
A/E PROJECT # 23052.01 

SOUTH CAROLINA DEPARTMENT OF ADMIN-
ISTRATION-DIVISION  OF FACILITIES MAN-

AGEMENT AND PROPERTY SERVICES 
 
 

SC STATE HOUSE—VAV REPLACEMENT, 
HVAC CONTROLS AND AHU NO. 1 RE-BUILD 

 
 

PROJECT # D50-6103-LC  
 

CONSTRUCTION DOCUMENTS 
 

DECEMBER 10, 2025



2023 Edition 

 TOC-1 

TABLE OF CONTENTS 

 
PROJECT NAME: SC State House - VAV Replacement, HVAC Controls and AHU No. 1 Re-Build  

 

PROJECT NUMBER: D50-6103-LC  

  

SECTION  NUMBER 

OF PAGES 

 

Table of Contents .........................................................................................................................................

 

SE-310, Invitation for Design-Bid-Build Construction Services ............................................................. 1 

 

AIA Document A701 Instructions to Bidders 

South Carolina Division of Procurement Services, Office of State Engineer Version ........................ 14 

 

Bid Bond (AIA A310 reference) ................................................................................................................. 1 

 

SE-330, Lump Sum Bid Form .................................................................................................................... 6 

 

AIA Document A101 Standard Form of Agreement between Owner and Contractor (Including 

Exhibit A) 

South Carolina Division of Procurement Services, Office of State Engineer Version ........................ 16 

 

AIA Document A201 General Conditions of the Contract for Construction 

South Carolina Division of Procurement Services, Office of State Engineer Version ........................ 47 

 

SE-355, Performance Bond ......................................................................................................................... 2 

 

SE-357, Labor & Material Payment Bond ................................................................................................ 2 

 

SE-380, Change Order to Design-Bid-Build Construction Contract ...................................................... 2 

 

3



2023 Edition 

 TOC-2 

TECHNICAL SPECIFICATIONS 

 

      

 

01 2000 - Price and Payment Procedures
01 3000 - Administrative Requirements
01 3216 - Construction Progress Schedule
01 4000 - Quality Requirements
01 5000 - Temporary Facilities and Controls
01 6000 - Product Requirements
01 7000 - Execution and Closeout Requirements
01 7800 - Closeout Submittals
02 4100 - Demolition
23 0100 - General Mechanical
23 0513 - Common Motor Requirements for HVAC Equipment
23 0517 - Sleeves and Sleeve Seals for HVAC Piping
23 0519 - Meters and Gauges for HVAC Piping
23 0523 - General-Duty Valves for HVAC Piping
23 0529 - Hangers and Supports for HVAC Piping and Equipment
23 0548 - VIbration and Seismic Controls for HVAC
23 0553 - Identification for HVAC Piping and Equipment
23 0593 - Testing, Adjusting, and Balancing for HVAC
23 0719 - HVAC Piping Insulation
23 0900 - Instrumentation and Control for HVAC
23 2113 - Hydronic Piping
23 2114 - Hydronic Specialties
23 3100 - HVAC Ducts and Casings
23 3300 - Air Duct Accessories
23 3416 - HVAC Fans
23 3600 - Air Terminal Units
23 3700 - Air Inlets and Outlets
23 8216 - Air Coils
23 8218 - VERTICAL FAN-COIL UNITS
26 0500 - General Electrical Requirements
26 0501 - Electrical Demolition
26 0519 - Low-Voltage Electrical Power Conductors and Cables
26 0526 - Grounding and Bonding for Electrical Systems
26 0529 - Hangers and Supports for Electrical Systems
26 0533.13 - Conduit for Electrical Systems
26 0533.16 - Boxes for Electrical Systems
26 0553 - Identification for Electrical Systems
26 0583 - Wiring Connections
26 2416 - Panelboards
26 5100 - Interior Lighting

Drawings

M1.0 - SUB BASEMENT DEMOLITION PLAN
M1.1 - BASEMENT DEMOLITION PLAN
M1.2 - FIRST FLOOR DEMOLITION PLAN
M1.3 - SECOND FLOOR DEMOLITION PLAN
M1.4 - THIRD FLOOR DEMOLITION PLAN
M1.5 - ATTIC DEMOLITION PLAN
M2.0 - SUB BASEMENT RENOVATION PLAN
M2.1 - BASEMENT RENOVATION PLAN
M2.2 - FIRST FLOOR RENOVATION PLAN
*Drawings continued on next page



2023 Edition 

 

 

TOC-3

Drawings - Continued

M2.3 - SECOND FLOOR RENOVATION PLAN
M2.4 - THIRD FLOOR RENOVATION PLAN
M2.5 - ATTIC RENOVATION PLAN
M5.0 - MECHANICAL CONTROLS SCHEMATICS
M5.1 - MECHANICAL CONTROLS SEQUENCES
M5.2 - MECHANICAL CONTROLS SEQUENCES
M5.3 - MECHANICAL CONTROLS SEQUENCES
M5.4 - MECHANICAL SMOKE EVACUATION SEQUENCES
M5.5 - MECHANICAL SMOKE EVACUATION SEQUENCES
M5.6 - MECHANICAL SMOKE EVACUATION SEQUENCES
M6.0 - MECHANICAL DETAILS
M7.0 - MECHANICAL SCHEDULES



SE-310
INVITATION FOR DESIGN-BID-BUILD CONSTRUCTION SERVICES

AGENCY: Department of Administration - Division of Facilities Management and Property Services
PROJECT NAME: SC State House - VAV Replacement, HVAC Controls and AHU No. 1 Re-Build
PROJECT NUMBER: D50-6103-LC CONSTRUCTION COST RANGE: $2,500,000 to $3,200,000
PROJECT LOCATION: SC State House
DESCRIPTION OF PROJECT/SERVICES: (450 character limit)
Replacement of 34 VAV boxes and all associated piping and insulation in the SC State House sub-basement crawl space,
re-build AHU #1 in basement, completely remove existing Honeywell controls system on all devices and equipment
throughout State House and install all new JCI Metasys energy management control system on all devices and equipment.
Install new LED lights in crawl space.

BID/SUBMITTAL DUE DATE: 01/29/2026 TIME: 04:00 PM NUMBER OF COPIES: 1
PROJECT DELIVERY METHOD: Design-Bid-Build
AGENCY PROJECT COORDINATOR: Dwight Cathcart
EMAIL: dwight.cathcart@admin.sc.gov TELEPHONE: (803) 622-8818
DOCUMENTS OBTAINED FROM: GMKA Sharefile - email Hlee@gmka.com for access

BID SECURITY IS REQUIRED IN AN AMOUNT NOT LESS THAN 5% OF THE BASE BID.
PERFORMANCE AND LABOR & MATERIAL PAYMENT BONDS: The successful Contractor will be required to
provide Performance and Labor and Material Payment Bonds, each in the amount of 100% of the Contract Price.

DOCUMENT DEPOSIT AMOUNT: $0.00   IS DEPOSIT REFUNDABLE: Yes No N/A
Bidders must obtain Bidding Documents/Plans from the above listed sources(s) to be listed as an official plan holder. Bidders that
rely on copies obtained from any other source do so at their own risk. All written communications with official plan holders &
bidders will be via email or website posting.

Agency WILL NOT accept Bids sent via email.

All questions & correspondence concerning this Invitation shall be addressed to the A/E.
A/E NAME: GMK Associates, Inc. A/E CONTACT: Brian McDaniel
EMAIL: bmcdaniel@gmka.com TELEPHONE: (803) 256-0000

PRE-BID CONFERENCE: Yes No MANDATORY ATTENDANCE: Yes No
PRE-BID DATE: 01/06/2026 TIME: 10:00 AM

PRE-BID PLACE: 1200 Senate Street, Room 620, Wade Hampton Building, Columbia, SC 29201
BID OPENING PLACE: 1200 Senate Street, Room 620, Wade Hampton Building, Columbia, SC 29201
BID DELIVERY ADDRESSES:

HAND-DELIVERY: MAIL SERVICE:
Attn: Dwight Cathcart Attn: Dwight Cathcart
1200 Senate Street, Room 619 1200 Senate Street, Room 619
Columbia, S.C. 29201 Columbia, S.C. 29201

IS PROJECT WITHIN AGENCY CONSTRUCTION CERTIFICATION? Yes No

APPROVED BY: DATE: 12/15/2025

(OSE PROJECT MANAGER)

mailto:dwight.cathcart@admin.sc.gov
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South Carolina Division of Procurement 
Services, Office of State Engineer Version of 

_Al.A Document A701 ™ -2018
Instructions to Bidders 

for the following Project: 

(Name, State Project Number, location, and detailed description) 

SC State House - VA V Replacement, HV AC Controls and AHU No. 1 Re-Build

D50-6103-LC 

1100 Gervais Street, Columbia, SC 29208 

THE OWNER: 

(Name, legal status, address, and other information) 

SC Department of Administration - Division of Facilities Management & Property 

Services 

1200 Senate Street 

Columbia, SC 29201 

The Owner is a Governmental Body of the State of South Carolina as defined by S.C. 
Code Ann. § 11-35-310. 

THE ARCHITECT: 

(Name, legal status, address, and other information) 

GMK Associates, Inc. 

1201 Main Street, Suite 2100 

Columbia, SC 29201 

TABLE OF ARTICLES 

1 DEFINITIONS 

2 BIDDER'S REPRESENTATIONS 

3 BIDDING DOCUMENTS 

4 BIDDING PROCEDURES 

5 CONSIDERATION OF BIDS 

6 POST-BID INFORMATION 

7 PERFORMANCE BOND AND PAYMENT BOND 

8 ENUMERATION OF THE PROPOSED CONTRACT DOCUMENTS 

This version of AIA Document 

A701-2018 is modified by the South 

Carolina Division of Procurement 

Services, Office of State Engineer. 

Publication of this version of AIA 

Document A701 does not imply the 

American Institute of Architects' 

endorsement of any modification by 

South Carolina Division of 

Procurement Services, Office of State 

Engineer. A comparative version of 

AIA Document A701-2018 showing 

additions and deletions by the South 

Carolina Division of Procurement 

Services, Office of State Engineer is 

available for review on South Carolina 

state Web site. 

This document has important legal 

consequences. Consultation with an 

attorney is encouraged with respect 

to its completion or modification. 

AIA Document A701 ™-2018. Copyright© 1970, 1974, 1978, 1987, 1997, and 2018 by The American Institute of Architects. All rights reserved. South Carolina 
Division of Procurement Services, Office of State Engineer Version of AIA Document A701 ™-2018. Copyright© 2016 and 2020 by The American Institute of 
Architects. All rights reserved. The "American Institute of Architects," "AIA," the AIA Logo, and "AIA Contract Documents" are registered trademarks and may not 
be used without permission. This document was created on 09/12/2025 11 :27:49 under the terms of AIA Documents on Demand® Order No. 500001464_<, 
is not for resale, is licensed for one-time use only, and may only be used in accordance with the AIA Contract Documents• Documents-on-Demand - End User 
License Agreement. To report copyright violations, e-mail copyright@aia.org. 
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SE-330 

LUMP SUM BID FORM 
Bidders shall submit bids on only Bid Form SE-330. 

 BF – 1 SE-330 

  

BID SUBMITTED BY:   
(Bidder's Name) 

BID SUBMITTED TO:         

(Agency’s Name) 

FOR: PROJECT  NAME:  SC State House - VAV Replacement, HVAC Controls and AHU No. 1 Re-

Build  

PROJECT  NUMBER:  D50-6103-LC  

OFFER 

§ 1. In response to the Invitation for Construction Services and in compliance with the Instructions to Bidders for the above-

named Project, the undersigned Bidder proposes and agrees, if this Bid is accepted, to enter into a Contract with the 

Agency on the terms included in the Bidding Documents, and to perform all Work as specified or indicated in the Bidding 

Documents, for the prices and within the time frames indicated in this Bid and in accordance with the other terms and 

conditions of the Bidding Documents. 

§ 2. Pursuant to SC Code § 11-35-3030(1), Bidder has submitted Bid Security in the amount and form required by the Bidding 

Documents. 

§ 3. Bidder acknowledges the receipt of the following Addenda to the Bidding Documents and has incorporated the effects of 

said Addenda into this Bid: 

(Bidder, check all that apply.  Note, there may be more boxes than actual addenda.  Do not check boxes that do not apply) 

ADDENDA:   #1   #2   #3   #4   #5 

§ 4. Bidder accepts all terms and conditions of the Invitation for Bids, including, without limitation, those dealing with the 

disposition of Bid Security.  Bidder agrees that this Bid, including all Bid Alternates, if any, may not be revoked or 

withdrawn after the opening of bids, and shall remain open for acceptance for a period of   60   Days following the Bid 

Date, or for such longer period of time that Bidder may agree to in writing upon request of the Agency.  

§ 5. Bidder herewith offers to provide all labor, materials, equipment, tools of trades and labor, accessories, appliances, 

warranties and guarantees, and to pay all royalties, fees, permits, licenses and applicable taxes necessary to complete the 

following items of construction work: 

§ 6.1 BASE BID WORK (as indicated in the Bidding Documents and generally described as follows):   Replacement of 34 VAV 

boxes in sub-basement, Re-build of AH-1 and complete replacement of all building controls a new JCI Metasys system.   

$ , which sum is hereafter called the Base Bid. 

(Bidder to insert Base Bid Amount on line above) 

 

       SC Department of Administration - Division of Facilities Management and Property Services 
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LUMP SUM BID FORM 

 BF – 2 SE-330 

§ 7. LISTING OF PROPOSED SUBCONTRACTORS PURSUANT TO SECTION 3020(b)(i), CHAPTER 

35, TITLE 11 OF THE SOUTH CAROLINA CODE OF LAWS, AS AMENDED 
(See Instructions on page BF-2A) 

Bidder shall use the below-listed Subcontractors in the performance of the Subcontractor Classification work listed:

(A) 

LICENSE 

CLASSIFICATION or 

SUBCLASSIFICATION 

ABBREVIATION per 

SCLLR 
(Completed by Agency) 

(B) 

NAME of SUBCONTRACTOR and/or 

PRIME CONTRACTOR 
(Completed by Bidder) 

(C) 

SUBCONTRACTOR'S and/or 

PRIME CONTRACTOR'S 

SC LICENSE NUMBER 
(Completed by Bidder) 

BASE BID 

        

        

        

        

ALTERNATE #1 

        

        

        

        

ALTERNATE #2 

        

        

        

        

ALTERNATE #3 

        

        

        

        

 

 . 

NO SUBCONTRACTOR

LISTING REQUIRED
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SE-330 

LUMP SUM BID FORM 

 BF – 3 SE-330 

§ 8. LIST OF MANUFACTURERS, MATERIAL SUPPLIERS, AND SUBCONTRACTORS OTHER 

THAN SUBCONTRACTORS LISTED IN SECTION 7 ABOVE (FOR INFORMATION ONLY): 

Pursuant to instructions in the Invitation for Construction Services, if any, Bidder will provide to Agency upon the 

Agency’s request and within 24 hours of such request, a listing of manufacturers, material suppliers, and subcontractors, 

other than those listed in Section 7 above, that Bidder intends to use on the project.  Bidder acknowledges and agrees that 

this list is provided for purposes of determining responsibility and not pursuant to the subcontractor listing requirements 

of SC Code § 11-35-3020(b)(i). 

§ 9. TIME OF CONTRACT PERFORMANCE AND LIQUIDATED DAMAGES 

a) CONTRACT TIME 

Bidder agrees that the Date of Commencement of the Work shall be established in a Notice to Proceed to be issued 

by the Agency.  Bidder agrees to substantially complete the Work within                 Calendar Days 

from the Date of Commencement, subject to adjustments as provided in the Contract Documents. 

b) LIQUIDATED DAMAGES 

Bidder further agrees that from the compensation to be paid, the Agency shall retain as Liquidated Damages the 

amount of $              for each Calendar Day the actual construction time required to achieve Substantial 

Completion exceeds the specified or adjusted time for Substantial Completion as provided in the Contract Documents.  

This amount is intended by the parties as the predetermined measure of compensation for actual damages, not as a 

penalty for nonperformance. 

§ 10. AGREEMENTS 

a) Bidder agrees that this bid is subject to the requirements of the laws of the State of South Carolina. 

b) Bidder agrees that at any time prior to the issuance of the Notice to Proceed for this Project, this Project may be 

canceled for the convenience of, and without cost to, the State. 

c) Bidder agrees that neither the State of South Carolina nor any of its agencies, employees or agents shall be responsible 

for any bid preparation costs, or any costs or charges of any type, should all bids be rejected or the Project canceled 

for any reason prior to the issuance of the Notice to Proceed.  

§ 11. ELECTRONIC BID BOND 

By signing below, the Principal is affirming that the identified electronic bid bond has been executed and that the Principal 

and Surety are firmly bound unto the State of South Carolina under the terms and conditions of the AIA Document A310, 

Bid Bond, referenced in the Bidding Documents. 

 

ELECTRONIC BID BOND NUMBER:   

SIGNATURE AND TITLE:  

 

365

500
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LUMP SUM BID FORM 

 BF – 4 SE-330 

CONTRACTOR'S CLASSIFICATIONS AND SUBCLASSIFICATIONS WITH LIMITATION 

SC Contractor's License Number(s):  

Classification(s) & Limits:  

Subclassification(s) & Limits:  

 

 

By signing this Bid, the person signing reaffirms all representation and certification made by both 

the person signing and the Bidder, including without limitation, those appearing in Article 2 of the 

SCOSE Version of the AIA Document A701, Instructions to Bidders, is expressly incorporated by 

reference. 

BIDDER’S LEGAL NAME:  

ADDRESS:  

  

TELEPHONE:  

EMAIL:  

 

 

SIGNATURE:  DATE:  

PRINT NAME:  

TITLE:  
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South Carolina Division of Procurement 
Services, Office of State Engineer Version of 
_AIA Document A101®-2017 
Standard Form of Agreement Between Owner and Contractor where the basis of 
payment is a Stipulated Sum 

AGREEMENT made as of the 
in the year 
(In words, indicate day, month and year.) 

day of 

BETWEEN the Owner: 
(Name, legal status, address and other information) 

SC Department of Administration - Division of Facilities Management & 

Property Services 

1200 Senate Street 

Columbia, SC 29201 

The Owner is a Governmental Body of the State of South Carolina as defined in 
S.C. Code Ann. § 11-35-310.

and the Contractor: 
(Name, legal status, address and other information) 

for the following Project: 
(Name, State Project Number, location and detailed description) 

SC State House - VA V Replacement, HV AC Controls and AHU No. 1 Re-Build 

D50-6103-LC 

1100 Gervais Street, Columbia, SC 29208 

Replacement of 34 VA V boxes in sub-basement, Re-build of AH-1 and complete 

replacement of all building controls and a new JCI Metasys system.

The Architect: 
(Name, legal status, address and other information) 

GMK Associates, Inc. 

1201 Main Street, Suite 2100 

Columbia, SC 29201 

The Owner and Contractor agree as follows. 

This version of AIA Document 

A101-2017 is modified by the 

South Carolina Division of 

Procurement Services, Office of 

State Engineer. Publication of this 

version of AIA Document A 101 

does not imply the American 

Institute of Architects' endorsement 

of any modification by South 

Carolina Division of Procurement 

Services, Office of State Engineer. 

A comparative version of AIA 

Document A 101-2017 showing 

additions and deletions by the 

South Carolina Division of 

Procurement Services, Office of 

State Engineer is available for 

review on South Carolina state 

Web site. 

This document has important legal 

consequences. Consultation with 

an attorney is encouraged with 

respect to its completion or 

modification. 

AIA Document A101• - 2017. Copyright© 1915, 1918, 1925, 1937, 1951, 1958, 1961, 1963, 1967, 1974, 1977, 1987, 1991, 1997, 2007, and 2017 by The 
American Institute of Architects. All rights reserved. South Carolina Division of Procurement Services, Office of State Engineer Version of AIA Document 
A101•-2017. Copyright© 2016 and 2020 by The American Institute of Architects. All rights reserved. The "American Institute of Architects," "AIA," the AIA Logo, 
"A 101," and "AIA Contract Documents" are registered trademarks and may not be used without permission. This document was created on 
09/12/2025 11 :11 :27 under the terms of AIA Documents on Demand• Order No.500001464_ t is not for resale, is licensed for one-time use only, and 

may only be used in accordance with the AIA Contract Documents• Documents-on-Demand - End User License Agreement. To report copyright violations, e­
mail copyright@aia.org. 
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§ 5.1.8 If final completion of the Work is materially delayed through no fault of the Contractor, the Owner shall pay the
Contractor any additional amounts in accordance with Article 9 of AJA Document A201-2017.

§ 5.1.9 Except with the Owner's prior approval, the Contractor shall not make advance payments to suppliers for
materials or equipment which have not been delivered and stored at the site.

§ 5.2 Final Payment
§ 5.2.1 Final payment, constituting the entire unpaid balance of the Contract Sum, shall be made by the Owner to the
Contractor when

.1 the Contractor has fully performed the Contract except for the Contractor's responsibility to correct 
Work as provided in Article 12 of AJA Document A201-2017, and to satisfy other requirements, if any, 
which extend beyond final payment; and 

.2 a final Certificate for Payment has been issued by the Architect. 

§ 5.2.2 The Owner's final payment to the Contractor shall be made no later than twenty-one (21) days after the issuance
of the Architect's final Certificate for Payment.

ARTICLE 6 DISPUTE RESOLUTION 
§ 6.1 Claims and disputes shall be resolved in accordance with Article 15 of AJA Document A201-2017.

ARTICLE 7 TERMINATION OR SUSPENSION 
§ 7.1 The Contract may be terminated by the Owner or the Contractor as provided in Article 14 of AIA Document
A201-2017.

§ 7.2 The Work may be suspended by the Owner as provided in Article 14 of AIA Document A201-2017.

ARTICLE 8 MISCELLANEOUS PROVISIONS 
§ 8.1 Where reference is made in this Agreement to a provision of AIA Document A201-2017 or another Contract
Document, the reference refers to that provision as amended or supplemented by other provisions of the Contract
Documents.

§ 8.2 The Owner's representative:
§ 8.2.1 The Owner designates the individual listed below as its Senior Representative ("Owner's Senior
Representative"), which individual has the responsibility for and, subject to Section 7.2.1 of the General Conditions, the
authority to resolve disputes under Section 15.6 of the General Conditions:

Name: Dwight Cathcart 

Title: Project Manager 

Address: 921 Main Street, Columbia, SC 29201 

Telephone: 803-622-8818 

Email: dwight.cathcart@admin.sc.gov 

§ 8.2.2 The Owner designates the individual listed below as its Owner's Representative, which individual has the
authority and responsibility set forth in Section 2.1.1 of the General Conditions:

Name: Dwight Cathcart 

Title: Project Manager 

Address:  921 Main Street, Columbia, SC 29201

Telephone: 803-622-8818 

Email: dwight.cathcart@admin.sc.gov 

§ 8.3 The Contractor's representative:
§ 8.3.1 The Contractor designates the individual listed below as its Senior Representative ("Contractor's Senior
Representative"), which individual has the responsibility for and authority to resolve disputes under Section 15.6 of the
General Conditions:

Name: 

AIA Document A101• - 2017. Copyright© 1915, 1918, 1925, 1937, 1951, 1958, 1961, 1963, 1967, 1974, 1977, 1987, 1991, 1997, 2007, and 2017 by The 

American Institute of Architects. All rights reserved. South Carolina Division of Procurement Services, Office of State Engineer Version of AIA Document 
5 

A101•-2017. Copyright© 2016 and 2020 by The American Institute of Architects. All rights reserved. The "American Institute of Architects," "AIA," the AIA Logo, 
"A 101," and "AIA Contract Documents" are registered trademarks and may not be used without permission. This document was created on 

09/12/2025 11 :11 :27 under the terms of AIA Documents on Demand® Order No.500001464_ 1 is not for resale, is licensed for one-time use only, and 

may only be used in accordance with the AIA Contract Documents• Documents-on-Demand - End User License Agreement. To report copyright violations, 
e-mail copyright@aia.org. 
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South Carolina Division of Procurement 
Services, Office of State Engineer Version of 
_AIA Document A101® -2017 Exhibit A 
Insurance and Bonds 

This Insurance and Bonds Exhibit is part of the Agreement, between the Owner 
and the Contractor, dated the day of 
in the year 
(In words, indicate day, month and year.) 

for the following PROJECT: 
(Name, State Project Number, and location or address) 

SC State House - VA V Replacement, HV AC Controls and AHU No. 1 Re-Build

D50-6103-LC 

1100 Gervais Street, Columbia, SC 29208 

THE OWNER: 
(Name, legal status and address) 

SC Department of Administration - Division of Facilities Management & 

Property Services 

1200 Senate Street 

Columbia, SC 29201 

The Owner is a Governmental Body of the State of South Carolina as defined by 
Title 11, Chapter 35 of the South Carolina Code of Laws, as amended. 

THE CONTRACTOR: 
(Name, legal status and address) 

TABLE OF ARTICLES 

A.1 GENERAL 

A.2 OWNER'S INSURANCE 

A.3 CONTRACTOR'S INSURANCE AND BONDS 

A.4 SPECIAL TERMS AND CONDITIONS 

ARTICLE A.1 GENERAL 

This version of AIA Document 

A101-2017 Exhibit A is modified 

by the South Carolina Division of 

Procurement, Office of State 

Engineer. Publication of this 

version of AIA Document A 101 

Exhibit A does not imply the 

American Institute of Architects' 

endorsement of any modification 

by the South Carolina Division of 

Procurement, Office of State 

Engineer. 

This document has important legal 

consequences. Consultation with 

an attorney is encouraged with 

respect to its completion or 

modification. 

The Owner and Contractor shall purchase and maintain insurance, and provide bonds, as set forth in this Exhibit. As 
used in this Exhibit, the term General Conditions refers to AIA Document A201 ®-2017, General Conditions of the 
Contract for Construction, SCOSE Version. 

AIA Document A 101 • - 2017 Exhibit A. Copyright© 2017 by The American Institute of Architects. All rights reserved. South Carolina Division of 
Procurement Services, Office of State Engineer Version of AIA Document A1019-2017 Exhibit A. Copyright© 2020 by The American Institute of 
Architects. All rights reserved. The "American Institute of Architects," "AIA," the AIA Logo, "A101," and "AIA Contract Documents" are registered trademarks 
and may not be used without permission. This document was created on 09/12/2025 11 :11 :27 under the terms of AIA Documents on Demand• Order 
No. 500001464 1 is not for resale, is licensed for one-time use only, and may only be used in accordance with the AIA Contract Documents• Documents-on­
Demand - End User License Agreement. To report copyright violations, e-mail copyright@aia.org. 
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100% of Contract Price
100% of Contract Price
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South Carolina Division of Procurement 
Services, Office of State Engineer Version of 
=AIA Document A201® - 2017
General Conditions of the Contract for Construction 

for the following PROJECT: 
(Name, State Project Number, and location or address) 

SC State House - VA V Replacement, HV AC Controls and AHU No. 1 Re-Build

D50-6103-LC 

1100 Gervais Street, Columbia, SC 29208 

THE OWNER: 
(Name, legal status, and address) 

SC Department of Administration - Division of Facilities Management & Property 

Services 

1200 Senate Street 

Columbia, SC 29201 

The Owner is a Governmental Body of the State of South Carolina as defined in S.C. 
Code Ann.§ 11-35-310. 

THE ARCHITECT: 
(Name, legal status, and address) 

GMK Associates, Inc. 

1201 Main Street, Suite 2100 

Columbia, SC 29201 

TABLE OF ARTICLES 
1 GENERAL PROVISIONS 

2 OWNER 

3 CONTRACTOR 

4 ARCHITECT 

5 SUBCONTRACTORS 

6 CONSTRUCTION BY OWNER OR BY SEPARATE CONTRACTORS 

7 CHANGES IN THE WORK 

8 TIME 

9 PAYMENTS AND COMPLETION 

This version of AIA DocumentA201-
2017 is modified by the South Carolina 
Division of Procurement, Office of 
State Engineer. Publication of this 
version of AIA Document A201 does 
not imply the American I nstitute of 
Architects' endorsement of any 
modification by South Carolina 
Division of Procurement, Office of 
State Engineer. A comparative version 
of AIA DocumentA201-2017 showing 
additions and deletions by the South 
Carolina Division of Procurement, 
Office of State Engineer is available for 
review on the State of South Carolina 
Web site. 

This document has important legal 
consequences. Consultation with an 
attorney is encouraged with respect 
to its completion or modification. 

AIA DocumentA201•-2017. Copyright© 1911, 1915, 1918, 1925, 1937, 1951, 1958, 1961, 1963, 1966, 1970, 1976, 1987, 1997, 2007, and 2017 by The American 
Institute of Architects. All rights reserved. South Carolina Division of Procurement Services, Office of State Engineer Version of AIA Document A201 •-2017. 

Copyright© 2016 and 2020 by The American Institute of Architects. All rights reserved. The "American Institute of Architects," "AIA," the AIA Logo, "A201," and "AIA 

Contract Documents" are registered trademarks and may not be used without permission. This document was created on 09/12/2025 11 :21 :07 
under the terms of AIA Documents on Demand® Order No. 500001464_2 , is not for resale, is licensed for one-time use only, and may only be used in 
accordance with the AIA Contract Documents• Documents-on-Demand - End User License Agreement. To report copyright violations, e-mail 
docinfo@aiacontracts.com. 
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NONE
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SE-355 
PERFORMANCE BOND  

 1 of 2 SE-355 

KNOW ALL MEN BY THESE PRESENTS, that (Insert full name or legal title and address of Contractor) 

Name:          

Address:         

        

hereinafter referred to as “Contractor”, and (Insert full name and address of principal place of business of Surety) 

Name:          

Address:         

        

hereinafter called the “surety”, are jointly and severally held and firmly bound unto (Insert full name and address of Agency) 

Name:  SC Department of Administration - Division of Faciliites Management and Property Services   

Address:  1200 Senate Street, Suite 600  

 Columbia, SC 29201  

hereinafter referred to as “Agency”, or its successors or assigns, the sum of           ($     ), being the sum 
of the Bond to which payment to be well and truly made, the Contractor and Surety bind themselves, their heirs, executors, 
administrators, successors and assigns, jointly and severally, firmly by these presents. 
 
WHEREAS, Contractor has by written agreement dated            entered into a contract with Agency to construct 

State Project Name:  SC State House - VAV Replacement, HVAC Controls and AHU No. 1 Re-Build  

State Project Number:  D50-6103-LC  

Brief Description of Awarded Work:  Replacement of 34 VAV boxes in sub-basement, Re-build of AH-1 and complete 
replacement of all building controls a new JCI Metasys system.   

in accordance with Drawings and Specifications prepared by (Insert full name and address of A/E) 

Name:  GMK Associates Inc.    

Address:  1201 Main Street, Suite 2100  

 Columbia, SC 29201  

which agreement is by reference made a part hereof, and is hereinafter referred to as the Contract. 
 
IN WITNESS WHEREOF, Surety and Contractor, intending to be legally bound hereby, subject to the terms stated herein, do 
each cause this Performance Bond to be duly executed on its behalf by its authorized officer, agent or representative. 
 
DATED this          day of        , 2      BOND NUMBER          
 (shall be no earlier than Date of Contract) 

 
CONTRACTOR SURETY 
 
By:    

(Seal) 

 
By:    

(Seal) 
 
Print Name:         

 
Print Name:         

 
Print Title:         

 
Print Title:         
(Attach Power of Attorney) 

 
Witness:   

 
Witness:   

 
(Additional Signatures, if any, appear on attached page) 
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NOW, THEREFORE, THE CONDITION OF THIS OBLIGATION IS SUCH THAT:  

1. The Contractor and the Surety, jointly and severally, bind 
themselves, their heirs, executors, administrators, successors and 
assigns to the Agency for the full and faithful performance of the 
contract, which is incorporated herein by reference. 
2. If the Contractor performs the contract, the Surety and the 
Contractor have no obligation under this Bond, except to participate 
in conferences as provided in paragraph 3.1. 
3. The Surety's obligation under this Bond shall arise after: 
3.1 The Agency has notified the Contractor and the Surety at the 

address described in paragraph 10 below, that the Agency is 
considering declaring a Contractor Default and has requested 
and attempted to arrange a conference with the Contractor and 
the Surety to be held not later than 15 days after receipt of such 
notice to discuss methods of performing the Contract.  If the 
Agency, the Contractor and the Surety agree, the Contractor 
shall be allowed a reasonable time to perform the Contract, but 
such an agreement shall not waive the Agency's right, if any, 
subsequently to declare a Contractor Default; or 

3.2 The Agency has declared a Contractor Default and formally 
terminated the Contractor's right to complete the Contract. 

4. The Surety shall, within 15 days after receipt of notice of the 
Agency's declaration of a Contractor Default, and at the Surety's 
sole expense, take one of the following actions: 
4.1 Arrange for the Contractor, with consent of the Agency, to 

perform and complete the Contract; or 
4.2 Undertake to perform and complete the Contract itself, through 

its agents or through independent contractors; or 
4.3 Obtain bids or negotiated proposals from qualified  contractors 

acceptable to the Agency for a contract for performance and 
completion of the Contract, arrange for a contract to be 
prepared for execution by the Agency and the contractor 
selected with the Agency's concurrence, to be secured with 
performance and payment bonds executed by a qualified 
surety equivalent to the Bonds issued on the Contract, and pay 
to the Agency the amount of damages as described in 
paragraph 7 in excess of the Balance of the Contract Sum 
incurred by the Agency resulting from the Contractor Default; 
or 

4.4 Waive its right to perform and complete, arrange for 
completion, or obtain a new contractor, and: 
4.4.1 After investigation, determine the amount for which it 
may be liable to the Agency and, within 60 days of waiving its 
rights under this paragraph, tender payment thereof to the 
Agency; or 
4.4.2 Deny liability in whole or in part and notify the 
Agency, citing the reasons therefore. 

5. Provided Surety has proceeded under paragraphs 4.1, 4.2, or 
4.3, the Agency shall pay the Balance of the Contract Sum to either: 
5.1 Surety in accordance with the terms of the Contract; or 
5.2 Another contractor selected pursuant to paragraph 4.3 to 

perform the Contract. 
5.3 The balance of the Contract Sum due either the Surety or 

another contractor shall be reduced by the amount of damages 
as described in paragraph 7. 

6. If the Surety does not proceed as provided in paragraph 4 with 
reasonable promptness, the Surety shall be deemed to be in default 
on this Bond 15 days after receipt of written notice from the Agency 
to the Surety demanding that the Surety perform its obligations under 
this Bond, and the Agency shall be entitled to enforce any remedy 
available to the Agency. 

6.1 If the Surety proceeds as provided in paragraph 4.4 and the 
Agency refuses the payment tendered or the Surety has denied 
liability, in whole or in part, then without further notice the 
Agency shall be entitled to enforce any remedy available to the 
Agency. 

6.2 Any dispute, suit, action or proceeding arising out of or relating 
to this Bond shall be governed by the Dispute Resolution 
process defined in the Contract Documents and the laws of the 
State of South Carolina. 

7. After the Agency has terminated the Contractor's right to 
complete the Contract, and if the Surety elects to act under paragraph 
4.1, 4.2, or 4.3 above, then the responsibilities of the Surety to the 
Agency shall be those of the Contractor under the Contract, and the 
responsibilities of the Agency to the Surety shall those of the Agency 
under the Contract.  To a limit of the amount of this Bond, but subject 
to commitment by the Agency of the Balance of the Contract Sum to 
mitigation of costs and damages on the Contract, the Surety is 
obligated to the Agency without duplication for: 
7.1 The responsibilities of the Contractor for correction of defective 

Work and completion of the Contract; and 
7.2 Additional legal, design professional and delay costs resulting 

from the Contractor's Default, and resulting from the actions or 
failure to act of the Surety under paragraph 4; and 

7.3 Damages awarded pursuant to the Dispute Resolution 
Provisions of the Contract. Surety may join in any Dispute 
Resolution proceeding brought under the Contract and shall be 
bound by the results thereof; and  

7.4 Liquidated Damages, or if no Liquidated Damages are specified 
in the Contract, actual damages caused by delayed performance 
or non-performance of the Contractor. 

8. The Surety shall not be liable to the Agency or others for 
obligations of the Contractor that are unrelated to the Contract, and 
the Balance of the Contract Sum shall not be reduced or set-off on 
account of any such unrelated obligations.  No right of action shall 
accrue on this Bond to any person or entity other than the Agency or 
its heirs, executors, administrators, or successors. 
9. The Surety hereby waives notice of any change, including 
changes of time, to the contract or to related subcontracts, purchase 
orders and other obligations. 
10. Notice to the Surety, the Agency or the Contractor shall be 
mailed or delivered to the address shown on the signature page. 
11. Definitions 
11.1 Balance of the Contract Sum: The total amount payable by the 

Agency to the Contractor under the Contract after all proper 
adjustments have been made, including allowance to the 
Contractor of any amounts to be received by the Agency in 
settlement of insurance or other Claims for damages to which 
the Contractor si entitled, reduced by all valid and proper 
payments made to or on behalf of the Contractor under the 
Contract. 

11.2 Contractor Default: Failure of the Contractor, which has neither 
been remedied nor waived, to perform the Contract or otherwise 
to comply with the terms of the Contract. 



2023 Edition 

SE-357 
LABOR & MATERIAL PAYMENT BOND  

 1 of 2 SE-357 

KNOW ALL MEN BY THESE PRESENTS, that (Insert full name or legal title and address of Contractor) 

Name:          

Address:         

        

hereinafter referred to as “Contractor”, and (Insert full name and address of principal place of business of Surety) 

Name:          

Address:         

        

hereinafter called the “surety”, are jointly and severally held and firmly bound unto (Insert full name and address of Agency) 

Name:  SC Department of Administration - Division of Facilities Management and Property Services   

Address:  1200 Senate Street, Suite 600  

 Columbia, SC 29201  

hereinafter referred to as “Agency”, or its successors or assigns, the sum of          ($     ), being the sum 
of the Bond to which payment to be well and truly made, the Contractor and Surety bind themselves, their heirs, executors, 
administrators, successors and assigns, jointly and severally, firmly by these presents. 
 
WHEREAS, Contractor has by written agreement dated           entered into a contract with Agency to construct  

State Project Name:  SC State House - VAV Replacement, HVAC Controls and AHU No. 1 Re-Build  

State Project Number:  D50-6103-LC  

Brief Description of Awarded Work:  Replacement of 34 VAV boxes in sub-basement, Re-build of AH-1 and complete 
replacement of all building controls a new JCI Metasys system.   

in accordance with Drawings and Specifications prepared by (Insert full name and address of A/E) 

Name:  GMK Associates, Inc.   

Address:  1201 Main Street, Suite 2100  

 Columbia, SC 29201  

which agreement is by reference made a part hereof, and is hereinafter referred to as the Contract. 
 
 
 
IN WITNESS WHEREOF, Surety and Contractor, intending to be legally bound hereby, subject to the terms stated herein, do 
each cause this Labor & Material Payment Bond to be duly executed on its behalf by its authorized officer, agent or representative. 
 
DATED this          day of        , 2      BOND NUMBER         
 (shall be no earlier than Date of Contract) 

 
CONTRACTOR SURETY 
 
By:   

(Seal) 

 
By:   

(Seal) 
 
Print Name:         

 
Print Name:         

 
Print Title:         

 
Print Title:         
(Attach Power of Attorney) 

 
Witness:   

 
Witness:   

 
(Additional Signatures, if any, appear on attached page) 
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NOW, THEREFORE, THE CONDITION OF THIS OBLIGATION IS SUCH THAT:  

1. The Contractor and the Surety, jointly and severally, bind 
themselves, their heirs, executors, administrators, successors and 
assigns to the Agency to pay for all labor, materials and equipment 
required for use in the performance of the Contract, which is 
incorporated herein by reference. 
2. With respect to the Agency, this obligation shall be null and 
void if the Contractor: 
2.1 Promptly makes payment, directly or indirectly, for all sums 

due Claimants; and 
2.2 Defends, indemnifies and holds harmless the Agency from all 

claims, demands, liens or suits by any person or entity who 
furnished labor, materials or equipment for use in the 
performance of the Contract. 

3. With respect to Claimants, this obligation shall be null and void 
if the Contractor promptly makes payment, directly or indirectly, for 
all sums due. 
4. With respect to Claimants, and subject to the provisions of Title 
29, Chapter 5 and the provisions of §11-35-3030(2)(c) of the SC 
Code of Laws, as amended, the Surety’s obligation under this Bond 
shall arise as follows: 
4.1 Every person who has furnished labor, material or rental 

equipment to the Contractor or its subcontractors for the work 
specified in the Contract, and who has not been paid in full 
therefore before the expiration of a period of ninety (90) days 
after the date on which the last of the labor was done or 
performed by him or material or rental equipment was 
furnished or supplied by him for which such claim is made, 
shall have the right to sue on the payment bond for the amount, 
or the balance thereof, unpaid at the time of institution of such 
suit and to prosecute such action for the sum or sums justly due 
him. 

4.2 A remote claimant shall have a right of action on the payment 
bond upon giving written notice by certified or registered mail 
to the Contractor within ninety (90) days from the date on 
which such person did or performed the last of the labor or 
furnished or supplied the last of the material or rental 
equipment upon which such claim is made. 

4.3 Every suit instituted upon a payment bond shall be brought in 
a court of competent jurisdiction for the county or circuit in 
which the construction contract was to be performed, but no 
such suit shall be commenced after the expiration of o ne year 
after the day on which the last of the labor was performed or 
material or rental equipment was supplied by the person 
bringing suit. 

5. When the Claimant has satisfied the conditions of paragraph 4, 
the Surety shall promptly and at the Surety’s expense take the 
following actions: 
5.1 Send an answer to the Claimant, with a copy to the Agency, 

within sixty (60) days after receipt of the claim, stating the 
amounts that are undisputed and the basis for challenging any 
amounts that are disputed. 

5.2 Pay or arrange for payment of any undisputed amounts. 
5.3 The Surety’s failure to discharge its obligations under this 

paragraph 5 shall not be deemed to constitute a waiver of 
defenses the Surety or Contractor may have or acquire as to a 
claim.  However, if the Surety fails to discharge its obligations 
under this paragraph 5, the Surety shall indemnify the Claimant 
for the reasonable attorney’s fees the Claimant incurs to recover 
any sums found to be due and owing to the Claimant. 

6. Amounts owed by the Agency to the Contractor under the 
Contract shall be used for the performance of the Contract and to 
satisfy claims, if any, under any Performance Bond.  By the 
Contractor furnishing and the Agency accepting this Bond, they 
agree that all funds earned by the contractor in the performance of 
the Contract are dedicated to satisfy obligations of the Contractor 
and the Surety under this Bond, subject to the Agency’s prior right 
to use the funds for the completion of the Work. 
7. The Surety shall not be liable to the Agency, Claimants or others 
for obligations of the Contractor that are unrelated to the Contract.  
The Agency shall not be liable for payment of any costs or expenses 
of any claimant under this bond, and shall have under this Bond no 
obligations to make payments to, give notices on behalf of, or 
otherwise have obligations to Claimants under this Bond. 
8. The Surety hereby waives notice of any change, including 
changes of time, to the Contract or to related Subcontracts, purchase 
orders and other obligations. 
9. Notice to the Surety, the Agency or the Contractor shall be 
mailed or delivered to the addresses shown on the signature page.  
Actual receipt of notice by Surety, the Agency or the contractor, 
however accomplished, shall be sufficient compliance as of the date 
received at the address shown on the signature page. 
10. By the Contractor furnishing and the Agency accepting this 
Bond, they agree that this Bond has been furnished to comply with 
the statutory requirements of the South Carolina Code of Laws, as 
amended, and further, that any provision in this Bond conflicting 
with said statutory requirements shall be deemed deleted herefrom 
and provisions conforming to such statutory or other legal 
requirement shall be deemed incorporated herein.  The intent is that 
this Bond shall be construed as a statutory Bond and not as a 
common law bond. 
11. Upon request of any person or entity appearing to be a potential 
beneficiary of this bond, the Contractor shall promptly furnish a 
copy of this Bond or shall permit a copy to be made. 
12. Any dispute, suit, action or proceeding arising out of or relating 
to this Bond shall be governed by the laws of the State of South 
Carolina. 
13. DEFINITIONS 
13.1 Claimant:  An individual or entity having a direct contract 

with the Contractor or with a Subcontractor of the Contractor 
to furnish labor, materials, or equipment for use in the 
performance of the Contract.  The intent of this Bond shall be 
to include without limitation in the terms “labor, materials or 
equipment” that part of water, gas, power, light, heat, oil, 
gasoline, telephone service or rental equipment used in the 
Contract, architectural and engineering services required for 
performance of the Work of the Contractor and the 
Contractor’s Subcontractors, and all other items for which a 
mechanic’s lien might otherwise be asserted. 

13.2 Remote Claimant:  A person having a direct contractual 
relationship with a subcontractor of the Contractor or 
subcontractor, but no contractual relationship expressed or 
implied with the Contractor. 

13.3 Contract:  The agreement between the Agency and the 
Contractor identified on the signature page, including all 
Contract Documents and changes thereto. 
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SE-380 CHANGE ORDER NO.:         

CHANGE  ORDER  TO  DESIGN-BID-BUILD  CONTRACT 
  

AGENCY: SC Department of Adminstration - Division of Facilities Management and Property Services  

PROJECT NAME: SC State House - VAV Replacement, HVAC Controls and AHU No. 1 Re-Build  

PROJECT NUMBER: D50-6103-LC  
  

CONTRACTOR:        

  

This Contract is changed as follows: (Insert description of change in space provided below.) 

      

  

ADJUSTMENTS IN THE CONTRACT SUM: 

1. Original Contract Sum:  $       

2. Change in Contract Sum by previously approved Change Orders:        

3. Contract Sum prior to this Change Order:  $    0.00 

4. Amount of this Change Order:        

5. New Contract Sum, including this Change Order:  $    0.00 

ADJUSTMENTS IN THE CONTRACT TIME: 

1. Initial Date for Substantial Completion:        

2. Sum of previously approved increases and decreases in Days:       Days 

3. Change in Days for this Change Order:       Days 

4. Total Number of Days added to this Contract including this Change Order:    0  Days  

5. New Date for Substantial Completion:        

  

 

AGENCY ACCEPTANCE AND CERTIFICATION: 
I certify that the Agency has authorized, unencumbered funds available for obligation to this contract. 

 

BY:  Date:         
(Signature of Representative) 

Print Name of Representative:         

Change is within Agency Construction Contract Change Order Certification of: $          Yes   No   
  

APPROVED BY:  DATE:        
(OSE Project Manager) 

  

SUBMIT THE FOLLOWING TO OSE 

1. SE-380, completed and signed by the Agency. 

2. SE-380, Page 2, completed and signed by the Contractor, A/E and Agency, with back-up information to support request. 
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SE-380, Page 2 CHANGE ORDER REQUEST NO.:         

CHANGE ORDER REQUEST SUMMARY – DESIGN-BID-BUILD 
  

AGENCY: SC Department of Administration - Division of Facilities Management and Property Services  

PROJECT NAME: SC State House - VAV Replacement, HVAC Controls and AHU No. 1 Re-Build  

PROJECT NUMBER: D50-6103-LC  
  

CONTRACTOR:        
  
This Contract is requested to be changed as follows: (Insert description of change in space provided below.) 
      
  

ADJUSTMENTS IN THE CONTRACT TIME: Requested Change in Days for this Change Order:          Days 
  
 

   
(1) 

Contractor 
(2) 

Subcontractor 
(3) 

TOTAL 

Direct Costs  
(Provide back-up, 

including hourly rates, 
invoices, manhours, etc.) 

1. Labor              

2. Materials  (including Sales Tax)              

3. Rental Charges              

4. 
Subtotal Direct Costs 
(sum lines 1 – 3) 

$   0.00 $   0.00 $   0.00 

Contractor Markup (per 
AIA A201, Section 7.1.5) 

5.  
Contractor OH&P 
(not to exceed 17% of line 4, col 1) 

        

6.  
Subcontractor’s OH&P 
(not to exceed 17% of line 4, col 2) 

        

7.  
Contractor markup on Subcontractor 
(not to exceed 10% of line 4, col 2) 

        

8.  
Total Contractor Markup 
(sum lines 5 – 7) 

$   0.00 $   0.00 $   0.00 

Additional Bonding, 
Insurance and Permit 
Costs Associated with 

Change Order 

9.  Bonds              

10.  Insurance              

11.  Permits, Licenses or Fees              

12.  Subtotal (sum lines 9 – 11) $   0.00 $   0.00 $   0.00 

TOTAL 13.  
Change Order Cost 
(sum lines 4, 8, 12, col 3) 

  $   0.00 

ADJUSTMENTS IN THE CONTRACT SUM: Amount of this Change Order Request:     $           
  

CONTRACTOR ACCEPTANCE: 
 
BY:  Date:         

(Signature of Representative) 

Print Name of Representative:         
 

A/E RECOMMENDATION FOR ACCEPTANCE: 
 
BY:  Date:         

(Signature of Representative) 

Print Name of Representative:         

 
AGENCY ACCEPTANCE: 

 
BY:  Date:         

(Signature of Representative) 

Print Name of Representative:         
  

Instruction to Contractor:  Attach documentation as needed to justify the requested change to the contract and submit to A/E or Agency. 
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Price and Payment Procedures 012000  

SECTION 012000
PRICE AND PAYMENT PROCEDURES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Procedures for preparation and submittal of applications for progress payments.
B. Documentation of changes in Contract Sum and Contract Time.
C. Coordinate the Schedule of Values and Applications for Payment with the Contractor's

Construction Schedule, List of Subcontracts, and Submittal Schedule.
D. The Contractor's Construction Schedule and Submittal Schedule are included in other sections

of Division 1.
E. See also the payment requirements in Supplementary Conditions.
F. Change procedures.
G. Correlation of Contractor submittals based on changes.
H. Procedures for preparation and submittal of application for final payment.

1.02 SCHEDULE OF VALUES
A. Electronic media printout including equivalent information will be considered in lieu of standard

form specified; submit draft to Architect for approval.
B. Forms filled out by hand will not be accepted.
C. Submit a printed schedule on AIA Form G703 - Application and Certificate for Payment

Continuation Sheet. Contractor's standard form or electronic media printout will be considered.
D. Submit Schedule of Values in duplicate within 15 days after date of Owner-Contractor

Agreement.
E. Format:  Utilize the Table of Contents of this Project Manual. Identify each line item with

number and title of the specification section.  Identify site mobilization.
1. Provide minimum of 1% of the Construction Cost for Project Record Drawings.
2. Provide minimum of 1% of the Construction Cost for Operating and Maintenance Data.
3. Provide a breakdown of the Contract Sum in sufficient detail to facilitate continued

evaluation of Applications for Payment and progress reports.  Break principal subcontract
amounts down into several line items.

F. Correlate line items in the Schedule of Values with other required administrative schedules and
forms, including:
1. Contractor's construction schedule.
2. Application for Payment form.
3. List of Subcontractors.
4. Schedule of allowances.
5. List of principal suppliers and fabricators.
6. Schedule of submittals.

G. Sub-Schedules:  Where the Work is separated into phases that require separately phased
payments, provide sub-schedules showing values correlated with each phase of payment.

H. Identification:  Include the following Project identification on the Schedule of Values:
1. Project name, State project number, A/E project number and location.
2. Name of the Architect.
3. Contractor's name and address.
4. Date of submittal.

I. Round amounts off to the nearest whole dollar; the total shall equal the Contract Sum.
J. Include within each line item, a direct proportional amount of Contractor's overhead and profit.
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K. For each part of the Work where an Application for Payment may include materials or
equipment, purchased or fabricated and stored, but not yet installed, provide separate line
items on the Schedule of Values for initial cost of the materials, for each subsequent stage of
completion, and for total installed value of that part of the Work.

L. Margins of Cost:  Show line items for indirect costs, and margins on actual costs, only to the
extent that such items will be listed individually in Applications for Payment.  Each item in the
Schedule of Values and Applications for Payment shall be complete including its total cost and
proportionate share of general overhead and profit margin.

M. Temporary facilities and other major cost items that are not direct cost of actual work-in-place
may be shown as separate line items in the Schedule of Values.

N. Revise schedule to list approved Change Orders, with each Application For Payment.
1.03 APPLICATIONS FOR PROGRESS PAYMENTS

A. Payment Period:  Submit at intervals stipulated in the Agreement.
B. An updated project schedule shall be provided with the progress payment as referenced in

013216 (Construction Progress Schedule)
C. Use Form AIA G702 and Form AIA G703, edition stipulated in the Agreement.
D. Electronic media printout including equivalent information will be considered in lieu of standard

form specified; submit sample to Architect for approval.
E. Forms filled out by hand will not be accepted.
F. Present required information in typewritten form.
G. Initial Application for Payment:  Administrative actions and submittals that must precede or

coincide with submittal of the first Application for Payment include the following:
1. List of Subcontractors.  Subcontractors listed on the bid form shall match those submitted

under this section.
2. List of principal suppliers and fabricators.
3. Schedule of Values.
4. Contractor's Construction Schedule (preliminary if not final).
5. Schedule of principal products.
6. List of Contractor's staff assignments.
7. List of Contractor's principal consultants.
8. Copies of building permits.
9. Copies of authorizations and licenses from governing authorities for performance of the

Work.
10. Initial progress report.
11. Report of pre-construction meeting.
12. Certificates of insurance and insurance policies.
13. Performance and payment bonds (if required).
14. Data needed to acquire Owner's insurance.
15. Initial settlement survey and damage report, if required.

H. Form:  AIA G702 Application and Certificate for Payment and AIA G703 - Continuation Sheet
including continuation sheets when required.

I. For each item, provide a column for listing each of the following:
1. Item Number.
2. Description of work.
3. Scheduled Values.
4. Previous Applications.
5. Work in Place and Stored Materials under this Application.
6. Authorized Change Orders.
7. Total Completed and Stored to Date of Application.
8. Percentage of Completion.
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9. Balance to Finish.
10. Retainage.

J. Execute certification by signature of authorized officer.
1. Incomplete applications will be returned without action.

K. Use data from approved Schedule of Values.  Provide dollar value in each column for each line
item for portion of work performed and for stored products.

L. List each authorized Change Order as a separate line item, listing Change Order number and
dollar amount as for an original item of work.

M. Submit one electronic and three hard-copies of each Application for Payment.
N. Waiver Forms:  Submit waivers of lien on forms, and executed in a manner, acceptable to

Owner.
O. Include the following with the application:

1. Transmittal letter as specified for submittals in Section 013000.
2. Construction progress schedule, revised and current as specified in Section 013216.
3. Partial release of liens from major subcontractors and vendors.

P. Waiver Delays:  Submit each Application for Payment with the Contractor's waiver of
mechanics lien for the period of construction covered by the application.

Q. When an application shows completion of an item, submit final or full waivers.
R. When Architect requires substantiating information, submit data justifying dollar amounts in

question.  Provide one copy of data with cover letter for each copy of submittal. Show
application number and date, and line item by number and description.

S. Application for Payment at Substantial Completion:  Following issuance of the Certificate of
Substantial Completion, submit an Application for Payment; this application shall reflect any
Certificates of Partial Substantial Completion issued previously for Owner occupancy of
designated portions of the Work.

T. Administrative actions and submittals that shall proceed or coincide with this application
include:
1. Occupancy permits and similar approvals.
2. Warranties (guarantees) and maintenance agreements.
3. Test/adjust/balance records.
4. Meter readings.
5. Start-up performance reports.
6. Change-over information related to Owner's occupancy, use, operation and maintenance.
7. Final cleaning.
8. Application for reduction of retainage, and consent of surety.
9. Advice on shifting insurance coverages.

U. List of incomplete Work, recognized as exceptions to  Architect's Certificate of Substantial
Completion.

V. Contractor is required to assemble and complete information required by SC Department of
Health and Environmental Control for project close-out.  Copies of these regulations and
guidelines are available from SCDHEC or will be given to successful bidder upon start of work.
 Three copies of all information is required.

1.04 MODIFICATION PROCEDURES
A. Submit name of the individual authorized to receive change documents and who will be

responsible for informing others in Contractor's employ or subcontractors of changes to the
Contract Documents.

B. For minor changes not involving an adjustment to the Contract Price or Contract Time, Architect
will issue instructions directly to Contractor.
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C. Architect will advise of minor changes in the Work not involving an adjustment to Contract Sum
or Contract Time as authorized by the Conditions of the Contract by issuing supplemental
instructions on AIA Form G710.

D. For other required changes, Architect will issue a document signed by Owner instructing
Contractor to proceed with the change, for subsequent inclusion in a Change Order.
1. The document will describe the required changes and will designate method of

determining any change in Contract Sum or Contract Time.
2. Promptly execute the change.

E. For changes for which advance pricing is desired, Architect will issue a document that includes
a detailed description of a proposed change with supplementary or revised drawings and
specifications, a change in Contract Time for executing the changewith a stipulation of any
overtime work required and the period of time during which the requested price will be
considered valid.  Contractor shall prepare and submit a fixed price quotation within 14 days.

F. Contractor may propose a change by submitting a request for change to Architect, describing
the proposed change and its full effect on the work, with a statement describing the reason for
the change, and the effect on the Contract Sum and Contract Time with full documentation.
 Document any requested substitutions in accordance with Section 016000.

G. Computation of Change in Contract Amount:  As specified in the Agreement and Conditions of
the Contract.
1. For change requested by Architect for work falling under a fixed price contract, the amount

will be based on Contractor's price quotation.
2. For change requested by Contractor, the amount will be based on the Contractor's request

for a Change Order as approved by Architect.
3. For pre-determined unit prices and quantities, the amount will based on the fixed unit

prices.
4. For change ordered by Architect without a quotation from Contractor, the amount will be

determined by Architect based on the Contractor's substantiation of costs as specified for
Time and Material work.

H. Substantiation of Costs:  Provide full information required for evaluation.
1. Provide following data:

a. Quantities of products, labor, and equipment.
b. Taxes, insurance, and bonds.
c. Overhead and profit.
d. Justification for any change in Contract Time.
e. Credit for deletions from Contract, similarly documented.

2. Support each claim for additional costs with additional information:
a. Origin and date of claim.
b. Dates and times work was performed, and by whom.
c. Time records and wage rates paid.
d. Invoices and receipts for products, equipment, and subcontracts, similarly

documented.
3. For Time and Material work, submit itemized account and supporting data after completion

of change, within time limits indicated in the Conditions of the Contract.
I. Execution of Change Orders:  Architect will issue Change Orders for signatures of parties as

provided in the Conditions of the Contract.
J. After execution of Change Order, promptly revise Schedule of Values and Application for

Payment forms to record each authorized Change Order as a separate line item and adjust the
Contract Sum.

K. Promptly revise progress schedules to reflect any change in Contract Time, revise sub-
schedules to adjust times for other items of work affected by the change, and resubmit.

L. Promptly enter changes in Project Record Documents.
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1.05 APPLICATION FOR FINAL PAYMENT
A. Submit final Application for Payment with or preceded by final waivers from every entity

involved with performance of Work covered by the application who could lawfully be entitled to
a lien.

B. Prepare Application for Final Payment as specified for progress payments, identifying total
adjusted Contract Sum, previous payments, and sum remaining due.

C. Final payment shall not be authorized until all closeout documents are submitted, reviewed and
approved. See section (17800)

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION - NOT USED

END OF SECTION
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SECTION 013000
ADMINISTRATIVE REQUIREMENTS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Preconstruction meeting.
B. Progress meetings.
C. Construction progress schedule.
D. Coordination drawings.
E. Submittals for review, information, and project closeout.
F. Number of copies of submittals.
G. Submittal procedures.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 PRECONSTRUCTION MEETING

A. Contractor will schedule a meeting after Notice of Award.
B. Attendance Required:

1. Owner.
2. Architect.
3. Contractor.
4. OSE representative.
5. State Agency representative.
6. Building Inspector.
7. All applicable special inspectors as indicated in the contract.

C. Agenda:
1. Execution of Owner-Contractor Agreement.
2. Distribution of Contract Documents.
3. Submission of list of subcontractors, list of products, schedule of values, and progress

schedule.
4. Designation of personnel representing the parties to Contract, Owner, and Architect.
5. Procedures and processing of field decisions, submittals, substitutions, applications for

payments, proposal request, Change Orders, and Contract closeout procedures.
6. Scheduling.
7. Scheduling activities of a Geotechnical Engineer.

D. Architect to record minutes and distribute copies within two days after meeting to participants,
with two copies to Contractor, Owner, participants, and those affected by decisions made.

3.02 PROGRESS MEETINGS
A. Schedule and administer meetings throughout progress of the Work at maximum weekly

intervals on day and time convenient for all parties involved.
B. Make arrangements for meetings, prepare agenda with copies for participants prior to

meetings, preside at meetings.
C. Attendance Required:  Job superintendent, major Subcontractors and suppliers as appropriate

to agenda topics for each meeting. The Architect and Owner may attend.
D. Agenda:

1. Review minutes of previous meetings.
2. Review of work progress.
3. Field observations, problems, and decisions.
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4. Identification of problems that impede, or will impede, planned progress.
5. Review of submittals schedule and status of submittals.
6. Review of status of Request for Information (RFI).
7. Review of status of Architectural Supplemental Instructions (ASI).
8. Review of status of proposal requests (PR).
9. Review of status of Change Orders (CO).
10. Review of off-site fabrication and delivery schedules.
11. Maintenance of progress schedule.
12. Corrective measures to regain projected schedules.
13. Planned progress during succeeding work period.
14. Coordination of projected progress.
15. Maintenance of quality and work standards.
16. Effect of proposed changes on progress schedule and coordination.
17. Other business relating to work.

E. Contractor shall record minutes and distribute copies within five days after meeting to
participants, with three copies to Architect, one copy to Owner, participants, and those affected
by decisions made.

3.03 CONSTRUCTION PROGRESS SCHEDULE
A. Within 10 days after date of the Agreement, submit preliminary schedul defining operations for

the entirety of the project.
3.04 COORDINATION DRAWINGS

A. Review drawings prior to submission to Architect.
3.05 SUBMITTALS FOR REVIEW

A. When the following are specified in individual sections, submit them for review:
1. Product data.

a. When product data submittals are prepared specifically for this project (in the
absence of standard printed information) submit such information as shop drawings
and not as product data submittals.

b. Content:
1) Identify the particular product being submitted; submit only pertinent pages.
2) Show compliance with properties specified.
3) Identify which options and accessories are applicable.
4) Show compliance with the specific standards referenced.
5) Show compliance with specified testing agency listings; show the limitations of

their labels or seals, if any.
6) Identify dimensions which have been verified by field measurement.
7) Show special coordination requirements for the product.

2. Shop drawings.
a. Original drawings, prepared by Contractor,   Subcontractor,  supplier or distributor,

which illustrate  portion of the work, showing fabrication, layout, setting and erection
details.

b. Do not reproduce the Contract Drawings for the shop drawing submittals. Electronic
media of the Construction Documents are not available for the Contractor's
Subcontractor's, or material suppliers use.

c. Identify details by reference to drawing sheet number(s) and pertinent detail
number(s).

d. Shop drawings shall not include the phrase  by others, except when relating to
materials, products or equipment not included under the total Contract.

3. Samples for selection.
4. Samples for verification.
5. Samples.
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a. Provide samples that are the same as proposed product.
b. Where products are to match a sample prepared by other entities, prepare sample to

match.
c. Preparation:

1) Attach a description to each sample.
2) Attach name of manufacturer or source to each sample.
3) Where compliance with specified properties is required, attach documentation

showing compliance.
4) Where selection is required, the first submittal may be a single set of all options;

after return of submittal with selection indicated, submit standard number of sets
of selected item.

d. Keep final sample set(s) at the project site, available for use during progress of the
work.

e. Contractor shall be responsible for submitting all interior and exterior materials
samples that require a color and/or finish selection or is required to be part of a mock
up assembly  at the same time.  The Contractor shall include the color, finish,
material selection schedule in the shop drawing submittal schedule. The Architect will
provide final color, finish, and material selections only when they have all been
submitted by the Contractor.

B. Submit to Architect for review for the limited purpose of checking for conformance with
information given and the design concept expressed in the contract documents.

C. Samples will be reviewed for aesthetic, color, or finish selection.
D. After review, provide copies and distribute in accordance with SUBMITTAL PROCEDURES

article below and for record documents purposes described in Section 017800 - Closeout
Submittals.

3.06 SUBMITTALS FOR INFORMATION
A. When the following are specified in individual sections, submit them for information:

1. Design data.
2. Certificates.
3. Test reports.
4. Inspection reports.
5. Manufacturer's instructions.
6. Manufacturer's field reports.
7. Other types indicated.

B. Submit for Architect's knowledge as contract administrator or for Owner.
3.07 SUBMITTALS FOR PROJECT CLOSEOUT

A. Submit Correction Punch List for Substantial Completion.
B. Submit Final Correction Punch List for Substantial Completion.
C. When the following are specified in individual sections, submit them at project closeout in

conformance to requirements of Section 017800 - Closeout Submittals:
D. Submit for Owner's benefit during and after project completion.

3.08 SUBMITTAL PROCEDURES
A. General Requirements:
B. Shop Drawing Procedures:

1. Prepare accurate, drawn-to-scale, original shop drawing documentation by  interpreting
the Contract Documents and coordinating related Work.

2. Generic, non-project specific information submitted as shop drawings do not meet the
requirements for shop drawings.

C. Transmit each submittal with a copy of approved submittal form.
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D. Transmit each submittal with AIA Form G810, in duplicate.
1. Submittals received without a transmittal form will be returned without review or action.
2. Fill out a separate transmittal form for each submittal; also include the following:

a. Other relevant information.
b. Requests for additional information.

3. Sequentially number the transmittal form.  Revise submittals with original number and a
sequential alphabetic suffix.

E. Identify Project name and numbers, Contractor's, Subcontractor's or supplier's name and
address, Architect's name and address, Manufacturer's name ; pertinent drawing and detail
number, and specification section number, as appropriate on each copy.

F. Apply Contractor's stamp, signed or initialed certifying that review, approval, verification of
Products required, field dimensions, quantities, adjacent construction Work, and coordination of
information is in accordance with the requirements of the Work and Contract Documents.
1. Contractor’s responsibility regarding errors and omissions in submittals is not relieved by

Architect’s review of submittals.
2. Contractor’s responsibility regarding deviations in submittals from requirements of

Contract Documents is not relieved by Architect’s review submittals, unless Architect gives
written acceptance of specific deviations as approved by Owner.

3. When work is directly related and involves more than one trade, shop drawings shall be
coordinated by the submitting Contractor/Subcontractor with other trades prior submission
and related work submitted under one cover.
a. After shop drawing has been submitted for review, no changes may be made to that

Drawing other than changes resulting from review notes made by the Architect unless
such changes are clearly identified and circled before being resubmitted.  Any failure
to comply with this requirement shall nullify and invalidate the Architect’s review.

4. Submittals without Contractor’s stamp of review will not be reviewed and will be returned
for resubmission.

G. Submittals will be accepted from the Contractor only.  Submittals received from other entities
will be returned without review or action.

H. Do not submit substitute items that have not been approved by means of the procedure
specified elsewhere.

I. Do not include requests for substitution (either direct or indirect) on submittals; comply with
procedures for substitutions specified elsewhere.

J. Deliver submittals to Architect at business address.
K. Schedule submittals to expedite the Project, and coordinate submission of related items.

1. Prepare and submit, in accordance with the approved Project Construction Schedule, a
separate document listing dates by which shop drawings, product data and samples must
be submitted for each material, product or equipment item requiring submittal.

2. The schedule shall reflect an orderly sequence so as to cause no delay in the Work.
3. Coordinate submittals and activities that must be performed in sequence, so that the

Architect has enough information to properly review the submittals.
4. Coordinate submittals of different types for the same product or system so that the

Architect has enough information to properly review each submittal.
5. The dates indicated shall allow reasonable time for the review process of checking,

correcting and resubmitting and reasonable time for procurement.
6. No extension of time will be granted to the  Contractor/Subcontractor  because of failure to

expeditiously submit shop drawings and samples in reasonable time to allow for review
process.

7. For each submittal for review, allow 15 days excluding delivery time to and from the
Contractor. Architect shall review with reasonable promptness.

L. Identify variations from Contract Documents and Product or system limitations that may be
detrimental to successful performance of the completed Work.
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M. Provide space for Contractor and Architect review stamps. Submittals to receive Architect's
action marking:  Provide blank space on the label or on the submittal itself for action marking; 4
inches wide by 6 inches high.

N. Do not commence work which requires review of any submittals until receipt of returned
submittals with an acceptable action.
1. Stamped Reviewed, no corrections or resubmissions required, fabrication may proceed.
2. Stamped Revise and Resubmit.

a. If Contractor/Subcontractor complies with noted corrections, fabrication may proceed.
3. If for any reason the Contractor/Subcontractor cannot comply with the noted corrections,

fabrication shall not proceed and Contractor/Subcontractor shall resubmit, following
procedures outlined herein before.

4. Stamped Revise and Resubmit or Resubmit.
a. Contractor/Subcontractor shall revise and resubmit for review.  Fabrication shall not

proceed.
O. When revised for resubmission, identify all changes made since previous submission.
P. Distribute reviewed submittals as appropriate.  Instruct parties to promptly report any inability to

comply with requirements.
Q. Submittals not requested will not be recognized or processed.

END OF SECTION
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SECTION 013216
CONSTRUCTION PROGRESS SCHEDULE

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Preliminary schedule.
B. Construction progress schedule, bar chart type.
C. Reports.

1.02 SUBMITTALS
A. Within 10 days after date of Agreement, submit preliminary schedule.
B. If preliminary schedule requires revision after review, submit revised schedule within 3 working

days.
C. Within 10 days after date established in Notice to Proceed, submit draft of proposed complete

schedule for review.
1. Include written certification that major contractors have reviewed and accepted proposed

schedule.
D. Within 3 days after Architect's review, submit complete schedule.
E. Submit Daily Construction Reports every week.
F. Submit updated schedule and Progress Reports with each Application for Payment.
G. Submit the number of opaque reproductions that Contractor requires, plus three copies that will

be retained by Architect.
H. Submit under transmittal letter form specified in Section 013000 - Administrative Requirements.

1.03 QUALITY ASSURANCE
A. Scheduler:  Contractor's personnel or specialist Consultant specializing in CPM scheduling with

one years minimum experience in scheduling construction work of a complexity comparable to
this Project, and having use of computer facilities capable of delivering a detailed graphic
printout within 48 hours of request.

1.04 SCHEDULE FORMAT
A. Listings:  In chronological order according to the start date for each activity.  Identify each

activity with the applicable specification section number.
B. Diagram Sheet Size:  Maximum 22 x 17 inches (560 x 432 mm).
C. Sheet Size:  Multiples of 8-1/2 x 11 inches (216 x 280 mm).
D. Scale and Spacing:  To allow for notations and revisions.

1.05 COORDINATION
A. In preparation of schedules, take into account the time allowed or required for the Architect's

administrative procedures.
PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 PRELIMINARY SCHEDULE

A. Prepare preliminary schedule in the form of a horizontal bar chart.
3.02 CONTENT

A. Show complete sequence of construction by activity, with dates for beginning and completion of
each element of construction.

B. Identify each item by specification section number.
C. Identify work of separate stages and other logically grouped activities.
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D. Provide sub-schedules to define critical portions of the entire schedule.
E. Include conferences and meetings in schedule.
F. Show accumulated percentage of completion of each item, and total percentage of Work

completed, as of the first day of each month.
G. Provide separate schedule of submittal dates for shop drawings, product data, and samples,

owner-furnished products, products identified under Allowances, and dates reviewed submittals
will be required from Architect.  Indicate decision dates for selection of finishes.

H. Indicate delivery dates for owner-furnished products.
I. Coordinate content with schedule of values specified in Section 012000 - Price and Payment

Procedures.
J. Provide legend for symbols and abbreviations used.
K. Use the same terminology as that used in the Contract Documents.

3.03 BAR CHARTS
A. Include a separate bar for each major portion of Work or operation.
B. Identify the first work day of each week.
C. Coordinate each element on the schedule with other construction activities.
D. Show activities in proper sequence.
E. Include cost bar at top of chart, showing estimated and actual costs of work performed at the

date of each application for payment.
F. Use vertical lines to mark the time scale at not more than one week intervals.

3.04 CONTRACTOR'S CONSTRUCTION SCHEDULE
A. Provide construction schedule in the form of bar charts:

1. Use the same items of work as shown in the schedule of values.
2. Where related activities must be performed in sequence, show relationship graphically.
3. Incorporate the submittal schedule specified elsewhere.
4. Incorporate the quality control activities schedule specified elsewhere.
5. Show dates of:

a. Each activity that influences the construction time.
b. Preconstruction meeting.
c. Ordering dates for products requiring long lead time.
d. Completion of demolition.
e. Completion of mechanical work.
f. Completion of electrical work.
g. Instruction of the Owner's personnel in operation and maintenance of equipment and

systems.
h. Substantial and final completion, with time frames for the Architect's completion

procedures.
6. In developing the schedule take into account:

a. Continued occupancy of areas adjacent to the work area as well as throughout the
building.

b. Interruption of services to occupied facilities
c. Site limitations

3.05 UPDATING SCHEDULE
A. Maintain schedules to record actual start and finish dates of completed activities.
B. Indicate progress of each activity to date of revision, with projected completion date of each

activity.
C. Annotate diagrams to graphically depict current status of Work.
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D. Identify activities modified since previous submittal, major changes in Work, and other
identifiable changes.

E. Indicate changes required to maintain Date of Substantial Completion.
F. Submit progress reports required to support recommended changes.

3.06 DISTRIBUTION OF SCHEDULE
A. Distribute copies of updated schedules and reports to Contractor's project site file, to

Subcontractors, suppliers, Architect, Owner , and other concerned parties.
B. Instruct recipients to promptly report, in writing, problems anticipated by projections indicated in

schedules.
3.07 REPORTS

A. Daily Construction Logs:  Every day, record the following information concerning events at the
site:
1. Approximate number of persons at the site.
2. Visitors to the site.
3. Modifications to the contract received; modifications implemented.
4. Changes in occupancy.
5. Delays; reasons for delay.
6. Emergencies and accidents.
7. Equipment and system start-ups and tests.
8. Losses of material and property.
9. Meetings held and significant decisions made there.
10. Names of Subcontractors at site.
11. Orders and requests of representatives of governing authorities.
12. Unusual events.
13. Utility service disconnections and connections.

B. Progress Reports:  Prepare a narrative report describing the general state of completion of the
work and describing in detail the following:
1. Actual and anticipated delays, their impact on the schedule, and corrective actions taken

or proposed.
2. Actual and potential problems.
3. Status of change order work.
4. Effect of delays, problems, and changes on the schedules of Subcontractors.
5. Outstanding change proposal requests.
6. Status of corrective work ordered by the Architect

END OF SECTION
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SECTION 014000
QUALITY REQUIREMENTS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Submittals.
B. Mock-ups.
C. Control of installation.
D. Tolerances.
E. Testing and inspection agencies and services.
F. Control of installation.
G. Mock-ups.
H. Tolerances.
I. Manufacturers' field services.
J. Defect Assessment.

1.02 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Design Data:  Submit for Architect's and Owner's knowledge information for the limited purpose

of assessing conformance with information given and the design concept expressed in the
contract documents.

C. Certificates:  When specified in individual specification sections, submit certification by the
manufacturer and Contractor or installation/application subcontractor to the Owner and
Architect, in quantities specified for Product Data.
1. Indicate material or product conforms to or exceeds specified requirements.  Submit

supporting reference data, affidavits, and certifications as appropriate.
2. Certificates may be recent or previous test results on material or product, but must be

acceptable to Architect.
D. Manufacturer's Instructions:  When specified in individual specification sections, submit printed

instructions for delivery, storage, assembly, installation, start-up, adjusting, and finishing, for the
Owner's information.  Indicate special procedures, perimeter conditions requiring special
attention, and special environmental criteria required for application or installation.

E. Manufacturer's Field Reports:  Submit reports to the Owner and the Architect.
1. Submit report  within 10 days of observation to Owner and Architect for information.
2. Submit for information for the limited purpose of assessing conformance with information

given and the design concept expressed in the contract documents.
F. Erection Drawings:  Submit drawings for Owner and Architect's benefit.

1. Submit for information for the limited purpose of assessing conformance with information
given and the design concept expressed in the contract documents.

2. Data indicating inappropriate or unacceptable Work may be subject to action by Architect
or Owner.

1.03 TESTING AND INSPECTION AGENCIES AND SERVICES
A. Owner will employ and pay for services of an independent testing agency to perform other

specified testing.
B. Employment of agency in no way relieves Contractor of obligation to perform Work in

accordance with requirements of Contract Documents.
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PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 CONTROL OF INSTALLATION

A. Monitor quality control over suppliers, manufacturers, products, services, site conditions, and
workmanship, to produce Work of specified quality.

B. Contractor shall field verify all measurements prior to beginning construction.
C. Comply with manufacturers' instructions, including each step in sequence.
D. Should manufacturers' instructions conflict with Contract Documents, request clarification from

Architect before proceeding.
E. Comply with specified standards as minimum quality for the Work except where more stringent

tolerances, codes, or specified requirements indicate higher standards or more precise
workmanship.

F. Have Work performed by persons qualified to produce required and specified quality.
G. Verify that field measurements are as indicated on shop drawings or as instructed by the

manufacturer.
H. Secure products in place with positive anchorage devices designed and sized to withstand

stresses, vibration, physical distortion, and disfigurement.
I. See additional requirements in Quality Assurance sections following this section.

3.02 MOCK-UPS
A. Tests will be performed under provisions identified in this section and identified in the

respective product specification sections as well as the other Quality Assurance sections
following this section.

B. Assemble and erect specified items with specified attachment and anchorage devices,
flashings, seals, and finishes.

C. Accepted mock-ups shall be a comparison standard for the remaining Work.
D. Where mock-up has been accepted by Architect, Owner and Testing/Inspection Agency and is

specified in product specification sections to be removed, remove mock-up and clear area
when directed to do so.

3.03 TOLERANCES
A. Monitor fabrication and installation tolerance control of products to produce acceptable Work.

 Do not permit tolerances to accumulate.
B. Comply with manufacturers' tolerances.  Should manufacturers' tolerances conflict with

Contract Documents, request clarification from Architect before proceeding.
C. Adjust products to appropriate dimensions; position before securing products in place.

3.04 TESTING AND INSPECTION
A. See individual specification sections for testing and inspection required.
B. Testing Agency Duties:

1. Test samples of mixes submitted by Contractor.
2. Provide qualified personnel at site.  Cooperate with Architect and Contractor in

performance of services.
3. Perform specified sampling and testing of products in accordance with specified

standards.
4. Ascertain compliance of materials and mixes with requirements of Contract Documents.
5. Promptly notify Architect and Contractor of observed irregularities or non-conformance of

Work or products.
6. Perform additional tests and inspections required by Architect.
7. Submit reports of all tests/inspections specified.
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8. See additional requirements in Quality Assurance sections following this section.
C. Limits on Testing/Inspection Agency Authority:

1. Agency may not release, revoke, alter, or enlarge on requirements of Contract
Documents.

2. Agency may not approve or accept any portion of the Work.
3. Agency may not assume any duties of Contractor.
4. Agency has no authority to stop the Work.
5. See additional requirements in Quality Assurance sections following this section.

D. Contractor Responsibilities:
1. Deliver to agency at designated location, adequate samples of materials proposed to be

used that require testing, along with proposed mix designs.
2. Cooperate with laboratory personnel, and provide access to the Work and to

manufacturers' facilities.
3. Provide incidental labor and facilities:

a. To provide access to Work to be tested/inspected.
b. To obtain and handle samples at the site or at source of Products to be

tested/inspected.
c. To facilitate tests/inspections.
d. To provide storage and curing of test samples.

4. Notify Architect and laboratory 24 hours prior to expected time for operations requiring
testing/inspection services.

5. Employ services of an independent qualified testing laboratory and pay for additional
samples, tests, and inspections required by Contractor beyond specified requirements.

6. Arrange with Owner's agency and pay for additional samples, tests, and inspections
required by Contractor beyond specified requirements.

E. Re-testing required because of non-conformance to specified requirements shall be performed
by the same agency on instructions by Architect.

F. Re-testing required because of non-conformance to specified requirements shall be paid for by
Contractor.
1. See additional requirements in Quality Assurance sections following this section.

3.05 MANUFACTURERS' FIELD SERVICES
A. When specified in individual specification sections, require material or product suppliers or

manufacturers to provide qualified staff personnel to observe site conditions, conditions of
surfaces and installation, quality of workmanship, ​start-up of equipment,​ ​test, adjust and
balance of equipment​ ​​ as applicable, and to initiate instructions when necessary.

B. Submit qualifications of observer to Architect 30 days in advance of required observations.
1. Observer subject to approval of Architect.
2. Observer subject to approval of Owner.

C. Report observations and site decisions or instructions given to applicators or installers that are
supplemental or contrary to manufacturers' written instructions.

3.06 DEFECT ASSESSMENT
A. Replace Work or portions of the Work not conforming to specified requirements.
B. If, in the opinion of Architect, it is not practical to remove and replace the Work, Architect will

direct an appropriate remedy or adjust payment.
END OF SECTION
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SECTION 015000
TEMPORARY FACILITIES AND CONTROLS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Temporary telecommunications services.
B. Temporary sanitary facilities.
C. Temporary Controls:  Barriers, enclosures, and fencing.
D. Security requirements.
E. Vehicular access and parking.
F. Waste removal facilities and services.

1.02 REFERENCE STANDARDS
1.03 TEMPORARY UTILITIES

A. Owner will provide the following:
1. Electrical power , consisting of connection to existing facilities.
2. Water supply, consisting of connection to existing facilities.

B. Existing facilities may be used.
1.04 TELECOMMUNICATIONS SERVICES

A. Provide, maintain, and pay for telecommunications services to field office at time of project
mobilization.

1.05 TEMPORARY SANITARY FACILITIES
A. Provide and maintain required facilities and enclosures.  Provide at time of project mobilization.
B. Use of existing facilities  is permitted only by owner approval.
C. Maintain daily in clean and sanitary condition.
D. At end of construction, return facilities to same or better condition as originally found.

1.06 BARRIERS
A. Provide barriers to prevent unauthorized entry to construction areas, to prevent access to areas

that could be hazardous to workers or the public, to allow for owner's use of site and to protect
existing facilities and adjacent properties from damage from construction operations and
demolition.

B. Provide barricades and covered walkways required by governing authorities for public rights-of-
way and for public access to existing building.

C. Provide protection for plants designated to remain.  Replace damaged plants.
D. Protect non-owned vehicular traffic, stored materials, site, and structures from damage.

1.07 EXTERIOR ENCLOSURES
A. Provide temporary insulated weather tight closure of exterior openings to accommodate

acceptable working conditions and protection for Products, to allow for temporary heating and
maintenance of required ambient temperatures identified in individual specification sections,
and to prevent entry of unauthorized persons.  Provide access doors with self-closing hardware
and locks.

1.08 VEHICULAR ACCESS AND PARKING
A. Comply with regulations relating to use of streets and sidewalks, access to emergency facilities,

and access for emergency vehicles.
B. Coordinate access and haul routes with governing authorities and Owner.
C. Provide and maintain access to fire hydrants, free of obstructions.
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D. Provide means of removing mud from vehicle wheels before entering streets.
E. Contractor to coordinate parking with Owner.
F. Designated existing on-site roads may be used for construction traffic.
G. Provide temporary parking areas to accommodate construction personnel.  When site space is

not adequate, provide additional off-site parking.
1.09 WASTE REMOVAL

A. Provide waste removal facilities and services as required to maintain the site in clean and
orderly condition.

B. Provide containers with lids.  Remove trash from site daily.
C. Debris haul route to remain clean and in orderly condition daily as well as free from debris.

PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION - NOT USED

END OF SECTION
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SECTION 016000
PRODUCT REQUIREMENTS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. General product requirements.
B. Transportation, handling, storage and protection.
C. Product option requirements.
D. Substitution limitations.
E. Maintenance materials, including extra materials, spare parts, tools, and software.

1.02 REFERENCE STANDARDS
A. NEMA MG 00001 - Motors and Generators; 2024.
B. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.03 SUBMITTALS

A. Proposed Products List:  Submit list of major products proposed for use, with name of
manufacturer, trade name, and model number of each product.
1. Submit within 15 days after date of Agreement.
2. For products specified only by reference standards, list applicable reference standards.

B. Product Data Submittals:  Submit manufacturer's standard published data.  Mark each copy to
identify applicable products, models, options, and other data.  Supplement manufacturers'
standard data to provide information specific to this Project.

C. Shop Drawing Submittals:  Prepared specifically for this Project; indicate utility and electrical
characteristics, utility connection requirements, and location of utility outlets for service for
functional equipment and appliances.

D. Sample Submittals:  Illustrate functional and aesthetic characteristics of the product, with
integral parts and attachment devices. Coordinate sample submittals for interfacing work.
1. For selection from standard finishes, submit samples of the full range of the

manufacturer's standard colors, textures, and patterns.
E. Indicate utility and electrical characteristics, utility connection requirements, and location of

utility outlets for service for functional equipment and appliances.
PART 2  PRODUCTS
2.01 NEW PRODUCTS

A. Provide new products unless specifically required or permitted by the Contract Documents.
B. DO NOT USE products having any of the following characteristics:
C. Where all other criteria are met, Contractor shall give preference to products that:
D. Provide interchangeable components of the same manufacture for components being replaced.
E. Motors:  Refer to Section 230513 - Common Motor Requirements for HVAC Equipment, NEMA

MG 00001 Type.  Specific motor type is specified in individual specification sections.
F. Wiring Terminations:  Provide terminal lugs to match branch circuit conductor quantities, sizes,

and materials indicated.  Size terminal lugs to NFPA 70, include lugs for terminal box.
G. Cord and Plug:  Provide minimum 6 foot (2 m) cord and plug including grounding connector for

connection to electric wiring system.  Cord of longer length is specified in individual
specification sections.
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2.02 PRODUCT OPTIONS
A. Products Specified by Reference Standards or by Description Only:  Use any product meeting

those standards or description.
B. Products Specified by Naming One or More Manufacturers:  Use a product of one of the

manufacturers named and meeting specifications, no options or substitutions allowed.
C. Products Specified by Naming One or More Manufacturers with a Provision for Substitutions:

 Submit a request for substitution for any manufacturer not named.
2.03 MAINTENANCE MATERIALS

A. Furnish extra materials, spare parts, tools, and software of types and in quantities specified in
individual specification sections.

B. Deliver to Project site; obtain receipt prior to final payment.
PART 3  EXECUTION
3.01 SUBSTITUTION LIMITATIONS

A. Instructions to Bidders specifies time restrictions for submitting requests for substitutions during
the bidding period and the documents required.  Refer to AIA A701 as amended by OSE 00201
Modifications 2.13 & 2.14.

B. Substitutions may be considered when a product becomes unavailable through no fault of the
Contractor.

C. Document each request with complete data substantiating compliance of proposed substitution
with Contract Documents.

D. A request for substitution constitutes a representation that the submitter:
1. Has investigated proposed product and determined that it meets or exceeds the quality

level of the specified product.
2. Agrees to provide the same warranty for the substitution as for the specified product.
3. Agrees to coordinate installation and make changes to other Work that may be required

for the Work to be complete with no additional cost to Owner.
4. Waives claims for additional costs or time extension that may subsequently become

apparent.
5. Agrees to reimburse Owner and Architect for review or redesign services associated with

re-approval by authorities.
E. Substitutions will not be considered when they are indicated or implied on shop drawing or

product data submittals, without separate written request, or when acceptance will require
revision to the Contract Documents.

F. Substitution Request Form:
1. SUBSTITUTIONS WILL BE CONSIDERED ONLY WHEN THE ATTACHED  FORM  IS

COMPLETED AND INCLUDED WITH THE SUBMITTAL WITH ALL BACK-UP DATA.
3.02 TRANSPORTATION AND HANDLING

A. Package products for shipment in manner to prevent damage; for equipment, package to avoid
loss of factory calibration.

B. If special precautions are required, attach instructions prominently and legibly on outside of
packaging.

C. Coordinate schedule of product delivery to designated prepared areas in order to minimize site
storage time and potential damage to stored materials.

D. Transport and handle products in accordance with manufacturer's instructions.
E. Transport materials in covered trucks to prevent contamination of product and littering of

surrounding areas.
F. Promptly inspect shipments to ensure that products comply with requirements, quantities are

correct, and products are undamaged.
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G. Provide equipment and personnel to handle products by methods to prevent soiling,
disfigurement, or damage, and to minimize handling.

H. Arrange for the return of packing materials, such as wood pallets, where economically feasible.
3.03 STORAGE AND PROTECTION

A. Designate receiving/storage areas for incoming products so that they are delivered according to
installation schedule and placed convenient to work area in order to minimize waste due to
excessive materials handling and misapplication.

B. Store and protect products in accordance with manufacturers' instructions.
C. Store with seals and labels intact and legible.
D. Store sensitive products in weather tight, climate controlled, enclosures in an environment

favorable to product.
E. For exterior storage of fabricated products, place on sloped supports above ground.
F. Provide off-site storage and protection when site does not permit on-site storage or protection.
G. Protect products from damage or deterioration due to construction operations, weather,

precipitation, humidity, temperature, sunlight and ultraviolet light, dirt, dust, and other
contaminants.

H. Comply with manufacturer's warranty conditions, if any.
I. Cover products subject to deterioration with impervious sheet covering.  Provide ventilation to

prevent condensation and degradation of products.
J. Store loose granular materials on solid flat surfaces in a well-drained area.  Prevent mixing with

foreign matter.
K. Prevent contact with material that may cause corrosion, discoloration, or staining.
L. Provide equipment and personnel to store products by methods to prevent soiling,

disfigurement, or damage.
M. Arrange storage of products to permit access for inspection. Periodically inspect to verify

products are undamaged and are maintained in acceptable condition.
END OF SECTION
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SECTION 017000
EXECUTION AND CLOSEOUT REQUIREMENTS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Examination, preparation, and general installation procedures.
B. Requirements for alterations work, including selective demolition, except removal, disposal,

and/or remediation of hazardous materials and toxic substances.
C. Pre-installation meetings.
D. Cutting and patching.
E. Surveying for laying out the work.
F. Cleaning and protection.
G. Starting of systems and equipment.
H. Demonstration and instruction of Owner personnel.

1.02 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Cutting and Patching:  Submit written request in advance of cutting or alteration that affects:

1. Structural integrity of any element of Project.
2. Integrity of weather exposed or moisture resistant element.
3. Efficiency, maintenance, or safety of any operational element.
4. Visual qualities of sight exposed elements.
5. Work of Owner or separate Contractor.
6. Include in request:

a. Identification of Project.
b. Location and description of affected work.
c. Necessity for cutting or alteration.
d. Description of proposed work and products to be used.
e. Alternatives to cutting and patching.
f. Effect on work of Owner or separate Contractor.
g. Written permission of affected separate Contractor.
h. Date and time work will be executed.

C. Project Record Documents:  Accurately record actual locations of capped and active utilities.
1.03 PROJECT CONDITIONS

A. Ventilate enclosed areas to assist cure of materials, to dissipate humidity, and to prevent
accumulation of dust, fumes, vapors, or gases.

B. Pest and Rodent Control:  Provide methods, means, and facilities to prevent pests and insects
from damaging the work.

C. Rodent Control:  Provide methods, means, and facilities to prevent rodents from accessing or
invading premises.

D. Pollution Control:  Provide methods, means, and facilities to prevent contamination of soil,
water, and atmosphere from discharge of noxious, toxic substances, and pollutants produced
by construction operations.  Comply with federal, state, and local regulations.

E. Patch or replace surfaces that are damaged, lifted, discolored, or showing other imperfections
due to patching work.  Repair substrate prior to patching finish.  Finish patches to produce
uniform finish and texture over entire area.  When finish cannot be matched, refinish entire
surface to nearest intersections.
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1.04 PRE-CONSTRUCTION MEETING
A. Meet with management staff of the area of construction for required infection control practices

in that department and comply with the Owner's policies.
B. A/E shall record minutes and distribute copies within two days after meeting to all participants.

PART 2  PRODUCTS
2.01 PATCHING MATERIALS

A. New Materials:  As specified in product sections; match existing products and work for patching
and extending work.

B. Type and Quality of Existing Products:  Determine by inspecting and testing products where
necessary, referring to existing work as a standard.

C. Product Substitution:  For any proposed change in materials, submit request for substitution
described in Section 016000 - Product Requirements.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that existing site conditions and substrate surfaces are acceptable for subsequent work.
B. Verify that existing substrate is capable of structural support or attachment of new work being

applied or attached.
C. Examine and verify specific conditions described in individual specification sections.
D. Take field measurements before confirming product orders or beginning fabrication, to minimize

waste due to over-ordering or misfabrication.
E. Verify that utility services are available, of the correct characteristics, and in the correct

locations.
F. Prior to Cutting:  Examine existing conditions prior to commencing work, including elements

subject to damage or movement during cutting and patching.  After uncovering existing work,
assess conditions affecting performance of work.  Beginning of cutting or patching means
acceptance of existing conditions.

3.02 PREPARATION
A. Clean substrate surfaces prior to applying next material or substance.
B. Seal cracks or openings of substrate prior to applying next material or substance.
C. Apply manufacturer required or recommended substrate primer, sealer, or conditioner prior to

applying any new material or substance in contact or bond.
3.03 PREINSTALLATION MEETINGS

A. When required in individual specification sections, convene a preinstallation meeting at the site
prior to commencing work of the section.

B. Require attendance of parties directly affecting, or affected by, work of the specific section.
C. Notify Architect four days in advance of meeting date.
D. Prepare agenda and preside at meeting:

1. Review conditions of examination, preparation and installation procedures.
2. Review coordination with related work.

E. A/E shall record minutes and distribute copies within two days after meeting to all participants.
3.04     OAC MEETINGS

A. Contractor shall record minutes and distribute copies within two days after meeting to all
participants.

3.05 LAYING OUT THE WORK
A. Verify locations of survey control points prior to starting work.
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B. Promptly notify Architect of any discrepancies discovered.
C. Protect survey control points prior to starting site work; preserve permanent reference points

during construction.
D. Promptly report to Architect the loss or destruction of any reference point or relocation required

because of changes in grades or other reasons.
E. Replace dislocated survey control points based on original survey control.  Make no changes

without prior written notice to  Architect.
F. Utilize recognized engineering survey practices.
G. Establish elevations, lines and levels.  Locate and lay out by instrumentation and similar

appropriate means:
1. Site improvements including pavements; stakes for grading, fill and topsoil placement;

utility locations, slopes, and invert elevations.
2. Grid or axis for structures.
3. Building foundation, column locations, ground floor elevations.

H. Periodically verify layouts by same means.
I. Maintain a complete and accurate log of control and survey work as it progresses.

3.06 GENERAL INSTALLATION REQUIREMENTS
A. Install products as specified in individual sections, in accordance with manufacturer's

instructions and recommendations, and so as to avoid waste due to necessity for replacement.
B. Make vertical elements plumb and horizontal elements level, unless otherwise indicated.
C. Install equipment and fittings plumb and level, neatly aligned with adjacent vertical and

horizontal lines, unless otherwise indicated.
D. Make consistent texture on surfaces, with seamless transitions, unless otherwise indicated.
E. Make neat transitions between different surfaces, maintaining texture and appearance.  

3.07 ALTERATIONS
A. Drawings showing existing construction and utilities are based on casual field observation and

existing record documents only.
1. Verify that construction and utility arrangements are as indicated.
2. Report discrepancies to Architect before disturbing existing installation.
3. Beginning of alterations work constitutes acceptance of existing conditions.

B. Keep areas in which alterations are being conducted separated from other areas that are still
occupied.
1. Provide, erect, and maintain temporary dustproof partitions of construction specified in

Section 015000 in locations indicated on drawings.
C. Remove existing work as indicated and as required to accomplish new work.

1. Remove rotted wood, corroded metals, and deteriorated masonry and concrete; replace
with new construction specified.

2. Remove items indicated on drawings.
3. Relocate items indicated on drawings.
4. Where new surface finishes are to be applied to existing work, perform removals, patch,

and prepare existing surfaces as required to receive new finish; remove existing finish if
necessary for successful application of new finish.

5. Where new surface finishes are not specified or indicated, patch holes and damaged
surfaces to match adjacent finished surfaces as closely as possible.

D. Services (Including but not limited to HVAC, Plumbing, Fire Protection, Electrical, and
Telecommunications):  Remove, relocate, and extend existing systems to accommodate new
construction.
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1. Maintain existing active systems that are to remain in operation; maintain access to
equipment and operational components; if necessary, modify installation to allow access
or provide access panel.

2. Where existing systems or equipment are not active and Contract Documents require
reactivation, put back into operational condition; repair supply, distribution, and equipment
as required.

3. Where existing active systems serve occupied facilities but are to be replaced with new
services, maintain existing systems in service until new systems are complete and ready
for service.
a. Disable existing systems only to make switchovers and connections; minimize

duration of outages.
b. Provide temporary connections as required to maintain existing systems in service.

4. Verify that abandoned services serve only abandoned facilities.
5. Remove abandoned pipe, ducts, conduits, and equipment , including those above

accessible ceilings; remove back to source of supply where possible, otherwise cap stub
and tag with identification; patch holes left by removal using materials specified for new
construction.

E. Protect existing work to remain.
1. Prevent movement of structure; provide shoring and bracing if necessary.
2. Perform cutting to accomplish removals neatly and as specified for cutting new work.
3. Repair adjacent construction and finishes damaged during removal work.
4. Patch as specified for patching new work.

F. Adapt existing work to fit new work:  Make as neat and smooth transition as possible.
G. When existing finished surfaces are cut so that a smooth transition with new work is not

possible, terminate existing surface along a straight line at a natural line of division and make
recommendation to Architect.

H. Where removal of partitions or walls results in adjacent spaces becoming one, rework floors,
walls, and ceilings to a smooth plane without breaks, steps, or bulkheads.

I. Where a change of plane of 1/4 inch (6 mm) or more occurs in existing work, submit
recommendation for providing a smooth transition for Architect review and request instructions.

J. Trim existing wood doors as necessary to clear new floor finish.  Refinish trim as required.
K. Patching:  Where the existing surface is not indicated to be refinished, patch to match the

surface finish that existed prior to cutting.  Where the surface is indicated to be refinished,
patch so that the substrate is ready for the new finish.

L. Refinish existing surfaces as indicated:
M. Where rooms or spaces are indicated to be refinished, refinish all visible existing surfaces to

remain to the specified condition for each material, with a neat transition to adjacent finishes.
N. If mechanical or electrical work is exposed accidentally during the work, re-cover and refinish to

match.
1. Patch as specified for patching new work.

O. Clean existing systems and equipment.
P. Remove demolition debris and abandoned items from alterations areas and dispose of off-site;

do not burn or bury.
Q. Do not begin new construction in alterations areas before demolition is complete.
R. Comply with all other applicable requirements of this section.

3.08 CUTTING AND PATCHING
A. Whenever possible, execute the work by methods that avoid cutting or patching.
B. See Alterations article above for additional requirements.
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C. Perform whatever cutting and patching is necessary to:
1. Complete the work.
2. Fit products together to integrate with other work.
3. Provide openings for penetration of mechanical, electrical, and other services.
4. Match work that has been cut to adjacent work.
5. Repair areas adjacent to cuts to required condition.
6. Repair new work damaged by subsequent work.
7. Remove samples of installed work for testing when requested.
8. Remove and replace defective and non-conforming work.

D. Execute cutting and patching ​including excavation and fill​ to complete the work, to uncover
work in order to install improperly sequenced work, to remove and replace defective or non-
conforming work, to remove samples of installed work for testing ​when requested​, to provide
openings in the work for penetration of mechanical and electrical work, to execute patching to
complement adjacent work, and to fit products together to integrate with other work.

E. Execute work by methods that avoid damage to other work and that will provide appropriate
surfaces to receive patching and finishing.  

F. Employ original installer to perform cutting for weather exposed and moisture resistant
elements, and sight exposed surfaces.

G. Cut rigid materials using masonry saw or core drill.  Pneumatic tools not allowed without prior
approval.

H. Restore work with new products in accordance with requirements of Contract Documents.
I. Fit work air tight to pipes, sleeves, ducts, conduit, and other penetrations through surfaces.
J. At penetrations of fire rated walls, partitions, ceiling, or floor construction, completely seal voids

with ​fire rated​ material ​​, to full thickness of the penetrated element.
K. Patching:

1. Finish patched surfaces to match finish that existed prior to patching.  On continuous
surfaces, refinish to nearest intersection or natural break.  For an assembly, refinish entire
unit.

2. Match color, texture, and appearance.
3. Repair patched surfaces that are damaged, lifted, discolored, or showing other

imperfections due to patching work. If defects are due to condition of substrate, repair
substrate prior to repairing finish.

L. Refinish surfaces to match adjacent finish.  For continuous surfaces, refinish to nearest
intersection or natural break.  For an assembly, refinish entire unit.

M. Make neat transitions.  Patch work to match adjacent work in texture and appearance.  ​Where
new work abuts or aligns with existing, perform a smooth and even transition.​

N. Meet with management staff of the area of construction for required infection control practices
in that department and comply with the Owner's policies.

3.09 PROGRESS CLEANING
A. Conduct cleaning and disposal operations to comply with codes, ordinances, regulations, and

anti-pollution laws.
B. Contractor shall assess the amount of air borne dust and debris for construction and apprise

the Owner of the need to change the air filtration filters in the air handling system at an
increased frequency.

C. Maintain areas free of waste materials, debris, and rubbish.  Maintain site in a clean and orderly
condition.

D. Remove debris and rubbish from pipe chases, plenums, attics, crawl spaces, and other closed
or remote spaces, prior to enclosing the space.
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E. Broom and vacuum clean interior areas prior to start of surface finishing, and continue cleaning
to eliminate dust.

F. Collect and remove waste materials, debris, and rubbish from site ​periodically​ and dispose off-
site.

G. Do not dispose of volatile wastes such as mineral spirits, oil or paint thinner in storm or sanitary
drains.

3.10 PROTECTION OF INSTALLED WORK
A. Protect installed work from damage by construction operations.
B. Provide special protection where specified in individual specification sections.
C. Provide temporary and removable protection for installed products. Control activity in immediate

work area to prevent damage.
D. Provide protective coverings at walls, projections, jambs, sills, and soffits of openings.
E. Protect finished floors, stairs, and other surfaces from traffic, dirt, wear, damage, or movement

of heavy objects, by protecting with durable sheet materials.
F. Remove protective coverings when no longer needed; reuse or recycle coverings if possible.

3.11 SYSTEM STARTUP
A. Coordinate schedule for start-up of various equipment and systems.
B. Notify Architect and owner seven days prior to start-up of each item.
C. Verify that each piece of equipment or system has been checked for proper lubrication, drive

rotation, belt tension, control sequence, and for conditions that may cause damage.
D. Verify tests, meter readings, and specified electrical characteristics agree with those required

by the equipment or system manufacturer.
E. Verify that wiring and support components for equipment are complete and tested.
F. Execute start-up under supervision of applicable Contractor personnel and manufacturer's

representative in accordance with manufacturers' instructions.
G. Submit a written report that equipment or system has been properly installed and is functioning

correctly.
3.12 DEMONSTRATION AND INSTRUCTION

A. Demonstrate operation and maintenance of products to Owner's personnel two weeks prior to
date of Substantial Completion.

B. Demonstrate start-up, operation, control, adjustment, trouble-shooting, servicing, maintenance,
and shutdown of each item of equipment at scheduled time, at equipment location.

C. For equipment or systems requiring seasonal operation, perform demonstration for other
season within six months.

D. Provide a qualified person who is knowledgeable about the Project to perform demonstration
and instruction of owner personnel.

E. Utilize operation and maintenance manuals as basis for instruction.  Review contents of manual
with Owner's personnel in detail to explain all aspects of operation and maintenance.

F. Prepare and insert additional data in operations and maintenance manuals when need for
additional data becomes apparent during instruction.

G. The amount of time required for instruction on each item of equipment and system is that
specified in individual sections.

3.13 ADJUSTING
A. Adjust operating products and equipment to ensure smooth and unhindered operation.
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3.14 FINAL CLEANING
A. Employ skilled workmen for final cleaning.
B. Materials:

1. Use only those cleaning materials which will not create hazards to health or property and
which will not damage surfaces.

2. Use only those cleaning materials and methods recommended by manufacturer of the
surface material to be cleaned.

3. Use cleaning materials only on surfaces recommended by cleaning material manufacturer.
4. Sweeping compounds used in cleaning operations shall leave no residue on concrete floor

surfaces that may effect installation of finish flooring materials.
C. Execute final cleaning prior to final project assessment.

1. Clean areas to be occupied by Owner prior to final completion before Owner occupancy.
D. Use cleaning materials that are nonhazardous.
E. Clean interior and exterior glass, surfaces exposed to view; remove temporary labels, stains

and foreign substances, polish transparent and glossy surfaces, vacuum carpeted and soft
surfaces.

F. Remove grease, mastic, adhesives, dust, dirt, stains, fingerprints, labels, and other foreign
materials from sight-exposed interior surfaces.

G. Clean equipment and fixtures to a sanitary condition with cleaning materials appropriate to the
surface and material being cleaned.

H. Dust cabinetwork and remove markings.
I. Prior to final completion, or Owner occupancy, the Contractor shall conduct an inspection of

sight-exposed interior surfaces, and all work areas, to verify that the entire Work is clean
J. Tunnels and closed off spaces shall be cleaned of packing boxes, wood frame members and

other waste materials used in the construction.
K. The entire system of piping and equipment shall be cleaned internally.  The Contractor

installing those items shall open all dirt pockets and strainers, completely blowing down as
required and clean strainer screens of all accumulated debris.

L. Tanks, fixtures and pumps shall be drained and proved free of sludge and accumulated matter.
M. Temporary labels, stickers, etc., shall be removed from fixtures and equipment.  (Do not

remove permanent name plates, equipment model numbers, ratings, etc.)
N. Heating and air conditioning equipment, tanks, pumps and traps shall be thoroughly cleaned

and new filters or filter media installed.
O. Before being placed in service, domestic water distribution systems, including those for cold

water, drinking water and the hot water system shall be chlorinated.  The method to be used
shall be at the option of the Contractor installing the systems, and one of the methods set forth
in the AWWA Standard specifications, latest edition, including all amendments thereto.  The
treatment shall consist of a solution of not less than 50 parts per million of available chlorine.
 The chlorinating material shall be either liquid chlorine or sodium hypochloride.  After
sterilization the system shall be flushed with clear water until the chlorine residual is not greater
than 0.2 per million.

P. Clean filters of operating equipment.
Q. Remove waste, surplus materials, trash/rubbish, and construction facilities from the site;

dispose of in legal manner; do not burn or bury.
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3.1 WARRANTIES
A. The Contractor shall provide warranties on the following equipment:

1. 23 8218 Fan-Coil Units - Warranty - The contractor shall provide one full year warranty for
furnishing parts on site which becomes defective in normal operation, from the date of
Substantial Completion.

2. Other warranties if listed to be provided in other sections of this project manual.
END OF SECTION

05
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SECTION 017800
CLOSEOUT SUBMITTALS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Warranties and bonds.
1.02 SUBMITTALS

A. Project Record Documents:  Submit documents to Architect prior to claim for final Application
for Payment.
1. Submit two copies of preliminary draft or proposed formats and outlines of contents before

start of Work.  Architect will review draft and return one copy with comments.
2. For equipment, or component parts of equipment put into service during construction and

operated by Owner, submit completed documents within ten days after acceptance.
3. Submit one copy of completed documents 15 days prior to final inspection.  This copy will

be reviewed and returned after final inspection, with Architect comments.  Revise content
of all document sets as required prior to final submission.

B. Warranties and Bonds:
1. All Warranties shall start from the date of substantial completion.
2. For equipment or component parts of equipment put into service during construction with

Owner's permission, submit documents within 15 days after acceptance.
3. Make other submittals within ​10 ​ days after Date of Substantial Completion, prior to final

Application for Payment. If the Architect's Certificate of Substantial Completion designates
a commencement date for warranties other than the date of Substantial Completion for the
Work, or a designated portion of the Work, submit written warranties upon request of the
Architect.

4. For items of Work for which acceptance is delayed beyond Date of Substantial
Completion, submit within 10 days after acceptance, listing the date of acceptance as the
beginning of the warranty period.

5. When a special warranty is required to be executed by the Contractor, or the Contractor
and a subcontractor, supplier or manufacturer, prepare a written document that contains
appropriate terms and identification, ready for execution by the required parties.  Submit a
draft to the Owner through the Architect for approval prior to final execution.

6. Refer to individual Sections of Divisions-2 through -16 for specific content  requirements,
and particular requirements for submittal of special warranties.

7. Form of Submittal:  At Final Completion compile two copies of each required warranty and
bond properly executed by the Contractor, or by the Contractor,subcontractor, supplier, or
manufacturer. Organize the warranty documents into an orderly sequence based on the
table of contents of the Project Manual.

8. Bind warranties and bonds in two (or more) duplicate heavy-duty, commercial quality,
durable 3-hole punch tab binders, thickness as necessary to accommodate contents, and
sized to receive 8-1/2" by 11" paper.

9. Provide heavy paper dividers with celluloid covered tabs for each separate warranty.
 Mark the tab to identify the product or installation.  Provide a typed description of the
product or installation, including the name of the product, and the name, address and
telephone number of the installer.

10. Identify each binder on the front and the spine with the typed or printed title
"WARRANTIES AND BONDS," the Project title or name, and the name of the Contractor.

11. When operating and maintenance manuals are required for warranted construction,
provide additional copies of each required warranty, as necessary, for inclusion in each
required manual.
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PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION
3.01 PROJECT RECORD DOCUMENTS

A. Maintain on site one set of the following record documents; record actual revisions to the Work:
1. Drawings.
2. Specifications.
3. Addenda.
4. Change Orders and other modifications to the Contract.
5. Reviewed shop drawings, product data, and samples.
6. Manufacturer's instruction for assembly, installation, and adjusting.

B. Ensure entries are complete and accurate, enabling future reference by Owner.
C. Store record documents separate from documents used for construction.
D. Record information concurrent with construction progress.
E. Specifications:  Legibly mark and record at each product section description of actual products

installed, including the following:
1. Manufacturer's name and product model and number.
2. Product substitutions or alternates utilized.
3. Changes made by Addenda and modifications.

F. Record Drawings and Shop Drawings:  Legibly mark each item to record actual construction
including:
1. Measured locations of internal utilities and appurtenances concealed in construction,

referenced to visible and accessible features of the Work.
G. Source Data:  For each product or system, list names, addresses and telephone numbers of

Subcontractors and suppliers, including local source of supplies and replacement parts.
H. Product Data:  Mark each sheet to clearly identify specific products and component parts, and

data applicable to installation.  Delete inapplicable information.
I. Typed Text:  As required to supplement product data.  Provide logical sequence of instructions

for each procedure, incorporating manufacturer's instructions.
J. Manuals:

1. Purpose:
a. Operation and maintenance manuals will be used for training of, and use by, Owner’s

personnel in operation and maintenance of mechanical and electrical systems and
equipment.  A separate manual or chapter within a manual shall be prepared for each
class of equipment or system.

b. For additional requirements refer to various specification sections.
K. Instructions of Owner’s Personnel

1. Fully instruct Owner’s designated operating and maintenance personnel in operating,
adjustments and maintenance of all mechanical and electrical systems and equipment as
required by respective and pertinent sections, after all final inspection, tests and repairs
have been completed.

2. Operating and maintenance manuals shall constitute the basis of instructions.  Contents of
manual shall be reviewed in full detail, explaining all aspects of operations and
maintenance.

3. Prepare and include additional data when need for such data becomes apparent during
instruction and training and sessions.

4. Training sessions shall be jointly arranged with Owner during Contractor’s normal week
and daily hours.  The Owner shall have the responsibility of scheduling its shift work
personnel accordingly.

5. Owner and Contractor shall coordinate and cooperate to keep training sessions to a
reasonable minimum.
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3.02 OPERATION AND MAINTENANCE DATA FOR MATERIALS AND FINISHES
A. For Each Product, Applied Material, and Finish:

1. Product data, with catalog number, size, composition, and color and texture designations.
2. Information for re-ordering custom manufactured products.

B. Instructions for Care and Maintenance:  Manufacturer's recommendations for cleaning agents
and methods, precautions against detrimental cleaning agents and methods, and
recommended schedule for cleaning and maintenance.

C. Moisture protection and weather-exposed products:  Include product data listing applicable
reference standards, chemical composition, and details of installation.  Provide
recommendations for inspections, maintenance, and repair.

D. Additional information as specified in individual product specification sections.
E. Where additional instructions are required, beyond the manufacturer's standard printed

instructions, have instructions prepared by personnel experienced in the operation and
maintenance of the specific products.

F. Provide a listing in Table of Contents for design data, with tabbed fly sheet and space for
insertion of data.

3.03 OPERATION AND MAINTENANCE DATA FOR EQUIPMENT AND SYSTEMS
A. For Each Item of Equipment and Each System:

1. Description of unit or system, and component parts.
2. Identify function, normal operating characteristics, and limiting conditions.
3. Include performance curves, with engineering data and tests.
4. Complete nomenclature and model number of replaceable parts.

B. Where additional instructions are required, beyond the manufacturer's standard printed
instructions, have instructions prepared by personnel experienced in the operation and
maintenance of the specific products.

C. Panelboard Circuit Directories:  Provide electrical service characteristics, controls, and
communications; typed.

D. Include color coded wiring diagrams as installed.
E. Operating Procedures:  Include start-up, break-in, and routine normal operating instructions

and sequences.  Include regulation, control, stopping, shut-down, and emergency instructions.
 Include summer, winter, and any special operating instructions.

F. Maintenance Requirements:  Include routine procedures and guide for preventative
maintenance and trouble shooting; disassembly, repair, and reassembly instructions; and
alignment, adjusting, balancing, and checking instructions.

G. Provide servicing and lubrication schedule, and list of lubricants required.
H. Include manufacturer's printed operation and maintenance instructions.
I. Include sequence of operation by controls manufacturer.
J. Provide original manufacturer's parts list, illustrations, assembly drawings, and diagrams

required for maintenance.
K. Provide control diagrams by controls manufacturer as installed.
L. Provide Contractor's coordination drawings, with color coded piping diagrams as installed.
M. Provide charts of valve tag numbers, with location and function of each valve, keyed to flow and

control diagrams.
N. Provide list of original manufacturer's spare parts, current prices, and recommended quantities

to be maintained in storage.
O. Include test and balancing reports.
P. Safety instructions.
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Q. Additional Requirements:  As specified in individual product specification sections.
3.04 ASSEMBLY OF  OPERATION AND MAINTENANCE MANUALS

A. Assemble operation and maintenance data into durable manuals for Owner's personnel use,
with data arranged in the same sequence as, and identified by, the specification sections.

B. Where systems involve more than one specification section, provide separate tabbed divider for
each system.

C. Prepare instructions and data by personnel experienced in maintenance and operation of
described products.

D. Prepare data in the form of an instructional manual.
E. Binders:  Commercial quality, 8-1/2 by 11 inch (216 by 280 mm) three D side ring binders with

durable plastic covers; 2 inch (50 mm) maximum ring size.  When multiple binders are used,
correlate data into related consistent groupings.

F. Cover:  Identify each binder on the front and the spine with typed or printed title OPERATION
AND MAINTENANCE INSTRUCTIONS; identify title of Project; identify subject matter of
contents.

G. Project Directory:  Title and address of Project; names, addresses, and telephone numbers of
Architect, Consultants, Contractor and subcontractors, with names of responsible parties.

H. Tables of Contents:  List every item separated by a divider, using the same identification as on
the divider tab; where multiple volumes are required, include all volumes Tables of Contents in
each volume, with the current volume clearly identified.

I. Provide heavy duty paper tabbed dividers for each separate product and system, with typed
description of product and major component parts of equipment.

J. Text:  Manufacturer's printed data, or typewritten data on 24 pound paper.
K. Drawings:  Provide with reinforced punched binder tab.  Bind in with text; fold larger drawings to

size of text pages.
L. Arrange content by ​systems​ under section numbers and sequence of Table of Contents of this

Project Manual.
M. Contents:  Prepare a Table of Contents for each volume, with each product or system

description identified, in three parts as follows:
1. Part 1:  Directory, listing names, addresses, and telephone numbers of ​Architect ​,

​Contractor ​, Subcontractors, and major equipment suppliers.
2. Part 2:  Operation and maintenance instructions, arranged by ​system​ and subdivided by

​specification section ​.  For each category, identify names, addresses, and telephone
numbers of Subcontractors and suppliers.  Identify the following:
a. Significant design criteria.
b. List of equipment.
c. Parts list for each component.
d. Operating instructions.
e. Maintenance instructions for equipment and systems.
f. Maintenance instructions for ​special ​ finishes, including recommended cleaning

methods and materials, and special precautions identifying detrimental agents.
3. Part 3:  Project documents and certificates, including the following:

a. Shop drawings and product data.
b. Air and water balance reports.
c. Certificates.
d. SE 560 - Certificate of Final Completion
e. Contractors Warranty Information
f. Project Insurance Assurance Letter stating the contractor, “knows of no reason that

the completed project insurance will not be renewable to cover the period required by
the documents"
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g.  AIA G706 (Affidavit of Payment of Debts and Claims).
h.  AIA G707 (Consent of Surety to Final Payment).
i.  AIA G715 (ACORD Certificate of Insurance Attachment).
j.  After all punch list items and documents are resolved: SE-560 (Certificate of Final

Completion).
k.  Any other items specifically cited in the contract documents (project manual and

contract).
l. SE-585 (Certificate of Occupancy Use)

N. Provide a listing in Table of Contents for design data, with tabbed dividers and space for
insertion of data.

O. Table of Contents:  Provide title of Project; names, addresses, and telephone numbers of
​Architect ​ ​, Consultants, ​ and ​Contractor ​ with name of responsible parties; schedule of products
and systems, indexed to content of the volume.

3.05 WARRANTIES AND BONDS
A. Obtain warranties and bonds, executed in duplicate by responsible Subcontractors, suppliers,

and manufacturers, within 10 days after completion of the applicable item of work.  Except for
items put into use with Owner's permission, leave date of beginning of time of warranty until
Date of Substantial completion is determined.

B. Verify that documents are in proper form, contain full information, and are notarized.
C. Co-execute submittals when required.
D. All warranties should be addressed to the owner.
E. Retain warranties and bonds until time specified for submittal.
F. Manual:  Bind in commercial quality 8-1/2 by 11 inch (216 by 279 mm) three D side ring binders

with durable plastic covers.
G. Cover:  Identify each binder on the front and the spine with typed or printed title WARRANTIES

AND BONDS, with title of Project; name, address and telephone number of ​Contractor ​ ​and
equipment supplier ​; and name of responsible company principal.

H. Table of Contents:  Neatly typed, in the sequence of the Table of Contents of the Project
Manual, with each item identified with the number and title of the specification section in which
specified, and the name of product or work item.

I. Separate each warranty or bond with index tab sheets keyed to the Table of Contents listing.
 Provide full information, using separate typed sheets as necessary.  List Subcontractor,
supplier, and manufacturer, with name, address, and telephone number of responsible
principal.

J. See all provisions under "3.5 WARRANTY:" in General Conditions.
K. Related Damages and Losses:  When correcting warranted Work that has failed, remove and

replace other Work that has been damaged as a result of such failure or that must be removed
and replaced to provide access for correction of warranted Work.

L. Reinstatement of Warranty:   When Work covered by a warranty has failed and been corrected
by replacement or rebuilding, guarantee the corrected work with a new warranty equal to the
original.

M. Replacement Cost:  Upon determination that Work covered by a warranty has failed, replace or
rebuild the Work to an acceptable condition complying with requirements of Contract
Documents. The Contractor is responsible for the cost of replacing or rebuilding defective Work
regardless of whether the Owner has benefited from use of the Work through a portion of its
anticipated useful service life.

N. Owner's Recourse:  Written warranties made to the Owner are in addition to implied warranties,
and shall not limit the duties, obligations, right and remedies otherwise available under the law,
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nor shall warranty periods be interpreted as limitations on time in which the Owner can enforce
such other duties, obligations, rights, or remedies.

O. Rejection of Warranties:  The Owner reserves the right to reject warranties and to limit
selections to products with warranties not in conflict with requirements of the Contract
Documents.

P. The Owner reserves the right to refuse to accept Work for the Project where a special warranty,
certification, or similar commitment is required on such Work or part of the Work, until evidence
is presented that entities required to countersign such commitments are willing to do so.

END OF SECTION
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SECTION 024100
DEMOLITION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Selective demolition of building elements for alteration purposes.
B. Hazardous Material Removal

1.02 REFERENCE STANDARDS
1.03 SUBMITTALS

A. Project Record Documents:  Accurately record actual locations of capped and active utilities
and subsurface construction.

B. Copy of Hazardous Material Removal Permit.
1.04 QUALITY ASSURANCE

A. Demolition Firm Qualifications:  Company specializing in the type of work required.
PART 3  EXECUTION
2.01 GENERAL PROCEDURES AND PROJECT CONDITIONS

A. Comply with applicable codes and regulations for demolition operations and safety of adjacent
structures and the public.
1. Obtain required permits.
2. Comply with applicable requirements of NFPA 241.
3. For Hazardous Material Removal, Comply with latest regulations including but not limited

to: South Carolina Regulation 61-86.1 Standards of Performance for Asbestos Projects,
Occupational Safety and Health Administration (OSHA) Asbestos Standard, 1926.1101,
National Emissions Standards for Hazardous Air Pollutants (NESHAPs) - Asbestos.

4. Provide, erect, and maintain temporary barriers and security devices.
5. Use physical barriers to prevent access to areas that could be hazardous to workers or

the public and to maintain security of the building at all times.
6. Conduct operations to minimize effects on and interference with adjacent structures and

occupants.
7. Do not close or obstruct roadways or sidewalks without permit.
8. Conduct operations to minimize obstruction of public and private entrances and exits; do

not obstruct required exits at any time; protect persons using entrances and exits from
removal operations.

B. Do not begin removal until receipt of notification to proceed from Owner.
C. Do not begin removal until built elements to be salvaged or relocated have been removed.
D. Protect existing structures and other elements that are not to be removed.
E. Hazardous Materials:  Comply with 29 CFR 1926 and state and local regulations.

2.02 EXISTING UTILITIES
A. Coordinate work with utility companies; notify before starting work and comply with their

requirements; obtain required permits.
B. Protect existing utilities to remain from damage.
C. Do not disrupt public utilities without permit from authority having jurisdiction.
D. Do not close, shut off, or disrupt existing life safety systems that are in use without at least 7

days prior written notification to Owner.
E. Do not close, shut off, or disrupt existing utility branches or take-offs that are in use without at

least 3 days prior written notification to Owner.
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2.03 SELECTIVE DEMOLITION FOR ALTERATIONS
A. Drawings showing existing construction and utilities are based on casual field observation and

existing record documents only.
1. Verify that construction and utility arrangements are as indicated.

B. The hazardous material report that has been provided by the owner shows the known extent of
hazardous materials but only represents the results of what was tested.  Use the report to
determine the extent of hazardous material removal required by the work.  Only remove
hazardous materials to the extent necessary to perform the work.

C. If any suspect material that was not tested is discovered and is to be disturbed, the contractor
shall stop work and await testing of the material before proceeding.

D. Separate areas in which demolition is being conducted from other areas that are still occupied.
1. Provide, erect, and maintain temporary dustproof partitions of construction indicated on

drawings in locations indicated on drawings.
E. Protect all existing floor and wall finishes which are scheduled to remain.  Repair damage to

original condition using the same materials and finishes.
F. Maintain weatherproof exterior building enclosure except for interruptions required for

replacement or modifications; take care to prevent water and humidity damage.
G. Remove existing work as indicated and as required to accomplish new work.

1. Remove rotted wood, corroded metals, and deteriorated masonry and concrete; replace
with new construction specified.

H. Services (Including but not limited to HVAC, Plumbing, Fire Protection, Electrical, and
Telecommunications):  Remove existing systems and equipment as indicated.
1. Maintain existing active systems that are to remain in operation; maintain access to

equipment and operational components.
2. Where existing active systems serve occupied facilities but are to be replaced with new

services, maintain existing systems in service until new systems are complete and ready
for service.

3. Verify that abandoned services serve only abandoned facilities before removal.
4. Remove abandoned pipe, ducts, conduits, and equipment, including those above

accessible ceilings; remove back to source of supply where possible, otherwise cap stub
and tag with identification.

I. Protect existing work to remain.
1. Prevent movement of structure; provide shoring and bracing if necessary.
2. Perform cutting to accomplish removals neatly and as specified for cutting new work.
3. Repair adjacent construction and finishes damaged during removal work.
4. Patch as specified for patching new work.

2.04 DEBRIS AND WASTE REMOVAL
A. Remove debris, junk, and trash from site.
B. Leave site in clean condition, ready for subsequent work.
C. Clean up spillage and wind-blown debris from public and private lands.

END OF SECTION
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SECTION 230100
GENERAL MECHANICAL

PART 1 GENERAL
1.01 SECTION INCLUDES

A. Work under Division 23 shall include furnishing of all labor, accessories, tools, equipment and
material required to completely execute installation of the entire heating, ventilating and air
conditioning systems, plumbing systems and fire protection systems as shown on the drawings
and as specified. Work shall include but not be limited to the furnishing, unloading, handling
distribution, setting, supporting and installation of all components required for the mechanical
systems.

B. Drawings shall not be scaled. Refer to architectural and structural drawings for building
construction and dimensions and to room finish schedule on architectural drawings for material,
finish and construction method of walls, floor and ceiling in order to insure proper rough-in and
installation of work.

1.02 REFERENCES
A. FM P7825 - Approval Guide; Factory Mutual.
B. NEMA MG 1 - Motors and Generators.
C. NFPA 70 - National Electrical Code.
D. SSPC-Paint 15 - Steel Joist Shop Paint; Steel Structures Painting Council.
E. ASME American Society of Mechanical Engineers
F. ASTM American Society for Testing Materials
G. NEMA National Electrical Manufacturers Association
H. NFPA National Fire Protection Association
I. OSHA Occupational Safety and Health Act
J. SMACNA Sheet Metal and Air Conditioning Contractors National Association, Inc.
K. IBC International Building Code
L. IMC International Mechanical Code
M. IPC International Plumbing Code
N. IFC International Fire Code

1.03 INTERPRETATION OF CONTRACT DOCUMENTS:
A. Except where modified by a specific notation to the contrary, it shall be understood that the

indication and/or description of any item, in the drawings or specifications or both, carries with it
the instruction to furnish and install the item, regardless of whether or not this instruction is
explicitly stated as part of the indication or description.

B. It shall be understood that the specifications and drawings are complimentary and are to be
taken together for a complete interpretation of the work.

C. No exclusions from, or limitations in, the language used in the drawings or specifications shall
be interpreted as meaning that the appurtenances or accessories necessary to complete any
required system or item of equipment are to be omitted

D. The drawings of necessity utilize symbols and schematic diagrams to indicate various items of
work. Neither of these have any dimensional significance nor do they delineate every item
required for the intended installations. The work shall be installed in accordance with the
diagrammatic intent expressed on the drawings, and in conformity with the dimensions
indicated on final architectural and structural working drawings and on equipment shop
drawings.
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E. No interpretation shall be made from the limitations of symbols and diagrams that any elements
necessary for complete work are excluded.

F. Certain details appear on the drawings which are specific with regard to the dimensioning and
positioning of the work. These details are intended only for the purpose of establishing general
feasibility. They do not obviate field coordination for the intended work.

G. Information as to the general construction shall be derived from structural and architectural
drawings and specifications only.

H. The use of words in the singular shall not be considered as limiting where other indications
denote that more than one item is referred to.

1.04 PERFORMANCE REQUIREMENTS
A. Work shall be installed to conform with any City or State law, regulation, code, ordinance, ruling

or Fire Underwriters requirement applicable to this class of work.
B. All installations for construction purposes shall conform with the Department of Labor "Safety

and Health Regulations for Construction".
C. All equipment with electrical components shall bear the UL label.

PART 2 PRODUCTS
2.01 MATERIALS AND MANUFACTURERS:

A. Equipment and materials installed under this contract shall be new and without blemish or
defect.

B. Each major component of equipment shall have the manufacturer's name, address, model
number and rating on a plate securely affixed in a conspicuous place. The nameplate of a
distributing agent will not be acceptable. ASME Code Ratings, UL label, or other data which is
die-stamped into the surface of the equipment shall be stamped in a location easily visible.

C. In all cases the contractor shall be completely responsible for changes in dimension of other
than first named manufacturer equipment, electrical changes, etc. required for proper function
and final performance. Item shall comply with all requirements herein set forth and as required
to perform as designed.

2.02 ELECTRICAL EQUIPMENT
A. In general motor starters and adjustable frequency drives are furnished under Division 26.

However, if integral controls and electrical components are specified with the equipment and
are factory installed, they shall be furnished under Division 23. Refer to the specific equipment
specifications to determine if included under Division 23.

B. Within 60 days of award of contract, the person responsible for work in this division shall verify
that the appropriate number of contacts have been provided in the staters or drives and if a
control power transformer is required.

C. If additional devices are required, it is the responsiblity of this Division to coorodinate and
provide the devices required to control the equipment as specified within the starters,
adjustable frequency drives and motor control centers provided under Division 23.

2.03 SPECIFIED MATERIALS:
A. Throughout the drawings and specifications, equipment and systems have been selected and

are referenced by name, manufacturer, model number, etc. These references are not intended
to limit competition. Products by other listed manufacturers will be acceptable.

B. If a listed manufacurer other that the basis of design is used, it is the contractor's responsiblity
for changes in dimension, structural, electrical changes, etc. required for proper installation,
function and final performance.

2.04 SUBSTITUTION OF SPECIFIED MATERIALS:
A. Throughout the drawings and specifications, equipment and systems have been selected and

are referenced by name, manufacturer, model number, etc. These references are not intended
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to limit competition and in most cases materials and methods of construction equal to that
specified will be accepted provided prior approval of any substitute item is obtained from the
Architect/Engineer. Only products by the listed manufacturers will be acceptable. Contractors
and other manufacturers may submit requests to be listed as an acceptable manufacturer on
the specified item by submitting documentation in accordance with the requirements. All
bidders will be notified by addendum of any approved substitutions. Under no circumstances
will any substitutes be accepted after that date; and any item installed on the job which has not
been approved in accordance with the noted procedure shall be removed and replaced with the
appropriate approved item at the contractor's expense.

B. In all cases the contractor shall be completely responsible for changes in dimension of other
than first named manufacturer equipment, electrical changes, etc. required for proper function
and final performance. Item shall comply with all requirements herein set forth and as required
to perform as designed.

PART 3 EXECUTION
3.01 PROTECTION OF EQUIPMENT:

A. Protect all materials and equipment from damage during storage at the site and throughout the
construction period.

B. Protection from damage from rain, dirt, sun and ground water shall be accomplished by storing
the equipment on elevated supports and covering them on all sides with protective rigid or
flexible water proof coverings securely fastened.

C. Piping shall be protected by storing it on elevated supports and capping the ends with suitable
material to prevent dirt accumulation in the piping.

3.02 COORDINATION OF WORK
A. All work shall be coordinated to avoid conflict with other contractors.
B. The contractor shall be responsible for checking to insure that the equipment to be installed will

fit in the space shown on the drawings. If there is a conflict, the contractor shall notify the
Engineer before bid. By submitting a bid the contractor assures that the equipment to be
installed will fit or that previsions have been included in the bid to move the equipment to a
location where it can be installed without conflict.

C. The Contractor shall review and coordinate the casework and millwork shop drawings to
determine the location of sinks, range hoods, refrigerators, lab equipment, etc., and rough-in
and install any and all items shown on the plans.

3.03 CONTIGUOUS WORK:
A. If any part of the Contractor's work is dependent for its proper execution or for its subsequent

efficiency or appearance on the character or conditions of contiguous work not executed by
him, this contractor shall examine and measure such contiguous work and report to the
Architect in writing any imperfection therein, or conditions that render it unsuitable for the
reception of this work. Should the contractor proceed without making such written report, he
shall be held to have accepted such work and the existing conditions and he shall be
responsible.

3.04 CERTIFICATES OF INSPECTION AND APPROVAL:
A. Upon completion of work, furnish to the Owner certificates of inspection or approval from the

authorities having jurisdiction if certificates of inspection or approval are required by law or
regulation.

3.05 SLEEVES AND OPENINGS:
A. Furnish, locate, install, and fireproof all sleeves and openings required for installation of the

work.
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3.06 ACCESS TO EQUIPMENT AND VALVES:
A. Should any work, such as piping, ducts, conduit, etc. be installed without due regard to the

accessibility of devices installed by other contractors, the installation shall be relocated, offset
or rerouted without cost to the Owner.

3.07 CUTTING AND PATCHING:
A. Perform all cutting and patching required for installation of the work.

3.08 PROJECT CLOSEOUT:
A. Maintenance Manuals: At the end of construction, furnish to the Architect three (3) bound and

indexed sets of maintenance and operating instructions, parts lists, electrical wiring diagrams,
balance data, and manufacturer's literature sufficient for operation and complete maintenance
of all equipment by the Owner.

B. Approved submittals and shop drawings may be included in the Maintenance Manuals instead
of being separately furnished, if desired.

C. It is intended that the documentation provided in maintenance manuals, along with as-built
drawings, shall be complete and detailed enough to permit and facilitate troubleshooting,
engineering analysis, and design work for future changes, without extensive field investigations
and testing. Manuals shall be prepared so as to explain system operation and equipment to
those not acquainted with the job.

D. Manuals shall be durably bound and clearly identified on the front cover (and on the spine of
thick volumes). Identification shall include the building or project name, applicable trade (such
as HVAC, Plumbing, Fire Protection, etc.), approximate date of completion (month and year)
and contractor's name.

E. Manuals shall be organized into well defined and easy to locate sections, with index tabs or
separators to divide the sections. A complete table of contents shall be provided at the front
indicating the section or page number for each system, subsystem, or supplier/manufacturer.

F. Manuals shall include complete information and diagrams on all controls, indicators, sensors,
and signal sources. Control diagrams are to show the locations of components and major
equipment by room number or other identification when room numbers are not applicable.
Locations of out-of-sight components, such as duct mounted sensors, flow switches, etc.
should be clearly indicated. Control diagrams must include identification of components by
make and model number, operating ranges, recommended set points, reset schedules, and
other job-specific data useful for troubleshooting, calibration and maintenance. Complete
narrative descriptions of operating sequences of control systems and subsystems shall be
included on the prints adjacent to the corresponding schematics. Catalog data and cuts shall be
clearly marked to indicate model numbers, sizes, capacities, operating points, and other
characteristics of each item used. This should include accessories or special features provided.
Where various sizes or variations of a series or model are used, documents should clearly
show which are used where. Where quantities are appropriate, schedule of usage should be
provided. Maintenance literature shall include complete information for identifying and ordering
replacement parts, such as illustrated parts breakdowns.

G. Maintenance manuals must include complete balance data on all systems.
3.09 SPARE FILTERS:

A. Spare filters shall be delivered to Owner's representative.
3.10 WARRANTIES:

A. This Contractor warrants the mechanical systems to be free of defects in materials and
workmanship for a period of one year after date of final payment. The effective dates of this
warranty apply to all components of the mechanical systems regardless of any equipment
manufacturer's warranties which may expire at an earlier date. Any system malfunctions, or any
previously undiscovered non-compliance with the plans and specifications, during the warranty
period shall be repaired at no cost to the Owner.
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B. Deliver to Owner all warranties, guarantees, etc. and obtain written receipts.
END OF SECTION
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SECTION 230513
COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. General construction and requirements.
1.02 RELATED REQUIREMENTS

A. Section 260583 - Wiring Connections:  Electrical characteristics and wiring connections.
1.03 REFERENCE STANDARDS

A. ABMA STD 9 - Load Ratings and Fatigue Life for Ball Bearings; 2015.
B. NEMA MG 00001 - Motors and Generators; 2024.
C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide wiring diagrams with electrical characteristics and connection

requirements.
C. Test Reports:  Indicate test results verifying nominal efficiency and power factor for three phase

motors larger than 1/2 horsepower.
D. Manufacturer's Installation Instructions:  Indicate setting, mechanical connections, lubrication,

and wiring instructions.
E. Operation Data:  Include instructions for safe operating procedures.
F. Maintenance Data:  Include assembly drawings, bearing data including replacement sizes, and

lubrication instructions.
1.05 QUALITY ASSURANCE

A. Comply with NFPA 70.
B. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories

Inc. as suitable for the purpose specified and indicated.
1.06 DELIVERY, STORAGE, AND HANDLING

A. Protect motors stored on site from weather and moisture by maintaining factory covers and
suitable weather-proof covering. For extended outdoor storage, remove motors from equipment
and store separately.

PART 2  PRODUCTS
2.01 GENERAL CONSTRUCTION AND REQUIREMENTS

A. Electrical Service:  Refer to Section 260583 for required electrical characteristics.
B. Construction:

1. Open drip-proof type except where specifically noted otherwise.
2. Design for continuous operation in 104 degrees F (40 degrees C) environment.
3. Design for temperature rise in accordance with NEMA MG 00001 limits for insulation

class, service factor, and motor enclosure type.
4. Motors with frame sizes 254T and larger:  Energy efficient type.

C. Visible Nameplate:  Indicating motor horsepower, voltage, phase, cycles, RPM, full load amps,
locked rotor amps, frame size, manufacturer's name and model number, service factor, power
factor, efficiency.

D. Wiring Terminations:
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1. Provide terminal lugs to match branch circuit conductor quantities, sizes, and materials
indicated.  Enclose terminal lugs in terminal box sized to NFPA 70, threaded for conduit.

2. For fractional horsepower motors where connection is made directly, provide threaded
conduit connection in end frame.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Install securely on firm foundation.  Mount ball bearing motors with shaft in any position.
C. Check line voltage and phase and ensure agreement with nameplate.

3.02 SCHEDULE
A. NEMA Open Motor Service Factors.

1. 1/6-1/3 hp:
a. 3600 rpm: 1.35.
b. 1800 rpm: 1.35.
c. 1200 rpm: 1.35.
d. 900 rpm: 1.35.

B. Three Phase - Energy Efficient, Open Drip-Proof Performance:
1. 3600 rpm.

a. 7-1/2 hp:
1) NEMA Frame:  184T.
2) Minimum Percent Power Factor:  88.
3) Minimum Percent Efficiency:  86.

END OF SECTION
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SECTION 230517
SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Pipe sleeves.
1.02 RELATED REQUIREMENTS

A. Section 230523 - General-Duty Valves for HVAC Piping.
B. Section 230719 - HVAC Piping Insulation.

1.03 REFERENCE STANDARDS
A. ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type

Pipe Insulation (Metal-Mesh Covered) (Industrial Type); 2024.
B. ASTM E814 - Standard Test Method for Fire Tests of Penetration Firestop Systems; 2024.

1.04 QUALITY ASSURANCE
A. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may

have accumulated from the installation and testing of the system.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store sleeve and sleeve seals in shipping containers, with labeling in place.
B. Provide temporary protective coating on cast iron and steel sleeves if shipped loose.

PART 2  PRODUCTS
2.01 PIPE SLEEVES

A. Sheet Metal:  Pipe passing through interior walls, partitions, and floors, unless steel or brass
sleeves are specified below.

B. Clearances:
1. Provide allowance for insulated piping.
2. Wall, Floor, Partitions, and Beam Flanges:  1 inch (25 mm) greater than external; pipe

diameter.
3. All Rated Openings:  Caulked tight with fire stopping material in compliance with ASTM

E814 in accordance with Section 078400 to prevent the spread of fire, smoke, and gases.
PART 3  EXECUTION
3.01 INSTALLATION

A. Route piping in orderly manner, plumb and parallel to building structure.  Maintain gradient.
B. Install piping to conserve building space, to not interfere with use of space and other work.
C. Install piping and pipe sleeves to allow for expansion and contraction without stressing pipe,

joints, or connected equipment.
D. Inserts:

1. Provide inserts for suspending hangers from reinforced concrete slabs and sides of
reinforced concrete beams.

2. Where concrete slabs form finished ceiling, locate inserts flush with slab surface.
E. Provide sleeves when penetrating floors, walls, and partitions.  Seal pipe including sleeve

penetrations to achieve fire resistance equivalent to fire separation required.
F. When installing more than one piping system material, ensure system components are

compatible and joined to ensure the integrity of the system.  Provide necessary joining fittings.
 Ensure flanges, union, and couplings for servicing are consistently provided.

3.02 CLEANING
A. Upon completion of work, clean all parts of the installation.
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B. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may
have accumulated from the installation and testing of the system.

END OF SECTION
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SECTION 230519
METERS AND GAUGES FOR HVAC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Pressure gauges and pressure gauge taps.
B. Thermometers and thermometer wells.
C. Filter gauges.

1.02 RELATED REQUIREMENTS
A. Section 230923 - Direct-Digital Control System for HVAC.

1.03 REFERENCE STANDARDS
A. ASME B40.100 - Pressure Gauges and Gauge Attachments; 2022.
B. ASTM E1 - Standard Specification for ASTM Liquid-in-Glass Thermometers; 2014 (Reapproved

2025).
C. ASTM E77 - Standard Test Method for Inspection and Verification of Thermometers; 2014, with

Editorial Revision (2017).
D. UL 393 - Indicating Pressure Gauges for Fire-Protection Service; Current Edition, Including All

Revisions.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide list that indicates use, operating range, total range and location for

manufactured components.
C. Project Record Documents:  Record actual locations of components and instrumentation.
D. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.

1. See Section 016000 - Product Requirements, for additional provisions.
PART 2  PRODUCTS
2.01 PRESSURE GAUGES

A. Manufacturers:
1. Dwyer Instruments, Inc:  www.dwyer-inst.com/#sle.
2. Moeller Instrument Company, Inc:  www.moellerinstrument.com/#sle.
3. Omega Engineering, Inc:  www.omega.com/#sle.

B. Pressure Gauges:  ASME B40.100, UL 393 drawn steel case, phosphor bronze bourdon tube,
rotary brass movement, brass socket, with front recalibration adjustment, black scale on white
background.
1. Case:  Steel with brass bourdon tube.
2. Size:  4-1/2 inch (115 mm) diameter.
3. Mid-Scale Accuracy:  One percent.
4. Scale:  Psi and KPa.

2.02 PRESSURE GAUGE TAPPINGS
A. Gauge Cock:  Tee or lever handle, brass for maximum 150 psi (1034 kPa).
B. Pulsation Damper:  Pressure snubber, brass with 1/4 inch (6 mm) connections.
C. Syphon:  Steel, Schedule 40, 1/4 inch (6 mm) angle or straight pattern.

2.03 STEM TYPE THERMOMETERS
A. Manufacturers:

1. Dwyer Instruments, Inc:  www.dwyer-inst.com/#sle.
2. Omega Engineering, Inc:  www.omega.com/#sle.
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3. Weksler Glass Thermometer Corp:  www.wekslerglass.com/#sle.
B. Thermometers - Adjustable Angle:  Red- or blue-appearing non-toxic liquid in glass; ASTM E1;

lens front tube, cast aluminum case with enamel finish, cast aluminum adjustable joint with
positive locking device; adjustable 360 degrees in horizontal plane, 180 degrees in vertical
plane.
1. Size:  9 inch (225 mm) scale.
2. Window:  Clear Lexan.
3. Stem:  3/4 inch (20 mm) NPT brass.
4. Accuracy:  2 percent, per ASTM E77.
5. Calibration:  Degrees F.

2.04 THERMOMETER SUPPORTS
A. Socket:  Brass separable sockets for thermometer stems with or without extensions as

required, and with cap and chain.
B. Flange:  3 inch (75 mm) outside diameter reversible flange, designed to fasten to sheet metal

air ducts, with brass perforated stem.
2.05 TEST PLUGS

A. Test Plug:  1/4 inch (6 mm) or 1/2 inch (13 mm) brass fitting and cap for receiving 1/8 inch (3
mm) outside diameter pressure or temperature probe with neoprene core for temperatures up
to 200 degrees F (93 degrees C).

B. Test Plug:  1/4 inch (6 mm) or 1/2 inch (13 mm) brass fitting and cap for receiving 1/8 inch (3
mm) outside diameter pressure or temperature probe with Nordel core for temperatures up to
350 degrees F (176 degrees C).

PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Provide one pressure gauge per pump, installing taps before strainers and on suction and

discharge of pump.  Pipe to gauge.
C. Install pressure gauges with pulsation dampers.  Provide gauge cock to isolate each gauge.

  Provide siphon on gauges in steam systems.  Extend nipples and siphons to allow clearance
from insulation.

D. Install gauges and thermometers in locations where they are easily read from normal operating
level.  Install vertical to 45 degrees off vertical.

E. Adjust gauges and thermometers to final angle, clean windows and lenses, and calibrate to
zero.

F. Locate test plugs adjacent thermometers and thermometer sockets.
3.02 SCHEDULE

A. Pressure Gauge Tappings, Location:
1. Control valves 3/4 inch (20 mm) & larger - inlets and outlets.
2. Major coils - inlets and outlets.
3. Heat exchangers - inlets and outlets.

B. Stem Type Thermometers, Location and Scale Range:
1. Coil banks - inlets and outlets, 0 to 300 degrees F (0 to ____ Degrees C).
2. Heat exchangers - inlets and outlets, ​0 to 300 degrees F (0 to ____ Degrees C) ​.

C. Thermometer Sockets, Location:
1. Control valves 1 inch (25 mm) & larger - inlets and outlets.

END OF SECTION
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SECTION 230523
GENERAL-DUTY VALVES FOR HVAC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Applications.
B. General requirements.
C. Globe valves.
D. Ball valves.
E. Butterfly valves.
F. Check valves.
G. Gate valves.

1.02 RELATED REQUIREMENTS
A. Section 230553 - Identification for HVAC Piping and Equipment.
B. Section 230719 - HVAC Piping Insulation.
C. Section 232113 - Hydronic Piping.
D. Section 232213 - Steam and Condensate Heating Piping.

1.03 ABBREVIATIONS AND ACRONYMS
A. CWP:  Cold working pressure.
B. EPDM:  Ethylene propylene copolymer rubber.
C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber.
D. NRS:  Nonrising stem.
E. OS&Y:  Outside screw and yoke.
F. PTFE:  Polytetrafluoroethylene.
G. RS:  Rising stem.
H. SWP:  Steam working pressure.
I. TFE:  Tetrafluoroethylene.

1.04 REFERENCE STANDARDS
A. ASME B1.20.1 - Pipe Threads, General Purpose, Inch; 2013 (Reaffirmed 2018).
B. ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250; 2020.
C. ASME B16.5 - Pipe Flanges and Flanged Fittings:  NPS 1/2 Through NPS 24 Metric/Inch

Standard; 2025.
D. ASME B31.1 - Power Piping; 2024.
E. ASME B31.9 - Building Services Piping; 2020.
F. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Qualification Standard for

Welding, Brazing, and Fusing Procedures; Welders; Brazers; and Welding, Brazing, and Fusing
Operators; 2025.

G. ASTM A126 - Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe
Fittings; 2004 (Reapproved 2023).

H. ASTM A536 - Standard Specification for Ductile Iron Castings; 2024.
I. ASTM B62 - Standard Specification for Composition Bronze or Ounce Metal Castings; 2017.
J. MSS SP-45 - Drain and Bypass Connections; 2020.
K. MSS SP-68 - High Pressure Butterfly Valves with Offset Design; 2021.
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L. MSS SP-70 - Gray Iron Gate Valves, Flanged and Threaded Ends; 2011.
M. MSS SP-72 - Ball Valves with Flanged or Butt-Welding Ends for General Service; 2010a.
N. MSS SP-80 - Bronze Gate, Globe, Angle, and Check Valves; 2019.
O. MSS SP-110 - Ball Valves Threaded, Socket-Welding, Solder Joint, Grooved and Flared Ends;

2010, with Errata .
1.05 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide data on valves including manufacturers catalog information.  Submit

performance ratings, rough-in details, weights, support requirements, and piping connections.
C. Warranty:  Submit manufacturer warranty and ensure that forms have been completed in

Owner's name and registered with manufacturer.
D. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating

instructions, maintenance and repair data, and parts listings.
E. Maintenance Materials:  Furnish Owner with one wrench for every five plug valves, in each size

of square plug valve head.
1. See Section 016000 - Product Requirements, for additional provisions.

1.06 QUALITY ASSURANCE
A. Manufacturer:

1. Obtain valves for each valve type from single manufacturer.
2. Company must specialize in manufacturing products specified in this section, with not less

than three years of documented experience.
1.07 DELIVERY, STORAGE, AND HANDLING

A. Prepare valves for shipping as follows:
1. Minimize exposure of operable surfaces by setting plug and ball valves to open position.
2. Protect valve parts exposed to piped medium against rust and corrosion.
3. Protect valve piping connections such as grooves, weld ends, threads, and flange faces.
4. Adjust globe, gate, and angle valves to the closed position to avoid clattering.
5. Secure check valves in either the closed position or open position.
6. Adjust butterfly valves to closed or partially closed position.

B. Use the following precautions during storage:
1. Maintain valve end protection and protect flanges and specialties from dirt.

a. Provide temporary inlet and outlet caps.
b. Maintain caps in place until installation.

2. Store valves in shipping containers and maintain in place until installation.
a. Store valves indoors in dry environment.
b. Store valves off the ground in watertight enclosures when indoor storage is not an

option.
C. Exercise the following precautions for handling:

1. Handle large valves with sling, modified to avoid damage to exposed parts.
2. Avoid the use of operating handles or stems as rigging or lifting points.

PART 2  PRODUCTS
2.01 APPLICATIONS

A. See drawings for specific valve locations.
B. Provide the following valves for the applications if not indicated on drawings:

1. Throttling (Hydronic):  Globe.
2. Throttling (Steam):  Gate.
3. Isolation (Shutoff):  Butterfly and Ball.
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C. Substitutions of valves with higher CWP classes or SWP ratings for same valve types are
permitted when specified CWP ratings or SWP classes are not available.

D. Chilled Water Valves:
1. 2 NPS (50 DN) and Smaller, Brass and Bronze Valves:

a. Threaded ends.
b. Ball:  Full port, one piece, brass trim.
c. Swing Check:  Bronze disc, Class.
d. Globe:  Bronze disc, Class 125.

2. 2-1/2 NPS (65 DN) and Larger, Iron Valves:
a. 2-1/2 NPS (65 DN) to 4 NPS (100 DN):  Flanged ends.
b. Ball:  2-1/2 NPS (65 DN) to 10 NPS (250 DN), Class 150.
c. Single-Flange Butterfly:  2-1/2 NPS (65 DN) to 12 NPS (300 DN), aluminum-bronze

disc, EPDM seat, 200 CWP.
d. Swing Check:  Metal seats, Class 125.
e. Globe:  Class 125.

E. Heating Hot Water Valves:
1. Manufacturer
2. 2 NPS (50 DN) and Smaller, Brass and Bronze Valves:

a. Threaded or Soldered ends.
b. Ball:  Full port, one piece, stainless steel trim.
c. Swing Check:  Bronze disc, Class 125.

3. 2-1/2 NPS (65 DN) and Larger, Iron Valves:
a. 2-1/2 NPS (65 DN) to 4 NPS (100 DN):  Flanged ends.
b. Ball:  2-1/2 NPS (65 DN) to 10 NPS (250 DN), Class 150.
c. Single-Flange Butterfly:  2-1/2 NPS (65 DN) to 12 NPS (300 DN), aluminum-bronze

disc, PTFE seat, 200 CWP.
d. Butterfly: High performance, single flange, Class 150.
e. Swing Check:  Metal seats, Class 125.
f. Globe:  2-1/2 NPS (65 DN) to 12 NPS (300 DN), Class 125.

F. Low Pressure Steam Valves (15 PSIG (104 kPa) or Less):
1. 2 NPS (50 DN) and Smaller, Brass and Bronze Valves:

a. Swing Check:  Bronze disc, Class 125.
b. Gate:  NRS, Class 125.

2. 2-1/2 NPS (65 DN) and Larger, Iron Valves:
a. 2-1/2 NPS (65 DN) to 4 NPS (100 DN):  Flanged ends.
b. Swing Check:  Metal seats, Class 125.
c. Gate:  NRS, Class 125.

2.02 GENERAL REQUIREMENTS
A. Manufacturers:

1. Tyco Flow Control:  www.tycoflowcontrol.com.
2. Apollo
3. Nibco, Inc:  www.nibco.com.
4. Milwaukee Valve Company:  www.milwaukeevalve.com.

B. Valve Pressure and Temperature Ratings:  No less than rating indicated; as required for system
pressures and temperatures.

C. Valve Sizes:  Match upstream piping unless otherwise indicated.
D. Valve Actuator Types:

1. Gear Actuator:  Quarter-turn valves 8 NPS (200 DN) and larger.
E. Valves in Insulated Piping:  Provide 2 NPS (50 DN) stem extensions and the following features:

1. Gate Valves:  Rising stem.
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2. Ball Valves:  Extended operating handle of non-thermal-conductive material, and
protective sleeve that allows operation of valve without breaking the vapor seal or
disturbing insulation.

3. Butterfly Valves:  Extended neck.
4. Memory Stops:  Fully adjustable after insulation is installed.

F. Valve-End Connections:
1. Threaded End Valves:  ASME B1.20.1.
2. Flanges on Iron Valves:  ASME B16.1 for flanges on iron valves.
3. Pipe Flanges and Flanged Fittings 1/2 NPS (15 DN) through 24 NPS (600 DN):  ASME

B16.5.
G. General ASME Compliance:

1. Power Piping Valves:  ASME B31.1.
2. Building Services Piping Valves:  ASME B31.9.

H. Bronze Valves:
1. Fabricate from dezincification resistant material.
2. Copper alloys containing more than 15 percent zinc are not permitted.

I. Valve Bypass and Drain Connections:  MSS SP-45.
J. Source Limitations:  Obtain each valve type from a single manufacturer.

2.03 BRONZE GLOBE VALVES
A. Class 125:  CWP Rating:  200 psig: (1380 kPa).

1. Ends:  Threaded.
2. Stem and Disc:  Bronze or PTFE.

2.04 IRON GLOBE VALVES
A. Class 125:  CWP Rating:  200 psig: (1380 kPa) and Class 250:  CWP Rating:  500 psig: (3450

kPa).
2.05 BRASS BALL VALVES

A. One Piece, Reduced Port with Brass Trim:
1. CWP Rating:  400 psig (2760 kPa).
2. Seats:  PTFE or TFE.

2.06 BRONZE BALL VALVES
A. One Piece, Reduced Port with Bronze Trim:

1. Comply with MSS SP-110.
2. CWP Rating:  400 psig (2760 kPa).
3. Body:  Bronze.
4. Ends:  Threaded.
5. Seats:  PTFE.
6. Stem:  Bronze.
7. Ball:  Chrome plated brass.

2.07 IRON BALL VALVES
1. Comply with MSS SP-72.
2. CWP Rating:  200 psig (1380 kPa).
3. Body:  ASTM A126, gray iron.
4. Ends:  Flanged.
5. Seats:  PTFE.
6. Stem:  Stainless steel.
7. Ball:  Stainless steel.

2.08 IRON, SINGLE FLANGE BUTTERFLY VALVES
A. Lug type: Bi-directional dead end service without downstream flange.
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1. CWP Rating:  200 psig (1680 kPa).
2. Body Material:  ASTM A126 cast iron or ASTM A536 ductile iron.
3. Stem:  One or two-piece stainless steel.
4. Disc:  Coated ductile iron.

2.09 HIGH-PERFORMANCE SINGLE FLANGE BUTTERFLY VALVES
A. Lug type:  Bi-directional dead end service without downstream flange.

1. Class 150:  CWP Rating:  285 psig (1965 kPa) at 100 degrees F (38 degrees C).
2. Body:  Provide carbon steel, cast iron, ductile Iron, or stainless steel.

2.10 BRONZE SWING CHECK VALVES
A. Class 150:  CWP Rating:  300 psig (2070 kPa).

1. Comply with MSS SP-80, Type 3.
2. Body Design:  Horizontal flow.
3. Body Material:  Bronze, ASTM B62.
4. Ends:  Threaded.
5. Disc:  Bronze.

2.11 IRON, FLANGED END SWING CHECK VALVES
A. Class 125:  CWP Rating:  200 psig (1380 kPa) with Metal Seats.

1. Comply with MSS SP-71, Type I.
2. Design:  Clear or full waterway with flanged ends.
3. Body:  Gray iron with bolted bonnet in accordance with ASTM A126.
4. Trim:  Bronze.
5. Disc Holder:  Bronze.
6. Disc:  PTFE or TFE.
7. Gasket:  Asbestos free.

2.12 BRONZE GATE VALVES
A. Non-Rising Stem (NRS):

1. Comply with MSS SP-80, Type I.
2. Class 150:  CWP Rating:  300 psig (2070 kPa).
3. Body Material:  Bronze with integral seat and union-ring bonnet.
4. Ends:  Threaded.
5. Stem:  Bronze.
6. Disc:  Solid wedge; bronze.
7. Packing:  Asbestos free.
8. Handwheel:  Malleable iron, bronze, or aluminum.

2.13 IRON GATE VALVES
A. NRS or OS & Y:

1. Comply with MSS SP-70, Type I.
2. Class 250:  2-1/2 NPS (65 DN) to 12 NPS (300 DN), CWP Rating:  500 psig (3450 kPa).
3. Body Material:  Gray iron with bolted bonnet.
4. Ends:  Flanged.
5. Trim:  Bronze.
6. Disc:  Solid wedge.
7. Packing and Gasket:  Asbestos free.

PART 3  EXECUTION
3.01 EXAMINATION

A. Discard all packing materials and verify that valve interior, including threads and flanges are
completely clean without signs of damage or degradation that could result in leakage.

B. Verify valve parts to be fully operational in all positions from closed to fully open.
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C. Confirm gasket material to be suitable for the service, to be of correct size, and without defects
that could compromise effectiveness.

D. Should valve is determined to be defective, replace with new valve.
3.02 INSTALLATION

A. Provide unions or flanges with valves to facilitate equipment removal and maintenance while
maintaining system operation and full accessibility for servicing.

B. Provide separate valve support as required and locate valve with stem at or above center of
piping, maintaining unimpeded stem movement.

C. Where valve support members are welded to structural building framing, scrape, brush clean,
and apply one coat of zinc rich primer to welds.

D. Install check valves where necessary to maintain direction of flow as follows:
1. Swing Check:  Install horizontal maintaining hinge pin level.
2. Orient plate-type and center-guided into horizontal or vertical position, between flanges.

END OF SECTION
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SECTION 230529
HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Support and attachment components for equipment, piping, and other HVAC/hydronic work.
1.02 RELATED REQUIREMENTS

A. Section 230548 - Vibration and Seismic Controls for HVAC.
1.03 REFERENCE STANDARDS

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2024.

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware; 2023.

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel;
2023.

D. MFMA-4 - Metal Framing Standards Publication; 2004.
E. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection,

Application, and Installation; 2018, with Amendment (2019).
1.04 ADMINISTRATIVE REQUIREMENTS

1. Coordinate the work with other trades to provide additional framing and materials required
for installation.

2. Coordinate compatibility of support and attachment components with mounting surfaces at
the installed locations.

3. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

4. Do not install products on or provide attachment to concrete surfaces until concrete has
fully cured in accordance with Section 033000.

1.05 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for channel

(strut) framing systems, post-installed concrete and masonry anchors, and thermal insulated
pipe supports.

C. Shop Drawings:  Include details for fabricated hangers and supports where materials or
methods other than those indicated are proposed for substitution.
1. Application of protective inserts, saddles, and shields at pipe hangers for each type of

insulation and hanger.
D. Installer's Qualifications:  Include evidence of compliance with specified requirements.
E. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by

product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

1.06 QUALITY ASSURANCE
A. Comply with applicable building code.
B. Product Listing Organization Qualifications:  An organization recognized by OSHA as a

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.
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1.07 DELIVERY, STORAGE, AND HANDLING
PART 2  PRODUCTS
2.01 SUPPORT AND ATTACHMENT COMPONENTS

1. Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless
specifically indicated or permitted.
a. Indoor Dry Locations:  Use zinc-plated steel or approved equivalent unless otherwise

indicated.
b. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM

A123/A123M or ASTM A153/A153M.
B. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal channel

(strut) and associated fittings, accessories, and hardware required for field-assembly of
supports.
1. Provide factory-fabricated continuous-slot metal channel (strut) and associated fittings,

accessories, and hardware required for field-assembly of supports.
2. Comply with MFMA-4.
3. Channel Material:

a. Indoor Dry Locations:  Use painted steel, zinc-plated steel, or galvanized steel.
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel.

4. Minimum Channel Thickness:  Steel sheet, 12 gage, 0.1046 inch (2.66 mm).
5. Minimum Channel Dimensions:  1-5/8 inch (41 mm) width by 13/16 inch (21 mm) height.

C. Hanger Rods:  Threaded zinc-plated steel unless otherwise indicated.
1. Minimum Size, Unless Otherwise Indicated or Required:

a. Equipment Supports:  1/2 inch (13 mm) diameter.
b. Piping up to 1 inch (27 mm) nominal:  1/4 inch (6 mm) diameter.
c. Piping larger than 1 inch (27 mm) nominal:  3/8 inch (10 mm) diameter.
d. Trapeze Support for Multiple Pipes:  3/8 inch (10 mm) diameter.

D. Pipe Supports:
1. Liquid Temperatures Up To 122 degrees F (50 degrees C):

a. Overhead Support:  MSS SP-58 Types 1, 3 through 12.
b. Support From Below:  MSS SP-58 Types 35 through 38.

2. Operating Temperatures from 122 to 446 degrees F (50 to 230 degrees C):
a. Overhead Support:  MSS SP-58 Type 1 or 3 through 12, with appropriate saddle of

MSS SP-58 Type 40 for insulated pipe.
b. Roller Support:  MSS SP-58 Types 41 or 43 through 46, with appropriate saddle of

MSS SP-58 Type 39 for insulated pipe.
E. Beam Clamps:  MSS SP-58 Types 19 through 23, 25 or 27 through 30 based on required load.

1. Material:  ASTM A36/A36M carbon steel or ASTM A181/A181M forged steel.
F. Strut Clamps:  Two-piece pipe clamp.
G. Pipe Hangers:  For a given pipe run use hangers of the same type and material.

1. Material:  Malleable iron, ASTM A47/A47M; or carbon steel, ASTM A36/A36M.
2. Provide coated or plated hangers to isolate steel hangers from dissimilar metal tube or

pipe.
H. Pipe Alignment Guides:  Galvanized steel.

1. Pipe Diameter 8 inches (200 mm) and Smaller:  Spider or sleeve type.
2. Pipe Diameter 10 inches (250 mm) and Larger:  Roller type.

I. Dielectric Barriers:  Provide between metallic supports and metallic piping and associated items
of dissimilar type; acceptable dielectric barriers include rubber or plastic sheets or coatings
attached securely to pipe or item.
1. Unless otherwise indicated and where not otherwise restricted, use the anchor and

fastener types indicated for the specified applications.
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2. Concrete:  Use preset concrete inserts, expansion anchors, or screw anchors.
3. Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors.
4. Hollow Masonry:  Use toggle bolts.
5. Hollow Stud Walls:  Use toggle bolts.
6. Steel:  Use beam clamps, machine bolts, or welded threaded studs.
7. Sheet Metal:  Use sheet metal screws.
8. Plastic and lead anchors are not permitted.
9. Preset Concrete Inserts:  Continuous metal channel (strut) and spot inserts specifically

designed to be cast in concrete ceilings, walls, and floors.
a. Comply with MFMA-4.
b. Channel Material:  Use galvanized steel.
c. Manufacturer:  Same as manufacturer of metal channel (strut) framing system.

10. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC
Evaluation Service, LLC (ICC-ES) for compliance with applicable building code.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES)
evaluation report conditions of use where applicable.

B. Equipment Support and Attachment:
C. Preset Concrete Inserts:  Use manufacturer provided closure strips to inhibit concrete seepage

during concrete pour.
END OF SECTION
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SECTION 230548
VIBRATION AND SEISMIC CONTROLS FOR HVAC - MASON

PART 1  GENERAL
1.01 SECTION INCLUDES

A. External seismic snubber assemblies.
B. Seismic restraint systems.

1.02 RELATED REQUIREMENTS
A. Section 230529 - Hangers and Supports for HVAC Piping and Equipment.

1.03 DEFINITIONS
A. HVAC Component:  Where referenced in this section in regards to seismic controls, applies to

any portion of the HVAC system subject to seismic evaluation in accordance with applicable
codes, including distributed systems (e.g. ductwork, piping).

B. Seismic Restraint:  Structural members or assemblies of members or manufactured elements
specifically designed and applied for transmitting seismic forces between components and the
seismic force-resisting system of the structure.

1.04 REFERENCE STANDARDS
A. ASCE 7 - Minimum Design Loads and Associated Criteria for Buildings and Other Structures;

Most Recent Edition Cited by Referring Code or Reference Standard.
B. ASCE 19 - Structural Applications of Steel Cables for Buildings; 2016.
C. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; Most Recent Edition Cited by

Referring Code or Reference Standard.
D. FEMA 412 - Installing Seismic Restraints for Mechanical Equipment; 2014.
E. FEMA 414 - Installing Seismic Restraints for Duct and Pipe; 2004.
F. ICC (IBC) - International Building Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
G. MFMA-4 - Metal Framing Standards Publication; 2004.
H. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems; 2024.

1.05 ADMINISTRATIVE REQUIREMENTS
1. Seismic Controls:

a. Coordinate the arrangement of seismic restraints with piping, conduit, equipment, and
other potential conflicts installed under other sections or by others.

1.06 SUBMITTALS
A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for products,

including materials, fabrication details, dimensions, and finishes.
1. Vibration Isolators:  Include rated load capacities and deflections; include information on

color coding or other identification method for spring element load capacities.
2. Seismic Controls:  Include seismic load capacities.

B. Shop Drawings - Vibration Isolation Systems:
C. Shop Drawings - Seismic Controls:

1. Include dimensioned plan views and sections indicating proposed HVAC component
locations and distributed system routing, with locations and details of gravity supports and
seismic restraints and associated attachments.

2. Identify anchor manufacturer, type, minimum embedment, minimum spacing, minimum
member thickness, and minimum edge distance requirements.

3. Indicate proposed arrangement of distributed system trapeze support groupings.
4. Indicate proposed locations for distributed system flexible fittings and/or connections.
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5. Indicate locations of seismic separations where applicable.
D. Seismic Design Data:

1. Compile information on project-specific characteristics of actual installed HVAC
components necessary for determining seismic design forces required to design
appropriate seismic controls, including but not limited to the following.
a. Component operating weight and center of gravity.
b. Component elevation in the building in relation to the roof elevation (z/h).
c. Component importance factor (Ip).  See drawings
d. For distributed systems, component materials and connection methods.
e. Component amplification factor (ap) and component response modification factor

(Rp), determined in accordance with ASCE 7 tables.
2. Include structural calculations, stamped or sealed by seismic controls designer,

demonstrating suitability of seismic controls for seismic design forces.
E. Certification for seismically qualified equipment; identify basis for certification.
F. Evaluation Reports:  For products specified as requiring evaluation and recognition by a

qualified evaluation service, provide current evaluation reports.
G. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by

product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

H. Evidence of qualifications for seismic controls designer.
I. Evidence of qualifications for manufacturer.
J. Manufacturer’s detailed field testing and inspection procedures.

1.07 QUALITY ASSURANCE
A. Maintain at the project site a copy of each referenced document that prescribes execution

requirements.
B. Seismic Controls Designer Qualifications:  Registered professional engineer licensed in the

State in which the Project is located and with minimum five years experience designing seismic
restraints for nonstructural components.
1. Designer may be employed by the manufacturer of the seismic restraint products.

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in
this section with minimum three years documented experience.

1.08 DELIVERY, STORAGE, AND HANDLING
1.09 SEISMIC CONTROL REQUIREMENTS

A. Seismic Design Criteria:  ICC (IBC).
1. Seismic Design Category:  ​C ​.
2. Provide seismic restraints for HVAC components except where exempt according to

applicable codes and specified seismic design criteria, as approved by authorities having
jurisdiction.

3. Seismic Restraint Exemptions:
a. Exemptions for Seismic Design Category C:

1) HVAC components where either of the following apply:
(a) The component importance factor (Ip) is 1.0 and the component is

positively attached to the structure.
(b) The component weighs 20 pounds (89 N) or less or, in the case of a

distributed system, 5 pounds per foot (73 N/m) or less.
2) HVAC piping with component importance factor (Ip) of 1.5 and nominal pipe size

of 2 inch (50 mm) or less, where flexible connections, expansion loops, or other
assemblies are provided between piping and associated components, and
where piping is positively attached to the structure; exemption does not apply to
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piping constructed of low-deformability materials (e.g. cast iron, glass,
nonductile plastics).

b. Duct System Exemptions, All Seismic Design Categories:
1) Duct systems not designed to carry toxic, highly toxic, or flammable gases and

not used for smoke control with component importance factor (Ip) of 1.0, where
flexible connections or other assemblies are provided between duct system and
associated components, where duct system is positively attached to the
structure, and where one of the following apply:
(a) Trapeze supported duct with trapeze assemblies using 3/8 inch (10 mm)

diameter rod hangers not exceeding 12 inches (305 mm) in length from
support point connection to the supporting structure, and the total weight
supported by any single trapeze is 100 pounds (445 N) or less.

(b) Trapeze supported duct with trapeze assemblies using 1/2 inch (13 mm)
diameter rod hangers not exceeding 12 inches (305 mm) in length from
support point connection to the supporting structure, and the total weight
supported by any single trapeze is 200 pounds (890 N) or less.

(c) Trapeze supported duct with trapeze assemblies using 1/2 inch (13 mm)
diameter rod hangers not exceeding 24 inches (610 mm) in length from
support point connection to the supporting structure, and the total weight
supported by any single trapeze is 100 pounds (445 N) or less.

(d) Hanger supported duct with individual rod hangers 3/8 inch (10 mm) or 1/2
inch (13 mm) in diameter not exceeding 12 inches (305 mm) in length from
support point connection to the supporting structure, and the total weight
supported by any single rod is 50 pounds (220 N) or less.

2) Duct systems not designed to carry toxic, highly toxic, or flammable gases and
not used for smoke control, where there are provisions to avoid impact with
other ducts or mechanical components or to protect ducts in the event of such
impact, and where duct system is positively attached to the structure and has a
cross sectional area of less than 6 square feet (0.557 sq m) and weighs 20
pounds per foot (292 N/m) or less.

c. HVAC Piping Exemptions, All Seismic Design Categories:
1) HVAC piping where flexible connections, expansion loops, or other assemblies

are provided between piping and associated components, where piping is
positively attached to the structure, and where one of the following apply:
(a) Trapeze supported piping weighing less than 10 pounds per foot (146 N/m),

where all pipes supported meet size requirements for exemption as single
pipes described under specific seismic design category exemptions above.

(b) Trapeze supported piping with trapeze assemblies using 3/8 inch (10 mm)
diameter rod hangers not exceeding 12 inches (305 mm) in length from
support point connection to the supporting structure, where all pipes
supported have a component importance factor (Ip) of 1.0 and meet size
requirements for exemption as single pipes described under specific
seismic design category exemptions above, and where the total weight
supported by any single trapeze is 100 pounds (445 N) or less.

(c) Trapeze supported piping with trapeze assemblies using 1/2 inch (13 mm)
diameter rod hangers not exceeding 12 inches (305 mm) in length from
support point connection to the supporting structure, where all pipes
supported have a component importance factor (Ip) of 1.0 and meet size
requirements for exemption as single pipes described under specific
seismic design category exemptions above, and where the total weight
supported by any single trapeze is 200 pounds (890 N) or less.

(d) Trapeze supported piping with trapeze assemblies using 1/2 inch (13 mm)
diameter rod hangers not exceeding 24 inches (610 mm) in length from
support point connection to the supporting structure, where all pipes
supported have a component importance factor (Ip) of 1.0 and meet size
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requirements for exemption as single pipes described under specific
seismic design category exemptions above, and where the total weight
supported by any single trapeze is 100 pounds (445 N) or less.

(e) Hanger supported piping with individual rod hangers 3/8 inch (10 mm) or
1/2 inch (13 mm) in diameter not exceeding 12 inches (305 mm) in length
from support point connection to the supporting structure, where pipe has a
component importance factor (Ip) of 1.0 and meets size requirements for
exemption as single pipes described under specific seismic design category
exemptions above, and where the total weight supported by any single rod
is 50 pounds (220 N) or less.

4. Seismic restraint capacities to be verified by a Nationally Recognized Testing Laboratory
(NRTL) or certified by an independent third party registered professional engineer
acceptable to authorities having jurisdiction.

5. Seismic Type Vibration Isolators:
a. Comply with seismic design requirements, including conditions of equipment seismic

certification where applicable.
6. External Seismic Snubber Assemblies:

a. Provide quantity and arrangement of external seismic snubber assemblies as
required to restrain equipment in all directions (both lateral and vertical).

b. Do not use external seismic snubber assemblies that restrain equipment only in one
or more lateral directions (but not vertical) except where uplift forces are zero or are
addressed by other restraints.

7. Seismic Restraint Systems:
a. Except where otherwise restricted, use of either cable or rigid restraints is permitted.
b. Use only cable restraints to restrain vibration-isolated HVAC components, including

distributed systems.
c. Use only one restraint system type for a given HVAC component or distributed

system (e.g. ductwork, piping) run; mixing of cable and rigid restraints on a given
component/run is not permitted.

d. Size restraint elements, including anchorage, to resist seismic loads as necessary to
restrain HVAC component in all lateral directions; consider bracket geometry in
anchor load calculations.

e. Use rod stiffener clips to attach bracing to hanger rods as required to prevent rod
buckling from vertical (upward) compressive load introduced by cable or rigid
restraints loaded in tension, in excess of downward tensile load due to supported
HVAC component weight.

f. Select hanger rods and associated anchorage as required to accommodate vertical
(downward) tensile load introduced by rigid restraints loaded in compression, in
addition to downward tensile load due to supported HVAC component weight.

g. Clevis hangers may only be used for attachment of transverse restraints; do not use
for attachment of longitudinal restraints.

h. Where seismic restraints are attached to clevis hangers, provide clevis bolt
reinforcement accessory to prevent clevis hanger deformation.

i. Do not introduce lateral loads on open bar joist chords or the weak axis of beams, or
loads in any direction at other than panel points unless approved by project Structural
Engineer of Record.

8. Ductwork Applications:
a. Provide independent support and seismic restraint for in-line components (e.g. fans,

heat exchangers, humidifiers) having an operating weight greater than 75 pounds
(334 N).

b. Positively attach appurtenances (e.g. dampers, louvers, diffusers) with mechanical
fasteners.

9. Attachments to be bolted, welded, or otherwise positively fastened without consideration
of frictional resistance produced by the effects of gravity.
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10. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC
Evaluation Service, LLC (ICC-ES) or qualified evaluation service acceptable to authorities
having jurisdiction for compliance with applicable building code, and qualified for seismic
applications; concrete anchors to be qualified for installation in both cracked and
uncracked concrete.

11. Do not use power-actuated fasteners.
12. Do not use friction clips (devices that rely on mechanically applied friction to resist loads).

Beam clamps may be used for supporting sustained loads where provided with restraining
straps.

13. Comply with anchor minimum embedment, minimum spacing, minimum member
thickness, and minimum edge distance requirements.

14. Concrete Housekeeping Pads:
a. Increase size of pad as required to comply with anchor requirements.
b. Provide pad reinforcement and doweling to ensure integrity of pad and connection

and to provide adequate load path from pad to supporting structure.
15. Include provisions to prevent seismic impact between HVAC components and other

structural or nonstructural components.
16. Include provisions such that failure of a component, either essential or nonessential, does

not cause the failure of an essential component.
17. Comply with minimum clearance requirements between HVAC equipment, distribution

systems, and associated supports and fire protection sprinkler system drops and sprigs.
18. Use suitable fittings or flexible connections to accommodate:

a. Relative displacements at connections between components, including distributed
systems (e.g. ductwork, piping); do not exceed load limits for equipment utility
connections.

b. Relative displacements between component supports attached to dissimilar parts of
structure that may move differently during an earthquake.

c. Design displacements at seismic separations.
d. Anticipated drifts between floors.

1.10 VIBRATION ISOLATORS
A. Vibration Isolators for Seismic Applications:

1. Resilient Material Isolator Mounts, Seismic:
a. Description:  Mounting assemblies for bolting equipment to supporting structure

utilizing elastomeric (e.g. neoprene, rubber) isolator material; specifically designed
and rated for seismic applications with integral snubbing in all directions.

1.11 EXTERNAL SEISMIC SNUBBER ASSEMBLIES
A. Air Gap:  Between 0.125 inches (3 mm) and 0.25 inches (6 mm) unless otherwise indicated.
B. Points of Contact:  Cushioned with resilient material, minimum 0.25 inch (6 mm) thick; capable

of being visually inspected for damage and replaced.
1.12 SEISMIC RESTRAINT SYSTEMS

A. Comply with ASCE 19.
B. Cables:  Pre-stretched, galvanized steel wire rope with certified break strength.
C. Cable Connections:  Use only swaged end fittings. Cable clips and wedge type end fittings are

not permitted in accordance with ASCE 19.
D. Use protective thimbles for cable loops where potential for cable damage exists.

PART 3  EXECUTION
2.01 EXAMINATION
2.02 CODE-REQUIRED SPECIAL INSPECTIONS

A. Continuous Special Inspections:  Special Inspection Agency to be present in the area where
the work is being performed and observe the work at all times the work is in progress.
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B. Periodic Special Inspections:  Special Inspection Agency to be present in the area where work
is being performed and observe the work part-time or intermittently and at the completion of the
work.

C. Seismic special inspections include, but are not limited to:
1. Seismically Qualified Equipment:  Verification that label, anchorage and mounting conform

to certificate of compliance.
2. Installation and anchorage of piping systems designed to carry hazardous materials and

their associated mechanical units for Seismic Design Categories C, D, E, and F; periodic
inspection.

3. Installation and anchorage of ductwork designed to carry hazardous materials for Seismic
Design Categories C, D, E and F; periodic inspection.

4. Installation and anchorage of vibration isolation systems for Seismic Design Categories C,
D, E, and F where the approved contract documents require a nominal clearance of 1/4
inch (6.4 mm) or less between equipment support frame and seismic restraint; periodic
inspection.

5. Verification of required clearances between HVAC equipment, distribution systems, and
associated supports and fire protection sprinkler system drops and sprigs for Seismic
Design Categories C, D, E, and F; periodic inspection.

2.03 INSTALLATION
A. Provide specified snubbing element air gap; remove any factory-installed spacers, debris, or

other obstructions.
B. Use only specified components, anchorage, and hardware evaluated by seismic design.

Comply with conditions of seismic certification where applicable.
C. Where mounting hole diameter exceeds bolt diameter by more than 0.125 inch (3 mm), use

epoxy grout, elastomeric grommet, or welded washer to reduce clearance to 0.125 inch (3 mm)
or less.

D. Equipment with Sheet Metal Housings:
1. Use Belleville washers to distribute stress over a larger surface area of the sheet metal

connection interface as approved by manufacturer.
2. Attach additional steel as approved by manufacturer where required to transfer loads to

structure.
3. Where mounting surface is irregular, do not shim housing; reinforce housing with

additional steel as approved by manufacturer.
E. Concrete Housekeeping Pads:

1. Size in accordance with seismic design to meet anchor requirements.
2. Install pad reinforcement and doweling in accordance with seismic design to ensure

integrity of pad and associated connection to slab.
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SECTION 230553
IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Nameplates.
B. Tags.
C. Pipe markers.

1.02 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittal procedures.
B. List:  Submit list of wording, symbols, letter size, and color coding for mechanical identification.
C. Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location,

function, and valve manufacturer's name and model number.
D. Manufacturer's Installation Instructions:  Indicate special procedures, and installation.
E. Project Record Documents:  Record actual locations of tagged valves.

PART 2  PRODUCTS
2.01 IDENTIFICATION APPLICATIONS

A. Automatic Controls:  Tags. Key to control schematic.
B. Control Panels:  Nameplates.
C. Heat Transfer Equipment:  Nameplates.
D. Instrumentation:  Tags.
E. Piping:  Pipe markers.
F. Water Treatment Devices:  Nameplates.

2.02 NAMEPLATES
A. Manufacturers:

1. Advanced Graphic Engraving, LLC:  www.advancedgraphicengraving.com/#sle.
2. Brimar Industries, Inc:  www.pipemarker.com/#sle.
3. Kolbi Pipe Marker Co:  www.kolbipipemarkers.com/#sle.
4. Seton Identification Products, a Tricor Direct Company:  www.seton.com/#sle.
5. Substitutions:  See Section 016000 - Product Requirements.

B. Letter Color:  White.
C. Letter Height:  1/4 inch (6 mm).
D. Background Color:  Black.
E. Plastic:  Conform to ASTM D709.

2.03 TAGS
A. Manufacturers:

1. Advanced Graphic Engraving:  www.advancedgraphicengraving.com/#sle.
2. Brimar Industries, Inc:  www.pipemarker.com/#sle.
3. Kolbi Pipe Marker Co:  www.kolbipipemarkers.com/#sle.
4. Seton Identification Products, a Tricor Company:  www.seton.com/#sle.
5. Substitutions:  See Section 016000 - Product Requirements.

B. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch (40 mm) diameter with
smooth edges.

C. Valve Tag Chart:  Typewritten letter size list in anodized aluminum frame.
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2.04 PIPE MARKERS
A. Manufacturers:

1. Brady Corporation:  www.bradycorp.com/#sle.
2. Brimar Industries, Inc:  www.pipemarker.com/#sle.
3. Kolbi Pipe Marker Co:  www.kolbipipemarkers.com/#sle.
4. Seton Identification Products, a Tricor Company:  www.seton.com/#sle.
5. Substitutions:  See Section 016000 - Product Requirements.

B. Color:  Conform to ASME A13.1.
C. Plastic Tape Pipe Markers:  Flexible, vinyl film tape with pressure sensitive adhesive backing

and printed markings.
PART 3  EXECUTION
3.01 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.
3.02 INSTALLATION

A. Install nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

B. Install tags with corrosion resistant chain.
C. Install plastic pipe markers in accordance with manufacturer's instructions.

END OF SECTION



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

Testing, Adjusting, and Balancing
for HVAC 230593  

SECTION 230593
TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Testing, adjustment, and balancing of air systems.
B. Testing, adjustment, and balancing of  ​hydronic and steam ​ systems.
C. Field quality-control testing of Laboratory fume hoods.
D. Measurement of final operating condition of HVAC systems.

1.02 REFERENCE STANDARDS
A. ASHRAE Std 110 - Methods of Testing Performance of Laboratory Fume Hoods; 2016, with

Errata.
B. AABC MN-1 - AABC National Standards for Total System Balance; Associated Air Balance

Council; 2002.
C. ASHRAE Std 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC

Systems; 2024.
D. NEBB (TAB) - Procedural Standards for Testing Adjusting and Balancing of Environmental

Systems; 2015, with Errata (2017).
1.03 SUBMITTALS

A. Qualifications:  Submit name of adjusting and balancing agency and TAB supervisor for
approval within 30 days after award of Contract.

B. TAB Plan:  Submit a written plan indicating the testing, adjusting, and balancing standard to be
followed and the specific approach for each system and component.
1. Include at least the following in the plan:

a. List of all air flow, water flow, sound level, system capacity and efficiency
measurements to be performed and a description of specific test procedures,
parameters, formulas to be used.

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to
be tested, adjusted and balanced with the data cells to be gathered for each.

c. Discussion of what notations and markings will be made on the duct and piping
drawings during the process.

d. Final test report forms to be used.
e. Procedures for formal deficiency reports, including scope, frequency and distribution.

C. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and
balancing of systems and equipment to achieve specified performance.
1. Submit under provisions of Section 014000.
2. Revise TAB plan to reflect actual procedures and submit as part of final report.
3. Submit draft copies of report for review prior to final acceptance of Project.  Provide final

copies for Architect and for inclusion in operating and maintenance manuals.
4. Provide reports in soft cover, letter size, 3-ring binder manuals, complete with index page

and indexing tabs, with cover identification at front and side.  Include set of reduced
drawings with air outlets and equipment identified to correspond with data sheets, and
indicating thermostat locations.

5. Include actual instrument list, with manufacturer name, serial number, and date of
calibration.

6. Form of Test Reports:  Where the TAB standard being followed recommends a report
format use that; otherwise, follow ASHRAE Std 111.

7. Units of Measure:  Report data in both I-P (inch-pound) and SI (metric) units.
8. Include the following on the title page of each report:

a. Name of Testing, Adjusting, and Balancing Agency.
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b. Address of Testing, Adjusting, and Balancing Agency.
c. Telephone number of Testing, Adjusting, and Balancing Agency.
d. Project name.
e. Project location.
f. Project Architect.
g. Project Engineer.
h. Project Contractor.
i. Project altitude.
j. Report date.

D. Project Record Documents:  Record actual locations of flow measuring stations and balancing
valves and rough setting.

1.04 QUALITY ASSURANCE (MOVED TO PART 3)
PART 2  PRODUCTS - NOT USED
PART 3  EXECUTION

A. Perform total system balance in accordance with one of the following:
1. AABC MN-1, AABC National Standards for Total System Balance.
2. ASHRAE Std 111, Practices for Measurement, Testing, Adjusting and Balancing of

Building Heating, Ventilation, Air-Conditioning, and Refrigeration Systems.
3. NEBB Procedural Standards for Testing Adjusting Balancing of Environmental Systems.

B. Begin work after completion of systems to be tested, adjusted, or balanced and complete work
prior to Substantial Completion of the project.

C. Where HVAC systems and/or components interface with life safety systems, including fire and
smoke detection, alarm, and control, coordinate scheduling and testing and inspection
procedures with the authorities having jurisdiction.

D. TAB Agency Qualifications:
1. Company specializing in the testing, adjusting, and balancing of systems specified in this

section.
2. Having minimum of three years documented experience.
3. Certified by one of the following:

a. AABC, Associated Air Balance Council:  www.aabchq.com; upon completion submit
AABC National Performance Guaranty.

b. NEBB, National Environmental Balancing Bureau:  www.nebb.org/#sle.
E. TAB Supervisor and Technician Qualifications:  Certified by same organization as TAB agency.

3.02 EXAMINATION
A. Verify that systems are complete and operable before commencing work.  Ensure the following

conditions:
1. Systems are started and operating in a safe and normal condition.
2. Temperature control systems are installed complete and operable.
3. Proper thermal overload protection is in place for electrical equipment.
4. Final filters are clean and in place.  If required, install temporary media in addition to final

filters.
5. Duct systems are clean of debris.
6. Fans are rotating correctly.
7. Fire and volume dampers are in place and open.
8. Air coil fins are cleaned and combed.
9. Access doors are closed and duct end caps are in place.
10. Air outlets are installed and connected.
11. Duct system leakage is minimized.
12. Hydronic systems are flushed, filled, and vented.
13. Pumps are rotating correctly.
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14. Proper strainer baskets are clean and in place.
15. Service and balance valves are open.

B. Submit field reports.  Report defects and deficiencies that will or could prevent proper system
balance.

C. Beginning of work means acceptance of existing conditions.
3.03 ADJUSTMENT TOLERANCES

A. Air Handling Systems:  Adjust to within plus or minus 5 percent of design for supply systems
and plus or minus 10 percent of design for return and exhaust systems.

B. Air Outlets and Inlets:  Adjust total to within plus 10 percent and minus 5 percent of design to
space.  Adjust outlets and inlets in space to within plus or minus 10 percent of design.

C. Hydronic Systems:  Adjust to within plus or minus 10 percent of design.
3.04 RECORDING AND ADJUSTING

A. Ensure recorded data represents actual measured or observed conditions.
B. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings

to be restored.  Set and lock memory stops.
C. After adjustment, take measurements to verify balance has not been disrupted or that such

disruption has been rectified.
D. Leave systems in proper working order, replacing belt guards, closing access doors, closing

doors to electrical switch boxes, and restoring thermostats to specified settings.
E. At final inspection, recheck random selections of data recorded in report.  Recheck points or

areas as selected and witnessed by the Owner.
3.05 AIR SYSTEM PROCEDURE

A. Adjust air handling and distribution systems to provide required or design supply, return, and
exhaust air quantities at site altitude.

B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of
duct.

C. Measure air quantities at air inlets and outlets.
D. Adjust distribution system to obtain uniform space temperatures free from objectionable drafts

and noise.
E. Use volume control devices to regulate air quantities only to extend that adjustments do not

create objectionable air motion or sound levels.  Effect volume control by duct internal devices
such as dampers and splitters.

F. Vary total system air quantities by adjustment of fan speeds.  Provide drive changes required.
 Vary branch air quantities by damper regulation.

G. Provide system schematic with required and actual air quantities recorded at each outlet or
inlet.

H. Measure static air pressure conditions on air supply units, including filter and coil pressure
drops, and total pressure across the fan.  Make allowances for 50 percent loading of filters.

I. Adjust outside air automatic dampers, outside air, return air, and exhaust dampers for design
conditions.

J. Measure temperature conditions across outside air, return air, and exhaust dampers to check
leakage.

K. Where modulating dampers are provided, take measurements and balance at extreme
conditions.  Balance variable volume systems at maximum air flow rate, full cooling, and at
minimum air flow rate, full heating.
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L. Measure building static pressure and adjust supply, return, and exhaust air systems to provide
required relationship between each to maintain approximately 0.05 inches (12.5 Pa) positive
static pressure near the building entries.

M. Check multi-zone units for motorized damper leakage.  Adjust air quantities with mixing
dampers set first for cooling, then heating, then modulating.

N. For variable air volume system powered units set volume controller to air flow setting indicated.
 Confirm connections properly made and confirm proper operation for automatic variable air
volume temperature control.

O. On fan powered VAV boxes, adjust air flow switches for proper operation.
3.06 WATER SYSTEM PROCEDURE

A. Adjust water systems to provide required or design quantities.
B. Use calibrated Venturi tubes, orifices, or other metered fittings and pressure gauges to

determine flow rates for system balance.  Where flow metering devices are not installed, base
flow balance on temperature difference across various heat transfer elements in the system.

C. Adjust systems to provide specified pressure drops and flows through heat transfer elements
prior to thermal testing.  Perform balancing by measurement of temperature differential in
conjunction with air balancing.

D. Effect system balance with automatic control valves fully open to heat transfer elements.
E. Effect adjustment of water distribution systems by means of balancing cocks, valves, and

fittings.  Do not use service or shut-off valves for balancing unless indexed for balance point.
F. Where available pump capacity is less than total flow requirements or individual system parts,

full flow in one part may be simulated by temporary restriction of flow to other parts.
3.07 SCOPE

A. Test, adjust, and balance the following:
1. Steam Condensate Pumps
2. Air Handling Units
3. Fans
4. Air Filters
5. Air Terminal Units
6. Air Inlets and Outlets

3.08 MINIMUM DATA TO BE REPORTED
A. Electric Motors:

1. Manufacturer
2. Model/Frame
3. HP/BHP
4. Phase, voltage, amperage; nameplate, actual, no load
5. RPM
6. Service factor
7. Starter size, rating, heater elements
8. Sheave Make/Size/Bore

B. Cooling Coils:
1. Identification/number
2. Location
3. Service
4. Manufacturer
5. Air flow, design and actual
6. Entering air DB temperature, design and actual
7. Entering air WB temperature, design and actual
8. Leaving air DB temperature, design and actual
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9. Leaving air WB temperature, design and actual
10. Water flow, design and actual
11. Water pressure drop, design and actual
12. Entering water temperature, design and actual
13. Leaving water temperature, design and actual
14. Air pressure drop, design and actual

C. Heating Coils:
1. Identification/number
2. Location
3. Service
4. Manufacturer
5. Air flow, design and actual
6. Water flow, design and actual
7. Water pressure drop, design and actual
8. Entering water temperature, design and actual
9. Leaving water temperature, design and actual
10. Entering air temperature, design and actual
11. Leaving air temperature, design and actual
12. Air pressure drop, design and actual

D. Air Moving Equipment:
1. Location
2. Manufacturer
3. Model number
4. Serial number
5. Arrangement/Class/Discharge
6. Air flow, specified and actual
7. Return air flow, specified and actual
8. Outside air flow, specified and actual
9. Supply air temperature
10. Total static pressure (total external), specified and actual
11. Inlet pressure
12. Discharge pressure
13. Sheave Make/Size/Bore
14. Number of Belts/Make/Size
15. Fan RPM

E. Return Air/Outside Air:
1. Identification/location
2. Design air flow
3. Actual air flow
4. Design return air flow
5. Actual return air flow
6. Design outside air flow
7. Actual outside air flow
8. Return air temperature
9. Outside air temperature
10. Required mixed air temperature
11. Actual mixed air temperature
12. Design outside/return air ratio
13. Actual outside/return air ratio

F. Duct Traverses:
1. System zone/branch
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2. Duct size
3. Area
4. Design velocity
5. Design air flow
6. Test velocity
7. Test air flow
8. Duct static pressure
9. Air temperature
10. Air correction factor

G. Terminal Unit Data:
1. Manufacturer
2. Type, constant, variable, single, dual duct
3. Identification/number
4. Location
5. Model number
6. Size
7. Minimum static pressure
8. Minimum design air flow
9. Maximum design air flow
10. Maximum actual air flow
11. Inlet static pressure

H. Air Distribution Tests:
1. Air terminal number
2. Room number/location
3. Terminal type
4. Terminal size
5. Area factor
6. Design velocity
7. Design air flow
8. Test (final) velocity
9. Test (final) air flow
10. Percent of design air flow

END OF SECTION
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SECTION 230713
DUCT INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Duct insulation.
B. Insulation jackets.
C. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by

Means of the Heat Flow Meter Apparatus; 2021.
D. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for

Commercial and Industrial Applications; 2024.
E. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation;

2014 (Reapproved 2019).
F. ASTM C916 - Standard Specification for Adhesives for Duct Thermal Insulation; 2020.
G. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials;

2024.
H. ASTM E96/E96M - Standard Test Methods for Gravimetric Determination of Water Vapor

Transmission Rate of Materials; 2024a.
I. NFPA 255 - Standard Method of Test of Surface Burning Characteristics of Building Materials;

National Fire Protection Association; 2006.
J. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

1.02 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for each service, and locations.
C. Manufacturer's Instructions:  Indicate installation procedures necessary to ensure acceptable

workmanship and that installation standards will be achieved.
1.03 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type
specified in this section with not less than three years of documented experience.

1.04 DELIVERY, STORAGE, AND HANDLING
A. Accept materials on site in original factory packaging, labelled with manufacturer's

identification, including product density and thickness.
B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical

damage, by storing in original wrapping.
1.05 FIELD CONDITIONS

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives,
mastics, and insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.
PART 2  PRODUCTS
2.01 REQUIREMENTS FOR ALL PRODUCTS OF THIS SECTION

A. Surface Burning Characteristics:  Flame spread/Smoke developed index of 25/50, maximum,
when tested in accordance with ASTM E 84, NFPA 255, UL 723, ASTM E 84, NFPA 255, UL
723, ASTM E 84, NFPA 255, or UL 723.

2.02 GLASS FIBER, FLEXIBLE
A. Manufacturer:
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1. CertainTeed Corporation:  www.certainteed.com/#sle.
2. Knauf Insulation:  www.knaufusa.com.
3. Johns Manville Corporation:  www.jm.com/#sle.
4. Owens Corning Corp:  www.owenscorning.com/#sle.
5. 'K' ('Ksi') value:  0.36 at 75 degrees F (0.052 at 24 degrees C), when tested in accordance

with ASTM C518.
6. Maximum Service Temperature:  450 degrees F (232 degrees C).

B. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture Vapor Permeability:  0.029 ng/Pa s m (0.02 perm inch) (0.04 perm inch), when

tested in accordance with ASTM E96/E96M.
3. Secure with pressure sensitive tape.

C. Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure

sensitive rubber based adhesive.
D. Indoor Vapor Barrier Mastic:

1. Vinyl emulsion type acrylic or mastic, compatible with insulation, black color.
2.03 GLASS FIBER, RIGID

A. Manufacturer:
1. CertainTeed Corporation:  www.certainteed.com/#sle.
2. Knauf Insulation:  www.knaufusa.com.
3. Johns Manville Corporation:  www.jm.com/#sle.
4. CertainTeed Corporation:  www.certainteed.com/#sle.
5. 'K' ('Ksi') value:  0.24 at 75 degrees F (0.036 at 24 degrees C), when tested in accordance

with ASTM C518.
6. Maximum service temperature:  450 degrees F (232 degrees C).
7. Maximum Water Vapor Sorption:  5.0 percent.
8. Maximum Density:  8.0 lb/cu ft (128 kg/cu m).

B. Vapor Barrier Jacket:
1. Kraft paper with glass fiber yarn and bonded to aluminized film.
2. Moisture Vapor Permeability:  0.029 ng/Pa s m (0.02 perm inch) (0.04 perm inch), when

tested in accordance with ASTM E96/E96M.
3. Secure with pressure sensitive tape.

C. Vapor Barrier Tape:
1. Kraft paper reinforced with glass fiber yarn and bonded to aluminized film, with pressure

sensitive rubber based adhesive.
D. Indoor Vapor Barrier Finish:

1. Cloth:  Untreated; 9 oz/sq yd (305 g/sq m) weight, glass fabric.
2. Vinyl emulsion type acrylic, compatible with insulation, black color.

2.04 JACKETS
A. Canvas Jacket:  UL listed 6 oz/sq yd (220 g/sq m) plain weave cotton fabric treated with dilute

fire retardant lagging adhesive.
PART 3  EXECUTION

A. Install in accordance with manufacturer's instructions.
B. Install in accordance with NAIMA National Insulation Standards.
C. Insulated ducts conveying air below ambient temperature:

1. Provide insulation with vapor barrier jackets.
2. Finish with tape and vapor barrier jacket.
3. Continue insulation through walls, sleeves, hangers, and other duct penetrations.
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4. Insulate entire system including fittings, joints, flanges, fire dampers, flexible connections,
and expansion joints.

D. Insulated ducts conveying air above ambient temperature:
1. Provide with or without standard vapor barrier jacket.
2. Insulate fittings and joints.  Where service access is required, bevel and seal ends of

insulation.
E. Ducts Exposed in Mechanical Equipment Rooms or Finished Spaces (below 10 feet above

finished floor) ((below 3 meters above finished floor)):  Finish with canvas jacket sized for finish
painting.

3.02 SCHEDULES
A. Ducts in Mechanical Rooms:  Rigid Glass Fiber Insulation - 2 inches thick
B. Supply Ducts:  Flexible Glass Fiber Insulation - 2 inches thick
C. Return Ducts:  Flexible Glass Fiber Insulation - 2 inches thick

END OF SECTION



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

HVAC Piping Insulation 230719  

SECTION 230719
HVAC PIPING INSULATION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Piping insulation.
B. Flexible removable and reusable blanket insulation.
C. Jackets and accessories.

1.02 RELATED REQUIREMENTS
A. Section 232213 - Steam and Condensate Heating Piping:  Placement of hangers and hanger

inserts.
1.03 REFERENCE STANDARDS

A. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate; 2014.
B. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate

(Metric); 2014.
C. ASTM C449 - Standard Specification for Mineral Fiber Hydraulic-Setting Thermal Insulating and

Finishing Cement; 2007 (Reapproved 2024).
D. ASTM C533 - Standard Specification for Calcium Silicate Block and Pipe Thermal Insulation;

2017 (Reapproved 2023).
E. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation; 2022a.
F. ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic

Stainless Steel; 2008 (Reapproved 2018).
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide product description, thermal characteristics, list of materials and

thickness for each service, and locations.
C. Manufacturer's Instructions:  Indicate installation procedures that ensure acceptable

workmanship and installation standards will be achieved.
1.05 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site, labeled with manufacturer's identification, product density, and
thickness.

1.06 FIELD CONDITIONS
A. Maintain ambient conditions required by manufacturers of each product.
B. Maintain temperature before, during, and after installation for minimum of 24 hours.

PART 2  PRODUCTS
2.01 GLASS FIBER

A. Manufacturers:
1. CertainTeed Corporation:  www.certainteed.com/#sle.
2. Johns Manville Corporation:  www.jm.com/#sle.
3. Knauf Insulation:  www.knaufinsulation.com.
4. Owens Corning Corporation; Fiberglas Pipe Insulation ASJ:

 www.ocbuildingspec.com/#sle.
B. Insulation:  ASTM C547and ASTM C795; rigid molded, noncombustible.

1. 'K' ('Ksi') Value:  ASTM C177, 0.24 at 75 degrees F (0.035 at 24 degrees C).
2. Maximum Service Temperature:  850 degrees F (454 degrees C).
3. Maximum Moisture Absorption:  0.2 percent by volume.
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C. Vapor Barrier Jacket:  White kraft paper with glass fiber yarn, bonded to aluminized film;
moisture vapor transmission when tested in accordance with ASTM E96/E96M of 0.02 perm-
inches (0.029 ng/Pa s m).

D. Tie Wire:  0.048 inch (1.22 mm) stainless steel with twisted ends on maximum 12 inch (300
mm) centers.

E. Vapor Barrier Lap Adhesive:  Compatible with insulation.
F. Indoor Vapor Barrier Finish:

1. Cloth:  Untreated; 9 oz/sq yd (305 g/sq m) weight.
2. Vinyl emulsion type acrylic, compatible with insulation, black color.

2.02 CELLULAR GLASS
A. Insulation:  ASTM C552, Type II.

1. 'K' ('Ksi') Value:  Grade 6, 0.35 at 100 degrees F (0.050 at 38 degrees C).
2. Service Temperature:  Up to 800 degrees F (427 degrees C).
3. Water Vapor Permeability:  0.005 perm inch (0.007 ng/Pa s m).
4. Water Absorption:  0.5 percent by volume, maximum.

2.03 HYDROUS CALCIUM SILICATE
A. Insulation:  ASTM C533 and ASTM C795; rigid molded, asbestos free, gold color.

1. 'K' ('Ksi') Value:  0.40 at 300 degrees F (0.057 at 149 degrees C), when tested in
accordance with ASTM C177 or ASTM C518.

2. Maximum Service Temperature:  1200 degrees F (649 degrees C).
3. Density:  15 lb/cu ft (240 kg/cu m).

B. Tie Wire:  0.048 inch (1.22 mm) stainless steel with twisted ends on maximum 12 inch (300
mm) centers.

C. Insulating Cement:  ASTM C449.
2.04 JACKETS

A. Canvas Jacket:  UL listed 6 oz/sq yd (220 g/sq m) plain weave cotton fabric treated with dilute
fire retardant lagging adhesive.

B. Aluminum Jacket:  ASTM B209 (ASTM B209M) formed aluminum sheet.
1. Thickness:  0.016 inch (0.40 mm) sheet.
2. Finish:  Embossed.
3. Joining:  Longitudinal slip joints and 2 inch (50 mm) laps.
4. Fittings:  0.016 inch (0.4 mm) thick die shaped fitting covers with factory attached

protective liner.
5. Metal Jacket Bands:  3/8 inch (10 mm) wide; 0.015 inch (0.38 mm) thick aluminum.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that piping has been tested before applying insulation materials.
B. Verify that surfaces are clean and dry, with foreign material removed.

3.02 INSTALLATION
A. Install in accordance with manufacturer's instructions.
B. Exposed Piping:  Locate insulation and cover seams in least visible locations.
C. Insulated pipes conveying fluids below ambient temperature; insulate entire system including

fittings, valves, unions, flanges, strainers, flexible connections, ​​ and expansion joints.
D. Glass fiber insulated pipes conveying fluids below ambient temperature:

1. Provide vapor barrier jackets, factory-applied or field-applied; secure with self-sealing
longitudinal laps and butt strips with pressure sensitive adhesive.  Secure with outward
clinch expanding staples and vapor barrier mastic.
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E. For hot piping conveying fluids over 140 degrees F (60 degrees C), insulate flanges and unions
at equipment.

F. Glass fiber insulated pipes conveying fluids above ambient temperature.
1. Provide standard jackets, with or without vapor barrier, factory-applied or field-applied.

 Secure with self-sealing longitudinal laps and butt strips with pressure sensitive adhesive.
 Secure with outward clinch expanding staples.

G. Inserts and Shields:
1. Application:  Piping 1-1/2 inches (40 mm) diameter or larger.
2. Shields:  Galvanized steel between pipe hangers or pipe hanger rolls and inserts.
3. Insert location:  Between support shield and piping and under the finish jacket.
4. Insert Configuration:  Minimum 6 inches (150 mm) long, of same thickness and contour as

adjoining insulation; may be factory fabricated.
5. Insert Material:  Hydrous calcium silicate insulation or other heavy density insulating

material suitable for the planned temperature range.
H. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.  Finish

at supports, protrusions, and interruptions.  At fire separations, refer to Section 078400.
I. Pipe Exposed in Mechanical Equipment Rooms located on Basement level:   Finish with

Aluminum jacket.
J. Pipe Exposed in Mechanical Equipment Rooms located on 1st floor.:   Finish with canvas jacket

sized for finish painting.
K. Piping located in mechanical rooms shall be painted to match existing

1. Chilled Water Piping 1st floor: Blue
2. Condenser Water Piping Basement and 1st floor: Green

L. Exterior Applications:  Provide vapor barrier jacket.  Insulate fittings, joints, and valves with
insulation of like material and thickness as adjoining pipe, and finish with glass mesh reinforced
vapor barrier cement.  Cover with aluminum jacket with seams located on bottom side of
horizontal piping.  Provide two coats of UV resistant finish for flexible elastomeric cellular
insulation without jacketing.

M. Heat Traced Piping:  Insulate fittings, joints, and valves with insulation of like material,
thickness, and finish as adjoining pipe.  Size large enough to enclose pipe and heat tracer.
 Cover with aluminum jacket with seams located on bottom side of horizontal piping.

3.03 SCHEDULE
A. Heating Systems:

1. Heating Water Supply and Return: 2"
2. Low Pressure Steam Piping: 3"
3. Low Pressure Steam Condensate:3"
4. High Pressure Steam Piping: 5"

B. Cooling Systems:
1. Chilled Water: 2" Glass Fiber
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SECTION 230900
INSTRUMENTATION AND CONTROL FOR HVAC

PART 1 – GENERAL
1.01 REFERENCE STANDARDS

A. ANSI/FCI 70-2 - Control Valve Seat Leakage; 2021.
B. ASHRAE Std 135 - BACnet - A Data Communication Protocol for Building Automation and

Control Networks; 2024, with Errata (2025).
C. ASTM A126 - Standard Specification for Gray Iron Castings for Valves, Flanges, and Pipe

Fittings; 2004 (Reapproved 2023).
D. ISO 9001 - Quality Management Systems — Requirements; 2015, with Amendment (2024).
E. NFPA 72 - National Fire Alarm and Signaling Code; Most Recent Edition Cited by Referring

Code or Reference Standard.
F. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.
G. NFPA 101 - Life Safety Code; Most Recent Edition Adopted by Authority Having Jurisdiction,

Including All Applicable Amendments and Supplements.
H. OPC UA - OPC Unified Architecture Specification; Current Edition.
I. UL 94 - Tests for Flammability of Plastic Materials for Parts in Devices and Appliances; Current

Edition, Including All Revisions.
J. UL 916 - Energy Management Equipment; Current Edition, Including All Revisions.

1.02 RELATED DOCUMENTS
A. All work of this Division shall be coordinated and provided by the single BMS Contractor.
B. The work of this Division shall be scheduled, coordinated, and interfaced with the associated

work of other trades. Reference the applicable sections for details.
C. The work of this Division shall be as required by the Specifications, Point Schedules and

Drawings.
D. If the BMS Contractor believes there are conflicts or missing information in the project

documents, the Contractor shall promptly request clarification and instruction from the design
team.

1.03 DEFINITIONS
A. BMS:  The total integrated system of fully operational and functional elements, including

equipment, software, programming, and associated materials, to be provided by this Division
BMS Contractor and to be interfaced to the associated work of other related trades.

B. BMS Contractor:  The single Contractor to provide the work of this Division. This Contractor
shall be the primary manufacturer, installer, commissioner and ongoing service provider for the
BMS work.

C. Provide:  The term “Provide” and its derivatives when used in this Division shall mean to
furnish, install in place, connect, calibrate, test, commission, warrant, document and supply the
associated required services ready for operation.

D. Furnish:  The term “Furnish” and its derivatives when used in this Division shall mean supply at
the BMS Contractor’s expense to the designated third party trade contractor for installation.
BMS Contractor shall connect furnished items to the BMS, calibrate, test, commission, warrant
and document.

E. Wiring:  The term “Wiring” and its derivatives when used in this Division shall mean provide the
BMS wiring and terminations.

F. Install:  The term “Install” and its derivatives when used in this Division shall mean receive at
the jobsite and mount.



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

Instrumentation And Control For
Hvac 230900  

1.04 BMS SYSTEM DESCRIPTION
A. The BMS shall be a complete system designed for use with the enterprise IT systems. This

functionality shall extend into the equipment rooms. Devices residing on the automation
network located in equipment rooms and similar shall be fully IT compatible devices that mount
and communicate directly on the IT infrastructure in the facility. Contractor shall be responsible
for coordination with the owner’s IT staff to ensure that the BMS will perform in the owner’s
environment without disruption to any of the other activities taking place on that LAN.

B. Any and all components of the BMS that are connected via field bus or IP network, including
the network controllers, equipment controllers, application specific controllers, server and user
interface software, system and controller programming tools and software applications shall be
designed, engineered, and tested to work together as a complete building management
system, and shall be manufactured by the same BMS manufacturer. Systems that use or
require network controllers, equipment controllers, application specific controllers, server and
user interface software, programming tools and software from more than one BMS
manufacturer shall not be accepted.

C. All points of user interface shall be on standard computing devices that do not require the
purchase of any special software from the BMS manufacturer for use as a building operations
terminal. The primary point of interface on these devices will be a standard Web Browser.

D. The work of the single BMS Contractor shall be as defined individually and collectively in all
Sections of this Division specification together with the associated Point Sheets and Drawings
and the associated interfacing work as referenced in the related documents.

E. The BMS work shall consist of the provision of all labor, materials, tools, equipment, software,
software licenses, software configurations and database entries, interfaces, wiring, tubing,
installation, labeling, engineering, calibration, documentation, samples, submittals, testing,
commissioning, training services, permits and licenses, transportation, shipping, handling,
administration, supervision, management, insurance, temporary protection, cleaning, cutting
and patching, warranties, services, and items, even though these may not be specifically
mentioned in these Division documents which are required for the complete, fully functional and
commissioned BMS.

F. Provide a complete, neat and workmanlike installation. Use only manufacturer employees or
subcontractors who are skilled, experienced, trained, and familiar with the specific equipment,
software, standards and configurations to be provided for this Project.

G. Manage and coordinate the BMS work in a timely manner in consideration of the Project
schedules. Coordinate with the associated work of other trades so as not to impede or delay
the work of associated trades.

1.05 THE BMS AS PROVIDED SHALL INCORPORATE, AT MINIMUM, THE FOLLOWING
INTEGRATED FEATURES, FUNCTIONS AND SERVICES:
A. Operator information, alarm management and control functions
B. Information management including monitoring, transmission, archiving, retrieval, and reporting

functions
C. Diagnostic monitoring and reporting of BMS functions
D. Energy management
E. Standard applications for terminal HVAC systems
F. Enterprise-wide information and control access
G. Offsite monitoring and management access

1.06 QUALITY ASSURANCE
A. The BMS Contractor shall be the primary manufacturer-owned branch office that is regularly

engaged in the engineering, programming, installation and service of total integrated BMS.
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B. The BMS Contractor shall be a recognized national manufacturer, installer and service provider
of BMS.

C. The BMS installer shall be a BMS manufacturer-owned branch office.
D. The BMS Contractor shall have a branch facility within a 100-mile radius of the job site

supplying complete maintenance and support services on a 24 hour, 7-day-a-week basis. The
BMS Contractor shall have, at this facility, a trained, directly employed and full time technical
staff, spare parts inventory, and all necessary test and diagnostic equipment.

E. As evidence and assurance of the contractor’s ability to support the Owner's system with
service and parts, the contractor must have been in the BMS business for at least the last ten
(10) years and have successfully completed total projects of at least 10 times the value of this
contract in each of the preceding five years.

F. The BMS architecture shall consist of the products of a manufacturer regularly engaged in the
production of BMS, and shall be the manufacturer’s latest standard of design at the time of bid.

G. Workplace Safety and Hazardous Materials
1. Provide a safety program in compliance with the Contract Documents.

H. The BMS Contractor shall have a corporately certified comprehensive Safety Certification
Manual and a designated Safety Supervisor for the Project.

I. The Contractor and its employees and subtrades shall comply with federal, state and local
safety regulations.

J. The Contractor shall ensure that all subcontractors and employees have written safety
programs in place that covers their scope of work, and that their employees receive the training
required by the OSHA rules that have jurisdiction for at least each topic listed in the Safety
Certification Manual.

K. Hazards created by the Contractor or its subcontractors shall be eliminated before any further
work proceeds.

L. Hazards observed but not created by the Contractor or its subcontractors shall be reported to
either the General Contractor or the Owner within the same day. The Contractor shall be
required to avoid the hazard area until the hazard has been eliminated.

M. The Contractor shall sign and date a safety certification form prior to any work being performed,
stating that the Contractor’s company is in full compliance with the Project safety requirements.

N. The Contractor’s safety program shall include written policy and arrangements for the handling,
storage and management of all hazardous materials to be used in the work in compliance with
the requirements of the AHJ at the Project site.
1. The Contractor’s employees and subcontractor’s staff shall have received training as

applicable in the use of hazardous materials and shall govern their actions accordingly.
O. Quality Management Program

1. Designate a competent and experienced employee to provide BMS Project Management.
The designated Project Owner shall be empowered to make technical, scheduling and
related decisions on behalf of the BMS Contractor. At minimum, the Project Owner shall:
a. Manage the scheduling of the work to ensure that adequate materials, labor and

other resources are available as needed.
b. Manage the financial aspects of the BMS Contract.
c. Coordinate as necessary with other trades.
d. Be responsible for the work and actions of the BMS workforce on site.

1.07 SUBMITTALS
A. Shop Drawings, Product Data, and Samples
B. The BMS contractor shall submit a list of all shop drawings with submittals dates within 30 days

of contract award.
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C. Submittals shall be in defined packages. Each package shall be complete, shall only reference
itself, and previously submitted packages. The packages shall be as approved by the Architect
and Engineer for Contract compliance.

D. Allow 15 working days for the review of each package by the Architect and Engineer in the
scheduling of the total BMS work.

E. Equipment and systems requiring approval of local authorities must comply with such
regulations and be approved. Filing shall be at the expense of the BMS Contractor where filing
is necessary. Provide a copy of all related correspondence and permits to the Owner.

F. Prepare an index of all submittals and shop drawings for the installation. Index shall include a
shop drawing identification number, Contract Documents reference and item description.

G. The BMS Contractor shall correct any errors or omissions noted in the first review.
H. At a minimum, submit the following:

1. BMS network architecture diagrams including all nodes and interconnections
2. Systems schematics, sequences, and flow diagrams
3. Points schedule for each point in the BMS, including:  Point Type, Object Name,

Expanded ID, Display Units, Controller type, and Address
4. Samples of Graphic Display screen types and associated menus
5. Detailed Bill of Material list for each system or application, identifying quantities, part

numbers, descriptions, and optional features
6. Control Damper Schedule including a separate line for each damper provided under this

section and a column for each of the damper attributes, including Code Number, Fail
Position, Damper Type, Damper Operator, Duct Size, Damper Size, Mounting, and
Actuator Type

7. Room Schedule including a separate line for each VAV box and/or terminal unit indicating
location and address

8. Control Valve Schedules including a separate line for each valve provided under this
section and a column for each of the valve attributes:  Code Number, Configuration, Fail
Position, Pipe Size, Valve Size, Body Configuration, Close off Pressure, Capacity, Valve
CV, Design Pressure, and Actuator Type

9. Details of all BMS interfaces and connections to the work of other trades
10. Product data sheets or marked catalog pages including part number, photo and

description for all products including software
I. Existing Systems Inventory

1. Where applicable, provide a complete and current BMS site inventory for all existing field
and supervisory controllers to be integrated into the new BMS including manufacturer,
model number, firmware version, available updates, battery condition, integrations,
controlled equipment, and point counts.

J. Site inventory shall be provided on a separate, new USB compatible flash drive.
1.08 RECORD DOCUMENTATION

A. Operation and Maintenance Manuals.
1. Three (3) copies of the Operation and Maintenance Manuals shall be provided to the

Owner's Representative upon completion of the project. The entire Operation and
Maintenance Manual shall be furnished on Compact Disc media or USB Flash Drive, and
include the following for the BMS provided:
a. Table of contents
b. As-built system record drawings. Computer Aided Drawings (CAD) record drawings

shall represent the as-built condition of the system and incorporate all information
supplied with the approved submittal.

c. Manufacturer’s product data sheets or catalog pages for all products including
software

d. System Operator’s manuals
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e. Archive copy of all site-specific databases and sequences
f. BMS network diagrams
g. Interfaces to all third party products and work by other trades

B. The Operation and Maintenance Manual shall be self-contained, and include all necessary
software required to access the product data sheets. Include a logically organized table of
contents. Viewer software shall provide the ability to display, zoom, print, and search all
documents.

C. On-Line documentation: After completion of all tests and adjustments the contractor shall
provide a copy of all as-built information and product data to be installed on a customer
designated computer workstation or server.

1.09 WARRANTY
A. Standard Material and Labor Warranty: Provide a one-year labor and material warranty on the

BMS.
B. If within twelve (12) months from the date of acceptance of product, upon written notice from

the owner, it is found to be defective in operation, workmanship or materials, it shall be
replaced, repaired or adjusted at the option of the BMS Contractor at the cost of the BMS
Contractor.

C. Maintain an adequate supply of materials within 100 miles (160.93 kilometers) of the Project
site such that replacement of key parts and labor support, including programming. Warranty
work shall be done during BMS Contractor’s normal business hours.

PART 2 – PRODUCTS
2.01 GENERAL DESCRIPTION

A. Acceptable Manufacturers
1. Johnson Controls, Metasys

a. Johnson Controls, Inc – Columbia, SC Branch
b. Representative Contact Info: Daniel Hoppe - 864-516-5331 -

daniel.lee.hoppe@jci.com
B. New systems installed under this project must be integrated into the existing customer campus-

wide Metasys Building Automation System with backup of all new systems to existing data
server upon completion of the project.

C. The BMS shall use an open architecture and fully support a multi-vendor environment. To
accomplish this effectively, the BMS shall support open communication protocol standards and
integrate a wide variety of third party devices and applications. The system shall be designed
for use on the Internet, or intranets using off the shelf, industry standard technology compatible
with other owner provided networks.

D. The BMS shall consist of the following:
1. Network Engine(s)
2. Equipment Controller(s)
3. Input/Output Module(s)
4. Local Display Device(s)
5. Portable Operator's Terminal(s)
6. Distributed User Interface(s)
7. Network processing, data storage and communications equipment
8. Other components required for a complete and working BMS

E. The system shall be modular in nature, and shall permit expansion of both capacity and
functionality through the addition of sensors, actuators, controllers and operator devices, while
re-using existing controls equipment.

F. System architectural design shall eliminate dependence upon any single device for alarm
reporting and control execution.
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1. The failure of any single component or network connection shall not interrupt the
execution of control strategies at other operational devices.

G. The System shall maintain all settings and overrides through a system reboot.
H. System architectural design shall eliminate dependence upon any single device for alarm

reporting and control execution.
I. The System shall comply with the following International Code Council (ICC) Codes:

1. Building Officials and code Administrators International (BOMA) model code
2. International Conference of Building Officials (ICBO) model code
3. NFPA 72 National Fire Alarm Code
4. NFPA 101 Life Safety Code
5. NFPA 90A Standard for the Installation of Air-Conditioning and Ventilation Systems
6. NFPA 92B Guide for Smoke Management Systems in Malls, Atria, and Large Areas
7. Southern Building Code Congress International (SBCCI) regulations

2.02 BMS SYSTEM ARCHITECTURE
A. Automation Network

1. The automation network shall be based on a PC industry standard of Ethernet TCP/IP.
Where used, LAN controller cards shall be standard “off the shelf” products available
through normal PC vendor channels.

B. The BMS shall network multiple network engines, system controllers and application-specific
controllers including but not limited to:
1. Application and Data Server
2. Network Engines
3. Network Control Engines
4. Equipment Controllers
5. VAV Box Controllers
6. Third Party BACnet controllers and peripheral devices with compatibility listed by BACnet

International
C. All BMS devices on the automation network shall be capable of operating at a minimum

communication speed of 100 Mbps, with full peer-to-peer network communication.
D. Network Security – To protect the BMS from unauthorized users and computer hackers the

Automation Network shall support HTTPS with TLS 1.2 between components, including the
Application and Data Server(s), Network Engines, Mobile User Interface and Site Management
Portal. Self-signed certificates are installed on supported products, with the option of
configuring trusted certificates. Computing devices supplied by the BMS vendor will
automatically shut down unused ports to deter unauthorized access.

E. The automation network will be compatible with other enterprise-wide networks. Where
indicated, the automation network shall be connected to the enterprise network and share
resources with it by way of standard networking devices and practices.

F. Control Network
1. Network Engines shall provide supervisory control over the control network and shall

selectively support the following communication protocols:
a. BACnet/IP
b. BACnet Secure Connect (BACnet/SC)
c. BACnet Standard Multidrop Serial Bus /Token Passing (MS/TP) Bus Protocol

ASHRAE SSPC-135:
1) The Network Engines shall be BTL listed/certified.
2) The Network Engines shall be tested and certified as a BACnet Building

Controller (B-BC) profile.
d. LonWorks enabled devices using the Free Topology Transceiver (FTT-10a)
e. The Johnson Controls N2 Field Bus
f. Modbus® TCP/IP and RTU
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g. M-BUS
h. KNX
i. Zettler Fire Panel
j. TYCO C-CURE
k. MQTT

G. Control networks shall provide either “Peer-to-Peer”, MS/TP, or Supervised Token Passing
communications, and shall operate at a minimum communication speed of 9600 baud.

H. Control network shall support digital controllers as indicated in plans and specifications.
I. Default control network communication protocol for this project shall be BACnet Standard

MS/TP Bus Protocol ASHRAE SSPC-135.
J. Integration

1. Hardwired
2. Analog and digital signal values shall be passed from one system to another via hardwired

connections.
3. There will be one separate physical point on each system for each point to be integrated

between the systems.
K. Direct Protocol (Integrator Panel)

1. The BMS system shall include appropriate hardware equipment and software to allow bi-
directional data communications between the BMS system and control panels. The BMS
shall have the ability to receive, react to, and return information from multiple building
systems, including but not limited to the chillers, boilers, variable frequency drives, power
monitoring system, and medical gas.

2. All data required by the application shall be mapped into the Network Engine’s database,
and shall be transparent to the operator.

3. Point inputs and outputs from the third party controllers shall have real-time
interoperability with BMS software features such as:  Control Software, Energy
Management, Custom Process Programming, Alarm Management, Historical Data and
Trend Analysis, Totalization, and LAN Communications.

L. BACnet Protocol Integration – BACnet
1. The neutral protocol used between systems will be BACnet IP and comply with the

ASHRAE BACnet standard 135.
2. A complete Protocol Implementation Conformance Statement (PICS) shall be provided for

all BACnet system devices.
3. The ability to command, share point object data, change of state (COS) data and

schedules between the host and BACnet systems shall be provided.
2.03 DEDICATED WEB BASED USER INTERFACE

A. Where indicated on plans the BMS Contractor shall provide and install a personal computer for
command entry, information management, network alarm management, and database
management functions. Real-time control functions, including scheduling, history collection and
alarming, shall be resident in the BMS Network Automation Engines and Data Server(s) to
facilitate greater fault tolerance and reliability.

B. Dedicated User Interface Architecture – The architecture of the computer shall be implemented
to conform to industry standards, so that it can accommodate applications provided by the BMS
Contractor and by other third party applications suppliers, including but not limited to Microsoft
Office Applications. Specifically, it must be implemented to conform to the following interface
standards.
1. Microsoft Internet Explorer 11.0 or Edge or Google Chrome for user interface functions.
2. Microsoft Office Professional for creation, modification and maintenance of reports,

sequences other necessary building management functions.
C. Microsoft Outlook or other e-mail program for supplemental alarm functionality and

communication of system events, and reports.
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D. Required network operating system for exchange of data and network functions such as
printing of reports, trends and specific system summaries.

E. PC Hardware/Software – The personal computer(s) shall be configured as specified in the
Computing Hardware and Software section.

F. Provide one operational device as herein specified and located on plans.
2.04 MOBILE, WEB BASED, USER INTERFACE (MUI)

A. The mobile, web-based, user interface shall be HTML5-compliant and provide access to the
system from smartphones, tablets, portable and desktop computers. User Interfaces that
require software installation on the client device (e.g. Java, MicrosoftSilverlight®, Adobe®
Flash®), or software downloads from an online app store shall not be acceptable for these
purposes.

B. The mobile user interface shall provide system operators with a simple location-based
navigation approach to finding information, including the ability to search for any location by
name and to bookmark a location in a standard browser.

C. The mobile user interface shall organize and display information using customer specific
locations and spaces. At a minimum, the user interface shall provide:

D. Organization of all space, equipment and point information in a familiar way (using standard
equipment names and location descriptions), reducing the need for extensive training prior to
use.

E. A navigation mechanism or tree for users to select the specific location or space for accessing
information – only spaces and locations in the navigation tree or equipment serving that space,
nothing more.

F. The ability to search for and/or bookmark any location, space, or equipment by name for quick
access to critical or troublesome areas.

G. Application of the same navigation mechanisms across any client device (e.g. Smart phone,
tablet, personal computer) for consistency and ease of use.

H. The same user interface elements shall be accessible from any type of personal computer or
mobile device running any type of operating system supported (e.g. iOS, Android, Windows®).
It shall automatically adapt and optimize the display for the screen size and touch screen
navigation.

I. The user interface shall provide support for up to 50 concurrent users from individuals with
defined access to the system.

2.05 NAVIGATION TREES
A. A dedicated location based navigation tree shall be provided as part of the user interface in

order to navigate to specific places within the facility on a hierarchical basis (typ. Facility,
Building, Wing, Floor, Room).

B. The location-based tree shall use place names familiar to the operator without training or
familiarization regarding special codes and conventions utilized in the generation of the BMS.

C. Clicking or tapping on a location name in the tree shall display the home page associated with
the space and simultaneously expand the tree to display the next level of spaces below the one
selected.

D. It shall be possible for qualified users to view a navigation tree of devices connected to the
BMS network in order to enable troubleshooting of equipment and communications. Clicking or
tapping on the Network Icon at the top of the Navigation Tree will access this alternate view.
Users without the necessary access rights shall not see the Network Icon.

E. A click or tap on a device in the network tree shall display a dashboard for that device including
information regarding related equipment and access to a separate focus view of commandable
points associated with the piece of hardware. A click or tap on such a point shall display a
control dialogue box allowing the user to modify or command that point as indicated. The dialog
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box shall contain an annotation box for describing why the action was taken or special
circumstances that apply.

F. Specific hardware and software types in the Network tree shall also include access to one or
more the following views in their dashboard depending on hardware type or network element
(e.g. MS/TP trunk):
1. Summary View
2. Diagnostic View
3. Network View
4. Trend View

G. It shall be possible to hide the Network Tree and return to the Spaces Tree at any time by
clicking on the Spaces Icon above the tree.

H. It shall be possible to restrict user access to any space in the Spaces Tree and thereby prevent
manipulation of equipment associated with the space.

2.06 DASHBOARD DISPLAYS
A. The user interface shall provide the ability to view equipment visualizations, floor plans, and/or

other graphics on mobile or desktop client devices in a browser environment, without the need
for additional plugins or software. Graphics shall be accessible via a space (for floorplans,
campus maps, etc.) or equipment dashboard.

B. Standard dashboards shall be configured for each defined space including one of the following
predefined or custom elements:
1. Equipment Serving Space
2. Potential Problem Areas
3. Equipment Summary
4. Graphic Display (if specified)
5. Schedule

C. Standard dashboards shall be configured for each system or device (typ. mechanical or
electrical equipment) including the following predefined or custom elements:
1. Trend
2. Equipment Activity Summary
3. Equipment Relationships Summary
4. Equipment Data
5. Graphic Display (if specified)
6. Schedule

D. Users with appropriate permissions shall have access to a Dashboards Manager that can
change the display order of Summaries and Data elements, add or remove elements and apply
custom dashboards layouts to equipment and space by type.

E. Dashboard Manager shall apply dashboards to spaces or equipment based on the viewing
platform (Desktop/Tablet or Phone) in order to tailor the user experience to the needs of the
specific user base.

F. Default dashboard displays by space and equipment type shall be created per the guidelines in
this specification or by mutual agreement with the owner’s representative.

2.07 ALARM MANAGEMENT
A. The user interface shall provide a single display of all potential issues in a facility including

items currently in alarm, warning, override, out-of-service and offline.
B. The user interface shall provide notification of new alarms, visually and audibly.
C. The user interface shall provide the ability to view a summary of alarms, including a chart of the

number of alarms in each of the defined alarm priority ranges. The priority ranges should be
filterable.
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D. The user interface shall provide the capability to view multiple occurrences of the same alarm,
ultimately providing the ability to acknowledge or discard all occurrences of the alarm in a single
action.

E. The user interface shall provide the capability to view, and filter on, all alarms present in a well-
defined mechanical system using the equipment serving equipment relationships.

F. The user interface shall provide the capability to acknowledge and discard all occurrences of at
least 1000 alarms in one operation.

G. The user interface shall provide the user with the understanding of what physical space is being
affected when an alarm occurs. The user interface shall provide the ability to filter alarms by
physical space affected when the alarm occurred.

H. The user interface shall provide the capability to monitor alarms 24/7 without requiring an active
login to the system, accessible via segregated web page. The user interface shall provide the
capability to enabled or disable the 24/7 alarm monitor mode if desired.

I. The user interface shall provide the capability to annotate alarms using a pre-defined selection
list or by providing custom text.

J. The user interface shall provide the capability to filter down alarm list and bookmark the filtered
list, allowing automatic filtering to be applied when the bookmark is accessed.

K. It shall be possible to export a .csv or .pdf copy of the currently displayed alarm list.
L. If an alarm is not acknowledged or discarded by recipients within a user-selected time, the

alarm shall be sent to an additional set of recipients.
2.08 EQUIPMENT ACTIVITY SUMMARY

A. The user interface shall provide a filterable, single display, of all activity related to a specific
piece of equipment including user changes, discarded user changes, pending alarms,
discarded alarms, and acknowledged alarms for at least one year of historical data.

B. Items shall be listed in timed order with the latest activity at the top of the list.
C. Filters shall allow only specific activities for specific data points occurring within a specific time

and date window to be displayed.
D. It shall be possible to export a .csv copy of the currently displayed summary by clicking or

tapping on the export icon.
E. It shall be possible to create a custom trend graph containing the data shown in the currently

displayed summary by tapping or clicking on the trend icon in the header bar and selecting the
specific points to trend in the resulting selection panel.

F. Clicking on the information icon in front of any displayed activity listed in the summary shall
expand the display to include the name of the user, server time, value prior to the activity, the
ability to annotate the activity and a user selectable icon for displaying a trend graph of the
point.

2.09 EQUIPMENT RELATIONSHIPS SUMMARY
A. The user interface shall provide a summary of all equipment and spaces related to the

operation of the system or device currently selected for viewing.
B. The user interface shall include the capability to navigate to the home page of any related piece

of equipment or space with a single click or tap on the desired element.
C. Equipment Data Summary
D. The user interface shall provide a summary of all data pertaining to a particular piece of

mechanical or electrical equipment in a tabular format.
E. Clicking or tapping on any value in the summary shall display a related command panel

allowing the user to command, override, or change service condition of the point selected and
to annotate such actions for future reference.
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F. It shall be possible to export a .pdf copy of the report with a single click on the associated
export icon.

2.10 EQUIPMENT SERVING SPACE SUMMARY
A. The user interface shall provide a summary of all mechanical and electrical equipment as

defined in the points list that serves a selected space from the navigation tree.
B. The summary shall be capable of including a subset of the viewable points for each system

representing the key elements of interest to operators without subjecting them to long lists of
points irrelevant to basic operation.

C. Clicking or tapping on any item in the summary shall navigate to the item’s assigned home
page in the user interface.

D. It shall be possible to view a custom trend of information contained in the summary with a
single click of the trend icon residing in the title header.

E. It shall be possible to display specific systems and points by filtering equipment types desired.
F. Because the data is intended to be a snapshot of the current conditions in the space it shall not

dynamically update but a click or tap on the update icon at any time performs that function.
2.11 POTENTIAL PROBLEM AREAS

A. The user interface shall provide a summary of all points in the system related to the space that
are not operating correctly (e.g. alarm, off normal or not communicating correctly) in order to
provide the operator with a quick update on current conditions.

B. The information shall include:
1. Point status (via color)
2. Point name
3. Value of the point when the summary was taken
4. Equipment that contains the offending point
5. Space that is served by that equipment

C. Data points in the summary may be filtered by one or more types of off-normal condition (e.g.
above setpoint, offline and overridden).

D. The summary may be exported in .csv format for inclusion in spreadsheets or other documents.
2.12 EQUIPMENT SUMMARY

A. The user interface shall provide a summary that allows the user to compare all similar
equipment that serves the space as well as downstream (child) spaces in order to evaluate
conditions quickly and determine patterns for troubleshooting purposes.

B. Each unique equipment type shall be selectable and display a representative set of values
along with the space(s) being served by the device. Equipment types can be selected from a
dropdown menu in the summary.

C. Clicking or tapping on a selected device in the summary shall navigate to the home page for
that piece of equipment while clicking or tapping a data point shall display the command panel
for that point.

D. It shall be possible to export a .pdf copy of the currently displayed summary by clicking or
tapping on the export icon.

E. It shall be possible to create a custom trend graph containing the data shown in the currently
displayed summary by clicking on the trend icon in the header bar and selecting the specific
points to trend in the resulting selection panel.

2.13 USER DEFINED SUMMARIES
A. Provide the capability to view, command, and modify large quantities of similar data in

summaries without the use of a secondary application (e.g. a spreadsheet). These summaries
shall be generated automatically or user defined. User defined summaries shall allow up to
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seven user defined columns describing attributes to be displayed including custom column
labels with up to 100 rows per summary.

2.14 TREND
A. The user interface shall provide the capability to view historical trend data from multiple pieces

of equipment in both bar and line formats.
B. The user shall have the ability to navigate to a selection list of frequently viewed trends.
C. Trend graphs shall have to ability to be smartly auto-generated based on equipment and space

relationships.
D. The user shall have the ability to view up to 3 graphs in a single screen and select which data

points to plot on each to help with readability.
E. Each graph shall include a dedicated selection icon to export a copy of the graphic and data in

.pdf format or the data only as a .csv file.
2.15 OPERATOR ACCESS

A. The user interface shall provide the ability to segment access to building data based on the
space(s) or location(s) the user is physically located in and/or manages. The user interface
shall provide the capability to assign “inherited” space permissions and the ability to assign
user’s space based access in bulk.

B. The user interface shall provide the ability to segment access to building data based on the
space(s) or location(s) the user is physically located in and/or manages. The user interface
shall provide the capability to assign “inherited” space permissions and the ability to assign
user’s space based access in bulk.

2.16 GRAPHICS
A. The user interface shall display an equipment visualization or graphic within the context of its

associated space (building, floor, room, etc.) or equipment dashboard.
B. Graphics shall include the ability to define individual information layers for operator selection in

order to clarify systems status and simplify operation on mobile devices. Where desired a
master layer may be defined to include important information about the facility on all graphic
screens.

C. Graphics shall support the use of photo-realistic symbols as well as color change and animation
to match the status of the related system control point.

D. It shall be possible to export a time stamped .pdf file of the graphic being viewed in order to
communicate the current conditions in the space or the equipment being viewed and to provide
a historic record.

E. An integral graphic manager shall be provided including the following features and capabilities:
F. Creation and modification of graphics from any HTML5 capable browser without the need for

additional plug-ins or software packages.
G. Access to a full suite of pre-defined templates for air and water sourced HVAC applications as

well as the ability to add custom templates as created for other use. Pre-aliased graphic
templates may be defined and saved for repetitive representations of common mechanical and
electrical equipment.

H. A full suite of pre-defined three dimensional symbols for mechanical and electrical systems as
well as all line, text and shape tools required for integration into a graphic with zoom and pan
capabilities on multiple platforms and in multiple browsers.

I. The ability to search and replace items in multiple graphics with a single command.
J. The ability to import and insert photos and images into the graphic.
K. The ability of the graphics manager to create and edit graphics including the ability to bind

graphic elements to the values and conditions of system points in both an on-line and off-line
mode.
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L. The ability to create and import custom SVG symbols that can be selectable from the graphical
palette and rendered at runtime.

M. As required, the BMS Contractor shall provide software licenses in the name of the owner for
programming, configuration and graphics building tools to allow designated representatives to
make changes, modifications or additions to the system. While future updates or revisions may
require an update fee, the owner shall incur no additional cost if they choose not to update.
Systems that require any annual or time-limited licensing fees shall not be permitted.

2.17 SCHEDULING
A. The user interface shall provide the capability to display, in a singular view, all of the effective

schedules in the context of the space (building/floor/room, etc.) or equipment that the schedule
effects. The software should have the ability to display an effective schedule, for the present, or
a future date.

B. The user interface shall provide a report of all schedules affecting a space or equipment. The
report shall provide the user details of events that comprise the weekly schedule and exception
schedule(s). The report shall provide a means of viewing individual breakout scheduling
elements for Weekly Schedule, Exceptions and Default Commands.

C. The user interface shall provide the capability to efficiently change or modify schedules in mass
quantities. This includes the capability to add, in bulk, exceptions to schedules, in addition to
assigning, in bulk, weekly schedules.

2.18 COMMAND AND CONTROL
A. It shall be possible to command system analog and binary points via a dropdown menu

accessed by clicking or tapping on the value shown in any equipment summary or graphic
display and completing the task in the resultant menu including an optional annotation.

B. Commanding multiple points shall be possible on displays where multiple like system elements
can be chosen.

C. The user interface shall support users adding notes on their commands.
D. The user interface shall support a choice of either permanent or temporary commands.

2.19 CYBER HEALTH DASHBOARD
A. The Cyber Health Dashboard shall provide a centralized view of potential cybersecurity related

issues or system issues, grouped into critical issues, potential risks, and informational items.
B. The Cyber Health Dashboard shall identify user account information, including:

1. Total number of users
2. Dormant users
3. Active users
4. Locked users
5. Temporary users
6. Disabled users
7. Users with Administrator role
8. Policy related information

C. The Cyber Health Dashboard shall indicate out-of-date software.
D. The Cyber Health Dashboard shall identify when security certificates are set to expire.
E. The Cyber Healthy Dashboard shall provide insight into user activity such as number of

successful logins, unsuccessful logins, and locked out accounts.
2.20 SEARCH

A. Typing a text string in the Search box shall display a list of all occurrences of that string in the
mobile user interface. When a string is represented in the description of a space or network
element, selecting it shall display its default dashboard.
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B. Clicking or tapping on the Advanced Search Icon shall display the Advanced Search dialog box
permitting the following:
1. Search by Space and Equipment, Equipment Definition or Network Reference.
2. Filter the search by wildcard name or object type.
3. Multi-selection of objects for commanding or the creation of reports including Trend,

Alarm, Audit and Activity for a specific period of time.
2.21 OFFLINE OPERATION

A. The mobile user interface shall have the ability to operate in an offline mode in order to create
or edit graphics and dashboard elements.

B. Content created offline shall be available to all authorized users for inclusion of an operating
user interface later.

2.22 NETWORK ENGINES
A. The Network Engine shall be a fully user-programmable, supervisory controller. The Network

Engine(s) shall monitor the network of distributed equipment controllers, provide global strategy
and direction, and communicate on a peer-to-peer basis with other Network Engine(s).

B. Automation network – The Network Engine(s) shall reside on the automation network and shall
support a subnet of system controllers.

C. User Interface – Each Network Engine shall have the ability to deliver a web-based User
Interface using the Site Management Portal. All computers connected physically or virtually to
the automation network shall have access to the web-based user interface.

D. The web-based user interface software shall be embedded in the Network Engine(s). Systems
that require a local copy of the system database on the user’s device are not acceptable.

E. The Network Engine(s) shall support a minimum of two (2) concurrent users.
F. The web-based user interface shall have the capability to access all system data through a

single Network Engine.
G. Remote users connected to the network using a Virtual Private Network (VPN) shall also have

total system access through one Network Engine.
H. Systems that require the user to address more than one Network Engine to access all system

information are not acceptable.
I. The Network Engine shall have the capability of serving web-based user interface graphics.

The graphics capability shall be embedded in the Network Engine.
J. Systems that only support user interface graphics from a central database or require the

graphics to reside on the user’s device are not acceptable.
K. The web-based user interface shall support the following functions using a supported web

browser:
a. Configuration
b. Commissioning
c. Data Archiving
d. Monitoring
e. Commanding
f. System Diagnostics

2. Systems that require workstation software or modified web browsers for system queries
are not acceptable.

L. Processor – The Network Engine(s) shall be microprocessor-based with a minimum word size
of 32 bits. The Network Engine(s) shall be a multi-tasking, multi-user, and real-time digital
control processor. Standard operating systems shall be employed. Network Engine(s) size and
capability shall be sufficient to fully meet the requirements of this Specification.
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M. Memory – Each Network Engine shall have sufficient memory to support its own operating
system, databases, and control programs, and to provide supervisory control for all control level
devices.

N. Secure Boot – The Network Engine(s) shall prevent malicious or unauthorized software
applications from loading during the system startup process.

O. User Authentication – The Network Engine(s) shall support local user authentication.
P. Password Security – Access to the Network Engines’ embedded user interface shall require a

password of 8 to 50 characters including a minimum of one lower case letter, one upper case
letter, one number, and one special character. An alarm shall be generated after three
unsuccessful attempts within 15 minutes, and the user shall be denied access until permission
is renewed by a system administrator.

Q. Network Security – Communication between the Network Engine and other system networked
devices including additional Network Engines, Application and Data Servers, Open Data
Servers (BACnet listed OWS), and user interface clients shall be encrypted and support HTTPS
with Transport Level Security (TLS) Version 1.2. Self-signed certificates are to be provided with
the option of configuring trusted certificates.

R. Hardware Real Time Clock – The Network Engine(s) shall include an integrated, hardware-
based, real-time clock, with a supercapacitor to maintain time for a minimum of 72 hours during
a power loss.  Controllers using a battery to maintain time during a power loss shall not be
acceptable.

S. Diagnostics – The Network Engine(s) shall continuously perform self-diagnostics,
communication diagnosis, and diagnosis of all panel components. The Network Engine(s) shall
provide both local and remote annunciation of any detected component failures or repeated
failures to establish communication.

T. Power Failure – In the event of the loss of normal power, the Network Engine(s) shall continue
to operate for a user adjustable period of up to 10 minutes after which there shall be an orderly
shutdown of all programs to prevent the loss of database or operating system software.
1. During a loss of normal power, the control sequences shall go to the normal system

shutdown conditions. All critical configuration data shall be saved into Flash memory.
2. Upon restoration of normal power and after a minimum off-time delay, the controller shall

automatically resume full operation without manual intervention through a normal soft-start
sequence.

U. Certification – The Network Engine(s) shall meet and be listed to the UL 916 Standard for
Energy Management Equipment and be FCC Compliant to CFR47, Part 15, Subpart B, Class
A.

V. Device Integration – The Network Engine(s) shall support integrating networked devices using
the following communication protocols on the device/controller network:

W. The Network Engine(s) shall support BACnet Standard MS/TP Bus Protocol ASHRAE SSPC-
135 on the controller network.

X. The Network Engine(s) shall support Remote Field Bus integration via a BACnet IP to MS/TP
router.

Y. The Network Engine(s) shall be tested and BTL listed/certified as a BACnet Building Controller
(B-BC).

Z. The Network Engine(s) shall support BACnet/IP on the controller network.
AA. The Network Engines(s) shall support BACnet/SC protocol as defined in Annex AB in the

ASHRAE Std 135-2020 on the controller network.
BB. The Network Engine shall support LonWorks enabled devices using a whitelisted USB-to-

LonWorks FTT10 Free Topology Transceiver adapter.
CC. All LonWorks controls devices shall be LonMark® certified
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DD. The Network Engine(s) shall support Johnson Controls N2 or third party N2 Open devices.
EE. The Network Engine(s) shall optionally support integration of networked devices using the

following networking protocols:
1. MODBUS RTU
2. MODBUS TCP/IP
3. KNX - KNX is an open communication standard (EN 50090, ISO/IEC 14543) that many

European manufacturers have applied to lighting controls, blinds and shutters, HVAC
controls, security systems, energy management, audio, video, displays, and remote
controls.

4. M-Bus - M-Bus (Meter Bus) is a European standard (EN 1434-3) that applies primarily to
energy and heat meters.

5. C-CURE 9000 Access Control System
6. victor Video Management System
7. OPC UA
8. The Network Engine(s) shall support bidirectional exchange of data with an MQ Telemetry

Transport (MQTT) broker.
FF. The Network Engine(s) shall include the following multi-color, flashing LEDs to indicate

important operating conditions and status:
1. Heartbeat – to indicate each of the following states:  operational (normal), powered but not

operational, starting up, shutting down, or no power applied
2. Fault – to indicate if fault conditions have been detected
3. Ethernet Activity – to indicate if Ethernet Traffic is occurring or not occurring.
4. Ethernet Link Speed – to indicate the speed of Ethernet Link (10, 100, or 1000 Mbps)
5. Site Director – to indicate if the Network Engine has been designated as the Site Director
6. BACnet/IP – to indicate if the Network Engine is transmitting BACnet messages over

BACnet/IP to other devices, including other Network Engines
7. USB -1 – to indicate if a supported device is connected, no device is connected, or an

unsupported device is connected on USB port 1
8. USB-1 – to indicate if a supported device is connected, no device is connected, or an

unsupported device is connected on USB port 2
9. FC BUS-# – to indicate if communication is occurring on FC Bus port # (1 or 2)
10. FC EOL-# – to indicate if the end-of-line termination switch # (1 or 2) is on or off

GG. The Network Engine shall be Federal Information Processing Standard (FIPS) 140-2 Level 1
certified, in the case of SNE. The Network Engine shall be FIPS 140-2 Level 1 compliant, in the
case of NAE8500 and LCS8500. FIPS 140-2 is a U.S. government cyber security standard
used to approve cryptographic modules and algorithms used for encryption. The National
Institute of Standards and Technology (NIST) certificate regarding FIPS 140-2 Level 1
certification for the SNE, can be shared.

HH. Provide Johnson Controls M4-SNE2200,1100 or 1050 or approved equal as required to support
new field devices.

2.23 DDC EQUIPMENT CONTROLLERS
A. General Purpose Equipment Controller (CGM and CGE controllers)
B. The General Purpose Equipment Controller shall be a fully programmable, digital controller.

The CGM communicates via the BACnet MS/TP protocol. The CGE controller communicates
via the BACnet/IP protocol or BACnet/SC protocol.

C. The CGM/CGE shall support BACnet Standard ANSI/ASHRAE 135.
D. The CGM/CGE shall be BTL listed/certified.
E. The CGM/CGE shall be tested and certified as a BACnet Advanced Application Controller (B-

AAC).
F. The CGM/CGE shall employ finite state programming to eliminate unnecessary conflicts

between control functions at crossover points in their operational sequences. Suppliers using
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non-state based DDC shall provide separate control strategy diagrams for all controlled
functions in their submittals.

G. CGM/CGE controllers shall be factory programmed with a continuous adaptive tuning algorithm
that senses changes in the physical environment and continually adjusts loop tuning
parameters appropriately. Controllers that require manual tuning of loops or perform automatic
tuning on command only shall not be acceptable.

H. The CGM/CGE shall be assembled in a plastic housing with protection class IP20 (IEC529) and
flammability rated to UL 94-5VB.

I. The CGM/CGE shall include an integral real-time clock and support time-based tasks which
enables these equipment controllers to monitor and control:
1. Schedules
2. Calendars
3. Alarms
4. Trends

J. The CGM/CGE can continue time-based monitoring when offline for extended periods of time
from a network.

K. The CGM/CGE can operate as a stand-alone controller in applications that do not require a
networked supervisory device or for network applications where it is preferred to have the
scheduling, alarming, and/or trending performed locally in the equipment controllers.

L. The CGM shall include troubleshooting LEDs to indicate the following conditions:
1. Power – to indicate if the controller is powered or not powered
2. Fault – to indicate if the controller is in its default state, has no faults, has a device fault, is

in startup or download mode, or has an SA Bus communication issue
3. SA Bus – to indicate if SA Bus communication is occurring and normal, is not occurring, or

was occurring but has been lost and is waiting to rejoin
4. FC Bus – to indicate if FC Bus communication is occurring and normal, is not occurring, or

was occurring but has been lost and is waiting to rejoin
5. EOL – to indicate if the end-of-line termination switch is on or off
6. The CGE shall include troubleshooting LEDs to indicate the following conditions:
7. Power – to indicate if the controller is powered or not powered
8. Fault – to indicate if the controller is in its default state, has no faults, has a device fault, is

in startup or download mode, or has an SA Bus communication issue
9. SA Bus – to indicate if SA Bus communication is occurring and normal, is not occurring, or

was occurring but has been lost and is waiting to rejoin
10. ETH-1 – to indicate if the controller is connected and communicating, or is not connected
11. ETH-2 – to indicate if the controller is connected and communicating, or is not connected

M. The CGM/CGE shall have the ability to transfer and apply firmware files to all SA Bus devices
(XPM, IOM, and NS8000) connected to it.

N. The CGM/CGE shall include pluggable screw terminal blocks for all I/O, SA Bus
communication, and power wiring connections. The CGM also includes a pluggable screw
terminal block for FC bus communication.

O. The CGM/CGE shall accommodate the direct wiring of analog and binary I/O field points with
the following resolution.
1. Inputs – 24-bit analog-to-digital converter
2. Outputs – +/- 200 mV accuracy in 0-10 VDC applications

P. The CGM/CGE shall support the following types of inputs and outputs supplied in the amounts
required for the specified applications:
1. Universal Inputs – shall be configurable to monitor any of the following:
2. 0-10 VDC analog input
3. 4-20 mA analog input
4. 0-600k ohms analog input
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5. Dry contact binary input
Q. Binary Inputs – shall be configurable to monitor either of the following:

1. Dry Contact Maintained Mode
2. Pulse Counter Mode
3. Analog Outputs – shall be configurable to output either of the following:
4. 0-10 VDC analog output
5. 4-20 mA analog output

R. Binary Outputs – shall output the following:
1. 24 VAC Triac

S. Configurable Outputs – shall be capable of the following:
1. 0-10 VDC analog output
2. 24 VAC Triac binary output

T. The CGM shall have the ability to reside on a Field Controller Bus (FC Bus).
U. The FC Bus shall be a MS/TP Bus supporting BACnet Standard protocol SSPC-135.
V. The FC Bus shall support communications between the CGMs and the Network Engine.
W. The FC Bus shall also support peer-to-peer communications between non-supervisory devices,

allowing these devices to communicate system data with each other directly, bypassing the
supervisory network engine on the bus.

X. The FC Bus shall support a minimum of 100 equipment controllers and/or expansion modules
in any combination.

Y. The FC Bus shall operate at a maximum distance of 15,000 Ft. between the CGM and the
furthest connected device.

Z. The CGE shall have the ability to reside on the Automation Network with the following
capabilities:
1. The ability to communicate with Open Data Servers (BACnet listed OWS) and Network

Engines.
2. Support for BACnet IPv4.
3. Support for Peer-to-Peer communications with other controllers on the automation

network.
AA. The CGE shall be FIPS 140-2 Level 1 compliant. FIPS 140-2 is a U.S. government cyber

security standard used to approve cryptographic modules and algorithms used for encryption.
BB. The CGM shall include three (3) decimal rotary dial switches for setting the BACnet MS/TP

device address.
CC. The CGE shall include three (3) decimal rotary dial switches for setting the controller number.
DD. The CGM/CGE shall have the ability to monitor and control a network of sensors and actuators

over a SA Bus.
EE. The CGM shall have the capability to execute complex control sequences involving direct wired

I/O points as well as input and output devices communicating over a MS/TP Bus.
FF. The CGM/CGE shall support an onboard Display to provide user interface to the local

controller.
GG. The Display shall allow the user to view monitored points without logging into the system.
HH. The Display shall allow the user to view and change setpoints, modes of operation, and

parameters.
II. The Display shall provide password protection with user adjustable password timeout.
JJ. The display shall provide the ability to view points in alarm locally at the controller.
KK. The display shall provide the ability to view trends defined for the points locally in the controller.
LL. The Display shall be a minimum 2.4-inch screen with 320 x 240 resolution.
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MM. The Display shall have a navigation keypad with no more than 7 tactile keys.
NN. The Display shall be panel mountable.
OO. Provide Johnson Controls CGM/CGE or approved equal as shown on plans.

2.24 VAV BOX CONTROLLER (CVM OR CVE CONTROLLERS)
A. The VAV Box Controller shall provide both standalone and networked DDC of pressure-

independent, VAV terminal units.
B. The VAV Box Controller shall be a fully programmable, digital controller. The CVM

communicates via BACnet MS/TP protocol. The CVE controller communicates via the
BACnet/IP or BACnet/SC protocol.

C. The CVM/CVE shall support BACnet Standard ANSI/ASHRAE 135.
D. The CVM/CVE shall be BTL listed/certified.
E. The CVM/CVE shall be tested and certified as a BACnet Advanced Application Controller (B-

AAC).
F. The CVM/CVE shall include 14 preloaded single duct VAV box control applications to allow the

controller to be made fully operational without the need to create a custom program.
G. The CVM/CVE shall employ finite state programming to eliminate unnecessary conflicts

between control functions at crossover points in their operational sequences. Suppliers using
non-state based DDC shall provide separate control strategy diagrams for all controlled
functions in their submittals.

H. CVM/CVE controllers shall be factory programmed with a continuous adaptive tuning algorithm
that senses changes in the physical environment and continually adjusts loop tuning
parameters appropriately. Controllers that require manual tuning of loops or perform automatic
tuning on command only shall not be acceptable.

I. The CVM/CVE shall be assembled in a plenum-rated plastic housing with protection class IP20
(IEC529) and flammability rated to UL 94-5VB.

J. The CVM/CVE shall include an integral real-time clock and support time-based tasks which
enables these equipment controllers to monitor and control:
1. Schedules
2. Calendars
3. Alarms
4. Trends

K. The CVM/CVE can continue time-based monitoring when offline for extended periods of time
from a network.

L. The CVM/CVE shall include an integral differential pressure transducer and damper actuator.
An additional configuration option shall be available that also includes an integral potentiometer
for actual damper position feedback. All components shall be connected and mounted as a
single assembly, removable as one piece.

M. The integral damper actuator shall be a fast response stepper motor capable of stroking 90
degrees in 60 seconds for quick damper positioning to speed commissioning and
troubleshooting tasks.

N. The CVM/CVE shall determine airflow by a state-of-the-art, digital, non-flow pressure sensor
that supports automatic correction for polarity on high- and low-pressure DP tube connections
to eliminate high- and low-pressure connection mistakes.

O. The CVM/CVE shall have the ability to automatically calibrate the flow sensor to eliminate
pressure transducer offset error due to ambient temperature / humidity effects.

P. The CVM/CVE can operate as a stand-alone controller in applications that do not require a
networked supervisory device or for network applications where it is preferred to have the
scheduling, alarming, and/or trending performed locally in the equipment controllers.
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Q. The CVM shall include troubleshooting LEDs to indicate the following conditions:
1. Power – to indicate if the controller is powered or not powered
2. Fault – to indicate if the controller is in its default state, has no faults, has a device fault, is

in startup or download mode, or has an SA Bus communication issue
3. SA Bus – to indicate if SA Bus communication is occurring and normal, is not occurring, or

was occurring but has been lost and is waiting to rejoin
4. FC Bus – to indicate if FC Bus communication is occurring and normal, is not occurring, or

was occurring but has been lost and is waiting to rejoin
5. EOL – to indicate if the end-of-line termination switch is on or off
6. The CVE shall include troubleshooting LEDs to indicate the following conditions:
7. Power – to indicate if the controller is powered or not powered
8. Fault – to indicate if the controller is in its default state, has no faults, has a device fault, is

in startup or download mode, or has an SA Bus communication issue
9. SA Bus – to indicate if SA Bus communication is occurring and normal, is not occurring, or

was occurring but has been lost and is waiting to rejoin
10. ETH-1 – to indicate if the controller is connected and communicating, or is not connected
11. ETH-2 – to indicate if the controller is connected and communicating, or is not connected

R. The CVM/CVE shall have the ability to transfer and apply firmware files to all SA Bus devices
(XPM, IOM, and NS8000) connected to it.

S. The CVM/CVE shall include pluggable screw terminal blocks for all I/O, SA Bus communication,
and power wiring connections. The CVM also includes a pluggable screw terminal block for FC
bus communication.

T. The CVM/CVE shall accommodate the direct wiring of analog and binary I/O field points with
the following resolution.
1. Inputs – 15-bit resolution on UIs
2. Outputs – +/- 200 mV accuracy in 0-10 VDC applications

U. The CVM/CVE shall support the following types of inputs and outputs supplied in the amounts
required for the specified applications:
1. Universal Inputs – shall be configurable to monitor any of the following:

a. 0-10 VDC analog input
b. 4-20 mA analog input
c. 0-600k ohms analog input
d. Dry contact binary input

V. Binary Outputs – shall output the following:
1. 24 VAC Triac binary outputs

W. Configurable Outputs – shall be configurable of outputting the following:
1. 0-10 VDC analog output
2. 24 VAC Triac binary output

X. The CVM shall have the ability to reside on a Field Controller Bus (FC Bus).
Y. The FC Bus shall be a MS/TP Bus supporting BACnet Standard protocol SSPC-135.
Z. The FC Bus shall support communications between the CVMs and the Network Engine.
AA. The FC Bus shall also support peer-to-peer communications between non-supervisory devices,

allowing these devices to communicate system data with each other directly, bypassing the
supervisory network engine on the bus.

BB. The FC Bus shall support a minimum of 100 equipment controllers and/or expansion modules
in any combination.

CC. The FC Bus shall operate at a maximum distance of 15,000 Ft. between the CVM and the
furthest connected device.

DD. The CVE shall have the ability to reside on the Automation Network with the following
capabilities:
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EE. The ability to communicate with Open Data Servers (BACnet listed OWS) and Network
Engines.

FF. Support for BACnet IPv4.
GG. Support for Peer-to-Peer communications with other controllers on the automation network.
HH. The CVM shall include three (3) decimal rotary dial switches for setting the BACnet MS/TP

device address.
II. The CVE shall include three (3) decimal rotary dial switches for setting the controller number.
JJ. The CVM/CVE shall have the ability to monitor and control a network of sensors and actuators

over a SA Bus.
KK. The CVM shall have the capability to execute VAV box control sequences involving direct wired

I/O points as well as input and output devices communicating over a MS/TP Bus.
LL. The controller shall utilize a proportional plus integration (PI) algorithm for the space

temperature control loops.
MM. Each controller shall continuously, adaptively tune the control algorithms to improve control and

controller reliability through reduced actuator duty cycle. In addition, this tuning reduces
commissioning costs, and eliminates the maintenance costs of manually re-tuning loops to
compensate for seasonal or other load changes.

NN. The controller shall provide the ability to download and upload VAV box control application
configuration files, both locally and via the communications network. Controllers shall be able to
be loaded individually or as a group.

OO. Control setpoint changes initiated over the network shall be written to the controller’s non-
volatile memory to prevent loss of setpoint changes and to provide consistent operation in the
event of communication failure.

PP. The CVM/CVE controller firmware shall be flash-upgradeable remotely via the communications
bus to minimize costs of feature enhancements.

QQ. The CVM/CVE controller shall provide fail-soft operation if the airflow signal becomes
unreliable, by automatically reverting to a pressure-dependent control mode.

RR. The CVM/CVE controller shall interface with balancer tools that allow automatic recalculation of
box flow pickup gain ("K" factor), and the ability to directly command the airflow control loop to
the box minimum and maximum airflow setpoints.

SS. The CVM/CVE controller shall have on-board diagnostics. These diagnostics shall consist of
control loop performance measurements executing at each control loop's sample interval,
which may be used to continuously monitor and document system performance. The CVM/CVE
shall calculate Exponentially Weighted Moving Averages (EWMA) for each of the following
metrics, which shall be available to the end user for efficient management of the VAV terminals.
1. Absolute temperature loop error
2. Signed temperature loop error
3. Absolute airflow loop error
4. Signed airflow loop error
5. Average damper actuator duty cycle
6. The controller shall detect system error conditions to assist in managing the VAV zones.

The error conditions shall consist of:
7. Unreliable space temperature sensor
8. Unreliable differential pressure sensor
9. Starved box
10. Actuator stall
11. Insufficient cooling
12. Insufficient heating
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TT. The controller shall provide a flow test function to view damper position vs. flow in a graphical
format. The information would alert the user to check damper position. The CVM/CVE would
also provide a method to calculate actuator duty cycle as an indicator of damper actuator
runtime.

UU. The CVM/CVE controller shall provide a compliant interface for ASHRAE Standard 62-1989
(indoor air quality) and shall be capable of resetting the box minimum airflow based on the
percent of outdoor air in the primary air stream.

VV. The CVM/CVE controller shall comply with ASHRAE Standard 90.1 (energy efficiency) by
preventing simultaneous heating and cooling, and where the control strategy requires reset of
airflow while in reheat, by modulating the box reheat device fully open prior to increasing the
airflow in the heating sequence.

WW. Provide Johnson Controls CVM/CVE or approved equal as shown on plans.
2.25 NETWORK THERMOSTAT – RTU/HEAT PUMP WITH ECONOMIZER

A. The network thermostat shall be capable of controlling the following types of split or packaged
units:
1. Cooling only units
2. Cooling units with gas or electric heat
3. Heat pumps
4. Units with economizers

B. Note: Current TECs support cooling up to two compressor stages and up to two stages of heat
in rooftop mode, as well as, up to three stages of heat (two compressor stages + one
supplemental heat) in heatpump mode.

C. The Networked Thermostat shall communicate over the FC Bus using BACnet Standard
protocol SSPC-135 or Johnson Controls N2 protocol.

D. Communications shall be selectable locally at thermostat through the display.
E. The TEC shall be BTL listed/certified and carry the BTL Label.
F. The TEC shall be tested and certified as a BACnet Advanced Application Controller (B-AAC).
G. The network thermostat shall include a 4.2 inch (106.68 mm) LED backlit touch screen.
H. The network thermostat shall provide 4 digit passcode security.
I. The network thermostat shall employ nonvolatile electrically EEPROM for all adjustable

parameters.
J. The network thermostat shall have a temperature accuracy of ±0.9°F/±0.5°C at 70.0°F/21.0°C

typical calibrated.
K. Where required by application and indicated on plans or room schedules provide the network

thermostat with an integral Passive Infra-Red (PIR) occupancy sensor model.
L. The network thermostat shall provide user equipment visibility from a mobile device through the

MAP.
M. Provide Johnson Controls TEC363x or approved equal as indicated on plans.

2.26 NETWORK SENSORS
A. The Network Sensors (NS) shall have the ability to monitor the following variables as required

by the systems sequence of operations:
1. Zone Temperature
2. Zone Humidity
3. Zone Setpoint
4. Discharge Air Temperature
5. Zone CO2

B. The NS shall transmit the information back to the controller on the SA Bus using BACnet
Standard protocol SSPC-135.
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C. The NS shall be BTL listed/certified and carry the BTL Label.
D. The NS shall be tested and certified as a BACnet Smart Sensors (B-SS).
E. The Network Zone Temperature Sensors shall include the following items:

1. A backlit LCD to indicate the temperature, humidity and setpoint
2. An LED to indicate the status of the Override feature
3. A button to toggle the temperature display between Fahrenheit and Celsius
4. A button to program the display for temperature or humidity
5. A button to initiate a timed override command
6. Available in either surface mount, wall mount, or flush mount
7. Available with either screw terminals or phone jack

F. The Network Discharge Air Sensors shall include the following:
1. 4 inch (101.6 mm) or 8 inch (203.2 mm) duct insertion probe
2. Ten foot pigtail lead
3. Dip Switches for programmable address selection
4. Ability to provide an averaging temperature from multiple locations
5. Ability to provide a selectable temperature from multiple locations

G. The Network CO2 Zone Sensors shall include the following:
1. Available in either surface mount or wall mount
2. Available with screw terminals or phone jack
3. Measurement range of 0-2000 ppm
4. Sensing resolution of 1 ppm
5. Sensing accuracy of +/- 2% of the reading plus 40 ppm

H. Provide Johnson Controls NS series or approved equal where indicated on plans.
2.27 ACTUATORS AND OPERATORS

A. Actuators shall be electronic or pneumatic, or both, as detailed in the following sections.
B. The manufacturer shall be ISO 9001 certified.
C. Spring Return Actuators:

1. Spring Return Actuators shall be manufactured, brand labelled and distributed by Johnson
Controls or an approved equivalent.

2. Spring Return Actuators shall comply with the following regulatory agency listings: cULus,
CSA C22.2 No24-93, and CE marked. Asia Pacific (APAC) actuators shall be excluded
from this regulatory information.

3. Spring Return Actuators shall be of direct-coupled design and require no crank arm or
linkage for mounting to a shaft.

4. Spring Return Actuators shall offer a coupling method which requires a toothed V-bolt
clamp and nuts with toothed cradle.

5. Spring Return Actuators shall be configured for reversible mounting which provides either
clockwise or counter clockwise operation.

6. Spring Return Actuators power failure operation shall configure upon a loss of electric
power to the actuator, a mechanical spring return system shall drive the actuator to the
failsafe home position. Other forms of internal energy storage for power failure operation
shall not be acceptable.

7. Spring Return Actuators shall utilize the following motor technology:
a. Modulating types: Microprocessor-controlled brushless DC motors
b. On/Off types: DC brush motor

8. Spring Return Actuators shall be furnished with Electronic Stall Detection which protects
the actuator from overload at all angles of rotation without the need for end switches.

9. Spring Return Actuators shall comply with enclosure ratings of NEMA type 2 or IP54
mounted in any orientation.

10. Spring Return Actuators shall eliminate the need for electrical ground wires for double-
insulated construction.
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11. Spring Return Actuators shall be furnished with integral cables with colored and numbered
conductors for simplified wiring.

12. Spring Return Actuators shall be sized for the torque required to seal the damper at load
conditions.

13. Spring Return Actuators shall be available in parallel operation that are capable of being
mechanically or electrically paralleled.

14. Proportional actuators shall be user configurable without the use of external computer
software or programming tools. Calibration, input signal range selection, and control logic
reversal shall be selectable with an external mode selection switch.

15. Spring Return Actuators shall operate in the following temperature ranges:
a. For a 70 lb·in. torque actuator range must be -40°F to 140°F (-40°C to 60°C)
b. For a 177 lb·in. torque actuator range must be -40°F to 131°F (-40°C to 55°C)

16. Spring Return Actuators shall be provided with the following power requirements:
a. Modulating types:

1) A torque of 27 lb·in. has a 6VA maximum
2) A torque of 70 lb·in. has an 8VA maximum
3) A torque of 177 lb·in. has a 16VA maximum

b. Two-position types:
1) A torque of 27 lb·in. has a 6VA maximum
2) A torque of 70 lb·in. has an 8VA maximum
3) A torque of 177 lb·in. has a 25VA maximum

D. Non-Spring Return Actuators
1. Non-Spring Return (NSR) actuators shall be manufactured, brand labelled or distributed

by Johnson Controls or an approved equivalent. The NSR actuators are manufactured
under International Standards Organization (ISO) 9001 Quality Control Standards to
ensure quality.

2. NSR actuators shall comply with the following regulatory agency listings: cULus, CSA
C22.2 No 24-93, and CE marked. APAC actuators are excluded from this regulatory
information.

3. NSR actuators shall be provided with a 5 year warranty from the date of sale.
4. Actuators sold in the APAC region shall comply with an 18 month warranty policy.
5. NSR actuators shall be of direct-coupled design and require no crank arm or linkage for

mounting to a shaft.
6. NSR actuators shall be of a design that converts the damper version to the valve version

without the use of special tools.
7. NSR actuators shall be configured for direct mounting and will not require any damper

linkage. Actuators can be mounted directly with a universal clamp to the following:
a. Round damper shaft from 3/8 inch (9.52 mm). (10mm) up to 1 inch (25.4 mm). to 1/16

inch (1.59 mm). (27mm)
b. Square damper shaft from 3/8 inch (9.52 mm). (10mm) up to 3/4 inch (19.05 mm).

(19mm)
8. NSR actuators shall feature an optional NEMA 4X/IP66 weather shield for applications in

harsh environments.
9. NSR actuators shall be furnished such that the actuator complies with the following control

signals:
10. The NSR actuators shall be available in models that accept input signal controls for on/off,

floating, and proportional control.
11. The NSR actuators shall operate with an automatic signal input detection which allows

automatic recognition of input signals for on/off, floating and proportional control. They
shall be equipped with adjustable span automatic controls that require no special tools.

12. In proportional mode, the actuator shall respond to control signals DC 0 V to 10 V or DC 2
to 10 V.
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13. When a 500 ohm resistor is added in proportional mode, the actuator shall respond to a 0
mA to 20 mA or 4 to 20mA signal. A feedback signal of DC 0 V to 10 V or DC to 10 V
indicates position.

14. NSR actuators shall be available in line voltage On/Off and floating models to offer
reduced total installation cost by avoiding installation of external power supply adapters.

15. NSR actuators shall be available in high speed On/Off and floating models for applications
in loop that require a quick response time.

16. NSR actuators shall offer optional auxiliary switches to provide the following:
a. Two line-voltage-capable single-pole, double-throw (SPDT) switches with

continuously adjustable switch points
17. An auxiliary potentiometer kit provides and potentiometer feedback options for improving

the safety, interface and signal
18. NSR actuators shall be furnished with the option of backward compatible to produce a

seamless retrofit without the need to replace the controller.
19. NSR actuators shall have the option to be furnished with a plenum-rated cable which are

specially configured for installation in spaces used for environmental air-handling
purposes, other than ducts and plenums, as specified in National Fire Protection
Association (NFPA) 70: National Electrical Code section 300.22(C), Other Space Used for
Environmental Air.

20. NSR actuators shall have a constant runtime which is independent of supply voltage
frequency and load.

21. NSR actuators for Floating and On/Off models for line voltage (AC 85 to 264 V) for
standard speed applications shall operate with AC 85 to 264 V and provide the rated
torque. The actuators shall be designed to provide constant runtime, independent of
supply voltage frequency and load.

22. NSR actuators for Floating and On/Off models for AC/DC 24 V for high speed applications
shall have an 8-second constant runtime, independent of supply voltage frequency and
load.

23. NSR actuators shall be furnished with electronic stall detection which protects the actuator
from overload at all angles of rotation. The actuator may be stalled anywhere in its rotation
range without the need for mechanical end switches.

24. NSR actuators shall be equipped with microprocessor-controlled brushless DC motors
which provides constant runtime independent of torque and increases the actuators
lifecycle by reducing water.

25. NSR Actuators shall have the option of a bottom-mounted coupler which simplifies short
shaft damper applications.

26. NSR actuators shall offer multiple shaft coupling methods:
a. For units above 80 lb·in a toothed V-bolt clamp and nuts with a toothed cradled shall

be used
b. For units 80 lb·in. and below use a single-cup-point set screw and toothed cradle

shall be used
27. NSR actuators shall be furnished with a Minimum IP (ingress protection) enclosure ratings

as follows:
a. Actuator for types with covered wiring terminals shall be furnished as NEMA type

2/IP42 mounted in any orientation.
b. Actuators for types without a covered wiring terminal shall be furnished with a NEMA

type 1/IP30 or IP40.
c. Actuators for types with integrated cables shall be furnished as NEMA type 2/IP42

mounted in any orientation.
28. NSR actuators shall be furnished with a minimum IP (ingress protection) rating of no lower

than IP42, but also be available in NEMA5/IP54.
29. NSR actuators shall be able to operable in a temperature range of -4°F to 122°F (-20°C to

50°C) except for VAV and similar indoor applications in which 32°F to 122°F (0°C to 50°C)
is acceptable.
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30. NSR actuators shall be provided with the following power requirements:
a. 24 V with models available for both 24 VAC and 24 VDC operation (maximum)
b. For NSR actuators above 80 lb·in. a maximum of 7.5 VA at 24 VAC
c. For NSR actuators 80 lb·in. or below a maximum of 3.5 VA at 24 VAC

31. NSR actuators shall be sized for the torque required to seal the damper at load conditions.
For NSR actuators in parallel operation, actuators shall be available that are capable of
being mechanically or electrically paralleled automatically.

32. NSR proportional actuators shall be user configurable without requiring the use of external
computer software or programming tools.

33. NSR actuators shall also be furnished with the option of backward compatible auxiliary
switch kits and auxiliary potentiometers which allow for a seamless retrofit without the
needs to replace the controller.

2.28 CONTROL VALVES
A. Ball Valves, 1/2 through 2 inch (50.8 mm).

1. Ball Valves shall have forged brass bodies.
2. Valves shall have available either Chrome Plated Brass Balls or 300 Series Stainless

Steel Balls.
3. Valves shall have available either Nickel Plated Brass Stems or 300 Series Stainless Steel

Stems with a blow-out proof stem design.
4. Valves shall have Graphite reinforced Polytetrafluoroethylene (PTFE) seats with Ethylene

Propylene Diene Monomer (EPDM) O-ring backing.
5. Stem seals shall be double EPDM O-rings.
6. Flow Characterization Disk shall be manufactured from Amodel AS-1145HS

Polyphthalamide Resin and rated for 50 psi (344.74 kPa) maximum differential pressure
and shall be inserted against the casting of the valve.

7. All ball valves with internal pipe thread end connections shall be rated to 580 psi (3998.96
kPa) maximum static pressure at 203°F (95°C) fluid temperature.

8. All ball valves with sweat end connections or press end connection shall be rated to 300
psig (2068.43 kPa) maximum static pressure at 203°F (95°C) fluid temperature.

9. All valves shall be rated for service with hot water, chilled water and 50% glycol solutions.
10. Ball Valves with stainless steel balls and stems shall be rated for use with 15 psig (103.42

kPa) saturated steam.
11. Flow Characteristics shall be equal percentage on the control port. Bypass port on three-

way valves shall have linear flow characteristics.
12. Valves shall have a maximum leakage specification of 0.01% of maximum flow for the

control port, ANSI/FCI 70-2, Class 4 and 1% of maximum flow, bypass port.
13. Valves shall be maintenance free.
14. Valves shall be provided with a 5 year equipment warranty.
15. Valves shall be rated for 200 psi (1378.95 kPa) differential closeoff pressure.
16. Ball valves shall be Johnson Controls VG1000 Series Ball Valves or approved equal.

B. Ball Valves, 2 inch (50.8 mm). to ½ .in through 4 inch (101.6 mm). Flanged
1. Ball valves shall have forged brass bodies with ASME Class 150 ductile iron flanges.
2. Valves shall be manufactured from 300 series stainless steel balls and the flanges shall

rotate independently until tightened down which is an advantage during installation.
3. Valves shall have 300 series steel stems with a blow-out proof stem design.
4. Stem seals shall have double EPDM O-rings.
5. Valves have graphite reinforced PTFE seats with EPDM O-ring backing.
6. Flow characterization disk shall be manufactured from Amodel AS-1145HS

Polypthalamide Resin and rated for 50 psid maximum differential pressure.
7. Flow characteristics shall be of equal percentage on the control port. Bypass port on

three-way valves shall have linear flow characteristics.
8. Valves shall be rated for service with hot water, chilled water and 50% glycol solutions and

are rated for use with 25 psig (172.37 kPa) saturated steam.
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9. Two-way valves shall be rated for 100 psid close off pressure and three-way valves shall
be rated for maximum of 50 psid close off pressure.

10. Valves shall have a maximum leakage specification of 0.01% of maximum flow for the
control port, ANSI/FCI 70-2, Class 4 and 1% of maximum flow, bypass port.

11. Valves shall be maintenance free.
12. Valves shall be provided with a 5 year warranty. Valves sold in the APAC region shall

comply with an 18 month warranty policy.
13. Valves shall be CE marked as Johnson Controls declares these valves are in compliance

with essential requirements and other relevant provisions of the Pressure Equipment
Directive (PED). APAC actuators shall be excluded from this regulatory information.

14. Valves shall be Johnson Controls VG1000 Series ball valves or approved equal.
C. Butterfly Valves, 2 through 20 inch (508 mm). resilient seat ASME Class 125/150 Flanged

1. Butterfly valves shall have cast iron bodies meetings ASTM A126 Class B requirements,
meet ASME class 125/150 flange requirements and shall be fully lugged.

2. Valves seats shall be EPDM.
3. Valves disks shall be ductile iron with Nylon 11 coating.
4. Valves stems shall be stainless steel.
5. Flow characteristics shall be of equal percentage up to 70 degrees of disk rotation.
6. Valves shall be rated for service with hot water, chilled water and 50% glycol solutions.
7. Valves shall be maintenance free.
8. Valves shall be provided with a 3 year warranty. Valves sold in the APAC region shall

comply with an 18 month warranty policy.
9. Valves shall be UL-recognized and CSA-certified. Valves sold in the APAC region shall be

excluded from this regulatory information.
10. Valves shall be Johnson Controls VF series butterfly valves or approved equal.

D. Butterfly Valves, High Performance 2-1/2 through 16 inch (406.4 mm).
1. Butterfly valve shall have bodies manufactured from carbon steel, ASTM A216 GR

WCB/A516 GR 70 and shall be fully lugged per ASME Class 150 or ASME Class 300.
2. Valve seat assemblies shall be RPTFE (reinforced polytetrafluorethylene) and the seat

retainer shall be carbon steel, ASTM A516 GR 70.
3. Valve disks shall be stainless steel, ASTM A 351 GR CF8M.
4. Valve stems shall be 17-4 PH stainless steel, ASTM A564-Type 630.
5. Stem seals shall be one carbon fiber ring and three TFE rings.
6. Flow characteristics shall be equal percentage up to 70° of disk rotation.
7. Valves shall be rated for service with hot water, chilled water, 50% glycol solutions and 50

psig (344.74 kPa) saturated steam in modulating service or 150 psig (1034.21 kPa)
saturated steam in two position service.

8. Valves shall meet the performance requirements of the ASME Class 150 and Class 300.
9. Valves shall be maintenance free.
10. Valves shall be provided with a 3 year warranty. Valves sold in the APAC region shall

comply with an 18 month warranty policy.
11. Valves shall be UL–recognized or CSA-certified. APAC valves shall be excluded from this

regulatory information.
12. Valves shall be Johnson Controls VF Series Butterfly Valves or approved equal.

E. Globe Valves, Brass, 1/2 through 2 inch (50.8 mm).
1. Globe valve stems shall be manufactured from 300 series stainless steel.
2. Valves with brass plugs and seats shall have stem seals with self-adjusting Ethylene

Propylene Rubber (EPR) Ring Pack U-Cups.
3. Valves with stainless steel plugs and seats shall have valve stem seals with spring loaded

PTFE and Elastomer V-Rings.
4. Flow characteristics shall be of equal percentage for two-way valves and linear for three-

way valves.
5. Valves shall meet the pressure and temperature requirements of ANSI B16.15, Class 250.
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6. Valves with brass trim shall have a maximum leakage specification of 0.01% of maximum
flow per ANSI/FCI 70-2, Class 4.

7. Valves with stainless steel trims shall have a maximum leakage of 0.05% of maximum
flow.

8. Valves shall be serviceable without being removed from the pipe.
9. Valves shall be provided with a 3 year warranty. Valves sold in the APAC region shall

comply with an 18 month warranty policy.
10. Valve bodies shall be manufactured from a RoHS compliant brass.
11. Valves electric actuators shall be UL-recognized or CSA-certified. APAC valves shall be

excluded from this regulatory information.
12. Globe valves shall be Johnson Controls VG7000 Series Globe Valves or an approved

equal.
F. Globe Valves, Cast Iron, 2-1/2 through 6 inch (152.4 mm).

1. Globe valve bodies shall be manufactured from cast iron.
2. Valve stems shall be manufactured from 316 series stainless steel.
3. Valves shall have stem seals with Ethylene Propylene Terpolymer (EPT) Ring Pack U-

Cups.
4. Flow characteristics shall be equal modified linear.
5. Valves shall meet the pressure and temperature requirements of ANSI B16.15, Class 125.
6. Valves shall have a maximum leakage specification of 0.01% of maximum flow per

ANSI/FCI 70-2, Class 3.
7. Valves shall be serviceable without being removed from the pipe.
8. Valves shall be provided with a 3 year warranty. Valves sold in the APAC region shall

comply with an 18 month warranty policy.
9. Valve electric actuators shall be UL-recognized or CSA-certified. APAC valves shall be

excluded from this regulatory information.
2.29 SENSORS AND TRANSMITTERS

A. Installation, testing, and calibration of all sensors, transmitters, and other input devices shall be
provided to meet the system requirements. Exact OEM equivalents of specified sensors and
transmitters shall be acceptable if clearly identified in submittals.

B. Temperature Sensors
1. Sensors and transmitters shall be provided, as outlined in the input/output summary and

sequence of operations.
2. The temperature sensor shall be of the resistance type, and shall be either two-wire 1000

ohm nickel RTD, or two-wire 1000 ohm platinum RTD. Thermistor sensors of 10,000 or
2,250 ohms resistance may be substituted based on the application.

C. Room Temperature Sensors
1. Room sensors shall be constructed for either surface or wall box mounting.
2. Room sensors shall have the following options when specified:

a. Setpoint warmer/cooler
b. Individual heating/cooling setpoint
c. Momentary override request for activation of after-hours operation
d. Analog thermometer

D. Room Temperature Sensors with Integral Display
1. Room sensors shall be constructed for either surface or wall box mounting.
2. Room sensors shall have an integral LCD display and the following capabilities when

specified:
a. Display room air temperatures
b. Display and adjust room comfort setpoint
c. Display and adjust fan operation status
d. Setpoint override request via setpoint adjust dial or buttons
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e. Timed override request via occupancy override with status indication for activation of
after-hours setpoint operation

f. Occupancy sensor status
g. Display network status
h. Toggle between Degrees F and Degrees C
i. Toggle between Temperature, Humidity and/or C02 where specified

E. Thermowells
1. Thermowell manufacturer shall have models available in stainless steel, brass body, and

copper bulb.
2. When thermowells are required, the sensor and well shall be supplied as a complete

assembly, including wellhead and sensor.
3. Thermowells shall be pressure rated and constructed in accordance with the system

working pressure.
4. Thermowells and sensors shall be mounted in a direct mount (no adapter) offering faster

installation or 1/2” NFT saddle and allow easy access to the sensor for repair or
replacement.

5. Thermowells constructed of 304 stainless steel shall comply with Canadian Registration
Number (CRN) pressure vessel rating.

F. Outside Air Sensors
1. Outside air sensors shall be designed to withstand the environmental conditions to which

they will be exposed. They shall be provided with a solar shield.
2. Sensors exposed to wind velocity pressures shall be shielded by a perforated plate that

surrounds the sensor element.
3. Temperature transmitters shall be of NEMA 3R (IP54) or NEMA 4 (IP65) construction and

rated for ambient temperatures.
4. The outdoor sensor shall be capable of being mounted on a roof, pole or side of a building

utilizing its preassembled mounting bracket.
5. Outside air relative humidity sensors 0-100% full range of accurate measurement.

Operating temperature -4 to 140°F (-20 to 60°C).
6. Outside air temperature sensors operating temperature range -40 to 140°F,

+/- .55°F (+/- .3°C).
G. Duct Mount Sensors

1. Duct mount sensors shall mount in an electrical box through a hole in the duct, positioned
to provide ease of accessibility for repair or replacement.

2. Duct sensors shall be insertion type and constructed as a complete assembly, including
lock nut and mounting plate.

3. For outdoor air duct applications, a weatherproof mounting box with weatherproof cover
and gasket shall be provided.

H. Averaging Sensors
1. For ductwork greater in any dimension that 48 inches (1219.2 mm) and/or where air

temperature stratification exists, an averaging sensor with multiple sensing points shall be
used.

2. For plenum applications, such as mixed air temperature measurements, a continuous
averaging sensor or a string of sensors mounted across the plenum shall be used to
account for stratification and/or air turbulence. The averaging string shall have a minimum
of 4 sensing points per 12-foot long segment.

3. Capillary supports at the sides of the duct shall be provided to support the sensing string.
4. Acceptable Manufacturers: Johnson Controls, Minco, ACI.

I. Humidity Sensors
1. The sensor shall be a solid-state type, relative humidity sensor of the Thin Film

Capacitance or Bulk Polymer Design. The sensor element shall resist service
contamination.
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2. The humidity transmitter shall be equipped with non-interactive span and zero
adjustments, a 2-wire isolated loop powered, 4-20 mA, 0-100% linear proportional output.

3. The humidity transmitter shall meet the following overall accuracy, including lead loss and
Analog to Digital conversion. 3% between 20% and 80% RH at 77°F unless specified
elsewhere.

4. Outside air relative humidity sensors shall be installed with a rain proof, perforated cover.
The transmitter shall be installed in a NEMA 3R (IP54) or NEMA 4 (IP65) enclosure with
sealtite fittings.

5. A single point humidity calibrator shall be provided, if required, for field calibration.
Transmitters shall be shipped factory pre-calibrated.

6. Duct type sensing probes shall be constructed of 304 stainless steel, and shall be
equipped with a neoprene grommet, bushings, and a mounting bracket.

7. Acceptable Manufacturers: Johnson Controls, Vaisala, and Greystone.
J. CO2 Sensors

1. Where shown on the drawings, CO2 sensors shall have the following features for Analog:
a. Jumper selectable:  0-20mA, 4-20mA & 0-10 VDC output
b. Liquid Crystal Display (LCD)

2. The CO2 shall transmit the information back to the controller via jumper selectable 0-
20mA, 4-20mA & 0-10 VDC output signals.

3. The CO2 sensors shall provide a maximum output current of 25mA; Maximum output
voltage of 12.5V.

4. The CO2 sensors shall be FCC compliant to CFR47 Part 15 subpart B Class A.
5. Where shown on the drawings, CO2 sensors shall have the following features for BACnet

communicating:
a. Dual channel NDR
b. Auto Calibrated C02 selectable feature

6. The CO2 sensors shall have the ability to monitor and output the following variables as
required by the systems sequence of operations:
a. Zone CO2

7. The CO2 sensors shall be available with:
a. CO2 measurement accuracy of ±(30ppm + 3% of reading)
b. CO2 non-linearity of less than 1.0% of full scale

8. The CO2 sensors may include the following items:
a. Relay output module
b. LCD module
c. Analog temperature module with linear 0-10 VDC output for 32-122F

K. CO or NO2 Monitoring:
1. Output Signal: 4mA to 20 mA, 0 VDC to 10 VDC, or Modbus, factory-calibrated
2. Carbon monoxide:

a. Measurement range: Analog: 0 ppm to 300 ppm; Modbus: 0 ppm to 500 ppm
b. Accuracy: ±5 ppm or ±5% of reading, whichever is greater; 32°F to 122°F (0°C to

50°C), 15% RH to 95% RH
3. Nitrogen dioxide:

a. Measurement range: 0 ppm to 10 ppm
b. Accuracy: ±0.2 ppm or ±5% of reading

L. Differential Pressure Transmitters
M. General Air and Water Pressure Transmitter Requirements:

1. Pressure transmitters shall be constructed to withstand 100% pressure over-range without
damage, and to hold calibrated accuracy when subject to a momentary 40% over-range
input.

2. Pressure transmitters shall transmit a 0 to 5 VDC, 0 to 10 VDC, or 4 to 20 mA output
signal.
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3. Differential pressure transmitters used for flow measurement shall be sized to the flow
sensing device, and shall be supplied with Tee fittings and shut-off valves in the high and
low sensing pick-up lines to allow the balancing Contractor and Owner permanent, easy-
to-use connection.

4. A minimum of a NEMA 1 housing shall be provided for the transmitter. Transmitters shall
be located in accessible local control panels wherever possible.

N. Low Differential Water Pressure Applications (0” - 20” WC):
1. The differential pressure transmitter shall be of industrial quality and transmit a linear, 4 to

20 mA output in response to variation of flow meter differential pressure or water pressure
sensing points.

2. The differential pressure transmitter shall have non-interactive zero and span adjustments
that are adjustable from the outside cover and meet the following performance
specifications:
a. .01-20” WC input differential pressure range
b. 4-20 mA output
c. Maintain accuracy up to 20 to 1 ratio turndown
d. Reference Accuracy:  +0.2% of full span

3. Acceptable Manufacturers:  Setra and Mamac.
O. Medium to High Differential Water Pressure Applications (Over 21” WC):

1. The differential pressure transmitter shall meet the low-pressure transmitter specifications
with the following exceptions:
a. Differential pressure range 10” WC to 300 PSI
b. Reference Accuracy:  +1% of full span (includes non-linearity, hysteresis, and

repeatability)
2. Standalone pressure transmitters shall be mounted in a bypass valve assembly panel.

The panel shall be constructed to NEMA 1 standards. The transmitter shall be installed in
the panel with high and low connections piped and valved. Air bleed units, bypass valves,
and compression fittings shall be provided.

3. Acceptable Manufacturers:  Setra and Mamac.
P. Building Differential Air Pressure Applications (-1” to +1” WC):

1. The differential pressure transmitter shall be of industrial quality and transmit a linear, 4 to
20 mA output in response to variation of differential pressure or air pressure sensing
points.

2. The differential pressure transmitter shall have non-interactive zero and span adjustments
that are adjustable from the outside cover and meet the following performance
specifications:
a. -1.00 to +1.00 WC input differential pressure ranges. (Select range appropriate for

system application)
b. 4-20 mA output
c. Maintain accuracy up to 20 to 1 ratio turndown

3. Reference Accuracy:  +0.2% of full span
4. Acceptable Manufacturers:  Johnson Controls or approved equal

Q. Low Differential Air Pressure Applications (0” to 2.5” WC):
1. The differential pressure transmitter shall be of industrial quality and transmit a linear, 4 to

20 mA output in response to variation of differential pressure or air pressure sensing
points.

2. The differential pressure transmitter shall have non-interactive zero and span adjustments
that are adjustable from the outside cover and meet the following performance
specifications.
a. - 1.00” to 5.00”) WC input differential pressure ranges (select range appropriate for

system application)
b. 4-20 mA, 0-5 VDC, 0-10 VDC output
c. Maintain accuracy up to 20/1 ratio turndown
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d. Reference Accuracy:  +0.25%, or 0.5% of full span
3. Acceptable Manufacturers:  Johnson Controls and Ruskin

R. Medium Differential Air Pressure Applications (5” to 21” WC):
1. The pressure transmitter shall be similar to the Low Air Pressure Transmitter, except that

the performance specifications are not as severe. Differential pressure transmitters shall
be provided that meet the following performance requirements.
a. Zero & span:  (c/o F.S./Deg. F): 04% including linearity, hysteresis and repeatability
b. Accuracy:  1% F.S. (best straight line) Static Pressure Effect:  0.5% F.S. (to 100 psig

(689.48 kPa).)
c. Thermal Effects:  ???+.033 F.S./Deg. F. over 40°F to 100°F (calibrated at 70°F.)

2. Standalone pressure transmitters shall be mounted in a bypass valve assembly panel.
The panel shall be constructed to NEMA 1 standards. The transmitter shall be installed in
the panel with high and low connections piped and valved. Air bleed units, bypass valves,
and compression fittings shall be provided.

3. Acceptable manufacturers:  Johnson Controls and Ruskin
2.30 FLOW MONITORING

A. Fan Inlet Air Flow Measuring Stations
1. At the inlet of each fan and near the exit of the inlet sound trap, airflow sensors shall be

provided that shall continuously monitor the fan air volumes or velocity pressure.
2. Each sensor shall be surface mount type. Unit shall be capable of monitoring and

reporting the airflow and temperature at each fan inlet location through two or four sensing
circuits. If a static pressure manifold is used, it shall incorporate dual offset static tips on
the opposing sides of the averaging manifold so as to be insensitive to flow-angle
variations of as much as + 20° in the approaching air stream.

3. Devices creating fan performance degradation, resulting in additional energy
consumption, caused from pressure drop associated with probes or mounting apparatus in
the center of the fan inlet are not allowed. The device shall not induce a significant
pressure drop, nor shall the sound level within the duct be amplified by its singular or
multiple presence in the air stream. Sensor circuit casings shall be constructed of U.L. 94
flame rated high impact ABS and include a stainless steel thermistor cap that maintains
the precise calibrated flow over the heated and ambient measurement points.

4. Acceptable manufacturers:  Johnson Controls, Ebtron, Air Monitor Corp., Tek-Air
Systems, Inc., or Dietrich Standard

B. Single Probe Air Flow Measuring Sensor
1. The single probe airflow-measuring sensor shall be duct mounted with an adjustable

sensor insertion length of up to eight inches. The transmitter shall produce a 4-20 mA or
0-10 VDC signal linear to air velocity. The sensor shall be a thermal dispersion and utilize
one temperature sensor and a heated thermistor. The sensor pair shall measure the air
temperature and airflow velocity.

2. Acceptable manufacturers:  Johnson Controls, Ebtron, Air Monitor Corp., Tek-Air, Ruskin,
and Dietrich Standard.

C. Duct Air Flow Measuring Stations
1. Furnish and install, at locations shown on plans or as in accordance with schedules, an

equalized air measuring probe system piped to a high performance pressure transducer or
an electronic type airflow temperature measuring station.

2. Each device shall be designed and built in order to comply with, and provide results in
accordance with, accepted practice as defined for system testing in the ASHRAE
Handbook of fundamentals, as well as in the Industrial Ventilation Handbook.

3. Assembly shall be AMCA tested and capable of measuring a range from 70 to 5,000 FPM
(22 to 1524 MPM).

4. Equalized air measuring assembly shall measure to ±3% average and consist of 6063T5
extruded aluminum step sensing blade(s) with anodized finish, plenum-rated polyethylene
pressure tubing, brass barbed fittings, mounting hardware and a glass-on-silicone
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capacitance sensor pressure transducer capable of measuring up to five field-selectable
pressure ranges up to 2.5 inch (63.5 mm). WC.

5. The transducer shall be accurate to ±0.5%, or 0.25% of full scale and be contained in a
National Electrical Manufacturer’s Association (NEMA) 4 (IP-65) enclosure. Transducer
shall be factory mounted and piped to high and low pressure ports through fittings made of
brass.

6. All sensor tubing shall terminate in solid brass barbed fittings.
7. Total and static pressure manifolds shall terminate with external ports for connection to

control tubing. An identification label shall be present on each unit casing, listing model
number, size, area, and airflow capacity.

8. Air straightener shall be provided for sizes over 17 sq feet (0.0183 sq cm).
9. Airflow measuring station assemblies shall be fabricated of galvanized steel or aluminum

casing of appropriate thickness for slip fits or with 90 Deg. connecting flanges in
configuration and size equal to that of the duct into which it is mounted. Each station shall
be complete with an air directionalizer and parallel cell profile suppressor (3/4” maximum
cell) across the entering air stream and mechanically fastened to the casing in such a way
to withstand velocities up to 5000 feet (152400 cm) per minute.

10. Electronic air measuring station shall be capable of monitoring and reporting the airflow
and temperature at each measuring location through one or more measuring probes
containing multiple sensor points and a control transmitter that outputs a 4-20 mA linear
signal.

11. Probe(s) shall be constructed of an airfoil shaped aluminum extrusion containing the
sensor circuit(s).

12. Each sensor circuit shall consist of coated thermistors, for temperature and velocity,
mounted to a Printed Circuit Board (PCB). Multiplexer board shall be encased to prevent
moisture damage.

13. Control transmitter shall be capable of processing independent sensing points and shall
operate on a fused 24 VAC supply.

14. Control transmitter shall feature a 16 x 2 character alphanumeric LCD screen, digital
offset/gain adjustment, continuous performing sensor/transmitter diagnostics, and a visual
alarm to detect malfunctions.

15. Installation Considerations
16. The maximum allowable pressure loss through the Flow and Static Pressure elements

shall not exceed .04” WC at 1000 feet (30480 cm) per minute, or .11” WC at 2000 feet
(60960 cm) per minute. Each unit shall measure the airflow rate within an accuracy of plus
3-5% as determined by AMCA.

17. Where the stations are installed in insulated ducts, the airflow passage of the station shall
be the same size as the inside airflow dimension of the duct. Station flanges shall be 1.5
inches (38.1 mm) to facilitate matching connecting ductwork.

18. Where control dampers are provided as part of the airflow measuring station, parallel
blade precision controlled volume dampers integral to the station and complete with
actuator, and linkage shall be provided.

19. Stations shall be installed in strict accordance with the manufacturer’s published
requirements, and in accordance with ASME Guidelines affecting non-standard approach
conditions.

20. All air measuring devices shall be tested according to AMCA Standard 610.
21. Acceptable manufacturers:  Johnson Controls, Ebtron, Air Monitor Corp., Tek-Air, Ruskin,

and Dietrich Standard.
D. Water Flow Monitoring

1. Water flow meters shall be electromagnetic type with integral microprocessor-Based
electronics. The meter shall have an accuracy of 0.25%.

2. Acceptable manufacturers:  Onicon
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2.31 SMOKE DETECTORS
A. Ionization type air duct detectors shall be furnished as specified elsewhere in Division 26 for

installation under Division 23. All wiring for air duct detectors shall be provided under Division
26, Fire Alarm System.

2.32 STATUS AND SAFETY SWITCHES
A. Switches shall be provided to monitor equipment status, safety conditions, and generate alarms

at the Building Management System (BMS) when a failure or abnormal condition occurs. Safety
switches shall be provided with two sets of contacts and shall be interlock wired to shut down
respective equipment.

2.33 CURRENT SENSING SWITCHES
A. The current sensing switch shall be self-powered with solid-state circuitry and a dry contact

output. It shall consist of a current transformer, a solid state current sensing circuit, adjustable
trip point, solid state switch, SPDT relay, and an LED indicating the on or off status. A
conductor of the load shall be passed through the window of the device. It shall accept over-
current up to twice its trip point range.

B. Current sensing switches shall be used for run status for fans, pumps, and other miscellaneous
motor loads.

C. Current sensing switches shall be calibrated to show a positive run status only when the motor
is operating under load. A motor running with a broken belt or coupling shall indicate a negative
run status.

D. Acceptable manufacturers:  Johnson Controls or approved equal
2.34 AIR FILTER STATUS SWITCHES

A. Differential pressure switches used to monitor air filter status shall be of the automatic reset
type with SPDT contacts rated for 2 amps at 120VAC.

B. A complete installation kit shall be provided, including:  static pressure tops, tubing, fittings, and
air filters.

C. Provide appropriate scale range and differential adjustment for intended service.
D. Acceptable manufacturers:  Johnson Controls, Cleveland Controls

2.35 AIR FLOW SWITCHES
A. Differential pressure flow switches shall be bellows actuated mercury switches or snap acting

micro-switches with appropriate scale range and differential adjustment for intended service.
B. Acceptable manufacturers:  Johnson Controls, Cleveland Controls

2.36 AIR PRESSURE SAFETY SWITCHES
A. Air pressure safety switches shall be of the manual reset type with SPDT contacts rated for 2

amps at 120VAC.
B. Pressure range shall be adjustable with appropriate scale range and differential adjustment for

intended service.
C. Acceptable manufacturers:  Johnson Controls, Cleveland Controls

2.37 WATER FLOW SWITCHES
A. Water flow switches shall be equal to the Johnson Controls P74.

2.38 LOW TEMPERATURE LIMIT SWITCHES
A. The low temperature limit switch shall be of the manual reset type with Double Pole/Single

Throw snap acting contacts rated for 16 amps at 120VAC.
B. The sensing element shall be a minimum of 15 feet (457.2 cm) in length and shall react to the

coldest 18-inch section. Element shall be mounted horizontally across duct in accordance with
manufacturers recommended installation procedures.
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C. For large duct areas where the sensing element does not provide full coverage of the air
stream, additional switches shall be provided as required to provide full protection of the air
stream.

D. The low temperature limit switch shall be equal to Johnson Controls A70.
2.39 CONTROL RELAYS

A. Control Pilot Relays
1. Control pilot relays shall be of a modular plug-in design with retaining springs or clips.
2. Mounting Bases shall be snap-mount.
3. DPDT, 3PDT, or 4PDT relays shall be provided, as appropriate for application.
4. Contacts shall be rated for 10 amps at 120VAC.
5. Relays shall have an integral indicator light and check button.
6. Acceptable manufacturers:  Johnson Controls, Lectro

PART 3 – PERFORMANCE/EXECUTION
3.01 ACTUATION / CONTROL TYPE

A. Controls shall be provided by equipment manufacturer as specified herein.
B. All damper and valve actuation shall be electric.

3.02 AIR HANDLING EQUIPMENT
A. All air handlers shall be controlled with a HVAC-DDC Controller.
B. All damper and valve actuation shall be electric.

3.03 TERMINAL EQUIPMENT:
A. Terminal Units (VAV, UV, etc.) shall have electric damper and valve actuation.
B. All Terminal Units shall be controlled with HVAC-DDC Controller.

3.04 INSTALLATION PRACTICES
A. BMS Wiring:

1. All conduit, wiring, accessories and wiring connections required for the installation of the
BMS, as herein specified, shall be provided by the BMS Contractor unless specifically
shown on the Electrical Drawings under Division 24 Electrical. All wiring shall comply with
the requirements of applicable portions of Division 24 and all local and national electric
codes, unless specified otherwise in this section.

2. All BMS wiring materials and installation methods shall comply with BMS manufacturer
recommendations.

3. The sizing, type and provision of cable, conduit, cable trays, and raceways shall be the
design responsibility of the BMS Contractor. If complications arise, however, due to the
incorrect selection of cable, cable trays, raceways and/or conduit by the BMS Contractor,
the Contractor shall be responsible for all costs incurred in replacing the selected
components.

4. Class 2 Wiring
a. All Class 2 (24 VAC or less) wiring shall be installed in conduit unless otherwise

specified.
b. Conduit is not required for Class 2 wiring in concealed accessible locations. Class 2

wiring not installed in conduit shall be supported every 5’ from the building structure
utilizing metal hangers designed for this application. Wiring shall be installed parallel
to the building structural lines. All wiring shall be installed in accordance with local
code requirements.

c. Class 2 signal wiring and 24 VAC power can be run in the same conduit. Power
wiring 120VAC and greater cannot share the same conduit with Class 2 signal wiring.

5. Provide for complete grounding of all applicable signal and communications cables,
panels and equipment so as to ensure system integrity of operation. Ground cabling and
conduit at the panel terminations. Avoid grounding loops.
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3.05 BMS LINE VOLTAGE POWER SOURCE
A. 120-volt AC circuits used for the BMS shall be provided by Division 26 and taken from panel

boards and circuit breakers.
B. Circuits used for the BMS shall be dedicated to the BMS and shall not be used for any other

purposes.
C. DDC terminal unit controllers may use AC power from motor power circuits.

3.06 BMS RACEWAY
A. All wiring shall be installed in conduit or raceway except as noted elsewhere in this

specification. Minimum control wiring conduit size ¾””.
B. Where it is not possible to conceal raceways in finished locations, surface raceway (Wiremold)

may be used as approved by the Architect.
C. All conduits and raceways shall be installed level, plumb, at right angles to the building lines

and shall follow the contours of the surface to which they are attached.
D. Flexible Metal Conduit shall be used for vibration isolation and shall be limited to 3 feet (91.44

cm) in length when terminating to vibrating equipment. Flexible Metal Conduit may be used
within partition walls. Flexible Metal Conduit shall be UL listed.

3.07 PENETRATIONS
A. Provide fire stopping for all penetrations used by dedicated BMS conduits and raceways.
B. All openings in fire proofed or fire stopped components shall be closed by using approved fire

resistive sealant.
C. All wiring passing through penetrations, including walls shall be in conduit or enclosed raceway.
D. Penetrations of floor slabs shall be by core drilling. All penetrations shall be plumb, true, and

square.
3.08 BMS IDENTIFICATION STANDARDS

A. Node Identification. All nodes shall be identified by a permanent label fastened to the
enclosure. Labels shall be suitable for the node location.

B. Cable types specified in Item A shall be color coded for easy identification and troubleshooting.
3.09 BMS PANEL INSTALLATION

A. The BMS panels and cabinets shall be located as indicated at an elevation of not less than 2
feet (60.96 cm) from the bottom edge of the panel to the finished floor. Each cabinet shall be
anchored per the manufacturer’s recommendations.

B. The BMS contractor shall be responsible for coordinating panel locations with other trades and
electrical and mechanical contractors.

3.10 INPUT DEVICES
A. All Input devices shall be installed per the manufacturer recommendation.
B. Locate components of the BMS in accessible local control panels wherever possible.

3.11 HVAC INPUT DEVICES – GENERAL
A. All Input devices shall be installed per the manufacturer recommendation.
B. Locate components of the BMS in accessible local control panels wherever possible.
C. The mechanical contractor shall install all in-line devices such as temperature wells, pressure

taps, airflow stations, etc.
D. Input Flow Measuring Devices shall be installed in strict compliance with ASME guidelines

affecting non-standard approach conditions.
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3.12 OUTSIDE AIR SENSORS
A. Sensors shall be mounted on the North wall to minimize solar radiant heat impact or located in

a continuous intake flow adequate to monitor outdoor air conditions accurately.
B. Sensors shall be installed with a rain proof, perforated cover.

3.13 WATER DIFFERENTIAL PRESSURE SENSORS
A. Differential pressure transmitters used for flow measurement shall be sized to the flow-sensing

device.
B. Differential pressure transmitters shall be supplied with tee fittings and shut-off valves in the

high and low sensing pick-up lines.
C. The transmitters shall be installed in an accessible location wherever possible.

3.14 MEDIUM TO HIGH DIFFERENTIAL WATER PRESSURE APPLICATIONS (OVER 21” WC)
A. Air bleed units, bypass valves and compression fittings shall be provided.

3.15 BUILDING DIFFERENTIAL AIR PRESSURE APPLICATIONS (-0.5” TO +0.5” WC)
A. Transmitters exterior sensing tip shall be installed with a shielded static air probe to reduce

pressure fluctuations caused by wind.
B. The interior tip shall be inconspicuous and located as shown on the drawings.

3.16 AIR FLOW MEASURING STATIONS
A. Where the stations are installed in insulated ducts, the airflow passage of the station shall be

the same size as the inside airflow dimension of the duct.
B. Station flanges shall be two inch to three inch to facilitate matching connecting ductwork.

3.17 DUCT TEMPERATURE SENSORS
A. Duct mount sensors shall mount in an electrical box through a hole in the duct and be

positioned so as to be easily accessible for repair or replacement.
B. The sensors shall be insertion type and constructed as a complete assembly including lock nut

and mounting plate.
C. For ductwork greater in any dimension than 48 inches (1219.2 mm) or where air temperature

stratification exists such as a mixed air plenum, utilize an averaging sensor.
D. The sensor shall be mounted to suitable supports using factory approved element holders.

3.18 SPACE SENSORS
A. Shall be mounted per ADA requirements.
B. Provide lockable tamper-proof covers in public areas and/or where indicated on the plans.

3.19 LOW TEMPERATURE LIMIT SWITCHES
A. Install on the discharge side of the first water or steam coil in the air stream.
B. Mount element horizontally across duct in a serpentine pattern ensuring each square foot of

coil is protected by 1 foot (30.48 cm) of sensor.
C. For large duct areas where the sensing element does not provide full coverage of the air

stream, provide additional switches as required to provide full protection of the air stream.
3.20 AIR DIFFERENTIAL PRESSURE STATUS SWITCHES

A. Install with static pressure tips, tubing, fittings, and air filter.
3.21 WATER DIFFERENTIAL PRESSURE STATUS SWITCHES

A. Install with shut off valves for isolation.
3.22 HVAC OUTPUT DEVICES
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A. All output devices shall be installed per the manufacturers’ recommendation. The mechanical
contractor shall install all in-line devices such as control valves, dampers, airflow stations,
pressure wells, etc.

B. Actuators:  All control actuators shall be sized capable of closing against the maximum system
shut-off pressure. The actuator shall modulate in a smooth fashion through the entire stroke.
When any pneumatic actuator is sequenced with another device, pilot positioners shall be
installed to allow for proper sequencing.

C. Control Dampers:  Shall be opposed blade for modulating control of airflow. Parallel blade
dampers shall be installed for two position applications.

D. Control Valves:  Shall be sized for proper flow control with equal percentage valve plugs. The
maximum pressure drop for water applications shall be 5 PSI. The maximum pressure drop for
steam applications shall be 7 PSI.

E. Electronic Signal Isolation Transducers:  Whenever an analog output signal from the BMS is to
be connected to an external control system as an input (such as a chiller control panel), or is to
receive as an input a signal from a remote system, provide a signal isolation transducer. Signal
isolation transducer shall provide ground plane isolation between systems. Signals shall
provide optical isolation between systems.

3.23 TRAINING
A. The BMS contractor shall provide the following training services:

1. One day of on-site orientation by a system technician who is fully knowledgeable of the
specific installation details of the project. This orientation shall, at a minimum, consist of a
review of the project as-built drawings, the BMS software layout and naming conventions,
and a walk through of the facility to identify panel and device locations.

END OF SECTION
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SECTION 232113
HYDRONIC PIPING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Hydronic system requirements.
B. Heating water piping, above grade.
C. Chilled water piping, above grade.
D. Pipe and pipe fittings for:

1. Heating water piping system.
2. Chilled water piping system.
3. Equipment drains and overflows.
4. Pipe hangers and supports.
5. Unions, flanges, mechanical couplings, and dielectric connections.

E. Valves:
1. Pressure independent temperature control valves and balancing valves.

F. Flow controls.
1.02 RELATED REQUIREMENTS

A. Section 078400 - Firestopping.
B. Section 230516 - Expansion Fittings and Loops for HVAC Piping.
C. Section 230523 - General-Duty Valves for HVAC Piping.
D. Section 230548 - Vibration and Seismic Controls for HVAC.
E. Section 230553 - Identification for HVAC Piping and Equipment.
F. Section 230719 - HVAC Piping Insulation.
G. Section 232114 - Hydronic Specialties.

1.03 REFERENCE STANDARDS
A. ANSI/FCI 70-2 - Control Valve Seat Leakage; 2021.
B. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Qualification Standard for

Welding, Brazing, and Fusing Procedures; Welders; Brazers; and Welding, Brazing, and Fusing
Operators; 2025.

C. ASME B16.3 - Malleable Iron Threaded Fittings; The American Society of Mechanical
Engineers; 1998 (R2006).

D. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2021.
E. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2021.
F. ASME B16.34 - Valves — Flanged, Threaded, and Welding End; 2025.
G. ASME B31.9 - Building Services Piping; 2020.
H. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The

American Society of Mechanical Engineers; 2001 (R2005).
I. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers; 2004

(ANSI/ASME B31.9).
J. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2022.
K. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2020.
L. AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding; 2019.
M. AWS A5.8/A5.8M - Specification for Filler Metals for Brazing and Braze Welding; American

Welding Society; 2004 and errata.
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N. AWWA C606 - Grooved and Shouldered Joints; 2022.
O. AWWA C606 - Standard Specification for Grooved and Shouldered Joints; American Water

Works Association; 2006.
1.04 SYSTEM DESCRIPTION

A. Where more than one piping system material is specified, ensure system components are
compatible and joined to ensure the integrity of the system is not jeopardized.  Provide
necessary joining fittings.  Ensure flanges, union, and couplings for servicing are consistently
provided.

B. Use unions, flanges, and couplings downstream of valves and at equipment or apparatus
connections.  Do not use direct welded or threaded connections to valves, equipment or other
apparatus.

C. Use non-conducting dielectric connections whenever jointing dissimilar metals in open systems.
D. Provide pipe hangers and supports in accordance with ASME B31.9 unless indicated

otherwise.
E. Use ball, butterfly, or gate (steam only) valves for shut-off and to isolate equipment, part of

systems, or vertical risers.
F. Use globe valves for throttling, bypass, or manual flow control services.
G. Use lug end butterfly valves to isolate equipment.

1.05 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Include data on pipe materials, pipe fittings, valves, and accessories.  Provide

manufacturers catalogue information.  Indicate valve data and ratings.
C. Welders Certificate:  Include welders certification of compliance with ASME (BPV IX).
D. Product Data:

1. Include data on pipe materials, pipe fittings, valves, and accessories.
E. Manufacturer's Installation Instructions:  Indicate hanging and support methods, joining

procedures.
F. Project Record Documents:  Record actual locations of valves.
G. Maintenance Data:  Include installation instructions, spare parts lists, exploded assembly views.
H. Operation and Maintenance Manuals:  Include in manuals the information listed below.  For

information on how to prepare and submit manuals see section 1780 (Closeout Submittals).
I. Recommended spare parts
J. Spare parts lists
K. Maintenance instructions, including preventative and corrective maintenance
L. Shop drawings and product data

1.06 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type

specified in this section, with minimum three years of documented experience.
B. Welder Qualifications:  Certify in accordance with ASME (BPV IX).

1. Provide certificate of compliance from authority having jurisdiction, indicating approval of
welders.

1.07 REGULATORY REQUIREMENTS
A. Conform to ASME B31.9 code for installation of piping system.
B. Welding Materials and Procedures:  Conform to ASME (BPV IX) and applicable state labor

regulations.
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C. Provide certificate of compliance from authority having jurisdiction, indicating approval of
welders.

1.08 DELIVERY, STORAGE, AND HANDLING
A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.
B. Provide temporary protective coating on cast iron and steel valves.
C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until

installation.
D. Protect piping systems from entry of foreign materials by temporary covers, completing sections

of the work, and isolating parts of completed system.
1.09 FIELD CONDITIONS

A. Do not install underground piping when bedding is wet or frozen.
PART 2  PRODUCTS
2.01 HYDRONIC SYSTEM REQUIREMENTS

A. Comply with ASME B31.9 and applicable federal, state, and local regulations.
B. Piping:  Provide piping, fittings, hangers and supports as required, as indicated, and as follows:

1. Provide pipe hangers and supports in accordance with ASME B31.9 unless indicated
otherwise.

C. Pipe-to-Valve and Pipe-to-Equipment Connections:  Use flanges or unions to allow
disconnection of components for servicing; do not use direct welded, soldered, or threaded
connections.

D. Valves:  Provide valves where indicated and as follows:
1. Provide drain valves where indicated, and if not indicated provide at least at main shut-off,

low points of piping, bases of vertical risers, and at equipment. Use 3/4 inch (20 mm) gate
valves with cap; pipe to nearest floor drain.

2. Isolate equipment using butterfly valves with lug end flanges or grooved mechanical
couplings.

3. For throttling, bypass, or manual flow control services, use globe valves.
4. For shut-off and to isolate parts of systems or vertical risers, use ball or butterfly valves.
5. For throttling service, use plug cocks.  Use non-lubricated plug cocks only when shut-off

or isolating valves are also provided.
2.02 HEATING WATER  PIPING, ABOVE GROUND

A. Steel Pipe:  ASTM A53/A53M, Schedule 40, black, using one of the following joint types:
1. Welded Joints: ASTM A234/A234M, wrought steel welding type fittings; AWS D1.1

welded.
2. Grooved Joints:  AWWA C606 grooved pipe, fittings of same material, and mechanical

couplings.
B. Copper Tube:  ASTM B88 (ASTM B88M), Type K (A), drawn, using one of the following joint

types:
1. Solder Joints:  ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper

fittings.
a. Solder:  ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
b. Braze:  AWS A5.8M/A5.8 BCuP copper/silver alloy.

2. Grooved Joints:  AWWA C606 grooved tube, fittings of same material, and copper-tube-
dimension mechanical couplings.

C. Joints: Vic Press 304™
2.03 CHILLED WATER PIPING, ABOVE GRADE

A. Steel Pipe:  ASTM A53/A53M, Schedule 40, black; using one of the following joint types:



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

Hydronic Piping 232113  

1. Welded Joints: ASTM A234/A234M, wrought steel welding type fittings; AWS D1.1
welded.

2. Threaded Joints:  ASTM B16.3, malleable iron fittings.
3. Grooved Joints:  AWWA C606 grooved pipe, fittings of same material,  and mechanical

couplings.
4. Fittings:  ASTM A 234/A 234M, wrought steel; ASTM A 395 and A 536, ductile iron; or

ASTM A 53, (fabricated from carbon steel pipe), welding type
B. Copper Tube:  ASTM B88 (ASTM B88M), Type K (A), hard drawn; using one of the following

joint types:
1. Solder Joints:  ASME B16.18 cast brass/bronze or ASME B16.22, solder wrought copper

fittings.
a. Solder:  ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
b. Braze:  AWS A5.8M/A5.8 BCuP copper/silver alloy.
c. Braze:  AWS A5.8/A5.8M BCuP copper/silver alloy.

2. Grooved Joints:  AWWA C606 grooved tube, fittings of same material,  and copper-tube-
dimension mechanical couplings.

2.04 EQUIPMENT DRAINS AND OVERFLOWS
A. Copper Tube:  ASTM B88 (ASTM B88M), Type K (A), drawn; using one of the following joint

types:
1. Solder Joints:  ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper

fittings; ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
2. Grooved Joints:  AWWA C606 grooved pipe, fittings of same material,  and mechanical

couplings.
2.05 PIPE HANGERS AND SUPPORTS

A. Provide hangers and supports that comply with MSS SP-58.
1. If type of hanger or support for a particular situation is not indicated, select appropriate

type using MSS SP-58 recommendations.
B. Hangers for Pipe Sizes 1/2 to 1-1/2 Inch (13 to 38 mm):  Malleable iron, adjustable swivel, split

ring.
C. Hangers for Cold Pipe Sizes 2 Inches (50 mm) and Over:  Carbon steel, adjustable, clevis.
D. Hangers for Hot Pipe Sizes 2 to 4 Inches (50 to 100 mm):  Carbon steel, adjustable, clevis.
E. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.
F. Vertical Support:  Steel riser clamp.
G. Floor Support for Cold Pipe:  Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and

concrete pier or steel support.
H. Floor Support for Hot Pipe Sizes to 4 Inches (100 mm):  Cast iron adjustable pipe saddle, lock

nut, nipple, floor flange, and concrete pier or steel support.
I. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated.
J. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded.
K. Inserts:  Malleable iron case of galvanized steel shell and expander plug for threaded

connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; size
inserts to suit threaded hanger rods.

2.06 UNIONS, FLANGES, AND COUPLINGS
A. Unions for Pipe 2 Inches (50 mm) and Under:

1. Copper Pipe:  Bronze, soldered joints.
B. Flanges for Pipe Over 2 Inches (50 mm):
C. Ferrous Piping:  150 psig (1034 kPa) forged steel, slip-on.

1. Copper Piping:  Bronze.
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2. Gaskets:  1/16 inch (1.6 mm) thick preformed neoprene.
D. Flange Adapters for Pipe Over 2 Inches:

1. ASTM A 395 and A 536, ductile iron housings, with pressure responsive synthetic rubber
gaskets.  (Grade to suit the intended service.)  For use with grooved end pipe and fittings
and mating to ANSI Class 125/150 flanges.

E. Dielectric Connections:
1. Waterways:

a. Water impervious insulation barrier capable of limiting galvanic current to 1 percent of
short circuit current in a corresponding bimetallic joint.

b. Dry insulation barrier able to withstand 600 volt breakdown test.
c. Construct of galvanized steel with threaded end connections to match connecting

piping.
d. Suitable for the required operating pressures and temperatures.

2. Flanges:
a. Dielectric flanges with same pressure ratings as standard flanges.
b. Water impervious insulation barrier capable of limiting galvanic current to 1 percent of

short circuit current in a corresponding bimetallic joint.
c. Dry insulation barrier able to withstand 600 volt breakdown test.
d. Construct of galvanized steel with threaded end connections to match connecting

piping.
e. Suitable for the required operating pressures and temperatures.

F. Dielectric Connections:  Union or waterway fitting with water impervious isolation barrier and
one galvanized or plated steel end and one copper tube end, end types to match pipe joint
types used.

2.07 PRESSURE INDEPENDENT TEMPERATURE CONTROL VALVES AND BALANCING VALVES
A. Manufacturers:

1. Belimo
2. JCI
3. Danfoss; AB-QM Valve:  www.danfoss.com/#sle.

B. Control Valves:  Factory-fabricated pressure independent with internal differential pressure
regulator (DPRV) which automatically adjusts to normal changes in system pressure and
provides 100 percent control valve authority at all positions of the valve.
1. Maintain proportional and linear flow coil characteristics.
2. PICV to accurately control the flow from 0 to 100 percent full rated flow with an operating

pressure differential range of 3 to 60 psig (21 to 414 kPa).
3. Provide ANSI/FCI 70-2 Class 4 shut-off on all sizes and field serviceable.
4. Provide control valve to incorporate control, balancing and flow limiting.  Hydronic system

pressure independent control valve bodies to comply with ASME B16.34 or ASME B16.15
pressure and temperature class ratings based on the design operating temperature and
150 percent of the system design operating pressure and have the following
characteristics:
a. 2 NPS (50 DN) and Smaller:  Class 150 bronze or brass body with union

connections, stainless steel trim trim, stainless steel rising stem, stainless steel disc
or ball, and screwed ends with backseating capacity repackable under pressure.

b. 2-1/2 NPS (65 DN) and Larger:  Class 125 iron or ductile iron body, stainless steel
trim, stainless steel rising stem, stainless steel disc or ball, flanged ends with
backseating capacity repackable under pressure.

c. Pressure Control Seat:  Brass construction with vulcanized EPDM.
d. Sizing:  Line-size.
e. Fittings and Components:  All fittings and components to meet ANSI standards and

be compatible with readily available components.  8 inch (200 mm) valves and above
to be provided with proper companion flanges.
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f. Close-Off (Differential) Pressure Rating:  Combination of actuator, DPRV action, and
trim to provide a minimum close-off pressure rating of 150 percent of total system
(pump) head. Provide actuator from the same manufacturer as the pressure
independent control valve.

5. Valves:  Sized for maximum circuit flow rate and nominally, line-sized.
6. Overload Protection:  Electronic overload or digital rotation-sensing circuitry.
7. Fail-Safe Operation:  Mechanical, spring-return mechanism or capacitance return.
8. Power Requirements (Two-Position Spring Return):  24 VAC.
9. Power Requirements (Modulating):  Maximum 10 VA at 24 VAC or 8 watts at 24 VDC.
10. Proportional Signal:  0 to 10 VDC or 2 to 10 VDC or 4 to 20 mA, and 2 to 10 VDC position

feedback signal.
11. Provide plenum-rated actuators for service above ceilings to possess UL listings and

approvals.
2.08 FLOW CONTROLS

A. Manufacturers:
1. Griswold Controls:  www.griswoldcontrols.com/#sle.
2. ITT Bell & Gossett:  www.bellgossett.com/#sle.
3. Taco, Inc:  www.taco-hvac.com/#sle.

B. Construction:  Class 125, Brass or bronze body with union on inlet and outlet, temperature and
pressure test plug on inlet and outlet , blowdown/backflush drain.

C. Calibration:  Control flow within 10 percent of selected rating, over operating pressure range of
10 times minimum pressure required for control, minimum pressure 2 psi (13.7 kPa).

D. Calibration:  Control flow within 5 percent of selected rating, over operating pressure range of
10 times minimum pressure required for control, maximum minimum pressure 3.5 psi psi (24
kPa kPa).

PART 3  EXECUTION
3.01 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
B. Remove scale and dirt on inside and outside before assembly.
C. Prepare piping connections to equipment with couplings, flanges or unions.
D. Keep open ends of pipe free from scale and dirt.  Protect open ends with temporary plugs or

caps.
E. After completion, fill, clean, and treat systems.  Refer to Section 232500 for additional

requirements.
3.02 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Install heating water,  and chilled water piping to ASME B31.9 requirements.  Install chilled

water piping to ASME B31.5 requirements.
C. Route piping in orderly manner, parallel to building structure, and maintain gradient.
D. Install piping to conserve building space and to avoid interfere with use of space.
E. Group piping whenever practical at common elevations.
F. Sleeve pipe passing through partitions, walls and floors.
G. Slope piping and arrange to drain at low points.
H. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected

equipment.  Refer to Section 230516.
1. Flexible couplings may be used in header piping to accommodate thermal growth, thermal

contraction in lieu of expansion loops.
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2. Use flexible couplings in expansion loops.
I. Inserts:

1. Provide inserts for placement in concrete formwork.
2. Provide inserts for suspending hangers from reinforced concrete slabs and sides of

reinforced concrete beams.
3. Provide hooked rod to concrete reinforcement section for inserts carrying pipe over 4

inches (100 mm).
4. Where concrete slabs form finished ceiling, locate inserts flush with slab surface.

J. Pipe Hangers and Supports:
1. Install in accordance with ASME B31.9.
2. Support horizontal piping as scheduled.
3. Install hangers to provide minimum 1/2 inch (13 mm) space between finished covering

and adjacent work.
4. Place hangers within 12 inches (300 mm) of each horizontal elbow.
5. Use hangers with 1-1/2 inch (38 mm) minimum vertical adjustment.  Design hangers for

pipe movement without disengagement of supported pipe.
6. Support vertical piping at every other floor.  Support riser piping independently of

connected horizontal piping.
7. Where several pipes can be installed in parallel and at same elevation, provide multiple or

trapeze hangers.
8. Provide copper plated hangers and supports for copper piping.

K. Provide clearance in hangers and from structure and other equipment for installation of
insulation and access to valves and fittings.  Refer to Section 230719.

L. Use eccentric reducers to maintain top of pipe level.
M. Where pipe support members are welded to structural building framing, scrape, brush clean,

and apply one coat of zinc rich primer to welds.
N. Install valves with stems upright or horizontal, not inverted.

3.03 SCHEDULES
A. Hanger Spacing for Copper Tubing.

1. 1/2 inch (15 mm) and 3/4 inch (20 mm):  Maximum span, 5 feet (1500 mm); minimum rod
size, 1/4 inch (6 mm).

2. 1 inch (25 mm):  Maximum span, 6 feet (1800 mm); minimum rod size, 1/4 inch (6 mm).
3. 1-1/2 inch (40 mm) and 2 inch (50 mm):  Maximum span, 8 feet (2400 mm); minimum rod

size, 3/8 inch (9 mm).
4. 2-1/2 inch (65 mm):  Maximum span, 9 feet (2700 mm); minimum rod size, 3/8 inch (9

mm).
5. 3 inch (80 mm):  Maximum span, 10 feet (3.0 m); minimum rod size, 3/8 inch (9 mm).
6. 4 inch (100 mm):  Maximum span, 12 feet (3.6 m); minimum rod size, 1/2 inch (13 mm).

B. Hanger Spacing for Steel Piping.
1. 1/2 inch (15 mm), 3/4 inch (20 mm), and 1 inch (25 mm):  Maximum span, 7 feet (2100

mm); minimum rod size, 1/4 inch (6 mm).
2. 1-1/4 inches (32 mm):  Maximum span, 8 feet (2400 mm); minimum rod size, 3/8 inch (9

mm).
3. 1-1/2 inches (40 mm):  Maximum span, 9 feet (2700 mm); minimum rod size, 3/8 inch (9

mm).
4. 2 inches (50 mm):  Maximum span, 10 feet (3.0 m); minimum rod size, 3/8 inch (9 mm).
5. 2-1/2 inches (65 mm):  Maximum span, 11 feet (3.4 m); minimum rod size, 3/8 inch (9

mm).
6. 3 inches (80 mm):  Maximum span, 12 feet (3.6 m); minimum rod size, 3/8 inch (9 mm).
7. 4 inches (100 mm):  Maximum span, 14 feet (4.3 m); minimum rod size, 1/2 inch (13 mm).
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8. 6 inches (150 mm):  Maximum span, 17 feet (5.1 m); minimum rod size, 1/2 inch (13 mm).
END OF SECTION
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SECTION 232114
HYDRONIC SPECIALTIES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Expansion tanks.
B. Air vents.
C. Air separators.
D. Strainers.
E. Suction diffusers.
F. Combination pump discharge valves.

1.02 RELATED REQUIREMENTS
A. Section 232113 - Hydronic Piping.
B. Section 232500 - HVAC Water Treatment:  Pipe Cleaning.

1.03 REFERENCE STANDARDS
A. ASME B16.5 - Pipe Flanges and Flanged Fittings:  NPS 1/2 Through NPS 24 Metric/Inch

Standard; 2025.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide product data for manufactured products and assemblies required for

this project.  Include component sizes, rough-in requirements, service sizes, and finishes.
 Include product description, model and dimensions.

C. Manufacturer's Installation Instructions:  Indicate hanging and support methods, joining
procedures.

D. Maintenance Data:  Include installation instructions, assembly views, lubrication instructions,
and replacement parts list.

E. Operation and Maintenance Manuals:  Include in manuals the information listed below.  For
information on how to prepare and submit manuals see section 1780 (Closeout Submittals).

F. Recommended spare parts
G. Spare parts lists
H. Operating instructions
I. Maintenance instructions, including preventative and corrective maintenance.
J. Copies of warranties
K. Wiring diagrams
L. Inspection procedures
M. Shop drawings and product data

1.05 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products

specified in this section, with minimum three years of documented experience.
1.06 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.
B. Provide temporary end caps and closures on piping and fittings.  Maintain in place until

installation.
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C. Protect piping systems from entry of foreign materials by temporary covers, completing sections
of the work, and isolating parts of completed system.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. ITT Bell & Gossett
B. Taco
C. Amtrol

2.02 AIR VENTS
A. Float Type:

1. Brass or semi-steel body, copper, polypropylene, or solid non-metallic float, stainless steel
valve and valve seat; suitable for system operating temperature and pressure; with
isolating valve.

2. Cast iron body and cover, float, bronze pilot valve mechanism suitable for system
operating temperature and pressure; with isolating valve.

2.03 STRAINERS
A. Size 2 inch (50 mm) and Under:
B. Size 2-1/2 inch (65 mm) to 4 inch (100 mm):

1. Provide ​flanged ​ iron body for ​175 psi (1200 kPa) ​ working pressure, Y pattern with ​3/64
inch (1.2 mm) ​ stainless steel perforated screen.

2. Flanged iron body for 175 psi (1200 kPa) working pressure, Y pattern with 3/64 inch (1.2
mm) stainless steel perforated screen.

2.04 AUTOMATIC FLOW CONTROLS
A. Construction: Brass or bronze body with union on inlet and outlet, temperature and pressure

test plug on inlet and outlet with blowdown/backflush drain.
B. Calibration: Control flow within 5 percent of selected rating, over operating pressure range of 10

times minimum pressure required for control, maximum minimum pressure 3.5 psi (24 kPa).
PART 3  EXECUTION
3.01 INSTALLATION

A. Install specialties in accordance with manufacturer's instructions.
B. Provide manual air vents at system high points and as indicated.
C. For automatic air vents in ceiling spaces or other concealed locations, provide vent tubing to

nearest drain.
D. Provide air separator on suction side of system circulation pump and connect to expansion

tank.
E. Provide pump suction fitting on suction side of base mounted centrifugal pumps where

indicated.  Remove temporary strainers after cleaning systems.
F. Provide combination pump discharge valve on discharge side of base mounted centrifugal

pumps where indicated.
G. Support pump fittings with floor mounted pipe and flange supports.
H. Provide relief valves on pressure tanks, low pressure side of reducing valves, heat exchangers,

and expansion tanks.
I. Select system relief valve capacity so that it is greater than make-up pressure reducing valve

capacity.  Select equipment relief valve capacity to exceed rating of connected equipment.
J. Pipe relief valve outlet to nearest floor drain.
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SECTION 233100
HVAC DUCTS AND CASINGS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Metal ductwork.
B. Nonmetal ductwork.
C. Casing and plenums.

1.02 RELATED REQUIREMENTS
A. Section 230130.51 - HVAC Air-Distribution System Cleaning:  Cleaning ducts after completion

of installation.
B. Section 230593 - Testing, Adjusting, and Balancing for HVAC.
C. Section 230713 - Duct Insulation:  External insulation and duct liner.
D. Section 233300 - Air Duct Accessories.
E. Section 233600 - Air Terminal Units.
F. Section 233700 - Air Outlets and Inlets.

1.03 REFERENCE STANDARDS
A. ASHRAE (FUND) - ASHRAE Handbook - Fundamentals; Most Recent Edition Cited by

Referring Code or Reference Standard.
B. ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2019.
C. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-

Iron Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2023.
D. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.
E. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.
F. SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual; 2012.
G. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; Current Edition, Including

All Revisions.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide data for duct materials.
C. Test Reports:  Indicate pressure tests performed.  Include date, section tested, test pressure,

and leakage rate, following SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual.
D. Project Record Documents:  Record actual locations of ducts and duct fittings.  Record

changes in fitting location and type.  Show additional fittings used.
E. Operation and Maintenance Manuals:  Include in manuals the information listed below.  For

information on how to prepare and submit manuals see section 1780 (Closeout Submittals).
1. Shop drawings and product data

1.05 QUALITY ASSURANCE
A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products

specified in this section, with minimum three years of documented experience, and approved
by manufacturer.

1.06 REGULATORY REQUIREMENTS
A. Construct ductwork to NFPA 90A standards.
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1.07 FIELD CONDITIONS
A. Do not install duct sealants when temperatures are less than those recommended by sealant

manufacturers.
B. Maintain temperatures within acceptable range during and after installation of duct sealants.

1.08 MATERIALS
A. Galvanized Steel Ducts:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B,

with G90/Z275 coating.
B. Stainless Steel for Ducts:  ASTM A666, Type 304.
C. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant.

1. Type:  Heavy mastic or liquid used alone or with tape, suitable for joint configuration and
compatible with substrates, and recommended by manufacturer for pressure class of
ducts.

2. VOC Content:  Not more than 250 g/L, excluding water.
3. Surface Burning Characteristics:  Flame spread index of zero and smoke developed index

of zero, when tested in accordance with ASTM E84.
D. Hanger Rod:  ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end, or

continuously threaded.
E. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows:

1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193.
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01.

F. Flexible Ducts:
1. Two ply vinyl film supported by helically wound spring steel wire.
2. UL 181, Class 1, aluminum laminate and polyester film with latex adhesive supported by

helically wound spring steel wire.
G. Insulated Flexible Ducts:

1. Two ply vinyl film supported by helically wound spring steel wire; fiberglass insulation;
polyethylene vapor barrier film.
a. Pressure Rating:  10 inches WG (2.50 kPa) positive and 1.0 inches WG (250 Pa)

negative.
b. Maximum Velocity:  4000 fpm (20.3 m/sec).
c. Temperature Range:  -10 degrees F to 160 degrees F (-23 degrees C to 71 degrees).

2. UL 181, Class 1, aluminum laminate and polyester film with latex adhesive supported by
helically wound spring steel wire; fiberglass insulation; polyethylene vapor barrier film.

H. Ducts:  Galvanized steel, unless otherwise indicated.
I. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant.

1. Construct of 16 gage, 0.0598 inch (1.52 mm) sheet steel using continuous external
welded joints in rectangular sections.

2. Construct of 18 gage, 0.0500 inch (1.27 mm) stainless steel using continuous external
welded joints in rectangular sections.

1.09 DUCTWORK FABRICATION
A. Fabricate and support in accordance with SMACNA HVAC Duct Construction Standards - Metal

and Flexible, and as indicated.  Provide duct material, gages, reinforcing, and sealing for
operating pressures indicated.

B. No variation of duct configuration or size permitted except by written permission.  Size round
duct installed in place of rectangular ducts in accordance with ASHRAE (FUND) Handbook -
Fundamentals.

C. Provide duct material, gages, reinforcing, and sealing for operating pressures indicated.
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D. Construct T's, bends, and elbows with radius of not less than 1-1/2 times width of duct on
centerline.  Where not possible and where rectangular elbows must be used, provide air foil
turning vanes of perforated metal with glass fiber insulation.

E. Provide turning vanes of perforated metal with glass fiber insulation when acoustical lining is
indicated.

F. Construct T's, bends, and elbows with radius of not less than 1-1/2 times width of duct on
centerline.  Where not possible and where rectangular elbows must be used, provide air foil
turning vanes.  Where acoustical lining is indicated, provide turning vanes of perforated metal
with glass fiber insulation.

G. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible;
maximum 30 degrees divergence upstream of equipment and 45 degrees convergence
downstream.

H. Fabricate continuously welded round and oval duct fittings two gages heavier than duct gages
indicated in SMACNA Standard.  Joints shall be minimum 4 inch (100 mm) cemented slip joint,
brazed or electric welded.  Prime coat welded joints.

I. Provide standard 45 degree lateral wye takeoffs unless otherwise indicated where 90 degree
conical tee connections may be used.

J. Clean  shop fabricated ductwork of debris, oil and grease. Cover ends of ductwork with
temporary closure material and tape. Protect ductwork from entry of dust and debris during
shop storage, shipment and temporary storage at the job site.

K. Wipe the inside of all ductwork to remove the debris, oil, grease, etc. Once ductwork is clean,
cover with plastic or metal temporary closure material. Seal tight so that no water, moisture or
debris can enter the ductwork. Protect ductwork from entry of dust and debris during shop
storage, shipment and temporary storage at the job site.

L. Double Wall Insulated Flat Oval Ducts:  Machine made from round spiral lockseam duct.
1. Manufacture in accordance with SMACNA (DCS).
2. Inner Wall:  Perforated galvanized steel.
3. Insulation:

a. Thickness:  1 inch (25 mm) fiberglass.
M. Double Wall Insulated Round Ducts:  Round spiral lockseam duct with galvanized steel outer

wall, perforated galvanized steel inner wall; fitting with solid inner wall.
1. Insulation:

a. Thickness:  1 inch (25 mm).
N. Round Ducts:  Round lockseam duct with galvanized steel outer wall.

1. Manufacture in accordance with SMACNA (DCS).
O. Flexible Ducts:  UL 181, Class 1, aluminum laminate and polyester film with latex adhesive

supported by helically wound spring steel wire.
1. Insulation:  Fiberglass insulation with polyethylene vapor barrier film.
2. Pressure Rating:  10 inches WG (2.50 kPa) positive and 1.0 inches WG (250 Pa)

negative.
3. Maximum Velocity:  4000 fpm (20.3 m/sec).
4. Temperature Range:  Minus 20 degrees F to 210 degrees F (Minus 28 degrees C to 99

degrees C).
1.10 CASINGS
1.11 SHEETMETAL TESTING

A. General
1. All ductwork that is required to be tested shall be tested on regular intervals as the job

proceeds and shall be completed prior to enclosure in shafts, above ceilings or behind
walls.
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2. The Sheet Metal Contractor shall keep an up-to-date log of the ductwork tested for review
by the Architect. The test records shall include marked drawings showing the system/area
tested. The testing system/area shall be designated with unique naming. Testing
documentation shall include pressure class, system, dates, calculations, allowable
leakage, tested leakage and signatures. Testing results shall be Pass or Fail.
a. The Sheet Metal Contractor shall notify all other Contractors when the testing is

completed and accepted to permit enclosure of ducts. All test documentation shall be
submitted as part of the project close out documentation package.

3. The Sheet Metal Contractor shall furnish and install all blank off plates, blind flanges,
safing, etc., necessary to isolate each section of duct being tested for leakage.

4. The Sheet Metal Contractor shall submit for review all proposed testing procedures,
sample report, and equipment to the Engineer prior to proceeding. Additionally, the Sheet
Metal Contractor shall notify the Engineer when testing is to occur so that the test can be
witnessed at the Engineer's option.

5. All test equipment shall be calibrated per ANSI Standards prior to testing. Certified test
reports shall be submitted to the Architect prior to commencement of the testing.

6. Testing Procedure
a. The testing procedure shall be in accordance with SMACNA "HVAC Air Duct

Leakage Test Manual 2nd Edition".
b. The test pressure shall be the specified construction pressure of the duct system.

7. Scope of Testing
a. All ductwork (regardless of pressure class) that will be in inaccessible areas

including, but not limited to, all ducts within shafts, above hard ceilings, and those
that will be made inaccessible by the work of other Trades. (This shall include ±2"w.g.
construction.)

b. All ductwork constructed to greater than +2"w.g. or less than -2"w.g.
c. All other sheet metal in duct systems constructed to ±2"w.g. shall be tested under

normal fan pressure and shall not leak sufficiently to cause audible leaks or blowing
detectable by hand. If, in the opinion of the Architect, the ductwork does not
appear to be constructed andlor sealed to the approved shop standards, the
Architect may request any or all of this ductwork to be tested at the specified
construction pressure.

d. Allowable Leakage
1) The total allowable leakage shall be less than specified leakage class with no

audible leaks.
2) All duct risers shall be tested with branch takeoffs, fire dampers and access

doors installed. Duct leakage shall be calculated based on duct surface area per
SMACNA Test Manual. The duct surface area method shall include all seams,
joints and other duct surface connections for take-offs, fire dampers and access
doors, etc.

3) Leakage Class:
(a) Medium Pressure Supply from air handler to terminal boxes:  Leakage

Class 4.
(b) Return Duct:  Leakage Class 4.
(c) Supply from terminal boxes to outlets:  Leakage Class 6.  

PART 3  EXECUTION
2.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. During construction provide temporary closures of metal or taped polyethylene on open

ductwork to prevent construction dust from entering ductwork system.
C. Flexible Ducts:  Connect to metal ducts with draw bands.
D. Duct sizes indicated are inside clear dimensions.  For lined ducts, maintain sizes inside lining.
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E. Install and seal metal and flexible ducts in accordance with SMACNA HVAC Duct Construction
Standards - Metal and Flexible.

F. Provide openings in ductwork where required to accommodate thermometers and controllers.
 Provide pilot tube openings where required for testing of systems, complete with metal can
with spring device or screw to ensure against air leakage.  Where openings are provided in
insulated ductwork, install insulation material inside a metal ring.

G. Locate ducts with sufficient space around equipment to allow normal operating and
maintenance activities.

H. Use crimp joints with or without bead for joining round duct sizes 8 inch (200 mm) and smaller
with crimp in direction of air flow.

I. Use double nuts and lock washers on threaded rod supports.
J. Connect diffusers or light troffer boots to low pressure ducts directly or with 5 feet (1.5 m)

maximum length of flexible duct held in place with strap or clamp.
K. Connect flexible ducts to metal ducts with draw bands.
L. During construction provide temporary closures of metal on open ductwork to prevent

Abatement debris from entering ductwork system.
M. Leave temporary closures in place until ready for installation. At no time during the installation

of the ductwork shall there be any openings that are not protected by temporary closures
except for the section that is being installed at that time.

N. Provide temporary closures on the face of all grilles, registers and diffusers not being replaced.
O. Seal all joints with sealant.

2.02 CLEANING
A. Clean duct system and force air at high velocity through duct to remove accumulated dust.  To

obtain sufficient air, clean half the system at a time.  Protect equipment that could be harmed
by excessive dirt with temporary filters, or bypass during cleaning.

2.03 SCHEDULES
A. Ductwork Material:

1. Low Pressure Supply:  Steel.
2. Lab Exhaust:  Stainless Steel.
3. Outside Air Duct:  Steel.

B. Ductwork Pressure Class:
1. Supply: 4 inch
2. Return and Relief:  1 inch (250 Pa).
3. Lab Exhaust: ​-4 inch ​.

C. Ductwork Seal Class:
1. Supply:  Class A.
2. Return and Relief:  Class A.
3. Lab Exhaust:  Class A.
4. Outside Air Duct:  Class A.

END OF SECTION



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

Air Duct Accessories 233300  

SECTION 233300
AIR DUCT ACCESSORIES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Combination fire and smoke dampers.
B. Duct test holes.
C. Fire dampers.
D. Flexible duct connectors.
E. Smoke dampers.
F. Volume control dampers.
G. Miscellaneous Products:

1. Duct opening closure film.
1.02 RELATED REQUIREMENTS

A. Section 233100 - HVAC Ducts and Casings.
1.03 REFERENCE STANDARDS

A. AMCA 500-D - Laboratory Methods of Testing Dampers for Rating; 2018.
B. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.
C. NFPA 92 - Standard for Smoke Control Systems; Most Recent Edition Adopted by Authority

Having Jurisdiction, Including All Applicable Amendments and Supplements.
D. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.
E. UL 555S - Standard for Smoke Dampers; Current Edition, Including All Revisions.

PART 2  PRODUCTS
2.01 COMBINATION FIRE AND SMOKE DAMPERS
2.02 DUCT TEST HOLES

A. Temporary Test Holes:  Cut or drill in ducts as required. Cap with neat patches, neoprene
plugs, threaded plugs, or threaded or twist-on metal caps.

B. Permanent Test Holes:  Factory fabricated, air tight flanged fittings with screw cap.  Provide
extended neck fittings to clear insulation.

2.03 FIRE DAMPERS
2.04 FLEXIBLE DUCT CONNECTORS

A. Fabricate in accordance with SMACNA (DCS) and as indicated.
B. Flexible Duct Connections:  Fabric crimped into metal edging strip.

2.05 SMOKE DAMPERS
A. Manufacturers:

1. Nailor Industries, Inc​​:  www.nailor.com/#sle.
2. Pottorff​​:  www.pottorff.com/#sle.
3. Ruskin Company ​​:  www.ruskin.com/#sle.
4. Greenheck

B. Fabricate in accordance with NFPA 90A and UL 555S, and as indicated.
C. Dampers:  UL Class 1 airfoil blade type smoke damper, normally open automatically operated

by pneumatic actuator.
D. Electro Thermal Link:  Fusible link melting at 165 degrees F (74 degrees C); 120 volts, single

phase, 60 Hz; UL listed and labeled.



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

Air Duct Accessories 233300  

2.06 VOLUME CONTROL DAMPERS
A. Manufacturers:

1. AireTechnologies, Inc, a DMI Company ​​:  www.airetechnologies.com/#sle.
2. Louvers & Dampers, Inc, a brand of Mestek, Inc​​:  www.louvers-dampers.com/#sle.
3. Elgen Manufacturing Company, Inc​​:  www.elgenmfg.com/#sle.
4. Nailor Industries, Inc​​:  www.nailor.com/#sle.
5. NCA, a brand of Metal Industries Inc​​:  www.ncamfg.com/#sle.
6. Pottorff​​:  www.pottorff.com/#sle.
7. Ruskin Company ​​:  www.ruskin.com/#sle.
8. Substitutions:  See Section 016000 - Product Requirements.

B. Fabricate in accordance with SMACNA (DCS) and as indicated.
C. Single Blade Dampers:

1. Fabricate for duct sizes up to 6 by 30 inch (150 by 760 mm).
2. Blade:  24 gauge, 0.0239 inch (0.61 mm), minimum.

2.07 MISCELLANEOUS PRODUCTS
A. Duct Opening Closure Film:  Mold-resistant, self-adhesive film to keep debris out of ducts

during construction.
1. Thickness:  2 mils (0.6 mm).
2. High tack water based adhesive.
3. UV stable light blue color.
4. Elongation Before Break:  325 percent, minimum.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow
SMACNA (DCS). See Section 233100 for duct construction and pressure class.

B. Provide duct test holes where indicated and required for testing and balancing purposes.
C. Provide ​smoke dampers ​ at locations indicated, where ducts and outlets pass through fire-rated

components ​, and where required by authorities having jurisdiction ​. Install with required
perimeter mounting angles, sleeves, breakaway duct connections, corrosion resistant springs,
bearings, bushings and hinges.

D. Install smoke dampers and combination smoke and fire dampers in accordance with NFPA 92.
E. Demonstrate re-setting of fire dampers to Owner's representative.
F. Provide balancing dampers at points on supply, return, and exhaust systems where branches

are taken from larger ducts as required for air balancing. Install minimum two duct widths from
duct take-off.

G. Provide balancing dampers on duct take-off to diffusers, grilles, and registers, regardless of
whether dampers are specified as part of the diffuser, grille, or register assembly.

END OF SECTION
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SECTION 233416
HVAC FANS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Fan Array
B. Bearings and drives.

1.02 RELATED REQUIREMENTS
A. Section 230513 - Common Motor Requirements for HVAC Equipment.
B. Section 230548 - Vibration and Seismic Controls for HVAC.

1.03 REFERENCE STANDARDS
A. AMCA (DIR) - (Directory of) Products Licensed Under AMCA International Certified Ratings

Program; 2015.
B. AMCA 99 - Standards Handbook; 2016.
C. AMCA 210 - Laboratory Methods of Testing Fans for Certified Aerodynamic Performance

Rating; 2016.
D. AMCA 300 - Reverberant Room Method for Sound Testing of Fans; 2014.
E. AMCA 301 - Methods for Calculating Fan Sound Ratings from Laboratory Test Data; 2014.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide data on centrifugal fans and accessories including fan curves with

specified operating point clearly plotted, power, RPM, sound power levels for both fan inlet and
outlet at rated capacity, and electrical characteristics and connection requirements.

C. Shop Drawings:  Indicate assembly of centrifugal fans and accessories including fan curves
with specified operating point clearly plotted, sound power levels for both fan inlet and outlet at
rated capacity, and electrical characteristics and connection requirements.

D. Manufacturer's Instructions:  Include complete installation instructions.
E. Maintenance Data:  Include instructions for lubrication, motor and drive replacement, spare

parts list, and wiring diagrams.
1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products
specified in this section, with minimum three years of documented experience.

B. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories
Inc. as suitable for the purpose specified and indicated.

1.06 DELIVERY, STORAGE, AND HANDLING
A. Protect motors, shafts, and bearings from weather and construction dust.

1.07 FIELD CONDITIONS
A. Permanent fans may not be used for ventilation during construction.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Greenheck
B. QPAC
C. Loren Cook Company:  www.lorencook.com/#sle.
D. Huntair
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2.02 PERFORMANCE REQUIREMENTS
A. Performance Ratings:  Determined in accordance with AMCA 210and bearing the AMCA

Certified Rating Seal.
B. Sound Ratings:  AMCA 301, tested to AMCA 300, and bear AMCA Certified Sound Rating

Seal.
C. Fabrication:  Comply with AMCA 99.
D. Performance Base:  Sea level conditions.
E. Temperature Limit:  Maximum 300 degrees F (150 degrees C).
F. Static and Dynamic Balance:  Eliminate vibration or noise transmission to occupied areas.

2.03 FAN ARRAY
A. The fan array will be arranged with high performance direct drive, single inlet, plenum fans with

backwards inclined, high efficiency welded-aluminum or high performance composite impeller
with galvanized or aluminum support frame.  Manual blank-off plates shall be provided to block
fan airflow, one plate to be provided per array.

B. The fans are driven by long-life, low-temperature brushless DC electronically commutated
motor (EC-Motor) with external rotor and integrated maintenance-free electronic circuitry and
electronics. The motor is manufactured with maintenance-free, permanently lubricated ball
bearings and shall be statically and dynamically balanced in accordance with ISO 1940 part 1.
 The motor shall be closed, protection level IP 54, thermal class 155 with permissible operating
temperature of -13°F to 140°F.  Motor efficiency class shall comply with IE4.  Fan characteristic
curves indicate measurements on a chamber test in accordance with ISO5801. The three
phase external rotor motor integrated into the fan hub meets the requirements for circulating
electric machines set forth in DIN EN 60 034-1 (VDE 0530 Part 1).

C. Non-EC-motor driven fans shall have 1 VFD per fan.
D. Fan Array shall be listed per UL 1995.
E. Fan assemblies shall be prewired with wire whips and plug connectors.
F. The fan bulkhead wall shall be constructed in a manner for easy field assembly, constructed of

14 gauge G90 formed sheet metal. The bend profile at each panel’s seam shall provide vertical
structural support for the bulkhead wall. Structural support which ties the bulkhead to the
interior perimeter of the air tunnel (2” x 2” formed angle) to be provided in the kit as well.

G. The factory mounted and wired single point power panel shall include an external disconnect.
The panel shall be UL or ETL listed. The panel shall be provided with the following:
1. BACnet compatible controller
2. Monitor array’s airflow, total static pressure, power consumption, RPM, individual fan

alarm status and specific cause of alarm.
3. Controller shall be configurable for fan speed control via BACnet interface (MSTP),

modbus, 0-10 VDC input, 4-20 mA input, constant airflow, or duct static pressure (static
pressure sensor to be field provided and mounted). Control panel shall be equipped with
relays for locking between other electrically driven components.

H. 100 KAIC SCCR fused disconnect shall be provided.
I. All fan components shall be sized to fit through a 20” x 40” access opening.
J. Warranty: 5 year parts and labor from date of shipment.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
B. Provide fixed sheaves required for final air balance.
C. Provide safety screen where inlet or outlet is exposed.
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END OF SECTION
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SECTION 233600
AIR TERMINAL UNITS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Single-duct terminal units.
1. Single-duct, constant-volume units.
2. Single-duct, variable-volume units.

B. Air volume control valves.
1.02 RELATED REQUIREMENTS

A. Section 230513 - Common Motor Requirements for HVAC Equipment.
B. Section 230548 - Vibration and Seismic Controls for HVAC.
C. Section 232113 - Hydronic Piping:  Connections to heating coils.
D. Section 232114 - Hydronic Specialties:  Connections to heating coils.
E. Section 233100 - HVAC Ducts and Casings.
F. Section 233300 - Air Duct Accessories.
G. Section 251400 - Integrated Automation Local Control Units:  HVAC controllers.

1.03 REFERENCE STANDARDS
A. AHRI 880 (I-P) - Performance Rating of Air Terminals; 2017 (Reaffirmed 2023).
B. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems; 2024.
C. UL 181 - Standard for Factory-Made Air Ducts and Air Connectors; Current Edition, Including

All Revisions.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Product Data:  Provide data indicating configuration, general assembly, and materials used in

fabrication.  Include catalog performance ratings that indicate air flow, static pressure, and NC
designation.  Include electrical characteristics and connection requirements.

C. Shop Drawings:  Indicate configuration, general assembly, and materials used in fabrication,
and electrical characteristics and connection requirements.
1. Include schedules listing discharge and radiated sound power level for each of second

through sixth octave bands at inlet static pressures of 1 to 4 inch wg (250 to 1000 Pa).
D. Manufacturer's Installation Instructions:  Indicate support and hanging details, and service

clearances required.
E. Project Record Documents:  Record actual locations of units.
F. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating

instructions, maintenance and repair data, and parts lists.  Include directions for resetting
constant volume regulators.

G. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Owner's
name and registered with manufacturer.

H. Operation and Maintenance Manuals:  Include in manuals the information listed below.  For
information on how to prepare and submit manuals see section 1780 (Closeout Submittals).

I. Spare parts lists
J. Operating instructions
K. Maintenance instructions, including preventative and corrective maintenance.
L. Copies of warranties
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M. Wiring diagrams
N. Shop drawings and product data

1.05 WARRANTY
A. See Section 017800 - Closeout Submittals, for additional warranty requirements.
B. Provide five year manufacturer warranty for air terminal units.

PART 2  PRODUCTS
2.01 SINGLE-DUCT, VARIABLE-VOLUME UNITS

A. Manufacturers:
1. Johnson Controls, Inc:  www.johnsoncontrols.com/#sle.
2. Envirotech
3. Price Industries, Inc:  www.priceindustries.com/#sle.
4. Trane, a brand of Ingersoll Rand:  www.trane.com/#sle.
5. Tuttle and Bailey:  www.tuttleandbailey.com/#sle.

B. General:
1. Factory-assembled, AHRI 880 (I-P) rated and bearing the AHRI seal, air volume control

terminal with damper assembly, flow sensor, externally mounted volume controller, duct
collars, and all required features.

2. Control box bearing identification, including but not necessarily limited to nominal cfm,
maximum and minimum factory-set airflow limits, coil type and coil (right or left hand)
connection, where applicable.

C. Unit Casing:
1. Minimum 22 gage, 0.0299 inch (0.76 mm) galvanized steel.
2. Air Inlet Collar:  Provide ​rectangular ​, suitable for standard flexible duct sizes.
3. Unit Discharge:  Rectangular, with slip-and-drive connections.

D. Damper Assembly:
1. Heavy-gage, galvanized steel or extruded aluminum construction with solid steel, nickel-

plated shaft pivoting on HDPE, self-lubricating bearings.
2. Provide integral position indicator or alternative method for indicating damper position over

full range of 90 degrees.
3. Incorporate low leak damper blades for tight airflow shutoff.

E. Controls:
1. DDC (Direct-Digital Controls):

a. Include a field-installed, factory-tested, direct-digital controller.
b. Bi-directional Damper Actuator:  24 volt, powered closed, spring return open.
c. Microprocessor-Based Controller:  Air volume controller, pressure-independent with

electronic airflow transducers, factory-calibrated maximum and minimum CFM's.
d. Room Sensor:

1) Compatible with temperature controls specified.
2) Wall-mounted, system powered, with temperature set-point adjustment including

connection access for portable operator terminal.
e. See Section 25 1400.

2. Airflow Sensor:  Differential pressure airflow device measuring total, static, and wake
pressures.
a. Signal accuracy:  Plus/minus five percent throughout terminal operating range.

3. Control Sequence:
a. Suitable for operation with duct pressures between 0.25 and 3.0 inch wg (60 and 750

Pa) inlet static pressure.
b. Include factory-mounted and piped, 5-micron filter; and adjustable, velocity-resetting,

high-limit control with amplifying relay.
c. See Section 230993.
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2.02 HOSE KITS AND VALVES
A. Manufacturers:

1. Griswold Controls ​​:  www.griswoldcontrols.com/#sle.
2. IMI Flow Design, a brand of IMI Hydronic Engineering Division of IMI plc ​​:

 www.flowdesign.com/#sle.
B. Hoses:

1. Provide hoses for all units for connection to main water supply and return headers.
2. Length:  2 feet (0.61 m).
3. Material:  Braided stainless steel rated to minimum 400 psi (3758 kPa) at 265 degrees F

(129.4 degrees C).
C. Automatic Balancing Valves:

1. Brass body for shutoff and hydronic balancing.
D. Ball Valves:

1. Brass body for shutoff and hydronic balancing.
2. Provide pressure/temperature ports.

E. Y Strainers:
1. Bronze body.
2. "Y" type configuration with brass cap.
3. Maximum Operating Pressure:  Minimum 450 psi (3103 kPa).
4. Screen:  Stainless steel.

PART 3  EXECUTION
3.01 INSTALLATION

A. Install the inlets of air terminal units and air flow sensors a minimum of four duct diameters from
elbows, transitions, and duct takeoffs.

B. Support units individually from structure.  Do not support from adjacent ductwork.
C. Connect to ductwork in accordance with Section 233100.

END OF SECTION
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SECTION 233700
AIR OUTLETS AND INLETS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Diffusers.
B. Registers/grilles.

1.02 REFERENCE STANDARDS
A. AMCA 500-L - Laboratory Methods of Testing Louvers for Rating; 2023.
B. AMCA 550 - Test Method for High Velocity Wind Driven Rain Resistant Louvers; 2022.
C. ASHRAE Std 70 - Method of Testing the Performance of Air Outlets and Air Inlets; 2023.
D. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2024.
E. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

1.03 SUBMITTALS
A. See Section: SUBMITTALS FOR APPROVAL, sheet A-701
B. Product Data:  Provide data for equipment required for this project.  Review outlets and inlets

as to size, finish, and type of mounting prior to submission.  Submit schedule of outlets and
inlets showing type, size, location, application, and noise level.

C. Project Record Documents:  Record actual locations of air outlets and inlets.
1.04 QUALITY ASSURANCE

A. Test and rate air outlet and inlet performance in accordance with ASHRAE Std 70.
B. Test and rate louver performance in accordance with AMCA 500-L.
C. Manufacturer Qualifications:  Company specializing in manufacturing the type of products

specified in this section, with minimum three years of documented experience.
PART 2  PRODUCTS
2.01 MANUFACTURERS

A. American Louver Company; ALC Grilles and Registers:  www.americanlouver.com/#sle.
B. Krueger-HVAC:  www.krueger-hvac.com/#sle.
C. Metalaire, a brand of Metal Industries Inc:  www.metalaire.com/#sle.
D. Price Industries ​​:  www.price-hvac.com/#sle.
E. Nailor
F. Titus, a brand of Air Distribution Technologies:  www.titus-hvac.com/#sle.
G. Tuttle and Bailey:   www.tuttleandbailey.com/#sle.
H. Or Approved Equal

2.02 CEILING DIFFUSERS/REGISTERS/GRILLES
A. Type:  Provide type as indicated in the Air Distribution Schedule.
B. Frame:  Provide surface mount and inverted T-bar type.
C. Fabrication:  Steel with baked enamel finish.
D. Accessories:  Provide radial opposed blade volume control damper; removable core,

sectorizing baffle, and wire guard with damper adjustable from diffuser face.
PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.
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B. Check location of outlets and inlets and make necessary adjustments in position to comply with
architectural features, symmetry, and lighting arrangement.

C. Install diffusers to ductwork with air tight connection.
D. Provide balancing dampers on duct take-off to diffusers, and grilles and registers, despite

whether dampers are specified as part of the diffuser, or grille and register assembly.
END OF SECTION
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SECTION 238216
AIR COILS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Water heating coils.
B. Water cooling coils.

1.02 RELATED REQUIREMENTS
A. Section 220719 - Plumbing Piping Insulation.
B. Section 230719 - HVAC Piping Insulation.
C. Section 232114 - Hydronic Specialties.
D. Section 233100 - HVAC Ducts and Casings:  Installation of duct coils.

1.03 REFERENCE STANDARDS
A. AHRI 410 - Forced-Circulation Air-Cooling and Air-Heating Coils; 2001, with Addenda (2011).
B. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
C. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2020.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide coil and frame configurations, dimensions, materials, rows, connections,

and rough-in dimensions.
C. Shop Drawings:  Indicate coil and frame configurations, dimensions, materials, rows,

connections, and rough-in dimensions.
D. Certificates:  Certify that coil capacities, pressure drops, and selection procedures meet or

exceed specified requirements.
E. Warranty:  Submit manufacturer's warranty and ensure forms have been completed in Owner's

name and registered with manufacturer.
1.05 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products
specified in this section, with minimum three years of documented experience.

1.06 DELIVERY, STORAGE, AND HANDLING
A. Protect coil fins from crushing and bending by leaving in shipping cases until installation, and

by storing indoors.
B. Protect coils from entry of dirt and debris with pipe caps or plugs.

1.07 WARRANTY
A. See Section 017800 - Closeout Submittals, for additional warranty requirements.
B. Provide five year manufacturer warranty.

PART 2  PRODUCTS
2.01 MANUFACTURERS

A. Aerofin Corporation ​​:  www.aerofin.com/#sle.
B. Trane Technologies, PLC:  www.trane.com/#sle.
C. Nortek Coil Solutions: www.nortekair.com/#sle.
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2.02 WATER HEATING COILS
A. Tubes:  5/8 inch (16 mm) OD seamless copper or brass arranged in parallel or staggered

pattern, expanded into fins, silver brazed joints.
B. Fins:  Aluminum or copper continuous plate type with full fin collars.
C. Casing:  Die formed channel frame of 16 gauge, 0.0598 inch (1.52 mm) galvanized steel with

 mounting holes on 3 inch (75 mm) centers.  Provide tube supports for coils longer than 36
inches (900 mm).

D. Headers:  Cast iron with tubes expanded into header.
E. Testing:  Air test under water to 200 psi (1380 kPa) for working pressure of 200 psi (1380 kPa)

and 220 degrees F (104 degrees C).
F. Configuration:  Drainable, with threaded plugs for drain and vent.

2.03 WATER COOLING COILS
A. Tubes:  5/8 inch (16 mm) OD seamless copper or brass arranged in parallel or staggered

pattern, expanded into fins, silver brazed joints.
B. Fins:  Aluminum or copper continuous plate type with full fin collars. Solder coat copper fin

coils.
C. Casing:  Die formed channel frame of 16 gauge, 0.0598 inch (1.52 mm) galvanized steel with

3/8 inch (9.5 mm) mounting holes on 3 inch (75 mm) centers.  Provide tube supports for coils
longer than 36 inches (900 mm).

D. Headers:  Cast iron with tubes expanded into header.
E. Testing:  Air test under water to 200 psi (1380 kPa) for working pressure of 200 psi (1380 kPa)

and 220 degrees F (104 degrees C).
F. Configuration:  Drainable, with threaded plugs in headers for drain and vent; threaded plugs in

return bends and in headers opposite each tube.
PART 3  EXECUTION
3.01 INSTALLATION

A. Install in accordance with manufacturer's written instructions.
B. Install in ducts and casings in accordance with SMACNA (DCS).

1. Support coil sections independent of piping on steel channel or double angle frames and
secure to casings.

2. Provide frames for maximum three coil sections.
3. Arrange supports to avoid piercing drain pans.
4. Provide airtight seal between coil and duct or casing.

C. Protect coils to prevent damage to fins and flanges.  Comb out bent fins.
D. Install coils level. ​​
E. Hydronic Coils:

1. Hydronic Coils:  Connect water supply to leaving air side of coil (counterflow
arrangement).

2. Ensure water coils are drainable and provide drain connection at low points.
F. Insulate headers located outside air flow as specified for piping.  Refer to Section 220719.

END OF SECTION
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SECTION 238218
FAN-COIL UNITS

PART 1: GENERAL
1.01 REFERENCE STANDARDS
1.02  SECTION INCLUDES

A. Vertical/Horizontal Fan Coils
PART 2: PRODUCTS
2.01  ACCEPTABLE MANUFACTURERS

A. The following manufacturers are approved for use .
1.  Nailor
2. Daikin
3. Enviro-Tech
4. Trane
5. JCI

2.02  FAN COIL TYPE AND ARRANGEMENT
A. The fan coil shall be furnished as a draw-through cooling coil with a heating coil in

preheat/reheat position .
2.03  CABINET

A. Vertical Fan Coils:
1. Cabinet type unit shall be supplied with powder coat painted cabinet. Antique White Finish

(color approved by architect).
2. Unit shall be furnished with extended end pockets and rear cabinet extension where

shown on drawings.
B. Horizontal Fan Coils:

1. 20 ga. minimum galvanized steel casing
2. 1/2" internal insulation coated to prevent air erosion

2.04  SUPPLY FAN
A. Supply fans shall be a DWDI forward-curved type . Fan assemblies including fan, motor and

sheaves shall be dynamically balanced by the manufacturer on all three planes at all bearing
supports .

B. Units shall be certified in accordance with the Room Fan Coil Unit certification program that is
based on ARI Standard 440 .

C. An ECM blower motor shall be provided on all units .
1. Factory motor wiring shall be set for optimum fan performance. The unit shall be shipped

at one fixed setting . The ECM motor shall utilize a permanent magnet rotor, which is
connected to the shaft through resilient rings to absorb high frequency torque ripple. ECM
motor shall be programmed for constant CFM or constant torque.

2. ECM blower motor shall be 3 speeds, single phase with means for proportional field
adjustment of each speed .

2.05  ELECTRICAL
A. Supply fans shall be driven by permanent split- capacitor motors that are run-tested in the

assembled unit and permanently lubricated .
B. All motors shall have integral thermal overload protection with a maximum ambient operating

temperature of 104°F . Motors shall be capable of starting at 78 percent of rated voltage and
operating at 90 percent of rated voltage on all speed settings . Motors can operate up to 10
percent overvoltage .
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C. Concealed type units shall be furnished with a remote mounted control box with disconnect.
box shall come with a 16-20' whip for connection to FCU in field

2.06  COOLING AND HEATING
A. Cooling Coils

1. Cooling performance shall be as specified on the unit schedule .
2. Water coil fins shall have full drawn collars to provide a continuous surface cover over the

entire tube for maximum heat transfer . Seamless copper tubes shall be mechanically
expanded into the fins to provide a continuous primary-to-secondary compression bond
over the entire finned length for maximum heat transfer rates . Bare copper tubes shall not
be visible between fins. Coil casing shall be constructed of galvanized steel .

3. Water coils shall be provided with headers of seamless copper tubing with intruded tube
holes to permit expansion and contraction without creating undue stress or strain . Coil
connections shall be copper sweat connections with connection size to be determined by
manufacturer based upon the most efficient coil circuiting . Vent and drain connections
shall be furnished on the coil connection, external to the cabinet . Vent connections
provided at the highest point to assure proper venting . Drain connections shall be
provided at the lowest point .

4. All steel parts exposed to moisture shall be galvanized .
5. Unit shall include a noncorrosive, ABS main drain pan, positively sloped in every plane

and insulated with closed-cell insulation . The drain pan shall be designed to ensure no
pooling of condensate water per ASHRAE 62 .2 .

6. Water coils shall not exceed an internal pressure of 500 psig .
B. Water Heating Coil

1. Heating performance shall be as specified on the unit schedule .
2. Coil fins shall have full drawn collars to provide a continuous surface cover over the entire

tube for maximum heat transfer . Seamless copper tubes shall be mechanically expanded
into the fins to provide a continuous primary-to-secondary compression bond over the
entire finned length for maximum heat transfer rates . Bare copper tubes shall not be
visible between fins.

3. Coils shall be provided with headers of seamless copper tubing with intruded tube holes to
permit expansion and contraction without creating undue stress or strain . Coil
connections shallbe copper sweat connections with connection size to be determined by
manufacturer based upon the most efficient coil circuiting. Vent and drain connections
shall be furnished on the coil connection, external to the cabinet . Vent connections shall
be provided at the highest point to ensure proper venting . Drain connections shall be
provided at the lowest point .

4. Water coils shall not exceed an internal pressure of 500 psig .
2.07 VALVE PACKAGES

1. Fan coil units shall be provided with factory-installed valve / piping package(s)available for
the primary and secondary coils . All piping packages shall be factory assembled and
tested at 400 psig (2760 kPa) and re-tested for leak when factory soldered to the coil(s) at
300 psig (2069 kPa) Maximum Working Pressure of the piping package shall be 300 psig
(2069 kPa) .

2. The valve package shall be designed so that any condensation is directed into the
secondary drain pan . With the secondary drain pan provided, insulation of the piping
package is not required.

B. The valve package shall be provided with:
1. Interconnecting copper piping and shut-off ball valves .
2. Connecting supply and return lines to the unit . Four-pipe packages shall include a venting

valve for the preheat or reheat coil .
3. P/T ports to measure the temperature or pressure drop across the valve . This pressure

drop can be compared to factory-supplied curves that relate the pressure drop to a
specific flow rate.
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4. Unions at the coil connections .
5. A 20 mesh strainer on the supply side that is easily removed for cleaning, with a blow-off

valve. The strainer shall have a pressure rating of up to 400 psig (2,758 kPa) .
6. Isolating ball valve on the supply side .
7. Balancing flow valve with isolating ball valve on the return with:

a. An automatic circuit setter . The circuit setter includes a cartridge within the valve
body that is sized to allow a specific flow rate through the coil. This valve sets flow
through the coil without any action required by a system piping balancer .

b. Control valves in the supply water pipe .
8. Two-Way/Two-Position Valves that are fully open or fully closed in response to a line

voltage (115 or 265-277 VAC) or a 24 VAC signal from the thermostat or controller.
Provided by JCI.

2.08 FILTERS
A. Filters shall be 1” (25 mm) throwaway . They shall be concealed from sight and easily

removable .
2.09 CONTROLS

A. The unit control board shall be the main component of the system and shall contain the
required inputs/ outputs to operate a fan coil unit .

B. Unit controller inputs/outputs: The controller will be microprocessor-based and have
capabilities, performance, and memory sufficient to execute the various functions detailed in
this
1.  Analog Inputs: Room or Return Temperature & Timed Override Switch, Condensate

Overflow, Set point Adjust, Fan Speed Switch, Heat/Cool/ Auto Switch, Entering Water
Temperature, Discharge Air Temperature .

2. Condensate Overflow. The presence of excessive condensate in the condensate drain
pan is detected by a condensate sensor, which consists of a metal terminal ring mounted
just below the top of the condensate pan . The analog input dedicated to condensate
sensing must be capable of detecting the conductivity of water between the ring terminal
and chassis ground .
a. The conductivity trip point is 2 .5 micro-ohms .

3. Set point Adjust. The Set point Adjust range will be interpreted by the base controller as
an offset to the current temperature setpoint -5 to +5 degrees F or a range of 55 to 95
degrees F (software jumper selectable and scaled accordingly in software) .

4. Heat/Cool/Auto - The Room Sensor shall incorporate a voltage signal that present
different values to a single analog input which correspond to the unit operating mode
functions detailed below. The room sensor is designed with specific voltage values to
coincide with the software in unit control module .

5. Fan Speed Switch - The Room Sensor shall incorporate a voltage signal that present
different voltage values to a single analog input which correspond to the fan speed mode
functions detailed below . The room sensor is designed with specific voltage values to
coincide with the software in unit control module .

6. Binary Inputs . 2 total (Freeze Fault Detection, Occupancy Sensor)
a. The Freeze Fault Detection switch shall be sourced with 24VAC or DC, +/-20% . The

binary input detection circuit shall be desighned such that a minimum of 7mA current
flows through the external contacts . Unoccupied Mode: this binary input will detect
the presence of an earth-grounded signal, which is supplied by an external, remote
set of contacts .

7. Binary Outputs: 9 total (Fan Low Speed, Fan Medium Speed, Fan High Speed, Valve
Output #1, Valve Output #2, Valve Output #3, or Electric Heat Stage 1, Valve Output #4 or
Electric Heat Stage 2, 2 Position Damper, Room Sensor Status LED) .

8. Fan Speed Outputs -There are three fan speed outputs on baseboard . If all three outputs
are de-energized, the fan motor is off. Only a single type (low, medium, high) of speed
output shall be turned on when fan operation is required.
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a. Low Speed: this binary output is used to operate the fan at low speed . If this output
is energized, the fan operates at low speed .

b. Medium Speed: this binary output is used to operate the fan at medium speed . If this
output is energized, the fan operates at medium speed .

c. High Speed: this binary output is used to operate the fan at high speed . If this output
is energized, the fan operates at high speed .

9. Two-Position Damper Output: Binary output may be used to open a fresh air ventilation
damper . If the output is de-energized, the damper is closed . If the output is energized,
the damper is open .

10. Room Sensor Status Output: Binary output may be used to energize and de-energize an
indicator located on the room sensor . See Room Sensor Status Output Annunciation
Table .

C.  Automatic Fan speed selection .
1. When the fan mode/speed switch is in the “Auto” position and capacity is required, the fan

speed is determined automatically based on the amount of error from the respective
heating or cooling on setpoint . If the room temperature error exceeds 4°F (2 .22°C), the
fan will be “forced on” in the highest available fan speed . Once the room temperature
error falls below 3°F (1 .67°C), the fan will no longer be “forced on” in the highest available
fan speed . If the “Highest Speed Force On” is not active the fan will start at low speed,
and fan speed changes are determined by whether the room temperature is above or
below the effective controlling on setpoint.

2.10 WARRANTY
A. Warranty - The contractor shall provide one full year warranty for furnishing parts on site which

becomes defective in normal operation, from the date of start-up by the manufacturer’s
representative, or first beneficial use of the unit.

PART 3 - EXECUTION
3.01 INSTALLATION:

A. Install fan coil units, including components and controls required for operation, in accordance
with manufacturer's instructions.

B. Location: Locate each unit accurately in the position indicated in relation to other work. Position
unit with sufficient clearance for normal service and maintenance, including clearance for
cabinet removal.

C. Tolerance: Level fan coil units to the tolerance recommended by the manufacturer.
D. Damaged Fins: Comb out any damaged fins or replace coil if fins cannot be combed to a like-

new condition.
E. Filters: Three sets of filters shall be supplied for each fan coil unit. One set shall be installed at

initial unit startup after all ductwork has been blowout and shall be used during balancing and
testing, the second set shall be installed at the time of substantial completion and the third set
shall be turned over to the Owner. Any additional filter sets required during the construction
period shall be the responsibility of the Contractor.

3.02 TESTING:
A. General: Test unit to verify proper operation and correct any defects found.

END OF SECTION
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SECTION 260500
GENERAL ELECTRICAL REQUIREMENTS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Work included in these specifications and included on the drawings shall include furnishing all
labor, materials, supplies, and equipment to perform all work required including cutting,
channeling, chasing, excavating and backfilling, demolition (if any) to install a complete and
working electrical system(s) in accordance with these sections of the specifications and the
accompanying drawings. This shall include all required preparation work, demolition, raceways,
coordination, etc. required to install the electrical system.

B. It is recognized that separate subcontracts may be instituted by the General Contractor or the
Division 26 Contractor with other contractors and/or suppliers.  It is the responsibility of the
Division 26 Contractor to completely inform, coordinate and advise those subs as to all of the
other requirements, conditions and information associated with providing and installing the total
job.

C. The electrical work shall include, but in no way be limited to the following:
1. Raceways Systems

a. Power
b. Lighting
c. Connections to mechanical equipment

2. Electrical Demolition
a. Remove exsiting electrical equipment.

3. Connection and/or Installation of Devices or Support for Installation of Systems furnished
under other divisions of the Project Manual including but not limited too:

1.02 RELATED SECTIONS
A. Drawings and specifications including General Conditions, Supplementary Conditions and

Division 01 specification sections, apply to work of this and all sections in Division 26.  Division
26 General Provisions described in this section apply to all sections of Division 26.

1.03 SPECIFIED MATERIALS:
A. Throughout the drawings and specifications, equipment and systems have been selected and

are referenced by name, manufacturer, model number, etc.  These references are not intended
to limit competition.  Products by other listed manufacturers will be acceptable.

B. If a listed manufacturer other than the basis of design is used, it is the contractor's responsibility
for changes in dimension, structural, electrical changes, etc. required for proper installation,
function and final performance.

1.04 SUBSTITUTION OF SPECIFIED MATERIALS:
A. Throughout the drawings and specifications, equipment and systems have been selected and

are referenced by name, manufacturer, model number, etc.  These references are not intended
to limit competition and in most cases materials and methods of construction equal to that
specified will be accepted provided prior approval of any substitute item is obtained from the
Architect/Engineer.  Only products by the listed manufacturers will be acceptable. Contractors
and other manufacturers may submit requests to be listed as an acceptable manufacturer on
the specified item by submitting documentation in accordance with the requirements of Section
01 6000. All bidders will be notified by addendum of any approved substitutions. Under no
circumstances will any substitutes be accepted after that date; and any item installed on the job
which has not been approved in accordance with the noted procedure shall be removed and
replaced with the appropriate approved item at the contractor's expense.

B. In all cases the contractor shall be completely responsible for changes in dimension of other
than first named manufacturer equipment, electrical changes, etc. required for proper function
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and final performance.  Item shall comply with all requirements herein set forth and as required
to perform as designed.

1.05 REFERENCES
A. The Contractor is responsible for obtaining all required permits and complying with the current

editions, or the editions referenced in the other individual sections of these specifications,  of all
applicable National (NEC, IBC, NFPA), State, County, and Municipal codes and regulations.
 This shall include, but not be limited to, the following:
1. NEMA MG 1 - Motors and Generators; National Electrical Manufacturers Association.
2. 2020 NFPA 70 - National Electrical Code
3. NFPA - National Fire Protection Association
4. Federal Occupational Safety and Health Act (OSHA)
5. Americans with Disabilities Act (ADA).
6. 2021 International Building Code (IBC)
7. 2021 International Fire Code
8. 2009 International Energy Conservation Code

B. Unless noted otherwise, the contractor shall comply with the latest edition and update of any
and all codes and standards.

C. Compliance with Underwriters Laboratories:  All products installed under the contract shall have
the Underwriters Laboratories (UL) label where such marking is available.  Products which are
not UL labeled will not be acceptable if labeled products are available from another approved
manufacturer.

D. The above listed requirements are required of the electrical contractor by this contract whether
these requirements are shown on the drawings, mentioned in the specifications or not.

E. All work and equipment installed that does not comply with the codes and standards noted
above shall be corrected and/or replaced (at engineer's option).

F. The contractor(s) shall submit all items necessary to obtain all required permits to the
appropriate Federal/State/County/City agencies, obtain all required permits, and pay for any
and all required fees.

1.06 DEFINITIONS
A. Concealed - Embedded in masonry or installed within other building elements including but not

necessarily limited to crawl spaces, spaces above ceilings, in walls, in chases, shafts .  It shall
also include conduit installed in the ground beneath a floor slab.  Not visible.

B. Exposed - Installed in such a manner that it can be seen.  All exposed materials shall be
installed in a neat manner.  If in the engineer's opinion the installed materials are not installed in
a neat manner, it shall be removed and reinstalled to the satisfaction of the engineer.

C. Furnish - When used in the Division 26 plans and/or specifications the word "furnish" shall
mean to purchase a piece of equipment or material and to have said equipment/material
transported to the project site (or other location if so directed).  All items to be furnished shall
include any and all mounting hardware, support, and accessory required for installation and
proper operation.  Unless otherwise noted, when a piece of equipment or material is to be
furnished by the contractor, it shall also be installed.

D. Provide - When used in the Division 26 plans and/or specifications the word "provide" shall
mean to furnish and install complete and ready for use and to put into operation.  Include any
and all options, accessories, and mounting/installation hardware required for a complete and
operating system or element of the electrical system.

E. Install - When used in the Division 26 plans and/or specifications the word "install" shall mean
to unload and transport the equipment/material to the installation point of the job site.  Any and
all mounting hardware (whether specified or called for by name / model number, or not) shall be
included.  Perform every operation necessary, including any and all final adjustments, etc.
required for proper operation.
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F. Controlled - When used in the Division 26 plans and/or specifications, the word “controlled”
shall mean to govern delivery of operating voltage or power to equipment or systems by means
of, but not limited to, feeders, disconnects, breakers, switches, starters, etc..

1.07 COORDINATION OF WORK IN OTHER SECTIONS
A. The Division 26 contractor is responsible for including any and all work related to the electrical

that is noted in any part of the specifications or any part of the drawings, including Divisions 01,
48 and any other sections.

B. If any piece of equipment is shown on any part of the drawings ("A" (Architectural) drawings,
"M" (Mechanical) drawings, "P" (Plumbing) drawings, or "E" (Electrical) drawings), it is the
responsibility of the Division 26 Contractor to furnish and install electrical service as required to
that equipment.  Do a complete review of all contract documents and include electrical service
for all such equipment whether or not it is also shown in Electrical documents.  Electrical
service shall comply with all requirements of the equipment shop drawings and all codes.

C. The Division 26 Contractor will supply power to equipment at the voltage indicated on the
Division 26 drawings.  The Division 26 Contractor and all other contractors will be held
responsible for coordinating the equipment voltages, control equipment, wiring, and locations
and type of terminations/connections and/or disconnects required to comply with the National
Electrical Code, International Building Code, all local codes, and the equipment manufacturer's
requirements.  If equipment is furnished to the project at a voltage other than that shown on the
Division 26 drawings, the contractor supplying the equipment and all other subcontractors will
be held responsible for making any necessary adjustments to correct the conflict, to the
satisfaction of the Electrical Engineer.

1.08 INTERPRETATION OF THE DRAWINGS AND SPECIFICATIONS (CONTRACT DOCUMENTS):
A. Refer to the section of the specifications which cover General Conditions, Division 01, and

Instructions to bidders.  These sections and their requirements are a part of this contract and
are binding on this section of the work.

B. Electrical Drawings are diagrammatic in nature except where specific dimensions, or specific
details are shown on the electrical, mechanical, or architectural drawings.  The Electrical
Contractor shall refer to other drawings for exact locations of equipment, building dimensions,
architectural details and conditions affecting the electrical work; however, field measurements
take precedence over dimensioned drawings.  The Electrical Contractor shall provide all labor
and materials and all incidental elements; junction and pull boxes, filters, pull wires, connectors,
support materials, fuses, disconnect switches, lamps, and labels, to install, connect, start-up
and result in a complete and working system in accordance with the drawings and
specifications.  Unless noted otherwise on the plans or in these specifications, all final
connections are the responsibility of the Division 26 Contractor.

C. In order to show the electrical work required under this contract on the drawings, it is necessary
to utilize symbols and schematic diagrams/details.  These symbols and schematic
diagrams/details do not have any dimensional significance nor do they delineate every item
required for the intended installations.  The work shall be installed in accordance with the intent
diagrammatically expressed on the drawings, and in conformity with the dimensions indicated
on the final architectural and structural working drawings and on equipment shop drawings.  No
interpretation shall be made from the limitations of symbols and diagrams that any elements
necessary for complete work are excluded.

D. When the details of specific and/or general installation requirements show specific
dimensioning and/or positioning requirements of the items to be installed, these dimensions
shall be field verified and followed.  It is the intent of these details to only establish the general
feasibility of the work required.  These details in no way delete, reduce, or substitute the
requirement of field coordination for the indicated work.

E. The contractor is responsible for coordinating the installation of all electrical work with the work
of other contractors and/or trades.  This contractor shall refer to the other drawings (demolition,
site, civil, architectural, kitchen, structural, plumbing, mechanical, etc.) to assure that the
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installed electrical work is installed in a coordinated fashion.  Conflicts on installation work due
to the lack of proper coordination of this contractor shall result in the work being removed and
coordinated and properly reinstalled.  Report to the Engineer any and all discrepancies that the
contractor(s) find in the field between the electrical drawings and the other drawings.

F. The installation of any and all equipment/systems is subject to clarification as indicated in the
review comments of the Engineer on the shop drawings.  The contractor shall be aware that if
the equipment of an approved equal manufacturer is to be installed, the equipment, controls,
functions, conduit routing, power requirements, etc. may be different.  It is the responsibility of
the electrical contractor to coordinate the installation requirements of the equipment to be
installed with the electrical plans of the specified equipment/systems.  If there are any
additional equipment, power service, conduit, conductors, controls, etc. required to install the
approved equal equipment, these additional requirements shall be furnished and installed.

G. The electrical drawings are such that the electrical service to equipment furnished and installed
under other sections of the contract documents (examples, but not limited to: elevators, kitchen
equipment, HVAC equipment, water heaters, fans, pumps, motors, etc) is coordinated for the
specified equipment only.  If the equipment installed under other divisions of the contract
documents is not the specified equipment and is an approved equal to the specified equipment,
it is possible that the equipment will require different electrical service/interface than that shown
on the electrical plans for the specified equipment.  In this case, it is the responsibility of the
approved equal installing contractor / manufacturer to coordinate the electrical service/interface
requirements with the electrical contractor.  If the electrical service/interface requirements of the
substituted equipment are greater than the specified equipment and result in an increased
electrical cost, it is the responsibility of the furnishing/installing contractor to pay the electrical
contractor for the increase in electrical cost.

H. Submission of a proposal and ultimate acceptance of an agreement or contract for execution of
this section of work will be construed as evidence that the Electrical Contractor and each
interested Subcontractor and/or vendor has carefully read and accepts all conditions set forth in
each Division under specification Divisions titled "Instructions To Bidders" and Division 01,
"General Conditions", in so far as such conditions may affect both the bidding for and execution
of this section of work.

1.09 ELECTRICAL SYSTEMS
A. All electrical systems shown on the plans or specified in the Construction Manual shall have

equipment furnished and installed so that the system is a complete and functioning system that
complies with the intent of the specifications, whether each and every element of each and
every system is specified or not.  Any and all equipment, options, and system elements
necessary for proper operation shall be furnished and installed, whether specifically called for
(specified by name or catalog number) or not.

1.10 SPECIAL ELECTRICAL REQUIREMENTS
A. Provide all wiring, connectors, fittings, connections, and all accessories for the complete

installation of, and final connections to, equipment furnished under other divisions of the
specifications and where indicated on the electrical drawings or otherwise specified.

B. The Electrical Contractor shall coordinate with all other contractors the electrical service
provided as shown on the electrical plans with respect to voltage, phase, and ampacity.  This
coordination shall take place before any equipment is ordered and is for the purpose of the
contractor providing equipment that requires electrical connection ordering the correct
equipment to match the electrical service provided.  Any changes in the characteristics of the
circuits that serve any electrically operated equipment shall be made.

C. Make all final connections to all equipment, provided under the electrical contract and
equipment provided under other sections, except where noted on the plans to provide "rough-in
only".  Where connections are to be made by someone other than the Division 26 contractor,
coordinate with the equipment supplier to determine the rough-in requirements.  In the case
where rough-in is installed now but equipment unknown or is to be installed in the future, install
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outlet box sized for the conductors installed, install conductors and leave 8" of pigtails for each
conductor.  Tape all conductors, leave a note in the box as to the panel the circuit is connected,
and install a cover plate over the outlet box.  In the panel that the circuit terminates, do not
connect the circuit to a breaker, tag the circuit with information as to the location of the outlet
box, and leave enough pigtail in the panel so that connection can be made to any breaker
space in the panel.

D. The Electrical Contractor is hereby alerted that certain features of control, other functions, or
systems may be specified in this division by performance, and as such, all elements of wiring or
other materials and devices for the complete installation may not be shown on the drawings.
 The Electrical Contractor shall provide for the final and complete installation of all features
called for by drawings or specifications.

E. Note that the Mechanical Division includes furnishing all motors for equipment furnished and
installed by Division 23. In addition, unless otherwise shown on the electrical drawings, starters
and variable frequency drives for Division 23 equipment shall also be provided by Division 23.
 The Division 26 work shall include installing all of the individually mounted, stand alone starters
and variable frequency drives and the power wiring from the electrical system through ALL
motor starters and drives to the final connection to the motors. The only exception for this
requirement of the Division 26 scope furnishing and installing starters shall be where the
Division 23 equipment has a control panel that includes the starter, drive, and/or disconnect.
Coordinate with Division 23.

F. Where equipment is prewired, the power wiring shall extend to the power terminals of the pre-
wired equipment.  Control wiring for the mechanical equipment and temperature control wiring
is covered under Division 23 and is not a part of Division 26 unless specifically noted.

G. All safety disconnect switches shall be provided under Division 26 except where the Division 23
equipment is equipped with factory installed disconnects. Where the switch designation calls for
the switch to be fused, the electrical contractor shall furnish and install fuses that are sized in
accordance to the equipment nameplate of the equipment served.

H. In order to comply with the seismic codes, all recessed light fixtures shall be supported with four
(4) hanger wires which shall be tied to the structure.

1.11 DIMENSIONS ON DRAWINGS, IN FIELD, VERIFICATION
A. The contractor shall be responsible for visiting the site in order to become familiar with existing

conditions and coordinating the required work as needed.  No increase in contract cost will be
considered due to the contractor not being aware of existing conditions.

B. Do not scale drawings.  Confirm all dimensions in the field.  Coordinate all installations with
shop drawings and other contractors work.  Where discrepancies are found on the contract
documents, the contractor shall include in the project cost any and all materials, items and labor
required to make any and all changes required to install the work correctly.  Where
discrepancies are found on the project the contractor shall stop work in that area and contact
the engineer.

1.12 SUBMITTALS
A. See Section 01 3000 - Administrative Requirements for submittal procedures.
B. Required submittals are listed with each section of the electrical specifications.

1.13 RECORD DRAWINGS
A. The electrical contractor shall keep a set of construction drawings during the length of the

project on which he shall note any and all changes from the original drawings.  Of special
importance is noting the actual location of all service entrances into the building and where
conduit stub outs have been installed. This record set of drawings shall be updated daily.  The
drawings shall be neat, orderly and marked in a way to be clearly interpreted.  The record
drawings shall be turned over to the Architect to update drawing files for a final set of drawings
for the owners record.
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B. When the submitted information has been deemed satisfactory and all information has been
transferred by the architect to the drawing files,  they shall be labeled as "RECORD
DRAWINGS" and copies turned over to the owner.  Only then will final approval and payment
be approved.

C. After the "RECORD DRAWINGS" have been approved by the Engineer, the contractor shall
have one set of prints made from the "Record Drawings" and shall wall mount a 4" PVC tube
with screw on cap in the main electrical room and place the set of prints in this tube.

1.14 CHANGE ORDERS
A. Change orders will not be issued for relocating electrical equipment or rerouting conduit and

wiring.  This section of the electrical specifications require that relocating of electrical equipment
or rerouting of conduit/wiring be done at no additional cost to the Owner.

B. When change orders are required for electrical work, the unit material and unit labor method
shall be used.  Unit values for material shall be contractors' net cost from distributor.  Unit
values for labor hours shall not be greater than those listed in the latest addition of Means
mechanical/electrical cost data.  Sales tax is to be added to materials and workman’s
compensation insurance is to be added to labor. Overhead and profit markup is to be added to
the materials and labor subtotal per the instructions in Division 01.

C. To calculate a credit for deleted work, the identical method of calculations shall be used for
deleted work that is used for new work. No money will be allowed for lost scheduling time or
estimation time.  The Engineer agrees to expedite change orders as rapidly as possible to
avoid construction delay.  The contractor may be required to estimate a number of alternatives
for change orders in order to arrive at the lowest cost for change orders.

D. There shall be no additional cost for the contractor to estimate multiple alternatives for
consideration.

1.15 QUALITY ASSURANCE
A. The contractor performing the electrical work shall employ craftsmen who are thoroughly

experienced and trained in the installation of electrical systems and general installation
coordination.  All work shall be done in the highest level of standards for the trade.  Any work
installed at a level that is less than the highest level of standards for the trade shall be removed
and reinstalled in the manner described above.

B. All equipment shall be installed in compliance with the manufacturer's published installation
recommendations and requirements, with any and all required accessories and mounting
hardware, and/or as approved by the Engineer. The manufacturer's published installation
requirements and recommendations shall become a part of the Owner's Manual (See
Paragraph 1.15)

1.16 OPERATING AND MAINTENANCE MANUALS:
A. The Manuals generally include all project submittals updated to reflect actually installed

conditions; operating instructions; maintenance schedules; training material; warranty and
bonds; and contact information for sales, warranty and service of equipment.  Refer to Division
01 of the specifications for complete requirements.

B. Provide manuals for each product or system.
1.17 TRAINING AND INSTRUCTIONS:

A. The Contractor shall provide training and instructions by knowledgeable representatives of the
products installed to fully train and instruct representatives of the using agency in the location,
function and operation of devices, equipment and systems installed under Division 26.  The
instruction shall include maintenance procedures for all such items. See specific sections in the
Project Manual for devices, equipment and systems for detailed requirements for training and
instructions.
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1.18 DELIVERY, STORAGE, AND PROTECTION
A. Where equipment is purchased by the electrical contractor to be installed in conformance with

the contract documents, the contractor shall follow the following procedure as it relates to
delivery, storage, and installation:
1. Coordinate any and all information with any and all contractors who are to do work to

accommodate the division 26 equipment/work.
2. Coordinate delivery of equipment.
3. Unload the equipment from delivery trucks.
4. Inspect equipment for damage.  Report damage immediately and arrange for the

equipment to be repaired or replaced.  No claims for time extensions or additional work
related to the damage will be accepted if not made within ten days of the delivery of the
equipment.

5. Inspect the equipment to assure correct make, model number, voltage, etc.
6. Provide for safe handling and field storage up to the time of permanent placement in the

project.
7. Provide for any and all field assembly and internal connection as may be necessary for

proper operation.
8. Install in place including any and all required mounting supports, connectors, fittings,

connections, and accessories required for complete system operation.
1.19 MANUFACTURER’S FIELD SERVICES:

A. Provide manufacturers field services where required under the specific sections of the Project
Manual using authorized and trained manufactures representatives of the equipment or
systems in question.  The field services shall include the following as a minimum:
1. Inspect the installation to verify that the installation meets or exceeds all manufacturer’s

requirements and recommendations for proper operation.
2. Start/energize the equipment and verify that the equipment/system is operating and

functioning as required by these specifications and the manufacturer’s requirements.
3. Provide written certification that field services have been performed and that

 equipment/system is operating and functioning as required by these specifications and
the manufacturer’s requirements.  Submit the certification as part of the closeout
documents.

B. Refer to specific sections of the Project Manual and provide all field service requirements listed
in addition to these general requirements.

1.20 WARRANTY
A. All work, equipment, and materials shall be new and without defects or blemishes, and

guaranteed to be free from defects for a period of one (1) year after project Substantial
Completion (NOT THE DATE OF INSTALLATION OR START-UP).  All installation and
installation materials shall also be guaranteed for the one (1) year period.  This shall cover such
items as equipment pads, supports, leaks from around equipment installation, etc and is
intended to cover everything installed or provided under this division of the contract.

B. Manufactured pieces of equipment shall have their guarantee also backed by the equipment
manufacturer.

C. During the warranty period there shall be no charge to the Owner for items and work done
under the warranty clause (Service calls).  This shall apply to replacement equipment,
equipment shipping charges, mileage, labor, all taxes, etc.

D. Refer to the other sections of the Project Manual for warranty requirements that may exceed
these general requirements and follow those requirements for the equipment, devices,
materials or systems in question.

E. See Section 01 7000 - Execution and Closeout Requirements, for additional warranty
requirements.
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PART 2  PRODUCTS
2.01 GENERAL:

A. All products shall be of new manufacturer (unless the plans and/or other sections of this
specification call for existing or other identified products to be used), age of less than one year,
and the latest model of a manufacturer.  A new product shall not be used if the manufacturer
has introduced a product as a replacement.  All materials and apparatus for the work shall be
furnished, delivered, erected, connected and finished in every detail, and shall be so selected
and arranged as to fit into the building spaces in compliance with all code requirements.

B. All equipment that is provided by the contractor, subcontractors, or specialty subcontractor (fire
alarm, etc) to be installed at the project site, shall be purchased and installed by the local (to
the project site) authorized, licensed, factory distributor/installer/supplier. Installed equipment
shall not be maintained by anyone other than the Owner or his separately contracted service
personnel. The contractor shall include with the submittals, verification in writing from the
manufacturer, that the supplier and/or distributor is a factory authorized and licensed by the
manufacturer to provide and install (throughout the entire length of the warrantee period) the
equipment. THERE SHALL BE NO EXCEPTIONS TO THIS REQUIREMENT.

C. By providing equipment to the project, a manufacturer guarantees to provide replacement parts
for the equipment for a period of five (5) years, even if the item provided goes out of
manufacture.

D. Manufacturer's catalog numbers listed are not necessarily complete and are for general
identification only.  It is the responsibility of the Contractor to provide complete catalog numbers
and to provide all accessories for installation as implied by the accompanying description of the
equipment, material or device, the demonstrated use on the drawings, and the specifications
contained herein. Products provided shall be a standard product which has a history of
successful installation and operation for a minimum period of two years.  Prototype or custom
made equipment is not acceptable unless so specified herein.

E. Manufacturer's instructions shall be obtained by the Contractor and used for the installation of
all equipment and devices where such manufacturer's instructions are available.

F. Where a substituted product is used instead of the specified product, the contractor will assume
any and all responsibility for the product to fit, function and perform as well as the specified
product.  The opinion of the engineer will be binding and shall govern all parties as to a
substituted product performing as well as the specified product.

G. Completeness:  Provide all boxes, off-sets, bends, raceways, devices, raceway supports,
installation brackets and supports, flexible connections, wiring connectors, labels and terminals
for the complete installation and operation of all products.  Each unit of product shall be
assembled and installed and all surfaces shall be clean and free of dents, scratches, and
abrasions or marred areas.

2.02 IDENTIFICATION
A. All equipment shall be marked and/or identified so that maintenance crews can locate

equipment.
B. All equipment items; switchboards, distribution, power, receptacle and lighting panelboards,

transformers, disconnects, motor control centers, switches, lighting contactors and wiring
gutters, of the electrical system shall be labeled.  Each distribution switch and circuit breaker in
a switchboard, or individually mounted, shall be labeled. These labels shall be engraved, black
laminated plastic labels, with 1/2 inch white letters.  For equipment connected to the emergency
power system, the labels shall be red laminated plastic with white letters.  Attach the labels to
the equipment with two sheet metal screws or rivets.

C. Circuit breakers in distribution panels (panels with hinged doors) shall be labeled by means of a
typed circuit breaker directory.  For all breakers serving lighting, receptacle, and HVAC circuits,
the contractor shall include on the panel schedule by the breaker number the room number(s)
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served by the circuit.  The room number(s) shall be the same number(s) as the room number(s)
on the door, not the space number as shown on the plans.  

D. Wire and cable identification shall be made so that all wire and cable can be identified by
means of color coding as noted in Section 26 0553.  Wiring marker for use in wire and terminal
identification shall be white cloth backed with a rubber based, pressure sensitive adhesive
labels.  Each wire or cable in a feeder at its terminal points, and in each pull-box, junction box,
and panel gutter through which it passes shall be identified.  Where two or more feeders enter
or leave a device or enclosure, the cable shall be tagged to indicate destination of cable run.
 Each common wire, common circuit or common loop of a system, fire alarm, sound system, or
TV system, shall be identified.

E. Device plates for local toggle switches, toggle switch-type motor starters, pilot lights, and the
like, whose function is not readily apparent shall labeled suitably describing the equipment
controlled or indicated. These labels shall be engraved, black laminated plastic labels, with 1/4
inch white letters.  For equipment connected to the emergency power system, the labels shall
be red laminated plastic with white letters.  Attach the labels to the equipment cover plates with
glue recommended by the manufacturer.

F. Where used with an empty raceway for wires of a future system, each box or cabinet shall be
identified on the inside by means of indelible markings indicating the system for which it is
installed.  Label any junction box, which includes wiring, with indelible markings on the outside
showing system and voltage.

PART 3  EXECUTION
3.01 GENERAL

A. Before any work is started, the electrical contractor shall coordinate the work of other
contractors that will affect the work of the electrical contractor.  The electrical contractor shall
inspect the work of all other trades to determine if the other work is ready for the electrical
contractor to start his work.

B. Any and all electrical installations shall be coordinated with other trades, contractors and the
Owner.

C. The contractor shall make himself familiar with existing conditions, site information, etc. so that
conflicts are avoided.

D. All work shall be installed per all applicable code, rules, regulations, shop drawings and
manufacturer's installation recommendations.

E. The electrical contractor shall be responsible for returning to original, pre-construction
condition, any paved areas, sidewalks, planting, walls, and other areas disturbed during
electrical installation work.

F. The electrical equipment shall be installed as close as possible to the location as shown on the
plans.  If during the installation, it is required to install equipment in locations other than the one
shown on the plans, the contractor shall make a sketch of the proposed changes, submit it to
the Engineer, and after the Engineer has given approval, then proceed with the installation.

G. Working spaces and clearances shall not be less than the required minimums in the National
Electric Code (NEC).

3.02 EXAMINATION
A. The Electrical Contractor is responsible for visiting and examining the site to determine those

portions of the site or present buildings affected by this work so as to become familiar with
existing conditions and difficulties that will attend the execution of the work, before submitting
proposals.

B. Submission of a proposal will be considered as evidence that such examination has been made
and later claims for labor, equipment, or materials because of difficulties encountered, which
could have been foreseen had such examination been made, will not be recognized.
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3.03 ADDITIONS RENOVATIONS AND REMODELING
A. All electrical work shall be coordinated and phased so as to assure electrical service to any

other buildings or parts of buildings that require use during construction.
B. All existing electrical system elements shall be protected from damage during any and all

additions, renovations, and remodeling.
C. All new electrical equipment and installations shall be installed and connected to existing work

or existing electrical system elements in a neat and careful manner.  Any existing electrical
work or system elements that are disturbed or damaged shall be replaced or repaired to the
pre-construction condition.

3.04 LOCATIONS OF EQUIPMENT REQUIRING ELECTRICAL SERVICE AND CONNECTIONS:
A. Coordinate the exact installed location of equipment that requires electrical connections that is

furnished and installed by other contractors.  The electrical drawings try to show the correct
location of all of these items, but it is the responsibility of the electrical contractor to coordinate
with all other contractors to determine the exact installed location of all equipment furnished
and installed by other contractors and wired by the electrical contractor.  Such coordination
shall include, but not limited to exact location, location of electrical connection, type of
connection required, and electrical characteristics.

3.05 OPENINGS, CUTTING AND PATCHING:
A. Contractor shall arrange for openings in the building structure or components to allow for

installation of electrical work or transport of electrical equipment as the project progresses.
B. Any cut portion of the building, wall, sidewalk, paved drives, ceiling, floors, roofs, etc., install

any raceway or apparatus or transport equipment, shall be restored in a manner such that the
end product complies with the specification for that type of work.  Where existing work is cut,
restore to the original (pre-construction) condition.  The electrical contractor shall be
responsible for returning to original, pre-construction condition, any of the above noted areas or
other areas disturbed during electrical installation work.

C. Structural, load bearing, or supporting device shall not be cut without approval in writing from
the Architect.

3.06 LOCATIONS OF OUTLET BOXES FOR EQUIPMENT AND GENERAL WIRING:
A. All outlets for lighting, power, and equipment, not specifically dimensioned are located

diagrammatically on the drawings.
B. Lighting fixtures and convenience outlets shall be located so that they will be symmetrical with

architectural details.
C. Equipment outlets shall be located so as to serve the equipment directly.  It is the Contractor's

responsibility to coordinate outlet location with equipment so that all outlets are accessible and
disconnect switches have clearance for operation.

D. If so directed by the Architect / Engineer / Owner, any outlet box may be moved 10 feet in any
direction.

3.07 EQUIPMENT HOUSEKEEPING PADS:
A. Provide a 4" high concrete pad for floor mounted electrical equipment such as switchboards,

motor control centers, transformers, and floor mounted cabinets.  Pads shall extend 4" beyond
the size of the equipment.  Round off all corners.  Anchor bolt each corner of the equipment to
the pad.  Secure the equipment to the pad with locknuts.

3.08 PAINTING:
A. Exposed conduit, ungalvanized troughs, metal frames and support racks and wooden surfaces

provided under this section shall be painted.  Paint color shall match and be the same paint as
the room finish paint unless noted elsewhere on the plans or in the specifications.  Clean
surfaces completely of all oil, wax, rust and old paint prior to repainting.  Paint shall be applied
to backup boards before switches, troughs, and devices are installed.  Paint shall include a
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primer and two coats of finished paint.  Touch-up scratched, or marred surfaces of lighting
fixtures and equipment with paint obtained from the equipment manufacturer especially for that
purpose.

3.09 ELECTRICAL SYSTEM TESTING:
A. At the time of the final inspection, or at such times as parts of the system may be completed, all

electrical systems shall be tested for compliance with the specifications.  The Contractor shall
provide all personnel and equipment; current, voltage and resistance measuring instruments,
ladders and lights to assist the Engineer in conducting the tests.  Authorized representatives of
the manufacturer shall be present to demonstrate compliance with specifications of their
specific system.

B. The Contractor shall remove equipment covers as directed for inspection of internal wiring.
 Accessible ceiling shall be removed as directed for inspection of equipment above the ceilings.
 After inspection and correction of any problems found, the Contractor shall replace all cover
plates, access plates and removable ceiling.

C. The life safety system shall be demonstrated to function in accordance with the specifications.
 Each device shall be tested for proper operation.

3.10 CLEANING:
A. At completion of the work the Contractor shall clean all exposed elements of the electrical

system so that all markings deteriorating the original finish appearance are removed.  All
lighting fixtures, lenses, and reflectors shall be cleaned inside and out and all lamps shall be left
clear of dust, dirt, and grime.

B. The Contractor shall specifically examine the interiors of panelboard cans, equipment cabinets,
lighting fixtures, junction boxes, and like components where conduit and wire connections have
been made, and all resulting wire ends, insulation cuttings, knock-out plugs, metal filings and
any other trash shall be removed so that interiors and exteriors are left free of all debris.

END OF SECTION
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SECTION 260501
ELECTRICAL DEMOLITION

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Electrical demolition.
1.02 RELATED REQUIREMENTS

A. Section 017000 - Execution and Closeout Requirements:  Additional requirements for
alterations work.

1.03 ADMINISTRATION
A. It is not possible to delineate the full scope of the demolition work in the construction

documents due to the inaccuracy of existing drawings and sometimes lack of drawings or other
documentation entirely.   Field work by the Architect and Engineer is also limited in scope and
yields limited results from factors that include lack of existing documentation and limited
access.  Therefore the Contractor must make reasonable allowances for work not reflected by
the Constructions documents based on the Contractor's experience.  Do not completely rely on
the Demolition plans to identify circuiting and the safe removal of power from circuits to perform
work.  It is the responsibility of the Contractor to trace out and verify circuit conditions by taking
voltage measurements, using circuit tracers or other methods to verify circuit status.

PART 2  PRODUCTS
2.01 MATERIALS AND EQUIPMENT

A. Materials and equipment for patching and extending work:  As specified in individual sections.
PART 3  EXECUTION
3.01 EXAMINATION

A. All demolition work shall be preformed with due care and diligence so as to prevent the
unnecessary destruction and/or damage to systems that shall remain in operation at the
conclusion of the project.  Determine the exact location of all existing equipment, devices and
wiring before commencing work.

B. Preserve all portions of the existing electrical systems which shall remain.
C. Verify field measurements and circuiting arrangements shown on Drawings.
D. Verify that abandoned wiring and equipment serve only abandoned facilities.
E. Demolition drawings are based on casual field observation and existing record documents.

Equipment and circuits have been shown in an approximate way and have not been
independently verified by the owner or engineer.  Determine all work necessary to renovate,
alter, change and repair existing systems based on the actual field conditions.  Contractors will
be expected to make reasonable assumptions about the work based on their experience with
projects of similar scope and size.

F. Conduit and wiring are not shown on the demolition plan but shall be considered fully a part of
the work.

G. Existing conduit and wiring may be re-used where they are of the type specified, meet the
requirements for the new work as defined by the Contract Documents and remain in good
condition.

H. Existing circuitry without a separate grounding conductor shall not be re-used.
I. Report discrepancies to Owner before disturbing existing installation.
J. Beginning of demolition means installer accepts existing conditions and agrees to be fully

responsible for any and all damages caused by a failure to exactly locate and preserve any and
all existing portions of the electrical system.
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3.02 PREPARATION
A. Disconnect electrical systems in walls, floors, and ceilings to be removed.
B. Coordinate utility service outages with utility company.
C. Provide temporary wiring and connections to maintain existing systems in service during

construction.  When work must be performed on energized equipment or circuits, use personnel
experienced in such operations.

D. Existing Electrical Service:  Maintain existing system in service until new system is complete
and ready for service.  Disable system only to make switchovers and connections.  Minimize
outage duration.
1. Obtain permission from Owner at least 1 week before partially or completely disabling

system.
2. Make temporary connections to maintain service in areas adjacent to work area.

3.03 DEMOLITION AND EXTENSION OF EXISTING ELECTRICAL WORK
A. Remove, relocate, and extend existing installations to accommodate new construction.

Maintain the continuity of service and grounding to the existing circuits and other system
elements contained within the area of construction that serve other areas of the facility and
conceal them above ceilings and other building elements in the new construction.

B. Remove abandoned wiring to source of supply or to the point on a shared circuit from where
the equipment of device is served.

C. Remove exposed abandoned conduit, including abandoned conduit above accessible ceiling
finishes.  Cut conduit flush with walls and floors, and patch surfaces.

D. Disconnect abandoned outlets and remove devices.  Remove abandoned outlets if conduit
servicing them is abandoned and removed.  Provide blank cover for abandoned outlets that are
not removed.

E. Remove and re-install or protect in place all existing equipment and devices shown to remain
on or in walls, ceilings and floors which are exposed to demolition and construction activities
and which may be damaged by dust, dirt, debris and painting.  Where new walls are extended
extend boxes and wiring to accommodate new finish.

F. Replace existing devices shown to remain in operation and and their associated coverplates
which have been damaged.

G. Disconnect and remove abandoned panelboards and distribution equipment.
H. Coordinate disconnect and remove electrical devices and equipment serving utilization

equipment that has been removed.  Examine the demolition plans of all trades provide
electrical demolition services for equipment and devices being removed.

I. Disconnect and remove abandoned luminaires.  Remove brackets, stems, hangers, and other
accessories.

J. Provide all cutting and patching to repair any damage caused by construction activities
including adjacent construction and finishes damaged during demolition and extension work.

K. Maintain access to existing electrical installations that remain active.  Modify installation or
provide access panel as appropriate.

L. Extend existing installations using materials and methods compatible with existing electrical
installations, or as specified.

3.04 CLEANING AND REPAIR
A. Clean and repair existing materials and equipment that remain or that are to be reused.
B. Panelboards:  Clean exposed surfaces and check tightness of electrical connections.  Replace

damaged circuit breakers and provide closure plates for vacant positions.  Provide newly
revised typed panelboard directories for existing panelboards to reflect new circuit conditions as
a result of construction and demolition.
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C. Luminaires:  Remove existing luminaires for cleaning.  Use mild detergent to clean all exterior
and interior surfaces; rinse with clean water and wipe dry.  Replace lamps , ballasts and broken
electrical parts.

D. All equipment, devices and materials removed during demolition work and not indicated to be
reused or turned over to the owner, shall become the responsibility of the Contractor for
disposal.

END OF SECTION
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SECTION 260519
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Single conductor building wire.
B. Wiring connectors.
C. Electrical tape.
D. Heat shrink tubing.
E. Wire pulling lubricant.
F. Cable ties.

1.02 RELATED REQUIREMENTS
A. Section 260526 - Grounding and Bonding for Electrical Systems:  Additional requirements for

grounding conductors and grounding connectors.
B. Section 260553 - Identification for Electrical Systems:  Identification products and requirements.

1.03 REFERENCE STANDARDS
A. ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2013 (Reapproved 2024).
B. ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard,

Medium-Hard, or Soft; 2023.
C. ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical

Purposes; 2010, with Editorial Revision (2020).
D. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded Copper

Conductors for Subsequent Insulation; 2004 (Reapproved 2020).
E. ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic

Pressure-Sensitive Electrical Insulating Tape; 2024.
F. ASTM D4388 - Standard Specification for Nonmetallic Semi-Conducting and Electrically

Insulating Rubber Tapes; 2020.
G. FS A-A-59544 - Cable and Wire, Electrical (Power, Fixed Installation); 2008a (Validated 2019).
H. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
I. NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrical

Energy; 2021.
J. NETA ATS - Standard for Acceptance Testing Specifications for Electrical Power Equipment

And Systems; 2025.
K. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
L. UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All Revisions.
M. UL 83 - Thermoplastic-Insulated Wires and Cables; Current Edition, Including All Revisions.
N. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions.
O. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions.
P. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions.
Q. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape; Current Edition,

Including All Revisions.
1.04 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
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1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under other
sections with the actual conductors to be installed, including adjustments for conductor
sizes increased for voltage drop.

2. Coordinate with electrical equipment installed under other sections to provide terminations
suitable for use with the conductors to be installed.

3. Notify Architect of any conflicts with or deviations from Contract Documents.  Obtain
direction before proceeding with work.

B. NEMA WC 3 - Rubber-Insulated Wire and Cable for the Transmission and Distribution of
Electrical Energy.

C. NEMA WC 5 - Thermoplastic-Insulated Wire and Cable for the Transmission and Distribution of
Electrical Energy.

1.05 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures and Section 26

0500.
B. Field Quality Control Test Reports.

1.06 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.
B. Maintain at the project site a copy of each referenced document that prescribes execution

requirements.
1.07 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's
instructions.

1.08 FIELD CONDITIONS
A. Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower

than 14 degrees F (-10 degrees C), unless otherwise permitted by manufacturer's instructions.
When installation below this temperature is unavoidable, notify Architect and obtain direction
before proceeding with work.

PART 2  PRODUCTS
2.01 CONDUCTOR AND CABLE APPLICATIONS

A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and
product listing.

B. Provide single conductor building wire installed in suitable raceway unless otherwise indicated,
permitted, or required.

C. Nonmetallic-sheathed cable is not permitted.
D. Underground feeder and branch-circuit cable is not permitted.
E. Service entrance cable is not permitted.
F. Armored cable is not permitted.
G. Metal-clad cable is not permitted.
H. Use stranded conductors for control circuits.
I. Use conductor not smaller than 14 AWG for control circuits.
J. Conductor sizes are based on copper unless indicated as aluminum or "AL".

2.02 CONDUCTOR AND CABLE MANUFACTURERS
A. Cerro Wire LLC:  www.cerrowire.com.
B. Encore Wire Corporation:  www.encorewire.com.
C. Industrial Wire & Cable, Inc:  www.iewc.com.
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D. Southwire Company:  www.southwire.com.
E. Substitutions:  See Section 016000 - Product Requirements.

2.03 CONDUCTOR AND CABLE GENERAL REQUIREMENTS
A. Provide products that comply with requirements of NFPA 70.
B. Provide products listed, classified, and labeled as suitable for the purpose intended.
C. Provide new conductors and cables manufactured not more than one year prior to installation.
D. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring,

connectors, etc. as required for a complete operating system.
E. Comply with NEMA WC 70.
F. Comply with FS A-A-59544 where applicable.
G. Thermoplastic-Insulated Conductors and Cables:  Listed and labeled as complying with UL 83.
H. Thermoset-Insulated Conductors and Cables:  Listed and labeled as complying with UL 44.
I. Conductors for Grounding and Bonding:  Also comply with Section 260526.
J. Conductor Material:

1. Provide copper conductors only.  Aluminum conductors are not acceptable for this project.
Conductor sizes indicated are based on copper.

2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated copper
conductors complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless otherwise
indicated.

3. Tinned Copper Conductors:  Comply with ASTM B33.
K. Minimum Conductor Size:

1. Branch Circuits:  12 AWG.
a. Exceptions:

1) 20 A, 120 V circuits longer than 75 feet (23 m):  10 AWG, for voltage drop.
2) 20 A, 120 V circuits longer than 150 feet (46 m):  8 AWG, for voltage drop.
3) 20 A, 277 V circuits longer than 150 feet (46 m):  10 AWG, for voltage drop.

2. Control Circuits:  14 AWG.
L. Conductor Color Coding:

1. Color code conductors as indicated unless otherwise required by the authority having
jurisdiction.  Maintain consistent color coding throughout project.

2. Color Coding Method:  Integrally colored insulation.
a. Conductors size 4 AWG and larger may have black insulation color coded using vinyl

color coding electrical tape.
3. Color Code:

a. 480Y/277 V, 3 Phase, 4 Wire System:
1) Phase A:  Brown.
2) Phase B:  Orange.
3) Phase C:  Yellow.
4) Neutral/Grounded:  Gray.

b. 208Y/120 V, 3 Phase, 4 Wire System:
1) Phase A:  Black.
2) Phase B:  Red.
3) Phase C:  Blue.
4) Neutral/Grounded:  White.

c. Equipment Ground, All Systems:  Green.
d. For modifications or additions to existing wiring systems, comply with existing color

code when existing code complies with NFPA 70 and is approved by the authority
having jurisdiction.

e. For control circuits, comply with manufacturer's recommended color code.
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2.04 SINGLE CONDUCTOR BUILDING WIRE
A. Manufacturers:

1. Copper Building Wire:
a. Cerro Wire LLC:  www.cerrowire.com/#sle.
b. Encore Wire Corporation:  www.encorewire.com/#sle.
c. General Cable Technologies Corporation:  www.generalcable.com/#sle.
d. Southwire Company:  www.southwire.com/#sle.
e. Substitutions:  See Section 016000 - Product Requirements.

B. Description:  Single conductor insulated wire.
C. Conductor Stranding:

1. Feeders and Branch Circuits:Stranded.
D. Insulation Voltage Rating:  600 V.
E. Insulation:

1. Copper Building Wire:  Type THHN/THWN or THHN/THWN-2, except as indicated below.
a. Size 4 AWG and Larger:  Type XHHW-2.
b. Installed Underground:  Type XHHW-2.

2.05 WIRING CONNECTORS
A. Description:  Wiring connectors appropriate for the application, suitable for use with the

conductors to be connected, and listed as complying with UL 486A-486B or UL 486C as
applicable.

B. Wiring Connectors for Splices and Taps:
1. Copper Conductors Size 8 AWG and Smaller:  Use twist-on insulated spring connectors.
2. Copper Conductors Size 6 AWG and Larger:  Use mechanical connectors or compression

connectors.
C. Wiring Connectors for Terminations:

1. Provide terminal lugs for connecting conductors to equipment furnished with terminations
designed for terminal lugs.

2. Provide compression adapters for connecting conductors to equipment furnished with
mechanical lugs when only compression connectors are specified.

3. Where over-sized conductors are larger than the equipment terminations can
accommodate, provide connectors suitable for reducing to appropriate size, but not less
than required for the rating of the overcurrent protective device.

4. Provide motor pigtail connectors for connecting motor leads in order to facilitate
disconnection.

5. Copper Conductors Size 8 AWG and Larger:  Use mechanical connectors or compression
connectors where connectors are required.

6. Stranded Conductors Size 10 AWG and Smaller:  Use crimped terminals for connections
to terminal screws.

7. Conductors for Control Circuits:  Use crimped terminals for all connections.
D. Twist-on Insulated Spring Connectors:  Rated 600 V, 221 degrees F (105 degrees C) for

standard applications and 302 degrees F (150 degrees C) for high temperature applications;
pre-filled with sealant and listed as complying with UL 486D for damp and wet locations.
1. Manufacturers:

a. 3M:  www.3m.com/#sle.
b. Ideal Industries, Inc:  www.idealindustries.com/#sle.
c. NSI Industries LLC:  www.nsiindustries.com/#sle.

E. Mechanical Connectors:  Provide bolted type or set-screw type.
1. Manufacturers:

a. Burndy:  www.burndy.com.
b. Ilsco:  www.ilsco.com/#sle.
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c. Thomas & Betts Corporation:  www.tnb.com/#sle.
F. Compression Connectors:  Provide circumferential type or hex type crimp configuration.

1. Manufacturers:
a. Burndy:  www.burndy.com.
b. Ilsco:  www.ilsco.com/#sle.
c. Thomas & Betts Corporation:  www.tnb.com/#sle.

G. Crimped Terminals:  Nylon-insulated, with insulation grip and terminal configuration suitable for
connection to be made.
1. Manufacturers:

a. Burndy:  www.burndy.com.
b. Ilsco:  www.ilsco.com/#sle.
c. Thomas & Betts Corporation:  www.tnb.com/#sle.

2.06 ACCESSORIES
A. Electrical Tape:

1. Manufacturers:
a. 3M:  www.3m.com/#sle.
b. Plymouth Rubber Europa:  www.plymouthrubber.com/#sle.
c. Substitutions:  See Section 016000 - Product Requirements.

2. Vinyl Color Coding Electrical Tape:  Integrally colored to match color code indicated; listed
as complying with UL 510; minimum thickness of 7 mil (0.18 mm); resistant to abrasion,
corrosion, and sunlight; suitable for continuous temperature environment up to 221
degrees F (105 degrees C).

3. Vinyl Insulating Electrical Tape:  Complying with ASTM D3005 and listed as complying
with UL 510; minimum thickness of 7 mil (0.18 mm); resistant to abrasion, corrosion, and
sunlight; conformable for application down to 0 degrees F (-18 degrees C) and suitable for
continuous temperature environment up to 221 degrees F (105 degrees C).

4. Rubber Splicing Electrical Tape:  Ethylene Propylene Rubber (EPR) tape, complying with
ASTM D4388; minimum thickness of 30 mil (0.76 mm); suitable for continuous
temperature environment up to 194 degrees F (90 degrees C) and short-term 266 degrees
F (130 degrees C) overload service.

5. Electrical Filler Tape:  Rubber-based insulating moldable putty, minimum thickness of 125
mil (3.2 mm); suitable for continuous temperature environment up to 176 degrees F (80
degrees C).

6. Varnished Cambric Electrical Tape:  Cotton cambric fabric tape, with or without adhesive,
oil-primed and coated with high-grade insulating varnish; minimum thickness of 7 mil (0.18
mm); suitable for continuous temperature environment up to 221 degrees F (105 degrees
C).

7. Moisture Sealing Electrical Tape:  Insulating mastic compound laminated to flexible, all-
weather vinyl backing; minimum thickness of 90 mil (2.3 mm).

B. Heat Shrink Tubing:  Heavy-wall, split-resistant, with factory-applied adhesive; rated 600 V;
suitable for direct burial applications; listed as complying with UL 486D.
1. Manufacturers:

a. 3M:  www.3m.com/#sle.
b. Burndy LLC:  www.burndy.com/#sle.
c. Thomas & Betts Corporation:  www.tnb.com/#sle.
d. Substitutions:  See Section 016000 - Product Requirements.

C. Wire Pulling Lubricant:
1. Manufacturers:

a. 3M:  www.3m.com/#sle.
b. American Polywater Corporation:  www.polywater.com/#sle.
c. Ideal Industries, Inc:  www.idealindustries.com/#sle.
d. Substitutions:  See Section 016000 - Product Requirements.



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

Low-Voltage Electrical Power
Conductors and Cables 260519  

2. Listed and labeled as complying with UL 267.
3. Suitable for use with conductors/cables and associated insulation/jackets to be installed.
4. Suitable for use at installation temperature.

D. Cable Ties:  Material and tensile strength rating suitable for application.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that interior of building has been protected from weather.
B. Verify that work likely to damage wire and cable has been completed.
C. Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to

accommodate conductors and cables in accordance with NFPA 70.
D. Verify that raceway installation is complete and supported.
E. Verify that field measurements are as indicated.
F. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION
A. Clean raceways thoroughly to remove foreign materials before installing conductors and

cables.
3.03 INSTALLATION

A. Circuiting Requirements:
1. Unless dimensioned, circuit routing indicated is diagrammatic.
2. When circuit destination is indicated without specific routing, determine exact routing

required.
3. Arrange circuiting to minimize splices.
4. Include circuit lengths required to install connected devices within 10 ft (3.0 m) of location

indicated.
5. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and power-

limited circuits in accordance with NFPA 70.
6. Maintain separation of wiring for emergency systems in accordance with NFPA 70.
7. Circuiting Adjustments:  Unless otherwise indicated, when branch circuits are indicated as

separate, combining them together in a single raceway is not permitted.
8. Common Neutrals:  Unless otherwise indicated, sharing of neutral/grounded conductors

among up to three single phase branch circuits of different phases installed in the same
raceway is not permitted.  Provide dedicated neutral/grounded conductor for each
individual branch circuit.

9. Provide oversized neutral/grounded conductors where indicated and as specified below.
a. Provide 200 percent rated neutral for feeders fed from K-rated transformers.
b. Provide 200 percent rated neutral for feeders serving panelboards with 200 percent

rated neutral bus.
B. Install products in accordance with manufacturer's instructions.
C. Perform work in accordance with NECA 1 (general workmanship).
D. Installation in Raceway:

1. Tape ends of conductors and cables to prevent infiltration of moisture and other
contaminants.

2. Pull all conductors and cables together into raceway at same time.
3. Do not damage conductors and cables or exceed manufacturer's recommended maximum

pulling tension and sidewall pressure.
4. Use suitable wire pulling lubricant where necessary, except when lubricant is not

recommended by the manufacturer.
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E. Paralleled Conductors:  Install conductors of the same length and terminate in the same
manner.

F. Secure and support conductors and cables in accordance with NFPA 70 using suitable
supports and methods approved by the authority having jurisdiction.  Provide independent
support from building structure.  Do not provide support from raceways, piping, ductwork, or
other systems.
1. Installation Above Suspended Ceilings:  Do not provide support from ceiling support

system. Do not provide support from ceiling grid or allow conductors and cables to lay on
ceiling tiles.

2. Installation in Vertical Raceways:  Provide supports where vertical rise exceeds
permissible limits.

G. Terminate cables using suitable fittings.
H. Install conductors with a minimum of 12 inches (300 mm) of slack at each outlet.
I. Where conductors are installed in enclosures for future termination by others, provide a

minimum of 5 feet (1.5 m) of slack.
J. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment

enclosures.
K. Group or otherwise identify neutral/grounded conductors with associated ungrounded

conductors inside enclosures in accordance with NFPA 70.
L. Make wiring connections using specified wiring connectors.

1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or make
splices in conduit bodies or wiring gutters.

2. Remove appropriate amount of conductor insulation for making connections without
cutting, nicking or damaging conductors.

3. Do not remove conductor strands to facilitate insertion into connector.
4. Clean contact surfaces on conductors and connectors to suitable remove corrosion,

oxides, and other contaminates. Do not use wire brush on plated connector surfaces.
5. Mechanical Connectors:  Secure connections according to manufacturer's recommended

torque settings.
6. Compression Connectors:  Secure connections using manufacturer's recommended tools

and dies.
M. Insulate splices and taps that are made with uninsulated connectors using methods suitable for

the application, with insulation and mechanical strength at least equivalent to unspliced
conductors.
1. Dry Locations:  Use insulating covers specifically designed for the connectors, electrical

tape, or heat shrink tubing.
a. For taped connections, first apply adequate amount of rubber splicing electrical tape

or electrical filler tape, followed by outer covering of vinyl insulating electrical tape.
b. For taped connections likely to require re-entering, including motor leads, first apply

varnished cambric electrical tape, followed by adequate amount of rubber splicing
electrical tape, followed by outer covering of vinyl insulating electrical tape.

2. Damp Locations:  Use insulating covers specifically designed for the connectors, electrical
tape, or heat shrink tubing.
a. For connections with insulating covers, apply outer covering of moisture sealing

electrical tape.
b. For taped connections, follow same procedure as for dry locations but apply outer

covering of moisture sealing electrical tape.
3. Wet Locations:  Use heat shrink tubing.

N. Insulate ends of spare conductors using vinyl insulating electrical tape.
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O. Field-Applied Color Coding:  Where vinyl color coding electrical tape is used in lieu of integrally
colored insulation as permitted in Part 2 under "Color Coding", apply half overlapping turns of
tape at each termination and at each location conductors are accessible.

P. Identify conductors and cables in accordance with Section 260553.
Q. Color Code Legend:  Provide identification label identifying color code for ungrounded

conductors at each piece of feeder or branch-circuit distribution equipment when premises has
feeders or branch circuits served by more than one nominal voltage system.

R. Install firestopping to preserve fire resistance rating of partitions and other elements.
S. Unless specifically indicated to be excluded, provide final connections to all equipment and

devices, including those furnished by others, as required for a complete operating system.
T. Where a circuit home run or a feeder is shown on the plans without any conductor or raceway

identification, it shall be a minimum of 2 # 12, 1 # 12 Ground, 3/4" Conduit unless additional
information is available as follows:
1. Where an overcurrent device is shown for the circuit in panelboards or otherwise noted,

size the conductor and raceway to match the overcurrent device rating.  If the feeder or
homerun is shown connected to a transformer, electric motor, mechanical equipment or
other equipment for which load information is available on the plans or in the project
manual, provide conductors and raceways sized to the load capacity of the equipment.
Verify final sizes with the Engineer in such cases.

U. Use suitable wire pulling lubricant for building wire 4 AWG and larger.
V. Use no wire smaller than 12 AWG for power and lighting circuits, and no smaller than 14 AWG

for control wiring.
W. Protect exposed cable from damage.
X. Support cables or flexible metal conduits above accessible ceiling, using spring metal clips or

metal cable ties to support cables from structure or ceiling suspension system.  Do not rest
cable on ceiling panels. Provide bridle rings or drive rings.

Y. Support cables above accessible ceilings to building structural elements, steel channel trapeze
hangers, or other manufactured hangers or support systems fastened to or hung from the
building structure. It is permissible to use the ceiling wire or separate support wire installed for
the purpose to support the final six feet of cable connected to light fixtures.  Do not lay cables
on ceiling tiles or on duct work, piping or other system elements.

Z. Use a power distribution block as manufactured by Ilsco (sized for the size and number of
conductors, and splice type) for splices and taps, 6 AWG and larger.  Power distribution block
shall be installed in a junction box, sized per NEC.

3.04 CONDUCTOR/CABLE IDENTIFICATION
A. Each wire or cable in a feeder at its terminal points, and in each pull box, junction box, and

panel gutter through which it passes shall be identified to show the circuit number of the
breaker to which it connects.  Each common wire, common circuit to common loop of a system,
fire alarm, sound system, TV system, or any signal system conductor, shall be identified.  Refer
to Section 26 0553 for additional instructions.

3.05 FIELD QUALITY CONTROL
A. Inspect wire and cable for physical damage and proper connection.
B. Torque test conductor connections and terminations to manufacturer's recommended values.
C. Perform continuity test on all power and equipment branch circuit conductors.  Verify proper

phasing connections.
D. Feeder Resistance Testing:

1. All current carrying phase conductors and neutrals shall be tested as installed, and before
connections are made, for insulation resistance and accidental grounds. This shall be
done with a 500-volt megger. The procedures listed below shall be followed:
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2. Minimum readings shall be one million (1,000,000) or more ohms for #6 AWG wire and
smaller, 250,000 ohms or more for #4 AWG wire or larger, between conductors and
between conductor and the grounding conductor.

3. After all fixtures, devices, and equipment are installed and all connections completed to
each panel, the contractor shall disconnect the neutral feeder conductor from the neutral
bar and take a megger reading between the neutral bar and the grounded enclosure. If
this reading is less than 250,000 ohms, the contractor shall disconnect the branch circuit
neutral wires from this neutral bar. He shall then test each one separately to the panel
until source of the low reading is found. The contractor shall correct troubles, reconnect,
and retest until at least 250,000 ohms from the neutral bar to the grounded panel can be
achieved with only the neutral feeder disconnected.

4. Document test by tabulating the readings with time of day, date, temperature and all
pertinent test information.  Submit documentation to the engieer prior to the final
inspection and as a prerequisite for final acceptance of the project.

5. At final inspection, the contractor shall furnish a megger and show the engineers and
State Construction Office representatives that the panels comply with the above.

E. Inspect and test in accordance with NETA ATS, except Section 4.
F. Perform inspections and tests listed in NETA ATS, Section 7.3.2.  The insulation resistance test

is required for all conductors. The resistance test for parallel conductors listed as optional is not
required.

G. Correct deficiencies and replace damaged or defective conductors and cables.
H. Perform inspections and tests listed in NETA STD ATS, Section 7.3.2.

END OF SECTION
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SECTION 260526
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Grounding and bonding requirements.
B. Conductors for grounding and bonding.
C. Connectors for grounding and bonding.
D. Ground bars.
E. Grounding and bonding components.

1.02 SYSTEM DESCRIPTION
A. Furnish all labor, materials, services, equipment and appliances required in conjunction with a

grounding system as indicated in the Contract Documents.
B. Ground each separately-derived system neutral to separate grounding electrode.
C. Bond together system neutrals, service equipment enclosures, exposed non-current carrying

metal parts of electrical equipment, metal raceway systems, grounding conductor in raceways
and cables, receptacle ground connectors, and plumbing systems.

1.03 RELATED REQUIREMENTS
A. Section 260553 - Identification for Electrical Systems:  Identification products and requirements.

1.04 REFERENCE STANDARDS
A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
B. NETA ATS - Standard for Acceptance Testing Specifications for Electrical Power Equipment

And Systems; 2025.
C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
D. UL 467 - Grounding and Bonding Equipment; Current Edition, Including All Revisions.

1.05 PERFORMANCE REQUIREMENTS
A. Grounding System Resistance:  5 ohms.

1.06 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittals procedures.
B. Project Record Documents:  Record actual locations of components and grounding electrodes.
C. Certificate of Compliance:  Indicate approval of installation by authority having jurisdiction.

1.07 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.

PART 2  PRODUCTS
2.01 GROUNDING AND BONDING REQUIREMENTS

A. Existing Work:  Where existing grounding and bonding system components are indicated to be
reused, they may be reused only where they are free from corrosion, integrity and continuity are
verified, and where acceptable to the authority having jurisdiction.

B. Do not use products for applications other than as permitted by NFPA 70 and product listing.
C. Unless specifically indicated to be excluded, provide all required components, conductors,

connectors, conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete
grounding and bonding system.
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D. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable
minimum size requirements specified.

E. Grounding Electrode System:
1. Provide connection to required and supplemental grounding electrodes indicated to form

grounding electrode system.
a. Provide continuous grounding electrode conductors without splice or joint.
b. Install grounding electrode conductors in raceway where exposed to physical

damage. Bond grounding electrode conductor to metallic raceways at each end with
bonding jumper.

F. Bonding and Equipment Grounding:
1. Provide bonding for equipment grounding conductors, equipment ground busses, metallic

equipment enclosures, metallic raceways and boxes, device grounding terminals, and
other normally non-current-carrying conductive materials enclosing electrical
conductors/equipment or likely to become energized as indicated and in accordance with
NFPA 70.

2. Provide insulated equipment grounding conductor in each feeder and branch circuit
raceway. Do not use raceways as sole equipment grounding conductor.

3. Where circuit conductor sizes are increased for voltage drop, increase size of equipment
grounding conductor proportionally in accordance with NFPA 70.

4. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit
equipment grounding conductor and to outlet box with bonding jumper.

5. Terminate branch circuit equipment grounding conductors on solidly bonded equipment
ground bus only. Do not terminate on neutral (grounded) or isolated/insulated ground bus.

6. Provide bonding jumper across expansion or expansion/deflection fittings provided to
accommodate conduit movement.

7. Provide bonding for interior metal air ducts.
2.02 GROUNDING AND BONDING COMPONENTS

A. General Requirements:
1. Provide products listed, classified, and labeled as suitable for the purpose intended.
2. Provide products listed and labeled as complying with UL 467 where applicable.

B. Conductors for Grounding and Bonding, in Addition to Requirements of Section 260526:
1. Use insulated copper conductors unless otherwise indicated.

a. Exceptions:
1) Use bare copper conductors where installed underground in direct contact with

earth.
C. Connectors for Grounding and Bonding:

1. Description:  Connectors appropriate for the application and suitable for the conductors
and items to be connected; listed and labeled as complying with UL 467.

2. Unless otherwise indicated, use mechanical connectors, compression connectors, or
exothermic welded connections for accessible connections.

3. Manufacturers - Mechanical and Compression Connectors:
a. allG Fabrication ​​:  www.allgfab.com/#sle.
b. Burndy LLC:  www.burndy.com/#sle.
c. Harger Lightning & Grounding:  www.harger.com/#sle.
d. Thomas & Betts Corporation:  www.tnb.com/#sle.
e. Substitutions:  See Section 016000 - Product Requirements.

4. Manufacturers - Exothermic Welded Connections:
a. Burndy LLC:  www.burndy.com/#sle.
b. thermOweld, subsidiary of Continental Industries; division of Burndy LLC:

 www.thermoweld.com/#sle.
c. Substitutions:  See Section 016000 - Product Requirements.

D. Ground Bars:
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1. Description:  Copper rectangular ground bars with mounting brackets and insulators.
2. Size:  As indicated.
3. Holes for Connections:  As indicated or as required for connections to be made.

2.03 CONNECTORS AND ACCESSORIES
A. Mechanical Connectors:  Bronze.
B. Exothermic Connections:
C. Wire:  Stranded copper.
D. Grounding Electrode Conductor:  Size to meet NFPA 70 requirements.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that work likely to damage grounding and bonding system components has been
completed.

B. Verify that field measurements are as indicated.
C. Verify that conditions are satisfactory for installation prior to starting work.
D. Verify existing conditions prior to beginning work.

3.02 GENERAL INSTALLATION REQUIREMENTS
A. Install products in accordance with manufacturer's instructions.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Make grounding and bonding connections using specified connectors.

1. Remove appropriate amount of conductor insulation for making connections without
cutting, nicking or damaging conductors. Do not remove conductor strands to facilitate
insertion into connector.

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and
contact surfaces.

3. Exothermic Welds:  Make connections using molds and weld material suitable for the
items to be connected in accordance with manufacturer's recommendations.

4. Mechanical Connectors:  Secure connections according to manufacturer's recommended
torque settings.

5. Compression Connectors:  Secure connections using manufacturer's recommended tools
and dies.

D. Identify grounding and bonding system components in accordance with Section 260553.
E. Ground electrical work in accordance with NEC Article 250, local codes as specified herein, and

as shown on the drawings.
F. Provide a separate, insulated equipment grounding conductor in feeder and branch circuits.

 Terminate each end on a grounding lug, bus, or bushing.
G. Install ground cables continuous between connections. Splices will not be allowed except

where indicated on the drawings.  Connections made by the CADWELD(R) Process are not
considered splices.  Where ground cables pass through floor slabs, building walls, etc., and are
not in metallic enclosures, provide the sleeves of approved nonmetallic material.

H. Install equipment grounding conductors in raceway with feeder conductors.
I. Ground interior lighting fixtures with grounding conductor to rigid metal raceways serving them.

Flexible metal conduit shall have a ground wire installed with the power conductors.
J. Where connections are made to motors or equipment with flexible metal conduit, grounding

conductor shall be stranded copper conductor within the conduit, bonded to the equipment and
to the rigid metal raceway system.  Size conductor in accordance with NEC Table 250-94 or as
shown on the plans.



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

Grounding and Bonding for
Electrical Systems 260526  

K. At each convenience outlet, install a grounding clip attached to the outlet box and leave a
sufficient length of #12 wire with green colored insulation to connect to the grounding terminal
of the receptacle.  Grounding clip shall be equal to Steel City Type G.   This requirement may
be deleted if automatic grounding clip receptacle meeting NEC Article 250-74, Exception No. 2,
is used.

L. Provide bonding to meet requirements described in Quality Assurance.
M. Equipment Grounding Conductor:  Provide separate, insulated conductor within each feeder

and branch circuit raceway.  Terminate each end on suitable lug, bus, or bushing.
3.03 FIELD QUALITY CONTROL

A. See Section 014000 - Quality Requirements, for additional requirements.
B. Provide field inspection in accordance with Section 014000. Inspect grounding and bonding

system conductors and connections for tightness and proper installation
C. Inspect and test in accordance with NETA ATS except Section 4.
D. Perform inspections and tests listed in NETA ATS, Section 7.13.
E. Perform ground electrode resistance tests under normally dry conditions. Precipitation within

the previous 48 hours does not constitute normally dry conditions.
F. Investigate and correct deficiencies where measured ground resistances do not comply with

specified requirements.
3.04 COORDINATION

A. Coordinate the work under this section with the work under other divisions of the specifications.
END OF SECTION
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SECTION 260529
HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Support and attachment requirements and components for equipment, conduit, cable, boxes,
and other electrical work.

1.02 RELATED REQUIREMENTS
A. Section 260533.13 - Conduit for Electrical Systems:  Additional support and attachment

requirements for conduits.
B. Section 260533.16 - Boxes for Electrical Systems:  Additional support and attachment

requirements for boxes.
1.03 REFERENCE STANDARDS

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron
and Steel Products; 2024.

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel
Hardware; 2023.

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel;
2023.

D. MFMA-4 - Metal Framing Standards Publication; 2004.
E. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.04 SUBMITTALS

A. See Section 013000 - Administrative Requirements for submittal procedures.
B. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by

product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

1.05 QUALITY ASSURANCE
1.06 RECORD DRAWINGS

A. Comply with the applicable instructions in Section 26 0500.
PART 2  PRODUCTS
2.01 SUPPORT AND ATTACHMENT COMPONENTS

A. General Requirements:
1. Comply with the following. Where requirements differ, comply with most stringent.

a. NFPA 70.
b. Requirements of authorities having jurisdiction.

2. Provide required hangers, supports, anchors, fasteners, fittings, accessories, and
hardware as necessary for complete installation of electrical work.

3. Provide products listed, classified, and labeled as suitable for purpose intended, where
applicable.

4. Do not use products for applications other than as permitted by NFPA 70 and product
listing.

5. Steel Components:  Use corrosion-resistant materials suitable for environment where
installed.
a. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633.
b. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM

A123/A123M or ASTM A153/A153M.
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B. Conduit and Cable Supports:  Straps and clamps suitable for conduit or cable to be supported.
1. Conduit Straps:  One-hole or two-hole type; steel or malleable iron.
2. Conduit Clamps:  Bolted type unless otherwise indicated.

C. Outlet Box Supports:  Hangers and brackets suitable for boxes to be supported.
D. Metal Channel/Strut Framing Systems:

1. Description:  Factory-fabricated, continuous-slot, metal channel/strut and associated
fittings, accessories, and hardware required for field assembly of supports.

2. Comply with MFMA-4.
E. Hanger Rods:  Threaded, zinc-plated steel unless otherwise indicated.
F. Anchors and Fasteners:

1. Unless otherwise indicated and where not otherwise restricted, use anchor and fastener
types indicated for specified applications.

2. Finish: Galvanized or painted steel.
PART 3  EXECUTION
3.01 INSTALLATION

A. Install products in accordance with manufacturer's instructions.
B. Install hangers and supports in accordance with NECA 1.
C. Provide independent support from building structure. Do not provide support from piping,

ductwork, or other systems.
D. Unless specifically indicated or approved by Architect, do not provide support from suspended

ceiling support system or ceiling grid.
E. Unless specifically indicated or approved by Architect, do not provide support from roof deck.
F. Do not penetrate or otherwise notch or cut structural members without approval of Structural

Engineer.
G. Equipment Support and Attachment:

1. Use metal, fabricated supports or supports assembled from metal channel/strut to support
equipment as required.

2. Use metal channel/strut secured to studs to support equipment surface mounted on
hollow stud walls when wall strength is not sufficient to resist pull-out.

3. Use metal channel/strut to support surface-mounted equipment in wet or damp locations
to provide space between equipment and mounting surface.

4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on
its own weight for support.

H. Secure fasteners in accordance with manufacturer's recommended torque settings.
I. Remove temporary supports.

3.02 FIELD QUALITY CONTROL
A. See Section 014000 - Quality Requirements for additional requirements.
B. Inspect support and attachment components for damage and defects.
C. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by

manufacturer. Replace components that exhibit signs of corrosion.
D. Correct deficiencies and replace damaged or defective support and attachment components.
E. Install hangers and supports as required to adequately and securely support electrical system

components, in a neat and workmanlike manner, as specified in NECA 1 and fastened to the
building structure.
1. Do not use powder-actuated anchors
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2. Fabricate supports from structural steel or steel channel, rigidly welded or bolted to
present a neat appearance.  Use hexagon head bolts with spring lock washers under all
nuts.

F. In wet and damp locations use steel channel supports to stand cabinets and panelboards 1
inch (25 mm) off wall.  In wet locations install free standing electrical equipment on concrete
pads.

END OF SECTION
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SECTION 260533.13
CONDUIT FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Galvanized steel rigid metal conduit (RMC).
B. Galvanized steel intermediate metal conduit (IMC).
C. PVC-coated galvanized steel rigid metal conduit (RMC).
D. Flexible metal conduit (FMC).
E. Liquidtight flexible metal conduit (LFMC).
F. Galvanized steel electrical metallic tubing (EMT).
G. Rigid polyvinyl chloride (PVC) conduit.

1.02 RELATED REQUIREMENTS
A. Section 260526 - Grounding and Bonding for Electrical Systems.
B. Section 260529 - Hangers and Supports for Electrical Systems.
C. Section 260533.16 - Boxes for Electrical Systems.
D. Section 260553 - Identification for Electrical Systems:  Identification products and requirements.

1.03 RELATED WORK
A. Cutting and Patching.
B. Trenching:  Excavation and backfill for conduit and utilities on site.
C. Cast-In-Place Concrete:  Protective envelope for underground conduit installations.
D. Sheet Metal Flashing and Trim.

1.04 DESCRIPTION OF WORK
A. Unless otherwise noted on the drawings or specified elsewhere in Division 26, route all

conductors in conduit.  The electrical plans indicate the general location of circuiting, electrical
devices, and/or outlet boxes.  If approved by the Engineer, conduit runs may be modified at the
time of construction to adapt to the construction conditions, but in no case shall a circuit be
combined with another circuit or modified.

1.05 REFERENCE STANDARDS
A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 2020.
B. ANSI C80.3 - American National Standard for Electrical Metallic Tubing -- Steel (EMT-S); 2020.
C. ANSI C80.5 - American National Standard for Electrical Rigid Metal Conduit -- Aluminum

(ERMC-A); 2020.
D. ANSI C80.6 - American National Standard for Electrical Intermediate Metal Conduit; 2018.
E. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
F. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); 2020.
G. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC); 2025.
H. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic

Tubing, and Cable; 2014.
I. NEMA RN 1 - Polyvinyl-Chloride (PVC) Externally Coated Galvanized Rigid Steel Metal

Conduit and Intermediate Metal Conduit; 2018.
J. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; 2020.
K. NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing;

2021.
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L. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

M. UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions.
N. UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions.
O. UL 6A - Electrical Rigid Metal Conduit-Aluminum, Red Brass, and Stainless Steel; Current

Edition, Including All Revisions.
P. UL 360 - Liquid-Tight Flexible Metal Conduit; Current Edition, Including All Revisions.
Q. UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions.
R. UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All Revisions.
S. UL 651 - Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings; Current Edition,

Including All Revisions.
T. UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions.
U. UL 797A - Electrical Metallic Tubing - Aluminum and Stainless Steel; Current Edition, Including

All Revisions.
V. UL 1242 - Electrical Intermediate Metal Conduit-Steel; Current Edition, Including All Revisions.

1.06 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittals procedures.
B. Project Record Documents:  Accurately record actual routing of conduits larger than 2 inches

(51 mm).  Show not only conduit routing but all pull boxes in the raceway system.
1.07 QUALITY ASSURANCE
1.08 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conduit and fittings in accordance with manufacturer's
instructions.

PART 2  PRODUCTS
2.01 CONDUIT APPLICATIONS

A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70,
manufacturer's instructions, and product listing.

B. Unless otherwise indicated and where not otherwise restricted, use conduit types indicated for
specified applications. Where more than one listed application applies, comply with most
restrictive requirements. Where conduit type for particular application is not specified, use
galvanized steel rigid metal conduit.

C. Underground:
1. Exterior, Direct-Buried:  Use galvanized steel rigid metal conduit, intermediate metallic

conduit (IMC), PVC-coated galvanized steel rigid metal conduit, or rigid PVC conduit.
D. Exposed, Interior, Not Subject to Physical Damage:  Use galvanized steel rigid metal conduit

(RMC), stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit
(IMC), stainless steel intermediate metal conduit (IMC), galvanized steel electrical metallic
tubing (EMT), or stainless steel electrical metallic tubing (EMT).

E. Exposed, Interior, Subject to Physical Damage:  Use galvanized steel rigid metal conduit
(RMC), stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal conduit
(IMC), stainless steel intermediate metal conduit (IMC), galvanized steel electrical metallic
tubing (EMT), or stainless steel electrical metallic tubing (EMT).
1. Locations subject to physical damage include, but are not limited to:

a. Where exposed below 8 feet (2.4 m), except within electrical and communication
rooms or closets.

F. Exposed, Exterior, Not Subject to Severe Physical Damage:  Use galvanized steel rigid metal
conduit (RMC), stainless steel rigid metal conduit (RMC), galvanized steel intermediate metal
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conduit (IMC), stainless steel intermediate metal conduit (IMC), galvanized steel electrical
metallic tubing (EMT), or stainless steel electrical metallic tubing (EMT).

G. Flexible Connections to Vibrating Equipment:
1. Dry Locations:  Use flexible metal conduit (FMC).
2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit (LFMC).
3. Maximum Length:  6 feet (1.8 m) unless otherwise indicated.

2.02 CONDUIT - GENERAL REQUIREMENTS
A. Comply with NFPA 70.
B. Existing Work:  Where existing conduits are indicated to be reused, they may be reused only

where they comply with specified requirements, are free from corrosion, and integrity is verified
by pulling mandrel through them.

C. Provide conduit, fittings, supports, and accessories required for complete raceway system.
D. Provide products listed, classified, and labeled as suitable for purpose intended.
E. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable

minimum size requirements specified.
2.03 GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI
C80.1 and listed and labeled as complying with UL 6.

B. Fittings:
1. Nonhazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled

as complying with UL 514B or UL 6.
2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use threaded type fittings only. Threadless fittings, including

set screw and compression/gland types, are not permitted.
4. Connectors and Couplings:  Use threaded type fittings only. Threadless fittings, including

set screw and compression/gland types, are not permitted.
2.04 GALVANIZED STEEL INTERMEDIATE METAL CONDUIT (IMC)

A. Description:  NFPA 70, Type IMC galvanized steel intermediate metal conduit complying with
ANSI C80.6 and listed and labeled as complying with UL 1242.

B. Fittings:
1. Nonhazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled

as complying with UL 514B or UL 1242.
2. Material:  Use steel or malleable iron.
3. Connectors and Couplings:  Use threaded type fittings only. Threadless fittings, including

set screw and compression/gland types, are not permitted.
4. More than 5 Feet (1.5 Meters) from Foundation Wall:  Use thickwall non-metallic conduit

or thinwall non-metallic conduit.  Thin wall non-metallic conduit shall be concrete encased.
5. Within 5 Feet (1.5 Meters) from Foundation Wall:  Use rigid steel conduit, intermediate

metal conduit, or thickwall nonmetallic conduit.  All elbows where conduit turns to be
extended above grade shall be rigid steel.

C. Rigid Steel Conduit:  ANSI C80.1 [FS WW-C-581].
D. Fittings and Conduit Bodies:  NEMA FB 1,concrete tight; material to match conduit.

1. All locknuts shall be made of malleable iron or hardened steel, electro zinc plated.  Use
T&B 140 series, or approved equal.

2. Threaded hubs shall be made of malleable iron or steel, zinc plated and equipped with
nylon insulated throat and oil resistant, moisture resistant recessed sealing ring.  Hub shall
be T&B 370 series, or approved equal.

3. Concrete Tight fittings shall be T&B 8123 series, 8120 series, or approved equal.
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4. Where boxes require back to back nippling, use locknuts and nylon bushed nipples, T&B
140 series locknuts and T&B 1942 series nipples, or approved equal.  Where conductors
pass through field punched, factory punched, or field cut or drilled holes, use nipples and
bushings rated for these holes such as T&B #3210 series, or approved equal.

5. Insulated metallic grounding and bonding bushings: T&B 3870 Series or approved equal.
6. Grounding and bonding adapter locknut: T&B 4001 Series or approved equal.

2.05 PVC-COATED GALVANIZED STEEL RIGID METAL CONDUIT (RMC)
A. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit with external polyvinyl

chloride (PVC) coating complying with NEMA RN 1 and listed and labeled as complying with UL
6.

B. Exterior Coating:  Polyvinyl chloride (PVC), nominal thickness of 40 mil, 0.040 inch (1.02 mm).
C. PVC-Coated Boxes and Fittings:

1. Manufacturer:  Same as manufacturer of PVC-coated conduit to be installed.
2. Nonhazardous Locations:  Use boxes and fittings listed and labeled as complying with UL

514A, UL 514B, or UL 6.
3. Material:  Use steel or malleable iron.
4. Exterior Coating:  Polyvinyl chloride (PVC), minimum thickness of 40 mil, 0.040 inch (1.02

mm).
D. PVC-Coated Supports:  Furnish with exterior coating of polyvinyl chloride (PVC), minimum

thickness of 15 mil, 0.015 inch (0.38 mm).
E. Description:  NEMA RN 1; galvanized rigid steel conduit with external PVC coating, 20 mil (0.05

mm) thick.
F. Fittings and Conduit Bodies:  NEMA FB 1; steel fittings with external PVC coating to match

conduit.  Install insulated bushings at all conduit terminations to prevent abrasion of conductors
but does not reduce the integrity of the grounding system.

2.06 FLEXIBLE METAL CONDUIT (FMC)
A. Description:  NFPA 70, Type FMC standard-wall steel flexible metal conduit listed and labeled

as complying with UL 1, and listed for use in classified firestop systems.
B. Fittings:

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with
UL 514B.

2. Material:  Use steel or malleable iron.
C. Fittings:  NEMA FB 1.  Fittings shall be two-screw, double clamp malleable iron, hot dipped

galvanized.
2.07 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)

A. Description:  NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible metal
conduit listed and labeled as complying with UL 360.

B. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with

UL 514B.
2. Material:  Use steel or malleable iron.
3. Fittings shall be of the type that uses a threaded grounding cone, a steel, nylon or plastic

compression ring, insulated throat, and a gland for tightening.  Fittings shall be made of
steel, have insulated throats and have a male thread and locknut or male bushing with a
ring seal.  Each connector shall provide a low resistance ground connection between the
flexible conduit and the outlet box, conduit or other equipment to which it is connected.

2.08 GALVANIZED STEEL ELECTRICAL METALLIC TUBING (EMT)
A. Description:  NFPA 70, Type EMT galvanized steel electrical metallic tubing complying with

ANSI C80.3 and listed and labeled as complying with UL 797.
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B. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with

UL 514B.
2. Material:  Use steel or malleable iron.
3. Damp or Wet Locations, Where Permitted:  Use fittings listed for use in wet locations.

C. Description:  ANSI C80.3 [; galvanized tubing.]
D. EMT connections shall be made tight to boxes and cabinets using insulated throat ferrous

metal fittings specifically designed for use with EMT conduit.  Use insulating insert at all joints to
prevent any abrasion of wires during installation.

E. For EMT installation encased in concrete, join EMT with moisture proof type fittings so as to be
completely sealed against intrusion of moisture.

2.09 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT
A. Description:  NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with NEMA TC 2

and listed and labeled as complying with UL 651; Schedule 40 unless otherwise indicated,
Schedule 80 where subject to physical damage; rated for use with conductors rated 90 degrees
C.

B. Fittings:
1. Manufacturer:  Same as manufacturer of conduit to be connected.
2. Description:  Fittings complying with NEMA TC 3 and listed and labeled as complying with

UL 651; material to match conduit.
PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that mounting surfaces are ready to receive conduits.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Install conduit in accordance with NECA 1.
C. Galvanized Steel Rigid Metal Conduit (RMC):  Install in accordance with NECA 101.
D. Intermediate Metal Conduit (IMC):  Install in accordance with NECA 101.
E. PVC-Coated Galvanized Steel Rigid Metal Conduit (RMC):  Install using only tools approved by

manufacturer.
F. Rigid Polyvinyl Chloride (PVC) Conduit:  Install in accordance with NECA 111.
G. Conduit Support:

1. Secure and support conduits in accordance with NFPA 70 using suitable supports and
methods approved by authorities having jurisdiction; see Section 260529.

2. Provide independent support from building structure. Do not provide support from piping,
ductwork, or other systems.

3. Use conduit strap to support single surface-mounted conduit.
a. Use clamp back spacer with conduit strap for damp and wet locations to provide

space between conduit and mounting surface.
4. Use metal channel/strut with accessory conduit clamps to support multiple parallel

surface-mounted conduits.
5. Use conduit clamp to support single conduit from beam clamp or threaded rod.
6. Use trapeze hangers assembled from threaded rods and metal channel/strut with

accessory conduit clamps to support multiple parallel suspended conduits.
7. Use of wire for support of conduits is not permitted.
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8. Where conduit support intervals specified in NFPA 70 and NECA standards differ, comply
with most stringent requirements.

H. Connections and Terminations:
1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized

steel conduits prior to making connections.
2. Where two threaded conduits must be joined and neither can be rotated, use three-piece

couplings or split couplings. Do not use running threads.
3. Use suitable adapters where required to transition from one type of conduit to another.
4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid

into connectors.
5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock

nuts for dry locations and raintight hubs for wet locations.
6. Provide insulating bushings, insulated throats, or listed metal fittings with smooth, rounded

edges at conduit terminations to protect conductors.
7. Secure joints and connections to provide mechanical strength and electrical continuity.

I. Penetrations:
1. Do not penetrate or otherwise notch or cut structural members, including footings and

grade beams, without approval of Structural Engineer.
2. Make penetrations perpendicular to surfaces unless otherwise indicated.
3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set

sleeves flush with exposed surfaces unless otherwise indicated or required.
4. Conceal bends for conduit risers emerging above ground.
5. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of

membrane.
6. Make penetrations for roof-mounted equipment within associated equipment openings and

curbs where possible to minimize roofing system penetrations. Where penetrations are
necessary, seal as indicated or as required to preserve integrity of roofing system and
maintain roof warranty.

7. Install firestopping to preserve fire resistance rating of partitions and other elements.
J. Underground Installation:

1. Minimum Cover, Unless Otherwise Indicated or Required:
a. Underground, Exterior:  18 inches (460 mm).

2. Provide underground warning tape along entire conduit length for service entrance where
not concrete-encased; see Section 260553.

K. Conduit Movement Provisions:  Where conduits are subject to movement, provide expansion
and expansion/deflection fittings to prevent damage to enclosed conductors or connected
equipment. This includes, but is not limited to:
1. Where conduits cross structural joints intended for expansion, contraction, or deflection.
2. Where calculated in accordance with NFPA 70 for rigid polyvinyl chloride (PVC) conduit

installed above ground to compensate for thermal expansion and contraction.
3. Where conduits are subject to earth movement by settlement or frost.

L. Conduit Sealing:
1. Use foam conduit sealant to prevent entry of moisture and gases. This includes, but is not

limited to:
a. Where conduits enter building from outside.
b. Where service conduits enter building from underground distribution system.
c. Where conduits enter building from underground.
d. Where conduits may transport moisture to contact live parts.

2. Where conduits cross barriers between areas of potential substantial temperature
differential, use foam conduit sealant at accessible point near penetration to prevent
condensation. This includes, but is not limited to:
a. Where conduits pass from outdoors into conditioned interior spaces.
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b. Where conduits pass from unconditioned interior spaces into conditioned interior
spaces.

M. Provide grounding and bonding; see Section 260526.
3.03 CLEANING

A. Clean interior of conduits to remove moisture and foreign matter.
3.04 CUTTING OF HOLES:

A. All holes through floor slabs shall be cut with a diamond core drill.
END OF SECTION
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SECTION 260533.16
BOXES FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Outlet and device boxes up to 100 cubic inches (1,650 cu cm), including those used as junction
and pull boxes.

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches (1,650
cu cm).

1.02 RELATED REQUIREMENTS
A. Section 260529 - Hangers and Supports for Electrical Systems.
B. Section 260533.13 - Conduit for Electrical Systems:

1. Conduit bodies and other fittings.
2. Additional requirements for locating boxes to limit conduit length and/or number of bends

between pulling points.
C. Section 260500 - General Electrical Requirements
D. Section 260553 - Electrical Identification

1.03 REFERENCE STANDARDS
A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2016.
C. NEMA EN 10250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2024.
D. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic

Tubing, and Cable; 2014.
E. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; 2013

(Reaffirmed 2020).
F. NEMA OS 2 - Nonmetallic Outlet Boxes, Device Boxes, Covers and Box Supports; 2013

(Reaffirmed 2020).
G. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
H. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current

Edition, Including All Revisions.
I. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition,

Including All Revisions.
J. UL 508A - Industrial Control Panels; Current Edition, Including All Revisions.
K. UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.

1.05 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.

PART 2  PRODUCTS
2.01 BOXES

A. General Requirements:
1. Do not use boxes and associated accessories for applications other than as permitted by

NFPA 70 and product listing.
2. Provide all boxes, fittings, supports, and accessories required for a complete raceway

system and to accommodate devices and equipment to be installed.
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3. Provide products listed, classified, and labeled as suitable for the purpose intended.
4. Where box size is not indicated, size to comply with NFPA 70 but not less than applicable

minimum size requirements specified.
5. Provide grounding terminals within boxes where equipment grounding conductors

terminate.
B. Outlet and Device Boxes Up to 100 cubic inches (1,650 cu cm), Including Those Used as

Junction and Pull Boxes:
1. Use sheet-steel boxes for dry locations unless otherwise indicated or required.
2. Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise

indicated or required; furnish with compatible weatherproof gasketed covers.
3. Use suitable concrete type boxes where flush-mounted in concrete.
4. Use suitable masonry type boxes where flush-mounted in masonry walls.
5. Use raised covers suitable for the type of wall construction and device configuration where

required.
6. Use shallow boxes where required by the type of wall construction.
7. Do not use "through-wall" boxes designed for access from both sides of wall.
8. Sheet-Steel Boxes:  Comply with NEMA OS 1, and list and label as complying with UL

514A.
9. Cast Metal Boxes:  Comply with NEMA FB 1, and list and label as complying with UL

514A; furnish with threaded hubs.
10. Boxes for Supporting Luminaires and Ceiling Fans:  Listed as suitable for the type and

weight of load to be supported; furnished with fixture stud to accommodate mounting of
luminaire where required.

11. Boxes for Ganged Devices:  Use multigang boxes of single-piece construction. Do not use
field-connected gangable boxes unless specifically indicated or permitted.

C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches
(1,650 cu cm):
1. Comply with NEMA EN 10250, and list and label as complying with UL 50 and UL 50E, or

UL 508A.
2. NEMA EN 10250 Environment Type, Unless Otherwise Indicated:
3. Junction and Pull Boxes Larger Than 100 cubic inches (1,650 cu cm):

a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated.
2.02 PULL AND JUNCTION BOXES

A. Sheet Metal Boxes:  NEMA OS 1, galvanized steel.
B. Hinged Enclosures:  For an box with a dimension that exceeds 12 inches
C. Surface Mounted Cast Metal Box:  NEMA 250, Type 4; flat-flanged, surface mounted junction

box:
1. Material:  Cast aluminum.
2. Cover:  Furnish with ground flange, neoprene gasket, and stainless steel cover screws.
3. UL listed:  RAIN TIGHT

D. In-Ground Cast Metal Box:  NEMA 250, Type 6, outside flanged, recessed cover box for flush
mounting:
1. Material:  Cast aluminum.
2. Cover:  Smooth cover with neoprene gasket and stainless steel cover screws.
3. Cover Legend:  "ELECTRIC".
4. UL Listed:  RAIN TIGHT

E. Fiberglass Handholes:  Die molded glass fiber hand holes:
1. Cable Entrance:  Pre-cut 6 x 6 inch (150 x 150 mm) cable entrance at center bottom of

each side.
2. Cover:  Glass fiber weatherproof cover with nonskid finish.
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PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that mounting surfaces are ready to receive boxes.
C. Verify that conditions are satisfactory for installation prior to starting work.
D. Verify locations of floor boxes and outlets in offices and work areas prior to rough-in.

3.02 INSTALLATION
A. Install products in accordance with manufacturer's instructions.
B. Install boxes in accordance with NECA 1 (general workmanship) and, where applicable, NECA

130, including mounting heights specified in those standards where mounting heights are not
indicated.

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's
instructions and NFPA 70.

D. Provide separate boxes for emergency power and normal power systems.
E. Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted.
F. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are

indicated or permitted.
G. Box Locations:

1. Unless dimensioned, box locations indicated are approximate.
2. Locate boxes as required for devices installed under other sections or by others.

a. Switches, Receptacles, and Other Wiring Devices:  
1) Particular attention should be given to coordinate location of boxes for devices

mounted above counters, benches and backsplashes.
2) Adjust box locations up to 10 feet (3 m) if required to accommodate intended

purpose. Review the Contract Documents, especially Architectural Elevations
and millwork shop drawings to determine appropriate locations for boxes.

3. Locate boxes so that wall plates do not span different building finishes.
4. Unless otherwise indicated, where multiple outlet boxes are installed at the same location

at different mounting heights, install along a common vertical center line.
5. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide

minimum 6 inches (150 mm) horizontal separation unless otherwise indicated.
6. Fire Resistance Rated Walls:  Install flush-mounted boxes such that the required fire

resistance will not be reduced.
a. Do not install flush-mounted boxes on opposite sides of walls back-to-back; provide

minimum 24 inches (610 mm) separation where wall is constructed with individual
noncommunicating stud cavities or protect both boxes with listed putty pads.

b. Do not install flush-mounted boxes with area larger than 16 square inches (0.0103 sq
m) or such that the total aggregate area of openings exceeds 100 square inches
(0.0645 sq m) for any 100 square feet (9.29 sq m) of wall area.

7. Locate junction and pull boxes as indicated, as required to facilitate installation of
conductors, and to limit conduit length and/or number of bends between pulling points in
accordance with Section 260533.13.

8. Locate junction and pull boxes in the following areas, unless otherwise indicated or
approved by the Architect:
a. Concealed above accessible suspended ceilings.
b. Within joists in areas with no ceiling.
c. Electrical rooms.
d. Mechanical equipment rooms.

H. Box Supports:
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1. Secure and support boxes in accordance with NFPA 70 and Section 260529 using
suitable supports and methods approved by the authority having jurisdiction.

2. Provide independent support from building structure except for cast metal boxes (other
than boxes used for fixture support) supported by threaded conduit connections in
accordance with NFPA 70. Do not provide support from piping, ductwork, or other
systems.

3. Support boxes independently of conduit, except cast box that is connected to two rigid
metal conduits both supported within 12 inches (305 mm) of box.

4. Installation Above Suspended Ceilings:  Do not provide support from ceiling grid or ceiling
support system. Adjustable steel channel fasteners may be used where supplemental or
independent support of the ceiling or box is employed.

5. Use far-side support to secure flush-mounted boxes supported from single stud in hollow
stud walls. Repair or replace supports for boxes that permit excessive movement.

I. Install boxes plumb and level.
J. Flush-Mounted Boxes:

1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster, etc. so
that front edge of box or associated raised cover is not set back from finished surface
more than 1/4 inch (6 mm) or does not project beyond finished surface.

2. Install boxes in combustible materials such as wood so that front edge of box or
associated raised cover is flush with finished surface.

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile,
gypsum, plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch (3
mm) at the edge of the box.

K. Install boxes as required to preserve insulation integrity.
L. Install permanent barrier between ganged wiring devices when voltage between adjacent

devices exceeds 300 V.
M. Install firestopping to preserve fire resistance rating of partitions and other elements.
N. Close unused box openings.
O. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment

installed or designated for future use.
P. Provide grounding and bonding in accordance with Section 260526.
Q. Junctions and pull boxes are not generally shown on the plans.  Install in locations as shown on

Drawings, and as required for splices, taps, wire pulling, equipment connections, and as
required by NFPA 70.
1. Adjust box locations up to 10 feet (3 m) if required to accommodate intended purpose.

Review the Contract Documents, especially Architectural Elevations and millwork shop
drawings to determine appropriate locations for boxes.

R. Use gang box where more than one device is mounted together.  Do not use sectional box.
 Use barriers to separate wiring of different voltages.

S. Identify boxes in accordance with Section 26 0553.
T. Install plugs, and other inserts to cover all unused conduit openings.
U. Use 4" square outlet box with plaster ring for single device outlets.

END OF SECTION
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SECTION 260553
IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Electrical identification requirements.
B. Identification nameplates and labels.
C. Wire and cable markers.
D. Voltage markers.
E. Underground warning tape.

1.02 RELATED REQUIREMENTS
A. Section 260519 - Low-Voltage Electrical Power Conductors and Cables:  Color coding for

power conductors and cables 600 V and less; vinyl color coding electrical tape.
1.03 REFERENCE STANDARDS

A. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having
Jurisdiction, Including All Applicable Amendments and Supplements.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements for submittals procedures.
B. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by

product testing agency.  Include instructions for storage, handling, protection, examination,
preparation and installation of product.

1.05 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.

PART 2  PRODUCTS
2.01 IDENTIFICATION REQUIREMENTS

A. Identification for Equipment:
1. Use identification nameplate to identify each piece of electrical distribution and control

equipment and associated sections, compartments, and components.
a. Switchboards:

1) Identify ampere rating.
2) Identify voltage and phase.
3) Identify power source and circuit number. Include location when not within sight

of equipment.
4) Use identification nameplate to identify load(s) served for each branch device.

Do not identify spares and spaces.
b. Enclosed switches, circuit breakers, and motor controllers:

1) Identify power source and circuit number. Include location when not within sight
of equipment.

2) Identify load(s) served. Include location when not within sight of equipment.
2. Service Equipment:

a. Use identification nameplate to identify each service disconnecting means.
b. For buildings or structures supplied by more than one service, or any combination of

branch circuits, feeders, and services, use identification nameplate or means of
identification acceptable to authority having jurisdiction at each service disconnecting
means to identify all other services, feeders, and branch circuits supplying that
building or structure. Verify format and descriptions with authority having jurisdiction.

3. Arc Flash Hazard Warning Labels:  Use warning labels to identify arc flash hazards for
electrical equipment, such as switchboards, panelboards, industrial control panels, meter
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socket enclosures, and motor control centers that are likely to require examination,
adjustment, servicing, or maintenance while energized.

B. Identification for Conductors and Cables:
1. Color Coding for Power Conductors 600 V and Less:  Comply with Section 260519.
2. Use identification nameplate or identification label to identify color code for ungrounded

and grounded power conductors inside door or enclosure at each piece of feeder or
branch-circuit distribution equipment when premises has feeders or branch circuits served
by more than one nominal voltage system.

3. Use wire and cable markers to identify circuit number or other designation indicated for
power, control, and instrumentation conductors and cables at the following locations:
a. At each source and load connection.
b. Within boxes when more than one circuit is present.
c. Within equipment enclosures when conductors and cables enter or leave the

enclosure.
C. Identification for Raceways:

1. Use identification labels, handwritten text using indelible marker, or plastic marker tags to
identify circuits enclosed for accessible conduits at wall penetrations, at floor penetrations,
at roof penetrations, and at equipment terminations when source is not within sight.

2. Use underground warning tape to identify underground raceways.
D. Identification for Boxes:

1. Use identification labels or handwritten text using indelible marker to identify circuits
enclosed.
a. For exposed boxes in public areas, use only identification labels.

E. Identification for Devices:
1. Use identification label or engraved wallplate to identify serving branch circuit for all

receptacles.
2. Use identification label or engraved wallplate to identify load controlled for wall-mounted

control devices controlling loads that are not visible from the control location and for
multiple wall-mounted control devices installed at one location.

2.02 IDENTIFICATION NAMEPLATES AND LABELS
A. Identification Nameplates:

1. Materials:
a. Indoor Clean, Dry Locations:  Use plastic nameplates.
b. Outdoor Locations:  Use plastic nameplates suitable for exterior use.

2. Plastic Nameplates:  Two-layer or three-layer laminated electrically non-conductive
phenolic with beveled edges; minimum thickness of 1/16 inch (1.6 mm); engraved text.

3. Mounting Holes for Mechanical Fasteners:  Two, centered on sides for sizes up to 1 inch
(25 mm) high; Four, located at corners for larger sizes.

B. Identification Labels:
1. Materials:  Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and

abrasion resistant.
2. Text:  Use factory pre-printed or machine-printed text. Do not use handwritten text unless

otherwise indicated.
C. Format for Equipment Identification:

1. Minimum Size:  1 inch (25 mm) by 2.5 inches (64 mm).
2. Legend:

a. Equipment designation or other approved description.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:

a. Equipment Designation:  1/2 inch (13 mm).
5. Color:
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a. Normal Power System: White text on black background.
D. Format for Receptacle Identification:

1. Minimum Size:  3/8 inch (10 mm) by 1.5 inches (38 mm).
2. Legend:  Power source and circuit number or other designation indicated.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  3/16 inch (5 mm).
5. Color:  Black text on clear background.

E. Color: Submit to owner for approval and modify where instructed.
1. Black - Normal Power Equipment

2.03 WIRE AND CABLE MARKERS
A. Markers for Conductors and Cables:  Use wrap-around self-adhesive vinyl cloth, wrap-around

self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve, plastic clip-on, or vinyl
split sleeve type markers suitable for the conductor or cable to be identified.

B. Markers for Conductor and Cable Bundles:  Use plastic marker tags secured by nylon cable
ties.

C. Legend:  Power source and circuit number or other designation indicated.
D. Text:  Use factory pre-printed or machine-printed text, all capitalized unless otherwise indicated.
E. Minimum Text Height:  1/8 inch (3 mm).
F. Color:  Black text on white background unless otherwise indicated.

2.04 WIRE PHASE MARKING
A. Description: Plastic colored tape or integrally pigmented colored wire.
B. Locations:  Each conductor at panelboard gutters, pull boxes, Starters, and outlet boxes and

each load or supply connection where a feeder terminates.
2.05 UNDERGROUND WARNING TAPE

A. Manufacturers:
1. Brady Corporation:  www.bradyid.com/#sle.
2. Brimar Industries, Inc:  www.brimar.com/#sle.
3. Seton Identification Products:  www.seton.com/#sle.
4. Substitutions:  See Section 016000 - Product Requirements.

B. Materials:  Use foil-backed detectable type polyethylene tape suitable for direct burial, unless
otherwise indicated.

C. Foil-backed Detectable Type Tape:  3 inches (76 mm) wide, with minimum thickness of 5 mil
(0.1 mm), unless otherwise required for proper detection.

D. Legend:  Type of service, continuously repeated over full length of tape.
PART 3  EXECUTION
3.01 PREPARATION

A. Clean surfaces to receive adhesive products according to manufacturer's instructions.
3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.
B. Install identification products to be plainly visible for examination, adjustment, servicing, and

maintenance. Unless otherwise indicated, locate products as follows:
1. Surface-Mounted Equipment:  Enclosure front.
2. Flush-Mounted Equipment:  Inside of equipment door.
3. Free-Standing Equipment:  Enclosure front; also enclosure rear for equipment with rear

access.
4. Elevated Equipment:  Legible from the floor or working platform.
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5. Branch Devices:  Adjacent to device.
6. Interior Components:  Legible from the point of access.
7. Conduits:  Legible from the floor.
8. Boxes:  Outside face of cover.
9. Conductors and Cables:  Legible from the point of access.
10. Devices:  Outside face of cover.

C. Install identification products centered, level, and parallel with lines of item being identified.
D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to

interior surfaces using self-adhesive backing or epoxy cement.
E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or

wrinkles and edges properly sealed.
F. Install underground warning tape above buried lines with one tape per trench at 3 inches (75

mm) below finished grade.
G. Mark all handwritten text, where permitted, to be neat and legible.

END OF SECTION
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SECTION 260583
WIRING CONNECTIONS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Electrical connections to equipment.
1.02 REFERENCE STANDARDS

A. NEMA WD 1 - General Color Requirements for Wiring Devices; 1999 (Reaffirmed 2020).
B. NEMA WD 6 - Wiring Devices - Dimensional Specifications; 2021.
C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
1.03 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Obtain and review shop drawings, product data, manufacturer's wiring diagrams, and

manufacturer's instructions for equipment furnished under other sections.
2. Determine connection locations and requirements.

B. Sequencing:
1. Install rough-in of electrical connections before installation of equipment is required.
2. Make electrical connections before required start-up of equipment.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide wiring device manufacturer’s catalog information showing dimensions,

configurations, and construction.
C. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by

product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

1.05 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.

PART 2  PRODUCTS
2.01 MATERIALS

A. Cords and Caps:  NEMA WD 6; match receptacle configuration at outlet provided for
equipment.
1. Colors:  Comply with NEMA WD 1.
2. Cord Construction:  NFPA 70, Type SO, multiconductor flexible cord with identified

equipment grounding conductor, suitable for use in damp locations.
3. Size:  Suitable for connected load of equipment, length of cord, and rating of branch circuit

overcurrent protection.
B. Disconnect Switches:  As specified in Section 262816.16 and in individual equipment sections.
C. Wiring Devices:  As specified in Section 262726.
D. Wire and Cable:  As specified in Section 260519.
E. Boxes:  As specified in Section 260533.16.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that equipment is ready for electrical connection, wiring, and energization.
3.02 ELECTRICAL CONNECTIONS

A. Make electrical connections in accordance with equipment manufacturer's instructions.
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B. Make conduit connections to equipment using flexible conduit.  Use liquidtight flexible conduit
with watertight connectors in damp or wet locations.

C. Connect heat producing equipment using wire and cable with insulation suitable for
temperatures encountered.

D. Provide receptacle outlet to accommodate connection with attachment plug.
E. Provide cord and cap where field-supplied attachment plug is required.
F. Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and

equipment connection boxes.
G. Install disconnect switches, controllers, control stations, and control devices to complete

equipment wiring requirements.
H. Install terminal block jumpers to complete equipment wiring requirements.
I. Install interconnecting conduit and wiring between devices and equipment to complete

equipment wiring requirements.
J. Coolers and Freezers:  Cut and seal conduit openings in freezer and cooler walls, floor, and

ceilings.
END OF SECTION
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SECTION 262416
PANELBOARDS

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Overcurrent protective devices for panelboards.
1.02 REFERENCE STANDARDS

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; 2013e, with
Amendments (2022).

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
C. NEMA PB 1 - Panelboards; 2011.
D. NETA ATS - Standard for Acceptance Testing Specifications for Electrical Power Equipment

And Systems; 2025.
E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
F. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker

Enclosures; Current Edition, Including All Revisions.
G. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

1.03 ADMINISTRATIVE REQUIREMENTS
A. Coordination:

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment,
or other potential obstructions within the dedicated equipment spaces and working
clearances for electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

3. Verify with manufacturer that conductor terminations are suitable for use with the
conductors to be installed.

4. Notify Architect of any conflicts with or deviations from Contract Documents. Obtain
direction before proceeding with work.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for

panelboards, enclosures, overcurrent protective devices, and other installed components and
accessories.
1. Include characteristic trip curves for each type and rating of overcurrent protective device

upon request.
C. Shop Drawings:  Indicate outline and support point dimensions, voltage, main bus ampacity,

overcurrent protective device arrangement and sizes, short circuit current ratings, conduit entry
locations, conductor terminal information, and installed features and accessories.
1. Include dimensioned plan and elevation views of panelboards and adjacent equipment

with all required clearances indicated.
2. Clearly indicate whether proposed short circuit current ratings are fully rated or, where

acceptable, series rated systems.
3. Include documentation of listed series ratings upon request.

D. Source Quality Control Test Reports:  Include reports for tests designated in NEMA PB 1 as
routine tests.

E. Field Quality Control Test Reports.
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F. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use
stipulated by product testing agency.  Include instructions for storage, handling, protection,
examination, preparation, and installation of product.

G. Project Record Documents:  Record actual installed locations of panelboards and actual
installed circuiting arrangements.

H. Maintenance Data:  Include information on replacement parts and recommended maintenance
procedures and intervals.

I. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project.
1. See Section 016000 - Product Requirements, for additional provisions.
2. Panelboard Keys:  Two of each different key.

1.05 QUALITY ASSURANCE
A. Comply with requirements of NFPA 70.
B. Maintain at the project site a copy of each referenced document that prescribes execution

requirements.
C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in

this section with minimum three years documented experience.
D. Product Listing Organization Qualifications:  An organization recognized by OSHA as a

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.06 DELIVERY, STORAGE, AND HANDLING
A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas

or heavy plastic cover to protect units from dirt, water, construction debris, and traffic.
1.07 FIELD CONDITIONS

A. Maintain ambient temperature within the following limits during and after installation of
panelboards:
1. Panelboards Containing Circuit Breakers:  Between 23 degrees F (-5 degrees C) and 104

degrees F (40 degrees C).
PART 2  PRODUCTS
2.01 MANUFACTURERS

A. ABB/GE​​:  www.geindustrial.com/#sle.
B. Eaton Corporation ​​:  www.eaton.com/#sle.
C. Schneider Electric; Square D Products ​​:  www.schneider-electric.us/#sle.
D. Source Limitations: Provide panelboard components produced by same manufacturer as

existing panelboards that components will be installed in.
2.02 OVERCURRENT PROTECTIVE DEVICES

A. Molded Case Circuit Breakers:
1. Description:  Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit

breakers listed and labeled as complying with UL 489, and complying with FS W-C-375
where applicable; ratings, configurations, and features as indicated on the drawings.

2. Interrupting Capacity:
a. Provide circuit breakers with interrupting capacity as required to provide the short

circuit current rating indicated, but not less than:
1) 10,000 rms symmetrical amperes at 240 VAC or 208 VAC.
2) 14,000 rms symmetrical amperes at 480 VAC.

b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less than
the short circuit current rating indicated.
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c. Series Rated Systems:  Provide circuit breakers listed in combination with upstream
devices to provide interrupting rating not less than the short circuit current rating
indicated.

3. Conductor Terminations:
a. Provide mechanical lugs unless otherwise indicated.
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

4. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles.
5. Provide the following circuit breaker types where indicated:

a. Ground Fault Circuit Interrupter (GFCI) Circuit Breakers:  Listed as complying with UL
943, class A for protection of personnel.

b. Ground Fault Equipment Protection Circuit Breakers:  Designed to trip at 30 mA for
protection of equipment.

6. Do not use tandem circuit breakers.
7. Do not use handle ties in lieu of multi-pole circuit breakers.
8. Provide multi-pole circuit breakers for multi-wire branch circuits as required by NFPA 70.
9. Provide the following features and accessories where indicated or where required to

complete installation:
a. Shunt Trip:  Provide coil voltage as required for connection to indicated trip actuator.

2.03 SOURCE QUALITY CONTROL
A. Factory test panelboards according to NEMA PB 1.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that the ratings and configurations of the panelboards and associated components are

consistent with the indicated requirements.
C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION
A. Perform work in accordance with NECA 1 (general workmanship).
B. Install products in accordance with manufacturer's instructions.
C. Arrange equipment to provide minimum clearances in accordance with manufacturer's

instructions and NFPA 70.
D. Provide required support and attachment in accordance with Section 260529.
E. Provide grounding and bonding in accordance with Section 260526.
F. Install all field-installed branch devices, components, and accessories.
G. Where accessories are not self-powered, provide control power source as indicated or as

required to complete installation.
H. Multi-Wire Branch Circuits:  Group grounded and ungrounded conductors together in the

panelboard as required by NFPA 70.
I. Set field-adjustable circuit breaker tripping function settings as determined by overcurrent

protective device coordination study performed according to Section 260573.
J. Provide filler plates to cover unused spaces in panelboards.

3.03 FIELD QUALITY CONTROL
A. See Section 014000 - Quality Requirements, for additional requirements.
B. Inspect and test in accordance with NETA ATS, except Section 4.
C. Molded Case Circuit Breakers:  Perform inspections and tests listed in NETA ATS, Section

7.6.1.1 ​ for all main circuit breakers and circuit breakers larger than 100 amperes ​. Tests listed
as optional are ​not required. ​
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D. Test GFCI circuit breakers to verify proper operation.
E. Test shunt trips to verify proper operation.
F. Procure services of a qualified manufacturer's representative to observe installation and assist

in inspection, testing, and adjusting. Include manufacturer's reports with field quality control
submittals.

G. Correct deficiencies and replace damaged or defective panelboards or associated components.
3.04 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended
torque settings.

B. Adjust alignment of panelboard fronts.
C. Load Balancing:  For each panelboard, rearrange circuits such that the difference between

each measured steady state phase load does not exceed 20 percent and adjust circuit
directories accordingly.  Maintain proper phasing for multi-wire branch circuits.

3.05 CLEANING
A. Clean dirt and debris from panelboard enclosures and components according to manufacturer's

instructions.
B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION
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SECTION 265100
INTERIOR LIGHTING

PART 1  GENERAL
1.01 SECTION INCLUDES

A. Interior luminaires.
B. Ballasts and drivers.
C. Lamps.

1.02 REFERENCE STANDARDS
A. IES LM-63 - Approved Method: IES Standard File Format for the Electronic Transfer of

Photometric Data and Related Information; 2019.
B. IES LM-79 - Approved Method: Optical and Electrical Measurements of Solid-State Lighting

Products; 2019.
C. IES LM-80 - Approved Method: Measuring Maintenance of Light Output Characteristics of

Solid-State Light Sources; 2021.
D. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2023.
E. NECA/IESNA 500 - Standard for Installing Indoor Lighting Systems; 2006.
F. NECA/IESNA 502 - Standard for Installing Industrial Lighting Systems; 2006.
G. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic

Drivers and Discharge Ballasts; 2023.
H. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having

Jurisdiction, Including All Applicable Amendments and Supplements.
I. UL 1598 - Luminaires; Current Edition, Including All Revisions.
J. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current Edition,

Including All Revisions.
1.03 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the installation of luminaires with mounting surfaces installed under other

sections or by others. Coordinate the work with placement of supports, anchors, etc.
required for mounting. Coordinate compatibility of luminaires and associated trims with
mounting surfaces at installed locations.

2. Coordinate the placement of luminaires with structural members, ductwork, piping,
equipment, diffusers, fire suppression system components, and other potential conflicts
installed under other sections or by others.

3. Notify Architect of any conflicts or deviations from Contract Documents to obtain direction
prior to proceeding with work.

1.04 SUBMITTALS
A. See Section 013000 - Administrative Requirements, for submittal procedures.
B. Shop Drawings:

1. Indicate dimensions and components for each luminaire that is not a standard product of
the manufacturer.

C. Product Data:  Provide manufacturer's standard catalog pages and data sheets including
detailed information on luminaire construction, dimensions, ratings, finishes, mounting
requirements, listings, service conditions, photometric performance, installed accessories, and
ceiling compatibility; include model number nomenclature clearly marked with all proposed
features.
1. LED Luminaires:

a. Include estimated useful life, calculated based on IES LM-80 test data.



D50-6103-LC SC State House - VAV Replacement,
HVAC Controls and AHU-1 Re-Build

Interior Lighting 265100  

b. Include IES LM-79 test report upon request.
2. Provide electronic files of photometric data certified by a National Voluntary Laboratory

Accreditation Program (NVLAP) lab or independent testing agency in IES LM-63 standard
format upon request.

D. Samples:
1. Provide one sample(s) of each luminaire proposed for substitution upon request.
2. Provide one sample(s) of each product finish illustrating color and texture upon request.

E. Certificates for Dimming Ballasts:  Manufacturer's documentation of compatibility with dimming
controls to be installed.

F. Field quality control reports.
G. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use

stipulated by product testing agency.  Include instructions for storage, handling, protection,
examination, preparation, and installation of product.

H. Operation and Maintenance Data:  Instructions for each product including information on
replacement parts.

I. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 016000 - Product Requirements, for additional provisions.
2. Extra Lenses and Louvers:  Two percent of total quantity installed for each type, but not

less than one of each type.
J. Project Record Documents:  Record actual connections and locations of luminaires and any

associated remote components.
1.05 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.
B. Maintain at the project site a copy of each referenced document that prescribes execution

requirements.
C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in

this section with minimum three years documented experience.
D. Product Listing Organization Qualifications:  An organization recognized by OSHA as a

Nationally Recognized Testing Laboratory (NRTL) and acceptable to authorities having
jurisdiction.

1.06 DELIVERY, STORAGE, AND PROTECTION
A. Receive, handle, and store products according to NECA/IESNA 500 (commercial lighting),

NECA/IESNA 502 (industrial lighting), and manufacturer's written instructions.
B. Keep products in original manufacturer's packaging and protect from damage until ready for

installation.
1.07 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after
installation.

1.08 WARRANTY
A. See Section 017800 - Closeout Submittals, for additional warranty requirements.
B. Provide ​five ​ year manufacturer warranty for LED luminaires, including drivers.
C. Provide 5-year pro-rata warranty for batteries for emergency lighting units.
D. Provide ​five ​ year ​ pro-rata ​ warranty for batteries for self-powered exit signs.

PART 2  PRODUCTS
2.01 LUMINAIRE TYPES

A. Furnish products as indicated in luminaire schedule included on the drawings.
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2.02 LUMINAIRES
A. Provide products that comply with requirements of NFPA 70.
B. Provide products that are listed and labeled as complying with UL 1598, where applicable.
C. Provide products listed, classified, and labeled as suitable for the purpose intended.
D. Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets,

ballasts, reflectors, lenses, housings and other components required to position, energize and
protect the lamp and distribute the light.

E. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring,
connectors, hardware, supports, trims, accessories, etc. as necessary for a complete operating
system.

F. Provide products suitable to withstand normal handling, installation, and service without any
damage, distortion, corrosion, fading, discoloring, etc.

G. Luminaires to be suitable for damp/wet applications, vapor tight.
H. LED Luminaires:

1. Components:  UL 8750 recognized or listed as applicable.
2. Tested in accordance with IES LM-79 and IES LM-80.
3. LED Estimated Useful Life:  Minimum of 50,000 hours at 70 percent lumen maintenance,

calculated based on IES LM-80 test data.
2.03 BALLASTS AND DRIVERS

A. Ballasts/Drivers - General Requirements:
1. Minimum Efficiency/Efficacy:  Provide ballasts complying with all current applicable federal

and state ballast efficiency/efficacy standards.
2. Electronic Ballasts/Drivers:  Inrush currents not exceeding peak currents specified in

NEMA 410.
2.04 LAMPS

A. Manufacturers:
1. General Electric Company/GE Lighting ​​:  www.gelighting.com/#sle.
2. Philips Lighting North America Corporation ​​; www.usa.lighting.philips.com/#sle.
3. CREE; www.cree.com.
4. Lithonia Lighting
5. Manufacturer Limitations:  Where possible, provide lamps produced by a single

manufacturer.
B. Lamps - General Requirements:

1. Unless explicitly excluded, provide new, compatible, operable lamps in each luminaire.
2. Verify compatibility of specified lamps with luminaires to be installed. Where lamps are not

specified, provide lamps per luminaire manufacturer's recommendations.
3. Minimum Efficiency:  Provide lamps complying with all current applicable federal and state

lamp efficiency standards.
4. Color Temperature Consistency:  Unless otherwise indicated, for each type of lamp

furnish products which are consistent in perceived color temperature. Replace lamps that
are determined by the Architect to be inconsistent in perceived color temperature.

PART 3  EXECUTION
3.01 EXAMINATION

A. Verify that field measurements are as indicated.
B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are

properly sized to accommodate conductors in accordance with NFPA 70.
C. Verify that suitable support frames are installed where required.
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D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to
luminaires.

E. Verify that conditions are satisfactory for installation prior to starting work.
3.02 PREPARATION

A. Provide extension rings to bring outlet boxes flush with finished surface.
B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.03 INSTALLATION
A. Coordinate locations of outlet boxes provided under Section 260533.16 as required for

installation of luminaires provided under this section.
B. Perform work in accordance with NECA 1 (general workmanship).
C. Install products in accordance with manufacturer's instructions.
D. Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 500

(commercial lighting) and NECA 502 (industrial lighting).
E. Provide required support and attachment in accordance with Section 260529.
F. Provide required seismic controls in accordance with Section 260548.
G. Install luminaires plumb and square and aligned with building lines and with adjacent

luminaires.
H. Suspended Ceiling Mounted Luminaires:

1. Do not use ceiling tiles to bear weight of luminaires.
2. Do not use ceiling support system to bear weight of luminaires unless ceiling support

system is certified as suitable to do so.
3. Secure surface-mounted and recessed luminaires to ceiling support channels or framing

members or to building structure.
4. Secure pendant-mounted luminaires to building structure.
5. Secure lay-in luminaires to ceiling support channels using listed safety clips at four

corners.
6. In addition to ceiling support wires, provide two galvanized steel safety wire(s), minimum

12 gauge, connected from opposing corners of each recessed luminaire to building
structure.

7. See appropriate Division 9 section where suspended grid ceiling is specified for additional
requirements.

I. Recessed Luminaires:
1. Install trims tight to mounting surface with no visible light leakage.
2. Non-IC Rated Luminaires:  Maintain required separation from insulation and combustible

materials according to listing.
J. Suspended Luminaires:

1. Install using the suspension method indicated, with support lengths and accessories as
required for specified mounting height.

2. Provide minimum of two supports for each luminaire equal to or exceeding 4 feet nominal
length, with no more than 4 feet (1.2 m) between supports.

3. Install canopies tight to mounting surface.
4. Unless otherwise indicated, support pendants from swivel hangers.

K. Install accessories furnished with each luminaire.
L. Bond products and metal accessories to branch circuit equipment grounding conductor.
M. Identify luminaires connected to emergency power system in accordance with Section 260553.
N. Install lamps in each luminaire.
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3.04 FIELD QUALITY CONTROL
A. See Section 014000 - Quality Requirements, for additional requirements.
B. Inspect each product for damage and defects.
C. Operate each luminaire after installation and connection to verify proper operation.
D. Test ​emergency lighting units ​ to verify proper operation upon loss of normal power supply.
E. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or

replace excessively noisy ballasts as determined by Architect.
3.05 ADJUSTING

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as
directed by Architect. Secure locking fittings in place.

3.06 CLEANING
A. Clean surfaces according to NECA 500 (commercial lighting), NECA 502 (industrial lighting),

and manufacturer's instructions to remove dirt, fingerprints, paint, or other foreign material and
restore finishes to match original factory finish.

3.07 CLOSEOUT ACTIVITIES
A. See Section 017800 - Closeout Submittals, for closeout submittals.
B. Demonstration:  Demonstrate proper operation of luminaires to Architect, and correct

deficiencies or make adjustments as directed.
C. Just prior to Substantial Completion, replace all lamps that have failed.

3.08 PROTECTION
A. Protect installed luminaires from subsequent construction operations.

END OF SECTION


