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SECTION 13120 - PRE-ENGINEERED BUILDING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract including General and Supplementary
Conditions and Division 1 Specifications sections apply to work specified in this Section.

1.2 SUMMARY

A. Extent of pre-engineered buildings work is shown on drawings.

B. Building Type: The pre-engineered building system shown is a single story, rigid frame type
metal building of the nominal length, width, eave height and roof pitch indicated.

1.

Manufacturer's standard components may be used, providing components, accessories, and
complete structure conform to architectural design appearance shown and to specified
requirements.

Concrete floor and foundations and installation of anchor bolts are specified in a Division 3
section. Provide anchor bolts (including sizes and lengths) and anchor bolt plan to
Contractor for work by others.

Sealants and caulking are specified in Division 7 section.

Blanket Insulation under roof and inside walls as indicated on drawings and specified in this
section.

Prefinished Metal Roof Panels as indicated on drawings and specified in this section.
Interior and Exterior Wall Panels as indicated on drawings and specified in this section.

Provide prefinished facia, vented/non-vented soffit systems, flashing, drip edge, trim, gutters
and downspouts as indicated on drawings and specified in Section 07600, Flashing and
Sheet Metal.

1.3 DESCRIPTION

A. Provide all materials, labor, equipment and services, and perform all operations in connection
with the furnishing and installing of pre-engineered building, in accordance with the drawings and
specifications, including, but not limited to, the following:

9.

©® N o o bk 0w D=

Metal Framing Components

Metal Building Accessories
Preformed Metal Roofing

Metal Wall Panels

Roof & Wall Insulation

Flashing, Gutters and Downspouts
Workmanship

Inspection of Surfaces

Protection

10. Delivery, Samples and Shop Drawings

11. Guarantee and Warranty
1.4 SUBMITTALS
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1.5

Any deviation (deletions, additions or revisions thereof) from the requirements of the
Contract Documents contained in a Submittal shall be clearly identified as a “Deviation
from Contract Requirements” (or by similar language) within the Submittal in ‘RED’ and, in
a letter transmitting the Submittal to the Architect, the Supplier and Contractor shall direct
the Architect’s attention to, and request specific approval of, the specific deviations.
Otherwise, the Architect’s approval of a Submittal does not constitute approval of any
deviation from the requirements of the Contract Documents contained in the Submittal.
Should any deviation be found at a later date, the Supplier and Contractor shall bear the
responsibility and cost of all corrections required.

Product Data: Submit manufacturer's product information, specifications and installation
instructions for building components and accessories. Submit sample warranty.

Shop Drawings: Submit complete erection drawings showing anchor bolts settings, sidewall,
endwall, and roof framing, transverse cross sections, covering and trim details, and accessory
installation details to clearly indicate proper assembly of building components.

1. The shop drawings MUST be submitted as an “overlay” drawing to the
Architectural drawings.

2. The Contractor/supplier MUST provide the “overlay” drawings including the
Architectural drawings in the complete submittal.

3. The “overlay” drawings must be submitted in ‘RED’ with the Architectural
drawings in ‘BLACK’.

Samples: The contractor shall submit samples for review as required thru-out this specification
section. Samples will be used to evaluate the quality of the finished product/system.

Certification: Submit written Certification and all structural calculations prepared and signed by a
Professional Engineer, registered to practice in the State where building is to be erected, verifying
that building design meets indicated loading requirements and codes of authorities having
jurisdiction. Calculations shall clearly show all loads used for the design of each member. All
column reactions at the foundation shall be provided for verification of the foundation design.

QUALITY ASSURANCE
Design Criteria:

1. All items below shall be designed within the architectural design furring spaces. Refer
to submittal requirements above for deviations made from the requirements of the
Contract Documents.

2. Structural Framing: Design primary and secondary structural members and exterior covering
materials for applicable loads and combinations of loads in accordance with the Metal
Building Manufacturers Association's (MBMA) "Design Practices Manual".

3. Structural Steel: For design of structural steel members, comply with requirements of the
American Institute of Steel Construction's (AISC) "Specifications for the Design, Fabrication
and Erection of Structural Steel for Buildings" for design requirements and allowable
stresses.

4. Light Gage Steel: For design of light gage steel members, comply with requirements of the
American Iron and Steel Institute's (AlSI) "Specification for the Design of Cold Formed Steel
Structural Members" and "Design of Light Gage Steel Diaphragms" for design requirements
and allowable stresses.

5. Welded Connections: Comply with requirements of the American Welding Society's (AWS)
"Standard Code for Arc and Gas Welding in Building Construction” for welding procedures.
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6. Impact Resistance: Roof coverings installed on low-slope roofs (roof slope <2:12) shall resist
impact damage based on the results of tests conducted in accordance with ASTM D 3746,
ASTM D 4272, CGSB 37-GP-52M or the “Resistance to Foot Traffic Test “ FM 4470.

B. Design Loads: Building shall meet all applicable Codes.

1. Basic design loads include live load, wind load and up-lift, in addition to the dead load.
Minimum acceptable design loads and deflection criteria are shown on the drawings.

2. Design each member to withstand stresses resulting from combinations of loads that produce
the maximum allowable stresses in that member as prescribed in MBMA's "Design Practices
Manual".

C. Manufacturer's Qualifications: Provide pre-engineered metal buildings as produced by a
manufacturer with not less than 5 years successful experience in the fabrication of
pre-engineered metal buildings of the type and quality required. Manufacturer will be a member
of the MBMA.

D. Erector's Qualifications: Pre-engineered building shall be erected by a firm that has not less than
5 years successful experience in the erection of pre-engineered buildings similar to those required
for this project, and that has been licensed by the manufacturer of the building system.

1.6 DELIVERY, STORAGE AND HANDLING

A. Deliver and store prefabricated components, sheets, panels and other manufactured items so
they will not be damaged or deformed.

B. Stack materials on platforms or pallets, covered with tarpaulins or other suitable weathertight
ventilated covering. Store metal sheets or panels so that water accumulations will drain freely.
Do not store sheets or panels in contact with other materials which might cause staining.

1.7 WARRANTIES

A. The Contractor Must provide ALL Warranties as indicated thru-out this specification section.

PART 2 - PRODUCTS
21 MANUFACTURER

A. The following manufacturers' products have been used to establish minimum standards for
materials, workmanship and function:

ACI Building Systems
American Buildings Company
Bigbee Steel Buildings, Inc.
Butler Buildings Company
Ceco Building Systems
Nucor Building Systems
Varco-Pruden Building System
Whirlwind Steel
9. Ascent Buildings
2.2 MATERIALS
A. Hot-Rolled Structural Shapes: Comply with requirements of ASTM A36 or A529.
B. Tubing or Pipe: Comply with requirements of ASTM A500, Grade B, ASTM A501, or A53.
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23

24

Members Fabricated from Plate or Bar Stock: Provide 42,000 psi minimum yield strength.
Comply with requirements of ASTM A529, A570 or A572.

Members Fabricated by Cold Forming: Comply with requirements of ASTM A607, Grade 50.

Bolts for Structural Framing: Comply with requirements of ASTM A307 or A325 as necessary for
design loads and connection details.

PRIMARY FRAMING

Rigid Frames shall be fabricated from hot-rolled structural steel. Provide built-up "I-beam" shape
rigid frames consisting of either tapered or parallel flange beams and straight columns. Provide
frames factory welded and shop painted. Furnish frames complete with attachment plates,
bearing plates and splice members. Factory drill frames for bolted field assembly.

1. Provide length of span and spacing of frames indicated. Slight variations in length of span
and frame spacing may be acceptable if necessary to meet manufacturer's standard, and if
approved by the Architect.

2. Provide rigid frames at endwalls where indicated.

End Wall Columns: Provide factory welded, shop painted endwall columns built-up "I" shape
welded plate.

Wind Bracing: Provide horizontal and adjustable wind bracing at roof only using diagonal cables
or threaded steel rods; comply with requirements of ASTM A36 or A572, Grade D.

SECONDARY FRAMING

The spacing of all purlins as shown on the drawings is diagrammatic, therefore, the Registered
Professional Engineer for the Pre-Engineered Building shall be responsible for the design of the
roof structure to support the framing to meet all state, federal and local code restrictions and
structural requirements set forth by the structural engineer. It shall be the responsibility of the Pre-
Engineered Building manufacture to coordinate with the Bidding Contractor the amount of
erection required for the roof framing before bidding.

Provide not less than 16-ga. shop painted rolled formed sections for the following secondary
framing members unless shown otherwise on structural contract drawings.

1. Purlins.

2. Eave struts.

3. Endwall rafters.
4. Flange bracing.
5. Sag bracing.

Provide not less than 14-ga. cold-formed galvanized steel sections for the following secondary
framing members:

1. Base channels.

2. Sill angles.

3. Endwall structural members (except columns and beams).
4. Purlin spacers.

Bolts: Provide ASTM A307 bolts, at secondary structural connections. Provide zinc-plated or
cadmium-plated bolts when structural framing components are in direct contact with roofing and
siding panels. Primary structural connections to be made with ASTM A325 bolts.
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2.5

Addition to

E. Shop Painting: Clean surfaces to be primed of loose mill scale, rust, dirt, oil, grease, and other
matter precluding paint bond. Follow procedures of SSPC-SP3 for power tool cleaning,
SSPC-SP7 for brush-off blast cleaning, and SSPC-SPI for solvent cleaning.

1.

Prime structural steel primary and secondary framing members. See Structural Steel 05500
page 3 - Structural Steel Prime Paint and page 5 - Shop Painting.

2. Prime galvanized members, after phosphoric acid pretreatment with manufacturer's standard

zinc dust-zinc oxide primer.

PREFORMED METAL ROOFING

Description of Work
1.

The work under this section consists of all preformed metal roofing, underlayment, ridge vent
system, sheet metal, roof drainage accessories and all related items necessary to complete
the roofing system work indicated on the drawings and herein specified including but not
limited to the following:

a. Formed Roof Panels for Standing Seam Installation
b. Workmanship

c. Inspection of Surfaces

d. Protection

e. Delivery, Samples and Shop Drawings

B. Quality Assurance

1.

The Contractor shall engage the services of a Professional Roof Consultant. The Consultant
must hold a minimum title of Registered Roof Observer (RRO) through the International
Institute of Building Enclosure Consultants (IIBEC) and provide evidence of adequate
insurance as required below. The Consultant should perform three (3) inspections during the
installation of each new roof system type (1 — Start up inspection; 2 — Interim inspection; 3 —
Final inspection). The Consultant must document all site visits with photographs and written
reports. All reports shall be forwarded to the Architect with documentation of the roofing
progress and any deficiencies noted during the inspections. Upon completion of all punch list
items, the Consultant should provide a letter of roof completion advising the new roof
systems meet and/or exceed the project requirements. (Note: Although the contractor will
be paying the roof consultant from their proceeds, the roof consultant will be
considered an agent of the owner and architect throughout the project and will
perform the required inspections on behalf of the owner and architect. The above
specification shall be applied to individual facilities when multiple site locations are
included in the project.)

a. Roof Consultant Insurance Requirements:

i.  Gen. Liability - $1,000,000 each occurrence - $2,000,000 General Aggregate /
Auto. Liability - $1,000,000 / Umbrella Liability. - $1,000,000 / Workers
Compensation - $1,000,000 per statute / Professional Liability - $1,000,000

b. Approved Roof Consulting Firm:

i Roof Asset Management, Inc. | David Lee, RRO, CIT, FAA-107 | 4950 Woodfield
Drive, Millbrook, Alabama 36054 | (334) 590-7999.

ii. Substitutions: Roof consulting firms must be pre-approved by the Architect.
Requests for a substituting firm must be submitted “In writing” 10 (Ten) days prior
to the bid opening.
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2. Performance Test Standards: Provide preformed panel systems which have been pretested
and certified by manufacturer to provide specified resistance to air and water infiltration and
structural deflection and failure when installed as indicated and when tested in accordance
with AAMA 501, "Methods of Test for Metal Curtain Walls".

3. Field Measurements: Where possible, prior to fabrication of prefabricated panels, take field
measurements of structure or substrates to receive panel system. Allow for trimming panel
units where final dimensions cannot be established prior to fabrication.

4. Impact Resistance: Roof coverings installed on low-slope roofs (roof slope <2:12) shall resist
impact damage based on the results of tests conducted in accordance with ASTM D 3746,
ASTM D 4272, CGSB 37-GP-52M or the “Resistance to Foot Traffic Test “FM 4470.

5. Compatibility: Provide products which are recommended by manufacturers to be fully
compatible with indicated substrates or provide separation materials as required to eliminate
contact between incompatible materials.

C. Submittals

1. Product Data: Submit manufacturer's product specifications, standard details, certified
product test results, installation instructions and general recommendations, as applicable to
materials and finishes for each component and for total system of preformed panels.

2. Samples: Submit 2 samples 12" square, of each exposed finish material.

Shop Drawings: Submit small-scale layouts of panels on roofs, and large-scale details of
edge conditions, joints, corners, custom profiles, supports, anchorages, trim, flashings,
closures, and special details. Distinguish between factory and field assembly work.

D. Roofer’s Qualifications

1. Installation of the metal roofing and roof related accessories shall be performed by Certified /
Preferred Roofers authorized by the manufacturer as trained and qualified to erect the
manufacturer's product.

2. The Contractor shall submit a letter from the manufacturer of the metal roofing system,
certifying the date of certification from the Manufacturer and the dates and year the Roofing
Contractor attended school, prior to full certification that this Roofing Contractor is a certified
roofer.

E. Roofing Warranties and Guarantee
1. Weather Tightness Warranty

a. The entire installation (sub-framing, clips, panels, fasteners, rakes, eave, ridge, valley
flashing conditions, roof to wall conditions as-well-as all materials specified as supplied
by the manufacturer) shall be guaranteed weather tight for a minimum of Twenty (20)
years (NO Dollar Limit NDL). Provide written warranty, signed by metal roofing
manufacturer and his authorized installer, agreeing to replace/repair defective materials
and workmanship during the warranty period, certified by the third-party inspection firm
as stated under QUALITY ASSURANCE. This warranty shall be identified as neither
Non-Depreciating, Non-Pro-Rated, nor have exclusions that identify, valleys, curbs, and
flashings. The warranty shall be signed by the Manufacture of the roofing materials and
the authorized installer.

2. Manufacturer’'s Warranty
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Roof Panels: Durability of the metallic coated and unpainted roof panels due to rupture,
structural failure or perforation shall be warranted for a period of Twenty (20) years by
the manufacturer.

Color Finish:

i. The exterior color finish for painted panels shall be warranted by the
Manufacturer for Twenty-five (25) years against blistering, peeling, cracking,
flaking, chalking and shipping.

ii. Excessive color change and chalking shall be warranted for Twenty-five (25)
years.

1) Color change shall not exceed 5 NBS units per ASTM D2244.68T, chalking
shall not be less than a rating of 6 (white) or 8 (other colors) per ASTM D-
659.

The roofing manufacture shall be required to provide documentation certifying that the
roof design provided complies with the performance requirements as set forth in IBC
Chapter 15, Section 1504. The documentation shall be attached to the roof warranty at
the close out of the project.

3. Contractor's Roofing Guarantee

a.

Contractor shall furnish Contractors 5 Year Alabama Division of Construction
Management Roofing Guarantee. This roofing guarantee is included in the front end
documentation of this project manual.

4. All roof warranties/guarantees shall be provided to the Owner, by the Contractor at the Final
Inspection to obtain the Substantial Completion.

F. Materials

1. All materials shall be from a single source.

2. Standing Seam Il with Kynar 500 Finish by American Buildings Company/A Nucor Company.

a.

Addition to

Standing seam roof panel shall have a configuration consisting of 2 inch high vertical rib
spaced on 16 inch centers. The panel shall have flush horizontal and vertical surfaces to
facilitate sealing at terminations. Panel configurations which create voids requiring supple
metal closure devices shall not be considered acceptable. Panels shall be joined at the
sidelap with an interlocking seam mechanically locked by a seaming machine after
installation. The female panel seam shall have a factory applied sealant, in compliance
with UL90.

The panel shall be 24 gauge (minimum) commercially pure aluminum coated steel
meeting military specification MIL-C-4174A Type Il, Galvalume or G90 galvanized.
Minimum yield strength shall be 80,000 PSI.

Deviations in appearance from the quality standard manufacturer's panel must be
approved by the owner before acceptance.

Changes in framing or variations in loading to the existing structure caused by alternate
roof systems shall be subject to review and all costs for any modifications shall be the
responsibility of the General Contractor.

System Description: The roof system is a concealed fastener interlocking standing seam
system. Panel must not be roll formed on site, nor use a portable roll former
whereby the contractor manufactures the panel versus a single sourced
manufacturer providing the finished materials with a single sourced warranty.

Roof panels shall be standing seam interlocking design and secured to the supports with
a concealed structural fastening system. UL certification must appear on the panel if so
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m.

requested.

The concealed attachment system shall eliminate all through penetration of the exposed
roofing surface into structural supports and allow the roof covering to move independently
of any differential thermal movement by the framing system.

The panel to structural clip shall be designed to provide +/- one inch of thermal
movement. It shall incorporate a self centered feature to assure one inch of movement in
both directions.

The standing seam shall have integral male and female interlocking ribs with a factory
applied, non-hardening sealant, and the seams shall be continuously locked or crimped
together by mechanical means during installation.

Roof panels shall be fastened to the support framing members with a concealed clip or
backing device of steel having a protective metallic coating. Through penetration of the
roofing surface by exposed fasteners shall occur only for non-structural connection at
panel termination and roof perimeter flashing location.

Panel termination and perimeter flashing (attached to roof panels) shall be sealed with
sealants recommended by the manufacturer.

Required closures shall be metal. Non-metal closures shall not be acceptable.

Provide thermal blocks at all roof to purlin connection points/deck supports.

G. Metal Finishes

1.

Addition to
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General: Apply coating either before or after forming and fabricating panels, as required by
coating process and as required for maximum coating performance capability. Protect coating
promptly after application and cure, by application of strippable film or removable adhesive
cover and retain until installation has been completed.

Color Finish on Roof Panels and Trim: (Applies to Metal Wall Panels, Flashings, Facia, Metal
Building Accessories, Gutters and Downspouts)

a.

Panels shall have a factory color finish on the exposed side. The exposed finish shall
consist of a 70% KYNAR 500® resin base coating applied to a cleaned, pretreated and
primed surface. The dry film thickness of the exterior coating shall not be less than .90
mil minimum, inclusive primer. The interior color finish shall consist of a backer coat with
a dry film thickness of 0.5 mil. A low gloss finish is required to minimize the appearance
of oil canning.

Color of the exterior roof panels and trim shall be selected from manufactures standard
color pallet After Bid Date.

The exterior color finish shall meet or exceed the performance requirements specified
below.

i Paint Color Test:

1) Test: Film Thickness; Test Method: ASTM D-1005; Performance: 0.2 mil
primer 0.8-0.9 mil topcoat

2) Test: 60° @ under 10 low gloss; Test Method: ASTM D-523; Performance:
25-35

3) Test: IR Reflectivity; Test Method: ASTM D-4803-97; Performance: Must
meet 25% Minimum (exceeds)

4) Test: Pencil Hardness; Test Method: ASTM D-3363; Performance: HB-H

5) Test: Flexibility, T-Bend; Test Method: ASTM D-4145; Performance: 2-T
Galvalume Steel
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1.

6) Test: Adhesion; Test Method: ASTM D-3359; Performance: No adhesion
Loss

7) Test: Reverse Impact; Test Method: ASTM D-2794; Performance: No
cracking or loss of adhesion

8) Test: Abrasion, Falling Sand; Test Method: ASTM D-968; Performance: 65-
85 1/mil

9) Test: Mortar Resistance; Test Method: ASTM C-267; Performance: No effect

10) Test: Detergent Resistance; Test Method: ASTM D-2248 3% 72 hrs. @
100°F; Performance: No effect

11) Test: Acid Pollutants; Test Method: ASTM D-1308 10% Muriatic Acid (15
min) 20% Muriatic Acid (15 min); Performance: No effect, AAMA 605.2
<5units color change

12) Test: Acid Rain Test; Test Method: Kesternich; Performance: 15 cycles
minimum, no objectionable color  change

13) Test: Alkali Resistance; Test Method: 20% Sodium Hydroxide (1hr);
Performance: No effect

14) Test: Salt Spray Resistance 5% @ 95° F; Test Method: ASTM B-117;
Performance: 1000 hrs Galvalume steel

15) Test: Humidity Resistance 100% @ 100° F; Test Method: ASTM D-2247;
Performance: Passes 1000 hrs Galvalume Steel

16) Test: South Florida exposure; Test Method: ASTM D-2244; Performance: <5
units color change

17) Test: UVB (313 bulbs); Test Method: ASTM G-53; Performance: Passes
3000 hrs

18) Test: Chalk Resistance; Test Method: ASTM D-4214; Performance: Rating of
8 min
Colors must meet the following: The solar reflectance for a steep-sloped roof must be a

minimum of 25%, dropping no less than to 15% after three years. Low sloped roofs (below
2:12) must be a minimum of 65% dropping to no less than 50% after three years.

H. Roof Panels

1.

Addition to
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Andalusia, Alabama

General: Provide roofing sheets formed to the general profile or configuration indicated. All
roof panels shall be full length, no end laps allowed.

Zinc-Coated Steel Sheets: Provide structural quality hot-dip galvanized steel sheets,
complying with requirements of ASTM A446, Grade C, with G90 coating complying with
ASTM A525.

Aluminum Coated Steel Sheets: Provide drawing quality aluminum coated steel sheets,
complying with requirements of ASTM A463, with T1-40 coating.

a. Metal thickness not less than 24 ga. (0.0179”).

Accessories: Provide the following sheet metal accessories factory formed of the same
material and finish as the roofing and siding.

a. Flashings.
b. Fillers.

c. Metal expansion joints.
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d. Facias

e. Ridge covers.

f. Cover exposed structural and secondary members at exterior.
Fasteners:

a. Provide self-tapping screws, bolts, nuts, self-locking rivets, self-locking bolts, end welded
studs, and other suitable fasteners as standard with the manufacturer designed to
withstand design loads.

b. Provide metal-backed neoprene washers under heads of fasteners bearing on weather
side of panels.

c. Use stainless steel fasteners for exterior application and galvanized or cadmium plated
fasteners for interior applications.

d. Locate and space fastenings in true vertical and horizontal alignment. Use proper type
fastening tools to obtain controlled uniform compression for positive seal without rupture
of neoprene washer.

e. Provide fasteners with heads matching color of roofing sheets by means of plastic caps
or factory-applied coating.

Flexible Closure Strips: Provide closed-cell, expanded cellular rubber, self-extinguishing
flexible closure strips. Cut or premold closure strips to match corrugation configuration of
roofing and siding sheets. Provide closure strips where indicated or necessary to ensure
weathertight construction.

Sealing Tape: Provide pressure sensitive 100 percent solids isobutylene tripolymer
compound sealing tape with release paper backing. Provide permanently elastic, non-sag,
non-toxic, non-staining tape not less than 1/2" wide and 1/8" thick.

Joint Sealants: Provide one-part elastomeric polyurethane polysulfide or silicone rubber
sealant as recommended by the building manufacturer.

I.  Miscellaneous Materials

1.
2.
3.

4.

Internal Panel Framing: Manufacturer's standard.
Fasteners: Manufacturer's standard noncorrosive types, with exterior heads gasketed.

Accessories: Except as indicated as work of another specification section, provide
components required for a complete roofing/siding system, including:

a. Trim, Copings, Fascias, Gravel stops, Mullions, Sills, Corner Units, Ridge Closures,
Clips, Seam Covers, Battens, Flashings, Gutters, Downspouts, Louvers, Sealants,
Gaskets, Fillers, Closure Strips, All similar items.

i. Match materials/finishes of preformed panels.

Bituminous Coating: Cold-applied asphalt mastic, SSPC paint 12, compounded for 15 mil dry
film thickness per coat.

J. PRE-ROOFING CONFERENCE

1.

Addition to

Andalusia Elementary School for the
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A pre-roofing conference is required before any roofing materials are installed. This
conference shall be conducted by a representative of the Architect and attended by
representatives of the Owner, Division of Construction Management Inspector, General
Contractor, Roofing Contractor, Sheet Metal Contractor, Roof Deck Manufacturer (if
applicable), and the Roofing Materials Manufacturer (if warranty is required of this
manufacturer). If equipment of substantial size is to be placed on the roof, the Mechanical

MCKEE PROJECT NO. 24-304

PRE-ENGINEERED BUILDING
13120-10



Contractor must also attend this meeting. Provide at least 72 hours advance notice to
participants prior to convening pre-roofing conference.

2. The pre-roofing conference is intended to clarify demolition and application requirements for
work to be completed before roofing operations can begin. This would include a detailed
review of the specifications, roof plans, roof deck information, flashing details, and approved
shop drawings, submittal data, and samples. If conflict exists between the specifications and
the Manufacturer’s requirements, this shall be resolved. If this pre-roofing conference cannot
be satisfactorily concluded without further inspection and investigation by any of the parties
present, it shall be reconvened at the earliest possible time to avoid delay of the work. In no
case should the work proceed without inspection of all roof deck areas and substantial
agreement on all points.

3. The following are to be accomplished during the conference:

a. To review all Factory Mutual and Underwriters Laboratories requirements listed in the
specifications and resolve any questions or conflicts that may arise.

b. To establish trade-related job schedules, including the installation of roof-mounted
mechanical equipment.

c. To establish roofing schedule and work methods that will prevent roof damage.
d. Require that all roof penetrations and walls be in place prior to installing the roof.

e. To establish those areas on the job site that will be designated as work and storage
areas for roofing operations.

f. To establish weather and working temperature conditions to which all parties must agree.

g. To establish acceptable methods of protecting the finished roof if any trades must travel
across or work on or above any areas of the finished roof.

4. The Architect shall prepare a written report indicating actions taken and decisions made at
this pre-roofing conference. This report shall be made a part of the project record and copies
furnished the General Contractor, the Owner, the Division of Construction Management, and
the Division of Construction Management Inspector.

K. Installation

1. General: Comply with panel fabricator's and material manufacturer's instructions and
recommendations for installation, as applicable to project conditions and supporting
substrates. Anchor panels and other components of the work securely in place, with
provisions for thermal/structural movement.

a. Install panels with concealed fasteners.

2. Installation Tolerances: Shim and align panel units within installed tolerance of 1/4" in 20'-0"
on level/plumb/slope and location/line as indicated, and within 1/8" offset of adjoining faces
and of alignment of matching profiles.

3. Joint Sealers: Install gaskets, joint fillers and sealants where indicated and where required for
weatherproof performance of panel systems. Provide types of gaskets and sealants/fillers
indicated or, if not otherwise indicated, types recommended by panel manufacturer.

4. Refer to other sections of these specifications for product and installation requirements
applicable to indicated joint sealers.

5. Water shall be prevented from entering the building during the work. This shall involve
keeping penetrations sealed, planning the work to reroof sections and sealing new to old or
other precautionary and effective safeguards.

2.6 METAL WALL PANELS

Addition to
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A. Description of Work

1. Extent of each type of preformed wall panels/siding is indicated on the drawings and by
provisions of this section. Preformed wall panels/siding is hereby defined to include panels
which are structurally capable of spanning between supports spaced as indicated.

2. Types of materials required include the following:
a. Exterior Wall Panel
b. Workmanship
c. Inspection of Surfaces
d. Protection
e. Delivery, Samples and Shop Drawings
B. Quality Assurance

1. Performance Test Standards: Provide preformed panel systems which have been pretested
and certified by manufacturer to provide specified resistance to air and water infiltration and
structural deflection and failure when installed as indicated and when tested in accordance
with AAMA 501, "Methods of Test for Metal Curtain Walls".

2. Manufacturer Qualifications: Approved manufacturer listed in this Section with minimum of
five years of experience in manufacture of similar products in successful use in similar
applications.

3. Field Measurements: Where possible, prior to fabrication of prefabricated panels, take field
measurements of structure or substrates to receive panel system. Allow for trimming panel
units where final dimensions cannot be established prior to fabrication.

C. Submittals

1. Product Data: Submit manufacturer's product specifications, standard details, certified
product test results, installation instructions and general recommendations, as applicable to
materials and finishes for each component and for total system of preformed panels.

Samples: Submit 2 samples 12" square, of each exposed finish material.

Shop Drawings: Submit small-scale layouts of panels, and large-scale details of edge
conditions, joints, corners, custom profiles, supports, anchorages, trim, flashings, closures,
and special details. Distinguish between factory and field assembly work.

D. Materials - EXTERIOR PANELS / INTERIOR PANELS

1. “Architectural” (Reverse Rib) Panel by American Buildings Company/A Nucor Company.

a. The panel shall have major ribs 1 74" high. Spaces 12” on center for an even shadowed
appearance. The panels are to be reinforced between the ribs for added strength. Each
panel shall provide 36” net coverage in width.

b. Panels shall conform to one of the following:

l. Panel material as specified shall be 24 gage zinc-coated(galvanized) steel,
coating designation G90, conforming to the requirements of ASTM A 653, Grade
80. Minimum yield strength shall be 80,000 psi.

c. Fasteners for Wall Panels:
. Shall be manufacturer’s fastener with hex washer head, cadmium or zinc plated.
1. Shall be assembled with an EPDM washer.
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M. The fasteners shall be color coordinated with a premium coating system which
protects against corrosion and weathering.

d. Metal Finishes

i. General: Apply coating either before or after forming and fabricating panels, as
required by coating process and as required for maximum coating performance
capability.

ii. Protect coating promptly after application and cure, by application of strippable
film or removable adhesive cover, and retain until installation has been
completed.

iii. Durability: Provide coating which has been field tested under normal range of
weathering conditions for minimum of 20 years without significant peel, blister,
flake, chip, crack or check in finish, and without chalking in excess of 8 (ASTM D
659), and without fading in excess of 5 NBS units.

iv. Color Finish on All Trim and All Wall Panels: Panels shall have a factory color
finish on the exposed side. The exposed finish shall consist of a 70% KYNAR
500 resin base coating applied to a cleaned, pretreated and primed surface. The
dry film thickness of the exterior coating shall not be less than 0.8 mil. exclusive
of the primer. The interior color finish shall consist of a backer coat with a dry
film thickness of 0.5 mil. The color finish shall meet or exceed the performance
requirements specified in Section 2.5 paragraph G above.

1) Provide all trims, fasteners, sealants to match selected colors.

2) Color of the panels shall be selected by the Architect from manufactures
Standard Color pallet After Bid Date.

V. Internal Panel Framing: Manufacturer's standard.
Vi. Fasteners: Manufacturer's standard noncorrosive types, with exterior heads
gasketed.

E. Wall Panel Fabrication

1.

Addition to

General: Fabricate and finish panels and accessories at the factory to greatest extent
possible, by manufacturer's standard procedures and processes, and as required to fulfill
indicated performance requirements which have been demonstrated by factory testing.
Comply with indicated profiles and dimensional requirements, and with structural
requirements.

Metal Gages: Thicknesses required for structural performances, but not less than
manufacturer’s recommended minimums for profiles and applications indicated, and not less
than 22 gauge.

Required Performances: Fabricate panels and other components of wall system for the
following installed performances.

Water Penetration: No significant, uncontrolled leakage at 4 Ibs. per sq. ft. pressure with
spray test.

Air Infiltration: 0.02 cfm per sq. ft. for gross roof/wall areas, with 4 Ibs. per sq. ft. differential
pressure.

Sound Transmission: STC rating of 28.

Sound Absorption, Interior Surfaces: Coefficient of 0.75.

Andalusia Elementary School for the
Andalusia City Schools
Andalusia, Alabama

MCKEE PROJECT NO. 24-304

PRE-ENGINEERED BUILDING
13120-13



27

10.

Apply bituminous coating or other permanent separation materials on concealed panel
surfaces where panels would otherwise be in direct contact with substrate materials which
are noncompatible or could result in corrosion or deterioration of either material or finishes.

Fabricate panel joints with captive gaskets or separator strips, which provide a tight seal and
prevent metal-to-metal contact in a manner which will minimize noise from movements within
panel system.

Condensation: Fabricate panels for control of condensation, including vapor inclusion of seals
and provisions for breathing, venting, weeping and draining.

F. Wall Panel Installation

1.

General: Comply with panel fabricator's and material manufacturer's instructions and
recommendations for installation, as applicable to project conditions and supporting

substrates. Anchor panels and other components of the work securely in place, with
provisions for thermal/structural movement.

Install panels with concealed fasteners.

Installation Tolerances: Shim and align panel units within installed tolerance of 1/4" in 20'-0"
on level/plumb/slope and location/line as indicated, and within 1/8" offset of adjoining faces
and of alignment of matching profiles.

Joint Sealers: Install gaskets, joint fillers and sealants where indicated and where required for
weatherproof performance of panel systems. Provide types of gaskets and sealants/fillers
indicated or, if not otherwise indicated, types recommended by panel manufacturer.

Refer to other sections of these specifications for product and installation requirements
applicable to indicated joint sealers.

Joint Sealers: Refer to other sections of these specifications for post-installation requirements
on joint sealers; not work of this section.

FASCIA, SOFFIT, FLASHING, DRIP EDGE, TRIM, GUTTERS AND DOWNSPOUTS
A. Facia, Soffit, Flashings, Drip Edge and Trims

1.

Pre-Finished Galvanized Steel: ASTM A653/A653M, with G90/Z275 zinc coating; minimum
24 gage thick base metal, shop pre-coated with PVDF (Polyvinylidene Fluoride) coating.

Finish: The exposed finish on all exposed metals and similar items shall consist of a 70%
KYNAR 500® resin base coating applied to a cleaned, pretreated and primed surface. The
dry film thickness of the exterior coating shall not be less than .90 mil minimum, inclusive
primer. The interior color finish shall consist of a backer coat with a dry film thickness of 0.5
mil. A low gloss finish is required to minimize the appearance of oil canning,

a. Colors: As selected by Architect after Bid Date, from manufacturer’s standard colors
including white.

B. Gutters

1.

Addition to
Andalusia Elementary School for the
Andalusia City Schools
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Gutters: Provide flat shapes, no rolled formed stiffeners or ribbed allowed. Form gutters in
“continuous” sections not less than 8 feet in length, complete with end pieces, outlet tubes
and other special pieces as may be required. Join sections with riveted and soldered or
sealed joints. Provide expansion-type slip joint at center of runs.

a. Furnish gutter supports spaced at 36” on center constructed of same metal as gutters.

Pre-Finished Galvanized Steel: ASTM A653/A653M, with G90/Z275 zinc coating; minimum
24 gage thick base metal, shop pre-coated with PVDF (Polyvinylidene Fluoride) coating.

Finish: The exposed finish on all exposed metals and similar items shall consist of a 70%
KYNAR 500® resin base coating applied to a cleaned, pretreated and primed surface. The
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2.8

2.9

3.1

dry film thickness of the exterior coating shall not be less than .90 mil minimum, inclusive
primer. The interior color finish shall consist of a backer coat with a dry film thickness of 0.5
mil. A low gloss finish is required to minimize the appearance of oil canning,

a. Colors: As selected by Architect after Bid Date, from manufacturer’s standard colors
including white.

Downspouts

1. Downspouts: Form downspouts in sections approximately 10 feet long (no corrugated
sections), complete with elbows and offsets. Join sections with not less than 1-1/2”
telescoping joints. Provide fasteners, designed to securely hold downspouts not less than 1”
away from walls; locate fasteners at top and bottom and equally spaced at approximately 5
feet on center in between.

2. Pre-Finished Galvanized Steel: ASTM A653/A653M, with G90/Z2275 zinc coating; minimum
24 gage thick base metal, shop pre-coated with PVDF (Polyvinylidene Fluoride) coating.

3. Finish: The exposed finish on all exposed metals and similar items shall consist of a 70%
KYNAR 500® resin base coating applied to a cleaned, pretreated and primed surface. The
dry film thickness of the exterior coating shall not be less than .90 mil minimum, inclusive
primer. The interior color finish shall consist of a backer coat with a dry film thickness of 0.5
mil. A low gloss finish is required to minimize the appearance of oil canning,

a. Colors: As selected by Architect after Bid Date, from manufacturer’s standard colors
including white.

METAL BUILDING INSULATION
See Section 07200 — Insulation.
1. Thermal Breaks:
a. Provide thermal blocks/breaks at all roof to purlin connections points.

b. 1/8 inch (3 mm) thick by 3 inch (76 mm) wide white, closed-cell polyethylene foam with
pre-applied adhesive film and peel-off backing.

c. Polystyrene Snap-R snap-on thermal blocks.
FABRICATION

General: Design prefabricated components and necessary field connections required for erection
to permit easy assembly and disassembly. Fabricate components in such a manner that once
assembled, they may be disassembled, repackaged and reassembled with a minimum amount of
labor.

1. Clearly and legibly mark each piece and part of the assembly to correspond with previously
prepared erection drawings, diagrams and instruction manuals.

Structural Framing: Shop fabricate structural framing components to the indicated size and
section complete with base plates, bearing plates and other plates required for erection, welded
in place. Provide required holes for anchoring or connections either shop drilled or punched to
template dimensions.

1. Shop Connections: Provide power riveted, bolted or welded shop connections.

2. Field Connections: Provide bolted field connections.

PART 3 - EXECUTION
ERECTION
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A. Framing: Erect structural framing true to line, level and plumb, rigid and secure. Level base
plates to a true even plane with full bearing to supporting structures, set with double-nutted
anchor bolts. Use a non-shrinking grout to obtain uniform bearing and to maintain a level base
line elevation. Moist cure grout for not less than 7 days after placement.

B. Purlins and Girts: Provide rake or gable purlins with tight fitting closure channels and fascias.
Locate and space wall girts to suit door and window arrangements and heights. Secure purlins
and girts to structural framing and hold rigidly to a straight line by sag rods.

C. Bracing: Provide Temporary Cross Bracing as required for full height of bays. Temporary cross
bracing shall be removed upon completion of final cross bracing.

D. Final Cross Bracing shall be as shown and described on the Structural Drawings. The Contractor
shall furnish and install cross bracing as directed by the Structural Engineer — no exceptions.
Portal frames are not permitted.

E. Framed Openings: Provide shapes of proper design and size to reinforce openings and to carry
loads and vibrations imposed, including equipment furnished under mechanical or electrical work.
Securely attach to building structural frame.

END OF SECTION
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SECTION 13921 - ELECTRIC-DRIVE, CENTRIFUGAL FIRE PUMPS AND JOCKEY PUMPS
PART 1 - GENERAL
1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions
1.2 SUMMARY and Division 01 Specification Sections, apply to this Section.
A. Section Includes:

1. Vertical in-line fire pumps.
2. Fire-pump accessories and specialties.
3. Jockey pump and accessories.

1.3 PERFORMANCE REQUIREMENTS

A. Pump Equipment, Accessory, and Specialty Pressure Rating: 250 psig (1200 kPa) minimum
unless higher pressure rating is indicated.

1.4 ACTION SUBMITTALS
A. Product Data: For each type of product indicated. Include rated capacities, operating
characteristics, performance curves, electrical characteristics, and furnished specialties and

accessories.

B. Shop Drawings: For fire pumps, motor drivers, and fire-pump accessories and specialties.
Include plans, elevations, sections, details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

2. Wiring Diagrams: For power, signal, and control wiring.

1.5 INFORMATIONAL SUBMITTALS

A. Product Certificates: For each fire pump and jockey pump, from manufacturer.

w

Source quality-control reports.

C. Field quality-control reports.
1.6 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For fire pumps and jockey pumps, to include in operation and
maintenance manuals.

1.7 QUALITY ASSURANCE

A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in the latest
edition of NFPA 70, by a qualified testing agency, and marked for intended location and

application.
Addition to Andalusia Elementary School ELECTRIC-DRIVE, CENTRIFUGAL FIRE PUMPS
for the Andalusia City Board of Education AND JOCKEY PUMPS
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B. NFPA Compliance: Comply with the latest edition of NFPA 20, "Installation of Stationary Pumps
for Fire Protection."

1.8 COORDINATION
A. Coordinate sizes and locations of concrete bases with actual equipment provided.

PART 2 - PRODUCTS
21 GENERAL REQUIREMENTS FOR CENTRIFUGAL FIRE PUMPS
A. Description: Factory-assembled and -tested fire-pump and driver unit.

B. Finish: Red paint applied to factory-assembled and -tested unit before shipping.

2.2 VERTICAL IN-LINE FIRE PUMPS

A. Manufacturers: Subject to compliance with requirements, provide product indicated on Drawings
or comparable product by one of the following:

1. Patterson Pump Company
2. Peerless Pump, Inc.

3. Aurora Pump.

4. Armstrong.

B. Fire Pump:

1. The fire pump shall be a vertical in-line, cast iron, bronze fitted, centrifugal fire pump
listed by Underwriters Laboratories and/or approved by Factory Mutual (UL/FM). The
unit shall meet all the requirements of the National Fire Protection Association’s
Pamphlet No. 20 (NFPA 20 - latest edition) and shall be hydrostatically tested to a
minimum of 250 PSI, or not less than 1.5 times the maximum shut-off pressure.

2. The fire pump shall be designed to deliver 500 GPM at a total head of 50 PSI. The pump

shall operate at no greater than approximately 3525 RPM and deliver no less than 65%

of rated head at 150% or rated capacity. The shutoff pressure shall not exceed 175 PSI.

The fire pump shall be a Model 5x3 VIP (vertical inline pump) as manufactured by

Patterson Pumps or approved equal.

Standard: UL 448, for vertical in-line pumps for fire service.

Casing: Radially split case, cast iron with ASME B16.1 pipe-flange connections.

Impeller: Cast bronze, statically and dynamically balanced, and keyed to shaft.

Wear Rings: Replaceable bronze.

Shaft and Sleeve: Steel shaft with bronze sleeve.

w

© NGO

a. Shaft Bearings: Grease-lubricated ball bearings in cast-iron housing.
b. Seals: Stuffing box with minimum of four rings of graphite-impregnated braided
yarn and bronze packing gland.

9. Mounting: Pump and driver shaft is vertical, with motor above pump and pump on base.

C. Fire Pump Motor: The fire pump motor shall be listed for fire protection service by Underwriters
Laboratories. The fire pump motor shall be an induction motor rated for 25 HP at 460 VAC, 3
phase, 60 hertz, turning at a nominal speed of 3525 RPM with a 1.15 service factor. Motor
enclosure shall be ODP — open drip-proof.

23 FIRE-PUMP ACCESSORIES AND SPECIALTIES
A. Automatic Air-Release Valves: Comply with NFPA 20 for installation in fire-pump casing (175
psig rated).
Addition to Andalusia Elementary School ELECTRIC-DRIVE, CENTRIFUGAL FIRE PUMPS
for the Andalusia City Board of Education AND JOCKEY PUMPS
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Circulation Relief Valves: UL 1478, brass, spring loaded; for installation in pump discharge
piping (175 psig rated).

C. Relief Valves:

1. Description: UL 1478, bronze or cast iron, spring loaded; for installation in fire-
suppression water-supply piping (175 psig rated).

D. Inlet Fitting: Eccentric tapered reducer at pump suction inlet.

Outlet Fitting: Concentric tapered reducer at pump discharge outlet.

F. Fire Pump Accessories:

1. Suction pressure gauge.

2. Discharge pressure gauge.

3. 3/4” casing relief valve.

4. 1/2" air release valve.

The following accessories will be provided according to NFPA 20 pipe size guidelines, if

required:
An eccentric increaser on the pump suction if the inlet pipe size is larger than the pump
inlet.

5. 4” test header, complete with 250 PSI rated header flange.

G. Jockey Pump: The Jockey Pump shall be a centrifugal close-coupled vertical type, mechanical
sealed, cast-iron suction and discharge chambers, with stainless steel impeller(s), shaft and wet
parts. Designed for 5 GPM, 60 PSI, 3450 RPM, complete with vertical open-drip proof motor
rated for .50 HP, 3 Phase, 60 Cycle, 460 Volt operation.

24 GROUT

A. Standard: ASTM C 1107, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement
grout.

B. Characteristics: Non-shrink and recommended for interior and exterior applications.

C. Design Mix: 5000-psi (34-MPa), 28-day compressive strength.

D. Packaging: Premixed and factory packaged.

25 SOURCE QUALITY CONTROL
A. Testing: Test and inspect fire pumps according to UL 448 requirements for "Operation Test" and
"Manufacturing and Production Tests."
1. Verification of Performance: Rate fire pumps according to UL 448.
B. Fire pumps will be considered defective if they do not pass tests and inspections.
C. Prepare test and inspection reports.
PART 3 - EXECUTION
31 EXAMINATION

A. Examine equipment bases and anchorage provisions, with Installer present, for compliance with
requirements and for conditions affecting performance of fire pumps.

B. Examine roughing-in for fire-suppression piping systems to verify actual locations of piping
connections before fire-pump installation.

Addition to Andalusia Elementary School ELECTRIC-DRIVE, CENTRIFUGAL FIRE PUMPS
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C. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 INSTALLATION

A. Fire-Pump Installation Standard: Comply with the latest edition of NFPA 20 for installation of fire
pumps, relief valves, and related components.

B. Equipment Mounting: Install fire pumps on concrete bases. Comply with requirements for
concrete bases specified in Section 03300 "Cast-in-Place Concrete."

1. Install dowel rods to connect concrete base to concrete floor. Unless otherwise
indicated, install dowel rods on 18-inch (450-mm) centers around the full perimeter of
concrete base.

2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete
base and anchor into structural concrete floor.
3. Place and secure anchorage devices. Use setting drawings, templates, diagrams,
instructions, and directions furnished with items to be embedded.
4, Install anchor bolts to elevations required for proper attachment to supported equipment.
C. Install fire-pump suction and discharge piping equal to or larger than sizes required by
NFPA 20.

D. Support piping and pumps separately so weight of piping does not rest on pumps.

E. Install valves that are same size as connecting piping. Comply with requirements for fire-
protection valves specified in "Wet-Pipe Fire-Suppression Sprinklers Systems" section.

F. Install pressure gages on fire-pump suction and discharge flange pressure-gage tappings.
Comply with requirements for pressure gages specified in "Wet-Pipe Fire-Suppression
Sprinklers Systems" section.

G. Install piping hangers and supports, anchors, valves, gages, and equipment supports according
to the latest edition of NFPA 20.

H. Electrical Wiring: Install electrical devices furnished by equipment manufacturers but not factory
mounted. Furnish copies of manufacturers' wiring diagram submittals to electrical Installer.

l. Wiring Method: Conceal conductors and cables in accessible ceilings, walls, and floors where
possible.

3.3 ALIGNMENT

A. Align pump and driver shafts after complete unit has been leveled on concrete base, grout has
set, and anchor bolts have been tightened.

B. After alignment is correct, tighten anchor bolts evenly. Fill baseplate completely with grout, with
metal blocks and shims or wedges in place. Tighten anchor bolts after grout has hardened.
Check alignment and make required corrections.

C. Align piping connections.

D. Align pump and driver shafts for angular and parallel alignment according to HI 1.4 and to
tolerances specified by manufacturer.

Addition to Andalusia Elementary School ELECTRIC-DRIVE, CENTRIFUGAL FIRE PUMPS
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3.4

CONNECTIONS

A. Comply with requirements for piping and valves specified in "Wet-Pipe Fire-Suppression
Sprinklers Systems" section. Drawings indicate general arrangement of piping, fittings, and
specialties.

B. Install piping adjacent to pumps and equipment to allow service and maintenance.

C. Connect relief-valve discharge to drainage piping or point of discharge.

D. Connect sensors and valves to tubing.

E. Connect fire pumps to their controllers.

3.5 IDENTIFICATION

A. Identify system components. Comply with requirements for fire-pump marking according to the

latest edition of NFPA 20.
3.6 FIELD QUALITY CONTROL

A. Test each fire pump with its controller as a unit. Comply with requirements for electric-motor-
driver fire-pump controllers specified in Section 13929 "Controllers for Fire-Pump Drivers."

B. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.

C. Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections, and
to assist in testing.

D. Tests and Inspections:

1. After installing components, assemblies, and equipment including controller, test for
compliance with requirements.

2. Test according to the latest edition of NFPA 20 for acceptance and performance testing.

3 Leak Test: After installation, charge system and test for leaks. Repair leaks and retest
until no leaks exist.

4. Operational Test: After electrical circuitry has been energized, start units to confirm
proper motor rotation and unit operation.

5. Test and adjust controls and safeties. Replace damaged and malfunctioning controls
and equipment.

E. Components, assemblies, and equipment will be considered defective if they do not pass tests
and inspections.

F. Prepare test and inspection reports.

G. Furnish fire hoses in number, size, and length required to reach storm drain or other acceptable
location to dispose of fire-pump test water. Hoses are for tests only and do not convey to
Owner.

3.7 STARTUP SERVICE

A. Perform startup service.

1. Complete installation and startup checks according to manufacturer's written instructions.
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3.8 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain fire pumps.

END OF SECTION

Addition to Andalusia Elementary School ELECTRIC-DRIVE, CENTRIFUGAL FIRE PUMPS
for the Andalusia City Board of Education AND JOCKEY PUMPS
Andalusia, Alabama 6 of 6

MCKEE PROJECT NO. 24-304



SECTION 13929 - CONTROLLERS FOR FIRE PUMP AND JOCKEY PUMP

PART 1 - GENERAL
1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A. Section Includes:

1. Full-service, reduced-voltage controllers rated 600 V and less.

1.3 ACTION SUBMITTALS

A. Product Data: For each type of product indicated. Include rated capacities, operating
characteristics, electrical characteristics, and furnished specialties and accessories.

B. Shop Drawings: For each type of product indicated. Include dimensioned plans, elevations,
sections, details, and attachments to other work, including required clearances and service
spaces around controller enclosures.

1. Show tabulations of the following:

Each installed unit's type and details.

Enclosure types and details for types other than NEMA 250, Type 2.
Factory-installed devices.

Nameplate legends.

Short-circuit current (withstand) rating of integrated unit.

Features, characteristics, ratings, and factory settings of individual overcurrent
protective devices.

~0 o0 T

2. Detail equipment assemblies and indicate dimensions, weights, loads, method of field
assembly, components, and location and size of each field connection.

1.4 INFORMATIONAL SUBMITTALS
A. Product Certificates: For each type of product indicated, from manufacturer.
B. Manufacturer's factory test reports of fully assembled and tested equipment.
C. Source quality-control reports.
D. Field quality-control reports.

1.5 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For each type of product indicated to include in emergency,
operation, and maintenance manuals.

1. Manufacturer's written instructions for testing, adjusting, and reprogramming
microprocessor-based logic controls.

1.6 MAINTENANCE MATERIAL SUBMITTALS

A. Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.
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1. Indicating Lights: Two of each type and color of lens installed; two of each type and size
of lamp installed.

1.7 QUALITY ASSURANCE
A. Source Limitations: Obtain fire-pump controllers and all associated equipment from single
source.
B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in the latest
edition of NFPA 70, by a qualified testing agency, and marked for intended location and
application.

C. Comply with standards of authorities having jurisdiction pertaining to materials and installation.
D. Comply with the latest editions of NFPA 20 and NFPA 70.
1.8 DELIVERY, STORAGE, AND HANDLING

A. Store controllers indoors in clean, dry space with uniform temperature to prevent condensation.
Protect enclosed controllers from exposure to dirt, fumes, water, corrosive substances, and
physical damage.

1.9 PROJECT CONDITIONS

A. Environmental Limitations:

1. Ambient Temperature Rating: Not less than 40 deg F (5 deg C) and not exceeding 122
deg F (50 deg C) unless otherwise indicated.

1.10 COORDINATION

A. Coordinate layout and installation of controllers with other construction including conduit, piping,
fire-pump equipment, and adjacent surfaces. Maintain required clearances for workspace and
equipment access doors and panels. Ensure that controllers are within sight of fire-pump
drivers.

B. Coordinate sizes and locations of concrete bases with actual equipment provided.

PART 2 - PRODUCTS

21 FIRE PUMP CONTROLLER
A. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
1. Patterson
2. Cutler-Hammer
3. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
4, Master Control Systems, Inc.
5. Firetrol

B. General Requirements:

1. Controller: The main fire pump controller shall be a factory assembled, wired, and tested
unit and shall conform to all the requirements of the latest edition of NFPA 20, Standard
for the Installation of Stationary Pumps for Fire Protection and the latest edition of NFPA
70, National Electrical Code. Firetrol “Model FTT1930-AM25B” or approved equal.

The controller shall be listed by Underwriters Laboratories, Inc., in accordance with
UL218, Standard for Fire Pump Controllers, CSA, and Canadian Standards Association
CSA-C22.2, Standard for Industrial Control Equipment (cULus), approved by Factory
Mutual and for fire pump service.
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a. Starting Method: The controller shall be of the combined manual and automatic
type designed for:

e Soft start; floor mount

The fire pump motor shall have the horsepower, phase and frequency rating
shown on the plans and drawings. The controller components shall be housed in
a NEMA Type R (IEC IP11) drip-proof, wall mounted enclosure.

b. Withstand Ratings (Short Circuit Current Ratings): All controller components shall
be front mounted, wired, and front accessible for maintenance. The minimum
withstand rating of the controllers shall not be less than 100,000 Amps RMS
Symmetrical at 200-600 Volts*. If the available system fault current exceeds
these ratings, the controllers shall be supplied with a withstand rating of 150,000-
or 200,000-Amps RMS Symmetrical, as required.

* Note: 100,000 Amp withstand rating not available in some larger horsepower.
Consult factory for details.

C. Isolation Switch and Circuit Breaker: The controller shall include a motor rated
combination isolating disconnect switch/circuit breaker, mechanically interlocked,
and operated with a single, externally mounted handle. When moving the handle
from OFF to ON, the interlocking mechanism shall sequence the isolating
disconnect switch ON first, and then the circuit breaker. When the handle is
moved from ON to OFF, the interlocking mechanism shall sequence the circuit
breaker OFF first, and then the isolating disconnect switch.

The isolating disconnect switch/circuit breaker shall be mechanically interlocked
so that the enclosure door cannot be opened with the handle in the ON position
except by a hidden tool operated defeater mechanism. The isolating disconnect
switch/circuit breaker shall be capable of being padlocked in the OFF position for
installation and maintenance safety and shall also be capable of being locked in
the ON position without affecting the tripping characteristics of the circuit breaker.
The controller door shall have a locking type handle and three-point cam and
roller vault type hardware. The circuit breaker trip curve adjustment shall be
factory set, tested, and sealed for the full load amps of the connected motor. The
circuit breaker shall be capable of being field tested to verify actual pick up,
locked rotor, and instantaneous trip points after field installation without
disturbing incoming line and load conductors.

d. Operator Interface: The fire pump controller shall feature an operator interface
with user keypad. The interface shall monitor and display motor operating
conditions, including all alarms, events, and pressure conditions. All alarms,
events, and pressure conditions shall be displayed with a time and date stamp.
The display shall be a two-line, 20-character, vacuum fluorescent, dot matrix type
designed to allow easy viewing from all angles and in all light conditions. The
display and interface shall be NEMA rated for Type 2, 3R, 4, 4X, and 12
protection and shall be fully accessible without opening the controller door. The
display and user interface shall utilize multiple levels of password protection for
system security. A minimum of three (3) password levels shall be provided. The
display shall be capable of being programmed for any language.

e. Ammeter/Voltmeter: The fire pump controller operator interface shall be capable
of displaying true RMS digital motor voltage and current measurements for all
three phases simultaneously. Displays requiring push-button and selector
switches to toggle between phases or current and voltage shall not be accepted.
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Voltage and current shall be measured by True RMS technology to provide the
most accurate measurement for all sine waves, including non-sinusoidal
waveforms. Average responding meters will not be accepted.

f. Digital Status/Alarm Messages: The digital display shall indicate text messages
for the status and alarm conditions of:

Motor On

Minimum Run Time / Off Delay Time
Fail to Start

Under Voltage

Low Suction Pressure
Emergency Start
Drive Not Installed
Disk Error

Disk Near Full
Sequential Start Time
Local Start

Remote Start

System Battery Low
Over Voltage

Over Frequency
Motor Over 320%
Motor Overload
Printer Error
Pressure Error

The Sequential Start Timer and Minimum Run Timer/ Off Delay Timer shall be
displayed as numeric values reflecting the value of the remaining time.

g. LED Visual Indicators: LED indicators, visible with the door closed, shall indicate:

Power On

Pump Running

Alarm

Deluge Open

Phase Failure

Interlock On

Emerg. Isolating Switch Open
Low System Pressure
Transfer Switch Normal
Transfer Switch Emergency
Phase Reversal

h. Data Logging: The digital display shall monitor the system and log the following
data:

Motor Calls/Starts
Last Trip Currents
Last Breaker Trip
Minimum Voltages
Maximum Voltages
Last Phase Failure

e Last Phase Reversal
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Min/Max Pressure
Elapsed Motor Run Time
Elapsed Power on Time
Minimum Run Currents
Maximum Run Currents
Last Motor Run Time
Last Start Currents
Min/Max Frequency

i. Event Recording:

Memory — The controller shall record all operational and alarm events to system
memory. All vents shall be time and date stamped and includes and index
number. The system memory shall have the capability of storing 3000 events and
allow the user access to the event log via the user interface. The user shall have
the ability to scroll through the store messages in groups of 1, 10 or 100.

USB Host Controller — The controller shall have a built-in USB Host Controller. A
USB port capable of accepting a USB Flash Memory Dish (aka: flask drive, thumb
drive, memory stick, etc..) shall be provided. The controller shall save all
operational and alarm events to the flash memory on a daily basis. Each saved
event shall be time and date stamped. The total amount of historical data saved
stamped. The total amount of historical data saved shall solely depend on the
size of the flask disk utilized. The controller shall have the capability to save
settings and values to the flash disk via the user interface.

Serial Communications — The controller shall feature an RS485 serial
communications port for use with 2 or 4 wire Modbus RTU communications.

j. Solid State Pressure Transducer: The controller shall be supplied with a solid
state pressure transducer with a range of 0-300 psi (0-20.7 bar) +1 psi. The solid
state pressure switch shall be used for both display of the system pressure and
control of the fire pump controller. Systems using analog pressure devices or
mercury switches for operational control will not be accepted.

The START, STOP and SYSTEM PRESSURE shall be digitally displayed and
adjustable through the user interface. The pressure transducer shall be mounted
inside the controller to prevent accidental damage. The pressure transducer shall
be directly pipe mounted to a bulkhead pipe coupling without any other
supporting members. Field connections shall be made externally at the controller
coupling to pre-vent distortion of the pressure switch element and mechanism.

k. Operation:

A digitally set On Delay (Sequential Start) timer shall be provided as standard.
Upon a call to start, the user interface shall display a message indicating the
remaining time value of the On Delay timer.

The controller shall be field programmable for manual stop automatic stop. If set
for automatic stopping, the controller shall allow the user to select either a
Minimum Run Timer or an Off Delay Timer. Both timers shall be programmable
through the user interface.

The controller shall include an AC Power Loss start timer to start the engine in
the event of AC Power failure.

The controller shall be fully programmable to allow up to 8 custom alarm
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messages to be displayed on the user interface.

A weekly test timer shall be provided as standard. The controller shall have the
ability to program the time, date, and frequency of the weekly test. In addition,
the controller shall have the capability to display a preventative maintenance
message for a service inspection. The message text and frequency of oc-
currence shall be programmable through the user interface.

A Lamp Test feature shall be included. The user interface shall also have the
ability to display the status of the system inputs and outputs.

Battery Chargers: The controller shall include two fully automatic, 200-amp hour,
4 step battery chargers. The chargers shall feature a qualification stage, in which
the batteries are examined by the charger to insure that they are not defective
and are capable of accepting a charge. The battery charger shall feature:

Selectable AC Power Voltage
Selectable Battery Voltage
Selectable Battery Type

Charge Cycle Reset Push-button

2.2 SOURCE QUALITY CONTROL
A. Testing: Test and inspect fire-pump controllers according to requirements in the latest edition of
NFPA 20.
1. Verification of Performance: Rate controllers according to operation of functions and
features specified.
B. Fire-pump controllers will be considered defective if they do not pass tests and inspections.
C. Prepare test and inspection reports.
2.3 JOCKEY PUMP CONTROLLER
A. The jockey pump controller shall be equal to Firetrol “Model FTA570F-AG012B” or approved
equal, complete with fusible disconnect, “HAND-OFF-AUTOMATIC” selector switch and a
pressure switch. The controller shall be rated for .50 HP, 3 phase, 60 cycle, 460-volt operation.
The minimum enclosure rating shall be NEMA 3R, drip tight.
The following options shall be included:
Casing relief valve.
Running period timer.
PART 3 - EXECUTION
31 EXAMINATION
A. Examine areas and surfaces to receive equipment, with Installer present, for compliance with
requirements and other conditions affecting performance.
B. Examine equipment before installation. Reject equipment that is wet or damaged by moisture
or mold.
C. Proceed with installation only after unsatisfactory conditions have been corrected.
3.2 CONTROLLER INSTALLATION
A. Install controllers within sight of their respective drivers.
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B. Connect controllers to their dedicated pressure-sensing lines.

C. Wall-Mounting Controllers: Install controllers on walls with disconnect operating handles not
higher than 79 inches (2006 mm) above finished floor, and bottom of enclosure not less than 12
inches (305 mm) above finished floor unless otherwise indicated. Bolt units to wall or mount on
lightweight structural-steel channels bolted to wall.

3.3 POWER WIRING INSTALLATION

A. Install power wiring between controllers and their services or sources, and between controllers
and their drivers. Comply with requirements in the latest editions of NFPA 20 and NFPA 70,
and as specified in "Conductors and Cables" section.

B.  Comply with NECA 1.

3.4 CONTROL AND ALARM WIRING INSTALLATION

A. Bundle, train, and support wiring in enclosures.

B. Connect automatic activation devices where applicable.
3.5 IDENTIFICATION

A. Comply with requirements in the latest edition of NFPA 20 for marking fire-pump controllers.

B. Identify system components, wiring, cabling, and terminals. Comply with requirements for
identification in the latest edition of NFPA 20 and as specified in "Electrical ldentification"
section.

3.6 FIELD QUALITY CONTROL

A. Perform tests and inspections.

1. Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections, and
to assist in testing.

B. Acceptance Testing Preparation:

1. Inspect and Test Each Component:
a. Inspect wiring, components, connections, and equipment installations. Test and
adjust components and equipment.
b. Test insulation resistance for each element, component, connecting supply,
feeder, and control circuits.
C. Test continuity of each circuit.
2. Verify and Test Each Electric-Driver Controller:
a. Verify that voltages at controller locations are within plus 10 or minus 1 percent of

motor nameplate rated voltages, with motors off. If outside this range for any
motor, notify Architect before starting the motor(s).

b. Test each motor for proper phase rotation.

3. Operational Test: After electrical circuitry has been energized, start units to confirm
proper unit operation.

4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls

and equipment.

C. Field Acceptance Tests:
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1. Do not begin field acceptance testing until suction piping has been flushed and
hydrostatically tested and the certificate for flushing and testing has been submitted to
Architect and authorities having jurisdiction.

2. Prior to starting, notify authorities having jurisdiction of the time and place of the
acceptance testing.

3. Engage manufacturer's factory-authorized service representative to be present during the
testing.

4, Perform field acceptance tests as outlined in the latest edition of NFPA 20.

D. Controllers will be considered defective if they do not pass tests and inspections.
E. Prepare test and inspection reports.

3.7 STARTUP SERVICE
A. Engage a factory-authorized service representative to perform startup service.
1. Complete installation and startup checks according to manufacturer's written instructions.
3.8 ADJUSTING
A. Adjust controllers to function smoothly and as recommended by manufacturer.
B. Set field-adjustable switches, auxiliary relays, time-delay relays, and timers.
C. Program microprocessors for required operational sequences, status indications, alarms, event

recording, and display features. Clear events memory after final acceptance testing and prior to
Substantial Completion.

D. Set field-adjustable pressure switches.
3.9 PROTECTION

A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer's
written instructions until enclosed controllers are ready to be energized and placed into service.

B. Replace controllers whose interiors have been exposed to water or other liquids prior to
Substantial Completion.

3.10 DEMONSTRATION

A. Train Owner's maintenance personnel to adjust, operate, and maintain controllers, and to use
and reprogram microprocessor-based controls within this equipment.

END OF SECTION
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SECTION 13930 - WET-PIPE FIRE-SUPPRESSION SPRINKLERS SYSTEMS

PART 1 - GENERAL
1.1 SUMMARY

A. Section Includes:

Pipes, fittings, and specialties.
Fire-protection valves.

Fire Department connection
Sprinklers.

Alarm devices.

Pressure gages.

Nogokrodb=

Backflow preventer

1.2 DEFINITIONS
A. Standard-Pressure Sprinkler Piping: Wet-pipe sprinkler system piping designed to operate at
working pressure of 175 psig (1200 kPa) maximum.

1.3 SYSTEM DESCRIPTIONS

A. Wet-Pipe Sprinkler System: Automatic sprinklers are attached to piping which contains water
and is connected to water supply through a wet system control riser. Water discharges
immediately from sprinklers when they are opened. Sprinklers open when heat melts fusible
link or destroys frangible device. Hose connections are included as indicated on the fire
sprinkler design drawings.

14 PERFORMANCE REQUIREMENTS

A. Standard-Pressure Piping System Components: Listed for 175-psig (1200-kPa) minimum
working pressure.

B. Design: Design sprinkler system(s), including comprehensive analysis, using performance
requirements and design criteria indicated.

C. Sprinkler system design shall be approved by authorities having jurisdiction.
1. Margin of Safety for Available Water Flow and Pressure: 10 percent, including losses
through water-service piping, valves, and backflow preventers, unless noted otherwise in
design drawings.

2. Sprinkler Occupancy Hazard Classifications: Comply with NFPA 13 (2022)

3. Minimum Density for Automatic-Sprinkler Piping Design: Comply with NFPA 13 (2022).
Exceptions may be applied as allowed by NFPA 13 (2022).

4. Maximum Protection Area per Sprinkler: Per UL listing and per NFPA 13 (2022).
5. Total Combined Hose-Stream Demand Requirement: According to NFPA 13 (2022)
unless otherwise indicated:

a. Light-Hazard Occupancies: 100 gpm (6.3 L/s) for 30 minutes.
b. Ordinary-Hazard Occupancies: 250 gpm (15.75 L/s) for 60 to 90 minutes.
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1.5

SUBMITTALS

A. Product Data: Fire sprinkler contractor shall submit factory generated data for each type of
product proposed to be used. Include rated capacities, operating characteristics, electrical
characteristics, and furnished specialties and accessories. Choice of options shall be clearly
indicated.

B. Shop Drawings: For wet-pipe sprinkler systems. Include plans, elevations, sections, details,
wiring diagrams, and attachments to other work.

1. Wiring Diagrams: For power, signal, and control wiring.

C. Coordination Drawings: (ACAD 2010 Edition or Higher) Sprinkler systems, drawn to scale, on
which the following items are shown and coordinated with each other, using input from installers
of the items involved:

1. Domestic water piping.

2. HVAC ductwork and piping.

3 Items penetrating finished ceiling including, but not limited to, the following:
a. Lighting fixtures.
b. Air outlets and inlets.
C. Alarm Components

D.  Qualification Data: For qualified Installer.

E. Approved Sprinkler Piping Drawings: (ACAD 2010 Edition or higher) Working plans, prepared
according to NFPA 13 (2022) Chapter 23, that have been approved by authorities having
jurisdiction, including hydraulic calculations if applicable.

F. Welding certificates.

Fire-hydrant flow test report.

H. Field Test Reports and Certificates: Indicate and interpret test results for compliance with
performance requirements and as described in NFPA 13 (2022). Include "Contractor's Material
and Test Certificate for Aboveground Piping."

. Field quality-control reports shall be regularly generated and delivered to the General
Contractor, Architect, and Owner’s representative.

J. Operation and Maintenance Data: For sprinkler specialties to include in emergency, operation,
and maintenance manuals.

1.6 QUALITY ASSURANCE

A. Installer Qualifications:

1. Installer's responsibilities include designing, fabricating, and installing sprinkler systems.
Base system designs on results of fire-hydrant flow test conducted no more than twelve
months prior to submitting calculations.

B. Welding Qualifications: Qualify procedures and operators according to ASME Boiler and
Pressure Vessel Code.

C. NFPA Standards: Sprinkler system equipment, specialties, accessories, installation, and testing
shall comply with the following:
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1. NFPA 13 (2022) "Installation of Sprinkler Systems."
Electrical Components, Devices, and Accessories: Listed and labeled as defined in the
latest edition of NFPA 70 and marked for intended location and application.

3. International Fire Code (2021 Edition)

4, International Building Code (2021 Edition)

1.7 COORDINATION

A. Coordinate layout and installation of sprinklers with other construction that penetrates ceilings
including, but limited to, light fixtures, electrical equipment, HVAC equipment, and partition
assemblies.

1.8 EXTRA MATERIALS
A. Furnish extra materials that match products installed and that are packaged with protective

covering for storage and identified with labels describing contents.

1. Sprinkler Cabinets: Finished, wall-mounted, steel cabinet with hinged cover, and with
space for minimum of six spare sprinklers plus sprinkler wrench. Include number of
sprinklers required by NFPA 13 and sprinkler wrench. Include separate cabinet with
sprinklers and wrench for each type of sprinkler used on Project.

PART 2 - PRODUCTS
21 PIPING MATERIALS

A. Comply with requirements in "Piping Schedule" Section, in this specification, for applications of
pipe, tube, and fitting materials, and for joining methods for specific services, service locations,
and pipe sizes.

2.2 STEEL PIPE AND FITTINGS

A. Schedule 40 Black-Steel Pipe: ASTM A 135; ASTM A 795/A 795M, Type E; or ASME B36.10M,
wrought steel; with wall thickness not less than Schedule 40. Pipe ends may be factory or field
formed to match joining method.

B. Schedule 10, Black-Steel Pipe: ASTM A 135 or ASTM A 795/A 795M, Schedule 10 in NPS 5
(DN 125) and smaller.

C. Black-Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, standard-weight, seamless
steel pipe with threaded ends.

D. Uncoated, Steel Couplings: ASTM A 865, threaded.
E. Uncoated, Gray-Iron Threaded Fittings: ASME B16.4, Class 125, standard pattern.
F. Malleable- or Ductile-Iron Unions: UL 860.
G. Cast-Iron Flanges: ASME 16.1, Class 125.
H. Steel Flanges and Flanged Fittings: ASME B16.5, Class 150.
. Steel Welding Fittings: ASTM A 234/A 234M and ASME B16.9.
J. Grooved-Joint, Steel-Pipe Appurtenances:
1. Basis-of-Design Product: Subject to compliance with requirements, provide
product indicated on drawings or comparable product by one of the
following:
a. National Fittings, Inc.
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b. Tyco Fire & Building Products LP.

C. Victaulic Company.

2. Pressure Rating: 250 psig (1725 kPa) minimum.

3. Uncoated, Grooved-End Fittings for Steel Piping: ASTM A 47/A 47M, malleable-iron
casting or ASTM A 536, ductile-iron casting; with dimensions matching steel pipe.

4, Grooved-End-Pipe Couplings for Steel Piping: AWWA C606 and UL 213, rigid pattern,
unless otherwise indicated, for steel-pipe dimensions. Include ferrous housing sections,
EPDM-rubber gasket, and bolts and nuts.

23 LISTED FIRE-PROTECTION VALVES
A. General Requirements:
1. Valves shall be UL listed or FM approved.
2. Minimum Pressure Rating for Standard-Pressure Piping: 175 psig (1200 kPa).
B. Ball Valves:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:
a. Anvil International, Inc.

b. Victaulic Company.
C. Nibco Inc.
d. Milwaukee Valve Company

2. Standard: UL 1091 except with ball instead of disc.

3. Valves NPS 1-1/2 (DN 40) and Smaller: Bronze body with threaded ends.

4. Valves NPS 2 and NPS 2-1/2 (DN 50 and DN 65): Bronze body with threaded ends or
ductile-iron body with grooved ends.

5. Valves NPS 3 (DN 80): Ductile-iron body with grooved ends.

C. Bronze Butterfly Valves:

1.

aobhwbd

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

a. Fivalco Inc.
b. Global Safety Products, Inc.
C. Milwaukee Valve Company.

Standard: UL 1091.

Pressure Rating: 175 psig (1200 kPa).
Body Material: Bronze.

End Connections: Threaded.

D. Iron Butterfly Valves:

1.

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

a. Global Safety Products, Inc.
b. Milwaukee Valve Company.
C. NIBCO INC.
d. Tyco Fire & Building Products LP.
e. Victaulic Company.
2. Standard: UL 1091.
3. Pressure Rating: 175 psig (1200 kPa).
4, Body Material: Cast or ductile iron.
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5.
6.

Style: Lug or wafer.
End Connections: Grooved.

E. Check Valves:

1.

O RAWN

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

Globe Fire Sprinkler Corporation.
Milwaukee Valve Company.

NIBCO INC.

Potter Roemer.

Reliable Automatic Sprinkler Co., Inc.
Tyco Fire & Building Products LP.

g. Watts Water Technologies, Inc.

~0 o0 U

Standard: UL 312.

Pressure Rating: 250 psig (1725 kPa) minimum.
Type: Swing check.

Body Material: Cast iron.

End Connections: Flanged or grooved.

F. Bronze OS&Y Gate Valves:

1.

aoRrwd

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Milwaukee Valve Company.

C. NIBCO INC.

d. United Brass Works, Inc.

Standard: UL 262.

Pressure Rating: 175 psig (1200 kPa).
Body Material: Bronze.

End Connections: Threaded.

G. Indicating-Type Butterfly Valves:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:
a. Anvil International, Inc.
b. Global Safety Products, Inc.
C. Milwaukee Valve Company.
d. NIBCO INC.
e. Tyco Fire & Building Products LP.
f. Victaulic Company.
2. Standard: UL 1091.
3. Pressure Rating: 175 psig (1200 kPa) minimum.
4. Valves NPS 2 (DN 50) and Smaller:
a. Valve Type: Ball or butterfly.
b. Body Material: Bronze.
C. End Connections: Threaded.
5. Valves NPS 2-1/2 (DN 65) and Larger:
a. Valve Type: Butterfly.
b. Body Material: Cast or ductile iron.
C. End Connections: Flanged, grooved, or wafer.
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6. Valve Operation: Integral electrical, 115-V ac, pre-wired, single-circuit, supervisory switch
indicating device.

H. NRS Gate Valves:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

a Crane Co.; Crane Valve Group; Stockham Division.
b. Mueller Co.; Water Products Division.

C. NIBCO INC.

d Tyco Fire & Building Products LP.

Standard: UL 262.

Pressure Rating: 250 psig (1725 kPa) minimum.
Body Material: Cast iron with indicator post flange.
Stem: Non-rising.

o arON

End Connections: Flanged or grooved.

24 TRIM AND DRAIN VALVES

A. General Requirements: Angle, Ball, and Globe valves:
1. Standard: UL’s "Fire Protection Equipment Directory” listing or "Approval Guide,"
published by FM Global, listing.
2. Pressure Rating: 175 psig (1200 kPa) minimum.
3. Body material: Bronze
4. End Connections: Threaded

B.  Angle Valves:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:
a. Fire Protection Products, Inc.
b. United Brass Works, Inc.

C. Ball Valves:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

Milwaukee Valve Company.
NIBCO INC.

Tyco Fire & Building Products LP.
Victaulic Company.

Watts Water Technologies, Inc.

P20 T®

D. Globe Valves:
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

a. Fire Protection Products, Inc.
b. United Brass Works, Inc.

25 SPECIALTY VALVES
A. General Requirements:

1. Standard: UL’s "Fire Protection Equipment Directory" listing or "Approval Guide,"
published by FM Global, listing.
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Pressure Rating:
a. Standard-Pressure Piping Specialty Valves: 175 psig (1200 kPa) minimum.

Body Material: Cast or ductile iron.
Size: Same as connected piping.
End Connections: Flanged or grooved.

B. Automatic (Ball Drip) Drain Valves:

1.

R

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

a. AFAC Inc.
b. Reliable Automatic Sprinkler Co., Inc.
C. Tyco Fire & Building Products LP.

Standard: UL 1726.

Pressure Rating: 175 psig (1200 kPa) minimum.
Type: Automatic draining, ball check.

Size: NPS 3/4 (DN 20).

End Connections: Threaded.

C. Backflow Preventer: Provided and installed in the underground fire water service by the civil
utilities contractor.

D. Fire Department Connection: Siamese type, mounted on the exterior wall of the fire pump room.
2.6 SPRINKLER SPECIALTY PIPE FITTINGS

A. Sprinkler Inspector's Test Fittings:

1.

2.

3.
4.
5
6

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

AGF Manufacturing Inc.

Triple R Specialty.

Tyco Fire & Building Products LP.
Victaulic Company.

Viking Corporation.

pooow

Standard: UL’s "Fire Protection Equipment Directory" listing or "Approval Guide,"
published by FM Global, listing.

Pressure Rating: 175 psig (1200 kPa) minimum.

Body Material: Cast- or ductile-iron housing with sight glass.

Size: Same as connected piping.

Inlet and Outlet: Threaded.

B.  Adjustable Drop Nipples:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:
a. CECA, LLC.
b. Corcoran Piping System Co.
C. Merit Manufacturing; a division of Anvil International, Inc.
2. Standard: UL 1474.
3. Pressure Rating: 250 psig (1725 kPa) minimum.
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Body Material: Steel pipe with EPDM-rubber O-ring seals.
Size: Same as connected piping.

Length: Adjustable.

Inlet and Outlet: Threaded.

Noo s

C. Flexible, Sprinkler Hose Fittings:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

a. Fivalco Inc.
b. FlexHead Industries, Inc.
C. Gateway Tubing, Inc.

2. Standard: UL 1474.

3. Type: Flexible hose for connection to sprinkler, and with bracket for connection to ceiling
grid.
4, Pressure Rating: 175 psig (1200 kPa) minimum.
5. Size: Same as connected piping, for sprinkler.
2.7 SPRINKLERS (See Section 3.12 for Sprinkler Schedule)

A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on
drawings or comparable product by one of the following:

Globe Fire Sprinkler Corporation.
Reliable Automatic Sprinkler Co., Inc.
Tyco Fire & Building Products LP.
Victaulic Company.

Viking Corporation.

orON =

B. General Requirements:

1. Standard: UL’s "Fire Protection Equipment Directory" listing or "Approval Guide,"
published by FM Global, listing.
2. Pressure Rating for Automatic Sprinklers: 175 psig (1200 kPa) minimum.

C. Automatic Sprinklers with Heat-Responsive Element:

1. Quick-Response.

2. Non-residential Applications: UL 199.

3. Characteristics: Nominal 1/2-inch (12.7-mm) orifice with Discharge Coefficient K of 5.6,
and for "Ordinary" temperature classification rating unless otherwise indicated on the
design drawings or required by application.

D.  Sprinkler Guards:

1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

a. Reliable Automatic Sprinkler Co., Inc.
b. Tyco Fire & Building Products LP.

C. Victaulic Company.
d. Viking Corporation.

2. Standard: UL 199.

3. Type: Wire cage with fastening device for attaching to sprinkler.
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2.8 ALARM DEVICES
A. Alarm-device types shall match piping and equipment connections.

B.  Water-Flow Indicators: (Flow Switches)
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

McDonnell & Miller; ITT Industries.
Potter Electric Signal Company.
Viking Corporation.

Watts Industries.

cooow

Standard: UL 346.

Water-Flow Detector: Electrically supervised.

Components: Two single-pole, double-throw circuit switches for isolated alarm and
auxiliary contacts, 7 A, 125-V ac and 0.25 A, 24-V dc; complete with factory-set, field-
adjustable retard element to prevent false signals and tamperproof cover that sends
signal if removed.

5. Type: Paddle operated.

6. Pressure Rating: 250 psig (1725 kPa).

7. Design Installation: Horizontal or vertical.

Pobd

C.  Valve Supervisory Switches: (Tamper Switches)
1. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on drawings or comparable product by one of the following:

a. Fire-Lite Alarms, Inc.; a Honeywell company.
b. Kennedy Valve; a division of McWane, Inc.
C. Potter Electric Signal Company.

2. Standard: UL 346.

3. Type: Electrically supervised.

4. Components: Single-pole, double-throw switch with normally closed contacts.

5. Design: Signals that controlled valve is in other than fully open position.

29 PRESSURE GAGES
A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated

on drawings or comparable product by one of the following:

1. Ashcroft, Inc.

2. Brecco Corporation.
3. WIKA Instrument Corporation.
B.  Standard: UL 393.
C. Dial Size: 3-1/2- to 4-1/2-inch (90- to 115-mm) diameter.
D. Pressure Gage Range: 0 to 250 psig (0 to 1725 kPa) minimum.
E. Water System Piping Gage: Include "WATER" label on dial face.
PART 3 - EXECUTION
3.1 PREPARATION

A. Perform fire-hydrant flow test according to NFPA 13 (2022 Edition) and the latest edition of
NFPA 291. Use results for system design calculations.
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B. Report test results promptly and in writing to the Architect, Owner, General Contractor, and all
authorities having jurisdiction.

3.2 SERVICE-ENTRANCE PIPING

A. Connect fire pump suction piping to underground water-service. Underground water service
shall be provided and installed, to within 5°-0” of the fire pump room, by the civil utilities
contractor. Coordinate with the utilities contractor to verify that the required flushing and testing
of underground service has been performed and recorded, prior to making final connection.

3.3 PIPING INSTALLATION

A. Locations and Arrangements: Drawing plans, schematics, and diagrams indicate general
location and arrangement of piping. Install piping as indicated, as far as practical.

1. Deviations from approved working plans for piping require written approval from
authorities having jurisdiction. File written approval with Architect before deviating from
approved working plans.

B. Piping Standard: Comply with requirements for installation of sprinkler piping in NFPA 13

(2022).

C. U_se Ii_sted fittings to make changes in direction, branch takeoffs from mains, and reductions in
pipe sizes.

D. Install unions adjacent to each valve in pipes NPS 2 (DN 50) and smaller.

E. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and

equipment having NPS 2-1/2 (DN 65) and larger end connections.

F. Install "Inspector's Test Connections" in sprinkler system piping, complete with shutoff valve,
and sized and located according to NFPA 13 (2022).

G. Install sprinkler piping with drains for complete system drainage.

H. Install automatic (ball drip) drain valve at fire-department connection, to drain piping between
fire-department connection and check valve.

. Install alarm devices in piping systems.

J. Install hangers and supports for sprinkler system piping according to NFPA 13 (2022). Comply
with requirements for hanger materials in NFPA 13 (2022).

K. Install pressure gages on riser or feed main, at each sprinkler test connection. Include pressure
gages with connection not less than NPS 1/4 (DN 8) and with soft metal seated globe valve,
arranged for draining pipe between gage and valve. Install gages to permit removal and install
where they will not be subject to freezing.

L. Fill sprinkler system piping with water.

M. Install escutcheons for piping penetrations of walls, ceilings, and floors.

Install fire stopping at all penetrations of fire rated structure in order to maintain the rating of the

structure.
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3.4 JOINT CONSTRUCTION

A. Install couplings, flanges, flanged fittings, unions, nipples, and transition and special fittings that
have finish and pressure ratings same as or higher than system's pressure rating for
aboveground applications unless otherwise indicated.

B. Install unions adjacent to each valve in pipes NPS 2 (DN 50) and smaller.

C. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and
equipment having NPS 2-1/2 (DN 65) and larger end connections.

D. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

E. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before
assembly.
F. Flanged Joints: Select appropriate gasket material in size, type, and thickness suitable for water

service. Join flanges with gasket and bolts according to ASME B31.9.

G. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore
full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or
damaged.

H.  Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes
and welding operators according to "Quality Assurance" Article.
1. Shop weld pipe joints where welded piping is indicated. Do not use welded joints for
galvanized-steel pipe.

l. Steel-Piping, Roll-Grooved Joints: Roll rounded-edge groove in end of pipe according to
AWWA C606. Assemble coupling with housing, gasket, lubricant, and bolts. Join steel pipe
and grooved-end fittings according to AWWA C606 for steel-pipe grooved joints.

J. Dissimilar-Material Piping Joints: Make joints using adapters compatible with materials of both
piping systems. Provide dielectric adapters as required.

3.5 VALVE AND SPECIALTIES INSTALLATION

A. Install listed fire-protection valves, trim and drain valves, specialty valves and trim, controls, and
specialties according to NFPA 13 (2022) and authorities having jurisdiction.

B. Install listed fire-protection shutoff valves supervised open, located to control sources of water
supply except from fire-department connections. Install permanent identification signs
indicating portion of system controlled by each valve.

C. Install check valve in each water-supply connection. See sprinkler control riser detail on design
drawings.

D. Dual check backflow preventer shall be installed in-line of the fire pump system located in the
fire pump room. Coordinate with the site utilities contractor and all authorities having jurisdiction.

Addition to Andalusia Elementary School WET-PIPE FIRE SUPPRESSION SPRINKLER
for the Andalusia City Board of Education SYSTEM
Andalusia, Alabama 11 0of 13

MCKEE PROJECT NO. 24-304



3.6 SPRINKLER INSTALLATION
A. Install sprinklers in suspended ceilings in center of acoustical ceiling panels.

B. Install dry barrel sprinklers, with water supply from heated space, for protection of areas subject
to freezing. Dry barrel lengths and installation shall comply with NFPA 13 (2022) requirements.
Do not install wet-type sprinklers in areas subject to freezing.

C. Flexible drop assembly arm-over/sprinkler head connections are acceptable.
3.7 IDENTIFICATION

A. Identify system components, wiring, cabling, and terminals.
3.8 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Tests and Inspections:
1. Leak Test: After installation, charge systems and test for leaks. Repair leaks and retest
until no leaks exist.
2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls
and equipment.
3. Flush, test, and inspect sprinkler systems according to NFPA 13 (2022), "Systems
Acceptance" Chapter.

4, Energize circuits to electrical equipment and devices.
5. Coordinate with fire-alarm tests. Operate as required.
6. Verify that equipment hose threads are same as local fire-department equipment.

C. Sprinkler piping system will be considered defective if it does not pass tests and inspections.

D. Prepare test and inspection reports and deliver copies to Architect, Owner, and authorities
having jurisdiction.

3.9 DEMONSTRATION
A. Train Owner's maintenance personnel to adjust, operate, and maintain system. Maintain a list
of personnel who completed the training. Provide a copy of the list to the owner’s

representative.

B. Provide a copy of NFPA-25 "Standard for the Inspection, Testing, and Maintenance of Water-
based Fire Protection Systems," to the Owner's representative.

3.10 CLEANING

A. Clean dirt and debris from sprinklers.
B. Remove and replace sprinklers with paint other than factory finish.

3.11 PIPING SCHEDULE

A. Standard-pressure, wet-pipe sprinkler system, NPS 2 (DN 50) and smaller, shall be one of the
following:

1. Schedule 40, black-steel pipe with threaded ends; uncoated, gray-iron threaded fittings;
and threaded joints.
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2.

Schedule 40, black-steel pipe with roll-grooved ends; uncoated, grooved-end fittings for
steel piping; grooved-end-pipe couplings for steel piping; and grooved joints.

B. Standard-pressure, wet-pipe sprinkler system, NPS 2-1/2 to NPS 6, shall be one of the

following:

3. Schedule 40, black-steel pipe with threaded ends; uncoated, gray-iron threaded fittings;
and threaded joints.

2. Schedule 10, black-steel pipe with roll-grooved ends; uncoated, grooved-end fittings for
steel piping; grooved-end-pipe couplings for steel piping; and grooved joints.

3.9 SPRINKLER SCHEDULE
A. Use sprinkler types below for the following applications:

1. Rooms without Ceilings (open to structure): Upright sprinklers. Rough brass.

2. Rooms with Suspended Ceilings (Acoustical Lay-in Tiles): Pendent; Recessed; Factory
off-white finish. Sprinklers shall be centered in acoustical tiles. Provide extra sprinklers in
order to meet this requirement. Consult architectural reflected ceiling plans for ceiling
types and details. The design engineer shall make the final decision for the type, number
and location of sprinklers.

3. Rooms with Hard ceilings: Pendent; Concealed; Rough Brass; Factory painted off-white
cover plate. Sprinklers in hard ceilings shall be centered in relation to lights and HVAC
grilles. Provide extra sprinklers in order to meet this requirement. Consult architectural
reflected ceiling plan for ceiling types and details. Coordinate with all disciplines. The
design engineer shall make the final decision for type, number and location of sprinklers.

4. Wall Mounting: Sidewall; Pendent; Factory off-white finish.

5. Areas subject to freezing: Dry barrel sprinklers connected to wet system piping located in
heated space. Sprinklers with flexible dry barrels are acceptable.

6. Provide factory escutcheons to match sprinklers.

3.13 PROJECT CLOSE-OUT
A. Prior to issuance of certificate for final payment, submit to Architect, and design engineer, and
obtain approval of the following:

1.

A letter signed by the subcontractors for fire sprinkler and electrical work stating that
they have jointly checked each power circuit, alarm circuit, and control circuit, and
mutually agree that each item is properly wired, and that power, alarm, and control
circuits function properly.

Record Drawings (As-Built Drawings) — Fire sprinkler piping (ACAD 2010 or higher).

Record Drawings (As-Built Drawings) — Fire sprinkler head locations (ACAD 2010 or
higher).

4, Water and Air Pressure tests for fire sprinkler systems.

5. Equipment Submittal Data (3 copies).

6. Equipment Operating and Maintenance Manuals (3 copies).

7. Maintenance Schedule (3 copies).

8. Equipment Warranty dates and Guarantee (3 copies).

9. List of Owner’s Personnel who have received maintenance training.

END OF SECTION
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	SECTION 13120 - PRE-ENGINEERED BUILDING
	PART 1 - GENERAL
	1.1 RELATED DOCUMENTS

	13190 Division 13 - Fire Suppression 12.18.2025
	13921 Electric-Drive, Centrifugal Fire Pumps and Jockey Pumps_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions

	1.2 SUMMARY and Division 01 Specification Sections, apply to this Section.
	A. Section Includes:

	1.3 PERFORMANCE REQUIREMENTS
	A. Pump Equipment, Accessory, and Specialty Pressure Rating: 250 psig (1200 kPa) minimum unless higher pressure rating is indicated.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.  Include rated capacities, operating characteristics, performance curves, electrical characteristics, and furnished specialties and accessories.
	B. Shop Drawings: For fire pumps, motor drivers, and fire-pump accessories and specialties.  Include plans, elevations, sections, details, and attachments to other work.

	1.5 INFORMATIONAL SUBMITTALS
	A. Product Certificates: For each fire pump and jockey pump, from manufacturer.
	B. Source quality-control reports.
	C. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For fire pumps and jockey pumps, to include in operation and maintenance manuals.

	1.7 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in the latest edition of NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. NFPA Compliance: Comply with the latest edition of NFPA 20, "Installation of Stationary Pumps for Fire Protection."

	1.8 COORDINATION
	A. Coordinate sizes and locations of concrete bases with actual equipment provided.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR CENTRIFUGAL FIRE PUMPS
	A. Description: Factory-assembled and -tested fire-pump and driver unit.
	B. Finish: Red paint applied to factory-assembled and -tested unit before shipping.

	2.2 VERTICAL IN-LINE FIRE PUMPS
	A. Manufacturers: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	B. Fire Pump:
	C. Fire Pump Motor: The fire pump motor shall be listed for fire protection service by Underwriters Laboratories.  The fire pump motor shall be an induction motor rated for 25 HP at 460 VAC, 3 phase, 60 hertz, turning at a nominal speed of 3525 RPM with a 1.15 service factor.  Motor enclosure shall be ODP – open drip-proof.

	2.3 FIRE-PUMP ACCESSORIES AND SPECIALTIES
	A. Automatic Air-Release Valves: Comply with NFPA 20 for installation in fire-pump casing (175 psig rated).
	B. Circulation Relief Valves: UL 1478, brass, spring loaded; for installation in pump discharge piping (175 psig rated).
	C. Relief Valves:
	D. Inlet Fitting: Eccentric tapered reducer at pump suction inlet.
	E. Outlet Fitting: Concentric tapered reducer at pump discharge outlet.
	F. Fire Pump Accessories:
	G. Jockey Pump: The Jockey Pump shall be a centrifugal close-coupled vertical type, mechanical sealed, cast-iron suction and discharge chambers, with stainless steel impeller(s), shaft and wet parts.  Designed for 5 GPM, 60 PSI, 3450 RPM, complete with vertical open-drip proof motor rated for .50 HP, 3 Phase, 60 Cycle, 460 Volt operation.

	2.4 GROUT
	A. Standard: ASTM C 1107, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics: Non-shrink and recommended for interior and exterior applications.
	C. Design Mix:  5000-psi (34-MPa), 28-day compressive strength.
	D. Packaging: Premixed and factory packaged.

	2.5 SOURCE QUALITY CONTROL
	A. Testing: Test and inspect fire pumps according to UL 448 requirements for "Operation Test" and "Manufacturing and Production Tests."
	B. Fire pumps will be considered defective if they do not pass tests and inspections.
	C. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine equipment bases and anchorage provisions, with Installer present, for compliance with requirements and for conditions affecting performance of fire pumps.
	B. Examine roughing-in for fire-suppression piping systems to verify actual locations of piping connections before fire-pump installation.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Fire-Pump Installation Standard: Comply with the latest edition of NFPA 20 for installation of fire pumps, relief valves, and related components.
	B. Equipment Mounting: Install fire pumps on concrete bases.  Comply with requirements for concrete bases specified in Section 03300 "Cast-in-Place Concrete."
	C. Install fire-pump suction and discharge piping equal to or larger than sizes required by NFPA 20.
	D. Support piping and pumps separately so weight of piping does not rest on pumps.
	E. Install valves that are same size as connecting piping.  Comply with requirements for fire-protection valves specified in "Wet-Pipe Fire-Suppression Sprinklers Systems" section.
	F. Install pressure gages on fire-pump suction and discharge flange pressure-gage tappings.  Comply with requirements for pressure gages specified in "Wet-Pipe Fire-Suppression Sprinklers Systems" section.
	G. Install piping hangers and supports, anchors, valves, gages, and equipment supports according to the latest edition of NFPA 20.
	H. Electrical Wiring: Install electrical devices furnished by equipment manufacturers but not factory mounted.  Furnish copies of manufacturers' wiring diagram submittals to electrical Installer.
	I. Wiring Method: Conceal conductors and cables in accessible ceilings, walls, and floors where possible.

	3.3 ALIGNMENT
	A. Align pump and driver shafts after complete unit has been leveled on concrete base, grout has set, and anchor bolts have been tightened.
	B. After alignment is correct, tighten anchor bolts evenly.  Fill baseplate completely with grout, with metal blocks and shims or wedges in place.  Tighten anchor bolts after grout has hardened.  Check alignment and make required corrections.
	C. Align piping connections.
	D. Align pump and driver shafts for angular and parallel alignment according to HI 1.4 and to tolerances specified by manufacturer.

	3.4 CONNECTIONS
	A. Comply with requirements for piping and valves specified in "Wet-Pipe Fire-Suppression Sprinklers Systems" section.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to pumps and equipment to allow service and maintenance.
	C. Connect relief-valve discharge to drainage piping or point of discharge.
	D. Connect sensors and valves to tubing.
	E. Connect fire pumps to their controllers.

	3.5 IDENTIFICATION
	A. Identify system components.  Comply with requirements for fire-pump marking according to the latest edition of NFPA 20.

	3.6 FIELD QUALITY CONTROL
	A. Test each fire pump with its controller as a unit.  Comply with requirements for electric-motor-driver fire-pump controllers specified in Section 13929 "Controllers for Fire-Pump Drivers."
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	C. Perform tests and inspections.
	D. Tests and Inspections:
	E. Components, assemblies, and equipment will be considered defective if they do not pass tests and inspections.
	F. Prepare test and inspection reports.
	G. Furnish fire hoses in number, size, and length required to reach storm drain or other acceptable location to dispose of fire-pump test water.  Hoses are for tests only and do not convey to Owner.

	3.7 STARTUP SERVICE
	A. Perform startup service.

	3.8 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain fire pumps.



	13929 Controllers for Fire Pump and Jockey Pump_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.  Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories.
	B. Shop Drawings: For each type of product indicated.  Include dimensioned plans, elevations, sections, details, and attachments to other work, including required clearances and service spaces around controller enclosures.

	1.4 INFORMATIONAL SUBMITTALS
	A. Product Certificates: For each type of product indicated, from manufacturer.
	B. Manufacturer's factory test reports of fully assembled and tested equipment.
	C. Source quality-control reports.
	D. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For each type of product indicated to include in emergency, operation, and maintenance manuals.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.

	1.7 QUALITY ASSURANCE
	A. Source Limitations: Obtain fire-pump controllers and all associated equipment from single source.
	B. Electrical Components, Devices, and Accessories: Listed and labeled as defined in the latest edition of NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. Comply with standards of authorities having jurisdiction pertaining to materials and installation.
	D. Comply with the latest editions of NFPA 20 and NFPA 70.

	1.8 DELIVERY, STORAGE, AND HANDLING
	A. Store controllers indoors in clean, dry space with uniform temperature to prevent condensation.  Protect enclosed controllers from exposure to dirt, fumes, water, corrosive substances, and physical damage.

	1.9 PROJECT CONDITIONS
	A. Environmental Limitations:

	1.10 COORDINATION
	A. Coordinate layout and installation of controllers with other construction including conduit, piping, fire-pump equipment, and adjacent surfaces.  Maintain required clearances for workspace and equipment access doors and panels.  Ensure that controllers are within sight of fire-pump drivers.
	B. Coordinate sizes and locations of concrete bases with actual equipment provided.


	PART 2 -  PRODUCTS
	2.1 FIRE PUMP CONTROLLER
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	B. General Requirements:

	2.2 SOURCE QUALITY CONTROL
	A. Testing: Test and inspect fire-pump controllers according to requirements in the latest edition of NFPA 20.
	B. Fire-pump controllers will be considered defective if they do not pass tests and inspections.
	C. Prepare test and inspection reports.

	2.3 JOCKEY PUMP CONTROLLER
	A. The jockey pump controller shall be equal to Firetrol “Model FTA570F-AG012B” or approved equal, complete with fusible disconnect, “HAND-OFF-AUTOMATIC” selector switch and a pressure switch.  The controller shall be rated for .50 HP, 3 phase, 60 cycle, 460-volt operation.
	The minimum enclosure rating shall be NEMA 3R, drip tight.
	The following options shall be included:
	Casing relief valve.
	Running period timer.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and surfaces to receive equipment, with Installer present, for compliance with requirements and other conditions affecting performance.
	B. Examine equipment before installation.  Reject equipment that is wet or damaged by moisture or mold.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 CONTROLLER INSTALLATION
	A. Install controllers within sight of their respective drivers.
	B. Connect controllers to their dedicated pressure-sensing lines.
	C. Wall-Mounting Controllers: Install controllers on walls with disconnect operating handles not higher than 79 inches (2006 mm) above finished floor, and bottom of enclosure not less than 12 inches (305 mm) above finished floor unless otherwise indicated.  Bolt units to wall or mount on lightweight structural-steel channels bolted to wall.

	3.3 POWER WIRING INSTALLATION
	A. Install power wiring between controllers and their services or sources, and between controllers and their drivers.  Comply with requirements in the latest editions of NFPA 20 and NFPA 70, and as specified in "Conductors and Cables" section.
	B. Comply with NECA 1.

	3.4 CONTROL AND ALARM WIRING INSTALLATION
	A. Bundle, train, and support wiring in enclosures.
	B. Connect automatic activation devices where applicable.

	3.5 IDENTIFICATION
	A. Comply with requirements in the latest edition of NFPA 20 for marking fire-pump controllers.
	B. Identify system components, wiring, cabling, and terminals.  Comply with requirements for identification in the latest edition of NFPA 20 and as specified in "Electrical Identification" section.

	3.6 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Acceptance Testing Preparation:
	C. Field Acceptance Tests:
	D. Controllers will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports.

	3.7 STARTUP SERVICE
	A. Engage a factory-authorized service representative to perform startup service.

	3.8 ADJUSTING
	A. Adjust controllers to function smoothly and as recommended by manufacturer.
	B. Set field-adjustable switches, auxiliary relays, time-delay relays, and timers.
	C. Program microprocessors for required operational sequences, status indications, alarms, event recording, and display features.  Clear events memory after final acceptance testing and prior to Substantial Completion.
	D. Set field-adjustable pressure switches.

	3.9 PROTECTION
	A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer's written instructions until enclosed controllers are ready to be energized and placed into service.
	B. Replace controllers whose interiors have been exposed to water or other liquids prior to Substantial Completion.

	3.10 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain controllers, and to use and reprogram microprocessor-based controls within this equipment.



	13930 Wet-Pipe Fire Suppression Sprinkler System_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 DEFINITIONS
	A. Standard-Pressure Sprinkler Piping: Wet-pipe sprinkler system piping designed to operate at working pressure of 175 psig (1200 kPa) maximum.

	1.3 SYSTEM DESCRIPTIONS
	A. Wet-Pipe Sprinkler System: Automatic sprinklers are attached to piping which contains water and is connected to water supply through a wet system control riser.  Water discharges immediately from sprinklers when they are opened.  Sprinklers open when heat melts fusible link or destroys frangible device.  Hose connections are included as indicated on the fire sprinkler design drawings.

	1.4 PERFORMANCE REQUIREMENTS
	A. Standard-Pressure Piping System Components: Listed for 175-psig (1200-kPa) minimum working pressure.
	B. Design: Design sprinkler system(s), including comprehensive analysis, using performance                                                        requirements and design criteria indicated.
	C. Sprinkler system design shall be approved by authorities having jurisdiction.

	1.5 SUBMITTALS
	A. Product Data: Fire sprinkler contractor shall submit factory generated data for each type of product proposed to be used. Include rated capacities, operating characteristics, electrical characteristics, and furnished specialties and accessories. Choice of options shall be clearly indicated.
	B. Shop Drawings: For wet-pipe sprinkler systems.  Include plans, elevations, sections, details, wiring diagrams, and attachments to other work.
	C. Coordination Drawings: (ACAD 2010 Edition or Higher) Sprinkler systems, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	D. Qualification Data: For qualified Installer.
	E. Approved Sprinkler Piping Drawings: (ACAD 2010 Edition or higher) Working plans, prepared according to NFPA 13 (2022) Chapter 23, that have been approved by authorities having jurisdiction, including hydraulic calculations if applicable.
	F. Welding certificates.
	G. Fire-hydrant flow test report.
	H. Field Test Reports and Certificates: Indicate and interpret test results for compliance with performance requirements and as described in NFPA 13 (2022).  Include "Contractor's Material and Test Certificate for Aboveground Piping."
	I. Field quality-control reports shall be regularly generated and delivered to the General Contractor, Architect, and Owner’s representative.
	J. Operation and Maintenance Data: For sprinkler specialties to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Installer Qualifications:
	B. Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.
	C. NFPA Standards: Sprinkler system equipment, specialties, accessories, installation, and testing shall comply with the following:

	1.7 COORDINATION
	A. Coordinate layout and installation of sprinklers with other construction that penetrates ceilings including, but limited to, light fixtures, electrical equipment, HVAC equipment, and partition assemblies.

	1.8 EXTRA MATERIALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Section, in this specification, for applications of pipe, tube, and fitting materials, and for joining methods for specific services, service locations, and pipe sizes.

	2.2 STEEL PIPE AND FITTINGS
	A. Schedule 40 Black-Steel Pipe: ASTM A 135; ASTM A 795/A 795M, Type E; or ASME B36.10M, wrought steel; with wall thickness not less than Schedule 40.  Pipe ends may be factory or field formed to match joining method.
	B. Schedule 10, Black-Steel Pipe: ASTM A 135 or ASTM A 795/A 795M, Schedule 10 in NPS 5 (DN 125) and smaller.
	C. Black-Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, standard-weight, seamless steel pipe with threaded ends.
	D. Uncoated, Steel Couplings: ASTM A 865, threaded.
	E. Uncoated, Gray-Iron Threaded Fittings: ASME B16.4, Class 125, standard pattern.
	F. Malleable- or Ductile-Iron Unions: UL 860.
	G. Cast-Iron Flanges: ASME 16.1, Class 125.
	H. Steel Flanges and Flanged Fittings: ASME B16.5, Class 150.
	I. Steel Welding Fittings: ASTM A 234/A 234M and ASME B16.9.
	J. Grooved-Joint, Steel-Pipe Appurtenances:
	1.    Basis-of-Design Product: Subject to compliance with requirements, provide       product indicated on drawings or comparable product by one of the
	following:

	2.3 LISTED FIRE-PROTECTION VALVES
	A. General Requirements:
	B. Ball Valves:
	C. Bronze Butterfly Valves:
	D. Iron Butterfly Valves:
	E. Check Valves:
	F. Bronze OS&Y Gate Valves:
	G. Indicating-Type Butterfly Valves:
	H. NRS Gate Valves:

	2.4 TRIM AND DRAIN VALVES
	A. General Requirements: Angle, Ball, and Globe valves:
	B. Angle Valves:
	C. Ball Valves:
	D. Globe Valves:

	2.5 SPECIALTY VALVES
	A. General Requirements:
	B. Automatic (Ball Drip) Drain Valves:
	C. Backflow Preventer: Provided and installed in the underground fire water service by the civil utilities contractor.
	D. Fire Department Connection: Siamese type, mounted on the exterior wall of the fire pump room.

	2.6 SPRINKLER SPECIALTY PIPE FITTINGS
	A. Sprinkler Inspector's Test Fittings:
	B. Adjustable Drop Nipples:
	C. Flexible, Sprinkler Hose Fittings:

	2.7 SPRINKLERS (See Section 3.12 for Sprinkler Schedule)
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on drawings or comparable product by one of the following:
	B. General Requirements:
	C. Automatic Sprinklers with Heat-Responsive Element:
	D. Sprinkler Guards:

	2.8 ALARM DEVICES
	A. Alarm-device types shall match piping and equipment connections.
	B. Water-Flow Indicators: (Flow Switches)
	C. Valve Supervisory Switches: (Tamper Switches)

	2.9 PRESSURE GAGES
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product    indicated on drawings or comparable product by one of the following:
	B. Standard: UL 393.
	C. Dial Size: 3-1/2- to 4-1/2-inch (90- to 115-mm) diameter.
	D. Pressure Gage Range: 0 to 250 psig (0 to 1725 kPa) minimum.
	E. Water System Piping Gage: Include "WATER" label on dial face.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Perform fire-hydrant flow test according to NFPA 13 (2022 Edition) and the latest edition of NFPA 291.  Use results for system design calculations.
	B. Report test results promptly and in writing to the Architect, Owner, General Contractor, and all authorities having jurisdiction.

	3.2 SERVICE-ENTRANCE PIPING
	A. Connect fire pump suction piping to underground water-service. Underground water service shall be provided and installed, to within 5’-0” of the fire pump room, by the civil utilities contractor. Coordinate with the utilities contractor to verify that the required flushing and testing of underground service has been performed and recorded, prior to making final connection.

	3.3 PIPING INSTALLATION
	A. Locations and Arrangements: Drawing plans, schematics, and diagrams indicate general location and arrangement of piping.  Install piping as indicated, as far as practical.
	B. Piping Standard: Comply with requirements for installation of sprinkler piping in NFPA 13 (2022).
	C. Use listed fittings to make changes in direction, branch takeoffs from mains, and reductions in pipe sizes.
	D. Install unions adjacent to each valve in pipes NPS 2 (DN 50) and smaller.
	E. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and equipment having NPS 2-1/2 (DN 65) and larger end connections.
	F. Install "Inspector's Test Connections" in sprinkler system piping, complete with shutoff valve, and sized and located according to NFPA 13 (2022).
	G. Install sprinkler piping with drains for complete system drainage.
	H. Install automatic (ball drip) drain valve at fire-department connection, to drain piping between fire-department connection and check valve.
	I. Install alarm devices in piping systems.
	J. Install hangers and supports for sprinkler system piping according to NFPA 13 (2022).  Comply with requirements for hanger materials in NFPA 13 (2022).
	K. Install pressure gages on riser or feed main, at each sprinkler test connection.  Include pressure gages with connection not less than NPS 1/4 (DN 8) and with soft metal seated globe valve, arranged for draining pipe between gage and valve.  Install gages to permit removal and install where they will not be subject to freezing.
	L. Fill sprinkler system piping with water.
	M. Install escutcheons for piping penetrations of walls, ceilings, and floors.
	N. Install fire stopping at all penetrations of fire rated structure in order to maintain the rating of the structure.

	3.4 JOINT CONSTRUCTION
	A. Install couplings, flanges, flanged fittings, unions, nipples, and transition and special fittings that have finish and pressure ratings same as or higher than system's pressure rating for aboveground applications unless otherwise indicated.
	B. Install unions adjacent to each valve in pipes NPS 2 (DN 50) and smaller.
	C. Install flanges, flange adapters, or couplings for grooved-end piping on valves, apparatus, and equipment having NPS 2-1/2 (DN 65) and larger end connections.
	D. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	E. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before assembly.
	F. Flanged Joints: Select appropriate gasket material in size, type, and thickness suitable for water service.  Join flanges with gasket and bolts according to ASME B31.9.
	G. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	H. Welded Joints: Construct joints according to AWS D10.12M/D10.12, using qualified processes and welding operators according to "Quality Assurance" Article.
	I. Steel-Piping, Roll-Grooved Joints: Roll rounded-edge groove in end of pipe according to AWWA C606.  Assemble coupling with housing, gasket, lubricant, and bolts.  Join steel pipe and grooved-end fittings according to AWWA C606 for steel-pipe grooved joints.
	J. Dissimilar-Material Piping Joints: Make joints using adapters compatible with materials of both piping systems. Provide dielectric adapters as required.

	3.5 VALVE AND SPECIALTIES INSTALLATION
	A. Install listed fire-protection valves, trim and drain valves, specialty valves and trim, controls, and specialties according to NFPA 13 (2022) and authorities having jurisdiction.
	B. Install listed fire-protection shutoff valves supervised open, located to control sources of water supply except from fire-department connections.  Install permanent identification signs indicating portion of system controlled by each valve.
	C. Install check valve in each water-supply connection. See sprinkler control riser detail on design drawings.
	D. Dual check backflow preventer shall be installed in-line of the fire pump system located in the fire pump room. Coordinate with the site utilities contractor and all authorities having jurisdiction.

	3.6 SPRINKLER INSTALLATION
	A. Install sprinklers in suspended ceilings in center of acoustical ceiling panels.
	B. Install dry barrel sprinklers, with water supply from heated space, for protection of areas subject to freezing. Dry barrel lengths and installation shall comply with NFPA 13 (2022) requirements.  Do not install wet-type sprinklers in areas subject to freezing.
	C. Flexible drop assembly arm-over/sprinkler head connections are acceptable.

	3.7 IDENTIFICATION
	A. Identify system components, wiring, cabling, and terminals.

	3.8 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. Sprinkler piping system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports and deliver copies to Architect, Owner, and authorities having jurisdiction.
	3.9          DEMONSTRATION
	A.     Train Owner's maintenance personnel to adjust, operate, and maintain system.  Maintain a list
	of personnel who completed the training. Provide a copy of the  list to the owner’s
	representative.
	B.  Provide a copy of NFPA-25 "Standard for the Inspection, Testing, and Maintenance of Water- based Fire Protection Systems," to the Owner's representative.

	3.10       CLEANING
	A.       Clean dirt and debris from sprinklers.
	B.       Remove and replace sprinklers with paint other than factory finish.

	3.11        PIPING SCHEDULE
	A.   Standard-pressure, wet-pipe sprinkler system, NPS 2 (DN 50) and smaller, shall  be one of the
	following:
	B.  Standard-pressure, wet-pipe sprinkler system, NPS 2-1/2 to NPS 6, shall be one of  the
	following:

	3.9 SPRINKLER SCHEDULE
	A. Use sprinkler types below for the following applications:
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following:

	1.2 DEFINITIONS
	A. Finished Spaces:  Spaces other than plumbing and electrical equipment rooms, furred spaces, pipe chases, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.
	B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and plumbing equipment rooms.
	C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions.  Examples include rooftop locations.
	D. Concealed, Interior Installations:  Concealed from view and protected from physical contact by building occupants.  Examples include above ceilings and in chases.
	E. Concealed, Exterior Installations:  Concealed from view and protected from weather conditions and physical contact by building occupants but subject to outdoor ambient temperatures.  Examples include installations within unheated shelters.

	1.3 SUBMITTALS
	A. Welding certificates.

	1.4 QUALITY ASSURANCE
	A. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural Welding Code--Steel."
	B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel Code:  Section IX, "Welding and Brazing Qualifications."
	C. Electrical Characteristics for Plumbing Equipment:  Equipment of higher electrical characteristics may be furnished provided such proposed equipment is approved in writing and connecting electrical services, circuit breakers, and conduit sizes are appropriately modified.  If minimum energy ratings or efficiencies are specified, equipment shall comply with requirements.


	PART 2 -  PRODUCTS
	2.1 PIPE, TUBE, AND FITTINGS
	A. Refer to individual Division 15 piping Sections for pipe, tube, and fitting materials and joining methods.
	B. Pipe Threads:  ASME B1.20.1 for factory-threaded pipe and pipe fittings.

	2.2 JOINING MATERIALS
	A. Refer to individual Division 15 piping Sections for special joining materials not listed below.
	B. Pipe-Flange Gasket Materials:  ASME B16.21, nonmetallic, flat, asbestos-free, 1/8-inch (3.2-mm) maximum thickness unless thickness or specific material is indicated.
	C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:  Type and material recommended by piping system manufacturer, unless otherwise indicated.
	D. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.
	E. Brazing Filler Metals:  AWS A5.8, BCuP Series or BAg1, unless otherwise indicated.
	F. Welding Filler Metals:  Comply with AWS D10.12.
	G. Solvent Cements for Joining Plastic Piping:

	2.3 DIELECTRIC FITTINGS
	A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.
	B. Insulating Material:  Suitable for system fluid, pressure, and temperature.
	C. Dielectric Unions:  Factory-fabricated, union assembly, for 250-psig (1725-kPa) minimum working pressure at 180 deg F (82 deg C).
	D. Dielectric Flanges:  Factory-fabricated, companion-flange assembly, for 150- or 300-psig (1035- or 2070-kPa) minimum working pressure as required to suit system pressures.
	E. Dielectric Couplings:  Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining; threaded ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).
	F. Dielectric Nipples:  Electroplated steel nipple with inert and noncorrosive, thermoplastic lining; plain, threaded, or grooved ends; and 300-psig (2070-kPa) minimum working pressure at 225 deg F (107 deg C).

	2.4 MECHANICAL SLEEVE SEALS
	A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space between pipe and sleeve.
	B. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type and number required for pipe material and size of pipe.
	C. Pressure Plates:  Carbon steel.  Include two for each sealing element.
	D. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating of length required to secure pressure plates to sealing elements.  Include one for each sealing element.

	2.5 SLEEVES
	A. Galvanized-Steel Sheet:  0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal joint.
	B. Steel Pipe:  ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.
	C. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.
	D. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include clamping ring and bolts and nuts for membrane flashing.

	2.6 ESCUTCHEONS
	A. Description:  Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around pipe, tube, and insulation of insulated piping and an OD that completely covers opening.
	B. One-Piece, Deep-Pattern Type:  Deep-drawn, box-shaped brass with polished chrome-plated finish.

	2.7 GROUT
	A. Description:  ASTM C 1107, Grade B, non-shrink, and nonmetallic, dry hydraulic-cement grout.


	PART 3 -  EXECUTION
	3.1 PIPING SYSTEMS - COMMON REQUIREMENTS
	A. Install piping according to the following requirements and Division 15 Sections specifying piping systems.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.
	D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	F. Install piping to permit valve servicing.
	G. Install piping at indicated slopes.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Install piping to allow application of insulation.
	K. Select system components with pressure rating equal to or greater than system operating pressure.
	L. Install escutcheons for penetrations of walls, ceilings, and floors.
	M. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and concrete floor and roof slabs.
	N. Aboveground, Exterior-Wall Pipe Penetrations:  Seal penetrations using sleeves and mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	O. Underground, Exterior-Wall Pipe Penetrations:  Install cast-iron "wall pipes" for sleeves.  Seal pipe penetrations using mechanical sleeve seals.  Select sleeve size to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	P. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop materials.  Refer to Division 7 Section "Through-Penetration Firestop Systems" for materials.
	Q. Verify final equipment locations for roughing-in.
	R. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.

	3.2 PIPING JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and Division 15 Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy complying with ASTM B 32.
	E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.
	F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and welding operators according to Part 1 "Quality Assurance" Article.
	H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.
	I. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and fittings according to the following:
	J. Plastic Pressure Piping Gasketed Joints:  Join according to ASTM D 3139.
	K. Plastic Non-pressure Piping Gasketed Joints:  Join according to ASTM D 3212.

	3.3 PIPING CONNECTIONS
	A. Make connections according to the following, unless otherwise indicated:

	3.4 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS
	A. Install equipment to allow maximum possible headroom unless specific mounting heights are not indicated.
	B. Install equipment level and plumb, parallel, and perpendicular to other building systems and components in exposed interior spaces, unless otherwise indicated.
	C. Install plumbing equipment to facilitate service, maintenance, and repair or replacement of components.  Connect equipment for ease of disconnecting, with minimum interference to other installations.  Extend grease fittings to accessible locations.
	D. Install equipment to allow right of way for piping installed at required slope.

	3.5 CONCRETE BASES
	A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's written instructions and according to seismic codes at Project.

	3.6 ERECTION OF METAL SUPPORTS AND ANCHORAGES
	A. Refer to Division 5 Section "Metal Fabrications" for structural steel.
	B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor plumbing materials and equipment.
	C. Field Welding:  Comply with AWS D1.1.

	3.7 ERECTION OF WOOD SUPPORTS AND ANCHORAGES
	A. Cut, fit, and place wood grounds, nailers, blocking, and anchorages to support, and anchor plumbing materials and equipment.
	B. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or will receive finish materials.  Tighten connections between members.  Install fasteners without splitting wood members.
	C. Attach to substrates as required to support applied loads.

	3.8 GROUTING
	A. Mix and install grout for plumbing equipment base bearing surfaces, pump and other equipment base plates, and anchors.
	B. Clean surfaces that will come into contact with grout.
	C. Provide forms as required for placement of grout.
	D. Avoid air entrapment during placement of grout.
	E. Place grout on concrete bases and provide smooth bearing surface for equipment.
	F. Place grout around anchors.
	G. Cure placed grout.

	3.9 GENERAL


	15057 - Common Motor Requirements for Plumbing Equipment_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes general requirements for single-phase and polyphase, general-purpose, horizontal, small, and medium, squirrel-cage induction motors for use on ac power systems up to 600 V and installed at equipment manufacturer's factory or shipped separately by equipment manufacturer for field installation.

	1.2 COORDINATION
	A. Coordinate features of motors, installed units, and accessory devices to be compatible with the following:


	PART 2 -  PRODUCTS
	2.1 GENERAL MOTOR REQUIREMENTS
	A. Comply with requirements in this Section except when stricter requirements are specified in plumbing equipment schedules or Sections.
	B. Comply with NEMA MG 1 unless otherwise indicated.

	2.2 MOTOR CHARACTERISTICS
	A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet (1000 m) above sea level.
	B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads at designated speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate ratings or considering service factor.

	2.3 POLYPHASE MOTORS
	A. Description:  NEMA MG 1, Design B, medium induction motor.
	B. Efficiency:  Energy efficient, as defined in NEMA MG 1.
	C. Service Factor:  1.15.
	D. Multispeed Motors:  Variable torque.
	E. Rotor:  Random-wound, squirrel cage.
	F. Bearings:  Re-greasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
	G. Temperature Rise:  Match insulation rating.
	H. Insulation:  Class F.
	I. Code Letter Designation:
	J. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor frame sizes smaller than 324T.

	2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS
	A. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring connection requirements for controller with required motor leads.  Provide terminals in motor terminal box, suited to control method.
	B. Motors Used with Variable Frequency Controllers:

	2.5 SINGLE-PHASE MOTORS
	A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements of specific motor application:
	B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type.
	C. Bearings:  Pre-lubricated, antifriction ball bearings or sleeve bearings suitable for radial and thrust loading.
	D. Motors 1/20 HP and Smaller:  Shaded-pole type.
	E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor when winding temperature exceeds a safe value calibrated to temperature rating of motor insulation.  Thermal-protection device shall automatically reset when motor temperature returns to normal range.


	PART 3 -  EXECUTION (Not Applicable)

	15061 - Hangers and Supports for Plumbing Piping and Equipment_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following:
	B. See Division 5 Section "Metal Fabrications" for structural-steel shapes and plates for trapeze hangers for pipe and equipment supports.

	1.2 DEFINITIONS
	A. Terminology:  As defined in MSS SP-90, "Guidelines on Terminology for Pipe Hangers and Supports."

	1.3 PERFORMANCE REQUIREMENTS
	A. Design supports for multiple pipes capable of supporting combined weight of supported systems, system contents, and test water.
	B. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.

	1.4 SUBMITTALS
	A. Product Data:  For the following:
	B. Shop Drawings: Show fabrication and installation details and include calculations for the following:
	C. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Welding:  Qualify procedures and personnel according to ASME Boiler and Pressure Vessel Code:  Section IX.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where titles below introduce lists, the following requirements apply to product selection:

	2.2 STEEL PIPE HANGERS AND SUPPORTS
	A. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.  Refer to Part 3 "Hanger and Support Applications" Article for where to use specific hanger and support types.
	B. Manufacturers:
	C. Galvanized, Metallic Coatings:  Pre-galvanized or hot dipped.
	D. Nonmetallic Coatings:  Plastic coating, jacket, or liner.
	E. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion for support of bearing surface of piping.

	2.3 TRAPEZE PIPE HANGERS
	A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from  structural-steel shapes with MSS SP-58 hanger rods, nuts, saddles, and U-bolts.

	2.4 METAL FRAMING SYSTEMS
	A. Description:  MFMA-3, shop- or field-fabricated pipe-support assembly made of steel channels and other components.
	B. Manufacturers:
	C. Coatings:  Manufacturer's standard finish unless bare metal surfaces are indicated.
	D. Nonmetallic Coatings:  Plastic coating, jacket, or liner.

	2.5 THERMAL-HANGER SHIELD INSERTS
	A. Description:  100-psig- (690-kPa-) minimum, compressive-strength insulation inserts encased in sheet metal shield.
	B. Manufacturers:
	C. Insulation-Insert Material for Cold Piping:  ASTM C 552, Type II cellular glass with vapor barrier.
	D. Insulation-Insert Material for Hot Piping:  ASTM C 552, Type II cellular glass.
	E. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe.
	F. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe.
	G. Insert Length:  Extend 2 inches (50 mm) beyond sheet metal shield for piping operating below ambient air temperature.

	2.6 FASTENER SYSTEMS
	A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	B. Mechanical-Expansion Anchors:  Insert-wedge-type stainless steel, for use in hardened portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	2.7 EQUIPMENT SUPPORTS
	A. Description:  Welded, shop- or field-fabricated equipment support made from structural-steel shapes.

	2.8 MISCELLANEOUS MATERIALS
	A. Structural Steel:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.


	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT APPLICATIONS
	A. Specific hanger and support requirements are specified in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-69 for pipe hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized, metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use padded hangers for piping that is subject to scratching.
	F. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	G. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	H. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	I. Building Attachments:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	J. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	K. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	L. Comply with MSS SP-69 for trapeze pipe hanger selections and applications that are not specified in piping system Sections.
	M. Comply with MFMA-102 for metal framing system selections and applications that are not specified in piping system Sections.
	N. Use mechanical-expansion anchors instead of building attachments where required in concrete construction.

	3.2 HANGER AND SUPPORT INSTALLATION
	A. Steel Pipe Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, supports, clamps, and attachments as required to properly support piping from building structure.
	B. Trapeze Pipe Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange for grouping of parallel runs of horizontal piping and support together on field-fabricated trapeze pipe hangers.
	C. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping and support together on field-assembled metal framing systems.
	D. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping.
	E. Fastener System Installation:
	F. Install hangers and supports complete with necessary inserts, bolts, rods, nuts, washers, and other accessories.
	G. Equipment Support Installation:  Fabricate from welded-structural-steel shapes.
	H. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	I. Install lateral bracing with pipe hangers and supports to prevent swaying.
	J. Install building attachments within concrete slabs or attach to structural steel.  Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 (DN 65) and larger and at changes in direction of piping.  Install concrete inserts before concrete is placed; fasten inserts to forms and install reinforcing bars through openings at top of inserts.
	K. Load Distribution:  Install hangers and supports so piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	L. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and so maximum pipe deflections allowed by ASME B31.9 (for building services piping) are not exceeded.
	M. Insulated Piping:  Comply with the following:

	3.3 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support equipment above floor.
	B. Grouting:  Place grout under supports for equipment and make smooth bearing surface.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	3.4 METAL FABRICATIONS
	A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment supports.
	B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be shop welded because of shipping size limitations.
	C. Field Welding:  Comply with AWS D1.1 procedure for shielded metal arc welding, appearance and quality of welds, and methods used in correcting welding work, and with the following:

	3.5 ADJUSTING
	A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.

	3.6 PAINTING
	A. Touch Up:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for shop
	painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.
	B. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.
	END OF SECTION



	15076 - Identification for Plumbing Piping and Equipment_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 SUBMITTAL
	A. Product Data:  For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Plastic Labels for Equipment:
	B. Label Content:  Include equipment's Drawing designation or unique equipment number, drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified.
	C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch (A4) bond paper.  Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified.  Equipment schedule shall be included in operation and maintenance data.

	2.2 PIPE LABELS
	A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with lettering indicating service, and showing flow direction.
	B. Pretensioned Pipe Labels:  Pre-coiled, semirigid plastic formed to partially cover circumference of pipe and to attach to pipe without fasteners or adhesive.
	C. Pipe Label Contents:  Include identification of piping service using same designations or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.
	A. All valves except equipment service valves shall be equipped with engraved laminated plastic valve tags secured with chains to valve yoke or stem (not handles).  Tags shall be 2" x 3" with 1/2" high red numbers on white background.  Locate numbers at one end of tag leaving room for future engraving by others.  Number tags in sequence from lowest to highest point in building starting with number 1.  In each equipment room provide framed valve chart showing number and location of each valve and type of service.  Identify location of equipment, valves, etc. above ceilings as specified under 1510 B.6.
	B. Provide location labels on ceiling grid for all valves above ceiling plastic label with adhesive backing 3.2mm thick.  Provide engraved valve tag #.  Background color white.  Letter color red for HW.  Blue for CW.  Black for HWR 1/4” high letters.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surface of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.3 PIPE LABEL INSTALLATION
	A. Piping Color-Coding:  Painting of piping is specified in Division 9 Section "Interior Painting."
	B. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	C. Pipe Label Color Schedule:
	D. All valves except equipment service valves shall be equipped with engraved laminated plastic valve tags secured with chains to valve yoke or stem (not handles).  Tags shall be 2" x 3" with 1/2" high red numbers on white background.  Locate numbers at one end of tag leaving room for future engraving by others.  Number tags in sequence from lowest to highest point in building starting with number 1.  In each equipment room provide framed valve chart showing number and location of each valve and type of service.  Identify location of equipment, valves, etc. above ceilings.



	15077 Identification for HVAC Piping and Equipment_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 SUBMITTAL
	A. Product Data:  For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Plastic Labels for Equipment:
	B. Label Content:  Include equipment's Drawing designation or unique equipment number, drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified.
	C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch (A4) bond paper.  Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Specification Section number and title where equipment is specified.  Equipment schedule shall be included in operation and maintenance data.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surface of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.



	15082 - Plumbing Piping Insulation_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:
	C. Field quality-control reports.

	1.3 QUALITY ASSURANCE
	A. Fire-Test-Response Characteristics:  Insulation and related materials shall have fire-test-response characteristics indicated, as determined by testing identical products per ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing and inspecting agency.
	B. Insulation shall be installed by insulation contractor. Plumbing Contractor not acceptable.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in Part 3 schedule articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Mineral-Fiber, Preformed Pipe Insulation:

	2.2 INSULATING CEMENTS
	A. Mineral-Fiber, Hydraulic-Setting Insulating and Finishing Cement:  Comply with ASTM C 449/C 449M.

	2.3 ADHESIVES
	A. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.
	B. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.

	2.4 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  Thickness is indicated in field-applied jacket schedules.
	C. Aluminum Jacket:  Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105 or 5005, Temper H-14.


	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.
	B. Coordinate insulation installation with the trade installing heat tracing.  Comply with requirements for heat tracing that apply to insulation.
	C. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

	3.2 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of equipment and piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of equipment and pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.
	P. For above ambient services, do not install insulation to the following:

	3.3 PENETRATIONS
	A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof penetrations.
	B. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation flush with sleeve seal.  Seal terminations with flashing sealant.
	C. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously through wall penetrations.
	D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.
	E. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation continuously through penetrations of fire-rated walls and partitions.
	F. Insulation Installation at Floor Penetrations:

	3.4 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes, vessels, and equipment.  Shape insulation at these connections by tapering it to and around the connection with insulating cement and finish cement, mastic, and flashing sealant.
	D. Install removable insulation covers at locations indicated.  Installation shall conform to the following:

	3.5 MINERAL-FIBER INSULATION INSTALLATION
	A. Insulation Installation on Straight Pipes and Tubes:
	B. Insulation Installation on Pipe Flanges:
	C. Insulation Installation on Pipe Fittings and Elbows:
	D. Insulation Installation on Valves and Pipe Specialties:

	3.6 FINISHES
	A. Equipment and Pipe Insulation with ASJ or Other Paintable Jacket Material:  Paint jacket with paint system identified below and as specified in Division 9 painting Sections.
	B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	C. Color:  Final color as selected by the Contracting Officer.  Vary first and second coats to allow visual inspection of the completed Work.
	D. Do not field paint aluminum or stainless-steel jackets.

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

	3.8 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range.  If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following:

	3.9 INDOOR PIPING INSULATION SCHEDULE
	A. Domestic Hot and Recirculated Hot Water:  Insulation shall be the following:
	B. Domestic Chilled Water (Potable):  Insulation shall be the following:
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following duct services:
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory- and field-applied if any).
	B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.

	1.4 QUALITY ASSURANCE
	A. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.

	1.5 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Division 23.
	B. Coordinate clearance requirements with duct Installer for duct insulation application.  Before preparing ductwork Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and for space required for maintenance.
	C. Coordinate installation and testing of heat tracing.

	1.6 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing.  Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Duct Insulation Schedule, General," "Indoor Duct and Plenum Insulation Schedule," and "Aboveground, Outdoor Duct and Plenum Insulation Schedule" articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type II for sheet materials.
	G. Mineral-Fiber Blanket Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 553, Type II and ASTM C 1290, Type III with factory applied FSK jacket.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.
	H. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 612, Type IA or Type IB.  For duct and plenum applications, provide insulation with factory applied FSK jacket.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.

	2.2 FIRE-RATED INSULATION SYSTEMS
	A. Fire-Rated Blanket:  High-temperature, flexible, blanket insulation with FSK jacket that is tested and certified to provide a 2-hour fire rating by an NRTL acceptable to authorities having jurisdiction.

	2.3 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I.
	C. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.
	D. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.

	2.4 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below ambient services.
	C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below ambient services.
	D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below ambient services.

	2.5 SEALANTS
	A. FSK and Metal Jacket Flashing Sealants:

	2.6 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
	C. Metal Jacket:
	D. Self-Adhesive Outdoor Jacket:  60-mil- (1.5-mm-) thick, laminated vapor barrier and waterproofing membrane for installation over insulation located aboveground outdoors; consisting of a rubberized bituminous resin on a cross laminated polyethylene film covered with white aluminum-foil facing.

	2.7 TAPES
	A. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	B. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive.

	2.8 SECUREMENTS
	A. Bands:
	B. Insulation Pins and Hangers:
	C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- (19-mm-) wide, stainless steel or Monel.
	D. Wire:  0.062-inch (1.6-mm) soft-annealed, galvanized steel.

	2.9 CORNER ANGLES
	A. Aluminum Corner Angles:  0.040 inch (1.0 mm) thick, minimum 1 by 1 inch (25 by 25 mm), aluminum according to ASTM B 209 (ASTM B 209M), Alloy 3003, 3005, 3105, or 5005; Temper H-14.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces, free of voids throughout the length of ducts and fittings.
	B. Install insulation materials, vapor barriers or retarders, jackets, and thicknesses required for each item of duct system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Keep insulation materials dry during application and finishing.
	G. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.
	H. Install insulation with least number of joints practical.
	I. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	J. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	K. Install insulation with factory-applied jackets as follows:
	L. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	M. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.
	N. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 4 inches (100 mm) beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.

	3.4 PENETRATIONS
	A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof penetrations.
	B. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously through wall penetrations.
	C. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.
	D. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Terminate insulation at fire damper sleeves for fire-rated wall and partition penetrations.  Externally insulate damper sleeves to match adjacent insulation and overlap duct insulation at least 2 inches (50 mm).
	E. Insulation Installation at Floor Penetrations:

	3.5 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
	A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.

	3.6 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.
	B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.

	3.7 FIELD-APPLIED JACKET INSTALLATION
	A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with factory-applied jackets.
	B. Where FSK jackets are indicated, install as follows:
	C. Where PVC jackets are indicated, install with 1-inch (25-mm) overlap at longitudinal seams and end joints; for horizontal applications, install with longitudinal seams along top and bottom of tanks and vessels.  Seal with manufacturer's recommended adhesive.
	D. Where metal jackets are indicated, install with 2-inch (50-mm) overlap at longitudinal seams and end joints.  Overlap longitudinal seams arranged to shed water.  Seal end joints with weatherproof sealant recommended by insulation manufacturer.  Secure jacket with stainless-steel bands 12 inches (300 mm) o.c. and at end joints.

	3.8 FIRE-RATED INSULATION SYSTEM INSTALLATION
	A. Where fire-rated insulation system is indicated, secure system to ducts and duct hangers and supports to maintain a continuous fire rating.
	B. Insulate duct access panels and doors to achieve same fire rating as duct.
	C. Install firestopping at penetrations through fire-rated assemblies.  Fire-stop systems are specified in Section 07841 "Through-Penetration Firestop Systems."

	3.9 FINISHES
	A. Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint jacket with paint system identified below and as specified in Section 09911 "Exterior Painting" and Section 09912 "Interior Painting."
	B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the completed Work.
	D. Do not field paint aluminum or stainless-steel jackets.

	3.10 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

	3.11 DUCT INSULATION SCHEDULE, GENERAL
	A. Plenums and Ducts Requiring Insulation:
	B. Items Not Insulated:

	3.12 INDOOR DUCT AND PLENUM INSULATION SCHEDULE
	A. Concealed, supply-air duct insulation shall be the following:
	B. Concealed, return-air and outdoor air duct insulation shall be the following:
	C. Concealed, exhaust-air plenum insulation shall be the following:
	D. Exposed, supply-air duct insulation shall be the following:
	E. Exposed, return-air and outdoor air duct insulation shall be the following:

	3.13 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE
	A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	B. Ducts and Plenums:



	15088 HVAC Piping Insulation_0
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following HVAC piping systems:
	B. Related Sections:

	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory and field applied if any).
	B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.

	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data:  For qualified Installer.

	1.5 QUALITY ASSURANCE
	A. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation and jacket materials and adhesive, mastic, tapes, and cement material containers, with appropriate markings of applicable testing agency.

	1.6 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 23 "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application.  Before preparing piping Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes and for space required for maintenance.
	C. Coordinate installation and testing of heat tracing.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements articles for where insulating materials shall be applied.
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Foam insulation materials shall not use CFC or HCFC blowing agents in the manufacturing process.
	F. Flexible Elastomeric Insulation:  Closed-cell, sponge- or expanded-rubber materials.  Comply with ASTM C 534, Type I for tubular materials.

	2.2 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Flexible Elastomeric Adhesive:  Comply with MIL-A-24179A, Type II, Class I.

	2.3 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services.
	C. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below-ambient services.
	D. Vapor-Barrier Mastic:  Solvent based; suitable for outdoor use on below-ambient services.

	2.4 SEALANTS
	A. Joint Sealants:

	2.5 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
	C. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  Thickness is indicated in field-applied jacket schedules.
	D. Metal Jacket:

	2.6 TAPES
	A. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	B. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive.

	2.7 SECUREMENTS
	A. Bands:
	B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch- wide, stainless steel or Monel.
	C. Wire:  0.080-inch nickel-copper alloy.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.

	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.
	B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, apply a corrosion coating to insulated surfaces as follows:
	C. Coordinate insulation installation with the trade installing heat tracing.  Comply with requirements for heat tracing that apply to insulation.
	D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.
	P. For above-ambient services, do not install insulation to the following:

	3.4 PENETRATIONS
	A. Insulation Installation at Roof Penetrations:  Install insulation continuously through roof penetrations.
	B. Insulation Installation at Underground Exterior Wall Penetrations:  Terminate insulation flush with sleeve seal.  Seal terminations with flashing sealant.
	C. Insulation Installation at Aboveground Exterior Wall Penetrations:  Install insulation continuously through wall penetrations.
	D. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.
	E. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation continuously through penetrations of fire-rated walls and partitions.
	F. Insulation Installation at Floor Penetrations:

	3.5 INSTALLATION OF FLEXIBLE ELASTOMERIC INSULATION
	A. Seal longitudinal seams and end joints with manufacturer's recommended adhesive to eliminate openings in insulation that allow passage of air to surface being insulated.
	B. Insulation Installation on Pipe Flanges:
	C. Insulation Installation on Pipe Fittings and Elbows:
	D. Insulation Installation on Valves and Pipe Specialties:

	3.6 FINISHES
	A. Pipe Insulation with ASJ, Glass-Cloth, or Other Paintable Jacket Material:  Paint jacket with paint system identified below and as specified in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting."
	B. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	C. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the completed Work.
	D. Do not field paint aluminum jackets.

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

	3.8 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range.  If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following:

	3.9 INDOOR PIPING INSULATION SCHEDULE
	A. Condensate Drain:
	B. Refrigerant Suction and Hot-Gas Piping:

	3.10 OUTDOOR, ABOVEGROUND PIPING INSULATION SCHEDULE
	A. Refrigerant Suction and Hot-Gas Piping:

	3.11 OUTDOOR, FIELD-APPLIED JACKET SCHEDULE
	A. Install jacket over insulation material.  For insulation with factory-applied jacket, install the field-applied jacket over the factory-applied jacket.
	B. Piping, Exposed:
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.2 SUBMITTALS
	A. Product Data:  For each type of valve indicated.

	1.3 QUALITY ASSURANCE
	A. ASME Compliance:  ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
	B. NSF Compliance:  NSF 61 for valve materials for potable-water service.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR VALVES
	A. Refer to valve schedule articles for applications of valves.
	B. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.
	C. Valve Sizes:  Same as upstream piping unless otherwise indicated.
	D. Valves in Insulated Piping:  With 2-inch (50-mm) stem extensions and the following features:
	E. Valve-End Connections:

	2.2 BRASS BALL VALVES
	A. Two-Piece, Full-Port, Brass Ball Valves with Brass Trim:

	2.3 BRONZE BALL VALVES
	A. Two-Piece, Regular-Port, Bronze Ball Valves with Bronze Trim:


	PART 3 -  EXECUTION
	3.1 VALVE INSTALLATION
	A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	B. Locate valves for easy access and provide separate support where necessary.
	C. Install valves in horizontal piping with stem at or above center of pipe.
	D. Install valves in position to allow full stem movement.
	E. Install chainwheels on operators for butterfly, gate, and globe valves NPS 4 (DN 100) and larger and more than 96 inches (2400 mm) above floor.  Extend chains to 60 inches (1520 mm) above finished floor.

	3.2 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing.  Replace valves if persistent leaking occurs.

	3.3 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS
	A. If valve applications are not indicated, use the following:
	B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with higher SWP class or CWP ratings may be substituted.
	C. Select valves, except wafer types, with the following end connections:

	3.4 DOMESTIC, HOT- AND COLD-WATER VALVE SCHEDULE
	A. Pipe:

	3.5 SANITARY-WASTE AND DRAINAGE VALVE SCHEDULE
	A. Pipe:
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Product certificates.
	C. Operation and maintenance data.


	PART 2 -  PRODUCTS
	2.1 BIMETALLIC-ACTUATED THERMOMETERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	C. Standard:  ASME B40.200.
	D. Case:  Liquid-filled and sealed type(s); stainless steel with 5-inch (127-mm) nominal diameter.
	E. Dial:  Nonreflective aluminum with permanently etched scale markings and scales in deg F (deg C).
	F. Connector Type(s):  Union joint, adjustable angle, with unified-inch screw threads.
	G. Connector Size:  1/2 inch (13 mm), with ASME B1.1 screw threads.
	H. Stem:  0.25 or 0.375 inch (6.4 or 9.4 mm) in diameter; stainless steel.
	I. Window:  Plain glass.
	J. Ring:  Stainless steel.
	K. Element:  Bimetal coil.
	L. Pointer:  Dark-colored metal.
	M. Accuracy:  Plus, or minus 1 percent of scale range.

	2.2 LIQUID-IN-GLASS THERMOMETERS
	A. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers:

	2.3 THERMOWELLS
	A. Thermowells:
	B. Heat-Transfer Medium:  Mixture of graphite and glycerin.

	2.4 PRESSURE GAGES
	A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install thermowells with socket extending one-third of pipe diameter and in vertical position in piping tees.
	B. Install thermowells of sizes required to match thermometer connectors.  Include bushings if required to match sizes.
	C. Install thermowells with extension on insulated piping.
	D. Fill thermowells with heat-transfer medium.
	E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.
	F. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; connect cases with tubing and support tubing to prevent kinks.  Use minimum tubing length.
	G. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the most readable position.
	H. Install remote-mounted pressure gages on panel.
	I. Install valve and snubber in piping for each pressure gage for fluids.
	J. Install thermometers in the following locations:
	K. Install pressure gages in the following locations:
	L. Install meters and gages adjacent to machines and equipment to allow service and maintenance of meters, gages, machines, and equipment.
	M. Adjust faces of meters and gages to proper angle for best visibility.

	3.2 THERMOMETER SCHEDULE
	A. Thermometers at inlet and outlet of each domestic water heater shall be one o] the following:
	B. Thermometer stems shall be of length to match thermowell insertion length.

	3.3 THERMOMETER SCALE-RANGE SCHEDULE
	A. Scale Range for Domestic Cold-Water Piping:  0 to 100 deg F (Minus 20 to plus 50 deg C).

	3.4 PRESSURE-GAGE SCHEDULE
	A. Pressure gages at discharge of each water service into building shall be the following:
	B. Pressure gages at inlet and outlet of each water pressure-reducing valve shall be the following:
	C. Pressure gages at suction and discharge of each domestic water pump shall be the following:

	3.5 PRESSURE-GAGE SCALE-RANGE SCHEDULE
	A. Scale Range for Water Service Piping:  0 to 100 psi (0 to 600 kPa).
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	B. Related:

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Field quality-control reports.

	1.3 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.
	B. Comply with NSF 14 for plastic, potable domestic water piping and components.
	C. Comply with NSF 61 for potable domestic water piping and components.


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting materials, and joining methods for specific services, service locations, and pipe sizes.

	2.2 COPPER TUBE AND FITTINGS
	A. Hard Copper Tube:  ASTM B 88, Type L (ASTM B 88M, Type B) water tube, drawn temper.
	B. Soft Copper Tube:  ASTM B 88, Type K (ASTM B 88M, Type A) and ASTM B 88, Type L (ASTM B 88M, Type B) water tube, annealed temper.

	2.3 PIPING JOINING MATERIALS
	A. Pipe-Flange Gasket Materials:  AWWA C110, rubber, flat face, 1/8 inch (3.2 mm) thick or ASME B16.21, nonmetallic and asbestos free, unless otherwise indicated; full-face or ring type unless otherwise indicated.
	B. Metal, Pipe-Flange Bolts and Nuts:  ASME B18.2.1, carbon steel unless otherwise indicated.
	C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.
	D. Brazing Filler Metals:  AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for general-duty brazing unless otherwise indicated.

	2.4 SPECIALTY VALVES
	A. Comply with requirements in Division 15 Section "General-Duty Valves for Plumbing Piping" for general-duty metal valves.
	B. Comply with requirements in Division 15 Section "Domestic Water Piping Specialties" for balancing valves, drain valves, backflow preventers, and vacuum breakers.

	2.5 DIELECTRIC FITTINGS
	A. General Requirements:  Assembly of copper alloy and ferrous materials or ferrous material body with separating nonconductive insulating material suitable for system fluid, pressure, and temperature.
	B. Dielectric Unions:
	C. Dielectric Flanges:

	2.6 ESCUTCHEONS
	A. General:  Manufactured ceiling, floor, and wall escutcheons and floor plates.
	B. One Piece, Cast Brass:  Polished, chrome-plated finish with setscrews.
	C. One Piece, Deep Pattern:  Deep-drawn, box-shaped brass with chrome-plated finish.
	D. Split Casting, Cast Brass:  Polished, chrome-plated finish with concealed hinge and setscrew.
	E. Split Plate, Stamped Steel:  Chrome-plated finish with concealed hinge.
	F. One-Piece Floor Plates:  Cast-iron flange with holes for fasteners.
	G. Split-Casting Floor Plates:  Cast brass with concealed hinge.

	2.7 SLEEVES
	A. Galvanized-Steel-Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc-coated, with plain ends.

	2.8 SLEEVE SEALS
	A. Description:  Modular sealing element unit, designed for field assembly, used to fill annular space between pipe and sleeve.

	2.9 GROUT
	A. Standard:  ASTM C 1107, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics:  Non-shrink; recommended for interior and exterior applications.
	C. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.
	D. Packaging:  Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of domestic water piping.  Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and other design considerations.  Install piping as indicated unless deviations to layout are approved on Coordination Drawings.
	B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook."
	C. Install ductile-iron piping under building slab with restrained joints according to AWWA C600 and AWWA M41.
	D. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve, inside the building at each domestic water service entrance.  Comply with requirements in Division 15 Section "Meters and Gages for Plumbing Piping" for pressure gages and Division 15 Section "Domestic Water Piping Specialties" for drain valves and strainers.
	E. Install shutoff valve immediately upstream of each dielectric fitting.
	F. Install water-pressure-reducing valves downstream from shutoff valves.  Comply with requirements in Division 15 Section "Domestic Water Piping Specialties" for pressure-reducing valves.
	G. Install domestic water piping level and plumb.
	H. Rough-in domestic water piping for water-meter installation according to utility company's requirements.
	I. Install piping concealed from view and protected from physical contact by building occupants unless otherwise indicated and except in equipment rooms and service areas.
	J. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	K. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal and coordinate with other services occupying that space.
	L. Install piping adjacent to equipment and specialties to allow service and maintenance.
	M. Install piping to permit valve servicing.
	N. Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher than system pressure rating used in applications below unless otherwise indicated.
	O. Install piping free of sags and bends.
	P. Install fittings for changes in direction and branch connections.
	Q. Install unions in copper tubing at final connection to each piece of equipment, machine, and specialty.
	R. Install thermostats in hot-water circulation piping.
	S. Install thermometers on outlet piping from each water heater.  Comply with requirements in Division 15 Section "Meters and Gages for Plumbing Piping" for thermometers.

	3.2 JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before assembly.
	C. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	D. Brazed Joints:  Join copper tube and fittings according to CDA's "Copper Tube Handbook," "Brazed Joints" Chapter.
	E. Soldered Joints:  Apply ASTM B 813, water-flushable flux to end of tube.  Join copper tube and fittings according to ASTM B 828 or CDA's "Copper Tube Handbook."
	F. Flanged Joints:  Select appropriate asbestos-free, nonmetallic gasket material in size, type, and thickness suitable for domestic water service.  Join flanges with gasket and bolts according to ASME B31.9.
	G. Dissimilar-Material Piping Joints:  Make joints using adapters compatible with materials of both piping systems.

	3.3 VALVE INSTALLATION
	A. General-Duty Valves:  Comply with requirements in Division 15 Section "General-Duty Valves for Plumbing Piping" for valve installations.
	B. Install shutoff valve close to water main on each branch and riser serving plumbing fixtures or equipment, on each water supply to equipment, and on each water supply to plumbing fixtures that do not have supply stops.  Use ball valves for piping NPS 2 (DN 50) and smaller.  Use butterfly or gate valves for piping NPS 2-1/2 (DN 65) and larger.
	C. Install drain valves for equipment at base of each water riser, at low points in horizontal piping, and where required to drain water piping.  Drain valves are specified in Division 15 Section "Domestic Water Piping Specialties."
	D. Install balancing valve in each hot-water circulation return branch and discharge side of each pump and circulator.  Set balancing valves partly open to restrict but not stop flow.  Use ball valves for piping.  Comply with requirements in Division 15 Section "Domestic Water Piping Specialties" for balancing valves.

	3.4 DIELECTRIC FITTING INSTALLATION
	A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.
	B. Dielectric Fittings for NPS 2 (DN 50) and Smaller:  Use dielectric couplings.
	C. Dielectric Fittings for NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Use dielectric flanges.

	3.5 FLEXIBLE CONNECTOR INSTALLATION
	A. Install flexible connectors in suction and discharge piping connections to each domestic water pump.

	3.6 HANGER AND SUPPORT INSTALLATION
	A. Comply with requirements in Division 15 Section "Hangers and Supports for Plumbing Piping and Equipment" for pipe hanger and support products and installation.
	B. Support vertical piping and tubing at base and at each floor.
	C. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch (10 mm).
	D. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod diameters:
	E. Install supports for vertical copper tubing every 10 feet (3 m).

	3.7 CONNECTIONS
	A. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment and machines to allow service and maintenance.
	C. Connect domestic water piping to exterior water-service piping.  Use transition fitting to join dissimilar piping materials.
	D. Connect domestic water piping to water-service piping with shutoff valve; extend and connect to the following:

	3.8 ESCUTCHEON INSTALLATION
	A. Install escutcheons for penetrations of walls, ceilings, and floors.
	B. Escutcheons for New Piping:

	3.9 SLEEVE INSTALLATION
	A. General Requirements:  Install sleeves for pipes and tubes passing through penetrations in floors, partitions, roofs, and walls.
	B. Sleeves are not required for core-drilled holes.
	C. Permanent sleeves are not required for holes formed by removable PE sleeves.
	D. Cut sleeves to length for mounting flush with both surfaces unless otherwise indicated.
	E. Install sleeves in new partitions, slabs, and walls as they are built.
	F. For interior wall penetrations, seal annular space between sleeve and pipe or pipe insulation using joint sealants appropriate for size, depth, and location of joint.  Comply with requirements in Division 7 Section "Joint Sealants" for joint sealants.
	G. For exterior wall penetrations above grade, seal annular space between sleeve and pipe using joint sealants appropriate for size, depth, and location of joint.  Comply with requirements in Division 7 Section "Joint Sealants" for joint sealants.
	H. For exterior wall penetrations below grade, seal annular space between sleeve and pipe using sleeve seals specified in this Section.
	I. Seal space outside of sleeves in concrete slabs and walls with grout.
	J. Install sleeves that are large enough to provide 1/4-inch (6.4-mm) annular clear space between sleeve and pipe or pipe insulation unless otherwise indicated.
	K. Install sleeve materials according to the following applications:
	L. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply with requirements in Division 7 Section "Penetration Firestopping" for firestop materials and installations.

	3.10 SLEEVE SEAL INSTALLATION
	A. Install sleeve seals in sleeves in exterior concrete walls at water-service piping entries into building.
	B. Select type and number of sealing elements required for pipe material and size.  Position pipe in center of sleeve.  Assemble sleeve seal components and install in annular space between pipe and sleeve.  Tighten bolts against pressure plates that cause sealing elements to expand and make watertight seal.

	3.11 IDENTIFICATION
	A. Identify system components.  Comply with requirements in Division 15 Section "Identification for Plumbing Piping and Equipment" for identification materials and installation.
	B. Label pressure piping with system operating pressure.

	3.12 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Piping Inspections:
	C. Piping Tests:
	D. Domestic water piping will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.

	3.13 CLEANING
	A. Clean and disinfect potable domestic water piping as follows:
	B. Prepare and submit reports of purging and disinfecting activities.
	C. Clean interior of domestic water piping system.  Remove dirt and debris as work progresses.

	3.14 PIPING SCHEDULE
	A. Transition and special fittings with pressure ratings at least equal to piping rating may be used in applications below unless otherwise indicated.
	B. Under-building-slab, domestic water, building service piping, NPS 3 (DN 80) and smaller, shall be the following:
	C. Under-building-slab, domestic water, building-service piping, NPS 4 to NPS 6 (DN 100 to DN 150), shall be the following:
	D. Under-building-slab, domestic water piping, NPS 2 (DN 50) and smaller, shall be the following:
	E. Aboveground domestic water piping, NPS 2 (DN 50) and smaller, shall be the following:
	F. Aboveground domestic water piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100), shall be the following:

	3.15 VALVE SCHEDULE
	A. Drawings indicate valve types to be used.  Where specific valve types are not indicated, the following requirements apply:
	B. Use check valves to maintain correct direction of domestic water flow to and from equipment.
	C. Iron grooved-end valves may be used with grooved-end piping.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following domestic water piping specialties:
	B. See Division 15 Section "Domestic Water Piping" for water meters.

	1.2 PERFORMANCE REQUIREMENTS
	A. Minimum Working Pressure for Domestic Water Piping Specialties:  125 psig (860 kPa), unless otherwise indicated.

	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Field quality-control test reports.
	C. Operation and maintenance data.

	1.4 QUALITY ASSURANCE
	A. NSF Compliance:


	PART 2 -  PRODUCTS
	2.1 VACUUM BREAKERS
	A. Pipe-Applied, Atmospheric-Type Vacuum Breakers:
	B. Hose-Connection Vacuum Breakers:

	2.2 BACKFLOW PREVENTERS
	A. Double-Check Backflow-Prevention Assemblies:

	2.3 WATER PRESSURE-REDUCING VALVES
	A. Water Regulators:

	2.4 TEMPERATURE-ACTUATED WATER MIXING VALVES
	A. Primary, Thermostatic, Water Mixing Valves:

	2.5 LIMITING VALVES
	A. Temperature Limiting Valve: Zurn ZW3870XLT, Leonard 170D-LF and Sioux Chief Model 696 for all lavatories, sinks, etc., or equivalent by Watts, Acorn, Powers, Symmons, or T&S. Mount in recessed access box with finished frame. (No exceptions on mounting)

	2.6 HOSE BIBBS
	A. Hose Bibbs:
	B. Hose Bibb (interior toilets) encased narrow wall hydrant in wall box with loose tee key, Zurn Model Z-1350 (narrow wall hydrant) or equal by J. R. Smith, Wade or Josam.

	2.7 WALL HYDRANTS

	A.   Wall Hydrants (Typical):  Freeze proof box type (stainless steel finish) 1/2" nickel plated bronze hose bibb with loose key, J.R. Smith 5509 QT.  Install approximately 18" above finished grade.
	A. Non-freeze Wall Hydrants:
	2.8 WATER HAMMER ARRESTERS
	A. Water Hammer Arresters:

	2.9 TRAP-SEAL PRIMER VALVES
	A. TP:  Trap Primer:  Watts No. A-200, P.P.P. Inc., JR Smith, Wade or Josam; Mount high up under one lavatory in each toilet that has a floor drain.  Install cold water supply with 1/2" piping into wall and below slab to floor drain.  Provide 12" x 12" access panels for each trap primer.  Comparable products of access panels:  Williams Bros., Accudor, and Milcor.
	B. Supply-Type, Trap-Seal Primer Valves:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install backflow preventers in each water supply to mechanical equipment and systems and to other equipment and water systems that may be sources of contamination.  Comply with authorities having jurisdiction.
	B. Install water regulators with inlet and outlet shutoff valves and bypass with memory-stop balancing valve.  Install pressure gages on inlet and outlet.
	C. Install balancing valves in locations where they can easily be adjusted.
	D. Install temperature-actuated water mixing valves with check stops or shutoff valves on inlets and with shutoff valve on outlet.
	E. Install water hammer arresters in water piping according to PDI-WH 201.
	F. Install supply-type, trap-seal primer valves with outlet piping pitched down toward drain trap a minimum of 1 percent, and connect to floor-drain body, trap, or inlet fitting.  Adjust valve for proper flow.
	G. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of piping and specialties.
	H. Equipment Nameplates and Signs:  Install engraved plastic-laminate equipment nameplate or sign on or near each of the following:
	I. Distinguish among multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations, in addition to identifying unit.  Nameplates and signs are specified in Division 15 Sections.

	3.2 FIELD QUALITY CONTROL
	A. Perform the following tests and prepare test reports:
	B. Remove and replace malfunctioning domestic water piping specialties and retest as specified above.

	3.3 ADJUSTING
	A. Set field-adjustable pressure set points of water pressure-reducing valves.
	B. Set field-adjustable flow of balancing valves.
	C. Set field-adjustable temperature set points of temperature-actuated water mixing valves.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following soil and waste, sanitary drainage, and vent piping inside the building:

	1.2 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressure, unless otherwise indicated:

	1.3 SUBMITTALS
	A. Field quality-control inspection and test reports.

	1.4 QUALITY ASSURANCE
	A. Piping materials shall bear label, stamp, or other markings of specified testing agency.
	B. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," for plastic piping components.  Include marking with "NSF-dwv" for plastic drain, waste, and vent piping; and "NSF-drain" for plastic drain piping.


	PART 2 -  PRODUCTS
	2.1 PIPING MATERIALS
	A. Hub-and-Spigot, Cast-Iron Pipe and Fittings:  ASTM A 74, Service class.
	B. Hubless Cast-Iron Pipe and Fittings:  ASTM A 888 or CISPI 301.
	C. Copper DWV Tube:  ASTM B 306, drainage tube, drawn temper.
	D. Solid-Wall PVC Pipe:  ASTM D 2665, solid-wall drain, waste, and vent.


	PART 3 -  EXECUTION
	3.1 PIPING APPLICATIONS
	A. Special pipe fittings with pressure ratings at least equal to piping pressure ratings may be used in applications below, unless otherwise indicated.
	B. Flanges and unions may be used on aboveground pressure piping, unless otherwise indicated.
	C. Aboveground, soil, waste, and vent piping shall be the following:
	D. Underground, soil, waste, and vent piping shall be the following:

	3.2 PIPING INSTALLATION
	A. Sanitary sewer piping outside the building is specified.
	B. Install cleanouts at grade and extend to where building sanitary drains connect to building sanitary sewers.
	C. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."
	D. Make changes in direction for soil and waste drainage and vent piping using appropriate branches, bends, and long-sweep bends.  Sanitary tees and short-sweep 1/4 bends may be used on vertical stacks if change in direction of flow is from horizontal to vertical.  Use long-turn, double Y-branch, and 1/8-bend fittings if 2 fixtures are installed back to back or side by side with common drainpipe.  Straight tees, elbows, and crosses may be used on vent lines.  Do not change direction of flow more than 90 degrees.  Use proper size of standard increasers and reducers if pipes of different sizes are connected.  Reducing size of drainage piping in direction of flow is prohibited.
	E. Lay buried building drainage piping beginning at low point of each system.  Install true to grades and alignment indicated, with unbroken continuity of invert.  Place hub ends of piping upstream.  Install required gaskets according to manufacturer's written instructions for use of lubricants, cements, and other installation requirements.  Maintain swab in piping and pull past each joint as completed.
	F. Install soil and waste drainage and vent piping at the following minimum slopes, unless otherwise indicated:
	G. Sleeves are not required for cast-iron soil piping passing through concrete slabs-on-grade if slab is without membrane waterproofing.
	H. Install PVC soil and waste drainage and vent piping according to ASTM D 2665.
	I. Install underground PVC soil and waste drainage piping according to ASTM D 2321.
	J. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities having jurisdiction.

	3.3 JOINT CONSTRUCTION
	A. Cast-Iron, Soil-Piping Joints:  Make joints according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."
	B. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy solder; and ASTM B 828 procedure, unless otherwise indicated.
	C. PVC Non-pressure Piping Joints:  Join piping according to ASTM D 2665.

	3.4 VALVE INSTALLATION
	A. General-duty valves are specified in Division 15 Section "General-Duty Valves for Plumbing Piping."
	B. Backwater Valves:  Install backwater valves in piping subject to sewage backflow.

	3.5 HANGER AND SUPPORT INSTALLATION
	A. Pipe hangers and supports are specified in Division 15 Section "Hangers and Supports for Plumbing Piping." Install the following:
	B. Install supports according to Division 15 Section "Hangers and Supports for Plumbing Piping."
	C. Support vertical piping and tubing at base and at each floor.
	D. Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch (10-mm) minimum rods.
	E. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and minimum rod diameters:
	F. Install supports for vertical cast-iron soil piping every 15 feet (4.5 m).
	G. Install supports for vertical PVC piping every 48 inches (1200 mm).
	H. Support piping and tubing not listed above according to MSS SP-69 and manufacturer's written instructions.

	3.6 CONNECTIONS
	A. Connect soil and waste piping to exterior sanitary sewerage piping.  Use transition fitting to join dissimilar piping materials.
	B. Connect drainage and vent piping to the following:

	3.7 FIELD QUALITY CONTROL
	A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be made.  Perform tests specified below in presence of authorities having jurisdiction.
	B. Reinspection:  If authorities having jurisdiction find that piping will not pass test or inspection, make required corrections, and arrange for reinspection.
	C. Reports:  Prepare inspection reports and have them signed by authorities having jurisdiction.
	D. Test sanitary drainage and vent piping according to procedures of authorities having jurisdiction.

	3.8 CLEANING
	A. Clean interior of piping.  Remove dirt and debris as work progresses.
	B. Protect drains during remainder of construction period to avoid clogging with dirt and debris and to prevent damage from traffic and construction work.
	C. Place plugs in ends of uncompleted piping at end of day and when work stops.

	3.9 PROTECTION
	A. Exposed PVC Piping:  Protect plumbing vents exposed to sunlight with two coats of water-based latex paint.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following sanitary drainage piping specialties:

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include rated capacities, operating characteristics, and accessories for grease interceptors.

	1.3 QUALITY ASSURANCE
	A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing agency.


	PART 2 -  PRODUCTS
	2.1 CLEANOUTS
	A. Exposed Cast-Iron Cleanouts:
	B. Cast-Iron Floor Cleanouts:
	C. Cast-Iron Wall Cleanouts:


	D. Cleanouts:  Provide in PVC sanitary piping at all changes in direction, at ends of branches, at intervals not exceeding 50 feet on 3" and smaller and 75' on 4" and larger on straight runs, and elsewhere as shown.  Cleanouts shall be full opening type, completely accessible.  Size same as lines in which they occur, but not larger than 4 inch.  Tees and extensions shall be of same weight as soil pipe. Plugs countersunk or raised head type with gasket or gasketed access cover.  Catalog numbers from J.R. Smith, MI-FAB and Zurn.  Cleanout head shall not extend out past finish wall, except in unfinished spaces.
	In terrazzo floors: J. R. Smith 4191, MI-FAB C1100-UR or Zurn ZN1400-Z adjustable cast iron        head and ferrule, ABS plug and round adjustable secured nickel bronze or stainless-steel top        with 1/2" recess.
	2.2 FLOOR DRAINS
	A. Cast-Iron Floor Drains:


	B.  Floor Drains:  Size outlets same as pipe to which they connect.  Install temporary closures during construction.  Each drain to have cast iron P-trap.  Provide types as scheduled below.
	Where drains occur above finished spaces, furnish with clamping collar to secure waterproof membrane.
	Mechanical Room Drains:  Smith 2230Y, MI-FAB F1340-TFB-4 or Zurn Z541 two-piece cast iron drain with speedi-set outlet, sediment bucket and cast-iron grate.  Membrane clamp as required Trench Drain: WM-1 - Zurn Z812 48” x 12” x 18” – Provide w/lint trap.
	2.3 ROOF FLASHING ASSEMBLIES
	A. Roof Flashing Assemblies:
	B. Description:  Manufactured assembly made of 4.0-lb/sq. ft. (20-kg/sq. m), 0.0625-inch (1.6-mm) thick, lead flashing collar and skirt extending at least 8 inches (200 mm) from pipe, with galvanized-steel boot reinforcement and counter-flashing fitting.

	2.4 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES
	A. Open Drains:
	B. Deep-Seal Traps:
	C. Floor-Drain, Trap-Seal Primer Fittings:
	D. Air-Gap Fittings:
	E. Sleeve Flashing Device:
	F. Stack Flashing Fittings:
	G. Vent Caps:

	2.5 FLASHING MATERIALS
	A. Lead Sheet:  ASTM B 749, Type L51121, copper bearing, with the following minimum weights and thicknesses, unless otherwise indicated:
	B. Fasteners:  Metal compatible with material and substrate being fastened.
	C. Metal Accessories:  Sheet metal strips, clamps, anchoring devices, and similar accessory units required for installation; matching or compatible with material being installed.
	D. Solder:  ASTM B 32, lead-free alloy.
	E. Bituminous Coating:  SSPC-Paint 12, solvent-type, bituminous mastic.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Refer to Division 15 Section "Common Work Results for Plumbing" for piping joining materials, joint construction, and basic installation requirements.
	B. Install cleanouts in aboveground piping and building drain piping according to the following, unless otherwise indicated:
	C. For floor cleanouts for piping below floors, install cleanout deck plates with top flush with finished floor.
	D. For cleanouts located in concealed piping, install cleanout wall access covers, of types indicated, with frame and cover flush with finished wall.
	E. Install floor drains at low points of surface areas to be drained.  Set grates of drains flush with finished floor, unless otherwise indicated.
	F. Install roof flashing assemblies on sanitary stack vents and vent stacks that extend through roof.
	G. Install flashing fittings on sanitary stack vents and vent stacks that extend through roof.
	H. Assemble open drain fittings and install with top of hub 1 inch (25 mm) above floor.
	I. Install deep-seal traps on floor drains and condensate waste outlets.
	J. Install floor-drain, trap-seal primer fittings on inlet to floor drains that require trap-seal primer connection.
	K. Install air-gap fittings on draining-type backflow preventers and on indirect-waste piping discharge into sanitary drainage system.
	L. Install sleeve flashing device with each riser and stack passing through floors with waterproof membrane.
	M. Install vent caps on each vent pipe passing through roof.
	N. Install traps on plumbing specialty drain outlets.
	O. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations and within cabinets and millwork.  Use deep-pattern escutcheons if required to conceal protruding pipe fittings.

	3.2 CONNECTIONS
	A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment to allow service and maintenance.

	3.3 FLASHING INSTALLATION
	A. Fabricate flashing from single piece unless large pans, sumps, or other drainage shapes are required.  Join flashing according to the following if required:
	B. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors and roofs with waterproof membrane.
	C. Set flashing on floors and roofs in solid coating of bituminous cement.
	D. Secure flashing into sleeve and specialty clamping ring or device.
	E. Install flashing for piping passing through roofs with counterflashing or commercially made flashing fittings.
	F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure flashing into cast-iron sleeve having calking recess.

	3.4 LABELING AND IDENTIFYING
	A. Distinguish among multiple units, inform operator of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations, in addition to identifying unit.  Nameplates and signs are specified in Division 15 Section "Identification for Plumbing Piping and Equipment."

	3.5 PROTECTION
	A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and to prevent damage from traffic or construction work.
	B. Place plugs in ends of uncompleted piping at end of each day or when work stops.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes refrigerant piping used for air-conditioning applications.

	1.2 PERFORMANCE REQUIREMENTS
	A. Line Test Pressure for Refrigerant R-454B:

	1.3 SUBMITTALS
	A. Product Data:  For each type of valve and refrigerant piping specialty indicated.  Include pressure drop based on manufacturer's test data.
	B. Shop Drawings:  Show layout of refrigerant piping and specialties, including pipe, tube, and fitting sizes, flow capacities, valve arrangements and locations, slopes of horizontal runs, oil traps, double risers, wall and floor penetrations, and equipment connection details.  Show interface and spatial relationships between piping and equipment.
	C. Field quality-control test reports.
	D. Operation and maintenance data.

	1.4 QUALITY ASSURANCE
	A. Comply with ASHRAE 15, "Safety Code for Refrigeration Systems."
	B. Comply with ASME B31.5, "Refrigeration Piping and Heat Transfer Components."

	1.5 PRODUCT STORAGE AND HANDLING
	A. Store piping in a clean and protected area with end caps in place to ensure that piping interior and exterior are clean when installed.


	PART 2 -  PRODUCTS
	2.1 COPPER TUBE AND FITTINGS
	A. Copper Tube:  ASTM B 88, Type K or L (ASTM B 88M, Type A or B).
	B. Wrought-Copper Fittings:  ASME B16.22.
	C. Wrought-Copper Unions:  ASME B16.22.
	D. Solder Filler Metals:  ASTM B 32.  Use 95-5 tin antimony or alloy HB solder to join copper socket fittings on copper pipe.
	E. Brazing Filler Metals:  AWS A5.8.
	F. Flexible Connectors:

	2.2 VALVES AND SPECIALTIES
	A. Diaphragm Packless Valves:
	B. Check Valves:
	C. Service Valves:
	D. Solenoid Valves:  Comply with ARI 760 and UL 429; listed and labeled by an NRTL.
	E. Safety Relief Valves:  Comply with ASME Boiler and Pressure Vessel Code; listed and labeled by an NRTL.
	F. Thermostatic Expansion Valves:  Comply with ARI 750.
	G. Straight-Type Strainers:
	H. Angle-Type Strainers:
	I. Moisture/Liquid Indicators:
	J. Replaceable-Core Filter Dryers:  Comply with ARI 730.
	K. Permanent Filter Dryers:  Comply with ARI 730.
	L. Liquid Accumulators:  Comply with ARI 495.

	2.3 REFRIGERANTS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	C. ASHRAE 34, R-454B.


	PART 3 -  EXECUTION
	3.1 PIPING APPLICATIONS
	A. Hot-Gas and Liquid Lines, and Suction Lines for Heat-Pump and AC Unit Applications:  Copper, Type L, drawn-temper tubing, and wrought-copper fittings with soldered joints.
	B. Safety-Relief-Valve Discharge Piping:  Copper, Type L, drawn-temper tubing, and wrought-copper fittings with soldered joints.
	C. Safety-Relief-Valve Discharge Piping:

	3.2 VALVE AND SPECIALTY APPLICATIONS
	A. Install packed-angle valves in suction and discharge lines of compressor.
	B. Install service valves for gage taps at strainers if they are not an integral part of strainers.
	C. Install a check valve at the compressor discharge and a liquid accumulator at the compressor suction connection.
	D. Except as otherwise indicated, install diaphragm packless valves on inlet and outlet side of filter dryers.
	E. Install a full-sized, three-valve bypass around filter dryers.
	F. Install solenoid valves upstream from each expansion valve.  Install solenoid valves in horizontal lines with coil at top.
	G. Install thermostatic expansion valves as close as possible to distributors on evaporators.
	H. Install safety relief valves where required by ASME Boiler and Pressure Vessel Code.  Pipe safety-relief-valve discharge line to outside according to ASHRAE 15.
	I. Install moisture/liquid indicators in liquid line at the inlet of the thermostatic expansion valve or at the inlet of the evaporator coil capillary tube.
	J. Install strainers upstream from and adjacent to the following unless they are furnished as an integral assembly for device being protected:
	K. Install filter dryers in liquid line between compressor and thermostatic expansion valve, and in the suction line at the compressor.
	L. Install flexible connectors at compressors.

	3.3 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems; indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations.  Install piping as indicated unless deviations to layout are approved on Shop Drawings.
	B. Install refrigerant piping according to ASHRAE 15.
	C. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	F. Install piping adjacent to machines to allow service and maintenance.
	G. Install piping free of sags and bends.
	H. Install fittings for changes in direction and branch connections.
	I. Select system components with pressure rating equal to or greater than system operating pressure.
	J. Refer to Division 23 Sections "HVAC Instrumentation and Controls" and "Sequence of Operation" for solenoid valve controllers, control wiring, and sequence of operation.
	K. Install piping as short and direct as possible, with a minimum number of joints, elbows, and fittings.
	L. Arrange piping to allow inspection and service of refrigeration equipment.  Install valves and specialties in accessible locations to allow for service and inspection.  Install access doors or panels as specified in Division 8 Section "Access Doors and Frames" if valves or equipment requiring maintenance is concealed behind finished surfaces.
	M. Install refrigerant piping in protective conduit where installed belowground.
	N. Install refrigerant piping in rigid or flexible conduit in locations where exposed to mechanical injury.
	O. Slope refrigerant piping as follows:
	P. When brazing or soldering, remove solenoid-valve coils and sight glasses; also remove valve stems, seats, and packing, and accessible internal parts of refrigerant specialties.  Do not apply heat near expansion-valve bulb.
	Q. Install pipe sleeves at penetrations in exterior walls and floor assemblies.
	R. Seal penetrations through fire and smoke barriers according to Division 7 Section "Through-Penetration Firestop Systems."
	S. Install piping with adequate clearance between pipe and adjacent walls and hangers or between pipes for insulation installation.
	T. Install sleeves through floors, walls, or ceilings, sized to permit installation of full-thickness insulation.
	U. Seal pipe penetrations through exterior walls according to Division 7 Section "Joint Sealants" for materials and methods.
	V. Identify refrigerant piping and valves according to Division 23 Section "Mechanical Identification."

	3.4 PIPE JOINT CONSTRUCTION
	A. Soldered Joints:  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook."
	B. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," Chapter "Pipe and Tube."

	3.5 HANGERS AND SUPPORTS
	A. Hanger, support, and anchor products are specified in Division 23 Section "Hangers and Supports."
	B. Install the following pipe attachments:
	C. Install hangers for copper tubing with the following maximum spacing and minimum rod sizes:
	D. Support multi-floor vertical runs at least at each floor.

	3.6 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	B. Tests and Inspections:

	3.7 SYSTEM CHARGING
	A. Charge system using the following procedures:

	3.8 ADJUSTING
	A. Adjust thermostatic expansion valve to obtain proper evaporator superheat.
	B. Adjust high- and low-pressure switch settings to avoid short cycling in response to fluctuating suction pressure.
	C. Adjust set-point temperature of air-conditioning or chilled-water controllers to the system design temperature.
	D. Perform the following adjustments before operating the refrigeration system, according to manufacturer's written instructions:
	E. Replace core of replaceable filter dryer after system has been adjusted and after design flow rates and pressures are established.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following:

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Regulatory Requirements:  Comply with requirements in ICC A117.1, "Accessible and Usable Buildings and Facilities "Public Law 101-336, "Americans with Disabilities Act"; for plumbing fixtures for people with disabilities.
	C. Regulatory Requirements:  Comply with requirements in Public Law 102-486, "Energy Policy Act," about water flow and consumption rates for plumbing fixtures.
	D. NSF Standard:  Comply with NSF 61, "Drinking Water System Components--Health Effects," for fixture materials that will be in contact with potable water.
	E. Select combinations of fixtures and trim, faucets, fittings, and other components that are compatible.
	F. Comply with the following applicable standards and other requirements specified for plumbing fixtures:
	G. Comply with the following applicable standards and other requirements specified for lavatory and sink faucets:
	H. Comply with the following applicable standards and other requirements specified for shower faucets:
	I. Comply with the following applicable standards and other requirements specified for miscellaneous fittings:
	J. Comply with the following applicable standards and other requirements specified for miscellaneous components:


	PART 2 -  PRODUCTS
	2.1 FIXTURES AND MISCELLANEOUS ITEMS
	A. Fixture Trim:  Exposed metal parts to be of heavy weight polished brass, heavily chromium plates, of best quality as regularly furnished by the plumbing fixture manufacturer.  Supplies to all fixtures and equipment shall be provided with stop valves.
	B. Scheduled Items:
	WC-1 ADA FLOOR MOUNTED FLUSH VALVE (CHILD ADA)
	ZURN Z5655-BWL-1 (1.6 gpf) ADA height floor mounted top spud flush valve toilet; ZEMS   (WS-1) side mount w/P6000 HW6 power convertor & MJ mini junction box YB YC YK piston- operated hard wired flush valve. Provide Bemis 1955 SS CT white seat with Sta-Tight  fastening system. Equal units by Kohler, American Standard, & Toto.  Flush valve equal  units by Toto or Sloan Royal.
	WC-2 FLOOR MOUNTED FLUSH VALVE
	ZURN Z5655-BWL-1 (1.6 gpf) floor mounted top spud flush valve toilet; ZEMS   (WS-1) side  mount w/P6000 HW6 power convertor & MJ mini junction box (WS) YB YC YK piston-operated  hard wired flush valve.  Provide Bemis 1955 SS CT white seat with Sta-Tight fastening system.   Equal units by Kohler, American Standard, & Toto.  Flush valve equal units  by Toto or Sloan  Royal.
	WC-3 ADA FLOOR MOUNTED FLUSH VALVE (ADA)
	ZURN Z5665-BWL-1 (1.6 gpf) ADA height floor mounted top spud flush valve toilet; MS6200  (WS-1) side mount w/ 6000 HW6 power converter & MJ mini junction box YB YC YK piston- operated hard wired flush valve.  Provide Bemis 1955 SS CT white seat with Sta-Tight  fastening system. Equal units by Kohler,  American Standard  and Toto.  Flush Valve equal  units by Toto or Sloan Royal.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Assemble plumbing fixtures, trim, fittings, and other components according to manufacturers' written instructions.
	B. Install off-floor supports, affixed to building substrate, for wall-mounting fixtures.
	C. Install back-outlet, wall-mounting fixtures onto waste fitting seals and attach to supports.
	D. Install floor-mounting fixtures on closet flanges or other attachments to piping or building substrate.
	E. Install wall-mounting fixtures with tubular waste piping attached to supports.
	F. Install fixtures level and plumb according to roughing-in drawings.
	G. Install water-supply piping with stop on each supply to each fixture to be connected to water distribution piping.  Attach supplies to supports or substrate within pipe spaces behind fixtures.  Install stops in locations where they can be easily reached for operation.
	H. Install trap and tubular waste piping on drain outlet of each fixture to be directly connected to sanitary drainage system.
	I. Install tubular waste piping on drain outlet of each fixture to be indirectly connected to drainage system.
	J. Install flushometer valves for accessible water closets and urinals with handle mounted on wide side of compartment.  Install other actuators in locations that are easy for people with disabilities to reach.
	K. Install tanks for accessible, tank-type water closets with lever handle mounted on wide side of compartment.
	L. Install toilet seats on water closets.
	M. Install faucet-spout fittings with specified flow rates and patterns in faucet spouts if faucets are not available with required rates and patterns.  Include adapters if required.
	N. Install water-supply flow-control fittings with specified flow rates in fixture supplies at stop valves.
	O. Install faucet flow-control fittings with specified flow rates and patterns in faucet spouts if faucets are not available with required rates and patterns.  Include adapters if required.
	P. Install shower flow-control fittings with specified maximum flow rates in shower arms.
	Q. Install traps on fixture outlets.
	R. Install disposer in outlet of each sink indicated to have disposer.  Install switch where indicated or in wall adjacent to sink if location is not indicated.
	S. Seal joints between fixtures and walls, floors, and countertops using sanitary-type, one-part, mildew-resistant silicone sealant.  Match sealant color to fixture color.  Sealants are specified in Division 7 Section "Joint Sealants."

	3.2 CONNECTIONS
	A. Piping installation requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Connect fixtures with water supplies, stops, and risers, and with traps, soil, waste, and vent piping.  Use size fittings required to match fixtures.

	3.3 FIELD QUALITY CONTROL
	A. Verify that installed plumbing fixtures are categories and types specified for locations where installed.
	B. Check that plumbing fixtures are complete with trim, faucets, fittings, and other specified components.
	C. Inspect installed plumbing fixtures for damage.  Replace damaged fixtures and components.
	D. Test installed fixtures after water systems are pressurized for proper operation.  Replace malfunctioning fixtures and components, then retest.  Repeat procedure until units operate properly.

	3.4 PROTECTION
	A. Provide protective covering for installed fixtures and fittings.
	B. Do not allow use of plumbing fixtures for temporary facilities unless approved in writing by the Contracting Officer.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following:

	1.2 SUBMITTALS
	A. Product Data:  For each type and size of water heater indicated.  Include rated capacities, operating characteristics, furnished specialties, and accessories.
	B. Shop Drawings:  Diagram power, signal, and control wiring.
	C. Operation and maintenance data.
	D. Warranty.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. ASHRAE/IESNA-90.1-2004 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004.
	C. ASME Compliance:  Where ASME-code construction is indicated, fabricate and label commercial water heater storage tanks to comply with ASME Boiler and Pressure Vessel Code:  Section VIII, Division 1.
	D. Comply with NSF 61, "Drinking Water System Components - Health Effects; Sections 1 through 9" for all components that will be in contact with potable water.

	1.4 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace components of electric water heaters that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 WATER HEATERS
	A. Water Heater (WH-1 & WH-2): Instantaneous electric water heater 3.32 KW heating element for 277/1/60 cycle current, Chronomite CM-12L 277 or Equal. Recessed in wall with stainless steel lockable access panel.  Unit with disconnect.
	B. Water Heater (WH-3 & WH-4):  Electric water heater 30-gallon storage capacity, recovery capacity 25 GPH at 100-degree rise, 6 KW heating element for 480/1/60 cycle current; Rheem Model EGSP30. Comparable products by: Rudd, A.O Smith, State or Hubbell.
	C. Water Heater (WH-5): Electric water heater with 50-gallon storage capacity, recover capacity 49 GPH at 100-degree rise, 12.2 KW heating element for 480/3/60 cycle current; A.O. Smith DVE-52.  Comparable products by: Rudd, Rheem, State or Hubbell.
	D. Temperature Limiting Valve Acorn ST70 for all lavatories, sinks, etc., or equivalent by Watts Zurn Wilkins, Powers, Symmons or T & S.
	E. Relief Valves:  Install (in accordance with USA Standard 221.22) properly sized AGA and ASME approved T&P relief valves with copper overflow lines to floor drain as indicated.
	F. Safety Pan:  Minimum of 1-1/2” deep X diameter of water heater plus 3” galvanized steel with a minimum of 1” drain.
	G. Thermal Expansion Tank:  Zurn Wilkins min. cap 2.1 gallons.
	H. Provide braided copper bonding jumper between cold and hot water lines for grounding purposes.
	I. Circulating Pump:  Pump shall be Grundfos Alpha 15-55F all bronze pump with 1/20 HP motor, 120V, 1 PH with built-in overload protection.  Pump shall have a capacity of 7 GPM at 10-foot head.  Comparable products by:  Bell & Gossett, Paco.
	J. Provide Time Clock (seven-day) for pump control 120/1/60 operating hours, 6:00 A.M. - 5:00            P.M.  Monday through Friday.  Verify with owner for weekend operation. Tork Model T171.
	I. A nominal water containing capacity of 5 gallons if located in building owned by or under the  control of the state, county, municipality, separate school district or other public entity.
	These units are required to be registered with the state.  They receive a biennial inspection and certificate of operation.  They are not required to have an installation permit or have ASME/NB stamping.

	2.2 WATER HEATER ACCESSORIES
	A. Water Heater Stands:  Water heater manufacturer's factory-fabricated steel stand for floor mounting and capable of supporting water heater and water.  Include dimension that will support bottom of water heater a minimum of 18 inches (457 mm) above the floor.
	B. Water Heater Mounting Brackets:  Water heater manufacturer's factory-fabricated steel bracket for wall mounting and capable of supporting water heater and water.
	C. Drain Pans:  Corrosion-resistant metal with raised edge.  Include dimensions not less than base of water heater and include drain outlet not less than NPS 3/4 (DN 20).
	D. Piping-Type Heat Traps:  Field-fabricated piping arrangement according to ASHRAE/IESNA 90.1-2004.
	E. Water Regulators:  ASSE 1003, water-pressure reducing valve.  Set at 25-psig- (172.5-kPa-) maximum outlet pressure, unless otherwise indicated.
	F. Shock Absorbers:  ASSE 1010 or PDI WH 201, Size A water hammer arrester.


	PART 3 -  EXECUTION
	3.1 WATER HEATER INSTALLATION
	A. Install commercial water heaters on concrete bases.
	B. Install water heaters level and plumb, according to layout drawings, original design, and referenced standards.  Maintain manufacturer's recommended clearances.  Arrange units so controls and devices needing service are accessible.
	C. Install combination temperature and pressure relief valves in top portion of storage tanks.  Use relief valves with sensing elements that extend into tanks.  Extend commercial, water-heater, relief-valve outlet, with drain piping same as domestic water piping in continuous downward pitch, and discharge by positive air gap onto closest floor drain.
	D. Install water heater drain piping as indirect waste to spill by positive air gap into open drains or over floor drains.  Install hose-end drain valves at low points in water piping for water heaters that do not have tank drains.
	E. Install thermometer on outlet piping of water heaters.  Refer to Division 15 Section "Meters and Gages for Plumbing Piping" for thermometers. Install water regulator, with integral bypass relief valve, in booster-heater inlet piping and water hammer arrester in booster-heater outlet piping.
	F. Install piping-type heat traps on inlet and outlet piping of water heater storage tanks without integral or fitting-type heat traps.
	G. Fill water heaters with water.

	3.2 CONNECTIONS
	A. Install piping adjacent to water heaters to allow service and maintenance.  Arrange piping for easy removal of water heaters.

	3.3 FIELD QUALITY CONTROL
	A. Engage a factory-authorized service representative to inspect field-assembled components and equipment installation, including connections.
	B. Perform the following field tests and inspections:
	C. Remove and replace water heaters that do not pass tests and inspections and retest as specified above.

	3.4 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain commercial electric water heaters.  Refer to Division 1 Section "Demonstration and Training."
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes air-cooled condensing units and outdoor heat pumps.

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Wiring diagrams.
	C. Operation and maintenance data.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Fabricate and label refrigeration system according to ASHRAE 15, "Safety Code for Mechanical Refrigeration."
	C. ASHRAE/IESNA 90.1-2004 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004, Section 6 - "Heating, Ventilating, and Air-Conditioning."

	1.4 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace components of condensing units that fail in materials or workmanship within specified warranty period.


	PART 2 -  PRODUCTS
	2.1 CONDENSING UNITS AND OUTDOOR HEAT PUMPS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the manufacturers specified:
	2.2 OUTDOOR UNITS
	A. General:
	1. Weatherproofed steel mounting/lifting rails.
	2. Hermetic scroll compressors.
	3. Plate fin condenser coils.
	4. Fans and motors.
	5. Standard operating range 50-125˚F (min. 0˚F with low ambient accy.).
	6. Nitrogen holding charge.
	7. Certified and rated in accordance with AHRI and DOE standards.
	8. UL certified.
	B. Casing:
	1. Zinc coated, heavy gauge, galvanized steel.
	2. Weather resistant baked enamel finish.
	3. Meets 672 hr salt spray test.
	4. Removable single side maintenance access panels.
	5. Lifting handles in maintenance access panels.
	6. Unit base provisions for forklift and/or crane lifting.
	C. Refrigeration System:
	1. Dual compressor (10 ton and larger).
	2. Two (2) separate and independent refrigerant circuits (10 tons or larger).
	3. Each refrigeration circuit equipped with integral sub-cooling circuit.
	4. Two (2) direct drive hermetic scroll compressor with centrifugal oil pump providing lubrication to moving parts.
	5. Suction gas-cooled motors with +/- 10% voltage utilization range of unit nameplate voltage.
	6. Crankcase heaters.
	7. Internal temperature and current sensitive motor overloads.
	8. Factory installed liquid line filter driers.
	9. Phase loss/reverse rotation monitor.
	10. Liquid line service valves (with gauge port).
	11. Suction line service valves (with gauge port).
	12. External high-pressure cutout devices.
	13. External low-pressure cutout devices.
	14. Evaporators defrost control.
	15. Loss of charge protection (discharge line thermostats).
	D. Condenser Coil:
	1. 3/8” internally enhanced copper tube mechanically bonded to lanced aluminum rate fins (spine fin coil for five tons or larger).
	2. Factory pressure and leak tested to 660 psig.
	3. Perforated steel hail-guards available.
	4. Provide coil guards.
	E. Condenser Fan:
	1. Propeller fan(s).
	2. Direct drive.
	3. Statically and dynamically balanced.
	F. Condenser Motor(s):
	1. Permanently lubricated, totally enclosed or open construction.
	2. Built-in current and thermal overloads.
	3. Ball or sleeve bearing type.
	G. Controls:
	1. Microprocessor.
	2. Completely internally wired.
	3. Numbered and colored wires.
	4. Contactor pressure lugs or terminal block.
	5. Unit external mounting location for disconnect device.
	6. Single point power entry.
	7. 24V control circuit.
	8. Control transformer.
	9. Anti-short cycle timer.
	H. Hail-Guards:
	1. Condenser coil protection from hail, vandals, etc.
	2. Perforated, painted galvanized steel.
	3. Factory or field installed.
	2.3 VERIFICATION OF PERFORMANCE
	A. Rate condensing units according to ARI 210/240.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install units’ level and plumb, firmly anchored in locations indicated; maintain manufacturer's recommended clearances.
	B. Install condensing units on 4” concrete base.
	C. Vibration Isolation:  Mount condensing units on neoprene pads with a minimum deflection of 1/2”.
	D. Maintain manufacturer's recommended clearances for service and maintenance.
	E. Connect pre-charged refrigerant tubing to unit's quick-connect fittings.  Install tubing so it does not interfere with access to unit.  Install furnished accessories.
	F. Connect refrigerant piping to air-cooled condensing units; maintain required access to unit.  Install furnished field-mounted accessories.  Refrigerant piping and specialties are specified in Division 15 Section "Refrigerant Piping."

	3.2 FIELD QUALITY CONTROL
	A. Perform the following field tests and inspections and prepare test reports:
	B. Verify that vibration isolation and flexible connections properly dampen vibration transmission to structure.
	C. Remove and replace malfunctioning condensing units and retest as specified above.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS:
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY:
	A. Section Includes:

	1.3 SUBMITTALS:
	A. Product Data:  For each air-handling unit indicated.
	B. Coordination Drawings:  Floor plans and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	C. Source quality-control reports.
	D. Field quality-control reports.
	E. Operation and Maintenance Data:  For air-handling units to include in emergency, operation, and maintenance manuals.

	1.4 QUALITY ASSURANCE:
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. NFPA Compliance:  Comply with NFPA 90A for design, fabrication, and installation of air-handling units and components.
	C. ARI Certification:  Air-handling units and their components shall be factory tested according to ARI 430, "Central-Station Air-Handling Units," and shall be listed and labeled by ARI.
	D. ASHRAE/IESNA 90.1 Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, Section 6 - "Heating, Ventilating, and Air-Conditioning."
	E. Comply with NFPA 70.

	1.5 COORDINATION:
	A. Coordinate sizes and locations of concrete bases with actual equipment provided.
	B. Coordinate sizes and locations of structural-steel support members, if any, with actual equipment provided.

	1.6 EXTRA MATERIALS:
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS:
	A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:

	2.2 INDOOR AHU:
	A. General:
	B. Casing:
	C. Refrigeration System:
	D. Evaporator Coil:
	E. Indoor Fan:
	F. Indoor Motor:
	G. Controls:
	H. Filters:
	I. Electric Heaters:

	2.3 SOURCE QUALITY CONTROL:
	A. Fan Sound-Power Level Ratings:  Comply with AMCA 301, "Methods for Calculating Fan Sound Ratings from Laboratory Test Data."  Test fans according to AMCA 300, "Reverberant Room Method for Sound Testing of Fans."  Fans shall bear AMCA-certified sound ratings seal.
	B. Fan Performance Rating:  Factory test fan performance for airflow, pressure, power, air density, rotation speed, and efficiency.  Rate performance according to AMCA 210, "Laboratory Methods of Testing Fans for Aerodynamic Performance Rating."
	C. Refrigerant Coils:  Factory tested to 450 psig (3105 kPa) according to ARI 410 and ASHRAE 33.


	PART 3 -  EXECUTION
	3.1 EXAMINATION:
	A. Examine areas and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of the Work.
	B. Examine casing insulation materials and filter media before air-handling unit installation.  Reject insulation materials and filter media that are wet, moisture damaged, or mold damaged.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION:
	A. Equipment Mounting:  Install air-handling units on concrete bases.
	B. Arrange installation of units to provide access space around air-handling units for service and maintenance.

	3.3 CONNECTIONS:
	A. Comply with requirements for piping specified in other Division 15 Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to air-handling unit to allow service and maintenance.
	C. Connect piping to air-handling units mounted on vibration isolators with flexible connectors.
	D. Connect condensate drain pans using NPS 1-1/4 (DN 32), ASTM B 88, Schedule 40 PVC piping.  Extend to nearest equipment or floor drain.  Construct deep trap at connection to drain pan and install cleanouts at changes in direction.
	E. Refrigerant Piping:  Comply with applicable requirements in Division 15 Section "Refrigerant Piping." Install shutoff valve and union or flange at each supply and return connection.

	3.4 FIELD QUALITY CONTROL:
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.

	3.5 STARTUP SERVICE:
	A. Perform startup service.
	B. Starting procedures for air-handling units include the following:

	3.6 ADJUSTING:
	A. Adjust damper linkages for proper damper operation.
	B. Comply with requirements in Division 15 Section "Testing, Adjusting, and Balancing" for air-handling system testing, adjusting, and balancing.

	3.7 CLEANING:
	A. After completing system installation and testing, adjusting, and balancing air-handling unit and air-distribution systems and after completing startup service, clean air-handling units internally to remove foreign material and construction dirt and dust.  Clean fan wheels, cabinets, dampers, coils, and filter housings, and install new, clean filters.

	3.8 DEMONSTRATION:
	A. Train Owner's maintenance personnel to adjust, operate, and maintain air-handling units.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes packaged, outdoor, rooftop units with the following components and accessories:

	1.3 PERFORMANCE REQUIREMENTS
	A. Delegated Design:  Design packaged unit supports to comply with wind performance requirements, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Wind-Restraint Performance:

	1.4 SUBMITTALS
	A. Product Data:  Include manufacturer's technical data for each packaged unit, including rated capacities, dimensions, required clearances, characteristics, furnished specialties, and accessories.
	B. Shop Drawings:  Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	C. Coordination Drawings:  Plans and other details, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	D. Field quality-control test reports.
	E. Operation and Maintenance Data:  For packaged units to include in emergency, operation, and maintenance manuals.
	F. Warranty:  Special warranty specified in this Section.

	1.5 QUALITY ASSURANCE
	A. ARI Compliance:
	B. UL Compliance:  Comply with UL 1995.
	C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

	1.6 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to replace components of packaged units that fail in materials or workmanship within specified warranty period.

	1.7 EXTRA MATERIALS
	A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	C. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:

	2.2 PACKAGE UNIT 12.5 TONS AND GREATER
	A. General:  The units shall be dedicated downflow or horizontal airflow.  The operating range shall be between 115˚F and 0˚F in cooling as standard from the factory for all units.  Cooling performance shall be rated in accordance with AHRI testing procedures.  All units shall be factory assembled, internally wired, fully charged with R-410A and 100% run tested to check cooling operation, fan and blower rotation and control sequence, before leaving the factory.  Wiring internal to the unit shall be colored and numbered for simplified identification.  Units shall be UL listed and labeled, classified in accordance to UL 1995/C 22.2, 236-05, Third Edition.
	B. Casing:  Unit casing shall be constructed of zinc coated, heavy gauge, galvanized steel.  Exterior surfaces shall be cleaned, phosphatized, and finished with a weather resistant baked enamel finish.  Unit’s surface shall be tested 672 hours in a salt spray test in compliance with ASTM B117.  Cabinet construction shall allow for all maintenance on one side of the unit.  In order to ensure a water and airtight seal, service panels shall have lifting handles and no more than three screws to remove.  All exposed vertical panels and top covers in the indoor air section shall be insulated with a 1/2", one-pound density foil-faced, closed cell material.  The downflow unit’s base pan shall have no penetrations within the perimeter of the curb other than the raised 1-1/8” high supply/return openings to provide an added water integrity precaution if the condensate drain backs up.  The base of the unit shall have provisions for forklift and crane lifting.
	C. Unit Top:  The top cover shall be one piece, or where seams exist, double hemmed and gasket sealed to prevent water leakage.
	D. Filters:  2” MERV 8 filters shall be provided.
	E. Compressors:  All units shall have direct-drive, hermetic, scroll type compressors with centrifugal type oil pumps.  Motor shall be suction gas-cooled and shall have a voltage utilization range of plus or minus 10% of nameplate voltage.  Internal overloads shall be provided with the scroll compressors.  All models shall have crankcase heaters, phase monitors and low- and high-pressure control as standard.
	F. Crankcase Heaters:  These band heaters provide improved compressor reliability by warming the oil to prevent migration during off-cycles or low ambient conditions.
	G. Refrigerant Circuits:  Each refrigerant circuit shall have independent fixed orifice or thermostatic expansion devices, service pressure ports and refrigerant line filter driers factory installed as standard.  An area shall be provided for replacement suction line driers.
	H. High Pressure Cutout:  Provide high pressure cutout.
	I. Outdoor Fans:  The outdoor fan shall be direct-drive, statically and dynamically balanced, draw-through in the vertical discharge position.  The fan motor(s) shall be permanently lubricated and shall have built-in thermal overload protection.
	J. Indoor Fan:  Units above shall have belt driven, FC centrifugal fans with adjustable motor sheaves.  Units with standard motors shall have an adjustable idler-arm assembly for quick adjustment of fan belts and motor sheaves.  All motors shall be thermally protected.  Oversized motors shall be provided for high static application.  All indoor fan motors meet the 2007 ASHRAE 90.1.
	K. Variable Frequency Drives:  Variable frequency drives shall be factory installed and tested to provide supply fan motor speed modulation.
	L. Controls:  Unit shall be completely factory wired with necessary controls and contactor pressure lugs or terminal block for power wiring.  Unit shall provide an external location for mounting a fused disconnect device.  Controls shall be provided for all 24-volt control functions.
	M. Phase Monitor:  Phase monitor shall provide 100% protection for motors and compressors against problems caused by phase loss, phase imbalance and phase reversal.  Phase monitor is equipped with an LED that provides an ON or FAULT indicator.  The module will automatically reset from a fault condition.
	N. Discharge Line Thermostat:  A bi-metal element discharge line thermostat is installed as a standard option on the discharge line of each system.  This standard option provides extra protection to the compressors against high discharge temperatures in case of loss of charge, extremely high ambient and other conditions which could drive the discharge temperature higher.  Discharge line thermostat is wired in series with high pressure control.  When the discharge temperature rises above the protection limit, the bi-metal disc in the thermostat switches to the OFF position, opening the 24 VAC circuit.  When the temperature on the discharge line cools down, the bi-metal disc closes the contactor circuit, providing power to the compressor.  When the thermostat opens the fourth time, the control must be manually reset to resume operation on that stage.
	O. Outdoor Air Damper and Hood and Barometric Relief Hood:  The assembly includes hood motor and dampers, barometric relief, minimum position setting, preset linkage, wiring harness with plug, fixed dry bulb and spring return actuator.  The barometric relief damper shall be standard and shall provide a pressure operated damper that shall be gravity closing and shall prohibit entrance of outside air during the equipment OFF cycle.
	P. Disconnect Switch:  Three-pole, molded case, disconnect switch shall be provided.  The disconnect switch will be installed in the unit in a watertight enclosure with access through a swinging door.  Factory wiring will be sized per NEC and UL guidelines but will not be used in place of unit overcurrent protection.
	Q. Hail Guards:  Tool-less, hail protection quality coil guards shall be provided for condenser coil protection.
	R. Electric Heaters:  Electric heat shall be provided.  Electric heater elements shall be constructed of heavy-duty nickel chromium elements internally delta connected for 240-volt; wye connected for 480 volt.  Each heater package shall have automatically reset high limit control operating through heating element contactors.  All heaters shall be individually fused from the factory, where required, and shall meet all NEC and CEC requirements when installed.  Power assemblies shall provide single-point connection.  Electric heat modules shall be UL listed or CSA certified.
	S. Powered Convenience Outlet:  120v/15-amp, two plug, convenience outlet, powered.  When the convenience outlet is powered, a service receptacle disconnect will be available.  The convenience outlet is powered from the line side of the disconnect or circuit breaker, and therefore will not be affected by the position of the disconnect or circuit breaker.

	2.3 ACCESSORIES
	A. Duplex, 115-V, ground-fault-interrupter outlet with 15-A overcurrent protection.  Include transformer if required.  Outlet shall be energized even if the unit main disconnect is open.
	B. Low-ambient kit using staged condenser fans for operation down to 35 deg F (1.7 deg C).
	C. Hail coil guards.
	D. Hot gas reheats coil and accessories.
	E. APR valve.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates, areas, and conditions, with Installer present, for compliance with requirements for installation tolerances and other conditions affecting performance of package unit.
	B. Examine roughing-in for package unit to verify actual locations of piping and duct connections before equipment installation.
	C. Examine grade for suitable conditions where package unit will be installed.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 CONNECTIONS
	A. Install condensate drain, minimum connection size, with trap and indirect connection to nearest roof drain or area drain.
	B. Install piping adjacent to package unit to allow service and maintenance.
	C. Duct installation requirements are specified in other Division 23 Sections.  Drawings indicate the general arrangement of ducts.  The following are specific connection requirements:

	3.3 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.  Report results in writing.
	B. Perform tests and inspections and prepare test reports.
	C. Tests and Inspections:
	D. Remove and replace malfunctioning units and retest as specified above.

	3.4 STARTUP SERVICE
	A. Engage a factory-authorized service representative to perform startup service.
	B. Complete installation and startup check according to manufacturer's written instructions and do the following:

	3.5 CLEANING AND ADJUSTING
	A. Occupancy Adjustments:  When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions.  Provide up to two visits to site during other-than-normal occupancy hours for this purpose.
	B. After completing system installation and testing, adjusting, and balancing packaged unit and air-distribution systems, clean filter housings and install new filters.

	3.6 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain package unit.  Refer to Division 1 Section "Demonstration and Training."
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes split-system air-conditioning units consisting of separate evaporator-fan and compressor-condenser components.

	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include rated capacities, operating characteristics, and furnished specialties and accessories.  Include performance data in terms of capacities, outlet velocities, static pressures, sound power characteristics, motor requirements, and electrical characteristics.
	B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.
	C. Operation and Maintenance Data:  For split-system air-conditioning units to include in emergency, operation, and maintenance manuals.

	1.4 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	1.5 COORDINATION
	A. Coordinate sizes and locations of concrete bases with actual equipment provided.

	1.6 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace components of split-system air-conditioning units that fail in materials or workmanship within specified warranty period.

	1.7 EXTRA MATERIALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following: Verify that manufacturers retained in the list below make combination of unit components retained.

	2.2 INDOOR UNITS
	A. Evaporator-Fan Components:

	2.3 OUTDOOR UNITS
	A. Air-Cooled, Compressor-Condenser Components:

	2.4 ACCESSORIES
	A. Control equipment and sequence of operation are specified in Division 23 Sections "HVAC  Instrumentation and Controls" and "Sequence of Operation."
	B. Thermostat:  Wall mounted thermostat.  Provide auto changeover.
	C. Automatic-reset timer to prevent rapid cycling of compressor.
	D. Refrigerant Line Kits:  Soft-annealed copper suction and liquid lines factory cleaned, dried,  pressurized, and sealed; factory-insulated suction line with flared fittings at both ends.
	E. Drain Hose:  For condensate.
	F. Coil guard.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install units’ level and plumb.
	B. Install evaporator-fan components using manufacturer's standard mounting devices securely fastened to building structure.
	C. Install ground-mounted, compressor-condenser components on 4-inch- (100-mm-) thick, reinforced concrete base that is 4 inches (100 mm) larger, on each side, than unit.

	3.2 CONNECTIONS
	A. Where piping is installed adjacent to unit, allow space for service and maintenance of unit.

	3.3 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	B. Perform tests and inspections.
	C. Tests and Inspections:
	D. Remove and replace malfunctioning units and retest as specified above.
	E. Prepare test and inspection reports.

	3.4 DEMONSTRATION
	A. Train Owner's maintenance personnel to adjust, operate, and maintain units.
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	1. Air dispersion accomplished by using conical aerodynamic nozzles and permeable fabric. Diameter of nozzles height to be minimum ½”. Due to exact requirements of throw and maximum level of noise alternative flow models are not acceptable.
	2. Color of nozzles must match color of fabric. Unless otherwise specifically mentioned on drawings or otherwise in this specification, suppliers standard table is used for selection of color.
	3. Location and number of nozzles to be specified and approved by manufacturer.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.2 PERFORMANCE REQUIREMENTS
	A. Structural Performance:  Duct hangers and supports shall withstand the effects of gravity loads and stresses within limits and under conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible".
	B. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1-2004.

	1.3 SUBMITTALS
	A. Product Data:  For each type of the following products:
	B. Shop Drawings:
	C. Coordination Drawings:  Plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of the items involved:
	D. Welding certificates.
	E. Field quality-control reports

	1.4 QUALITY ASSURANCE
	A. Welding Qualifications:  Qualify procedures and personnel according to the following:
	B. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1-2004, Section 5 - "Systems and Equipment" and Section 7 - "Construction and System Start-Up."
	C. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1-2004, Section 6.4.4 - "HVAC System Construction and Insulation."


	PART 2 -  PRODUCTS
	2.1 SINGLE-WALL RECTANGULAR DUCTS AND FITTINGS
	A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" based on indicated static-pressure class unless otherwise indicated.
	B. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 1-4, "Transverse (Girth) Joints," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 1-5, "Longitudinal Seams - Rectangular Ducts," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	D. Elbows, Transitions, Offsets, Branch Connections, and Other Duct Construction:  Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 2, "Fittings and Other Construction," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

	2.2 SINGLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS
	A. General Fabrication Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on indicated static-pressure class unless otherwise indicated.
	B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and diameter of the round sides connecting the flat portions of the duct (minor dimension).
	C. Transverse Joints:  Select joint types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-2, "Transverse Joints - Round Duct," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	D. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-1, "Seams - Round Duct and Fittings," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	E. Tees and Laterals:  Select types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 3-4, "90 Degree Tees and Laterals," and Figure 3-5, "Conical Tees," for static-pressure class, applicable sealing requirements, materials involved, duct-support intervals, and other provisions in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."

	2.3 DOUBLE-WALL ROUND AND FLAT-OVAL DUCTS AND FITTINGS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Flat-Oval Ducts:  Indicated dimensions are the duct width (major dimension) and diameter of the round sides connecting the flat portions of the duct (minor dimension) of the inner duct.
	C. Outer Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 3, "Round, Oval, and Flexible Duct," based on static-pressure class unless otherwise indicated.
	D. Inner Duct:  Minimum 0.028-inch (0.7-mm) solid galvanized sheet steel.
	E. Interstitial Insulation:  Flexible elastomeric duct liner complying with ASTM C 534, Type II for sheet materials, and with NFPA 90A or NFPA 90B.

	2.4 SHEET METAL MATERIALS
	A. General Material Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
	B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M.
	C. Carbon-Steel Sheets:  Comply with ASTM A 1008/A 1008M, with oiled, matte finish for exposed ducts.
	D. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	E. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).

	2.5 DUCT LINER
	A. Fibrous-Glass Duct Liner:  Comply with ASTM C 1071, NFPA 90A, or NFPA 90B; and with NAIMA AH124, "Fibrous Glass Duct Liner Standard."
	B. Flexible Elastomeric Duct Liner:  Preformed, cellular, closed-cell, sheet materials complying with ASTM C 534, Type II, Grade 1; and with NFPA 90A or NFPA 90B.
	C. Insulation Pins and Washers:
	D. Shop Application of Duct Liner:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-19, "Flexible Duct Liner Installation."

	2.6 SEALANT AND GASKETS
	A. General Sealant and Gasket Requirements:  Surface-burning characteristics for sealants and gaskets shall be a maximum flame-spread index of 25 and a maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
	B. Two-Part Tape Sealing System:
	C. Water-Based Joint and Seam Sealant:
	D. Flanged Joint Sealant:  Comply with ASTM C 920.
	E. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
	F. Round Duct Joint O-Ring Seals:

	2.7 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts.
	B. Hanger Rods for Corrosive Environments:  Electrogalvanized, all-thread rods or galvanized rods with threads painted with zinc-chromate primer after installation.
	C. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 4-1 (Table 4-1M), "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum Hanger Sizes for Round Duct."
	D. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603.
	E. Steel Cables for Stainless-Steel Ducts:  Stainless steel complying with ASTM A 492.
	F. Steel Cable End Connections:  Cadmium-plated steel assemblies with brackets, swivel, and bolts designed for duct hanger service; with an automatic-locking and clamping device.
	G. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	H. Trapeze and Riser Supports:


	PART 3 -  EXECUTION
	3.1 DUCT INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of duct system.  Indicated duct locations, configurations, and arrangements were used to size ducts and calculate friction loss for air-handling equipment sizing and for other design considerations.  Install duct systems as indicated unless deviations to layout are approved on Shop Drawings and Coordination Drawings.
	B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise indicated.
	C. Install round and flat-oval ducts in maximum practical lengths.
	D. Install ducts with fewest possible joints.
	E. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections.
	F. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines.
	G. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
	H. Install ducts with a clearance of 1 inch (25 mm), plus allowance for insulation thickness.
	I. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures.
	J. Where ducts pass through non-fire-rated interior partitions and exterior walls and are exposed to view, cover the opening between the partition and duct or duct insulation with sheet metal flanges of same metal thickness as the duct.  Overlap openings on four sides by at least 1-1/2 inches (38 mm).
	K. Where ducts pass through fire-rated interior partitions and exterior walls, install fire dampers.  Comply with requirements in Division 23 Section "Duct Accessories" for fire and smoke dampers.
	L. Protect duct interiors from moisture, construction debris and dust, and other foreign materials. Comply with SMACNA's "Duct Cleanliness for New Construction Guidelines."

	3.2 INSTALLATION OF EXPOSED DUCTWORK
	A. Protect ducts exposed in finished spaces from being dented, scratched, or damaged.
	B. Trim duct sealants flush with metal.  Create a smooth and uniform exposed bead.  Do not use two-part tape sealing system.
	C. Grind welds to provide smooth surface free of burrs, sharp edges, and weld splatter.  When welding stainless steel with a No. 3 or 4 finish, grind the welds flush, polish the exposed welds, and treat the welds to remove discoloration caused by welding.
	D. Maintain consistency, symmetry, and uniformity in the arrangement and fabrication of fittings, hangers and supports, duct accessories, and air outlets.
	E. Repair or replace damaged sections and finished work that does not comply with these requirements.

	3.3 DUCT SEALING
	A. Seal ducts for duct static-pressure, seal classes, and leakage classes specified in "Duct Schedule" Article according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	B. Seal ducts to the following seal classes according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible":

	3.4 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 4, "Hangers and Supports."
	B. Building Attachments:  Concrete inserts, powder-actuated fasteners, or structural-steel fasteners appropriate for construction materials to which hangers are being attached.
	C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 4-1 (Table 4-1M), "Rectangular Duct Hangers Minimum Size," and Table 4-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and supports within 24 inches (610 mm) of each elbow and within 48 inches (1200 mm) of each branch intersection.
	D. Hangers Exposed to View:  Threaded rod and angle or channel supports.
	E. Support vertical ducts with steel angles or channel secured to the sides of the duct with welds, bolts, sheet metal screws, or blind rivets; support at each floor and at a maximum interval of 16 feet (5 m).
	F. Install upper attachments to structures.  Select and size upper attachments with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	3.5 CONNECTIONS
	A. Make connections to equipment with flexible connectors complying with Division 23 Section "Duct Accessories."
	B. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.

	3.6 PAINTING
	A. Paint interior of metal ducts that are visible through registers and grilles and that do not have duct liner.  Apply one coat of flat, black, latex paint over a compatible galvanized-steel primer.  Paint materials and application requirements are specified in Division 9 painting Sections.

	3.7 START UP
	A. Air Balance:  Comply with requirements in Division 23 Section "Testing, Adjusting, and Balancing."

	3.8 DUCT SCHEDULE
	A. Fabricate ducts with galvanized sheet steel.
	B. Supply Ducts:
	C. Return and Outoor Air Ducts:
	D. Exhaust Ducts:
	E. Outdoor-Air Ducts:
	F. Intermediate Reinforcement:
	G. Liner:
	H. Double-Wall Duct Interstitial Insulation:
	I. Elbow Configuration:
	J. Branch Configuration:



	15820 Duct Accessories_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  For duct accessories.  Include plans, elevations, sections, details, and attachments to other work.
	C. Operation and maintenance data.

	1.3 QUALITY ASSURANCE
	A. Comply with NFPA 90A, "Installation of Air Conditioning and Ventilating Systems," and with NFPA 90B, "Installation of Warm Air Heating and Air Conditioning Systems."
	B. Comply with AMCA 500-D testing for damper rating.


	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for acceptable materials, material thicknesses, and duct construction methods unless otherwise indicated.  Sheet metal materials shall be free of pitting, seam marks, roller marks, stains, discolorations, and other imperfections.
	B. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M.
	C. Stainless-Steel Sheets:  Comply with ASTM A 480/A 480M, Type 304, and having a No. 2 finish for concealed ducts and finish for exposed ducts.
	D. Aluminum Sheets:  Comply with ASTM B 209 (ASTM B 209M), Alloy 3003, Temper H14; with mill finish for concealed ducts and standard, 1-side bright finish for exposed ducts.
	E. Extruded Aluminum:  Comply with ASTM B 221 (ASTM B 221M), Alloy 6063, Temper T6.
	F. Reinforcement Shapes and Plates:  Galvanized-steel reinforcement where installed on galvanized sheet metal ducts; compatible materials for aluminum and stainless-steel ducts.
	G. Tie Rods:  Galvanized steel, 1/4-inch (6-mm) minimum diameter for lengths 36 inches (900 mm) or less; 3/8-inch (10-mm) minimum diameter for lengths longer than 36 inches (900 mm).

	2.2 BACKDRAFT AND PRESSURE RELIEF DAMPERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Description:  Gravity balanced.
	C. Maximum Air Velocity:  2000 fpm (10 m/s).
	D. Maximum System Pressure:  1-inch wg (0.25 kPa).
	E. Frame:  0.052-inch- (1.3-mm-) thick, galvanized sheet steel, with welded corners and mounting flange.
	F. Blades:  Multiple single-piece blades, center-pivoted, maximum 6-inch (150-mm) width, with sealed edges.
	G. Blade Action:  Parallel.
	H. Blade Seals:  Neoprene, mechanically locked.
	I. Blade Axles:
	J. Tie Bars and Brackets:  Aluminum.
	K. Return Spring:  Adjustable tension.
	L. Bearings: Steel ball or synthetic pivot bushings.
	M. Accessories:

	2.3 MANUAL VOLUME DAMPERS
	A. Standard, Steel, Manual Volume Dampers:

	2.4 CONTROL DAMPERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Frames:
	C. Blades:
	D. Blade Axles:  1/2-inch- (13-mm-) diameter; galvanized steel; blade-linkage hardware of zinc-plated steel and brass; ends sealed against blade bearings.
	E. Bearings:

	2.5 FIRE DAMPERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Type:  Static and dynamic; rated and labeled according to UL 555 by an NRTL.
	C. Closing rating in ducts up to 4-inch wg (1-kPa) static pressure class and minimum 4000-fpm (20-m/s) velocity.
	D. Fire Rating:  1-1/2 and 3 hours.
	E. Frame:  Curtain type with blades outside airstream except when located behind grille where blades may be inside airstream; fabricated with roll-formed, 0.034-inch- (0.85-mm-) thick galvanized steel; with mitered and interlocking corners.
	F. Mounting Sleeve:  Factory- or field-installed, galvanized sheet steel.
	G. Mounting Orientation:  Vertical or horizontal as indicated.
	H. Blades:  Roll-formed, interlocking, 0.034-inch- (0.85-mm-) thick, galvanized sheet steel.  In place of interlocking blades, use full-length, 0.034-inch- (0.85-mm-) thick, galvanized-steel blade connectors.
	I. Horizontal Dampers:  Include blade lock and stainless-steel closure spring.
	J. Heat-Responsive Device:  Replaceable, 165 deg F (74 deg C) rated, fusible links.

	2.6 FLANGE CONNECTORS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Description:  Add-on or roll-formed, factory-fabricated, slide-on transverse flange connectors, gaskets, and components.
	C. Material:  Galvanized steel.
	D. Gage and Shape:  Match connecting ductwork.

	2.7 TURNING VANES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Manufactured Turning Vanes for Metal Ducts:  Curved blades of galvanized sheet steel; support with bars perpendicular to blades set; set into vane runners suitable for duct mounting.
	C. General Requirements:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 2-3, "Vanes and Vane Runners," and 2-4, "Vane Support in Elbows."
	D. Vane Construction:  Single wall for ducts up to 36 inches wide and double wall for larger dimensions.

	2.8 DUCT-MOUNTED ACCESS DOORS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Duct-Mounted Access Doors:  Fabricate access panels according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 2-10, "Duct Access Doors and Panels," and 2-11, "Access Panels - Round Duct."

	2.9 DUCT ACCESS PANEL ASSEMBLIES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Labeled according to UL 1978 by an NRTL.
	C. Panel and Frame:  Minimum thickness 0.0528-inch (1.3-mm) carbon steel.
	D. Fasteners:  Carbon steel.  Panel fasteners shall not penetrate duct wall.
	E. Gasket:  Comply with NFPA 96; grease-tight, high-temperature ceramic fiber, rated for minimum 2000 deg F (1093 deg C).
	F. Minimum Pressure Rating:  10-inch wg (2500 Pa), positive or negative.

	2.10 FLEXIBLE CONNECTORS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Materials:  Flame-retardant or noncombustible fabrics.
	C. Coatings and Adhesives:  Comply with UL 181, Class 1.
	D. Metal-Edged Connectors:  Factory fabricated with a fabric strip 3-1/2 inches (89 mm) wide attached to 2 strips of 2-3/4-inch- (70-mm-) wide, 0.028-inch- (0.7-mm-) thick, galvanized sheet steel or 0.032-inch- (0.8-mm-) thick aluminum sheets.  Provide metal compatible with connected ducts.
	E. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene.

	2.11 FLEXIBLE DUCTS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Insulated, Flexible Duct:  UL 181, Class 1, black polymer film supported by helically wound, spring-steel wire; fibrous-glass insulation; polyethylene vapor-barrier film.
	C. Flexible Duct Connectors:

	2.12 DUCT ACCESSORY HARDWARE
	A. Instrument Test Holes:  Cast iron or cast aluminum to suit duct material, including screw cap and gasket.  Size to allow insertion of pitot tube and other testing instruments and of length to suit duct-insulation thickness.
	B. Adhesives:  High strength, quick setting, neoprene based, waterproof, and resistant to gasoline and grease.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install duct accessories according to applicable details in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for metal ducts and in NAIMA AH116, "Fibrous Glass Duct Construction Standards," for fibrous-glass ducts.
	B. Install duct accessories of materials suited to duct materials; use galvanized-steel accessories in galvanized-steel and fibrous-glass ducts, stainless-steel accessories in stainless-steel ducts, and aluminum accessories in aluminum ducts.
	C. Install backdraft dampers at inlet of exhaust fans or exhaust ducts as close as possible to exhaust fan unless otherwise indicated.
	D. Install volume dampers at points on supply, return, and exhaust systems where branches extend from larger ducts.  Where dampers are installed in ducts having duct liner, install dampers with hat channels of same depth as liner, and terminate liner with nosing at hat channel.
	E. Set dampers to fully open position before testing, adjusting, and balancing.
	F. Install test holes at fan inlets and outlets and elsewhere as indicated.
	G. Install fire dampers according to UL listing.
	H. Connect ducts to duct silencers rigidly.
	I. Install duct access doors on sides of ducts to allow for inspecting, adjusting, and maintaining accessories and equipment at the following locations:
	J. Install access doors with swing against duct static pressure.
	K. Access Door Sizes:
	L. Label access doors according to Division 15 Section "Identification for HVAC Piping and Equipment" to indicate the purpose of access door.
	M. Install flexible connectors to connect ducts to equipment.
	N. For fans developing static pressures of 5-inch wg (1250 Pa) and more, cover flexible connectors with loaded vinyl sheet held in place with metal straps.
	O. Connect terminal units to supply ducts directly or with maximum 12-inch (300-mm) lengths of flexible duct.  Do not use flexible ducts to change directions.
	P. Connect diffusers or light troffer boots to ducts with maximum 48-inch lengths of flexible duct clamped or strapped in place.
	Q. Connect flexible ducts to metal ducts with draw bands.
	R. Install duct test holes where required for testing and balancing purposes.

	3.2 FIELD QUALITY CONTROL
	A. Tests and Inspections:



	15838 Power Ventilators_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Operation and maintenance data.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. AMCA Compliance:  Fans shall have AMCA-Certified performance ratings and shall bear the AMCA-Certified Ratings Seal.


	PART 2 -  PRODUCTS
	2.1 IN-LINE AND CEILING CENTRIFUGAL FANS
	A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	B. Housing:  Split, spun aluminum with aluminum straightening vanes, inlet and outlet flanges, and support bracket adaptable to floor, side wall, or ceiling mounting.
	C. Direct-Drive Units:  Motor mounted in airstream, factory wired to disconnect switch located on outside of fan housing; with wheel and inlet cone.
	D. Fan Wheels:  Aluminum, airfoil blades welded to aluminum hub.
	E. Accessories:


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. In-Line and Ceiling Units:  Suspend units from structure; use steel wire or metal straps.
	B. Install units with clearances for service and maintenance.
	C. Label units according to requirements specified in Division 15 Section "Identification for HVAC Piping and Equipment."

	3.2 CONNECTIONS
	A. Duct installation and connection requirements are specified in other Division 15 Sections.  Drawings indicate general arrangement of ducts and duct accessories.  Make final duct connections with flexible connectors.  Flexible connectors are specified in Division 15 Section "Duct Accessories."
	B. Install ducts adjacent to power ventilators to allow service and maintenance.

	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	C. Test and adjust controls and safeties.  Replace damaged and malfunctioning controls and equipment.
	D. Prepare test and inspection reports.

	3.4 ADJUSTING
	A. Adjust damper linkages for proper damper operation.
	B. Adjust belt tension.
	C. Comply with requirements in Division 15 Section "Testing, Adjusting, and Balancing" for testing, adjusting, and balancing procedures.
	D. Replace fan and motor pulleys as required to achieve design airflow.
	E. Lubricate bearings.



	15855 Diffusers, Registers and Grilles_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	B. Related Sections:

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated, include the following:
	B. Samples:  For each exposed product and for each color and texture specified.

	1.3 MANUFACTURERS

	PART 2 -  PRODUCTS
	2.1 SOURCE QUALITY CONTROL
	A. Verification of Performance:  Rate diffusers, registers, and grilles according to ASHRAE 70, "Method of Testing for Rating the Performance of Air Outlets and Inlets."


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install diffusers, registers, and grilles level and plumb.
	B. Ceiling-Mounted Outlets and Inlets:  Drawings indicate general arrangement of ducts, fittings, and accessories.  Air outlet and inlet locations have been indicated to achieve design requirements for air volume, noise criteria, airflow pattern, throw, and pressure drop.  Make final locations where indicated, as much as practical.  For units installed in lay-in ceiling panels, locate units in the center of panel.  Where architectural features or other items conflict with installation, notify Architect for a determination of final location.
	C. Install diffusers, registers, and grilles with airtight connections to ducts and to allow service and maintenance of dampers, air extractors, and fire dampers.

	3.2 ADJUSTING
	A. After installation, adjust diffusers, registers, and grilles to air patterns indicated, or as directed, before starting air balancing.



	15900 HVAC Instrumentation and Controls_0
	15940 Sequence of Operation_0
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes control sequences for HVAC systems, subsystems, and equipment.
	B. See Division 15 Section "HVAC Instrumentation and Controls" for control equipment and devices and for submittal requirements.

	1.2 CONTROL SEQUENCES
	A. Packaged Units:


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION (Not Applicable)
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:

	1.3 DEFINITIONS
	A. AABC:  Associated Air Balance Council.
	B. NEBB:  National Environmental Balancing Bureau.
	C. TAB:  Testing, adjusting, and balancing.
	D. TABB:  Testing, Adjusting, and Balancing Bureau.
	E. TAB Specialist:  An entity engaged to perform TAB Work.

	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data:  Within 30 days of Contractor's Notice to Proceed, submit documentation that the TAB contractor and this Project's TAB team members meet the qualifications specified in "Quality Assurance" Article.
	B. Certified TAB reports.
	C. Sample report forms.
	D. Instrument calibration reports, to include the following:

	1.5 QUALITY ASSURANCE
	A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC or NEBB.
	B. TAB Conference:  Meet with Construction Manager on approval of the TAB strategies and procedures plan to develop a mutual understanding of the details.  Require the participation of the TAB field supervisor and technicians.  Provide seven days' advance notice of scheduled meeting time and location.
	C. Certify TAB field data reports and perform the following:
	D. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, Section 5, "Instrumentation."
	E. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 7.2.2 - "Air Balancing."

	1.6 COORDINATION
	A. Notice:  Provide seven days' advance notice for each test.  Include scheduled test dates and times.
	B. Perform TAB after leakage and pressure tests on air and water distribution systems have been satisfactorily completed.


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 TAB SPECIALISTS
	A. Subject to compliance with requirements, engage one of the following:

	3.2 EXAMINATION
	A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems' designs that may preclude proper TAB of systems and equipment.
	B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers.  Verify that locations of these balancing devices are accessible.
	C. Examine the approved submittals for HVAC systems and equipment.
	D. Examine design data including HVAC system descriptions, statements of design assumptions for environmental conditions and systems' output, and statements of philosophies and assumptions about HVAC system and equipment controls.
	E. Examine ceiling plenums and underfloor air plenums used for supply, return, or relief air to verify that they meet the leakage class of connected ducts as specified in Section 15815 "Metal Ducts" and are properly separated from adjacent areas.  Verify that penetrations in plenum walls are sealed and fire-stopped if required.
	F. Examine equipment performance data including fan and pump curves.
	G. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
	H. Examine test reports specified in individual system and equipment Sections.
	I. Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned and tight, and equipment with functioning controls is ready for operation.
	J. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible, and their controls are connected and functioning.
	K. Examine strainers.  Verify that startup screens are replaced by permanent screens with indicated perforations.
	L. Examine three-way valves for proper installation for their intended function of diverting or mixing fluid flows.
	M. Examine heat-transfer coils for correct piping connections and for clean and straight fins.
	N. Examine system pumps to ensure absence of entrained air in the suction piping.
	O. Examine operating safety interlocks and controls on HVAC equipment.
	P. Report deficiencies discovered before and during performance of TAB procedures.  Observe and record system reactions to changes in conditions.  Record default set points if different from indicated values.

	3.3 PREPARATION
	A. Prepare a TAB plan that includes strategies and step-by-step procedures.
	B. Complete system-readiness checks and prepare reports.  Verify the following:

	3.4 GENERAL PROCEDURES FOR TESTING AND BALANCING
	A. Perform testing and balancing procedures on each system according to the procedures contained in AABC's "National Standards for Total System Balance" and in this Section.
	B. Cut insulation, ducts, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary for TAB procedures.
	C. Mark equipment and balancing devices, including damper-control positions, valve position indicators, fan-speed-control levers, and similar controls and devices, with paint or other suitable, permanent identification material to show final settings.
	D. Take and report testing and balancing measurements in inch-pound (IP) units.

	3.5 GENERAL PROCEDURES FOR BALANCING AIR SYSTEMS
	A. Prepare test reports for both fans and outlets.  Obtain manufacturer's outlet factors and recommended testing procedures.  Crosscheck the summation of required outlet volumes with required fan volumes.
	B. Prepare schematic diagrams of systems' "as-built" duct layouts.
	C. For variable-air-volume systems, develop a plan to simulate diversity.
	D. Determine the best locations in main and branch ducts for accurate duct-airflow measurements.
	E. Check airflow patterns from the outdoor-air louvers and dampers and the return- and exhaust-air dampers through the supply-fan discharge and mixing dampers.
	F. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
	G. Verify that motor starters are equipped with properly sized thermal protection.
	H. Check dampers for proper position to achieve desired airflow path.
	I. Check for airflow blockages.
	J. Check condensate drains for proper connections and functioning.
	K. Check for proper sealing of air-handling-unit components.
	L. Verify that air duct system is sealed as specified in Section 15815 "Metal Ducts."

	3.6 PROCEDURES FOR BALANCING AIR SYSTEMS
	A. Adjust fans to deliver total indicated airflows within the maximum allowable fan speed listed by fan manufacturer.
	B. Adjust volume dampers for main duct, submain ducts, and major branch ducts to indicated airflows within specified tolerances.
	C. Measure air outlets and inlets without making adjustments.
	D. Adjust air outlets and inlets for each space to indicated airflows within specified tolerances of indicated values.  Make adjustments using branch volume dampers rather than extractors and the dampers at air terminals.

	3.7 PROCEDURES FOR MOTORS
	A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:
	B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying from minimum to maximum.  Test the manual bypass of the controller to prove proper operation.  Record observations including name of controller manufacturer, model number, serial number, and nameplate data.

	3.8 PROCEDURES FOR CONDENSING UNITS
	A. Verify proper rotation of fans.
	B. Measure entering- and leaving-air temperatures.
	C. Record compressor data.

	3.9 PROCEDURES FOR HEAT-TRANSFER COILS
	A. Measure, adjust, and record the following data for each water coil:
	B. Measure, adjust, and record the following data for each electric heating coil:
	C. Measure, adjust, and record the following data for each refrigerant coil:

	3.10 TOLERANCES
	A. Set HVAC system's air flow rates and water flow rates within the following tolerances:

	3.11 REPORTING
	A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as specified in "Examination" Article, prepare a report on the adequacy of design for systems' balancing devices.  Recommend changes and additions to systems' balancing devices to facilitate proper performance measuring and balancing.  Recommend changes and additions to HVAC systems and general construction to allow access for performance measuring and balancing devices.
	B. Status Reports:  Prepare monthly progress reports to describe completed procedures, procedures in progress, and scheduled procedures.  Include a list of deficiencies and problems found in systems being tested and balanced.  Prepare a separate report for each system and each building floor for systems serving multiple floors.

	3.12 FINAL REPORT
	A. General:  Prepare a certified written report; tabulate and divide the report into separate sections for tested systems and balanced systems.
	B. Final Report Contents:  In addition to certified field-report data, include the following:
	C. General Report Data:  In addition to form titles and entries, include the following data:
	D. System Diagrams:  Include schematic layouts of air distribution systems.  Present each system with single-line diagram and include the following:
	E. Air-Handling-Unit Test Reports:  For air-handling units with coils, include the following:
	F. Apparatus-Coil Test Reports:
	G. Electric-Coil Test Reports:  For electric furnaces, duct coils, and electric coils installed in central-station air-handling units, include the following:
	H. Fan Test Reports:  For supply, return, and exhaust fans, include the following:
	I. Round, Flat-Oval, and Rectangular Duct Traverse Reports:  Include a diagram with a grid representing the duct cross-section and record the following:
	J. Instrument Calibration Reports:

	3.13 INSPECTIONS
	A. Initial Inspection:
	B. Final Inspection:
	C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, proceed as follows:
	D. Prepare test and inspection reports.

	3.14 ADDITIONAL TESTS
	A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
	B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and winter conditions, perform additional TAB during near-peak summer and winter conditions.
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	16050 - Low-Voltage Electrical Power Conductors and Cables
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Building wires and cables rated 600 V and less.
	2. Connectors, splices, and terminations rated 600 V and less.


	1.2 ACTION SUBMITTALS
	A. Product Data:  For each type of product.

	1.3 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS AND CABLES
	A. Copper Conductors:  Comply with NEMA WC 70/ICEA S-95-658.
	B. Conductor Insulation:  Comply with NEMA WC 70/ICEA S-95-658 for Type THHN-2-THWN-2.
	C. Multiconductor Cable:  Comply with NEMA WC 70/ICEA S-95-658 for armored cable, Type AC with ground wire.
	D. VFC Cable:
	1. Comply with UL 1277, UL 1685, and NFPA 70 for Type TC-ER cable.
	2. Type TC-ER with oversized crosslinked polyethylene insulation, and sunlight- and oil-resistant outer PVC jacket.
	3. Comply with UL requirements for cables in applications.


	2.2 CONNECTORS AND SPLICES
	A. Description:  Factory-fabricated connectors and splices of size, ampacity rating, material, type, and class for application and service indicated.

	2.3 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.


	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
	B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger, except VFC cable, which shall be extra flexible stranded.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Service Entrance:  Type THHN-2-THWN-2, single conductors in raceway.
	B. Exposed Feeders:  Type THHN-2-THWN-2, single conductors in raceway.
	C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-2-THWN-2, single conductors in raceway.
	D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-2-THWN-2, single conductors in raceway.
	E. Feeders Installed below Raised Flooring:  Type THHN-2-THWN-2, single conductors in raceway.
	F. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-2-THWN-2, single conductors in raceway.
	G. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  Type THHN-2-THWN-2, single conductors in raceway.
	H. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-2-THWN-2, single conductors in raceway.
	I. Branch Circuits Installed below Raised Flooring:  Type THHN-2-THWN-2, single conductors in raceway.
	J. Cord Drops and Portable Appliance Connections:  Type SO, hard service cord with stainless-steel, wire-mesh, strain relief device at terminations to suit application.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Conceal cables in finished walls, ceilings, and floors unless otherwise indicated.
	B. Complete raceway installation between conductor and cable termination points according to Section 260533 "Raceways and Boxes" prior to pulling conductors and cables.
	C. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	D. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips that will not damage cables or raceway.
	E. Install exposed cables parallel and perpendicular to surfaces of exposed structural members, and follow surface contours where possible.
	F. Support cables according to Section 16073 "Hangers and Supports for Electrical Systems."

	3.4 CONNECTIONS
	A. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A-486B.
	B. Make splices, terminations, and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	1. Use oxide inhibitor in each splice, termination, and tap for aluminum conductors.

	C. Wiring at Outlets:  Install conductor at each outlet, with at least 6 inches of slack.
	D. Termination of service conductors at pad mounted transformer and at service equipment (where possible) shall be two hole, long barrel compression lugs (two compressions minimum), Ilsco, Burndy, or equal. Connections shall be made with full sized ti...

	3.5 IDENTIFICATION
	A. Identify and color-code conductors and cables according to Section 16075 “Identification of Electrical Systems".
	B. Identify each spare conductor at each end with identity number and location of other end of conductor, and identify as spare conductor.

	3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply with requirements in Section 16091 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.7 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly according to Section 07841 "Through-Penetration Firestop Systems."

	3.8 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. After installing conductors and cables and before electrical circuitry has been energized, test service entrance and feeder conductors and conductors feeding the following critical equipment and services for compliance with requirements.
	a. Generator, ATS.

	2. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	3. Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each splice in conductors No. 3 AWG and larger.  Remove box and equipment covers so splices are accessible to portable s...
	a. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of each splice 11 months after date of Substantial Completion.
	b. Instrument:  Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values.  Provide calibration record for device.
	c. Record of Infrared Scanning:  Prepare a certified report that identifies splices checked and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after remedial action.


	B. Test and Inspection Reports:  Prepare a written report to record the following:
	1. Procedures used.
	2. Results that comply with requirements.
	3. Results that do not comply with requirements and corrective action taken to achieve compliance with requirements.
	4. Provide certifications as identified above.

	C. Cables will be considered defective if they do not pass tests and inspections.



	16062 - Grounding and Bonding for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes methods and materials for grounding systems and equipment.

	1.2 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Field quality-control test reports.

	1.3 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS
	A. Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
	B. Bare Copper Conductors:
	1. Solid Conductors:  ASTM B 3.
	2. Stranded Conductors:  ASTM B 8.
	3. Tinned Conductors:  ASTM B 33.
	4. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch in diameter.
	5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor.
	6. Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches wide and 1/16 inch thick.
	7. Tinned Bonding Jumper:  Tinned-copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches wide and 1/16 inch thick.


	2.2 CONNECTORS
	A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having jurisdiction for applications in which used, and for specific types, sizes, and combinations of conductors and other items connected.
	B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy, bolted pressure-type, with at least two bolts.
	1. Pipe Connectors:  Clamp type, sized for pipe.

	C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.

	2.3 GROUNDING ELECTRODES
	A. Ground Rods:  Copper-clad or Stainless steel, sectional type; 3/4 inch by10 feet in diameter.


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6 AWG and larger, unless otherwise indicated.
	B. Underground Grounding Conductors:  Install bare tinned-copper conductor, No. 2/0 AWG minimum.  Bury at least 24 inches below grade.
	C. Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On feeders with isolated ground, identify grounding conductor where visible to normal inspection, with alternating bands of green and yellow tape, with at leas...
	D. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.
	2. Underground Connections:  Welded connectors, except at test wells and as otherwise indicated.
	3. Connections to Ground Rods at Test Wells:  Bolted connectors.
	4. Connections to Structural Steel:  Welded connectors.


	3.2 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA 70:
	1. Feeders and branch circuits.
	2. Lighting circuits.
	3. Receptacle circuits.
	4. Single-phase motor and appliance branch circuits.
	5. Three-phase motor and appliance branch circuits.
	6. Flexible raceway runs.
	7. Armored and metal-clad cable runs.
	8. Busway Supply Circuits:  Install insulated equipment grounding conductor from grounding bus in the switchgear, switchboard, or distribution panel to equipment grounding bar terminal on busway.
	9. Computer and Rack-Mounted Electronic Equipment Circuits:  Install insulated equipment grounding conductor in branch-circuit runs from equipment-area power panels and power-distribution units.
	10. X-Ray Equipment Circuits:  Install insulated equipment grounding conductor in circuits supplying x-ray equipment.

	B. Air-Duct Equipment Circuits:  Install insulated equipment grounding conductor to duct-mounted electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other duct electrical equipment.  Bond conducto...
	C. Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate insulated equipment grounding conductor to each electric water heater and heat-tracing cable.  Bond conductor to heater units, piping, connected equipment, and components.
	D. Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor connected to the receptacle grounding terminal.  Isolate conductor from raceway and from panelboard grounding terminals.  Terminate at equipment grounding c...
	E. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed for the purpose.  Install fitting where racew...
	F. Signal and Communication Equipment:  For telephone, alarm, voice and data, and other communication equipment, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding electrode system to each service location, terminal cabi...
	1. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding conductor on a 1/4-by-2-by-12-inch grounding bus.
	2. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal.

	G. Metal and Wood Poles Supporting Outdoor Lighting Fixtures:  Install grounding electrode and a separate insulated equipment grounding conductor in addition to grounding conductor installed with branch-circuit conductors.

	3.3 INSTALLATION
	A. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise indicated or required by Code.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	B. Ground Rods:  Drive rods until tops are 2 inches below finished floor or final grade, unless otherwise indicated.
	1. Interconnect ground rods with grounding electrode conductor below grade and as otherwise indicated.  Make connections without exposing steel or damaging coating, if any.
	2. For grounding electrode system, install at least three rods spaced at least one-rod length from each other and located at least the same distance from other grounding electrodes, and connect to the service grounding electrode conductor.

	C. Test Wells:  Ground rod driven through drilled hole in bottom of handhole.  Handholes are specified in Division 2 Section "Underground Ducts and Utility Structures," and shall be at least 12 inches deep, with cover.
	1. Test Wells:  Install at least one test well for each service, unless otherwise indicated.  Install at the ground rod electrically closest to service entrance.  Set top of test well flush with finished grade or floor.

	D. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, except where routed through short lengths of conduit.
	1. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
	2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so vibration is not transmitted to rigidly mounted equipment.
	3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type connection is required, use a bolted clamp.

	E. Grounding and Bonding for Piping:
	1. Metal Water Service Pipe:  Install insulated copper grounding conductors, in conduit, from building's main service equipment, or grounding bus, to main metal water service entrances to building.  Connect grounding conductors to main metal water ser...
	2. Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  Connect to pipe with a bolted connector.
	3. Bond each aboveground portion of gas piping system downstream from equipment shutoff valve.

	F. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners.  Install tinned bonding jumper to bond across flexible duct connections to achieve continuity.
	G. System Grounding:  Ground the neutral of the electrical distribution system on the supply side of the first switch or circuit breaker controlling the system at the service entrance in accordance with the NEC and as indicated on the drawings.  Groun...

	3.4 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	C. Perform tests and inspections.
	1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	D. Tests and Inspections:
	1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	2. Inspect physical and mechanical condition. Verify tightness of accessible, bolted, electrical connections with a calibrated torque wrench according to manufacturer's written instructions.
	3. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal and at individual ground rods. Make tests at ground rods before any conductors are connected.
	a. Measure ground resistance no fewer than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natura...
	b. Perform tests by fall-of-potential method according to IEEE 81.

	4. Prepare dimensioned Drawings locating each test well, ground rod and ground-rod assembly, and other grounding electrodes. Identify each by letter in alphabetical order, and key to the record of tests and observations. Include the number of rods dri...

	E. Grounding system will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.
	G. Report measured ground resistances that exceed the following values:
	1. Power and Lighting Equipment or System with Capacity of 500 kVA and Less: 10 ohms.
	2. Power and Lighting Equipment or System with Capacity of 500 to 1000 kVA: 5 ohms.
	3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA: 3 ohms.
	4. Power Distribution Units or Panelboards Serving Electronic Equipment: 3 ohm(s).
	5. Substations and Pad-Mounted Equipment: 5 ohms.
	6. Manhole Grounds: 10 ohms.

	H. Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.
	END OF SECTION



	16073 - Hangers and Supports For Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes:
	1. Hangers and supports for electrical equipment and systems.
	2. Construction requirements for concrete bases.


	1.2 PERFORMANCE REQUIREMENTS
	A. Delegated Design:  Design supports for multiple raceways, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Design supports for multiple raceways capable of supporting combined weight of supported systems and its contents.
	C. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
	D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or imposed for this Project, with a minimum structural safety factor of five times the applied force.

	1.3 ACTION SUBMITTALS
	A. Product Data:  For steel slotted support systems.
	B. Shop Drawings: Show fabrication and installation details and include calculations for the following:
	1. Trapeze hangers.  Include Product Data for components.
	2. Steel slotted channel systems.  Include Product Data for components.
	3. Equipment supports.


	1.4 INFORMATIONAL SUBMITTALS
	A. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS
	A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field assembly.
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Allied Tube & Conduit.
	b. Cooper B-Line, Inc.
	c. ERICO International Corporation.
	d. GS Metals Corp.
	e. Thomas & Betts Corporation.
	f. Unistrut; Atkore International.
	g. Wesanco, Inc.

	3. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.
	4. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating applied according to MFMA-4.
	5. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-4.
	6. Channel Dimensions:  Selected for applicable load criteria.

	B. Raceway and Cable Supports:  As described in NECA 1 and NECA 101.
	C. Conduit and Cable Support Devices:  Steel hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported.
	D. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.  Plugs shall have number, size, and shape o...
	E. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	F. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or their supports to building surfaces include the following:
	1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for supported loads and building materials where used.
	a. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	b. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1) Hilti, Inc.
	2) ITW Ramset/Red Head; Illinois Tool Works, Inc.
	3) MKT Fastening, LLC.
	4) Simpson Strong-Tie Co., Inc.


	2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated stainless steel, for use in hardened portland cement concrete with tension, shear, and pullout capacities appropriate for supported loads and building materials in which used.
	a. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	b. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1) Cooper B-Line, Inc.
	2) Empire Tool and Manufacturing Co., Inc.
	3) Hilti, Inc.
	4) ITW Ramset/Red Head; Illinois Tool Works, Inc.
	5) MKT Fastening, LLC.


	3. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS Type 18; complying with MFMA-4 or MSS SP-58.
	4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached structural element.
	5. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325.
	6. Toggle Bolts:  All-steel springhead type.
	7. Hanger Rods:  Threaded steel.


	2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES
	A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions of supported equipment.
	B. Materials:  Comply with requirements in Section 05500 "Metal Fabrications" for steel shapes and plates.


	PART 3 -  EXECUTION
	3.1 APPLICATION
	A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and systems except if requirements in this Section are stricter.
	B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for EMT, IMC, and RMC as required by NFPA 70.  Minimum rod size shall be 1/4 inch in diameter.
	C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted support system, sized so capacity can be increased by at least 25 percent in future without exceeding specified design load limits.
	1. Secure raceways and cables to these supports with two-bolt conduit clamps.

	D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch and smaller raceways serving branch circuits and communication systems above suspended ceilings and for fastening raceways to trapeze supports.

	3.2 SUPPORT INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article.
	B. Raceway Support Methods:  In addition to methods described in NECA 1, EMT, IMC, and RMC may be supported by openings through structure members, as permitted in NFPA 70.
	C. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength will be adequate to carry present and future static loads within specified loading limits.  Minimum static design load used for strength determination shal...
	D. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten electrical items and their supports to building structural elements by the following methods unless otherwise indicated by code:
	1. To Wood:  Fasten with lag screws or through bolts.
	2. To New Concrete:  Bolt to concrete inserts.
	3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on solid masonry units.
	4. To Existing Concrete:  Expansion anchor fasteners.
	5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers and nuts may be used in existing standard-weight concrete 4 inches thick or greater.  Do not use for anchorage to lightweight-aggregate concrete or for s...
	6. To Steel:  Welded threaded studs complying with AWS D1.1/D1.1M, with lock washers and nuts.
	7. To Light Steel:  Sheet metal screws.
	8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, panelboards, disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on slotted-channel racks attached to substrate by mea...

	E. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing bars.

	3.3 INSTALLATION OF FABRICATED METAL SUPPORTS
	A. Comply with installation requirements in Section 05500 "Metal Fabrications" for site-fabricated metal supports.
	B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor electrical materials and equipment.
	C. Field Welding:  Comply with AWS D1.1/D1.1M.

	3.4 CONCRETE BASES
	A. Construct concrete bases of dimensions indicated but not less than 4 inches larger in both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the base.
	B. Use 3000-psi, 28-day compressive-strength concrete.  Concrete materials, reinforcement, and placement requirements are specified in Section 03300 "Cast-in-Place Concrete."
	C. Anchor equipment to concrete base.
	1. Place and secure anchorage devices.  Use supported equipment manufacturer's setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	2. Install anchor bolts to elevations required for proper attachment to supported equipment.
	3. Install anchor bolts according to anchor-bolt manufacturer's written instructions.


	3.5 PAINTING
	A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for shop painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surf...
	1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils.

	B. Touchup:  Comply with requirements in Section 09911 "Exterior Painting" Section 09912 "Interior Painting" and Section 09960 "High Performance Coatings" for cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop ...
	C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.



	16075 - Identification for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Identification for raceways.
	2. Identification of power and control cables.
	3. Identification for conductors.
	4. Underground-line warning tape.
	5. Warning labels and signs.
	6. Instruction signs.
	7. Equipment identification labels.
	8. Miscellaneous identification products.


	1.2 ACTION SUBMITTALS
	A. Product Data: For each electrical identification product indicated.

	1.3 QUALITY ASSURANCE
	A. Comply with ANSI A13.1.
	B. Comply with NFPA 70.
	C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
	D. Comply with ANSI Z535.4 for safety signs and labels.
	E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.


	PART 2 -  PRODUCTS
	2.1 POWER RACEWAY IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway size.
	B. Colors for Raceways Carrying Circuits at 600 V or Less:
	1. White letters on a black field for normal power systems.
	2. White letters on red field for emergency, life safety, systems.
	3. Red letters on white field for standby, non-emergency, systems.
	4. Legend: Indicate voltage, system and origin of power.
	a. See detail on plans for clarification.


	C. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	D. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	E. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place ...
	F. Write-On Tags: Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag manufacturer.
	2. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.


	2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway and cable size.
	B. Colors for Raceways Carrying Circuits at 600 V and Less:
	1. White letters on a black field.
	2. Legend: Indicate voltage and system or service type.

	C. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	D. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; 2 inches wide; compounded for outdoor use.

	2.3 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway and cable size.
	B. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	C. Write-On Tags: Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag manufacturer.
	2. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.

	D. Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	E. Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.

	2.4 CONDUCTOR IDENTIFICATION MATERIALS
	A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils thick by 1 to 2 inches wide.
	B. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	C. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	D. Write-On Tags: Polyester tag, 0.010 inch thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag manufacturer.
	2. Marker for Tags: Machine-printed, permanent, waterproof, black ink marker recommended by printer manufacturer.


	2.5 FLOOR MARKING TAPE
	A. 2-inch-wide, 5-mil pressure-sensitive vinyl tape, with black and white stripes and clear vinyl overlay.

	2.6 UNDERGROUND-LINE WARNING TAPE
	A. Tape:
	1. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical and communications utility lines.
	2. Printing on tape shall be permanent and shall not be damaged by burial operations.
	3. Tape material and ink shall be chemically inert, and not subject to degrading when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	B. Color and Printing:
	1. Comply with ANSI Z535.1 through ANSI Z535.5.
	2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE.
	3. Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.


	2.7 WARNING LABELS AND SIGNS
	A. Comply with NFPA 70 and 29 CFR 1910.145.
	B. Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive labels, configured for display on front cover, door, or other access to equipment unless otherwise indicated.
	C. Baked-Enamel Warning Signs:
	1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for application.
	2. 1/4-inch grommets in corners for mounting.
	3. Nominal size, 7 by 10 inches.

	D. Metal-Backed, Butyrate Warning Signs:
	1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-inch galvanized-steel backing; and with colors, legend, and size required for application.
	2. 1/4-inch grommets in corners for mounting.
	3. Nominal size, 10 by 14 inches.

	E. Warning label and sign shall include, but are not limited to, the following legends:
	1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."
	2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES."
	3. ARC - FLASH WARNING:  "WARNING ARC - FLASH HAZARD".


	2.8 INSTRUCTION SIGNS
	A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20 sq. inches and 1/8 inch thick for larger sizes.
	1. Engraved legend with black letters on white face.
	2. Punched or drilled for mechanical fasteners.
	3. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.

	B. Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch.
	C. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch. Overlay shall provide a weatherproof and UV-resistant seal for label.

	2.9 EQUIPMENT IDENTIFICATION LABELS
	A. Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal transfer or equivalent process. Minimum letter height shall be 3/8 inch. Overlay shall provide a weatherproof and UV-resistant seal for label.
	B. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with white letters on a dark-gray background. Minimum letter height shall be 3/8 inch.
	C. Stenciled Legend: In nonfading, waterproof, black ink or paint. Minimum letter height shall be 1 inch.

	2.10 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Select paint system applicable for surface material and location (exterior or interior).
	B. Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Location: Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment.
	B. Apply identification devices to surfaces that require finish after completing finish work.
	C. Self-Adhesive Identification Products: Clean surfaces before application, using materials and methods recommended by manufacturer of identification device.
	D. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
	E. System Identification Color-Coding Bands for Raceways and Cables: Each color-coding band shall completely encircle cable or conduit. Place adjacent bands of two-color markings in contact, side by side. Locate bands at changes in direction, at penet...
	F. Underground-Line Warning Tape: During backfilling of trenches install continuous underground-line warning tape directly above line at 6 to 8 inches below finished grade. Use multiple tapes where width of multiple lines installed in a common trench ...
	G. Painted Identification: Comply with requirements in painting Sections for surface preparation and paint application.
	H. Where conduit runs are visible due to exposed ceilings, conduits shall have self-adhesive printed labels detailing the system and voltage of the conduit every 50’. Labels shall be grouped together with other conduits in similar locations.
	I. All branch feeder conduits entries on top of panels for electrical and mechanical equipment shall have printed self-adhesive labels applied within 1’ above the equipment with the name of the feeder on it.

	3.2 IDENTIFICATION SCHEDULE
	A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch Circuits shall be identified in color coded conduit using the following color scheme:
	1. 120/208V – No color
	2. 277/480V – Orange
	3. Fire Alarm – Red
	4. Data – Blue
	5. Security – Purple
	6. Lighting Controls – Green
	7. Intercom – White
	8. Interior CCTV – Yellow
	9. Exterior CCTV – Black

	B. Accessible Raceways and Cables within Buildings: Identify the covers of each junction and pull box of the following systems and exposed conduit runs with self-adhesive vinyl labels with the wiring system legend and system voltage. System legends sh...
	1. Emergency Power
	2. Power
	3. Fire Alarm
	4. Lighting
	5. Data
	6. Lighting Controls
	7. Security

	C. Power-Circuit Conductor Identification, 600 V or Less: For all conductors.
	1. Color-Coding for Phase and Voltage Level Identification, 600 V or Less: Use colors listed below for all services, feeders and branch-circuit conductors.
	a. Color shall be factory applied continuous for the entire length of the conductor.
	b. Colors for 480/277-V Circuits:
	1) Phase A: Brown.
	2) Phase B: Orange.
	3) Phase C: Yellow.
	4) Neutral: Gray
	a) Where multiple circuits are installed in the same conduit, the neutral conductors shall be gray with color stripe to match associated phase conductor.

	5) Ground: Green

	c. Colors for 208/120-V Circuits:
	1) Phase A: Black.
	2) Phase B: Red.
	3) Phase C: Blue.
	4) Neutral: White
	a) Where multiple circuits are installed in the same conduit, the neutral conductors shall be white with color stripe to match associated phase conductor.

	5) Ground: Green



	D. Install instructional sign including the color code for grounded and ungrounded conductors using adhesive-film-type labels.
	E. Conductors to Be Extended in the Future: Attach write-on tags to conductors and list source.
	F. Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control, and signal connections.
	1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points. Identify by system and circuit designation.
	2. Use system of marker tape designations that is uniform and consistent with system used by manufacturer for factory-installed connections.
	3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual.

	G. Locations of Underground Lines: Identify with underground-line warning tape for power, lighting, communication, and control wiring and optical fiber cable.
	1. Limit use of underground-line warning tape to direct-buried cables.
	2. Install underground-line warning tape for both direct-buried cables and cables in raceway.

	H. Workspace Indication: Install floor marking tape to show working clearances in the direction of access to live parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted panelboa...
	I. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-adhesive warning labels.
	1. Comply with 29 CFR 1910.145.
	2. Identify system voltage with black letters on an orange background.
	3. Apply to exterior of door, cover, or other access.
	4. For equipment with multiple power or control sources, apply to door or cover of equipment including, but not limited to, the following:
	a. Power transfer switches.
	b. Controls with external control power connections.


	J. Operating Instruction Signs: Install instruction signs to facilitate proper operation and maintenance of electrical systems and items to which they connect. Install instruction signs with approved legend where instructions are needed for system or ...
	K. Emergency Operating Instruction Signs: Install instruction signs with white legend on a red background with minimum 3/8-inch-high letters for emergency instructions at equipment used for power transfer load shedding.
	L. Equipment Identification Labels: On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual. Apply labels to disconnect switches and protection equipment,...
	1. Labeling Instructions:
	a. Indoor Equipment:  Engraved, laminated acrylic or melamine label. Unless otherwise indicated, provide a single line of text with 1/2-inch-high letters on 1-1/2-inch-high label; where two lines of text are required, use labels 2 inches high.
	b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label Stenciled legend 4 inches high.
	c. Elevated Components: Increase sizes of labels and letters to those appropriate for viewing from the floor.
	d. Unless provided with self-adhesive means of attachment, fasten labels with appropriate mechanical fasteners that do not change the NEMA or NRTL rating of the enclosure.

	2. Color Scheme:
	a. White letters on a black field for normal power systems.
	b. White letters on red field for emergency, life safety, systems.
	c. Red letters on white field for standby, non-emergency, systems.





	16091 - Sleeves and Sleeve Seals for Electrical Raceways and Cabling
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
	2. Sleeve-seal systems.
	3. Sleeve-seal fittings.
	4. Grout.
	5. Silicone sealants.

	B. Related Requirements:
	1. Section 07841 "Through-Penetration Firestop Systems" for penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items.


	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product.
	B. LEED Submittals:
	1. Product Data for Credit EQ 4.1:  For sealants, documentation including printed statement of VOC content.
	2. Laboratory Test Reports for Credit EQ 4:  For sealants, documentation indicating that products comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic ...



	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Wall Sleeves:
	1. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain ends.
	2. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise indicated.

	B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:  Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.
	C. PVC-Pipe Sleeves:  ASTM D 1785, Schedule 40.
	D. Molded-PVC Sleeves:  With nailing flange for attaching to wooden forms.
	E. Molded-PE or -PP Sleeves:  Removable, tapered-cup shaped, and smooth outer surface with nailing flange for attaching to wooden forms.
	F. Sleeves for Rectangular Openings:
	1. Material:  Galvanized sheet steel.
	2. Minimum Metal Thickness:
	a. For sleeve cross-section rectangle perimeter less than 50 inches and with no side larger than 16 inches, thickness shall be 0.052 inch.
	b. For sleeve cross-section rectangle perimeter 50 inches or more and one or more sides larger than 16 inches, thickness shall be 0.138 inch.



	2.2 SLEEVE-SEAL SYSTEMS
	A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	2. Basis-of-Design Product: Subject to compliance with requirements, provide or comparable product by one of the following:
	a. Advance Products & Systems, Inc.
	b. CALPICO, Inc.
	c. Metraflex Company (The).
	d. Pipeline Seal and Insulator, Inc.
	e. Proco Products, Inc.

	3. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe.  Include type and number required for pipe material and size of pipe.
	4. Pressure Plates:  Stainless steel.
	5. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to sealing elements.


	2.3 SLEEVE-SEAL FITTINGS
	A. Description:  Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab or wall.  Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.
	1. Manufacturers:  Subject to compliance with requirements, provide products by the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide or comparable product by one of the following:
	a. Presealed Systems.



	2.4 GROUT
	A. Description:  Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.
	B. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	C. Design Mix:  5000-psi, 28-day compressive strength.
	D. Packaging:  Premixed and factory packaged.

	2.5 SILICONE SEALANTS
	A. Silicone Sealants:  Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.
	1. Grade:  Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces that are not fire rated.
	2. Sealant shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	B. Silicone Foams:  Multicomponent, silicone-based liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
	A. Comply with NECA 1.
	B. Comply with NEMA VE 2 for cable tray and cable penetrations.
	C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:
	1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
	a. Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  Comply with requirements in Section 07920 "Joint Sealants."
	b. Seal space outside of sleeves with mortar or grout.  Pack sealing material solidly between sleeve and wall so no voids remain.  Tool exposed surfaces smooth; protect material while curing.

	2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or cable unless sleeve seal is to be installed.
	4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of walls.  Cut sleeves to length for mounting flush with both surfaces of walls.  Deburr after cutting.
	5. Install sleeves for floor penetrations.  Extend sleeves installed in floors 2 inches above finished floor level.  Install sleeves during erection of floors.

	D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
	1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved opening.
	2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies.

	E. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	F. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	G. Underground, Exterior-Wall and Floor Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve for installing sleeve-seal system.

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into building.
	B. Install type and number of sealing elements recommended by manufacturer for raceway or cable material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular space between raceway or cable ...

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls.  Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.



	16130 - Raceways and Boxes for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Metal conduits, tubing, and fittings.
	2. Nonmetal conduits, tubing, and fittings.
	3. Metal wireways and auxiliary gutters.
	4. Nonmetal wireways and auxiliary gutters.
	5. Surface raceways.
	6. Boxes, enclosures, and cabinets.
	7. Handholes and boxes for exterior underground cabling.

	B. Related Requirements:
	1. Section 02584 "Underground Ducts and Utility Structures" for exterior ductbanks, manholes, and underground utility construction.


	1.2 ACTION SUBMITTALS
	A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.
	B. Shop Drawings:  For custom enclosures and cabinets.  Include plans, elevations, sections, and attachment details.

	1.3 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings:  Conduit routing plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:
	1. Structural members in paths of conduit groups with common supports.
	2. HVAC and plumbing items and architectural features in paths of conduit groups with common supports.



	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS, TUBING, AND FITTINGS
	A. Listing and Labeling:  Metal conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. GRC:  Comply with ANSI C80.1 and UL 6.
	C. ARC:  Comply with ANSI C80.5 and UL 6A.
	D. IMC:  Comply with ANSI C80.6 and UL 1242.
	E. PVC-Coated Steel Conduit:  PVC-coated rigid steel conduit.
	1. Comply with NEMA RN 1.
	2. Coating Thickness:  0.040 inch, minimum.

	F. EMT:  Comply with ANSI C80.3 and UL 797.
	G. FMC:  Comply with UL 1; zinc-coated steel.
	H. LFMC:  Flexible steel conduit with PVC jacket and complying with UL 360.
	I. Fittings for Metal Conduit:  Comply with NEMA FB 1 and UL 514B.
	1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886 and NFPA 70.
	2. Fittings for EMT:
	a. Material:  Steel.
	b. Type:  Setscrew.

	3. Expansion Fittings:  PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.
	4. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness of 0.040 inch, with overlapping sleeves protecting threaded joints.

	J. Joint Compound for IMC, GRC, or ARC:  Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their con...

	2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS
	A. Listing and Labeling:  Nonmetallic conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. ENT:  Comply with NEMA TC 13 and UL 1653.
	C. RNC:  Type EPC-40-PVC, complying with NEMA TC 2 and UL 651 unless otherwise indicated.
	D. LFNC:  Comply with UL 1660.
	E. Continuous HDPE:  Comply with UL 651B.
	F. Coilable HDPE:  Preassembled with conductors or cables, and complying with ASTM D 3485.
	G. Fittings for ENT and RNC:  Comply with NEMA TC 3; match to conduit or tubing type and material.
	H. Fittings for LFNC:  Comply with UL 514B.
	I. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	J. Solvent cements and adhesive primers shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Env...

	2.3 METAL WIREWAYS AND AUXILIARY GUTTERS
	A. Description:  Sheet metal, complying with UL 870 and NEMA 250, Type 1 Type 3R unless otherwise indicated, and sized according to NFPA 70.
	1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	B. Fittings and Accessories:  Include covers, couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireways as required for complete system.

	2.4 NONMETALLIC WIREWAYS AND AUXILIARY GUTTERS
	A. Listing and Labeling:  Nonmetallic wireways and auxiliary gutters shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Description:  Fiberglass polyester, extruded and fabricated to required size and shape, without holes or knockouts.  Cover shall be gasketed with oil-resistant gasket material and fastened with captive screws treated for corrosion resistance.  Conn...
	C. Description:  PVC, extruded and fabricated to required size and shape, and having snap-on cover, mechanically coupled connections, and plastic fasteners.
	D. Fittings and Accessories:  Couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings shall match and mate with wireways as required for complete system.
	E. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	F. Solvent cements and adhesive primers shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Env...

	2.5 SURFACE RACEWAYS
	A. Listing and Labeling: Surface raceways and tele-power poles shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Surface Metal Raceways:  Galvanized steel with snap-on covers complying with UL 5.
	C. Surface Nonmetallic Raceways:  Two- or three-piece construction, complying with UL 5A, and manufactured of rigid PVC.  Product shall comply with UL 94 V-0 requirements for self-extinguishing characteristics.
	D. Tele-Power Poles:
	1. Material:  Aluminum with clear anodized finish.
	2. Fittings and Accessories:  Dividers, end caps, covers, cutouts, wiring harnesses, devices, mounting materials, and other fittings shall match and mate with tele-power pole as required for complete system.


	2.6 BOXES, ENCLOSURES, AND CABINETS
	A. General Requirements for Boxes, Enclosures, and Cabinets:  Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.
	B. Sheet Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A.
	C. Cast-Metal Outlet and Device Boxes:  Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	D. Nonmetallic Outlet and Device Boxes:  Comply with NEMA OS 2 and UL 514C.
	E. Metal Floor Boxes:
	1. Material:  sheet metal.
	2. Type:  Fully adjustable.
	3. Shape:  Rectangular.
	4. Listing and Labeling:  Metal floor boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	F. Nonmetallic Floor Boxes:  Nonadjustable, round.
	1. Listing and Labeling:  Nonmetallic floor boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	G. Luminaire Outlet Boxes:  Nonadjustable, designed for attachment of luminaire weighing 50 lb.  Outlet boxes designed for attachment of luminaires weighing more than 50 lb shall be listed and marked for the maximum allowable weight.
	H. Paddle Fan Outlet Boxes:  Nonadjustable, designed for attachment of paddle fan weighing 70 lb.
	1. Listing and labeling: Paddle fan outlet boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	I. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.
	J. Cast-Metal Access, Pull, and Junction Boxes:  Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.
	K. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	L. Device Box Dimensions:  4 inches square by 2-1/8 inches deep.
	M. Gangable boxes are allowed.
	N. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, Type 1 Type 3R with continuous-hinge cover with flush latch unless otherwise indicated.
	1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
	2. Nonmetallic Enclosures:  Fiberglass.
	3. Interior Panels:  Steel; all sides finished with manufacturer's standard enamel.

	O. Cabinets:
	1. NEMA 250, Type 1 Type 3R galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.
	2. Hinged door in front cover with flush latch and concealed hinge.
	3. Key latch to match panelboards.
	4. Metal barriers to separate wiring of different systems and voltage.
	5. Accessory feet where required for freestanding equipment.
	6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.


	2.7 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING
	A. General Requirements for Handholes and Boxes:
	1. Boxes and handholes for use in underground systems shall be designed and identified as defined in NFPA 70, for intended location and application.
	2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:  Molded of sand and aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a combination of the two.
	1. Standard:  Comply with SCTE 77.
	2. Configuration:  Designed for flush burial with open bottom unless otherwise indicated.
	3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure and handhole location.
	4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
	5. Cover Legend:  Molded lettering, "ELECTRIC.".
	6. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.

	C. Fiberglass Handholes and Boxes:  Molded of fiberglass-reinforced polyester resin, with frame and covers of polymer concrete.
	1. Standard:  Comply with SCTE 77.
	2. Configuration:  Designed for flush burial with open bottom unless otherwise indicated.
	3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure and handhole location.
	4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
	5. Cover Legend:  Molded lettering, "ELECTRIC.".
	6. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.



	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors:  Apply raceway products as specified below unless otherwise indicated:
	1. Exposed Conduit:  IMC.
	2. Concealed Conduit, Aboveground:  EMT.
	3. Underground Conduit:  RNC, Type EPC-40-PVC.
	4. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  LFMC.
	5. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R.

	B. Indoors:  Apply raceway products as specified below unless otherwise indicated.
	1. Exposed, Not Subject to Physical Damage:  EMT.
	2. Exposed, Not Subject to Severe Physical Damage:  EMT.
	3. Exposed and Subject to Severe Physical Damage:  GRC.  Raceway locations include the following:
	a. Loading dock.
	b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
	c. Mechanical rooms.
	d. Gymnasiums.

	4. Concealed in Ceilings and Interior Walls and Partitions:  EMT.
	5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet locations.
	6. Damp or Wet Locations:  GRC.
	7. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4 stainless steel in institutional and commercial kitchens and damp or wet locations.

	C. Minimum Raceway Size:  3/4-inch trade size.
	D. Raceway Fittings:  Compatible with raceways and suitable for use and location.
	1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings unless otherwise indicated.  Comply with NEMA FB 2.10.
	2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with this type of conduit.  Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings.  Use sealant recommended by fitting manu...
	3. EMT:  Use setscrew, steel fittings.  Comply with NEMA FB 2.10.
	4. Flexible Conduit:  Use only fittings listed for use with flexible conduit.  Comply with NEMA FB 2.20.

	E. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
	F. Install surface raceways only where indicated on Drawings.
	G. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F.

	3.2 INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements on Drawings or in this article are stricter.  Comply with NECA 102 for aluminum conduits.  Comply with NFPA 70 limitations for types of raceways allowed in spec...
	B. Keep raceways at least 6 inches away from parallel runs of flues and steam or hot-water pipes.  Install horizontal raceway runs above water and steam piping.
	C. Comply with requirements in Section 260529 "Hangers and Supports for Electrical Systems" for hangers and supports.
	D. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	E. Install no more than the equivalent of three 90-degree bends in any conduit run except for control wiring conduits, for which fewer bends are allowed.  Support within 12 inches of changes in direction.
	F. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.  Install conduits parallel or perpendicular to building lines.
	G. Support conduit within 12 inchesof enclosures to which attached.
	H. Raceways Embedded in Slabs:
	1. Run conduit larger than 1-inch trade size, parallel or at right angles to main reinforcement.  Where at right angles to reinforcement, place conduit close to slab support.  Secure raceways to reinforcement at maximum 10-foot intervals.
	2. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
	3. Arrange raceways to keep a minimum of 2 inches of concrete cover in all directions.
	4. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.
	5. Change from ENT to GRC before rising above floor.

	I. Stub-ups to Above Recessed Ceilings:
	1. Use EMT, IMC, or RMC for raceways.
	2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.

	J. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply listed compound to threads of raceway and fittings before making up joints.  Follow compound manufacturer's written instructions.
	K. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive compound prior to assembly.
	L. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings to protect conductors including conductors smaller than No. 4 AWG.
	M. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets.  Install bushings on conduits up to 1-1/4-inch trade size and insulated throat metal bushings on 1-1/2-inch trade size and larger conduits t...
	N. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than 200-lb tensile strength.  Leave at least 12 inches of slack at each end of pull wire.  Cap underground raceways designated as spare above grade...
	O. Surface Raceways:
	1. Install surface raceway with a minimum 2-inchradius control at bend points.
	2. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 48 inches and with no less than two supports per straight raceway section.  Support surface raceway according to manufacturer's written instructions.  Tape a...

	P. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of...
	Q. Install devices to seal raceway interiors at accessible locations.  Locate seals so no fittings or boxes are between the seal and the following changes of environments.  Seal the interior of all raceways at the following points:
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where an underground service raceway enters a building or structure.
	3. Where otherwise required by NFPA 70.

	R. Expansion-Joint Fittings:
	1. Install in each run of aboveground RNC that is located where environmental temperature change may exceed 30 deg F and that has straight-run length that exceeds 25 feet.
	2. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:
	a. Outdoor Locations Not Exposed to Direct Sunlight:  125 deg F temperature change.
	b. Outdoor Locations Exposed to Direct Sunlight:  155 deg F temperature change.
	c. Indoor Spaces Connected with Outdoors without Physical Separation:  125 deg F temperature change.
	d. Attics:  135 deg F temperature change.

	3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of straight run per degree F of temperature change for PVC conduits.
	4. Install expansion fittings at all locations where conduits cross building or structure expansion joints.
	5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at time of installation.  Install conduit supports to allow for expansion...

	S. Flexible Conduit Connections:  Comply with NEMA RV 3.  Use a maximum of 72 inches of flexible conduit for recessed and semirecessed luminaires, equipment subject to vibration, noise transmission, or movement; and for transformers and motors.
	1. Use LFMC in damp or wet locations subject to severe physical damage.
	2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

	T. Mount boxes at heights indicated on Drawings.  If mounting heights of boxes are not individually indicated, give priority to ADA requirements.  Install boxes with height measured to center of box unless otherwise indicated.
	U. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall.  Prepare block surfaces to provide a flat surface for a raintight connection between the box and cover plate o...
	V. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	W. Locate boxes so that cover or plate will not span different building finishes.
	X. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	Y. Fasten junction and pull boxes to or support from building structure.  Do not support boxes by conduits.
	Z. Set metal floor boxes level and flush with finished floor surface.
	AA. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface.

	3.3 INSTALLATION OF UNDERGROUND CONDUIT
	A. Direct-Buried Conduit:
	1. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench bottom as specified in Section 02300 "Earthwork" for pipe less than 6 inches in nominal diameter.
	2. Install backfill as specified in Section 02300 "Earthwork."
	3. After installing conduit, backfill and compact.  Start at tie-in point, and work toward end of conduit run, leaving conduit at end of run free to move with expansion and contraction as temperature changes during this process.  Firmly hand tamp back...
	4. Install manufactured duct elbows for stub-up at poles and equipment and at building entrances through floor unless otherwise indicated.  Encase elbows for stub-up ducts throughout length of elbow.
	5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through floor.
	a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete for a minimum of 12 inches on each side of the coupling.
	b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits penetrate building foundations, extend steel conduit horizontally a minimum of 60 inches from edge of foundation or equipment base.  Install insulated grounding bushings...

	6. Underground Warning Tape:  Comply with requirements in Section 260553 "Electrical Identification."


	3.4 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES
	A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting conduits to minimize bends and deflections required for proper entrances.
	B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.
	C. Elevation:  In paved areas, set so cover surface will be flush with finished grade.  Set covers of other enclosures 1 inch above finished grade.
	D. Install handholes with bottom below frost line, below grade.
	E. Field-cut openings for conduits according to enclosure manufacturer's written instructions.  Cut wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and seal around penetrations after fitt...

	3.5 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply with requirements in Section 260544 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.6 FIRESTOPPING
	A. Install firestopping at penetrations of fire-rated floor and wall assemblies.  Comply with requirements in Section 07841 "Through-Penetration Firestop Systems."

	3.7 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.
	1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
	2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.




	16138 - Underground Ducts and Raceways for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Direct-buried conduit, ducts, and duct accessories.
	2. Concrete-encased conduit, ducts, and duct accessories.
	3. Handholes and boxes.
	4. Manholes.


	1.2 ACTION SUBMITTALS
	A. Product Data:  For ducts and conduits, duct-bank materials, manholes, handholes, and boxes, and their accessories.
	B. Shop Drawings:
	1. Precast or Factory-Fabricated Underground Utility Structures:
	a. Include plans, elevations, sections, details, attachments to other work, and accessories.
	b. Include duct entry provisions, including locations and duct sizes.
	c. Include reinforcement and joint details, frame and cover design, and manhole frame support rings.

	2. Factory-Fabricated Handholes and Boxes Other Than Precast Concrete:
	a. Include dimensioned plans, sections, elevations, accessory locations, and fabrication and installation details.
	b. Include duct entry provisions, including locations and duct sizes.



	1.3 INFORMATIONAL SUBMITTALS
	A. Duct-Bank Coordination Drawings:  Show duct profiles, locations of expansion fittings, and coordination with other utilities and underground structures on Drawings signed and sealed by a qualified professional engineer.
	B. Product Certificates:  For concrete and steel used in precast concrete handholes, as required by ASTM C 858.
	C. Qualification Data:  For professional engineer and testing agency responsible for testing nonconcrete handholes and boxes.
	D. Source quality-control reports.
	E. Field quality-control reports.

	1.4 QUALITY ASSURANCE
	A. Testing Agency Qualifications:  Qualified according to ASTM E 329 for testing indicated.

	1.5 FIELD CONDITIONS
	A. Interruption of Existing Electrical Service:  Do not interrupt electrical service to facilities occupied by Owner or others unless permitted by Owner, and then only after arranging to provide temporary electrical service.
	B. Ground Water:  Assume ground-water level is 36 inches below ground surface unless a higher water table is noted on Drawings.


	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR DUCTS AND RACEWAYS
	A. Comply with ANSI C2.

	2.2 CONDUIT
	A. Rigid Steel Conduit:  Galvanized.  Comply with ANSI C80.1.
	B. RNC:  NEMA TC 2, Type EPC-40-PVC and Type EPC-80-PVC, UL 651, with matching fittings by same manufacturer as the conduit, complying with NEMA TC 3 and UL 514B.

	2.3 NONMETALLIC DUCTS AND DUCT ACCESSORIES
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or a comparable product by one of the following:
	1. ARNCO Corp.
	2. Beck Manufacturing.
	3. Cantex, Inc.
	4. CertainTeed Corporation.
	5. Condux International, Inc.
	6. ElecSys, Inc.
	7. Electri-Flex Company.
	8. IPEX Inc.
	9. Lamson & Sessions; Carlon Electrical Products.

	B. Underground Plastic Utilities Duct:  NEMA TC 2, UL 651, ASTM F 512, Type EPC-80 and Type EPC-40, with matching fittings complying with NEMA TC 3 by same manufacturer as the duct.
	C. Duct Accessories:
	1. Duct Separators:  Factory-fabricated rigid PVC interlocking spacers.
	2. Warning Tape:  Underground-line warning tape specified in Section 260553 "Identification for Electrical Systems."
	3. Concrete Warning Planks:  Nominal 12 by 24 by 3 inches in size, manufactured from 6000-psi red concrete and labeled "ELECTRIC."


	2.4 PRECAST CONCRETE HANDHOLES AND BOXES
	A. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Christy Concrete Products.
	2. Elmhurst-Chicago Stone Co.
	3. Oldcastle Precast Group.
	4. Rinker Group, Ltd.
	5. Riverton Concrete Products.
	6. Utility Concrete Products, LLC.
	7. Utility Vault Co.
	8. Wausau Tile Inc.

	B. Comply with ASTM C 858 for design and manufacturing processes.
	C. Description:  Factory-fabricated, reinforced-concrete, monolithically poured walls and bottom unless open-bottom enclosures are indicated.  Frame and cover shall form top of enclosure and shall have load rating consistent with that of handhole or box.
	1. Frame and Cover:  Weatherproof cast-iron frame, with cast-iron cover with recessed cover hook eyes and tamper-resistant, captive, cover-securing bolts.
	2. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
	3. Cover Legend:  Molded lettering, "ELECTRIC."
	4. Configuration:  Units shall be designed for flush burial and have open bottom unless otherwise indicated.
	5. Extensions and Slabs:  Designed to mate with bottom of enclosure.  Same material as enclosure.
	a. Extension shall provide increased depth of 12 inches.
	b. Slab:  Same dimensions as bottom of enclosure, and arranged to provide closure.

	6. Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability properties necessary to withstand maximum hydrostatic pressures at the installation location with the ground-water level at grade.
	7. Windows:  Precast, reinforced openings in walls, arranged to match dimensions and elevations of approaching ducts and duct banks, plus an additional 12 inches vertically and horizontally to accommodate alignment variations.
	8. Duct Entrances in Handhole Walls:  Cast end-bell or duct-terminating fitting in wall for each entering duct.
	9. Handholes 12 inches wide by 24 inches long and larger shall have inserts for cable racks and pulling-in irons installed before concrete is poured.


	2.5 HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
	A. General Requirements for Handholes and Boxes:  Comply with SCTE 77.  Comply with tier requirements in "Underground Enclosure Application" Article.
	1. Color:  Green.
	2. Configuration:  Units shall be designed for flush burial and have open bottom unless otherwise indicated.
	3. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure.
	4. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
	5. Cover Legend:  Molded lettering, "ELECTRIC."
	6. Handholes 12 inches wide by 24 inches long and larger shall have factory-installed inserts for cable racks and pulling-in irons.

	B. Fiberglass Handholes and Boxes:  Molded of fiberglass-reinforced polyester resin, with covers made of polymer concrete.
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	a. Carson Industries LLC.
	b. Christy Concrete Products.
	c. Nordic Fiberglass, Inc.
	d. Quazite: Hubbell Power System, Inc.


	C. High-Density Plastic Boxes:  Injection molded of high-density polyethylene or copolymer-polypropylene.  Cover shall be made of polymer concrete.
	D. Retain "Manufacturers" Subparagraph and list of manufacturers below to require products from manufacturers listed or a comparable product from other manufacturers.
	1. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	a. Carson Industries LLC.
	b. Nordic Fiberglass, Inc.
	c. PenCell Plastics.
	d. Quazite: Hubbell Power System, Inc.


	E. Comply with ASTM C 858.
	F. Structural Design Loading:  Comply with requirements in "Underground Enclosure Application" Article.
	G. Windows:  Precast reinforced openings in walls, arranged to match dimensions and elevations of approaching ducts and duct banks, plus an additional 12 inches vertically and horizontally to accommodate alignment variations.
	H. Duct Entrances in Manhole Walls:  Cast end-bell or duct-terminating fitting in wall for each entering duct.
	I. Concrete Knockout Panels:  1-1/2 to 2 inches thick, for future conduit entrance and sleeve for ground rod.
	J. Joint Sealant:  Asphaltic-butyl material with adhesion, cohesion, flexibility, and durability properties necessary to withstand maximum hydrostatic pressures at the installation location with the ground-water level at grade.


	PART 3 -  EXECUTION
	3.1 UNDERGROUND DUCT APPLICATION
	A. Ducts for Electrical Cables More than 600 V:  RNC, NEMA Type EPC-80-PVC, in concrete-encased duct bank unless otherwise indicated.
	B. Ducts for Electrical Feeders 600 V and Less:  RNC, NEMA Type EPC-80-PVC, in direct-buried duct bank unless otherwise indicated.
	C. Ducts for Electrical Branch Circuits:  RNC, NEMA Type EPC-40-PVC, in direct-buried duct bank unless otherwise indicated.
	D. Underground Ducts Crossing Paved Paths, Walks and Roadways:  RNC, NEMA Type EPC-40-PVC, encased in reinforced concrete.

	3.2 UNDERGROUND ENCLOSURE APPLICATION
	A. Handholes and Boxes for 600 V and Less:
	1. Units in Roadways and Other Deliberate Traffic Paths:  Precast concrete.  AASHTO HB 17, H-10 structural load rating.
	2. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to Occasional, Nondeliberate Loading by Heavy Vehicles:  Precast concrete, AASHTO HB 17, H-20 structural load rating.
	3. Units in Sidewalk and Similar Applications with a Safety Factor for Nondeliberate Loading by Vehicles:  Polymer concrete units, SCTE 77, Tier 8 structural load rating.
	4. Units Subject to Light-Duty Pedestrian Traffic Only:  Fiberglass-reinforced polyester resin structurally tested according to SCTE 77 with 3000-lbf vertical loading.
	5. Cover design load shall not exceed the design load of the handhole or box.

	B. Manholes:  Precast concrete.
	1. Units Located in Roadways and Other Deliberate Traffic Paths by Heavy or Medium Vehicles:  H-20 structural load rating according to AASHTO HB 17.
	2. Units Not Located in Deliberate Traffic Paths by Heavy or Medium Vehicles:  H-10 load rating according to AASHTO HB 17.


	3.3 EARTHWORK
	A. Excavation and Backfill:  Comply with Section 312000 "Earth Moving," but do not use heavy-duty, hydraulic-operated, compaction equipment.
	B. Restore areas disturbed by trenching, storing of dirt, cable laying, and other work.  Restore vegetation and include necessary topsoiling, fertilizing, liming, seeding, sodding, sprigging, and mulching.  Comply with Section 329200 "Turf and Grasses...
	C. Cut and patch existing pavement in the path of underground ducts and utility structures according to the "Cutting and Patching" Article in Section 017300 "Execution."

	3.4 DUCT INSTALLATION
	A. Install ducts according to NEMA TCB 2.
	B. Slope:  Pitch ducts a minimum slope of 1:300 down toward manholes and handholes and away from buildings and equipment.  Slope ducts from a high point in runs between two manholes, to drain in both directions.
	C. Curves and Bends:  Use 5-degree angle couplings for small changes in direction.  Use manufactured long sweep bends with a minimum radius of 48 inches , both horizontally and vertically, at other locations unless otherwise indicated.
	D. Joints:  Use solvent-cemented joints in ducts and fittings and make watertight according to manufacturer's written instructions.  Stagger couplings so those of adjacent ducts do not lie in same plane.
	E. Installation Adjacent to High-Temperature Steam Lines:  Where duct banks are installed parallel to underground steam lines, perform calculations showing the duct bank will not be subject to environmental temperatures above 40 deg?C.  Where environm...
	F. Duct Entrances to Manholes and Concrete and Polymer Concrete Handholes:  Use end bells, spaced approximately 10 inches o.c. for 5-inch ducts, and vary proportionately for other duct sizes.
	1. Begin change from regular spacing to end-bell spacing 10 feet from the end bell without reducing duct line slope and without forming a trap in the line.
	2. Direct-Buried Duct Banks:  Install an expansion and deflection fitting in each conduit in the area of disturbed earth adjacent to manhole or handhole.  Install an expansion fitting near the center of all straight line direct-buried duct banks with ...
	3. Grout end bells into structure walls from both sides to provide watertight entrances.

	G. Building Wall Penetrations:  Make a transition from underground duct to rigid steel conduit at least 10 feet outside the building wall, without reducing duct line slope away from the building, and without forming a trap in the line.  Use fittings m...
	H. Sealing:  Provide temporary closure at terminations of ducts that have cables pulled.  Seal spare ducts at terminations.  Use sealing compound and plugs to withstand at least 15-psig hydrostatic pressure.
	I. Pulling Cord:  Install 100-lbf- test nylon cord in empty ducts.
	J. Concrete-Encased Ducts:  Support ducts on duct separators.
	1. Excavate trench bottom to provide firm and uniform support for duct bank.  Prepare trench bottoms as specified in Section 312000 "Earth Moving" for pipes less than 6 inches in nominal diameter.
	2. Depth:  Install top of duct bank at least 24 inches below finished grade in areas not subject to deliberate traffic, and at least 30 inches below finished grade in deliberate traffic paths for vehicles unless otherwise indicated.
	3. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor temperature.
	4. Separator Installation:  Space separators close enough to prevent sagging and deforming of ducts, with not less than four spacers per 20 feet of duct.  Secure separators to earth and to ducts to prevent floating during concreting.  Stagger separato...
	5. Minimum Space between Ducts:  3 inches between ducts and exterior envelope wall, 2 inches between ducts for like services, and 4 inches between power and signal ducts.
	6. Elbows:  Use manufactured rigid steel conduit elbows for stub-ups at poles and equipment, at building entrances through floor, and at changes of direction in duct run.
	a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete.
	b. Stub-Ups to Equipment:  For equipment mounted on outdoor concrete bases, extend steel conduit horizontally a minimum of 60 inches from edge of base.  Install insulated grounding bushings on terminations at equipment.

	7. Reinforcement:  Reinforce concrete-encased duct banks where they cross disturbed earth and where indicated.  Arrange reinforcing rods and ties without forming conductive or magnetic loops around ducts or duct groups.
	8. Forms:  Use walls of trench to form side walls of duct bank where soil is self-supporting and concrete envelope can be poured without soil inclusions; otherwise, use forms.
	9. Concrete Cover:  Install a minimum of 3 inches of concrete cover at top and bottom, and a minimum of 2 inches on each side of duct bank.
	10. Pouring Concrete:  Comply with requirements in "Concrete Placement" Article in Section 033000 "Cast-in-Place Concrete." Place concrete carefully during pours to prevent voids under and between conduits and at exterior surface of envelope.  Do not ...

	K. Direct-Buried Duct Banks:
	1. Excavate trench bottom to provide firm and uniform support for duct bank.  Comply with requirements in Section 312000 "Earth Moving" for preparation of trench bottoms for pipes less than 6 inches in nominal diameter.
	2. Support ducts on duct separators coordinated with duct size, duct spacing, and outdoor temperature.
	3. Space separators close enough to prevent sagging and deforming of ducts, with not less than four spacers per 20 feet of duct.  Secure separators to earth and to ducts to prevent displacement during backfill and yet permit linear duct movement due t...
	4. Depth:  Install top of duct bank at least 36 inches below finished grade unless otherwise indicated.
	5. Set elevation of bottom of duct bank below frost line.
	6. Install ducts with a minimum of 3 inches between ducts for like services and 6 inches between power and signal ducts.
	7. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment, at building entrances through floor, and at changes of direction in duct run.
	a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches of concrete.
	b. For equipment mounted on outdoor concrete bases, extend steel conduit horizontally a minimum of 60 inches from edge of equipment pad or foundation.  Install insulated grounding bushings on terminations at equipment.

	8. After installing first tier of ducts, backfill and compact.  Start at tie-in point and work toward end of duct run, leaving ducts at end of run free to move with expansion and contraction as temperature changes during this process.  Repeat procedur...
	a. Place minimum 3 inches of sand as a bed for duct bank.  Place sand to a minimum of 6 inches above top level of duct bank.


	L. Warning Planks:  Bury warning planks approximately 12 inches above direct-buried ducts and duct banks, placing them 24 inches o.c.  Align planks along the width and along the centerline of duct bank.  Provide an additional plank for each 12-inch in...
	M. Warning Tape:  Bury warning tape approximately 12 inches above all concrete-encased ducts and duct banks.  Align tape parallel to and within 3 inches of centerline of duct bank.  Provide an additional warning tape for each 12-inch increment of duct...

	3.5 INSTALLATION OF CONCRETE MANHOLES, HANDHOLES, AND BOXES
	A. Cast-in-Place Manhole Installation:
	1. Finish interior surfaces with a smooth-troweled finish.
	2. Windows for Future Duct Connections:  Form and pour concrete knockout panels 1-1/2 to 2 inches thick, arranged as indicated.
	3. Comply with requirements in Section 033000 "Cast-in-Place Concrete" for cast-in-place concrete, formwork, and reinforcement.

	B. Precast Concrete Handhole and Manhole Installation:
	1. Comply with ASTM C 891 unless otherwise indicated.
	2. Install units level and plumb and with orientation and depth coordinated with connecting ducts, to minimize bends and deflections required for proper entrances.
	3. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.

	C. Elevations:
	1. Manhole Roof:  Install with rooftop at least 15 inches below finished grade.
	2. Manhole Frame:  In paved areas and trafficways, set frames flush with finished grade.  Set other manhole frames 1 inch above finished grade.
	3. Install handholes with bottom below frost line.
	4. Handhole Covers:  In paved areas and trafficways, set surface flush with finished grade.  Set covers of other handholes 1 inch above finished grade.
	5. Where indicated, cast handhole cover frame integrally with handhole structure.

	D. Drainage:  Install drains in bottom of manholes where indicated.  Coordinate with drainage provisions indicated.
	E. Manhole Access:  Circular opening in manhole roof; sized to match cover size.
	1. Manholes with Fixed Ladders:  Offset access opening from manhole centerlines to align with ladder.
	2. Install chimney, constructed of precast concrete collars and rings, to support cast-iron frame to connect cover with manhole roof opening.  Provide moisture-tight masonry joints and waterproof grouting for frame to chimney.

	F. Waterproofing:  Apply waterproofing to exterior surfaces of manholes and handholes after concrete has cured at least three days.  After ducts have been connected and grouted, and before backfilling, waterproof joints and connections, and touch up a...
	G. Dampproofing:  Apply dampproofing to exterior surfaces of manholes and handholes after concrete has cured at least three days.  Dampproofing materials and installation are specified in Section 071113 "Bituminous Dampproofing." After ducts are conne...
	H. Hardware:  Install removable hardware, including pulling eyes, cable stanchions as required for installation and support of cables and conductors and as indicated.
	I. Fixed Manhole Ladders:  Arrange to provide for safe entry with maximum clearance from cables and other items in manholes.
	J. Field-Installed Bolting Anchors in Manholes and Concrete Handholes:  Do not drill deeper than 3-7/8 inches for manholes and 2 inches for handholes, for anchor bolts installed in the field.  Use a minimum of two anchors for each cable stanchion.

	3.6 INSTALLATION OF HANDHOLES AND BOXES OTHER THAN PRECAST CONCRETE
	A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting ducts, to minimize bends and deflections required for proper entrances.  Use box extension if required to match depths of ducts, and seal joint b...
	B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch sieve to No. 4 sieve and compacted to same density as adjacent undisturbed earth.
	C. Elevation:  In paved areas and trafficways, set cover flush with finished grade.  Set covers of other handholes 1 inch above finished grade.
	D. Install handholes and boxes with bottom below frost line.
	E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated.  Select arm lengths to be long enough to provide spare space for f...
	F. Field cut openings for ducts and conduits according to enclosure manufacturer's written instructions.  Cut wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and seal around penetrations ...

	3.7 GROUNDING
	A. Ground underground ducts and utility structures according to Section 260526 "Grounding and Bonding for Electrical Systems."

	3.8 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections and prepare test reports:
	1. Demonstrate capability and compliance with requirements on completion of installation of underground ducts and utility structures.
	2. Pull solid aluminum or wood test mandrel through duct to prove joint integrity and adequate bend radii, and test for out-of-round duct.  Provide a minimum 6-inch- long mandrel equal to 80 percent fill of duct.  If obstructions are indicated, remove...
	3. Test manhole and handhole grounding to ensure electrical continuity of grounding and bonding connections.  Measure and report ground resistance as specified in Section 260526 "Grounding and Bonding for Electrical Systems."

	B. Correct deficiencies and retest as specified above to demonstrate compliance.

	3.9 CLEANING
	A. Pull leather-washer-type duct cleaner, with graduated washer sizes, through full length of ducts.  Follow with rubber duct swab for final cleaning and to assist in spreading lubricant throughout ducts.
	B. Clean internal surfaces of manholes, including sump.  Remove foreign material. END OF SECTION



	16140 - Wiring Devices
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Receptacles, receptacles with integral GFCI, and associated device plates.
	2. Weather-resistant receptacles.
	3. Snap switches and wall-box dimmers.
	4. Solid-state fan speed controls.
	5. Wall-switch and exterior occupancy sensors.
	6. Communications outlets.


	1.2 ADMINISTRATIVE REQUIREMENTS
	A. Coordination:
	1. Receptacles for Owner-Furnished Equipment:  Match plug configurations.


	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product.
	B. Shop Drawings:  List of legends and description of materials and process used for premarking wall plates.

	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A.  Manufacturers' Names:  Shortened versions (shown in parentheses) of the following manufacturers' names are used in other Part 2 articles:
	1. Cooper Wiring Devices; Division of Cooper Industries, Inc. (Cooper).
	2. Hubbell Incorporated; Wiring Device-Kellems (Hubbell).
	3. Leviton Mfg. Company Inc. (Leviton).
	4. Pass & Seymour/Legrand (Pass & Seymour).

	B. Source Limitations:  Obtain each type of wiring device and associated wall plate from single source from single manufacturer.

	2.2 GENERAL WIRING-DEVICE REQUIREMENTS
	A. Wiring Devices, Components, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.
	C. Devices that are manufactured for use with modular plug-in connectors may be substituted under the following conditions:
	1. Connectors shall comply with UL 2459 and shall be made with stranding building wire.
	2. Devices shall comply with the requirements in this Section.


	2.3 STRAIGHT-BLADE RECEPTACLES
	A. Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498, and FS W-C-596.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 5351 (single), CR5362 (duplex).
	b. Hubbell; HBL5351 (single), HBL5352 (duplex).
	c. Leviton; 5891 (single), 5352 (duplex).
	d. Pass & Seymour; 5361 (single), 5362 (duplex).



	2.4 GFCI RECEPTACLES
	A. General Description:
	1. Straight blade, feed-through type.
	2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596.
	3. Include indicator light that shows when the GFCI has malfunctioned and no longer provides proper GFCI protection.

	B. Duplex GFCI Convenience Receptacles, 125 V, 20 A:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; VGF20.
	b. Hubbell; GFR5352L.
	c. Pass & Seymour; 2095.
	d. Leviton; 7590.



	2.5 USB CHARGER RECEPTACLE
	A. General Description:
	1. Straight blade, feed-through type.
	2. Comply with NEMA WD 1, NEMA WD 6, UL 498, UL 943 Class A, and FS W-C-596.
	3. Include indicator light that shows when the USB charger is working.
	4. Shall have two USB ports 3A, 5Vdc, Type A. 2.0.

	B. Duplex USB Convenience Receptacles, 125 V, 20 A:
	1. Products:  Subject to compliance with requirements, provide a product equal to the following:
	a. Hubbell; USB20X



	2.6 TOGGLE SWITCHES
	A. Comply with NEMA WD 1, UL 20, and FS W-S-896.
	B. Switches, 120/277 V, 20 A:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	1) Single Pole:
	2) Cooper; AH1221.
	3) Hubbell; HBL1221.
	4) Leviton; 1221-2.
	5) Pass & Seymour; CSB20AC1.
	6) Two Pole:
	7) Cooper; AH1222.
	8) Hubbell; HBL1222.
	9) Leviton; 1222-2.
	10) Pass & Seymour; CSB20AC2.
	11) Three Way:
	12) Cooper; AH1223.
	13) Hubbell; HBL1223.
	14) Leviton; 1223-2.
	15) Pass & Seymour; CSB20AC3.
	16) Four Way:
	17) Cooper; AH1224.
	18) Hubbell; HBL1224.
	19) Leviton; 1224-2.
	20) Pass & Seymour; CSB20AC4.


	C. Pilot-Light Switches, 20 A:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; AH1221PL for 120 and 277 V.
	b. Hubbell; HBL1201PL for 120 and 277 V.
	c. Leviton; 1221-LH1.
	d. Pass & Seymour; PS20AC1RPL for 120 V, PS20AC1RPL7 for 277 V.

	2. Description:  Single pole, with neon-lighted handle, illuminated when switch is "off."

	D. Key-Operated Switches, 120/277 V, 20 A:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; AH1221L.
	b. Hubbell; HBL1221L.
	c. Leviton; 1221-2L.
	d. Pass & Seymour; PS20AC1-L.

	2. Description:  Single pole, with factory-supplied key in lieu of switch handle.


	2.7 DECORATOR-STYLE DEVICES
	A. Convenience Receptacles:  Square face, 125 V, 15 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-15R, and UL 498.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 6252.
	b. Hubbell; DR15.
	c. Leviton; 16252.
	d. Pass & Seymour; 26252.


	B. GFCI, Feed-Through Type, Convenience Receptacles:  Square face, 125 V, 15 A; comply with NEMA WD 1, NEMA WD 6 Configuration 5-15R, UL 498, and UL 943 Class A.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; VGF15.
	b. Hubbell; GF15LA.
	c. Leviton; 8599.
	d. Pass & Seymour; 1594.


	C. Toggle Switches, Square Face, 120/277 V, 15 A:  Comply with NEMA WD 1, UL 20, and FS W-S-896.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 7621 (single pole), 7623 (three way).
	b. Hubbell; DS115 (single pole), DS315 (three way).
	c. Leviton; 56291-2 (single pole), 5623-2 (three way).
	d. Pass & Seymour; 2621 (single pole), 2623 (three way).


	D. Lighted Toggle Switches, Square Face, 120 V, 15 A:  Comply with NEMA WD 1 and UL 20.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; 7631 (single pole), 7633 (three way).
	b. Hubbell; DS120IL (single pole), DS320 (three way).
	c. Leviton; 5631-2 (single pole), 5633-2 (three way).
	d. Pass & Seymour; 2625 (single pole), 2626 (three way).

	2. Description:  With neon-lighted handle, illuminated when switch is "off."


	2.8 FINISHES
	A. Device Color:
	1. Wiring Devices Connected to Normal Power System:  As selected by Architect unless otherwise indicated or required by NFPA 70 or device listing. Gray unless noted otherwise.
	2. Wiring Devices Connected to Emergency Power System:  Red.
	3. TVSS Devices:  Blue.

	B. Wall Plate Color:  For plastic covers, match device color. Provide Stainless Steel unless directed otherwise.
	C. All devices and plates, including but not limited to AV devices, shall be from the same manufacturer and will be in the off-white color range. Architect to select color.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Comply with NECA 1, including mounting heights listed in that standard, unless otherwise indicated.
	B. Coordination with Other Trades:
	1. Protect installed devices and their boxes.  Do not place wall finish materials over device boxes and do not cut holes for boxes with routers that are guided by riding against outside of boxes.
	2. Keep outlet boxes free of plaster, drywall joint compound, mortar, cement, concrete, dust, paint, and other material that may contaminate the raceway system, conductors, and cables.
	3. Install device boxes in brick or block walls so that the cover plate does not cross a joint unless the joint is troweled flush with the face of the wall.
	4. Install wiring devices after all wall preparation, including painting, is complete.

	C. Conductors:
	1. Do not strip insulation from conductors until right before they are spliced or terminated on devices.
	2. Strip insulation evenly around the conductor using tools designed for the purpose.  Avoid scoring or nicking of solid wire or cutting strands from stranded wire.
	3. The length of free conductors at outlets for devices shall meet provisions of NFPA 70, Article 300, without pigtails.
	4. Existing Conductors:
	a. Cut back and pigtail, or replace all damaged conductors.
	b. Straighten conductors that remain and remove corrosion and foreign matter.
	c. Pigtailing existing conductors is permitted, provided the outlet box is large enough.


	D. Device Installation:
	1. Replace devices that have been in temporary use during construction and that were installed before building finishing operations were complete.
	2. Keep each wiring device in its package or otherwise protected until it is time to connect conductors.
	3. Do not remove surface protection, such as plastic film and smudge covers, until the last possible moment.
	4. Connect devices to branch circuits using pigtails that are not less than 6 inches in length.
	5. When there is a choice, use side wiring with binding-head screw terminals.  Wrap solid conductor tightly clockwise, two-thirds to three-fourths of the way around terminal screw.
	6. Use a torque screwdriver when a torque is recommended or required by manufacturer.
	7. When conductors larger than No. 12 AWG are installed on 15- or 20-A circuits, splice No. 12 AWG pigtails for device connections.
	8. Tighten unused terminal screws on the device.
	9. When mounting into metal boxes, remove the fiber or plastic washers used to hold device-mounting screws in yokes, allowing metal-to-metal contact.

	E. Receptacle Orientation:
	1. Install ground pin of vertically mounted receptacles down, and on horizontally mounted receptacles to the right.

	F. Device Plates:  Do not use oversized or extra-deep plates.  Repair wall finishes and remount outlet boxes when standard device plates do not fit flush or do not cover rough wall opening.
	G. Dimmers:
	1. Install dimmers within terms of their listing.
	2. Verify that dimmers used for fan speed control are listed for that application.
	3. Install unshared neutral conductors on line and load side of dimmers according to manufacturers' device listing conditions in the written instructions.

	H. Arrangement of Devices:  Unless otherwise indicated, mount flush, with long dimension vertical and with grounding terminal of receptacles on top.  Group adjacent switches under single, multigang wall plates.
	I. Adjust locations of service poles to suit arrangement of partitions and furnishings.

	3.2 GFCI RECEPTACLES
	A. Install non-feed-through-type GFCI receptacles where protection of downstream receptacles is not required.

	3.3 FIELD QUALITY CONTROL
	A. Perform the following tests and inspections:
	1. Test Instruments:  Use instruments that comply with UL 1436.
	2. Test Instrument for Convenience Receptacles:  Digital wiring analyzer with digital readout or illuminated digital-display indicators of measurement.

	B. Tests for Convenience Receptacles:
	1. Line Voltage:  Acceptable range is 105 to 132 V.
	2. Percent Voltage Drop under 15-A Load:  A value of 6 percent or higher is unacceptable.
	3. Ground Impedance:  Values of up to 2 ohms are acceptable.
	4. GFCI Trip:  Test for tripping values specified in UL 1436 and UL 943.
	5. Using the test plug, verify that the device and its outlet box are securely mounted.
	6. Tests shall be diagnostic, indicating damaged conductors, high resistance at the circuit breaker, poor connections, inadequate fault current path, defective devices, or similar problems.  Correct circuit conditions, remove malfunctioning units and ...

	C. Wiring device will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.



	16145 - Lighting Control System
	PART 1 –
	PART 2 –
	PART 3 –
	3.1
	3.2 PRE-INSTALLATION MEETING
	A. A factory authorized manufacturer’s representative shall provide the electrical contractor a functional overview of the lighting control system prior to installation. The contractor shall schedule the pre-installation site visit after receipt of ap...
	1. Confirm the location and mounting of all digital devices, with special attention to placement of occupancy and daylighting sensors.
	2. Review the specifications for low voltage control wiring and termination.
	3. Discuss the functionality and configuration of all products, including sequences of operation, per design requirements.
	4. Discuss requirements for integration with other trades.
	3.3 CONTRACTOR INSTALLATION AND SERVICES
	A. Contractor to install all devices and wiring in a professional manner. All line voltage connections to be tagged to indicate circuit and switched legs.
	B. Contractor to install all room/area devices using manufacturer’s factory-tested Cat 5e cable with pre-terminated RJ-45 connectors. If pre-terminated cable is not used for room/area wiring, the contractor is responsible for testing each field-termin...
	C. Install the work of this Section in accordance with manufacturer’s printed instructions unless otherwise indicated. Before start up, contractor shall test all devices to ensure proper communication.
	D. Calibrate all sensor time delays and sensitivity to guarantee proper detection of occupants and energy savings.
	1. Adjust time delay so that controlled area remains lighted while occupied.
	E. Provide written or computer-generated documentation on the configuration of the system including room by room description including:
	1. Sensor parameters, time delays, sensitivities, and daylighting setpoints.
	2. Sequence of operation, (e.g. manual ON, Auto OFF. etc.)
	3. Load Parameters (e.g. blink warning, etc.)
	F. Post start-up tuning – After 30 days from occupancy contractor shall adjust sensor time delays and sensitivities to meet the Owner’s requirements. Provide a detailed report to the Architect / Owner of post start-up activity.
	A. Upon completion of the installation, the manufacturer's factory authorized representative shall start up and verify a complete fully functional system.
	B. The electrical contractor shall provide both the manufacturer and the electrical engineer with three weeks written notice of the system start up and adjustment date.
	C. Upon completion of the system start up, the factory-authorized technician shall provide the proper training to the owner's personnel on the adjustment and maintenance of the system. There should be at least two different training sessions.
	D. The manufacturer’s rep is responsible for checking with the owner at least 3 months after occupancy to make any corrections to the lighting control system as required.
	E. Upon completion of all work and programming, the Contractor shall certify the system is complete and ready for verification.  Manufacturer should include three (3) extra days of a technician’s time to review the functionality settings of the lighti...

	16300 - Low-Voltage Transformers
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following types of dry-type transformers rated 600 V and less, with capacities up to 1000 kVA:
	1. Distribution transformers.
	2. Buck-boost transformers.


	1.2 ACTION SUBMITTALS
	A. Product Data:  For each product indicated.
	B. Shop Drawings:  Indicate dimensions and weights.
	1. Wiring Diagrams:  Power, signal, and control wiring.


	1.3 INFORMATIONAL SUBMITTALS
	A. Manufacturer Seismic Qualification Certification:  Submit certification that transformers, accessories, and components will withstand seismic forces defined in Division 26.
	B. Field quality-control test reports.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.5 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with IEEE C57.12.91, "Test Code for Dry-Type Distribution and Power Transformers."


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Eaton Electrical Sector; Eaton Corporation; Cutler-Hammer Products.
	2. General Electric Company, ABB
	3. Siemens Energy & Automation, Inc.


	2.2 GENERAL TRANSFORMER REQUIREMENTS
	A. Description:  Factory-assembled and -tested, air-cooled units for 60-Hz service.
	B. Cores:  Grain-oriented, non-aging silicon steel.
	C. Coils:  Continuous windings without splices except for taps.
	1. Internal Coil Connections:  Brazed or pressure type.
	2. Coil Material:  Copper.


	2.3 DISTRIBUTION TRANSFORMERS
	A. Comply with NEMA ST 20, and list and label as complying with UL 1561.
	B. Provide transformers that are constructed to withstand seismic forces specified in Division 26.
	C. Cores:  One leg per phase.
	D. Enclosure:  Ventilated, NEMA 250, Type 2.
	1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.

	E. Enclosure:  Ventilated, NEMA 250, Type 3R.
	1. Core and coil shall be encapsulated within resin compound, sealing out moisture and air.

	F. Transformer Enclosure Finish:  Comply with NEMA 250.
	1. Finish Color:  Gray.

	G. Taps for Transformers Smaller Than 3 kVA:  None.
	H. Taps for Transformers 7.5 to 24 kVA:  One 5 percent tap above and one 5 percent tap below normal full capacity.
	I. Taps for Transformers 25 kVA and Larger:  Two 2.5 percent taps above and four 2.5 percent taps below normal full capacity.
	J. Insulation Class:  220 deg C, UL-component-recognized insulation system with a maximum of 150 deg C rise above 40 deg C ambient temperature.
	K. Energy Efficiency for Transformers Rated 15 kVA and Larger:
	1. Complying with NEMA TP 1, Class 1 efficiency levels.
	2. Tested according to NEMA TP 2.

	L. K-Factor Rating:  Transformers indicated to be K-factor rated shall comply with UL 1561 requirements for nonsinusoidal load current-handling capability to the degree defined by designated K-factor.
	1. Unit shall not overheat when carrying full-load current with harmonic distortion corresponding to designated K-factor.
	2. Indicate value of K-factor on transformer nameplate.

	M. Electrostatic Shielding:  Each winding shall have an independent, single, full-width copper electrostatic shield arranged to minimize interwinding capacitance.
	N. Wall Brackets:  Manufacturer's standard brackets.

	2.4 BUCK-BOOST TRANSFORMERS
	A. Description:  Self-cooled, two-winding dry type, rated for continuous duty and with wiring terminals suitable for connection as autotransformer.  Transformers shall comply with NEMA ST 1 and shall be listed and labeled as complying with UL 506 or U...
	B. Enclosure:  Ventilated, NEMA 250, Type 2.
	1. Finish Color:  Gray.


	2.5 IDENTIFICATION DEVICES
	A. Nameplates:  Engraved, laminated-plastic or metal nameplate.  Nameplates are specified in Section 260553 "Electrical Identification."


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install wall-mounting transformers level and plumb with wall brackets fabricated by transformer manufacturer.
	B. Construct concrete bases and anchor floor-mounting transformers according to manufacturer's written instructions and requirements in Section 260529 "Hangers and Supports for Electrical Systems."

	3.2 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	2. Infrared Scanning:  Two months after Substantial Completion, perform an infrared scan of transformer connections.
	a. Use an infrared-scanning device designed to measure temperature or detect significant deviations from normal values.  Provide documentation of device calibration.
	b. Perform 2 follow-up infrared scans of transformers, one at 4 months and the other at 11 months after Substantial Completion.
	c. Prepare a certified report identifying transformer checked and describing results of scanning.  Include notation of deficiencies detected, remedial action taken, and scanning observations after remedial action.



	3.3 ADJUSTING
	A. Adjust transformer taps to provide optimum voltage conditions at secondary terminals.  Optimum is defined as not exceeding nameplate voltage plus 10 percent and not being lower than nameplate voltage minus 3 percent at maximum load conditions.  Sub...
	B. Connect buck-boost transformers to provide nameplate voltage of equipment being served, plus or minus 5 percent, at secondary terminals.
	C. Output Settings Report:  Prepare a written report recording output voltages and tap settings.



	16410 - Enclosed Switches and Circuit Breakers
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Fusible switches.
	2. Nonfusible switches.
	3. Receptacle switches.
	4. Shunt trip switches.
	5. Molded-case circuit breakers (MCCBs).
	6. Enclosures.


	1.2 DEFINITIONS
	A. NC:  Normally closed.
	B. NO:  Normally open.
	C. SPDT:  Single pole, double throw.

	1.3 PERFORMANCE REQUIREMENTS
	A. Seismic Performance:  Enclosed switches and circuit breakers shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."


	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component indicated.
	B. Shop Drawings:  For enclosed switches and circuit breakers.  Include plans, elevations, sections, details, and attachments to other work.
	1. Wiring Diagrams:  For power, signal, and control wiring.


	1.5 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates:  For enclosed switches and circuit breakers, accessories, and components, from manufacturer.
	B. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.7 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 FUSIBLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution, ABB
	3. Siemens Energy & Automation, Inc.

	C. Type GD, General Duty, Single Throw, 240-V ac, 800 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, with cartridge fuse interiors to accommodate indicated fuses, lockable handle with capability to accept two padlocks, and interlocked with cov...
	D. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate indicated fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in...
	E. Type HD, Heavy Duty, Six Pole, Single Throw, 600-V ac, 200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate indicated fuses, lockable handle with capability to accept three padlocks, and interlocked with...
	F. Type HD, Heavy Duty, Double Throw, 240-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate indicated fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in...
	G. Accessories:
	1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Class R Fuse Kit:  Provides rejection of other fuse types when Class R fuses are specified.
	4. Lugs:  Suitable for number, size, and conductor material.
	5. Service-Rated Switches:  Labeled for use as service equipment.


	2.2 NONFUSIBLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.

	C. Type GD, General Duty, Single Throw, 600 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept two padlocks, and interlocked with cover in closed position.
	D. Type HD, Heavy Duty, Single Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	E. Type HD, Heavy Duty, Six Pole, Single Throw, 600-V ac, 200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	F. Type HD, Heavy Duty, Double Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	G. Accessories:
	1. Equipment Ground Kit:  Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Lugs:  Suitable for number, size, and conductor material.


	2.3 RECEPTACLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.

	C. Type HD, Heavy-Duty, Single-Throw Fusible Switch:  600-V ac, 30, 60 or 100 A; UL 98 and NEMA KS 1; horsepower rated, with clips or bolt pads to accommodate indicated fuses; lockable handle with capability to accept three padlocks; interlocked with ...
	D. Type HD, Heavy-Duty, Single-Throw Nonfusible Switch:  [240] [600]-V ac, [30] [60] [100] A; UL 98 and NEMA KS 1; horsepower rated, lockable handle with capability to accept three padlocks; interlocked with cover in closed position.
	E. Interlocking Linkage:  Provided between the receptacle and switch mechanism to prevent inserting or removing plug while switch is in the on position, inserting any plug other than specified, and turning switch on if an incorrect plug is inserted or...
	F. Receptacle:  Polarized, three-phase, four-wire receptacle (fourth wire connected to enclosure ground lug).

	2.4 SHUNT TRIP SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Cooper Bussmann, Inc.
	2. Ferraz Shawmut, Inc.
	3. Littelfuse, Inc.

	C. General Requirements:  Comply with ASME A17.1, UL 50, and UL 98, with 200-kA interrupting and short-circuit current rating when fitted with Class J fuses.
	D. Switches:  Three-pole, horsepower rated, with integral shunt trip mechanism and Class J fuse block; lockable handle with capability to accept three padlocks; interlocked with cover in closed position.
	E. Control Circuit:  120-V ac; obtained from integral control power transformer, with primary and secondary fuses, with a control power source of enough capacity to operate shunt trip, connected pilot, and indicating and control devices.
	F. Accessories:
	1. Oiltight key switch for key-to-test function.
	2. Oiltight ON pilot light.
	3. Isolated neutral lug.
	4. Mechanically interlocked auxiliary contacts that change state when switch is opened and closed.
	5. Form C alarm contacts that change state when switch is tripped.
	6. Three-pole, double-throw, fire-safety and alarm relay; 120-V ac coil voltage.
	7. Three-pole, double-throw, fire-alarm voltage monitoring relay complying with NFPA 72.


	2.5 MOLDED-CASE CIRCUIT BREAKERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.

	C. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply with available fault currents.
	D. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
	E. Electronic Trip Circuit Breakers:  Field-replaceable rating plug, rms sensing, with the following field-adjustable settings:
	1. Instantaneous trip.
	2. Long- and short-time pickup levels.
	3. Long- and short-time time adjustments.
	4. Ground-fault pickup level, time delay, and I2t response.

	F. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller, and let-through ratings less than NEMA FU 1, RK-5.
	G. Features and Accessories:
	1. Standard frame sizes, trip ratings, and number of poles.
	2. Lugs:  Suitable for number, size, trip ratings, and conductor material.
	3. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting circuits.
	4. Ground-Fault Protection:  Comply with UL 1053; integrally mounted, self-powered type with mechanical ground-fault indicator; relay with adjustable pickup and time-delay settings, push-to-test feature, internal memory, and shunt trip unit; and three...
	5. Shunt Trip:  Trip coil energized from separate circuit, with coil-clearing contact.
	6. Auxiliary Contacts:  Two SPDT switches with "a" and "b" contacts; "a" contacts mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.
	7. Alarm Switch:  One NO contact that operates only when circuit breaker has tripped.


	2.6 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers:  NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to comply with environmental conditions at installed location.
	1. Indoor, Dry and Clean Locations:  NEMA 250, Type 1.
	2. Outdoor Locations:  NEMA 250, Type 3R.
	3.  Wash-Down Areas:  NEMA 250, Type 4X, stainless steel.
	4. Other Wet or Damp, Indoor Locations:  NEMA 250, Type 4.
	5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:  NEMA 250, Type 12.



	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	B. Comply with mounting and anchoring requirements specified in Division 16.
	C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	D. Install fuses in fusible devices.
	E. Comply with NECA 1.

	3.2 IDENTIFICATION
	A. Comply with requirements in Section 16075 "Identification of Electrical Systems."
	1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.
	2. Label each enclosure with engraved metal or laminated-plastic nameplate.


	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

	D. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports, including a certified report that identifies enclosed switches and circuit breakers and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after ...



	16441 - Switchboards
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Service and distribution switchboards rated 600 V and less.
	2. Transient voltage suppression devices.
	3. Disconnecting and overcurrent protective devices.
	4. Instrumentation.
	5. Control power.
	6. Accessory components and features.
	7. Identification.


	1.2 PERFORMANCE REQUIREMENTS
	A. Seismic Performance:  Switchboards shall withstand the effects of earthquake motions determined according to SEI/ASCE 7.
	1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."


	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  For each switchboard and related equipment.
	1. Include dimensioned plans, elevations, sections, and details, including required clearances and service space around equipment.  Show tabulations of installed devices, equipment features, and ratings.
	2. Include time-current coordination curves for each type and rating of overcurrent protective device included in switchboards.
	3. Include schematic and wiring diagrams for power, signal, and control wiring.


	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.6 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NEMA PB 2.
	C. Comply with NFPA 70.
	D. Comply with UL 891.

	1.7 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices that fail in materials or workmanship within specified warranty period.
	1. Warranty Period:  Five years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURED UNITS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution, ABB
	3. Siemens Energy & Automation, Inc.

	C. Front-Connected, Front-Accessible Switchboards:
	1. Main Devices:  Fixed, individually mounted.
	2. Branch Devices:  Panel mounted.
	3. Sections front and rear aligned.

	D. Nominal System Voltage:  480Y/277 V.
	E. Main-Bus Continuous:  See schedule on drawings.
	F. Enclosure:  Steel, NEMA 250, Type 1.
	1. Enclosure Finish:  Factory-applied finish in manufacturer's standard gray finish over a rust-inhibiting primer on treated metal surface.
	2. Enclosure:  Flat roof; bolt-on rear covers for each section, with provisions for padlocking.

	G. Cubical Space Heaters:  Factory-installed electric space heaters of sufficient wattage in each vertical section to maintain enclosure temperature above expected dew point.
	H. Space-Heater Control:  Thermostats to maintain temperature of each section.
	I. Space-Heater Power Source:  120-V external branch circuit.
	J. Utility Metering Compartment:  Fabricated, barrier compartment and section complying with utility company's requirements.  If separate vertical section is required for utility metering, match and align with basic switchboard.  Provide service entra...
	K. Bus Transition and Incoming Pull Sections:  Matched and aligned with basic switchboard.
	L. Hinged Front Panels:  Allow access to circuit breaker, metering, accessory, and blank compartments.
	M. Pull Box on Top of Switchboard:
	1. Adequate ventilation to maintain temperature in pull box within same limits as switchboard.
	2. Removable covers shall form top, front, and sides.  Top covers at rear shall be easily removable for drilling and cutting.
	3. Bottom shall be insulating, fire-resistive material with separate holes for cable drops into switchboard.
	4. Cable supports shall be arranged to facilitate cabling and adequate to support cables indicated, including those for future installation.

	N. Phase and Neutral Buses and Connections:  Three phase, four wire unless otherwise indicated.  Tin-plated, high-strength, electrical-grade aluminum alloy with tin-plated aluminum circuit-breaker line connections.
	1. Ground Bus:  1/4-by-2-inch-minimum size, hard-drawn copper of 98 percent conductivity, equipped with pressure connectors for feeder and branch-circuit ground conductors.
	2. Main Phase Buses and Equipment Ground Buses:  Uniform capacity for entire length of switchboard's main and distribution sections.  Provide for future extensions from both ends.
	3. Neutral Buses:  100 percent of the ampacity of phase buses unless otherwise indicated, equipped with pressure connectors for outgoing circuit neutral cables.

	O. Future Devices:  Equip compartments with mounting brackets, supports, bus connections, and appurtenances at full rating of circuit-breaker compartment.

	2.2 TRANSIENT VOLTAGE SUPPRESSION DEVICES
	A. Surge Protection Device Description:  IEEE C62.41-compliant, integrally mounted, solid-state, parallel-connected, with sine-wave tracking suppression and filtering modules, UL 1449, second edition, short-circuit current rating matching or exceeding...
	1. Fuses, rated at 200-kA interrupting capacity.
	2. LED indicator lights for power and protection status.
	3. Audible alarm, with silencing switch, to indicate when protection has failed.
	4. Form-C contacts rated at 5 A and 250-V ac, one normally open and one normally closed, for remote monitoring of system operation.  Contacts shall reverse position on failure of any surge diversion module or on opening of any current-limiting device.
	5. Transient-event counter set to totalize transient surges.

	B. Peak Single-Impulse Surge Current Rating:  160 kA per mode/320 kA per phase.
	C. Withstand Capabilities:  5000 IEEE C62.41, Category C3 (10 kA), 8-by-20-mic.sec. surges with less than 5 percent change in clamping voltage.
	D. Protection modes and UL 1449 SVR for grounded wye circuits with 480Y/277-V, three-phase, four-wire circuits shall be as follows:
	1. Line to Neutral:  800 V for 480Y/277.
	2. Line to Ground:  800 V for 480Y/277.
	3. Neutral to Ground:  800 V for 480Y/277.


	2.3 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with interrupting capacity to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
	2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, field-adjustable trip setting.
	3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable electronic trip; and the following field-adjustable settings:
	a. Instantaneous trip.
	b. Long- and short-time pickup levels.
	c. Long- and short-time time adjustments.
	d. Ground-fault pickup level, time delay, and I2t response.

	4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings less than NEMA FU 1, RK-5.
	5. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor material.
	c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits.
	d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
	e. Zone-Selective Interlocking:  Integral with electronic trip unit; for interlocking ground-fault protection function.
	f. Communication Capability:  Integral communication module with functions and features compatible with power monitoring and control system specified in Division 26.
	g. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 55 percent of rated voltage.
	h. Undervoltage Trip:  Set to operate at 35 to 75 percent of rated voltage without intentional time delay.
	i. Auxiliary Contacts:  Two SPDT switches with "a" and "b" contacts; "a" contacts mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.
	j. Key Interlock Kit:  Externally mounted to prohibit circuit-breaker operation; key shall be removable only when circuit breaker is in off position.


	B. Insulated-Case Circuit Breaker (ICCB):  100 percent rated, sealed, insulated-case power circuit breaker with interrupting capacity rating to meet available fault current.
	1. Fixed circuit-breaker mounting.
	2. Two-step, stored-energy closing.
	3.  Full-function, microprocessor-based trip units with interchangeable rating plug, trip indicators, and the following field-adjustable settings:
	a. Instantaneous trip.
	b. Long- and short-time time adjustments.
	c. Ground-fault pickup level, time delay, and I2t response.

	4. Zone-Selective Interlocking:  Integral with electronic trip unit; for interlocking ground-fault protection function.
	5. Remote trip indication and control.
	6. Communication Capability:  Integral communication module with functions and features compatible with power monitoring and control system specified in Division 26.
	7. Key Interlock Kit:  Externally mounted to prohibit circuit-breaker operation; key shall be removable only when circuit breaker is in off position.
	8. Control Voltage:  120-V ac.

	C. Bolted-Pressure Contact Switch:  Operating mechanism uses rotary-mechanical-bolting action to produce and maintain high clamping pressure on the switch blade after it engages the stationary contacts.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Boltswitch, Inc.
	b. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	c. Pringle Electrical Manufacturing Company, Inc.
	d. Siemens Energy & Automation, Inc.

	2. Operating Mechanism:  Manual handle operation to close switch; stores energy in mechanism for opening and closing.
	a. Electrical Trip:  Operation of lever or push-button trip switch, or trip signal from ground-fault relay or remote-control device, causes switch to open.
	b. Mechanical Trip:  Operation of mechanical lever, push button, or other device causes switch to open.

	3. Auxiliary Switches:  Factory installed, single pole, double throw, with leads connected to terminal block, and including one set more than quantity required for functional performance indicated.
	4. Service-Rated Switches:  Labeled for use as service equipment.
	5. Ground-Fault Relay:  Comply with UL 1053; self-powered type with mechanical ground-fault indicator, test function, tripping relay with internal memory, and three-phase current transformer/sensor.
	a. Configuration:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.

	6. Open-Fuse Trip Device:  Arranged to trip switch open if a phase fuse opens.

	D. High-Pressure, Butt-Type Contact Switch:  Operating mechanism uses butt-type contacts and a spring-charged mechanism to produce and maintain high-pressure contact when switch is closed.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. General Electric Company; GE Consumer & Industrial - Electrical Distribution.

	2. Operating Mechanism:  Manual handle operation to close switch; stores energy in mechanism for opening and closing.
	a. Electrical Trip:  Operation of lever or push-button trip switch, or trip signal from ground-fault relay or remote-control device, causes switch to open.
	b. Mechanical Trip:  Operation of mechanical lever, push button, or other device causes switch to open.

	3. Auxiliary Switches:  Factory installed, single pole, double throw, with leads connected to terminal block, and including one set more than quantity required for functional performance indicated.
	4. Service-Rated Switches:  Labeled for use as service equipment.
	5. Ground-Fault Relay:  Comply with UL 1053; self-powered type with mechanical ground-fault indicator, test function, tripping relay with internal memory, and three-phase current transformer/sensor.
	a. Configuration:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.

	6. Open-Fuse Trip Device:  Arranged to trip switch open if a phase fuse opens.

	E. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle.
	F. Fuses are specified in Section 262813 "Fuses."

	2.4 INSTRUMENTATION
	A. Instrument Transformers:  IEEE C57.13, NEMA EI 21.1, and the following:
	1. Current Transformers:  IEEE C57.13; 5 A, 60 Hz, secondary and secondary shorting device.  Burden and accuracy shall be consistent with connected metering and relay devices.
	2. Control-Power Transformers:  Dry type, mounted in separate compartments for units larger than 3 kVA.
	3. Current Transformers for Neutral and Ground-Fault Current Sensing:  Connect secondary wiring to ground overcurrent relays, via shorting terminals, to provide selective tripping of main and tie circuit breaker.  Coordinate with feeder circuit-breake...

	B. Multifunction Digital-Metering Monitor:  Microprocessor-based unit suitable for three- or four-wire systems and with the following features:
	1. Switch-selectable digital display of the following values with maximum accuracy tolerances as indicated:
	a. Phase Currents, Each Phase:  Plus or minus 1 percent.
	b. Phase-to-Phase Voltages, Three Phase:  Plus or minus 1 percent.
	c. Phase-to-Neutral Voltages, Three Phase:  Plus or minus 1 percent.
	d. Megawatts:  Plus or minus 2 percent.
	e. Megavars:  Plus or minus 2 percent.
	f. Power Factor:  Plus or minus 2 percent.
	g. Frequency:  Plus or minus 0.5 percent.
	h. Accumulated Energy, Megawatt Hours:  Plus or minus 2 percent; accumulated values unaffected by power outages up to 72 hours.
	i. Megawatt Demand:  Plus or minus 2 percent; demand interval programmable from five to 60 minutes.

	2. Mounting:  Display and control unit flush or semiflush mounted in instrument compartment door.


	2.5 CONTROL POWER
	A. Control Circuits:  120-V ac, supplied through secondary disconnecting devices from control-power transformer.
	B. Electrically Interlocked Main and Tie Circuit Breakers:  Two control-power transformers in separate compartments, with interlocking relays, connected to the primary side of each control-power transformer at the line side of the associated main circ...
	C. Control-Power Fuses:  Primary and secondary fuses for current-limiting and overload protection of transformer and fuses for protection of control circuits.
	D. Control Wiring:  Factory installed, with bundling, lacing, and protection included.  Provide flexible conductors for No. 8 AWG and smaller, for conductors across hinges, and for conductors for interconnections between shipping units.

	2.6 ACCESSORY COMPONENTS AND FEATURES
	A. Portable Test Set:  For testing functions of solid-state trip devices without removing from switchboard.  Include relay and meter test plugs suitable for testing switchboard meters and switchboard class relays.
	B. Spare-Fuse Cabinet:  Suitably identified, wall-mounted, lockable, compartmented steel box or cabinet.  Arrange for wall mounting.

	2.7 IDENTIFICATION
	A. Service Equipment Label:  NRTL labeled for use as service equipment for switchboards with one or more service disconnecting and overcurrent protective devices.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Receive, inspect, handle, store and install switchboards and accessories according to NEMA PB 2.1.
	B. Equipment Mounting:  Install switchboards on concrete base, 4-inch nominal thickness.  Comply with requirements for concrete base specified in Section 03300 "Cast-in-Place Concrete."
	1. Install dowel rods to connect concrete base to concrete floor.  Unless otherwise indicated, install dowel rods on 18-inch centers around the full perimeter of concrete base.
	2. For supported equipment, install epoxy-coated anchor bolts that extend through concrete base and anchor into structural concrete floor.
	3. Place and secure anchorage devices.  Use setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	4. Install anchor bolts to elevations required for proper attachment to switchboards.

	C. Temporary Lifting Provisions:  Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from switchboard units and components.
	D. Install filler plates in unused spaces of panel-mounted sections.
	E. Install overcurrent protective devices, transient voltage suppression devices, and instrumentation.
	1. Set field-adjustable switches and circuit-breaker trip ranges.

	F. Install spare-fuse cabinet.
	G. Comply with NECA 1.
	H. Comply with requirements for terminating feeder bus specified in Division 16.
	I. Comply with requirements for terminating cable trays specified in Division 16.

	3.2 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with requirements for identification specified in Section 16075 "Electrical Identification."
	B. Switchboard Nameplates:  Label each switchboard compartment with a nameplate complying with requirements for identification specified in Section 260553 "Electrical Identification."
	C. Device Nameplates:  Label each disconnecting and overcurrent protective device and each meter and control device mounted in compartment doors with a nameplate complying with requirements for identification specified in Section 16075 "Electrical Ide...

	3.3 FIELD QUALITY CONTROL
	A. Acceptance Testing Preparation:
	1. Test insulation resistance for each switchboard bus, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	B. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
	3. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and malfunctioning controls and equipment.

	C. Switchboard will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports, including a certified report that identifies switchboards included and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after remedial action.
	END OF SECTION



	16442 - Panelboards
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes distribution panelboards and lighting and appliance branch-circuit panelboards.

	1.2 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  For each panelboard and related equipment.
	1. Include dimensioned plans, elevations, sections, and details.  Show tabulations of installed devices, equipment features, and ratings.
	2. Detail enclosure types and details for types other than NEMA 250, Type 1.
	3. Detail bus configuration, current, and voltage ratings.
	4. Short-circuit current rating of panelboards and overcurrent protective devices.
	5. Include evidence of NRTL listing for series rating of installed devices.
	6. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.
	7. Include wiring diagrams for power, signal, and control wiring.
	8. Include time-current coordination curves for each type and rating of overcurrent protective device included in panelboards.


	1.3 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates:  Submit certification that panelboards, overcurrent protective devices, accessories, and components will withstand seismic forces defined in Division 26.
	B. Field quality-control reports.
	C. Panelboard schedules for installation in panelboards.

	1.4 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.5 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NEMA PB 1.
	C. Comply with NFPA 70.

	1.6 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace transient voltage suppression devices that fail in materials or workmanship within specified warranty period.
	1. Warranty Period:  Five years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 GENERAL REQUIREMENTS FOR PANELBOARDS
	A. Enclosures:  Flush- and surface-mounted cabinets.
	1. Rated for environmental conditions at installed location.
	a. Indoor Dry and Clean Locations:  NEMA 250, Type 1.
	b. Outdoor Locations:  NEMA 250, Type 3R.
	c.  Wash-Down Areas:  NEMA 250, Type 4X, stainless steel.
	d. Other Wet or Damp Indoor Locations:  NEMA 250, Type 4.

	2. Front:  Secured to box with concealed trim clamps.  For surface-mounted fronts, match box dimensions; for flush-mounted fronts, overlap box.
	3. Hinged Front Cover:  Entire front trim hinged to box and with standard door within hinged trim cover.
	4. Directory Card:  Inside panelboard door, mounted in transparent card holder.

	B. Incoming Mains Location:  Top and bottom.
	C. Phase, Neutral, and Ground Buses:  Hard-drawn copper, 98 percent conductivity.
	D. Conductor Connectors:  Suitable for use with conductor material and sizes.
	1. Material:  Hard-drawn copper, 98 percent conductivity.
	2. Main and Neutral Lugs:  Mechanical type.
	3. Ground Lugs and Bus Configured Terminators:  Mechanical type.
	4. Feed-Through Lugs:  Mechanical type, suitable for use with conductor material.  Locate at opposite end of bus from incoming lugs or main device.
	5. Subfeed (Double) Lugs:  Mechanical type suitable for use with conductor material.  Locate at same end of bus as incoming lugs or main device.

	E. Service Equipment Label:  NRTL labeled for use as service equipment for panelboards with one or more main service disconnecting and overcurrent protective devices.
	F. Future Devices:  Mounting brackets, bus connections, filler plates, and necessary appurtenances required for future installation of devices.
	G. Panelboard Short-Circuit Current Rating:  Rated for series-connected system with integral or remote upstream overcurrent protective devices and labeled by an NRTL.  Include size and type of allowable upstream and branch devices, and listed and labe...
	H. Panelboard Short-Circuit Current Rating:  Fully rated to interrupt symmetrical short-circuit current available at terminals.

	2.2 PERFORMANCE REQUIREMENTS
	A. Seismic Performance:  Panelboards shall withstand the effects of earthquake motions determined according to SEI/ASCE 7.
	1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified."

	B. Surge Suppression:  Factory installed as an integral part of indicated panelboards, complying with UL 1449 SPD Type 1.

	2.3 DISTRIBUTION PANELBOARDS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution: ABB
	3. Siemens Energy & Automation, Inc.

	C. Panelboards:  NEMA PB 1, power and feeder distribution type.
	D. Doors:  Secured with vault-type latch with tumbler lock; keyed alike.
	E. Mains:  Circuit breaker or Lugs only.
	F. Branch Overcurrent Protective Devices:  For Circuit-Breaker Frame Sizes 125 A and Smaller:  Bolt-on circuit breakers.
	G. Branch Overcurrent Protective Devices:  For Circuit-Breaker Frame Sizes Larger Than 125 A:  Bolt-on circuit breakers; plug-in circuit breakers where individual positive-locking device requires mechanical release for removal.
	H. Branch Overcurrent Protective Devices:  Fused switches.

	2.4 LIGHTING AND APPLIANCE BRANCH-CIRCUIT PANELBOARDS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.

	C. Panelboards:  NEMA PB 1, lighting and appliance branch-circuit type.
	D. Mains:  Circuit breaker or lugs only.
	E. Branch Overcurrent Protective Devices:  Bolt-on circuit breakers, replaceable without disturbing adjacent units.
	F. Contactors in Main Bus:  NEMA ICS 2, Class A, mechanically held, general-purpose controller, with same short-circuit interrupting rating as panelboard.
	1. External Control-Power Source:  120-V branch circuit.

	G. Doors:  Concealed hinges; secured with flush latch with tumbler lock; keyed alike.
	H. Column-Type Panelboards:  Narrow gutter extension, with cover, to overhead junction box equipped with ground and neutral terminal buses.

	2.5 DISCONNECTING AND OVERCURRENT PROTECTIVE DEVICES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	B. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.

	C. Molded-Case Circuit Breaker (MCCB):  Comply with UL 489, with series-connected rating to meet available fault currents.
	1. Thermal-Magnetic Circuit Breakers:  Inverse time-current element for low-level overloads, and instantaneous magnetic trip element for short circuits.  Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
	2. Adjustable Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, field-adjustable trip setting.
	3. Electronic trip circuit breakers with rms sensing; field-replaceable rating plug or field-replicable electronic trip; and the following field-adjustable settings:
	a. Instantaneous trip.
	b. Long- and short-time pickup levels.
	c. Long- and short-time time adjustments.
	d. Ground-fault pickup level, time delay, and I2t response.

	4. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller; let-through ratings less than NEMA FU 1, RK-5.
	5. GFCI Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault protection (6-mA trip).
	6. Ground-Fault Equipment Protection (GFEP) Circuit Breakers:  Class B ground-fault protection (30-mA trip).
	7. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Comply with UL 1699; 120/240-V, single-pole configuration.
	8. Molded-Case Circuit-Breaker (MCCB) Features and Accessories:
	a. Standard frame sizes, trip ratings, and number of poles.
	b. Lugs:  Mechanical style, suitable for number, size, trip ratings, and conductor materials.
	c. Application Listing:  Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge (HID) lighting circuits.
	d. Ground-Fault Protection:  Integrally mounted relay and trip unit with adjustable pickup and time-delay settings, push-to-test feature, and ground-fault indicator.
	e. Communication Capability:  Integral communication module with functions and features compatible with power monitoring and control system specified in Division 26.
	f. Shunt Trip:  120-V trip coil energized from separate circuit, set to trip at 55 percent of rated voltage.
	g. Handle Padlocking Device:  Fixed attachment, for locking circuit-breaker handle in on or off position.
	h. Handle Clamp:  Loose attachment, for holding circuit-breaker handle in on position.


	D. Fused Switch:  NEMA KS 1, Type HD; clips to accommodate specified fuses; lockable handle.
	1. Fuses, and Spare-Fuse Cabinet:  Comply with requirements specified in Section 262813 "Fuses."


	2.6 ACCESSORY COMPONENTS AND FEATURES
	A. Portable Test Set:  For testing functions of solid-state trip devices without removing from panelboard.  Include relay and meter test plugs suitable for testing panelboard meters and switchboard class relays.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Receive, inspect, handle, store and install panelboards and accessories according to NEMA PB 1.1.
	B. Comply with mounting and anchoring requirements specified in Section Division 26.
	C. Mount top of trim 90 inches above finished floor unless otherwise indicated.
	D. Mount panelboard cabinet plumb and rigid without distortion of box.  Mount recessed panelboards with fronts uniformly flush with wall finish and mating with back box.
	E. Install overcurrent protective devices and controllers not already factory installed.
	1. Set field-adjustable, circuit-breaker trip ranges.

	F. Install filler plates in unused spaces.
	G. Stub four 1-inch empty conduits from panelboard into accessible ceiling space or space designated to be ceiling space in the future.  Stub four 1-inch empty conduits into raised floor space or below slab not on grade.
	H. Arrange conductors in gutters into groups and bundle and wrap with wire ties.
	I. Comply with NECA 1.

	3.2 IDENTIFICATION
	A. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs complying with Section 260553 "Electrical Identification."
	B. Create a directory to indicate installed circuit loads and incorporating Owner's final room designations.  Obtain approval before installing.  Use a computer or typewriter to create directory; handwritten directories are not acceptable.
	C. Panelboard Nameplates:  Label each panelboard with a nameplate complying with requirements for identification specified in Section 260553 "Electrical Identification."
	D. Device Nameplates:  Label each branch circuit device in distribution panelboards with a nameplate complying with requirements for identification specified in Section 260553 "Electrical Identification."

	3.3 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Acceptance Testing Preparation:
	1. Test insulation resistance for each panelboard bus, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	C. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

	D. Panelboards will be considered defective if they do not pass tests and inspections.
	E. Prepare test and inspection reports, including a certified report that identifies panelboards included and that describes scanning results.  Include notation of deficiencies detected, remedial action taken, and observations after remedial action.



	16491 - Fuses
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:  Cartridge fuses rated 600-V ac and less for use in control circuits, enclosed switches, panelboards, switchboards, enclosed controllers, and motor-control centers.

	1.2 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.

	1.3 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.4 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	B. Comply with NEMA FU 1 for cartridge fuses.
	C. Comply with NFPA 70.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Cooper Bussmann, Inc.
	2. Edison Fuse, Inc.
	3. Ferraz Shawmut, Inc.
	4. Littelfuse, Inc.


	2.2 CARTRIDGE FUSES
	A. Characteristics:  NEMA FU 1, nonrenewable cartridge fuses with voltage ratings consistent with circuit voltages.


	PART 3 -  EXECUTION
	3.1 FUSE APPLICATIONS
	A. Service Entrance:  Class L, fast acting.
	B. Feeders:  Class L, fast acting.
	C. Motor Branch Circuits:  Class RK1, time delay.
	D. Other Branch Circuits:  Class RK1, time delay.
	E. Control Circuits:  Class CC, fast acting.

	3.2 INSTALLATION
	A. Install fuses in fusible devices.  Arrange fuses so rating information is readable without removing fuse.

	3.3 IDENTIFICATION
	A. Install labels complying with requirements for identification specified in Section 260553 "Electrical Identification" and indicating fuse replacement information on inside door of each fused switch and adjacent to each fuse block and holder.



	16500 - Short Circuit Coordination Study and ARC Flash Haz Analysis
	16511 - LED Interior Lighting
	16521 - LED Exterior Lighting
	16600 - Structured Cabling
	(i) Visually inspect UTP and optical fiber jacket materials for NRTL certification markings. Inspect cabling terminations in communications equipment rooms for compliance with color-coding for pin assignments, and inspect cabling connections for compl...
	(ii) Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.
	(iii) Retain first subparagraph below if verification of quality is to be performed before completing horizontal cabling. Otherwise, specify testing of the transmission performance of cabling system in Section 271500 "Communications Horizontal Cabling"
	(iv) Test UTP copper cabling for DC loop resistance, shorts, opens, intermittent faults, and polarity between conductors. Test operation of shorting bars in connection blocks. Test cables after termination but not cross-connection.
	1. Test instruments shall meet or exceed applicable requirements in ANSI/TIA-568.1-D. Perform tests with a tester that complies with performance requirements in "Test Instruments (Normative)" Annex, complying with measurement accuracy specified in "Me...

	(v) Optical Fiber Cable Tests:
	1. Test instruments shall meet or exceed applicable requirements in ANSI/TIA-568.3-D. Use only test cords and adapters that are qualified by test equipment manufacturer for channel or link test configuration.
	2. Link End-to-End Attenuation Tests:
	a. Horizontal and multimode backbone link measurements: Test at 850 or 1300 nm in 1 direction according to TIA/EIA-526-14-A, Method B, One Reference Jumper.
	b. Attenuation test results for backbone links shall be less than 2.0 dB. Attenuation test results shall be less than that calculated according to equation in ANSI/TIA-568.3-D.



	16610 - Identification for Communication Systems
	16620 - Communication Cable Manage and Ladder Rack
	16625 - Grounding and Bonding for Communications Systems
	16711 - Pathways for Communications Systems
	16715- Sleeves and Sleeve Seals Communications Pathways and Cabling
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
	2. Sleeve-seal systems.
	3. Sleeve-seal fittings.
	4. Grout.
	5. Silicone sealants.

	B. Related Requirements:
	1. Section 078413 "Through-Penetration Firestop Systems" for penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items.


	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Wall Sleeves:
	1. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain ends.
	2. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise indicated.

	B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:  Galvanized-steel sheet; 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.
	C. PVC-Pipe Sleeves:  ASTM D 1785, Schedule 40.
	D. Molded-PVC Sleeves:  With nailing flange for attaching to wooden forms.
	E. Molded-PE or -PP Sleeves:  Removable, tapered-cup shaped, and smooth outer surface with nailing flange for attaching to wooden forms.
	F. Sleeves for Rectangular Openings:
	1. Material:  Galvanized sheet steel.
	2. Minimum Metal Thickness:
	a. For sleeve cross-section rectangle perimeter less than 50 inches and with no side larger than 16 inches, thickness shall be 0.052 inch.
	b. For sleeve cross-section rectangle perimeter 50 inches or more and one or more sides larger than 16 inches, thickness shall be 0.138 inch.



	2.2 SLEEVE-SEAL SYSTEMS
	G. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	2. Basis-of-Design Product: Subject to compliance with requirements, provide or comparable product by one of the following:
	a. Advance Products & Systems, Inc.
	b. CALPICO, Inc.
	c. Metraflex Company (The).
	d. Pipeline Seal and Insulator, Inc.
	e. Proco Products, Inc.

	3. Sealing Elements:  EPDM rubber interlocking links shaped to fit surface of pipe.  Include type and number required for pipe material and size of pipe.
	4. Pressure Plates:  Stainless steel.
	5. Connecting Bolts and Nuts:  Stainless steel of length required to secure pressure plates to sealing elements.


	2.3 SLEEVE-SEAL FITTINGS
	H. Description:  Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab    or wall.  Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.
	1. Manufacturers:  Subject to compliance with requirements, provide products by the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide or comparable product  by one of the following:
	3. Presealed Systems.


	2.4 GROUT
	A. Description:  Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.
	B. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	C. Design Mix:  5000-psi, 28-day compressive strength.
	D. Packaging:  Premixed and factory packaged.

	2.2 SILICONE SEALANTS
	A. Silicone Sealants:  Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.
	1. Grade:  Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces that are not fire rated.
	2. Sealant shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

	B. Silicone Foams:  Multicomponent, silicone-based liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
	A. Comply with NECA 1.
	B. Comply with NEMA VE 2 for cable tray and cable penetrations.
	C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:
	1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
	a. Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  Comply with requirements in Section 079200 "Joint Sealants."
	b. Seal space outside of sleeves with mortar or grout.  Pack sealing material solidly between sleeve and wall so no voids remain.  Tool exposed surfaces smooth; protect material while curing.

	2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	3. Size pipe sleeves to provide 1/4-inch annular clear space between sleeve and raceway or cable unless sleeve seal is to be installed.
	4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of walls.  Cut sleeves to length for mounting flush with both surfaces of walls.  Deburr after cutting.
	5. Install sleeves for floor penetrations.  Extend sleeves installed in floors 2 inches above finished floor level.  Install sleeves during erection of floors.

	D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
	1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved opening.
	2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies.

	E. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	F. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel pipe sleeves and mechanical sleeve seals.  Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	G. Underground, Exterior-Wall and Floor Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for 1-inch annular clear space between raceway or cable and sleeve for installing sleeve-seal system.

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	H. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into building.
	B. Install type and number of sealing elements recommended by manufacturer for raceway or  cable material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular space between raceway or cable...

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Sleeve-seal fittings in this article are used above and below grade in concrete slabs and in concrete walls for a watertight seal around piping.  These fittings do not require a sleeve.
	Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls.
	Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.
	END OF SECTION



	16716 - Communication Optical Fiber Backbone Cabling
	16720 - Communication Copper Horizontal Cabling
	16730 - Communications Patch Panels and Fiber Optic Enclosures
	16740 - Communication Racks, Enclosures
	16750 - Communication Faceplates and Connectors
	16760 - Communication Patch Cords and Workstation Cords
	16800 - Digital, Addressable Fire-Alarm System
	PART 1 -  GENERAL
	The system shall be fully field programmable such that virtually any combination of system output functions may be correlated to any type of input event(s). Inputs may be combined using Boolean logic, be time dependent or under manual control, as defi...
	System supplier and contractor shall provide a certified test report to verify that the system and all components functioned properly and as intended.
	The system supplier shall have a minimum of 10 years of experience in distribution and service of the proposed equipment brand.
	The supplier shall have successfully designed and installed similar system fire detection, evacuation voice and visual signaling control components on a previous project of comparable scope, size and complexity.
	The supplier shall have in-house engineering and project management capability consistent with the requirements of this project. The project shall be supervised by personnel certified by NICET as fire alarm Level IV technicians.
	A. Codes, Standards, Ordinances, and Permits:
	1. All work shall comply with the current codes adopted and enforced by the following agencies:  Designer of Record, shall verify the edition of the applicable codes at the time of design and construction.
	a. Alabama Department of Construction Management
	1) International Fire Code
	2) International Mechanical Code
	3) NFPA 70, National Electrical Code
	4) ADA Accessibility Guidelines for Buildings and Facilities

	b. State Fire Marshal’s Office (National Fire Protection Association (NFPA) National Fire Codes)
	1) NFPA 72, National Fire Alarm Code
	2) NFPA 90A, Installation of Air Conditioning and Ventilating Systems
	3) NFPA 101, Life Safety Code

	c. Tuscaloosa Fire and Rescue Service
	1) International Fire Code and referenced standards


	2. All work and products shall also conform to the following nationally recognized standards:
	a. ANSI S3.41, Audible Emergency Evacuation Signal
	b. UL 864, Control Units for Fire Protective Signaling Systems
	c. UL 1481, Power Supplies for Fire Protective Signaling Systems
	d. UL 268, Smoke Detectors for Fire Protection Signaling Systems
	e. UL 464, Audible Signal Appliances, 8th Edition
	f. UL 1971, Signaling Devices for the Hearing Impaired
	g. UL 1480, Speakers for Fire Protective Signaling Systems

	3. All work and materials shall conform to all Federal, State and local codes and regulations governing the installation, including the current editions of the International Building and Fire Codes, and the codes, standards, guides and recommended pra...
	4. If there is a conflict between the referenced NFPA standards, federal, state or local codes, and this specification, it is the Contractor's responsibility to immediately bring the conflict to the attention of the Owner for resolution. Where conflic...
	5. All devices, appliances, systems, equipment, and materials furnished and installed shall be new and listed by Underwriters Laboratories Inc. (UL) for their intended use.  All equipment shall be installed in accordance with the manufacturer's recomm...
	6. All devices, appliances, systems, equipment, and materials furnished and installed shall be of types or models approved and required by NFPA Standards or UL listing for use in systems and occupancies of this type.
	7. The Contractor shall be responsible for filing of all documents, paying all fees (including, but not limited to plan checking and permit) and securing all permits, inspections, and approvals necessary for conducting this work.  Upon receipt of appr...

	B. Contractor Qualifications
	1. The Contractor shall:
	a. Any contractor or subcontractor engaged in the installation, modification, configuration, programming or testing of a fire alarm system shall have a valid State Fire Alarm permit. This includes the installation or termination of fire alarm wiring, ...
	b. Provide a job site supervisor/foreman who is to be present on site each day that work is actively in progress, as appropriate.  The jobsite supervisor/foreman shall be a minimum National Institute for Certification in Engineering Technologies (NICE...
	c. System configuration, installation, programming, and testing shall be supervised by a technician who is NICET Level III or IV in Fire Alarm Systems, trained by the Contractor.
	d. Hold all licenses and permits necessary to perform this work in Alabama thru the State of Alabama Fire Marshal’s Office.
	e. Have at least five years of experience in the installation of systems of this type and shall be familiar with all applicable local, state, and federal laws and regulations.  Provide a project list representing projects of similar scope in the past ...
	f. Technicians, who shall be on-site or have a level of responsibility and involvement with this project, shall be submitted for review and acceptance.  A copy of their NICET Certification (minimum Level III or IV, Fire Alarm Systems) shall be submitt...
	g. Be regularly engaged in the design, servicing, installation, and testing of fire detection, alarm, and emergency voice/alarm communication systems.


	A "Fire Alarm System Record of Completion" per the "Documentation" Section of the "Fundamentals of Fire Alarm Systems" Chapter in NFPA72 and the "Inspection and Testing Form" in the "Records" Section of the "Inspection, Testing and Maintenance" Chapt...
	The operating controls shall be located in a dead-front steel enclosure behind a locked door with viewing window.  All control modules shall be labeled, and all zone locations shall be identified. All panel modules shall be placement supervised for an...
	Supervision of the system electronics, wiring, detection devices and software
	Provide an independent hardware watchdog to supervise software and CPU operation
	“Dry” alarm, trouble and supervisory relay contacts
	Control panel modules shall plug in to a chassis assembly for ease of maintenance
	Field wiring shall connect to the panel using removable connectors
	Each SLC shall support 125 addressable detector addresses and 125 module addresses. The SLC shall support 100% of all addressable devices in alarm and provide support for a 100% compliment of detector isolator bases.  Initial circuit loading shall not...


	16810 - Fire Fighter Communication System
	16820 - Gymnasium Audio System
	SECTION 16820 GYMNASIUM AUDIO SYSTEM
	PART 1 - GENERAL
	1.6  ASSISTIVE COORDINATION ITEMS WITH OTHERS:
	1.7  MISCELLANEOUS REQUIREMENTS
	PART 2 - AVCS PRODUCTS MAJOR EQUIPMENT LIST & DESCRIPTION
	2.1 MAJOR AVCS EQUIPMENT LIST AND IMPLEMENTATION DESCRIPTION
	PART 3 - INSTALLATION
	3.1 EXECUTION
	PART 4 - TRAINING, SYSTEM DEMONSTRATION & EVENT ATTENDANCE
	7.1  TRAINING REQUIREMENTS BY THE AVCC
	PART 5 - WARRANTY / SERVICE
	PART 6 - PROJECT CLOSE-OUT
	6.2  PROVIDE:
	END OF SECTION



