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SECTION 051200 - STRUCTURAL STEEL FRAMING 

PART 1 - GENERAL 

1.1 SUMMARY 

A. Section includes structural steel. 

1.2 DEFINITIONS 

A. Structural Steel:  Elements of structural-steel frame, as 

classified by AISC 303, "Code of Standard Practice for 

Steel Buildings and Bridges." 

1.3 PERFORMANCE REQUIREMENTS 

A. Connections:  Provide details of simple shear connections 

required by the Contract Documents to be selected or 

completed by structural-steel fabricator to withstand 

loads indicated and comply with other information and 

restrictions indicated. 

1. Select and complete connections using schematic 

details where indicated and AISC 360. 

2. Use ASD; data are given at service-load level. 

1.4 SUBMITTALS 

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

B. Shop Drawings:  Show fabrication of structural-steel 

components. Submit signed and sealed connection 

calculations and Connection Standards along with shop 

drawings. Connections not specifically detailed on the 

Contract Drawings are to be designed under the direct 

supervision of a Registered Professional Engineer, 

licensed in the Project jurisdiction, specializing in 

structural steel engineering 

a. Indicate profiles, spacing and locations of 

members, including: 
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1) Fabrication details. 

2) Size and weight of members. 

3) Location of shop and field connections. 

4) Locations and details of anchors, 

base/bearing plates and leveling plates. 

5) Details of holes, cuts, camber and splices. 

6) Layout and location of composite shear studs. 

7) Identify high-strength bolted slip-critical, 

direct-tension, or tensioned shear/bearing 

connections. 

b. Indicate welds by standard AWS A2.1 and A2.4 

symbols distinguishing between shop and field 

welds; and show size, length and type of each 

weld. 

c. Provide setting drawings, templates and 

directions for installation of anchor bolts and 

other anchorage to be installed as work by other 

sections. 

d. Obtain detailed drawings of the Work by other 

trades including locations and sizes of openings 

in roofs and the Work requiring holes in 

structural steel, mounting brackets, and supports 

attached to the structural steel. 

C. Qualification Data:  For qualified Installer, fabricator 

and testing agency. 

D. Welding certificates. 

E. Mill test reports for structural steel, including chemical 

and physical properties. 

F. Source quality-control reports. 

 

1.5 CONNECTION DESIGN AND MEMBER DETAILING 

A. Member Detailing and Design of Connections:  Details shown 

are typical; similar details apply to similar conditions, 

unless otherwise indicated.  Verify dimensions at site 

without causing delay in the work. 
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B. Design connections as “Framed Beam Connections: in accord-

ance with Part 4 of the AISC Manual, except as otherwise 

indicated. 

1. For noncomposite beams, reaction shall be end reaction 
on member, as defined in the AISC “Uniform Loaded Beam 

Tables”, or reaction shown on the Drawings, whichever 

is greater. 

2. Single sided connections for spandrel beams are not 

acceptable. 

3. Bolts:  A325 or A490.  Connections may be designed 

using Type N Bolts, except at hanger connections and 

where slip-critical connections shall be used.  

C. Shop and Field Connections: 

1. Shop connections are to be welded unless indicated 

otherwise on the Drawings. 

2. Bolt field connections with high-strength bolts except 
where welded connections or other connections are 

indicated. 

3. Bolts:  3/4 inch diameter minimum. 
4. Fillet welds: 1/4 inch minimum, unless otherwise 

noted. 

1.6 QUALITY ASSURANCE 

A. Fabricator Qualifications:  Company specializing in 

structural steel fabrication having a minimum of 5 years 

documented, successful experience with work comparable to 

the Work of this Project. 

B. Installer Qualifications:   Minimum of 5 years documented, 

successful experience with work comparable to the Work of 

this Project. 

C. Welding Qualifications:  Qualify procedures and personnel 

according to AWS D1.1/D1.1M, "Structural Welding Code - 

Steel." 

D. Comply with applicable provisions of the following 

specifications and documents: 

1. AISC 303. 

2. AISC 360. 
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3. RCSC's "Specification for Structural Joints Using 

ASTM A 325 or A 490 Bolts." 

 

1.7 TEMPORARY BRACING 

A. The steel erector/contractor is responsible for the de-

sign, strength, adequacy, safety and means and methods of 

construction of shoring and temporary bracing of Structur-

al Steel Work at all stages of erection, until such time 

that permanent members and construction are in place and 

final connections are completed. 

1.8 PROJECT CONDITIONS 

A. Field verify all existing measurements and elevations pri-

or to beginning fabrication process.  Engineer will not 

review or take responsibility for any existing dimensions. 

PART 2 - PRODUCTS 

 

2.1 MATERIALS 

A. Metal Surfaces, General:  For fabrication of work which 

will be exposed to view, use only materials which are 

smooth and free of surface blemishes including pitting, 

rust and scale seam marks, roller marks, rolled trade 

names and roughness in accordance with the AISC 

“Specifications for Architecturally Exposed Structural 

Steel”.  Remove such blemishes by grinding, or by welding 

and grinding, prior to cleaning, treating and application 

of surface finishes. 

B. Wide Flange Shapes: ASTM A 992 or ASTM A572 

C. Structural Steel Shapes, Plates and Bars: ASTM A 36 or 

ASTM A 572, Grade 50. 

D. Structural Steel Tubing: 

1. Cold-Formed:  ASTM A 500, Grade B. 
2. Hot-Formed:  ASTM A501. 
 

E. Pipe:  ASTM A53, Type E or S, Grade B. 
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F. Bolts, Nuts, and Washers: 

1. Unheaded Rods:  ASTM A 36 (ASTM A 36M). 
2. Unheaded Rods:  ASTM A 572, Grade 50 (ASTM A 572M, 

Grade 345). 

3. Anchor Rods:  ASTM A307 or ASTM F 1554, Grade 36 or 
Grade 55, nonheaded type unless otherwise indicated. 

4. Standard threaded fasteners: 
 

a. Plain washers:  ANSI B27.2, Type A. 

b. Beveled washers:  ANSI B27.4. 

c. Nuts and bolts:  ASTM A307, Grade A. 

5. High-Strength Threaded Fasteners:   Quenched and 

tempered medium-carbon steel. 

a. Bolts:  Heavy hexagon ASTM A325. 

b. Nuts: Heavy hexagon ASTM A563, Grade DH. 

c. Washers:  Hardened ASTM F436. 

 (1) beveled at channel flanges 

 

6. Direct Tension Indicator Fasteners:  Load indicator 

washers to conform to ASTM F959, or tension control 

bolts may be used. 

G. Electrodes for Welding:  Comply with AWS Code. 

7. Welding Materials:  AWS D1.1; type required for 

materials being welded. 

H. Structural Steel Primer Paint:  Fabricator’s standard lead 

and chromate-free, nanasphaltic, rust-inhibiting primer. 

8. Where faying surfaces of slip-critical joints are 

permitted by Architect to be painted, provide Class A 

paint (providing a minimum slip coefficient of 0.33) 

in accordance with Test Method to Determine Slip 

Coefficient for Coatings used in Bolted Joints, in 

Appendix A of the RCSC Specification for Structural 

Joints.  Manufacturer’s certification shall include a 

certified copy of the test report. 

I. Galvanizing Repair Paint:  High zinc dust content paint 

for regalvanizing welds and repair painting galvanized 

steel, complying with Military Specifications DOD-P-21035 

(Ships) or SSPC-Paint-20. 
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2.1 FABRICATION 

A. Structural Steel:  Fabricate and assemble in shop to 

greatest extent possible.  Fabricate according to AISC's 

"Code of Standard Practice for Steel Buildings and 

Bridges" and AISC 360. 

B. Shear Connectors:  Prepare steel surfaces as recommended 

by manufacturer of shear connectors.  Use automatic end 

welding of headed-stud shear connectors according to 

AWS D1.1/D1.1M and manufacturer's written instructions. 

2.2 SHOP CONNECTIONS 

A. High-Strength Bolts:  Shop install high-strength bolts 

according to RCSC's "Specification for Structural Joints 

Using ASTM A 325 or A 490 Bolts" for type of bolt and type 

of joint specified. 

1. Joint Type:  Snug tightened for all gravity only 

members, slip critical for all braced bay and wind 

girts members. 

B. Weld Connections:  Comply with AWS D1.1/D1.1M for 

tolerances, appearances, welding procedure specifications, 

weld quality, and methods used in correcting welding work. 

2.3 SHOP PRIMING 

A. Shop prime steel surfaces except the following: 

1. Surfaces embedded in concrete or mortar.  Extend 

priming of partially embedded members to a depth of 2 

inches (50 mm). 

2. Surfaces to be field welded. 

3. Surfaces to be high-strength bolted with slip-critical 

connections. 

4. Surfaces to receive sprayed fire-resistive materials 

(applied fireproofing).\ 

5. Beam flanges to receive shear studs. 

6. Galvanized surfaces. 

B. Surface Preparation:  Clean surfaces to be painted.  

Remove loose rust and mill scale and spatter, slag, or 

flux deposits.  Prepare surfaces according to the 

following specifications and standards: 
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1. SSPC-SP 2, "Hand Tool Cleaning." 

2. SSPC-SP 3, "Power Tool Cleaning." 

C. Priming:  Immediately after surface preparation, apply 

primer according to manufacturer's written instructions 

and at rate recommended by SSPC to provide a minimum dry 

film thickness of 1.5 mils (0.038 mm).  Use priming 

methods that result in full coverage of joints, corners, 

edges, and exposed surfaces. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Verify, with steel Erector present, elevations of braces 

surfaces and locations for compliance with requirements. 

B. Proceed with installation only after unsatisfactory 

conditions have been corrected. 

3.2 ERECTION 

A. Set structural steel accurately in locations and to 

elevations indicated and according to AISC 303 and 

AISC 360. 

B. Base Leveling Plates and Base Plates:  Clean concrete- and 

masonry-bearing surfaces of bond-reducing materials, and 

roughen surfaces prior to setting plates.  Clean bottom 

surface of plates. 

1. Set plates for structural members on wedges, shims, or 

setting nuts as required. 

2. Weld plate washers to top of baseplate. 

3. Snug-tighten anchor rods after supported members have 

been positioned and plumbed.  Do not remove wedges or 

shims but, if protruding, cut off flush with edge of 

plate before packing with grout. 

4. Promptly pack grout solidly between bearing surfaces 

and plates so no voids remain.  Neatly finish exposed 

surfaces; protect grout and allow to cure. Comply with 

manufacturer's written installation instructions for 

shrinkage-resistant grouts. 
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C. Maintain erection tolerances of structural steel within 

AISC's "Code of Standard Practice for Steel Buildings and 

Bridges." 

3.3 FIELD CONNECTIONS 

A. High-Strength Bolts:  Install high-strength bolts 

according to RCSC's "Specification for Structural Joints 

Using ASTM A 325 or A 490 Bolts" for type of bolt and type 

of joint specified. 

1. Joint Type: Snug Tightened for gravity only members 

and Slip critical for wind girts and braced bay 

members or any members subject to tension. 

B. Weld Connections:  Comply with AWS D1.1/D1.1M[ for 

tolerances, appearances, welding procedure specifications, 

weld quality, and methods used in correcting welding work. 

1. Comply with AISC 303 and AISC 360 for bearing, 

alignment, adequacy of temporary connections, and 

removal of paint on surfaces adjacent to field welds. 

3.4 FIELD QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified independent 

testing and inspecting agency to inspect field welds and 

high-strength bolted connections]. 

B. Bolted Connections:  Bolted connections will be tested and 

inspected according to RCSC's "Specification for 

Structural Joints Using ASTM A 325 or A 490 Bolts." 

C. Welded Connections:  Field welds will be visually 

inspected according to AWS D1.1/D1.1M. 

D. Correct deficiencies in Work that test reports and 

inspections indicate does not comply with the Contract 

Documents. 

END OF SECTION 051200 
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SECTION 230001- CONSTRUCTION ADMINISTRATION FOR HVAC WORK 

PART 1 - GENERAL 

1.1 GENERAL 

A. This Section contains requirements for Construction 
Administration of HVAC work.  These requirements are in 
addition to any requirements listed elsewhere in the Contract 
Documents.  Where conflicts exist between this section and 
other sections, the more stringent requirement shall apply. 

1.2 REQUESTS FOR INFORMATION 

A. Requests For Information (RFI) are questions posed by the 
Contractor intended to resolve vagueness and conflicts during 
construction. 

B. To submit a RFI, the Contractor must fill out the Request For 
Information form found in Appendix A of this specification 
section.  Only RFI written on this enclosed form will be 
acknowledged. 

C. Prior to submitting a RFI, the Contractor must thoroughly 
review the Construction Documents and Specifications and 
forward the RFI only if the issue in question cannot be 
resolved.  If a RFI questions a clearly noted item or standard 
construction method which should be known by the Contractor, 
the Engineer may back charge the Contractor for time spent 
responding to the RFI. 

1.3 SCHEDULE OF VALUES 

A. Prior to initiating any work, the Contractor shall submit a 
Schedule of Values on an AIA G-703 Continuation Sheet 
outlining Material and Labor costs for each item. 

B. Include in the Schedule of Values a line item for resolving 
Punchlist issues equal to 5% of the total contract value. 

C. No Payment Applications will be processed until the Schedule 
of Values form has been approved by the Engineer. 
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1.4 EQUIPMENT MANUFACTURER LIST 

A. Within ten (10) business days of the contract award date, the 
Contractor shall submit a list of equipment manufacturers, for 
the engineer's review and approval, that he intends to use on 
this project. 

1.5 SHOP DRAWING SUBMISSION SCHEDULE 

A. Prior to submitting any Shop Drawings, the Contractor shall 
issue a Shop Drawing Submission Schedule.  The purpose of this 
schedule is to identify which items require Shop Drawings and 
when these Shop Drawings will be submitted to the Engineer.  
By agreeing to this schedule at the beginning of the project, 
Shop Drawings will be reviewed in a timely fashion and long 
lead items can be prioritized and reviewed first. 

B. Refer to the Shop Drawing Submission Schedule in Appendix A of 
this specification section.  The Contractor shall list all the 
items that require submittals per the Contract Documents and 
Specifications.  The Contractor shall fill out the Submittal 
Date column for each item and return the completed form to the 
Engineer for review.  The Contractor may use a different form 
of his choosing provided the required information is provided. 

C. No Shop Drawings will be reviewed until the Shop Drawing 
Submission Schedule is approved by the Engineer. 

1.6 SHOP DRAWINGS 

A. Shop Drawings will not be reviewed until the Equipment 
Manufacturer List and Shop Drawing Submission Schedule have 
been submitted to, and approved by, the Engineer. 

B. Shop Drawings must include a completed copy of the Shop 
Drawing Submittal Form found in Appendix A of this 
specification section.   

1. The Contractor must review and stamp all Shop Drawings 
prior to submission.  Space has been provided for the 
Contractor's stamp on the Shop Drawing Submittal Form.  
Submittals without the Contractor's stamp will be 
returned unchecked. 

C. The Contractor shall provide a maximum of six (6) copies of 
submittals to the Engineer for review. Additional Shop Drawings 
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may be marked-up and processed for an additional fee to the 
Contractor. 

1. Submitted items shall be clearly identified on all copies 
of the Shop Drawings.  The Engineer will return any Shop 
Drawings that are not clearly marked.  

D. It is the responsibility of the Contractor to make every 
attempt to ensure thoroughness and accuracy of his submittals.  
If Shop Drawings are not approved following a maximum of two 
(2) reviews, the Contractor will be backcharged for the 
Engineer's effort. 

1.7 SUBSTITUTIONS 

A. Substitutions for specified equipment must include a detailed 
comparison checklist identifying all pertinent similarities 
and differences between the two items.  Substituted items 
without a comparison checklist will not be considered. 

1. Where substituted items affect other trades, this 
Contractor is responsible for adjusting the installation 
as required to accommodate the substitution.  This 
includes, but is not limited to, changes in 
Architectural, Structural, Mechanical, Electrical, 
Plumbing and Fire Protection Systems.  This Contractor 
will pay for all associated costs. 

B. Incomplete submittals will be returned rejected. 

1.8 SERVICE INTERRUPTION SCHEDULE 

A. Within ten (10) business days of the contract award date, the 
Contractor shall submit a Schedule of Shutdowns of equipment 
and/or systems for Owner and Engineer review. 

B. The Contractor shall notify the Owner and Engineer in writing 
at least five (5) business days prior to each equipment and/or 
system shutdown. 

1.9 SUBSTANTIAL COMPLETION LETTER 

A. The purpose of this letter is to inform the Engineer that the 
Contractor has reached Substantial Completion.  

B. Upon Substantial Completion, the Contractor shall copy the 
Substantial Completion Letter onto company letterhead, 
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complete the letter and send it to the Engineer.  Refer to 
Appendix A of this specification for this letter. 

C. This letter shall be received at the Engineer's office no 
later than four (4) weeks before the project completion date.  
Upon receiving the letter, the Engineer will perform a Punch 
List.  The Contractor shall have two (2) weeks to complete the 
Punch List items upon receiving the Punch List. 

1.10 PUNCHLIST COMPLETION LETTER 

A. The purpose of this letter is to inform the Engineer that the 
Contractor has completed all Punchlist items.  The Contractor 
must ensure that all Punchlist items are indeed complete prior 
to submitting this letter. 

B. Upon Punchlist Completion, the Contractor shall copy the 
Punchlist Completion Letter onto company letterhead, complete 
the letter and send it to the Engineer.  Refer to Appendix A 
of this specification for this letter. 

C. This letter shall be received at the Engineer's office no 
later than One (1) week before the project completion date. 
Upon receiving this letter, the Engineer will perform a final 
walkthrough. 

D. Should the Engineer discover during the final walkthrough that 
all of the Punchlist items have not been completed, the time 
and expenses associated with a return visit by the Engineer 
shall be chargeable to the Contractor.  

PART 2 - PRODUCTS - Not Used. 

PART 3 - EXECUTION - Not Used. 

END OF SECTION 230001 
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Appendix A 
 

Construction Administration Forms 
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REQUEST FOR INFORMATION RFI ID  (by Arch/Engr) ___________ 
 
Project ID:  47402 Project Name:  WPU Speert Hall RTU Replacement Project Location:  Wayne, NJ 
 
Requestor's Information 

 
Name  _______________________________________________ Phone #  _________________________ 
 
Firm Name  ___________________________________________ Date of Request  __________________ 
 
Proposed Reviewer's Name (optional)  ________________________________________________________ 
 
Certification by Requestor 
 
I certify that I have thoroughly reviewed the Documents and am unable to reconcile this issue. I acknowledge 
that if the issue is easily reconcilable by reviewing the Documents or is asking direction on standard 
construction methods that should be known by the Contractor, the Professionals can backcharge the 
Requestor for the effort involved in the review and response.   

 
 X_________________________________________  date ___________ 
 
RFI Classification 
 

Related RFI ID's  ___________             Urgency  (typical response within 5 business days)  __________ days 
 
If urgency requires a fast turnaround, state why faster than normal response is needed:  
 

 
Which Disciplines are involved with this RFI?  __________________________________________________ 
 
Which Drawing ID's & which Specification Sections are involved?  _________________________________ 

 
Request  
 

Request Title (30 characters or less, used as an abbreviated title in RFI Log) 
 

 
Request Description: 

 

 

 

 
Possible Solutions: 

 

 

 
Engineer's Response: 
 

 See Attached Sketch  See Attached Description  See Comments Above 
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SHOP DRAWING SUBMISSION SCHEDULE 
 
Project Name: WPU Speert Hall RTU Replacement 
DLB Project ID: 47402 
 

Contractor: _________________________ 
 

Completed By: _______________________ 
 

Date: ________________ 
 
HVAC 

 Submittal  Submittal
# Date Item # Date Item 
1   36  
2   37  
3   38  
4   39  
5   40  
6   41  
7   42  
8   43  
9   44  
10   45  
11   46  
12   47  
13   48  
14   49  
15   50  
16   51  
17   52  
18   53  
19   54  
20   55  
21   56  
22   57  
23   58  
24   59  
25   60  
26   61  
27   62  
28   63  
29   64  
30   65  
31   66  
32   67  
33   68  
34   69  
35   70  
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SHOP DRAWING SUBMITTAL FORM  
Project 
Name: 

        

To: DLB Associates From:   

 265 Industrial Way West   

 Eatontown, NJ 07724   

Attention:   Date:        

Phone #: (732) 774-2000 DLB Project ID 
#:

[     ] 

We are sending you: 

  Prints,    Sepia/Vellums,   Manufacturer's Literature,   Letter,   ______________ 

Purpose: Shop Drawings Is this a Resubmittal?: YES / NO If YES Previous Submittal #: ________ 

Referencing: Drawing Number(s): _____________ Specification Section(s): ______________________ 

COPIES  DESCRIPTION 

             

             

             

             

             

             

             

             

REMARKS: 

      

      

      

      

      

      

      

      

      

 

Filing:  Construction          If material is not as listed, please call at once.

Copy To:   SHEET        OF        

CONTRACTOR'S STAMP 
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Date:__________ 
 
Scot Gowers 
DLB Associates Consulting Engineers, P.C. 
265 Industrial Way West 
Eatontown, NJ 07724  
(732) 774-2000 
 
Re: Substantial Completion Notification 

WPU Speert Hall RTU Replacement 
300 Pompton Road, Wayne, NJ 

 (DLB Project # 47402) 
 
Dear ___________: 
 
Please be advised that we have reached Substantial Completion for the above mentioned project.  We understand 
that DLB Associates should receive this letter at least four (4) weeks prior to the project completion date.  We are 
prepared for the Punchlist review and assure that any items found to be incomplete will be fixed within two (2) 
weeks of receiving the Punchlist. 
 
Should you have any questions, please do not hesitate to contact this office. 
 
Very truly yours, 
 
______________________________ 
  (company) 

 
 
 
x_____________________________ 
  (signature) 

 
 
______________________________ 
  (print) 
 
c:  
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Date:__________ 
 
Scot Gowers 
DLB Associates Consulting Engineers, P.C. 
265 Industrial Way West 
Eatontown, NJ 07724  
(732) 774-2000  
 
Re: Punchlist Completion Notification  

WPU Speert Hall RTU Replacement 
300 Pompton Road, Wayne, NJ 

 (DLB Project # 47402) 
 
Dear __________: 
 
Please be advised that we have completed all Punchlist items for the above mentioned project and consider the 
construction to be 100% complete.  We understand that DLB Associates should receive this letter at least one (1) 
week prior to the project completion date.  We are prepared for the final walk through and review. 
 
Should you have any questions, please do not hesitate to contact this office. 
 
Very truly yours, 
 
______________________________ 
  (company) 

 
 
 
x_____________________________ 
  (signature) 

 
 
______________________________ 
  (print) 
 
c:  
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SECTION 230130.51 - HVAC AIR-DISTRIBUTION SYSTEM CLEANING 

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 cleaning HVAC air-distribution equipment, 

ducts and system components. 

1.3 DEFINITIONS 

A. ASCS:  Air systems cleaning specialist. 

B. NADCA:  National Air Duct Cleaners Association. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For an ASCS. 

B. Strategies and procedures plan. 

C. Cleanliness verification report. 

1.5 QUALITY ASSURANCE 

A. ASCS Qualifications:  A certified member of NADCA. 

1. Certification:  Employ an ASCS certified by NADCA on a 

full-time basis. 

2. Supervisor Qualifications:  Certified as an ASCS by 

NADCA. 

B. UL Compliance:  Comply with UL 181 and UL 181A for fibrous-

glass ducts. 
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PART 2 - PRODUCTS (Not Used) 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine HVAC air-distribution equipment, ducts and system 

components to determine appropriate methods, tools, and 

equipment required for performance of the Work. 

B. Perform "Project Evaluation and Recommendation" according to 

NADCA ACR 2006. 

C. Prepare written report listing conditions detrimental to 

performance of the Work. 

D. Proceed with work only after unsatisfactory conditions have 

been corrected. 

3.2 PREPARATION 

A. Prepare a written plan that includes strategies and step-by-

step procedures.  At a minimum, include the following: 

1. Supervisor contact information. 

2. Work schedule including location, times, and impact on 

occupied areas. 

3. Methods and materials planned for each HVAC component 

type. 

4. Required support from other trades. 

5. Equipment and material storage requirements. 

6. Exhaust equipment setup locations. 

B. Use the existing service openings, as required for proper 

cleaning, at various points of the HVAC system for physical 

and mechanical entry and for inspection. 

C. Comply with NADCA ACR 2006, "Guidelines for Constructing 

Service Openings in HVAC Systems" Section. 

3.3 CLEANING 

A. Comply with NADCA ACR 2006. 
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B. Remove visible surface contaminants and deposits from within 

the HVAC system. 

C. Systems and Components to Be Cleaned: 

1. Ductwork: 

a. Supply-air ducts, including turning vanes. 

b. Return-air ducts to the air-handling unit. 

2. Diffusers, Registers and Grilles: 

a. Existing installations within building. 

D. Collect debris removed during cleaning.  Ensure that debris is 

not dispersed outside the HVAC system during the cleaning 

process. 

E. Particulate Collection: 

1. For particulate collection equipment, include adequate 

filtration to contain debris removed.  Locate equipment 

downwind and away from all air intakes and other points 

of entry into the building. 

2. HEPA filtration with 99.97 percent collection efficiency 

for particles sized 0.3 micrometer or larger shall be 

used where the particulate collection equipment is 

exhausting inside the building, 

F. Control odors and mist vapors during the cleaning and 

restoration process. 

G. Mark the position of manual volume dampers and air-directional 

mechanical devices inside the system prior to cleaning.  

Restore them to their marked position on completion of 

cleaning. 

H. System components shall be cleaned so that all HVAC system 

components are visibly clean.  On completion, all components 

must be returned to those settings recorded just prior to 

cleaning operations. 

I. Clean all air-distribution devices, registers, grilles, and 

diffusers. 

J. Clean visible surface contamination deposits according to 

NADCA ACR 2006 and the following: 

1. Clean air-handling units, airstream surfaces, components, 

condensate collectors, and drains. 
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2. Ensure that a suitable operative drainage system is in 

place prior to beginning wash-down procedures. 

3. Clean evaporator coils, reheat coils, and other airstream 

components. 

K. Duct Systems: 

1. Create service openings in the HVAC system as necessary 

to accommodate cleaning. 

2. Mechanically clean duct systems specified to remove all 

visible contaminants so that the systems are capable of 

passing the HVAC System Cleanliness Tests (see 

NADCA ACR 2006). 

L. Debris removed from the HVAC system shall be disposed of 

according to applicable Federal, state, and local 

requirements. 

M. Mechanical Cleaning Methodology: 

1. Source-Removal Cleaning Methods:  The HVAC system shall 

be cleaned using source-removal mechanical cleaning 

methods designed to extract contaminants from within the 

HVAC system and to safely remove these contaminants from 

the facility.  No cleaning method, or combination of 

methods, shall be used that could potentially damage 

components of the HVAC system or negatively alter the 

integrity of the system. 

a. Use continuously operating vacuum-collection devices 

to keep each section being cleaned under negative 

pressure. 

b. Cleaning methods that require mechanical agitation 

devices to dislodge debris that is adhered to 

interior surfaces of HVAC system components shall be 

equipped to safely remove these devices.  Cleaning 

methods shall not damage the integrity of HVAC 

system components or damage porous surface materials 

such as duct and plenum liners. 

2. Cleaning Mineral-Fiber Insulation Components: 

a. Fibrous-glass thermal or acoustical insulation 

elements present in equipment or ductwork shall be 

thoroughly cleaned with HEPA vacuuming equipment 

while the HVAC system is under constant negative 

pressure and shall not be permitted to get wet 

according to NADCA ACR 2006. 
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b. Cleaning methods used shall not cause damage to 

fibrous-glass components and will render the system 

capable of passing the HVAC System Cleanliness Tests 

(see NADCA ACR 2006). 

c. Fibrous materials that become wet shall be discarded 

and replaced. 

N. Coil Cleaning: 

1. Measure static-pressure differential across each coil. 

2. See NADCA ACR 2006, "Coil Surface Cleaning" Section.  

Type 1, or Type 1 and Type 2, cleaning methods shall be 

used to render the coil visibly clean and capable of 

passing Coil Cleaning Verification (see applicable 

NADCA ACR 2006). 

3. Coil drain pans shall be subject to NADCA ACR 2006, "Non-

Porous Surfaces Cleaning Verification."  Ensure that 

condensate drain pans are operational. 

4. Cleaning methods shall not cause any appreciable damage 

to, cause displacement of, inhibit heat transfer, or 

cause erosion of the coil surface or fins, and shall 

comply with coil manufacturer's written recommendations 

when available. 

5. Rinse thoroughly with clean water to remove any latent 

residues. 

O. Antimicrobial Agents and Coatings: 

1. Apply antimicrobial agents and coatings if active fungal 

growth is reasonably suspected or where unacceptable 

levels of fungal contamination have been verified.  Apply 

antimicrobial agents and coatings according to 

manufacturer's written recommendations and EPA 

registration listing after the removal of surface 

deposits and debris. 

2. When used, antimicrobial treatments and coatings shall be 

applied after the system is rendered clean. 

3. Apply antimicrobial agents and coatings directly onto 

surfaces of interior ductwork. 

4. Sanitizing agent products shall be registered by the EPA 

as specifically intended for use in HVAC systems and 

ductwork. 
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3.4 CLEANLINESS VERIFICATION 

A. Verify cleanliness according to NADCA ACR 2006, "Verification 

of HVAC System Cleanliness" Section. 

B. Verify HVAC system cleanliness after mechanical cleaning and 

before applying any treatment or introducing any treatment-

related substance to the HVAC system, including biocidal 

agents and coatings. 

C. Perform visual inspection for cleanliness.  If no contaminants 

are evident through visual inspection, the HVAC system shall 

be considered clean.  If visible contaminants are evident 

through visual inspection, those portions of the system where 

contaminants are visible shall be re-cleaned and subjected to 

re-inspection for cleanliness. 

D. Additional Verification: 

1. Perform surface comparison testing or NADCA vacuum test. 

2. Conduct NADCA vacuum gravimetric test analysis for 

nonporous surfaces. 

E. Verification of Coil Cleaning: 

1. Measure static-pressure differential across each coil. 

2. Coil will be considered clean if the coil is free of 

foreign matter and chemical residue, based on a thorough 

visual inspection. 

F. Prepare a written cleanliness verification report.  At a 

minimum, include the following: 

1. Written documentation of the success of the cleaning. 

2. Site inspection reports, initialed by supervisor, 

including notation on areas of inspection, as verified 

through visual inspection. 

3. Surface comparison test results if required. 

4. Gravimetric analysis (nonporous surfaces only). 

5. System areas found to be damaged. 

G. Photographic Documentation:  Comply with requirements in 

Section 013233 "Photographic Documentation." 
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3.5 RESTORATION 

A. Restore and repair HVAC air-distribution equipment, ducts, 

plenums, and components according to NADCA ACR 2006, 

"Restoration and Repair of Mechanical Systems" Section. 

B. Restore service openings capable of future reopening.  Comply 

with requirements in Section 233113 "Metal Ducts." Include 

location of service openings in Project closeout report. 

C. Replace damaged insulation according to Section 230713 "Duct 

Insulation." 

D. Ensure that closures do not hinder or alter airflow. 

E. New closure materials, including insulation, shall match 

opened materials and shall have removable closure panels 

fitted with gaskets and fasteners. 

END OF SECTION 230130.51 
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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 

 

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 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. 

1.3 SUBMITTALS 

A. Product Data for Field-Installed Motors:  For each type and 

size of motor, provide nameplate data and ratings; shipping, 

installed, and operating weights; enclosure type and mounting 

arrangements; size, type, and location of winding terminations; 

conduit entry and ground lug locations; and information on 

coatings or finishes. 

B. Shop Drawings for Field-Installed Motors:  Dimensioned plans, 

elevations, sections, and details, including required 

clearances and service space around equipment.  Include the 

following: 

1. Each installed unit's type and details. 

2. Nameplate legends. 

3. Diagrams of power, signal, and control wiring.  Provide 

schematic wiring diagram for each type of motor and for 

each control scheme. 

C. Coordination Drawings:  Floor plans showing dimensioned layout, 

required working clearances, and required area above and around 

field-installed motors.  Show motor layout, mechanical power 

transfer link, driven load, and relationship between electrical 

components and adjacent structural and mechanical elements.  

Show support locations, type of support, and weight on each 

support.  Indicate field measurements. 

D. Qualification Data:  For testing agency. 
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E. Source quality-control test reports. 

F. Field quality-control test reports. 

G. Operation and Maintenance Data:  For field-installed motors to 

include in emergency, operation, and maintenance manuals. 

1.4 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  An independent agency, with the 

experience and capability to conduct the testing indicated, 

that is a member company of the InterNational Electrical 

Testing Association or is a nationally recognized testing 

laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that 

is acceptable to authorities having jurisdiction. 

1. Testing Agency's Field Supervisor:  Person currently 

certified by the InterNational Electrical Testing 

Association or the National Institute for Certification in 

Engineering Technologies to supervise on-site testing 

specified in Part 3. 

B. Source Limitations:  Obtain field-installed motors through one 

source from a single manufacturer. 

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. 

D. Comply with NFPA 70. 

E. For premium efficiency motors, comply with published efficiency 

table for NEMA “Premium Efficient” motors. 

1.5 COORDINATION 

A. Coordinate features of motors, installed units, and accessory 

devices to be compatible with the following: 

1. Motor controllers. 

2. Torque, speed, and horsepower requirements of the load. 

3. Ratings and characteristics of supply circuit and required 

control sequence. 

4. Ambient and environmental conditions of installation 

location. 
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PART 2 - PRODUCTS 

2.1 GENERAL MOTOR REQUIREMENTS 

A. Comply with NEMA MG 1 unless otherwise indicated. 

2.2 MOTOR CHARACTERISTICS 

A. Frequency Rating:  60 Hz. 

B. Voltage Rating:  NEMA standard voltage selected to operate on 

nominal circuit voltage to which motor is connected. 

C. Service Factor:  1.15 for open dripproof motors; 1.0 for 

totally enclosed motors. 

D. Duty:  Continuous duty at ambient temperature of 105 deg F and 

at altitude of 3300 feet above sea level. 

E. 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. 

F. Enclosure: Open dripproof (unless otherwise indicated on 

drawing). 

2.3 POLYPHASE MOTORS 

A. Description:  NEMA MG 1, Design B, medium induction motor. 

B. See "Energy Considerations" Article in the Evaluations for 

discussion of motor efficiencies. 

C. Efficiency:  Premium, as defined in NEMA MG 1. 

D. Service Factor:  1.15.  

E. Stator:  Copper coiling, unless otherwise indicated. 

1. Multispeed Motors:  Separate winding for each speed. 

F. Rotor:  Random-wound, squirrel cage. 

G. NEMA MG 1 recommends ball bearings for polyphase motors 500 hp 

and smaller due to their ability to sustain coupling end-play 

and rotor float.  Some smaller integral and fractional 

polyphase motors might have sleeve bearings for lower cost and 
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quieter operation, especially if direct coupled and not 

subjected to belted loads.  For motor-bearing requirements for 

specific equipment, specify those requirements in motorized 

equipment Sections.  Coordinate with equipment suppliers for 

bearing types in smaller motors.  Specify bearing-life 

requirements, according to ABMA 9, in motor-driven equipment 

Sections. 

H. Bearings:  Regreasable, shielded, antifriction ball bearings 

suitable for radial and thrust loading. 

I. For longer motor insulation life, consider specifying a 

temperature rise one class below the insulation rating class, 

e.g., Class F insulation with Class B temperature rise.  Many 

energy-efficient and most premium-efficient motors come 

standard with Class F insulation and Class B temperature rise 

to obtain higher service factors and meet energy-efficiency 

levels. 

J. Temperature Rise:  Match insulation rating. 

K. Standard insulation class for general-purpose, open-dripproof 

motors, of nominal efficiency rating, is Class B; however, many 

energy- and premium-efficient motors, and those with service 

factors 1.15 or higher, are built with insulation meeting 

Class F requirements, especially if designed as "inverter 

ready" for use with variable frequency controllers.  Retain 

option in first paragraph below unless a higher or lower 

insulation class is required as a default. 

L. Insulation:  Class F. 

M. Code Letter Designation: 

1. Motors 15 HP and Larger:  NEMA starting Code F or Code G. 

2. Motors Smaller than 15 HP:  Manufacturer's standard 

starting characteristic. 

N. 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. See "Multispeed and Variable-Speed Considerations" Article in 

the Evaluations for discussion of motor types used with 



WPU SPEERT HALL RTU REPLACEMENT dlb # 47402 / 5-16 

 

COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT 230513 - 5 

variable frequency controllers.  Retain option in first 

paragraph below if Project includes separately connected 

motors. 

C. Motors Used with Variable Frequency Controllers:  Ratings, 

characteristics, and features coordinated with and approved by 

controller manufacturer. 

1. Windings:  Copper magnet wire with moisture-resistant 

insulation varnish, designed and tested to resist transient 

spikes, high frequencies, and short time rise pulses 

produced by pulse-width modulated inverters. 

2. Energy- and Premium-Efficient Motors:  Class B temperature 

rise; Class F insulation. 

3. Inverter-Duty Motors:  Class F temperature rise; Class H 

insulation. 

4. See "Multispeed and Variable-Speed Considerations" Article 

in the Evaluations for discussion of thermally protected 

motors.  Thermal protection is not usually required for 

HVAC equipment and energy- or premium-efficient motors 

specified in this Section.  Retain subparagraph below to 

require the added protection from overheating or if 

inverter-duty motors are required. 

5. Thermal Protection:  Comply with NEMA MG 1 requirements for 

thermally protected motors. 

6. 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. 

D. Rugged-Duty Motors:  Totally enclosed, with 1.25 minimum 

service factor, greased bearings, integral condensate drains, 

and capped relief vents.  Windings insulated with non-

hygroscopic material. 

1. Finish:  Chemical-resistant paint over corrosion-resistant 

primer. 

2.5 MOTORS USED WITH VARIABLE FREQUENCY DRIVES 

A. All motors connected to variable frequency drives shall be 

“Inverter Duty Rated.” 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 230513 
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT 

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. Equipment labels. 

2. Duct labels. 

3. Access panels and doors. 

1.3 ACTION SUBMITTALS 

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

B. Samples:  For color, letter style, and graphic representation 

required for each identification material and device. 

C. Equipment Label Schedule:  Include a listing of all equipment 

to be labeled with the proposed content for each label. 

D. Valve numbering scheme. 

E. Valve Schedules:  For each piping system to include in 

maintenance manuals. 

1.4 COORDINATION 

A. Coordinate installation of identifying devices with completion 

of covering and painting of surfaces where devices are to be 

applied. 

B. Coordinate installation of identifying devices with locations 

of access panels and doors. 
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PART 2 - PRODUCTS 

2.1 EQUIPMENT LABELS 

A. Plastic Labels for Equipment: 

1. Material and Thickness:  Multilayer, multicolor, plastic 

labels for mechanical engraving, 1/8 inch thick, and having 

predrilled holes for attachment hardware. 

2. Letter Color:  Black.  

3. Background Color:  White.   

4. Maximum Temperature:  Able to withstand temperatures up to 

160 deg F. 

5. Minimum Label Size:  Length and width vary for required 

label content, but not less than 2-1/2 by 3/4 inch. 

6. Minimum Letter Size:  1/4 inch for name of units if viewing 

distance is less than 24 inches, 1/2 inch for viewing 

distances up to 72 inches, and proportionately larger 

lettering for greater viewing distances.  Include secondary 

lettering two-thirds to three-fourths the size of principal 

lettering. 

7. Fasteners:  Stainless-steel rivets or self-tapping screws.   

8. Adhesive:  Contact-type permanent adhesive, compatible with 

label and with substrate. 

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 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 DUCT LABELS 

A. Material and Thickness:  Multilayer, multicolor, plastic labels 

for mechanical engraving, 1/8 inch thick, and having predrilled 

holes for attachment hardware. 

B. Letter Color:  White. 

C. Background Color:  Green or Blue.   
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D. Maximum Temperature:  Able to withstand temperatures up to 160 

deg F. 

E. Minimum Label Size:  Length and width vary for required label 

content, but not less than 2-1/2 by 3/4 inch. 

F. Minimum Letter Size:  1/4 inch for name of units if viewing 

distance is less than 24 inches, 1/2 inch for viewing distances 

up to 72 inches, and proportionately larger lettering for 

greater viewing distances.  Include secondary lettering two-

thirds to three-fourths the size of principal lettering. 

G. Fasteners:  Stainless-steel rivets or self-tapping screws.       

H. Adhesive:  Contact-type permanent adhesive, compatible with 

label and with substrate. 

I. Duct Label Contents:  Include identification of duct service 

using same designations or abbreviations as used on Drawings, 

duct size, and an arrow indicating flow direction. 

1. Flow-Direction Arrows:  Integral with duct system service 

lettering to accommodate both directions, or as separate 

unit on each duct label to indicate flow direction. 

2. Lettering Size:  At least 1-1/2 inches high. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Clean piping and equipment surfaces 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 DUCT LABEL INSTALLATION 

A. Install self-adhesive duct labels with permanent adhesive on 

air ducts in the following color code: 

1. Blue:  For supply-air ducts. 
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2. Green:  For exhaust-, outside-, relief-, return-, and 

mixed-air ducts. 

B. Locate labels near points where ducts enter into concealed 

spaces and at maximum intervals of 50 feet in each space where 

ducts are exposed or concealed by removable ceiling system. 

END OF SECTION 230553 
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING 

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. Balancing Air Systems: 

a. Constant-volume air systems. 

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 15 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. Contract Documents Examination Report:  Within 30 days of 

Contractor's Notice to Proceed, submit the Contract Documents 

review report as specified in Part 3. 

C. Strategies and Procedures Plan:  Within 30 days of 

Contractor's Notice to Proceed, submit TAB strategies and 

step-by-step procedures as specified in "Preparation" Article. 

D. Certified TAB reports. 
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E. Sample report forms. 

F. Instrument calibration reports, to include the following: 

1. Instrument type and make. 

2. Serial number. 

3. Application. 

4. Dates of use. 

5. Dates of calibration. 

1.5 QUALITY ASSURANCE 

A. TAB Contractor Qualifications:  Engage a TAB entity certified 

by AABC NEBB or TABB. 

1. TAB Field Supervisor:  Employee of the TAB contractor and 

certified by AABC NEBB or TABB. 

2. TAB Technician:  Employee of the TAB contractor and who 

is certified by AABC NEBB or TABB as a TAB technician. 

B. TAB Conference:  Meet with Engineer 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. 

1. Agenda Items: 

a. The Contract Documents examination report. 

b. The TAB plan. 

c. Coordination and cooperation of trades and 

subcontractors. 

d. Coordination of documentation and communication 

flow. 

C. Certify TAB field data reports and perform the following: 

1. Review field data reports to validate accuracy of data 

and to prepare certified TAB reports. 

2. Certify that the TAB team complied with the approved TAB 

plan and the procedures specified and referenced in this 

Specification. 

D. TAB Report Forms:  Use standard TAB contractor's forms 

approved by Engineer. 
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E. Instrumentation Type, Quantity, Accuracy, and Calibration:  As 

described in ASHRAE 111, Section 5, "Instrumentation." 

1.6 PROJECT CONDITIONS 

A. Full Owner Occupancy:  Owner will occupy the site and existing 

building during entire TAB period.  Cooperate with Owner 

during TAB operations to minimize conflicts with Owner's 

operations. 

1.7 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 

distribution systems have been satisfactorily completed. 

1.8 GENERAL SCOPE OF TAB WORK 

A. The rooftop unit replacement portion requires both pre and 

post balancing of the air systems connected to the affected 

RTUs. 

B. The Centralized Building Management System will require 

confirmation that the affected RTUs are performing according 

to the sequence of operation as prescribed. 

C. Refer to the drawings for additional scope of work. 

D. The installing contractor shall be responsible for assisting 

the TAB contractor with his work. The installing contractor is 

ultimately responsible for the proper functioning of his 

installed equipment and shall provide to the TAB contractor 

all required belts, sheaves, pulleys, and other similar 

equipment for a fully operational system in accordance with 

these contract drawings. 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION 

3.1 EXAMINATION 
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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 equipment performance data including fan curves. 

1. Relate performance data to Project conditions and 

requirements, including system effects that can create 

undesired or unpredicted conditions that cause reduced 

capacities in all or part of a system. 

2. Calculate system-effect factors to reduce performance 

ratings of HVAC equipment when installed under conditions 

different from the conditions used to rate equipment 

performance.  To calculate system effects for air 

systems, use tables and charts found in AMCA 201, "Fans 

and Systems," or in SMACNA's "HVAC Systems - Duct 

Design."  Compare results with the design data and 

installed conditions. 

F. Examine system and equipment installations and verify that 

field quality-control testing, cleaning, and adjusting 

specified in individual Sections have been performed. 

G. Examine test reports specified in individual system and 

equipment Sections. 

H. 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. 

I. Examine terminal units, such as variable-air-volume boxes, and 

verify that they are accessible and their controls are 

connected and functioning. 
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J. Examine strainers.  Verify that startup screens are replaced 

by permanent screens with indicated perforations. 

K. Examine operating safety interlocks and controls on HVAC 

equipment. 

L. 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. 

3.2 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: 

1. Permanent electrical-power wiring is complete. 

2. Hydronic systems are filled, clean, and free of air. 

3. Automatic temperature-control systems are operational. 

4. Equipment and duct access doors are securely closed. 

5. Balance, dampers are open. 

6. Isolating and balancing valves are open and control 

valves are operational. 

3.3 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", ASHRAE 111, NEBB's 

"Procedural Standards for Testing, Adjusting, and Balancing of 

Environmental Systems" or SMACNA's "HVAC Systems - Testing, 

Adjusting, and Balancing" and in this Section. 

1. Comply with requirements in ASHRAE 62.1-2004, 

Section 7.2.2, "Air Balancing." 

B. Cut insulation, ducts, and equipment cabinets for installation 

of test probes to the minimum extent necessary for TAB 

procedures. 

1. After testing and balancing, patch probe holes in ducts 

with same material and thickness as used to construct 

ducts. 
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2. After testing and balancing, install test ports and duct 

access doors that comply with requirements in Division 23 

Section "Metal Ducts." 

3. Install and join new insulation that matches removed 

materials.  Restore insulation, coverings, vapor barrier, 

and finish according to Division 23 Section “Duct 

Insulation.” 

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. 

3.4 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. Determine the best locations in main ducts for accurate duct-

airflow measurements. 

D. Check airflow patterns from the outdoor-air louvers and 

dampers through the supply-fan discharge. 

E. Locate start-stop and disconnect switches, electrical 

interlocks, and motor starters. 

F. Verify that motor starters are equipped with properly sized 

thermal protection. 

G. Check dampers for proper position to achieve desired airflow 

path. 

H. Check for airflow blockages. 

I. Check condensate drains for proper connections and 

functioning. 

J. Check for proper sealing of air-handling-unit components. 
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K. Verify that air duct system is sealed as specified in 

Division 23 Section "Metal Ducts." 

3.5 PROCEDURES FOR MOTORS 

A. Motors, 1/2 HP and Larger:  Test at final balanced conditions 

and record the following data: 

1. Manufacturer's name, model number, and serial number. 

2. Motor horsepower rating. 

3. Motor RPM. 

4. Efficiency rating. 

5. Nameplate and measured voltage, each phase. 

6. Nameplate and measured amperage, each phase. 

7. Starter thermal-protection-element rating. 

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. 

3.6 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING 

SYSTEMS 

A. Perform a preconstruction inspection of existing equipment 

that is to remain and be reused. 

1. Measure and record the operating speed, airflow, and 

static pressure of each fan. 

2. Measure motor voltage and amperage.  Compare the values 

to motor nameplate information. 

3. Check the refrigerant charge. 

4. Check the condition of filters. 

5. Check the condition of coils. 

6. Check the operation of the drain pan and condensate-drain 

trap. 

7. Check bearings and other lubricated parts for proper 

lubrication. 

8. Report on the operating condition of the equipment and 

the results of the measurements taken.  Report 

deficiencies. 
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B. Before performing testing and balancing of existing systems, 

inspect existing equipment that is to remain and be reused to 

verify that existing equipment has been cleaned and 

refurbished.  Verify the following: 

1. New filters are installed. 

2. Coils are clean and fins combed. 

3. Drain pans are clean. 

4. Fans are clean. 

5. Bearings and other parts are properly lubricated. 

6. Deficiencies noted in the preconstruction report are 

corrected. 

C. Perform testing and balancing of existing systems to the 

extent that existing systems are affected by the renovation 

work. 

1. Compare the indicated airflow of the renovated work to 

the measured fan airflows, and determine the new fan 

speed and the face velocity of filters and coils. 

2. Verify that the indicated airflows of the renovated work 

result in filter and coil face velocities and fan speeds 

that are within the acceptable limits defined by 

equipment manufacturer. 

3. If calculations increase or decrease the air flow rates 

and water flow rates by more than 5 percent, make 

equipment adjustments to achieve the calculated rates.  

If increase or decrease is 5 percent or less, equipment 

adjustments are not required. 

4. Balance each air outlet. 

3.7 TOLERANCES 

A. Set HVAC system's air flow rates within the following 

tolerances: 

1. Supply, Return, and Exhaust Fans and Equipment with Fans:  

Plus or minus 10 percent. 

2. Air Outlets and Inlets:  Plus or minus 10 percent. 

3.8 REPORTING 

A. Initial Construction-Phase Report:  Based on examination of 

the Contract Documents as specified in "Examination" Article, 
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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 weekly 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. 

3.9 FINAL REPORT 

A. General:  Prepare a certified written report; tabulate and 

divide the report into separate sections for tested systems 

and balanced systems. 

1. Include a certification sheet at the front of the 

report's binder, signed and sealed by the certified 

testing and balancing engineer. 

2. Include a list of instruments used for procedures, along 

with proof of calibration. 

B. Final Report Contents:  In addition to certified field-report 

data, include the following: 

1. Fan curves. 

2. Manufacturers' test data. 

3. Field test reports prepared by system and equipment 

installers. 

4. Other information relative to equipment performance; do 

not include Shop Drawings and product data. 

C. General Report Data:  In addition to form titles and entries, 

include the following data: 

1. Title page. 

2. Name and address of the TAB contractor. 

3. Project name. 

4. Project location. 

5. Architect's name and address. 

6. Engineer's name and address. 
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7. Contractor's name and address. 

8. Report date. 

9. Signature of TAB supervisor who certifies the report. 

10. Table of Contents with the total number of pages defined 

for each section of the report.  Number each page in the 

report. 

11. Summary of contents including the following: 

a. Indicated versus final performance. 

b. Notable characteristics of systems. 

c. Description of system operation sequence if it 

varies from the Contract Documents. 

12. Nomenclature sheets for each item of equipment. 

13. Data for terminal units, including manufacturer's name, 

type, size, and fittings. 

14. Notes to explain why certain final data in the body of 

reports vary from indicated values. 

15. Test conditions for fans and pump performance forms 

including the following: 

a. Settings for outdoor-, return-, and exhaust-air 

dampers. 

b. Conditions of filters. 

c. Cooling coil, wet- and dry-bulb conditions. 

d. Face and bypass damper settings at coils. 

e. Fan drive settings including settings and percentage 

of maximum pitch diameter. 

f. Inlet vane settings for variable-air-volume systems. 

g. Settings for supply-air, static-pressure controller. 

h. Other system operating conditions that affect 

performance. 

D. System Diagrams:  Include schematic layouts of air and 

hydronic distribution systems.  Present each system with 

single-line diagram and include the following: 

1. Quantities of outdoor, supply, return, and exhaust 

airflows. 

2. Duct, outlet, and inlet sizes. 

3. Pipe and valve sizes and locations. 

4. Terminal units. 
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5. Balancing stations. 

6. Position of balancing devices. 

E. Air-Handling-Unit Test Reports:  For air-handling units with 

coils, include the following: 

1. Unit Data: 

a. Unit identification. 

b. Location. 

c. Make and type. 

d. Model number and unit size. 

e. Manufacturer's serial number. 

f. Unit arrangement and class. 

g. Discharge arrangement. 

h. Sheave make, size in inches (mm), and bore. 

i. Center-to-center dimensions of sheave, and amount of 

adjustments in inches (mm). 

j. Number, make, and size of belts. 

k. Number, type, and size of filters. 

2. Motor Data: 

a. Motor make, and frame type and size. 

b. Horsepower and rpm. 

c. Volts, phase, and hertz. 

d. Full-load amperage and service factor. 

e. Sheave make, size in inches (mm), and bore. 

f. Center-to-center dimensions of sheave, and amount of 

adjustments in inches (mm). 

3. Test Data (Indicated and Actual Values): 

a. Total air flow rate in cfm (L/s). 

b. Total system static pressure in inches wg (Pa). 

c. Fan rpm. 

d. Discharge static pressure in inches wg (Pa). 

e. Filter static-pressure differential in inches wg 

(Pa). 

f. Cooling-coil static-pressure differential in inches 

wg (Pa). 
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g. Heating-coil static-pressure differential in inches 

wg (Pa). 

h. Outdoor airflow in cfm (L/s). 

i. Return airflow in cfm (L/s). 

j. Outdoor-air damper position. 

k. Return-air damper position. 

l. Vortex damper position. 

F. Apparatus-Coil Test Reports: 

1. Coil Data: 

a. System identification. 

b. Location. 

c. Coil type. 

d. Number of rows. 

e. Fin spacing in fins per inch (mm) o.c. 

f. Make and model number. 

g. Face area in sq. ft. (sq. m). 

h. Tube size in NPS (DN). 

i. Tube and fin materials. 

j. Circuiting arrangement. 

2. Test Data (Indicated and Actual Values): 

a. Air flow rate in cfm (L/s). 

b. Average face velocity in fpm (m/s). 

c. Air pressure drop in inches wg (Pa). 

d. Outdoor-air, wet- and dry-bulb temperatures in deg F 

(deg C). 

e. Return-air, wet- and dry-bulb temperatures in deg F 

(deg C). 

f. Entering-air, wet- and dry-bulb temperatures in 

deg F (deg C). 

g. Leaving-air, wet- and dry-bulb temperatures in deg F 

(deg C). 

h. Refrigerant expansion valve and refrigerant types. 

i. Refrigerant suction pressure in psig (kPa). 

j. Refrigerant suction temperature in deg F (deg C). 
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G. Fan Test Reports:  For supply, return, and exhaust fans, 

include the following: 

1. Fan Data: 

a. System identification. 

b. Location. 

c. Make and type. 

d. Model number and size. 

e. Manufacturer's serial number. 

f. Arrangement and class. 

g. Sheave make, size in inches (mm), and bore. 

h. Center-to-center dimensions of sheave, and amount of 

adjustments in inches (mm). 

2. Motor Data: 

a. Motor make, and frame type and size. 

b. Horsepower and rpm. 

c. Volts, phase, and hertz. 

d. Full-load amperage and service factor. 

e. Sheave make, size in inches (mm), and bore. 

f. Center-to-center dimensions of sheave, and amount of 

adjustments in inches (mm). 

g. Number, make, and size of belts. 

3. Test Data (Indicated and Actual Values): 

a. Total airflow rate in cfm (L/s). 

b. Total system static pressure in inches wg (Pa). 

c. Fan rpm. 

d. Discharge static pressure in inches wg (Pa). 

e. Suction static pressure in inches wg (Pa). 

H. Rectangular Duct Traverse Reports:  Include a diagram with a 

grid representing the duct cross-section and record the 

following: 

1. Report Data: 

a. System and air-handling-unit number. 

b. Location and zone. 

c. Traverse air temperature in deg F (deg C). 

d. Duct static pressure in inches wg (Pa). 
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e. Duct size in inches (mm). 

f. Duct area in sq. ft. (sq. m). 

g. Indicated air flow rate in cfm (L/s). 

h. Indicated velocity in fpm (m/s). 

i. Actual air flow rate in cfm (L/s). 

j. Actual average velocity in fpm (m/s). 

k. Barometric pressure in psig (Pa). 

 

I. Instrument Calibration Reports: 

1. Report Data: 

a. Instrument type and make. 

b. Serial number. 

c. Application. 

d. Dates of use. 

e. Dates of calibration. 

3.10 INSPECTIONS 

A. Initial Inspection: 

1. After testing and balancing are complete, operate each 

system and randomly check measurements to verify that the 

system is operating according to the final test and 

balance readings documented in the final report. 

2. Check the following for each system: 

a. Measure airflow of at least 10 percent of air 

outlets. 

b. Measure room temperature at each 

thermostat/temperature sensor.  Compare the reading 

to the set point. 

c. Verify that balancing devices are marked with final 

balance position. 

d. Note deviations from the Contract Documents in the 

final report. 

B. Final Inspection: 

1. After initial inspection is complete and documentation by 

random checks verifies that testing and balancing are 
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complete and accurately documented in the final report, 

request that a final inspection be made by Engineer. 

2. The TAB contractor's test and balance engineer shall 

conduct the inspection in the presence of Engineer. 

3. Engineer shall randomly select measurements, documented 

in the final report, to be rechecked.  Rechecking shall 

be limited to either 10 percent of the total measurements 

recorded or the extent of measurements that can be 

accomplished in a normal 8-hour business day. 

4. If rechecks yield measurements that differ from the 

measurements documented in the final report by more than 

the tolerances allowed, the measurements shall be noted 

as "FAILED." 

5. If the number of "FAILED" measurements is greater than 10 

percent of the total measurements checked during the 

final inspection, the testing and balancing shall be 

considered incomplete and shall be rejected. 

C. TAB Work will be considered defective if it does not pass 

final inspections.  If TAB Work fails, proceed as follows: 

1. Recheck all measurements and make adjustments.  Revise 

the final report and balancing device settings to include 

all changes; resubmit the final report and request a 

second final inspection. 

2. If the second final inspection also fails, Owner may 

contract the services of another TAB contractor to 

complete TAB Work according to the Contract Documents and 

deduct the cost of the services from the original TAB 

contractor's final payment. 

D. Prepare test and inspection reports. 

3.11 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. 

END OF SECTION 230593 
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SECTION 230713 - DUCT INSULATION 

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: 

1. Outdoor, exposed supply and return air. 

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. Detail application of protective shields, saddles, and 

inserts at hangers for each type of insulation and hanger. 

2. Detail insulation application at elbows, fittings, dampers, 

specialties and flanges for each type of insulation. 

3. Detail application of field-applied jackets. 

4. Detail application at linkages of control devices. 

C. Samples:  For each type of insulation and jacket indicated.  

Identify each Sample, describing product and intended use.  

Sample sizes are as follows: 

1. Sheet Form Insulation Materials:  12 inches square. 

2. Sheet Jacket Materials:  12 inches square. 

3. Manufacturer's Color Charts:  For products where color is 

specified, show the full range of colors available for each 

type of finish material. 

1.4 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified Installer. 

B. Material Test Reports:  From a qualified testing agency 

acceptable to authorities having jurisdiction indicating, 



WPU SPEERT HALL RTU REPLACEMENT dlb # 47402 / 5-16 

 

DUCT INSULATION 230713 - 2 

interpreting, and certifying test results for compliance of 

insulation materials, sealers, attachments, cements, and 

jackets, with requirements indicated.  Include dates of tests 

and test methods employed. 

C. Field quality-control reports. 

1.5 QUALITY ASSURANCE 

A. Installer Qualifications:  Skilled mechanics who have 

successfully completed an apprenticeship program or another 

craft training program certified by the Department of Labor, 

Bureau of Apprenticeship and Training. 

B. 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. Insulation Installed Indoors:  Flame-spread index of 25 or 

less, and smoke-developed index of 50 or less. 

1.6 DELIVERY, STORAGE, AND HANDLING 

A. Packaging:  Insulation material containers shall be marked by 

manufacturer with appropriate ASTM standard designation, type 

and grade, and maximum use temperature. 

1.7 COORDINATION 

A. Coordinate sizes and locations of supports, hangers, and 

insulation shields specified in Section 230529 "Hangers and 

Supports for HVAC Piping and Equipment." 

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. 
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1.8 SCHEDULING 

A. Schedule insulation application after pressure testing systems.  

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. 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 I, Type II with factory-applied 

vinyl jacket or Type III with factory-applied FSK jacket or 

Type III with factory-applied FSP jacket.  Factory-applied 

jacket requirements are specified in "Factory-Applied Jackets" 

Article. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. CertainTeed Corp.; SoftTouch Duct Wrap. 

b. Johns Manville; Microlite. 

c. Knauf Insulation; Friendly Feel Duct Wrap. 

d. Manson Insulation Inc.; Alley Wrap. 

e. Owens Corning; SOFTR All-Service Duct Wrap. 

G. Mineral-Fiber Board Insulation:  Mineral or glass fibers bonded 

with a thermosetting resin.  Comply with ASTM C 612, Type IA or 

http://www.specagent.com/LookUp/?ulid=3063&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825837&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825838&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825839&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825840&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825841&mf=04&src=wd
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Type IB.  For duct and plenum applications, provide insulation 

with factory-applied ASJ.  Factory-applied jacket requirements 

are specified in "Factory-Applied Jackets" Article. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. CertainTeed Corp.; Commercial Board. 

b. Fibrex Insulations Inc.; FBX. 

c. Johns Manville; 800 Series Spin-Glas. 

d. Knauf Insulation; Insulation Board. 

e. Manson Insulation Inc.; AK Board. 

f. Owens Corning; Fiberglas 700 Series. 

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. 

1. For indoor applications, use adhesives that have a VOC 

content of 50 g/L or less when calculated according to 

40 CFR 59, Subpart D (EPA Method 24). 

B. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, 

Grade A. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; CP-127.Eagle Bridges 

- Marathon Industries; 225. 

b. Foster Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; 85-60/85-70.Mon-Eco 

Industries, Inc.; 22-25. 

C. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-

3316C, Class 2, Grade A for bonding insulation jacket lap seams 

and joints. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; CP-82. 

b. Eagle Bridges - Marathon Industries; 225. 

c. Foster Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; 85-50.Mon-Eco 

Industries, Inc.; 22-25. 

D. PVC Jacket Adhesive:  Compatible with PVC jacket. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Dow Corning Corporation; 739, Dow Silicone. 

http://www.specagent.com/LookUp/?ulid=3064&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825842&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825843&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825844&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825845&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825846&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456825847&mf=04&src=wd
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b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent 

Welding Adhesive. 

c. P.I.C. Plastics, Inc.; Welding Adhesive. 

d. Speedline Corporation; Polyco VP Adhesive. 

2.3 MASTICS 

A. Materials shall be compatible with insulation materials, 

jackets, and substrates; comply with MIL-PRF-19565C, Type II. 

1. For indoor applications, use mastics that have a VOC 

content of 50 g/L or less when calculated according to 

40 CFR 59, Subpart D (EPA Method 24). 

B. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use 

on below ambient services. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; CP-30. 

b. Eagle Bridges - Marathon Industries; 501. 

c. Foster Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; 30-35. 

d. Mon-Eco Industries, Inc.; 55-10. 

2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 35-mil 

dry film thickness. 

3. Service Temperature Range:  0 to 180 deg F. 

4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 

percent by weight. 

5. Color:  White. 

C. Breather Mastic:  Water based; suitable for indoor and outdoor 

use on above ambient services. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; CP-10. 

b. Eagle Bridges - Marathon Industries; 550. 

c. Foster Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; 46-50. 

d. Mon-Eco Industries, Inc.; 55-50. 

e. Vimasco Corporation; WC-1/WC-5. 

2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms at 0.0625-

inch dry film thickness. 

3. Service Temperature Range:  Minus 20 to plus 180 deg F. 

4. Solids Content:  60 percent by volume and 66 percent by 

weight. 

5. Color:  White. 
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2.4 LAGGING ADHESIVES 

A. Description:  Comply with MIL-A-3316C, Class I, Grade A and 

shall be compatible with insulation materials, jackets, and 

substrates. 

1. For indoor applications, use lagging adhesives that have a 

VOC content of 50 g/L or less when calculated according to 

40 CFR 59, Subpart D (EPA Method 24). 

2. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; CP-50 AHV2.Foster 

Brand, Specialty Construction Brands, Inc., a business 

of H. B. Fuller Company; 30-36. 

b. Vimasco Corporation; 713 and 714. 

3. Fire-resistant, water-based lagging adhesive and coating 

for use indoors to adhere fire-resistant lagging cloths 

over duct insulation. 

4. Service Temperature Range:  0 to plus 180 deg F. 

5. Color:  White. 

2.5 SEALANTS 

A. FSK and Metal Jacket Flashing Sealants: 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; CP-76.Eagle Bridges - 

Marathon Industries; 405. 

b. Foster Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; 95-44. 

c. Mon-Eco Industries, Inc.; 44-05. 

2. Materials shall be compatible with insulation materials, 

jackets, and substrates. 

3. Fire- and water-resistant, flexible, elastomeric sealant. 

4. Service Temperature Range:  Minus 40 to plus 250 deg F. 

5. Color:  Aluminum. 

6. For indoor applications, sealants shall have a VOC content 

of 420 g/L or less when calculated according to 40 CFR 59, 

Subpart D (EPA Method 24). 

7. Sealants 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. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing 

Sealants: 
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1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; CP-76. 

2. Materials shall be compatible with insulation materials, 

jackets, and substrates. 

3. Fire- and water-resistant, flexible, elastomeric sealant. 

4. Service Temperature Range:  Minus 40 to plus 250 deg F. 

5. Color:  White. 

6. For indoor applications, sealants shall have a VOC content 

of 420 g/L or less when calculated according to 40 CFR 59, 

Subpart D (EPA Method 24). 

7. Sealants 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." 

2.6 FACTORY-APPLIED JACKETS 

A. Insulation system schedules indicate factory-applied jackets on 

various applications.  When factory-applied jackets are 

indicated, comply with the following: 

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with 

aluminum-foil backing; complying with ASTM C 1136, Type I. 

2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, 

acrylic-based adhesive covered by a removable protective 

strip; complying with ASTM C 1136, Type I. 

3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim 

with kraft-paper backing; complying with ASTM C 1136, 

Type II. 

4. FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim 

with polyethylene backing; complying with ASTM C 1136, 

Type II. 

5. Vinyl Jacket:  White vinyl with a permeance of 1.3 perms 

when tested according to ASTM E 96/E 96M, Procedure A, and 

complying with NFPA 90A and NFPA 90B. 

2.7 FIELD-APPLIED FABRIC-REINFORCING MESH 

A. Woven Glass-Fiber Fabric:  Approximately 6 oz./sq. yd. with a 

thread count of 5 strands by 5 strands/sq. in. for covering 

ducts. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; Chil-Glas No. 5. 
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B. Woven Polyester Fabric:  Approximately 1 oz./sq. yd. with a 

thread count of 10 strands by 10 strands/sq. in., in a Leno 

weave, for ducts. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Foster Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; Mast-A-Fab. 

b. Vimasco Corporation; Elastafab 894. 

2.8 FIELD-APPLIED CLOTHS 

A. Woven Glass-Fiber Fabric:  Comply with MIL-C-20079H, Type I, 

plain weave, and presized a minimum of 8 oz./sq. yd. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Alpha Associates, Inc.; Alpha-Maritex 84215 and 

84217/9485RW, Luben 59. 

2.9 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. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Johns Manville; Zeston. 

b. P.I.C. Plastics, Inc.; FG Series. 

c. Proto Corporation; LoSmoke. 

d. Speedline Corporation; SmokeSafe. 

2. Adhesive:  As recommended by jacket material manufacturer. 

3. Color:  White or color as selected by Architect. 

D. Metal Jacket: 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. Childers Brand, Specialty Construction Brands, Inc., a 

business of H. B. Fuller Company; Metal Jacketing 

Systems. 

b. ITW Insulation Systems; Aluminum and Stainless Steel 

Jacketing. 

c. RPR Products, Inc.; Insul-Mate. 
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2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 

3105, or 5005, Temper H-14. 

a. Sheet and roll stock ready for shop or field sizing or 

factory cut and rolled to size. 

b. Finish and thickness are indicated in field-applied 

jacket schedules. 

c. Moisture Barrier for Indoor Applications:  3-mil-thick, 

heat-bonded polyethylene and kraft paper. 

d. Moisture Barrier for Outdoor Applications:  3-mil- 

thick, heat-bonded polyethylene and kraft paper. 

3. Stainless-Steel Jacket:  ASTM A 167 or ASTM A 240/A 240M. 

a. Sheet and roll stock ready for shop or field sizing or 

factory cut and rolled to size. 

b. Material, finish, and thickness are indicated in field-

applied jacket schedules. 

c. Moisture Barrier for Indoor Applications:  3-mil-thick, 

heat-bonded polyethylene and kraft paper. 

d. Moisture Barrier for Outdoor Applications:  3-mil- 

thick, heat-bonded polyethylene and kraft paper. 

2.10 TAPES 

A. ASJ Tape:  White vapor-retarder tape matching factory-applied 

jacket with acrylic adhesive, complying with ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. ABI, Ideal Tape Division; 428 AWF ASJ. 

b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0836. 

c. Compac Corporation; 104 and 105. 

d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW 

Plus/SQ. 

2. Width:  3 inches. 

3. Thickness:  11.5 mils. 

4. Adhesion:  90 ounces force/inch in width. 

5. Elongation:  2 percent. 

6. Tensile Strength:  40 lbf/inch in width. 

7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ 

tape. 

B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-

applied jacket with acrylic adhesive; complying with 

ASTM C 1136. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. ABI, Ideal Tape Division; 491 AWF FSK. 

b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0827. 
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c. Compac Corporation; 110 and 111. 

d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ. 

2. Width:  3 inches. 

3. Thickness:  6.5 mils. 

4. Adhesion:  90 ounces force/inch in width. 

5. Elongation:  2 percent. 

6. Tensile Strength:  40 lbf/inch in width. 

7. FSK Tape Disks and Squares:  Precut disks or squares of FSK 

tape. 

C. PVC Tape:  White vapor-retarder tape matching field-applied PVC 

jacket with acrylic adhesive; suitable for indoor and outdoor 

applications. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. ABI, Ideal Tape Division; 370 White PVC tape. 

b. Compac Corporation; 130. 

c. Venture Tape; 1506 CW NS. 

2. Width:  2 inches. 

3. Thickness:  6 mils. 

4. Adhesion:  64 ounces force/inch in width. 

5. Elongation:  500 percent. 

6. Tensile Strength:  18 lbf/inch in width. 

D. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive. 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. ABI, Ideal Tape Division; 488 AWF. 

b. Avery Dennison Corporation, Specialty Tapes Division; 

Fasson 0800. 

c. Compac Corporation; 120. 

d. Venture Tape; 3520 CW. 

2. Width:  2 inches. 

3. Thickness:  3.7 mils. 

4. Adhesion:  100 ounces force/inch in width. 

5. Elongation:  5 percent. 

6. Tensile Strength:  34 lbf/inch in width. 

2.11 SECUREMENTS 

A. Bands: 

1. Products:  Subject to compliance with requirements, provide 

one of the following: 

a. ITW Insulation Systems; Gerrard Strapping and Seals. 

b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and 

Springs. 
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2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 

or Type 316; 0.015 inch thick, 3/4 inch wide with wing seal 

or closed seal. 

3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; 

Temper H-14, 0.020 inch thick, 3/4 inch wide with wing seal 

or closed seal. 

4. Springs:  Twin spring set constructed of stainless steel 

with ends flat and slotted to accept metal bands.  Spring 

size determined by manufacturer for application. 

B. Insulation Pins and Hangers: 

1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated 

steel pin, fully annealed for capacitor-discharge welding, 

0.135-inch-diameter shank, length to suit depth of 

insulation indicated. 

a. Products:  Subject to compliance with requirements, 

provide one of the following: 

1) AGM Industries, Inc.; CWP-1. 

2) GEMCO; CD. 

3) Midwest Fasteners, Inc.; CD. 

4) Nelson Stud Welding; TPA, TPC, and TPS. 

2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or 

zinc-coated steel pin, fully annealed for capacitor-

discharge welding, 0.135-inch-diameter shank, length to 

suit depth of insulation indicated with integral 1-1/2-inch 

galvanized carbon-steel washer. 

a. Products:  Subject to compliance with requirements, 

provide one of the following: 

1) AGM Industries, Inc.; CHP-1. 

2) GEMCO; Cupped Head Weld Pin. 

3) Midwest Fasteners, Inc.; Cupped Head. 

4) Nelson Stud Welding; CHP. 

3. Metal, Adhesively Attached, Perforated-Base Insulation 

Hangers:  Baseplate welded to projecting spindle that is 

capable of holding insulation, of thickness indicated, 

securely in position indicated when self-locking washer is 

in place.  Comply with the following requirements: 

a. Products:  Subject to compliance with requirements, 

provide one of the following: 

1) AGM Industries, Inc.; Tactoo Perforated Base Insul-

Hangers. 

2) GEMCO; Perforated Base. 

3) Midwest Fasteners, Inc.; Spindle. 

b. Baseplate:  Perforated, galvanized carbon-steel sheet, 

0.030 inch thick by 2 inches square. 

c. Spindle:  Copper- or zinc-coated, low-carbon steel or 

aluminum or stainless steel, fully annealed, 0.106-

inch-diameter shank, length to suit depth of insulation 

indicated. 
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d. Adhesive:  Recommended by hanger manufacturer.  Product 

with demonstrated capability to bond insulation hanger 

securely to substrates indicated without damaging 

insulation, hangers, and substrates. 

4. Nonmetal, Adhesively Attached, Perforated-Base Insulation 

Hangers:  Baseplate fastened to projecting spindle that is 

capable of holding insulation, of thickness indicated, 

securely in position indicated when self-locking washer is 

in place.  Comply with the following requirements: 

a. Products:  Subject to compliance with requirements, 

provide one of the following: 

1) GEMCO; Nylon Hangers. 

2) Midwest Fasteners, Inc.; Nylon Insulation Hangers. 

b. Baseplate:  Perforated, nylon sheet, 0.030 inch thick 

by 1-1/2 inches in diameter. 

c. Spindle:  Nylon, 0.106-inch-diameter shank, length to 

suit depth of insulation indicated, up to 2-1/2 inches. 

d. Adhesive:  Recommended by hanger manufacturer.  Product 

with demonstrated capability to bond insulation hanger 

securely to substrates indicated without damaging 

insulation, hangers, and substrates. 

5. Self-Sticking-Base Insulation Hangers:  Baseplate welded to 

projecting spindle that is capable of holding insulation, 

of thickness indicated, securely in position indicated when 

self-locking washer is in place.  Comply with the following 

requirements: 

a. Products:  Subject to compliance with requirements, 

provide one of the following: 

1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-

Hangers. 

2) GEMCO; Peel & Press. 

3) Midwest Fasteners, Inc.; Self Stick. 

b. Baseplate:  Galvanized carbon-steel sheet, 0.030 inch 

thick by 2 inches square. 

c. Spindle:  Copper- or zinc-coated, low-carbon steel or 

aluminum or stainless steel, fully annealed, 0.106-

inch-diameter shank, length to suit depth of insulation 

indicated. 

d. Adhesive-backed base with a peel-off protective cover. 

6. Insulation-Retaining Washers:  Self-locking washers formed 

from 0.016-inch-thick, galvanized-steel or aluminum or 

stainless-steel sheet, with beveled edge sized as required 

to hold insulation securely in place but not less than 1-

1/2 inches in diameter. 

a. Products:  Subject to compliance with requirements, 

provide one of the following: 

1) AGM Industries, Inc.; RC-150. 

2) GEMCO; R-150. 

http://www.specagent.com/LookUp/?ulid=3105&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826801&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826802&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3106&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826803&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826804&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826805&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3107&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826806&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826807&mf=04&src=wd
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3) Midwest Fasteners, Inc.; WA-150. 

4) Nelson Stud Welding; Speed Clips. 

b. Protect ends with capped self-locking washers 

incorporating a spring steel insert to ensure permanent 

retention of cap in exposed locations. 

7. Nonmetal Insulation-Retaining Washers:  Self-locking 

washers formed from 0.016-inch-thick nylon sheet, with 

beveled edge sized as required to hold insulation securely 

in place but not less than 1-1/2 inches in diameter. 

a. Manufacturers:  Subject to compliance with 

requirements, provide products by one of the following: 

1) GEMCO. 

2) Midwest Fasteners, Inc. 

C. Staples:  Outward-clinching insulation staples, nominal 3/4-

inch-wide, stainless steel or Monel. 

D. Wire:  0.080-inch nickel-copper alloy or 0.062-inch soft-

annealed, stainless steel or 0.062-inch soft-annealed, 

galvanized steel. 

1. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

a. C & F Wire. 

2.12 CORNER ANGLES 

A. Aluminum Corner Angles:  0.040 inch thick, minimum 1 by 1 inch, 

aluminum according to ASTM B 209, Alloy 3003, 3005, 3105, or 

5005; Temper H-14. 

B. Stainless-Steel Corner Angles:  0.024 inch thick, minimum 1 by 

1 inch, stainless steel according to ASTM A 167 or 

ASTM A 240/A 240M, Type 304 or Type 316. 

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. 

1. Verify that systems to be insulated have been tested and 

are free of defects. 

2. Verify that surfaces to be insulated are clean and dry. 

B. Proceed with installation only after unsatisfactory conditions 

have been corrected. 

http://www.specagent.com/LookUp/?uid=123456826808&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456826809&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3108&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456811838&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456811839&mf=04&src=wd
http://www.specagent.com/LookUp/?ulid=3109&mf=04&mf=95&src=wd&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456811840&mf=04&src=wd
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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. 

1. Install insulation continuously through hangers and around 

anchor attachments. 

2. For insulation application where vapor barriers are 

indicated, extend insulation on anchor legs from point of 

attachment to supported item to point of attachment to 

structure.  Taper and seal ends at attachment to structure 

with vapor-barrier mastic. 

3. Install insert materials and install insulation to tightly 

join the insert.  Seal insulation to insulation inserts 

with adhesive or sealing compound recommended by insulation 

material manufacturer. 
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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: 

1. Draw jacket tight and smooth. 

2. Cover circumferential joints with 3-inch-wide strips, of 

same material as insulation jacket.  Secure strips with 

adhesive and outward clinching staples along both edges of 

strip, spaced 4 inches o.c. 

3. Overlap jacket longitudinal seams at least 1-1/2 inches.  

Clean and dry surface to receive self-sealing lap.  Staple 

laps with outward clinching staples along edge at 2 inches 

o.c. 

a. For below ambient services, apply vapor-barrier mastic 

over staples. 

4. Cover joints and seams with tape, according to insulation 

material manufacturer's written instructions, to maintain 

vapor seal. 

5. Where vapor barriers are indicated, apply vapor-barrier 

mastic on seams and joints and at ends adjacent to duct 

flanges and fittings. 

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 

beyond damaged areas.  Adhere, staple, and seal patches similar 

to butt joints. 

3.4 INSTALLATION OF MINERAL-FIBER INSULATION 

A. Blanket Insulation Installation on Ducts and Plenums:  Secure 

with adhesive and insulation pins. 

1. Apply adhesives according to manufacturer's recommended 

coverage rates per unit area, for 100 percent coverage of 

duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all 

surfaces of fittings and transitions. 

3. Install either capacitor-discharge-weld pins and speed 

washers or cupped-head, capacitor-discharge-weld pins on 

sides and bottom of horizontal ducts and sides of vertical 

ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, 

place pins along longitudinal centerline of duct.  
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Space 3 inches maximum from insulation end joints, and 

16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, 

place pins 16 inches o.c. each way, and 3 inches 

maximum from insulation joints.  Install additional 

pins to hold insulation tightly against surface at 

cross bracing. 

c. Pins may be omitted from top surface of horizontal, 

rectangular ducts and plenums. 

d. Do not overcompress insulation during installation. 

e. Impale insulation over pins and attach speed washers. 

f. Cut excess portion of pins extending beyond speed 

washers or bend parallel with insulation surface.  

Cover exposed pins and washers with tape matching 

insulation facing. 

4. For ducts and plenums with surface temperatures below 

ambient, install a continuous unbroken vapor barrier.  

Create a facing lap for longitudinal seams and end joints 

with insulation by removing 2 inches from one edge and one 

end of insulation segment.  Secure laps to adjacent 

insulation section with 1/2-inch outward-clinching staples, 

1 inch o.c.  Install vapor barrier consisting of factory- 

or field-applied jacket, adhesive, vapor-barrier mastic, 

and sealant at joints, seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or 

mastic to maintain vapor-barrier seal. 

b. Install vapor stops for ductwork and plenums operating 

below 50 deg F at 18-foot intervals.  Vapor stops shall 

consist of vapor-barrier mastic applied in a Z-shaped 

pattern over insulation face, along butt end of 

insulation, and over the surface.  Cover insulation 

face and surface to be insulated a width equal to two 

times the insulation thickness, but not less than 3 

inches. 

5. Overlap unfaced blankets a minimum of 2 inches on 

longitudinal seams and end joints.  At end joints, secure 

with steel bands spaced a maximum of 18 inches o.c. 

6. Install insulation on rectangular duct elbows and 

transitions with a full insulation section for each 

surface.  Install insulation on round and flat-oval duct 

elbows with individually mitered gores cut to fit the 

elbow. 

7. Insulate duct stiffeners, hangers, and flanges that 

protrude beyond insulation surface with 6-inch-wide strips 

of same material used to insulate duct.  Secure on 

alternating sides of stiffener, hanger, and flange with 

pins spaced 6 inches o.c. 



WPU SPEERT HALL RTU REPLACEMENT dlb # 47402 / 5-16 

 

DUCT INSULATION 230713 - 17 

B. Board Insulation Installation on Ducts and Plenums:  Secure 

with adhesive and insulation pins. 

1. Apply adhesives according to manufacturer's recommended 

coverage rates per unit area, for 100 percent coverage of 

duct and plenum surfaces. 

2. Apply adhesive to entire circumference of ducts and to all 

surfaces of fittings and transitions. 

3. Install either capacitor-discharge-weld pins and speed 

washers or cupped-head, capacitor-discharge-weld pins on 

sides and bottom of horizontal ducts and sides of vertical 

ducts as follows: 

a. On duct sides with dimensions 18 inches and smaller, 

place pins along longitudinal centerline of duct.  

Space 3 inches maximum from insulation end joints, and 

16 inches o.c. 

b. On duct sides with dimensions larger than 18 inches, 

space pins 16 inches o.c. each way, and 3 inches 

maximum from insulation joints.  Install additional 

pins to hold insulation tightly against surface at 

cross bracing. 

c. Pins may be omitted from top surface of horizontal, 

rectangular ducts and plenums. 

d. Do not overcompress insulation during installation. 

e. Cut excess portion of pins extending beyond speed 

washers or bend parallel with insulation surface.  

Cover exposed pins and washers with tape matching 

insulation facing. 

4. For ducts and plenums with surface temperatures below 

ambient, install a continuous unbroken vapor barrier.  

Create a facing lap for longitudinal seams and end joints 

with insulation by removing 2 inches from one edge and one 

end of insulation segment.  Secure laps to adjacent 

insulation section with 1/2-inch outward-clinching staples, 

1 inch o.c.  Install vapor barrier consisting of factory- 

or field-applied jacket, adhesive, vapor-barrier mastic, 

and sealant at joints, seams, and protrusions. 

a. Repair punctures, tears, and penetrations with tape or 

mastic to maintain vapor-barrier seal. 

b. Install vapor stops for ductwork and plenums operating 

below 50 deg F at 18-foot intervals.  Vapor stops shall 

consist of vapor-barrier mastic applied in a Z-shaped 

pattern over insulation face, along butt end of 

insulation, and over the surface.  Cover insulation 

face and surface to be insulated a width equal to two 

times the insulation thickness, but not less than 3 

inches. 

5. Install insulation on rectangular duct elbows and 

transitions with a full insulation section for each 
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surface.  Groove and score insulation to fit as closely as 

possible to outside and inside radius of elbows.  Install 

insulation on round and flat-oval duct elbows with 

individually mitered gores cut to fit the elbow. 

6. Insulate duct stiffeners, hangers, and flanges that 

protrude beyond insulation surface with 6-inch-wide strips 

of same material used to insulate duct.  Secure on 

alternating sides of stiffener, hanger, and flange with 

pins spaced 6 inches o.c. 

3.5 FIELD-APPLIED JACKET INSTALLATION 

A. Where glass-cloth jackets are indicated, install directly over 

bare insulation or insulation with factory-applied jackets. 

1. Draw jacket smooth and tight to surface with 2-inch overlap 

at seams and joints. 

2. Embed glass cloth between two 0.062-inch-thick coats of 

lagging adhesive. 

3. Completely encapsulate insulation with coating, leaving no 

exposed insulation. 

B. Where FSK jackets are indicated, install as follows: 

1. Draw jacket material smooth and tight. 

2. Install lap or joint strips with same material as jacket. 

3. Secure jacket to insulation with manufacturer's recommended 

adhesive. 

4. Install jacket with 1-1/2-inch laps at longitudinal seams 

and 3-inch-wide joint strips at end joints. 

5. Seal openings, punctures, and breaks in vapor-retarder 

jackets and exposed insulation with vapor-barrier mastic. 

C. Where PVC jackets are indicated, install with 1-inch 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. 

1. Apply two continuous beads of adhesive to seams and joints, 

one bead under lap and the finish bead along seam and joint 

edge. 

D. Where metal jackets are indicated, install with 2-inch 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 o.c. and at 

end joints. 
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3.6 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 078413 

"Penetration Firestopping." 

3.7 FINISHES 

A. Flexible Elastomeric Thermal Insulation:  After adhesive has 

fully cured, apply two coats of insulation manufacturer's 

recommended protective coating. 

B. Color:  Final color as selected by Architect.  Vary first and 

second coats to allow visual inspection of the completed Work. 

C. Do not field paint aluminum or stainless-steel jackets. 

3.8 FIELD QUALITY CONTROL 

A. Testing Agency:  Owner will engage a qualified testing agency 

to perform tests and inspections. 

B. Perform tests and inspections. 

C. Tests and Inspections: 

1. Inspect ductwork, randomly selected by Architect, by 

removing field-applied jacket and insulation in layers in 

reverse order of their installation.  Extent of inspection 

shall be limited to one location for each duct system 

defined in the "Duct Insulation Schedule, General" Article. 

D. All insulation applications will be considered defective Work 

if sample inspection reveals noncompliance with requirements. 

3.9 DUCT INSULATION SCHEDULE, GENERAL 

A. Plenums and Ducts Requiring Insulation: 

1. Outdoor, exposed supply, return and outdoor air. 

B. Items Not Insulated: 

1. Flexible connectors. 
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2. Vibration-control devices. 

3. Factory-insulated access panels and doors. 

3.10 ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SCHEDULE 

A. Insulation materials and thicknesses are identified below. If 

more than one material is listed for a duct system, selection 

from materials listed is Contractor's option. 

B. Exposed, rectangular, supply and return-air duct insulation 

shall be one of the following: 

1. Mineral-Fiber Blanket: 2 inches (50 mm) and 0.75-lb/cu. 

ft. (12-kg/cu. m) nominal density. 

2. Mineral-Fiber Board: 2 inches (50 mm) thick and 2-lb/cu. 

ft. (32-kg/cu. m) nominal density. 

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. If more than one material is listed, selection from materials 

listed is Contractor's option. 

C. Ducts and Plenums, Exposed: 

1. PVC:  30 mils thick. 

2. Aluminum, Smooth or Corrugated: 0.016 inch thick. 

3. Stainless Steel, Type 304 or Type 316, Smooth 2B Finish or 

Corrugated:  0.010 inch thick. 

END OF SECTION 230713 
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SECTION 230993.11 - SEQUENCE OF OPERATIONS FOR HVAC DDC 

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 control sequences for DDC for HVAC systems, 

subsystems, and equipment. 

1.3 DEFINITIONS 

A. Analog Output: Proportional output signal (zero- to 10-V dc, 4 

to 20 mA). 

B. Binary Output: On/off output signal or contact closure. 

C. DDC: Direct digital control. 

D. Digital Output: Data output that must be interpreted 

digitally. 

1.4 ACTION SUBMITTALS 

A. Product Data: 

1. An instrumentation list for each controlled system. Label 

each element of the controlled system in table format. 

Show, in the table element name, type of device, 

manufacturer, model number, and control device product 

data sheet number. 

2. A complete description of the operation of the control 

system, including sequences of operation. Include and 

reference a schematic diagram of the controlled system. 

B. Shop Drawings: 

1. Riser diagrams showing control network layout, 

communication protocol, and wire types. 
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2. Schematic diagram of each controlled system. Include all 

control points labeled with point names shown or listed. 

Show the location of control elements in the system. 

3. Wiring diagram for each controlled system. Show all 

control elements labels. Where a control element is the 

same as that shown on the control system schematic, label 

with the same name. Label all terminals. 

1.5 AIR-HANDLING-UNIT CONTROL SEQUENCES 

A. Air-Handling Unit Time Schedule: 

1. Occupied Time Schedule: 

a. Input: 

1) Device: DDC controller. 

2) Location: Time schedule. 

3) Transference: DDC controller. 

b. Output: 

1) Device: DDC controller. 

c. Action: 

1) Enable startup, initiation, and control. 

2) Energize unit on occupied/unoccupied cycle. 

3) Energize unit on day/night cycle. 

4) Energize unit on duty cycle. 

5) Do not enable mixed-air control during morning 

warm-up period. 

a) Unoccupied: Position outdoor-air and 

relief-air dampers closed and return-air 

dampers open. 

6) Return heating control valves to normal 

position when unit is cycled on. 

B. Start and Stop Supply Fan(s): 

1. Enable: 

a. Input: 

1) Device: Low limit temperature switch with 

automatic reset. 

2) Location: Upstream of cooling coil. 

3) Transference: Starter relay. 
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b. Output: 

1) Device: Hard wired to motor controller and DDC 

controller. 

2) Location: Motor controller. 

3) Transference: Starter relay. 

c. Action: 

1) Allow start if temperature is above 37 deg F (3 

deg C). 

2) Signal alarm if fan fails to start as 

commanded. 

C. Mixed-Air Control: 

1. Minimum Position: 

a. Input: 

1) Device: DDC controller. 

2) Location: Time schedule. 

3) Transference: DDC controller. 

b. Input: 

1) Device: Flow measuring station. 

2) Location: Outdoor-air intake. 

3) Transference: DDC controller. 

c. Output: 

1) Device: Analog output. 

2) Location: Outdoor damper. 

3) Transference: Damper actuator(s). 

d. Action: 

1) Open outdoor-air dampers to minimum position. 

D. Heating Coil: 

1. Discharge-Air Temperature: 

a. Input: 

1) Device: Air-temperature sensor. 

2) Location: Discharge-air duct. 

3) Transference: DDC controller. 

b. Output: 

1) Device: Analog output. 
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2) Location: Heating-coil control valve. 

3) Input Transference: Normally open valve 

actuator. 

c. Action: 

1) Maintain supply-air-temperature set point 

within limits in response to space temperature 

reset: 

a) Minimum 68 deg F. 

b) Maximum 75 deg F. 

E. DX Cooling Coil: 

1. Discharge-Air Temperature: 

a. Input: 

1) Device: Air-temperature sensor. 

2) Location: Discharge-air duct. 

3) Transference: DDC controller. 

b. Output: 

1) Device: Analog output. 

2) Location: Cooling-coil valve. 

3) Input Transference: Valve actuator. 

c. Action: 

1) Maintain supply-air-temperature set point of 55 

deg F (13 deg C) by modulating cooling-coil 

control valve. 

F. Coordination of Air-Handling Unit Sequences: Ensure that 

mixed-air, heating-coil, and cooling-coil controls have common 

inputs and do not overlap in function. 

G. Indicate the following on the operator's workstation display 

terminal: 

1. DDC system graphic. 

2. DDC system on-off indication (operating or not 

operating). 

3. DDC system occupied/unoccupied mode. 

4. Outdoor-air-temperature indication. 

5. Outdoor-air damper position. 

6. Relief-air damper position. 
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7. Supply-fan on-off indication (operating or not 

operating). 

8. Supply duct static-pressure indication. 

9. Supply duct static-pressure set point. 

10. Supply-fan airflow rate. 

11. Supply-fan speed. 

12. Mixed-air-temperature indication. 

13. Mixed-air-temperature set point. 

14. Mixed-air damper position. 

15. Supply-air-temperature indication. 

16. Supply-air-temperature set point. 

17. Cooling-coil leaving-air-temperature indication. 

18. Cooling-coil leaving-air-temperature set point. 

19. Cooling-coil control-valve position. 

20. Space temperature indication. 

21. Space temperature set point. 

 

PART 2 - PRODUCTS (Not Applicable) 

PART 3 - EXECUTION (Not Applicable) 

END OF SECTION 230993.11 
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SECTION 231123 - FACILITY NATURAL-GAS PIPING 

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. Pipes, tubes, and fittings. 

2. Piping specialties. 

3. Piping and tubing joining materials. 

4. Valves. 

5. Pressure regulators. 

6. Concrete bases. 

1.3 DEFINITIONS 

A. Exposed, Interior Installations:  Exposed to view indoors.  

Examples include finished occupied spaces and mechanical 

equipment rooms. 

1.4 PERFORMANCE REQUIREMENTS 

A. Minimum Operating-Pressure Ratings: 

1. Piping and Valves:  100 psig (690 kPa) minimum unless 

otherwise indicated. 

B. Natural-Gas System Pressures within Buildings:  Incoming 

supplied line pressure from the utility company is 15 psi.  

The delivery pressure vary from 15 psi down to 2 psi.  Utility 

company guarantee 2 psi on a 15 psi system. 

C. Delegated Design:  Design restraints and anchors for natural-

gas piping and equipment, including comprehensive engineering 

analysis by a qualified professional engineer, using 

performance requirements and design criteria indicated. 
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1.5 ACTION SUBMITTALS 

A. Product Data:  For each type of the following: 

1. Piping specialties. 

2. Corrugated, stainless-steel tubing with associated 

components. 

3. Valves.  Include pressure rating, capacity, settings, and 

electrical connection data of selected models. 

4. Pressure regulators.  Indicate pressure ratings and 

capacities. 

5. Dielectric fittings. 

B. Shop Drawings:  For facility natural-gas piping layout.  

Include plans, piping layout and elevations, sections, and 

details for fabrication of pipe anchors, hangers, supports for 

multiple pipes, alignment guides, expansion joints and loops, 

and attachments of the same to building structure.  Detail 

location of anchors, alignment guides, and expansion joints 

and loops. 

C. Delegated-Design Submittal:  For natural-gas piping and 

equipment indicated to comply with performance requirements 

and design criteria, including analysis data signed and sealed 

by the qualified professional engineer responsible for their 

preparation. 

1. Detail fabrication and assembly of seismic restraints. 

2. Design Calculations:  Calculate requirements for 

selecting seismic restraints. 

1.6 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings:  Plans and details, drawn to scale, on 

which natural-gas piping is shown and coordinated with other 

installations, using input from installers of the items 

involved. 

B. Site Survey:  Plans, drawn to scale, on which natural-gas 

piping is shown and coordinated with other services and 

utilities. 

C. Qualification Data:  For qualified professional engineer. 

D. Welding certificates. 

E. Field quality-control reports. 
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1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For motorized gas valves, 

pressure regulators to include in emergency, operation, and 

maintenance manuals. 

1.8 QUALITY ASSURANCE 

A. Steel Support Welding Qualifications:  Qualify procedures and 

personnel according to AWS D1.1/D1.1M, "Structural Welding 

Code - Steel." 

B. Pipe Welding Qualifications:  Qualify procedures and operators 

according to ASME Boiler and Pressure Vessel Code. 

C. 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. 

1.9 DELIVERY, STORAGE, AND HANDLING 

A. Handling Flammable Liquids:  Remove and dispose of liquids 

from existing natural-gas piping according to requirements of 

authorities having jurisdiction. 

B. Deliver pipes and tubes with factory-applied end caps.  

Maintain end caps through shipping, storage, and handling to 

prevent pipe end damage and to prevent entrance of dirt, 

debris, and moisture. 

C. Store and handle pipes and tubes having factory-applied 

protective coatings to avoid damaging coating, and protect 

from direct sunlight. 

1.10 PROJECT CONDITIONS 

A. Interruption of Existing Natural-Gas Service:  Do not 

interrupt natural-gas service to facilities occupied by Owner 

or others unless permitted under the following conditions and 

then only after arranging to provide purging and startup of 

natural-gas supply according to requirements indicated: 

1. Notify Owner no fewer than two days in advance of 

proposed interruption of natural-gas service. 

2. Do not proceed with interruption of natural-gas service 

without Owner's written permission. 
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PART 2 - PRODUCTS 

2.1 PIPES, TUBES, AND FITTINGS 

A. Steel Pipe:  ASTM A 53/A 53M, black steel, Schedule 40, Type E 

or S, Grade B. 

1. Malleable-Iron Threaded Fittings:  ASME B16.3, Class 150, 

standard pattern. 

2. Wrought-Steel Welding Fittings:  ASTM A 234/A 234M for 

butt welding and socket welding. 

3. Unions:  ASME B16.39, Class 150, malleable iron with 

brass-to-iron seat, ground joint, and threaded ends. 

4. Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, 

minimum Class 150, including bolts, nuts, and gaskets of 

the following material group, end connections, and 

facings: 

a. Material Group:  1.1. 

b. End Connections:  Threaded or butt welding to match 

pipe. 

c. Lapped Face:  Not permitted underground. 

d. Gasket Materials:  ASME B16.20, metallic, flat, 

asbestos free, aluminum o-rings, and spiral-wound 

metal gaskets. 

e. Bolts and Nuts:  ASME B18.2.1, carbon steel 

aboveground and stainless steel underground. 

5. Mechanical Couplings: 

a. Manufacturers:  Subject to compliance with 

requirements, available manufacturers offering 

products that may be incorporated into the Work 

include, but are not limited to, the following: 

1) Dresser Piping Specialties; Division of 

Dresser, Inc. 

2) Smith-Blair, Inc. 

b.  Stainless-steel flanges and tube with epoxy finish. 

c. Buna-nitrile seals. 

d. Stainless-steel bolts, washers, and nuts. 

e. Coupling shall be capable of joining PE pipe to PE 

pipe, steel pipe to PE pipe, or steel pipe to steel 

pipe. 

http://www.specagent.com/LookUp/?ulid=3307&mf=04&mf=95&src=wd&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456824941&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456824941&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812126&mf=95&src=wd


WPU SPEERT HALL RTU REPLACEMENT dlb # 47402 / 5-16 

 

 

FACILITY NATURAL-GAS PIPING 231123 - 5 

f. Steel body couplings installed underground on 

plastic pipe shall be factory equipped with anode. 

B. Corrugated, Stainless-Steel Tubing:  Comply with 

ANSI/IAS LC 1. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. OmegaFlex, Inc. 

b. Parker Hannifin Corporation; Parflex Division. 

c. Titeflex. 

d. Tru-Flex Metal Hose Corp. 

2. Tubing:  ASTM A 240/A 240M, corrugated, Series 300 

stainless steel. 

3. Coating:  PE with flame retardant. 

a. Surface-Burning Characteristics:  As determined by 

testing identical products according to ASTM E 84 by 

a qualified testing agency.  Identify products with 

appropriate markings of applicable testing agency. 

1) Flame-Spread Index:  25 or less. 

2) Smoke-Developed Index:  50 or less. 

4. Fittings:  Copper-alloy mechanical fittings with ends 

made to fit and listed for use with corrugated stainless-

steel tubing and capable of metal-to-metal seal without 

gaskets.  Include brazing socket or threaded ends 

complying with ASME B1.20.1. 

5. Striker Plates:  Steel, designed to protect tubing from 

penetrations. 

6. Manifolds:  Malleable iron or steel with factory-applied 

protective coating.  Threaded connections shall comply 

with ASME B1.20.1 for pipe inlet and corrugated tubing 

outlets. 

7. Operating-Pressure Rating:  5 psig (34.5 kPa). 

C. Drawn-Temper Copper Tube:  Comply with ASTM B 88, Type L. 

1. Copper Fittings:  ASME B16.22, wrought copper, and 

streamlined pattern. 

2. Bronze Flanges and Flanged Fittings:  ASME B16.24, 

Class 150. 
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a. Gasket Material:  ASME B16.20, metallic, flat, 

asbestos free, aluminum o-rings, and spiral-wound 

metal gaskets. 

b. Bolts and Nuts:  ASME B18.2.1, carbon steel or 

stainless steel. 

D. Annealed-Temper Copper Tube:  Comply with ASTM B 88, Type L. 

1. Copper Fittings:  ASME B16.22, wrought copper, and 

streamlined pattern. 

2. Flare Fittings:  Comply with ASME B16.26 and SAE J513. 

a. Copper fittings with long nuts. 

b. Metal-to-metal compression seal without gasket. 

c. Dryseal threads complying with ASME B1.20.3. 

3. Steel Mechanical Couplings:  Capable of joining plain-end 

PE pipe to PE pipe, steel pipe to PE pipe, or steel pipe 

to steel pipe. 

a. Manufacturers:  Subject to compliance with 

requirements, available manufacturers offering 

products that may be incorporated into the Work 

include, but are not limited to, the following: 

1) Dresser Piping Specialties; Division of 

Dresser, Inc. 

2) Smith-Blair, Inc. 

b.  Stainless-steel flanges and tube with epoxy finish. 

c. Buna-nitrile seals. 

d. Stainless-steel bolts, washers, and nuts. 

e. Factory-installed anode for steel-body couplings 

installed underground. 

2.2 PIPING SPECIALTIES 

A. Appliance Flexible Connectors: 

1. Indoor, Fixed-Appliance Flexible Connectors:  Comply with 

ANSI Z21.24. 

2. Corrugated stainless-steel tubing with polymer coating. 

3. Operating-Pressure Rating:  0.5 psig (3.45 kPa). 

4. End Fittings:  Zinc-coated steel. 

5. Threaded Ends:  Comply with ASME B1.20.1. 
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6. Maximum Length:  72 inches (1830 mm.) 

B. Quick-Disconnect Devices:  Comply with ANSI Z21.41. 

1. Copper-alloy convenience outlet and matching plug 

connector. 

2. Nitrile seals. 

3. Hand operated with automatic shutoff when disconnected. 

4. For indoor or outdoor applications. 

5. Adjustable, retractable restraining cable. 

C. Y-Pattern Strainers: 

1. Body:  ASTM A 126, Class B, cast iron with bolted cover 

and bottom drain connection. 

2. End Connections:  Threaded ends for NPS 2 (DN 50) and 

smaller; flanged ends for NPS 2-1/2 (DN 65) and larger. 

3. Strainer Screen:  40 mesh startup strainer, and 

perforated stainless-steel basket with 50 percent free 

area. 

4. CWP Rating:  125 psig (862 kPa). 

D. Basket Strainers: 

1. Body:  ASTM A 126, Class B, high-tensile cast iron with 

bolted cover and bottom drain connection. 

2. End Connections:  Threaded ends for NPS 2 (DN 50) and 

smaller; flanged ends for NPS 2-1/2 (DN 65) and larger. 

3. Strainer Screen:  40 mesh startup strainer, and 

perforated stainless-steel basket with 50 percent free 

area. 

4. CWP Rating:  125 psig (862 kPa). 

E. Weatherproof Vent Cap:  Cast- or malleable-iron increaser 

fitting with corrosion-resistant wire screen, with free area 

at least equal to cross-sectional area of connecting pipe and 

threaded-end connection. 

2.3 JOINING MATERIALS 

A. Joint Compound and Tape:  Suitable for natural gas. 

B. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for 

welding materials appropriate for wall thickness and chemical 

analysis of steel pipe being welded. 
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C. Brazing Filler Metals:  Alloy with melting point greater than 

1000 deg F (540 deg C) complying with AWS A5.8/A5.8M.  Brazing 

alloys containing more than 0.05 percent phosphorus are 

prohibited. 

2.4 MANUAL GAS SHUTOFF VALVES 

A. See "Aboveground Manual Gas Shutoff Valve Schedule" Articles 

for where each valve type is applied in various services. 

B. General Requirements for Metallic Valves, NPS 2 (DN 50) and 

Smaller:  Comply with ASME B16.33. 

1. CWP Rating:  125 psig (862 kPa) 

2. Threaded Ends:  Comply with ASME B1.20.1. 

3. Dryseal Threads on Flare Ends:  Comply with ASME B1.20.3. 

4. Tamperproof Feature:  Locking feature for valves 

indicated in "Aboveground Manual Gas Shutoff Valve 

Schedule" Articles. 

5. Listing:  Listed and labeled by an NRTL acceptable to 

authorities having jurisdiction for valves 1 inch (25 mm) 

and smaller. 

6. Service Mark:  Valves 1-1/4 inches (32 mm) to NPS 2 

(DN 50) shall have initials "WOG" permanently marked on 

valve body. 

C. General Requirements for Metallic Valves, NPS 2-1/2 (DN 65) 

and Larger:  Comply with ASME B16.38. 

1. CWP Rating:  125 psig (862 kPa) 

2. Flanged Ends:  Comply with ASME B16.5 for steel flanges. 

3. Tamperproof Feature:  Locking feature for valves 

indicated in "Aboveground Manual Gas Shutoff Valve 

Schedule" Articles. 

4. Service Mark:  Initials "WOG" shall be permanently marked 

on valve body. 

D. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:  

MSS SP-110. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. BrassCraft Manufacturing Company; a Masco company. 

http://www.specagent.com/LookUp/?ulid=3313&mf=04&mf=95&src=wd&mf=95&src=wd
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b. Conbraco Industries, Inc.; Apollo Div. 

c. Lyall, R. W. & Company, Inc. 

d. McDonald, A. Y. Mfg. Co. 

2. Body:  Bronze, complying with ASTM B 584. 

3. Ball:  Chrome-plated bronze. 

4. Stem:  Bronze; blowout proof. 

5. Seats:  Reinforced TFE; blowout proof. 

6. Packing:  Threaded-body packnut design with adjustable-

stem packing. 

7. Ends:  Threaded, flared, or socket as indicated in 

"Aboveground Manual Gas Shutoff Valve Schedule" Articles. 

8. CWP Rating:  600 psig (4140 kPa). 

9. Listing:  Valves NPS 1 (DN 25) and smaller shall be 

listed and labeled by an NRTL acceptable to authorities 

having jurisdiction. 

10. Service:  Suitable for natural-gas service with "WOG" 

indicated on valve body. 

E. Bronze Plug Valves:  MSS SP-78. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. Lee Brass Company. 

b. McDonald, A. Y. Mfg. Co. 

2. Body:  Bronze, complying with ASTM B 584. 

3. Plug:  Bronze. 

4. Ends:  Threaded, socket, or flanged as indicated in 

"Underground Manual Gas Shutoff Valve Schedule" and 

"Aboveground Manual Gas Shutoff Valve Schedule" Articles. 

5. Operator:  Square head or lug type with tamperproof 

feature where indicated. 

6. Pressure Class:  125 psig (862 kPa). 

7. Listing:  Valves NPS 1 (DN 25) and smaller shall be 

listed and labeled by an NRTL acceptable to authorities 

having jurisdiction. 

8. Service:  Suitable for natural-gas service with "WOG" 

indicated on valve body. 
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F. Cast-Iron, Nonlubricated Plug Valves:  MSS SP-78. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. McDonald, A. Y. Mfg. Co. 

b. Mueller Co.; Gas Products Div. 

c. Xomox Corporation; a Crane company. 

2. Body:  Cast iron, complying with ASTM A 126, Class B. 

3. Plug:  Bronze or nickel-plated cast iron. 

4. Seat:  Coated with thermoplastic. 

5. Stem Seal:  Compatible with natural gas. 

6. Ends:  Threaded or flanged as indicated in "Underground 

Manual Gas Shutoff Valve Schedule" and "Aboveground 

Manual Gas Shutoff Valve Schedule" Articles. 

7. Operator:  Square head or lug type with tamperproof 

feature where indicated. 

8. Pressure Class:  125 psig (862 kPa). 

9. Listing:  Valves NPS 1 (DN 25) and smaller shall be 

listed and labeled by an NRTL acceptable to authorities 

having jurisdiction. 

10. Service:  Suitable for natural-gas service with "WOG" 

indicated on valve body. 

G. Cast-Iron, Lubricated Plug Valves:  MSS SP-78. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. Flowserve. 

b. Homestead Valve; a division of Olson Technologies, 

Inc. 

c. McDonald, A. Y. Mfg. Co. 

d. Milliken Valve Company. 

e. Mueller Co.; Gas Products Div. 

f. R&M Energy Systems, A Unit of Robbins & Myers, Inc. 

2. Body:  Cast iron, complying with ASTM A 126, Class B. 

3. Plug:  Bronze or nickel-plated cast iron. 
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4. Seat:  Coated with thermoplastic. 

5. Stem Seal:  Compatible with natural gas. 

6. Ends:  Threaded or flanged as indicated in "Underground 

Manual Gas Shutoff Valve Schedule" and "Aboveground 

Manual Gas Shutoff Valve Schedule" Articles. 

7. Operator:  Square head or lug type with tamperproof 

feature where indicated. 

8. Pressure Class:  125 psig (862 kPa). 

9. Listing:  Valves NPS 1 (DN 25) and smaller shall be 

listed and labeled by an NRTL acceptable to authorities 

having jurisdiction. 

10. Service:  Suitable for natural-gas service with "WOG" 

indicated on valve body. 

2.5 MOTORIZED GAS VALVES 

A. Automatic Gas Valves:  Comply with ANSI Z21.21. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. ASCO Power Technologies, LP; Division of Emerson. 

b. Eaton Corporation; Controls Div. 

c. Eclipse Combustion, Inc. 

d. Honeywell International Inc. 

e. Johnson Controls. 

2. Body:  Brass or aluminum. 

3. Seats and Disc:  Nitrile rubber. 

4. Springs and Valve Trim:  Stainless steel. 

5. Normally closed. 

6. Visual position indicator. 

7. Electrical operator for actuation by appliance automatic 

shutoff device. 

B. Electrically Operated Valves:  Comply with UL 429. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 
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2. Basis-of-Design Product:  Subject to compliance with 

requirements, provide product indicated on Drawings  or 

comparable product by one of the following: 

a. ASCO Power Technologies, LP; Division of Emerson. 

b. Dungs, Karl, Inc. 

c. Eclipse Combustion, Inc. 

d. Goyen Valve Corp.; Tyco Environmental Systems. 

e. Magnatrol Valve Corporation. 

f. Parker Hannifin Corporation; Climate & Industrial 

Controls Group; Skinner Valve Div. 

g. Watts Regulator Co.; Division of Watts Water 

Technologies, Inc. 

3. Pilot operated. 

4. Body:  Brass or aluminum. 

5. Seats and Disc:  Nitrile rubber. 

6. Springs and Valve Trim:  Stainless steel. 

7. 120-V ac, 60 Hz, Class B, continuous-duty molded coil, 

and replaceable. 

8. NEMA ICS 6, Type 4, coil enclosure. 

9. Normally closed. 

10. Visual position indicator. 

2.6 PRESSURE REGULATORS 

A. General Requirements: 

1. Single stage and suitable for natural gas. 

2. Steel jacket and corrosion-resistant components. 

3. Elevation compensator. 

4. End Connections:  Threaded for regulators NPS 2 (DN 50) 

and smaller; flanged for regulators NPS 2-1/2 (DN 65) and 

larger. 

B. Service Pressure Regulators:  Comply with ANSI Z21.80. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. Actaris. 
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b. American Meter Company. 

c. Fisher Control Valves and Regulators; Division of 

Emerson Process Management. 

d. Invensys. 

e. Richards Industries; Jordan Valve Div. 

2. Body and Diaphragm Case:  Cast iron or die-cast aluminum. 

3. Springs:  Zinc-plated steel; interchangeable. 

4. Diaphragm Plate:  Zinc-plated steel. 

5. Seat Disc:  Nitrile rubber resistant to gas impurities, 

abrasion, and deformation at the valve port. 

6. Orifice:  Aluminum; interchangeable. 

7. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon. 

8. Single-port, self-contained regulator with orifice no 

larger than required at maximum pressure inlet, and no 

pressure sensing piping external to the regulator. 

9. Pressure regulator shall maintain discharge pressure 

setting downstream, and not exceed 150 percent of design 

discharge pressure at shutoff. 

10. Overpressure Protection Device:  Factory mounted on 

pressure regulator. 

11. Atmospheric Vent:  Factory- or field-installed, 

stainless-steel screen in opening if not connected to 

vent piping. 

12. Maximum Inlet Pressure:  100 psig (690 kPa) 

C. Line Pressure Regulators:  Comply with ANSI Z21.80. 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. Actaris. 

b. American Meter Company. 

c. Eclipse Combustion, Inc. 

d. Fisher Control Valves and Regulators; Division of 

Emerson Process Management. 

e. Invensys. 

f. Maxitrol Company. 

g. Richards Industries; Jordan Valve Div. 
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2. Body and Diaphragm Case:  Cast iron or die-cast aluminum. 

3. Springs:  Zinc-plated steel; interchangeable. 

4. Diaphragm Plate:  Zinc-plated steel. 

5. Seat Disc:  Nitrile rubber resistant to gas impurities, 

abrasion, and deformation at the valve port. 

6. Orifice:  Aluminum; interchangeable. 

7. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon. 

8. Single-port, self-contained regulator with orifice no 

larger than required at maximum pressure inlet, and no 

pressure sensing piping external to the regulator. 

9. Pressure regulator shall maintain discharge pressure 

setting downstream, and not exceed 150 percent of design 

discharge pressure at shutoff. 

10. Overpressure Protection Device:  Factory mounted on 

pressure regulator. 

11. Atmospheric Vent:  Factory- or field-installed, 

stainless-steel screen in opening if not connected to 

vent piping. 

2.7 DIELECTRIC FITTINGS 

A. General Requirements:  Assembly of copper alloy and ferrous 

materials with separating nonconductive insulating material.  

Include end connections compatible with pipes to be joined. 

B. Dielectric Unions: 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. Capitol Manufacturing Company. 

b. Central Plastics Company. 

c. Hart Industries International, Inc. 

d. Jomar International Ltd. 

e. Matco-Norca, Inc. 

f. McDonald, A. Y. Mfg. Co. 

g. Watts Regulator Co.; a division of Watts Water 

Technologies, Inc. 

h. Wilkins; a Zurn company. 

http://www.specagent.com/LookUp/?ulid=3331&mf=04&mf=95&src=wd&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812187&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812188&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812189&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812190&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812191&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812192&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825024&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825024&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825028&mf=95&src=wd
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2. Description: 

a. Standard:  ASSE 1079. 

b. Pressure Rating:  150 psig (1035 kPa). 

c. End Connections:  Solder-joint copper alloy and 

threaded ferrous. 

C. Dielectric Flanges: 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. Capitol Manufacturing Company. 

b. Central Plastics Company. 

c. Matco-Norca, Inc. 

d. Watts Regulator Co.; a division of Watts Water 

Technologies, Inc. 

e. Wilkins; a Zurn company. 

2. Description: 

a. Standard:  ASSE 1079. 

b. Factory-fabricated, bolted, companion-flange 

assembly. 

c. Pressure Rating:  150 psig (1035 kPa). 

d. End Connections:  Solder-joint copper alloy and 

threaded ferrous; threaded solder-joint copper alloy 

and threaded ferrous. 

D. Dielectric-Flange Insulating Kits: 

1. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

a. Advance Products & Systems, Inc. 

b. Calpico, Inc. 

c. Central Plastics Company. 

d. Pipeline Seal and Insulator, Inc. 

2. Description: 

http://www.specagent.com/LookUp/?ulid=3332&mf=04&mf=95&src=wd&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812193&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812194&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812195&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825031&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825031&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456825034&mf=95&src=wd
http://www.specagent.com/LookUp/?ulid=3333&mf=04&mf=95&src=wd&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812196&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812197&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812198&mf=95&src=wd
http://www.specagent.com/LookUp/?uid=123456812199&mf=95&src=wd
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a. Nonconducting materials for field assembly of 

companion flanges. 

b. Pressure Rating:  150 psig (1035 kPaGasket:  

Neoprene or phenolic. 

c. Bolt Sleeves:  Phenolic or polyethylene. 

d. Washers:  Phenolic with steel backing washers. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine roughing-in for natural-gas piping system to verify 

actual locations of piping connections before equipment 

installation. 

B. Proceed with installation only after unsatisfactory conditions 

have been corrected. 

3.2 PREPARATION 

A. Close equipment shutoff valves before turning off natural gas 

to premises or piping section. 

B. Inspect natural-gas piping according to NFPA 54 the 

International Fuel Gas Code to determine that natural-gas 

utilization devices are turned off in piping section affected. 

C. Comply with NFPA 54the International Fuel Gas Code 

requirements for prevention of accidental ignition. 

3.3 INDOOR PIPING INSTALLATION 

A. Comply with NFPA 54 the International Fuel Gas Code for 

installation and purging of natural-gas piping. 

B. Drawing plans, schematics, and diagrams indicate general 

location and arrangement of piping systems.  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. 
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C. Arrange for pipe spaces, chases, slots, sleeves, and openings 

in building structure during progress of construction, to 

allow for mechanical installations. 

D. Install piping in concealed locations unless otherwise 

indicated and except in equipment rooms and service areas. 

E. 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. 

F. Locate valves for easy access. 

G. Install natural-gas piping at uniform grade of 2 percent down 

toward drip and sediment traps. 

H. Install piping free of sags and bends. 

I. Install fittings for changes in direction and branch 

connections. 

J. Verify final equipment locations for roughing-in. 

K. Comply with requirements in Sections specifying gas-fired 

appliances and equipment for roughing-in requirements. 

L. Drips and Sediment Traps:  Install drips at points where 

condensate may collect, including service-meter outlets.  

Locate where accessible to permit cleaning and emptying.  Do 

not install where condensate is subject to freezing. 

1. Construct drips and sediment traps using tee fitting with 

bottom outlet plugged or capped.  Use nipple a minimum 

length of 3 pipe diameters, but not less than 3 inches 

(75 mm) long and same size as connected pipe.  Install 

with space below bottom of drip to remove plug or cap. 

M. Extend relief vent connections for service regulators, line 

regulators, and overpressure protection devices to outdoors 

and terminate with weatherproof vent cap. 

N. Conceal pipe installations in walls, pipe spaces, utility 

spaces, above ceilings, below grade or floors, and in floor 

channels unless indicated to be exposed to view. 

1. In Walls or Partitions:  Protect tubing installed inside 

partitions or hollow walls from physical damage using 

steel striker barriers at rigid supports. 
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a. Exception:  Tubing passing through partitions or 

walls does not require striker barriers. 

2. Prohibited Locations: 

a. Do not install natural-gas piping in or through 

chimneys or gas vents (flues). 

b. Do not install natural-gas piping in solid walls or 

partitions. 

O. Use eccentric reducer fittings to make reductions in pipe 

sizes.  Install fittings with level side down. 

P. Connect branch piping from top or side of horizontal piping. 

Q. Install unions in pipes NPS 2 (DN 50) and smaller, adjacent to 

each valve, at final connection to each piece of equipment.  

Unions are not required at flanged connections. 

R. Do not use natural-gas piping as grounding electrode. 

S. Install strainer on inlet of each line-pressure regulator and 

automatic or electrically operated valve. 

T. Install pressure gage upstream and downstream from each line 

regulator.   

1. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages: 

a. Manufacturers:  Subject to compliance with 

requirements, available manufacturers offering 

products that may be incorporated into the Work 

include, but are not limited to, the following: 

1) AMETEK, Inc. 

2) Ernst Flow Industries. 

3) Palmer Wahl Instrumentation Group  

4) Or Equivalent. 

b. Standard: ASME B40.100. 

c. Case: Sealed type(s); cast aluminum or drawn steel; 

4-1/2-inch (114-mm) nominal diameter. 

d. Pressure-Element Assembly: Bourdon tube unless 

otherwise indicated. 

e. Match pressure connection size in first subparagraph 

below with gage attachment size. 
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f. Pressure Connection: Brass, with NPS 1/2 (DN 15), 

ASME B1.20.1 pipe threads and bottom-outlet type 

unless back-outlet type is indicated. 

g. Minimum Pressure Rating: Twice the operating 

pressure. 

h. Movement: Mechanical, with link to pressure element 

and connection to pointer. 

i. Dial: Nonreflective aluminum with permanently etched 

scale markings graduated in psi (kPa). 

j. Pointer: Dark-colored metal. 

k. Window: Glass. 

l. Ring: Stainless steel. 

m. Accuracy: Grade B, plus or minus 2 percent of middle 

half of scale range. 

3.4 VALVE INSTALLATION 

A. Install manual gas shutoff valve for each gas appliance ahead 

of corrugated stainless-steel tubing, aluminum, or copper 

connector. 

B. Install regulators and overpressure protection devices with 

maintenance access space adequate for servicing and testing. 

3.5 PIPING JOINT CONSTRUCTION 

A. Ream ends of pipes and tubes and remove burrs. 

B. Remove scale, slag, dirt, and debris from inside and outside 

of pipe and fittings before assembly. 

C. Threaded Joints: 

1. Thread pipe with tapered pipe threads complying with 

ASME B1.20.1. 

2. Cut threads full and clean using sharp dies. 

3. Ream threaded pipe ends to remove burrs and restore full 

inside diameter of pipe. 

4. Apply appropriate tape or thread compound to external 

pipe threads unless dryseal threading is specified. 

5. Damaged Threads:  Do not use pipe or pipe fittings with 

threads that are corroded or damaged.  Do not use pipe 

sections that have cracked or open welds. 
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D. Welded Joints: 

1. Construct joints according to AWS D10.12/D10.12M, using 

qualified processes and welding operators. 

2. Bevel plain ends of steel pipe. 

3. Patch factory-applied protective coating as recommended 

by manufacturer at field welds and where damage to 

coating occurs during construction. 

E. Brazed Joints:  Construct joints according to AWS's "Brazing 

Handbook," "Pipe and Tube" Chapter. 

F. Flanged Joints:  Install gasket material, size, type, and 

thickness appropriate for natural-gas service.  Install gasket 

concentrically positioned. 

G. Flared Joints:  Cut tubing with roll cutting tool.  Flare tube 

end with tool to result in flare dimensions complying with 

SAE J513.  Tighten finger tight, then use wrench.  Do not 

overtighten. 

3.6 HANGER AND SUPPORT INSTALLATION 

A. Install seismic restraints on piping.  Comply with 

requirements for seismic-restraint devices specified in 

Section 230548 "Vibration and Seismic Controls for HVAC piping 

and equipment." 

B. Comply with requirements for pipe hangers and supports 

specified in Section 230529 "Hangers and Supports for HVAC 

Piping and Equipment." 

C. Install hangers for horizontal steel piping with the following 

maximum spacing and minimum rod sizes: 

1. NPS 1 (DN 25) and Smaller:  Maximum span, 96 inches (2438 

mm); minimum rod size, 3/8 inch (10 mm). 

2. NPS 1-1/4 (DN 32):  Maximum span, 108 inches (2743 mm); 

minimum rod size, 3/8 inch (10 mm). 

3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50):  Maximum span, 108 

inches (2743 mm); minimum rod size, 3/8 inch (10 mm). 

4. NPS 2-1/2 to NPS 3-1/2 (DN 65 to DN 90):  Maximum span, 

10 feet (3 m); minimum rod size, 1/2 inch (13 mm). 

5. NPS 4 (DN 100) and Larger:  Maximum span, 10 feet (3 m); 

minimum rod size, 5/8 inch (15.8 mm). 
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D. Install hangers for horizontal drawn-temper copper tubing with 

the following maximum spacing and minimum rod sizes: 

1. NPS 3/8 (DN 10):  Maximum span, 48 inches (1220 mm); 

minimum rod size, 3/8 inch (10 mm). 

2. NPS 1/2 and NPS 5/8 (DN 15 and DN 18):  Maximum span, 72 

inches (1830 mm); minimum rod size, 3/8 inch (10 mm). 

3. NPS 3/4 and NPS 7/8 (DN 20 and DN 22):  Maximum span, 84 

inches (2134 mm); minimum rod size, 3/8 inch (10 mm). 

4. NPS 1 (DN 25):  Maximum span, 96 inches (2440 mm); 

minimum rod size, 3/8 inch (10 mm). 

E. Install hangers for horizontal, corrugated stainless-steel 

tubing with the following maximum spacing and minimum rod 

sizes: 

1. NPS 3/8 (DN 10):  Maximum span, 48 inches (1220 mm); 

minimum rod size, 3/8 inch (10 mm). 

2. NPS 1/2 (DN 15):  Maximum span, 72 inches (1830 mm); 

minimum rod size, 3/8 inch (10 mm). 

3. NPS 3/4 (DN 20) and Larger:  Maximum span, 96 inches 

(2440 mm); minimum rod size, 3/8 inch (10 mm). 

3.7 CONNECTIONS 

A. Install natural-gas piping electrically continuous, and bonded 

to gas appliance equipment grounding conductor of the circuit 

powering the appliance according to NFPA 70. 

B. Install piping adjacent to appliances to allow service and 

maintenance of appliances. 

C. Connect piping to appliances using manual gas shutoff valves 

and unions.  Install valve within 72 inches (1800 mm) of each 

gas-fired appliance and equipment.  Install union between 

valve and appliances or equipment. 

D. Sediment Traps:  Install tee fitting with capped nipple in 

bottom to form drip, as close as practical to inlet of each 

appliance. 

3.8 LABELING AND IDENTIFYING 

A. Comply with requirements in Section 230553 "Identification for 

HVAC Piping and Equipment" for piping and valve 

identification. 
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3.9 PAINTING 

A. Paint exposed, interior metal piping, valves, service 

regulators, service meters and meter bars, earthquake valves, 

and piping specialties, except components, with factory-

applied paint or protective coating. 

1. Latex Over Alkyd Primer System:  MPI INT 5.1Q. 

a. Prime Coat:  Alkyd anticorrosive, Quick-drying alkyd 

metal primer. 

b. Intermediate Coat:  Interior latex matching topcoat. 

c. Topcoat:  Interior latex gloss). 

d. Color:  Yellow. 

2. Alkyd System:  MPI INT 5.1E. 

a. Prime Coat:  Alkyd anticorrosive, Quick-drying alkyd 

metal primer. 

b. Intermediate Coat:  Interior alkyd matching topcoat. 

c. Topcoat:  Interior alkyd gloss. 

d. Color:  Yellow. 

B. Damage and Touchup:  Repair marred and damaged factory-applied 

finishes with materials and by procedures to match original 

factory finish. 

3.10 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Tests and Inspections: 

1. Test, inspect, and purge natural gas according to 

NFPA 54, the International Fuel Gas Code, and authorities 

having jurisdiction. 

C. Natural-gas piping will be considered defective if it does not 

pass tests and inspections. 

D. Prepare test and inspection reports. 

3.11 OUTDOOR PIPING SCHEDULE 

A. Aboveground natural-gas piping shall be one of the following: 

1. Steel pipe with malleable-iron fittings and threaded 

joints. 
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2. Steel pipe with wrought-steel fittings and welded joints. 

3. Drawn-temper copper tube with wrought-copper fittings and 

brazed joints. 

3.12 SHUTOFF VALVE SCHEDULE 

A. Distribution piping valves for pipe sizes NPS 2-1/2 (DN 65) 

and larger shall be one of the following: 

1. Two-piece, full-port, bronze ball valves with bronze 

trim. 

2. Bronze plug valve. 

3. Cast-iron, non-lubricated plug valve. 

3.13 DEMONSTRATION 

A. Engage a factory-authorized service representative to train 

Owner's maintenance personnel to adjust, operate, and maintain 

valves. 

END OF SECTION 231123 
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SECTION 233113 - METAL DUCTS 

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. Single-wall rectangular ducts and fittings. 

2. Sheet metal materials. 

3. Sealants and gaskets. 

4. Hangers and supports. 

1.3 PERFORMANCE REQUIREMENTS 

A. Delegated Duct Design:  Duct construction, including sheet 

metal thicknesses, seam and joint construction, 

reinforcements, and hangers and supports, shall comply with 

SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible" and performance requirements and design criteria 

indicated in "Duct Schedule" Article. 

B. Structural Performance:  Duct hangers and supports  shall 

withstand the effects of gravity  and stresses within limits 

and under conditions described in SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible" and ASCE/SEI 7.  

C. Airstream Surfaces:  Surfaces in contact with the airstream 

shall comply with requirements in ASHRAE 62.1. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of the following products: 

1. Sealants and gaskets. 

B. Shop Drawings: 

1. Fabrication, assembly, and installation, including plans, 

elevations, sections, components, and attachments to 

other work. 
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2. Factory- and shop-fabricated ducts and fittings. 

3. Duct layout indicating sizes, configuration, liner 

material, and static-pressure classes. 

4. Elevation of top of ducts. 

5. Dimensions of main duct runs from building grid lines. 

6. Fittings. 

7. Reinforcement and spacing. 

8. Seam and joint construction. 

9. Equipment installation based on equipment being used on 

Project. 

10. Locations for duct accessories, including dampers, 

turning vanes, and access doors and panels. 

11. Hangers and supports, including methods for duct and 

building attachment, and vibration isolation. 

C. Delegated-Design Submittal: 

1. Sheet metal thicknesses. 

2. Joint and seam construction and sealing. 

3. Reinforcement details and spacing. 

4. Materials, fabrication, assembly, and spacing of hangers 

and supports. 

5. Design Calculations:  Calculations, including analysis 

data signed and sealed by the qualified professional 

engineer responsible for their preparation for sleecting 

hangers and supports.   

1.5 INFORMATIONAL SUBMITTALS 

A. 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: 

1. Duct installation in congested spaces, indicating 

coordination with general construction, building 

components, and other building services.  Indicate 

proposed changes to duct layout. 

2. Suspended ceiling components. 

3. Structural members to which duct will be attached. 

B. Welding certificates. 
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C. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Welding Qualifications:  Qualify procedures and personnel 

according to AWS D1.1/D1.1M, "Structural Welding Code - 

Steel," for hangers and supports. AWS D1.2/D1.2M, "Structural 

Welding Code - Aluminum," for aluminum supports. 

AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and 

seam welding. 

B. Welding Qualifications:  Qualify procedures and personnel 

according to the following: 

1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for 

hangers and supports. 

2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for 

aluminum supports. 

3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct 

joint and seam welding. 

C. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, 

Section 5 - "Systems and Equipment" and Section 7 - 

"Construction and System Start-up." 

D. ASHRAE/IESNA Compliance:  Applicable requirements in 

ASHRAE/IESNA 90.1, Section 6.4.4 - "HVAC System Construction 

and Insulation." 

E. NFPA Compliance: Applicable requirements in NFPA 90A and NFPA 

90B. 

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 2-1, "Rectangular Duct/Transverse Joints," 

for static-pressure class, applicable sealing requirements, 

materials involved, duct-support intervals, and other 
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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 2-2, "Rectangular Duct/Longitudinal Seams," 

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 4, "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 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. See "Sheet Metal Materials" Article in the Evaluations for 

discussion on applicable materials and coatings in first six 

paragraphs below. 

C. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M. 

1. Galvanized Coating Designation:  G90. 

2. Finishes for Surfaces Exposed to View:  Mill 

phosphatized. 

D. Factory- or Shop-Applied Antimicrobial Coating: 

1. Apply to the surface of sheet metal that will form the 

interior surface of the duct.  An untreated clear coating 

shall be applied to the exterior surface. 

2. Antimicrobial compound shall be tested for efficacy by an 

NRTL and registered by the EPA for use in HVAC systems. 
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3. Coating containing the antimicrobial compound shall have 

a hardness of 2H, minimum, when tested according to 

ASTM D 3363. 

4. Surface-Burning Characteristics:  Maximum flame-spread 

index of 25 and maximum smoke-developed index of 50 when 

tested according to UL 723; certified by an NRTL. 

5. Shop-Applied Coating Color:  Black or White. 

6. Antimicrobial coating on sheet metal is not required for 

duct containing liner treated with antimicrobial coating. 

E. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel 

plates, shapes, and bars; black and galvanized. 

1. Where black- and galvanized-steel shapes and plates are 

used to reinforce aluminum ducts, isolate the different 

metals with butyl rubber, neoprene, or EPDM gasket 

materials. 

F. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for 

lengths 36 inches or less; 3/8-inch minimum diameter for 

lengths longer than 36 inches. 

2.3 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. See SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible" for discussion on seam and joint sealing methods and 

their applications.  Retain one or more of first three 

paragraphs below, and identify which sealing system applies to 

which duct system in the "Duct Schedule" Article. 

C. Duct tape shall not be permitted as a sealant on any duct. 

D. Water-Based Joint and Seam Sealant: 

1. Application Method:  Brush on. 

2. Solids Content:  Minimum 65 percent. 

3. Shore A Hardness:  Minimum 20. 

4. Water resistant. 

5. Mold and mildew resistant. 

6. VOC:  Maximum 75 g/L (less water). 
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7. Maximum Static-Pressure Class:  10-inch wg, positive and 

negative. 

8. Service:  Indoor or outdoor. 

9. Substrate:  Compatible with galvanized sheet steel (both 

PVC coated and bare), stainless steel, or aluminum 

sheets. 

E. Flanged Joint Sealant:  Comply with ASTM C 920. 

1. General:  Single-component, acid-curing, silicone, 

elastomeric. 

2. Type:  S. 

3. Grade:  NS. 

4. Class:  25. 

5. Use:  O. 

6. 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." 

F. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with 

polyisobutylene plasticizer. 

G. O-ring seals are generally available for duct fittings 3 to 24 

inches (76 to 610 mm) in diameter. 

2.4 HANGERS AND SUPPORTS 

A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated 

steel rods and nuts. 

B. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Table 5-1, 

"Rectangular Duct Hangers Minimum Size," and Table 5-2, 

"Minimum Hanger Sizes for Round Duct." 

C. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel 

complying with ASTM A 603. 

D. 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. 

E. Duct Attachments:  Sheet metal screws, blind rivets, or self-

tapping metal screws; compatible with duct materials. 
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F. Trapeze and Riser Supports: 

1. Supports for Galvanized-Steel Ducts:  Galvanized-steel 

shapes and plates. 

2. Supports for Stainless-Steel Ducts:  Stainless-steel 

shapes and plates. 

3. Supports for Aluminum Ducts:  Aluminum or galvanized 

steel coated with zinc chromate. 

2.5 DUCT-MOUNTED ACCESS DOORS 

A. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

1. American Warming and Ventilating; a division of Mestek, 

Inc. 

2. Ductmate Industries, Inc. 

3. Flexmaster U.S.A., Inc. 

4. Greenheck Fan Corporation. 

B. Duct-Mounted Access Doors:  Fabricate access panels according 

to SMACNA's "HVAC Duct Construction Standards - Metal and 

Flexible"; Figures 7-2, "Duct Access Doors and Panels,". 

1. Door: 

a. Double wall, rectangular. 

b. Galvanized sheet metal with insulation fill and 

thickness as indicated for duct pressure class. 

c. Hinges and Latches:  1-by-1-inch butt or piano hinge 

and cam latches. 

d. Fabricate doors airtight and suitable for duct 

pressure class. 

2. Frame:  Galvanized sheet steel, with bend-over tabs and 

foam gaskets. 

3. Number of Hinges and Locks: 

a. Access Doors Less Than 12 Inches Square:  No hinges 

and two sash locks. 

b. Access Doors up to 18 Inches Square:  Two hinges and 

two sash locks. 

c. Access Doors up to 24 by 48 Inches:  Three hinges 

and two compression latches with outside and inside 

handles. 

http://www.specagent.com/LookUp/?uid=123456821333&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821333&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812771&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812772&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812773&mf=04&&mf=04&src=wd
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d. Access Doors Larger than 24 by 48 Inches:  Four 

hinges and two compression latches with outside and 

inside handles. 

2.6 FLEXIBLE CONNECTORS 

A. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

1. Ductmate Industries, Inc. 

2. Ventfabrics, Inc. 

3. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

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 or 5-3/4 inches wide attached to two strips 

of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel 

or 0.032-inch-thick aluminum sheets.  Provide metal compatible 

with connected ducts. 

E. Indoor System, Flexible Connector Fabric:  Glass fabric double 

coated with neoprene. 

1. Minimum Weight:  26 oz./sq. yd. 

2. Tensile Strength:  480 lbf/inch in the warp and 360 

lbf/inch in the filling. 

3. Service Temperature:  Minus 40 to plus 200 deg F. 

2.7 TURNING VANES 

A. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

1. Ductmate Industries, Inc. 

2. Duro Dyne Inc. 

3. METALAIRE, Inc. 

4. Ward Industries, Inc.; a division of Hart & Cooley, Inc. 

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. 

http://www.specagent.com/LookUp/?uid=123456812781&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812783&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821343&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812764&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812765&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456812766&mf=04&&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456821331&mf=04&&mf=04&src=wd
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C. General Requirements:  Comply with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible"; Figures 4-3, 

"Vanes and Vane Runners," and 4-4, "Vane Support in Elbows." 

D. Vane Construction:  Single or Double wall. 

E. Vane Construction:  Single wall for ducts up to 48 inches wide 

and double wall for larger dimensions. 

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 ducts with fewest possible joints. 

D. Install factory- or shop-fabricated fittings for changes in 

direction, size, and shape and for branch connections. 

E. Unless otherwise indicated, install ducts vertically and 

horizontally, and parallel and perpendicular to building 

lines. 

F. Install ducts close to walls, overhead construction, columns, 

and other structural and permanent enclosure elements of 

building. 

G. Install ducts with a clearance of 1 inch, plus allowance for 

insulation thickness. 

H. Route ducts to avoid passing through transformer vaults and 

electrical equipment rooms and enclosures. 

I. Protect duct interiors from moisture, construction debris and 

dust, and other foreign materials.  Comply with SMACNA's "IAQ 

Guidelines for Occupied Buildings Under Construction," 

Appendix G, "Duct Cleanliness for New Construction 

Guidelines." 
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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": 

1. Comply with SMACNA's "HVAC Duct Construction Standards - 

Metal and Flexible." 

2. Unconditioned Space, Supply-Air Ducts in Pressure Classes 

2-Inch wg and Lower:  Seal Class B. 

3. Unconditioned Space, Exhaust Ducts:  Seal Class C. 

4. Unconditioned Space, Return-Air Ducts:  Seal Class B. 

3.4 HANGER AND SUPPORT INSTALLATION 

A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal 

and Flexible," Chapter 5, "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. 
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1. Use powder-actuated concrete fasteners for standard-

weight aggregate concretes or for slabs more than 4 

inches thick. 

2. Do not use powder-actuated concrete fasteners for 

lightweight-aggregate concretes or for slabs less than 4 

inches thick. 

C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction 

Standards - Metal and Flexible," Table 5-1, "Rectangular Duct 

Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes 

for Round Duct," for maximum hanger spacing; install hangers 

and supports within 24 inches of each elbow and within 48 

inches 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 

intervals of 16 feet. 

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. Coordinate duct installations and specialty arrangements with 

Drawings. 

B. Make connections to equipment with flexible connectors. 

C. Comply with SMACNA's "HVAC Duct Construction Standards - Metal 

and Flexible" for branch, outlet and inlet, and terminal unit 

connections. 

3.6 FIELD QUALITY CONTROL 

A. Perform tests and inspections. 

B. Leakage Tests: 

1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual."  

Submit a test report for each test. 
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2. Disassemble, reassemble, and seal segments of systems to 

accommodate leakage testing and for compliance with test 

requirements. 

3. Test for leaks before applying external insulation. 

4. Conduct tests at static pressures equal to maximum design 

pressure of system or section being tested.  If static-

pressure classes are not indicated, test system at 

maximum system design pressure.  Do not pressurize 

systems above maximum design operating pressure. 

5. Maximum Allowable Leakage: Comply with requirements for 

Leakage Class 3 for round and flat-oval ducts, Leakage 

Class 12 for rectangular ducts in pressure classes lower 

than and equal to 2-inch wg (both positive and negative 

pressures), and Leakage Class 6 for pressure classes from 

2 to 10-inch wg. 

6. Give seven days' advance notice for testing. 

C. Duct System Cleanliness Tests: 

1. Visually inspect duct system to ensure that no visible 

contaminants are present. 

2. Test sections of metal duct system, chosen randomly by 

Owner, for cleanliness according to "Vacuum Test" in 

NADCA ACR, "Assessment, Cleaning and Restoration of HVAC 

Systems." 

A. Acceptable Cleanliness Level:  Net weight of debris 

collected on the filter media shall not exceed 0.75 

mg/100 sq. cm. 

D. Duct system will be considered defective if it does not pass 

tests and inspections. 

E. Prepare test and inspection reports. 

3.7 DUCT CLEANING 

A. Clean duct system(s) before testing, adjusting, and balancing. 

B. Use service openings for entry and inspection. 

1. Create new openings and install access panels appropriate 

for duct static-pressure class if required for cleaning 

access.  Provide insulated panels for insulated or lined 

duct.  Patch insulation and liner as recommended by duct 

liner manufacturer.  Comply with Section 15820 "Air Duct 

Accessories" for access panels and doors. 
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2. Disconnect and reconnect flexible ducts as needed for 

cleaning and inspection. 

3. Remove and reinstall ceiling to gain access during the 

cleaning process. 

C. Particulate Collection and Odor Control: 

1. When venting vacuuming system inside the building, use 

HEPA filtration with 99.97 percent collection efficiency 

for 0.3-micron-size (or larger) particles. 

2. When venting vacuuming system to outdoors, use filter to 

collect debris removed from HVAC system, and locate 

exhaust downwind and away from air intakes and other 

points of entry into building. 

D. Clean the following components by removing surface 

contaminants and deposits: 

1. Air outlets and inlets (registers, grilles, and 

diffusers). 

2. Supply, return, and exhaust fans including fan housings, 

plenums (except ceiling supply and return plenums), 

scrolls, blades or vanes, shafts, baffles, dampers, and 

drive assemblies. 

3. Air-handling unit internal surfaces and components 

including mixing box, coil section, air wash systems, 

spray eliminators, condensate drain pans, humidifiers and 

dehumidifiers, filters and filter sections, and 

condensate collectors and drains. 

4. Coils and related components. 

5. Return-air ducts, dampers, actuators, and turning vanes 

except in ceiling plenums and mechanical equipment rooms. 

6. Supply-air ducts, dampers, actuators, and turning vanes. 

7. Dedicated exhaust and ventilation components and makeup 

air systems. 

E. Mechanical Cleaning Methodology: 

1. Clean metal duct systems using mechanical cleaning 

methods that extract contaminants from within duct 

systems and remove contaminants from building. 

2. Use vacuum-collection devices that are operated 

continuously during cleaning.  Connect vacuum device to 

downstream end of duct sections so areas being cleaned 

are under negative pressure. 
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3. Use mechanical agitation to dislodge debris adhered to 

interior duct surfaces without damaging integrity of 

metal ducts, duct liner, or duct accessories. 

4. Clean fibrous-glass duct liner with HEPA vacuuming 

equipment; do not permit duct liner to get wet.  Replace 

fibrous-glass duct liner that is damaged, deteriorated, 

or delaminated or that has friable material, mold, or 

fungus growth. 

5. Clean coils and coil drain pans according to NADCA 1992.  

Keep drain pan operational.  Rinse coils with clean water 

to remove latent residues and cleaning materials; comb 

and straighten fins. 

6. Provide drainage and cleanup for wash-down procedures. 

7. Antimicrobial Agents and Coatings:  Apply EPA-registered 

antimicrobial agents if fungus is present.  Apply 

antimicrobial agents according to manufacturer's written 

instructions after removal of surface deposits and 

debris. 

3.8 START UP 

A. Air Balance:  Comply with requirements in Section 230593 

"Testing, Adjusting, and Balancing for HVAC." 

B. Flexible elastomeric insulation is available in thicknesses 

through 1-1/2 inches (38 mm), which comply with NFPA 90A.  

Some options in subparagraphs below may create a restrictive 

proprietary specification.  Verify availability of performance 

with manufacturers. 

C. Branch Configuration: 

1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct 

Construction Standards - Metal and Flexible," Figure 4-6, 

"Branch Connection." 

a. Rectangular Main to Rectangular Branch:  45-degree 

entry. 

b. Rectangular Main to Round Branch:  Spin in. 

 

END OF SECTION 233113 
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SECTION 237413 - PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING 

UNITS 

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. This Section includes packaged, outdoor, central-station air-

handling units (rooftop units) with the following components 

and accessories: 

1. Direct-expansion cooling. 

2. Heat-pump refrigeration components. 

3. Hot-gas reheat. 

4. Electric-heating coils. 

5. Gas furnace. 

6. Economizer outdoor- and return-air damper section. 

7. Integral, space temperature controls. 

1.3 DEFINITIONS 

A. DDC: Direct-digital control. 

B. ECM: Electrically commutated motor. 

C. RTU: Rooftop unit. As used in this Section, this abbreviation 

means packaged, outdoor, central-station air-handling units. 

This abbreviation is used regardless of whether the unit is 

mounted on the roof or on a concrete base on ground. 

D. Supply-Air Fan: The fan providing supply air to conditioned 

space. "Supply air" is defined as the air entering a space 

from air-conditioning, heating, or ventilating apparatus. 

E. VVT: Variable-air volume and temperature. 
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1.4 ACTION SUBMITTALS 

A. Product Data: Include manufacturer's technical data for each 

RTU, 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. 

1. Wiring Diagrams: Power, signal, and control wiring. 

C. Delegated-Design Submittal: For RTU supports indicated to 

comply with performance requirements and design criteria, 

including analysis data signed and sealed by the qualified 

professional engineer responsible for their preparation. 

1. Design Calculations: Calculate requirements for selecting 

vibration isolators and seismic restraints and for 

designing vibration isolation bases. 

2. Detail mounting, securing, and flashing of roof curb to 

roof structure. Indicate coordinating requirements with 

roof membrane system. 

3. Wind- and Seismic-Restraint Details: Detail fabrication 

and attachment of wind and seismic restraints and 

snubbers. Show anchorage details and indicate quantity, 

diameter, and depth of penetration of anchors. 

1.5 INFORMATIONAL SUBMITTALS 

A. 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: 

1. Structural members to which RTUs will be attached. 

2. Roof openings 

B. Manufacturer Wind Loading Qualification Certification: Submit 

certification that specified equipment will withstand wind 

forces identified in "Performance Requirements" Article and in 

Section 230548 "Vibration and Seismic Controls for HVAC." 

1. Basis for Certification: Indicate whether withstand 

certification is based on actual test of assembled 

components or on calculations. 



WPU SPEERT HALL RTU REPLACEMENT dlb # 47402 / 5-16 

 

 

PACKAGED, OUTDOOR, CENTRAL-STATION AIR-HANDLING UNITS 237413 - 3 

2. Dimensioned Outline Drawings of Equipment Unit: Identify 

center of wind force and locate and describe mounting and 

anchorage provisions. 

3. Detailed description of equipment anchorage devices on 

which the certification is based and their installation 

requirements. 

C. Manufacturer Seismic Qualification Certification: Submit 

certification that RTUs, accessories, and components will 

withstand seismic forces defined in "Performance Requirements" 

Article and in Section 230548 "Vibration and Seismic Controls 

for HVAC." 

1. Basis for Certification: Indicate whether withstand 

certification is based on actual test of assembled 

components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit: Identify 

center of gravity and locate and describe mounting and 

anchorage provisions. 

3. Detailed description of equipment anchorage devices on 

which the certification is based and their installation 

requirements. 

D. Field quality-control test reports. 

E. Warranty: Special warranty specified in this Section. 

1.6 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data: For RTUs to include in 

emergency, operation, and maintenance manuals. 

1.7 MAINTENANCE MATERIAL SUBMITTALS 

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. 

1. Fan Belts: One set for each belt-driven fan. 

2. Filters: One set of filters for each unit. 

1.8 QUALITY ASSURANCE 

A. ARI Compliance: 
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1. Comply with ARI 203/110 and ARI 303/110 for testing and 

rating energy efficiencies for RTUs. 

2. Comply with ARI 270 for testing and rating sound 

performance for RTUs. 

B. ASHRAE Compliance: 

1. Comply with ASHRAE 15 for refrigeration system safety. 

2. Comply with ASHRAE 33 for methods of testing cooling and 

heating coils. 

3. Comply with applicable requirements in ASHRAE 62.1, 

Section 5 - "Systems and Equipment" and Section 7 - 

"Construction and Startup." 

C. ASHRAE/IESNA 90.1 Compliance: Applicable requirements in 

ASHRAE/IESNA 90.1, Section 6 - "Heating, Ventilating, and Air-

Conditioning." 

D. NFPA Compliance: Comply with NFPA 90A and NFPA 90B. 

E. UL Compliance: Comply with UL 1995. 

F. 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. 

1.9 WARRANTY 

A. Special Warranty: Manufacturer's standard form in which 

manufacturer agrees to replace components of RTUs that fail in 

materials or workmanship within specified warranty period. 

1. Warranty Period for Compressors: Manufacturer's standard, 

but not less than five years from date of Substantial 

Completion. 

2. Warranty Period for Gas Furnace Heat Exchangers: 

Manufacturer's standard, but not less than five years 

from date of Substantial Completion. 

3. Warranty Period for Solid-State Ignition Modules: 

Manufacturer's standard, but not less than three years 

from date of Substantial Completion. 

4. Warranty Period for Control Boards: Manufacturer's 

standard, but not less than three years from date of 

Substantial Completion. 
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PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

1. Carrier Corporation. (Basis of Design) 

2. Daikin-McQuay 

3. Trane Company. 

4. York International Corporation. 

2.2 CASING 

A. General Fabrication Requirements for Casings: Formed and 

reinforced double-wall insulated panels, fabricated to allow 

removal for access to internal parts and components, with 

joints between sections sealed. 

B. Exterior Casing Material: Galvanized steel with factory-

painted finish, with pitched roof panels and knockouts with 

grommet seals for electrical and piping connections and 

lifting lugs. 

1. Exterior Casing Thickness: 0.052 inch (1.3 mm) thick. 

C. Inner Casing Fabrication Requirements: 

1. Inside Casing: Galvanized steel, 0.034 inch (0.86 mm) 

thick. 

D. Casing Insulation and Adhesive: Comply with NFPA 90A or 

NFPA 90B. 

1. Materials: ASTM C 1071, Type I. 

2. Thickness: 1/2 inch (13 mm). 

3. Liner materials shall have air-stream surface coated with 

an erosion- and temperature-resistant coating or faced 

with a plain or coated fibrous mat or fabric. 

4. Liner Adhesive: Comply with ASTM C 916, Type I. 

E. Condensate Drain Pans: Formed sections of galvanized-steel 

sheet, a minimum of 2 inches (50 mm) deep, and complying with 

ASHRAE 62.1. 

1. Double-Wall Construction: Fill space between walls with 

foam insulation and seal moisture tight. 

2. Drain Connections: Threaded nipple. 

3. Pan-Top Surface Coating: Corrosion-resistant compound. 
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F. Airstream Surfaces: Surfaces in contact with the airstream 

shall comply with requirements in ASHRAE 62.1. 

2.3 FANS 

A. Belt-Driven Supply-Air Fans: Double width, forward curved, 

centrifugal; with permanently lubricated, single-speed motor 

installed on an adjustable fan base resiliently mounted in the 

casing. Aluminum or painted-steel wheels, and galvanized- or 

painted-steel fan scrolls. 

B. Condenser-Coil Fan: Propeller, mounted on shaft of permanently 

lubricated motor. 

C. Relief-Air Fan: Forward curved, shaft mounted on permanently 

lubricated motor. 

D. Seismic Fabrication Requirements: Fabricate fan section, 

internal mounting frame and attachment to fans, fan housings, 

motors, casings, accessories, and other fan section components 

with reinforcement strong enough to withstand seismic forces 

defined in Section 230548 "Vibration and Seismic Controls for 

HVAC" when fan-mounted frame and RTU-mounted frame are 

anchored to building structure. 

E. Fan Motor: Comply with requirements in Section 230513 "Common 

Motor Requirements for HVAC Equipment." 

2.4 COILS 

A. Hot-Gas Reheat Refrigerant Coil: 

1. Aluminum-plate fin and seamless internally grooved copper 

tube in steel casing with equalizing-type vertical 

distributor. 

2. Polymer strip shall prevent all copper coil from 

contacting steel coil frame or condensate pan. 

3. Cathodic epoxy coating. 

B. Electric-Resistance Heating: 

1. Open Heating Elements: Resistance wire of 80 percent 

nickel and 20 percent chromium, supported and insulated 

by floating ceramic bushings recessed into casing 

openings, fastened to supporting brackets, and mounted in 

galvanized-steel frame. Terminate elements in stainless-
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steel machine-staked terminals secured with stainless-

steel hardware. 

2. Overtemperature Protection: Disk-type, automatically 

reset, thermal-cutout, safety device; serviceable through 

terminal box. 

3. Overcurrent Protection: Manual-reset thermal cutouts, 

factory wired in each heater stage. 

4. Control Panel: Unit mounted with disconnecting means and 

overcurrent protection. Include the following controls: 

a. Magnetic contactors. 

b. Step Controller: Pilot lights and override toggle 

switch for each step. 

c. SCR Controller: Pilot lights operate on load ratio, 

a minimum of five steps. 

d. Time-delay relay. 

e. Airflow proving switch. 

2.5 REFRIGERANT CIRCUIT COMPONENTS 

A. Number of Refrigerant Circuits: Two. 

B. Compressor: Hermetic, scroll, mounted on vibration isolators; 

with internal overcurrent and high-temperature protection, 

internal pressure relief, and crankcase heater. 

C. Refrigeration Specialties: 

1. Refrigerant: R-410A. 

2. Expansion valve with replaceable thermostatic element. 

3. Refrigerant filter/dryer. 

4. Manual-reset high-pressure safety switch. 

5. Automatic-reset low-pressure safety switch. 

6. Minimum off-time relay. 

7. Automatic-reset compressor motor thermal overload. 

8. Brass service valves installed in compressor suction and 

liquid lines. 

9. Low-ambient kit high-pressure sensor. 

10. Hot-gas reheat solenoid valve with a replaceable magnetic 

coil. 
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11. Hot-gas bypass solenoid valve with a replaceable magnetic 

coil. 

12. Four-way reversing valve with a replaceable magnetic 

coil, thermostatic expansion valves with bypass check 

valves, and a suction line accumulator. 

2.6 AIR FILTRATION 

A. Minimum arrestance according to ASHRAE 52.1, and a minimum 

efficiency reporting value (MERV) according to ASHRAE 52.2. 

1. Glass Fiber: Minimum 80 percent arrestance, and MERV 5. 

2. Pleated: Minimum 90 percent arrestance, and MERV 7. 

2.7 GAS FURNACE 

A. Description: Factory assembled, piped, and wired; complying 

with ANSI Z21.47 and NFPA 54. 

1. CSA Approval: Designed and certified by and bearing label 

of CSA. 

B. Burners: Stainless steel. 

1. Fuel: Natural gas. 

2. Ignition: Electronically controlled electric spark or 

hot-surface igniter with flame sensor. 

C. Heat-Exchanger and Drain Pan: Stainless steel. 

D. Venting: Gravity vented. 

E. Power Vent: Integral, motorized centrifugal fan interlocked 

with gas valve. 

F. Safety Controls: 

1. Gas Control Valve: Two stage. 

2. Gas Train: Single-body, regulated, redundant, 24-V ac gas 

valve assembly containing pilot solenoid valve, pilot 

filter, pressure regulator, pilot shutoff, and manual 

shutoff. 

2.8 DAMPERS 

A. Outdoor-Air Damper: Linked damper blades, for 0 to 25 percent 

outdoor air, with manual damper filter. 
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B. Outdoor- and Return-Air Mixing Dampers: Parallel- or opposed-

blade galvanized-steel dampers mechanically fastened to 

cadmium plated for galvanized-steel operating rod in 

reinforced cabinet. Connect operating rods with common linkage 

and interconnect linkages so dampers operate simultaneously. 

1. Damper Motor: Modulating with adjustable minimum 

position. 

2. Relief-Air Damper: Gravity actuated or motorized, as 

required by ASHRAE/IESNA 90.1, with bird screen and hood. 

2.9 ELECTRICAL POWER CONNECTION 

A. Provide for single connection of power to unit with unit-

mounted disconnect switch accessible from outside unit and 

control-circuit transformer with built-in overcurrent 

protection. 

2.10 CONTROLS 

A. Control equipment and sequence of operation are specified in 

Section 230923 "Direct Digital Control (DDC) System for HVAC" 

and Section 230993.11 "Sequence of Operations for HVAC DDC." 

B. Basic Unit Controls: 

1. Control-voltage transformer. 

2. Wall-mounted thermostat or sensor with the following 

features: 

a. Heat-cool-off switch. 

b. Fan on-auto switch. 

c. Fan-speed switch. 

d. Automatic changeover. 

e. Adjustable deadband. 

f. Concealed set point. 

g. Concealed indication. 

h. Degree F indication. 

i. Unoccupied-period-override push button. 

j. Data entry and access port to input temperature set 

points, occupied and unoccupied periods, and output 

room temperature, supply-air temperature, operating 

mode, and status. 
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C. DDC Controller: 

1. Controller shall have volatile-memory backup. 

2. Safety Control Operation: 

a. Smoke Detectors: Stop fan and close outdoor-air 

damper if smoke is detected. Provide additional 

contacts for alarm interface to fire alarm control 

panel. 

b. Firestats: Stop fan and close outdoor-air damper if 

air greater than 130 deg F (54 deg C) enters unit. 

Provide additional contacts for alarm interface to 

fire alarm control panel. 

c. Low-Discharge Temperature: Stop fan and close 

outdoor-air damper if supply air temperature is less 

than 40 deg F (4 deg C). 

d. Defrost Control for Condenser Coil: Pressure 

differential switch to initiate defrost sequence. 

3. Scheduled Operation: Occupied and unoccupied periods on 

seven-day clock with a minimum of four programmable 

periods per day. 

4. Unoccupied Period: 

a. Heating Setback: 10 deg F (5.6 deg C). 

b. Cooling Setback: System off. 

c. Override Operation: Two hours. 

5. Supply Fan Operation: 

a. Occupied Periods: Run fan continuously. 

b. Unoccupied Periods: Cycle fan to maintain setback 

temperature. 

6. Refrigerant Circuit Operation: 

a. Occupied Periods: Cycle or stage compressors, and 

operate hot-gas bypass to match compressor output to 

cooling load to maintain room temperature. Cycle 

condenser fans to maintain maximum hot-gas pressure. 

Operate low-ambient control kit to maintain minimum 

hot-gas pressure. 

b. Unoccupied Periods: Cycle compressors and condenser 

fans for heating to maintain setback temperature. 

7. Hot-Gas Reheat-Coil Operation: 

a. Occupied Periods: Humidistat opens hot-gas valve to 

provide hot-gas reheat, and cycles compressor. 
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b. Unoccupied Periods: Reheat not required. 

8. Gas Furnace Operation: 

a. Occupied Periods: Stage burner to maintain room 

temperature. 

b. Unoccupied Periods: Cycle burner to maintain setback 

temperature. 

9. Electric-Heating-Coil Operation: 

a. Occupied Periods: Stage coil to maintain room 

temperature. 

b. Unoccupied Periods: Energize coil to maintain 

setback temperature. 

c. Operate supplemental electric heating coil with 

compressor for heating with outdoor temperature 

below 25 deg F (minus 4 deg C). 

10. Fixed Minimum Outdoor-Air Damper Operation: 

a. Occupied Periods: Open to 25 percent. 

b. Unoccupied Periods: Close the outdoor-air damper. 

11. Economizer Outdoor-Air Damper Operation: 

a. Occupied Periods: Open to 25 percent fixed minimum 

intake, and maximum 100 percent of the fan capacity 

to comply with ASHRAE Cycle II. Controller shall 

permit air-side economizer operation when outdoor 

air is less than 60 deg F (15 deg C). Use outdoor-

air enthalpy to adjust mixing dampers.  Start 

relief-air fan with end switch on outdoor-air 

damper. During economizer cycle operation, lock out 

cooling. 

b. Unoccupied Periods: Close outdoor-air damper and 

open return-air damper. 

c. Outdoor-Airflow Monitor: Accuracy maximum plus or 

minus 5 percent within 15 and 100 percent of total 

outdoor air. Monitor microprocessor shall adjust for 

temperature, and output shall range from 4 to 20 mA. 

D. Interface Requirements for HVAC Instrumentation and Control 

System: 

1. Interface relay for scheduled operation. 

2. Interface relay to provide indication of fault at the 

central workstation and diagnostic code storage. 
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3. Provide BACnet or LonWorks compatible interface for 

central HVAC control workstation for the following: 

a. Adjusting set points. 

b. Monitoring supply fan start, stop, and operation. 

c. Inquiring data to include outdoor-air damper 

position, supply- and room-air temperature. 

d. Monitoring occupied and unoccupied operations. 

e. Monitoring constant and variable motor loads. 

f. Monitoring variable-frequency drive operation. 

g. Monitoring cooling load. 

h. Monitoring economizer cycles. 

i. Monitoring air-distribution static pressure and 

ventilation air volume. 

2.11 ACCESSORIES 

A. Electric heater with integral thermostat maintains minimum 50 

deg F (10 deg C) temperature in gas burner compartment. 

B. Duplex, 115-V, ground-fault-interrupter outlet with 15-A 

overcurrent protection. Include transformer if required. 

C. Low-ambient kit using staged condenser fans for operation down 

to 35 deg F (1.7 deg C). 

D. Filter differential pressure switch with sensor tubing on 

either side of filter. Set for final filter pressure loss. 

E. Coil guards of painted, galvanized-steel wire. 

F. Hail guards of galvanized steel, painted to match casing. 

2.12 CAPACITIES AND CHARACTERISTICS 

A. As scheduled. 
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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 RTUs. 

B. Examine roughing-in for RTUs to verify actual locations of 

piping and duct connections before equipment installation. 

C. Examine roofs for suitable conditions where RTUs will be 

installed. 

D. Proceed with installation only after unsatisfactory conditions 

have been corrected. 

3.2 INSTALLATION 

A. Equipment Mounting: 

1. Install RTUs on existing steel dunnage. 

2. Comply with requirements for vibration isolation devices 

specified in Section 230548.13 "Vibration Controls for 

HVAC." 

3.3 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 RTUs to allow service and 

maintenance. 

1. Gas Piping: Comply with applicable requirements in 

Section 231123 "Facility Natural-Gas Piping." Connect gas 

piping to burner, full size of gas train inlet, and 

connect with union and shutoff valve with sufficient 

clearance for burner removal and service. 

C. Duct installation requirements are specified in other HVAC 

Sections. Drawings indicate the general arrangement of ducts. 

The following are specific connection requirements: 

1. Install ducts to termination at top of roof opening. 

2. Remove roof decking only as required for passage of 

ducts. Do not cut out decking under entire roof curb. 
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3. Connect supply ducts to RTUs with flexible duct 

connectors specified in Section 233113 "Metal Ducts." 

4. Install return-air duct continuously through roof 

structure. 

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. Report results in writing. 

B. Perform tests and inspections and prepare test reports. 

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. Report results in writing. 

C. Tests and Inspections: 

1. After installing RTUs and after electrical circuitry has 

been energized, test units for compliance with 

requirements. 

2. Inspect for and remove shipping bolts, blocks, and tie-

down straps. 

3. Operational Test: After electrical circuitry has been 

energized, start units to confirm proper motor rotation 

and unit operation. 

4. Test and adjust controls and safeties. Replace damaged 

and malfunctioning controls and equipment. 

D. Remove and replace malfunctioning units and retest as 

specified above. 

3.5 STARTUP SERVICE 

A. Engage a factory-authorized service representative to perform 

startup service. 

B. Complete installation and startup checks according to 

manufacturer's written instructions and do the following: 

1. Inspect for visible damage to unit casing. 

2. Inspect for visible damage to furnace combustion chamber. 
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3. Inspect for visible damage to compressor, coils, and 

fans. 

4. Inspect internal insulation. 

5. Verify that labels are clearly visible. 

6. Verify that clearances have been provided for servicing. 

7. Verify that controls are connected and operable. 

8. Verify that filters are installed. 

9. Clean condenser coil and inspect for construction debris. 

10. Clean furnace flue and inspect for construction debris. 

11. Connect and purge gas line. 

12. Remove packing from vibration isolators. 

13. Inspect operation of barometric relief dampers. 

14. Verify lubrication on fan and motor bearings. 

15. Inspect fan-wheel rotation for movement in correct 

direction without vibration and binding. 

16. Adjust fan belts to proper alignment and tension. 

17. Start unit according to manufacturer's written 

instructions. 

a. Start refrigeration system. 

b. Do not operate below recommended low-ambient 

temperature. 

c. Complete startup sheets and attach copy with 

Contractor's startup report. 

18. Inspect and record performance of interlocks and 

protective devices; verify sequences. 

19. Operate unit for an initial period as recommended or 

required by manufacturer. 

20. Perform the following operations for both minimum and 

maximum firing. Adjust burner for peak efficiency. 

a. Measure gas pressure on manifold. 

b. Inspect operation of power vents. 

c. Measure combustion-air temperature at inlet to 

combustion chamber. 

d. Measure flue-gas temperature at furnace discharge. 

e. Perform flue-gas analysis. Measure and record flue-

gas carbon dioxide and oxygen concentration. 
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f. Measure supply-air temperature and volume when 

burner is at maximum firing rate and when burner is 

off. Calculate useful heat to supply air. 

21. Calibrate thermostats. 

22. Adjust and inspect high-temperature limits. 

23. Inspect outdoor-air dampers for proper stroke and 

interlock with return-air dampers. 

24. Start refrigeration system and measure and record the 

following when ambient is a minimum of 15 deg F (8 deg C) 

above return-air temperature: 

a. Coil leaving-air, dry- and wet-bulb temperatures. 

b. Coil entering-air, dry- and wet-bulb temperatures. 

c. Outdoor-air, dry-bulb temperature. 

d. Outdoor-air-coil, discharge-air, dry-bulb 

temperature. 

25. Inspect controls for correct sequencing of heating, 

mixing dampers, refrigeration, and normal and emergency 

shutdown. 

26. Measure and record the following minimum and maximum 

airflows. Plot fan volumes on fan curve. 

a. Supply-air volume. 

b. Return-air volume. 

c. Relief-air volume. 

d. Outdoor-air intake volume. 

27. Simulate maximum cooling demand and inspect the 

following: 

a. Compressor refrigerant suction and hot-gas 

pressures. 

b. Short circuiting of air through condenser coil or 

from condenser fans to outdoor-air intake. 

28. Verify operation of remote panel including pilot-light 

operation and failure modes. Inspect the following: 

a. High-temperature limit on gas-fired heat exchanger. 

b. Low-temperature safety operation. 

c. Filter high-pressure differential alarm. 

d. Economizer to minimum outdoor-air changeover. 

e. Relief-air fan operation. 
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f. Smoke and firestat alarms. 

29. After startup and performance testing and prior to 

Substantial Completion, replace existing filters with new 

filters. 

3.6 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 RTU and air-distribution systems, clean filter 

housings and install new filters. 

3.7 DEMONSTRATION 

A. Engage a factory-authorized service representative to train 

Owner's maintenance personnel to adjust, operate, and maintain 

RTUs. Refer to Section 017900 "Demonstration and Training." 

END OF SECTION 237413 
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SECTION 260001- CONSTRUCTION ADMINISTRATION FOR ELECTRICAL WORK 

PART 1 - GENERAL 

1.1 GENERAL 

A. This Section contains requirements for Construction 

Administration of Electrical work.  These requirements are 

in addition to any requirements listed elsewhere in the 

Contract Documents.  Where conflicts exist between this 

section and other sections, the more stringent requirement 

shall apply. 

1.2 REQUESTS FOR INFORMATION 

A. Requests For Information (RFI) are questions posed by the 

Contractor intended to resolve vagueness and conflicts 

during construction. 

B. To submit a RFI, the Contractor must fill out the Request 

For Information form found in Appendix A of this 

specification section.  Only an RFI utilizing this format 

will be acknowledged. 

C. Prior to submitting a RFI, the Contractor must thoroughly 

review the Construction Documents and Specifications and 

forward the RFI only if the issue in question cannot be 

resolved.  If a RFI questions a clearly noted item or 

standard construction method which should be known by the 

Contractor, the Engineer may back charge the Contractor 

for time spent responding to the RFI. 

D. When submitting an RFI, the Contractor must where 

possible, offer a solution which addresses the conflict or 

question. 

E. Alternately, the Contractor may, where approved by 

Engineer, submit an RFI electronically using a common 

Subject Line format.  An electronically submitted RFI must 

include all information found on the form found in 

Appendix A: 

1. Subject Line Example:  Essex County CC West Essex 

Campus – Electrical RFI XXX 
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2. All RFI requests must be copied electronically to the 

architect (where applicable). 

1.3 SCHEDULE OF VALUES 

A. Prior to initiating any work, the Contractor shall submit 

a Schedule of Values on an AIA G-703 Continuation Sheet 

outlining Material and Labor costs for each item. 

B. Include in the Schedule of Values a line item for 

resolving Punchlist issues equal to 5% of the total 

contract value. 

C. No Payment Applications will be processed until the 

Schedule of Values form has been approved by the Engineer. 

1.4 EQUIPMENT MANUFACTURER LIST 

A. Within ten (10) business days of the contract award date, 

the Contractor shall submit a list of equipment 

manufacturers, for the engineer's review and approval, 

that they intends to use on this project. 

1.5 SHOP DRAWING SUBMISSION SCHEDULE 

A. Prior to submitting any Shop Drawings, the Contractor 

shall issue a Shop Drawing Submission Schedule.  The 

purpose of this schedule is to identify which items 

require Shop Drawings and when these Shop Drawings will be 

submitted to the Engineer.  By agreeing to this schedule 

at the beginning of the project, Shop Drawings will be 

reviewed in a timely fashion and long lead items can be 

prioritized and reviewed first. 

B. Refer to the Shop Drawing Submission Schedule in Appendix 

A of this specification section.  The Contractor shall 

list all the items that require submittals per the 

Contract Documents and Specifications.  The Contractor 

shall fill out the Submittal Date column for each item and 

return the completed form to the Engineer for review.  The 

Contractor may use a different form of their choosing 

provided the required information is provided. 

C. No Shop Drawings will be reviewed until the Shop Drawing 

Submission Schedule is approved by the Engineer. 
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1.6 SHOP DRAWINGS 

A. Shop Drawings will not be reviewed until the Equipment 

Manufacturer List and Shop Drawing Submission Schedule 

have been submitted to, and approved by, the Engineer. 

B. Shop Drawings must include a completed copy of the Shop 

Drawing Submittal Form found in Appendix A of this 

specification section.   

1. The Contractor must review and stamp all Shop Drawings 

prior to submission.  Space has been provided for the 

Contractor's stamp on the Shop Drawing Submittal Form.  

Submittals without the Contractor's stamp will be 

returned unchecked. 

C. The Contractor may choose to provide hard copies of Shop 

Drawings and shall provide a maximum of six (6) copies of 

submittals to the Engineer for review. Additional Shop 

Drawings may be marked-up and processed for an additional 

fee to the Contractor. 

1.  

2. Submitted items shall be clearly identified on all 

copies of the Shop Drawings.  The Engineer will return 

any Shop Drawings that are not clearly marked.  

3. Alternately, the Contractor may, where approved by 

Engineer, submit shop drawings electronically for 

review.  All electronic submittals must adhere to the 

shop drawing schedule, include the Contractor’s Review 

Stamp and all information found in Appendix A. 

Submittals without the Contractor’s stamp will be 

returned unchecked.  

D. Alternately, the Contractor may, where approved by 

Engineer, submit shop drawings electronically for review.  

All electronic submittals must adhere to the shop drawing 

schedule, include the Contractor’s Review Stamp and all 

information found in Appendix A. Submittals without the 

Contractor’s stamp will be returned unchecked. It is the 

responsibility of the Contractor to make every attempt to 

ensure thoroughness and accuracy of their submittals.  If 

Shop Drawings are not approved following a maximum of two 

(2) reviews, the Contractor will be backcharged for the 

Engineer’s effort. 

E. Shop Drawings will be reviewed and returned within ten 

(10) working days of receipt.  Expedited review (less than 
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10 days) for long lead or immediate need items may be 

processed for an additional fee to the Contractor. 

1.7 SUBSTITUTIONS 

A. Substitutions for specified equipment must include a 

detailed comparison checklist identifying all pertinent 

similarities and differences between the two items.  

Substituted items without a comparison checklist will not 

be considered. 

1. Where substituted items affect other trades, this 

Contractor is responsible for adjusting the 

installation as required to accommodate the 

substitution.  This includes, but is not limited to, 

changes in Architectural, Structural, Mechanical, 

Electrical, Plumbing and Fire Protection Systems.  

This Contractor will pay for all associated costs. 

B. Incomplete submittals will be returned rejected. 

1.8 SERVICE INTERRUPTION SCHEDULE 

A. Within ten (10) business days of the contract award date, 

the Contractor shall submit a Schedule of Shutdowns of 

equipment and/or systems for Owner and Engineer review. 

B. The Contractor shall notify the Owner and Engineer in 

writing at least five (5) business days prior to each 

equipment and/or system shutdown. 

1.9 SUBSTANTIAL COMPLETION LETTER 

A. The purpose of this letter is to inform the Engineer that 

the Contractor has reached Substantial Completion.  

B. Upon Substantial Completion, the Contractor shall copy the 

Substantial Completion Letter onto company letterhead, 

complete the letter and send it to the Engineer.  Refer to 

Appendix A of this specification for this letter. 

C. This letter shall be received at the Engineer's office no 

later than four (4) weeks before the project completion 

date.  Upon receiving the letter, the Engineer will 

perform a Punch List.  The Contractor shall have two (2) 
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weeks to complete the Punch List items upon receiving the 

Punch List. 

 

1.10 PUNCHLIST COMPLETION LETTER 

A. The purpose of this letter is to inform the Engineer that 

the Contractor has completed all Punchlist items.  The 

Contractor must ensure that all Punchlist items are indeed 

complete prior to submitting this letter. 

B. Upon Punchlist Completion, the Contractor shall copy the 

Punchlist Completion Letter onto company letterhead, 

complete the letter and send it to the Engineer.  Refer to 

Appendix A of this specification for this letter. 

C. This letter shall be received at the Engineer's office no 

later than One (1) week before the project completion 

date. Upon receiving this letter, the Engineer will 

perform a final walkthrough. 

D. Should the Engineer discover during the final walkthrough 

that all of the Punchlist items have not been completed, 

the time and expenses associated with a return visit by 

the Engineer shall be chargeable to the Contractor.  

PART 2 - PRODUCTS - Not Used. 

PART 3 - EXECUTION - Not Used. 

END OF SECTION 260001 
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Construction Administration 
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REQUEST FOR INFORMATION RFI ID  (by Arch/Engr) ___________ 

 

Project ID: 47402  Project Name: WPU Speert RTU Replacement  Project Location: Wayne, NJ 
 

Requestor's Information 
 

Name  _______________________________________Phone #  _________________________ 
 

Firm Name  ___________________________________Date of Request  __________________ 
 

Proposed Reviewer's Name (optional)  ______________________________________________ 

 

Certification by Requestor 
 

I certify that I have thoroughly reviewed the Documents and am unable to reconcile this issue. I 

acknowledge that if the issue is easily reconcilable by reviewing the Documents or is asking direction 

on standard construction methods that should be known by the Contractor, the Professionals can 

backcharge the Requestor for the effort involved in the review and response.   

 

 X________________________________________  date ___________ 
 

RFI Classification 
 

Related RFI ID's  ___________      Urgency  (typical response within 5 business days)  _______ days 
 

If urgency requires a fast turnaround, state why faster than normal response is needed:  

 

 

Which Disciplines are involved with this RFI?  

___________________________________________________ 

 

Which Drawing ID's & which Specification Sections are involved?  

___________________________________ 

 

Request  
 

Request Title (30 characters or less, used as an abbreviated title in RFI Log) 

 

 

Request Description: 

 

 

 

Possible Solutions: 

 

 

 

Engineer's Response: 
 

 See Attached Sketch  See Attached Description  See Comments Above 
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SHOP DRAWING SUBMISSION SCHEDULE 

 

Project Name: WPU Speert RTU Replacement  

DLB Project ID:  47402 

 

Contractor: _________________________ 

 

Completed By: _______________________ 

 

Date: ________________ 

 

Electrical 

 Submittal    Submittal   

# Date Item  # Date Item  

1    36    

2    37    

3    38    

4    39    

5    40    

6    41    

7    42    

8    43    

9    44    

10    45    

11    46    

12    47    

13    48    

14    49    

15    50    

16    51    

17    52    

18    53    

19    54    

20    55    

21    56    

22    57    

23    58    

24    59    

25    60    

26    61    

27    62    

28    63    

29    64    

30    65    

31    66    

32    67    

33    68    
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Date:__________ 

 

Scot Gowers 

DLB Associates Consulting Engineers, P.C. 

265 Industrial Way West 

Eatontown, NJ 07724  

(732) 774-2000 

 

Re: Substantial Completion Notification 

WPU Speert RTU Replacement  

Wayne, NJ 

 (DLB Project # 47402) 

 

Dear ___________: 

 

Please be advised that we have reached Substantial Completion for the above mentioned project.  We 

understand that DLB Associates should receive this letter at least four (4) weeks prior to the project 

completion date.  We are prepared for the Punchlist review and assure that any items found to be 

incomplete will be fixed within two (2) weeks of receiving the Punchlist. 

 

Should you have any questions, please do not hesitate to contact this office. 

 

Very truly yours, 

 

______________________________ 

  (company) 

 

 

 

x_____________________________ 

  (signature) 

 

 

______________________________ 

  (print) 

 

c:  
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Date:__________ 

 

Scot Gowers 

DLB Associates Consulting Engineers, P.C. 

265 Industrial Way West 

Eatontown, NJ 07724  

(732) 774-2000  

 

Re: Punchlist Completion Notification  

WPU Speert RTU Replacement  

Wayne, NJ 

 (DLB Project # 47402) 

 

Dear __________: 

 

Please be advised that we have completed all Punchlist items for the above mentioned project and 

consider the construction to be 100% complete.  We understand that DLB Associates should receive this 

letter at least one (1) week prior to the project completion date.  We are prepared for the final walk 

through and review. 

 

Should you have any questions, please do not hesitate to contact this office. 

 

Very truly yours, 

 

______________________________ 

  (company) 

 

 

 

x_____________________________ 

  (signature) 

 

 

______________________________ 

  (print) 

 

c:  
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND 

CABLES 

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. Building wires and cables rated 600 V and less. 

2. Connectors, splices, and terminations rated 600 V and 

less. 

1.3 DEFINITIONS 

A. NETA ATS:  National Electrical Testing Association. 

B. NRTL: Nationally Recognized Testing Laboratory. 

C. VFC:  Variable frequency controller. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1.5 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

1. Field Supervisor:  Certified by NETA to supervise on-

site testing. 
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PART 2 - PRODUCTS 

2.1 CONDUCTORS AND CABLES 

A. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

1. Alpha Wire. 

2. Belden Inc. 

3. Encore Wire Corporation. 

4. General Cable Technologies Corporation. 

5. Southwire Incorporated. 

6. Superior Essex 

7. The Okonite Company 

B. Copper Conductors:  Comply with NEMA WC 70/ICEA S-95-658. 

C. Conductor Insulation:  Comply with NEMA WC 70/ICEA S-95-

658 for , Type THHN-2-THWN-2, except for VFC cables which 

may be Type XHHW-2. 

D. Metal Clad Cable Type MC: Aluminum or galvanized steel 

armor, color coded 90-deg. C THHN-THWN insulated copper 

conductors with full size green insulated grounding 

conductor. 

E. 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, dual spirally wrapped copper tape shields 

and three bare symmetrically applied ground wires, and 

sunlight- and oil-resistant outer PVC jacket. 

2.2 CONNECTORS AND SPLICES 

A. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

1. AFC Cable Systems, Inc. 

2. Hubbell Power Systems, Inc. 

3. Ideal Industries, Inc. 

4. Ilsco; a branch of Bardes Corporation. 
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5. O-Z/Gedney; a brand of the EGS Electrical Group. 

6. 3M; Electrical Markets Division. 

7. Tyco Electronics. 

B. 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 or Type XHHW-2, single conductors in raceway . 

B. Exposed Feeders:  Type THHN-2-THWN-2, single conductors in 

raceway, or Type XHHW-2, single conductors in raceway, . 

C. Feeders Concealed in Ceilings, Walls, Partitions, and 

Crawlspaces:  Type THHN-2-THWN-2, single conductors in 

raceway, or  Mineral-insulated, metal-sheathed cable, 

Type MI.  

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and 

Underground:  Type THHN-2-THWN-2, single conductors in 

raceway, or Type XHHW-2, single conductors in raceway. 

http://www.specagent.com/LookUp/?uid=123456817813&mf=04&src=wd
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E. Feeders in Cable Tray:  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, Metal-clad cable, Type MC, or Mineral-insulated, 

metal-sheathed cable, Type MI. 

H. Branch Circuits Concealed in Concrete, below Slabs-on-

Grade, and Underground:  Type THHN-2-THWN-2, single 

conductors in raceway or Type XHHW-2, single conductors in 

raceway. 

I. Branch Circuits in Cable Tray:  Type THHN-2-THWN-2, single 

conductors in raceway or Metal-clad cable, Type MC.  

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. 

K. VFC Output Circuits:  Type XHHW-2 in metal conduit or 

Type TC-ER cable with braided shield. 

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  "Raceways and 

Boxes for Electrical Systems" 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. 
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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 "Hangers and Supports 

for Electrical Systems." 

G. Complete cable tray systems installation according to 

Section "Cable Trays for Electrical Systems" prior to 

installing conductors and cables. 

H. Bundle incoming and outgoing feeder conductors together in 

switchboards and wrap with wire ties 6-inches on center up 

to within 6-inches of their termination. Ties shall be of 

sufficient strength to withstand device short circuit 

rating. 

I. Seal around cables penetrating fire-rated elements 

according to Specification Section "Penetration 

Firestopping." 

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. 

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. 

C. Wiring at Outlets:  Install conductor at each outlet, with 

at least12 inches (300 mm) of slack. 

3.5 IDENTIFICATION 

A. Identify and color-code conductors and cables according to 

Section "Identification for 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. 
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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 "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 "Penetration Firestopping." 

3.8 FIELD QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to 

perform tests and inspections. 

B. Perform the following tests and inspections with the 

assistance of a factory-authorized service representative: 

1. After installing conductors and cables and before 

electrical circuitry has been energized, test all 

feeders and branch circuits for compliance with 

requirements. 

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 scanner.  Correct 

deficiencies determined during the scan. 

a. Instrument:  Use an infrared scanning device 

designed to measure temperature or to detect 

significant deviations from normal values.  

Provide calibration record for device. 

b. Record of Infrared Scanning:  Prepare a certified 

report that identifies splices checked and that 

describes scanning results.  Include notation of 
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deficiencies detected, remedial action taken, and 

observations after remedial action. 

C. 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. 

D. Cables will be considered defective if they do not pass 

tests and inspections. 

END OF SECTION 260519 
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SECTION 260523- CONTROL-VOLTAGE ELECTRICAL POWER CABLES 

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. UTP cabling. 

2. RS-485 cabling. 

3. Low-voltage control cabling. 

4. Control-circuit conductors. 

5. Identification products. 

1.3 DEFINITIONS 

A. EMI:  Electromagnetic interference. 

B. Low Voltage:  As defined in NFPA 70 for circuits and 

equipment operating at less than 50 V or for remote-

control and signaling power-limited circuits. 

C. Plenum:  A space forming part of the air distribution 

system to which one or more air ducts are connected.  An 

air duct is a passageway, other than a plenum, for 

transporting air to or from heating, ventilating, or air-

conditioning equipment. 

D. RCDD:  Registered Communications Distribution Designer. 

E. UTP:  Unshielded twisted pair. 
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1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product. 

1.5 INFORMATIONAL SUBMITTALS 

A. Qualification Data:  For qualified layout technician, 

installation supervisor, and field inspector. 

B. Source quality-control reports. 

C. Field quality-control reports. 

1.6 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member company of NETA or 

an NRTL. 

1. Testing Agency's Field Supervisor:  Currently 

certified by BICSI as an RCDD to supervise on-site 

testing. 

PART 2 - PRODUCTS 

2.1 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. 

2.2 PERFORMANCE REQUIREMENTS 

A. Flame Travel and Smoke Density in Plenums:  As determined 

by testing identical products according to NFPA 262 by a 

qualified testing agency.  Identify products for 

installation in plenums with appropriate markings of 

applicable testing agency. 

1. Flame Travel Distance:  60 inches (1520 mm) or less. 

2. Peak Optical Smoke Density:  0.5 or less. 

3. Average Optical Smoke Density:  0.15 or less. 
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B. Flame Travel and Smoke Density for Riser Cables in Non-

Plenum Building Spaces:  As determined by testing 

identical products according to UL 1666. 

C. Flame Travel and Smoke Density for Cables in Non-Riser 

Applications and Non-Plenum Building Spaces:  As 

determined by testing identical products according to 

UL 1685. 

2.3 BACKBOARDS 

A. Description:  Plywood, fire-retardant treated, 3/4 by 48 

by 96 inches (19 by 1220 by 2440 mm).  Comply with 

requirements for plywood backing panels in Section 061000 

"Rough Carpentry." 

B. Painting:  Paint plywood on all sides and edges with flat 

black latex paint.  Comply with requirements in 

Section 099123 "Interior Painting." 

2.4 UTP CABLE 

A. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

1. ADC. 

2. Alpha Wire Company; a division of Belden Inc. 

3. Belden Inc. 

4. CommScope, Inc. 

5. Draka Cableteq USA. 

6. Genesis Cable Products; Honeywell International, 

Inc. 

7. Mohawk; a division of Belden Inc. 

8. Nexans; Berk-Tek Products. 

9. Siemon Company (The). 

10. Superior Essex Inc. 
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11. SYSTIMAX Solutions; a CommScope, Inc. brand. 

12. 3M. 

13. Tyco Electronics/AMP Netconnect; Tyco International 

Ltd 

B. Description:  100-ohm, four-pair UTP 25-pair UTP covered 

with a thermoplastic jacket. 

1. Comply with ICEA S-102-700 for mechanical properties 

of Category 6 cables. 

2. Comply with TIA-568-C.1 for performance 

specifications. 

3. Comply with TIA-568-C.2, Category 6A. 

4. Listed and labeled by an NRTL acceptable to 

authorities having jurisdiction as complying with 

NEMA WC 66, UL 444 and NFPA 70 for the following 

types: 

a. Communications, Plenum Rated:  Type CMP 

complying with UL 1685 or Type CMP in listed 

plenum communications raceway. 

b. Communications, Plenum Rated:  Type CM, 

Type CMG, Type CMP, Type CMR, or Type CMX in 

metallic conduit installed per NFPA 70, 

Article 300.22, "Wiring in Ducts, Plenums, and 

Other Air-Handling Spaces." 

c. Communications, Riser Rated:  Type CMR 

complying with UL 1666 and ICEA S-103-701. 

d. Communications, Riser Rated:  Type CMP, or 

Type CMR in listed plenum or riser 

communications raceway. 

e. Communications, Riser Rated:  Type CMP or 

Type CMR in metallic conduit installed per 

NFPA 70, Article 300.22, "Wiring in Ducts, 

Plenums, and Other Air-Handling Spaces." 

f. Communications, General Purpose:  Type CMP 

g. Communications, General Purpose:  Type CM, 

Type CMG, Type CMP, Type CMR, or Type CMX in 
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metallic conduit installed per NFPA 70, 

Article 300.22, "Wiring in Ducts, Plenums, and 

Other Air-Handling Spaces." 

h. Communications, Limited Purpose:  Type CMP 

2.5 UTP CABLE HARDWARE 

A. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

1. ADC. 

2. American Technology Systems Industries, Inc. 

3. Belden Inc. 

4. Dynacom Inc. 

5. Hubbell Incorporated. 

6. Leviton Commercial Networks Division. 

7. Molex Premise Networks; a division of Molex, Inc. 

8. Panduit Corp. 

9. Siemon Company (The). 

10. Tyco Electronics/AMP Netconnect; Tyco International 

Ltd. 

B. General Requirements for Cable Connecting Hardware:  

Comply with TIA/EIA-568-C.2, IDC type, with modules 

designed for punch-down caps or tools.  Cables shall be 

terminated with connecting hardware of same category or 

higher. 

C. Connecting Blocks: 110-style IDC for Category 6.  Provide 

blocks for the number of cables terminated on the block, 

plus 25 percent spare.  Integral with connector bodies, 

including plugs and jacks where indicated. 

D. Cross-Connect:  Modular array of connecting blocks 

arranged to terminate building cables and permit 

interconnection between cables. 
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1. Number of Terminals per Field:  One for each 

conductor in assigned cables. 

E. Patch Panel:  Modular panels housing multiple-numbered 

jack units with IDC-type connectors at each jack for 

permanent termination of pair groups of installed cables. 

1. Number of Jacks per Field:  One for each four-pair 

UTP cable indicated. 

F. Jacks and Jack Assemblies:  100-ohm, balanced, twisted-

pair connector; four-pair, eight-position modular.  

Comply with TIA/EIA-568-C.1. 

2.6 RS-485 CABLE 

A. Standard Cable:  NFPA 70, Type CMG. 

1. Paired, two pairs, twisted, No. 22 AWG, stranded 

(7x30) tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with UL 1685. 

B. Plenum-Rated Cable:  NFPA 70, Type CMP. 

1. Paired, two pairs, No. 22 AWG, stranded (7x30) 

tinned-copper conductors. 

2. Fluorinated ethylene propylene insulation. 

3. Unshielded. 

4. Fluorinated ethylene propylene jacket. 

5. Flame Resistance:  NFPA 262. 

2.7 LOW-VOLTAGE CONTROL CABLE 

A. Paired Cable:  NFPA 70, Type CMG. 

1. Multi-pair, twisted, No. 16 AWG, stranded (19x29) 

tinned-copper conductors. 
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2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with UL 1685. 

B. Plenum-Rated, Paired Cable:  NFPA 70, Type CMP. 

1. Multi-pair, twisted, No. 16 AWG, stranded 

(19x29)tinned-copper conductors. 

2. PVC insulation. 

3. Unshielded. 

4. PVC jacket. 

5. Flame Resistance:  Comply with NFPA 262. 

2.8 CONTROL-CIRCUIT CONDUCTORS 

A. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

1. Encore Wire Corporation. 

2. General Cable Technologies Corporation. 

3. Southwire Company. 

B. Class 1 Control Circuits:  Stranded copper, Type THHN-2-

THWN-2 in raceway, complying with UL 83. 

C. Class 2 Control Circuits:  Stranded copper, Type THHN-2-

THWN-2, in raceway, complying with UL 83. 

D. Class 3 Remote-Control and Signal Circuits:  Stranded 

copper, Type THHN-2-THWN-2, in raceway, complying with 

UL 83. 

2.9 SOURCE QUALITY CONTROL 

A. Testing Agency: Engage a qualified testing agency to 

evaluate cables. 

http://www.specagent.com/LookUp/?uid=123456836341&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836342&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456836343&mf=04&src=wd
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B. Factory test UTP cables according to TIA-568-C.2. 

C. Cable will be considered defective if it does not pass 

tests and inspections. 

D. Prepare test and inspection reports. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Test cables on receipt at Project site. 

1. Test each pair of UTP cable for open and short 

circuits. 

3.2 INSTALLATION OF RACEWAYS AND BOXES 

A. Comply with requirements in Section 260533 "Raceways and 

Boxes for Electrical Systems" for raceway selection and 

installation requirements for boxes, conduits, and 

wireways as supplemented or modified in this Section. 

1. Outlet boxes shall be no smaller than 2 inches (50 

mm) wide, 3 inches (75 mm) high, and 2-1/2 inches 

(64 mm) deep. 

2. Outlet boxes for optical-fiber cables shall be no 

smaller than 4 inches (102 mm) square by 2-1/8 

inches (53 mm) deep with extension ring sized to 

bring edge of ring to within 1/8 inch (3.1 mm) of 

the finished wall surface. 

3. Flexible metal conduit shall not be used. 

B. Comply with TIA-569-B for pull-box sizing and length of 

conduit and number of bends between pull points. 

C. Install manufactured conduit sweeps and long-radius 

elbows if possible. 

D. Raceway Installation in Equipment Rooms: 

1. Position conduit ends adjacent to a corner on 

backboard if a single piece of plywood is installed, 

or in the corner of the room if multiple sheets of 
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plywood are installed around perimeter walls of the 

room. 

2. Install cable trays to route cables if conduits 

cannot be located in these positions. 

3. Secure conduits to backboard if entering the room 

from overhead. 

4. Extend conduits 3 inches (75 mm) above finished 

floor. 

5. Install metal conduits with grounding bushings and 

connect with grounding conductor to grounding 

system. 

E. Backboards:  Install backboards with 96-inch (2440-mm) 

dimension vertical.  Butt adjacent sheets tightly and 

form smooth gap-free corners and joints. 

3.3 INSTALLATION OF CONDUCTORS AND CABLES 

A. Comply with NECA 1 and NFPA 70. 

B. General Requirements for Cabling: 

1. Comply with TIA-568-C Series of standards. 

2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured 

Cabling Systems" and Ch. 6, "Optical Fiber 

Structured Cabling Systems." 

3. Terminate all conductors and optical fibers; no 

cable shall contain unterminated elements.  Make 

terminations only at indicated outlets, terminals, 

and cross-connect and patch panels. 

4. Cables may not be spliced. 

5. Secure and support cables at intervals not exceeding 

30 inches (760 mm) and not more than 6 inches (150 

mm) from cabinets, boxes, fittings, outlets, racks, 

frames, and terminals. 

6. Bundle, lace, and train conductors to terminal 

points without exceeding manufacturer's limitations 

on bending radii, but not less than radii specified 

in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling 
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Systems" and Ch. 6, "Optical Fiber Structured 

Cabling Systems."  Install lacing bars and 

distribution spools. 

7. Do not install bruised, kinked, scored, deformed, or 

abraded cable.  Do not splice cable between 

termination, tap, or junction points.  Remove and 

discard cable if damaged during installation and 

replace it with new cable. 

8. Cold-Weather Installation:  Bring cable to room 

temperature before dereeling.  Do not use heat lamps 

for heating. 

9. Pulling Cable:  Comply with BICSI ITSIMM, Ch. 5, 

"Copper Structured Cabling Systems" and Ch. 6, 

"Optical Fiber Structured Cabling Systems."  Monitor 

cable pull tensions. 

10. Support:  Do not allow cables to lay on removable 

ceiling tiles. 

11. Secure:  Fasten securely in place with hardware 

specifically designed and installed so as to not 

damage cables. 

C. UTP Cable Installation: 

1. Comply with TIA-568-C.2. 

2. Install termination hardware as specified in Section 

271500 "Communications Horizontal Cabling" unless 

otherwise indicated. 

3. Do not untwist UTP cables more than 1/2 inch (12 mm) 

at the point of termination to maintain cable 

geometry. 

D. Installation of Control-Circuit Conductors: 

1. Install wiring in raceways.  Comply with 

requirements specified in Section 260533 "Raceways 

and Boxes for Electrical Systems." 

E. Optical-Fiber Cable Installation: 

1. Comply with TIA-568-C.3. 
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2. Terminate cable on connecting hardware that is rack 

or cabinet mounted. 

F. Open-Cable Installation: 

1. Install cabling with horizontal and vertical cable 

guides in telecommunications spaces with terminating 

hardware and interconnection equipment. 

2. Suspend copper cable not in a wireway or pathway a 

minimum of 8 inches (200 mm) above ceilings by cable 

supports not more than 30 inches (760 mm) apart. 

3. Cable shall not be run through or on structural 

members or in contact with pipes, ducts, or other 

potentially damaging items.  Do not run cables 

between structural members and corrugated panels. 

G. Installation of Cable Routed Exposed under Raised Floors: 

1. Install plenum-rated cable only. 

2. Install cabling after the flooring system has been 

installed in raised floor areas. 

3. Below each feed point, neatly coil a minimum of 72 

inches (1830 mm) of cable in a coil not less than 12 

inches (305 mm) in diameter. 

H. Separation from EMI Sources: 

1. Comply with BICSI TDMM and TIA-569-B recommendations 

for separating unshielded copper voice and data 

communications cable from potential EMI sources 

including electrical power lines and equipment. 

2. Separation between open communications cables or 

cables in nonmetallic raceways and unshielded power 

conductors and electrical equipment shall be as 

follows: 

a. Electrical Equipment or Circuit Rating Less 

Than 2 kVA:  A minimum of 5 inches (127 mm). 

b. Electrical Equipment or Circuit Rating between 

2 and 5 kVA:  A minimum of 12 inches (305 mm). 

c. Electrical Equipment or Circuit Rating More 

Than 5 kVA:  A minimum of 24 inches (600 mm). 
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3. Separation between communications cables in grounded 

metallic raceways and unshielded power lines or 

electrical equipment shall be as follows: 

a. Electrical Equipment or Circuit Rating Less 

Than 2 kVA:  A minimum of 2-1/2 inches (64 mm). 

b. Electrical Equipment or Circuit Rating between 

2 and 5 kVA:  A minimum of 6 inches (150 mm). 

c. Electrical Equipment or Circuit Rating More 

Than 5 kVA:  A minimum of 12 inches (305 mm). 

4. Separation between communications cables in grounded 

metallic raceways and power lines and electrical 

equipment located in grounded metallic conduits or 

enclosures shall be as follows: 

a. Electrical Equipment or Circuit Rating Less 

Than 2 kVA:  No requirement. 

b. Electrical Equipment or Circuit Rating between 

2 and 5 kVA:  A minimum of 3 inches (75 mm). 

c. Electrical Equipment or Circuit Rating More 

Than 5 kVA:  A minimum of 6 inches (150 mm). 

5. Separation between Communications Cables and 

Electrical Motors and Transformers, 5 kVA or 5 HP 

and Larger:  A minimum of 48 inches (1200 mm). 

6. Separation between Communications Cables and 

Fluorescent Fixtures:  A minimum of 5 inches (127 

mm). 

3.4 REMOVAL OF CONDUCTORS AND CABLES 

A. Remove abandoned conductors and cables.  Abandoned 

conductors and cables are those installed that are not 

terminated at equipment and are not identified for future 

use with a tag. 

3.5 CONTROL-CIRCUIT CONDUCTORS 

A. Minimum Conductor Sizes: 
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1. Class 1 remote-control and signal circuits; No 14 

AWG. 

2. Class 2 low-energy, remote-control, and signal 

circuits; No. 16 AWG. 

3. Class 3 low-energy, remote-control, alarm, and 

signal circuits; No 12 AWG. 

3.6 FIRESTOPPING 

A. Comply with requirements in Section 078413 "Penetration 

Firestopping." 

B. Comply with TIA-569-B, Annex A, "Firestopping." 

C. Comply with BICSI TDMM, "Firestopping" Chapter. 

3.7 GROUNDING 

A. For data communication wiring, comply with ANSI-J-STD-

607-A and with BICSI TDMM, "Bonding and Grounding 

(Earthing)" Chapter. 

B. For low-voltage control wiring and cabling, comply with 

requirements in Section 260526 "Grounding and Bonding for 

Electrical Systems." 

3.8 IDENTIFICATION 

A. Comply with requirements for identification specified in 

Section 260553 "Identification for Electrical Systems." 

B. Identify data and communications system components, 

wiring, and cabling according to TIA-606-A; label 

printers shall use label stocks, laminating adhesives, 

and inks complying with UL 969. 

3.9 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 test and inspect 
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components, assemblies, and equipment installations, 

including connections. 

C. Perform the following tests and inspection with the 

assistance of a factory-authorized service 

representative: 

1. Visually inspect UTP cable jacket materials for UL 

or third-party certification markings.  Inspect 

cabling terminations to confirm color-coding for pin 

assignments, and inspect cabling connections to 

confirm compliance with TIA-568-C.1. 

2. Visually inspect cable placement, cable termination, 

grounding and bonding, equipment and patch cords, 

and labeling of all components. 

3. Test UTP cabling for direct-current loop resistance, 

shorts, opens, intermittent faults, and polarity 

between conductors.  Test operation of shorting bars 

in connection blocks.  Test cables after termination 

but not after cross-connection. 

a. Test instruments shall meet or exceed 

applicable requirements in TIA-568-C.2.  

Perform tests with a tester that complies with 

performance requirements in "Test Instruments 

(Normative)" Annex, complying with measurement 

accuracy specified in "Measurement Accuracy 

(Informative)" Annex.  Use only test cords and 

adapters that are qualified by test equipment 

manufacturer for channel or link test 

configuration. 

D. Document data for each measurement.  Print data for 

submittals in a summary report that is formatted using 

Table 10.1 in BICSI TDMM as a guide, or transfer the data 

from the instrument to the computer, save as text files, 

print, and submit. 

E. End-to-end cabling will be considered defective if it 

does not pass tests and inspections. 

F. Prepare test and inspection reports. 

END OF SECTION 260523 
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 

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 grounding and bonding systems and 

equipment. 

B. Section includes grounding and bonding systems and 

equipment, plus the following special applications: 

1. Underground distribution grounding. 

2. Foundation steel electrodes. 

1.3 ACTION SUBMITTALS 

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

1.4 INFORMATIONAL SUBMITTALS 

A. As-Built Data:  Plans showing dimensioned as-built 

locations of grounding features specified in "Field 

Quality Control" Article, including the following: 

1. Test wells. 

2. Ground rods. 

3. Ground rings. 

4. Grounding arrangements and connections for separately 

derived systems. 

B. Field quality-control reports. 
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1.5 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For grounding to include 

in emergency, operation, and maintenance manuals. 

1. In addition to items specified in Section "Operation 

and Maintenance Data," include the following: 

a. Instructions for periodic testing and inspection 

of grounding features at test wells,  and 

grounding connections for separately derived 

systems based on NETA MTS . 

1) Tests shall determine if ground-resistance or 

impedance values remain within specified 

maximums, and instructions shall recommend 

corrective action if values do not. 

2) Include recommended testing intervals. 

1.6 QUALITY ASSURANCE 

A. Contractor Testing Qualifications: Contractor shall be 

trained and certified by the Manufacturer of the grounding 

test equipment proposed for use on the Project. 

B. 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. 

C. Comply with UL 467 for grounding and bonding materials and 

equipment. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited 

to, the following: 

1. Burndy; Part of Hubbell Electrical Systems. 

2. Dossert; AFL Telecommunications LLC. 

3. ERICO International Corporation. 

http://www.specagent.com/LookUp/?uid=123456839661&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839662&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839663&mf=04&src=wd
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4. Fushi Copperweld Inc. 

5. Galvan Industries, Inc.; Electrical Products Division, 

LLC. 

6. Harger Lightning and Grounding. 

7. ILSCO. 

8. O-Z/Gedney; A Brand of the EGS Electrical Group. 

9. Robbins Lightning, Inc. 

10. Siemens Power Transmission & Distribution, Inc. 

2.2 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 UL 467 for grounding and bonding materials and 

equipment. 

2.3 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 shall be 7 strand when installed 

underground or in concrete:  ASTM B 8. 

3. Tinned Conductors:  ASTM B 33. 

C. Grounding Bus:  Predrilled rectangular bars of annealed 

copper.  Stand-off insulators for mounting shall comply 

with UL 891 for use in switchboards, 600 V and shall be 

Lexan or PVC, impulse tested at 5000 V. 

http://www.specagent.com/LookUp/?uid=123456839664&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839665&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839665&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839666&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839667&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839668&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839669&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456839670&mf=04&src=wd


WPU SPEERT HALL RTU REPLACEMENT dlb # 47402 / 5-16 

 

  GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS 260526 - 4 

2.4 CONNECTORS 

A. Listed and labeled by an NRTL 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. 

C. Welded Connectors:  Exothermic-welding kits of types 

recommended by kit manufacturer for materials being joined 

and installation conditions. 

D. Bus-Bar Connectors:  Mechanical type, cast silicon bronze, 

solderless compression-type wire terminals, and long-

barrel, two-bolt connection to ground bus bar. 

2.5 GROUNDING ELECTRODES 

A. Ground Rods:  Copper-clad ; 3/4 inch by 10 feet (19 mm by 

3 m). 

PART 3 - EXECUTION 

3.1 APPLICATIONS 

A. Conductors:  Install solid conductor for No. 8AWG and 

smaller, and stranded conductors for No. 6 AWG and larger 

unless otherwise indicated. 

B. Underground Grounding Conductors:  Install bare copper 

conductor, No. 2/0 AWG minimum. 

1. Bury at least 24 inches (600 mm) below grade. 

C. 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. 
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4. Connections to Structural Steel:  Welded connectors. 

3.2 GROUNDING AT THE SERVICE 

A. Equipment grounding conductors and grounding electrode 

conductors shall be connected to the ground bus.  Install 

a main bonding jumper between the neutral and ground 

buses. 

3.3 GROUNDING SEPARATELY DERIVED SYSTEMS 

A. Install grounding electrode(s) at the generator location 

and transformer locations.  The electrode shall be 

connected to the equipment grounding conductor and to the 

frame of the generator. 

3.4 EQUIPMENT GROUNDING 

A. Install insulated equipment grounding conductors with all 

feeders and branch circuits. 

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 conductor to each unit and to air duct 

and connected metallic piping. 

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. 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. 

3.5 INSTALLATION 

A. Grounding Conductors:  Route along shortest and 

straightest paths possible unless otherwise indicated or 

required by Code.  Avoid obstructing access or placing 
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conductors where they may be subjected to strain, impact, 

or damage. 

B. Ground Rods:  Drive rods until tops are 2 inches (50 mm) 

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 shall be at least 12 inches 

(300 mm) 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 bonding so vibration is 

not transmitted to rigidly mounted equipment. 

3. Use exothermic-welded connectors for outdoor 

locations; 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 
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service equipment, or grounding bus, to main metal 

water service entrances to building.  Connect 

grounding conductors to main metal water service 

pipes; use a bolted clamp connector or bolt a lug-type 

connector to a pipe flange by using one of the lug 

bolts of the flange.  Where a dielectric main water 

fitting is installed, connect grounding conductor on 

street side of fitting.  Bond metal grounding 

conductor conduit or sleeve to conductor at each end. 

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. Grounding for Steel Building Structure:  Install a driven 

ground rod at base of each corner column and at 

intermediate exterior columns at distances not more than 

60 feet (18 m) apart. 

G. Concrete-Encased Grounding Electrode (Ufer Ground):  

Fabricate according to NFPA 70; use a minimum of 20 feet 

(6 m) of bare copper conductor not smaller than No. 2/0 

AWG. 

1. If concrete foundation is less than 20 feet (6 m) 

long, coil excess conductor within base of foundation. 

2. Bond grounding conductor to reinforcing steel in at 

least four locations and to anchor bolts.  Extend 

grounding conductor below grade and connect to 

building's grounding grid or to grounding electrode 

external to concrete. 

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. Tests and Inspections: 
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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, at 

ground test wells, 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 

natural ground resistance. 

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 driven and 

their depth at each location, and include observations 

of weather and other phenomena that may affect test 

results.  Describe measures taken to improve test 

results. 

C. Grounding system will be considered defective if it does 

not pass tests and inspections. 

D. Prepare test and inspection reports. 

E. 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. 
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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. Panelboards Serving Electronic Equipment:  3 ohms. 

5. Substations and Pad-Mounted Equipment:  5 ohms. 

6. Manhole Grounds:  10 ohms. 

F. Excessive Ground Resistance:  If resistance to ground 

exceeds specified values, notify Architect promptly and 

include recommendations to reduce ground resistance. 

END OF SECTION 260526 
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, apply to 

this Section. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Hangers and supports for electrical equipment and 

systems. 

2. Construction requirements for concrete bases. 

B. Related Sections include the following: 

1. Section "Seismic Controls for Electrical Systems" for 

products and installation requirements necessary for 

compliance with seismic criteria. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. RMC:  Rigid metal conduit. 

1.4 PERFORMANCE REQUIREMENTS 

A. Design supports for multiple raceways capable of 

supporting combined weight of supported systems and its 

contents. 

B. Design equipment supports capable of supporting combined 

operating weight of supported equipment and connected 

systems and components. 

C. 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. 
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1.5 ACTION SUBMITTALS 

A. Product Data:  For the following: 

1. Steel slotted support systems. 

2. Nonmetallic slotted support systems. 

B. Shop Drawings:  Signed and sealed by a qualified 

professional engineer. 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. Nonmetallic slotted channel systems.  Include Product 

Data for components. 

4. Equipment supports. 

1.6 INFORMATIONAL SUBMITTALS 

A. Welding certificates. 

1.7 QUALITY ASSURANCE 

A. Welding:  Qualify procedures and personnel according to 

AWS D1.1/D1.1M, "Structural Welding Code - Steel." 

B. Comply with NFPA 70. 

1.8 COORDINATION 

A. Coordinate size and location of concrete bases.  Cast 

anchor-bolt inserts into bases.  Concrete, reinforcement, 

and formwork requirements are specified together with 

concrete Specifications. 

B. Coordinate installation of roof curbs, equipment supports, 

and roof penetrations.  These items are specified in 

Section "Roof Accessories." 
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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. 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. 

2. Metallic Coatings:  Hot-dip galvanized after 

fabrication and applied according to MFMA-4. 

3. Nonmetallic Coatings:  Manufacturer's standard PVC, 

polyurethane, or polyester coating applied according 

to MFMA-4. 

4. Painted Coatings:  Manufacturer's standard painted 

coating applied according to MFMA-4. 

5. 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 of conductor gripping 

pieces as required to suit individual conductors or cables 

supported.  Body shall be malleable iron. 

E. Structural Steel for Fabricated Supports and Restraints:  

ASTM A 36/A 36M, steel plates, shapes, and bars; black and 

galvanized. 
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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.  Not for use in lightweight concrete or in 

concrete slabs less than 4 inches thick. 

a. 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) Other "Approved" manufacturer in accordance 

with Specification Requirements. 

2. Mechanical-Expansion Anchors:  Insert-wedge-type, 

zinc-coated 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. 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) Concrete Inserts:  Steel or malleable-iron, 

slotted support system units similar to MSS 

Type 18; complying with MFMA-4 or MSS SP-58. 

3. Clamps for Attachment to Steel Structural Elements:  

MSS SP-58, type suitable for attached structural 

element. 

4. Through Bolts:  Structural type, hex head, and high 

strength.  Comply with ASTM A 325. 

5. Toggle Bolts:  All-steel springhead type. 

6. Hanger Rods:  Threaded steel. 
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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 "Metal 

Fabrications" for steel shapes and plates. 

2.3 SUPPORT SYSTEMS NOT PERMITTED 

A. Unless specifically indicated otherwise, or in accordance 

with the National Electrical Code and with the written 

permission of the Engineer, the following means of 

securing or supporting shall not be used. 

B. Cables and raceways shall not be secured to or supported 

by ceiling grids. 

C. Cables and raceways shall not be secured to or supported 

by ceiling support assemblies, including ceiling support 

wires and rods. 

D. Cables and raceways shall not be used as a means to 

support other cables and raceways. 

E. Cables, raceways and electrical equipment shall not be 

secured to or supported by piping, ductwork or equipment 

of other trades.  

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, and RMC as scheduled in 

NECA 1, where its Table 1 lists maximum spacings less than 

stated in NFPA 70.  Minimum rod size shall be 1/4 inch (6 

mm) in diameter. 

C. Multiple Raceways or Cables:  Install trapeze-type 

supports fabricated with steel slotted or other support 
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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 (38-mm) 

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 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 shall be weight of supported 

components plus 200 lb (90 kg). 

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 

(100 mm) thick or greater.  Do not use for anchorage 

to lightweight-aggregate concrete or for slabs less 

than 4 inches (100 mm) thick. 
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6. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 

27) complying with MSS SP-69 Spring-tension clamps. 

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 means 

that meet seismic-restraint strength and anchorage 

requirements. 

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 "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 (100 mm) 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 (20.7-MPa), 28-day compressive-strength 

concrete.  Concrete materials, reinforcement, and 

placement requirements are specified in Section "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. 
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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 surfaces. 

1. Apply paint by brush or spray to provide minimum dry 

film thickness of 2.0 mils (0.05 mm). 

B. Touchup:  Comply with requirements in Section "Interior 

Painting" and Section "High Performance Coatings" for 

cleaning and touchup painting of field welds, bolted 

connections, and abraded areas of shop paint on 

miscellaneous metal. 

C. Galvanized Surfaces:  Clean welds, bolted connections, and 

abraded areas and apply galvanizing-repair paint to comply 

with ASTM A 780. 

END OF SECTION 260529 
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SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, apply to 

this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Metal conduits, tubing, and fittings. 

2. Nonmetal conduits, tubing, and fittings. 

3. Metal wireways and auxiliary gutters. 

4. Surface raceways. 

5. Boxes, enclosures, and cabinets. 

1.3 DEFINITIONS 

A. EMT:  Electrical metallic tubing. 

B. FMC:  Flexible metal conduit. 

C. GRC:  Galvanized rigid steel conduit. 

D. LFMC:  Liquid tight flexible metal conduit. 

1.4 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. 
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1.5 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. 

B. Qualification Data:  For professional engineer. 

C. Seismic Qualification Certificates:  For enclosures, 

cabinets, and conduit racks and their mounting provisions, 

including those for internal components, from 

manufacturer. 

1. Basis for Certification:  Indicate whether withstand 

certification is based on actual test of assembled 

components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  

Identify center of gravity and locate and describe 

mounting and anchorage provisions. 

3. Detailed description of equipment anchorage devices on 

which the certification is based and their 

installation requirements. 

4. Detailed description of conduit support devices and 

interconnections on which the certification is based 

and their installation requirements. 

D. Source quality-control reports. 

PART 2 - PRODUCTS 

2.1 METAL CONDUITS, TUBING, AND FITTINGS 

A. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

1. AFC Cable Systems, Inc. 
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2. Allied Tube & Conduit. 

3. Electri-Flex Company. 

4. O-Z/Gedney. 

5. Southwire Company. 

6. Thomas & Betts Corporation. 

7. Wheatland Tube Company. 

B. 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. 

C. GRC:  Comply with ANSI C80.1 and UL 6. 

D. EMT:  Comply with ANSI C80.3 and UL 797. 

E. FMC:  Comply with UL 1; zinc-coated steel. 

F. LFMC:  Flexible steel conduit with PVC jacket and 

complying with UL 360. 

G. 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. 

H. Joint Compound for GRC:  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 conductivity. 
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2.2 METAL WIREWAYS AND AUXILIARY GUTTERS 

A. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

1. Cooper B-Line, Inc. 

2. Hoffman. 

3. Mono-Systems, Inc. 

4. Square D. 

B. Description:  Sheet metal, complying with UL 870 and 

NEMA 250, Type 1 Type 3R Type 4 Type 12 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. 

C. 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. 

D. Wireway Covers:  Hinged type or Flanged-and-gasketed type 

unless otherwise indicated. 

E. Finish:  Manufacturer's standard enamel finish. 

2.3 SURFACE RACEWAYS 

A. Listing and Labeling:  Surface raceways 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.  Manufacturer's standard 

enamel finish in color selected by Architect. 

1. Manufacturers:  Subject to compliance with 

requirements, provide products by one of the 

following: 

a. Mono-Systems, Inc. 
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b. Panduit Corp. 

c. Wiremold / Legrand. 

C. Surface Nonmetallic Raceways:  Two- or three-piece 

construction, complying with UL 5A, and manufactured of 

rigid PVC with texture and color selected by Architect 

from manufacturers standard colors.  Product shall comply 

with UL 94 V-0 requirements for self-extinguishing 

characteristics. 

1. Manufacturers: Subject to compliance with 

requirements, provide products by one of the 

following: 

a. Hubbell Incorporated. 

b. Mono-Systems, Inc. 

c. Panduit Corp. 

d. Wiremold / Legrand. 

2.4 BOXES, ENCLOSURES, AND CABINETS 

A. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

1. Adalet. 

2. Cooper Technologies Company; Cooper Crouse-Hinds. 

3. EGS/Appleton Electric. 

4. Erickson Electrical Equipment Company. 

5. FSR Inc. 

6. Hoffman. 

7. Hubbell Incorporated. 

8. Mono-Systems, Inc. 

9. O-Z/Gedney. 

10. RACO; Hubbell. 

11. Spring City Electrical Manufacturing Company. 
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12. Thomas & Betts Corporation. 

13. Wiremold / Legrand. 

B. General Requirements for Boxes, Enclosures, and Cabinets:  

Boxes, enclosures, and cabinets installed in wet locations 

shall be listed for use in wet locations. 

C. Sheet Metal Outlet and Device Boxes:  Comply with 

NEMA OS 1 and UL 514A. 

D. Cast-Metal Outlet and Device Boxes:  Comply with 

NEMA FB 1, ferrous alloy, Type FD, with gasketed cover. 

E. Metal Floor Boxes: 

1. Material:  Cast metal in slabs on or below grade or 

concrete-tight sheet metal in slabs above grade. 

2. Type:  Fully adjustable flush. 

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. 

5. Poke-through round flush devices on second floor. 

F. Floor Box Covers and Flanges:  Cast aluminum; black, gray, 

brass, aluminum, or ivory finish unless otherwise 

indicated or directed by architect.   

G. Luminaire Outlet Boxes:  Nonadjustable, designed for 

attachment of luminaire weighing 50 lb (23 kg).  Outlet 

boxes designed for attachment of luminaires weighing more 

than 50 lb (23 kg) shall be listed and marked for the 

maximum allowable weight. 

H. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1. 

I. Cast-Metal Access, Pull, and Junction Boxes:  Comply with 

NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed 

cover. 

J. Box extensions used to accommodate new building finishes 

shall be of same material as recessed box. 
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K. Device Box Dimensions:  4 inches square by 2-1/8 inches 

deep (100 mm square by 60 mm deep). 

L. Gangable boxes are not allowed. 

M. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, 

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. 

N. Cabinets: 

1. NEMA 250, Type 1 Type 3R Type 12 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. 

PART 3 - EXECUTION 

3.1 RACEWAY APPLICATION 

A. Outdoors:  Apply raceway products as specified below 

unless otherwise indicated: 

1. Exposed Conduit:  GRC.  
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2. Concealed Conduit, Aboveground:  GRC, RNC, Type EPC-

40-PVC. 

3. Underground Conduit:  RNC, Type EPC-40-PVC, Schedule 

80 under roadways and parking lots. 

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 

unless otherwise indicated. 

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: 

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. 

8. Existing Masonry In Finished Areas Walls: Surface 

Metal Raceway with associated boxes and fittings.  

C. Minimum Raceway Size:  3/4-inch (21-mm) trade size. 

D. Raceway Fittings:  Compatible with raceways and suitable 

for use and location. 

1. Rigid  Steel Conduit:  Use threaded rigid steel 

conduit fittings unless otherwise indicated.  Comply 

with NEMA FB 2.10. 
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2. EMT:  Use setscrew, steel fittings.  Comply with 

NEMA FB 2.10. 

3. Flexible Conduit:  Use only fittings listed for use 

with flexible conduit.  Comply with NEMA FB 2.20. 

E. Do not install nonmetallic conduit where ambient 

temperature exceeds 120 deg F (49 deg C). 

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 specific occupancies and 

number of floors. 

B. Keep raceways at least 6 inches (150 mm) away from 

parallel runs of flues and steam or hot-water pipes.  

Install horizontal raceway runs above water and steam 

piping. 

C. Complete raceway installation before starting conductor 

installation. 

D. Comply with requirements in Section "Hangers and Supports 

for Electrical Systems" for hangers and supports. 

E. Arrange stub-ups so curved portions of bends are not 

visible above finished slab. 

F. 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 (300 mm) of changes in direction. 

G. Conceal conduit and EMT within finished walls, ceilings, 

and floors unless otherwise indicated.  Install conduits 

parallel or perpendicular to building lines. 

H. Support conduit within 12 inches (300 mm)of enclosures to 

which attached. 

I. Raceways Embedded in Slabs: 

1. Run conduit larger than 1-inch (27-mm) trade size, 

parallel or at right angles to main reinforcement.  
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Where at right angles to reinforcement, place conduit 

close to slab support.  Secure raceways to 

reinforcement at maximum 10-foot (3-m)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 (50 mm) 

of concrete cover in all directions. 

4. Do not embed threadless fittings in concrete unless 

specifically approved by Architect for each specific 

location. 

J. Stub-ups to Above Recessed Ceilings: 

1. Use EMT, or RMC for raceways. 

2. Use a conduit bushing or insulated fitting to 

terminate stub-ups not terminated in hubs or in an 

enclosure. 

K. 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. 

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 (35mm) trade 

size and insulated throat metal bushings on 1-1/2-inch 

(41-mm) trade size and larger conduits terminated with 

locknuts.  Install insulated throat metal grounding 

bushings on service conduits. 

N. Install raceways square to the enclosure and terminate at 

enclosures with locknuts.  Install locknuts hand tight 

plus 1/4 turn more. 

O. Do not rely on locknuts to penetrate nonconductive 

coatings on enclosures.  Remove coatings in the locknut 

area prior to assembling conduit to enclosure to assure a 

continuous ground path. 
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P. Cut conduit perpendicular to the length.  For conduits 2-

inch (53-mm) trade size and larger, use roll cutter or a 

guide to make cut straight and perpendicular to the 

length. 

Q. Install pull wires in empty raceways.  Use polypropylene 

or monofilament plastic line with not less than 200-lb 

(90-kg) tensile strength.  Leave at least 12 inches (300 

mm) of slack at each end of pull wire.  Cap underground 

raceways designated as spare above grade alongside 

raceways in use. 

R. Surface Raceways: 

1. Install surface raceway with a minimum 2-inch (50-

mm)radius control at bend points. 

2. Secure surface raceway with screws or other anchor-

type devices at intervals not exceeding 48 inches 

(1200 mm) and with no less than two supports per 

straight raceway section.  Support surface raceway 

according to manufacturer's written instructions.  

Tape and glue are not acceptable support methods. 

S. 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 adjacent plates or surfaces.  Install 

raceway sealing fittings according to NFPA 70. 

T. 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. 

U. Flexible Conduit Connections:  Comply with NEMA RV 3.  Use 

a maximum of 72 inches (1830 mm) of flexible conduit for 

recessed and semirecessed luminaires, equipment subject to 
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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. 

V. 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. 

W. 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 box and 

cover plate or supported equipment and box. 

X. Recessed Boxes in Fire Rated Walls and Partitions:  

Provide steel electrical boxes or listed electrical boxes 

in maximum two-hour fire-resistant walls and partitions in 

accordance with International Building Code 

“Penetrations”. 

1. Steel electrical boxes shall not exceed the area 

specified in International Building Code 

“Penetrations”.  The maximum membrane penetration 

shall not exceed the maximum area per unit area of 

wall or partition specified in International Building 

Code “Penetrations”. 

2. Listed electrical boxes shall be installed in 

accordance with the instructions included in the 

listing. 

3. Electrical boxes in opposite sides of fire-resistant 

walls and partitions with a maximum two-hour rating 

shall be steel and shall be separated as specified in 

International Building Code “Penetrations”. 

Y. Horizontally separate boxes mounted on opposite sides of 

walls so they are not in the same vertical channel. 

Z. Locate boxes so that cover or plate will not span 

different building finishes. 
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AA. Use suitable boxes and flanges for wood, carpet, and tile 
floor.  Allow for movement of wood floors. 

BB. 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. 

CC. Fasten junction and pull boxes to or support from building 
structure.  Do not support boxes by conduits. 

DD. Set metal floor boxes level and 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  "Earth Moving" for pipe less 

than 6 inches (150 mm) in nominal diameter. 

2. Install backfill as specified in Section "Earth 

Moving." 

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 backfill around 

conduit to provide maximum supporting strength.  After 

placing controlled backfill to within 12 inches (300 

mm) of finished grade, make final conduit connection 

at end of run and complete backfilling with normal 

compaction as specified in Section "Earth Moving." 

4. Install manufactured duct elbows for stub-ups at poles 

and equipment and at building entrances through floor 

unless otherwise indicated.  Encase elbows for stub-up 

ducts throughout length of elbow. 

a. 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 (1500 mm) from 

edge of foundation or equipment base.  Install 
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insulated grounding bushings on terminations at 

equipment. 

5. Underground Warning Tape:  Comply with requirements in 

Section  "Identification for Electrical Systems." 

3.4 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 "Sleeves and Sleeve Seals for 

Electrical Raceways and Cabling." 

3.5 FIRESTOPPING 

A. Install firestopping at penetrations of fire-rated floor 

and wall assemblies.  Comply with requirements in 

Section "Penetration Firestopping." 

3.6 PROTECTION 

A. Protect coatings, finishes, and cabinets from damage and 

deterioration. 

1. Repair damage to galvanized finishes with zinc-rich 

paint recommended by manufacturer. 

END OF SECTION 260533 
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, includ-

ing General and Supplementary Conditions and Division 01 

Specification Sections, apply to this Section. 

1.2 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. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

1. Include construction details, material descriptions, 

dimensions of individual components and profiles, 

and finishes for electrical identification products. 

B. Identification Schedule: For each piece of electrical 

equipment and electrical system components to be an index 

of nomenclature for electrical equipment and system com-

ponents used in identification signs and labels. Use same 

designations indicated on Drawings. 
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PART 2 - PRODUCTS 

2.1 PERFORMANCE REQUIREMENTS 

A. Comply with ASME 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. 

2.2 COLOR AND LEGEND REQUIREMENTS 

A. Raceways and Cables Carrying Circuits at 600 V or Less:  

1. Black letters on an orange field. 

2. Legend: Indicate voltage and system. 

B. Warning labels and signs shall include, but are not lim-

ited 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 (915 MM)." 

2.3 LABELS 

A. Vinyl Labels for Raceways Carrying Circuits at 600 V or 

Less: Preprinted, flexible labels laminated with a clear, 

weather- and chemical-resistant coating and matching 

wraparound clear adhesive tape for securing label ends. 

1.  

B. Self-Adhesive Labels:  
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1. Preprinted, 3-mil- (0.08-mm-) thick, polyester 

flexible label with acrylic pressure-sensitive 

adhesive. 

a. Self-Lamination: Clear; UV-, weather- and chem-

ical-resistant; self-laminating, protective 

shield over the legend. Labels sized to fit the 

raceway diameter, such that the clear shield 

overlaps the entire printed legend. 

2. Polyester, thermal, transfer-printed, 3-mil- (0.08-

mm-) thick, multicolor, weather- and UV-resistant, 

pressure-sensitive adhesive labels, configured for 

display on front cover, door, or other access to 

equipment unless otherwise indicated. 

a. Nominal Size: 3.5-by-5-inch (76-by-127-mm). 

3. Marker for Tags: Machine-printed, permanent, 

waterproof, black ink recommended by printer 

manufacturer. 

2.4 BANDS AND TUBES: 

A. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin 

tubes with machine-printed identification labels, sized 

to suit diameters of and shrunk to fit firmly around ca-

bles they identify. Full shrink recovery occurs at a max-

imum of 200 deg F (93 deg C). Comply with UL 224. 

2.5 TAPES AND STENCILS: 

A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wrapa-

round type, with circuit identification legend machine 

printed by thermal transfer or equivalent process. 

B. Self-Adhesive Vinyl Tape: Colored, heavy duty, water-

proof, fade resistant; not less than 3 mils (0.08 mm) 

thick by 1 to 2 inches (25 to 50 mm) wide; compounded for 

outdoor use. 

C. Floor Marking Tape: 2-inch- (50-mm-) wide, 5-mil (0.125-

mm) pressure-sensitive vinyl tape, with yellow and black 

stripes and clear vinyl overlay. 

D. Underground-Line Warning Tape 
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1. Tape: 

a. Recommended by manufacturer for the method of 

installation and suitable to identify and lo-

cate underground electrical lines. 

b. Printing on tape shall be permanent and shall 

not be damaged by burial operations. 

c. Tape material and ink shall be chemically inert 

and not subject to degradation when exposed to 

acids, alkalis, and other destructive substanc-

es commonly found in soils. 

2. Color and Printing: 

a. Comply with ANSI Z535.1, ANSI Z535.2, 

ANSI Z535.3, ANSI Z535.4, and ANSI Z535.5. 

b. Inscriptions for Red-Colored Tapes: "ELECTRIC 

LINE". 

3. Type: 

a. Detectable three-layer laminate, consisting of 

a printed pigmented polyolefin film, a solid 

aluminum-foil core, and a clear protective film 

that allows inspection of the continuity of the 

conductive core; bright colored, continuous-

printed on one side with the inscription of the 

utility, compounded for direct-burial service. 

b. Width: 3 inches (75 mm). 

c. Overall Thickness: 5 mils (0.125 mm). 

d. Foil Core Thickness: 0.35 mil (0.00889 mm). 

e. Weight: 28 lb/1000 sq. ft. (13.7 kg/100 sq. m). 

f. Tensile according to ASTM D 882: 70 lbf 

(311.3 N) and 4600 psi (31.7 MPa). 

2.6 Signs 

A. Baked-Enamel Signs: 



WPU SPEERT HALL RTU REPLACEMENT dlb # 47402 / 5-16 

 

  IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553  - 5 

1. Preprinted aluminum signs, punched or drilled for 

fasteners, with colors, legend, and size required 

for application. 

2. 1/4-inch (6.4-mm) grommets in corners for mounting. 

3. Nominal Size: 7 by 10 inches (180 by 250 mm). 

2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS 

A. Paint: Comply with requirements in painting Sections for 

paint materials and application requirements. Retain 

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 PREPARATION 

A. Self-Adhesive Identification Products: Before applying 

electrical identification products, clean substrates of 

substances that could impair bond, using materials and 

methods recommended by manufacturer of identification 

product. 

3.2 INSTALLATION 

A. Verify and coordinate identification names, abbrevia-

tions, colors, and other features with requirements in 

other Sections requiring identification applications, 

Drawings, Shop Drawings, manufacturer's wiring diagrams, 

and operation and maintenance manual. Use consistent des-

ignations throughout Project. 

B. Install identifying devices before installing acoustical 

ceilings and similar concealment. 

C. Verify identity of each item before installing identifi-

cation products. 
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D. Install identification materials and devices at locations 

for most convenient viewing without interference with op-

eration and maintenance of equipment. Install access 

doors or panels to provide view of identifying devices. 

E. Apply identification devices to surfaces that require 

finish after completing finish work. 

F. Attach signs and plastic labels that are not self-

adhesive type with mechanical fasteners appropriate to 

the location and substrate. 

G. Attach plastic raceway and cable labels that are not 

self-adhesive type with clear vinyl tape, with adhesive 

appropriate to the location and substrate. 

H. 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 mark-

ings in contact, side by side. Locate bands at changes in 

direction, at penetrations of walls and floors, at 50-

foot (15-m) maximum intervals in straight runs, and at 

25-foot (7.6-m) maximum intervals in congested areas. 

I. During backfilling of trenches, install continuous under-

ground-line warning tape directly above cable or raceway 

at 6 to 8 inches (150 to 200 mm) below finished grade. 

Use multiple tapes where width of multiple lines in-

stalled in a common trench exceeds 16 inches (400 mm) 

overall. 

3.3 IDENTIFICATION SCHEDULE 

A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, 

for Service, Feeder, and Branch Circuits, More Than 30 A 

and 120 V to Ground: Identify with self-adhesive vinyl 

label. Install labels at 30-foot (10-m) maximum inter-

vals. 

B. Power-Circuit Conductor Identification, 600 V or Less: 

For conductors in vaults, pull and junction boxes, man-

holes, and handholes, use color-coding conductor tape to 

identify the phase. 

1. Color-Coding for Phase- and Voltage-Level 

Identification, 600 V or Less: Use colors listed 

below for ungrounded feeder conductors. 
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a. Color shall be factory applied or field applied 

for sizes larger than No. 8 AWG if authorities 

having jurisdiction permit. 

b. Colors for 208/120-V Circuits: 

1) Phase A: Black. 

2) Phase B: Red. 

3) Phase C: Blue. 

c. Colors for 480/277-V Circuits: 

1) Phase A: Brown. 

2) Phase B: Orange. 

3) Phase C: Yellow. 

d. Field-Applied, Color-Coding Conductor Tape: Ap-

ply in half-lapped turns for a minimum distance 

of 6 inches (150 mm) from terminal points and 

in boxes where splices or taps are made. Apply 

last two turns of tape with no tension to pre-

vent possible unwinding. Locate bands to avoid 

obscuring factory cable markings. 

C. Install instructional sign, including the color code for 

grounded and ungrounded conductors using adhesive-film-

type labels. 

D. Control-Circuit Conductor Identification: For conductors 

and cables in pull and junction boxes, manholes, and 

handholes, use self-adhesive, self-laminating polyester 

labels with the conductor or cable designation, origin, 

and destination. 

E. Control-Circuit Conductor Termination Identification: For 

identification at terminations, provide heat-shrink pre-

printed tubes or self-adhesive, self-laminating polyester 

labels with the conductor designation. 

F. Auxiliary Electrical Systems Conductor Identification: 

Identify field-installed alarm, control, and signal con-

nections. 

1. Identify conductors, cables, and terminals in 

enclosures and at junctions, terminals, and pull 

points.  Identify by system and circuit designation. 
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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 operation and 

maintenance manual. 

G. Locations of Underground Lines: Identify with under-

ground-line warning tape for power, lighting, communica-

tion, and control wiring and optical-fiber cable. 

1. Install underground-line warning tape for direct-

buried cables and cables in raceways. 

H. Workspace Indication: Install floor marking tape to show 

working clearances in the direction of access to live 

parts. Workspace shall comply with NFPA 70 and 

29 CFR 1926.403 unless otherwise indicated. Do not in-

stall at flush-mounted panelboards and similar equipment 

in finished spaces. 

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. Controls with external control power connec-

tions. 

J. Operating Instruction Signs: Install instruction signs to 

facilitate proper operation and maintenance of electrical 

systems and items to which they connect. Install instruc-

tion signs with approved legend where instructions are 

needed for system or equipment operation. 

K. Equipment Identification Labels: On each unit of equip-

ment, install unique designation label that is consistent 

with wiring diagrams, schedules, and operation and 

maintenance manual. Apply labels to disconnect switches 
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and protection equipment. Systems include power, control 

and alarm unless equipment is provided with its own iden-

tification. 

1. Labeling Instructions: 

a. Indoor Equipment:  Engraved, laminated acrylic 

or melamine plastic label, punched or drilled 

for mechanical fasteners. Unless otherwise in-

dicated, provide a single line of text with 

1/2-inch- 13-mm-)high letters on 1-1/2-inch- 

(38-mm-) high label; where two lines of text 

are required, use labels 2 inches (50 mm) high. 

b. Outdoor Equipment:  Engraved, laminated acrylic 

or melamine label. 

c. Elevated Components: Increase sizes of labels 

and letters to those appropriate for viewing 

from the floor. 

d. Unless labels are provided with self-adhesive 

means of attachment, fasten them with appropri-

ate mechanical fasteners that do not change the 

NEMA or NRTL rating of the enclosure. 

2. Equipment To Be Labeled: 

a. Panelboards: Typewritten directory of circuits 

in the location provided by panelboard manufac-

turer. Panelboard identification shall be in 

the form of a engraved, laminated acrylic or 

melamine label. 

b. Enclosed switches. 

c. Push-button stations. 

d. Monitoring and control equipment. 

END OF SECTION 260553 
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SECTION 262726 - WIRING DEVICES 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, apply to 

this Section.   

1.2 SUMMARY 

A. Section Includes: 

1. Receptacles, receptacles with integral GFCI, and 

associated device plates. 

2. Twist-locking receptacles. 

3. Tamper-resistant receptacles. 

4. Weather-resistant receptacles. 

5. Snap switches and wall-box dimmers. 

6. Solid-state fan speed controls. 

7. Communications outlets. 

8. Pendant cord-connector devices. 

9. Cord and plug sets. 

1.3 DEFINITIONS 

A. EMI:  Electromagnetic interference. 

B. GFCI:  Ground-fault circuit interrupter. 

C. Pigtail:  Short lead used to connect a device to a branch-

circuit conductor. 

D. RFI:  Radio-frequency interference. 

E. UTP:  Unshielded twisted pair. 
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1.4 ADMINISTRATIVE REQUIREMENTS 

A. Coordination: 

1. Receptacles for Owner-Furnished Equipment:  Match plug 

configurations. 

2. Cord and Plug Sets:  Match equipment requirements. 

1.5 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. 

C. Samples:  One for each type of device and wall plate 

specified, in each color specified. 

1.6 INFORMATIONAL SUBMITTALS 

A. Field quality-control reports. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For wiring devices to 

include in all manufacturers' packing-label warnings and 

instruction manuals that include labeling conditions. 

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). 
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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). 

B. Tamper-Resistant Convenience Receptacles, 125 V, 20 A:  

Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, 

UL 498 Supplement sd, and FS W-C-596. 

1. Products:  Subject to compliance with requirements, 

provide one of the following: 

a. Cooper; TR8300. 
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b. Hubbell; HBL8300SGA. 

c. Leviton; 8300-SGG. 

d. Pass & Seymour; TR63H. 

2. Description:  Labeled shall comply with NFPA 70, 

"Health Care Facilities" Article, "Pediatric 

Locations" Section. 

2.4 GFCI RECEPTACLES 

A. General Description: 

1. Straight blade, non-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. 

C. Tamper-Resistant GFCI Convenience Receptacles, 125 V, 

20 A: 

1. Products:  Subject to compliance with requirements, 

provide one of the following: 

a. Hubbell; GFTR20. 

b. Pass & Seymour; 2095TR. 
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2.5 TWIST-LOCKING RECEPTACLES 

A. Single Convenience Receptacles, 125 V, 20 A:  Comply with 

NEMA WD 1, NEMA WD 6 Configuration L5-20R, and UL 498. 

1. Products:  Subject to compliance with requirements, 

provide one of the following: 

a. Cooper; CWL520R. 

b. Hubbell; HBL2310. 

c. Leviton; 2310. 

d. Pass & Seymour; L520-R. 

2.6 PENDANT CORD-CONNECTOR DEVICES 

A. Description: 

1. Matching, locking-type plug and receptacle body 

connector. 

2. NEMA WD 6 Configurations L5-20P and L5-20R, heavy-duty 

grade, and FS W-C-596. 

3. Body:  Nylon, with screw-open, cable-gripping jaws and 

provision for attaching external cable grip. 

4. External Cable Grip:  Woven wire-mesh type made of 

high-strength, galvanized-steel wire strand, matched 

to cable diameter, and with attachment provision 

designed for corresponding connector. 

2.7 CORD AND PLUG SETS 

A. Description: 

1. Match voltage and current ratings and number of 

conductors to requirements of equipment being 

connected. 

2. Cord:  Rubber-insulated, stranded-copper conductors, 

with Type SOW-A jacket; with green-insulated grounding 

conductor and ampacity of at least 130 percent of the 

equipment rating. 
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3. Plug:  Nylon body and integral cable-clamping jaws.  

Match cord and receptacle type for connection. 

2.8 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." 
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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. 

E. Single-Pole, Double-Throw, Momentary-Contact, Center-off 

Switches:  24VAC/VDC, 3 A; for use with lighting relay 

pack 

1. Products: Subject to compliance with requirements, 

provide one of the following: 

a. WattStopper: LVS-1 

2.9 WALL-BOX DIMMERS 

A. Dimmer Switches:  Modular, full-wave, solid-state units 

with integral, quiet on-off switches, with audible 

frequency and EMI/RFI suppression filters. 

B. Control:  Continuously adjustable slider toggle switch; 

with single-pole or three-way switching.  Comply with 

UL 1472. 

1. 600 W; dimmers shall require no derating when ganged 

with other devices.  Illuminated when "off." 

2. As noted on Drawings. 

C. Fluorescent Lamp Dimmer Switches:  Modular; compatible 

with dimmer ballasts; trim potentiometer to adjust low-end 

dimming; dimmer-ballast combination capable of consistent 

dimming with low end not greater than 20 percent of full 

brightness. 
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2.10 WALL PLATES 

A. Single and combination types shall match corresponding 

wiring devices. 

1. Plate-Securing Screws:  Metal with head color to match 

plate finish. 

2. Material for Finished Spaces:  0.035-inch- (1-mm-) 

thick, satin-finished, Type 302 stainless steel. 

3. Material for Unfinished Spaces:  Galvanized steel. 

4. Material for Damp Locations:  Cast aluminum with 

spring-loaded lift cover, and listed and labeled for 

use in wet and damp locations. 

B. Wet-Location, Weatherproof Cover Plates:  NEMA 250, 

complying with Type 3R, weather-resistant, die-cast 

aluminum with lockable cover. 

2.11 PREFABRICATED MULTIOUTLET ASSEMBLIES 

A. Manufacturers:  Subject to compliance with requirements, 

provide products by one of the following: 

1. Hubbell Incorporated; Wiring Device-Kellems. 

2. Wiremold/Legrand. 

B. Description: 

1. Two-piece surface metal raceway, with factory-wired 

multioutlet harness. 

2. Components shall be products from single manufacturer 

designed for use as a complete, matching assembly of 

raceways and receptacles. 

C. Raceway Material:  Metal, with manufacturer's standard 

finish. 

D. Multioutlet Harness: 

1. Receptacles:  15-A, 125-V, NEMA WD 6 Configuration 5-

15R receptacles complying with NEMA WD 1, UL 498, and 

FS W-C-596. 

2. Receptacle Spacing:  9 inches (230 mm). 
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3. Wiring:  No. 12 AWG solid, Type THHN copper, single 

circuit. 

2.12 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. 

2. Wiring Devices Connected to Emergency Power System:  

Red. 

3. TVSS Devices:  Blue. 

B. Wall Plate Color:  For plastic covers, match device 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. 
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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 (152 mm) 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. 
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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 

up, 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. 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. 

H. Adjust locations of floor service outlets and 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 IDENTIFICATION 

A. Comply with Section "Identification for Electrical 

Systems." 

B. Identify each receptacle with panelboard identification 

and circuit number.  Use hot, stamped, or engraved machine 

printing with black-filled lettering on face of plate, and 

durable wire markers or tags inside outlet boxes. 

3.4 FIELD QUALITY CONTROL 

A. Perform the following tests and inspections: 

1. Test Instruments:  Use instruments that comply with 

UL 1436. 
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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 

replace with new ones, and retest as specified above. 

C. Wiring device will be considered defective if it does not 

pass tests and inspections. 

D. Prepare test and inspection reports. 

END OF SECTION 262726 
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS 

PART 1 - GENERAL 

1.1 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including 

General and Supplementary Conditions and other Division 01 

Specification Sections, apply to this Section. 

1.2 SUMMARY 

A. Section Includes: 

1. Fusible switches. 

2. Nonfusible switches. 

3. Molded-case circuit breakers (MCCBs). 

4. Enclosures. 

1.3 DEFINITIONS 

A. NC:  Normally closed. 

B. NO:  Normally open. 

C. SPDT:  Single pole, double throw. 

1.4 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 and units that 

are part of an Emergency or Legally Required Standby System 

will remain fully operational after the seismic event." 
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1.5 ACTION SUBMITTALS 

A. Product Data:  For each type of enclosed switch, circuit 

breaker, accessory, and component indicated.  Include 

dimensioned elevations, sections, weights, and manufacturers' 

technical data on features, performance, electrical 

characteristics, ratings, accessories, and finishes. 

1. Enclosure types and details for types other than NEMA 250, 

Type 1. 

2. Current and voltage ratings. 

3. Short-circuit current ratings (interrupting and withstand, 

as appropriate). 

4. Include evidence of NRTL listing for series rating of 

installed devices. 

5. Detail features, characteristics, ratings, and factory 

settings of individual overcurrent protective devices, 

accessories, and auxiliary components. 

6. Include computer software generated time-current 

coordination curves for each type and rating of overcurrent 

protective device required to be selectively coordinated by 

NFPA 70. 

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. 

1.6 INFORMATIONAL SUBMITTALS 

A. Seismic Qualification Certificates:  For enclosed switches and 

circuit breakers, accessories, and components, from 

manufacturer. 

1. Basis for Certification:  Indicate whether withstand 

certification is based on actual test of assembled 

components or on calculation. 

2. Dimensioned Outline Drawings of Equipment Unit:  Identify 

center of gravity and locate and describe mounting and 

anchorage provisions. 
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3. Detailed description of equipment anchorage devices on 

which the certification is based and their installation 

requirements. 

B. Field quality-control reports. 

1. Test procedures used. 

2. Test results that comply with requirements. 

3. Results of failed tests and corrective action taken to 

achieve test results that comply with requirements. 

C. Manufacturer's field service report. 

1.7 CLOSEOUT SUBMITTALS 

A. Operation and Maintenance Data:  For enclosed switches and 

circuit breakers to include in emergency, operation, and 

maintenance manuals.  In addition to items specified in 

Section "Operation and Maintenance Data," include the 

following: 

1. Manufacturer's written instructions for testing and 

adjusting enclosed switches and circuit breakers. 

2. Computer software generated time-current coordination 

curves and “As Left” trip settings for each type and rating 

of overcurrent protective device required to be selectively 

coordinated by NFPA 70 

1.8 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. Fuses:  Equal to 10 percent of quantity installed for each 

size and type, but no fewer than three of each size and 

type. 

2. Fuse Pullers:  Two for each size and type. 

1.9 QUALITY ASSURANCE 

A. Testing Agency Qualifications:  Member Company of NETA or an 

NRTL. 
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1. Testing Agency's Field Supervisor:  Currently certified by 

NETA to supervise on-site testing. 

B. Source Limitations:  Obtain enclosed switches and circuit 

breakers, overcurrent protective devices, components, and 

accessories, within same product category, from single source 

from single manufacturer. 

C. Product Selection for Restricted Space:  Drawings indicate 

maximum dimensions for enclosed switches and circuit breakers, 

including clearances between enclosures, and adjacent surfaces 

and other items.  Comply with indicated maximum dimensions. 

D. 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. 

E. Comply with NFPA 70. 

1.10 PROJECT CONDITIONS 

A. Environmental Limitations:  Rate equipment for continuous 

operation under the following conditions unless otherwise 

indicated: 

1. Ambient Temperature:  Not less than minus 22 deg F (minus 

30 deg C) and not exceeding 104 deg F (40 deg C). 

2. Altitude:  Not exceeding 6600 feet (2010 m). 

1.11 COORDINATION 

A. Coordinate layout and installation of switches, circuit 

breakers, and components with equipment served and adjacent 

surfaces.  Maintain required workspace clearances and required 

clearances for equipment access doors and panels. 

PART 2 - PRODUCTS 

2.1 FUSIBLE SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited to, the 

following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 
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2. General Electric Company; GE Consumer & Industrial - 

Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 

B. 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 specified fuses, lockable handle with 

capability to accept three padlocks, and interlocked with cover 

in closed position. 

C. 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 specified fuses, lockable handle 

with capability to accept three padlocks, and interlocked with 

cover in closed position. 

D. Type HD, Heavy Duty, Double Throw, 600-V ac, 1200 A and 

Smaller:  UL 98 and NEMA KS 1, horsepower rated, with clips or 

bolt pads to accommodate specified fuses, lockable handle with 

capability to accept three padlocks, and interlocked with cover 

in closed position. 

E. Accessories: 

1. Equipment Ground Kit:  Internally mounted and labeled for 

copper ground conductors. 

2. Neutral Kit:  Internally mounted; insulated, capable of 

being grounded and bonded; labeled for copper neutral 

conductors. 

3. Class R Fuse Kit:  Provides rejection of other fuse types 

when Class R fuses are specified. 

4. Lugs:  Mechanical type, suitable for number, size, and 

conductor material. 

2.2 NONFUSIBLE SWITCHES 

A. Manufacturers:  Subject to compliance with requirements, 

available manufacturers offering products that may be 

incorporated into the Work include, but are not limited to, the 

following: 

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit. 

http://www.specagent.com/LookUp/?uid=123456818226&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818226&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803158&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818227&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818232&mf=04&src=wd
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2. General Electric Company; GE Consumer & Industrial - 

Electrical Distribution. 

3. Siemens Energy & Automation, Inc. 

4. Square D; a brand of Schneider Electric. 

B. 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. 

C. 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. 

D. Accessories: 

1. Equipment Ground Kit:  Internally mounted and labeled for 

copper ground conductors. 

2. Neutral Kit:  Internally mounted; insulated, capable of 

being grounded and bonded; labeled for copper neutral 

conductors. 

3. Lugs:  Mechanical type, suitable for number, size, and 

conductor material. 

E. Manufacturers:  Subject to compliance with requirements, 

provide products 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. 

4. Square D; a brand of Schneider Electric. 

F. General Requirements:  Comply with UL 489, NEMA AB 1, and 

NEMA AB 3, with interrupting capacity to comply with available 

fault currents. 

G. 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. 

http://www.specagent.com/LookUp/?uid=123456818233&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818233&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803159&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818234&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818238&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818239&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818239&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456803163&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456818240&mf=04&src=wd
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H. Adjustable, Instantaneous-Trip Circuit Breakers:  Magnetic trip 

element with front-mounted, field-adjustable trip setting. 

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 I
2
t response. 

I. Current-Limiting Circuit Breakers:  Frame sizes 400 A and 

smaller, and let-through ratings less than NEMA FU 1, RK-5. 

J. Integrally Fused Circuit Breakers:  Thermal-magnetic trip 

element with integral limiter-style fuse listed for use with 

circuit breaker and trip activation on fuse opening or on 

opening of fuse compartment door. 

K. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers:  

Single- and two-pole configurations with Class A ground-fault 

protection (6-mA trip). 

L. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers:  

With Class B ground-fault protection (30-mA trip). 

M. Features and Accessories: 

1. Standard frame sizes, trip ratings, and number of poles. 

2. Lugs:  Mechanical type, 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-phase, zero-sequence current 

transformer/sensor. 

5. Communication Capability:  Integral communication module 

with functions and features compatible with power 

monitoring and control system,. 
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6. Shunt Trip:  Trip coil energized from separate circuit, 

with coil-clearing contact. 

7. Undervoltage Trip:  Set to operate at 35 to 75 percent of 

rated voltage without intentional time delay. 

8. 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. 

9. Alarm Switch:  One NO contact that operates only when 

circuit breaker has tripped. 

10. Electrical Operator:  Provide remote control for on, off, 
and reset operations. 

11. Accessory Control Power Voltage:  Integrally mounted, self-
powered; 120-V ac. 

N. 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. Kitchen and Wash-Down Areas:  NEMA 250, Type 4X, stainless 

steel. 

4. Other Wet or Damp, Indoor Locations:  NEMA 250, Type 4. 

PART 3 - EXECUTION 

3.1 EXAMINATION 

A. Examine elements and surfaces to receive enclosed switches and 

circuit breakers for compliance with installation tolerances 

and other conditions affecting performance of the Work. 

B. Proceed with installation only after unsatisfactory conditions 

have been corrected. 

3.2 INSTALLATION 

A. Install individual wall-mounted switches and circuit breakers 

with tops at uniform height unless otherwise indicated. 
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B. Comply with mounting and anchoring requirements specified in 

Section "Seismic Controls for Electrical Systems." 

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. 

3.3 IDENTIFICATION 

A. Comply with requirements in Section "Identification for 

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. 

3.4 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. 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. 
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3. Perform the following infrared scan tests and inspections 

and prepare reports: 

a. Initial Infrared Scanning:  After Substantial 

Completion, but not more than 60 days after Final 

Acceptance, perform an infrared scan of each enclosed 

switch and circuit breaker.  Remove front panels so 

joints and connections are accessible to portable 

scanner. 

b. Instruments and Equipment:  Use an infrared scanning 

device designed to measure temperature or to detect 

significant deviations from normal values.  Provide 

calibration record for device. 

4. Test and adjust controls, remote monitoring, and safeties.  

Replace damaged and malfunctioning controls and equipment. 

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 remedial action. 

3.5 ADJUSTING 

A. Adjust moving parts and operable components to function 

smoothly, and lubricate as recommended by manufacturer. 

B. Set field-adjustable circuit-breaker trip ranges as per the 

overcurrent protective device coordination study. 

END OF SECTION 262816 
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	230130 51 - duct cleaning
	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 cleaning HVAC air-distribution equipment, ducts and system components.

	1.3 DEFINITIONS
	A. ASCS:  Air systems cleaning specialist.
	B. NADCA:  National Air Duct Cleaners Association.

	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data:  For an ASCS.
	B. Strategies and procedures plan.
	C. Cleanliness verification report.

	1.5 QUALITY ASSURANCE
	A. ASCS Qualifications:  A certified member of NADCA.
	1. Certification:  Employ an ASCS certified by NADCA on a full-time basis.
	2. Supervisor Qualifications:  Certified as an ASCS by NADCA.

	B. UL Compliance:  Comply with UL 181 and UL 181A for fibrous-glass ducts.


	PART 2 -  PRODUCTS (Not Used)
	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine HVAC air-distribution equipment, ducts and system components to determine appropriate methods, tools, and equipment required for performance of the Work.
	B. Perform "Project Evaluation and Recommendation" according to NADCA ACR 2006.
	C. Prepare written report listing conditions detrimental to performance of the Work.
	D. Proceed with work only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Prepare a written plan that includes strategies and step-by-step procedures.  At a minimum, include the following:
	1. Supervisor contact information.
	2. Work schedule including location, times, and impact on occupied areas.
	3. Methods and materials planned for each HVAC component type.
	4. Required support from other trades.
	5. Equipment and material storage requirements.
	6. Exhaust equipment setup locations.

	B. Use the existing service openings, as required for proper cleaning, at various points of the HVAC system for physical and mechanical entry and for inspection.
	C. Comply with NADCA ACR 2006, "Guidelines for Constructing Service Openings in HVAC Systems" Section.

	3.3 CLEANING
	A. Comply with NADCA ACR 2006.
	B. Remove visible surface contaminants and deposits from within the HVAC system.
	C. Systems and Components to Be Cleaned:
	1. Ductwork:
	a. Supply-air ducts, including turning vanes.
	b. Return-air ducts to the air-handling unit.

	2. Diffusers, Registers and Grilles:
	a. Existing installations within building.


	D. Collect debris removed during cleaning.  Ensure that debris is not dispersed outside the HVAC system during the cleaning process.
	E. Particulate Collection:
	1. For particulate collection equipment, include adequate filtration to contain debris removed.  Locate equipment downwind and away from all air intakes and other points of entry into the building.
	2. HEPA filtration with 99.97 percent collection efficiency for particles sized 0.3 micrometer or larger shall be used where the particulate collection equipment is exhausting inside the building,

	F. Control odors and mist vapors during the cleaning and restoration process.
	G. Mark the position of manual volume dampers and air-directional mechanical devices inside the system prior to cleaning.  Restore them to their marked position on completion of cleaning.
	H. System components shall be cleaned so that all HVAC system components are visibly clean.  On completion, all components must be returned to those settings recorded just prior to cleaning operations.
	I. Clean all air-distribution devices, registers, grilles, and diffusers.
	J. Clean visible surface contamination deposits according to NADCA ACR 2006 and the following:
	1. Clean air-handling units, airstream surfaces, components, condensate collectors, and drains.
	2. Ensure that a suitable operative drainage system is in place prior to beginning wash-down procedures.
	3. Clean evaporator coils, reheat coils, and other airstream components.

	K. Duct Systems:
	1. Create service openings in the HVAC system as necessary to accommodate cleaning.
	2. Mechanically clean duct systems specified to remove all visible contaminants so that the systems are capable of passing the HVAC System Cleanliness Tests (see NADCA ACR 2006).

	L. Debris removed from the HVAC system shall be disposed of according to applicable Federal, state, and local requirements.
	M. Mechanical Cleaning Methodology:
	1. Source-Removal Cleaning Methods:  The HVAC system shall be cleaned using source-removal mechanical cleaning methods designed to extract contaminants from within the HVAC system and to safely remove these contaminants from the facility.  No cleaning...
	a. Use continuously operating vacuum-collection devices to keep each section being cleaned under negative pressure.
	b. Cleaning methods that require mechanical agitation devices to dislodge debris that is adhered to interior surfaces of HVAC system components shall be equipped to safely remove these devices.  Cleaning methods shall not damage the integrity of HVAC ...

	2. Cleaning Mineral-Fiber Insulation Components:
	a. Fibrous-glass thermal or acoustical insulation elements present in equipment or ductwork shall be thoroughly cleaned with HEPA vacuuming equipment while the HVAC system is under constant negative pressure and shall not be permitted to get wet accor...
	b. Cleaning methods used shall not cause damage to fibrous-glass components and will render the system capable of passing the HVAC System Cleanliness Tests (see NADCA ACR 2006).
	c. Fibrous materials that become wet shall be discarded and replaced.


	N. Coil Cleaning:
	1. Measure static-pressure differential across each coil.
	2. See NADCA ACR 2006, "Coil Surface Cleaning" Section.  Type 1, or Type 1 and Type 2, cleaning methods shall be used to render the coil visibly clean and capable of passing Coil Cleaning Verification (see applicable NADCA ACR 2006).
	3. Coil drain pans shall be subject to NADCA ACR 2006, "Non-Porous Surfaces Cleaning Verification."  Ensure that condensate drain pans are operational.
	4. Cleaning methods shall not cause any appreciable damage to, cause displacement of, inhibit heat transfer, or cause erosion of the coil surface or fins, and shall comply with coil manufacturer's written recommendations when available.
	5. Rinse thoroughly with clean water to remove any latent residues.

	O. Antimicrobial Agents and Coatings:
	1. Apply antimicrobial agents and coatings if active fungal growth is reasonably suspected or where unacceptable levels of fungal contamination have been verified.  Apply antimicrobial agents and coatings according to manufacturer's written recommenda...
	2. When used, antimicrobial treatments and coatings shall be applied after the system is rendered clean.
	3. Apply antimicrobial agents and coatings directly onto surfaces of interior ductwork.
	4. Sanitizing agent products shall be registered by the EPA as specifically intended for use in HVAC systems and ductwork.


	3.4 CLEANLINESS VERIFICATION
	A. Verify cleanliness according to NADCA ACR 2006, "Verification of HVAC System Cleanliness" Section.
	B. Verify HVAC system cleanliness after mechanical cleaning and before applying any treatment or introducing any treatment-related substance to the HVAC system, including biocidal agents and coatings.
	C. Perform visual inspection for cleanliness.  If no contaminants are evident through visual inspection, the HVAC system shall be considered clean.  If visible contaminants are evident through visual inspection, those portions of the system where cont...
	D. Additional Verification:
	1. Perform surface comparison testing or NADCA vacuum test.
	2. Conduct NADCA vacuum gravimetric test analysis for nonporous surfaces.

	E. Verification of Coil Cleaning:
	1. Measure static-pressure differential across each coil.
	2. Coil will be considered clean if the coil is free of foreign matter and chemical residue, based on a thorough visual inspection.

	F. Prepare a written cleanliness verification report.  At a minimum, include the following:
	1. Written documentation of the success of the cleaning.
	2. Site inspection reports, initialed by supervisor, including notation on areas of inspection, as verified through visual inspection.
	3. Surface comparison test results if required.
	4. Gravimetric analysis (nonporous surfaces only).
	5. System areas found to be damaged.

	G. Photographic Documentation:  Comply with requirements in Section 013233 "Photographic Documentation."

	3.5 RESTORATION
	A. Restore and repair HVAC air-distribution equipment, ducts, plenums, and components according to NADCA ACR 2006, "Restoration and Repair of Mechanical Systems" Section.
	B. Restore service openings capable of future reopening.  Comply with requirements in Section 233113 "Metal Ducts." Include location of service openings in Project closeout report.
	C. Replace damaged insulation according to Section 230713 "Duct Insulation."
	D. Ensure that closures do not hinder or alter airflow.
	E. New closure materials, including insulation, shall match opened materials and shall have removable closure panels fitted with gaskets and fasteners.



	230513 - Common Motor Req for HVAC Equipment
	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 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...

	1.3 SUBMITTALS
	A. Product Data for Field-Installed Motors:  For each type and size of motor, provide nameplate data and ratings; shipping, installed, and operating weights; enclosure type and mounting arrangements; size, type, and location of winding terminations; c...
	B. Shop Drawings for Field-Installed Motors:  Dimensioned plans, elevations, sections, and details, including required clearances and service space around equipment.  Include the following:
	1. Each installed unit's type and details.
	2. Nameplate legends.
	3. Diagrams of power, signal, and control wiring.  Provide schematic wiring diagram for each type of motor and for each control scheme.

	C. Coordination Drawings:  Floor plans showing dimensioned layout, required working clearances, and required area above and around field-installed motors.  Show motor layout, mechanical power transfer link, driven load, and relationship between electr...
	D. Qualification Data:  For testing agency.
	E. Source quality-control test reports.
	F. Field quality-control test reports.
	G. Operation and Maintenance Data:  For field-installed motors to include in emergency, operation, and maintenance manuals.

	1.4 QUALITY ASSURANCE
	A. Testing Agency Qualifications:  An independent agency, with the experience and capability to conduct the testing indicated, that is a member company of the InterNational Electrical Testing Association or is a nationally recognized testing laborator...
	1. Testing Agency's Field Supervisor:  Person currently certified by the InterNational Electrical Testing Association or the National Institute for Certification in Engineering Technologies to supervise on-site testing specified in Part 3.

	B. Source Limitations:  Obtain field-installed motors through one source from a single manufacturer.
	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.
	D. Comply with NFPA 70.
	E. For premium efficiency motors, comply with published efficiency table for NEMA “Premium Efficient” motors.

	1.5 COORDINATION
	A. Coordinate features of motors, installed units, and accessory devices to be compatible with the following:
	1. Motor controllers.
	2. Torque, speed, and horsepower requirements of the load.
	3. Ratings and characteristics of supply circuit and required control sequence.
	4. Ambient and environmental conditions of installation location.


	PART 2 -  PRODUCTS
	2.1 GENERAL MOTOR REQUIREMENTS
	A. Comply with NEMA MG 1 unless otherwise indicated.

	2.2 MOTOR CHARACTERISTICS
	A. Frequency Rating:  60 Hz.
	B. Voltage Rating:  NEMA standard voltage selected to operate on nominal circuit voltage to which motor is connected.
	C. Service Factor:  1.15 for open dripproof motors; 1.0 for totally enclosed motors.
	D. Duty:  Continuous duty at ambient temperature of 105 deg F and at altitude of 3300 feet above sea level.
	E. 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 considerin...
	F. Enclosure: Open dripproof (unless otherwise indicated on drawing).

	2.3 POLYPHASE MOTORS
	A. Description:  NEMA MG 1, Design B, medium induction motor.
	B. See "Energy Considerations" Article in the Evaluations for discussion of motor efficiencies.
	C. Efficiency:  Premium, as defined in NEMA MG 1.
	D. Service Factor:  1.15.
	E. Stator:  Copper coiling, unless otherwise indicated.
	1. Multispeed Motors:  Separate winding for each speed.

	F. Rotor:  Random-wound, squirrel cage.
	G. NEMA MG 1 recommends ball bearings for polyphase motors 500 hp and smaller due to their ability to sustain coupling end-play and rotor float.  Some smaller integral and fractional polyphase motors might have sleeve bearings for lower cost and quiet...
	H. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
	I. For longer motor insulation life, consider specifying a temperature rise one class below the insulation rating class, e.g., Class F insulation with Class B temperature rise.  Many energy-efficient and most premium-efficient motors come standard wit...
	J. Temperature Rise:  Match insulation rating.
	K. Standard insulation class for general-purpose, open-dripproof motors, of nominal efficiency rating, is Class B; however, many energy- and premium-efficient motors, and those with service factors 1.15 or higher, are built with insulation meeting Cla...
	L. Insulation:  Class F.
	M. Code Letter Designation:
	1. Motors 15 HP and Larger:  NEMA starting Code F or Code G.
	2. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic.

	N. 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. See "Multispeed and Variable-Speed Considerations" Article in the Evaluations for discussion of motor types used with variable frequency controllers.  Retain option in first paragraph below if Project includes separately connected motors.
	C. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features coordinated with and approved by controller manufacturer.
	1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and tested to resist transient spikes, high frequencies, and short time rise pulses produced by pulse-width modulated inverters.
	2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation.
	3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation.
	4. See "Multispeed and Variable-Speed Considerations" Article in the Evaluations for discussion of thermally protected motors.  Thermal protection is not usually required for HVAC equipment and energy- or premium-efficient motors specified in this Sec...
	5. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected motors.
	6. 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 wh...

	D. Rugged-Duty Motors:  Totally enclosed, with 1.25 minimum service factor, greased bearings, integral condensate drains, and capped relief vents.  Windings insulated with non-hygroscopic material.
	1. Finish:  Chemical-resistant paint over corrosion-resistant primer.


	2.5 MOTORS USED WITH VARIABLE FREQUENCY DRIVES
	A. All motors connected to variable frequency drives shall be “Inverter Duty Rated.”


	PART 3 -  EXECUTION (Not Applicable)

	230553 - HVAC Identification
	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. Equipment labels.
	2. Duct labels.
	3. Access panels and doors.


	1.3 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Samples:  For color, letter style, and graphic representation required for each identification material and device.
	C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed content for each label.
	D. Valve numbering scheme.
	E. Valve Schedules:  For each piping system to include in maintenance manuals.

	1.4 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Plastic Labels for Equipment:
	1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	2. Letter Color:  Black.
	3. Background Color:  White.
	4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
	5. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	6. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	7. Fasteners:  Stainless-steel rivets or self-tapping screws.
	8. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.

	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 bond paper.  Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Speci...

	2.2 DUCT LABELS
	A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	B. Letter Color:  White.
	C. Background Color:  Green or Blue.
	D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
	E. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	G. Fasteners:  Stainless-steel rivets or self-tapping screws.
	H. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.
	I. Duct Label Contents:  Include identification of duct service using same designations or abbreviations as used on Drawings, duct size, and an arrow indicating flow direction.
	1. Flow-Direction Arrows:  Integral with duct system service lettering to accommodate both directions, or as separate unit on each duct label to indicate flow direction.
	2. Lettering Size:  At least 1-1/2 inches high.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces 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 DUCT LABEL INSTALLATION
	A. Install self-adhesive duct labels with permanent adhesive on air ducts in the following color code:
	1. Blue:  For supply-air ducts.
	2. Green:  For exhaust-, outside-, relief-, return-, and mixed-air ducts.

	B. Locate labels near points where ducts enter into concealed spaces and at maximum intervals of 50 feet in each space where ducts are exposed or concealed by removable ceiling system.



	230593 - TAB
	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. Balancing Air Systems:
	a. Constant-volume air systems.



	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 15 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. Contract Documents Examination Report:  Within 30 days of Contractor's Notice to Proceed, submit the Contract Documents review report as specified in Part 3.
	C. Strategies and Procedures Plan:  Within 30 days of Contractor's Notice to Proceed, submit TAB strategies and step-by-step procedures as specified in "Preparation" Article.
	D. Certified TAB reports.
	E. Sample report forms.
	F. Instrument calibration reports, to include the following:
	1. Instrument type and make.
	2. Serial number.
	3. Application.
	4. Dates of use.
	5. Dates of calibration.


	1.5 QUALITY ASSURANCE
	A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC NEBB or TABB.
	1. TAB Field Supervisor:  Employee of the TAB contractor and certified by AABC NEBB or TABB.
	2. TAB Technician:  Employee of the TAB contractor and who is certified by AABC NEBB or TABB as a TAB technician.

	B. TAB Conference:  Meet with Engineer 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...
	1. Agenda Items:
	a. The Contract Documents examination report.
	b. The TAB plan.
	c. Coordination and cooperation of trades and subcontractors.
	d. Coordination of documentation and communication flow.


	C. Certify TAB field data reports and perform the following:
	1. Review field data reports to validate accuracy of data and to prepare certified TAB reports.
	2. Certify that the TAB team complied with the approved TAB plan and the procedures specified and referenced in this Specification.

	D. TAB Report Forms:  Use standard TAB contractor's forms approved by Engineer.
	E. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, Section 5, "Instrumentation."

	1.6 PROJECT CONDITIONS
	A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB period.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.

	1.7 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 distribution systems have been satisfactorily completed.

	1.8 GENERAL SCOPE OF TAB WORK
	A. The rooftop unit replacement portion requires both pre and post balancing of the air systems connected to the affected RTUs.
	B. The Centralized Building Management System will require confirmation that the affected RTUs are performing according to the sequence of operation as prescribed.
	C. Refer to the drawings for additional scope of work.
	D. The installing contractor shall be responsible for assisting the TAB contractor with his work. The installing contractor is ultimately responsible for the proper functioning of his installed equipment and shall provide to the TAB contractor all req...


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 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 equipment performance data including fan curves.
	1. Relate performance data to Project conditions and requirements, including system effects that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
	2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when installed under conditions different from the conditions used to rate equipment performance.  To calculate system effects for air systems, use tables and charts fo...

	F. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
	G. Examine test reports specified in individual system and equipment Sections.
	H. 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.
	I. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible and their controls are connected and functioning.
	J. Examine strainers.  Verify that startup screens are replaced by permanent screens with indicated perforations.
	K. Examine operating safety interlocks and controls on HVAC equipment.
	L. 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.

	3.2 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:
	1. Permanent electrical-power wiring is complete.
	2. Hydronic systems are filled, clean, and free of air.
	3. Automatic temperature-control systems are operational.
	4. Equipment and duct access doors are securely closed.
	5. Balance, dampers are open.
	6. Isolating and balancing valves are open and control valves are operational.


	3.3 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", ASHRAE 111, NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental S...
	1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing."

	B. Cut insulation, ducts, and equipment cabinets for installation of test probes to the minimum extent necessary for TAB procedures.
	1. After testing and balancing, patch probe holes in ducts with same material and thickness as used to construct ducts.
	2. After testing and balancing, install test ports and duct access doors that comply with requirements in Division 23 Section "Metal Ducts."
	3. Install and join new insulation that matches removed materials.  Restore insulation, coverings, vapor barrier, and finish according to Division 23 Section “Duct Insulation.”

	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.

	3.4 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. Determine the best locations in main ducts for accurate duct-airflow measurements.
	D. Check airflow patterns from the outdoor-air louvers and dampers through the supply-fan discharge.
	E. Locate start-stop and disconnect switches, electrical interlocks, and motor starters.
	F. Verify that motor starters are equipped with properly sized thermal protection.
	G. Check dampers for proper position to achieve desired airflow path.
	H. Check for airflow blockages.
	I. Check condensate drains for proper connections and functioning.
	J. Check for proper sealing of air-handling-unit components.
	K. Verify that air duct system is sealed as specified in Division 23 Section "Metal Ducts."

	3.5 PROCEDURES FOR MOTORS
	A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:
	1. Manufacturer's name, model number, and serial number.
	2. Motor horsepower rating.
	3. Motor RPM.
	4. Efficiency rating.
	5. Nameplate and measured voltage, each phase.
	6. Nameplate and measured amperage, each phase.
	7. Starter thermal-protection-element rating.

	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 manufactur...

	3.6 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS
	A. Perform a preconstruction inspection of existing equipment that is to remain and be reused.
	1. Measure and record the operating speed, airflow, and static pressure of each fan.
	2. Measure motor voltage and amperage.  Compare the values to motor nameplate information.
	3. Check the refrigerant charge.
	4. Check the condition of filters.
	5. Check the condition of coils.
	6. Check the operation of the drain pan and condensate-drain trap.
	7. Check bearings and other lubricated parts for proper lubrication.
	8. Report on the operating condition of the equipment and the results of the measurements taken.  Report deficiencies.

	B. Before performing testing and balancing of existing systems, inspect existing equipment that is to remain and be reused to verify that existing equipment has been cleaned and refurbished.  Verify the following:
	1. New filters are installed.
	2. Coils are clean and fins combed.
	3. Drain pans are clean.
	4. Fans are clean.
	5. Bearings and other parts are properly lubricated.
	6. Deficiencies noted in the preconstruction report are corrected.

	C. Perform testing and balancing of existing systems to the extent that existing systems are affected by the renovation work.
	1. Compare the indicated airflow of the renovated work to the measured fan airflows, and determine the new fan speed and the face velocity of filters and coils.
	2. Verify that the indicated airflows of the renovated work result in filter and coil face velocities and fan speeds that are within the acceptable limits defined by equipment manufacturer.
	3. If calculations increase or decrease the air flow rates and water flow rates by more than 5 percent, make equipment adjustments to achieve the calculated rates.  If increase or decrease is 5 percent or less, equipment adjustments are not required.
	4. Balance each air outlet.


	3.7 TOLERANCES
	A. Set HVAC system's air flow rates within the following tolerances:
	1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent.
	2. Air Outlets and Inlets:  Plus or minus 10 percent.


	3.8 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' balanc...
	B. Status Reports:  Prepare weekly 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...

	3.9 FINAL REPORT
	A. General:  Prepare a certified written report; tabulate and divide the report into separate sections for tested systems and balanced systems.
	1. Include a certification sheet at the front of the report's binder, signed and sealed by the certified testing and balancing engineer.
	2. Include a list of instruments used for procedures, along with proof of calibration.

	B. Final Report Contents:  In addition to certified field-report data, include the following:
	1. Fan curves.
	2. Manufacturers' test data.
	3. Field test reports prepared by system and equipment installers.
	4. Other information relative to equipment performance; do not include Shop Drawings and product data.

	C. General Report Data:  In addition to form titles and entries, include the following data:
	1. Title page.
	2. Name and address of the TAB contractor.
	3. Project name.
	4. Project location.
	5. Architect's name and address.
	6. Engineer's name and address.
	7. Contractor's name and address.
	8. Report date.
	9. Signature of TAB supervisor who certifies the report.
	10. Table of Contents with the total number of pages defined for each section of the report.  Number each page in the report.
	11. Summary of contents including the following:
	a. Indicated versus final performance.
	b. Notable characteristics of systems.
	c. Description of system operation sequence if it varies from the Contract Documents.

	12. Nomenclature sheets for each item of equipment.
	13. Data for terminal units, including manufacturer's name, type, size, and fittings.
	14. Notes to explain why certain final data in the body of reports vary from indicated values.
	15. Test conditions for fans and pump performance forms including the following:
	a. Settings for outdoor-, return-, and exhaust-air dampers.
	b. Conditions of filters.
	c. Cooling coil, wet- and dry-bulb conditions.
	d. Face and bypass damper settings at coils.
	e. Fan drive settings including settings and percentage of maximum pitch diameter.
	f. Inlet vane settings for variable-air-volume systems.
	g. Settings for supply-air, static-pressure controller.
	h. Other system operating conditions that affect performance.


	D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present each system with single-line diagram and include the following:
	1. Quantities of outdoor, supply, return, and exhaust airflows.
	2. Duct, outlet, and inlet sizes.
	3. Pipe and valve sizes and locations.
	4. Terminal units.
	5. Balancing stations.
	6. Position of balancing devices.

	E. Air-Handling-Unit Test Reports:  For air-handling units with coils, include the following:
	1. Unit Data:
	a. Unit identification.
	b. Location.
	c. Make and type.
	d. Model number and unit size.
	e. Manufacturer's serial number.
	f. Unit arrangement and class.
	g. Discharge arrangement.
	h. Sheave make, size in inches (mm), and bore.
	i. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm).
	j. Number, make, and size of belts.
	k. Number, type, and size of filters.

	2. Motor Data:
	a. Motor make, and frame type and size.
	b. Horsepower and rpm.
	c. Volts, phase, and hertz.
	d. Full-load amperage and service factor.
	e. Sheave make, size in inches (mm), and bore.
	f. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm).

	3. Test Data (Indicated and Actual Values):
	a. Total air flow rate in cfm (L/s).
	b. Total system static pressure in inches wg (Pa).
	c. Fan rpm.
	d. Discharge static pressure in inches wg (Pa).
	e. Filter static-pressure differential in inches wg (Pa).
	f. Cooling-coil static-pressure differential in inches wg (Pa).
	g. Heating-coil static-pressure differential in inches wg (Pa).
	h. Outdoor airflow in cfm (L/s).
	i. Return airflow in cfm (L/s).
	j. Outdoor-air damper position.
	k. Return-air damper position.
	l. Vortex damper position.


	F. Apparatus-Coil Test Reports:
	1. Coil Data:
	a. System identification.
	b. Location.
	c. Coil type.
	d. Number of rows.
	e. Fin spacing in fins per inch (mm) o.c.
	f. Make and model number.
	g. Face area in sq. ft. (sq. m).
	h. Tube size in NPS (DN).
	i. Tube and fin materials.
	j. Circuiting arrangement.

	2. Test Data (Indicated and Actual Values):
	a. Air flow rate in cfm (L/s).
	b. Average face velocity in fpm (m/s).
	c. Air pressure drop in inches wg (Pa).
	d. Outdoor-air, wet- and dry-bulb temperatures in deg F (deg C).
	e. Return-air, wet- and dry-bulb temperatures in deg F (deg C).
	f. Entering-air, wet- and dry-bulb temperatures in deg F (deg C).
	g. Leaving-air, wet- and dry-bulb temperatures in deg F (deg C).
	h. Refrigerant expansion valve and refrigerant types.
	i. Refrigerant suction pressure in psig (kPa).
	j. Refrigerant suction temperature in deg F (deg C).


	G. Fan Test Reports:  For supply, return, and exhaust fans, include the following:
	1. Fan Data:
	a. System identification.
	b. Location.
	c. Make and type.
	d. Model number and size.
	e. Manufacturer's serial number.
	f. Arrangement and class.
	g. Sheave make, size in inches (mm), and bore.
	h. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm).

	2. Motor Data:
	a. Motor make, and frame type and size.
	b. Horsepower and rpm.
	c. Volts, phase, and hertz.
	d. Full-load amperage and service factor.
	e. Sheave make, size in inches (mm), and bore.
	f. Center-to-center dimensions of sheave, and amount of adjustments in inches (mm).
	g. Number, make, and size of belts.

	3. Test Data (Indicated and Actual Values):
	a. Total airflow rate in cfm (L/s).
	b. Total system static pressure in inches wg (Pa).
	c. Fan rpm.
	d. Discharge static pressure in inches wg (Pa).
	e. Suction static pressure in inches wg (Pa).


	H. Rectangular Duct Traverse Reports:  Include a diagram with a grid representing the duct cross-section and record the following:
	1. Report Data:
	a. System and air-handling-unit number.
	b. Location and zone.
	c. Traverse air temperature in deg F (deg C).
	d. Duct static pressure in inches wg (Pa).
	e. Duct size in inches (mm).
	f. Duct area in sq. ft. (sq. m).
	g. Indicated air flow rate in cfm (L/s).
	h. Indicated velocity in fpm (m/s).
	i. Actual air flow rate in cfm (L/s).
	j. Actual average velocity in fpm (m/s).
	k. Barometric pressure in psig (Pa).


	I. Instrument Calibration Reports:
	1. Report Data:
	a. Instrument type and make.
	b. Serial number.
	c. Application.
	d. Dates of use.
	e. Dates of calibration.



	3.10 INSPECTIONS
	A. Initial Inspection:
	1. After testing and balancing are complete, operate each system and randomly check measurements to verify that the system is operating according to the final test and balance readings documented in the final report.
	2. Check the following for each system:
	a. Measure airflow of at least 10 percent of air outlets.
	b. Measure room temperature at each thermostat/temperature sensor.  Compare the reading to the set point.
	c. Verify that balancing devices are marked with final balance position.
	d. Note deviations from the Contract Documents in the final report.


	B. Final Inspection:
	1. After initial inspection is complete and documentation by random checks verifies that testing and balancing are complete and accurately documented in the final report, request that a final inspection be made by Engineer.
	2. The TAB contractor's test and balance engineer shall conduct the inspection in the presence of Engineer.
	3. Engineer shall randomly select measurements, documented in the final report, to be rechecked.  Rechecking shall be limited to either 10 percent of the total measurements recorded or the extent of measurements that can be accomplished in a normal 8-...
	4. If rechecks yield measurements that differ from the measurements documented in the final report by more than the tolerances allowed, the measurements shall be noted as "FAILED."
	5. If the number of "FAILED" measurements is greater than 10 percent of the total measurements checked during the final inspection, the testing and balancing shall be considered incomplete and shall be rejected.

	C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, proceed as follows:
	1. Recheck all measurements and make adjustments.  Revise the final report and balancing device settings to include all changes; resubmit the final report and request a second final inspection.
	2. If the second final inspection also fails, Owner may contract the services of another TAB contractor to complete TAB Work according to the Contract Documents and deduct the cost of the services from the original TAB contractor's final payment.

	D. Prepare test and inspection reports.

	3.11 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.



	230713 - Duct Insulation
	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:
	1. Outdoor, exposed supply and return air.


	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. Detail application of protective shields, saddles, and inserts at hangers for each type of insulation and hanger.
	2. Detail insulation application at elbows, fittings, dampers, specialties and flanges for each type of insulation.
	3. Detail application of field-applied jackets.
	4. Detail application at linkages of control devices.

	C. Samples:  For each type of insulation and jacket indicated.  Identify each Sample, describing product and intended use.  Sample sizes are as follows:
	1. Sheet Form Insulation Materials:  12 inches square.
	2. Sheet Jacket Materials:  12 inches square.
	3. Manufacturer's Color Charts:  For products where color is specified, show the full range of colors available for each type of finish material.


	1.4 INFORMATIONAL SUBMITTALS
	A. Qualification Data:  For qualified Installer.
	B. Material Test Reports:  From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with req...
	C. Field quality-control reports.

	1.5 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. 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 mate...
	1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less.


	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.7 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	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...

	1.8 SCHEDULING
	A. Schedule insulation application after pressure testing systems.  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. 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 I, Type II with factory-applied vinyl jacket or Type III with factory-applied FSK jacket or Type II...
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. CertainTeed Corp.; SoftTouch Duct Wrap.
	b. Johns Manville; Microlite.
	c. Knauf Insulation; Friendly Feel Duct Wrap.
	d. Manson Insulation Inc.; Alley Wrap.
	e. Owens Corning; SOFTR All-Service Duct Wrap.


	G. 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 ASJ.  Factory-applied jacket require...
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. CertainTeed Corp.; Commercial Board.
	b. Fibrex Insulations Inc.; FBX.
	c. Johns Manville; 800 Series Spin-Glas.
	d. Knauf Insulation; Insulation Board.
	e. Manson Insulation Inc.; AK Board.
	f. Owens Corning; Fiberglas 700 Series.



	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.
	1. For indoor applications, use adhesives that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	B. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-127.Eagle Bridges - Marathon Industries; 225.
	b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-60/85-70.Mon-Eco Industries, Inc.; 22-25.


	C. ASJ Adhesive, and FSK Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-82.
	b. Eagle Bridges - Marathon Industries; 225.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-50.Mon-Eco Industries, Inc.; 22-25.


	D. PVC Jacket Adhesive:  Compatible with PVC jacket.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Dow Corning Corporation; 739, Dow Silicone.
	b. Johns Manville; Zeston Perma-Weld, CEEL-TITE Solvent Welding Adhesive.
	c. P.I.C. Plastics, Inc.; Welding Adhesive.
	d. Speedline Corporation; Polyco VP Adhesive.



	2.3 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	B. Vapor-Barrier Mastic:  Solvent based; suitable for indoor use on below ambient services.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-30.
	b. Eagle Bridges - Marathon Industries; 501.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-35.
	d. Mon-Eco Industries, Inc.; 55-10.

	2. Water-Vapor Permeance:  ASTM F 1249, 0.05 perm at 35-mil dry film thickness.
	3. Service Temperature Range:  0 to 180 deg F.
	4. Solids Content:  ASTM D 1644, 44 percent by volume and 62 percent by weight.
	5. Color:  White.

	C. Breather Mastic:  Water based; suitable for indoor and outdoor use on above ambient services.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-10.
	b. Eagle Bridges - Marathon Industries; 550.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 46-50.
	d. Mon-Eco Industries, Inc.; 55-50.
	e. Vimasco Corporation; WC-1/WC-5.

	2. Water-Vapor Permeance:  ASTM F 1249, 1.8 perms at 0.0625-inch dry film thickness.
	3. Service Temperature Range:  Minus 20 to plus 180 deg F.
	4. Solids Content:  60 percent by volume and 66 percent by weight.
	5. Color:  White.


	2.4 LAGGING ADHESIVES
	A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.
	1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	2. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-50 AHV2.Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-36.
	b. Vimasco Corporation; 713 and 714.

	3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-resistant lagging cloths over duct insulation.
	4. Service Temperature Range:  0 to plus 180 deg F.
	5. Color:  White.


	2.5 SEALANTS
	A. FSK and Metal Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.Eagle Bridges - Marathon Industries; 405.
	b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 95-44.
	c. Mon-Eco Industries, Inc.; 44-05.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 40 to plus 250 deg F.
	5. Color:  Aluminum.
	6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	7. Sealants 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. ASJ Flashing Sealants, and Vinyl and PVC Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 40 to plus 250 deg F.
	5. Color:  White.
	6. For indoor applications, sealants shall have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	7. Sealants 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."


	2.6 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications.  When factory-applied jackets are indicated, comply with the following:
	1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with ASTM C 1136, Type I.
	2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip; complying with ASTM C 1136, Type I.
	3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.
	4. FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; complying with ASTM C 1136, Type II.
	5. Vinyl Jacket:  White vinyl with a permeance of 1.3 perms when tested according to ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and NFPA 90B.


	2.7 FIELD-APPLIED FABRIC-REINFORCING MESH
	A. Woven Glass-Fiber Fabric:  Approximately 6 oz./sq. yd. with a thread count of 5 strands by 5 strands/sq. in. for covering ducts.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; Chil-Glas No. 5.


	B. Woven Polyester Fabric:  Approximately 1 oz./sq. yd. with a thread count of 10 strands by 10 strands/sq. in., in a Leno weave, for ducts.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; Mast-A-Fab.
	b. Vimasco Corporation; Elastafab 894.



	2.8 FIELD-APPLIED CLOTHS
	A. Woven Glass-Fiber Fabric:  Comply with MIL-C-20079H, Type I, plain weave, and presized a minimum of 8 oz./sq. yd.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Alpha Associates, Inc.; Alpha-Maritex 84215 and 84217/9485RW, Luben 59.



	2.9 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.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Johns Manville; Zeston.
	b. P.I.C. Plastics, Inc.; FG Series.
	c. Proto Corporation; LoSmoke.
	d. Speedline Corporation; SmokeSafe.

	2. Adhesive:  As recommended by jacket material manufacturer.
	3. Color:  White or color as selected by Architect.

	D. Metal Jacket:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; Metal Jacketing Systems.
	b. ITW Insulation Systems; Aluminum and Stainless Steel Jacketing.
	c. RPR Products, Inc.; Insul-Mate.

	2. Aluminum Jacket:  Comply with ASTM B 209, Alloy 3003, 3005, 3105, or 5005, Temper H-14.
	a. Sheet and roll stock ready for shop or field sizing or factory cut and rolled to size.
	b. Finish and thickness are indicated in field-applied jacket schedules.
	c. Moisture Barrier for Indoor Applications:  3-mil-thick, heat-bonded polyethylene and kraft paper.
	d. Moisture Barrier for Outdoor Applications:  3-mil- thick, heat-bonded polyethylene and kraft paper.

	3. Stainless-Steel Jacket:  ASTM A 167 or ASTM A 240/A 240M.
	a. Sheet and roll stock ready for shop or field sizing or factory cut and rolled to size.
	b. Material, finish, and thickness are indicated in field-applied jacket schedules.
	c. Moisture Barrier for Indoor Applications:  3-mil-thick, heat-bonded polyethylene and kraft paper.
	d. Moisture Barrier for Outdoor Applications:  3-mil- thick, heat-bonded polyethylene and kraft paper.



	2.10 TAPES
	A. ASJ Tape:  White vapor-retarder tape matching factory-applied jacket with acrylic adhesive, complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. ABI, Ideal Tape Division; 428 AWF ASJ.
	b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0836.
	c. Compac Corporation; 104 and 105.
	d. Venture Tape; 1540 CW Plus, 1542 CW Plus, and 1542 CW Plus/SQ.

	2. Width:  3 inches.
	3. Thickness:  11.5 mils.
	4. Adhesion:  90 ounces force/inch in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  40 lbf/inch in width.
	7. ASJ Tape Disks and Squares:  Precut disks or squares of ASJ tape.

	B. FSK Tape:  Foil-face, vapor-retarder tape matching factory-applied jacket with acrylic adhesive; complying with ASTM C 1136.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. ABI, Ideal Tape Division; 491 AWF FSK.
	b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0827.
	c. Compac Corporation; 110 and 111.
	d. Venture Tape; 1525 CW NT, 1528 CW, and 1528 CW/SQ.

	2. Width:  3 inches.
	3. Thickness:  6.5 mils.
	4. Adhesion:  90 ounces force/inch in width.
	5. Elongation:  2 percent.
	6. Tensile Strength:  40 lbf/inch in width.
	7. FSK Tape Disks and Squares:  Precut disks or squares of FSK tape.

	C. PVC Tape:  White vapor-retarder tape matching field-applied PVC jacket with acrylic adhesive; suitable for indoor and outdoor applications.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. ABI, Ideal Tape Division; 370 White PVC tape.
	b. Compac Corporation; 130.
	c. Venture Tape; 1506 CW NS.

	2. Width:  2 inches.
	3. Thickness:  6 mils.
	4. Adhesion:  64 ounces force/inch in width.
	5. Elongation:  500 percent.
	6. Tensile Strength:  18 lbf/inch in width.

	D. Aluminum-Foil Tape:  Vapor-retarder tape with acrylic adhesive.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. ABI, Ideal Tape Division; 488 AWF.
	b. Avery Dennison Corporation, Specialty Tapes Division; Fasson 0800.
	c. Compac Corporation; 120.
	d. Venture Tape; 3520 CW.

	2. Width:  2 inches.
	3. Thickness:  3.7 mils.
	4. Adhesion:  100 ounces force/inch in width.
	5. Elongation:  5 percent.
	6. Tensile Strength:  34 lbf/inch in width.


	2.11 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. ITW Insulation Systems; Gerrard Strapping and Seals.
	b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

	2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316; 0.015 inch thick, 3/4 inch wide with wing seal or closed seal.
	3. Aluminum:  ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14, 0.020 inch thick, 3/4 inch wide with wing seal or closed seal.
	4. Springs:  Twin spring set constructed of stainless steel with ends flat and slotted to accept metal bands.  Spring size determined by manufacturer for application.

	B. Insulation Pins and Hangers:
	1. Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 0.135-inch-diameter shank, length to suit depth of insulation indicated.
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; CWP-1.
	2) GEMCO; CD.
	3) Midwest Fasteners, Inc.; CD.
	4) Nelson Stud Welding; TPA, TPC, and TPS.


	2. Cupped-Head, Capacitor-Discharge-Weld Pins:  Copper- or zinc-coated steel pin, fully annealed for capacitor-discharge welding, 0.135-inch-diameter shank, length to suit depth of insulation indicated with integral 1-1/2-inch galvanized carbon-steel ...
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; CHP-1.
	2) GEMCO; Cupped Head Weld Pin.
	3) Midwest Fasteners, Inc.; Cupped Head.
	4) Nelson Stud Welding; CHP.


	3. Metal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply with...
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; Tactoo Perforated Base Insul-Hangers.
	2) GEMCO; Perforated Base.
	3) Midwest Fasteners, Inc.; Spindle.

	b. Baseplate:  Perforated, galvanized carbon-steel sheet, 0.030 inch thick by 2 inches square.
	c. Spindle:  Copper- or zinc-coated, low-carbon steel or aluminum or stainless steel, fully annealed, 0.106-inch-diameter shank, length to suit depth of insulation indicated.
	d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated capability to bond insulation hanger securely to substrates indicated without damaging insulation, hangers, and substrates.

	4. Nonmetal, Adhesively Attached, Perforated-Base Insulation Hangers:  Baseplate fastened to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply...
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) GEMCO; Nylon Hangers.
	2) Midwest Fasteners, Inc.; Nylon Insulation Hangers.

	b. Baseplate:  Perforated, nylon sheet, 0.030 inch thick by 1-1/2 inches in diameter.
	c. Spindle:  Nylon, 0.106-inch-diameter shank, length to suit depth of insulation indicated, up to 2-1/2 inches.
	d. Adhesive:  Recommended by hanger manufacturer.  Product with demonstrated capability to bond insulation hanger securely to substrates indicated without damaging insulation, hangers, and substrates.

	5. Self-Sticking-Base Insulation Hangers:  Baseplate welded to projecting spindle that is capable of holding insulation, of thickness indicated, securely in position indicated when self-locking washer is in place.  Comply with the following requirements:
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; Tactoo Self-Adhering Insul-Hangers.
	2) GEMCO; Peel & Press.
	3) Midwest Fasteners, Inc.; Self Stick.

	b. Baseplate:  Galvanized carbon-steel sheet, 0.030 inch thick by 2 inches square.
	c. Spindle:  Copper- or zinc-coated, low-carbon steel or aluminum or stainless steel, fully annealed, 0.106-inch-diameter shank, length to suit depth of insulation indicated.
	d. Adhesive-backed base with a peel-off protective cover.

	6. Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-thick, galvanized-steel or aluminum or stainless-steel sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches in diam...
	a. Products:  Subject to compliance with requirements, provide one of the following:
	1) AGM Industries, Inc.; RC-150.
	2) GEMCO; R-150.
	3) Midwest Fasteners, Inc.; WA-150.
	4) Nelson Stud Welding; Speed Clips.

	b. Protect ends with capped self-locking washers incorporating a spring steel insert to ensure permanent retention of cap in exposed locations.

	7. Nonmetal Insulation-Retaining Washers:  Self-locking washers formed from 0.016-inch-thick nylon sheet, with beveled edge sized as required to hold insulation securely in place but not less than 1-1/2 inches in diameter.
	a. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1) GEMCO.
	2) Midwest Fasteners, Inc.



	C. Staples:  Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or Monel.
	D. Wire:  0.080-inch nickel-copper alloy or 0.062-inch soft-annealed, stainless steel or 0.062-inch soft-annealed, galvanized steel.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. C & F Wire.



	2.12 CORNER ANGLES
	A. Aluminum Corner Angles:  0.040 inch thick, minimum 1 by 1 inch, aluminum according to ASTM B 209, Alloy 3003, 3005, 3105, or 5005; Temper H-14.
	B. Stainless-Steel Corner Angles:  0.024 inch thick, minimum 1 by 1 inch, stainless steel according to ASTM A 167 or ASTM A 240/A 240M, Type 304 or Type 316.


	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.
	1. Verify that systems to be insulated have been tested and are free of defects.
	2. Verify that surfaces to be insulated are clean and dry.

	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.
	1. Install insulation continuously through hangers and around anchor attachments.
	2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of attachment to supported item to point of attachment to structure.  Taper and seal ends at attachment to structure with vapor-barrier mastic.
	3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.

	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:
	1. Draw jacket tight and smooth.
	2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation jacket.  Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 inches o.c.
	3. Overlap jacket longitudinal seams at least 1-1/2 inches.  Clean and dry surface to receive self-sealing lap.  Staple laps with outward clinching staples along edge at 2 inches o.c.
	a. For below ambient services, apply vapor-barrier mastic over staples.

	4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
	5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to duct flanges and fittings.

	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 beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.

	3.4 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Blanket Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.
	1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 percent coverage of duct and plenum surfaces.
	2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions.
	3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:
	a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal centerline of duct.  Space 3 inches maximum from insulation end joints, and 16 inches o.c.
	b. On duct sides with dimensions larger than 18 inches, place pins 16 inches o.c. each way, and 3 inches maximum from insulation joints.  Install additional pins to hold insulation tightly against surface at cross bracing.
	c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not overcompress insulation during installation.
	e. Impale insulation over pins and attach speed washers.
	f. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.

	4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches from one edge and one end of insulation segm...
	a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal.
	b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over the surface.  ...

	5. Overlap unfaced blankets a minimum of 2 inches on longitudinal seams and end joints.  At end joints, secure with steel bands spaced a maximum of 18 inches o.c.
	6. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface.  Install insulation on round and flat-oval duct elbows with individually mitered gores cut to fit the elbow.
	7. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch-wide strips of same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches o.c.

	B. Board Insulation Installation on Ducts and Plenums:  Secure with adhesive and insulation pins.
	1. Apply adhesives according to manufacturer's recommended coverage rates per unit area, for 100 percent coverage of duct and plenum surfaces.
	2. Apply adhesive to entire circumference of ducts and to all surfaces of fittings and transitions.
	3. Install either capacitor-discharge-weld pins and speed washers or cupped-head, capacitor-discharge-weld pins on sides and bottom of horizontal ducts and sides of vertical ducts as follows:
	a. On duct sides with dimensions 18 inches and smaller, place pins along longitudinal centerline of duct.  Space 3 inches maximum from insulation end joints, and 16 inches o.c.
	b. On duct sides with dimensions larger than 18 inches, space pins 16 inches o.c. each way, and 3 inches maximum from insulation joints.  Install additional pins to hold insulation tightly against surface at cross bracing.
	c. Pins may be omitted from top surface of horizontal, rectangular ducts and plenums.
	d. Do not overcompress insulation during installation.
	e. Cut excess portion of pins extending beyond speed washers or bend parallel with insulation surface.  Cover exposed pins and washers with tape matching insulation facing.

	4. For ducts and plenums with surface temperatures below ambient, install a continuous unbroken vapor barrier.  Create a facing lap for longitudinal seams and end joints with insulation by removing 2 inches from one edge and one end of insulation segm...
	a. Repair punctures, tears, and penetrations with tape or mastic to maintain vapor-barrier seal.
	b. Install vapor stops for ductwork and plenums operating below 50 deg F at 18-foot intervals.  Vapor stops shall consist of vapor-barrier mastic applied in a Z-shaped pattern over insulation face, along butt end of insulation, and over the surface.  ...

	5. Install insulation on rectangular duct elbows and transitions with a full insulation section for each surface.  Groove and score insulation to fit as closely as possible to outside and inside radius of elbows.  Install insulation on round and flat-...
	6. Insulate duct stiffeners, hangers, and flanges that protrude beyond insulation surface with 6-inch-wide strips of same material used to insulate duct.  Secure on alternating sides of stiffener, hanger, and flange with pins spaced 6 inches o.c.


	3.5 FIELD-APPLIED JACKET INSTALLATION
	A. Where glass-cloth jackets are indicated, install directly over bare insulation or insulation with factory-applied jackets.
	1. Draw jacket smooth and tight to surface with 2-inch overlap at seams and joints.
	2. Embed glass cloth between two 0.062-inch-thick coats of lagging adhesive.
	3. Completely encapsulate insulation with coating, leaving no exposed insulation.

	B. Where FSK jackets are indicated, install as follows:
	1. Draw jacket material smooth and tight.
	2. Install lap or joint strips with same material as jacket.
	3. Secure jacket to insulation with manufacturer's recommended adhesive.
	4. Install jacket with 1-1/2-inch laps at longitudinal seams and 3-inch-wide joint strips at end joints.
	5. Seal openings, punctures, and breaks in vapor-retarder jackets and exposed insulation with vapor-barrier mastic.

	C. Where PVC jackets are indicated, install with 1-inch 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.
	1. Apply two continuous beads of adhesive to seams and joints, one bead under lap and the finish bead along seam and joint edge.

	D. Where metal jackets are indicated, install with 2-inch 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 jack...

	3.6 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 078413 "Penetration Firestopping."

	3.7 FINISHES
	A. Flexible Elastomeric Thermal Insulation:  After adhesive has fully cured, apply two coats of insulation manufacturer's recommended protective coating.
	B. Color:  Final color as selected by Architect.  Vary first and second coats to allow visual inspection of the completed Work.
	C. Do not field paint aluminum or stainless-steel jackets.

	3.8 FIELD QUALITY CONTROL
	A. Testing Agency:  Owner will engage a qualified testing agency to perform tests and inspections.
	B. Perform tests and inspections.
	C. Tests and Inspections:
	1. Inspect ductwork, randomly selected by Architect, by removing field-applied jacket and insulation in layers in reverse order of their installation.  Extent of inspection shall be limited to one location for each duct system defined in the "Duct Ins...

	D. All insulation applications will be considered defective Work if sample inspection reveals noncompliance with requirements.

	3.9 DUCT INSULATION SCHEDULE, GENERAL
	A. Plenums and Ducts Requiring Insulation:
	1. Outdoor, exposed supply, return and outdoor air.

	B. Items Not Insulated:
	1. Flexible connectors.
	2. Vibration-control devices.
	3. Factory-insulated access panels and doors.
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	3.10 ABOVEGROUND, OUTDOOR DUCT AND PLENUM INSULATION SCHEDULE
	A. Insulation materials and thicknesses are identified below. If more than one material is listed for a duct system, selection from materials listed is Contractor's option.
	B. Exposed, rectangular, supply and return-air duct insulation shall be one of the following:
	1. Mineral-Fiber Blanket: 2 inches (50 mm) and 0.75-lb/cu. ft. (12-kg/cu. m) nominal density.
	2. Mineral-Fiber Board: 2 inches (50 mm) thick and 2-lb/cu. ft. (32-kg/cu. m) nominal density.


	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. If more than one material is listed, selection from materials listed is Contractor's option.
	C. Ducts and Plenums, Exposed:
	1. PVC:  30 mils thick.
	2. Aluminum, Smooth or Corrugated: 0.016 inch thick.
	3. Stainless Steel, Type 304 or Type 316, Smooth 2B Finish or Corrugated:  0.010 inch thick.




	230993.11 - Sequence
	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 control sequences for DDC for HVAC systems, subsystems, and equipment.

	1.3 DEFINITIONS
	A. Analog Output: Proportional output signal (zero- to 10-V dc, 4 to 20 mA).
	B. Binary Output: On/off output signal or contact closure.
	C. DDC: Direct digital control.
	D. Digital Output: Data output that must be interpreted digitally.

	1.4 ACTION SUBMITTALS
	A. Product Data:
	1. An instrumentation list for each controlled system. Label each element of the controlled system in table format. Show, in the table element name, type of device, manufacturer, model number, and control device product data sheet number.
	2. A complete description of the operation of the control system, including sequences of operation. Include and reference a schematic diagram of the controlled system.

	B. Shop Drawings:
	1. Riser diagrams showing control network layout, communication protocol, and wire types.
	2. Schematic diagram of each controlled system. Include all control points labeled with point names shown or listed. Show the location of control elements in the system.
	3. Wiring diagram for each controlled system. Show all control elements labels. Where a control element is the same as that shown on the control system schematic, label with the same name. Label all terminals.


	1.5 AIR-HANDLING-UNIT CONTROL SEQUENCES
	A. Air-Handling Unit Time Schedule:
	1. Occupied Time Schedule:
	a. Input:
	1) Device: DDC controller.
	2) Location: Time schedule.
	3) Transference: DDC controller.

	b. Output:
	1) Device: DDC controller.

	c. Action:
	1) Enable startup, initiation, and control.
	2) Energize unit on occupied/unoccupied cycle.
	3) Energize unit on day/night cycle.
	4) Energize unit on duty cycle.
	5) Do not enable mixed-air control during morning warm-up period.
	a) Unoccupied: Position outdoor-air and relief-air dampers closed and return-air dampers open.

	6) Return heating control valves to normal position when unit is cycled on.



	B. Start and Stop Supply Fan(s):
	1. Enable:
	a. Input:
	1) Device: Low limit temperature switch with automatic reset.
	2) Location: Upstream of cooling coil.
	3) Transference: Starter relay.

	b. Output:
	1) Device: Hard wired to motor controller and DDC controller.
	2) Location: Motor controller.
	3) Transference: Starter relay.

	c. Action:
	1) Allow start if temperature is above 37 deg F (3 deg C).
	2) Signal alarm if fan fails to start as commanded.



	C. Mixed-Air Control:
	1. Minimum Position:
	a. Input:
	1) Device: DDC controller.
	2) Location: Time schedule.
	3) Transference: DDC controller.

	b. Input:
	1) Device: Flow measuring station.
	2) Location: Outdoor-air intake.
	3) Transference: DDC controller.

	c. Output:
	1) Device: Analog output.
	2) Location: Outdoor damper.
	3) Transference: Damper actuator(s).

	d. Action:
	1) Open outdoor-air dampers to minimum position.



	D. Heating Coil:
	1. Discharge-Air Temperature:
	a. Input:
	1) Device: Air-temperature sensor.
	2) Location: Discharge-air duct.
	3) Transference: DDC controller.

	b. Output:
	1) Device: Analog output.
	2) Location: Heating-coil control valve.
	3) Input Transference: Normally open valve actuator.

	c. Action:
	1) Maintain supply-air-temperature set point within limits in response to space temperature reset:
	a) Minimum 68 deg F.
	b) Maximum 75 deg F.




	E. DX Cooling Coil:
	1. Discharge-Air Temperature:
	a. Input:
	1) Device: Air-temperature sensor.
	2) Location: Discharge-air duct.
	3) Transference: DDC controller.

	b. Output:
	1) Device: Analog output.
	2) Location: Cooling-coil valve.
	3) Input Transference: Valve actuator.

	c. Action:
	1) Maintain supply-air-temperature set point of 55 deg F (13 deg C) by modulating cooling-coil control valve.



	F. Coordination of Air-Handling Unit Sequences: Ensure that mixed-air, heating-coil, and cooling-coil controls have common inputs and do not overlap in function.
	G. Indicate the following on the operator's workstation display terminal:
	1. DDC system graphic.
	2. DDC system on-off indication (operating or not operating).
	3. DDC system occupied/unoccupied mode.
	4. Outdoor-air-temperature indication.
	5. Outdoor-air damper position.
	6. Relief-air damper position.
	7. Supply-fan on-off indication (operating or not operating).
	8. Supply duct static-pressure indication.
	9. Supply duct static-pressure set point.
	10. Supply-fan airflow rate.
	11. Supply-fan speed.
	12. Mixed-air-temperature indication.
	13. Mixed-air-temperature set point.
	14. Mixed-air damper position.
	15. Supply-air-temperature indication.
	16. Supply-air-temperature set point.
	17. Cooling-coil leaving-air-temperature indication.
	18. Cooling-coil leaving-air-temperature set point.
	19. Cooling-coil control-valve position.
	20. Space temperature indication.
	21. Space temperature set point.



	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION (Not Applicable)

	231123 - Gas Piping
	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. Pipes, tubes, and fittings.
	2. Piping specialties.
	3. Piping and tubing joining materials.
	4. Valves.
	5. Pressure regulators.
	6. Concrete bases.


	1.3 DEFINITIONS
	A. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and mechanical equipment rooms.

	1.4 PERFORMANCE REQUIREMENTS
	A. Minimum Operating-Pressure Ratings:
	1. Piping and Valves:  100 psig (690 kPa) minimum unless otherwise indicated.

	B. Natural-Gas System Pressures within Buildings:  Incoming supplied line pressure from the utility company is 15 psi.  The delivery pressure vary from 15 psi down to 2 psi.  Utility company guarantee 2 psi on a 15 psi system.
	C. Delegated Design:  Design restraints and anchors for natural-gas piping and equipment, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.

	1.5 ACTION SUBMITTALS
	A. Product Data:  For each type of the following:
	1. Piping specialties.
	2. Corrugated, stainless-steel tubing with associated components.
	3. Valves.  Include pressure rating, capacity, settings, and electrical connection data of selected models.
	4. Pressure regulators.  Indicate pressure ratings and capacities.
	5. Dielectric fittings.

	B. Shop Drawings:  For facility natural-gas piping layout.  Include plans, piping layout and elevations, sections, and details for fabrication of pipe anchors, hangers, supports for multiple pipes, alignment guides, expansion joints and loops, and att...
	C. Delegated-Design Submittal:  For natural-gas piping and equipment indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparat...
	1. Detail fabrication and assembly of seismic restraints.
	2. Design Calculations:  Calculate requirements for selecting seismic restraints.


	1.6 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings:  Plans and details, drawn to scale, on which natural-gas piping is shown and coordinated with other installations, using input from installers of the items involved.
	B. Site Survey:  Plans, drawn to scale, on which natural-gas piping is shown and coordinated with other services and utilities.
	C. Qualification Data:  For qualified professional engineer.
	D. Welding certificates.
	E. Field quality-control reports.

	1.7 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data:  For motorized gas valves, pressure regulators to include in emergency, operation, and maintenance manuals.

	1.8 QUALITY ASSURANCE
	A. Steel Support Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.
	C. 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.

	1.9 DELIVERY, STORAGE, AND HANDLING
	A. Handling Flammable Liquids:  Remove and dispose of liquids from existing natural-gas piping according to requirements of authorities having jurisdiction.
	B. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.
	C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging coating, and protect from direct sunlight.

	1.10 PROJECT CONDITIONS
	A. Interruption of Existing Natural-Gas Service:  Do not interrupt natural-gas service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide purging and startup of natural-ga...
	1. Notify Owner no fewer than two days in advance of proposed interruption of natural-gas service.
	2. Do not proceed with interruption of natural-gas service without Owner's written permission.



	PART 2 -  PRODUCTS
	2.1 PIPES, TUBES, AND FITTINGS
	A. Steel Pipe:  ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B.
	1. Malleable-Iron Threaded Fittings:  ASME B16.3, Class 150, standard pattern.
	2. Wrought-Steel Welding Fittings:  ASTM A 234/A 234M for butt welding and socket welding.
	3. Unions:  ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint, and threaded ends.
	4. Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, minimum Class 150, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
	a. Material Group:  1.1.
	b. End Connections:  Threaded or butt welding to match pipe.
	c. Lapped Face:  Not permitted underground.
	d. Gasket Materials:  ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, and spiral-wound metal gaskets.
	e. Bolts and Nuts:  ASME B18.2.1, carbon steel aboveground and stainless steel underground.

	5. Mechanical Couplings:
	a. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) Dresser Piping Specialties; Division of Dresser, Inc.
	2) Smith-Blair, Inc.

	b.  Stainless-steel flanges and tube with epoxy finish.
	c. Buna-nitrile seals.
	d. Stainless-steel bolts, washers, and nuts.
	e. Coupling shall be capable of joining PE pipe to PE pipe, steel pipe to PE pipe, or steel pipe to steel pipe.
	f. Steel body couplings installed underground on plastic pipe shall be factory equipped with anode.


	B. Corrugated, Stainless-Steel Tubing:  Comply with ANSI/IAS LC 1.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. OmegaFlex, Inc.
	b. Parker Hannifin Corporation; Parflex Division.
	c. Titeflex.
	d. Tru-Flex Metal Hose Corp.

	2. Tubing:  ASTM A 240/A 240M, corrugated, Series 300 stainless steel.
	3. Coating:  PE with flame retardant.
	a. Surface-Burning Characteristics:  As determined by testing identical products according to ASTM E 84 by a qualified testing agency.  Identify products with appropriate markings of applicable testing agency.
	1) Flame-Spread Index:  25 or less.
	2) Smoke-Developed Index:  50 or less.


	4. Fittings:  Copper-alloy mechanical fittings with ends made to fit and listed for use with corrugated stainless-steel tubing and capable of metal-to-metal seal without gaskets.  Include brazing socket or threaded ends complying with ASME B1.20.1.
	5. Striker Plates:  Steel, designed to protect tubing from penetrations.
	6. Manifolds:  Malleable iron or steel with factory-applied protective coating.  Threaded connections shall comply with ASME B1.20.1 for pipe inlet and corrugated tubing outlets.
	7. Operating-Pressure Rating:  5 psig (34.5 kPa).

	C. Drawn-Temper Copper Tube:  Comply with ASTM B 88, Type L.
	1. Copper Fittings:  ASME B16.22, wrought copper, and streamlined pattern.
	2. Bronze Flanges and Flanged Fittings:  ASME B16.24, Class 150.
	a. Gasket Material:  ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, and spiral-wound metal gaskets.
	b. Bolts and Nuts:  ASME B18.2.1, carbon steel or stainless steel.


	D. Annealed-Temper Copper Tube:  Comply with ASTM B 88, Type L.
	1. Copper Fittings:  ASME B16.22, wrought copper, and streamlined pattern.
	2. Flare Fittings:  Comply with ASME B16.26 and SAE J513.
	a. Copper fittings with long nuts.
	b. Metal-to-metal compression seal without gasket.
	c. Dryseal threads complying with ASME B1.20.3.

	3. Steel Mechanical Couplings:  Capable of joining plain-end PE pipe to PE pipe, steel pipe to PE pipe, or steel pipe to steel pipe.
	a. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) Dresser Piping Specialties; Division of Dresser, Inc.
	2) Smith-Blair, Inc.

	b.  Stainless-steel flanges and tube with epoxy finish.
	c. Buna-nitrile seals.
	d. Stainless-steel bolts, washers, and nuts.
	e. Factory-installed anode for steel-body couplings installed underground.



	2.2 PIPING SPECIALTIES
	A. Appliance Flexible Connectors:
	1. Indoor, Fixed-Appliance Flexible Connectors:  Comply with ANSI Z21.24.
	2. Corrugated stainless-steel tubing with polymer coating.
	3. Operating-Pressure Rating:  0.5 psig (3.45 kPa).
	4. End Fittings:  Zinc-coated steel.
	5. Threaded Ends:  Comply with ASME B1.20.1.
	6. Maximum Length:  72 inches (1830 mm.)

	B. Quick-Disconnect Devices:  Comply with ANSI Z21.41.
	1. Copper-alloy convenience outlet and matching plug connector.
	2. Nitrile seals.
	3. Hand operated with automatic shutoff when disconnected.
	4. For indoor or outdoor applications.
	5. Adjustable, retractable restraining cable.

	C. Y-Pattern Strainers:
	1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.
	2. End Connections:  Threaded ends for NPS 2 (DN 50) and smaller; flanged ends for NPS 2-1/2 (DN 65) and larger.
	3. Strainer Screen:  40 mesh startup strainer, and perforated stainless-steel basket with 50 percent free area.
	4. CWP Rating:  125 psig (862 kPa).

	D. Basket Strainers:
	1. Body:  ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom drain connection.
	2. End Connections:  Threaded ends for NPS 2 (DN 50) and smaller; flanged ends for NPS 2-1/2 (DN 65) and larger.
	3. Strainer Screen:  40 mesh startup strainer, and perforated stainless-steel basket with 50 percent free area.
	4. CWP Rating:  125 psig (862 kPa).

	E. Weatherproof Vent Cap:  Cast- or malleable-iron increaser fitting with corrosion-resistant wire screen, with free area at least equal to cross-sectional area of connecting pipe and threaded-end connection.

	2.3 JOINING MATERIALS
	A. Joint Compound and Tape:  Suitable for natural gas.
	B. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	C. Brazing Filler Metals:  Alloy with melting point greater than 1000 deg F (540 deg C) complying with AWS A5.8/A5.8M.  Brazing alloys containing more than 0.05 percent phosphorus are prohibited.

	2.4 MANUAL GAS SHUTOFF VALVES
	A. See "Aboveground Manual Gas Shutoff Valve Schedule" Articles for where each valve type is applied in various services.
	B. General Requirements for Metallic Valves, NPS 2 (DN 50) and Smaller:  Comply with ASME B16.33.
	1. CWP Rating:  125 psig (862 kPa)
	2. Threaded Ends:  Comply with ASME B1.20.1.
	3. Dryseal Threads on Flare Ends:  Comply with ASME B1.20.3.
	4. Tamperproof Feature:  Locking feature for valves indicated in "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	5. Listing:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction for valves 1 inch (25 mm) and smaller.
	6. Service Mark:  Valves 1-1/4 inches (32 mm) to NPS 2 (DN 50) shall have initials "WOG" permanently marked on valve body.

	C. General Requirements for Metallic Valves, NPS 2-1/2 (DN 65) and Larger:  Comply with ASME B16.38.
	1. CWP Rating:  125 psig (862 kPa)
	2. Flanged Ends:  Comply with ASME B16.5 for steel flanges.
	3. Tamperproof Feature:  Locking feature for valves indicated in "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	4. Service Mark:  Initials "WOG" shall be permanently marked on valve body.

	D. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:  MSS SP-110.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. BrassCraft Manufacturing Company; a Masco company.
	b. Conbraco Industries, Inc.; Apollo Div.
	c. Lyall, R. W. & Company, Inc.
	d. McDonald, A. Y. Mfg. Co.

	2. Body:  Bronze, complying with ASTM B 584.
	3. Ball:  Chrome-plated bronze.
	4. Stem:  Bronze; blowout proof.
	5. Seats:  Reinforced TFE; blowout proof.
	6. Packing:  Threaded-body packnut design with adjustable-stem packing.
	7. Ends:  Threaded, flared, or socket as indicated in "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	8. CWP Rating:  600 psig (4140 kPa).
	9. Listing:  Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to authorities having jurisdiction.
	10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

	E. Bronze Plug Valves:  MSS SP-78.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Lee Brass Company.
	b. McDonald, A. Y. Mfg. Co.

	2. Body:  Bronze, complying with ASTM B 584.
	3. Plug:  Bronze.
	4. Ends:  Threaded, socket, or flanged as indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	5. Operator:  Square head or lug type with tamperproof feature where indicated.
	6. Pressure Class:  125 psig (862 kPa).
	7. Listing:  Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to authorities having jurisdiction.
	8. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

	F. Cast-Iron, Nonlubricated Plug Valves:  MSS SP-78.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. McDonald, A. Y. Mfg. Co.
	b. Mueller Co.; Gas Products Div.
	c. Xomox Corporation; a Crane company.

	2. Body:  Cast iron, complying with ASTM A 126, Class B.
	3. Plug:  Bronze or nickel-plated cast iron.
	4. Seat:  Coated with thermoplastic.
	5. Stem Seal:  Compatible with natural gas.
	6. Ends:  Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	7. Operator:  Square head or lug type with tamperproof feature where indicated.
	8. Pressure Class:  125 psig (862 kPa).
	9. Listing:  Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to authorities having jurisdiction.
	10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

	G. Cast-Iron, Lubricated Plug Valves:  MSS SP-78.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Flowserve.
	b. Homestead Valve; a division of Olson Technologies, Inc.
	c. McDonald, A. Y. Mfg. Co.
	d. Milliken Valve Company.
	e. Mueller Co.; Gas Products Div.
	f. R&M Energy Systems, A Unit of Robbins & Myers, Inc.

	2. Body:  Cast iron, complying with ASTM A 126, Class B.
	3. Plug:  Bronze or nickel-plated cast iron.
	4. Seat:  Coated with thermoplastic.
	5. Stem Seal:  Compatible with natural gas.
	6. Ends:  Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	7. Operator:  Square head or lug type with tamperproof feature where indicated.
	8. Pressure Class:  125 psig (862 kPa).
	9. Listing:  Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to authorities having jurisdiction.
	10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.


	2.5 MOTORIZED GAS VALVES
	A. Automatic Gas Valves:  Comply with ANSI Z21.21.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. ASCO Power Technologies, LP; Division of Emerson.
	b. Eaton Corporation; Controls Div.
	c. Eclipse Combustion, Inc.
	d. Honeywell International Inc.
	e. Johnson Controls.

	2. Body:  Brass or aluminum.
	3. Seats and Disc:  Nitrile rubber.
	4. Springs and Valve Trim:  Stainless steel.
	5. Normally closed.
	6. Visual position indicator.
	7. Electrical operator for actuation by appliance automatic shutoff device.

	B. Electrically Operated Valves:  Comply with UL 429.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings  or comparable product by one of the following:
	a. ASCO Power Technologies, LP; Division of Emerson.
	b. Dungs, Karl, Inc.
	c. Eclipse Combustion, Inc.
	d. Goyen Valve Corp.; Tyco Environmental Systems.
	e. Magnatrol Valve Corporation.
	f. Parker Hannifin Corporation; Climate & Industrial Controls Group; Skinner Valve Div.
	g. Watts Regulator Co.; Division of Watts Water Technologies, Inc.

	3. Pilot operated.
	4. Body:  Brass or aluminum.
	5. Seats and Disc:  Nitrile rubber.
	6. Springs and Valve Trim:  Stainless steel.
	7. 120-V ac, 60 Hz, Class B, continuous-duty molded coil, and replaceable.
	8. NEMA ICS 6, Type 4, coil enclosure.
	9. Normally closed.
	10. Visual position indicator.


	2.6 PRESSURE REGULATORS
	A. General Requirements:
	1. Single stage and suitable for natural gas.
	2. Steel jacket and corrosion-resistant components.
	3. Elevation compensator.
	4. End Connections:  Threaded for regulators NPS 2 (DN 50) and smaller; flanged for regulators NPS 2-1/2 (DN 65) and larger.

	B. Service Pressure Regulators:  Comply with ANSI Z21.80.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Actaris.
	b. American Meter Company.
	c. Fisher Control Valves and Regulators; Division of Emerson Process Management.
	d. Invensys.
	e. Richards Industries; Jordan Valve Div.

	2. Body and Diaphragm Case:  Cast iron or die-cast aluminum.
	3. Springs:  Zinc-plated steel; interchangeable.
	4. Diaphragm Plate:  Zinc-plated steel.
	5. Seat Disc:  Nitrile rubber resistant to gas impurities, abrasion, and deformation at the valve port.
	6. Orifice:  Aluminum; interchangeable.
	7. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon.
	8. Single-port, self-contained regulator with orifice no larger than required at maximum pressure inlet, and no pressure sensing piping external to the regulator.
	9. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 150 percent of design discharge pressure at shutoff.
	10. Overpressure Protection Device:  Factory mounted on pressure regulator.
	11. Atmospheric Vent:  Factory- or field-installed, stainless-steel screen in opening if not connected to vent piping.
	12. Maximum Inlet Pressure:  100 psig (690 kPa)

	C. Line Pressure Regulators:  Comply with ANSI Z21.80.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Actaris.
	b. American Meter Company.
	c. Eclipse Combustion, Inc.
	d. Fisher Control Valves and Regulators; Division of Emerson Process Management.
	e. Invensys.
	f. Maxitrol Company.
	g. Richards Industries; Jordan Valve Div.

	2. Body and Diaphragm Case:  Cast iron or die-cast aluminum.
	3. Springs:  Zinc-plated steel; interchangeable.
	4. Diaphragm Plate:  Zinc-plated steel.
	5. Seat Disc:  Nitrile rubber resistant to gas impurities, abrasion, and deformation at the valve port.
	6. Orifice:  Aluminum; interchangeable.
	7. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon.
	8. Single-port, self-contained regulator with orifice no larger than required at maximum pressure inlet, and no pressure sensing piping external to the regulator.
	9. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 150 percent of design discharge pressure at shutoff.
	10. Overpressure Protection Device:  Factory mounted on pressure regulator.
	11. Atmospheric Vent:  Factory- or field-installed, stainless-steel screen in opening if not connected to vent piping.


	2.7 DIELECTRIC FITTINGS
	A. General Requirements:  Assembly of copper alloy and ferrous materials with separating nonconductive insulating material.  Include end connections compatible with pipes to be joined.
	B. Dielectric Unions:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Capitol Manufacturing Company.
	b. Central Plastics Company.
	c. Hart Industries International, Inc.
	d. Jomar International Ltd.
	e. Matco-Norca, Inc.
	f. McDonald, A. Y. Mfg. Co.
	g. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
	h. Wilkins; a Zurn company.

	2. Description:
	a. Standard:  ASSE 1079.
	b. Pressure Rating:  150 psig (1035 kPa).
	c. End Connections:  Solder-joint copper alloy and threaded ferrous.


	C. Dielectric Flanges:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Capitol Manufacturing Company.
	b. Central Plastics Company.
	c. Matco-Norca, Inc.
	d. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
	e. Wilkins; a Zurn company.

	2. Description:
	a. Standard:  ASSE 1079.
	b. Factory-fabricated, bolted, companion-flange assembly.
	c. Pressure Rating:  150 psig (1035 kPa).
	d. End Connections:  Solder-joint copper alloy and threaded ferrous; threaded solder-joint copper alloy and threaded ferrous.


	D. Dielectric-Flange Insulating Kits:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Central Plastics Company.
	d. Pipeline Seal and Insulator, Inc.

	2. Description:
	a. Nonconducting materials for field assembly of companion flanges.
	b. Pressure Rating:  150 psig (1035 kPaGasket:  Neoprene or phenolic.
	c. Bolt Sleeves:  Phenolic or polyethylene.
	d. Washers:  Phenolic with steel backing washers.




	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in for natural-gas piping system to verify actual locations of piping connections before equipment installation.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Close equipment shutoff valves before turning off natural gas to premises or piping section.
	B. Inspect natural-gas piping according to NFPA 54 the International Fuel Gas Code to determine that natural-gas utilization devices are turned off in piping section affected.
	C. Comply with NFPA 54the International Fuel Gas Code requirements for prevention of accidental ignition.

	3.3 INDOOR PIPING INSTALLATION
	A. Comply with NFPA 54 the International Fuel Gas Code for installation and purging of natural-gas piping.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and other design considerations.  Install pipin...
	C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during progress of construction, to allow for mechanical installations.
	D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	E. 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.
	F. Locate valves for easy access.
	G. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps.
	H. Install piping free of sags and bends.
	I. Install fittings for changes in direction and branch connections.
	J. Verify final equipment locations for roughing-in.
	K. Comply with requirements in Sections specifying gas-fired appliances and equipment for roughing-in requirements.
	L. Drips and Sediment Traps:  Install drips at points where condensate may collect, including service-meter outlets.  Locate where accessible to permit cleaning and emptying.  Do not install where condensate is subject to freezing.
	1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped.  Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches (75 mm) long and same size as connected pipe.  Install with space below bottom o...

	M. Extend relief vent connections for service regulators, line regulators, and overpressure protection devices to outdoors and terminate with weatherproof vent cap.
	N. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or floors, and in floor channels unless indicated to be exposed to view.
	1. In Walls or Partitions:  Protect tubing installed inside partitions or hollow walls from physical damage using steel striker barriers at rigid supports.
	a. Exception:  Tubing passing through partitions or walls does not require striker barriers.

	2. Prohibited Locations:
	a. Do not install natural-gas piping in or through chimneys or gas vents (flues).
	b. Do not install natural-gas piping in solid walls or partitions.


	O. Use eccentric reducer fittings to make reductions in pipe sizes.  Install fittings with level side down.
	P. Connect branch piping from top or side of horizontal piping.
	Q. Install unions in pipes NPS 2 (DN 50) and smaller, adjacent to each valve, at final connection to each piece of equipment.  Unions are not required at flanged connections.
	R. Do not use natural-gas piping as grounding electrode.
	S. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated valve.
	T. Install pressure gage upstream and downstream from each line regulator.
	1. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:
	a. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) AMETEK, Inc.
	2) Ernst Flow Industries.
	3) Palmer Wahl Instrumentation Group
	4) Or Equivalent.

	b. Standard: ASME B40.100.
	c. Case: Sealed type(s); cast aluminum or drawn steel; 4-1/2-inch (114-mm) nominal diameter.
	d. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.
	e. Match pressure connection size in first subparagraph below with gage attachment size.
	f. Pressure Connection: Brass, with NPS 1/2 (DN 15), ASME B1.20.1 pipe threads and bottom-outlet type unless back-outlet type is indicated.
	g. Minimum Pressure Rating: Twice the operating pressure.
	h. Movement: Mechanical, with link to pressure element and connection to pointer.
	i. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi (kPa).
	j. Pointer: Dark-colored metal.
	k. Window: Glass.
	l. Ring: Stainless steel.
	m. Accuracy: Grade B, plus or minus 2 percent of middle half of scale range.



	3.4 VALVE INSTALLATION
	A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel tubing, aluminum, or copper connector.
	B. Install regulators and overpressure protection devices with maintenance access space adequate for servicing and testing.

	3.5 PIPING JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Threaded Joints:
	1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.
	2. Cut threads full and clean using sharp dies.
	3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.
	4. Apply appropriate tape or thread compound to external pipe threads unless dryseal threading is specified.
	5. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not use pipe sections that have cracked or open welds.

	D. Welded Joints:
	1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and welding operators.
	2. Bevel plain ends of steel pipe.
	3. Patch factory-applied protective coating as recommended by manufacturer at field welds and where damage to coating occurs during construction.

	E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter.
	F. Flanged Joints:  Install gasket material, size, type, and thickness appropriate for natural-gas service.  Install gasket concentrically positioned.
	G. Flared Joints:  Cut tubing with roll cutting tool.  Flare tube end with tool to result in flare dimensions complying with SAE J513.  Tighten finger tight, then use wrench.  Do not overtighten.

	3.6 HANGER AND SUPPORT INSTALLATION
	A. Install seismic restraints on piping.  Comply with requirements for seismic-restraint devices specified in Section 230548 "Vibration and Seismic Controls for HVAC piping and equipment."
	B. Comply with requirements for pipe hangers and supports specified in Section 230529 "Hangers and Supports for HVAC Piping and Equipment."
	C. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod sizes:
	1. NPS 1 (DN 25) and Smaller:  Maximum span, 96 inches (2438 mm); minimum rod size, 3/8 inch (10 mm).
	2. NPS 1-1/4 (DN 32):  Maximum span, 108 inches (2743 mm); minimum rod size, 3/8 inch (10 mm).
	3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50):  Maximum span, 108 inches (2743 mm); minimum rod size, 3/8 inch (10 mm).
	4. NPS 2-1/2 to NPS 3-1/2 (DN 65 to DN 90):  Maximum span, 10 feet (3 m); minimum rod size, 1/2 inch (13 mm).
	5. NPS 4 (DN 100) and Larger:  Maximum span, 10 feet (3 m); minimum rod size, 5/8 inch (15.8 mm).

	D. Install hangers for horizontal drawn-temper copper tubing with the following maximum spacing and minimum rod sizes:
	1. NPS 3/8 (DN 10):  Maximum span, 48 inches (1220 mm); minimum rod size, 3/8 inch (10 mm).
	2. NPS 1/2 and NPS 5/8 (DN 15 and DN 18):  Maximum span, 72 inches (1830 mm); minimum rod size, 3/8 inch (10 mm).
	3. NPS 3/4 and NPS 7/8 (DN 20 and DN 22):  Maximum span, 84 inches (2134 mm); minimum rod size, 3/8 inch (10 mm).
	4. NPS 1 (DN 25):  Maximum span, 96 inches (2440 mm); minimum rod size, 3/8 inch (10 mm).

	E. Install hangers for horizontal, corrugated stainless-steel tubing with the following maximum spacing and minimum rod sizes:
	1. NPS 3/8 (DN 10):  Maximum span, 48 inches (1220 mm); minimum rod size, 3/8 inch (10 mm).
	2. NPS 1/2 (DN 15):  Maximum span, 72 inches (1830 mm); minimum rod size, 3/8 inch (10 mm).
	3. NPS 3/4 (DN 20) and Larger:  Maximum span, 96 inches (2440 mm); minimum rod size, 3/8 inch (10 mm).


	3.7 CONNECTIONS
	A. Install natural-gas piping electrically continuous, and bonded to gas appliance equipment grounding conductor of the circuit powering the appliance according to NFPA 70.
	B. Install piping adjacent to appliances to allow service and maintenance of appliances.
	C. Connect piping to appliances using manual gas shutoff valves and unions.  Install valve within 72 inches (1800 mm) of each gas-fired appliance and equipment.  Install union between valve and appliances or equipment.
	D. Sediment Traps:  Install tee fitting with capped nipple in bottom to form drip, as close as practical to inlet of each appliance.

	3.8 LABELING AND IDENTIFYING
	A. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for piping and valve identification.

	3.9 PAINTING
	A. Paint exposed, interior metal piping, valves, service regulators, service meters and meter bars, earthquake valves, and piping specialties, except components, with factory-applied paint or protective coating.
	1. Latex Over Alkyd Primer System:  MPI INT 5.1Q.
	a. Prime Coat:  Alkyd anticorrosive, Quick-drying alkyd metal primer.
	b. Intermediate Coat:  Interior latex matching topcoat.
	c. Topcoat:  Interior latex gloss).
	d. Color:  Yellow.

	2. Alkyd System:  MPI INT 5.1E.
	a. Prime Coat:  Alkyd anticorrosive, Quick-drying alkyd metal primer.
	b. Intermediate Coat:  Interior alkyd matching topcoat.
	c. Topcoat:  Interior alkyd gloss.
	d. Color:  Yellow.


	B. Damage and Touchup:  Repair marred and damaged factory-applied finishes with materials and by procedures to match original factory finish.

	3.10 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. Test, inspect, and purge natural gas according to NFPA 54, the International Fuel Gas Code, and authorities having jurisdiction.

	C. Natural-gas piping will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.11 OUTDOOR PIPING SCHEDULE
	A. Aboveground natural-gas piping shall be one of the following:
	1. Steel pipe with malleable-iron fittings and threaded joints.
	2. Steel pipe with wrought-steel fittings and welded joints.
	3. Drawn-temper copper tube with wrought-copper fittings and brazed joints.


	3.12 SHUTOFF VALVE SCHEDULE
	A. Distribution piping valves for pipe sizes NPS 2-1/2 (DN 65) and larger shall be one of the following:
	1. Two-piece, full-port, bronze ball valves with bronze trim.
	2. Bronze plug valve.
	3. Cast-iron, non-lubricated plug valve.


	3.13 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain valves.



	233113 - Metal Ducts
	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. Single-wall rectangular ducts and fittings.
	2. Sheet metal materials.
	3. Sealants and gaskets.
	4. Hangers and supports.


	1.3 PERFORMANCE REQUIREMENTS
	A. Delegated Duct Design:  Duct construction, including sheet metal thicknesses, seam and joint construction, reinforcements, and hangers and supports, shall comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and performance ...
	B. Structural Performance:  Duct hangers and supports  shall withstand the effects of gravity  and stresses within limits and under conditions described in SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" and ASCE/SEI 7.
	C. Airstream Surfaces:  Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1.

	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of the following products:
	1. Sealants and gaskets.

	B. Shop Drawings:
	1. Fabrication, assembly, and installation, including plans, elevations, sections, components, and attachments to other work.
	2. Factory- and shop-fabricated ducts and fittings.
	3. Duct layout indicating sizes, configuration, liner material, and static-pressure classes.
	4. Elevation of top of ducts.
	5. Dimensions of main duct runs from building grid lines.
	6. Fittings.
	7. Reinforcement and spacing.
	8. Seam and joint construction.
	9. Equipment installation based on equipment being used on Project.
	10. Locations for duct accessories, including dampers, turning vanes, and access doors and panels.
	11. Hangers and supports, including methods for duct and building attachment, and vibration isolation.

	C. Delegated-Design Submittal:
	1. Sheet metal thicknesses.
	2. Joint and seam construction and sealing.
	3. Reinforcement details and spacing.
	4. Materials, fabrication, assembly, and spacing of hangers and supports.
	5. Design Calculations:  Calculations, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation for sleecting hangers and supports.


	1.5 INFORMATIONAL SUBMITTALS
	A. 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:
	1. Duct installation in congested spaces, indicating coordination with general construction, building components, and other building services.  Indicate proposed changes to duct layout.
	2. Suspended ceiling components.
	3. Structural members to which duct will be attached.

	B. Welding certificates.
	C. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports. AWS D9.1M/D9.1, "Sheet ...
	B. Welding Qualifications:  Qualify procedures and personnel according to the following:
	1. AWS D1.1/D1.1M, "Structural Welding Code - Steel," for hangers and supports.
	2. AWS D1.2/D1.2M, "Structural Welding Code - Aluminum," for aluminum supports.
	3. AWS D9.1M/D9.1, "Sheet Metal Welding Code," for duct joint and seam welding.

	C. ASHRAE Compliance:  Applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and Section 7 - "Construction and System Start-up."
	D. ASHRAE/IESNA Compliance:  Applicable requirements in ASHRAE/IESNA 90.1, Section 6.4.4 - "HVAC System Construction and Insulation."
	E. NFPA Compliance: Applicable requirements in NFPA 90A and NFPA 90B.


	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 2-1, "Rectangular Duct/Transverse Joints," for static-pressure class, applicable sealing requirements, materi...
	C. Longitudinal Seams:  Select seam types and fabricate according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 2-2, "Rectangular Duct/Longitudinal Seams," for static-pressure class, applicable sealing requirements, mater...
	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 4, "Fittings and Other Construction," for static-press...

	2.2 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 f...
	B. See "Sheet Metal Materials" Article in the Evaluations for discussion on applicable materials and coatings in first six paragraphs below.
	C. Galvanized Sheet Steel:  Comply with ASTM A 653/A 653M.
	1. Galvanized Coating Designation:  G90.
	2. Finishes for Surfaces Exposed to View:  Mill phosphatized.

	D. Factory- or Shop-Applied Antimicrobial Coating:
	1. Apply to the surface of sheet metal that will form the interior surface of the duct.  An untreated clear coating shall be applied to the exterior surface.
	2. Antimicrobial compound shall be tested for efficacy by an NRTL and registered by the EPA for use in HVAC systems.
	3. Coating containing the antimicrobial compound shall have a hardness of 2H, minimum, when tested according to ASTM D 3363.
	4. Surface-Burning Characteristics:  Maximum flame-spread index of 25 and maximum smoke-developed index of 50 when tested according to UL 723; certified by an NRTL.
	5. Shop-Applied Coating Color:  Black or White.
	6. Antimicrobial coating on sheet metal is not required for duct containing liner treated with antimicrobial coating.

	E. Reinforcement Shapes and Plates:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	1. Where black- and galvanized-steel shapes and plates are used to reinforce aluminum ducts, isolate the different metals with butyl rubber, neoprene, or EPDM gasket materials.

	F. Tie Rods:  Galvanized steel, 1/4-inch minimum diameter for lengths 36 inches or less; 3/8-inch minimum diameter for lengths longer than 36 inches.

	2.3 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. See SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for discussion on seam and joint sealing methods and their applications.  Retain one or more of first three paragraphs below, and identify which sealing system applies to which du...
	C. Duct tape shall not be permitted as a sealant on any duct.
	D. Water-Based Joint and Seam Sealant:
	1. Application Method:  Brush on.
	2. Solids Content:  Minimum 65 percent.
	3. Shore A Hardness:  Minimum 20.
	4. Water resistant.
	5. Mold and mildew resistant.
	6. VOC:  Maximum 75 g/L (less water).
	7. Maximum Static-Pressure Class:  10-inch wg, positive and negative.
	8. Service:  Indoor or outdoor.
	9. Substrate:  Compatible with galvanized sheet steel (both PVC coated and bare), stainless steel, or aluminum sheets.

	E. Flanged Joint Sealant:  Comply with ASTM C 920.
	1. General:  Single-component, acid-curing, silicone, elastomeric.
	2. Type:  S.
	3. Grade:  NS.
	4. Class:  25.
	5. Use:  O.
	6. 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."

	F. Flange Gaskets:  Butyl rubber, neoprene, or EPDM polymer with polyisobutylene plasticizer.
	G. O-ring seals are generally available for duct fittings 3 to 24 inches (76 to 610 mm) in diameter.

	2.4 HANGERS AND SUPPORTS
	A. Hanger Rods for Noncorrosive Environments:  Cadmium-plated steel rods and nuts.
	B. Strap and Rod Sizes:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct."
	C. Steel Cables for Galvanized-Steel Ducts:  Galvanized steel complying with ASTM A 603.
	D. 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.
	E. Duct Attachments:  Sheet metal screws, blind rivets, or self-tapping metal screws; compatible with duct materials.
	F. Trapeze and Riser Supports:
	1. Supports for Galvanized-Steel Ducts:  Galvanized-steel shapes and plates.
	2. Supports for Stainless-Steel Ducts:  Stainless-steel shapes and plates.
	3. Supports for Aluminum Ducts:  Aluminum or galvanized steel coated with zinc chromate.


	2.5 DUCT-MOUNTED ACCESS DOORS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. American Warming and Ventilating; a division of Mestek, Inc.
	2. Ductmate Industries, Inc.
	3. Flexmaster U.S.A., Inc.
	4. Greenheck Fan Corporation.

	B. Duct-Mounted Access Doors:  Fabricate access panels according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible"; Figures 7-2, "Duct Access Doors and Panels,".
	1. Door:
	a. Double wall, rectangular.
	b. Galvanized sheet metal with insulation fill and thickness as indicated for duct pressure class.
	c. Hinges and Latches:  1-by-1-inch butt or piano hinge and cam latches.
	d. Fabricate doors airtight and suitable for duct pressure class.

	2. Frame:  Galvanized sheet steel, with bend-over tabs and foam gaskets.
	3. Number of Hinges and Locks:
	a. Access Doors Less Than 12 Inches Square:  No hinges and two sash locks.
	b. Access Doors up to 18 Inches Square:  Two hinges and two sash locks.
	c. Access Doors up to 24 by 48 Inches:  Three hinges and two compression latches with outside and inside handles.
	d. Access Doors Larger than 24 by 48 Inches:  Four hinges and two compression latches with outside and inside handles.



	2.6 FLEXIBLE CONNECTORS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Ductmate Industries, Inc.
	2. Ventfabrics, Inc.
	3. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

	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 or 5-3/4 inches wide attached to two strips of 2-3/4-inch-wide, 0.028-inch-thick, galvanized sheet steel or 0.032-inch-thick aluminum sheets.  Provide metal compatible wit...
	E. Indoor System, Flexible Connector Fabric:  Glass fabric double coated with neoprene.
	1. Minimum Weight:  26 oz./sq. yd.
	2. Tensile Strength:  480 lbf/inch in the warp and 360 lbf/inch in the filling.
	3. Service Temperature:  Minus 40 to plus 200 deg F.


	2.7 TURNING VANES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Ductmate Industries, Inc.
	2. Duro Dyne Inc.
	3. METALAIRE, Inc.
	4. Ward Industries, Inc.; a division of Hart & Cooley, Inc.

	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 4-3, "Vanes and Vane Runners," and 4-4, "Vane Support in Elbows."
	D. Vane Construction:  Single or Double wall.
	E. Vane Construction:  Single wall for ducts up to 48 inches wide and double wall for larger dimensions.


	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 ...
	B. Install ducts according to SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" unless otherwise indicated.
	C. Install ducts with fewest possible joints.
	D. Install factory- or shop-fabricated fittings for changes in direction, size, and shape and for branch connections.
	E. Unless otherwise indicated, install ducts vertically and horizontally, and parallel and perpendicular to building lines.
	F. Install ducts close to walls, overhead construction, columns, and other structural and permanent enclosure elements of building.
	G. Install ducts with a clearance of 1 inch, plus allowance for insulation thickness.
	H. Route ducts to avoid passing through transformer vaults and electrical equipment rooms and enclosures.
	I. Protect duct interiors from moisture, construction debris and dust, and other foreign materials.  Comply with SMACNA's "IAQ Guidelines for Occupied Buildings Under Construction," Appendix G, "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 weld...
	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":
	1. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible."
	2. Unconditioned Space, Supply-Air Ducts in Pressure Classes 2-Inch wg and Lower:  Seal Class B.
	3. Unconditioned Space, Exhaust Ducts:  Seal Class C.
	4. Unconditioned Space, Return-Air Ducts:  Seal Class B.


	3.4 HANGER AND SUPPORT INSTALLATION
	A. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Chapter 5, "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.
	1. Use powder-actuated concrete fasteners for standard-weight aggregate concretes or for slabs more than 4 inches thick.
	2. Do not use powder-actuated concrete fasteners for lightweight-aggregate concretes or for slabs less than 4 inches thick.

	C. Hanger Spacing:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Table 5-1, "Rectangular Duct Hangers Minimum Size," and Table 5-2, "Minimum Hanger Sizes for Round Duct," for maximum hanger spacing; install hangers and...
	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 intervals of 16 feet.
	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. Coordinate duct installations and specialty arrangements with Drawings.
	B. Make connections to equipment with flexible connectors.
	C. Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible" for branch, outlet and inlet, and terminal unit connections.

	3.6 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Leakage Tests:
	1. Comply with SMACNA's "HVAC Air Duct Leakage Test Manual."  Submit a test report for each test.
	2. Disassemble, reassemble, and seal segments of systems to accommodate leakage testing and for compliance with test requirements.
	3. Test for leaks before applying external insulation.
	4. Conduct tests at static pressures equal to maximum design pressure of system or section being tested.  If static-pressure classes are not indicated, test system at maximum system design pressure.  Do not pressurize systems above maximum design oper...
	5. Maximum Allowable Leakage: Comply with requirements for Leakage Class 3 for round and flat-oval ducts, Leakage Class 12 for rectangular ducts in pressure classes lower than and equal to 2-inch wg (both positive and negative pressures), and Leakage ...
	6. Give seven days' advance notice for testing.

	C. Duct System Cleanliness Tests:
	1. Visually inspect duct system to ensure that no visible contaminants are present.
	2. Test sections of metal duct system, chosen randomly by Owner, for cleanliness according to "Vacuum Test" in NADCA ACR, "Assessment, Cleaning and Restoration of HVAC Systems."
	A. Acceptable Cleanliness Level:  Net weight of debris collected on the filter media shall not exceed 0.75 mg/100 sq. cm.


	D. Duct system will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.

	3.7 DUCT CLEANING
	A. Clean duct system(s) before testing, adjusting, and balancing.
	B. Use service openings for entry and inspection.
	1. Create new openings and install access panels appropriate for duct static-pressure class if required for cleaning access.  Provide insulated panels for insulated or lined duct.  Patch insulation and liner as recommended by duct liner manufacturer. ...
	2. Disconnect and reconnect flexible ducts as needed for cleaning and inspection.
	3. Remove and reinstall ceiling to gain access during the cleaning process.

	C. Particulate Collection and Odor Control:
	1. When venting vacuuming system inside the building, use HEPA filtration with 99.97 percent collection efficiency for 0.3-micron-size (or larger) particles.
	2. When venting vacuuming system to outdoors, use filter to collect debris removed from HVAC system, and locate exhaust downwind and away from air intakes and other points of entry into building.

	D. Clean the following components by removing surface contaminants and deposits:
	1. Air outlets and inlets (registers, grilles, and diffusers).
	2. Supply, return, and exhaust fans including fan housings, plenums (except ceiling supply and return plenums), scrolls, blades or vanes, shafts, baffles, dampers, and drive assemblies.
	3. Air-handling unit internal surfaces and components including mixing box, coil section, air wash systems, spray eliminators, condensate drain pans, humidifiers and dehumidifiers, filters and filter sections, and condensate collectors and drains.
	4. Coils and related components.
	5. Return-air ducts, dampers, actuators, and turning vanes except in ceiling plenums and mechanical equipment rooms.
	6. Supply-air ducts, dampers, actuators, and turning vanes.
	7. Dedicated exhaust and ventilation components and makeup air systems.

	E. Mechanical Cleaning Methodology:
	1. Clean metal duct systems using mechanical cleaning methods that extract contaminants from within duct systems and remove contaminants from building.
	2. Use vacuum-collection devices that are operated continuously during cleaning.  Connect vacuum device to downstream end of duct sections so areas being cleaned are under negative pressure.
	3. Use mechanical agitation to dislodge debris adhered to interior duct surfaces without damaging integrity of metal ducts, duct liner, or duct accessories.
	4. Clean fibrous-glass duct liner with HEPA vacuuming equipment; do not permit duct liner to get wet.  Replace fibrous-glass duct liner that is damaged, deteriorated, or delaminated or that has friable material, mold, or fungus growth.
	5. Clean coils and coil drain pans according to NADCA 1992.  Keep drain pan operational.  Rinse coils with clean water to remove latent residues and cleaning materials; comb and straighten fins.
	6. Provide drainage and cleanup for wash-down procedures.
	7. Antimicrobial Agents and Coatings:  Apply EPA-registered antimicrobial agents if fungus is present.  Apply antimicrobial agents according to manufacturer's written instructions after removal of surface deposits and debris.


	3.8 START UP
	A. Air Balance:  Comply with requirements in Section 230593 "Testing, Adjusting, and Balancing for HVAC."
	B. Flexible elastomeric insulation is available in thicknesses through 1-1/2 inches (38 mm), which comply with NFPA 90A.  Some options in subparagraphs below may create a restrictive proprietary specification.  Verify availability of performance with ...
	C. Branch Configuration:
	1. Rectangular Duct:  Comply with SMACNA's "HVAC Duct Construction Standards - Metal and Flexible," Figure 4-6, "Branch Connection."
	a. Rectangular Main to Rectangular Branch:  45-degree entry.
	b. Rectangular Main to Round Branch:  Spin in.





	237413 - RTU
	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. This Section includes packaged, outdoor, central-station air-handling units (rooftop units) with the following components and accessories:
	1. Direct-expansion cooling.
	2. Heat-pump refrigeration components.
	3. Hot-gas reheat.
	4. Electric-heating coils.
	5. Gas furnace.
	6. Economizer outdoor- and return-air damper section.
	7. Integral, space temperature controls.


	1.3 DEFINITIONS
	A. DDC: Direct-digital control.
	B. ECM: Electrically commutated motor.
	C. RTU: Rooftop unit. As used in this Section, this abbreviation means packaged, outdoor, central-station air-handling units. This abbreviation is used regardless of whether the unit is mounted on the roof or on a concrete base on ground.
	D. Supply-Air Fan: The fan providing supply air to conditioned space. "Supply air" is defined as the air entering a space from air-conditioning, heating, or ventilating apparatus.
	E. VVT: Variable-air volume and temperature.

	1.4 ACTION SUBMITTALS
	A. Product Data: Include manufacturer's technical data for each RTU, 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.
	1. Wiring Diagrams: Power, signal, and control wiring.

	C. Delegated-Design Submittal: For RTU supports indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.
	1. Design Calculations: Calculate requirements for selecting vibration isolators and seismic restraints and for designing vibration isolation bases.
	2. Detail mounting, securing, and flashing of roof curb to roof structure. Indicate coordinating requirements with roof membrane system.
	3. Wind- and Seismic-Restraint Details: Detail fabrication and attachment of wind and seismic restraints and snubbers. Show anchorage details and indicate quantity, diameter, and depth of penetration of anchors.


	1.5 INFORMATIONAL SUBMITTALS
	A. 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:
	1. Structural members to which RTUs will be attached.
	2. Roof openings

	B. Manufacturer Wind Loading Qualification Certification: Submit certification that specified equipment will withstand wind forces identified in "Performance Requirements" Article and in Section 230548 "Vibration and Seismic Controls for HVAC."
	1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculations.
	2. Dimensioned Outline Drawings of Equipment Unit: Identify center of wind force and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

	C. Manufacturer Seismic Qualification Certification: Submit certification that RTUs, accessories, and components will withstand seismic forces defined in "Performance Requirements" Article and in Section 230548 "Vibration and Seismic Controls for HVAC."
	1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

	D. Field quality-control test reports.
	E. Warranty: Special warranty specified in this Section.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For RTUs to include in emergency, operation, and maintenance manuals.

	1.7 MAINTENANCE MATERIAL SUBMITTALS
	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.
	1. Fan Belts: One set for each belt-driven fan.
	2. Filters: One set of filters for each unit.


	1.8 QUALITY ASSURANCE
	A. ARI Compliance:
	1. Comply with ARI 203/110 and ARI 303/110 for testing and rating energy efficiencies for RTUs.
	2. Comply with ARI 270 for testing and rating sound performance for RTUs.

	B. ASHRAE Compliance:
	1. Comply with ASHRAE 15 for refrigeration system safety.
	2. Comply with ASHRAE 33 for methods of testing cooling and heating coils.
	3. Comply with applicable requirements in ASHRAE 62.1, Section 5 - "Systems and Equipment" and Section 7 - "Construction and Startup."

	C. ASHRAE/IESNA 90.1 Compliance: Applicable requirements in ASHRAE/IESNA 90.1, Section 6 - "Heating, Ventilating, and Air-Conditioning."
	D. NFPA Compliance: Comply with NFPA 90A and NFPA 90B.
	E. UL Compliance: Comply with UL 1995.
	F. 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.

	1.9 WARRANTY
	A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to replace components of RTUs that fail in materials or workmanship within specified warranty period.
	1. Warranty Period for Compressors: Manufacturer's standard, but not less than five years from date of Substantial Completion.
	2. Warranty Period for Gas Furnace Heat Exchangers: Manufacturer's standard, but not less than five years from date of Substantial Completion.
	3. Warranty Period for Solid-State Ignition Modules: Manufacturer's standard, but not less than three years from date of Substantial Completion.
	4. Warranty Period for Control Boards: Manufacturer's standard, but not less than three years from date of Substantial Completion.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	1. Carrier Corporation. (Basis of Design)
	2. Daikin-McQuay
	3. Trane Company.
	4. York International Corporation.

	2.2 CASING
	A. General Fabrication Requirements for Casings: Formed and reinforced double-wall insulated panels, fabricated to allow removal for access to internal parts and components, with joints between sections sealed.
	B. Exterior Casing Material: Galvanized steel with factory-painted finish, with pitched roof panels and knockouts with grommet seals for electrical and piping connections and lifting lugs.
	1. Exterior Casing Thickness: 0.052 inch (1.3 mm) thick.

	C. Inner Casing Fabrication Requirements:
	1. Inside Casing: Galvanized steel, 0.034 inch (0.86 mm) thick.

	D. Casing Insulation and Adhesive: Comply with NFPA 90A or NFPA 90B.
	1. Materials: ASTM C 1071, Type I.
	2. Thickness: 1/2 inch (13 mm).
	3. Liner materials shall have air-stream surface coated with an erosion- and temperature-resistant coating or faced with a plain or coated fibrous mat or fabric.
	4. Liner Adhesive: Comply with ASTM C 916, Type I.

	E. Condensate Drain Pans: Formed sections of galvanized-steel sheet, a minimum of 2 inches (50 mm) deep, and complying with ASHRAE 62.1.
	1. Double-Wall Construction: Fill space between walls with foam insulation and seal moisture tight.
	2. Drain Connections: Threaded nipple.
	3. Pan-Top Surface Coating: Corrosion-resistant compound.

	F. Airstream Surfaces: Surfaces in contact with the airstream shall comply with requirements in ASHRAE 62.1.

	2.3 FANS
	A. Belt-Driven Supply-Air Fans: Double width, forward curved, centrifugal; with permanently lubricated, single-speed motor installed on an adjustable fan base resiliently mounted in the casing. Aluminum or painted-steel wheels, and galvanized- or pain...
	B. Condenser-Coil Fan: Propeller, mounted on shaft of permanently lubricated motor.
	C. Relief-Air Fan: Forward curved, shaft mounted on permanently lubricated motor.
	D. Seismic Fabrication Requirements: Fabricate fan section, internal mounting frame and attachment to fans, fan housings, motors, casings, accessories, and other fan section components with reinforcement strong enough to withstand seismic forces defin...
	E. Fan Motor: Comply with requirements in Section 230513 "Common Motor Requirements for HVAC Equipment."

	2.4 COILS
	A. Hot-Gas Reheat Refrigerant Coil:
	1. Aluminum-plate fin and seamless internally grooved copper tube in steel casing with equalizing-type vertical distributor.
	2. Polymer strip shall prevent all copper coil from contacting steel coil frame or condensate pan.
	3. Cathodic epoxy coating.

	B. Electric-Resistance Heating:
	1. Open Heating Elements: Resistance wire of 80 percent nickel and 20 percent chromium, supported and insulated by floating ceramic bushings recessed into casing openings, fastened to supporting brackets, and mounted in galvanized-steel frame. Termina...
	2. Overtemperature Protection: Disk-type, automatically reset, thermal-cutout, safety device; serviceable through terminal box.
	3. Overcurrent Protection: Manual-reset thermal cutouts, factory wired in each heater stage.
	4. Control Panel: Unit mounted with disconnecting means and overcurrent protection. Include the following controls:
	a. Magnetic contactors.
	b. Step Controller: Pilot lights and override toggle switch for each step.
	c. SCR Controller: Pilot lights operate on load ratio, a minimum of five steps.
	d. Time-delay relay.
	e. Airflow proving switch.



	2.5 REFRIGERANT CIRCUIT COMPONENTS
	A. Number of Refrigerant Circuits: Two.
	B. Compressor: Hermetic, scroll, mounted on vibration isolators; with internal overcurrent and high-temperature protection, internal pressure relief, and crankcase heater.
	C. Refrigeration Specialties:
	1. Refrigerant: R-410A.
	2. Expansion valve with replaceable thermostatic element.
	3. Refrigerant filter/dryer.
	4. Manual-reset high-pressure safety switch.
	5. Automatic-reset low-pressure safety switch.
	6. Minimum off-time relay.
	7. Automatic-reset compressor motor thermal overload.
	8. Brass service valves installed in compressor suction and liquid lines.
	9. Low-ambient kit high-pressure sensor.
	10. Hot-gas reheat solenoid valve with a replaceable magnetic coil.
	11. Hot-gas bypass solenoid valve with a replaceable magnetic coil.
	12. Four-way reversing valve with a replaceable magnetic coil, thermostatic expansion valves with bypass check valves, and a suction line accumulator.


	2.6 AIR FILTRATION
	A. Minimum arrestance according to ASHRAE 52.1, and a minimum efficiency reporting value (MERV) according to ASHRAE 52.2.
	1. Glass Fiber: Minimum 80 percent arrestance, and MERV 5.
	2. Pleated: Minimum 90 percent arrestance, and MERV 7.


	2.7 GAS FURNACE
	A. Description: Factory assembled, piped, and wired; complying with ANSI Z21.47 and NFPA 54.
	1. CSA Approval: Designed and certified by and bearing label of CSA.

	B. Burners: Stainless steel.
	1. Fuel: Natural gas.
	2. Ignition: Electronically controlled electric spark or hot-surface igniter with flame sensor.

	C. Heat-Exchanger and Drain Pan: Stainless steel.
	D. Venting: Gravity vented.
	E. Power Vent: Integral, motorized centrifugal fan interlocked with gas valve.
	F. Safety Controls:
	1. Gas Control Valve: Two stage.
	2. Gas Train: Single-body, regulated, redundant, 24-V ac gas valve assembly containing pilot solenoid valve, pilot filter, pressure regulator, pilot shutoff, and manual shutoff.


	2.8 DAMPERS
	A. Outdoor-Air Damper: Linked damper blades, for 0 to 25 percent outdoor air, with manual damper filter.
	B. Outdoor- and Return-Air Mixing Dampers: Parallel- or opposed-blade galvanized-steel dampers mechanically fastened to cadmium plated for galvanized-steel operating rod in reinforced cabinet. Connect operating rods with common linkage and interconnec...
	1. Damper Motor: Modulating with adjustable minimum position.
	2. Relief-Air Damper: Gravity actuated or motorized, as required by ASHRAE/IESNA 90.1, with bird screen and hood.


	2.9 ELECTRICAL POWER CONNECTION
	A. Provide for single connection of power to unit with unit-mounted disconnect switch accessible from outside unit and control-circuit transformer with built-in overcurrent protection.

	2.10 CONTROLS
	A. Control equipment and sequence of operation are specified in Section 230923 "Direct Digital Control (DDC) System for HVAC" and Section 230993.11 "Sequence of Operations for HVAC DDC."
	B. Basic Unit Controls:
	1. Control-voltage transformer.
	2. Wall-mounted thermostat or sensor with the following features:
	a. Heat-cool-off switch.
	b. Fan on-auto switch.
	c. Fan-speed switch.
	d. Automatic changeover.
	e. Adjustable deadband.
	f. Concealed set point.
	g. Concealed indication.
	h. Degree F indication.
	i. Unoccupied-period-override push button.
	j. Data entry and access port to input temperature set points, occupied and unoccupied periods, and output room temperature, supply-air temperature, operating mode, and status.


	C. DDC Controller:
	1. Controller shall have volatile-memory backup.
	2. Safety Control Operation:
	a. Smoke Detectors: Stop fan and close outdoor-air damper if smoke is detected. Provide additional contacts for alarm interface to fire alarm control panel.
	b. Firestats: Stop fan and close outdoor-air damper if air greater than 130 deg F (54 deg C) enters unit. Provide additional contacts for alarm interface to fire alarm control panel.
	c. Low-Discharge Temperature: Stop fan and close outdoor-air damper if supply air temperature is less than 40 deg F (4 deg C).
	d. Defrost Control for Condenser Coil: Pressure differential switch to initiate defrost sequence.

	3. Scheduled Operation: Occupied and unoccupied periods on seven-day clock with a minimum of four programmable periods per day.
	4. Unoccupied Period:
	a. Heating Setback: 10 deg F (5.6 deg C).
	b. Cooling Setback: System off.
	c. Override Operation: Two hours.

	5. Supply Fan Operation:
	a. Occupied Periods: Run fan continuously.
	b. Unoccupied Periods: Cycle fan to maintain setback temperature.

	6. Refrigerant Circuit Operation:
	a. Occupied Periods: Cycle or stage compressors, and operate hot-gas bypass to match compressor output to cooling load to maintain room temperature. Cycle condenser fans to maintain maximum hot-gas pressure. Operate low-ambient control kit to maintain...
	b. Unoccupied Periods: Cycle compressors and condenser fans for heating to maintain setback temperature.

	7. Hot-Gas Reheat-Coil Operation:
	a. Occupied Periods: Humidistat opens hot-gas valve to provide hot-gas reheat, and cycles compressor.
	b. Unoccupied Periods: Reheat not required.

	8. Gas Furnace Operation:
	a. Occupied Periods: Stage burner to maintain room temperature.
	b. Unoccupied Periods: Cycle burner to maintain setback temperature.

	9. Electric-Heating-Coil Operation:
	a. Occupied Periods: Stage coil to maintain room temperature.
	b. Unoccupied Periods: Energize coil to maintain setback temperature.
	c. Operate supplemental electric heating coil with compressor for heating with outdoor temperature below 25 deg F (minus 4 deg C).

	10. Fixed Minimum Outdoor-Air Damper Operation:
	a. Occupied Periods: Open to 25 percent.
	b. Unoccupied Periods: Close the outdoor-air damper.

	11. Economizer Outdoor-Air Damper Operation:
	a. Occupied Periods: Open to 25 percent fixed minimum intake, and maximum 100 percent of the fan capacity to comply with ASHRAE Cycle II. Controller shall permit air-side economizer operation when outdoor air is less than 60 deg F (15 deg C). Use outd...
	b. Unoccupied Periods: Close outdoor-air damper and open return-air damper.
	c. Outdoor-Airflow Monitor: Accuracy maximum plus or minus 5 percent within 15 and 100 percent of total outdoor air. Monitor microprocessor shall adjust for temperature, and output shall range from 4 to 20 mA.


	D. Interface Requirements for HVAC Instrumentation and Control System:
	1. Interface relay for scheduled operation.
	2. Interface relay to provide indication of fault at the central workstation and diagnostic code storage.
	3. Provide BACnet or LonWorks compatible interface for central HVAC control workstation for the following:
	a. Adjusting set points.
	b. Monitoring supply fan start, stop, and operation.
	c. Inquiring data to include outdoor-air damper position, supply- and room-air temperature.
	d. Monitoring occupied and unoccupied operations.
	e. Monitoring constant and variable motor loads.
	f. Monitoring variable-frequency drive operation.
	g. Monitoring cooling load.
	h. Monitoring economizer cycles.
	i. Monitoring air-distribution static pressure and ventilation air volume.



	2.11 ACCESSORIES
	A. Electric heater with integral thermostat maintains minimum 50 deg F (10 deg C) temperature in gas burner compartment.
	B. Duplex, 115-V, ground-fault-interrupter outlet with 15-A overcurrent protection. Include transformer if required.
	C. Low-ambient kit using staged condenser fans for operation down to 35 deg F (1.7 deg C).
	D. Filter differential pressure switch with sensor tubing on either side of filter. Set for final filter pressure loss.
	E. Coil guards of painted, galvanized-steel wire.
	F. Hail guards of galvanized steel, painted to match casing.

	2.12 CAPACITIES AND CHARACTERISTICS
	A. As scheduled.


	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 RTUs.
	B. Examine roughing-in for RTUs to verify actual locations of piping and duct connections before equipment installation.
	C. Examine roofs for suitable conditions where RTUs will be installed.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Equipment Mounting:
	1. Install RTUs on existing steel dunnage.
	2. Comply with requirements for vibration isolation devices specified in Section 230548.13 "Vibration Controls for HVAC."


	3.3 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 RTUs to allow service and maintenance.
	1. Gas Piping: Comply with applicable requirements in Section 231123 "Facility Natural-Gas Piping." Connect gas piping to burner, full size of gas train inlet, and connect with union and shutoff valve with sufficient clearance for burner removal and s...

	C. Duct installation requirements are specified in other HVAC Sections. Drawings indicate the general arrangement of ducts. The following are specific connection requirements:
	1. Install ducts to termination at top of roof opening.
	2. Remove roof decking only as required for passage of ducts. Do not cut out decking under entire roof curb.
	3. Connect supply ducts to RTUs with flexible duct connectors specified in Section 233113 "Metal Ducts."
	4. Install return-air duct continuously through roof structure.


	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. Report results in writing.
	B. Perform tests and inspections and prepare test reports.
	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. Report results in writing.

	C. Tests and Inspections:
	1. After installing RTUs and after electrical circuitry has been energized, test units for compliance with requirements.
	2. Inspect for and remove shipping bolts, blocks, and tie-down straps.
	3. Operational Test: After electrical circuitry has been energized, start units to confirm proper motor rotation and unit operation.
	4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.

	D. Remove and replace malfunctioning units and retest as specified above.

	3.5 STARTUP SERVICE
	A. Engage a factory-authorized service representative to perform startup service.
	B. Complete installation and startup checks according to manufacturer's written instructions and do the following:
	1. Inspect for visible damage to unit casing.
	2. Inspect for visible damage to furnace combustion chamber.
	3. Inspect for visible damage to compressor, coils, and fans.
	4. Inspect internal insulation.
	5. Verify that labels are clearly visible.
	6. Verify that clearances have been provided for servicing.
	7. Verify that controls are connected and operable.
	8. Verify that filters are installed.
	9. Clean condenser coil and inspect for construction debris.
	10. Clean furnace flue and inspect for construction debris.
	11. Connect and purge gas line.
	12. Remove packing from vibration isolators.
	13. Inspect operation of barometric relief dampers.
	14. Verify lubrication on fan and motor bearings.
	15. Inspect fan-wheel rotation for movement in correct direction without vibration and binding.
	16. Adjust fan belts to proper alignment and tension.
	17. Start unit according to manufacturer's written instructions.
	a. Start refrigeration system.
	b. Do not operate below recommended low-ambient temperature.
	c. Complete startup sheets and attach copy with Contractor's startup report.

	18. Inspect and record performance of interlocks and protective devices; verify sequences.
	19. Operate unit for an initial period as recommended or required by manufacturer.
	20. Perform the following operations for both minimum and maximum firing. Adjust burner for peak efficiency.
	a. Measure gas pressure on manifold.
	b. Inspect operation of power vents.
	c. Measure combustion-air temperature at inlet to combustion chamber.
	d. Measure flue-gas temperature at furnace discharge.
	e. Perform flue-gas analysis. Measure and record flue-gas carbon dioxide and oxygen concentration.
	f. Measure supply-air temperature and volume when burner is at maximum firing rate and when burner is off. Calculate useful heat to supply air.

	21. Calibrate thermostats.
	22. Adjust and inspect high-temperature limits.
	23. Inspect outdoor-air dampers for proper stroke and interlock with return-air dampers.
	24. Start refrigeration system and measure and record the following when ambient is a minimum of 15 deg F (8 deg C) above return-air temperature:
	a. Coil leaving-air, dry- and wet-bulb temperatures.
	b. Coil entering-air, dry- and wet-bulb temperatures.
	c. Outdoor-air, dry-bulb temperature.
	d. Outdoor-air-coil, discharge-air, dry-bulb temperature.

	25. Inspect controls for correct sequencing of heating, mixing dampers, refrigeration, and normal and emergency shutdown.
	26. Measure and record the following minimum and maximum airflows. Plot fan volumes on fan curve.
	a. Supply-air volume.
	b. Return-air volume.
	c. Relief-air volume.
	d. Outdoor-air intake volume.

	27. Simulate maximum cooling demand and inspect the following:
	a. Compressor refrigerant suction and hot-gas pressures.
	b. Short circuiting of air through condenser coil or from condenser fans to outdoor-air intake.

	28. Verify operation of remote panel including pilot-light operation and failure modes. Inspect the following:
	a. High-temperature limit on gas-fired heat exchanger.
	b. Low-temperature safety operation.
	c. Filter high-pressure differential alarm.
	d. Economizer to minimum outdoor-air changeover.
	e. Relief-air fan operation.
	f. Smoke and firestat alarms.

	29. After startup and performance testing and prior to Substantial Completion, replace existing filters with new filters.


	3.6 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 f...
	B. After completing system installation and testing, adjusting, and balancing RTU and air-distribution systems, clean filter housings and install new filters.

	3.7 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain RTUs. Refer to Section 017900 "Demonstration and Training."




	026 Electrical - Combined
	260001ConstrAdm - Formatted Updated From 54281 (edited for 54292)
	PART 1 -  GENERAL
	1.1 GENERAL
	A. This Section contains requirements for Construction Administration of Electrical work.  These requirements are in addition to any requirements listed elsewhere in the Contract Documents.  Where conflicts exist between this section and other section...

	1.2 REQUESTS FOR INFORMATION
	A. Requests For Information (RFI) are questions posed by the Contractor intended to resolve vagueness and conflicts during construction.
	B. To submit a RFI, the Contractor must fill out the Request For Information form found in Appendix A of this specification section.  Only an RFI utilizing this format will be acknowledged.
	C. Prior to submitting a RFI, the Contractor must thoroughly review the Construction Documents and Specifications and forward the RFI only if the issue in question cannot be resolved.  If a RFI questions a clearly noted item or standard construction m...
	D. When submitting an RFI, the Contractor must where possible, offer a solution which addresses the conflict or question.
	E. Alternately, the Contractor may, where approved by Engineer, submit an RFI electronically using a common Subject Line format.  An electronically submitted RFI must include all information found on the form found in Appendix A:
	1. Subject Line Example:  Essex County CC West Essex Campus – Electrical RFI XXX
	2. All RFI requests must be copied electronically to the architect (where applicable).


	1.3 SCHEDULE OF VALUES
	A. Prior to initiating any work, the Contractor shall submit a Schedule of Values on an AIA G-703 Continuation Sheet outlining Material and Labor costs for each item.
	B. Include in the Schedule of Values a line item for resolving Punchlist issues equal to 5% of the total contract value.
	C. No Payment Applications will be processed until the Schedule of Values form has been approved by the Engineer.

	1.4 EQUIPMENT MANUFACTURER LIST
	A. Within ten (10) business days of the contract award date, the Contractor shall submit a list of equipment manufacturers, for the engineer's review and approval, that they intends to use on this project.

	1.5 SHOP DRAWING SUBMISSION SCHEDULE
	A. Prior to submitting any Shop Drawings, the Contractor shall issue a Shop Drawing Submission Schedule.  The purpose of this schedule is to identify which items require Shop Drawings and when these Shop Drawings will be submitted to the Engineer.  By...
	B. Refer to the Shop Drawing Submission Schedule in Appendix A of this specification section.  The Contractor shall list all the items that require submittals per the Contract Documents and Specifications.  The Contractor shall fill out the Submittal ...
	C. No Shop Drawings will be reviewed until the Shop Drawing Submission Schedule is approved by the Engineer.

	1.6 SHOP DRAWINGS
	A. Shop Drawings will not be reviewed until the Equipment Manufacturer List and Shop Drawing Submission Schedule have been submitted to, and approved by, the Engineer.
	B. Shop Drawings must include a completed copy of the Shop Drawing Submittal Form found in Appendix A of this specification section.
	1. The Contractor must review and stamp all Shop Drawings prior to submission.  Space has been provided for the Contractor's stamp on the Shop Drawing Submittal Form.  Submittals without the Contractor's stamp will be returned unchecked.

	C. The Contractor may choose to provide hard copies of Shop Drawings and shall provide a maximum of six (6) copies of submittals to the Engineer for review. Additional Shop Drawings may be marked-up and processed for an additional fee to the Contractor.
	1.
	2. Submitted items shall be clearly identified on all copies of the Shop Drawings.  The Engineer will return any Shop Drawings that are not clearly marked.
	3. Alternately, the Contractor may, where approved by Engineer, submit shop drawings electronically for review.  All electronic submittals must adhere to the shop drawing schedule, include the Contractor’s Review Stamp and all information found in App...

	D. Alternately, the Contractor may, where approved by Engineer, submit shop drawings electronically for review.  All electronic submittals must adhere to the shop drawing schedule, include the Contractor’s Review Stamp and all information found in App...
	E. Shop Drawings will be reviewed and returned within ten (10) working days of receipt.  Expedited review (less than 10 days) for long lead or immediate need items may be processed for an additional fee to the Contractor.

	1.7 SUBSTITUTIONS
	A. Substitutions for specified equipment must include a detailed comparison checklist identifying all pertinent similarities and differences between the two items.  Substituted items without a comparison checklist will not be considered.
	1. Where substituted items affect other trades, this Contractor is responsible for adjusting the installation as required to accommodate the substitution.  This includes, but is not limited to, changes in Architectural, Structural, Mechanical, Electri...

	B. Incomplete submittals will be returned rejected.

	1.8 SERVICE INTERRUPTION SCHEDULE
	A. Within ten (10) business days of the contract award date, the Contractor shall submit a Schedule of Shutdowns of equipment and/or systems for Owner and Engineer review.
	B. The Contractor shall notify the Owner and Engineer in writing at least five (5) business days prior to each equipment and/or system shutdown.

	1.9 SUBSTANTIAL COMPLETION LETTER
	A. The purpose of this letter is to inform the Engineer that the Contractor has reached Substantial Completion.
	B. Upon Substantial Completion, the Contractor shall copy the Substantial Completion Letter onto company letterhead, complete the letter and send it to the Engineer.  Refer to Appendix A of this specification for this letter.
	C. This letter shall be received at the Engineer's office no later than four (4) weeks before the project completion date.  Upon receiving the letter, the Engineer will perform a Punch List.  The Contractor shall have two (2) weeks to complete the Pun...

	1.10 PUNCHLIST COMPLETION LETTER
	A. The purpose of this letter is to inform the Engineer that the Contractor has completed all Punchlist items.  The Contractor must ensure that all Punchlist items are indeed complete prior to submitting this letter.
	B. Upon Punchlist Completion, the Contractor shall copy the Punchlist Completion Letter onto company letterhead, complete the letter and send it to the Engineer.  Refer to Appendix A of this specification for this letter.
	C. This letter shall be received at the Engineer's office no later than One (1) week before the project completion date. Upon receiving this letter, the Engineer will perform a final walkthrough.
	D. Should the Engineer discover during the final walkthrough that all of the Punchlist items have not been completed, the time and expenses associated with a return visit by the Engineer shall be chargeable to the Contractor.


	PART 2 -  PRODUCTS - Not Used.
	PART 3 -  EXECUTION - Not Used.

	260519T - From 54281 - Formatted (edited for 54292)
	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. Building wires and cables rated 600 V and less.
	2. Connectors, splices, and terminations rated 600 V and less.


	1.3 DEFINITIONS
	A. NETA ATS:  National Electrical Testing Association.
	B. NRTL: Nationally Recognized Testing Laboratory.
	C. VFC:  Variable frequency controller.

	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of product.

	1.5 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	1. Field Supervisor:  Certified by NETA to supervise on-site testing.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS AND CABLES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Alpha Wire.
	2. Belden Inc.
	3. Encore Wire Corporation.
	4. General Cable Technologies Corporation.
	5. Southwire Incorporated.
	6. Superior Essex
	7. The Okonite Company

	B. Copper Conductors:  Comply with NEMA WC 70/ICEA S-95-658.
	C. Conductor Insulation:  Comply with NEMA WC 70/ICEA S-95-658 for , Type THHN-2-THWN-2, except for VFC cables which may be Type XHHW-2.
	D. Metal Clad Cable Type MC: Aluminum or galvanized steel armor, color coded 90-deg. C THHN-THWN insulated copper conductors with full size green insulated grounding conductor.
	E. 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, dual spirally wrapped copper tape shields and three bare symmetrically applied ground wires, and sunlight- and oil-resistant outer PVC jacket.


	2.2 CONNECTORS AND SPLICES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. AFC Cable Systems, Inc.
	2. Hubbell Power Systems, Inc.
	3. Ideal Industries, Inc.
	4. Ilsco; a branch of Bardes Corporation.
	5. O-Z/Gedney; a brand of the EGS Electrical Group.
	6. 3M; Electrical Markets Division.
	7. Tyco Electronics.

	B. 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 or Type XHHW-2, single conductors in raceway .
	B. Exposed Feeders:  Type THHN-2-THWN-2, single conductors in raceway, or Type XHHW-2, single conductors in raceway, .
	C. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-2-THWN-2, single conductors in raceway, or  Mineral-insulated, metal-sheathed cable, Type MI.
	D. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-2-THWN-2, single conductors in raceway, or Type XHHW-2, single conductors in raceway.
	E. Feeders in Cable Tray:  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, Metal-clad cable, Type MC, or Mineral-insulated, metal-sheathed cable, Type MI.
	H. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-2-THWN-2, single conductors in raceway or Type XHHW-2, single conductors in raceway.
	I. Branch Circuits in Cable Tray:  Type THHN-2-THWN-2, single conductors in raceway or Metal-clad cable, Type MC.
	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.
	K. VFC Output Circuits:  Type XHHW-2 in metal conduit or Type TC-ER cable with braided shield.

	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  "Raceways and Boxes for Electrical Systems" 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 "Hangers and Supports for Electrical Systems."
	G. Complete cable tray systems installation according to Section "Cable Trays for Electrical Systems" prior to installing conductors and cables.
	H. Bundle incoming and outgoing feeder conductors together in switchboards and wrap with wire ties 6-inches on center up to within 6-inches of their termination. Ties shall be of sufficient strength to withstand device short circuit rating.
	I. Seal around cables penetrating fire-rated elements according to Specification Section "Penetration Firestopping."

	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.
	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.
	C. Wiring at Outlets:  Install conductor at each outlet, with at least12 inches (300 mm) of slack.

	3.5 IDENTIFICATION
	A. Identify and color-code conductors and cables according to Section "Identification for 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 "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 "Penetration Firestopping."

	3.8 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. After installing conductors and cables and before electrical circuitry has been energized, test all feeders and branch circuits for compliance with requirements.
	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. Instrument:  Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values.  Provide calibration record for device.
	b. 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.


	C. 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.

	D. Cables will be considered defective if they do not pass tests and inspections.



	260523T - DLB Standard Commercial - Formatted
	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. UTP cabling.
	2. RS-485 cabling.
	3. Low-voltage control cabling.
	4. Control-circuit conductors.
	5. Identification products.


	1.3 DEFINITIONS
	A. EMI:  Electromagnetic interference.
	B. Low Voltage:  As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control and signaling power-limited circuits.
	C. Plenum:  A space forming part of the air distribution system to which one or more air ducts are connected.  An air duct is a passageway, other than a plenum, for transporting air to or from heating, ventilating, or air-conditioning equipment.
	D. RCDD:  Registered Communications Distribution Designer.
	E. UTP:  Unshielded twisted pair.

	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of product.

	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data:  For qualified layout technician, installation supervisor, and field inspector.
	B. Source quality-control reports.
	C. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications:  Member company of NETA or an NRTL.
	1. Testing Agency's Field Supervisor:  Currently certified by BICSI as an RCDD to supervise on-site testing.



	PART 2 -  PRODUCTS
	2.1 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.

	2.2 PERFORMANCE REQUIREMENTS
	A. Flame Travel and Smoke Density in Plenums:  As determined by testing identical products according to NFPA 262 by a qualified testing agency.  Identify products for installation in plenums with appropriate markings of applicable testing agency.
	1. Flame Travel Distance:  60 inches (1520 mm) or less.
	2. Peak Optical Smoke Density:  0.5 or less.
	3. Average Optical Smoke Density:  0.15 or less.

	B. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces:  As determined by testing identical products according to UL 1666.
	C. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum Building Spaces:  As determined by testing identical products according to UL 1685.

	2.3 BACKBOARDS
	A. Description:  Plywood, fire-retardant treated, 3/4 by 48 by 96 inches (19 by 1220 by 2440 mm).  Comply with requirements for plywood backing panels in Section 061000 "Rough Carpentry."
	B. Painting:  Paint plywood on all sides and edges with flat black latex paint.  Comply with requirements in Section 099123 "Interior Painting."

	2.4 UTP CABLE
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. ADC.
	2. Alpha Wire Company; a division of Belden Inc.
	3. Belden Inc.
	4. CommScope, Inc.
	5. Draka Cableteq USA.
	6. Genesis Cable Products; Honeywell International, Inc.
	7. Mohawk; a division of Belden Inc.
	8. Nexans; Berk-Tek Products.
	9. Siemon Company (The).
	10. Superior Essex Inc.
	11. SYSTIMAX Solutions; a CommScope, Inc. brand.
	12. 3M.
	13. Tyco Electronics/AMP Netconnect; Tyco International Ltd

	B. Description:  100-ohm, four-pair UTP 25-pair UTP covered with a thermoplastic jacket.
	1. Comply with ICEA S-102-700 for mechanical properties of Category 6 cables.
	2. Comply with TIA-568-C.1 for performance specifications.
	3. Comply with TIA-568-C.2, Category 6A.
	4. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with NEMA WC 66, UL 444 and NFPA 70 for the following types:
	a. Communications, Plenum Rated:  Type CMP complying with UL 1685 or Type CMP in listed plenum communications raceway.
	b. Communications, Plenum Rated:  Type CM, Type CMG, Type CMP, Type CMR, or Type CMX in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	c. Communications, Riser Rated:  Type CMR complying with UL 1666 and ICEA S-103-701.
	d. Communications, Riser Rated:  Type CMP, or Type CMR in listed plenum or riser communications raceway.
	e. Communications, Riser Rated:  Type CMP or Type CMR in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	f. Communications, General Purpose:  Type CMP
	g. Communications, General Purpose:  Type CM, Type CMG, Type CMP, Type CMR, or Type CMX in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	h. Communications, Limited Purpose:  Type CMP



	2.5 UTP CABLE HARDWARE
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. ADC.
	2. American Technology Systems Industries, Inc.
	3. Belden Inc.
	4. Dynacom Inc.
	5. Hubbell Incorporated.
	6. Leviton Commercial Networks Division.
	7. Molex Premise Networks; a division of Molex, Inc.
	8. Panduit Corp.
	9. Siemon Company (The).
	10. Tyco Electronics/AMP Netconnect; Tyco International Ltd.

	B. General Requirements for Cable Connecting Hardware:  Comply with TIA/EIA-568-C.2, IDC type, with modules designed for punch-down caps or tools.  Cables shall be terminated with connecting hardware of same category or higher.
	C. Connecting Blocks: 110-style IDC for Category 6.  Provide blocks for the number of cables terminated on the block, plus 25 percent spare.  Integral with connector bodies, including plugs and jacks where indicated.
	D. Cross-Connect:  Modular array of connecting blocks arranged to terminate building cables and permit interconnection between cables.
	1. Number of Terminals per Field:  One for each conductor in assigned cables.

	E. Patch Panel:  Modular panels housing multiple-numbered jack units with IDC-type connectors at each jack for permanent termination of pair groups of installed cables.
	1. Number of Jacks per Field:  One for each four-pair UTP cable indicated.

	F. Jacks and Jack Assemblies:  100-ohm, balanced, twisted-pair connector; four-pair, eight-position modular.  Comply with TIA/EIA-568-C.1.

	2.6 RS-485 CABLE
	A. Standard Cable:  NFPA 70, Type CMG.
	1. Paired, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned-copper conductors.
	2. PVC insulation.
	3. Unshielded.
	4. PVC jacket.
	5. Flame Resistance:  Comply with UL 1685.

	B. Plenum-Rated Cable:  NFPA 70, Type CMP.
	1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.
	2. Fluorinated ethylene propylene insulation.
	3. Unshielded.
	4. Fluorinated ethylene propylene jacket.
	5. Flame Resistance:  NFPA 262.


	2.7 LOW-VOLTAGE CONTROL CABLE
	A. Paired Cable:  NFPA 70, Type CMG.
	1. Multi-pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.
	2. PVC insulation.
	3. Unshielded.
	4. PVC jacket.
	5. Flame Resistance:  Comply with UL 1685.

	B. Plenum-Rated, Paired Cable:  NFPA 70, Type CMP.
	1. Multi-pair, twisted, No. 16 AWG, stranded (19x29)tinned-copper conductors.
	2. PVC insulation.
	3. Unshielded.
	4. PVC jacket.
	5. Flame Resistance:  Comply with NFPA 262.


	2.8 CONTROL-CIRCUIT CONDUCTORS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Encore Wire Corporation.
	2. General Cable Technologies Corporation.
	3. Southwire Company.

	B. Class 1 Control Circuits:  Stranded copper, Type THHN-2-THWN-2 in raceway, complying with UL 83.
	C. Class 2 Control Circuits:  Stranded copper, Type THHN-2-THWN-2, in raceway, complying with UL 83.
	D. Class 3 Remote-Control and Signal Circuits:  Stranded copper, Type THHN-2-THWN-2, in raceway, complying with UL 83.

	2.9 SOURCE QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to evaluate cables.
	B. Factory test UTP cables according to TIA-568-C.2.
	C. Cable will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Test cables on receipt at Project site.
	1. Test each pair of UTP cable for open and short circuits.


	3.2 INSTALLATION OF RACEWAYS AND BOXES
	A. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for raceway selection and installation requirements for boxes, conduits, and wireways as supplemented or modified in this Section.
	1. Outlet boxes shall be no smaller than 2 inches (50 mm) wide, 3 inches (75 mm) high, and 2-1/2 inches (64 mm) deep.
	2. Outlet boxes for optical-fiber cables shall be no smaller than 4 inches (102 mm) square by 2-1/8 inches (53 mm) deep with extension ring sized to bring edge of ring to within 1/8 inch (3.1 mm) of the finished wall surface.
	3. Flexible metal conduit shall not be used.

	B. Comply with TIA-569-B for pull-box sizing and length of conduit and number of bends between pull points.
	C. Install manufactured conduit sweeps and long-radius elbows if possible.
	D. Raceway Installation in Equipment Rooms:
	1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is installed, or in the corner of the room if multiple sheets of plywood are installed around perimeter walls of the room.
	2. Install cable trays to route cables if conduits cannot be located in these positions.
	3. Secure conduits to backboard if entering the room from overhead.
	4. Extend conduits 3 inches (75 mm) above finished floor.
	5. Install metal conduits with grounding bushings and connect with grounding conductor to grounding system.

	E. Backboards:  Install backboards with 96-inch (2440-mm) dimension vertical.  Butt adjacent sheets tightly and form smooth gap-free corners and joints.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Comply with NECA 1 and NFPA 70.
	B. General Requirements for Cabling:
	1. Comply with TIA-568-C Series of standards.
	2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems" and Ch. 6, "Optical Fiber Structured Cabling Systems."
	3. Terminate all conductors and optical fibers; no cable shall contain unterminated elements.  Make terminations only at indicated outlets, terminals, and cross-connect and patch panels.
	4. Cables may not be spliced.
	5. Secure and support cables at intervals not exceeding 30 inches (760 mm) and not more than 6 inches (150 mm) from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
	6. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems" and Ch. 6, "Optical Fiber Structured ...
	7. Do not install bruised, kinked, scored, deformed, or abraded cable.  Do not splice cable between termination, tap, or junction points.  Remove and discard cable if damaged during installation and replace it with new cable.
	8. Cold-Weather Installation:  Bring cable to room temperature before dereeling.  Do not use heat lamps for heating.
	9. Pulling Cable:  Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems" and Ch. 6, "Optical Fiber Structured Cabling Systems."  Monitor cable pull tensions.
	10. Support:  Do not allow cables to lay on removable ceiling tiles.
	11. Secure:  Fasten securely in place with hardware specifically designed and installed so as to not damage cables.

	C. UTP Cable Installation:
	1. Comply with TIA-568-C.2.
	2. Install termination hardware as specified in Section 271500 "Communications Horizontal Cabling" unless otherwise indicated.
	3. Do not untwist UTP cables more than 1/2 inch (12 mm) at the point of termination to maintain cable geometry.

	D. Installation of Control-Circuit Conductors:
	1. Install wiring in raceways.  Comply with requirements specified in Section 260533 "Raceways and Boxes for Electrical Systems."

	E. Optical-Fiber Cable Installation:
	1. Comply with TIA-568-C.3.
	2. Terminate cable on connecting hardware that is rack or cabinet mounted.

	F. Open-Cable Installation:
	1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating hardware and interconnection equipment.
	2. Suspend copper cable not in a wireway or pathway a minimum of 8 inches (200 mm) above ceilings by cable supports not more than 30 inches (760 mm) apart.
	3. Cable shall not be run through or on structural members or in contact with pipes, ducts, or other potentially damaging items.  Do not run cables between structural members and corrugated panels.

	G. Installation of Cable Routed Exposed under Raised Floors:
	1. Install plenum-rated cable only.
	2. Install cabling after the flooring system has been installed in raised floor areas.
	3. Below each feed point, neatly coil a minimum of 72 inches (1830 mm) of cable in a coil not less than 12 inches (305 mm) in diameter.

	H. Separation from EMI Sources:
	1. Comply with BICSI TDMM and TIA-569-B recommendations for separating unshielded copper voice and data communications cable from potential EMI sources including electrical power lines and equipment.
	2. Separation between open communications cables or cables in nonmetallic raceways and unshielded power conductors and electrical equipment shall be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA:  A minimum of 5 inches (127 mm).
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA:  A minimum of 12 inches (305 mm).
	c. Electrical Equipment or Circuit Rating More Than 5 kVA:  A minimum of 24 inches (600 mm).

	3. Separation between communications cables in grounded metallic raceways and unshielded power lines or electrical equipment shall be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA:  A minimum of 2-1/2 inches (64 mm).
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA:  A minimum of 6 inches (150 mm).
	c. Electrical Equipment or Circuit Rating More Than 5 kVA:  A minimum of 12 inches (305 mm).

	4. Separation between communications cables in grounded metallic raceways and power lines and electrical equipment located in grounded metallic conduits or enclosures shall be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA:  No requirement.
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA:  A minimum of 3 inches (75 mm).
	c. Electrical Equipment or Circuit Rating More Than 5 kVA:  A minimum of 6 inches (150 mm).

	5. Separation between Communications Cables and Electrical Motors and Transformers, 5 kVA or 5 HP and Larger:  A minimum of 48 inches (1200 mm).
	6. Separation between Communications Cables and Fluorescent Fixtures:  A minimum of 5 inches (127 mm).


	3.4 REMOVAL OF CONDUCTORS AND CABLES
	A. Remove abandoned conductors and cables.  Abandoned conductors and cables are those installed that are not terminated at equipment and are not identified for future use with a tag.

	3.5 CONTROL-CIRCUIT CONDUCTORS
	A. Minimum Conductor Sizes:
	1. Class 1 remote-control and signal circuits; No 14 AWG.
	2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG.
	3. Class 3 low-energy, remote-control, alarm, and signal circuits; No 12 AWG.


	3.6 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with TIA-569-B, Annex A, "Firestopping."
	C. Comply with BICSI TDMM, "Firestopping" Chapter.

	3.7 GROUNDING
	A. For data communication wiring, comply with ANSI-J-STD-607-A and with BICSI TDMM, "Bonding and Grounding (Earthing)" Chapter.
	B. For low-voltage control wiring and cabling, comply with requirements in Section 260526 "Grounding and Bonding for Electrical Systems."

	3.8 IDENTIFICATION
	A. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	B. Identify data and communications system components, wiring, and cabling according to TIA-606-A; label printers shall use label stocks, laminating adhesives, and inks complying with UL 969.

	3.9 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 test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspection with the assistance of a factory-authorized service representative:
	1. Visually inspect UTP cable jacket materials for UL or third-party certification markings.  Inspect cabling terminations to confirm color-coding for pin assignments, and inspect cabling connections to confirm compliance with TIA-568-C.1.
	2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.
	3. Test UTP cabling for direct-current loop resistance, shorts, opens, intermittent faults, and polarity between conductors.  Test operation of shorting bars in connection blocks.  Test cables after termination but not after cross-connection.
	a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.2.  Perform tests with a tester that complies with performance requirements in "Test Instruments (Normative)" Annex, complying with measurement accuracy specified in "Measur...


	D. Document data for each measurement.  Print data for submittals in a summary report that is formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument to the computer, save as text files, print, and submit.
	E. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.



	260526T - From 54281 - Formatted (editied for 54292)
	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 grounding and bonding systems and equipment.
	B. Section includes grounding and bonding systems and equipment, plus the following special applications:
	1. Underground distribution grounding.
	2. Foundation steel electrodes.


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

	1.4 INFORMATIONAL SUBMITTALS
	A. As-Built Data:  Plans showing dimensioned as-built locations of grounding features specified in "Field Quality Control" Article, including the following:
	1. Test wells.
	2. Ground rods.
	3. Ground rings.
	4. Grounding arrangements and connections for separately derived systems.

	B. Field quality-control reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data:  For grounding to include in emergency, operation, and maintenance manuals.
	1. In addition to items specified in Section "Operation and Maintenance Data," include the following:
	a. Instructions for periodic testing and inspection of grounding features at test wells,  and grounding connections for separately derived systems based on NETA MTS .
	1) Tests shall determine if ground-resistance or impedance values remain within specified maximums, and instructions shall recommend corrective action if values do not.
	2) Include recommended testing intervals.




	1.6 QUALITY ASSURANCE
	A. Contractor Testing Qualifications: Contractor shall be trained and certified by the Manufacturer of the grounding test equipment proposed for use on the Project.
	B. 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.
	C. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Burndy; Part of Hubbell Electrical Systems.
	2. Dossert; AFL Telecommunications LLC.
	3. ERICO International Corporation.
	4. Fushi Copperweld Inc.
	5. Galvan Industries, Inc.; Electrical Products Division, LLC.
	6. Harger Lightning and Grounding.
	7. ILSCO.
	8. O-Z/Gedney; A Brand of the EGS Electrical Group.
	9. Robbins Lightning, Inc.
	10. Siemens Power Transmission & Distribution, Inc.


	2.2 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 UL 467 for grounding and bonding materials and equipment.

	2.3 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 shall be 7 strand when installed underground or in concrete:  ASTM B 8.
	3. Tinned Conductors:  ASTM B 33.

	C. Grounding Bus:  Predrilled rectangular bars of annealed copper.  Stand-off insulators for mounting shall comply with UL 891 for use in switchboards, 600 V and shall be Lexan or PVC, impulse tested at 5000 V.

	2.4 CONNECTORS
	A. Listed and labeled by an NRTL 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.
	C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.
	D. Bus-Bar Connectors:  Mechanical type, cast silicon bronze, solderless compression-type wire terminals, and long-barrel, two-bolt connection to ground bus bar.

	2.5 GROUNDING ELECTRODES
	A. Ground Rods:  Copper-clad ; 3/4 inch by 10 feet (19 mm by 3 m).


	PART 3 -  EXECUTION
	3.1 APPLICATIONS
	A. Conductors:  Install solid conductor for No. 8AWG and smaller, and stranded conductors for No. 6 AWG and larger unless otherwise indicated.
	B. Underground Grounding Conductors:  Install bare copper conductor, No. 2/0 AWG minimum.
	1. Bury at least 24 inches (600 mm) below grade.

	C. 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 GROUNDING AT THE SERVICE
	A. Equipment grounding conductors and grounding electrode conductors shall be connected to the ground bus.  Install a main bonding jumper between the neutral and ground buses.

	3.3 GROUNDING SEPARATELY DERIVED SYSTEMS
	A. Install grounding electrode(s) at the generator location and transformer locations.  The electrode shall be connected to the equipment grounding conductor and to the frame of the generator.

	3.4 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with all feeders and branch circuits.
	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. 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.

	3.5 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 (50 mm) 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 shall be at least 12 inches (300 mm) 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 bonding so vibration is not transmitted to rigidly mounted equipment.
	3. Use exothermic-welded connectors for outdoor locations; 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. Grounding for Steel Building Structure:  Install a driven ground rod at base of each corner column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart.
	G. Concrete-Encased Grounding Electrode (Ufer Ground):  Fabricate according to NFPA 70; use a minimum of 20 feet (6 m) of bare copper conductor not smaller than No. 2/0 AWG.
	1. If concrete foundation is less than 20 feet (6 m) long, coil excess conductor within base of foundation.
	2. Bond grounding conductor to reinforcing steel in at least four locations and to anchor bolts.  Extend grounding conductor below grade and connect to building's grounding grid or to grounding electrode external to concrete.


	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. 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, at ground test wells, and at individual ground rods.  Make tests at ground rods before any co...
	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 d...

	C. Grounding system will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.
	E. 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. Panelboards Serving Electronic Equipment:  3 ohms.
	5. Substations and Pad-Mounted Equipment:  5 ohms.
	6. Manhole Grounds:  10 ohms.

	F. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:
	1. Hangers and supports for electrical equipment and systems.
	2. Construction requirements for concrete bases.

	B. Related Sections include the following:
	1. Section "Seismic Controls for Electrical Systems" for products and installation requirements necessary for compliance with seismic criteria.


	1.3 DEFINITIONS
	A. EMT:  Electrical metallic tubing.
	B. RMC:  Rigid metal conduit.

	1.4 PERFORMANCE REQUIREMENTS
	A. Design supports for multiple raceways capable of supporting combined weight of supported systems and its contents.
	B. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
	C. 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.

	1.5 ACTION SUBMITTALS
	A. Product Data:  For the following:
	1. Steel slotted support systems.
	2. Nonmetallic slotted support systems.

	B. Shop Drawings:  Signed and sealed by a qualified professional engineer. 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. Nonmetallic slotted channel systems.  Include Product Data for components.
	4. Equipment supports.


	1.6 INFORMATIONAL SUBMITTALS
	A. Welding certificates.

	1.7 QUALITY ASSURANCE
	A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Comply with NFPA 70.

	1.8 COORDINATION
	A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified together with concrete Specifications.
	B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are specified in Section "Roof Accessories."


	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. 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.

	2. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.
	3. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating applied according to MFMA-4.
	4. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-4.
	5. 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.  Not for use in lightweigh...
	a. 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) Other "Approved" manufacturer in accordance with Specification Requirements.


	2. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated 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. 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) Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS Type 18; complying with MFMA-4 or MSS SP-58.


	3. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached structural element.
	4. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325.
	5. Toggle Bolts:  All-steel springhead type.
	6. 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 "Metal Fabrications" for steel shapes and plates.

	2.3 SUPPORT SYSTEMS NOT PERMITTED
	A. Unless specifically indicated otherwise, or in accordance with the National Electrical Code and with the written permission of the Engineer, the following means of securing or supporting shall not be used.
	B. Cables and raceways shall not be secured to or supported by ceiling grids.
	C. Cables and raceways shall not be secured to or supported by ceiling support assemblies, including ceiling support wires and rods.
	D. Cables and raceways shall not be used as a means to support other cables and raceways.
	E. Cables, raceways and electrical equipment shall not be secured to or supported by piping, ductwork or equipment of other trades.


	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, and RMC as scheduled in NECA 1, where its Table 1 lists maximum spacings less than stated in NFPA 70.  Minimum rod size shall be 1/4 inch (6 mm) in diameter.
	C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted or other 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 (38-mm) and smaller raceways serving branch circuits and communication systems above suspended ceilings and for fastening raceways to trapeze suppo...

	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 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 (100 mm) thick or greater.  Do not use for anchorage to lightweight-aggregate concrete...
	6. To Steel:  Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69 Spring-tension clamps.
	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 "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 (100 mm) 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 (20.7-MPa), 28-day compressive-strength concrete.  Concrete materials, reinforcement, and placement requirements are specified in Section "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 (0.05 mm).

	B. Touchup:  Comply with requirements in Section "Interior Painting" and Section "High Performance Coatings" for cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal.
	C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal conduits, tubing, and fittings.
	2. Nonmetal conduits, tubing, and fittings.
	3. Metal wireways and auxiliary gutters.
	4. Surface raceways.
	5. Boxes, enclosures, and cabinets.


	1.3 DEFINITIONS
	A. EMT:  Electrical metallic tubing.
	B. FMC:  Flexible metal conduit.
	C. GRC:  Galvanized rigid steel conduit.
	D. LFMC:  Liquid tight flexible metal conduit.

	1.4 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.

	1.5 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.

	B. Qualification Data:  For professional engineer.
	C. Seismic Qualification Certificates:  For enclosures, cabinets, and conduit racks and their mounting provisions, including those for internal components, from manufacturer.
	1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.
	4. Detailed description of conduit support devices and interconnections on which the certification is based and their installation requirements.

	D. Source quality-control reports.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS, TUBING, AND FITTINGS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. AFC Cable Systems, Inc.
	2. Allied Tube & Conduit.
	3. Electri-Flex Company.
	4. O-Z/Gedney.
	5. Southwire Company.
	6. Thomas & Betts Corporation.
	7. Wheatland Tube Company.

	B. 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.
	C. GRC:  Comply with ANSI C80.1 and UL 6.
	D. EMT:  Comply with ANSI C80.3 and UL 797.
	E. FMC:  Comply with UL 1; zinc-coated steel.
	F. LFMC:  Flexible steel conduit with PVC jacket and complying with UL 360.
	G. 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.

	H. Joint Compound for GRC:  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 conductivity.

	2.2 METAL WIREWAYS AND AUXILIARY GUTTERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Cooper B-Line, Inc.
	2. Hoffman.
	3. Mono-Systems, Inc.
	4. Square D.

	B. Description:  Sheet metal, complying with UL 870 and NEMA 250, Type 1 Type 3R Type 4 Type 12 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.

	C. 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.
	D. Wireway Covers:  Hinged type or Flanged-and-gasketed type unless otherwise indicated.
	E. Finish:  Manufacturer's standard enamel finish.

	2.3 SURFACE RACEWAYS
	A. Listing and Labeling:  Surface raceways 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.  Manufacturer's standard enamel finish in color selected by Architect.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Mono-Systems, Inc.
	b. Panduit Corp.
	c. Wiremold / Legrand.


	C. Surface Nonmetallic Raceways:  Two- or three-piece construction, complying with UL 5A, and manufactured of rigid PVC with texture and color selected by Architect from manufacturers standard colors.  Product shall comply with UL 94 V-0 requirements ...
	1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	a. Hubbell Incorporated.
	b. Mono-Systems, Inc.
	c. Panduit Corp.
	d. Wiremold / Legrand.



	2.4 BOXES, ENCLOSURES, AND CABINETS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Adalet.
	2. Cooper Technologies Company; Cooper Crouse-Hinds.
	3. EGS/Appleton Electric.
	4. Erickson Electrical Equipment Company.
	5. FSR Inc.
	6. Hoffman.
	7. Hubbell Incorporated.
	8. Mono-Systems, Inc.
	9. O-Z/Gedney.
	10. RACO; Hubbell.
	11. Spring City Electrical Manufacturing Company.
	12. Thomas & Betts Corporation.
	13. Wiremold / Legrand.

	B. General Requirements for Boxes, Enclosures, and Cabinets:  Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.
	C. Sheet Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A.
	D. Cast-Metal Outlet and Device Boxes:  Comply with NEMA FB 1, ferrous alloy, Type FD, with gasketed cover.
	E. Metal Floor Boxes:
	1. Material:  Cast metal in slabs on or below grade or concrete-tight sheet metal in slabs above grade.
	2. Type:  Fully adjustable flush.
	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.
	5. Poke-through round flush devices on second floor.

	F. Floor Box Covers and Flanges:  Cast aluminum; black, gray, brass, aluminum, or ivory finish unless otherwise indicated or directed by architect.
	G. Luminaire Outlet Boxes:  Nonadjustable, designed for attachment of luminaire weighing 50 lb (23 kg).  Outlet boxes designed for attachment of luminaires weighing more than 50 lb (23 kg) shall be listed and marked for the maximum allowable weight.
	H. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.
	I. Cast-Metal Access, Pull, and Junction Boxes:  Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.
	J. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	K. Device Box Dimensions:  4 inches square by 2-1/8 inches deep (100 mm square by 60 mm deep).
	L. Gangable boxes are not allowed.
	M. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, 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.

	N. Cabinets:
	1. NEMA 250, Type 1 Type 3R Type 12 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.



	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors:  Apply raceway products as specified below unless otherwise indicated:
	1. Exposed Conduit:  GRC.
	2. Concealed Conduit, Aboveground:  GRC, RNC, Type EPC-40-PVC.
	3. Underground Conduit:  RNC, Type EPC-40-PVC, Schedule 80 under roadways and parking lots.
	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 unless otherwise indicated.

	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:
	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.
	8. Existing Masonry In Finished Areas Walls: Surface Metal Raceway with associated boxes and fittings.

	C. Minimum Raceway Size:  3/4-inch (21-mm) trade size.
	D. Raceway Fittings:  Compatible with raceways and suitable for use and location.
	1. Rigid  Steel Conduit:  Use threaded rigid steel conduit fittings unless otherwise indicated.  Comply with NEMA FB 2.10.
	2. EMT:  Use setscrew, steel fittings.  Comply with NEMA FB 2.10.
	3. Flexible Conduit:  Use only fittings listed for use with flexible conduit.  Comply with NEMA FB 2.20.

	E. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C).

	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 (150 mm) away from parallel runs of flues and steam or hot-water pipes.  Install horizontal raceway runs above water and steam piping.
	C. Complete raceway installation before starting conductor installation.
	D. Comply with requirements in Section "Hangers and Supports for Electrical Systems" for hangers and supports.
	E. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	F. 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 (300 mm) of changes in direction.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.  Install conduits parallel or perpendicular to building lines.
	H. Support conduit within 12 inches (300 mm)of enclosures to which attached.
	I. Raceways Embedded in Slabs:
	1. Run conduit larger than 1-inch (27-mm) 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 (3-m)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 (50 mm) of concrete cover in all directions.
	4. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.

	J. Stub-ups to Above Recessed Ceilings:
	1. Use EMT, or RMC for raceways.
	2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.

	K. 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.
	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 (35mm) trade size and insulated throat metal bushings on 1-1/2-inch (41-mm) trade size and la...
	N. Install raceways square to the enclosure and terminate at enclosures with locknuts.  Install locknuts hand tight plus 1/4 turn more.
	O. Do not rely on locknuts to penetrate nonconductive coatings on enclosures.  Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.
	P. Cut conduit perpendicular to the length.  For conduits 2-inch (53-mm) trade size and larger, use roll cutter or a guide to make cut straight and perpendicular to the length.
	Q. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end of pull wire.  Cap underground raceways designated as ...
	R. Surface Raceways:
	1. Install surface raceway with a minimum 2-inch (50-mm)radius control at bend points.
	2. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 48 inches (1200 mm) and with no less than two supports per straight raceway section.  Support surface raceway according to manufacturer's written instruction...

	S. 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...
	T. 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.

	U. Flexible Conduit Connections:  Comply with NEMA RV 3.  Use a maximum of 72 inches (1830 mm) 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.

	V. 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.
	W. 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 box and cover plate or su...
	X. Recessed Boxes in Fire Rated Walls and Partitions:  Provide steel electrical boxes or listed electrical boxes in maximum two-hour fire-resistant walls and partitions in accordance with International Building Code “Penetrations”.
	1. Steel electrical boxes shall not exceed the area specified in International Building Code “Penetrations”.  The maximum membrane penetration shall not exceed the maximum area per unit area of wall or partition specified in International Building Cod...
	2. Listed electrical boxes shall be installed in accordance with the instructions included in the listing.
	3. Electrical boxes in opposite sides of fire-resistant walls and partitions with a maximum two-hour rating shall be steel and shall be separated as specified in International Building Code “Penetrations”.

	Y. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	Z. Locate boxes so that cover or plate will not span different building finishes.
	AA. Use suitable boxes and flanges for wood, carpet, and tile floor.  Allow for movement of wood floors.
	BB. 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.
	CC. Fasten junction and pull boxes to or support from building structure.  Do not support boxes by conduits.
	DD. Set metal floor boxes level and 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  "Earth Moving" for pipe less than 6 inches (150 mm) in nominal diameter.
	2. Install backfill as specified in Section "Earth Moving."
	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-ups at poles and equipment and at building entrances through floor unless otherwise indicated.  Encase elbows for stub-up ducts throughout length of elbow.
	a. 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 (1500 mm) from edge of foundation or equipment base.  Install insulated groundin...

	5. Underground Warning Tape:  Comply with requirements in Section  "Identification for Electrical Systems."


	3.4 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 "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.5 FIRESTOPPING
	A. Install firestopping at penetrations of fire-rated floor and wall assemblies.  Comply with requirements in Section "Penetration Firestopping."

	3.6 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.
	1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
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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. 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.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	1. Include construction details, material descriptions, dimensions of individual components and profiles, and finishes for electrical identification products.

	B. Identification Schedule: For each piece of electrical equipment and electrical system components to be an index of nomenclature for electrical equipment and system components used in identification signs and labels. Use same designations indicated ...


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Comply with ASME 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.

	2.2 COLOR AND LEGEND REQUIREMENTS
	A. Raceways and Cables Carrying Circuits at 600 V or Less:
	1. Black letters on an orange field.
	2. Legend: Indicate voltage and system.

	B. Warning labels and signs 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 (915 MM)."


	2.3 LABELS
	A. Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted, flexible labels laminated with a clear, weather- and chemical-resistant coating and matching wraparound clear adhesive tape for securing label ends.
	1.

	B. Self-Adhesive Labels:
	1. Preprinted, 3-mil- (0.08-mm-) thick, polyester flexible label with acrylic pressure-sensitive adhesive.
	a. Self-Lamination: Clear; UV-, weather- and chemical-resistant; self-laminating, protective shield over the legend. Labels sized to fit the raceway diameter, such that the clear shield overlaps the entire printed legend.

	2. Polyester, thermal, transfer-printed, 3-mil- (0.08-mm-) thick, multicolor, weather- and UV-resistant, pressure-sensitive adhesive labels, configured for display on front cover, door, or other access to equipment unless otherwise indicated.
	a. Nominal Size: 3.5-by-5-inch (76-by-127-mm).

	3. Marker for Tags: Machine-printed, permanent, waterproof, black ink recommended by printer manufacturer.


	2.4 BANDS AND TUBES:
	A. Heat-Shrink Preprinted Tubes: Flame-retardant polyolefin tubes with machine-printed identification labels, sized to suit diameters of and shrunk to fit firmly around cables they identify. Full shrink recovery occurs at a maximum of 200 deg F (93 de...

	2.5 TAPES AND STENCILS:
	A. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	B. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; not less than 3 mils (0.08 mm) thick by 1 to 2 inches (25 to 50 mm) wide; compounded for outdoor use.
	C. Floor Marking Tape: 2-inch- (50-mm-) wide, 5-mil (0.125-mm) pressure-sensitive vinyl tape, with yellow and black stripes and clear vinyl overlay.
	D. Underground-Line Warning Tape
	1. Tape:
	a. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical lines.
	b. Printing on tape shall be permanent and shall not be damaged by burial operations.
	c. Tape material and ink shall be chemically inert and not subject to degradation when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	2. Color and Printing:
	a. Comply with ANSI Z535.1, ANSI Z535.2, ANSI Z535.3, ANSI Z535.4, and ANSI Z535.5.
	b. Inscriptions for Red-Colored Tapes: "ELECTRIC LINE".

	3. Type:
	a. Detectable three-layer laminate, consisting of a printed pigmented polyolefin film, a solid aluminum-foil core, and a clear protective film that allows inspection of the continuity of the conductive core; bright colored, continuous-printed on one s...
	b. Width: 3 inches (75 mm).
	c. Overall Thickness: 5 mils (0.125 mm).
	d. Foil Core Thickness: 0.35 mil (0.00889 mm).
	e. Weight: 28 lb/1000 sq. ft. (13.7 kg/100 sq. m).
	f. Tensile according to ASTM D 882: 70 lbf (311.3 N) and 4600 psi (31.7 MPa).



	2.6 Signs
	A. Baked-Enamel Signs:
	1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for application.
	2. 1/4-inch (6.4-mm) grommets in corners for mounting.
	3. Nominal Size: 7 by 10 inches (180 by 250 mm).


	2.7 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Paint: Comply with requirements in painting Sections for paint materials and application requirements. Retain 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 PREPARATION
	A. Self-Adhesive Identification Products: Before applying electrical identification products, clean substrates of substances that could impair bond, using materials and methods recommended by manufacturer of identification product.

	3.2 INSTALLATION
	A. Verify and coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and operation and maintenance ...
	B. Install identifying devices before installing acoustical ceilings and similar concealment.
	C. Verify identity of each item before installing identification products.
	D. Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment. Install access doors or panels to provide view of identifying devices.
	E. Apply identification devices to surfaces that require finish after completing finish work.
	F. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
	G. Attach plastic raceway and cable labels that are not self-adhesive type with clear vinyl tape, with adhesive appropriate to the location and substrate.
	H. 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...
	I. During backfilling of trenches, install continuous underground-line warning tape directly above cable or raceway at 6 to 8 inches (150 to 200 mm) below finished grade. Use multiple tapes where width of multiple lines installed in a common trench ex...

	3.3 IDENTIFICATION SCHEDULE
	A. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch Circuits, More Than 30 A and 120 V to Ground: Identify with self-adhesive vinyl label. Install labels at 30-foot (10-m) maximum intervals.
	B. Power-Circuit Conductor Identification, 600 V or Less: For conductors in vaults, pull and junction boxes, manholes, and handholes, use color-coding conductor tape to identify the phase.
	1. Color-Coding for Phase- and Voltage-Level Identification, 600 V or Less: Use colors listed below for ungrounded feeder conductors.
	a. Color shall be factory applied or field applied for sizes larger than No. 8 AWG if authorities having jurisdiction permit.
	b. Colors for 208/120-V Circuits:
	1) Phase A: Black.
	2) Phase B: Red.
	3) Phase C: Blue.

	c. Colors for 480/277-V Circuits:
	1) Phase A: Brown.
	2) Phase B: Orange.
	3) Phase C: Yellow.

	d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a minimum distance of 6 inches (150 mm) from terminal points and in boxes where splices or taps are made. Apply last two turns of tape with no tension to prevent possible un...


	C. Install instructional sign, including the color code for grounded and ungrounded conductors using adhesive-film-type labels.
	D. Control-Circuit Conductor Identification: For conductors and cables in pull and junction boxes, manholes, and handholes, use self-adhesive, self-laminating polyester labels with the conductor or cable designation, origin, and destination.
	E. Control-Circuit Conductor Termination Identification: For identification at terminations, provide heat-shrink preprinted tubes or self-adhesive, self-laminating polyester labels with the conductor designation.
	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 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. Install underground-line warning tape for direct-buried cables and cables in raceways.

	H. Workspace Indication: Install floor marking tape to show working clearances in the direction of access to live parts. Workspace shall comply with NFPA 70 and 29 CFR 1926.403 unless otherwise indicated. Do not install at flush-mounted panelboards an...
	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. 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. Equipment Identification Labels: On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and operation and maintenance manual. Apply labels to disconnect switches and protection equipment. Sys...
	1. Labeling Instructions:
	a. Indoor Equipment:  Engraved, laminated acrylic or melamine plastic label, punched or drilled for mechanical fasteners. Unless otherwise indicated, provide a single line of text with 1/2-inch- 13-mm-)high letters on 1-1/2-inch- (38-mm-) high label; ...
	b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label.
	c. Elevated Components: Increase sizes of labels and letters to those appropriate for viewing from the floor.
	d. Unless labels are provided with self-adhesive means of attachment, fasten them with appropriate mechanical fasteners that do not change the NEMA or NRTL rating of the enclosure.

	2. Equipment To Be Labeled:
	a. Panelboards: Typewritten directory of circuits in the location provided by panelboard manufacturer. Panelboard identification shall be in the form of a engraved, laminated acrylic or melamine label.
	b. Enclosed switches.
	c. Push-button stations.
	d. Monitoring and control equipment.
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	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Receptacles, receptacles with integral GFCI, and associated device plates.
	2. Twist-locking receptacles.
	3. Tamper-resistant receptacles.
	4. Weather-resistant receptacles.
	5. Snap switches and wall-box dimmers.
	6. Solid-state fan speed controls.
	7. Communications outlets.
	8. Pendant cord-connector devices.
	9. Cord and plug sets.


	1.3 DEFINITIONS
	A. EMI:  Electromagnetic interference.
	B. GFCI:  Ground-fault circuit interrupter.
	C. Pigtail:  Short lead used to connect a device to a branch-circuit conductor.
	D. RFI:  Radio-frequency interference.
	E. UTP:  Unshielded twisted pair.

	1.4 ADMINISTRATIVE REQUIREMENTS
	A. Coordination:
	1. Receptacles for Owner-Furnished Equipment:  Match plug configurations.
	2. Cord and Plug Sets:  Match equipment requirements.


	1.5 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.
	C. Samples:  One for each type of device and wall plate specified, in each color specified.

	1.6 INFORMATIONAL SUBMITTALS
	A. Field quality-control reports.

	1.7 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data:  For wiring devices to include in all manufacturers' packing-label warnings and instruction manuals that include labeling conditions.


	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).


	B. Tamper-Resistant Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 Configuration 5-20R, UL 498 Supplement sd, and FS W-C-596.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; TR8300.
	b. Hubbell; HBL8300SGA.
	c. Leviton; 8300-SGG.
	d. Pass & Seymour; TR63H.

	2. Description:  Labeled shall comply with NFPA 70, "Health Care Facilities" Article, "Pediatric Locations" Section.


	2.4 GFCI RECEPTACLES
	A. General Description:
	1. Straight blade, non-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.


	C. Tamper-Resistant GFCI Convenience Receptacles, 125 V, 20 A:
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Hubbell; GFTR20.
	b. Pass & Seymour; 2095TR.



	2.5 TWIST-LOCKING RECEPTACLES
	A. Single Convenience Receptacles, 125 V, 20 A:  Comply with NEMA WD 1, NEMA WD 6 Configuration L5-20R, and UL 498.
	1. Products:  Subject to compliance with requirements, provide one of the following:
	a. Cooper; CWL520R.
	b. Hubbell; HBL2310.
	c. Leviton; 2310.
	d. Pass & Seymour; L520-R.



	2.6 PENDANT CORD-CONNECTOR DEVICES
	A. Description:
	1. Matching, locking-type plug and receptacle body connector.
	2. NEMA WD 6 Configurations L5-20P and L5-20R, heavy-duty grade, and FS W-C-596.
	3. Body:  Nylon, with screw-open, cable-gripping jaws and provision for attaching external cable grip.
	4. External Cable Grip:  Woven wire-mesh type made of high-strength, galvanized-steel wire strand, matched to cable diameter, and with attachment provision designed for corresponding connector.


	2.7 CORD AND PLUG SETS
	A. Description:
	1. Match voltage and current ratings and number of conductors to requirements of equipment being connected.
	2. Cord:  Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket; with green-insulated grounding conductor and ampacity of at least 130 percent of the equipment rating.
	3. Plug:  Nylon body and integral cable-clamping jaws.  Match cord and receptacle type for connection.


	2.8 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.

	E. Single-Pole, Double-Throw, Momentary-Contact, Center-off Switches:  24VAC/VDC, 3 A; for use with lighting relay pack
	1. Products: Subject to compliance with requirements, provide one of the following:
	a. WattStopper: LVS-1



	2.9 WALL-BOX DIMMERS
	A. Dimmer Switches:  Modular, full-wave, solid-state units with integral, quiet on-off switches, with audible frequency and EMI/RFI suppression filters.
	B. Control:  Continuously adjustable slider toggle switch; with single-pole or three-way switching.  Comply with UL 1472.
	1. 600 W; dimmers shall require no derating when ganged with other devices.  Illuminated when "off."
	2. As noted on Drawings.

	C. Fluorescent Lamp Dimmer Switches:  Modular; compatible with dimmer ballasts; trim potentiometer to adjust low-end dimming; dimmer-ballast combination capable of consistent dimming with low end not greater than 20 percent of full brightness.

	2.10 WALL PLATES
	A. Single and combination types shall match corresponding wiring devices.
	1. Plate-Securing Screws:  Metal with head color to match plate finish.
	2. Material for Finished Spaces:  0.035-inch- (1-mm-) thick, satin-finished, Type 302 stainless steel.
	3. Material for Unfinished Spaces:  Galvanized steel.
	4. Material for Damp Locations:  Cast aluminum with spring-loaded lift cover, and listed and labeled for use in wet and damp locations.

	B. Wet-Location, Weatherproof Cover Plates:  NEMA 250, complying with Type 3R, weather-resistant, die-cast aluminum with lockable cover.

	2.11 PREFABRICATED MULTIOUTLET ASSEMBLIES
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Hubbell Incorporated; Wiring Device-Kellems.
	2. Wiremold/Legrand.

	B. Description:
	1. Two-piece surface metal raceway, with factory-wired multioutlet harness.
	2. Components shall be products from single manufacturer designed for use as a complete, matching assembly of raceways and receptacles.

	C. Raceway Material:  Metal, with manufacturer's standard finish.
	D. Multioutlet Harness:
	1. Receptacles:  15-A, 125-V, NEMA WD 6 Configuration 5-15R receptacles complying with NEMA WD 1, UL 498, and FS W-C-596.
	2. Receptacle Spacing:  9 inches (230 mm).
	3. Wiring:  No. 12 AWG solid, Type THHN copper, single circuit.


	2.12 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.
	2. Wiring Devices Connected to Emergency Power System:  Red.
	3. TVSS Devices:  Blue.

	B. Wall Plate Color:  For plastic covers, match device 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 (152 mm) 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 up, 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. 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.
	H. Adjust locations of floor service outlets and 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 IDENTIFICATION
	A. Comply with Section "Identification for Electrical Systems."
	B. Identify each receptacle with panelboard identification and circuit number.  Use hot, stamped, or engraved machine printing with black-filled lettering on face of plate, and durable wire markers or tags inside outlet boxes.

	3.4 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.
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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 other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Fusible switches.
	2. Nonfusible switches.
	3. Molded-case circuit breakers (MCCBs).
	4. Enclosures.


	1.3 DEFINITIONS
	A. NC:  Normally closed.
	B. NO:  Normally open.
	C. SPDT:  Single pole, double throw.

	1.4 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 and units that are part of an Emergency or Legally Required Standby System will remain fully op...


	1.5 ACTION SUBMITTALS
	A. Product Data:  For each type of enclosed switch, circuit breaker, accessory, and component indicated.  Include dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical characteristics, rating...
	1. Enclosure types and details for types other than NEMA 250, Type 1.
	2. Current and voltage ratings.
	3. Short-circuit current ratings (interrupting and withstand, as appropriate).
	4. Include evidence of NRTL listing for series rating of installed devices.
	5. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices, accessories, and auxiliary components.
	6. Include computer software generated time-current coordination curves for each type and rating of overcurrent protective device required to be selectively coordinated by NFPA 70.

	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.


	1.6 INFORMATIONAL SUBMITTALS
	A. Seismic Qualification Certificates:  For enclosed switches and circuit breakers, accessories, and components, from manufacturer.
	1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

	B. Field quality-control reports.
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Results of failed tests and corrective action taken to achieve test results that comply with requirements.

	C. Manufacturer's field service report.

	1.7 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data:  For enclosed switches and circuit breakers to include in emergency, operation, and maintenance manuals.  In addition to items specified in Section "Operation and Maintenance Data," include the following:
	1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit breakers.
	2. Computer software generated time-current coordination curves and “As Left” trip settings for each type and rating of overcurrent protective device required to be selectively coordinated by NFPA 70


	1.8 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. Fuses:  Equal to 10 percent of quantity installed for each size and type, but no fewer than three of each size and type.
	2. Fuse Pullers:  Two for each size and type.


	1.9 QUALITY ASSURANCE
	A. Testing Agency Qualifications:  Member Company of NETA or an NRTL.
	1. Testing Agency's Field Supervisor:  Currently certified by NETA to supervise on-site testing.

	B. Source Limitations:  Obtain enclosed switches and circuit breakers, overcurrent protective devices, components, and accessories, within same product category, from single source from single manufacturer.
	C. Product Selection for Restricted Space:  Drawings indicate maximum dimensions for enclosed switches and circuit breakers, including clearances between enclosures, and adjacent surfaces and other items.  Comply with indicated maximum dimensions.
	D. 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.
	E. Comply with NFPA 70.

	1.10 PROJECT CONDITIONS
	A. Environmental Limitations:  Rate equipment for continuous operation under the following conditions unless otherwise indicated:
	1. Ambient Temperature:  Not less than minus 22 deg F (minus 30 deg C) and not exceeding 104 deg F (40 deg C).
	2. Altitude:  Not exceeding 6600 feet (2010 m).


	1.11 COORDINATION
	A. Coordinate layout and installation of switches, circuit breakers, and components with equipment served and adjacent surfaces.  Maintain required workspace clearances and required clearances for equipment access doors and panels.


	PART 2 -  PRODUCTS
	2.1 FUSIBLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. 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 specified fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in...
	C. 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 specified fuses, lockable handle with capability to accept three padlocks, and interlocked with...
	D. Type HD, Heavy Duty, Double Throw, 600-V ac, 1200 A and Smaller:  UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with capability to accept three padlocks, and interlocked with cover in...
	E. Accessories:
	1. Equipment Ground Kit:  Internally mounted and labeled for copper ground conductors.
	2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for copper neutral conductors.
	3. Class R Fuse Kit:  Provides rejection of other fuse types when Class R fuses are specified.
	4. Lugs:  Mechanical type, suitable for number, size, and conductor material.


	2.2 NONFUSIBLE SWITCHES
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. 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.
	C. 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.
	D. Accessories:
	1. Equipment Ground Kit:  Internally mounted and labeled for copper ground conductors.
	2. Neutral Kit:  Internally mounted; insulated, capable of being grounded and bonded; labeled for copper neutral conductors.
	3. Lugs:  Mechanical type, suitable for number, size, and conductor material.

	E. Manufacturers:  Subject to compliance with requirements, provide products 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.
	4. Square D; a brand of Schneider Electric.

	F. General Requirements:  Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply with available fault currents.
	G. 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.
	H. Adjustable, Instantaneous-Trip Circuit Breakers:  Magnetic trip element with front-mounted, field-adjustable trip setting.
	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.

	I. Current-Limiting Circuit Breakers:  Frame sizes 400 A and smaller, and let-through ratings less than NEMA FU 1, RK-5.
	J. Integrally Fused Circuit Breakers:  Thermal-magnetic trip element with integral limiter-style fuse listed for use with circuit breaker and trip activation on fuse opening or on opening of fuse compartment door.
	K. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers:  Single- and two-pole configurations with Class A ground-fault protection (6-mA trip).
	L. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers:  With Class B ground-fault protection (30-mA trip).
	M. Features and Accessories:
	1. Standard frame sizes, trip ratings, and number of poles.
	2. Lugs:  Mechanical type, 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. Communication Capability:  Integral communication module with functions and features compatible with power monitoring and control system,.
	6. Shunt Trip:  Trip coil energized from separate circuit, with coil-clearing contact.
	7. Undervoltage Trip:  Set to operate at 35 to 75 percent of rated voltage without intentional time delay.
	8. 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.
	9. Alarm Switch:  One NO contact that operates only when circuit breaker has tripped.
	10. Electrical Operator:  Provide remote control for on, off, and reset operations.
	11. Accessory Control Power Voltage:  Integrally mounted, self-powered; 120-V ac.

	N. 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. Kitchen and Wash-Down Areas:  NEMA 250, Type 4X, stainless steel.
	4. Other Wet or Damp, Indoor Locations:  NEMA 250, Type 4.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with installation tolerances and other conditions affecting performance of the Work.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 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 Section "Seismic Controls for Electrical Systems."
	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.

	3.3 IDENTIFICATION
	A. Comply with requirements in Section "Identification for 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.


	3.4 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. 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.
	3. Perform the following infrared scan tests and inspections and prepare reports:
	a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each enclosed switch and circuit breaker.  Remove front panels so joints and connections are accessible to porta...
	b. Instruments and Equipment:  Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values.  Provide calibration record for device.

	4. Test and adjust controls, remote monitoring, and safeties.  Replace damaged and malfunctioning controls and equipment.

	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 ...

	3.5 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.
	B. Set field-adjustable circuit-breaker trip ranges as per the overcurrent protective device coordination study.
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	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section includes structural steel.

	1.2 DEFINITIONS
	A. Structural Steel:  Elements of structural-steel frame, as classified by AISC 303, "Code of Standard Practice for Steel Buildings and Bridges."

	1.3 PERFORMANCE REQUIREMENTS
	A. Connections:  Provide details of simple shear connections required by the Contract Documents to be selected or completed by structural-steel fabricator to withstand loads indicated and comply with other information and restrictions indicated.
	1. Select and complete connections using schematic details where indicated and AISC 360.
	2. Use ASD; data are given at service-load level.


	1.4 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  Show fabrication of structural-steel components. Submit signed and sealed connection calculations and Connection Standards along with shop drawings. Connections not specifically detailed on the Contract Drawings are to be designed u...
	C. Qualification Data:  For qualified Installer, fabricator and testing agency.
	D. Welding certificates.
	E. Mill test reports for structural steel, including chemical and physical properties.
	F. Source quality-control reports.

	1.5 CONNECTION DESIGN AND MEMBER DETAILING
	1.6 QUALITY ASSURANCE
	A. Fabricator Qualifications:  Company specializing in structural steel fabrication having a minimum of 5 years documented, successful experience with work comparable to the Work of this Project.
	B. Installer Qualifications:   Minimum of 5 years documented, successful experience with work comparable to the Work of this Project.
	C. Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	D. Comply with applicable provisions of the following specifications and documents:
	1. AISC 303.
	2. AISC 360.
	3. RCSC's "Specification for Structural Joints Using ASTM A 325 or A 490 Bolts."


	1.7 TEMPORARY BRACING
	1.8 PROJECT CONDITIONS

	PART 2 -  PRODUCTS
	2.1 FABRICATION
	A. Structural Steel:  Fabricate and assemble in shop to greatest extent possible.  Fabricate according to AISC's "Code of Standard Practice for Steel Buildings and Bridges" and AISC 360.
	B. Shear Connectors:  Prepare steel surfaces as recommended by manufacturer of shear connectors.  Use automatic end welding of headed-stud shear connectors according to AWS D1.1/D1.1M and manufacturer's written instructions.

	2.2 SHOP CONNECTIONS
	A. High-Strength Bolts:  Shop install high-strength bolts according to RCSC's "Specification for Structural Joints Using ASTM A 325 or A 490 Bolts" for type of bolt and type of joint specified.
	1. Joint Type:  Snug tightened for all gravity only members, slip critical for all braced bay and wind girts members.

	B. Weld Connections:  Comply with AWS D1.1/D1.1M for tolerances, appearances, welding procedure specifications, weld quality, and methods used in correcting welding work.

	2.3 SHOP PRIMING
	A. Shop prime steel surfaces except the following:
	1. Surfaces embedded in concrete or mortar.  Extend priming of partially embedded members to a depth of 2 inches (50 mm).
	2. Surfaces to be field welded.
	3. Surfaces to be high-strength bolted with slip-critical connections.
	4. Surfaces to receive sprayed fire-resistive materials (applied fireproofing).\
	5. Beam flanges to receive shear studs.
	6. Galvanized surfaces.

	B. Surface Preparation:  Clean surfaces to be painted.  Remove loose rust and mill scale and spatter, slag, or flux deposits.  Prepare surfaces according to the following specifications and standards:
	1. SSPC-SP 2, "Hand Tool Cleaning."
	2. SSPC-SP 3, "Power Tool Cleaning."

	C. Priming:  Immediately after surface preparation, apply primer according to manufacturer's written instructions and at rate recommended by SSPC to provide a minimum dry film thickness of 1.5 mils (0.038 mm).  Use priming methods that result in full ...


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Verify, with steel Erector present, elevations of braces surfaces and locations for compliance with requirements.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 ERECTION
	A. Set structural steel accurately in locations and to elevations indicated and according to AISC 303 and AISC 360.
	B. Base Leveling Plates and Base Plates:  Clean concrete- and masonry-bearing surfaces of bond-reducing materials, and roughen surfaces prior to setting plates.  Clean bottom surface of plates.
	1. Set plates for structural members on wedges, shims, or setting nuts as required.
	2. Weld plate washers to top of baseplate.
	3. Snug-tighten anchor rods after supported members have been positioned and plumbed.  Do not remove wedges or shims but, if protruding, cut off flush with edge of plate before packing with grout.
	4. Promptly pack grout solidly between bearing surfaces and plates so no voids remain.  Neatly finish exposed surfaces; protect grout and allow to cure. Comply with manufacturer's written installation instructions for shrinkage-resistant grouts.

	C. Maintain erection tolerances of structural steel within AISC's "Code of Standard Practice for Steel Buildings and Bridges."

	3.3 FIELD CONNECTIONS
	A. High-Strength Bolts:  Install high-strength bolts according to RCSC's "Specification for Structural Joints Using ASTM A 325 or A 490 Bolts" for type of bolt and type of joint specified.
	1. Joint Type: Snug Tightened for gravity only members and Slip critical for wind girts and braced bay members or any members subject to tension.

	B. Weld Connections:  Comply with AWS D1.1/D1.1M[ for tolerances, appearances, welding procedure specifications, weld quality, and methods used in correcting welding work.
	1. Comply with AISC 303 and AISC 360 for bearing, alignment, adequacy of temporary connections, and removal of paint on surfaces adjacent to field welds.


	3.4 FIELD QUALITY CONTROL
	A. Testing Agency:  Owner will engage a qualified independent testing and inspecting agency to inspect field welds and high-strength bolted connections].
	B. Bolted Connections:  Bolted connections will be tested and inspected according to RCSC's "Specification for Structural Joints Using ASTM A 325 or A 490 Bolts."
	C. Welded Connections:  Field welds will be visually inspected according to AWS D1.1/D1.1M.
	D. Correct deficiencies in Work that test reports and inspections indicate does not comply with the Contract Documents.






