The Oper at i ng Syst em medi a wi l l  be f ur ni shed by t he Gover nment .   
The Gover nment  wi l l  pr ovi de t he Oper at i ng Syst em l i cense.

2. 4. 2   Of f i ce Aut omat i on Sof t war e

 Of f i ce Aut omat i on Sof t war e wi l l  be f ur ni shed by t he Gover nment .

2. 4. 3   Vi r us Pr ot ect i on Sof t war e

 Vi r us Pr ot ect i on Sof t war e wi l l  be f ur ni shed by t he Gover nment .

2. 4. 4   Di sk I magi ng ( Backup)  Sof t war e

 Di sk i magi ng ( backup)  sof t war e wi l l  be f ur ni shed by t he Gover nment .

2. 4. 5   M&C Cont r ol l er  Har dwar e Conf i gur at i on Sof t war e

Pr ovi de M&C Cont r ol l er  Har dwar e Conf i gur at i on Sof t war e consi st i ng of  t he 
sof t war e r equi r ed t o conf i gur e,  pr ogr am,  or  conf i gur e and pr ogr am each 
Moni t or i ng and Cont r ol  ( M&C)  Cont r ol l er  Har dwar e pr ovi ded f or  t he 
f unct i ons i t  per f or ms.

2. 4. 6   BACnet  Net wor k Br owser

Pr ovi de a BACnet  Net wor k Br owser  sof t war e t hat :

a.   Can per f or m f ul l  di scover y of  a ASHRAE 135 syst em i ncl udi ng but  not  
l i mi t ed t o di scover y of  al l  ASHRAE 135 devi ces,  t he ASHRAE 135 Obj ect s 
and Pr oper t i es of  each devi ce,  and t he st andar d ASHRAE 135 ser vi ces 
suppor t ed by each devi ce.

b.   Can r ead any ASHRAE 135 Pr oper t y of  any Obj ect  i n any devi ce.  
Pr opr i et ar y Pr oper t i es may be pr esent ed as r ead wi t hout  f ur t her  
i nt er pr et at i on.

c.   Can wr i t e any St andar d ASHRAE 135 Pr oper t y of  any Obj ect  i n any devi ce.

d.   Suppor t s segment at i on.   

e.   Suppor t s al l  of  t he f ol l owi ng BI BBs:

( 1)  DM- ANM- A ( Devi ce Management - Aut omat i c Net wor k Management - A)

( 2)  DM- ADM- A ( Devi ce Management - Aut omat i c Devi ce Management - A)

( 3)  DM- DDB- A ( Devi ce Management - Dynami c Devi ce Bi ndi ng- A)

( 4)  DM- DOB- A ( Devi ce Management - Dynami c Obj ect  Bi ndi ng- A)

( 5)  DS- RP- A ( Dat a Shar i ng- Read Pr oper t y- A)
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( 6)  DS- RPM- A ( Dat a Shar i ng- Read Pr oper t y Mul t i pl e- A)

( 7)  DS- WP- A ( Dat a Shar i ng- Wr i t e Pr oper t y- A)

2. 4. 7   Moni t or i ng and Cont r ol  ( M&C)  Sof t war e

Pr ovi de moni t or i ng and cont r ol  ( M&C)  sof t war e whi ch i s a c l i ent - ser ver  
sof t war e package wi t h a gr aphi cal  user  i nt er f ace ( GUI )  usi ng web- br owser  
based cl i ent s.  Pr ovi de M&C Sof t war e whi ch communi cat es v i aASHRAE 135,  and 
MODBUS Pr ot ocol / MODBUS TCP/ I P,  and OPC DA.  The M&C Sof t war e may suppor t  
ot her  f i el d cont r ol  pr ot ocol s.   Pr ovi de M&C Sof t war e whi ch i s BACnet  
Test i ng Labor at or i es Cer t i f i ed ( " Li st ed" )  as a B- AWS.

Pr ovi de a s i ngl e sof t war e package whi ch i mpl ement s t he Schedul i ng,  
Al ar mi ng,  Tr endi ng,  Gr aphi cal  Syst em Di spl ay,  and Syst em Di spl ay Edi t or  
f unct i onal i t y.   Ot her  speci f i ed M&C f unct i onal i t y may be i mpl ement ed i n 
t he same sof t war e package or  i n addi t i onal  sof t war e packages.   As 
speci f i ed i n PART 3 EXECUTI ON,  t he M&C Sof t war e must  oper at e on Ser ver  
har dwar e,  except  t hat  sof t war e f or  Poi nt  Cal cul at i ons and Demand Li mi t i ng 
may oper at e on M&C Cont r ol l er  Har dwar e.

2. 4. 7. 1   M&C Sof t war e Li cense

Li cense t he M&C Sof t war e as speci f i ed.   Use of  mul t i pl e copi es of  M&C 
Ser ver  sof t war e wor ki ng i n coor di nat i on and shar i ng dat a bet ween t hem such 
t hat  t hey f unct i on as,  and appear  t o an oper at or  as,  a s i ngl e M&C Ser ver  
i s per mi t t ed t o meet  t hese r equi r ement s.

2. 4. 7. 1. 1   Net wor k Poi nt s

 Pr ovi de M&C Sof t war e and l i censi ng t o suppor t  no l ess t han t han  net wor k 
poi nt s,  and t o be capabl e of  expansi on t o suppor t  no l ess t han 50, 000 
net wor k poi nt s.  

2. 4. 7. 1. 2   Web Cl i ent s

Pr ovi de M&C Sof t war e and l i censi ng t o suppor t  no l ess t han 10 si mul t aneous 
web cl i ent s wi t h no l i mi t  on t he t ot al  number  of  web cl i ent s.   M&C 
Sof t war e must  be capabl e of  expansi on t o suppor t  no l ess t han 30 
si mul t aneous web cl i ent s.

2. 4. 7. 1. 3   Cal cul at i ons

Pr ovi de M&C Sof t war e and l i censi ng t o suppor t  no l ess t han one cal cul at ed 
poi nt  f or  ever y t en net wor k poi nt s ( see " Net wor k Poi nt s"  above) .

2. 4. 7. 1. 4   Ot her  Poi nt s

For  i nst al l at i ons usi ng M&C Sof t war e i nst al l ed on M&C Cont r ol l er  Har dwar e 
( as opposed t o Ser ver  har dwar e) ,  pr ovi de addi t i onal  l i censi ng t o suppor t  
addi t i onal  net wor k poi nt s f or  t he communi cat i ons bet ween por t i ons of  t he 
M&C Sof t war e i nst al l ed on di f f er ent  har dwar e.   For  exampl e,  i f  t he 
Cal cul at i ons r equi r ement  i s per f or med by M&C Sof t war e i nst al l ed on 
Cont r ol l er  har dwar e,  t he M&C Sof t war e must  be l i censed f or  addi t i onal  
net wor k poi nt s t o cover  t he net wor k poi nt s r equi r ed f or  communi cat i on 
bet ween t he Cont r ol l er  har dwar e and t he Ser ver  har dwar e.
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2. 4. 7. 1. 5   Al ar mi ng

Pr ovi de M&C Sof t war e and l i censi ng t o suppor t  al ar m gener at i on and t he 
handl i ng ( r out i ng)  of  al ar ms f or  no l ess t han 10, 000 poi nt s and ASHRAE 135 
Al ar m Event  Not i f i cat i ons.

2. 4. 7. 1. 6   Tr endi ng

Pr ovi de M&C Sof t war e and l i censi ng t o suppor t  a mi ni mum of  8, 000 
si mul t aneous t r ends.

2. 4. 7. 1. 7   Schedul i ng

Pr ovi de M&C Sof t war e and l i censi ng t o suppor t  a mi ni mum of  200 
user - def i nabl e schedul es.

2. 4. 7. 2   M&C Sof t war e Updat e Li censi ng

I n addi t i on t o al l  ot her  l i censi ng r equi r ement s,  pr ovi de M&C Sof t war e 
l i censi ng whi ch i ncl udes l i censi ng of  t he f ol l owi ng sof t war e updat es f or  a 
per i od of  no l ess t han 5 year s:

a.   Secur i t y and bug- f i x pat ches i ssued by t he M&C Sof t war e manuf act ur er .  

b.   Secur i t y pat ches t o addr ess any vul ner abi l i t y  i dent i f i ed i n t he 
Nat i onal  Vul ner abi l i t y  Dat abase at  ht t p: / / nvd. ni st . gov wi t h a Common 
Vul ner abi l i t y  Scor i ng Syst em ( CVSS)  sever i t y r at i ng of  MEDI UM or  
hi gher .

2. 4. 7. 3   Suppor t ed Fi el d Cont r ol  Pr ot ocol s

Pr ovi de M&C Sof t war e whi ch suppor t s f i el d cont r ol  pr ot ocol s as f ol l ows:

b.   The M&C Sof t war e must  i ncl ude a dr i ver  t o ASHRAE 135 over  I P i n 
accor dance wi t h ASHRAE 135 Annex J.

c.   The M&C Sof t war e must  i ncl ude a dr i ver  t o MODBUS Pr ot ocol / MODBUS TCP/ I P
 over  TCP/ I P.   The M&C Sof t war e must  be capabl e of  r eadi ng and wr i t i ng 
t he Modbus dat a t ypes as def i ned i n par agr aph MODBUS REQUI REMENTS and 
must ,  i n addi t i on,  be capabl e of  mani pul at i ng and pr esent i ng ar bi t r ar y 
dat a f or mat s der i ved f r om t he f our  st andar d Modbus dat a t ypes.

d.   The M&C Sof t war e must  be an OPC DA cl i ent .

f .   The M&C Sof t war e may,  i n addi t i on,  i ncl ude dr i ver s t o ot her  pr ot ocol s.
  

Pr ovi de M&C Sof t war e capabl e of  r eadi ng val ues f r om and wr i t i ng val ues t o 
poi nt s v i a any suppor t ed f i el d pr ot ocol ,  and capabl e of  r eadi ng val ues 
f r om one f i el d pr ot ocol  and wr i t i ng t hem t o anot her .   Al l  poi nt s obt ai ned 
f r om any f i el d pr ot ocol  must  be avai l abl e t o al l  M&C Sof t war e 
f unct i onal i t y.  

2. 4. 7. 4   Suppor t ed Ent er pr i se Pr ot ocol s

Pr ovi de M&C Sof t war e whi ch suppor t s oBI X,  BACnet  Web Ser vi ces or  OPC as an 
ent er pr i se pr ot ocol  and whi ch meet s t he f ol l owi ng r equi r ement s:  

a.   I t  i s  abl e t o r ead val ues f r om any poi nt  or  col l ect i on of  poi nt s 
( net wor k poi nt ,  i nt er nal  poi nt ,  t r end l og or  schedul e)  and t r ansmi t  
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t hese val ues vi a t he ent er pr i se pr ot ocol .  

b.   I t  i s  abl e t o r ecei ve dat a v i a t he ent er pr i se pr ot ocol  and use t hi s 
dat a t o change t he val ue of  any poi nt .

c.   Li cense t he ent er pr i se pr ot ocol  i nt er f ace t o t he pr oj ect  s i t e and 
document  he i nt er f ace such t hat  any syst em capabl e of  communi cat i ng 
wi t h t hat  pr ot ocol  can be used t o r ead and wr i t e dat a f r om t he M&C 
Sof t war e.

2. 4. 7. 5   Poi nt  I nf or mat i on

Ever y poi nt ,  bot h net wor k and i nt er nal ,  i n t he M&C Sof t war e must  cont ai n 
t he f ol l owi ng f i el ds:

2. 4. 7. 5. 1   Name

A conf i gur abl e name used f or  i dent i f i cat i on of  t he poi nt  wi t hi n t he M&C 
Sof t war e.

2. 4. 7. 5. 2   Descr i pt i on

A conf i gur abl e descr i pt i on of  no l ess t han 80 al pha- numer i c char act er s.  

2. 4. 7. 5. 3   Val ue

A f i el d cont ai ni ng t he cur r ent  poi nt  val ue.

2. 4. 7. 5. 4   Uni t s

A f i el d cont ai ni ng t he engi neer i ng uni t s.

2. 4. 7. 5. 5   Sour ce

A f i el d i dent i f y i ng t he sour ce of  t he poi nt .   For  net wor k poi nt s,  t hi s i s  
gener al l y t he addr ess or  i dent i f i cat i on of  t he f i el d devi ce ( f or  exampl e,  
t he Domai n- Subnet - Node addr ess f or  LonWor ks f i el d cont r ol  devi ces or  t he 
Devi ceI D f or  BACnet  devi ces) .  

2. 4. 7. 6   Poi nt  Cal cul at i ons

Pr ovi de M&C sof t war e capabl e of  per f or mi ng cal cul at i ons and comput i ng t he 
val ue of  a cal cul at ed poi nt  based on t he val ues of  t wo or  mor e net wor k 
poi nt s and cal cul at ed poi nt s.   Mat hemat i cal  oper at or s must  i ncl ude:  
addi t i on,  subt r act i on,  mul t i pl i cat i on,  di v i s i on,  exponent i at i on ( y^x,  
power ) ,  squar e r oot ,  r eci pr ocal ,  nat ur al  l ogar i t hm,  s i n,  cos,  t an,  ar csi n,  
ar ccos,  ar ct an,  and par ent hesi s.   Pi  and e must  be avai l abl e as const ant s 
f or  use i n cal cul at i ons.

2. 4. 7. 7   Br owser - Based Gr aphi cal  User  I nt er f ace ( GUI )

Pr ovi de M&C Sof t war e whi ch i ncl udes a web- br owser  based ( c l i ent - ser ver )  
gr aphi cal  user  i nt er f ace t hr ough whi ch al l  M&C Sof t war e f unct i onal i t y,  
except  f or  t he Gr aphi cs Edi t or ,  Syst em Di spl ay Edi t or ,  r epor t  
conf i gur at i on,  poi nt  cal cul at i on conf i gur at i on,  and ent er pr i se pr ot ocol  
conf i gur at i on,  i s  accessi bl e.

Pr ovi de gr aphi cal  user  i nt er f ace web ser ver  and web cl i ent s meet i ng t he 
f ol l owi ng r equi r ement s:
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a.   The web ser ver  must  use HTTPS based on t he Tr anspor t  Layer  Secur i t y 
( TLS)  Pr ot ocol  i n accor dance wi t h I ETF RFC 7465 usi ng a 
Gover nment - f ur ni shed cer t i f i cat e.

b.   The gr aphi cal  user  i nt er f ace must  be Common Access Car d ( CAC)  enabl ed:  
I t  must  suppor t  web cl i ent  aut hent i cat i on usi ng cer t i f i cat es obt ai ned 
f r om a Depar t ment  of  Def ense Common Access Car d ( CAC)  Smar t  Car d.

c.   The web cl i ent  must  oper at e on any ver si on of  Wi ndows cur r ent l y 
suppor t ed by Mi cr osof t .

d.   The web cl i ent  must  f unct i on i n t he most  r ecent  t hr ee ver si on of  
I nt er net  Expl or er  and  t he most  r ecent  t hr ee ver si ons of  Fi r ef ox.

e.   The web cl i ent  must  not  r equi r e a connect i on t o any ser ver  ot her  t han 
t he M&C Ser ver .

f .   The web cl i ent  must  f unct i on i n a br owser  wi t h Java,  Shockwave,  
Si l ver l i ght ,  and Fl ash i nst al l ed.   The cl i ent  may r equi r e a downl oad 
of  mobi l e code f r om t he M&C Ser ver ,  but  must  not  r equi r e t he downl oad 
of  addi t i onal  br owser  pl ug- i ns or  add- i ns and t her e must  be no l i mi t  
on t he number  of  downl oads.  The cl i ent  must  not  r equi r e Act i veX.

2. 4. 7. 8   Passwor ds

Pr ovi de M&C sof t war e wi t h user - based access cont r ol  t o M&C f unct i onal i t y.   
The M&C Sof t war e must  r ecogni ze at  l east  100 separ at e user s and have at  
l east  4 l evel s of  user  per mi ssi ons.   User  per mi ssi on l evel s ( f r om most  
r est r i ct i ve t o most  per mi ssi ve)  must  i ncl ude:

a.   Per mi ssi on Level  1:  Vi ew- onl y access t o t he gr aphi cal  user  i nt er f ace.

b.   Per mi ssi on Level  2:  Per mi ssi on Level  1 pl us acknowl edge al ar ms and set  
up ( conf i gur e)  t r ends and r epor t s.

c.   Per mi ssi on Level  3:  Per mi ssi on Level  2 pl us over r i de poi nt s and set  up 
( conf i gur e)  al ar ms,  schedul es and demand l i mi t i ng.

d.   Per mi ssi on Level  4:  Per mi ssi on Level  3 pl us cr eat e and modi f y 
Gr aphi cal  Syst em Di spl ays usi ng t he Syst em Di spl ay Edi t or .

Passwor ds must  not  be di spl ayed and must  not  be l ogged.   The syst em must  
mai nt ai n a di sk f i l e on t he ser ver  har dwar e l oggi ng al l  act i v i t y of  t he 
syst em.     Thi s f i l e must  mai nt ai n,  as a mi ni mum,  a r ecor d of  al l  
oper at or s l ogged ont o t he syst em,  al ar m acknowl edgment s,  commands i ssued 
and al l  dat abase modi f i cat i ons.  I f  t he f i l e f or mat  i s not  pl ai n ASCI I  
t ext ,  pr ovi de a means t o expor t  or  conver t  t he f i l e t o pl ai n ASCI I  t ext .   
Pr ovi de a mechani sm f or  ar chi v i ng t he l og f i l es f or  l ong t er m r ecor d 
st or age.

2. 4. 7. 9   Gr aphi cal  Syst em Di spl ays

Pr ovi de gr aphi cal  di spl ays consi st i ng of  bui l di ng syst em ( ai r  handl er  
uni t s,  VAV boxes,  chi l l er s,  cool i ng t ower s,  boi l er s,  et c. )  gr aphi c 
di spl ays.   Dat a associ at ed wi t h an act i ve di spl ay must  be updat ed at  l east  
once ever y 5 seconds.
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2. 4. 7. 9. 1   Navi gat i on Scheme

Syst em gr aphi c di spl ays of  bui l di ng syst ems and poi nt s must  be 
hi er ar chi cal  di spl ays usi ng a bui l di ng- t o- equi pment  poi nt - and- cl i ck 
navi gat i on scheme whi ch al l ows navi gat i on f r om a gar r i son- wi de di spl ay,  
t hr ough a bui l di ng- wi de di spl ay t o t he i ndi v i dual  uni t s.  Each di spl ay must  
show t he bui l di ng name and number .   Each di spl ay must  show syst em wi de 
dat a such as out si de ai r  t emper at ur e and humi di t y i n t he case of  an HVAC 
syst em appl i cat i on.

a.   For  each Bui l di ng or  Bui l di ng Sub- Ar ea di spl ay,  show t he bui l di ng f oot  
pr i nt  and basi c f l oor  pl an,  and cl ear l y show and di st i ngui sh bet ween 
t he i ndi v i dual  zones and t he equi pment  ser vi ng each zone and space.   
Show al l  space sensor  and st at us r eadi ngs,  as appl i cabl e,  f or  t he 
i ndi v i dual  zones such as space t emper at ur e,  humi di t y,  occupancy 
st at us,  et c.   Show t he l ocat i ons of  i ndi v i dual  pi eces of  moni t or ed and 
cont r ol l ed equi pment .

b.   For  each equi pment  di spl ay show a one- l i ne di agr am cont r ol  schemat i c 
r epr esent at i on of  t he i ndi v i dual  pi eces of  equi pment  usi ng t he symbol s 
and M&C poi nt  dat a t ypes as speci f i ed.   Use di f f er ent  col or s and 
t ext ur es t o i ndi cat e var i ous component s and r eal  t i me dat a.   Use 
consi st ent  col or  and t ext ur e meani ngs acr oss al l  di spl ays.

c.   Pr ovi de di spl ays whi ch cl ear l y di st i ngui sh bet ween t he f ol l owi ng poi nt  
dat a t ypes and i nf or mat i on:

( 1)  Real - t i me dat a.

( 2)  Ot her  user - ent er ed dat a.

( 3)  Devi ces i n al ar m ( unacknowl edged) .

( 4)  Out - of - r ange,  bad,  or  mi ssi ng dat a.

( 5)  Poi nt s whi ch ar e over r i dden.

2. 4. 7. 9. 2   Navi gat i on Commands

Pr ovi de syst em di spl ays whi ch suppor t  Engl i sh l anguage oper at or  commands 
vi a poi nt - and- cl i ck mouse or  keyboar d ent r y f or  def i ni ng and sel ect i ng 
poi nt s,  par amet er s,  gr aphi cs,  r epor t  gener at i on,  and al l  ot her  f unct i ons 
associ at ed wi t h oper at i on.   The oper at or  commands must  be usabl e f r om any 
oper at or  wor kst at i on wi t h i ndi v i dual  oper at or  passwor ds as speci f i ed.

2. 4. 7. 10   Gr aphi c Edi t or

Pr ovi de a f ul l y  f eat ur ed gr aphi cs edi t or  and capabl e of  cr eat i ng cust om 
gr aphi cs and gr aphi c symbol s f or  use by t he Syst em Di spl ay Edi t or .

2. 4. 7. 11   Syst em Di spl ay Edi t or

Pr ovi de a syst em di spl ay edi t or  whi ch al l ows t he user  t o cr eat e,  modi f y,  
and del et e gr aphi c di spl ays.  The di spl ay edi t or  may have a separ at e user  
i nt er f ace and i s not  r equi r ed t o be accessi bl e v i a t he web br owser  
i nt er f ace.   Pr ovi de a di spl ay edi t or  whi ch i ncl udes t he f ol l owi ng 
f unct i ons:

a.   Cr eat e and save di spl ays.   Save an exi st i ng or  modi f i ed di spl ay as a 
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new di spl ay ( i . e.  " save as" )

b.   Gr oup and ungr oup gr aphi cs,  wher e gr aphi cs i ncl ude bot h al phanumer i c 
and gr aphi c symbol s,  and wher e a gr ouped gr aphi c i s mani pul at ed as a 
s i ngl e gr aphi c.

c.   Pl ace,  l ocat e,  r esi ze,  move,  r emove,  r eposi t i on,  r ot at e and mi r r or  a 
gr aphi c on a di spl ay.

d.   Over l ay gr aphi cs over  ot her  gr aphi cs and assi gn dept hs such t hat  when 
t her e ar e coi nci dent  gr aphi cs t he one on t op i s v i s i bl e.  

e.   Modi f y gr aphi c pr oper t i es based on t he val ue of  net wor k poi nt s and 
cr eat e condi t i ons gover ni ng t he di spl ay of  a gr aphi cs such t hat  
di f f er ent  gr aphi cs ar e v i s i bl e based on t he val ue of  net wor k poi nt s or  
cal cul at ed poi nt s

f .   I nt egr at e r eal - t i me dat a wi t h t he di spl ay.

g.   Est abl i sh connect i ng l i nes.

h.   Est abl i sh sour ces of  l at est  dat a and l ocat i on of  r eadout s.

i .   Di spl ay anal og val ues as speci f i ed.

j .   Assi gn condi t i ons whi ch aut omat i cal l y i ni t i at e a syst em di spl ay.

k.   I ncl ude l i br ar y of  di spl ay symbol s whi ch i ncl ude:  Pump,  Mot or ,  Two-  
and Thr ee- way Val ves,  Fl ow Sensi ng El ement ,  Poi nt  and Aver agi ng 
Temper at ur e Sensor s,  Pr essur e Sensor ,  Humi di t y Sensor ,  Si ngl e and 
Doubl e Deck Ai r  Handl i ng Uni t ,  Fan,  Chi l l er ,  Boi l er ,  Ai r  Compr essor ,  
Chi l l ed Wat er  Pi pi ng,  St eam Pi pi ng,  Hot  Wat er  Pi pi ng,  Duct wor k,  Uni t  
Heat er ,  Pr essur e Reduci ng Val ve,  Damper ,  El ect r i c Met er ,  Li mi t  Swi t ch,  
Fl ow Swi t ch,  Hi gh-  and Low-  Poi nt  and Aver agi ng Temper at ur e Swi t ches,  
Hi gh-  and Low-  Pr essur e Swi t ches,  Coi l ,  Sol enoi d Val ve,  Fi l t er ,  
Condensi ng Uni t ,  Cool i ng Tower ,  Var i abl e Fr equency Dr i ve ( VFD) ,  Heat  
Exchanger ,  Cur r ent  Sensi ng Rel ays,  Gener at or ,  Ci r cui t  Br eaker ,  
Tr ansf or mer ,  Tank.   Symbol s must  at  a mi ni mum conf or m t o ASHRAE FUN I P 
wher e appl i cabl e.

2. 4. 7. 12   Schedul i ng

a.   Pr ovi de M&C sof t war e capabl e of  changi ng t he val ue of  any net wor k 
poi nt  accor di ng t o a schedul e.   The M&C Sof t war e must  be capabl e of  
schedul i ng poi nt s t o any val ue,  i ncl udi ng a " nul l "  or  i nval i d val ue i f  
one i s def i ned f or  t he dat a t ype of  t he poi nt .

b.   The speci f i ed schedul i ng f unct i ons must  be oper at or  accessi bl e and 
adj ust abl e v i a t he gr aphi cal  user  i nt er f ace.   Each schedul e must  be 
abl e t o change t he val ue of  mul t i pl e poi nt s.   The M&C sof t war e must  
r ei nf or ce al l  schedul es by t r ansmi t t i ng t he schedul ed val ue no l ess 
t han once ever y 30 mi nut es.

c.   The M&C sof t war e must  be capabl e of  per f or mi ng t i me synchr oni zat i on 
and conf i gur i ng Schedul e Obj ect s i n ASHRAE 135 f i el d devi ces i n 
accor dance wi t h t he DM- MTS- A ( Devi ce Management - Manual  Ti me 
Synchr oni zat i on- A) .
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e.   The M&C Sof t war e must  i ncl ude a schedul i ng gr aphi c di spl ay,  accessi bl e 
v i a t he gr aphi cal  user  i nt er f ace,  wi t h t he f ol l owi ng f i el ds and 
f unct i ons:

( 1)  Cur r ent  dat e and t i me.   

( 2)  Syst em i dent i f i er ( s)  and name( s) ,  i ncl udi ng l ocat i on i nf or mat i on 
such as Bui l di ng name( s)  and number ( s) .

( 3)  Syst em gr oup.   Syst ems gr ouped by t he user  t o per f or m accor di ng t o 
a common schedul e.

( 4)  Weekl y schedul es.   For  each syst em,  a weekl y schedul e based on a 
seven day per  week schedul e wi t h i ndependent  schedul es f or  each 
day of  t he week i ncl udi ng no l ess t han 6 val ue changes per  day.

( 5)  Hol i day and speci al  event  schedul es.   Suppor t  f or  hol i day and 
speci al  event  cal endar  schedul es i ndependent  of  t he dai l y 
schedul e.   Speci al  event  schedul es i ncl ude one- t i me event s and 
r ecur r i ng event s.   Schedul i ng of  one- t i me event s i ncl ude t he 
begi nni ng and endi ng dat es and t i mes of  t he event .   Hol i day and 
speci al  event  schedul es must  have pr ecedence over  devi ce weekl y 
schedul es.

2. 4. 7. 13   Al ar ms

Pr ovi de M&C Sof t war e meet i ng t he f ol l owi ng mi ni mum r equi r ement s f or  al ar ms:

a.   The M&C sof t war e must  be capabl e of  gener at i ng al ar ms by compar i ng t he 
val ue of  any poi nt  f r om any connect ed syst em t o user - conf i gur abl e 
l i mi t s,  and  conf i gur i ng al ar ms i n ASHRAE 135 f i el d devi ces i n 
accor dance wi t h t he B- AWS BI BBs

b.   The M&C sof t war e must  be capabl e of  handl i ng ( r out i ng)  al ar ms 
gener at ed by t he M&C Sof t war e,  and al ar ms r ecei ved as an ASHRAE 135 
Al ar m Event  Not i f i cat i ons.

d.   The M&C sof t war e must  suppor t  at  l east  t wo al ar m pr i or i t y l evel s:  
cr i t i cal  and i nf or mat i onal .   Cr i t i cal  al ar ms must  r emai n i n al ar m 
unt i l  acknowl edged by an oper at or  and t he al ar m condi t i on no l onger  
exi st s;  i nf or mat i onal  al ar ms must  r emai n i n al ar m unt i l  t he al ar m 
condi t i on no l onger  exi st s or  unt i l  t he al ar m i s acknowl edged.

e.   The cr eat i on,  modi f i cat i on,  and handl i ng ( r out i ng)  of  al ar ms must  be 
f ul l y accessi bl e and f ul l y adj ust abl e f r om t he gr aphi cal  user  
i nt er f ace.

f .   Al ar m Dat a.  Al ar m dat a t o be di spl ayed and st or ed must  i ncl ude:

( 1)  I dent i f i cat i on of  al ar m i ncl udi ng bui l di ng,  syst em ( or  
sub- syst em) ,  and devi ce name.

( 2)  Dat e and t i me t o t he near est  second of  occur r ence.

( 3)  Al ar m t ype:

( a)   Unr el i abl e:  I ndi cat es t hat  t he sour ce devi ce has f ai l ed due 
t o t he sensi ng devi ce or  al ar m par amet er  bei ng out - of - r ange or  bad 
dat a.
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( b)   Hi gh Al ar m.

( c)   Low Al ar m.

( 4)  Cur r ent  val ue or  st at us of  t he al ar m poi nt ,  i ncl udi ng engi neer i ng 
uni t s

( 5)  Al ar m l i mi t s,  i ncl udi ng engi neer i ng uni t s.

( 6)  Al ar m pr i or i t y.

( 7)  Al ar m Message:  A uni que message wi t h a f i el d of  at  l east  60 
char act er s.   Assi gnment  of  messages t o an al ar m must  be an 
oper at or  edi t abl e f unct i on.

( 8)  Acknowl edgement  st at us of  t he al ar m i ncl udi ng t he t i me,  dat e and 
user   of  acknowl edgement .

g.   Al ar m Not i f i cat i on and Rout i ng:  The M&C sof t war e must  be capabl e of  
per f or mi ng al ar m not i f i cat i on and r out i ng f unct i ons.   Upon r ecei pt  of   
ASHRAE 135 event  not i f i cat i on,   OPC al ar m,  or  upon gener at i on of  an 
al ar m  t he M&C sof t war e must  i mmedi at el y per f or m al ar m not i f i cat i on 
and r out i ng accor di ng t o an assi gned r out i ng f or  t hat  al ar m.   The M&C 
sof t war e must  suppor t  at  l east  100 al ar m r out es,  wher e an al ar m r out e 
i s a uni que combi nat i on of  any of  t he f ol l owi ng act i v i t i es:

( 1)  Gener at e a pop- up up act i ve c l i ent s.    The pop- up di spl ay must  
i ncl ude t he Al ar m Dat a.   Al ar ms must  be capabl e of  bei ng 
acknowl edged f r om t he pop- up di spl ay by oper at or s wi t h suf f i c i ent  
per mi ssi ons.   Pop- up must  be di spl ayed unt i l  acknowl edged.

( 2)  Send an e- mai l  message vi a s i mpl e mai l  t r ansf er  pr ot ocol  ( SMTP;  
RFC 821) .   The e- mai l  must  cont ai n a conf i gur abl e message and al l  
al ar m dat a.   The e- mai l  r eci pi ent  and scr i pt ed message must  be 
user  conf i gur abl e f or  each al ar m r out e.

( 3)  Pr i nt  al ar ms t o desi gnat ed al ar m pr i nt er s.   The pr i nt ed message 
must  be t he same as t he pop- up message.

h.   Al ar m Di spl ay and Acknowl edgement .   The M&C sof t war e must  i ncl ude an 
al ar m di spl ay.   Al ar ms must  be avai l abl e f or  di spl ay at  each 
wor kst at i on as shown,  al ong wi t h al l  associ at ed al ar m dat a.  Al ar ms 
must  be capabl e of  bei ng acknowl edged f r om t hi s di spl ay.   Mul t i pl e 
al ar ms must  be capabl e of  bei ng acknowl edged usi ng a s i ngl e command.   
Oper at or  acknowl edgment  of  one al ar m must  not  aut omat i cal l y be 
consi der ed as acknowl edgment  of  any ot her  al ar m nor  may i t  i nhi bi t  
r epor t i ng of  subsequent  al ar ms.

i .   Al ar m St or age and Repor t s:  The M&C sof t war e must  st or e each al ar m and 
i t s associ at ed al ar m dat a t o har d di sk and r et ai n t hi s i nf or mat i on 
af t er  t he al ar m no l onger  exi st s.   The st or ed dat a must  be sor t abl e,  
sear chabl e,  and pr i nt abl e.

2. 4. 7. 14   Tr endi ng
Pr ovi de M&C sof t war e capabl e of  cr eat i ng,  modi f y i ng,  upl oadi ng and 
ar chi v i ng ASHRAE 135 Tr end Obj ect s i n f i el d devi ces i n accor dance wi t h t he 
B- AWS BI BBs and of  per f or mi ng r eal - t i me t r endi ng wi t h a mi ni mum t r endi ng 
r at e of  100 poi nt s per  second .
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a.   The M&C Sof t war e must  i ncl ude a gr aphi cal  di spl ay f or  t r end 
conf i gur at i on,  cr eat i on and del et i on accessi bl e t hr ough t he gr aphi cal  
user  i nt er f ace.   Each t r end must  be user - conf i gur abl e f or :

( 1)  Poi nt  t o t r end.

( 2)  Sampl i ng i nt er val :   adj ust abl e bet ween 1 second and 1 hour .

( 3)  St ar t  and St op Ti me of  Tr end:  St ar t  and st op t i mes det er mi ned by 
one or  mor e of  t he f ol l owi ng met hods:  

( a)  St ar t  t i me and st op t i me

( b)  St ar t  t i me and dur at i on

( c)  St ar t  t i me and number  of  sampl es

b.   The M&C sof t war e must  be capabl e of  di spl ayi ng and pr i nt i ng a 
gr aphi cal  r epr esent at i on of  each t r end,  and of  mul t i pl e t r ended poi nt s 
on t he same gr aph.   The sof t war e must  be capabl e of  savi ng t r end l ogs 
t o a f i l e.   I f  t he f i l e f or mat  i s not  pl ai n ASCI I  t ext  i n a 
Comma- Separ at ed- Val ue ( CSV)  f or mat ,  pr ovi de a means t o expor t  or  
conver t  t he f i l e t o pl ai n ASCI I  t ext  i n a CSV f or mat .

2. 4. 7. 15   El ect r i cal  Power  Demand Li mi t i ng

Pr ovi de M&C sof t war e whi ch i ncl udes demand l i mi t i ng f unct i onal i t y capabl e 
of  per f or mi ng el ect r i cal  demand l i mi t i ng such t hat  i t  can change t he 
occupancy mode or  set poi nt  of  f i el d cont r ol  syst em har dwar e vi a a net wor k 
poi nt  based on a pr oj ect ed demand i n or der  t o mai nt ai n demand bel ow a 
conf i gur ed t ar get .   The demand t ar get  must  i ncor por at e r eal - t i me pr i c i ng 
dat a.   The demand l i mi t i ng al gor i t hm must  i ncor por at e pr i or i t y l evel s such 
t hat  l ow pr i or i t y equi pment  i s adj ust ed bef or e hi gh- pr i or i t y equi pment .   
The demand l i mi t i ng al gor i t hm must  gener at e a cr i t i cal  al ar m when i t  
begi ns t o i mpact  t he syst em and a cr i t i cal  al ar m i f  t he demand t ar get  i s 
exceeded.  

2. 4. 7. 16   Repor t  Gener at i on

Pr ovi de M&C Sof t war e capabl e of  gener at i ng,  savi ng and pr i nt i ng r epor t s.    
Dynami c oper at i on of  t he syst em must  not  be i nt er r upt ed t o gener at e a 
r epor t .    The r epor t  must  cont ai n t he t i me and dat e when t he sampl es wer e 
t aken,  and t he t i me and dat e when t he r epor t  was gener at ed.   The sof t war e 
must  be capabl e of  savi ng r epor t s t o a PDF f i l e and t o a f i l e compat i bl e 
wi t h t he pr ovi ded Of f i ce Aut omat i on Sof t war e.  

The sof t war e must  al l ow f or  aut omat i c and manual  gener at i on of  r epor t s.   
For  aut omat i c r epor t s an oper at or  must  be abl e t o speci f y t he t i me t he 
i ni t i al  r epor t  i s  t o be gener at ed,  t he t i me i nt er val  bet ween r epor t s,  end 
of  per i od,  and t he out put  f or mat  f or  t he r epor t .   Manual  r epor t  gener at i on 
must  al l ow f or  t he oper at or  t o r equest  at  any t i me t he out put  of  any 
r epor t .

2. 4. 7. 17   Cust om Repor t  Gener at i on

Pr ovi de M&C sof t war e capabl e of  gener at i ng cust om r epor t s,  i ncl udi ng but  
not  l i mi t ed t o t he f ol l owi ng st andar d r epor t s:
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2. 4. 7. 17. 1   El ect r i cal  Power  Usage Repor t

An el ect r i cal  power  Usage summar y,  oper at or  sel ect abl e f or  subst at i ons,  
met er s,  or  t r ansducer s,  i ndi v i dual  met er s and t r ansducer s,  any gr oup of  
met er s and t r ansducer s,  and al l  met er s f or  an oper at or  sel ect ed t i me 
per i od.   The r epor t  must  i ncl ude t he vol t age,  cur r ent ,  power  f act or ,  
el ect r i cal  demand,  el ect r i cal  power  consumpt i on,  r eact i ve power  ( Kvar )  f or  
each subst at i on,  f aci l i t y ,  syst em or  equi pment  as sel ect ed by t he 
oper at or .   The r epor t  must  be aut omat i cal l y pr i nt ed at  t he end of  each 
summar y per i od and i ncl ude:

a.   Tot al  per i od consumpt i on.

b.   Demand i nt er val  peak f or  t he per i od,  wi t h t i me of  occur r ence.

c.   Ener gy consumpt i on ( kWh)  over  each demand i nt er val .

d.   Ti me- of - use peak,  semi - peak,  of f - peak,  or  basel i ne t ot al  kWh 
consumpt i on.

e.   React i ve power  dur i ng each demand i nt er val .

f .   Power  f act or  dur i ng each demand i nt er val .

g.   Out si de ai r  ( OA)  t emper at ur e and r el at i ve humi di t y ( RH)  t aken at  t he 
maxi mum and mi ni mum of  OA t emper at ur e of  t he r epor t  per i od wi t h t he 
t i me and dat es of  occur r ence.   At  t he i nst al l at i on' s peak demand 
i nt er val ,  t he OA t emper at ur e and RH must  al so be r ecor ded.

h.   Cal cul at ed heat i ng and cool i ng degr ee days based on a 65 degr ees F 
bal ance poi nt .

2. 4. 7. 17. 2   El ect r i cal  Peak Demand Pr edi ct i on Repor t

 A r epor t  based on t he demand l i mi t i ng pr ogr am,  whi ch i ncl udes:

a.   El ect r i cal  Demand Tar get  ( EDT) .

b.   Act ual  peak and pr edi ct ed peak f or  each demand i nt er val  f or  t hat  day.

c.   Pr edi ct ed demand f or  t he next  demand i nt er val .

2. 4. 7. 17. 3   Ener gy usage Repor t

An ener gy usage summar y,  oper at or  sel ect abl e,  f or  a uni t ,  bui l di ng,  ar ea,  
i nst al l at i on,  and t he ent i r e UMCS.   The r epor t  must  be di v i ded by ut i l i t y ,  
and must  be capabl e of  r epor t i ng on at  l east  f our  separ at e ut i l i t i es.   The 
r epor t  must  i ncl ude t he f ol l owi ng i nf or mat i on:

a.   Begi nni ng and endi ng dat es and t i mes.

b.   Tot al  ener gy usage f or  each ut i l i t y  f or  t he cur r ent  and pr evi ous day.

c.   Tot al  ener gy usage f or  each ut i l i t y  f or  t he cur r ent  and pr evi ous mont h.

d.   Maxi mum 15- mi nut e i nt er val  aver age r at e of  consumpt i on f or  each 
ut i l i t y  f or  t he cur r ent  and pr evi ous day and cur r ent  and pr evi ous 
mont h.
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e.   Out si de ai r  ( OA)  t emper at ur e and OA humi di t y f or  cur r ent  and pr evi ous 
mont h and cur r ent  and pr evi ous day:

( 1)   Aver age t emper at ur e and humi di t y.

( 2)   Temper at ur e and humi di t y at  maxi mum and mi ni mum OA t emper at ur e 
wi t h t i me and dat e of  occur r ence.

( 3)   Temper at ur e and humi di t y at  maxi mum and mi ni mum humi di t y wi t h 
t i me and dat e of  occur r ence.

( 4)   Temper at ur e and humi di t y at  t he i nst al l at i on' s peak demand 
i nt er val  wi t h t he t i me and dat e of  occur r ence

f .   Cal cul at ed degr ee days.   Repor t s whi ch i ncl ude humi di t y must  be 
conf i gur abl e t o r epor t  ei t her  dewpoi nt  or  r el at i ve humi di t y.

2. 4. 7. 17. 4   Wat er  Usage Repor t

A wat er  usage summar y,  oper at or  sel ect abl e,  f or  a uni t ,  bui l di ng,  ar ea,  
i nst al l at i on,  and t he ent i r e UMCS.  The r epor t  must  i ncl ude t he f ol l owi ng 
i nf or mat i on:

a.   Begi nni ng and endi ng dat es and t i mes.

b.   Tot al  ener gy wat er  usage f or  t he cur r ent  and pr evi ous day.

c.   Tot al  wat er  usage f or  t he cur r ent  and pr evi ous mont h.

2. 4. 7. 17. 5   Al ar m Repor t

Out st andi ng al ar ms by bui l di ng or  uni t ,  i ncl udi ng t i me of  occur r ence.

2. 4. 7. 17. 6   M&C Sof t war e Over r i de Repor t

Poi nt s over r i dden by t he M&C Sof t war e,  i ncl udi ng t i me over r i dden,  and 
i dent i f i cat i on of  oper at or  over r i di ng t he poi nt .

2. 4. 7. 17. 7   Run Ti me Repor t s

A r epor t  t ot al i z i ng t he accumul at ed r un t i me of  i ndi v i dual  pi eces of  
equi pment .   The oper at or  must  be abl e t o def i ne equi pment  gr oupi ngs and t o 
gener at e r epor t s based on t hese gr oupi ngs.

2. 4. 7. 17. 8   Cool i ng Tower  Pr of i l es

 A cool i ng t ower  pr of i l e f or  each cool i ng t ower  as i ndi cat ed,  i ncl udi ng:

a.   Tot al  dai l y and mont hl y on- t i me ( each f an) .

b.   Number  of  on and of f  t r ansi t i ons ( each f an) .

c.   Maxi mum and mi ni mum dai l y condenser  wat er  t emper at ur e and t he t i me of  
occur r ence f or  t he cur r ent  and pr evi ous mont hs.

d.   Tot al  dai l y and mont hl y makeup wat er  consumpt i on.
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2. 4. 7. 17. 9   Chi l l er  usage Repor t

A r epor t  of  t he oper at i on of  each chi l l er  as shown on a dai l y and mont hl y 
basi s,  f or  each of  at  l east  10 di scr et e l oadi ng l evel s.   The r epor t  must  
i ncl ude:

a.   Aver age power  f or  t he mont h at  each l evel  i n kW

b.   Tot al  mont hl y ener gy use i n kWh at  each l evel

c.   Tot al  mont hl y ener gy use i n kWh f or  t he chi l l er  ( al l  l evel s)

d.   Tot al  dai l y r un hour s at  each l evel

e.   Tot al  Mont hl y r un hour s at  each l evel

2. 4. 7. 17. 10   Devi ce Of f l i ne Repor t

A r epor t  l i s t i ng al l  of f l i ne devi ces i n al l  ASHRAE 135 bui l di ng cont r ol  
syst ems i nt egr at ed t o t he M&C Sof t war e.

2. 5   UNI NTERRUPTI BLE POWER SUPPLY ( UPS)

Pr ovi de uni nt er r upt i bl e power  suppl i es ( UPS)  as sel f  cont ai ned devi ces 
sui t abl e f or  i nst al l at i on and oper at i on at  t he l ocat i on of  Ser ver  and 
Wor kst at i on har dwar e and si zed t o pr ovi de a mi ni mum of  20 mi nut es of  
oper at i on of  t he connect ed har dwar e.   Equi pment  connect ed t o t he UPS must  
not  be af f ect ed i n any manner  by a power  out age of  a dur at i on l ess t han 
t he r at ed capaci t y of  t he UPS.   Pr ovi de t he UPS compl et e wi t h al l  
necessar y power  suppl i es,  t r ansf or mer s,  bat t er i es,  and accessor i es.   
Pr ovi de UPS whi ch  i ncl ude vi sual  i ndi cat i on of  nor mal  power  oper at i on,  
UPS oper at i on,  abnor mal  oper at i on and vi sual  and audi bl e i ndi cat i on of  AC 
i nput  l oss and l ow bat t er y power .   Pr ovi de UL 1778 appr oved UPS.   UPS 
power i ng Ser ver  Har dwar e must  not i f y t he ser ver  v i a  USB i nt er f ace of  
i mpendi ng bat t er y f ai l ur e.

2. 6   RACKS AND ENCLOSURES

2. 6. 1   Encl osur es

Encl osur es suppl i ed as an i nt egr al  ( pr e- packaged)  par t  of  anot her  pr oduct  
ar e accept abl e.   Pr ovi de t wo Encl osur e Keys f or  each l ockabl e encl osur e on 
a s i ngl e r i ng per  encl osur e wi t h a t ag i dent i f y i ng t he encl osur e t he keys 
oper at e.   Pr ovi de encl osur es meet i ng t he f ol l owi ng mi ni mum r equi r ement s:

2. 6. 1. 1   Out door s

For  encl osur es l ocat ed out door s,  pr ovi de encl osur es meet i ng NEMA 250 Type 3
 r equi r ement s.

2. 6. 1. 2   Mechani cal  and El ect r i cal  Rooms

For  encl osur es l ocat ed i n mechani cal  or  el ect r i cal  r ooms,  pr ovi de 
encl osur es meet i ng NEMA 250 Type 2 r equi r ement s.

2. 6. 1. 3   Ot her  Locat i ons

For  encl osur es i n ot her  l ocat i ons i ncl udi ng but  not  l i mi t ed t o occupi ed 
spaces,  above cei l i ngs,  and i n pl enum r et ur ns,  pr ovi de encl osur es meet i ng 
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NEMA 250 Type 1 r equi r ement s.

2. 6. 2   Equi pment  Racks

Pr ovi de st andar d 19 i nch equi pment  r acks compat i bl e wi t h t he el ect r oni c 
equi pment  pr ovi ded.   Racks must  be ei t her  al umi num or  st eel  wi t h bol t ed or  
wel ded const r uct i on.   St eel  equi pment  r acks must  be pai nt ed wi t h a 
f l ame- r et ar dant  pai nt .   Guar d r ai l s must  be i ncl uded wi t h each equi pment  
r ack and have a copper  gr oundi ng bar  i nst al l ed and gr ounded t o t he ear t h.

PART 3   EXECUTI ON

3. 1   EXI STI NG CONDI TI ONS SURVEY

Per f or m a f i el d sur vey,  i ncl udi ng but  not  l i mi t ed t o t est i ng and 
i nspect i on of  equi pment  t o be par t  of  t he UMCS,  and submi t  an Exi st i ng 
Condi t i ons Repor t  document i ng t he cur r ent  st at us and i t s i mpact  on t he 
Cont r act or ' s abi l i t y  t o meet  t hi s speci f i cat i on.   For  f i el d cont r ol  
syst ems t o be i nt egr at ed t o t he UMCS whi ch ar e not  al r eady connect ed t o 
t he UMCS I P net wor k,  ver i f y t he avai l abi l i t y  of  t he bui l di ng net wor k 
backbone at  t he FPOC l ocat i on,  and ver i f y t hat  FPOCs shown as exi st i ng ar e 
i nst al l ed at  t he FPOC l ocat i on.

3. 2   DRAWI NGS AND CALCULATI ONS

3. 2. 1   UMCS I P Net wor k Bandwi dt h Usage Est i mat e

Pr ovi de a UMCS I P Net wor k Bandwi dt h Usage Est i mat e f or  a smal l ,  medi um or  
l ar ge syst ems.   I n t hi s est i mat e account  f or  f i el d cont r ol  syst ems usi ng 
al l  M&C r equi r ed pr ot ocol s and t he i nt egr at i on of  f i el d cont r ol  syst em vi a 
gat eways.   Def i ne al l  assumpt i ons used t o cr eat e t he est i mat e,  i ncl udi ng 
but  not  l i mi t ed t o:  t r endi ng,  f ast  t r ends f or  commi ssi oni ng,  schedul es,  
al ar ms,  di spl ay of  syst em gr aphi cs and l oad sheddi ng.

3. 2. 2   UMCS Cont r act or  Desi gn Dr awi ngs

Revi se and updat e t he Cont r act  Dr awi ngs t o i ncl ude det ai l s of  t he syst em 
desi gn and al l  har dwar e component s,  i ncl udi ng cont r act or  pr ovi ded and 
Gover nment  f ur ni shed component s.   Det ai l s t o be shown on t he Desi gn 
Dr awi ng i ncl ude:

a.   The l ogi cal  st r uct ur e of  t he net wor k,  i ncl udi ng but  not  l i mi t ed t o t he 
l ocat i on of  al l  Cont r ol  Har dwar e ( i ncl udi ng but  not  l i mi t ed t o each 
BACnet  Super vi sor y Cont r ol l er ,  Cont r ol  Pr ot ocol  Gat eway,  Cont r ol  
Pr ot ocol  Rout er ,  and Moni t or i ng and Cont r ol  ( M&C)  Cont r ol l er ) .

b.   Manuf act ur er  and model  number  f or  each pi ece of  Comput er  Har dwar e and 
Cont r ol  Har dwar e.

c.   Physi cal  l ocat i on f or  each pi ece of  Comput er  Har dwar e and Cont r ol  
Har dwar e.

d.   Ver si on and ser vi ce pack number  f or  al l  sof t war e and f or  al l  Cont r ol  
Har dwar e f i r mwar e.

3. 2. 3   As- Bui l t  Dr awi ngs

Pr epar e dr af t  as- bui l t  dr awi ngs consi st i ng of  Poi nt s Schedul e dr awi ngs f or  
t he ent i r e UMCS,  i ncl udi ng Poi nt s Schedul es f or  each Gat eway,  and an 
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updat ed Desi gn Dr awi ng i ncl udi ng det ai l s of  t he act ual  i nst al l ed syst em as 
i t  i s  at  t he concl usi on of  St ar t - Up and St ar t - Up Test i ng.   Pr ovi de 
As- Bui l t  Dr awi ngs whi ch i ncl ude det ai l s of  al l  har dwar e component s,  
i ncl udi ng cont r act or  pr ovi ded and Gover nment  f ur ni shed component s.   I n 
addi t i on t o t he det ai l s shown i n t he desi gn dr awi ngs,  t he as- bui l t  dr awi ng 
must  i ncl ude:

a.   I P addr ess( es)  and Et her net  MAC addr ess( es)  as appl i cabl e f or  each 
pi ece of  Cont r ol  Har dwar e ( i ncl udi ng but  not  l i mi t ed t o each BACnet  
Super vi sor y Cont r ol l er ,  Cont r ol  Pr ot ocol  Gat eway,  Cont r ol  Pr ot ocol  
Rout er ,  and Moni t or i ng and Cont r ol  ( M&C)  Cont r ol l er ) .

b.   I P addr ess and Et her net  MAC addr ess f or  each comput er  ser ver ,  
wor kst at i on,  and net wor ked pr i nt er .

c.   Net wor k i dent i f i er  ( name)  f or  each pr i nt er ,  comput er  ser ver  and 
comput er  wor kst at i on.

d.   Li st  of  por t s,  pr ot ocol s and net wor k ser vi ces f or  each devi ce 
connect ed t o an I P net wor k.

e.   Net wor k Addr esses:   ASHRAE 135 addr ess and Obj ect _I D of  t he Devi ce 
Obj ect  f or  al l  Cont r ol  Har dwar e usi ng ASHRAE 135.  MODBUS Pr ot ocol /
MODBUS TCP/ I P addr ess f or  al l  Cont r ol  Har dwar e usi ng MODBUS Pr ot ocol /
MODBUS TCP/ I P.  

Pr epar e Dr af t  As- Bui l t  Dr awi ngs upon t he compl et i on of  St ar t - Up and 
St ar t - Up Test i ng and Fi nal  As- Bui l t  Dr awi ngs upon compl et i on of  PVT Phase 
I I .

3. 3   I NSTALLATI ON REQUI REMENTS

3. 3. 1   Gener al

I nst al l  syst em component s as shown and speci f i ed and i n accor dance wi t h 
t he manuf act ur er ' s i nst r uct i ons and pr ovi de necessar y i nt er connect i ons,  
ser vi ces,  and adj ust ment s r equi r ed f or  a compl et e and oper abl e syst em.   
I nst al l  communi cat i on equi pment  and cabl e gr oundi ng as necessar y t o 
pr ecl ude gr ound l oops,  noi se,  and sur ges f r om adver sel y af f ect i ng syst em 
oper at i on.   I nst al l  Fi ber  Opt i c cabl es and wi r i ng i n exposed ar eas,  
i ncl udi ng l ow vol t age wi r i ng but  not  i ncl udi ng net wor k cabl e i n 
t el ecommuni cat i on c l oset s,  i n met al l i c  r aceways or  EMT condui t  as 
speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Do not  
i nst al l  equi pment  i n any space whi ch exper i ences t emper at ur es or  humi di t y 
out si de of  t he r at ed oper at i ng r ange of  t he equi pment .

3. 3. 2   I sol at i on,  Bui l di ng Penet r at i ons and Equi pment  Cl ear ance

Pr ovi de di el ect r i c i sol at i on wher e di ssi mi l ar  met al s ar e used f or  
connect i on and suppor t .   Make al l  penet r at i ons t hr ough and mount i ng hol es 
i n t he bui l di ng ext er i or s wat er t i ght .   Dr i l l  or  cor e dr i l l  hol es i n 
concr et e,  br i ck,  st eel  and wood wal l s wi t h pr oper  equi pment .   Seal  
condui t s i nst al l ed t hr ough openi ngs wi t h mat er i al s whi ch ar e compat i bl e 
wi t h exi st i ng mat er i al s.   Seal  openi ngs wi t h mat er i al s whi ch meet  t he 
r equi r ement s of  NFPA 70 and SECTI ON 07 84 00 FI RESTOPPI NG.

3. 3. 3   Namepl at es

Pr ovi de Namepl at es f or  al l  Cont r ol  Har dwar e and al l  Comput er  Har dwar e.  
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At t ach Namepl at es t o t he devi ce i n a conspi cuous l ocat i on.

3. 4   I NSTALLATI ON OF EQUI PMENT

3. 4. 1   Wi r e and Cabl e I nst al l at i on

I nst al l  syst em component s and appur t enances i n accor dance wi t h NFPA 70,  
manuf act ur er ' s i nst r uct i ons and as i ndi cat ed.   Pr ovi de necessar y 
i nt er connect i ons,  ser vi ces,  and adj ust ment s r equi r ed f or  a compl et e and 
oper abl e s i gnal  di st r i but i on syst em.   Label  component s i n accor dance wi t h 
TI A- 606.   Fi r est op Penet r at i ons i n f i r e- r at ed const r uct i on i n accor dance 
wi t h Sect i on 07 84 00 FI RESTOPPI NG.   I nst al l  condui t s,  out l et s and 
r aceways i n accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM.   I nst al l  wi r i ng i n accor dance wi t h TI A- 568. 1 and as speci f i ed i n 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Mar k wi r i ng t er mi nal  
bl ocks and out l et s i n accor dance wi t h TI A- 606.   Do not  i nst al l  
non- f i ber - opt i c cabl es i n t he same cabl e t r ay,  ut i l i t y  pol e compar t ment ,  
or  f l oor  t r ench compar t ment  wi t h power  cabl es.   Pr oper l y secur e and 
i nst al l  neat  i n appear ance cabl es not  i nst al l ed i n condui t  or  r aceways.

3. 4. 2   Gr oundi ng

I nst al l  s i gnal  di st r i but i on syst em gr ound i n accor dance wi t h TI A- 607 and 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Connect  equi pment  r acks t o 
t he el ect r i cal  saf et y gr ound.

3. 4. 3   Power - Li ne Sur ge Pr ot ect i on

Pr ot ect  equi pment  connect ed t o ac c i r cui t s must  be pr ot ect ed agai nst  or  
wi t hst and power - l i ne sur ges.   Pr ovi de equi pment  pr ot ect i on whi ch meet s t he 
r equi r ement s of  I EEE C62. 41.   Do not  use f uses f or  sur ge pr ot ect i on.

3. 4. 4   I P Addr esses

For  al l  Cont r ol  Har dwar e r equi r i ng an I P addr ess on t he UMCS I P Net wor k,  
coor di nat e wi t h t he base  t o obt ai n I P addr esses .

3. 4. 5   Comput er  Har dwar e and Sof t war e

3. 4. 5. 1   Har dwar e I nst al l at i on

I nst al l  Comput er  Har dwar e as speci f i ed and i ndi cat ed.   Power  Comput er  
Ser ver s t hr ough a UPS,  and i nst al l  and conf i gur e t hem such t hat  t he ser ver  
aut omat i cal l y under goes a c l ean shut down upon l ow bat t er y s i gnal  f r om t he 
UPS.

3. 4. 5. 2   Sof t war e I nst al l at i on

I nst al l  sof t war e as f ol l ows:

c.  BACnet  Net wor k Br owser :   I nst al l  t he BACnet  Net wor k Br owser  sof t war e as 
i ndi cat ed.   I nst al l  t he BACnet  Net wor k Br owser  on wor kst at i on har dwar e.

e.   Moni t or i ng and Cont r ol  Sof t war e:   I nst al l  t he moni t or i ng and cont r ol  
( M&C) sof t war e as shown.   Except  f or  M&C Sof t war e per f or mi ng Poi nt  
Cal cul at i ons or  El ect r i cal  Peak Demand Li mi t i ng,  i nst al l  M&C Sof t war e 
on ser ver  har dwar e.   I nst al l  M&C Sof t war e per f or mi ng Poi nt  
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Cal cul at i ons or  El ect r i cal  Peak Demand Li mi t i ng on ei t her  ser ver  
har dwar e or  Moni t or i ng and Cont r ol  ( M&C)  Cont r ol l er  Har dwar e.   I nst al l  
M&C Sof t war e i n a manner  consi st ent  wi t h i t s B- AWS l i st i ng such t hat  
i t   pr ovi des al l  f unct i onal i t y of  a B- AWS.

Pr ovi de suf f i c i ent  comput er  har dwar e and M&C Cont r ol l er  Har dwar e and 
i nst al l  M&C Sof t war e t o suppor t  t he number  of  poi nt s r equi r ed i n PART 
2 ( PRODUCTS) ,  r egar dl ess of  t he number  of  poi nt s i nt egr at ed under  t hi s 
pr oj ect  speci f i cat i on.   Not e t hat  meet i ng t hi s r equi r ement  may ent ai l  
t he i nst al l at i on of  unused har dwar e or  spar e poi nt  l i censes t o 
accommodat e t he f ul l  number  of  r equi r ed poi nt s i n or der  t o al l ow f or  
i nt egr at i on of  f ut ur e f i el d cont r ol  syst ems.

f .   M&C Cont r ol l er  Har dwar e Conf i gur at i on Sof t war e:   I nst al l  t he M&C 
Cont r ol l er  Har dwar e Conf i gur at i on Sof t war e on ser ver  har dwar e.

g.   Oper at i ng syst em:   I nst al l  t he OS on each Ser ver  and Wor kst at i on and 
conf i gur e user  names and passwor ds.   Coor di nat e wi t h  f or  user  names 
and passwor ds.

Wher e sof t war e r equi r es connect i on t o an I P devi ce out si de of  t he UMCS,  
coor di nat e wi t h base t o obt ai n access t o a Gover nment - f ur ni shed ser ver  t o 
pr ovi de t he needed f unct i onal i t y.   Do not  connect  t o any devi ce out si de of  
t he UMCS wi t hout  expl i c i t  per mi ssi on f r om base.

3. 4. 5. 3   Moni t or i ng and Cont r ol  ( M&C)  Sof t war e Conf i gur at i on

 Conf i gur e t he Moni t or i ng and Cont r ol  ( M&C)  Sof t war e as speci f i ed,  as 
i ndi cat ed and as f ol l ows:

a.   Set  up M&C Sof t war e user  account s.   Coor di nat e user  account s and 
per mi ssi ons wi t h t he Cont r ol s shop super vi sor .

b.   Change t he def aul t  passwor d on al l  account s.   Remove or  di sabl e any 
account s whi ch do not  r equi r e aut hent i cat i on ( such as guest  account s) .

c.   Conf i gur e e- mai l  capabi l i t y  t o use t he gover nment  f ur ni shed SMTP 
ser ver  usi ng t he f ol l owi ng ser ver  i nf or mat i on.

d.   Di sabl e al l  por t s,  pr ot ocol s,  and net wor k ser vi ces ot her  t han t hose 
r equi r ed or  speci f i cal l y per mi t t ed by t hi s Sect i on.   Ser vi ces t o be 
di sabl ed i ncl ude but  ar e not  l i mi t ed t o:  FTP,  Tel net  and SSH.

e.   I nst al l  web ser ver  cer t i f i cat e.   Obt ai n cer t i f i cat e f r om .

3. 4. 5. 4   Cont r ol  Har dwar e I nst al l at i on

I nst al l  Cont r ol  Har dwar e i n a l ockabl e encl osur e and as speci f i ed.  
Conf i gur e Cont r ol  Har dwar e as speci f i ed,  as r equi r ed t o meet  t he f unct i ons 
f or  whi ch t he har dwar e i s used and as f ol l ows:

a.  Di sabl e al l  por t s,  pr ot ocol s,  and net wor k ser vi ces ot her  t han t hose 
r equi r ed or  speci f i cal l y per mi t t ed by t hi s Sect i on.   Ser vi ces t o be 
di sabl ed i ncl ude but  ar e not  l i mi t ed t o:  FTP,  Tel net ,  SSH,  and HTTP.   
When di sabl i ng of  por t s,  pr ot ocol s and ser vi ces i s not  suppor t ed by a 
pr oduct ,  obt ai n an except i on f r om t hi s r equi r ement  pr i or  t o usi ng t he 
pr oduct  and document  non- compl i ance on t he Pr oduct  Dat a Sheet s and 
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As- Bui l t  dr awi ngs.

b.  Change t he def aul t  passwor ds i n al l  Cont r ol  Har dwar e whi ch have 
passwor ds.   Coor di nat e new passwor ds wi t h t he Cont r ol s shop super vi sor .

3. 5   I NTEGRATI ON OF FI ELD CONTROL SYSTEMS

Ful l y i nt egr at e t he f i el d cont r ol  syst ems i n accor dance wi t h t he f ol l owi ng 
t hr ee st ep sequence and as speci f i ed and shown.

STEP 1:   I nst al l  and conf i gur e Cont r ol  Har dwar e as necessar y t o connect  
t he f i el d cont r ol  syst em t o t he FPOC,  whi ch i s par t  of  t he UMCS I P 
net wor k,  and t o pr ovi de cont r ol  pr ot ocol  t r ansl at i on and super vi sor y 
f unct i onal i t y.

STEP 2:   Add Fi el d Cont r ol  Syst em t o M&C Sof t war e:  Per f or m syst em 
di scover y,  syst em dat abase mer ges,  or  any ot her  act i ons necessar y t o 
al l ow M&C Sof t war e access t o t he f i el d cont r ol  syst em.

STEP 3:   Conf i gur e M&C Sof t war e t o pr ovi de moni t or i ng and cont r ol  of  t he 
f i el d cont r ol  syst em,  i ncl udi ng but  not  l i mi t ed t o t he cr eat i on of  
syst em di spl ays and t he conf i gur at i on of  schedul i ng,  al ar mi ng,  and 
t r endi ng.

3. 5. 1   I nt egr at i on St ep 1:   I nst al l  Cont r ol  Har dwar e

I nst al l  Cont r ol  Har dwar e as speci f i ed at  t he FPOC l ocat i on   t o connect  
t he f i el d cont r ol  syst em t o t he UMCS I P net wor k v i a t he FPOC and,  i f  
necessar y,  t o pr ovi de cont r ol  pr ot ocol  t r ansl at i on and super vi sor y 
f unct i onal i t y.   Coor di nat e al l  connect i ons and ot her  act i v i t i es r el at ed t o 
an FPOC wi t h base.  Dependi ng on t he f i el d cont r ol  syst em medi a and 
pr ot ocol  t hi s must  be accompl i shed t hr ough one of  t he f ol l owi ng:

a.   Connect  t he exi st i ng f i el d cont r ol  net wor k har dwar e at  t he FPOC 
l ocat i on t o t he FPOC.  

b.   I nst al l  a Cont r ol  Pr ot ocol  Gat eway connect ed t o bot h t he f i el d cont r ol  
net wor k and t he FPOC. c.  I nst al l  a Cont r ol  Pr ot ocol  Rout er  connect ed t o 
bot h t he f i el d cont r ol  net wor k and t he FPOC.

d.   I nst al l  a Cont r ol  Pr ot ocol  Gat eway connect ed t o t he f i el d cont r ol  
net wor k.   Then i nst al l  a Cont r ol  Pr ot ocol  Rout er  connect ed t o bot h t he 
Cont r ol  Pr ot ocol  Gat eway and t he FPOC.

I n addi t i on,  f or  i nt egr at i on of  f i el d cont r ol  syst ems vi a ASHRAE 135,  al so 
i nst al l  a BACnet  Super vi sor y Cont r ol l er  as needed t o i mpl ement  schedul i ng,  
al ar mi ng and t r endi ng i n t he f i el d cont r ol  syst em.   The BACnet   
super vi sor y cont r ol l er  may be t he same devi ce as t he cont r ol  pr ot ocol  
gat eway or  r out er .

3. 5. 1. 1   I nst al l at i on of  Cont r ol  Pr ot ocol  Gat eway

I f  t he f i el d cont r ol  syst em uses a pr ot ocol  whi ch i s not  suppor t ed by t he 
M&C Sof t war e,  i nst al l  a gat eway t o conver t  t he f i el d cont r ol  syst em 
pr ot ocol  t o ASHRAE 135,  or  t o MODBUS Pr ot ocol / MODBUS TCP/ I P,  or  t o OPC DA.  
I nst al l  addi t i onal  f i el d cont r ol  syst em net wor k medi a and har dwar e as 
needed t o connect  t he Gat eway t o t he f i el d cont r ol  syst em.   Connect  t he 
Gat eway accor di ng t o one of  t he t wo f ol l owi ng met hods:
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a.  Connect  t he Gat eway t o t he f i el d cont r ol  net wor k and t o t he FPOC.    .

b.  Connect  t he Gat eway t o t he f i el d cont r ol  net wor k and t o a BACnet / I P 
Rout er ,  or  t o a Modbus/ I P Rout er  i nst al l ed as speci f i ed.

Cr eat e and conf i gur e poi nt s and est abl i sh net wor k communi cat i on bet ween 
t he Cont r ol  Pr ot ocol  Gat eway and t he f i el d cont r ol  syst em t o pr ovi de 
poi nt s f r om t he f i el d cont r ol  syst em t o t he M&C sof t war e.

3. 5. 1. 2   I nst al l at i on of  Cont r ol  Pr ot ocol  Rout er

I f  t her e i s not  an exi st i ng connect i on bet ween t he FPOC and t he f i el d 
cont r ol  net wor k,  i nst al l  a BACnet / I P Rout er ,  or  a Modbus/ I P Rout er  t o 
connect  t he f i el d cont r ol  net wor k t o t he FPOC.   I nst al l  addi t i onal  f i el d 
cont r ol  syst em net wor k medi a as needed t o connect  t he Rout er  t o t he f i el d 
cont r ol  syst em.

3. 5. 1. 3   I nst al l at i on of  BACnet  Super vi sor y Cont r ol l er

I f  r equi r ed f or  i mpl ement at i on of  schedul i ng,  al ar mi ng and t r endi ng,  
i nst al l  a BACnet  Super vi sor y Cont r ol l er  connect ed t o t he bui l di ng cont r ol  
syst em I P net wor k and conf i gur e i t  t o pr ovi de schedul i ng,  al ar mi ng and 
t r endi ng f unct i ons f or  t he f i el d cont r ol  syst em.   When t he BACnet  
Super vi sor y Cont r ol l er  i s  t he same devi ce as a cont r ol  pr ot ocol  r out er  or  
gat eway,  i nst al l  i t  i n accor dance wi t h t he i nst al l at i on r equi r ement s f or  a 
r out er  or  gat eway.

3. 5. 2   I nt egr at i on St ep 2:  Add Fi el d Cont r ol  Syst em t o M&C Sof t war e

Per f or m syst em di scover y,  syst em dat abase mer ges,  or  any ot her  act i ons 
necessar y t o al l ow M&C Sof t war e access t o poi nt s and dat a i n t he f i el d 
cont r ol  syst em.

3. 5. 2. 1   I nt egr at i on of  Fi el d Cont r ol  Syst ems Vi a ASHRAE 135

Use t he M&C Sof t war e t o f ul l y  di scover  t he f i el d cont r ol  syst em.   Ful l  
di scover y of  a f i el d cont r ol  syst em i ncl udes but  i s not  l i mi t ed t o 
di scover y of  al l  ASHRAE 135 devi ces,  al l  st andar d ASHRAE 135 Obj ect s and 
Pr oper t i es of  each devi ce,  and al l  st andar d ASHRAE 135 ser vi ces suppor t ed 
by each devi ce.

3. 5. 2. 2   I nt egr at i on of  Fi el d Cont r ol  Syst ems Vi a Modbus

Sur vey t he f i el d cont r ol  syst em t o cr eat e Poi nt s Schedul es.   Usi ng t hese 
Poi nt s Schedul es  make al l  poi nt s f r om t he f i el d cont r ol  syst em avai l abl e 
i n t he M&C Sof t war e.

3. 5. 2. 3   I nt egr at i on of  Fi el d Cont r ol  Syst ems Vi a OPC DA 

Est abl i sh a connect i on bet ween t he M&C Sof t war e OPC DA cl i ent  and t he 
f i el d cont r ol  syst em OPC DA ser ver  and make al l  poi nt s f r om t he f i el d 
cont r ol  syst em avai l abl e i n t he M&C Sof t war e.

3. 5. 2. 4   [ Ent er  Appr opr i at e Subpar t  Ti t l e Her e] I nt egr at i on of  Fi el d Cont r ol  
Syst ems Vi a Ot her  ( non- ASHRAE 135,  non- Modbus,  non- OPC DA)  Pr ot ocol s

Per f or m al l  act i ons necessar y t o make al l  poi nt s f r om t he f i el d cont r ol  
syst em avai l abl e i n t he M&C Sof t war e.
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3. 5. 3   I nt egr at i on St ep 3:  Conf i gur e M&C Sof t war e

Conf i gur e M&C Sof t war e t o pr ovi de moni t or i ng and cont r ol  of  t he f i el d 
cont r ol  syst em,  i ncl udi ng but  not  l i mi t ed t o t he cr eat i on of  syst em 
di spl ays and t he conf i gur at i on of  schedul i ng,  al ar mi ng,  and t r endi ng.

3. 5. 3. 1   Conf i gur e M&C Sof t war e Communi cat i on

Cr eat e and conf i gur e poi nt s and est abl i sh net wor k communi cat i on bet ween 
M&C Sof t war e and Fi el d Cont r ol  Syst ems as speci f i ed t o suppor t  M&C 
Sof t war e f unct i onal i t y:

a.   Updat e poi nt s on cur r ent l y act i ve di spl ays v i a pol l i ng as necessar y t o 
meet  M&C Sof t war e di spl ay r ef r esh r equi r ement s.

b.   Send poi nt s used f or  over r i des t o t he devi ce r ecei v i ng t he over r i de as 
shown on t he Poi nt s Schedul e.   For  BACnet  syst ems wr i t e oper at or  
over r i des wi t h a pr i or i t y of  8 and demand l i mi t i ng over r i des wi t h a 
pr i or i t y of  10.

c.   For  Not i f i cat i on Cl ass Obj ect s used f or  Al ar ms,  conf i gur e t he 
Reci pi ent _Li st  Pr oper t y t o poi nt  t o t he appr opr i at e M&C Sof t war e 
pr ocess.   Use t he Conf i r medEvent Not i f i cat i on ser vi ce f or  event s f r om 
ASHRAE 135 f i el d cont r ol  syst ems used f or  al ar ms.  Pol l  poi nt s f r om 
MODBUS Pr ot ocol / MODBUS TCP/ I P f i el d cont r ol  syst ems used f or  al ar ms at  
5 mi nut e i nt er val s.  For  poi nt s f r om OPC DA f i el d cont r ol  syst ems used 
f or  al ar ms use a subscr i pt i on or  pol l  t he poi nt  at  5 mi nut e i nt er val s.  

d.   Updat e poi nt s used f or  cur r ent l y act i ve t r ends vi a pol l i ng as 
necessar y t o meet  t r end i nt er val  r equi r ement s.

e.   Send poi nt s used f or  schedul i ng t o t he f i el d cont r ol  syst em wi t h a 
maxi mum t i me bet ween subsequent  t r ansmi ssi ons of  t he poi nt  of  30 
mi nut es.  .

Edi t  t he Descr i pt i on f i el d of  each poi nt  t o i ncl ude t he Real  Pr oper t y 
Uni que I Ds ( RPUI D)  associ at ed wi t h t hat  poi nt  as shown on t he Poi nt s 
Schedul e

3. 5. 3. 2   Conf i gur e M&C Sof t war e Funct i onal i t y

Ful l y conf i gur e M&C Sof t war e f unct i onal i t y usi ng t he M&C Sof t war e 
capabi l i t i es speci f i ed i n PART 2 of  t hi s Sect i on.

a.   Cr eat e Syst em Di spl ays usi ng t he pr oj ect  s i t e sampl e di spl ays,  
i ncl udi ng over r i des,  as shown on t he Poi nt s Schedul e and as 
speci f i ed.   Label  al l  poi nt s on di spl ays wi t h f ul l  Engl i sh l anguage 
descr i pt i ons.   Conf i gur e user  per mi ssi ons f or  access t o and execut i ons 
of  act i on usi ng gr aphi c pages.   Coor di nat e user  per mi ssi ons wi t h t he 
Cont r ol s shop super vi sor

b.   Conf i gur e al ar m gener at i on and al ar m handl i ng as shown on t he Poi nt s 
Schedul e,  as shown on t he Al ar m Rout i ng Schedul e,  and as speci f i ed.   
Cr eat e and conf i gur e Obj ect s i n BACnet  Super vi sor y Cont r ol l er s and i n 
t he f i el d cont r ol  syst em t o suppor t  al ar mi ng as shown on t he Poi nt s 
Schedul e and as speci f i ed.   Al ar m event s wi t h pr i or i t y 112 ar e 
cr i t i cal  and event s wi t h pr i or i t y 224 ar e non- cr i t i cal .   For  al ar m 
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event s wi t h ot her  pr i or i t i es,  t r eat  event s wi t h pr i or i t i es of  200 or  
above as non- cr i t i cal ,  and al l  ot her s as cr i t i cal .  For  al ar ms 
r equi r i ng not i f i cat i on v i a t ext  message or  e- mai l ,  conf i gur e t he al ar m 
not i f i cat i on t o use t he speci f i ed Gover nment  f ur ni shed SMTP ser ver  t o 
send t he al ar m not i f i cat i on.

c.   Conf i gur e schedul i ng as i ndi cat ed and as shown on t he poi nt s 
schedul e.   Conf i gur e M&C Sof t war e schedul i ng f unct i onal i t y t o schedul e 
Modbus syst ems andOPC syst ems.   Cr eat e and conf i gur e Schedul e Obj ect s 
i n BACnet  Super vi sor y Cont r ol l er s or  i n t he f i el d cont r ol  syst em.  

Cr eat e and conf i gur e di spl ays f or  conf i gur at i on of  M&C Sof t war e 
schedul es and Schedul e Obj ect s i n t he f i el d cont r ol  syst em.   Label  
schedul es and schedul ed poi nt s wi t h f ul l  Engl i sh- l anguage 
descr i pt or s.   Pr ovi de a separ at e conf i gur at i on capabi l i t y  f or  each 
schedul e.   A s i ngl e conf i gur at i on di spl ay may be used t o conf i gur ed 
mul t i pl e schedul es,  pr ovi ded t hat  each schedul e i s separ at el y 
conf i gur abl e f r om t he di spl ay.

d.   Cr eat e M&C Sof t war e t r ends f or  r equi r ed poi nt s as shown on t he Poi nt s 
Schedul e and as speci f i ed.  Cr eat e and conf i gur e Tr end Obj ect s i n 
BACnet  Super vi sor y Cont r ol l er s and i n t he f i el d cont r ol  syst em as 
shown on t he Poi nt s Schedul e and as speci f i ed.   Tr end poi nt s at  15 
mi nut e i nt er val s.

Cr eat e and conf i gur e di spl ays f or  cr eat i on and conf i gur at i on of  t r ends 
and f or  di spl ay of  al l  t r ended poi nt s.

e.   Conf i gur e Demand Li mi t i ng as shown on t he Demand Li mi t  Schedul e and 
Poi nt s Schedul e and as speci f i ed.

f .   Conf i gur e M&C Sof t war e st andar d r epor t s.

3. 6   START- UP AND START- UP TESTI NG

Test  al l  equi pment  and per f or m al l  ot her  t est s necessar y t o ensur e t he 
syst em i s i nst al l ed and f unct i oni ng as speci f i ed.   Pr epar e a St ar t - Up and 
St ar t - Up Test i ng Repor t  document i ng al l  t est s per f or med and t hei r  r esul t s 
and cer t i f y i ng t hat  t he syst em meet s t he r equi r ement s speci f i ed i n t he 
cont r act  document s.

3. 7   PERFORMANCE VERI FI CATI ON TEST ( PVT)

3. 7. 1   PVT Phase I  Pr ocedur es

Pr ovi de PVT Pr ocedur es whi ch i ncl ude: .

a.   Net wor k bandwi dt h usage and avai l abl e bandwi dt h ( t hr oughput )  
measur ement s.   Net wor k bandwi dt h usage must  r ef er ence t he nor mal  usage 
net wor k Bandwi dt h Cal cul at i ons.

b.   Test  Syst em React i on dur i ng PVT:   The t ot al  syst em r esponse t i me f r om 
i ni t i at i on of  a cont r ol  act i on command f r om t he wor kst at i on,  t o 
di spl ay of  t he r esul t i ng st at us change on t he wor kst at i on must  not  
exceed 20 seconds under  syst em nor mal  heavy l oad condi t i ons assumi ng a 
zer o r esponse t i me f or  oper at i on of  t he node' s cont r ol  devi ce.

c.   Ver i f i cat i on of  I P Connect i v i t y.
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d.   Ver i f i cat i on of  conf i gur at i on of  M&C Sof t war e f unct i onal i t y.

3. 7. 2   PVT Phase I

Demonst r at e compl i ance of  t he cont r ol  syst em wi t h t he cont r act  document s.   
Usi ng t est  pl ans and pr ocedur es pr evi ousl y appr oved by t he Gover nment ,  
demonst r at e al l  physi cal  and f unct i onal  r equi r ement s of  t he pr oj ect .   Upon 
compl et i on of  PVT Phase I  and as speci f i ed,  pr epar e and submi t  t he PVT 
Phase I  Repor t  document i ng al l  t est s per f or med dur i ng t he PVT and t hei r  
r esul t s.   I n t he PVT r epor t ,  i ncl ude al l  t est s i n t he PVT Pr ocedur es and 
any ot her  t est i ng per f or med dur i ng t he PVT.   Document  f ai l ur es and r epai r s 
wi t h t est  r esul t s.

3. 7. 3   PVT Phase I I

I ncl ude Basi c Tr ai ni ng as par t  of  PVT Phase I I .   Fai l ur es or  def i c i enci es 
of  t he UMCS dur i ng Basi c Tr ai ni ng ar e consi der ed PVT f ai l ur es.   Upon 
compl et i on of  PVT Phase I I ,  and as speci f i ed,  pr epar e and submi t  t he PVT 
Phase I I  Repor t  document i ng any f ai l ur es whi ch occur r ed and r epai r s 
per f or med dur i ng PVT Phase I I .

3. 8   MAI NTENANCE AND SERVI CE

Per f or m i nspect i on,  t est i ng,  c l eani ng,  and par t  or  component  r epl acement  
as speci f i ed and as r equi r ed t o mai nt ai n t he war r ant y.   Wor k i ncl udes 
pr ovi di ng necessar y pr event i ve and unschedul ed mai nt enance and r epai r s t o 
keep t he UMCS oper at i ng as speci f i ed,  and accept ed by t he Gover nment ,  and 
ot her  ser vi ces as speci f i ed.   Per f or m wor k i n compl i ance wi t h 
manuf act ur er ' s r ecommendat i ons and i ndust r y st andar ds.   Pr ovi de t echni cal  
suppor t  v i a t el ephone dur i ng r egul ar  wor ki ng hour s.

3. 8. 1   Wor k Coor di nat i on

Schedul e and ar r ange wor k t o cause t he l east  i nt er f er ence wi t h t he nor mal  
Gover nment  busi ness and mi ssi on.   I n t hose cases wher e some i nt er f er ence 
may be essent i al l y  unavoi dabl e,  coor di nat e wi t h t he Gover nment  t o mi ni mi ze 
t he i mpact  of  t he i nt er f er ence,  i nconveni ence,  equi pment  downt i me,  
i nt er r upt ed ser vi ce and per sonnel  di scomf or t .

3. 8. 2   Wor k Cont r ol

Upon compl et i on of  wor k on a syst em or  pi ece of  equi pment ,  t hat  syst em or  
pi ece of  equi pment  must  be f r ee of  mi ssi ng component s or  def ect s whi ch 
woul d pr event  i t  f r om f unct i oni ng as or i gi nal l y i nt ended and desi gned.   
Repl acement s must  conf or m t o t he same speci f i cat i ons as t he or i gi nal  
equi pment .   Dur i ng and at  compl et i on of  wor k,  do not  al l ow debr i s t o 
spr ead unnecessar i l y  i nt o adj acent  ar eas nor  accumul at e i n t he wor k ar ea 
i t sel f .

3. 8. 3   Wor ki ng Hour s

Wor ki ng hour s ar e f r om 7: 30 A. M.  t o 4: 00 P. M.  l ocal  t i me Mondays t hr ough 
Fr i days except  Feder al  hol i days.

3. 8. 4   Equi pment  Repai r s

I ni t i at e and compl et e equi pment  r epai r s wi t hi n t he f ol l owi ng t i me per i ods,  
wher e t i me per i ods ar e measur ed as act ual  el apsed t i me f r om f i r st  
not i f i cat i on,  i ncl udi ng wor ki ng and non- wor ki ng hour s:
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a.   f or  non- r edundant  comput er  ser ver  har dwar e,  i ni t i at e wi t hi n 4 hour s 
and compl et e wi t hi n 8 hour s.

b.   f or  non- r edundant  comput er  wor kst at i on har dwar e,  i ni t i at e wi t hi n 4 
hour s and compl et e wi t hi n 8 hour s.

c.   f or  r edundant  comput er  ser ver  har dwar e,  i ni t i at e wi t hi n 36 hour s and 
compl et e wi t hi n 5 days.

d.   f or  r edundant  comput er  wor kst at i on har dwar e,  i ni t i at e wi t hi n 2 days 
and compl et e wi t hi n 5 days.

e.   f or  act i ve ( power ed)  cont r ol  har dwar e,  i ni t i at e wi t hi n 4 hour s and 
compl et e wi t hi n 6 hour s.

f .   f or  cabl i ng and ot her  passi ve net wor k har dwar e,  i ni t i at e wi t hi n 16 
hour s and compl et e wi t hi n 5 days.

Repai r  i s  t he r est or at i on of  a pi ece of  equi pment ,  a syst em,  or  a f aci l i t y  
t o such condi t i on t hat  i t  may be ef f ect i vel y used f or  i t s desi gnat ed 
pur poses.   Repai r  may be over haul ,  r epr ocessi ng,  or  r epl acement  of  
nonf unct i onal  par t s or  mat er i al s or  r epl acement  of  t he ent i r e uni t  or  
syst em.

3. 8. 5   Repl acement ,  Moder ni zat i on,  Renovat i on

The Gover nment  may r epl ace,  r enovat e,  or  i nst al l  new equi pment  as par t  of  
t he UMCS at  Gover nment  expense and by means not  associ at ed wi t h t hi s 
cont r act  wi t hout  voi di ng t he syst em war r ant y.   Repl aced,  i mpr oved,  
updat ed,  moder ni zed,  or  r enovat ed syst ems and equi pment  i nt er f aced t o t he 
syst em may be added t o t he Cont r act or ' s mai nt enance and ser vi ce ef f or t  as 
a modi f i cat i on.

3. 8. 6   Access To UMCS Equi pment

Access t o UMCS equi pment  must  be i n accor dance wi t h t he f ol l owi ng:

a.   Coor di nat e access t o f aci l i t i es and ar r ange t hat  t hey be opened and 
cl osed dur i ng and af t er  t he accompl i shment  of  t he wor k ef f or t .   For  
access t o a cont r ol l ed f aci l i t y  cont act  t he Gover nment  f or  assi st ance.

b.   The Gover nment  may pr ovi de keys f or  access t o UMCS equi pment  wher e t he 
Gover nment  det er mi nes such key i ssuance i s appr opr i at e.   Est abl i sh and 
i mpl ement  met hods of  ensur i ng t hat  keys i ssued by t he Gover nment  ar e 
not  l ost  or  mi spl aced,  ar e not  used by unaut hor i zed per sons,  and ar e 
not  dupl i cat ed.

c.   The Gover nment  may pr ovi de passwor ds or  i ssue Common Access Car ds 
( CAC)  f or  access t o UMCS comput er  equi pment  wher e t he Gover nment  
det er mi nes such i ssuance i s appr opr i at e.   Est abl i sh and i mpl ement  
met hods of  ensur i ng t hat  passwor ds and Common Access Car ds i ssued by 
t he Gover nment  ar e not  used by unaut hor i zed per sons.

3. 8. 7   Recor ds,  Logs,  and Pr ogr ess Repor t s

Keep r ecor ds and l ogs of  each t ask,  and or gani ze cumul at i ve chr onol ogi cal  
r ecor ds f or  each maj or  component ,  and f or  t he compl et e syst em.   Mai nt ai n a 
cont i nuous l og f or  t he UMCS.  Keep compl et e l ogs and be avai l abl e f or  
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i nspect i on on si t e,  demonst r at i ng t hat  pl anned and syst emat i c adj ust ment s 
and r epai r s have been accompl i shed f or  t he UMCS.

3. 8. 8   Pr event i ve Mai nt enance Requi r ement s

Per f or m mai nt enance pr ocedur es as descr i bed bel ow,  or  mor e of t en i f  
r equi r ed by t he equi pment  manuf act ur er .  

3. 8. 8. 1   Pr event i ve Mai nt enance Wor k Pl an

Pr epar e a Pr event i ve Mai nt enance Wor k Pl an t o schedul e al l  r equi r ed 
pr event i ve mai nt enance.   Obt ai n Gover nment  appr oval  of  t he Wor k Pl an as 
speci f i ed i n par agr aph PROJECT SEQUENCI NG.   St r i ct l y adher e t o t he 
appr oved wor k pl an t o f aci l i t at e Gover nment  ver i f i cat i on of  wor k.

3. 8. 8. 2   Semi annual  Mai nt enance

Per f or m t he f ol l owi ng Semi annual  Mai nt enance as speci f i ed:

a.   Per f or m dat a backups on al l  Ser ver  Har dwar e.

b.   Run syst em di agnost i cs and cor r ect  di agnosed pr obl ems.

c.   Per f or m f an checks and f i l t er  changes f or  UMCS har dwar e.

d.   Per f or m al l  necessar y adj ust ment s on pr i nt er s.

e.   Resol ve al l  out st andi ng pr obl ems.

f .   I nst al l  new r i bbons,  i nk car t r i dges and t oner  car t r i dges i nt o 
pr i nt er s,  and ensur e t hat  t her e i s at  l east  one spar e r i bbon or  
car t r i dge l ocat ed at  each pr i nt er .

3. 8. 9   Ser vi ce Cal l  Recept i on

a.   A Gover nment  r epr esent at i ve wi l l  advi se t he Cont r act or  by phone or  i n 
per son of  al l  mai nt enance and ser vi ce r equest s,  as wel l  as t he 
c l assi f i cat i on of  each based on t he def i ni t i ons speci f i ed.   A 
descr i pt i on of  t he pr obl em or  r equest ed wor k,  dat e and t i me not i f i ed,  
l ocat i on,  c l assi f i cat i on,  and ot her  appr opr i at e i nf or mat i on wi l l  be 
pl aced on a Ser vi ce Cal l  Wor k Aut hor i zat i on For m by t he Gover nment .

b.   Submi t  pr ocedur es f or  r ecei v i ng and r espondi ng t o ser vi ce cal l s dur i ng 
r egul ar  wor ki ng hour s.   Pr ovi de a s i ngl e t el ephone number  f or  r ecei pt  
of  ser vi ce cal l s dur i ng r egul ar  wor ki ng hour s;  ser vi ce cal l s ar e t o  
be consi der ed r ecei ved at  t he t i me and dat e t he t el ephone cal l  i s  
pl aced by t he aut hor i zed Gover nment  r epr esent at i ve.

c.   Separ at el y r ecor d each ser vi ce cal l  r equest ,  as r ecei ved on t he 
Ser vi ce Cal l  Wor k Aut hor i zat i on f or m and compl et e t he Ser vi ce Cal l  
Wor k Aut hor i zat i on f or m f or  each ser vi ce cal l .   I ncl ude t he f ol l owi ng 
i nf or mat i on i n t he compl et ed f or m:   t he ser i al  number  i dent i f y i ng t he 
component  i nvol ved,  i t s l ocat i on,  dat e and t i me t he cal l  was r ecei ved,  
nat ur e of  t r oubl e,  names of  t he ser vi ce per sonnel  assi gned t o t he 
t ask,  i nst r uct i ons descr i bi ng what  has t o be done,  t he amount  and 
nat ur e of  t he mat er i al s t o be used,  t he t i me and dat e wor k st ar t ed,  
and t he t i me and dat e of  compl et i on.

d.   Respond t o each ser vi ce cal l  r equest  wi t hi n t wo wor ki ng hour s.   
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Pr ovi de t he st at us of  any i t em of  wor k wi t hi n f our  hour s of  t he 
i nqui r y dur i ng r egul ar  wor ki ng hour s,  and wi t hi n 16 hour s af t er  
r egul ar  wor ki ng hour s or  as needed t o meet  t he Equi pment  Repai r  
r equi r ement s as speci f i ed.

3. 8. 10   Ser vi ce Cal l  Wor k War r ant y

Pr ovi de a 1 year  uncondi t i onal  war r ant y on ser vi ce cal l  wor k whi ch 
i ncl udes l abor  and mat er i al  necessar y t o r est or e t he equi pment  i nvol ved i n 
t he i ni t i al  ser vi ce cal l  t o a f ul l y  oper abl e condi t i on.   I n t he event  t hat  
ser vi ce cal l  wor k causes damage t o addi t i onal  equi pment ,  r est or e t he 
syst em t o f ul l  oper at i on wi t hout  cost  t o t he Gover nment .   Pr ovi de r esponse 
t i mes f or  ser vi ce cal l  war r ant y wor k equi val ent  t o t he r esponse t i mes 
r equi r ed by t he i ni t i al  ser vi ce cal l .

3. 8. 11   Syst em Modi f i cat i ons

Make r ecommendat i ons f or  syst em modi f i cat i on i n wr i t i ng t o t he 
Gover nment .   Do not  make syst em modi f i cat i ons wi t hout  pr i or  appr oval  of  
t he Gover nment .   I ncor por at e any modi f i cat i ons made t o t he syst em i nt o t he 
Oper at i ons and Mai nt enance I nst r uct i ons,  and any ot her  document at i on 
af f ect ed.   Make avai l abl e t o t he Gover nment  sof t war e updat es f or  al l  
sof t war e f ur ni shed under  t hi s speci f i cat i on dur i ng t he l i f e of  t hi s 
cont r act .   Schedul e at  l east  one updat e near  t he end of  t he cont r act  
per i od,  at  whi ch t i me make avai l abl e t he l at est  r el eased ver si on of  al l  
sof t war e pr ovi ded under  t hi s speci f i cat i on,  and i nst al l  and val i dat e i t  
upon appr oval  by t he Gover nment .

3. 9   TRAI NI NG

Conduct  t r ai ni ng cour ses f or  desi gnat ed per sonnel  i n t he mai nt enance,  
ser vi ce,  and oper at i on of  t he syst em as speci f i ed,  i ncl udi ng speci f i ed 
har dwar e and sof t war e.   The t r ai ni ng must  be or i ent ed t o t he speci f i c  
syst em pr ovi ded under  t hi s cont r act .   Pr ovi de audi ovi sual  equi pment  and 
ot her  t r ai ni ng mat er i al  and suppl i es r equi r ed f or  t he t r ai ni ng.   When 
t r ai ni ng i s conduct ed at  Gover nment  f aci l i t i es,  t he Gover nment  r eser ves 
t he r i ght  t o r ecor d t he t r ai ni ng sessi ons f or  l at er  use.   A t r ai ni ng day 
i s def i ned as 8 hour s of  c l assr oom i nst r uct i on,  excl udi ng l uncht i me,  
Monday t hr ough Fr i day,  dur i ng t he dayt i me shi f t  i n ef f ect  at  t he t r ai ni ng 
f aci l i t y .   For  gui dance i n pl anni ng t he r equi r ed i nst r uct i on,  t he 
Cont r act or  shoul d assume t hat  at t endees wi l l  be t r adesmen such as 
el ect r i c i ans or  boi l er  oper at or s.   Obt ai n appr oval  of  t he t r ai ni ng 
schedul e f r om t he Gover nment  at  l east  30 days pr i or  t o t he f i r st  day of  
t r ai ni ng.

3. 9. 1   Tr ai ni ng Document at i on

Pr epar e and submi t  one set  of  Tr ai ni ng manual s f or  each of  Basi c Tr ai ni ng 
Document at i on,  Advanced Tr ai ni ng Document at i on,  and Ref r esher  Tr ai ni ng 
Document at i on,  wher e each set  of  document at i on consi st s of :

3. 9. 1. 1   Cour se At t endance Li st

Cour se At t endance Li st  devel oped i n coor di nat i on wi t h and si gned by t he 
Cont r ol s shop super vi sor .

3. 9. 1. 2   Tr ai ni ng Manual s

I ncl ude an agenda,  def i ned obj ect i ves f or  each l esson,  and a det ai l ed 
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descr i pt i on of  t he subj ect  mat t er  f or  each l esson i n t he t r ai ni ng 
manual s.   Wher e por t i ons of  t he cour se mat er i al  ar e pr esent ed by 
audi ovi sual s,  i ncl ude copi es of  t hose audi ovi sual s as a par t  of  t he 
pr i nt ed t r ai ni ng manual s.

3. 9. 2   Basi c Tr ai ni ng

Conduct  a Basi c Tr ai ni ng cour se at  t he pr oj ect  s i t e on t he i nst al l ed 
syst em f or  a per i od of  no l ess t han 5 t r ai ni ng days dur i ng Phase 2 of  t he 
PVT.   A maxi mum of  t en per sonnel  wi l l  at t end t hi s cour se.   Desi gn t r ai ni ng 
t ar get ed t owar ds t r ai ni ng per sonnel  i n t he day- t o- day oper at i on and basi c 
mai nt enance of  t he syst em.   Upon compl et i on of  t hi s cour se,  each st udent ,  
usi ng appr opr i at e document at i on,  shoul d be abl e t o st ar t  t he syst em,  
oper at e t he syst em,  r ecover  t he syst em af t er  a f ai l ur e,  per f or m r out i ne 
mai nt enance and descr i be t he speci f i c  har dwar e ar chi t ect ur e and oper at i on 
of  t he syst em.   I ncl ude t he f ol l owi ng t opi cs at  a mi ni mum:

a.   Gener al  syst em ar chi t ect ur e.

b.   Funct i onal  oper at i on of  t he syst em,  i ncl udi ng wor kst at i ons and syst em 
navi gat i on.

c.   Syst em st ar t - up pr ocedur es.

d.   Fai l ur e r ecover y pr ocedur es.

e.   Schedul e conf i gur at i on.

f .   Tr end conf i gur at i on.

g.   Per f or m poi nt  over r i des and over r i de r el ease.

h.   Repor t s gener at i on.

i .   Al ar m r epor t i ng and acknowl edgement s.

j .   Di agnost i cs.

k.   Hi st or i cal  f i l es.

l .   Mai nt enance pr ocedur es:

( 1)  Physi cal  l ayout  of  each pi ece of  har dwar e.

( 2)  Tr oubl eshoot i ng and di agnost i c pr ocedur es.

( 3)  Pr event i ve mai nt enance pr ocedur es and schedul es.

3. 9. 3   Advanced Tr ai ni ng

Conduct  an Advanced Oper at or  Tr ai ni ng cour se at  t he pr oj ect  s i t e f or  a 
per i od of  not  l ess t hen f i ve days.   A maxi mum of  t en per sonnel  wi l l  at t end 
t hi s cour se.   St r uct ur e t he cour se t o consi st  of  " hands- on"  t r ai ni ng under  
t he const ant  moni t or i ng of  t he i nst r uct or .   I ncl ude t r ai ni ng on t he M&C 
Sof t war e,  and t he BACnet  Net wor k Br owser .   Upon compl et i on of  t hi s cour se,  
t he st udent s shoul d be f ul l y pr of i c i ent  i n t he oper at i on and management  of  
al l  syst em oper at i ons and must  be abl e t o per f or m al l  t asks r equi r ed t o 
i nt egr at e a f i el d cont r ol  syst em i nt o t he UMCS.   Repor t  t he ski l l  l evel  of  
each st udent  at  t he end of  t hi s cour se.   I ncl ude t he f ol l owi ng t opi cs at  a 
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mi ni mum:   

a.   A r evi ew of  al l  t opi cs i n Basi c Tr ai ni ng

b.   Usi ng t he BACnet  Net wor k Br owser  f or  net wor k di scover y

c.   M&C Sof t war e conf i gur at i on,  i ncl udi ng but  not  l i mi t ed t o:  cr eat i ng and 
edi t i ng syst em di spl ays,  al ar ms,  schedul es,  t r ends,  demand l i mi t i ng 
and cal cul at i ons.

3. 9. 4   Ref r esher  Tr ai ni ng

Conduct  a Ref r esher  Tr ai ni ng cour se at  t he pr oj ect  s i t e f or  a per i od of  t wo
 t r ai ni ng days when appr oved by t he Gover nment  and as speci f i ed i n 
par agr aph PROJECT SEQUENCI NG.   A maxi mum of  t en per sonnel  wi l l  at t end t he 
cour se.   St r uct ur e t he cour se t o addr ess speci f i c  t opi cs t hat  t he st udent s 
need t o di scuss and t o answer  quest i ons concer ni ng t he oper at i on of  t he 
syst em.   Upon compl et i on of  t he cour se,  t he st udent s shoul d be f ul l y 
pr of i c i ent  i n syst em oper at i on and have no unanswer ed quest i ons r egar di ng 
oper at i on of  t he i nst al l ed UMCS.   Cor r ect  any syst em f ai l ur es di scover ed 
dur i ng t he Ref r esher  Tr ai ni ng at  no cost  t o t he Gover nment .
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APPENDI X A

QC CHECKLI ST

Thi s checkl i st  i s not  al l - i ncl usi ve of  t he r equi r ement s of  t hi s speci f i cat i on and 
shoul d not  be i nt er pr et ed as such.

Thi s checkl i st  i s f or  ( check one: )

Pr e- Const r uct i on QC Checkl i st  Submi t t al  ( I t ems 1- 2) (   )

Post - Const r uct i on QC Checkl i st  Submi t t al  ( I t ems 1- 6) (   )

Cl ose- out  QC Checkl i st  Submi t t al  ( I t ems 1- 14) (   )

I nst r uct i ons:  I ni t i al  each i t em i n t he space pr ovi ded ( | ____| )  ver i f y i ng t hat  t he 
r equi r ement  has been met .

Ver i f y t he f ol l owi ng i t ems f or  Pr e- Const r uct i on,  Post - Const r uct i on and Cl oseout  QC 
Checkl i st  Submi t t al s:

1 Cont r act or  Desi gn Dr awi ng Ri ser  Di agr am i ncl udes l ocat i on and t ypes 
of  al l  Cont r ol  Har dwar e and Comput er  Har dwar e.

| ____|

2 M&C Sof t war e suppor t s ,  and ASHRAE 135,  and MODBUS Pr ot ocol /
MODBUS TCP/ I P,  and OPC DA.  M&C Sof t war e i s BTL Li st ed as a B- AWS.    

| ____|

Ver i f y t he f ol l owi ng i t ems f or  Post - Const r uct i on and Cl oseout  QC Checkl i st  Submi t t al :

3 Communi cat i on bet ween t he M&C Sof t war e and ASHRAE 135 f i el d cont r ol  
syst ems uses onl y ASHRAE 135.  Communi cat i on bet ween t he M&C Sof t war e 
and MODBUS Pr ot ocol / MODBUS TCP/ I P f i el d cont r ol  syst ems uses onl y 
MODBUS Pr ot ocol / MODBUS TCP/ I P.  Communi cat i on bet ween t he M&C 
Sof t war e and OPC DA f i el d cont r ol  syst ems uses onl y OPC DA.

| ____|
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QC CHECKLI ST

4

Connect i ons t o non- ASHRAE 135,  non- Modbus ,  non- OPC DA f i el d cont r ol  
syst ems ar e vi a a Gat eway f r om t he f i el d cont r ol  syst em t o ASHRAE 135,  
or  t o Modbus,  or  t o OPC DA,  or  v i a a UMCS suppor t ed pr ot ocol  wi t hout  
t he use of  a har dwar e Gat eway.

| ____|

5 Comput er  wor kst at i ons and ser ver s ar e i nst al l ed as shown on t he 
UMCS Ri ser  Di agr am.

| ____|

6 Tr ai ni ng schedul e and cour se at t endee l i st s have been devel oped and 
coor di nat ed wi t h shops and submi t t ed.

| ____|

Ver i f y t he f ol l owi ng i t ems f or  Cl oseout  QC Checkl i st s Submi t t al :

7  Al l  poi nt s i n f i el d cont r ol  syst ems have been di scover ed and ar e 
avai l abl e at  t he M&C Sof t war e.

| ____|

8 Al l  sof t war e has been l i censed t o t he Gover nment . | ____|

9 M&C sof t war e moni t or i ng di spl ays have been cr eat ed f or  al l  bui l di ng 
syst ems,  i ncl udi ng al l  over r i de and di spl ay poi nt s i ndi cat ed on 
Poi nt s Schedul e dr awi ngs.

| ____|

10 Fi nal  As- bui l t  Dr awi ngs accur at el y r epr esent  t he f i nal  i nst al l ed 
syst em.

| ____|

11 Def aul t  t r ends have been set  up ( per  Poi nt s Schedul e dr awi ngs) . | ____|

12 Schedul i ng has been conf i gur ed at  t he M&C Sof t war e ( per  Occupancy 
Schedul e dr awi ng) .

| ____|

13 O&M I nst r uct i ons have been compl et ed and submi t t ed. | ____|
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QC CHECKLI ST

14 Basi c Oper at or  and Advanced Tr ai ni ng cour ses have been compl et ed. | ____|

___________________________________________      __________________

( QC Repr esent at i ve Si gnat ur e)                       ( Dat e)

 

    - -  End of  Sect i on - -
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SECTI ON 26 05 19. 00 10

I NSULATED WI RE AND CABLE
11/ 22

PART 1   GENERAL

1. 1   REFERENCES

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

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 1202 ( 2006;  R 2012;  CORR 1 2012)  
Fl ame- Pr opagat i on Test i ng of  Wi r e and Cabl e

I NSULATED CABLE ENGI NEERS ASSOCI ATI ON ( I CEA)

I CEA S- 58- 679 ( 2014)  Cont r ol ,  I nst r ument at i on and 
Ther mocoupl e Ext ensi on Conduct or  
I dent i f i cat i on

I CEA T- 30- 520 ( 1986)  Conduct i ng Ver t i cal  Cabl e Tr ay 
Fl ame Test s wi t h Theor et i cal  Heat  I nput  
Rat e of  70, 000 B. T. U. / Hour

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA WC 71/ I CEA S- 96- 659 ( 2014;  R 2022)  St andar d f or  Nonshi el ded 
Cabl es Rat ed 2001- 5000 Vol t s f or  use i n 
t he Di st r i but i on of  El ect r i c Ener gy

NEMA WC 26 ( 2008)  Bi nat i onal  Wi r e and Cabl e Packagi ng 
St andar d

NEMA WC 57 ( 2014)  St andar d f or  Cont r ol ,  Ther mocoupl e 
Ext ensi on,  and I nst r ument at i on Cabl es

NEMA WC 70 ( 2021)  Power  Cabl e Rat ed 2000 Vol t s or  
Less f or  t he Di st r i but i on of  El ect r i cal  
Ener gy

NEMA WC 74/ I CEA S- 93- 639 ( 2022)  5- 46 kV Shi el ded Power  Cabl e f or  
Use i n t he Tr ansmi ssi on and Di st r i but i on 
of  El ect r i c Ener gy

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es
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UL 1685 ( 2015)  UL St andar d f or  Saf et y 
Ver t i cal - Tr ay Fi r e- Pr opagat i on and 
Smoke- Rel ease Test  f or  El ect r i cal  and 
Opt i cal - Fi ber  Cabl es

UL 2556 ( 2015)  UL St andar d f or  Saf et y Wi r e and 
Cabl e Test  Met hods

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  Not ebook,  i n conf or mance t o Sect i on 01 33 00 Submi t t al  
Pr ocedur es.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 03 Pr oduct  Dat a

Wi r e and Cabl e;  G

Conduct or s;  G

Cabl e Manuf act ur i ng Dat a

SD- 06 Test  Repor t s

Test  Repor t ( s) ,  I nspect i on Repor t ( s) ,  and Ver i f i cat i on Repor t ( s) ;  G

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

Fur ni sh cabl es on r eel s or  coi l s.   Each cabl e and t he out si de of  each r eel  
or  coi l ,  must  be pl ai nl y mar ked or  t agged t o i ndi cat e t he cabl e l engt h,  
vol t age r at i ng,  conduct or  s i ze,  and manuf act ur er ' s l ot  number  and r eel  
number .   Each coi l  or  r eel  of  cabl e must  cont ai n onl y one cont i nuous cabl e 
wi t hout  spl i ces.   Cabl es f or  excl usi vel y dc appl i cat i ons,  as speci f i ed i n 
par agr aph " Hi gh- Vol t age Test  Sour ce, "  must  be i dent i f i ed as such.   
Shi el ded cabl es r at ed 2, 001 vol t s and above must  be r eel ed and mar ked i n 
accor dance wi t h NEMA WC 26,  as appl i cabl e.   Reel s must  r emai n t he pr oper t y 
of  t he Gover nment .

PART 2   PRODUCTS

2. 1   MATERI ALS

2. 1. 1   Wi r e Tabl e

Fur ni sh wi r e and cabl e i n accor dance wi t h t he r equi r ement s of  t he wi r e 
t abl e bel ow,  conf or mi ng t o t he det ai l ed r equi r ement s speci f i ed her ei n.

2. 1. 2   Rat ed Ci r cui t  Vol t ages

Al l  power  wi r e and cabl e must  have mi ni mum r at ed ci r cui t  vol t ages i n 
accor dance wi t h NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.   Power  wi r e and cabl e f or  c i r cui t  
vol t ages r at ed 0- 600 vol t s must  be r at ed not  l ess t han 600 vol t s.   Cont r ol  
wi r e and cabl e must  have mi ni mum r at ed ci r cui t  vol t ages i n accor dance wi t h 
NEMA WC 57,  but  must  be r at ed 600 vol t s i f  r out ed i n r aceway wi t h ot her  
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conduct or s t hat  ar e r at ed 600 vol t s.

2. 1. 3   Conduct or s

2. 1. 3. 1   Mat er i al  f or  Conduct or s

Conduct or s must  conf or m t o al l  t he appl i cabl e r equi r ement s of  NEMA WC 57,  
NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as 
appl i cabl e.   Copper  conduct or s must  be anneal ed copper  mat er i al  and t hey 
may be bar e,  or  t i n-  or  l ead- al l oy- coat ed,  i f  r equi r ed by t he t ype of  
i nsul at i on used.

2. 1. 3. 2   Si ze

Mi ni mum wi r e s i ze must  be as l i s t ed bel ow.

a.  No.  12 AWG f or  power  and l i ght i ng c i r cui t s

b.  No.  10 AWG f or  cur r ent  t r ansf or mer  secondar y c i r cui t s

c.  No.  14 AWG f or  pot ent i al  t r ansf or mer ,  r el ayi ng,  and cont r ol  c i r cui t s

d.  No.  16 AWG f or  annunci at or  c i r cui t s

e.  No.  19 AWG f or  al ar m ci r cui t s

Mi ni mum wi r e s i zes f or  r at ed ci r cui t  vol t ages of  2, 001 vol t s and above 
must  not  be l ess t han t hose l i s t ed f or  t he appl i cabl e vol t age i n 
ANSI / NEMA WC 71/ I CEA S- 96- 659 or  NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.

2. 1. 3. 3   St r andi ng

Conduct or  st r andi ng cl asses ci t ed her ei n must  be as def i ned f or  cont r ol  
conduct or s i n NEMA WC 57 or  as def i ned f or  0- 2, 000 vol t s power  conduct or s 
i n NEMA WC 70,  as appl i cabl e.   Li ght i ng conduct or s No.  10 AWG and smal l er  
must  be sol i d or  have Cl ass B st r andi ng.  Any conduct or s used bet ween 
st at i onar y and movi ng devi ces,  such as hi nged door s or  panel s,  must  have 
Cl ass H or  K st r andi ng.  Al l  ot her  conduct or s must  have Cl ass B or  C 
st r andi ng,  except  t hat  conduct or s as shown,  or  i n t he schedul e,  as No.  12 
AWG may be 19 st r ands of  No.  25 AWG,  and conduct or s shown as No.  10 AWG 
may be 19 st r ands of  No.  22 AWG.  Conduct or  st r andi ng cl asses f or  c i r cui t  
vol t ages 2, 001 vol t s and above must  be as def i ned i n 
ANSI / NEMA WC 71/ I CEA S- 96- 659 and NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e.

2. 1. 3. 4   Conduct or  Shi el di ng

Use conduct or  shi el di ng conf or mi ng t o NEMA WC 57 f or  cont r ol  wi r e and 
cabl e as appl i cabl e.   Use conduct or  shi el di ng conf or mi ng t o 
ANSI / NEMA WC 71/ I CEA S- 96- 659 or  NEMA WC 74/ I CEA S- 93- 639,  as appl i cabl e,  
on power  cabl es havi ng a r at ed ci r cui t  vol t age above 2, 000 vol t s.

2. 1. 3. 5   Separ at or  Tape

Wher e conduct or  shi el di ng,  st r and f i l l i ng,  or  ot her  speci al  conduct or  
t r eat ment  i s not  r equi r ed,  a separ at or  t ape bet ween conduct or  and 
i nsul at i on i s per mi t t ed.
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2. 1. 4   I nsul at i on

2. 1. 4. 1   I nsul at i on Mat er i al

Unl ess speci f i ed ot her wi se or  r equi r ed by NFPA 70,  wi r es i n condui t ,  ot her  
t han ser vi ce ent r ance,  must  be 600- vol t ,  Type THWN/ THHN conf or mi ng t o UL 83.   
I nsul at i on f or  cont r ol  wi r e and cabl e must  meet  t he r equi r ement s of  
NEMA WC 57.   I nsul at i on r equi r ement s f or  wi r e and cabl e r at ed l ess t han 
2, 000 vol t s must  meet  t he r equi r ement s of  NEMA WC 70.   I nsul at i on 
r equi r ement s f or  wi r e and cabl e r at ed 2, 001- 5, 000 vol t s must  meet  t he 
r equi r ement s of  ANSI / NEMA WC 71/ I CEA S- 96- 659.  I nsul at i on r equi r ement s f or  
wi r e and cabl e r at ed 5, 001 vol t s and gr eat er  must  meet  t he r equi r ement s of  
NEMA WC 74/ I CEA S- 93- 639.

For  shi el ded cabl es of  r at ed ci r cui t  vol t ages above 2, 000 vol t s,  t he 
f ol l owi ng pr ovi s i ons must  al so appl y:

a.   XLPE,  i f  used,  must  be t r ee- r et ar dant .

b.   I nsul at i on must  be chemi cal l y bonded t o conduct or  shi el di ng.

c.   The i nsul at i on mat er i al  and i t s manuf act ur i ng,  handl i ng,  ext r usi on and 
vul cani z i ng pr ocesses must  al l  be subj ect  t o st r i ct  pr ocedur es t o 
pr event  t he i ncl usi on of  voi ds,  cont ami nat i on,  or  ot her  i r r egul ar i t i es 
on or  i n t he i nsul at i on.   I nsul at i on mat er i al  must  be i nspect ed f or  
voi ds and cont ami nant s.  

d.   Cabl es wi t h r epai r ed i nsul at i on def ect s di scover ed dur i ng f act or y 
t est i ng,  or  wi t h spl i ces or  i nsul at i on j oi nt s,  ar e pr ohi bi t ed unl ess 
speci f i cal l y appr oved.

2. 1. 4. 2   I nsul at i on Thi ckness

The i nsul at i on t hi ckness f or  each conduct or  must  be based on i t s r at ed 
ci r cui t  vol t age.

2. 1. 4. 2. 1   Power  Cabl es,  2, 000 Vol t s and Bel ow

The i nsul at i on t hi ckness f or  s i ngl e- conduct or  and mul t i pl e- conduct or  power  
cabl es r at ed 2, 000 vol t s and bel ow must  be as r equi r ed by NEMA WC 70,  as 
appl i cabl e.  Some t hi cknesses of  NEMA WC 70 wi l l  be per mi t t ed onl y f or  
s i ngl e- conduct or  cr oss- l i nked t her moset t i ng pol yet hyl ene i nsul at ed cabl es 
wi t hout  a j acket .   NEMA WC 70 et hyl ene- pr opyl ene r ubber - i nsul at ed 
conduct or s must  have a j acket .

2. 1. 4. 2. 2   Si ngl e- Conduct or  and Mul t i pl e- Conduct or  Cont r ol  Cabl es

The i nsul at i on t hi ckness of  cont r ol  conduct or  s i zes 22 AWG t o 10 AWG used 
f or  cont r ol  and r el at ed pur poses must  be as r equi r ed by NEMA WC 57,  as 
appl i cabl e.  Cont r ol  conduct or s l ar ger  t han 10 AWG must  be as r equi r ed by 
NEMA WC 70.

2. 1. 5   Jacket s

Al l  cabl es must  have j acket s meet i ng t he r equi r ement s of  NEMA WC 57,  
NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  and NEMA WC 74/ I CEA S- 93- 639,  
as appl i cabl e,  and as speci f i ed her ei n.   I ndi v i dual  conduct or s of  
mul t i pl e- conduct or  cabl es must  be r equi r ed t o have j acket s onl y i f  t hey 
ar e necessar y f or  t he conduct or  t o meet  ot her  speci f i cat i ons her ei n.   
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Jacket s of  s i ngl e- conduct or  cabl es and of  i ndi v i dual  conduct or s of  
mul t i pl e- conduct or  cabl es,  except  f or  shi el ded cabl es,  must  be i n di r ect  
cont act  and adher e or  be vul cani zed t o t he conduct or  i nsul at i on.   
Mul t i pl e- conduct or  cabl es and shi el ded si ngl e- conduct or  cabl es must  be 
pr ovi ded wi t h a common over al l  j acket ,  whi ch must  be t i ght l y and 
concent r i cal l y f or med ar ound t he cor e.   Repai r ed j acket  def ect s f ound and 
cor r ect ed dur i ng manuf act ur i ng ar e per mi t t ed i f  t he cabl e,  i ncl udi ng 
j acket ,  af t er war d f ul l y meet s t hese speci f i cat i ons and t he r equi r ement s of  
t he appl i cabl e st andar ds.

2. 1. 5. 1   Jacket  Mat er i al

The j acket  must  be one of  t he mat er i al s l i s t ed bel ow.   Pol yvi nyl  chl or i de 
compounds wi l l  not  be per mi t t ed.  Var i at i ons f r om t he mat er i al s r equi r ed 
bel ow wi l l  be per mi t t ed onl y i f  appr oved f or  each speci f i c  use,  upon 
submi t t al  of  suf f i c i ent  dat a t o pr ove t hat  t hey exceed al l  speci f i ed 
r equi r ement s f or  t he par t i cul ar  appl i cat i on.

2. 1. 5. 1. 1   Gener al  Use

Heavy- dut y bl ack neopr ene NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  
or  NEMA WC 74/ I CEA S- 93- 639

Heavy- dut y chl or osul f onat ed pol yet hyl ene NEMA WC 57,  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639

Heavy- dut y cr oss- l i nked ( t her moset )  
chl or i nat ed pol yet hyl ene

NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  
or  NEMA WC 74/ I CEA S- 93- 639

2. 1. 5. 1. 2   Accessi bl e Use Onl y,  2, 000 Vol t s or  Less

Cabl es i nst al l ed wher e t hey ar e ent i r el y accessi bl e,  such as cabl e t r ays 
and r aceways wi t h r emovabl e cover s,  or  wher e t hey pass t hr ough l ess t han 
10 f eet  of  exposed condui t  onl y,  must  have j acket s of  one of  t he mat er i al s 
i n i t em " a.  Gener al  Use"  or  one of  t he f ol l owi ng:

Gener al - pur pose neopr ene NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  
or  NEMA WC 74/ I CEA S- 93- 639

Bl ack pol yet hyl ene ( MDPE) NEMA WC 57,  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639

Ther mopl ast i c chl or i nat ed pol yet hyl ene NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  
or  NEMA WC 74/ I CEA S- 93- 639
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2. 1. 5. 2   Jacket  Thi ckness

The mi ni mum t hi ckness of  t he j acket s must  be not  l ess t han 80 per cent  of  
t he r espect i ve nomi nal  t hi cknesses speci f i ed bel ow.

2. 1. 5. 2. 1   Mul t i pl e- Conduct or  Cabl es

Thi ckness of  t he j acket s of  t he i ndi v i dual  conduct or s of  
mul t i pl e- conduct or  cabl es must  be as r equi r ed by NEMA WC 57,  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e 
and must  be i n addi t i on t o t he conduct or  i nsul at i on t hi ckness r equi r ed by 
t he appl i cabl e r espect i ve NEMA publ i cat i on f or  t he i nsul at i on used.   
Thi ckness of  t he out er  j acket s and associ at ed cover i ngs of  t he assembl ed 
mul t i pl e- conduct or  cabl es must  be as r equi r ed by NEMA WC 57,  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.

2. 1. 5. 2. 2   Si ngl e- Conduct or  Cabl es

Si ngl e- conduct or  cabl es must  have a j acket  t hi ckness as speci f i ed i n 
NEMA WC 57,  NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.

2. 1. 6   Met al - Cl ad Cabl e

2. 1. 6. 1   Gener al

The met al l i c  cover i ng or  sheat h must  be i nt er l ocked met al  t ape or  
cont i nuous cor r ugat ed met al ,  conf or mi ng t o t he appl i cabl e r equi r ement s of  
NEMA WC 57,  NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639.   The t ype of  met al  f or  t he met al l i c  cover i ng 
must  be gal vani zed st eel .   I f  t he cover i ng i s of  f er r ous met al ,  i t  must  be 
gal vani zed.   Gr oundi ng conduct or ( s)  conf or mi ng t o NEMA WC 57,  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e 
must  be f ur ni shed f or  each mul t i pl e- conduct or  met al - c l ad cabl e.   Assembl y 
and cabl i ng must  be as speci f i ed i n par agr aph " Cabl i ng. "   The met al l i c  
cover i ng must  be appl i ed over  an i nner  j acket  or  f i l l er  t ape.   The cabl e 
must  be assembl ed so t hat  t he met al l i c  cover i ng wi l l  be t i ght l y bound over  
a f i r m cor e.

2. 1. 6. 2   Jacket s

Met al - c l ad cabl es may have a j acket  under  t he ar mor ,  and must  have a 
j acket  over  t he ar mor .   Jacket s must  compl y wi t h t he r equi r ement s of  
NEMA WC 57,  NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.  The out er  j acket  f or  t he 
met al - c l ad cabl e may be of  pol yvi nyl  chl or i de ( PVC)  onl y i f  speci f i cal l y 
appr oved.

2. 1. 7   Mul t i pl e- Conduct or  Cabl es

Gr oundi ng conduct or ( s)  conf or mi ng t o NEMA WC 57,  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e 
must  be f ur ni shed f or  each mul t i pl e- conduct or  cabl e.   Assembl y and cabl i ng 
must  be as speci f i ed i n par agr aph CABLI NG.
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2. 2   CABLE I DENTI FI CATI ON

2. 2. 1   Col or - Codi ng

I nsul at i on of  i ndi v i dual  conduct or s of  mul t i pl e- conduct or  cabl es must  be 
col or - coded i n accor dance wi t h I CEA S- 58- 679,  except  t hat  col or ed br ai ds 
wi l l  not  be per mi t t ed.   Onl y one col or - code met hod must  be used f or  each 
cabl e const r uct i on t ype.   Cont r ol  cabl e col or - codi ng must  be as i ndi cat ed.  
Power  cabl e col or - codi ng must  be as f ol l ows:

a.  208/ 120 vol t ,  t hr ee- phase

( 1)  Phase A -  bl ack

( 2)  Phase B -  r ed

( 3)  Phase C -  bl ue

( 4)  Gr ounded neut r al  -  whi t e

( 5)  I nsul at ed gr oundi ng conduct or  -  gr een

b.  480/ 277 vol t ,  t hr ee- phase

( 1)  Phase A -  br own

( 2)  Phase B -  or ange

( 3)  Phase C -  yel l ow

c.  240/ 120 vol t ,  s i ngl e phase:  Bl ack and r ed

Ot her  i ndi v i dual  conduct or s must  be col or - coded as i ndi cat ed,  but  such 
col or - codi ng may be accompl i shed by appl y i ng col or ed pl ast i c t apes or  
col or ed sl eeves at  t er mi nat i ons.

2. 2. 2   Cabl i ng

I ndi v i dual  conduct or s of  mul t i pl e- conduct or  cabl es must  be assembl ed wi t h 
f l ame- and moi st ur e- r esi st ant  f i l l er s,  bi nder s,  and a l ay conf or mi ng t o 
NEMA WC 57,  NEMA WC 70,  ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  
NEMA WC 74/ I CEA S- 93- 639.   Fl at  t wi n cabl es ar e pr ohi bi t ed.   Fi l l er s must  
be used i n t he i nt er st i ces of  mul t i pl e- conduct or  r ound cabl es wi t h a 
common cover i ng wher e necessar y t o gi ve t he compl et ed cabl e a 
subst ant i al l y  c i r cul ar  cr oss sect i on.   Fi l l er s must  be non- hygr oscopi c 
mat er i al ,  compat i bl e wi t h t he cabl e i nsul at i on,  j acket ,  and ot her  
component s of  t he cabl e.   The r ubber - f i l l ed or  ot her  appr oved t ype of  
bi ndi ng t ape must  consi st  of  a mat er i al  t hat  i s  compat i bl e wi t h t he ot her  
component s of  t he cabl e and must  be l apped at  l east  10 per cent  of  i t s  
wi dt h.

2. 2. 3   Di mensi onal  Tol er ance

The out si de di amet er s of  s i ngl e- conduct or  cabl es and of  mul t i pl e- conduct or  
cabl es must  not  var y mor e t han 5 per cent  and 10 per cent ,  r espect i vel y,  
f r om t he manuf act ur er ' s publ i shed cat al og dat a.
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PART 3   EXECUTI ON

3. 1   I NSTALLATI ON I NSTRUCTI ONS

Submi t  cabl e manuf act ur i ng dat a.   The f ol l owi ng i nf or mat i on must  be 
pr ovi ded by t he cabl e manuf act ur er  f or  each si ze,  conduct or  quant i t y,  and 
t ype of  cabl e f ur ni shed:

a.   Mi ni mum bendi ng r adi us,  i n i nches -  For  mul t i pl e- conduct or  cabl es,  
t hi s i nf or mat i on must  be pr ovi ded f or  bot h t he i ndi v i dual  conduct or s 
and t he mul t i pl e- conduct or  cabl e.

b.   Pul l i ng t ensi on and si dewal l  pr essur e l i mi t s,  i n pounds.

c.   I nst r uct i ons f or  st r i ppi ng semi conduct i ng i nsul at i on shi el ds,  i f  
f ur ni shed,  wi t h mi ni mum ef f or t  wi t hout  damagi ng t he i nsul at i on.

d.   Upon r equest ,  compat i bi l i t y  of  cabl e mat er i al s and const r uct i on wi t h 
speci f i c  mat er i al s and har dwar e manuf act ur ed by ot her s must  be 
st at ed.   Al so,  i f  r equest ed,  r ecommendat i ons must  be pr ovi ded f or  
var i ous cabl e oper at i ons,  i ncl udi ng i nst al l i ng,  spl i c i ng,  t er mi nat i ng,  
et c.

3. 2   TEST REPORT( S) ,  I NSPECTI ON REPORT( S) ,  AND VERI FI CATI ON REPORT( S)

3. 2. 1   Cabl e Dat a

Do not  begi n any wi r e and cabl e f abr i cat i on unt i l  mat er i al s ar e submi t t ed 
and appr oved by t he Cont r act i ng Of f i cer .   Submi t  cabl e dat a f or  appr oval  
i ncl udi ng,  but  not  l i mi t ed t o,  di mensi oned sket ches showi ng cabl e 
const r uct i on and suf f i c i ent  addi t i onal  dat a t o show t hat  wi r e and cabl e 
meet  t he r equi r ement s of  t hi s Sect i on.

3. 2. 2   I nspect i on and Test s

I nspect i on and t est s of  wi r e and cabl e f ur ni shed under  t hese 
speci f i cat i ons must  be made by and at  t he pl ant  of  t he manuf act ur er ,  and 
must  be wi t nessed by t he Cont r act i ng Of f i cer ,  unl ess wai ved i n wr i t i ng.  
The Gover nment  may r equi r e or  per f or m f ur t her  t est s bef or e or  af t er  
i nst al l at i on.   Test i ng i n gener al  must  compl y wi t h NEMA WC 57,  NEMA WC 70,  
ANSI / NEMA WC 71/ I CEA S- 96- 659,  or  NEMA WC 74/ I CEA S- 93- 639 as appl i cabl e.   
Speci f i c  t est s r equi r ed f or  par t i cul ar  mat er i al s,  component s,  and 
compl et ed cabl es must  be as speci f i ed i n t he sect i ons of  t he above 
st andar ds appl i cabl e t o t hose mat er i al s,  component s,  and cabl e t ypes.   
Test s must  al so be per f or med i n accor dance wi t h t he addi t i onal  
r equi r ement s speci f i ed bel ow.   Submi t  cer t i f i ed copi es of  t est  r epor t s.

3. 2. 2. 1   Hi gh- Vol t age Test  Sour ce

Wher e t he appl i cabl e st andar ds al l ow a choi ce,  hi gh- vol t age t est s f or  
cabl es t o be used excl usi vel y on dc c i r cui t s must  be made wi t h dc t est  
vol t ages.   Cabl es t o be used excl usi vel y on ac c i r cui t s must  be t est ed 
wi t h ac t est  vol t ages.   I f  bot h ac and dc wi l l  be pr esent ,  on ei t her  t he 
same or  separ at e conduct or s of  t he cabl e,  ac t est  vol t ages must  be used.

3. 2. 2. 2   Fl ame Test s

Al l  mul t i pl e- conduct or  and si ngl e- conduct or  cabl e assembl i es must  pass 
ei t her  t he ver t i cal  cabl e t r ay f l ame t est s r equi r ed by I CEA T- 30- 520 
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( st at ed i n,  but  not  r equi r ed by NEMA WC 70) ;  t he ver t i cal  t r ay f l ame 
pr opagat i on t est  r equi r ement s of  UL 1685 Met hod 1;  t he ver t i cal  t r ay f l ame 
pr opagat i on t est  r equi r ement s of  UL 1685 FT4 and I EEE 1202;  t he wi r e and 
cabl e bur ni ng char act er i st i cs t est  of  t he UL 2556 VW- 1 Test ;  or  ( f or  
cont r ol  cabl es onl y)  t he f l ame t est  as r equi r ed by NEMA WC 57.   I f  such 
t est s,  however ,  have pr evi ousl y been made on i dent i cal  cabl es,  t hese t est s 
need not  be r epeat ed.  I nst ead,  cer t i f i ed r epor t s of  t he or i gi nal  
qual i f y i ng t est s must  be submi t t ed.   I n t hi s case t he r epor t s f ur ni shed 
under  par agr aph " Repor t s, "  must  i ncl ude i nf or mat i on,  i dent i f y cr i t i cal  
i nf or mat i on,  and ver i f y t hat  al l  of  each cabl e' s mat er i al s,  const r uct i on,  
and di mensi ons ar e t he same as t hose i n t he qual i f y i ng t est s.

3. 2. 2. 3   I ndependent  Test s

The Gover nment  may make vi sual  i nspect i ons,  cont i nui t y or  r esi st ance 
checks,  i nsul at i on r esi st ance r eadi ngs,  power  f act or  t est s,  or  dc hi gh 
pot ent i al  t est s at  f i el d t est  val ues.   A cabl e' s f ai l ur e t o pass t hese 
t est s and i nspect i ons,  or  f ai l ur e t o pr oduce r eadi ngs consi st ent  wi t h 
accept abl e val ues f or  t he appl i cat i on,  wi l l  be gr ounds f or  r ej ect i on of  
t he cabl e.

3. 2. 2. 4   Repor t s

Fur ni sh r esul t s of  t est s.   No wi r e or  cabl e must  be shi pped unt i l  
aut hor i zed.   Lot  number  and r eel  or  coi l  number  of  wi r e and cabl e t est ed 
must  be i ndi cat ed on t he t est  r epor t s.
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WI RE TABLE

I t em
No.

Si ze,  AWG
or  kcmi l

No.  of
Conds.

Rat ed
Ci r cui t
Vol t age

St r andi ng Comment s Quant i t y,
l i n f t

       - -  End of  Sect i on - -
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SECTI ON 26 05 73

POWER SYSTEM STUDI ES
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

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

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 1584 ( 2018;  E 2019)  Gui de f or  Per f or mi ng 
Ar c- Fl ash Hazar d Cal cul at i ons

I EEE 1584. 1 ( 2022)  Gui de f or  t he Speci f i cat i on of  
Scope and Del i ver abl e Requi r ement s f or  an 
Ar c- Fl ash Hazar d Cal cul at i on St udy

I EEE 3002. 2 ( 2018)  Recommended Pr act i ce f or  Conduct i ng 
Load- Fl ow St udi es and Anal ysi s of  
I ndust r i al  and Commer ci al  Power  Syst ems

I EEE 3002. 3 ( 2018)  Recommended Pr act i ce f or  Conduct i ng 
Shor t - Ci r cui t  St udi es and Anal ysi s of  
I ndust r i al  and Commer ci al  Power  Syst ems

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

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

NFPA 70E ( 2024)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 560- 01 ( 2017;  wi t h Change 3,  2023)  Oper at i on and 
Mai nt enance:  El ect r i cal  Saf et y

1. 2   SYSTEM DESCRI PTI ON

The power  syst em cover ed by t hi s speci f i cat i on consi st s of :   al l  
el ect r i cal  di st r i but i on equi pment  downst r eam of  t he ser vi ce t r ansf or mer ' s 
secondar y connect i on poi nt s.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  Not ebook,  i n conf or mance t o Sect i on 01 33 00 Submi t t al  
Pr ocedur es.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 
SUBMI TTAL PROCEDURES:

SD- 01 Pr econst r uct i on Submi t t al s
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Fi el d Exami nat i on Pl an;  G

Ar c Fl ash Label  For mat s;  G

SD- 06 Test  Repor t s

Fi el d Exami nat i on

SD- 07 Cer t i f i cat es

Syst em Anal yzer ;  G

SD- 11 Cl oseout  Submi t t al s

Model  Fi l es;  G

Load Fl ow St udy;  G

Faul t  Cur r ent  St udy;  G

Syst em Coor di nat i on St udy;  G

Ar c Fl ash Hazar d St udy;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Syst em Anal yzer

The Syst em Anal yzer  must  per f or m t he power  syst em st udi es.   The Syst em 
Anal yzer  must  be a r egi st er ed pr of essi onal  el ect r i cal  engi neer  wi t h a 
mi ni mum of  3 year s of  exper i ence wi t h power  syst em st udi es.   I ncl ude a 
l i s t  of  t hr ee compar abl e j obs per f or med by t he Syst em Anal yzer  wi t h 
speci f i c  names and t el ephone number s f or  r ef er ence.   I ncl ude t he l i cense 
number  and st at e of  t he r egi st er ed Pr of essi onal  Engi neer .

1. 4. 2   Syst em Ver i f i er

The Syst em Ver i f i er  may i nspect  and r ecor d set t i ngs,  mar ki ngs,  and 
ot her wi se document  t he exi st i ng equi pment .   The Syst em Ver i f i er  may al so 
pl ace appr opr i at e hazar d l abel s on equi pment .   The Syst em Ver i f i er  must  
not  make any cal i br at i ons or  adj ust ment s or  pl ace equi pment  i nt o ser vi ce.   
When wor ki ng wi t h ener gi zed equi pment ,  t he syst em ver i f i er  must  be a 
Qual i f i ed Per son per  NFPA 70E or  wor ki ng under  t he di r ect  super vi s i on of  a 
Qual i f i ed Per son.   The Syst em Ver i f i er  may communi cat e wi t h t he syst em 
owner  t o det er mi ne i f  t he equi pment  wi t hi n t he st udi ed syst em has r ecei ved 
mai nt enance and t est i ng i n accor dance wi t h NETA MTS or  NFPA 70B.

PART 2   PRODUCTS

Not  used.

PART 3   EXECUTI ON

3. 1   FI ELD EXAMI NATI ON

For  each pr e-  and post - st udy i nspect i on,  submi t  a f i el d exami nat i on pl an 
i dent i f y i ng whi ch f aci l i t i es must  be exami ned t o compl et e t he r equi r ed 
wor k.   I ncl ude a compl et e i nf or mat i on ver i f i cat i on pr ocedur e,  wher e 
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Qual i f i ed Per sonnel  wi l l  be r equi r ed,  PPE r equi r ement s f or  " l i ve"  
equi pment  exami nat i ons,  and equi pment  t o be used wi t hi n t he l i mi t ed 
appr oach boundar y of  t he equi pment .

3. 1. 1   Gener al

Per f or m f i el d i nspect i ons of  t he s i t e and equi pment  bef or e t he f i r st  st udy 
and af t er  t he l ast  st udy t o det er mi ne t he st at e and set t i ngs of  t he 
equi pment  and t o ver i f y t he f i nal  set t i ngs agr ee wi t h t he st udi es.   The 
post - st udy i nspect i on may be per f or med by t he t est i ng or gani zat i on 
appr oved i n 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG.

Schedul e t he f i el d exami nat i on by t he Syst em Ver i f i er  wi t h t he Cont r act i ng 
Of f i cer  at  l east  10 busi ness days bef or e conduct i ng exami nat i on.  Fur ni sh 
al l  mat er i al s,  l abor ,  and equi pment  necessar y t o conduct  t he exami nat i on.  
Mai nt ai n a wr i t t en r ecor d of  t he al l  equi pment  exami ned,  equi pment  
l ocat i on,  equi pment  r at i ngs,  set t i ngs,  per sonnel  i nvol ved,  and t he dat e 
t he exami nat i on was per f or med.   Submi t  t he wr i t t en r ecor d of  each f i el d 
exami nat i on.

3. 1. 2   Saf et y

Wher e exami nat i on of  t he equi pment  r equi r es ener gi zed equi pment  t o be 
opened,  pr ovi de a Qual i f i ed Per son t o di r ect l y super vi s i ng any 
non- Qual i f i ed Per son wi t hi n t he hazar d ar ea.   Use PPE,  pr ot ect i ve bar r i er s,
danger  s i gns and ot her  saf et y devi ces t o pr ot ect  and war n per sonnel  i n t he 
v i c i ni t y of  " l i ve"  equi pment  bei ng exami ned.

3. 1. 3   Appl i cat i on of  Ar c Fl ash Label s

I nst al l  ar c f l ash war ni ng l abel s usi ng Qual i f i ed Per sonnel  as necessar y 
af t er  t he set t i ng and i nspect i on i s compl et e.   For  new or  modi f i ed 
equi pment ,  i nst al l  l abel s bef or e t he equi pment  i s ener gi zed f or  t he f i r st  
t i me af t er  i nst al l at i on/ modi f i cat i on or  set t i ng changes.   Schedul e t he 
l abel  pl acement  wi t h t he Cont r act i ng Of f i cer  at  l east  5 busi ness days 
bef or e l abel  pl acement .  Fur ni sh al l  mat er i al s,  l abor ,  and equi pment  
necessar y t o pl ace t he l abel s.   Mai nt ai n a wr i t t en r ecor d of  t he al l  
equi pment  t hat  r ecei ved l abel s,  per sonnel  i nvol ved,  and t he dat e l abel s 
wer e pl aced.

3. 2   POWER SYSTEM STUDI ES

Per f or m power  syst em st udi es t o demonst r at e t hat  t he equi pment  sel ect ed 
and syst em const r uct ed meet  t he cont r act  r equi r ement s f or  f aul t  cur r ent  
and i nt er r upt  r at i ngs,  coor di nat i on,  pr ot ect i on,  and Ar c Fl ash Hazar d.   
Submi t  r epor t s of  t he st udi es al ong wi t h pr ot ect i ve devi ce equi pment  
submi t t al s.   Appl y Ar c Fl ash Hazar d l abel s t o equi pment  af t er  t he st udi es 
ar e appr oved.   Updat e and r esubmi t  t he st udi es af t er  any changes t o t he 
equi pment  or  syst ems whi ch may af f ect  t he st udy r esul t s,  and r e- appl y Ar c 
Fl ash Hazar d l abel s t o equi pment  af t er  t he r esubmi t t ed st udi es ar e 
appr oved.   The Gover nment  i s not  r esponsi bl e f or  any changes t o equi pment ,  
devi ce r at i ngs,  set t i ngs,  or  addi t i onal  l abor  f or  i nst al l at i on of  
equi pment  or  devi ces or  l abel s or der ed and/ or  pr ocur ed bef or e appr oval  of  
t he st udy.
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3. 2. 1   Scope of  St udi es

The scope of  t he st udi es must  begi n at  t he ut i l i t y  ser vi ce ent r ance of  a 
bui l di ng and ext end down t o l oad buses/ panel s wher e t he f aul t  cur r ent  i s 
2, 000 amper es or  l ess ( symmet r i cal )  f or  di st r i but i on buses nomi nal l y 
oper at i ng at  208 vol t  AC and above.

The " sour ce bus"  i s t he sour ce of  ener gy f or  syst em bei ng anal yzed.   Thi s 
may be t he ener gy f eed f r om a ut i l i t y ,  t he f i r st  bus upst r eam of  t he wor k,  
gener at or s wi t hi n t he wor k or  upst r eam of  t he wor k,  or  any ot her  sour ce 
capabl e of  cont r i but i ng s i gni f i cant  ener gy i nt o t he syst em bei ng anal yzed.

I n t he syst ems model  f or  t he st udi es,  i ncor por at e al l  exi st i ng and new 
equi pment  wi t hi n t he scope of  t he st udi es.  I ncor por at e any addi t i onal  
sour ces or  l oad equi pment  necessar y t o accur at el y model  t he syst em' s 
per f or mance.

Wher e mul t i pl e sour ces of  power  may be i n ser vi ce i n var i ous combi nat i ons 
or  wher e el ect r i cal  l oops ar e i n t he syst em,  i ncor por at e i nt o t he st udi es 
al l  t he modes of  oper at i on t o eval uat e t he i mpact  of  t he modes of  
oper at i on on t he syst em.

3. 2. 2   Det er mi nat i on of  Fact s

Det er mi ne and document  t he t i me- cur r ent  char act er i st i cs,  f eat ur es,  
r at i ngs,  ampaci t i es,  and namepl at e dat a f or  each exi st i ng pr ot ect i ve 
devi ce,  el ect r i cal  equi pment ,  and f eeder  cabl es.   Obt ai n t he avai l abl e 
f aul t  cur r ent  f r om t he owner  of  t he sour ce bus.    For  mul t i pl e modes of  
oper at i on,  use t he mode wi t h avai l abl e f aul t  cur r ent  t hat  pr oduces t he 
gr eat est  i nci dent  ener gi es i n t he ar c f l ash hazar d st udy.

Ut i l i ze f i el d- ver i f i ed dat a i n t he power  syst em st udi es.   Document  t he 
f i el d- ver i f i ed dat a i n t he r epor t .

3. 2. 3   Si ngl e Li ne Di agr am

Pr ovi de a s i ngl e l i ne di agr am showi ng t he el ect r i cal  syst em buses,  
devi ces,  t r ansf or mat i on poi nt s,  and al l  sour ces of  l oad cur r ent  and f aul t  
cur r ent ,   i ncl udi ng gener at or  and mot or  cont r i but i ons.  Pr ovi de a di agr am 
f r om t he syst em model .   Each bus,  devi ce or  t r ansf or mat i on poi nt  must  have 
a uni que i dent i f i er .   Show t he l ocat i on of  swi t ches,  br eaker s,  and ci r cui t  
i nt er r upt i ng devi ces on t he di agr am t oget her  wi t h avai l abl e f aul t  dat a,  
and t he devi ce i nt er r upt i ng r at i ng.

The nami ng of  exi st i ng component s wi t hi n t he syst em model  and si ngl e l i ne 
di agr am must  mat ch exi st i ng i nst al l ed equi pment  names.   The nami ng of  new 
component s wi t hi n t he syst em model  and si ngl e l i ne di agr am must  use uni que 
i dent i f i er s and be coor di nat ed wi t h t he Gover nment .

3. 2. 4   Load Fl ow St udy

Per f or m t he l oad f l ow st udy i n accor dance wi t h I EEE 3002. 2 t o i dent i f y 
i ni t i t al  st eady- st at e condi t i ons f or  t he f aul t  cur r ent  st udy.   For  each 
oper at i ng scenar i o,  pr ovi de l oad f l ow r esul t s on t he di agr am or  i n t he 
r epor t .   Show or  descr i be t he l oadi ng f act or s and assumpt i ons used i n each 
oper at i ng mode.
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3. 2. 5   Faul t  Cur r ent  St udy

Use t he r esul t s of  t he l oad f l ow st udy t o per f or m t he f aul t  cur r ent  st udy 
i n accor dance wi t h I EEE 3002. 3.   Pr ovi de bal anced t hr ee- phase f aul t ,  
bol t ed l i ne- t o- l i ne f aul t ,  and si ngl e l i ne- t o- gr ound f aul t  cur r ent  val ues 
at  each vol t age t r ansf or mat i on poi nt  and at  each power  di st r i but i on bus.   
For  each l ocat i on,  show i n t abul ar  f or m on t he di agr am or  i n t he r epor t  
t he maxi mum and mi ni mum avai l abl e f aul t  cur r ent s of  al l  modes of  oper at i on 
f or  t hat  l ocat i on.

Wher e t he avai l abl e f aul t  cur r ent  at  t he sour ce bus i s not  avai l abl e,  
descr i be how t he f aul t  cont r i but i on f r om t he sour ce bus was det er mi ned and 
why t hi s met hod i s r easonabl e f or  t he st udy.

3. 2. 6   Syst em Coor di nat i on St udy

Use t he r esul t s of  t he l oad f l ow st udy and f aul t  cur r ent  st udy.   For  
nor mal  modes of  oper at i on,  demonst r at e t hat  sel ect i v i t y has been obt ai ned 
bet ween t he devi ces wi t hi n t he scope of  t he pr oj ect .  Demonst r at e t he 
equi pment ,  machi nes,  and conduct or s ar e pr ot ect ed f r om damage f r om 
over l oads and f aul t  condi t i ons.  I ncl ude a descr i pt i on of  t he coor di nat i on 
of  t he pr ot ect i ve devi ces i n t hi s pr oj ect .   Pr ovi de a wr i t t en nar r at i ve 
descr i bi ng whi ch devi ces may oper at e i n t he event  of  a f aul t  at  each bus;  
t he l ogi c used t o ar r i ve at  devi ce r at i ngs and set t i ngs;  s i t uat i ons wher e 
syst em coor di nat i on i s not  achi evabl e due t o devi ce l i mi t at i ons;  
coor di nat i on bet ween upst r eam and downst r eam devi ces;  and r el ay set t i ngs.   
Pr ovi de r ecommendat i ons t o i mpr ove or  enhance syst em r el i abi l i t y ,  and 
det ai l  wher e such changes woul d i nvol ve addi t i ons or  modi f i cat i ons t o t he 
cont r act  and cost  damages ( addi t i on or  r educt i on) .   Pr ovi de composi t e 
coor di nat i on pl ot s on a l og- l og scal e.   Wher e r ecommendat i ons ar e pr ovi ded 
t o i mpr ove or  enhance syst em r el i abi l i t y ,  pr ovi de separ at e coor di nat i on 
pl ot s on l og- l og scal e showi ng t he syst em coor di nat i on bef or e and af t er  
t he i mpl ement at i on of  t he r ecommendat i ons.   Wher e coor di nat i on has been 
adj ust ed t o l ower  ar c f l ash val ues,  i ncl ude a di scussi on of  t he change and 
t he i mpact  on t he syst em wi t hi n t he r epor t .

3. 2. 7   Ar c Fl ash Hazar d St udy

Per f or m t he ar c f l ash hazar d st udy i n accor dance wi t h I EEE 1584. 1.   
Ut i l i ze t he dat a f r om t he f aul t  cur r ent  st udy t o det er mi ne t he wor st  case 
i nci dent  ener gy per  I EEE 1584,  I EEE C2,  and OSHA 29 CFR 1910. 269 Appendi x 
E.   Use i dent i f i ed modes of  oper at i on t o det er mi ne t he wor st  case ar c 
f l ash ener gy.   I f  not  i ncl uded i n anot her  st udy,  i ncl ude a descr i pt i on of  
t he devi ces and devi ce set t i ngs f or  t he oper at i ng modes t hat  pr ovi ded t he 
hi ghest  ar c f l ash ener gy.   Wher e t he adj ust i ng t he coor di nat i on of  devi ces 
t o obt ai n l ower  ar c f l ash val ues,  i ncl ude a di scussi on of  t he change and 
t he i mpact  on t he syst em wi t hi n t he r epor t .  Wher e t he ar c f l ash ener gi es 

exceed 8 cal / cm2 pr ovi de r ecommendat i ons t o r educe t he ar c f l ash ener gy t o 

4 cal / cm2.

3. 2. 8   St udy r epor t ( s)

a.   I ncl ude a nar r at i ve descr i bi ng t he st udi es per f or med;  t he bases and 
met hods used;  and t he desi r ed met hod of  coor di nat ed pr ot ect i on of  t he 
power  syst em.
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b.   I ncl ude descr i pt i ve and t echni cal  dat a f or  exi st i ng devi ces and new 
pr ot ect i ve devi ces pr oposed.   I ncl ude manuf act ur er s publ i shed dat a,  
namepl at e dat a,  and def i ni t i on of  t he f i xed or  adj ust abl e f eat ur es of  
t he exi st i ng or  new pr ot ect i ve devi ces.   For  exi st i ng devi ces,  
i ncl uded st at ement s on t he condi t i on of  t he equi pment  based upon f i el d 
i nspect i ons and owner ' s st at ement s and r epor t s.

c.   Document  ut i l i t y  company dat a i ncl udi ng syst em vol t ages,  f aul t  MVA,  
syst em X/ R r at i o,  t i me- cur r ent  char act er i st i c cur ves,  cur r ent  
t r ansf or mer  r at i os,  and r el ay devi ce number s and set t i ngs.   I dent i f y 
al l  assumpt i ons about  t he pr ot ect i on devi ces,  equi pment ,  and syst em 
wher e dat a was not  avai l abl e.

d.   For  each bus i n t he syst em,  pr ovi de f ul l y coor di nat ed composi t e 
t i me- cur r ent  char act er i st i cs ( TCC)  cur ves as r equi r ed t o ensur e 
coor di nat ed power  syst em pr ot ect i on bet ween pr ot ect i ve devi ces and 
equi pment .   I n a t abul ar  f or mat ,  pr ovi de r ecommended r at i ngs and 
set t i ngs of  al l  pr ot ect i ve devi ces.

e.   Pr ovi de an ar c f l ash st udy r epor t  i n accor dance wi t h I EEE 1584. 1.

f .   Pr ovi de t he cal cul at i ons per f or med f or  t he st udi es,  i ncl udi ng comput er  
pr ogr ams ut i l i zed.   Pr ovi de t he name of  t he sof t war e package,  
devel oper ,  and ver si on number .   

f .  The Syst em Anal yzer  must  st amp t he st udy r epor t s.

3. 2. 9   Ar c Fl ash Label s

Pr ovi de ar c f l ash war ni ng l abel s on el ect r i cal  equi pment  l i kel y t o r equi r e 
exami nat i on,  ser vi c i ng,  or  mai nt enance whi l e ener gi zed.  Typi cal  t ypes of  
equi pment  i ncl ude pad- mount ed t r ansf or mer s,  swi t chgear ,  swi t chboar ds,  
panel boar ds,  di sconnect  swi t ches,  i ndust r i al  cont r ol  panel s,  met er  socket  
encl osur es,  and mot or  cont r ol  cent er s t hat  ar e i n ot her  t han dwel l i ng 
occupanci es.  The ar c f l ash l abel  nami ng must  mat ch t he nami ng used i n t he 
syst em model i ng and t he si ngl e l i ne di agr am.

Compl y wi t h t he l abel  r equi r ement s speci f i ed i n UFC 3- 560- 01.   Obt ai n 
appr oval  of  ar c f l ash l abel  f or mat s bef or e pr i nt i ng.

a.  Pr ovi de a 3. 5 i nch x 5 i nch t o 4 i nch x 6 i nch t her mal  t r ansf er  t ype 
l abel  of  hi gh adhesi on pol yest er  f or  each l ocat i on devi ce anal yzed.   
The l abel  must  r emai n i n pl ace and be l egi bl e f or  at  l east  5 year s i n 
t he i nst al l ed envi r onment .

b.  Label s must  be machi ne pr i nt ed wi t h no f i el d mar ki ngs.  Pr ovi de ar c 
f l ash l abel s i n t he f ol l owi ng manner .  Al l  l abel s must  be based on 
i mpl ement ed over cur r ent  devi ces and set t i ngs.

1.  Pr ovi de at  l east  one ar c f l ash l abel  f or  each 480 vol t  and 208 vol t  
panel boar ds.

2.  Pr ovi de at  l east  one ar c f l ash l abel  f or  each l ow vol t age ( l ess 
t han 1000 V)  swi t chboar d.

3.  Wher e t he equi pment  const r uct i on has di f f er ent  hazar ds l evel s i n 
di f f er ent  ar eas,  pr ovi de a l abel  f or  each compar t ment ,  cubi c l e,  or  
sect i on separ at ed by bar r i er s.
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c.  Use t he wor st  case hazar d of  al l  oper at i ng scenar i os unl ess mi t i gat i on 
pr ocedur es ar e used.   I f  mi t i gat i on pr ocedur es ar e used,  expl ai n t he 
pr ocedur es on t he l abel .

3. 3   MODELI NG

Devel op a sof t war e model  of  t he el ect r i cal  syst em i dent i f i ed i n t he scope 
of  t he st udi es.   Use t he l at est  ver si on of  SKM Power Tool s( TM) , EasyPower ( TM) ,  
or  ETAP( TM) .   Devel op t he model  wi t h accur at e,  ver i f i ed i nf or mat i on.  Model  
exi st i ng el ect r i cal  equi pment ,  machi nes,  devi ces,  and conduct or s di r ect l y 
connect ed t o,  al t er ed by,  or  ot her wi se af f ect ed by t he wor k.  Thi s 
i ncl udes,  but  i s not  l i mi t ed t o gener at or s,  t r ansf or mer s,  swi t chgear ,  
swi t chboar ds,  panel boar ds,  mot or  cont r ol  cent er s,  mot or s,  vol t age 
r egul at or s,  t ap changer s,  pr ot ect i ve r el ays,  c i r cui t  br eaker s,  swi t ches,  
f uses,  conduct or s,  capaci t or s,  r eact or s,  gr oundi ng syst em,  and cont r ol  
equi pment .

Pr ovi de t he f i nal  model  f i l es i n t hei r  nat i ve edi t abl e f or mat s f or  f ut ur e 
use by t he Gover nment .   I ncl ude devi ce i nf or mat i on f or  devi ces not  i n t he 
sof t war e vendor ' s st andar d di st r i but i on.

        - -  End of  Sect i on - -
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SECTI ON 26 08 00

APPARATUS I NSPECTI ON AND TESTI NG
11/ 22

PART 1   GENERAL

1. 1   REFERENCES

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

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

1. 2   RELATED REQUI REMENTS

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM appl i es t o t hi s sect i on wi t h 
addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 06 Test  Repor t s

Accept ance Test s and I nspect i ons;  G

SD- 07 Cer t i f i cat es

Qual i f i cat i ons of  Or gani zat i on,  and Lead Engi neer i ng Techni c i an;  G

Accept ance Test  and I nspect i ons Pr ocedur e;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Qual i f i cat i ons

Engage t he ser vi ces of  a qual i f i ed t est i ng or gani zat i on t o pr ovi de 
i nspect i on,  t est i ng,  cal i br at i on,  and adj ust ment  of  t he el ect r i cal  
di st r i but i on syst em and gener at i on equi pment  l i s t ed i n par agr aph 
ACCEPTANCE TESTS AND I NSPECTI ONS her ei n.   Or gani zat i on must  be i ndependent  
of  t he suppl i er ,  manuf act ur er ,  and i nst al l er  of  t he equi pment .   The 
or gani zat i on must  be a f i r st  t i er  subcont r act or .   No wor k r equi r ed by t hi s 
sect i on of  t he speci f i cat i on may be per f or med by a second t i er  
subcont r act or .

a.   Submi t  name and qual i f i cat i ons of  or gani zat i on.   Or gani zat i on must  
have been r egul ar l y engaged i n t he t est i ng of  el ect r i cal  mat er i al s,  
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devi ces,  i nst al l at i ons,  and syst ems f or  a mi ni mum of  5 year s.   The 
or gani zat i on must  have a cal i br at i on pr ogr am,  and t est  i nst r ument s 
used must  be cal i br at ed i n accor dance wi t h NETA ATS.

b.   Submi t  name and qual i f i cat i ons of  t he l ead engi neer i ng t echni c i an 
per f or mi ng t he r equi r ed t est i ng ser vi ces.   I ncl ude a l i s t  of  t hr ee 
compar abl e j obs per f or med by t he t echni c i an wi t h speci f i c  names and 
t el ephone number s f or  r ef er ence.   Test i ng,  i nspect i on,  cal i br at i on,  
and adj ust ment s must  be per f or med by an engi neer i ng t echni c i an,  
cer t i f i ed by NETA ( Level  I I I )  or  t he Nat i onal  I nst i t ut e f or  
Cer t i f i cat i on i n Engi neer i ng Technol ogi es ( NI CET)  wi t h a mi ni mum of  5 
year s '  exper i ence i nspect i ng,  t est i ng,  and cal i br at i ng el ect r i cal  
di st r i but i on and gener at i on equi pment ,  syst ems,  and devi ces.

1. 4. 2   Accept ance Test s and I nspect i ons Repor t s

Submi t  cer t i f i ed copi es of  i nspect i on r epor t s and t est  r epor t s.   I ncl ude 
cer t i f i cat i on of  compl i ance wi t h speci f i ed r equi r ement s,  i dent i f y 
def i c i enci es,  and r ecommend cor r ect i ve act i on when appr opr i at e.   Type and 
neat l y bi nd t est  r epor t s t o f or m a par t  of  t he f i nal  r ecor d.   Submi t  t est  
r epor t s document i ng t he r esul t s of  each t est  not  mor e t han 10 days af t er  
t est  i s  compl et ed.

1. 4. 3   Accept ance Test  and I nspect i ons Pr ocedur e

Submi t  t est  pr ocedur e r epor t s f or  each i t em of  equi pment  t o be f i el d 
t est ed at  l east  45 days pr i or  t o pl anned t est i ng dat e.   Do not  per f or m 
t est i ng unt i l  af t er  t est  pr ocedur e has been appr oved.

PART 2   PRODUCTS

Not  used.

PART 3   EXECUTI ON

3. 1   ACCEPTANCE TESTS AND I NSPECTI ONS

Test i ng or gani zat i on wi l l  per f or m accept ance t est s and i nspect i ons.   Test  
met hods,  pr ocedur es,  and t est  val ues must  be per f or med and eval uat ed i n 
accor dance wi t h NETA ATS,  t he manuf act ur er ' s r ecommendat i ons,  and 
par agr aph FI ELD QUALI TY CONTROL of  each appl i cabl e speci f i cat i on sect i on.   
Test s i dent i f i ed as opt i onal  i n NETA ATS ar e not  r equi r ed unl ess ot her wi se 
speci f i ed.   Pl ace equi pment  i n ser vi ce onl y af t er  compl et i on of  r equi r ed 
t est s and eval uat i on of  t he t est  r esul t s have been compl et ed.   Suppl y t o 
t he t est i ng or gani zat i on compl et e set s of  shop dr awi ngs,  set t i ngs of  
adj ust abl e devi ces,  and ot her  i nf or mat i on necessar y f or  an accur at e t est  
and i nspect i on of  t he syst em pr i or  t o t he per f or mance of  any f i nal  
t est i ng.   Not i f y Cont r act i ng Of f i cer  at  l east  14 days i n advance of  when 
t est s wi l l  be conduct ed by t he t est i ng or gani zat i on.   Per f or m accept ance 
t est s and i nspect i ons on appl i cabl e equi pment  and syst ems speci f i ed i n t he 
f ol l owi ng sect i ons:

a.   Sect i on 26 24 13 SWI TCHBOARDS

b.   Sect i on 26 35 43 400 HERTZ ( ( HZ)  SOLI D STATE FREQUENCY CONVERTER.   The 
NETA ATS r epr esent at i ve must  coor di nat e wi t h t he Cont r act or  and t he 
Conver t er  Manuf act ur er s '  r epr esent at i ve t o wi t ness,  document ,  and 
val i dat e t he Conver t er  Fi el d Qual i t y Cont r ol ,  I nspect i on and Test i ng.   
These t est s wi l l  be per f or med by t he conver t er  manuf act ur er s '  
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r epr esent at i ve,  however  i ncl ude t he document at i on i n t he over al l  NETA 
r epor t  as wel l .

3. 2   SYSTEM ACCEPTANCE

Fi nal  accept ance of  t he syst em i s cont i ngent  upon sat i sf act or y compl et i on 
of  accept ance t est s and i nspect i ons.

3. 3   PLACI NG EQUI PMENT I N SERVI CE

A r epr esent at i ve of  t he appr oved t est i ng or gani zat i on must  be pr esent  when 
equi pment  t est ed by t he or gani zat i on i s i ni t i al l y  ener gi zed and pl aced i n 
ser vi ce.

        - -  End of  Sect i on - -
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SECTI ON 26 20 00

I NTERI OR DI STRI BUTI ON SYSTEM
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  C12. 1 ( 2014;  Er r at a 2016)  El ect r i c Met er s -  Code 
f or  El ect r i c i t y Met er i ng

ASTM I NTERNATI ONAL ( ASTM)

ASTM B1 ( 2013)  St andar d Speci f i cat i on f or  
Har d- Dr awn Copper  Wi r e

ASTM B8 ( 2023)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE St ds Di ct i onar y ( 2009)  I EEE St andar ds Di ct i onar y:  Gl ossar y 
of  Ter ms & Def i ni t i ons

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL CONTRACTORS ASSOCI ATI ON ( NECA)

NECA NEI S 1 ( 2015)  St andar d f or  Good Wor kmanshi p i n 
El ect r i cal  Const r uct i on

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C80. 1 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Ri gi d St eel  Condui t  ( ERSC)

ANSI  C80. 3 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Met al l i c  Tubi ng ( EMT)
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ANSI  C80. 5 ( 2020)  Amer i can Nat i onal  St andar d f or  
El ect r i cal  Ri gi d Al umi num Condui t

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA FU 1 ( 2012)  Low Vol t age Car t r i dge Fuses

NEMA I CS 1 ( 2022)  St andar d f or  I ndust r i al  Cont r ol  and 
Syst ems:  Gener al  Requi r ement s

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V

NEMA I CS 4 ( 2015)  Appl i cat i on Gui del i ne f or  Ter mi nal  
Bl ocks

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA KS 1 ( 2013)  Encl osed and Mi scel l aneous 
Di st r i but i on Equi pment  Swi t ches ( 600 V 
Maxi mum)

NEMA MG 1 ( 2021)  Mot or s and Gener at or s

NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NEMA ST 20 ( 2014)  Dr y- Type Tr ansf or mer s f or  Gener al  
Appl i cat i ons

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

NEMA TC 3 ( 2021)  Pol yvi nyl  Chl or i de ( PVC)  Fi t t i ngs 
f or  Use Wi t h Ri gi d PVC Condui t  and Tubi ng

NEMA WD 1 ( 1999;  R 2020)  St andar d f or  Gener al  Col or  
Requi r ement s f or  Wi r i ng Devi ces

NEMA WD 6 ( 2021)  Wi r i ng Devi ces Di mensi ons 
Speci f i cat i ons

NEMA Z535. 4 ( 2023)  Pr oduct  Saf et y Si gns and Label s

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 70E ( 2024)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace

NFPA 780 ( 2023)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems
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TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 568. 1 ( 2020e)  Commer ci al  Bui l di ng 
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A- 569 ( 2019e;  Add 1 2022)  Tel ecommuni cat i ons 
Pat hways and Spaces

TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses

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

10 CFR 431 Ener gy Ef f i c i ency Pr ogr am f or  Cer t ai n 
Commer ci al  and I ndust r i al  Equi pment

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

29 CFR 1910. 303 El ect r i cal ,  Gener al

UNDERWRI TERS LABORATORI ES ( UL)

UL 1 ( 2005;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Fl exi bl e Met al  Condui t

UL 4 ( 2004;  Repr i nt  Mar  2021)  UL St andar d f or  
Saf et y Ar mor ed Cabl e

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 6A ( 2008;  Repr i nt  Mar  2021)  UL St andar d f or  
Saf et y El ect r i cal  Ri gi d Met al  Condui t  -  
Al umi num,  Red Br ass,  and St ai nl ess St eel

UL 20 ( 2018;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Gener al - Use Snap Swi t ches

UL 44 ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Ther moset - I nsul at ed Wi r es and Cabl es

UL 50 ( 2024)  UL St andar d f or  Saf et y Encl osur es 
f or  El ect r i cal  Equi pment ,  
Non- Envi r onment al  Consi der at i ons

UL 67 ( 2018;  Repr i nt  Aug 2023)  UL St andar d f or  
Saf et y Panel boar ds

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

UL 248- 4 ( 2010;  Repr i nt  Apr  2019)  Low- Vol t age Fuses 
-  Par t  4:  Cl ass CC Fuses

UL 248- 8 ( 2011;  Repr i nt  Aug 2020)  Low- Vol t age Fuses 
-  Par t  8:  Cl ass J Fuses
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UL 248- 10 ( 2011;  Repr i nt  Aug 2020)  Low- Vol t age Fuses 
-  Par t  10:  Cl ass L Fuses

UL 248- 12 ( 2011;  Repr i nt  Aug 2020)  Low Vol t age Fuses 
-  Par t  12:  Cl ass R Fuses

UL 248- 15 ( 2018)  Low- Vol t age Fuses -  Par t  15:  Cl ass 
T Fuses

UL 360 ( 2013;  Repr i nt  Jan 2024)  UL St andar d f or  
Saf et y Li qui d- Ti ght  Fl exi bl e Met al  Condui t

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 486A- 486B ( 2018;  Repr i nt  Jul  2023)  UL St andar d f or  
Saf et y Wi r e Connect or s

UL 486C ( 2018;  Repr i nt  May 2021)  UL St andar d f or  
Saf et y Spl i c i ng Wi r e Connect or s

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 498 ( 2017;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y At t achment  Pl ugs and Recept acl es

UL 506 ( 2017;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Speci al t y Tr ansf or mer s

UL 508 ( 2018;  Repr i nt  Jul  2021)  UL St andar d f or  
Saf et y I ndust r i al  Cont r ol  Equi pment

UL 510 ( 2020;  Dec 2022)  UL St andar d f or  Saf et y 
Pol yvi nyl  Chl or i de,  Pol yet hyl ene and 
Rubber  I nsul at i ng Tape

UL 514A ( 2013;  Repr i nt  Jun 2022)  UL St andar d f or  
Saf et y Met al l i c  Out l et  Boxes

UL 514B ( 2012;  Repr i nt  Mar  2024)  UL St andar d f or  
Saf et y Condui t ,  Tubi ng and Cabl e Fi t t i ngs

UL 514C ( 2014;  Repr i nt  Feb 2020)  UL St andar d f or  
Saf et y Nonmet al l i c  Out l et  Boxes,  
Fl ush- Devi ce Boxes,  and Cover s

UL 651 ( 2011;  Repr i nt  May 2022)  UL St andar d f or  
Saf et y Schedul e 40,  80,  Type EB and A 
Ri gi d PVC Condui t  and Fi t t i ngs

UL 674 ( 2022)  UL St andar d f or  Saf et y El ect r i c 
Mot or s and Gener at or s f or  Use i n Hazar dous 
( Cl assi f i ed)  Locat i ons

UL 719 ( 2015;  Repr i nt  Nov 2023)  UL St andar d f or  
Saf et y Nonmet al l i c- Sheat hed Cabl es

SECTI ON 26 20 00  Page 4



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

UL 797 ( 2007;  Repr i nt  Apr  2023)  UL St andar d f or  
Saf et y El ect r i cal  Met al l i c  Tubi ng - -  St eel

UL 817 ( 2015;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Cor d Set s and Power - Suppl y Cor ds

UL 854 ( 2020;  Repr i nt  Nov 2023)  St andar d f or  
Ser vi ce- Ent r ance Cabl es

UL 869A ( 2006;  Repr i nt  Jun 2020)  Ref er ence 
St andar d f or  Ser vi ce Equi pment

UL 943 ( 2016;  Repr i nt  Sep 2023)  UL St andar d f or  
Saf et y Gr ound- Faul t  Ci r cui t - I nt er r upt er s

UL 984 ( 1996;  Repr i nt  Sep 2005)  Her met i c 
Ref r i ger ant  Mot or - Compr essor s

UL 1063 ( 2017;  Repr i nt  Jun 2022)  UL St andar d f or  
Saf et y Machi ne- Tool  Wi r es and Cabl es

UL 1203 ( 2023;  Repr i nt  Oct  2023)  UL St andar d f or  
Saf et y Expl osi on- Pr oof  and 
Dust - I gni t i on- Pr oof  El ect r i cal  Equi pment  
f or  Use i n Hazar dous ( Cl assi f i ed)  Locat i ons

UL 1242 ( 2006;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y El ect r i cal  I nt er medi at e Met al  
Condui t  - -  St eel

UL 1449 ( 2021;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

UL 1569 ( 2018)  UL St andar d f or  Saf et y Met al - Cl ad 
Cabl es

UL 1660 ( 2019;  Repr i nt  Jan 2022)  Li qui d- Ti ght  
Fl exi bl e Nonmet al l i c  Condui t

UL 2043 ( 2023)  Fi r e Test  f or  Heat  and Vi s i bl e 
Smoke Rel ease f or  Di scr et e Pr oduct s and 
Thei r  Accessor i es I nst al l ed i n 
Ai r - Handl i ng Spaces

UL 4248- 1 ( 2022)  UL St andar d f or  Saf et y Fusehol der s 
-  Par t  1:  Gener al  Requi r ement s

UL 4248- 12 ( 2018;  Repr i nt  Feb 2022)  UL St andar d f or  
Saf et y Fusehol der s -  Par t  12:  Cl ass R

1. 2   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as def i ned i n 
I EEE St ds Di ct i onar y.
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1. 3   RELATED REQUI REMENTS

Sect i on 25 05 11 CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS 
appl i es t o t hi s sect i on,  wi t h t he addi t i ons and modi f i cat i ons speci f i ed 
her ei n.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Panel boar ds;  G

Tr ansf or mer s;  G
Mar ki ng St r i ps Dr awi ngs;  G

Recept acl es;  G

Ci r cui t  Br eaker s;  G

Swi t ches;  G

Tr ansf or mer s;  G

Encl osed Ci r cui t  Br eaker s;  G

Mot or  Cont r ol l er s;  G

CATV Out l et s;  G

Secondar y Bondi ng Busbar ;  G

Sur ge Pr ot ect i ve Devi ces;  G

SD- 05 Desi gn Dat a

Cabl e Tr ays;  G

SD- 06 Test  Repor t s

600- vol t  Wi r i ng Test ;  G

Gr oundi ng Syst em Test ;  G

Tr ansf or mer  Test s;  G

Gr ound- f aul t  Recept acl e Test ;  G

SD- 07 Cer t i f i cat es

Fuses;  G

SD- 09 Manuf act ur er ' s Fi el d Repor t s
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Tr ansf or mer  Fact or y Test s

1. 5   QUALI TY ASSURANCE

1. 5. 1   Fuses

Submi t  coor di nat i on dat a as speci f i ed i n par agr aph,  FUSES of  t hi s sect i on.

1. 5. 2   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Pr ovi de equi pment ,  
mat er i al s,  i nst al l at i on,  and wor kmanshi p i n accor dance wi t h NFPA 70 unl ess 
mor e st r i ngent  r equi r ement s ar e speci f i ed or  i ndi cat ed.   NECA NEI S 1 shal l  
be consi der ed t he mi ni mum st andar d f or  wor kmanshi p.

1. 5. 3   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p and:

a.   Have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
pr i or  t o bi d openi ng i ncl udi ng appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.

b.   Have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.

c.   Wher e t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  
pr ovi de pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  
par t s of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  
unl ess st at ed i n t hi s sect i on.

1. 5. 3. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 5. 3. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
ar e not  accept abl e.

1. 6   WARRANTY

Pr ovi de equi pment  i t ems  suppor t ed by ser vi ce or gani zat i ons t hat  ar e 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .
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PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

As a mi ni mum,  meet  r equi r ement s of  UL,  wher e UL st andar ds ar e est abl i shed 
f or  t hose i t ems,  and r equi r ement s of  NFPA 70 f or  al l  mat er i al s,  equi pment ,  
and devi ces.

2. 2   CONDUI T AND FI TTI NGS

Conf or m t o t he f ol l owi ng:

2. 2. 1   Ri gi d Met al l i c  Condui t

2. 2. 1. 1   Ri gi d,  Thr eaded Zi nc- Coat ed St eel  Condui t

ANSI  C80. 1,  UL 6.

2. 2. 1. 2   Ri gi d Al umi num Condui t

ANSI  C80. 5,  UL 6A.

2. 2. 2   Ri gi d Nonmet al l i c  Condui t

PVC Type EPC- 40 i n accor dance wi t h NEMA TC 2, UL 651.

2. 2. 3   I nt er medi at e Met al  Condui t  ( I MC)

UL 1242,  z i nc- coat ed st eel  onl y.

2. 2. 4   El ect r i cal ,  Zi nc- Coat ed St eel  Met al l i c  Tubi ng ( EMT)

UL 797,  ANSI  C80. 3.

2. 2. 5   Pl ast i c- Coat ed Ri gi d St eel  and I MC Condui t

NEMA RN 1,  Type 40(  40 mi l s t hi ck) .

2. 2. 6   Fl exi bl e Met al  Condui t

UL 1,  l i mi t ed t o 6 f eet .

2. 2. 6. 1   Li qui d- Ti ght  Fl exi bl e Met al  Condui t ,  St eel

UL 360,  l i mi t ed t o 6 f eet .

2. 2. 7   Fi t t i ngs f or  Met al  Condui t ,  EMT,  and Fl exi bl e Met al  Condui t

UL 514B.   Fer r ous f i t t i ngs:   cadmi um-  or  z i nc- coat ed i n accor dance wi t h 
UL 514B.

2. 2. 7. 1   Fi t t i ngs f or  Ri gi d Met al  Condui t  and I MC

Thr eaded- t ype.   Spl i t  coupl i ngs unaccept abl e.

2. 2. 7. 2   Fi t t i ngs f or  EMT

St eel  compr essi on t ype.
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2. 2. 8   Fi t t i ngs f or  Ri gi d Nonmet al l i c  Condui t

NEMA TC 3 f or  PVC,  and UL 514B.

2. 2. 9   Li qui d- Ti ght  Fl exi bl e Nonmet al l i c  Condui t

UL 1660.

2. 3   CABLE TRAYS2. 3. 1   Basket - Type Cabl e Tr ays

Pr ovi de si ze as i ndi cat ed wi t h maxi mum wi r e mesh spaci ng of  2 by 4 i nch.

2. 3. 2   Ladder - Type Cabl e Tr ays

Pr ovi de si ze as i ndi cat ed wi t h maxi mum r ung spaci ng of  9 i nches.   Cabl e 
t r ay must  be sui t abl e f or  use as an equi pment  gr oundi ng conduct or .

2. 4   OPEN TELECOMMUNI CATI ONS CABLE SUPPORT

2. 4. 1   Open Top Cabl e Suppor t s

Pr ovi de open t op cabl e suppor t s i n accor dance wi t h UL 2043.   Pr ovi de 
gal vani zed st eel  open t op cabl e suppor t s as i ndi cat ed.

2. 4. 2   Cl osed Ri ng Cabl e Suppor t s

Pr ovi de cl osed r i ng cabl e suppor t s i n accor dance wi t h UL 2043.   Pr ovi de 
gal vani zed st eel  c l osed r i ng cabl e suppor t s as i ndi cat ed.

2. 5   OUTLET BOXES AND COVERS

UL 514A,  cadmi um-  or  z i nc- coat ed,  i f  f er r ous met al .   UL 514C,  i f  
nonmet al l i c .

2. 5. 1   Fl oor  Out l et  Boxes

Pr ovi de t he f ol l owi ng:

a.   Boxes:   adj ust abl e and concr et e t i ght .

b.   Each out l et :   consi st i ng of  cast - met al  body wi t h t hr eaded openi ngs,  or  
sheet - st eel  body wi t h knockout s f or  condui t s,  adj ust abl e,  br ass f l ange 
r i ng,  and cover  pl at e wi t h 3/ 4 i nch t hr eaded pl ug.

c.   Tel ecommuni cat i ons out l et s:   consi st i ng of  f l ush,  al umi num or  
st ai nl ess st eel  housi ng wi t h a r ecept acl e as speci f i ed and 3/ 4 i nch 
t op openi ng.

d.   Recept acl e out l et s:   consi st i ng of  f l ush al umi num or  st ai nl ess st eel  
housi ng wi t h dupl ex- t ype r ecept acl e as speci f i ed her ei n.

e.   Pr ovi de gasket s wher e necessar y t o ensur e wat er t i ght  i nst al l at i on.

2. 5. 2   Out l et  Boxes f or  Tel ecommuni cat i ons Syst em

Pr ovi de t he f ol l owi ng:

a.   St andar d t ype 4 i nches squar e by 2 1/ 8 i nches deep.
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b.   Out l et  boxes f or  wal l - mount ed t el ecommuni cat i ons out l et s:   4 by 2 1/ 8 
by 2 1/ 8 i nches deep.

c.   Dept h of  boxes:   l ar ge enough t o al l ow manuf act ur er s '  r ecommended 
conduct or  bend r adi i .

d.   Out l et  boxes f or  f i ber  opt i c t el ecommuni cat i on out l et s:   i ncl ude a 
mi ni mum 3/ 8 i nch deep si ngl e or  t wo gang pl ast er  r i ng as shown and 
i nst al l ed usi ng a mi ni mum one i nch condui t  syst em.

e.   Out l et  boxes f or  handi capped t el ecommuni cat i ons st at i on:   4 by 2 1/ 8 
by 2 1/ 8 i nches deep.

2. 6   CABI NETS,  JUNCTI ON BOXES,  AND PULL BOXES

UL 50;  vol ume gr eat er  t han 100 cubi c i nches,  NEMA Type 1 encl osur e;  sheet  
st eel ,  hot - di p,  z i nc- coat ed.   Wher e exposed t o wet ,  damp,  or  cor r osi ve 
envi r onment s,  NEMA Type 4X.

2. 7   WI RES AND CABLES

Pr ovi de wi r es and cabl es i n accor dance appl i cabl e r equi r ement s of  NFPA 70 
and UL f or  t ype of  i nsul at i on,  j acket ,  and conduct or  speci f i ed or  
i ndi cat ed.   Do not  use wi r es and cabl es manuf act ur ed mor e t han 24 mont hs 
pr i or  t o dat e of  del i ver y t o s i t e.

2. 7. 1   Conduct or s

Pr ovi de t he f ol l owi ng:

a.   Conduct or  s i zes and capaci t i es shown ar e based on copper ,  unl ess 
i ndi cat ed ot her wi se.

b.   Conduct or s No.  8 AWG and l ar ger  di amet er :   st r anded.

c.   Conduct or s No.  10 AWG and smal l er  di amet er :   sol i d.

d.   Conduct or s f or  r emot e cont r ol ,  al ar m,  and si gnal  c i r cui t s,  c l asses 1,  
2,  and 3:   st r anded unl ess speci f i cal l y i ndi cat ed ot her wi se.

e.   Conduct or s i ndi cat ed t o be No.  6 AWG or  smal l er  di amet er :   copper .   
Conduct or s i ndi cat ed t o be No.  4 AWG and l ar ger  di amet er :   ei t her  
copper  or  al umi num,  unl ess t ype of  conduct or  mat er i al  i s  speci f i cal l y 
i ndi cat ed,  or  speci f i ed,  or  r equi r ed by equi pment  manuf act ur er .

2. 7. 1. 1   Equi pment  Manuf act ur er  Requi r ement s

When manuf act ur er ' s equi pment  r equi r es copper  conduct or s at  t he 
t er mi nat i ons or  r equi r es copper  conduct or s t o be pr ovi ded bet ween 
component s of  equi pment ,  pr ovi de copper  conduct or s or  spl i ces,  spl i ce 
boxes,  and ot her  wor k r equi r ed t o sat i sf y manuf act ur er ' s r equi r ement s.

2. 7. 1. 2   Al umi num Conduct or s

Pr ovi de al umi num conduct or s of  AA- 8000 ser i es el ect r i cal  gr ade al umi num 
al l oy conduct or s.   Type EC/ 1350 al umi num i s not  accept abl e.   I f  Cont r act or  
chooses t o pr ovi de al umi num f or  conduct or s No.  4 AWG and l ar ger  di amet er ,  
Cont r act or  i s r esponsi bl e f or  i ncr easi ng conduct or  s i ze t o have same 
ampaci t y as copper  s i ze i ndi cat ed;  i ncr easi ng condui t  and pul l  box s i zes 
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t o accommodat e l ar ger  s i ze al umi num conduct or s i n accor dance wi t h NFPA 70;  
ensur i ng t hat  pul l i ng t ensi on r at i ng of  al umi num conduct or  i s suf f i c i ent ;  
pr ovi di ng panel boar ds t hat  ar e UL l i s t ed f or  use wi t h al umi num,  and so 
l abel ed;  r el ocat i ng equi pment ,  modi f y i ng equi pment  t er mi nat i ons,  r esi z i ng 
equi pment ;  and r esol v i ng pr obl ems t hat  ar e di r ect  r esul t s of  pr ovi di ng 
al umi num conduct or s i n l i eu of  copper .

2. 7. 1. 3   Mi ni mum Conduct or  Si zes

Pr ovi de mi ni mum conduct or  s i ze i n accor dance wi t h t he f ol l owi ng:

a.   Br anch ci r cui t s:   No.  12 AWG.

b.   Cl ass 1 r emot e- cont r ol  and si gnal  c i r cui t s:   No.  14 AWG.

c.   Cl ass 2 l ow- ener gy,  r emot e- cont r ol  and si gnal  c i r cui t s:   No.  16 AWG.

d.   Cl ass 3 l ow- ener gy,  r emot e- cont r ol ,  al ar m and si gnal  c i r cui t s:   No.  22 
AWG.

2. 7. 2   Col or  Codi ng

Pr ovi de col or  codi ng f or  ser vi ce,  f eeder ,  br anch,  cont r ol ,  and si gnal i ng 
c i r cui t  conduct or s.

2. 7. 2. 1   Gr ound and Neut r al  Conduct or s

Pr ovi de col or  codi ng of  gr ound and neut r al  conduct or s as f ol l ows:

a.   Gr oundi ng conduct or s:   Gr een.

b.   Neut r al  conduct or s:   Whi t e.

c.   Except i on,  wher e neut r al s of  mor e t han one syst em ar e i nst al l ed i n 
same r aceway or  box,  ot her  neut r al s col or  codi ng:   whi t e wi t h a 
di f f er ent  col or ed ( not  gr een)  st r i pe f or  each.

2. 7. 2. 2   Ungr ounded Conduct or s

Pr ovi de col or  codi ng of  ungr ounded conduct or s i n di f f er ent  vol t age syst ems 
as f ol l ows:

a.   208/ 120 vol t ,  t hr ee- phase

( 1)  Phase A -  bl ack

( 2)  Phase B -  r ed

( 3)  Phase C -  bl ue

b.   480/ 277 vol t ,  t hr ee- phase

( 1)  Phase A -  br own

( 2)  Phase B -  or ange

( 3)  Phase C -  yel l ow
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c.   120/ 240 vol t ,  s i ngl e phase:   Bl ack and r ed

d.   On t hr ee- phase,  f our - wi r e del t a syst em,  hi gh l eg:   or ange,  as r equi r ed 
by NFPA 70.

2. 7. 3   I nsul at i on

Unl ess speci f i ed or  i ndi cat ed ot her wi se or  r equi r ed by NFPA 70,  pr ovi de 
power  and l i ght i ng wi r es r at ed f or  600- vol t s,  Type THWN/ THHN conf or mi ng t o 
UL 83 or  Type XHHW conf or mi ng t o UL 44,  except  t hat  gr oundi ng wi r e may be 
t ype TW conf or mi ng t o UL 83;  r emot e- cont r ol  and si gnal  c i r cui t s:   Type TW 
or  TF,  conf or mi ng t o UL 83.   Wher e equi pment  or  devi ces r equi r e 90- degr ee 
Cent i gr ade ( C)  conduct or s,  pr ovi de onl y conduct or s wi t h 90- degr ee C 
i nsul at i on or  bet t er .

2. 7. 4   Bondi ng Conduct or s

ASTM B1,  sol i d bar e copper  wi r e f or  s i zes No.  8 AWG and smal l er  di amet er ;  
ASTM B8,  Cl ass B,  st r anded bar e copper  wi r e f or  s i zes No.  6 AWG and l ar ger  
di amet er .

2. 7. 4. 1   Tel ecommuni cat i ons Bondi ng Backbone ( TBB)

Pr ovi de a copper  conduct or  TBB i n accor dance wi t h TI A- 607 wi t h No.  6 AWG 
mi ni mum si ze,  and si zed at  2 kcmi l  per  l i near  f oot  of  conduct or  l engt h up 
t o a maxi mum si ze of  750 kcmi l .   Pr ovi de i nsul at ed TBB wi t h i nsul at i on as 
speci f i ed i n t he par agr aph I NSULATI ON and meet i ng t he f i r e r at i ngs of  i t s  
pat hway.

2. 7. 4. 2   Bondi ng Conduct or  f or  Tel ecommuni cat i ons

Pr ovi de a copper  conduct or  Bondi ng Conduct or  f or  Tel ecommuni cat i ons 
bet ween t he t el ecommuni cat i ons mai n gr oundi ng busbar  ( PBB)  and t he 
el ect r i cal  ser vi ce gr ound i n accor dance wi t h TI A- 607.   Si ze t he bondi ng 
conduct or  f or  t el ecommuni cat i ons t he same as t he TBB.

2. 7. 5   Ser vi ce Ent r ance Cabl es

Ser vi ce Ent r ance ( SE)  and Under gr ound Ser vi ce Ent r ance ( USE)  Cabl es,  UL 854.

2. 7. 6   Nonmet al l i c  Sheat hed Cabl e

UL 719,  Type NM or  NMC.

2. 7. 7   Wi r e and Cabl e f or  400 Her t z ( Hz)  Ci r cui t s

I nsul at ed copper  conduct or s.

2. 7. 8   Met al - Cl ad Cabl e

UL 1569;  NFPA 70,  Type MC cabl e.

2. 7. 9   Ar mor ed Cabl e

UL 4;  NFPA 70,  Type AC cabl e.
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2. 7. 10   Mi ner al - I nsul at ed,  Met al - Sheat hed Cabl e

UL l i s t ed;  NFPA 70,  Type MI  cabl e.   Do not  use sheat hi ng cont ai ni ng 
asbest os f i ber s.

2. 7. 11   Fl at  Conduct or  Cabl e

UL l i s t ed;  NFPA 70,  Type FCC.

2. 7. 12   Cabl e Tr ay Cabl e or  Power  Li mi t ed Tr ay Cabl e

UL l i s t ed;  t ype TC or  PLTC.

2. 7. 13   Cor d Set s and Power - Suppl y Cor ds

UL 817.

2. 8   SPLI CES AND TERMI NATI ON COMPONENTS

UL 486A- 486B f or  wi r e connect or s and UL 510 f or  i nsul at i ng t apes.   
Connect or s f or  No.  10 AWG and smal l er  di amet er  wi r es:   i nsul at ed,  
pr essur e- t ype i n accor dance wi t h UL 486A- 486B or  UL 486C ( t wi st - on 
spl i c i ng connect or ) .   Pr ovi de sol der l ess t er mi nal  l ugs on st r anded 
conduct or s.

2. 9   DEVI CE PLATES

Pr ovi de t he f ol l owi ng:

a.   UL l i s t ed,  one- pi ece devi ce pl at es f or  out l et s t o sui t  t he devi ces 
i nst al l ed.

b.   For  met al  out l et  boxes,  pl at es on unf i ni shed wal l s:   z i nc- coat ed sheet  
st eel  or  cast  met al  havi ng r ound or  bevel ed edges.

c.   For  nonmet al l i c  boxes and f i t t i ngs,  ot her  sui t abl e pl at es may be 
pr ovi ded.

d.   Pl at es on f i ni shed wal l s:   nyl on or  l exan,  mi ni mum 0. 03 i nch wal l  
t hi ckness and same col or  as r ecept acl e or  t oggl e swi t ch wi t h whi ch 
t hey ar e mount ed.

f .   Scr ews:   machi ne- t ype wi t h count er sunk heads i n col or  t o mat ch f i ni sh 
of  pl at e.

g.   Sect i onal  t ype devi ce pl at es ar e not  be per mi t t ed.

h.   Pl at es i nst al l ed i n wet  l ocat i ons:   gasket ed and UL l i s t ed f or  " wet  
l ocat i ons. "

2. 10   SWI TCHES

2. 10. 1   Toggl e Swi t ches

NEMA WD 1,  UL 20,  s i ngl e pol e,  t hr ee- way,  and f our - way,  t ot al l y encl osed 
wi t h bodi es of  t her mopl ast i c or  t her moset  pl ast i c and mount i ng st r ap wi t h 
gr oundi ng scr ew.   I ncl ude t he f ol l owi ng:

a.   Handl es:   t her mopl ast i c wi t h col or  as i ndi cat ed by I nt er i or s pl an.
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b.   Wi r i ng t er mi nal s:   scr ew- t ype,  s i de- wi r ed.

c.   Cont act s:   s i l ver - cadmi um and cont act  ar m -  one- pi ece copper  al l oy.

d.   Swi t ches:   r at ed qui et - t ype ac onl y,  120/ 277 vol t s,  wi t h cur r ent  
r at i ng and number  of  pol es i ndi cat ed.

2. 10. 2   Br eaker s Used as Swi t ches

For  120-  and 277- Vol t  f l uor escent  f i x t ur es,  mar k br eaker s " SWD"  i n 
accor dance wi t h UL 489.

2. 10. 3   Di sconnect  Swi t ches

NEMA KS 1.   Pr ovi de heavy dut y- t ype swi t ches wher e i ndi cat ed,  wher e 
swi t ches ar e r at ed hi gher  t han 240 vol t s,  and f or  doubl e- t hr ow swi t ches.   
Ut i l i ze Cl ass R f usehol der s and f uses f or  f used swi t ches,  unl ess i ndi cat ed 
ot her wi se.   Pr ovi de hor sepower  r at ed f or  swi t ches ser vi ng as t he 
mot or - di sconnect  means.   Pr ovi de swi t ches i n NEMA 1,  3R, or  4X Type 304 
st ai nl ess st eel ,  encl osur e as i ndi cat ed per  NEMA I CS 6.

2. 11   FUSES

NEMA FU 1.   Pr ovi de compl et e set  of  f uses f or  each f usi bl e swi t ch.   
Coor di nat e t i me- cur r ent  char act er i st i cs cur ves of  f uses ser vi ng mot or s or  
connect ed i n ser i es wi t h c i r cui t  br eaker s or  ot her  c i r cui t  pr ot ect i ve 
devi ces f or  pr oper  oper at i on.  Submi t  coor di nat i on dat a f or  appr oval .   
Pr ovi de f uses wi t h a vol t age r at i ng not  l ess t han ci r cui t  vol t age.

2. 11. 1   Fusehol der s

Pr ovi de i n accor dance wi t h UL 4248- 1.

2. 11. 2   Car t r i dge Fuses,  Cur r ent  Li mi t i ng Type ( Cl ass R)

UL 248- 12,  Cl ass RK- 5 t i me- del ay t ype.   Pr ovi de onl y Cl ass R  associ at ed 
f usehol der s i n accor dance wi t h UL 4248- 12.

2. 11. 3   Car t r i dge Fuses,  Hi gh- I nt er r upt i ng Capaci t y,  Cur r ent  Li mi t i ng Type 
( Cl asses J,  L,  and CC)

UL 248- 8,  UL 248- 10,  UL 248- 4,  Cl ass J f or  zer o t o 600 amper es,  Cl ass L 
f or  601 t o 6, 000 amper es,  and Cl ass CC f or  zer o t o 30 amper es.

2. 11. 4   Car t r i dge Fuses,  Cur r ent  Li mi t i ng Type ( Cl ass T)

UL 248- 15,  Cl ass T f or  zer o t o 1, 200 amper es,  300 vol t s;  and zer o t o 800 
amper es,  600 vol t s.

2. 12   RECEPTACLES

Pr ovi de t he f ol l owi ng:

a.   UL 498,  gener al  pur pose speci f i cat i on gr ade,  gr oundi ng- t ype.   
Resi dent i al  gr ade r ecept acl es ar e not  accept abl e.

b.   Rat i ngs and conf i gur at i ons:   as i ndi cat ed.

c.   Bodi es:    as per  NEMA WD 1.
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d.   Face and body:   t her mopl ast i c suppor t ed on a met al  mount i ng st r ap.

e.   Di mensi onal  r equi r ement s:   per  NEMA WD 6.

f .   Scr ew- t ype,  s i de- wi r ed wi r i ng t er mi nal s or  of  t he sol der l ess pr essur e 
t ype havi ng sui t abl e conduct or - r el ease ar r angement .

g.   Gr oundi ng pol e connect ed t o mount i ng st r ap.

h.   The r ecept acl e:   cont ai ni ng t r i pl e- wi pe power  cont act s and doubl e or  
t r i pl e- wi pe gr ound cont act s.

i .   Cont r ol l ed r ecept acl es:   as r equi r ed per  ASHRAE 90. 1.   Pr ovi de mar ki ng 
f or  cont r ol l ed r ecept acl e per  NFPA 70.

2. 12. 1   Weat her pr oof  Recept acl es

Pr ovi de r ecept acl es,  UL l i s t ed f or  use i n " wet  l ocat i ons"  wi t h i nt egr al  
GFCI  pr ot ect i on.   I ncl ude cast  met al  box wi t h gasket ed,  hi nged,  l ockabl e 
and weat her pr oof  whi l e- i n- use,  pol ycar bonat e,  UV r esi st ant / st abi l i zed 
ext r a- dut y r at ed hood.

2. 12. 2   Gr ound- Faul t  Ci r cui t  I nt er r upt er  Recept acl es

UL 943,  dupl ex t ype f or  mount i ng i n st andar d out l et  box.   Pr ovi de devi ce 
capabl e of  det ect i ng cur r ent  l eak when t he cur r ent  t o gr ound i s 6 
mi l l i amper es or  hi gher ,  and t r i ppi ng per  r equi r ement s of  UL 943 f or  Cl ass 
A gr ound- f aul t  c i r cui t  i nt er r upt er  devi ces.   Pr ovi de scr ew- t ype,  
s i de- wi r ed wi r i ng t er mi nal s or  pr e- wi r ed ( pi gt ai l )  l eads.

2. 12. 3   Speci al  Pur pose Recept acl es

Pr ovi de i n r at i ngs i ndi cat ed.

2. 13   PANELBOARDS

Pr ovi de panel boar ds i n accor dance wi t h t he f ol l owi ng:

a.   UL 67 and UL 50 havi ng a shor t - c i r cui t  cur r ent  r at i ng as i ndi cat ed.

b.   Panel boar ds f or  use as ser vi ce di sconnect i ng means:   addi t i onal l y 
conf or m t o UL 869A.

c.   Panel boar ds:   c i r cui t  br eaker - equi pped.

d.   Desi gned such t hat  i ndi v i dual  br eaker s can be r emoved wi t hout  
di st ur bi ng adj acent  uni t s or  wi t hout  l ooseni ng or  r emovi ng 
suppl ement al  i nsul at i on suppl i ed as means of  obt ai ni ng cl ear ances as 
r equi r ed by UL.

e.   Use of  " Subf eed Br eaker s"  i s not  accept abl e.

f .   Mai n br eaker :   " separ at el y"  mount ed " above" or  " bel ow"  br anch br eaker s.

g.   Wher e " space onl y"  i s i ndi cat ed,  make pr ovi s i ons f or  f ut ur e 
i nst al l at i on of  br eaker s.
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h.   Di r ect or i es:   i ndi cat e l oad ser ved by each ci r cui t  i n panel boar d.

i .   Di r ect or i es:   i ndi cat e sour ce of  ser vi ce t o panel boar d ( e. g. ,  Panel  PA 
ser ved f r om Panel  MDP) .

j .   Type di r ect or i es and mount  i n hol der  behi nd t r anspar ent  pr ot ect i ve 
cover i ng.

k.   Panel boar ds:   l i s t ed and l abel ed f or  t hei r  i nt ended use.

l .   Panel boar d namepl at es:   pr ovi ded i n accor dance wi t h par agr aph FI ELD 
FABRI CATED NAMEPLATES.

2. 13. 1   Encl osur e

Pr ovi de panel boar d encl osur e i n accor dance wi t h t he f ol l owi ng:

a.   UL 50.

b.   Cabi net s mount ed out door s or  f l ush- mount ed:   hot - di pped gal vani zed 
af t er  f abr i cat i on.

c.   Cabi net s:   pai nt ed i n accor dance wi t h par agr aph FI ELD APPLI ED PAI NTI NG.

d.   Out door  cabi net s:   NEMA 4x wi t h a r emovabl e st eel  pl at e 1/ 4 i nch t hi ck 
i n t he bot t om f or  f i el d dr i l l i ng f or  condui t  connect i ons.

e.   Fr ont  edges of  cabi net s:   f or m- f l anged or  f i t t ed wi t h st r uct ur al  
shapes wel ded or  r i vet ed t o t he sheet  st eel ,  f or  suppor t i ng t he 
panel boar d f r ont .

f .   Al l  cabi net s:   f abr i cat ed such t hat  no par t  of  any sur f ace on t he 
f i ni shed cabi net  devi at es f r om a t r ue pl ane by mor e t han 1/ 8 i nch.

g.   Hol es:   pr ovi ded i n t he back of  i ndoor  sur f ace- mount ed cabi net s,  wi t h 
out si de spacer s and i nsi de st i f f ener s,  f or  mount i ng t he cabi net s wi t h a
 1/ 2 i nch cl ear  space bet ween t he back of  t he cabi net  and t he wal l  
sur f ace.

h.   Fl ush door s:   mount ed on hi nges t hat  expose onl y t he hi nge r ol l  t o 
v i ew when t he door  i s c l osed.

i .   Each door :   f i t t ed wi t h a combi ned cat ch and l ock l at ch.

j .   Keys:   t wo pr ovi ded wi t h each l ock,  wi t h al l  l ocks keyed al i ke.

k.   Fi ni shed- head cap scr ews:   pr ovi ded f or  mount i ng t he panel boar d f r ont s 
on t he cabi net s.

2. 13. 2   Panel boar d Buses

Suppor t  bus bar s on bases i ndependent  of  c i r cui t  br eaker s.   Desi gn mai n 
buses and back pans so t hat  br eaker s may be changed wi t hout  machi ni ng,  
dr i l l i ng,  or  t appi ng.   Pr ovi de i sol at ed neut r al  bus i n each panel  f or  
connect i on of  c i r cui t  neut r al  conduct or s.   Pr ovi de separ at e gr ound bus 
i dent i f i ed as equi pment  gr oundi ng bus per  UL 67 f or  connect i ng gr oundi ng 
conduct or s;  bond t o st eel  cabi net .
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2. 13. 2. 1   Panel boar d Neut r al s f or  Non- Li near  Loads

Pr ovi de i n accor dance wi t h t he f ol l owi ng: .

a.   UL l i s t ed,  wi t h panel boar d t ype speci f i cal l y UL heat  r i se t est ed f or  
use on non- l i near  l oads.

b.   Panel boar d:   heat  r i se t est ed i n accor dance wi t h UL 67,  except  wi t h 
t he neut r al  assembl y i nst al l ed and car r y i ng 200 per cent  of  t he phase 
bus cur r ent  dur i ng t est i ng.

c.   Ver i f i cat i on of  t he t est i ng pr ocedur e:   pr ovi ded upon r equest .

d.   Two neut r al  assembl i es par al l el ed t oget her  wi t h cabl e i s not  
accept abl e.

e.   Namepl at es f or  panel boar d r at ed f or  use on non- l i near  l oads:   mar ked 
" SUI TABLE FOR NON- LI NEAR LOADS"  and i n accor dance wi t h par agr aph FI ELD 
FABRI CATED NAMEPLATES.

f .   Pr ovi de a neut r al  l abel  wi t h i nst r uct i ons f or  wi r i ng t he neut r al  of  
panel boar ds r at ed f or  use on non- l i near  l oads.

2. 13. 3   Ci r cui t  Br eaker s

UL 489,  t her mal  magnet i c- t ype havi ng a mi ni mum shor t - c i r cui t  cur r ent  
r at i ng equal  t o t he shor t - c i r cui t  cur r ent  r at i ng of  t he panel boar d i n 
whi ch t he ci r cui t  br eaker  wi l l  be mount ed.   Br eaker  t er mi nal s:   UL l i s t ed 
as sui t abl e f or  t ype of  conduct or  pr ovi ded.   Ser i es r at ed ci r cui t  br eaker s 
and pl ug- i n c i r cui t  br eaker s ar e unaccept abl e.

2. 13. 3. 1   Mul t i pol e Br eaker s

Pr ovi de common t r i p- t ype wi t h s i ngl e oper at i ng handl e.   Desi gn br eaker  
such t hat  over l oad i n one pol e aut omat i cal l y causes al l  pol es t o open.   
Mai nt ai n phase sequence t hr oughout  each panel  so t hat  any t hr ee adj acent  
br eaker  pol es ar e connect ed t o Phases A,  B,  and C,  r espect i vel y.

2. 13. 3. 2   Ci r cui t  Br eaker  Wi t h Gr ound- Faul t  Ci r cui t  I nt er r upt er

UL 943 and NFPA 70.   Pr ovi de wi t h aut o- moni t or i ng ( sel f - t est )  and l ockout  
f eat ur es,  " push- t o- t est "  but t on,  v i s i bl e i ndi cat i on of  t r i pped condi t i on,  
and abi l i t y  t o det ect  and t r i p when cur r ent  i mbal ance i s 6 mi l l i amper es or  
hi gher  per  r equi r ement s of  UL 943 f or  Cl ass A gr ound- f aul t  c i r cui t  
i nt er r upt er  devi ces.

2. 13. 4   400 Hz Panel boar d and Br eaker s

Pr ovi de panel boar ds and br eaker s f or  use on 400 Hz syst ems r at ed and 
l abel ed " 400 Hz. "

2. 13. 5   Li ght i ng Cont r ol  Panel boar ds

Pr ovi ded a l i ght i ng cont r ol  panel boar d havi ng t he f ol l owi ng f eat ur es:

a.   Mi ni mum si xt een schedul es i ncl udi ng a 7- day r epeat i ng schedul e wi t h 
s i xt een dai l y on/ of f  per i ods.

b.   Mi ni mum si xt een l i ght i ng zones gr oupi ng br anch br eaker s t hat  ar e 
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cont r ol l ed by schedul es,  manual  i nput s,  or  over r i de commands.

c.   El ect r oni c c l ock i ncl udi ng r eal - t i me,  ast r onomi cal  c l ock,  and l eap 
year  and dayl i ght  savi ngs t i me adj ust ment s.

d.   Bur n- hour  t r acki ng.

e.   Remot e ci r cui t  br eaker  oper at i on.

2. 14   ENCLOSED CI RCUI T BREAKERS

UL 489.   I ndi v i dual  mol ded case ci r cui t  br eaker s wi t h vol t age and 
cont i nuous cur r ent  r at i ngs,  number  of  pol es,  over l oad t r i p set t i ng,  and 
shor t  c i r cui t  cur r ent  i nt er r upt i ng r at i ng as i ndi cat ed.   Encl osur e t ype as 
i ndi cat ed.   Pr ovi de sol i d neut r al .

2. 15   TRANSFORMERS

Pr ovi de t r ansf or mer s i n accor dance wi t h t he f ol l owi ng:

a.   NEMA ST 20,  gener al  pur pose,  dr y- t ype,  sel f - cool ed,  vent i l at ed.

b.   Pr ovi de t r ansf or mer s i n NEMA 1 encl osur e.

c.   Taps f or  t r ansf or mer s 15 kVA and l ar ger :   Two 2. 5 per cent  t aps Ful l  
Capaci t y Above Nomi nal  ( FCAN)  and f our  2. 5 per cent  t aps Ful l  Capaci t y 
Bel ow Nomi nal  ( FCBN) .

d.   Tr ansf or mer  i nsul at i on syst em:

( 1)  220 degr ees C i nsul at i on syst em f or  t r ansf or mer s 15 kVA and 
gr eat er ,  wi t h t emper at ur e r i se not  exceedi ng 115 degr ees C under  
f ul l - r at ed l oad i n maxi mum ambi ent  of  40 degr ees C.

( 2)  180 degr ees C i nsul at i on f or  t r ansf or mer s r at ed 10 kVA and l ess,  
wi t h t emper at ur e r i se not  exceedi ng 80 degr ees C under  f ul l - r at ed 
l oad i n maxi mum ambi ent  of  40 degr ees C.

f .   Tr ansf or mer  of  115 degr ees C t emper at ur e r i se:   capabl e of  car r y i ng 
cont i nuousl y 115 per cent  of  namepl at e kVA wi t hout  exceedi ng i nsul at i on 
r at i ng.

2. 15. 1   Speci f i ed Tr ansf or mer  Ef f i c i ency

Tr ansf or mer s,  i ndi cat ed and speci f i ed wi t h:   480V pr i mar y,  80 degr ees C or  
115 degr ees C t emper at ur e r i se,  kVA r at i ngs of  37. 5 t o 100 f or  s i ngl e 
phase or  30 t o 500 f or  t hr ee phase,  ener gy ef f i c i ent  t ype.   The 
t r ansf or mer  i s not  accept abl e i f  t he cal cul at ed t r ansf or mer  ef f i c i ency i s 
l ess t han t he ef f i c i ency i ndi cat ed i n 10 CFR 431,  Subpar t  K.

2. 16   MOTORS

Pr ovi de mot or s i n accor dance wi t h t he f ol l owi ng:

a.   NEMA MG 1 except  pr ovi de f i r e pump mot or s as speci f i ed i n Sect i on 
21 30 00 FI RE PUMPS.
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b.   Her met i c- t ype seal ed mot or  compr essor s:   Al so compl y wi t h UL 984.

c.   Pr ovi de t he si ze i n t er ms of  HP,  or  kVA,  or  f ul l - l oad cur r ent ,  or  a 
combi nat i on of  t hese char act er i st i cs,  and ot her  char act er i st i cs,  of  
each mot or  as i ndi cat ed or  speci f i ed.

d.   Det er mi ne speci f i c  mot or  char act er i st i cs t o ensur e pr ovi s i on of  
cor r ect l y s i zed st ar t er s and over l oad heat er s.

e.   Rat e mot or s f or  oper at i on on 208- vol t ,  3- phase ci r cui t s wi t h a 
t er mi nal  vol t age r at i ng of  200 vol t s,  and t hose f or  oper at i on on 
480- vol t ,  3- phase ci r cui t s wi t h a  t er mi nal  vol t age r at i ng of  460 
vol t s.

f .   Use mot or s desi gned t o oper at e at  f ul l  capaci t y wi t h vol t age var i at i on 
of  pl us or  mi nus 10 per cent  of  mot or  vol t age r at i ng.

g.   Unl ess ot her wi se i ndi cat ed,  use cont i nuous dut y t ype mot or s i f  r at ed 1 
HP and above.

h.   Wher e f use pr ot ect i on i s speci f i cal l y r ecommended by t he equi pment  
manuf act ur er ,  pr ovi de f used swi t ches i n l i eu of  non- f used swi t ches 
i ndi cat ed.

2. 16. 1   Hi gh Ef f i c i ency Si ngl e- Phase Mot or s

Si ngl e- phase f r act i onal - hor sepower  al t er nat i ng- cur r ent  mot or s:   hi gh 
ef f i c i ency t ypes ar e not  accept abl e.   I n except i on,  f or  speci al  pur pose 
mot or s and mot or - dr i ven equi pment  wi t h a mi ni mum seasonal  or  over al l  
ef f i c i ency r at i ng,  such as a SEER r at i ng,  pr ovi de equi pment  wi t h mot or  t o 
meet  t he over al l  syst em r at i ng i ndi cat ed.

2. 16. 2   Mot or  Si zes

Pr ovi de si ze f or  dut y t o be per f or med,  not  exceedi ng t he f ul l - l oad 
namepl at e cur r ent  r at i ng when dr i ven equi pment  i s oper at ed at  speci f i ed 
capaci t y under  most  sever e condi t i ons l i kel y t o be encount er ed.   When 
mot or  s i ze pr ovi ded di f f er s f r om si ze i ndi cat ed or  speci f i ed,  make 
adj ust ment s t o wi r i ng,  di sconnect  devi ces,  and br anch ci r cui t  pr ot ect i on 
t o accommodat e equi pment  act ual l y pr ovi ded.   Pr ovi de cont r ol l er s f or  
mot or s r at ed 1- hp and above wi t h el ect r oni c phase- vol t age moni t or s 
desi gned t o pr ot ect  mot or s f r om phase- l oss,  under vol t age,  and 
over vol t age.   Pr ovi de pr ot ect i on f or  mot or s f r om i mmedi at e r est ar t  by a 
t i me adj ust abl e r est ar t  r el ay.

2. 16. 3   Wi r i ng and Condui t

Pr ovi de i nt er nal  wi r i ng f or  component s of  packaged equi pment  as an 
i nt egr al  par t  of  t he equi pment .   Pr ovi de power  wi r i ng and condui t  f or  
f i el d- i nst al l ed equi pment  usi ng adj ust abl e speed dr i ve ( ASD)  manuf act ur er  
r equi r ed wi r i ng t ype and l engt h,  and mot or  cont r ol  equi pment  f or mi ng par t  
of  mot or  cont r ol  cent er s or  swi t chgear  assembl i es,  t he condui t  and wi r i ng 
connect i ng such cent er s,  assembl i es,  or  ot her  power  sour ces t o equi pment  
as speci f i ed her ei n.   Power  wi r i ng and condui t :   conf or m t o t he 
r equi r ement s speci f i ed her ei n.   Cont r ol  wi r i ng:   pr ovi ded under ,  and 
conf or m t o,  t he r equi r ement s of  t he sect i on speci f y i ng t he associ at ed 
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equi pment .

2. 17   MOTOR CONTROLLERS

Pr ovi de mot or  cont r ol l er s i n accor dance wi t h t he f ol l owi ng:

a.   UL 508,  NEMA I CS 1,  and NEMA I CS 2,  except  f i r e pump cont r ol l er s as 
speci f i ed i n Sect i on 21 30 00 FI RE PUMPS.

b.   Pr ovi de cont r ol l er s wi t h t her mal  over l oad pr ot ect i on i n each phase,  
and one spar e nor mal l y open auxi l i ar y cont act ,  and one spar e nor mal l y 
c l osed auxi l i ar y cont act .

c.   Pr ovi de cont r ol l er s f or  mot or s r at ed 1- hp 746 wat t s and above wi t h 
el ect r oni c phase- vol t age moni t or s desi gned t o pr ot ect  mot or s f r om 
phase- l oss,  under vol t age,  and over vol t age.

d.   Pr ovi de pr ot ect i on f or  mot or s f r om i mmedi at e r est ar t  by a t i me 
adj ust abl e r est ar t  r el ay.

e.   When used wi t h pr essur e,  f l oat ,  or  s i mi l ar  aut omat i c- t ype or  
mai nt ai ned- cont act  swi t ch,  pr ovi de a hand/ of f / aut omat i c sel ect or  
swi t ch wi t h t he cont r ol l er .

f .   Connect i ons t o sel ect or  swi t ch:   wi r ed such t hat  onl y nor mal  aut omat i c 
r egul at or y cont r ol  devi ces ar e bypassed when swi t ch i s i n " hand"  
posi t i on.

g.   Saf et y cont r ol  devi ces,  such as l ow and hi gh pr essur e cut out s,  hi gh 
t emper at ur e cut out s,  and mot or  over l oad pr ot ect i ve devi ces:   connect ed 
i n mot or  cont r ol  c i r cui t  i n " hand"  and " aut omat i c"  posi t i ons.

h.   Cont r ol  c i r cui t  connect i ons t o hand/ of f / aut omat i c sel ect or  swi t ch or  
t o mor e t han one aut omat i c r egul at or y cont r ol  devi ce:   made i n 
accor dance wi t h i ndi cat ed or  manuf act ur er ' s appr oved wi r i ng di agr am.

i .   Pr ovi de sel ect or  swi t ch wi t h t he means f or  l ocki ng i n any posi t i on.

j .   Pr ovi de a di sconnect i ng means,  capabl e of  bei ng l ocked i n t he open 
posi t i on,  f or  t he mot or  t hat  i s  l ocat ed i n s i ght  f r om t he mot or  
l ocat i on and t he dr i ven machi ner y l ocat i on.   As an al t er nat i ve,  
pr ovi de a mot or  cont r ol l er  di sconnect ,  capabl e of  bei ng l ocked i n t he 
open posi t i on,  t o ser ve as t he di sconnect i ng means f or  t he mot or  i f  i t  
i s  i n s i ght  f r om t he mot or  l ocat i on and t he dr i ven machi ner y l ocat i on.

k.   Over l oad pr ot ect i ve devi ces:   pr ovi de adequat e pr ot ect i on t o mot or  
wi ndi ngs;  be t her mal  i nver se- t i me- l i mi t  t ype;  and i ncl ude manual  
r eset - t ype pushbut t on on out si de of  mot or  cont r ol l er  case.

l .   Cover  of  combi nat i on mot or  cont r ol l er  and manual  swi t ch or  c i r cui t  
br eaker :   i nt er l ocked wi t h oper at i ng handl e of  swi t ch or  c i r cui t  
br eaker  so t hat  cover  cannot  be opened unl ess handl e of  swi t ch or  
c i r cui t  br eaker  i s i n " of f "  posi t i on.

m.   Pr ovi de cont r ol l er s i n hazar dous l ocat i ons wi t h c l assi f i cat i ons as 
i ndi cat ed.
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2. 17. 1   Cont r ol  Wi r i ng

Pr ovi de cont r ol  wi r i ng i n accor dance wi t h t he f ol l owi ng:

a.   Al l  cont r ol  wi r e:   st r anded t i nned copper  swi t chboar d wi r e wi t h 
600- vol t  f l ame- r et ar dant  i nsul at i on Type SI S meet i ng UL 44,  or  Type 
MTW meet i ng UL 1063,  and passi ng t he VW- 1 f l ame t est s i ncl uded i n 
t hose st andar ds.

b.   Hi nge wi r e:   Cl ass K st r andi ng.

c.   Cur r ent  t r ansf or mer  secondar y l eads:   not  smal l er  t han No.  10 AWG.

d.   Cont r ol  wi r e mi ni mum si ze:   No.  14 AWG.

e.   Power  wi r i ng f or  480- vol t  c i r cui t s and bel ow:   t he same t ype as 
cont r ol  wi r i ng wi t h No.  12 AWG mi ni mum si ze.

f .   Pr ovi de wi r i ng and t er mi nal  ar r angement  on t he t er mi nal  bl ocks t o 
per mi t  t he i ndi v i dual  conduct or s of  each ext er nal  cabl e t o be 
t er mi nat ed on adj acent  t er mi nal  poi nt s.

2. 17. 2   Cont r ol  Ci r cui t  Ter mi nal  Bl ocks

Pr ovi de cont r ol  c i r cui t  t er mi nal  bl ocks i n accor dance wi t h t he f ol l owi ng:

a.   NEMA I CS 4.

b.   Cont r ol  c i r cui t  t er mi nal  bl ocks f or  cont r ol  wi r i ng:   mol ded or  
f abr i cat ed t ype wi t h bar r i er s,  r at ed not  l ess t han 600 vol t s.

c.   Pr ovi de t er mi nal s wi t h r emovabl e bi ndi ng,  f i l l i s t er  or  washer  head 
scr ew t ype,  or  of  t he st ud t ype wi t h cont act  and l ocki ng nut s.

d.   Ter mi nal s:   not  l ess t han No.  10 i n s i ze wi t h suf f i c i ent  l engt h and 
space f or  connect i ng at  l east  t wo i ndent ed t er mi nal s f or  10 AWG 
conduct or s t o each t er mi nal .

e.   Ter mi nal  ar r angement :   subj ect  t o t he appr oval  of  t he Cont r act i ng 
Of f i cer  wi t h not  l ess t han f our  spar e t er mi nal s or  10 per cent ,  
whi chever  i s gr eat er ,  pr ovi ded on each bl ock or  gr oup of  bl ocks.

f .   Modul ar ,  pul l  apar t ,  t er mi nal  bl ocks ar e accept abl e pr ovi ded t hey ar e 
of  t he channel  or  r ai l - mount ed t ype.

g.   Submi t  dat a showi ng t hat  any pr oposed al t er nat e wi l l  accommodat e t he 
speci f i ed number  of  wi r es,  ar e of  adequat e cur r ent - car r y i ng capaci t y,  
and ar e const r uct ed t o assur e posi t i ve cont act  bet ween 
cur r ent - car r y i ng par t s.

2. 17. 2. 1   Types of  Ter mi nal  Bl ocks

a.   Shor t - Ci r cui t i ng Type:   Shor t - c i r cui t i ng t ype t er mi nal  bl ocks:   
f ur ni shed f or  al l  cur r ent  t r ansf or mer  secondar y l eads wi t h pr ovi s i on 
f or  shor t i ng t oget her  al l  l eads f r om each cur r ent  t r ansf or mer  wi t hout  
f i r st  openi ng any ci r cui t .   Ter mi nal  bl ocks:   compl y wi t h t he 
r equi r ement s of  par agr aph CONTROL CI RCUI T TERMI NAL BLOCKS above.

b.   Load Type:   Load t er mi nal  bl ocks r at ed not  l ess t han 600 vol t s and of  
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adequat e capaci t y:   pr ovi ded f or  t he conduct or s f or  NEMA Si ze 3 and 
smal l er  mot or  cont r ol l er s and f or  ot her  power  c i r cui t s,  except  t hose 
f or  f eeder  t ap uni t s.   Pr ovi de t er mi nal s of  ei t her  t he st ud t ype wi t h 
cont act  nut s and l ocki ng nut s or  of  t he r emovabl e scr ew t ype,  havi ng 
l engt h and space f or  at  l east  t wo i ndent ed t er mi nal s of  t he s i ze 
r equi r ed on t he conduct or s t o be t er mi nat ed.   For  conduct or s r at ed 
mor e t han 50 amper es,  pr ovi de scr ews wi t h hexagonal  heads.   Conduct i ng 
par t s bet ween connect ed t er mi nal s must  have adequat e cont act  sur f ace 
and cr oss- sect i on t o oper at e wi t hout  over heat i ng.   Pr ovi de each 
connect ed t er mi nal  wi t h t he c i r cui t  desi gnat i on or  wi r e number  pl aced 
on or  near  t he t er mi nal  i n per manent  cont r ast i ng col or .

2. 17. 3   Cont r ol  Ci r cui t s

Cont r ol  c i r cui t s:   maxi mum vol t age of  120 vol t s der i ved f r om cont r ol  
t r ansf or mer  i n same encl osur e.   Tr ansf or mer s:   conf or m t o UL 506,  as 
appl i cabl e.   Tr ansf or mer s,  ot her  t han t r ansf or mer s i n br i dge ci r cui t s:   
pr ovi de pr i mar i es wound f or  vol t age avai l abl e and secondar i es wound f or  
cor r ect  cont r ol  c i r cui t  vol t age.   Si ze t r ansf or mer s so t hat  80 per cent  of  
r at ed capaci t y equal s connect ed l oad.   Pr ovi de di sconnect  swi t ch on 
pr i mar y s i de.   Pr ovi de one f used secondar y l ead wi t h t he ot her  l ead 
gr ounded.

2. 17. 4   Encl osur es f or  Mot or  Cont r ol l er s

NEMA I CS 6.

2. 17. 5   Mul t i pl e- Speed Mot or  Cont r ol l er s and Rever si bl e Mot or  Cont r ol l er s

Acr oss- t he- l i ne- t ype,  el ect r i cal l y and mechani cal l y i nt er l ocked.   
Mul t i pl e- speed cont r ol l er s:   i ncl ude compel l i ng r el ays and 
mul t i pl e- but t on,  st at i on- t ype wi t h pi l ot  l i ght s f or  each speed.

2. 17. 6   Pushbut t on St at i ons

Pr ovi de wi t h " st ar t / st op"  moment ar y cont act s havi ng one nor mal l y open and 
one nor mal l y c l osed set  of  cont act s,  and r ed l i ght s t o i ndi cat e when mot or  
i s r unni ng.   St at i ons:   heavy dut y,  oi l - t i ght  desi gn.

2. 17. 7   Pi l ot  and I ndi cat i ng Li ght s

Pr ovi de LED cl ust er  l amps.

2. 18   MANUAL MOTOR STARTERS ( MOTOR RATED SWI TCHES)

Si ngl eor  Thr ee pol e desi gned f or  sur f ace mount i ng wi t h over l oad pr ot ect i on.

2. 19   LOCKOUT REQUI REMENTS

Pr ovi de ci r cui t  br eaker s,  di sconnect i ng means,  and ot her  devi ces t hat  ar e 
el ect r i cal  ener gy- i sol at i ng capabl e of  bei ng l ocked out  f or  machi nes and 
ot her  equi pment  t o pr event  unexpect ed st ar t up or  r el ease of  st or ed ener gy 
i n accor dance wi t h 29 CFR 1910. 147,  NFPA 70E and 29 CFR 1910. 303.   Compl y 
wi t h r equi r ement s of  Di v i s i on 23,  " Heat i ng,  Vent i l at i ng,  and Ai r  
Condi t i oni ng ( HVAC) "  f or  mechani cal  i sol at i on of  machi nes and ot her  
equi pment .
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2. 20   TELECOMMUNI CATI ONS SYSTEM

Pr ovi de syst em of  t el ecommuni cat i ons wi r e- suppor t i ng st r uct ur es ( pat hway) ,  
i ncl udi ng:  out l et  boxes,  condui t s wi t h pul l  wi r es,  cabl e t r ays,  and ot her  
accessor i es f or  t el ecommuni cat i ons out l et s and pat hway i n accor dance wi t h 
TI A- 569 and as speci f i ed her ei n.   Addi t i onal  t el ecommuni cat i ons 
r equi r ement s ar e speci f i ed i n Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS 
CABLI NG SYSTEM.

2. 21   COMMUNI TY ANTENNA TELEVI SI ON ( CATV)  SYSTEM

Addi t i onal  CATV r equi r ement s ar e speci f i ed i n Sect i on 27 05 13. 43 
TELEVI SI ON DI STRI BUTI ON SYSTEM.

2. 21. 1   CATV Out l et s

Pr ovi de f l ush mount ed,  75- ohm,  F- t ype connect or  out l et  r at ed f r om 5 t o 
1000 MHz i n st andar d el ect r i cal  out l et  boxes wi t h i sol at i on bar r i er  wi t h 
mount i ng f r ame.

2. 21. 2   CATV Facepl at es

Pr ovi de modul ar  f acepl at es f or  mount i ng of  CATV Out l et s.   Facepl at e:   
i ncl ude desi gnat i on l abel s and l abel  cover s f or  c i r cui t  i dent i f i cat i on.   
Facepl at e col or :   mat ch out l et  and swi t ch cover pl at es.

2. 21. 3   Backboar ds

Coor di nat e CATV backboar d r equi r ement s wi t h t el ecommuni cat i ons backboar d 
r equi r ement s as speci f i ed i n Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS 
CABLI NG.

2. 22   GROUNDI NG AND BONDI NG EQUI PMENT

2. 22. 1   Gr ound Rods

UL 467.   Gr ound r ods:   cone poi nt ed copper - c l ad st eel ,  wi t h mi ni mum 
di amet er  of  3/ 4 i nch and mi ni mum l engt h 10 f eet .   Sect i onal  t ype r ods may 
be used f or  r ods 20 f eet  or  l onger .

2. 22. 2   Gr ound Bus

Copper  gr ound bus:   pr ovi ded i n t he el ect r i cal  equi pment  r ooms as 
i ndi cat ed.

2. 22. 3   Secondar y Bondi ng Busbar

Pr ovi de cor r osi on- r esi st ant  gr oundi ng busbar  sui t abl e f or  i ndoor  
i nst al l at i on i n accor dance wi t h TI A- 607.   Busbar s:   pl at ed f or  r educed 
cont act  r esi st ance.   I f  not  pl at ed,  c l ean t he busbar  pr i or  t o f ast eni ng 
t he conduct or s t o t he busbar  and appl y an ant i - oxi dant  t o t he cont act  ar ea 
t o cont r ol  cor r osi on and r educe cont act  r esi st ance.   Pr ovi de a Pr i mar y 
bondi ng busbar  ( PBB)  i n t he t el ecommuni cat i ons ent r ance f aci l i t y .   The 
Pr i mar y bondi ng busbar  ( PBB) :   s i zed i n accor dance wi t h t he i mmedi at e 
appl i cat i on r equi r ement s and wi t h consi der at i on of  f ut ur e gr owt h.   Pr ovi de 
Secondar y bondi ng busbar s wi t h t he f ol l owi ng:

a.   Pr edr i l l ed copper  busbar  pr ovi ded wi t h hol es f or  use wi t h st andar d 
s i zed l ugs,
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b.   Mi ni mum di mensi ons of  0. 25 i n t hi ck by 4 i n wi de f or  t he PBB wi t h 
l engt h as i ndi cat ed;

c.   Li st ed by a nat i onal l y r ecogni zed t est i ng l abor at or y.

2. 23   HAZARDOUS LOCATI ONS

El ect r i cal  mat er i al s,  equi pment ,  and devi ces f or  i nst al l at i on i n hazar dous 
l ocat i ons,  as def i ned by NFPA 70:   speci f i cal l y appr oved by Under wr i t er s '  
Labor at or i es,  I nc. ,  or  Fact or y Mut ual  f or  par t i cul ar  " Cl ass, "  " Di v i s i on, "  
and " Gr oup"  of  hazar dous l ocat i ons i nvol ved.   Boundar i es and 
cl assi f i cat i ons of  hazar dous l ocat i ons:   as i ndi cat ed.   Equi pment  i n 
hazar dous l ocat i ons:   compl y wi t h UL 1203 f or  el ect r i cal  equi pment  and 
i ndust r i al  cont r ol s and UL 674 f or  mot or s.

2. 24   MANUFACTURER' S NAMEPLATE

Pr ovi de on each i t em of  equi pment  a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

2. 25   FI ELD FABRI CATED NAMEPLATES

Pr ovi de f i el d f abr i cat ed namepl at es i n accor dance wi t h t he f ol l owi ng:

a.   ASTM D709.

b.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each equi pment  encl osur e,  
r el ay,  swi t ch,  and devi ce;  as speci f i ed or  as i ndi cat ed on t he 
dr awi ngs.

c.   Each namepl at e i nscr i pt i on:   i dent i f y t he f unct i on and,  when 
appl i cabl e,  t he posi t i on.

d.   Namepl at es:   mel ami ne pl ast i c,  0. 125 i nch t hi ck,  whi t e wi t h bl ack 
cent er  cor e.

e.   Sur f ace:   mat t e f i ni sh.   Cor ner s:   squar e.   Accur at el y al i gn l et t er i ng 
and engr ave i nt o t he cor e.

f .   Mi ni mum si ze of  namepl at es:   one by 2. 5 i nches.

g.   Let t er i ng s i ze and st y l e:   a mi ni mum of  0. 25 i nch hi gh nor mal  bl ock 
st y l e.

2. 26   WARNI NG SI GNS

Pr ovi de war ni ng si gns f or  f l ash pr ot ect i on i n accor dance wi t h NFPA 70E and 
NEMA Z535. 4 f or  swi t chboar ds,  panel boar ds,  i ndust r i al  cont r ol  panel s,  and 
mot or  cont r ol  cent er s t hat  ar e i n ot her  t han dwel l i ng occupanci es and ar e 
l i kel y t o r equi r e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  mai nt enance whi l e 
ener gi zed.   Pr ovi de f i el d i nst al l ed s i gns t o war n qual i f i ed per sons of  
pot ent i al  el ect r i c ar c f l ash hazar ds when war ni ng si gns ar e not  pr ovi ded 
by t he manuf act ur er .   Pr ovi de mar ki ng t hat  i s c l ear l y v i s i bl e t o qual i f i ed 
per sons bef or e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  mai nt enance of  t he 
equi pment .
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2. 27   FI RESTOPPI NG MATERI ALS

Pr ovi de f i r est oppi ng ar ound el ect r i cal  penet r at i ons i n accor dance wi t h 
Sect i on 07 84 00 FI RESTOPPI NG.

2. 28   SURGE PROTECTI VE DEVI CES

Pr ovi de par al l el  t ype sur ge pr ot ect i ve devi ces ( SPD)  whi ch compl y wi t h 
UL 1449 at  t he ser vi ce ent r ance and panel boar ds.   Pr ovi de sur ge pr ot ect or s 
i n a NEMA 1 encl osur e per  NEMA I CS 6.   Do not  i nst al l  SPD i nsi de a 
panel boar d or  swi t chboar d encl osur e.   However ,  SPD may be i nst al l ed i n a 
separ at e compar t ment  of  a swi t chgear  pr ovi ded t hat  i t  i s  suppl i ed by a 
dedi cat ed ci r cui t  br eaker .   SPD must  have t he same shor t - c i r cui t  cur r ent  
r at i ng as t he pr ot ect ed equi pment  and must  not  be i nst al l ed at  a poi nt  of  
syst em wher e t he avai l abl e f aul t  cur r ent  i s i n excess of  t hat  r at i ng.   Use 
Type 1 or  Type 2 SPD and connect  on t he l oad si de of  a dedi cat ed ci r cui t  
br eaker .   Submi t  per f or mance and char act er i st i c cur ves.

Pr ovi de t he f ol l owi ng modes of  pr ot ect i on:

FOR SI NGLE PHASE AND THREE PHASE WYE CONNECTED SYSTEMS-
Phase t o phase (  L- L )
Each phase t o neut r al  (  L- N )

Phase t o gr ound (  L- G )

SPDs at  t he ser vi ce ent r ance:   pr ovi de wi t h a mi ni mum sur ge cur r ent  r at i ng 
of  80, 000 amper es f or  L- L mode mi ni mum and 40, 000 amper es f or  ot her  modes 
( L- N,  L- G,  and N- G)  and downst r eam SPDs r at ed 40, 000 amper es f or  L- L mode 
mi ni mum and 20, 000 amper es f or  ot her  modes ( L- N,  L- G,  and N- G) .

Pr ovi de SPDs per  NFPA 780 f or  t he l i ght ni ng pr ot ect i on syst em.

Maxi mum L- N,  and N- G Vol t age Pr ot ect i on Rat i ng:

700V f or  208Y/ 120V,  t hr ee phase syst em
1, 200V f or  480Y/ 277V,  t hr ee phase syst em

Maxi mum L- G Pr ot ect i on Rat i ng:

700V f or  208Y/ 120V,  t hr ee phase syst em
1, 200V f or  480Y/ 277V,  t hr ee phase syst em

Maxi mum L- L Vol t age Pr ot ect i on Rat i ng:

1, 200V f or  208Y/ 120V,  t hr ee phase syst em
1, 800V f or  480Y/ 277V,  t hr ee phase syst em

Pr ovi de SPDs.

Maxi mum L- N,  L- G,  and N- G Vol t age Pr ot ect i on Rat i ng:

700V f or  208Y/ 120V,  t hr ee phase syst em
1, 200V f or  480Y/ 277V,  t hr ee phase syst em

Maxi mum L- L Vol t age Pr ot ect i on Rat i ng:
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1, 200V f or  208Y/ 120V,  t hr ee phase syst em
1, 800V f or  480Y/ 277V,  t hr ee phase syst em

The mi ni mum MCOV ( Maxi mum Cont i nuous Oper at i ng Vol t age)  r at i ng f or  L- N and 
L- G modes of  oper at i on:   120 per cent  of  nomi nal  vol t age f or  240 vol t s and 
bel ow;  115 per cent  of  nomi nal  vol t age above 240 vol t s t o 480 vol t s.

2. 29   FACTORY APPLI ED FI NI SH

Pr ovi de f act or y- appl i ed f i ni sh on el ect r i cal  equi pment  i n accor dance wi t h 
t he f ol l owi ng:

a.   NEMA 250 cor r osi on- r esi st ance t est  and t he addi t i onal  r equi r ement s as 
speci f i ed her ei n.

b.   I nt er i or  and ext er i or  st eel  sur f aces of  equi pment  encl osur es:   
t hor oughl y c l eaned f ol l owed by a r ust - i nhi bi t i ve phosphat i z i ng or  
equi val ent  t r eat ment  pr i or  t o pai nt i ng.

c.   Ext er i or  sur f aces:   f r ee f r om hol es,  seams,  dent s,  wel d mar ks,  l oose 
scal e or  ot her  i mper f ect i ons.

d.   I nt er i or  sur f aces:   r ecei ve not  l ess t han one coat  of  
cor r osi on- r esi st i ng pai nt  i n accor dance wi t h t he manuf act ur er ' s 
st andar d pr act i ce.

e.   Ext er i or  sur f aces:   pr i med,  f i l l ed wher e necessar y,  and gi ven not  l ess 
t han t wo coat s baked enamel  wi t h semi gl oss f i ni sh.

f .   Equi pment  l ocat ed i ndoor s:   ANSI  Li ght  Gr ay,  and equi pment  l ocat ed 
out door s:   ANSI  Li ght  Gr ay.

g.   Pr ovi de manuf act ur er ' s coat i ngs f or  t ouch- up wor k and as speci f i ed i n 
par agr aph FI ELD APPLI ED PAI NTI NG.

2. 30   SOURCE QUALI TY CONTROL

2. 30. 1   Tr ansf or mer  Fact or y Test s

Submi t t al :   i ncl ude r out i ne NEMA ST 20 t r ansf or mer  t est  r esul t s on each 
t r ansf or mer  and al so pr ovi de t he r esul t s of  NEMA " desi gn"  and " pr ot ot ype"  
t est s t hat  wer e made on t r ansf or mer s el ect r i cal l y and mechani cal l y equal  
t o t hose speci f i ed.

2. 31   COORDI NATED POWER SYSTEM PROTECTI ON

Pr epar e anal yses as speci f i ed i n Sect i on 26 05 73 POWER SYSTEM STUDI ES.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

El ect r i cal  i nst al l at i ons,  i ncl udi ng weat her pr oof  and hazar dous l ocat i ons 
and duct s,  pl enums and ot her  ai r - handl i ng spaces:   conf or m t o r equi r ement s 
of  NFPA 70 and t o r equi r ement s speci f i ed her ei n.
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3. 1. 1   Under gr ound Ser vi ce

Under gr ound ser vi ce conduct or s and associ at ed condui t :   cont i nuous f r om 
ser vi ce ent r ance equi pment  t o out door  power  syst em connect i on.

3. 1. 2   Hazar dous Locat i ons

Per f or m wor k i n hazar dous l ocat i ons,  as def i ned by NFPA 70,  i n st r i ct  
accor dance wi t h NFPA 70 f or  par t i cul ar  " Cl ass, "  " Di v i s i on, "  and " Gr oup"  of  
hazar dous l ocat i ons i nvol ved.   Pr ovi de condui t  and cabl e seal s wher e 
r equi r ed by NFPA 70.   Pr ovi de condui t  wi t h t aper ed t hr eads.

3. 1. 3   Ser vi ce Ent r ance I dent i f i cat i on

Ser vi ce ent r ance di sconnect  devi ces,  swi t ches,  and encl osur es:   l abel ed 
and i dent i f i ed as such.

3. 1. 3. 1   Label s

Wher ever  wor k r esul t s i n ser vi ce ent r ance di sconnect  devi ces i n mor e t han 
one encl osur e,  as per mi t t ed by NFPA 70,  l abel  each encl osur e,  new and 
exi st i ng,  as one of  sever al  encl osur es cont ai ni ng ser vi ce ent r ance 
di sconnect  devi ces.   Label ,  at  mi ni mum:   i ndi cat e number  of  ser vi ce 
di sconnect  devi ces housed by encl osur e and i ndi cat e t ot al  number  of  
encl osur es t hat  cont ai n ser vi ce di sconnect  devi ces.   Pr ovi de l ami nat ed 
pl ast i c l abel s conf or mi ng t o par agr aph FI ELD FABRI CATED NAMEPLATES.   Use 
l et t er i ng of  at  l east  0. 25 i nch i n hei ght ,  and engr ave on bl ack- on- whi t e 
mat t e f i ni sh.   Ser vi ce ent r ance di sconnect  devi ces i n mor e t han one 
encl osur e:   pr ovi ded onl y as per mi t t ed by NFPA 70.

3. 1. 4   Wi r i ng Met hods

Pr ovi de i nsul at ed conduct or s i nst al l ed i n r i gi d st eel  condui t ,  I MC,  r i gi d 
nonmet al l i c  condui t ,  or  EMT,  except  wher e speci f i cal l y i ndi cat ed or  
speci f i ed ot her wi se or  r equi r ed by NFPA 70 t o be i nst al l ed ot her wi se.   
Gr oundi ng conduct or :   separ at e f r om el ect r i cal  syst em neut r al  conduct or .   
Pr ovi de i nsul at ed gr een equi pment  gr oundi ng conduct or  f or  c i r cui t ( s)  
i nst al l ed i n condui t  and r aceways.   Shar ed neut r al ,  or  mul t i - wi r e br anch 
ci r cui t s,  ar e not  per mi t t ed wi t h ar c- f aul t  c i r cui t  i nt er r upt er s.   Mi ni mum 
condui t  s i ze:   1/ 2 i nch i n di amet er  f or  l ow vol t age l i ght i ng and power  
c i r cui t s.   Ver t i cal  di st r i but i on i n mul t i pl e st or y bui l di ngs:   made wi t h 
met al  condui t  i n f i r e- r at ed shaf t s,  wi t h met al  condui t  ext endi ng t hr ough 
shaf t s f or  mi ni mum di st ance of  6 i nches.   Fi r est op condui t  whi ch 
penet r at es f i r e- r at ed wal l s,  f i r e- r at ed par t i t i ons,  or  f i r e- r at ed f l oor s 
i n accor dance wi t h Sect i on 07 84 00 FI RESTOPPI NG.

3. 1. 4. 1   Pul l  Wi r e

I nst al l  pul l  wi r es i n empt y condui t s.   Pul l  wi r e:   pl ast i c havi ng mi ni mum 
200- pound f or ce t ensi l e st r engt h.   Leave mi ni mum 36 i nches of  s l ack at  
each end of  pul l  wi r e.

3. 1. 4. 2   Met al - Cl ad Cabl e

I nst al l  i n accor dance wi t h NFPA 70,  Type MC cabl e.

3. 1. 5   Condui t  I nst al l at i on

Unl ess i ndi cat ed ot her wi se,  conceal  condui t  under  f l oor  s l abs and wi t hi n 
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f i ni shed wal l s,  cei l i ngs,  and f l oor s.   Keep condui t  mi ni mum 6 i nches away 
f r om par al l el  r uns of  f l ues and st eam or  hot  wat er  pi pes.   I nst al l  condui t  
par al l el  wi t h or  at  r i ght  angl es t o cei l i ngs,  wal l s,  and st r uct ur al  
member s wher e l ocat ed above accessi bl e cei l i ngs and wher e condui t  wi l l  be 
v i s i bl e af t er  compl et i on of  pr oj ect .

3. 1. 5. 1   Rest r i ct i ons Appl i cabl e t o Al umi num Condui t

a.   Do not  i nst al l  under gr ound or  encase i n concr et e or  masonr y.

b.   Do not  use br ass or  br onze f i t t i ngs.

c.   Do not  use when t he encl osed conduct or s must  be shi el ded f r om t he 
ef f ect s of  Hi gh- al t i t ude El ect r omagnet i c Pul se ( HEMP) .

3. 1. 5. 2   Rest r i ct i ons Appl i cabl e t o EMT

a.   Do not  i nst al l  under gr ound.

b.   Do not  encase i n concr et e,  mor t ar ,  gr out ,  or  ot her  cement i t i ous 
mat er i al s.

c.   Do not  use i n ar eas subj ect  t o physi cal  damage i ncl udi ng but  not  
l i mi t ed t o equi pment  r ooms wher e movi ng or  r epl aci ng equi pment  coul d 
physi cal l y damage t he EMT.

d.   Do not  use i n hazar dous ar eas.

e.   Do not  use out door s.

f .   Do not  use i n f i r e pump r ooms.

g.   Do not  use when t he encl osed conduct or s must  be shi el ded f r om t he 
ef f ect s of  Hi gh- al t i t ude El ect r omagnet i c Pul se ( HEMP) .

3. 1. 5. 3   Rest r i ct i ons Appl i cabl e t o Nonmet al l i c  Condui t

a.   PVC Schedul e 40.

( 1)  Do not  use wher e subj ect  t o physi cal  damage,  i ncl udi ng but  not  
l i mi t ed t o,  mechani cal  equi pment  r ooms,  el ect r i cal  equi pment  
r ooms,  f i r e pump r ooms,  and wher e r est r i ct i ons ar e appl y i ng t o 
bot h PVC Schedul e 40 and PVC Schedul e 80.

( 2)  Do not  use above gr ade,  except  wher e al l owed i n t hi s sect i on f or  
r i s i ng t hr ough f l oor  s l ab or  i ndi cat ed ot her wi se.  

b.   PVC Schedul e 80.  

( 1)  Do not  use wher e subj ect  t o physi cal  damage,  i ncl udi ng but  not  
l i mi t ed t o,  hospi t al s,  power  pl ant ,  mi ssi l e magazi nes,  and ot her  
such ar eas.

( 2)  Do not  use i n hazar dous ( c l assi f i ed)  ar eas.

( 3)  Do not  use i n penet r at i ng f i r e- r at ed wal l s or  par t i t i ons,  or  
f i r e- r at ed f l oor s.

-
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3. 1. 5. 4   Rest r i ct i ons Appl i cabl e t o Fl exi bl e Condui t

Use onl y as speci f i ed i n par agr aph FLEXI BLE CONNECTI ONS.   Do not  use when 
t he encl osed conduct or s must  be shi el ded f r om t he ef f ect s of  Hi gh- al t i t ude 
El ect r omagnet i c Pul se ( HEMP) .

3. 1. 5. 5   Under gr ound Condui t

Pl ast i c- coat ed r i gi d st eel ;  pl ast i c- coat ed st eel  I MC;  PVC,  Type EPC- 40  
Pl ast i c coat i ng:   ext end mi ni mum 6 i nches above f l oor .

3. 1. 5. 6   Condui t  I nt er i or  t o Bui l di ngs f or  400 Hz Ci r cui t s

Al umi num or  nonmet al l i c .   Wher e 400- Hz ci r cui t  r uns under gr ound or  t hr ough 
concr et e,  pr ovi de PVC Schedul e 40 condui t .

3. 1. 5. 7   Condui t  f or  Ci r cui t s Rat ed Gr eat er  Than 600 Vol t s

Ri gi d met al  condui t  or  I MC onl y.

3. 1. 5. 8   Condui t  I nst al l ed Under  Fl oor  Sl abs

Condui t  r un under  f l oor  s l ab:   l ocat ed a mi ni mum of  12 i nches bel ow t he 
vapor  bar r i er .   Seal  ar ound condui t s at  penet r at i ons t hr u vapor  bar r i er .   
Use NECA NEI S 1 Tabl e 2a ( Mi ni mum Raceway Spaci ng)  t o det er mi ne under  
f l oor  s l ab condui t  spaci ng unl ess gr eat er  spaci ng i s r equi r ed el sewher e i n 
t hi s sect i on.

3. 1. 5. 9   Condui t  Thr ough Fl oor  Sl abs

Wher e condui t s r i se t hr ough f l oor  s l abs,  do not  al l ow cur ved por t i on of  
bends t o be vi s i bl e above f i ni shed sl ab.   Wher e condui t  r i ses t hr ough 
sl ab- on gr ade,  seal  al l  el ect r i cal  penet r at i ons t o addr ess r adon 
mi t i gat i on and pr event  i nf i l t r at i on of  ai r ,  i nsect s,  and ver mi n.

3. 1. 5. 10   St ub- Ups

Pr ovi de condui t s st ubbed up t hr ough concr et e f l oor  f or  connect i on t o 
f r ee- st andi ng equi pment  wi t h adj ust abl e t op or  coupl i ng t hr eaded i nsi de 
f or  pl ugs,  set  f l ush wi t h f i ni shed f l oor .   Ext end conduct or s t o equi pment  
i n r i gi d st eel  condui t ,  except  t hat  f l exi bl e met al  condui t  may be used 6 
i nches above f l oor .   Wher e no equi pment  connect i ons ar e made,  i nst al l  
scr ewdr i ver - oper at ed t hr eaded f l ush pl ugs i n condui t  end.

3. 1. 5. 11   Condui t  Suppor t

Suppor t  condui t  by pi pe st r aps,  wal l  br acket s,  t hr eaded r od condui t  
hanger s,  or  cei l i ng t r apeze.   Pl ast i c cabl e t i es ar e not  accept abl e.   
Fast en by wood scr ews t o wood;  by t oggl e bol t s on hol l ow masonr y uni t s;  by 
concr et e i nser t s or  expansi on bol t s on concr et e or  br i ck;  and by machi ne 
scr ews,  wel ded t hr eaded st uds,  or  spr i ng- t ensi on cl amps on st eel  wor k.   
Thr eaded C- cl amps may be used on r i gi d st eel  condui t  onl y.   Do not  wel d 
condui t s or  pi pe st r aps t o st eel  st r uct ur es.   Do not  exceed one- f our t h 
pr oof  t est  l oad f or  l oad appl i ed t o f ast ener s.   Pr ovi de vi br at i on 
r esi st ant  and shock- r esi st ant  f ast ener s at t ached t o concr et e cei l i ng.   Do 
not  cut  mai n r ei nf or ci ng bar s f or  any hol es cut  t o dept h of  mor e t han 1 
1/ 2 i nches i n r ei nf or ced concr et e beams or  t o dept h of  mor e t han 3/ 4 i nch 
i n concr et e j oi nt s.   Fi l l  unused hol es.   I n par t i t i ons of  l i ght  st eel  
const r uct i on,  use sheet  met al  scr ews.   I n suspended- cei l i ng const r uct i on,  
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r un condui t  above cei l i ng.   Do not  suppor t  condui t  by cei l i ng suppor t  
syst em.   Condui t  and box syst ems:   suppor t ed i ndependent l y of  bot h ( a)  t i e 
wi r es suppor t i ng cei l i ng gr i d syst em,  and ( b)  cei l i ng gr i d syst em i nt o 
whi ch cei l i ng panel s ar e pl aced.   Do not  shar e suppor t i ng means bet ween 
el ect r i cal  r aceways and mechani cal  pi pi ng or  duct s.   I dent i f y i ndependent  
condui t  suppor t  i n bot h f i r e and non- f i r e r at ed assembl i es per  NFPA 70.   
Coor di nat e i nst al l at i on wi t h above- cei l i ng mechani cal  syst ems t o assur e 
maxi mum accessi bi l i t y  t o al l  syst ems.   Spr i ng- st eel  f ast ener s may be used 
f or  l i ght i ng br anch ci r cui t  condui t  suppor t s i n suspended cei l i ngs i n dr y 
l ocat i ons.   Wher e condui t  cr osses bui l di ng expansi on j oi nt s,  pr ovi de 
sui t abl e wat er t i ght  expansi on f i t t i ng t hat  mai nt ai ns condui t  el ect r i cal  
cont i nui t y by bondi ng j umper s or  ot her  means.   For  condui t s gr eat er  t han 2 
1/ 2 i nches i nsi de di amet er ,  pr ovi de suppor t s t o r esi st  f or ces of  0. 5 t i mes 
t he equi pment  wei ght  i n any di r ect i on and 1. 5 t i mes t he equi pment  wei ght  
i n t he downwar d di r ect i on.

3. 1. 5. 12   Di r ect i onal  Changes i n Condui t  Runs

Make changes i n di r ect i on of  r uns wi t h symmet r i cal  bends or  cast - met al  
f i t t i ngs.   Make f i el d- made bends and of f set s wi t h hi ckey or  
condui t - bendi ng machi ne.   Do not  i nst al l  cr ushed or  def or med condui t s.   
Avoi d t r apped condui t s.   Pr event  pl ast er ,  di r t ,  or  t r ash f r om l odgi ng i n 
condui t s,  boxes,  f i t t i ngs,  and equi pment  dur i ng const r uct i on.   Fr ee 
cl ogged condui t s of  obst r uct i ons.

3. 1. 5. 13   Locknut s and Bushi ngs

Fast en condui t s t o sheet  met al  boxes and cabi net s wi t h t wo l ocknut s wher e 
r equi r ed by NFPA 70,  wher e i nsul at ed bushi ngs ar e used,  and wher e bushi ngs 
cannot  be br ought  i nt o f i r m cont act  wi t h t he box;  ot her wi se,  use at  l east  
mi ni mum si ngl e l ocknut  and bushi ng.   Pr ovi de l ocknut s wi t h shar p edges f or  
di ggi ng i nt o wal l  of  met al  encl osur es.   I nst al l  bushi ngs on ends of  
condui t s,  and pr ovi de i nsul at i ng t ype wher e r equi r ed by NFPA 70.

3. 1. 5. 14   Fl exi bl e Connect i ons

Pr ovi de f l exi bl e st eel  condui t  bet ween 3 and 6 f eet  i n l engt h f or  r ecessed 
and semi r ecessed l i ght i ng f i x t ur es;  f or  equi pment  subj ect  t o v i br at i on,  
noi se t r ansmi ssi on,  or  movement ;  and f or  mot or s.   I nst al l  f l exi bl e condui t  
t o al l ow 20 per cent  s l ack.   Mi ni mum f l exi bl e st eel  condui t  s i ze:   1/ 2 i nch 
di amet er .   Pr ovi de l i qui d t i ght  f l exi bl e nonmet al l i c  condui t  i n wet  and 
damp l ocat i ons and i n f i r e pump r ooms f or  equi pment  subj ect  t o v i br at i on,  
noi se t r ansmi ssi on,  movement  or  mot or s.   Pr ovi de separ at e gr ound conduct or  
acr oss f l exi bl e connect i ons.   Pl ast i c cabl e t i es ar e not  accept abl e as a 
suppor t  met hod.

3. 1. 5. 15   Tel ecommuni cat i ons and Si gnal  Syst em Pat hway

I nst al l  t el ecommuni cat i ons pat hway i n accor dance wi t h TI A- 569.

a.   Hor i zont al  Pat hway:   Tel ecommuni cat i ons pat hways f r om t he wor k ar ea t o 
t he t el ecommuni cat i ons r oom:   i nst al l ed and cabl i ng l engt h 
r equi r ement s i n accor dance wi t h TI A- 568. 1.   Si ze condui t s i n 
accor dance wi t h TI A- 569 and as i ndi cat ed.

b.   Backbone Pat hway:   Tel ecommuni cat i on pat hways f r om t he 
t el ecommuni cat i ons ent r ance f aci l i t y  t o t el ecommuni cat i ons r ooms,  and,  
t el ecommuni cat i ons equi pment  r ooms ( backbone cabl i ng) :   i nst al l ed i n 
accor dance wi t h TI A- 569.   Si ze condui t s f or  t el ecommuni cat i ons r i ser s 
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i n accor dance wi t h TI A- 569 and as i ndi cat ed.

3. 1. 5. 16   Communi t y Ant enna Tel evi s i on ( CATV)  Syst em Condui t s

I nst al l  a syst em of  CATV wi r e- suppor t i ng st r uct ur es ( pat hway) ,  i ncl udi ng:   
out l et  boxes,  condui t s wi t h pul l  wi r es and ot her  accessor i es f or  CATV 
out l et s and pat hway i n accor dance wi t h TI A- 569. .

3. 1. 6   Tel ecommuni cat i ons Cabl e Suppor t  I nst al l at i on

I nst al l  open t op and cl osed r i ng cabl e suppor t s on 4 f t  t o 5 f t  cent er s t o 
adequat el y suppor t  and di st r i but e t he cabl e’ s wei ght .   Use t hese t ypes of  
suppor t s t o suppor t  a maxi mum of  50 0. 25 i n di amet er  cabl es.   I nst al l  
suspended cabl es wi t h at  l east  3 i n of  c l ear  ver t i cal  space above t he 
cei l i ng t i l es and suppor t  channel s ( T- bar s) .   Open t op and cl osed r i ng 
cabl e suppor t s:   suspended f r om or  at t ached t o t he st r uct ur al  cei l i ng or  
wal l s wi t h har dwar e or  ot her  i nst al l at i on ai ds speci f i cal l y desi gned t o 
suppor t  t hei r  wei ght .

3. 1. 7   Boxes,  Out l et s,  and Suppor t s

Pr ovi de boxes i n wi r i ng and r aceway syst ems wher ever  r equi r ed f or  pul l i ng 
of  wi r es,  maki ng connect i ons,  and mount i ng of  devi ces or  f i x t ur es.   Boxes 
f or  met al l i c  r aceways:   cast - met al ,  hub- t ype when l ocat ed i n wet  
l ocat i ons,  when sur f ace mount ed on out si de of  ext er i or  sur f aces,  when 
sur f ace mount ed on i nt er i or  wal l s exposed up t o 7 f eet  above f l oor s and 
wal kways,  or  when i nst al l ed i n hazar dous ar eas and when speci f i cal l y 
i ndi cat ed.   Boxes i n ot her  l ocat i ons:   sheet  st eel ,  except  t hat  al umi num 
boxes may be used wi t h al umi num condui t ,  and nonmet al l i c  boxes may be used 
wi t h nonmet al l i c  condui t  syst em.   Pr ovi de each box wi t h vol ume r equi r ed by 
NFPA 70 f or  number  of  conduct or s encl osed i n box.   Boxes f or  mount i ng 
l i ght i ng f i x t ur es:   mi ni mum 4 i nches squar e,  or  oct agonal ,  except  t hat  
smal l er  boxes may be i nst al l ed as r equi r ed by f i x t ur e conf i gur at i ons,  as 
appr oved.   Boxes f or  use i n masonr y- bl ock or  t i l e wal l s:   squar e- cor ner ed,  
t i l e- t ype,  or  st andar d boxes havi ng squar e- cor ner ed,  t i l e- t ype cover s.   
Pr ovi de gasket s f or  cast - met al  boxes i nst al l ed i n wet  l ocat i ons and boxes 
i nst al l ed f l ush wi t h out si de of  ext er i or  sur f aces.   Pr ovi de separ at e boxes 
f or  f l ush or  r ecessed f i xt ur es when r equi r ed by f i x t ur e t er mi nal  oper at i ng 
t emper at ur e;  pr ovi de r eadi l y r emovabl e f i x t ur es f or  access t o boxes unl ess 
cei l i ng access panel s ar e pr ovi ded.   Suppor t  boxes and pendant s f or  
sur f ace- mount ed f i xt ur es on suspended cei l i ngs i ndependent l y of  cei l i ng 
suppor t s.   Fast en boxes and suppor t s wi t h wood scr ews on wood,  wi t h bol t s 
and expansi on shi el ds on concr et e or  br i ck,  wi t h t oggl e bol t s on hol l ow 
masonr y uni t s,  and wi t h machi ne scr ews or  wel ded st uds on st eel .  I n open 
over head spaces,  cast  boxes t hr eaded t o r aceways need not  be separ at el y 
suppor t ed except  wher e used f or  f i x t ur e suppor t ;  suppor t  sheet  met al  boxes 
di r ect l y f r om bui l di ng st r uct ur e or  by bar  hanger s.   Wher e bar  hanger s ar e 
used,  at t ach bar  t o r aceways on opposi t e s i des of  box,  and suppor t  r aceway 
wi t h appr oved- t ype f ast ener  maxi mum 24 i nches f r om box.   When penet r at i ng 
r ei nf or ced concr et e member s,  avoi d cut t i ng r ei nf or ci ng st eel .

3. 1. 7. 1   Boxes

Boxes f or  use wi t h r aceway syst ems:   mi ni mum 1 1/ 2 i nches deep,  except  
wher e shal l ower  boxes r equi r ed by st r uct ur al  condi t i ons ar e appr oved.   
Boxes f or  ot her  t han l i ght i ng f i x t ur e out l et s:   mi ni mum 4 i nches squar e,  
except  t hat  4 by 2 i nch boxes may be used wher e onl y one r aceway ent er s 
out l et .
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3. 1. 7. 1. 1   Wal l - Mount ed Tel ecommuni cat i ons Out l et  Box

Pr ovi de doubl e gang el ect r i cal  boxes,  mi ni mum st andar d s i ze 4- 11/ 16 i nches 
squar e and 2- 1/ 8 i nches deep wi t h pl ast er  r i ng f or  connect i on of  s i ngl e 
gang f acepl at e.   Desi gn out l et  box f or  r ecess mount i ng wi t h t he f acepl at e 
f l ush wi t h t he wal l  sur f ace,  at  t he same hei ght  as t he el ect r i cal  out l et s.

3. 1. 7. 2   Pul l  Boxes

Const r uct  of  at  l east  mi ni mum si ze r equi r ed by NFPA 70 of  code- gauge 
al umi num or  gal vani zed sheet  st eel ,  except  wher e cast - met al  boxes ar e 
r equi r ed i n l ocat i ons speci f i ed her ei n.   Pr ovi de boxes wi t h scr ew- f ast ened 
cover s.   Wher e sever al  f eeder s pass t hr ough common pul l  box,  t ag f eeder s 
t o i ndi cat e c l ear l y el ect r i cal  char act er i st i cs,  c i r cui t  number ,  and panel  
desi gnat i on.

3. 1. 7. 3   Ext ensi on Ri ngs

Ext ensi on r i ngs ar e not  per mi t t ed f or  new const r uct i on.

3. 1. 8   Mount i ng Hei ght s

Mount  panel boar ds,  c i r cui t  br eaker s and di sconnect i ng swi t ches so hei ght  
of  cent er  of  gr i p of  t he oper at i ng handl e of  t he swi t ch or  c i r cui t  br eaker  
at  i t s  hi ghest  posi t i on i s maxi mum 79 i nches above f l oor  or  wor ki ng 
pl at f or m or  as al l owed i n Sect i on 404. 8 per  NFPA 70.   Mount  l i ght i ng 
swi t ches 48 i nches above f i ni shed f l oor .   Mount  r ecept acl es 18 i nches 
above f i ni shed f l oor ,  unl ess ot her wi se i ndi cat ed.   Wal l - mount ed 
t el ecommuni cat i ons out l et s:   mount ed at  hei ght  i ndi cat ed.    Mount  ot her  
devi ces as i ndi cat ed.   Measur e mount i ng hei ght s of  wi r i ng devi ces and 
out l et s i n non- hazar dous ar eas t o bot t om of  devi ce or  out l et .   Measur e 
mount i ng hei ght s of  r ecept acl e out l et  boxes i n t he hazar dous ar ea t o t he 
bot t om of  t he out l et  box.

3. 1. 9   Conduct or  I dent i f i cat i on

Pr ovi de conduct or  i dent i f i cat i on wi t hi n each encl osur e wher e t ap,  spl i ce,  
or  t er mi nat i on i s made.   For  conduct or s No.  6 AWG and smal l er  di amet er ,  
pr ovi de col or  codi ng by f act or y- appl i ed,  col or - i mpr egnat ed i nsul at i on.   
For  conduct or s No.  4 AWG and l ar ger  di amet er ,  pr ovi de col or  codi ng by 
pl ast i c- coat ed,  sel f - st i cki ng mar ker s;  col or ed nyl on cabl e t i es and 
pl at es;  or  heat  shr i nk- t ype sl eeves.   I dent i f y cont r ol  c i r cui t  
t er mi nat i ons i n accor dance wi t h Sect i on 23 09 00 I NSTRUMENTATI ON AND 
CONTROL FOR HVAC.   Pr ovi de t el ecommuni cat i ons syst em conduct or  
i dent i f i cat i on as speci f i ed i n Sect i on 27 10 00 BUI LDI NG 
TELECOMMUNI CATI ONS CABLI NG SYSTEMS.

3. 1. 9. 1   Mar ki ng St r i ps

Pr ovi de mar ki ng st r i ps f or  i dent i f i cat i on of  power  di st r i but i on,  cont r ol ,  
dat a,  and communi cat i ons cabl es i n accor dance wi t h t he f ol l owi ng:

a.   Pr ovi de whi t e or  ot her  l i ght - col or ed pl ast i c mar ki ng st r i ps,  f ast ened 
by scr ews t o each t er mi nal  bl ock,  f or  wi r e desi gnat i ons.

b.   Use per manent  i nk f or  t he wi r e number s

c.   Pr ovi de r ever si bl e mar ki ng st r i ps t o per mi t  mar ki ng bot h s i des,  or  
pr ovi de t wo mar ki ng st r i ps wi t h each bl ock.
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d.   Si ze mar ki ng st r i ps t o accommodat e t he t wo set s of  wi r e number s.

e.   Assi gn a devi ce desi gnat i on i n accor dance wi t h NEMA I CS 1 t o each 
devi ce t o whi ch a connect i on i s made.   Mar k each devi ce t er mi nal  t o 
whi ch a connect i on i s made wi t h a di st i nct  t er mi nal  mar ki ng 
cor r espondi ng t o t he wi r e desi gnat i on used on t he Cont r act or ' s 
schemat i c and connect i on di agr ams.

f .   The wi r e ( t er mi nal  poi nt )  desi gnat i ons used on t he Cont r act or ' s wi r i ng 
di agr ams and pr i nt ed on t er mi nal  bl ock mar ki ng st r i ps may be accor di ng 
t o t he Cont r act or ' s st andar d pr act i ce;  however ,  pr ovi de addi t i onal  
wi r e and cabl e desi gnat i ons f or  i dent i f i cat i on of  r emot e ( ext er nal )  
c i r cui t s f or  t he Gover nment ' s wi r e desi gnat i ons.

g.   Pr i nt s of  t he mar ki ng st r i ps dr awi ngs submi t t ed f or  appr oval  wi l l  be 
so mar ked and r et ur ned t o t he Cont r act or  f or  addi t i on of  t he 
desi gnat i ons t o t he t er mi nal  st r i ps and t r aci ngs,  al ong wi t h any 
r ear r angement  of  poi nt s r equi r ed.

3. 1. 10   Spl i ces

Make spl i ces i n accessi bl e l ocat i ons.   Make spl i ces i n conduct or s No.  10 
AWG and smal l er  di amet er  wi t h i nsul at ed,  pr essur e- t ype connect or .   Make 
spl i ces i n conduct or s No.  8 AWG and l ar ger  di amet er  wi t h sol der l ess 
connect or ,  and cover  wi t h i nsul at i on mat er i al  equi val ent  t o conduct or  
i nsul at i on.

3. 1. 10. 1   Spl i ces of  Al umi num Conduct or s

Make wi t h sol der l ess c i r cumf er ent i al  compr essi on- t ype,  al umi num- bodi ed 
connect or s UL l i s t ed f or  AL/ CU.   Remove sur f ace oxi des f r om al umi num 
conduct or s by wi r e br ushi ng and i mmedi at el y appl y oxi de- i nhi bi t i ng j oi nt  
compound and i nser t  i n connect or .   Af t er  j oi nt  i s  made,  wi pe away excess 
j oi nt  compound,  and i nsul at e spl i ce.

3. 1. 11   Ter mi nat i ng Al umi num Conduct or s

3. 1. 11. 1   Ter mi nat i on t o Copper  Bus

Ter mi nat e al umi num conduct or s t o copper  bus ei t her  by:   ( a)  i nl i ne 
spl i c i ng a copper  pi gt ai l ,  of  ampaci t y at  l east  t hat  of  al umi num 
conduct or ,  or  ( b)  ut i l i z i ng c i r cumf er ent i al ,  compr essi on- t ype,  
al umi num- bodi ed t er mi nal  l ug UL l i s t ed f or  AL/ CU,  and st eel  Bel l evi l l e 
cadmi um- pl at ed har dened st eel  spr i ng washer s,  f l at  washer s,  bol t s,  and 
nut s.   Car ef ul l y i nst al l  Bel l evi l l e spr i ng washer s wi t h cr own up t owar d 
nut  or  bol t  head,  wi t h concave si de of  Bel l evi l l e bear i ng on heavy- dut y,  
wi de ser i es f l at  washer  of  l ar ger  di amet er  t han Bel l evi l l e.   Ti ght en nut s 
suf f i c i ent l y t o f l at t en Bel l evi l l e,  and l eave i n posi t i on.   Lubr i cat e 
har dwar e wi t h j oi nt  compound pr i or  t o maki ng connect i on.   Wi r e br ush and 
appl y j oi nt  compound t o conduct or  pr i or  t o i nser t i ng i n l ug.

3. 1. 11. 2   Ter mi nat i on t o Al umi num Bus

Ter mi nat e al umi num conduct or s t o al umi num bus by usi ng al umi num nut s,  
bol t s,  washer s,  and compr essi on l ugs.   Wi r e br ush and appl y j oi nt  compound 
t o conduct or  pr i or  t o i nser t i ng i n l ug.   Lubr i cat e har dwar e wi t h j oi nt  
compound pr i or  t o maki ng connect i on.   When bus cont act  sur f ace i s 
unpl at ed,  scr at ch- br ush and coat  wi t h j oi nt  compound,  wi t hout  gr i t .
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3. 1. 12   Cover s and Devi ce Pl at es

I nst al l  wi t h edges i n cont i nuous cont act  wi t h f i ni shed wal l  sur f aces 
wi t hout  use of  mat s or  s i mi l ar  devi ces.   Pl ast er  f i l l i ngs ar e not  
per mi t t ed.   I nst al l  pl at es wi t h al i gnment  t ol er ance of  1/ 16 i nch.   Use of  
sect i onal - t ype devi ce pl at es ar e not  per mi t t ed.   Pr ovi de gasket  f or  pl at es 
i nst al l ed i n wet  l ocat i ons.

3. 1. 13   El ect r i cal  Penet r at i ons

Seal  openi ngs ar ound el ect r i cal  penet r at i ons t hr ough f i r e r esi st ance- r at ed 
wal l s,  par t i t i ons,  f l oor s,  or  cei l i ngs i n accor dance wi t h Sect i on 07 84 00 
FI RESTOPPI NG.

3. 1. 14   Gr oundi ng and Bondi ng

Pr ovi de i n accor dance wi t h NFPA 70 and NFPA 780.   Gr ound exposed,  
non- cur r ent - car r y i ng met al l i c  par t s of  el ect r i cal  equi pment ,  met al l i c  
r aceway syst ems,  gr oundi ng conduct or  i n met al l i c  and nonmet al l i c  r aceways,  
t el ecommuni cat i ons syst em gr ounds,  and neut r al  conduct or  of  wi r i ng syst ems.
  Make gr ound connect i on at  mai n ser vi ce equi pment ,  and ext end gr oundi ng 
conduct or  t o poi nt  of  ent r ance of  met al l i c  wat er  ser vi ce.   Make connect i on 
t o wat er  pi pe by sui t abl e gr ound cl amp or  l ug connect i on t o pl ugged t ee.  
I f  f l anged pi pes ar e encount er ed,  make connect i on wi t h l ug bol t ed t o 
st r eet  s i de of  f l anged connect i on.   Suppl ement  met al l i c  wat er  ser vi ce 
gr oundi ng syst em wi t h addi t i onal  made el ect r ode i n compl i ance wi t h NFPA 70.
  Make gr ound connect i on t o dr i ven gr ound r ods on ext er i or  of  bui l di ng.   
Bond addi t i onal  dr i ven r ods t oget her  wi t h a mi ni mum of  4 AWG sof t  bar e 
copper  wi r e bur i ed t o a dept h of  at  l east  12 i nches.   I nt er connect  al l  
gr oundi ng medi a i n or  on t he st r uct ur e t o pr ovi de a common gr ound 
pot ent i al .   Thi s i ncl udes l i ght ni ng pr ot ect i on,  el ect r i cal  ser vi ce,  
t el ecommuni cat i ons syst em gr ounds,  as wel l  as under gr ound met al l i c  pi pi ng 
syst ems.   Make i nt er connect i on t o t he gas l i ne on t he cust omer ' s s i de of  
t he met er .   Use mai n s i ze l i ght ni ng conduct or s f or  i nt er connect i ng t hese 
gr oundi ng syst ems t o t he l i ght ni ng pr ot ect i on syst em.   I n addi t i on t o t he 
r equi r ement s speci f i ed her ei n,  pr ovi de t el ecommuni cat i ons gr oundi ng i n 
accor dance wi t h TI A- 607.   Wher e gr ound f aul t  pr ot ect i on i s empl oyed,  
ensur e t hat  connect i on of  gr ound and neut r al  does not  i nt er f er e wi t h 
cor r ect  oper at i on of  f aul t  pr ot ect i on.

3. 1. 14. 1   Gr ound Rods

Pr ovi de gr ound r ods and measur e t he r esi st ance t o gr ound usi ng t he 
f al l - of - pot ent i al  met hod descr i bed i n I EEE 81.   Do not  exceed 25 ohms 
under  nor mal l y dr y condi t i ons f or  t he maxi mum r esi st ance of  a dr i ven 
gr ound.   I f  t hi s r esi st ance cannot  be obt ai ned wi t h a s i ngl e r od,  add 
addi t i onal  r ods,  spaced on cent er .    Spaci ng f or  addi t i onal  r ods must  be a 
mi ni mum of  10 f eet .   I f  t he r esul t ant  r esi st ance exceeds 25 ohms measur ed 
not  l ess t han 48 hour s af t er  r ai nf al l ,  not i f y t he Cont r act i ng Of f i cer  who 
wi l l  deci de on t he number  of  gr ound r ods t o add.

 3. 1. 14. 2   Gr oundi ng Connect i ons

Make gr oundi ng connect i ons whi ch ar e bur i ed or  ot her wi se nor mal l y 
i naccessi bl e,  except i ng speci f i cal l y t hose connect i ons f or  whi ch access 
f or  per i odi c t est i ng i s r equi r ed,  by exot her mi c wel d or  hi gh compr essi on 
connect or .
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a.   Make exot her mi c wel ds st r i ct l y i n accor dance wi t h t he wel d 
manuf act ur er ' s wr i t t en r ecommendat i ons.   Wel ds whi ch ar e " puf f ed up"  
or  whi ch show convex sur f aces i ndi cat i ng i mpr oper  c l eani ng ar e not  
accept abl e.   Mechani cal  connect or s ar e not  r equi r ed at  exot her mi c 
wel ds.

b.   Make hi gh compr essi on connect i ons usi ng a hydr aul i c or  el ect r i c 
compr essi on t ool  t o pr ovi de t he cor r ect  c i r cumf er ent i al  pr essur e.   
Pr ovi de t ool s and di es as r ecommended by t he manuf act ur er .   Use an 
embossi ng di e code or  ot her  st andar d met hod t o pr ovi de vi s i bl e 
i ndi cat i on t hat  a connect or  has been adequat el y compr essed on t he 
gr ound wi r e.

3. 1. 14. 3   Gr ound Bus

Pr ovi de a copper  gr ound bus i n t he el ect r i cal  equi pment  r ooms as 
i ndi cat ed.   Noncur r ent - car r y i ng met al  par t s of  el ect r i cal  equi pment :   
ef f ect i vel y gr ounded by bondi ng t o t he gr ound bus.   Bond t he gr ound bus t o 
bot h t he ent r ance gr ound,  and t o a gr ound r od or  r ods as speci f i ed above 
havi ng t he upper  ends t er mi nat i ng appr oxi mat el y 4 i nches above t he f l oor .   
Make connect i ons and spl i ces of  t he br azed,  wel ded,  bol t ed,  or  
pr essur e- connect or  t ype,  except  use pr essur e connect or s or  bol t ed 
connect i ons f or  connect i ons t o r emovabl e equi pment .

3. 1. 14. 4   Resi st ance

Maxi mum r esi st ance- t o- gr ound of  gr oundi ng syst em:   do not  exceed 5 ohms 
under  dr y condi t i ons.   Wher e r esi st ance obt ai ned exceeds 5 ohms,  cont act  
Cont r act i ng Of f i cer  f or  f ur t her  i nst r uct i ons.

3. 1. 14. 5   Tel ecommuni cat i ons Syst em

Pr ovi de t el ecommuni cat i ons gr oundi ng i n accor dance wi t h t he f ol l owi ng:

a.   Tel ecommuni cat i ons Gr oundi ng Busbar s:   Pr ovi de a Pr i mar y bondi ng 
busbar  ( PBB)  i n t he t el ecommuni cat i ons ent r ance f aci l i t y .   I nst al l  t he 
PBB as cl ose t o t he el ect r i cal  ser vi ce ent r ance gr oundi ng connect i on 
as pr act i cabl e.   I nst al l  Secondar y bondi ng busbar s t o mai nt ai n 
c l ear ances as r equi r ed by NFPA 70 and i nsul at ed f r om i t s suppor t .   A 
mi ni mum of  2 i nches separ at i on f r om t he wal l  i s  r ecommended t o al l ow 
access t o t he r ear  of  t he busbar  and adj ust  t he mount i ng hei ght  t o 
accommodat e over head or  under f l oor  cabl e r out i ng.

b.   Tel ecommuni cat i ons Bondi ng Conduct or s:   Pr ovi de mai n 
t el ecommuni cat i ons ser vi ce equi pment  gr ound consi st i ng of  separ at e 
bondi ng conduct or  f or  t el ecommuni cat i ons,  bet ween t he PBB and r eadi l y 
accessi bl e gr oundi ng connect i on of  t he el ect r i cal  ser vi ce.   Gr oundi ng 
and bondi ng conduct or s shoul d not  be pl aced i n f er r ous met al l i c  
condui t .   I f  i t  i s  necessar y t o pl ace gr oundi ng and bondi ng conduct or s 
i n f er r ous met al l i c  condui t  t hat  exceeds 3 f eet  i n l engt h,  bond t he 
conduct or s t o each end of  t he condui t  usi ng a gr oundi ng bushi ng or  a 
No.  6 AWG conduct or ,  mi ni mum.

c.   Tel ecommuni cat i ons Gr oundi ng Connect i ons:   Tel ecommuni cat i ons 
gr oundi ng connect i ons t o t he PBB:   ut i l i ze l i s t ed compr essi on t wo- hol e 
l ugs,  exot her mi c wel di ng,  sui t abl e and equi val ent  one hol e 
non- t wi st i ng l ugs,  or  ot her  i r r ever si bl e compr essi on t ype 
connect i ons.   Bond al l  met al l i c  pat hways,  cabi net s,  and r acks f or  
t el ecommuni cat i ons cabl i ng and i nt er connect i ng har dwar e l ocat ed wi t hi n 
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t he same r oom or  space as t he PBB t o t he PBB.   I n a met al  f r ame 
( st r uct ur al  st eel )  bui l di ng,  wher e t he st eel  f r amewor k i s r eadi l y 
accessi bl e wi t hi n t he r oom;  bond each PBB t o t he ver t i cal  st eel  met al  
f r ame usi ng a mi ni mum No.  6 AWG conduct or .   Wher e t he met al  f r ame i s 
ext er nal  t o t he r oom and r eadi l y accessi bl e,  bond t he met al  f r ame t o 
t he SBB or  PBB wi t h a mi ni mum No.  6 AWG conduct or .   When pr act i cabl e 
because of  shor t er  di st ances and,  wher e hor i zont al  st eel  member s ar e 
per manent l y el ect r i cal l y bonded t o ver t i cal  col umn member s,  t he SBB 
may be bonded t o t hese hor i zont al  member s i n l i eu of  t he ver t i cal  
col umn member s.   Al l  connect or s used f or  bondi ng t o t he met al  f r ame of  
a bui l di ng must  be l i s t ed f or  t he i nt ended pur pose.

3. 1. 15   Equi pment  Connect i ons

Pr ovi de power  wi r i ng f or  t he connect i on of  mot or s and cont r ol  equi pment  
under  t hi s sect i on of  t he speci f i cat i on.   Except  as ot her wi se speci f i cal l y 
not ed or  speci f i ed,  aut omat i c cont r ol  wi r i ng,  cont r ol  devi ces,  and 
pr ot ect i ve devi ces wi t hi n t he cont r ol  c i r cui t r y ar e not  i ncl uded i n t hi s 
sect i on of  t he speci f i cat i ons and ar e pr ovi ded under  t he sect i on 
speci f y i ng t he associ at ed equi pment .

3. 1. 16   Gover nment - Fur ni shed Equi pment

Cont r act or  r ough- i n f or  Gover nment - f ur ni shed equi pment  t o make equi pment  
oper at e as i nt ended,  i ncl udi ng pr ovi di ng mi scel l aneous i t ems such as 
pl ugs,  r ecept acl es,  wi r e,  cabl e,  condui t ,  f l exi bl e condui t ,  and out l et  
boxes or  f i t t i ngs.

3. 1. 17   Wat t hour  Met er s

ANSI  C12. 1.

3. 1. 18   Sur ge Pr ot ect i ve Devi ces

Connect  t he sur ge pr ot ect i ve devi ces i n par al l el  t o t he power  sour ce,  
keepi ng t he conduct or s as shor t  and st r ai ght  as pr act i cal l y possi bl e.   
Maxi mum al l owed l ead l engt h i s 3 f eet  avoi di ng 90 degr ee bends.   Do not  
l ocat e sur ge pr ot ect i ve devi ces i nsi de a panel boar d or  swi t chboar d 
encl osur e.

3. 2   FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.   Pr ovi de namepl at e on al l  equi pment  i n 
access cont r ol l ed spaces and ar eas.

3. 3   WARNI NG SI GN MOUNTI NG

Pr ovi de t he number  of  s i gns r equi r ed t o be r eadabl e f r om each accessi bl e 
s i de.   Space t he si gns i n accor dance wi t h NFPA 70E.

3. 4   FI ELD APPLI ED PAI NTI NG

Pai nt  el ect r i cal  equi pment  as r equi r ed t o mat ch f i ni sh of  adj acent  
sur f aces or  t o meet  t he i ndi cat ed or  speci f i ed saf et y cr i t er i a.   
Pai nt i ng:   as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.
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3. 5   FI ELD QUALI TY CONTROL

Fur ni sh t est  equi pment  and per sonnel  and submi t  wr i t t en copi es of  t est  
r esul t s.   Gi ve Cont r act i ng Of f i cer  5 wor ki ng days not i ce pr i or  t o each t est
s.   Wher e appl i cabl e,  t est  el ect r i cal  equi pment  i n accor dance wi t h NETA ATS.

3. 5. 1   Devi ces Subj ect  t o Manual  Oper at i on

Oper at e each devi ce subj ect  t o manual  oper at i on at  l east  f i ve t i mes,  
demonst r at i ng sat i sf act or y oper at i on each t i me.

3. 5. 2   600- Vol t  Wi r i ng Test

Test  wi r i ng r at ed 600 vol t  and l ess t o ver i f y t hat  no shor t  c i r cui t s or  
acci dent al  gr ounds exi st .   Per f or m i nsul at i on r esi st ance t est s on wi r i ng 
No.  6 AWG and l ar ger  di amet er  usi ng i nst r ument  whi ch appl i es vol t age of  
1, 000 vol t s DC f or  600 vol t  r at ed wi r i ng and 500 vol t s DC f or  300 vol t  
r at ed wi r i ng per  NETA ATS t o pr ovi de di r ect  r eadi ng of  r esi st ance.   Al l  
exi st i ng wi r i ng t o be r eused must  al so be t est ed.

3. 5. 3   Tr ansf or mer  Test s

Per f or m t he st andar d,  not  opt i onal ,  t est s i n accor dance wi t h t he 
I nspect i on and Test  Pr ocedur es f or  t r ansf or mer s,  dr y t ype,  ai r - cool ed,  600 
vol t  and bel ow;  as speci f i ed i n NETA ATS.   Measur e pr i mar y and secondar y 
vol t ages f or  pr oper  t ap set t i ngs.   Test s need not  be per f or med by a 
r ecogni zed i ndependent  t est i ng f i r m or  i ndependent  el ect r i cal  consul t i ng 
f i r m.

3. 5. 4   Gr ound- Faul t  Recept acl e Test

Test  gr ound- f aul t  r ecept acl es wi t h a " l oad"  ( such as a pl ug i n l i ght )  t o 
ver i f y t hat  t he " l i ne"  and " l oad"  l eads ar e not  r ever sed.   Pr ess t he TEST 
but t on and t hen t he RESET but t on t o ver i f y by LED st at us t hat  t he devi ce 
i s a sel f - t est  model  as speci f i ed i n UL 943.

3. 5. 5   Gr oundi ng Syst em Test

Test  gr oundi ng syst em t o ensur e cont i nui t y,  and t hat  r esi st ance t o gr ound 
i s not  excessi ve.   Test  each gr ound r od f or  r esi st ance t o gr ound bef or e 
maki ng connect i ons t o r od;  t i e gr oundi ng syst em t oget her  and t est  f or  
r esi st ance t o gr ound.   Make r esi st ance measur ement s i n dr y weat her ,  not  
ear l i er  t han 48 hour s af t er  r ai nf al l .   Submi t  wr i t t en r esul t s of  each t est  
t o Cont r act i ng Of f i cer ,  and i ndi cat e l ocat i on of  r ods as wel l  as 
r esi st ance and soi l  condi t i ons at  t i me measur ement s wer e made.

3. 5. 6   Phase Rot at i on Test

Per f or m phase r ot at i on t est  t o ensur e pr oper  r ot at i on of  ser vi ce power  
pr i or  t o oper at i on of  new or  r ei nst al l ed equi pment  usi ng a phase r ot at i on 
met er .   Fol l ow t he met er  manual  di r ect i ons per f or mi ng t he t est .

        - -  End of  Sect i on - -
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SECTI ON 26 24 13

SWI TCHBOARDS
08/ 21

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN NATI ONAL STANDARDS I NSTI TUTE ( ANSI )

ANSI  C12. 1 ( 2014;  Er r at a 2016)  El ect r i c Met er s -  Code 
f or  El ect r i c i t y Met er i ng

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A153/ A153M ( 2023)  St andar d Speci f i cat i on f or  Zi nc 
Coat i ng ( Hot - Di p)  on I r on and St eel  
Har dwar e

ASTM A240/ A240M ( 2023a)  St andar d Speci f i cat i on f or  
Chr omi um and Chr omi um- Ni ckel  St ai nl ess 
St eel  Pl at e,  Sheet ,  and St r i p f or  Pr essur e 
Vessel s and f or  Gener al  Appl i cat i ons

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A780/ A780M ( 2020)  St andar d Pr act i ce f or  Repai r  of  
Damaged and Uncoat ed Ar eas of  Hot - Di p 
Gal vani zed Coat i ngs

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

ASTM D1535 ( 2014;  R 2018)  St andar d Pr act i ce f or  
Speci f y i ng Col or  by t he Munsel l  Syst em

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

SECTI ON 26 24 13  Page 1



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

I EEE C37. 90. 1 ( 2013)  St andar d f or  Sur ge Wi t hst and 
Capabi l i t y  ( SWC)  Test s f or  Rel ays and 
Rel ay Syst ems Associ at ed wi t h El ect r i c 
Power  Appar at us

I EEE C57. 12. 28 ( 2014)  St andar d f or  Pad- Mount ed Equi pment  
-  Encl osur e I nt egr i t y

I EEE C57. 12. 29 ( 2014)  St andar d f or  Pad- Mount ed Equi pment  
-  Encl osur e I nt egr i t y f or  Coast al  
Envi r onment s

I NTERNATI ONAL ELECTRI CAL TESTI NG ASSOCI ATI ON ( NETA)

NETA ATS ( 2021)  St andar d f or  Accept ance Test i ng 
Speci f i cat i ons f or  El ect r i cal  Power  
Equi pment  and Syst ems

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA PB 2. 1 ( 2023)  Gener al  I nst r uct i ons f or  Pr oper  
Handl i ng,  I nst al l at i on,  Oper at i on and 
Mai nt enance of  Deadf r ont  Di st r i but i on 
Swi t chboar ds Rat ed 600 V or  Less

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA PB 2 ( 2011)  Deadf r ont  Di st r i but i on Swi t chboar ds

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

UNDERWRI TERS LABORATORI ES ( UL)

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 891 ( 2019)  UL St andar d f or  Saf et y Swi t chboar ds

1. 2   RELATED REQUI REMENTS

Sect i on 26 08 00 APPARATUS I NSPECTI ON AND TESTI NG appl i es t o t hi s sect i on,  
wi t h t he addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  ar e as def i ned i n 
I EEE 100.
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1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  or  " S"  
c l assi f i cat i on.   Submi t t al s not  havi ng a " G"  or  " S"  c l assi f i cat i on ar e f or  
Cont r act or  Qual i t y Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  
i ncl usi on i n t he Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 
01 33 29 SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance 
wi t h Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Swi t chboar d Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Swi t chboar d;  G

SD- 06 Test  Repor t s

Swi t chboar d Desi gn Test s;  G

Swi t chboar d Pr oduct i on Test s;  G

Accept ance Checks and Test s;  G

SD- 07 Cer t i f i cat es

Cyber secur i t y I nst al l at i on Cer t i f i cat i on;  G

Submi t  cer t i f i cat i on i ndi cat i ng conf or mance wi t h t he par agr aph 
CYBERSECURI TY I NSTALLATI ON CERTI FI CATI ON.

SD- 10 Oper at i on and Mai nt enance Dat a

Swi t chboar d Oper at i on and Mai nt enance,  Dat a Package 5;  G

SD- 11 Cl oseout  Submi t t al s

Assembl ed Oper at i on and Mai nt enance Manual s;  G

Equi pment  Test  Schedul e;  G

Requi r ed Set t i ngs;  G

Ser vi ce Ent r ance Avai l abl e Faul t  Cur r ent  Label ;  G

1. 5   QUALI TY ASSURANCE

1. 5. 1   Pr oduct  Dat a

I ncl ude manuf act ur er ' s i nf or mat i on on each submi t t al  f or  each component ,  
devi ce and accessor y pr ovi ded wi t h t he swi t chboar d i ncl udi ng:

a.   Ci r cui t  br eaker  t ype,  i nt er r upt i ng r at i ng,  and t r i p devi ces,  i ncl udi ng 
avai l abl e set t i ngs.

b.   Manuf act ur er ' s i nst r uct i on manual s and publ i shed t i me- cur r ent  cur ves 
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( i n el ect r oni c f or mat )  of  t he mai n secondar y br eaker  and l ar gest  
secondar y f eeder  devi ce.

1. 5. 2   Swi t chboar d Dr awi ngs

I ncl ude wi r i ng di agr ams and i nst al l at i on det ai l s of  equi pment  i ndi cat i ng 
pr oposed l ocat i on,  l ayout  and ar r angement ,  cont r ol  panel s,  accessor i es,  
pi pi ng,  duct wor k,  and ot her  i t ems t hat  must  be shown t o ensur e a 
coor di nat ed i nst al l at i on.   I dent i f y c i r cui t  t er mi nal s on wi r i ng di agr ams 
and i ndi cat e t he i nt er nal  wi r i ng f or  each i t em of  equi pment  and t he 
i nt er connect i on bet ween each i t em of  equi pment .   I ndi cat e on t he dr awi ngs 
adequat e c l ear ance f or  oper at i on,  mai nt enance,  and r epl acement  of  
oper at i ng equi pment  devi ces.   I ncl ude t he namepl at e dat a,  s i ze,  and 
capaci t y on submi t t al .   Al so i ncl ude appl i cabl e f eder al ,  mi l i t ar y,  
i ndust r y,  and t echni cal  soci et y publ i cat i on r ef er ences on submi t t al s.   
I ncl ude t he f ol l owi ng:

a.   One- l i ne di agr am i ncl udi ng br eaker s,  f uses,  cur r ent  t r ansf or mer s,  and 
met er s.

b.   Out l i ne dr awi ngs i ncl udi ng f r ont  el evat i on,  sect i on v i ews,  f oot pr i nt ,  
and over al l  di mensi ons.

c.   Bus conf i gur at i on i ncl udi ng di mensi ons and amper e r at i ngs of  bus bar s.

d.   Mar ki ngs and NEMA namepl at e dat a,  i ncl udi ng f use i nf or mat i on 
( manuf act ur er ' s name,  cat al og number ,  and r at i ngs) .

e.   Ci r cui t  br eaker  t ype,  i nt er r upt i ng r at i ng,  and t r i p devi ces,  i ncl udi ng 
avai l abl e set t i ngs.

f .   Wi r i ng di agr ams and el ement ar y di agr ams wi t h t er mi nal s i dent i f i ed,  and 
i ndi cat i ng pr ewi r ed i nt er connect i ons bet ween i t ems of  equi pment  and 
t he i nt er connect i on bet ween t he i t ems.

g.   Manuf act ur er ' s i nst r uct i on manual s and publ i shed t i me- cur r ent  cur ves 
( i n el ect r oni c f or mat )  of  t he mai n secondar y br eaker  and l ar gest  
secondar y f eeder  devi ce.   Use t hi s i nf or mat i on ( desi gner  of  r ecor d)  t o 
pr ovi de br eaker  set t i ngs t hat  ensur es pr ot ect i on and coor di nat i on ar e 
achi eved.

1. 5. 3   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  or  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Pr ovi de equi pment ,  
mat er i al s,  i nst al l at i on,  and wor kmanshi p i n accor dance wi t h t he mandat or y 
and advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 5. 4   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p,  and:

a.   Have been i n sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s 
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pr i or  t o bi d openi ng i ncl udi ng appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.

b.   Have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.

c.   Wher e t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  
pr ovi de pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  
par t s of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  
unl ess st at ed i n t hi s sect i on.

1. 5. 4. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 5. 4. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han one year  pr i or  t o dat e of  del i ver y t o s i t e 
ar e not  accept abl e.

1. 6   MAI NTENANCE

1. 6. 1   Swi t chboar d Oper at i on and Mai nt enance Dat a

Submi t  Oper at i on and Mai nt enance Manual s i n accor dance wi t h Sect i on 
01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 6. 2   Assembl ed Oper at i on and Mai nt enance Manual s

Assembl e and secur el y bi nd manual s i n dur abl e,  har d cover ed,  wat er  
r esi st ant  bi nder s.   Assembl e and i ndex t he manual s i n t he f ol l owi ng or der  
wi t h a t abl e of  cont ent s:

a.   Manuf act ur er ' s O&M i nf or mat i on r equi r ed by t he par agr aph SD- 10,  
OPERATI ON AND MAI NTENANCE DATA.

b.   Cat al og dat a r equi r ed by t he par agr aph SD- 03,  PRODUCT DATA.

c.   Dr awi ngs r equi r ed by t he par agr aph SD- 02,  SHOP DRAWI NGS.

d.   Pr i ces f or  spar e par t s and suppl y l i s t .

e.   Desi gn t est  r epor t s.

f .   Pr oduct i on t est  r epor t s.

1. 7   WARRANTY

Pr ovi de equi pment  i t ems t hat  ar e suppor t ed by ser vi ce or gani zat i ons 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .
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PART 2   PRODUCTS

2. 1   PRODUCT COORDI NATI ON

Pr oduct s and mat er i al s not  consi der ed t o be swi t chboar ds and r el at ed 
accessor i es ar e speci f i ed i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL 
DI STRI BUTI ON,  and Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

2. 2   SWI TCHBOARD

NEMA PB 2 and UL 891.

2. 2. 1   Rat i ngs

Pr ovi de equi pment  wi t h t he f ol l owi ng r at i ngs:

a.   Vol t age r at i ng:   480Y/ 277 vol t s AC,  t hr ee- phase,  4- wi r e.

b.   Cont i nuous cur r ent  r at i ng of  t he mai n bus:   as i ndi cat ed.  

c.   Shor t - c i r cui t  cur r ent  r at i ng:   as i ndi cat ed.

d.   UL l i s t ed and l abel ed as ser vi ce ent r ance equi pment .

2. 2. 2   Const r uct i on

Pr ovi de t he f ol l owi ng:

a.   Swi t chboar d:   consi st i ng of  one or  mor e ver t i cal  sect i ons bol t ed 
t oget her  t o f or m a r i gi d assembl y and al i gned.

b.   Al l  c i r cui t  br eaker s:   f r ont  accessi bl e.

c.   Rear  al i gned swi t chboar ds:   f r ont  accessi bl e l oad connect i ons.

e.   Wher e i ndi cat ed,  " space f or  f ut ur e"  or  " space"  means t o i ncl ude a 
ver t i cal  bus pr ovi ded behi nd a bl ank f r ont  cover .   Wher e i ndi cat ed,  
" pr ovi s i on f or  f ut ur e"  means f ul l  har dwar e pr ovi ded t o mount  a br eaker  
sui t abl e f or  t he l ocat i on.

f .   Compl et el y f act or y engi neer ed and assembl ed,  i ncl udi ng pr ot ect i ve 
devi ces and equi pment  i ndi cat ed wi t h necessar y i nt er connect i ons,  
i nst r ument at i on,  and cont r ol  wi r i ng.

2. 2. 2. 1   Encl osur e

Pr ovi de t he f ol l owi ng:

a.   Encl osur e:   NEMA I CS 6 Type 1 f abr i cat ed ent i r el y of  12 gauge 
ASTM A240/ A240M t ype 304 or  304L st ai nl ess st eel .

b.   Encl osur e:   bol t ed t oget her  wi t h r emovabl e bol t - on s i de and r ear  cover s,  
and sl opi ng r oof  downwar d t owar d r ear .

e.   Bases,  f r ames and channel s of  encl osur e:   cor r osi on r esi st ant  and 
f abr i cat ed of  gal vani zed st eel .   Separ at e sect i ons usi ng ver t i cal  
st eel  bar r i er s.

f .   Base:   i ncl udes any par t  of  encl osur e t hat  i s wi t hi n 3 i nches of  
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concr et e pad.

g.   Gal vani zed st eel :   ASTM A123/ A123M,  ASTM A653/ A653M G90 coat i ng,  and 
ASTM A153/ A153M,  as appl i cabl e.   Gal vani ze af t er  f abr i cat i on wher e 
pr act i cabl e.

h.   Pai nt  col or :   ASTM D1535 l i ght  gr ay No.  61 or  No.  49 over  r ust  
i nhi bi t or .

i .   Pai nt  coat i ng syst em:   compl y wi t h I EEE C57. 12. 28 f or  gal vani zed st eel  
and I EEE C57. 12. 29 f or  st ai nl ess st eel .

2. 2. 2. 2   Bus Bar s

Pr ovi de t he f ol l owi ng:

a.   Bus bar s:   copper  wi t h s i l ver - pl at ed cont act  sur f aces.

( 1)  Phase bus bar s:   uni nsul at ed.

( 2)  Neut r al  bus:   r at ed 100 per cent  of  t he mai n bus cont i nuous cur r ent  
r at i ng as i ndi cat ed.

b.   Make bus connect i ons and j oi nt s wi t h har dened st eel  bol t s.

c.   Mai n- bus ( t hr ough bus) :   r at ed at  t he f ul l  ampaci t y of  t he mai n 
t hr oughout  t he swi t chboar d.

d.   Mi ni mum one- quar t er  by 2 i nch copper  gr ound bus secur ed t o each 
ver t i cal  sect i on al ong t he ent i r e l engt h of  t he swi t chboar d.

2. 2. 2. 3   Mai n Sect i on

Pr ovi de t he mai n sect i on consi st i ng of a combi nat i on sect i on wi t h 
mol ded- case ci r cui t  br eaker s f or  t he mai n and br anch devi ces as i ndi cat ed.

2. 2. 2. 4   Di st r i but i on Sect i ons

Pr ovi de t he di st r i but i on sect i ons as i ndi cat ed.  

2. 2. 2. 5   Auxi l i ar y Sect i ons

Pr ovi de auxi l i ar y sect i ons consi st i ng of  i ndi cat ed i nst r ument s and 
met er i ng equi pment  as i ndi cat ed.

2. 2. 2. 6   Handl es

Pr ovi de handl es f or  i ndi v i dual l y mount ed devi ces of  t he same desi gn and 
met hod of  ext er nal  oper at i on.   Label  handl es pr omi nent l y t o i ndi cat e 
devi ce amper e r at i ng,  col or  coded f or  devi ce t ype.   I dent i f y ON- OFF 
i ndi cat i on by handl e posi t i on and by pr omi nent  mar ki ng.

2. 2. 3   Pr ot ect i ve Devi ce

Pr ovi de mai n and br anch pr ot ect i ve devi ces as i ndi cat ed.

2. 2. 3. 1   Mol ded- Case Ci r cui t  Br eaker

Pr ovi de t he f ol l owi ng:
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a.   UL 489.   UL l i s t ed and l abel ed,  100 per cent  r at ed mai n br eaker ,  
st andar d r at ed br anch br eaker s,  manual l y oper at ed,  l ow vol t age  
mol ded- case ci r cui t  br eaker ,  wi t h a shor t - c i r cui t  cur r ent  r at i ng as 
i ndi cat ed.

b.   Br eaker  f r ame si ze:    as i ndi cat ed.

c.   Ser i es r at ed ci r cui t  br eaker s ar e unaccept abl e.

2. 2. 4   Met er i ng

2. 2. 4. 1   Di gi t al  Met er s

I EEE C37. 90. 1 f or  sur ge wi t hst and.   Pr ovi de t r ue r ms,  pl us/ mi nus one 
per cent  accur acy,  pr ogr ammabl e,  mi cr opr ocessor - based met er  encl osed i n a 
seal ed case wi t h t he f ol l owi ng f eat ur es.

a.   Di spl ay capabi l i t y :

( 1)  Mul t i - Funct i on Met er :  Di spl ay a sel ect ed phase t o neut r al  vol t age,  
phase t o phase vol t age,  per cent  phase t o neut r al  vol t age THD,  
per cent  phase t o phase vol t age THD;  a sel ect ed phase cur r ent ,  
neut r al  cur r ent ,  per cent  phase cur r ent  THD,  per cent  neut r al  
cur r ent ;  sel ect ed t ot al  PF,  kW,  KVA,  kVAR,  FREQ,  kVAh,  kWh.   
Det ect ed al ar m condi t i ons i ncl ude over / under  cur r ent ,  over / under  
vol t age,  over / under  KVA,  over / under  f r equency,  over / under  sel ect ed 
PF/ kVAR,  vol t age phase r ever sal ,  vol t age i mbal ance,  r ever se power ,  
over  per cent  THD.  I ncl ude a For m C KYZ pul se out put  r el ay on t he 
met er .

( 2)  Power  Met er :  Di spl ay Wat t s,  VARs,  and sel ect ed KVA/ PF.  Det ect ed 
al ar m condi t i ons i ncl ude over / under  KVA,  over / under  PF,  over / under  
VARs,  over / under  r ever se power .

( 3)  Vol t  Met er :  Pr ovi de capabi l i t y  t o be sel ect abl e bet ween di spl ay of  
t he t hr ee phases of  phase t o neut r al  vol t ages and di spl ay of  t he 
t hr ee phases of  t he phase t o phase vol t ages.   Det ect ed al ar m 
condi t i ons i ncl ude over / under  vol t age,  over / under  vol t age 
i mbal ance,  over  per cent  THD.

( 4)  Ammet er :   Di spl ay phase A,  B,  and C cur r ent s.   Det ect ed al ar m 
condi t i ons i ncl ude over / under  cur r ent ,  over  per cent  THD.

( 5)  Di gi t al  Wat t hour  Met er :   Pr ovi de a s i ngl e sel ect abl e di spl ay f or  
wat t s,  t ot al  k i l owat t  hour s ( kWh)  and wat t  demand ( Wd) .   I ncl ude a 
For m C KYZ pul se out put  r el ay on t he met er .

b.   Desi gn met er s t o accept  i nput  f r om st andar d 5A secondar y i nst r ument  
t r ansf or mer s.

c.   Pr ovi de pr ogr ammi ng vi a a f r ont  panel  di spl ay and a communi cat i on 
i nt er f ace accessi bl e by a comput er .

d.   Pr ovi de passwor d secur ed pr ogr ammi ng st or ed i n non- vol at i l e EEPROM 
memor y.

e.   Pr ovi de di gi t al  communi cat i ons i n a Modbus RTU pr ot ocol  v i a a RS485 
ser i al  por t RS485 ser i al  por t .
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f .   Pr ovi de met er  t hat  cal cul at es and st or es aver age max/ mi n demand val ues 
wi t h t i me and dat e f or  al l  r eadi ngs based on a user  sel ect abl e s l i di ng 
wi ndow aver agi ng per i od.

g.   Pr ovi de met er  wi t h pr ogr ammabl e hi / l ow set  l i mi t s wi t h t wo For m C dr y 
cont act  r el ays when exceedi ng al ar m condi t i ons.

h.   Pr ovi de met er  wi t h a di spl ay of  Tot al  Har moni c Di st or t i on ( THD)  
measur ement  t o a mi ni mum of  t he t hi r t y- f i r st  or der .

i .   I ncl ude hi st or i cal  t r end l oggi ng capabi l i t y  wi t h t he abi l i t y  t o st or e 
up t o 100, 000 dat a poi nt s wi t h i nt er val s of  1 second t o 180 mi nut es.   
Pr ovi de a uni t  t hat  can st or e and t i me st amp up t o 1000 pr ogr ammabl e 
t r i gger ed condi t i ons.

j .   Pr ovi de event  wavef or m r ecor di ng t r i gger ed by t he r ms of  2 cycl es of  
vol t age or  cur r ent  exceedi ng pr ogr ammabl e set  poi nt s.   St or e wavef or ms 
f or  al l  6 channel s of  vol t age and cur r ent  f or  a mi ni mum of  10 cycl es 
pr i or  t o t he event  and 50 cycl es past  t he event .

2. 2. 4. 2   El ect r oni c Wat t hour  Met er

ANSI  C12. 1.   Pr ovi de a swi t chboar d st y l e el ect r oni c pr ogr ammabl e wat t hour  
met er ,  semi - f l ush mount ed,  as i ndi cat ed.   Met er  can be ei t her   pr ogr ammed 
at  t he f act or y or  pr ogr ammed i n t he f i el d.   Tur n f i el d pr ogr ammi ng devi ce 
over  t o t he Cont r act i ng Of f i cer  at  compl et i on of  pr oj ect .   Coor di nat e 
met er  t o syst em r equi r ement s.

a.   Desi gn:   Pr ovi de met er  desi gned f or  use on a 3- phase,  4- wi r e,  480Y/ 277 
vol t  syst em wi t h 3 cur r ent  t r ansf or mer s.   I ncl ude necessar y KYZ pul se 
i ni t i at i on har dwar e f or  Ener gy Moni t or i ng and Cont r ol  Syst em ( EMCS) .

b.   Coor di nat i on:   Pr ovi de met er  coor di nat ed wi t h r at i os of  cur r ent  
t r ansf or mer s and t r ansf or mer  secondar y vol t age.

c.   Cl ass:  20.   Accur acy:  pl us or  mi nus 1. 0 per cent .  Fi ni sh:  Cl ass I I .

d.   Ki l owat t - hour  Regi st er :  f i ve di gi t  el ect r oni c pr ogr ammabl e t ype.

e.   Demand Regi st er :

( 1)  Pr ovi de sol i d st at e.

( 2)  Met er  r eadi ng mul t i pl i er :   I ndi cat e mul t i pl i er  on t he met er  f ace.

( 3)  Demand i nt er val  l engt h:  pr ogr ammed f or  60 mi nut es wi t h r ol l i ng 
demand up t o s i x subi nt er val s per  i nt er val .

f .   Met er  f usi ng:  Pr ovi de a f use bl ock mount ed i n t he met er i ng compar t ment  
cont ai ni ng one f use per  phase t o pr ot ect  t he vol t age i nput  t o t he 
wat t hour  met er .   Si ze f uses as r ecommended by t he met er  manuf act ur er .

g.   Pr ovi de met er  wi t h a communi cat i ons por t ,  RS485,  wi t h Modbus RTU 
ser i al  or  Et her net ,  Modbus- TCP communi cat i ons.
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2. 2. 5   Ter mi nal  Boar ds

Pr ovi de wi t h engr aved pl ast i c t er mi nal  st r i ps and scr ew t ype t er mi nal s f or  
ext er nal  wi r i ng bet ween component s and f or  i nt er nal  wi r i ng bet ween 
r emovabl e assembl i es.   Pr ovi de shor t - c i r cui t i ng t ype t er mi nal  boar ds 
associ at ed wi t h cur r ent  t r ansf or mer .   Ter mi nat e conduct or s f or  cur r ent  
t r ansf or mer s wi t h r i ng- t ongue l ugs.   Pr ovi de t er mi nal  boar d i dent i f i cat i on 
t hat  i s i dent i cal  i n s i mi l ar  uni t s.   Pr ovi de col or  coded ext er nal  wi r i ng 
t hat  i s col or  coded consi st ent l y f or  s i mi l ar  t er mi nal  boar ds.

2. 2. 6   Wi r e Mar ki ng

Mar k cont r ol  and met er i ng conduct or s at  each end.   Pr ovi de f act or y 
i nst al l ed,  whi t e,  pl ast i c t ubi ng,  heat  st amped wi t h bl ack bl ock t ype 
l et t er s on f act or y- i nst al l ed wi r i ng.   On f i el d- i nst al l ed wi r i ng,  pr ovi de 
whi t e,  pr epr i nt ed,  pol yvi nyl  chl or i de ( PVC)  s l eeves,  heat  st amped wi t h 
bl ack bl ock t ype l et t er s.   Pr ovi de a s i ngl e l et t er  or  number  on each 
sl eeve,  el l i pt i cal l y shaped t o secur el y gr i p t he wi r e,  and keyed i n such a 
manner  t o ensur e al i gnment  wi t h adj acent  s l eeves.   Pr ovi de speci f i c  wi r e 
mar ki ngs usi ng t he appr opr i at e combi nat i on of  i ndi v i dual  s l eeves.   
I ndi cat e on each wi r e mar ker  t he devi ce or  equi pment ,  i ncl udi ng speci f i c  
t er mi nal  number  t o whi ch t he r emot e end of  t he wi r e i s at t ached.

2. 3   MANUFACTURER' S NAMEPLATE

Pr ovi de a namepl at e on each i t em of  equi pment  bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  i s not  
accept abl e.   Thi s namepl at e and met hod of  at t achment  may be t he 
manuf act ur er ' s st andar d i f  i t  cont ai ns t he r equi r ed i nf or mat i on.

2. 4   FI ELD FABRI CATED NAMEPLATES

ASTM D709.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each swi t chboar d,  
equi pment  encl osur e,  r el ay,  swi t ch,  and devi ce;  as speci f i ed i n t hi s 
sect i on or  as i ndi cat ed on t he dr awi ngs.   I dent i f y on each namepl at e 
i nscr i pt i on t he f unct i on and,  when appl i cabl e,  t he posi t i on.   Pr ovi de 
namepl at es of  mel ami ne pl ast i c,  0. 125 i nch t hi ck,  whi t e wi t h bl ack cent er  
cor e.   Pr ovi de mat t e f i ni sh sur f ace.   Pr ovi de squar e cor ner s.   Accur at el y 
al i gn l et t er i ng and engr ave i nt o t he cor e.   Pr ovi de namepl at es wi t h 
mi ni mum si ze of  one by 2. 5 i nches.   Pr ovi de l et t er i ng t hat  i s a mi ni mum of  
0. 25 i nch hi gh nor mal  bl ock st y l e.

2. 5   SOURCE QUALI TY CONTROL

2. 5. 1   Equi pment  Test  Schedul e

The Gover nment  r eser ves t he r i ght  t o wi t ness t est s.   Pr ovi de equi pment  
t est  schedul es f or  t est s t o be per f or med at  t he manuf act ur er ' s t est  
f aci l i t y .   Submi t  r equi r ed t est  schedul e and l ocat i on,  and not i f y t he 
Cont r act i ng Of f i cer  30 cal endar  days bef or e schedul ed t est  dat e.   Not i f y 
Cont r act i ng Of f i cer  15 cal endar  days i n advance of  changes t o schedul ed 
dat e.

Pr ovi de t he f ol l owi ng as par t  of  t est  equi pment  cal i br at i on:

a.   Pr ovi de a cal i br at i on pr ogr am whi ch assur es t hat  al l  appl i cabl e t est  
i nst r ument s ar e mai nt ai ned wi t hi n r at ed accur acy.
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b.   Accur acy:   Tr aceabl e t o t he Nat i onal  I nst i t ut e of  St andar ds and 
Technol ogy.

c.   I nst r ument  cal i br at i on f r equency schedul e:   l ess t han or  equal  t o 12 
mont hs f or  bot h t est  f l oor  i nst r ument s and l eased speci al t y equi pment .

d.   Dat ed cal i br at i on l abel s:   v i s i bl e on al l  t est  equi pment .

e.   Cal i br at i ng st andar d:   hi gher  accur acy t han t hat  of  t he i nst r ument  
t est ed.

f .   Keep up- t o- dat e r ecor ds t hat  i ndi cat e dat es and t est  r esul t s of  
i nst r ument s cal i br at ed or  t est ed.   For  i nst r ument s cal i br at ed by t he 
manuf act ur er  on a r out i ne basi s,  i n l i eu of  t hi r d par t y cal i br at i on,  
i ncl ude t he f ol l owi ng:

( 1)  Mai nt ai n up- t o- dat e i nst r ument  cal i br at i on i nst r uct i ons and 
pr ocedur es f or  each t est  i nst r ument .

( 2)  I dent i f y t he t hi r d par t y/ l abor at or y cal i br at ed i nst r ument  t o 
ver i f y t hat  cal i br at i ng st andar d i s met .

2. 5. 2   Swi t chboar d Desi gn Test s

NEMA PB 2 and UL 891.

2. 5. 2. 1   Desi gn Test s

Fur ni sh document at i on showi ng t he r esul t s of  desi gn t est s on a pr oduct  of  
t he same ser i es and r at i ng as t hat  pr ovi ded by t hi s speci f i cat i on.

a.   Shor t - c i r cui t  cur r ent  t est .

b.   Encl osur e t est s.

c.   Di el ect r i c t est .

2. 5. 2. 2   Addi t i onal  Desi gn Test s

I n addi t i on t o nor mal  desi gn t est s,  per f or m t he f ol l owi ng t est s on t he 
act ual  equi pment .   Fur ni sh r epor t s whi ch i ncl ude r esul t s of  desi gn t est s 
per f or med on t he act ual  equi pment .

a.   Temper at ur e r i se t est s.

b.   Cont i nuous cur r ent .

2. 5. 3   Swi t chboar d Pr oduct i on Test s

NEMA PB 2 and UL 891.   Fur ni sh r epor t s whi ch i ncl ude r esul t s of  pr oduct i on 
t est s per f or med on t he act ual  equi pment  f or  t hi s pr oj ect .   These t est s 
i ncl ude:

a.   60- her t z di el ect r i c t est s.

b.   Mechani cal  oper at i on t est s.

c.   El ect r i cal  oper at i on and cont r ol  wi r i ng t est s.
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d.   Gr ound f aul t  sensi ng equi pment  t est .

2. 6   COORDI NATED POWER SYSTEM PROTECTI ON

Pr ovi de a power  syst em st udy as speci f i ed i n Sect i on 26 05 73 POWER SYSTEM 
STUDI ES.

2. 7   ARC FLASH WARNI NG LABEL

Pr ovi de war ni ng l abel  f or  swi t chboar ds.   Locat e t hi s sel f - adhesi ve war ni ng 
l abel  on t he out si de of  t he encl osur e war ni ng of  pot ent i al  el ect r i cal  ar c 
f l ash hazar ds and appr opr i at e PPE r equi r ed.   Pr ovi de l abel  f or mat  as 
i ndi cat ed.

2. 8   SERVI CE ENTRANCE AVAI LABLE FAULT CURRENT LABEL

Pr ovi de l abel  on ext er i or  of  swi t chboar ds used as ser vi ce equi pment  
l i s t i ng t he maxi mum avai l abl e f aul t  cur r ent  at  t hat  l ocat i on.   I ncl ude on 
t he l abel  t he dat e t hat  t he f aul t  cal cul at i on was per f or med and t he 
cont act  i nf or mat i on f or  t he or gani zat i on t hat  compl et ed t he cal cul at i on.   
Locat e t hi s sel f - adhesi ve war ni ng l abel  on t he out si de of  t he 
swi t chboar d.   Pr ovi de l abel  f or mat  as i ndi cat ed.

2. 9   MI MI C BUS LABELI NG

Pr ovi de a mi mi c bus on t he f r ont  of  t he equi pment  t o di agr ammat i cal l y show 
t he i nt er nal  bus st r uct ur e of  t he l i neup.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

Conf or m t o I EEE C2,  NFPA 70,  and t o t he r equi r ement s speci f i ed her ei n.   
Pr ovi de new equi pment  and mat er i al s unl ess i ndi cat ed or  speci f i ed 
ot her wi se.

3. 2   GROUNDI NG

NFPA 70 and I EEE C2,  except  t hat  gr ounds and gr oundi ng syst ems wi t h a 
r esi st ance t o sol i d ear t h gr ound not  exceedi ng 25 ohms.

3. 2. 1   Gr oundi ng El ect r odes

Pr ovi de dr i ven gr ound r ods as speci f i ed i n Sect i on 33 71 02 UNDERGROUND 
ELECTRI CAL DI STRI BUTI ON.   Connect  gr ound conduct or s t o t he upper  end of  
t he gr ound r ods by exot her mi c wel d or  compr essi on connect or .   Pr ovi de 
compr essi on connect or s at  equi pment  end of  gr ound conduct or s.

3. 2. 2   Equi pment  Gr oundi ng

Pr ovi de bar e copper  cabl e not  smal l er  t han No.  4/ 0 AWG not  l ess t han 24 
i nches bel ow gr ade connect i ng t o t he i ndi cat ed gr ound r ods.   When wor k i n 
addi t i on t o t hat  i ndi cat ed or  speci f i ed i s di r ect ed t o obt ai n t he 
speci f i ed gr ound r esi st ance,  t he pr ovi s i on of  t he cont r act  cover i ng 
" Changes"  appl i es.
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3. 2. 3   Connect i ons

Make j oi nt s i n gr oundi ng conduct or s and l oops by exot her mi c wel d or  
compr essi on connect or .   I nst al l  exot her mi c wel ds and compr essi on 
connect or s as speci f i ed i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL 
DI STRI BUTI ON.

3. 2. 4   Gr oundi ng and Bondi ng Equi pment

UL 467,  except  as i ndi cat ed or  speci f i ed ot her wi se.

3. 3   I NSTALLATI ON OF EQUI PMENT AND ASSEMBLI ES

I nst al l  and connect  equi pment  f ur ni shed under  t hi s sect i on as i ndi cat ed on 
pr oj ect  dr awi ngs,  t he appr oved shop dr awi ngs,  and as speci f i ed her ei n.

3. 3. 1   Swi t chboar d

ANSI / NEMA PB 2. 1.

3. 3. 2   Met er s and I nst r ument  Tr ansf or mer s

ANSI  C12. 1.

3. 3. 3   Fi el d Appl i ed Pai nt i ng

Wher e f i el d pai nt i ng of  encl osur es i s r equi r ed t o cor r ect  damage t o t he 
manuf act ur er ' s f act or y appl i ed coat i ngs,  pr ovi de manuf act ur er ' s 
r ecommended coat i ngs and appl y i n accor dance wi t h manuf act ur er ' s 
i nst r uct i ons.

3. 3. 4   Gal vani z i ng Repai r

Repai r  damage t o gal vani zed coat i ngs usi ng ASTM A780/ A780M,  z i nc r i ch 
pai nt ,  f or  gal vani z i ng damaged by handl i ng,  t r anspor t i ng,  cut t i ng,  
wel di ng,  or  bol t i ng.   Do not  heat  sur f aces t hat  r epai r  pai nt  has been 
appl i ed t o.

3. 3. 5   Fi el d Fabr i cat ed Namepl at e Mount i ng

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.

3. 4   FOUNDATI ON FOR EQUI PMENT AND ASSEMBLI ES

3. 4. 1   Ext er i or  Locat i on

Mount  swi t chboar d on concr et e s l ab as f ol l ows:

a.   Unl ess ot her wi se i ndi cat ed,  pr ovi de t he sl ab wi t h di mensi ons at  l east  
8 i nches t hi ck,  r ei nf or ced wi t h a 6 by 6 i nch No.  6 mesh pl aced 
uni f or ml y 4 i nches f r om t he t op of  t he s l ab.

b.   Pl ace sl ab on a 6 i nch t hi ck,  wel l - compact ed gr avel  base.  

c.   I nst al l  s l ab such t hat  t he t op of  t he concr et e s l ab i s appr oxi mat el y 4 
i nches above t he f i ni shed gr ade.
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d.   Pr ovi de edges above gr ade  1/ 2 i nch chamf er .   

e.   Pr ovi de sl ab of  adequat e s i ze t o pr oj ect  at  l east  8 i nches beyond t he 
equi pment .

f .   Pr ovi de condui t  t ur nups and cabl e ent r ance space r equi r ed by t he 
equi pment  t o be mount ed.

g.   Seal  voi ds ar ound condui t  openi ngs i n s l ab wi t h wat er -  and 
oi l - r esi st ant  caul k i ng or  seal ant .

h.   Cut  of f  and bush condui t s 3 i nches above sl ab sur f ace.

i .   Pr ovi de concr et e wor k as speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.

3. 4. 2   I nt er i or  Locat i on

Mount  swi t chboar d on concr et e s l ab as f ol l ows:

a.   Unl ess ot her wi se i ndi cat ed,  pr ovi de t he sl ab wi t h di mensi ons at  l east  
4 i nches t hi ck.

b.   I nst al l  s l ab such t hat  t he t op of  t he concr et e s l ab i s appr oxi mat el y 4 
i nches above t he f i ni shed gr ade.   

c.   Pr ovi de edges above gr ade 1/ 2 i nch chamf er .

d.   Pr ovi de sl ab of  adequat e s i ze t o pr oj ect  at  l east  8 i nches beyond t he 
equi pment .

e.   Pr ovi de condui t  t ur nups and cabl e ent r ance space r equi r ed by t he 
equi pment  t o be mount ed.

f .   Seal  voi ds ar ound condui t  openi ngs i n s l ab wi t h wat er -  and 
oi l - r esi st ant  caul k i ng or  seal ant .

g.   Cut  of f  and bush condui t s 3 i nches above sl ab sur f ace.

h.   Pr ovi de concr et e wor k as speci f i ed i n Sect i on 03 30 00 CAST- I N- PLACE 
CONCRETE.

3. 5   FI ELD QUALI TY CONTROL

Submi t  Requi r ed Set t i ngs of  br eaker s t o t he Cont r act i ng Of f i cer  af t er  
appr oval  of  swi t chboar d and at  l east  30 days i n advance of  t hei r  
r equi r ement .

3. 5. 1   Per f or mance of  Accept ance Checks and Test s

Per f or m i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and i ncl ude 
t he f ol l owi ng vi sual  and mechani cal  i nspect i ons and el ect r i cal  t est s,  
per f or med i n accor dance wi t h NETA ATS.

3. 5. 1. 1   Swi t chboar d Assembl i es

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e equi pment  namepl at e dat a wi t h speci f i cat i ons and appr oved 
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shop dr awi ngs.

( 2)  I nspect  physi cal ,  el ect r i cal ,  and mechani cal  condi t i on.

( 3)  Ver i f y appr opr i at e anchor age,  r equi r ed ar ea cl ear ances,  and 
cor r ect  al i gnment .

( 4)  Cl ean swi t chboar d and ver i f y shi ppi ng br aci ng,  l oose par t s,  and 
document at i on shi pped i nsi de cubi c l es have been r emoved.

( 5)  I nspect  al l  door s,  panel s,  and sect i ons f or  pai nt ,  dent s,  
scr at ches,  f i t ,  and mi ssi ng har dwar e.

( 6)  Ver i f y t hat  c i r cui t  br eaker  s i zes and t ypes cor r espond t o appr oved 
shop dr awi ngs as wel l  as t o t he c i r cui t  br eaker ’ s addr ess f or  
mi cr opr ocessor - communi cat i on packages.

( 7)  Ver i f y t hat  cur r ent  t r ansf or mer  r at i os cor r espond t o appr oved shop 
dr awi ngs.

( 8)  I nspect  al l  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance 
usi ng l ow- r esi st ance ohmmet er ,  ver i f y i ng  t i ght ness of  accessi bl e 
bol t ed el ect r i cal  connect i ons by cal i br at ed t or que- wr ench met hod,  
or  per f or mi ng t her mogr aphi c sur vey.

( 9)  Conf i r m cor r ect  oper at i on and sequenci ng of  el ect r i cal  and 
mechani cal  i nt er l ock syst ems.

( 10)  Conf i r m cor r ect  appl i cat i on of  manuf act ur er ' s r ecommended 
l ubr i cant s.

( 11)  I nspect  i nsul at or s f or  evi dence of  physi cal  damage or  
cont ami nat ed sur f aces.

( 12)  Ver i f y cor r ect  bar r i er  i nst al l at i on and oper at i on.

( 13)  Exer ci se al l  act i ve component s.

( 14)  I nspect  al l  mechani cal  i ndi cat i ng devi ces f or  cor r ect  oper at i on.

( 15)  Ver i f y t hat  f i l t er s ar e i n pl ace and vent s ar e c l ear .

( 16)  Test  oper at i on,  al i gnment ,  and penet r at i on of  i nst r ument  
t r ansf or mer  wi t hdr awal  di sconnect s.

( 17)  I nspect  cont r ol  power  t r ansf or mer s.

b.   El ect r i cal  Test s

( 1)  Per f or m i nsul at i on- r esi st ance t est s on each bus sect i on.

( 2)  Per f or m di el ect r i c wi t hst and vol t age t est s.

( 3)  Per f or m i nsul at i on- r esi st ance t est  on cont r ol  wi r i ng;  Do not  
per f or m t hi s t est  on wi r i ng connect ed t o sol i d- st at e component s.

( 4)  Per f or m cont r ol  wi r i ng per f or mance t est .

( 5)  Per f or m pr i mar y cur r ent  i nj ect i on t est s on t he ent i r e cur r ent  
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ci r cui t  i n each sect i on of  assembl y.

3. 5. 1. 2   Ci r cui t  Br eaker s -  Low Vol t age -  Power

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e namepl at e dat a wi t h speci f i cat i ons and appr oved shop 
dr awi ngs.

( 2)  I nspect  physi cal  and mechani cal  condi t i on.

( 3)  I nspect  anchor age,  al i gnment ,  and gr oundi ng.

( 4)  Ver i f y t hat  al l  mai nt enance devi ces ar e avai l abl e f or  ser vi c i ng 
and oper at i ng t he br eaker .

( 5)  I nspect  ar c chut es.

( 6)  I nspect  movi ng and st at i onar y cont act s f or  condi t i on,  wear ,  and 
al i gnment .

( 7)  Ver i f y t hat  pr i mar y and secondar y cont act  wi pe and ot her  
di mensi ons vi t al  t o sat i sf act or y oper at i on of  t he br eaker  ar e 
cor r ect .

( 8)  Per f or m al l  mechani cal  oper at or  and cont act  al i gnment  t est s on 
bot h t he br eaker  and i t s oper at i ng mechani sm.

( 9)  I nspect  al l  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance 
usi ng l ow- r esi st ance ohmmet er ,  ver i f y i ng  t i ght ness of  accessi bl e 
bol t ed el ect r i cal  connect i ons by cal i br at ed t or que- wr ench met hod,  
or  per f or mi ng t her mogr aphi c sur vey.

( 10)  Ver i f y cel l  f i t  and el ement  al i gnment .

( 11)  Ver i f y r acki ng mechani sm.

( 12)  Conf i r m cor r ect  appl i cat i on of  manuf act ur er ' s r ecommended 
l ubr i cant s.

b.   El ect r i cal  Test s

( 1)  Per f or m cont act - r esi st ance t est s on each br eaker .

( 2)  Per f or m i nsul at i on- r esi st ance t est s.

( 3)  Adj ust  Br eaker ( s)  f or  f i nal  set t i ngs i n accor dance wi t h Gover nment  
pr ovi ded set t i ngs.

( 4)  Det er mi ne l ong- t i me mi ni mum pi ckup cur r ent  by pr i mar y cur r ent  
i nj ect i on.

( 5)  Det er mi ne l ong- t i me del ay by pr i mar y cur r ent  i nj ect i on.

( 6)  Det er mi ne shor t - t i me pi ckup and del ay by pr i mar y cur r ent  i nj ect i on.

( 7)  Det er mi ne gr ound- f aul t  pi ckup and del ay by pr i mar y cur r ent  
i nj ect i on.
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( 8)  Det er mi ne i nst ant aneous pi ckup val ue by pr i mar y cur r ent  i nj ect i on.

( 9)  Act i vat e auxi l i ar y pr ot ect i ve devi ces,  such as gr ound- f aul t  or  
under vol t age r el ays,  t o ensur e oper at i on of  shunt  t r i p devi ces;  
Check t he oper at i on of  el ect r i cal l y- oper at ed br eaker s i n t hei r  
cubi c l e.

( 10)  Ver i f y cor r ect  oper at i on of  any auxi l i ar y f eat ur es such as t r i p 
and pi ckup i ndi cat or s,  zone i nt er l ocki ng,  el ect r i cal  c l ose and 
t r i p oper at i on,  t r i p- f r ee,  and ant i pump f unct i on.

( 11)  Ver i f y oper at i on of  char gi ng mechani sm.

3. 5. 1. 3   Ci r cui t  Br eaker s

Low Vol t age Mol ded Case wi t h Sol i d St at e Tr i ps

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e namepl at e dat a wi t h speci f i cat i ons and appr oved shop 
dr awi ngs.

( 2)  I nspect  c i r cui t  br eaker  f or  cor r ect  mount i ng.

( 3)  Oper at e c i r cui t  br eaker  t o ensur e smoot h oper at i on.

( 4)  I nspect  case f or  cr acks or  ot her  def ect s.

( 5)  I nspect  al l  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance 
usi ng l ow r esi st ance ohmmet er ,  ver i f y i ng t i ght ness of  accessi bl e 
bol t ed connect i ons and/ or  cabl e connect i ons by cal i br at ed 
t or que- wr ench met hod,  or  per f or mi ng t her mogr aphi c sur vey.

( 6)  I nspect  mechani sm cont act s and ar c chut es i n unseal ed uni t s.

b.   El ect r i cal  Test s

( 1)  Per f or m cont act - r esi st ance t est s.

( 2)  Per f or m i nsul at i on- r esi st ance t est s.

( 3)  Per f or m Br eaker  adj ust ment s f or  f i nal  set t i ngs i n accor dance wi t h 
Gover nment  pr ovi ded set t i ngs.

( 4)  Per f or m l ong- t i me del ay t i me- cur r ent  char act er i st i c t est s

( 5)  Det er mi ne shor t - t i me pi ckup and del ay by pr i mar y cur r ent  i nj ect i on.

( 6)  Det er mi ne gr ound- f aul t  pi ckup and t i me del ay by pr i mar y cur r ent  
i nj ect i on.

( 7)  Det er mi ne i nst ant aneous pi ckup cur r ent  by pr i mar y i nj ect i on.

( 8)  Ver i f y cor r ect  oper at i on of  any auxi l i ar y f eat ur es such as t r i p 
and pi ckup i ndi cat or s,  zone i nt er l ocki ng,  el ect r i cal  c l ose and 
t r i p oper at i on,  t r i p- f r ee,  and ant i - pump f unct i on.
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3. 5. 1. 4   Cur r ent  Tr ansf or mer s

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e equi pment  namepl at e dat a wi t h speci f i cat i ons and appr oved 
shop dr awi ngs.

( 2)  I nspect  physi cal  and mechani cal  condi t i on.

( 3)  Ver i f y cor r ect  connect i on.

( 4)  Ver i f y t hat  adequat e c l ear ances exi st  bet ween pr i mar y and 
secondar y c i r cui t .

( 5)  I nspect  al l  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance 
usi ng l ow- r esi st ance ohmmet er ,  ver i f y i ng t i ght ness of  accessi bl e 
bol t ed el ect r i cal  connect i ons by cal i br at ed t or que- wr ench met hod,  
or  per f or mi ng t her mogr aphi c sur vey.

( 6)  Ver i f y t hat  al l  r equi r ed gr oundi ng and shor t i ng connect i ons 
pr ovi de good cont act .

b.   El ect r i cal  Test s

( 1)  Per f or m r esi st ance measur ement s t hr ough al l  bol t ed connect i ons 
wi t h l ow- r esi st ance ohmmet er ,  i f  appl i cabl e.

( 2)  Per f or m i nsul at i on- r esi st ance t est s.

( 3)  Per f or m pol ar i t y t est s.

( 4)  Per f or m r at i o- ver i f i cat i on t est s.

3. 5. 1. 5   Met er i ng and I nst r ument at i on

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  Compar e equi pment  namepl at e dat a wi t h speci f i cat i ons and appr oved 
shop dr awi ngs.

( 2)  I nspect  physi cal  and mechani cal  condi t i on.

( 3)  Ver i f y t i ght ness of  el ect r i cal  connect i ons.

b.   El ect r i cal  Test s

( 1)  Det er mi ne accur acy of  met er s at  25,  50,  75,  and 100 per cent  of  
f ul l  scal e.

( 2)  Cal i br at e wat t hour  met er s accor di ng t o manuf act ur er ' s publ i shed 
dat a.

( 3)  Ver i f y al l  i nst r ument  mul t i pl i er s.

( 4)  El ect r i cal l y conf i r m t hat  cur r ent  t r ansf or mer  and vol t age 
t r ansf or mer  secondar y c i r cui t s ar e i nt act .
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3. 5. 1. 6   Gr oundi ng Syst em

a.   Vi sual  and Mechani cal  I nspect i on

( 1)  I nspect  gr ound syst em f or  compl i ance wi t h cont r act  pl ans and 
speci f i cat i ons.

b.   El ect r i cal  Test s

( 1)  I EEE 81.   Per f or m gr ound- i mpedance measur ement s ut i l i z i ng t he 
f al l - of - pot ent i al  met hod.   On syst ems consi st i ng of  i nt er connect ed 
gr ound r ods,  per f or m t est s af t er  i nt er connect i ons ar e compl et e.   
On syst ems consi st i ng of  a s i ngl e gr ound r od per f or m t est s bef or e 
any wi r e i s connect ed.   Take measur ement s i n nor mal l y dr y weat her ,  
not  l ess t han 48 hour s af t er  r ai nf al l .   Use a por t abl e gr ound 
r esi st ance t est er  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons 
t o t est  each gr ound or  gr oup of  gr ounds.   Use an i nst r ument  
equi pped wi t h a met er  r eadi ng di r ect l y i n ohms or  f r act i ons 
t her eof  t o i ndi cat e t he gr ound val ue of  t he gr ound r od or  
gr oundi ng syst ems under  t est .

( 2)  Submi t  t he measur ed gr ound r esi st ance of  each gr ound r od and 
gr oundi ng syst em,  i ndi cat i ng t he l ocat i on of  t he r od and gr oundi ng 
syst em.   I ncl ude t he t est  met hod and t est  set up ( i . e. ,  pi n 
l ocat i on)  used t o det er mi ne gr ound r esi st ance and soi l  condi t i ons 
at  t he t i me t he measur ement s wer e made.

3. 5. 1. 7   Cyber secur i t y I nst al l at i on Cer t i f i cat i on

Fur ni sh a cer t i f i cat i on t hat  cont r ol  syst ems ar e i nst al l ed i n accor dance 
wi t h DoD I nst r uct i on 8500. 01,  DoD I nst r uct i on 8510. 01,  and as r equi r ed by 
i ndi v i dual  Ser vi ce I mpl ement at i on Pol i cy.

3. 5. 2   Fol l ow- Up Ver i f i cat i on

Upon compl et i on of  accept ance checks,  set t i ngs,  and t est s,  show by 
demonst r at i on i n ser vi ce t hat  c i r cui t s and devi ces ar e i n good oper at i ng 
condi t i on and pr oper l y per f or mi ng t he i nt ended f unct i on.  Tr i p c i r cui t  
br eaker s by oper at i on of  each pr ot ect i ve devi ce.   Test  each i t em t o 
per f or m i t s f unct i on not  l ess t han t hr ee t i mes.   As an except i on t o 
r equi r ement s st at ed el sewher e i n t he cont r act ,  pr ovi de t he Cont r act i ng 
Of f i cer  f i ve wor ki ng days advance not i ce of  t he dat es and t i mes f or  
checks,  set t i ngs,  and t est s.

        - -  End of  Sect i on - -
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SECTI ON 26 35 43

400- HERTZ ( HZ)  SOLI D STATE FREQUENCY CONVERTER
08/ 21,  CHG 1:  05/ 24

PART 1   GENERAL

1. 1   REFERENCES

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE 519 ( 2022)  St andar d f or  Har moni c Cont r ol  i n 
El ect r i cal  Power  Syst ems

I EEE 1159 ( 2019)  Recommended Pr act i ce on Moni t or i ng 
El ect r i c Power  Qual i t y

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA ST 20 ( 2014)  Dr y- Type Tr ansf or mer s f or  Gener al  
Appl i cat i ons

NEMA Z535. 4 ( 2023)  Pr oduct  Saf et y Si gns and Label s

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 70E ( 2024)  St andar d f or  El ect r i cal  Saf et y i n 
t he Wor kpl ace
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SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AS5756/ 6 ( 2013;  Rev A;  St abi l i zed ( S)  2013)  Cabl e,  
3- Phase Power ,  El ect r i c,  Por t abl e,  
Mul t i conduct or ,  90 Degr ee C,  600V,  Ozone 
Resi st ant ,  Spl i t  Phase

SAE AS7974 ( 2010;  Rev A)  Cabl e Assembl i es and 
At t achabl e Pl ugs,  Ext er nal  El ect r i cal  
Power ,  Ai r cr af t

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- STD- 704 ( 2016;  Rev F;  Change 1;  Not i ce 3 2021)  
Ai r cr af t  El ect r i c Power  Char act er i st i cs

MI L- STD- 1399- 300 ( 2018)  Low Vol t age El ect r i c Power ,  
Al t er nat i ng Cur r ent  -  Par t  1

UNDERWRI TERS LABORATORI ES ( UL)

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 489 ( 2016;  Rev 2019)  UL St andar d f or  Saf et y 
Mol ded- Case Ci r cui t  Br eaker s,  Mol ded- Case 
Swi t ches and Ci r cui t - Br eaker  Encl osur es

UL 506 ( 2017;  Repr i nt  Jan 2022)  UL St andar d f or  
Saf et y Speci al t y Tr ansf or mer s

UL 1012 ( 2010;  Repr i nt  Apr  2016;  Rev Mar  2021)  UL 
St andar d f or  Saf et y Power  Uni t s Ot her  t han 
Cl ass 2

UL 1449 ( 2021;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

1. 2   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hese speci f i cat i ons,  and on t he dr awi ngs,  must  be as def i ned i n 
I EEE 100.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Conver t er  Dr awi ngs;  G

SD- 03 Pr oduct  Dat a
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Conver t er ;  G

Ai r cr af t  Power  Cabl e Assembl y;  GSD- 06 Test  Repor t s

Wor k Pl an;  G

Rout i ne Fact or y Test  Pl an;  G

Speci al  Fact or y Test  Pl an;  G

Fact or y Test  Schedul e;  G

Rout i ne Fact or y Test s Cer t i f i cat i on;  G

Speci al  Fact or y Test s Cer t i f i cat i on;  G

SD- 07 Cer t i f i cat es

Qual i f i cat i ons of  Manuf act ur er ;  G

Nat i onal l y Recogni zed Test i ng Labor at or y ( NRTL)  Li st i ng;  G

SD- 09 Manuf act ur er ' s Fi el d Repor t s

Fi el d Test  Pl an;  G

Fi el d Test  Schedul e;  G

Fi el d Test  Cer t i f i cat i on;  G

Tr ai ni ng Syl l abus;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Conver t er  O&MM,  Dat a Package 5;  G

Pr el i mi nar y Conver t er  O&MM,  Dat a Package 5;  G

1. 4   QUALI TY ASSURANCE

1. 4. 1   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " must "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p must  be i n accor dance wi t h t he mandat or y and 
advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 4. 2   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr oduct s must  have been i n sat i sf act or y 
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commer ci al  or  i ndust r i al  use f or  5 year s pr i or  t o bi d openi ng.   The 5- year  
per i od must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s under  s i mi l ar  
c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  must  have been on sal e on 
t he commer ci al  mar ket  t hr ough adver t i sement s,  manuf act ur er s '  cat al ogs,  or  
br ochur es dur i ng t he 5- year  per i od.   Wher e t wo or  mor e i t ems of  t he same 
cl ass of  equi pment  ar e r equi r ed,  t hese i t ems must  be pr oduct s of  a s i ngl e 
manuf act ur er ;  however ,  t he component  par t s of  t he i t em need not  be t he 
pr oduct s of  t he same manuf act ur er  unl ess st at ed i n t hi s sect i on.

1. 4. 2. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 5- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 4. 2. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han one year  pr i or  t o dat e of  del i ver y t o s i t e 
must  not  be used,  unl ess speci f i ed ot her wi se.

1. 4. 3   Conver t er  Dr awi ngs

Fur ni sh scal ed dr awi ngs of  encl osur e out l i ne i ncl udi ng f r ont ,  t op,  s i de 
v i ews,  and over al l  di mensi ons.   I ncl ude " mai nt enance envel ope"  di mensi ons 
conf i r mi ng space l i mi t at i ons i dent i f i ed on t he dr awi ngs,  and sur f ace 
mount i ng f l ush agai nst  t he wal l .   Rear  access f or  mai nt enance and r epai r  
pur poses i s pr ohi bi t ed.   The " mai nt enance envel ope"  dr awi ngs must  al so 
i ndi cat e adequat e c l ear ance f or  oper at i on,  mai nt enance,  and r epl acement  of  
oper at i ng equi pment  devi ces.   Pr ovi de ext er nal  power  and cont r ol  wi r i ng,  
cabl i ng,  connect or ,  and backpl ane i nt er connect  dr awi ngs.   Pr ovi de si ngl e 
l i ne,  schemat i c,  and wi r i ng di agr ams.   Dr awi ngs must  i ncl ude det ai l s of  
i nput  and out put  c i r cui t  br eaker s,  cont act or s,  r ect i f i er s,  sur ge 
pr ot ect or s,  cont r ol  devi ces and condui t  ent r y and exi t  l ocat i ons.   I f  
par al l el  oper at i on i s i ncl uded,  pr ovi de an i nt er connect i on di agr am.   
Submi t t al s must  i ncl ude t he namepl at e dat a,  s i ze,  and capaci t y.

1. 4. 4   Qual i f i cat i ons of  Manuf act ur er

Submi t  a cer t i f i cat i on st at i ng t hat  t he manuf act ur er  has a mi ni mum of  f i ve 
year s '  exper i ence i n t he desi gn,  manuf act ur i ng,  and t est i ng of  400 Hz 
sol i d st at e f r equency conver t er s at  t he equi val ent  or  gr eat er  kW and 
vol t age r at i ngs f or  di r ect  connect i on t o ai r cr af t  el ect r i cal  l oads.   When 
speci f i cat i ons r equi r e mul t i pl e conver t er s oper at i ng i n par al l el ,  t he 
manuf act ur er  must  pr ovi de speci f i c  exper i ence wi t h equal  or  gr eat er  kW 
r at ed conver t er s.

Exper i ence i n manuf act ur i ng mot or  gener at or  set s does not  qual i f y as 
equi val ent .   Exper i ence i n manuf act ur i ng por t abl e engi ne- dr i ven 400- her t z 
power  uni t s does not  qual i f y as equi val ent .   The manuf act ur er  must  be 
exper i enced i n pr oduci ng uni t s f or  i nst al l at i on i n per manent  bui l di ngs i n 
envi r onment al l y c l osed spaces or  i n weat her pr oof  encl osur es as 
appl i cabl e.   The manuf act ur er  must  al so document  t hat  conver t er s ar e 
desi gned f or  connect i on t o non- l i near  l oads t ypi cal l y encount er ed i n t he 
ai r cr af t  and shi pbui l di ng i ndust r i es.   The manuf act ur er  must  f ur ni sh 
document ed exper i ence wi t h conver t er s i n var i ous envi r onment al  condi t i ons 
i ncl udi ng ext er i or  f l i ght  l i ne,  hangar ,  and envi r onment al l y encl osed 
spaces wi t hi n bui l di ngs.
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1. 4. 5   Wor k Pl an

Submi t  a wr i t t en wor k pl an wi t h t he i ni t i al  shop dr awi ng submi t t al ,  whi ch 
consi st s of  a schedul e of  dat es of  t he r out i ne and speci al  f act or y t est s,  
i nst al l at i on of  equi pment ,  f i el d t est s,  and oper at or  t r ai ni ng f or  t he 
syst em.   Fur ni sh a l i s t  of  t he t est  i nst r ument at i on equi pment  compl et e 
wi t h t he document ed cal i br at i on pr ogr am,  f or  t he f act or y and t he f i el d 
t est s.

1. 4. 6   Rout i ne Fact or y Test  Pl an

Submi t  t est  pl an and pr ocedur es at  l east  21 cal endar  days pr i or  t o t he 
t est s bei ng conduct ed.   Pr ovi de det ai l ed descr i pt i on of  t est  pr ocedur es,  
i ncl udi ng t est  equi pment  and set ups compl et e wi t h t hei r  cur r ent  
cal i br at i on dat es,  t o be used t o ensur e t he conver t er  meet s t hi s 
speci f i cat i on and expl ai n t he t est  met hods used.   As a mi ni mum,  i ncl ude 
t he t est s r equi r ed under  t he par agr aph ROUTI NE FACTORY TESTS.

1. 4. 7   Speci al  Fact or y Test  Pl an

Submi t  t he Speci al  Fact or y Test  Pl an and pr ocedur es wi t h t he Rout i ne 
Fact or y Test  Pl an.   Pr ovi de det ai l ed descr i pt i on of  t est  pr ocedur es,  
i ncl udi ng t est  equi pment  and set ups compl et e wi t h t hei r  cal i br at i on dat es,  
used t o ensur e t he conver t er  meet s t hi s speci f i cat i on and expl ai n t he t est  
met hods used.   As a mi ni mum,  i ncl ude t he t est s r equi r ed under  t he 
par agr aph SPECI AL FACTORY TESTS.

1. 4. 8   Fi el d Test  Pl an

Submi t  t est  pl an and pr ocedur es at  l east  15 cal endar  days pr i or  t o t he 
st ar t  of  f i el d t est s.   Pr ovi de det ai l ed descr i pt i on and dat es and t i mes 
schedul ed f or  per f or mance of  t est s,  and det ai l ed descr i pt i on of  t est  
pr ocedur es,  i ncl udi ng t est  equi pment  and set ups of  t he t est s t o be 
conduct ed t o ensur e t he syst em meet s t hi s speci f i cat i on.   Li st  make,  
model ,  and cur r ent  cal i br at i on dat es,  and pr ovi de f unct i onal  descr i pt i on 
of  t he t est  i nst r ument s and accessor i es.   Expl ai n t he t est  met hods t o be 
used.   As a mi ni mum,  i ncl ude t he t est s r equi r ed under  t he par agr aph FI ELD 
QUALI TY CONTROL.   Test  r epor t s must  i ncl ude power  qual i t y measur ement  dat a 
col l ect ed i n accor dance wi t h I EEE 1159.

1. 4. 9   Nat i onal l y Recogni zed Test i ng Labor at or y ( NRTL)  Li st i ng

Fr equency conver t er s must  be i dent i f i ed wi t h a nat i onal l y r ecogni zed 
t est i ng l abor at or y ( NRTL)  l abel  or  UL l abel  pr i or  t o shi ppi ng.

1. 4. 9. 1   Cur r ent l y Li st ed Pr oduct s

Submi t  NRTL or  UL cer t i f i cat i on or  UL f i l e number  f or  t he act ual  f r equency 
conver t er  t o be shi pped wi t h t he i ni t i al  submi t t al  t o ver i f y compl i ance of  
equi pment .

1. 4. 9. 2   Pr oposed Li st ed Pr oduct s

Submi t  NRTL or  UL cer t i f i cat i on or  UL f i l e number  f or  same or  s i mi l ar  
r at i ng or  pr oduct  s i ze r ange of  l i ke desi gn uni t  wi t h t he i ni t i al  
submi t t al  t o ver i f y compl i ance of  equi pment .
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1. 4. 10   Rout i ne Fact or y Test s Cer t i f i cat i on 

Submi t  wi t hi n 45 cal endar  days af t er  compl et i on of  t est s.   Recei ve 
appr oval  of  t est  pr i or  t o shi ppi ng uni t .   Cer t i f y t est s wer e conduct ed on 
each conver t er  i n accor dance wi t h t he r equi r ement s set  f or t h i n par agr aph 
ROUTI NE FACTORY TESTS and cer t i f y conver t er  sat i sf act or i l y  oper at ed wi t hi n 
speci f i ed l i mi t s.   I ncl ude copi es of  t he t est  pr ocedur es, t est  
conf i gur at i on di agr ams and schemat i cs,  t est  dat a,  and r esul t s.

1. 4. 11   Speci al  Fact or y Test s Cer t i f i cat i on 

Cer t i f y t est s wer e conduct ed on a conver t er  of  t he same desi gn,  
const r uct i on,  kW r at i ng,  and vol t age r at i ng t o be pr ovi ded.   Test s must  be 
i n accor dance wi t h t he r equi r ement s set  f or t h i n par agr aph SPECI AL FACTORY 
TEST and cer t i f y conver t er  oper at ed wi t hout  mal f unct i oni ng wi t hi n 
speci f i ed l i mi t s.   I ncl ude copi es of  t he t est  pr ocedur es,  t est  
conf i gur at i on di agr ams and schemat i cs,  t est  dat a,  and r esul t s.

1. 4. 12   Fi el d Test  Cer t i f i cat i on 

Submi t  r epor t  of  t est  r esul t s as speci f i ed by par agr aph FI ELD QUALI TY 
CONTROL wi t hi n 15 cal endar  days af t er  compl et i on of  t est s.   Cer t i f y t est s 
wer e conduct ed on each conver t er  i n accor dance wi t h t he par agr aph FI ELD 
QUALI TY CONTROL and cer t i f y conver t er  sat i sf act or i l y  oper at ed wi t hi n 
speci f i ed l i mi t s.   I ncl ude copi es of  t he t est  pr ocedur es,  t est  
conf i gur at i on di agr ams and schemat i cs,  t est  dat a,  and r esul t s.

1. 5   OPERATI ON AND MAI NTENANCE MANUALS

Submi t  f r equency conver t er  Oper at i on and Mai nt enance Manual s ( O&MM)  i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA.

1. 5. 1   Addi t i ons t o Conver t er  O&MM

I n addi t i on t o r equi r ement s of  Dat a Package 5,  i ncl ude t he f ol l owi ng on 
t he act ual  conver t er  pr ovi ded:

a.   A " one- l i ne di agr am"  f r om t he bui l di ng ser vi ce ent r ance panel  t o t he 
conver t er  and out  t o t he end ut i l i zat i on poi nt ( s) .

b.   A conci se,  dupl i cat abl e,  s i ngl e page dat a sheet  wi t h oper at i ng 
i nst r uct i ons f or  each uni t  i ncl udi ng st ar t up and shut down pr ocedur es.

c.   Rout i ne and f i el d t est  r epor t s.

d.   NRTL or  UL cer t i f i cat i on or  UL f i l e number .

e.   A l i s t  of  al l  code r equi r ed i dent i f i cat i on and war ni ng si gnage and 
l abel s t hat  have been pr ovi ded on t he conver t er .

1. 5. 2   Pr el i mi nar y Conver t er  O&MM

Pr i or  t o schedul i ng Fi el d Test s,  2 bound copi es of  a Pr el i mi nar y O&MM must  
be submi t t ed t o and appr oved by t he Cont r act i ng Of f i cer .

1. 5. 3   Spar e Par t s I nf or mat i on

Fur ni sh r ecommended manuf act ur er ' s spar e par t s l i s t ,  quant i t i es,  l ead t i me 
t o r ecei ve af t er  or der i ng,  and a schedul e of  pr i ces, ( guar ant eed f or  one 
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year  af t er  war r ant y expi r es) ,  f or  each t ype of  conver t er  and ot her  
equi pment  speci f i ed i n t hi s sect i on.   I ncl ude t he f ol l owi ng:

a.   Fuses

b.   Human Machi ne I nt er f ace ( HMI )

c.   I ndi cat or  l amp/ LED

d.   Out put  swi t chi ng modul es

e.   Pl ug- i n l ogi c car ds

f .   Power  f i l t er  capaci t or s

g.   Power  semi - conduct or s

h.   Vent i l at i on syst em f i l t er s

i .   400 Hz Ai r cr af t  Power  Cabl e Assembl y

1. 6   WARRANTY

The equi pment  i t ems must  be suppor t ed by ser vi ce or gani zat i ons whi ch ar e 
most  conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act  i n accor dance wi t h Sect i on 
01 78 23 OPERATI ON AND MAI NTENANCE DATA.

PART 2   PRODUCTS

2. 1   FREQUENCY CONVERTER

Pr ovi de f r equency conver t er  consi st i ng of  modul ar  const r uct i on sol i d- st at e 
component s f or  60 Hz t o 400 Hz conver si on,  i nput / out put  devi ces,  and 
anci l l ar y cont r ol  devi ces.   Conver t er  must  be a st andar d pr oduct  of  t he 
manuf act ur er  and t he manuf act ur er ' s l at est  desi gn t hat  compl i es wi t h t he 
speci f i cat i on r equi r ement s.   The conver t er s pr ovi ded under  t hi s cont r act  
must  be pr oduct s of  t he same manuf act ur er .   Each uni t  must  have a 
cal cul at ed Mean Ti me Bet ween Fai l ur es ( MTBF)  exceedi ng 24, 000 hour s as 
cal cul at ed when t he conver t er  i s pr ovi ded wi t h year l y ser vi c i ng and 
mai nt enance.   Pr ovi de conver t er  wi t h NRTL or  UL l i s t i ng compl yi ng wi t h 
UL 1012.   The conver t er  must  have mi ni mum 12 pul se,  act i ve i nput  
r ect i f i cat i on c i r cui t  or  a demonst r at ed desi gn achi evi ng equal  or  bet t er  
per f or mance char act er i st i cs.   Ci r cui t  br eaker s oper at i ng at  400 Hz must  be 
desi gned and UL t est ed f or  60 Hz oper at i on and der at ed f or  400 Hz oper at i on.   
Pr ovi de st ar t up and shut down i nst r uct i ons post ed on t he f r ont  of  t he uni t  
usi ng engr aved pl ast i c or  al umi num pl at e.   Pr ovi de a pl ast i c encapsul at ed 
schemat i c di agr am at t ached t o t he i nsi de of  t he uni t  i n c l ear  v i ew of  
mai nt enance per sonnel .

2. 1. 1   El ect r i cal  Char act er i st i cs

2. 1. 1. 1   I nput  Vol t age

480 V,  t hr ee phase,  t hr ee wi r e,  gr ounded,  60 Hz.   Conver t er  must  pr ovi de 
r at ed out put  vol t age when i nput  vol t age i s var i ed pl us or  mi nus 10 
per cent .   A vol t age changi ng t r ansf or mer  i s not  per mi t t ed at  t he i nput  of  
t he conver t er  uni t
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2. 1. 1. 2   I nput  Power  Fact or

Bet ween 0. 8 l aggi ng and uni t y,  under  al l  condi t i ons of  st eady st at e l i ne 
and l oad var i at i ons speci f i ed her ei n.

2. 1. 1. 3   Sur ge Pr ot ect i on

Pr ovi de conver t er  capabl e of  sust ai ni ng an i nput  sur ge descr i bed i n and 
t est ed i n accor dance wi t h UL 1449,  and I EEE C62. 41. 1 and I EEE C62. 41. 2,  
Locat i on Cat egor y B,  and cont i nue t o oper at e wi t h no al ar ms wi t hi n t he 
speci f i ed t ol er ance.

2. 1. 1. 4   I nr ush Cur r ent

The i nr ush cur r ent  must  not  exceed 100 per cent  of  t he r at ed f ul l  l oad 
i nput  cur r ent .

2. 1. 1. 5   I nput  Cur r ent  Di st or t i on

I nput  cur r ent  Tot al  Har moni c Di st or t i on ( THD)  must  not  exceed 12per cent  of  
t he f undament al  f r equency wi t h nomi nal  i nput  vol t age at  f ul l  l oad.   
I ndi v i dual  har moni c cont ent  must  not  exceed 8 per cent  of  t he f undament al  
f r equency.

2. 1. 1. 6   Out put  Vol t age

Pr ovi de a f r equency conver t er  wi t h a 200Y/ 115 V,  t hr ee phase,  400 Hz,  
gr ounded syst em,  adj ust abl e t o pl us or  mi nus 10 per cent  of  t he r at ed 
vol t age.

a.   The power  char act er i st i cs must  be wi t hi n t he r equi r ement s of  
MI L- STD- 704 wi t h t he f ol l owi ng cl ar i f i cat i ons:

( 1)  The vol t age and f r equency must  be i n accor dance wi t h t he envel ope 
of  nor mal  oper at i ng r ange of  Fi gur es 3 and 5,  not  j ust  t he l i mi t s 
of  Fi gur es 4 and 6.

( 2)   The st eady st at e vol t age must  addi t i onal l y be i n accor dance wi t h 
t he ext er nal  power  r equi r ement s as def i ned i n t he MI L- STD- 704 
Sect i on 4. 3,  " Ext er nal  Power  Sour ce Requi r ement " .

b.   The power  char act er i st i cs must  be wi t hi n t he r equi r ement s of  
MI L- STD- 1399- 300,  Par t  1,  Type I I I  power .

c.   The phase r ot at i on of  t he out put  vol t age must  be A- B- C ( per  Fi gur e 2 
i n MI L- STD- 704,  spi nni ng i n a count er cl ockwi se di r ect i on) .

2. 1. 1. 7   Power  Out put

Pr ovi de a f r equency conver t er  r at ed at  90 kW at  uni t y power  f act or .  

2. 1. 1. 8   Load Range

Conver t er  must  oper at e i nt o a l i near  l oad wi t h a power  f act or  bet ween 0. 5 
l aggi ng and 0. 7 l eadi ng and i nt o a non- l i near  l oad wi t h not  l ess t han 15 
per cent  cur r ent  THD,  composed of  not  l ess t han 6 per cent  of  t he 3r d 
har moni c and not  l ess t han 7 per cent  of  t he 5t h har moni c.
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2. 1. 1. 9   Ef f i c i ency

 Pr ovi de 90 kW uni t s wi t h a mi ni mum ef f i c i ency of  87 per cent  at  50 per cent  
l oad and 91 per cent  at  100 per cent  l oad.

2. 1. 1. 10   No Load I nput  Losses

Pr ovi de f r equency conver t er  wi t h no- l oad i nput  l osses no gr eat er  t han 7  
per cent  of  t he out put  kW r at i ng.

2. 1. 1. 11   Over l oad

Sat i sf act or y over l oad oper at i ng t i me i s based on no mor e t han one over l oad 
of  t he same or  l onger  condi t i ons,  wi t hi n t he f ol l owi ng speci f i ed t i me 
bet ween over l oads.

Per cent  of  Ful l  Load Sat i sf act or y
Oper at i ng Ti me

Ti me Bet ween Over l oads

110 per cent 60 mi nut es 4 hour s

Not e:  Uni t  must  st i l l  be
capabl e of  wi t hst andi ng any
of  t he ot her  condi t i ons f or
t hei r  r espect i ve oper at i ng

t i mes.   e. g.  Uni t  can st i l l
do 125 per cent  f or  l ess t han
5 mi nut es,  bef or e t r i ppi ng,

et c.

125 per cent 5 mi nut es 10 mi nut es

150 per cent 2 mi nut es 10 mi nut es

200 per cent 20 seconds 5 mi nut es

Af t er  mi ni mum oper at i ng t i me i s achi eved,  uni t  must  i nt er r upt  out put  
power .   Uni t  must  be capabl e of  sust ai ni ng t he over l oad wi t hout  damage 
unt i l  t he pr ot ect i ve devi ce i nt er r upt s t he over l oad.

2. 1. 1. 12   Shor t  Ci r cui t

When a bol t ed l i ne- t o- l i ne f aul t  or  a bol t ed t hr ee phase f aul t  i s  appl i ed 
t o t he uni t ,  uni t  must  be capabl e of  sust ai ni ng t he shor t  c i r cui t  cur r ent  
wi t hout  damage unt i l  t he pr ot ect i ve devi ce i nt er r upt s t he f aul t .

2. 1. 1. 13   Cr est  Fact or

The vol t age cr est  f act or  must  be bet ween 1. 31 and 1. 51 over  t he ent i r e 
l oad r ange i n accor dance wi t h MI L- STD- 704.   The cr est  f act or  i s t he r at i o 
of  t he peak val ue t o t he r oot  mean squar e ( RMS)  val ue f or  each hal f  cycl e 
of  t he vol t age wavef or m measur ed over  a one second per i od under  st eady 
st at e condi t i ons.   Pr ovi de t he cr est  f act or  f or  each condi t i on i n t he 
par agr aph LOAD RANGE.
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2. 1. 1. 14   Out put  Vol t age THD

a.   Bal anced l oad:

( 1)  Out put  vol t age THD:  Not  t o exceed 3 per cent  l i ne- t o- l i ne and 
l i ne- t o- neut r al  f or  l i near  l oads as speci f i ed i n t he par agr aph 
LOAD RANGE.

( 2)  Out put  vol t age THD:   Not  t o exceed 5 per cent  l i ne- t o- l i ne and 
l i ne- t o- neut r al  f or  non- l i near  l oads as speci f i ed i n t he par agr aph 
LOAD RANGE.

( 3)  Maxi mum si ngl e har moni c di st or t i on:   Not  t o exceed 2 per cent  of  
t he f undament al  at  t he nomi nal  vol t age f or  l i near  l oads as 
speci f i ed i n t he par agr aph LOAD RANGE.

( 4)  Maxi mum si ngl e har moni c di st or t i on:   Not  t o exceed 3 per cent  of  
t he f undament al  at  t he nomi nal  vol t age f or  non- l i near  l oads as 
speci f i ed i n t he par agr aph LOAD RANGE.

b.   Unbal anced l oad:  Out put  vol t age THD not  t o exceed 4 per cent ,  
l i ne- t o- neut r al  wi t h 15 per cent  unbal anced l i near  l oad.

2. 1. 1. 15   Out put  Vol t age Ampl i t ude Modul at i on

Pr ovi de out put  vol t age ampl i t ude modul at i on not  exceedi ng 1/ 2 per cent  of  
nomi nal  vol t age at  no l oad t o f ul l  l oad.

2. 1. 1. 16   Fr equency St abi l i t y

Cont r ol  out put  f r equency of  t he 400 Hz conver t er  wi t hi n pl us or  mi nus 0. 5 
per cent  f or  al l  oper at i ng condi t i ons,  i ncl udi ng maxi mum and mi ni mum 
speci f i ed i nput  vol t ages,  ambi ent  t emper at ur e and r el at i ve humi di t y.   The 
f r equency r egul at i on must  oper at e i ndependent  of  suppl y f r equency and l oad 
changes.

2. 1. 1. 17   Phase Angl e Regul at i on

Di spl acement  angl e bet ween adj acent  vol t age phases must  be 120 degr ees 
pl us or  mi nus 2 degr ees wi t h bal anced l oad and pl us or  mi nus 4 degr ees 
wi t h t hr ee phase 15 per cent  unbal anced l oad.   A 15 per cent  unbal anced l oad 
i s def i ned as any combi nat i on of  phasi ng wher e:

a.   Phase A at  f ul l  r at ed si ngl e phase l oad.

b.   Phase B at  85 per cent  of  Phase A.

c.   Phase C at  85 per cent  of  Phase A.

2. 1. 1. 18   Tr ansi ent  Out put  Vol t age Recover y

I n accor dance wi t h MI L- STD- 704.   Moni t or  and r ecor d out put  vol t age at  t he 
l oad end of  t he cabl e.

2. 1. 2   Envi r onment al  Rat i ng

The conver t er  must  be r at ed f or  cont i nuous oper at i on f r om no l oad t o r at ed 
f ul l  l oad under  t he f ol l owi ng condi t i ons:
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a.   Ambi ent  t emper at ur es r angi ng f r om - 4 t o 130 degr ees F.

b.   Rel at i ve humi di t y f r om 0 t o 95 per cent  noncondensi ng.

c.   Ambi ent  pr essur es f r om sea l evel  t o 3, 000 f eet .

2. 1. 3   Moni t or i ng and Cont r ol  Panel

Pr ovi de conver t er  wi t h a cont r ol  panel  t hat  i s  equi pped wi t h t he f ol l owi ng 
cont r ol s,  i ndi cat or s,  i nst r ument at i on,  dat a l oggi ng,  di agnost i cs,  and 
al ar m f unct i ons.

2. 1. 3. 1   Cont r ol s

Cont r ol s must  be mount ed on t he f r ont  of  t he cont r ol  panel ,  accessi bl e 
wi t hout  openi ng any door s or  cover s.   Speci f i c  sequenci ng,  or  t he 
r equi r ement  f or  s i mul t aneous pushbut t on oper at i on,  i s  not  accept abl e f or  
any i nput  or  out put  cont r ol .

a.   St ar t / st op pushbut t on f or  i nput  devi ce cont r ol  ( c i r cui t  br eaker  or  
cont act or ) .

b.   Lamp/ l i ght  emi t t i ng di ode ( LED)  t est  -  A push- t o- t est  but t on or  swi t ch 
t o t est  i ndi cat or  l amps/ LEDs.   I f  panel  l i ght s al l  bl i nk as par t  of  
t he st ar t up Bui l t - i n- Test  ( BI T)  sequence,  t hen a separ at e push t o t est  
but t on i s not  r equi r ed.

c.   Emer gency power  of f  -  A separ at e pushbut t on f or  emer gency power  of f .

d.   Out put  devi ce ON/ OFF.

e.   Al ar m si l ence and " s i l ence"  i ndi cat or  -  A swi t ch t hat  must  di sabl e t he 
audi bl e al ar m wi t hout  c l ear i ng t he al ar m codes.

f .   Addi t i onal  i ndi v i dual  cont r ol s f or  t he f ol l owi ng f unct i ons ( Not e -  
t hese may be i ncl uded as par t  of  t he Human- Machi ne I nt er f ace ( HMI )  as 
descr i bed i n par agr aph HUMAN MACHI NE I NTERFACE REQUI REMENTS) :

    -  Out put  vol t age adj ust

    -  Al ar m r eset  -  r eset s and cl ear s t he s i l enced audi bl e al ar m.

2. 1. 3. 2   I ndi cat or s

a.   The f ol l owi ng ar e mandat or y i ndi cat or s.   They must  be i ncl uded on t he 
cont r ol  panel  on t he ext er i or  of  t he uni t  i n addi t i on t o any t hat  ar e 
i ncl uded i n t he HMI :

    -  I nput  power  avai l abl e -  Lamp/ LED t o i ndi cat e t hat  t he suppl y vol t age 
i s avai l abl e.

    -  Out put  power  On/ Of f  -  Lamp/ LED t o i ndi cat e t hat  t he conver t er  out put  
vol t age i s avai l abl e.

    -  Out put  devi ce " ON" .

    -  Audi bl e al ar m.

     -  Ai r cr af t  i nt er l ock bypass -  Lamp/ LED t o i ndi cat e t hat  t he Ai r cr af t  
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I nt er l ock has been bypassed.

b.   I n addi t i on,  i ncl ude t he f ol l owi ng addi t i onal  i ndi cat or s,  i f  t hey ar e 
not  i ncl uded i n t he HMI :

    -  Syst em al ar m -  Lamp/ LED t o i ndi cat e t hat  a f aul t  has been det ect ed.   
Thi s i ndi cat or  must  be l at ched i n t he " ON"  posi t i on whenever  an al ar m 
condi t i on descr i bed i n par agr aph ALARM ANNUNCI ATOR,  i s det ect ed and 
must  r emai n " ON"  unt i l  t he al ar m r eset  pushbut t on i s pr essed.

    -  I ndi cat i ng l amp/ LED t o i ndi cat e t hat  t he al ar m si l ence swi t ch i s i n 
t he di sabl e posi t i on.

    -  El apsed t i me met er  i n hour s;  ( may be i nt er nal  or  v i s i bl e ext er nal l y) .

2. 1. 3. 3   Human Machi ne I nt er f ace ( HMI )  Requi r ement s

Pr ovi de an HMI  wi t h a mi ni mum of  f our  by t went y ( 4 x 20)  char act er  backl i t  
LED di spl ay f or  pr esent i ng t he di gi t al  i nst r ument at i on,  di agnost i c syst em,  
and f aul t  i ndi cat i ng syst em dat a.   The HMI  must  be r at ed f or  har sh 
envi r onment s.

a.   Di gi t al  I nst r ument at i on.   Pr ovi de t r ue RMS,  pl us/ mi nus one per cent  
accur acy,  mi cr opr ocessor - based r eadi ngs t hat  i ncl ude t he f ol l owi ng 
f unct i ons:

( 1)  Out put  phase- t o- phase vol t age.

( 2)  Out put  phase- t o- neut r al  vol t age.

( 3)  Out put  phase cur r ent .

( 4)  Out put  f r equency.

( 5)  I nver t er  t emper at ur e.   Thi s f unct i on i s desi r ed f or  f i el d 
di agnost i cs,  but  i s  not  mandat or y.

b.   Al ar m Annunci at or .   The uni t  must  be capabl e of  det ect i ng and 
di spl ayi ng t he f ol l owi ng abnor mal  condi t i ons:

( 1)  I nput  over vol t age.

( 2)  I nput  under vol t age.

( 3)  Out put  under vol t age.

( 4)  Out put  over vol t age.

( 5)  Out put  over l oad.

( 6)  Syst em al ar m.

( 7)  Cont r ol  l ogi c f ai l ur e.

( 8)  Over - t emper at ur e.

( 9)  Logi c power  suppl y f ai l ur e.
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2. 1. 4   I nput / Out put  Devi ces

Pr ovi de f ul l y- r at ed,  t hr ee- pol e,  UL appr oved devi ces f or  cont r ol  of  60 Hz 
i nput  and 400 Hz out put  f r om t he conver t er .   Der at e devi ces and cabl es 
oper at i ng at  400 Hz i n accor dance wi t h I EEE 519.

2. 1. 4. 1   I nput  Devi ce

Pr ovi de conver t er  wi t h a UL l i s t ed i nput  devi ce ( c i r cui t  br eaker  
conf or mi ng t o r equi r ement s of  UL 489 or  cont act or )  as an i nt egr al  par t  of  
t he conver t er .   Devi ce must  be oper abl e f r om t he f r ont  of  t he conver t er .   
Devi ce must  have a shor t - c i r cui t  cur r ent  r at i ng of  50, 000 amper es 
symmet r i cal  mi ni mum.

2. 1. 4. 2   Out put  Cont act or

Pr ovi de conver t er  out put  wi t h an aut omat i c magnet i cal l y- hel d cont act or  
wi t h i nt er l ock c i r cui t .   Out put  cont act or  must  have suf f i c i ent  capaci t y t o 
handl e r at ed l oad,  over l oad,  and avai l abl e shor t  c i r cui t  cur r ent .   
Cont act or  must  open when any ci r cui t  i dent i f i ed i n t he par agr aph SAFETY 
FUNCTI ONS causes t he syst em t o shut  down.  El ect r i cal l y i nt er l ock cont act or  
wi t h ON/ OFF ci r cui t r y so t hat  when t he f r equency conver t er  i s shut  down,  
t he cont act or  opens i mmedi at el y and r emai ns open.

2. 1. 4. 3   Ai r cr af t  I nt er l ock Ci r cui t

Pr ovi de i nt er l ock syst em t hat  det er mi nes t he pr esence or  absence of  t he 28 
VDC f eedback si gnal  f r om t he ai r cr af t .   I f  t he 28 VDC si gnal  i s  not  
pr esent  wi t hi n 5 seconds af t er  i ni t i al l y  c l osi ng t he out put  di sconnect ,  
open t he out put  di sconnect .   Once t he i nt er l ock s i gnal  i s  r ecei ved and t he 
syst em i s i n oper at i on,  i f  t he i nt er l ock s i gnal  i s  l ost ,  t he conver t er  
cont r ol  syst em must  r emove t he 400 Hz power  f r om t he out put  ser vi c i ng 
cabl e connect or  wi t hi n 100 mi l l i seconds.

a.   Conver t er  must  cont ai n t er mi nal  bl ock poi nt s f or  t he connect i on of  t wo 
wi r es f r om t he ai r cr af t  cabl e assembl y f or  t he i nt er l ock c i r cui t  
( s i zed t o accept  No.  18 and No.  12 AWG) .   I nt er l ock c i r cui t  must  not  
dr aw mor e t han 20 mi l l i amper es f r om t he ai r cr af t ' s  28 VDC ci r cui t .

b.   For  f i el d t est i ng pur poses,  pr ovi de a swi t ch i nsi de t he conver t er  wi t h 
t wo posi t i ons:

( 1)  Nor mal  -  For  ai r cr af t  l oads.

( 2)  Bypass -  For  t est i ng wi t h dummy l oad or  no l oad,  or  f or  use wi t h 
ai r cr af t  wi t h no 28 VDC.   Thi s swi t ch needs t o be " I nsi de"  or  
" l ocat ed wi t hi n t he HMI  f unct i ons" .   I t  must  be out  of  s i ght  
except  f or  speci f i c  mai nt enance pur poses.

2. 1. 5   Saf et y Funct i ons

2. 1. 5. 1   400 Hz Power  Sour ce

The 400 Hz power  sour ce i nt er nal  buss must  aut omat i cal l y di schar ge t o 
bel ow 30 VAC wi t hi n 5 seconds af t er  t he f ol l owi ng:

a.   400 Hz power  sour ce has been t ur ned of f .

b.   Whenever  any access panel  i s  opened on t he equi pment .   Under  t hi s 
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condi t i on,  t he i nt er l ock c i r cui t r y must  open t he i nput  devi ce and t he 
400 Hz out put  devi ce,  and not  al l ow t he i nput  or  out put  devi ce t o 
c l ose.   For  mai nt enance pur poses,  pr ovi de an i nt er nal  bypass swi t ch t o 
def eat  t he i nt er l ock c i r cui t r y.

c.   Det ect i on of  syst em f aul t  t hat  r esul t s i n a conver t er  shut  down 
condi t i on,  i ncl udi ng t he f ol l owi ng:

( 1)  I nput  under vol t age.

( 2)  I nput  over vol t age.

( 3)  Loss of  phase ( i nput  or  out put ) .

( 4)  Loss of  i nput  power .

2. 1. 5. 2   400 Hz Out put  Cabl e 

The 400 Hz power  must  be r emoved f r om t he out put  cabl e wi t hi n 100 
mi l l i seconds af t er  one of  t he f ol l owi ng occur s:

a.   Recei v i ng a st op command.

b.   Loss of  28 VDC cont r ol  s i gnal .

c.   Det ect i on of  a f aul t  t hat  r esul t s i n an out put  shut  down,  i ncl udi ng 
t he f ol l owi ng:

( 1)  Out put  over vol t age -  Pr ot ect  by t r i ppi ng out put  devi ces f or  
i nst ant aneous over vol t age of  30 per cent  or  mor e and f or  10 t o 30 
per cent  over vol t age l ast i ng mor e t han 0. 25 seconds.

( 2)  Out put  under vol t age -  Pr ot ect  by pr event i ng t he cl osi ng of  t he 
out put  di sconnect  unt i l  t he out put  vol t age i s 95 per cent  of  t he 
r at ed out put .   I f ,  af t er  c l osi ng,  t he vol t age decr eases t o bel ow 
90 per cent  f or  l onger  t han 5 seconds,  pr ovi de r el ayi ng t o t r i p 
out put  devi ces ut i l i z i ng a f i el d- adj ust abl e t i me- del ayed ci r cui t  
wi t h a r ange of  4 t o 10 seconds.

( 3)  Out put  f r equency -  Pr ot ect  by t r i ppi ng out put  devi ces f or  
f r equency change i n excess of  pl us or  mi nus 5 per cent  of  t he r at ed 
out put  f r equency ( 400 Hz) .

( 4)  Out put  over l oad.

( 5)  Conver t er  over t emper at ur e pr ot ect i on.

2. 1. 6   Aut omat i c Li ne Dr op Compensat i on

Pr ovi de aut omat i c l i ne dr op compensat i on f r om zer o t o t en per cent ;  
adj ust abl e i nt er nal l y.

2. 1. 7   Aut o Rest ar t

Af t er  a t ot al  i nput  power  out age t he uni t  must  be capabl e of  aut omat i cal l y 
r est ar t i ng and r e- ener gi z i ng l oads upon r est or at i on of  nor mal  power .   
Pr ovi de uni t s wi t h a manual / aut o r est ar t  swi t ch and wi t h backup bat t er y 
power  suppl y i f  i t  i s  needed t o meet  t he aut o r est ar t  r equi r ement .   When 
i nt er l ock c i r cui t  has been i nt er r upt ed or  when i nt er l ock i s i n t he 
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mai nt enance posi t i on ( manual  r est ar t ) ,  t he syst em shoul d not  r est ar t .

2. 1. 8   Magnet i c Component s

Pr ovi de Cl ass 180 power  magnet i c t r ansf or mer  and i nduct or s i n accor dance 
wi t h NEMA ST 20 and UL 506.   The l i mi t s of  Cl ass 180 must  not  be exceeded 
at  t he maxi mum speci f i ed ambi ent  t emper at ur e and at  100 per cent  l oad.

2. 1. 9   Acoust i cal  Noi se

Pr ovi de uni t  wi t h a maxi mum cont i nuous acoust i cal  noi se l evel  l ess t han 72 
dBa ( A wei ght ed scal e) .

2. 1. 10   Assembl y Const r uct i on

Pr ovi de encl osur es sui t abl e f or  cor r osi ve envi r onment s i n accor dance wi t h 
NEMA 250,  Type 3RX.   Ar r ange t o pr ovi de r equi r ed l ouver s,  cool i ng ai r ,  
ent r y and exi t  pr ovi s i ons f or  equi pment  wi t hi n encl osur es.

a.   Uni t s must  be mount ed f l ush agai nst  t he wal l ,  must  not  r equi r e back 
access f or  mai nt enance,  and must  compl y wi t h t he " Mai nt enance 
Envel opes"  i dent i f i ed on t he dr awi ngs.

b.   Const r uct  uni t ( s)  so t hat  component s,  wi t h t he except i on of  cont r ol  
and moni t or i ng component s,  ar e t ot al l y encl osed wi t hi n t he encl osur e.   
El ect r oni c c i r cui t s i ncl udi ng power  c i r cui t s must  be modul ar  
const r uct i on r eadi l y accessi bl e f or  mai nt enance,  r epai r  and modul e 
r epl acement  f r om t he f r ont  of  t he encl osur e.   For  uni t s i nst al l ed 
out door s or  i n cor r osi ve envi r onment s,  pr ovi de a conf or mal  
( r ust - i nhi bi t i ng)  coat i ng f or  t he pr i nt ed ci r cui t  boar ds.

c.   Pr ovi de per manent  i dent i f i cat i on t ags f or  wi r i ng.   Uni quel y i dent i f y 
each wi r e.   Use t he same i dent i f i cat i on syst em i n t he wi r i ng di agr ams 
i n t he Oper at i on and Mai nt enance Manual .   Encl osur es must  be pai nt ed 
i n accor dance wi t h par agr aph FACTORY APPLI ED FI NI SH and as speci f i ed 
her ei n.   Pr ovi de each encl osur e wi t h a f i ni sh coat  over  a r ust  
i nhi bi t i ng subst r at e or  a subst r at e t hat  has been pr ovi ded wi t h a r ust  
i nhi bi t i ng t r eat ment .

d.   Pr ovi de uni t s wi t h a Mean Ti me To Repai r  ( MTTR)  of  30 mi nut es f r om t he 
t i me of  t he di agnosed f ai l ur e based on document ed manuf act ur er ' s 
hi st or i cal  dat a f or  t he aver age t i me of  r epai r  f or  t hei r  t op t en 
f aul t s.   Pr ovi de t he suppor t i ng dat a wi t h t he equi pment  submi t t al .

2. 2   AI RCRAFT POWER CABLE ASSEMBLY

Compl y wi t h SAE AS7974.   For  400 Hz wi r i ng at  200Y/ 115 vol t s,  pr ovi de 
7- conduct or  t ype cabl e conf i gur ed as 6 phase conduct or s ( 2xA,  2xB,  2xC)  
t i ght l y wound ar ound t he cent er  l ocat ed neut r al ,  t wi st ed and si ngl e 
j acket ed i n accor dance wi t h SAE AS5756/ 6.   Rat e cabl e f or  260amper es.   
Cabl e l engt h must  be 90 f eet .   Pr ovi de cont r ol  cabl i ng i ncl uded wi t hi n t he 
j acket  f or  i nt er l ock c i r cui t .   Ter mi nat e cont r ol  wi r i ng on accessi bl e 
t er mi nal  bl ocks i n uni t .   Pr ovi de cabl e assembl y wi t h i nt egr al l y mol ded 
400 Her t z connect or  capabl e of  connect i ng t o t he ai r cr af t  6 pol e 
r ecept acl e.   Pr ovi de cabl e/ connect or  assembl y sui t abl e f or  sever e dut y,  
wi t h cr i mped cont act  t er mi nat i ons.   Banded cabl es ar e not  per mi t t ed.
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2. 3   MANUFACTURER' S NAMEPLATE

Each f r equency conver t er ,  each maj or  component  wi t hi n t he f r equency 
conver t er ,  and each i t em of  ot her  equi pment  must  have a namepl at e bear i ng 
t he manuf act ur er ' s name,  addr ess,  model  number ,  and ser i al  number  secur el y 
af f i xed i n a conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  
wi l l  not  be accept abl e.

2. 4   FACTORY APPLI ED FI NI SH

El ect r i cal  equi pment  must  have f act or y- appl i ed pai nt i ng syst ems whi ch 
must ,  as a mi ni mum,  meet  t he r equi r ement s of  NEMA 250 cor r osi on- r esi st ance 
t est  and t he addi t i onal  r equi r ement s as speci f i ed her ei n.   I nt er i or  and 
ext er i or  st eel  sur f aces of  equi pment  encl osur es must  be t hor oughl y c l eaned 
and t hen r ecei ve a r ust - i nhi bi t i ve phosphat i z i ng t r eat ment ,  a pr i mer  
powder  coat ,  or  equi val ent  t r eat ment  pr i or  t o pai nt i ng.   Ext er i or  sur f aces 
must  be f r ee f r om hol es,  seams,  dent s,  wel d mar ks,  l oose scal e or  ot her  
i mper f ect i ons.   I nt er i or  sur f aces must  r ecei ve not  l ess t han one coat  of  
cor r osi on- r esi st i ng pai nt  or  powder  coat i ng pr ocess i n accor dance wi t h t he 
manuf act ur er ' s st andar d pr act i ce.   When encl osur e i s al umi num,  i nt er i or  
may opt i onal l y be coat ed wi t h r ust  i nhi bi t i ng t r eat ed f i l m.   Ext er i or  
sur f aces must  be pr i med,  f i l l ed wher e necessar y,  and gi ven not  l ess t han 
t wo coat s baked enamel  wi t h semi gl oss f i ni sh,  or  f i ni shed wi t h a powder  
coat i ng pr ocess.  Pr ovi de manuf act ur er ' s coat i ngs f or  t ouch- up wor k and as 
speci f i ed i n par agr aph FI ELD APPLI ED PAI NTI NG.

2. 5   SOURCE QUALI TY CONTROL

2. 5. 1   Fact or y Test  Schedul e

The Gover nment  r eser ves t he r i ght  t o wi t ness t est s and r eser ves t he r i ght  
t o r equest  t he r aw dat a f r om t he t est s whet her  wi t nessed or  not .   Pr ovi de 
t he f r equency conver t er  t est  schedul e f or  t est s t o be per f or med at  t he 
manuf act ur er ' s t est  f aci l i t y .   Submi t  r equi r ed t est  schedul e and l ocat i on,  
and not i f y t he Cont r act i ng Of f i cer  30 cal endar  days bef or e schedul ed t est  
dat e.   Not i f y Cont r act i ng Of f i cer  15 cal endar  days i n advance of  changes 
t o schedul ed dat e.

Test  I nst r ument  Cal i br at i on.

a.   The manuf act ur er  must  have a document ed cal i br at i on pr ogr am whi ch 
assur es t hat  al l  appl i cabl e t est  i nst r ument s ar e mai nt ai ned wi t hi n 
r at ed accur acy.

b.   The accur acy must  be di r ect l y t r aceabl e t o t he Nat i onal  I nst i t ut e of  
St andar ds and Technol ogy.

c.   I nst r ument  cal i br at i on f r equency schedul e must  not  exceed 12 mont hs 
f or  bot h t est  f l oor  i nst r ument s and l eased speci al t y equi pment .

d.   Pr ovi de dat ed cal i br at i on l abel s,  t hat  ar e v i s i bl e on al l  t est  
equi pment .

e.   Cal i br at i ng st andar d must  be of  hi gher  accur acy t han t hat  of  t he 
i nst r ument  t est ed.

f .   Keep up- t o- dat e r ecor ds t hat  i ndi cat e dat es and t est  r esul t s of  
i nst r ument s cal i br at ed or  t est ed.   For  i nst r ument s cal i br at ed by t he 
manuf act ur er  on a r out i ne basi s,  i n l i eu of  t hi r d par t y cal i br at i on,  
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i ncl ude t he f ol l owi ng:

( 1)  Mai nt ai n up- t o- dat e i nst r ument  cal i br at i on i nst r uct i ons and 
pr ocedur es f or  each t est  i nst r ument .

( 2)  I dent i f y t he t hi r d par t y/ l abor at or y cal i br at ed i nst r ument  t o 
ver i f y t hat  cal i br at i ng st andar d i s met .

2. 5. 2   Rout i ne Fact or y Test s

Per f or m r out i ne t est s by t he manuf act ur er  at  t he f act or y,  on each of  t he 
act ual  f r equency conver t er ( s)  pr epar ed f or  t hi s pr oj ect  t o ensur e t hat  t he 
desi gn per f or mance i s mai nt ai ned i n pr oduct i on.   Submi t  t est  r epor t s,  by 
ser i al  number  and r ecei ve appr oval  bef or e del i ver y of  equi pment  t o t he 
pr oj ect  s i t e.   I ncl ude a l i s t  of  t he cur r ent  t est  equi pment  cal i br at i on 
dat es.   Requi r ed t est s,  t est  condi t i ons,  and t est i ng sequence i s as 
f ol l ows:

a.   For  t est s whi ch r equi r e f ul l  l oad,  use 1. 0 power  f act or  unl ess 
ot her wi se not ed.

b.   Al l  measur ement s must  be t r ue RMS measur ement s.   Obt ai n measur ement s 
i n accor dance wi t h I EEE 1159.   Moni t or  and r ecor d al l  dat a at  t he l oad 
end of  t he cabl e.

c.   Connect  l oads t o t he conver t er  wi t h t he speci f i ed ai r cr af t  power  cabl e 
assembl y.

d.   No adj ust ment s t o t he f r equency conver t er  ar e al l owed bet ween l oad 
t est s.

2. 5. 2. 1   Test  Condi t i ons

Test s must  i ncl ude t he f ol l owi ng condi t i ons:

a.   I ni t i al  Saf et y Ver i f i cat i on:   Per f or m t est s and checks t o val i dat e t he 
saf e and t i mel y shut down f or  each condi t i on ( f or  t he power  sour ce and 
t he out put  cabl e)  i dent i f i ed i n par agr aph SAFETY FUNCTI ONS.

b.   I nput  cur r ent  and power  f act or :   Oper at e conver t er  at  l ow,  nomi nal  and 
hi gh i nput  vol t age at  f ul l  l oad.   Measur e and r ecor d i nput  vol t age,  
i nput  power  f act or  and i nput  cur r ent  i n each phase.

c.   Out put  vol t age,  out put  vol t age THD,  out put  cur r ent ,  out put  power  
f act or ,  and vol t age r egul at i on.   Oper at e conver t er  at  nomi nal  i nput  
vol t age unl ess ot her wi se speci f i ed.

( 1)  50 per cent  of  r at ed capaci t y wi t h 0. 8 l aggi ng power  f act or  l i near  
l oad.

( 2)  100 per cent  of  r at ed capaci t y wi t h 0. 5 l aggi ng power  f act or ,  0. 8 
l aggi ng power  f act or ,  1. 0 power  f act or ,  and 0. 7 l eadi ng power  
f act or  l i near  l oads.

( 3)  50 per cent  of  r at ed capaci t y wi t h t he non- l i near  l oad as speci f i ed 
i n t he par agr aph LOAD RANGE.

( 4)  100 per cent  of  r at ed capaci t y at  l ow and hi gh i nput  vol t age.
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( 5)  100 per cent  of  r at ed capaci t y wi t h t he non- l i near  l oad as 
speci f i ed i n t he par agr aph LOAD RANGE.

( 6)  Not e -  Oper at e f or  not  l ess t han 10 mi nut es at  each t est  condi t i on 
i n ( 1) ,  ( 2) ,  ( 3)  and ( 4)  above,  and f or  not  l ess t han 30 mi nut es 
at  t est  condi t i on i n ( 5)  above.

( 7)  Not e -  Moni t or  and r ecor d each of  t he f ol l owi ng at  t he begi nni ng 
and end of  each t est  condi t i on:   out put  vol t age,  out put  vol t age 
wavef or m,  out put  vol t age THD,  out put  vol t age di st or t i on spect r um,  
out put  vol t age cr est  f act or ,  out put  cur r ent ,  out put  cur r ent  
wavef or m,  out put  cur r ent  di st or t i on spect r um,  out put  power  f act or  
and f r equency.   Ver i f y out put  r emai ns wi t hi n speci f i ed r egul at i on 
l i mi t s.

d.   Ef f i c i ency:   Oper at e at  nomi nal  i nput  vol t age at  hal f  l oad and f ul l  
l oad at  1. 0 power  f act or .   Measur e and r ecor d i nput  vol t age,  i nput  
cur r ent ,  i nput  power  f act or ,  out put  vol t age,  out put  cur r ent ,  and 
out put  power  f act or .   Cal cul at e t he uni t  ef f i c i ency.

e.   No l oad l osses:   Oper at e at  no l oad and nomi nal  i nput  vol t age.   
Measur e and r ecor d i nput  vol t age,  i nput  cur r ent ,  i nput  power ,  i nput  
power  f act or ,  and out put  vol t age.   Cal cul at e t he no l oad l osses.

f .   Over l oad:   Oper at e at  nomi nal  i nput  vol t age and out put  vol t age wi t h 
l oads and i n sequence l i s t ed bel ow:

Per cent  of  Ful l  Load Ti me Ti me Bet ween Over l oads I t er at i ons

200 per cent 20 seconds 5 mi nut es 1

150 per cent 2 mi nut es 10 mi nut es 1

125 per cent 5 mi nut es 10 mi nut es 1

110 per cent 60 mi nut es 4 hour s 1

    Moni t or  out put  t o conf i r m t her e i s no 400 Hz power  i nt er r upt i on.   
Af t er  mi ni mum oper at i ng t i me i s achi eved,  uni t  must  i nt er r upt  out put  
power .   Pr ovi de vol t age and cur r ent  wavef or ms document i ng t he uni t ' s  
r esponse f or  each t est .

g.   Bur n- i n Test :   Bef or e del i ver y,  bur n- i n al l  uni t s under  f ul l  l oad 
condi t i ons at  1. 0 power  f act or  f or  at  l east  24hour s by cycl i ng uni t s 6 
hour s " ON"  under  f ul l  l oad condi t i ons and 3 hour s " OFF"  at  no l oad 
condi t i ons f or  at  l east  4 compl et e " ON"  cycl es.   Per f or m bur n- i n t est   
wi t h t he conver t er  encl osur e door s c l osed,  l oad connect ed di r ect l y t o 
t he out put  t er mi nal s,  and al l  vent i l at i on i n t he f i nal  oper at i ng 
condi t i on.   The speci f i ed ai r cr af t  cabl e i s not  r equi r ed t o be used 
f or  t hi s t est .

h.   I ncl ude har moni c f r equency spect r um anal ysi s depi ct i ng har moni c or der  
acr oss t he r ange of  i ndi v i dual  har moni c occur r ence,  har moni c 
magni t ude,  and f r equency r ange of  i ndi v i dual  har moni c occur r ence f or  
each l oad condi t i on i n t he t est  r epor t s.   Conduct  t est s at  t he uni t ' s  
i nput  t er mi nal s ( t o t he 37t h har moni c) ,  and at  t he uni t s out put  
t er mi nal s ( t o t he 37t h har moni c)  per  I EEE st andar ds.

i .   Aut omat i c l i ne dr op compensat i on:   Oper at e conver t er  at  nomi nal  
vol t age and ver i f y speci f i ed per f or mance of  t he l i ne dr op compensat i on 
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at  t he f ol l owi ng l oads.

( 1)  No- l oad.

( 2)  50 per cent  of  r at ed capaci t y wi t h a 0. 8 l aggi ng power  f act or  
l i near  l oad.

( 3)  50 per cent  of  r at ed capaci t y wi t h t he speci f i ed non- l i near  l oad.

( 4)  100 per cent  of  r at ed capaci t y wi t h a 0. 8 l aggi ng power  f act or  
l i near  l oad.

( 5)  100 per cent  of  r at ed capaci t y wi t h t he speci f i ed non- l i near  l oad.

j .   Post  Rout i ne Test  Saf et y Ver i f i cat i on:   Repeat  t est s conduct ed under  
i t em a.  I ni t i al  Saf et y Val i dat i on t o conf i r m saf et y f eat ur es wer e not  
af f ect ed by pr evi ous t est s.

2. 5. 3   Speci al  Fact or y Test s ( Desi gn Test s)

Submi t  speci al  f act or y t est  ( desi gn t est )  r epor t s ( compl et e wi t h t est  
dat a,  expl anat i ons,  f or mul as,  r esul t s,  set up and cabl e i nf or mat i on,  and 
t he l i s t  of  t he cal i br at i on dat es of  t he t est  equi pment  used) ,  i n t he same 
submi t t al  package as t he cat al og dat a and dr awi ngs f or  each of  t he 
speci f i ed f r equency conver t er ( s) .   Test s must  be cer t i f i ed and si gned by a 
r egi st er ed pr of essi onal  engi neer  or  by a " company cer t i f i ed pr of essi onal  
desi gnee"  wi t hi n t he manuf act ur er s '  or gani zat i on.   Submi t  desi gnee' s 
cr edent i al s wi t h t he i ni t i al  desi gn t est  r epor t  f or  appr oval .   Test s must  
be on f i l e based on a pr oduct i on model  of  conver t er s of  t he same desi gn,  
const r uct i on and kW r at i ng pr ovi ded.

To assur e compl i ance wi t h t he speci f i cat i on,  t hese t est s ar e al so subj ect  
t o gover nment  wi t nessi ng at  t he same t i me as t he r out i ne t est s.   For  al l  
t est s whi ch r equi r e f ul l  l oad,  use 1. 0 power  f act or  unl ess ot her wi se 
not ed.   For  al l  t est s t hat  ar e " not  al r eady on f i l e" ,  connect  l oads t o t he 
conver t er  wi t h an ai r cr af t  power  cabl e assembl y,  105 f eet  l ong,  s i mi l ar  t o 
t he speci f i ed pr oj ect  ai r cr af t  power  cabl e assembl y.   Moni t or  and r ecor d 
al l  dat a at  t he l oad end of  t he cabl e,  unl ess ot her wi se not ed.   The t est s 
conduct ed on t he uni t  must  i ncl ude t he f ol l owi ng:

a.   I ni t i al  Saf et y Ver i f i cat i on:   Per f or m t est s and checks t o val i dat e t he 
saf e and t i mel y shut down f or  each condi t i on ( f or  t he power  sour ce and 
t he out put  cabl e)  i dent i f i ed i n par agr aph SAFETY FUNCTI ONS.

b.   Sur ge pr ot ect i on:   Appl y i nput  sur ges i n accor dance wi t h I EEE C62. 41. 1 
and I EEE C62. 41. 2,  Locat i on Cat egor y B and moni t or  out put .   Conduct  a 
mi ni mum of  t hr ee consecut i ve successf ul  t est s on each uni t  l i s t ed.   
Conf i r m t her e i s no i nt er r upt i on t o 400 Hz out put  power  and vol t age 
st ays wi t hi n speci f i ed r egul at i on t ol er ances.   Sur ge pr ot ect i on t est s 
must  be appl i cabl e on al l  f r equency conver t er  uni t s ut i l i z i ng same 
sur ge pr ot ect i on devi ce by manuf act ur er  and par t  number  r egar dl ess of  
f r equency conver t er  kW si ze.

c.   I nput  cur r ent :   Per f or m t he f ol l owi ng t est s at  nomi nal  i nput  vol t age.   
Conduct  each t est  a mi ni mum of  t hr ee t i mes.   Moni t or  t he i nput  and 
out put  power  t o demonst r at e t he dur at i on of  t he t r ansi ent s unt i l  t he 
conver t er  r eaches st eady st at e.   Pr ovi de copi es of  wavef or ms and 
anal ysi s i n t est  r epor t .
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( 1)  Measur e i nr ush cur r ent  when i ni t i al l y  t ur ni ng on machi ne wi t h no 
l oad.

( 2)  Af t er  appl y i ng power  and uni t  i s  at  st eady st at e,  conduct  l oad 
appl i cat i on t est ,  goi ng f r om 0 t o f ul l  l oad t o measur e af f ect  on 
i nput .

d.   I nput  cur r ent  di st or t i on:   Oper at e at  nomi nal  i nput  vol t age at  0,  25,  
50,  75,  and 100 per cent  of  r at ed f ul l  l oad.   Measur e and r ecor d t he 
i nput  cur r ent  THD f or  t he cur r ent  i n each phase.

e.   Over l oad:   Oper at e at  nomi nal  i nput  vol t age and out put  vol t age wi t h 
l oads as l i s t ed bel ow:

Per cent  of  Ful l
Load

Sat i sf act or y Oper at i ng
Ti me

Ti me Bet ween Over l oads I t er at i ons

110 per cent 60 mi nut es 4 hour s 3

125 per cent 5 mi nut es 10 mi nut es 3

150 per cent 2 mi nut es 10 mi nut es 3

200 per cent 20 seconds 5 mi nut es 3

    Moni t or  out put  t o conf i r m t her e i s no 400 Hz power  i nt er r upt i on.   
Af t er  mi ni mum oper at i ng t i me i s achi eved,  uni t  must  i nt er r upt  out put  
power .   Pr ovi de vol t age and cur r ent  wavef or ms document i ng t he uni t ' s  
r esponse f or  each t est .

f .   Shor t - c i r cui t :   Appl y a bol t ed l i ne- t o- l i ne f aul t  and a bol t ed t hr ee 
phase f aul t  di r ect l y t o t he out put  t er mi nal s of  t he uni t .   Conduct  a 
mi ni mum of  t hr ee consecut i ve successf ul  t est s on each uni t .   Pr ovi de 
uni t  capabl e of  car r y i ng t he f aul t  cur r ent  unt i l  t he i nt egr al  syst em 
pr ot ect i ve devi ces i nt er r upt s t he f aul t  wi t h no damage t o t he uni t .   
Pr ovi de wavef or ms of  shor t  c i r cui t  cur r ent  dur i ng shor t  c i r cui t  t est s.

g.   Out put  vol t age THD:   Oper at e at  nomi nal  i nput  vol t age at  f ul l  l oad 
wi t h bal anced and 15 per cent  unbal anced l oad.   A 15 per cent  unbal anced 
l oad i s def i ned as f ol l ows:

( 1)  Phase A at  f ul l  r at ed si ngl e phase l oad.

( 2)  Phase B at  85 per cent  of  Phase A

( 3)  Phase C at  85 per cent  of  Phase A

    Measur e and r ecor d t he out put  vol t age THD f or  t he l i ne- t o- neut r al  
vol t age of  each phase.

h.   Phase angl e r egul at i on:   Oper at e at  f ul l  l oad wi t h bal anced and 15 
per cent  unbal anced l oads.   Measur e and r ecor d out put  vol t age and 
cur r ent ,  and i dent i f y RMS phase vol t ages and di spl acement  angl es 
bet ween adj acent  out put  vol t age phases.   A 15 per cent  unbal anced l oad 
i s def i ned as f ol l ows:

( 1)  Phase A at  f ul l  r at ed si ngl e phase l oad.

( 2)  Phase B at  85 per cent  of  Phase A.
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( 3)  Phase C at  85 per cent  of  Phase A.

i .   Tr ansi ent  r ecover y:   Oper at e at  t he f ol l owi ng l oad st eps:   0 t o 100 
per cent ,  0 t o 50 per cent ,  100 t o 0 per cent  and 50 t o 0 per cent .   
Measur e and r ecor d r ecover y t i me and out put  vol t age devi at i on l i mi t s.   
Pr ovi de r ecor di ngs or  di spl ay of  out put  vol t age dur i ng t r ansi ent  
r ecover y t est .

2. 6   ARC FLASH WARNI NG LABEL

Pr ovi de ar c f l ash war ni ng l abel s f or  ar c f l ash pr ot ect i on i n accor dance 
wi t h NFPA 70E and NEMA Z535. 4 f or  t he encl osur es of  el ect r i cal  equi pment  
t hat  ar e l i kel y t o r equi r e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  
mai nt enance whi l e ener gi zed.   Locat e t hi s sel f - adhesi ve war ni ng l abel  on 
t he out si de of  t he equi pment  compar t ment  door s war ni ng of  pot ent i al  
el ect r i cal  ar c f l ash hazar ds and appr opr i at e PPE r equi r ed.   Pr ovi de l abel  
f or mat  as i ndi cat ed.   The mar ki ng must  be cl ear l y v i s i bl e t o ever yone,  
i ncl udi ng qual i f i ed per sons,  bef or e exami nat i on,  adj ust ment ,  ser vi c i ng,  or  
mai nt enance of  t he equi pment .

2. 7   FI ELD FABRI CATED NAMEPLATES

ASTM D709.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each equi pment  
encl osur e,  r el ay,  swi t ch,  and devi ce;  as speci f i ed or  as i ndi cat ed on t he 
dr awi ngs.   Each namepl at e i nscr i pt i on must  i dent i f y t he f unct i on and,  when 
appl i cabl e,  t he posi t i on.   Namepl at es must  be mel ami ne pl ast i c,  0. 125 i nch 
t hi ck,  whi t e wi t h bl ack cent er  cor e.   Sur f ace must  be mat t e f i ni sh.   
Cor ner s must  be squar e.   Accur at el y al i gn l et t er i ng and engr ave i nt o t he 
cor e.   Mi ni mum si ze of  namepl at es must  be 1 by 2. 5 i nches.   Let t er i ng must  
be a mi ni mum of  0. 25 i nch hi gh nor mal  bl ock st y l e.

2. 8   GROUNDI NG AND BONDI NG

UL 467.   Pr ovi de gr oundi ng and bondi ng as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  pr oduct s t o oper at e at  400 Hz i n t he same manner  as speci f i ed i n 
ot her  sect i ons of  t hi s speci f i cat i on f or  pr oduct s oper at i ng at  60 Hz,  
unl ess i ndi cat ed or  speci f i ed ot her wi se.   Conf or m t o t he r equi r ement s of  
NFPA 70 and I EEE C2 and t o manuf act ur er ' s i nst r uct i ons and r ecommendat i ons.

3. 2   EQUI PMENT

3. 2. 1   Fl oor  Mount ed

Pr ovi de pr oper  f l oor  mount i ng channel s and i nst al l  i n accor dance wi t h t he 
manuf act ur er ' s dr awi ngs and i nst r uct i ons and as i ndi cat ed.   Al i gn,  l evel ,  
and bol t  uni t s t o channel s t o al l ow easy wi t hdr awal  or  i nser t i on of  
r emovabl e component s and t o per mi t  pr oper  oper at i on and mai nt enance of  
equi pment .   When i n a Cl ass 1,  Di v i s i on 2 ar ea,  mount  uni t s at  l east  18 
i nches above f i ni shed f l oor .

3. 2. 2   Gr oundi ng and Bondi ng

I n accor dance wi t h NFPA 70 and as speci f i ed i n Sect i on 26 20 00 I NTERI OR 
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DI STRI BUTI ON SYSTEM.

3. 2. 3   Foundat i on f or  Equi pment  and Assembl i es

Mount  equi pment  on concr et e s l ab as f ol l ows:

a.   Unl ess ot her wi se i ndi cat ed,  pr ovi de t he sl ab wi t h di mensi ons at  l east  
8 i nches t hi ck,  r ei nf or ced wi t h a 6 by 6 i nches -  W2. 9 by W2. 9 mesh 
pl aced uni f or ml y 4 i nches f r om t he t op of  t he s l ab.

b.   Pl ace sl ab on a 6 i nch t hi ck,  wel l - compact ed gr avel  base.

c.   I nst al l  s l ab such t hat  t op of  concr et e s l ab i s appr oxi mat el y 4 i nches 
above t he f i ni shed gr ade wi t h gr adual  s l ope f or  dr ai nage.

d.   Pr ovi de edges above gr ade wi t h 1/ 2 i nch chamf er .

e.   Pr ovi de sl ab of  adequat e s i ze t o pr oj ect  at  l east  8 i nches beyond t he 
equi pment .

St ub up condui t s,  wi t h bushi ngs,  2 i nches i nt o cabl e wel l s i n t he concr et e 
pad.   Coor di nat e di mensi ons of  cabl e wel l s wi t h equi pment  cabl e t r ai ni ng 
ar eas.

3. 2. 3. 1   Cast - I n- Pl ace Concr et e

Pr ovi de cast - i n- pl ace concr et e wor k i n accor dance wi t h t he r equi r ement s of  
Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.

3. 2. 4   Wi r i ng and Condui t

Pr ovi de wi r i ng and condui t  as speci f i ed i n Sect i on 26 20 00,  I NTERI OR 
DI STRI BUTI ON SYSTEM.   Use copper  conduct or s t ype XHHW,  7- conduct or ,  6 
ar ound 1,  t wi st ed f or  400 Hz syst ems.   Use al umi num condui t  f or  exposed 
400 Hz f eeder s.   Do not  i nst al l  al umi num condui t  under gr ound or  encased i n 
concr et e.   Use al umi num f i t t i ngs and boxes wi t h al umi num condui t .   Use PVC 
condui t  and f i t t i ngs f or  under gr ound or  concr et e encased 400 Hz f eeder s.

3. 2. 5   Manuf act ur er ' s Repr esent at i ve

The manuf act ur er ' s r epr esent at i ve must  pl ace t he syst em i n oper at i on and 
make necessar y adj ust ment s t o ensur e opt i mum oper at i on of  t he equi pment .   
The manuf act ur er ' s r epr esent at i ve must  have at  l east  2 year s of  pr act i cal  
exper i ence i n t he i nst al l at i on and t est i ng of  400 Hz sol i d st at e f r equency 
conver t er s.

3. 3   FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.

3. 4   WARNI NG SI GN MOUNTI NG

Pr ovi de t he number  of  s i gns r equi r ed t o be r eadabl e f r om each accessi bl e 
s i de.   Space t he si gns i n accor dance wi t h NFPA 70E.
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3. 5   FI ELD APPLI ED PAI NTI NG

Wher e f i el d pai nt i ng of  encl osur es i s r equi r ed t o cor r ect  damage t o t he 
manuf act ur er ' s f act or y appl i ed coat i ngs,  pr ovi de manuf act ur er ' s 
r ecommended coat i ngs and appl y i n accor dance t o manuf act ur er ' s 
i nst r uct i ons.

3. 6   FI ELD QUALI TY CONTROL

3. 6. 1   Fi el d Test  Schedul e

Gi ve Cont r act i ng Of f i cer  30 days not i ce of  dat es,  t i mes and schedul ed 
t est s whi ch r equi r e t he pr esence of  t he Cont r act i ng Of f i cer .   The 
Cont r act i ng Of f i cer  wi l l  coor di nat e wi t h t he usi ng act i v i t y and schedul e a 
t i me t hat  wi l l  el i mi nat e or  mi ni mi ze i nt er r upt i ons and i nt er f er ence wi t h 
t he act i v i t y oper at i ons.

3. 6. 2   I nst r ument s

Pr ovi de t est  i nst r ument s capabl e of  measur i ng and r ecor di ng or  di spl ayi ng 
t est  dat a at  a hi gher  r esol ut i on and gr eat er  accur acy t han speci f i ed f or  
t he conver t er ' s per f or mance.   The t est  i nst r ument s used i n t he f i el d t est s 
must  have cur r ent  val i d cal i br at i on st i cker s i ssued by an appr oved 
cal i br at i on l abor at or y.   Ver i f y cal i br at i on and adj ust ment s of  conver t er  
i nst r ument s pr ovi ded pr i or  t o f i el d t est s.   Cal i br at e i nst r ument s f or  400 
Hz oper at i on when measur i ng 400 Hz si gnal s.

3. 6. 3   I ni t i al  I nspect i on and Test s

Per f or m i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons and i ncl ude 
t he f ol l owi ng vi sual  and mechani cal  i nspect i ons and el ect r i cal  t est s.

a.   Compar e equi pment  namepl at e i nf or mat i on wi t h speci f i cat i ons and 
appr oved shop dr awi ngs.

b.   I nspect  physi cal  and mechani cal  condi t i on.   I nspect  cabl es and wi r i ng 
har nesses f or  damage and st r ai n r el i ef .

c.   I nspect  al l  bol t ed el ect r i cal  connect i ons f or  hi gh r esi st ance usi ng 
l ow- r esi st ance ohmmet er ,  ver i f y i ng t i ght ness of  accessi bl e bol t ed 
el ect r i cal  connect i ons by cal i br at ed t or que- wr ench met hod,  or  
per f or mi ng t her mogr aphi c sur vey.   Per f or m t her mogr aphi c sur vey whi l e 
t he uni t  i s  at  f ul l  l oad dur i ng t he l oadbank t est .

d.   Per f or m speci f i c  i nspect i ons and mechani cal  t est s as r ecommended by 
manuf act ur er .

e.   Ver i f y cor r ect  equi pment  gr oundi ng.

3. 6. 4    Fi el d Per f or mance Checks and Test s

Conduct  conver t er  f i el d checks and t est s under  t he super vi s i on of  t he 
manuf act ur er ' s r epr esent at i ve.   Pr ovi de l abor ,  equi pment ,  t est  
i nst r ument s,  and i nci dent al s r equi r ed f or  t he t est s i ncl udi ng r esi st i ve 
l oad banks,  except  t he Gover nment  wi l l  f ur ni sh t he el ect r i c i t y.   For  al l  
el ect r i cal  l oad t est s,  use 1. 0 power  f act or  unl ess ot her wi se not ed.

Al l  t est s must  be per f or med wi t h t he l oad connect ed t o t he l oad end of  t he 
speci f i ed ai r cr af t  cabl e assembl y.   The cabl e must  be l ai d out  /  uncoi l ed 
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t o pr ovi de heat  di ssi pat i on.   No adj ust ment  t o t he conver t er  i s al l owed 
bet ween t est s.   Successf ul l y compl et e t he saf et y ver i f i cat i on,  pr el i mi nar y 
oper at i on,  and t he cont r ol  and pr ot ect i ve devi ces check pr i or  t o 
per f or mi ng l oad and t r ansi ent  t est s.   Load t est s must  be per f or med wi t h 
t he conver t er  door s c l osed.   I f  t he conver t er  f ai l s  t o oper at e wi t hi n t he 
speci f i ed l i mi t s dur i ng any of  t he t est s,  di scont i nue t he t est ,  make 
necessar y r epai r s t o cor r ect  t he f ai l ur e,  and r est ar t  t est i ng of  t he 
conver t er .   Repeat  al l  pr evi ousl y compl et ed t est s and document  t he 
r espect i ve f ai l ed t est  dat a and new dat a.

3. 6. 4. 1   I ni t i al  Saf et y Ver i f i cat i on

Per f or m t est s and checks t o val i dat e t he saf e and t i mel y shut down f or  each 
condi t i on ( f or  t he power  sour ce and t he out put  cabl e)  i dent i f i ed i n 
par agr aph SAFETY FUNCTI ONS.   As an except i on,  a r epr esent at i ve f aul t  t est  
wi l l  be suf f i c i ent  at  t hi s t i me.

3. 6. 4. 2   Pr el i mi nar y Oper at i on

I nspect  t he conver t er  and make adj ust ment s necessar y t o assur e pr oper  
oper at i on i n accor dance wi t h t he manuf act ur er ' s i nst r uct i ons.   Oper at e 
conver t er  at  0,  25,  50,  75,  and 100 per cent  of  r at ed f ul l  l oad.   On bot h 
t he i nput  and t he out put ,  measur e and r ecor d t he vol t age,  cur r ent ,  
f r equency,  and THDs ( vol t age and cur r ent )  at  each l oad.   Cal cul at e out put  
vol t age r egul at i on.   Ver i f y conver t er  i s oper at i ng wi t hi n speci f i ed l i mi t s 
at  each l oad l evel .

Test  dat a must  i ncl ude vol t age and cur r ent  har moni c di st or t i on ampl i t udes 
of  al l  i ndi v i dual  har moni cs pr esent ed i n a spect r um anal ysi s f or mat  up t o 
t he 15t h or der  at  t he 50 per cent  and 100 per cent  l oad poi nt s.

3. 6. 4. 3   Cont r ol  and Pr ot ect i ve Devi ce Checks

Oper at e each cont r ol ,  swi t ch,  i nput / out put  devi ce t hat  i s capabl e of  bei ng 
oper at ed manual l y a mi ni mum of  t hr ee t i mes,  demonst r at i ng sat i sf act or y 
oper at i on each t i me.   Per f or m oper at i on t est  on each pr ot ect i ve devi ce t o 
ensur e t hat  devi ces f unct i on pr oper l y.   Af t er  each oper at i on measur e and 
r ecor d t he conver t er  out put  f r equency,  vol t age and cur r ent .   Ver i f y 
conver t er  i s oper at i ng wi t hi n speci f i ed l i mi t s.

3. 6. 4. 4   Load ( Bur n- i n)  Test

Oper at e each uni t  cont i nuousl y a mi ni mum of  1 hour  at  100 per cent  r at ed 
f ul l  l oad.   Measur e and r ecor d t he conver t er  out put  f r equency,  vol t age and 
cur r ent  at  begi nni ng,  30 mi nut es,  and 1 hour .   Ver i f y conver t er  i s 
oper at i ng wi t hi n speci f i ed l i mi t s.   Load t est  must  be per f or med wi t h t he 
conver t er  door s c l osed and t he t est  l oad connect ed t o t he conver t er  at  t he 
cabl e head wi t h speci f i ed ai r cr af t  cabl e assembl y.

3. 6. 4. 5   Post  Load Test  Ver i f i cat i on

Repeat  t est s i dent i f i ed i n par agr aph PRELI MI NARY OPERATI ON,  t o val i dat e 
conver t er  was not  af f ect ed by t he Load t est .   However  appl y l oads i n t he 
r ever se or der  ( e. g.  100,  75,  50,  25,  and 0 per cent  of  t he r at ed f ul l  l oad) .

Conduct  t est s on each conver t er  wi t h t he l oad connect ed t o t he l oad end of  
t he speci f i ed ai r cr af t  power  cabl e assembl y.   No adj ust ment  t o t he 
conver t er  i s al l owed bet ween l oad t est s.   Moni t or  and r ecor d out put  
vol t age at  t he l oad end of  t he cabl e.   Ver i f y speci f i ed per f or mance of  t he 
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conver t er  i ncl udi ng t he l i ne dr op compensat i on.

3. 6. 4. 6   Fi nal  Saf et y Ver i f i cat i on

Repeat  t est s conduct ed under  par agr aph I NI TI AL SAFETY VERI FI CATI ON t o 
conf i r m saf et y f eat ur es wer e not  af f ect ed by pr evi ous t est s.

3. 6. 5   Gr oundi ng Syst em

I nspect  gr oundi ng syst em f or  compl i ance wi t h cont r act  pl ans and 
speci f i cat i ons.

3. 7   DEMONSTRATI ON

3. 7. 1   I nst r uct i ng Gover nment  Per sonnel

Pr ovi de f i el d t r ai ni ng t o Gover nment  per sonnel  on t he oper at i on and 
mai nt enance of  t he conver t er  pr ovi ded at  t he same t i me as t he Fi el d 
Accept ance Test i ng.   I ncl ude up t o a maxi mum of  2 hour s of  i nst r uct i on on 
oper at i on and up t o a maxi mum of  4 hour s of  r epai r  and mai nt enance of  t he 
conver t er s.   The i nst r uct or  must  be appr oved by t he manuf act ur er  of  t he 
uni t  pr ovi ded.   Submi t  t r ai ni ng syl l abus i ncl udi ng each t opi c of  t r ai ni ng 
and a br i ef  out l i ne of  each t opi c t o t he Cont r act i ng Of f i cer  at  l east  4 
weeks pr i or  t o t r ai ni ng f or  appr oval .

Tr ai ni ng must  be appr oved by t he Cont r act i ng Of f i cer  at  l east  2 weeks i n 
advance.   The Gover nment  may r ecor d,  v i deo and audi o,  t he t r ai ni ng 
sessi ons and use t hese r ecor di ngs t o t r ai n per sonnel  on t he oper at i on and 
mai nt enance of  t he conver t er  syst em.   Pr ovi de t wo copi es of  v i deo or  audi o 
DVDs,  and of  any suppl ement al  i nf or mat i on and exampl es cover ed i n t he 
t r ai ni ng sessi ons,  t o t he Cont r act i ng Of f i cer .

        - -  End of  Sect i on - -
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SECTI ON 26 41 00

LI GHTNI NG PROTECTI ON SYSTEM
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

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

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 81 ( 2012)  Gui de f or  Measur i ng Ear t h 
Resi st i v i t y,  Gr ound I mpedance,  and Ear t h 
Sur f ace Pot ent i al s of  a Gr ound Syst em

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 780 ( 2023)  St andar d f or  t he I nst al l at i on of  
Li ght ni ng Pr ot ect i on Syst ems

U. S.  AI R FORCE ( USAF)

DAFMAN 32- 1065 ( 2020)  Gr oundi ng and El ect r i cal  Syst ems

U. S.  DEPARTMENT OF DEFENSE ( DOD)

UFC 3- 575- 01 ( 2012;  wi t h Change 1,  2021)  Li ght ni ng and 
St at i c El ect r i c i t y Pr ot ect i on Syst ems

UNDERWRI TERS LABORATORI ES ( UL)

UL 96 ( 2016;  May 2023)  UL St andar d f or  Saf et y 
Li ght ni ng Pr ot ect i on Component s

UL 96A ( 2023)  UL St andar d f or  Saf et y I nst al l at i on 
Requi r ement s f or  Li ght ni ng Pr ot ect i on 
Syst ems

UL 1449 ( 2021;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

UL El ect r i cal  Const r uct i on ( 2012)  El ect r i cal  Const r uct i on Equi pment  
Di r ect or y

1. 2   RELATED REQUI REMENTS

1. 2. 1   Ver i f i cat i on of  Di mensi ons

Conf i r m al l  det ai l s of  wor k,  ver i f y al l  di mensi ons i n f i el d,  and advi se 
Cont r act i ng Of f i cer  of  any di scr epancy bef or e per f or mi ng wor k.   Obt ai n 
pr i or  appr oval  of  Cont r act i ng Of f i cer  af t er  engi neer i ng appr oval  and 
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bef or e maki ng any depar t ur es f r om t he desi gn.

1. 2. 2   Syst em Requi r ement s

Pr ovi de a syst em f ur ni shed under  t hi s speci f i cat i on consi st i ng of  t he 
l at est  pr oduct s of  a manuf act ur er  r egul ar l y engaged i n pr oduct i on of  
l i ght ni ng pr ot ect i on syst em component s.   Pr oduct s must  be UL l i s t ed f or  
use on l i ght ni ng pr ot ect i on syst ems unl ess t hi s r at i ng does not  exi st  f or  
i t ems i n quest i on.

Compl y wi t h NFPA 70,  NFPA 780,  UL 96,  and UFC 3- 575- 01.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 06 Test  Repor t s

Li ght ni ng Pr ot ect i on and Gr oundi ng Syst em Test  Pl an;  G

Gr oundi ng Syst ems Test i ng;  G

SD- 07 Cer t i f i cat es

Component  UL Li st ed and Label ed;  G

Li ght ni ng Pr ot ect i on Syst em I nspect i on Cer t i f i cat e;  G

Roof  Manuf act ur er ' s War r ant y;  G

1. 4   QUALI TY ASSURANCE

I n each st andar d r ef er r ed t o her ei n,  consi der  t he advi sor y pr ovi s i ons t o 
be mandat or y,  as t hough t he wor d " shal l "  or  " must "  has been subst i t ut ed 
f or  " shoul d, "  wher ever  i t  appear s.   I nt er pr et  r ef er ences t hat  r equi r e LPS 
exper t i se i n t hese st andar ds t o mean Base Ci vi l  Engi neer  ( BCE)  or  
BCE- desi gnat ed r epr esent at i ve wi t h LPS t r ai ni ng cer t i f i cat i on.

1. 4. 1   Component  UL Li st ed and Label ed

Submi t  pr oof  of  compl i ance t hat  component s ar e UL Li st ed and Label ed f or  
use on l i ght ni ng pr ot ect i on syst ems.   Li st i ng al one i n 
UL El ect r i cal  Const r uct i on,  whi ch i s t he UL El ect r i cal  Const r uct i on 
Di r ect or y,  i s  not  accept abl e evi dence.   I n l i eu of  Li st ed and Label ed,  
submi t  wr i t t en cer t i f i cat e f r om an appr oved,  nat i onal l y- r ecogni zed t est i ng 
or gani zat i on equi pped t o per f or m such ser vi ces,  st at i ng t hat  i t ems have 
been t est ed and conf or m t o r equi r ement s and t est i ng met hods of  
Under wr i t er s Labor at or i es ( UL) .

1. 4. 2   Li ght ni ng Pr ot ect i on and Gr oundi ng Syst em Test  Pl an

Pr ovi de l i ght ni ng pr ot ect i on syst em and gr oundi ng syst em t est  pl ans i n 
compl i ance wi t h NFPA 780.   I dent i f y ( by number  or  l et t er ,  at  t he 
pr ef er ence of  t he base -  1. 2. 3.  or  a. b. c. )  t he syst em t est  
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poi nt s/ l ocat i ons al ong wi t h a l i s t i ng or  descr i pt i on of  t he i t em t o be 
t est ed and t he t ype of  t est  t o be conduct ed.   As a mi ni mum,  i ncl ude a 
sket ch of  t he f aci l i t y  and sur r oundi ng l i ght ni ng pr ot ect i on syst em as par t  
of  t he speci f i c  t est  pl an f or  each st r uct ur e.   I ncl ude t he r equi r ement s as 
" Test i ng of  I nt egr al  Li ght ni ng Pr ot ect i on Syst em"  i n t he t est  pl an.   For  
expl osi ves f aci l i t i es,  t he r ol l i ng spher e must  be super i mposed i n 
el evat i on dr awi ngs,  on al l  t hr ee of  t hese t ypes of  l i ght ni ng pr ot ect i on 
syst ems f or  i nst al l at i ons wi t h a hi gh st r i ke densi t y as i ndi cat ed i n t he 
NOAA St r i ke Densi t y Maps.   Thi s may be accompl i shed by Comput er  Ai ded 
Desi gn ( CAD) .   I nt egr al  syst ems ar e di scour aged on expl osi ves and 
communi cat i ons f aci l i t i es because i t  has t he pot ent i al  t o br i ng l i ght ni ng 
cl oser  t o what  i s bei ng pr ot ect ed.   For  expl osi ves f aci l i t i es,  r ecor d 
dr awi ngs wi t h mat er i al s descr i pt i on ( wi r e s i ze,  ai r  t er mi nal  mat er i al ,  
et c. )  i s  r equi r ed by t he base Weapons Saf et y Of f i ce.   Test i ng of  Sur ge 
Pr ot ect i ve Devi ces must  compl y wi t h UL 1449 and annual  i nspect i on of  Sur ge 
Pr ot ect i ve Devi ces shoul d be i ncl uded on Fi gur es A7. 6 and A7. 7.

1. 4. 3   Li ght ni ng Pr ot ect i on Syst em I nspect i on Cer t i f i cat e of  Qual i f i cat i ons

Pr ovi de an appr oved t hi r d- par t y i nspect or  who meet s t r ai ni ng cer t i f i cat i on 
r equi r ement s f or  f i nal  accept ance of  t he LPS.   I nspect i on and 
cer t i f i cat i on of  t he LPS must  be compl et ed and cer t i f i ed i n wr i t i ng,  
bef or e occupancy of  t he bui l di ng.   Compl i ance r equi r ement s ar e i n 
UFC 3- 575- 01.   Si gned Cer t i f i cat e of  Qual i f i cat i ons must  be pl aced i n t he 
LPS r ecor ds.

Not e t hat  t he Cont r act i ng Of f i cer  may not  accept  t he LPS syst em wi t hout  a 
r ecommendat i on f r om a qual i f i ed per son i dent i f i ed i n t he pr oj ect  document s.

1. 5   SI TE CONDI TI ONS

Conf i r m al l  det ai l s of  wor k,  ver i f y al l  di mensi ons i n t he f i el d,  and 
advi se t he Cont r act i ng Of f i cer  of  any di scr epancy bef or e st ar t i ng any 
wor k,  i f  known at  t hat  t i me,  or  when i t  becomes known whi l e per f or mi ng 
wor k.   Obt ai n pr i or  appr oval  of  t he BCE or  BCE- desi gnat ed r epr esent at i ve 
wi t h LPS t r ai ni ng cer t i f i cat i on bef or e desi gn changes ar e made.

PART 2   PRODUCTS

2. 1   MATERI ALS

See NFPA 70,  NFPA 780,  UFC 3- 575- 01.   Do not  use a combi nat i on of  
mat er i al s t hat  f or ms an el ect r ol yt i c coupl e of  such nat ur e t hat  cor r osi on 
i s accel er at ed i n t he pr esence of  moi st ur e unl ess moi st ur e i s per manent l y 
excl uded f r om t he j unct i on of  such met al s.   Wher e unusual  condi t i ons exi st  
whi ch woul d cause cor r osi on of  conduct or s,  pr ovi de conduct or s wi t h 
pr ot ect i ve coat i ngs,  such as t i n or  l ead,  or  over si ze conduct or s.   Wher e a 
mechani cal  hazar d i s i nvol ved,  i ncr ease conduct or  s i ze t o compensat e f or  
t he hazar d or  pr ot ect  conduct or s.   When met al l i c  condui t  or  t ubi ng i s 
pr ovi ded,  el ect r i cal l y bond conduct or  t o condui t  or  t ubi ng at  t he upper  
and l ower  ends by c l amp t ype connect or s or  wel ds ( i ncl udi ng exot her mi c) .   
Al l  l i ght ni ng pr ot ect i on component s,  such as bondi ng pl at es,  ai r  
t er mi nal s,  ai r  t er mi nal  suppor t s and br aces,  chi mney bands,  c l i ps,  
connect or  f i t t i ngs,  and f ast ener s ar e t o compl y wi t h t he r equi r ement s of  
UL 96 cl asses,  as appl i cabl e.

2. 1. 1   Mai n and Bondi ng Conduct or s

Mai n and Bondi ng Conduct or s shoul d be NFPA 780 and UL 96 Cl ass I  or  Cl ass 
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I I  mat er i al s,  as appl i cabl e.   For  expl osi ves,  Cl ass I I  mat er i al s ar e i n 
accor dance wi t h NFPA 780,  Chapt er  8.

2. 1. 2   Conduct or s

Pr ovi de copper  or  al umi num conduct or s,  as appl i cabl e.   See NFPA 780,  
UFC 3- 575- 01.

2. 2   COMPONENTS

2. 2. 1   Ai r  Ter mi nal s on I nt egr al  Syst ems

Pr ovi de sol i d ai r  t er mi nal s.  Tubul ar  ai r  t er mi nal s ar e not  per mi t t ed.   
Suppor t  ai r  t er mi nal s mor e t han 24 i nches i n l engt h by sui t abl e br ace,  
suppor t ed at  not  l ess t han one- hal f  t he hei ght  of  t he t er mi nal .

2. 2. 2   Gr ound Rods

Pr ovi de gr ound r ods conf or mi ng t o NFPA 780.   Pr ovi de gr ound r ods t hat  ar e 
not  l ess t han 5/ 8 i nch i n di amet er  and 8 f eet  i n l engt h.   Do not  mi x 
gr ound r ods of  copper - c l ad st eel  and sol i d copper  on t he j ob.

2. 2. 3   Connect i ons and Ter mi nat i ons

Pr ovi de connect or s f or  spl i c i ng conduct or s t hat  conf or m t o UL 96,  c l ass as 
appl i cabl e.   Conduct or  connect i ons can be made by compr essi on cl amps or  
wel ds ( i ncl udi ng exot her mi c) .   Pr ovi de st y l e and si ze connect or s r equi r ed 
f or  t he i nst al l at i on.

2. 2. 4   Connect or  Fi t t i ngs

Pr ovi de connect or  f i t t i ngs f or  " end- t o- end" ,  " Tee" ,  or  " Y"  spl i ces t hat  
conf or m t o NFPA 780 and UL 96.

PART 3   EXECUTI ON

3. 1   LI GHTNI NG PROTECTI ON SYSTEMS

Pr ovi de a l i ght ni ng pr ot ect i on syst em t hat  meet s t he r equi r ement s of  
NFPA 780 and UFC 3- 575- 01.

3. 1. 1   I nt egr al  Li ght ni ng Pr ot ect i on Syst em

The i nt egr al  t ype l i ght ni ng pr ot ect i on syst em consi st s of  ai r  t er mi nal s,  
r oof  conduct or s,  down conduct or s,  gr ound connect i ons,  gr oundi ng el ect r odes 
and gr ound r i ng el ect r ode conduct or  f or  t he pur pose of  car r y i ng l i ght ni ng 
cur r ent  f r om a di r ect  st r i ke t o gr ound i n a manner  t hat  wi l l  pr ot ect  
asset s and per sonnel .   Expose al l  conduct or s on t he st r uct ur es except  
wher e ext er i or  down conduct or s ar e r equi r ed t o be i n pr ot ect i ve s l eeves 
f or  pr event i on of  mechani cal  damage ( 6 f eet  above gr ade l evel ) .   I nt egr al  
syst ems ar e t he l east  pr ef er r ed,  especi al l y f or  expl osi ves and 
communi cat i ons f aci l i t i es.   When use of  i nt egr al  syst ems i s det er mi ned by 
t he desi gner  or  s i t e condi t i ons t o be necessar y,  do not  r un down 
conduct or s i nsi de col umns or  ot her  met hods whi ch wi l l  pr event  v i sual  
access f or  r equi r ed i nspect i ons.   Vi sual  access i s r equi r ed by NFPA 780 so 
t hat  t he annual  v i sual  i nspect i on may be per f or med on al l  LPS component s.

Make i nt er connect i ons wi t hi n s i de- f l ash di st ances bet ween down conduct or s 
and met al l i c  equi pment  mount ed on t he ext er i or  or  i nt er i or  of  a f aci l i t y ,  
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at  or  bel ow t he l evel  of  t he gr ounded met al l i c  par t s.   Cal cul at e 
s i de- f l ash di st ances i n accor dance wi t h NFPA 780.   Be awar e of  s i de 
f l ashes t hat  may occur  t hr ough ext er i or  wal l s.

Not e t hat  i nt egr al  syst ems shoul d be avoi ded as LPS f or  Expl osi ves and 
Communi cat i ons f aci l i t i es and i s di scour aged f or  gener al  f aci l i t i es.   
I nst al l at i on and mai nt enance cost s of  an i nt egr al  syst em ar e excessi ve and 
t hi s met hod i s mai nt enance i nt ensi ve.   The compl exi t y and number  of  t est  
poi nt s di ct at es f r equent  i nt er r upt i on t o mi ssi ons and dai l y oper at i ons f or  
r equi r ed annual  i nspect i ons and t est i ng.   I nt egr al  syst ems r equi r e f al l  
pr ot ect i on and mai nt enance of  t hat  f al l  pr ot ect i on syst em.   For  f al l  
pr ot ect i on,  mai nt ai n NFPA 780- compl i ant  separ at i on di st ance bet ween t he 
i nt egr al  syst em and met al l i c  f al l  pr ot ect i on.

3. 1. 1. 1   Roof - Mount ed Component s

Coor di nat e wi t h t he r oof i ng manuf act ur er  and pr ovi de cer t i f i cat i on t hat  
t he r oof  manuf act ur er ' s war r ant y i s not  v i ol at ed by t he i nst al l at i on 
met hods f or  ai r  t er mi nal s and r oof  conduct or s.   Adhesi ve f ast ener s may be 
used on t he r oof  i f  t he i nst al l at i on i s obser ved by base- qual i f i ed 
per sonnel  t o be compl i ant  wi t h manuf act ur er ' s i nst r uct i ons.   I nst al l at i on 
must  be obser ved unt i l  t he obser ver  i s sat i sf i ed t hat  t he pr oper  met hods 
f or  pr epar i ng t he sur f ace ar e bei ng per f or med.   These f ast ener s wi l l  be 
added and consi der ed a t est  poi nt  i n Base r ecor ds and must  be par t  of  t he 
annual  i nspect i on.   Obser ver  must  dat e and si gn t he t est  r ecor d.

No connect i on or  physi cal  at t achment  i s al l owed t o any copi ng syst em on 
t he r oof  as t hi s v i ol at es t he i nt egr i t y and war r ant y of  t he copi ng syst em.

3. 1. 1. 2   Ai r  Ter mi nal s

Use of  adhesi ve f ast ener s,  when i nst al l i ng ai r  t er mi nal s on " r ubber "  
( EPDM)  t ype r oof s,  shoul d be i n accor dance wi t h adhesi ve and r oof  
manuf act ur es’  r ecommendat i ons.   See par agr aph ROOF- MOUNTED COMPONENTS.

3. 1. 1. 3   Roof  Conduct or s

Roof  conduct or s shoul d compl y wi t h NFPA 780.

3. 1. 2   Down Conduct or s

A mi ni mum of  t wo pat hs t o gr ound shal l  be pr ovi ded on any syst em.   Thi s 
may be by t wo down conduct or s or  wi t h a down conduct or  i n combi nat i on wi t h 
ot her  met al l i c  connect i ons t o gr ound.   Pr ot ect  exposed down conduct or s 
f r om physi cal  damage f r om gr ound l evel  up t o 6 f eet .   I f  t hi s pr ot ect i on 
i s a met al  condui t ,  bot h ends must  be bonded t o t he down conduct or  passi ng 
t hr ough i t .   For  Schedul e 80 condui t  pr ovi di ng t hi s pr ot ect i on,  no bondi ng 
at  bot h ends i s necessar y.   Schedul e 80 condui t  or  met al l i c  condui t  may be 
pai nt ed t o mat ch t he sur r oundi ng sur f ace.   NO CONNECTI ONS OR FASTENERS OF 
ANY LI GHTNI NG PROTECTI ON SYSTEM MAY BE PAI NTED because t hi s af f ect s t he 
ease wi t h whi ch l i ght ni ng cur r ent  can pass t o gr ound.

3. 1. 3   Gr ound Connect i ons

At t ach each down conduct or  and gr ound r i ng el ect r ode t o a gr ound r od bel ow 
gr ade by exot her mi c wel d f or  al l  bur i ed connect i ons and exot her mi c wel d or  
compr essi on connect or s f or  connect i ons i nsi de t est  wel l s.   Ter mi nat e al l  
down conduct or s t o a gr oundi ng el ect r ode i nsi de a t est  wel l .   Test  
connect i ons and r ecor d r esi st ances and cont i nui t y r eadi ngs pr i or  t o 
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cover i ng.

Accessi bl e connect i ons above gr ound l evel  and i n t est  wel l s can be 
gr ounded wi t h mechani cal  c l ampi ng,  meet i ng i nst al l at i on r equi r ement s i n 
NFPA 780.

3. 1. 4   I nst al l at i on of  Gr oundi ng El ect r odes ( Gr ound Rods)

Ext end dr i ven gr ound r ods ver t i cal l y i nt o t he exi st i ng undi st ur bed ear t h 
f or  a di st ance of  not - l ess- t han 8 f eet  i f  exot her mi c wel ds ar e used f or  
bonds.   I nsi de t est  wel l s,  t he 5/ 8 i n.  by 8 f t  r od may be dr i ven t o a 
poi nt  above t he base of  t he t est  wel l ,  t hat  wi l l  pr ovi de wor ki ng/ t est i ng 
access t o t he mechani cal l y- f ast ened bond.   Set  gr ound r ods not  l ess t han 3 
f eet  nor  mor e t han 6 f eet  ( see NFPA 780)  f r om t he st r uct ur al  f oundat i on,  
and at  l east  3 f eet  beyond t he dr i p l i ne f or  t he f aci l i t y .   Af t er  t he 
compl et ed i nst al l at i on,  measur e t he t ot al  r esi st ance t o gr ound usi ng t he 
f al l - of - pot ent i al  met hod descr i bed i n I EEE 81.   Maxi mum al l owed r esi st ance 
of  a s i ngl e dr i ven gr ound r od i s 25 ohms ( NFPA 70) .   I f  
r esi st ance- t o- gr ound of  a s i ngl e gr ound r od f or  t he l i ght ni ng pr ot ect i on 
syst em exceeds 25 ohms and anot her  gr ound r od i s dr i ven i n accor dance wi t h 
NFPA 780,  25 ohms does not  appl y t o t hi s t est  poi nt .   See NFPA 70 
except i on t o Ar t i c l e 250. 53.

3. 2   APPLI CATI ONS

3. 2. 1   Per sonnel  Ramps and Cover ed Passageways

Li ght ni ng Pr ot ect i on i s r equi r ed i n accor dance wi t h NFPA 780 and 
UFC 3- 575- 01.

3. 3   I NTERFACE WI TH OTHER STRUCTURES

3. 3. 1   Fences

Bond met al  f ence and gat e syst ems t o t he l i ght ni ng pr ot ect i on syst em at  
t he poi nt  wher e t he f ence,  any f ence post ,  or  gat e i s wi t hi n 6 f eet  of  any 
par t  of  t he l i ght ni ng pr ot ect i on syst em ( usual l y a down conduct or )  i n 
accor dance wi t h ANSI  C2 and NFPA 780 and UFC 3- 575- 01.

3. 4   RESTORATI ON

Wher e sod has been r emoved,  r epl ace sod as soon as possi bl e af t er  
compl et i ng t he backf i l l i ng.   Rest or e ar eas di st ur bed by t r enchi ng,  st or i ng 
of  di r t ,  cabl e l ayi ng,  and ot her  wor k,  t o or i gi nal  condi t i on.   Over f i l l  
t he t r ench t o accommodat e f or  set t l i ng.   I ncl ude necessar y t opsoi l ,  
f er t i l i z i ng,  l i mi ng,  seedi ng,  soddi ng,  spr i ggi ng or  mul chi ng i n any 
r est or at i on,  t o mat ch exi st i ng.   Mai nt ai n di st ur bed sur f aces and 
r epl acement s unt i l  f i nal  accept ance.   Ret ur n t o s i t e af t er  s i x mont hs t o 
f i l l  i n compact ed sur f ace.

3. 5   FI ELD QUALI TY CONTROL

3. 5. 1   Li ght ni ng Pr ot ect i on Syst ems Test i ng

A 100 per cent  t est  poi nt  t est  and i nspect i on i s r equi r ed by al l  ser vi ces.   
I dent i f y t est  poi nt s f or  l i ght ni ng pr ot ect i on syst em connect i ons and 
bonds.   Pr ovi de a sket ch ( NTS)  wi t h i dent i f i ed t est  poi nt s as par t  of  t he 
cont r act  accept ance.   Number  poi nt s i n a manner  consi st ent  wi t h t he 
i nst al l at i on ( Base or  Post )  nomencl at ur e f or  exi st i ng l i ght ni ng pr ot ect i on 
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syst ems;  f or  exampl e,  use l et t er s or  number s t o t r ack t he t est  r esul t s.   
Test  each l i ght ni ng pr ot ect i on syst em connect i on t o ensur e cont i nui t y 
acr oss each connect i on or  bond i s 1 ohm or  l ess,  and r ecor d t he val ue 
i ndi cat ed on a copy of  t he t est  f or m l ocat ed at  t he back of  DAFMAN 32- 1065,  
At t achment  7.

a.   LPS t est i ng must  al so be accompl i shed on smal l er  pr oj ect s,  such as 
r oof i ng and HVAC pr oj ect s,  wher e l i ght ni ng pr ot ect i on syst ems ar e 
i nst al l ed on any f aci l i t y  wi t h exi st i ng LPS,  t o ensur e t he LPS i s not  
damaged or  r econf i gur ed dur i ng const r uct i on.

b.   Compl y wi t h UL 96A.   A t hi r d- par t y i nspect or  ( not  t he desi gner  and not  
t he i nst al l er )  must  be pr esent  f or  t he 100 per cent  i nspect i on and dat a 
document at i on by t he cont r act or .   Thi s i s t o t ake pl ace pr i or  t o 
pr oj ect  accept ance.   Not e t hat  i n many cases Ai r  For ce per sonnel  have 
been t r ai ned t o i nspect  and accept  pr oj ect s as t he t hi r d- par t y 
i nspect or .   Ver i f y t hi s bef or e cont r act  awar d.

3. 5. 2   Gr oundi ng Syst ems Test i ng

A 100 per cent  t est  poi nt  r esi st ance t est  and i nspect i on i s r equi r ed.   
I dent i f y al l  t est  poi nt s f or  gr oundi ng syst em connect i ons and bonds.   
Pr ovi de a sket ch ( NTS)  wi t h i dent i f i ed t est  poi nt s as par t  of  t he cont r act  
accept ance.   Number  poi nt s i n a manner  consi st ent  wi t h t he i nst al l at i on 
( Base or  Post )  nomencl at ur e f or  exi st i ng gr oundi ng syst ems;  f or  exampl e,  
use l et t er s or  number s t o t r ack t he t est  r esul t s.   Test  each gr oundi ng 
syst em connect i on or  bond t o ensur e r esi st ance- t o- gr ound i s 25 ohms or  
l ess or  as except ed by NFPA 70 or  NFPA 780.   Recor d t he r esi st ance 
measur ement  on a copy of  t he t est  f or m l ocat ed at  t he back of  
DAFMAN 32- 1065 f or  Ai r  For ce or  a s i mi l ar  f or m pr ovi ded by t he Ar my or  
Navy.   Test  t he gr ound r od f or  r esi st ance t o gr ound bef or e maki ng 
connect i ons t o t he r od.   Ti e t he gr oundi ng syst em t oget her  and t est  f or  
r esi st ance t o gr ound.   Make r esi st ance measur ement s i n dr y weat her ,  and 
not  ear l i er  t han 48 hour s af t er  r ai nf al l .   I ncl ude i n t he wr i t t en r epor t :  
l ocat i ons of  t est  poi nt s,  measur ed val ues f or  cont i nui t y and gr ound 
r esi st ances,  and soi l  condi t i ons at  t he t i me t hat  measur ement s wer e made.   
Submi t  r esul t s of  each t est  t o t he Cont r act i ng Of f i cer .

        - -  End of  Sect i on - -
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GALVANI C ( SACRI FI CI AL)  ANODE CATHODI C PROTECTI ON ( GACP)  SYSTEM
05/ 21

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B1. 1 ( 2003;  R 2018)  Uni f i ed I nch Scr ew Thr eads 
( UN and UNR Thr ead For m)

ASME B1. 20. 1 ( 2013;  R 2018)  Pi pe Thr eads,  Gener al  
Pur pose ( I nch)

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

ASME B16. 21 ( 2021)  Nonmet al l i c  Fl at  Gasket s f or  Pi pe 
Fl anges

ASME B16. 39 ( 2020)  St andar d f or  Mal l eabl e I r on 
Thr eaded Pi pe Uni ons;  Cl asses 150,  250,  
and 300

ASME B18. 2. 1 ( 2012;  Er r at a 2013)  Squar e and Hex Bol t s 
and Scr ews ( I nch Ser i es)

ASME B18. 2. 2 ( 2022)  Nut s f or  Gener al  Appl i cat i ons:  
Machi ne Scr ew Nut s,  and Hex,  Squar e,  Hex 
Fl ange,  and Coupl i ng Nut s ( I nch Ser i es)

ASTM I NTERNATI ONAL ( ASTM)

ASTM A194/ A194M ( 2023)  St andar d Speci f i cat i on f or  Car bon 
St eel ,  Al l oy St eel ,  and St ai nl ess St eel  
Nut s f or  Bol t s f or  Hi gh- Pr essur e or  
Hi gh- Temper at ur e Ser vi ce,  or  Bot h

ASTM A307 ( 2021)  St andar d Speci f i cat i on f or  Car bon 
St eel  Bol t s,  St uds,  and Thr eaded Rod 60 
000 PSI  Tensi l e St r engt h

ASTM B3 ( 2013)  St andar d Speci f i cat i on f or  Sof t  or  
Anneal ed Copper  Wi r e

ASTM B8 ( 2023)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t
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ASTM B418 ( 2016a;  R2021)  St andar d Speci f i cat i on f or  
Cast  and Wr ought  Gal vani c Zi nc Anodes

ASTM B843 ( 2018)  St andar d Speci f i cat i on f or  
Magnesi um Al l oy Anodes f or  Cat hodi c 
Pr ot ect i on

ASTM C94/ C94M ( 2023)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

ASTM D1248 ( 2016)  St andar d Speci f i cat i on f or  
Pol yet hyl ene Pl ast i cs Ext r usi on Mat er i al s 
f or  Wi r e and Cabl e

ASTM D2028/ D2028M ( 2015;  R 2021)  Cut back Asphal t  
( Rapi d- Cur i ng Type)

ASTM D3381/ D3381M ( 2018)  St andar d Speci f i cat i on f or  
Vi scosi t y- Gr aded Asphal t  Bi nder  f or  Use i n 
Pavement  Const r uct i on

NACE I NTERNATI ONAL ( NACE)

NACE SP0106 ( 2018)  Cont r ol  of  I nt er nal  Cor r osi on i n 
St eel  Pi pel i nes and Pi pi ng Syst ems

NACE SP0177 ( 2019)  Mi t i gat i on of  Al t er nat i ng Cur r ent  
and Li ght ni ng Ef f ect s on Met al l i c  
St r uct ur es and Cor r osi on Cont r ol  Syst ems

NACE SP0188 ( 2024)  Di scont i nui t y ( Hol i day)  Test i ng of  
New Pr ot ect i ve Coat i ngs on Conduct i ve 
Subst r at es

NACE SP0286 ( 1997;  R 2007)  St andar d Pr act i ce 
El ect r i cal  I sol at i on of  Cat hodi cal l y 
Pr ot ect ed Pi pel i nes

NACE SP21424 ( 2018)  Al t er nat i ng Cur r ent  Cor r osi on on 
Cat hodi cal l y Pr ot ect ed Pi pel i nes:  Ri sk 
Assessment ,  Mi t i gat i on and Moni t or i ng

NACE TPC 11 ( 2008)  A Gui de t o t he Or gani zat i on of  
Under gr ound Cor r osi on- Cont r ol  Coor di nat i ng 
Commi t t ees

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C119. 1 ( 2023)  El ect r i c Connect or s -  Seal ed 
I nsul at ed Under gr ound Connect or  Syst ems 
Rat ed 600 Vol t s

NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es
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NEMA RN 1 ( 2005;  R 2013)  Pol yvi nyl - Chl or i de ( PVC)  
Ext er nal l y Coat ed Gal vani zed Ri gi d St eel  
Condui t  and I nt er medi at e Met al  Condui t

NEMA TC 2 ( 2020)  St andar d f or  El ect r i cal  Pol yvi nyl  
Chl or i de ( PVC)  Condui t

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- A- 18001 ( 1993)  Anodes,  Sacr i f i c i al  Zi nc Al l oy

MI L- I - 1361 ( 1985;  Rev C;  Not i ce 1 1991;  Not i ce 2 
2021)  I nst r ument  Auxi l i ar i es,  El ect r i cal  
Measur i ng:   Shunt s,  Resi st or s and 
Tr ansf or mer s

UNDERWRI TERS LABORATORI ES ( UL)

UL 6 ( 2022)  UL St andar d f or  Saf et y El ect r i cal  
Ri gi d Met al  Condui t - St eel

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

UL 510 ( 2020;  Dec 2022)  UL St andar d f or  Saf et y 
Pol yvi nyl  Chl or i de,  Pol yet hyl ene and 
Rubber  I nsul at i ng Tape

UL 514A ( 2013;  Repr i nt  Jun 2022)  UL St andar d f or  
Saf et y Met al l i c  Out l et  Boxes

UL 514B ( 2012;  Repr i nt  Mar  2024)  UL St andar d f or  
Saf et y Condui t ,  Tubi ng and Cabl e Fi t t i ngs

1. 2   DEFI NI TI ONS

I t  i s  conveni ent  t o c l assi f y cor r osi on by t he f or ms i n whi ch i t  mani f est s 
i t sel f ,  t he basi s f or  t hi s c l assi f i cat i on bei ng t he appear ance of  t he 
cor r oded met al .  Each f or m can be i dent i f i ed by v i sual  obser vat i on,  
al t hough,  i n some cases,  magni f i cat i on i s r equi r ed.   Val uabl e i nf or mat i on 
f or  t he sol ut i on of  a cor r osi on pr obl em can of t en be obt ai ned t hr ough 
car ef ul  obser vat i on of  t he cor r oded t est  speci mens or  f ai l ed equi pment .  
Exami nat i on bef or e c l eani ng i s par t i cul ar l y desi r abl e.   Cat hodi c 
Pr ot ect i on i s a met hod used t o cont r ol  cor r osi on.

1. 2. 1   Cat hodi c Pr ot ect i on

Cat hodi c Pr ot ect i on ( CP)  i s an el ect r ochemi cal  ( hal f  el ect r i cal  and hal f  
chemi cal )  met hod used t o cont r ol  cor r osi on of  bur i ed or  submer ged met al l i c  
st r uct ur es.   I t  pr event s cor r osi on by maki ng t he pr ot ect ed st r uct ur e a 
cat hode by i nst al l i ng a mor e anodi c met al  ( sacr i f i c i al  or  gal vani c)  anode 
or  a met al l i c  ( i mpr essed cur r ent )  anode connect ed t o a Di r ect  Cur r ent  ( DC)  
power  sour ce.  When t he pr oper  amount  of  cur r ent  i s appl i ed t o t he 
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st r uct ur e,  i t  becomes a cat hode.  Si nce al l  cor r osi on occur s at  t he anode,  
t he st r uct ur e no l onger  cor r odes.   The el ect r ons move i n t he met al l i c  pat h 
( el ect r i cal ) .  Reduct i on ( chemi cal )  r eact i ons occur  at  t he sur f ace of  t he 
cat hode r esul t i ng i n a hydr ogen coat i ng and mor e al kal i ne envi r onment .  
Oxi dat i on ( chemi cal )  r eact i ons occur  at  t he sur f ace of  t he anode r esul t i ng 
i n cor r osi on and a mor e aci di c envi r onment .   Af t er  a CP syst em i s 
i nst al l ed and adj ust ed t o pr ovi de adequat e pr ot ect i on,  t he hydr ogen coat s 
t he def ect s i n t he coat i ng and pol ar i zes i n t he negat i ve di r ect i on ( t o a 
copper / copper  sul f at e r ef er ence el ect r ode)  over  t i me t he cur r ent  and 
pot ent i al s r emai n r el at i vel y st abl e;  changes i n cur r ent s or  pot ent i al s 
i ndi cat e a pr obl em.   An er r or - f r ee measur ement  of  negat i ve 850 mi l l i vol t s 
DC or  mor e negat i ve t o t he copper / copper - sul f at e r ef er ence el ect r ode 
pr oves t he st r uct ur e i s a cat hode and cor r osi on has been mi t i gat ed.

1. 2. 2   Cor r osi on

I t  i s  conveni ent  t o c l assi f y cor r osi on by t he f or ms i n whi ch i t  mani f est s 
i t sel f ,  t he basi s f or  t hi s c l assi f i cat i on bei ng t he appear ance of  t he 
cor r oded met al .   Each f or m can be i dent i f i ed by v i sual  obser vat i on,  
al t hough,  i n some cases,  magni f i cat i on i s r equi r ed.   Val uabl e i nf or mat i on 
f or  t he sol ut i on of  a cor r osi on pr obl em can of t en be obt ai ned t hr ough 
car ef ul  obser vat i on of  t he cor r oded t est  speci mens or  f ai l ed equi pment .   
Exami nat i on bef or e c l eani ng i s par t i cul ar l y desi r abl e.   Some of  t he ei ght  
f or ms of  cor r osi on ar e uni que,  but  al l  of  t hem ar e mor e or  l ess 
i nt er r el at ed.

The ei ght  f or ms of  cor r osi on ar e:  ( 1)  Uni f or m At t ack,  ( 2)  Gal vani c or  
Two- Met al  Cor r osi on,  ( 3)  Cr evi ce Cor r osi on,  ( 4)  Pi t t i ng Cor r osi on,  ( 5)  
I nt er gr anul ar  Cor r osi on,  ( 6)  Sel ect i ve Leachi ng,  ( 7)  Er osi on Cor r osi on,  
and ( 8)  St r ess Cor r osi on Cr acki ng.   Thi s l i s t i ng i s ar bi t r ar y but  cover s 
pr act i cal l y al l  cor r osi on f ai l ur es and pr obl ems.   The f or ms ar e not  l i s t ed 
i n any par t i cul ar  or der  of  i mpor t ance.   Bel ow,  t he ei ght  f or ms of  
cor r osi on ar e di scussed i n t er ms of  t hei r  char act er i st i cs,  mechani sms,  and 
pr event i ve measur es.   Hydr ogen damage,  al t hough not  a f or m of  cor r osi on,  
of t en occur s i ndi r ect l y as a r esul t  of  cor r osi ve at t ack and i s,  t her ef or e,  
i ncl uded i n t hi s di scussi on.

1. 2. 3   Al t er nat i ng Cur r ent  ( AC)  Cor r osi on

AC cor r osi on occur s when t her e i s a sour ce of  AC cur r ent ,  t ypi cal l y f r om a 
hi gh vol t age over head AC ( OHAC)  power - l i ne,  when t her e i s a l ow soi l  
r esi st i v i t y -  t ypi cal l y l ess t han 5, 000 ohm- cm and t her e i s a ver y smal l  
coat i ng hol i days.   The AC cor r osi on pi t s t ypi cal l y have a t uber cl e of  
cor r osi on pr oduct  at  t he pi t .   AC i nt er f er ence st udy model i ng sof t war e can 
det er mi ne t he mi t i gat i on sol ut i on t o sol ve t hi s pr obl em.  Typi cal l y,  AC 
Cor r osi on mi t i gat i on i s done i n conj unct i on wi t h hi gh AC pot ent i al s and 
f aul t  cur r ent  mi t i gat i on.

1. 2. 4   AC I nt er f er ence

AC i nt er f er ence occur s when a pi pel i ne par al l el s a hi gh- vol t age over head 
AC ( OHAC)  power - l i ne.   An i nt er f er ence st udy i s r equi r ed when t hi s 
s i t uat i on occur s as AC i nt er f er ence can cause hi gh AC pot ent i al s al ong t he 
pi pel i ne ( saf et y) ,  can cause a f aul t  condi t i on bet ween t he pi pel i ne and 
power - l i ne and coul d cause AC cor r osi on t o occur .  The pi pel i ne coat i ng 
when exposed can have bl i st er s/ bubbl es caused by t he excessi ve AC.   The 
i nt er f er ence st udy wi l l  use model i ng sof t war e t o det er mi ne what  
combi nat i on of  i nt er f er ence may be occur r i ng ( i f  any)  and pr ovi de t he 
mi t i gat i on sol ut i on t o sol ve t he pr obl em.

SECTI ON 26 42 13  Page 4



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

1. 2. 5   Uni f or m At t ack

Uni f or m at t ack i s t he most  common f or m of  cor r osi on.   I t  i s  nor mal l y 
char act er i zed by a chemi cal  or  el ect r ochemi cal  r eact i on t hat  pr oceeds 
uni f or ml y over  t he ent i r e exposed sur f ace or  over  a l ar ge ar ea.   The met al  
becomes t hi nner  and event ual l y f ai l s .   For  exampl e,  a pi ece of  st eel  or  
z i nc i mmer sed i n di l ut e sul f ur i c aci d nor mal l y di ssol ves at  a uni f or m r at e 
over  i t s ent i r e sur f ace.   A sheet  i r on r oof  shows essent i al l y  t he same 
degr ee of  r ust i ng over  i t s ent i r e out si de sur f ace.

Uni f or m at t ack,  or  gener al  over al l  cor r osi on,  r epr esent s t he gr eat est  
dest r uct i on of  met al  on a t onnage basi s.   Thi s f or m of  cor r osi on,  however ,  
i s  not  of  gr eat  concer n f r om a t echni cal  st andpoi nt ,  because t he l i f e of  
equi pment  can be accur at el y est i mat ed on t he basi s of  compar at i vel y s i mpl e 
t est s.   Mer el y i mmer si ng speci mens i n t he f l ui d i nvol ved i s of t en 
suf f i c i ent .   Uni f or m at t ack can be pr event ed or  r educed by ( 1)  mat er i al s,  
such as coat i ngs,  t hat  r educe cont act  bet ween met al  and el ect r ol yt es,  ( 2)  
i nhi bi t or s,  or  ( 3)  CP.

1. 2. 6   Gal vani c or  Two- Met al  Cor r osi on

A pot ent i al  di f f er ence usual l y exi st s bet ween t wo di ssi mi l ar - met al s when 
t hey ar e i mmer sed i n a cor r osi ve or  conduct i ve sol ut i on.   I f  t hese met al s 
ar e pl aced i n cont act  ( or  ot her wi se el ect r i cal l y connect ed) ,  t hi s 
pot ent i al  di f f er ence pr oduces el ect r on f l ow bet ween t hem.   Cor r osi on of  
t he l ess cor r osi on- r esi st ant  met al  i s  usual l y i ncr eased,  and at t ack of  t he 
mor e r esi st ant  mat er i al  i s  decr eased,  compar ed t o t he behavi or  of  t hese 
met al s when t hey ar e not  i n cont act .   The l ess r esi st ant  met al  becomes 
anodi c and t he mor e r esi st ant  met al  becomes cat hodi c.   Usual l y t he cat hode 
or  cat hodi c met al  cor r odes ver y l i t t l e or  not  at  al l  i n t hi s t ype of  
coupl e.   Because of  t he el ect r i c cur r ent s and di ssi mi l ar - met al s i nvol ved,  
t hi s f or m of  cor r osi on i s cal l ed gal vani c,  bi - met al l i c  or  t wo- met al ,  
cor r osi on.   Gal vani c cor r osi on i s r est r i ct ed t o el ect r ochemi cal  cor r osi on 
caused by di ssi mi l ar - met al  ef f ect s.   I t  i s  el ect r ochemi cal  cor r osi on,  but  
t hi s document  must  r est r i ct  t he t er m gal vani c t o di ssi mi l ar - met al  ef f ect s 
f or  pur poses of  c l ar i t y.

1. 2. 7   Cr evi ce Cor r osi on

I nt ense l ocal i zed cor r osi on f r equent l y occur s wi t hi n cr evi ces and ot her  
shi el ded ar eas on met al  sur f aces exposed t o cor r osi ves.   Thi s t ype of  
at t ack i s usual l y associ at ed wi t h smal l  vol umes of  st agnant  sol ut i on 
caused by hol es,  gasket  sur f aces,  l ap j oi nt s,  sur f ace deposi t s,  and 
cr evi ces under  bol t  and r i vet  heads.   As a r esul t ,  t hi s f or m of  cor r osi on 
i s cal l ed cr evi ce cor r osi on or ,  somet i mes,  deposi t  or  gasket  cor r osi on.

1. 2. 8   Pi t t i ng Cor r osi on

Pi t t i ng i s a f or m of  ext r emel y l ocal i zed at t ack t hat  r esul t s i n hol es i n 
t he met al .   These hol es may be smal l  or  l ar ge i n di amet er ,  but  i n most  
cases t hey ar e r el at i vel y smal l .   Pi t s ar e somet i mes i sol at ed or  so c l ose 
t oget her  t hat  t hey l ook l i ke a r ough sur f ace.   Gener al l y a pi t  may be 
descr i bed as a cavi t y or  hol e wi t h t he sur f ace di amet er  about  t he same as 
or  l ess t han t he dept h.   Pi t t i ng i s one of  t he most  dest r uct i ve and 
i nsi di ous f or ms of  cor r osi on.   I t  causes equi pment  t o f ai l  because of  
per f or at i on wi t h onl y a smal l  per cent  wei ght  l oss of  t he ent i r e 
st r uct ur e.   I t  i s  of t en di f f i cul t  t o det ect  pi t s because of  t hei r  smal l  
s i ze and because t he pi t s ar e of t en cover ed wi t h cor r osi on pr oduct s.   I n 
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addi t i on,  i t  i s  di f f i cul t  t o measur e quant i t at i vel y and compar e t he ext ent  
of  pi t t i ng because of  t he var yi ng dept hs and number s of  pi t s t hat  may 
occur  under  i dent i cal  condi t i ons.   Pi t t i ng i s al so di f f i cul t  t o pr edi ct  by 
l abor at or y t est s.   Somet i mes t he pi t s r equi r e a l ong t i me ( sever al  mont hs 
or  a year )  t o show up i n act ual  ser vi ce.   Pi t t i ng i s par t i cul ar l y v i c i ous 
because i t  i s  a l ocal i zed and i nt ense f or m of  cor r osi on,  and f ai l ur es 
of t en occur  wi t h ext r eme suddenness.

1. 2. 9   I nt er gr anul ar  Cor r osi on

Gr ai n boundar y ef f ect s ar e of  l i t t l e or  no consequence i n most  
appl i cat i ons or  uses of  met al s.   I f  a met al  cor r odes,  uni f or m at t ack 
r esul t s s i nce gr ai n boundar i es ar e usual l y onl y s l i ght l y mor e r eact i ve 
t han t he mat r i x.   However ,  under  cer t ai n condi t i ons,  gr ai n i nt er f aces ar e 
ver y r eact i ve and i nt er gr anul ar  cor r osi on r esul t s.   Local i zed at t ack at  
and adj acent  t o gr ai n boundar i es,  wi t h r el at i vel y l i t t l e cor r osi on of  t he 
gr ai ns,  i s  i nt er gr anul ar  cor r osi on.   The al l oy di s i nt egr at es ( gr ai ns f al l  
out )  or  l oses i t s st r engt h.   I nt er gr anul ar  cor r osi on can be caused by 
i mpur i t i es at  t he gr ai n boundar i es,  enr i chment  of  one of  t he al l oyi ng 
el ement s,  or  depl et i on of  one of  t hese el ement s i n t he gr ai n- boundar y 
ar eas.   Smal l  amount s of  i r on i n al umi num,  wher ei n t he sol ubi l i t y  of  i r on 
i s l ow,  have been shown t o segr egat e i n t he gr ai n boundar i es and cause 
i nt er gr anul ar  cor r osi on.   I t  has been shown t hat ,  based on sur f ace t ensi on 
consi der at i ons,  t he z i nc cont ent  of  a br ass i s hi gher  at  t he gr ai n 
boundar i es.   Depl et i on of  chr omi um i n t he gr ai n- boundar y r egi ons r esul t s 
i n i nt er gr anul ar  cor r osi on of  st ai nl ess st eel s.

1. 2. 10   Sel ect i ve Leachi ng

Sel ect i ve l eachi ng i s t he r emoval  of  one el ement  f r om a sol i d al l oy by 
cor r osi on pr ocesses.   The most  common exampl e i s t he sel ect i ve r emoval  of  
z i nc i n br ass al l oys ( dezi nci f i cat i on) .   Si mi l ar  pr ocesses occur  i n ot her  
al l oy syst ems i n whi ch al umi num,  i r on,  cobal t ,  chr omi um,  and ot her  
el ement s ar e r emoved.   Sel ect i ve l eachi ng i s t he gener al  t er m t o descr i be 
t hese pr ocesses,  and i t s use pr ecl udes t he cr eat i on of  t er ms such as 
de- al umi numi f i cat i on,  de- cobal t i f i cat i on.   Par t i ng i s a met al l ur gi cal  t er m 
t hat  i s somet i mes appl i ed,  but  sel ect i ve l eachi ng i s pr ef er r ed.

1. 2. 11   Er osi on Cor r osi on

Er osi on cor r osi on i s t he accel er at i on or  i ncr ease i n r at e of  det er i or at i on 
or  at t ack on a met al  because of  r el at i ve movement  bet ween a cor r osi ve 
f l ui d and t he met al  sur f ace.   Gener al l y,  t hi s movement  i s qui t e r api d,  and 
mechani cal  wear  ef f ect s or  abr asi on ar e i nvol ved.   Met al  i s  r emoved f r om 
t he sur f ace as di ssol ved i ons,  or  i t  f or ms sol i d cor r osi on pr oduct s,  whi ch 
ar e mechani cal l y swept  f r om t he met al  sur f ace.   Somet i mes,  movement  of  t he 
envi r onment  decr eases cor r osi on,  par t i cul ar l y when l ocal i zed at t ack occur s 
under  st agnant  condi t i ons;  t hi s i s not  er osi on cor r osi on because 
det er i or at i on i s not  i ncr eased.   Er osi on cor r osi on i s char act er i zed i n 
appear ance by gr ooves,  gul l i es,  waves,  r ounded hol es,  and val l eys and 
usual l y exhi bi t s a di r ect i onal  pat t er n.   I n many cases,  f ai l ur es because 
of  er osi on cor r osi on occur  i n a r el at i vel y shor t  t i me,  and t hey ar e 
unexpect ed l ar gel y because eval uat i on cor r osi on t est s wer e r un under  
st at i c condi t i ons or  because t he er osi on ef f ect s wer e not  consi der ed.

1. 2. 12   St r ess- Cor r osi on Cr acki ng

St r ess- cor r osi on cr acki ng r ef er s t o cr acki ng caused by t he s i mul t aneous 
pr esence of  t ensi l e st r ess and a speci f i c  cor r osi ve medi um.   Many 
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i nvest i gat or s have cl assi f i ed al l  cr acki ng f ai l ur es occur r i ng i n cor r osi ve 
medi a as st r ess- cor r osi on cr acki ng,  i ncl udi ng f ai l ur es due t o hydr ogen 
embr i t t l ement .   However ,  t hese t wo t ypes of  cr acki ng f ai l ur es r espond 
di f f er ent l y t o envi r onment al  var i abl es.   To i l l ust r at e,  CP i s an ef f ect i ve 
met hod f or  pr event i ng st r ess- cor r osi on cr acki ng;  however ,  
hydr ogen- embr i t t l ement  may be caused when excessi ve cur r ent  i s appl i ed,  
especi al l y on st ai nl ess st eel .   Hence,  t he i mpor t ance of  consi der i ng 
st r ess- cor r osi on cr acki ng and hydr ogen embr i t t l ement  as separ at e phenomena 
i s obvi ous.   Dur i ng st r ess- cor r osi on cr acki ng,  t he met al  or  al l oy i s 
v i r t ual l y unat t acked over  most  of  i t s  sur f ace,  whi l e f i ne cr acks pr ogr ess 
t hr ough i t .   Thi s cr acki ng phenomenon has ser i ous consequences,  s i nce i t  
can occur  at  st r esses wi t hi n t he r ange of  t ypi cal  desi gn st r ess.

1. 2. 13   Exot her mi c Wel di ng

Exot her mi c wel di ng i s used i n CP t o connect  a copper  wi r e t o a met al l i c  
st r uct ur e,  usual l y st eel  or  cast - i r on.   I t  i s  a pyr ot echni c composi t i on of  
copper  oxi de,  al umi num powder  and magnesi um powder .   The magnesi um powder  
i s i gni t ed wi t h a spar k gun or  el ect r oni c i gni t i on equi pment .   The 
al umi num powder  ser ves as f uel ,  and mel t s t he copper  oxi de,  whi ch bonds 
t he wi r e t o t he st r uct ur e.   Al t hough not  expl osi ve,  i t  can cr eat e br i ef  
bur st s of  heat  and hi gh t emper at ur e i n a smal l  ar ea.

1. 2. 14   Er r or - Fr ee

Pot ent i al  measur ement  er r or  due t o a vol t age dr op caused by cur r ent  
f l owi ng t hr ough a r esi st or  ( t he el ect ol yt e)  bet ween t he r ef er ence 
el ect r ode and t he pr ot ect ed st r uct ur e.

1. 3   ADMI NI STRATI VE REQUI REMENTS

Af t er  awar d of  t he cont r act ,  but  pr i or  t o commencement  of  any wor k at  t he
si t e,  meet  wi t h t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .   Devel op a mut ual  
under st andi ng r el at i ve t o t he admi ni st r at i on of  t he val ue engi neer i ng,  t he 
saf et y pr ogr am,  pr epar at i on of  t he schedul e of  pr i ces or  t he ear ned val ue 
r epor t .   Revi ew shop dr awi ngs,  and ot her  submi t t al s,  schedul i ng 
pr ogr ammi ng,  execut i on of  t he wor k,  and cl ear  expect at i ons of  t he " I nt er i m 
Depar t ment  of  Def ense ( DD)  For m 1354"  submi t t al .   Maj or  subcont r act or s who 
wi l l  engage i n t he wor k must  al so at t end.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .  Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  Not ebook,  i n conf or mance t o 01 33 29 SUSTAI NABI LI TY 
REQUI REMENTS AND REPORTI NG.  Submi t  t he f ol l owi ng i n accor dance wi t h 
Sect i on 01 33 00 SUBMI TTAL PROCEDURES:

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

Pr econst r uct i on Sur vey

SD- 02 Shop Dr awi ngs

Dr awi ngs;  G

I sol at i on f l ange ki t s
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Anode j unct i on boxes,  bondi ng boxes,  and t est  st at i ons

Joi nt  bonds

Cont r act or ' s Modi f i cat i ons;  G

SD- 03 Pr oduct  Dat a

Qual i f i cat i ons

Equi pment ;  G

Anodes;  G

Anode j unct i on boxes,  bondi ng boxes,  and t est  st at i ons

Di el ect r i c uni ons

Wi r es

Cabl e and wi r e

Casi ngs,  i sol at i on,  and seal s

Shunt s

Per manent  r ef er ence el ect r odes;  G

Spar e Par t s

SD- 06 Test  Repor t s

Test s and Measur ement s;  G

Cont r act or ' s Modi f i cat i ons;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Cat hodi c Pr ot ect i on Syst em;  G

Tr ai ni ng Cour se;  G

Cat hodi c Pr ot ect i on Syst em,  Dat a Package 5;  G

SD- 11,  Cl oseout  Submi t t al s

I ni t i al  Cat hodi c Pr ot ect i on Syst em Fi el d Test i ng;  G

One Year  War r ant y Per i od Cat hodi c Pr ot ect i on Syst em Fi el d Test  
Repor t ;  G

Fi nal  Cat hodi c Pr ot ect i on Syst em Fi el d Test  Repor t ;  G
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1. 4. 1   Mat er i al  and Equi pment  Manuf act ur er  Dat a

DATE I SSUE NO. REQUEST DATE REQUESTED BY REQUEST REF.  NO.

MANUFACTURER NAME

DESCRI PTI ON OF EQUI PMENT

1. 5   MAI NTENANCE MATERI AL SUBMI TTALS

1. 5. 1   Spar e Par t s

Af t er  appr oval  of  shop dr awi ngs,  f ur ni sh spar e par t s dat a f or  each 
di f f er ent  i t em of  mat er i al  and equi pment  speci f i ed.   The dat a must  i ncl ude 
a compl et e l i s t  of  par t s,  speci al  t ool s,  and suppl i es,  wi t h cur r ent  uni t  
pr i ces and sour ce of  suppl y.

Af t er  appr oval  of  shop dr awi ngs,  f ur ni sh r evi sed spar e par t s f or  any 
changes made f r om or i gi nal  submi t t al .   One spar e anode of  each t ype must  
be f ur ni shed.   I n addi t i on,  suppl y i nf or mat i on f or  mat er i al  and equi pment  
r epl acement  f or  al l  ot her  component s of  t he compl et e syst em,  i ncl udi ng 
anodes,  cabl es,  spl i ce k i t s and connect or s,  cor r osi on t est  st at i ons,  and 
any ot her  component s not  l i s t ed above.   Fur ni sh one r ef er ence el ect r ode on 
a hand r eel  wi t h 350 f eet  of  conduct or ,  one di gi t al  vol t met er  t hat  can be 
used i n t he mai nt enance of  t hi s CP syst em.   Demonst r at e use of  f ur ni shed 
equi pment  i n act ual  t est s dur i ng t he t r ai ni ng cour se.   Pr ovi de a 
descr i pt i on of  equi pment  of  t he pi pe- t o- soi l  pr ot ect ed st r uct ur e and 
f or ei gn st r uct ur es at  el ect r i cal  i sol at i on bet ween t he ut i l i t y  suppl i er  
and t he f aci l i t y  pi pi ng.

1. 5. 2   Ext r a Mat er i al s

Fur ni sh one r ef er ence el ect r ode on a hand r eel  wi t h350 f eet  of  conduct or ,  
one hi gh- i nput - i mpedance di gi t al  mul t i met er  t hat  can be used i n t he 
mai nt enance of  t hi s CP syst em.   Demonst r at e use of  f ur ni shed equi pment  i n 
act ual  t est s dur i ng t he t r ai ni ng cour se.   Pr ovi de a descr i pt i on of  
equi pment  of  t he pi pe- t o- soi l  pr ot ect ed st r uct ur e and f or ei gn st r uct ur es 
at  el ect r i cal  i sol at i on bet ween t he ut i l i t y  suppl i er  and t he f aci l i t y  
pi pi ng.   I ncl ude a descr i pt i on of  t he equi pment  and measur ement  of  t he 
pi pe- t o- soi l  pot ent i al s,  anode vol t age,  anode cur r ent  and soi l  condi t i on.
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1. 6   QUALI TY CONTROL

1. 6. 1   Regul at or y Requi r ement s

Obt ai n t he ser vi ces of  a cor r osi on exper t  t o super vi se,  i nspect ,  and t est  
t he i nst al l at i on and per f or mance of  t he cat hodi c pr ot ect i on syst em.   The 
t er m " cor r osi on exper t "  r ef er s t o a per son,  who by t hor ough knowl edge of  
t he physi cal  sci ences and t he pr i nci pl es of  engi neer i ng and mat hemat i cs,  
acqui r ed by pr of essi onal  educat i on and r el at ed pr act i cal  exper i ence,  i s 
qual i f i ed t o engage i n t he pr act i ce of  cor r osi on cont r ol  of  bur i ed or  
submer ged met al l i c  st r uct ur es.

1. 6. 2   Qual i f i cat i ons

The cor r osi on exper t  must  be accr edi t ed or  cer t i f i ed by NACE 
I nt er nat i onal ,  as a CP- 4 CP Speci al i st  or  be a NACE I nt er nat i onal  
cer t i f i ed Cor r osi on Speci al i st  or  a r egi st er ed pr of essi onal  engi neer  who 
has cer t i f i cat i on or  l i censi ng t hat  i ncl udes educat i on and exper i ence i n 
CP of  t he t ype of  CP syst em bei ng i nst al l ed.   The cor r osi on exper t  must  
have not  l ess t han t hr ee year s of  exper i ence i n t he t ype of  CP f or  bur i ed 
or  submer ged met al l i c  st r uct ur es under  t hi s cont r act .   Submi t  evi dence of  
qual i f i cat i ons of  t he cor r osi on exper t  i ncl udi ng t hei r  name and 
qual i f i cat i ons cer t i f i ed i n wr i t i ng t o t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  
pr i or  t o t he st ar t  of  const r uct i on.   Cer t i f i cat i on must  be submi t t ed 
gi v i ng t he name of  t he f i r m,  t he number  of  year s of  exper i ence,  and a l i s t  
of  not  l ess t han f i ve of  t he f i r m' s i nst al l at i ons,  t hr ee or  mor e year s 
ol d,  t hat  have been t est ed and f ound sat i sf act or y.

1. 6. 3   Ser vi ces of  Cor r osi on Exper t

The " cor r osi on exper t "  must  make a mi ni mum of  t hr ee vi s i t s t o t he pr oj ect  
s i t e.   The f i r st  of  t hese vi s i t s wi l l  i ncl ude obt ai ni ng soi l  r esi st i v i t y 
dat a,  acknowl edgi ng t he t ype of  pi pel i ne coat i ngs t o be used and r epor t i ng 
t o t he cont r act or  t he t ype of  CP r equi r ed ( GACP or  I CCP) .   Once t he 
submi t t al s ar e appr oved and t he mat er i al s del i ver ed,  t he " cor r osi on 
exper t "  wi l l  r evi s i t  t he s i t e t o ver i f y t he mat er i al s meet  submi t t al  
r equi r ement s,  ensur e t he cont r act or  under st ands i nst al l at i on pr act i ces and 
t hat  t he cont r act or  i s capabl e and qual i f i ed t o compl et e t he i nst al l at i on.

The " cor r osi on exper t "  wi l l  be avai l abl e ( but  not  necessar i l y  be onsi t e 
t he ent i r e t i me)  dur i ng t he i nst al l at i on of  t he CP syst em t o answer  
quest i ons,  appr ove any changes or  addi t i ons r equi r ed dur i ng const r uct i on,  
or  t o pr ovi de r ecommendat i ons as r equi r ed.   The t hi r d v i s i t  i s  t o compl et e 
t he t r ai ni ng and demonst r at i ons t o appl i cabl e per sonnel  on pr oper  t est i ng 
and mai nt enance t echni ques and t o compl et e t est i ng t he i nst al l ed CP 
syst ems t o ensur e i t  has been i nst al l ed pr oper l y and meet s adequat e CP 
cr i t er i a.   An addi t i onal  v i s i t  i s  r equi r ed i f  t he 
One- Year - War r ant y- Per i od- Test i ng i s r equi r ed.

1. 7   DELI VERY,  STORAGE AND HANDLI NG

St or age ar ea f or  cor r osi on mat er i al s wi l l  be desi gnat ed by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager .   I f  mat er i al s ar e not  st or ed i n a bui l di ng,  t ar ps or  
s i mi l ar  pr ot ect i on must  be used t o pr ot ect  mat er i al  f r om i ncl ement  
weat her .   Resack and add backf i l l  t o packaged anodes t hat  ar e damaged as a 
r esul t  of  i mpr oper  handl i ng or  exposur e t o r ai n.
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1. 8   PROJECT/ SI TE CONDI TI ONS

1. 8. 1   Envi r onment al  Requi r ement s

1. 8. 2   Exi st i ng Condi t i ons

Pr i or  t o st ar t  of  any onsi t e const r uct i on act i v i t i es,  per f or m a 
Pr econst r uct i on Sur vey of  t he pr oj ect  s i t e wi t h t he Cont r act i ng Of f i cer  or  
t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager ,  and t ake phot ogr aphs showi ng exi st i ng envi r onment al  condi t i ons i n 
and adj acent  t o t he s i t e.   Submi t  a r epor t  f or  t he r ecor d.   I ncl ude i n t he 
r epor t  a pl an descr i bi ng t he f eat ur es r equi r i ng pr ot ect i on under  t he 
pr ovi s i ons of  t he Cont r act  Cl auses,  whi ch ar e not  speci f i cal l y i dent i f i ed 
on t he dr awi ngs as envi r onment al  f eat ur es r equi r i ng pr ot ect i on al ong wi t h 
t he condi t i on of  t r ees,  shr ubs and gr assed ar eas i mmedi at el y adj acent  t o 
t he s i t e of  wor k and adj acent  t o t he cont r act or ' s assi gned st or age ar ea 
and access r out e( s) ,  as appl i cabl e.   The Cont r act or  and t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager  wi l l  s i gn t hi s sur vey r epor t  upon mut ual  agr eement  
r egar di ng i t s accur acy and compl et eness.   Pr ot ect  t hose envi r onment al  
f eat ur es i ncl uded i n t he sur vey r epor t  and any i ndi cat ed on t he dr awi ngs,  
r egar dl ess of  i nt er f er ence t hat  t hei r  pr eser vat i on may cause t o t he wor k 
under  t he Cont r act .

1. 9   WARRANTY

Pr ovi de equi pment  i t ems t hat  ar e suppor t ed by ser vi ce or gani zat i ons whi ch 
ar e r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

2. 1. 1   Cor r osi on Cont r ol  Syst em Descr i pt i on

A cor r osi on cont r ol  syst em consi st s of  sever al  syst ems whi ch wor k t oget her  
t o mi t i gat e cor r osi on on bur i ed or  submer ged met al l i c  st r uct ur es.   Fai l ur e 
t o compl y wi t h t he r equi r ement s of  any one of  t hese syst ems may r esul t  i n 
i nadequat e cor r osi on cont r ol  and pr emat ur e f ai l ur e of  t he st r uct ur e bei ng 
pr ot ect ed.   Each syst em' s gui de speci f i cat i ons must  be i ncl uded i n t he 
desi gn and i nst al l at i on of  a compl et e cor r osi on cont r ol  syst em and must  be 
adher ed t o i n t he desi gn and execut i on of  t he cor r osi on cont r ol  of  a 
st r uct ur e bei ng pr ot ect ed.   Det er mi nat i on of  Need f or  CP must  be made by 
gover nment  r equi r ement s and pol i cy di r ect i ves.

a.   Coat i ng Syst ems ( CS)  ar e a cr i t i cal  f act or  i n per f or mance of  a GACP 
syst em.   Al l  coat i ngs,  i ncl udi ng coat i ngs i n st r uct ur e gui de 
speci f i cat i ons and Gr een Seal  ( GS)  coat i ngs,  must  be compat i bl e wi t h 
t he st r uct ur e and t he CP syst em,  and have hi gh di sbondment  
capabi l i t i es.   A hi gh r esi st ance t o cat hodi c di sbondment  i s cr i t i cal  
f or  l ong t er m ser vi ce l i f e of  coat i ngs on bur i ed or  submer ged met al l i c  
st r uct ur es under  CP.   For  pai nt s and coat i ngs r ef er  t o Sect i on 09 90 00
 PAI NTS AND COATI NGS,  and f or  di scont i nui t y ( Hol i day)  t est i ng of  new 
pr ot ect i ve coat i ngs on conduct i ve subst r at es r ef er  t o NACE SP0188.
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b.   Mechani cal  Damage Syst ems ( MDS)  such as beddi ng and r ock cont r ol  
bar r i er s nor mal l y i ncl uded i n St r uct ur e GS may be r equi r ed by desi gn 
f or  some l ocat i ons.   El ect r i cal  I sol at i on i s r equi r ed f or  al l  gal vani c 
anode CP syst ems.   For  an El ect r i cal  I sol at i on Syst em ( EI S)  r ef er  t o 
NACE SP0286.

c.   An El ect r i cal  Cont i nui t y Syst em ( ECS)  of  t he pr ot ect ed st r uct ur e i s 
cr i t i cal  t o t he oper at i on of  t he CP syst em.   The t ypes of  j oi nt s such 
as bondi ng and coupl i ngs ar e nor mal l y i ncl uded i n St r uct ur e GS,  t hi s 
i s par t i cul ar l y i mpor t ant  t o nonwel ded pi pel i nes t o al l ow suf f i c i ent  
CP cur r ent  t o conduct  t o t he ent i r e st r uct ur e.

d.   St r ay Cur r ent  ( I nt er f er ence)  Syst ems must  be consi der ed i n desi gn,  
moni t or ed dur i ng const r uct i on,  and i nt er f er ence t est i ng must  be 
compl et ed dur i ng t he f i nal  t est i ng.   Desi gn must  consi der  al l  ot her  
cat hodi c pr ot ect i on syst ems whi ch may af f ect  ot her  syst ems or  syst ems 
whi ch may af f ect  t he pr oj ect ,  i ncl udi ng f or ei gn syst ems.  Al l  f or ei gn 
syst ems must  be cont act ed f or  i nf or mat i on and not i f i cat i on and any 
j oi nt  t est i ng whi ch may be r equi r ed.  Cor r osi on Coor di nat i ng Commi t t ees 
may exi st .  Ref er ence NACE TPC 11.

e.   Pi pel i nes t hat  par al l el  over head hi gh vol t age AC t r ansmi ssi on power  
syst ems ar e subj ect  t o i nduced AC.   I nduced AC has sever al  pot ent i al  
adver se i mpact s on t he saf et y of  per sonnel  and pi pel i ne i nt egr i t y.   
Assumi ng t hat  t hese condi t i ons exi st ,  t her e ar e sever al  measur es t hat  
can be t aken t o mi t i gat e t he i nduced AC pr esent  on a pi pel i ne.   These 
i nduced AC mi t i gat i on st r at egi es ar e det ai l ed i n var i ous i nt er nat i onal  
st andar ds i ncl udi ng NACE SP0177.

f .   Gal vani c Anode CP Moni t or i ng Syst em i s a sol ut i on f or  r emot e 
moni t or i ng ( and opt i onal l y cont r ol l i ng)  di f f er ent  k i nds of  gal vani c 
anode CP appl i cat i ons,  mai nl y t o pr ot ect  under gr ound pi pel i nes used i n 
oi l  and gas di st r i but i on syst ems,  but  t he same syst em can be used t o 
moni t or  ot her  gal vani c anode CP appl i cat i ons l i ke t ank f ar ms and oi l  
pl at f or ms.   These Moni t or i ng Syst ems ar e det ai l ed i n var i ous 
i nt er nat i onal  st andar ds i ncl udi ng NACE TPC 11.

g.   When a pr oj ect  i s  connect i ng t o an exi st i ng i nf r ast r uct ur e wi t h CP t he 
desi gn must  be compat i bl e wi t h t he exi st i ng st r uct ur e( s)  CP syst em.   
Exi st i ng st r uct ur es may have I mpr essed Cur r ent  CP ( I CCP)  Anode Syst ems 
usi ng Remot e Anode Syst ems,  Deep Anode Syst ems,  Li near  Anode Syst ems,  
or  Di st r i but ed Anode Syst ems.   Exi st i ng st r uct ur es may al so have 
Gal vani c CP ( GACP)  Syst ems whi ch may be di st r i but ed or  r emot e.   
Exi st i ng st r uct ur es mi ght  not  have CP.   They may use al t er nat i ve 
met hods of  cor r osi on mi t i gat i on i nst ead of  CP such as I nhi bi t or  
Syst em/ I nt er nal  Cor r osi on Cont r ol .   For  cont r ol  of  i nt er nal  cor r osi on 
i n st eel  pi pel i nes and pi pi ng syst ems r ef er  t o NACE SP0106.   Due t o 
t he l i mi t ed vol t age and cur r ent  of  gal vani c anodes t he pr ot ect ed 
st r uct ur e must  be coat ed and i sol at ed f r om ot her  st r uct ur es.

h.   A hi ghl y di el ect r i c bonded coat i ng i s r equi r ed t o at t ai n adequat e CP.   
Unbonded coat i ngs bl ock t he pr ot ect i ve cur r ent  f r om t he pi pel i ne or  
st r uct ur e and must  not  be used wi t h CP.   Fai l ur e t o i sol at e ot her  
met al l i c  st r uct ur es wi l l  r esul t  i n l oss of  pr ot ect i on.   I sol at i on f r om 
ot her  met al l i c  st r uct ur es must  be mai nt ai ned.

i .   Cont i nui t y of  t he st r uct ur e wi t h l ow r esi st ance i s cr uci al  t o pr oper  
oper at i on of  a gal vani c anode syst em.   Al l  j oi nt s must  be cont i nuous 
or  be bonded t o bot h s i des of  t he j oi nt .
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j .   A conduct i ve el ect r ol yt e i s r equi r ed t o al l ow cur r ent  f l ow f r om t he 
gal vani c anodes.   Use of  gal vani c anode syst ems ar e nor mal l y 
r est r i ct ed t o el ect r ol yt es wi t h r esi st i v i t i es bel ow 30, 000 ohm- cm.   
Smal l  wel l  coat ed st r uct ur es such as coat ed val ves,  t ees and el bows 
have ver y hi gh r esi st ance t o ear t h i n hi gh r esi st ance soi l s.   Gal vani c 
anodes i n el ect r ol yt es over  30, 000 ohms al so have ver y hi gh r esi st ance 
t o ear t h.   Hi gh ci r cui t  r esi st ance wi t h t he l ow vol t age of  gal vani c 
anodes wi l l  not  al l ow suf f i c i ent  cur r ent  t o meet  i nst ant  of f  or  
depol ar i zat i on cr i t er i a.   Addi t i onal  anodes under  t hese condi t i ons 
wi l l  not  not i ceabl y i ncr ease t he cur r ent  appl i ed t o t he st r uct ur e.   
Ref er ence SP0169 f or  cr i t er i a i n hi gh r esi st ance el ect r ol yt es.

2. 1. 2   Desi gn Requi r ement s

2. 1. 2. 1   El ect r i cal  I sol at or s

I sol at or s ar e r equi r ed t o i sol at e t he pi pes f r om any ot her  st r uct ur e.   
Pr ovi de i sol at or s at  al l  l ocat i ons wher e t he i ndi cat ed pi pes cont act  any 
ot her  met al l i c  st r uct ur e.   Pr ovi de l ocat i ons and det ai l ed dr awi ngs of  
r equi r ed i nst al l at i ons.   I ncl ude any r equi r ement s f or  l i ght ni ng 
pr ot ect i on,  t est  st at i ons,  sur ge pr ot ect i on,  or  ot her  r equi r ement s and 
i ncl ude l ocat i ons and det ai l s i n desi gn dr awi ngs.

2. 1. 2. 2   Anode and Bond Wi r es

Pr ovi de a mi ni mum of  5 magnesi um anodes wi t h an unpackaged wei ght  of   
pounds at  uni f or m di st ances al ong t he met al l i c  pi pel i nes.   Use a mi ni mum 
of  3 t est  st at i ons f or  t hese anodes.   Pr ovi de t hese anodes i n addi t i on t o 
anodes f or  t he pi pe under  concr et e s l ab and casi ng r equi r ement s.   For  each 
cat hodi c syst em,  pr ovi de met al l i c  component s and st r uct ur es t hat  ar e 
el ect r i cal l y cont i nuous by i nst al l i ng bond wi r es bet ween t he var i ous 
st r uct ur es.   Bondi ng of  exi st i ng bur i ed st r uct ur es may al so be r equi r ed t o 
pr ecl ude det r i ment al  st r ay cur r ent  ef f ect s and saf et y hazar ds.   Ret ur n 
st r ay cur r ent  t o i t s sour ce wi t hout  damagi ng st r uct ur es i nt er cept i ng t he 
st r ay cur r ent .   Pr ovi de el ect r i cal  i sol at i on of  under gr ound f aci l i t i es i n 
accor dance wi t h accept abl e i ndust r y pr act i ce.   Al l  t est s must  be wi t nessed 
by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager .

2. 1. 2. 3   Sur ge Pr ot ect i on

I nst al l  appr oved zi nc gr oundi ng cel l s or  seal ed weat her pr oof  l i ght ni ng and 
sur ge ar r est or  devi ces acr oss i sol at i on f l anges or  f i t t i ngs i nst al l ed i n 
under gr ound pi pi ng as i ndi cat ed on t he dr awi ngs.   Pr ovi de gapl ess,  
sel f - heal i ng,  sol i d st at e t ype ar r est or .   Pr ovi de zi nc anode composi t i on 
conf or mi ng t o ASTM B418,  Type I I .   Pr ovi de number  4 AWG copper  l ead wi r es 
wi t h Hi gh Mol ecul ar  Wei ght  Pol yet hyl ene ( HMWPE)  i nsul at i on.   Zi nc 
gr oundi ng cel l s must  be pr epackaged i n backf i l l  i nst al l  as det ai l ed on t he 
dr awi ngs.   Li ght ni ng ar r est or s or  z i nc gr oundi ng cel l s ar e not  r equi r ed 
f or  i sol at i on f l anges on met al l i c  component s used on non- met al l i c  pi pi ng 
syst ems.

2. 1. 2. 4   Non- met al l i c  Pi pe Syst em

I n t he event  pi pe ot her  t han met al l i c  pi pe i s appr oved and used i n l i eu of  
met al l i c  pi pe,  pr ot ect  al l  met al l i c  component s of  t hi s pi pe syst em wi t h 
CP.   Submi t  det ai l ed dr awi ngs of  CP f or  each component  t o t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
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Pr oj ect  Manager  f or  appr oval  wi t hi n 45 days af t er  dat e of  r ecei pt  of  
not i ce t o pr oceed,  and bef or e commencement  of  any wor k.

2. 1. 2. 5   Coat i ngs

Pr ovi de coat i ngs f or  met al l i c  component s as r equi r ed f or  met al l i c  
f i t t i ngs.   Compl et e and t est  pr ot ect i ve coat i ng on each met al l i c  component  
( such as val ves,  hydr ant s and f i t t i ngs) .   Pr ovi de coat i ng as r equi r ed f or  
under gr ound met al l i c  pi pe.   Each t est  must  be wi t nessed by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager .   Sel ect ,  appl y,  and i nspect  coat i ngs as speci f i ed i n 
t hese speci f i cat i ons.   The use of  non- met al l i c  pi pe does not  change ot her  
r equi r ement s of  t he speci f i cat i ons.   Submi t  any devi at i ons due t o t he use 
of  non- met al l i c  pi pe f or  appr oval .

2. 1. 2. 6   Tr acer  Wi r e

When a non- met al l i c  pi pel i ne i s used t o ext end or  add t o an exi st i ng 
met al l i c  l i ne,  exot her mi c- wel d No.  8 AWG copper  wi r e wi t h THHN i nsul at i on 
t o t he exi st i ng met al l i c  l i ne and r un t he l engt h of  t he new non- met al l i c  
l i ne.   Use t hi s wi r e as a l ocat or  t r acer  wi r e and t o mai nt ai n cont i nui t y 
t o any f ut ur e ext ensi ons of  t he pi pel i ne.

2. 1. 2. 7   Dr awi ngs

Submi t  s i x copi es of  det ai l  dr awi ngs consi st i ng of  a compl et e l i s t  of  
equi pment  and mat er i al  i ncl udi ng manuf act ur er ' s descr i pt i ve and t echni cal  
l i t er at ur e,  cat al og cut s,  cont r act or ' s modi f i cat i ons,  r esul t s of  syst em 
desi gn cal cul at i ons i ncl udi ng soi l - r esi st i v i t y,  i nst al l at i on i nst r uct i ons 
and cer t i f i ed t est  dat a showi ng l ocat i on of  anodes and st at i ng t he maxi mum 
r ecommended anode cur r ent  out put  densi t y.   I ncl ude i n t he det ai l  dr awi ngs 
compl et e wi r i ng and schemat i c di agr ams,  i sol at i on f i t t i ngs,  t est  st at i ons,  
per manent  r ef er ence el ect r odes and bondi ng and any ot her  det ai l s r equi r ed 
t o demonst r at e t hat  t he syst em has been coor di nat ed and wi l l  f unct i on 
pr oper l y as a uni t .   Ref er ence l ocat i ons t o t wo per manent  f aci l i t i es or  
mar k poi nt s.   Pr ovi de one el ect r oni c di gi t al  copy and di gi t al  phot os of  
t he compl et ed i nst al l at i on.

2. 1. 2. 8   Summar y of  Ser vi ces Requi r ed

I ncl ude t he f ol l owi ng scope of  ser vi ces:

a.   Cl ose- i nt er val  pot ent i al  sur veys,

b.   CP I nst al l at i on Syst em,

c.   Syst em t est i ng,

d.   Casi ng cor r osi on cont r ol ,

e.   I nt er f er ence t est i ng,

f .   Tr ai ni ng,

g.   Oper at i ng and mai nt enance manual ,

h.   I sol at i on t est i ng and bondi ng t est i ng,

i .   Coat i ng and hol i day t est i ng.
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2. 1. 2. 9   Test s of  Component s

Per f or m a mi ni mum of  f our  t est s at  each met al l i c  component  i n t he pi pi ng 
syst em.   Two measur ement s must  be made di r ect l y over  t he anodes and t he 
ot her  t wo t est s must  be over  t he out er  edge of  t he component ,  but  at  t he 
f ar t hest  poi nt  f r om t he anodes.   Pr ovi de a f i el d dr awi ng showi ng t he 
component ,  t he st r uct ur e,  al l  component s of  t he CP syst em and t hei r  
r el at i onshi p t o each ot her .   Al so pr ovi de a nar r at i ve descr i bi ng how t he 
CP syst em wi l l  wor k and t he t est i ng at  each component .   Component s 
r equi r i ng CP must  i ncl ude but  not  be l i mi t ed t o t he f ol l owi ng:

a.   Pi pes beneat h t he f l oor  s l ab or  f oundat i ons.

b.   Post  I ndi cat or  Val ve ( PI V) .

c.   Shut of f  val ves.

d.   Met al l i c  pi pes ext ended f r om abovegr ound l ocat i ons.

e.   Connect or s or  change- of - di r ect i on devi ces.

f .   Met al l i c  pi pe component s or  sect i ons.

g.   Backf l ow pr event er s.

h.   Cul ver t s.

i .   Casi ngs.

2. 1. 2. 10   El ect r i cal  Pot ent i al  Measur ement s

Make al l  pot ent i al  t est s at  a mi ni mum of  10 f oot  i nt er val s wi t nessed by 
t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager .   Pr ovi de submi t t al s i dent i f y i ng t est  
l ocat i ons on separ at e dr awi ngs,  showi ng al l  met al  t o be pr ot ect ed and al l  
CP equi pment .   Di st i ngui sh and i dent i f y t est  poi nt s,  equi pment ,  and 
pr ot ect ed met al .

2. 1. 2. 11   Typi cal  Met al l i c  Component s on Non- met al l i c  Syst ems

2. 1. 2. 11. 1   Met al l i c  Component s

As a mi ni mum,  pr ot ect  each met al l i c  component  wi t h t wo gal vani c anodes.  
Thi s number  of  anodes i s r equi r ed t o achi eve mi nus 850 mi l l i vol t s " i nst ant  
of f "  pot ent i al  on t he met al l i c  ar ea and at  t he same t i me not  pr ovi de 
over vol t age above 1200 mi l l i vol t s " i nst ant  of f . "   As a mi ni mum,  t he 
gal vani c anode unpackaged wei ght  must  be 9 pounds.   Locat e t he gal vani c 
anodes on each si de of  t he met al l i c  component  and r out e t hr ough a t est  
st at i on.

2. 1. 2. 11. 2   Fi r e Hydr ant s

Pr ovi de f i r e hydr ant  pi pe component s wi t h a mi ni mum of  t wo anodes.   These 
gal vani c anodes must  have an unpackaged wei ght  of  pounds.

2. 1. 2. 11. 3   Pi pe Beneat h Concr et e Sl ab

Pi pe beneat h concr et e s l ab must  have a mi ni mum of  2 gal vani c anodes.   
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These gal vani c anodes must  have an unpackaged wei ght  of  9 pounds.   Pi pe 
beneat h concr et e s l ab must  have 1 per manent  r ef er ence el ect r odes l ocat ed 
beneat h t he s l ab.   Locat e one per manent  r ef er ence el ect r ode wher e t he pi pe 
ent er s t he concr et e s l ab.   Rout e al l  conduct or s t o a t est  st at i on.

2. 1. 2. 11. 4   Val ves

Pr ot ect  each val ve wi t h 1 gal vani c anodes.   The gal vani c anode must  have 
an unpackaged wei ght  of  9 pounds.

2. 1. 2. 11. 5   Met al l i c  Pi pe Component  or  Sect i on

Pr ot ect  each sect i on of  met al l i c  pi pe wi t h 2 gal vani c anodes.   The 
gal vani c anodes must  have an unpackaged wei ght  of  9 pounds.

2. 1. 2. 11. 6   Connect or s or  Change- of - Di r ect i on Devi ces

Pr ot ect  each change- of - di r ect i on devi ce wi t h 2 gal vani c anodes.   The 
gal vani c anode must  have an unpackaged wei ght  of  9 pounds.

2. 1. 2. 12   Met al l i c  Component  Coat i ng

Coat i ngs f or  met al l i c  component s wi l l  be r equi r ed f or  met al l i c  f i t t i ngs as 
i ndi cat ed.   These met al l i c  f i t t i ngs wi l l  i ncl ude f i r e hydr ant s,  t ees,  
el bows,  and val ves.   Coat i ngs must  be sel ect ed,  appl i ed,  and i nspect ed as 
speci f i ed i n t he coat i ng speci f i cat i ons r ef er enced and be compat i bl e wi t h 
t he st r uct ur e bei ng pr ot ect ed.   Al l  coat i ngs must  be i n accor dance wi t h 
al l  appl i cabl e Feder al ,  St at e,  and l ocal  r egul at i ons.   Unbonded coat i ngs 
must  not  be used wi t h CP.

2. 1. 2. 13   Locat i on of  Test  St at i ons

Pr ovi de t est  st at i ons of  t he t ype and l ocat i on shown and wal l  mount .   
Pr ovi de bur i ed i sol at i on j oi nt s wi t h t est  wi r e connect i ons br ought  t o a 
t est  st at i on.   Ref er ence al l  t est  st at i ons wi t h GPS coor di nat es.   Unl ess 
ot her wi se shown,  l ocat e ot her  t est  st at i ons as f ol l ows:

a.   At  1, 000- f oot  i nt er val s or  l ess.

b.   Wher e t he pi pe or  condui t  cr osses any ot her  met al  pi pe.

c.   At  bot h ends of  casi ngs under  r oadways and r ai l ways.

d.   Wher e bot h s i des of  an i sol at i on j oi nt  ar e not  accessi bl e above gr ound 
f or  t est i ng pur poses.

2. 1. 2. 14   El ect r i cal  I sol at i on of  St r uct ur es

As a mi ni mum,  pr ovi de i sol at i ng f l anges or  uni ons at  t he f ol l owi ng 
l ocat i ons:

a.   Connect i on of  new met al l i c  pi pi ng or  component s t o exi st i ng pi pi ng.

b.   Pr essur e pi pi ng beneat h f l oor  s l ab t o a bui l di ng.

Pr ovi de i sol at i on at  met al l i c  connect i on of  al l  l i nes t o exi st i ng syst em 
and wher e connect i ng t o a bui l di ng.   Addi t i onal l y,  pr ovi de i sol at i on 
bet ween wat er  or  gas l i ne;  and f or ei gn pi pes t hat  cr oss t he new l i nes 
wi t hi n 10 f eet .   I nst al l  i sol at i on f i t t i ngs,  i ncl udi ng i sol at i ng f l anges 
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and coupl i ngs,  abovegr ound or  i n a concr et e pi t .

2. 1. 2. 14. 1   Gas Di st r i but i on Pi pi ng

Pr ovi de el ect r i cal  i sol at i on at  each bui l di ng r i ser  pi pe t o t he pr essur e 
r egul at or ,  at  al l  poi nt s wher e a shor t  t o anot her  st r uct ur e or  t o a 
f or ei gn st r uct ur e may occur ,  and at  ot her  l ocat i ons as i ndi cat ed on t he 
dr awi ngs.

2. 1. 2. 14. 2   I sol at i on Joi nt  Test i ng

An i sol at or  checker  or  i nsul at i on t est er  wi l l  be used f or  i sol at i on or  
i nsul at i ng j oi nt  ( f l ange or  di el ect r i c)  el ect r i cal  t est i ng.

2. 1. 2. 14. 3   Under gr ound St r uct ur e Coat i ng

Thi s coat i ng speci f i cat i on t akes pr ecedence over  any ot her  pr oj ect  
speci f i cat i on and dr awi ng not es,  whet her  st at ed or  i mpl i ed,  and al so 
appl i es t o t he pi pel i ne or  t ank suppl i er .   Var i ance i n coat i ng qual i t y i s 
not  al l owed by t he cont r act or  or  Base Const r uct i on Repr esent at i ve wi t hout  
t he wr i t t en consent  of  t he desi gner .   Al l  under gr ound met al l i c  pi pel i nes 
and t anks t o be cat hodi cal l y pr ot ect ed must  have a hi gh qual i t y 
f act or y- appl i ed coat i ng.   Thi s i ncl udes al l  car bon st eel ,  cast - i r on and 
duct i l e- i r on pi pel i nes or  vessel s.   Sel ect ,  appl y,  and i nspect  coat i ngs as 
speci f i ed.   I f  non- met al l i c  pi pel i nes ar e i nst al l ed,  coat  al l  met al l i c  
f i t t i ngs on pi pe sect i ons i n accor dance wi t h t hi s speci f i cat i on sect i on.

a.   The nomi nal  coat i ng t hi ckness f or  t he met al l i c  pi pe j oi nt  or  ot her  
component  coat i ng must  be 16 mi l s,  pl us or  mi nus 5 per cent .

b.   Appl y pi pe and j oi nt  coat i ng f or  f act or y appl i ed or  f i el d r epai r  
mat er i al  as r ecommended by t he manuf act ur er .   Coat i ng must  be one of  
t he f ol l owi ng:

( 1)   Cont i nuousl y ext r uded pol yet hyl ene and adhesi ve coat i ng syst em.
( 2)   Pol yvi nyl  chl or i de pr essur e- sensi t i ve adhesi ve t ape.
( 3)   Hi gh densi t y pol yet hyl ene/ bi t umi nous r ubber  compound t ape.
( 4)   But yl  r ubber  t ape.
( 5)   Coal  t ar  epoxy.

2. 1. 2. 14. 4   Fi el d Joi nt s

Coat  al l  f i el d j oi nt s wi t h mat er i al s compat i bl e wi t h t he pi pel i ne coat i ng 
compound.   Appl y t he j oi nt  coat i ng mat er i al  t o an equal  t hi ckness as t he 
pi pel i ne coat i ng.   Do not  use unbonded coat i ngs f or  t hese bur i ed met al l i c  
component s.   Thi s i ncl udes t he el i mi nat i on of  al l  unbonded pol ymer  wr aps 
or  t ubes.   Once t he pi pel i ne or  vessel  i s  set  i n t he t r ench,  conduct  an 
i nspect i on of  t he coat i ng.   Thi s i nspect i on must  i ncl ude el ect r i cal  
hol i day det ect i on.   Repai r  any damaged ar eas of  t he coat i ng.   The 
Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  
Exper t  or  Pr oj ect  Manager  must  be asked t o wi t ness i nspect i on of  t he 
coat i ng and t est i ng usi ng a hol i day det ect or .

2. 1. 2. 14. 5   I nspect i on of  Pi pe Coat i ngs

Any damage t o t he pr ot ect i ve coat i ng dur i ng t r ansi t  and handl i ng must  be 
r epai r ed bef or e i nst al l at i on.   Af t er  f i el d coat i ng has been appl i ed,  
i nspect  t he ent i r e pi pe usi ng an el ect r i c hol i day det ect or  i n accor dance 
wi t h NACE SP0188 usi ng a f ul l - r i ng,  spr i ng- t ype coi l  el ect r ode.   The 
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hol i day det ect or  must  be equi pped wi t h a bel l ,  buzzer ,  or  ot her  t ype of  
audi bl e s i gnal  whi ch sounds when a hol i day i s det ect ed.   Upon det ect i on,  
i mmedi at el y r epai r  al l  hol i days i n t he pr ot ect i ve coat i ng.   Occasi onal  
checks of  hol i day det ect or ,  oper at i on wi l l  be made by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager  t o det er mi ne sui t abi l i t y  of  t he det ect or .   Pr ovi de al l  
l abor ,  mat er i al s,  and equi pment  necessar y f or  conduct i ng t he i nspect i on.

2. 1. 2. 14. 6   Pr ot ect i ve Coat i ng f or  Abovegr ound Pi pi ng Syst em

Pr ovi de f i ni sh pai nt i ng conf or mi ng t o t he appl i cabl e par agr aph of  Sect i on 
09 90 00 PAI NTS AND COATI NGS and as f ol l ows:

2. 1. 2. 14. 7   Fer r ous Sur f aces

Touch- up shop- pr i med sur f aces wi t h f er r ous met al  pr i mer .   Sol vent - c l ean 
sur f aces t hat  have not  been shop- pr i med.   Sur f aces t hat  cont ai n l oose 
r ust ,  l oose mi l l  scal e,  and ot her  f or ei gn subst ances must  be 
mechani cal l y- c l eaned by power  wi r e- br ushi ng and pr i med wi t h f er r ous met al  
pr i mer .   Fi ni sh pr i med sur f ace wi t h t wo coat s of  ext er i or  oi l  pai nt  and 
vi nyl  pai nt .

2. 1. 3   Per f or mance Requi r ement s

The desi gn must  al l ow f or  synchr oni zed i nt er r upt i on of  al l  appl i ed cur r ent .

2. 1. 3. 1   Cr i t er i a of  Cat hodi c Pr ot ect i on

The desi gn must  al l ow f or  synchr oni zed i nt er r upt i on of  al l  appl i ed 
cur r ent .  Al l  gal vani c anode l eads,  or  header  cabl es,  must  be connect ed t o 
t he pr ot ect ed st r uct ur e t hr ough t est  st at i ons or  j unct i on boxes and must  
never  be connect ed di r ect l y t o t he pr ot ect ed st r uct ur e.

a.   Det er mi nat i on of  t he on and pol ar i zed ( i nst ant  of f )  pot ent i al s must  be 
made wi t h t he pr ot ect i ve cur r ent  appl i ed t o t he pi pel i ne f or  a mi ni mum 
of  2 .   Pol ar i zed pot ent i al s may be det er mi ned usi ng a coupon t est  
st at i on ( Er r or - Fr ee ( I R Fr ee)  t est  st at i on) .  Pol ar i zed pot ent i al s must  
be det er mi ned by i nt er r upt i ng al l  t he cur r ent  bei ng appl i ed t o t he 
st r uct ur e or  coupon.

b.   The pot ent i al  measur ement s f or  t he nat i ve measur ement  and t he 
pol ar i zed pot ent i al  must  be made wi t h t he r ef er ence el ect r ode at  t he 
same exact  l ocat i on.   The pol ar i zat i on decay measur ement s must  al so be 
made wi t h t he r ef er ence el ect r ode at  t he same exact  l ocat i on as t he 
pol ar i zat i on pot ent i al .

c.   The pol ar i zat i on decay measur ement s wi l l  be t he di f f er ence bet ween t he 
pol ar i zed pot ent i al  and a vol t age measur ement  made 24 hour s af t er  t he 
i nt er r upt i on of  pr ot ect i ve cur r ent .

2. 1. 3. 1. 1   St eel

A negat i ve pol ar i zed pot ent i al  of  0. 85 vol t s ( 850 mi l l i vol t s)  or  mor e 
negat i ve.   The vol t age must  not  be mor e negat i ve t han a negat i ve pol ar i zed 
pot ent i al  of  1. 200 vol t s ( 1200 mi l l i vol t s) .

2. 1. 3. 1. 2   Al umi num

Al umi num under gr ound component  must  not  be pr ot ect ed t o a pot ent i al  mor e 
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negat i ve t han mi nus 1200 mi l l i vol t s,  measur ed bet ween t he under gr ound 
component  and a sat ur at ed copper / copper  sul f at e r ef er ence el ect r ode 
cont act i ng t he ear t h,  di r ect l y over  t he met al l i c  component .   Resi st ance,  
i f  r equi r ed,  must  be i nser t ed i n t he anode ci r cui t  wi t hi n t he t est  st at i on 
t o r educe t he pot ent i al  of  t he al umi num t o a val ue whi ch wi l l  not  exceed a 
pot ent i al  mor e negat i ve t han mi nus 1200 mi l l i vol t s.   Vol t age shi f t  
cr i t er i on must  be a mi ni mum negat i ve pol ar i zat i on shi f t  of  100 mi l l i vol t s 
measur ed bet ween t he met al l i c  component  and a sat ur at ed copper / copper  
sul f at e r ef er ence el ect r ode cont act i ng t he ear t h,  di r ect l y over  t he 
met al l i c  component .   The pol ar i zat i on vol t age shi f t  must  be det er mi ned as 
out l i ned f or  i r on and st eel .

2. 1. 3. 1. 3   Copper  Pi pi ng

For  copper  pi pi ng,  t he f ol l owi ng cr i t er i a must  appl y:   A mi ni mum of  100 
mi l l i vol t s of  cat hodi c pol ar i zat i on bet ween t he st r uct ur e sur f ace and a 
st abl e r ef er ence el ect r ode cont act i ng t he el ect r ol yt e.   The pol ar i zat i on 
vol t age shi f t  must  be det er mi ned as out l i ned f or  i r on and st eel .

2. 2   EQUI PMENT

2. 2. 1   Remot e Moni t or i ng

Remot e moni t or i ng equi pment  must  be desi gned,  manuf act ur ed and pr ocur ed 
speci f i cal l y f or  cat hodi c pr ot ect i on use and must  be pr ovi ded as per  
desi gn and dr awi ngs t o moni t or  bond( s)  and must  mat ch or  be compat i bl e 
wi t h pr evi ousl y i nst al l ed r emot e moni t or i ng equi pment  i n use at  t he 
i nst al l at i on.

2. 2. 2   Cor r osi on Rat e Moni t or i ng

Cor r osi on pr obes must  be desi gned,  manuf act ur ed and pr ocur ed speci f i cal l y 
f or  t he appl i cat i on and mat ched t o t he st r uct ur e bei ng pr ot ect ed.  
Manuf act ur er  must  mat ch or  be compat i bl e wi t h pr evi ousl y i nst al l ed r at e 
moni t or i ng equi pment  i n use at  t he i nst al l at i on.

2. 2. 3   Pol ar i zat i on Cel l  Repl acement  ( PCR)  and ( PCRH)  f or  Hazar dous 
Locat i ons

PCRs and PCRHs must  be desi gned,  manuf act ur ed,  and pr ocur ed speci f i cal l y 
f or  t he appl i cat i on and must  exceed t he model ed AC st eady- st at e cur r ent  
and f aul t  condi t i ons.  For  Hazar dous l ocat i ons,  t he PCRH model  must  be used.

Char act er i st i c PCR PCRH

AC st eady- st at e
cur r ent ,  r ms

45A,  80A 45A

AC f aul t  cur r ent ,  r ms.
at  0. 5s

3. 7 kA t o 15 kA 3. 7 kA t o 15 kA

Li ght ni ng cur r ent ,
8x20 mi cr os,  peak

100 kA 100 kA
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Char act er i st i c PCR PCRH

Hazar dous l ocat i on
cer t i f i cat i on

Di vi s i on 2,  Zone 2 Di vi s i on 1,  Zone 1

Rai n Pr oof ,  I P66 Yes Yes

Submer si bl e,  I P68 or
NEMA 6P

Opt i onal No

PCRs must  be i nst al l ed wi t h a pr ot ect i ve gr ound- based encl osur e t o secur e 
t he cabl e connect i ons and pr event  el ect r i cal  hazar ds.  The PCRH must  be 
i nst al l ed wi t h an expl osi on- pr oof  encl osur e and must  be wal l  mount ed.  
St r uct ur e and Gr oundi ng conduct or s must  be pr oper l y s i zed f or  t he 
appl i cat i on.

AC Faul t  Cur r ent  Rat i ng Mi ni mum Wi r e Si ze ( AWG) Mi ni mum Wi r e Si ze
( Met r i c)

1. 2 kA,  2kA,  3. 7 kA #6 16mm2

5kA 9kA 10kA #2 35mm2

14kA 15kA #2/ 0 70mm2

2. 2. 4   Sol i d St at e Decoupl er  ( SSD)

SSDs must  be desi gned,  manuf act ur ed,  and pr ocur ed speci f i cal l y f or  t he 
appl i cat i on and must  exceed t he model ed AC st eady- st at e cur r ent  and f aul t  
condi t i ons.  For  Hazar dous l ocat i ons,  t he PCRH model  must  be used.  SSDs 
must  be i nst al l ed wi t h a pr ot ect i ve gr ound- based encl osur e t o secur e t he 
cabl e connect i ons and pr event  el ect r i cal  hazar ds.

Char act er i st i c SSD

AC st eady- st at e cur r ent ,  r ms 45A

AC f aul t  cur r ent ,  r ms.  at  0. 5s 1. 2 t o 5 kA

Li ght ni ng cur r ent ,  8x20mi cr os,  peak 75- 100 kA

Hazar dous l ocat i on cer t i f i cat i on Di vi s i on 2,  Zone 2
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Char act er i st i c SSD

Rai n Pr oof ,  I P66 Yes

Submer si bl e,  I P68 or  NEMA 6P Yes

2. 3   COMPONENTS

2. 3. 1   Test  St at i ons

2. 3. 1. 1   Fl ush Mount ed

NEMA I CS 6.   Met al l i c  or  non- met al l i c  wi t h t er mi nal  boar d,  5 t er mi nal  
post s and l ockabl e l i d.   A non- met al l i c  encl osur e must  be mol ded of  gl ass 
f i l l ed pol ycar bonat e and ur et hane coat ed or  Acr yl oni t r i l e But adi ene 
St yr ene ( ABS)  pl ast i c and mount ed on a 18 i nch l engt h of  PVC condui t .   The 
uni t  must  be of  st andar d desi gn,  manuf act ur ed f or  use as a CP t est  
st at i on,  compl et e wi t h cover ,  t er mi nal  boar d,  shunt s,  and br ass or  Type 304
 st ai nl ess st eel  har dwar e.   The t er mi nal  boar d must  be r emovabl e f or  easy 
access t o wi r es.   Pr ovi de t r af f i c  val ve box capabl e of  wi t hst andi ng H- 20 
t r af f i c  l oads.   The cover  must  have a cast  i n l egend " CP TEST. "

2. 3. 1. 2   Post  Top Mount ed

NEMA I CS 6.   Met al l i c  or  non- met al l i c  wi t h t er mi nal  boar d,  5 t er mi nal  
post s and l ockabl e l i d.   A non- met al l i c  encl osur e must  be hi gh i mpact  
st r engt h mol ded pl ast i c.   The uni t  must  be of  st andar d desi gn,  
manuf act ur ed f or  use as a CP t est  st at i on,  compl et e wi t h cover ,  t er mi nal  
boar d,  shunt s,  and br ass or  Type 304 st ai nl ess st eel  har dwar e.   The 
t er mi nal  boar d must  be r emovabl e f or  easy access t o wi r es.   The t est  
st at i on must  be mount ed at op 6 f oot  l ong pol yet hyl ene condui t  wi t h 
anchor .   Ter mi nal  connect i ons wi l l  be per manent l y t agged t o i dent i f y each 
t er mi nat i on of  conduct or s ( e. g.  i dent i f y t he conduct or s connect ed t o t he 
pr ot ect ed st r uct ur e,  anodes,  and r ef er ence el ect r odes) .

2. 3. 1. 3   Wal l  Mount ed

NEMA I CS 6,  Type 3R encl osur e wi t h c l amped cover  .   Encl osur e wi l l  be of  
gal vani zed st eel  const r uct i on wi t h t er mi nal  boar d and l abel ed wi t h 
namepl at e.   Pr ovi de namepl at e i n accor dance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.   Encl osur e mount i ng post s must  be gal vani zed st eel  
pi pe,  schedul e 40 ,  wood post ,  f ul l  l engt h pr essur e t r eat ed wi t h 
pent achl or ophenol  .   Mount  encl osur e 42 i nches above f i ni shed gr ade .   
Ter mi nal  connect i ons wi l l  be per manent l y t agged t o i dent i f y each 
t er mi nat i on of  conduct or s ( e. g.  i dent i f y t he conduct or s connect ed t o t he 
pr ot ect ed st r uct ur e,  anodes,  and r ef er ence el ect r odes) .

2. 3. 1. 4   I R- Fr ee Test  St at i on

Must  be wal l  mount ed t est  st at i on t o i ncl ude coupon of  t he same mat er i al  
as t he st r uct ur e,  shunt ,  per manent  r ef er ence el ect r ode wi t h means of  
moment ar y i sol at i on of  t he coupon wi t h pr ovi ded ci r cui t r y desi gned,  
manuf act ur ed and pr ocur ed excl usi vel y f or  CP i nst ant  of f  t est i ng of  a 

SECTI ON 26 42 13  Page 21



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

cat hodi cal l y pr ot ect ed st r uct ur e.   Must  be wat er pr oof  i f  used i n f l ush 
t est  st at i ons.

2. 3. 2   Shunt s f or  Test  St at i ons and Junct i on Boxes

MI L- I - 1361.   ohm,  2 amper e,  accur acy pl us or
mi nus one per cent ,  pol ycar bonat e c i r cui t  boar d t ype,  col or  coded f or  val ue 
r ecogni t i on r ed f or  0. 1 ohm shunt  wi t h ni ckel - pl at ed br ass post s and 
st andar d 0. 25 i nch i nch hol es on 2. 54 cm 1 i nch cent er s t o f i t  t est  
st at i ons and t er mi nal  boar ds 0. 01 ohm 6 amper e,  accur acy pl us or  mi nus one 
per cent ,  mangani n wi r e t ype.

2. 3. 3   Junct i on Box Encl osur es

NEMA I CS 6,  Type 3R encl osur e wi t h c l amped cover  .   Encl osur e must  be of  
gal vani zed st eel  const r uct i on wi t h t er mi nal  boar d.   Knockout  f or  condui t  
must  be t he si ze and l ocat i on as per  desi gn dr awi ngs.

2. 3. 3. 1   Namepl at es

Pr ovi de namepl at e i n accor dance wi t h Sect i on26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM and ASTM D709.   Pr ovi de l ami nat ed pl ast i c namepl at es f or  each 
encl osur e as speci f i ed or  as i ndi cat ed on t he dr awi ngs.   Each namepl at e 
i nscr i pt i on must  i dent i f y t he f unct i on.   Namepl at es wi l l  be mel ami ne 
pl ast i c,   0. 125 i nch t hi ck,  whi t e wi t h bl ack cent er  cor e.   Sur f ace wi l l  be 
mat t e f i ni sh.   Cor ner s wi l l  be squar e.   Accur at el y al i gn l et t er i ng and 
engr ave i nt o t he cor e.   Mi ni mum si ze of  namepl at es must  be 25 i nch by 2. 5 
i nches.  Let t er i ng must  be a mi ni mum of  0. 25 i nch hi gh nor mal  bl ock st y l e.

2. 3. 4   Ter mi nal  Boar ds

Pr ovi de t er mi nal  boar ds f or  anode j unct i on boxes,  bondi ng boxes,  and t est  
st at i ons made of  phenol i c pl ast i c 1/ 8 i nch t hi ck wi t h di mensi ons as 
i ndi cat ed.   I nsul at ed t er mi nal  boar ds must  have t he r equi r ed number  of  
t er mi nal s ( one t er mi nal  r equi r ed f or  each conduct or ) .   I nst al l  sol der l ess 
copper  l ugs and copper  buss bar s,  shunt s,  and var i abl e r esi st or s on t he 
t er mi nal  boar d as i ndi cat ed.   Test  st at i on t er mi nal  connect i ons wi l l  be 
per manent l y t agged t o i dent i f y each t er mi nat i on of  conduct or s ( e. g.  
i dent i f y t he conduct or s connect ed t o t he pr ot ect ed st r uct ur e,  anodes,  
r ef er ence el ect r odes and coupons) .

2. 3. 5   Anode Junct i on Boxes

2. 3. 5. 1   Encl osur e

NEMA I CS 6,  Type 3R encl osur e wi t h c l amped cover  .   Encl osur e must  be of  
gal vani zed st eel  const r uct i on wi t h t er mi nal  boar d and l abel ed wi t h 
namepl at e.   Pr ovi de namepl at e i n accor dance wi t h Sect i on 26 20 00 I NTERI OR 
DI STRI BUTI ON SYSTEM.

2. 3. 5. 2   Ter mi nal  Boar ds

Pr ovi de t er mi nal  boar ds f or  anode j unct i on boxes,  bondi ng boxes,  and t est  
st at i ons made of  phenol i c pl ast i c 1/ 8 i nch t hi ck wi t h di mensi ons as 
i ndi cat ed.   I nsul at ed t er mi nal  boar ds must  have t he r equi r ed number  of  
t er mi nal s ( one t er mi nal  r equi r ed f or  each conduct or ) .   I nst al l  sol der l ess 
copper  l ugs and copper  buss bar s,  shunt s,  and var i abl e r esi st or s on t he 
t er mi nal  boar d as i ndi cat ed.   Test  st at i on t er mi nal  connect i ons wi l l  be 
per manent l y t agged t o i dent i f y each t er mi nat i on of  conduct or s ( e. g.  
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i dent i f y t he conduct or s connect ed t o t he pr ot ect ed st r uct ur e,  anodes,  and 
r ef er ence el ect r odes) .

2. 4   MATERI ALS

2. 4. 1   Gal vani c Anodes

2. 4. 1. 1   Di mensi ons and Wei ght s

Bar e anode wei ght  9 pounds not  i ncl udi ng cor e.

2. 4. 1. 2    St andar d Magnesi um Anodes

I nst al l  a mi ni mum of  2 anodes on t he Pi pe syst em.   See Par agr aph METALLI C 
COMPONENTS ON NON- METALLI C SYSTEMS AND TYPI CALS f or  addi t i onal  anodes 
under  s l ab.

2. 4. 1. 2. 1   Anode Composi t i on

Anodes must  be of  hi gh- pot ent i al  magnesi um al l oy,  made of  pr i mar y 
magnesi um obt ai ned f r om sea wat er  or  br i ne,  and not  made f r om scr ap 
met al .   Magnesi um anodes must  conf or m t o ASTM B843 and t o t he f ol l owi ng 
anal ysi s ( i n per cent )  ot her wi se i ndi cat ed:

Al umi num 0. 010 per cent

Manganese 0. 50 t o 1. 30 per cent  max

Zi nc 0. 05 per cent  max

Si l i con 0. 05 per cent  max

Copper 0. 02 per cent  max

Ni ckel 0. 001 per cent  max

I r on 0. 03 per cent  max

Ot her  i mpur i t i es 0. 05 each or  0. 3 per cent  max t ot al

Magnesi um Remai nder

Fur ni sh spect r ogr aphi c anal ysi s on sampl es f r om each heat  or  bat ch of  
anodes used on t hi s pr oj ect .

2. 4. 1. 2. 2   Di mensi ons and Wei ght s

The f ol l owi ng di mensi ons and wei ght s of  anodes ar e not  al l  i ncl usi ve and 
ar e pr esent ed as exampl es,  var i ous manuf act ur er s may have addi t i onal  s i zes 
not  i ncl uded i n t he f ol l owi ng t abl e:

a.   Bar e anode wei ght :   9 pounds .
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Typi cal  Magnesi um Anode Si ze ( may be r ound,  squar e,  or  D shaped)

Nomi nal
Wei ght

Bar e
Appr oxi mat e Si ze

Packaged
Wei ght

Nomi nal  Packaged
Di mensi ons

kg l bs
Wi dt h Hei ght Lengt h

kg l bs
Di amet er Lengt h

mm i nch mm i nch mm i nch mm i nch mm i nch

1 1. 75 1. 75 8 5 3. 25 9

3 3. 5 3. 75 5 8 6 10

5 3. 5 3. 75 8. 5 17 6 12

9 2. 75 3 27 15. 9 35 5. 5 32

9 3. 5 3. 75 14 27 6 17

17 2. 75 2. 75 50. 25 60 6 55

17 3. 5 4 25. 75 45 6. 5 29

20 2. 75 3. 75 59. 75 70 5 66

32 3. 5 3, 75 45. 25 91 6. 5 53

32 5. 5 5 20. 5 70 8 28

40 3. 5 3. 75 59. 75 96 6. 5 66

48 5. 5 5. 75 31 100 8 38

60 4 4 60 125 7 64

2. 4. 1. 2. 3   Packaged Anodes

Pr ovi de anodes i n packaged f or m wi t h t he anode sur r ounded by 
speci al l y- pr epar ed qui ck- wet t i ng backf i l l  and cont ai ned i n a wat er  
per meabl e c l ot h or  paper  sack.   Anodes must  be cent er ed by means of  
spacer s i n t he backf i l l  mat er i al .

The backf i l l  mat er i al  wi l l  have t he f ol l owi ng composi t i on,  unl ess 
ot her wi se i ndi cat ed:

Mat er i al Appr oxi mat e Per cent  by Wei ght

Gypsum 75

Bent oni t e 20

Sodi um Sul f at e 5

Tot al 100

2. 4. 1. 3   Cast  Zi nc Anodes

ASTM B418,  Type I  .   Bar e anode wei ght :   5 pounds not  i ncl udi ng cor e.
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Typi cal  Zi nc Bar e Anode Si zes and Packaged Wei ght

Bar e Wei ght Wi dt h Hei ght Lengt h
Tot al  Packaged

Wei ght

kg pounds mm i nches mm i nches mm i nches kg pounds

5 1. 4 1. 4 10 20

12 1. 4 1. 4 24 40

15 1. 4 1. 4 30 50

15 2. 0 2. 0 15 36

18 1. 4 1. 4 36 55

30 1. 4 1. 4 60 86

30 2. 0 2. 0 30 67

45 2. 0 2. 0 45 100

60 2. 0 2. 0 60 120

2. 4. 1. 3. 1   Anode Composi t i on

Chemi cal  composi t i on as f ol l ows:

Zi nc 4. 5  per cent  maxi mum

2. 4. 1. 4   Al umi num Anodes

2. 4. 1. 4. 1   Anode Composi t i on

Chemi cal  composi t i on as f ol l ows:
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Zi nc 4. 5  per cent  maxi mum

2. 4. 1. 4. 2   Di mensi ons and Wei ght s

Anode Wei ght   pounds not  i ncl udi ng cor e.

2. 4. 1. 4. 3   Anode Cor e

I r on gal vani zed st eel  r od pi pe ,  1/ 8 i nch di amet er   by .

2. 4. 2   Wi r e and Cabl e

2. 4. 2. 1   Anode Lead Wi r e

Wi r e must  be No.  12 AWG sol i d copper  wi r e,  not  l ess t han 10 f eet  l ong,  
wi t hout  any spl i ces,  compl yi ng wi t h NFPA 70,  Type Ther mopl ast i c Heat  and 
Wat er - r esi st ant  Nyl on- coat ed ( THHN)  THHN Rubber  Heat  ( r esi st ant )  Wi r e 
( RHW)  RHW- USE i nsul at i on.   Connect i ng wi r es f or  magnesi um anodes wi l l  be 
f act or y i nst al l ed wi t h t he pl ace or  emer gence f r om t he anode i n a 
cavi t y- seal ed f l ush wi t h a di el ect r i c seal i ng compound.  

2. 4. 2. 2   Bol t ed Connect ed Anodes

UL 83,  Type THWN ,  sol i d copper  conduct or s,  not  l ess t han No.  12 AWG,  10 
f eet  l ong,  of  suf f i c i ent  l engt h t o ext end t o t he accompanyi ng j unct i on box 
wi t hout  spl i c i ng.   Anode l ead wi r e wi l l  be f act or y i nst al l ed.   Si l ver  
sol der  t he l ead wi r e t o t he anode cor e,  and seal  t he sol der ed connect i on 
and r ecessed end of  t he anode wi t h an asphal t i c  di el ect r i c seal i ng 
compound.   Di el ect r i c mat er i al  must  ext end past  t he connect i on and cover  
t he l ead wi r e i nsul at i on by not  l ess t han 1/ 2 i nch.   Cover  t he connect i on 
wi t h heat - shr i nkabl e t ubi ng.

2. 4. 2. 3   Anode Header  Cabl e

Cabl e f or  anode header  and di st r i but i on wi l l  be No.   AWG st r anded copper  
wi r e wi t h t ype CP HMWP,   7/ 64 i nch t hi ck i nsul at i on,  600- vol t  r at i ng.

2. 4. 2. 4   St r uct ur e ( Negat i ve)  Cabl e

St r uct ur e connect i ng wi r e must  be No.  4 AWG st r anded copper  wi r e wi t h t ype 
THHN i nsul at i on,  600 vol t  r at i ng.   Copper  conduct or s conf or mi ng t o ASTM B3 
and ASTM B8.

2. 4. 2. 5   Test  Wi r es

Test  wi r es must  be No.  12 AWG st r anded copper  wi r e wi t h NFPA 70 Type 
Ther mopl ast i c Wi r e ( TW)  or  RHW or  pol yet hyl ene i nsul at i on.   Copper  
conduct or s conf or mi ng t o ASTM B3 and ASTM B8.
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2. 4. 2. 6   Joi nt  and Cont i nui t y Bond Cabl es

Pr ovi de bonds acr oss j oi nt s or  any el ect r i cal l y di scont i nuous connect i ons 
i n t he pi pi ng,  and ot her  pi pes and st r uct ur es wi t h ot her  t han wel ded or  
t hr eaded j oi nt s i ncl uded i n t hi s CP syst em.   Unl ess ot her wi se speci f i ed,  
bonds bet ween st r uct ur es and acr oss j oi nt s i n pi pe wi t h ot her  t han wel ded 
or  t hr eaded j oi nt s must  be wi t h No.  4 AWG st r anded copper  cabl e wi t h 
pol yet hyl ene i nsul at i on.   Bonds bet ween st r uct ur es must  cont ai n suf f i c i ent  
s l ack f or  any ant i c i pat ed movement  bet ween st r uct ur es.   Bonds acr oss pi pe 
j oi nt s must  cont ai n a mi ni mum of  4 i nch of  s l ack t o al l ow f or  pi pe 
movement  and soi l  st r ess.   Bonds must  be at t ached by exot her mi c wel di ng.   
Exot her mi c wel d ar eas must  be i nsul at ed wi t h coat i ng compound and appr oved 
by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager .   Cont i nui t y bonds must  be i nst al l ed 
as necessar y t o r educe st r ay cur r ent  i nt er f er ence.   Addi t i onal  j oi nt  
bondi ng must  be done wher e det er mi ned dur i ng const r uct i on or  t est i ng or  as 
di r ect ed.   Joi nt  bondi ng must  i ncl ude excavat i on and backf i l l i ng.   Ther e 
must  be a mi ni mum of  2 cont i nui t y bonds bet ween each st r uct ur e and ot her  
t han wel ded or  t hr eaded j oi nt s.   El ect r i cal  cont i nui t y must  be t est ed 
acr oss j oi nt s wi t h ot her  t han wel ded or  t hr eaded j oi nt s and acr oss 
met al l i c  por t i ons of  sewage l i f t  s t at i ons and wat er  boost er  st at i ons.   
Copper  conduct or s conf or mi ng t o ASTM B3 and ASTM B8.

2. 4. 2. 7   Resi st ance Bond Wi r es

Resi st ance bonds must  be adj ust ed f or  mi ni mum i nt er f er ence whi l e achi evi ng 
t he cr i t er i a of  pr ot ect i on.   Al t er nat e met hods may be used when appr oved.

2. 4. 2. 8   Pol yet hyl ene I nsul at i on

Pol yet hyl ene i nsul at i on must  compl y wi t h t he r equi r ement s of  ASTM D1248 
and of  t he f ol l owi ng t ypes,  c l asses,  and gr ades:

2. 4. 3   Cabl e and wi r e I dent i f i cat i on Tags

 Br ass mat er i al  wi t h engr aved l et t er s.   Pr i nt  l et t er s and number s a 
mi ni mum of  3/ 16 i nch i n hei ght .   Pr ovi de i dent i f i er  l egend i n accor dance 
wi t h t he dr awi ngs .

2. 4. 4   Anode Connect i on

2. 4. 4. 1   End- Connect ed Anode

Dr i l l  a r ecess 6 i nches deep i n one end of  t he anode.   At t ach t he l ead 
wi r e t o t he anode wi t h an anchor  devi ce.   Not  mor e t han 1/ 2 i nch of  bar e 
wi r e must  pr ot r ude f r om t he anchor  devi ce.   At t achment  must  wi t hst and a 
325 pound pul l  wi t hout  l ooseni ng t he wi r e or  anchor  devi ce.   Fi l l  t he 
r ecess wi t h an epoxy seal i ng compound ,  l eavi ng suf f i c i ent  space f or  a pl ug.   
Pr ovi de non- met al l i c  pl ug f l ush wi t h t he anode end sur f ace.   
Cabl e- t o- anode cont act  r esi st ance must  not  exceed 0. 02 ohms.

2. 4. 4. 2   Cent er - Connect ed Anode

At t ach t he l ead wi r e t o t he cent er  of  t he anode wi t h an anchor  devi ce 
sui t abl y f ast ened t o t he wi r e.   Not  mor e t han one i nch of  bar e wi r e must  
pr ot r ude f r om t he anchor  devi ce.   Encapsul at e each si de of  t he connect i on 
poi nt  wi t h a mi ni mum of  6 i nches  of  hi gh vol t age i nsul at i ng compound 
mast i c and 4 i nches  of  epoxy r esi n.   At t achment  must  wi t hst and 900 pounds 
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pul l  wi t hout  l ooseni ng t he wi r e or  anchor  devi ce.   Pr ovi de a non- met al l i c  
pl ug f l ush wi t h t he anode end t o pr event  chaf f i ng of  t he anode l ead wi r e.   
Cabl e- t o- anode cont act  r esi st ance must  not  exceed 0. 02 ohms.

2. 4. 5   AC Mi t i gat i on Mat er i al s

I f  r equi r ed,  AC mi t i gat i on mat er i al s t ypi cal l y consi st  of  a mi t i gat i on 
mat er i al  ei t her  z i nc r i bbon or  copper  cabl e,  i nt er connect i ng coat ed copper  
cabl es,  sol i d st at e decoupl er s t o cont r ol  t he AC cur r ent  f l ow and t est  
st at i ons.

2. 4. 6   Backf i l l  Mat er i al

The backf i l l  mat er i al  must  have t he f ol l owi ng composi t i on,  unl ess 
ot her wi se i ndi cat ed:

Mat er i al Appr oxi mat e Per cent  by Wei ght

Gypsum 75

Bent oni t e 20

Sodi um Sul f at e 5

Tot al 100

2. 4. 7   Per manent  Ref er ence El ect r odes

Per manent  r ef er ence el ect r odes must  be copper / copper - sul f at e speci f i cal l y 
manuf act ur ed f or  under gr ound use,  1 1/ 4 i nch di amet er ,  by 8 i nches l ong,  
pl ast i c  t ube wi t h an i on t r ap t o mi ni mi ze cont ami nat i on of  t he el ect r ode .   
Must  never  need r echar gi ng,  mai nt enance,  or  r ecal i br at i on.   Must  have 
i mpr egnat ed membr ane whi ch keeps el ect r ode el ect r ol yt es f r om dr yi ng out  or  
get t i ng t he r ef er ence el ect r ode el ect r ol yt e cont ami nat ed.  Must  have i on 
t r ap t o pr event  r ef er ence el ect r ode damage f r om hydr ogen sul f i de or  excess 
chl or i de i ons.   The el ect r ode wi l l  be pr epackaged by t he manuf act ur er  wi t h 
a backf i l l  mat er i al  as r ecommended by t he manuf act ur er .   Pr ovi de 
el ect r odes wi t h No.  10 AWG,  THHN cabl e of  suf f i c i ent  l engt h t o ext end t o 
t he t est  st at i on wi t hout  spl i c i ng.   Ref er ence el ect r odes wi l l  have a 
mi ni mum 20- year  l i f e,  st abi l i t y  of  pl us or  mi nus 5 mi l l i vol t s under  3 
mi cr oamp l oad.   The manuf act ur er  must  cal i br at e t he PRE t o 316 mV pl us or  
mi nus 10mV r ef er enced t o a st andar d hydr ogen el ect r ode ( SHE)  and pr ovi de a 
cal i br at i on cer t i f i cat e det ai l i ng t he r esul t s of  t he cal i br at i on.  
Pr ocedur es f or  eval uat i ng t he accur acy annual l y must  be i ncl uded i n t he 
Oper at i on and Mai nt enance Manual .

2. 4. 8   Pavement  I nser t s

Pavement  i nser t  must  be a non- met al l i c  f l ush t ype t est  st at i on wi t hout  
t er mi nal  boar d,  and must  al l ow a copper / copper  sul f at e r ef er ence el ect r ode 
t o cont act  t he el ect r ol yt e beneat h t he pavement  sur f ace.   Pr ovi de t r af f i c  
val ve box capabl e of  wi t hst andi ng H- 20 t r af f i c  l oads.

2. 4. 9   Coupons

Coupons must  mat ch t he mat er i al  of  t he st r uct ur e,  wi t h 1 i nt egr at ed 
connect i on( s)  wi t h el ect r i cal  wi r e( s)  and be desi gned,  manuf act ur ed and 
pr ocur ed f or  use as a cor r osi on coupon,  I R- Fr ee r ef er ence el ect r ode,  or  AC 
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r eadi ng el ect r ode.

2. 4. 10   Zi nc Gr oundi ng Cel l s

Two Zi nc Type I I  anodes separ at ed wi t h  1 i nch i sol at i ng spacer s.   Mi ni mum 
10 f eet  of  #6 AWG HMWPE CP cabl e cr i mped secur el y t o each anode.   Bot h 
anodes cent er ed i n one cl ot h bag and sur r ounded wi t h l ow r esi st ance 
backf i l l  mi xt ur e consi st s of  75 per cent  hydr at ed gypsum,  20 per cent  
bent oni t e,  and 5 per cent  sodi um sul f at e.

El ement
Cont ent  Per cent

MI L- A- 18001 ASTM B418 Type I ASTM B418 Type I I

Al 0. 1 -  0. 5 per cent 0. 005 per cent  max

Cd 0. 02 -  0. 07 per cent 0. 003 per cent  max

Fe 0. 005 per cent  max 0. 0014 per cent  max

Pb 0. 006 per cent  max 0. 003 per cent  max

Cu 0. 005 per cent  max 0. 002 per cent  max

Zi nc Remai nder Remai nder

Bar e Wei ght Wi dt h Hei ght Lengt h
Tot al  Packaged

Wei ght

kg pounds mm i nches mm i nches mm i nches kg pounds

5 1. 4 1. 4 10 20

12 1. 4 1. 4 24 40

15 1. 4 1. 4 30 50

15 2. 0 2. 0 15 36

18 1. 4 1. 4 36 55

30 1. 4 1. 4 60 86

30 2. 0 2. 0 30 67

45 2. 0 2. 0 45 100

60 2. 0 2. 0 60 120

2. 4. 11   I sol at i on Fl ange Ki t s

Pr ovi de f ul l - f aced gasket s,  i sol at i ng s l eeves and washer s,  and st eel  
washer s.   Pr ovi de i sol at i on f l ange ki t s r at ed f or  oper at i on at  t he r at ed 
pr essur e and t emper at ur e.
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2. 4. 11. 1   Gasket s

ASME B16. 21.   Neopr ene f aced phenol i c mat er i al  f or  oper at i on at   psi ,  450 
degr ees F.

2. 4. 11. 2   I sol at i ng Washer s and Sl eeves

Two set s 1/ 8 i nch l ami nat ed phenol i c f or  oper at i on at  450 degr ees F.   
I sol at i ng washer s must  f i t  wi t hi n t he bol t  f aci ng on t he f l ange over  t he 
out si de of  t he f abr i c r ei nf or ced phenol i c s l eeve.

2. 4. 11. 3   Washer s

St eel ,  cadmi um pl at ed,  t o f i t  wi t hi n t he bol t  f aci ng on t he f l ange.

2. 4. 12   St eel  Fl anges and Bol t i ng

2. 4. 12. 1   St eel  Fl anges

ASME B16. 5,  150 l b.  .

2. 4. 12. 2   Bol t i ng

ASTM A307,  Gr ade B f or  bol t s;  ASTM A194/ A194M,  Gr ade 2 f or  nut s.   
Di mensi ons:   ASME B18. 2. 1 f or  bol t s,  ASME B18. 2. 2 f or  nut s.   Thr eads:  
ASME B1. 1,  Cl ass 2A f i t  f or  bol t s,  Cl ass 2B f i t  f or  nut s.   Bol t s must  
ext end compl et el y t hr ough t he nut s and may have r educed shanks of  a 
di amet er  not  l ess t han t he di amet er  at  t he r oof  of  t hr eads.

2. 4. 13   Di el ect r i c Uni ons

ASME B16. 39,  Cl ass 1 f or  di mensi onal ,  st r engt h,  and pr essur e 
r equi r ement s.   I nsul at i on bar r i er  must  l i mi t  gal vani c cur r ent  t o one 
per cent  of  t he shor t - c i r cui t  cur r ent  i n a cor r espondi ng met al l i c  j oi nt .   
Pr ovi de i nsul at i ng mat er i al  i mper vi ous t o wat er  .

2. 4. 14   I sol at i on and End Seal s

2. 4. 14. 1   Casi ng I sol at or / Cent r al i zer

Hi gh densi t y ( l i near ) ,  i nj ect i on mol ded vi r gi n Pol yet hyl ene posi t i ve 
el ect r i cal  i sol at i on,  hi gh abr asi on r esi st ance and l ow coef f i c i ent  of  
f r i c t i on.

2. 4. 14. 2   End Seal s

Et hyl ene Pr opyl ene Di ene Monomer  ( EPDM)  Neopr ene r ubber  end seal s,  
t hi ckness of   1/ 8 i nch or  mor e,  wi t h 2 St ai nl ess St eel  Pi pe Cl amps per  end 
seal ,   1/ 8 i nch t hi ck and  1/ 2 i nch wi de or  mor e.

2. 5   ACCESSORI ES

2. 5. 1   Condui t

UL 6,  r i gi d gal vani zed st eel ,  Out l et  boxes:  UL 514A and f i t t i ngs UL 514B,  
t hr eaded hubs.   Met al l i c  condui t  and f i t t i ngs t o be PVC coat ed i n 
accor dance wi t h NEMA RN 1,  Type A40,  NEMA TC 2,  Type EPC- 40- PVC.   
Non- met al l i c  condui t  must  conf or m t o NEMA TC 2.
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2. 5. 2   Joi nt ,  Pat ch,  Seal ,  and Repai r  Coat i ng

Seal i ng and di el ect r i c compound must  be a bl ack,  r ubber  based compound 
t hat  i s sof t ,  per manent l y pl i abl e,  t acky,  mol dabl e,  and unbacked.   
Compound wi l l  be appl i ed as r ecommended by t he manuf act ur er ,  but  not  l ess 
t han 1/ 2- i nch t hi ck.   Coat i ng compound must  be col d- appl i ed coal - t ar  base 
mast i c .   Pr essur e- sensi t i ve v i nyl  pl ast i c el ect r i cal  t ape and r ubber  
i nsul at ed t ape must  conf or m t o UL 510.

2. 5. 3   Under gr ound Spl i ces

Pr ovi de spl i ces wi t h a compr essi on connect or  on t he conduct or s,  and 
i nsul at i on and wat er pr oof i ng usi ng one of  t he f ol l owi ng met hods whi ch ar e 
sui t abl e f or  cont i nuous submer si on i n wat er  and compl y wi t h ANSI  C119. 1.

2. 5. 3. 1   Cast - Type Spl i ce

Pr ovi de cast - t ype spl i ce i nsul at i on by means of  mol ded cast i ng pr ocess 
empl oyi ng a t her moset t i ng epoxy r esi n i nsul at i ng mat er i al  appl i ed by a 
gr avi t y pour ed met hod or  pr essur e i nj ect ed met hod.   Pr ovi de component  
mat er i al s of  t he r esi n i nsul at i on i n a packaged f or m r eady f or  conveni ent  
mi xi ng wi t hout  r emovi ng f r om t he package.

2. 5. 3. 2   Gr avi t y- Pour ed Spl i ce

Gr avi t y- pour ed met hod must  empl oy mat er i al s and equi pment  cont ai ned i n and 
appr oved commer ci al  spl i c i ng k i t  whi ch i ncl udes a mol d sui t abl e f or  t he 
cabl es t o be spl i ced.   When t he mol d i s i n pl ace ar ound t he j oi ned 
conduct or s,  pr epar e t he r esi n mi x and pour  i nt o t he mol d.

2. 5. 3. 3   Heat  Shr i nkabl e Spl i ce

Pr ovi de heavy wal l  heat  shr i nkabl e spl i ce i nsul at i on by means of  a 
t her mopl ast i c adhesi ve seal ant  mat er i al  whi ch must  be appl i ed by a c l ean 
bur ni ng pr opane gas t or ch.

2. 5. 4   El ect r i cal  I sol at i on of  St r uct ur es

2. 5. 4. 1   El ect r i cal l y I sol at i ng Pi pe Joi nt s

El ect r i cal l y i sol at i ng pi pe j oi nt s wi l l  be of  a t ype t hat  i s i n r egul ar  
f act or y pr oduct i on.

2. 5. 4. 2   El ect r i cal l y I sol at i ng Coupl i ngs

El ect r i cal l y i sol at i ng coupl i ngs wi l l  be of  a t ype t hat  has a publ i shed 
maxi mum el ect r i cal  r esi st ance r at i ng gi ven i n t he manuf act ur er ' s 
l i t er at ur e.   Cr adl es and seal s wi l l  be of  a t ype t hat  i s i n r egul ar  
f act or y pr oduct i on made f or  t he pur pose of  el ect r i cal l y i sol at i ng t he 
car r i er  pi pe f r om t he casi ng and pr event i ng t he i ncur si on of  wat er  i nt o 
t he annul ar  space.

2. 5. 5   El ect r i cal  I nsul at i ng Coat i ng

Heat - shr i nkabl e t ape .
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2. 5. 6   Bur i ed Cabl e War ni ng and I dent i f i cat i on Tape

Pol yet hyl ene t ape,  manuf act ur ed f or  war ni ng and i dent i f i cat i on of  bur i ed 
cabl e and condui t .   Tape must  be 3 i nches wi de,  Yel l ow i n col or  and r ead 
" Caut i on Bur i ed Cabl e Bel ow"  or  s i mi l ar .   Col or  and l et t er i ng must  be 
per manent  and unaf f ect ed by moi st ur e or  ot her  subst ances i n backf i l l  
mat er i al s.

2. 5. 7   El ect r i cal  Connect i on t o St r uct ur es

2. 5. 7. 1   Exot her mi c Wel ds

El ect r i cal  connect i ons t o met al l i c  st r uct ur es must  be made usi ng 
exot her mi c wel ds i n st r i ct  accor dance wi t h t he manuf act ur er ' s 
r ecommendat i ons.

2. 5. 7. 2   El ect r i cal - Shi el ded Ar c Wel ds

El ect r i cal - shi el ded ar c wel ds must  be appr oved f or  use on st eel  pi pe by 
shop dr awi ng submi t t al  act i on.

2. 5. 7. 3   Br azi ng

Br azi ng wi l l  be as speci f i ed by manuf act ur er  usi ng speci al i zed equi pment  
desi gned f or  t hat  pur pose.

2. 5. 8   El ect r i cal  Tape

Pr essur e- sensi t i ve v i nyl  pl ast i c el ect r i cal  t ape and r ubber  i nsul at ed t ape 
must  conf or m t o UL 510.

2. 5. 9   Exot her mi c Wel d Ki t s

Exot her mi c wel d k i t s speci f i cal l y desi gned by t he manuf act ur er  f or  
exot her mi c wel di ng wi r es t o met al l i c  sur f aces.   Mol ds must  be f or  speci f i c  
t ype of  met al l i c  st r uct ur e ( st eel ,  cast  i r on) ,  speci f i c  di amet er  of  pi pe 
or  met al l i c  sur f ace and speci f i c  s i ze ( AWG) and t ype of  wi r e ( sol i d,  
st r anded) .

2. 6   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

2. 6. 1   Non- Dest r uct i ve Test i ng of  Anodes

Cont r act or  must  per f or m t he t est s i n t he pr esence of  t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager .   One anode of  each t ype wi l l  be chosen at  r andom f or  
non- dest r uct i ve t est i ng and wi l l  be submer ged i n a cont ai ner  of  f r esh 
wat er  f or  about  30 mi nut es.   Cont r act or  must  t hen measur e t he 
anode- t o- wat er  pot ent i al  di f f er ence bet ween a cal i br at ed copper / copper  
sul f at e r ef er ence el ect r ode.   Pot ent i al  di f f er ences must  gener al l y be 
wi t hi n t he f ol l owi ng r anges:

Anode Type DC Vol t s t o Cal i br at ed Cu/ CuSO4
Ref er ence El ect r ode

Hi gh Pot ent i al  Magnesi um Mor e Negat i ve t han Negat i ve 1. 65 Vol t s DC

St andar d Magnesi um Mor e Negat i ve t han Negat i ve 1. 4 Vol t s DC

SECTI ON 26 42 13  Page 32



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

Anode Type DC Vol t s t o Cal i br at ed Cu/ CuSO4
Ref er ence El ect r ode

Zi nc Mor e Negat i ve t han Negat i ve 1. 0 Vol t s DC

Al umi num Mor e Negat i ve t han Negat i vee 1. 0 Vol t s DC

Fai l ur e of  t he t est  anode t o conf or m t o t hi s speci f i cat i on can be cause 
f or  r ej ect i ng al l  anodes f r om t he same l ot  as t he t est  anode.   The 
cont r act or  must  mar k al l  r ej ect ed anodes on t he ends wi t h a 6 i nch hi gh 
" X"  usi ng yel l ow spr ay pai nt .   Fai l ed anodes must  be r emoved f r om t he j ob 
s i t e by t he end of  t he day.   The cont r act or  must  r epl ace any r ej ect ed 
anodes at  t he cont r act or ' s expense.   The dest r uct i ve t est i ng pr ovi s i on 
must  al so appl y t o r epl acement  anodes as wel l .

2. 6. 2   Dest r uct i ve Test i ng of  Anodes

Cont r act or  must  per f or m t he t est s i n t he pr esence of  t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager .   Cont r act or  must  i ncl ude t he cost  of  an addi t i onal  anode 
of  each di f f er ent  t ype wi t h t he l ongest  l ead wi r e f or  t he dest r uct i ve t est  
i n t he cont r act or ' s bi d.   One compl et ed pr epackaged anode of  each t ype 
wi t h l ead wi r es wi l l  be chosen at  r andom f or  dest r uct i ve t est i ng and must  
be submi t t ed t o a st at i c pul l  t est .   Anode wi r e connect i ons must  have 
suf f i c i ent  st r engt h t o wi t hst and a mi ni mum t ensi l e l oad of  300 pounds.   
The anode must  be cut  i nt o sect i ons or  br oken wi t h a s l edgehammer  t o 
ver i f y conf or mance wi t h t hi s speci f i cat i on.   Such i t ems as anode- t o- wi r e 
connect i on,  compl et e encapsul at i on of  t he wi r e connect or ,  and wi r e t o 
anode el ect r i cal  r esi st ance must  be checked.   

PART 3   EXECUTI ON

3. 1   SAFETY PRECAUTI ONS AND HAZARDOUS LOCATI ONS

Any per sonnel  per f or mi ng oper at i ons t hat  wi l l  gener at e heat ,  spar ks,  or  
f l ame i n hazar dous l ocat i ons must  f i r st  per f or m adequat e saf et y 
pr ecaut i ons.   A t r ai ned r esponsi bl e per son must  ensur e t he ar ea i s saf e t o 
per f or m t he oper at i on.   Requi r ed act i ons i ncl ude ensur i ng adequat e 
vent i l at i on bef or e wor k st ar t s,  ai r  moni t or i ng,  and a f i r e wat ch must  be 
pr ovi ded and r emai n f or  30 mi nut es af t er  t he oper at i on i s compl et ed.   A 
mi ni mum of  20 pound ABC t ype f i r e ext i ngui sher  must  be avai l abl e and must  
be i nspect ed bef or e each use.   Equi pment  bei ng used must  be i nspect ed and 
used i n accor dance wi t h manuf act ur er  r ecommendat i ons.   Combust i bl es t hat  
ar e i n t he wor k ar ea( s)  must  be moved or  i f  t hey cannot  be moved,  be 
cover ed wi t h f i r e r et ar dant  wel di ng bl anket s.   When per f or mi ng exot her mi c 
wel di ng,  pr oper l y s i zed char ges and i nspect i on of  t he st r uct ur e condi t i on 
must  be accompl i shed t o ensur e a saf e oper at i on.

3. 2   I NSTALLATI ON

3. 2. 1   Excavat i on and Tr enchi ng

Per f or m t r enchi ng and backf i l l i ng i n accor dance wi t h Sect i on 31 00 00 
EARTHWORK .   I n t he ar eas of  t he anode beds,  al l  t r ees and under br ush wi l l  
be c l ear ed and gr ubbed t o t he l i mi t s shown or  i ndi cat ed.   I n t he event  
r ock i s encount er ed i n pr ovi di ng t he r equi r ed dept h f or  anodes,  det er mi ne 
an al t er nat e appr oved l ocat i on and,  i f  t he dept h i s st i l l  not  pr ovi ded,  
submi t  an al t er nat e pl an t o t he Cont r act i ng Of f i cer  or  t he Cont r act i ng 
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Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .   Al t er nat e 
t echni ques and dept hs must  be appr oved pr i or  t o i mpl ement at i on.

3. 2. 2   Anode Excavat i on

a.   Excavat e hol e t o a mi ni mum 3 i nches l ar ger  t han t he packaged anode 
di amet er ,   f eet  deep.

3. 2. 3   Lead Wi r e Tr ench

b.   Excavat e l ead wi r e t r ench t o 24 i nches deep,   i nches wi de.

3. 3   ANODES AND LEAD WI RE

3. 3. 1   Anode I nst al l at i on

Unl ess ot her wi se aut hor i zed,  i nst al l at i on must  not  pr oceed wi t hout  t he 
pr esence of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .   Anodes of  t he s i ze 
speci f i ed must  be i nst al l ed t o t he dept h i ndi cat ed and at  t he l ocat i ons 
shown.   Locat i ons may be changed t o c l ear  obst r uct i ons wi t h t he appr oval  
of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager .   Anodes wi l l  be i nst al l ed i n 
suf f i c i ent  number  and of  t he r equi r ed t ype,  s i ze,  and spaci ng t o obt ai n a 
uni f or m cur r ent  di st r i but i on over  t he sur f ace of  t he st r uct ur e.   The anode 
syst em wi l l  be desi gned f or  a l i f e of  25 year s of  cont i nuous oper at i on.   
Anodes must  be i nst al l ed as i ndi cat ed i n a dr y condi t i on af t er  any pl ast i c 
or  wat er pr oof  pr ot ect i ve cover i ng has been compl et el y r emoved f r om t he 
wat er  per meabl e,  per manent  cont ai ner  housi ng t he anode met al .   The anode 
connect i ng wi r e must  not  be used f or  l ower i ng t he anode i nt o t he hol e.   
The annul ar  space ar ound t he anode must  be backf i l l ed wi t h f i ne ear t h i n 6 
i nch l ayer s and each l ayer  must  be hand t amped.

3. 3. 1. 1   Si ngl e Anodes

Si ngl e anodes,  spaced as shown,  wi l l  be connect ed t o t he pi pel i ne,  
al l owi ng adequat e s l ack i n t he connect i ng wi r e t o compensat e f or  movement  
dur i ng backf i l l  oper at i on.

3. 3. 1. 2   Gr oup of  Anodes

Gr oups of  anodes,  i n quant i t y and l ocat i on shown,  must  be connect ed t o an 
anode header  cabl e.   The anode header  cabl e must  make cont act  wi t h t he 
st r uct ur e t o be pr ot ect ed onl y t hr ough a t est  st at i on.   Anode l ead 
connect i on t o t he anode header  cabl e must  be made by an appr oved cr i mp 
connect or  or  exot her mi c wel d and spl i ce mol d k i t  wi t h appr opr i at e pot t i ng 
compound.

3. 4   I NSTALLATI ON DETAI LS

3. 4. 1   Anode I nst al l at i on

Do not  l i f t  or  suppor t  anode by t he l ead wi r e.   Wher e appl i cabl e,  r emove 
manuf act ur er ' s pl ast i c wr ap/ bag f r om t he anode.   Exer ci se car e t o pr ecl ude 
damagi ng t he cl ot h bag and t he l ead wi r e i nsul at i on.   Cent er  t he packaged 
anode i n t he hol e wi t h nat i ve soi l  i n l ayer s not  exceedi ng 6 i nches.   Hand 
t amp each l ayer  t o r emove voi ds t aki ng car e not  t o st r i ke t he anode l ead 
wi r e.   When t he backf i l l  i s  6 i nches above t he t op of  t he anode,  pour  at  
l east  t en gal l ons of  wat er  i nt o t he hol e t o sat ur at e t he anode backf i l l  
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and sur r oundi ng soi l .   Anodes must  not  be backf i l l ed pr i or  t o i nspect i on 
and appr oval  by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .

3. 4. 2   Lead Wi r e I nst al l at i on

Cover  t he l ead wi r e t r ench bot t om wi t h a 3 i nch l ayer  of  sand or  st one 
f r ee ear t h.   Cent er  wi r e on t he backf i l l  l ayer .   Do not  st r et ch or  k i nk 
t he conduct or .   Pl ace backf i l l  over  wi r e i n l ayer s not  exceedi ngsi x i nches 
deep.   Compact  each l ayer  t hor oughl y.   Do not  pl ace t r ee r oot s,  wood 
scr ap,  veget abl e mat t er  and r ef use i n backf i l l .   Pl ace cabl e war ni ng t ape 
wi t hi n  18 i nches of  f i ni shed gr ade,  above cabl e and condui t .

3. 4. 2. 1   Lead Wi r e Connect i ons

Connect  anode l ead wi r e( s)  t o t he t est  st at i on t er mi nal  boar d( s)  .   The 
coat i ng must  be compl et el y cur ed bef or e backf i l l i ng.   Al l ow suf f i c i ent  
s l ack i n t he l ead wi r e t o compensat e f or  movement  dur i ng backf i l l i ng 
oper at i on.

3. 4. 2. 2   Fi el d Dr awi ng

Compl et e a f i el d dr awi ng of  each anode i nst al l at i on showi ng l ocat i on of  
anode,  t est  st at i on,  dept h of  anode,  col or  and si ze of  anode l ead wi r e and 
any ot her  per t i nent  det ai l s.   Submi t  copy wi t h dai l y r epor t  t o t he 
gover nment .

3. 4. 2. 3   Met al l i c  Under gr ound Pi pel i ne Connect i on

To f aci l i t at e per i odi c el ect r i cal  measur ement s dur i ng t he l i f e of  t he 
sacr i f i c i al  anode syst em and t o r educe t he out put  cur r ent  of  t he anodes,  
i f  r equi r ed,  al l  anode l ead wi r es must  be connect ed t o a t est  st at i on and 
bur i ed a mi ni mum of  24 i nches i n dept h.   The cabl e must  be No.  10 AWG,  
st r anded copper ,  pol yet hyl ene or  RHW- USE i nsul at ed cabl e.   The cabl e must  
make cont act  wi t h t he st r uct ur e onl y t hr ough a t est  st at i on.   Resi st ance 
wi r e must  be i nst al l ed bet ween t he cabl e and t he pi pe cabl e,  i n t he t est  
st at i on,  t o r educe t he cur r ent  out put ,  i f  r equi r ed.   Anode connect i ons,  
except  i n t he t est  st at i on,  must  be accompl i shed by exot her mi c wel di ng,  
and must  be i nsul at ed by means of  at  l east  t hr ee ( 3)  l ayer s of  el ect r i cal  
t ape;  and al l  l ead wi r e connect i ons must  be i nst al l ed i n a moi st ur e- pr oof  
spl i ce mol d k i t  and f i l l ed wi t h epoxy r esi n.   Lead wi r e- t o- st r uct ur e 
connect i ons must  be accompl i shed by an exot her mi c wel di ng pr ocess.   Al l  
wel ds must  be i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   A 
backf i l l  shi el d f i l l ed wi t h a pi pel i ne mast i c seal ant  and mat er i al  
compat i bl e wi t h t he coat i ng must  be pl aced over  t he wel d connect i on and be 
of  such di amet er  as t o cover  t he exposed met al  adequat el y.   Anodes must  be 
i nst al l ed at  a mi ni mum of   8 f eet  and a maxi mum of   10 f eet  f r om t he 
st r uct ur e t o be pr ot ect ed.

Cont r act or  must  t ake pr oper  saf et y pr ecaut i ons pr i or  t o and dur i ng wel di ng 
t o l i ve pi pel i nes t anks.   Cont r act or  must  not i f y t he act i v i t y Fuel  Of f i ce 
v i a t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager  a mi ni mum of  t hr ee days bef or e 
per f or mi ng exot her mi c wel di ng t o l i ve l i nes.   Exot her mi c wel di ng must  be 
conduct ed wi t h pr oduct  f l owi ng t hr ough t he pi pel i ne t o el i mi nat e vapor  
spaces wi t hi n t he pi pe and t o di ssi pat e t he heat  on t he pi pe.   Exot her mi c 
wel d char ges f or  connect i ons t o l i ve l i nes must  be l i mi t ed t o a maxi mum 15 
gr am char ge t o pr event  bur ni ng t hr ough t he pi pe wal l .   Exot her mi c wel d 
connect i ons must  be spaced a mi ni mum of 6 i nches apar t .   I n t he event  of  an 
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unsuccessf ul  wel d,  t he new wel d l ocat i on must  be l ocat ed a mi ni mum of  6 
i nches f r om t he unsuccessf ul  wel d and any ot her  exi st i ng wel ds.   
Cont r act or  must  obt ai n t he ser vi ces of  a cer t i f i ed saf et y pr of essi onal  t o 
moni t or  t he const r uct i on s i t e dur i ng exot her mi c wel di ng wor k and cer t i f y 
t hat  t he ar ea i s f r ee of  f l ammabl e vapor s and ot her wi se saf e f or  wor k.  

3. 4. 3   Under gr ound Pi pe Joi nt  Bonds

Under gr ound pi pe havi ng ot her  t han wel ded or  t hr eaded coupl i ng j oi nt s must  
be made el ect r i cal l y cont i nuous by means of  a bondi ng connect i on i nst al l ed 
acr oss t he j oi nt .

3. 4. 4   Anode Junct i on Boxes

Pr ovi de j unct i on boxes and mar k each of  t he wi r es t er mi nat i ng i n each box.

3. 4. 5   Bondi ng Boxes

Pr ovi de st r uct ur e bondi ng boxes i n l ocat i ons as i ndi cat ed .

3. 4. 6   Test  St at i ons and Per manent  Ref er ence El ect r odes

Test  st at i ons wi l l  be of  t he t ype and l ocat i on shown and wi l l  be cur b box 
mount ed.   Pr ovi de bur i ed i sol at i on j oi nt s wi t h t est  wi r e connect i ons 
br ought  t o a t est  st at i on.   Ref er ence al l  t est  st at i ons wi t h GPS 
coor di nat es.   Unl ess ot her wi se shown,  l ocat e ot her  t est  st at i ons and 
per manent  r ef er ence el ect r odes as f ol l ows:

a.   At  1000 f oot  i nt er val s.

b.   At  al l  i sol at i on j oi nt s.

c.   At  bot h ends of  casi ngs.

d.   Wher e t he pi pe cr osses any ot her  met al  pi pes.

e.   Wher e t he pi pe connect s t o an exi st i ng pi pi ng syst em.

f .   Wher e t he pi pe connect s t o a di ssi mi l ar - met al  pi pe.

Do not  f i l l  t he bot t om of  t he t est  st at i on wi t h concr et e unl ess ot her wi se 
speci f i ed.   Do not  pl ace r ubbi sh,  scr ap or  ot her  debr i s i nt o t he t est  
st at i on.

3. 4. 7   Per manent  Ref er ence El ect r ode Ver i f i cat i on

Ver i f y per manent  r ef er ence el ect r odes agai nst  a cal i br at ed por t abl e 
el ect r ode i n t he pr esence of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  bef or e 
i nst al l at i on.   Ver i f y i n a non- met al l i c  cont ai ner  of  wat er .   Per manent  
el ect r ode must  measur e a r ef er ence pot ent i al  agr eei ng wi t h t hat  measur ed 
by t he por t abl e el ect r ode wi t hi n pl us or  mi nus 0. 010 vol t s when t he 
sensi ng wi ndows of  t he t wo el ect r odes bei ng compar ed ar e not  mor e t han 1/ 6 
i nch apar t  but  not  t ouchi ng.   Remove per manent  r ef er ence el ect r odes not  
wi t hi n t hi s pot ent i al  r ange f r om t he const r uct i on s i t e by t he end of  t he 
day and r epl ace at  t he cont r act or ' s expense.   The t est i ng pr ovi s i on 
appl i es t o r epl acement  per manent  r ef er ence el ect r odes as wel l .
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3. 4. 7. 1   Fi el d Dr awi ngs

Compl et e a f i el d dr awi ng of  each anode i nst al l at i on showi ng l ocat i on of  
anode,  dept h of  anode,  col or  and si ze of  anode l ead wi r e and any ot her  
per t i nent  det ai l s .   Submi t  copy wi t h dai l y r epor t  t o t he gover nment .

3. 5   ELECTRI CAL I SOLATI ON OF STRUCTURES

3. 5. 1   I sol at i on Fi t t i ngs

I sol at i ng f i t t i ngs,  i ncl udi ng i sol at i ng f l ange ki t s,  di el ect r i c uni ons and 
coupl i ngs,  must  be i nst al l ed abovegr ound,  or  wi t hi n manhol es,  wher ever  
possi bl e.   Wher e i sol at i ng j oi nt s must  be cover ed wi t h soi l ,  t hey must  be 
f i t t ed wi t h a pr oper  j oi nt  cover  speci f i cal l y manuf act ur ed f or  cover i ng 
t he par t i cul ar  j oi nt ,  and t he space wi t hi n t he cover  f i l l ed wi t h hot  
coal - t ar  enamel  or  hot  pet r ol at um wax.   I sol at i ng f i t t i ngs i n l i nes 
ent er i ng bui l di ngs must  be l ocat ed at  l east   12 i nch above gr ade of  f l oor  
l evel ,  when possi bl e.   I sol at i ng j oi nt s must  be pr ovi ded wi t h gr oundi ng 
cel l s t o pr ot ect  agai nst  over - vol t age sur ges or  appr oved sur ge pr ot ect i on 
devi ces.   The cel l s must  pr ovi de a l ow r esi st ance acr oss i sol at i ng j oi nt  
wi t hout  excessi ve l oss of  cat hodi c cur r ent .

3. 5. 2   Di el ect r i c Uni ons

Cut  pi pe ends squar e,  r emove f i ns and bur r s,  cut  t aper  pi pe t hr eads i n 
accor dance wi t h ASME B1. 20. 1.   Pr ovi de i sol at i on uni ons as i ndi cat ed.   
Wor k pi pi ng i nt o pl ace wi t hout  spr i ngi ng or  f or c i ng.   Appl y j oi nt  compound 
or  t hr ead t ape t o mal e t hr eads onl y.   Backi ng of f  t o per mi t  al i gnment  of  
t hr eaded j oi nt s wi l l  not  be per mi t t ed.   Engage t hr eads so t hat  not  mor e 
t han t hr ee t hr eads r emai n exposed.   Cover  uni ons wi t h an el ect r i cal l y 
i nsul at i ng coat i ng.

3. 5. 3   Gas Di st r i but i on Pi pi ng

El ect r i cal  i sol at i on wi l l  be pr ovi ded at  each bui l di ng r i ser  pi pe t o t he 
pr essur e r egul at or ,  at  al l  poi nt s wher e a shor t  t o anot her  st r uct ur e or  t o 
a f or ei gn st r uct ur e may occur ,  and at  ot her  l ocat i ons as i ndi cat ed on t he 
dr awi ngs.   I f  an i sol at i ng j oi nt  i s  l ocat ed i nsi de a vaul t ,  t he pi pe must  
be sl eeved when ent er i ng and l eavi ng t he vaul t .   A non- met al l i c  s l eeve i s 
t o be used.

3. 5. 4   Joi nt  Bonds

Pr ovi de j oi nt  bonds on met al l i c  pi pe t o and acr oss bur i ed f l exi bl e 
coupl i ngs,  mechani cal  j oi nt s,  f l anged j oi nt s except  at  pl aces wher e 
i sol at i on j oi nt s ar e speci f i ed and j oi nt s not  wel ded or  t hr eaded t o 
pr ovi de el ect r i cal  cont i nui t y.   Connect  bond wi r e( s)  t o t he st r uct ur e( s)  
by use of  exot her mi c wel d k i t ( s) .   Cl ean t he st r uct ur e sur f ace by 
scr api ng,  f i l i ng or  wi r e br ushi ng t o pr oduce a c l ean,  br i ght  sur f ace.   
Wel d connect i ons usi ng exot her mi c k i t s i n accor dance wi t h t he k i t  
manuf act ur er ' s i nst r uct i ons.   Check and ver i f y adher ence of  t he bond t o 
t he subst r at e f or  mechani cal  i nt egr i t y by st r i k i ng t he wel d wi t h a 2 pound 
hammer .   Cover  connect i ons wi t h an el ect r i cal l y i nsul at i ng coat i ng whi ch 
i s compat i bl e wi t h t he exi st i ng coat i ng on t he st r uct ur e.

3. 5. 5   Casi ngs,  I sol at i on,  and Seal s

Wher e t he pi pel i ne i s i nst al l ed i n a casi ng under  a r oadway or  r ai l way,  
i sol at e t he pi pel i ne f r om t he casi ng,  and seal  t he annul ar  space agai nst  
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i nt r usi on of  wat er .

3. 6   FI ELD QUALI TY CONTROL

Fi el d t est s must  be wi t nessed by t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  
or  t hei r  desi gnat ed r epr esent at i ve.   Advi se t he Cont r act i ng Of f i cer  or  
Cont r act i ng Of f i cer ' s Repr esent at i ve 5 days pr i or  t o per f or mi ng each f i el d 
t est .   Qual i t y cont r ol  f or  t he cat hodi c pr ot ect i on syst em must  consi st  of  
t he f ol l owi ng:

a.   I ni t i al  f i el d t est i ng by t he cont r act or  upon const r uct i on.

b.   Gover nment  Fi el d Test i ng af t er  cont r act or  i ni t i al  f i el d t est  r epor t  
submi ssi on.

c.   War r ant y per i od f i el d t est i ng by t he cont r act or .

d.   Fi nal  f i el d t est i ng by t he cont r act or  af t er  one year  of  ser vi ce.

3. 6. 1   Test s and Measur ement s

3. 6. 1. 1   Nat i ve Pot ent i al s

Not i f y t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  a mi ni mum of  f i ve ( 5)  
wor ki ng days pr i or  t o each t est .   Base pot ent i al  t est s:   At  l east  one week 
af t er  backf i l l i ng of  t he pi pe and i nst al l at i on of  t he anodes,  but  bef or e 
connect i on of  anodes t o t he st r uct ur e,  measur e base ( nat i ve)  
st r uct ur e- t o- el ect r ol yt e pot ent i al s of  t he st r uct ur e.   Per f or m 
measur ement s at  anode j unct i on boxes,  t est  st at i ons and ot her  l ocat i ons 
sui t abl e f or  t est  pur poses ( such as ser vi ce r i ser s or  val ves) ,  at  
i nt er val s not  exceedi ng 100 f eet  wi t h r eadi ngs at  each end poi nt  and t he 
mi dpoi nt s as a mi ni mum.   The l ocat i ons of  t hese measur ement s must  be 
i dent i cal  t o t he l ocat i ons speci f i ed f or  pot ent i al  measur ement s wi t h 
anodes connect ed.   Use t he same measur i ng equi pment  t hat  i s  speci f i ed f or  
measur i ng pr ot ect ed pot ent i al  measur ement s.

3. 6. 1. 2   Pr ot ect ed Pot ent i al s

Syst ems must  be t est ed and i nspect ed by t he cont r act or ' s cor r osi on 
engi neer  i n t he pr esence of  t he Cont r act i ng Of f i cer  or  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  cor r osi on 
pr ot ect i on engi neer  or  an appr oved r epr esent at i ve.   Not i f y t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager  a mi ni mum of  f i ve wor ki ng days pr i or  t o each t est .   At  
l east  24 hour s af t er  nat i ve pot ent i al  t est i ng and connect i on of  anodes t o 
t he st r uct ur e,  measur e pr ot ect ed st r uct ur e- t o- el ect r ol yt e pot ent i al s.   The 
l ocat i ons of  t hese measur ement s must  be i dent i cal  t o t he l ocat i ons 
speci f i ed f or  nat i ve pot ent i al  measur ement s.   For  under gr ound st or age 
t anks,  t ake a mi ni mum of  t hr ee measur ement s wi t h t he r ef er ence el ect r ode 
l ocat ed as f ol l ows:  Di r ect l y over  t he l ongi t udi nal  and t r ansver se 
cent er l i nes of  t he t ank at  i nt er val s not  exceedi ng t he di amet er  of  t he 
t ank and t o a di st ance f r om t he t ank of  t wo t i mes t he t ank di amet er .  Use 
t he same measur i ng equi pment  t hat  i s  speci f i ed f or  measur i ng pr ot ect ed 
pot ent i al  measur ement s.   Recor d t est  dat a,  i ncl udi ng dat e,  t i me,  and 
l ocat i ons of  t est i ng and submi t  r epor t  t o t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager .   Cont r act or  must  cor r ect  and r et est ,  at  t he cont r act or ' s and 
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Techni cal  Exper t ' s  expense,  def i c i enci es i n t he mat er i al s and i nst al l at i on 
obser ved by t hese t est s and i nspect i ons.

3. 6. 1. 3   I sol at i on Test i ng

Bef or e t he anode syst em i s connect ed t o t he pi pe ,  an i sol at i on t est  must  
be made at  each i sol at i ng j oi nt  or  f i t t i ng.   Thi s t est  wi l l  demonst r at e 
t hat  no met al l i c  cont act ,  or  shor t  c i r cui t  exi st s bet ween t he t wo i sol at ed 
sect i ons of  t he pi pe .   Any i sol at i ng f i t t i ngs i nst al l ed and f ound t o be 
def ect i ve must  be r epor t ed t o t he Cont r act i ng Of f i cer  or  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .

3. 6. 1. 4   I sol at i on Test er

An I sol at i on Test er  desi gned and manuf act ur ed f or  use i n CP,  usi ng t he 
cont i nui t y check ci r cui t ,  must  be used f or  al l  i sol at i ng j oi nt  ( f l ange)  
el ect r i cal  t est i ng.   Test i ng must  conf or m t o t he manuf act ur er ' s oper at i ng 
i nst r uct i ons.   Test  must  be wi t nessed by t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager .   An i sol at i ng j oi nt  t hat  i s  good wi l l  r ead f ul l  scal e on t he 
met er .   I f  an i sol at i ng j oi nt  i s  shor t ed,  t he met er  poi nt er  wi l l  be 
def l ect ed or  near  zer o on t he met er  scal e.   Locat i on of  t he f aul t  wi l l  be 
det er mi ned f r om t he i nst r uct i ons,  and t he j oi nt  must  be r epai r ed.

3. 6. 1. 5   Anode Out put

As t he anodes or  gr oups of  anodes ar e connect ed t o t he pi pe ,  cur r ent  
out put  wi l l  be measur ed wi t h an appr oved cl amp- on mi l l i ammet er ,  cal i br at ed 
shunt  wi t h a sui t abl e mi l l i vol t met er  or  mul t i met er ,  or  a l ow r esi st ance 
ammet er .   ( Of  t he t hr ee met hods,  t he l ow- r esi st ance ammet er  i s t he l east  
desi r abl e and most  i naccur at e.   The cl amp- on mi l l i ammet er  i s t he most  
accur at e. )  The val ues obt ai ned and t he dat e,  t i me,  and l ocat i on must  be 
r ecor ded.

3. 6. 1. 6   Ref er ence El ect r ode Pot ent i al  Measur ement s

Upon compl et i on of  t he i nst al l at i on and wi t h t he ent i r e CP syst em i n 
oper at i on,  el ect r ode pot ent i al  measur ement s must  be made usi ng a 
copper / copper  sul f at e r ef er ence el ect r ode and a pot ent i omet er - vol t met er ,  
or  a di r ect - cur r ent  vol t met er  havi ng an i nt er nal  r esi st ance ( sensi t i v i t y)  
of  not  l ess t han 10 megohms per  vol t  and a f ul l  scal e of  10 vol t s.   The 
l ocat i ons of  t hese measur ement s must  be i dent i cal  t o t he l ocat i ons used 
f or  basel i ne pot ent i al s.   The val ues obt ai ned and t he dat e,  t i me,  and 
l ocat i ons of  measur ement s must  be r ecor ded.   No l ess t han ei ght  ( 8)  
measur ement s wi l l  be made over  any l engt h of  l i ne or  component .   
Addi t i onal  measur ement s wi l l  be made at  each di st r i but i on ser vi ce r i ser ,  
wi t h t he r ef er ence el ect r ode pl aced di r ect l y over  t he ser vi ce l i ne.

3. 6. 1. 7   Casi ng Test s

Bef or e f i nal  accept ance of  t he i nst al l at i on,  t he el ect r i cal  i sol at i on of  
car r i er  pi pe f r om casi ngs must  be t est ed and any shor t  c i r cui t s cor r ect ed.

3. 6. 1. 8   Hol i day Test

Any damage t o t he pr ot ect i ve coat i ng dur i ng t r ansi t  and handl i ng must  be 
r epai r ed bef or e i nst al l at i on.   Af t er  f i el d- coat i ng has been appl i ed,  t he 
ent i r e pi pe must  be i nspect ed by an el ect r i c hol i day det ect or  wi t h 
i mpr essed cur r ent  i n accor dance wi t h NACE SP0188 usi ng a f ul l - r i ng,  
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spr i ng- t ype coi l  el ect r ode.   The hol i day det ect or  wi l l  be equi pped wi t h a 
bel l ,  buzzer ,  or  ot her  t ype of  audi bl e s i gnal  whi ch sounds when a hol i day 
i s det ect ed.   Hol i days i n t he pr ot ect i ve coat i ng must  be r epai r ed upon 
det ect i on.   Occasi onal  checks of  hol i day det ect or  pot ent i al  wi l l  be made 
by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  
Techni cal  Exper t  and Pr oj ect  Manager  t o det er mi ne sui t abi l i t y  of  t he 
det ect or .   Labor ,  mat er i al s,  and equi pment  necessar y f or  conduct i ng t he 
i nspect i on must  be f ur ni shed by t he cont r act or .   The coat i ng syst em must  
be i nspect ed f or  hol es,  voi ds,  cr acks,  and ot her  damage dur i ng 
i nst al l at i on.

3. 6. 1. 9   St r ay Cur r ent  Measur ement s

Bef or e f i nal  accept ance of  t he i nst al l at i on,  st r ay cur r ent  t est s must  be 
per f or med on any f or ei gn pi pes i n c l ose pr oxi mi t y t o t he i nst al l ed 
anodes.   A f ul l  r epor t  of  t he t est s gi v i ng al l  det ai l s must  be made.

3. 6. 1. 10   I nduced AC Test i ng

Bef or e f i nal  accept ance of  t he i nst al l at i on,  i nduced AC Vol t age t est s must  
be per f or med on t he pi pes near  hi gh AC Vol t age i nf r ast r uct ur e and wher e 
cr ossi ng above gr ound and under gr ound AC t r ansmi ssi on syst ems.  A f ul l  
r epor t  of  t hese t est s must  be i ncl uded i n t he f i nal  t est i ng r epor t s wi t h 
al l  det ai l s and dat a t aken.  The t ouch pot ent i al  of  any t est i ng over  5 
vol t s must  be r epor t ed t o t he Cont r act i ng Of f i cer  or  t he Cont r act i ng 
Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .  Any t ouch 
pot ent i al  over  10 Vol t s must  be mi t i gat ed by ef f ect i ve mi t i gat i on 
t echni ques.   Ref er  t o NACE SP0177 and NACE SP21424.

3. 6. 1. 11   I nt er f er ence Test s

Bef or e f i nal  accept ance of  t he i nst al l at i on,  i nt er f er ence t est s wi l l  be 
made wi t h r espect  t o any f or ei gn pi pes i n cooper at i on wi t h t he owner  of  
t he f or ei gn pi pes .   A f ul l  r epor t  of  t he t est s gi v i ng al l  det ai l s must  be 
made.   St r ay cur r ent  measur ement s must  be per f or med at  al l  i sol at i ng 
l ocat i ons and at  l ocat i ons wher e t he new pi pel i ne cr osses f or ei gn met al l i c  
pi pes;  r esul t s of  st r ay cur r ent  measur ement s must  al so be submi t t ed f or  
appr oval .   The met hod of  measur ement s and l ocat i ons of  measur ement s must  
be submi t t ed f or  appr oval .   As a mi ni mum,  st r ay cur r ent  measur ement s must  
be per f or med at  t he f ol l owi ng l ocat i ons:

a.   Connect i on poi nt s of  new pi pel i ne t o exi st i ng pi pel i ne.

b.   Cr ossi ng poi nt s of  new pi pel i ne wi t h ot her  exi st i ng met al l i c  pi pel i nes.

3. 6. 1. 12   I ni t i al  Cat hodi c Pr ot ect i on Syst em Fi el d Test i ng

I ni t i al  f i el d t est i ng must  be compl et ed by t he cont r act or  upon compl et i on 
of  const r uct i on.   Fi el d t est i ng must  be wi t nessed by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager  or  t hei r  desi gnat ed r epr esent at i ve.   Advi se t he 
Cont r act i ng Of f i cer  or  Cont r act i ng Of f i cer ' s Repr esent at i ve 5 days pr i or  
t o per f or mi ng each f i el d t est .   Fi el d t est i ng must  i ncl ude nat i ve and 
pr ot ect ed pot ent i al s,  and anode cur r ent  t est i ng.

The cont r act or  must  submi t  an i ni t i al  f i el d t est  r epor t  of  t he cat hodi c 
pr ot ect i on syst em.   Al l  st r uct ur e- t o- el ect r ol yt e measur ement s,  i ncl udi ng 
i ni t i al  pot ent i al s,  anode out put s,  and ot her  r equi r ed t est i ng must  be 
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r ecor ded on appl i cabl e f or ms.   I dent i f i cat i on of  t est  l ocat i ons,  t est  
st at i on and anode t est  st at i ons wi l l  coor di nat e wi t h t he as- bui l t  dr awi ngs 
and be pr ovi ded on syst em dr awi ngs i ncl uded i n t he r epor t .   The cont r act or  
must  l ocat e,  cor r ect ,  and r epor t  t o t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager  
any shor t  c i r cui t s encount er ed dur i ng t he checkout  of  t he i nst al l ed CP 
syst em.

3. 6. 1. 13   Gover nment  Fi el d Test i ng

The gover nment  cor r osi on pr ogr am manager  must  r evi ew t he cont r act or ' s 
i ni t i al  f i el d t est i ng r epor t .   Appr oxi mat el y f our  weeks af t er  r ecei pt  of  
t he cont r act or ' s i ni t i al  t est  r epor t ,  t he syst em wi l l  be t est ed and 
i nspect ed i n t he cont r act or ' s pr esence by t he gover nment  cor r osi on pr ogr am 
manager .   The cont r act or  must  cor r ect ,  at  t he cont r act or ' s expense,  
mat er i al s and i nst al l at i ons obser ved by t hese t est s and i nspect i ons t o not  
be i n conf or mance wi t h t he pl ans and speci f i cat i ons.   The cont r act or  wi l l  
pay f or  al l  r et est i ng done by t he gover nment  engi neer  made necessar y by 
t he cor r ect i on of  def i c i enci es.

3. 6. 1. 14   One- Year - War r ant y- Per i od- Test i ng

The cont r act or  must  i nspect ,  t est ,  and adj ust  t he cat hodi c pr ot ect i on 
syst em semi - annual l y f or  one year ,  4 i nt er i m i nspect i ons t ot al ,  t o ensur e 
i t s cont i nued conf or mance wi t h t he cr i t er i a out l i ned bel ow.   The 
per f or mance per i od f or  t hese t est s wi l l  commence upon t he compl et i on of  
al l  cat hodi c pr ot ect i on wor k,  i ncl udi ng changes r equi r ed t o cor r ect  
def i c i enci es i dent i f i ed dur i ng i ni t i al  t est i ng,  and pr el i mi nar y accept ance 
of  t he cat hodi c pr ot ect i on syst em by t he Cont r act i ng Of f i cer  or  t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager .   Copi es of  t he One Year  War r ant y Per i od Cat hodi c Pr ot ect i on 
Syst em Fi el d Test  Repor t ,  i ncl udi ng f i el d dat a,  and cer t i f i ed by t he 
cont r act or ' s cor r osi on engi neer  must  be submi t t ed t o t he Cont r act i ng 
Of f i cer  or  Cont r act i ng Of f i cer ' s Repr esent at i ve,  t he act i v i t y,  and t he 
geogr aphi c EFD cor r osi on Cont r act i ng Of f i cer  .

3. 6. 1. 15   Fi nal  Accept ance Fi el d Test i ng

Conduct  f i nal  f i el d t est i ng of  t he cat hodi c pr ot ect i on syst em ut i l i z i ng 
t he same pr ocedur es speci f i ed under ,  " I ni t i al  Fi el d Test i ng of  t he 
Gal vani c Cat hodi c Pr ot ect i on Syst ems" .   The cont r act or  wi l l  i nspect ,  t est ,  
and adj ust  t he cat hodi c pr ot ect i on syst em af t er  one year  of  oper at i on t o 
ensur e i t s cont i nued conf or mance wi t h t he cr i t er i a out l i ned bel ow.   The 
per f or mance per i od f or  t hese t est s wi l l  commence upon pr el i mi nar y 
accept ance f or  t he cat hodi c pr ot ect i on syst em by t he Cont r act i ng Of f i cer  
or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  
Manager .   Copi es of  t he Fi nal  Cat hodi c Pr ot ect i on Syst em Fi el d Test  Repor t ,  
cer t i f i ed by t he cont r act or ' s cor r osi on engi neer  must  be submi t t ed t o t he 
Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  
Exper t  and Pr oj ect  Manager  and t he geogr aphi c EFD cor r osi on pr ogr am manager
 f or  appr oval ,  and as an at t achment  t o t he oper at i on and mai nt enance 
manual  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE 
DATA.   The gover nment  cor r osi on pr ogr am manager  must  r evi ew t he 
cont r act or ' s f i nal  f i el d t est i ng r epor t .
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3. 7   CLOSEOUT ACTI VI TI ES

3. 7. 1   Recondi t i oni ng of  Sur f aces

3. 7. 1. 1   Concr et e

Concr et e must  be 3000 psi  mi ni mum ul t i mat e 28- day compr essi ve st r engt h wi t h
 one i nch mi ni mum aggr egat e conf or mi ng t o ASTM C94/ C94M .

3. 7. 1. 2   Rest or at i on of  Sod

Rest or e unpaved sur f aces di st ur bed dur i ng t he i nst al l at i on of  anodes and 
wi r es t o t hei r  or i gi nal  el evat i on and condi t i on.   I n ar eas wher e gr ass 
cover  exi st s,  i t  i s  possi bl e t hat  sod can be car ef ul l y r emoved,  wat er ed,  
and st or ed dur i ng const r uct i on oper at i ons,  and r epl aced af t er  t he 
oper at i ons ar e compl et ed si nce i t  i s  est i mat ed t hat  no sect i on of  pi pel i ne 
must  r emai n uncover ed f or  mor e t han t wo ( 2)  days.   Wher e t he sur f ace i s 
di st ur bed i n a newl y seeded ar ea,  r e- seed t he ar ea wi t h t he same qual i t y 
and f or mul a of  seed as t hat  used i n t he or i gi nal  seedi ng.   Seedi ng must  be 
done as di r ect ed,  i n al l  unsur f aced l ocat i ons wher e sod and t opsoi l  coul d 
not  be pr eser ved and r epl aced.   The use of  sod i n l i eu of  seedi ng wi l l  
r equi r e appr oval  by t he Cont r act i ng Of f i cer  or  t he Cont r act i ng Of f i cer ' s 
Repr esent at i ve,  Techni cal  Exper t  and Pr oj ect  Manager .

3. 7. 1. 3   Rest or at i on of  Pavement

Repai r  pavement ,  s i dewal ks,  cur bs,  and gut t er s wher e exi st i ng sur f aces ar e 
r emoved or  di st ur bed f or  const r uct i on.   Saw cut  pavement  edges.   Gr aded 
aggr egat e base cour se must  have a maxi mum aggr egat e s i ze of  1 1/ 2 i nches.   
Pr i me base cour se wi t h l i qui d asphal t ,  ASTM D2028/ D2028M,  Gr ade RC- 70 
pr i or  t o pavi ng.   Mat ch base cour se t hi ckness t o exi st i ng but  must  not  be 
l ess t han 6 i nches.   Asphal t  aggr egat e s i ze must  be 1/ 2 i nch ,  asphal t  
cement  must  conf or m t o ASTM D3381/ D3381M,  Gr ade AR- 2000 .   Mat ch asphal t  
concr et e t hi ckness t o exi st i ng but  must  not  be l ess t han 2 i nches.   Repai r  
Por t l and cement  concr et e pavement ,  s i dewal ks,  cur bs,  and gut t er s usi ng 
3, 000 psi  concr et e conf or mi ng t o Sect i on 03 30 00 CAST- I N- PLACE CONCRETE.   
Mat ch exi st i ng pavement ,  s i dewal k,  cur b,  and gut t er  t hi cknesses.

3. 7. 1. 4   Cl eanup

The cont r act or  i s r esponsi bl e f or  c l eanup of  t he const r uct i on s i t e.   Al l  
paper  bags,  wi r e c l i ppi ngs,  must  be di sposed of  as di r ect ed.   Paper  bags,  
wi r e c l i ppi ngs and ot her  wast e wi l l  not  be put  i n bel l  hol es or  anodes 
excavat i on.

3. 7. 2   Tr ai ni ng

3. 7. 2. 1   I nst r uct i on t o Gover nment  Per sonnel

Dur i ng t he war r ant y t est i ng or  at  a t i me desi gnat ed by t he Cont r act i ng 
Of f i cer  or  t he Cont r act i ng Of f i cer ' s Repr esent at i ve,  Techni cal  Exper t  and 
Pr oj ect  Manager ,  make avai l abl e t he ser vi ces of  a t echni c i an r egul ar l y 
empl oyed or  aut hor i zed by t he manuf act ur er  of  t he Cat hodi c Pr ot ect i on 
Syst em f or  i nst r uct i ng gover nment  per sonnel  i n t he pr oper  oper at i on,  
mai nt enance,  saf et y,  and emer gency pr ocedur es of  t he Cat hodi c Pr ot ect i on 
Syst em.   The per i od of  i nst r uct i on must  be not  l ess t han t wo hour s and not  
mor e t han t wo 8- hour  wor ki ng days.   Conduct  t he t r ai ni ng at  t he j obsi t e or  
at  anot her  l ocat i on mut ual l y sat i sf act or y t o t he gover nment  and t he 
cont r act or .   The f i el d i nst r uct i ons wi l l  cover  al l  of  t he i t ems cont ai ned 
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i n t he oper at i on and mai nt enance manual .

    - -  End of  Sect i on - -
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SECTI ON 26 51 00

I NTERI OR LI GHTI NG
05/ 20,  CHG 2:  11/ 21

PART 1   GENERAL

1. 1   REFERENCES

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM A580/ A580M ( 2023)  St andar d Speci f i cat i on f or  
St ai nl ess St eel  Wi r e

ASTM A641/ A641M ( 2019)  St andar d Speci f i cat i on f or  
Zi nc- Coat ed ( Gal vani zed)  Car bon St eel  Wi r e

ASTM A653/ A653M ( 2023)  St andar d Speci f i cat i on f or  St eel  
Sheet ,  Zi nc- Coat ed ( Gal vani zed)  or  
Zi nc- I r on Al l oy- Coat ed ( Gal vanneal ed)  by 
t he Hot - Di p Pr ocess

ASTM A1008/ A1008M ( 2023)  St andar d Speci f i cat i on f or  St eel ,  
Sheet ,  Col d- Rol l ed,  Car bon,  St r uct ur al ,  
Hi gh- St r engt h Low- Al l oy,  Hi gh- St r engt h 
Low- Al l oy wi t h I mpr oved For mabi l i t y ,  
Sol ut i on Har dened,  and Bake Har denabl e

ASTM B164 ( 2003;  R 2014)  St andar d Speci f i cat i on f or  
Ni ckel - Copper  Al l oy Rod,  Bar ,  and Wi r e

ASTM B633 ( 2023)  St andar d Speci f i cat i on f or  
El ect r odeposi t ed Coat i ngs of  Zi nc on I r on 
and St eel

ASTM D4674 REV A ( 2002;  R 2010)  St andar d Pr act i ce f or  
Accel er at ed Test i ng f or  Col or  St abi l i t y  of  
Pl ast i cs Exposed t o I ndoor  Of f i ce 
Envi r onment s

CALI FORNI A ENERGY COMMI SSI ON ( CEC)

CEC Ti t l e 20 ( 2019)  Appl i ance Ef f i c i ency Regul at i ons /  
Publ i c Ut i l i t i es and Ener gy Di v i s i on 2.  
St at e Ener gy Resour ces Conser vat i on and 
Devel opment  Commi ssi on

CEC Ti t l e 24 ( 2016)  Bui l di ng Ener gy Ef f i c i ency 
St andar ds For  Resi dent i al  and 
Nonr esi dent i al  Bui l di ngs

EUROPEAN UNI ON ( EU)

Di r ect i ve 2011/ 65/ EU ( 2011)  Rest r i ct i on of  t he Use of  Cer t ai n 
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Hazar dous Subst ances i n El ect r i cal  and 
El ect r oni c Equi pment

I LLUMI NATI NG ENGI NEERI NG SOCI ETY ( I ES)

ANSI / I ES LM- 79 ( 2019)  Appr oved Met hod:  El ect r i cal  and 
Phot omet r i c Measur ement s of  Sol i d St at e 
Li ght i ng Pr oduct s

ANSI / I ES LM- 80 ( 2020)  Appr oved Met hod:  Measur i ng Lumi nous 
Fl ux and Col or  Mai nt enance of  LED 
Packages,  Ar r ays and Modul es

ANSI / I ES LS- 1 ( 2020)  Li ght i ng Sci ence:  Nomencl at ur e and 
Def i ni t i ons f or  I l l umi nat i ng Engi neer i ng

ANSI / I ES TM- 15 ( 2020)  Techni cal  Memor andum:  Lumi nai r e 
Cl assi f i cat i on Syst em f or  Out door  
Lumi nai r es

ANSI / I ES TM- 21 ( 2021)  Techni cal  Memor andum:  Pr oj ect i ng 
Long- Ter mLumi nous,  Phot on,  and Radi ant  
Fl ux Mai nt enance of  LED Li ght  Sour ces

ANSI / I ES TM- 30 ( 2020)  Techni cal  Memor andum:  I ES Met hod 
f or  Eval uat i ng Li ght  Sour ce Col or  Rendi t i on

I ES Li ght i ng Li br ar y I ES Li ght i ng Li br ar y

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I EEE C62. 41 ( 1991;  R 1995)  Recommended Pr act i ce on 
Sur ge Vol t ages i n Low- Vol t age AC Power  
Ci r cui t s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA 77 ( 2017)  Tempor al  Li ght  Ar t i f act s:   Test  
Met hods and Gui dance f or  Accept ance 
Cr i t er i a

NEMA 250 ( 2020)  Encl osur es f or  El ect r i cal  Equi pment  
( 1000 Vol t s Maxi mum)

NEMA ANSLG C78. 377 ( 2017)  El ect r i c Lamps— Speci f i cat i ons f or  
t he Chr omat i c i t y of  Sol i d St at e Li ght i ng 
Pr oduct s

NEMA C82. 77- 10 ( 2020)  Har moni c Emi ssi on Li mi t s -  Rel at ed 
Power  Qual i t y Requi r ement s

NEMA I CS 2 ( 2000;  R 2020)  I ndust r i al  Cont r ol  and 
Syst ems Cont r ol l er s,  Cont act or s,  and 
Over l oad Rel ays Rat ed 600 V
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NEMA I CS 6 ( 1993;  R 2016)  I ndust r i al  Cont r ol  and 
Syst ems:   Encl osur es

NEMA SSL 1 ( 2016)  El ect r oni c Dr i ver s f or  LED Devi ces,  
Ar r ays,  or  Syst ems

NEMA SSL 3 ( 2011)  Hi gh- Power  Whi t e LED Bi nni ng f or  
Gener al  I l l umi nat i on

NEMA SSL 7A ( 2015)  Phase- Cut  Di mmi ng f or  Sol i d St at e 
Li ght i ng:  Basi c Compat i bi l i t y

NEMA WD 1 ( 1999;  R 2020)  St andar d f or  Gener al  Col or  
Requi r ement s f or  Wi r i ng Devi ces

NEMA WD 7 ( 2011;  R 2016;  R 2021)  Occupancy Mot i on 
Sensor s St andar d

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 101 ( 2021;  TI A 21- 1)  Li f e Saf et y Code

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

47 CFR 15 Radi o Fr equency Devi ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 20 ( 2018;  Repr i nt  May 2023)  UL St andar d f or  
Saf et y Gener al - Use Snap Swi t ches

UL 94 ( 2023;  Repr i nt  Jan 2024)  UL St andar d f or  
Saf et y Test s f or  Fl ammabi l i t y  of  Pl ast i c 
Mat er i al s f or  Par t s i n Devi ces and 
Appl i ances

UL 508 ( 2018;  Repr i nt  Jul  2021)  UL St andar d f or  
Saf et y I ndust r i al  Cont r ol  Equi pment

UL 844 ( 2012;  Repr i nt  Oct  2021)  UL St andar d f or  
Saf et y Lumi nai r es f or  Use i n Hazar dous 
( Cl assi f i ed)  Locat i ons

UL 916 ( 2015;  Repr i nt  Oct  2021)  UL St andar d f or  
Saf et y Ener gy Management  Equi pment

UL 924 ( 2016;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Emer gency Li ght i ng and Power  
Equi pment

UL 1472 ( 2015)   UL St andar d f or  Saf et y Sol i d- St at e 
Di mmi ng Cont r ol s

UL 1598 ( 2021;  Repr i nt  Jan 2024)  UL St andar d f or  
Saf et y Lumi nai r es
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UL 2043 ( 2023)  Fi r e Test  f or  Heat  and Vi s i bl e 
Smoke Rel ease f or  Di scr et e Pr oduct s and 
Thei r  Accessor i es I nst al l ed i n 
Ai r - Handl i ng Spaces

UL 8750 ( 2015;  Repr i nt  Sep 2021)  UL St andar d f or  
Saf et y Li ght  Emi t t i ng Di ode ( LED)  
Equi pment  f or  Use i n Li ght i ng Pr oduct s

1. 2   DEFI NI TI ONS

a.   Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs 
t er ms used i n t hese speci f i cat i ons and on t he dr awi ngs,  must  be as 
def i ned i n I EEE 100 and ANSI / I ES LS- 1.

b.   For  LED l umi nai r e l i ght  sour ces,  " Usef ul  Li f e"  i s t he oper at i ng hour s 
bef or e r eachi ng 70 per cent  of  t he i ni t i al  r at ed l umen out put  ( L70)  
wi t h no cat ast r ophi c f ai l ur es under  nor mal  oper at i ng condi t i ons.   Thi s 
i s al so known as 70 per cent  " Rat ed Lumen Mai nt enance Li f e"  as def i ned 
i n ANSI / I ES LM- 80.

c.   For  LED l umi nai r es,  " Lumi nai r e Ef f i cacy"  ( LE)  i s t he appr opr i at e 
measur e of  ener gy ef f i c i ency,  measur ed i n l umens/ wat t .   Thi s i s 
gat her ed f r om LM- 79 dat a f or  t he l umi nai r e,  i n whi ch absol ut e 
phot omet r y i s used t o measur e t he l umen out put  of  t he l umi nai r e as one 
ent i t y,  not  t he sour ce separ at el y and t hen t he sour ce and housi ng 
t oget her .

d.   Tot al  har moni c di st or t i on ( THD)  i s t he r oot  mean squar e ( RMS)  of  al l  
t he har moni c component s di v i ded by t he t ot al  f undament al  cur r ent .

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  c l assi f i cat i on.   
Submi t t al s not  havi ng a " G"  c l assi f i cat i on ar e f or  Cont r act or  Qual i t y 
Cont r ol  appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he 
Sust ai nabi l i t y  eNot ebook,  i n conf or mance t o Sect i on 01 33 29 
SUSTAI NABI LI TY REPORTI NG.   Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 
01 33 00 SUBMI TTAL PROCEDURES:

SD- 02 Shop Dr awi ngs

Lumi nai r e Dr awi ngs;  G

Occupancy/ Vacancy Sensor  Cover age Layout ;  G;  S

Li ght i ng Cont r ol  Syst em One- Li ne Di agr am;  G

Sequence of  Oper at i on f or  Li ght i ng Cont r ol  Syst em;  G

SD- 03 Pr oduct  Dat a

Lumi nai r es;  G

Li ght  Sour ces;  G

LED Dr i ver s;  G

SECTI ON 26 51 00  Page 4



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

Lumi nai r e War r ant y;  G

Li ght i ng Cont r ol s War r ant y;  G

Local  Ar ea Cont r ol l er ;  G

Li ght i ng Cont r ol  Panel ;  G

Li ght i ng Cont act or ;  G

Swi t ches;  G

Di gi t al  Swi t ch Ti mer s;  G

Wal l  Box Di mmer s;  G

Occupancy/ Vacancy Sensor s;  G

Phot osensor s;  G

Power  Packs;  G

Power  Hook Lumi nai r e Hanger s;  G

Exi t  Si gns;  G

Emer gency Dr i ver s;  G

SD- 05 Desi gn Dat a

Lumi nai r e Desi gn Dat a;  G

Phot omet r i c Pl an;  G

SD- 06 Test  Repor t s

ANSI / I ES LM- 79 Test  Repor t ;  G

ANSI / I ES LM- 80 Test  Repor t ;  G

ANSI / I ES TM- 21 Test  Repor t ;  G

ANSI / I ES TM- 30 Test  Repor t ;  G

Occupancy/ Vacancy Sensor  Ver i f i cat i on Test ;  G

Phot osensor  Ver i f i cat i on Test ;  G

SD- 07 Cer t i f i cat es

LED Dr i ver  and Di mmi ng Swi t ch Compat i bi l i t y  Cer t i f i cat e;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Li ght i ng Syst em,  Dat a Package 5;  G

Li ght i ng Cont r ol  Syst em,  Dat a Package 5;  G

Mai nt enance St af f  Tr ai ni ng Pl an;  G
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End- User  Tr ai ni ng Pl an;  G

1. 4   QUALI TY ASSURANCE

Dat a,  dr awi ngs,  and r epor t s must  empl oy t he t er mi nol ogy,  c l assi f i cat i ons 
and met hods pr escr i bed by t he I ES Li ght i ng Li br ar y as appl i cabl e,  f or  t he 
l i ght i ng syst em speci f i ed.

1. 4. 1   Lumi nai r e Dr awi ngs

I ncl ude di mensi ons,  accessor i es i nst al l at i on det ai l s,  and const r uct i on 
det ai l s.   Phot omet r i c dat a,  i ncl udi ng CRI ,  CCT,  LED dr i ver  t ype,  ai mi ng 
di agr am,  zonal  l umen dat a,  and candl epower  di st r i but i on dat a must  
accompany shop dr awi ngs.

1. 4. 2   Lumi nai r e Desi gn Dat a

a.   Pr ovi de saf et y cer t i f i cat i on and f i l e number  f or  t he l umi nai r e f ami l y 
t hat  must  be l i s t ed,  l abel ed,  or  i dent i f i ed i n accor dance wi t h t he 
NFPA 70.   Appl i cabl e t est i ng bodi es ar e det er mi ned by t he US 
Occupat i onal  Saf et y Heal t h Admi ni st r at i on ( OSHA)  as Nat i onal l y 
Recogni zed Test i ng Labor at or i es ( NRTL)  and i ncl ude:  CSA ( Canadi an 
St andar ds Associ at i on) ,  ETL ( Edi son Test i ng Labor at or y) ,  and UL 
( Under wr i t er s Labor at or i es) .

b.   Pr ovi de l ong t er m l umen mai nt enance pr oj ect i ons f or  each LED l umi nai r e 
i n accor dance wi t h ANSI / I ES TM- 21.   Dat a used f or  pr oj ect i ons must  be 
obt ai ned f r om t est i ng i n accor dance wi t h ANSI / I ES LM- 80.

1. 4. 3   ANSI / I ES LM- 79 Test  Repor t

Submi t  t est  r epor t  on manuf act ur er ' s st andar d pr oduct i on model  of  
speci f i ed l umi nai r e.   Test i ng must  be per f or med at  t he same oper at i ng 
dr i ve cur r ent  as speci f i ed l umi nai r e.   I ncl ude al l  appl i cabl e and r equi r ed 
dat a i n I ES f or mat  as out l i ned under  " 14. 0 Test  Repor t "  i n ANSI / I ES LM- 79.

1. 4. 4   ANSI / I ES LM- 80 Test  Repor t

Submi t  r epor t  on manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce 
( package,  ar r ay,  or  modul e)  of  speci f i ed l umi nai r e.   Test i ng must  be 
per f or med at  t he same oper at i ng dr i ve cur r ent  as speci f i ed l umi nai r e.   
I ncl ude al l  appl i cabl e and r equi r ed dat a as out l i ned under  " 8. 0 Test  
Repor t "  i n ANSI / I ES LM- 80.

1. 4. 5   ANSI / I ES TM- 21 Test  Repor t

Submi t  t est  r epor t  on manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce 
( package,  ar r ay,  or  modul e)  of  speci f i ed l umi nai r e.   Test i ng must  be 
per f or med at  t he same oper at i ng dr i ve cur r ent  as speci f i ed l umi nai r e.   
I ncl ude al l  appl i cabl e and r equi r ed dat a,  as wel l  as r equi r ed 
i nt er pol at i on i nf or mat i on as out l i ned under  " 7. 0 Repor t "  i n ANSI / I ES TM- 21.

1. 4. 6   ANSI / I ES TM- 30 Test  Repor t

Submi t  col or  vect or  gr aphi c i n accor dance wi t h ANSI / I ES TM- 30 on 
manuf act ur er ' s st andar d pr oduct i on LED l i ght  sour ce ( package,  ar r ay,  or  
modul e)  of  speci f i ed l umi nai r e.   I ncl ude spect r al  di st r i but i on of  t est  LED 
l i ght  sour ce.
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1. 4. 7   LED Dr i ver  and Di mmi ng Swi t ch Compat i bi l i t y  Cer t i f i cat e

Submi t  cer t i f i cat i on f r om t he l umi nai r e,  dr i ver ,  or  di mmer  swi t ch 
manuf act ur er  t hat  ensur es compat i bi l i t y  and oper abi l i t y  bet ween devi ces 
wi t hout  f l i cker i ng and t o speci f i ed di mmi ng l evel s.

1. 4. 8   Phot omet r i c Pl an

1. 4. 8. 1   Comput er - gener at ed Phot omet r i c Pl ans

Comput er - gener at ed phot omet r i c pl ans f or  each space ar e r equi r ed t o ver i f y 
pr oposed l umi nai r es and l ocat i ons meet  t he r equi r ed per f or mance cr i t er i a 
of  t he desi gn usi ng t he appl i cabl e l i ght  l oss f act or  ( LLF) .

Tar get  i l l umi nat i on l evel s ar e pr ovi ded f or  each I nt er i or  Appl i cat i on.  
Dependi ng on t he appl i cat i on and t he r ecommendat i ons pr ovi ded by t he I ES,  
val ues ar e gi ven as one of  t he f ol l owi ng:

a.   Mi ni mum:   No val ues anywher e on t he cal cul at i on gr i d may be l ess t han 
t hi s val ue,  wi t hi n a 10 per cent  mar gi n of  er r or .

b.   Mi ni mum Aver age:   An aver age,  t aken over  t he ent i r e t ask ar ea f or  t he 
appl i cat i on,  may not  be l ess t han t hi s val ue,  wi t hi n a 10 per cent  
mar gi n of  er r or .

c.   Maxi mum:   No val ues anywher e on t he cal cul at i on gr i d may be gr eat er  
t han t hi s val ue,  wi t hi n a 10 per cent  mar gi n of  er r or .

d.   Maxi mum Aver age:   An aver age,  t aken over  t he ent i r e t ask ar ea f or  t he 
appl i cat i on,  may not  be gr eat er  t han t hi s val ue,  wi t hi n a 10 per cent  
mar gi n of  er r or .

e.   Uni f or mi t y:   Unl ess ot her wi se not ed,  uni f or mi t y i s cal cul at ed as a 
r at i o of  t he aver age cal cul at ed i l l umi nance over  t he mi ni mum 
cal cul at ed i l l umi nance of  t he cal cul at i on gr i d.

1. 4. 8. 2   Schemat i c Phot omet r i c Pl an Cal cul at i ons

Schemat i c phot omet r i c pl an cal cul at i ons must  i ncl ude:

a.   Hor i zont al  i l l umi nance measur ement s at  wor kpl ane or  ot her  desi gnat ed 
hei ght  above f i ni shed f l oor ,  t aken at  a maxi mum of  ever y one f oot  
acr oss t he t ask ar ea.

b.   Aver age mai nt ai ned i l l umi nance l evel .

c.   Mi ni mum and maxi mum mai nt ai ned i l l umi nance l evel s.

d.   Li ght i ng power  densi t y ( Wat t s per  squar e f oot ) .

e.   LLF.   Recommended LLF i s 0. 81 f or  LED l umi nai r es but  LLF var i es based 
on envi r onment  and appl i cat i on.

1. 4. 8. 3    Fi nal  Phot omet r i c Pl an Cal cul at i ons

Fi nal  phot omet r i c pl an cal cul at i ons must  i ncl ude:

a.   Hor i zont al  i l l umi nance measur ement s at  wor kpl ane or  ot her  desi gnat ed 
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hei ght  above f i ni shed f l oor ,  t aken at  a maxi mum of  ever y one f oot  
acr oss t he t ask ar ea.

b.   Wher e appl i cabl e,  ver t i cal  i l l umi nance measur ement s at  desi gnat ed 
sur f ace,  t aken at  a maxi mum of  ever y one f oot  acr oss t ask ar ea.

c.   Mi ni mum and maxi mum mai nt ai ned i l l umi nance l evel s.

d.   Aver age mai nt ai ned i l l umi nance l evel .

e.   Aver age t o mi ni mum and maxi mum t o mi ni mum r at i os f or  hor i zont al  
i l l umi nance.

f .   Li ght i ng power  densi t y ( Wat t s per  squar e f oot ) .

g.   LLF.  Recommended LLF i s 0. 81 f or  LED l umi nai r es but  LLF var i es based 
on envi r onment  and appl i cat i on.

1. 4. 9   Occupancy/ Vacancy Sensor  Cover age Layout

Pr ovi de f l oor  pl ans showi ng cover age l ayout s of  al l  devi ces usi ng 
manuf act ur er ' s pr oduct  i nf or mat i on.

1. 4. 10   Test  Labor at or i es

Test  l abor at or i es f or  t he ANSI / I ES LM- 79 and ANSI / I ES LM- 80 t est  r epor t s 
must  be one of  t he f ol l owi ng:

a.   Nat i onal  Vol unt ar y Labor at or y Accr edi t at i on Pr ogr am ( NVLAP)  accr edi t ed 
f or  sol i d- st at e l i ght i ng t est i ng as par t  of  t he Ener gy- Ef f i c i ent  
Li ght i ng Pr oduct s l abor at or y accr edi t at i on pr ogr am f or  bot h LM- 79 and 
LM- 80 t est i ng.

b.   One of  t he qual i f i ed l abs l i s t ed on t he Depar t ment  of  Ener gy -  LED 
Li ght i ng Fact s Appr oved Test i ng Labor at or i es Li st  f or  LM- 79 t est i ng.

c.   One of  t he EPA- Recogni zed Labor at or i es l i s t ed f or  LM- 80 t est i ng.

1. 4. 11   Regul at or y Requi r ement s

Equi pment ,  mat er i al s,  i nst al l at i on,  and wor kmanshi p must  be i n accor dance 
wi t h t he mandat or y and advi sor y pr ovi s i ons of  NFPA 70,  unl ess mor e 
st r i ngent  r equi r ement s ar e speci f i ed or  i ndi cat ed.   Pr ovi de l umi nai r es and 
assembl ed component s t hat  ar e appr oved by and bear  t he l abel  of  UL f or  t he 
appl i cabl e l ocat i on and condi t i ons unl ess ot her wi se speci f i ed.

1. 4. 12   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn,  and wor kmanshi p.  Pr oduct s must  have been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  s i x mont hs pr i or  t o bi d openi ng.   The 
si x- mont h per i od must  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  must  have 
been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he si x- mont h per i od.   Wher e 
t wo or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  t hese i t ems 
must  be pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  par t s of  
t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  unl ess st at ed 
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i n t hi s sect i on.

1. 4. 12. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a s i x- mont h f i el d ser vi ce r ecor d wi l l  be 
accept abl e i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  
l ess t han 6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  
l abor at or y t est s,  i s  f ur ni shed.

1. 4. 12. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Do not  use pr oduct s manuf act ur ed mor e t han si x mont hs pr i or  t o dat e of  
del i ver y t o s i t e,  unl ess speci f i ed ot her wi se.

1. 5   WARRANTY

Suppor t  al l  equi pment  i t ems by ser vi ce or gani zat i ons whi ch ar e r easonabl y 
conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  sat i sf act or y 
ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s dur i ng t he 
war r ant y per i od of  t he cont r act .

1. 5. 1   Lumi nai r e War r ant y

Pr ovi de and t r ansf er  t o t he gover nment  t he or i gi nal  LED l umi nai r e 
manuf act ur er s st andar d commer ci al  war r ant y f or  each di f f er ent  l umi nai r e 
manuf act ur er  used i n t he pr oj ect .

a.   Pr ovi de a wr i t t en f i ve year  mi ni mum r epl acement  war r ant y f or  mat er i al ,  
l umi nai r e f i ni sh,  and wor kmanshi p.  Pr ovi de wr i t t en war r ant y document  
t hat  cont ai ns al l  war r ant y pr ocessi ng i nf or mat i on needed,  i ncl udi ng 
cust omer  ser vi ce poi nt  of  cont act ,  whet her  or  not  a r et ur n 
aut hor i zat i on number  i s r equi r ed,  r et ur n shi ppi ng i nf or mat i on,  and 
cl osest  r et ur n l ocat i on t o t he l umi nai r e l ocat i on.

( 1)  Fi ni sh war r ant y must  i ncl ude f ai l ur e and subst ant i al  det er i or at i on 
such as bl i st er i ng,  cr acki ng,  peel i ng,  chal k i ng,  or  f adi ng.

( 2)  Mat er i al  war r ant y must  i ncl ude:

( a)  Al l  LED dr i ver s and i nt egr al  cont r ol  equi pment .

( b)  Repl acement  when mor e t han 15 per cent  of  LED sour ces i n any 
l i ght bar  or  subassembl y( s)  ar e def ect i ve,  non- st ar t i ng,  or  
oper at i ng bel ow 70 per cent  of  speci f i ed l umen out put .

( c)  Repl acement  when mor e t han 15 per cent  of  LED sour ces i n any 
l i ght bar  or  subassembl y( s)  show a col or  shi f t  gr eat er  t han 0. 003 
del t a u' v '  f r om t he zer o hour  measur ement  st at ed i n t he 
ANSI / I ES LM- 79 Test  Repor t .

b.   War r ant y per i od must  begi n i n accor dance wi t h t he manuf act ur er ' s 
st andar d war r ant y st ar t i ng dat e.

c.   Pr ovi de r epl acement s t hat  ar e pr ompt l y shi pped,  wi t hout  char ge,  t o t he 
usi ng Gover nment  f aci l i t y  poi nt  of  cont act  and t hat  ar e i dent i cal  t o 
or  an i mpr ovement  upon t he or i gi nal  equi pment .   Al l  r epl acement s must  
i ncl ude t est i ng of  new component s and assembl y.
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1. 5. 2   Li ght i ng Cont r ol s War r ant y

Pr ovi de and t r ansf er  t o t he gover nment  t he or i gi nal  l i ght i ng cont r ol s 
manuf act ur er s st andar d commer ci al  war r ant y f or  each di f f er ent  l i ght i ng 
cont r ol s manuf act ur er  used i n t he pr oj ect .   War r ant y cover age must  begi n 
f r om dat e of  f i nal  syst em commi ssi oni ng or  t hr ee mont hs f r om dat e of  
del i ver y,  whi chever  i s t he ear l i est .   War r ant y ser vi ce must  be per f or med 
by a f act or y- t r ai ned engi neer  or  t echni c i an.

a.   Unl ess ot her wi se not ed,  pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y 
on t he compl et e syst em f or  al l  syst ems wi t h f act or y commi ssi oni ng.   
Pr ovi de war r ant y t hat  cover s 100 per cent  of  t he cost  of  any 
r epl acement  par t s and ser vi ces r equi r ed over  t he f i ve year s whi ch ar e 
di r ect l y at t r i but abl e t o t he pr oduct  f ai l ur e.   Fai l ur es i ncl ude,  but  
ar e not  l i mi t ed t o,  t he f ol l owi ng:

( 1)  Sof t war e:  Fai l ur e of  i nput / out put  t o execut e swi t chi ng or  di mmi ng 
commands.

( 2)  Damage of  el ect r oni c component s due t o t r ansi ent  vol t age sur ges.

( 3)  Fai l ur e of  cont r ol  devi ces,  i ncl udi ng but  not  l i mi t ed t o occupancy 
sensor s,  phot osensor s,  and manual  wal l  st at i on cont r ol  devi ces.

b.   Pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y on al l  i nput  devi ces 
agai nst  def ect  i n wor kmanshi p or  mat er i al s pr ovi ded by devi ce 
manuf act ur er .

c.   Pr ovi de a wr i t t en f i ve year  mi ni mum war r ant y on al l  cont r ol  component s 
at t ached t o l umi nai r es agai nst  def ect  i n wor kmanshi p or  mat er i al s.

1. 6   OPERATI ON AND MAI NTENANCE MANUALS

1. 6. 1   Li ght i ng Syst em

Pr ovi de oper at i on and mai nt enance manual s f or  t he l i ght i ng syst em i n 
accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA t hat  
pr ovi de basi c dat a r el at i ng t o t he desi gn,  oper at i on,  and mai nt enance of  
t he l i ght i ng syst em f or  t he bui l di ng.   I ncl ude t he f ol l owi ng:

a.   Manuf act ur er s '  oper at i ng and mai nt enance manual s.

b.   Lumi nai r e shop dr awi ngs f or  modi f i ed and cust om l umi nai r es.

c.   Lumi nai r e Manuf act ur er s '  st andar d commer ci al  war r ant y i nf or mat i on as 
speci f i ed i n par agr aph LUMI NAI RE WARRANTY.

1. 6. 2   Li ght i ng Cont r ol  Syst em

Pr ovi de oper at i on and mai nt enance manual s f or  t he l i ght i ng cont r ol  syst em 
i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND MAI NTENANCE DATA t hat  
pr ovi de basi c dat a r el at i ng t o t he desi gn,  oper at i on,  and mai nt enance of  
t he l i ght i ng cont r ol  syst em f or  t he bui l di ng.  I ncl ude t he f ol l owi ng:

a.   Li ght i ng cont r ol  syst em l ayout  and wi r i ng pl an.

b.   Li ght i ng cont r ol  syst em one- l i ne di agr am.

c.   Pr oduct  dat a f or  al l  devi ces,  i ncl udi ng i nst al l at i on and pr ogr ammi ng 
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i nst r uct i ons.

d.   Occupancy/ vacancy sensor  cover age l ayout .

e.   Tr ai ni ng mat er i al s,  such as v i deos or  i n- dept h manual s,  t hat  cover  
basi c oper at i on of  t he l i ght i ng cont r ol  syst em and i nst r uct i ons on 
modi f y i ng t he l i ght i ng cont r ol  syst em.   Tr ai ni ng mat er i al s must  
i ncl ude cal i br at i on,  adj ust ment ,  t r oubl eshoot i ng,  mai nt enance,  r epai r ,  
and r epl acement .

f .   Sequence of  oper at i on descr i pt i ons f or  each t ypi cal  r oom t ype,  
i ncl udi ng f i nal  pr ogr ammi ng,  schedul es,  and cal i br at i on set t i ngs.

g.   " As- bui l t "  l i ght i ng cont r ol  panel  schedul es.

PART 2   PRODUCTS

2. 1   PRODUCT COORDI NATI ON

2. 2   LUMI NAI RES

UL 1598,  NEMA C82. 77- 10.   Pr ovi de l umi nai r es as i ndi cat ed i n t he l umi nai r e 
schedul e and NL pl at es or  det ai l s on pr oj ect  pl ans,  compl et e wi t h l i ght  
sour ce,  wat t age,  and l umen out put  i ndi cat ed.   Al l  l umi nai r es of  t he same 
t ype must  be pr ovi ded by t he same manuf act ur er .   Lumi nai r es must  be 
speci f i cal l y desi gned f or  use wi t h t he dr i ver  and l i ght  sour ce pr ovi ded.

2. 2. 1   Lumi nai r es

UL 8750,  ANSI / I ES LM- 79,  ANSI / I ES LM- 80.   For  al l  l umi nai r es,  pr ovi de:

a.   Compl et e syst em wi t h LED dr i ver s and l i ght  sour ces.

b.   Housi ngs const r uct ed of  non- cor r osi ve mat er i al s.   Al l  new al umi num 
housi ngs must  be anodi zed or  powder - coat ed.   Al l  new st eel  housi ngs 
must  be t r eat ed t o be cor r osi on r esi st ant .

c.   ANSI / I ES TM- 21,  ANSI / I ES LM- 80.   Mi ni mum L70 l umen mai nt enance val ue 
of  50, 000 hour s unl ess ot her wi se i ndi cat ed i n t he l umi nai r e schedul e.   
Lumi nai r e dr i ve cur r ent  val ue must  be i dent i cal  t o t hat  pr ovi ded by 
t est  dat a f or  l umi nai r e i n quest i on.

d.   Mi ni mum ef f i cacy as speci f i ed i n t he l umi nai r e schedul e.   Theor et i cal  
model s of  i ni t i al  l amp l umens per  wat t  ar e not  accept abl e.   I f  
ef f i cacy val ues ar e not  l i s t ed i n t he l umi nai r e schedul e,  pr ovi de 
l umi nai r es t hat  meet  t he f ol l owi ng mi ni mum val ues:

Lumi nai r e St yl e Mi ni mum Lumi nai r e Ef f i cacy

Recessed 1 by 4,  2 by 4,  and 2 by 2 100 LPW

Recessed Downl i ght  ( f i xed,  adj ust abl e,  wal l wash) 80 LPW

Li near ,  Accent  ( under cabi net ,  cove) 45 LPW

Li near ,  Ambi ent  ( i ndi r ect  wal l  mount ,  l i near  
pendent )

100 LPW
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Lumi nai r e St yl e Mi ni mum Lumi nai r e Ef f i cacy

Hi gh Bay,  Low Bay,  and I ndust r i al  Locat i ons 100 LPW

Food Ser vi ce and Hazar dous Locat i ons 60 LPW

Ot her  ( t r ack,  r esi dent i al  di f f user s) 50 LPW

Ext er i or  Wal l  Sconce 50 LPW

St epl i ght 30 LPW

Par ki ng Gar age Lumi nai r e 100 LPW

e.   UL l i s t ed f or  dr y or  damp l ocat i on t ypi cal  of  i nt er i or  i nst al l at i ons.   
Any l umi nai r e mount ed on t he ext er i or  of  t he bui l di ng must  be UL 
l i s t ed f or  wet  l ocat i on t ypi cal  of  ext er i or  i nst al l at i ons.

f .   LED dr i ver  and l i ght  sour ce package,  ar r ay,  or  modul e ar e accessi bl e 
f or  ser vi ce or  r epl acement  wi t hout  r emoval  or  dest r uct i on of  l umi nai r e.

g.   Lenses const r uct ed of  heat  t emper ed bor osi l i cat e gl ass,  UV- r esi st ant  
acr yl i c,  or  s i l i cone.   Pr ovi de pol ycar bonat e vandal - r esi st ant  l enses 
as i ndi cat ed.   Sandbl ast i ng,  et chi ng and pol i shi ng must  be per f or med 
as i ndi cat ed i n t he l umi nai r e descr i pt i on.

h.   ANSI / I ES TM- 15.   Pr ovi de ext er i or  bui l di ng- mount ed l umi nai r es t hat  do 
not  exceed t he BUG r at i ngs as l i s t ed i n t he l umi nai r e schedul e.   I f  
BUG r at i ngs ar e not  l i s t ed i n t he l umi nai r e schedul e,  pr ovi de 
l umi nai r es t hat  meet  t he f ol l owi ng mi ni mum val ues f or  each appl i cat i on 
and mount i ng condi t i ons:

Li ght i ng Appl i cat i on Mount i ng Condi t i ons BUG Rat i ng

Ext er i or  Wal l  Sconce Above 4 f eet  AFF B1- U0- G2

Ext er i or  Wal l  Sconce Bel ow or  at  4 f eet  AFF B4- U0- G4

St epl i ght Above 4 f eet  AFF B1- U1- G2

St epl i ght Bel ow or  at  4 f eet  AFF B4- U1- G4

Par ki ng Gar age Lumi nai r e Cei l i ng mount ed B4- U4- G3

2. 2. 2   Lumi nai r es f or  Hazar dous Locat i ons

I n addi t i on t o r equi r ement s st at ed her ei n,  pr ovi de LED l umi nai r es f or  
hazar dous l ocat i ons whi ch conf or m t o UL 844 or  whi ch have Fact or y Mut ual  
cer t i f i cat i on f or  t he c l ass and di v i s i on i ndi cat ed.

2. 3   LI GHT SOURCES

NEMA ANSLG C78. 377,  NEMA SSL 3.   Pr ovi de t ype,  del i ver ed l umen out put ,  and 
wat t age as i ndi cat ed i n t he l umi nai r e schedul e on pr oj ect  pl ans.
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2. 3. 1   LED Li ght  Sour ces

Pr ovi de LED l i ght  sour ces t hat  meet  t he f ol l owi ng r equi r ement s:

a.   NEMA ANSLG C78. 377.   Emi t  whi t e l i ght  and have a nomi nal  CCT of  3500 
Kel v i n.

b.   Mi ni mum Col or  Render i ng I ndex ( CRI )  of  80.

c.   Di r ect i ve 2011/ 65/ EU.   Rest r i ct i on of  Hazar dous Subst ances ( RoHS)  
compl i ant .

d.   Li ght  sour ce col or  consi st ency by ut i l i z i ng a bi nni ng t ol er ance wi t hi n 
a 3- st ep McAdam el l i pse.

2. 4   LED DRI VERS

NEMA SSL 1,  UL 8750.   Pr ovi de LED dr i ver s t hat  ar e el ect r oni c,  UL Cl ass 1 
or  Cl ass 2,  const ant - cur r ent  t ype and t hat  compl y wi t h t he f ol l owi ng 
r equi r ement s:

a.   The combi ned dr i ver  and LED l i ght  sour ce syst em does not  exceed t he 
mi ni mum l umi nai r e ef f i cacy val ues as l i s t ed i n t he l umi nai r e schedul e 
pr ovi ded.

b.   Oper at es at  a vol t age of  120- 277 vol t s at  50/ 60 her t z,  wi t h i nput  
vol t age f l uct uat i ons of  pl us/ mi nus 10 per cent .

c.   Power  Fact or  ( PF)  gr eat er  t han or  equal  t o 0. 90 at  f ul l  i nput  power  
and acr oss speci f i ed di mmi ng r ange.

d.   Maxi mum Tot al  Har moni c Di st or t i on ( THD)  l ess t han 20 per cent  at  f ul l  
i nput  power  and acr oss speci f i ed di mmi ng r ange.

e.   Oper at es f or  at  l east  50, 000 hour s at  maxi mum case t emper at ur e and 90 
per cent  non- condensi ng r el at i ve humi di t y.

f .   Wi t hst ands Cat egor y A sur ges of  2 kV wi t hout  i mpai r ment  of  
per f or mance.   Pr ovi de sur ge pr ot ect i on t hat  i s i nt egr al  t o t he dr i ver .

g.   I nt egr al  t her mal  pr ot ect i on t hat  r educes t he out put  power  t o pr ot ect  
t he dr i ver  and l i ght  sour ce f r om damage i f  t he case t emper at ur e 
appr oaches or  exceeds t he dr i ver ' s maxi mum oper at i ng t emper at ur e.

h.   47 CFR 15.   Compl i es wi t h t he r equi r ement s of  t he Feder al  
Communi cat i ons Commi ssi on ( FCC)  r ul es and r egul at i ons,  Non- Consumer  
( Cl ass A)  f or  EMI / RFI  ( conduct ed and r adi at ed) .

i .   Cl ass A sound r at i ng.

j .   Di r ect i ve 2011/ 65/ EU.   Rest r i ct i on of  Hazar dous Subst ances ( RoHS)  
compl i ant .

k.   Pr ovi de di mmi ng capabi l i t y  as i ndi cat ed i n t he l umi nai r e schedul e on 
pr oj ect  pl ans.   Di mmabl e dr i ver s must  di m down t o 10 per cent .   
Di mmabl e dr i ver s must  be cont r ol l ed by a Cl ass 2 l ow vol t age 0- 10VDC 
cont r ol l er  di mmi ng si gnal  pr ot ocol  unl ess ot her wi se speci f i ed.   LED 
dr i ver s of  t he same f ami l y/ ser i es must  t r ack evenl y acr oss mul t i pl e 
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l umi nai r es at  al l  l i ght  l evel s.

2. 5   LI GHTI NG CONTROLS

Pr ovi de net wor k cer t i f i cat i on f or  al l  net wor ked l i ght i ng cont r ol  syst ems 
and devi ces i n accor dance wi t h t he r equi r ement s of  Sect i on 25 05 11. 01 
CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL SYSTEMS.   Pr ovi de l i ght i ng 
cont r ol  syst ems t hat  do not  swi t ch of f  bat t er y- oper at ed or  emer gency 
backup l umi nai r es or  exi t  s i gns i n pat h of  egr ess.   Pr ovi de syst em wi t h 
over r i de of  l i ght i ng cont r ol  devi ces cont r ol l i ng l umi nai r es i n pat h of  
egr ess wi t h act i vat i on of  f i r e al ar m syst em.

2. 5. 1   Syst em

Pr ovi de l i ght i ng cont r ol  syst em t hat  oper at es t he l i ght i ng syst em as 
descr i bed i n t he l i ght i ng cont r ol  st r at egi es i n t he pr oj ect  pl ans.   Submi t  
Sequence of  Oper at i on f or  Li ght i ng Cont r ol  Syst em descr i bi ng t he oper at i on 
of  t he pr oposed l i ght i ng cont r ol  syst em and devi ces.   Sequence of  
Oper at i on must  pr ovi de t he st r at egi es i dent i f i ed i n t he l i ght i ng cont r ol  
st r at egi es.

2. 5. 1. 1   Local i zed Cont r ol  Syst ems

Pr ovi de r oom or  ar ea- wi de l i ght i ng cont r ol  syst em capabl e of  manual  
cont r ol ,  t i me- based cont r ol ,  and r ecei v i ng i nput  f r om phot osensor s and 
occupancy/ vacancy sensor s.

2. 5. 1. 1. 1   Local  Ar ea Cont r ol l er

Pr ovi de cont r ol l er  desi gned f or  s i ngl e ar ea or  r oom wi t h t he f ol l owi ng 
r equi r ement s:

a.   Oper at es at  a vol t age of  120- 277 vol t s at  50/ 60 her t z.

b.   Mul t i - zone,  wi t h 1 r el ay r at ed 20 amps each wi t h one manual  di mmer  per  
zone.

c.   Pr ovi de i nput s f or  occupancy/ vacancy sensor s,  phot osensor s,  and 
l ow- vol t age wal l  swi t ches.

d.   Pr ovi de dayl i ght  har vest i ng capabi l i t y  wi t h f ul l - r ange di mmi ng cont r ol  
wi t h i nput  f r om phot osensor .

e.   Pr ovi de capabi l i t y  f or  r ecept acl e l oad cont r ol  f r om occupancy sensor s.

g.   Capabl e of  0- 10V di mmi ng.

h.   AV i nt er f ace vi a et her net  and CAT5.

i .   Pr ovi de over r i de ' ON'  f unct i on wi t h i nput  f r om Fi r e Al ar m Cont r ol  
Panel  f or  al l  emer gency l i ght i ng.   Cont r ol l er  must  not  t ur n of f  power  
t o emer gency bat t er i es or  exi t  s i gns.

2. 5. 1. 2   Cent r al i zed Cont r ol  Syst ems

Pr ovi de a cent r al i zed l i ght i ng cont r ol  syst em capabl e of  manual  cont r ol ,  
t i me- based cont r ol ,  r ecei v i ng i nput  f r om phot osensor s and 
occupancy/ vacancy sensor s,  wi t h t he capabi l i t i es of  cont r ol l i ng,  
moni t or i ng,  and pr ogr ammi ng changes f r om one cent r al i zed on- si t e l ocat i on,  
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and i nt egr at i on wi t h ot her  bui l di ng syst ems.

2. 5. 1. 2. 1   Li ght i ng Cont r ol  Panel

UL 916,  47 CFR 15.   Pr ovi de an el ect r oni c,  pr ogr ammabl e l i ght i ng cont r ol  
panel  compl et e wi t h mi cr opr ocessor ,  capabl e of  pr ovi di ng l i ght i ng cont r ol  
wi t h i nput  f r om i nt er nal  pr ogr ammi ng,  di gi t al  swi t ches,  t i me cl ocks,  and 
ot her  cont r ol  devi ces.

Encl ose panel  har dwar e i n a sur f ace- mount ed,  NEMA 4,  pai nt ed,  st eel  
encl osur e wi t h l ockabl e access door  and vent i l at i on openi ngs.   I nt er nal  
l ow- vol t age compar t ment  must  be separ at ed f r om l i ne- vol t age compar t ment  of  
encl osur e wi t h onl y l ow- vol t age compar t ment  accessi bl e upon openi ng of  
door .   Pr ovi de addi t i onal  r emot e cabi net s t hat  communi cat e back t o mai n 
cont r ol  panel  as r equi r ed.   Pr ovi de Li ght i ng Cont r ol  Panel s t hat  meet  t he 
f ol l owi ng cr i t er i a:

a.   I nput  vol t age of  120- 277 at  50/ 60 Hz,  wi t h i nt er nal  l ow- vol t age VDC 
power  suppl y as r equi r ed.

b.   Sol i d- st at e,  mi cr opr ocessor - based,  i nt er nal  ast r onomi cal  t i me cl ock.   
Mi cr opr ocessor  must  have nonvol at i l e memor y and must  r eset  
aut omat i cal l y af t er  power  i nt er r upt i ons of  up t o 90 days.

c.   I nt er f ace f or  pr ovi di ng l ocal  pr ogr ammi ng and cont r ol  capabi l i t y ,  wi t h 
physi cal  key- l ocked cover  or  pr ogr ammed secur i t y access code t o 
pr event  unaut hor i zed use.

d.   Di mmi ng modul es capabl e of  0- 10V di mmi ng.

e.   Modul es and cont r ol  panel s i ncl ude mul t i channel  out put  wi t h mul t i pl e 
i nput s f or  manual  cont r ol ,  phot osensor s,  and occupancy/ vacancy sensor s.

g.   Out put s t hat  r equi r e l i ne- vol t age swi t chi ng ar e pr ovi ded by r el ays 
whi ch ar e desi gned f or  10 year s of  use at  f ul l  r at ed l oad.

2. 5. 1. 2. 2   Li ght i ng Cont act or

NEMA I CS 2,  NEMA I CS 6.   Pr ovi de an el ect r i cal l y- hel d l i ght i ng cont act or  
housed i n a NEMA 4X encl osur e.   Pr ovi de cont act or  wi t h one nor mal l y 
c l osed( NC) ,  s i ngl e pol e cont act s,  r at ed 600 vol t s,  30 amps.   Pr ovi de coi l  
oper at i ng vol t age of  277 vol t s.

2. 5. 2   Devi ces

2. 5. 2. 1   Swi t ches

Pr ovi de l i ne- vol t age t oggl e swi t ches as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.   When used f or  non- di gi t al  l oads,  devi ces 
must  be r at ed at  20 Amps i nduct i ve l oad,  and be compat i bl e wi t h t he 
l i ght i ng cont r ol  syst ems.

2. 5. 2. 2   Di gi t al  Swi t ch Ti mer s

Pr ovi de l i ne- vol t age t oggl e swi t ches t hat  al l ow manual  cont r ol  t o ON and 
aut omat i cal l y swi t ches l i ght i ng l oad t o OFF.   Devi ce oper at es wi t h t he use 
of  paddl e,  but t on,  or  t oggl e,  and oper at es at  120- 277 vol t s.   Devi ce 
al l ows f or  pr ogr ammi ng of  aut o of f  t i mer  f r om 5 mi nut es t o 12 hour s.
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2. 5. 2. 3   Wal l  Box Di mmer s

UL 1472,  UL 20,  I EEE C62. 41,  NEMA 77,  NEMA SSL 7A.   Di mmer s must  pr ovi de 
f l i cker - f r ee,  cont i nuousl y var i abl e l i ght  out put  t hr oughout  t he di mmi ng 
r ange of  10 per cent  t o 100 per cent .   Devi ces must  be capabl e of  oper at i ng 
at  t hei r  f ul l  r at ed capaci t y r egar dl ess of  bei ng si ngl e or  ganged- mount ed,  
and be compat i bl e wi t h t hr ee- way and f our - way swi t chi ng scenar i os.

Pr ovi de wal l - box di mmer s t hat  meet  t he f ol l owi ng r equi r ement s:

a.   Devi ce oper at es as an i ndependent  cont r ol  devi ce.

b.   Devi ce oper at es wi t h t he use of  a ver t i cal  s l i der ,  paddl e,  r ot ar y,  
but t on,  or  t oggl e wi t h adj acent  ver t i cal  s l i der .

c.   Fi ni sh of  devi ce mat ches swi t ches and out l et s i n t he same ar ea.

d.   Back box i n wal l  has suf f i c i ent  dept h t o accommodat e body of  swi t ch 
and wi r i ng.

e.   Di mmer  i s capabl e of  cont r ol l i ng 0- 10 vol t  LED dr i ver s.   Di mmer s and 
t he dr i ver s t hey cont r ol  must  be pr ovi ded f r om t he same manuf act ur er  
or  t est ed and cer t i f i ed as compat i bl e f or  use t oget her .

f .   Radi o f r equency i nt er f er ence suppr essi on i s i nt egr al  t o devi ce.

2. 5. 2. 4   Occupancy/ Vacancy Sensor s

I EEE C62. 41,  NEMA WD 1,  UL 94,  UL 916,  UL 508,  ASTM D4674 REV A,  NEMA WD 7.   
Pr ovi de occupancy/ vacancy sensor s wi t h cover age pat t er ns as i ndi cat ed on 
pr oj ect  pl ans.   Pr ovi de no l ess quant i t y of  sensor s as shown on pl ans,  but  
add addi t i onal  sensor s when r equi r ed t o f ul f i l l  cover age r equi r ement  f or  
t he speci f i c  model  of  sensor  pr ovi ded.   Pr ovi de sensor  t ypes as descr i bed 
i n t he sequence of  oper at i ons.   Sensor  l ocat i ons and quant i t i es ar e shown 
i n shop dr awi ngs pr ovi ded by t he l i ght i ng cont r ol  syst em manuf act ur er .   
Pr ovi de occupancy sensor  oper at i on t hat  r equi r es movement  t o act i vat e 
l umi nai r es cont r ol l ed and t ur ns l umi nai r es of f  af t er  a set  t i me of  
i nact i v i t y.  Pr ovi de cei l i ng or  wal l - mount ed occupancy/ vacancy sensor s t hat  
meet  t he f ol l owi ng r equi r ement s:

a.   Oper at i ng vol t age of  120- 277vol t s.

b.   Ti me del ay of  30 seconds t o 30 mi nut es wi t h at  l east  f our  i nt er medi at e 
t i me del ay set t i ngs.

c.   Sensor s ar e cei l i ng mount ed or  wal l  mount ed.

d.   Does not  exceed a maxi mum l oad r equi r ement  of  20mA at  24VDC.   No 
mi ni mum l oad r equi r ement  and be capabl e of  swi t chi ng f r om zer o t o 800 
W at  120 VAC,  50/ 60 Hz and f r om zer o t o 1200 W at  277 VAC,  50/ 60 Hz.

e.   Shi el ded or  cont r ol l ed by i nt er nal  l ogi c t o adj ust  sensi t i v i t y t o 
avoi d f al se t r i gger i ng due t o ambi ent  t emper at ur e,  ai r  t emper at ur e 
var i at i ons or  HVAC ai r  movement .

f .   Sensor  i s equi pped t o aut omat i cal l y ener gi ze t he connect ed l oad upon 
l oss of  nor mal  power  when l ocat ed i n a means of  egr ess.

g.   Occupancy and vacancy oper at i on i s f i el d- adj ust abl e and pr ogr ammabl e 
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vi a l i ght i ng cont r ol  syst em pr ocessor ,  or  pr ogr ammabl e wi t h 
push- but t on or  di p swi t ch on t he sensor  devi ce.

h.   No l eakage cur r ent  t o l oad when i n t he of f  mode.

i .   Ut i l i ze zer o- cr ossi ng ci r cui t r y t o pr event  damage f r om hi gh i nr ush 
cur r ent  and t o pr omot e l ong l i f e oper at i on.

2. 5. 2. 4. 1   Passi ve I nf r ar ed Sensor s

Pr ovi de Passi ve I nf r ar ed Sensor s ( PI R)  sensor s t hat  det ect  occupancy by 
sensi ng heat  and movement  i n t he ar ea of  cover age.   Pr ovi de sensor s ar e 
const r uct ed of  a housi ng of  hi gh- i mpact ,  i nj ect i on- mol ded t her mopl ast i c.   
Pr ovi de PI R sensor s t hat  ar e t emper at ur e compensat ed,  wi t h a dual  el ement  
sensor  and a mul t i - el ement  f r esnel  l ens of  POLY I R4 mat er i al .

2. 5. 2. 4. 2   Ul t r asoni c Sensor s

Pr ovi de ul t r asoni c sensor s t hat  det ect  occupancy by sensi ng a change i n 
pat t er n of  r ef l ect ed ul t r asoni c waves i n t he ar ea of  cover age.   Pr ovi de 
sensor s t hat  ar e const r uct ed of  a housi ng of  hi gh- i mpact ,  i nj ect i on- mol ded 
t her mopl ast i c.   Pr ovi de ul t r asoni c sensor s t hat  oper at e at  40 kHz.

2. 5. 2. 4. 3   Dual  Technol ogy Sensor s

Pr ovi de dual  t echnol ogy sensor s t hat  meet  t he r equi r ement s f or  PI R sensor s 
and ul t r asoni c sensor s i ndi cat ed above.   I f  ei t her  t he PI R or  ul t r asoni c 
sensi ng r egi st er s occupancy,  t he l umi nai r es must  r emai n on.

2. 5. 2. 4. 4   Hi gh Bay Sensor s

Pr ovi de occupancy/ vacancy sensor s speci f i cal l y desi gned f or  hi gh- bay 
mount i ng appl i cat i ons f or  al l  cei l i ng- mount ed sensor s mount ed above 35 f eet
 usi ng PI R t echnol ogy.   Pr ovi de hi gh- bay sensor s wi t h i nt er changeabl e 
l enses f or  360 degr ee open ar ea cover age or  nar r ow r ect angul ar  war ehouse 
ai s l e cover age.

2. 5. 2. 4. 5   Power  Packs

UL 2043.   Pr ovi de power  packs t o pr ovi de power  t o l i ght i ng cont r ol  sensor s 
as r equi r ed i n accor dance wi t h t he manuf act ur er ' s speci f i cat i ons.   Pr ovi de 
power  packs t hat  meet  t he f ol l owi ng r equi r ement s:

a.   Oper at e at  an i nput  vol t age of  120- 277 VAC,  wi t h an out put  vol t age 
12- 24 VDC at  225 mA.

b.   Const r uct ed of  pl enum- r at ed,  hi gh- i mpact  t her mopl ast i c encl osur e.

c.   Ut i l i zes zer o- cr ossi ng ci r cui t r y t o pr event  damage f r om i nr ush cur r ent .

d.   Maxi mum l oad r at i ng of  16  amps f or  el ect r oni c l i ght i ng l oads.

e.   Di r ect i ve 2011/ 65/ EU.   Rest r i ct i on of  Hazar dous Subst ances ( RoHS)  
compl i ant .

2. 5. 2. 5   Phot osensor s

CEC Ti t l e 24,  CEC Ti t l e 20.   Pr ovi de phot osensor s t hat  meet  t he f ol l owi ng 
r equi r ement s:
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a.   Det ect  changes i n ambi ent  l i ght i ng l evel  and enabl e di mmi ng as 
r equi r ed by sequence of  oper at i on by oper at i ng i n an open- l oop syst em.

b.   Cont ai n a det ect i on cone,  wher e t he base of  t he cone may be ci r cul ar  
or  an el ongat ed shape,  and wher e t he smal l est  angl e bet ween t he edge 
and t he axi s of  t he cone i s bet ween 20 and 50 degr ees.   The cone axi s 
may be t i l t ed t o t he ver t i cal  when i nst al l ed t o gi ve t he sensor  
pr ef er r ed di r ect i onal i t y.

c.   Sensor s ar e cei l i ng- mount ed wi t h sensi t i v i t y,  f i l t er i ng,  r ange and 
vi ewi ng angl e t o meet  r equi r ement s of  sequence of  oper at i on,  scope of  
wor k and const r uct i on document s.

d.   Ti me del ay t hat  i s adj ust abl e f r om 1 t o 30 seconds ON del ay,  and 1 t o 
30 mi nut es OFF del ay t o pr event  cycl i ng,  wi t h deadband adj ust ment  of  
25 per cent  t o 100 per cent  above l ower  set poi nt .

e.   Out put  di mmi ng si gnal  i s  l i near  t o l i ght  l evel  wi t h l ess t han 1 
per cent  var i at i on.   Cadmi um sul f i de phot o- r esi st or s ar e not  accept abl e.

f .   Sensor  i s not  combi ned i n t he same housi ng or  l ocat i on wi t h occupancy 
or  vacancy sensor s i f  t he pr oper  l ocat i on f or  one f unct i on compr omi ses 
t he successf ul  oper at i on of  t he ot her  f unct i on,  or  i n any way r educes 
t he syst em' s abi l i t y  t o meet  t he desi gn i nt ent .

2. 6   EXI T AND EMERGENCY LI GHTI NG EQUI PMENT

2. 6. 1   Exi t  Si gns

UL 924,  NFPA 101.   Pr ovi de wat t age as i ndi cat ed i n t he l umi nai r e schedul e 
on pr oj ect  pl ans.   Pr ovi de LED Exi t  Si gns t hat  meet  t he f ol l owi ng cr i t er i a:

a.   UL l i s t ed f or  damp l ocat i on.

b.   Conf i gur ed f or  uni ver sal  mount i ng.

c.   6 i nch hi gh,  3/ 4 i nch st r oke r ed l et t er i ng on f ace of  s i gn wi t h 
chevr ons on ei t her  s i de of  l et t er i ng t o i ndi cat e di r ect i on.

d.   Si ngl e or  doubl e f ace as i ndi cat ed i n pr oj ect  pl ans and l umi nai r e 
schedul e.

2. 6. 1. 1   Exi t  Si gns wi t h Bat t er y Backup

Equi p wi t h aut omat i c power  f ai l ur e devi ce,  t est  swi t ch,  and pi l ot  l i ght ,  
and f ul l y aut omat i c hi gh/ l ow t r i ckl e char ger  i n a sel f - cont ai ned power  
pack.   Bat t er y must  be seal ed,  mai nt enance f r ee ni ckel - cadmi um t ype,  and 
must  oper at e unat t ended f or  a per i od of  not  l ess t han f i ve year s.   
Emer gency r un t i me must  be a mi ni mum of  1- 1/ 2 hour s.   LEDs must  have a 
mi ni mum r at ed l i f e of  10 year s.   Pr ovi de sel f - di agnost i c c i r cui t r y 
i nt egr al  t o emer gency LED dr i ver .

2. 6. 1. 2   Remot e- Power ed Exi t  Si gns

Pr ovi de exi t  s i gn t hat  cont ai ns pr ovi s i on f or  120- 277 VAC i nput  f r om 
r emot e sour ce.
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2. 6. 2   Emer gency Li ght i ng Uni t  ( ELU)

UL 924,  NFPA 101.   Pr ovi de emer gency l i ght i ng uni t s ( ELUs)  compl et el y 
assembl ed wi t h wi r i ng and mount i ng devi ces,  r eady f or  i nst al l at i on at  t he 
l ocat i ons i ndi cat ed.   Pr ovi de i n UV- st abl e,  t her mo- pl ast i c housi ng wi t h UL 
damp l abel  as i ndi cat ed.   Emer gency l i ght i ng uni t s must  be r at ed f or  12 
vol t s,  except  uni t s havi ng no r emot e- mount ed l i ght  sour ces and havi ng no 
mor e t han t wo uni t - mount ed l i ght  sour ces may be r at ed si x vol t s.   Equi p 
uni t s wi t h br own- out  sensi t i ve c i r cui t  t o act i vat e bat t er y when i nput  
vol t age f al l s t o 75 per cent  of  nor mal .   Equi p wi t h t wo LED l i ght  sour ces,  
aut omat i c power  f ai l ur e devi ce,  t est  swi t ch,  and pi l ot  l i ght ,  and f ul l y 
aut omat i c hi gh/ l ow t r i ckl e char ger  i n a sel f - cont ai ned power  pack.   
Bat t er y must  be seal ed,  mai nt enance f r ee l ead- cal c i um or  ni ckel - cadmi um 
t ype,  and must  oper at e unat t ended f or  a per i od of  not  l ess t han f i ve 
year s.   Emer gency r un t i me must  be a mi ni mum of  90 mi nut es.   LEDs must  
have a mi ni mum r at ed l i f e of  10 year s.   Pr ovi de sel f - di agnost i c c i r cui t r y 
i nt egr al  t o emer gency LED dr i ver .

2. 6. 3   LED Emer gency Dr i ver s

UL 924,  NFPA 101.   Pr ovi de LED emer gency dr i ver  wi t h aut omat i c power  
f ai l ur e det ect i on,  t est  swi t ch and LED i ndi cat or  ( or  combi nat i on 
swi t ch/ i ndi cat or )  l ocat ed on l umi nai r e ext er i or ,  and f ul l y- aut omat i c 
sol i d- st at e char ger ,  bat t er y and i nver t er  i nt egr al  t o a sel f - cont ai ned 
housi ng.   Pr ovi de sel f - di agnost i c f unct i on i nt egr al  t o emer gency dr i ver .   
I nt egr al  ni ckel - cadmi um or  l ead- cal c i um bat t er y i s r equi r ed t o suppl y a 
mi ni mum of  90 mi nut es of  emer gency power  at  10wat t s,  10- 50 VDC,  const ant  
out put .   Dr i ver  must  be RoHS compl i ant ,  r at ed f or  i nst al l at i on i n 
pl enum- r at ed spaces and damp l ocat i ons,  and be war r ant ed f or  a mi ni mum of  
f i ve year s.

2. 6. 4   Sel f - Di agnost i c Ci r cui t r y f or  LED Dr i ver s

UL 924,  NFPA 101.   Pr ovi de emer gency l i ght i ng uni t  wi t h f ul l y- aut omat i c,  
i nt egr al  sel f - t est i ng/ di agnost i c el ect r oni c c i r cui t r y.   Ci r cui t r y must  
pr ovi de f or  a one mi nut e di agnost i c t est  ever y 28 days,  and a 30 mi nut e 
di agnost i c t est  ever y s i x mont hs,  mi ni mum.   Any mal f unct i on of  t he uni t  
must  be i ndi cat ed by LED( s)  v i s i bl e f r om t he ext er i or  of  t he l umi nai r e.   A 
manual  t est  swi t ch must  al so be pr ovi ded t o per f or m a di agnost i c t est  at  
any gi ven t i me.

2. 7   LUMI NAI RE MOUNTI NG ACCESSORI ES

2. 7. 1   Suspended Lumi nai r es

a.   Pr ovi de hanger s capabl e of  suppor t i ng t wi ce t he combi ned wei ght  of  
l umi nai r es suppor t ed by hanger s.

b.   Hanger s must  al l ow l umi nai r es t o swi ng wi t hi n an angl e of  45 degr ees.   
Br ace pendent s 4 f eet  or  l onger  t o l i mi t  swi ngi ng.

c.  Si ngl e- uni t  suspended l umi nai r es must  have t wi n- st em hanger s.   
Mul t i pl e- uni t  or  cont i nuous r ow l umi nai r es wi t h a separ at e power  
suppl y cor d must  have a t ubi ng or  st em f or  wi r i ng at  one poi nt  and a 
t ubi ng or  r od suspensi on pr ovi ded f or  each uni t  l engt h of  chassi s,  
i ncl udi ng one at  each end.

d.   Pr ovi de al l  l i near  pendent  and sur f ace mount ed l umi nai r es wi t h t wo 
suppor t s per  f our - f oot  sect i on or  t hr ee per  ei ght - f oot  sect i on unl ess 
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ot her wi se r ecommended by manuf act ur er .

e.   Pr ovi de r ods i n mi ni mum 0. 18 i nch di amet er .

2. 7. 2   Recess and Sur f ace Mount ed Lumi nai r es

Pr ovi de access t o l i ght  sour ce and LED dr i ver  f r om bot t om of  l umi nai r e.   
Pr ovi de t r i m and l enses f or  t he exposed sur f ace of  f l ush- mount ed 
l umi nai r es as i ndi cat ed on pr oj ect  dr awi ngs and speci f i cat i ons.   
Lumi nai r es r ecessed i n cei l i ngs whi ch have a f i r e r esi st i ve r at i ng of  one 
hour  or  mor e must  be encl osed i n a box whi ch has a f i r e r esi st i ve r at i ng 
equal  t o t hat  of  t he cei l i ng.   For  sur f ace mount ed l umi nai r es wi t h 
br acket s,  pr ovi de f l anged met al  st em at t ached t o out l et  box,  wi t h t hr eaded 
end sui t abl e f or  suppor t i ng t he l umi nai r e r i gi dl y i n desi gn posi t i on.   
Fl anged par t  of  l umi nai r e st ud must  be of  br oad base t ype,  secur ed t o 
out l et  box at  not  f ewer  t han t hr ee poi nt s.

2. 7. 3   Lumi nai r e Suppor t  Har dwar e

2. 7. 3. 1   Wi r e

ASTM A641/ A641M.   Gal vani zed,  sof t  t emper ed st eel ,  mi ni mum 0. 11 i nches i n 
di amet er ,  or  gal vani zed,  br ai ded st eel ,  mi ni mum 0. 08 i nches i n di amet er .

2. 7. 3. 2   Wi r e f or  Humi d Spaces

ASTM A580/ A580M.   Composi t i on 302 or  304,  anneal ed st ai nl ess st eel ,  mi ni mum
 0. 11 i nches i n di amet er .

ASTM B164.   UNS NO4400,  anneal ed ni ckel - copper  al l oy,  mi ni mum 0. 11 i nches 
i n di amet er .

2. 7. 3. 3   Thr eaded Rods

Thr eaded st eel  r ods,  3/ 16 i nch di amet er ,  z i nc or  cadmi um coat ed.

2. 7. 3. 4   St r aps

Gal vani zed st eel ,  one by 3/ 16 i nch,  conf or mi ng t o ASTM A653/ A653M,  wi t h a 
l i ght  commer ci al  z i nc coat i ng or  ASTM A1008/ A1008M wi t h an 
el ect r odeposi t ed z i nc coat i ng conf or mi ng t o ASTM B633,  Type RS.

2. 7. 4   Power  Hook Lumi nai r e Hanger s

UL 1598.   Pr ovi de an assembl y consi st i ng of  t hr ough- wi r ed power  hook 
housi ng,  i nt er l ocki ng pl ug and r ecept acl e,  power  cor d,  and l umi nai r e 
suppor t  l oop.   Power  hook housi ng must  be cast  al umi num havi ng t wo 3/ 4 i nch
 t hr eaded hubs.   Suppor t  hook must  have saf et y scr ew.   Lumi nai r e suppor t  
l oop must  be cast  al umi num wi t h pr ovi s i ons f or  accept i ng 3/ 4 i nch t hr eaded 
st ems.   Power  cor d must  i ncl ude 16 i nches of  3 conduct or  No.  16 Type SO 
cor d.   Assembl y must  be r at ed 120 vol t s or  277 vol t s,  15 amper es.

2. 8   EQUI PMENT I DENTI FI CATI ON

2. 8. 1   Manuf act ur er ' s Namepl at e

Each i t em of  equi pment  must  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
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accept abl e.

2. 8. 2   Label s

UL 1598.   Al l  l umi nai r es must  be cl ear l y mar ked f or  oper at i on of  speci f i c  
l i ght  sour ces and LED dr i ver s.   The l abel s must  be easy t o r ead when 
st andi ng next  t o t he equi pment ,  and dur abl e t o mat ch t he l i f e of  t he 
equi pment  t o whi ch t hey ar e at t ached.   Not e t he f ol l owi ng l i ght  sour ce 
char act er i st i cs i n t he f or mat  " Use Onl y _____" :

a.   Cor r el at ed Col or  Temper at ur e ( CCT)  and Col or  Render i ng I ndex ( CRI )  f or  
al l  l umi nai r es.

b.   Dr i ver  and di mmi ng pr ot ocol .

Al l  mar ki ngs r el at ed t o l i ght  sour ce t ype must  be cl ear  and l ocat ed t o be 
r eadi l y v i s i bl e t o ser vi ce per sonnel ,  but  unseen f r om nor mal  v i ewi ng 
angl es when l i ght  sour ces ar e i n pl ace.   LED dr i ver s must  have cl ear  
mar ki ngs i ndi cat i ng di mmi ng t ype and i ndi cat e pr oper  t er mi nal s f or  t he 
var i ous out put s.

2. 9   FACTORY APPLI ED FI NI SH

NEMA 250.   Pr ovi de al l  l umi nai r es and l i ght i ng equi pment  wi t h 
f act or y- appl i ed pai nt i ng syst em t hat  as a mi ni mum,  meet s r equi r ement s of  
cor r osi on- r esi st ance t est i ng.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I EEE C2,  NFPA 70.

3. 1. 1   Li ght  Sour ces

When l i ght  sour ces ar e not  pr ovi ded as an i nt egr al  par t  of  t he l umi nai r e,  
del i ver  l i ght  sour ces of  t he t ype,  wat t age,  l umen out put ,  col or  
t emper at ur e ( CCT) ,  col or  r ender i ng i ndex ( CRI ) ,  and vol t age r at i ng 
i ndi cat ed t o t he pr oj ect  s i t e and i nst al l  j ust  pr i or  t o pr oj ect  
compl et i on,  i f  not  al r eady i nst al l ed i n t he l umi nai r es f r om t he f act or y.

3. 1. 2   Lumi nai r es

Set  l umi nai r es pl umb,  squar e,  and l evel  wi t h cei l i ng and wal l s,  i n 
al i gnment  wi t h adj acent  l umi nai r es and secur e i n accor dance wi t h 
manuf act ur er s '  di r ect i ons and appr oved dr awi ngs.   Pr ovi de accessor i es as 
r equi r ed f or  cei l i ng const r uct i on t ype i ndi cat ed on Fi ni sh Schedul e.   
Lumi nai r e cat al og number s do not  necessar i l y  denot e speci f i c  mount i ng 
accessor i es f or  t ype of  cei l i ng i n whi ch a l umi nai r e may be i nst al l ed.   
Pr ovi de wi r es,  st r aps,  or  r ods f or  l umi nai r e suppor t  i n t hi s sect i on.   
I nst al l  l umi nai r es wi t h vent  hol es f r ee of  ai r  bl ocki ng obst acl es.

3. 1. 2. 1   Suspended Lumi nai r es

Measur e mount i ng hei ght s f r om t he bot t om of  t he l umi nai r e f or  
cei l i ng- mount ed l umi nai r es and t o cent er  of  l umi nai r e f or  wal l - mount ed 
l umi nai r es.   Obt ai n ar chi t ect  appr oval  of  t he exact  mount i ng hei ght  on t he 
j ob bef or e commenci ng i nst al l at i on and,  wher e appl i cabl e,  af t er  
coor di nat i ng wi t h t he t ype,  st y l e,  and pat t er n of  t he cei l i ng bei ng 
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i nst al l ed.   Suppor t  suspended l umi nai r es f r om st r uct ur al  f r amewor k of  
cei l i ng or  f r om i nser t s cast  i nt o s l ab.

a.   Pr ovi de suspended l umi nai r es wi t h 45 degr ee swi vel  hanger s so t hat  
t hey hang pl umb and l evel .

b.   Locat e so t hat  t her e ar e no obst r uct i ons wi t hi n t he 45 degr ee r ange i n 
al l  di r ect i ons.

c.   The st em,  canopy and l umi nai r e must  be capabl e of  45 degr ee swi ng.

d.   Ri gi d pendent  st em,  ai r cr af t  cabl e,  r ods,  or  chai ns 4 f eet  or  l onger  
excl udi ng l umi nai r e must  be br aced t o pr event  swayi ng usi ng t hr ee 
cabl es at  120 degr ee separ at i on.

e.   Suspended l umi nai r es i n cont i nuous r ows must  have i nt er nal  wi r eway 
syst ems f or  end t o end wi r i ng and must  be pr oper l y al i gned t o pr ovi de 
a st r ai ght  and cont i nuous r ow wi t hout  bends,  gaps,  l i ght  l eaks or  
f i l l er  pi eces.

f .   Ut i l i ze al i gni ng spl i nes on ext r uded al umi num l umi nai r es t o assur e 
mi ni mal  hai r l i ne j oi nt s.

g.   Suppor t  st eel  l umi nai r es t o pr event  " oi l - canni ng"  ef f ect s.

h.   Mat ch suppor t i ng pendent s wi t h suppor t ed l umi nai r e.   Ai r cr af t  cabl e 
must  be st ai nl ess st eel .

i .   Mat ch f i ni sh of  canopi es t o mat ch t he cei l i ng,  and pr ovi de l ow pr of i l e 
canopi es unl ess ot her wi se shown.

j .   Maxi mum di st ance bet ween suspensi on poi nt s must  be 10 f eet  or  as 
r ecommended by t he manuf act ur er ,  whi chever  i s l ess.

3. 1. 2. 2   Recessed and Semi - Recessed Lumi nai r es

a.   Suppor t  r ecessed and semi - r ecessed l umi nai r es i ndependent l y f r om t he 
bui l di ng st r uct ur e by a mi ni mum of  t wo wi r es,  st r aps or  r ods per  
l umi nai r e and l ocat ed near  opposi t e cor ner s of  t he l umi nai r e.   Secur e 
hor i zont al  movement  wi t h c l i ps pr ovi ded by manuf act ur er .   Cei l i ng gr i d 
c l i ps ar e not  al l owed as an al t er nat i ve t o i ndependent l y suppor t ed 
l umi nai r es.

b.   Suppor t  r ound l umi nai r es or  l umi nai r es smal l er  i n s i ze t han t he 
cei l i ng gr i d i ndependent l y f r om t he bui l di ng st r uct ur e by a mi ni mum of  
f our  wi r es,  st r aps or  r ods per  l umi nai r e,  spaced appr oxi mat el y 
equi di st ant  ar ound.

c.   Do not  suppor t  l umi nai r es by acoust i cal  t i l e cei l i ng panel s.

d.   Wher e l umi nai r es of  s i zes l ess t han t he cei l i ng gr i d ar e i ndi cat ed t o 
be cent er ed i n t he acoust i cal  panel ,  suppor t  each i ndependent l y and 
pr ovi de at  l east  t wo 3/ 4 i nch met al  channel s spanni ng,  and secur ed t o,  
t he cei l i ng t ees f or  cent er i ng and al i gni ng t he l umi nai r e.

e.   Lumi nai r es i nst al l ed i n suspended cei l i ngs must  al so compl y wi t h t he 
r equi r ement s of  Sect i on 09 51 00 ACOUSTI CAL CEI LI NGS.

f .   Adj ust  aper t ur e r i ngs on al l  appl i cabl e cei l i ng r ecessed l umi nai r es t o 
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accommodat e var i ous cei l i ng mat er i al  t hi ckness.   Coor di nat e cut - out  
s i ze i n cei l i ng t o ensur e aper t ur e cover s cut - out  ent i r el y.   I nst al l  
aper t ur e r i ngs such t hat  t he bot t om of  t he r i ng i s f l ush wi t h f i ni shed 
cei l i ng or  not  mor e t han 1/ 16 i nch above.   Do not  i nst al l  l umi nai r es 
such t hat  t he aper t ur e r i ng ext ends bel ow t he f i ni shed cei l i ng sur f ace.

3. 1. 2. 3   Fi el d Appl i ed Pai nt i ng

Pr ovi de pai nt i ng as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 1. 3   LED Dr i ver s

Pr ovi de LED dr i ver s  i nt egr al  t o l umi nai r e as const r uct ed by t he 
manuf act ur er .

3. 1. 4   Exi t  Si gns

NFPA 101.   Wi r e exi t  s i gns and emer gency l i ght i ng uni t s ahead of  t he l ocal  
swi t ch,  t o t he nor mal  l i ght i ng c i r cui t  l ocat ed i n t he same r oom or  ar ea.

Connect  exi t  s i gns on separ at e c i r cui t s and ser ve f r om a separ at e c i r cui t  
br eaker .   Pr ovi de onl y one sour ce of  cont r ol ,  whi ch woul d be t he separ at e 
c i r cui t  br eaker .   Pai nt  sour ce of  cont r ol  r ed and pr ovi de l ockout  
capabi l i t y .

3. 1. 5   Li ght i ng Cont r ol s

Ref er  t o Sect i on 25 05 11. 01 CYBERSECURI TY FOR FACI LI TY- RELATED CONTROL 
SYSTEMS f or  addi t i onal  l i ght i ng cont r ol  i nst al l at i on r equi r ement s.

3. 1. 5. 1   Occupancy/ Vacancy Sensor s

a.   Pr ovi de quant i t y of  sensor  uni t s i ndi cat ed as a mi ni mum.   Pr ovi de 
addi t i onal  uni t s t o gi ve f ul l  cover age over  cont r ol l ed ar ea.   Ful l  
cover age must  pr ovi de hand and ar m mot i on det ect i on f or  of f i ce and 
admi ni st r at i on t ype ar eas and wal ki ng mot i on f or  i ndust r i al  ar eas,  
war ehouses,  st or age r ooms and hal l ways.

b.   Locat e cei l i ng- mount ed sensor s no cl oser  t han 6 f eet  f r om t he near est  
HVAC suppl y or  r et ur n di f f user .

c.   Locat e t he sensor ( s)  as i ndi cat ed and i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.

3. 1. 5. 2   Phot osensor s

Locat e and ai m sensor  as i ndi cat ed and i n accor dance wi t h t he 
manuf act ur er ' s r ecommendat i ons.   Adj ust  sensor  set - poi nt  i n accor dance 
wi t h t he manuf act ur er ' s r ecommendat i ons and f or  t he i ndi cat ed l i ght  l evel  
of  t he ar ea of  cover age,  measur ed at  t he wor k pl ane.

3. 2   FI ELD QUALI TY CONTROL

3. 2. 1   Test s

3. 2. 1. 1   Li ght i ng Cont r ol  Ver i f i cat i on Test s

Ver i f y l i ght i ng cont r ol  syst em and devi ces oper at e accor di ng t o appr oved 
sequence of  oper at i ons.   Ver i f i cat i on t est s ar e t o be compl et ed af t er  
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commi ssi oni ng.

a.   Ver i f y occupancy/ vacancy sensor s oper at e as descr i bed i n sequence of  
oper at i ons.   Pr ovi de t est i ng of  sensor  cover age,  sensi t i v i t y,  and 
t i me- out  set t i ngs i n al l  spaces wher e sensor s ar e pl aced.   Thi s i s t o 
be compl et ed onl y af t er  al l  f ur ni shi ngs have been i nst al l ed.   Submi t  
occupancy/ vacancy sensor  ver i f i cat i on t est .

b.   Ver i f y phot osensor s oper at e as descr i bed i n sequence of  oper at i ons.   
Pr ovi de t est i ng of  sensor  cover age,  ai mi ng,  and cal i br at i on i n al l  
spaces wher e sensor s ar e pl aced.   Thi s i s t o be compl et ed onl y af t er  
al l  f ur ni shi ngs have been i nst al l ed.   Submi t  phot osensor  ver i f i cat i on 
t est .

c.   Ver i f y wal l  box di mmer s and scene wal l st at i ons oper at e as descr i bed i n 
sequence of  oper at i ons.

3. 2. 1. 2   Emer gency Li ght i ng Test

I nt er r upt  power  suppl y t o demonst r at e pr oper  oper at i on of  emer gency 
l i ght i ng.   I f  adj ust ment s ar e made t o t he l i ght i ng syst em,  r e- t est  syst em 
t o show compl i ance wi t h st andar ds.

3. 3   CLOSEOUT ACTI VI TI ES

3. 3. 1   Commi ssi oni ng

NFPA 101.   Commi ssi on al l  component s of  t he l i ght i ng syst em and l i ght i ng 
cont r ol  syst em i n accor dance wi t h Sect i on 01 91 00. 15 BUI LDI NG 
COMMI SSI ONI NG.   Fact or y Tr ai ned Fi el d Ser vi ce Techni c i an i s r esponsi bl e 
f or  cal i br at i on and pr ogr ammi ng sequences f or  i nput  devi ces and syst ems i n 
accor dance wi t h t he r equi r ement s descr i bed i n t he sequence of  oper at i on.

3. 3. 2   Tr ai ni ng

3. 3. 2. 1   Mai nt enance St af f  Tr ai ni ng

Submi t  a Mai nt enance St af f  Tr ai ni ng Pl an at  l east  30 cal endar  days pr i or  
t o t r ai ni ng sessi on t hat  descr i bes t r ai ni ng pr ocedur es f or  Owner ' s 
per sonnel  i n t he oper at i on and mai nt enance of  l i ght i ng and l i ght i ng 
cont r ol  syst em.   Pr ovi de on- si t e t r ai ni ng whi ch demonst r at es f ul l  syst em 
f unct i onal i t y,  assi gni ng schedul es,  cal i br at i on adj ust ment s f or  l i ght  
l evel s and sensor  sensi t i v i t y,  i nt egr at i on pr ocedur es f or  connect i ng t o 
t hi r d- par t y devi ces,  and manual  over r i de i ncl udi ng i nf or mat i on on 
appr opr i at e use.   Pr ovi de pr ot ocol s f or  t r oubl eshoot i ng,  mai nt enance,  
r epai r ,  and r epl acement ,  and l i t er at ur e on avai l abl e syst em updat es and 
pr ocess f or  i mpl ement i ng updat es.

3. 3. 2. 2   End- User  Tr ai ni ng

Submi t  an End- User  Tr ai ni ng Pl an at  l east  30 cal endar  days pr i or  t o 
t r ai ni ng sessi on t hat  descr i bes t r ai ni ng pr ocedur es f or  end- user s on t he 
l i ght i ng cont r ol  syst em.   Pr ovi de user s wi t h a l i s t  of  cont r ol  devi ces 
l ocat ed wi t hi n user - occupi ed spaces,  such as phot osensor s and occupancy 
and vacancy sensor s,  i ncl udi ng i nf or mat i on on t he pr oper  oper at i on and 
schedul e f or  each devi ce.   Pr ovi de demonst r at i on f or  each t ype of  
i nt er f ace.   Pr ovi de user s wi t h t he bui l di ng schedul e as cur r ent l y 
commi ssi oned,  i ncl udi ng condi t i onal  pr ogr ammi ng based on ast r onomi c t i me 
cl ock f unct i onal i t y.   Pr ovi de user s wi t h t he cor r ect  cont act  i nf or mat i on 
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f or  mai nt enance per sonnel  who wi l l  be avai l abl e t o addr ess any l i ght i ng 
cont r ol  i ssues.

Pr ovi de l ami nat ed i nst r uct i ons t o t he user  at  each scene wal l st at i on.   
Pr ovi de onl y i nst r uct i ons r el evant  t o t he f unct i onal i t y of  t he speci f i c  
scene wal l st at i on.   Pr ovi de a descr i pt i on of  each l abel ed scene cont r ol  
but t on.   I f  t he r oom ut i l i zes occupancy/ vacancy sensor s or  phot osensor s,  
i ncl ude a descr i pt i on of  t hi s f unct i onal i t y on t he i nst r uct i on sheet .

        - -  End of  Sect i on - -
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SECTI ON 27 05 14. 00 10

CABLE TELEVI SI ON PREMI SES DI STRI BUTI ON SYSTEM
04/ 06

PART 1   GENERAL

1. 1   REFERENCES

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

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

1. 2   SUMMARY

Pr ovi de a cabl e TV pr emi ses di st r i but i on syst em consi st i ng of  coaxi al  
cabl es and connect i ng har dwar e t o t r anspor t  t el evi s i on s i gnal s t hr oughout  
t he bui l di ng t o user  l ocat i ons as i ndi cat ed.   Submi t  det ai l  dr awi ngs 
i ncl udi ng a compl et e l i s t  of  equi pment  and mat er i al  and cont ai ni ng 
compl et e wi r i ng and schemat i c di agr ams and ot her  det ai l s r equi r ed t o 
demonst r at e t hat  t he syst em has been coor di nat ed and wi l l  f unct i on 
pr oper l y as a syst em.   Dr awi ngs shal l  i ncl ude ver t i cal  r i ser  di agr ams,  
equi pment  r ack and panel  det ai l s,  el evat i on dr awi ngs of  t el ecommuni cat i ons 
c l oset  wal l s,  out l et  f ace pl at e det ai l s f or  each out l et  conf i gur at i on,  and 
descr i pt i ons and t ypes of  cabl es,  condui t s,  and cabl e t r ays,  i f  used.   
Dr awi ngs shal l  show pr oposed l ayout  and anchor age of  equi pment  and 
appur t enances,  and equi pment  r el at i onshi p t o ot her  par t s of  t he wor k 
i ncl udi ng cl ear ance f or  mai nt enance and oper at i on.

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  
eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Cabl e TV Pr emi ses Di st r i but i on Syst em;  G
I nst al l at i on;  G

SD- 03 Pr oduct  Dat a

Test  Pl an;  G

Qual i f i cat i ons

SD- 06 Test  Repor t s

Test i ng
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SD- 07 Cer t i f i cat es

Mat er i al s and Equi pment

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

Manuf act ur er ' s Recommendat i ons

SD- 10 Oper at i on and Mai nt enance Dat a

Oper at i on and Mai nt enance Manual s;  G

1. 4   QUALI FI CATI ONS

Submi t  pr oof  of  t he qual i f i cat i ons of  t he Cont r act or ,  I nst al l er s,  and 
Manuf act ur er s t hat  wi l l  per f or m t he wor k,  and pr ovi de t he speci f i ed 
pr oduct s.

1. 4. 1   Mi ni mum Cont r act or  Qual i f i cat i ons

Wor k under  t hi s sect i on shal l  be per f or med,  and equi pment  shal l  be 
f ur ni shed and i nst al l ed,  by a qual i f i ed Cont r act or  as def i ned her ei n.   The 
Cont r act or  shal l  have a mi ni mum of  t wo year s of  exper i ence i n t he 
i nst al l at i on and t est i ng of  coaxi al  cabl e- based TV di st r i but i on syst ems 
and equi pment .   I nst al l er s assi gned t o t he i nst al l at i on of  t hi s syst em or  
i t s component s shal l  have a mi ni mum of  t wo year s of  exper i ence i n t he 
i nst al l at i on of  t he speci f i ed coaxi al  cabl e and component s.

1. 4. 2   Mi ni mum Manuf act ur er  Qual i f i cat i ons

The equi pment  and har dwar e pr ovi ded under  t hi s cont r act  shal l  be pr oduct s 
of  manuf act ur er s t hat  have a mi ni mum of  t wo year s of  exper i ence i n 
pr oduci ng t he t ypes of  syst ems and equi pment  speci f i ed.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
humi di t y and t emper at ur e var i at i on,  di r t  and dust  or  ot her  cont ami nant s.

1. 6   ENVI RONMENTAL REQUI REMENTS

Connect i ng har dwar e shal l  be r at ed f or  oper at i on under  ambi ent  condi t i ons 
of  32 t o 140 degr ees F and i n t he r ange of  0 t o 95 per cent  r el at i ve 
humi di t y,  non- condensi ng.

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Pr ovi de mat er i al s and equi pment  whi ch ar e t he st andar d pr oduct s of  a 
manuf act ur er  r egul ar l y engaged i n t he manuf act ur e of  t he pr oduct s and t hat  
ar e t he manuf act ur er ' s l at est  st andar d desi gn t hat  has been i n 
sat i sf act or y use f or  at  l east  one year  pr i or  t o i nst al l at i on.   Wher e 
mat er i al s or  equi pment  ar e speci f i ed t o conf or m,  be const r uct ed or  t est ed 
t o meet  speci f i c  r equi r ement s,  submi t  cer t i f i cat i on t hat  t he i t ems 
pr ovi ded conf or m t o such r equi r ement s.   Cer t i f i cat i on by a nat i onal l y 
r ecogni zed t est i ng l abor at or y t hat  a r epr esent at i ve sampl e has been t est ed 
t o meet  t he r equi r ement s,  or  a publ i shed cat al og speci f i cat i on st at ement  
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t o t he ef f ect  t hat  t he i t em meet s t he r ef er enced st andar d,  i s  accept abl e 
as evi dence t hat  t he i t em conf or ms.   Compl i ance wi t h t hese r equi r ement s 
does not  r el i eve t he Cont r act or  f r om compl i ance wi t h ot her  r equi r ement s of  
t he speci f i cat i ons.   Mat er i al s and equi pment  shal l  conf or m t o t he 
r espect i ve publ i cat i ons and ot her  r equi r ement s speci f i ed bel ow and t o t he 
appl i cabl e r equi r ement s of  NFPA 70.   Cabl es shal l  be l abel ed on bot h ends 
wi t h c i r cui t  number ,  r oom number ,  or  ot her  appr opr i at e mar ki ng al l owi ng 
f or  cor r ect  i dent i f i cat i on of  t he cabl e and i t s dest i nat i on.   Each 
f acepl at e shal l  be l abel ed wi t h i t s f unct i on and a uni que number  t o 
i dent i f y t he cabl e r un.

2. 1. 1   Coaxi al  Cabl e

Coaxi al  cabl e shal l  be RG- 6/ U,  quad shi el d.   Cabl e shal l  be 
l abel - ver i f i ed.   Cabl e j acket  shal l  be f act or y mar ked at  r egul ar  i nt er val s 
i dent i f y i ng cabl e t ype.   Cabl e shal l  be r at ed CMP or CMR i n accor dance wi t h 
NFPA 70.   I nt er connect i ng cabl es shal l  be cabl e assembl i es consi st i ng of  
RG- 6/ U coaxi al  cabl e wi t h mal e connect or s at  each end,  pr ovi ded i n l engt hs 
det er mi ned by equi pment  l ocat i ons as shown.

2. 1. 2   Out l et s 

Cabl e t el evi s i on out l et s,  i ncl udi ng wal l  out l et  pl at es,  shal l  be equi pped 
wi t h a f emal e connect or  t o accept  t he connect i ng coaxi al  cabl e f r om t he 
user ' s t el evi s i on set .   Facepl at es pr ovi ded shal l  be i vor y  i mpact  
r esi st ant  pl ast i c.

2. 1. 3   Out l et  Boxes

El ect r i cal  boxes f or  cabl e t el evi s i on out l et s shal l  be 4- 11/ 16 i nch squar e 
by 2- 1/ 8 i nches deep wi t h mi ni mum 3/ 8 i nch deep si ngl e gang pl ast er  r i ng.   
Condui t s shal l  be mi ni mum 1 i nch.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  syst em component s and appur t enances i n accor dance wi t h NFPA 70,  
manuf act ur er ' s i nst r uct i ons and as shown.   Submi t  r ecor d dr awi ngs f or  t he 
i nst al l ed cabl e syst em showi ng t he l ocat i ons of  cabl e t er mi nat i ons,  
i ncl udi ng out l et s,  and l ocat i on and r out i ng of  cabl es.   The i dent i f i er  f or  
each t er mi nat i on and cabl e shal l  appear  on t he dr awi ngs.   Pr ovi de 
necessar y i nt er connect i ons,  ser vi ces,  and adj ust ment s r equi r ed f or  a 
compl et e cabl e t el evi s i on di st r i but i on syst em,  r eady t o connect  t o 
ext er nal  t el evi s i on s i gnal  sour ces.   Penet r at i ons i n f i r e- r at ed 
const r uct i on shal l  be f i r est opped i n accor dance wi t h Sect i on 07 84 00 
FI RESTOPPI NG.   I nst al l  condui t s,  out l et s,  r aceways,  and wi r i ng i n 
accor dance wi t h Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Cabl es and 
out l et s shal l  be i ndi v i dual l y l abel ed and mar ked.   Cabl es shal l  not  be 
i nst al l ed i n t he same cabl e t r ay,  ut i l i t y  pol e compar t ment ,  or  f l oor  
t r ench compar t ment  wi t h ac power  cabl es.   Cabl es not  i nst al l ed i n condui t  
or  wi r eways shal l  be pr oper l y secur ed and neat  i n appear ance and,  i f  
i nst al l ed i n pl enums or  ot her  spaces used f or  envi r onment al  ai r ,  shal l  
compl y wi t h NFPA 70 r equi r ement s f or  t hi s t ype of  i nst al l at i on.

3. 1. 1   Hor i zont al  Cabl e I nst al l at i on

The r at ed cabl e pul l i ng t ensi on shal l  not  be exceeded.   Cabl e shal l  not  be 
st r essed such t hat  t wi st i ng,  st r et chi ng or  k i nki ng occur s.   Cabl e shal l  
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not  be spl i ced.   Cabl e not  i n a wi r eway shal l  be suspended a mi ni mum of  8  
i nches above cei l i ngs by cabl e suppor t s no gr eat er  t han 60  i nches apar t .   
Cabl e shal l  not  be r un t hr ough st r uct ur al  member s or  i n cont act  wi t h 
pi pes,  duct s,  or  ot her  pot ent i al l y  damagi ng i t ems.   Pl acement  of  cabl e 
par al l el  t o power  conduct or s shal l  be avoi ded,  i f  possi bl e;  a mi ni mum 
separ at i on of  12 i nches shal l  be mai nt ai ned when such pl acement  cannot  be 
avoi ded.   Cabl es shal l  be t er mi nat ed unl ess shown ot her wi se.   Mi ni mum 
bendi ng r adi us shal l  not  be exceeded dur i ng i nst al l at i on or  once 
i nst al l ed.   Cabl e t i es shal l  not  be excessi vel y t i ght ened such t hat  t he 
t r ansmi ssi on char act er i st i cs of  t he cabl e ar e al t er ed.  

3. 1. 2   Ri ser  Cabl e I nst al l at i on 

The r at ed cabl e pul l i ng t ensi on shal l  not  be exceeded.   Ri ser  cabl e 
suppor t  i nt er val s shal l  be i n accor dance wi t h manuf act ur er ' s 
r ecommendat i ons.   Wher e i nst al l at i on pr ocedur es,  or  any par t  t her eof ,  ar e 
r equi r ed t o be i n accor dance wi t h t he r ecommendat i ons of  t he manuf act ur er  
of  t he mat er i al  bei ng i nst al l ed,  pr i nt ed copi es of  t hese r ecommendat i ons 
shal l  be pr ovi ded pr i or  t o i nst al l at i on.   I nst al l at i on of  t he i t em wi l l  
not  be al l owed t o pr oceed unt i l  t he r ecommendat i ons ar e r ecei ved and 
appr oved.   Cabl e bend r adi us shal l  not  be l ess t han t en t i mes t he out si de 
di amet er  of  t he cabl e dur i ng i nst al l at i on and once i nst al l ed.   Maxi mum 
t ensi l e st r engt h r at i ng of  t he cabl e shal l  not  be exceeded.   Cabl e shal l  
not  be spl i ced.

3. 1. 3   Cabl es

Cabl es shal l  have a mi ni mum of  6 i nches of  s l ack cabl e l oosel y coi l ed i nt o 
t he cabl e t el evi s i on out l et  boxes.   Mi ni mum manuf act ur er ' s bend r adi us 
shal l  not  be exceeded.

3. 1. 4   Pul l  Cor ds

Pul l  cor ds shal l  be i nst al l ed i n condui t s ser vi ng t he cabl e t el evi s i on 
pr emi ses di st r i but i on syst em whi ch do not  i ni t i al l y  have cabl e i nst al l ed.

3. 2   TERMI NATI ONS

Cabl es and conduct or s shal l  sweep i nt o t er mi nat i on ar eas;  cabl es and 
conduct or s shal l  not  bend at  r i ght  angl es.   Manuf act ur er ' s mi ni mum bendi ng 
r adi us shal l  not  be exceeded.   Coaxi al  cabl es shal l  be t er mi nat ed wi t h 
appr opr i at e connect or s as r equi r ed.   Cabl e shi el d conduct or  shal l  be 
gr ounded t o communi cat i ons gr ound at  onl y one poi nt  and shal l  not  make 
el ect r i cal  cont act  wi t h gr ound anywher e el se.

3. 3   GROUNDI NG

The cabl e t el evi s i on di st r i but i on syst em gr ound shal l  be i nst al l ed i n t he 
cabl e t el evi s i on ent r ance f aci l i t y  and i n any auxi l i ar y c l oset  i dent i f i ed 
i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM or  ot her wi se i ndi cat ed.   
Equi pment  r acks shal l  be connect ed t o t he el ect r i cal  saf et y gr ound.

3. 4   TESTI NG

Submi t  t est  r epor t s i n bookl et  f or m wi t h wi t ness s i gnat ur es ver i f y i ng 
execut i on of  t est s.   The cabl e syst em t est i ng document at i on shal l  i ncl ude 
t he physi cal  r out i ng and a t est  r epor t  f or  each cabl e ( end- t o- end)  f r om 
t he i nst al l ed out l et  t o t he mai n t er mi nat i on poi nt .   Test  r epor t s shal l  be 
submi t t ed wi t hi n  14  days af t er  compl et i on of  t est i ng. Mat er i al s and 
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document at i on t o be f ur ni shed under  t hi s speci f i cat i on ar e subj ect  t o 
i nspect i ons and t est s.

a.   Submi t  a Test  Pl an def i ni ng t he t est s r equi r ed t o ensur e t hat  t he 
syst em meet s t echni cal ,  oper at i onal  and per f or mance speci f i cat i ons,  60 
 days pr i or  t o t he pr oposed t est  dat e.   The pl an shal l  be appr oved 
bef or e t est i ng begi ns.   The t est  pl an shal l  i dent i f y t he capabi l i t i es 
and f unct i ons t o be t est ed,  and i ncl ude det ai l ed i nst r uct i ons f or  t he 
set up and execut i on of  each t est  and pr ocedur es f or  eval uat i on and 
document at i on of  t he r esul t s.

b.   Component s shal l  be t er mi nat ed pr i or  t o t est i ng.

c.   Equi pment  and syst ems wi l l  not  be accept ed unt i l  t he r equi r ed 
i nspect i ons and t est s have been made,  demonst r at i ng t hat  t he cabl e 
t el evi s i on pr emi ses di st r i but i on syst em conf or ms t o t he speci f i ed 
r equi r ement s,  and t hat  t he r equi r ed equi pment ,  syst ems,  and 
document at i on have been pr ovi ded.

d.   Af t er  i nst al l at i on of  t he cabl e and bef or e connect i ng syst em 
component s,  each cabl e sect i on shal l  be end- t o- end t est ed usi ng a t i me 
domai n r ef l ect omet er  ( TDR)  t o det er mi ne shor t s,  opens,  k i nks,  and 
ot her  i mpedance di scont i nui t i es and t hei r  l ocat i ons.   Cabl e sect i ons 
showi ng adver se i mpedance di scont i nui t i es ( gr eat er  t han 6 dB l oss)  
shal l  be r epl aced at  t he Cont r act or ' s expense.

e.   Ther e shal l  be no cabl e spl i ces bet ween syst em component s unl ess 
appr oved by t he Gover nment .

3. 5   OPERATI ON AND MAI NTENANCE MANUALS

Submi t  commer ci al ,  of f - t he- shel f  manual s f or  oper at i on,  i nst al l at i on,  
conf i gur at i on,  and mai nt enance of  pr oduct s pr ovi ded as a par t  of  t he cabl e 
t el evi s i on pr emi ses di st r i but i on syst em.

        - -  End of  Sect i on - -
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SECTI ON 27 05 28. 36 40

CABLE TRAYS FOR COMMUNI CATI ONS SYSTEMS
05/ 17

PART 1   GENERAL

1. 1   REFERENCES

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

NEMA VE 1 ( 2017)  Met al  Cabl e Tr ay Syst ems

NEMA VE 2 ( 2013;  ERTA 2016)  Cabl e Tr ay I nst al l at i on 
Gui del i nes

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

1. 2   ADMI NI STRATI VE  REQUI REMENTS

1. 2. 1   Pr e- I nst al l at i on Meet i ngs

The Cont r act i ng Of f i cer  wi l l  schedul e a pr e- i nst al l at i on meet i ng wi t hi n 30 
 days of  cont r act  awar d.   Submi t  f abr i cat i on dr awi ngs f or  r evi ew and 
appr oval .

Submi t  manuf act ur er ' s pr oduct  dat a f or  t he f ol l owi ng i t ems:

a.   Cabl e Tr ays

b.   Suppor t s

1. 3   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  
eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs
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Fabr i cat i on Dr awi ngs;  G

I nst al l at i on Dr awi ngs;  G

SD- 03 Pr oduct  Dat a

Cabl e Tr ays;  G

Suppor t s;  G

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

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

1. 4   QUALI TY CONTROL

Compl y wi t h NEMA VE 1.

Compl y wi t h NEC,  r equi r ement s t hat  appl y t o t he const r uct i on and 
i nst al l at i on of  cabl e t r ay and cabl e channel  syst ems ( Ar t i c l e 392 NEC) .

Pr ovi de pr oduct s t hat  ar e UL- cl assi f i ed and l abel ed wi t h t he UL 
cl assi f i cat i on mar k.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Pr ovi de l adder  cabl e t r ays consi st i ng of  t wo l ongi t udi nal  s i de member s 
connect ed by i ndi v i dual  t r ansver se member s.

2. 2   FABRI CATI ON

Submi t  f abr i cat i on dr awi ngs f or  cabl e t r ays.   Ensur e t he dr awi ngs cont ai n 
det ai l s showi ng t he f abr i cat i on and assembl y det ai l s per f or med i n t he 
f act or y.

Bef or e assembl y,  use an ant i oxi dant  compound t o coat  t he cont act  sur f aces 
of  t r ays.   Ensur e t hat  t he f i ni shes of  edges,  f i t t i ngs,  and har dwar e ar e 
f r ee f r om bur r s and shar p edges.   I ncl ude spl i ce and end pl at es,  dr opout s,  
and mi scel l aneous har dwar e.

2. 3   COMPONENTS

2. 3. 1   Suppor t s

Per mi t  bot h ver t i cal  and hor i zont al  adj ust ment ,  wher e possi bl e on suppor t s 
and hanger s.   Pr ovi de an adequat e bear i ng sur f ace f or  t he t r ay on t he 
hor i zont al  and ver t i cal  t r ay suppor t s,  and ensur e t hat  t he sur f ace can 
accommodat e hol ddown cl amps or  f ast ener s.   Pr ovi de a means,  ot her  t han 
f r i ct i on,  f or  secur el y f ast eni ng cabl e t r ays t o suppor t s.

Pr ovi de suppor t  f or  cabl e t r ays at  i nt er val s of  no mor e t han 6 .   Pl ace 
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suppor t s f or  hor i zont al - el bow t r ay f i t t i ngs wi t hi n 2  of  each f i t t i ng 
ext r emi t y and as r ecommended by t he cabl e t r ay manuf act ur er .

Ensur e t hat  t he cabl e t r ays can car r y at  l east  150  pounds per  l i near  f oot  
when suppor t ed at  6- f oot  i nt er val s.   Ensur e t hat  t he t r ay f i t t i ngs have a 
l oad- car r y i ng capaci t y t hat  i s  equal  t o or  gr eat er  t han t hat  of  st r ai ght  
t r ay sect i ons.   Ensur e t hat  t he r adi us of  t r ay f i t t i ngs i s based on t he 
mi ni mum bendi ng r adi us of  t he cabl es,  as speci f i ed by t he cabl e 
manuf act ur er .

2. 4   MATERI ALS

Pr ovi de hot - di pped gal vani zed st eel  t r ays wi t h a f i ni sh i n accor dance wi t h 
ASTM A123/ A123M.

PART 3   EXECUTI ON

Compl y wi t h NEMA VE 2 f or  cabl e t r ay i nst al l at i on.

3. 1   I NSTALLATI ON

3. 1. 1   Manuf act ur er ' s I nst r uct i ons

Submi t  t he manuf act ur er ' s i nst r uct i ons f or  cabl e t r ays,  i ncl udi ng speci al  
pr ovi s i ons r equi r ed t o i nst al l  equi pment  component s and syst em packages.   
Ensur e t hat  t he i nst r uct i ons speci f y i mpedances,  hazar ds and saf et y 
pr ecaut i ons.

3. 1. 2   I nst al l at i on Dr awi ngs

No l at er  t han 30 cal endar  days bef or e shi pment ,  submi t  i nst al l at i on 
dr awi ngs t o t he Cont r act i ng Of f i cer  f or  appr oval .   Coor di nat e dr awi ngs 
wi t h t hose bei ng used f or  al l  ot her  wor k i n t he i mmedi at e ar ea t o ensur e 
t hat  t hi s ot her  wor k does not  conf l i c t  wi t h t he i nst al l at i on.   I ncl ude t he 
l ayout  of  t he cabl e t r ay wor k and det ai l s on bot h hor i zont al  and ver t i cal  
suppor t s as speci f i ed i n t he par agr aph SUPPORTS.

3. 1. 3   Gr oundi ng

Pr ovi de pr oper l y gr ounded cabl e t r ays by means t hat  has a l ow- r esi st ance 
conduct or  of  suf f i c i ent  capaci t y,  and t hat  i s no smal l er  t han No.  1/ 0 AWG 
copper .   Bond t he gr oundi ng conduct or  t o cabl e t r ay sect i ons and f i t t i ngs 
by compat i bl e bol t ed connect i ons.   Consi der  cabl e t r ay sect i ons i n t andem 
assembl y as havi ng el ect r i cal  cont i nui t y when t hese sect i ons ar e bonded 
wi t h appr opr i at e hi gh- st r engt h bol t s.   Pr ovi de per manent  and cont i nuous 
ef f ect i ve gr oundi ng wi t h an i mpedance t hat  i s l ow enough t o l i mi t  t he 
pot ent i al  above gr ound and t o f aci l i t at e oper at i on of  over cur r ent  devi ces 
i n t he c i r cui t .   Pr ovi de gr oundi ng and bondi ng f or  cabl e t r ays i n 
accor dance wi t h NFPA 70.

        - -  End of  Sect i on - -

SECTI ON 27 05 28. 36 40  Page 3





NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

SECTI ON 27 10 00

BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM
08/ 11

PART 1   GENERAL

1. 1   REFERENCES

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

ELECTRONI C COMPONENTS I NDUSTRY ASSOCI ATI ON ( ECI A)

ECI A EI A/ ECA 310- E ( 2005)  Cabi net s,  Racks,  Panel s,  and 
Associ at ed Equi pment

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I NSULATED CABLE ENGI NEERS ASSOCI ATI ON ( I CEA)

I CEA S- 90- 661 ( 2012)  Cat egor y 3,  5,  & 5e I ndi v i dual l y 
Unshi el ded Twi st ed Pai r  I ndoor  Cabl es f or  
Use i n Gener al  Pur pose and LAN 
Communi cat i ons Wi r i ng Syst ems Techni cal  
Requi r ement s

NATI ONAL ELECTRI CAL CONTRACTORS ASSOCI ATI ON ( NECA)

NECA/ BI CSI  568 ( 2006)  St andar d f or  I nst al l i ng Bui l di ng 
Tel ecommuni cat i ons Cabl i ng

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI / NEMA WC 66 ( 2013)  Per f or mance St andar d f or  Cat egor y 6 
and Cat egor y 7 100 Ohm Shi el ded and 
Unshi el ded Twi st ed Pai r s

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 455- 21 ( 1988a;  R 2012)  FOTP- 21 -  Mat i ng 
Dur abi l i t y  of  Fi ber  Opt i c I nt er connect i ng 
Devi ces

TI A- 526- 7 ( 2015a)  OFSTP- 7 Measur ement  of  Opt i cal  
Power  Loss of  I nst al l ed Si ngl e- Mode Fi ber  
Cabl e Pl ant

TI A- 568- C. 0 ( 2009;  Add 1 2010;  Add 2 2012)  Gener i c 
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Tel ecommuni cat i ons Cabl i ng f or  Cust omer  
Pr emi ses

TI A- 568- C. 1 ( 2009;  Add 2 2011;  Add 1 2012)  Commer ci al  
Bui l di ng Tel ecommuni cat i ons Cabl i ng 
St andar d

TI A- 568- C. 2 ( 2009;  Er r at a 2010;  Add 2 2014;  Add 1 
2016)  Bal anced Twi st ed- Pai r  
Tel ecommuni cat i ons Cabl i ng and Component s 
St andar ds

TI A- 568- C. 3 ( 2008;  Add 1 2011)  Opt i cal  Fi ber  Cabl i ng 
Component s St andar d

TI A- 569 ( 2019e;  Add 1 2022)  Tel ecommuni cat i ons 
Pat hways and Spaces

TI A- 606 ( 2021d)  Admi ni st r at i on St andar d f or  
Tel ecommuni cat i ons I nf r ast r uct ur e

TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses

TI A- 1152 ( 2009)  Requi r ement s f or  Fi el d Test  
I nst r ument s and Measur ement s f or  Bal anced 
Twi st ed- Pai r  Cabl i ng

TI A/ EI A- 604- 10 ( 2002a)  FOCI S 10 Fi ber  Opt i c Connect or  
I nt er mat eabi l i t y  St andar d -  Type LC

U. S.  FEDERAL COMMUNI CATI ONS COMMI SSI ON ( FCC)

FCC Par t  68 Connect i on of  Ter mi nal  Equi pment  t o t he 
Tel ephone Net wor k ( 47 CFR 68)

UNDERWRI TERS LABORATORI ES ( UL)

UL 50 ( 2024)  UL St andar d f or  Saf et y Encl osur es 
f or  El ect r i cal  Equi pment ,  
Non- Envi r onment al  Consi der at i ons

UL 444 ( 2008;  Repr i nt  Apr  2015)  Communi cat i ons 
Cabl es

UL 467 ( 2022)  UL St andar d f or  Saf et y Gr oundi ng 
and Bondi ng Equi pment

UL 514C ( 2014;  Repr i nt  Feb 2020)  UL St andar d f or  
Saf et y Nonmet al l i c  Out l et  Boxes,  
Fl ush- Devi ce Boxes,  and Cover s

UL 723 ( 2020)  UL St andar d f or  Saf et y Test  f or  
Sur f ace Bur ni ng Char act er i st i cs of  
Bui l di ng Mat er i al s

UL 969 ( 2017;  Repr i nt  Mar  2018)  UL St andar d f or  
Saf et y Mar ki ng and Label i ng Syst ems
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UL 1286 ( 2008;  Repr i nt  Jan 2018)  UL St andar d f or  
Saf et y Of f i ce Fur ni shi ngs

UL 1863 ( 2004;  Repr i nt  Sep 2016)  UL St andar d f or  
Saf et y Communi cat i on Ci r cui t  Accessor i es

1. 2   RELATED REQUI REMENTS

Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM and Sect i on 33 82 00 
TELECOMMUNI CATI ONS,  OUTSI DE PLANT ( OSP) ,  appl y t o t hi s sect i on wi t h 
addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hi s speci f i cat i on shal l  be as def i ned i n TI A- 568- C. 1,  TI A- 568- C. 2,  
TI A- 568- C. 3,  TI A- 569,  TI A- 606 and I EEE 100 and her ei n.

1. 3. 1   Campus Di st r i but or  ( CD)

A di st r i but or  f r om whi ch t he campus backbone cabl i ng emanat es.  
( I nt er nat i onal  expr essi on f or  mai n cr oss- connect  ( MC) . )

1. 3. 2   Bui l di ng Di st r i but or  ( BD)

A di st r i but or  i n whi ch t he bui l di ng backbone cabl es t er mi nat e and at  whi ch 
connect i ons t o t he campus backbone cabl es may be made.   ( I nt er nat i onal  
expr essi on f or  i nt er medi at e cr oss- connect  ( I C) . )

1. 3. 3   Fl oor  Di st r i but or  ( FD)

A di st r i but or  used t o connect  hor i zont al  cabl e and cabl i ng subsyst ems or  
equi pment .   ( I nt er nat i onal  expr essi on f or  hor i zont al  cr oss- connect  ( HC) . )

1. 3. 4   Tel ecommuni cat i ons Room ( TR)

An encl osed space f or  housi ng t el ecommuni cat i ons equi pment ,  cabl e,  
t er mi nat i ons,  and cr oss- connect s.   The r oom i s t he r ecogni zed 
cr oss- connect  bet ween t he backbone cabl e and t he hor i zont al  cabl i ng.

1. 3. 5   Ent r ance Faci l i t y  ( EF)  ( Tel ecommuni cat i ons)

An ent r ance t o t he bui l di ng f or  bot h pr i vat e and publ i c net wor k ser vi ce 
cabl es ( i ncl udi ng wi r el ess)  i ncl udi ng t he ent r ance poi nt  at  t he bui l di ng 
wal l  and cont i nui ng t o t he equi pment  r oom.

1. 3. 6   Equi pment  Room ( ER)  ( Tel ecommuni cat i ons)

An envi r onment al l y cont r ol l ed  cent r al i zed space f or  t el ecommuni cat i ons 
equi pment  t hat  ser ves t he occupant s of  a bui l di ng.   Equi pment  housed 
t her ei n i s consi der ed di st i nct  f r om a t el ecommuni cat i ons r oom because of  
t he nat ur e of  i t s  compl exi t y.

1. 3. 7   Open Cabl e

Cabl i ng t hat  i s not  r un i n a r aceway as def i ned by NFPA 70.   Thi s r ef er s 
t o cabl i ng t hat  i s " open"  t o t he space i n whi ch t he cabl e has been 
i nst al l ed and i s t her ef or e exposed t o t he envi r onment al  condi t i ons 
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associ at ed wi t h t hat  space.

1. 3. 8   Open Of f i ce

A f l oor  space di v i s i on pr ovi ded by f ur ni t ur e,  moveabl e par t i t i ons,  or  
ot her  means i nst ead of  by bui l di ng wal l s.

1. 3. 9   Pat hway

A physi cal  i nf r ast r uct ur e ut i l i zed f or  t he pl acement  and r out i ng of  
t el ecommuni cat i ons cabl e.

1. 4   SYSTEM DESCRI PTI ON

The bui l di ng t el ecommuni cat i ons cabl i ng and pat hway syst em shal l  i ncl ude 
per manent l y i nst al l ed backbone and hor i zont al  cabl i ng,  hor i zont al  and 
backbone pat hways,  ser vi ce ent r ance f aci l i t i es,  wor k ar ea pat hways,  
t el ecommuni cat i ons out l et  assembl i es,  condui t ,  r aceway,  and har dwar e f or  
spl i c i ng,  t er mi nat i ng,  and i nt er connect i ng cabl i ng necessar y t o t r anspor t  
t el ephone and dat a ( i ncl udi ng LAN)  bet ween equi pment  i t ems i n a 
bui l di ng.    The hor i zont al  syst em shal l  be wi r ed i n a st ar  t opol ogy f r om 
t he t el ecommuni cat i ons wor k ar ea t o t he f l oor  di st r i but or  or  campus 
di st r i but or  at  t he cent er  or  hub of  t he st ar .   The backbone cabl i ng and 
pat hway syst em i ncl udes i nt r abui l di ng and i nt er bui l di ng i nt er connect i ng 
cabl i ng,  pat hway,  and t er mi nal  har dwar e.   The i nt r abui l di ng backbone 
pr ovi des connect i v i t y f r om t he f l oor  di st r i but or s t o t he bui l di ng 
di st r i but or s or  t o t he campus di st r i but or  and f r om t he bui l di ng 
di st r i but or s t o t he campus di st r i but or  as r equi r ed.   The backbone syst em 
shal l  be wi r ed i n a st ar  t opol ogy wi t h t he campus di st r i but or  at  t he 
cent er  or  hub of  t he st ar .   The i nt er bui l di ng backbone syst em pr ovi des 
connect i v i t y bet ween t he campus di st r i but or s and i s speci f i ed i n Sect i on 
33 82 00 TELECOMMUNI CATI ONS OUTSI DE PLANT ( OSP) .   Pr ovi de 
t el ecommuni cat i ons pat hway syst ems r ef er enced her ei n as speci f i ed i n 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  
eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Tel ecommuni cat i ons dr awi ngs;  G

Tel ecommuni cat i ons Space Dr awi ngs;  G

I n addi t i on t o Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  pr ovi de shop 
dr awi ngs i n accor dance wi t h par agr aph SHOP DRAWI NGS.

SD- 03 Pr oduct  Dat a

Tel ecommuni cat i ons cabl i ng ( backbone and hor i zont al ) ;  G

Pat ch panel s;  G
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Tel ecommuni cat i ons out l et / connect or  assembl i es;  G

Equi pment  suppor t  f r ame;  G
Connect or  bl ocks;  GSpar e Par t s;  G
Submi t t al s shal l  i ncl ude t he manuf act ur er ' s name,  t r ade name,  
pl ace of  manuf act ur e,  and cat al og model  or  number .   I ncl ude 
per f or mance and char act er i st i c cur ves.   Submi t t al s shal l  al so 
i ncl ude appl i cabl e f eder al ,  mi l i t ar y,  i ndust r y,  and t echni cal  
soci et y publ i cat i on r ef er ences.   Shoul d manuf act ur er ' s dat a 
r equi r e suppl ement al  i nf or mat i on f or  c l ar i f i cat i on,  t he 
suppl ement al  i nf or mat i on shal l  be submi t t ed as speci f i ed i n 
par agr aph REGULATORY REQUI REMENTS and as r equi r ed i n Sect i on 
01 33 00 SUBMI TTAL PROCEDURES.

SD- 06 Test  Repor t s

Tel ecommuni cat i ons cabl i ng t est i ng;  G

  SD- 07 Cer t i f i cat es

Tel ecommuni cat i ons Cont r act or  Qual i f i cat i ons;  G

Key Per sonnel  Qual i f i cat i ons;  G

Manuf act ur er  Qual i f i cat i ons;  G

Test  pl an;  G

SD- 09 Manuf act ur er ' s Fi el d Repor t s

Fact or y r eel  t est s;  G

SD- 10 Oper at i on and Mai nt enance Dat a

Tel ecommuni cat i ons cabl i ng and pat hway syst em Dat a Package 5;  G

 SD- 11 Cl oseout  Submi t t al s

Recor d Document at i on;  G

1. 6   QUALI TY ASSURANCE

1. 6. 1   Shop Dr awi ngs

I n except i on t o Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  submi t t ed pl an 
dr awi ngs shal l  be a mi ni mum of  11 by 17 i nches i n s i ze usi ng a mi ni mum 
scal e of  1/ 8 i nch per  f oot .   I ncl ude wi r i ng di agr ams and i nst al l at i on 
det ai l s of  equi pment  i ndi cat i ng pr oposed l ocat i on,  l ayout  and ar r angement ,  
cont r ol  panel s,  accessor i es,  pi pi ng,  duct wor k,  and ot her  i t ems t hat  must  
be shown t o ensur e a coor di nat ed i nst al l at i on.   Wi r i ng di agr ams shal l  
i dent i f y c i r cui t  t er mi nal s and i ndi cat e t he i nt er nal  wi r i ng f or  each i t em 
of  equi pment  and t he i nt er connect i on bet ween each i t em of  equi pment .   
Dr awi ngs shal l  i ndi cat e adequat e c l ear ance f or  oper at i on,  mai nt enance,  and 
r epl acement  of  oper at i ng equi pment  devi ces.   Submi t t al s shal l  i ncl ude t he 
namepl at e dat a,  s i ze,  and capaci t y.   Submi t t al s shal l  al so i ncl ude 
appl i cabl e f eder al ,  mi l i t ar y,  i ndust r y,  and t echni cal  soci et y publ i cat i on 
r ef er ences.
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1. 6. 1. 1   Tel ecommuni cat i ons Dr awi ngs

Pr ovi de r egi st er ed communi cat i ons di st r i but i on desi gner  ( RCDD)  appr oved,  
dr awi ngs i n accor dance wi t h TI A- 606.   The i dent i f i er  f or  each t er mi nat i on 
and cabl e shal l  appear  on t he dr awi ngs.   Dr awi ngs shal l  depi ct  f i nal  
t el ecommuni cat i ons i nst al l ed wi r i ng syst em i nf r ast r uct ur e i n accor dance 
wi t h TI A- 606.   The dr awi ngs shoul d pr ovi de det ai l s r equi r ed t o pr ove t hat  
t he di st r i but i on syst em shal l  pr oper l y suppor t  connect i v i t y f r om t he EF 
t el ecommuni cat i ons and ER t el ecommuni cat i ons,  CD' s,  BD' s,  and FD' s t o t he 
t el ecommuni cat i ons wor k ar ea out l et s.   Pr ovi de a pl ast i c l ami nat ed 
schemat i c of  t he as- i nst al l ed t el ecommuni cat i ons cabl e syst em showi ng 
cabl i ng,  CD' s,  BD' s,  FD' s,  and t he EF and ER f or  t el ecommuni cat i ons keyed 
t o f l oor  pl ans by r oom number .   Mount  t he l ami nat ed schemat i c i n t he EF 
t el ecommuni cat i ons space as di r ect ed by t he Cont r act i ng Of f i cer .   The 
f ol l owi ng dr awi ngs shal l  be pr ovi ded as a mi ni mum:

a.   T1 -  Layout  of  compl et e bui l di ng per  f l oor  -  Bui l di ng Ar ea/ Ser vi ng 
Zone Boundar i es,  Backbone Syst ems,  and Hor i zont al  Pat hways.   Layout  of  
compl et e bui l di ng per  f l oor .  The dr awi ng i ndi cat es l ocat i on of  
bui l di ng ar eas,  ser vi ng zones,  ver t i cal  backbone di agr ams,  
t el ecommuni cat i ons r ooms,  access poi nt s,  pat hways,  gr oundi ng syst em,  
and ot her  syst ems t hat  need t o be vi ewed f r om t he compl et e bui l di ng 
per spect i ve.

b.   T2 -  Ser vi ng Zones/ Bui l di ng Ar ea Dr awi ngs -  Dr op Locat i ons and Cabl e 
I dent i f i cat i on ( I D’ S) .   Shows a bui l di ng ar ea or  ser vi ng zone.   These 
dr awi ngs show dr op l ocat i ons,  t el ecommuni cat i ons r ooms,  access poi nt s 
and det ai l  cal l  out s f or  common equi pment  r ooms and ot her  congest ed 
ar eas.

c.   T4 -  Typi cal  Det ai l  Dr awi ngs -  Facepl at e Label i ng,  Fi r est oppi ng,  
Amer i cans wi t h Di sabi l i t i es Act  ( ADA) ,  Saf et y,  Depar t ment  of  
Tr anspor t at i on ( DOT) .   Det ai l ed dr awi ngs of  symbol s and t ypi cal s such 
as f acepl at e l abel i ng,  f acepl at e t ypes,  f acepl at e popul at i on 
i nst al l at i on pr ocedur es,  det ai l  r acki ng,  and r aceways.

1. 6. 1. 2   Tel ecommuni cat i ons Space Dr awi ngs

Pr ovi de T3 dr awi ngs i n accor dance wi t h TI A- 606 t hat  i ncl ude 
t el ecommuni cat i ons r ooms pl an vi ews,  pat hway l ayout  ( cabl e t r ay,  r acks,  
l adder - r acks,  et c. ) ,  mechani cal / el ect r i cal  l ayout ,  and cabi net ,  r ack,  
backboar d and wal l  el evat i ons.   Dr awi ngs shal l  show l ayout  of  appl i cabl e 
equi pment  i ncl udi ng i ncomi ng cabl e st ub or  connect or  bl ocks,  bui l di ng 
pr ot ect or  assembl y,  out goi ng cabl e connect or  bl ocks,  pat ch panel s and 
equi pment  spaces and cabi net / r acks.   Dr awi ngs shal l  i ncl ude a compl et e 
l i s t  of  equi pment  and mat er i al ,  equi pment  r ack det ai l s,  pr oposed l ayout  
and anchor age of  equi pment  and appur t enances,  and equi pment  r el at i onshi p 
t o ot her  par t s of  t he wor k i ncl udi ng cl ear ance f or  mai nt enance and 
oper at i on.   Dr awi ngs may al so be an enl ar gement  of  a congest ed ar ea of  T1 
or  T2 dr awi ngs.

1. 6. 2   Tel ecommuni cat i ons Qual i f i cat i ons

Wor k under  t hi s sect i on shal l  be per f or med by and t he equi pment  shal l  be 
pr ovi ded by t he appr oved t el ecommuni cat i ons cont r act or  and key per sonnel .   
Qual i f i cat i ons shal l  be pr ovi ded f or :   t he t el ecommuni cat i ons syst em 
cont r act or ,  t he t el ecommuni cat i ons syst em i nst al l er ,  and t he super vi sor  
( i f  di f f er ent  f r om t he i nst al l er ) .   A mi ni mum of  30 days pr i or  t o 
i nst al l at i on,  submi t  document at i on of  t he exper i ence of  t he 
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t el ecommuni cat i ons cont r act or  and of  t he key per sonnel .

1. 6. 2. 1   Tel ecommuni cat i ons Cont r act or

The t el ecommuni cat i ons cont r act or  shal l  be a f i r m whi ch i s r egul ar l y and 
pr of essi onal l y engaged i n t he busi ness of  t he appl i cat i ons,  i nst al l at i on,  
and t est i ng of  t he speci f i ed t el ecommuni cat i ons syst ems and equi pment .   
The t el ecommuni cat i ons cont r act or  shal l  demonst r at e exper i ence i n 
pr ovi di ng successf ul  t el ecommuni cat i ons syst ems wi t hi n t he past  3 year s of  
s i mi l ar  scope and si ze.   Submi t  document at i on f or  a mi ni mum of  t hr ee and a 
maxi mum of  f i ve successf ul  t el ecommuni cat i on syst em i nst al l at i ons f or  t he 
t el ecommuni cat i ons cont r act or .

1. 6. 2. 2   Key Per sonnel

Pr ovi de key per sonnel  who ar e r egul ar l y and pr of essi onal l y engaged i n t he 
busi ness of  t he appl i cat i on,  i nst al l at i on and t est i ng of  t he speci f i ed 
t el ecommuni cat i ons syst ems and equi pment .   Ther e may be one key per son or  
mor e key per sons pr oposed f or  t hi s sol i c i t at i on dependi ng upon how many of  
t he key r ol es each has successf ul l y pr ovi ded.   Each of  t he key per sonnel  
shal l  demonst r at e exper i ence i n pr ovi di ng successf ul  t el ecommuni cat i ons 
syst ems wi t hi n t he past  3 year s.

Super vi sor s and i nst al l er s assi gned t o t he i nst al l at i on of  t hi s syst em or  
any of  i t s  component s shal l  be Bui l di ng I ndust r y Consul t i ng Ser vi ces 
I nt er nat i onal  ( BI CSI )  Regi st er ed Cabl i ng I nst al l er s,  Techni c i an Level .   
Submi t  document at i on of  cur r ent  BI CSI  cer t i f i cat i on f or  each of  t he key 
per sonnel .

I n l i eu of  BI CSI  cer t i f i cat i on,  super vi sor s and i nst al l er s assi gned t o t he 
i nst al l at i on of  t hi s syst em or  any of  i t s  component s shal l  have a mi ni mum 
of  3 year s exper i ence i n t he i nst al l at i on of  t he speci f i ed copper  and 
f i ber  opt i c cabl e and component s.   They shal l  have f act or y or  f act or y 
appr oved cer t i f i cat i on f r om each equi pment  manuf act ur er  i ndi cat i ng t hat  
t hey ar e qual i f i ed t o i nst al l  and t est  t he pr ovi ded pr oduct s.   Submi t  
document at i on f or  a mi ni mum of  t hr ee and a maxi mum of  f i ve successf ul  
t el ecommuni cat i on syst em i nst al l at i ons f or  each of  t he key per sonnel .   
Document at i on f or  each key per son shal l  i ncl ude at  l east  t wo successf ul  
syst em i nst al l at i ons pr ovi ded t hat  ar e equi val ent  i n syst em si ze and i n 
const r uct i on compl exi t y t o t he t el ecommuni cat i ons syst em pr oposed f or  t hi s 
sol i c i t at i on.   I ncl ude speci f i c  exper i ence i n i nst al l i ng and t est i ng 
t el ecommuni cat i ons syst ems and pr ovi de t he names and l ocat i ons of  at  l east  
t wo pr oj ect  i nst al l at i ons successf ul l y compl et ed usi ng opt i cal  f i ber  and 
copper  t el ecommuni cat i ons cabl i ng syst ems.   Al l  of  t he exi st i ng 
t el ecommuni cat i ons syst em i nst al l at i ons of f er ed by t he key per sons as 
successf ul  exper i ence shal l  have been i n successf ul  f ul l - t i me ser vi ce f or  
at  l east  18 mont hs pr i or  t o t he i ssuance dat e f or  t hi s sol i c i t at i on.   
Pr ovi de t he name and r ol e of  t he key per son,  t he t i t l e,  l ocat i on,  and 
compl et ed i nst al l at i on dat e of  t he r ef er enced pr oj ect ,  t he r ef er enced 
pr oj ect  owner  poi nt  of  cont act  i nf or mat i on i ncl udi ng name,  or gani zat i on,  
t i t l e,  and t el ephone number ,  and gener al l y,  t he r ef er enced pr oj ect  
descr i pt i on i ncl udi ng syst em si ze and const r uct i on compl exi t y.

I ndi cat e t hat  al l  key per sons ar e cur r ent l y empl oyed by t he 
t el ecommuni cat i ons cont r act or ,  or  have a commi t ment  t o t he 
t el ecommuni cat i ons cont r act or  t o wor k on t hi s pr oj ect .   Al l  key per sons 
shal l  be empl oyed by t he t el ecommuni cat i ons cont r act or  at  t he dat e of  
i ssuance of  t hi s sol i c i t at i on,  or  i f  not ,  have a commi t ment  t o t he 
t el ecommuni cat i ons cont r act or  t o wor k on t hi s pr oj ect  by t he dat e t hat  t he 
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bi d was due t o t he Cont r act i ng Of f i cer .

Not e t hat  onl y t he key per sonnel  appr oved by t he Cont r act i ng Of f i cer  i n 
t he successf ul  pr oposal  shal l  do wor k on t hi s sol i c i t at i on' s 
t el ecommuni cat i ons syst em.   Key per sonnel  shal l  f unct i on i n t he same r ol es 
i n t hi s cont r act ,  as t hey f unct i oned i n t he of f er ed successf ul  
exper i ence.   Any subst i t ut i ons f or  t he t el ecommuni cat i ons cont r act or ' s key 
per sonnel  r equi r es appr oval  f r om The Cont r act i ng Of f i cer .

1. 6. 2. 3   Mi ni mum Manuf act ur er  Qual i f i cat i ons

Cabl i ng,  equi pment  and har dwar e manuf act ur er s shal l  have a mi ni mum of  3  
year s exper i ence i n t he manuf act ur i ng,  assembl y,  and f act or y t est i ng of  
component s whi ch compl y wi t h TI A- 568- C. 1,  TI A- 568- C. 2 and TI A- 568- C. 3.

1. 6. 3   Test  Pl an

Pr ovi de a compl et e and det ai l ed t est  pl an f or  t he t el ecommuni cat i ons 
cabl i ng syst em i ncl udi ng a compl et e l i s t  of  t est  equi pment  f or  t he 
component s and accessor i es f or  each cabl e t ype speci f i ed,  60 days pr i or  t o 
t he pr oposed t est  dat e.   I ncl ude pr ocedur es f or  cer t i f i cat i on,  val i dat i on,  
and t est i ng.

1. 6. 4   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
i nst al l at i on,  and wor kmanshi p shal l  be i n accor dance wi t h t he mandat or y 
and advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 6. 5   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e pr oduct s of  manuf act ur er s 
r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch ar e of  equal  
mat er i al ,  desi gn and wor kmanshi p.   Pr oduct s shal l  have been i n 
sat i sf act or y commer ci al  or  i ndust r i al  use f or  2 year s pr i or  t o bi d 
openi ng.   The 2- year  per i od shal l  i ncl ude appl i cat i ons of  equi pment  and 
mat er i al s under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  
shal l  have been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.   Wher e t wo 
or  mor e i t ems of  t he same cl ass of  equi pment  ar e r equi r ed,  t hese i t ems 
shal l  be pr oduct s of  a s i ngl e manuf act ur er ;  however ,  t he component  par t s 
of  t he i t em need not  be t he pr oduct s of  t he same manuf act ur er  unl ess 
st at ed i n t hi s sect i on.

1. 6. 5. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  f ur ni shed.

1. 6. 5. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 1 year  pr i or  t o dat e of  del i ver y t o s i t e 
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shal l  not  be used,  unl ess speci f i ed ot her wi se.

1. 7   DELI VERY AND STORAGE

Pr ovi de pr ot ect i on f r om weat her ,  moi st ur e,  ext r eme heat  and col d,  di r t ,  
dust ,  and ot her  cont ami nant s f or  t el ecommuni cat i ons cabl i ng and equi pment  
pl aced i n st or age.

1. 8   ENVI RONMENTAL REQUI REMENTS

Connect i ng har dwar e shal l  be r at ed f or  oper at i on under  ambi ent  condi t i ons 
of  32 t o 140 degr ees F and i n t he r ange of  0 t o 95 per cent  r el at i ve 
humi di t y,  noncondensi ng.

1. 9   WARRANTY

The equi pment  i t ems shal l  be suppor t ed by ser vi ce or gani zat i ons whi ch ar e 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

1. 10   MAI NTENANCE

1. 10. 1   Oper at i on and Mai nt enance Manual s

Commer ci al  of f  t he shel f  manual s shal l  be f ur ni shed f or  oper at i on,  
i nst al l at i on,  conf i gur at i on,  and mai nt enance of  pr oduct s pr ovi ded as a 
par t  of  t he t el ecommuni cat i ons cabl i ng and pat hway syst em,  Dat a Package 
5.   Submi t  oper at i ons and mai nt enance dat a i n accor dance wi t h Sect i on 
01 78 23 OPERATI ON AND MAI NTENANCE DATA and as speci f i ed her ei n not  l at er  
t han 2  mont hs pr i or  t o t he dat e of  cont r act  r equi r ed compl et i on dat e.   I n 
addi t i on t o r equi r ement s of  Dat a Package 5,  i ncl ude t he r equi r ement s of  
par agr aphs TELECOMMUNI CATI ONS DRAWI NGS,  TELECOMMUNI CATI ONS SPACE DRAWI NGS,  
and RECORD DOCUMENTATI ON.   Ensur e t hat  t hese dr awi ngs and document s depi ct  
t he as- bui l t  conf i gur at i on.  

1. 10. 2   Recor d Document at i on

Pr ovi de T5 dr awi ngs i ncl udi ng document at i on on cabl es and t er mi nat i on 
har dwar e i n accor dance wi t h TI A- 606.   T5 dr awi ngs shal l  i ncl ude schedul es 
t o show i nf or mat i on f or  cut - over s and cabl e pl ant  management ,  pat ch panel  
l ayout s and cover  pl at e assi gnment s,  cr oss- connect  i nf or mat i on and 
connect i ng t er mi nal  l ayout  as a mi ni mum.   T5 dr awi ngs shal l  be pr ovi ded i n 
har d copy f or mat    Pr ovi de t he f ol l owi ng T5 dr awi ng document at i on as a 
mi ni mum:

a.   Cabl es -  A r ecor d of  i nst al l ed cabl e shal l  be pr ovi ded i n accor dance 
wi t h TI A- 606.   The cabl e r ecor ds shal l  i ncl ude onl y t he r equi r ed dat a 
f i el ds i n accor dance wi t h TI A- 606.   I ncl ude manuf act ur e dat e of  cabl e 
wi t h submi t t al .

b.   Ter mi nat i on Har dwar e -  A r ecor d of  i nst al l ed pat ch panel s,  
cr oss- connect  poi nt s,  di st r i but i on f r ames,  t er mi nat i ng bl ock 
ar r angement s and t ype,  and out l et s shal l  be pr ovi ded i n accor dance 
wi t h TI A- 606.   Document at i on shal l  i ncl ude t he r equi r ed dat a f i el ds as 
a mi ni mum i n accor dance wi t h TI A- 606.
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1. 10. 3   Spar e Par t s

I n addi t i on t o t he r equi r ement s of  Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA,  pr ovi de a compl et e l i s t  of  par t s and suppl i es,  wi t h 
cur r ent  uni t  pr i ces and sour ce of  suppl y,  and a l i s t  of  spar e par t s 
r ecommended f or  st ocki ng.

PART 2   PRODUCTS

2. 1   COMPONENTS

Component s shal l  be UL or  t hi r d par t y cer t i f i ed.   Wher e equi pment  or  
mat er i al s ar e speci f i ed t o conf or m t o i ndust r y and t echni cal  soci et y 
r ef er ence st andar ds of  t he or gani zat i ons,  submi t  pr oof  of  such 
compl i ance.   The l abel  or  l i s t i ng by t he speci f i ed or gani zat i on wi l l  be 
accept abl e evi dence of  compl i ance.   I n l i eu of  t he l abel  or  l i s t i ng,  
submi t  a cer t i f i cat e f r om an i ndependent  t est i ng or gani zat i on,  compet ent  
t o per f or m t est i ng,  and appr oved by t he Cont r act i ng Of f i cer .   The 
cer t i f i cat e shal l  st at e t hat  t he i t em has been t est ed i n accor dance wi t h 
t he speci f i ed or gani zat i on' s t est  met hods and t hat  t he i t em compl i es wi t h 
t he speci f i ed or gani zat i on' s r ef er ence st andar d.   Pr ovi de a compl et e 
syst em of  t el ecommuni cat i ons cabl i ng and pat hway component s usi ng st ar  
t opol ogy.   Pr ovi de suppor t  st r uct ur es and pat hways,  compl et e wi t h out l et s,  
cabl es,  connect i ng har dwar e and t el ecommuni cat i ons cabi net s/ r acks.   
Cabl i ng and i nt er connect i ng har dwar e and component s f or  t el ecommuni cat i ons 
syst ems shal l  be UL l i s t ed or  t hi r d par t y i ndependent  t est i ng l abor at or y 
cer t i f i ed,  and shal l  compl y wi t h NFPA 70 and conf or m t o t he r equi r ement s 
speci f i ed her ei n.

2. 2   TELECOMMUNI CATI ONS PATHWAY

Pr ovi de t el ecommuni cat i ons pat hways i n accor dance wi t h TI A- 569 and as 
speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de 
syst em f ur ni t ur e pat hways i n accor dance wi t h UL 1286.

2. 3   TELECOMMUNI CATI ONS CABLI NG

Cabl i ng shal l  be UL l i s t ed f or  t he appl i cat i on and shal l  compl y wi t h 
TI A- 568- C. 0,  TI A- 568- C. 1,  TI A- 568- C. 2,  TI A- 568- C. 3 and NFPA 70.   Pr ovi de a 
l abel i ng syst em f or  cabl i ng as r equi r ed by TI A- 606 and UL 969.   Shi p cabl e 
on r eel s or   i n boxes bear i ng manuf act ur e dat e f or  f or  unshi el ded t wi st ed 
pai r  ( UTP)  i n accor dance wi t h I CEA S- 90- 661 f or  al l  cabl e used on t hi s 
pr oj ect .   Cabl i ng manuf act ur ed mor e t han 12 mont hs pr i or  t o dat e of  
i nst al l at i on shal l  not  be used.

2. 3. 1   Hor i zont al  Cabl i ng

Pr ovi de hor i zont al  cabl e i n compl i ance wi t h NFPA 70 and per f or mance 
char act er i st i cs i n accor dance wi t h TI A- 568- C. 1.

2. 3. 1. 1   Hor i zont al  Copper
 

Pr ovi de hor i zont al  copper  cabl e,  UTP,  100 ohm i n accor dance wi t h 
TI A- 568- C. 2,  UL 444,  ANSI / NEMA WC 66,  I CEA S- 90- 661 .   Pr ovi de f our  each 
i ndi v i dual l y t wi st ed pai r ,  mi ni mum si ze 24 AWG conduct or s,  Cat egor y 6,  
wi t h abl ue t her mopl ast i c j acket .   Cabl e shal l  be i mpr i nt ed wi t h 
manuf act ur er s name or  i dent i f i er ,  f l ammabi l i t y  r at i ng,  gauge of  conduct or ,  
t r ansmi ssi on per f or mance r at i ng ( cat egor y desi gnat i on)  and l engt h mar ki ng 
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at  r egul ar  i nt er val s i n accor dance wi t h I CEA S- 90- 661.   Pr ovi de pl enum 
( CMP) ,  r i ser  ( CMR) ,  or  gener al  pur pose ( CM or  CMG)  communi cat i ons r at ed 
cabl i ng i n accor dance wi t h NFPA 70.   Subst i t ut i on of  a hi gher  r at ed cabl e 
shal l  be per mi t t ed i n accor dance wi t h NFPA 70.  Cabl es i nst al l ed i n condui t  
wi t hi n and under  s l abs shal l  be UL l i s t ed and l abel ed f or  wet  l ocat i ons i n 
accor dance wi t h NFPA 70.    

2. 4   TELECOMMUNI CATI ONS SPACES
 

Pr ovi de connect i ng har dwar e and t er mi nat i on equi pment  i n t he 
t el ecommuni cat i ons ent r ance f aci l i t y /  t el ecommuni cat i on equi pment  r oom t o 
f aci l i t at e i nst al l at i on as shown on desi gn dr awi ngs f or  t er mi nat i ng and 
cr oss- connect i ng per manent  cabl i ng.   Pr ovi de t el ecommuni cat i ons 
i nt er connect i ng har dwar e col or  codi ng i n accor dance wi t h TI A- 606.

2. 4. 1   Backboar ds

Pr ovi de voi d- f r ee,  i nt er i or  gr ade A- C pl ywood 3/ 4 i nch t hi ck4 by 8 f eet  .   
Backboar ds shal l  be f i r e r at ed by manuf act ur i ng pr ocess.   Fi r e st amp shal l  
be c l ear l y v i s i bl e.   Pai nt  appl i ed over  f i r e r et ar dant  backboar d shal l  be 
UL 723 f i r e r et ar dant  pai nt .   Pr ovi de l abel  i ncl udi ng pai nt  manuf act ur er ,  
dat e pai nt ed,  UL l i s t i ng and name of  I nst al l er .   When pai nt ed,  pai nt  l abel  
and f i r e st amp shal l  be c l ear l y v i s i bl e.   Backboar ds shal l  be pr ovi ded on 
a mi ni mum of  t wo adj acent  wal l s i n t he t el ecommuni cat i on spaces.

2. 4. 2   Equi pment  Suppor t  Fr ame

Pr ovi de i n accor dance wi t h ECI A EI A/ ECA 310- E and UL 50.

b.   Racks,  f l oor  mount ed modul ar  t ype,  6 gauge st eel  or  11 gauge al umi num 
const r uct i on,  mi ni mum,  t r eat ed t o r esi st  cor r osi on.   Pr ovi de r ack wi t h 
ver t i cal  and hor i zont al  cabl e management  channel s,  t op and bot t om 
cabl e t r oughs,  gr oundi ng l ug and At  a mi ni mum,  pr ovi de t wo 
mul t i - out l et  power  st r i ps i n each r ack .  One power  st r i p must  be  
208V,  1- phase;  t he ot her  must  be 120V 1- phase.  To mi ni mi ze acci dent al  
shut - of f ,  equi p power  st r i ps wi t h i ndi cat or  l i ght s,  but  no i nt egr al  
on/ of f  swi t ch.  Coor di nat e wi t h owner  f or  out l et  conf i gur at i on.   Rack 
shal l  be compat i bl e wi t h 19 i nches panel  mount i ng.

2. 4. 3   Connect or  Bl ocks

Pr ovi de i nsul at i on di spl acement  connect or  ( I DC)  Type 110 f or  Cat egor y 6 
syst ems.   Pr ovi de bl ocks f or  t he number  of  hor i zont al  and backbone cabl es 
t er mi nat ed on t he bl ock pl us 25 per cent  spar e.

2. 4. 4   Pat ch Panel s

Pr ovi de por t s f or  t he number  of  hor i zont al  and backbone cabl es t er mi nat ed 
on t he panel  pl us 25 per cent  spar e.   Pr ovi de pr e- connect or i zed opt i cal  
f i ber  and  pat ch cor ds f or  pat ch panel s.   Pr ovi de pat ch cor ds,  as compl et e 
assembl i es,  wi t h mat chi ng connect or s as speci f i ed.   Pr ovi de f i ber  opt i c 
pat ch cabl es wi t h cr ossover  or i ent at i on i n accor dance wi t h TI A- 568- C. 3.   
Pat ch cor ds shal l  meet  mi ni mum per f or mance r equi r ement s speci f i ed i n 
TI A- 568- C. 1,  TI A- 568- C. 2  and TI A- 568- C. 3 f or  cabl es,  cabl e l engt h and 
har dwar e speci f i ed.

SECTI ON 27 10 00  Page 11



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

2. 4. 4. 1   Modul ar  t o 110 Bl ock Pat ch Panel

Pr ovi de i n accor dance wi t h TI A- 568- C. 1 and TI A- 568- C. 2.   Panel s shal l  be 
t hi r d par t y ver i f i ed and shal l  compl y wi t h EI A/ TI ACat egor y 6  r equi r ement s.   
Panel  shal l  be const r uct ed of  0. 09 i nches mi ni mum al umi num and shal l  be 
r ack mount ed and compat i bl e wi t h anECI A EI A/ ECA 310- E  19 i nches equi pment  
r ack.   Panel  shal l  pr ovi de 48 non- keyed,  8- pi n modul ar  por t s,  wi r ed t o 
T568A.   Pat ch panel s shal l  t er mi nat e t he bui l di ng cabl i ng on Type 110 I DCs 
and shal l  ut i l i ze a pr i nt ed ci r cui t  boar d i nt er f ace.   The r ear  of  each 
panel  shal l  have i ncomi ng cabl e st r ai n- r el i ef  and r out i ng gui des.   Panel s 
shal l  have each por t  f act or y number ed and be equi pped wi t h l ami nat ed 
pl ast i c namepl at es above each por t .

2. 4. 4. 2   Fi ber  Opt i c Pat ch Panel

Pr ovi de panel  f or  mai nt enance and cr oss- connect i ng of  opt i cal  f i ber  
cabl es.   Panel  shal l  be const r uct ed of 16 gauge st eel or  11 gauge al umi num 
mi ni mum and shal l  be r ack mount ed and compat i bl e wi t h a ECI A EI A/ ECA 310- E 
19 i nches equi pment  r ack.   Each panel  shal l  pr ovi de 12 si ngl e- mode 
adapt er s as  dupl ex LC i n accor dance wi t h TI A/ EI A- 604- 10 wi t h z i r coni a 
cer ami c al i gnment  s l eeves,   Pr ovi de dust  cover  f or  unused adapt er s.   The 
r ear  of  each panel  shal l  have a cabl e management  t r ay a mi ni mum of  8 i nches
 deep wi t h r emovabl e cover ,  i ncomi ng cabl e st r ai n- r el i ef  and r out i ng 
gui des.   Panel s shal l  have each adapt er  f act or y number ed and be equi pped 
wi t h l ami nat ed pl ast i c namepl at es above each adapt er .

2. 5   TELECOMMUNI CATI ONS OUTLET/ CONNECTOR ASSEMBLI ES

2. 5. 1   Out l et / Connect or  Copper

Out l et / connect or s shal l  compl y wi t h FCC Par t  68,  TI A- 568- C. 1,  and 
TI A- 568- C. 2.   UTP out l et / connect or s shal l  be UL 1863 l i s t ed,  non- keyed,  
8- pi n modul ar ,  const r uct ed of  hi gh i mpact  r at ed t her mopl ast i c housi ng and 
shal l  be t hi r d par t y ver i f i ed and shal l  compl y wi t h TI A- 568- C. 2 Cat egor y 6 
r equi r ement s.   Out l et / connect or s pr ovi ded f or  UTP cabl i ng shal l  meet  or  
exceed t he r equi r ement s f or  t he cabl e pr ovi ded.   Out l et / connect or s shal l  
be t er mi nat ed usi ng a Type 110 I DC PC boar d connect or ,  col or - coded f or  
bot h T568A and T568B wi r i ng.   Each out l et / connect or  shal l  be wi r ed T568A.   
UTP out l et / connect or s shal l  compl y wi t h TI A- 568- C. 2 f or  200  mat i ng cycl es.

2. 5. 2   Opt i cal  Fi ber  Adapt er s( Coupl er s)

Pr ovi de opt i cal  f i ber  adapt er s sui t abl e f or  dupl ex LC i n accor dance wi t h 
TI A/ EI A- 604- 10 wi t h z i r coni a cer ami c al i gnment  s l eeves,  as i ndi cat ed.   
Pr ovi de dust  cover  f or  adapt er s.   Opt i cal  f i ber  adapt er s shal l  compl y wi t h 
TI A- 455- 21 f or  500mat i ng cycl es.

2. 5. 3   Opt i cal  Fi ber  Connect or s 

Pr ovi de i n accor dance wi t h TI A- 455- 21.   Opt i cal  f i ber  connect or s shal l  be 
dupl ex LC i n accor dance wi t h TI A/ EI A- 604- 10 wi t h z i r coni a cer ami c 
al i gnment  s l eeves,  8/ 125 si ngl e- mode f i ber .   The connect or s shal l  pr ovi de 
a maxi mum at t enuat i on of  0. 3 dB at   1310and 1550 nm wi t h l ess t han a 0. 2 
dB change af t er  500 mat i ng cycl es.

2. 5. 4   Cover  Pl at es

Tel ecommuni cat i ons cover  pl at es shal l  compl y wi t h UL 514C,  and TI A- 568- C. 1,  
TI A- 568- C. 2;  f l ush i vt o mat ch col or  of  r ecept acl e/ swi t ch cover  pl at es 

SECTI ON 27 10 00  Page 12



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   Pr ovi de 
l abel i ng i n accor dance wi t h t he par agr aph LABELI NG i n t hi s sect i on.

2. 6   GROUNDI NG AND BONDI NG PRODUCTS
 

Pr ovi de i n accor dance wi t h UL 467,  TI A- 607,  and NFPA 70.   Component s shal l  
be i dent i f i ed as r equi r ed by TI A- 606.   Pr ovi de gr ound r ods,  bondi ng 
conduct or s,  and gr oundi ng busbar s  as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.

2. 7   MANUFACTURER' S NAMEPLATE

Each i t em of  equi pment  shal l  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

2. 8   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

2. 8. 1   Fact or y Reel  Test s

Pr ovi de document at i on of  t he t est i ng and ver i f i cat i on act i ons t aken by 
manuf act ur er  t o conf i r m compl i ance wi t h TI A- 568- C. 1,  TI A- 568- C. 2,  
TI A- 568- C. 3,  TI A- 526- 7 f or  s i ngl e mode opt i cal  f i ber   cabl es.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  t el ecommuni cat i ons cabl i ng and pat hway syst ems,  i ncl udi ng t he 
hor i zont al  and backbone cabl e,  pat hway syst ems,  t el ecommuni cat i ons 
out l et / connect or  assembl i es,  and associ at ed har dwar e i n accor dance wi t h 
NECA/ BI CSI  568,  TI A- 568- C. 1,  TI A- 568- C. 2,  TI A- 568- C. 3,  TI A- 569,  NFPA 70,  
and UL st andar ds as appl i cabl e.   Pr ovi de cabl i ng i n a st ar  t opol ogy 
net wor k.   Pat hways and out l et  boxes shal l  be i nst al l ed as speci f i ed i n 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.   I nst al l  t el ecommuni cat i ons 
cabl i ng wi t h copper  medi a i n accor dance wi t h t he f ol l owi ng cr i t er i a t o 
avoi d pot ent i al  el ect r omagnet i c i nt er f er ence bet ween power  and 
t el ecommuni cat i ons equi pment .   The i nt er f er ence cei l i ng shal l  not  exceed 
3. 0 vol t s per  met er  measur ed over  t he usabl e bandwi dt h of  t he 
t el ecommuni cat i ons cabl i ng.   Cabl i ng shal l  be r un wi t h hor i zont al  and 
ver t i cal  cabl e gui des i n t el ecommuni cat i ons spaces wi t h t er mi nat i ng 
har dwar e and i nt er connect i on equi pment .

3. 1. 1   Cabl i ng

I nst al l  UTP t el ecommuni cat i ons cabl i ng syst em as det ai l ed i n TI A- 568- C. 1,  
TI A- 568- C. 2,   .   Scr ew t er mi nal s shal l  not  be used except  wher e 
speci f i cal l y i ndi cat ed on pl ans.   Use an appr oved i nsul at i on di spl acement  
connect i on ( I DC)  t ool  k i t  f or  copper  cabl e t er mi nat i ons.   Do not  exceed 
manuf act ur er s '  cabl e pul l  t ensi ons f or  copper  and opt i cal  f i ber  cabl es.   
Pr ovi de a devi ce t o moni t or  cabl e pul l  t ensi ons.   Do not  exceed 25 pounds 
pul l  t ensi on f or  f our  pai r  copper  cabl es.   Do not  chaf e or  damage out er  
j acket  mat er i al s.   Use onl y l ubr i cant s appr oved by cabl e manuf act ur er .   Do 
not  over  c i nch cabl es,  or  cr ush cabl es wi t h st apl es.   For  UTP cabl e,  bend 
r adi i  shal l  not  be l ess t han f our  t i mes t he cabl e di amet er .   Cabl es shal l  
be t er mi nat ed;  no cabl e shal l  cont ai n unt er mi nat ed el ement s.   Cabl es shal l  
not  be spl i ced.   Label  cabl i ng i n accor dance wi t h par agr aph LABELI NG i n 
t hi s sect i on.
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3. 1. 1. 1   Hor i zont al  Cabl i ng

I nst al l  hor i zont al  cabl i ng as i ndi cat ed on dr awi ngs  Do not  unt wi st  
Cat egor y 6 UTP cabl es mor e t han one hal f  i nch f r om t he poi nt  of  
t er mi nat i on t o mai nt ai n cabl e geomet r y.   Pr ovi de sl ack cabl e i n t he f or m 
of  a f i gur e ei ght  ( not  a ser vi ce l oop)  on each end of  t he cabl e,  10 f eet  
i n t he t el ecommuni cat i ons r oom,  and 12 i nches i n t he wor k ar ea out l et . .

3. 1. 2   Pat hway I nst al l at i ons

Pr ovi de i n accor dance wi t h TI A- 569 and NFPA 70.   Pr ovi de bui l di ng pat hway 
as speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

3. 1. 3   Ser vi ce Ent r ance Condui t ,  Under gr ound

Pr ovi de ser vi ce ent r ance under gr ound as speci f i ed i n Sect i on 26 20 00 
I NTERI OR DI STRI BUTI ON SYSTEM.

3. 1. 4   Cabl e Tr ay I nst al l at i on

I nst al l  cabl e t r ay as speci f i ed i n Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM.   Onl y CMP t ype cabl e shal l  be i nst al l ed i n a pl enum.

3. 1. 5   Wor k Ar ea Out l et s

3. 1. 5. 1   Ter mi nat i ons

Ter mi nat e UTP cabl e i n accor dance wi t h TI A- 568- C. 1,  TI A- 568- C. 2 and wi r i ng 
conf i gur at i on as speci f i ed.   Ter mi nat e f i ber  opt i c cabl es i n accor dance 
wi t h TI A- 568- C. 3

3. 1. 5. 2   Cover  Pl at es

As a mi ni mum,  each out l et / connect or  shal l  be l abel ed as t o i t s f unct i on 
and a uni que number  t o i dent i f y cabl e l i nk i n accor dance wi t h t he 
par agr aph LABELI NG i n t hi s sect i on.

3. 1. 5. 3   Cabl es

Unshi el ded t wi st ed pai r  and f i ber  opt i c cabl es shal l  have a mi ni mum of  12 
i nches of  s l ack cabl e l oosel y coi l ed i nt o t he t el ecommuni cat i ons out l et  
boxes.   Mi ni mum manuf act ur er ' s bend r adi us f or  each t ype of  cabl e shal l  
not  be exceeded.

3. 1. 5. 4   Pul l  Cor ds

Pul l  cor ds shal l  be i nst al l ed i n condui t  ser vi ng t el ecommuni cat i ons 
out l et s t hat  do not  have cabl e i nst al l ed.

3. 1. 6   Tel ecommuni cat i ons Space Ter mi nat i on

I nst al l  t er mi nat i on har dwar e r equi r ed f or  Cat egor y 6 syst em.   An 
i nsul at i on di spl acement  t ool  shal l  be used f or  t er mi nat i ng copper  cabl e t o 
i nsul at i on di spl acement  connect or s.

3. 1. 6. 1   Connect or  Bl ocks

Connect or  bl ocks shal l  be r ack mount ed i n or der l y r ows and col umns.   
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Adequat e ver t i cal  and hor i zont al  wi r e r out i ng ar eas shal l  be pr ovi ded 
bet ween gr oups of  bl ocks.   I nst al l  i n accor dance wi t h i ndust r y st andar d 
wi r e r out i ng gui des i n accor dance wi t h TI A- 569.

3. 1. 6. 2   Pat ch Panel s

Pat ch panel s shal l  be mount ed r acks wi t h suf f i c i ent  por t s t o accommodat e 
t he i nst al l ed cabl e pl ant  pl us 25 per cent  spar es.

a.   Copper  Pat ch Panel .   Copper  cabl e ent er i ng a pat ch panel  shal l  be 
secur ed t o t he panel  as r ecommended by t he manuf act ur er  t o pr event  
movement  of  t he cabl e.

b.   Fi ber  Opt i c Pat ch Panel .   Fi ber  opt i c cabl e l oop shal l  be  3f eet  i n 
l engt h.   The out er  j acket  of  each cabl e ent er i ng a pat ch panel  shal l  
be secur ed t o t he panel  t o pr event  movement  of  t he f i ber s wi t hi n t he 
panel ,  usi ng cl amps or  br acket s speci f i cal l y manuf act ur ed f or  t hat  
pur pose.

3. 1. 6. 3   Equi pment  Suppor t  Fr ames

I nst al l  i n accor dance wi t h TI A- 569:

b.   Racks,  f l oor  mount ed modul ar  t ype.   Per manent l y anchor  r ack t o t he 
f l oor  i n accor dance wi t h manuf act ur er ' s r ecommendat i ons.

3. 1. 7   Gr oundi ng and Bondi ng

Pr ovi de i n accor dance wi t h TI A- 607,  NFPA 70 and as speci f i ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

3. 2   LABELI NG

3. 2. 1   Label s

Pr ovi de l abel i ng i n accor dance wi t h TI A- 606.   Handwr i t t en l abel i ng i s 
unaccept abl e.   St enci l ed l et t er i ng f or  voi ce and dat a c i r cui t s shal l  be 
pr ovi ded usi ng t her mal  i nk t r ansf er  pr ocessor  l aser  pr i nt er .

3. 2. 2   Cabl e

Cabl es shal l  be l abel ed usi ng col or  l abel s on bot h ends wi t h i dent i f i er s 
i n accor dance wi t h TI A- 606.

3. 2. 3   Ter mi nat i on Har dwar e

Wor kst at i on out l et s and pat ch panel  connect i ons shal l  be l abel ed usi ng 
col or  coded l abel s wi t h i dent i f i er s i n accor dance wi t h TI A- 606.

3. 3   FI ELD APPLI ED PAI NTI NG

Pai nt  el ect r i cal  equi pment  as r equi r ed t o mat ch f i ni sh of  adj acent  
sur f aces or  t o meet  t he i ndi cat ed or  speci f i ed saf et y cr i t er i a.   Pai nt i ng 
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shal l  be as speci f i ed i n Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 3. 1   Pai nt i ng Backboar ds

I f  backboar ds ar e r equi r ed t o be pai nt ed,  t hen t he manuf act ur ed f i r e 
r et ar dant  backboar d must  be pai nt ed wi t h f i r e r et ar dant  pai nt ,  so as not  
t o i ncr ease f l ame spr ead and smoke densi t y and must  be appr opr i at el y 
l abel ed.   Label  and f i r e r at i ng st amp must  be unpai nt ed.

3. 4   TESTI NG

3. 4. 1   Tel ecommuni cat i ons Cabl i ng Test i ng

Per f or m t el ecommuni cat i ons cabl i ng i nspect i on,  ver i f i cat i on,  and 
per f or mance t est s i n accor dance wi t h TI A- 568- C. 1.   Test  equi pment  shal l  
conf or m t o TI A- 1152.   Per f or m opt i cal  f i ber  f i el d i nspect i on t est s v i a 
at t enuat i on measur ement s on f act or y r eel s and pr ovi de r esul t s al ong wi t h 
manuf act ur er  cer t i f i cat i on f or  f act or y r eel  t est s.   Remove f ai l ed cabl e 
r eel s f r om pr oj ect  s i t e upon at t enuat i on t est  f ai l ur e.

3. 4. 1. 1   I nspect i on

Vi sual l y i nspect  UTP and opt i cal  f i ber  j acket  mat er i al s f or  UL or  t hi r d 
par t y cer t i f i cat i on mar ki ngs.   I nspect  cabl i ng t er mi nat i ons i n 
t el ecommuni cat i ons r ooms and at  wor kst at i ons t o conf i r m col or  code f or  
T568A or  T568B pi n assi gnment s,  and i nspect  cabl i ng connect i ons t o conf i r m 
compl i ance wi t h TI A- 568- C. 1,  TI A- 568- C. 2.   Vi sual l y conf i r m  Cat egor y 6,  
mar ki ng of  out l et s,  cover  pl at es,  out l et / connect or s,  and pat ch panel s.

3. 4. 1. 2   Ver i f i cat i on Test s

UTP backbone copper  cabl i ng shal l  be t est ed f or  DC l oop r esi st ance,  
shor t s,  opens,  i nt er mi t t ent  f aul t s,  and pol ar i t y bet ween conduct or s,  and 
bet ween conduct or s and shi el d,  i f  cabl e has over al l  shi el d.   Test  
oper at i on of  shor t i ng bar s i n connect i on bl ocks.   Test  cabl es af t er  
t er mi nat i on but  pr i or  t o bei ng cr oss- connect ed.

  For  s i ngl e- mode opt i cal  f i ber ,  per f or m opt i cal  f i ber  end- t o- end 
at t enuat i on t est s i n accor dance wi t h TI A- 568- C. 3 and TI A- 526- 7 usi ng 
Met hod A,  Opt i cal  Power  Met er  and Li ght  Sour ce f or  s i ngl e- mode opt i cal  
f i ber .   Per f or m ver i f i cat i on accept ance t est s.

3. 4. 1. 3   Fi nal  Ver i f i cat i on Test s

Per f or m ver i f i cat i on t est s f or  UTP syst ems af t er  t he compl et e 
t el ecommuni cat i ons cabl i ng and wor kst at i on out l et / connect or s ar e i nst al l ed.

a.   Voi ce Test s.   These t est s assume t hat  di al  t one ser vi ce has been 
i nst al l ed.   Connect  t o t he net wor k i nt er f ace devi ce at  t he demar cat i on 
poi nt .   Go of f - hook and l i s t en and r ecei ve a di al  t one.   I f  a t est  
number  i s avai l abl e,  make and r ecei ve a l ocal ,  l ong di st ance,  and DSN 
t el ephone cal l .
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b.   Dat a Test s.   These t est s assume t he I nf or mat i on Technol ogy St af f  has a 
net wor k i nst al l ed and ar e avai l abl e t o assi st  wi t h t est i ng.   Connect  
t o t he net wor k i nt er f ace devi ce at  t he demar cat i on poi nt .   Log ont o 
t he net wor k t o ensur e pr oper  connect i on t o t he net wor k.

    - -  End of  Sect i on - -
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SECTI ON 28 31 76

I NTERI OR FI RE ALARM AND MASS NOTI FI CATI ON SYSTEM,  ADDRESSABLE
08/ 20

PART 1   GENERAL

1. 1   REFERENCES

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

ACOUSTI CAL SOCI ETY OF AMERI CA ( ASA)

ASA S3. 2 ( 2020)  Met hod f or  Measur i ng t he 
I nt el l i gi bi l i t y  of  Speech Over  
Communi cat i on Syst ems ( ASA 85)

FM GLOBAL ( FM)

FM APP GUI DE ( updat ed on- l i ne)  Appr oval  Gui de 
ht t p: / / www. appr oval gui de. com/

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE C62. 41. 1 ( 2002;  R 2008)  Gui de on t he Sur ges 
Envi r onment  i n Low- Vol t age ( 1000 V and 
Less)  AC Power  Ci r cui t s

I EEE C62. 41. 2 ( 2002)  Recommended Pr act i ce on 
Char act er i zat i on of  Sur ges i n Low- Vol t age 
( 1000 V and Less)  AC Power  Ci r cui t s

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

NFPA 4 ( 2021)  St andar d f or  I nt egr at ed Fi r e 
Pr ot ect i on and Li f e Saf et y Syst em Test i ng

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code

NFPA 72 ( 2022;  ERTA 22- 1)  Nat i onal  Fi r e Al ar m and 
Si gnal i ng Code

NFPA 90A ( 2024)  St andar d f or  t he I nst al l at i on of  
Ai r  Condi t i oni ng and Vent i l at i ng Syst ems

NFPA 170 ( 2021)  St andar d f or  Fi r e Saf et y and 
Emer gency Symbol s

U. S.  DEPARTMENT OF DEFENSE ( DOD)

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

UFC 3- 601- 02 ( 2021)  Oper at i ons and Mai nt enance:  
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I nspect i on,  Test i ng,  and Mai nt enance of  
Fi r e Pr ot ect i on Syst ems

UFC 4- 010- 06 ( 2023)  Cyber secur i t y of  Faci l i t y- Rel at ed 
Cont r ol  Syst ems

UFC 4- 021- 01 ( 2008;  wi t h Change 1 and ECB 2018- 17)  Mass 
Not i f i cat i on Syst ems

UFC 4- 211- 01 ( 2017;  wi t h Change 3)  Ai r cr af t  Mai nt enance 
Hangar s,  wi t h Pendi ng Revi s i ons t o Change 3

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

47 CFR 15 Radi o Fr equency Devi ces

47 CFR 90 Pr i vat e Land Mobi l e Radi o Ser vi ces

UNDERWRI TERS LABORATORI ES ( UL)

UL 268 ( 2016;  Repr i nt  Nov 2021)  UL St andar d f or  
Saf et y Smoke Det ect or s f or  Fi r e Al ar m 
Syst ems

UL 268A ( 2008;  Repr i nt  Oct  2014)  Smoke Det ect or s 
f or  Duct  Appl i cat i on

UL 464 ( 2016;  Repr i nt  Sep 2017)  UL St andar d f or  
Saf et y Audi bl e Si gnal i ng Devi ces f or  Fi r e 
Al ar m and Si gnal i ng Syst ems,  I ncl udi ng 
Accessor i es

UL 497A ( 2001;  Bul .  2019)  UL St andar d f or  Saf et y 
Secondar y Pr ot ect or s f or  Communi cat i ons 
Ci r cui t s

UL 497B ( 2004;  Repr i nt  Feb 2022)  UL St andar d f or  
Saf et y Pr ot ect or s f or  Dat a Communi cat i ons 
and Fi r e Al ar m Ci r cui t s

UL 864 ( 2014;  Repr i nt  May 2020)  UL St andar d f or  
Saf et y Cont r ol  Uni t s and Accessor i es f or  
Fi r e Al ar m Syst ems

UL 1283 ( 2017)  UL St andar d f or  Saf et y 
El ect r omagnet i c I nt er f er ence Fi l t er s

UL 1449 ( 2021;  Repr i nt  Dec 2022)  UL St andar d f or  
Saf et y Sur ge Pr ot ect i ve Devi ces

UL 1480 ( 2016;  Repr i nt  Sep 2017)  UL St andar d f or  
Saf et y Speaker s f or  Fi r e Al ar m and 
Si gnal i ng Syst ems,  I ncl udi ng Accessor i es

UL 1638 ( 2016;  Repr i nt  Sep 2017)  UL St andar d f or  
Saf et y Vi s i bl e Si gnal i ng Devi ces f or  Fi r e 
Al ar m and Si gnal i ng Syst ems,  I ncl udi ng 
Accessor i es
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UL 1971 ( 2002;  Repr i nt  Oct  2008)  Si gnal i ng Devi ces 
f or  t he Hear i ng I mpai r ed

UL 2034 ( 2017;  Repr i nt  Apr  2022)  UL St andar d f or  
Saf et y Si ngl e and Mul t i pl e St at i on Car bon 
Monoxi de Al ar ms

UL 2075 ( 2013;  Bul .  2019)  UL St andar d f or  Saf et y 
Gas and Vapor  Det ect or s and Sensor s

UL 2572 ( 2016;  Bul .  2018)  UL St andar d f or  Saf et y 
Mass Not i f i cat i on Syst ems

UL Fi r e Pr ot  Di r ( 2012)  Fi r e Pr ot ect i on Equi pment  Di r ect or y

1. 2   RELATED SECTI ONS

Sect i on 25 05 11. 04 Cyber secur i t y f or  Faci l i t y- Rel at ed Cont r ol  Syst ems -  
Fi r e,  appl i es t o t hi s sect i on,  wi t h t he addi t i ons and modi f i cat i ons 
speci f i ed her ei n.   I n addi t i on,  r ef er  t o t he f ol l owi ng sect i ons f or  
r el at ed wor k and coor di nat i on:

Sect i on 21 13 13 WET PI PE SPRI NKLER SYSTEM,  FI RE PROTECTI ON
Sect i on 21 13 18 PREACTI ON FI RE SPRI NKLER SYSTEMS
Sect i on 07 84 00 FI RESTOPPI NG f or  wor k r el at ed t o f i r est oppi ng.

1. 3   SUMMARY

1. 3. 1   Scope

a.   Thi s wor k i ncl udes desi gni ng and pr ovi di ng a new,  compl et e,  f i r e al ar m 
and mass not i f i cat i on ( MNS)  syst em as descr i bed her ei n and on t he 
cont r act  dr awi ngs.   I ncl ude syst em wi r i ng,  r aceways,  pul l  boxes,  
t er mi nal  cabi net s,  out l et  and mount i ng boxes,  cont r ol  equi pment ,  
i ni t i at i ng devi ces,  not i f i cat i on appl i ances,  super vi s i ng st at i on f i r e 
al ar m t r ansmi t t er s/ mass not i f i cat i on t r anscei ver ,  and ot her  
accessor i es and mi scel l aneous i t ems r equi r ed f or  a compl et e 
oper at i onal  syst em even t hough each i t em i s not  speci f i cal l y ment i oned 
or  descr i bed.   Pr ovi de syst ems compl et e and r eady f or  oper at i on.   
Desi gn and i nst al l at i on must  compl y wi t h UFC 3- 600- 01,  UFC 4- 211- 01,  
UFC 4- 010- 06 and AFGM 2019- 320- 02.   Fi r e al ar m/ MNS must  be Monaco 
MAAP- X.

b.   Pr ovi de equi pment ,  mat er i al s,  i nst al l at i on,  wor kmanshi p,  i nspect i on,  
and t est i ng i n st r i ct  accor dance wi t h  NFPA 72,  except  as modi f i ed 
her ei n.   The syst em l ayout  on t he dr awi ngs show t he i nt ent  of  cover age 
and suggest ed l ocat i ons.   Fi nal  quant i t y,  syst em l ayout ,  and 
coor di nat i on ar e t he r esponsi bi l i t y  of  t he Cont r act or .

c.   Each r emot e f i r e al ar m cont r ol  uni t  must  be power ed f r om a wi r i ng 
r i ser  speci f i cal l y f or  t hat  use or  f r om a l ocal  emer gency power  panel  
l ocat ed on t he same f l oor  as t he r emot e f i r e al ar m cont r ol  uni t .   
Wher e r emot e f i r e cont r ol  uni t s ar e pr ovi ded,  equi pment  f or  
not i f i cat i on appl i ances may be l ocat ed i n t he r emot e f i r e al ar m 
cont r ol  uni t s.

d.   The f i r e al ar m and mass not i f i cat i on syst em must  be i ndependent  of  t he 
bui l di ng secur i t y,  bui l di ng management ,  and ener gy/ ut i l i t y  moni t or i ng 
syst ems ot her  t han f or  cont r ol  f unct i ons.
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1. 3. 2   Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)

Ser vi ces of  t he QFPE must  i ncl ude:

a.   Revi ewi ng SD- 02,  SD- 03,  and SD- 05 submi t t al  packages f or  compl et eness 
and compl i ance wi t h t he pr ovi s i ons of  t hi s speci f i cat i on.   
Const r uct i on ( shop)  dr awi ngs and cal cul at i ons must  be pr epar ed by,  or  
pr epar ed under  t he i mmedi at e super vi s i on of ,  t he QFPE.   The QFPE must  
af f i x  t hei r  pr of essi onal  engi neer i ng seal  or  r evi ew st amp wi t h 
s i gnat ur e t o t he shop dr awi ngs,  cal cul at i ons,  and mat er i al  dat a 
sheet s,  i ndi cat i ng appr oval  pr i or  t o submi t t i ng t he shop dr awi ngs t o 
t he DFPE.

b.   Pr ovi di ng a l et t er  document i ng t hat  t he SD- 02,  SD- 03,  and SD- 05 
submi t t al  package has been r evi ewed and not i ng any out st andi ng 
comment s.

c.   Per f or mi ng i n- pr ogr ess const r uct i on sur vei l l ance pr i or  t o i nst al l at i on 
of  cei l i ngs ( r ough- i n i nspect i on) .

d.   Wi t nessi ng pr e- Gover nment  and f i nal  Gover nment  f unct i onal  per f or mance 
t est i ng and per f or mi ng a f i nal  i nst al l at i on r evi ew.

e.   Si gni ng appl i cabl e cer t i f i cat es under  SD- 07.

1. 4   DEFI NI TI ONS

Wher ever  ment i oned i n t hi s speci f i cat i on or  on t he dr awi ngs,  t he 
equi pment ,  devi ces,  and f unct i ons must  be def i ned as f ol l ows:

1. 4. 1   I nt er f ace Devi ce

An addr essabl e devi ce t hat  i nt er connect s har d wi r ed syst ems or  devi ces t o 
an anal og/ addr essabl e syst em.

1. 4. 2   Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t  ( FACU)

A mast er  cont r ol  uni t  havi ng t he f eat ur es of  a f i r e al ar m cont r ol  uni t  
( FACU)  and an aut onomous cont r ol  uni t  ( ACU)  wher e t hese uni t s ar e 
i nt er connect ed t o f unct i on as a combi ned f i r e al ar m/ mass not i f i cat i on 
syst em.   

1. 4. 3   Remot e Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t

A cont r ol  uni t ,  physi cal l y r emot e f r om t he f i r e al ar m and mass 
not i f i cat i on cont r ol  uni t ,  t hat  r ecei ves i nput s f r om aut omat i c and manual  
f i r e al ar m devi ces;  may suppl y power  t o det ect i on devi ces and i nt er f ace 
devi ces;  may pr ovi de t r ansf er  of  power  t o t he not i f i cat i on appl i ances;  may 
pr ovi de t r ansf er  of  condi t i on t o r el ays or  devi ces connect ed t o t he 
cont r ol  uni t ;  and r epor t s t o and r ecei ves s i gnal s f r om t he f i r e al ar m and 
mass not i f i cat i on cont r ol  uni t .

1. 4. 4   Rel easi ng Ser vi ce Fi r e Al ar m Cont r ol  Uni t  ( RSFACU)
 
A cont r ol  uni t  l i s t ed f or  r el easi ng ser vi ce,  el ect r oni cal l y r emot e f r om 
t he f i r e al ar m and mass not i f i cat i on cont r ol  uni t ,  t hat  r ecei ves i nput s 
f r om aut omat i c and manual  f i r e al ar m devi ce;  may suppl y power  t o det ect i on 
devi ces and i nt er f ace devi ces;  may pr ovi de t r ansf er  of  power  t o t he 
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not i f i cat i on appl i ances;  may pr ovi de t r ansf er  of  condi t i on t o r el ays of  
devi ces connect ed t o t he cont r ol  uni t ;  and r epor t s t o t he f i r e al ar m 
cont r ol  uni t .   The cont r ol  uni t  has a UL l i s t ed or  FM Appr oved r el easi ng 
ser vi ce and sol enoi d.   The cont r ol  uni t  has cent r al  pr ocessi ng,  memor y,  
i nput  and out put  t er mi nal s.   ( Ref er  Sect i on 21 13 18)

1. 4. 5   Local  Oper at i ng Consol e ( LOC)

A uni t  desi gned t o al l ow emer gency r esponder s and/ or  bui l di ng occupant s t o 
oper at e t he MNS i ncl udi ng del i ver y of  r ecor ded messages and/ or  l i ve voi ce 
announcement s,  i ni t i at e v i sual ,  t ext ual  v i sual ,  and audi bl e appl i ance 
oper at i on and ot her  r el ayed f unct i ons.

1. 4. 6   Ter mi nal  Cabi net

A st eel  cabi net  wi t h l ocki ng,  hi nge- mount ed door  wher e t er mi nal  st r i ps ar e 
secur el y mount ed i nsi de t he cabi net .

1. 4. 7   Cont r ol  Modul e and Rel ay Modul e

Ter ms ut i l i zed t o descr i be emer gency cont r ol  f unct i on i nt er f ace devi ces as 
def i ned by NFPA 72.

1. 4. 8   Desi gnat ed Fi r e Pr ot ect i on Engi neer  ( DFPE)

The DoD f i r e pr ot ect i on engi neer  t hat  over sees t hat  Ar ea of  Responsi bi l i t y  
f or  t hat  pr oj ect .   Thi s i s somet i mes r ef er r ed t o as t he " cogni zant "  f i r e 
pr ot ect i on engi neer .   I nt er pr et  r ef er ence t o " aut hor i t y havi ng 
j ur i sdi ct i on"  and/ or  AHJ i n r ef er enced st andar ds t o mean t he Desi gnat ed 
Fi r e Pr ot ect i on Engi neer  ( DFPE) .   The DFPE may be r esponsi bl e f or  r evi ew 
of  t he cont r act or  submi t t al s havi ng a " G"  desi gnat i on,  and f or  wi t nessi ng 
f i nal  i nspect i on and t est i ng.

1. 4. 9   Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE)

A QFPE i s an i ndi v i dual  who i s a l i censed pr of essi onal  engi neer  ( P. E. ) ,  
who has passed t he f i r e pr ot ect i on engi neer i ng wr i t t en exami nat i on 
admi ni st er ed by t he Nat i onal  Counci l  of  Exami ner s f or  Engi neer i ng and 
Sur veyi ng ( NCEES)  and has r el evant  f i r e pr ot ect i on engi neer i ng exper i ence 
wi t h at  l east  t hr ee si mi l ar  pr oj ect s.

1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .

Shop dr awi ngs ( SD- 02) ,  pr oduct  dat a ( SD- 03)  and cal cul at i ons ( SD- 05)  must  
be pr epar ed by t he f i r e al ar m desi gner  and combi ned and submi t t ed as one 
compl et e package.   Separ at e SD- 03 Pr oduct  Dat a i nt o a separ at e submi t t al ,  
submi t t ed concur r ent l y.   The QFPE must  r evi ew t he SD- 02/ SD- 03/ SD- 05 
submi t t al  package f or  compl et eness and compl i ance wi t h t he Cont r act  
pr ovi s i ons pr i or  t o submi ssi on t o t he Gover nment .   The QFPE must  pr ovi de a 
Let t er  of  Conf i r mat i on t hat  t hey have r evi ewed t he submi t t al  package f or  
compl i ance wi t h t he cont r act  pr ovi s i ons.   Thi s l et t er  must  i ncl ude t hei r  
r egi st er ed pr of essi onal  engi neer  st amp and si gnat ur e.   Par t i al  submi t t al s 
and submi t t al s not  r evi ewed by t he QFPE wi l l  be r et ur ned by t he Gover nment  
di sappr oved wi t hout  r evi ew.
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Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

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

Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) ;  G

Fi r e al ar m syst em desi gner ;  G

Super vi sor ;  G

Techni c i an;  G

I nst al l er ;  G

Test  Techni c i an;  G

Fi r e Al ar m Syst em Si t e- Speci f i c  Sof t war e Acknowl edgement ;  G

SD- 02 Shop Dr awi ngs

Namepl at es;  G

I nst r uct i ons;  G

Wi r i ng Di agr ams;  G

Syst em Layout ;  G

Not i f i cat i on Appl i ances;  G

I ni t i at i ng devi ces;  G

Ampl i f i er s;  G

Bat t er y Power ;  G

Vol t age Dr op Cal cul at i ons;  G

SD- 03 Pr oduct  Dat a

Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t  ( FACU) ;  G

Local  Oper at i ng Consol e ( LOC) ;  G

Ampl i f i er s;  G

Tone Gener at or s;  G

Di gi t al i zed voi ce gener at or s;  G

Remot e Annunci at or ;  G

Manual  St at i ons;  G

Smoke Det ect or s;  G

Duct  Smoke Det ect or s;  G
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Car bon monoxi de det ect or ;  G

Addr essabl e I nt er f ace Devi ces;  G

Addr essabl e Cont r ol  Modul es;  G

I sol at i on Modul es;  G

Not i f i cat i on Appl i ances;  G

Text ual  Di spl ay Si gn Cont r ol  Panel ;  G

Text ual  Di spl ay Si gns;  G

Bat t er i es;  G

Bat t er y Char ger s;  G

Auxi l i ar y Power  Suppl y Panel s;  G

Sur ge Pr ot ect i ve Devi ces;  G

Al ar m Wi r i ng;  G

Back Boxes and Condui t ;  G

Cei l i ng Br i dges f or  Cei l i ng- Mount ed Appl i ances;  G

Ter mi nal  Cabi net s;  G

Aut omat i c Fi r e Al ar m Tr ansmi t t er s ( i ncl udi ng housi ng) ;  G

Mass Not i f i cat i on Tr anscei ver ;  G

Envi r onment al  Encl osur es or  Guar ds;  G

Document  St or age Cabi net ;  G

Radi o Tr ansmi t t er  And I nt er f ace Panel s;  G

Fl ame Det ect or s;  G

SD- 05 Desi gn Dat a

SD- 06 Test  Repor t s

Test  Pr ocedur es;  G

SD- 07 Cer t i f i cat es

Ver i f i cat i on of  Compl i ant  I nst al l at i on;  G

Request  f or  Gover nment  Fi nal  Test ;  G

SD- 10 Oper at i on and Mai nt enance Dat a
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Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons;  G

Post ed Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons;  G

I nst r uct i on of  Gover nment  Empl oyees;  G

SD- 11 Cl oseout  Submi t t al s

As- Bui l t  Dr awi ngs

Spar e Par t s

1. 6   SYSTEM OPERATI ON

Fi r e al ar m syst em/ mass not i f i cat i on syst em i ncl udi ng t ext ual  di spl ay s i gn 
cont r ol  panel ( s) ,  component s r equi r i ng power ,  except  f or  t he FACU( s)  power  
suppl y,  must  oper at e on 24 vol t s DC unl ess not ed ot her wi se i n t hi s sect i on.

The i nt er i or  f i r e al ar m and mass not i f i cat i on syst em must  be a compl et e,  
super vi sed,  noncoded,  anal og/ addr essabl e f i r e al ar m and mass not i f i cat i on 
syst em conf or mi ng t o NFPA 72,  UL 864,  and UL 2572.   Syst ems meet i ng UL 
2017 onl y ar e not  accept abl e.   The syst em must  be act i vat ed i nt o t he al ar m 
mode by act uat i on of  an al ar m i ni t i at i ng devi ce.   The syst em must  r emai n 
i n t he al ar m mode unt i l  t he i ni t i at i ng devi ce i s r eset  and t he cont r ol  
uni t  i s  r eset  and r est or ed t o nor mal .   The syst em may be pl aced i n t he 
al ar m mode by l ocal  mi cr ophones,  LOC,  FACU,  or  r emot el y f r om aut hor i zed 
l ocat i ons/ user s.

1. 6. 1   Al ar m I ni t i at i ng Devi ces and Not i f i cat i on Appl i ances ( Vi sual ,  Voi ce,  
Text ual )

a.   Connect  al ar m i ni t i at i ng devi ces t o i ni t i at i ng devi ce c i r cui t s ( I DC)  
Cl ass " B" ,  or  t o s i gnal i ng l i ne c i r cui t s ( SLC)  Cl ass " B"  and i nst al l ed 
i n accor dance wi t h NFPA 72.

b.   Connect  not i f i cat i on appl i ances t o not i f i cat i on appl i ance ci r cui t s 
( NAC)  Cl ass " B" .

1. 6. 2   Funct i ons and Oper at i ng Feat ur es

The syst em must  pr ovi de t he f ol l owi ng f unct i ons and oper at i ng f eat ur es:

a.   Power ,  annunci at i on,  super vi s i on,  and cont r ol  f or  t he syst em.   
Addr essabl e syst ems must  be mi cr ocomput er  ( mi cr opr ocessor  or  
mi cr ocont r ol l er )  based wi t h a mi ni mum wor d si ze of  ei ght  bi t s wi t h 
suf f i c i ent  memor y t o per f or m as speci f i ed.

b.   Vi sual  al ar m not i f i cat i on appl i ances must  be synchr oni zed as r equi r ed 
by NFPA 72.

c.   El ect r i cal  super vi s i on of  t he pr i mar y power  ( AC)  suppl y,  pr esence of  
t he bat t er y,  bat t er y vol t age,  and pl acement  of  syst em modul es wi t hi n 
t he cont r ol  uni t .

d.   An audi bl e and vi sual  t r oubl e s i gnal  t o act i vat e upon a s i ngl e br eak 
or  open condi t i on,  or  gr ound f aul t .   The t r oubl e s i gnal  must  al so 
oper at e upon l oss of  pr i mar y power  ( AC)  suppl y,  absence of  a bat t er y 
suppl y,  l ow bat t er y vol t age,  or  r emoval  of  al ar m or  super vi sor y 
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cont r ol  uni t  modul es.   Af t er  t he syst em r et ur ns t o nor mal  oper at i ng 
condi t i ons,  t he t r oubl e s i gnal  must  agai n sound unt i l  t he t r oubl e i s 
acknowl edged.   A smoke det ect or  i n t he pr ocess of  bei ng ver i f i ed f or  
t he act ual  pr esence of  smoke must  not  i ni t i at e a t r oubl e condi t i on.

e.   A t r oubl e s i gnal  s i l ence f eat ur e t hat  must  s i l ence t he audi bl e t r oubl e 
s i gnal ,  wi t hout  af f ect i ng t he v i sual  i ndi cat or .

f .   Pr ogr am capabi l i t y  v i a swi t ches i n a l ocked por t i on of  t he FACU t o 
bypass t he aut omat i c not i f i cat i on appl i ance ci r cui t s,  f i r e r epor t i ng 
syst em,  ai r  handl er  shut down and door  r el ease f eat ur es.   Oper at i on of  
t hi s pr ogr ammed act i on must  i ndi cat e on t he FACU di spl ay as a 
super vi sor y or  t r oubl e condi t i on.

g.   Al ar m f unct i ons must  over r i de t r oubl e or  super vi sor y f unct i ons.   
Super vi sor y f unct i ons must  over r i de t r oubl e f unct i ons.

h.   The syst em must  be capabl e of  bei ng pr ogr ammed f r om t he cont r ol  uni t  
keyboar d.   Pr ogr ammed i nf or mat i on must  be st or ed i n non- vol at i l e 
memor y.

i .   The syst em must  be capabl e of  oper at i ng,  super vi s i ng,  and/ or  
moni t or i ng non- addr essabl e al ar m and super vi sor y devi ces.

j .   Ther e must  be no l i mi t ,  ot her  t han maxi mum syst em capaci t y,  as t o t he 
number  of  addr essabl e devi ces t hat  may be i n al ar m si mul t aneousl y.

k.   Wher e t he f i r e al ar m/ mass not i f i cat i on syst em i s r esponsi bl e f or  
i ni t i at i ng an act i on i n anot her  emer gency cont r ol  devi ce or  syst em,  
t he addr essabl e f i r e al ar m r el ay must  be l ocat ed i n t he v i c i ni t y of  
t he emer gency cont r ol  devi ce.

l .   An al ar m si gnal  must  aut omat i cal l y i ni t i at e t he f ol l owi ng f unct i ons:

( 1)  Tr ansmi ssi on of  an al ar m si gnal  t o t he f i r e depar t ment .

( 2)  Vi sual  i ndi cat i on of  t he devi ce oper at ed on t he FACU,  

( 3)  Act uat i on of  al ar m not i f i cat i on appl i ances.

( 4)  Recor di ng of  t he event  el ect r oni cal l y i n t he hi st or y l og of  t he FA
CU.

( 5)  As shown on t he syst em mat r i x.

m.   A super vi sor y s i gnal  must  aut omat i cal l y i ni t i at e t he f ol l owi ng 
f unct i ons:

( 1)  Vi sual  i ndi cat i on of  t he devi ce oper at ed on t he FACU,  

( 2)  As shown on t he syst em mat r i x.

( 3)  Tr ansmi ssi on of  a super vi sor y s i gnal  t o t he f i r e depar t ment .

( 4)  Oper at i on of  a duct  smoke det ect or  must  shut  down t he appr opr i at e 
ai r  handl er  i n accor dance wi t h NFPA 90A i n addi t i on t o ot her  
r equi r ement s of  t hi s par agr aph and as al l owed by NFPA 72.

( 5)  Recor di ng of  t he event  el ect r oni cal l y i n t he hi st or y l og of  t he FA
CU.
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n.   A t r oubl e condi t i on must  aut omat i cal l y i ni t i at e t he f ol l owi ng 
f unct i ons:

( 1)  Vi sual  i ndi cat i on of  t he devi ce oper at ed on t he FACU,  

( 2)  Tr ansmi ssi on of  a t r oubl e s i gnal  t o t he f i r e depar t ment .

( 3)  Recor di ng of  t he event  el ect r oni cal l y i n t he hi st or y l og of  t he FA
CU.

o.   Act i vat i on of  a car bon monoxi de al ar m i ni t i at i ng devi ce must  
aut omat i cal l y i ni t i at e t he f ol l owi ng f unct i ons:

( 1)  Vi sual  i ndi cat i on of  t he devi ce oper at ed on t he FACU.

( 2)  Tr ansmi ssi on of  a car bon monoxi de al ar m si gnal  t o t he f i r e 
depar t ment .

( 3)  Act i vat i on of  al l  s t r obes and t he audi bl e car bon monoxi de message 
t hr oughout  t he bui l di ng.

( 4)  Recor di ng of  t he event  el ect r oni cal l y i n t he hi st or y l og of  t he FA
CU.

p.   Syst em cont r ol  equi pment  must  be pr ogr ammed t o pr ovi de a 60- mi nut e t o 
180- mi nut e del ay i n t r ansmi ssi on of  t r oubl e s i gnal s r esul t i ng f r om 
pr i mar y power  f ai l ur e.

q.   Act i vat i on of  a LOC pushbut t on must  act i vat e t he audi bl e and vi sual  
al ar ms i n t he f aci l i t y .   The audi bl e message must  be t he one 
associ at ed wi t h t he pushbut t on act i vat ed.

1. 7   TECHNI CAL DATA AND SI TE- SPECI FI C SOFTWARE

Techni cal  dat a and si t e- speci f i c  sof t war e ( meani ng t echni cal  dat a t hat  
r el at es t o comput er  sof t war e)  t hat  ar e speci f i cal l y i dent i f i ed i n t hi s 
pr oj ect ,  and may be r equi r ed i n ot her  speci f i cat i ons,  must  be del i ver ed,  
st r i ct l y i n accor dance wi t h t he CONTRACT CLAUSES.   The f i r e al ar m syst em 
manuf act ur er  must  submi t  wr i t t en conf i r mat i on of  t hi s cont r act  pr ovi s i on 
as " Fi r e Al ar m Syst em Si t e- Speci f i c  Sof t war e Acknowl edgement " .   I dent i f y 
dat a del i ver ed by r ef er ence t o t he speci f i cat i on par agr aph agai nst  whi ch 
i t  i s  f ur ni shed.   Dat a t o be submi t t ed must  i ncl ude compl et e syst em,  
equi pment ,  and sof t war e descr i pt i ons.   Descr i pt i ons must  show how t he 
equi pment  wi l l  oper at e as a syst em t o meet  t he per f or mance r equi r ement s of  
t hi s cont r act .   The si t e- speci f i c  sof t war e dat a package must  al so i ncl ude 
t he f ol l owi ng:

a.   I t ems i dent i f i ed i n NFPA 72,  t i t l ed " Si t e- Speci f i c  Sof t war e" .

b.   I dent i f i cat i on of  pr ogr ammabl e por t i ons of  t he syst em equi pment  and 
capabi l i t i es.

c.   Descr i pt i on of  syst em r evi s i on and expansi on capabi l i t i es and met hods 
of  i mpl ement at i on det ai l i ng bot h equi pment  and sof t war e r equi r ement s.

d.   Pr ovi s i on of  oper at i onal  sof t war e dat a on al l  modes of  pr ogr ammabl e 
por t i ons f or  f i r e al ar m and mass not i f i cat i on.
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e.   Descr i pt i on of  Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t  equi pment  
oper at i on.

f .   Descr i pt i on of  auxi l i ar y and r emot e equi pment  oper at i ons.

g.   Li br ar y of  appl i cat i on sof t war e.

h.   Oper at i on and mai nt enance manual s.

1. 8   QUALI TY ASSURANCE

1. 8. 1   Submi t t al  Document s

1. 8. 1. 1   Pr econst r uct i on Submi t t al s

Wi t hi n 36 days of  cont r act  awar d but  not  l ess t han 14 days pr i or  t o 
commenci ng any wor k on si t e,  t he Cont r act or  must  submi t  t he 
Pr econst r uct i on Submi t t al s f or  r evi ew and appr oval .   SD- 02,  SD- 03 and 
SD- 05 submi t t al s r ecei ved pr i or  t o t he r evi ew and appr oval  of  t he 
qual i f i cat i ons of  t he f i r e al ar m subcont r act or  and QFPE wi l l  be r et ur ned 
di sappr oved wi t hout  r evi ew.   Al l  r esul t ant  del ays must  be t he sol e 
r esponsi bi l i t y  of  t he Cont r act or .

1. 8. 1. 2   Shop Dr awi ngs

Shop dr awi ngs must  not  be smal l er  t han ANSI  D.   Dr awi ngs must  compl y wi t h 
t he r equi r ement s of  NFPA 72 and NFPA 170.   Mi ni mum scal e f or  f l oor  pl ans 
must  be 1/ 8" =1' .

1. 8. 1. 3   Namepl at es

Namepl at e i l l ust r at i ons and dat a t o obt ai n appr oval  by t he Cont r act i ng 
Of f i cer  bef or e i nst al l at i on.

1. 8. 1. 4   Wi r i ng Di agr ams

Thr ee copi es pl us one di gi t al  copy of  poi nt - t o- poi nt  wi r i ng di agr ams 
showi ng t he poi nt s of  connect i on and t er mi nal s used f or  el ect r i cal  f i el d 
connect i ons i n t he syst em,  i ncl udi ng i nt er connect i ons bet ween t he 
equi pment  or  syst ems t hat  ar e super vi sed or  cont r ol l ed by t he syst em.   
Di agr ams must  show connect i ons f r om f i el d devi ces t o t he FACU,  i ni t i at i ng 
c i r cui t s,  swi t ches,  r el ays and t er mi nal s,  i ncl udi ng pat hway di agr ams 
bet ween t he cont r ol  uni t  and shar ed communi cat i ons equi pment  wi t hi n t he 
pr ot ect ed pr emi ses.   Poi nt - t o- poi nt  wi r i ng di agr ams must  be j ob speci f i c  
and must  not  i ndi cat e connect i ons or  c i r cui t s not  bei ng ut i l i zed.   Pr ovi de 
compl et e r i ser  di agr ams i ndi cat i ng t he wi r i ng sequence of  al l  devi ces and 
t hei r  connect i ons t o t he cont r ol  equi pment .   I ncl ude a col or - code schedul e 
f or  t he wi r i ng.

1. 8. 1. 5   Syst em Layout

Thr ee copi es pl us one di gi t al  copy of  pl an v i ew dr awi ngs showi ng devi ce 
l ocat i ons,  t er mi nal  cabi net  l ocat i ons,  j unct i on boxes,  ot her  r el at ed 
equi pment ,  condui t  r out i ng,  condui t  s i zes,  wi r e count s,  condui t  f i l l  
cal cul at i ons,  wi r e col or - codi ng,  c i r cui t  i dent i f i cat i on i n each condui t ,  
and ci r cui t  l ayout s f or  al l  f l oor s.   I ndi cat e candel a r at i ng of  each 
vi sual  not i f i cat i on appl i ance.   I ndi cat e t he wat t age of  each speaker .   
Cl ear l y i dent i f y t he l ocat i ons of  i sol at i on modul es.   I ndi cat e t he 
addr esses of  al l  devi ces,  modul es,  r el ays,  and si mi l ar .   Show/ i dent i f y al l  
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acoust i cal l y s i mi l ar  spaces.   I ndi cat e i f  t he envi r onment  f or  t he FACU i s 
wi t hi n i t s envi r onment al  l i s t i ng ( e. g.  t emper at ur e/ humi di t y) .

Pr ovi de a compl et e descr i pt i on of  t he syst em oper at i on i n mat r i x f or mat  
s i mi l ar  t o t he " Typi cal  I nput / Out put  Mat r i x"  i ncl uded i n t he Annex of  
NFPA 72.

1. 8. 1. 6   Not i f i cat i on Appl i ances

Cal cul at i ons and suppor t i ng dat a on each ci r cui t  t o i ndi cat e t hat  t her e i s 
at  l east  25 per cent  spar e capaci t y f or  not i f i cat i on appl i ances.   Annot at e 
dat a f or  each ci r cui t  on t he dr awi ngs.

1. 8. 1. 7   I ni t i at i ng Devi ces

Cal cul at i ons and suppor t i ng dat a on each ci r cui t  t o i ndi cat e t hat  t her e i s 
at  l east  25 per cent  spar e capaci t y f or  i ni t i at i ng devi ces.   Annot at e dat a 
f or  each ci r cui t  on t he dr awi ngs.

1. 8. 1. 8   Ampl i f i er s

Cal cul at i ons and suppor t i ng dat a t o i ndi cat e t hat  ampl i f i er s have 
suf f i c i ent  capaci t y t o s i mul t aneousl y dr i ve al l  not i f i cat i on speaker s at  
t apped set t i ngs pl us 25 per cent  spar e capaci t y.   Annot at e dat a f or  each 
ci r cui t  on t he dr awi ngs.

1. 8. 1. 9   Bat t er y Power

Cal cul at i ons and suppor t i ng dat a as r equi r ed i n par agr aph Bat t er y Power  
Cal cul at i ons f or  al ar m,  al er t ,  and super vi sor y power  r equi r ement s.   
Cal cul at i ons i ncl udi ng amper e- hour  r equi r ement s f or  each syst em component  
and each cont r ol  uni t  component ,  and t he bat t er y r echar gi ng per i od,  must  
be i ncl uded on t he dr awi ngs.

1. 8. 1. 10   Vol t age Dr op Cal cul at i ons

Vol t age dr op cal cul at i ons f or  each not i f i cat i on c i r cui t  i ndi cat i ng t hat  
suf f i c i ent  vol t age i s avai l abl e f or  pr oper  oper at i on of  t he syst em and al l  
component s,  at  a mi ni mum r at ed vol t age of  t he syst em oper at i ng on 
bat t er i es.   I ncl ude t he cal cul at i ons on t he syst em l ayout  dr awi ngs.

1. 8. 1. 11   Pr oduct  Dat a

Thr ee copi es pl us one di gi t al  copy of  annot at ed descr i pt i ve dat a t o show 
t he speci f i c  model ,  t ype,  and si ze of  each i t em.   Cat al og cut s must  al so 
i ndi cat e t he NRTL l i s t i ng.   The dat a must  be hi ghl i ght ed t o show model ,  
s i ze,  and opt i ons t hat  ar e i nt ended f or  consi der at i on.   Dat a must  be 
adequat e t o demonst r at e compl i ance wi t h al l  cont r act  r equi r ement s.   
Pr oduct  dat a f or  al l  equi pment  must  be combi ned i nt o a s i ngl e submi t t al .

Pr ovi de an equi pment  l i s t  i dent i f y i ng t he t ype,  quant i t y,  make,  and model  
number  of  each pi ece of  equi pment  t o be pr ovi ded under  t hi s submi t t al .   
The equi pment  l i s t  must  i ncl ude t he t ype,  quant i t y,  make and model  of  
spar e equi pment .   Types and quant i t i es of  equi pment  submi t t ed must  
coi nci de wi t h t he t ypes and quant i t i es of  equi pment  used i n t he bat t er y 
cal cul at i ons and t hose shown on t he shop dr awi ngs.
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1. 8. 1. 12   Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons

Thr ee copi es pl us one di gi t al  copy of  t he Oper at i on and Mai nt enance 
I nst r uct i ons.   The O&M I nst r uct i ons must  be pr epar ed i n a s i ngl e vol ume or  
i n mul t i pl e vol umes,  wi t h each vol ume i ndexed,  and may be submi t t ed as a 
Techni cal  Dat a Package.   Manual s must  be appr oved pr i or  t o t r ai ni ng.   The 
I nt er i or  Fi r e Al ar m And Mass Not i f i cat i on Syst em Oper at i on and Mai nt enance 
I nst r uct i ons must  i ncl ude t he f ol l owi ng:

a.   " Manuf act ur er  Dat a Package t hr ee as speci f i ed i n Sect i on 01 78 23 
OPERATI ON AND MAI NTENANCE DATA.

b.   Oper at i ng manual  out l i ni ng st ep- by- st ep pr ocedur es r equi r ed f or  syst em 
st ar t up,  oper at i on,  and shut down.   The manual  must  i ncl ude t he 
manuf act ur er ' s name,  model  number ,  ser vi ce manual ,  par t s l i s t ,  and 
pr el i mi nar y equi pment  l i s t  compl et e wi t h descr i pt i on of  equi pment  and 
t hei r  basi c oper at i ng f eat ur es.

c.   Mai nt enance manual  l i s t i ng r out i ne mai nt enance pr ocedur es,  possi bl e 
br eakdowns and r epai r s,  and t r oubl eshoot i ng gui de.   The manual s must  
i ncl ude condui t  l ayout ,  equi pment  l ayout  and si mpl i f i ed wi r i ng,  and 
cont r ol  di agr ams of  t he syst em as i nst al l ed.

d.   Compl et e pr ocedur es f or  syst em r evi s i on and expansi on,  det ai l i ng bot h 
equi pment  and sof t war e r equi r ement s.

e.   Sof t war e submi t t ed f or  t hi s pr oj ect  on CD/ DVD medi a ut i l i zed.

f .   Pr i nt out s of  conf i gur at i on set t i ngs f or  al l  devi ces.

g.   Rout i ne mai nt enance checkl i st .   The r out i ne mai nt enance checkl i st  must  
be ar r anged i n a col umnar  f or mat .   The f i r st  col umn must  l i s t  al l  
i nst al l ed devi ces,  t he second col umn must  st at e t he mai nt enance 
act i v i t y or  st at e no mai nt enance r equi r ed,  t he t hi r d col umn must  st at e 
t he f r equency of  t he mai nt enance act i v i t y,  and t he f our t h col umn 
pr ovi ded f or  addi t i onal  comment s or  r ef er ence.   Al l  dat a ( devi ces,  
t est i ng f r equenci es,  and si mi l ar )  must  compl y wi t h UFC 3- 601- 02.

h.   A f i nal  Equi pment  Li st  must  be submi t t ed wi t h t he Oper at i ng and 
Mai nt enance ( O&M)  manual .

 i .   A copy of  t he Post ed O&M I nst r uct i ons must  be i ncl uded i n each 
Oper at i ng and Mai nt enance ( O&M)  manual .

1. 8. 1. 13   As- Bui l t  Dr awi ngs

The dr awi ngs must  show t he syst em as i nst al l ed,  i ncl udi ng devi at i ons f r om 
bot h t he pr oj ect  dr awi ngs and t he appr oved shop dr awi ngs.   These dr awi ngs 
must  be submi t t ed wi t hi n t wo weeks af t er  t he f i nal  Gover nment  t est  of  t he 
syst em.   At  l east  one set  of  t he as- bui l t  ( mar ked- up)  dr awi ngs must  be 
pr ovi ded at  t he t i me of ,  or  pr i or  t o t he f i nal  Gover nment  t est .

1. 8. 2   Qual i f i cat i ons

1. 8. 2. 1   Fi r e Al ar m Syst em Desi gner

The f i r e al ar m syst em desi gner  must  be cer t i f i ed as a Level  I V ( mi ni mum)  
Techni c i an by Nat i onal  I nst i t ut e f or  Cer t i f i cat i on i n Engi neer i ng 
Technol ogi es ( NI CET)  i n t he Fi r e Al ar m Syst ems subf i el d of  Fi r e Pr ot ect i on 
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Engi neer i ng Technol ogy or  meet  t he qual i f i cat i ons f or  a QFPE.

1. 8. 2. 2   Super vi sor

A NI CET Level  I I I  or  I V f i r e al ar m t echni c i an must  super vi se t he 
i nst al l at i on of  t he f i r e al ar m/ mass not i f i cat i on syst em.  A f i r e al ar m 
t echni c i an wi t h a mi ni mum of  ei ght  year s of  exper i ence must  super vi se t he 
i nst al l at i on of  t he f i r e al ar m/ mass not i f i cat i on syst em.   The f i r e al ar m 
t echni c i ans super vi s i ng t he i nst al l at i on of  equi pment  must  be f act or y 
t r ai ned i n t he i nst al l at i on,  adj ust ment ,  t est i ng,  and oper at i on of  t he 
equi pment  speci f i ed her ei n and on t he dr awi ngs.

1. 8. 2. 3   Techni c i an

Fi r e al ar m t echni c i ans wi t h a mi ni mum of  f our  year s of  exper i ence must  be 
ut i l i zed t o i nst al l  and t er mi nat e f i r e al ar m/ mass not i f i cat i on devi ces,  
cabi net s and cont r ol  uni t s.   The f i r e al ar m t echni c i ans i nst al l i ng t he 
equi pment  must  be f act or y t r ai ned i n t he i nst al l at i on,  adj ust ment ,  
t est i ng,  and oper at i on of  t he equi pment  speci f i ed her ei n and on t he 
dr awi ngs.

1. 8. 2. 4   I nst al l er

  A l i censed el ect r i c i an must  be al l owed t o i nst al l  wi r e,  cabl e,  condui t  
and backboxes f or  t he f i r e al ar m syst em/ mass not i f i cat i on syst em.   The 
f i r e al ar m i nst al l er  must  be f act or y t r ai ned i n t he i nst al l at i on,  
adj ust ment ,  t est i ng,  and oper at i on of  t he equi pment  speci f i ed her ei n and 
on t he dr awi ngs.

1. 8. 2. 5   Test  Techni c i an

Fi r e al ar m t echni c i ans wi t h a mi ni mum of  ei ght  year s of  exper i ence and 
NI CET Level  I I I or  I V ut i l i zed i n t est i ng and cer t i f i cat i on of  t he 
i nst al l at i on of  t he f i r e al ar m/ mass not i f i cat i on devi ces,  cabi net s and 
cont r ol  uni t s.   The f i r e al ar m t echni c i ans t est i ng t he equi pment  must  be 
f act or y t r ai ned i n t he i nst al l at i on,  adj ust ment ,  t est i ng,  and oper at i on of  
t he equi pment  i nst al l ed as par t  of  t hi s pr oj ect .

1. 8. 2. 6   Manuf act ur er

Component s must  be of  cur r ent  desi gn and must  be i n r egul ar  and r ecur r ent  
pr oduct i on at  t he t i me of  i nst al l at i on.   Pr ovi de desi gn,  mat er i al s,  and 
devi ces f or  a pr ot ect ed pr emi ses f i r e al ar m syst em,  compl et e,  conf or mi ng 
t o NFPA 72,  except  as speci f i ed her ei n.

1. 8. 3   Regul at or y Requi r ement s

Equi pment  and mat er i al  must  be l i s t ed or  appr oved.   Li st ed or  appr oved,  as 
used i n t hi s Sect i on,  means l i s t ed,  l abel ed or  appr oved by a Nat i onal l y 
Recogni zed Test i ng Labor at or y ( NRTL)  such as UL Fi r e Pr ot  Di r  or  
FM APP GUI DE.   The omi ssi on of  t hese t er ms under  t he descr i pt i on of  any 
i t em of  equi pment  descr i bed must  not  be const r ued as wai v i ng t hi s 
r equi r ement .   Al l  l i s t i ngs or  appr oval s by t est i ng l abor at or i es must  be 
f r om an exi st i ng ANSI  or  UL publ i shed st andar d.   The r ecommended pr act i ces 
st at ed i n t he manuf act ur er ' s l i t er at ur e or  document at i on must  be 
consi der ed as mandat or y r equi r ement s.
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1. 9   DELI VERY,  STORAGE,  AND HANDLI NG

Pr ot ect  equi pment  del i ver ed and pl aced i n st or age f r om t he weat her ,  
humi di t y,  and t emper at ur e var i at i on,  di r t  and dust ,  and ot her  cont ami nant s.

1. 10   MAI NTENANCE

1. 10. 1   Spar e Par t s

Fur ni sh t he f ol l owi ng spar e par t s i n t he manuf act ur er s or i gi nal  unopened 
cont ai ner s:

a.   Fi ve compl et e set s of  syst em keys.

b.   Two of  each t ype of  f use r equi r ed by t he syst em.

c.   One manual  st at i ons.

d.   Two of  each t ype of  det ect or  i nst al l ed.

e.   Two of  each t ype of  det ect or  base and head i nst al l ed.

f .   One smoke det ect or  manuf act ur er ' s t est  scr een,  car d or  magnet  f or  each 
t en beam smoke det ect or s,  or  f r act i on t her eof ,  i nst al l ed i n t he syst em.

g.   Two of  each t ype of  audi bl e and vi sual  al ar m devi ce i nst al l ed.

h.   One t ext ual  v i sual  not i f i cat i on appl i ance.

i .   Two of  each t ype of  addr essabl e moni t or  modul e i nst al l ed.

j .   Two of  each t ype of  addr essabl e cont r ol  modul e i nst al l ed.

k.   Two 24 V and t wo 120 VAC sur ge pr ot ect i ve devi ce.

1. 10. 2   Speci al  Tool s 

Sof t war e,  connect i ng cabl es and pr opr i et ar y equi pment ,  necessar y f or  t he 
mai nt enance,  t est i ng,  and r epr ogr ammi ng of  t he equi pment  must  be f ur ni shed 
t o t he Cont r act i ng Of f i cer ,  pr i or  t o t he i nst r uct i on of  Gover nment  
empl oyees.   I f  a l apt op i s r equi r ed t o pr ogr am t he FACU,  a l apt op wi t h al l  
sof t war e r equi r ed t o modi f y t he pr ogr am,  i dent i cal  t o t he one used by t he 
i nst al l er ,  must  be pr ovi ded.

PART 2   PRODUCTS

2. 1   GENERAL PRODUCT REQUI REMENT

Al l  f i r e al ar m and mass not i f i cat i on equi pment  must  be new and l i s t ed f or  
use under  t he appl i cabl e r ef er ence st andar ds.   I nt er f aci ng of  UL 864 or  
s i mi l ar  appr oved i ndust r y l i s t i ng wi t h Mass Not i f i cat i on equi pment  l i s t ed 
t o UL 2572 must  be done i n a l abor at or y l i s t ed conf i gur at i on,  i f  t he 
sof t war e pr ogr ammi ng f eat ur es cannot  pr ovi de a l i s t ed i nt er f ace cont r ol .

2. 2   MATERI ALS AND EQUI PMENT

2. 2. 1   St andar d Pr oduct s

Pr ovi de new mat er i al s,  equi pment ,  and devi ces t hat  have been t est ed by a 
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nat i onal l y r ecogni zed t est i ng l abor at or y and l i s t ed f or  f i r e pr ot ect i on 
ser vi ce when so r equi r ed by NFPA 72 or  t hi s speci f i cat i on.   Sel ect  
mat er i al  f r om one manuf act ur er ,  wher e possi bl e,  and not  a combi nat i on of  
manuf act ur er s,  f or  any par t i cul ar  c l assi f i cat i on of  mat er i al s.   Mat er i al  
and equi pment  must  be t he st andar d pr oduct s of  a manuf act ur er  r egul ar l y 
engaged i n t he manuf act ur e of  t he pr oduct s f or  at  l east  5 year s pr i or  t o 
bi d openi ng.

2. 2. 2   Namepl at es

Maj or  component s of  equi pment  must  have t he manuf act ur er ' s name,  addr ess,  
t ype or  st y l e,  model  or  ser i al  number ,  cat al og number ,  dat e of  
i nst al l at i on,  i nst al l i ng Cont r act or ' s name and addr ess,  and t he cont r act  
number  pr ovi ded on a new name pl at e per manent l y af f i xed t o t he i t em or  
equi pment .   Maj or  component s i ncl ude,  but  ar e not  l i mi t ed t o,  t he 
f ol l owi ng:

a.   FACU

Namepl at es must  be et ched met al  or  pl ast i c,  per manent l y at t ached by scr ews 
t o cont r ol  uni t s or  adj acent  wal l s.

2. 2. 3   Keys

Keys and l ocks f or  equi pment ,  cont r ol  uni t s and devi ces must  be 
i dent i cal .   Mast er  al l  keys and l ocks t o a s i ngl e key as r equi r ed by t he 
I nst al l at i on Fi r e Depar t ment .   

2. 2. 4   I nst r uct i ons

Pr ovi de a t ypeset  pr i nt ed or  t ypewr i t t en i nst r uct i on car d mount ed behi nd a 
Lexan pl ast i c or  gl ass cover  i n a st ai nl ess st eel  or  al umi num f r ame.   
I nst al l  t he f r ame i n a conspi cuous l ocat i on obser vabl e f r om t he FACU.   The 
car d must  show t hose st eps t o be t aken by an oper at or  when a s i gnal  i s  
r ecei ved as wel l  as t he f unct i onal  oper at i on of  t he syst em under  al l  
condi t i ons,  nor mal ,  al ar m,  super vi sor y,  and t r oubl e.   The i nst r uct i ons 
must  al so i ncl ude pr ocedur es f or  oper at i ng l i ve voi ce mi cr ophones.   The 
i nst r uct i ons and t hei r  mount i ng l ocat i on must  be appr oved by t he 
Cont r act i ng Of f i cer  bef or e bei ng post ed.

2. 3   FI RE ALARM  AND MASS NOTI FI CATI ON CONTROL UNI T

Pr ovi de a compl et e f i r e al ar m and mass not i f i cat i on cont r ol  uni t  ( FACU)  
f ul l y encl osed i n a l ockabl e st eel  cabi net  as speci f i ed her ei n.  Fi r e al ar m 
and Mass Not i f i cat i on Cont r ol  Uni t  shal l  be a Monaco MAAP- X cont r ol  panel .  
Oper at i ons r equi r ed f or  t est i ng or  f or  nor mal  car e,   mai nt enance,  and use 
of  t he syst em must  be per f or med f r om t he f r ont  of  t he encl osur e.   I f  mor e 
t han a s i ngl e uni t  i s  r equi r ed at  a l ocat i on t o f or m a compl et e cont r ol  
uni t ,  t he uni t  cabi net s must  mat ch exact l y.   The syst em must  be capabl e of  
def i ni ng any modul e as an al ar m modul e and r epor t  al ar m t r oubl e,  l oss of  
pol l i ng,  or  as a super vi sor y modul e,  and r epor t i ng super vi sor y shor t ,  
super vi sor y open or  l oss of  pol l i ng such as wat er f l ow swi t ches,  val ve 
super vi sor y swi t ches,   i ndependent  smoke det ect i on syst ems,  r el ays f or  
out put  f unct i on act uat i on.   

a.   Each cont r ol  uni t  must  pr ovi de power ,  super vi s i on,  cont r ol ,  and l ogi c 
f or  t he ent i r e syst em,  ut i l i z i ng sol i d st at e,  modul ar  component s,  
i nt er nal l y mount ed and ar r anged f or  easy access.   Each cont r ol  uni t  
must  be sui t abl e f or  oper at i on on a 120 vol t ,  60 her t z,  nor mal  
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bui l di ng power  suppl y.   Pr ovi de each cont r ol  uni t  wi t h super vi sor y 
f unct i ons f or  power  f ai l ur e,  i nt er nal  component  pl acement ,  and 
oper at i on.

b.   Vi sual  i ndi cat i on of  al ar m,  super vi sor y,  or  t r oubl e i ni t i at i on on t he F
ACU must  be by l i qui d cr yst al  di spl ay or  s i mi l ar  means wi t h a mi ni mum 
of  80 char act er s.   The mass not i f i cat i on cont r ol  uni t  must  have t he 
capabi l i t y  of  t empor ar i l y  deact i vat e t he f i r e al ar m audi bl e 
not i f i cat i on appl i ances whi l e del i ver i ng voi ce messages.

c.   Pr ovi de secur e oper at or  consol e f or  i ni t i at i ng r ecor ded messages,  
st r obes and di spl ays;  and f or  del i ver i ng l i ve voi ce messages.   Pr ovi de 
capaci t y f or  at  l east  ei ght  pr er ecor ded messages.   Pr ovi de t he abi l i t y  
t o aut omat i cal l y r epeat  pr er ecor ded messages.   Pr ovi de a secur e 
mi cr ophone f or  del i ver i ng l i ve messages.   Pr ovi de adequat e di scr et e 
out put s t o t empor ar i l y  deact i vat e f i r e al ar m audi bl e not i f i cat i on,   
i ni t i at e/ synchr oni ze st r obes and i ni t i at e t ext ual  v i sual  not i f i cat i on 
appl i ances.   Pr ovi de a compl et e set  of  sel f - di agnost i cs f or  cont r ol l er  
and appl i ance net wor k.   Pr ovi de l ocal  di agnost i c i nf or mat i on di spl ay 
and l ocal  di agnost i c i nf or mat i on and syst em event  l og f i l e

2. 3. 1   Cabi net

I nst al l  cont r ol  uni t  component s i n cabi net s l ar ge enough t o accommodat e 
al l  component s and al so t o al l ow ampl e gut t er  space f or  i nt er connect i on of  
cont r ol  uni t s as wel l  as f i el d wi r i ng.   The cabi net  must  be a st ur dy st eel  
housi ng,  compl et e wi t h back box,  hi nged st eel  door  wi t h cyl i nder  l ock,  and 
sur f ace mount i ng pr ovi s i ons.   Panel s mount ed i n gypsum boar d wal l s shal l  
be r ecessed mount ;  t hose l ocat ed on concr et e wal l s shal l  be sur f ace mount .
  The encl osur es must  be i dent i f i ed by an engr aved phenol i c r esi n 
namepl at e.   Let t er i ng on t he namepl at e must  say " Fi r e Al ar m and Mass 
Not i f i cat i on Cont r ol  Uni t "  and must  not  be l ess t han 1- i nch hi gh.   Pr ovi de 
pr omi nent  r i gi d pl ast i c or  met al  i dent i f i cat i on pl at es f or  l amps,  
c i r cui t s,  met er s,  f uses,  and swi t ches.

2. 3. 2   Si l enci ng Swi t ches

2. 3. 2. 1   Al ar m Si l enci ng Swi t ch

Pr ovi de an al ar m si l enci ng swi t ch at  t he FACU t hat  must  s i l ence t he 
audi bl e and vi sual  not i f i cat i on appl i ances.   Subsequent  act i vat i on of  
i ni t i at i ng devi ces must  cause t he not i f i cat i on appl i ances t o r e- act i vat e.

2. 3. 2. 2   Super vi sor y/ Tr oubl e Si l enci ng Swi t ch

Pr ovi de super vi sor y and t r oubl e s i l enci ng swi t ch( es)  t hat  must  s i l ence t he 
audi bl e t r oubl e and super vi sor y s i gnal ( s) ,  but  not  ext i ngui sh t he vi sual  
i ndi cat or .   Thi s swi t ch must  be over r i dden upon act i vat i on of  a subsequent  
super vi sor y or  t r oubl e condi t i on.   Audi bl e t r oubl e i ndi cat i on must  r esound 
aut omat i cal l y ever y 24 hour s af t er  t he s i l enci ng f eat ur e has been oper at ed 
i f  t he super vi sor y or  t r oubl e condi t i on st i l l  exi st s.

2. 3. 3   Non- I nt er f er i ng

Power  and super vi se each ci r cui t  such t hat  a s i gnal  f r om one devi ce does 
not  pr event  t he r ecei pt  of  s i gnal s f r om any ot her  devi ce.   I ni t i at i ng 
devi ces must  be manual l y r eset  by swi t ch f r om t he FACU af t er  t he 
i ni t i at i ng devi ce or  devi ces have been r est or ed t o nor mal .
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2. 3. 4   Audi bl e Not i f i cat i on Syst em

The Audi bl e Not i f i cat i on Syst em must  compl y wi t h t he r equi r ement s of  
NFPA 72 f or  Emer gency Voi ce/ Al ar m Communi cat i ons Syst em r equi r ement s,  
except  as speci f i ed her ei n.   The syst em must  be a one- way,  mul t i - channel  
voi ce not i f i cat i on syst em i ncor por at i ng user  sel ect abi l i t y  of  a mi ni mum 
ei ght  di st i nct  sounds f or  t one si gnal i ng,  and t he i ncor por at i on of  a voi ce 
modul e f or  del i ver y of  r ecor ded messages.   Audi bl e appl i ances must  pr oduce 
a t hr ee- pul se t empor al  pat t er n f or  t hr ee cycl es f ol l owed by a voi ce 
message t hat  i s r epeat ed unt i l  t he cont r ol  uni t  i s  r eset  or  s i l enced.   For  
car bon monoxi de det ect or  act i vat i on,  audi bl e appl i ances must  pr oduce a 
f our - pul se t empor al  pat t er n f or  t hr ee cycl es f ol l owed by a voi ce message 
t hat  i s r epeat ed unt i l  t he cont r ol  uni t  i s  r eset  or  s i l enced.   Aut omat i c 
messages must  be br oadcast  t hr ough speaker s t hr oughout  t he 
bui l di ng/ f aci l i t y  but  not  i n st ai r s or  el evat or  cabs.   A l i ve voi ce 
message must  over r i de t he aut omat i c audi bl e out put  t hr ough use of  a 
mi cr ophone i nput  at  t he cont r ol  uni t  or  t he LOC.

a.   When usi ng t he mi cr ophone,  l i ve messages must  be br oadcast  t hr oughout  
a sel ect ed f l oor  or  f l oor s,  or  al l  cal l .   The syst em must  be capabl e 
of  oper at i ng al l  speaker s at  t he same t i me.

b.   The mi cr opr ocessor  must  act i vel y i nt er r ogat e c i r cui t r y,  f i el d wi r i ng,  
and di gi t al  codi ng necessar y f or  t he i mmedi at e and accur at e 
r ebr oadcast i ng of  t he st or ed voi ce dat a i nt o t he appr opr i at e ampl i f i er  
i nput .   Loss of  oper at i ng power ,  super vi sor y power ,  or  any ot her  
mal f unct i on t hat  coul d r ender  t he di gi t al i zed voi ce modul e i noper at i ve 
must  aut omat i cal l y cause t he t hr ee- pul se t empor al  pat t er n t o t ake over  
al l  f unct i ons assi gned t o t he f ai l ed uni t  i n t he event  an al ar m i s 
act i vat ed.

2. 3. 4. 1   Out put s and Oper at i onal  Modul es

Al l  out put s and oper at i onal  modul es must  be f ul l y super vi sed wi t h on- boar d 
di agnost i cs and t r oubl e r epor t i ng c i r cui t s.   Pr ovi de f or m " C"  cont act s f or  
syst em al ar m and t r oubl e condi t i ons.   Pr ovi de ci r cui t s f or  oper at i on of  
auxi l i ar y appl i ance dur i ng t r oubl e condi t i ons.   Dur i ng a Mass Not i f i cat i on 
event ,  t he cont r ol  uni t  must  not  gener at e nor  cause any t r oubl e al ar ms t o 
be gener at ed wi t h t he Fi r e Al ar m syst em.

2. 3. 4. 2   Mass Not i f i cat i on

a.   The syst em must  have t he capabi l i t y  of  ut i l i z i ng an LOC wi t h r edundant  
cont r ol s of  t he FACU.   Not i f i cat i on Appl i ance Ci r cui t s ( NAC)  must  be 
pr ovi ded f or  t he act i vat i on of  st r obe appl i ances.   Audi o out put  must  
be sel ect abl e f or  l i ne l evel .   A hand- hel d mi cr ophone must  be pr ovi ded 
and,  upon act i vat i on,  must  t ake pr i or i t y over  any t one si gnal ,  
r ecor ded message or  PA mi cr ophone oper at i on i n pr ogr ess,  whi l e 
mai nt ai ni ng t he st r obe NAC ci r cui t  act i vat i on.

b.   The Mass Not i f i cat i on f unct i ons must  over r i de t he manual  or  aut omat i c 
f i r e al ar m not i f i cat i on, .   Ot her  f i r e al ar m f unct i ons i ncl udi ng 
t r ansmi ssi on of  a s i gnal ( s)  t o t he f i r e depar t ment  must  r emai n 
oper at i onal .   When a mass not i f i cat i on announcement  i s di sengaged and 
a f i r e al ar m condi t i on st i l l  exi st s,  t he audi bl e and vi sual  
not i f i cat i on appl i ances must  r esume act i vat i on f or  al ar m condi t i ons.   
The f i r e al ar m message must  be of  l ower  pr i or i t y t hat  al l  ot her  
messages ( except  any " t est "  messages" )  and must  not  over r i de any ot her  
messages.
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c.   Messages must  be r ecor ded pr of essi onal l y ut i l i z i ng st andar d i ndust r y 
met hods,  i n a pr of essi onal  f emal e voi ce.   Submi t  message cont ent  f or  
appr oval .   The Cont r act i ng Of f i cer ' s Techni cal  Repr esent at i ve must  
appr ove t he MNS audi bl e and t ext  messages.   Message and t one vol umes 
must  bot h be at  t he same deci bel  l evel  on a cont i nuous l oop,  wi t h a 
t wo second pause i n bet ween.   Messages r ecor ded f r om t he syst em 
mi cr ophone wi l l  not  be accept ed.   Messages shal l  be pr eceded by t hr ee 
r ounds of  a t hr ee pul se t empor al  pat t er n ( T3)  per  NFPA 72 unl ess 
ot her wi se i ndi cat ed.   Messages shal l  ut i l i ze 1000 Hz t ones ( as 
r equi r ed i n 18. 4. 2. 1 of  NFPA 72 -  unl ess ot her wi se i ndi cat ed) ,  and per  
t he f ol l owi ng,  subj ect  t o appr oval  by t he Cont r act i ng Of f i cer ' s 
Techni cal  Repr esent at i ve:

I ncl ude a message f or  hangar  f i r e al ar m,  as i ndi cat ed i n UFC 4- 211- 01.   
I ncl ude a message f or  car bon monoxi de.  

(NOTE:  Base specific messages will be used if they exist, otherwise 
messages below will be used.  Contact the Contracting Officer for the eight 
required messages.  )

( 1)   Shel t er - i n pl ace:  " May I  have your  at t ent i on,  pl ease.   Ef f ect i ve 
i mmedi at el y,  we ar e oper at i ng " secur e and l ockdown pr ocedur es. "   
Al l  per sonnel  shoul d r emai n cal m and st ay wher e you ar e.   Pl ease 
awai t  f ur t her  i nst r uct i ons. "   Text  Message:  " ANNOUNCEMENT:   
SHELTER I N PLACE"

( 2)   Bomb Thr eat  War ni ng:  " At t ent i on,  at t ent i on.   A bomb t hr eat  has 
been r epor t ed f or  t hi s ar ea.   Ef f ect i ve i mmedi at el y,  we ar e 
oper at i ng,  ' secur e and l ockdown pr ocedur es. '   Al l  per sonnel  shoul d 
r emai n cal m and st ay wher e you ar e.   Pl ease awai t  f or  f ur t her  
i nst r uct i ons. "   Text  Message:   " ANNOUNCEMENT:   BOMB THREAT I N THE 
AREA.   SHELTER I N PLACE"

( 3)   Evacuat i on War ni ng:  " At t ent i on,  At t ent i on.   An emer gency has been 
r epor t ed i n t he bui l di ng.   Pl ease evacuat e usi ng t he near est  
exi t . "   Text  Message:   " EVACUATE:   EMERGENCY"

( 4)   Sever e Weat her  War ni ng:  " Your  at t ent i on pl ease.   A sever e weat her  
war ni ng has been i ssued f or  t he ar ea.   Take appr opr i at e act i on and 
t une i n t o t he l ocal  r adi o or  t el evi s i ons st at i ons f or  t he l at est  
updat es. "   Text  Message:   " ANNOUNCEMENT:   SEVERE WEATHER WARNI NG"

( 5)   Hangar  Fi r e Al ar m Message:   " At t ent i on,  at t ent i on.   A f i r e 
emer gency has been r epor t ed i n t he hangar  bay.   Pl ease evacuat e 
t he bui l di ng usi ng t he near est  exi t .   Do not  ent er  t he hangar  
bay"   Text  Message:   " EVACUATE:   HANGAR FI RE EMERGENCY.   DO NOT 
EXI T THROUGH THE HANGAR"   Ut i l i ze Hi gh/ Low t one.

( 6)   Nat ur al  Di sast er  War ni ng:   " Your  at t ent i on,  pl ease.   A nat ur al  
di sast er  has ei t her  occur r ed or  i s expect ed shor t l y t hat  wi l l  
i mpact  t he ar ea.   Take appr opr i at e act i on and t une i n t o t he l ocal  
r adi o or  t el evi s i on st at i ons f or  t he l at est  updat es. "   Text  
Message:   " ANNOUNCEMENT:   NATURAL DI SASTER WARNI NG"

( 7)    Al l  Cl ear  Message:  " The emer gency has now ended.   Pl ease r esume 
nor mal  oper at i ons.   Thank you f or  your  cooper at i on. "   Text  
Message:   " ANNOUNCEMENT:   " RESUME NORMAL OPERATI ONS"

Car bon Monoxi de Message:   " May I  have your  at t ent i on pl ease.   May 
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I  have your  at t ent i on pl ease.   Car bon monoxi de has been det ect ed 
i n t he bui l di ng.   Pl ease wal k t o t he near est  exi t  and l eave t he 
bui l di ng. "   ( Pr ovi de a 2 second pause. )   Not e:   Ut i l i ze t hr ee 
r ounds of  t he Car bon monoxi de al er t  t one,  520 Hz,  Tempor al  4. )  
Text  Message:   " EVACUATE:   CARBON MONOXI DE"

Fi r e Al ar m Message:   " At t ent i on,  at t ent i on.   A f i r e emer gency has 
been r epor t ed i n t he bui l di ng.   Pl ease evacuat e t he bui l di ng usi ng 
t he near est  exi t . "   Text  Message:   " EVACUATE:   FI RE EMERGENCY. "

d.   Auxi l i ar y I nput  Modul e must  be desi gned t o be an out boar d expansi on 
modul e t o ei t her  expand t he number  of  opt i onal  LOC' s,  or  al l ow a 
t el ephone i nt er f ace.

2. 3. 5   Memor y

Pr ovi de each cont r ol  uni t  wi t h non- vol at i l e memor y and l ogi c f or  al l  
f unct i ons.   The use of  l ong l i f e bat t er i es,  capaci t or s,  or  ot her  
age- dependent  devi ces must  not  be consi der ed as equal  t o non- vol at i l e 
pr ocessor s,  PROMS,  or  EPROMS.

2. 3. 6   Fi el d Pr ogr ammabi l i t y

Pr ovi de cont r ol  uni t s and cont r ol  uni t s t hat  ar e f ul l y  f i el d pr ogr ammabl e 
f or  bot h i nput  and out put  of  cont r ol ,  i ni t i at i on,  not i f i cat i on,  
super vi sor y,  and t r oubl e f unct i ons.   The syst em pr ogr am conf i gur at i on must  
be menu dr i ven.   Syst em changes must  be passwor d pr ot ect ed.   Any 
pr opr i et ar y equi pment  and pr opr i et ar y sof t war e needed by qual i f i ed 
t echni c i ans t o i mpl ement  f ut ur e changes t o t he f i r e al ar m syst em must  be 
pr ovi ded as par t  of  t hi s cont r act .

2. 3. 7   I nput / Out put  Modi f i cat i ons

The FACU must  cont ai n f eat ur es t hat  al l ow t he bypassi ng of  i nput  devi ces 
f r om t he syst em or  t he modi f i cat i on of  syst em out put s.   These cont r ol  
f eat ur es must  consi st  of  a cont r ol  uni t  mount ed keypad and a keyboar d.   
Any bypass or  modi f i cat i on t o t he syst em must  i ndi cat e a t r oubl e condi t i on 
on t he FACU.

2. 3. 8   Reset t i ng

Pr ovi de t he necessar y cont r ol s t o pr event  t he r eset t i ng of  any al ar m,  
super vi sor y,  or  t r oubl e s i gnal  whi l e t he al ar m,  super vi sor y or  t r oubl e 
condi t i on on t he syst em st i l l  exi st s.

2. 3. 9   Wal k Test

The FACU must  have a wal k t est  f eat ur e.   When usi ng t hi s f eat ur e,  
oper at i on of  i ni t i at i ng devi ces must  r esul t  i n l i mi t ed syst em out put s,  so 
t hat  t he not i f i cat i on appl i ances oper at e f or  onl y a f ew seconds and t he 
event  i s i ndi cat ed i n t he hi st or y l og,  but  no ot her  out put s occur .

2. 3. 10   Hi st or y Loggi ng

The cont r ol  uni t  must  have t he abi l i t y  t o st or e a mi ni mum of  400 event s i n 
a l og.   These event s must  be st or ed i n a bat t er y- pr ot ect ed memor y and must  
r emai n i n t he memor y unt i l  t he memor y i s downl oaded or  c l ear ed manual l y.   
Reset t i ng of  t he cont r ol  uni t  must  not  c l ear  t he memor y.
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2. 3. 11   Manual  Access

An oper at or  at  t he cont r ol  uni t ,  havi ng a pr oper  access l evel ,  must  have 
t he capabi l i t y  t o manual l y access t he f ol l owi ng i nf or mat i on f or  each 
i ni t i at i ng devi ce.

a.   Pr i mar y st at us.

b.   Devi ce t ype.

c.   Pr esent  aver age val ue.

d.   Pr esent  sensi t i v i t y sel ect ed.

e.   Det ect or  r ange ( nor mal ,  di r t y) .

2. 3. 12   Heat  Det ect or  Sel f - Test  Rout i nes

Aut omat i c sel f - t est  r out i nes must  be per f or med on each det ect or  t hat  wi l l  
f unct i onal l y check det ect or  sensi t i v i t y el ect r oni cs and ensur e t he 
accur acy of  t he val ue bei ng t r ansmi t t ed.   Any det ect or  t hat  f ai l s  t hi s 
t est  must  i ndi cat e a t r oubl e condi t i on wi t h t he det ect or  l ocat i on at  t he 
cont r ol  uni t .

2. 4   LOCAL OPERATI NG CONSOLES ( LOC)

2. 4. 1   Gener al

The LOC must  consi st  of  a r emot e mi cr ophone st at i on i ncor por at i ng a 
push- t o- t al k ( PTT)  hand- hel d mass not i f i cat i on mi cr ophone l abel ed " Mass 
Not i f i cat i on Mi cr ophone"  and syst em st at us i ndi cat or s.   The LOC must  have 
t he capabi l i t y  of  bei ng ut i l i zed t o act i vat e pr er ecor ded messages.   The 
uni t  must  i ncor por at e mi cr ophone over r i de of  any t one gener at i on or  
r ecor ded messages.   The uni t  must  be f ul l y super vi sed f r om t he FACU.   The 
housi ng f or  t he LOC must  not  be l ockabl e.  Hand- hel d mi cr ophones must  be 
housed i n a separ at e pr ot ect i ve cabi net .   The cabi net  must  be accessi bl e 
wi t hout  t he use of  a key or  ot her  t ool .   The l ocat i on of  t he mi cr ophones 
must  be appr oved by t he Desi gnat ed Fi r e Pr ot ect i on Engi neer  ( DFPE) .   

Adj acent  t o t he MNS mi cr ophone shal l  be a nonemer gency pagi ng mi cr ophone 
l abel ed " Non- Emer gency Pagi ng Mi cr ophone" ,  whi ch does not  not i f y t he Base 
Fi r e Depar t ment  when used.   Act i vat i on of  t he nonemer gency PA mi cr ophone 
must  not  i ni t i at e act i vat i on of  v i sual  not i f i cat i on appl i ances or  LED t ext  
di spl ays.   The PA pagi ng f unct i on must  not  over r i de any al ar m or  
not i f i cat i on f unct i ons.

2. 4. 2   Mul t i pl e LOCs

When an i nst al l at i on has mor e t han one LOC,  t he LOCs must  be pr ogr ammed t o 
al l ow onl y one LOC t o be avai l abl e f or  emer gency pagi ng or  MNS messagi ng 
at  a t i me.   Once one LOC becomes act i ve,  al l  ot her  LOC' s wi l l  have an 
i ndi cat i on t hat  t he syst em i s busy ( Amber  Busy Li ght )  and cannot  be used 
at  t hat  t i me.   Thi s i s t o avoi d t wo messages bei ng gi ven at  t he same 
t i me.   I t  must  be possi bl e t o over r i de or  l ockout  t he LOC' s f r om t he FACU.

2. 5   AMPLI FI ERS,  PREAMPLI FI ERS,  TONE GENERATORS

Any ampl i f i er s,  pr eampl i f i er s,  t one gener at or s,  di gi t al i zed voi ce 
gener at or s,  and ot her  har dwar e necessar y f or  a compl et e,  oper at i onal ,  
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t ext ual  audi bl e c i r cui t  conf or mi ng t o NFPA 72 must  be housed i n a r emot e 
FACU,  t er mi nal  cabi net ,  or  i n t he FACU.   I ndi v i dual  ampl i f i er s must  be 100 
wat t s maxi mum.

2. 5. 1   Oper at i on

The syst em must  aut omat i cal l y oper at e and cont r ol  al l  bui l di ng speaker s.

2. 5. 2   Const r uct i on

Ampl i f i er s must  ut i l i ze comput er  gr ade sol i d st at e component s and must  be 
pr ovi ded wi t h out put  pr ot ect i on devi ces suf f i c i ent  t o pr ot ect  t he 
ampl i f i er  agai nst  any t r ansi ent  up t o 10 t i mes t he hi ghest  r at ed vol t age 
i n t he syst em.

2. 5. 3   I nput s

Equi p each syst em wi t h separ at e i nput s f or  t he t one gener at or ,  di gi t al i zed 
voi ce dr i ver  and cont r ol  uni t  mount ed mi cr ophone.   Mi cr ophone i nput s must  
be of  t he l ow i mpedance,  bal anced l i ne t ype.   Bot h mi cr ophone and t one 
gener at or  i nput  must  be oper at i onal  on any ampl i f i er .

2. 5. 4   Tone Gener at or

The t one gener at or  must  pr oduce a t hr ee- pul se t empor al  pat t er n and must  be 
const ant l y r epeat ed unt i l  i nt er r upt ed by ei t her  t he di gi t al i zed voi ce 
message,  t he mi cr ophone i nput ,  or  t he al ar m si l ence mode as speci f i ed.   
The t one gener at or  must  be si ngl e channel  wi t h an aut omat i c backup 
gener at or  per  channel  such t hat  f ai l ur e of  t he pr i mar y t one gener at or  
causes t he backup gener at or  t o aut omat i cal l y t ake over  t he f unct i ons of  
t he f ai l ed uni t  and al so causes t r ansf er  of  t he common t r oubl e r el ay.   The 
t one gener at or  must  be pr ovi ded wi t h secur el y at t ached l abel s t o i dent i f y 
t he component  as a t one gener at or  and t o i dent i f y t he speci f i c  t one i t  
pr oduces.

2. 5. 5   Pr ot ect i on Ci r cui t s

Each ampl i f i er  must  be const ant l y super vi sed f or  any condi t i on t hat  coul d 
r ender  t he ampl i f i er  i noper abl e at  i t s  maxi mum out put .   Fai l ur e of  any 
component  must  cause  i l l umi nat i on of  a v i sual  " ampl i f i er  t r oubl e"  
i ndi cat or  on t he cont r ol  uni t ,  appr opr i at e l oggi ng of  t he condi t i on i n t he 
hi st or y l og,  and ot her  act i ons f or  t r oubl e condi t i ons as speci f i ed.

2. 6   REMOTE ANNUNCI ATOR

Pr ovi de a semi - r ecessed mount ed annunci at or  t hat  i ncl udes an LCD di spl ay.   
The di spl ay must  i ndi cat e t he devi ce i n t r oubl e/ al ar m or  any super vi sor y 
devi ce.   Di spl ay t he devi ce name,  addr ess.   The r emot e annunci at or  must  
dupl i cat e f unct i ons of  t he FACU f or  message di spl ay,  f i r e al ar m,  
super vi sor y al ar m,  and t r oubl e condi t i ons,  v i sual  and audi bl e 
not i f i cat i on,  and syst em r eset  f unct i ons.   Remot e annunci at or  must  r equi r e 
t he use of  a key f or  accessi ng t he r eset ,  cont r ol  and ot her  f unct i ons.

A bui l di ng f l oor  pl an must  be pr ovi ded and mount ed ( behi nd Pl exi gl ass or  
s i mi l ar  pr ot ect i ve mat er i al )  at  t he annunci at or  l ocat i on.   The f l oor  pl an 
must  i ndi cat e al l  r ooms by name and number  i ncl udi ng t he l ocat i ons of  
st ai r s and el evat or s.   The f l oor  pl an must  show al l  devi ces and t hei r  
pr ogr ammed addr ess t o f aci l i t at e i dent i f i cat i on of  t hei r  physi cal  l ocat i on 
f r om t he LCD di spl ay i nf or mat i on.
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2. 7   MANUAL STATI ONS

Pr ovi de met al  or  pl ast i c,  semi - f l ush mount ed,  doubl e- act i on,  addr essabl e 
manual  st at i ons,  t hat  ar e not  subj ect  t o oper at i on by j ar r i ng or  
v i br at i on.   St at i ons must  be equi pped wi t h scr ew t er mi nal s f or  each 
conduct or .   St at i ons t hat  r equi r e t he r epl acement  of  any por t i on of  t he 
devi ce af t er  act i vat i on ar e not  per mi t t ed.   St at i ons must  be f i ni shed i n 
r ed wi t h mol ded r ai sed l et t er i ng oper at i ng i nst r uct i ons of  cont r ast i ng 
col or .   The use of  a key must  be r equi r ed t o r eset  t he st at i on.   Pr ovi de 
NEMA 4 manual  st at i ons i n hangar  bays and Cl ass I  Di v i s i on 1 and 2 devi ces 
wher e i ndi cat ed.

2. 8   SMOKE DETECTORS

2. 8. 1   Spot  Type Det ect or s

Pr ovi de addr essabl e phot oel ect r i c smoke det ect or s as f ol l ows:

a.   Pr ovi de anal og/ addr essabl e phot oel ect r i c smoke det ect or s ut i l i z i ng t he 
phot oel ect r i c l i ght  scat t er i ng pr i nci pl e f or  oper at i on i n accor dance 
wi t h UL 268.   Smoke det ect or s must  be l i s t ed f or  use wi t h t he FACU.

b.   Pr ovi de sel f - r est or i ng t ype det ect or s t hat  do not  r equi r e any 
r eadj ust ment  af t er  act uat i on at  t he FACU t o r est or e t hem t o nor mal  
oper at i on.   The det ect or  must  have a v i sual  i ndi cat or  t o show 
act uat i on.

c.   Vi br at i on must  have no ef f ect  on t he det ect or ' s oper at i on.   Pr ot ect  
t he det ect i on chamber  wi t h a f i ne mesh met al l i c  scr een t hat  pr event s 
t he ent r ance of  i nsect s or  ai r bor ne mat er i al s.   The scr een must  not  
i nhi bi t  t he movement  of  smoke par t i c l es i nt o t he chamber .

d.   Pr ovi de t wi st  l ock bases  wi t h scr ew t er mi nal s f or  each conduct or .   
The det ect or s must  mai nt ai n cont act  wi t h t hei r  bases wi t hout  t he use 
of  spr i ngs.

e.   The det ect or  addr ess must  i dent i f y t he par t i cul ar  uni t ,  i t s  l ocat i on 
wi t hi n t he syst em,  and i t s sensi t i v i t y set t i ng.   Det ect or s must  be of  
t he l ow vol t age t ype r at ed f or  use on a 24 VDC syst em.

2. 8. 2   Duct  Smoke Det ect or s

Duct - mount ed addr essabl e phot oel ect r i c smoke det ect or s must  consi st  of  a 
smoke det ect or ,  as speci f i ed i n par agr aph Spot  Type Det ect or s,  mount ed i n 
a speci al  housi ng f i t t ed wi t h duct  sampl i ng t ubes.   Det ect or  c i r cui t r y 
must  be mount ed i n a met al l i c  or  pl ast i c encl osur e ext er i or  t o t he duct .  
Det ect or s must  be l i s t ed f or  oper at i on over  t he compl et e r ange of  ai r  
vel oci t i es,  t emper at ur e and humi di t y expect ed at  t he det ect or  when t he 
ai r - handl i ng syst em i s oper at i ng,  at  a mi ni mum,  100 f pm.   Det ect or s must  
be power ed f r om t he FACU.

a.   Sampl i ng t ubes must  r un t he f ul l  wi dt h of  t he duct .   The duct  det ect or  
package must  conf or m t o t he r equi r ement s of  NFPA 90A,  UL 268A,  and 
must  be l i s t ed f or  use i n ai r - handl i ng syst ems.   The cont r ol  
f unct i ons,  oper at i on,  r eset ,  and bypass must  be cont r ol l ed f r om t he 
FACU.

b.   Li ght s t o i ndi cat e t he oper at i on and al ar m condi t i on must  be vi s i bl e 
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and accessi bl e wi t h t he uni t  i nst al l ed and t he cover  i n pl ace.   Remot e 
i ndi cat or s and keyed t est  st at i ons must  be pr ovi ded.   Remot e 
i ndi cat or s as wel l  as t he af f ect ed f an uni t s must  be pr oper l y 
i dent i f i ed i n et ched pl ast i c pl acar ds.

c.   Det ect or s must  pr ovi de f or  cont r ol  of  auxi l i ar y cont act s t hat  pr ovi de 
cont r ol ,  i nt er l ock,  and shut down f unct i ons speci f i ed i n Sect i on 
23 09 00 t o I NSTRUMENTATI ON AND CONTROL FOR HVAC.   Auxi l i ar y cont act s 
pr ovi de f or  t hi s f unct i on must  be l ocat ed wi t hi n 3 f eet  of  t he 
cont r ol l ed c i r cui t  or  appl i ance.   The auxi l i ar y cont act s must  be 
suppl i ed by t he f i r e al ar m syst em manuf act ur er  t o ensur e compl et e 
syst em compat i bi l i t y .

2. 9   FLAME DETECTORS

Det ect or s must  be sensi t i ve t o t he mi cr on r ange best  sui t ed f or  t hei r  
i nt ended use.   Det ect or s must  oper at e over  el ect r i cal l y super vi sed wi r i ng 
c i r cui t s and t he l oss of  power  t o t he det ect or  must  r esul t  i n a t r oubl e 
s i gnal .   A sel f - t est  f eat ur e must  be pr ovi ded f or  each det ect or  t o be 
i ndi v i dual l y t est ed.

2. 9. 1   I nf r ar ed ( I R)  Si ngl e Fr equency Fl ame Det ect or

The det ect or  must  be sensi t i ve i n t he r ange of  _0. 15 t o _0. 27 mi cr omet er s 
onl y.

2. 9. 2   I nf r ar ed ( I R)  Mul t i  Fr equency Fl ame Det ect or

The I R det ect or  must  consi st  of  t hr ee or  mor e I R sensor s,  each sel ect ed 
f or  a di f f er ent  I R f r equency.   The pr i mar y sensor  must  be sensi t i ve i n t he 
r ange of  0. 15 t o 0. 27 mi cr omet er s onl y.   Secondar y sensor s ar e t uned t o 
di f f er ent  I R wavel engt hs t o nul l  out  t he ef f ect  of  bl ack body r adi at i on t o 
t he pr i mar y sensor .

2. 9. 3   Ul t r avi ol et  ( UV)  Fl ame Det ect or s

UV f l ame det ect or  must  be of  t he nar r ow band r esponse t ype whi ch oper at es 
on r adi at ed ul t r avi ol et  ener gy and must  be sensi t i ve i n t he r ange of  0. 15 
t o 0. 27 mi cr omet er s onl y.   The cone of  v i s i on must  be 80 degr ees or  
gr eat er .   Each det ect or  must  be compl et el y i nsensi t i ve t o l i ght  sour ces i n 
t he v i s i bl e f r equency r ange.

2. 9. 4   Combi nat i on UV/ I R Fl ame Det ect or

The UV/ I R det ect or  must  pr ovi de di scr i mi nat i on agai nst  f al se al ar ms by 
r equi r i ng bot h UV and I R f l ame det ect i on bef or e an al ar m i s sent .   The UV 
sensor  must  be sensi t i ve i n t he r ange of  0. 185 t o 0. 265 mi cr omet er s onl y.   
The I R sensor  must  be sensi t i ve i n t he r ange of  0. 15____ t o 0. 27 
mi cr omet er s onl y.   Det ect or s must  be compl et el y i nsensi t i ve t o l i ght  
sour ces i n t he v i s i bl e f r equency r ange.

2. 10   CARBON MONOXI DE DETECTOR

Anal og/ addr essabl e car bon monoxi de ( CO)  det ect or s must  be l i s t ed t o UL 2075
 and set  t o r espond t o t he sensi t i v i t y l i mi t s of  UL 2034.   Car bon monoxi de 
det ect or s must  be l i s t ed f or  use wi t h f i r e al ar m cont r ol  uni t s.   Det ect or s 
must  be sur f ace mount ed i n t he hor i zont al  or i ent at i on and suppor t ed 
i ndependent l y of  wi r i ng connect i ons.   Det ect or s must  be sel f - r est or i ng.   
For  FACU wi t h no l i s t ed compat i bl e addr essabl e CO det ect or s,  pr ovi de 
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l i st ed 4- wi r e det ect or s.   Do not  pr ovi de CO det ect or s wi t h l ocal  al ar ms.   
Det ect or  must  be pr ovi ded wi t h an LED st at us i ndi cat or .

a.   Wher e 4- wi r e CO det ect or s ar e necessar y,  each 4- wi r e CO det ect or  must  
be i ndi v i dual l y moni t or ed vi a addr essabl e i nt er f ace modul es f or  al ar m 
and of f  nor mal / t r oubl e condi t i ons ( i ncl udi ng l oss of  power  t o t he 
i ndi v i dual  det ect or ) .   Power  c i r cui t s f or  4- wi r e CO det ect or s must  be 
dedi cat ed t o power i ng t he CO det ect or s onl y.   Bat t er y power ed and 120 
VAC power ed det ect or s ar e pr ohi bi t ed.

b.   Wi r i ng connect i ons must  be made by means of  scr ew t er mi nal s and 
det ect or s must  be equi pped wi t h t r oubl e r el ays.   Det ect or s must  be 
abl e t o mount  a s i ngl e- gang el ect r i cal  box.

c.   A t r oubl e condi t i on at  an i ndi v i dual  CO det ect or  must  not  af f ect  any 
ot her  CO det ect or s.   CO det ect or s must  be power ed by t he FACU.

d.   Det ect or s must  be pr ovi ded wi t h a means t o t est  CO gas ent r y i nt o t he 
CO sensi ng cel l .

2. 11   ADDRESSABLE I NTERFACE DEVI CES

The i ni t i at i ng devi ce bei ng moni t or ed must  be conf i gur ed as a Cl ass " B"  
i ni t i at i ng devi ce c i r cui t s.   The modul e must  be l i s t ed as compat i bl e wi t h 
t he cont r ol  uni t .   The  modul e must  pr ovi de addr ess set t i ng means 
compat i bl e wi t h t he cont r ol  uni t ' s  SLC super vi s i on and st or e an i nt er nal  
i dent i f y i ng code.   Moni t or  modul e must  cont ai n an i nt egr al  LED t hat  
f l ashes each t i me t he moni t or  modul e i s pol l ed and i s v i s i bl e t hr ough t he 
devi ce cover  pl at e.   Pul l  st at i ons wi t h a moni t or  modul e i n a common 
backbox ar e not  r equi r ed t o have an LED.  Modul es must  be l i s t ed f or  t he 
envi r onment al  condi t i ons i n whi ch t hey wi l l  be i nst al l ed.

2. 12   ADDRESSABLE CONTROL MODULES

The cont r ol  modul e must  be capabl e of  oper at i ng as a r el ay ( dr y cont act  
f or m C)  f or  i nt er f aci ng t he cont r ol  uni t  wi t h ot her  syst ems,  and t o 
cont r ol  door  hol der s or  i ni t i at e el evat or  f i r e ser vi ce.   The modul e must  
be l i s t ed as compat i bl e wi t h t he cont r ol  uni t .   The i ndi cat i ng devi ce or  
t he ext er nal  l oad bei ng cont r ol l ed must  be conf i gur ed as Cl ass B 
not i f i cat i on appl i ance ci r cui t s.   The syst em must  be capabl e of  
super vi s i ng,  audi bl e,  v i sual  and dr y cont act  c i r cui t s.   The cont r ol  modul e 
must  have bot h an i nput  and out put  addr ess.   The super vi s i on must  det ect  a 
shor t  on t he super vi sed ci r cui t  and must  pr event  power  f r om bei ng appl i ed 
t o t he c i r cui t .   The cont r ol  model  must  pr ovi de addr ess set t i ng means 
compat i bl e wi t h t he cont r ol  uni t ' s  SLC super vi s i on and st or e an i nt er nal  
i dent i f y i ng code.   The cont r ol  modul e must  cont ai n an i nt egr al  LED t hat  
f l ashes each t i me t he cont r ol  modul e i s pol l ed and i s v i s i bl e t hr ough t he 
devi ce cover  pl at e.   Cont r ol  Modul es must  be l i s t ed f or  t he envi r onment al  
condi t i ons i n whi ch t hey wi l l  be i nst al l ed.

2. 13   NOTI FI CATI ON APPLI ANCES

2. 13. 1   Audi bl e Not i f i cat i on Appl i ances

Audi bl e appl i ances must  conf or m t o t he appl i cabl e r equi r ement s of  UL 464.   
Appl i ances must  be connect ed i nt o not i f i cat i on appl i ance ci r cui t s.   
Sur f ace mount ed audi bl e appl i ances must  be pai nt ed whi t e.   Recessed 
audi bl e appl i ances must  be i nst al l ed wi t h a gr i l l  t hat  i s  f act or y pai nt ed 
whi t e.
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2. 13. 1. 1   Speaker s

a.   Speaker s must  conf or m t o t he appl i cabl e r equi r ement s of  UL 1480.   
Speaker s must  have si x di f f er ent  sound out put  l evel s and oper at e wi t h 
audi o l i ne i nput  l evel s of  70. 7 VRMs and 25 VRMs,  by means of  
sel ect abl e t ap set t i ngs.   I nt er i or  speaker  t ap set t i ngs must  i ncl ude 
t aps of  1/ 4,  1/ 2,  1,  and 2 wat t ,  at  a mi ni mum.   Ext er i or  speaker s must  
al so be mul t i - t apped wi t h no mor e t han 15 wat t  maxi mum set t i ng.   
Speaker s must  i ncor por at e a hi gh ef f i c i ency speaker  f or  maxi mum out put  
at  mi ni mum power  acr oss a f r equency r ange of  400 Hz t o 4, 000 Hz,  and 
must  have a seal ed back const r uct i on,  and must  be sel ect ed and l ocat ed 
t o achi eve r equi r ed i nt el l i gi bi l i t y .   Speaker s must  be capabl e of  
i nst al l at i on on st andar d 4- i nch squar e el ect r i cal  boxes.   Wher e 
speaker s and st r obes ar e pr ovi ded i n t he same l ocat i on,  t hey may be 
combi ned i nt o a s i ngl e uni t .   Al l  i nput s must  be pol ar i zed f or  
compat i bi l i t y  wi t h st andar d r ever se pol ar i t y super vi s i on of  c i r cui t  
wi r i ng v i a t he FACU.   Speaker s i n t he hangar  bays must  be r at ed f or  
wet  l ocat i ons,  NEMA 4,  and may be si ngl e t apped.   Speaker s i n 
c l assi f i ed or  secur e ar eas must  al so be r at ed f or  t he c l assi f i ed or  
secur e ar ea i n whi ch t hey ar e l ocat ed.

b.   Pr ovi de speaker  mount i ng pl at es const r uct ed of  col d r ol l ed st eel  
havi ng a mi ni mum t hi ckness of  16 gage or  mol ded hi gh i mpact  pl ast i c 
and equi pped wi t h mount i ng hol es and ot her  openi ngs as needed f or  a 
compl et e i nst al l at i on.   Fabr i cat i on mar ks and hol es must  be gr ound and 
f i ni shed t o pr ovi de a smoot h and neat  appear ance f or  each pl at e.   Each 
pl at e must  be pr i med and pai nt ed.

c.   Speaker s must  ut i l i ze scr ew t er mi nal s f or  t er mi nat i on of  al l  f i el d 
wi r i ng.

d.   The hangar  bay i s a l ar ge caver nous ar ea whi ch i s t ypi cal l y di f f i cul t  
t o meet  i nt el l i gi bi l i t y  per  UFC 4- 021- 01.   I t  wi l l  r equi r e car ef ul l y 
sel ect ed speaker s not  t ypi cal  f or  of f i ce envi r onment s.   Use of  
Ease- Evac or  a s i mi l ar  pr ogr am i s r ecommended t o model  i nt el l i gi bi l i t y  
i n t he hangar  bay bef or e i nst al l at i on t o mi ni mi ze r epeat  
i nt el l i gi bi l i t y  t est i ng,  i f  avai l abl e f or  t he hangar  speaker  sel ect ed.  
Appl i ances i n t he hangar  bays shal l  be sui t abl e f or  wet  l ocat i on,  NEMA 
4 ( or  equi val ent ) ,  and hazar dous l ocat i on wher e i ndi cat ed.  

2. 13. 2   Vi sual  Not i f i cat i on Appl i ances

Vi sual  not i f i cat i on appl i ances must  conf or m t o t he appl i cabl e r equi r ement s 
of  UL 1638,  UL 1971 and conf or m t o t he Ar chi t ect ur al  Bar r i er s Act  ( ABA) .   
Vi sual  Not i f i cat i on Appl i ances must  have cl ear  hi gh i nt ensi t y opt i c l ens,  
xenon f l ash t ubes,  or  l i ght  emi t t i ng di ode ( LED)  and be mar ked " Al er t "  i n 
l et t er s of  cont r ast i ng col or .   The l i ght  pat t er n must  be di sbur sed so t hat  
i t  i s  v i s i bl e above and bel ow t he st r obe and f r om a 90 degr ee angl e on 
bot h s i des of  t he st r obe.   St r obe f l ash r at e must  be 1 f l ash per  second 
and a mi ni mum of  15 candel a based on t he UL 1971 t est .   St r obe must  be 
sur f ace mount ed.   Appl i ances i n c l assi f i ed l ocat i ons must  al so be r at ed 
f or  t he c l assi f i ed ar ea i n whi ch t hey ar e l ocat ed.

Vi sual  not i f i cat i on appl i ances i n t he hangar  bay shal l  be sui t abl e f or  wet  
l ocat i on,  NEMA 4,  and shal l  be 177 candel a ar ound t he per i met er  of  t he 
hangar  bay ( not  i ncl udi ng t he door )  per  NFPA 72 spaci ng r equi r ement s.     
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2. 13. 3   Text ual  Di spl ay Si gns

Text ual  di spl ay s i gns must  be LED,  24 V,  wi t h a hei ght  necessar y t o meet  
t he r equi r ement s of  NFPA 72.  The t ext  di spl ay must  spel l  out  t he wor d 
" EVACUATE"  or  " ANNOUNCEMENT"  and t he r emai nder  of  t he emer gency 
i nst r uct i ons as appr opr i at e.   Ref er  t o sect i on 2. 3. 4. 2 f or  messages.   The 
desi gn of  t ext  di spl ay must  be such t hat  i t  cannot  be r ead when not  
i l l umi nat ed.  Text ual  not i f i cat i on i n t he hangar  bays ar e not  r equi r ed t o 
be sui t abl e f or  wet  l ocat i on,  NEMA 4 or  3R.

LED t ext  di spl ays must  meet  t he f ol l owi ng r equi r ement s at  a mi ni mum:

a.   Two l i nes of  i nf or mat i on f or  hi gh pr i or i t y messagi ng.

b.   Mi ni mum of  20 char act er s per  l i ne ( 40 t ot al )  di spl ayed.

c.   Text  must  be no l ess t han hei ght  r equi r ement s and col or / cont r ast  
r equi r ement s of  NFPA 72.

e.   Di spl ay must  be wal l  or  cei l i ng mount ed.

f .   Mount i ng br acket s f or  a conveni ent  wal l / cubi c l e mount .

g.   Dur i ng non- emer gency per i ods,  di spl ay dat e and t i me.

h.   The syst em must  i nt er f ace wi t h t he t ext ual  di spl ay s i gn cont r ol  panel  
t o act i vat e t he pr oper  message.

2. 14   ELECTRI C POWER

2. 14. 1   Pr i mar y Power

Power  must  be 120 VAC 60 Hz ser vi ce f or  t he FACU f r om t he AC ser vi ce t o 
t he bui l di ng i n accor dance wi t h NFPA 72.

2. 15   SECONDARY POWER SUPPLY

Pr ovi de f or  syst em oper at i on i n t he event  of  pr i mar y power  sour ce 
f ai l ur e.   Tr ansf er  f r om nor mal  t o auxi l i ar y ( secondar y)  power  or  
r est or at i on f r om auxi l i ar y t o nor mal  power  must  be aut omat i c and must  not  
cause t r ansmi ssi on of  a f al se al ar m.

2. 15. 1   Bat t er i es

Pr ovi de seal ed,  mai nt enance- f r ee,  seal ed l ead aci d bat t er i es as t he sour ce 
f or  emer gency power  t o t he FACU.   Bat t er i es must  cont ai n suspended 
el ect r ol yt e.   The bat t er y syst em must  be mai nt ai ned i n a f ul l y  char ged 
condi t i on by means of  a sol i d st at e bat t er y char ger .   Pr ovi de an aut omat i c 
t r ansf er  swi t ch t o t r ansf er  t he l oad t o t he bat t er i es i n t he event  of  t he 
f ai l ur e of  pr i mar y power .

2. 15. 1. 1   Capaci t y

Bat t er y s i ze must  be t he gr eat er  of  t he f ol l owi ng t wo capaci t i es.   Thi s 
capaci t y appl i es t o ever y cont r ol  uni t  associ at ed wi t h t hi s syst em,  
i ncl udi ng suppl ement al  not i f i cat i on appl i ance ci r cui t  panel s,  auxi l i ar y 
power  suppl y panel s,  f i r e al ar m t r ansmi t t er s,  and Base- wi de mass 
not i f i cat i on t r anscei ver s.   When det er mi ni ng t he r equi r ed capaci t y under  
al ar m condi t i on,  v i sual  not i f i cat i on appl i ances must  i ncl ude bot h t ext ual  
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and non- t ext ual  t ype appl i ances.

a.   Suf f i c i ent  capaci t y t o oper at e t he f i r e al ar m syst em under  super vi sor y 
and t r oubl e condi t i ons,  i ncl udi ng audi bl e t r oubl e s i gnal  devi ces f or  
48 hour s and audi bl e and vi sual  s i gnal  devi ces under  al ar m condi t i ons 
f or  an addi t i onal  15 mi nut es.

b.   Suf f i c i ent  capaci t y t o oper at e t he mass not i f i cat i on f or  60 mi nut es 
af t er  l oss of  AC power .

2. 15. 1. 2   Bat t er y Power  Cal cul at i ons

a.   Ver i f y t hat  bat t er y capaci t y exceeds super vi sor y and al ar m power  
r equi r ement s f or  t he cr i t er i a not ed i n t he par agr aph " Capaci t y"  above.

( 1)  Subst ant i at e t he bat t er y cal cul at i ons f or  al ar m and super vi sor y 
power  r equi r ement s.   I ncl ude amper e- hour  r equi r ement s f or  each 
syst em component  and each cont r ol  uni t  component ,  and compl i ance 
wi t h UL 864.

( 2)  Pr ovi de compl et e bat t er y cal cul at i ons f or  bot h t he al ar m and 
super vi sor y power  r equi r ement s.   Submi t  amper e- hour  r equi r ement s 
f or  each syst em component  wi t h t he cal cul at i ons.

( 3)  Pr ovi de vol t age dr op cal cul at i ons t o i ndi cat e t hat  suf f i c i ent  
vol t age i s avai l abl e f or  pr oper  oper at i on of  t he syst em and al l  
component s.   Cal cul at i ons must  be per f or med usi ng t he mi ni mum 
r at ed vol t age of  each component .

b.   For  bat t er y cal cul at i ons assume a st ar t i ng vol t age of  24 VDC f or  
st ar t i ng t he cal cul at i ons t o s i ze t he bat t er i es.   Cal cul at e t he 
r equi r ed Amp- Hour s f or  t he speci f i ed st andby t i me,  and t hen cal cul at e 
t he r equi r ed Amp- Hour s f or  t he speci f i ed al ar m t i me.   Usi ng 20. 4 VDC 
as st ar t i ng vol t age,  per f or m a vol t age dr op cal cul at i on f or  c i r cui t s 
cont ai ni ng devi ce and/ or  appl i ances r emot e f r om t he power  sour ces.

2. 15. 2   Bat t er y Char ger s

Pr ovi de a sol i d st at e,  f ul l y  aut omat i c,  var i abl e char gi ng r at e bat t er y 
char ger .   The char ger  must  be capabl e of  pr ovi di ng 120 per cent  of  t he 
connect ed syst em l oad and must  mai nt ai n t he bat t er i es at  f ul l  char ge.   I n 
t he event  t he bat t er i es ar e f ul l y  di schar ged ( 20. 4 Vol t s dc) ,  t he char ger  
must  r echar ge t he bat t er i es back t o 95 per cent  of  f ul l  char ge wi t hi n 48 
hour s af t er  a s i ngl e di schar ge cycl e as descr i bed i n par agr aph CAPACI TY 
above.   Pr ovi de pi l ot  l i ght  t o i ndi cat e when bat t er i es ar e manual l y pl aced 
on a hi gh r at e of  char ge as par t  of  t he uni t  assembl y i f  a hi gh r at e 
swi t ch i s pr ovi ded.

2. 16   SURGE PROTECTI VE DEVI CES

Sur ge pr ot ect i ve devi ces must  be pr ovi ded t o suppr ess al l  vol t age 
t r ansi ent s whi ch mi ght  damage f i r e al ar m cont r ol  uni t  component s.   Syst ems 
havi ng ci r cui t s l ocat ed out door s,  communi cat i ons equi pment  must  be 
pr ot ect ed agai nst  sur ges i nduced on any si gnal i ng l i ne c i r cui t .   Cabl es 
and conduct or s,  t hat  ser ve as communi cat i ons l i nks,  must  have sur ge 
pr ot ect i on c i r cui t s i nst al l ed at  each end.   The sur ge pr ot ect i ve devi ce 
must  wi r e i n ser i es t o t he power  suppl y of  t he pr ot ect ed equi pment  wi t h 
scr ew t er mi nat i ons.   Li ne vol t age sur ge ar r est or  must  be i nst al l ed 
di r ect l y adj acent  t o t he power  panel  wher e t he FACU br eaker  i s l ocat ed.
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a.   Sur ge pr ot ect i ve devi ces f or  nomi nal  120 VAC must  be UL 1449 l i s t ed 
wi t h a maxi mum 500 vol t  suppr essi on l evel  and have a maxi mum r esponse 
t i me of  5 nanoseconds.   The sur ge pr ot ect i ve devi ce must  al so meet  
I EEE C62. 41. 1 and I EEE C62. 41. 2 cat egor y B t est s f or  sur ge capaci t y.   
The sur ge pr ot ect i ve devi ce must  f eat ur e mul t i - st age const r uct i on and 
be pr ovi ded wi t h a l ong- l i f e i ndi cat or  l amp ( ei t her  l i ght  emi t t i ng 
di ode or  neon)  whi ch ext i ngui shes upon f ai l ur e of  pr ot ect ed 
component s.   Any uni t  f usi ng must  be ext er nal l y accessi bl e.

b.   Sur ge pr ot ect i ve devi ces f or  nomi nal  24 VAC,  f i r e al ar m t el ephone 
di al er ,  or  et her net  connect i on must  be UL 497B l i s t ed,  meet  
I EEE C62. 41. 1 and have a maxi mum r esponse t i me of  1- nanosecond.   The 
sur ge pr ot ect i ve devi ce must  f eat ur e mul t i - st age const r uct i on and be 
sel f - r eset t i ng.   The sur ge pr ot ect i ve devi ce must  be a base and pl ug 
st y l e.   The base assembl y must  have scr ew t er mi nal s f or  f i r e al ar m 
wi r i ng.   The base assembl y must  accept  " pl ug- i n"  sur ge pr ot ect i ve 
modul e.

c.   Al l  sur ge pr ot ect i ve devi ces ( SPD)  must  be t he st andar d pr oduct  of  a 
s i ngl e manuf act ur er  and be equal  or  bet t er  t han t he f ol l owi ng:

( 1)  For  120 VAC nomi nal  l i ne vol t age:   UL 1449 and UL 1283 l i s t ed,  
ser i es connect ed 120 VAC,  20A r at ed,  sur ge pr ot ect i ve devi ce i n a 
NEMA 4 encl osur e.   Mi ni mum 50, 000 amp sur ge cur r ent  r at i ng wi t h 
EMI / RFI  f i l t er i ng and a dr y cont act  c i r cui t  f or  r emot e moni t or i ng 
of  sur ge pr ot ect i on st at us.

( 2)  For  24- vol t  nomi nal  l i ne vol t age:   UL 497B l i s t ed,  ser i es 
connect ed l ow vol t age,  24- vol t ,  5A r at ed,  l oop ci r cui t  pr ot ect or ,  
base and r epl aceabl e modul e.

( 3)  For  al ar m t el ephone di al er s:   UL 497A l i s t ed,  ser i es connect ed,  
130- vol t ,  150 mA r at ed wi t h sel f - r eset t i ng f use,  di al er  c i r cui t  
pr ot ect or  wi t h modul ar  pl ug and pl ay.

( 4)  For  I P- DACTS:   UL 497B l i s t ed,  ser i es connect ed,  6. 4- vol t ,  1. 5A 
r at ed wi t h 20 kA/ pai r  sur ge cur r ent ,  dat a net wor k pr ot ect or  wi t h 
modul ar  pl ug and pl ay.

2. 17   WI RI NG

Pr ovi de wi r i ng mat er i al s under  t hi s sect i on as speci f i ed i n Sect i on 
26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM wi t h t he addi t i ons and modi f i cat i ons 
speci f i ed her ei n.

2. 17. 1   Al ar m Wi r i ng

I DC and SLC wi r i ng must  be f i ber  opt i c or  sol i d copper  cabl e i n accor dance 
wi t h t he manuf act ur er s r equi r ement s.   Copper  s i gnal i ng l i ne c i r cui t s must  
be mi ni mum 18 AWG si ze.   I ni t i at i ng devi ce c i r cui t  and not i f i cat i on devi ce 
c i r cui t  f i el d wi r i ng must  be No.  16 AWG si ze conduct or s at  a mi ni mum.   
Speaker  c i r cui t s must  be copper  No.  16AWG si ze t wi st ed and shi el ded 
conduct or s at  a mi ni mum.  Wi r i ng f or  t ext ual  not i f i cat i on appl i ance 
ci r cui t s must  be i n accor dance wi t h manuf act ur er ' s r equi r ement s but  must  
be super vi sed by t he FACU.   Wi r e s i ze must  be suf f i c i ent  t o pr event  
vol t age dr op pr obl ems.   Ci r cui t s oper at i ng at  24 VDC must  not  oper at e at  
l ess t han t he l i s t ed vol t ages f or  t he det ect or s and/ or  appl i ances.   Power  
wi r i ng,  oper at i ng at  120 VAC mi ni mum,  must  be a mi ni mum No.  12 AWG sol i d 
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copper  havi ng si mi l ar  i nsul at i on.   Accept abl e power - l i mi t ed cabl es ar e 
FPL,  FPLR or  FPLP as appr opr i at e wi t h r ed col or ed cover i ng.   
Nonpower - l i mi t ed cabl es must  compl y wi t h NFPA 70.   

Al l  wi r i ng shal l  be i n EMT or  r i gi d condui t ,  except  t er mi nat i ons whi ch may 
exper i ence movement  may be pr ovi ded wi t h up t o 5 f eet  of  f l exi bl e 
condui t .   Al l  devi ces,  wi r i ng,  j unct i on boxes and condui t  i n t he hangar  
bays must  be i nst al l ed per  NFPA 70 f or  wet  l ocat i on,  NEMA 4.   I nst al l at i on 
i n t he hangar  bay shal l  be per  NEC f or  Cl ass I  Di v i s i on 2 l ocat i ons t o 18"  
above t he hangar  f l oor ,  and Cl ass I  Di v i s i on 1 l ocat i ons bel ow t he hangar  
f l oor .

2. 18   CONTAI NMENT SYSTEM MONI TORI NG PANEL

2. 18. 1   Cont ai nment  Moni t or i ng Syst em I nt er f ace

The cont ai nment  syst em moni t or i ng panel  i s  pr ovi ded wi t h Dock 80.  
I nt er f ace wi t h Dock 80 FACU t o moni t or  cont ai nment  syst em.     Ref er  
dr awi ngs f or  addi t i onal  i nf or mat i on.   

2. 19   AUTOMATI C FI RE ALARM TRANSMI TTERS

2. 19. 1   Radi o Tr ansmi t t er  and I nt er f ace Panel s

Tr ansmi t t er s must  be compat i bl e wi t h pr opr i et ar y super vi s i ng st at i on 
r ecei v i ng equi pment .   Each r adi o al ar m t r ansmi t t er  must  be t he 
manuf act ur er ' s r ecogni zed commer ci al  pr oduct ,  compl et el y assembl ed,  wi r ed,  
f act or y t est ed,  and del i ver ed r eady f or  i nst al l at i on and oper at i on.   
Tr ansmi t t er s must  be pr ovi ded i n accor dance wi t h appl i cabl e por t i ons of  
NFPA 72,  Feder al  Communi cat i ons Commi ssi on ( FCC)  47 CFR 90 and Feder al  
Communi cat i ons Commi ssi on ( FCC)  47 CFR 15.   Tr ansmi t t er  el ect r oni cs modul e 
must  be cont ai ned wi t hi n t he physi cal  housi ng as an i nt egr al ,  r emovabl e 
assembl y.   The pr opr i et ar y super vi s i ng st at i on r ecei v i ng equi pment  i s a 
Monaco D21 syst em and t he t r ansmi t t er  must  be f ul l y compat i bl e wi t h t hi s 
equi pment .   At  t he cont r act or s opt i on,  and i f  l i s t ed,  t he t r ansmi t t er  may 
be housed i n t he same cont r ol  uni t  as t he FACU.   The t r ansmi t t er  must  be 
nar r owband r adi o,  wi t h FCC cer t i f i cat i on f or  nar r owband oper at i on and 
meet s t he r equi r ement s of  t he NTI A ( Nat i onal  Tel ecommuni cat i ons and 
I nf or mat i on Admi ni st r at i on)  Manual  of  Regul at i ons and Pr ocedur es f or  
Feder al  Fr equency Management .

2. 19. 1. 1   Oper at i on

Oper at e each t r ansmi t t er  f r om 120- vol t  ac power .  I n t he event  of  120- vol t  
ac power  l oss,  t he t r ansmi t t er  must  aut omat i cal l y swi t ch t o bat t er y 
oper at i on.   Swi t chover  must  be accompl i shed wi t h no i nt er r upt i on of  
pr ot ect i ve ser vi ce,  and must  aut omat i cal l y t r ansmi t  a t r oubl e message.   
Upon r est or at i on of  ac power ,  t r ansf er  back t o nor mal  ac power  suppl y must  
al so be aut omat i c.

2. 19. 1. 2   Bat t er y Power

Tr ansmi t t er  st andby bat t er y capaci t y must  pr ovi de suf f i c i ent  power  t o 
oper at e t he t r ansmi t t er  i n a nor mal  st andby st at us f or  a mi ni mum of  72 
hour s and be capabl e of  t r ansmi t t i ng al ar ms dur i ng t hat  per i od.

2. 19. 1. 3   Tr ansmi t t er  Housi ng

Use NEMA Type 1 f or  housi ng.   The housi ng must  cont ai n a l ock t hat  i s 
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keyed i dent i cal  t o t he f i r e al ar m syst em f or  t he bui l di ng.   Radi o al ar m 
t r ansmi t t er  housi ng must  be f act or y pai nt ed wi t h a sui t abl e pr i mi ng coat  
and not  l ess t han t wo coat s of  a har d,  dur abl e weat her pr oof  enamel .

2. 19. 1. 4   Ant enna

Ant enna must  be omni di r ect i onal ,  coaxi al ,  hal f wave di pol e ant ennas f or  
r adi o al ar m t r ansmi t t er s wi t h a dr i v i ng poi nt  i mpedance t o mat ch 
t r ansmi t t er  out put .   The ant enna and ant enna mount s must  be cor r osi on 
r esi st ant  and desi gned t o wi t hst and wi nd vel oci t i es of  100 mph.   Do not  
mount  ant ennas t o any por t i on of  t he bui l di ng r oof i ng syst em.   Pr ot ect  t he 
ant enna f r om physi cal  damage.

2. 19. 2   Si gnal s t o Be Tr ansmi t t ed t o t he Base Recei v i ng St at i on

The f ol l owi ng si gnal s must  be sent  t o t he Monaco D21 base r ecei v i ng st at i on
 by poi nt :

a.   Spr i nkl er  wat er f l ow

b.   Manual  pul l  st at i ons

c.   Smoke det ect or s

d.   Duct  smoke det ect or s

e.   Car bon monoxi de det ect ed

g.   Spr i nkl er  val ve super vi s i on

h.   Mass Not i f i cat i on Syst em act i vat ed

i .   Hangar  Fi r e Al ar m

j .   As shown on t he syst em mat r i x 

2. 20   SYSTEM MONI TORI NG

2. 20. 1   Val ves

Each val ve af f ect i ng t he pr oper  oper at i on of  a f i r e pr ot ect i on syst em,  
i ncl udi ng aut omat i c spr i nkl er  cont r ol  val ves,  spr i nkl er  ser vi ce ent r ance 
val ve,  i sol at i ng val ves f or  ar ea spr i nkl er s,  and  wat er f l ow or  super vi sor y 
swi t ches,  must  be el ect r i cal l y moni t or ed t o ensur e i t s pr oper  posi t i on.   
Pr ovi de each t amper  swi t ch wi t h a separ at e addr ess.

2. 20. 2   Hi gh/ Low Ni t r ogen Super vi sor y Swi t ches

Pr ovi de moni t or i ng of  hi gh and l ow super vi sor y ni t r ogen f or  pr eact i on 
syst ems.   Each ai r  super vi sor y swi t ch must  have a separ at e addr ess.   The 
devi ce must  cont ai n doubl e pol e,  doubl e t hr ow cont act s.   Oper at i on of  t he 
swi t ch must  cause a super vi sor y s i gnal  t o be t r ansmi t t ed t o t he FACU when 
ni t r ogen pr essur e i n t he syst em moni t or ed spr i nkl er  syst em i ncr eases mor e 
t han 5 psi  above t he nor mal  syst em pr essur e or  dr ops hal f way f r om t he 
nor mal  pr essur e t o t he t r i ppi ng poi nt .
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2. 20. 3   Room Low Temper at ur e Super vi sor y Swi t ch
Pr ovi de moni t or i ng of  t he l i s t ed super vi sor y ai r  t emper at ur e swi t ch f or  
t he f i r e pr ot ect i on r oom.   Swi t ch must  cause a super vi sor y s i gnal  t o be 
t r ansmi t t ed t o t he FACU whenever  t he t emper at ur e i n t he r oom dr ops t o 
bel ow 32 degr ees F.   Devi ce must  r eset  when t emper at ur e r i ses above 32 
degr ees F.

2. 21   ENVI RONMENTAL ENCLOSURES OR GUARDS

Envi r onment al  encl osur es may be pr ovi ded t o per mi t  f i r e al ar m/ mass 
not i f i cat i on component s t o be used i n ar eas t hat  exceed t he envi r onment al  
l i mi t s of  t he l i s t i ng,  except  f or  manual  r el easi ng st at i ons.   The 
encl osur e must  be l i s t ed f or  t he devi ce or  appl i ance as ei t her  a 
manuf act ur ed par t  number  or  as a l i s t ed compat i bl e accessor y f or  t he 
component  i s cur r ent l y l i s t ed.   Guar ds r equi r ed t o det er  mechani cal  damage 
must  be ei t her  a l i s t ed manuf act ur ed par t  or  a l i s t ed accessor y f or  t he 
cat egor y of  t he i ni t i at i ng devi ce or  not i f i cat i on appl i ance.

PART 3   EXECUTI ON

3. 1   VERI FYI NG ACTUAL FI ELD CONDI TI ONS

Bef or e commenci ng wor k,  exami ne al l  adj oi ni ng wor k on whi ch t he 
cont r act or ' s wor k i s i n any way dependent  f or  per f ect  wor kmanshi p 
accor di ng t o t he i nt ent  of  t hi s speci f i cat i on sect i on,  and r epor t  t o t he 
Cont r act i ng Of f i cer ' s Repr esent at i ve any condi t i on whi ch pr event s 
per f or mance of  f i r st  c l ass wor k.   No " wai ver  of  r esponsi bi l i t y"  f or  
i ncompl et e,  i nadequat e or  def ect i ve adj oi ni ng wor k wi l l  be consi der ed 
unl ess not i ce has been f i l ed bef or e submi t t al  of  a pr oposal .

3. 2   I NSTALLATI ON

3. 2. 1   Fi r e Al ar m and Mass Not i f i cat i on Cont r ol  Uni t  ( FACU)

Locat e t he FACU wher e i ndi cat ed on t he dr awi ngs.   Sur f ace mount  t he 
encl osur e wi t h t he t op of  t he cabi net  6 f eet  above t he f i ni shed f l oor  or  
cent er  t he cabi net  at  5 f eet ,  whi chever  i s l ower .   Conduct or  t er mi nat i ons 
must  be l abel ed and a dr awi ng cont ai ni ng conduct or s,  t hei r  l abel s,  t hei r  
c i r cui t s,  and t hei r  i nt er connect i on must  be per manent l y mount ed i n t he FACU.   
Locat e t he document  st or age cabi net  adj acent  t o t he FACU unl ess t he 
Cont r act i ng Of f i cer  di r ect s ot her wi se.

3. 2. 2   Bat t er y Cabi net s

When bat t er i es wi l l  not  f i t  i n t he FACU,  l ocat e bat t er y cabi net s bel ow or  
adj acent  t o t he FACU.   Bat t er y cabi net s must  be i nst al l ed at  an accessi bl e 
l ocat i on when st andi ng at  f l oor  l evel .   Bat t er y cabi net s must  not  be 
i nst al l ed l ower  t han 12 i nches above f i ni shed f l oor ,  measur ed t o t he 
bot t om of  t he cabi net ,  nor  hi gher  t han 36 i nches above t he f l oor ,  measur ed 
t o t he t op of  t he cabi net .   Bat t er y cabi net s must  not  be gr eat er  t han 8"  
deep.   I nst al l i ng bat t er i es above dr op cei l i ngs or  i n i naccessi bl e 
l ocat i ons i s pr ohi bi t ed.   Bat t er y cabi net s must  be l ar ge enough t o 
accommodat e bat t er i es and al so t o al l ow ampl e gut t er  space f or  
i nt er connect i on of  cont r ol  uni t s as wel l  as f i el d wi r i ng.   The cabi net  
must  be pr ovi ded i n a st ur dy st eel  housi ng,  compl et e wi t h back box,  hi nged 
st eel  door  wi t h cyl i nder  l ock,  and sur f ace mount i ng pr ovi s i ons.  The 
cabi net  must  be i dent i f i ed by an engr aved phenol i c r esi n namepl at e.   
Let t er i ng on t he namepl at e must  i ndi cat e t he cont r ol  uni t ( s)  t he bat t er i es 
power  and must  not  be l ess t han 1- i nch hi gh.
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3. 2. 3   Manual  St at i ons

Locat e manual  st at i ons as r equi r ed by NFPA 72.   Mount  st at i ons so t hey ar e 
l ocat ed no f ar t her  t han 5 f eet  f r om t he exi t  door  t hey ser ve,  measur ed 
hor i zont al l y.   Manual  st at i ons must  be mount ed at  44 i nches measur ed t o 
t he oper at i ng handl e.   Pr ovi de engr aved pl ast i c or  met al l i c  al phanumer i c 
i dent i f i cat i on,  keyed t o t he Post ed O&M I nst r uct i ons.

3. 2. 4   Not i f i cat i on Appl i ances

a.   Locat e not i f i cat i on appl i ance devi ces as r equi r ed by NFPA 72 and t o 
meet  t he i nt el l i gi bi l i t y  r equi r ement s.   Wher e mor e t han t wo vi sual  
not i f i cat i on appl i ances ar e l ocat ed i n t he same r oom or  cor r i dor  or  
f i el d of  v i ew,  pr ovi de synchr oni zed oper at i on.   Devi ces must  use scr ew 
t er mi nal s f or  al l  f i el d wi r i ng.   Audi bl e and vi sual  not i f i cat i on 
appl i ances mount ed i n acoust i cal  cei l i ng t i l es must  be cent er ed i n t he 
t i l es pl us or  mi nus 2 i nches.   Pr ovi de engr aved pl ast i c or  met al l i c  
al phanumer i c i dent i f i cat i on,  keyed t o t he Post ed O&M I nst r uct i ons.

b.   Audi bl e and vi sual  not i f i cat i on appl i ances mount ed on t he ext er i or  of  
t he bui l di ng,  wi t hi n uncondi t i oned spaces,  or  i n t he v i c i ni t y of  
shower s must  be l i s t ed weat her pr oof  appl i ances i nst al l ed on 
weat her pr oof  backboxes.

c.   Speaker s must  not  be l ocat ed i n c l ose pr oxi mi t y t o t he FACU or  LOC so 
as t o cause f eedback when t he mi cr ophone i s i n use.

3. 2. 5   Smoke and Heat  Det ect or s

Locat e det ect or s as r equi r ed by NFPA 72 and t hei r  l i s t i ng on a 4- i nch 
mount i ng box.   I nst al l  heat  det ect or s not  l ess t han 4 i nches f r om a si de 
wal l  t o t he near  edge.   Heat  det ect or s l ocat ed on t he wal l  must  have t he 
t op of  t he det ect or  at  l east  4 i nches bel ow t he cei l i ng,  but  not  mor e t han 
12 i nches bel ow t he cei l i ng.   Smoke det ect or s ar e per mi t t ed t o be on t he 
wal l  no l ower  t han 12 i nches f r om t he cei l i ng wi t h no mi ni mum di st ance 
f r om t he cei l i ng.   I nst al l  smoke det ect or s no cl oser  t han 3 f eet  f r om ai r  
handl i ng suppl y di f f user s.   Det ect or s i nst al l ed i n acoust i cal  cei l i ng 
t i l es must  be cent er ed i n t he t i l es pl us or  mi nus 2 i nches.   Pr ovi de 
r emot e t est  swi t ch and LED i ndi cat or s f or  duct  smoke det ect or s,  l ocat ed at  
maxi mum 7'  above f i ni shed f l oor .   Pr ovi de engr aved pl ast i c or  met al l i c  
al phanumer i c i dent i f i cat i on,  keyed t o t he Post ed O&M I nst r uct i ons.   
I nst al l  spot  t ype heat  det ect or s i n t he hangar  bay per  NFPA 72,  wi t h 
maxi mum di st ance bet ween det ect or s of  40 f eet .   At  Cont r act or ' s opt i on,  
l i near  heat  det ect i on may be pr ovi ded i n t he hangar  bays i nst ead of  spot  
heat  det ect i on.  I nst al l  l i near  heat  det ect i on at  maxi mum 30 f oot  spaci ng,  
and use t he manuf act ur er ' s appr oved t est i ng met hod t o ver i f y t he 
det ect or ' s r esponse set t i ng af t er  i nst al l at i on.

3. 2. 6   Car bon Monoxi de Det ect or s

Locat e det ect or s as r equi r ed by NFPA 72 and t hei r  l i s t i ngs on a 4- i nch 
mount i ng box.   Car bon monoxi de det ect or s must  be i nst al l ed separ at e f r om 
smoke and/ or  heat  det ect or s.   Pr ovi de engr aved pl ast i c or  met al l i c  
al phanumer i c i dent i f i cat i on,  keyed t o t he Post ed O&M I nst r uct i ons.

3. 2. 7   Remot e Annunci at or

Locat e t he r emot e annunci at or  as shown on t he dr awi ngs.   Mount  t he 
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annunci at or  r ecessed,  wi t h t he t op 6 f eet  above t he f i ni shed f l oor  or  
cent er  t he annunci at or  at  5 f eet ,  whi chever  i s l ower .

3. 2. 8   Local  Oper at i ng Consol e ( LOC)

Locat e t he LOC( s)  as r equi r ed by NFPA 72 and as i ndi cat ed.   Mount  t he 
consol e so t hat  t he t op message but t on and mi cr ophone i s no hi gher  t han 4 
f eet  above t he f l oor  and t he bot t om ( l owest )  message but t on and mi cr ophone 
i s at  l east  3 f eet  above t he f i ni shed f l oor .

3. 2. 9   Cei l i ng Br i dges

Pr ovi de cei l i ng br i dges f or  cei l i ng- mount ed appl i ances.   Cei l i ng br i dges 
must  be as r ecommended/ r equi r ed by t he manuf act ur er  of  t he cei l i ng- mount ed 
not i f i cat i on appl i ance.

3. 3   SYSTEM FI ELD WI RI NG

3. 3. 1   Wi r i ng wi t hi n Cabi net s,  Encl osur es,  and Boxes

Pr ovi de wi r i ng i nst al l ed i n a neat  and wor kmanl i ke manner  and i nst al l ed 
par al l el  wi t h or  at  r i ght  angl es t o t he s i des and back of  any box,  
encl osur e,  or  cabi net .   Conduct or s t hat  ar e t er mi nat ed,  spl i ced,  or  
ot her wi se i nt er r upt ed i n any encl osur e,  cabi net ,  mount i ng,  or  j unct i on box 
must  be connect ed t o scr ew- t ype t er mi nal  bl ocks.   Mar k each t er mi nal  i n 
accor dance wi t h t he wi r i ng di agr ams of  t he syst em.   The use of  wi r e nut s 
or  s i mi l ar  devi ces i s pr ohi bi t ed.   Wi r i ng t o conf or m wi t h NFPA 70.   Wi r i ng 
i n t he hangar  bay shal l  be per  t he hazar dous cl assi f i cat i on i dent i f i ed on 
t he dr awi ngs,  and sui t abl e f or  di r ect ed hose st r eam t ype wet  l ocat i on per  
NFPA 70.   Connect  t o f i r e al ar m devi ces and appl i ances f r om t he bot t om,  
and pr ovi de condui t  dr ai ns.

I ndi cat e t he f ol l owi ng i n t he wi r i ng di agr ams:

a.   Poi nt - t o- poi nt  wi r i ng di agr ams showi ng t he poi nt s of  connect i on and 
t er mi nal s used f or  el ect r i cal  f i el d connect i ons i n t he syst em,  
i ncl udi ng i nt er connect i ons bet ween t he equi pment  or  syst ems t hat  ar e 
super vi sed or  cont r ol l ed by t he syst em.   Di agr ams must  show 
connect i ons f r om f i el d devi ces t o t he FACU and r emot e f i r e al ar m/ mass 
not i f i cat i on cont r ol  uni t s,  i ni t i at i ng c i r cui t s,  swi t ches,  r el ays and 
t er mi nal s.

b.   Compl et e r i ser  di agr ams i ndi cat i ng t he wi r i ng sequence of  devi ces and 
t hei r  connect i ons t o t he cont r ol  equi pment .   I ncl ude a col or  code 
schedul e f or  t he wi r i ng.   I ncl ude f l oor  pl ans showi ng t he l ocat i ons of  
devi ces and equi pment .

3. 3. 2   Ter mi nal  Cabi net s

Pr ovi de a t er mi nal  cabi net  at  t he base of  any c i r cui t  r i ser ,  on each f l oor  
at  each r i ser ,  and wher e i ndi cat ed on t he dr awi ngs.   Ter mi nal  s i ze must  be 
appr opr i at e f or  t he s i ze of  t he wi r i ng t o be connect ed.   Conduct or  
t er mi nat i ons must  be l abel ed and a dr awi ng cont ai ni ng conduct or s,  t hei r  
l abel s,  t hei r  c i r cui t s,  and t hei r  i nt er connect i on must  be per manent l y 
mount ed i n t he t er mi nal  cabi net .   Mi ni mum si ze i s 8 i nches by 8 i nches.   
Onl y scr ew- t ype t er mi nal s ar e per mi t t ed.   Pr ovi de an i dent i f i cat i on l abel ,  
t hat  di spl ays " FI RE ALARM TERMI NAL CABI NET"  wi t h 2- i nch l et t er i ng,  on t he 
f r ont  of  t he t er mi nal  cabi net .
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3. 3. 3   Al ar m Wi r i ng

a.   Vol t ages must  not  be mi xed i n any j unct i on box,  housi ng or  devi ce,  
except  t hose cont ai ni ng power  suppl i es and cont r ol  r el ays.

b.   Ut i l i ze shi el ded wi r i ng wher e r ecommended by t he manuf act ur er .   For  
shi el ded wi r i ng,  gr ound t he shi el d at  onl y one poi nt ,  i n or  adj acent  
t o t he FACU.

c.   Pi gt ai l  or  T- t ap connect i ons t o s i gnal  l i ne c i r cui t s,  i ni t i at i ng 
devi ce c i r cui t s,  super vi sor y al ar m ci r cui t s,  and not i f i cat i on 
appl i ance ci r cui t s ar e pr ohi bi t ed.

d.   Col or  codi ng i s r equi r ed f or  c i r cui t s and must  be mai nt ai ned 
t hr oughout  t he c i r cui t .   Conduct or s used f or  t he same f unct i ons must  
be si mi l ar l y col or  coded.   Conf or m wi r i ng t o NFPA 70.

e.   Pul l  al l  conduct or s spl i ce f r ee.   The use of  wi r e nut s,  cr i mped 
connect or s,  or  t wi st i ng of  conduct or s i s pr ohi bi t ed.   Wher e spl i ces 
ar e unavoi dabl e,  t he l ocat i on of  t he j unct i on box or  pul l  box wher e 
t hey occur  must  be i dent i f i ed on t he as- bui l t  dr awi ngs.   The number  
and l ocat i on of  spl i ces must  be subj ect  t o appr oval  by t he Desi gnat ed 
Fi r e Pr ot ect i on Engi neer  ( DFPE) .

3. 3. 4   Back Boxes and Condui t

I n addi t i on t o t he r equi r ement s of  Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON 
SYSTEM,  pr ovi de al l  wi r i ng i n r i gi d met al  condui t  or  i nt er medi at e met al  
condui t  unl ess speci f i cal l y i ndi cat ed ot her wi se.   Mi ni mum condui t  s i ze 
must  be 3/ 4- i nch i n di amet er .   Do not  use el ect r i cal  non- met al l i c  t ubi ng 
( ENT)  or  f l exi bl e non- met al l i c  t ubi ng and associ at ed f i t t i ngs.

a.   Gal vani zed r i gi d st eel  ( GRS)  condui t  must  be ut i l i zed wher e exposed t o 
weat her ,  wher e subj ect  t o physi cal  damage,  and wher e exposed on 
ext er i or  of  bui l di ngs.   I nt er medi at e met al  condui t  ( I MC)  may be used 
i n l i eu of  GRS as al l owed by NFPA 70.

b.   El ect r i cal  met al l i c  t ubi ng ( EMT)  i s per mi t t ed above suspended cei l i ngs 
or  exposed wher e not  subj ect  t o physi cal  damage.   Do not  use EMT 
under gr ound,  encased i n concr et e,  mor t ar ,  or  gr out ,  i n hazar dous 
l ocat i ons,  wher e exposed t o physi cal  damage,  or  out door s.   Use 
di e- cast  compr essi on connect or s.

c.   For  r i gi d met al l i c  condui t  ( RMC) ,  onl y t hr eaded t ype f i t t i ng ar e 
per mi t t ed f or  wet  or  damp l ocat i ons.

d.   Fl exi bl e met al  condui t  i s  per mi t t ed f or  i ni t i at i ng devi ce c i r cui t s 6 
f eet  i n l engt h or  l ess.   Fl exi bl e met al  condui t  i s  pr ohi bi t ed f or  
not i f i cat i on appl i ance ci r cui t s and si gnal i ng l i ne c i r cui t s.   Use 
l i qui d t i ght  f l exi bl e met al  condui t  i n damp and wet  l ocat i ons.

e.   Schedul e 40 ( mi ni mum)  pol yvi nyl  chl or i de ( PVC)  i s per mi t t ed wher e 
condui t  i s  r out ed under gr ound or  under gr ound bel ow f l oor  s l abs.   
Conver t  non- met al l i c  condui t ,  ot her  t han PVC Schedul e 40 or  80,  t o 
pl ast i c- coat ed r i gi d,  or  I MC,  st eel  condui t  bef or e t ur ni ng up t hr ough 
f l oor  s l ab.

f .   Ext er i or  wal l  penet r at i ons must  be weat her t i ght .   Condui t  must  be 
seal ed t o pr event  t he i nf i l t r at i on of  moi st ur e.
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3. 3. 5   Conduct or  Ter mi nat i ons

Label i ng of  conduct or s at  t er mi nal  bl ocks i n t er mi nal  cabi net s,  FACU and 
t he LOC must  be pr ovi ded at  each conduct or  connect i on.   Each conduct or  or  
cabl e must  have a heat - shr i nk- wr ap l abel  t o pr ovi de a uni que and speci f i c  
desi gnat i on.   Each t er mi nal  cabi net ,  FACU,  and r emot e FACU must  cont ai n a 
l ami nat ed dr awi ng t hat  i ndi cat es each conduct or ,  i t s  l abel ,  c i r cui t ,  and 
t er mi nal .   The l ami nat ed dr awi ng must  be neat ,  usi ng 12 poi nt  l et t er i ng 
mi ni mum si ze,  and mount ed wi t hi n each cabi net ,  cont r ol  uni t ,  or  uni t  so 
t hat  i t  does not  i nt er f er e wi t h t he wi r i ng or  t er mi nal s.   Mai nt ai n 
exi st i ng col or  code scheme wher e connect i ng t o exi st i ng equi pment .

3. 4   FI RESTOPPI NG

Pr ovi de f i r est oppi ng f or  hol es at  condui t  penet r at i ons t hr ough f l oor  
s l abs,  f i r e- r at ed wal l s,  par t i t i ons wi t h f i r e- r at ed door s,  cor r i dor  wal l s,  
and ver t i cal  ser vi ce shaf t s i n accor dance wi t h Sect i on 07 84 00 
FI RESTOPPI NG.

Fi r est oppi ng shal l  be per f or med by t he appr oved f i r est oppi ng i nst al l er  
speci f i ed i n 07 84 00,  per  appr oved desi gns and shop dr awi ngs.

3. 5   PAI NTI NG

a.   I n unf i ni shed ar eas ( i ncl udi ng ar eas above dr op cei l i ngs) ,  pai nt  al l  
exposed el ect r i cal  condui t  ( ser vi ng f i r e al ar m equi pment ) ,  f i r e al ar m 
condui t ,  sur f ace met al  r aceway,  j unct i on boxes and cover s r ed.   I n 
l i eu of  pai nt i ng condui t ,  t he cont r act or  may ut i l i ze r ed condui t  wi t h 
a f act or y appl i ed f i ni sh.

b.   I n f i ni shed ar eas,  pai nt  exposed el ect r i cal  condui t  ( ser vi ng f i r e 
al ar m equi pment ) ,  f i r e al ar m condui t ,  sur f ace met al  r aceways,  j unct i on 
boxes,  and el ect r i cal  boxes t o mat ch adj acent  f i ni shes.   The i nsi de 
cover  of  t he j unct i on box must  be i dent i f i ed as " Fi r e Al ar m"  and t he 
condui t  must  have pai nt ed r ed bands 3/ 4- i nch wi de at  10- f oot  cent er s 
and at  each si de of  a f l oor ,  wal l ,  or  cei l i ng penet r at i on.

c.   Pai nt i ng must  compl y wi t h Sect i on 09 90 00 PAI NTS AND COATI NGS.

3. 6   FI ELD QUALI TY CONTROL

3. 6. 1   Test  Pr ocedur es

Submi t  det ai l ed t est  pr ocedur es,  pr epar ed and si gned by t he NI CET Level  I V 
Fi r e Al ar m Techni c i an,  and t he r epr esent at i ve of  t he i nst al l i ng company,  
and r evi ewed by t he QFPE mi ni mum 60 cal endar  days pr i or  t o per f or mi ng 
syst em t est s.   Det ai l ed t est  pr ocedur es must  l i s t  al l  component s of  t he 
i nst al l ed syst em such as i ni t i at i ng devi ces and ci r cui t s,  not i f i cat i on 
appl i ances and ci r cui t s,  s i gnal i ng l i ne devi ces and ci r cui t s,  cont r ol  
devi ces/ equi pment ,  bat t er i es,  t r ansmi t t i ng and r ecei v i ng equi pment ,  power  
sour ces/ suppl y,  annunci at or s,  speci al  hazar d equi pment ,  emer gency 
communi cat i on equi pment ,  i nt er f ace equi pment ,  and sur ge pr ot ect i ve 
devi ces.   Test  pr ocedur es must  i ncl ude sequence of  t est i ng,  t i me est i mat e 
f or  each t est ,  and sampl e t est  dat a f or ms.   The t est  dat a f or ms must  be i n 
a check- of f  f or mat  ( pass/ f ai l  wi t h space t o add appl i cabl e t est  dat a;  
s i mi l ar  t o t he f or ma i n NFPA 72 and NFPA 4. )   The t est  pr ocedur es and 
accompanyi ng t est  dat a f or ms must  be used f or  t he pr e- Gover nment  t est i ng 
and t he Gover nment  t est i ng.   The t est  dat a f or ms must  r ecor d t he t est  
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r esul t s and must :

a.   I dent i f y t he NFPA Cl ass of  al l  I ni t i at i ng Devi ce Ci r cui t s ( I DC) ,  and 
Not i f i cat i on Appl i ance Ci r cui t s ( NAC) ,  Voi ce Not i f i cat i on Syst em 
Ci r cui t s ( NAC Audi o) ,  and Si gnal i ng Li ne Ci r cui t s ( SLC) .

b.   I dent i f y each t est  r equi r ed by NFPA 72 Test  Met hods and r equi r ed t est  
her ei n t o be per f or med on each component ,  and descr i be how t hese t est s 
must  be per f or med.

c.   I dent i f y each component  and ci r cui t  as t o t ype,  l ocat i on wi t hi n t he 
f aci l i t y ,  and uni que i dent i t y wi t hi n t he i nst al l ed syst em.   Pr ovi de 
necessar y f l oor  pl an sheet s showi ng each component  l ocat i on,  t est  
l ocat i on,  and al phanumer i c i dent i t y.

d.   I dent i f y al l  t est  equi pment  and per sonnel  r equi r ed t o per f or m each 
t est  ( i ncl udi ng equi pment  necessar y f or  smoke det ect or  t est i ng.   The 
use of  magnet s i s not  per mi t t ed.

e.   Pr ovi de space t o i dent i f y t he dat e and t i me of  each t est .   Pr ovi de 
space t o i dent i f y t he names and si gnat ur es of  t he i ndi v i dual s 
conduct i ng and wi t nessi ng each t est .

3. 6. 2   Pr e- Gover nment  Test i ng

3. 6. 2. 1   Ver i f i cat i on of  Compl i ant  I nst al l at i on

Conduct  i nspect i ons and t est s t o ensur e t hat  devi ces and ci r cui t s ar e 
f unct i oni ng pr oper l y.   Test s must  meet  t he r equi r ement s of  par agr aph 
ent i t l ed " Mi ni mum Syst em Test s"  as r equi r ed by NFPA 72.   The cont r act or  
and an aut hor i zed r epr esent at i ve f r om each suppl i er  of  equi pment  must  be 
i n at t endance at  t he pr e- Gover nment  t est i ng t o make necessar y 
adj ust ment s.   Af t er  i nspect i on and t est i ng i s compl et e,  pr ovi de a s i gned 
Ver i f i cat i on of  Compl i ant  I nst al l at i on l et t er  by t he QFPE t hat  t he 
i nst al l at i on i s compl et e,  compl i ant  wi t h t he speci f i cat i on and f ul l y 
oper abl e.   The l et t er  must  i ncl ude t he names and t i t l es of  t he wi t nesses 
t o t he pr e- Gover nment  t est s.   Pr ovi de al l  compl et i on document at i on as 
r equi r ed by NFPA 72 i ncl udi ng al l  r ef er enced annex sect i ons and t he t est  
r epor t s not ed bel ow.

a.   NFPA 72 Recor d of  Compl et i on.

b.   NFPA 72 Recor d of  I nspect i on and Test i ng.

c.   Fi r e Al ar m and Emer gency Communi cat i on Syst em I nspect i on and Test i ng 
For m.

d.   Audi bi l i t y  t est  r esul t s wi t h mar ked- up t est  f l oor  pl ans.

e.   I nt el l i gi bi l i t y  t est  r esul t s wi t h mar ked- up f l oor  pl ans.

f .   Document at i on t hat  al l  t est s i dent i f i ed i n t he par agr aph " Mi ni mum 
Syst em Test s"  ar e compl et e.

3. 6. 2. 2   Request  f or  Gover nment  Fi nal  Test

When t he ver i f i cat i on of  compl i ant  i nst al l at i on has been compl et ed,  submi t  
a f or mal  r equest  f or  Gover nment  f i nal  t est  t o t he  Desi gnat ed Fi r e 
Pr ot ect i on Engi neer  ( DFPE) and Cont r act i ng Of f i cer ' s Repr esent at i ve ( COR) .   
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Gover nment  f i nal  t est i ng wi l l  not  be schedul ed unt i l  t he DFPE has r ecei ved 
copi es of  t he r equest  f or  Gover nment  f i nal  t est i ng and Ver i f i cat i on of  
Compl i ant  I nst al l at i on l et t er  wi t h al l  r equi r ed r epor t s.   Gover nment  f i nal  
t est i ng wi l l  not  be per f or med unt i l  af t er  t he connect i ons t o t he 
i nst al l at i on- wi de f i r e r epor t i ng syst em have been compl et ed and t est ed t o 
conf i r m communi cat i ons ar e f ul l y  f unct i onal .   Submi t  r equest  f or  t est  at  
l east  15 cal endar  days pr i or  t o t he r equest ed t est  dat e.

3. 6. 3   Cor r ect i on of  Def i c i enci es

I f  equi pment  was f ound t o be def ect i ve or  non- compl i ant  wi t h cont r act  
r equi r ement s,  per f or m cor r ect i ve act i ons and r epeat  t he t est s.   Test s must  
be conduct ed and r epeat ed i f  necessar y unt i l  t he syst em has been 
demonst r at ed t o compl y wi t h al l  cont r act  r equi r ement s.

3. 6. 4   Gover nment  Fi nal  Test s

The t est s must  be per f or med i n accor dance wi t h t he appr oved t est  
pr ocedur es i n t he pr esence of  t he DFPE.   Fur ni sh i nst r ument s and per sonnel  
r equi r ed f or  t he t est s.   The f ol l owi ng must  be pr ovi ded at  t he j ob s i t e 
f or  Gover nment  Fi nal  Test i ng:

a.   The manuf act ur er ' s t echni cal  r epr esent at i ve.

b.   The cont r act or ' s Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .

 c.   Mar ked- up r ed l i ne dr awi ngs of  t he syst em as act ual l y i nst al l ed.

 d.   Loop r esi st ance t est  r esul t s.

 e.   Compl et e pr ogr am pr i nt out  i ncl udi ng i nput / out put  addr esses.

f .   Copy of  pr e- Gover nment  Test  Cer t i f i cat e,  t est  pr ocedur es and compl et ed 
t est  dat a f or ms.

g.   Audi bi l i t y  t est  r esul t s wi t h mar ked- up f l oor  pl ans.

h.   I nt el l i gi bi l i t y  t est  r esul t s wi t h mar ked- up f l oor  pl ans.

Gover nment  Fi nal  Test s wi l l  be wi t nessed by t he Desi gnat ed Fi r e Pr ot ect i on 
Engi neer ,  Cont r act i ng Of f i cer ' s Repr esent at i ve ( COR)  and t he Cont r act or ' s 
Qual i f i ed Fi r e Pr ot ect i on Engi neer  ( QFPE) .   At  t hi s t i me,  any and al l  
r equi r ed t est s not ed i n t he par agr aph " Mi ni mum Syst em Test s"  must  be 
r epeat ed at  t hei r  di scr et i on.   I f  changes ar e made t o t he syst em f ol l owi ng 
publ i cat i on of  t he pr el i mi nar y t est  r epor t  or  f ai l ur e of  f i nal  t est i ng 
occur s,  per f or m r eaccept ance t est i ng per  NFPA 72,  updat e t est  r epor t s,  O&M 
I nst r uct i ons,  poi nt  l i s t s and ot her  c l oseout  document at i on.   Ti me and 
t r avel  expenses i ncur r ed by t he COR,  AHJ and t hei r  r epr esent at i ves due t o 
f ai l ed f i nal  t est i ng or  r eaccept ance t est i ng must  be r ei mbur sed by t he 
Cont r act or .   

3. 7   MI NI MUM SYSTEM TESTS

3. 7. 1   Syst em Test s

Test  t he syst em i n accor dance wi t h t he pr ocedur es out l i ned i n NFPA 72.   
The r equi r ed t est s ar e as f ol l ows:

a.   Loop Resi st ance Test s:   Measur e and r ecor d t he r esi st ance of  each 
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ci r cui t  wi t h each pai r  of  conduct or s i n t he c i r cui t  shor t - c i r cui t ed at  
t he f ar t hest  poi nt  f r om t he ci r cui t  or i gi n.   The t est s must  be 
wi t nessed by t he Cont r act i ng Of f i cer  and t est  r esul t s r ecor ded f or  use 
at  t he f i nal  Gover nment  t est .

b.   Ver i f y t he absence of  unwant ed vol t ages bet ween ci r cui t  conduct or s and 
gr ound.   The t est s must  be accompl i shed at  t he pr e- Gover nment  t est  
wi t h r esul t s avai l abl e at  t he f i nal  syst em t est .

c.   Ver i f y t hat  t he cont r ol  uni t  i s  i n t he nor mal  condi t i on as det ai l ed i n 
t he manuf act ur er ' s O&M manual .

d.   Test  each i ni t i at i ng devi ce and not i f i cat i on appl i ance and ci r cui t  f or  
pr oper  oper at i on and r esponse at  t he cont r ol  uni t .   Smoke det ect or s 
must  be t est ed i n accor dance wi t h manuf act ur er ' s r ecommended 
cal i br at ed t est  met hod.   Use of  magnet s i s pr ohi bi t ed.  Test i ng of  duct  
smoke det ect or s must  compl y wi t h t he r equi r ement s of  NFPA 72 except   
di sconnect  at  l east  20 per cent  of  devi ces.   I f  t her e i s a f ai l ur e at  
t hese devi ces,  t hen super vi s i on must  be t est ed at  each devi ce.

e.   Car bon Monoxi de Det ect or  Test s:   Car bon monoxi de det ect or s must  be 
t est ed i n accor dance wi t h NFPA 72 and t he manuf act ur er ' s r ecommended 
cal i br at ed t est  met hod.

f .   Test  t he syst em f or  speci f i ed f unct i ons i n accor dance wi t h t he 
cont r act  dr awi ngs and speci f i cat i ons and t he manuf act ur er ' s O&M manual .

g.   Test  bot h pr i mar y power  and secondar y power .   Ver i f y,  by t est ,  t he 
secondar y power  syst em i s capabl e of  oper at i ng t he syst em f or  t he t i me 
per i od and i n t he manner  speci f i ed.

h.   Det er mi ne t hat  t he syst em i s oper abl e under  t r oubl e condi t i ons as 
speci f i ed.

i .   Vi sual l y i nspect  wi r i ng.

j .   Test  t he bat t er y char ger  and bat t er i es.

k.   Ver i f y t hat  sof t war e cont r ol  and dat a f i l es have been ent er ed or  
pr ogr ammed i nt o t he FACU.   Har d copy r ecor ds of  t he sof t war e must  be 
pr ovi ded t o t he Cont r act i ng Of f i cer .

l .   Ver i f y t hat  r ed- l i ne dr awi ngs ar e accur at e.

m.    Measur e t he cur r ent  i n c i r cui t s t o ensur e t her e i s t he cal cul at ed 
spar e capaci t y f or  t he c i r cui t s.

n.   Measur e vol t age r eadi ngs f or  c i r cui t s t o ensur e t hat  vol t age dr op i s 
not  excessi ve.

o.   Di sconnect  t he ver i f i cat i on f eat ur e f or  smoke det ect or s dur i ng t est s 
t o mi ni mi ze t he amount  of  smoke needed t o act i vat e t he sensor .   
Test i ng of  smoke det ect or s must  be conduct ed usi ng r eal  smoke or  t he 
use of  canned smoke whi ch i s per mi t t ed.

p.   Measur e t he vol t age dr op at  t he most  r emot e  appl i ance ( based on wi r e 
l engt h)  on each not i f i cat i on appl i ance ci r cui t .

q.   Ver i f y t he document at i on cabi net  i s i nst al l ed and cont ai ns al l  
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as- bui l t  shop dr awi ngs,  pr oduct  dat a sheet s,  desi gn cal cul at i ons,  
s i t e- speci f i c  sof t war e dat a package,  and al l  document at i on r equi r ed by 
par agr aph t i t l ed " Test  Repor t s" .

3. 7. 2   Audi bi l i t y  Test s

Sound pr essur e l evel s f r om audi bl e not i f i cat i on appl i ances must  be a 
mi ni mum of  15 dBa over  ambi ent  wi t h a maxi mum of  110 dBa i n any occupi abl e 
ar ea.   The pr ovi s i ons f or  audi bl e not i f i cat i on ( audi bi l i t y  and 
i nt el l i gi bi l i t y)  must  be met  wi t h door s,  f i r e shut t er s,  movabl e 
par t i t i ons,  and si mi l ar  devi ces c l osed.

3. 7. 3   I nt el l i gi bi l i t y  Test s

I nt el l i gi bi l i t y  t est i ng of  t he Syst em must  be accompl i shed i n accor dance 
wi t h NFPA 72 f or  Voi ce Evacuat i on Syst ems,  and ASA S3. 2.   Fol l owi ng ar e 
t he speci f i c  r equi r ement s f or  i nt el l i gi bi l i t y  t est s:

a.   I nt el l i gi bi l i t y  Requi r ement s:   Ver i f y i nt el l i gi bi l i t y  by measur ement  
af t er  i nst al l at i on.

b.   Ensur e t hat  a CI S val ue gr eat er  t han t he r equi r ed mi ni mum val ue i s 
pr ovi ded i n each ar ea wher e bui l di ng occupant s t ypi cal l y coul d be 
f ound.   The mi ni mum r equi r ed val ue f or  CI S i s 0. 8.   Roundi ng of  val ues 
i s per mi t t ed.

c.   Ar eas of  t he bui l di ng pr ovi ded wi t h har d wal l  and cei l i ng sur f aces 
( such as met al  or  concr et e)  t hat  ar e f ound t o cause excessi ve sound 
r ef l ect i ons may be per mi t t ed t o have a CI S scor e l ess t han t he mi ni mum 
r equi r ed val ue i f  appr oved by t he DFPE,  and i f  bui l di ng occupant s i n 
t hese ar eas can det er mi ne t hat  a voi ce s i gnal  i s  bei ng br oadcast  and 
t hey must  wal k no mor e t han 33 f eet  t o f i nd a l ocat i on wi t h at  l east  
t he mi ni mum r equi r ed CI S val ue wi t hi n t he same ar ea.

d.   Ar eas of  t he bui l di ng wher e occupant s ar e not  expect ed t o be nor mal l y 
pr esent  ar e per mi t t ed t o have a CI S scor e l ess t han t he mi ni mum 
r equi r ed val ue i f  per sonnel  can det er mi ne t hat  a voi ce s i gnal  i s  bei ng 
br oadcast  and t hey must  wal k no mor e t han 50 f eet  t o a l ocat i on wi t h 
at  l east  t he mi ni mum r equi r ed CI S val ue wi t hi n t he same ar ea.

e.   Take measur ement s near  t he head l evel  appl i cabl e f or  most  per sonnel  i n 
t he space under  nor mal  condi t i ons ( e. g. ,  st andi ng,  s i t t i ng,  s l eepi ng,  
as appr opr i at e) .

f .   The di st ance t he occupant  must  wal k t o t he l ocat i on meet i ng t he 
mi ni mum r equi r ed CI S val ue must  be measur ed on t he f l oor  or  ot her  
wal k i ng sur f ace as f ol l ows:

( 1)  Al ong t he cent er l i ne of  t he nat ur al  pat h of  t r avel ,  st ar t i ng f r om 
any poi nt  subj ect  t o occupancy wi t h l ess t han t he mi ni mum r equi r ed 
CI S val ue.

( 2)  Cur vi ng ar ound any cor ner s or  obst r uct i ons,  wi t h a 12 i nches 
cl ear ance t her e f r om.

( 3)  Ter mi nat i ng di r ect l y bel ow t he l ocat i on wher e t he mi ni mum r equi r ed 
CI S val ue has been obt ai ned.

Use commer ci al l y avai l abl e t est  i nst r ument at i on t o measur e i nt el l i gi bi l i t y  
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as speci f i ed by NFPA 72 as appl i cabl e.   Use t he mean val ue of  at  l east  
t hr ee r eadi ngs t o comput e t he i nt el l i gi bi l i t y  scor e at  each t est  l ocat i on.

3. 8   SYSTEM ACCEPTANCE

Fol l owi ng accept ance of  t he syst em,  as- bui l t  dr awi ngs and O&M manual s must  
be del i ver ed t o t he Cont r act i ng Of f i cer  f or  r evi ew and accept ance.   The 
dr awi ngs must  show t he syst em as i nst al l ed,  i ncl udi ng devi at i ons f r om bot h 
t he pr oj ect  dr awi ngs and t he appr oved shop dr awi ngs.   These dr awi ngs must  
be submi t t ed wi t hi n t wo weeks af t er  t he f i nal  Gover nment  t est  of  t he 
syst em.   At  l east  one set  of  as- bui l t  ( mar ked- up)  dr awi ngs must  be 
pr ovi ded at  t he t i me of ,  or  pr i or  t o t he Fi nal  Gover nment  Test .

a.   The dr awi ngs must  be pr epar ed el ect r oni cal l y and si zed no l ess t han 
t he cont r act  dr awi ngs.  Fur ni sh one set  of  CDs or  DVDs cont ai ni ng 
sof t war e back- up and CAD based dr awi ngs i n l at est  ver si on of  Aut oCAD,  
DXF and por t abl e document  f or mat s of  as- bui l t  dr awi ngs and schemat i cs.

b.   I ncl ude compl et e wi r i ng di agr ams showi ng connect i ons bet ween devi ces 
and equi pment ,  bot h f act or y and f i el d wi r ed.

c.   I ncl ude a r i ser  di agr am and dr awi ngs showi ng t he as- bui l t  l ocat i on of  
devi ces and equi pment .

d.   Pr ovi de Oper at i on and Mai nt enance ( O&M)  I nst r uct i ons.   I ncl ude Post ed 
O&M i nst r uct i ons,  al umi num f r amed behi nd gl ass showi ng a f l oor  pl an 
wi t h al l  devi ces,  secur e ar eas,  f i r e bar r i er s.   I ncl ude poi nt  l i s t  
wi t h al l  addr esses,  t ypes and l egends,  wi r i ng di agr ams and schemat i cs,  
equi pment  schedul e.   I nst r uct i ons shal l  be weat her pr oof  wi t h 
pr of essi onal l y pr epar ed gr aphi cs,  pr i nt ed on f ul l  s i ze sheet s i n 
col or .   O&M I nst r uct i ons shal l  be keyed t o t he devi ce i dent i f i cat i on.

3. 9   I NSTRUCTI ON OF GOVERNMENT EMPLOYEES

3. 9. 1   I nst r uct or

Pr ovi de t he ser vi ces of  an i nst r uct or ,  who has r ecei ved speci f i c  t r ai ni ng 
f r om t he manuf act ur er  f or  t he t r ai ni ng of  ot her  per sons r egar di ng t he 
oper at i on,  i nspect i on,  t est i ng,  and mai nt enance of  t he syst em pr ovi ded.   
The i nst r uct or  must  t r ai n t he Gover nment  empl oyees desi gnat ed by t he 
Cont r act i ng Of f i cer ,  i n t he car e,  adj ust ment ,  mai nt enance,  and oper at i on 
of  t he f i r e al ar m syst em.   The i nst r uct or  must  be t hor oughl y f ami l i ar  wi t h 
al l  par t s of  t hi s i nst al l at i on.   The i nst r uct or  must  be t r ai ned i n 
oper at i ng t heor y as wel l  as i n pr act i cal  O&M wor k.   Submi t  t he i nst r uct or s 
i nf or mat i on and qual i f i cat i ons i ncl udi ng t he t r ai ni ng hi st or y.

3. 9. 2   Requi r ed I nst r uct i on Ti me

Pr ovi de 16 hour s of  i nst r uct i on af t er  f i nal  accept ance of  t he syst em.   The 
i nst r uct i on must  be gi ven dur i ng r egul ar  wor ki ng hour s on such dat es and 
t i mes sel ect ed by t he Cont r act i ng Of f i cer .   The i nst r uct i on may be di v i ded 
i nt o t wo or  mor e per i ods at  t he di scr et i on of  t he Cont r act i ng Of f i cer .   
The t r ai ni ng must  al l ow f or  r eschedul i ng f or  unf or eseen mai nt enance and/ or  
f i r e depar t ment  r esponses.

3. 9. 3   Techni cal  Tr ai ni ng Manual

Pr ovi de,  i n manual  f or mat ,  l esson pl ans,  oper at i ng i nst r uct i ons,  
mai nt enance pr ocedur es,  and t r ai ni ng dat a f or  t he t r ai ni ng cour ses.   The 
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oper at i ons t r ai ni ng must  f ami l i ar i ze desi gnat ed gover nment  per sonnel  wi t h 
pr oper  oper at i on of  t he i nst al l ed syst em.   The mai nt enance t r ai ni ng cour se 
must  pr ovi de t he desi gnat ed gover nment  per sonnel  adequat e knowl edge 
r equi r ed t o di agnose,  r epai r ,  mai nt ai n,  and expand f unct i ons i nher ent  t o 
t he syst em.

  
3. 10   EXTRA MATERI ALS

3. 10. 1   Repai r  Ser vi ce/ Repl acement  Par t s

Repai r  ser vi ces and r epl acement  par t s f or  t he syst em must  be avai l abl e f or  
a per i od of  10 year s af t er  t he dat e of  f i nal  accept ance of  t hi s wor k by 
t he Cont r act i ng Of f i cer .   Dur i ng t he war r ant y per i od,  t he ser vi ce 
t echni c i an must  be on- si t e wi t hi n 24 hour s af t er  not i f i cat i on.   Al l  
r epai r s must  be compl et ed wi t hi n 24 hour s of  ar r i val  on- si t e.

Dur i ng t he war r ant y per i od,  t he i nst al l i ng f i r e al ar m cont r act or  i s 
r esponsi bl e f or  conduct i ng al l  r equi r ed t est i ng and mai nt enance i n 
accor dance wi t h t he r equi r ement s and r ecommended pr act i ces of  NFPA 72 and 
t he syst em manuf act ur er .   I nst al l i ng f i r e al ar m cont r act or  i s NOT 
r esponsi bl e f or  any damage r esul t i ng f r om abuse,  mi suse,  or  negl ect  of  
equi pment  by t he end user .

3. 10. 2   Spar e Par t s

Spar e par t s f ur ni shed must  be di r ect l y i nt er changeabl e wi t h t he 
cor r espondi ng component s of  t he i nst al l ed syst em.   Spar e par t s must  be 
sui t abl y packaged and i dent i f i ed by namepl at e,  t aggi ng,  or  st ampi ng.   
Spar e par t s must  be del i ver ed t o t he Cont r act i ng Of f i cer  at  t he t i me of  
t he Gover nment  t est i ng and must  be accompani ed by an i nvent or y l i s t .

3. 10. 3   Document  St or age Cabi net

Upon compl et i on of  t he pr oj ect ,  but  pr i or  t o pr oj ect  c l ose- out ,  pl ace i n 
t he document  st or age cabi net  copi es of  t he f ol l owi ng r ecor d document at i on:

a.   As- bui l t  shop dr awi ngs

b.   Pr oduct  dat a sheet s

c.   Desi gn cal cul at i ons

d.   Si t e- speci f i c  sof t war e dat a package

e.   Al l  document at i on r equi r ed by SD- 06.

        - -  End of  Sect i on - -
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Preliminary & Final Hangar Fire Suppression/Detection Acceptance 
Testing (PAT & FAT) 

Testing 

At a minimum, provide the testing and reports outlined in this section as relevant to the Scope of 
Work. Coordinate testing personnel as required to demonstrate the coordination and 
communication of the fire protection systems through full functional testing. Independent testing 
of each individual fire protection system is not a substitute to the functional testing requirements. 

Testing Personnel 

Provide a Fire Protection Engineer (FPE) meeting the requirements of UFC 3-600-01 for the 
witnessing and/or review of testing/reports as outlined in this section. There shall be one or more 
FPE’s responsible for fire alarm, fire suppression and life safety matters.  

At a minimum, provide a factory authorized representative for the startup and/or testing of the 
following systems as outlined below: 

• Fire Suppression System (Preliminary and Final Testing)
• Fire Alarm and Mass Notification System (FACU/ACU) (Preliminary and Final Testing)
• Releasing Service Fire Alarm Control Unit (RSFACU) (Preliminary and Final Testing)
• Provide a testing plan certified by the FPE(s) that at a minimum includes the following:

• Who will perform the testing and who will be the onsite factory authorized 
representatives.

• As a minimum the following personnel are required to be present:
• Prime Contractor
• Fire Protection Engineer(s)
• Aboveground pipe Installer
• Fire Suppression System Installer (NICET)
• Fire Alarm Installer (NICET)
• Manufacture’s Representatives

• HVAC (for duct detection)
• What are the safety precautions taken during testing.

Preliminary Testing 

Provide acceptance testing for the fire suppression and fire alarm systems complying with  
NFPA 13, 24, and 72 as applicable. At a minimum, provide the following preliminary testing 
reports signed by the FPE(s). 
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Preliminary & Final Hangar Fire Suppression/Detection Acceptance 
Testing (PAT & FAT) 

• Contractor’s Material and Test Certificate for Aboveground Piping per NFPA 13 for each 
riser, manifold, and fire department connection. (Reviewed by the FPE)

• System record of Inspection and Testing, Notification appliance supplementary Record of 
Inspection and Testing, Initiating Device Supplementary Record of Inspection and 
Testing, Interface Component Supplementary Record of Inspection and Testing, and Mass 
Notification System Supplementary Record of Inspection and Testing per NFPA 72 for 
the FACU and RSFACU. (Reviewed by the FPE)

• Test the mass notification system in accordance with the requirements of UFC 4-021-01. 
At a minimum provide sound power levels (Decibel A Weighted Scale (dbA)) and 
intelligibility scores (CIS) throughout the facility. Submit drawing or table indicating dbA 
levels and CIS scores throughout each space. (Witnessed by the FPE)

• Circuit Integrity Testing (open, short, ground IAW NFPA 72) (Witnessed by the FPE)
• Demonstrate the functionality of the fire alarm system is in compliance with the FACU 

and RFSACU functional matrixes. (Witnessed by the FPE)
30-

Request for Final Testing 

Provide a break-in period of at least 14 consecutive days after the FACU and RSFACU have 
been enabled, prior to any final testing. Provide a written request for a final test from the FPE(s), 
after preliminary testing is complete, adjustments have been made to the system, and the system 
is ready for service. 

Final Testing 

Final testing to be witnessed by the AHJ, as defined by UFC 1-200-01. (E.g. For an Air Force 
project the AHJ is the Air Force Civil Engineer Center, Operations Director (AFCEC/CO), even 
if the project is constructed by NAVFAC or the Army Corps of Engineers. AFCEC/CO would 
witness final testing in this example.) The final testing may be witnessed by an in writing 
delegated representative at the discretion of the AHJ. With the exception of system flushing, and 
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Preliminary & Final Hangar Fire Suppression/Detection Acceptance 
Testing (PAT & FAT) 

hydrostatic testing repeat preliminary tests during the final testing at the discretion of the AHJ. 
Correct system failures or other deficiencies identified during the final testing and retest in the 
presence of the AHJ, at their discretion. 

Final Testing Sequence of Events 

AFCEC/CO FPE or their in-writing designated FPE will be on site to witness all FAT’s.  The 
following procedure of events can be expected. 

• 48 hours before the beginning of the FAT contractor shall turn off all AC power to all fire 
alarm components including but not limited to FACU, RSFACU, NAC’s, AMPS and 
Transmitter

• Contractor led safety briefing
• 15 minute FACU/RSFACU activation battery test. Include all solenoids designed to 

operate within a fire area.
• dbA and intelligibility tests.
• Plastic or other protective measures that may alter the acoustics or visual reflectivity of 

the hangar bay may not be hung before this point.
• FACU/RSFACU Alarm Matrix Testing

o Fire alarm/suppression device circuit integrity testing (opens, shorts, and grounds)
o Initiating devices (flow and tamper switches, detectors, pull stations, etc.)

• General review of the fire alarm system/MNS for proper installation
• General review of the fire sprinkler system for proper installation
• General review of the life safety (exits, ratings, etc.) systems for proper installation

The following are done at the PAT only with appropriate witnessing of the Government (COR, 
COE, Base CE, Fire Department, etc).  

• 60 minute MNS test
• Hydrostatic testing
• Emergency lighting
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SECTI ON 31 00 00

EARTHWORK
08/ 23

PART 1   GENERAL

1. 1   REFERENCES

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

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

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

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA C600 ( 2017)  I nst al l at i on of  Duct i l e- I r on Mai ns 
and Thei r  Appur t enances

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM C33/ C33M ( 2023)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es

ASTM C117 ( 2023)  St andar d Test  Met hod f or  Mat er i al s 
Fi ner  t han 75- um ( No.  200)  Si eve i n 
Mi ner al  Aggr egat es by Washi ng

ASTM C136/ C136M ( 2019)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM D1140 ( 2017)  St andar d Test  Met hods f or  
Det er mi ni ng t he Amount  of  Mat er i al  Fi ner  
t han 75- µm ( No.  200)  Si eve i n Soi l s by 
Washi ng

ASTM D1556/ D1556M ( 2015;  E 2016)  St andar d Test  Met hod f or  
Densi t y and Uni t  Wei ght  of  Soi l  i n Pl ace 
by Sand- Cone Met hod

ASTM D1557 ( 2012;  E 2015)  St andar d Test  Met hods f or  
Labor at or y Compact i on Char act er i st i cs of  
Soi l  Usi ng Modi f i ed Ef f or t  ( 56, 000 
f t - l bf / f t 3)  ( 2700 kN- m/ m3)

ASTM D2216 ( 2019)  St andar d Test  Met hods f or  
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Labor at or y Det er mi nat i on of  Wat er  
( Moi st ur e)  Cont ent  of  Soi l  and Rock by Mass

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

ASTM D2974 ( 2020;  E 2020)  Moi st ur e,  Ash,  and Or gani c 
Mat t er  of  Peat  and Ot her  Or gani c Soi l s

ASTM D4253 ( 2016;  E 2019)  St andar d Test  Met hods f or  
Maxi mum I ndex Densi t y and Uni t  Wei ght  of  
Soi l s Usi ng a Vi br at or y Tabl e

ASTM D4254 ( 2016)  St andar d Test  Met hods f or  Mi ni mum 
I ndex Densi t y and Uni t  Wei ght  of  Soi l s and 
Cal cul at i on of  Rel at i ve Densi t y

ASTM D4318 ( 2017;  E 2018)  St andar d Test  Met hods f or  
Li qui d Li mi t ,  Pl ast i c Li mi t ,  and 
Pl ast i c i t y I ndex of  Soi l s

ASTM D4829 ( 2021)  St andar d Test  Met hod f or  Expansi on 
I ndex of  Soi l s

ASTM D6938 ( 2017a)  St andar d Test  Met hod f or  I n- Pl ace 
Densi t y and Wat er  Cont ent  of  Soi l  and 
Soi l - Aggr egat e by Nucl ear  Met hods ( Shal l ow 
Dept h)

ASTM D8167/ D8167M ( 2023)  St andar d Test  Met hod f or  I n- Pl ace 
Bul k Densi t y of  Soi l  and Soi l - Aggr egat e by 
a Low- Act i v i t y Nucl ear  Met hod ( Shal l ow 
Dept h)

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

EM 385- 1- 1 ( 2024)  Saf et y - -  Saf et y and Heal t h 
Requi r ement s Manual

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

EPA 600/ 4- 79/ 020 ( 1983)  Met hods f or  Chemi cal  Anal ysi s of  
Wat er  and Wast es

EPA SW- 846. 3- 3 ( 1999,  Thi r d Edi t i on,  Updat e I I I - A)  Test  
Met hods f or  Eval uat i ng Sol i d Wast e:  
Physi cal / Chemi cal  Met hods

1. 2   DEFI NI TI ONS

1. 2. 1   St r uct ur al  Fi l l

Soi l  mat er i al  pl aced t o suppor t  bui l di ngs,  wal l s,  pads,  and ot her  s i mi l ar  
f aci l i t i es.
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1. 2. 2   Embankment  Fi l l

Soi l  mat er i al  pl aced t o const r uct  embankment .

1. 2. 3   Por ous Fi l l

Fr ee- dr ai ni ng mat er i al  pl aced f or  subsur f ace dr ai nage,  as a capi l l ar y 
br eak,  or  anot her  speci f i c  pur pose.

1. 2. 4   Topsoi l

Sur f ace l ayer  of  pr i mar i l y or gani c soi l  capabl e of  suppor t i ng veget at i on 
gr owt h.

1. 2. 5   Ut i l i t y  Beddi ng Mat er i al

Fi l l  pl aced t o di r ect l y suppor t  pi pes,  condui t s,  cabl es,  and appur t enant  
st r uct ur es.   Beddi ng may al so be used t o pr ovi de a cushi on bet ween 
ut i l i t i es and bedr ock,  obst acl es,  obst r uct i ons and ot her  unyi el di ng 
mat er i al s.

1. 2. 6   Sat i sf act or y Mat er i al s

Sat i sf act or y mat er i al s f or  f i l l ,  backf i l l ,  and/ or  any i n- s i t u soi l s t o 
r emai n i n pl ace compr i se any mat er i al s c l assi f i ed by ASTM D2487 as GW,  GP,  
GM,  GP- GM,  GW- GM,  GC,  GP- GC,  GM- GC,  SW,  SP.   Maxi mum par t i c l e s i ze t o be 
no gr eat er  t han 2 i nches i n any di mensi on.

1. 2. 7   Unsat i sf act or y Mat er i al s

Mat er i al s whi ch do not  compl y wi t h t he r equi r ement s f or  sat i sf act or y 
mat er i al s ar e unsat i sf act or y.   Unsat i sf act or y mat er i al s al so i ncl ude 
man- made f i l l s ;  t r ash;  r ef use;  backf i l l s  f r om pr evi ous const r uct i on;  r oot s 
and ot her  or gani c mat t er  or  f r ozen mat er i al .   Not i f y t he Cont r act i ng 
Of f i cer  when encount er i ng any cont ami nat ed mat er i al s.

1. 2. 8   Cohesi onl ess Mat er i al s

Cohesi onl ess mat er i al s i ncl ude mat er i al s c l assi f i ed i n ASTM D2487 as GW,  
GP,  SW,  and SP.   Mat er i al s c l assi f i ed as GM and SM wi l l  be i dent i f i ed as 
cohesi onl ess onl y when t he f i nes ar e nonpl ast i c.   Per f or m t est i ng,  
r equi r ed f or  c l assi f y i ng mat er i al s,  i n accor dance wi t h ASTM D4318,  
ASTM C117,  ASTM C136/ C136M and ASTM D1140.

1. 2. 9   Cohesi ve Mat er i al s

Cohesi ve mat er i al s i ncl ude mat er i al s c l assi f i ed as GC,  SC,  ML,  CL,  MH,  and 
CH.   Mat er i al s c l assi f i ed as GM and SM wi l l  be i dent i f i ed as cohesi ve onl y 
when t he f i nes ar e pl ast i c.   Per f or m t est i ng,  r equi r ed f or  c l assi f y i ng 
mat er i al s,  i n accor dance wi t h ASTM D4318, ASTM C117,  ASTM C136/ C136M and 
ASTM D1140.

1. 2. 10   Har d/ Unyi el di ng Mat er i al s

Har d/ Unyi el di ng mat er i al s compr i se weat her ed r ock,  dense consol i dat ed 
deposi t s,  or  congl omer at e mat er i al s whi ch ar e not  i ncl uded i n t he 
def i ni t i on of  " r ock"  wi t h st ones gr eat er  t han 3 i nch i n any di mensi on or  
as def i ned by t he pi pe manuf act ur er ,  whi chever  i s smal l er .   These 
mat er i al s usual l y r equi r e t he use of  heavy excavat i on equi pment ,  r i pper  

SECTI ON 31 00 00  Page 3



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

t eet h,  or  j ack hammer s f or  r emoval .

1. 2. 11   Unst abl e Mat er i al

Unst abl e mat er i al s ar e t oo weak t o adequat el y suppor t  t he ut i l i t y  pi pe,  
condui t ,  equi pment ,  or  appur t enant  st r uct ur e.   Sat i sf act or y mat er i al  may 
become unst abl e due t o i nef f ect i ve dr ai nage,  dewat er i ng,  becomi ng f r ozen,  
excessi ve l oadi ng.

1. 2. 12   Expansi ve Soi l s

Expansi ve soi l s ar e def i ned as soi l s t hat  have an expansi on i ndex gr eat er  
t han 20 when t est ed i n accor dance wi t h ASTM D4829.

1. 2. 13   Rock

Sol i d homogeneous i nt er l ocki ng cr yst al l i ne mat er i al  wi t h f i r ml y cement ed,  
l ami nat ed,  or  f ol i at ed masses or  congl omer at e deposi t s,  nei t her  of  whi ch 
can be r emoved wi t hout  syst emat i c dr i l l i ng and bl ast i ng,  dr i l l i ng and t he 
use of  expansi on j acks or  f eat her  wedges,  or  t he use of  backhoe- mount ed 
pneumat i c hol e puncher s or  r ock br eaker s;  al so l ar ge boul der s,  bur i ed 
masonr y,  or  concr et e ot her  t han pavement  exceedi ng 1/ 2 cubi c yar d i n 
vol ume.   Removal  of  har d mat er i al  wi l l  not  be consi der ed r ock excavat i on 
because of  i nt er mi t t ent  dr i l l i ng and bl ast i ng t hat  i s per f or med mer el y t o 
i ncr ease pr oduct i on.

1. 2. 14   Capi l l ar y Wat er  Bar r i er

A l ayer  of  c l ean,  poor l y gr aded cr ushed r ock,  st one,  or  nat ur al  sand or  
gr avel  havi ng a hi gh por osi t y whi ch i s pl aced beneat h a bui l di ng s l ab wi t h 
or  wi t hout  a vapor  bar r i er  t o cut  of f  t he capi l l ar y f l ow of  por e wat er  t o 
t he ar ea i mmedi at el y bel ow a s l ab.

1. 2. 15   Degr ee of  Compact i on ( Pr oct or )

Degr ee of  compact i on r equi r ed,  except  as not ed i n t he second sent ence,  i s 
expr essed as a per cent age of  t he maxi mum densi t y obt ai ned by t he t est  
pr ocedur e pr esent ed i n ASTM D1557 abbr evi at ed as a per cent  of  l abor at or y 
maxi mum densi t y.   Si nce ASTM D1557 appl i es onl y t o soi l s t hat  have 30 
per cent  or  l ess by wei ght  of  t hei r  par t i c l es r et ai ned on t he 3/ 4 i nch 
si eve,  expr ess t he degr ee of  compact i on f or  mat er i al  havi ng mor e t han 30 
per cent  by wei ght  of  t hei r  par t i c l es r et ai ned on t he 3/ 4 i nch si eve as a 
per cent age of  t he maxi mum densi t y i n accor dance wi t h AASHTO T 180- 21 
par agr aph 1. 5,  Not e 1.

1. 2. 16   Degr ee of  Compact i on ( Rel at i ve Densi t y)

Degr ee of  compact i on r equi r ed f or  soi l s wi t h l ess t han 5 per cent  passi ng 
t he No.  200 si eve,  i s expr essed as a r el at i ve per cent age of  t he maxi mum 
i ndex densi t y/ dr y uni t  wei ght  and mi ni mum i ndex densi t y/ dr y uni t  wei ght ,  
obt ai ned by t he t est  pr ocedur es i n accor dance wi t h ASTM D4253 and 
ASTM D4254,  r espect i vel y,  abbr evi at ed as a per cent  of  l abor at or y r el at i ve 
densi t y.

1. 2. 17   Bor r ow

Soi l  br ought  t o t he pr oj ect  s i t e f r om an ext er nal  l ocat i on f or  t he 
pur poses of  pr oj ect  const r uct i on.
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1. 2. 18   Subgr ade

Ear t h mat er i al s di r ect l y bel ow f oundat i ons and di r ect l y bel ow gr anul ar  
base mat er i al s i n bui l di ng s l ab and pavement  ar eas i ncl udi ng shoul der s.

1. 3   SUBSURFACE DATA

Subsur f ace soi l  bor i ng l ogs i n t he gener al  v i c i ni t y of  t he pr oj ect  ar ea 
ar e avai l abl e upon r equest .

1. 4   CRI TERI A FOR BI DDI NG

Base bi ds on t he f ol l owi ng cr i t er i a:

a.   Sur f ace el evat i ons ar e as i ndi cat ed.

b.   Pi pes or  ot her  ar t i f i c i al  obst r uct i ons,  except  t hose i ndi cat ed,  wi l l  
not  be encount er ed.

c.   Gr ound wat er  el evat i ons i ndi cat ed by t he bor i ng l og wer e t hose 
exi st i ng at  t he t i me subsur f ace i nvest i gat i ons wer e made and do not  
necessar i l y  r epr esent  gr ound wat er  el evat i on at  t he t i me of  
const r uct i on.

d.   Gr ound wat er  was encount er ed at  26. 0 f eet  dur i ng dr i l l i ng.

e.   Mat er i al  char act er  i s i ndi cat ed by t he bor i ng l ogs.

f .   Har d mat er i al s and r ock shoul d not  be encount er ed.

1. 5   SUBMI TTALS

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

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

Excavat i on and Tr enchi ng Pl an;  G

Jacki ng,  Bor i ng,  and Tunnel i ng Pl an;  G

Di sposi t i on of  Sur pl us Mat er i al s;  G

Pr econst r uct i on Meet i ng;  G

SD- 06 Test  Repor t s

Mat er i al  Test  Repor t ;  G

Bor r ow Si t e Test i ng;  G

Pi pe I nspect i on Repor t ;  G
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1. 6   QUALI TY CONTROL

1. 6. 1   Qual i f i ed Techni c i an

Pr ovi de a Qual i f i ed Techni c i an t o i nspect ,  moni t or ,  sampl e,  and per f or mi ng 
f i el d t est i ng.   The t echni c i an qual i f i cat i ons need t o be one of  t he 
f ol l owi ng:   a cur r ent  Nat i onal  I nst i t ut e f or  Cer t i f i cat i on i n Engi neer i ng 
Technol ogi es ( NI CET)  Level  I I  mi ni mum cer t i f i cat i on i n Const r uct i on 
Mat er i al s Test i ng Soi l s;  a Geol ogi st - i n- Tr ai ni ng wi t h mi ni mum one- year  
exper i ence;  an Engi neer - i n- Tr ai ni ng wi t h mi ni mum one- year  exper i ence;  a 
Regi st er ed Geol ogi st ;  or  a Pr of essi onal  Engi neer .

1. 6. 2   Lab Val i dat i on

Per f or m t est i ng by a Cor ps val i dat ed commer ci al  t est i ng l abor at or y or  
Cont r act or  est abl i shed t est i ng l abor at or y meet i ng t he r equi r ement s of  
Sect i on 01 45 00 ( or  s i mi l ar  number )  ent i t l ed QUALI TY CONTROL and appr oved 
by t he Cont r act i ng Of f i cer .   Submi t  t est i ng l abor at or y val i dat i on f or  t he 
t est i ng t o be per f or med.   Do not  per mi t  wor k r equi r i ng t est i ng unt i l  
t est i ng f aci l i t i es have been i nspect ed,  Cor ps val i dat ed and appr oved by 
t he Cont r act i ng Of f i cer .

1. 6. 3   Pr econst r uct i on Meet i ng

Conduct  a pr econst r uct i on meet i ng at  t he j obsi t e at  l east  f i ve busi ness 
days pr i or  t o t he st ar t  of  ear t hwor k oper at i ons on t he pr oj ect .   The 
pr econst r uct i on meet i ng i s t o be ar r anged by t he Cont r act or  and i s t o 
f ol l ow t he wr i t t en agenda submi t t ed pr i or  t o t he meet i ng.   The pur pose of  
t hi s meet i ng i s t o r evi ew t he r equi r ement s of  t hi s speci f i cat i on and t he 
associ at ed pl ans.   The f ol l owi ng i ndi v i dual s must  be i n at t endance at  t hi s 
meet i ng:   Cont r act or ' s Pr oj ect  Manager  and Pr oj ect  Super i nt endent ,  
ear t hwor k subcont r act or ' s Pr oj ect  Manager  and Si t e For eman,  Cont r act or ' s 
Geot echni cal  Engi neer  and Test i ng Agency,  Gover nment  Geot echni cal  Engi neer  
and Ci vi l  Engi neer ,  and Gover nment  Const r uct i on Manager  and Engi neer i ng 
Techni c i an.

The mi nut es of  t hi s meet i ng ar e t o be r ecor ded by t he Cont r act or  and 
publ i shed vi a emai l  wi t hi n 48 hour s t o al l  at t endees.   The mi nut es must  be 
r e- publ i shed wi t hi n 48 hour s v i a emai l  pendi ng any subsequent  comment s 
f r om t he at t endees.

PART 2   PRODUCTS

2. 1   SOI L MATERI ALS

2. 1. 1   St r uct ur al  Fi l l

Mat er i al s c l assi f i ed as GW,  GP, GM,  GC,  GW- GM,  GW- GC,  GP- GM,  GP- GC,  GC- GM,  
SW,  or  SP i n accor dance wi t h ASTM D2487.   Sel ect  mat er i al  t ype appr opr i at e 
f or  t he i nt ended pur pose.

2. 1. 2   Embankment  Fi l l

Mat er i al s c l assi f i ed as GW,  GP,  GM,  GC,  GW- GM,  GW- GC,  GP- GM,  GP- GC,  GC- GM,  
SW,  SP, SW- SM, SW- SC i n accor dance wi t h ASTM D2487.   Sel ect  mat er i al  t ype 
appr opr i at e f or  t he i nt ended pur pose.
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2. 1. 3   Por ous Fi l l

Mat er i al s cont ai ni ng l ess t han 5 per cent  passi ng t he No.  200 si eve.   
Pr ovi de t he gr adat i on as appr opr i at e f or  t he i nt ended pur pose.

2. 1. 4   Topsoi l

Mat er i al  sui t abl e f or  t opsoi l  i s  def i ned as:   Nat ur al ,  f r i abl e soi l  
r epr esent at i ve of  pr oduct i ve,  wel l - dr ai ned soi l s i n t he ar ea,  f r ee of  
subsoi l ,  st umps,  r ocks l ar ger  t han one i nch di amet er ,  br ush,  weeds,  t oxi c 
subst ances,  and ot her  mat er i al  det r i ment al  t o pl ant  gr owt h.  Amend t opsoi l  
pH r ange t o obt ai n a pH of  5. 5 t o 7.

2. 1. 5   Capi l l ar y Wat er  Bar r i er

Conf or m t o ASTM C33/ C33Mf or  f i ne aggr egat e gr adi ng wi t h a maxi mum of  3 
per cent  by wei ght  passi ng ASTM D1140,  No.  200 si eve or  1- 1/ 2 i nch and no 
mor e t han 2 per cent  by wei ght  passi ng t he No.  4 s i ze s i eve.

2. 1. 6   Ut i l i t y  Beddi ng Mat er i al

Except  as speci f i ed ot her wi se i n t he i ndi v i dual  pi pi ng sect i on,  pr ovi de 
beddi ng f or  bur i ed pi pi ng i n accor dance wi t h AWWA C600.   I nst al l  beddi ng 
f or  pl ast i c pi pi ng t o spr i ng l i ne of  pi pe.   Pr ovi de geot ext i l e f abr i c 
bel ow beddi ng l ayer  wher e i ndi cat ed.   Ut i l i t y  beddi ng mat er i al  may i ncl ude 
t he f ol l owi ng:

2. 1. 6. 1   Cl ass I

Angul ar ,  0. 25 t o 1. 5 i nch,  gr aded st one,  i ncl udi ng a number  of  f i l l  
mat er i al s t hat  have r egi onal  s i gni f i cance such as cor al ,  s l ag,  c i nder s,  
cr ushed st one,  and cr ushed shel l s.

2. 1. 6. 2   Cl ass I I

Coar se sands and gr avel s wi t h maxi mum par t i c l e s i ze of  1. 5 i nch,  i ncl udi ng 
var i ous gr aded sands and gr avel s cont ai ni ng smal l  per cent ages of  f i nes,  
gener al l y gr anul ar  and noncohesi ve,  ei t her  wet  or  dr y.   Soi l  Types GW,  GP,  
SW,  and SP ar e i ncl uded i n t hi s c l ass as speci f i ed i n ASTM D2487.

2. 1. 6. 3   Sand

Cl ean,  coar se- gr ai ned sand cl assi f i ed as SW by ASTM D2487 f or  beddi ng and 
backf i l l  as i ndi cat ed.

2. 1. 6. 4   Gr avel  and Cr ushed St one

Cl ean,  coar sel y gr aded nat ur al  gr avel ,  cr ushed st one or  a combi nat i on 
t her eof  i dent i f i ed as GW or  GP i n accor dance wi t h ASTM D2487 f or  beddi ng 
and backf i l l  as i ndi cat ed.   Do not  exceed maxi mum par t i c l e s i ze of  3 i nches.

2. 2   BURI ED WARNI NG AND I DENTI FI CATI ON MARKERS

Pr ovi de met al l i c  cor e or  met al l i c- f aced,  aci d-  and al kal i - r esi st ant ,  
pol yet hyl ene pl ast i c war ni ng t ape manuf act ur ed speci f i cal l y f or  war ni ng 
and i dent i f i cat i on of  bur i ed ut i l i t y  l i nes.   Pr ovi de t ape on r ol l s,  3 
i nches mi ni mum wi dt h,  col or  coded as speci f i ed bel ow f or  t he i nt ended 
ut i l i t y  wi t h war ni ng and i dent i f i cat i on i mpr i nt ed i n bol d bl ack l et t er s 
cont i nuousl y over  t he ent i r e t ape l engt h.   War ni ng and i dent i f i cat i on t o 
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r ead,  " CAUTI ON,  BURI ED ( i nt ended ser vi ce)  LI NE BELOW"  or  s i mi l ar  wor di ng.   
Pr ovi de per manent  col or  and pr i nt i ng,  unaf f ect ed by moi st ur e or  soi l .

War ni ng Tape Col or  Codes

Red El ect r i c

Yel l ow Gas,  Oi l ;  Danger ous Mat er i al s

Or ange Tel ephone and Ot her  Communi cat i ons

Bl ue Wat er  Syst ems

Gr een Sewer  Syst ems

Whi t e St eam Syst ems

Gr ay Compr essed Ai r

2. 2. 1   War ni ng Tape f or  Met al l i c  Pi pi ng

Pr ovi de aci d and al kal i - r esi st ant  pol yet hyl ene pl ast i c t ape conf or mi ng t o 
t he wi dt h,  col or ,  and pr i nt i ng r equi r ement s speci f i ed above,  wi t h a 
mi ni mum t hi ckness of  0. 003 i nch and a mi ni mum st r engt h of  1500 psi  
l engt hwi se,  and 1250 psi  cr osswi se,  wi t h a maxi mum 350 per cent  el ongat i on.

2. 2. 2   Det ect abl e War ni ng Tape f or  Non- Met al l i c  Pi pi ng

Pr ovi de pol yet hyl ene pl ast i c t ape conf or mi ng t o t he wi dt h,  col or ,  and 
pr i nt i ng r equi r ement s speci f i ed above,  wi t h a mi ni mum t hi ckness of  0. 004 
i nch,  and a mi ni mum st r engt h of  1500 psi  l engt hwi se and 1250 psi  
cr osswi se.   Manuf act ur e t ape wi t h i nt egr al  wi r es,  f oi l  backi ng,  or  ot her  
means of  enabl i ng det ect i on by a met al  det ect or  when t ape i s bur i ed up t o 
3 f eet  deep.   Encase met al l i c  el ement  of  t he t ape i n a pr ot ect i ve j acket  
or  pr ovi de wi t h ot her  means of  cor r osi on pr ot ect i on.

2. 2. 3   Det ect i on Wi r e f or  Non- Met al l i c  Pi pi ng

I nsul at e a s i ngl e st r and,  sol i d copper  det ect i on wi r e wi t h a mi ni mum of  12 
AWG.

PART 3   EXECUTI ON

3. 1   PROTECTI ON

Per f or m al l  wor k speci f i ed i n accor dance wi t h appl i cabl e r equi r ement s of  
t he Cor ps of  Engi neer s publ i cat i on EM 385- 1- 1 Saf et y and Heal t h 
Requi r ement s Manual .

Use equi pment  of  t ype and si ze appr opr i at e f or  t he s i t e condi t i ons ( soi l  
char act er  and moi st ur e cont ent ) .   Mai nt enance of  exposed subgr ades and 
f i l l s  i s  t he r esponsi bi l i t y  of  t he Cont r act or .   The Cont r act or  i s r equi r ed 
t o pr event  damage by i nef f ect i ve dr ai nage,  dewat er i ng,  and heavy l oads and 
equi pment  by i mpl ement i ng pr ecaut i onar y measur es.   Repai r  or  r epl ace any 
def ect s or  damage.
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3. 1. 1   Under gr ound Ut i l i t i es

Locat i on of  t he exi st i ng ut i l i t i es i ndi cat ed i s appr oxi mat e.   Physi cal l y 
ver i f y t he l ocat i on and el evat i on of  t he exi st i ng ut i l i t i es i ndi cat ed 
pr i or  t o st ar t i ng const r uct i on.   The Cont r act or  i s r esponsi bl e f or  
pr ot ect i ng ut i l i t i es f r om damage dur i ng const r uct i on.

3. 1. 2   Dr ai nage and Dewat er i ng

Pr ovi de f or  t he col l ect i on and di sposal  of  sur f ace and subsur f ace wat er  
encount er ed dur i ng const r uct i on.

3. 1. 3   Shor i ng and Sheet i ng

Submi t  an Excavat i on and Tr enchi ng Pl an t o st abi l i ze f eat ur es,  pr event  
under mi ni ng or  uni nt ended hor i zont al  and ver t i cal  movement  of  adj acent  
st r uct ur es,  and pr event  s l i ppage or  movement  i n banks or  s l opes adj acent  
t o t he excavat i on.   Submi t  dr awi ngs and cal cul at i ons,  cer t i f i ed by a 
r egi st er ed pr of essi onal  engi neer ,  descr i bi ng t he met hods f or  shor i ng and 
sheet i ng of  excavat i ons.   Dr awi ngs t o i ncl ude mat er i al  s i zes and t ypes,  
ar r angement  of  member s,  and t he sequence and met hod of  i nst al l at i on and 
r emoval .   Cal cul at i ons ar e t o i ncl ude dat a and r ef er ences used.

3. 1. 4   Pr ot ect i on of  Gr aded Sur f aces

Pr ot ect  newl y backf i l l ed,  gr aded,  and t opsoi l ed ar eas f r om t r af f i c ,  
er osi on,  and set t l ement s t hat  may occur .   Repai r  or  r eest abl i sh damaged 
gr ades,  el evat i ons,  or  s l opes.

3. 2   BORROW

Sel ect  bor r ow mat er i al  t o meet  t he r equi r ement s and condi t i ons of  t he f i l l  
or  embankment  f or  whi ch i t  i s  t o be used.   Obt ai n bor r ow mat er i al  f r om 
appr oved pr i vat e sour ces.   Unl ess ot her wi se pr ovi ded i n t he cont r act ,  t he 
Cont r act or  i s r esponsi bl e f or  obt ai ni ng t he r i ght  t o pr ocur e mat er i al ,  pay 
r oyal t i es and ot her  char ges i nvol ved,  and bear  t he expense of  devel opi ng 
t he sour ces,  i ncl udi ng r i ght s- of - way f or  haul i ng f r om t he owner s.   Unl ess 
speci f i cal l y pr ovi ded,  do not  obt ai n bor r ow wi t hi n t he l i mi t s of  t he 
pr oj ect  s i t e wi t hout  pr i or  wr i t t en appr oval .

3. 2. 1   Cont r act or  Fur ni shed Bor r ow Ar ea( s)

Obt ai n appr oved bor r ow mat er i al s f r om appr oved of f s i t e sour ces.   I f  a 
bor r ow sour ce i s sel ect ed t hat  i s not  a commer ci al  ent i t y f r om whi ch soi l  
mat er i al  i s  di r ect l y pur chased,  submi t  a Bor r ow Pl an t hat  i ncl udes t he 
bor r ow sour ce l ocat i on,  geot echni cal  t est  r esul t s showi ng t he f i l l  
mat er i al  meet s t he Cont r act  r equi r ement s,  envi r onment al  t est  r esul t s i n 
accor dance wi t h par agr aph ENVI RONMENTAL REQUI REMENTS FOR OFF- SI TE SOI L,  
and any Feder al ,  St at e,  and l ocal  per mi t s r equi r ed f or  excavat i on and 
r ecl amat i on of  t he bor r ow ar ea.

3. 2. 2   Envi r onment al  Requi r ement s f or  Of f - Si t e Soi l

Test  of f s i t e soi l s br ought  i n f or  use as backf i l l  f or  Tot al  Pet r ol eum 
Hydr ocar bons ( TPH) ,  Benzene,  Tol uene,  Et hyl  Benzene,  and Xyl ene ( BTEX)  and 
f ul l  Toxi c i t y Char act er i st i c Leachi ng Pr ocedur e ( TCLP)  i ncl udi ng 
i gni t abi l i t y ,  cor r osi v i t y and r eact i v i t y.   Backf i l l  may not  cont ai n 
concent r at i ons above 10 par t s per  mi l l i on ( ppm)  of  t ot al  pet r ol eum 
hydr ocar bons ( TPH)  and 10 ppm of  t he sum of  Benzene,  Tol uene,  Et hyl  
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Benzene,  and Xyl ene ( BTEX)  and pass t he TCPL t est .   Det er mi ne TPH 
concent r at i ons by usi ng EPA 600/ 4- 79/ 020 Met hod 418. 1.   Det er mi ne BTEX 
concent r at i ons by usi ng EPA SW- 846. 3- 3 Met hod 5030/ 8020/ 8260B.   Per f or m 
TCLP i n accor dance wi t h EPA SW- 846. 3- 3 Met hod 1311.   Per f or m hazar dous 
wast e char act er i st i c t est s f or  i gni t abi l i t y ,  cor r osi v i t y,  and r eact i v i t y 
i n accor dance wi t h accept ed st andar d met hods.   Per f or m PCB t est i ng i n 
accor dance wi t h accept ed st andar d met hods f or  sampl i ng and anal ysi s of  
bul k sol i d sampl es.   Pr ovi de bor r ow si t e t est i ng f or  pet r ol eum 
hydr ocar bons and BTEX f r om a gr ab sampl e of  mat er i al  f r om t he ar ea most  
l i kel y t o be cont ami nat ed at  t he bor r ow si t e ( as i ndi cat ed by v i sual  or  
ol f act or y evi dence) ,  wi t h at  l east  one t est  f r om each bor r ow si t e.   
Pr ovi de bor r ow si t e t est i ng f or  hazar dous wast e char act er i st i cs ( TPH,  BTEX 
and TCLP)  f r om a composi t e sampl e of  mat er i al ,  col l ect ed i n accor dance 
wi t h st andar d soi l  sampl i ng t echni ques.   Do not  br i ng bor r ow mat er i al  t o 
pr oj ect  s i t e unt i l  Bor r ow Pl an cont ai ni ng envi r onment al  t est  r esul t s has 
been r ecei ved and appr oved by t he Cont r act i ng Of f i cer .

3. 3   SURFACE PREPARATI ON

3. 3. 1   St r i ppi ng

St r i p exi st i ng sur f ace mat er i al s t o a dept h of  4 i nches bel ow t he exi st i ng 
gr ound sur f ace.   St r i p i n al l  ar eas wi t hi n t he pl anned l i mi t s of  
di st ur bance.   Al l  st r i pped mat er i al s not  sui t abl e f or  r euse as t opsoi l  
wi l l  be wast ed.   Scr een al l  st r i pped soi l s t o r emove r oot s and or gani c 
mat er i al s pr i or  di sposal .

St r i p sui t abl e soi l  f r om t he si t e wher e excavat i on or  gr adi ng i s i ndi cat ed 
and st ockpi l e separ at el y f r om ot her  excavat ed mat er i al .   Pr ot ect  t opsoi l  
and keep i n segr egat ed pi l es unt i l  needed.

3. 3. 2   Pr oof  Rol l i ng

Per f or m pr oof  r ol l i ng on exposed subgr ade t hat  i s unf r ozen and f r ee of  
sur f ace wat er  ( wet  condi t i ons r esul t i ng f r om r ai nf al l ) .   Not i f y t he 
Cont r act i ng Of f i cer  a mi ni mum of  t hr ee days pr i or  t o pr oof  r ol l i ng.    
Per f or m pr oof  r ol l i ng i n t he pr esence of  t he Cont r act i ng Of f i cer .

Af t er  st r i ppi ng,  excavat i ng,  and r ough gr adi ng t o t he pl anned el evat i on,  
pr oof  r ol l  t he exi st i ng subgr ade of  al l  bui l di ng,  pavement  and embankment  
l ocat i ons wi t h s i x passes of  a l oaded t andem axl e dump t r uck.   Oper at e 
t he  t r uck i n a syst emat i c manner  t o ensur e t he number  of  passes over  al l  
ar eas,  and at  speeds bet ween 2. 5 t o 3. 5 mi l es per  hour .   Subgr ade 
mat er i al s t hat  exhi bi t  excessi ve def l ect i on and/ or  r ut t i ng dur i ng pr oof  
r ol l i ng need t o be scar i f i ed,  aer at ed,  and r e- compact ed t o speci f i ed 
densi t y at  pl us or  mi nus  2 per cent  of  opt i mum moi st ur e cont ent  pr i or  t o 
bei ng consi der ed f or  r emedi al  act i on by t he Cont r act i ng Of f i cer .   When 
pr oof  r ol l i ng under  bui l di ngs,  t he bui l di ng subgr ade i s consi der ed t o 
ext end 5 f eet  beyond t he bui l di ng l i nes and make one- hal f  of  t he passes 
wi t h t he r ol l er  i n a di r ect i on per pendi cul ar  t o t he ot her  passes.

3. 3. 3   St ockpi l i ng Oper at i ons

Pl ace and gr ade st ockpi l es of  sat i sf act or y and wast ed mat er i al s as 
speci f i ed.   Keep st ockpi l es i n a neat  and wel l  dr ai ned condi t i on,  gi v i ng 
due consi der at i on t o dr ai nage at  al l  t i mes.   Cl ear ,  gr ub,  and seal  by 
r ubber - t i r ed equi pment ,  t he gr ound sur f ace at  st ockpi l e l ocat i ons;  
separ at el y st ockpi l e excavat ed sat i sf act or y and unsat i sf act or y mat er i al s.   
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Pr ot ect  st ockpi l es of  sat i sf act or y mat er i al s f r om cont ami nat i on whi ch may 
dest r oy t he qual i t y and f i t ness of  t he st ockpi l ed mat er i al .   Do not  cr eat e 
st ockpi l es t hat  coul d obst r uct  t he f l ow of  any st r eam,  endanger  a par t l y 
f i ni shed st r uct ur e,  i mpai r  t he ef f i c i ency or  appear ance of  any st r uct ur e,  
or  be det r i ment al  t o t he compl et ed wor k i n any way.   I f  t he Cont r act or  
f ai l s  t o pr ot ect  t he st ockpi l es,  and any mat er i al  becomes unsat i sf act or y,  
r emove and r epl ace such mat er i al  wi t h sat i sf act or y mat er i al  f r om appr oved 
sour ces.

3. 4   EXCAVATI ON

Excavat e t o cont our s,  el evat i on,  and di mensi ons i ndi cat ed.   Excavat e soi l  
di st ur bed or  weakened by Cont r act or ' s oper at i ons,  and soi l s sof t ened or  
made unst abl e f or  subsequent  const r uct i on due t o exposur e t o weat her .   Use 
mat er i al  r emoved f r om excavat i ons meet i ng t he speci f i ed r equi r ement s i n 
t he const r uct i on of  f i l l s ,  embankment s,  subgr ades,  shoul der s,  beddi ng ( as 
backf i l l ) ,  and f or  s i mi l ar  pur poses t o mi ni mi ze sur pl us mat er i al  and t o 
mi ni mi ze addi t i onal  mat er i al  t o br ought  on si t e.   Do not  excavat e bel ow 
i ndi cat ed dept hs except  t o r emove unst abl e mat er i al  as det er mi ned by t he 
Gover nment  and conf i r med by t he Cont r act i ng Of f i cer .   Remove and r epl ace 
excavat i ons bel ow t he gr ades shown wi t h appr opr i at e mat er i al s as di r ect ed 
by t he Cont r act i ng Of f i cer .

I f  at  any t i me dur i ng excavat i on,  i ncl udi ng excavat i on f r om bor r ow ar eas,  
t he Cont r act or  encount er s mat er i al  t hat  may be cl assi f i ed as r ock or  as 
har d/ unyi el di ng mat er i al ,  uncover  such mat er i al ,  and not i f y t he 
Cont r act i ng Of f i cer .   Do not  pr oceed wi t h t he excavat i on of  t hi s mat er i al  
unt i l  t he Cont r act i ng Of f i cer  has cl assi f i ed t he mat er i al s as common 
excavat i on or  r ock excavat i on.   Fai l ur e on t he par t  of  t he Cont r act or  t o 
uncover  such mat er i al ,  not i f y t he Cont r act i ng Of f i cer ,  and al l ow 
suf f i c i ent  t i me f or  c l assi f i cat i on and del i neat i on of  t he undi st ur bed 
sur f ace of  such mat er i al  wi l l  cause t he f or f ei t ur e of  t he Cont r act or ' s 
r i ght  of  c l ai m t o any cl assi f i cat i on or  vol ume of  mat er i al  t o be pai d f or  
ot her  t han t hat  al l owed by t he Cont r act i ng Of f i cer  f or  t he ar eas of  wor k 
i n whi ch such deposi t s occur .

3. 4. 1   Di t ches,  Gut t er s,  and Channel  Changes

Fi ni sh excavat i on of  di t ches,  gut t er s,  and channel  changes by cut t i ng 
accur at el y t o t he cr oss sect i ons,  gr ades,  and el evat i ons shown.   Do not  
excavat e bel ow gr ades shown.   Backf i l l  excessi ve excavat i on as di r ect ed by 
t he Cont r act i ng Of f i cer ,  wi t h sat i sf act or y,  compact ed,  mat er i al  or  wi t h 
sui t abl e st one or  cobbl e t o gr ades shown.   Di spose excavat ed mat er i al  as 
shown or  as di r ect ed.  Do not  al l ow mat er i al  t o be deposi t ed wi t hi n 4 f eet  
f r om edge of  a di t ch.   Mai nt ai n excavat i ons f r ee f r om det r i ment al  
quant i t i es of  l eaves,  br ush,  st i cks,  t r ash,  and ot her  debr i s unt i l  f i nal  
accept ance of  t he wor k.

3. 4. 2   Tr ench Excavat i on Requi r ement s

Excavat e t he t r ench as r ecommended by t he manuf act ur er  of  t he pi pe t o be 
i nst al l ed.   Sl ope t r ench wal l s bel ow t he t op of  t he pi pe,  or  make 
ver t i cal ,  and of  such wi dt h as r ecommended by t he manuf act ur er .   Pr ovi de 
ver t i cal  t r ench wal l s wher e no manuf act ur er  i nst al l at i on i nst r uct i ons ar e 
avai l abl e.   Do not  exceed t he t r ench wi dt h of  24 i nches bel ow t he t op pi pe 
pl us pi pe out si de di amet er  ( O. D. )  f or  pi pes of  l ess t han 24 i nches i nsi de 
di amet er ,  and do not  exceed 36 i nches pl us pi pe out si de di amet er  f or  pi pe 
si zes l ar ger  t han 24 i nches i nsi de di amet er .   Wher e r ecommended t r ench 
wi dt hs ar e exceeded,  pr ovi de r edesi gn,  st r onger  pi pe,  or  speci al  
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i nst al l at i on pr ocedur es.   The Cont r act or  i s r esponsi bl e f or  t he cost  of  
r edesi gn,  st r onger  pi pe,  or  speci al  i nst al l at i on pr ocedur es wi t hout  any 
addi t i onal  cost  t o t he Gover nment .

3. 4. 2. 1   Bot t om Pr epar at i on

Gr ade t he bot t oms of  t r enches accur at el y t o pr ovi de uni f or m bear i ng and 
suppor t  f or  t he bot t om quadr ant  of  each sect i on of  t he pi pe.   Excavat e 
bel l  hol es t o t he necessar y s i ze at  each j oi nt  or  coupl i ng t o el i mi nat e 
poi nt  bear i ng.   Remove st ones of  3 i nch or  gr eat er  i n any di mensi on,  or  as 
r ecommended by t he pi pe manuf act ur er ,  whi chever  i s smal l er ,  t o avoi d poi nt  
bear i ng.

3. 4. 2. 2   Removal  of  Unyi el di ng Mat er i al

Wher e unyi el di ng mat er i al  i s  encount er ed i n t he bot t om of  t he t r ench,  
not i f y t he Cont r act i ng Of f i cer .   Fol l owi ng appr oval ,  r emove such mat er i al  
4 i nch bel ow t he r equi r ed gr ade and r epl aced wi t h sui t abl e mat er i al s as 
pr ovi ded i n par agr aph FI LLI NG AND COMPACTI ON.

3. 4. 2. 3   Removal  of  Unst abl e Mat er i al

Wher e unst abl e mat er i al  i s  encount er ed i n t he bot t om of  t he t r ench,  r emove 
such mat er i al  t o t he dept h di r ect ed and r epl ace i t  t o t he pr oper  gr ade 
wi t h sui t abl e mat er i al  as pr ovi ded i n par agr aph FI LLI NG AND COMPACTI ON.   
When r emoval  of  unst abl e mat er i al  i s  r equi r ed due t o t he Cont r act or ' s 
f aul t  or  negl ect  i n per f or mi ng t he wor k,  t he Cont r act or  i s r esponsi bl e f or  
excavat i ng t he r esul t i ng mat er i al  and r epl aci ng i t  wi t hout  addi t i onal  cost  
t o t he Gover nment .

3. 4. 2. 4   Excavat i on f or  Appur t enances

Pr ovi de excavat i on f or  manhol es,  cat ch- basi ns,  i nl et s,  or  s i mi l ar  
st r uct ur es suf f i c i ent  t o l eave at  l east  12 i nches cl ear  bet ween t he out er  
st r uct ur e sur f aces and t he f ace of  t he excavat i on or  suppor t  member s.

3. 4. 2. 5   Gas Di st r i but i on

Excavat e t r enches t o a dept h t hat  wi l l  pr ovi de a mi ni mum 18 i nches of  
cover  i n r ock excavat i on and a mi ni mum 24 i nches of  cover  i n ot her  
excavat i on.

3. 4. 2. 6   Wat er  Li nes

Excavat e t r enches t o a dept h t hat  pr ovi des a mi ni mum cover  of  2. 0 f eet  
f r om t he exi st i ng gr ound sur f ace,  or  f r om t he i ndi cat ed f i ni shed gr ade,  
whi chever  i s l ower ,  t o t he t op of  t he pi pe.   For  f i r e pr ot ect i on yar d 
mai ns or  pi pi ng,  an addi t i onal  12 i nch of  cover  i s r equi r ed.

3. 4. 3   Jacki ng,  Bor i ng,  and Tunnel i ng

Unl ess ot her wi se i ndi cat ed,  pr ovi de excavat i on by open cut  except  t hose 
sect i ons r equest ed and i f ,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  can 
be saf el y and pr oper l y i nst al l ed and backf i l l .   Pr ovi de a Jacki ng,  Bor i ng,  
and Tunnel i ng Pl an,  s i gned and seal ed by a l i censed Pr of essi onal  Engi neer  
t hat  i ncl udes a wor k s i t e l ayout ,  met hods and pr ocedur es,  equi pment ,  
al i gnment  cont r ol ,  moni t or i ng,  and cont i ngency f or  r espondi ng t o unpl anned 
movement s.
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3. 4. 3. 1   Pi pel i ne Casi ng

Pr ovi de new smoot h wal l  st eel  pi pel i ne casi ng under  exi st i ng pavement  by 
t he bor i ng and j acki ng met hod of  i nst al l at i on.   Pr ovi de each new pi pel i ne 
casi ng,  wher e i ndi cat ed and t o t he l engt hs and di mensi ons shown,  compl et e 
and sui t abl e f or  use wi t h t he new pi ped ut i l i t y  as i ndi cat ed.

3. 4. 3. 2   Bor e Hol es

Mechani cal l y bor e hol es and case t hr ough t he soi l  wi t h a cut t i ng head on a 
cont i nuous auger  mount ed i nsi de t he casi ng pi pe.   Wel d l engt hs of  pi pe 
t oget her  i n accor dance wi t h AWS D1. 1/ D1. 1M.   Do not  use wat er  or  ot her  
f l ui ds i n connect i on wi t h t he bor i ng oper at i on.

3. 4. 3. 3   Cl eani ng

Cl ean i nsi de of  t he pi pel i ne casi ng of  di r t ,  wel d spl at t er s,  and ot her  
f or ei gn mat t er  whi ch woul d i nt er f er e wi t h i nser t i on of  t he pi ped ut i l i t i es 
by at t achi ng a pi pe cl eani ng pl ug t o t he bor i ng r i g and passi ng i t  t hr ough 
t he pi pe.

3. 4. 3. 4   End Seal s

Af t er  i nst al l at i on of  pi ped ut i l i t i es i n pi pel i ne casi ng,  pr ovi de 
wat er t i ght  end seal s at  each end of  pi pel i ne casi ng bet ween pi pel i ne 
casi ng and pi pi ng ut i l i t i es.   Pr ovi de wat er t i ght  segment ed el ast omer i c end 
seal s.

3. 4. 4   Under gr ound Ut i l i t i es

Per f or m wor k adj acent  t o ut i l i t i es i n accor dance wi t h pr ocedur es out l i ned 
by ut i l i t y  owner .  Excavat i on made wi t h power - dr i ven equi pment  i s not  
per mi t t ed wi t hi n 2 f eet  of  known ut i l i t y  or  subsur f ace const r uct i on.   For  
wor k i mmedi at el y adj acent  t o or  f or  excavat i ons exposi ng a ut i l i t y  or  
ot her  bur i ed obst r uct i on,  excavat e by hand.   St ar t  hand excavat i on on each 
si de of  t he i ndi cat ed obst r uct i on and cont i nue unt i l  t he obst r uct i on i s 
uncover ed or  unt i l  c l ear ance f or  t he new gr ade i s assur ed.   Suppor t  
uncover ed l i nes or  ot her  exi st i ng wor k af f ect ed by t he cont r act  excavat i on 
unt i l  appr oval  f or  backf i l l  i s  gr ant ed by t he Cont r act i ng Of f i cer .   Repor t  
damage t o ut i l i t y  l i nes or  subsur f ace const r uct i on i mmedi at el y t o t he 
Cont r act i ng Of f i cer .

3. 4. 5   St r uct ur al  Excavat i on

Make excavat i ons t o t he l i nes,  gr ades,  and el evat i ons shown,  or  as 
di r ect ed.   Pr ovi de t r enches and f oundat i on pi t s of  suf f i c i ent  s i ze t o 
per mi t  t he pl acement  and r emoval  of  f or ms f or  t he f ul l  l engt h and wi dt h of  
st r uct ur e f oot i ngs and f oundat i ons as shown.   Cl ean r ock or  ot her  har d 
f oundat i on mat er i al  of  l oose debr i s and cut  t o a f i r m,  l evel ,  st epped,  or  
ser r at ed sur f ace.   Remove l oose di s i nt egr at ed r ock and t hi n st r at a.

Concr et e pl acement  i s not  al l owed unt i l  f oot i ng subgr ades have been 
i nspect ed and appr oved by t he Cont r act i ng Of f i cer .

3. 5   SUBGRADE PREPARATI ON

3. 5. 1   Gener al  Requi r ement s

Shape subgr ade t o l i ne,  gr ade,  and cr oss sect i on as i ndi cat ed.   Remove 
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unsat i sf act or y and unst abl e mat er i al  i n sur f aces t o r ecei ve f i l l  or  i n 
excavat ed ar eas,  as det er mi ned by pr oof  r ol l i ng,  and r epl aced wi t h 
sat i sf act or y mat er i al s or  st r uct ur al  f i l l .   Do not  pl ace mat er i al  on 
sur f aces t hat  ar e muddy,  f r ozen,  cont ai n f r ost ,  or  ot her wi se cont ai ni ng 
unst abl e mat er i al .  Scar i f y t he sur f ace t o a dept h of  4 i nches pr i or  t o 
pl aci ng f i l l .   St ep or  bench sl oped sur f aces st eeper  t han 1 ver t i cal  t o 4 
hor i zont al  pr i or  t o scar i f y i ng.   Pl ace 4 i nches of  l oose f i l l  and bl end 
wi t h scar i f i ed mat er i al .   When subgr ade i s par t  f i l l  and par t  excavat i on 
or  nat ur al  gr ound,  scar i f y t o a dept h of  8 i nches.

3. 5. 2   Subgr ade f or  St r uct ur es,  Spr ead Foot i ngs,  and Concr et e Sl abs

Do not  excavat e bel ow dept h shown f or  st r uct ur es,  spr ead f oot i ngs,  and 
concr et e s l abs.   I f  over  excavat i on occur s,  not i f y t he Cont r act i ng Of f i cer  
and r emove,  r epl ace,  and compact  as di r ect ed.  Af t er  f i nal  r ol l i ng,  t he 
sur f ace of  t he subgr ade f or  bui l di ngs and pavement s must  not  show 
devi at i ons gr eat er  t han 0. 05 f oot  when t est ed wi t h a 12- f oot  st r ai ght edge 
appl i ed bot h par al l el  and at  r i ght  angl es t o t he cent er l i ne of  t he ar ea.

3. 5. 3   Subgr ade f or  Pavement s

Compact  t op 12 i nches of  subgr ade f or  pavement s t o at  l east  95 per cent  of  
ASTM D1557.   Af t er  f i nal  r ol l i ng,  t he sur f ace of  t he subgr ade f or  
bui l di ngs and pavement s must  not  show devi at i ons gr eat er  t han 0. 05 f oot  
when t est ed wi t h a 12- f oot  st r ai ght edge appl i ed bot h par al l el  and at  r i ght  
angl es t o t he cent er l i ne of  t he ar ea.

3. 5. 4   Subgr ade f or  Ai r f i el d Pavement s

Fi l l s  composed of  soi l  havi ng a pl ast i c i t y i ndex ( PI )  gr eat er  t han 5 or  a 
l i qui d l i mi t  ( LL)  gr eat er  t han 25 wi l l  be compact ed t o not  l ess t han 90 
per cent  of  ASTM D1557 maxi mum densi t y.   Fi l l s  composed of  soi l  havi ng a PI  
equal  t o or  l ess t han 5 and an LL equal  t o or  l ess t han 25 wi l l  be 
compact ed as f ol l ows:   t he t op 6 i nches wi l l  be 100 per cent  of  ASTM D1557 
maxi mum densi t y and t he r emai ni ng dept h of  f i l l  wi l l  be 95 per cent  of  
ASTM D1557 maxi mum densi t y.  

I n cut  sect i on t he t op 6 i nches of  subgr ades composed of  soi l  havi ng a PI  
gr eat er  t han 5 or  an LL gr eat er  t han 25 wi l l  be compact ed t o not  l ess t han 
90 per cent  of  ASTM D1557 maxi mum densi t y.   Soi l s havi ng a PI  equal  t o or  
l ess t han 5 and an LL equal  t o or  l ess t han 25 wi l l  be compact ed as 
f ol l ows:   t he t op 6 i nches wi l l  be 100 per cent  of  ASTM D1557 maxi mum 
densi t y and t he 18 i nches bel ow t he t op 6 i nches wi l l  be 95 per cent  of  
ASTM D1557 maxi mum densi t y.   

Af t er  f i nal  r ol l i ng,  t he sur f ace of  t he subgr ade f or  bui l di ngs and 
pavement s must  not  show devi at i ons gr eat er  t han 0. 05 f oot  when t est ed wi t h 
a 12- f oot  st r ai ght edge appl i ed bot h par al l el  and at  r i ght  angl es t o t he 
cent er l i ne of  t he ar ea.

3. 6   FI LLI NG AND COMPACTI ON

Pr epar e gr ound sur f ace on whi ch backf i l l  i s  t o be pl aced and pr ovi de 
compact i on r equi r ement s f or  backf i l l  mat er i al s i n conf or mance wi t h t he 
appl i cabl e por t i ons of  par agr aphs f or  SUBGRADE PREPARATI ON.   Do not  pl ace 
mat er i al  on sur f aces t hat  ar e muddy,  f r ozen,  or  cont ai n f r ost .   Fi ni sh 
compact i on by sheepsf oot  r ol l er s,  pneumat i c- t i r ed r ol l er s,  st eel - wheel ed 
r ol l er s,  or  ot her  appr oved equi pment  wel l  sui t ed t o t he soi l  bei ng 
compact ed.   Moi st en mat er i al  as necessar y t o pl us or  mi nus 2 per cent  of  

SECTI ON 31 00 00  Page 14



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

opt i mum moi st ur e.   Fi l l  and backf i l l  t o cont our s,  el evat i ons,  and 
di mensi ons i ndi cat ed.   Compact  and t est  each l i f t  bef or e pl aci ng 
over l ayi ng l i f t .

3. 6. 1   Tr ench Backf i l l

Backf i l l  t r enches t o t he gr ade shown.  Backf i l l  t he t r ench t o 2 f eet  above 
t he t op of  pi pe pr i or  t o per f or mi ng t he r equi r ed pr essur e t est s.   Leave 
t he j oi nt s and coupl i ngs uncover ed dur i ng t he pr essur e t est .

3. 6. 1. 1   Repl acement  of  Unyi el di ng Mat er i al

Repl ace unyi el di ng mat er i al  r emoved f r om t he bot t om of  t he t r ench wi t h 
sat i sf act or y mat er i al  or  i ni t i al  backf i l l  mat er i al .

3. 6. 1. 2   Repl acement  of  Unst abl e Mat er i al

Repl ace unst abl e mat er i al  r emoved f r om t he bot t om of  t he t r ench or  
excavat i on wi t h sat i sf act or y mat er i al  pl aced i n l ayer s not  exceedi ng 6 
i nches l oose t hi ckness.

3. 6. 1. 3   Beddi ng and I ni t i al  Backf i l l

Pr ovi de beddi ng of  t he t ype and t hi ckness shown.   Pl ace i ni t i al  backf i l l  
mat er i al  and compact  i t  wi t h appr oved t amper s t o a hei ght  of  at  l east  one 
f oot  above t he ut i l i t y  pi pe or  condui t .   Br i ng up t he backf i l l  evenl y on 
bot h s i des of  t he pi pe f or  t he f ul l  l engt h of  t he pi pe.   Take car e t o 
ensur e t hor ough compact i on of  t he f i l l  under  t he haunches of  t he pi pe.   
Except  wher e shown or  when speci f i ed ot her wi se i n t he i ndi v i dual  pi pi ng 
sect i on,  pr ovi de beddi ng f or  bur i ed pi pi ng i n accor dance wi t h PART 2 
par agr aph UTI LI TY BEDDI NG MATERI AL.   Compact  backf i l l  t o t op of  pi pe t o 85 
per cent  of  ASTM D1557.   Pr ovi de pl ast i c pi pi ng wi t h beddi ng t o spr i ng l i ne 
of  pi pe.

3. 6. 1. 4   Fi nal  Backf i l l

Do not  begi n backf i l l  unt i l  const r uct i on bel ow f i ni sh gr ade has been 
appr oved,  under gr ound ut i l i t i es syst ems have been i nspect ed,  t est ed and 
appr oved,  f or ms r emoved,  and t he excavat i on c l eaned of  t r ash and debr i s.   
Br i ng backf i l l  t o i ndi cat ed f i ni sh gr ade.   Wher e pi pe i s coat ed or  wr apped 
f or  pr ot ect i on agai nst  cor r osi on,  t he backf i l l  mat er i al  up t o an el evat i on 
2 f eet  above sewer  l i nes and one f oot  above ot her  ut i l i t y  l i nes need t o be 
f r ee f r om st ones l ar ger  t han one i nch i n any di mensi on.   Heavy equi pment  
f or  spr eadi ng and compact i ng backf i l l  ar e not  t o be oper at ed cl oser  t o 
f oundat i on or  r et ai ni ng wal l s t han a di st ance equal  t o t he hei ght  of  
backf i l l  above t he t op of  f oot i ng;  compact  r emai ni ng ar ea i n l ayer s not  
mor e t han 4 i nches i n compact ed t hi ckness wi t h power - dr i ven hand t amper s 
sui t abl e f or  t he mat er i al  bei ng compact ed.   Pl ace backf i l l  car ef ul l y 
ar ound pi pes or  t anks t o avoi d damage t o coat i ngs,  wr appi ngs,  or  t anks.   
Do not  pl ace backf i l l  agai nst  f oundat i on wal l s pr i or  t o 7 days af t er  
compl et i on of  t he wal l s.   As f ar  as pr act i cabl e,  br i ng backf i l l  up evenl y 
on each si de of  t he wal l  and sl oped t o dr ai n away f r om t he wal l .

Fi l l  t he r emai nder  of  t he t r ench,  except  f or  speci al  mat er i al s f or  
bui l di ngs and pavement s wi t h sat i sf act or y mat er i al .   Pl ace backf i l l  
mat er i al  and compact  as f ol l ows:
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3. 6. 1. 4. 1   Bui l di ngs and Pavement s

Pl ace backf i l l  up t o t he r equi r ed el evat i on as speci f i ed.   Do not  per mi t  
wat er  f l oodi ng or  j et t i ng met hods of  compact i on.   Compact  as speci f i ed f or  
St r uct ur al  Fi l l .

3. 6. 1. 4. 2   Tur f ed or  Seeded Ar eas and Mi scel l aneous Ar eas

Deposi t  backf i l l  i n l ayer s of  a maxi mum of  12 i nches l oose t hi ckness,  and 
compact  i t  t o 85 per cent  maxi mum densi t y f or  cohesi ve soi l s and 90 per cent  
maxi mum densi t y f or  cohesi onl ess soi l s.   Do not  per mi t  compact i on by wat er  
f l oodi ng or  j et t i ng.   Appl y t hi s r equi r ement  t o al l  ot her  ar eas not  
speci f i cal l y desi gnat ed above.

3. 6. 1. 5   Heat  Di st r i but i on Syst em

Fr ee i ni t i al  backf i l l  mat er i al  of  st ones l ar ger  t han 1/ 4 i nch i n any 
di mensi on.

3. 6. 1. 6   El ect r i cal  Di st r i but i on Syst em

Pr ovi de a mi ni mum cover  of  24 i nches f r om t he f i ni shed gr ade t o di r ect  
bur i al  cabl e and condui t  or  duct  l i ne,  unl ess ot her wi se i ndi cat ed.

3. 6. 1. 7   Di spl acement  of  Feat ur es

Af t er  ot her  r equi r ed t est s have been per f or med and t he t r ench backf i l l  
compact ed t o 2 f eet  above t he t op of  t he pi pe,  i nspect  t he pi pe t o 
det er mi ne whet her  unexpect ed or  damagi ng di spl acement  has occur r ed.   
Conduct  wal k- t hr ough i nspect i on of  pi pe s i zes l ar ger  t han 48 i nches.   
I nspect  pi pes smal l er  t han 48 i nches usi ng r emot e met hods usi ng cl osed 
ci r cui t  t el evi s i on,  sonar ,  or  hybr i d t hat  can pr ovi de a 360- degr ee 
i nspect i on of  t he pi pe.   Pr epar e and submi t  a pi pe i nspect i on r epor t  
consi st i ng of  di gi t al  v i deo or  phot os.   I f ,  i n t he j udgment  of  t he 
Cont r act i ng Of f i cer ,  t he i nt er i or  of  t he pi pe shows poor  al i gnment  or  any 
ot her  def ect s t hat  woul d cause i mpr oper  f unct i oni ng of  t he syst em,  r epl ace 
or  r epai r  t he def ect s as di r ect ed at  no addi t i onal  cost  t o t he Gover nment .

3. 6. 1. 8   Bur i ed Tape And Det ect i on Wi r e

3. 6. 1. 8. 1   Bur i ed War ni ng and I dent i f i cat i on Tape

Pr ovi de bur i ed ut i l i t y  l i nes wi t h ut i l i t y  i dent i f i cat i on t ape.   Bur y t ape 
12 i nches bel ow f i ni shed gr ade;  under  pavement s and sl abs,  bur y t ape 6 
i nches bel ow t op of  subgr ade.

3. 6. 1. 8. 2   Bur i ed Det ect i on Wi r e

Bur y det ect i on wi r e di r ect l y above non- met al l i c  pi pi ng at  a di st ance not  
t o exceed 12 i nches above t he t op of  pi pe.   Ext end t he wi r e cont i nuousl y 
and unbr oken,  f r om manhol e t o manhol e.   Ter mi nat e t he ends of  t he wi r e 
i nsi de t he manhol es at  each end of  t he pi pe,  wi t h a mi ni mum of  3 f eet  of  
wi r e,  coi l ed,  r emai ni ng accessi bl e i n each manhol e.   Fur ni sh i nsul at ed 
wi r e over  i t s ent i r e l engt h.   I nst al l  wi r es at  manhol es bet ween t he t op of  
t he cor bel  and t he f r ame,  and ext end up t hr ough t he chi mney seal  bet ween 
t he f r ame and t he chi mney seal .   For  f or ce mai ns,  t er mi nat e t he wi r e i n 
t he val ve pi t  at  t he pump st at i on end of  t he pi pe.
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3. 6. 2   St r uct ur al  Fi l l  Pl acement

Pl ace f i l l  and backf i l l  beneat h and adj acent  t o st r uct ur es i n successi ve 
hor i zont al  l ayer s of  l oose mat er i al  not  mor e t han 8 i nches i n dept h,  or  i n 
l oose l ayer s not  mor e t han 4 i nches i n dept h when usi ng hand- oper at ed 
compact i on equi pment .   Do not  pl ace over  wet  or  f r ozen mat er i al s.   Compact  
t o at  l east  90 per cent  of  l abor at or y maxi mum densi t y f or  cohesi ve 
mat er i al s or  95 per cent  of  l abor at or y maxi mum densi t y f or  cohesi onl ess 
mat er i al s,  except  as ot her wi se speci f i ed.   Per f or m compact i on i n such a 
manner  as t o pr event  wedgi ng act i on or  eccent r i c l oadi ng upon or  ot her  
damage t o t he st r uct ur e.   Moi st ur e condi t i on f i l l  and backf i l l  mat er i al  t o 
wi t hi n r ange of  pl us 2 or  mi nus 2 per cent  of  opt i mum moi st ur e cont ent  at  
t he t i me of  compact i on.

3. 6. 3   Backf i l l  f or  Appur t enances

Af t er  t he manhol e,  cat chbasi n,  i nl et ,  or  s i mi l ar  st r uct ur e has been 
const r uct ed and t he concr et e has been al l owed t o cur e f or  7 days,  pl ace 
backf i l l  i n such a manner  t hat  t he st r uct ur e i s not  be damaged by t he 
shock of  f al l i ng ear t h.   Deposi t  t he backf i l l  mat er i al ,  compact  i t  as 
speci f i ed f or  f i nal  backf i l l ,  and br i ng up t he backf i l l  evenl y on al l  
s i des of  t he st r uct ur e t o pr event  eccent r i c l oadi ng and excessi ve st r ess.

3. 6. 4   Por ous Fi l l  Pl acement

Pr ovi de under  f l oor  and ar ea- way sl abs on a compact ed subgr ade.   Pl ace i n 
a s i ngl e l i f t  and compact  wi t h a mi ni mum of  t wo passes of  a hand- oper at ed 
pl at e- t ype vi br at or y compact or .

3. 6. 5   Compact i on

3. 6. 5. 1   Gener al  Si t e

Compact  under neat h ar eas desi gnat ed f or  veget at i on and ar eas out si de t he 5 
f oot  l i ne of  t he paved ar ea or  st r uct ur e t o 90 per cent  of  ASTM D1557.

3. 6. 5. 2   Adj acent  Ar eas

Compact  ar eas wi t hi n 5 f eet  of  st r uct ur es t o 95 per cent  of  ASTM D1557.

3. 7   FI NI SHI NG/ FI NI SH OPERATI ONS

Dur i ng const r uct i on,  keep embankment s and excavat i ons shaped and dr ai ned.   
Mai nt ai n di t ches and dr ai ns al ong subgr ade t o dr ai n ef f ect i vel y at  al l  
t i mes.   Do not  di st ur b t he f i ni shed subgr ade by t r af f i c  or  ot her  
oper at i on.   Pr ot ect  and mai nt ai n t he f i ni shed subgr ade i n a sat i sf act or y 
condi t i on unt i l  bal l ast ,  subbase,  base,  or  pavement  i s pl aced.   Do not  
per mi t  t he st or age or  st ockpi l i ng of  mat er i al s on f i ni shed subgr ade.   Do 
not  l ay subbase,  base cour se,  bal l ast ,  or  pavement  unt i l  t he subgr ade has 
been checked and appr oved,  and i n no case pl ace subbase,  base,  sur f aci ng,  
pavement ,  or  bal l ast  on a muddy,  spongy,  f r ozen or  ot her wi se unst abl e 
subgr ade.

Fi ni sh t he sur f ace of  excavat i ons,  embankment s,  and subgr ades t o a smoot h 
and compact  sur f ace i n accor dance wi t h t he l i nes,  gr ades,  and cr oss 
sect i ons or  el evat i ons shown.   Pr ovi de t he degr ee of  f i ni sh f or  gr aded 
ar eas wi t hi n 0. 1 f oot  of  t he gr ades and el evat i ons i ndi cat ed except  as 
i ndi cat ed f or  subgr ades speci f i ed i n par agr aph SUBGRADE PREPARATI ON.   
Fi ni sh gut t er s and di t ches i n a manner  t hat  wi l l  r esul t  i n ef f ect i ve 
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dr ai nage.   Fi ni sh t he sur f ace of  ar eas t o be t ur f ed t o a smoot hness 
sui t abl e f or  t he appl i cat i on of  t ur f i ng mat er i al s.   Repai r  gr aded,  
t opsoi l ed,  or  backf i l l ed ar eas pr i or  t o accept ance of  t he wor k,  and 
r e- est abl i shed gr ades t o t he r equi r ed el evat i ons and sl opes.

3. 7. 1   Capi l l ar y Wat er  Bar r i er

Pl ace a capi l l ar y wat er  bar r i er  under  concr et e f l oor  and ar ea- way sl abs 
gr ade di r ect l y on t he subgr ade and compact  wi t h a mi ni mum of  t wo passes of  
a hand- oper at ed pl at e- t ype vi br at or y compact or .

3. 7. 2   Gr adi ng Ar ound St r uct ur es

Const r uct  ar eas wi t hi n 5 f eet  out si de of  each bui l di ng and st r uct ur e l i ne 
t r ue- t o- gr ade,  shape t o dr ai n,  and mai nt ai n f r ee of  t r ash and debr i s unt i l  
f i nal  i nspect i on has been compl et ed and t he wor k has been accept ed.

3. 7. 3   Gr adi ng

Fi ni sh gr ades as i ndi cat ed wi t hi n one- t ent h of  one f oot .   Gr ade ar eas t o 
dr ai n wat er  away f r om st r uct ur es.   Mai nt ai n ar eas f r ee of  t r ash and 
debr i s.   For  exi st i ng gr ades t hat  wi l l  r emai n but  whi ch wer e di st ur bed by 
Cont r act or ' s oper at i ons,  gr ade as di r ect ed.

3. 8   DI SPOSI TI ON OF SURPLUS MATERI AL

Remove f r om Gover nment  pr oper t y al l  sur pl us or  ot her  soi l  mat er i al  not  
r equi r ed or  not  sui t abl e f or  f i l l i ng or  backf i l l i ng,  al ong wi t h br ush,  
r ef use,  st umps,  r oot s,  and t i mber .   Pr oper l y di sposed of  i n accor dance 
wi t h al l  appl i cabl e l aws and r egul at i ons.   Pr epar e pl an f or  Di sposi t i on of  
Sur pl us Mat er i al s t o i ncl ude per mi ssi ons document  t o di spose of  nonsal abl e 
pr oduct s.

3. 9   TESTI NG

Per f or m t est i ng as i ndi cat ed i n Tabl e 1.   Submi t  Mat er i al  Test  Repor t s 
wi t hi n 7 days of  t est s bei ng compl et ed.   I n addi t i on,  submi t  t est  dat a i n 
accor dance wi t h Sect i on 01 33 39. 10 ADVANCED MODELI NG ( BI M/ CI M/ GI S/ CAD)  
REQUI REMENTS.

Mat er i al  Type Locat i on of  
Mat er i al

Test  Met hod Test  Fr equency
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Mat er i al  Type Locat i on of  
Mat er i al

Test  Met hod Test  Fr equency

( 1)  Undi st ur bed 
Nat i ve Soi l

( 2)  Fi l l s & 
Backf i l l s

( 3)  Subgr ades

( 4)  Subgr ades

( 5)  Embankment s or  
Bor r ow

( 1)  St r uct ur es

( 2)  St r uct ur es

( 3)  Ai r f i el d

( 4)  Si t e

( 5)  Al l

Densi t y -  ASTM D6938
When ASTM D6938 or  
ASTM D8167/ D8167M i s 
used,  check t he 
cal i br at i on cur ves 
and adj ust  usi ng 
onl y t he sand cone 
met hod as descr i bed 
i n ASTM D1556/ D1556M.

( 1)  One t est  per  
50 l i near  f eet  of  
f oot i ng.   One t est  
per  500 SF wi t hi n 
bui l di ng l i ne

( 2)  One t est  per  
50 l i near  f eet  of  
f oot i ng.   One t est  
per  500 SF wi t hi n 
bui l di ng l i ne

( 3)  One t est  per  
500 squar e f eet .

( 4)  One t est  per  
1000 SF

( 5)  One t est  per  
l i f t  per  250 cubi c 
yar ds

Doubl e t est i ng 
f r equency f or  
ar eas compact ed by 
hand- oper at ed 
machi nes.

I f  ASTM D6938 or  
ASTM D8167/ D8167M 
i s used,  check 
i n- pl ace densi t i es 
by 
ASTM D1556/ D1556M 
as f ol l ows:   One 
check t est  per  
l i f t  f or  ever y 6 
t est s.
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Mat er i al  Type Locat i on of  
Mat er i al

Test  Met hod Test  Fr equency

Al l Al l Moi st ur e Cont ent  -  
ASTM D2216

Two t est s per  day 
f or  each t ype of  
f i l l  and 
backf i l l .   

Sampl e t aken 
i mmedi at el y pr i or  
t o compact i on 
af t er  moi st ur e 
condi t i oni ng.

Al l Al l Moi st ur e Densi t y 
Rel at i onshi p -  
ASTM D1557

One r epr esent at i ve 
t est  per  500 cubi c 
yar ds of  f i l l  and 
backf i l l ,  or  when 
any change i n 
mat er i al  occur s 
whi ch may af f ect  
t he opt i mum 
moi st ur e cont ent  
or  l abor at or y 
maxi mum densi t y.  

Sampl e t o be t aken 
f r om st ockpi l e or  
l ocat i on of  
pl acement .

Al l Al l Rel at i ve Densi t y -  
ASTM D4253 and 
ASTM D4254

One t est  per  2000 
squar e f eet ,  or  
f r act i on t her eof ,  
of  each l i f t  of  
f i l l  or  backf i l l  
ar eas compact ed by 
ot her  t han 
hand- oper at ed 
machi nes.  

Doubl e t est i ng 
f r equency f or  
ar eas compact ed by 
hand- oper at ed 
machi nes.
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Mat er i al  Type Locat i on of  
Mat er i al

Test  Met hod Test  Fr equency

Al l Al l Gr adat i on -  
ASTM C136/ C136M

One r epr esent at i ve 
t est  per  500 cubi c 
yar ds of  f i l l  and 
backf i l l ,  or  when 
any change i n 
mat er i al  occur s 
whi ch may af f ect  
t he opt i mum 
moi st ur e cont ent  
or  l abor at or y 
maxi mum densi t y.

Sampl e t o be t aken 
f r om st ockpi l e or  
l ocat i on of  
pl acement .

Al l Al l At t er ber g Li mi t s -  
ASTM D4318

One r epr esent at i ve 
t est  per  500 cubi c 
yar ds of  f i l l  and 
backf i l l ,  or  when 
any change i n 
mat er i al  occur s 
whi ch may af f ect  
t he opt i mum 
moi st ur e cont ent  
or  l abor at or y 
maxi mum densi t y.

Sampl e t o be t aken 
f r om st ockpi l e or  
l ocat i on of  
pl acement .

Al l Al l Or gani c Cont ent  Test  
-  ASTM D2974,  Met hod 
C

One r epr esent at i ve 
t est  per  200 
l i neal  f eet  of  
embankment .

        - -  End of  Sect i on - -
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SECTI ON 31 32 19. 13

GEOGRI D SOI L STABI LI ZATI ON
02/ 21

PART 1   GENERAL

1. 1   SUBMI TTALS

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

SD- 03 Pr oduct  Dat a

Sampl i ng and Test i ng

Const r uct i on Qual i t y Cont r ol  ( QC)  Labor at or y

SD- 04 Sampl es

Seams and Over l aps

SD- 06 Test  Repor t s

Sampl i ng and Test i ng

1. 2   QUALI TY ASSURANCE

Pr ovi de a const r uct i on qual i t y cont r ol  ( QC)  l abor at or y t hat  has al so 
per f or med qual i t y assur ance ( QA)  t est i ng,  i f  r equi r ed,  of  geogr i ds and 
geosynt het i c dr ai nage l ayer s f or  at  l east  f i ve compl et ed pr oj ect s,  havi ng 
a t ot al  mi ni mum ar ea of  2 mi l l i on squar e f eet .   Submi t  qual i f i cat i ons of  
l abor at or y car r y i ng cur r ent  accr edi t at i on v i a t he Geosynt het i c 
Accr edi t at i on I nst i t ut e' s Labor at or y Accr edi t at i on Pr ogr am ( GAI - LAP)  f or  
t he t est s i t  wi l l  be r equi r ed t o per f or m.

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

The QC i nspect or  must  be pr esent  dur i ng del i ver y and unl oadi ng of  t he 
geosynt het i c dr ai nage l ayer .   Ensur e t he dr ai nage l ayer  mat er i al  has not  
been damaged dur i ng shi ppi ng,  st or age,  or  handl i ng.   Repai r  or  r epl ace any 
dr ai nage l ayer  mat er i al  f ound t o be damaged.   Accept  del i ver y of  mat er i al  
onl y af t er  t he r equi r ed submi t t al s have been appr oved.   Label  each r ol l  
wi t h t he manuf act ur er ' s name,  pr oduct  i dent i f i cat i on,  l ot  number ,  r ol l  
number ,  and r ol l  di mensi ons.   Wr ap r ol l s t hat  have at t ached geot ext i l es 
i ndi v i dual l y i n pl ast i c.   St or e t he r ol l s i n a l evel  and dr y ar ea.

PART 2   PRODUCTS

2. 1   GEOGRI D

Submi t  one pr oper l y i dent i f i ed 24- by- 24- i nch mi ni mum si ze geosynt het i c 
dr ai nage l ayer  sampl e;  f ast ener s pr oposed f or  use;  and t he met hod of  
seami ng and over l appi ng.   Submi t  manuf act ur er ' s qual i t y cont r ol  t est  
r esul t s.   Conf or m t he geogr i d t o t he pr oper t y r equi r ement s l i s t ed i n Tabl e 
1.   Wher e appl i cabl e,  Tabl e 1 pr oper t y val ues r epr esent  mi ni mum aver age 
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r ol l  val ues ( MARV) .   The val ue f or  AOS r epr esent s t he maxi mum aver age r ol l  
val ue ( MaxARV) .

Pr oper t y Longi t udi nal Di agonal Tr ansver se Gener al

Ri b Pi t ch ( i n) 1. 6 1. 6

Mi d- Ri b Dept h ( i n) 0. 05 0. 05

Mi d- Ri b Wi dt h ( i n) 0. 04 0. 05

Ri b Shape Rect angul ar

Aper t ur e Shape Tr i angul ar

2. 2   SAMPLI NG AND TESTI NG

2. 2. 1   Manuf act ur i ng Qual i t y Cont r ol  Test i ng

Pr ovi de manuf act ur i ng qual i t y cont r ol  t est  met hods and f r equenci es i n 
accor dance wi t h Tabl e 1 unl ess ot her wi se appr oved.   Submi t  manuf act ur er ' s 
qual i t y cont r ol  manual  and const r uct i on qual i t y cont r ol  t est  r esul t s.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

3. 1. 1   Sur f ace Pr epar at i on

Pr i or  t o pl acement  of  t he geosynt het i c dr ai nage l ayer ,  pr ovi de a subgr ade 
t hat  i s smoot h and f r ee of  al l  mat er i al s whi ch coul d damage t he dr ai nage 
l ayer .

3. 1. 2   Pl acement

Do not  damage t he geosynt het i c dr ai nage l ayer  dur i ng pl acement .   Unr ol l  
t he dr ai nage l ayer  i n t he di r ect i on of  maxi mum sl ope,  keepi ng t he net  f l at  
agai nst  t he subgr ade t o mi ni mi ze wr i nkl es and f ol ds.   Do not  dr ag t he 
dr ai nage l ayer  acr oss t ext ur ed geomembr ane i f  a geot ext i l e i s at t ached t o 
t he sur f ace f aci ng t he geomembr ane.   Pl ace adequat e bal l ast  ( e. g.  
sandbags)  t o pr event  upl i f t  by wi nd pr i or  t o cover i ng.

3. 1. 3   Seams and Over l aps

3. 1. 3. 1   Geogr i d Seams

Geogr i d shal l  be pl aced based on manuf act ur er ' s r ecommendat i ons,  but  i n no 
case shoul d t he over l ap be l ess t han 1 f oot .

3. 1. 3. 2   Geogr i d Fast ener s

Geogr i d r ol l s shal l  not  t ypi cal l y be mechani cal l y connect ed except  i n 
ar eas of  ver y sof t  subgr ade.   Pl ease f ol l ow t he manuf act ur er ' s 
r ecommendat i ons.
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3. 2   REPAI RS

3. 2. 1   Geogr i d Damage

Make r epai r s by pl aci ng a pat ch of  t he geogr i d over  t he damaged ar ea.   
Ext end t he pat ch a mi ni mum of  2 f eet  beyond t he edge of  t he damage.   I f  
mor e t han 25 per cent  of  t he r ol l  wi dt h i s damaged,  appr oval  must  be 
obt ai ned t o r epai r  or  r epl ace t he damaged r ol l .

3. 3   PROTECTI ON AND BACKFI LLI NG

Cover  t he geogr i d wi t h t he speci f i ed mat er i al s wi t hi n 7 days of  
accept ance.   Pl ace cover  soi l  f r om t he bot t om of  t he s l ope upwar d and do 
not  dr op di r ect l y ont o t he geogr i d f r om a hei ght  gr eat er  t han 3 f eet .   
Push t he cover  soi l  out  over  t he geogr i d i n an upwar d t umbl i ng mot i on so 
t hat  wr i nkl es i n t he geogr i d do not  f ol d over .   Do not  oper at e equi pment  
on t he t op sur f ace of  t he geogr i d wi t hout  per mi ssi on f r om t he Cont r act i ng 
Of f i cer .   Pr ovi de an i ni t i al  l oose soi l  l i f t  t hi ckness of  12 i nches.   
Cover  soi l  compact i on and t est i ng r equi r ement s ar e descr i bed i n Sect i on 
31 00 00 EARTHWORK.

        - -  End of  Sect i on - -
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SECTI ON 32 01 19. 61

SEALI NG OF JOI NTS I N RI GI D PAVEMENT
11/ 19

PART 1   GENERAL

1. 1   REFERENCES

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM C603 ( 2014;  R 2019)  St andar d Test  Met hod f or  
Ext r usi on Rat e and Appl i cat i on Li f e of  
El ast omer i c Seal ant s

ASTM C639 ( 2015;  R 2020) St andar d Test  Met hod f or  
Rheol ogi cal  ( Fl ow)  Pr oper t i es of  
El ast omer i c Seal ant s

ASTM C661 ( 2015)  I ndent at i on Har dness of  
El ast omer i c- Type Seal ant s by Means of  a 
Dur omet er

ASTM C679 ( 2015;  R 2022)  St andar d Test  Met hod f or  
Tack- Fr ee Ti me of  El ast omer i c Seal ant s

ASTM C719 ( 2014;  R 2019)  St andar d Test  Met hod f or  
Adhesi on and Cohesi on of  El ast omer i c Joi nt  
Seal ant s Under  Cycl i c Movement  ( Hockman 
Cycl e)

ASTM C792 ( 2015;  R 2020)  Ef f ect s of  Heat  Agi ng on 
Wei ght  Loss,  Cr acki ng,  and Chal ki ng of  
El ast omer i c Seal ant s

ASTM C793 ( 2005;  R 2017)  St andar d Test  Met hod f or  
Ef f ect s of  Labor at or y Accel er at ed 
Weat her i ng on El ast omer i c Joi nt  Seal ant s

ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM C1016 ( 2014)  St andar d Test  Met hod f or  
Det er mi nat i on of  Wat er  Absor pt i on of  
Seal ant  Backi ng ( Joi nt  Fi l l er )  Mat er i al

ASTM C1193 ( 2016)  St andar d Gui de f or  Use of  Joi nt  
Seal ant s

ASTM D412 ( 2016;  R 2021)  St andar d Test  Met hods f or  
Vul cani zed Rubber  and Ther mopl ast i c 
El ast omer s -  Tensi on

ASTM D789 ( 2015)  Det er mi nat i on of  Rel at i ve Vi scosi t y 
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and Moi st ur e Cont ent  of  Pol yami de ( PA)

ASTM D903 ( 1998;  R 2017)  St andar d Test  Met hod f or  
Peel  or  St r i ppi ng St r engt h of  Adhesi ve 
Bonds

ASTM D5249 ( 2010;  R 2016)  St andar d Speci f i cat i on f or  
Backer  Mat er i al  f or  Use wi t h Col d- and 
Hot - Appl i ed Joi nt  Seal ant s i n 
Por t l and- Cement  Concr et e and Asphal t  Joi nt s

ASTM D5893/ D5893M ( 2016)  St andar d Speci f i cat i on f or  Col d 
Appl i ed,  Si ngl e Component ,  Chemi cal l y 
Cur i ng Si l i cone Joi nt  Seal ant  f or  Por t l and 
Cement  Concr et e Pavement s

1. 2   SUBMI TTALS

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

SD- 03 Pr oduct  Dat a

Seal ant s ( Fact or y t est  r epor t s)

Submi t  cat al og cut s,  speci f i cat i ons,  Saf et y Dat a Sheet s and ot her  
i nf or mat i on document i ng conf or mance t o Cont r act  r equi r ement s.

Manuf act ur er ' s Recommendat i ons

SD- 04 Sampl es

Seal ant s

For  smal l  quant i t y pr oj ect s i nvol v i ng l ess t han 10, 000 l i near  f eet  
of  j oi nt  seal i ng,  t he r equi r ement  f or  t est i ng may be wai ved 
pr ovi ded t hat  a Fact or y Test  Repor t  i s  submi t t ed.

Bl ocki ng Medi a/ Backup Mat er i al s

Backer  Rod

Bond Br eaki ng Tapes

SD- 06 Test  Repor t s

Seal ant s

SD- 07 Cer t i f i cat es

Equi pment  Li st

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

Seal ant s

Pr ovi de i nst r uct i ons t hat  i ncl ude,  but  not  l i mi t ed t o:   st or age 
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r equi r ement s,  ambi ent  t emper at ur e and humi di t y r anges,  and 
moi st ur e condi t i on of  j oi nt s f or  successf ul  i nst al l at i on;  
r equi r ement s f or  pr epar at i on of  j oi nt s;  saf e heat i ng t emper at ur e;  
mi xi ng i nst r uct i ons;  i nst al l at i on equi pment  and pr ocedur es;  
appl i cat i on and di sposal  r equi r ement s;  compat i bi l i t y  of  seal ant  
wi t h f i l l er  mat er i al ;  cur i ng r equi r ement s;  and r est r i ct i ons t o be 
adher ed t o i n or der  t o r educe hazar ds t o per sonnel  or  t o t he 
envi r onment .   Submi t  i nst r uct i ons at  l east  30 days pr i or  t o use.

1. 3   QUALI TY ASSURANCE

1. 3. 1   Test  Requi r ement s

Test  t he seal ant  and backup or  separ at i ng mat er i al  f or  conf or mance wi t h 
t he r ef er enced mat er i al  speci f i cat i on.   Per f or m t est i ng of  t he mat er i al s 
i n an appr oved i ndependent  l abor at or y and submi t  cer t i f i ed copi es of  t he 
t est  r epor t s f or  appr oval  30 days pr i or  t o t he use of  t he mat er i al s at  t he 
j ob s i t e.   Submi t  sampl es t o be r et ai ned by t he Gover nment  f or  possi bl e 
f ut ur e t est i ng i f  t he mat er i al s appear  def ect i ve dur i ng or  af t er  
appl i cat i on.   Conf or mance wi t h t he r equi r ement s of  t he l abor at or y t est s 
speci f i ed does not  const i t ut e f i nal  accept ance of  t he mat er i al s.   Base 
f i nal  accept ance on t he per f or mance of  t he i n- pl ace mat er i al s.   Submi t  
sampl es of  t he mat er i al s ( seal ant ,  pr i mer  i f  r equi r ed,  and backup 
mat er i al ) ,  i n suf f i c i ent  quant i t y f or  t est i ng and appr oval  30 days pr i or  
t o t he begi nni ng of  wor k.   Do not  use mat er i al  unt i l  i t  has been appr oved.

1. 3. 2   Tr i al  Joi nt  Seal ant  I nst al l at i on

Pr i or  t o c l eani ng and seal i ng t he j oi nt s f or  t he ent i r e pr oj ect ,  pr epar e a 
t est  sect i on at  l east  200 f t  l ong usi ng t he speci f i ed mat er i al s and 
appr oved equi pment ,  so as t o demonst r at e t he pr oposed j oi nt  pr epar at i on 
and seal i ng of  t he t ypes of  j oi nt s i n t he pr oj ect .   Fol l owi ng t he 
compl et i on of  t he t est  sect i on and bef or e any ot her  j oi nt  i s  seal ed,  
i nspect  t he t est  sect i on t o det er mi ne t hat  t he mat er i al s and i nst al l at i on 
meet  t he r equi r ement s speci f i ed.   I nspect  j oi nt  seal  t est  sect i on.   
Cor r ect  def i c i enci es and obt ai n appr oval  of  t est  sect i on pr i or  t o 
i nst al l i ng j oi nt  seal s.   I f  i t  i s  det er mi ned t hat  t he mat er i al s or  
i nst al l at i on do not  meet  t he r equi r ement s,  r emove t he mat er i al s,  and 
r ecl ean and r eseal  t he j oi nt s at  no cost  t o t he Gover nment .   Per mi t  t he 
t est  sect i on meet i ng t he r equi r ement s t o be i ncor por at ed i nt o t he 
per manent  wor k and pai d f or  at  t he Cont r act  uni t  pr i ce per  l i near  f oot  f or  
seal i ng i t ems schedul ed.   Pr epar e and seal  ot her  j oi nt s i n t he manner  
appr oved f or  seal i ng t he t est  sect i on.   Not i f y t he Cont r act i ng Of f i cer  
upon compl et i on of  t he t est  sect i on.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

I nspect  mat er i al s del i ver ed t o t he s i t e f or  v i s i bl e damage,  and unl oad and 
st or e wi t h a mi ni mum of  handl i ng.   Del i ver  j oi nt  mat er i al s i n or i gi nal  
seal ed cont ai ner s and pr ot ect  f r om f r eezi ng or  over heat i ng.   Pr ovi de 
j obsi t e st or age f aci l i t i es capabl e of  mai nt ai ni ng t emper at ur e r anges 
wi t hi n manuf act ur er s r ecommendat i ons.

1. 5   ENVI RONMENTAL REQUI REMENTS

Do not  pr oceed wi t h wor k when weat her  condi t i ons det r i ment al l y af f ect  t he 
qual i t y of  c l eani ng j oi nt s or  appl y i ng seal ant s.   Pr oceed wi t h j oi nt  
pr epar at i on and seal i ng onl y when weat her  condi t i ons ar e i n accor dance 
wi t h manuf act ur er ' s i nst r uct i ons.   I nst al l  j oi nt  seal ant  t o dr y sur f aces 
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and pr ot ect  seal ant  and bond br eaker s f r om moi st ur e.

1. 6   TRAFFI C CONTROL

Do not  per mi t  vehi cul ar  or  heavy equi pment  t r af f i c  on t he pavement  i n t he 
ar ea of  t he j oi nt s bei ng seal ed dur i ng t he pr ot ect i on and cur i ng per i od of  
t he seal ant .   Per mi t  t r af f i c  on t he pavement  at  t he end of  t he cur i ng 
per i od.

PART 2   PRODUCTS

2. 1   SEALANTS

Use mat er i al s f or  seal i ng cr acks i n accor dance wi t h ASTM D5893/ D5893M.

Use sel f - l evel i ng,  non- aci d cur i ng s i l i cone seal ant  meet i ng t he
f ol l owi ng r equi r ement s i n accor dance wi t h ASTM C920 or  ASTM C1193:

TEST TEST METHOD REQUI REMENTS

Wei ght  Loss ASTM C792 Modi f i ed
( see Not e 1 bel ow)

10 per cent  max.

Fl ow ASTM C639 ( Type I ) Smoot h and l evel

Ext r usi on Rat e ASTM C603 30 sec.  max.

Tack Fr ee Ti me ASTM C679 5 hour s max.

Har dness ( Shor e 00)  ( see 
Not e 2 bel ow)

ASTM C661 30 -  80

Tensi l e St r ess at  150 
Per cent  El ongat i on ( see Not e 
2 bel ow)

ASTM D412 ( Di e C) 30 psi  max.

Per cent  El ongat i on ( see Not e 
2 bel ow)

ASTM D412 ( Di e C) 700 mi n.

Accel er at ed Weat her i ng ASTM C793 Pass 5000 hour s

Bond and Movement  Capabi l i t y ASTM C719 Pass 10 cycl es at  pl us 50 
per cent  movement  ( no 
adhesi on or  cohesi on 
f ai l ur e)

Peel ASTM D903 Mi ni mum 20 psi  of  wi dt h 
wi t h at  l east  75 per cent  
cohesi ve f ai l ur e

NOTES:
1.  Per cent  wei ght  l oss of  wet  ( uncur ed)  sampl e af t er  pl aci ng i n f or ced- dr af t  oven 
mai nt ai ned at  158 degr ees pl us 1 degr ee F f or  t wo hour s.  

2.  Speci men cur ed 21 days at  73 degr ees pl us 1 degr ee F and 50 per cent  pl us 5 per cent  
humi di t y.  

ACCELERATED WEATHERI NG FACTORY TEST REPORT.   For  t he Accel er at ed 
Weat her i ng t est ,  i n l i eu of  t est i ng of  act ual  seal ant  t o be used on t he 
pr oj ect ,  i t  i s  per mi t t ed t o submi t  a r epor t  of  a f act or y t est ,  per f or med 
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wi t hi n t wo year s of  Cont r act  awar d.

2. 2   PRI MERS

Use pr i mer s i n accor dance wi t h t he r ecommendat i on of  t he manuf act ur er .

2. 3   BOND BREAKERS

2. 3. 1   Bl ocki ng Medi a/ Backup Mat er i al s

Pr ovi de backup ( j oi nt  f i l l er )  mat er i al  t hat  i s  a compr essi bl e,  
nonshr i nki ng,  nonst ai ni ng,  nonabsor bi ng,  nonr eact i ve mat er i al  wi t h t he 
seal ant .   Use backup mat er i al  compl i ant  wi t h ASTM D5249.   Use mat er i al  
wi t h a mel t i ng poi nt  at  l east  5 degr ees F gr eat er  t han t he pour i ng 
t emper at ur e of  t he seal ant  bei ng used when t est ed i n accor dance wi t h 
ASTM D789.   Use mat er i al  wi t h a wat er  absor pt i on of  not  mor e t han 5 
per cent  of  t he sampl e wei ght  when t est ed i n accor dance wi t h ASTM C1016.   
Use backup ( j oi nt  f i l l er )  mat er i al  t hat  i s  25 pl us or  mi nus 5 per cent  
l ar ger  i n di amet er  t han t he nomi nal  wi dt h of  t he cr ack.  Use bl ocki ng medi a 
consi st ent  wi t h t he seal ant  manuf act ur er ' s i nst al l at i on i nst r uct i ons.

2. 3. 2   Bond Br eaki ng Tapes

Pr ovi de a bond br eaki ng t ape or  separ at i ng mat er i al  t hat  i s  a f l exi bl e,  
nonshr i nkabl e,  nonabsor bi ng,  nonst ai ni ng,  and nonr eact i ng adhesi ve- backed 
t ape.   Use mat er i al  wi t h a mel t i ng poi nt  at  l east  5 degr ees F gr eat er  t han 
t he pour i ng t emper at ur e of  t he seal ant  bei ng used when t est ed i n 
accor dance wi t h ASTM D789.   Use bond br eaker  t ape appr oxi mat el y 1/ 8 i n 
wi der  t han t he nomi nal  wi dt h of  t he j oi nt  and t hat  does not  bond t o t he 
seal ant .   Use bond br eaki ng t ape shal l  be consi st ent  wi t h t he seal ant  
manuf act ur er ' s i nst al l at i on i nst r uct i ons.

PART 3   EXECUTI ON

3. 1   EXECUTI NG EQUI PMENT

Submi t  equi pment  l i s t  and descr i pt i on of  t he equi pment  t o be used and a 
st at ement  f r om t he suppl i er  of  t he seal ant  t hat  t he pr oposed equi pment  i s 
accept abl e f or  i nst al l i ng t he speci f i ed seal ant .   Use equi pment  f or  
heat i ng,  mi xi ng,  and i nst al l i ng seal s i n accor dance wi t h t he i nst r uct i ons 
pr ovi ded by t he seal ant  manuf act ur er .   Pr ovi de equi pment ,  t ool s,  and 
accessor i es necessar y t o c l ean exi st i ng j oi nt s and i nst al l  l i qui d j oi nt  
seal ant s.   Mai nt ai n machi nes,  t ool s,  and ot her  equi pment  i n pr oper  wor ki ng 
condi t i on.  Submi t  a l i s t  of  pr oposed equi pment  t o be used i n per f or mance 
of  const r uct i on wor k i ncl udi ng descr i pt i ve dat a,  30 days pr i or  t o use on 
t he pr oj ect .

3. 1. 1   Joi nt  Cl eani ng Equi pment

3. 1. 1. 1   Tr act or - Mount ed Rout i ng and Pl owi ng Tool

Use r out i ng t ool s f or  r emovi ng ol d seal ant  f r om t he j oi nt s,  of  such shape 
and di mensi ons and so mount ed on t he t r act or  t hat  do not  damage t he si des 
of  t he j oi nt s.   Use t ool s desi gned t o be adj ust ed t o r emove t he ol d 
mat er i al  t o var yi ng dept hs and wi dt hs as r equi r ed.   Use equi pment  capabl e 
of  mai nt ai ni ng accur at e cut t i ng dept h and wi dt h cont r ol .   Use a j oi nt  pl ow 
equi pped wi t h a spr i ng or  hydr aul i c mechani sm t o r el ease pr essur e on t he 
t ool  pr i or  t o spal l i ng t he concr et e.   Do not  per mi t  t he use of  V- shaped 
t ool s or  r ot ar y i mpact  r out i ng devi ces.   Per mi t  t he use of  hand- oper at ed 
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spi ndl e r out i ng devi ces t o c l ean and enl ar ge r andom cr acks.

3. 1. 1. 2   Concr et e Saw

Pr ovi de a sel f - pr opel l ed power  saw,  wi t h wat er - cool ed di amond or  abr asi ve 
saw bl ades,  f or  cut t i ng j oi nt s t o t he dept hs and wi dt hs speci f i ed,  f or  
r ef aci ng j oi nt s,  c l eani ng sawed j oi nt s wher e sandbl ast i ng does not  pr ovi de 
a c l ean j oi nt ,  wi deni ng,  or  deepeni ng exi st i ng j oi nt s as speci f i ed wi t hout  
damagi ng t he si des,  bot t om,  or  t op edge of  j oi nt s.   Per mi t  s i ngl e or  gang 
t ype bl ades wi t h one or  mor e bl ades mount ed i n t andem f or  f ast  cut t i ng.   
Sel ect  saw adequat el y power ed and si zed t o cut  speci f i ed openi ng wi t h not  
mor e t han t wo passes of  t he saw t hr ough t he j oi nt .

3. 1. 1. 3   Sandbl ast i ng Equi pment

I ncl ude wi t h t he sandbl ast i ng equi pment  an ai r  compr essor ,  hose,  and 
l ong- wear i ng vent ur i - t ype nozzl e of  pr oper  s i ze,  shape and openi ng.   Do 
not  per mi t  t he maxi mum nozzl e openi ng t o exceed 1/ 4 i n.   Use a por t abl e 
ai r  compr essor  capabl e of  pr ovi di ng not  l ess t han 150 cf m and mai nt ai ni ng 
a l i ne pr essur e of  not  l ess t han 90 psi  at  t he nozzl e whi l e i n use.   
Demonst r at e compr essor  capabi l i t y ,  under  j ob condi t i ons,  bef or e appr oval .   
Use a compr essor  equi pped wi t h t r aps t hat  mai nt ai n t he compr essed ai r  f r ee 
of  oi l  and wat er .   Use a nozzl e wi t h an adj ust abl e gui de t hat  hol ds t he 
nozzl e al i gned wi t h t he j oi nt  appr oxi mat el y 1 i n above t he pavement  
sur f ace.  Adj ust  t he hei ght ,  angl e of  i ncl i nat i on and t he si ze of  t he 
nozzl e t o secur e sat i sf act or y r esul t s.

3. 1. 1. 4   Ai r  Compr essor

Use a por t abl e ai r  compr essor  capabl e of  oper at i ng t he sandbl ast i ng 
equi pment  and capabl e of  bl owi ng out  sand,  wat er ,  dust  adher i ng t o 
s i dewal l s of  concr et e,  and ot her  obj ect i onabl e mat er i al s f r om t he j oi nt s.   
Use a compr essor  t hat  pr ovi des ai r  at  a pr essur e not  l ess t han 90 psi  and 
a mi ni mum r at e of  150 cubi c f t  of  ai r  per  mi nut e at  t he nozzl es and f r ee 
of  oi l .

3. 1. 1. 5   Vacuum Sweeper

Use a sel f - pr opel l ed,  vacuum pi ckup sweeper  capabl e of  compl et el y r emovi ng 
l oose sand,  wat er ,  j oi nt  mat er i al ,  and debr i s f r om pavement  sur f ace.

3. 1. 1. 6   Hand Tool s

Per mi t  t he use of  hand t ool s,  such as br ooms and chi sel s,  when appr oved,  
f or  r emovi ng def ect i ve seal ant  f r om a cr ack and r epai r i ng or  c l eani ng t he 
cr ack f aces.

3. 1. 2   Seal i ng Equi pment

Use j oi nt  seal i ng equi pment  of  a t ype r equi r ed by t he seal ant  
manuf act ur er ' s i nst al l at i on i nst r uct i ons.   Use equi pment  capabl e of  
i nst al l i ng seal ant  t o t he dept hs,  wi dt hs and t ol er ances i ndi cat ed.   Do not  
pr oceed wi t h j oi nt  seal i ng when mal f unct i ons ar e not ed unt i l  t he 
mal f unct i ons ar e cor r ect ed.

3. 1. 2. 1   Col d- Appl i ed,  Si ngl e- Component  Seal i ng Equi pment

Use equi pment  f or  i nst al l i ng ASTM D5893/ D5893M si ngl e component  j oi nt  
seal ant s t hat  consi st s of  an ext r usi on pump,  ai r  compr essor ,  f ol l owi ng 
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pl at e,  hoses,  and nozzl e f or  t r ansf er r i ng t he seal ant  f r om t he st or age 
cont ai ner  i nt o t he j oi nt  openi ng.   Use a nozzl e wi t h di mensi ons t hat  
al l ows t he t i p of  t he nozzl e t o ext end i nt o t he j oi nt  t o al l ow seal i ng 
f r om t he bot t om of  t he j oi nt  t o t he t op.   Mai nt ai n t he i ni t i al l y  appr oved 
equi pment  i n good wor ki ng condi t i on,  ser vi ced i n accor dance wi t h t he 
suppl i er ' s i nst r uct i ons,  and unal t er ed i n any way wi t hout  obt ai ni ng pr i or  
appr oval .   Use l i ned hoses and seal s t o pr event  moi st ur e penet r at i on and 
wi t hst and pumpi ng pr essur es.  Use equi pment  f r ee of  cont ami nat i on f r om 
pr evi ousl y used or  ot her  t ype seal ant .   Per mi t  use of  smal l  hand- hel d 
ai r - power ed equi pment  ( i . e. ,  caul k i ng guns)  f or  smal l  appl i cat i ons.

3. 2   PREPARATI ON OF JOI NTS

Unl ess ot her wi se i ndi cat ed,  r emove exi st i ng mat er i al ,  saw,  c l ean and 
r eseal  j oi nt s.   Do not  pr oceed wi t h f i nal  c l eani ng oper at i ons by mor e t han 
one wor ki ng day i n advance of  seal ant .   Cl ean j oi nt s by r emovi ng exi st i ng 
j oi nt  seal i ng compound,  bond- br eaker s,  di r t ,  l ai t ance,  cur i ng compound,  
f i l l er ,  and pr ot r usi ons of  har dened concr et e f r om t he si des and upper  
edges of  t he j oi nt  space t o be seal ed and ot her  f or ei gn mat er i al  wi t h t he 
equi pment .   Do not  per mi t  c l eani ng pr ocedur es t hat  damage j oi nt s or  
pr evi ousl y r epai r ed pat ches by chi ppi ng or  spal l i ng.   Remove exi st i ng 
seal ant  t o t he r equi r ed dept h.   Pr eci se shape and si ze of  exi st i ng j oi nt s 
var y,  and condi t i ons of  j oi nt  wal l s and edges var y and i ncl ude but  ar e not  
l i mi t ed t o r oundi ng,  squar e edges,  s l opi ng,  chi ps,  voi ds,  depr essi ons,  and 
pr oj ect i ons.

3. 2. 1   Sawi ng

3. 2. 1. 1   Faci ng of  Joi nt s

Accompl i sh f aci ng of  j oi nt s usi ng a concr et e saw as speci f i ed i n par agr aph 
EQUI PMENT t o saw t hr ough sawed and f i l l er - t ype j oi nt s t o l oosen and r emove 
mat er i al  unt i l  t he j oi nt  i s  c l ean and open t o t he f ul l  speci f i ed wi dt h and 
dept h.   Pr ovi de exposur e of  newl y c l ean concr et e t hr ough r emoval .   Remove 
bur r s and i r r egul ar i t i es f r om si des of  j oi nt  f aces.   St i f f en t he bl ade 
wi t h a suf f i c i ent  number  of  dummy ( used)  bl ades or  washer s.   Cl ean,  
i mmedi at el y f ol l owi ng t he sawi ng oper at i on,  t he j oi nt  openi ng usi ng a 
wat er  j et  t o r emove saw cut t i ngs and debr i s and adj acent  concr et e 
sur f ace.   Pr ot ect  adj acent  pr evi ousl y c l eaned j oi nt  spaces f r om r ecei v i ng 
wat er  and debr i s dur i ng t he cl eani ng oper at i on.

a.   Joi nt  Wi deni ng ( Except  Expansi on Joi nt s) :  Saw j oi nt s havi ng gr ooves 
l ess t han 3/ 8 i n wi de and l ess t han 1 i n deep t o a mi ni mum wi dt h and 
dept h,  as i ndi cat ed.

3. 2. 2   Fi nal  Cl eani ng of  Joi nt s

3. 2. 2. 1   Sandbl ast i ng

Fol l owi ng r emoval  of  exi st i ng seal ant ,  and sawi ng,  and i mmedi at el y bef or e 
r eseal i ng,  c l ean newl y exposed concr et e j oi nt  f aces and pavement  sur f ace 
ext endi ng t o a mi ni mum of  1/ 2 i n up t o 2 i n f r om each j oi nt  edge by 
sandbl ast i ng unt i l  concr et e sur f aces i n t he j oi nt  space ar e f r ee of  
seal ant s,  dust ,  di r t ,  wat er  and ot her  f or ei gn mat er i al s t hat  pr event  
bondi ng of  new seal ant s t o t he concr et e.   Use sand par t i c l es of  t he pr oper  
s i ze and qual i t y f or  t he wor k.   Per f or m sandbl ast i ng wi t h speci f i ed 
nozzl es,  ai r  compr essor ,  and ot her  appur t enant  equi pment .   Posi t i on 
nozzl es t o c l ean t he j oi nt  f aces.   Make at  l east  t wo passes;  one f or  each 
j oi nt  f ace.   Make as many passes as r equi r ed f or  pr oper  c l eani ng.   
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I mmedi at el y pr i or  t o seal i ng t he j oi nt ,  bl ow out  t he j oi nt  spaces wi t h 
compr essed ai r  unt i l  compl et el y f r ee of  sand,  wat er ,  and dust .   I nst al l  
j oi nt  seal ant s t o dr y j oi nt s.   Repl ace expansi on j oi nt  f i l l er  mat er i al  
damaged i n per f or mi ng t he wor k wi t h new mat er i al s of  t he same t ype and 
di mensi ons as t he exi st i ng mat er i al ,  or  wi t h appr opr i at e bl ocki ng medi a.

3. 2. 3   Bond Br eaker

At  t he t i me t he j oi nt s r ecei ve t he f i nal  c l eani ng and ar e dr y,  i nst al l  
bond br eaker  mat er i al  as i ndi cat ed wi t h a st eel  wheel  or  ot her  appr oved 
devi ce.

3. 2. 3. 1   Bl ocki ng Medi a ( Backer  Rod)  ( Except  f or  Expansi on Joi nt s)

When t he j oi nt  openi ng i s of  a gr eat er  dept h t han i ndi cat ed f or  t he 
seal ant  dept h,  pl ug or  seal  of f  t he l ower  por t i on of  t he j oi nt  openi ng 
usi ng a bl ocki ng medi a/ back- up mat er i al  t o pr event  t he ent r ance of  t he 
seal ant  bel ow t he speci f i ed dept h.   Take car e t o ensur e t hat  t he bl ocki ng 
medi a/ backup mat er i al  i s  pl aced at  t he speci f i ed dept h and i s not  
st r et ched or  t wi st ed dur i ng i nst al l at i on.

3. 2. 3. 2   Bond Br eaki ng Tape

Wher e i nser t s or  f i l l er  mat er i al s cont ai n bi t umen,  or  t he dept h of  t he 
j oi nt  openi ng does not  al l ow f or  t he use of  a backup mat er i al ,  i nser t  a 
bond br eaker  separ at i ng t ape t o pr event  i ncompat i bi l i t y  wi t h t he f i l l er  
mat er i al s and t hr ee- si ded adhesi on of  t he seal ant .   Bond t he t ape t o t he 
bot t om of  t he j oi nt  openi ng t o pr event  i t  f r om f l oat i ng up i nt o t he new 
seal ant .

3. 2. 4   Rat e of  Pr ogr ess of  Joi nt  Pr epar at i on

Li mi t  t he st ages of  j oi nt  pr epar at i on,  i ncl udi ng sandbl ast i ng,  ai r  
pr essur e c l eani ng and pl aci ng of  t he back- up mat er i al  t o onl y t hat  l i neal  
f oot age t hat  can be seal ed dur i ng t he same day.

3. 2. 5   Di sposal  of  Debr i s

Sweep pavement  sur f ace t o r emove excess j oi nt  mat er i al ,  di r t ,  wat er ,  sand,  
and ot her  debr i s by vacuum sweeper s or  hand br ooms.   Remove t he debr i s 
i mmedi at el y t o a poi nt  of f  st at i on.

3. 3   PREPARATI ON OF SEALANT

3. 3. 1   Si ngl e- Component ,  Col d- Appl i ed Seal ant s

I nspect  t he ASTM D5893/ D5893M seal ant  and cont ai ner s pr i or  t o use.   Rej ect  
mat er i al s t hat  cont ai n wat er ,  har d caki ng of  any separ at ed const i t uent s,  
nonr ever si bl e j el l ,  or  mat er i al s t hat  ar e ot her wi se unsat i sf act or y.   Do 
not  r ej ect  seal ant s t hat  exhi bi t  set t l ement  of  const i t uent s i n a sof t  mass 
t hat  can be r eadi l y and uni f or ml y r emi xed i n t he f i el d wi t h s i mpl e t ool s.

3. 4   I NSTALLATI ON OF SEALANT

3. 4. 1   Ti me of  Appl i cat i on

Af t er  appr oval  of  t he t est  sect i on,  seal  j oi nt s i mmedi at el y f ol l owi ng 
f i nal  c l eani ng and pl aci ng of  bond br eaker s.   Commence seal i ng j oi nt s when 
wal l s ar e dust  f r ee and dr y,  and when weat her  condi t i ons meet  seal ant  
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manuf act ur er ' s i nst r uct i ons.   I f  t he above condi t i ons cannot  be met ,  or  
when r ai n i nt er r upt s seal i ng oper at i ons,  r ecl ean and per mi t  t he j oi nt s t o 
dr y pr i or  t o i nst al l i ng t he seal ant .

3. 4. 2   Seal i ng Joi nt s

Do not  i nst al l  j oi nt  seal ant  unt i l  j oi nt s t o be seal ed have been i nspect ed 
and appr oved.   I nst al l  bond br eaker  j ust  pr i or  t o pour i ng seal ant .   Fi l l  
t he j oi nt s wi t h seal ant  f r om bot t om up unt i l  j oi nt s ar e uni f or ml y f i l l ed 
sol i d f r om bot t om t o t op usi ng t he speci f i ed equi pment  f or  t he t ype of  
seal ant  r equi r ed.   Fi l l  j oi nt s t o 1/ 8 i n pl us or  mi nus 1/ 16 i n bel ow t op 
of  pavement ,  and wi t hout  f or mat i on of  voi ds or  ent r apped ai r .   Do not  
per mi t  gr avi t y met hods or  pour i ng pot s t o be used t o i nst al l  t he seal ant  
mat er i al .   Except  as ot her wi se per mi t t ed,  t ool  t he seal ant  i mmedi at el y 
af t er  appl i cat i on t o pr ovi de f i r m cont act  wi t h t he j oi nt  wal l s and t o f or m 
t he i ndi cat ed seal ant  pr of i l e bel ow t he pavement  sur f ace.   Remove excess 
seal ant  t hat  has been i nadver t ent l y spi l l ed on t he pavement  sur f ace.   Do 
not  per mi t  t r af f i c  over  newl y seal ed pavement  unt i l  aut hor i zed.   When a 
pr i mer  i s r ecommended by t he manuf act ur er ,  appl y i t  evenl y t o t he j oi nt  
f aces i n accor dance wi t h t he manuf act ur er ' s r ecommendat i ons.   Check seal ed 
j oi nt s f r equent l y t o ensur e t hat  newl y i nst al l ed seal ant  i s cur ed t o a 
t ack- f r ee condi t i on wi t hi n t he speci f i ed t i me.   Pr ot ect  new seal ant  f r om 
r ai n dur i ng cur i ng per i od.

3. 5   I NSPECTI ON/ FI ELD QUALI TY CONTROL

3. 5. 1   Joi nt  Cl eani ng

I nspect  j oi nt s dur i ng t he cl eani ng pr ocess t o cor r ect  i mpr oper  equi pment  
and cl eani ng t echni ques t hat  damage t he concr et e pavement  i n any manner .   
Appr ove cl eaned j oi nt s pr i or  t o i nst al l at i on of  t he separ at i ng or  back- up 
mat er i al  and j oi nt  seal ant .

3. 5. 2   Sampl i ng Seal ant

Obt ai n a one gal  sampl e of  each t ype of  seal ant  on t he pr oj ect  f r om 
mat er i al  used f or  each 10, 000 l i near  f t  or  l ess of  j oi nt s seal ed.   St or e 
sampl es accor di ng t o seal ant  manuf act ur er ' s i nst r uct i ons.   Ret ai n sampl es 
unt i l  f i nal  accept ance of  t he wor k.

3. 5. 3   Seal ant  Appl i cat i on Equi pment

I nspect  t he appl i cat i on equi pment  t o ensur e conf or mance t o t emper at ur e 
r equi r ement s,  pr oper  pr opor t i oni ng and mi xi ng ( i f  t wo- component  seal ant )  
and pr oper  i nst al l at i on.  Suspend oper at i ons i f  t her e i s evi dences of  
bubbl i ng,  i mpr oper  i nst al l at i on,  or  f ai l ur e t o cur e or  set  unt i l  causes of  
t he def i c i enci es ar e det er mi ned and cor r ect ed.

3. 5. 4   Joi nt  Seal ant

I nspect  t he j oi nt  seal ant  f or  pr oper  r at e of  cur e and set ,  bondi ng t o t he 
j oi nt  wal l s,  cohesi ve separ at i on wi t hi n t he seal ant ,  r ever si on t o l i qui d,  
ent r apped ai r  and voi ds.   Remove seal ant s exhi bi t i ng t hese def i c i enci es 
pr i or  t o t he f i nal  accept ance of  t he pr oj ect  f r om t he j oi nt ,  wast ed,  and 
r epl ace at  no addi t i onal  cost  t o t he Gover nment .   Obt ai n appr oval  f or  each 
j oi nt  seal  i nst al l at i on.
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3. 6   ACCEPTANCE

Rej ect  seal er  t hat  f ai l s  t o cur e pr oper l y,  or  f ai l s  t o bond t o j oi nt  
wal l s,  or  r ever t s t o t he uncur ed st at e,  or  f ai l s  i n cohesi on,  or  shows 
excessi ve ai r  voi ds,  bl i s t er s,  sur f ace def ect s,  swel l i ng,  or  ot her  
def i c i enci es,  or  i s  not  pr oper l y r ecessed wi t hi n i ndi cat ed t ol er ances.   
Remove r ej ect ed seal er  and r ecl ean and r eseal  j oi nt s.   Per f or m r emoval  and 
r eseal  wor k pr ompt l y by and at  t he expense of  t he Cont r act or .

3. 7   CLEAN- UP

Upon compl et i on of  t he pr oj ect ,  r emove unused mat er i al s f r om t he si t e and 
l eave t he pavement  i n a c l ean condi t i on.

        - -  End of  Sect i on - -
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SECTI ON 32 11 20

BASE COURSE FOR RI GI D PAVI NG AND SI DEWALK
05/ 22

PART 1   GENERAL

1. 1   REFERENCES

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM C117 ( 2023)  St andar d Test  Met hod f or  Mat er i al s 
Fi ner  t han 75- um ( No.  200)  Si eve i n 
Mi ner al  Aggr egat es by Washi ng

ASTM C131/ C131M ( 2020)  St andar d Test  Met hod f or  Resi st ance 
t o Degr adat i on of  Smal l - Si ze Coar se 
Aggr egat e by Abr asi on and I mpact  i n t he 
Los Angel es Machi ne

ASTM C136/ C136M ( 2019)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM D75/ D75M ( 2019)  St andar d Pr act i ce f or  Sampl i ng 
Aggr egat es

ASTM D1556/ D1556M ( 2015;  E 2016)  St andar d Test  Met hod f or  
Densi t y and Uni t  Wei ght  of  Soi l  i n Pl ace 
by Sand- Cone Met hod

ASTM D1557 ( 2012;  E 2015)  St andar d Test  Met hods f or  
Labor at or y Compact i on Char act er i st i cs of  
Soi l  Usi ng Modi f i ed Ef f or t  ( 56, 000 
f t - l bf / f t 3)  ( 2700 kN- m/ m3)

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

ASTM D3665 ( 2012;  R 2017)  St andar d Pr act i ce f or  
Random Sampl i ng of  Const r uct i on Mat er i al s

ASTM D4318 ( 2017;  E 2018)  St andar d Test  Met hods f or  
Li qui d Li mi t ,  Pl ast i c Li mi t ,  and 
Pl ast i c i t y I ndex of  Soi l s

ASTM D4718/ D4718M ( 2015)  St andar d Pr act i ce f or  Cor r ect i on of  
Uni t  Wei ght  and Wat er  Cont ent  f or  Soi l s 
Cont ai ni ng Over si ze Par t i c l es

ASTM D6938 ( 2017a)  St andar d Test  Met hod f or  I n- Pl ace 
Densi t y and Wat er  Cont ent  of  Soi l  and 
Soi l - Aggr egat e by Nucl ear  Met hods ( Shal l ow 
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Dept h)

ASTM E11 ( 2022)  St andar d Speci f i cat i on f or  Woven 
Wi r e Test  Si eve Cl ot h and Test  Si eves

1. 2   DEGREE OF COMPACTI ON

Degr ee of  compact i on r equi r ed,  except  as not ed i n t he second sent ence,  i s 
expr essed as a per cent age of  t he maxi mum l abor at or y dr y densi t y obt ai ned 
by t he t est  pr ocedur e pr esent ed i n ASTM D1557.   Si nce ASTM D1557 appl i es 
onl y t o soi l s t hat  have 30 per cent  or  l ess by wei ght  of  t hei r  par t i c l es 
r et ai ned on t he 3/ 4 i nch si eve,  expr ess t he degr ee of  compact i on f or  
mat er i al  havi ng mor e t han 30 per cent  by wei ght  of  t hei r  par t i c l es r et ai ned 
on t he 3/ 4 i nch si eve  as a per cent age of  t he l abor at or y maxi mum dr y 
densi t y i n accor dance wi t h ASTM D1557 Met hod C and cor r ect ed wi t h 
ASTM D4718/ D4718M.

1. 3   SUBMI TTALS

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

SD- 03 Pr oduct  Dat a

Pl ant ,  Equi pment ,  and Tool s;  G

SD- 06 Test  Repor t s

I ni t i al  Test s;  G

I n- Pl ace Test s;  G

Test  Sect i on Repor t ;  G

1. 4   QUALI TY ASSURANCE

Per f or m sampl i ng and t est i ng usi ng a l abor at or y appr oved i n accor dance 
wi t h Sect i on 01 45 00 QUALI TY CONTROL.   Do not  st ar t  wor k r equi r i ng 
t est i ng unt i l  t he t est i ng l abor at or y has been i nspect ed and appr oved.   Al l  
cont r act or  qual i t y cont r ol  t est i ng l abor at or i es per f or mi ng accept ance 
t est i ng r equi r e USACE val i dat i on by t he Mat er i al  Test i ng Cent er  ( MTC)  f or  
bot h par ent  l abor at or y and on- si t e l abor at or y.  Val i dat i on on al l  
l abor at or i es i s r equi r ed t o r emai n cur r ent  t hr oughout  t he dur at i on of  t he 
pavi ng pr oj ect .  Cont act  t he MTC manager  l i s t ed at  
ht t ps: / / mt c. er dc. dr en. mi l / r equest val i dat i on. aspx# f or  cost s and 
schedul i ng.  Test  t he mat er i al s t o est abl i sh compl i ance wi t h t he speci f i ed 
r equi r ement s and per f or m t est i ng at  t he speci f i ed f r equency.   Fur ni sh 
copi es of  t est  r esul t s wi t hi n 24 hour s of  compl et i on of  t he t est s.

1. 4. 1   Sampl i ng

Take sampl es f or  l abor at or y t est i ng i n conf or mance wi t h ASTM D75/ D75M.   
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1. 4. 2   Test s

1. 4. 2. 1   Gr adat i on

Per f or m gr adat i on i n conf or mance wi t h ASTM C117 and ASTM C136/ C136M usi ng 
si eves conf or mi ng t o ASTM E11.  

1. 4. 2. 2   Li qui d Li mi t  and Pl ast i c i t y I ndex

Det er mi ne l i qui d l i mi t  and pl ast i c i t y i ndex i n accor dance wi t h ASTM D4318.

1. 4. 2. 3   Moi st ur e- Densi t y Det er mi nat i ons

Det er mi ne t he l abor at or y maxi mum dr y densi t y and opt i mum moi st ur e i n 
accor dance wi t h par agr aph DEGREE OF COMPACTI ON.

1. 4. 2. 4   Fi el d Densi t y Test s

Measur e f i el d densi t y i n accor dance wi t h ASTM D1556/ D1556M,  or  ASTM D6938.   
For  t he met hod pr esent ed i n ASTM D1556/ D1556M,  use t he base pl at e,  as 
shown i n t he dr awi ng.   For  t he met hod pr esent ed i n ASTM D6938,  check t he 
cal i br at i on cur ves and adj ust  t hem,  i f  necessar y,  usi ng onl y t he sand cone 
met hod as descr i bed i n Annex A2,  of  t he ASTM publ i cat i on.  Use ASTM D6938 
t o det er mi ne t he moi st ur e cont ent  of  t he soi l .   Check t he cal i br at i on 
cur ves f ur ni shed wi t h t he moi st ur e gauges al ong wi t h densi t y cal i br at i on 
checks as descr i bed i n ASTM D6938.   Make t he cal i br at i on checks of  bot h 
t he densi t y and moi st ur e gauges usi ng t he pr epar ed cont ai ner s of  mat er i al  
met hod,  as descr i bed i n Annex A2,  i n ASTM D6938,  on each di f f er ent  t ype of  
mat er i al  t o be t est ed at  t he begi nni ng of  a j ob and at  i nt er val s as 
di r ect ed.   Submi t  cal i br at i on cur ves and r el at ed t est  r esul t s pr i or  t o 
usi ng t he devi ce or  equi pment  bei ng cal i br at ed.

1. 4. 2. 5   Wear  Test

Per f or m wear  t est s on r i gi d pavement  and si dewal k base cour se mat er i al  i n 
conf or mance wi t h ASTM C131/ C131M.

1. 5   ENVI RONMENTAL REQUI REMENTS

Per f or m const r uct i on when t he at mospher i c t emper at ur e i s above 35 degr ees F.   
When t he t emper at ur e f al l s  bel ow 35 degr ees F,  pr ot ect  al l  compl et ed ar eas 
by appr oved met hods agai nst  det r i ment al  ef f ect s of  f r eezi ng.   Cor r ect  
compl et ed ar eas damaged by f r eezi ng,  r ai nf al l ,  or  ot her  weat her  condi t i ons 
t o meet  speci f i ed r equi r ement s.

1. 6   ACCEPTANCE

1. 6. 1   Tol er ances

Accept ance of  r i gi d pavement  and si dewal k base cour se i s based on 
compl i ance wi t h t he t ol er ances pr esent ed i n Tabl e 1.   Remove and r epl ace 
any cour se i dent i f i ed by t he f ai l i ng t est s.

TABLE 1

Measur ement Tol er ance
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TABLE 1

Gr ade Pl us 0,  Mi nus 1/ 2 i nch

Smoot hness Pl us/ Mi nus 1/ 2 i nch

Tot al  Thi ckness Pl us/ Mi nus 1/ 2 i nch

Aver age Job Thi ckness Pl us/ Mi nus 1/ 4 i nch

Compact i on

  Ri gi d Pavement  and Si dewal k Base 
  Cour se

Mi mi mum 95 per cent

1. 6. 2   Test  Sect i on

Const r uct  a t est  sect i on consi st i ng of  150 squar e yar ds of  r i gi d pavement  
and si dewal k base cour se t o demonst r at e t he mat er i al s,  equi pment ,  and 
const r uct i on pr ocesses meet  t he r equi r ement s of  t hi s speci f i cat i on.   
Accept ance of  t he t est  sect i on i s based on compl i ance wi t h t he t ol er ances 
l i s t ed i n Tabl e 1.   Rewor k,  r e- compact ,  or  r emove and r epl ace t est  
sect i ons t hat  do not  meet  speci f i cat i on r equi r ement s.   Do not  commence 
f ul l  oper at i ons unt i l  t he t est  sect i on r epor t  has been appr oved.  Use t he 
same equi pment ,  mat er i al s,  and const r uct i on met hods f or  t he r emai nder  of  
const r uct i on,  unl ess adj ust ment s ar e appr oved i n advance.

PART 2   PRODUCTS

2. 1   MATERI ALS

2. 1. 1   Ri gi d Pavement  And Si dewal k Base Cour se

Pr ovi de aggr egat es consi st i ng of  cr ushed st one,  gr avel ,  shel l ,  sand,  or  
ot her  sound,  dur abl e,  appr oved mat er i al s pr ocessed and bl ended or  
nat ur al l y combi ned.   Pr ovi de aggr egat es whi ch ar e dur abl e and sound,  f r ee 
f r om l umps and bal l s of  c l ay,  or gani c mat t er ,  obj ect i onabl e coat i ngs,  and 
ot her  f or ei gn mat er i al .   Li mi t  t he per cent age of  l oss t o a maxi mum of  50 
per cent  af t er  500 r evol ut i ons when t est ed i n accor dance wi t h 
ASTM C131/ C131M.   Pr ovi de aggr egat es wi t h at  l east  75 per cent  by wei ght  
r et ai ned on each si eve havi ng one f r eshl y f r act ur ed f ace wi t h t he ar ea at  
l east  equal  t o 75 per cent  of  t he smal l est  mi dsect i onal  ar ea of  t he pi ece.   
Pr ovi de aggr egat e t hat  i s r easonabl y uni f or m i n densi t y and qual i t y.   
Pr ovi de aggr egat es havi ng a maxi mum si ze of  2 i nches,  a mi ni mum of  70 
per cent  passi ng t he 3/ 4 i nch si eve,  and wi t hi n t he l i mi t s speci f i ed as 
f ol l ows:

TABLE 3

Maxi mum Al l owabl e Per cent age by Wei ght  Passi ng Squar e- Mesh Si eve

Si eve Desi gnat i on Ri gi d Pavement  Base Cour se

 No.  10 85
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TABLE 3

 No.  200 8

Li mi t  t he por t i on of  any bl ended component  and of  t he compl et ed cour se 
passi ng t he No.  40 si eve t o be ei t her  nonpl ast i c or   have a l i qui d l i mi t  
not  gr eat er  t han 25 and a pl ast i c i t y i ndex not  gr eat er  t han 8.   Pr ovi de 
any addi t i onal  st abi l i t y  r equi r ed t o mai nt ai n a wor ki ng pl at f or m f or  
const r uct i on equi pment .   I f  a t est  sect i on can demonst r at e t hat  a mat er i al  
has adequat e st abi l i t y  t o suppor t  const r uct i on equi pment ,  t he f r act ur ed 
f ace r equi r ement  can be del et ed,  subj ect  t o appr oval  by t he Gover nment .

2. 2   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

2. 2. 1   I ni t i al  Test s

Per f or m one of  each of  t he f ol l owi ng I ni t i al  Test s on t he pr oposed 
mat er i al  pr i or  t o commenci ng const r uct i on t o demonst r at e t hat  t he pr oposed 
mat er i al  meet s al l  speci f i ed r equi r ement s pr i or  t o i nst al l at i on.   Compl et e 
t hi s t est i ng f or  each sour ce i f  mat er i al s f r om mor e t han one sour ce ar e 
pr oposed.

a.   Gr adat i on.

b.   Li qui d l i mi t  and pl ast i c i t y i ndex.

c.   Moi st ur e- densi t y r el at i onshi p.

d.   Wear .

Submi t  cer t i f i ed copi es of  t est  r esul t s f or  appr oval  not  l ess t han 30 days 
bef or e mat er i al  i s  r equi r ed f or  t he wor k.

2. 2. 2   Appr oval  of  Mat er i al

Tent at i ve appr oval  of  mat er i al  wi l l  be based on i ni t i al  t est  r esul t s.

2. 3   EQUI PMENT,  TOOLS,  AND MACHI NES

Al l  pl ant ,  equi pment ,  and t ool s used i n t he per f or mance of  t he wor k ar e 
subj ect  t o appr oval  by t he Gover nment  bef or e t he wor k i s st ar t ed.  Mai nt ai n 
al l  pl ant ,  equi pment ,  and t ool s i n sat i sf act or y wor ki ng condi t i on at  al l  
t i mes.   Submi t  a l i s t  of  pr oposed equi pment ,  i ncl udi ng descr i pt i ve dat a.   
Use equi pment  capabl e of  mi ni mi zi ng segr egat i on,  pr oduci ng t he r equi r ed 
compact i on,  meet i ng gr ade cont r ol s,  t hi ckness cont r ol ,  and smoot hness 
r equi r ement s as set  f or t h her ei n.

PART 3   EXECUTI ON

3. 1   GENERAL REQUI REMENTS

Pr ovi de adequat e dr ai nage dur i ng t he ent i r e per i od of  const r uct i on t o 
pr event  wat er  f r om col l ect i ng or  st andi ng on t he wor ki ng ar ea.

3. 2   OPERATI ON OF AGGREGATE SOURCES

Condi t i on aggr egat e sour ces on pr i vat e l ands i n accor dance wi t h l ocal  l aws 
and aut hor i t i es.
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3. 3   STOCKPI LI NG MATERI AL

Cl ear  and l evel  st or age si t es pr i or  t o st ockpi l i ng of  mat er i al .   St ockpi l e 
al l  mat er i al s,  i ncl udi ng appr oved mat er i al  avai l abl e f r om excavat i on and 
gr adi ng,  i n t he manner  and at  t he l ocat i ons desi gnat ed.   St ockpi l e 
aggr egat es on t he cl ear ed and l evel ed ar eas desi gnat ed t o pr event  
segr egat i on.   St ockpi l e mat er i al s obt ai ned f r om di f f er ent  sour ces 
separ at el y.

3. 4   PREPARATI ON OF UNDERLYI NG COURSE OR SUBGRADE

Cl ean t he under l y i ng cour se or  subgr ade of  al l  f or ei gn subst ances pr i or  t o 
const r uct i ng t he r i gi d pavement  and si dewal k base cour se.   Do not  
const r uct  r i gi d pavement  and si dewal k base cour se on under l y i ng cour se or  
subgr ade t hat  i s f r ozen.   Const r uct  t he sur f ace of  t he under l y i ng cour se 
or  subgr ade t o meet  speci f i ed compact i on and sur f ace t ol er ances.   Cor r ect  
r ut s or  sof t  y i el di ng spot s i n t he under l y i ng cour ses,  ar eas havi ng 
i nadequat e compact i on,  and devi at i ons of  t he sur f ace f r om t he speci f i ed 
r equi r ement s set  f or t h her ei n by l ooseni ng and r emovi ng sof t  or  
unsat i sf act or y mat er i al  and addi ng appr oved mat er i al ,  r eshapi ng t o l i ne 
and gr ade,  and r ecompact i ng t o speci f i ed densi t y r equi r ement s.   For  
cohesi onl ess under l y i ng cour ses or  subgr ades cont ai ni ng sands or  gr avel s,  
as def i ned i n ASTM D2487,  st abi l i ze t he sur f ace pr i or  t o pl acement  of  t he 
over l y i ng cour se.   St abi l i ze by mi xi ng t he over l y i ng cour se mat er i al  i nt o 
t he under l y i ng cour se and compact i ng by appr oved met hods.   Consi der  t he 
st abi l i zed mat er i al  as par t  of  t he under l y i ng cour se and meet  al l  
r equi r ement s of  t he under l y i ng cour se.   Do not  al l ow t r af f i c  or  ot her  
oper at i ons t o di st ur b t he f i ni shed under l y i ng cour se and mai nt ai n i n a 
sat i sf act or y condi t i on unt i l  t he over l y i ng cour se i s pl aced.

3. 5   GRADE CONTROL

Pr ovi de a f i ni shed and compl et ed r i gi d pavement  and si dewal k base cour se  
conf or mi ng t o t he l i nes,  gr ades,  and cr oss sect i ons shown.   Pl ace l i ne and 
gr ade st akes as necessar y f or  cont r ol .

3. 6   MI XI NG AND PLACI NG MATERI ALS

Mi x and pl ace t he mat er i al s t o obt ai n uni f or mi t y of  t he mat er i al  at  t he 
wat er  cont ent  speci f i ed.   Make such adj ust ment s i n mi xi ng or  pl aci ng 
pr ocedur es or  i n equi pment  as di r ect ed t o obt ai n t he t r ue gr ades,  t o 
mi ni mi ze segr egat i on and degr adat i on,  t o r educe or  accel er at e l oss or  
i ncr ease of  wat er ,  and t o pr ovi de a sat i sf act or y cour se.

3. 7   LAYER THI CKNESS

Compact  t he compl et ed cour se t o t he t hi ckness i ndi cat ed.   Li mi t  
i ndi v i dual   compact ed l i f t s  t o a maxi mum t hi ckness of  6 i nches and a 
mi ni mum t hi ckness of  3 i nches.  Compact  t he cour se( s)  t o a t ot al  t hi ckness 
t hat  i s wi t hi n t he t ol er ances of  par agr aph ACCEPTANCE.   Wher e t he measur ed 
t hi ckness i s mor e t han 1/ 4 i nch def i c i ent ,  cor r ect  such ar eas by 
scar i f y i ng,  addi ng new mat er i al  of  pr oper  gr adat i on,  r ebl adi ng,  and 
r ecompact i ng as di r ect ed.   Wher e t he measur ed t hi ckness i s mor e t han 1/ 2 
i nch t hi cker  t han i ndi cat ed,  t he cour se wi l l  be consi der ed as conf or mi ng 
t o t he speci f i ed t hi ckness r equi r ement s.  However ,  t he r equi r ement s f or  t he 
over l y i ng cour se t hi ckness and pl an gr ade ar e st i l l  appl i cabl e.  The 
aver age j ob t hi ckness wi l l  be t he aver age of  al l  t hi ckness measur ement s 
t aken f or  t he j ob and wi t hi n t he t ol er ances of  par agr aph ACCEPTANCE.   
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3. 8   COMPACTI ON

Compact  each l i f t  of  t he mat er i al ,  as speci f i ed,  wi t h appr oved compact i on 
equi pment .   For  cohesi ve soi l s,  mai nt ai n wat er  cont ent  dur i ng t he 
compact i on pr ocedur e t o wi t hi n pl us or  mi nus 2 per cent  of  opt i mum wat er  
cont ent  det er mi ned f r om l abor at or y t est s as speci f i ed i n t hi s Sect i on and 
f or  cohesi onl ess soi l s,  mai nt ai n a wat er  cont ent  t o f aci l i t at e compact i on 
wi t hout  bul k i ng.   Begi n r ol l i ng at  t he out si de edge of  t he sur f ace and 
pr oceed t o t he cent er ,  over l appi ng on successi ve t r i ps at  l east  one- hal f  
t he wi dt h of  t he r ol l er .   Sl i ght l y var y t he l engt h of  al t er nat e t r i ps of  
t he r ol l er .   Adj ust  speed of  t he r ol l er  as needed so t hat  di spl acement  of  
t he aggr egat e does not  occur .   Compact  mi xt ur e wi t h hand- oper at ed power  
t amper s i n al l  pl aces not  accessi bl e t o t he r ol l er s.   Cont i nue compact i on 
of  t he r i gi d pavement  and si dewal k base unt i l  each l i f t  i s  compact ed 
t hr ough t he f ul l  dept h t o meet  t he compact i on r equi r ement s of  Tabl e 1.   
Make such adj ust ment s i n compact i ng or  f i ni shi ng pr ocedur es t o obt ai n t r ue 
gr ades,  t o mi ni mi ze segr egat i on and degr adat i on,  t o r educe or  i ncr ease 
wat er  cont ent ,  and t o ensur e a compl i ant  r i gi d pavement  and si dewal k base 
cour se.   Remove any mat er i al s t hat  ar e f ound t o be non- compl i ant  and 
r epl ace wi t h compl i ant  mat er i al  or  r ewor k,  as di r ect ed,  t o meet  t he 
r equi r ement s of  t hi s speci f i cat i on.

3. 9   EDGES OF RI GI D PAVEMENT AND SI DEWALK BASE COURSE

Pl ace appr oved mat er i al  al ong t he out er  edges of  t he r i gi d pavement  and 
si dewal k base cour se i n suf f i c i ent  quant i t y t o compact  t o t he t hi ckness of  
t he cour se bei ng const r uct ed.   When t he cour se i s bei ng const r uct ed i n t wo 
or  mor e l i f t s ,  s i mul t aneousl y r ol l  and compact  at  l east  a 2 f oot  wi dt h of  
t hi s shoul der  mat er i al  wi t h t he r ol l i ng and compact i ng of  each l i f t  of  t he 
r i gi d pavement  and si dewal k base cour se,  as di r ect ed.

3. 10   FI NI SHI NG

Fi ni sh t he sur f ace of  t he t op l i f t  of  r i gi d pavement  base cour se af t er  
f i nal  compact i on by cut t i ng any over bui l d t o gr ade and r ol l i ng wi t h a 
st eel - wheel ed r ol l er .   Do not  add t hi n l i f t s  of  mat er i al  t o t he t op l i f t  
of  r i gi d pavement  base cour se t o meet  gr ade.   I f  t he el evat i on of  t he t op 
l i f t  of  r i gi d pavement  base cour se exceeds t he t ol er ances of  par agr aph 
ACCEPTANCE,  scar i f y t he t op l i f t  t o a dept h of  at  l east  3 i nches and bl end 
new mat er i al  i n and compact  t o br i ng t o gr ade.   Make adj ust ment s t o 
r ol l i ng and f i ni shi ng pr ocedur es t o mi ni mi ze segr egat i on and degr adat i on,  
obt ai n gr ades,  mai nt ai n moi st ur e cont ent ,  and i nsur e an accept abl e r i gi d 
pavement  base cour se.   I f  t he sur f ace becomes r ough,  cor r ugat ed,  uneven i n 
t ext ur e,  or  t r af f i c  mar ked pr i or  t o compl et i on,  scar i f y t he non- compl i ant  
por t i on and r ewor k and r ecompact  i t  or  r epl ace as di r ect ed.

3. 11   SMOOTHNESS TEST

Const r uct  t he t op l i f t  so t hat  t he sur f ace shows no devi at i ons exceedi ng 
t he t ol er ances of  par agr aph ACCEPTANCE when t est ed wi t h a 12 f oot  
st r ai ght edge.   Test  t he ent i r e ar ea i n bot h a l ongi t udi nal  and a 
t r ansver se di r ect i on on par al l el  l i nes.  Per f or m t he t r ansver se l i nes 15 
f eet  or  l ess apar t ,  as di r ect ed.  Per f or m t he l ongi t udi nal  l i nes at  t he 
cent er l i ne of  each pl acement  l ane and at  t he 1/ 8t h poi nt  i n f r om each si de 
of  t he l ane.   Hol d t he st r ai ght edge i n cont act  wi t h t he sur f ace and move 
ahead one- hal f  t he l engt h of  t he st r ai ght edge f or  each successi ve 
measur ement .   Det er mi ne t he amount  of  sur f ace i r r egul ar i t y by pl aci ng t he 
f r eest andi ng ( unl evel ed)  st r ai ght edge on t he sur f ace and measur i ng t he 
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maxi mum gap bet ween t he st r ai ght edge and t he sur f ace.  Det er mi ne 
measur ement s al ong t he ent i r e l engt h of  t he st r ai ght  edge.   Cor r ect  
devi at i ons exceedi ng t he t ol er ances of  Tabl e 1 by r emovi ng mat er i al  and 
r epl aci ng wi t h new mat er i al ,  or  by r ewor ki ng exi st i ng mat er i al  and 
compact i ng i t  t o meet  t hese speci f i cat i ons.

3. 12   FI ELD QUALI TY CONTROL

3. 12. 1   I n- Pl ace Test s

Per f or m one of  each of  t he f ol l owi ng I n- Pl ace Test s on sampl es t aken f r om 
t he pl aced and compact ed r i gi d pavement  and si dewal k base cour se.  
Det er mi ne sampl e l ocat i ons usi ng r andom sampl i ng i n accor dance wi t h 
ASTM D3665.  Take sampl es and t est  at  t he r at es i ndi cat ed.

a.   Per f or m densi t y t est s on ever y l i f t  of  mat er i al  pl aced and at  a 
f r equency of  one set  of  t est s f or  ever y 250 squar e yar ds,  or  por t i on 
t her eof ,  of  compl et ed ar ea.

b.   Per f or m gr adat i on on ever y l i f t  of  mat er i al  pl aced and at  a f r equency 
of  one gr adat i on f or  ever y 1, 000 squar e yar ds,  or  por t i on t her eof ,  of  
mat er i al  pl aced.

c.   Per f or m l i qui d l i mi t  and pl ast i c i t y i ndex t est s at  t he same f r equency 
as t he gr adat i on.

d.   Measur e t he t hi ckness of  each cour se at  i nt er val s pr ovi di ng at  l east  
one measur ement  f or  each 250 squar e yar ds or  par t  t her eof .   Measur e 
t he t hi ckness usi ng t est  hol es,  at  l east  3 i nches i n di amet er  t hr ough 
t he cour se.

3. 12. 2   Appr oval  of  Mat er i al

Fi nal  appr oval  of  t he mat er i al s wi l l  be based on t est s f or  gr adat i on,  
l i qui d l i mi t ,  and pl ast i c i t y i ndex per f or med on sampl es t aken f r om t he 
compl et ed and f ul l y compact ed cour se( s) .

3. 13   TRAFFI C

Compl et ed por t i ons of  t he r i gi d pavement  base cour se can be opened t o 
l i mi t ed t r af f i c ,  pr ovi ded t her e i s no mar r i ng or  di st or t i ng of  t he sur f ace 
by t he t r af f i c .   Do not  al l ow heavy equi pment  on t he compl et ed r i gi d 
pavement  base cour se except  when necessar y f or  const r uct i on.   When i t  i s  
necessar y f or  heavy equi pment  t o t r avel  on t he compl et ed r i gi d pavement  
base cour se,  pr ot ect  t he ar ea agai nst  mar r i ng or  damage t o t he compl et ed 
wor k.  Repai r  damage t o meet  t hese speci f i cat i ons.

3. 14   MAI NTENANCE

Mai nt ai n t he compl et ed cour se i n a sat i sf act or y condi t i on unt i l  t he f ul l  
pavement  sect i on i s compl et ed and accept ed.   I mmedi at el y r epai r  any 
def ect s and r epeat  r epai r s as of t en as necessar y t o keep t he ar ea i nt act .   
Ret est  any cour se t hat  was not  paved over  pr i or  t o t he onset  of  wi nt er  t o 
ver i f y t hat  i t  s t i l l  compl i es wi t h t he r equi r ement s of  t hi s 
speci f i cat i on.   Rewor k or  r epl ace any ar ea t hat  i s damaged as necessar y t o 
compl y wi t h t hi s speci f i cat i on.
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3. 15   DI SPOSAL OF UNSATI SFACTORY MATERI ALS

Di spose of  any unsui t abl e mat er i al s t hat  have been r emoved out si de t he 
l i mi t s of  Gover nment - cont r ol l ed l and.   No addi t i onal  payment s wi l l  be made 
f or  mat er i al s t hat  have t o be r epl aced.

        - -  End of  Sect i on - -
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SECTI ON 32 13 14. 13

CONCRETE PAVI NG FOR AI RFI ELDS AND OTHER HEAVY DUTY PAVEMENTS
11/ 22

PART 1   GENERAL

1. 1   UNI T PRI CES

1. 1. 1   Measur ement s

The quant i t y of  concr et e t o be pai d f or  wi l l  be t he vol ume of  concr et e i n 
cubi c yar ds i ncl udi ng t hi ckened edges,  wher e r equi r ed,  pl aced i n t he 
compl et ed and accept ed pavement .   Concr et e wi l l  be measur ed i n pl ace i n 
t he compl et ed and accept ed pavement  onl y wi t hi n t he neat  l i ne di mensi ons 
shown i n t he pl an and cr oss sect i on.   No deduct i ons wi l l  be made f or  
r ounded or  bevel ed edges or  t he space occupi ed by pavement  r ei nf or cement ,  
dowel  bar s,  or  el ect r i cal  condui t s,  nor  f or  any voi d,  or  ot her  st r uct ur e 
ext endi ng i nt o or  t hr ough t he pavement  s l ab,  measur i ng 3 cubi c f eet  or  
l ess i n vol ume.   No ot her  al l owance f or  concr et e wi l l  be made unl ess 
pl aced i n speci f i ed l ocat i ons i n accor dance wi t h t he appr oved cont r act  
modi f i cat i on.   The quant i t y of  ot her  mat er i al s speci f i ed her ei n,  and used 
i n t he const r uct i on of  t he wor k cover ed by t hi s sect i on,  wi l l  not  be 
measur ed f or  payment ,  but  wi l l  be consi der ed a subsi di ar y obl i gat i on,  
cover ed under  t he pr i ce per  cubi c yar d f or  concr et e.   Joi nt  seal i ng 
mat er i al s ar e cover ed i n Sect i on 32 01 19. 61 SEALI NG OF JOI NTS I N RI GI D 
PAVEMENT.

1. 1. 2   Payment s

1. 1. 2. 1   Lump Sum

The quant i t y of  concr et e wi l l  be pai d f or  and i ncl uded i n t he l ump- sum 
cont r act  pr i ce.   I f  l ess t han 100 per cent  payment  i s due based on t he pay 
f act or s st i pul at ed bel ow,  a uni t  pr i ce of  $88 per  squar e yar d f or  8- i nch 
pavement  wi l l  be used f or  pur poses of  cal cul at i ng t he payment  r educt i on.   
Payment  wi l l  const i t ut e f ul l  compensat i on f or  al l  mat er i al s,  equi pment ,  
pl ant  and t ool s,  and f or  al l  l abor  and ot her  i nci dent al s necessar y t o 
compl et e t he concr et e pavement ,  except  f or  ot her  i t ems speci f i ed her ei n 
f or  separ at e payment .

1. 1. 3   Payment  of  Lot s

When a l ot  of  mat er i al  f ai l s  t o meet  t he speci f i cat i on r equi r ement s,  t hat  
l ot  wi l l  be accept ed at  a r educed pr i ce or  be r emoved and r epl aced.   The 
l owest  comput ed per cent  payment  det er mi ned f or  any pavement  char act er i st i c 
di scussed bel ow ( f or  exampl e,  t hi ckness,  gr ade,  and sur f ace smoot hness)  
becomes t he act ual  per cent  payment  f or  t hat  l ot .   The act ual  per cent  
payment  wi l l  be appl i ed t o t he uni t  pr i ce and t he measur ed quant i t y of  
concr et e i n t he l ot  t o det er mi ne act ual  payment .   Use r esul t s of  st r engt h 
t est s t o cont r ol  concr et i ng oper at i ons.   St r engt h wi l l  be eval uat ed,  but  
wi l l  not  be consi der ed f or  payment  adj ust ment .   Remove and r epl ace any 
subl ot  not  meet i ng t he r equi r ed ' Concr et e St r engt h f or  Fi nal  Accept ance'  
at  no addi t i onal  cost  t o t he Gover nment .
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1. 1. 4   Payment  Adj ust ment  f or  Smoot hness

1. 1. 4. 1   St r ai ght edge Test i ng

Recor d l ocat i on and devi at i on f r om st r ai ght edge f or  al l  measur ement s.   
Det er mi ne t he comput ed per cent  payment  f or  st r ai ght edge t est i ng by 
ent er i ng Tabl e 1.

TABLE 1

PAYMENT ADJUSTMENT FOR SMOOTHNESS USI NG STRAI GHTEDGE

Devi at i on f r om st r ai ght edge f or  al l
measur ement s made wi t hi n a l ot  exceed t he
t ol er ance speci f i ed i n par agr aph SURFACE

SMOOTHNESS by:

Comput ed Per cent  Payment

Less t han or  equal  t o 5. 0 per cent 100

Mor e t han 5. 0 per cent  but  Less t han or  equal  
t o 10. 0 per cent ,  af t er  any r educt i on of  hi gh 
spot s or  r emoval  and r epl acement

95

Mor e t han 10. 0 per cent  but  Less t han or  equal  
t o 15. 0 per cent

90

Mor e t han 15. 0 per cent  but  Less t han or  equal  
t o 20. 0 per cent

75

Mor e t han 20. 0 per cent Remove and Repl ace

1. 1. 4. 2   Pr of i l ogr aph Test i ng

Pr of i l ogr aph t est i ng wi l l  not  be r equi r ed.

1. 1. 5   Payment  Adj ust ment  f or  Pl an Gr ade

Det er mi ne t he comput ed per cent  payment  f or  pl an gr ade by ent er i ng TABLE 2.

TABLE 2

PAYMENT ADJUSTMENT FOR PLAN GRADE

Per cent  of  al l  measur ement s made wi t hi n a
l ot  ar e out si de t he speci f i ed t ol er ance

Comput ed Per cent  Payment

Less t han or  equal  t o 5. 0 100

Mor e t han 5. 0 but  Less t han or  equal  t o 
10. 0

95

Mor e t han 10. 0 but  Less t han 20 90
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TABLE 2

PAYMENT ADJUSTMENT FOR PLAN GRADE

Per cent  of  al l  measur ement s made wi t hi n a
l ot  ar e out si de t he speci f i ed t ol er ance

Comput ed Per cent  Payment

Mor e t han 20. 0 but  Less t han 50 75

50 or  mor e Remove and Repl ace

As an exampl e,  i f  100 measur ement s ar e r equi r ed f or  t he speci f i ed l ot ,  and 
ni ne of  t he r equi r ed measur ement s ar e wi t hi n t he Payment  Adj ust ment  l i mi t s 
i dent i f i ed i n par agr aph Pl an Gr ade,  9 per cent  woul d be used t o det er mi ne 
t he comput ed per cent  payment  of  95 per cent .

1. 1. 6   Payment  Adj ust ment  f or  Thi ckness

Usi ng t he Aver age Thi ckness of  t he l ot ,  det er mi ne t he comput ed per cent  
payment  f or  t hi ckness by ent er i ng Tabl e 3.

TABLE 3

PAYMENT ADJUSTMENT FOR THI CKNESS

Def i c i ency i n Thi ckness
Det er mi ned by cor es i nches

Comput ed Per cent  Payment

Pavement s Equal  To or
Gr eat er  Than 8 i nches Thi ck

Pavement s Less Than 8 i nches
 Thi ck

0. 00 t o 0. 24 100 100

0. 25 t o 0. 49 75 65

0. 50 t o 0. 74 50 Remove and Repl ace

0. 75 or  gr eat er Remove and Repl ace Remove and Repl ace

Wher e ei t her  of  t he t wo cor es f r om a subl ot  show a t hi ckness def i c i ency of  
0. 75 i nch or  gr eat er ,  0. 50 i nch f or  pavement s 8 i nches or  l ess i n t hi cknes
s,  dr i l l  t wo mor e cor es i n t he subl ot  and comput e t he aver age t hi ckness of  
t he f our  cor es.   I f  t hi s aver age shows a t hi ckness def i c i ency of  0. 75 i nch 
or  mor e 0. 50 i nch f or  pavement s 8 i nches or  l ess i n t hi ckness r emove t he 
ent i r e subl ot .

1. 2   REFERENCES

The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o wi t hi n t he t ext  by 
t he basi c desi gnat i on onl y.
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AMERI CAN ASSOCI ATI ON OF STATE HI GHWAY AND TRANSPORTATI ON OFFI CI ALS 
( AASHTO)

AASHTO M 182 ( 2005;  R 2017)  St andar d Speci f i cat i on f or  
Bur l ap Cl ot h Made f r om Jut e or  Kenaf  and 
Cot t on Mat s

AMERI CAN CONCRETE I NSTI TUTE ( ACI )

ACI  201. 1R ( 2008)  Gui de f or  Conduct i ng a Vi sual  
I nspect i on of  Concr et e i n Ser vi ce

ACI  211. 1 ( 1991;  R 2009)  St andar d Pr act i ce f or  
Sel ect i ng Pr opor t i ons f or  Nor mal ,  
Heavywei ght  and Mass Concr et e

ACI  214R ( 2011)  Eval uat i on of  St r engt h Test  Resul t s 
of  Concr et e

ACI  305R ( 2020)  Gui de t o Hot  Weat her  Concr et i ng

ACI  306R ( 2016)  Gui de t o Col d Weat her  Concr et i ng

ACI  325. 14R ( 2017)  Gui de f or  Desi gn and Pr opor t i oni ng 
of  Concr et e Mi xt ur es f or  Pavement s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A615/ A615M ( 2022)  St andar d Speci f i cat i on f or  Def or med 
and Pl ai n Car bon- St eel  Bar s f or  Concr et e 
Rei nf or cement

ASTM A996/ A996M ( 2016)  St andar d Speci f i cat i on f or  
Rai l - St eel  and Axl e- St eel  Def or med Bar s 
f or  Concr et e Rei nf or cement

ASTM A1064/ A1064M ( 2022)  St andar d Speci f i cat i on f or  
Car bon- St eel  Wi r e and Wel ded Wi r e 
Rei nf or cement ,  Pl ai n and Def or med,  f or  
Concr et e

ASTM A1078/ A1078M ( 2019)  St andar d Speci f i cat i on f or  
Epoxy- Coat ed St eel  Dowel s i n Concr et e 
Pavement

ASTM C31/ C31M ( 2024)  St andar d Pr act i ce f or  Maki ng and 
Cur i ng Concr et e Test  Speci mens i n t he Fi el d

ASTM C33/ C33M ( 2023)  St andar d Speci f i cat i on f or  Concr et e 
Aggr egat es

ASTM C78/ C78M ( 2022)  St andar d Test  Met hod f or  Fl exur al  
St r engt h of  Concr et e ( Usi ng Si mpl e Beam 
wi t h Thi r d- Poi nt  Loadi ng)

ASTM C88 ( 2018)  St andar d Test  Met hod f or  Soundness 
of  Aggr egat es by Use of  Sodi um Sul f at e or  
Magnesi um Sul f at e
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ASTM C94/ C94M ( 2023)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM C114 ( 2022)  St andar d Test  Met hods f or  Chemi cal  
Anal ysi s of  Hydr aul i c Cement

ASTM C117 ( 2023)  St andar d Test  Met hod f or  Mat er i al s 
Fi ner  t han 75- um ( No.  200)  Si eve i n 
Mi ner al  Aggr egat es by Washi ng

ASTM C123/ C123M ( 2023)  St andar d Test  Met hod f or  
Li ght wei ght  Par t i c l es i n Aggr egat e

ASTM C125 ( 2021a)  St andar d Ter mi nol ogy Rel at i ng t o 
Concr et e and Concr et e Aggr egat es

ASTM C131/ C131M ( 2020)  St andar d Test  Met hod f or  Resi st ance 
t o Degr adat i on of  Smal l - Si ze Coar se 
Aggr egat e by Abr asi on and I mpact  i n t he 
Los Angel es Machi ne

ASTM C136/ C136M ( 2019)  St andar d Test  Met hod f or  Si eve 
Anal ysi s of  Fi ne and Coar se Aggr egat es

ASTM C138/ C138M ( 2023)  St andar d Test  Met hod f or  Densi t y 
( Uni t  Wei ght ) ,  Yi el d,  and Ai r  Cont ent  
( Gr avi met r i c)  of  Concr et e

ASTM C142/ C142M ( 2017)  St andar d Test  Met hod f or  Cl ay Lumps 
and Fr i abl e Par t i c l es i n Aggr egat es

ASTM C143/ C143M ( 2020)  St andar d Test  Met hod f or  Sl ump of  
Hydr aul i c- Cement  Concr et e

ASTM C150/ C150M ( 2022)  St andar d Speci f i cat i on f or  Por t l and 
Cement

ASTM C172/ C172M ( 2017)  St andar d Pr act i ce f or  Sampl i ng 
Fr eshl y Mi xed Concr et e

ASTM C174/ C174M ( 2017)  St andar d Test  Met hod f or  Measur i ng 
Thi ckness of  Concr et e El ement s Usi ng 
Dr i l l ed Concr et e Cor es

ASTM C192/ C192M ( 2019)  St andar d Pr act i ce f or  Maki ng and 
Cur i ng Concr et e Test  Speci mens i n t he 
Labor at or y

ASTM C231/ C231M ( 2024)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C260/ C260M ( 2010a;  R 2016)  St andar d Speci f i cat i on f or  
Ai r - Ent r ai ni ng Admi xt ur es f or  Concr et e

ASTM C294 ( 2012;  R 2017)  St andar d Descr i pt i ve 
Nomencl at ur e f or  Const i t uent s of  Concr et e 
Aggr egat es
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ASTM C295/ C295M ( 2019)  St andar d Gui de f or  Pet r ogr aphi c 
Exami nat i on of  Aggr egat es f or  Concr et e

ASTM C494/ C494M ( 2019;  E 2022)  St andar d Speci f i cat i on f or  
Chemi cal  Admi xt ur es f or  Concr et e

ASTM C618 ( 2023;  E 2023)  St andar d Speci f i cat i on f or  
Coal  Fl y Ash and Raw or  Cal c i ned Nat ur al  
Pozzol an f or  Use i n Concr et e

ASTM C666/ C666M ( 2015)  Resi st ance of  Concr et e t o Rapi d 
Fr eezi ng and Thawi ng

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

ASTM C989/ C989M ( 2024)  St andar d Speci f i cat i on f or  Sl ag 
Cement  f or  Use i n Concr et e and Mor t ar s

ASTM C1017/ C1017M ( 2013;  E 2015)  St andar d Speci f i cat i on f or  
Chemi cal  Admi xt ur es f or  Use i n Pr oduci ng 
Fl owi ng Concr et e

ASTM C1064/ C1064M ( 2017)  St andar d Test  Met hod f or  
Temper at ur e of  Fr eshl y Mi xed 
Hydr aul i c- Cement  Concr et e

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

ASTM C1260 ( 2023)  St andar d Test  Met hod f or  Pot ent i al  
Al kal i  React i v i t y of  Aggr egat es 
( Mor t ar - Bar  Met hod)

ASTM C1567 ( 2023)  St andar d Test  Met hod f or  Pot ent i al  
Al kal i - Si l i ca React i v i t y of  Combi nat i ons 
of  Cement i t i ous Mat er i al s and Aggr egat e 
( Accel er at ed Mor t ar - Bar  Met hod)

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

ASTM C1646/ C1646M ( 2016)  Maki ng and Cur i ng Test  Speci mens 
f or  Eval uat i ng Fr ost  Resi st ance of  Coar se 
Aggr egat e i n Ai r - Ent r ai ned Concr et e by 
Rapi d Fr eezi ng and Thawi ng

ASTM C1895 ( 2020)  St andar d Test  Met hod f or  
Det er mi nat i on of  Mohs Scr at ch Har dness

ASTM D75/ D75M ( 2019)  St andar d Pr act i ce f or  Sampl i ng 
Aggr egat es

ASTM D1751 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Expansi on Joi nt  Fi l l er  f or  
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Concr et e Pavi ng and St r uct ur al  
Const r uct i on ( Nonext r udi ng and Resi l i ent  
Bi t umi nous Types)

ASTM D1752 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Sponge Rubber ,  Cor k and Recycl ed 
PVC Expansi on Joi nt  Fi l l er s f or  Concr et e 
Pavi ng and St r uct ur al  Const r uct i on

ASTM D2995 ( 1999;  R 2009)  Det er mi ni ng Appl i cat i on 
Rat e of  Bi t umi nous Di st r i but or s

ASTM D3665 ( 2012;  R 2017)  St andar d Pr act i ce f or  
Random Sampl i ng of  Const r uct i on Mat er i al s

ASTM D4791 ( 2019)  Fl at  Par t i c l es,  El ongat ed 
Par t i c l es,  or  Fl at  and El ongat ed Par t i c l es 
i n Coar se Aggr egat e

NATI ONAL READY MI XED CONCRETE ASSOCI ATI ON ( NRMCA)

NRMCA QC 3 ( 2015)  Qual i t y Cont r ol  Manual :  Sect i on 3,  
Pl ant  Cer t i f i cat i ons Checkl i st :  
Cer t i f i cat i on of  Ready Mi xed Concr et e 
Pr oduct i on Faci l i t i es

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

COE CRD- C 55 ( 1992)  Test  Met hod f or  Wi t hi n- Bat ch 
Uni f or mi t y of  Fr eshl y Mi xed Concr et e

COE CRD- C 130 ( 2001)  St andar d Recommended Pr act i ce f or  
Est i mat i ng Scr at ch Har dness of  Coar se 
Aggr egat e Par t i c l es

COE CRD- C 143 ( 1962)  Speci f i cat i ons f or  Met er s f or  
Aut omat i c I ndi cat i on of  Moi st ur e i n Fi ne 
Aggr egat e

COE CRD- C 300 ( 1990)  Speci f i cat i ons f or  Membr ane- For mi ng 
Compounds f or  Cur i ng Concr et e

COE CRD- C 521 ( 1981)  St andar d Test  Met hod f or  Fr equency 
and Ampl i t ude of  Vi br at or s f or  Concr et e

COE CRD- C 662 ( 2009)  Det er mi ni ng t he Pot ent i al  
Al kal i - Si l i ca React i v i t y of  Combi nat i ons 
of  Cement i t i ous Mat er i al s,  Li t hi um Ni t r at e 
Admi xt ur e and Aggr egat e ( Accel er at ed 
Mor t ar - Bar  Met hod)

U. S.  DEPARTMENT OF DEFENSE ( DOD)

TSPWG M 3- 250- 04. 97- 05 ( 2019)  Pr opor t i oni ng Concr et e Mi xt ur es 
wi t h Gr aded Aggr egat es f or  Ri gi d Ai r f i el d 
Pavement s
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1. 3   SUBMI TTALS

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

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

Pr oposed Techni ques;  G

Pr el i mi nar y Pr oposed Pr opor t i oni ng;  G

Pavement  Qual i t y Cont r ol  Pl an;  G

St r i ngl ess Technol ogy;  G

SD- 03 Pr oduct  Dat a

Di amond Gr i ndi ng Pl an;  G

Dowel s;  G

Dowel  Bar  Assembl i es;  G
Equi pment ;  G

Concr et e Pat chi ng Mi xt ur e;  G

SD- 05 Desi gn Dat a

Pr opor t i oni ng St udi es;  G

SD- 06 Test  Repor t s

Bat ch Pl ant  Manuf act ur er ' s I nspect i on Repor t ;  G

Sl i pf or m Paver  Manuf act ur er ' s I nspect i on Repor t ;  G

Sampl i ng and Test i ng;  G

Di amond Gr i ndi ng of  PCC Sur f aces;  G

Mi xer  Per f or mance ( Uni f or mi t y)  Test i ng;  G

Repai r  Recommendat i ons Pl an;  G

Pavi ng Lot  Repor t ;  G

Test  Sect i on Pavi ng Lot  Repor t ;  G

Test  Sect i on Lot  Repor t ;  G

SD- 07 Cer t i f i cat es

Cont r act or  Qual i t y Cont r ol  ( CQC)  St af f ;  G

Labor at or y Accr edi t at i on and Val i dat i on;  G

NRMCA Cer t i f i cat e of  Conf or mance
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Pet r ogr apher  Resume;  G

Li censed Sur veyor ;  G

Concr et e Bat ch Pl ant  Oper at or ;  G

1. 4   QUALI TY CONTROL

1. 4. 1   Cont r act or  Qual i t y Cont r ol  ( CQC)  St af f

Ref er ence Sect i on 01 45 00 QUALI TY CONTROL f or  gener al  CQC per sonnel  
qual i f i cat i on r equi r ement s.  I n addi t i on,  submi t  speci f i c  CQC per sonnel  
qual i f i cat i on r equi r ement s l i s t ed bel ow.  Submi t  qual i f i cat i ons and r esumes 
f or  t he Concr et e Pavi ng CQC Manager  and pet r ogr apher .  Submi t  cer t i f i cat i on 
f or  al l  CQC per sonnel  assi gned t o concr et e const r uct i on f or  t hei r  
r espect i ve posi t i on:

a.   I dent i f y an i ndi v i dual  wi t hi n t he onsi t e wor k or gani zat i on as t he 
Concr et e Pavi ng CQC Manager ,  who i s r esponsi bl e f or  over al l  management  
of  concr et e pavi ng CQC and has t he aut hor i t y t o act  i n al l  concr et e 
pavi ng CQC mat t er s i ncl udi ng aut hor i t y t o st op concr et e pavi ng wor k 
whi ch i s out  of  compl i ance.   

The mi ni mum r equi r ement s f or  t he Concr et e Pavi ng CQC Manager  consi st  
of  8 year s ai r f i el d concr et e pavi ng exper i ence si mi l ar  t o wor k 
r equi r ed under  t hi s cont r act  wi t h a mi ni mum of  3 year s i n a concr et e 
pavi ng CQC r ol e.  The Concr et e Pavi ng CQC Manager  i s a separ at e per son,  
and i s i n addi t i on t o t he CQC Syst em Manager  i dent i f i ed i n Sect i on 
01 45 00.  

b.   CQC per sonnel  r esponsi bl e f or  i nspect i on of  concr et e pavi ng 
oper at i ons:  ACI  Concr et e Tr anspor t at i on Const r uct i on I nspect or .   The 
ACI  Concr et e Tr anspor t at i on Const r uct i on I nspect or  i s r equi r ed t o be 
pr esent  at  t he pavi ng si t e dur i ng al l  pavi ng oper at i ons,  wi t h t he 
except i on of  t he i ni t i al  saw cut t i ng oper at i on.   The QC manager  i s 
r equi r ed t o be pr esent  dur i ng i ni t i al  saw cut t i ng oper at i ons.

c.   CQC st af f  i s  r equi r ed t o over see al l  aspect s of  sawi ng oper at i ons 
( sawi ng,  f l ushi ng,  vacuumi ng,  checki ng f or  r andom cr acki ng,  l i ght i ng) .

d.   Lead For eman or  Jour neyman of  t he Concr et e Pl aci ng,  Fi ni shi ng,  and 
Cur i ng Cr ews:  ACI  Advanced Concr et e Fl at wor k Fi ni sher .

e.   Bat ch Pl ant  Manuf act ur er ' s Repr esent at i ve:  A t echni cal  r epr esent at i ve 
f r om t he bat ch pl ant  manuf act ur er  i s r equi r ed t o be on- si t e dur i ng t he 
t est  sect i on const r uct i on and when a st op i s r equi r ed per  Tabl e 16 t o 
i nspect  and make necessar y adj ust ment s t o al l  component s of  t he bat ch 
pl ant  i ncl udi ng but  not  l i mi t ed t o aggr egat e bi n wei ghi ng oper at i ons,  
wat er  met er i ng,  cement  and f l y ash wei ghi ng devi ces.   Al l  necessar y 
i nspect i ons and adj ust ment s by t he manuf act ur er  t echni cal  
r epr esent at i ve ar e r equi r ed t o be per f or med pr i or  t o uni f or mi t y 
t est i ng.   Submi t  a wr i t t en Bat ch Pl ant  Manuf act ur er ' s I nspect i on Repor t
 s i gned by t he t echni cal  r epr esent at i ve not i ng al l  i nspect i on i t ems 
and cor r ect i ons and st at i ng t he bat ch pl ant  i s capabl e of  pr oduci ng 
t he vol ume of  concr et e as r equi r ed her ei n.

f .   Fi el d Test i ng Techni c i ans:  ACI  Concr et e Fi el d Test i ng Techni c i an,  
Gr ade I .
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g.   Sl i pf or m Pavi ng Equi pment  Manuf act ur er ' s Repr esent at i ve:  A t echni cal  
r epr esent at i ve of  t he s l i pf or m pavi ng equi pment  manuf act ur er  i s 
r equi r ed t o be on- si t e dur i ng t he t est  sect i on const r uct i on t o i nspect  
and make cor r ect i ons t o t he pavi ng equi pment  t o pr ovi de pr oper  
oper at i ons.   Per f or m a compl et e and f ul l  hydr aul i c f l ow t est  of  t he 
v i br at or  syst em pr i or  t o t he t est  sect i on bei ng pl aced.   Submi t  a 
wr i t t en Sl i pf or m Paver  Manuf act ur er ' s I nspect i on Repor t  s i gned by t he 
manuf act ur er ' s t echni cal  r epr esent at i ve not i ng al l  i nspect i ons,  
cor r ect i ons,  and f l ow t est s have been per f or med and t he paver  i s i n a 
condi t i on t o per f or m t he r equi r ed wor k.

h.   Labor at or y Test i ng Techni c i ans:  ACI  Concr et e St r engt h Test i ng 
Techni c i an and ACI  Concr et e Labor at or y Test i ng Techni c i an,  Level  1 or  
2.  

1. 4. 2   Ot her  St af f

Submi t  f or  appr oval  t he qual i f i cat i ons and r esumes f or  t he f ol l owi ng st af f :

a.   Pet r ogr apher :  Bachel or  of  Sci ence degr ee i n geol ogy or  pet r ogr aphy,  
t r ai ned i n pet r ogr aphi c exami nat i on of  concr et e aggr egat e accor di ng t o 
ASTM C294 and ASTM C295/ C295M and t r ai ned i n i dent i f i cat i on of  t he 
speci f i c  del et er i ous mat er i al s and t est s i dent i f i ed i n t hi s 
speci f i cat i on.   Det ai l  t he educat i on,  t r ai ni ng and exper i ence r el at ed 
t o t he pr oj ect - speci f i c  t est  met hods and del et er i ous mat er i al s i n t he 
Pet r ogr apher  Resume and submi t  at  l east  20 days bef or e pet r ogr aphi c 
and del et er i ous mat er i al s exami nat i on i s t o commence.

b.   Li censed Sur veyor :  Per f or m al l  sur vey wor k under  t he super vi s i on of  a 
pr of essi onal  l and sur veyor  l i censed i n t he st at e t he wor k i s bei ng 
per f or med.

c.   Concr et e Bat ch Pl ant  Oper at or :  Nat i onal  Ready Mi x Concr et e Associ at i on 
( NRMCA)  Pl ant  Manager  cer t i f i cat i on.

  1. 4. 3   Labor at or y Accr edi t at i on and Val i dat i on

Pr ovi de l abor at or y and t est i ng f aci l i t i es.   Submi t  accr edi t at i on of  t he 
commer ci al  l abor at or y by an i ndependent  eval uat i on aut hor i t y,  i ndi cat i ng 
conf or mance t o ASTM C1077,  i ncl udi ng al l  appl i cabl e t est  pr ocedur es 
i dent i f i ed i n t hi s speci f i cat i on.  I f  mul t i pl e l abor at or i es ar e pr oposed,  
i dent i f y whi ch t est s wi l l  be conduct ed by each.  Submi t  accr edi t at i on 
document at i on a mi ni mum of  30 days bef or e any speci f i ed t est i ng i s 
per f or med.   The l abor at or i es per f or mi ng t he t est s ar e r equi r ed t o be 
accr edi t ed i n accor dance wi t h ASTM C1077,  i ncl udi ng ASTM C78/ C78M and 
ASTM C1260.   Pr ovi de cur r ent  accr edi t at i on and i ncl ude t he r equi r ed and 
opt i onal  t est  met hods,  as speci f i ed.   I n addi t i on,  al l  l abor at or i es 
per f or mi ng t est i ng r equi r e USACE val i dat i on by t he Mat er i al  Test i ng Cent er  
( MTC)  f or  bot h par ent  l abor at or y and on- si t e l abor at or y.   Val i dat i on on 
al l  l abor at or i es i s r equi r ed t o r emai n cur r ent  t hr oughout  t he dur at i on of  
t he pavi ng pr oj ect .   Request  MTC l abor at or y val i dat i on at  
ht t ps: / / mt c. er dc. dr en. mi l / r equest val i dat i on. aspx f or  cost s and schedul i ng.  
Cont act  t he MTC Di r ect or  at  ht t ps/ / mt c. er dc. dr en. mi l / cont act 2. aspx wi t h 
quest i ons or  addi t i onal  i nf or mat i on.  

1. 4. 3. 1   Aggr egat e Test i ng and Mi x Pr opor t i oni ng

Aggr egat e t est i ng and mi xt ur e pr opor t i oni ng st udi es ar e r equi r ed t o be 
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per f or med by a commer ci al  l abor at or y.  

1. 4. 3. 2   Accept ance Test i ng

Pr ovi de al l  mat er i al s,  l abor ,  and f aci l i t i es r equi r ed f or  mol di ng,  cur i ng,  
t est i ng,  and pr ot ect i ng t est  speci mens at  t he pavi ng si t e and i n t he 
l abor at or y.   Pr ovi de st eel  mol ds f or  mol di ng t he beam speci mens.   Pr ovi de 
on- si t e t emper at ur e- cont r ol l ed concr et e cur i ng f aci l i t i es.  Pr ovi de and 
mai nt ai n boxes or  ot her  f aci l i t i es sui t abl e f or  st or i ng and cur i ng t he 
speci mens at  t he pavi ng si t e whi l e i n t he mol d wi t hi n t he t emper at ur e 
r ange st i pul at ed by ASTM C31/ C31M.   Pr ovi de f l exur al  l oadi ng equi pment  i n 
accor dance wi t h ASTM C78/ C78M.

1. 4. 3. 3   Cont r act or  Pavement  Qual i t y Cont r ol  Pl an

Submi t  t he Pavement  Qual i t y Cont r ol  Pl an.  The Pavement  Qual i t y Cont r ol  
Pl an i s speci f i c  t o t hi s speci f i cat i on and suppl ement s t he over al l  Qual i t y 
Cont r ol  Pl an r equi r ed by Sect i on 01 45 00 QUALI TY CONTROL.  Do not  pr oduce 
Por t l and cement  concr et e pavement  f or  payment  unt i l  t he pavement  qual i t y 
cont r ol  pl an has been appr oved.  I n t he pavement  qual i t y cont r ol  pl an,  
addr ess al l  el ement s whi ch af f ect  t he qual i t y of  t he pavement  i ncl udi ng,  
but  not  l i mi t ed t o:

a.  Condi t i on of  under l y i ng cour se
b.  Condi t i on of  adj acent  pavement  and dowel s
c.  St ockpi l e management  and aggr egat e gr adi ng
d.  Mi x pr opor t i ons and bat chi ng oper at i ons
e.  Tr anspor t at i on
f .  Pl aci ng and consol i dat i on
g.  Pl aci ng dowel s
h.  Fi ni shi ng and t ext ur i ng
i .  Cur i ng
j .  Sawcut t i ng Joi nt s
k.  CQC Test i ng and I nspect i on
l .  I ncl ement  /  Hot  /  Col d Weat her  Pl ans

1. 4. 3. 4   Labor at or y I nspect i on

The Gover nment  wi l l  i nspect  al l  l abor at or i es r equi r i ng val i dat i on f or  
equi pment  and t est  pr ocedur es pr i or  t o t he st ar t  of  any concr et i ng 
oper at i ons f or  conf or mance t o ASTM C1077.   Schedul e and pr ovi de payment  
f or  l abor at or y i nspect i ons.   Addi t i onal  payment  or  a t i me ext ensi on due t o 
f ai l ur e t o acqui r e t he r equi r ed l abor at or y val i dat i on i s not  al l owed.   The 
l abor at or y i s t o mai nt ai n t hi s cer t i f i cat i on f or  t he dur at i on of  t he 
pr oj ect .

1. 4. 4   Pr econst r uct i on Test i ng of  Mat er i al s

Al l  sampl i ng and t est i ng i s r equi r ed t o be per f or med usi ng an appr oved 
commer ci al  l abor at or y or ,  f or  cement i t i ous mat er i al s and chemi cal  
admi xt ur es,  a l abor at or y mai nt ai ned by t he manuf act ur er  of  t he mat er i al .   
Mat er i al s ar e not  al l owed t o be used unt i l  not i ce of  accept ance has been 
gi ven.   Addi t i onal  payment  or  ext ensi on of  t i me due t o f ai l ur e of  any 
mat er i al  t o meet  pr oj ect  r equi r ement s,  or  f or  any addi t i onal  sampl i ng or  
t est i ng r equi r ed i s not  al l owed.   Addi t i onal  t est s may be per f or med by t he 
Gover nment ;  such Gover nment  t est i ng does not  r el i eve any r equi r ed t est i ng 
r esponsi bi l i t i es.
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1. 4. 4. 1   Aggr egat es

Sampl e aggr egat es i n t he pr esence of  a Gover nment  Repr esent at i ve.   Obt ai n 
sampl es r epr esent at i ve of  t he mat er i al s t o be used f or  t he pr oj ect  i n 
accor dance wi t h ASTM D75/ D75M.   Per f or m al l  aggr egat e t est s no ear l i er  
t han 6 mont hs pr i or  t o t est  sect i on const r uct i on.

1. 4. 4. 2   Chemi cal  Admi xt ur es,  Cur i ng Compounds and Epoxi es

At  l east  30 days bef or e t he mat er i al  i s  used,  submi t  cer t i f i ed copi es of  
t est  r esul t s f or  t he speci f i c  l ot s or  bat ches t o be used on t he pr oj ect .   
Pr ovi de t est  r esul t s l ess t han 5 year s ol d pr i or  t o use i n t he wor k.   
Ret est  chemi cal  admi xt ur es t hat  have been i n st or age f or  l onger  t han 6 
mont hs or  t hat  have been subj ect ed t o t emper at ur es out si de of  manuf act ur er  
r equi r ement s.   Rej ect  i f  t est  r esul t s do not  meet  t he Level  2 pr oof  of  
compl i ance r equi r ement s of  ASTM C494/ C494M.

1. 4. 4. 3   Test i ng of  Cement i t i ous Mat er i al s

Al l  mat er i al s r ef er enced under  par agr aph CEMENTI TI OUS MATERI ALS wi l l  be 
accept ed on t he basi s of  manuf act ur er ' s cer t i f i cat i on of  compl i ance,  
accompani ed by mi l l  t est  r epor t s showi ng t hat  t he mat er i al  i n each 
shi pment  meet s t he r equi r ement s of  t he speci f i cat i on under  whi ch i t  i s  
pr ovi ded.   Pr ovi de mi l l  t est  r epor t s no mor e t han 1 mont h ol d,  pr i or  t o 
use i n t he wor k.   Do not  use cement i t i ous mat er i al s unt i l  not i ce of  
accept ance has been gi ven.   Cement i t i ous mat er i al s may be subj ect ed t o 
t est i ng by t he Gover nment  f r om sampl es obt ai ned at  t he mi l l ,  at  t r ansf er  
poi nt s,  or  at  t he pr oj ect  s i t e.   I f  t est s pr ove t hat  a cement i t i ous 
mat er i al  t hat  has been del i ver ed i s unsat i sf act or y,  pr ompt l y r emove i t  
f r om t he pr oj ect  s i t e.   Ret est  cement i t i ous mat er i al  t hat  has not  been 
used wi t hi n 6 mont hs af t er  t est i ng,  and r ej ect  i f  t est  r esul t s do not  meet  
manuf act ur er  r equi r ement s.

1. 4. 5   Test i ng Dur i ng Const r uct i on

Dur i ng const r uct i on,  sampl e and t est  aggr egat es,  cement i t i ous mat er i al s,  
and concr et e as speci f i ed her ei n.   The Gover nment  wi l l  sampl e and t est  
concr et e and i ngr edi ent  mat er i al s as consi der ed appr opr i at e.   Pr ovi de 
f aci l i t i es and l abor  necessar y f or  pr ocur ement  of  r epr esent at i ve t est  
sampl es.   Test i ng by t he Gover nment  does not  r el i eve t he speci f i ed t est i ng 
r equi r ement s.

1. 4. 6   Test  Sect i on

1. 4. 6. 1   Gener al

a.   Schedul e t he t est  sect i on af t er  al l  r equi r ed submi t t al s and uni f or mi t y 
t est i ng has been r evi ewed and appr oved.   Per f or m a pr epar at or y meet i ng 
bef or e commenci ng t he t est  sect i on.  

b.   Const r uct  a separ at e t est  sect i on f or  each pl acement  met hod ( s l i pf or m,  
f i xed f or m,  and hand pl acement )  pr oposed f or  use.  Const r uct  a separ at e 
t est  sect i on f or  each paver  and each bat ch pl ant  pr oposed f or  use.

c.   Up t o 15 days,  but  not  mor e t han 60 days,  pr i or  t o const r uct i on of  t he 
concr et e pavement ,  const r uct  a t est  sect i on as par t  of  t he pr oduct i on 
pavi ng ar ea at  an out er  edge as i ndi cat ed on t he dr awi ngs.   Const r uct  
t he pi l ot  l ane and f i l l - i n l ane t est  sect i ons on separ at e days usi ng 
t he appr oved mi xt ur e pr opor t i ons.  Aggr egat e pr opor t i oni ng changes may 
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be r equi r ed due t o speci f i cat i on r equi r ement s not  bei ng met .

d.   Const r uct  t he t est  sect i on mat chi ng t he t hi ckest  pavement  sect i on and 
under l y i ng st r uct ur e r equi r ed i n t he wor k.  Use t he same equi pment ,  
mat er i al s,  and const r uct i on t echni ques on t he t est  sect i ons as 
pr oposed f or  use i n al l  subsequent  wor k.  The under l y i ng l ayer s must  be 
r evi ewed and appr oved by t he Gover nment  pr i or  t o pavi ng of  t he t est  
sect i on.

e.   Per f or m under l y i ng l ayer  pr epar at i on,  concr et e pr oduct i on,  pl aci ng,  
consol i dat i ng,  t ext ur i ng,  cur i ng,  const r uct i on of  j oi nt s,  and al l  
t est i ng i n accor dance wi t h appl i cabl e pr ovi s i ons of  t hi s speci f i cat i on.

f .   Use t he t est  sect i ons t o devel op and demonst r at e t he pr oposed 
t echni ques of  mi xi ng,  haul i ng,  pl aci ng,  consol i dat i ng,  f i ni shi ng,  
t ext ur i ng,  cur i ng,  i ni t i al  saw cut t i ng,  st ar t - up pr ocedur es,  sampl i ng,  
t est i ng met hods,  pl ant  oper at i ons,  and t he pr epar at i on of  t he 
const r uct i on j oi nt s f or  pr oduct i on pavi ng.  Repor t  per  r equi r ement s of  
par agr aph Repor t s as t he Test  Sect i on Pavi ng Lot  Repor t .

1. 4. 6. 2   Pi l ot  Lane

Const r uct  t he t est  sect i on consi st i ng of  one cont i nuous pavi ng l ane at  
l east  400 f eet  l ong and t o t he same t hi ckness as t he t hi ckest  por t i on of  
pavement  shown on t he Dr awi ngs.   The t est  sect i on may not  exceed 600 f eet ;  
al l  pavement  pl aced f or  t he t est  sect i on bef or e or  af t er  400 f eet  of  
cont i nuousl y accept abl e pl acement  must  be r emoved.   Const r uct  at  t he same 
l ane wi dt h as t hat  r equi r ed f or  use i n t he pr oj ect .   I f  dowel ed 
l ongi t udi nal  const r uct i on j oi nt s ar e r equi r ed i n any of  t he pr oduct i on 
pavement s,  i nst al l  t hem f ul l  l engt h al ong one si de of  t he t est  l ane 
t hr oughout  t he t est  sect i on.

1. 4. 6. 3   Fi l l - I n Lane

A f i l l - i n l ane i s def i ned as f ul l  wi dt h concr et e pl acement  usi ng t wo 
adj acent  l anes as f or ms.   Consi der  t he f i r st  400 f eet  of  t he i ni t i al  
pr oduct i on f i l l - i n l ane as a t est  sect i on f or  pur poses of  t est i ng and 
eval uat i on.   Al l  r equi r ement s f or  t he t est  sect i on ar e appl i cabl e.   Obt ai n 
cor es f r om t he f i l l - i n l ane si de of  t he l ongi t udi nal  const r uct i on j oi nt  
wi t h t he pi l ot  l ane.  No measur ement s wi l l  be r equi r ed f or  l ongi t udi nal  
ver t i cal  f aces t hat  ar e agai nst  exi st i ng or  r ecent l y pl aced panel s.  
St r ai ght edge measur ement s ar e r equi r ed acr oss t he j oi nt  per  par agr aph 
Test i ng Met hod.  

1. 4. 6. 3. 1   Al t er nat i ve Pl acement  Met hod 

I f  pr oposed t echni ques i ncl udes al t er nat i ve pl acement  met hod r esul t i ng i n 
l anes wi t h one f r ee edge and one edge pl aced agai nst  exi st i ng or  new 
pavement  t he f i r st  pl acement  wi l l  be consi der ed t he f i l l - i n l ane f or  t est  
sect i on eval uat i on pur poses.   The f i l l - i n l ane t est  sect i on r equi r ement s 
i n par agr aph Fi l l - I n Lane wi l l  appl y t o t he f i r st  l ane t hat  i s not  a pi l ot  
l ane.   Test  t he f r ee edge f or  al l  measur ement s r equi r ed f or  a pi l ot  l ane 
and t he encl osed edge wi t h al l  measur ement s f or  a f i l l - i n l ane.

1. 4. 6. 4   Test i ng and I nspect i on

a.   Pr ovi de aggr egat e,  f r esh concr et e,  and har dened concr et e sampl i ng and 
t est i ng i n accor dance wi t h par agr aph Test i ng and I nspect i on by 
Cont r act or  and Tabl e 16.   Pr ovi de i nspect i on of  t he har dened concr et e 

SECTI ON 32 13 14. 13  Page 13



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

f or  sur f ace smoot hness,  pl an gr ade,  edge sl ump and j oi nt  f ace 
def or mat i on i n accor dance wi t h t he speci f i cat i ons.  Pr ovi de a t est  
sect i on r epor t  i n accor dance wi t h par agr aph Repor t s.

b.   Pr ovi de sampl i ng and t est i ng t o det er mi ne t he l oss of  ai r  cont ent  
t hr ough t he pavi ng equi pment .  Sampl es ar e t o be obt ai ned bef or e and 
af t er  t he pavi ng equi pment  al ong t he vi br at or  pat h and i n- bet ween t he 
vi br at or s.  Obt ai n one sampl e of  t he f r esh concr et e bef or e t he pavi ng 
equi pment  has passed wi t h mat er i al  i n t he subl ot .   Once t he paver  has 
passed,  obt ai n t wo sampl es of  t he i n- pl ace,  pl ast i c concr et e t o t he 
f ul l  dept h of  t he pl acement  avoi di ng t he under l y i ng l ayer .   Pr ovi de 
st at i oni ng r ef er ences f or  al l  sampl es.  Repor t  t hi s dat a i n t he Test  
Sect i on Lot  Repor t .   Thi s t est i ng i s i n addi t i on t o r equi r ed t est i ng 
i n par agr aph TESTI NG AND I NSPECTI ON FOR CONTRACTOR QUALI TY CONTROL 
DURI NG CONSTRUCTI ON and onl y r equi r ed dur i ng t he Test  Sect i on( s) .   
Adj ust ment s t o ai r  cont ent s t o meet  t he speci f i ed ai r  cont ent  i n 
par agr aph Ai r  Cont ent  ar e onl y t o be made based on measur ed ai r  
cont ent s bef or e t he paver  has passed.   I mmedi at el y f i l l  voi ds 
r esul t i ng f r om sampl e col l ect i on wi t h f r eshl y mi xed concr et e,  st r i ke 
of f ,  consol i dat e wi t h an i nt er nal  v i br at or ,  and r ef i ni sh.  

c.   No mor e t han t hr ee wor ki ng days af t er  compl et i on of  t he t est  sect i ons,  
pr ocur e and eval uat e ei ght  cor es wi t h a mi ni mum di amet er  of  6 i nches 
by f ul l  dept h cut  f r om poi nt s sel ect ed i n t he t est  sect i ons by t he 
Gover nment  on a basi s of  t wo cor es per  subl ot .   Eval uat e cor es i n 
accor dance wi t h par agr aph:  Eval uat i on of  Cor es.   Measur e cor es i n 
accor dance wi t h par agr aph THI CKNESS.  

1. 4. 6. 5   Accept ance of  Test  Sect i on

a.   Const r uct  t he t est  sect i ons meet i ng t he speci f i cat i on r equi r ement s 
i ncl udi ng pl ast i c and har dened concr et e pr oper t i es,  sur f ace t ext ur e,  
t hi ckness,  pl an gr ade,  smoot hness,  j oi nt  f ace def or mat i on,  edge sl ump,  
and pl an j oi nt  al i gnment .  

b.   Do not  commence pr oduct i on pavi ng unt i l  t he r esul t s on aggr egat es and 
concr et e,  i ncl udi ng eval uat i on of  cor es,  and al l  pavement  measur ement s 
f or  edge sl ump,  j oi nt  f ace def or mat i on,  act ual  pl an gr ade,  sur f ace 
smoot hness,  and t hi ckness have been submi t t ed and appr oved,  and t he 
payment  cal cul at i on has been submi t t ed f or  i nf or mat i on onl y.  Remove 
t est  sect i ons whi ch do not  meet  speci f i cat i on r equi r ement s and conduct  
addi t i onal  t est  sect i ons,  as r equi r ed.  I f  an accept abl e t est  sect i on 
i s unabl e t o be const r uct ed by s l i pf or m pavi ng,  r epai r  or  r epl ace t he 
sl i pf or m pavi ng equi pment ,  or  compl et e t he pavi ng usi ng f i xed- f or ms 
and equi pment  as r equi r ed by t he speci f i cat i on.  Pavement  accept ed as a 
pr oduct i on l ot  wi l l  be eval uat ed and pai d as speci f i ed i n PART 1 
GENERAL.

1. 4. 7   Accept abi l i t y  of  Wor k

The mat er i al s and t he pavement  i t sel f  wi l l  be accept ed on t he basi s of  
pr oduct i on t est i ng.   The Gover nment  may make check t est s t o val i dat e t he 
r esul t s of  t he pr oduct i on t est i ng.   I f  t he r esul t s of  t he pr oduct i on 
t est i ng var y by l ess t han 2. 0 per cent  of  t he Gover nment ' s t est  r esul t s,  
t he r esul t s of  t he pr oduct i on t est i ng wi l l  be used.   I f  t he r esul t s of  t he 
Gover nment  and pr oduct i on t est s var y by 2. 0 per cent ,  but  l ess t han 4. 0 
per cent ,  t he aver age of  t he t wo wi l l  be consi der ed t he val ue t o be used.   
I f  t hese var y by 4. 0 per cent  or  mor e,  car ef ul l y eval uat e each sampl i ng and 
t est i ng pr ocedur e and obt ai n anot her  ser i es of  Gover nment  and pr oduct i on 
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t est s on dupl i cat e sampl es of  mat er i al .   I f  t hese var y by 4. 0 per cent  or  
mor e,  use t he r esul t s of  t he t est s made by t he Gover nment  and t he 
Gover nment  wi l l  cont i nue check t est i ng of  t hi s i t em on a cont i nuous basi s 
unt i l  t he t wo set s of  t est s agr ee wi t hi n l ess t han 4. 0 per cent  on a 
r egul ar  basi s.   Test i ng per f or med by t he Gover nment  does not  r el i eve t he 
speci f i ed t est i ng r equi r ement s.

1. 4. 8   Accept ance Requi r ement s

1. 4. 8. 1   Pavement  Lot s

A l ot  i s  t hat  quant i t y of  const r uct i on t o be eval uat ed f or  accept ance wi t h 
speci f i cat i on r equi r ement s.   A l ot  i s  equal  t o pr oduct i on pavi ng not  t o 
exceed 1000 cubi c yar ds.   When t he t ot al  j ob does not  exceed 1, 000 cubi c 
yar ds,  t he l ot  s i ze becomes t he t ot al  j ob.   I n or der  t o eval uat e 
t hi ckness,  di v i de each l ot  i nt o subl ot s not  t o exceed 250 cubi c yar ds.   
Make gr ade det er mi nat i ons on t he l ot  as a whol e.   Make sur f ace smoot hness 
det er mi nat i ons on ever y 0. 1 mi l e segment  i n each l ot .   Sel ect  sampl e 
l ocat i ons on a r andom basi s i n accor dance wi t h ASTM D3665.   Ar eas of  
pavement  pl aced wi t h hand met hods ar e consi der ed a separ at e l ot  f or  
eval uat i on.   When oper at i onal  condi t i ons cause a l ot  t o be t er mi nat ed 
bef or e t he speci f i ed f our  subl ot s have been compl et ed,  use t he f ol l owi ng 
pr ocedur e t o adj ust  t he l ot  s i ze and number  of  t est s f or  t he l ot .   Wher e 
t hr ee subl ot s have been compl et ed,  t hey const i t ut e a l ot .   Wher e one or  
t wo subl ot s have been compl et ed,  i ncor por at e t hem i nt o t he next  l ot  
( except  f or  t he l ast  l ot ) ,  and t he t ot al  number  of  subl ot s used and 
accept ance cr i t er i a adj ust ed accor di ngl y.

1. 4. 8. 2   Eval uat i on

Pr ovi de al l  sampl i ng and t est i ng r equi r ed f or  accept ance and payment  
adj ust ment ,  i ncl udi ng bat ch t i cket s wi t h al l  r equi r ed accept ance t est i ng.   
I ndi v i dual s per f or mi ng sampl i ng,  t est i ng and i nspect i on dut i es ar e 
r equi r ed t o meet  t he r equi r ement s of  par agr aph:  Cont r act or  Qual i t y Cont r ol  
St af f .   The Gover nment  r eser ves t he r i ght  t o di r ect  addi t i onal  sampl es and 
t est s f or  any ar ea whi ch appear s t o devi at e f r om t he speci f i cat i on 
r equi r ement s.   Test i ng i n t hese ar eas i a i n addi t i on t o t he subl ot  or  l ot  
t est i ng,  and t he r equi r ement s f or  t hese ar eas ar e t he same as t hose f or  a 
subl ot  or  l ot .   Pr ovi de f aci l i t i es,  and wher e di r ect ed per sonnel ,  t o 
assi st  i n obt ai ni ng sampl es f or  any Gover nment  t est i ng.

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

1. 5. 1   Bul k Cement i t i ous Mat er i al s

Pr ovi de al l  cement i t i ous mat er i al s i n bul k at  a t emper at ur e,  as del i ver ed 
t o st or age at  t he s i t e,  not  exceedi ng 150 degr ees F.   Pr ovi de suf f i c i ent  
cement i t i ous mat er i al s i n st or age t o sust ai n cont i nuous oper at i on of  t he 
concr et e mi xi ng pl ant  whi l e t he pavement  i s bei ng pl aced.   Pr ovi de 
separ at e f aci l i t i es t o pr event  any i nt er mi xi ng dur i ng unl oadi ng,  
t r anspor t i ng,  st or i ng,  and handl i ng of  each t ype of  cement i t i ous mat er i al .

1. 5. 2   Aggr egat e Mat er i al s

St or e aggr egat e at  t he s i t e of  t he bat chi ng and mi xi ng pl ant  avoi di ng 
br eakage,  segr egat i on,  i nt er mi xi ng or  cont ami nat i on by f or ei gn mat er i al s.   
St or e each si ze of  aggr egat e f r om each sour ce separ at el y and al l ow t he 
f i ne aggr egat e and t he smal l est  s i ze coar se aggr egat e t o dr ai n.   Pr ovi de a 
mi ni mum 24- i nch t hi ck sacr i f i c i al  l ayer  l ef t  undi st ur bed f or  each 
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aggr egat e st or ed on gr ound or  pr ovi de a paved or  chemi cal l y st abi l i zed 
sur f ace cour se beneat h t he st ockpi l es.   Mai nt ai n suf f i c i ent  aggr egat e at  
t he s i t e at  al l  t i mes t o per mi t  cont i nuous uni nt er r upt ed oper at i on of  t he 
mi xi ng pl ant  at  t he t i me concr et e pavement  i s bei ng pl aced.   Do not  al l ow 
t r acked equi pment  on coar se aggr egat e st ockpi l es.

1. 5. 3   Ot her  Mat er i al s

St or e r ei nf or ci ng bar s and accessor i es above t he gr ound on suppor t s.   
St or e al l  mat er i al s t o avoi d cont ami nat i on and det er i or at i on.

PART 2   PRODUCTS

2. 1   SYSTEM DESCRI PTI ON

Thi s sect i on i s i nt ended t o st and al one f or  const r uct i on of  concr et e 
pavement .   However ,  wher e t he const r uct i on cover ed her ei n i nt er f aces wi t h 
ot her  sect i ons,  const r uct  each i nt er f ace t o conf or m t o t he r equi r ement s of  
bot h t hi s sect i on and t he ot her  sect i on,  i ncl udi ng t ol er ances f or  bot h.

2. 1. 1   SURFACE SMOOTHNESS

Use t he st r ai ght edge met hod f or   t est i ng smoot hness.  Smoot hness 
r equi r ement s do not  appl y over  cr owns,  dr ai nage st r uct ur es,  or  s i mi l ar  
penet r at i ons.    Mai nt ai n det ai l ed not es of  t he t est i ng r esul t s and pr ovi de 
a copy t o t he Gover nment  af t er  each day' s t est i ng.

2. 1. 1. 1   St r ai ght edge Test i ng

Pr ovi de t he f i ni shed sur f aces of  t he pavement s wi t h no abr upt  change of  
1/ 4 i nch or  mor e,  and al l  pavement s wi t hi n t he l i mi t s speci f i ed when 
checked wi t h an appr oved 12- f oot  st r ai ght edge.  Repor t  measur ement s t o t he 
near est  1/ 16 i nch.  Pr ovi de r unways and t axi ways wi t h a var i at i on f r om t he 
speci f i ed st r ai ght  edge not  gr eat er  t han 1/ 8 i nch i n t he l ongi t udi nal  
di r ect i on and not  gr eat er  t han 1/ 4 i nch i n t he t r ansver se di r ect i on.   
Pr ovi de al l  ot her  ai r f i el d ar eas wi t h a var i at i on f r om a st r ai ght  edge not  
gr eat er  t han 1/ 4 i nch i n ei t her  t he l ongi t udi nal  or  t r ansver se di r ect i on.

2. 1. 1. 2   Bumps ( " Must  Gr i nd"  Ar eas)

Reduce any bumps ( " must  gr i nd"  ar eas)  shown by st r ai ght edge measur ement s 
whi ch exceed 0. 4 i nch i n hei ght  by di amond gr i ndi ng i n accor dance wi t h 
par agr aph DI AMOND GRI NDI NG OF PCC SURFACES bel ow unt i l  t hey do not  exceed 
0. 3 i nch when r et est ed.   Taper  such di amond gr i ndi ng i n al l  di r ect i ons t o 
pr ovi de smoot h t r ansi t i ons t o ar eas not  r equi r i ng di amond gr i ndi ng.

2. 1. 1. 3   Test i ng Met hod

Af t er  t he concr et e has har dened suf f i c i ent l y t o per mi t  wal k i ng t her eon,  
but  not  l at er  t han 48 hour s af t er  pl acement ,  t est  t he ent i r e sur f ace of  
t he pavement  i n each l ot  i n such a manner  as t o r eveal  al l  sur f ace 
i r r egul ar i t i es exceedi ng t he t ol er ances speci f i ed above.   I f  any pavement  
ar eas ar e di amond gr ound,  r et est  t hese ar eas i mmedi at el y af t er  di amond 
gr i ndi ng.   Test  t he ent i r e ar ea of  t he pavement  i n bot h a l ongi t udi nal  and 
a t r ansver se di r ect i on on par al l el  l i nes.   Per f or m t he t r ansver se l i nes  
15 f eet  or  l ess apar t ,  as di r ect ed.   Per f or m t he l ongi t udi nal  l i nes at  t he 
1/ 8t h poi nt  i n f r om each si de of  t he l ane and at  t he cent er l i ne of  each 
pavi ng l ane shown on t he dr awi ngs,  r egar dl ess of  whet her  mul t i pl e l anes 
ar e al l owed t o be paved at  t he same t i me.   Al so t est  ot her  ar eas havi ng 
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obvi ous devi at i ons.   Per f or m l ongi t udi nal  t est i ng l i nes cont i nuous acr oss 
al l  j oi nt s.   Per f or m t r ansver se t est i ng l i nes f or  pi l ot  l anes car r i ed t o 
const r uct i on j oi nt  l i nes and f or  f i l l - i n l anes car r i ed 24 i nches acr oss 
const r uct i on j oi nt s,  and t he r eadi ngs i n t hi s ar ea appl i ed t o t he f i l l - i n 
l ane.   Per f or m st r ai ght edge t est i ng of  t he l ongi t udi nal  edges of  
s l i pf or med pi l ot  l anes bef or e pavi ng f i l l - i n l anes as speci f i ed bel ow.

2. 1. 1. 3. 1   St r ai ght edge Test i ng

Hol d t he st r ai ght edge i n cont act  wi t h t he sur f ace and move ahead one- hal f  
t he l engt h of  t he st r ai ght edge f or  each successi ve measur ement .   Det er mi ne 
t he amount  of  sur f ace i r r egul ar i t y by pl aci ng t he f r eest andi ng ( unl evel ed)  
st r ai ght edge on t he pavement  sur f ace and measur i ng t he maxi mum gap bet ween 
t he st r ai ght edge and t he pavement  sur f ace.   Det er mi ne measur ement s al ong 
t he ent i r e l engt h of  t he st r ai ght  edge.

2. 1. 2   Edge Sl ump and Joi nt  Face Def or mat i on

2. 1. 2. 1   Edge Sl ump

When sl i p- f or m pavi ng i s used,  pr ovi de a maxi mum of  15. 0 per cent  of  each 
f r ee edge of  each pavement  panel  wi t h a maxi mum edge sl ump of  1/ 4 i nch and 
none of  t he f r ee edge of  t he pavement  l ot  wi t h an edge sl ump exceedi ng 3/ 8 
i nch.   ( A pavement  panel  i s  def i ned as a l ane wi dt h by t he l engt h bet ween 
t wo adj acent  t r ansver se cont r act i on j oi nt s.   The f r ee edge of  t he pavement  
i s t he l i near  measur ement  of  pavement  panel  edge or i gi nal l y const r uct ed as 
non- adj acent  t o any exi st i ng pavement ;  f or  exampl e,  100 f eet  of  pi l ot  l ane 
or i gi nal l y const r uct ed as a separ at e l ane,  woul d have 100 f eet  of  f r ee 
edge on each si de;   100 f eet  of  f i l l - i n l ane woul d have no f r ee edge. )   
The ar ea af f ect ed by t he downwar d movement  of  t he concr et e al ong t he 
pavement  edge i s a maxi mum of  18 i nches back f r om t he edge.

2. 1. 2. 2   Joi nt  Face Def or mat i on

Pr ovi de a ver t i cal  j oi nt  f ace wi t h a sur f ace wi t hi n t he maxi mum l i mi t s 
shown i n Tabl e 4.  Pr ovi de t he of f set  measur ement s f r om al l  f i ve Joi nt  Face 
Def or mat i on Li mi t s f r om Tabl e 4 at  t he speci f i ed t est i ng f r equency.   
Pr oper l y r ef er ence al l  r ecor ded measur ement s i n accor dance wi t h pavi ng 
l ane i dent i f i cat i on and st at i oni ng and submi t  a r epor t  wi t hi n 10 days 
af t er  measur ement  i s made.   I dent i f y ar eas r equi r i ng r epl acement  wi t hi n 
t he r epor t .

TABLE 4

JOI NT FACE DEFORMATI ON LI MI TS

Of f set  f r om 
St r ai ght edge 
Appl i ed 
Longi t udi nal l y 
t o Pavement  
Sur f ace ( a)

Of f set  f r om 
St r ai ght edge 
Appl i ed 
Longi t udi nal l y 
t o Ver t i cal  
Face ( b)

Of f set  f r om 
St r ai ght edge 
Appl i ed Top t o 
Bot t om Agai nst  
t he Joi nt  Face 
( c)

Abr upt  Of f set  
i n Any 
Di r ect i on ( d)

Of f set  of  Joi nt  
Face f r om Tr ue 
Ver t i cal  ( e)

Ai r f i el d Pavement
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TABLE 4

JOI NT FACE DEFORMATI ON LI MI TS

Of f set  f r om 
St r ai ght edge 
Appl i ed 
Longi t udi nal l y 
t o Pavement  
Sur f ace ( a)

Of f set  f r om 
St r ai ght edge 
Appl i ed 
Longi t udi nal l y 
t o Ver t i cal  
Face ( b)

Of f set  f r om 
St r ai ght edge 
Appl i ed Top t o 
Bot t om Agai nst  
t he Joi nt  Face 
( c)

Abr upt  Of f set  
i n Any 
Di r ect i on ( d)

Of f set  of  Joi nt  
Face f r om Tr ue 
Ver t i cal  ( e)

1/ 8 i nch 1/ 4 i nch 3/ 8 i nch 1/ 4 i nch 1 i nch per  12 
i nches

Al l  Ot her  Pavement

1/ 4 i nch Al l  ot her  i t ems same as ai r f i el d pavement

( a)  Measur ement  i s t aken by pl aci ng t he st r ai ght edge l ongi t udi nal l y on t he 
pavement  sur f ace 1 i nch f r om t he f r ee edge.  Recor d t he l ongi t udi nal  j oi nt  f ace 
def or mat i on  of  t he j oi nt  on a cont i nuous l i ne 1 i nch back f r om t he j oi nt  l i ne 
usi ng t he 12- f oot  st r ai ght edge advanced one- hal f  i t s l engt h f or  each r eadi ng.

( b)  Measur ement  i s t aken by appl y i ng t he st r ai ght edge l ongi t udi nal l y al ong t he 
cent er  of  t he ver t i cal  j oi nt  f ace.   Recor d t he l ongi t udi nal  j oi nt  f ace 
def or mat i on  usi ng t he 12- f oot  st r ai ght edge advanced one- hal f  i t s l engt h f or  each 
r eadi ng.

( c)  Measur ement  pl aces a 3/ 8 i nch spacer  at t ached t o a st r ai ght edge and spaced 
appr oxi mat el y equal  t o t he t hi ckness of  t he concr et e bei ng measur ed.   The of f set  
f r om st r ai ght edge wi t h spacer s i s measur ed by pl aci ng t he spacer s agai nst  t he t op 
and bot t om of  t he ver t i cal  concr et e f ace.  Recor d measur ement s at  5 f oot  spaci ngs.

( d)  Check f or  abr upt  of f set s at  any l ocat i on t hat  an abr upt  change i n t he j oi nt  
f ace pl ane appear s t o be pr esent  t hr ough use of  a 12- f oot  st r ai ght edge.

( e)  Measur ement  of  t he of f set  f r om t he j oi nt  f ace t o a l evel  i n t he t r ue ver t i cal  
posi t i on agai nst  t he j oi nt  f ace.  Recor d measur ement s at  5 f oot  spaci ngs.

2. 1. 2. 3   Edge Sl ump Det er mi nat i on

Test  t he pavement  sur f ace t o det er mi ne edge sl ump i mmedi at el y af t er  t he 
concr et e has har dened suf f i c i ent l y t o per mi t  wal k i ng t her eon.   Per f or m 
t est i ng wi t h a mi ni mum 12- f oot  st r ai ght edge t o r eveal  i r r egul ar i t i es 
exceedi ng t he edge sl ump t ol er ance speci f i ed above.   Det er mi ne t he 
ver t i cal  edge sl ump at  each f r ee edge of  each sl i pf or med pavi ng l ane 
const r uct ed.   Pl ace t he st r ai ght edge t r ansver se t o t he di r ect i on of  pavi ng 
and t he end of  t he st r ai ght edge l ocat ed at  t he edge of  t he pavi ng l ane.   
Recor d measur ement s at  5- t o- 10 f oot  spaci ngs,  as di r ect ed,  commenci ng at  
t he header  wher e pavi ng was st ar t ed.   I ni t i al l y  r ecor d measur ement s at  5 
f oot  i nt er val s i n each l ane.   When no def i c i enci es ar e pr esent  af t er  5 
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measur ement s,  t he i nt er val  may be i ncr eased.   The maxi mum i nt er val  i s  10 
f eet .   When any def i c i enci es exi st ,  r et ur n t he i nt er val  t o 5 f eet .     
Per f or m ot her  t est s of  t he exposed j oi nt  f ace t o pr oduce a uni f or m,  t r ue 
ver t i cal  j oi nt  f ace.   Pr oper l y r ef er ence al l  r ecor ded measur ement s i n 
accor dance wi t h pavi ng l ane i dent i f i cat i on and st at i oni ng and submi t  a 
r epor t  wi t hi n 10 days af t er  measur ement  i s made.   I dent i f y ar eas r equi r i ng 
r epl acement  wi t hi n t he r epor t .

2. 1. 2. 4   Excessi ve Edge Sl ump or  Joi nt  Face Def or mat i on

When edge sl ump or  j oi nt  f ace def or mat i on exceedi ng t he l i mi t s speci f i ed 
above i s encount er ed on ei t her  s i de of  t he pavi ng l ane,  r ecor d addi t i onal  
st r ai ght edge measur ement s t o def i ne t he l i near  l i mi t s of  t he excessi ve 
s l ump or  j oi nt  f ace def or mat i on.   Remove and r epl ace  concr et e s l abs 
havi ng excessi ve edge sl ump or  j oi nt  def or mat i on t o t he next  t r ansver se 
j oi nt  i n conf or mance wi t h par agr aph REPAI R,  REMOVAL AND REPLACEMENT OF 
NEWLY CONSTRUCTED SLABS.   Di scont i nue use of  s l i p- f or m pavi ng equi pment  
and pr ocedur es t hat  f ai l  t o consi st ent l y pr ovi de edges wi t hi n t he 
speci f i ed t ol er ances on edge sl ump and j oi nt  f ace def or mat i on and 
const r uct  by means of  st andar d pavi ng pr ocedur es usi ng f i xed f or ms.

2. 1. 3   Pl an Gr ade

Wi t hi n 5 wor ki ng days af t er  compl et i on of  a par t i cul ar  l ot ,  sur vey t he 
sur f ace of  t he pavement  ar ea f or  conf or mance wi t h speci f i ed pl an gr ade 
r equi r ement s.   The gr ade wi l l  be det er mi ned by r unni ng l i nes of  l evel s at  
i nt er val s cor r espondi ng t o ever y l ongi t udi nal  and t r ansver se j oi nt  t o 
det er mi ne t he el evat i on at  each j oi nt  i nt er sect i on.   Resur vey any ar eas 
cor r ect ed af t er  i ni t i al  sur vey.  

TABLE 5

Pl an Gr ade Tol er ances

Ai r f i el d 
Pavement s

Fi ni shed Sur f ace Measur ement s at  Joi nt  I nt er sect i ons
( af t er  al l owabl e cor r ect i ons)

0- 0. 04 f oot  f r om 
desi gned Pl an Gr ade

Accept abl e,  no Payment  
Adj ust ment  consi der ed on gr ade 
measur ement s at  t hese Joi nt  
I nt er sect i ons

0. 041 -  0. 06 f oot  
f r om desi gned Pl an 
Gr ade

Cal cul at e Pl an Gr ade Pay 
Adj ust ment  Fact or  per  
par agr aph Payment  Adj ust ment  
f or  Pl an Gr ade

Gr eat er  t han 0. 06 f oot
 f r om desi gned Pl an 
Gr ade

Remove and Repl ace af f ect ed 
Panel ( s)
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TABLE 5

Heavy- Dut y 
Pavement s 
ot her  t han 
Ai r f i el d 
Pavement s

0- 0. 06 f oot  f r om 
desi gned Pl an Gr ade

Accept abl e,  no Payment  
Adj ust ment  consi der ed on gr ade 
measur ement s at  t hese Joi nt  
I nt er sect i ons

0. 041 f oot - 0. 09 f oot  
f r om desi gned Pl an 
Gr ade

Cal cul at e Pl an Gr ade Pay 
Adj ust ment  Fact or  per  
par agr aph Payment  Adj ust ment  
f or  Pl an Gr ade

Gr eat er  t han 0. 09 f oot
 f r om desi gned Pl an 
Gr ade

Remove and Repl ace af f ect ed 
Panel ( s)

The above devi at i ons f r om t he appr oved gr ade l i ne and el evat i on ar e not  
per mi t t ed i n ar eas wher e cl oser  conf or mance wi t h t he pl anned gr ade and 
el evat i on i s r equi r ed f or  t he pr oper  f unct i oni ng of  appur t enant  
st r uct ur es.   Pr ovi de f i ni shed sur f aces of  new abut t i ng pavement s t hat  
coi nci de at  t hei r  j unct ur e.   Cor r ect i ons wi t hi n t he t ol er ances of  
par agr aph REPAI R,  REMOVAL AND REPLACEMENT OF NEWLY CONSTRUCTED SLABS ar e 
al l owed t o i mpr ove t he payment  adj ust ment  or  t o i mpr ove an unaccept abl e 
sur f ace t o al l ow f or  a payment  adj ust ment .   Pr ovi de hor i zont al  cont r ol  of  
t he f i ni shed sur f aces of  al l  ai r f i el d pavement s t hat  var y not  mor e t han 13 
mm 1/ 2 i nch f r om t he pl an j oi nt  al i gnment  i ndi cat ed.

2. 1. 3. 1   Joi nt  Al i gnment

Pr ovi de sur vey poi nt s f or  t he j oi nt  i nt er sect i ons.   Pr ovi de hor i zont al  
cont r ol  of  t he f i ni shed sur f aces of  al l  ai r f i el d pavement s.

TABLE 6

Joi nt  Al i gnment  Tol er ances

Al l  Ai r f i el d Pavement s Hor i zont al  Measur ement s of  Joi nt  I nt er sect i ons ( bot h 
t r ansver se and l ongi t udi nal  j oi nt s)

0- 1/ 2 i nch f r om desi gned 
Joi nt i ng Pl an

Accept abl e

Gr eat er  t han  1/ 2 i nch f r om 
t he desi gned Joi nt i ng Pl an

Remove and Repl ace af f ect ed 
Panel ( s)

2. 1. 4   Fl exur al  St r engt h

Each l ot  of  pavement  wi l l  be eval uat ed f or  accept ance f or  f l exur al  
st r engt h i n accor dance wi t h par agr aph Sampl i ng and Test i ng and par agr aph 
Comput at i ons.
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2. 1. 4. 1   Sampl i ng and Test i ng

For  accept ance,  obt ai n one composi t e sampl e of  concr et e f r om each subl ot  
i n accor dance wi t h ASTM C172/ C172M f r om one bat ch or  t r uckl oad.   Fabr i cat e 
and cur e t est  beams 6 x 6 i nches i n accor dance wi t h ASTM C31/ C31M;  and 
t est  at  14 days i n accor dance wi t h ASTM C78/ C78M.  Test  t wo beams per  
subl ot  ( 8 per  l ot ) .

2. 1. 4. 2   Comput at i ons

Aver age t he ei ght  14- day st r engt h t est s f or  t he l ot .   Use t he aver age 
st r engt h i n accor dance wi t h par agr aph Concr et e St r engt h For  Fi nal  
Accept ance.

2. 1. 5   Thi ckness

Each l ot  of  pavement  wi l l  be eval uat ed f or  accept ance and payment  
adj ust ment  i n accor dance wi t h t he f ol l owi ng pr ocedur e.   Dr i l l  t wo cor es,  
bet ween 4 and 6 i nches i n di amet er ,  f r om t he pavement ,  per  subl ot  ( 8 per  
l ot ) .   Dr i l l  t he cor es wi t hi n 3 days af t er  l ot  pl acement ,  f i l l  t he cor e 
hol es wi t h an appr oved concr et e pat chi ng mi xt ur e,  and r espr ay t he cor ed 
ar eas wi t h cur i ng compound.  Pr event  t he cor e hol e f r om dr yi ng or  damage 
unt i l  backf i l l ed.  Compl et e backf i l l ng of  cor e hol e dur i ng t he subsequent  
pr oduct i on pl acement  or  wi t hi n 5 cal endar  days,  whi chever  occur s f i r st .  
Recor d ei ght  measur ement s of  t hi ckness ar ound t he ci r cumf er ence of  each 
cor e and one i n t he cent er ,  i n accor dance wi t h ASTM C174/ C174M.   Pr ovi de 
t he r esul t s wi t h t he t hi ckness measur ement  dat a.  Aver age t he pavement  
t hi ckness f r om t he 8 cor es f or  t he l ot  and eval uat e as descr i bed i n 
par agr aph Payment  Adj ust ment  For  Thi ckness above.

2. 1. 6   Eval uat i on of  Cor es

Recor d and submi t  t est i ng,  i nspect i on,  and eval uat i on of  each cor e f or  
mor t ar - r i ch sur f ace,  uni f or mi t y of  aggr egat e di st r i but i on,  segr egat i on,  
voi ds,  cr acks,  and dept h of  r ei nf or cement  or  dowel s ( i f  pr esent ) .   Moi st en 
t he cor e wi t h wat er  t o v i s i bl y expose t he aggr egat e and t ake a mi ni mum of  
t hr ee phot ogr aphs of  t he s i des of  t he cor e' s ent i r e l engt h,  r ot at i ng t he 
cor e appr oxi mat el y 120 degr ees bet ween phot ogr aphs.   Pr ovi de phot ogr aphs 
wi t h t he c l ar i t y and qual i t y t o i dent i f y t he def ect s i dent i f i ed above.  
Each cor e i s t o be i dent i f i ed on t he t op wi t h t he cor e number  r ef er enced 
t o pavi ng l ot  pl an v i ew.  Phot ogr aph t he cor e agai nst  a cont r ast i ng 
backgr ound,  i n pr of i l e,  and wi t h an ext ended t ape measur e par al l el  and t o 
t he r i ght  of  t he cor e wi t h i ncr ement al  measur ement s c l ear l y v i s i bl e.  
Pr ovi de pl an vi ew of  l ocat i on f or  each cor e.  St or e t he cor es and make 
avai l abl e t o t he Gover nment  when r equest ed,  unt i l  ot her wi se di r ect ed.

2. 1. 7   Di amond Gr i ndi ng of  PCC Sur f aces

Those per f or mi ng di amond gr i ndi ng ar e r equi r ed t o have a mi ni mum of  t hr ee 
year s '  exper i ence i n di amond gr i ndi ng of  ai r f i el d pavement s.   I n ar eas not  
meet i ng t he speci f i ed l i mi t s f or  sur f ace smoot hness and pl an gr ade,  r educe 
hi gh ar eas t o at t ai n t he r equi r ed smoot hness and gr ade,  except  as dept h 
and sur f ace ar ea i s l i mi t ed bel ow.   Reduce hi gh ar eas by di amond gr i ndi ng 
t he har dened concr et e wi t h appr oved equi pment  af t er  t he concr et e i s at  a 
mi ni mum age of  14 days.   Per f or m di amond gr i ndi ng by sawi ng wi t h an 
i ndust r i al  di amond abr asi ve whi ch i s i mpr egnat ed i n t he saw bl ades.   
Assembl e t he saw bl ades i n a cut t i ng head mount ed on a machi ne desi gned 
speci f i cal l y f or  di amond gr i ndi ng t hat  pr oduces t he r equi r ed t ext ur e and 
smoot hness l evel  wi t hout  damage t o t he concr et e pavement  or  j oi nt  f aces.   
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Ut i l i ze di amond gr i ndi ng equi pment  wi t h saw bl ades t hat  ar e 1/ 8- i nch wi de,  
a mi ni mum of  55 t o 60 bl ades per  12 i nches of  cut t i ng head wi dt h,  and cut  
a pat h wi t h a mi ni mum wi dt h of   3 f t .   Di amond gr i ndi ng equi pment  t hat  
causes r avel s,  aggr egat e f r act ur es,  spal l s or  di st ur bance t o t he j oi nt s i s 
not  per mi t t ed.   The maxi mum ar ea cor r ect ed by di amond gr i ndi ng t he sur f ace 
of  t he har dened concr et e i s 10 per cent  of  t he t ot al  ar ea of  any subl ot .   
The maxi mum dept h of  di amond gr i ndi ng i s 1/ 4 i nch.   Pr ovi de di amond 
gr i ndi ng machi ne equi pped t o f l ush and vacuum t he pavement  sur f ace.   
Di spose of  al l  debr i s f r om di amond gr i ndi ng oper at i ons of f  Gover nment  
pr oper t y.   Pr i or  t o di amond gr i ndi ng,  submi t  a Di amond Gr i ndi ng Pl an f or  
r evi ew and appr oval .   At  a mi ni mum,  i ncl ude t he dai l y r epor t s f or  t he 
def i c i ent  ar eas,  t he l ocat i on and ext ent  of  def i c i enci es,  cor r ect i ve 
act i ons,  and equi pment .   Remove and r epl ace al l  pavement  ar eas r equi r i ng 
pl an gr ade or  sur f ace smoot hness cor r ect i ons i n excess of  t he l i mi t s 
speci f i ed above i n conf or mance wi t h par agr aph REPAI R,  REMOVAL AND 
REPLACEMENT OF NEWLY CONSTRUCTED SLABS.   Repai r  aggr egat e popout s usi ng 
t he cor e and pat ch met hod of  par agr aph REPAI RI NG SPALLS ALONG JOI NTS.   Al l  
ar eas i n whi ch di amond gr i ndi ng has been per f or med ar e subj ect  t o t he 
t hi ckness t ol er ances speci f i ed i n par agr aph Thi ckness,  above.

Pr i or  t o pr oduct i on di amond gr i ndi ng oper at i ons,  per f or m a t est  sect i on at  
t he appr oved l ocat i on.   Per f or m a t est  sect i on t hat  consi st s of  a mi ni mum 
of  t wo adj acent  passes wi t h a mi ni mum l engt h of  40 f eet  t o al l ow 
eval uat i on of  t he f i ni sh,  t r ansi t i on bet ween adj acent  passes,  and t he 
r esul t s of  cr ossi ng a t r ansver se j oi nt .   Pr oduct i on di amond gr i ndi ng 
oper at i ons ar e not  t o be per f or med pr i or  t o appr oval .

2. 2   CEMENTI TI OUS MATERI ALS

Pr ovi de cement i t i ous mat er i al s consi st i ng of  Por t l and cement ,  bl ended 
cement  or  Por t l and cement  i n combi nat i on wi t h suppl ement ar y cement i t i ous 
mat er i al s ( SCM) ,  t hat  conf or m t o appr opr i at e speci f i cat i ons l i s t ed bel ow.   
New submi t t al s ar e r equi r ed when t he cement i t i ous mat er i al s sour ces or  
t ypes change.

2. 2. 1   Por t l and Cement

Pr ovi de Por t l and cement  conf or mi ng t o ASTM C150/ C150M,  Type I .

2. 2. 2   Bl ended Cement s

Pr ovi de bl ended cement  conf or mi ng t o ASTM C595/ C595M,  Type I P,  I S,  or  I L.   
Pr ovi de pozzol an added t o t he Type I P bl end consi st i ng of  ASTM C618 Cl ass 
F or  Cl ass N and t hat  i s i nt er gr ound wi t h t he cement  c l i nker .   I ncl ude a 
wr i t t en st at ement  f r om t he  manuf act ur er  t hat  t he amount  of  pozzol an i n 
t he f i ni shed cement  does not  var y mor e t han pl us or  mi nus 5 mass per cent  
of  t he f i ni shed cement  f r om l ot  t o l ot  or  wi t hi n a l ot .   Pr ovi de l i mest one 
added t o t he Type I L bl end t hat  i s i nt er gr ound wi t h t he cement  c l i nker .   
I ncl ude a wr i t t en st at ement  f r om t he manuf act ur er  t hat  t he amount  of  
l i mest one i n t he f i ni shed cement  does not  var y mor e t han pl us or  mi nus 2. 5 
mass per cent  of  t he f i ni shed cement  f r om l ot  t o l ot  or  wi t hi n a l ot .  Li mi t  
t he per cent  of  s l ag,  pozzol an,  or  l i mest one t o a maxi mum of  I S( 50) ,  I P( 35)  
or  I L( 15) .  The per cent age and t ype of  mi ner al  admi xt ur e used i n t he bl end 
i s not  al l owed t o change f r om t hat  submi t t ed f or  t he aggr egat e eval uat i on 
and mi xt ur e pr opor t i oni ng.   
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2. 2. 3   Pozzol an 

2. 2. 3. 1   Fl y Ash

Pr ovi de f l y ash t hat  conf or ms t o ASTM C618,  Cl ass F,  i ncl udi ng t he 
opt i onal  r equi r ement  f or  uni f or mi t y wi t h a l oss on i gni t i on not  exceedi ng 
3 per cent .   Pr ovi de Cl ass F f l y  ash f or  use i n mi t i gat i ng Al kal i - Si l i ca 
React i v i t y wi t h a t ot al  equi val ent  al kal i  cont ent  l ess t han 4 per cent .

2. 2. 3. 2   Raw or  Cal c i ned Nat ur al  Pozzol an

Pr ovi de nat ur al  pozzol an t hat  i s r aw or  cal c i ned and conf or ms t o ASTM C618,  
Cl ass N,  i ncl udi ng t he opt i onal  r equi r ement  f or  uni f or mi t y wi t h a l oss on 
i gni t i on not  exceedi ng 3 per cent .   Pr ovi de Cl ass N pozzol an f or  use i n 
mi t i gat i ng Al kal i - Si l i ca React i v i t y wi t h a t ot al  equi val ent  al kal i  cont ent  
l ess t han 4 per cent .

2. 2. 3. 3   Ul t r a Fi ne Fl y Ash and Ul t r a Fi ne Pozzol an

Pr ovi de Ul t r a Fi ne Fl y Ash ( UFFA)  and Ul t r a Fi ne Pozzol an ( UFP)  t hat  
conf or ms t o ASTM C618,  Cl ass F or  N,  and t he f ol l owi ng addi t i onal  
r equi r ement s:  

a.  The st r engt h act i v i t y i ndex at  28 days of  age of  at  l east  95 per cent  of  
t he cont r ol  speci mens.

b.  The aver age par t i c l e s i ze i s a maxi mum of  6 mi cr ons.

2. 2. 4   Sl ag Cement

Pr ovi de sl ag cement  ( gr ound- gr anul at ed bl ast - f ur nace sl ag)  t hat  conf or ms 
t o ASTM C989/ C989M,  Gr ade 100 or  Gr ade 120.

2. 2. 5   Suppl ement ar y Cement i t i ous Mat er i al s ( SCM)  Cont ent

Use of  one of  t he SCMs l i st ed bel ow i s opt i onal ,  unl ess t he SCM i s 
r equi r ed t o mi t i gat e ASR.   The use of  SCMs i s encour aged i n accor dance 
wi t h Sect i on 01 33 29 SUSTAI NABI LI TY REQUI REMENTS AND REPORTI NG.

TABLE 7

SUPPLEMENTARY CEMENTI TI OUS MATERI ALS CONTENT

Suppl ement ar y Cement i t i ous Mat er i al Mi ni mum Cont ent
( per cent )

Maxi mum Cont ent
( per cent )

Cl ass N Pozzol an and Cl ass F Fl y Ash

Si O2 + Al 2O3 + Fe2O3 > 70 per cent 25 35

Si O2 + A12O3 + Fe2O3 > 80 per cent 20 35

Si O2 + A12O3 + Fe2O3 > 90 per cent 15 35

UFFA and UFP 7 16

Sl ag Cement 40 50
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2. 3   AGGREGATES
Pr ovi de aggr egat es meet i ng t he r equi r ement s of  t hi s speci f i cat i on.   I f  
aggr egat e sour ces i n t he pr oj ect  ar ea do not  meet  t he r equi r ement s of  t hi s 
speci f i cat i on,  pr ovi de aggr egat es f r om sour ces out si de t he pr oj ect  ar ea.

2. 3. 1   Aggr egat e Sour ces

2. 3. 1. 1   Dur abi l i t y  of  Coar se Aggr egat e

Pr ovi de aggr egat e wi t h a sat i sf act or y ser vi ce r ecor d i n f r eezi ng and 
t hawi ng of  at  l east  5 year s successf ul  ser vi ce i n t hr ee concr et e pavi ng 
pr oj ect s.  I ncl ude a condi t i on sur vey of  t he exi st i ng concr et e and a r evi ew 
of  t he concr et e- maki ng mat er i al s,  i ncl udi ng coar se aggr egat es,  cement ,  and 
mi ner al  admi xt ur es i n t he ser vi ce r ecor d.   Consi der  t he pr evi ous aggr egat e 
sour ce and t est  r esul t s,  cement  mi l l  cer t i f i cat e dat a,  mi ner al  admi xt ur e 
chemi cal  and physi cal  composi t i on,  and t he mi x desi gn ( cement  f act or  and 
wat er - cement i t i ous mat er i al  r at i o)  i n t he r evi ew.   Pr ovi de ser vi ce r ecor d 
per f or med by an i ndependent  t hi r d- par t y pr of essi onal  engi neer ,  
pet r ogr apher ,  or  concr et e mat er i al s engi neer  al ong wi t h t hei r  r esume.   
I ncl ude phot ogr aphs and a wr i t t en r epor t  addr essi ng D- cr acks and popout s 
i n accor dance wi t h ACI  201. 1R i n t he ser vi ce r ecor d.  Pr ovi de coar se 
aggr egat e wi t h a dur abi l i t y  f act or  of  80 or  mor e when subj ect ed t o 
f r eezi ng and t hawi ng of  speci mens pr epar ed i n accor dance wi t h 
ASTM C1646/ C1646M and t est ed i n accor dance wi t h ASTM C666/ C666M,  Pr ocedur e 
A,  when a coar se aggr egat e s i ze gr oup or  sour ce pr oposed f or  use does not  
have a sat i sf act or y demonst r abl e ser vi ce r ecor d.   Test  al l  coar se 
aggr egat e s i ze gr oups and sour ces pr oposed f or  use i ndi v i dual l y.

2. 3. 1. 2   Al kal i - Si l i ca React i v i t y

Eval uat e and t est  f i ne and coar se aggr egat es t o be used i n al l  concr et e 
f or  al kal i - aggr egat e r eact i v i t y.   Test  al l  s i ze gr oups and sour ces 
pr oposed f or  use i ndi v i dual l y.

a.   Eval uat e t he aggr egat e s i ze gr oups and sour ces separ at el y usi ng 
ASTM C1260.   Rej ect  i ndi v i dual  aggr egat es wi t h t est  r esul t s t hat  
i ndi cat e an expansi on of  gr eat er  t han 0. 08 per cent  af t er  28 days of  
i mmer si on i n 1N NaOH sol ut i on,  or  per f or m addi t i onal  t est i ng as 
f ol l ows:  ut i l i ze t he pr oposed Por t l and cement ,  bl ended cement ,  and 
SCM,  or  Li t hi um Ni t r at e i n combi nat i on wi t h each i ndi v i dual  
aggr egat e.   I f  onl y SCMs ar e bei ng eval uat ed,  t est  i n accor dance wi t h 
ASTM C1567.   I f  Li t hi um Ni t r at e i s bei ng eval uat ed,  wi t h or  wi t hout  
SCMs,  t est  i n accor dance wi t h COE CRD- C 662.   Det er mi ne t he quant i t y 
t hat  meet s al l  t he r equi r ement s of  t hese speci f i cat i ons and t hat  
l ower s t he expansi on equal  t o or  l ess t han 0. 08 per cent  af t er  28 days 
of  i mmer si on i n a 1N NaOH sol ut i on.   Base t he mi xt ur e pr opor t i oni ng on 
t he hi ghest  per cent age of  SCM r equi r ed t o mi t i gat e ASR- r eact i v i t y.

b.   I f  any of  t he above opt i ons does not  l ower  t he expansi on t o l ess t han 
0. 08 per cent  af t er  28 days of  i mmer si on i n a 1N NaOH sol ut i on,  r ej ect  
t he aggr egat e( s)  and submi t  new aggr egat e sour ces f or  r et est i ng.   
Submi t  t he r esul t s of  t est i ng f or  eval uat i on and accept ance.

2. 3. 1. 3   Combi ned Aggr egat e Gr adat i on

I n addi t i on t o t he gr adi ng r equi r ement s speci f i ed f or  coar se aggr egat e and 
f or  f i ne aggr egat e,  pr ovi de t he combi ned aggr egat e gr adi ng meet i ng t he 
f ol l owi ng r equi r ement s:
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a.   Pr ovi de mat er i al s sel ect ed and t he pr opor t i ons used such t hat  when t he 
Coar seness Fact or  ( CF)  and t he Wor kabi l i t y  Fact or  ( WF)  ar e pl ot t ed on 
a di agr am as descr i bed i n d.  bel ow,  t he poi nt  and i t s associ at ed 
pr oduct i on t ol er ance t hus det er mi ned f al l s wi t hi n t he par al l el ogr am 
descr i bed t her ei n.   Ref er  t o TSPWG M 3- 250- 04. 97- 05 f or  combi ned 
aggr egat e pl ot  l ocat i ons f or  t he i nt ended pl acement  t echni que( s) .

b.   Det er mi ne t he Coar seness Fact or  ( CF)  f r om t he f ol l owi ng equat i on:

CF = ( cumul at i ve per cent  r et ai ned on t he 3/ 8 i nch si eve) ( 100)
      ( cumul at i ve per cent  r et ai ned on t he No.  8 s i eve)

c.   The Wor kabi l i t y  Fact or  ( WF)  i s def i ned as t he per cent  passi ng t he No.  8
 s i eve based on t he combi ned aggr egat e gr adat i on.   Adj ust  t he WF,  
pr or at ed upwar ds onl y,  by 2. 5 per cent age poi nt s f or  each 94 pounds per  
cubi c yar d of  cement i t i ous mat er i al  gr eat er  t han 564 pounds per  cubi c 
yar d.

d.   Pl ot  a di agr am usi ng a r ect angul ar  scal e wi t h WF on t he Y- axi s wi t h 
uni t s f r om 20 ( bot t om)  t o 45 ( t op) ,  and wi t h CF on t he X- axi s wi t h 
uni t s f r om 80 ( l ef t  s i de)  t o 30 ( r i ght  s i de) .   On t hi s di agr am,  pl ot  a 
par al l el ogr am wi t h cor ner s at  t he f ol l owi ng coor di nat es ( CF- 75,  
WF- 28) ,  ( CF- 75,  WF- 40) ,  ( CF- 45,  WF- 32. 5) ,  and ( CF- 45,  WF- 44. 5) .   I f  
t he poi nt  det er mi ned by t he i nt er sect i on of  t he comput ed CF and WF 
does not  f al l  wi t hi n t he above par al l el ogr am,  r evi se t he gr adi ng of  
each si ze of  aggr egat e used and t he pr opor t i ons sel ect ed as necessar y.

e.   Pl ot  t he associ at ed pr oduct i on t ol er ance l i mi t s,  i dent i f i ed i n Tabl e 
16,  ar ound t he CF and adj ust ed WF poi nt .

2. 3. 2   Coar se Aggr egat e

2. 3. 2. 1   Coar se Aggr egat e Composi t i on 

Pr ovi de coar se aggr egat e consi st i ng of  cr ushed or  uncr ushed gr avel ,  
cr ushed st one,  or  a combi nat i on t her eof .   Pr ovi de aggr egat es,  as del i ver ed 
t o t he mi xer s,  consi st i ng of  c l ean,  har d,  uncoat ed par t i c l es meet i ng t he 
r equi r ement s of  ASTM C33/ C33M except  as speci f i ed her ei n.   Pr ovi de coar se 
aggr egat e wi t h no mor e t han 40 per cent  l oss when subj ect ed t o t he Los 
Angel es abr asi on t est  i n accor dance wi t h ASTM C131/ C131M.   Pr ovi de coar se 
aggr egat es wi t h a maxi mum sodi um sul f at e soundness l oss of  12 per cent ,  or  
wi t h a magnesi um sul f at e soundness l oss of  18 per cent  af t er  f i ve cycl es 
when t est ed i n accor dance wi t h ASTM C88.

2. 3. 2. 2   Par t i c l e Shape Char act er i st i cs

Pr ovi de par t i c l es of  t he coar se aggr egat e t hat  ar e gener al l y spher i cal  or  
cubi cal  i n shape.   The quant i t y of  f l at  par t i c l es and el ongat ed par t i c l es 
i n any si ze gr oup coar ser  t han t he 3/ 8 i nch si eve ar e not  al l owed t o 
exceed 20 per cent  by wei ght  as det er mi ned by t he Fl at  Par t i c l e Test  and 
t he El ongat ed Par t i c l e Test  of  ASTM D4791,  Met hod A.   A f l at  par t i c l e i s 
def i ned as one havi ng a r at i o of  wi dt h t o t hi ckness gr eat er  t han 3;  an 
el ongat ed par t i c l e i s one havi ng a r at i o of  l engt h t o wi dt h gr eat er  t han 3.

2. 3. 2. 3   Si ze and Gr adi ng

Pr ovi de coar se aggr egat e wi t h a nomi nal  maxi mum si ze ( as def i ned i n 
ASTM C125)  of  1. 5 i nches wi t h a mi ni mum of  10 per cent  r et ai ned on t he 1. 0 
i nch si eve of  t he pr oposed combi ned aggr egat e gr adat i on t hat  meet s t he 
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cr i t er i a of  par agr aph COMBI NED AGGREGATE GRADATI ON.   Gr ade and pr ovi de t he 
coar se aggr egat es i n a mi ni mum of  t wo si ze gr oups meet i ng t he i ndi v i dual  
gr adi ng r equi r ement s of  ASTM C33/ C33M,  Si ze No.  4 ( 1. 5 i nches t o 0. 75 i nch
)  and Si ze No.  67 ( 0. 75 i nch t o No.  4) .   A t hi r d coar se aggr egat e s i ze 
gr oup may be r equi r ed t o meet  t he cr i t er i a of  par agr aph Combi ned Aggr egat e 
Gr adat i on.

Mi x desi gns t hat  i ncl ude a mi ni mum of  t hr ee coar se aggr egat e s i ze gr oups 
can use gr adi ng l i mi t s not  def i ned by ASTM C33/ C33M pr ovi ded al l  ot her  
r equi r ement s ar e met .  Pr ovi de upper  and l ower  gr adi ng l i mi t s of  hi st or i c 
gr adat i ons and f or  al l  pr oposed coar se aggr egat es not  def i ned by 
ASTM C33/ C33M but  i nt ended f or  use i n t he mi x desi gn.

2. 3. 2. 4   Del et er i ous Mat er i al s -  Ai r f i el d Pavement s

The amount  of  del et er i ous mat er i al  i n each i ndi v i dual  s i ze gr oup and 
sour ce of  coar se aggr egat e i s not  al l owed t o exceed t he l i mi t s shown i n 
Tabl e 8A bel ow,  det er mi ned i n accor dance wi t h t he t est  met hods shown.

TABLE 8A

LI MI TS OF DELETERI OUS MATERI ALS I N COARSE AGGREGATE FOR AI RFI ELD PAVEMENTS

Per cent age by Mass

Mat er i al s ( h) Sever e
Weat her

Moder at e
Weat her

Cl ay l umps and f r i abl e par t i c l es 
( ASTM C142/ C142M)

0. 2 0. 2

Shal e ( a)  ( ASTM C295/ C295M) 0. 1 0. 2

Mat er i al  f i ner  t han No.  200 si eve ( b)  
( ASTM C117)

0. 5 0. 5

Li ght wei ght  par t i c l es ( c)  
( ASTM C123/ C123M)

0. 2 0. 2

Cl ay i r onst one ( d)  ( ASTM C295/ C295M) 0. 1 0. 5

Cher t ,  cher t y st one,  and ot her  aggr egat es ( l ess t han 
2. 40 Sp.  Gr . )  ( e)  
( ASTM C123/ C123M and ASTM C295/ C295M)

0. 1 0. 5

Cl ayst one,  mudst one,  and si l t st one ( f )  
( ASTM C295/ C295M)

0. 1 0. 1

Shal y and ar gi l l aceous l i mest one ( g)  
( ASTM C295/ C295M)

0. 2 0. 2

Ot her  sof t  par t i c l es ( COE CRD- C 130) 1. 0 1. 0

Tot al  of  al l  del et er i ous subst ances excl usi ve of  
mat er i al  f i ner  t han  No.  200 si eve

1. 0 2. 0
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TABLE 8A

LI MI TS OF DELETERI OUS MATERI ALS I N COARSE AGGREGATE FOR AI RFI ELD PAVEMENTS

Per cent age by Mass

Mat er i al s ( h) Sever e
Weat her

Moder at e
Weat her

( a)   Shal e i s def i ned as a f i ne- gr ai ned,  t hi nl y l ami nat ed or  f i ssi l e sedi ment ar y 
r ock.   I t  i s commonl y composed of  c l ay or  s i l t  or  bot h.   I t  has been i ndur at ed by 
compact i on or  by cement at i on,  but  not  so much as t o have become sl at e.

( b)   Li mi t  f or  mat er i al  f i ner  t han No.  200 si eve i s al l owed t o be i ncr eased t o 
1. 5 per cent  f or  cr ushed aggr egat es i f  t he f i ne mat er i al  consi st s of  cr usher  dust  
t hat  i s essent i al l y f r ee f r om cl ay or  shal e.   Use XRD or  ot her  appr opr i at e 
t echni ques as det er mi ned by pet r ogr apher  t o quant i f y amount  and j ust i f y i ncr ease.

( c)   Test  wi t h a separ at i on medi um wi t h a densi t y of  Sp.  Gr .  of  2. 0.   Thi s l i mi t  
does not  appl y t o coar se aggr egat e manuf act ur ed f r om bl ast - f ur nace sl ag unl ess 
cont ami nat i on i s evi dent .

( d)   Cl ay i r onst one i s def i ned as an i mpur e var i et y of  i r on car bonat e,  i r on oxi de,  
hydr ous i r on oxi de,  or  combi nat i ons t her eof ,  commonl y mi xed wi t h cl ay,  s i l t ,  or  
sand.   I t  commonl y occur s as dul l ,  ear t hy par t i c l es,  homogeneous concr et i onar y 
masses,  or  har d- shel l  par t i c l es wi t h sof t  i nt er i or s.   Ot her  names commonl y used 
f or  c l ay i r onst one ar e " chocol at e bar s"  and l i moni t e concr et i ons.

( e)   Cher t  i s def i ned as a r ock composed of  quar t z,  chal cedony or  opal ,  or  any 
mi xt ur e of  t hese f or ms of  s i l i ca.   I t  i s var i abl e i n col or .   The t ext ur e i s so 
f i ne t hat  t he i ndi vi dual  mi ner al  gr ai ns ar e t oo smal l  t o be di st i ngui shed by t he 
unai ded eye.   I t s har dness i s such t hat  i t  scr at ches gl ass but  i s not  scr at ched 
by a kni f e bl ade.   I t  may cont ai n i mpur i t i es such as c l ay,  car bonat es,  i r on 
oxi des,  and ot her  mi ner al s.   Cher t y st one i s def i ned as any t ype of  r ock 
( gener al l y l i mest one)  t hat  cont ai ns cher t  as l enses and nodul es,  or  i r r egul ar  
masses par t i al l y or  compl et el y r epl aci ng t he or i gi nal  st one.   Ot her  aggr egat es 
consi st  of  obsi di an,  ash t uf f ,  and pal ygor ski t e.

( f )   Cl ayst one,  mudst one,  or  s i l t st one,  i s def i ned as a massi ve f i ne- gr ai ned 
sedi ment ar y r ock t hat  consi st s pr edomi nant l y of  i ndur at ed cl ay or  s i l t  wi t hout  
l ami nat i ons or  f i ssi l i t y.   I t  may be i ndur at ed ei t her  by compact i on or  by 
cement at i on.

( g)   Shal y l i mest one i s def i ned as l i mest one i n whi ch shal e occur s as one or  mor e 
t hi n beds or  l ami nae.   These l ami nae may be r egul ar  or  ver y i r r egul ar  and may be 
spaced f r om a f ew i nches down t o mi nut e f r act i ons of  an i nch.   Ar gi l l aceous 
l i mest one i s def i ned as a l i mest one i n whi ch cl ay mi ner al s occur  di ssemi nat ed i n 
t he st one i n t he amount  of  10 t o 50 per cent  by wei ght  of  t he r ock;  when t hese 
make up f r om 50 t o 90 per cent ,  t he r ock i s known as cal car eous ( or  dol omi t i c)  
shal e ( or  c l ayst one,  mudst one,  or  s i l t st one) .
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TABLE 8A

LI MI TS OF DELETERI OUS MATERI ALS I N COARSE AGGREGATE FOR AI RFI ELD PAVEMENTS

Per cent age by Mass

Mat er i al s ( h) Sever e
Weat her

Moder at e
Weat her

( h)   Per f or m t est i ng i n accor dance wi t h t he r ef er enced t est  met hods,  except  use 
t he mi ni mum sampl e si ze speci f i ed bel ow.

2. 3. 2. 5   Test i ng Sequence f or  Del et er i ous Mat er i al s i n Coar se Aggr egat e -  
Ai r f i el ds Onl y

No ext ensi on of  t i me or  addi t i onal  payment  due t o any del ays caused by t he 
t est i ng,  eval uat i on,  or  per sonnel  r equi r ement s i s al l owed.   The mi ni mum 
t est  sampl e s i ze of  t he coar se aggr egat e i s 200 pounds f or  t he 3/ 4 i nch 
and l ar ger  maxi mum si ze and 25 pounds f or  t he No.  4 t o 3/ 4 i nch coar se 
aggr egat e.   Pr ovi de f aci l i t i es f or  t he r eady pr ocur ement  of  r epr esent at i ve 
t est  sampl es.   The t est i ng pr ocedur e on each sampl e of  coar se aggr egat e 
f or  compl i ance wi t h l i mi t s on del et er i ous mat er i al s i s as f ol l ows:

St ep 1:   Wash each f ul l  sampl e of  coar se aggr egat e f or  mat er i al  f i ner  
t han t he No.  200 si eve.   Di scar d mat er i al  f i ner  t han t he No.  200 si eve.

St ep 2:   Test  r emai ni ng f ul l  sampl e f or  c l ay l umps and f r i abl e 
par t i c l es and r emove.

St ep 3.   Test  r emai ni ng f ul l  sampl e f or  cher t  and cher t y st one wi t h 
SSD densi t y of  l ess t han 2. 40 speci f i c  gr avi t y.   Remove l i ght wei ght  
cher t  and cher t y st one.   Ret ai n ot her  mat er i al s l ess t han 2. 40 
speci f i c  gr avi t y f or  St ep 4.

St ep 4:   Test  t he mat er i al s l ess t han 2. 40 speci f i c  gr avi t y f r om St ep 
3 f or  l i ght wei ght  par t i c l es ( Sp.  GR.  2. 0)  and r emove.   Rest or e ot her  
mat er i al s l ess t han 2. 40 speci f i c  gr avi t y t o t he sampl e.

St ep 5:   Test  r emai ni ng sampl e f or  c l ay- i r onst one,  shal e,  c l ayst one,  
mudst one,  s i l t s t one,  shal y and ar gi l l aceous l i mest one,  and r emove.

St ep 6:   Test  a mi ni mum of  one- f i f t h of  r emai ni ng f ul l  sampl e f or  
ot her  sof t  par t i c l es.

2. 3. 2. 6   Del et er i ous Mat er i al  -  Heavy Dut y Pavement s

The amount  of  del et er i ous mat er i al  i n each si ze gr oup of  coar se aggr egat e 
i s not  t o exceed t he l i mi t s i n Tabl e 8B when t est ed as i ndi cat ed.
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TABLE 8B

LI MI TS OF DELETERI OUS MATERI ALS I N COARSE AGGREGATE
 FOR HEAVY DUTY PAVEMENTS

Per cent age by Mass

Cl ay l umps and f r i abl e par t i c l es ( ASTM C142/ C142M) 2. 0

Mat er i al  f i ner  t han No.  200 si eve ( ASTM C117) 1. 0

Li ght wei ght  par t i c l es ( ASTM C123/ C123M) 1. 0

Ot her  sof t  par t i c l es ( COE CRD- C 130) 2. 0

Tot al  of  al l  del et er i ous subst ances,  excl usi ve of  
mat er i al  f i ner  t han  No.  200 si eve

5. 0

The l i mi t  f or  mat er i al  f i ner  t han t he No.  200 si eve i s al l owed t o be 
i ncr eased t o 1. 5 per cent  f or  cr ushed aggr egat es consi st i ng of  cr usher  dust  
t hat  i s  essent i al l y  f r ee f r om cl ay or  shal e.   Use a separ at i on medi um f or  
l i ght wei ght  par t i c l es wi t h a densi t y of  2. 0 speci f i c  gr avi t y.   Thi s l i mi t  
does not  appl y t o coar se aggr egat e manuf act ur ed f r om bl ast - f ur nace sl ag 
unl ess cont ami nat i on i s evi dent .

2. 3. 3   Fi ne Aggr egat e

2. 3. 3. 1   Fi ne Aggr egat e Composi t i on

Pr ovi de f i ne aggr egat e consi st i ng of  nat ur al  sand,  manuf act ur ed sand,  or  a 
combi nat i on of  t he t wo,  each composed of  c l ean,  har d,  dur abl e par t i c l es 
meet i ng t he r equi r ement s of  ASTM C33/ C33M.   St ockpi l e and bat ch each t ype 
of  f i ne aggr egat e separ at el y.   Pr ovi de f i ne aggr egat e wi t h par t i c l es t hat  
ar e gener al l y spher i cal  or  cubi cal  i n shape.  For  f i ne aggr egat e pr ovi ded 
as a combi nat i on of  sour ces,  t est  each sour ce i ndi v i dual l y.

2. 3. 3. 2   Gr adi ng

Pr ovi de f i ne aggr egat e,  as del i ver ed t o t he mi xer ,  wi t h a gr adi ng t hat  
conf or ms t o t he r equi r ement s of  ASTM C33/ C33M and havi ng a f i neness 
modul us of  not  l ess t han 2. 50 nor  mor e t han 3. 40.  For  f i ne aggr egat e 
suppl i ed as a combi nat i on of  sour ces,  det er mi ne t he f i neness modul us on a 
composi t e sampl e.  

2. 3. 3. 3   Del et er i ous Mat er i al

The mi ni mum t est  sampl e s i ze f or  f i ne aggr egat e pr oposed f or  use i n 
ai r f i el d pavi ng i s 10 pounds.  The amount  of  del et er i ous mat er i al  i n t he 
f i ne aggr egat e i s not  t o exceed t he l i mi t s l i s t ed i n Tabl e 8 when 
per f or med on t he f ul l  sampl e:
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TABLE 8

LI MI TS OF DELETERI OUS MATERI ALS I N FI NE AGGREGATE

Mat er i al Per cent age by Mass

Cl ay l umps and f r i abl e par t i c l es ASTM C142/ C142M 1. 0

Mat er i al  f i ner  t han No.  200 si eve ASTM C117 3. 0

Li ght wei ght  par t i c l es ASTM C123/ C123M usi ng a medi um wi t h a 
densi t y of  Sp.  Gr .  of  2. 0

0. 5

Tot al  of  al l  above 3. 0

2. 3. 3. 4   Test i ng Sequence f or  Del et er i ous Mat er i al s i n Fi ne Aggr egat e -  
Ai r f i el ds Onl y

The t est i ng pr ocedur e on each sampl e of  f i ne aggr egat e f or  compl i ance wi t h 
l i mi t s on del et er i ous mat er i al s i s as f ol l ows:

St ep 1:   Wash each f ul l  sampl e of  f i ne aggr egat e f or  mat er i al  f i ner  
t han t he No.  200 si eve.   Di scar d mat er i al  f i ner  t han t he No.  200 si eve.

St ep 2:   Test  r emai ni ng f ul l  sampl e f or  c l ay l umps and f r i abl e 
par t i c l es and r emove.

St ep 3.   Test  r emai ni ng f ul l  sampl e f or  l i ght wei ght  par t i c l es ( Sp.  GR.  
2. 0) .

2. 4   CHEMI CAL ADMI XTURES

2. 4. 1   Gener al  Requi r ement s

Onl y use chemi cal  admi xt ur es when t he speci f i c  admi xt ur e t ype and 
manuf act ur er  i s t he same mat er i al  used i n t he mi xt ur e pr opor t i oni ng 
st udi es.   Pr ovi de al l  chemi cal  admi xt ur es f r om t he same manuf act ur er .  
Pr ovi de ai r - ent r ai ni ng admi xt ur e conf or mi ng t o ASTM C260/ C260M.   Use an 
accel er at i ng admi xt ur e conf or mi ng t o ASTM C494/ C494M,  Type C or  Type E,  
when speci f i ed i n par agr aph MI XTURE PROPORTI ONS bel ow pr ovi ded i t  i s  not  
used t o r educe t he amount  of  cement i t i ous mat er i al .   Cal c i um chl or i de and 
admi xt ur es cont ai ni ng cal c i um chl or i de ar e not  al l owed.   Pr ovi de r et ar di ng 
or  wat er - r educi ng admi xt ur e t hat  meet  t he r equi r ement s of  ASTM C494/ C494M,  
Type A,   B,  or  D,  except  t hat  t he 6- mont h and 1- year  compr essi ve st r engt h 
t est s ar e wai ved.   ASTM C494/ C494M,  Type F and G hi gh r ange wat er  r educi ng 
admi xt ur es and Type S speci f i c  per f or mance admi xt ur es ar e not  al l owed.   
ASTM C1017/ C1017M f l owabl e admi xt ur es ar e not  al l owed.

2. 5   MEMBRANE FORMI NG CURI NG COMPOUND

Pr ovi de membr ane f or mi ng cur i ng compound t hat  conf or ms t o COE CRD- C 300 
and i s whi t e pi gment ed.

2. 6   WATER

Pr ovi de wat er  f or  mi xi ng and cur i ng t hat  i s f r esh,  c l ean,  pot abl e,  and 
f r ee of  i nj ur i ous amount s of  oi l ,  aci d,  sal t ,  or  al kal i ,  except  t hat  
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non- pot abl e wat er ,  or  wat er  f r om concr et e pr oduct i on oper at i ons,  can be 
used i f  i t  meet s t he r equi r ement s of  ASTM C1602/ C1602M.

2. 7   JOI NT MATERI ALS

2. 7. 1   Expansi on Joi nt  Mat er i al

Pr ovi de pr ef or med expansi on j oi nt  f i l l er  mat er i al  conf or mi ng t o ASTM D1751 
 or  ASTM D1752 Type I I  or  I I I  t hat  i s  compat i bl e wi t h t he seal ant  ut i l i zed.
  Pr ovi de expansi on j oi nt  f i l l er  t hat  i s  3/ 4 i nch t hi ck,  unl ess ot her wi se 
i ndi cat ed,  and pr ovi ded i n a s i ngl e f ul l  dept h pi ece.

2. 7. 2   Sl i p Joi nt  Mat er i al

Pr ovi de sl i p j oi nt  mat er i al  t hat  i s  1/ 4 i nch t hi ck expansi on j oi nt  f i l l er ,  
unl ess ot her wi se i ndi cat ed,  conf or mi ng t o par agr aph EXPANSI ON JOI NT 
MATERI AL.

2. 8   REI NFORCI NG

Pr ovi de r ei nf or cement  t hat  i s  f r ee f r om l oose,  f l aky r ust ,  l oose scal e,  
oi l ,  gr ease,  mud,  or  ot her  coat i ngs t hat  mi ght  r educe t he bond wi t h 
concr et e.   Removal  of  t hi n powder y r ust  and t i ght  r ust  i s  not  r equi r ed.   
However ,  r ei nf or ci ng st eel  whi ch i s r ust ed t o t he ext ent  t hat  i t  does not  
conf or m t o t he r equi r ed di mensi ons or  mechani cal  pr oper t i es i s not  al l owed 
t o be used.

2. 8. 1   Wel ded Wi r e Rei nf or cement

Pr ovi de wel ded wi r e r ei nf or cement  t hat  i s  def or med or  smoot h,  conf or mi ng 
t o ASTM A1064/ A1064M,  and pr ovi ded i n f l at  sheet s.

2. 9   DOWELS

2. 9. 1   Dowel s

Pr ovi de dowel s i n s i ngl e pi ece bar s f abr i cat ed or  cut  t o l engt h at  t he 
shop or  mi l l  bef or e del i ver y t o t he s i t e.   Dowel s ar e t o be f r ee of  l oose,  
f l aky r ust  and l oose scal e and be cl ean and st r ai ght .   Dowel s may be 
shear ed t o l engt h pr ovi ded t hat  t he def or mat i on f r om t r ue shape caused by 
shear i ng does not  exceed 0. 04 i nch on t he di amet er  of  t he dowel  and does 
not  ext end mor e t han 0. 04 i nch f r om t he end of  t he dowel .   Dowel s ar e 
r equi r ed t o be smoot h st eel  bar s conf or mi ng t o ASTM A615/ A615M,  Gr ade 40 
or  60;  ASTM A996/ A996M,  Gr ade 50 or  60.  Epoxy coat  dowel s i n conf or mance 
wi t h Type 1 coat i ng r equi r ement s of  ASTM A1078/ A1078M,  t o i ncl ude t he 
ends.   Pr ovi de gr out  r et ent i on r i ngs t hat  ar e f ul l y  c i r cul ar  met al  or  
pl ast i c devi ces capabl e of  suppor t i ng t he dowel  unt i l  t he epoxy har dens.   
Dowel  s l eeves or  i nser t s ar e not  per mi t t ed.

2. 9. 2   Dowel  Bar  Assembl i es

Pr ovi de dowel  bar  assembl i es t hat  consi st  of  a f r amewor k of  met al  bar s or  
wi r es ar r anged t o pr ovi de r i gi d suppor t  f or  t he dowel s t hr oughout  t he 
pavi ng oper at i on,  wi t h a mi ni mum of  f our  cont i nuous bar s or  wi r es 
ext endi ng al ong t he j oi nt  l i ne.   Pr ovi de dowel s t hat  ar e wel ded t o t he 
assembl y or  hel d f i r ml y by mechani cal  l ocki ng ar r angement s t hat  pr event  
t hem f r om r i s i ng,  s l i di ng out ,  or  becomi ng di st or t ed dur i ng pavi ng 
oper at i ons.
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2. 10   EPOXY RESI N

Pr ovi de epoxy- r esi n mat er i al s t hat  consi st  of  t wo- component  mat er i al s 
conf or mi ng t o t he r equi r ement s of  ASTM C881/ C881M,  Cl ass as appr opr i at e 
f or  each appl i cat i on t emper at ur e t o be encount er ed,  except  t hat  i n 
addi t i on,  t he mat er i al s meet  t he f ol l owi ng r equi r ement s:

a.   Type I V,  Gr ade 3 f or  use f or  embeddi ng dowel s and anchor  bol t s.

b.   Type I I I ,  Gr ade as r equi r ed f or  use as pat chi ng mat er i al s f or  compl et e 
f i l l i ng of  spal l s,  saw- cut  r unout s,  and ot her  voi ds and f or  use i n 
pr epar i ng epoxy r esi n mor t ar .

c.   Type I V,  Gr ade 1 f or  use f or  i nj ect i ng cr acks.

d.   Type V,  Gr ade as r equi r ed f or  bondi ng f r eshl y mi xed Por t l and cement  
concr et e or  mor t ar  or  f r eshl y mi xed epoxy r esi n concr et e or  mor t ar  t o 
har dened concr et e.

2. 11   EQUI PMENT

Mai nt ai n al l  pl ant ,  equi pment ,  t ool s,  and machi nes used i n t he wor k i n 
sat i sf act or y wor ki ng condi t i ons at  al l  t i mes.   Submi t  t he f ol l owi ng:

a.   Det ai l s and dat a on t he bat chi ng and mi xi ng pl ant  pr i or  t o pl ant  
assembl y i ncl udi ng manuf act ur er ' s l i t er at ur e showi ng t hat  t he 
equi pment  meet s al l  r equi r ement s speci f i ed her ei n.

b.   Obt ai n Nat i onal  Ready Mi xed Concr et e Associ at i on ( NRMCA)  cer t i f i cat i on 
of  t he concr et e pl ant ,  at  no expense t o t he Gover nment .   Pr ovi de 
i nspect i on r epor t  of  t he concr et e pl ant  by an engi neer  appr oved by t he 
NRMCA.  The NRMCA cer t i f i ed engi neer  cannot  be empl oyed by t he pr i mar y 
cont r act or  or  a subcont r act or .  A l i s t  of  NRMCA appr oved engi neer s i s 
avai l abl e on t he NRMCA websi t e at  ht t p: / / www. nr mca. or g.   Submi t  a copy 
of  t he NRMCA QC Manual  Sect i on 3 Concr et e Pl ant  Cer t i f i cat i on 
Checkl i st ,  NRMCA Cer t i f i cat e of  Conf or mance,  and Cal i br at i on 
document at i on on al l  measur i ng and wei ghi ng devi ces pr i or  t o 
uni f or mi t y t est i ng.

c.   A descr i pt i on of  t he equi pment  pr oposed f or  t r anspor t i ng concr et e 
mi xt ur e f r om t he cent r al  mi xi ng pl ant  t o t he pavi ng equi pment .

d.   A descr i pt i on of  t he equi pment  pr oposed f or  t he machi ne and hand 
pl aci ng,  consol i dat i ng and cur i ng of  t he concr et e mi xt ur e.   
Manuf act ur er ' s l i t er at ur e on t he paver  and f i ni sher ,  t oget her  wi t h t he 
manuf act ur er ' s wr i t t en i nst r uct i ons on adj ust ment s and oper at i ng 
pr ocedur es necessar y t o assur e a t i ght ,  smoot h sur f ace on t he concr et e 
pavement .   The l i t er at ur e i s r equi r ed t o show t hat  t he equi pment  meet s 
al l  det ai l s of  t hese speci f i cat i ons.   I ncl ude det ai l ed i nf or mat i on on 
aut omat i c l aser  cont r ol l ed syst ems i f  pr oposed f or  use.

2. 11. 1   Bat chi ng and Mi xi ng Pl ant

2. 11. 1. 1   Locat i on

Locat e t he bat chi ng and mi xi ng pl ant  of f  Gover nment  pr emi ses no mor e t han 
30 mi nut es haul  and gat e secur i t y check t i me f r om t he pl aci ng si t e.   
Pr ovi de oper abl e t el ephoni c or  r adi o communi cat i on bet ween t he pl ant  and 
t he pl aci ng si t e at  al l  t i mes concr et i ng i s t aki ng pl ace.
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2. 11. 1. 2   Type and Capaci t y

Pr ovi de a bat chi ng and mi xi ng pl ant  consi st i ng of  a st at i onar y- t ype 
cent r al  mi x pl ant ,  i ncl udi ng per manent  i nst al l at i ons and por t abl e or  
r el ocat abl e pl ant s i nst al l ed on st abl e f oundat i ons.   Pr ovi de a pl ant  
desi gned and oper at ed t o pr oduce concr et e wi t hi n t he speci f i ed t ol er ances,  
wi t h a mi ni mum capaci t y of  250 cubi c yar ds per  hour ,  t hat  conf or ms t o t he 
r equi r ement s of  NRMCA QC 3 i ncl udi ng pr ovi s i ons addr essi ng:

1.   Mat er i al  St or age and Handl i ng
2.   Bat chi ng Equi pment
3.   Cent r al  Mi xer
4.   Ti cket i ng Syst em
5.   Del i ver y Syst em

2. 11. 1. 3   Tol er ances

TABLE 9

BATCH PLANT MI XI NG TOLERANCES

Mat er i al s Per cent age of  Requi r ed Mass

Cement i t i ous Mat er i al s pl us or  mi nus 1

Aggr egat e pl us or  mi nus 2

Wat er pl us or  mi nus 1

Admi xt ur e pl us or  mi nus 3

For  vol umet r i c bat chi ng equi pment  f or  wat er  and admi xt ur es,  t he above 
numer i c t ol er ances appl y t o t he r equi r ed vol ume of  mat er i al  bei ng 
bat ched.   Di l ut e concent r at ed admi xt ur es uni f or ml y,  i f  necessar y,  t o 
pr ovi de suf f i c i ent  vol ume per  bat ch so t hat  t he bat cher s oper at e 
consi st ent l y wi t hi n t he above t ol er ance.

2. 11. 1. 4   Moi st ur e Cont r ol

Pr ovi de a pl ant  capabl e of  r eady adj ust ment  t o compensat e f or  t he var yi ng 
moi st ur e cont ent s of  t he aggr egat es and t o change t he quant i t i es of  t he 
mat er i al s bei ng bat ched.   Pr ovi de an el ect r i c moi st ur e met er  compl yi ng 
wi t h t he pr ovi s i ons of  COE CRD- C 143 f or  measur i ng of  moi st ur e i n t he f i ne 
aggr egat e.   Pr ovi de a sensi ng el ement  ar r anged so t hat  measur ement  i s made 
near  t he bat cher  char gi ng gat e of  t he f i ne aggr egat e bi n or  i n t he f i ne 
aggr egat e bat cher .

2. 11. 2   Concr et e Mi xer s

Pr ovi de st at i onar y or  t r uck mi xer s t hat  ar e capabl e of  combi ni ng t he 
mat er i al s i nt o a uni f or m mi xt ur e and of  di schar gi ng t hi s mi xt ur e wi t hout  
segr egat i on.   Do not  char ge t he mi xer s i n excess of  t he capaci t y 
r ecommended by t he manuf act ur er .   Oper at e t he mi xer s at  t he dr um or  mi xi ng 
bl ade speed desi gnat ed by t he manuf act ur er .   Mai nt ai n t he mi xer s i n 
sat i sf act or y oper at i ng condi t i on,  wi t h t he mi xer  dr ums kept  f r ee of  
har dened concr et e.   Repl ace mi xer  bl ades or  paddl es when wor n down mor e 
t han 10 per cent  of  t hei r  dept h when compar ed wi t h t he manuf act ur er ' s 
di mensi on f or  new bl ades or  paddl es.
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2. 11. 2. 1   St at i onar y Mi xer s

St at i onar y mi xer s ar e r equi r ed t o be dr um or  pan mi xer s.   Pr ovi de mi xer s 
wi t h an accept abl e devi ce t o l ock t he di schar ge mechani sm unt i l  t he 
r equi r ed mi xi ng t i me has el apsed.  Per f or m mi xer  per f or mance ( uni f or mi t y)  
t est i ng i n accor dance wi t h COE CRD- C 55 and wi t h par agr aph TESTI NG AND 
I NSPECTI ON FOR CONTRACTOR QUALI TY CONTROL DURI NG CONSTRUCTI ON i n PART 3.

2. 11. 2. 1. 1   Mi xi ng Ti me and Uni f or mi t y f or  St at i onar y Mi xer s

Use t he pr oj ect ' s appr oved mi xt ur e pr opor t i ons f or  uni f or mi t y t est i ng.   
For  st at i onar y mi xer s,  bef or e uni f or mi t y dat a ar e avai l abl e,  t he mi ni mum 
mi xi ng t i me f or  each bat ch af t er  al l  sol i d mat er i al s ar e i n t he mi xer ,  
pr ovi ded t hat  al l  of  t he mi xi ng wat er  i s i nt r oduced bef or e one- f our t h of  
t he mi xi ng t i me has el apsed,  i s 1 mi nut e f or  mi xer s havi ng a capaci t y of  1 
cubi c yar d.   For  mi xer s of  gr eat er  capaci t y,  i ncr ease t hi s mi ni mum t i me by 
20 seconds f or  each addi t i onal  1. 33 cubi c yar d or  f r act i on t her eof .  
Pr ovi de uni f or mi t y t est  r esul t s meet i ng t he pr oper t i es r equi r ed by t hi s 
speci f i cat i on i n addi t i on t o meet i ng t he r equi r ement s of  Tabl e 10.  Af t er  
r esul t s of  uni f or mi t y t est s ar e avai l abl e,  t he mi xi ng t i me may be r educed 
t o t he mi ni mum t i me r equi r ed t o meet  uni f or mi t y r equi r ement s;  but  i f  
uni f or mi t y r equi r ement s ar e not  bei ng met ,  i ncr ease t he mi xi ng t i me as 
di r ect ed.   Per f or m mi xer  uni f or mi t y t est s at  new mi xi ng t i mes i mmedi at el y 
af t er  any change i n mi xi ng t i me or  vol ume.   Any changes t o t he mi x 
const i t uent s or  sequence of  char gi ng t he mi xer  af t er  a bat ch r equi r es an 
addi t i onal  t hr ee consecut i ve passi ng bat ches.   For  r egul ar  t est i ng per f or m 
al l  s i x t est s on t hr ee consecut i ve bat ches of  concr et e.   The r ange f or  
r egul ar  t est i ng i s t he aver age of  t he r anges of  t he t hr ee consecut i ve 
bat ches.   Conduct  t he Regul ar  Test  sequence f or  i ni t i al  det er mi nat i on of  
t he mi xi ng t i me or  as di r ect ed.   When r egul ar  t est i ng i s per f or med,  t he 
concr et e i s r equi r ed t o meet  t he l i mi t s of  any f i ve of  t he s i x uni f or mi t y 
r equi r ement s l i s t ed i n Tabl e 10 bel ow.

2. 11. 2. 1. 2   Abbr evi at ed Uni f or mi t y Test

Use t he pr oj ect ' s appr oved mi xt ur e pr opor t i ons f or  uni f or mi t y t est i ng.   
Conduct  t he Abbr evi at ed Test  sequence f or  pr oduct i on concr et e ver i f i cat i on 
at  t he f r equency speci f i ed i n Tabl e 16.  Pr ovi de uni f or mi t y t est  r esul t s 
meet i ng t he f r esh and har dened concr et e pr oper t i es r equi r ed by t hi s 
speci f i cat i on i n addi t i on t o meet i ng t he r equi r ement s of  Tabl e 10.  When 
abbr evi at ed t est i ng i s per f or med,  t he concr et e i s r equi r ed t o meet  onl y 
t hose r equi r ement s l i s t ed f or  abbr evi at ed t est i ng.    Abbr evi at ed t est i ng 
i s per f or med on a s i ngl e bat ch of  concr et e.   The r ange f or  abbr evi at ed 
t est i ng i s t he r ange f or  one bat ch.   I f  mor e t han one mi xer  i s used and 
al l  ar e i dent i cal  i n t er ms of  make,  t ype,  capaci t y,  condi t i on,  speed of  
r ot at i on,  t he r esul t s of  t est s on one of  t he mi xer s appl y t o t he ot her s,  
subj ect  t o Gover nment  appr oval .   
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TABLE 10

UNI FORMI TY REQUI REMENTS- - STATI ONARY MI XERS

Par amet er Regul ar  Test s Al l owabl e 
Maxi mum Range f or  3 
Consecut i ve Bat ches

Abbr evi at ed Test s Al l owabl e 
Maxi mum Range f or  1 Bat ch

Uni t  wei ght  of  ai r - f r ee 
mor t ar

2. 0 pounds per  cubi c f oot 2. 0 pounds per  cubi c f oot

Ai r  cont ent 1. 0 per cent Not  Appl i cabl e

Sl ump 1. 0 i nch 1. 0 i nch

Coar se aggr egat e 6. 0 per cent 6. 0 per cent

Compr essi ve st r engt h at  7 
days

10. 0 per cent 10. 0 per cent

Wat er  cont ent 1. 5 per cent Not  Appl i cabl e

2. 11. 2. 2   Tr uck Mi xer s

Tr uck mi xer s ar e not  al l owed f or  mi xi ng or  t r anspor t i ng s l i pf or med pavi ng 
concr et e.   Pr ovi de onl y t r uck mi xer s desi gned f or  mi xi ng or  t r anspor t i ng 
pavi ng concr et e wi t h ext r a l ar ge bl adi ng and r ear  openi ng speci f i cal l y f or  
l ow- sl ump pavi ng concr et e.   Pr ovi de t r uck mi xer s,  t he mi xi ng of  concr et e 
t her ei n,  and concr et e uni f or mi t y and t est i ng t her eof  t hat  conf or m t o t he 
r equi r ement s of  ASTM C94/ C94M.   Any changes t o t he mi x const i t uent s or  
sequence of  char gi ng t he t r uck mi xer  r equi r es an addi t i onal  t hr ee 
consecut i ve passi ng bat ches.   Det er mi ne t he number  of  r evol ut i ons bet ween 
70 t o 100 f or  t r uck- mi xed concr et e and t he number  of  r evol ut i ons f or  
shr i nk- mi xed concr et e by uni f or mi t y t est s as speci f i ed i n ASTM C94/ C94M 
and i n r equi r ement s f or  mi xer  per f or mance st at ed i n par agr aph TESTI NG AND 
I NSPECTI ON FOR CONTRACTOR QUALI TY CONTROL DURI NG CONSTRUCTI ON i n PART 3.   
I f  r equi r ement s f or  t he uni f or mi t y of  concr et e ar e not  met  wi t h 100 
r evol ut i ons of  mi xi ng af t er  al l  i ngr edi ent s i ncl udi ng wat er  ar e i n t he 
t r uck mi xer  dr um,  di scont i nue use of  t he mi xer  unt i l  t he condi t i on i s 
cor r ect ed.   Wat er  i s not  al l owed t o be added af t er  t he i ni t i al  
i nt r oduct i on of  mi xi ng wat er  except ,  when on ar r i val  at  t he j ob s i t e,  t he 
s l ump i s l ess t han speci f i ed and t he wat er - cement  r at i o i s l ess t han t hat  
gi ven as a maxi mum i n t he appr oved mi xt ur e.   Addi t i onal  wat er  may be added 
t o br i ng t he s l ump wi t hi n t he speci f i ed r ange pr ovi ded t he appr oved 
wat er - cement  r at i o i s not  exceeded.   I nj ect  wat er  i nt o t he head of  t he 
mi xer  ( end opposi t e t he di schar ge openi ng)  dr um under  pr essur e,  and t ur n 
t he dr um or  bl ades a mi ni mum of  30 addi t i onal  r evol ut i ons at  mi xi ng 
speed.   The addi t i on of  wat er  t o t he bat ch at  any l at er  t i me i s not  
al l owed.

2. 11. 3   Tr anspor t i ng Equi pment

Tr anspor t  s l i pf or m concr et e t o t he pavi ng si t e i n non- agi t at i ng equi pment  
conf or mi ng t o ASTM C94/ C94M or  i n appr oved open t op agi t at or s.   Tr uck 
mi xer s ar e not  al l owed f or  mi xi ng or  t r anspor t i ng s l i pf or med pavi ng 
concr et e.  Tr anspor t  f i xed f or m concr et e i n non- agi t at i ng equi pment  or  
appr oved t r uck mi xer s desi gned wi t h ext r a l ar ge bl adi ng and r ear  openi ng 
speci f i cal l y f or  l ow sl ump concr et e.   Pr ovi de t r anspor t i ng equi pment  
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desi gned and oper at ed t o del i ver  and di schar ge t he r equi r ed concr et e 
mi xt ur e compl et el y wi t hout  segr egat i on.

2. 11. 4   Tr ansf er  and Spr eadi ng Equi pment

Pr ovi de a Mat er i al  Tr ansf er  Vehi c l e ( MTV)  capabl e of  movi ng bet ween t he 
haul i ng equi pment  and t he paver  and equi pped wi t h a swi ng conveyor  t hat  
del i ver s mat er i al  t o t he paver  f r om out si de t he pavi ng l ane wi t hout  maki ng 
cont act  wi t h t he paver  whi l e al l owi ng t he paver  t o oper at e at  a const ant  
speed.

2. 11. 5   Paver - Fi ni sher

Pr ovi de paver - f i ni sher  consi st i ng of  a  heavy- dut y,  sel f - pr opel l ed machi ne 
desi gned speci f i cal l y f or  pavi ng and f i ni shi ng hi gh qual i t y pavement ,  wi t h 
a mi ni mum wei ght  of  2200 pounds per  f oot  of  l ane wi dt h,  and power ed by an 
engi ne havi ng a mi ni mum 6. 0 hor sepower  per  f oot  of  l ane wi dt h.   The 
paver - f i ni sher  i s r equi r ed t o spr ead,  consol i dat e,  and shape t he pl ast i c 
concr et e t o t he desi r ed cr oss sect i on i n one pass.   The mechani sms f or  
f or mi ng t he pavement  ar e r equi r ed t o be easi l y adj ust abl e i n wi dt h and 
t hi ckness.   I n addi t i on t o ot her  spr eader s r equi r ed by par agr aph above,  
equi p t he paver - f i ni sher  wi t h a f ul l  wi dt h knock- down auger  or  pl ow 
mechani sm,  capabl e of  oper at i ng i n bot h di r ect i ons,  whi ch evenl y spr eads 
t he f r esh concr et e i n f r ont  of  t he scr eed or  ext r usi on pl at e.

2. 11. 5. 1   Vi br at or s

Pr ovi de gang mount ed i mmer si on vi br at or s at  t he f r ont  of  t he paver  on a 
f r ame equi pped wi t h sui t abl e cont r ol s so t hat  al l  v i br at or s can be 
oper at ed at  any desi r ed dept h wi t hi n t he s l ab or  compl et el y wi t hdr awn f r om 
t he concr et e,  as r equi r ed.   Pr ovi de vi br at or s t hat  ar e aut omat i cal l y 
cont r ol l ed t o i mmedi at el y st op as f or war d mot i on of  t he paver  ceases.   
Equi p t he paver - f i ni sher  wi t h an el ect r oni c v i br at or  moni t or i ng devi ce 
di spl ayi ng t he oper at i ng f r equency of  each i ndi v i dual  i nt er nal  v i br at or  
wi t h a r eadout  di spl ay v i s i bl e t o t he paver  oper at or  t hat  oper at es 
cont i nuousl y whi l e pavi ng,  and di spl ays al l  v i br at or  f r equenci es wi t h 
manual  or  aut omat i c sequenci ng among al l  i ndi v i dual  v i br at or s.   
Di scont i nue pavi ng i f  t he v i br at or  moni t or i ng syst em f ai l s t o oper at e 
pr oper l y dur i ng t he pavi ng oper at i on.   Pr ovi de t he spaci ng of  t he 
i mmer si on vi br at or s acr oss t he pavi ng l ane as necessar y t o pr oper l y 
consol i dat e t he concr et e,  wi t h a maxi mum cl ear  di st ance bet ween vi br at or s 
of  30 i nches and out si de vi br at or s a maxi mum of  12 i nches f r om t he l ane 
edge.   Det er mi ne vi br at or  f r equency and ampl i t ude per  COE CRD- C 521.

2. 11. 5. 2   Scr eed or  Ext r usi on Pl at e

Equi p t he paver - f i ni sher  wi t h a t r ansver sel y osci l l at i ng scr eed or  an 
ext r usi on pl at e t o shape,  compact ,  and smoot h t he sur f ace and f i ni sh t he 
sur f ace t hat  no si gni f i cant  amount  of  hand f i ni shi ng,  except  use of  
cut t i ng st r ai ght edges,  i s r equi r ed.   Pr ovi de adj ust ment  f or  var i at i on i n 
l ane wi dt h or  t hi ckness and t o pr event  mor e t han 8 i nches of  t he scr eed or  
ext r usi on pl at e ext endi ng over  pr evi ousl y pl aced concr et e on ei t her  s i de 
when pavi ng f i l l - i n l anes.   Repai r  or  r epl ace machi nes t hat  cause 
di spl acement  of  pr oper l y i nst al l ed f or ms or  cause r ut s or  i ndent at i ons i n 
t he pr epar ed under l y i ng mat er i al s and machi nes t hat  cause f r equent  del ays 
due t o mechani cal  f ai l ur es.
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2. 11. 5. 3   Longi t udi nal  Mechani cal  Fl oat

A l ongi t udi nal  mechani cal  f l oat  may be used.   I f  used,  pr ovi de a f l oat  
t hat  i s  speci al l y desi gned and manuf act ur ed t o smoot h and f i ni sh t he 
pavement  sur f ace wi t hout  wor ki ng excess past e t o t he sur f ace and  i s 
r i gi dl y at t ached t o t he r ear  of  t he paver - f i ni sher  or  t o a separ at e 
sel f - pr opel l ed f r ame spanni ng t he pavi ng l ane.   Pr ovi de f l oat  pl at e at  
l east  5 f eet  l ong by 8 i nches wi de t hat  aut omat i cal l y osci l l at es i n t he 
l ongi t udi nal  di r ect i on whi l e s l owl y movi ng f r om edge t o edge of  t he pavi ng 
l ane,  wi t h t he f l oat  pl at e i n cont act  wi t h t he sur f ace at  al l  t i mes.

2. 11. 5. 4   Ot her  Types of  Fi ni shi ng Equi pment

Cl ar y scr eeds ( t r i pl e dr um r ol l er  scr eeds) ,  ot her  r ot at i ng t ube f l oat s,  or  
br i dge deck f i ni sher s ar e not  al l owed on mai nl i ne pavi ng,  but  may be 
al l owed on i r r egul ar  or  odd- shaped sl abs,  and near  bui l di ngs or  t r ench 
dr ai ns,  subj ect  t o appr oval .   Onl y use vi br at i ng scr eeds or  pans f or  
i sol at ed sl abs wher e hand f i ni shi ng i s per mi t t ed as speci f i ed,  and onl y 
wher e speci f i cal l y appr oved.

2. 11. 5. 5   Fi xed For ms

Pr ovi de paver - f i ni sher  equi pped wi t h wheel s desi gned t o r i de t he f or ms,  
keep i t  al i gned wi t h t he f or ms,  and spr ead t he l oad so as t o pr event  
def or mat i on of  t he f or ms.    When t r avel i ng on new or  exi st i ng concr et e t o 
r emai n,  pr ovi de paver - f i ni sher s t r avel i ng on gui de r ai l s l ocat ed out si de 
of  t he pavi ng l ane t hat  ar e equi pped wi t h wheel s t hat  wi l l  not  cause 
damage or  spal l i ng t o concr et e j oi nt  edges t o r emai n.   Al t er nat i vel y,  a 
modi f i ed s l i pf or m paver  t hat  st r addl es t he f or ms may be used.   Pr ovi de a 
modi f i ed s l i pf or m paver  whi ch has t he si de conf or mi ng pl at es r emoved or  
r ender ed i nef f ect i ve and t r avel s over  or  al ong pr e- pl aced f i xed f or ms.

2. 11. 5. 6   Sl i pf or m

Pr ovi de an aut omat i cal l y cont r ol l ed s l i pf or m paver - f i ni sher  t hat  i s  
cr awl er  mount ed wi t h padded t r acks so as t o be compl et el y st abl e under  al l  
oper at i ng condi t i ons and pr ovi de a f i ni sh t o t he sur f ace and edges so t hat  
no edge sl ump beyond al l owabl e t ol er ance occur s.   Pr ovi de sui t abl e movi ng 
si de f or ms t hat  ar e adj ust abl e and pr oduce smoot h,  even edges,  
per pendi cul ar  t o t he t op sur f ace and meet i ng speci f i cat i on r equi r ement s 
f or  al i gnment ,  edge sl ump,  and j oi nt  f ace def or mat i on.

2. 11. 6   Cur i ng Equi pment

Pr ovi de equi pment  f or  appl y i ng membr ane- f or mi ng cur i ng compound mount ed on 
a sel f - pr opel l ed f r ame t hat  spans t he pavi ng l ane.   Const ant l y agi t at e t he 
cur i ng compound r eser voi r  mechani cal l y ( not  ai r )  dur i ng oper at i on and 
pr ovi de a means f or  compl et el y dr ai ni ng t he r eser voi r .   Pr ovi de a spr ayi ng 
syst em t hat  consi st s of  a mechani cal l y power ed pump whi ch mai nt ai ns 
const ant  pr essur e dur i ng oper at i on,  an oper abl e pr essur e gauge,  and ei t her  
a ser i es of  spr ay nozzl es evenl y spaced acr oss t he l ane t o pr ovi de 
uni f or ml y over l appi ng cover age or  a s i ngl e spr ay nozzl e whi ch i s mount ed 
on a car r i age whi ch aut omat i cal l y t r aver ses t he l ane wi dt h at  a speed 
cor r el at ed wi t h t he f or war d movement  of  t he over al l  f r ame.   Pr ot ect  al l  
spr ay nozzl es wi t h wi nd scr eens.   Cal i br at e t he spr ayi ng syst em i n 
accor dance wi t h ASTM D2995,  Met hod A,  f or  t he r at e of  appl i cat i on r equi r ed 
i n par agr aph MEMBRANE CURI NG.   Pr ovi de hand- oper at ed spr ayer s al l owed by 
t hat  par agr aph wi t h compr essed ai r  suppl i ed by a mechani cal  ai r  
compr essor .   I mmedi at el y r epl ace cur i ng equi pment  i f  i t  f ai l s  t o appl y an 
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even coat i ng of  compound at  t he speci f i ed r at e.

2. 11. 7   Text ur i ng Equi pment

Pr ovi de t ext ur i ng equi pment  as speci f i ed bel ow.   Bef or e use,  demonst r at e 
t he t ext ur i ng equi pment  on t he t est  sect i on,  and modi f y t he equi pment  as 
necessar y t o pr oduce t he t ext ur e di r ect ed.

2. 11. 7. 1    Bur l ap Dr ag

Secur el y at t ach a bur l ap dr ag t o a separ at e wheel  mount ed f r ame spanni ng 
t he pavi ng l ane or  t o one of  t he ot her  s i mi l ar  pi eces of  equi pment .   
Pr ovi de l engt h of  t he mat er i al  bet ween 24 t o 36 i nches dr aggi ng f l at  on 
t he pavement  sur f ace and wi t h a wi dt h at  l east  equal  t o t he wi dt h of  t he 
s l ab.   Pr ovi de cl ean,  r easonabl y new bur l ap mat er i al ,  compl et el y sat ur at ed 
wi t h wat er  bef or e at t achment  t o t he f r ame,  moi st ened bef or e st ar t  of  use,  
and kept  c l ean and mai nt ai ned moi st  dur i ng use.   Pr ovi de bur l ap conf or mi ng 
t o AASHTO M 182,  Cl ass 3 or  4.

2. 11. 8   Sawi ng Equi pment

Pr ovi de equi pment  f or  sawi ng j oi nt s and f or  ot her  s i mi l ar  sawi ng of  
concr et e consi st i ng of  st andar d di amond- t ype concr et e saws mount ed on a 
wheel ed chassi s whi ch can be easi l y gui ded t o f ol l ow t he r equi r ed 
al i gnment .   Pr ovi de di amond t i pped bl ades.   I f  demonst r at ed t o oper at e 
pr oper l y,  abr asi ve bl ades may be used.   Pr ovi de spar es as r equi r ed t o 
mai nt ai n t he r equi r ed sawi ng r at e.   Pr ovi de wheel  saws used i n t he r emoval  
of  concr et e wi t h l ar ge di amet er  t ungst en car bi de t i pped bl ades mount ed on 
a heavy- dut y chassi s whi ch pr oduce a saw ker f  at  l east  1- 1/ 2 i nches wi de.   
Pr ovi de saws capabl e of  sawi ng t o t he f ul l  dept h r equi r ed.   Ear l y- ent r y 
saws may be used,  subj ect  t o demonst r at i on and appr oval .   No change t o t he 
i ni t i al  sawcut  dept h i s per mi t t ed.

2. 11. 9   St r ai ght edge

Pr ovi de and mai nt ai n at  t he j ob s i t e,  i n good condi t i on,  a mi ni mum 12- f oot  
st r ai ght edge f or  each pavi ng t r ai n f or  t est i ng t he har dened Por t l and 
cement  concr et e sur f aces.   Pr ovi de st r ai ght edges const r uct ed of  al umi num 
or  magnesi um al l oy and bl ades of  box or  box- gi r der  cr oss sect i on wi t h f l at  
bot t om,  adequat el y r ei nf or ced t o mai nt ai n r i gi di t y and accur acy.   Pr ovi de 
st r ai ght edges wi t h handl es f or  oper at i on on t he pavement .

2. 11. 10   Wor k Br i dge

Pr ovi de a sel f - pr opel l ed wor k br i dge capabl e of  spanni ng t he r equi r ed 
pavi ng l ane wi dt h wher e wor kmen can ef f i c i ent l y and adequat el y r each t he 
pavement  sur f ace.

2. 11. 11   Hand Fi ni shi ng Tool s

Pr ovi de hand f i ni shi ng equi pment  i n accor dance wi t h t he pr ovi s i ons of  t hi s 
speci f i cat i on.  Use t he hand met hod onl y on i sol at ed ar eas of  odd sl ab 
wi dt hs or  shapes and i n t he event  of  a br eakdown of  t he mechani cal  
f i ni shi ng equi pment .  Keep suppl ement al  hand f i ni shi ng f or  machi ne f i ni shed 
pavement  t o an absol ut e mi ni mum.  Do not  seal  t he pavi ng sur f ace wi t h st eel  
t r owel s.  
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2. 12   SPECI FI ED CONCRETE STRENGTH AND OTHER PROPERTI ES

2. 12. 1   Speci f i ed Fl exur al  St r engt h

Speci f i ed f l exur al  st r engt h,  R,  f or  concr et e i s 650 psi  at  90 days,  as 
det er mi ned by hi st or i cal  t est s made i n accor dance wi t h ASTM C78/ C78M of  
beams f abr i cat ed and cur ed i n accor dance wi t h ASTM C192/ C192M.

2. 12. 2   Al l owabl e Wat er - Cement i t i ous Mat er i al s Rat i o

The al l owabl e wat er - cement i t i ous mat er i al  r at i o i s 0. 38 t o 0. 45.   The 
wat er - cement i t i ous mat er i al  r at i o i s t he equi val ent  wat er - cement  r at i o as 
det er mi ned by conver si on f r om t he wei ght  r at i o of  wat er  t o cement  pl us SCM 
by t he mass equi val ency met hod descr i bed i n ACI  211. 1.

2. 12. 3   Ai r  Cont ent

Pr ovi de concr et e t hat  i s  ai r - ent r ai ned wi t h a t ot al  ai r  cont ent  of  6. 0 
pl us or  mi nus 1. 5 per cent age poi nt s,  at  t he poi nt  of  pl acement .   Det er mi ne 
ai r  cont ent  i n accor dance wi t h ASTM C231/ C231M.

2. 12. 4   Sl ump

The maxi mum al l owabl e s l ump of  t he concr et e at  t he poi nt  of  pl acement  i s 
l i s t ed i n Tabl e 11.

TABLE 11

MAXI MUM ALLOWABLE SLUMP

Pl acement  Met hod Maxi mum Sl ump

Sl i pf or m As r equi r ed t o meet  edge sl ump and j oi nt
f ace def or mat i on l i mi t s

Fi xed For m 2 i nches

Ot her  Types of  Fi ni shi ng 
Equi pment

3 i nches

Hand Pl acement 3 i nches

The sel ect ed sl ump i s appl i cabl e t o bot h pi l ot  and f i l l - i n l anes.  Per f or m 
separ at e t r i al  mi xt ur e st udi es f or  each pl acement  met hod,  as speci f i ed i n 
par agr aph Tr i al  Mi xt ur e St udi es.

2. 12. 5   Concr et e Temper at ur e

The t emper at ur e of  t he concr et e as del i ver ed i s r equi r ed t o conf or m t o t he 
r equi r ement s of  par agr aphs Pavi ng I n Hot  Weat her  and Pavi ng I n Col d 
Weat her .   Det er mi ne t he t emper at ur e of  concr et e i n accor dance wi t h 
ASTM C1064/ C1064M.

2. 12. 6   Concr et e St r engt h f or  Fi nal  Accept ance

The st r engt h of  t he concr et e wi l l  be consi der ed accept abl e when t he 
equi val ent  90- day f l exur al  st r engt hs f or  each l ot  ar e above t he ' Speci f i ed 
Fl exur al  St r engt h'  as det er mi ned by cor r el at i on wi t h 14- day f l exur al  
st r engt h t est s speci f i ed i n par agr aph Mi xt ur e Pr opor t i oni ng For  Fl exur al  
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St r engt h bel ow,  and no i ndi v i dual  set  ( 2 speci mens per  subl ot )  i n t he l ot  
ar e 25 psi  or  mor e bel ow t he equi val ent  ' Speci f i ed Fl exur al  St r engt h' .   I f  
any l ot  or  subl ot ,  r espect i vel y,  f ai l s  t o meet  t he above cr i t er i a,  r emove 
and r epl ace t he l ot  or  subl ot  at  no addi t i onal  cost  t o t he Gover nment .   
Thi s i s i n addi t i on t o and does not  r epl ace t he aver age st r engt h r equi r ed 
f or  day- t o- day CQC oper at i ons as speci f i ed i n par agr aph Aver age Cqc 
Fl exur al  St r engt h Requi r ed For  Mi xt ur es,  bel ow.

2. 13   MI XTURE PROPORTI ONS

2. 13. 1   Mi xt ur e Pr opor t i ons Composi t i on

Pr ovi de concr et e composed of  cement i t i ous mat er i al ,  wat er ,  f i ne and coar se 
aggr egat es,  and admi xt ur es.   I ncl ude suppl ement ar y Cement i t i ous Mat er i al s 
( SCM)  choi ce and usage i n accor dance wi t h par agr aph Suppl ement ar y 
Cement i t i ous Mat er i al s ( SCM)  Cont ent .   Pr ovi de a mi ni mum t ot al  
cement i t i ous mat er i al s cont ent  of   470 pounds per  cubi c yar d  Li mi t  t he 
t ot al  al kal i  l oadi ng cont r i but ed by t he Por t l and cement  or  t he Por t l and 
cement  por t i on of  a bl ended cement  t o a maxi mum of  3. 0 l b per  cubi c yar d.  
Cal cul at e t he al kal i  l oadi ng as t he pr oduct  of  t he por t l and cement  cont ent  
of  t he concr et e mul t i pl i ed by t he al kal i  cont ent  of  t he por t l and cement  or  
t he por t l and cement  por t i on of  t he bl ended cement ,  di v i ded by 100.  
Det er mi ne t he al kal i  cont ent  i n accor dance wi t h ASTM C114.  Accept abl e 
admi xt ur es consi st  of  ai r  ent r ai ni ng admi xt ur e and may al so i ncl ude,  as 
appr oved,  wat er - r educi ng admi xt ur e,  r et ar di ng admi xt ur e,  r et ar di ng 
admi xt ur es,  wat er  r educi ng and accel er at i ng admi xt ur es.

2. 13. 2   Pr opor t i oni ng St udi es

Per f or m t r i al  desi gn bat ches,  mi xt ur e pr opor t i oni ng st udi es,  and t est i ng,  
at  no expense t o t he Gover nment .   Submi t  f or  appr oval  t he Pr el i mi nar y 
Pr oposed Pr opor t i oni ng t o i ncl ude i t ems a. ,  b. ,  and i .  bel ow a mi ni mum of  
21 days pr i or  t o begi nni ng a mi xt ur e pr opor t i oni ng st udy.   Submi t  t he 
r esul t s of  t he mi xt ur e pr opor t i oni ng st udi es s i gned and st amped by t he 
r egi st er ed pr of essi onal  engi neer  havi ng t echni cal  r esponsi bi l i t y  f or  t he 
mi x desi gn st udy,  and submi t t ed at  l east  30 days pr i or  t o commenci ng 
concr et e pl aci ng oper at i ons.   I ncl ude a st at ement  summar i z i ng t he maxi mum 
nomi nal  coar se aggr egat e s i ze and t he wei ght s and vol umes of  each 
i ngr edi ent  pr opor t i oned on a one cubi c yar d basi s.   Base aggr egat e 
quant i t i es on t he mass i n a sat ur at ed sur f ace dr y condi t i on.   Pr ovi de t est  
r esul t s demonst r at i ng t hat  t he pr oposed mi xt ur e pr opor t i ons pr oduce 
concr et e of  t he qual i t i es i ndi cat ed.   Base met hodol ogy f or  t r i al  mi xt ur es 
havi ng pr opor t i ons,  s l umps,  and ai r  cont ent  sui t abl e f or  t he wor k as 
descr i bed i n ACI  211. 1,  modi f i ed as necessar y t o accommodat e f l exur al  
st r engt h.   ACI  211. 1 can be suppl ement ed wi t h ACI  325. 14R.   Submi t  t est  
r esul t s i ncl udi ng:

a.  I ndi v i dual  coar se and f i ne aggr egat e gr adat i ons and pl ot s.   I ncl ude 
hi st or i c gr adat i on aver ages and st andar d devi at i ons on i ndi v i dual  
s i eves f or  each aggr egat e s i ze gr oup.

b.  Combi ned aggr egat e gr adat i on and coar seness vs.  wor kabi l i t y  pl ot s.
c.  Coar se aggr egat e qual i t y t est  r esul t s.
d.  Fi ne aggr egat e qual i t y t est  r esul t s.
e.  Mi l l  cer t i f i cat es f or  cement  and suppl ement ar y cement i t i ous mat er i al s.
f .  Cer t i f i ed t est  r esul t s f or  ai r  ent r ai ni ng,  wat er  r educi ng,  r et ar di ng,  

non- chl or i de accel er at i ng,  and Li t hi um Ni t r at e admi xt ur es.
g.  Speci f i ed f l exur al  st r engt h,  s l ump,  and ai r  cont ent .
h.  Document at i on of  r equi r ed aver age CQC f l exur al  st r engt h,  Ra.
i .  Recommended pr opor t i ons and vol umes f or  pr oposed mi xt ur e and each of  
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t hr ee t r i al  wat er - cement i t i ous mat er i al s r at i os f or  each pr oposed 
pl acement  met hod.

j .  I ndi v i dual  beam br eaks.
k.  Fl exur al  st r engt h summar i es and pl ot s.
l .  Cor r el at i on r at i os f or  accept ance t est i ng and CQC t est i ng.
m.  Hi st or i cal  r ecor d of  ACI  214R st r engt h t est  r esul t s,  document i ng 

pr oduct i on st andar d devi at i on ( i f  avai l abl e) .
n.  Nar r at i ve di scussi ng met hodol ogy on how t he mi x desi gn was devel oped i n 

accor dance wi t h ACI  211. 1 and ACI  325. 14R.
o.  Al t er nat i ve aggr egat e bl endi ng t o be used dur i ng t he t est  sect i on i f  

necessar y t o meet  t he r equi r ed sur f ace and consol i dat i on r equi r ement s.

2. 13. 2. 1   Wat er - Cement i t i ous Mat er i al s Rat i o

Per f or m at  l east  t hr ee di f f er ent  wat er - cement i t i ous mat er i al s r at i os,  
wi t hi n t he l i mi t s speci f i ed i n par agr aph Al l owabl e Wat er - Cement i t i ous 
Mat er i al s Rat i o,  whi ch pr oduce a r ange of  st r engt h encompassi ng t hat  
r equi r ed on t he pr oj ect .   The mi ni mum and maxi mum wat er - cement i t i ous 
mat er i al s r at i os of  t he appr oved mi x desi gn become t he mi ni num and maxi mum 
wat er - cement i t i ous mat er i al s r at i o f or  t he pr oj ect  dur i ng pr oduct i on.

2. 13. 2. 2   Tr i al  Mi xt ur e St udi es

Per f or m separ at e set s of  t r i al  mi xt ur e st udi es made f or  each combi nat i on 
of  cement i t i ous mat er i al s and each combi nat i on of  admi xt ur es pr oposed f or  
use.   No combi nat i ons ar e t o be used unt i l  pr oven by such st udi es,  except  
t hat ,  i f  appr oved i n wr i t i ng and ot her wi se per mi t t ed by t hese 
speci f i cat i ons,  an accel er at i ng or  r et ar di ng admi xt ur e can be used wi t hout  
separ at e t r i al  mi xt ur e st udy.   Per f or m separ at e t r i al  mi xt ur e st udi es f or  
each pl aci ng met hod ( s l i p f or m,  f i xed f or m,  or  hand pl acement )  pr oposed.   
Repor t  t he t emper at ur e of  concr et e i n each t r i al  bat ch.   Desi gn each 
mi xt ur e t o pr omot e easy and sui t abl e concr et e pl acement ,  consol i dat i on and 
f i ni shi ng,  and t o pr event  segr egat i on and excessi ve bl eedi ng.   Pr opor t i on 
l abor at or y t r i al  mi xt ur es f or  maxi mum sl ump and ai r  cont ent ,  as per mi t t ed 
by t he pl acement  met hod bei ng ut i l i zed.

2. 13. 2. 3   Mi xt ur e Pr opor t i oni ng f or  Fl exur al  St r engt h

Fol l ow t he st ep- by- st ep pr ocedur e bel ow:

a.   Fabr i cat e al l  beams f or  each mi xt ur e f r om t he same bat ch or  bl end of  
bat ches.   Fabr i cat e and cur e al l  beams i n accor dance wi t h 
ASTM C192/ C192M,  usi ng 6 x 6 i nches st eel  beam mol ds.

b.   Cur e t est  beams f r om each mi xt ur e f or  3,  7,  14,  56 and 90- day f l exur al  
t est s;  6 beams t o be t est ed per  age.

c.   Test  beams i n accor dance wi t h ASTM C78/ C78M.

d.   Usi ng t he aver age st r engt h f or  each w/ c at  each age,  pl ot  al l  r esul t s 
f r om each of  t he t hr ee mi xt ur es on separ at e gr aphs f or  w/ c ver sus:

3- day f l exur al  st r engt h
7- day f l exur al  st r engt h
14- day f l exur al  st r engt h
56 and 90- day f l exur al  st r engt h

e.   Fr om t hese gr aphs sel ect  a w/ c t hat  pr oduces a mi xt ur e gi v i ng a 90- day 
f l exur al  st r engt h equal  t o t he r equi r ed st r engt h det er mi ned i n 
accor dance wi t h par agr aph Aver age CQC Fl exur al  St r engt h Requi r ed f or  
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Mi xt ur es.

f .   Usi ng t he above sel ect ed w/ c,  sel ect  f r om t he gr aphs t he expect ed 3,  7 
and 14- day f l exur al  st r engt hs.

g.   Fr om t he above expect ed st r engt hs f or  t he sel ect ed mi xt ur e,  det er mi ne 
t he Rat i o of  t he 7- day f l exur al  st r engt h of  t he sel ect ed mi xt ur e t o 
t he 90- day f l exur al  st r engt h of  t he mi xt ur e ( f or  CQC cont r ol ) .

h.   Fr om t he above expect ed st r engt hs f or  t he sel ect ed mi xt ur e,  det er mi ne 
t he Rat i o of  t he 14- day f l exur al  st r engt h of  t he sel ect ed mi xt ur e t o 
t he 90- day f l exur al  st r engt h of  t he mi xt ur e ( f or  accept ance) .

i .   I f  t her e i s a change i n mat er i al s,  per f or m addi t i onal  mi xt ur e desi gn 
st udi es usi ng t he new mat er i al s and det er mi ne new Cor r el at i on Rat i os.

j .   No concr et e pavement  pl acement  i s al l owed unt i l  t he mi xt ur e 
pr opor t i ons ar e appr oved.   The appr oved wat er - cement i t i ous mat er i al s 
r at i o i s r est r i ct ed t o t he mi ni mum and maxi mum val ues speci f i ed i n 
par agr aph Wat er - Cement i t i ous Mat er i al s Rat i o and i s not  t o be 
i ncr eased wi t hout  wr i t t en appr oval .

2. 13. 3   Aver age CQC Fl exur al  St r engt h Requi r ed f or  Mi xt ur es

a.   I n or der  t o meet  t he st r engt h r equi r ement s speci f i ed i n par agr aph 
SPECI FI ED CONCRETE STRENGTH AND OTHER PROPERTI ES dur i ng pr oduct i on,  
t he mi xt ur e pr opor t i ons sel ect ed dur i ng mi xt ur e pr opor t i oni ng st udi es 
and used dur i ng const r uct i on r equi r e an aver age CQC f l exur al  st r engt h,  
Ra,  exceedi ng t he speci f i ed f l exur al  st r engt h,  R,  by t he amount  
i ndi cat ed bel ow.   

 b.  The r equi r ed aver age CQC f l exur al  st r engt h,  Ra,  i s used onl y f or  
pr opor t i oni ng st udi es and CQC oper at i ons as speci f i ed i n par agr aph 
Concr et e St r engt h Test i ng f or  CQC.  

c.   Accept ance of  pr oduct i on f l exur al  st r engt h r esul t s i s based on t he 
speci f i ed f l exur al  st r engt h R speci f i ed i n par agr aph:  Speci f i ed 
Fl exur al  St r engt h.

2. 13. 3. 1   Fr om Pr evi ous Test  Recor ds

Wher e a concr et e pr oduct i on f aci l i t y  has pr evi ous t est  r ecor ds cur r ent  t o 
wi t hi n 18 mont hs,  est abl i sh a st andar d devi at i on i n accor dance wi t h t he 
appl i cabl e pr ovi s i ons of  ACI  214R.   I ncl ude t est  r ecor ds f r om whi ch a 
st andar d devi at i on i s cal cul at ed t hat  r epr esent  mat er i al s,  qual i t y cont r ol  
pr ocedur es,  and condi t i ons s i mi l ar  t o t hose expect ed,  t hat  r epr esent  
concr et e pr oduced t o meet  a speci f i ed f l exur al  st r engt h or  st r engt hs wi t hi n
 150 psi  of  t he 90- day f l exur al  st r engt h speci f i ed f or  t he pr oposed wor k,  
and t hat  consi st  of  at  l east  30 consecut i ve t est s.   Per f or m ver i f i cat i on 
t est i ng t o document  t he cur r ent  st r engt h.   A st r engt h t est  i s  t he aver age 
of  t he st r engt hs of  t wo speci mens made f r om t he same sampl e of  concr et e 
and t est ed at  90 days.   Requi r ed aver age CQC f l exur al  st r engt h,  Ra,  used 
as t he basi s f or  sel ect i on of  concr et e pr opor t i ons i s t he val ue f r om t he 
equat i on t hat  f ol l ows,  usi ng t he st andar d devi at i on as det er mi ned above:

Ra = R + 1. 34S

Wher e:   S    = st andar d devi at i on
R    = speci f i ed f l exur al  st r engt h
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Ra = r equi r ed aver age CQC f l exur al  st r engt h

Wher e a concr et e pr oduct i on f aci l i t y  does not  have t est  r ecor ds 
meet i ng t he r equi r ement s above but  does have a r ecor d based on 15 
t o 29 consecut i ve t est s,  est abl i sh a st andar d devi at i on as t he 
pr oduct  of  t he cal cul at ed st andar d devi at i on and a modi f i cat i on 
f act or  f r om Tabl e 12:

TABLE 12

MODI FI CATI ON FACTOR FOR STANDARD DEVI ATI ON

NUMBER OF TESTS MODI FI CATI ON FACTOR

20 1. 08

25 1. 03

30 or  mor e 1. 00

2. 13. 3. 2   Wi t hout  Pr evi ous Test  Recor ds

When a concr et e pr oduct i on f aci l i t y  does not  have suf f i c i ent  f i el d 
st r engt h t est  r ecor ds f or  cal cul at i on of  t he st andar d devi at i on,  det er mi ne 
t he r equi r ed aver age CQC f l exur al  st r engt h,  Ra,  by addi ng 15 per cent  t o 
t he speci f i ed f l exur al  st r engt h,  R.

PART 3   EXECUTI ON

3. 1   PREPARATI ON FOR PAVI NG

Bef or e commenci ng pavi ng,  per f or m t he f ol l owi ng act i ons t o pr epar e f or  
pavi ng oper at i ons.   I f  used,  pl ace cl eaned,  coat ed,  and adequat el y 
suppor t ed f or ms.   Have any r ei nf or ci ng st eel  needed at  t he pavi ng si t e;  
al l  t r anspor t i ng and t r ansf er  equi pment  r eady f or  use,  c l ean,  and f r ee of  
har dened concr et e and f or ei gn mat er i al ;  equi pment  f or  spr eadi ng,  
consol i dat i ng,  scr eedi ng,  f i ni shi ng,  and t ext ur i ng concr et e at  t he pavi ng 
si t e,  c l ean and i n pr oper  wor ki ng or der ;  and al l  equi pment  and mat er i al  
f or  cur i ng and f or  pr ot ect i ng concr et e f r om weat her  or  mechani cal  damage 
at  t he pavi ng si t e,  i n pr oper  wor ki ng condi t i on,  and i n suf f i c i ent  amount  
f or  t he ent i r e pl acement .

3. 1. 1   Weat her  Pr ecaut i on

When wi ndy condi t i ons dur i ng pavi ng appear  pr obabl e,  have equi pment  and 
mat er i al  at  t he pavi ng si t e t o pr ovi de wi ndbr eaks,  shadi ng,  f oggi ng,  or  
ot her  act i on t o pr event  pl ast i c shr i nkage cr acki ng or  ot her  damagi ng 
dr yi ng of  t he concr et e.  Dur i ng t hese condi t i ons,  r ecor d and r epor t  t he 
evapor at i on r at e hour l y.

3. 1. 2   Pr oposed Techni ques

Submi t  pl aci ng and pr ot ect i on met hods;  pavi ng sequence;  j oi nt i ng pat t er n;  
dat a on cur i ng equi pment  and st r ai ght edge;  r epai r  i n accor dance wi t h 
par agr aph REPAI R,  REMOVAL AND REPLACEMENT OF NEWLY CONSTRUCTED SLABS,  
demol i t i on of  exi st i ng pavement s,  as speci f i ed;  pavement  di amond gr i ndi ng 
equi pment  and pr ocedur es.   Submi t  f or  appr oval  t he f ol l owi ng i t ems:

a.   Pavement  demol i t i on wor k pl an,  pr esent i ng t he pr oposed met hods and 
equi pment  t o r emove exi st i ng pavement  and pr ot ect  pavement  t o r emai n 
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i n pl ace.

b.   A descr i pt i on of  t he pl aci ng and pr ot ect i on met hods pr oposed when 
concr et e i s t o be pl aced i n or  exposed t o hot ,  col d,  or  i ncl ement  
weat her  condi t i ons

c.   A det ai l ed pavi ng sequence pl an and pr oposed pavi ng pat t er n showi ng 
al l  pl anned const r uct i on j oi nt s;  t r ansver se and l ongi t udi nal  dowel  bar  
spaci ng;  and i dent i f y i ng pi l ot  l anes,  f i l l - i n l anes,  and hand 
pl acement  ar eas.   I ncl ude st at i oni ng f or  r ef er ence t o al l  sampl i ng and 
t est i ng per f or med.  Devi at i ons f r om t he j oi nt i ng pat t er n shown on t he 
dr awi ngs ar e not  al l owed wi t hout  wr i t t en appr oval  of  t he desi gn 
engi neer .

d.   Pl an and equi pment  pr oposed t o cont r ol  al i gnment  of  sawn j oi nt s wi t hi n 
t he speci f i ed t ol er ances.

e.   Dat a on t he cur i ng equi pment ,  medi a and met hods t o be used.

f .   Dat a on st r ai ght edge and met hods t o measur e pavement  smoot hness.

g.   A descr i pt i on of  t he equi pment  and met hods t o be used f or  gr i ndi ng and 
r epai r s.   

3. 2   CONDI TI ONI NG OF UNDERLYI NG MATERI AL

3. 2. 1   Gener al  Pr ocedur es

Conf i r m t he under l y i ng mat er i al  upon whi ch concr et e i s t o be pl aced i s 
c l ean,  damp,  and f r ee f r om debr i s,  wast e concr et e or  cement ,  f r ost ,  i ce,  
and st andi ng or  r unni ng wat er .   Pr i or  t o set t i ng f or ms or  pl acement  of  
concr et e,  conf i r m t he under l y i ng mat er i al  i s  wel l  dr ai ned and has been 
sat i sf act or i l y  gr aded and uni f or ml y compact ed i n accor dance wi t h t he 
appl i cabl e cont r act  document s.   Test  t he sur f ace of  t he under l y i ng 
mat er i al  t o cr own,  el evat i on,  and densi t y i n advance of  set t i ng f or ms or  
of  concr et e pl acement  usi ng sl i p- f or m t echni ques.   Tr i m hi gh ar eas t o 
pr oper  el evat i on.   Fi l l  and compact  l ow ar eas t o a condi t i on s i mi l ar  t o 
t hat  of  sur r oundi ng gr ade or  f i l l  wi t h concr et e monol i t hi cal l y wi t h t he 
pavement .   Low ar eas f i l l ed wi t h concr et e ar e not  t o be cor ed f or  
t hi ckness t o avoi d bi asi ng t he aver age t hi ckness used f or  eval uat i on and 
payment  adj ust ment .   Rewor k and compact  any under l y i ng mat er i al  di st ur bed 
by const r uct i on oper at i ons t o speci f i ed densi t y i mmedi at el y i n f r ont  of  
t he paver .   I f  a s l i pf or m paver  i s used,  cont i nue t he same under l y i ng 
mat er i al  beyond t he edge of  t he l ane a suf f i c i ent  di st ance t o pr ovi de a 
sui t abl e t r ackl i ne f or  t he s l i pf or m paver  and f i r m suppor t  f or  t he edge of  
t he pavi ng l ane.

3. 2. 2   Tr af f i c  on Under l y i ng Mat er i al

Af t er  t he under l y i ng mat er i al  has been pr epar ed f or  concr et e pl acement ,  
equi pment  i s not  per mi t t ed t her eon wi t h except i on of  t he paver .   Subj ect  
t o speci f i c  appr oval ,  cr ossi ng of  t he pr epar ed under l y i ng mat er i al  at  
speci f i ed i nt er val s f or  const r uct i on pur poses may be per mi t t ed,  pr ovi ded 
r ut t i ng or  i ndent at i ons do not  occur .   Rewor k and r epai r  t he sur f ace 
bef or e concr et e i s pl aced.   Tr anspor t i ng equi pment  i s not  t o be al l owed t o 
oper at e on t he pr epar ed and compact ed under l y i ng mat er i al  i n f r ont  of  t he 
paver - f i ni sher .
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3. 3   WEATHER LI MI TATI ONS

3. 3. 1   Pl acement  and Pr ot ect i on Dur i ng I ncl ement  Weat her

Do not  commence pl aci ng oper at i ons when heavy r ai n or  ot her  damagi ng 
weat her  condi t i ons appear  i mmi nent .   At  al l  t i mes when pl aci ng concr et e,  
mai nt ai n on- si t e suf f i c i ent  wat er pr oof  cover  and means t o r api dl y pl ace i t  
over  al l  unhar dened concr et e or  concr et e t hat  mi ght  be damaged by r ai n.  
I mmedi at el y cover  and pr ot ect  al l  unhar dened concr et e f r om r ai n or  ot her  
damagi ng weat her .  Suspend pl acement  of  concr et e whenever  r ai n,  hi gh wi nds,  
or  ot her  weat her  commences t o damage t he sur f ace or  t ext ur e of  t he pl aced 
unhar dened concr et e,  washes cement  out  of  t he concr et e,  or  changes t he 
wat er  cont ent  of  t he sur f ace concr et e.     

Remove and r epl ace any sl ab damaged by r ai n or  ot her  weat her ,  as def i ned 
i n par agr aph Weak Sur f aces,  f ul l  dept h,  by f ul l  s l ab wi dt h,  t o t he near est  
or i gi nal  j oi nt  as speci f i ed i n par agr aph REPAI R,  REMOVAL AND REPLACEMENT 
OF NEWLY CONSTRUCTED SLABS,  at  no expense t o t he Gover nment .  

3. 3. 2   Pavi ng i n Hot  Weat her

Pr epar e f or  hot  weat her  pavi ng i n accor dance wi t h ACI  305R.   When t he 
ambi ent  t emper at ur e dur i ng pavi ng i s expect ed t o exceed 90 degr ees F,  
pr oper l y pl ace and f i ni sh t he concr et e i n accor dance wi t h pr ocedur es 
pr evi ousl y submi t t ed,  appr oved,  and as speci f i ed her ei n.   Pr ovi de concr et e 
t hat  does not  exceed t he t emper at ur e shown i n Tabl e 13 bel ow when measur ed 
i n accor dance wi t h ASTM C1064/ C1064M at  t he t i me of  del i ver y.   Cool  t he 
mi xi ng wat er  or  aggr egat es or  pl ace i n t he cool er  par t  of  t he day t o 
obt ai n an adequat e pl aci ng t emper at ur e.   Cool  st eel  f or ms and r ei nf or ci ng 
as needed t o mai nt ai n st eel  t emper at ur es bel ow 120 degr ees F.   Cool  or  
pr ot ect  t r anspor t i ng and pl aci ng equi pment  i f  necessar y t o mai nt ai n pr oper  
concr et e pl aci ng t emper at ur e.   Keep t he f i ni shed sur f aces of  t he newl y 
l ai d pavement  damp by appl y i ng a f og spr ay ( mi st )  wi t h appr oved spr ayi ng 
equi pment  unt i l  t he pavement  i s cover ed by t he cur i ng medi um.

TABLE 13

Maxi mum Al l owabl e Concr et e Pl aci ng Temper at ur e

Rel at i ve Humi di t y,  Per cent ,  Dur i ng
Ti me of  Concr et e Pl acement

Maxi mum Al l owabl e Concr et e
Temper at ur e i n Degr ees F

Gr eat er  t han 60 90

55- 60 85

Less t han 55 75

3. 3. 3   Pr event i on of  Pl ast i c Shr i nkage Cr acki ng

Dur i ng weat her  wi t h l ow humi di t y,  and par t i cul ar l y wi t h hi gh t emper at ur e 
and appr eci abl e wi nd,  devel op and i nst i t ut e measur es t o pr event  pl ast i c 
shr i nkage cr acks f r om devel opi ng.   I f  pl ast i c shr i nkage cr acki ng occur s,  
hal t  f ur t her  pl acement  of  concr et e unt i l  pr ot ect i ve measur es ar e i n pl ace 
t o pr event  f ur t her  cr acki ng.   Per i ods of  hi gh pot ent i al  f or  pl ast i c 
shr i nkage cr acki ng can be ant i c i pat ed by use of  ACI  305R.   I n addi t i on t o 
t he pr ot ect i ve measur es speci f i ed i n t he pr evi ous par agr aph,  f ur t her  
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pr ot ect  t he concr et e pl acement  by er ect i ng shades and wi ndbr eaks and by 
appl y i ng f og spr ays of  wat er ,  t he addi t i on of  monomol ecul ar  f i l ms,  or  wet  
cover i ng.   I f  monomol ecul ar  f i l ms ar e used,  appl y onl y af t er  f i ni shi ng i s 
compl et e,  do not  use i n t he f i ni shi ng pr ocess,  and f ol l ow manuf act ur er  
r ecommendat i ons.    I mmedi at el y commence cur i ng pr ocedur es when such wat er  
t r eat ment  i s st opped.   Repai r  pl ast i c shr i nkage cr acks i n accor dance wi t h 
par agr aph REPAI R,  REMOVAL AND REPLACEMENT OF NEWLY CONSTRUCTED SLABS.   
Never  t r owel  over  or  f i l l  pl ast i c shr i nkage cr acks wi t h s l ur r y.

3. 3. 4   Pavi ng i n Col d Weat her

Col d weat her  pavi ng i s r equi r ed t o conf or m t o ACI  306R.   Use speci al  
pr ot ect i on measur es,  as speci f i ed her ei n,  i f  f r eezi ng t emper at ur es ar e 
ant i c i pat ed or  occur  bef or e t he expi r at i on of  t he speci f i ed cur i ng 
per i od.   Do not  begi n pl acement  of  concr et e unl ess t he ambi ent  t emper at ur e 
i s at  l east  35 degr ees F and r i s i ng.   Ther eaf t er ,  hal t  pl acement  of  
concr et e whenever  t he ambi ent  t emper at ur e dr ops bel ow 40 degr ees F.   When 
t he ambi ent  t emper at ur e i s l ess t han 50 degr ees F,  t he t emper at ur e of  t he 
concr et e when pl aced i s r equi r ed t o be not  l ess t han 50 degr ees F nor  mor e 
t han 75 degr ees F.   Pr ovi de heat i ng of  t he mi xi ng wat er  or  aggr egat es as 
r equi r ed t o r egul at e t he pl ast i c concr et e t emper at ur e.   Pr ovi de mat er i al s 
ent er i ng t he mi xer  t hat  ar e f r ee f r om i ce,  snow,  or  f r ozen l umps.   Do not  
i ncor por at e sal t ,  chemi cal s or  ot her  mat er i al s i n t he concr et e t o pr event  
f r eezi ng.   Pr ovi de cover i ng and ot her  means f or  mai nt ai ni ng t he concr et e 
at  a t emper at ur e of  at  l east  10 degr ees C 50 degr ees F f or  not  l ess t han 
72 hour s af t er  pl aci ng,  and at  a t emper at ur e above f r eezi ng f or  t he 
r emai nder  of  t he cur i ng per i od as def i ned i n par agr aph Pr ot ect i on of  
Concr et e.   Remove pavement  s l abs,  f ul l  dept h by f ul l  wi dt h,  damaged by 
f r eezi ng or  f al l i ng bel ow f r eezi ng t emper at ur e t o t he near est  pl anned 
j oi nt ,  and r epl ace as speci f i ed i n par agr aph REPAI R,  REMOVAL AND 
REPLACEMENT OF NEWLY CONSTRUCTED SLABS,  at  no expense t o t he Gover nment .

3. 4   CONCRETE PRODUCTI ON

Mai nt ai n a cont i nuous,  uni f or m f or war d movement  of  t he paver  of  not  l ess 
t han 2. 5 f eet  per  mi nut e.  Pr ovi de bat chi ng,  mi xi ng,  and t r anspor t i ng 
equi pment  wi t h a capaci t y suf f i c i ent  t o meet  t hi s pr oduct i on r at e.  Deposi t  
concr et e t r anspor t ed i n non- agi t at i ng equi pment  i n f r ont  of  t he paver  
wi t hi n 45 mi nut es f r om t he t i me cement  has been char ged i nt o t he mi xi ng 
dr um,  except  t hat  i f  t he ambi ent  t emper at ur e i s above 90 degr ees F,  t he 
t i me i s r educed t o 30 mi nut es.   Deposi t  concr et e t r anspor t ed i n t r uck 
mi xer s i n f r ont  of  t he paver  wi t hi n 90 mi nut es f r om t he t i me cement  has 
been char ged i nt o t he mi xer  dr um of  t he pl ant  or  t r uck mi xer .  Tr uck mi xer s 
ar e not  al l owed f or  mi xi ng or  t r anspor t i ng s l i pf or med pavi ng concr et e.  I f  
t he ambi ent  t emper at ur e i s above 90 degr ees F,  t he t i me i s r educed t o 60 
mi nut es.   Accompany ever y l oad of  concr et e del i ver ed t o t he pavi ng si t e 
wi t h a bat ch t i cket  f r om t he oper at or  of  t he bat chi ng pl ant .   Pr ovi de 
bat ch t i cket  i nf or mat i on r equi r ed by ASTM C94/ C94M on appr oved f or ms.   I n 
addi t i on,  pr ovi de desi gn quant i t i es i n mass or  vol ume f or  al l  mat er i al s,  
bat chi ng t ol er ances of  al l  mat er i al s,  mi xt ur e bat chi ng t i me,  and desi gn 
and act ual  wat er  cement i t i ous mat er i al s r at i o on each bat ch del i ver ed,  t he 
wat er  met er  and r evol ut i on met er  r eadi ng on t r uck mi xer s and t he t i me of  
day on al l  bat ch t i cket s.   Pr ovi de bat ch t i cket s f or  each t r uck del i ver ed 
as par t  of  t he l ot  accept ance package t o t he pl aci ng f or eman t o mai nt ai n 
on f i l e and del i ver  t hem t o t he Gover nment  weekl y.

3. 4. 1   Bat chi ng and Mi xi ng Concr et e

Remove any equi pment  whi ch f ai l s t o per f or m as speci f i ed i mmedi at el y f r om 

SECTI ON 32 13 14. 13  Page 46



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

use unt i l  pr oper l y r epai r ed and adj ust ed or  r epl aced.

3. 4. 2   Tr anspor t i ng and Tr ansf er  -  Spr eadi ng Oper at i ons

Oper at e non- agi t at i ng equi pment  onl y on smoot h r oads and f or  haul  t i me 
l ess t han 30 mi nut es.   Deposi t  concr et e as c l ose as possi bl e t o i t s f i nal  
posi t i on i n t he pavi ng l ane usi ng a t r ansf er - spr eader .   Oper at e al l  
equi pment  t o di schar ge and t r ansf er  concr et e wi t hout  segr egat i on.   Dumpi ng 
of  concr et e i n di scr et e pi l es i s not  per mi t t ed.   No t r ansf er  or  spr eadi ng 
oper at i on whi ch r equi r es t he use of  f r ont - end l oader s,  dozer s,  or  s i mi l ar  
equi pment  t o di st r i but e t he concr et e i s per mi t t ed.  No equi pment  i s 
per mi t t ed t o oper at e on t he gr ade i n f r ont  of  t he paver .

3. 5   PAVI NG

3. 5. 1   Gener al  Requi r ement s

Const r uct  pavement  wi t h pavi ng and f i ni shi ng equi pment  ut i l i z i ng r i gi d 
f i xed f or ms or  by use of  s l i pf or m pavi ng equi pment .   Pr ovi de pavi ng and 
f i ni shi ng equi pment  and pr ocedur es r esul t i ng i n pavi ng l anes of  t he 
r equi r ed wi dt h at  a r at e of  at  l east  2. 5 f eet  of  pavi ng l ane per  mi nut e on 
a r out i ne basi s.   Cont r ol  pavi ng equi pment  and i t s oper at i on,  and 
coor di nat e wi t h al l  ot her  oper at i ons,  such t hat  t he paver - f i ni sher  has a 
cont i nuous f or war d movement  at  a r easonabl y uni f or m speed f r om begi nni ng 
t o end of  each pavi ng l ane,  except  f or  i nadver t ent  equi pment  br eakdown.   
Backi ng t he paver  and r ef i ni shi ng a l ane i s not  per mi t t ed.   Remove and 
r epl ace concr et e r ef i ni shed i n t hi s manner .   Fai l ur e t o achi eve a 
cont i nuous f or war d mot i on r equi r es hal t i ng oper at i ons,  and modi f y i ng 
pr ocedur es,  equi pment ,  or  mi x pr opor t i ons t o achi eve t hi s r equi r ement .   
Per sonnel  ar e not  per mi t t ed t o wal k or  oper at e i n t he pl ast i c concr et e at  
any t i me.   Sel ect  pavi ng equi pment  and pr ocedur es whi ch oper at e pr oper l y 
on t he under l y i ng mat er i al  wi t hout  causi ng di spl acement  or  ot her  damage.

3. 5. 2   Consol i dat i on

Consol i dat e concr et e wi t h t he speci f i ed t ype of  l ane- spanni ng,  
gang- mount ed,  mechani cal ,  i mmer si on t ype vi br at i ng equi pment  mount ed i n 
f r ont  of  t he paver ,  suppl ement ed,  i n r ar e i nst ances as speci f i ed,  by 
hand- oper at ed vi br at or s.   I nser t  v i br at or s i nt o t he concr et e t o a dept h 
t hat  pr ovi des t he best  f ul l - dept h consol i dat i on but  not  c l oser  t o t he 
under l y i ng mat er i al  t han 2 i nches.   Excessi ve v i br at i on i s not  per mi t t ed.   
I f  v i br at or s cause vi s i bl e t r acki ng i n t he pavi ng l ane,  di scont i nue pavi ng 
oper at i ons unt i l  equi pment  and oper at i ons have been modi f i ed t o pr event  
i t .   Consol i dat e concr et e i n smal l ,  odd- shaped sl abs or  i n i sol at ed 
l ocat i ons i naccessi bl e t o t he gang- mount ed vi br at i on equi pment  wi t h an 
appr oved hand- oper at ed i mmer si on vi br at or  oper at ed f r om a br i dge spanni ng 
t he ar ea.   Do not  use vi br at or s t o t r anspor t  or  spr ead t he concr et e.   Do 
not  oper at e hand- oper at ed vi br at or s i n t he concr et e at  one l ocat i on f or  
mor e t han 20 seconds.   I nser t  hand- oper at ed vi br at or s bet ween 6 t o 15 
i nches on cent er s.   For  each pavi ng t r ai n,  pr ovi de at  l east  one addi t i onal  
v i br at or  spud,  or  suf f i c i ent  par t s f or  r api d r epl acement  and r epai r  of  
v i br at or s at  t he pavi ng si t e at  al l  t i mes.   Any evi dence of  i nadequat e 
consol i dat i on ( honeycomb al ong t he edges,  l ar ge ai r  pocket s,  or  any ot her  
evi dence)  r equi r es t he i mmedi at e st oppi ng of  t he pavi ng oper at i on and 
appr oved adj ust ment  of  t he equi pment  or  pr ocedur es.

3. 5. 3   Oper at i on

When t he paver  appr oaches a header  at  t he end of  a pavi ng l ane,  mai nt ai n a 
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suf f i c i ent  amount  of  concr et e ahead of  t he paver  t o pr ovi de a r ol l  of  
concr et e whi ch spi l l s  over  t he header .   Pr ovi de a suf f i c i ent  amount  of  
ext r a concr et e t o pr event  any gr out  t hat  i s  f or med and car r i ed al ong ahead 
of  t he paver  f r om bei ng deposi t ed adj acent  t o t he header .   Mai nt ai n t he 
spud vi br at or s i n f r ont  of  t he paver  at  t he desi r ed dept h as c l ose t o t he 
header  as possi bl e bef or e t hey ar e l i f t ed.   Pr ovi de addi t i onal  
consol i dat i on adj acent  t o t he header s by hand- mani pul at ed vi br at or s.   When 
t he paver  i s oper at ed bet ween or  adj acent  t o pr evi ousl y const r uct ed 
pavement  ( f i l l - i n l anes) ,  pr ovi de pr ovi s i ons t o pr event  damage t o t he 
adj acent  pavement .   El ect r oni cal l y cont r ol  scr eeds or  ext r usi on pl at es so 
as t o pr event  t hem f r om appl y i ng pr essur e t o t he exi st i ng pavement  and t o 
pr event  abr asi on of  t he pavement  sur f ace.   Mai nt ai n t he over l appi ng ar ea 
of  exi st i ng pavement  sur f ace compl et el y f r ee of  any l oose or  bonded 
f or ei gn mat er i al  as t he paver - f i ni sher  oper at es acr oss i t .  Paver s usi ng 
t r ansver sel y osci l l at i ng scr eeds ar e not  al l owed t o f or m f i l l - i n l anes 
t hat  have wi dt hs l ess t han a f ul l  wi dt h f or  whi ch t he paver  was desi gned 
or  adj ust ed.

3. 5. 4   Requi r ed Resul t s

Adj ust  and coor di nat e t he paver - f i ni sher ,  i t s  gang- mount ed vi br at or s,  and 
oper at i ng pr ocedur es wi t h t he concr et e mi xt ur e bei ng used,  t o pr oduce a 
t hor oughl y consol i dat ed sl ab t hr oughout  t hat  i s  t r ue t o l i ne and gr ade 
wi t hi n speci f i ed t ol er ances.   Pr ovi de a paver - f i ni shi ng oper at i on t hat  
pr oduces a sur f ace f i ni sh wi t h a mi ni mum,  i sol at ed amount  of  
i r r egul ar i t i es,  t ear s,  voi ds of  any k i nd,  and any ot her  di scont i nui t i es i n 
a s i ngl e pass acr oss t he pavement ;  mul t i pl e passes ar e not  per mi t t ed.   
Pr ovi de equi pment  and i t s oper at i on t hat  pr oduce a f i ni shed sur f ace 
r equi r i ng no hand f i ni shi ng ot her  t han t he use of  cut t i ng st r ai ght edges,  
except  i n ver y i nf r equent  i nst ances.   St op pavi ng i f  any equi pment  or  
oper at i on f ai l s  t o pr oduce t he above r esul t s.   Pr i or  t o r ecommenci ng 
pavi ng,  pr oper l y adj ust  or  r epl ace t he equi pment ,  modi f y t he oper at i on,  or  
modi f y t he mi xt ur e pr opor t i ons,  i n or der  t o pr oduce t he r equi r ed r esul t s.   
No wat er ,  ot her  t han f og spr ays ( mi st )  as speci f i ed i n par agr aph 
Pr event i on Of  Pl ast i c Shr i nkage Cr acki ng above,  i s al l owed t o be appl i ed 
t o t he concr et e or  t he concr et e sur f ace dur i ng pavi ng and f i ni shi ng.

3. 5. 5   Fi xed For m Pavi ng

Pr ovi de pavi ng equi pment  f or  f i xed- f or m pavi ng and oper at i on t hat  conf or ms 
t o t he r equi r ement s of  par agr aph EQUI PMENT,  and al l  r equi r ement s speci f i ed 
her ei n.

3. 5. 5. 1   For ms f or  Fi xed- For m Pavi ng

a.   Pr ovi de st r ai ght  f or ms made of  st eel  and i n sect i ons not  l ess t han 10 
f eet  i n l engt h t hat  ar e c l ean and f r ee of  r ust  or  ot her  cont ami nant s.   
Seal  any hol es or  per f or at i ons i n f or ms pr i or  t o pavi ng unl ess 
ot her wi se per mi t t ed.   Mai nt ai n f or ms i n pl ace and passabl e by al l  
equi pment  necessar y t o compl et e t he ent i r e pavi ng oper at i on wi t hout  
need t o r emove hor i zont al  f or m suppor t s.   Pr ovi de f l exi bl e or  cur ved 
f or ms of  pr oper  r adi us f or  cur ves of  100- f oot  r adi us or  l ess.   Pr ovi de 
wood f or ms f or  cur ves and f i l l et s made of  wel l - seasoned,  sur f aced 
pl ank or  pl ywood,  st r ai ght ,  and f r ee f r om war p or  bend t hat  have 
adequat e st r engt h and ar e r i gi dl y br aced.   Pr ovi de f or ms wi t h a dept h 
equal  t o t he pavement  t hi ckness at  t he edge.   Wher e t he pr oj ect  
r equi r es sever al  di f f er ent  s l ab t hi cknesses,  bui l d up f or ms by bol t i ng 
or  wel di ng a t ubul ar  met al  sect i on or  by bol t i ng wood pl anks t o t he 
bot t om of  t he f or m t o compl et el y cover  t he under si de of  t he base of  
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t he f or m and pr ovi de an i ncr ease i n dept h of  not  mor e t han 25 
per cent .   Pr ovi de f or ms wi t h t he base wi dt h of  t he one- pi ece or  
bui l t - up f or m not  l ess t han ei ght - t ent hs of  t he ver t i cal  hei ght  of  t he 
f or m,  except  pr ovi de f or ms 8 i nches or  l ess i n ver t i cal  hei ght  wi t h a 
base wi dt h not  l ess t han t he ver t i cal  hei ght  of  t he f or m.   Pr ovi de 
f or ms wi t h maxi mum ver t i cal  devi at i on of  t op of  any s i de f or m,  
i ncl udi ng j oi nt s,  not  var yi ng f r om a t r ue pl ane mor e t han 1/ 8 i nch i n 
10 f eet ,  and t he upst andi ng l eg not  var yi ng mor e t han 1/ 4 i nch.  

b.   Pr ovi de f or m sect i ons t hat  ar e t i ght l y l ocked and f r ee f r om pl ay or  
movement  i n any di r ect i on.   Pr ovi de f or ms wi t h adequat e devi ces f or  
secur e set t i ngs so t hat  when i n pl ace t hey wi t hst and,  wi t hout  v i s i bl e 
spr i ng or  set t l ement ,  t he i mpact  and vi br at i on of  t he consol i dat i ng 
and f i ni shi ng equi pment .

c.   Set  f or ms f or  f ul l  bear i ng on f oundat i on f or  ent i r e l engt h and wi dt h 
and i n al i gnment  wi t h edge of  f i ni shed pavement .   Suppor t  f or ms dur i ng 
ent i r e oper at i on of  pl aci ng,  consol i dat i on,  and f i ni shi ng so t hat  
f or ms do not  devi at e ver t i cal l y mor e t han 0. 01 f oot  f r om r equi r ed 
gr ade and el evat i ons i ndi cat ed.   Check conf or mi t y t o t he al i gnment  and 
gr ade el evat i ons shown on t he dr awi ngs and make necessar y cor r ect i ons 
i mmedi at el y pr i or  t o pl aci ng t he concr et e.   Cl ean and oi l  t he f or ms 
each t i me bef or e concr et e i s pl aced.   Concr et e pl acement  i s not  
al l owed unt i l  set t i ng of  f or ms has been checked and appr oved by t he 
CQC t eam.

d.   Do not  anchor  gui de r ai l s f or  f i xed f or m paver s i nt o new concr et e or  
exi st i ng concr et e t o r emai n.

3. 5. 5. 2   For m Removal

Keep f or ms i n pl ace at  l east  12 hour s af t er  t he concr et e has been pl aced.   
When condi t i ons ar e such t hat  t he ear l y st r engt h gai n of  t he concr et e i s 
del ayed,  l eave t he f or ms i n pl ace f or  a l onger  t i me.   Remove f or ms by 
pr ocedur es t hat  do not  damage t he concr et e.   Do not  use bar s or  heavy 
met al  t ool s di r ect l y agai nst  t he concr et e i n r emovi ng t he f or ms.   Pr ompt l y 
r epai r  any concr et e f ound t o be def ect i ve af t er  f or m r emoval ,  usi ng 
pr ocedur es speci f i ed or  as di r ect ed.

3. 5. 6   Sl i pf or m Pavi ng

3. 5. 6. 1   Gener al

Pr ovi de pavi ng equi pment  f or  s l i pf or m pavi ng and t he oper at i on t her eof  
t hat  conf or ms t o t he r equi r ement  of  par agr aph EQUI PMENT,  and al l  
r equi r ement s speci f i ed her ei n.   Pr ovi de a s l i pf or m paver  capabl e of  
shapi ng t he concr et e i n one pass t o t he speci f i ed and i ndi cat ed cr oss 
sect i on,  meet i ng al l  t ol er ances,  wi t h a sur f ace f i ni sh and edges t hat  
r equi r e onl y a ver y mi ni mum i sol at ed amount  of  hand f i ni shi ng.   I f  t he 
pavi ng oper at i on does not  meet  t he above r equi r ement s and t he speci f i ed 
t ol er ances,  i mmedi at el y st op t he oper at i on and modi f y any equi pment ,  
pavi ng pr ocedur es,  or  t he concr et e mi x i n or der  t o r esol ve t he pr obl em.   
Pr ovi de a s l i pf or m paver  t hat  i s  aut omat i cal l y el ect r oni cal l y cont r ol l ed 
f r om a t aut  gui del i ne f or  hor i zont al  al i gnment  and on bot h s i des f r om a 
t aut  gui del i ne f or  ver t i cal  al i gnment ,  except  t hat  el ect r oni c cont r ol  f r om 
a ski  oper at i ng on a pr evi ousl y const r uct ed adj oi ni ng l ane i s r equi r ed 
wher e appl i cabl e f or  ei t her  or  bot h s i des.   Aut omat i c,  el ect r oni c cont r ol s 
ar e r equi r ed f or  ver t i cal  al i gnment  on bot h s i des of  t he l ane.   Cont r ol  
f r om a sl ope- adj ust ment  cont r ol  or  cont r ol  oper at i ng f r om t he under l y i ng 
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mat er i al  i s  not  al l owed.   Pr oper l y adj ust  s i de f or ms on sl i pf or m paver s so 
t hat  t he f i ni shed edge of  t he pavi ng l ane meet s al l  speci f i ed t ol er ances.   
I nst al l  dowel s i n l ongi t udi nal  const r uct i on j oi nt s as speci f i ed bel ow.   
The i nst al l at i on of  t hese dowel s by dowel  i nser t er s at t ached t o t he paver  
or  by any ot her  means of  i nser t i ng t he dowel s i nt o t he pl ast i c concr et e i s 
not  per mi t t ed.

3. 5. 6. 2   Gui del i ne f or  Sl i pf or m Pavi ng

Accur at el y and secur el y i nst al l  gui del i nes wel l  i n advance of  concr et e 
pl acement .   Pr ovi de suppor t s at  necessar y i nt er val s t o el i mi nat e al l  sag 
i n t he gui del i ne when pr oper l y t i ght ened.   Pr ovi de gui del i ne consi st i ng of  
hi gh st r engt h mat er i al  desi gned f or  use as a pavi ng gui del i ne wi t h 
suf f i c i ent  t ensi on t o r emove al l  sag bet ween suppor t s.   Pr ovi de suppor t s 
t hat  ar e secur el y st aked t o t he under l y i ng mat er i al  or  make ot her  
pr ovi s i ons t o keep t he suppor t s f r om di spl aci ng when t he gui del i ne i s 
t i ght ened or  when t he gui del i ne or  suppor t s ar e acci dent al l y t ouched by 
wor kmen or  equi pment  dur i ng const r uct i on.   Pr ovi de appl i ances f or  
at t achi ng t he gui del i ne t o t he suppor t s t hat  ar e capabl e of  easy 
adj ust ment  i n bot h t he hor i zont al  and ver t i cal  di r ect i ons.   When i t  i s  
necessar y t o l eave gaps i n t he gui del i ne t o per mi t  equi pment  t o use or  
cr oss under l y i ng mat er i al ,  pr ovi de pr ovi s i ons f or  qui ckl y and accur at el y 
r epl aci ng t he gui del i ne wi t hout  any del ay t o t he f or war d pr ogr ess of  t he 
paver .   Pr ovi de suppor t s on ei t her  s i de of  t he gap t hat  ar e secur ed i n 
such a manner  as t o avoi d di st ur bi ng t he r emai nder  of  t he gui del i ne when 
t he por t i on acr oss t he gap i s posi t i oned and t i ght ened.   Check t he 
gui del i ne acr oss t he gap and adj acent  t o t he gap f or  a di st ance of  200 f eet
 f or  hor i zont al  and ver t i cal  al i gnment  af t er  t he gui del i ne acr oss t he gap 
i s t i ght ened.   Pr ovi de ver t i cal  and hor i zont al  posi t i oni ng of  t he 
gui del i ne such t hat  t he f i ni shed pavement  conf or ms t o t he al i gnment  and 
gr ade el evat i ons shown on t he dr awi ngs wi t hi n t he speci f i ed t ol er ances f or  
gr ade and smoot hness.   The speci f i ed t ol er ances ar e i nt ended t o cover  onl y 
t he nor mal  devi at i ons i n t he f i ni shed pavement  t hat  occur  under  good 
super vi s i on and do not  appl y t o set t i ng of  t he gui del i ne.   Set  t he 
gui del i ne t r ue t o l i ne and gr ade.

3. 5. 6. 3   St r i ngl ess Technol ogy

I f  t he use of  any t ype of  st r i ngl ess t echnol ogy i s pr oposed,  submi t  a 
det ai l ed descr i pt i on of  t he syst em and per f or m a t r i al  f i el d demonst r at i on 
at  l east  one week pr i or  t o st ar t  of  pavi ng.   Appr oval  of  t he cont r ol  
syst em wi l l  be based on t he r esul t s of  t he demonst r at i on and on cont i nui ng 
sat i sf act or y oper at i on dur i ng pavi ng.

3. 5. 7   Pl aci ng Rei nf or ci ng St eel

Pr ovi de t he t ype and amount  of  st eel  r ei nf or cement  i ndi cat ed.  Regar dl ess 
of  pl acement  pr ocedur e,  pr ovi de r ei nf or ci ng st eel  f r ee f r om coat i ngs whi ch 
coul d i mpai r  bond bet ween t he st eel  and concr et e,  wi t h r ei nf or cement  l aps 
as i ndi cat ed.   Regar dl ess of  t he equi pment  or  pr ocedur es used f or  
i nst al l i ng r ei nf or cement ,  adequat el y consol i dat e t he ent i r e dept h of  
concr et e.  I nst al l  st eel  r ei nf or cement  at  t he r equi r ed el evat i on wi t hi n a 
t ol er ance of  pl us of  mi nus 1/ 2 i nch.   

3. 5. 7. 1   Pavement  Thi ckness Gr eat er  Than 12 i nches

For  pavement  t hi ckness of  12 i nches or  mor e,  pl ace an i ni t i al  l i f t  of  
concr et e on t he under l y i ng mat er i al  t o t he r equi r ed el evat i on of  t he st eel  
r ei nf or cement ,  consol i dat e t he i ni t i al  l i f t  of  concr et e,  pl ace t he st eel  
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r ei nf or cement  upon t he sur f ace of  t he i ni t i al  l i f t ,  pl ace a second l i f t  of  
concr et e t o f i nal  gr ade,  consol i dat e,  and f i ni sh i n t he r equi r ed manner .   
When pl acement  of  t he second l i f t  causes t he st eel  r ei nf or cement  t o be 
di spl aced hor i zont al l y f r om i t s or i gi nal  posi t i on,  pr ovi de pr ovi s i ons f or  
i ncr easi ng t he t hi ckness of  t he i ni t i al  l i f t  and depr essi ng t he st eel  
r ei nf or cement  i nt o t he unhar dened concr et e t o t he r equi r ed el evat i on.   
Li mi t  t he i ncr ease i n t hi ckness onl y as necessar y t o per mi t  cor r ect  
hor i zont al  al i gnment  t o be mai nt ai ned.   Remove and r epl ace any por t i ons of  
t he i ni t i al  l i f t  of  concr et e t hat  have been pl aced mor e t han 30 mi nut es 
wi t hout  bei ng cover ed wi t h t he second l i f t  wi t h newl y mi xed concr et e 
wi t hout  addi t i onal  cost  t o t he Gover nment .

3. 5. 7. 2   Pavement  Thi ckness Less Than 12 I nches

For  pavement s l ess t han 12 i nches t hi ck,  posi t i on t he r ei nf or cement  on 
sui t abl e chai r s or  cont i nuous mesh suppor t  devi ces secur el y f ast ened t o 
t he subgr ade pr i or  t o concr et e pl acement .   Consol i dat e concr et e af t er  t he 
st eel  has been pl aced.   

3. 5. 8   Pl aci ng Dowel s

Pr ovi de a met hod t o i nst al l  and hol d dowel s i n posi t i on t hat  meet s t he 
t ol er ances f or  l ocat i on,  al i gnment ,  and spaci ng of  Tabl e 14.   Do not  pl ace 
l ongi t udi nal  dowel s c l oser  t han 0. 6 t i mes t he dowel  bar  l engt h t o t he 
pl anned j oi nt  l i ne.   I f  t he l ast  r egul ar l y spaced l ongi t udi nal  dowel  i s 
c l oser  t han t hat  di mensi on,  move i t  away f r om t he j oi nt  t o a l ocat i on 0. 6 
t i mes t he dowel  bar  l engt h,  but  not  c l oser  t han 6 i nches t o i t s near est  
nei ghbor .   Resol ve dowel  i nt er f er ence at  a t r ansver se j oi nt - l ongi t udi nal  
j oi nt  i nt er sect i on by del et i ng t he c l osest  t r ansver se dowel .   Do not  
posi t i on t he end of  a t r ansver se dowel  c l oser  t han 12 i nches f r om t he end 
of  t he near est  l ongi t udi nal  dowel .   I nst al l  dowel s as speci f i ed i n t he 
f ol l owi ng subpar agr aphs.

TABLE 14

DOWEL ALI GNMENT TOLERANCES

Dowel  Measur ement Tol er ance

Hor i zont al  al i gnment  ( a) Maxi mum of   1/ 8 i nch per  f oot  af t er  t he
pavement  has been compl et ed

Ver t i cal  al i gnment  ( b) Maxi mum of   1/ 8 i nch per  f oot  af t er  t he
pavement  has been compl et ed

Hor i zont al  spaci ng pl us or  mi nus 5/ 8 i nch,  except  as
ot her wi se speci f i ed above

Ver t i cal  l ocat i on on t he f ace of  t he sl ab pl us or  mi nus 1/ 2 i nch

( a)  Check hor i zont al  al i gnment  per pendi cul ar  t o t he j oi nt  edge wi t h a f r ami ng squar e.
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TABLE 14

DOWEL ALI GNMENT TOLERANCES

Dowel  Measur ement Tol er ance

( b)  Measur e t he ver t i cal  al i gnment  of  t he dowel s par al l el  t o t he desi gnat ed t op sur f ace 
of  t he pavement ,  except  f or  t hose acr oss t he cr own or  ot her  gr ade change j oi nt s.   
Measur e dowel s acr oss cr owns and ot her  j oi nt s at  gr ade changes t o a l evel  sur f ace.

3. 5. 8. 1   Cont r act i on Joi nt s

Secur el y hol d dowel s i n l ongi t udi nal  and t r ansver se cont r act i on j oi nt s 
wi t hi n t he pavi ng l ane i n pl ace,  as i ndi cat ed,  by means of  r i gi d met al  
f r ames or  basket  assembl i es of  an appr oved t ype.   Secur el y hol d t he basket  
assembl i es i n t he pr oper  l ocat i on by means of  sui t abl e pi ns or  anchor s.   
Do not  cut  or  cr i mp t he dowel  basket  t i e wi r es.   

3. 5. 8. 2   Const r uct i on Joi nt s- Fi xed For m Pavi ng

I nst al l  dowel s by t he bonded- i n- pl ace met hod or  t he dr i l l - and- dowel  
met hod.   I nst al l at i on by r emovi ng and r epl aci ng i n pr ef or med hol es i s not  
per mi t t ed.   Pr epar e and pl ace dowel s acr oss j oi nt s wher e i ndi cat ed,  
cor r ect l y al i gned,  and secur el y hel d i n t he pr oper  hor i zont al  and ver t i cal  
posi t i on dur i ng pl aci ng and f i ni shi ng oper at i ons,  by means of  devi ces 
f ast ened t o t he f or ms.   Pr ovi de t he spaci ng of  dowel s i n const r uct i on 
j oi nt s as i ndi cat ed,  except  t hat ,  wher e t he pl anned spaci ng cannot  be 
mai nt ai ned because of  f or m l engt h or  i nt er f er ence wi t h f or m br aces,  
pr ovi de cl oser  spaci ng wi t h addi t i onal  dowel s.

3. 5. 8. 3   Dowel s I nst al l ed i n Har dened Concr et e

I nst al l  dowel s i n har dened concr et e by bondi ng t he dowel s i nt o hol es 
dr i l l ed i nt o t he har dened concr et e.   Bef or e dr i l l i ng commences,  cur e t he 
concr et e f or  7 days or  unt i l  i t  has r eached a mi ni mum f i el d cur ed f l exur al  
st r engt h of  450 psi .   Dr i l l  hol es 1/ 8 i nch gr eat er  i n di amet er  t han t he 
dowel s i nt o t he har dened concr et e usi ng r ot ar y- cor e dr i l l s .   
Rot ar y- per cussi on dr i l l s  ar e per mi t t ed,  pr ovi ded t hat  excessi ve spal l i ng 
does not  occur  at  t he concr et e j oi nt  f ace.   Excessi ve spal l i ng i s def i ned 
as spal l i ng deeper  t han 1/ 4 i nch f r om t he j oi nt  f ace or  1/ 2 i nch r adi al l y 
f r om t he out si de of  t he dr i l l ed hol e.  Cont i nui ng damage r equi r es 
modi f i cat i on of  t he equi pment  and oper at i on.   Dr i l l  dept h of  dowel  hol e 
wi t hi n a t ol er ance of  pl us or  mi nus 1/ 2 i nch of  t he hal f  l engt h of  t he 
embedded dowel .   Upon compl et i on of  t he dr i l l i ng oper at i on,  bl ow out  t he 
dowel  hol e wi t h oi l - f r ee,  compr essed ai r .   Bond dowel s i n t he dr i l l ed 
hol es usi ng epoxy r esi n.   I nj ect  epoxy r esi n at  t he back of  t he hol e 
bef or e i nst al l i ng t he dowel  and ext r ude t o t he col l ar  dur i ng i nser t i on of  
t he dowel  so as t o compl et el y f i l l  t he voi d ar ound t he dowel .   Appl i cat i on 
by but t er i ng t he dowel  i s not  per mi t t ed.   Hol d t he dowel s i n al i gnment  at  
t he col l ar  of  t he hol e,  af t er  i nser t i on and bef or e t he gr out  har dens,  by 
means of  a sui t abl e met al  or  pl ast i c gr out  r et ent i on r i ng f i t t ed ar ound 
t he dowel .   Pr ovi de dowel s r equi r ed bet ween new and exi st i ng concr et e i n 
hol es dr i l l ed i n t he exi st i ng concr et e,  al l  as speci f i ed above.  

3. 5. 8. 4   Lubr i cat i ng Dowel  Bar s

Wi pe cl ean t he por t i on of  each dowel  i nt ended t o move wi t hi n t he concr et e  
and coat  wi t h a t hi n,  even f i l m of  l ubr i cat i ng oi l  or  l i ght  gr ease bef or e 
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t he concr et e i s pl aced.  For m oi l  i s  not  accept abl e.

3. 6   FI NI SHI NG

Pr ovi de f i ni shi ng oper at i ons as a cont i nui ng par t  of  pl aci ng oper at i ons 
st ar t i ng i mmedi at el y behi nd t he paver .   Pr ovi de f i ni shi ng by t he machi ne 
met hod.  Hand f i ni shi ng r equi r ement s ar e speci f i ed i n par agr aph HAND 
FI NI SHI NG.  Pr ovi de t he sequence of  oper at i ons consi st i ng of  t r ansver se 
f i ni shi ng,  l ongi t udi nal  machi ne f l oat i ng i f  used,  st r ai ght edge f i ni shi ng,  
t ext ur i ng,  and t hen edgi ng of  j oi nt s.   Pr ovi de a wor k br i dge as necessar y 
f or  consol i dat i on and hand f i ni shi ng oper at i ons.   Use t he hand met hod onl y 
on i sol at ed ar eas of  odd sl ab wi dt hs or  shapes and i n t he event  of  a 
br eakdown of  t he mechani cal  f i ni shi ng equi pment .   Keep suppl ement al  hand 
f i ni shi ng f or  machi ne f i ni shed pavement  t o an absol ut e mi ni mum.   
I mmedi at el y st op any machi ne f i ni shi ng oper at i on whi ch r equi r es 
appr eci abl e hand f i ni shi ng,  ot her  t han a moder at e amount  of  st r ai ght edge 
f i ni shi ng.  Pr i or  t o r ecommenci ng machi ne f i ni shi ng,  pr oper l y adj ust  or  
r epl ace t he equi pment .   I mmedi at el y hal t  any oper at i ons whi ch pr oduce mor e 
t han 1/ 8 i nch of  mor t ar - r i ch sur f ace ( def i ned i n par agr aph Weak Sur f aces)  
and modi f y t he equi pment ,  mi xt ur e,  or  pr ocedur es as necessar y.   Compensat e 
f or  sur gi ng behi nd t he scr eeds or  ext r usi on pl at e and set t l ement  dur i ng 
har deni ng and adj ust  t he pavi ng and f i ni shi ng machi nes so t hat  t he 
f i ni shed sur f ace of  t he concr et e ( not  j ust  t he cut t i ng edges of  t he 
scr eeds)  i s at  t he r equi r ed l i ne and gr ade.   Mai nt ai n f i ni shi ng equi pment  
and t ool s c l ean and i n an appr oved condi t i on.   Wat er  i s not  al l owed t o be 
added t o t he sur f ace of  t he s l ab wi t h t he f i ni shi ng equi pment  or  t ool s,  or  
i n any ot her  way,  except  f or  f og ( mi st )  spr ays speci f i ed t o pr event  
pl ast i c shr i nkage cr acki ng.

3. 6. 1   Machi ne Fi ni shi ng Wi t h Fi xed For ms

Repl ace machi nes t hat  cause di spl acement  of  t he f or ms.   Onl y one pass of  
t he f i xed f or m f i ni shi ng machi ne i s al l owed over  each ar ea of  pavement .   
I f  t he equi pment  and pr ocedur es do not  pr oduce a sur f ace of  uni f or m 
t ext ur e,  t r ue t o gr ade,  i n one pass,  i mmedi at el y st op t he oper at i on and 
adj ust  t he equi pment ,  mi xt ur e,  and pr ocedur es as necessar y.

3. 6. 2   Machi ne Fi ni shi ng wi t h Sl i pf or m Paver s

Oper at e t he s l i pf or m paver  so t hat  onl y a ver y mi ni mum of  addi t i onal  
f i ni shi ng wor k i s r equi r ed t o pr oduce pavement  sur f aces and edges meet i ng 
t he speci f i ed t ol er ances.  I mmedi at el y modi f y or  r epl ace any equi pment  or  
pr ocedur e t hat  f ai l s  t o meet  t hese speci f i ed r equi r ement s as necessar y.   
A  non- r ot at i ng pi pe f l oat  can be used whi l e t he concr et e i s st i l l  
pl ast i c,  t o r emove mi nor  i r r egul ar i t i es and scor e mar ks.   Onl y one pass of  
t he pi pe f l oat  i s  al l owed.   I f  t her e i s concr et e s l ur r y or  f l ui d past e on 
t he sur f ace t hat  r uns over  t he edge of  t he pavement ,  i mmedi at el y st op t he 
pavi ng oper at i on and modi f y t he equi pment ,  mi xt ur e,  or  oper at i on  t o 
pr event  f or mat i on of  such sl ur r y.   I mmedi at el y r emove any sl ur r y whi ch 
r uns down t he ver t i cal  edges by hand,  usi ng st i f f  br ushes or  scr aper s.   
Sl ur r y,  concr et e or  concr et e mor t ar  i s not  al l owed t o bui l d up al ong t he 
edges of  t he pavement  t o compensat e f or  excessi ve edge sl ump,  ei t her  whi l e 
t he concr et e i s pl ast i c or  af t er  i t  har dens.

3. 6. 3   Sur f ace Cor r ect i on and Test i ng

Af t er  al l  ot her  f i ni shi ng i s compl et ed but  whi l e t he concr et e i s st i l l  
pl ast i c,  el i mi nat e mi nor  i r r egul ar i t i es and scor e mar ks i n t he pavement  
sur f ace by means of  cut t i ng st r ai ght edges.   Pr ovi de cut t i ng st r ai ght edges 
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wi t h a mi ni mum l engt h of  12 f eet  t hat  ar e oper at ed f r om t he si des of  t he 
pavement  or  f r om br i dges.   Pr ovi de cut t i ng st r ai ght edges oper at ed f r om t he 
si de of  t he pavement  equi pped wi t h a handl e 3 f eet  l onger  t han one- hal f  
t he wi dt h of  t he pavement .   Test  t he sur f ace f or  t r ueness wi t h a 
st r ai ght edge hel d i n successi ve posi t i ons par al l el  and at  r i ght  angl es t o 
t he cent er  l i ne of  t he pavement ,  and cover  t he whol e ar ea t o det ect  
var i at i ons.   Advance t he st r ai ght edge al ong t he pavement  i n successi ve 
st ages of  not  mor e t han one- hal f  t he l engt h of  t he st r ai ght edge.   
I mmedi at el y f i l l  depr essi ons wi t h f r eshl y mi xed concr et e,  st r i ke of f ,  
consol i dat e wi t h an i nt er nal  v i br at or ,  and r ef i ni sh.   St r i ke of f  
pr oj ect i ons above t he r equi r ed el evat i on and r ef i ni sh.   Cont i nue t he 
st r ai ght edge t est i ng and f i ni shi ng unt i l  t he ent i r e sur f ace of  t he 
concr et e i s f r ee f r om obser vabl e depar t ur e f r om t he st r ai ght edge and 
conf or ms t o t he sur f ace r equi r ement s speci f i ed i n par agr aph SURFACE 
SMOOTHNESS.   Thi s st r ai ght edgi ng i s not  al l owed t o be used as a 
r epl acement  f or  t he st r ai ght edge t est i ng of  par agr aph SURFACE SMOOTHNESS.   
Use l ong- handl ed,  f l at  bul l  f l oat s ver y spar i ngl y and onl y as necessar y t o 
cor r ect  mi nor ,  scat t er ed sur f ace def ect s.   I f  f r equent  use of  bul l  f l oat s 
i s necessar y,  st op t he pavi ng oper at i on and adj ust  t he equi pment ,  mi xt ur e 
or  pr ocedur es t o el i mi nat e t he sur f ace def ect s.   Keep f i ni shi ng wi t h hand 
f l oat s and t r owel s t o t he absol ut e mi ni mum necessar y.   Take ext r eme car e 
t o pr event  over f i ni shi ng j oi nt s and edges.   Pr oduce t he sur f ace f i ni sh of  
t he pavement  essent i al l y  by t he f i ni shi ng machi ne and not  by subsequent  
hand f i ni shi ng oper at i ons.   Al l  hand f i ni shi ng oper at i ons ar e subj ect  t o 
appr oval .

3. 6. 4   Hand Fi ni shi ng

Use hand f i ni shi ng oper at i ons onl y as speci f i ed bel ow.   Pr ovi de a wor k 
br i dge t o be used as necessar y f or  consol i dat i on and pl acement  oper at i ons 
t o avoi d st andi ng i n concr et e.

3. 6. 4. 1   Equi pment  and Templ at e

I n addi t i on t o appr oved mechani cal  i nt er nal  v i br at or s f or  consol i dat i ng 
t he concr et e,  pr ovi de a st r i ke- of f  and t ampi ng t empl at e and a l ongi t udi nal  
f l oat  f or  hand f i ni shi ng.   Pr ovi de a t empl at e at  l east  1 f oot  l onger  t han 
t he wi dt h of  pavement  bei ng f i ni shed,  of  an appr oved desi gn,  and 
suf f i c i ent l y r i gi d t o r et ai n i t s shape,  t hat  i s  const r uct ed of  met al  or  
ot her  sui t abl e mat er i al  shod wi t h met al .   Pr ovi de a l ongi t udi nal  f l oat  at  
l east  10 f eet  l ong,  of  appr oved desi gn,  t hat  i s  r i gi d and subst ant i al l y  
br aced t o mai nt ai n a pl ane sur f ace on t he bot t om.   Gr at e t amper s 
( j i t t er bugs)  ar e not  al l owed.

3. 6. 4. 2   Fi ni shi ng and Fl oat i ng

As soon as t he pl ast i c concr et e i s pl aced and consol i dat ed,  st r i ke of f  t he 
concr et e and scr eed t o t he cr oss sect i on and t o such el evat i on above gr ade 
t hat  when consol i dat ed and f i ni shed,  t he sur f ace of  t he pavement  i s at  t he 
r equi r ed el evat i on.    I mmedi at el y f ol l owi ng t he f i nal  t ampi ng of  t he 
sur f ace,  f l oat  t he pavement  l ongi t udi nal l y f r om br i dges r est i ng on t he 
si de f or ms and spanni ng but  not  t ouchi ng t he concr et e.  Do not  advance t he 
f l oat i ng oper at i on mor e t han hal f  t he l engt h of  t he f l oat  and cont i nue 
over  t he new and pr evi ousl y f l oat ed sur f aces.

3. 6. 5   Text ur i ng

Bef or e t he sur f ace sheen has di sappear ed and bef or e t he concr et e har dens 
or  cur i ng compound i s appl i ed,  t ext ur e t he sur f ace of  t he pavement  as 
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descr i bed her ei n.   Af t er  t he cur i ng per i od i s compl et e,  t hor oughl y power  
br oom al l  t ext ur ed sur f aces t o r emove al l  debr i s.

3. 6. 5. 1   Bur l ap Dr ag Sur f ace

Appl y sur f ace t ext ur e by dr aggi ng t he sur f ace of  t he pavement ,  i n t he 
di r ect i on of  t he concr et e pl acement ,  wi t h an appr oved bur l ap dr ag.   
Oper at e t he dr ag wi t h t he f abr i c moi st  and mai nt ai n t he f abr i c c l ean.  
Change as r equi r ed t o keep cl ean.   Per f or m t he dr aggi ng so as t o pr oduce a 
uni f or m f i ni shed sur f ace havi ng a f i ne sandy t ext ur e wi t hout  di sf i gur i ng 
mar ks.

3. 6. 6   Edgi ng

Bef or e t ext ur i ng has been compl et ed,  car ef ul l y f i ni sh t he edge of  t he 
s l abs al ong t he f or ms,  al ong t he edges of  s l i pf or med l anes,  and at  t he 
j oi nt s wi t h an edgi ng t ool  t o f or m a smoot h r ounded sur f ace of  1/ 8 i nch 
r adi us.   El i mi nat e t ool  mar ks and pr ovi de edges t hat  ar e smoot h and t r ue 
t o l i ne.   Wat er  i s not  al l owed t o be added t o t he sur f ace dur i ng edgi ng.   
Take ext r eme car e t o pr event  over wor ki ng t he concr et e.

3. 6. 7   Pavement  Penet r at i ons

Const r uct  r ecesses f or  t he t i e- down anchor s,  l i ght i ng f i x t ur es,  and ot her  
out l et s i n t he pavement  t o conf or m t o t he det ai l s and di mensi ons shown.   
Car ef ul l y f i ni sh t he concr et e i n t hese ar eas t o pr ovi de a sur f ace of  t he 
same t ext ur e as t he sur r oundi ng ar ea t hat  i s wi t hi n t he r equi r ement s f or  
pl an gr ade and sur f ace smoot hness.

3. 7   CURI NG

3. 7. 1   Pr ot ect i on of  Concr et e

Cont i nuousl y pr ot ect  concr et e agai nst  l oss of  moi st ur e and r api d 
t emper at ur e changes f or  at  l east  7 days f r om t he compl et i on of  f i ni shi ng 
oper at i ons.   Have al l  equi pment  needed f or  adequat e cur i ng and pr ot ect i on 
of  t he concr et e on hand and r eady f or  use bef or e act ual  concr et e pl acement  
begi ns.   I f  any sel ect ed met hod of  cur i ng does not  af f or d t he pr oper  
cur i ng and pr ot ect i on agai nst  concr et e cr acki ng,  r emove or  r epl ace t he 
damaged pavement ,  and pr ovi de anot her  met hod of  cur i ng as di r ect ed.   
Accompl i sh cur i ng by one of  t he f ol l owi ng met hods.

3. 7. 2   Membr ane Cur i ng

Appl y a uni f or m coat i ng of  whi t e- pi gment ed,  membr ane- f or mi ng,  cur i ng 
compound t o t he ent i r e exposed sur f ace of  t he concr et e as soon as t he f r ee 
wat er  has di sappear ed f r om t he sur f ace af t er  f i ni shi ng.   Appl y i mmedi at el y 
al ong t he f or med edge f aces af t er  t he f or ms ar e r emoved.   Do not  al l ow t he 
concr et e t o dr y bef or e t he appl i cat i on of  t he membr ane.   I f  any dr yi ng has 
occur r ed,  moi st en t he sur f ace of  t he concr et e wi t h a f i ne spr ay of  wat er ,  
and appl y t he cur i ng compound as soon as t he f r ee wat er  di sappear s.   Appl y 
t he cur i ng compound t o t he f i ni shed sur f aces by means of  an appr oved 
aut omat i c spr ayi ng machi ne.   Appl y t he cur i ng compound wi t h an over l appi ng 
cover age t hat  pr ovi des a t wo- coat  appl i cat i on at  a cover age of  400 squar e 
f eet  per  gal l on,  pl us or  mi nus 5. 0 per cent  f or  each coat .   A one- coat  
appl i cat i on i s al l owed pr ovi ded i t  i s  appl i ed i n a uni f or m appl i cat i on and 
cover age of  200 squar e f eet  per  gal l on,  pl us or  mi nus 5. 0 per cent  i s 
obt ai ned.   The appl i cat i on of  cur i ng compound by hand- oper at ed,  mechani cal  
power ed pr essur e spr ayer s i s per mi t t ed onl y on odd wi dt hs or  shapes of  
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sl abs and on concr et e sur f aces exposed by t he r emoval  of  f or ms.   When t he 
appl i cat i on i s made by hand- oper at ed spr ayer s,  appl y a second coat  i n a 
di r ect i on appr oxi mat el y at  r i ght  angl es t o t he di r ect i on of  t he f i r st  
coat .   I f  pi nhol es,  abr asi ons,  or  ot her  di scont i nui t i es exi st ,  appl y an 
addi t i onal  coat  t o t he af f ect ed ar eas wi t hi n 30 mi nut es.   Respr ay cur i ng 
compound t o concr et e sur f aces t hat  ar e subj ect ed t o heavy r ai nf al l  wi t hi n 
3 hour s af t er  t he cur i ng compound has been appl i ed.  Wi t hi n t he cur i ng 
per i od,  i mmedi at el y r espr ay ar eas wher e t he cur i ng compound i s damaged by 
subsequent  const r uct i on oper at i ons.   Dur i ng t he ent i r e cur i ng per i od,  
adequat el y pr ot ect  membr ane- cur ed concr et e sur f aces f r om pedest r i an and 
vehi cul ar  t r af f i c ,  except  as r equi r ed f or  j oi nt - sawi ng oper at i ons and 
sur f ace t est s,  and f r om any ot her  possi bl e damage t o t he cont i nui t y of  t he 
membr ane.

3. 7. 3   Moi st  Cur i ng

Mai nt ai n concr et e t o be moi st - cur ed cont i nuousl y wet  f or  t he ent i r e cur i ng 
per i od,  or  unt i l  cur i ng compound i s appl i ed,  commenci ng i mmedi at el y af t er  
f i ni shi ng.   I f  f or ms ar e r emoved bef or e t he end of  t he cur i ng per i od,  
pr ovi de cur i ng on unf or med sur f aces,  usi ng sui t abl e mat er i al s.   Cur e 
sur f aces by pondi ng,  by cont i nuous spr i nkl i ng,  by cont i nuousl y sat ur at ed 
bur l ap or  cot t on mat s,  or  by cont i nuousl y sat ur at ed pl ast i c coat ed 
bur l ap.   Pr ovi de bur l ap and mat s t hat  ar e c l ean and f r ee f r om any 
cont ami nat i on and compl et el y sat ur at ed bef or e bei ng pl aced on t he 
concr et e.   Lap sheet s t o pr ovi de f ul l  cover age.   Pr ovi de an appr oved 
syst em t o pr ovi de cont i nuous moi st  cur i ng 24 hour s per  day and such t hat  
t he ent i r e sur f ace i s wet .

3. 8   JOI NTS

3. 8. 1   Gener al  Requi r ement s f or  Joi nt s

Const r uct  j oi nt s t hat  conf or m t o t he l ocat i ons and det ai l s i ndi cat ed and 
ar e per pendi cul ar  t o t he f i ni shed gr ade of  t he pavement .   Pr ovi de j oi nt s 
t hat  ar e st r ai ght  and cont i nuous f r om edge t o edge or  end t o end of  t he 
pavement  wi t h no abr upt  of f set  and no gr adual  devi at i on gr eat er  t han 1/ 2 
i nch.   Wher e any j oi nt  f ai l s  t o meet  t hese t ol er ances,  r emove and r epl ace 
t he sl abs adj acent  t o t he j oi nt  at  no addi t i onal  cost  t o t he Gover nment .   
Changes f r om t he j oi nt i ng pat t er n shown on t he dr awi ngs ar e not  al l owed 
wi t hout  wr i t t en appr oval .   Seal  j oi nt s i mmedi at el y f ol l owi ng cur i ng of  t he 
concr et e or  as soon t her eaf t er  as weat her  condi t i ons per mi t  as speci f i ed 
i n Sect i on 32 01 19. 61 SEALI NG OF JOI NTS I N RI GI D PAVEMENT.

3. 8. 2   Longi t udi nal  Const r uct i on Joi nt s

I nst al l  dowel s i n t he l ongi t udi nal  const r uct i on j oi nt s,  or  t hi cken t he 
edges as i ndi cat ed.   I nst al l  dowel s as speci f i ed above.   Af t er  t he end of  
t he cur i ng per i od,  saw l ongi t udi nal  const r uct i on j oi nt s t o pr ovi de a 
r eser voi r  at  t he t op f or  seal ant  conf or mi ng t o t he det ai l s and di mensi ons 
i ndi cat ed.

3. 8. 3   Tr ansver se Const r uct i on Joi nt s

I nst al l  t r ansver se const r uct i on j oi nt s at  t he end of  each day' s pl aci ng 
oper at i ons and at  any ot her  poi nt s wi t hi n a pavi ng l ane when concr et e 
pl acement  i s i nt er r upt ed f or  30 mi nut es or  l onger .   Pr ovi de t r ansver se 
const r uct i on j oi nt s by ut i l i z i ng header s or  by pavi ng t hr ough t he j oi nt ,  
t hen f ul l - dept h saw cut t i ng t he excess concr et e.   Const r uct  pavement  wi t h 
t he paver  as c l ose t o t he header  as possi bl e,  wi t h t he paver  r un out  
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compl et el y past  t he header .   Pr ovi de t r ansver se const r uct i on j oi nt s at  a 
pl anned t r ansver se j oi nt  const r uct ed as shown or ,  i f  not  shown ot her wi se,  
dowel l ed i n accor dance wi t h par agr aph DOWELS I NSTALLED I N HARDENED 
CONCRETE,  or  par agr aph FI XED FORM PAVI NG above.

3. 8. 4   Expansi on Joi nt s

Pr ovi de expansi on j oi nt s wher e i ndi cat ed,  and about  any st r uct ur es and 
f eat ur es t hat  pr oj ect  t hr ough or  i nt o t he pavement ,  usi ng j oi nt  f i l l er  of  
t he t ype,  t hi ckness,  and wi dt h i ndi cat ed,  and i nst al l ed t o f or m a 
compl et e,  uni f or m separ at i on bet ween t he st r uct ur e and t he pavement  or  
bet ween t wo pavement s.   At t ach t he f i l l er  t o t he or i gi nal  concr et e 
pl acement  wi t h adhesi ve and mechani cal  f ast ener s and ext endi ng t o t he f ul l  
s l ab dept h.   Ti ght l y f i t  adj acent  sect i ons of  f i l l er  t oget her ,  wi t h t he 
f i l l er  ext endi ng acr oss t he f ul l  wi dt h of  t he pavi ng l ane or  ot her  
compl et e di st ance i n or der  t o pr event  ent r ance of  concr et e i nt o t he 
expansi on space.   Fi ni sh edges of  t he concr et e at  t he j oi nt  f ace wi t h an 
edger  wi t h a r adi us of  1/ 8 i nch.  Af t er  pl acement  and cur i ng of  t he 
adj acent  s l ab,  sawcut  t he seal ant  r eser voi r  dept h f r om t he f i l l er .

3. 8. 5   Sl i p Joi nt s

I nst al l  s l i p j oi nt s wher e i ndi cat ed usi ng t he speci f i ed mat er i al s.   At t ach 
pr ef or med j oi nt  f i l l er  mat er i al  t o t he f ace of  t he or i gi nal  concr et e 
pl acement  wi t h adhesi ve and mechani cal  f ast ener s.   Sawcut  a 3/ 4 i nch deep 
r eser voi r  f or  j oi nt  seal ant  at  t he t op of  t he j oi nt .   Fi ni sh edges of  t he 
j oi nt  f ace wi t h an edger  wi t h a r adi us of  1/ 8 i nch.

3. 8. 6   Cont r act i on Joi nt s

Const r uct  t r ansver se and l ongi t udi nal  cont r act i on j oi nt s by an i ni t i al  
sawcut  i n t he concr et e wi t h a 1/ 8 i nch bl ade t o t he i ndi cat ed dept h.   
Dur i ng sawi ng of  j oi nt s,  and agai n 24 hour s l at er ,  i nspect  al l  exposed 
l ane edges f or  devel opment  of  cr acks bel ow t he saw cut ,  and i mmedi at el y 
r epor t  r esul t s.   I f  t her e ar e mor e t han si x consecut i ve uncr acked j oi nt s 
af t er  48 hour s,  saw succeedi ng j oi nt s 25 per cent  deeper  t han or i gi nal l y 
i ndi cat ed at  no addi t i onal  cost  t o t he Gover nment .   Var y t he t i me of  
i ni t i al  sawi ng dependi ng on exi st i ng and ant i c i pat ed weat her  condi t i ons t o 
pr event  uncont r ol l ed cr acki ng of  t he pavement .   Commence sawi ng of  t he 
j oi nt s as soon as t he concr et e has har dened suf f i c i ent l y t o per mi t  cut t i ng 
t he concr et e wi t hout  chi ppi ng,  spal l i ng,  or  t ear i ng.   I nspect  t he sawed 
f aces of  j oi nt s f or  under cut t i ng or  washi ng of  t he concr et e due t o t he 
ear l y sawi ng,  and del ay sawi ng i f  under cut t i ng i s suf f i c i ent l y deep t o 
cause st r uct ur al  weakness or  excessi ve r oughness i n t he j oi nt .   Cont i nue 
t he sawi ng oper at i on as r equi r ed dur i ng bot h day and ni ght  r egar dl ess of  
weat her  condi t i ons.   Saw t he j oi nt s i n t he sequence of  t he concr et e 
pl acement .   Pr ovi de adequat e l i ght i ng f or  ni ght  wor k.   I l l umi nat i on usi ng 
vehi c l e headl i ght s i s not  per mi t t ed.   Pr ovi de a chal k l i ne or  ot her  
sui t abl e gui de t o mar k t he al i gnment  of  t he j oi nt .   Bef or e sawi ng a j oi nt ,  
exami ne t he concr et e c l osel y f or  cr acks,  and do not  saw t he j oi nt  i f  a 
cr ack has occur r ed near  t he pl anned j oi nt  l ocat i on.   Di scont i nue sawi ng i f  
a cr ack devel ops ahead of  t he saw cut .   I mmedi at el y af t er  t he j oi nt  i s  
sawed,  t hor oughl y f l ush t he saw cut  and adj acent  concr et e sur f ace wi t h 
wat er  and vacuum unt i l  al l  wast e f r om sawi ng i s r emoved f r om t he j oi nt  and 
adj acent  concr et e sur f ace.   Pr oper l y pr ot ect  t he concr et e f r om damage and 
cur e at  sawed j oi nt s.   Ti ght l y seal  t he t op of  t he j oi nt  openi ng and t he 
j oi nt  gr oove at  exposed edges wi t h cor d backer  r od bef or e t he concr et e i n 
t he r egi on of  t he j oi nt  i s  r espr ayed wi t h cur i ng compound and mai nt ai n 
unt i l  r emoved i mmedi at el y bef or e sawi ng t he j oi nt  seal ant  r eser voi r .   
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Respr ay t he sur f ace wi t h cur i ng compound as soon as f r ee wat er  
di sappear s.   Seal  t he exposed saw cut s on t he ver t i cal  f aces of  pi l ot  
l anes wi t h bi t umi nous mast i c or  maski ng t ape.   Af t er  expi r at i on of  t he 
cur i ng per i od,  wi den t he upper  por t i on of  t he gr oove by sawi ng wi t h ganged 
di amond saw bl ades t o t he wi dt h and dept h i ndi cat ed f or  t he j oi nt  seal er .   
Cent er  t he r eser voi r  over  t he i ni t i al  sawcut .

3. 8. 7   Thi ckened Edge Joi nt s

Const r uct  t hi ckened edge j oi nt s as i ndi cat ed on t he dr awi ngs.   Gr ade t he 
under l y i ng mat er i al  i n t he t r ansi t i on ar ea as shown and meet  t he 
r equi r ement s f or  smoot hness and compact i on speci f i ed f or  al l  ot her  ar eas 
of  t he under l y i ng mat er i al .

3. 9   REPAI R,  REMOVAL AND REPLACEMENT OF NEWLY CONSTRUCTED SLABS

3. 9. 1   Gener al  Cr i t er i a

Repai r  or  r emove and r epl ace new pavement  s l abs as speci f i ed at  no cost  t o 
t he Gover nment .   Removal  of  par t i al  s l abs i s not  per mi t t ed.   Pr i or  t o any 
r epai r s,  submi t  a Repai r  Recommendat i ons Pl an det ai l i ng ar eas exceedi ng 
t he speci f i ed l i mi t s as wel l  as r epai r  r ecommendat i ons r equi r ed t o br i ng 
t hese ar eas wi t hi n speci f i ed t ol er ances.

3. 9. 2   Repai r  of  Fr ee Edge Lane Ver t i cal  Faces

Repai r  excessi ve edge sl ump and j oi nt  f ace def or mat i on whi l e concr et e i s 
i n a pl ast i c st at e by appr oved met hods usi ng f or ms i n accor dance wi t h 
par agr aph For ms f or  Fi xed- For m Pavi ng.

3. 9. 3   Sl abs wi t h Cr acks 

The Gover nment  may r equi r e cor es t o be t aken over  cr acks t o det er mi ne 
dept h of  cr acki ng.   Dr i l l  cor es wi t h a mi ni mum di amet er  of  6 i nches and 
backf i l l  wi t h an appr oved concr et e mi xt ur e.   Per f or m dr i l l i ng of  cor es and 
f i l l i ng of  hol es at  no expense t o t he Gover nment .   Cl ean cr acks t hat  do 
not  exceed 2 i nches i n dept h;  t hen pr essur e i nj ect  f ul l  dept h wi t h epoxy 
r esi n,  Type I V,  Gr ade 1.   Remove and r epl ace sl abs cont ai ni ng cr acks 
deeper  t han 2 i nches.

3. 9. 4   Removal  and Repl acement  of  Ful l  Sl abs

Remove new or  exi st i ng s l abs damaged dur i ng const r uct i on t hat  cont ai n mor e 
t han 15. 0 per cent  of  each l ongi t udi nal  or  t r ansver se j oi nt  edge spal l ed.   
Wher e i t  i s  necessar y t o r emove f ul l  s l abs,  r emove i n accor dance wi t h 
par agr aph Removal  Of  Exi st i ng Pavement  Sl ab bel ow.   Remove and r epl ace 
f ul l  dept h,  by f ul l  wi dt h of  t he s l ab,   and ext end t o each or i gi nal  
j oi nt .   Compact  and shape t he under l y i ng mat er i al  as speci f i ed i n t he 
appr opr i at e sect i on of  t hese speci f i cat i ons,  c l ean t he sur f aces of  al l  
f our  j oi nt  f aces of  al l  l oose mat er i al  and cont ami nant s,  and coat  wi t h a 
doubl e appl i cat i on of  membr ane f or mi ng cur i ng compound as a bond br eaker  
and t o pr ot ect  concr et e t hat  has not  been cur ed f or  at  l east  7 days.   
I nst al l  dowel s of  t he s i ze and spaci ng as speci f i ed f or  ot her  j oi nt s i n 
s i mi l ar  pavement  by epoxy gr out i ng t hem i nt o hol es dr i l l ed i nt o t he 
exi st i ng concr et e usi ng pr ocedur es as speci f i ed i n par agr aph PLACI NG 
DOWELS above.   Pr ovi de dowel s f or  al l  f our  edges of  t he new sl ab.   Cut  of f  
or i gi nal  damaged dowel s f l ush wi t h t he j oi nt  f ace.   Li ght l y oi l  or  gr ease 
pr ot r udi ng por t i ons of  new dowel s.   Pl ace concr et e as speci f i ed f or  
or i gi nal  const r uct i on.   Take car e t o pr event  any cur i ng compound f r om 
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cont act i ng dowel s.   Pr epar e and seal  t he r esul t i ng j oi nt s ar ound t he new 
sl ab as speci f i ed f or  or i gi nal  const r uct i on.

3. 9. 5   Repai r i ng Spal l s Al ong Joi nt s

Repai r  spal l s al ong j oi nt s t o be seal ed t o a dept h t o r est or e t he f ul l  
j oi nt - f ace suppor t  pr i or  t o pl aci ng adj acent  pavement .   Wher e di r ect ed,  
r epai r  spal l s al ong j oi nt s of  new sl abs,  al ong edges of  adj acent  exi st i ng 
concr et e,  and al ong par al l el  cr acks by f i r st  maki ng a ver t i cal  saw cut  at  
l east  3 i nches out si de t he spal l ed ar ea and t o a dept h of  at  l east  2 i nches.   
Pr ovi de saw cut s consi st i ng of  st r ai ght  l i nes f or mi ng r ect angul ar  ar eas 
wi t hout  sawi ng beyond t he i nt er sect i ng saw cut .   Chi p out  t he concr et e 
bet ween t he saw cut  and t he j oi nt ,  or  cr ack,  t o r emove al l  unsound 
concr et e and i nt o at  l east  1/ 2 i nch of  v i sual l y sound concr et e.   
Thor oughl y c l ean t he cavi t y t hus f or med wi t h hi gh pr essur e wat er  j et s 
suppl ement ed wi t h oi l - f r ee compr essed ai r  t o r emove al l  l oose mat er i al .   
I mmedi at el y bef or e f i l l i ng t he cavi t y,  appl y a pr i me coat  t o t he dr y 
c l eaned sur f ace of  al l  s i des and bot t om of  t he cavi t y,  except  any j oi nt  
f ace.   Appl y t he pr i me coat  i n a t hi n coat i ng and scr ub i nt o t he sur f ace 
wi t h a st i f f - br i st l e br ush.   Pr ovi de pr i me coat  f or  Por t l and cement  
r epai r s consi st i ng of  a neat  cement  gr out  and f or  epoxy r esi n r epai r s 
consi st i ng of  epoxy r esi n,  Type I I I ,  Gr ade 1.   Fi l l  t he pr epar ed cavi t y 
wi t h mat er i al  i dent i f i ed i n Tabl e 15 based on t he cavi t y vol ume.

TABLE 15

SPALL REPAI RS

Vol ume of  Pr epar ed Cavi t y Af t er  Removal
Oper at i ons

Mat er i al

l ess t han 0. 03 cubi c f oot epoxy r esi n mor t ar  or  epoxy r esi n or  
l at ex modi f i ed mor t ar

 0. 03 cubi c f oot  and 1/ 3 cubi c f oot Por t l and cement  mor t ar

mor e t han  1/ 3 cubi c f oot Por t l and cement  concr et e or  l at ex 
modi f i ed mor t ar

Pr ovi de Por t l and cement  concr et es and mor t ar s t hat  consi st  of  ver y l ow 
sl ump mi xt ur es,   1/ 2 i nch sl ump or  l ess,  pr opor t i oned,  mi xed,  pl aced,  
consol i dat ed by t ampi ng,  and cur ed,  al l  as di r ect ed.   Pr ovi de epoxy r esi n 
mor t ar s made wi t h Type I I I ,  Gr ade 1,  epoxy r esi n,  usi ng pr opor t i ons and 
mi xi ng and pl aci ng pr ocedur es as r ecommended by t he manuf act ur er  and 
appr oved.   Pr opr i et ar y pat chi ng mat er i al s may be used,  subj ect  t o 
Gover nment  appr oval .   Pl ace t he epoxy r esi n mat er i al s i n t he cavi t y i n 
l ayer s wi t h a maxi mum t hi ckness of  2 i nches.   Pr ovi de adequat e t i me 
bet ween pl acement  of  addi t i onal  l ayer s such t hat  t he t emper at ur e of  t he 
epoxy r esi n mat er i al  does not  exceed 140 degr ees F at  any t i me dur i ng 
har deni ng.   Pr ovi de mechani cal  v i br at or s and hand t amper s t o consol i dat e 
t he concr et e or  mor t ar .   Remove any r epai r  mat er i al  on t he sur r oundi ng 
sur f aces of  t he exi st i ng concr et e bef or e i t  har dens.   Wher e t he spal l ed 
ar ea abut s a j oi nt ,  pr ovi de an i nser t  or  ot her  bond- br eaki ng medi um t o 
pr event  bond at  t he j oi nt  f ace.   For  exi st i ng j oi nt s,  seal  t he bot t om 
cont r act i on cr ack wi t h backer  r od t o pr event  i nt r usi on of  pr i mer  or  
mor t ar .  Saw a r eser voi r  f or  t he j oi nt  seal ant  t o t he di mensi ons r equi r ed 
f or  ot her  j oi nt s.   Thor oughl y c l ean t he r eser voi r  and t hen seal  wi t h t he 
seal er  speci f i ed f or  t he j oi nt s.   I n l i eu of  sawi ng,  spal l s and popout s,  
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l ess t han 6 i nches i n maxi mum di mensi on and not  adj acent  t o a j oi nt ,  may 
be pr epar ed by dr i l l i ng a cor e 2 i nches i n di amet er  gr eat er  t han t he si ze 
of  t he def ect ,  cent er ed over  t he def ect ,  and 2 i nches deep or  1/ 2 i nch 
i nt o sound concr et e,  whi chever  i s gr eat er .   Repai r  t he cor e hol e as 
speci f i ed above f or  ot her  spal l s.

3. 9. 6   Weak Sur f aces

Weak sur f aces ar e def i ned as mor t ar - r i ch,  r ai n- damaged,  uncur ed,  or  
cont ai ni ng exposed voi ds or  del et er i ous mat er i al s.  Rai n damaged pavement  
i s pavement  wi t h coar se aggr egat e exposed at  t he sur f ace.  Cor es eval uat ed 
by a qual i f i ed pet r ogr apher  t o cont ai n car bonat i on t o a dept h gr eat er  t han 
1/ 8 i nch or  Mohs har dness of  l ess t han 2,  when t est ed i n accor dance wi t h 
ASTM C1895,  ar e al so consi der ed r ai n damaged.  A mor t ar - r i ch sur f ace i s
def i ned as pavement  def i c i ent  i n pl us 4. 75 mm U. S.  No.  4 s i eve si ze
aggr egat e.   Di amond gr i nd s l abs cont ai ni ng weak sur f aces l ess t han 1/ 4 i nch
 t hi ck t o r emove t he weak sur f ace.   Di amond gr i nd i n accor dance wi t h 
par agr aph Di amond Gr i ndi ng Of  PCC Sur f aces.   Al l  di amond gr ound ar eas ar e 
r equi r ed t o meet  t he t hi ckness,  smoot hness and pl an gr ade cr i t er i a 
speci f i ed i n PART 1 GENERAL.   Remove and r epl ace sl abs cont ai ni ng weak 
sur f aces gr eat er  t han 1/ 4 i nch t hi ck.

3. 9. 7   Repai r  of  Pi l ot  Lane Ver t i cal  Faces

Repai r  excessi ve edge sl ump and j oi nt  f ace def or mat i on whi l e concr et e i s 
i n a pl ast i c st at e by appr oved met hods.

3. 10   EXI STI NG CONCRETE PAVEMENT REMOVAL AND REPAI R

Demol i t i on of  exi st i ng oper at i onal  pavement  i s not  al l owed pr i or  t o 
appr oval  of  t he Pr opor t i oni ng St udi es.   Remove exi st i ng concr et e pavement  
at  l ocat i ons i ndi cat ed on t he dr awi ngs.   Pr i or  t o commenci ng pavement  
r emoval  oper at i ons,  i nvent or y t he pavement  di st r esses ( cr acks,  spal l s,  and 
cor ner  br eaks)  al ong t he pavement  edge t o r emai n.   Af t er  pavement  r emoval ,  
sur vey t he r emai ni ng edge agai n t o quant i f y any damage caused by r emoval  
oper at i ons.   Per f or m bot h sur veys i n t he pr esence of  t he Gover nment .   
Per f or m r epai r s as i ndi cat ed and as speci f i ed her ei n.   Car ef ul l y cont r ol  
al l  oper at i ons t o pr event  damage t o t he concr et e pavement  and t o t he 
under l y i ng mat er i al  t o r emai n i n pl ace.   Per f or m al l  saw cut s 
per pendi cul ar  t o t he s l ab sur f ace,  f or mi ng r ect angul ar  ar eas.   Per f or m al l  
exi st i ng concr et e pavement  r epai r s pr i or  t o pavi ng adj acent  l anes.

3. 10. 1   Removal  of  Exi st i ng Pavement  Sl ab

When exi st i ng concr et e pavement  i s t o be r emoved and adj acent  concr et e i s 
t o be l ef t  i n pl ace,  per f or m t he f i r st  f ul l  dept h saw cut  on t he j oi nt  
bet ween t he r emoval  ar ea and adj oi ni ng pavement  t o st ay i n pl ace wi t h a 
st andar d di amond- t ype concr et e saw.   Next ,  per f or m a f ul l  dept h saw cut  
par al l el  t o t he j oi nt  t hat  i s  at  l east  24 i nches f r om t he j oi nt  and at  
l east  6 i nches f r om t he end of  any dowel s wi t h a wheel  saw as speci f i ed i n 
par agr aph SAWI NG EQUI PMENT.   Remove al l  pavement  beyond t hi s l ast  saw cut  
i n accor dance wi t h t he appr oved demol i t i on wor k pl an.   Remove al l  pavement  
bet ween t hi s l ast  saw cut  and t he j oi nt  l i ne by car ef ul l y pul l i ng pi eces 
and bl ocks away f r om t he j oi nt  f ace wi t h sui t abl e equi pment  and t hen 
pi cki ng t hem up f or  r emoval .   I n l i eu of  t hi s met hod,  t hi s st r i p of  
concr et e may be car ef ul l y br oken up and r emoved usi ng hand- hel d 
j ackhammer s,   30 l b or  l ess,  or  ot her  appr oved l i ght - dut y equi pment  whi ch 
does not  cause st r ess t o pr opagat e acr oss t he j oi nt  saw cut  and cause 
di st r ess i n t he pavement  whi ch i s t o r emai n i n pl ace.   I n l i eu of  t he 
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above speci f i ed r emoval  met hod,  t he s l ab may be sawcut  f ul l  dept h t o 
di v i de i t  i nt o sever al  pi eces and each pi ece l i f t ed out  and r emoved.   Use 
sui t abl e equi pment  t o pr ovi de a t r ul y ver t i cal  l i f t ,  and saf e l i f t i ng 
devi ces used f or  at t achment  t o t he s l ab.

3. 10. 2   Edge Repai r

Pr ot ect  t he edge of  exi st i ng concr et e pavement  agai nst  whi ch new pavement  
abut s f r om damage at  al l  t i mes.   Remove and r epl ace sl abs whi ch ar e 
damaged dur i ng const r uct i on as di r ect ed at  no cost  t o t he Gover nment .   
Repai r  of  pr evi ousl y exi st i ng damaged ar eas i s consi der ed a subsi di ar y 
par t  of  concr et e pavement  const r uct i on.   Saw of f  al l  exposed keys and 
keyways f ul l  dept h.

3. 10. 2. 1   Spal l  Repai r

Repai r  spal l s caused by const r uct i on act i v i t i es i f  l ess t han 15. 0 per cent  
of  any s l ab' s edge.   Pr ovi de r epai r  mat er i al s and pr ocedur es as pr evi ousl y 
speci f i ed i n par agr aph,  Repai r i ng Spal l s Al ong Joi nt s.   Remove and r epl ace 
f ul l  s l abs i f  spal l s exceed 15. 0 per cent  of  any s l ab' s edge as speci f i ed 
i n par agr aph,  Removal  and Repl acement  of  Ful l  Sl abs.

3. 10. 2. 2   Under br eak and Under l y i ng Mat er i al

Repai r  al l  under br eak by r emoval  and r epl acement  of  t he damaged sl abs i n 
accor dance wi t h par agr aph  REMOVAL AND REPLACEMENT OF FULL SLABS above.   
Pr ot ect  t he under l y i ng mat er i al  adj acent  t o t he edge of  and under  t he 
exi st i ng pavement  whi ch i s t o r emai n f r om damage or  di st ur bance dur i ng 
r emoval  oper at i ons and unt i l  pl acement  of  new concr et e,  and shape as 
di r ect ed.   Mai nt ai n suf f i c i ent  under l y i ng mat er i al  i n pl ace out si de t he 
j oi nt  l i ne t o compl et el y pr event  di st ur bance of  mat er i al  under  t he 
pavement  whi ch i s t o r emai n i n pl ace.   Remove and r epl ace any sl ab wi t h 
under l y i ng mat er i al  t hat  i s  di st ur bed or  l oses i t s compact i on.

3. 11   PAVEMENT PROTECTI ON

Excl ude t r af f i c  f r om t he new pavement  by er ect i ng and mai nt ai ni ng 
bar r i cades and si gns unt i l  t he concr et e i s at  l east  14 days ol d,  or  f or  a 
l onger  per i od i f  so di r ect ed.   As a const r uct i on expedi ent  i n pavi ng 
i nt er medi at e l anes bet ween newl y paved pi l ot  l anes,  oper at i on of  t he 
haul i ng and pavi ng equi pment  i s per mi t t ed on t he new pavement  af t er  t he 
pavement  has been cur ed f or  7 days,  t he j oi nt s have been seal ed or  
ot her wi se pr ot ect ed,  t he concr et e has at t ai ned a mi ni mum f i el d cur ed 
f l exur al  beam st r engt h of  550 psi  and appr oved means ar e pr ovi ded t o 
pr event  damage t o t he s l ab edge.   Fabr i cat e and f i el d cur e speci mens i n 
accor dance wi t h ASTM C31/ C31M.   Cont i nuousl y mai nt ai n al l  new and exi st i ng 
pavement  car r y i ng const r uct i on t r af f i c  or  equi pment  compl et el y c l ean,  and 
cl ean up spi l l age of  concr et e or  ot her  mat er i al s i mmedi at el y upon 
occur r ence.   Take speci al  car e i n ar eas wher e t r af f i c  uses or  cr osses 
act i ve ai r f i el d pavement .   Power  br oom ot her  exi st i ng pavement s at  l east  
dai l y when t r af f i c  oper at es.   For  f i l l - i n l anes,  pr ovi de equi pment  t hat  
does not  damage or  spal l  t he edges or  j oi nt s of  t he pr evi ousl y const r uct ed 
pavement .   Pr ot ect  t he pavement  agai nst  al l  damage pr i or  t o f i nal  
accept ance of  t he wor k by t he Gover nment .   Pl acement  of  aggr egat es,  
r ubbl e,  or  ot her  s i mi l ar  const r uct i on mat er i al s on ai r f i el d pavement s i s 
not  al l owed.
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3. 12   TESTI NG AND I NSPECTI ON FOR CONTRACTOR QUALI TY CONTROL DURI NG 
CONSTRUCTI ON

3. 12. 1   Test i ng and I nspect i on by Cont r act or

Dur i ng const r uct i on,  per f or m sampl i ng and t est i ng of  aggr egat es,  
cement i t i ous mat er i al s ( cement ,  s l ag cement ,  and pozzol an) ,  and concr et e 
t o det er mi ne compl i ance wi t h t he speci f i cat i ons.   Pr ovi de f aci l i t i es and 
l abor  f or  pr ocur ement  of  r epr esent at i ve t est  sampl es.   Fur ni sh sampl i ng 
pl at f or ms and bel t  t empl at es t o obt ai n r epr esent at i ve sampl es of  
aggr egat es f r om char gi ng bel t s at  t he concr et e pl ant .   Obt ai n sampl es of  
concr et e at  t he poi nt  of  del i ver y t o t he paver .   Test i ng by t he Gover nment  
i n no way r el i eves t he speci f i ed t est i ng r equi r ement s.   Per f or m t he 
i nspect i on and t est s descr i bed bel ow and based upon t he r esul t s of  t hese 
i nspect i ons and t est s,  t ake t he act i on r equi r ed and submi t  r epor t s as 
r equi r ed.   Per f or m t hi s t est i ng r egar dl ess of  any ot her  t est i ng per f or med 
by t he Gover nment ,  ei t her  f or  pay adj ust ment  pur poses or  f or  any ot her  
r eason.   I ncl ude st at i oni ng f or  al l  sampl i ng and t est i ng.

3. 12. 2   Test i ng and I nspect i on Requi r ement s

Per f or m CQC sampl i ng,  t est i ng,  i nspect i on and r epor t i ng i n accor dance wi t h 
t he f ol l owi ng Tabl e.  Ret est  aggr egat e sour ces and st ockpi l es i n accor dance 
wi t h Tabl e 16 i f  not  used wi t hi n t he pr evi ous 3 mont hs.

TABLE 16

TESTI NG AND I NSPECTI ON REQUI REMENTS

Fr equency Test  Met hod Cont r ol  Li mi t Cor r ect i ve Act i on

Fi ne Aggr egat e Gr adat i on and Fi neness Modul us

2 per  l ot ASTM C136/ C136M 
sampl e at  bel t

9 of  10 t est s var y l ess 
t han 0. 15 f r om aver age

Ret est ,  r esol ve,  r et est

Out si de l i mi t s on any 
si eve

Ret est

2nd gr adat i on f ai l ur e St op,  r esol ve,  r et est

1 per  10 
gr adat i ons

ASTM C117 Out si de l i mi t s on any 
si eve

Ret est

2nd gr adat i on f ai l ur e St op,  r epai r ,  r et est

Coar se Aggr egat e Gr adat i on ( each aggr egat e si ze)
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TABLE 16

TESTI NG AND I NSPECTI ON REQUI REMENTS

Fr equency Test  Met hod Cont r ol  Li mi t Cor r ect i ve Act i on

2 per  l ot ASTM C136/ C136M 
sampl e at  bel t

Out si de l i mi t s on any 
si eve

Ret est

2nd gr adat i on f ai l ur e r epor t  t o COR,  cor r ect

2 consecut i ve aver ages 
of  5 t est s out si de l i mi t s

r epor t  t o COR,  st op ops,  
r epai r ,  r et est

1 per  10 
gr adat i ons

ASTM C117 Out si de l i mi t s on any 
si eve

Ret est

2nd gr adat i on f ai l ur e r epor t  t o COR,  cor r ect

2 consecut i ve aver ages 
of  5 t est s out si de l i mi t s

r epor t  t o COR,  st op ops,  
r epai r ,  r ever i f y al l  
oper at i ons

Wor kabi l i t y Fact or  and Coar seness Fact or  Comput at i on

Same as 
C. A.  and 
F. A.

see par agr aph 
AGGREGATES

Use i ndi vi dual  C. A.  and 
F. A.  gr adat i ons.
Combi ne usi ng bat ch 
t i cket  per cent ages 
( aver age of  aggr egat e 
per cent ages f r om 3 
bef or e and 3 af t er  
sampl i ng) .  
Tol er ances:  pl us or  
mi nus 3 poi nt s on WF;
pl us or  mi nus 5 poi nt s 
on CF f r om appr oved 
adj ust ed mi x desi gn 
val ues;  onl y t he por t i on 
of  t he t ol er ance box 
wi t hi n t he par al l el ogr am 
i s avai l abl e f or  use

Check bat chi ng t ol er ances,  
r ecal i br at e scal es

2 consecut i ve aver ages 
of  5 t est s out si de l i mi t s

St op pr oduct i on pavi ng,  
r epor t  t o COR,  and r evi se 
mat er i al s and oper at i ons 
t o be i n compl i ance pr i or  
t o r est ar t i ng pr oduct i on 
pavi ng

Aggr egat e Del et er i ous,  Qual i t y,  and ASR Test s
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TABLE 16

TESTI NG AND I NSPECTI ON REQUI REMENTS

Fr equency Test  Met hod Cont r ol  Li mi t Cor r ect i ve Act i on

Ever y 30 
days of  
concr et e 
pr oduct i on

see par agr aph 
AGGREGATES

St op pr oduct i on,  r et est ,  
r epl ace aggr egat e.
I ncr ease t est i ng i nt er val  
t o 90 days i f  pr evi ous 2 
t est s pass

Pl ant  -  Scal es,  Wei ghi ng Accur acy

Mont hl y NRMCA QC 3 St op pl ant  ops,  r epai r ,  
r ecal i br at e

Pl ant  -  Bat chi ng and Recor di ng Accur acy

Weekl y Recor d/ Repor t Recor d 
r equi r ed/ r ecor ded/ act ual  
bat ch mass

St op pl ant  ops,  r epai r ,  
r ecal i br at e

Pl ant  -  Bat ch Pl ant  Cont r ol

Ever y l ot Recor d/ Repor t Recor d t ype and amount  of  
each mat er i al  per  l ot

Pl ant  -  Mi xer  Uni f or mi t y -  St at i onar y Mi xer s

Ever y 4 
mont hs 
dur i ng 
pavi ng

COE CRD- C 55 Af t er  i ni t i al  appr oval ,  
use abbr evi at ed met hod

I ncr ease mi xi ng t i me,  
change bat chi ng sequence,  
r educe bat ch si ze t o br i ng 
i nt o compl i ance.   Ret est

Pl ant  -  Mi xer  Uni f or mi t y -  Tr uck Mi xer s

Ever y 4 
mont hs 
dur i ng 
pavi ng

ASTM C94/ C94M Random sel ect i on of  
t r uck.

I ncr ease mi xi ng t i me,  
change bat chi ng sequence,  
r educe bat ch si ze t o br i ng 
i nt o compl i ance.   Ret est

Concr et e Mi xt ur e -  Ai r  Cont ent
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TABLE 16

TESTI NG AND I NSPECTI ON REQUI REMENTS

Fr equency Test  Met hod Cont r ol  Li mi t Cor r ect i ve Act i on

When t est  
speci mens 
pr epar ed 
pl us 2 
r andom per  
l ot

ASTM C231/ C231M
sampl e at   poi nt  
of  di schar ge 
wi t hi n t he pavi ng 
l ane

I ndi vi dual  t est  cont r ol  
char t :  War ni ng pl us or  
mi nus 1. 0

Adj ust  AEA,  r et est

I ndi vi dual  t est  cont r ol  
char t :  Act i on pl us or  
mi nus 1. 5

Hal t  oper at i ons,  r epai r ,  
r et est

Range bet ween 2 
consecut i ve t est s:  
War ni ng pl us 2. 0

Recal i br at e AEA di spenser

Range bet ween 2 
consecut i ve t est s:  
Act i on pl us 3. 0

Hal t  oper at i ons,  r epai r ,  
r et est

Concr et e Mi xt ur e -  Uni t  Wei ght  and Yi el d

Same as Ai r  
Cont ent

ASTM C138/ C138M
sampl e at  poi nt  
of  di schar ge 
wi t hi n t he pavi ng 
l ane

I ndi vi dual  t est  basi s:  
War ni ng Yi el d mi nus 0 or  
pl us 1 per cent

Check bat chi ng t ol er ances

I ndi vi dual  t est  basi s:  
Act i on Yi el d mi nus 0 or  
pl us 5 per cent

Hal t  oper at i ons

Concr et e Mi xt ur e -  Sl ump

When t est  
speci mens 
pr epar ed 
pl us 4 
r andom per  
l ot

ASTM C143/ C143M
sampl e at  poi nt  
of  di schar ge 
wi t hi n t he pavi ng 
l ane

I ndi vi dual  t est  cont r ol  
char t :  Upper  War ni ng
sl i pf or m mi nus 1/ 2 i nch 
bel ow max f i xed f or m  
1. 5 i nches
hand pl acement   2. 5 
i nches

Adj ust  bat ch masses wi t hi n 
max W/ C r at i o

I ndi vi dual  t est  cont r ol  
char t :  Upper  Act i on at  
maxi mum al l owabl e sl ump

St op oper at i ons,  adj ust ,  
r et est

Range bet ween each 
consecut i ve t est :  1- 1/ 2 
i nches

St op oper at i ons,  r epai r ,  
r et est

Concr et e Mi xt ur e -  Temper at ur e
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TABLE 16

TESTI NG AND I NSPECTI ON REQUI REMENTS

Fr equency Test  Met hod Cont r ol  Li mi t Cor r ect i ve Act i on

When t est  
speci mens 
pr epar ed

ASTM C1064/ C1064M
sampl e at  poi nt  
of  di schar ge 
wi t hi n t he pavi ng 
l ane

See par agr aph WEATHER LI MI TATI ONS

Concr et e Mi xt ur e -  St r engt h

8 per  l ot ASTM C31/ C31M
sampl e at  poi nt  
of  di schar ge 
wi t hi n t he pavi ng 
l ane

See par agr aph CONCRETE STRENGTH TESTI NG f or  CQC

Per f or m f abr i cat i on of  st r engt h speci mens and 
i ni t i al  cur e out si de t he pavi ng l ane and wi t hi n 
1, 000 f eet  of  t he sampl i ng poi nt .

Pavi ng -  I nspect i on Bef or e Pavi ng

Pr i or  t o 
each pavi ng 
oper at i on

Repor t I nspect  under l y i ng 
mat er i al s,  const r uct i on 
j oi nt  f aces,  f or ms,  
r ei nf or ci ng,  dowel s,  and 
embedded i t ems

Pavi ng -  I nspect i on Dur i ng Pavi ng

Dur i ng 
pavi ng 
oper at i on

Moni t or  and cont r ol  
pavi ng oper at i on,
i ncl udi ng pl acement ,  
consol i dat i on,
f i ni shi ng,  t ext ur i ng,  
cur i ng,  and j oi nt  sawi ng.

Pavi ng -  Vi br at or s

Weekl y 
dur i ng 
pavi ng

COE CRD- C 521 Test  f r equency ( i n 
concr et e) ,  and ampl i t ude 
( i n ai r ) ,  aver age 
measur ement  at  t i p and 
head.

Repai r  or  r epl ace 
def ect i ve vi br at or s.

Moi st  Cur i ng

2 per  l ot ,  
mi n 4 per  
day

Vi sual Repai r  def ect s,  ext end 
cur i ng by 1 day

Membr ane Compound Cur i ng
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TABLE 16

TESTI NG AND I NSPECTI ON REQUI REMENTS

Fr equency Test  Met hod Cont r ol  Li mi t Cor r ect i ve Act i on

Dai l y Vi sual Cal cul at e cover age based 
on quant i t y/ ar ea

Respr ay ar eas wher e 
cover age def ect i ve.  
Recal i br at e equi pment

Col d Weat her  Pr ot ect i on

Once per  day Vi sual Repai r  def ect s,  r epor t  
condi t i ons t o COR

3. 12. 3   Cont r ol  Char t s

Mai nt ai n l i near  cont r ol  char t s f or  f i ne and coar se aggr egat e gr adat i on,  
combi ned gr adat i on coar seness f act or / wor kabi l i t y  f act or ,  s l ump,  ai r  
cont ent ,  uni t  wei ght ,  y i el d,  and 7-  and 14- day f l exur al  st r engt hs.

Post  t he cont r ol  char t s as di r ect ed and mai nt ai n cur r ent  at  al l  t i mes.  
I dent i f y t he f ol l owi ng on t he cont r ol  char t s:  t he pr oj ect  number ,  t he t est  
par amet er  bei ng pl ot t ed,  t he i ndi v i dual  sampl e number s,  t he War ni ng and 
Act i on Li mi t s l i s t ed i n Tabl e 16 appl i cabl e t o t he t est  par amet er  bei ng 
pl ot t ed,  and t he t est  r esul t s.  Use t he cont r ol  char t s as par t  of  t he 
pr ocess cont r ol  syst em f or  i dent i f y i ng t r ends so t hat  pot ent i al  pr obl ems 
can be cor r ect ed bef or e t hey occur .  Make deci s i ons concer ni ng mi x 
modi f i cat i ons based on anal ysi s of  t he r esul t s pr ovi ded i n t he cont r ol  
char t s.   

3. 12. 4   Concr et e St r engt h Test i ng f or  CQC

Per f or m Cont r act or  Qual i t y Cont r ol  oper at i ons f or  concr et e st r engt h 
consi st i ng of  t he f ol l owi ng st eps:

a.   Take sampl es f or  st r engt h t est s at  t he pavi ng si t e.   Fabr i cat e and 
cur e t est  beams i n accor dance wi t h ASTM C31/ C31M;  t est  t hem i n 
accor dance wi t h ASTM C78/ C78M.

 
b.   Fabr i cat e and cur e 2 t est  beams per  subl ot  f r om t he same bat ch or  

t r uckl oad and at  t he same t i me accept ance beams ar e f abr i cat ed and 
t est  t hem f or  f l exur al  st r engt h at  7- day age.

c.   Aver age al l  8 f l exur al  t est s per  l ot .  Conver t  t hi s aver age 7- day 
f l exur al  st r engt h per  l ot  t o equi val ent  90- day f l exur al  st r engt h usi ng 
t he Cor r el at i on Rat i o det er mi ned dur i ng mi xt ur e pr opor t i oni ng st udi es.

d.   Compar e t he equi val ent  90- day f l exur al  st r engt h f r om t he conver si on t o 
t he r equi r ed aver age CQC f l exur al  st r engt h,  Ra.

e.   I f  t he equi val ent  aver age 90- day st r engt h f or  t he l ot  i s  bel ow t he 
r equi r ed aver age CQC f l exur al  st r engt h,  Ra,  by 69 psi  f l exur al  
st r engt h or  mor e,  at  any t i me,  adj ust  t he mi xt ur e t o i ncr ease t he 
st r engt h,  as appr oved.

f .   Mai nt ai n up- t o- dat e cont r ol  char t s f or  st r engt h,  showi ng t he 7- day CQC 
f l exur al  st r engt h,  t he Rat i o of  t he 14- day f l exur al  st r engt h t o t he 
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90- day f l exur al  st r engt h ( f r om accept ance t est s) ,  and t he 90- day 
f l exur al  st r engt h ( f r om accept ance t est s)  of  each of  t hese f or  each 
l ot .

3. 12. 5   Repor t s

Repor t  al l  r esul t s of  t est s or  i nspect i ons conduct ed as t hey ar e compl et ed 
and i n wr i t i ng dai l y.   Post  updat ed cont r ol  char t s and i dent i f y accept ed 
pavi ng l ot s on t he det ai l ed pavi ng sequence pavi ng pl an cover i ng t he 
ent i r e per i od f r om t he st ar t  of  pavi ng t hr ough t he cur r ent  week.   These 
r equi r ement s do not  r el i eve t he obl i gat i on t o r epor t  f ai l ur es i mmedi at el y 
as r equi r ed i n pr ecedi ng par agr aphs and Sect i on 01 45 00 QUALI TY CONTROL.   
Conf i r m r epor t s of  f ai l ur es and t he cor r ect i ve act i on t aken i n wr i t i ng i n 
t he dai l y Qual i t y Cont r ol  r epor t s and wi t hi n each r espect i ve Pavi ng Lot  
Repor t .   Compi l e,  r educe,  anal yze and comput e pay adj ust ment  f act or s f or  
al l  associ at ed t est  dat a col l ect ed on each pavi ng l ot .

Submi t  compl et e and compr ehensi ve Pavi ng Lot  Repor t s f or  t he t est  sect i on 
and pr oduct i on pavi ng wi t hi n 16 days af t er  t he compl et i on of  t he 
pl acement .   Do not  pl ace an adj acent  or  cont i guous l ane/ l ot  pr i or  t o 
pr ovi di ng r equi r ed pavement  dat a i dent i f i ed i n i t ems a.  -  y.  conf or mi ng t o 
t he accept ance cr i t er i a.   Payment  wi l l  not  be made unt i l  al l  r equi r ed dat a 
i dent i f i ed i n i t ems a.  -  y.  has been submi t t ed and r evi ewed by t he 
gover nment .   Or gani ze each Pavi ng Lot  Repor t  by t he f ol l owi ng speci f i c  
i t ems.   The l i s t  bel ow i s not  al l  i ncl usi ve.   Add t est s and i nspect i ons as 
appr opr i at e f or  each speci f i c  pavi ng l ot  const r uct ed.  

Tabl e Summar y of  payment  adj ust ment  f act or s and pass/ f ai l  f act or s Det ai l ed 
Pl acement  Pl an,  l abel i ng l ot s/ subl ot s wi t h st at i oni ng.  I dent i f y cor e 
l ocat i ons,  and t est i ng l ocat i ons.  

Pr ovi de nar r at i ve addr essi ng t he f ol l owi ng at  a mi ni mum:
 
a.   Pr ot ect i ve Measur es:  Rai n,  Col d,  Hot  and/ or  wi ndy on- si t e condi t i ons 
i ncl udi ng evapor at i on r at es,  hi gh/ l ow ambi ent  t emper at ur e.  Post - Pr oduct i on 
pr ot ect i on and t r af f i c  cont r ol .  

b.   Success,  f ai l ur es,  and i ssues encount er ed dur i ng al l  oper at i ons 
associ at ed wi t h t he pl acement  t o i ncl ude,  but  not  l i mi t ed t o,  bat chi ng,  
t r anspor t i ng,  pavi ng,  t ext ur i ng and cur i ng.   I ncl ude any pr ocess cont r ol  
changes t hat  wer e necessar y t o meet  speci f i ed t ol er ances.  

c.   St ockpi l e Management  bef or e and dur i ng pl acement .  

d.   I ni t i al  saw cut t i ng oper at i on t o i ncl ude st ar t  and f i ni sh t i mes ( ear l y 
ent r y or  wet  di amond,  f l ushi ng and vacuumi ng,  backer  r od i nst al l at i on and 
r eappl i cat i on of  cur i ng compound) .
 
e.   Fi ni shi ng oper at i ons ( cut t i ng st r ai ght - edge,  aut omat i c l ongi t udi nal  
f l oat ,  edgi ng t ool ,  mi ni mal  hand wor k and excess past e) .
 
f .   Text ur i ng oper at i ons t o i ncl ude st ar t  and f i ni sh t i mes.
 
g.   Cur i ng oper at i ons t o i ncl ude st ar t  and f i ni sh t i mes.
 
h.   Envi r onment al  condi t i ons of  i ni t i al  cur e f aci l i t y  t o i ncl ude l ocat i on 
and t emper at ur es.  

i .   Pl anned cor r ect i on( s)  or  cor r ect i on( s)  compl et ed 
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j .   Dowel  i nst al l at i on 

Pr ovi de r equi r ed i nspect i on document at i on f or  t he f ol l owi ng at  a mi ni mum:  

k.   Bat ch Pl ant ,  Equi pment ,  and Cur i ng Equi pment  Ver i f i cat i on
 
l .   Dowel  Basket s,  f or ms,  r ei nf or ci ng,  embeds and bl ock- out s 

m.   Summar y of  r ecent  under l y i ng mat er i al  t est  r esul t s showi ng compl i ance.  
I ncl ude i nf or mat i on such as submi t t al  number s or  dat e of  dai l y r epor t ( s)  
wher e t he det ai l ed t est i ng dat a i s l ocat ed.  

Qual i t y Cont r ol  Test i ng
 
n.   PCC Pl ast i c Mi xt ur e Pr oper t i es ( t emper at ur e,  ai r  cont ent ,  s l ump,  uni t  
wei ght )  

o.   Aggr egat e gr adat i on t est  r esul t s and CF- WF pl ot
 
p.   Cont r ol  Char t s 

q.   Joi nt  Cr ack Tr acki ng and Recor d 

Accept ance Test i ng ( bef or e and af t er  cor r ect i ons)  

r .   Sur f ace Smoot hness t est  r esul t s ( st r ai ght edge and pr of i l ogr aph)  i n 
bot h l ongi t udi nal  and t r ansver se di r ect i ons.  

s.   Edge Sl ump t est  r esul t s( i dent i f y excessi ve,  l ost  and r ebui l t  edge( s) ) .
 
t .   Joi nt  Face Def or mat i on t est  r esul t s.  

u.   Pl an Gr ade:  t abl e pr ovi di ng x,  y,  and el evat i on val ues ver sus desi gn 
val ues si gned by l i censed sur veyor .
 
v.   St r engt h:  beam/ cyl i nder  st r engt h r esul t s ( wi t h updat ed cor r el at i on 
r at i os and cont r ol  char t ) .
 
w.   Cor es:  Locat i ons/ St at i oni ng of  cor es shown on Pl acement  Pl an,  
t hi ckness measur ement s,  phot os and eval uat i on of  cor es.
 
x.   Dowel  hol es,  and dowel  al i gnment  

y.   Legi bl e copi es of  bat ch t i cket s.  Ti cket s shoul d i ncl ude al l  r equi r ed 
dat a,  t i me r ecei ved,  and t i me di schar ge compl et ed.

        - -  End of  Sect i on - -

SECTI ON 32 13 14. 13  Page 69





NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

SECTI ON 32 16 19

CONCRETE CURBS,  GUTTERS AND SI DEWALKS
05/ 18

PART 1   GENERAL

1. 1   REFERENCES

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

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

AASHTO M 182 ( 2005;  R 2017)  St andar d Speci f i cat i on f or  
Bur l ap Cl ot h Made f r om Jut e or  Kenaf  and 
Cot t on Mat s

ASTM I NTERNATI ONAL ( ASTM)

ASTM A615/ A615M ( 2022)  St andar d Speci f i cat i on f or  Def or med 
and Pl ai n Car bon- St eel  Bar s f or  Concr et e 
Rei nf or cement

ASTM A1064/ A1064M ( 2022)  St andar d Speci f i cat i on f or  
Car bon- St eel  Wi r e and Wel ded Wi r e 
Rei nf or cement ,  Pl ai n and Def or med,  f or  
Concr et e

ASTM C31/ C31M ( 2024)  St andar d Pr act i ce f or  Maki ng and 
Cur i ng Concr et e Test  Speci mens i n t he Fi el d

ASTM C94/ C94M ( 2023)  St andar d Speci f i cat i on f or  
Ready- Mi xed Concr et e

ASTM C143/ C143M ( 2020)  St andar d Test  Met hod f or  Sl ump of  
Hydr aul i c- Cement  Concr et e

ASTM C171 ( 2020)  St andar d Speci f i cat i on f or  Sheet  
Mat er i al s f or  Cur i ng Concr et e

ASTM C172/ C172M ( 2017)  St andar d Pr act i ce f or  Sampl i ng 
Fr eshl y Mi xed Concr et e

ASTM C173/ C173M ( 2024)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Vol umet r i c Met hod

ASTM C231/ C231M ( 2024)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
Pr essur e Met hod

ASTM C309 ( 2019)  St andar d Speci f i cat i on f or  Li qui d 
Membr ane- For mi ng Compounds f or  Cur i ng 
Concr et e
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ASTM C920 ( 2018)  St andar d Speci f i cat i on f or  
El ast omer i c Joi nt  Seal ant s

ASTM D1751 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Expansi on Joi nt  Fi l l er  f or  
Concr et e Pavi ng and St r uct ur al  
Const r uct i on ( Nonext r udi ng and Resi l i ent  
Bi t umi nous Types)

ASTM D1752 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Sponge Rubber ,  Cor k and Recycl ed 
PVC Expansi on Joi nt  Fi l l er s f or  Concr et e 
Pavi ng and St r uct ur al  Const r uct i on

ASTM D5893/ D5893M ( 2016)  St andar d Speci f i cat i on f or  Col d 
Appl i ed,  Si ngl e Component ,  Chemi cal l y 
Cur i ng Si l i cone Joi nt  Seal ant  f or  Por t l and 
Cement  Concr et e Pavement s

1. 2   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  
eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Concr et e

SD- 06 Test  Repor t s

Fi el d Qual i t y Cont r ol

1. 3   EQUI PMENT,  TOOLS,  AND MACHI NES

1. 3. 1   Gener al  Requi r ement s

Pl ant ,  equi pment ,  machi nes,  and t ool s used i n t he wor k wi l l  be subj ect  t o 
appr oval  and must  be mai nt ai ned i n a sat i sf act or y wor ki ng condi t i on at  al l  
t i mes.   Use equi pment  capabl e of  pr oduci ng t he r equi r ed pr oduct ,  meet i ng 
gr ade cont r ol s,  t hi ckness cont r ol  and smoot hness r equi r ement s as 
speci f i ed.   Di scont i nue usi ng equi pment  t hat  pr oduces unsat i sf act or y 
r esul t s.   Al l ow t he Cont r act i ng Of f i cer  access at  al l  t i mes t o t he pl ant  
and equi pment  t o ensur e pr oper  oper at i on and compl i ance wi t h 
speci f i cat i ons.

1. 3. 2   Sl i p For m Equi pment

Sl i p f or m paver  or  cur b f or mi ng machi nes,  wi l l  be appr oved based on t r i al  
use on t he j ob and must  be sel f - pr opel l ed,  aut omat i cal l y cont r ol l ed,  
cr awl er  mount ed,  and capabl e of  spr eadi ng,  consol i dat i ng,  and shapi ng t he 
pl ast i c concr et e t o t he desi r ed cr oss sect i on i n one pass.
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1. 4   ENVI RONMENTAL REQUI REMENTS

1. 4. 1   Pl aci ng Dur i ng Col d Weat her

Do not  pl ace concr et e when t he ai r  t emper at ur e r eaches 40 degr ees F and i s 
f al l i ng or  i s al r eady bel ow t hat  poi nt .   Pl acement  may begi n when t he ai r  
t emper at ur e r eaches 35 degr ees F and i s r i s i ng,  or  i s al r eady above 40 
degr ees F.   Make pr ovi s i ons t o pr ot ect  t he concr et e f r om f r eezi ng dur i ng 
t he speci f i ed cur i ng per i od.   I f  necessar y t o pl ace concr et e when t he 
t emper at ur e of  t he ai r ,  aggr egat es,  or  wat er  i s bel ow 35 degr ees F,  
pl acement  and pr ot ect i on must  be appr oved i n wr i t i ng.   Appr oval  wi l l  be 
cont i ngent  upon f ul l  conf or mance wi t h t he f ol l owi ng pr ovi s i ons.   Pr epar e 
and pr ot ect  t he under l y i ng mat er i al  so t hat  i t  i s  ent i r el y f r ee of  f r ost  
when t he concr et e i s deposi t ed.   Heat  mi xi ng wat er  and aggr egat es as 
necessar y t o r esul t  i n t he t emper at ur e of  t he i n- pl ace concr et e bei ng 
bet ween 50 and 85 degr ees F.   Met hods and equi pment  f or  heat i ng must  be 
appr oved.   Use onl y aggr egat es t hat  ar e f r ee of  i ce,  snow,  and f r ozen 
l umps bef or e ent er i ng t he mi xer .   Pr ovi de cover i ng or  ot her  means as 
needed t o mai nt ai n t he concr et e at  a t emper at ur e of  at  l east  50 degr ees F 
f or  not  l ess t han 72 hour s af t er  pl aci ng,  and at  a t emper at ur e above 
f r eezi ng f or  t he r emai nder  of  t he cur i ng per i od.

1. 4. 2   Pl aci ng Dur i ng War m Weat her

The t emper at ur e of  t he concr et e as pl aced must  not  exceed 85 degr ees F 
except  wher e an appr oved r et ar der  i s used.   Cool  t he mi xi ng wat er  and 
aggr egat es as necessar y t o mai nt ai n a sat i sf act or y pl aci ng t emper at ur e.   
The pl aci ng t emper at ur e must  not  exceed 95 degr ees F at  any t i me.

PART 2   PRODUCTS

2. 1   CONCRETE

Pr ovi de concr et e conf or mi ng t o t he appl i cabl e r equi r ement s of  ASTM C94/ C94M
 except  as ot her wi se speci f i ed.   Concr et e must  have a mi ni mum compr essi ve 
st r engt h of  3500 psi  at  28 days.   Si ze of  aggr egat e must  not  exceed 1- 1/ 2 
i nches.   Submi t  copi es of  cer t i f i ed del i ver y t i cket s f or  al l  concr et e used 
i n t he const r uct i on.

2. 1. 1   Ai r  Cont ent

Use concr et e mi xt ur es t hat  have an ai r  cont ent  by vol ume of  concr et e of  3 
t o 6 per cent ,  based on measur ement s made i mmedi at el y af t er  di schar ge f r om 
t he mi xer .

2. 1. 2   Sl ump

Use concr et e wi t h a s l ump of  3 i nches pl us or  mi nus 1 i nch f or  hand pl aced 
concr et e or  1 i nch pl us or  mi nus 1/ 2 i nch f or  s l i pf or med concr et e as 
det er mi ned i n accor dance wi t h ASTM C143/ C143M.

2. 1. 3   Rei nf or cement  St eel

Use r ei nf or cement  bar s conf or mi ng t o ASTM A615/ A615M.   Use wi r e mesh 
r ei nf or cement  conf or mi ng t o ASTM A1064/ A1064M.
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2. 2   CONCRETE CURI NG MATERI ALS

2. 2. 1   I mper vi ous Sheet  Mat er i al s

Use i mper vi ous sheet  mat er i al s conf or mi ng t o ASTM C171,  t ype opt i onal ,  
except  t hat  pol yet hyl ene f i l m,  i f  used,  must  be whi t e opaque.

2. 2. 2   Bur l ap

Use bur l ap conf or mi ng t o AASHTO M 182.

2. 2. 3   Whi t e Pi gment ed Membr ane- For mi ng Cur i ng Compound

Use whi t e pi gment ed membr ane- f or mi ng cur i ng compound conf or mi ng t o 
ASTM C309,  Type 2.

2. 3   CONCRETE PROTECTI ON MATERI ALS

Use concr et e pr ot ect i on mat er i al s consi st i ng of  a l i nseed oi l  mi xt ur e of  
equal  par t s,  by vol ume,  of  l i nseed oi l  and ei t her  mi ner al  spi r i t s,  
napht ha,  or  t ur pent i ne.   At  t he opt i on of  t he Cont r act or ,  commer ci al l y 
pr epar ed l i nseed oi l  mi xt ur es,  f or mul at ed speci f i cal l y f or  appl i cat i on t o 
concr et e t o pr ovi de pr ot ect i on agai nst  t he act i on of  dei c i ng chemi cal s may 
be used,  except  t hat  emul si f i ed mi xt ur es ar e not  accept abl e.

2. 4   JOI NT FI LLER STRI PS

2. 4. 1   Cont r act i on Joi nt  Fi l l er  f or  Cur b and Gut t er

Use har d- pr essed f i ber boar d cont r act i on j oi nt  f i l l er  f or  cur b and gut t er .

2. 4. 2   Expansi on Joi nt  Fi l l er ,  Pr emol ded

Unl ess ot her wi se i ndi cat ed,  use 3/ 4 i nch t hi ck pr emol ded expansi on j oi nt  
f i l l er  conf or mi ng t o ASTM D1751 or  ASTM D1752.

2. 5   JOI NT SEALANTS

Use col d- appl i ed j oi nt  seal ant  conf or mi ng t o ASTM C920 or  ASTM D5893/ D5893M.

2. 6   FORM WORK

Desi gn and const r uct  f or m wor k t o ensur e t hat  t he f i ni shed concr et e wi l l  
conf or m accur at el y t o t he i ndi cat ed di mensi ons,  l i nes,  and el evat i ons,  and 
wi t hi n t he t ol er ances speci f i ed.   Use wood or  st eel  f or ms t hat  ar e 
st r ai ght  and of  suf f i c i ent  st r engt h t o r esi st  spr i ngi ng dur i ng deposi t i ng 
and consol i dat i ng concr et e.

2. 6. 1   Wood For ms

Use f or ms t hat  ar e sur f aced pl ank 2 i nches nomi nal  t hi ckness,  st r ai ght  and 
f r ee f r om war p,  t wi st ,  l oose knot s,  spl i t s or  ot her  def ect s.   Use f or ms 
wi t h a nomi nal  l engt h of  10 f eet .   Radi us bends may be f or med wi t h 3/ 4 i nch
 boar ds,  l ami nat ed t o t he r equi r ed t hi ckness.

2. 6. 2   St eel  For ms

Use channel - f or med sect i ons wi t h a f l at  t op sur f ace and wel ded br aces at  
each end and at  not  l ess t han t wo i nt er medi at e poi nt s.   Use f or ms wi t h 
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i nt er l ocki ng and sel f - al i gni ng ends.   Pr ovi de f l exi bl e f or ms f or  r adi us 
f or mi ng,  cor ner  f or ms,  f or m spr eader s,  and f i l l er s as needed.   Use f or ms 
wi t h a nomi nal  l engt h of  10 f eet  and t hat  have a mi ni mum of  3 wel ded st ake 
pocket s per  f or m.   Use st ake pi ns consi st i ng of  sol i d st eel  r ods wi t h 
chamf er ed heads and poi nt ed t i ps desi gned f or  use wi t h st eel  f or ms.

2. 6. 3   Si dewal k For ms

Use si dewal k f or ms t hat  ar e of  a hei ght  equal  t o t he f ul l  dept h of  t he 
f i ni shed si dewal k.

PART 3   EXECUTI ON

3. 1   SUBGRADE PREPARATI ON

Const r uct  subgr ade t o t he speci f i ed gr ade and cr oss sect i on pr i or  t o 
concr et e pl acement .

3. 1. 1   Si dewal k Subgr ade

Pl ace and compact  t he subgr ade i n accor dance wi t h Sect i on 31 00 00 
EARTHWORK and Sect i on  32 11 20 Base Cour se f or  Ri gi d Pavi ng and Si dewal k.   
Test  t he subgr ade f or  gr ade and cr oss sect i on wi t h a t empl at e ext endi ng 
t he f ul l  wi dt h of  t he s i dewal k and suppor t ed bet ween si de f or ms.

 3. 1. 2   Mai nt enance of  Subgr ade

Mai nt ai n subgr ade i n a smoot h,  compact ed condi t i on i n conf or mi t y wi t h t he 
r equi r ed sect i on and est abl i shed gr ade unt i l  t he concr et e i s pl aced.   The 
subgr ade must  be i n a moi st  condi t i on when concr et e i s pl aced.   Pr epar e 
and pr ot ect  subgr ade so t hat  i t  i s  f r ee f r om f r ost  when t he concr et e i s 
deposi t ed.

3. 2   FORM SETTI NG

Set  f or ms t o t he i ndi cat ed al i gnment ,  gr ade and di mensi ons.   Hol d f or ms 
r i gi dl y i n pl ace by a mi ni mum of  3 st akes per  f or m pl aced at  i nt er val s not  
t o exceed 4 f eet .   Use addi t i onal  st akes and br aces at  cor ner s,  deep 
sect i ons,  and r adi us bends,  as r equi r ed.   Use cl amps,  spr eader s,  and 
br aces wher e r equi r ed t o ensur e r i gi di t y i n t he f or ms.   Remove f or ms i n a 
manner  t hat  wi l l  not  i nj ur e t he concr et e.   Do not  use bar s or  heavy t ool s 
agai nst  t he concr et e when r emovi ng t he f or ms.   Pr ompt l y and sat i sf act or i l y  
r epai r  concr et e f ound t o be def ect i ve af t er  f or m r emoval .   Cl ean f or ms and 
coat  wi t h f or m oi l  each t i me bef or e concr et e i s pl aced.   Wood f or ms may,  
i nst ead,  be t hor oughl y wet t ed wi t h wat er  bef or e concr et e i s pl aced,  except  
t hat  wi t h pr obabl e f r eezi ng t emper at ur es,  oi l i ng i s mandat or y.

3. 2. 1   Si dewal ks

Set  f or ms f or  s i dewal ks wi t h t he upper  edge t r ue t o l i ne and gr ade wi t h an 
al l owabl e t ol er ance of  1/ 8 i nch i n any 10- f oot  l ong sect i on.   Af t er  f or ms 
ar e set ,  gr ade and al i gnment  must  be checked wi t h a 10- f oot  st r ai ght edge.   
Si dewal ks must  have a t r ansver se sl ope as i ndi cat ed.  Unl ess ot her wi se 
i ndi cat ed,  const r uct  s i dewal ks t hat  ar e l ocat ed adj acent  t o cur bs wi t h t he 
l ow si de adj acent  t o t he cur b.   Do not  r emove si de f or ms l ess t han 12 
hour s af t er  f i ni shi ng has been compl et ed.
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3. 3   SI DEWALK CONCRETE PLACEMENT AND FI NI SHI NG

3. 3. 1   For med Si dewal ks

Pl ace concr et e i n t he f or ms i n one l ayer .   When consol i dat ed and f i ni shed,  
t he s i dewal ks must  be of  t he t hi ckness i ndi cat ed.   Use a st r i ke- of f  gui ded 
by s i de f or ms af t er  concr et e has been pl aced i n t he f or ms t o br i ng t he 
sur f ace t o pr oper  sect i on t o be compact ed.   Consol i dat e concr et e by 
t ampi ng and spadi ng or  wi t h an appr oved vi br at or .  Fi ni sh t he sur f ace t o 
gr ade wi t h a st r i ke of f .

3. 3. 2   Concr et e Fi ni shi ng

Af t er  st r ai ght edgi ng,  when most  of  t he wat er  sheen has di sappear ed,  and 
j ust  bef or e t he concr et e har dens,  f i ni sh t he sur f ace wi t h a wood or  
magnesi um f l oat  or  dar by t o a smoot h and uni f or ml y f i ne gr anul ar  or  sandy 
t ext ur e f r ee of  waves,  i r r egul ar i t i es,  or  t ool  mar ks.   Pr oduce a scor ed 
sur f ace by br oomi ng wi t h a f i ber - br i st l e br ush i n a di r ect i on t r ansver se 
t o t hat  of  t he t r af f i c ,  f ol l owed by edgi ng.

3. 3. 3   Edge and Joi nt  Fi ni shi ng

Fi ni sh al l  s l ab edges,  i ncl udi ng t hose at  f or med j oi nt s,  wi t h an edger  
havi ng a r adi us of  1/ 8 i nch.   Edge t r ansver se j oi nt s bef or e br oomi ng.   
El i mi nat e t he f l at  sur f ace l ef t  by t he sur f ace f ace of  t he edger  wi t h 
br oomi ng.   Cl ean and sol i dl y f i l l  cor ner s and edges whi ch have cr umbl ed 
and ar eas whi ch l ack suf f i c i ent  mor t ar  f or  pr oper  f i ni shi ng wi t h a 
pr oper l y pr opor t i oned mor t ar  mi xt ur e and t hen f i ni sh.

3. 3. 4   Sur f ace and Thi ckness Tol er ances

Fi ni shed sur f aces must  not  var y mor e t han 5/ 16 i nch f r om t he t est i ng edge 
of  a 10- f oot  st r ai ght edge.   Per mi ssi bl e def i c i ency i n sect i on t hi ckness 
wi l l  be up t o 1/ 4 i nch.

3. 4   SI DEWALK JOI NTS

Const r uct  s i dewal k j oi nt s t o di v i de t he sur f ace i nt o r ect angul ar  ar eas.   
Space t r ansver se cont r act i on j oi nt s at  a di st ance equal  t o t he s i dewal k 
wi dt h or  5 f eet  on cent er s,  whi chever  i s l ess,  and cont i nuous acr oss t he 
sl ab.   Const r uct  l ongi t udi nal  cont r act i on j oi nt s al ong t he cent er l i ne of  
al l  s i dewal ks 10 f eet  or  mor e i n wi dt h.   Const r uct  t r ansver se expansi on 
j oi nt s at  s i dewal k r et ur ns and opposi t e expansi on j oi nt s i n adj oi ni ng 
cur bs.   Wher e t he si dewal k i s not  i n cont act  wi t h t he cur b,  i nst al l  
t r ansver se expansi on j oi nt s as i ndi cat ed.   For m expansi on j oi nt s ar ound 
st r uct ur es and f eat ur es whi ch pr oj ect  t hr ough or  i nt o t he s i dewal k 
pavement ,  usi ng j oi nt  f i l l er  of  t he t ype,  t hi ckness,  and wi dt h i ndi cat ed.   
Expansi on j oi nt s ar e not  r equi r ed bet ween si dewal ks and cur b t hat  abut  t he 
s i dewal k l ongi t udi nal l y.

3. 4. 1   Si dewal k Cont r act i on Joi nt s

For m cont r act i on j oi nt s i n t he f r esh concr et e by cut t i ng a gr oove i n t he 
t op por t i on of  t he s l ab t o a dept h of  at  l east  one- f our t h of  t he s i dewal k 
s l ab t hi ckness.   Unl ess ot her wi se appr oved or  i ndi cat ed,  ei t her  use a 
j oi nt er  t o cut  t he gr oove or  saw a gr oove i n t he har dened concr et e wi t h a 
power - dr i ven saw.   Const r uct  sawed j oi nt s by sawi ng a gr oove i n t he 
concr et e wi t h a 1/ 8- i nch bl ade.   Pr ovi de an ampl e suppl y of  saw bl ades on 
t he j obsi t e bef or e concr et e pl acement  i s st ar t ed.   Pr ovi de at  l east  one 
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st andby sawi ng uni t  i n good wor ki ng or der  at  t he j obsi t e at  al l  t i mes 
dur i ng t he sawi ng oper at i ons.

3. 4. 2   Si dewal k Expansi on Joi nt s

For m expansi on j oi nt s usi ng 3/ 4- i nch j oi nt  f i l l er  st r i ps.   Joi nt  f i l l er  i n 
expansi on j oi nt s sur r oundi ng st r uct ur es and f eat ur es wi t hi n t he s i dewal k 
may consi st  of  pr ef or med f i l l er  mat er i al  conf or mi ng t o ASTM D1752 or  
bui l di ng paper .   Hol d j oi nt  f i l l er  i n pl ace wi t h st eel  pi ns or  ot her  
devi ces t o pr event  war pi ng of  t he f i l l er  dur i ng f l oat i ng and f i ni shi ng.   
I mmedi at el y af t er  f i ni shi ng oper at i ons ar e compl et ed,  r ound j oi nt  edges 
usi ng an edgi ng t ool  havi ng a r adi us of  1/ 8 i nch.   Remove any concr et e 
over  t he j oi nt  f i l l er .   At  t he end of  t he cur i ng per i od,  c l ean t he t op of  
expansi on j oi nt s and f i l l  wi t h col d- appl i ed j oi nt  seal ant .   Use j oi nt  
seal ant  t hat  i s  gr ay or  st one i n col or .   Thor oughl y c l ean t he j oi nt  
openi ng bef or e t he seal i ng mat er i al  i s  pl aced.   Do not  spi l l  seal i ng 
mat er i al  on exposed sur f aces of  t he concr et e.   Appl y j oi nt  seal i ng 
mat er i al  onl y when t he concr et e at  t he j oi nt  i s  sur f ace dr y and 
at mospher i c and concr et e t emper at ur es ar e above 50 degr ees F.   I mmedi at el y 
r emove any excess mat er i al  on exposed sur f aces of  t he concr et e and cl ean 
t he concr et e sur f aces.

3. 4. 3   Rei nf or cement  St eel  Pl acement

Accur at el y and secur el y f ast en r ei nf or cement  st eel  i n pl ace wi t h sui t abl e 
suppor t s and t i es bef or e t he concr et e i s pl aced.

3. 5   CURI NG AND PROTECTI ON

3. 5. 1   Gener al  Requi r ement s

Pr ot ect  concr et e agai nst  l oss of  moi st ur e and r api d t emper at ur e changes 
f or  at  l east  7 days f r om t he begi nni ng of  t he cur i ng oper at i on.   Pr ot ect  
unhar dened concr et e f r om r ai n and f l owi ng wat er .   Al l  equi pment  needed f or  
adequat e cur i ng and pr ot ect i on of  t he concr et e must  be on hand and r eady 
f or  use bef or e act ual  concr et e pl acement  begi ns.   Pr ot ect  concr et e as 
necessar y t o pr event  cr acki ng of  t he pavement  due t o t emper at ur e changes 
dur i ng t he cur i ng per i od.

3. 5. 1. 1   Mat  Met hod

Cover  t he ent i r e exposed sur f ace wi t h t wo or  mor e l ayer s of  bur l ap.   
Over l ap mat s at  l east  6 i nches.   Thor oughl y wet  t he mat  wi t h wat er  pr i or  
t o pl aci ng on concr et e sur f ace and keep t he mat  cont i nuousl y i n a 
sat ur at ed condi t i on and i n i nt i mat e cont act  wi t h concr et e f or  not  l ess 
t han 7 days.

3. 5. 1. 2   I mper vi ous Sheet i ng Met hod

Wet  t he ent i r e exposed sur f ace wi t h a f i ne spr ay of  wat er  and t hen cover  
wi t h i mper vi ous sheet i ng mat er i al .   Lay sheet s di r ect l y on t he concr et e 
sur f ace wi t h t he l i ght - col or ed si de up and over l apped 12 i nches when a 
cont i nuous sheet  i s not  used.   Use sheet i ng t hat  i s not  l ess t han 18- i nches
 wi der  t han t he concr et e sur f ace t o be cur ed.   Secur e sheet i ng usi ng heavy 
wood pl anks or  a bank of  moi st  ear t h pl aced al ong edges and l aps i n t he 
sheet s.   Sat i sf act or i l y  r epai r  or  r epl ace sheet s t hat  ar e t or n or  
ot her wi se damaged dur i ng cur i ng.   Sheet i ng must  r emai n on t he concr et e 
sur f ace t o be cur ed f or  not  l ess t han 7 days.
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3. 5. 1. 3   Membr ane Cur i ng Met hod

Appl y a uni f or m coat i ng of  whi t e- pi gment ed membr ane- cur i ng compound t o t he 
ent i r e exposed sur f ace of  t he concr et e as soon af t er  f i ni shi ng as t he f r ee 
wat er  has di sappear ed f r om t he f i ni shed sur f ace.   Coat  f or med sur f aces 
i mmedi at el y af t er  t he f or ms ar e r emoved and i n no case l onger  t han 1 hour  
af t er  t he r emoval  of  f or ms.   Do not  al l ow concr et e sur f ace t o dr y bef or e 
appl i cat i on of  t he membr ane.   I f  dr y i ng has occur r ed,  moi st en t he sur f ace 
of  t he concr et e wi t h a f i ne spr ay of  wat er  and appl y t he cur i ng compound 
as soon as t he f r ee wat er  di sappear s.   Appl y cur i ng compound i n t wo coat s 
by hand- oper at ed pr essur e spr ayer s at  a cover age of  appr oxi mat el y 200 
squar e f eet / gal l on f or  t he t ot al  of  bot h coat s.   Appl y t he second coat  i n 
a di r ect i on appr oxi mat el y at  r i ght  angl es t o t he di r ect i on of  appl i cat i on 
of  t he f i r st  coat .   The compound must  f or m a uni f or m,  cont i nuous,  coher ent  
f i l m t hat  wi l l  not  check,  cr ack,  or  peel  and must  be f r ee f r om pi nhol es or  
ot her  i mper f ect i ons.   I f  pi nhol es,  abr asi on,  or  ot her  di scont i nui t i es 
exi st ,  appl y an addi t i onal  coat  t o t he af f ect ed ar eas wi t hi n 30 mi nut es.   
Respr ay concr et e sur f aces t hat  ar e subj ect ed t o heavy r ai nf al l  wi t hi n 3 
hour s af t er  t he cur i ng compound has been appl i ed by t he met hod and at  t he 
cover age speci f i ed above.   Respr ay ar eas wher e t he cur i ng compound i s 
damaged by subsequent  const r uct i on oper at i ons wi t hi n t he cur i ng per i od.   
Take pr ecaut i ons necessar y t o ensur e t hat  t he concr et e i s pr oper l y cur ed 
at  sawed j oi nt s,  and t hat  no cur i ng compound ent er s t he j oi nt s.   Ti ght l y 
seal  t he t op of  t he j oi nt  openi ng and t he j oi nt  gr oove at  exposed edges 
bef or e t he concr et e i n t he r egi on of  t he j oi nt  i s  r espr ayed wi t h cur i ng 
compound.   Use a met hod used f or  seal i ng t he j oi nt  gr oove t hat  pr event s 
l oss of  moi st ur e f r om t he j oi nt  dur i ng t he ent i r e speci f i ed cur i ng 
per i od.   Pr ovi de appr oved st andby f aci l i t i es f or  cur i ng concr et e pavement  
at  a l ocat i on accessi bl e t o t he j obsi t e f or  use i n t he event  of  mechani cal  
f ai l ur e of  t he spr ayi ng equi pment  or  ot her  condi t i ons t hat  mi ght  pr event  
cor r ect  appl i cat i on of  t he membr ane- cur i ng compound at  t he pr oper  t i me.   
Adequat el y pr ot ect  concr et e sur f aces t o whi ch membr ane- cur i ng compounds 
have been appl i ed dur i ng t he ent i r e cur i ng per i od f r om pedest r i an and 
vehi cul ar  t r af f i c ,  except  as r equi r ed f or  j oi nt - sawi ng oper at i ons and 
sur f ace t est s,  and f r om ot her  possi bl e damage t o t he cont i nui t y of  t he 
membr ane.

3. 5. 2   Backf i l l i ng

Af t er  cur i ng,  r emove debr i s and backf i l l ,  gr ade,  and compact  t he ar ea 
adj oi ni ng t he concr et e t o conf or m t o t he sur r oundi ng ar ea i n accor dance 
wi t h l i nes and gr ades i ndi cat ed.

3. 5. 3   Pr ot ect i on

Pr ot ect  compl et ed concr et e f r om damage unt i l  accept ed.   Repai r  damaged 
concr et e and cl ean concr et e di scol or ed dur i ng const r uct i on.   Remove and 
r econst r uct  concr et e t hat  i s  damaged f or  t he ent i r e l engt h bet ween 
r egul ar l y schedul ed j oi nt s.   Ref i ni shi ng t he damaged por t i on wi l l  not  be 
accept abl e.   Di spose of  r emoved mat er i al  as di r ect ed.

3. 6   FI ELD QUALI TY CONTROL

Submi t  copi es of  al l  t est  r epor t s wi t hi n 24 hour s of  compl et i on of  t he 
t est .

3. 6. 1   Gener al  Requi r ement s

Per f or m t he i nspect i on and t est s descr i bed and meet  t he speci f i ed 
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r equi r ement s f or  i nspect i on det ai l s and f r equency of  t est i ng.   Based upon 
t he r esul t s of  t hese i nspect i ons and t est s,  t ake t he act i on and submi t  
r epor t s as r equi r ed bel ow,  and addi t i onal  t est s t o ensur e t hat  t he 
r equi r ement s of  t hese speci f i cat i ons ar e met .

3. 6. 2   Concr et e Test i ng

3. 6. 2. 1   St r engt h Test i ng

Take concr et e sampl es i n accor dance wi t h ASTM C172/ C172M not  l ess t han 
once a day nor  l ess t han once f or  ever y 250 cubi c yar ds of  concr et e 
pl aced.   Mol d cyl i nder s i n accor dance wi t h ASTM C31/ C31M f or  st r engt h 
t est i ng by an appr oved l abor at or y.   Each st r engt h t est  r esul t  must  be t he 
aver age of  2 t est  cyl i nder s f r om t he same concr et e sampl e t est ed at  28 
days,  unl ess ot her wi se speci f i ed or  appr oved.   Concr et e speci f i ed on t he 
basi s of  compr essi ve st r engt h wi l l  be consi der ed sat i sf act or y i f  t he 
aver ages of  al l  set s of  t hr ee consecut i ve st r engt h t est  r esul t s equal  or  
exceed t he speci f i ed st r engt h,  and no i ndi v i dual  st r engt h t est  r esul t  
f al l s  bel ow t he speci f i ed st r engt h by mor e t han 500 psi .

3. 6. 2. 2   Ai r  Cont ent

Det er mi ne ai r  cont ent  i n accor dance wi t h ASTM C173/ C173M or  ASTM C231/ C231M.   
Use ASTM C231/ C231M wi t h concr et es and mor t ar s made wi t h r el at i vel y dense 
nat ur al  aggr egat es.   Make t wo t est s f or  ai r  cont ent  on r andoml y sel ect ed 
bat ches of  each cl ass of  concr et e pl aced dur i ng each shi f t .   Make 
addi t i onal  t est s when excessi ve var i at i on i n concr et e wor kabi l i t y  i s  
r epor t ed by t he pl aci ng f or eman or  t he Gover nment  i nspect or .   Not i f y t he 
pl aci ng f or eman i f  r esul t s ar e out  of  t ol er ance.  The pl aci ng f or eman must  
t ake appr opr i at e act i on t o have t he ai r  cont ent  cor r ect ed at  t he pl ant .   
Addi t i onal  t est s f or  ai r  cont ent  wi l l  be per f or med on each t r uckl oad of  
mat er i al  unt i l  such t i me as t he ai r  cont ent  i s wi t hi n t he t ol er ance 
speci f i ed.

3. 6. 2. 3   Sl ump Test

Per f or m t wo sl ump t est s on r andoml y sel ect ed bat ches of  each cl ass of  
concr et e f or  ever y 250 cubi c yar ds,  or  f r act i on t her eof ,  of  concr et e 
pl aced dur i ng each shi f t .   Per f or m addi t i onal  t est s when excessi ve 
var i at i on i n t he wor kabi l i t y  of  t he concr et e i s not ed or  when excessi ve 
cr umbl i ng or  s l umpi ng i s not ed al ong t he edges of  s l i p- f or med concr et e.

3. 6. 3   Thi ckness Eval uat i on

Det er mi ne t he ant i c i pat ed t hi ckness of  t he concr et e pr i or  t o pl acement  by 
passi ng a t empl at e t hr ough t he f or med sect i on or  by measur i ng t he dept h of  
openi ng of  t he ext r usi on t empl at e of  t he cur b f or mi ng machi ne.   I f  a s l i p 
f or m paver  i s used f or  s i dewal k pl acement ,  const r uct  t he subgr ade t r ue t o 
gr ade pr i or  t o concr et e pl acement .   The t hi ckness wi l l  be det er mi ned by 
measur i ng each edge of  t he compl et ed sl ab.

3. 6. 4   Sur f ace Eval uat i on

Pr ovi de f i ni shed sur f aces f or  each cat egor y of  t he compl et ed wor k t hat  ar e 
uni f or m i n col or  and f r ee of  bl emi shes and f or m or  t ool  mar ks.
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3. 7   SURFACE DEFI CI ENCI ES AND CORRECTI ONS

3. 7. 1   Thi ckness Def i c i ency

When measur ement s i ndi cat e t hat  t he compl et ed concr et e sect i on i s 
def i c i ent  i n t hi ckness by mor e t han 1/ 4 i nch t he def i c i ent  sect i on wi l l  be 
r emoved,  bet ween r egul ar l y schedul ed j oi nt s,  and r epl aced.

3. 7. 2   Hi gh Ar eas

I n ar eas not  meet i ng sur f ace smoot hness and pl an gr ade r equi r ement s,  
r educe hi gh ar eas ei t her  by r ubbi ng t he f r eshl y f i ni shed concr et e wi t h 
car bor undum br i ck and wat er  when t he concr et e i s l ess t han 36 hour s ol d or  
by gr i ndi ng t he har dened concr et e wi t h an appr oved sur f ace gr i ndi ng 
machi ne af t er  t he concr et e i s 36 hour s ol d or  mor e.   The ar ea cor r ect ed by 
gr i ndi ng t he sur f ace of  t he har dened concr et e must  not  exceed 5 per cent  of  
t he ar ea of  any i nt egr al  s l ab,  and t he dept h of  gr i ndi ng must  not  exceed 
1/ 4 i nch.   Remove and r epl ace pavement  ar eas r equi r i ng gr ade or  sur f ace 
smoot hness cor r ect i ons i n excess of  t he l i mi t s speci f i ed.

3. 7. 3   Appear ance

Exposed sur f aces of  t he f i ni shed wor k wi l l  be i nspect ed by t he Cont r act i ng 
Of f i cer  and def i c i enci es i n appear ance wi l l  be i dent i f i ed.   Remove and 
r epl ace ar eas whi ch exhi bi t  excessi ve cr acki ng,  di scol or at i on,  f or m mar ks,  
or  t ool  mar ks or  whi ch ar e ot her wi se i nconsi st ent  wi t h t he over al l  
appear ances of  t he wor k.

         - -  End of  Sect i on - -
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SECTI ON 32 17 23

PAVEMENT MARKI NGS
08/ 16,  CHG 5:  11/ 18

PART 1   GENERAL

1. 1   REFERENCES
The publ i cat i ons l i s t ed bel ow f or m a par t  of  t hi s speci f i cat i on t o t he 
ext ent  r ef er enced.   The publ i cat i ons ar e r ef er r ed t o i n t he t ext  by t he 
basi c desi gnat i on onl y.

 ASTM I NTERNATI ONAL ( ASTM)

ASTM D4061 ( 2013)  St andar d Test  Met hod f or  
Ret r or ef l ect ance of  Hor i zont al  Coat i ngs

ASTM D6628 ( 2003;  R 2015)  St andar d Speci f i cat i on f or  
Col or  of  Pavement  Mar ki ng Mat er i al s

ASTM E1710 ( 2011)  St andar d Test  Met hod f or  
Measur ement  of  Ret r or ef l ect i ve Pavement  
Mar ki ng Mat er i al s wi t h CEN- Pr escr i bed 
Geomet r y Usi ng a Por t abl e 
Ret r or ef l ect omet er

ASTM E2177 ( 2011)  St andar d Test  Met hod f or  Measur i ng 
t he Coef f i c i ent  of  Ret r or ef l ect ed 
Lumi nance ( RL)  of  Pavement  Mar ki ngs i n a 
St andar d Condi t i on of  Wet ness

ASTM E2302 ( 2003;  R 2016)  St andar d Test  Met hod f or  
Measur ement  of  t he Lumi nance Coef f i c i ent  
Under  Di f f use I l l umi nat i on of  Pavement  
Mar ki ng Mat er i al s Usi ng a Por t abl e 
Ref l ect omet er

I NTERNATI ONAL CONCRETE REPAI R I NSTI TUTE ( I CRI )

I CRI  03732 ( 1997)  Sel ect i ng and Speci f y i ng Concr et e 
Sur f ace Pr epar at i on f or  Seal er s,  Coat i ngs,  
and Pol ymer  Over l ays

SOCI ETY OF AUTOMOTI VE ENGI NEERS I NTERNATI ONAL ( SAE)

SAE AMS- STD- 595A ( 2017)  Col or s used i n Gover nment  
Pr ocur ement

U. S.  FEDERAL HI GHWAY ADMI NI STRATI ON ( FHWA)

MUTCD ( 2009;  Rev 2012)  Manual  on Uni f or m Tr af f i c  
Cont r ol  Devi ces

U. S.  GENERAL SERVI CES ADMI NI STRATI ON ( GSA)

FS TT- B- 1325 ( Rev D;  Not i ce 1;  Not i ce 2 2017)  Beads 
( Gl ass Spher es)  Ret r o- Ref l ect i ve ( Met r i c)
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FS TT- P- 1952 ( 2015;  Rev F;  Not i ce 1)  Pai nt ,  Tr af f i c  and 
Ai r f i el d Mar ki ngs,  Wat er bor ne

1. 2   SUBMI TTALS

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

SD- 03 Pr oduct  Dat a

Appl i cat i on Equi pment  Li st  

Ext er i or  Sur f ace Pr epar at i on

Saf et y Dat a Sheet s 

Ref l ect i ve medi a f or  ai r f i el ds 

Wat er bor ne Pai nt  

SD- 06 Test  Repor t s

Ref l ect i ve Medi a f or  Ai r f i el ds 

Wat er bor ne Pai nt  

SD- 07 Cer t i f i cat es

Qual i f i cat i ons 

Ref l ect i ve Medi a f or  Ai r f i el ds

Wat er bor ne Pai nt

Vol at i l e Or gani c Compound,  ( VOC)  

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

Wat er bor ne Pai nt  

1. 3   QUALI TY ASSURANCE

1. 3. 1   Regul at or y Requi r ement s

Submi t  cer t i f i cat e st at i ng t hat  t he pr oposed pavement  mar ki ng pai nt  meet s 
t he Vol at i l e Or gani c Compound,  ( VOC)  r egul at i ons of  t he l ocal  Ai r  
Pol l ut i on Cont r ol  Di st r i ct  havi ng j ur i sdi ct i on over  t he geogr aphi cal  ar ea 
i n whi ch t he pr oj ect  i s  l ocat ed.   Submi t  Saf et y Dat a Sheet s f or  each 
pr oduct .

1. 3. 2   Qual i f i cat i ons

Submi t  document at i on cer t i f y i ng t hat  per t i nent  per sonnel  ar e qual i f i ed f or  
equi pment  oper at i on and handl i ng of  appl i cabl e chemi cal s.  The 
document at i on shoul d i ncl ude exper i ence on f i ve pr oj ect s of  s i mi l ar  s i ze 
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and scope wi t h r ef er ences f or  al l  per sonnel .

1. 3. 3   Qual i f i cat i ons For  Ai r f i el d Mar ki ng Per sonnel

Submi t  document at i on of  qual i f i cat i ons i n r esume f or mat  a mi ni mum of  14 
days bef or e pavement  mar ki ng wor k i s t o be per f or med showi ng per sonnel  who 
wi l l  be per f or mi ng t he wor k have exper i ence wor ki ng on ai r f i el ds,  
oper at i ng mobi l e sel f - power ed mar ki ng,  c l eani ng,  and pai nt  r emoval  
equi pment  and per f or mi ng t hese t asks.   I ncl ude wi t h r esume a l i s t  of  
r ef er ences compl et e wi t h poi nt s of  cont act  and t el ephone number s.   Pr ovi de 
cer t i f i cat i on f or  pavement  mar ki ng machi ne oper at or  and For eman 
demonst r at i ng exper i ence successf ul l y compl et i ng a mi ni mum of  t wo ai r f i el d 
pavement  mar ki ng pr oj ect s of  s i mi l ar  s i ze and scope.  Pr ovi de document at i on 
demonst r at i ng per sonnel  have a mi ni mum of  t hr ee year s of  exper i ence 
oper at i ng s i mi l ar  equi pment  and per f or mi ng t he same or  s i mi l ar  wor k i n 
s i mi l ar  envi r onment s,  s i mi l ar  i n s i ze and scope of  t he pl anned pr oj ect .   
The Cont r act i ng Of f i cer  r eser ves t he r i ght  t o r equi r e addi t i onal  pr oof  of  
compet ency or  t o r ej ect  pr oposed per sonnel .

1. 4   DELI VERY AND STORAGE

Del i ver  pai nt  mat er i al s,  t her mopl ast i c compound mat er i al s,  and r ef l ect i ve 
medi a i n or i gi nal  seal ed cont ai ner s t hat  pl ai nl y show t he desi gnat ed name,  
speci f i cat i on number ,  bat ch number ,  col or ,  dat e of  manuf act ur e,  
manuf act ur er ' s di r ect i ons,  and name of  manuf act ur er .

Pr ovi de st or age f aci l i t i es at  t he j ob s i t e,  onl y i n ar eas appr oved by t he 
Cont r act i ng Of f i cer ,  f or  mai nt ai ni ng mat er i al s at  t emper at ur es r ecommended 
by t he manuf act ur er .   Make avai l abl e pai nt  st or ed at  t he pr oj ect  s i t e or  
segr egat ed at  t he sour ce f or  sampl i ng not  l ess t han 30 days pr i or  t o dat e 
of  r equi r ed appr oval  f or  use t o al l ow suf f i c i ent  t i me f or  t est i ng.   Not i f y 
t he Cont r act i ng Of f i cer  when pai nt  i s  avai l abl e f or  sampl i ng.

1. 5   PROJECT/ SI TE CONDI TI ONS

1. 5. 1   Envi r onment al  Requi r ement s

1. 5. 1. 1   Weat her  Li mi t at i ons f or  Appl i cat i on

Appl y pavement  mar ki ngs t o c l ean,  dr y sur f aces,  and unl ess ot her wi se 
appr oved,  onl y when t he ai r  and pavement  sur f ace t emper at ur e i s at  l east  5 
degr ees F above t he dew poi nt  and t he ai r  and pavement  t emper at ur es ar e 
wi t hi n t he l i mi t s r ecommended by t he pavement  mar ki ng manuf act ur er .   Al l ow 
pavement  sur f aces t o dr y af t er  wat er  has been used f or  c l eani ng or  
r ai nf al l  has occur r ed pr i or  t o st r i pi ng or  mar ki ng.   Test  t he pavement  
sur f ace f or  moi st ur e bef or e begi nni ng wor k each day and af t er  c l eani ng.   
Do not  commence mar ki ng unt i l  t he pavement  i s suf f i c i ent l y dr y and t he 
pavement  condi t i on has been appr oved by t he Cont r act i ng Of f i cer .   Empl oy 
t he " pl ast i c wr ap met hod"  t o t est  t he pavement  f or  moi st ur e as speci f i ed 
i n par agr aph TESTI NG FOR MOI STURE.

1. 5. 1. 2   Weat her  Li mi t at i ons f or  Removal  of  Pavement  Mar ki ngs

Pavement  sur f ace must  be f r ee of  snow,  i ce,  or  s l ush;  wi t h a sur f ace 
t emper at ur e of  at  l east  40 degr ees F and r i s i ng at  t he begi nni ng of  
oper at i ons,  except  t hose i nvol v i ng shot  or  sand bl ast i ng or  gr i ndi ng.   
Cease oper at i on dur i ng t hunder st or ms,  or  dur i ng r ai nf al l ,  except  f or  
wat er bl ast i ng and r emoval  of  pr evi ousl y appl i ed chemi cal s.   Cease 
wat er bl ast i ng wher e sur f ace wat er  accumul at i on al t er s t he ef f ect i veness of  
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mat er i al  r emoval .

1. 5. 2   Tr af f i c  Cont r ol s

Pl ace war ni ng si gns conf or mi ng t o MUTCD near  t he begi nni ng of  t he wor ksi t e 
and wel l  ahead of  t he wor ksi t e f or  al er t i ng appr oachi ng t r af f i c  f r om bot h 
di r ect i ons.   Pl ace smal l  mar ker s al ong newl y pai nt ed l i nes or  f r eshl y 
pl aced r ai sed mar ker s t o cont r ol  t r af f i c  and pr event  damage t o newl y 
pai nt ed sur f aces or  di spl acement  of  r ai sed pavement  mar ker s.   Mar k 
pai nt i ng equi pment  wi t h l ar ge war ni ng si gns i ndi cat i ng s l ow- movi ng 
pai nt i ng equi pment  i n oper at i on.

When t r af f i c  must  be r er out ed or  cont r ol l ed t o accompl i sh t he wor k,  
pr ovi de necessar y war ni ng si gns,  f l ag per sons,  and r el at ed equi pment  f or  
t he saf e passage of  vehi c l es.

1. 5. 3   Ai r f i el d Tr af f i c  Cont r ol

Coor di nat e per f or mance of  al l  wor k i n t he cont r ol l ed zones of  t he ai r f i el d 
wi t h t he Cont r act i ng Of f i cer  and wi t h t he Fl i ght  Oper at i ons Of f i cer  or  
Ai r f i el d Manager  and cont r ol  t ower .   Nei t her  equi pment  nor  per sonnel  can 
use any por t i on of  t he ai r f i el d wi t hout  per mi ssi on of  t hese of f i cer s 
unl ess t he associ at ed pavement s ar e c l osed.   

1. 5. 4   Ai r f i el d Radi o Communi cat i on

No per sonnel  or  equi pment  wi l l  be al l owed i n t he cont r ol l ed zones of  t he 
ai r f i el d unt i l  r adi o cont act  has been made wi t h t he cont r ol  t ower  and 
per mi ssi on i s gr ant ed by t he cont r ol  t ower .   A r adi o f or  t hi s pur pose i s 
t o be pr ovi ded by t he Cont r act or  as appr oved by t he Cont r act i ng Of f i cer .   
Mai nt ai n cont act  wi t h t he cont r ol  t ower  at  al l  t i mes dur i ng wor k i n 
v i c i ni t y of  t he ai r f i el d.   Not i f y t he cont r ol  t ower  when wor k i s compl et ed 
and al l  per sonnel ,  equi pment  and mat er i al s have been r emoved f r om al l  
ai r cr af t  oper at i ng sur f aces.

1. 5. 5   Ai r f i el d Emer gency Landi ng and Takeof f

Emer genci es t ake pr ecedence over  al l  oper at i ons.   Upon not i f i cat i on f r om 
t he cont r ol  t ower  of  an emer gency l andi ng or  i mmi nent  t akeof f ,  st op al l  
oper at i ons i mmedi at el y and evacuat e al l  per sonnel  and equi pment  t o an ar ea 
not  ut i l i zed f or  ai r cr af t  t r af f i c  whi ch i s at  l east  250 f eet  measur ed 
per pendi cul ar  t o and away f r om t he near  edge of  t he r unway unl ess 
ot her wi se aut hor i zed by t he Cont r act i ng Of f i cer .   Equi pment  and chemi cal s 
or  det er gent s as wel l  as excess wat er  must  be abl e t o be r emoved f r om t he 
wor k ar ea wi t hi n 3 mi nut es.

1. 5. 6   Li ght i ng

When ni ght  oper at i ons ar e necessar y,  pr ovi de al l  necessar y l i ght i ng and 
equi pment .   Di r ect  or  shade l i ght i ng t o pr event  i nt er f er ence wi t h 
ai r cr af t ,  t he ai r  t r af f i c  cont r ol  t ower ,  and ot her  base oper at i ons.   
Pr ovi de l i ght i ng and r el at ed equi pment  capabl e of  bei ng r emoved f r om t he 
r unway wi t hi n 15 mi nut es of  not i f i cat i on of  an emer gency.   Ni ght  wor k must  
be coor di nat ed wi t h t he Fl i ght  Oper at i ons Manager  or  Ai r f i el d Manager  and 
appr oved i n advance by t he Cont r act i ng Of f i cer .   The Gover nment  r eser ves 
t he r i ght  t o accept  or  r ej ect  ni ght  wor k on t he day f ol l owi ng ni ght  
act i v i t i es by t he Cont r act or .
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PART 2   PRODUCTS

2. 1   EQUI PMENT

2. 1. 1   Sur f ace Pr epar at i on and Pai nt  Removal

2. 1. 1. 1   Sur f ace Pr epar at i on and Pai nt  Removal  Equi pment  f or  Ai r f i el d 
Pavement s

Submi t  pr oduct  dat a f or  mechani cal  pai nt  r emoval  equi pment  i ncl udi ng ar ea 
of  cover age per  pass,  r ange of  wat er  pr essur es,  and wat er  t ank capaci t y.   
Mechani cal  r emoval  equi pment  i ncl udes wat er bl ast i ng non- chemi cal  syst ems.   
Cont r ol  t he equi pment  used on Por t l and cement  concr et es t o r emove pai nt  
accumul at i ons and pr event  r emoval  of  har dened past e f r om t he concr et e.  
Basi c hand t ool s and t he f ol l owi ng maj or  t ypes of  mechani cal  equi pment  ar e 
consi der ed accept abl e f or  t hi s pr oj ect :
 

a.   Wat er bl ast i ng Equi pment

2. 1. 1. 1. 1   Wat er bl ast i ng Equi pment

Use mobi l e wat er bl ast i ng equi pment  capabl e of  pr oduci ng a pr essur i zed 
st r eam of  wat er  t hat  ef f ect i vel y r emoves pai nt  f r om t he pavement  sur f ace 
wi t hout  s i gni f i cant l y damagi ng t he pavement .   Pr ovi de equi pment ,  t ool s,  
and machi ner y whi ch ar e saf e and i n good wor ki ng or der  at  al l  t i mes.

2. 1. 2   Appl i cat i on Equi pment

Submi t  appl i cat i on equi pment  l i s t  appr opr i at e f or  t he mat er i al ( s)  t o be 
used.   I ncl ude manuf act ur er ' s descr i pt i ve dat a and cer t i f i cat i on f or  t he 
pl anned use t hat  i ndi cat es ar ea of  cover age per  pass,  pr essur e adj ust ment  
r ange,  t ank and f l ow capaci t i es,  and al l  saf et y pr ecaut i ons r equi r ed f or  
oper at i ng and mai nt ai ni ng t he equi pment .   Pr ovi de and mai nt ai n machi nes,  
t ool s,  and equi pment  used i n t he per f or mance of  t he wor k i n sat i sf act or y 
oper at i ng condi t i on,  or  r emove t hem f r om t he wor k s i t e.   Pr ovi de mobi l e 
and maneuver abl e appl i cat i on equi pment  t o t he ext ent  t hat  st r ai ght  l i nes 
can be f ol l owed and nor mal  cur ves can be made i n a t r ue ar c.

2. 1. 2. 1   Pai nt  Appl i cat i on Equi pment

2. 1. 2. 1. 1   Hand- Oper at ed,  Push- Type Machi nes

Pr ovi de hand- oper at ed push- t ype appl i cat or  machi ne of  a t ype commonl y used 
f or  appl i cat i on of  wat er - based pai nt  or  t wo- component ,  chemi cal l y cur i ng 
pai nt ,  t her mopl ast i c,  or  pr ef or med t ape,  t o pavement  sur f aces f or  smal l  
mar ki ng pr oj ect s,  such as l egends and cr oss- wal ks,  aut omot i ve par ki ng 
ar eas,  or  sur f ace pai nt ed si gns.   Pr ovi de appl i cat or  machi ne equi pped wi t h 
t he necessar y t anks and spr ayi ng nozzl es capabl e of  appl y i ng pai nt  
uni f or ml y at  cover age speci f i ed.   Hand oper at ed spr ay guns may be used i n 
ar eas wher e push- t ype machi nes cannot  be used.

2. 1. 2. 1. 2   Sel f - Pr opel l ed or  Mobi l e- Dr awn Spr ayi ng Machi nes

Pr ovi de sel f - pr opel l ed or  mobi l e- dr awn spr ayi ng machi ne wi t h sui t abl e 
ar r angement s of  at omi zi ng nozzl es and cont r ol s t o obt ai n t he speci f i ed 
r esul t s.   Pr ovi de machi ne havi ng a speed dur i ng appl i cat i on capabl e of  
appl y i ng t he st r i pe wi dt hs i ndi cat ed at  t he pai nt  cover age r at e speci f i ed 
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her ei n and of  even uni f or m t hi ckness wi t h c l ear - cut  edges.

2. 1. 2. 1. 2. 1   Ai r f i el d Mar ki ng

Pr ovi de sel f - pr opel l ed or  mobi l e- dr awn spr ayi ng machi ne f or  appl y i ng t he 
pai nt  f or  ai r f i el d pavement s wi t h an ar r angement  of  at omi zi ng nozzl es 
capabl e of  appl y i ng t he speci f i ed l i ne wi dt h i n a s i ngl e pass.   Pr ovi de 
pai nt  appl i cat or  wi t h pai nt  r eser voi r s or  t anks of  suf f i c i ent  capaci t y and 
sui t abl e gages t o appl y pai nt  i n accor dance wi t h r equi r ement s speci f i ed.   
Equi p t anks wi t h sui t abl e mechani cal  agi t at or s.   Equi p spr ay mechani sm 
wi t h qui ck- act i on val ves conveni ent l y l ocat ed,  and i ncl ude necessar y 
pr essur e r egul at or s and gages i n f ul l  v i ew and r each of  t he oper at or .   
I nst al l  pai nt  st r ai ner s i n pai nt  suppl y l i nes t o ensur e f r eedom f r om 
r esi due and f or ei gn mat t er  t hat  may cause mal f unct i on of  t he spr ay guns.   
The pai nt  appl i cat or  must  be r eadi l y adapt abl e f or  at t achment  of  a 
di spenser  f or  t he r ef l ect i ve medi a appr oved f or  use.

2. 1. 2. 1. 2. 2   Hand Appl i cat i on

Pr ovi de spr ay guns f or  hand appl i cat i on of  pai nt  i n ar eas wher e t he mobi l e 
pai nt  appl i cat or  cannot  be used.

2. 1. 2. 2   Ref l ect i ve Medi a Di spenser

At t ach t he di spenser  f or  appl y i ng t he r ef l ect i ve medi a t o t he pai nt   
di spenser  and desi gned t o oper at e aut omat i cal l y and si mul t aneousl y wi t h 
t he appl i cat or  t hr ough t he same cont r ol  mechani sm.   The bead appl i cat or  
must  be capabl e of  adj ust ment  and desi gned t o pr ovi de uni f or m f l ow of  
r ef l ect i ve medi a over  t he f ul l  l engt h and wi dt h of  t he st r i pe at  t he r at e 
of  cover age speci f i ed i n par agr aph APPLI CATI ON.

2. 2   MATERI ALS

Use wat er bor ne pai nt  f or  ai r f i el d mar ki ngs.   The maxi mum al l owabl e VOC 
cont ent  of  pavement  mar ki ngs i s 150  gr ams per  l i t er .   Col or  of  mar ki ngs 
ar e i ndi cat ed on t he dr awi ngs and must  conf or m t o ASTM D6628 f or  r oads and 
aut omot i ve par ki ng ar eas and SAE AMS- STD- 595A f or  ai r f i el ds.   Pr ovi de 
mat er i al s conf or mi ng t o t he r equi r ement s speci f i ed her ei n.

2. 2. 1   Wat er bor ne Pai nt

FS TT- P- 1952,  Type I  or  I I .

2. 2. 2   Ref l ect i ve Medi a

2. 2. 2. 1   Ref l ect i ve Medi a f or  Ai r f i el ds

FS TT- B- 1325,  Type I ,  Gr adat i on A

PART 3   EXECUTI ON

3. 1   EXAMI NATI ON

3. 1. 1   Test i ng f or  Moi st ur e

Test  t he pavement  sur f ace f or  moi st ur e bef or e begi nni ng pavement  mar ki ng 
af t er  each per i od of  r ai nf al l ,  f og,  hi gh humi di t y,  or  c l eani ng,  or  when 
t he ambi ent  t emper at ur e has f al l en bel ow t he dew poi nt .   Do not  commence 
mar ki ng unt i l  t he pavement  i s suf f i c i ent l y dr y and t he pavement  condi t i on 
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has been appr oved by t he Cont r act i ng Of f i cer  or  aut hor i zed r epr esent at i ve.

Empl oy t he " pl ast i c wr ap met hod"  t o t est  t he pavement  f or  moi st ur e as 
f ol l ows:   Cover  t he pavement  wi t h a 12 i nch by 12 i nch sect i on of  c l ear  
pl ast i c wr ap and seal  t he edges wi t h t ape.   Af t er  15 mi nut es,  exami ne t he 
pl ast i c wr ap f or  any vi s i bl e moi st ur e accumul at i on i nsi de t he pl ast i c.   Do 
not  begi n mar ki ng oper at i ons unt i l  t he t est  can be per f or med wi t h no 
vi s i bl e moi st ur e accumul at i on i nsi de t he pl ast i c wr ap.   Re- t est  sur f aces 
when wor k has been st opped due t o r ai n.

3. 1. 2   Sur f ace Pr epar at i on Demonst r at i on

Pr i or  t o sur f ace pr epar at i on,  demonst r at e t he pr oposed pr ocedur es and 
equi pment .   Pr epar e ar eas l ar ge enough t o det er mi ne cl eanl i ness,   adhesi on 
of  r emai ni ng coat i ng and r at e of  c l eani ng.   Per f or m a demonst r at i on 
r emoval  of  pavement  mar ki ng i n an ar ea desi gnat ed by t he Cont r act i ng 
Of f i cer .  Appr oved demonst r at i on ar ea est abl i shes t he st andar d f or  t he 
r emai nder  of  t he wor k.

3. 1. 3   Test  St r i pe Demonst r at i on

Pr i or  t o pai nt  appl i cat i on,  demonst r at e t est  st r i pe appl i cat i on wi t hi n t he 
wor k ar ea usi ng t he pr oposed mat er i al s and equi pment .   Appl y separ at e t est  
st r i pes i n each of  t he l i ne wi dt hs and conf i gur at i ons r equi r ed her ei n 
usi ng t he pr oposed equi pment .   Make t he t est  st r i pes l ong enough t o 
det er mi ne t he pr oper  speed and oper at i ng pr essur es f or  t he vehi c l e( s)  and 
machi ner y,  but  not  l ess t han 50 f eet  l ong.

3. 1. 4   Appl i cat i on Rat e Demonst r at i on

Dur i ng t he Test  St r i pe Demonst r at i on,  demonst r at e compl i ance wi t h t he 
appl i cat i on r at es speci f i ed her ei n.   Document  t he equi pment  speed and 
oper at i ng pr essur es r equi r ed t o meet  t he speci f i ed r at es i n each 
conf i gur at i on of  t he equi pment  and pr ovi de a copy of  t he document at i on t o 
t he Cont r act i ng Of f i cer  pr i or  t o pr oceedi ng wi t h t he wor k.

3. 1. 5   Ret r or ef l ect i ve Val ue Demonst r at i on

Af t er  t he t est  st r i pes have cur ed t o a " no- t r ack"  condi t i on,  demonst r at e 
compl i ance wi t h t he aver age r et r or ef l ect i ve val ues speci f i ed her ei n.   Take 
a mi ni mum of  t en r eadi ngs on each t est  st r i pe wi t h a Ret r or ef l ect omet er  
wi t h a di r ect  r eadout  i n mi l l i candel as per  squar e met er  per  l ux 
( mcd/ m2/ l x) .   Per f or m t est i ng i n accor dance wi t h ASTM D4061,  ASTM E1710,  
ASTM E2177,  and ASTM E2302.

3. 1. 6   Level  of  Per f or mance Demonst r at i on

The Cont r act i ng Of f i cer  wi l l  be pr esent  at  t he appl i cat i on demonst r at i ons 
t o obser ve t he r esul t s obt ai ned and t o val i dat e t he oper at i ng par amet er s 
of  t he vehi c l e( s)  and equi pment .   I f  accept ed by t he Cont r act i ng Of f i cer ,  
t he t est  st r i pe i s t he measur e of  per f or mance r equi r ed f or  t hi s pr oj ect .   
Do not  pr oceed wi t h t he wor k unt i l  t he demonst r at i on r esul t s ar e 
sat i sf act or y t o t he Cont r act i ng Of f i cer .

3. 2   EXTERI OR SURFACE PREPARATI ON

Al l ow new pavement  sur f aces t o cur e f or  a per i od of  not  l ess t han 30  days 
bef or e appl i cat i on of  mar ki ng mat er i al s.   Thor oughl y c l ean sur f aces t o be 
mar ked bef or e appl i cat i on of  t he pai nt .   Remove dust ,  di r t ,  and ot her  
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gr anul ar  sur f ace deposi t s by sweepi ng,  bl owi ng wi t h compr essed ai r ,  
r i nsi ng wi t h wat er ,  or  a combi nat i on of  t hese met hods as r equi r ed.  Remove 
r ubber  deposi t s,  exi st i ng pai nt  mar ki ngs,  r esi dual  cur i ng compounds,  and 
ot her  coat i ngs adher i ng t o t he pavement  by wat er  bl ast i ng.  

a.   For  Por t l and Cement  Concr et e pavement ,  gr i ndi ng,  l i ght  shot  bl ast i ng,  
or  l i ght  scar i f i cat i on,  t o a r esul t i ng pr of i l e equal  t o I CRI  03732 CSP 
2,  CSP 3,  and CSP 4,  r espect i vel y,  can be used i n addi t i on t o wat er  
bl ast i ng on most  pavement s,  t o ei t her  r emove exi st i ng coat i ngs,  or  f or  
sur f ace pr epar at i on.

b.   Do not  use shot  bl ast i ng on ai r f i el d pavement s due t o t he pot ent i al  of  
For ei gn Obj ect  Damage ( FOD)  t o ai r cr af t .   Scr ub af f ect ed ar eas,  wher e 
oi l  or  gr ease i s pr esent  on ol d pavement s t o be mar ked,  wi t h sever al  
appl i cat i ons of  t r i sodi um phosphat e sol ut i on or  ot her  appr oved 
det er gent  or  degr easer  and r i nse t hor oughl y af t er  each appl i cat i on.   
Af t er  c l eani ng oi l - soaked ar eas,  seal  wi t h shel l ac or  pr i mer  
r ecommended by t he manuf act ur er  t o pr event  bl eedi ng t hr ough t he new 
pai nt .  Do not  commence pai nt i ng i n any ar ea unt i l  pavement  sur f aces 
ar e dr y and cl ean.

3. 2. 1   Ear l y Pai nt i ng of  Ri gi d Pavement s

Pr et r eat  r i gi d pavement s t hat  r equi r e ear l y pai nt i ng wi t h an aqueous 
sol ut i on cont ai ni ng 3 per cent  phosphor i c aci d and 2 per cent  z i nc 
chl or i de.   Appl y t he sol ut i on t o t he ar eas t o be mar ked.

3. 2. 2   Ear l y Pai nt i ng of  Asphal t  Pavement s

For  asphal t  pavement  syst ems r equi r i ng pai nt i ng appl i cat i on at  l ess t han 
30 days,  appl y t he pai nt  and beads at  hal f  t he nor mal  appl i cat i on r at e,  
f ol l owed by a second appl i cat i on at  t he nor mal  r at e af t er  30 days.

3. 3   APPLI CATI ON

Appl y pavement  mar ki ngs t o dr y pavement s onl y.

3. 3. 1   Pai nt

Appl y pai nt  wi t h appr oved equi pment  at  r at e of  cover age speci f i ed her ei n.   
Pr ovi de gui del i nes and t empl at es as necessar y t o cont r ol  pai nt  
appl i cat i on.   Take speci al  pr ecaut i ons i n mar ki ng number s,  l et t er s,  and 
symbol s.   Manual l y pai nt  number s,  l et t er s,  and symbol s.   Shar pl y out l i ne 
al l  edges of  mar ki ngs.   The maxi mum dr yi ng t i me r equi r ement s of  t he pai nt  
speci f i cat i ons wi l l  be st r i ct l y enf or ced,  t o pr event  undue sof t eni ng of  
bi t umen,  and pi ckup,  di spl acement ,  or  di scol or at i on by t i r es of  t r af f i c .  
I f  t her e i s a def i c i ency i n dr yi ng of  t he mar ki ngs,  pai nt i ng oper at i ons 
must  cease unt i l  t he cause of  t he s l ow dr yi ng i s det er mi ned and cor r ect ed.

3. 3. 1. 1   Wat er bor ne Pai nt

3. 3. 1. 1. 1   Ai r f i el ds

For  non- r ef l ect or i zed  mar ki ngs,  appl y pai nt  conf or mi ng t o FS TT- P- 1952 
Type I  or  I I  at  a r at e of  121 pl us or  mi nus 6 squar e f eet  per  gal l on.
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3. 3. 2   Cl eanup and Wast e Di sposal

Keep t he wor ksi t e c l ean and f r ee of  debr i s and wast e f r om t he r emoval  and 
appl i cat i on oper at i ons.   I mmedi at el y c l eanup f ol l owi ng r emoval  oper at i ons 
i n ar eas subj ect  t o ai r cr af t  t r af f i c .   Di spose of  debr i s at  appr oved si t es.

3. 4   FI ELD QUALI TY CONTROL

3. 4. 1   Sampl i ng and Test i ng

As soon as t he pai nt  mat er i al s and r ef l ect i ve medi a ar e avai l abl e f or  
sampl i ng,  obt ai n by r andom sel ect i on f r om t he seal ed cont ai ner s,  t wo quar t  
sampl es of  each bat ch i n t he pr esence of  t he Cont r act i ng Of f i cer .   
Accompl i sh adequat e mi xi ng pr i or  t o sampl i ng t o ensur e a uni f or m,  
r epr esent at i ve sampl e.   A bat ch i s def i ned as t hat  quant i t y of  mat er i al  
pr ocessed by t he manuf act ur er  at  one t i me and i dent i f i ed by number  on t he 
l abel .   Cl ear l y i dent i f y sampl es by desi gnat ed name,  speci f i cat i on number ,  
bat ch number ,  pr oj ect  cont r act  number ,  i nt ended use,  and quant i t y i nvol ved.

At  t he di scr et i on of  t he Cont r act i ng Of f i cer ,  sampl es pr ovi ded may be 
t est ed by t he Gover nment  f or  ver i f i cat i on.

3. 4. 2   Mat er i al  I nspect i on

Exami ne mat er i al  at  t he j ob s i t e t o det er mi ne t hat  i t  i s  t he mat er i al  
r ef er enced i n t he r epor t  of  t est  r esul t s or  cer t i f i cat e of  compl i ance.   
Pr ovi de t est  r esul t s subst ant i at i ng conf or mance t o t he speci f i ed 
r equi r ement s wi t h each cer t i f i cat e of  compl i ance.

3. 4. 3   Di mensi onal  Tol er ances

Appl y al l  mar ki ngs i n t he st andar d di mensi ons pr ovi de i n t he dr awi ngs.   
New mar ki ngs may devi at e a maxi mum of  10 per cent  l ar ger  t han t he st andar d 
di mensi on.   The maxi mum devi at i on al l owed when pai nt i ng over  an ol d 
mar ki ng i s up t o 20 per cent  l ar ger  t han t he st andar d di mensi ons.

3. 4. 4   Bond Fai l ur e Ver i f i cat i on

I nspect  newl y appl i ed mar ki ngs f or  s i gns of  bond f ai l ur e based on vi sual  
i nspect i on and compar i son t o r esul t s f r om Test  St r i pe Demonst r at i on 
par agr aph.

3. 4. 5   Ref l ect i ve Medi a and Coat i ng Appl i cat i on Ver i f i cat i on

Use a wet  f i l m t hi ckness gauge t o measur e t he appl i cat i on of  wet  pai nt .   
Use a mi cr oscope or  magni f y i ng gl ass t o eval uat e t he embedment  of  gl ass 
beads i n t he pai nt .   Ver i f y t he gl ass bead embedment  wi t h appr oxi mat el y 50 
per cent  of  t he i ndi v i dual  bead spher es embedded and 50 per cent  of  t he 
i ndi v i dual  bead spher es exposed.

3. 4. 6   Mat er i al  Bond Ver i f i cat i on and Oper at i ons Ar ea Cl eanup f or  Ai r f i el ds

Vacuum sweep t he ai r cr af t  oper at i ng ar ea bef or e i t  i s  opened f or  ai r cr af t  
oper at i ons t o pr ecl ude pot ent i al  f or ei gn obj ect  damaged t o ai r cr af t  
engi nes.   Vi sual l y i nspect  t he pavement  mar ki ngs and t he mat er i al  capt ur ed 
by t he vacuum.   Ver i f y t hat  no s i gni f i cant  l oss of  r ef l ect i ve medi a has 
occur r ed t o t he pavement  mar ki ng due t o t he vacuum cl eani ng.

        - -  End of  Sect i on - -
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SECTI ON 32 92 19

SEEDI NG
08/ 17

PART 1   GENERAL

1. 1   REFERENCES

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM C602 ( 2019)  Agr i cul t ur al  Li mi ng Mat er i al s

ASTM D4427 ( 2018)  St andar d Cl assi f i cat i on of  Peat  
Sampl es by Labor at or y Test i ng

ASTM D4972 ( 2018)  St andar d Test  Met hods f or  pH of  
Soi l s

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

AMS Seed Act ( 1940;  R 1988;  R 1998)  Feder al  Seed Act

DOA SSI R 42 ( 1996)  Soi l  Sur vey I nvest i gat i on Repor t  
No.  42,  Soi l  Sur vey Labor at or y Met hods 
Manual ,  Ver si on 3. 0

1. 2   DEFI NI TI ONS

1. 2. 1   St and of  Tur f

95 per cent  gr ound cover  of  t he est abl i shed speci es.

1. 3   RELATED REQUI REMENTS

Sect i on 31 00 00 EARTHWORK appl i es t o t hi s sect i on f or  pest i c i de use and 
pl ant  est abl i shment  r equi r ement s,  wi t h addi t i ons and modi f i cat i ons her ei n.

1. 4   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .   Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  
eNot ebook,  i n conf or mance wi t h Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 03 Pr oduct  Dat a

Wood Cel l ul ose Fi ber  Mul ch

Fer t i l i zer

I ncl ude physi cal  char act er i st i cs,  and r ecommendat i ons.
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SD- 06 Test  Repor t s

Topsoi l  Composi t i on Test s ( r epor t s and r ecommendat i ons) .

SD- 07 Cer t i f i cat es

St at e Cer t i f i cat i on and Appr oval  f or  Seed

1. 5   DELI VERY,  STORAGE,  AND HANDLI NG

1. 5. 1   Del i ver y

1. 5. 1. 1   Seed Pr ot ect i on

Pr ot ect  f r om dr yi ng out  and f r om cont ami nat i on dur i ng del i ver y,  on- si t e 
st or age,  and handl i ng.

1. 5. 1. 2   Fer t i l i zer ,  Sul f ur ,  and Li me Del i ver y

Del i ver  t o t he s i t e i n or i gi nal ,  unopened cont ai ner s bear i ng 
manuf act ur er ' s chemi cal  anal ysi s,  name,  t r ade name,  t r ademar k,  and 
i ndi cat i on of  conf or mance t o st at e and f eder al  l aws.   I nst ead of  
cont ai ner s,  f er t i l i zer ,  sul f ur ,  and l i me may be f ur ni shed i n bul k wi t h 
cer t i f i cat e i ndi cat i ng t he above i nf or mat i on.

1. 5. 2   St or age

1. 5. 2. 1   Seed,  Fer t i l i zer ,  Sul f ur ,  and Li me St or age

St or e i n cool ,  dr y l ocat i ons away f r om cont ami nant s.

1. 5. 2. 2   Topsoi l

Pr i or  t o st ockpi l i ng t opsoi l ,  t r eat  gr owi ng veget at i on wi t h appl i cat i on of  
appr opr i at e speci f i ed non- sel ect i ve her bi c i de.   Cl ear  and gr ub exi st i ng 
veget at i on t hr ee t o f our  weeks pr i or  t o st ockpi l i ng t opsoi l .

1. 5. 2. 3   Handl i ng

Do not  dr op or  dump mat er i al s f r om vehi c l es.

1. 6   TI ME RESTRI CTI ONS AND PLANTI NG CONDI TI ONS

1. 6. 1   Rest r i ct i ons

Do not  pl ant  when t he gr ound i s f r ozen,  snow cover ed,  muddy,  or  when ai r  
t emper at ur e exceeds 90 degr ees Fahr enhei t .

1. 7   TI ME LI MI TATI ONS

1. 7. 1   Seed

Appl y seed wi t hi n t went y- f our  hour s af t er  seed bed pr epar at i on.
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PART 2   PRODUCTS

2. 1   SEED

2. 1. 1   Cl assi f i cat i on

Pr ovi de St at e- cer t i f i ed,  Ful l  Sun,  War m Season Ber mudagr ass ( Cynodon 
dact yl on)  seed of  t he l at est  season' s cr op del i ver ed i n or i gi nal  seal ed 
packages,  bear i ng pr oducer ' s guar ant eed anal ysi s f or  per cent ages of  
mi xt ur es,  pur i t y,  ger mi nat i on,  weed seed cont ent ,  and i ner t  mat er i al .   
Label  i n conf or mance wi t h AMS Seed Act  and appl i cabl e st at e seed l aws.   
Wet ,  mol dy,  or  ot her wi se damaged seed wi l l  be r ej ect ed.  

2. 1. 2   Pl ant i ng Dat es

Pl ant i ng Season Pl ant i ng Dat es

Spr i ng Febr uar y 1 t hr ough May 1

Fal l Sept ember  1 t hr ough Oct ober  15

Tempor ar y Seedi ng June 1 -  August  1

2. 1. 3   Seed Pur i t y

Bot ani cal  
Name

Common Name Mi ni mum 
Per cent  
Pur e Seed

Mi ni mum Per cent  
Ger mi nat i on and 
Har d Seed

Maxi mum 
Per cent  Weed 
Seed

Cyndon
dact yl on

Ber mudagr ass 97 85 1. 00

2. 2   TOPSOI L

2. 2. 1   On- Si t e Topsoi l

Sur f ace soi l  st r i pped and st ockpi l ed on si t e and modi f i ed as necessar y t o 
meet  t he r equi r ement s speci f i ed f or  t opsoi l  i n par agr aph COMPOSI TI ON.   
When avai l abl e t opsoi l  must  be exi st i ng sur f ace soi l  st r i pped and 
st ockpi l ed on- si t e i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.

2. 2. 2   Of f - Si t e Topsoi l

Conf or m t o r equi r ement s speci f i ed i n par agr aph COMPOSI TI ON.   Addi t i onal  
t opsoi l  must  be f ur ni shed by t he Cont r act or .

2. 2. 3   Composi t i on

Cont ai ni ng f r om 5 t o 10 per cent  or gani c mat t er  as det er mi ned by t he 
t opsoi l  composi t i on t est s of  t he Or gani c Car bon,  6A,  Chemi cal  Anal ysi s 
Met hod descr i bed i n DOA SSI R 42.   Maxi mum par t i c l e s i ze,  3/ 4 i nch,  wi t h 
maxi mum 3 per cent  r et ai ned on 1/ 4- i nch scr een.   The pH must  be t est ed i n 
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accor dance wi t h ASTM D4972 and f al l  bet ween 5. 5 and 7. 0.   Topsoi l  must  be 
f r ee of  st i cks,  st ones,  r oot s,  and ot her  debr i s and obj ect i onabl e 
mat er i al s.

2. 3   SOI L CONDI TI ONERS

Add condi t i oner s t o t opsoi l  as r equi r ed t o br i ng i nt o compl i ance wi t h 
" composi t i on"  st andar d f or  t opsoi l  as speci f i ed her ei n.

2. 3. 1   Li me

Commer ci al  gr ade hydr at e l i mest one cont ai ni ng a cal c i um car bonat e 
equi val ent  ( C. C. E. )  as speci f i ed i n ASTM C602 of  not  l ess t han 110 per cent .

2. 3. 2   Al umi num Sul f at e

Commer ci al  gr ade.

2. 3. 3   Sul f ur

100 per cent  el ement al

2. 3. 4   I r on

100 per cent  el ement al

2. 3. 5   Peat

Nat ur al  pr oduct  of  peat  moss der i ved f r om a f r eshwat er  s i t e and conf or mi ng 
t o ASTM D4427.   Shr ed and gr anul at e peat  t o pass a 1/ 2 i nch mesh scr een 
and condi t i on i n st or age pi l e f or  mi ni mum 6 mont hs af t er  excavat i on.

2. 3. 6   Sand

Cl ean and f r ee of  mat er i al s har mf ul  t o pl ant s.

2. 3. 7   Per l i t e

Hor t i cul t ur al  gr ade.

2. 3. 8   Compost ed Der i vat i ves

Gr ound bar k,  ni t r ol i zed sawdust ,  humus or  ot her  gr een wood wast e mat er i al  
f r ee of  st ones,  st i cks,  and soi l  st abi l i zed wi t h ni t r ogen and havi ng t he 
f ol l owi ng pr oper t i es:

2. 3. 8. 1   Par t i c l e Si ze

Mi ni mum per cent  by wei ght  passi ng:

No.  4 mesh scr een      95
No.  8 mesh scr een      80

2. 3. 8. 2   Ni t r ogen Cont ent

Mi ni mum per cent  based on dr y wei ght :

Fi r  Sawdust             0. 7
Fi r  or  Pi ne Bar k       1. 0
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2. 3. 9   Gypsum

Coar sel y gr ound gypsum compr i sed of  cal c i um sul f at e di hydr at e 80 per cent ,  
cal c i um 18 per cent ,  sul f ur  14 per cent ;  mi ni mum 96 per cent  passi ng t hr ough 
20 mesh scr een,  100 per cent  passi ng t hr u 16 mesh scr een.

2. 3. 10   Cal c i ned Cl ay

Cal ci ned cl ay must  be gr anul ar  par t i c l es pr oduced f r om mont mor i l l oni t e 
c l ay cal c i ned t o a mi ni mum t emper at ur e of  1200 degr ees F.   Gr adat i on:   A 
mi ni mum 90 per cent  must  pass a No.  8 s i eve;  a mi ni mum 99 per cent  must  be 
r et ai ned on a No.  60 si eve;  and mat er i al  passi ng a No.  100 si eve must  not  
exceed 2 per cent .   Bul k densi t y:   A maxi mum 40 pounds per  cubi c f oot .

2. 4   FERTI LI ZER

Fer t i l i zer  shal l  be of  t he t ype and composi t i on r ecommended by t he seed 
suppl i er ,  but  at  a mi ni mum shal l  be 0. 5 pounds of  Ni t r ogen per  1, 000 sq f t  
as r ecommended by t he l ocal  Agr i cul t ur e Count y Ext ensi on Ser vi ce Of f i ce.

2. 5   MULCH

Mul ch must  be f r ee f r om noxi ous weeds,  mol d,  and ot her  del et er i ous 
mat er i al s.

2. 5. 1   Wood Cel l ul ose Fi ber  Mul ch

Use r ecover ed mat er i al s of  ei t her  paper - based ( 100 per cent  post - consumer  
cont ent )  or  wood- based ( 100 per cent  t ot al  r ecover ed cont ent )  hydr aul i c 
mul ch.   Pr ocessed t o cont ai n no gr owt h or  ger mi nat i on- i nhi bi t i ng f act or s 
and dyed an appr opr i at e col or  t o f aci l i t at e v i sual  met er i ng of  mat er i al s 
appl i cat i on.   Composi t i on on ai r - dr y wei ght  basi s:   9 t o 15 per cent  
moi st ur e,  pH r ange f r om 5. 5 t o 8. 2.   Use wi t h hydr aul i c appl i cat i on of  
gr ass seed and f er t i l i zer .

2. 6   WATER

Sour ce of  wat er  must  be appr oved by Cont r act i ng Of f i cer  and of  sui t abl e 
qual i t y f or  i r r i gat i on,  cont ai ni ng no el ement s t oxi c t o pl ant  l i f e.

PART 3   EXECUTI ON

3. 1   PREPARATI ON

3. 1. 1   EXTENT OF WORK

Pr ovi de soi l  pr epar at i on pr i or  t o pl ant i ng ( i ncl udi ng soi l  condi t i oner s as 
r equi r ed) ,  f er t i l i z i ng,  seedi ng,  and sur f ace t opdr essi ng of  al l  newl y 
gr aded f i ni shed ear t h sur f aces,  unl ess i ndi cat ed ot her wi se,  and at  al l  
ar eas i nsi de or  out si de t he l i mi t s of  const r uct i on t hat  ar e di st ur bed by 
t he Cont r act or ' s oper at i ons.

3. 1. 1. 1   Topsoi l

Pr ovi de 4 i nches of  t opsoi l  t o meet  i ndi cat ed f i ni sh gr ade.   Af t er  ar eas 
have been br ought  t o i ndi cat ed f i ni sh gr ade,  i ncor por at e f er t i l i zer  and pH 
adj ust er s,  as necessar y,  i nt o soi l  a mi ni mum dept h of  4 i nches by di ski ng,  
har r owi ng,  t i l l i ng or  ot her  met hod appr oved by t he Cont r act i ng Of f i cer .   
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Remove debr i s and st ones l ar ger  t han 3/ 4 i nch i n any di mensi on r emai ni ng 
on t he sur f ace af t er  f i ni sh gr adi ng.   Cor r ect  i r r egul ar i t i es i n f i ni sh 
sur f aces t o el i mi nat e depr essi ons.   Pr ot ect  f i ni shed t opsoi l  ar eas f r om 
damage by vehi cul ar  or  pedest r i an t r af f i c .

3. 1. 1. 2   Fer t i l i zer  Appl i cat i on Rat es

Appl y f er t i l i zer  at  r at es as det er mi ned by l abor at or y soi l  anal ysi s of  t he 
soi l s at  t he j ob s i t e.  For  bi ddi ng pur poses onl y appl y at  0. 5 pounds per  
1, 000 sq f t .

3. 2   SEEDI NG

3. 2. 1   Seed Appl i cat i on Seasons and Condi t i ons

I mmedi at el y bef or e seedi ng,  r est or e soi l  t o pr oper  gr ade.  Do not  seed when 
gr ound i s muddy,  f r ozen,  snow cover ed,  or  i n an unsat i sf act or y condi t i on 
f or  seedi ng.  I f  speci al  condi t i ons exi st  t hat  may war r ant  a var i ance i n 
t he above seedi ng dat es or  condi t i ons,  submi t  a wr i t t en r equest  t o t he 
Cont r act i ng Of f i cer  st at i ng t he speci al  condi t i ons and pr oposed var i ance.   
Appl y seed wi t hi n t went y- f our  hour s af t er  seedbed pr epar at i on.  Sow seed by 
appr oved sowi ng equi pment .

3. 2. 2   Seed Appl i cat i on Met hod

Seedi ng met hod must  be hydr oseedi ng.

3. 2. 2. 1   Hydr oseedi ng

Fi r st ,  mi x wat er  and f i ber .   Wood cel l ul ose f i ber ,  paper  f i ber ,  or  
r ecycl ed paper  must  be appl i ed as par t  of  t he hydr oseedi ng oper at i on.   
Fi ber  must  be added at  1, 000 pounds,  dr y wei ght ,  per  acr e.   Then add and 
mi x seed and f er t i l i zer  t o pr oduce a homogeneous sl ur r y.   Seed must  be 
mi xed t o ensur e br oadcast i ng at  t he r at e of  3 pounds per  1000 squar e f eet .     
When hydr aul i cal l y spr ayed on t he gr ound,  mat er i al  must  f or m a bl ot t er  
l i ke cover  i mpr egnat ed uni f or ml y wi t h gr ass seed.   Spr ead wi t h one 
appl i cat i on wi t h no second appl i cat i on of  mul ch.

3. 2. 3   Mul chi ng

3. 2. 3. 1   Non- Asphal t i c  Tacki f i er

Hydr ophi l i c  col l oi d must  be appl i ed at  t he r at e r ecommended by t he 
manuf act ur er ,  usi ng hydr aul i c equi pment  sui t abl e f or  t hor oughl y mi xi ng 
wi t h wat er .   A uni f or m mi xt ur e must  be appl i ed over  t he ar ea.

3. 2. 4   Er osi on Cont r ol  Mat er i al

I nst al l  i n accor dance wi t h manuf act ur er ' s i nst r uct i ons,  wher e i ndi cat ed or  
as di r ect ed by t he Cont r act i ng Of f i cer .

3. 2. 5   Wat er i ng

St ar t  wat er i ng ar eas seeded as r equi r ed by t emper at ur e and wi nd 
condi t i ons.    Appl y wat er  at  a r at e suf f i c i ent  t o ensur e t hor ough wet t i ng 
of  soi l  t o a dept h of  2 i nches wi t hout  r un of f .   Dur i ng t he ger mi nat i on 
pr ocess,  seed i s t o be kept  act i vel y gr owi ng and not  al l owed t o dr y out .
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3. 3   PROTECTI ON OF TURF AREAS

I mmedi at el y af t er  t ur f i ng,  pr ot ect  ar ea agai nst  t r af f i c  and ot her  use.

3. 4   RESTORATI ON

Rest or e t o or i gi nal  condi t i on exi st i ng t ur f  ar eas whi ch have been damaged 
dur i ng t ur f  i nst al l at i on oper at i ons at  t he Cont r act or ' s expense.   Keep 
cl ean at  al l  t i mes at  l east  one paved pedest r i an access r out e and one 
paved vehi cul ar  access r out e t o each bui l di ng.   Cl ean ot her  pavi ng when 
wor k i n adj acent  ar eas i s compl et e.

        - -  End of  Sect i on - -
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SECTI ON 33 40 00

STORMWATER UTI LI TI ES
11/ 21

PART 1   GENERAL
1. 1   REFERENCES

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

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

AASHTO HB- 17 ( 2002;  Er r at a 2003;  Er r at a 2005,  17t h 
Edi t i on)  St andar d Speci f i cat i ons f or  
Hi ghway Br i dges

ASTM I NTERNATI ONAL ( ASTM)

ASTM A48/ A48M ( 2003;  R 2021)  St andar d Speci f i cat i on f or  
Gr ay I r on Cast i ngs

ASTM A123/ A123M ( 2017)  St andar d Speci f i cat i on f or  Zi nc 
( Hot - Di p Gal vani zed)  Coat i ngs on I r on and 
St eel  Pr oduct s

ASTM A536 ( 1984;  R 2019;  E 2019)  St andar d 
Speci f i cat i on f or  Duct i l e I r on Cast i ngs

ASTM B26/ B26M ( 2018;  E 2018)  St andar d Speci f i cat i on f or  
Al umi num- Al l oy Sand Cast i ngs

ASTM C32 ( 2023)  St andar d Speci f i cat i on f or  Sewer  
and Manhol e Br i ck ( Made f r om Cl ay or  Shal e)

ASTM C55 ( 2022)  St andar d Speci f i cat i on f or  Concr et e 
Bui l di ng Br i ck

ASTM C62 ( 2023)  St andar d Speci f i cat i on f or  Bui l di ng 
Br i ck ( Sol i d Masonr y Uni t s Made f r om Cl ay 
or  Shal e)

ASTM C76 ( 2022a)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Cul ver t ,  St or m Dr ai n,  
and Sewer  Pi pe

ASTM C76M ( 2022a)  St andar d Speci f i cat i on f or  
Rei nf or ced Concr et e Cul ver t ,  St or m Dr ai n,  
and Sewer  Pi pe ( Met r i c)

ASTM C139 ( 2022)  St andar d Speci f i cat i on f or  Concr et e 
Masonr y Uni t s f or  Const r uct i on of  Cat ch 
Basi ns and Manhol es

ASTM C231/ C231M ( 2024)  St andar d Test  Met hod f or  Ai r  
Cont ent  of  Fr eshl y Mi xed Concr et e by t he 
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Pr essur e Met hod

ASTM C270 ( 2019a;  E 2019)  St andar d Speci f i cat i on f or  
Mor t ar  f or  Uni t  Masonr y

ASTM C443 ( 2021)  St andar d Speci f i cat i on f or  Joi nt s 
f or  Concr et e Pi pe and Manhol es,  Usi ng 
Rubber  Gasket s

ASTM C478/ C478M ( 2022)  St andar d Speci f i cat i on f or  Ci r cul ar  
Pr ecast  Rei nf or ced Concr et e Manhol e 
Sect i ons

ASTM D1751 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Expansi on Joi nt  Fi l l er  f or  
Concr et e Pavi ng and St r uct ur al  
Const r uct i on ( Nonext r udi ng and Resi l i ent  
Bi t umi nous Types)

ASTM D1752 ( 2018)  St andar d Speci f i cat i on f or  
Pr ef or med Sponge Rubber ,  Cor k and Recycl ed 
PVC Expansi on Joi nt  Fi l l er s f or  Concr et e 
Pavi ng and St r uct ur al  Const r uct i on

ASTM D2321 ( 2020)  St andar d Pr act i ce f or  Under gr ound 
I nst al l at i on of  Ther mopl ast i c Pi pe f or  
Sewer s and Ot her  Gr avi t y- Fl ow Appl i cat i ons

1. 2   SUBMI TTALS

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

SD- 06 Test  Repor t s

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

Pl aci ng Pi pe and Box Cul ver t ;  G

SD- 11 Cl oseout  Submi t t al s

Post - I nst al l at i on I nspect i on Repor t ;  G

1. 3   DELI VERY,  STORAGE,  AND HANDLI NG

1. 3. 1   Del i ver y and St or age

I nspect  mat er i al s del i ver ed t o s i t e f or  damage and unl oad and st or e 
mat er i al s wi t h mi ni mal  handl i ng.   Do not  st or e mat er i al s di r ect l y on t he 
gr ound.   Keep t he i nsi de of  pi pes and f i t t i ngs f r ee of  di r t  and debr i s.   
Bef or e,  dur i ng,  and af t er  i nst al l at i on,  pr ot ect  pl ast i c pi pe and f i t t i ngs 
f r om any envi r onment  t hat  woul d r esul t  i n damage or  det er i or at i on t o t he 
mat er i al .   Keep a copy of  t he manuf act ur er ' s i nst r uct i ons avai l abl e at  t he 
const r uct i on s i t e at  al l  t i mes and f ol l ow t hese i nst r uct i ons unl ess 
di r ect ed ot her wi se by t he Cont r act i ng Of f i cer .   St or e sol vent s,  sol vent  
compounds,  l ubr i cant s,  el ast omer i c gasket s,  and any si mi l ar  mat er i al s 
r equi r ed t o i nst al l  pl ast i c pi pe i n accor dance wi t h t he manuf act ur er ' s 
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r ecommendat i ons and di scar d i f  t he st or age per i od exceeds t he r ecommended 
shel f  l i f e.   Di scar d sol vent s i n use when t he r ecommended pot  l i f e i s 
exceeded.

1. 3. 2   Handl i ng

Handl e mat er i al s i n a manner  t hat  ensur es del i ver y t o t he t r ench i n sound,  
undamaged condi t i on.   Car r y pi pe t o t he t r ench.

PART 2   PRODUCTS

2. 1   PI PE FOR CULVERTS AND STORM DRAI NS

Pi pe si zes f or  cul ver t s and st or m dr ai ns ar e i ndi cat ed on t he dr awi ngs.

2. 1. 1   Concr et e Pi pe

2. 1. 1. 1   Rei nf or ced Cul ver t  and St or m Dr ai n Pi pe

Manuf act ur ed i n accor dance wi t h and conf or mi ng t o ASTM C76M ASTM C76,  
Cl ass I V.

2. 2   PI PE JOI NTS

2. 2. 1   Concr et e Pi pe

2. 2. 1. 1   Rubber  Gasket  Joi nt s

Pr ovi de r ubber  gasket  j oi nt s of  a desi gn and physi cal  r equi r ement s 
conf or mi ng t o ASTM C443.  

2. 3   MI SCELLANEOUS MATERI ALS

2. 3. 1   Concr et e

Unl ess ot her wi se speci f i ed,  pr ovi de concr et e and r ei nf or ced concr et e 
conf or mi ng t o t he r equi r ement s f or  3500 psi  concr et e under  Sect i on 03 30 00
 CAST- I N- PLACE CONCRETE.   Pr ovi de ai r  cont ent  by vol ume of  concr et e 
mi xt ur e,  based on measur ement s made i mmedi at el y af t er  di schar ge f r om t he 
mi xer ,  of  5 t o 7 per cent  when maxi mum si ze of  coar se aggr egat e exceeds 
1- 1/ 2 i nches.   Det er mi ne ai r  cont ent  i n accor dance wi t h ASTM C231/ C231M.   
Pr ovi de a mi ni mum concr et e cover i ng over  st eel  r ei nf or ci ng of  not  l ess t han
 1 i nch t hi ck f or  cover s and not  l ess t han 1- 1/ 2 i nches t hi ck f or  wal l s 
and f l oor i ng.   For  concr et e deposi t ed di r ect l y agai nst  t he gr ound,  pr ovi de 
a cover i ng t hi ckness of  at  l east  3 i nches bet ween st eel  and gr ound.   
Pr ovi de expansi on- j oi nt  f i l l er  mat er i al  conf or mi ng t o ASTM D1751,  or  
ASTM D1752,  or  pr ovi de be r esi n- i mpr egnat ed f i ber boar d conf or mi ng t o t he 
physi cal  r equi r ement s of  ASTM D1752.

2. 3. 2   Mor t ar

Mor t ar  i s not  al l owed f or  pi pe j oi nt s.   Pr ovi de mor t ar  f or  pi pe 
connect i ons t o dr ai nage st r uct ur es conf or mi ng t o ASTM C270,  Type M,  except  
t hat  t he maxi mum pl acement  t i me wi l l  be 1 hour .   Pr ovi de a suf f i c i ent  
quant i t y of  wat er  i n t he mi xt ur e t o pr oduce a st i f f  wor kabl e mor t ar  but  i n 
no case may t he quant i t y exceed  5 gal l ons of  wat er  per  sack of  cement .   
Use wat er  t hat  i s  c l ean and f r ee of  har mf ul  aci ds,  al kal i s,  and or gani c 
i mpur i t i es.   Use t he mor t ar  wi t hi n 30 mi nut es af t er  t he i ngr edi ent s ar e 
mi xed wi t h wat er .
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2. 3. 3   Pr ecast  Concr et e Segment al  Bl ocks

Pr ovi de pr ecast  concr et e segment al  bl ock conf or mi ng t o ASTM C139,  not  mor e 
t han 8 i nches t hi ck,  not  l ess t han 8 i nches l ong,  and of  such shape t hat  
j oi nt s can be seal ed ef f ect i vel y and bonded wi t h cement  mor t ar .

2. 3. 4   Br i ck

Pr ovi de br i ck conf or mi ng t o ASTM C62,  Gr ade SW;  ASTM C55,  Gr ade S- I  or  
S- I I ;  or  ASTM C32,  Gr ade MS.   Pr ovi de mor t ar  f or  j oi nt i ng and pl ast er i ng 
consi st i ng of  one par t  Por t l and cement  and t wo par t s f i ne sand.   Li me may 
be added t o t he mor t ar  i n a quant i t y not  mor e t han 25 per cent  of  t he 
vol ume of  cement .   Pr ovi de j oi nt s t hat  ar e compl et el y f i l l ed and t hat  ar e 
smoot h and f r ee f r om sur pl us mor t ar  on t he i nsi de of  t he st r uct ur e.   
Pl ast er  br i ck st r uct ur es wi t h 1/ 2 i nch of  mor t ar  over  t he ent i r e out si de 
sur f ace of  t he wal l s.   Lay br i ck i n st r et cher  cour ses wi t h a header  cour se 
ever y s i xt h cour se f or  squar e or  r ect angul ar  st r uct ur es.   Lay br i ck 
r adi al l y wi t h ever y s i xt h cour se a st r et cher  cour se f or  r ound st r uct ur es.

2. 3. 5   Pr ecast  Rei nf or ced Concr et e Manhol es

Pr ovi de pr ecast  r ei nf or ced concr et e manhol es conf or mi ng t o ASTM C478/ C478M.   
Pr ovi de j oi nt s bet ween pr ecast  concr et e r i ser s and t ops t hat  ar e 
f ul l - bedded i n cement  mor t ar  and smoot hed t o a uni f or m sur f ace on bot h 
i nt er i or  and ext er i or  of  t he st r uct ur e or  made wi t h f l exi bl e wat er t i ght ,  
r ubber - t ype gasket s meet i ng t he r equi r ement s of  par agr aph PI PE JOI NTS.

2. 3. 6   Fr ame and Cover  or  Gr at i ngs

Pr ovi de f r ame and cover  or  gr at i ngs made of  cast  gr ay i r on,  ASTM A48/ A48M,  
Cl ass 35B;  cast  duct i l e i r on,  ASTM A536,  Gr ade 65- 45- 12;  or  cast  al umi num,  
ASTM B26/ B26M,  Al l oy 356. 0- T6.   Pr ovi de cur b i nl et  gr at es conf or mi ng t o 
t he wei ght ,  shape,  s i ze,  and wat er way openi ngs i ndi cat ed on t he pl ans.   
St amp or  cast  t he wor d " St or m Sewer "  i nt o cover s so t hat  i t  i s  pl ai nl y 
v i s i bl e.

2. 3. 7   St eel  Ladder

Pr ovi de a st eel  l adder  wher e t he dept h of  t he st or m dr ai nage st r uct ur e 
exceeds 12 f eet .   Pr ovi de l adder s not  l ess t han 16 i nches i n wi dt h,  wi t h 
3/ 4 i nch di amet er  r ungs spaced 12 i nches apar t .   Pr ovi de t wo st r i nger s 
t hat  ar e a mi ni mum 3/ 8 i nch t hi ck and 2- 1/ 2 i nches wi de.   Gal vani ze 
l adder s and i nser t s af t er  f abr i cat i on i n conf or mance wi t h ASTM A123/ A123M.

2. 3. 8   Tr ench Dr ai ns

2. 3. 8. 1   Gr at es

Ut i l i ze duct i l e i r on t r ench gr at es.   At t ach t r ench gr at es t o sect i ons as 
r ecommended by t he manuf act ur er .

PART 3   EXECUTI ON

3. 1   EXCAVATI ON FOR PI PE CULVERTS,  BOX CULVERTS,  STORM DRAI NS,  AND DRAI NAGE 
STRUCTURES

Excavat e t r enches,  excavat e f or  appur t enances and backf i l l  f or  cul ver t s 
and st or m dr ai ns,  i n accor dance wi t h t he appl i cabl e por t i ons of  Sect i on 

SECTI ON 33 40 00  Page 4



NGBJV/ TX CORROSI ON CONTROL FACI LI TY PN KELL169014
KELLY FI ELD ANNEX B- 3 SUBMI SSI ON,  02 AUGUST,  2024

31 00 00 EARTHWORK and t he r equi r ement s speci f i ed bel ow.

3. 1. 1   Tr enchi ng

Excavat e t r enches t o t he wi dt h i ndi cat ed on t he dr awi ngs or  as speci f i ed 
her ei n.   Tr ench wi dt h shoul d per mi t  sat i sf act or y j oi nt i ng and t hor ough 
t ampi ng of  t he beddi ng mat er i al  under  and ar ound t he pi pe.   Pl ace sheet i ng 
and br aci ng,  wher e r equi r ed,  wi t hi n t he t r ench wi dt h as speci f i ed,  wi t hout  
any over - excavat i on.

3. 1. 2   Removal  of  Rock

Repl ace r ock i n ei t her  l edge or  boul der  f or mat i on wi t h sui t abl e mat er i al s 
t o pr ovi de a compact ed ear t h cushi on.   Pr ovi de a compact ed ear t h cushi on 
bet ween unr emoved r ock and t he pi pe wi t h a t hi ckness of  at  l east  8 i nches 
or  1/ 2 i nch f or  each f oot  of  f i l l  over  t he t op of  t he pi pe,  whi chever  i s 
gr eat er ,  but  not  mor e t han t hr ee- f our t hs t he nomi nal  di amet er  of  t he 
pi pe.   Mai nt ai n t he cushi on under  t he bel l  as wel l  as under  t he st r ai ght  
por t i on of  t he pi pe wher e bel l - and- spi got  pi pe i s used.   Pr ovi de a 
compact ed ear t h cushi on bet ween unr emoved r ock and t he box cul ver t  of  at  
l east  8 i nches i n t hi ckness f or  concr et e box cul ver t s.   Excavat e r ock as 
speci f i ed and def i ned i n Sect i on 31 00 00 EARTHWORK.

3. 1. 3   Removal  of  Unst abl e Mat er i al

Wher e wet  or  ot her wi se unst abl e soi l  i ncapabl e of  pr oper l y suppor t i ng t he 
pi pe or  box cul ver t ,  as det er mi ned by t he Cont r act i ng Of f i cer ,  i s  
unexpect edl y encount er ed i n t he bot t om of  a t r ench,  r emove such mat er i al  
t o t he dept h r equi r ed and r epl ace wi t h sel ect  gr anul ar  mat er i al  t o t he 
pr oper  gr ade.   Compact  sel ect  gr anul ar  mat er i al  as speci f i ed i n par agr aph 
FI NAL BACKFI LL.   When r emoval  of  unst abl e mat er i al  i s  due t o t he f aul t  or  
negl ect  of  t he Cont r act or  whi l e per f or mi ng shor i ng and sheet i ng,  wat er  
r emoval ,  or  ot her  speci f i ed r equi r ement s,  per f or m such r emoval  and 
r epl acement  at  no addi t i onal  cost  t o t he Gover nment .

3. 2   BEDDI NG AND I NI TI AL BACKFI LL

Pr ovi de a f i r m beddi ng f oundat i on of  uni f or m densi t y t hr oughout  t he ent i r e 
l engt h of  t he pi pe or  box cul ver t .

3. 2. 1   Concr et e Pi pe

Use sel ect  gr anul ar  mat er i al  conf or mi ng t o Sect i on 31 00 00 EARTHWORK f or  
haunch and beddi ng mat er i al .   Compact  haunch and out er  beddi ng t o at  l east  
90 per cent  l abor at or y maxi mum densi t y and pl ace i n l ayer s not  exceedi ng 6 
i nch l oose t hi ckness f or  compact i on by hand- oper at ed compact or s and 200 mm 
8 i nches f or  ot her  t han hand- oper at ed machi nes.   Loosel y pl ace mi ddl e 
beddi ng and do not  compact .   Af t er  t he pi pe has been pr oper l y bedded,  
pl ace haunch mat er i al ,  at  a moi st ur e cont ent  t hat  wi l l  f aci l i t at e 
compact i on,  evenl y al ong bot h s i des of  t he pi pe and t hor oughl y compact  
each l ayer  wi t h mechani cal  t amper s or  r ammer s t o t he spr i ngl i ne of  t he 
pi pe.   Thor oughl y compact  t he haunch mat er i al  under  t he haunches of  t he 
pi pe.   For  bel l  and spi got  pi pe,  f or m a depr essi on i n beddi ng mat er i al  f or  
bel l s so ent i r e bar r el  of  pi pe i s uni f or ml y suppor t ed.   Mi ni mi ze t he 
l engt h,  dept h,  and wi dt h of  bel l  depr essi ons t o t hat  r equi r ed f or  pr oper l y 
maki ng t he par t i cul ar  t ype of  j oi nt .
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3. 2. 1. 1   Tr enches

Af t er  t he pi pe has been pr oper l y bedded and haunch mat er i al  pl aced t o t he 
mi dpoi nt  ( spr i ngl i ne)  of  t he pi pe,  backf i l l  and compact  t he r emai nder  of  
t he t r ench by spr eadi ng and r ol l i ng or  compact i ng by mechani cal  r ammer s or  
t amper s i n l ayer s not  exceedi ng 6 i nches.   Test  f or  densi t y as necessar y 
t o ensur e conf or mance t o t he compact i on r equi r ement s speci f i ed bel ow.   
Wher e i t  i s  necessar y,  i n t he opi ni on of  t he Cont r act i ng Of f i cer ,  t hat  
sheet i ng or  por t i ons of  br aci ng used be l ef t  i n pl ace,  t he cont r act  wi l l  
be adj ust ed accor di ngl y.   Leave unt r eat ed sheet i ng i n pl ace beneat h 
st r uct ur es or  pavement s.

3. 2. 1. 2   Fi l l  Sect i ons

For  pi pe pl aced i n f i l l  sect i ons,  uni f or ml y spr ead f i l l  mat er i al  
l ongi t udi nal l y on bot h s i des of  t he pi pe i n l ayer s not  exceedi ng 6 i nches 
i n compact ed dept h,  and compact  by r ol l i ng par al l el  wi t h pi pe or  by 
mechani cal  t ampi ng or  r ammi ng.   Pr i or  t o commenci ng nor mal  f i l l i ng 
oper at i ons,  t he cr own wi dt h of  t he f i l l  at  a hei ght  of  12 i nches above t he 
t op of  t he pi pe must  ext end a di st ance of  not  l ess t han t wi ce t he out si de 
pi pe di amet er  on each si de of  t he pi pe or  12 f eet ,  whi chever  i s l ess.   
Af t er  t he backf i l l  has r eached at  l east  12 i nches above t he t op of  t he 
pi pe,  pl ace and t hor oughl y compact  t he r emai nder  of  t he f i l l  i n l ayer s not  
exceedi ng 8 i nches.

3. 3   PLACI NG PI PE AND BOX CULVERT

Submi t  pr i nt ed copi es of  t he pi pe or  box cul ver t  manuf act ur er ' s 
r ecommended pi pe or  box cul ver t  i nst al l at i on pr ocedur es pr i or  t o 
i nst al l at i on.   Thor oughl y exami ne each sect i on of  pi pe or  box cul ver t  
bef or e bei ng l ai d;  do not  use def ect i ve or  damaged pi pe.   Pr ot ect  pl ast i c 
pi pe,  excl udi ng SRPE pi pe,  f r om exposur e t o di r ect  sunl i ght  pr i or  t o 
l ayi ng,  i f  necessar y t o mai nt ai n adequat e pi pe st i f f ness and meet  
i nst al l at i on def l ect i on r equi r ement s.   Lay pi pel i nes t o t he gr ades and 
al i gnment  i ndi cat ed.   Pr ovi de pr oper  f aci l i t i es f or  l ower i ng sect i ons of  
pi pe i nt o t r enches.   Do not  l ay pi pe i n wat er  or  when t r ench condi t i ons or  
weat her  ar e unsui t abl e f or  such wor k.   Di ver t  dr ai nage or  dewat er  t r enches 
dur i ng const r uct i on as necessar y.   

3. 3. 1   Concr et e,  Cl ay,  PVC,  Ri bbed PVC,  Duct i l e I r on Pi pe

Lay pi pe pr oceedi ng upgr ade wi t h spi got  ends of  bel l - and- spi got  pi pe and 
t ongue ends of  t ongue- and- gr oove pi pe poi nt i ng i n t he di r ect i on of  t he 
f l ow.

3. 4   JOI NTI NG

3. 4. 1   Concr et e and Cl ay Pi pe

3. 4. 1. 1   Pl ast i c Seal i ng Compound Joi nt s f or  Tongue- and- Gr ooved Pi pe and 
Box Cul ver t s

Fol l ow t he r ecommendat i on of  t he par t i cul ar  manuf act ur er  i n r egar d t o 
seal i ng compound speci al  i nst al l at i on r equi r ement s.   When l ubr i cant s,  
pr i mer s,  or  adhesi ves ar e used,  onl y appl y on sur f aces t hat  ar e dr y and 
cl ean.   Af f i x  seal i ng compounds t o t he pi pe or  box cul ver t  not  mor e t han 3 
hour s pr i or  t o i nst al l at i on of  t he pi pe or  box cul ver t .   Pr ot ect  seal i ng 
compounds  f r om t he sun,  bl owi ng dust ,  and ot her  del et er i ous agent s at  al l  
t i mes.   I nspect  seal i ng compounds bef or e i nst al l at i on of  t he pi pe or  box 
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cul ver t ,  and r emove and r epl ace any l oose or  i mpr oper l y af f i xed seal i ng 
compound.   Al i gn t he pi pe or  box cul ver t  wi t h t he pr evi ousl y i nst al l ed 
pi pe or  box cul ver t ,  and pul l  t he j oi nt  t oget her .   

3. 4. 1. 2   Fl exi bl e Wat er t i ght  Joi nt s

Use l ubr i cant s,  cement s,  adhesi ves,  and ot her  speci al  i nst al l at i on 
r equi r ement s f or  gasket s and j oi nt i ng mat er i al s as r ecommended by t he 
manuf act ur er .   When l ubr i cant s,  cement s,  or  adhesi ves ar e used,  onl y appl y 
on sur f aces t hat  ar e c l ean and dr y.   Af f i x  gasket s and j oi nt i ng mat er i al s 
t o t he pi pe not  mor e t han 24 hour s pr i or  t o t he i nst al l at i on of  t he pi pe,  
and pr ot ect  f r om t he sun,  bl owi ng dust ,  and ot her  del et er i ous agent s at  
al l  t i mes.   I nspect  gasket s and j oi nt i ng mat er i al s bef or e i nst al l i ng t he 
pi pe;  r emove and r epl ace any l oose or  i mpr oper l y af f i xed gasket s and 
j oi nt i ng mat er i al s.   Al i gn t he pi pe wi t h t he pr evi ousl y i nst al l ed pi pe,  
and push t he j oi nt  home.   I f  t he gasket  becomes vi s i bl y di s l ocat ed when 
j oi ni ng sect i ons of  pi pe,  r emove t he pi pe and r emake t he j oi nt .

3. 5   DRAI NAGE STRUCTURES

3. 5. 1   Manhol es and I nl et s

Const r uct  manhol es of  pr ecast  r ei nf or ced concr et e.   Const r uct  i nl et s of  
pr ecast  r ei nf or ced concr et e.  Pr ovi de manhol es and i nl et s compl et e wi t h 
f r ames and cover s or  gr at i ngs;  and wi t h f i xed gal vani zed st eel  l adder s as 
i ndi cat ed.   The wal l  al ong t he l i ne wher e st eel  l adder s ar e i nst al l ed must  
be ver t i cal  f or  i t s  ent i r e l engt h.   Adequat el y anchor  l adder s t o t he wal l  
by means of  st eel  i nser t s spaced not  mor e t han 6 f eet  ver t i cal l y,  and 
i nst al l  t o pr ovi de at  l east  6 i nches of  space bet ween t he wal l  and t he 
r ungs.  

3. 6   I NSTALLATI ON OF TRACER WI RE AND WARNI NG TAPE

I nst al l  war ni ng t ape above al l  st or m dr ai n pi pe i n accor dance wi t h Sect i on 
31 00 00 EARTHWORK.

3. 7   FI NAL BACKFI LL

Backf i l l  t r enches wi t h sat i sf act or y mat er i al  deposi t ed i n l ayer s of  a 
maxi mum of   8 i nches l oose t hi ckness and compact ed t o 90 per cent  of  
maxi mum densi t y f or  cohesi ve soi l s and 95 per cent  of  maxi mum densi t y f or  
cohesi onl ess soi l s i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.   Test i ng 
i s t he r esponsi bi l i t y  of  t he Cont r act or  and wi l l  be per f or med at  no 
addi t i onal  cost  t o t he Gover nment .   Unl ess ot her wi se speci f i ed,  det er mi ne 
f i el d i n- pl ace densi t y of  f i nal  backf i l l  at  a f r equency of  one t est  per  50 
l i near  f eet ,  or  f r act i on t her eof ,  of  each l i f t  of  backf i l l .   Submi t  t est  
r esul t s i n accor dance wi t h Sect i on 31 00 00 EARTHWORK.   Do not  di spl ace or  
damage pi pe or  box when compact i ng f i nal  backf i l l  by r ol l i ng or  oper at i ng 
heavy equi pment  par al l el  wi t h t he pi pe or  box.   Movement  of  const r uct i on 
machi ner y over  a cul ver t  or  st or m dr ai n at  any st age of  const r uct i on wi l l  
be at  t he Cont r act or ' s r i sk.   Repai r  or  r epl ace any damaged pi pe.   Pr ot ect  
concr et e pi pes wi t h a mi ni mum of  3 f eet  of  cover  pr i or  t o per mi t t i ng heavy 
const r uct i on equi pment  t o pass over  t hem dur i ng const r uct i on.   Pr ovi de t he 
mi ni mum cover  f or  const r uct i on l oads over  cor r ugat ed st eel  pi pes as 
speci f i ed i n Sect i on 26,  Di v i s i on I I  of  AASHTO HB- 17.   Pr ovi de mi ni mum 
cover  f or  const r uct i on l oads over  pl ast i c pi pes as speci f i ed i n ASTM D2321.
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3. 8   FI ELD QUALI TY CONTROL

3. 8. 1   Test s

Test i ng i s t he r esponsi bi l i t y  of  t he Cont r act or .   Per f or m al l  t est i ng and 
r et est i ng at  no addi t i onal  cost  t o t he Gover nment .

3. 8. 2   I nspect i on

3. 8. 2. 1   Post - I nst al l at i on I nspect i on

I nspect  each segment  of  pi pe f or  al i gnment ,  set t l ement ,  j oi nt  separ at i ons,  
soi l  mi gr at i on t hr ough t he j oi nt ,  cr acks,  buckl i ng,  bul gi ng and 
def l ect i on.   An engi neer  must  eval uat e al l  def ect s t o det er mi ne i f  any 
r emedi at i on or  r epai r  i s  r equi r ed.

3. 8. 2. 1. 1   Concr et e Pi pe

An engi neer  must  eval uat e al l  pi pes wi t h cr acks wi t h a wi dt h gr eat er  t han 
0. 25 mm 0. 01 i nches,  but  l ess t han 0. 10 i nches t o det er mi ne i f  any 
r emedi at i on or  r epai r  i s  r equi r ed.

3. 8. 2. 1. 2   Post - I nst al l at i on I nspect i on Repor t

The f i nal  post  i nst al l at i on i nspect i on r epor t  must  i ncl ude:  pi pe l ocat i on 
i dent i f i cat i on,  equi pment  used f or  i nspect i on,  i nspect or  name,  devi at i on 
f r om desi gn,  gr ade,  devi at i on f r om l i ne,  def l ect i on and def or mat i on of  
f l exi bl e pi pe,  i nspect or  not es,  condi t i on of  j oi nt s,  condi t i on of  pi pe 
wal l  ( e. g.  di st r ess,  cr acki ng,  wal l  damage dent s,  bul ges,  cr eases,  t ear s,  
hol es,  et c. ) .

3. 8. 3   Repai r  of  Def ect s

3. 8. 3. 1   I nspect i on

Repl ace pi pe or  r epai r  def ect s i ndi cat ed i n t he Post - I nst al l at i on 
I nspect i on Repor t .

3. 8. 3. 1. 1   Concr et e Pi pe

Repl ace pi pes havi ng cr acks wi t h a wi dt h gr eat er  t han 0. 1 i nches.

3. 9   PROTECTI ON

Pr ot ect  st or m dr ai nage pi pi ng and adj acent  ar eas f r om super i mposed and 
ext er nal  l oads dur i ng const r uct i on.

3. 10   WARRANTY PERI OD

Pi pe segment s f ound t o have def ect s dur i ng t he war r ant y per i od must  be 
r epl aced wi t h new pi pe and r et est ed.

        - -  End of  Sect i on - -
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SECTI ON 33 82 00

TELECOMMUNI CATI ONS OUTSI DE PLANT ( OSP)
04/ 06

PART 1   GENERAL

1. 1   REFERENCES

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

ASTM I NTERNATI ONAL ( ASTM)

ASTM B1 ( 2013)  St andar d Speci f i cat i on f or  
Har d- Dr awn Copper  Wi r e

ASTM B8 ( 2023)  St andar d Speci f i cat i on f or  
Concent r i c- Lay- St r anded Copper  Conduct or s,  
Har d,  Medi um- Har d,  or  Sof t

ASTM D709 ( 2017)  St andar d Speci f i cat i on f or  
Lami nat ed Ther moset t i ng Mat er i al s

I NSTI TUTE OF ELECTRI CAL AND ELECTRONI CS ENGI NEERS ( I EEE)

I EEE 100 ( 2000;  Ar chi ved)  The Aut hor i t at i ve 
Di ct i onar y of  I EEE St andar ds Ter ms

I EEE C2 ( 2023)  Nat i onal  El ect r i cal  Saf et y Code

I NSULATED CABLE ENGI NEERS ASSOCI ATI ON ( I CEA)

I CEA S- 87- 640 ( 2016)  Opt i cal  Fi ber  Out si de Pl ant  
Communi cat i ons Cabl e;  4t h Edi t i on

I CEA S- 98- 688 ( 2012)  Br oadband Twi st ed Pai r  
Tel ecommuni cat i on Cabl e,  Ai r cor e,  
Pol yol ef i n I nsul at ed,  Copper  Conduct or s 
Techni cal  Requi r ement s

I CEA S- 99- 689 ( 2012)  Br oadband Twi st ed Pai r  
Tel ecommuni cat i on Cabl e Fi l l ed,  Pol yol ef i n 
I nsul at ed,  Copper  Conduct or s Techni cal  
Requi r ement s

NATI ONAL ELECTRI CAL MANUFACTURERS ASSOCI ATI ON ( NEMA)

ANSI  C62. 61 ( 1993)  Amer i can Nat i onal  St andar d f or  Gas 
Tube Sur ge Ar r est er s on Wi r e Li ne 
Tel ephone Ci r cui t s

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

NFPA 70 ( 2023;  ERTA 7 2023;  TI A 23- 15)  Nat i onal  
El ect r i cal  Code
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TELECOMMUNI CATI ONS I NDUSTRY ASSOCI ATI ON ( TI A)

TI A- 455- 107 ( 1999a)  FOTP- 107 Det er mi nat i on of  
Component  Ref l ect ance or  Li nk/ Syst em 
Ret ur n Loss usi ng a Loss Test  Set

TI A- 455- 78- B ( 2002)  FOTP- 78 Opt i cal  Fi br es -  Par t  
1- 40:   Measur ement  Met hods and Test  
Pr ocedur es -  At t enuat i on

TI A- 472D000 ( 2007b)  Fi ber  Opt i c Communi cat i ons Cabl e 
f or  Out si de Pl ant  Use

TI A- 492CAAA ( 1998;  R 2002)  Det ai l  Speci f i cat i on f or  
Cl ass I Va Di sper si on- Unshi f t ed Si ngl e- Mode 
Opt i cal  Fi ber s

TI A- 526- 14 ( 2015c)  OFSTP- 14A Opt i cal  Power  Loss 
Measur ement s of  I nst al l ed Mul t i mode Fi ber  
Cabl e Pl ant

TI A- 526- 7 ( 2015a)  OFSTP- 7 Measur ement  of  Opt i cal  
Power  Loss of  I nst al l ed Si ngl e- Mode Fi ber  
Cabl e Pl ant

TI A- 568- C. 1 ( 2009;  Add 2 2011;  Add 1 2012)  Commer ci al  
Bui l di ng Tel ecommuni cat i ons Cabl i ng 
St andar d

TI A- 568- C. 2 ( 2009;  Er r at a 2010;  Add 2 2014;  Add 1 
2016)  Bal anced Twi st ed- Pai r  
Tel ecommuni cat i ons Cabl i ng and Component s 
St andar ds

TI A- 568- C. 3 ( 2008;  Add 1 2011)  Opt i cal  Fi ber  Cabl i ng 
Component s St andar d

TI A- 569 ( 2019e;  Add 1 2022)  Tel ecommuni cat i ons 
Pat hways and Spaces

TI A- 590 ( 1997a)  St andar d f or  Physi cal  Locat i on and 
Pr ot ect i on of  Bel ow Gr ound Fi ber  Opt i c 
Cabl e Pl ant

TI A- 606 ( 2021d)  Admi ni st r at i on St andar d f or  
Tel ecommuni cat i ons I nf r ast r uct ur e

TI A- 607 ( 2019d)  Gener i c Tel ecommuni cat i ons Bondi ng 
and Gr oundi ng ( Ear t hi ng)  f or  Cust omer  
Pr emi ses

TI A- 758 ( 2012b)  Cust omer - Owned Out si de Pl ant  
Tel ecommuni cat i ons I nf r ast r uct ur e St andar d

TI A/ EI A- 455 ( 1998b)  St andar d Test  Pr ocedur e f or  Fi ber  
Opt i c Fi ber s,  Cabl es,  Tr ansducer s,  
Sensor s,  Connect i ng and Ter mi nat i ng 
Devi ces,  and Ot her  Fi ber  Opt i c Component s
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TI A/ EI A- 455- 204 ( 2000)  St andar d f or  Measur ement  of  
Bandwi dt h on Mul t i mode Fi ber

TI A/ EI A- 598 ( 2014D;  Add 2 2018)  Opt i cal  Fi ber  Cabl e 
Col or  Codi ng

U. S.  DEPARTMENT OF AGRI CULTURE ( USDA)

RUS 1755 Tel ecommuni cat i ons St andar ds and 
Speci f i cat i ons f or  Mat er i al s,  Equi pment  
and Const r uct i on

RUS Bul l  1751F- 630 ( 1996)  Desi gn of  Aer i al  Pl ant

RUS Bul l  1751F- 643 ( 2002)  Under gr ound Pl ant  Desi gn

RUS Bul l  1751F- 815 ( 1979)  El ect r i cal  Pr ot ect i on of  Out si de 
Pl ant

RUS Bul l  1753F- 201 ( 1997)  Accept ance Test s of  
Tel ecommuni cat i ons Pl ant  ( PC- 4)

RUS Bul l  1753F- 401 ( 1995)  Spl i c i ng Copper  and Fi ber  Opt i c 
Cabl es ( PC- 2)

RUS Bul l  345- 72 ( 1985)  Fi l l ed Spl i ce Cl osur es ( PE- 74)

RUS Bul l  345- 83 ( 1979;  Rev Oct  1982)  Gas Tube Sur ge 
Ar r est or s ( PE- 80)

UNDERWRI TERS LABORATORI ES ( UL)

UL 497 ( 2001;  Repr i nt  Jul  2013)  Pr ot ect or s f or  
Pai r ed Conduct or  Communi cat i on Ci r cui t s

UL 510 ( 2020;  Dec 2022)  UL St andar d f or  Saf et y 
Pol yvi nyl  Chl or i de,  Pol yet hyl ene and 
Rubber  I nsul at i ng Tape

UL 83 ( 2017;  Repr i nt  Mar  2020)  UL St andar d f or  
Saf et y Ther mopl ast i c- I nsul at ed Wi r es and 
Cabl es

1. 2   RELATED REQUI REMENTS

Sect i on 27 10 00,  BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM,  and Sect i on 
33 71 02,  UNDERGROUND ELECTRI CAL DI STRI BUTI ON appl y t o t hi s sect i on wi t h 
addi t i ons and modi f i cat i ons speci f i ed her ei n.

1. 3   DEFI NI TI ONS

Unl ess ot her wi se speci f i ed or  i ndi cat ed,  el ect r i cal  and el ect r oni cs t er ms 
used i n t hi s speci f i cat i on shal l  be as def i ned i n TI A- 568- C. 1,  TI A- 568- C. 2,  
TI A- 568- C. 3,  TI A- 569,  TI A- 606,  and I EEE 100 and her ei n.

1. 3. 1   Campus Di st r i but or  ( CD)

A di st r i but or  f r om whi ch t he campus backbone cabl i ng emanat es.  
( I nt er nat i onal  expr essi on f or  mai n cr oss- connect  -  ( MC) . )
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1. 3. 2   Ent r ance Faci l i t y  ( EF)  ( Tel ecommuni cat i ons)

An ent r ance t o t he bui l di ng f or  bot h pr i vat e and publ i c net wor k ser vi ce 
cabl es ( i ncl udi ng ant ennae)  i ncl udi ng t he ent r ance poi nt  at  t he bui l di ng 
wal l  and cont i nui ng t o t he ent r ance r oom or  space.

1. 3. 3   Ent r ance Room ( ER)  ( Tel ecommuni cat i ons)

A cent r al i zed space f or  t el ecommuni cat i ons equi pment  t hat  ser ves t he 
occupant s of  a bui l di ng.   Equi pment  housed t her ei n i s consi der ed di st i nct  
f r om a t el ecommuni cat i ons r oom because of  t he nat ur e of  i t s  compl exi t y.

1. 3. 4   Bui l di ng Di st r i but or  ( BD)

A di st r i but or  i n whi ch t he bui l di ng backbone cabl es t er mi nat e and at  whi ch 
connect i ons t o t he campus backbone cabl es may be made.   ( I nt er nat i onal  
expr essi on f or  i nt er medi at e cr oss- connect  -  ( I C) . )

1. 3. 5   Pat hway

A physi cal  i nf r ast r uct ur e ut i l i zed f or  t he pl acement  and r out i ng of  
t el ecommuni cat i ons cabl e.

1. 4   SYSTEM DESCRI PTI ON

The t el ecommuni cat i ons out si de pl ant  consi st s of  cabl e,  condui t ,  manhol es,  
pol es,  et c.  r equi r ed t o pr ovi de si gnal  pat hs f r om t he cl osest  poi nt  of  
pr esence t o t he new f aci l i t y ,  i ncl udi ng f r ee st andi ng f r ames or  
backboar ds,  i nt er connect i ng har dwar e,  t er mi nat i ng cabl es,  l i ght ni ng and 
sur ge pr ot ect i on modul es at  t he ent r ance f aci l i t y .   The wor k consi st s of  
pr ovi di ng,  t est i ng and maki ng oper at i onal  cabl i ng,  i nt er connect i ng 
har dwar e and l i ght ni ng and sur ge pr ot ect i on necessar y t o f or m a compl et e 
out si de pl ant  t el ecommuni cat i ons syst em f or  cont i nuous use.

1. 5   SUBMI TTALS

Gover nment  appr oval  i s  r equi r ed f or  submi t t al s wi t h a " G"  desi gnat i on;  
submi t t al s not  havi ng a " G"  desi gnat i on ar e f or  Cont r act or  Qual i t y Cont r ol  
appr oval .    Submi t t al s wi t h an " S"  ar e f or  i ncl usi on i n t he Sust ai nabi l i t y  
eNot ebook,  i n conf or mance t o Sect i on 01 33 29 SUSTAI NABI LI TY REPORTI NG.   
Submi t  t he f ol l owi ng i n accor dance wi t h Sect i on 01 33 00 SUBMI TTAL 
PROCEDURES:

SD- 02 Shop Dr awi ngs

Tel ecommuni cat i ons Out si de Pl ant ;  G

Tel ecommuni cat i ons Ent r ance Faci l i t y  Dr awi ngs;  G

I n addi t i on t o Sect i on 01 33 00 SUBMI TTAL PROCEDURES,  pr ovi de shop 
dr awi ngs i n accor dance wi t h par agr aph SHOP DRAWI NGS.

SD- 03 Pr oduct  Dat a

Wi r e and cabl e;  G

Cabl e spl i ces,  and connect or s;  G
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Cl osur es;  G

Bui l di ng pr ot ect or  assembl i es;  G

Pr ot ect or  modul es;  G

SD- 06 Test  Repor t s

Pr e- i nst al l at i on t est s;  G

Accept ance t est s;  G

Out si de Pl ant  Test  Pl an;  G

SD- 07 Cer t i f i cat es

 Tel ecommuni cat i ons Cont r act or  Qual i f i cat i ons;  G

Key Per sonnel  Qual i f i cat i ons;  G

Mi ni mum Manuf act ur er ' s Qual i f i cat i ons;  G

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

Bui l di ng pr ot ect or  assembl y i nst al l at i on;  G

Cabl e t ensi ons;  G

Fi ber  Opt i c Spl i ces;  G

 Submi t  i nst r uct i ons pr i or  t o i nst al l at i on.

SD- 09 Manuf act ur er ' s Fi el d Repor t s

Fact or y Reel  Test  Dat a;  G

SD- 11 Cl oseout  Submi t t al s

Recor d Document at i on;  G

I n addi t i on t o ot her  r equi r ement s,  pr ovi de i n accor dance wi t h 
par agr aph RECORD DOCUMENTATI ON.

1. 6   QUALI TY ASSURANCE

1. 6. 1   Shop Dr awi ngs

I ncl ude wi r i ng di agr ams and i nst al l at i on det ai l s of  equi pment  i ndi cat i ng 
pr oposed l ocat i on,  l ayout  and ar r angement ,  cont r ol  panel s,  accessor i es,  
pi pi ng,  duct wor k,  and ot her  i t ems t hat  must  be shown t o ensur e a 
coor di nat ed i nst al l at i on.   Wi r i ng di agr ams shal l  i dent i f y c i r cui t  
t er mi nal s and i ndi cat e t he i nt er nal  wi r i ng f or  each i t em of  equi pment  and 
t he i nt er connect i on bet ween each i t em of  equi pment .   Dr awi ngs shal l  
i ndi cat e adequat e c l ear ance f or  oper at i on,  mai nt enance,  and r epl acement  of  
oper at i ng equi pment  devi ces.   Submi t t al s shal l  i ncl ude t he namepl at e dat a,  
s i ze,  and capaci t y.   Submi t t al s shal l  al so i ncl ude appl i cabl e f eder al ,  
mi l i t ar y,  i ndust r y,  and t echni cal  soci et y publ i cat i on r ef er ences.
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1. 6. 1. 1   Tel ecommuni cat i ons Out si de Pl ant  Shop Dr awi ngs

Pr ovi de Out si de Pl ant  Desi gn i n accor dance wi t h TI A- 758,  RUS Bul l  1751F- 630
 f or  aer i al  syst em desi gn,  and RUS Bul l  1751F- 643 f or  under gr ound syst em 
desi gn.   Pr ovi de T0 shop dr awi ngs t hat  show t he physi cal  and l ogi cal  
connect i ons f r om t he per spect i ve of  an ent i r e campus,  such as act ual  
bui l di ng l ocat i ons,  ext er i or  pat hways and campus backbone cabl i ng on pl an 
vi ew dr awi ngs,  maj or  syst em nodes,  and r el at ed connect i ons on t he l ogi cal  
syst em dr awi ngs i n accor dance wi t h TI A- 606.   Dr awi ngs shal l  i ncl ude wi r i ng 
and schemat i c di agr ams f or  f i ber  opt i c and copper  cabl i ng and spl i ces,  
copper  conduct or  gauge and pai r  count ,  f i ber  pai r  count  and t ype,  pat hway 
duct  and i nner duct  ar r angement ,  associ at ed const r uct i on mat er i al s,  and any 
det ai l s r equi r ed t o demonst r at e t hat  cabl e syst em has been coor di nat ed  
and wi l l  pr oper l y suppor t  t he swi t chi ng and t r ansmi ssi on syst em i dent i f i ed 
i n speci f i cat i on and dr awi ngs.   Pr ovi de Regi st er ed Communi cat i ons 
Di st r i but i on Desi gner  ( RCDD)  appr oved dr awi ngs of  t he t el ecommuni cat i ons 
out si de pl ant .

1. 6. 1. 2   Tel ecommuni cat i ons Ent r ance Faci l i t y  Dr awi ngs

Pr ovi de T3 dr awi ngs f or  EF Tel ecommuni cat i ons i n accor dance wi t h TI A- 606 
t hat  i ncl ude t el ecommuni cat i ons ent r ance f aci l i t y  pl an vi ews,  pat hway 
l ayout  ( cabl e t r ay,  r acks,  l adder - r acks,  et c. ) ,  mechani cal / el ect r i cal  
l ayout ,  and,  backboar d and wal l  el evat i ons.   Dr awi ngs shal l  show l ayout  of  
appl i cabl e equi pment  i ncl udi ng i ncomi ng cabl e st ub or  connect or  bl ocks,  
bui l di ng pr ot ect or  assembl y,  out goi ng cabl e connect or  bl ocks,  pat ch panel s 
and equi pment  spaces and cabi net / r acks.   Dr awi ngs shal l  i ncl ude a compl et e 
l i s t  of  equi pment  and mat er i al ,  equi pment  r ack det ai l s,  pr oposed l ayout  
and anchor age of  equi pment  and appur t enances,  and equi pment  r el at i onshi p 
t o ot her  par t s of  t he wor k i ncl udi ng cl ear ance f or  mai nt enance and 
oper at i on.   Dr awi ngs may al so be an enl ar gement  of  a congest ed ar ea of  T1 
or  T2 dr awi ngs. Pr ovi de T3 dr awi ngs f or  EF Tel ecommuni cat i ons as speci f i ed 
i n t he par agr aph TELECOMMUNI CATI ONS SPACE DRAWI NGS of  Sect i on 27 10 00 
BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEMS.

1. 6. 2   Tel ecommuni cat i ons Qual i f i cat i ons

Wor k under  t hi s sect i on shal l  be per f or med by and t he equi pment  shal l  be 
pr ovi ded by t he appr oved t el ecommuni cat i ons cont r act or  and key per sonnel .   
Qual i f i cat i ons shal l  be pr ovi ded f or :   t he t el ecommuni cat i ons syst em 
cont r act or ,  t he t el ecommuni cat i ons syst em i nst al l er ,  t he super vi sor  ( i f  
di f f er ent  f r om t he i nst al l er ) ,  and t he cabl e spl i c i ng and t er mi nat i ng 
per sonnel .   A mi ni mum of  30 days pr i or  t o i nst al l at i on,  submi t  
document at i on of  t he exper i ence of  t he t el ecommuni cat i ons cont r act or  and 
of  t he key per sonnel .

1. 6. 2. 1   Tel ecommuni cat i ons Cont r act or  Qual i f i cat i ons

The t el ecommuni cat i ons cont r act or  shal l  be a f i r m whi ch i s r egul ar l y and 
pr of essi onal l y engaged i n t he busi ness of  t he appl i cat i ons,  i nst al l at i on,  
and t est i ng of  t he speci f i ed t el ecommuni cat i ons syst ems and equi pment .   
The t el ecommuni cat i ons cont r act or  shal l  demonst r at e exper i ence i n 
pr ovi di ng successf ul  t el ecommuni cat i ons syst ems t hat  i ncl ude out si de pl ant  
and br oadband cabl i ng wi t hi n t he past  3 year s.   Submi t  document at i on f or  a 
mi ni mum of  t hr ee and a maxi mum of  f i ve successf ul  t el ecommuni cat i on syst em 
i nst al l at i ons f or  t he t el ecommuni cat i ons cont r act or .   Each of  t he key 
per sonnel  shal l  demonst r at e exper i ence i n pr ovi di ng successf ul  
t el ecommuni cat i ons syst ems i n accor dance wi t h TI A- 758 wi t hi n t he past  3 
year s.
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1. 6. 2. 2   Key Per sonnel  Qual i f i cat i ons

Pr ovi de key per sonnel  who ar e r egul ar l y and pr of essi onal l y engaged i n t he 
busi ness of  t he appl i cat i on,  i nst al l at i on and t est i ng of  t he speci f i ed 
t el ecommuni cat i ons syst ems and equi pment .   Ther e may be one key per son or  
mor e key per sons pr oposed f or  t hi s sol i c i t at i on dependi ng upon how many of  
t he key r ol es each has successf ul l y pr ovi ded.   Each of  t he key per sonnel  
shal l  demonst r at e exper i ence i n pr ovi di ng successf ul  t el ecommuni cat i ons 
syst ems wi t hi n t he past  3 year s.

Cabl e spl i c i ng and t er mi nat i ng per sonnel  assi gned t o t he i nst al l at i on of  
t hi s syst em or  any of  i t s  component s shal l  have t r ai ni ng i n t he pr oper  
t echni ques and have a mi ni mum of  3 year s exper i ence i n spl i c i ng and 
t er mi nat i ng t he speci f i ed cabl es.   Modul ar  spl i ces shal l  be per f or med by 
f act or y cer t i f i ed per sonnel  or  under  di r ect  super vi s i on of  f act or y t r ai ned 
per sonnel  f or  pr oduct s used.

Super vi sor s and i nst al l er s assi gned t o t he i nst al l at i on of  t hi s syst em or  
any of  i t s  component s shal l  have f act or y or  f act or y appr oved cer t i f i cat i on 
f r om each equi pment  manuf act ur er  i ndi cat i ng t hat  t hey ar e qual i f i ed t o 
i nst al l  and t est  t he pr ovi ded pr oduct s.

Submi t  document at i on f or  a mi ni mum of  t hr ee and a maxi mum of  f i ve 
successf ul  t el ecommuni cat i on syst em i nst al l at i ons f or  each of  t he key 
per sonnel .   Document at i on f or  each key per son shal l  i ncl ude at  l east  t wo 
successf ul  syst em i nst al l at i ons pr ovi ded t hat  ar e equi val ent  i n syst em 
si ze and i n const r uct i on compl exi t y t o t he t el ecommuni cat i ons syst em 
pr oposed f or  t hi s sol i c i t at i on.   I ncl ude speci f i c  exper i ence i n i nst al l i ng 
and t est i ng t el ecommuni cat i ons out si de pl ant  syst ems,  i ncl udi ng br oadband 
cabl i ng,  and pr ovi de t he names and l ocat i ons of  at  l east  t wo pr oj ect  
i nst al l at i ons successf ul l y compl et ed usi ng opt i cal  f i ber  and copper  
t el ecommuni cat i ons cabl i ng syst ems.   Al l  of  t he exi st i ng 
t el ecommuni cat i ons syst em i nst al l at i ons of f er ed by t he key per sons as 
successf ul  exper i ence shal l  have been i n successf ul  f ul l - t i me ser vi ce f or  
at  l east  18 mont hs pr i or  t o t he i ssuance dat e f or  t hi s sol i c i t at i on.   
Pr ovi de t he name and r ol e of  t he key per son,  t he t i t l e,  l ocat i on,  and 
compl et ed i nst al l at i on dat e of  t he r ef er enced pr oj ect ,  t he r ef er enced 
pr oj ect  owner  poi nt  of  cont act  i nf or mat i on i ncl udi ng name,  or gani zat i on,  
t i t l e,  and t el ephone number ,  and gener al l y,  t he r ef er enced pr oj ect  
descr i pt i on i ncl udi ng syst em si ze and const r uct i on compl exi t y.

I ndi cat e t hat  al l  key per sons ar e cur r ent l y empl oyed by t he 
t el ecommuni cat i ons cont r act or ,  or  have a commi t ment  t o t he 
t el ecommuni cat i ons cont r act or  t o wor k on t hi s pr oj ect .   Al l  key per sons 
shal l  be empl oyed by t he t el ecommuni cat i ons cont r act or  at  t he dat e of  
i ssuance of  t hi s sol i c i t at i on,  or  i f  not ,  have a commi t ment  t o t he 
t el ecommuni cat i ons cont r act or  t o wor k on t hi s pr oj ect  by t he dat e t hat  t he 
bi d was due t o t he Cont r act i ng Of f i cer .

Not e t hat  onl y t he key per sonnel  appr oved by t he Cont r act i ng Of f i cer  i n 
t he successf ul  pr oposal  shal l  do wor k on t hi s sol i c i t at i on' s 
t el ecommuni cat i ons syst em.   Key per sonnel  shal l  f unct i on i n t he same r ol es 
i n t hi s cont r act ,  as t hey f unct i oned i n t he of f er ed successf ul  
exper i ence.   Any subst i t ut i ons f or  t he t el ecommuni cat i ons cont r act or ' s key 
per sonnel  r equi r es appr oval  f r om The Cont r act i ng Of f i cer .
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1. 6. 2. 3   Mi ni mum Manuf act ur er ' s Qual i f i cat i ons

Cabl i ng,  equi pment  and har dwar e manuf act ur er s shal l  have a mi ni mum of  3 
year s exper i ence i n t he manuf act ur i ng,  assembl y,  and f act or y t est i ng of  
component s whi ch compl y wi t h,  TI A- 568- C. 1,  TI A- 568- C. 2 and TI A- 568- C. 3.   
I n addi t i on,  cabl i ng manuf act ur er s shal l  have a mi ni mum of  3 year s 
exper i ence i n t he manuf act ur i ng and f act or y t est i ng of  cabl i ng whi ch 
compl y wi t h I CEA S- 87- 640,  I CEA S- 98- 688,  and I CEA S- 99- 689.

1. 6. 3   Out si de Pl ant  Test  Pl an

Pr epar e and pr ovi de a compl et e and det ai l ed t est  pl an f or  f i el d t est s of  
t he out si de pl ant  i ncl udi ng a compl et e l i s t  of  t est  equi pment  f or  t he 
copper  conduct or  and opt i cal  f i ber  cabl es,  component s,  and accessor i es f or  
appr oval  by t he Cont r act i ng Of f i cer .   I ncl ude a cut - over  pl an wi t h 
pr ocedur es and schedul es f or  r el ocat i on of  f aci l i t y  st at i on number s 
wi t hout  i nt er r upt i ng ser vi ce t o any act i ve l ocat i on.   Submi t  t he pl an at  
l east  30 days pr i or  t o t est s f or  Cont r act i ng Of f i cer  appr oval .   Pr ovi de 
out si de pl ant  t est i ng and per f or mance measur ement  cr i t er i a i n accor dance 
wi t h TI A- 568- C. 1 and RUS Bul l  1753F- 201.   I ncl ude pr ocedur es f or  
cer t i f i cat i on,  val i dat i on,  and t est i ng t hat  i ncl udes f i ber  opt i c l i nk 
per f or mance cr i t er i a.

1. 6. 4   St andar d Pr oduct s

Pr ovi de mat er i al s and equi pment  t hat  ar e st andar d pr oduct s of  
manuf act ur er s r egul ar l y engaged i n t he pr oduct i on of  such pr oduct s whi ch 
ar e of  equal  mat er i al ,  desi gn and wor kmanshi p and shal l  be t he 
manuf act ur er ' s l at est  st andar d desi gn t hat  has been i n sat i sf act or y 
commer ci al  or  i ndust r i al  use f or  at  l east  2 year s pr i or  t o bi d openi ng.   
The 2- year  per i od shal l  i ncl ude appl i cat i ons of  equi pment  and mat er i al s 
under  s i mi l ar  c i r cumst ances and of  s i mi l ar  s i ze.   The pr oduct  shal l  have 
been on sal e on t he commer ci al  mar ket  t hr ough adver t i sement s,  
manuf act ur er s '  cat al ogs,  or  br ochur es dur i ng t he 2- year  per i od.   Pr oduct s 
suppl i ed shal l  be speci f i cal l y desi gned and manuf act ur ed f or  use wi t h 
out si de pl ant  t el ecommuni cat i ons syst ems.   Wher e t wo or  mor e i t ems of  t he 
same cl ass of  equi pment  ar e r equi r ed,  t hese i t ems shal l  be pr oduct s of  a 
s i ngl e manuf act ur er ;  however ,  t he component  par t s of  t he i t em need not  be 
t he pr oduct s of  t he same manuf act ur er  unl ess st at ed i n t hi s sect i on.

1. 6. 4. 1   Al t er nat i ve Qual i f i cat i ons

Pr oduct s havi ng l ess t han a 2- year  f i el d ser vi ce r ecor d wi l l  be accept abl e 
i f  a cer t i f i ed r ecor d of  sat i sf act or y f i el d oper at i on f or  not  l ess t han 
6000 hour s,  excl usi ve of  t he manuf act ur er s '  f act or y or  l abor at or y t est s,  
i s  pr ovi ded.

1. 6. 4. 2   Mat er i al  and Equi pment  Manuf act ur i ng Dat e

Pr oduct s manuf act ur ed mor e t han 3 year s pr i or  t o dat e of  del i ver y t o s i t e 
shal l  not  be used,  unl ess speci f i ed ot her wi se.

1. 6. 5   Regul at or y Requi r ement s

I n each of  t he publ i cat i ons r ef er r ed t o her ei n,  consi der  t he advi sor y 
pr ovi s i ons t o be mandat or y,  as t hough t he wor d,  " shal l "  had been 
subst i t ut ed f or  " shoul d"  wher ever  i t  appear s.   I nt er pr et  r ef er ences i n 
t hese publ i cat i ons t o t he " aut hor i t y havi ng j ur i sdi ct i on, "  or  wor ds of  
s i mi l ar  meani ng,  t o mean t he Cont r act i ng Of f i cer .   Equi pment ,  mat er i al s,  
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i nst al l at i on,  and wor kmanshi p shal l  be i n accor dance wi t h t he mandat or y 
and advi sor y pr ovi s i ons of  NFPA 70 unl ess mor e st r i ngent  r equi r ement s ar e 
speci f i ed or  i ndi cat ed.

1. 6. 5. 1   I ndependent  Test i ng Or gani zat i on Cer t i f i cat e

I n l i eu of  t he l abel  or  l i s t i ng,  submi t  a cer t i f i cat e f r om an i ndependent  
t est i ng or gani zat i on,  compet ent  t o per f or m t est i ng,  and appr oved by t he 
Cont r act i ng Of f i cer .   The cer t i f i cat e shal l  st at e t hat  t he i t em has been 
t est ed i n accor dance wi t h t he speci f i ed or gani zat i on' s t est  met hods and 
t hat  t he i t em compl i es wi t h t he speci f i ed or gani zat i on' s r ef er ence 
st andar d.

1. 7   DELI VERY,  STORAGE,  AND HANDLI NG

Shi p cabl e on r eel s i n wi t h a mi ni mum over age of  10 per cent .   Radi us of  
t he r eel  dr um shal l  not  be smal l er  t han t he mi ni mum bend r adi us of  t he 
cabl e.   Wi nd cabl e on t he r eel  so t hat  unwi ndi ng can be done wi t hout  
k i nki ng t he cabl e.   Two met er s of  cabl e at  bot h ends of  t he cabl e shal l  be 
accessi bl e f or  t est i ng.   At t ach per manent  l abel  on each r eel  showi ng 
l engt h,  cabl e i dent i f i cat i on number ,  cabl e s i ze,  cabl e t ype,  and dat e of  
manuf act ur e.   Pr ovi de wat er  r esi st ant  l abel  and t he i ndel i bl e wr i t i ng on 
t he l abel s.   Appl y end seal s t o each end of  t he cabl es t o pr event  moi st ur e 
f r om ent er i ng t he cabl e.   Reel s wi t h cabl e shal l  be sui t abl e f or  out si de 
st or age condi t i ons when t emper at ur e r anges f r om mi nus 40 degr ees C t o pl us 
65 degr ees C,  wi t h r el at i ve humi di t y f r om 0 t o 100 per cent .   Equi pment ,  
ot her  t han cabl e,  del i ver ed and pl aced i n st or age shal l  be st or ed wi t h 
pr ot ect i on f r om weat her ,  humi di t y and t emper at ur e var i at i on,  di r t  and 
dust ,  or  ot her  cont ami nant s i n accor dance wi t h manuf act ur er ' s r equi r ement s.

1. 8   MAI NTENANCE

1. 8. 1   Recor d Document at i on

Pr ovi de t he act i v i t y r esponsi bl e f or  t el ecommuni cat i ons syst em mai nt enance 
and admi ni st r at i on a s i ngl e compl et e and accur at e set  of  r ecor d 
document at i on f or  t he ent i r e t el ecommuni cat i ons syst em wi t h r espect  t o 
t hi s pr oj ect .

Pr ovi de T5 dr awi ngs i ncl udi ng document at i on on cabl es and t er mi nat i on 
har dwar e i n accor dance wi t h TI A- 606.   T5 dr awi ngs shal l  i ncl ude schedul es 
t o show i nf or mat i on f or  cut - over s and cabl e pl ant  management ,  pat ch panel  
l ayout s,  cr oss- connect  i nf or mat i on and connect i ng t er mi nal  l ayout  as a 
mi ni mum.   T5 dr awi ngs shal l  be pr ovi ded i n har d copy f or mat  or  on 
el ect r oni c medi a usi ng Wi ndows based comput er  cabl e management  sof t war e.  
Updat e exi st i ng r ecor d document at i on t o r ef l ect  campus di st r i but i on T0 
dr awi ngs and T3 dr awi ng schedul e i nf or mat i on modi f i ed,  del et ed or  added as 
a r esul t  of  t hi s i nst al l at i on.   Pr ovi de t he f ol l owi ng T5 dr awi ng 
document at i on as a mi ni mum:

a.   Cabl es -  A r ecor d of  i nst al l ed cabl e shal l  be pr ovi ded i n accor dance 
wi t h TI A- 606.   The cabl e r ecor ds shal l  i ncl ude onl y t he r equi r ed dat a 
f i el dsi n accor dance wi t h TI A- 606.   I ncl ude manuf act ur e dat e of  cabl e 
wi t h submi t t al .

b.   Ter mi nat i on Har dwar e -  Pr ovi de a r ecor d of  i nst al l ed pat ch panel s,  
cr oss- connect  poi nt s,  campus di st r i but or  and t er mi nat i ng bl ock 
ar r angement s and t ype i n accor dance wi t h TI A- 606.   Document at i on shal l  
i ncl ude onl y t he r equi r ed dat a f i el ds i n accor dance wi t h TI A- 606.
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Pr ovi de r ecor d document at i on as speci f i ed i n Sect i on 27 10 00 BUI LDI NG 
TELECOMMUNI CATI ONS CABLI NG SYSTEM.

1. 9   WARRANTY

The equi pment  i t ems shal l  be suppor t ed by ser vi ce or gani zat i ons whi ch ar e 
r easonabl y conveni ent  t o t he equi pment  i nst al l at i on i n or der  t o r ender  
sat i sf act or y ser vi ce t o t he equi pment  on a r egul ar  and emer gency basi s 
dur i ng t he war r ant y per i od of  t he cont r act .

PART 2   PRODUCTS

2. 1   MATERI ALS AND EQUI PMENT

Pr oduct s suppl i ed shal l  be speci f i cal l y desi gned and manuf act ur ed f or  use 
wi t h out si de pl ant  t el ecommuni cat i ons syst ems.

2. 2   TELECOMMUNI CATI ONS ENTRANCE FACI LI TY

2. 2. 1   Bui l di ng Pr ot ect or  Assembl i es

Pr ovi de sel f - cont ai ned 5 pi n uni t  suppl i ed wi t h a f i el d cabl e st ub f act or y 
connect ed t o pr ot ect or  socket  bl ocks t o t er mi nat e and accept  pr ot ect or  
modul es f or  50 pai r s of  out s i de cabl e.   Bui l di ng pr ot ect or  assembl y shal l  
have i nt er connect i ng har dwar e f or  connect i on t o i nt er i or  cabl i ng at  f ul l  
capaci t y.   Pr ovi de manuf act ur er s i nst r uct i ons f or  bui l di ng pr ot ect or  
assembl y i nst al l at i on.   Pr ovi de copper  cabl e i nt er connect i ng har dwar e as 
speci f i ed i n Sect i on 27 10 00 BUI LDI NG TELECOMMUNI CATI ONS CABLI NG SYSTEM.

2. 2. 2   Pr ot ect or  Modul es

Pr ovi de i n accor dance wi t h UL 497 t hr ee- el ect r ode gas t ube or  sol i d st at e 
t ype 5 pi n r at ed f or  t he appl i cat i on.   Pr ovi de gas t ube pr ot ect i on modul es 
i n accor dance wi t h RUS Bul l  345- 83 and shal l  be heavy dut y,  A>10kA,  B>400,  
C>65A wher e A i s t he maxi mum si ngl e i mpul se di schar ge cur r ent ,  B i s t he 
i mpul se l i f e and C i s t he AC di schar ge cur r ent  i n accor dance wi t h 
ANSI  C62. 61.   The gas modul es shal l  shunt  hi gh vol t age t o gr ound,  f ai l  
shor t ,  and be equi pped wi t h an ext er nal  spar k gap and heat  coi l s i n 
accor dance wi t h UL 497.   Pr ovi de t he number  of  sur ge pr ot ect i on modul es 
equal  t o t he number  of  pai r s of  ext er i or  cabl e of  t he bui l di ng pr ot ect or  
assembl y.

2. 2. 3   Fi ber  Opt i c Ter mi nat i ons

Pr ovi de f i ber  opt i c cabl e t er mi nat i ons as speci f i ed i n 27 10 00 BUI LDI NG 
TELECOMMUNI CATI ONS CABLI NG SYSTEM.

2. 3   CLOSURES

2. 3. 1   Copper  Conduct or  Cl osur es

2. 3. 1. 1   Under gr ound Cabl e Cl osur es

a.   I n vaul t  or  manhol e:   Pr ovi de under gr ound cl osur e sui t abl e t o house a 
st r ai ght ,  but t ,  and br anch spl i ce i n a pr ot ect i ve housi ng i nt o whi ch 
can be pour ed an encapsul at i ng compound.   Cl osur e shal l  be of  sui t abl e 
t her mopl ast i c,  t her moset ,  or  st ai nl ess st eel  mat er i al  suppl y i ng 
st r uct ur al  st r engt h necessar y t o pass t he mechani cal  and el ect r i cal  
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r equi r ement s i n a vaul t  or  manhol e envi r onment .   Encapsul at i ng 
compound shal l  be r eent er abl e and shal l  not  al t er  t he chemi cal  
st abi l i t y  of  t he c l osur e.   Pr ovi de f i l l ed spl i ce cases i n accor dance  
wi t h RUS Bul l  345- 72.

2. 3. 2   Fi ber  Opt i c Cl osur es

 2. 3. 2. 1   I n Vaul t  or  Manhol e

Pr ovi de under gr ound cl osur e sui t abl e t o house spl i ce or gani zer  i n a 
pr ot ect i ve housi ng i nt o whi ch can be pour ed an encapsul at i ng compound.   
Cl osur e shal l  be of  t her mopl ast i c,  t her moset ,  or  st ai nl ess st eel  mat er i al  
suppl y i ng st r uct ur al  st r engt h necessar y t o pass t he mechani cal  and 
el ect r i cal  r equi r ement s i n a vaul t  or  manhol e envi r onment .   Encapsul at i ng 
compound shal l  be r eent er abl e and shal l  not  al t er  t he chemi cal  st abi l i t y  
of  t he c l osur e.

2. 4   CABLE SPLI CES,  AND CONNECTORS

2. 4. 1   Copper  Cabl e Spl i ces

Pr ovi de mul t i pai r  spl i ces of  a moi st ur e r esi st ant ,  i nsul at i on di spl acement  
connect or  hel d r i gi dl y i n pl ace t o assur e maxi mum cont i nui t y i n accor dance 
wi t h RUS Bul l  1753F- 401.   Cabl es gr eat er  t han 25 pai r s shal l  be spl i ced 
usi ng mul t i pai r  spl i c i ng connect or s,  whi ch accommodat e 25 pai r s of  
conduct or s at  a t i me.   Pr ovi de cor r ect  connect or  s i ze t o accommodat e t he 
cabl e gauge of  t he suppl i ed cabl e.

2. 4. 2   Copper  Cabl e Spl i ce Connect or

Pr ovi de spl i ce connect or s wi t h a pol ycar bonat e body and cap and a 
t i n- pl at ed br ass cont act  el ement .   Connect or  shal l  accommodat e 22 t o 26 
AWG sol i d wi r e wi t h a maxi mum i nsul at i on di amet er  of  0. 065 i nch.   Fi l l  
connect or  wi t h seal ant  gr ease t o make a moi st ur e r esi st ant  connect i on,  i n 
accor dance wi t h RUS Bul l  1753F- 401.

2. 4. 3   Fi ber  Opt i c Cabl e Spl i ces

Pr ovi de f i ber  opt i c cabl e spl i ces and spl i c i ng mat er i al s f or  f usi on 
met hods at  l ocat i ons shown on t he const r uct i on dr awi ngs.   The spl i ce 
i nser t i on l oss shal l  be 0. 3 dB maxi mum when measur ed i n accor dance wi t h 
TI A- 455- 78- B usi ng an Opt i cal  Ti me Domai n Ref l ect omet er  ( OTDR) .   Spl i ces 
shal l  be desi gned f or  a r et ur n l oss of  40. 0 db max f or  s i ngl e mode f i ber  
when t est ed i n accor dance wi t h TI A- 455- 107.   Physi cal l y pr ot ect  each f i ber  
opt i c spl i ce by a spl i ce k i t  speci al l y desi gned f or  t he spl i ce.

2. 4. 4   Fi ber  Opt i c Spl i ce Or gani zer

Pr ovi de spl i ce or gani zer  sui t abl e f or  housi ng f i ber  opt i c spl i ces i n a 
neat  and or der l y f ashi on.   Spl i ce or gani zer  shal l  al l ow f or  a mi ni mum of  3 
f eet  of  f i ber  f or  each f i ber  wi t hi n t he cabl e t o be neat l y st or ed wi t hout  
k i nks or  t wi st s.   Spl i ce or gani zer  shal l  accommodat e i ndi v i dual  st r ai n 
r el i ef  f or  each spl i ce and al l ow f or  f ut ur e mai nt enance or  modi f i cat i on,  
wi t hout  damage t o t he cabl e or  spl i ces.   Pr ovi de spl i ce or gani zer  
har dwar e,  such as spl i ce t r ays,  pr ot ect i ve gl ass shel ves,  and shi el d bond 
connect or s i n a spl i ce or gani zer  k i t .
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2. 5   CONDUI T

Pr ovi de condui t  as speci f i ed i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL 
DI STRI BUTI ON.

 
2. 6   PLASTI C I NSULATI NG TAPE

UL 510.

2. 7   WI RE AND CABLE

2. 7. 1   Copper  Conduct or  Cabl e

Sol i d copper  conduct or s,  cover ed wi t h an ext r uded sol i d i nsul at i ng 
compound.   I nsul at ed conduct or s shal l  be t wi st ed i nt o pai r s whi ch ar e t hen 
st r anded or  osci l l at ed t o f or m a cyl i ndr i cal  cor e.   For  speci al  hi gh 
f r equency appl i cat i ons,  t he cabl e cor e shal l  be separ at ed i nt o 
compar t ment s.   Cabl e shal l  be compl et ed by t he appl i cat i on of  a sui t abl e 
cor e wr appi ng mat er i al ,  a cor r ugat ed copper  or  pl ast i c coat ed al umi num 
shi el d,  and an over al l  ext r uded j acket .   Tel ecommuni cat i ons cont r act or  
shal l  ver i f y di st ances bet ween spl i ce poi nt s pr i or  t o or der i ng cabl e i n 
speci f i c  cut  l engt hs.   Gauge of  conduct or  shal l  det er mi ne t he r ange of  
number s of  pai r s speci f i ed;  19 gauge ( 6 t o 400 pai r s) ,  22 gauge ( 6 t o 1200 
pai r s) ,  24 gauge ( 6 t o 2100 pai r s) ,  and 26 gauge ( 6 t o 3000 pai r s) .   
Copper  conduct or  shal l  conf or m t o t he f ol l owi ng:

2. 7. 1. 1   Under gr ound

Pr ovi de f i l l ed cabl e meet i ng t he r equi r ement s of  I CEA S- 99- 689 and  
RUS 1755. 390 or  RUS 1755. 890.

2. 7. 1. 2   Scr een

Pr ovi de scr een- compar t ment al  cor e cabl e f i l l ed cabl e meet i ng t he 
r equi r ement s of  I CEA S- 99- 689 and RUS 1755. 390.

2. 7. 2   Fi ber  Opt i c Cabl e

Pr ovi de si ngl e- mode,  8/ 125- um,  0. 10 aper t ur e 1310 nm f i ber  opt i c cabl e i n 
accor dance wi t h TI A- 492CAAA,  TI A- 472D000,  and I CEA S- 87- 640 i ncl udi ng any 
speci al  r equi r ement s made necessar y by a speci al i zed desi gn.   Pr ovi de 
opt i cal  f i ber s as i ndi cat ed.   Fi ber  opt i c cabl e shal l  be speci f i cal l y 
desi gned f or  out si de use wi t h l oose buf f er  const r uct i on.   Pr ovi de f i ber  
opt i c col or  code i n accor dance wi t h TI A/ EI A- 598

2. 7. 2. 1   St r engt h Member s

Pr ovi de cent r al ,  non- met al l i c  st r engt h member s wi t h suf f i c i ent  t ensi l e 
st r engt h f or  i nst al l at i on and r esi dual  r at ed l oads t o meet  t he appl i cabl e 
per f or mance r equi r ement s i n accor dance wi t h I CEA S- 87- 640.   The st r engt h 
member  i s i ncl uded t o ser ve as a cabl e cor e f oundat i on t o r educe st r ai n on 
t he f i ber s,  and shal l  not  ser ve as a pul l i ng st r engt h member .

2. 7. 2. 2   Per f or mance Requi r ement s

Pr ovi de f i ber  opt i c cabl e wi t h opt i cal  and mechani cal  per f or mance 
r equi r ement s i n accor dance wi t h I CEA S- 87- 640.
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2. 7. 3   Gr oundi ng and Bondi ng Conduct or s

Pr ovi de gr oundi ng and bondi ng conduct or s i n accor dance wi t h RUS 1755. 200,  
TI A- 607,  I EEE C2,  and NFPA 70.   Sol i d bar e copper  wi r e meet i ng t he 
r equi r ement s of  ASTM B1 f or  s i zes No.  8 AWG and smal l er  and st r anded bar e 
copper  wi r e meet i ng t he r equi r ement s of  ASTM B8,  f or  s i zes No.  6 AWG and 
l ar ger .   I nsul at ed conduct or s shal l  have 600- vol t ,  Type TW i nsul at i on 
meet i ng t he r equi r ement s of  UL 83.

 2. 8   CABLE TAGS I N MANHOLES,  HANDHOLES,  AND VAULTS

Pr ovi de t ags f or  each t el ecommuni cat i ons cabl e or  wi r e l ocat ed i n 
manhol es,  handhol es,  and vaul t s.   Cabl e t ags shal l  be st ai nl ess st eel  or  
pol yet hyl ene and l abel ed i n accor dance wi t h TI A- 606.   Handwr i t t en l abel i ng 
i s unaccept abl e.

2. 8. 1   St ai nl ess St eel

Pr ovi de st ai nl ess st eel ,  cabl e t ags 1 5/ 8 i nches i n di amet er  1/ 16 i nch 
t hi ck mi ni mum,  and ci r cul ar  i n shape.   Tags shal l  be di e st amped wi t h 
number s,  l et t er s,  and symbol s not  l ess t han 0. 25 i nch hi gh and 
appr oxi mat el y 0. 015 i nch deep i n nor mal  bl ock st y l e.

2. 8. 2   Pol yet hyl ene Cabl e Tags

Pr ovi de t ags of  pol yet hyl ene t hat  have an aver age t ensi l e st r engt h of  3250 
pounds per  squar e i nch;  and t hat  ar e 0. 08 i nch t hi ck ( mi ni mum) ,  
non- cor r osi ve non- conduct i ve;  r esi st i ve t o aci ds,  al kal i s,  or gani c 
sol vent s,  and sal t  wat er ;  and di st or t i on r esi st ant  t o 170 degr ees F.   
Pr ovi de 0. 05 i nch ( mi ni mum)  t hi ck bl ack pol yet hyl ene t ag hol der .   Pr ovi de 
a one- pi ece nyl on,  sel f - l ocki ng t i e at  each end of  t he cabl e t ag.   Ti es 
shal l  have a mi ni mum l oop t ensi l e st r engt h of  175 pounds.   The cabl e t ags 
shal l  have bl ack bl ock l et t er s,  number s,  and symbol s one i nch hi gh on a 
yel l ow backgr ound.   Let t er s,  number s,  and symbol s shal l  not  f al l  of f  or  
change posi t i ons r egar dl ess of  t he cabl e t ags'  or i ent at i on.

2. 9   BURI ED WARNI NG AND I DENTI FI CATI ON TAPE

Pr ovi de f i ber  opt i c medi a mar ki ng and pr ot ect i on i n accor dance wi t h TI A- 590.   
Pr ovi de col or ,  t ype and dept h of  t ape as speci f i ed i n par agr aph BURI ED 
WARNI NG AND I DENTI FI CATI ON TAPE i n Sect i on 31 00 00,  EARTHWORK.

2. 10   MANUFACTURER' S NAMEPLATE

Each i t em of  equi pment  shal l  have a namepl at e bear i ng t he manuf act ur er ' s 
name,  addr ess,  model  number ,  and ser i al  number  secur el y af f i xed i n a 
conspi cuous pl ace;  t he namepl at e of  t he di st r i but i ng agent  wi l l  not  be 
accept abl e.

2. 11   FI ELD FABRI CATED NAMEPLATES

Pr ovi de l ami nat ed pl ast i c namepl at es i n accor dance wi t h ASTM D709 f or  each 
pat ch panel ,  pr ot ect or  assembl y,  r ack,  cabi net  and ot her  equi pment  or  as 
i ndi cat ed on t he dr awi ngs.   Each namepl at e i nscr i pt i on shal l  i dent i f y t he 
f unct i on and,  when appl i cabl e,  t he posi t i on.  Namepl at es shal l  be mel ami ne 
pl ast i c,  0. 125 i nch t hi ck,  whi t e wi t h bl ack cent er  cor e.   Sur f ace shal l  be 
mat t e f i ni sh.   Cor ner s shal l  be squar e.   Accur at el y al i gn l et t er i ng and 
engr ave i nt o t he cor e.   Mi ni mum si ze of  namepl at es shal l  be one by 2. 5 
i nches.   Let t er i ng shal l  be a mi ni mum of  0. 25 i nch hi gh nor mal  bl ock st y l e.
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2. 12   TESTS,  I NSPECTI ONS,  AND VERI FI CATI ONS

2. 12. 1   Fact or y Reel  Test  Dat a

Test  100 per cent  OTDR t est  of  FO medi a at  t he f act or y i n accor dance wi t h 
TI A- 568- C. 1 and TI A- 568- C. 3.   Use TI A- 526- 7 f or  s i ngl e mode f i ber  and 
TI A- 526- 14 Met hod B f or  mul t i  mode f i ber  measur ement s.   Cal i br at e OTDR t o 
show anomal i es of  0. 2 dB mi ni mum.   Enhanced per f or mance f i l l ed OSP copper  
cabl es,  r ef er r ed t o as Br oadband Out si de Pl ant  ( BBOSP) ,  shal l  meet  t he 
r equi r ement s of  I CEA S- 99- 689.   Enhanced per f or mance ai r  cor e OSP copper  
cabl es shal l  meet  t he r equi r ement s of  I CEA S- 98- 688.   Submi t  t est  r epor t s,  
i ncl udi ng manuf act ur e dat e f or  each cabl e r eel  and r ecei ve appr oval  bef or e 
del i ver y of  cabl e t o t he pr oj ect  s i t e.

PART 3   EXECUTI ON

3. 1   I NSTALLATI ON

I nst al l  al l  syst em component s and appur t enances i n accor dance wi t h 
manuf act ur er ' s i nst r uct i ons I EEE C2,  NFPA 70,  and as i ndi cat ed.   Pr ovi de 
al l  necessar y i nt er connect i ons,  ser vi ces,  and adj ust ment s r equi r ed f or  a 
compl et e and oper abl e t el ecommuni cat i ons syst em.

3. 1. 1   Cont r act or  Damage

Pr ompt l y r epai r  i ndi cat ed ut i l i t y  l i nes or  syst ems damaged dur i ng s i t e 
pr epar at i on and const r uct i on.   Damages t o l i nes or  syst ems not  i ndi cat ed,  
whi ch ar e caused by Cont r act or  oper at i ons,  shal l  be t r eat ed as " Changes"  
under  t he t er ms of  t he Cont r act  Cl auses.   When Cont r act or  i s advi sed i n 
wr i t i ng of  t he l ocat i on of  a noni ndi cat ed l i ne or  syst em,  such not i ce 
shal l  pr ovi de t hat  por t i on of  t he l i ne or  syst em wi t h " i ndi cat ed"  st at us 
i n det er mi ni ng l i abi l i t y  f or  damages.   I n ever y event ,  i mmedi at el y not i f y 
t he Cont r act i ng Of f i cer  of  damage.

3. 1. 2   Cabl e I nspect i on and Repai r

Handl e cabl e and wi r e pr ovi ded i n t he const r uct i on of  t hi s pr oj ect  wi t h 
car e.   I nspect  cabl e r eel s f or  cut s,  ni cks or  ot her  damage.   Damaged cabl e 
shal l  be r epl aced or  r epai r ed t o t he sat i sf act i on of  t he Cont r act i ng 
Of f i cer .   Reel  wr aps shal l  r emai n i nt act  on t he r eel  unt i l  t he cabl e i s 
r eady f or  pl acement .

3. 1. 3   Under gr ound Duct
 

Pr ovi de under gr ound duct  and connect i ons t o exi st i ng manhol es,  as 
speci f i ed i n Sect i on 33 71 02 UNDERGROUND ELECTRI CAL DI STRI BUTI ON wi t h any 
addi t i onal  r equi r ement s as speci f i ed her ei n.

3. 1. 4   Recondi t i oni ng of  Sur f aces
 

Pr ovi de r econdi t i oni ng of  sur f aces as speci f i ed i n Sect i on 33 71 02 
UNDERGROUND ELECTRI CAL DI STRI BUTI ON.

3. 1. 5   Penet r at i ons

Caul k and seal  cabl e access penet r at i ons i n wal l s,  cei l i ngs and ot her  
par t s of  t he bui l di ng.   Seal  openi ngs ar ound el ect r i cal  penet r at i ons 
t hr ough f i r e r esi st ance- r at ed wal l ,  par t i t i ons,  f l oor s,  or  cei l i ngs i n 
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accor dance wi t h Sect i on 07 84 00 FI RESTOPPI NG.

3. 1. 6   Cabl e Pul l i ng

Test  duct  l i nes wi t h a mandr el  and swab out  t o r emove f or ei gn mat er i al  
bef or e t he pul l i ng of  cabl es.   Avoi d damage t o cabl es i n set t i ng up 
pul l i ng appar at us or  i n pl aci ng t ool s or  har dwar e.   Do not  st ep on cabl es 
when ent er i ng or  l eavi ng t he manhol e.   Do not  pl ace cabl es i n duct s ot her  
t han t hose shown wi t hout  pr i or  wr i t t en appr oval  of  t he Cont r act i ng 
Of f i cer .   Rol l  cabl e r eel s i n t he di r ect i on i ndi cat ed by t he ar r ows 
pai nt ed on t he r eel  f l anges.   Set  up cabl e r eel s on t he same si de of  t he 
manhol e as t he condui t  sect i on i n whi ch t he cabl e i s t o be pl aced.   Level  
t he r eel  and br i ng i nt o pr oper  al i gnment  wi t h t he condui t  sect i on so t hat  
t he cabl e pays of f  f r om t he t op of  t he r eel  i n a l ong smoot h bend i nt o t he 
duct  wi t hout  t wi st i ng.   Under  no ci r cumst ances shal l  t he cabl e be pai d of f  
f r om t he bot t om of  a r eel .   Check t he equi pment  set  up pr i or  t o begi nni ng 
t he cabl e pul l i ng t o avoi d an i nt er r upt i on once pul l i ng has st ar t ed.   Use 
a cabl e f eeder  gui de of  sui t abl e di mensi ons bet ween cabl e r eel  and f ace of  
duct  t o pr ot ect  cabl e and gui de cabl e i nt o t he duct  as i t  i s  pai d of f  t he 
r eel .   As cabl e i s pai d of f  t he r eel ,  l ubr i cat e and i nspect  cabl e f or  
sheat h def ect s.   When def ect s ar e not i ced,  st op pul l i ng oper at i ons and 
not i f y t he Cont r act i ng Of f i cer  t o det er mi ne r equi r ed cor r ect i ve act i on.   
Cabl e pul l i ng shal l  al so be st opped when r eel  bi nds or  does not  pay of f  
f r eel y.   Rect i f y cause of  bi ndi ng bef or e r esumi ng pul l i ng oper at i ons.   
Pr ovi de cabl e l ubr i cant s r ecommended by t he cabl e manuf act ur er .   Avoi d 
bends i n cabl es of  smal l  r adi i  and t wi st s t hat  mi ght  cause damage.   Do not  
bend cabl e and wi r e i n a r adi us l ess t han 10 t i mes t he out si de di amet er  of  
t he cabl e or  wi r e.

3. 1. 6. 1   Cabl e Tensi ons

Obt ai n f r om t he cabl e manuf act ur er  and pr ovi de t o t he Cont r act i ng Of f i cer ,  
t he maxi mum al l owabl e pul l i ng t ensi on.   Thi s t ensi on shal l  not  be exceeded.

3. 1. 6. 2   Pul l i ng Eyes

Equi p cabl es 1. 25 i nches i n di amet er  and l ar ger  wi t h cabl e manuf act ur er ' s 
f act or y i nst al l ed pul l i ng- i n eyes.   Pr ovi de cabl es wi t h di amet er  smal l er  
t han 1. 25 i nches wi t h heat  shr i nkabl e t ype end caps or  seal s on cabl e ends 
when usi ng cabl e pul l i ng gr i ps.   Ri ngs t o pr event  gr i p f r om sl i ppi ng shal l  
not  be beat en i nt o t he cabl e sheat h.   Use a swi vel  of  3/ 4 i nch l i nks 
bet ween pul l i ng- i n eyes or  gr i ps and pul l i ng st r and.

3. 1. 6. 3   I nst al l at i on of  Cabl es i n Manhol es,  Handhol es,  and Vaul t s

Do not  i nst al l  cabl es ut i l i z i ng t he shor t est  r out e,  but  r out e al ong t hose 
wal l s pr ovi di ng t he l ongest  r out e and t he maxi mum spar e cabl e l engt hs.  
For m cabl es t o c l osel y par al l el  wal l s,  not  t o i nt er f er e wi t h duct  
ent r ances,  and suppor t  cabl es on br acket s and cabl e i nsul at or s at  a 
maxi mum of  4 f eet .   I n exi st i ng manhol es,  handhol es,  and vaul t s wher e new 
duct s ar e t o be t er mi nat ed,  or  wher e new cabl es ar e t o be i nst al l ed,  
modi f y t he exi st i ng i nst al l at i on of  cabl es,  cabl e suppor t s,  and gr oundi ng 
as r equi r ed wi t h cabl es ar r anged and suppor t ed as speci f i ed f or  new 
cabl es.   I dent i f y each cabl e wi t h cor r osi on- r esi st ant  embossed met al  t ags.
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3. 1. 7   Cabl e Spl i c i ng

3. 1. 7. 1   Copper  Conduct or  Spl i ces

Per f or m spl i c i ng i n accor dance wi t h r equi r ement s of  RUS Bul l  1753F- 401 
except  t hat  di r ect  bur i ed spl i ces and t wi st ed and sol der ed spl i ces ar e not  
al l owed.   Except i on does not  appl y f or  pai r s assi gned f or  car r i er  
appl i cat i on.

3. 1. 7. 2   Fi ber  Opt i c Spl i ces

Fi ber  opt i c spl i c i ng shal l  be i n accor dance wi t h manuf act ur er ' s 
r ecommendat i on and shal l  exhi bi t  an i nser t i on l oss not  gr eat er  t han 0. 2 dB 
f or  f usi on spl i ces.

3. 1. 8   Sur ge Pr ot ect i on

Al l  cabl es and conduct or s,  except  f i ber  opt i c cabl e,  whi ch ser ve as 
communi cat i on l i nes t hr ough of f - pr emi se l i nes,  shal l  have sur ge pr ot ect i on 
i nst al l ed at  each end whi ch meet  t he r equi r ement s of  RUS Bul l  1751F- 815.

3. 1. 9   Gr oundi ng

Pr ovi de gr oundi ng and bondi ng i n accor dance wi t h RUS 1755. 200,  TI A- 607,  
I EEE C2,  and NFPA 70.   Gr ound exposed noncur r ent  car r y i ng met al l i c  par t s 
of  t el ephone equi pment ,  cabl e sheat hs,  cabl e spl i ces,  and t er mi nal s.

3. 1. 9. 1   Tel ecommuni cat i ons Mast er  Gr ound Bar  ( TMGB)

The TMGB i s t he hub of  t he basi c t el ecommuni cat i ons gr oundi ng syst em 
pr ovi di ng a common poi nt  of  connect i on f or  gr ound f r om out si de cabl e,  CD,  
and equi pment .   Est abl i sh a TMGB f or  connect i on poi nt  f or  cabl e st ub 
shi el ds t o connect or  bl ocks and CD pr ot ect or  assembl i es as speci f i ed i n 
Sect i on 26 20 00 I NTERI OR DI STRI BUTI ON SYSTEM.

3. 1. 9. 2   I ncomi ng Cabl e Shi el ds

Shi el ds shal l  not  be bonded acr oss t he spl i ce t o t he cabl e st ubs.   Gr ound 
shi el ds of  i ncomi ng cabl es i n t he EF Tel ecommuni cat i ons t o t he TMGB.

3. 1. 9. 3   Campus Di st r i but or  Gr oundi ng

a.   Pr ot ect i on assembl i es:   Mount  CD pr ot ect or  assembl i es di r ect l y on t he 
t el ecommuni cat i ons backboar d.   Connect  assembl i es mount ed on each 
ver t i cal  f r ame wi t h No.  6 AWG copper  conduct or  t o pr ovi de a l ow 
r esi st ance pat h t o TMGB.

b.   TMGB connect i on:   Connect  TMGB t o TGB wi t h copper  conduct or  wi t h a 
t ot al  r esi st ance of  l ess t han 0. 01 ohms.

3. 1. 10   Cut - Over

Al l  necessar y t r ansf er s and cut - over s,  shal l  be accompl i shed by t he 
t el ecommuni cat i ons cont r act or .
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3. 2   LABELI NG

3. 2. 1   Label s

Pr ovi de l abel i ng f or  new cabl i ng and t er mi nat i on har dwar e l ocat ed wi t hi n 
t he f aci l i t y  i n accor dance wi t h TI A- 606.   Handwr i t t en l abel i ng i s 
unaccept abl e.   St enci l ed l et t er i ng f or  cabl e and t er mi nat i on har dwar e 
shal l  be pr ovi ded usi ng t her mal  i nk t r ansf er  pr ocess or  l aser  pr i nt er .

3. 2. 2   Cabl e Tag I nst al l at i on

I nst al l  cabl e t ags f or  each t el ecommuni cat i ons cabl e or  wi r e l ocat ed i n 
manhol es,  handhol es,  and vaul t s i ncl udi ng each spl i ce.   Tag onl y new wi r e 
and cabl e pr ovi ded by t hi s cont r act .  The l abel i ng of  t el ecommuni cat i ons 
cabl e t ag i dent i f i er s shal l  be i n accor dance wi t h TI A- 606.   Do not  pr ovi de 
handwr i t t en l et t er s.   I nst al l  cabl e t ags so t hat  t hey ar e c l ear l y v i s i bl e 
wi t hout  di st ur bi ng any cabl i ng or  wi r i ng i n t he manhol es,  handhol es,  and 
vaul t s.

3. 2. 3   Ter mi nat i on Har dwar e

Label  pat ch panel s,  di st r i but i on panel s,  connect or  bl ocks and pr ot ect i on 
modul es usi ng col or  coded l abel s wi t h i dent i f i er s i n accor dance wi t h 
TI A- 606.

3. 3   FI ELD FABRI CATED NAMEPLATE MOUNTI NG

Pr ovi de number ,  l ocat i on,  and l et t er  desi gnat i on of  namepl at es as 
i ndi cat ed.   Fast en namepl at es t o t he devi ce wi t h a mi ni mum of  t wo 
sheet - met al  scr ews or  t wo r i vet s.

3. 4   FI ELD QUALI TY CONTROL

Pr ovi de t he Cont r act i ng Of f i cer  10 wor ki ng days not i ce pr i or  t o each 
t est .   Pr ovi de l abor ,  equi pment ,  and i nci dent al s r equi r ed f or  t est i ng.   
Cor r ect  def ect i ve mat er i al  and wor kmanshi p di scl osed as t he r esul t s of  t he 
t est s.   Fur ni sh a s i gned copy of  t he t est  r esul t s t o t he Cont r act i ng 
Of f i cer  wi t hi n 3 wor ki ng days af t er  t he t est s f or  each segment  of  
const r uct i on ar e compl et ed.   Per f or m t est i ng as const r uct i on pr ogr esses 
and do not  wai t  unt i l  al l  const r uct i on i s compl et e bef or e st ar t i ng f i el d 
t est s.

3. 4. 1   Pr e- I nst al l at i on Test s

Per f or m t he f ol l owi ng t est s on cabl e at  t he j ob s i t e bef or e i t  i s  r emoved 
f r om t he cabl e r eel .   For  cabl es wi t h f act or y i nst al l ed pul l i ng eyes,  
t hese t est s shal l  be per f or med at  t he f act or y and cer t i f i ed t est  r esul t s 
shal l  accompany t he cabl e.

3. 4. 1. 1   Cabl e Capaci t ance

Per f or m capaci t ance t est s on at  l east  10 per cent  of  t he pai r s wi t hi n a 
cabl e t o det er mi ne i f  cabl e capaci t ance i s wi t hi n t he l i mi t s speci f i ed.

3. 4. 1. 2   Loop Resi st ance

Per f or m DC- l oop r esi st ance on at  l east  10 per cent  of  t he pai r s wi t hi n a 
cabl e t o det er mi ne i f  DC- l oop r esi st ance i s wi t hi n t he manuf act ur er ' s 
cal cul at ed r esi st ance.
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3. 4. 1. 3   Pr e- I nst al l at i on Test  Resul t s

Pr ovi de r esul t s of  pr e- i nst al l at i on t est s t o t he Cont r act i ng Of f i cer  at  
l east  5 wor ki ng days bef or e i nst al l at i on i s t o st ar t .   Resul t s shal l  
i ndi cat e r eel  number  of  t he cabl e,  manuf act ur er ,  s i ze of  cabl e,  pai r s 
t est ed,  and r ecor ded r eadi ngs.   When pr e- i nst al l at i on t est s i ndi cat e t hat  
cabl e does not  meet  speci f i cat i ons,  r emove cabl e f r om t he j ob s i t e.

3. 4. 2   Accept ance Test s

Per f or m accept ance t est i ng i n accor dance wi t h RUS Bul l  1753F- 201 and as 
f ur t her  speci f i ed i n t hi s sect i on.   Pr ovi de per sonnel ,  equi pment ,  
i nst r ument at i on,  and suppl i es necessar y t o per f or m r equi r ed t est i ng.   
Not i f i cat i on of  any pl anned t est i ng shal l  be gi ven t o t he Cont r act i ng 
Of f i cer  at  l east  14 days pr i or  t o any t est  unl ess speci f i ed ot her wi se.   
Test i ng shal l  not  pr oceed unt i l  af t er  t he Cont r act or  has r ecei ved wr i t t en 
Cont r act i ng Of f i cer ' s appr oval  of  t he t est  pl ans as speci f i ed.   Test  pl ans 
shal l  def i ne t he t est s r equi r ed t o ensur e t hat  t he syst em meet s t echni cal ,  
oper at i onal ,  and per f or mance speci f i cat i ons.   The t est  pl ans shal l  def i ne 
mi l est ones f or  t he t est s,  equi pment ,  per sonnel ,  f aci l i t i es,  and suppl i es 
r equi r ed.   The t est  pl ans shal l  i dent i f y t he capabi l i t i es and f unct i ons t o 
be t est ed.   Pr ovi de t est  r epor t s i n bookl et  f or m showi ng al l  f i el d t est s 
per f or med,  upon compl et i on and t est i ng of  t he i nst al l ed syst em.   
Measur ement s shal l  be t abul at ed on a pai r  by pai r  or  st r and by st r and 
basi s.

3. 4. 2. 1   Copper  Conduct or  Cabl e

Per f or m t he f ol l owi ng accept ance t est s i n accor dance wi t h TI A- 758:

a.   Wi r e map ( pi n t o pi n cont i nui t y)

b.   Cont i nui t y t o r emot e end

c.   Cr ossed pai r s

d.   Rever sed pai r s

e.   Spl i t  pai r s

f .   Shor t s bet ween t wo or  mor e conduct or s
 
3. 4. 2. 2   Fi ber  Opt i c Cabl e

Test  f i ber  opt i c cabl e i n accor dance wi t h TI A/ EI A- 455 and as f ur t her  
speci f i ed i n t hi s sect i on.   Two opt i cal  t est s shal l  be per f or med on al l  
opt i cal  f i ber s:  Opt i cal  Ti me Domai n Ref l ect omet r y ( OTDR)  Test ,  and 
At t enuat i on Test .   I n addi t i on,  a Bandwi dt h Test  shal l  be per f or med on al l  
mul t i mode opt i cal  f i ber s.   These t est s shal l  be per f or med on t he compl et ed 
end- t o- end spans whi ch i ncl ude t he near - end pr e- connect or i zed si ngl e f i ber  
cabl e assembl y,  out s i de pl ant  as speci f i ed,  and t he f ar - end 
pr e- connect or i zed si ngl e f i ber  cabl e assembl y.

a.   OTDR Test :   The OTDR t est  shal l  be used t o det er mi ne t he adequacy of  
t he cabl e i nst al l at i ons by showi ng any i r r egul ar i t i es,  such as 
di scont i nui t i es,  mi cr o- bendi ngs or  i mpr oper  spl i ces f or  t he cabl e span 
under  t est .   Har d copy f i ber  s i gnat ur e r ecor ds shal l  be obt ai ned f r om 
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t he OTDR f or  each f i ber  i n each span and shal l  be i ncl uded i n t he t est  
r esul t s.   The OTDR t est  shal l  be measur ed i n bot h di r ect i ons.   A 
r ef er ence l engt h of  f i ber ,  66 f eet  mi ni mum,  used as t he del ay l i ne 
shal l  be pl aced bef or e t he new end connect or  and af t er  t he f ar  end 
pat ch panel  connect or s f or  i nspect i on of  connect or  s i gnat ur e.   Conduct  
OTDR t est  and pr ovi de cal cul at i on or  i nt er pr et at i on of  r esul t s i n 
accor dance wi t h TI A- 526- 7 f or  s i ngl e- mode f i ber  and TI A- 526- 14 f or  
mul t i mode f i ber .   Spl i ce l osses shal l  not  exceed 0. 3 db.

b.   At t enuat i on Test :  End- t o- end at t enuat i on measur ement s shal l  be made on 
al l  f i ber s,  i n bot h di r ect i ons,  usi ng a 1310 nanomet er  l i ght  sour ce at  
one end and t he opt i cal  power  met er  on t he ot her  end t o ver i f y t hat  
t he cabl e syst em at t enuat i on r equi r ement s ar e met  i n accor dance wi t h 
TI A- 526- 7 f or  s i ngl e- mode f i ber  opt i c cabl es.   The measur ement  met hod 
shal l  be i n accor dance wi t h TI A- 455- 78- B.   At t enuat i on l osses shal l  
not  exceed 0. 5 db/ km at  1310 nm and 1550 nm f or  s i ngl e- mode f i ber .

c.   Bandwi dt h Test :  The end- t o- end bandwi dt h of  al l  mul t i mode f i ber  span 
l i nks shal l  be measur ed by t he f r equency domai n met hod.   The bandwi dt h 
shal l  be measur ed i n bot h di r ect i ons on al l  f i ber s.   The bandwi dt h 
measur ement s shal l  be i n accor dance wi t h  TI A/ EI A- 455- 204.

        - -  End of  Sect i on - -
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SECTI ON 46 25 14

COALESCI NG OI L- WATER SEPARATORS
02/ 11,  CHG 1:  11/ 13

PART 1   GENERAL

1. 1   REFERENCES

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

AMERI CAN SOCI ETY OF MECHANI CAL ENGI NEERS ( ASME)

ASME B16. 5 ( 2020)  Pi pe Fl anges and Fl anged Fi t t i ngs 
NPS 1/ 2 Thr ough NPS 24 Met r i c/ I nch St andar d

AMERI CAN WATER WORKS ASSOCI ATI ON ( AWWA)

AWWA 10084 ( 2017)  St andar d Met hods f or  t he 
Exami nat i on of  Wat er  and Wast ewat er

AMERI CAN WELDI NG SOCI ETY ( AWS)

AWS D1. 1/ D1. 1M ( 2020;  Er r at a 1 2021)  St r uct ur al  Wel di ng 
Code -  St eel

ASTM I NTERNATI ONAL ( ASTM)

ASTM A36/ A36M ( 2019)  St andar d Speci f i cat i on f or  Car bon 
St r uct ur al  St eel

ASTM C990 ( 2009;  R 2019)  St andar d Speci f i cat i on f or  
Joi nt s f or  Concr et e Pi pe,  Manhol es,  and 
Pr ecast  Box Sect i ons Usi ng Pr ef or med 
Fl exi bl e Joi nt  Seal ant s

ASTM E165/ E165M ( 2018)  St andar d Pr act i ce f or  Li qui d 
Penet r ant  Exami nat i on f or  Gener al  I ndust r y

SOCI ETY FOR PROTECTI VE COATI NGS ( SSPC)

SSPC SP 10/ NACE No.  2 ( 2007)  Near - Whi t e Bl ast  Cl eani ng

U. S.  DEPARTMENT OF DEFENSE ( DOD)

MI L- DTL- 24441 ( 2009;  Rev D;  Not i ce 1 2021)  Pai nt ,  
Epoxy- Pol yami de,  Gener al  Speci f i cat i on f or

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

EPA 600/ 4- 79/ 020 ( 1983)  Met hods f or  Chemi cal  Anal ysi s of  
Wat er  and Wast es
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1. 2   SYSTEM DESCRI PTI ON

1. 2. 1   Appl i cat i ons

The 6, 000 gal l on cyl i ndr i cal  under gr ound doubl e- wal l  oi l  wat er  separ at or  
shal l  r emove f r ee oi l  and suspended sol i ds f r om oi l - i n- wat er  mi xt ur es of  
f r eshwat er  or i gi nat i ng f r om ai r cr af t  oper at i ons.   The i nf l uent  
oi l - i n- wat er  mi xt ur e wi l l  f l ow by gr avi t y t o t he uni t  whi ch wi l l  not  be 
l ocat ed i n an ar ea wi t h a cor r osi ve at mospher e.

1. 2. 2   I nf l uent  Char act er i st i cs

Pr ovi de oi l - wat er  separ at or  desi gned f or  a maxi mum f l ow of  600 gal l ons per  
mi nut e.   Oper at i ng t emper at ur es of  t he i nf l uent  oi l - i n- wat er  mi xt ur e wi l l  
r ange f r om 40 t o 80 degr ees F and ambi ent  ai r  t emper at ur es wi l l  r ange f r om 
0 t o 95 degr ees F.   The speci f i c  gr avi t y of  t he oi l  at  oper at i ng oi l - wat er  
t emper at ur es wi l l  r ange f r om 0. 71 t o 0. 92.   The speci f i c  gr avi t y of  t he 
f r eshwat er  at  oper at i ng t emper at ur es wi l l  r ange f r om 1. 00 t o 1. 03.  1. 2. 3   

Per f or mance Requi r ement s

The f r ee oi l  and pet r ol eum hydr ocar bon concent r at i on i n t he ef f l uent  f r om 
t he oi l - wat er  separ at or  shal l  not  exceed 10 mg/ L ( 10 ppm) .

To achi eve t hi s goal ,  i t  wi l l  be necessar y t o r emove al l  f r ee oi l  dr opl et s 
equal  t o or  gr eat er  t han 20 mi cr ons.

1. 3   SUBMI TTALS

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

Separ at or ;  GSD- 06 Test  Repor t s

Shop hydr ost at i c t est ;  G

  Submi t  r esul t s of  hydr ost at i c and dynami c t est i ng.

I nspect i on

Fi el d hydr ost at i c t est

Pr eoper at i onal  t est

I n- ser vi ce t est

SD- 07 Cer t i f i cat es

Separ at or  cor r osi on pr ot ect i on;  G

  Submi t  wr i t t en ver i f i cat i on on t he f abr i cat or ' s l et t er head t hat  
sur f ace pr epar at i on and coat i ng appl i cat i on wer e per f or med i n 
accor dance wi t h t he manuf act ur er ' s pr i nt ed r ecommendat i ons f or  t he 
coat i ng syst em.

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

Separ at or  Syst em;  G
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SD- 10 Oper at i on and Mai nt enance Dat a

  Submi t  i n accor dance wi t h Sect i on 01 78 23 OPERATI ON AND 
MAI NTENANCE DATA.

1. 4   DELI VERY,  STORAGE,  AND HANDLI NG

1. 4. 1   Del i ver y and St or age

I nspect  mat er i al s del i ver ed t o s i t e f or  damage;  unl oad and st or e wi t h 
mi ni mum handl i ng.   St or e mat er i al s on- si t e i n encl osur es or  under  
pr ot ect i ve cover i ngs.   Pr ot ect  mat er i al s not  sui t abl e f or  out door  st or age 
t o pr event  damage dur i ng per i ods of  i ncl ement  weat her ,  such as subf r eezi ng 
t emper at ur es,  pr eci pi t at i on,  and hi gh wi nds.   St or e mat er i al s suscept i bl e 
t o det er i or at i on by di r ect  sunl i ght  under  cover  and avoi d damage due t o 
hi gh t emper at ur es.   Do not  st or e mat er i al s di r ect l y on gr ound.   I f  speci al  
pr ecaut i ons ar e r equi r ed,  pr omi nent l y and l egi bl y st enci l  i nst r uct i ons f or  
such pr ecaut i ons on out si de of  equi pment  or  i t s cr at i ng.

1. 4. 2   Handl i ng

Handl e separ at or  i n such a manner  as t o ensur e del i ver y t o f i nal  l ocat i on 
i n sound,  undamaged condi t i on.   Take speci al  car e not  t o damage i nt er i or  
and ext er i or  sur f aces of  separ at or ,  coal esci ng pl at es,  and associ at ed 
suppor t s and pi pe coat i ngs or  l i ni ngs.   Make sat i sf act or y r epai r s t o 
damaged mat er i al s at  no cost  t o Gover nment .   Car r y and do not  dr ag 
mat er i al s.

PART 2   PRODUCTS

2. 1   MATERI ALS

Use 3/ 16 i nch mi ni mum t hi ck car bon st eel  conf or mi ng t o ASTM A36/ A36M or  
mat er i al  havi ng equi val ent  st r uct ur al  pr oper t i es and cor r osi on r esi st ance 
f or  separ at or ,  hopper s,  st at i onar y and adj ust abl e wei r s,  nozzl es,  f l ow 
di st r i but or  and ener gy di ssi pat or  devi ce,  bol t s,  seal s,  st i f f ener s,  
washer s,  separ at or  cover  and nut s.   Wel d i n accor dance wi t h AWS D1. 1/ D1. 1M 
t o pr ovi de wat er t i ght  separ at or  t hat  wi l l  not  war p or  def or m under  l oad.   
Use wel der s qual i f i ed i n accor dance wi t h AWS St andar d Qual i f i cat i on 
Pr ocedur e.   Gr i nd wel ds smoot h and r emove wel d spat t er .   Fabr i cat e f r ee of  
k i nks and shar p bends i n a manner  not  t o r educe t he st r engt h of  st eel  t o a 
val ue l ess t han t hat  i nt ended by t he desi gn.   Si ze and shape of  bends 
shal l  be uni f or m.   Cl ean and f i ni sh car bon st eel  sur f aces as descr i bed i n 
par agr aph ent i t l ed " Separ at or  Cor r osi on Pr ot ect i on. "

2. 1. 1   Separ at or  Cor r osi on Pr ot ect i on

2. 1. 1. 1   St eel  Separ at or

Af t er  shop conduct ed hydr ost at i c t est s have been successf ul l y compl et ed,  
pr ovi de a MI L- DTL- 24441 coat i ng syst em t o t he i nt er i or  and ext er i or  
sur f aces of  t he separ at or .   Pr i or  t o shop pai nt i ng,  abr asi ve bl ast  c l ean 
t he sur f aces i n accor dance wi t h SSPC SP 10/ NACE No.  2 t o a sur f ace pr of i l e 
of  1 t o 2 1/ 2 mi l s.   Appl y pr i mer  conf or mi ng t o MI L- DTL- 24441/ 1,  For mul a 
150 appl i ed t o a mi ni mum dr y f i l m t hi ckness of  3 t o 4 mi l s.   Appl y 
i nt er medi at e coat  conf or mi ng t o MI L- DTL- 24441/ 2,  For mul a 151 appl i ed t o a 
mi ni mum dr y f i l m t hi ckness of  3 t o 4 mi l s.   Appl y t opcoat  conf or mi ng t o 
MI L- DTL- 24441/ 3,  For mul a 152 appl i ed t o a mi ni mum dr y f i l m t hi ckness of  3 
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t o 4 mi l s.   Tot al  dr y f i l m t hi ckness shal l  not  be l ess t han 9 mi l s.   
Repai r  and r epl ace ar eas of  t he coat i ng syst em whi ch ar e f ound t o be 
damaged or  def ect i ve upon del i ver y of  equi pment  t o t he s i t e or  f ound t o be 
def ect i ve due t o wor k of  t he appl i cat or .   An i nt er i or  
pol yt et r af l uor oet hyl ene l i ner  wi t h a mi ni mum t hi ckness of  1/ 8 i nch may be 
pr ovi ded i n l i eu of  pai nt  coat i ng t he i nt er i or  separ at or  sur f aces.

2. 1. 1. 2   Ot her  Than St eel  Separ at or

Af t er  shop conduct ed hydr ost at i c t est s and have been successf ul l y 
compl et ed,  pr ovi de a coat i ng syst em whi ch wi l l  pr ot ect  t he separ at or  f r om 
t he oi l - i n- wat er  mi xt ur e,  and i n s i t u soi l  condi t i ons speci f i ed her ei n.

2. 1. 1. 3   Cat hodi c Pr ot ect i on

For  bel ow gr ound met al  separ at or s,  pr ovi de cat hodi c pr ot ect i on wi t h t est  
st at i ons as speci f i ed i n Sect i on 26 42 13 GALVANI C ( SACRI FI CI AL)  ANODE 
CATHODI C PROTECTI ON ( GACP)  SYSTEM i n addi t i on t o t he pr ot ect i ve coat i ng.

2. 1. 2   Subst i t ut i ons

Subst i t ut i ons must  be appr oved by t he Engi neer .

2. 1. 3   Ext er nal  Sur f aces

Ext er nal  sur f aces and appur t enances shal l  be r esi st ant  t o cor r osi on f r om 
t he i n s i t u soi l ,  backf i l l  mat er i al ,  gr oundwat er ,  and soi l  pH.

2. 1. 4   I nt er nal  Sur f aces

Par al l el  pl at e mat er i al  and or i ent at i on shal l  enhance oi l  coal escence and 
sol i ds r emoval ,  and be cor r osi on and chemi cal l y r esi st ant  t o t he 
oi l - i n- wat er  mi xt ur e as speci f i ed i n par agr aph ent i t l ed " SYSTEM 
DESCRI PTI ON. "

2. 1. 5   Har dwar e

Bol t s,  st i f f ener s,  washer s,  nut s,  scr ews,  pi ns,  and f i t t i ngs as r equi r ed 
shal l  be cor r osi on r esi st ant .   Pr ovi de mat er i al s t hat  ar e i nher ent l y 
cor r osi on r esi st ant  and not  mer el y t r eat ed wi t h a cor r osi on- r esi st ant  
coat i ng,  such as pr ovi ded by t he gal vani z i ng pr ocess.

2. 1. 6   Accessi bi l i t y

Separ at or s bel ow gr ade shal l  have a mi ni mum of  t wo 23- i nch di amet er  
manways f or  access.   As a mi ni mum pr ovi de access hat ches over  t he 
f ol l owi ng ar eas:  par al l el  pl at es,  oi l  s t or age compar t ment s,  I nf l uent  
sampl i ng ar ea,  ef f l uent  sampl i ng ar ea,  oi l  ski mmer ,  and wei r s.   Par t s 
subj ect  t o wear  or  r equi r i ng adj ust ment ,  i nspect i on,  c l eani ng or  r epai r  
shal l  be accessi bl e and capabl e of  conveni ent  r emoval  when r equi r ed.

2. 2   SEPARATI ON CHAMBER

Pr ovi de bel ow gr ound separ at or  t o wi t hst and hydr aul i c and soi l  l oadi ngs 
under  st at i c and dynami c condi t i ons whi l e empt y and dur i ng oper at i ng 
condi t i ons.   Pr ovi de adequat e suppor t  f or  addi t i onal  l oadi ngs f r om 
separ at or  appur t enances i ncl udi ng wei r s,  hopper s,  i nt er nal  suppor t s,  
par al l el  pl at e oi l  coal escer s,  equi pment  t r anspor t at i on,  and r api d 
l ower i ng and br aki ng of  l oad dur i ng handl i ng oper at i ons.   Bol t  separ at or  
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and accessor i es t o wel d- f abr i cat ed,  st r uct ur al  st eel  ski d base,  or  mount  
on manuf act ur er ' s st andar d base.

2. 2. 1   Li f t i ng Mechani sm

Fi t  separ at or  wi t h l i f t i ng l ugs f or  handl i ng and i nst al l at i on.  Each l ug 
shal l  car r y t he t ot al  dr y wei ght  of  t he separ at or  and at t endant  
appur t enances.   Pr omi nent l y di spl ay l i f t i ng i nst r uct i ons on pl at e l ocat ed 
on out si de of  separ at or .

2. 2. 2   Fl anges

Use onl y f l at  f ace f l anges and dr i l l  150 pound ANSI  St andar d bol t  c i r c l e 
and r emove bur r s.   Use f l anged pi pi ng connect i ons t hat  conf or m t o 
ASME B16. 5,  wel di ng neck t ype.

2. 2. 3   I dent i f i cat i on Pl at es

Pr ovi de anodi zed al umi num i dent i f i cat i on and i nst r uct i on pl at es and st amp 
necessar y dat a.   Secur el y af f i x  pl at es,  i n pr omi nent  l ocat i on,  t o 
separ at or  wi t h nonf er r ous scr ews or  bol t s of  not  l ess t han 1/ 8 i nch i n 
di amet er .

2. 2. 4   I nst r uct i on Pl at es

I nst r uct i on pl at es shal l  descr i be speci al  or  r equi r ed pr ocedur es t o 
oper at e and ser vi ce equi pment ,  and shal l  i ncl ude war ni ngs of  hazar dous 
pr ocedur es and not i ce of  saf et y and heal t h r equi r ement s.   Pl at es shal l  be 
dur abl e and l egi bl e t hr oughout  equi pment  l i f e.

2. 2. 5   War ni ng Si gn

On ent r ances t o t he separ at or  a per manent  s i gn whi ch st at es t he 
f ol l owi ng:   " DO NOT ENTER separ at or  OR PERFORM HOT WORK ON OR I N separ at or  
UNTI L THE ATMOSPHERE HAS BEEN TESTED AND CERTI FI ED GAS FREE AND SAFE. "

2. 3   I NLET COMPARTMENT

Pr ovi de i nl et  compar t ment  of  suf f i c i ent  vol ume t o ef f ect i vel y r educe 
i nf l uent  set t l eabl e sol i ds and di ssi pat e ener gy.

2. 4   OI L SEPARATI ON COMPARTMENT

2. 4. 1   Gener al

Det ent i on t i me wi l l  r ecomput ed by cal cul at i ng t he vol ume of  t he separ at i on 
zone wi t hi n t he separ at or  and di v i di ng t hi s vol ume by t he desi gn f l ow 
r at e.  For  comput i ng det ent i on t i me,  t ot al  vol ume shal l  be r educed by 20 
per cent  f or  t he space occupi ed by set t l ed sol i ds and accumul at ed oi l  at  
t he sur f ace.

2. 4. 2   Par al l el  Pl at es

Pr ovi de par al l el  pl at es at  an angl e f r om 40 t o 60 degr ees wi t h r espect  t o 
l ongi t udi nal  axi s of  t he pl at e cor r ugat i ons and space not  l ess t han 3/ 4 
i nch apar t  f or  r emoval  of  f r ee oi l  and set t l eabl e sol i ds.   Conf i gur at i on 
used shal l  not  pr omot e sol i ds bui l dup on pl at es whi ch woul d i ncr ease 
vel oci t i es t o poi nt  of  di schar gi ng an ef f l uent  of  unaccept abl e qual i t y.   
Mai nt ai n l ami nar  f l ow at  maxi mum desi gn f l ow r at e t hr oughout  pl at e packs 
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i ncl udi ng ent r ance and exi t  so as t o pr event  r e- ent r ai nment  of  oi l ( s)  wi t h 
wat er .   Fl ow t hr ough pl at e packs shal l  be i n a downf l ow mode par al l el  t o 
pl at e cor r ugat i ons or  cr oss- f l ow per pendi cul ar  t o pl at e cor r ugat i ons,  so 
t hat  t he oi l  col l ect s and coal esces at  hi gh poi nt  of  cor r ugat i ons and 
r i ses t o t op of  pack wi t hout  c l oggi ng f r om oi l  or  set t l eabl e sol i ds.

2. 5   ACCESSORI ES

Pr ovi de bol t s,  st i f f ener s,  washer s,  nut s,  scr ews,  pi ns,  gasket s,  and 
f i t t i ngs as r equi r ed f or  separ at or  cover s and par al l el  pl at e packs.

2. 6   FABRI CATI ON

Pr ovi de shop f abr i cat ed,  ski d mount ed oi l - wat er  separ at or ,  or  ot her  shop 
f abr i cat ed uni t  appr oved by t he Cont r act i ng Of f i cer ,  whi ch i s compr i sed of  
a separ at or  cont ai ni ng an i nl et  compar t ment ,  par al l el  pl at e oi l  coal esci ng 
compar t ment .

2. 6. 1   Shop Hydr ost at i c Test

Pr i or  t o appl y i ng coat i ngs,  per f or m hydr ost at i c t est  at  at mospher i c 
pr essur e by f i l l i ng separ at or  wi t h wat er  i n t he shop f or  a mi ni mum of  4 
hour s.  Test i ng shal l  be conduct ed af t er  al l  seams have been cl eaned and 
al l  wel ds have been i nspect ed i n accor dance wi t h ASTM E165/ E165M.   
Accept ance cr i t er i a,  f or  t he hydr ost at i c t est ,  i s  no l eakage af t er  4 hour s 
usi ng a t hor ough vi sual  i nspect i on f or  t he l eaks.

2. 6. 2   Reduct i on of  Sol i ds

I nl et  compar t ment  shal l  r educe set t l eabl e sol i ds t o noncl oggi ng l evel  f or  
par al l el  pl at es and pr ovi de a uni f or m oi l y wast ewat er  hydr aul i c l oadi ng 
acr oss i nl et  f ace of  oi l  coal esci ng compar t ment ,  under  l ami nar  f l ow 
condi t i ons.

2. 6. 3   Oi l  Coal esci ng Compar t ment

Equi p oi l  coal esci ng compar t ment  wi t h easi l y r emovabl e and r ei nst al l abl e,  
par al l el ,  cor r ugat ed pl at es ar r anged t o opt i mi ze separ at i on of  f r ee oi l  
f r om l i qui d car r i er .   Use par al l el  pl at es t hat  ar e easi l y r emovabl e 
wi t hout  di smant l i ng packs and wi t hout  conf i ned space ent r y.   Pr ovi de 
adj ust abl e sur f ace oi l  over f l ow wei r  wi t h t r ough,  oi l  out l et  nozzl e and 
st at i onar y under f l ow baf f l e,  oi l  r et ent i on baf f l e posi t i oned t o pr event  
di schar ge of  f r ee oi l  t hat  has been separ at ed f r om t he car r i er  l i qui d i n 
i nl et  and oi l  coal esci ng compar t ment s.   Pr ovi de access t o each pl at e pack 
f r om t op.   Each bundl e shal l  be equi pped wi t h handl es or  l i f t i ng r i ngs.   
Pl at e desi gns t hat  per mi t  c l eani ng of  pl at e packs i n pl ace ar e not  
accept abl e.

2. 6. 4   Wast ewat er  Sampl i ng Por t

Equi p i nl et  and out l et  compar t ment s,  adj ust abl e over f l ow ef f l uent  wei r ,  
ef f l uent  t r ough,  and wast ewat er  out l et  nozzl e wi t h wast ewat er  sampl i ng 
por t s per mi t t i ng easy access f or  obt ai ni ng i soki net i c i nf l uent  and 
ef f l uent  sampl es.

2. 6. 5   Connect i ons

Connect  t he separ at or  at  t he i nl et  and out l et  pi pe i nver t  el evat i ons 
i ndi cat ed.   Fol l ow equi pment  manuf act ur er ' s r ecommendat i on f or  set t i ng and 
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adj ust i ng t op of  wei r  el evat i ons t hr oughout  uni t .

2. 6. 6   St or age

Pr ovi de oi l  and suspended sol i ds col l ect i on,  st or age,  and t r ansf er  syst ems 
as an i nt egr al  par t  of  pr oposed oi l - wat er  separ at or  syst em.   As a mi ni mum,  
t he separ at or  oi l  st or age compar t ment  shal l  have a capaci t y of  not  l ess 
t han 10 per cent  of  t he t ot al  separ at or  vol ume.

PART 3   EXECUTI ON

3. 1   I NSPECTI ON

I nspect  each component  of  separ at or  f or  compl i ance wi t h r equi r ement s 
speci f i ed i n PART 2   PRODUCTS.   Redesi gn or  modi f i cat i on of  equi pment  t o 
compl y wi t h speci f i ed r equi r ement s,  or  necessar y r edesi gn or  modi f i cat i on 
f ol l owi ng f ai l ur e t o meet  speci f i ed r equi r ement s,  shal l  r ecei ve par t i cul ar  
at t ent i on f or  adequacy and sui t abi l i t y .   Thi s el ement  of  i nspect i on shal l  
encompass vi sual  exami nat i ons and di mensi onal  measur ement s.   Noncompl i ance 
wi t h speci f i ed r equi r ement s,  or  pr esence of  one or  mor e def ect s pr event i ng 
or  l esseni ng maxi mum ef f i c i ency of  separ at or  oper at i on,  shal l  const i t ut e 
cause f or  r ej ect i on.

3. 2   I NSTALLATI ON

Li f t  separ at or  as r equi r ed wi t hout  par al l el  pl at e packs i n pl ace ont o 
l evel  f oundat i on usi ng l i f t i ng mechani sm pr ovi ded.   Level  separ at or  and 
bol t  t o suppor t s t o pr event  hydr ost at i c upl i f t  and ensur e uni t  st abi l i t y .   
Use a l i f t i ng bar  t hr ough l ugs t o i nser t  pl at e packs i nt o separ at or  and 
pl ace on suppor t s.   Caul k ar ound packs and pack suppor t s wi t h seal i ng 
compound conf or mi ng t o ASTM C990 t o pr event  hydr aul i c shor t - c i r cui t i ng.   
Avoi d abr upt  cont act  bet ween t he packs and t he separ at or  wal l s and pack 
suppor t s t o avoi d damage.   Separ at or  syst em i nst al l at i on shal l  be 
conduct ed i n accor dance wi t h manuf act ur er ' s r ecommendat i ons.

3. 3   FI ELD QUALI TY CONTROL

3. 3. 1   Fi el d Hydr ost at i c Test

Af t er  separ at or  has been l evel ed and secur ed t o f oundat i on and par al l el  
pl at e packs ar e i n pl ace,  l evel  ef f l uent  over f l ow wei r  at  el evat i on 
speci f i ed by manuf act ur er  and hydr ost at i cal l y t est  uni t  at  at mospher i c or  
oper at i onal  pr essur e ( f or  no l eakage)  f or  an addi t i onal  8 hour s by f i l l i ng 
wi t h wat er .   Per f or m t he hydr ost at i c t est  pr i or  t o backf i l l i ng bel ow 
gr ound or  par t i al l y  bel ow gr ound i nst al l at i ons.

3. 3. 2   Pr eoper at i onal  Test

The manuf act ur er ' s ser vi ce r epr esent at i ve shal l  i nspect ,  oper at e,  and t est  
uni t  bef or e i n- ser vi ce t est i ng by t he Cont r act or .

3. 3. 2. 1   Test s

Test s shal l  i ncl ude but  not  be l i mi t ed t o t he f ol l owi ng:

a.   Soundness ( wi t hout  cr acked or  ot her wi se damaged par t s) .

b.   Compl et eness i n al l  det ai l s,  as speci f i ed.
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c.   Cor r ect ness of  set t i ng,  al i gnment ,  and r el at i ve ar r angement  of  each 
component .

d.   Ver i f i cat i on of  pr oper  oper at i on f or  al l  syst em component s.

3. 3. 2. 2   Pr eoper at i onal  I nvest i gat i on and Test  Repor t

Submi t  manuf act ur er ' s ser vi ce r epr esent at i ve' s pr eoper at i onal  t est  
r epor t .   Document  i nspect i ons,  oper at i ons,  adj ust ment s,  and t est s 
per f or med and i ndi cat e whet her  t hey wer e accept abl e or  not .   For  
unaccept abl e i t ems,  descr i be cor r ect i ve act i on t aken or  r ecommended.   
I ncl ude det ai l ed descr i pt i ons of  poi nt s i nspect ed,  t est s and adj ust ment s 
made,  quant i t at i ve r esul t s obt ai ned i f  such ar e speci f i ed,  and suggest i ons 
f or  pr ecaut i ons t o be t aken t o ensur e pr oper  mai nt enance.   I ncl ude t he 
manuf act ur er ' s cer t i f i cat e t hat  equi pment  conf or ms t o speci f i ed 
r equi r ement s and i s r eady f or  per manent  oper at i on and t hat  not hi ng i n 
i nst al l at i on wi l l  r ender  manuf act ur er ' s war r ant y nul l  and voi d.

3. 3. 3   I n- Ser vi ce Test

Af t er  hydr ost at i c t est  and pr eoper at i onal  t est  have been successf ul l y 
compl et ed and uni t  has been pr oper l y connect ed t o i nf l uent  and ef f l uent  
pi pi ng,  al l ow i nf l uent  oi l - i n- wat er  mi xt ur e pr evi ousl y descr i bed i n 
par agr aph ent i t l ed " SYSTEM DESCRI PTI ON"  t o f l ow i nt o separ at or  f i l l ed wi t h 
wat er .   Adj ust  and l evel  sur f ace oi l  over f l ow wei r s t o opt i mi ze oi l  
ski mmi ng and mi ni mi ze wat er  over f l ow t o oi l  r ecover y.   Opt i mi ze oper at i on 
of  uni t  wi t hi n 5 wor ki ng days.   Oper at e uni t  f or  a mi ni mum of  t en 
separ at or  vol ume changes pr i or  t o t est i ng f or  r emoval  of  cont ami nant s and 
document  t est i ng r esul t s.

3. 3. 3. 1   Anal yt i cal  Met hods

Test  and sampl e pr eser vat i on met hods f or  t est  cont ami nant s shal l  be i n 
accor dance wi t h t he l at est  r evi s i ons of  AWWA 10084,  APHA St andar d Met hods 
f or  t he Exami nat i on of  Wat er  and Wast ewat er ,  EPA 600/ 4- 79/ 020,  EPA Met hods 
f or  Chemi cal  Anal ysi s of  Wat er  and Wast es,  or  t hose subst i t ut e met hods 
appr oved by t he gover ni ng r egul at or y agenci es havi ng j ur i sdi ct i on.

3. 3. 3. 2   Test  f or  Cont ami nant s

Ver i f y t he separ at or  ef f i c i ency by t est i ng i nf l uent  and ef f l uent  f or  
cont ami nant s descr i bed i n par agr aph ent i t l ed " Per f or mance Requi r ement s. "  
I f  ef f l uent  qual i t y i s f ound t o be unaccept abl e,  t hen ver i f y i nf l uent  t o 
ef f l uent  per f or mance i n par t i c l e s i ze r emoval  at  t he s i t e.   Test s shal l  be 
per f or med by an i ndependent  cer t i f i ed t est i ng l abor at or y.

3. 3. 3. 3   Accept ance Cr i t er i a

90 per cent  of  t he ef f l uent  sampl es t aken shal l  not  exceed t he speci f i ed 
dai l y maxi mum l i mi t  f or  gr ease and oi l  cont ami nant s.   I f  t he separ at or  
does not  meet  r equi r ement s of  t hi s speci f i cat i on,  due t o poor  wor kmanshi p 
and wr ong f abr i cat i on di mensi ons,  t he uni t  may be r ej ect ed.   I f  t he uni t  
i s  not  oper at i ng at  desi gn ef f i c i ency 5 days af t er  i nst al l at i on,  
Gover nment  may r ej ect  syst em.   I n t he event  Gover nment  r ej ect s uni t ,  
Cont r act or  shal l  r emove separ at or  or  def ect i ve component s and r epl ace wi t h 
accept abl e uni t  or  component s and t est  as speci f i ed above.

        - -  End of  Sect i on - -

SECTI ON 46 25 14  Page 8



Form Approved
OMB NO. 0704-0188

Public reporting burden for this collection of information is estimated to average 15 minutes per response.  Including the time for reviewing instructions, searching existing data sources, gathering maintaining the data needed, and completing and reviewing
the collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing this burden to Department Defense of Washington Headquarters Services, Directorate for information
Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project 0704-0188.  Washington DC 20503.  Please DO NOT RETURN your (form questionnaire) to 
either of these addresses.  Send your completed (form questionnaire) to:  SAF AQCO.  Washington DC 20330-1000.
1.  CONTRACT NO.                                8.  PROJECT TITLE BASEWIDE UTILITY MONITORING  10.  APPROVAL RECOMMENDED BY:

 DATE SIGNED INSTALLATIONS ENGINEERS'S SIGNATURE
2.  STARTING DATE
3.  COMPLETION DATE 9.  SUBMITTED BY: Wade E Sand
4.  PURCHASE REQUEST NO. DATE SIGNED CONTRACTOR'S NAME (Last, First, Middle Initial) ADDRESS CONTRACTOR'S SIGNATURE 11.  APPROVED BY:
5.  PROJECT NO.                  (Street, City, State, Zip Code) DATE SIGNED CONTRACTING OFFICER'S SIGNATURE

6.  ACTUAL STARTING DATE

7.  ACTUAL COMPETION DATE
LINE NO. WORK ELEMENTS  % 1-Nov TOTALS

A B     C D E F G H I J K L
  

1 0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

 0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%

TOTALS 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
AF Form 3064, JUN 90   PREVIOUS EDITION IS OBSOLETE

CONTRACT PROGRESS SCHEDULE

(See Contractor's Instructions on Reverse)





INSTRUCTIONS TO CONTRACTORS

1.  Prepare three copies of AF Form 3064, in accordance with these instructions and submit to the contracting officer at the time stated in the contract or as established 
by the contracting officer.

2.  Blocks 1,2, and 3.  Enter the contract number, starting date, and completion date as shown on the contract.

3.  Block 8.  Enter the title of the project as shown on the contract.

4.  Block 9.  Enter the name and address of your firm.  The three copies submitted to the contracting officer must be dated and signed by the contractor or an authorized 
representative of the firm.

5.  Lines 1 through 16.  Major elements of work (whether unit price or lump sum contract) such as excavation, concrete work, carpentry, engineering, installation of 
communication electronic facilities, etc., will be shown in Column B in logical sequence and in sufficient detail to identify the element.

6.  The percentage of each listed work element to the complete job will be shown opposite each element in Column C.  As an example, if 3 work elements are shown: 
excavation, concrete work, and backfill, and it is estimated that excavation is 50% of the total job, concrete 30%, and backfill 20%, these percentages will be shown 
opposite each element.  The total must equal 100%.

7.  Columns D through Q will be used to show planned periodic progress, as required by the contracting officer, during the period of the contract.  Only the top half of the  
space under these columns will be used by contractors.  Using the example cited above and assuming that the contract period for performance is 8 weeks, and it 
is planned to accomplish 10% of the excavation work the 1st week and 20% each week until excavation is complete, 10 would be shown in the upper half of Line 1 
under Column D, 20 under Column E and 20 under Column F for a total of 50%.  If it is planned to accomplish the concrete work during the 4th, 5th, and 6th weeks
 in equal amounts, 10 would be enteredd under columns G, H, and I on Line 2.  Assuming the backfill will be accomplished during the 7th and 8th weeks, 10 would be 
entered under Columns J and K on Line 3.  If the contract extends beyond 14 weeks, additional copies of AF Form 3064, with appropriate alterations, may be spliced on  
as a continuation of performance record.

8.  Total amount or work planned at intervals as shown in Columns D through Q will be totaled and entered in the top half of the space under the appropriate column on 
Line 16.  Again, using the example cited above, the totals under Column D through K would read 10, 20, 20, 10, 10, 10, 10, 10, for a total of 100%.  These totals will be 
used to lot an overlay graph using Lines 67 through 15, beginning with Column D and extending to the right that number of columns (weeks) authorized by the contract 
for performance time.

9.  Beginning at the lower left corner, Line 15, Column D, the graph will be plotted using a broken or dotted line showing the cumulative total progress for planned intervals.   
Again, using the example cited above, the dotted line would, for the 1st week, extend from Line 15 to Line 14 under Column D for 10%.  The second week the dotted line 
would extend from Line 14 to Line 12 under Column E for 20%, making a cumulative total of 30%.  The dotted line should end (100%) at the intersection of Line 5 and 
Column K.

10.  In the event the contract is modified by the contracting officer under terms of the contract, changing the progress of work as originally scheduled, adding or deleting 
work or changing the original completion date, a revised progress schedule will be prepared and submitted to the contracting officer for approval.  In preparing the revised 
schedule, the amount of work completed will be considered, together with the changed new completion date set forth in the contract modification.  Considering these 
factors, the work under the contract will be rescheduled over the new total performance time in the same The new completion date will be entered in Block 3.  
"First Revised Schedule," "Second Revised Schedule," etc., will be entered immediately underneath the form title.  Time of submission of the revised schedule will be 
determined by the contracting officer.

11.  At such, intervals as may be established by the contracting officer, the contractor will submit to the contracting officer AF Form 3065 "Contract Progress Report,"
indicating the percentage of work accomplished for each work element during the established reporting period.  Accurate reports are of the utmost importance to the 
contractor and th the Government, since the percentage of completion, or progress, thus reported is used in administration of the contract and maybe used in connection 
with approval of partial payments under the contract.  Care should be taken to plan the work in such manner that it can be accomplished as stated in this schedule.  If for  
any reason it becomes known that any part of the progess under this contract will be delayed, this fact should be reported to the contracting officer immediately.

AF FORM 3064, JUN 90 (REVERSE)





12/28/2021

CONTRACT PROGRESS REPORT
CONTRACTOR ADDRESS

REPORT PERIOD COVERED PROJECT NO. CONTRACT NO. COMPLETION DATE

LINE 

NO.
WORK ELEMENT % OF TOTAL JOB

% COMPLETED THIS 

PERIOD

% COMPLETED 

CUMULATIVE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

TOTAL

REMARKS

At the Contracting Officer's discretion and according to the payments clause of the contract, the information provided on this form may be

used for computing progress payments.

PROGRESS OR COMPLETION CERTIFICATE

I hereby certify that the contractor has satisfactorily completed the indicated percentage of the contract per contract specifications.

SUBMITTED BY BASE CIVIL ENGINEER'S OFFICE

NAME AND TITLE SIGNATURE DATE

REVIEWED BY OR FOR CONTRACTING OFFICER

NAME AND TITLE SIGNATURE DATE

AF Form 3065, SEP 91 PREVIOUS EDITION IS OBSOLETE PAGE 1 OF 1





August 2 '14 Version SCHEDULE OF SUBMITTALS Contract Number: TBD
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REMARKS

1 Safety Plan “addendum” X Prior to NTP

2 Quality Control Plan "addendum" X Prior to NTP

3 Bonds SF25 & SF25a (if required) X Prior to NTP

4 Work Clearance Request "CES 18" X Prior to NTP

5 "Schedule of Values" X Prior to NTP

6 Project Schedule X Prior to NTP

7 SF 1413s X Prior to NTP

8 Apprentice Documentation (if necessary) X Prior to NTP

9 Weekly Payrolls X Weekly

10 Security Checklist                                                                  X Prior to NTP

11 Progress Reports X As Required

12 “Initial” Hazardous Material Reports X Prior to NTP

13 “Monthly” Hazardous Material Reports X Monthly

14 “CloseOut” Hazardous Material Reports X At CloseOut

15 Disposal and Recycling Receipts X As Available

16 Warranty Summary "CES 2" X At CloseOut

17 Real Property Worksheet for DD 1354 X At CloseOut

18 Warranty Letter X At CloseOut

19 Release of Claims X At CloseOut

20

21

22

23

SCHEDULE
Project Number:--------------------- Project Title:--------------------------------

DOCUMENTS REQUIRED





For Evaluation and Action

(YYYYMMDD)

(YYYYMMDD)

(YYYYMMDD)

(YYYYMMDD)

(YYYYMMDD)

Form Approved
OMB No 9000-0062
Expires May 31, 2005

MATERIAL APPROVAL SUBMITTAL

(See Instructions on Reverse)

Public reporting burden for this collection of information is estimated to average 20 minutes per response, including the time for reviewing instructions, searching existing data sources,
gathering and maintaining the data needed, and completing and reviewing the collection of information.  Send comments regarding this burden estimate or any other aspect of this
collection of information, including suggestions for reducing this burden to the Department of Defense, Washington Headquarters Services, Directorate for Information Operations and
Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington VA 22202-4302, and to the Office of Management and Budget, Paperwork Reduction Project OMB No 9000-0062,
Washington DC 20503.  Please DO NOT RETURN your form to either of these addresses.  Send your completed form to:  SAF/AQCP, 1060 Air Force Pentagon, Washington DC 20330

TO: (Contracting Officer) FROM: (Contractor) DATE

CONTRACT NUMBER SUBMISSION NUMBER SUBMITTAL
NEW RESUBMITTAL

PREVIOUS SUBMISSION NUMBER PROJECT NUMBER

TO BE COMPLETED BY CONTRACTOR FOR GOVERNMENT USE ONLY

ITEM SPECIFICATION SECTION/ DESCRIPTION OF MATERIAL AP-
PROVED

DISAP-
PROVED

SEE
REVERSE INITIAL

BY COMPLETING THIS FORM, THE UNDERSIGNED CONTRACTOR CERTIFIES THAT
THE MATERIAL COMPLIES WITH ALL SPECIFICATIONS OF SUBJECT CONTRACT.

DATE TYPE OR PRINT NAME AND TITLE SIGNATURE

FOR GOVERNMENT USE ONLY

TO: (Base Civil Engineering Officer)

DATE TYPE OR PRINT NAME AND GRADE SIGNATURE

TO: (AF Contracting Office)

RECOMMEND APPROVAL DISAPPROVAL AS INDICATED ABOVE AND SUBJECT TO ANY APPLICABLE COMMENTS ON THE REVERSE
DATE TYPE OR PRINT NAME AND GRADE SIGNATURE

TO: (Contractor)

DISAPROVED AS INDICATED ABOVE AND SUBJECT TO ANY APPLICABLE COMMENTS ON THE REVERSE SIDE.  REQUEST
APPROVED

RESUBMITTAL ON DISAPPROVED ITEMS WITHIN DAYS OF DATE SHOWN BELOW.
DATE TYPE OR PRINT NAME AND GRADE SIGNATURE

AF IMT 3000, 20030901, V1 PREVIOUS EDITION IS OBSOLETE.

NO. PARA NO./DRAWING NO. (Include Type, Model Number, Catalog Number, Mfg., etc.)



COMMENTS

(Number to correspond with applicable Item Number on reverse)

INSTRUCTIONS TO CONTRACTORS

1. The term "material" is defined as articles, supplies, raw materials, equipment, parts, components, and end items that are to be incorporated into the
work required by the contract.

2.  This form is to be used by contractors for submitting Shop Drawings, Equipment Data, Manufacturer's Literature and Certificates and samples of
Materials to the Government for approval in accordance with the provisions of this contract.  Unless otherwise specified, it is to be prepared in 4 copies,
signed, and provided to the contracting officer with appropriate attachments.

3. Item(s) to be approved will be clearly tabbed or identified. Data pertaining to item(s) to be approved will be clearly identified or tabbed, particularly
where documents are voluminous, in order to properly evaluate the materials or articles to be incorporated in the work.  Each attachment will be
numbered to correspond with the item number shown on the face of this form.

4.  Requests submitted shall be numbered consecutively, by contract, in the space entitled "Submission No.".  This number, in addition to the Contract
No., will be used to identify each Material Approval Submittal.  Resubmissions will be indicated in the appropriate block and the insertion of previous
submission number and data in addition to a new submission number.  A single submission should be used for all work of a section of the
specifications, but in NO instance should the submission include work for more than one (1) contract.  Submittals requiring priority handling will be
submitted by separate submittal using the form and so marked across the face of the form.

5.  This Material Approval Submittal is not valid unless it is signed by the contracting officer.  This approval is required as called for by the contracting
officer under the terms of this contract.

AF IMT 3000, 20030901, V1          (REVERSE)



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

CES FORM 18  1 
April 94 

 

 
BASE CIVIL ENGINEERING WORK CLEARANCE REQUEST  

DATE PREPARED  

1.  
PROJECT NO.: _________________________________________ LOCATION: ______________________________________  
W.O./J.O. NO.: _________________________________________ CONTRACT NO.: _________________________________  
DESCRIPTION OF WORK:  _______________________________________________________________________________  

2.   TYPE OF FACILITY/WORK INVOLVED    
 A.  PAVEMENTS  

  B.  DRAINAGE  
  SYSTEMS   C.  RAILROAD  

  TRACKS   D.  FIRE DETECTION  
  AND PROTEC-  

  TION SYSTEMS  
 E.  UTILITY  

___ OVERHEAD  
___ UNDERGROUND  

 F.  COMM  
___ OVERHEAD  
___ UNDERGROUND  

 G.  AIRCRAFT OR  
  VEHICULAR  
  TRAFFIC FLOW  

 H.  SECURITY  
  I. OTHER (Specify)  

   

3.  INSTRUCTIONS: The BCE work clearance request is used for any work (contract or in house) that may disrupt aircraft or vehicular traffic flow,  
base utility services, protection provided by fire and intrusion alarm systems, or routine activites of the installation.  This form is used to coordinate the   
required work with key base activities and keep customer inconvenience to a minimum.  It is also used to identify potentially hazardous work 
conditions  
in an attempt to prevent accidents.  The work slearance request is processed just prior to the start of work.  If delays are encountered and the   
conditions at the job site change (or may have changed), this work clearance request must be reprocessed.  
4.  DATE CLEARANCE REQUIRED     5.  DATE CLEARANCE TERMINATED     

6.  REQUESTING OFFICIAL (Signature)    7.  PHONE NO.   8.  ORGANIZATION    

    CLEARANCE REVIEW      
9. ORGANIZATION  REMARKS   REVIEWER  

 A.  Electric Utility        
B.  Gas Utility         
C.  Water Department        
D.           
E.  Federal Aviation Administration        

 F.  Drainage Systems          
G.  Pavements, Grounds, Railroads        
H.  Water Distribution          
I .  Environmental Impact         
J.  Cathodic Protection          
K.  Sanitary Sewers          

 L.  Security Police          
M.  Safety          
N.  Communications          
O.  Base Operations          
P.  Fire Department          
Q.  Other (Specify)          

10.  REMARKS          

REQUESTED CLEARANCE    ____  APPROVED ____  DISAPPROVED    
DATE    SIGNATURE OF PROJECT MANAGER      
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FROM: (Contractor)

Contract Number:

Previous Submission Number: Project Number:

Approved Disapproved See Reverse Initial

EX Paint ‐ 3 gallons
PROMAR 400 Interior Latex Semi‐Gloss Enamel, Extra White, Part Number: 

B31W4451

For Government Use OnlyDescription of Material

(Include Manufacture, Material Use For, etc.)
Specific Process and Amount 

brought on Base

Item 

No.

Contractor HAZMAT Approval Form 
Public reporting burden for this collection of information is estimated to average 20 minutes per response, including the time for reviewing instructions, searching existing data sources, gathering 
and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, 

including suggestions for reducing this burden to the Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, 
Suite 1204, Arlington VA 22202‐4302, and to the Office of Management and Budget, Paperwork Reduction Project OMB No 9000‐0062, Washington DC 20503. Please DO NOT RETURN your form to 

either of these addresses. Send your completed form to: SAF/AQCP, 1060 Air Force Pentagon, Washington DC 20330‐1060.

TO: (Contracting Office Representative)

Submission Number: Submittal 

□ New □ Resubmittal

Date: (YYYYMMDD)

EXAMPLE EXAMPLE EXAMPLE EXAMPLE

□Closeout



Approved Disapproved See Reverse Initial

For Government Use OnlyDescription of Material

(Include Manufacture, Material Use For, etc.)
Specific Process and Amount 

brought on Base

Item 

No.



Approved Disapproved See Reverse Initial

Type or Print Name and Title

Type or Print Name and Grade

Type or Print Name and Grade

Type or Print Name and Grade

For Government Use Only
Description of Material

(Include Manufacture, Material Use For, etc.)
Specific Process and Amount 

brought on Base

Item 

No.

Contractor HAZMAT Approval Form 

BY COMPLETING THIS FORM, THE UNDERSIGNED CONTRACTOR CERTIFIES THAT THE MATERIAL COMPLIES WITH ALL SPECIFICATIONS OF SUBJECT CONTRACT.

Date (YYYYMMDD) Signature

FOR GOVERNMENT USE ONLY

TO: (Base Safety Office)

Date (YYYYMMDD) Signature

TO: (Base Bioenvironmental Engineering)

RECOMMEND □ Approval □ Disapproval as indicated above and subject to any applicable comments on the reverse.

Date (YYYYMMDD) Signature

TO: (Base Environmental Engineer)

Date (YYYYMMDD) Signature

□ Reviewed

□ Reviewed

Type or Print Name and Grade

TO: (Base HAZMART Pharmacy)

Date (YYYYMMDD) Signature

□ Reviewed



Type or Print Name and Grade

TO: (Contractor)

□ Approved
 □ Disapproval as indicated above and subject to any applicable comments on the reverse side. Request ResubmiƩal on Disapproved

Items within _____Days of Date shown below.

Date (YYYYMMDD) Signature

COMMENTS
(Number to correspond with applicable Item Number on reverse)

3 - Material data starts with: Item Number this is the number given to each hazardous material either stored on Base or consumed by the project, Specific Process and Amount 
brought on Base is the contractors estimate of the amount of hazardous materials that will either be stored on base or consumed during the execution of the project, Description of 
Material this should include the product name and general description as well as how the product is being used.

6 - This Contractor HAZMAT Approval Form is not valid unless it is signed by the COR. This approval is required as called for by the contracting officer under the terms of this contract.

5 - Requests submitted shall be numbered consecutively, by contract, in the space entitled "Submission No.". This number, in addition to the Contract No., will be used to identify 
each Material Approval Submittal. Resubmissions will be indicated in the appropriate block and the insertion of previous submission number and data in addition to a new submission 
number. A single submission should be used for all work of a section of the specifications, but in NO instance should the submission include work for more than one (1) contract. 
Submittals requiring priority handling will be submitted by separate submittal using the form and so marked across the face of the form.

4 - SDS are required of all materials listed on this form. Item(s) to be approved will  be clearly labbed or identified. Data pertaining to item(s) to be approved will be clearly identified 
or labbed, particularly where documents are voluminous, in order to properly evaluate the materials or articles to be incorporated in the work. Each attachment will be numbered to 
correspond with the item number shown on the face of this form.  

1 - This form is to be used by contractors for submitting Hazardous Materials that will be used or consumed on a project by both the GM Contractor and all subcontractors

2 - Adminstrative Data: TO: is the Contracting Office Representative (COR) for the project, FROM: is the name of the company contracted, Date is the date submitted to the COR, 
Submission number is the number of times this form has been submitted for the contract, Contract Number is the number given to the contract, Previous Submission Number shows 
the prior submission number, Project Number is a LUXC XXXXX number given to the project, Submittal type is either New/Resubmittal/Closeout  

INSTRUCTIONS TO CONTRACTORS

TO: (Base Contracting Office Representative)



Contractor Name_____________________________  Date of Report____________________  Reporting Period ____________________________________________  

Contractor Project Manager___________________________________________ 

Contractor POC for obtaining Hazardous Materials information Name: ___________________________________________ Phone:________________________ 

Email: _______________________________________ Contract#_____________________________________ Project #___________________________________ 

Example: Material: SHERWIN WILLIAMS - PROMAR 400 

Interior Latex Semi‐Gloss Enamel, Extra White
4 Gal.1 Gal.3Painting Building 13, Office 102 & 106

Contractor Hazardous Materials Usage Tracking Form (Return this form to Contracting/Project Manager )

Total Quantity 
Used 

Initial Amount 
on Site

Size of 
Container 

Total Additional 
Brought on Site

2

Item No:

EX

Monthly
Remainder

1 Gal.

Material / Manufacturer: Material Used For:



Item No: Material / Manufacturer: Material Used For: Total Quantity 
Used 

Initial Amount 
on Site

Size of 
Container 

Total Additional 
Brought on Site 

Monthly
Remainder



Contractor HAZMAT Usage Tracking Form 

This form is a reflection of the Contractor HAZMAT Approval Form 

Contractors are responsible for all Sub Contactors utilized for the project number listed on the form 

 Contractor Name: Name of the contracting company 
 Date of Report: Date the contractor is submitting this form ex: 5 May 2016 
 Reporting Period: The month of the project that this form is for ex: 1 May 2016 – 31 May 2016 
 Contractor Project Manager: The contractor’s on site project manager or person responsible for 

submitting this form 
 Contractor POC for obtaining Hazardous Materials Information Name: Only need if 

different than the Contractor Project Manager 
 Phone: Phone number of the contractor’s on site project manager or person responsible for 

submitting this form 
 Email: Email of the contractor’s on site project manager or person responsible for submitting this 

form 
 Contract #: the contract number for this contract 
 Project #: the project number for this contract 
 Item Number: will match the Item Number from the Approval Form (If there is no usage on an 

Item Number that was previously approved on the Contractor HAZMAT Approval Form do not 
list that item number) 

 Material / Manufacturer: will match the manufacturer and description of material on the 
Approval Form 

 Material Used For: box will describe how that material is being consumed on Base 
 Initial Amount on Site: will match the estimate on the Approval Form for amount brought on 

Base 
 Size of Container: reflects the size of container by a specific unit of measurement that the 

material is stored in while on Base 
 Total Additional Brought on Site: this number is the total number of additional container sizes 

brought on base such as in the example shows that 2 additional 1 gallon containers were brought 
on Base giving us a total of 5 gallons on Base. 

o If the amount brought on site is labeled with a unit of measurement then it will not be 
assumed to be the same size as the container  

 Total Quantity Used: Shows the amount of chemical by a specific unit of measurement used 
during the reporting period 

 Monthly Remainder: Shows the amount of chemical remaining on site by a specific unit of 
measurement 

 

 





EQUIPMENT/WARRANTY SUMMARY 

NOMENCLATURE FREON MISC WARRANTY

ITEM NO. DESCRIPTION SPEC SECTION MODEL NO. SERIAL NO. SIZE TYPE LBS OZS DATE INSTALLED LOCATION START DATE
LENGTH OF 

WARRANTY
END DATE

BUILDING NO:__________________________________________________ PROJECT MANAGER:______________________________________________ _____________

PROJECT NO: ______________________________W.O./J.O. NO:___________________________  PROJECT TITLE: __________________________ _________________

CES FORM 2
 15 MAR 94 PAGE ____ OF ____
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